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FOREWORD

This project was performed for the U.S. Department of Transpuria-
tion's Transportation Systems Center by the Emissions Research Laboiztory
of Southwest Research Institute. The project was an outgrowth of SwRI
Proposal No. 11-8750, dated May 16, 1972, entitled "Assessment of Ccn-
trol Techniques for Reducing Emissions from Locomotive Engines''.

Test work began in November, 1972, and was completed in March, 1973.

The project contract was administered by Mr. William Rogers
{Oliver of EPA. Project funding was by DOT  with funds transferred to
EPA for management purposes. The Project Officer responsible for
technical direction of the project was Dr. Karl M. Hergenrother of the
Transportation Systems Center.

Project Manager for SwRI was Karl J. Springer, Manager of the
Emissions Research Laboratory. Supervision of test work, data reduction,
and report preparation was by John O. Storment. The lead technician on
the project was Ranl Martinez, and he was ably assisted by Gene Hoyt and
Rodnev Bauer. Alan Rittiman, Shop Foreman, furnished valuable assis-
tance in setting up the test engine. Execution of the project was aided by
the valuable advice of Mr. Hugh Williams, Jr., of EMD Engineering.



ABSTRACT

The primary objective of this study was to determine the most
effective method ot reducing emissions of oxides of nitrogen from a two-
cylinder vcrsion of an EMD series 567C locoraotive engine. The control
methad judged most effective was that vwhich resulted in the greate ;t
reduction in NOX, had the least adverse effects ¢(n other emiss.ions cun-
stituents and engine operation, ycit was simple to install and maiitzuin,

The NOy control techniques selected for use in this studv included
(1) change in fuel injector design, (2) variation in injection timing from
the standard setting, (3) inlet air humidification (water irduction), (4)
reduction of scavenging air volume (air box bleed), and (5) exhaust gas
recirculation (EGR). In addition. methods (2) and (3) were used in com-
bination. Continuous measuremeits of unburned hydrocarbons (HC),
carbon monoxide (CO), oxides of nitrogen (NO,,), and smoke opacity were
made as the test engine was operatad through a test cycle based on spead
and load points characteristic of actual locomotive operation.

Results of these tests indicated that the most effective control
method was retarded injection tin.ing (4° from standard). The next most
effective method was EGR, with the recirculated exhaust cooled to 125-
150 F. It was necessary to derate (or reduce) engine power at certain
points in order to maintain smoke opacity at acceptable levels with both
of these control techniques. Water induction, whether used with standard
or retarded timing, was moderitely effective in reducing NO,, but not as
effective as retarded timing alone. Air box bleed was not as effective as
cooled EGR, and had the seriovs drawback of producing excessive amoke
and CO. Hot {or uncooled) EGR resulted in substantial reductions in NO,,
but also produced extremely high levels of smoke and CO. It was necessary
to drastically derate engine power to reduce smoke to acceptable levels.
Finally, it was found that the new low-sac injectors were superior to the
older needle-valve in the areas of HC and smoke control, but were inferior
in the amount of NO, produced. These relative differences in the two types
of injectors were maintained when the various control methods were used.



I. INTRODUCTION
A, _B_gckground

The Emissions Research Laboratory of Southwest Research Institute
a1as been engaged for several years ina series of programs to furnish in-
formation to various government agencies on emissions from a variety of
sources. One such program, performed under Contract No. EHS 70-108
("Exhaust Emissions From Vehicles and Related Equipment Using Internal
Combustion Engines'), is concerned with a study of emissions from power
scarces such as used in lawnmowers, motorcycles, outboard motors.
farm and construction equipment, and railroad locomotives.

The item of work in EHS 70-108 involving locomotive engines has
been completed, and a report issued in October, 1972(1). Three loco-
motives were tested; one powered by a four-stroke cycle G. E. engine
and two units powered by two-stroke cycle EMD engines, one turbocharged
and one naturally aspirated. This study was concerned only with charac-
terization of the emissions from these three locomotives, with no effort
expended in the area of control technology. And although EMD and, pos-
sibly, G. E. have programs underway to reduce emissions such as smoke
ard oxides of nitrogen, the two principal emissions of current interest
and importance, no work in this area was being conducted by the Federal
Government,

The work that is the subject of this report was performed as a
sub-phase of Contract EHS 70-108. This arrangement was justified by
the fact that the Emissions Research Laboratory had gained valuable
experience and information concerning EMD engines in the course of the
previous locomotive work. Also, the Department of Automotive Research
at SWRI was in possession of a suitable test engine with which to evaluate
the various exhaust emission control methods. This test engine was of
the same general type as the engire in one of the locomotives (Unit No.
1311) tested previously. There thus existed a data base which could be
used as reference for the data from the initial tests of the basic (un-
modified) test engine.

B. Obj ectives

The principal objective of this project was to provide an assessment
of various techniques for controlling oxides of nitrogen from a locomotive-
type diesel engine operating over typical switch and line-haul duty cycles.
The effectiveness of these techniques was to be evaluated and their
influence on hydrocarbons, carbon monoxide and, especially, smoke
opacity determined. The overall effectiveness of the various control
methods could then be established. Attempts were to be made to alleviate,
or at least enumerate, any adverse effects of the coutrol techniques on



other emissions or enginz: operation.

C. Approach

Several control techniques which were known to influence NC,
emission from smaller, automotive-type diesel engines were selected
for use in tha project. These techniques were evaluated using a two-
tylinder version of an Electro-Motive Division (EMD) series 567 loco-
motive engine. This engine was operated over a test cycle made up of
speed and load points typical of a full-size 567 engine. Continuous
measuremeiits were made of unburned hydrocarbons, carbon monoxide,
oxides of nitrogen, and smoke opacity. A computer program was
developed which calculated cycle composite brake specific emissions,
as well as brake specific and fuel specific emissions on a modal basis.
Two weight factor schedules--one designed around switch or rail yard
service and the other around line haul service--were used in performing
these calculations. Use of these two sets of time-based weighting factors
perraitted the effectiveness of a given control technique to be determined
for both types of duty cycles.

D. Progress Reports and Project Review

Monthly progress reports were furnished to the Project Officer at
DOT and the Contract Administrator at EPA. These reports summarized
the items of work accomplished during the reporting period, results of
the test work, and brief statements on future project plans and the status
of project funds. Many telephone conversations were Leld with the Project
Officer in order to keep him abreast of project status and to solicit
technical advice. The Project Officer visited SWRI on December 14,
1972, for an extensive project review. In addition, Mr. Louis Roberts,
Director of Technology for DOT's Transportation Research Center,
visited the Emissions Research Laboratory on March 14, 1973, and
was given a briefing on the project.
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II. TEST ENGINE, FUEL, AND INSTRUMENTATION

This section of the report offers a description of the enginc used
in this study, an analysis of the test fuel, and a description of the instru-
mentation used to obtain gaseous emissions data.

4. Description of Test Engine

The engine used in this study (Figure 1) was a two-cylinder version
of the Electro-Motive Division {EMD) model 567, a blower scavenged, two-
stroke cycle engine which, in 8, 12, and 16 cylinder form, is a principal
power source for diesel locomotives. The engine has a displacement of
567 cu. in. per cylinder and a maximum governed speed of 845 rpm.

The engine is connected to a 1000-hp capacity EMD generator, which is
in turn connected to a load bank capable of absorbing 400 hp.

The full-size 567 engine is presently in use in a variety of con-
figurations. Hence, it was necessary to decide which configuration would
be representative of most in-service 567 engines. The aid of EMD was
formally requested in a letter, dated July 24, 1972, tc Mr. Hugh A.
Williams, Jr., of EMD Engineering. Mr. Williams responded with a
letter which contained information concerning such engine variables as
compression ratio, type of cylinder liners and injectors, and injection
timing. This letter also contained information and advice about possible
engine test cycles. The letter appears as Appendix A of this report.

Based on the information thus obtained, it was decided to equip
the test engine with 20-port cylinder liners, 16:1 compression ratio
pistons, and fuel injectors calibrated for the medium air flow range of
this engine. These components are basic to the 567C model engine, many
of which are in use in 8, 12, and 16 cylinder versions.

B. Test Fuel Analysis

The fuel used throughout the project was the No. 2 emissions test
fuel specified for use in Federal smoke and emissions certification tests
of heavy-duty, automotive-type diesel engines. However, this fuel was
used in the project because analysis revealed it to be very much like three
typical diesel fuels used by Southern Pacific. An analysis of thesec three
fuels was done in the course of on-site emissions tests performed by
Southwest Research on three locomotives at the SP yard(1),

The analysis of the test fuel used in the current project is given
in Table 1.



EMD 2-567 TEST ENGINE AND INSTALLATION

FIGURE 1.



TABLE 1. LABORATORY ANALYSIS OF TEST FUEL

Fuel Type DF-2
Property
Gravity, °API 34.5
Sulfur, % by wt. 0.3
Aromatics, % 37,6
Distillation, °F
Initial Boiling Point 386
End Point 658
10% 436
20% 461
30% 481
40% 498
50% 514
60% 530
70% 546
80% 564
90% 605
95% 648
Recovery, % 99.9
Residie, % 1.0
Calculated Cetan= No, 46,7
C. Emission Instrumentation and Measurement Devices

Measurements of unburned hydrocarbons, carbon monoxide, carbon
dioxide, oxides of nitrogen (NO,), and smoke opacity were tiken during all
tests. Excess oxygen in the exhaust was measured during tests conducted
in the later stages of the project. Hydrocarbons (HC) were measured by
a heated FID unit built to specifications given in SAE Recommended Prac-
tice J215. Carbon monoxide and carbon dioxide were measuied by non-
dispersive infrared analyzers in a system that conforms to SAE Recom-
mended Practice J177, while oxides of nitrogen were measured by a
chemiluminescent analyzer. Oxygen measurements were obtained by a
polarographic analyzer. Exhaust smoke ovacity was measured by means
of an enlarged version of the PHS smokemeter. This enlarged model,
built on a 20-in diameter ring instead of the 10-in diameter ring of the
normal unit, proved to be a reliable and accurate instrument. The
optical head was mounted on a six-in diameter exhaust pipe with the cen-
terline of the light beam four in from the end of the pipe.

Eagine fuel consumption was measured by a Flo-Tron linear mass
flowmeter with direct readout in pounds per hour. A heat exchanger was
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used tc keep fuel temperature in the range of 90-100°F, Engzine air con-

sumption was measured by means of long-radius nozzles that conform to
SAE Recommended Practice J244,

Several views of the instrument cart,

smokemeter, anc¢ fuecl and air measurement devices are shown in Figure
ZI

A. Emissions Sampling Cart for

B. Large Size (20-in dia.) PHS
Diesel HC, CO,-CO2, and NO,

Smokemeter

C. Llinear Mass Flowmeter and D.
Indicator for Fuel Measurement

Long Radius Nozzles for
Measurement of Engine Air Flow

FIGURE 2. TEST INSTRUMENTATION FOR MEASUREMENT OF
EMISSIONS CONCENTRATIONS, SMOKE, AND FUEL AND AIR FLOW



III. NO, CONTROL METHOLS AND PROJECT TEST PLAN

The objective of this project was to determine the eifectiveness of
several possible methods for control of locomotive exhaust emissions,
particularly emissions of oxides of nitrogen. Several methods which were
known to influence NO, emissions in srnaller, automotive-type diesel
engines were selected for this study. These methods, and the engine
modificaticas necessary to implement them, are outlined in this section,
The test plan which was developed around these control methods is also
presented here.

A, NOx Control Methods

The control methods szlected for use vwith the test engine included
(1) fuel injectors of different designs, (2) variation of injection timing,
(3) inlet air humidification (water induction), (4) reduction of scavenging
air volume (air box bleed), and (5) exhaust gas recirculation (EGR).

Three types of injectors are currently in use in EMD locomotive
engines: an older style, known as the spherical-valve injector, which
is used in many older engines, but is no longer manufactured; a newer
style, called ithe needle-valve injector, which is used in most later
model engines; and the newest type of injector, known as the low-sac,
which was introduced by EMD in mid-1972(2), The principal design dif-
ference in these three types of injectors is in the sac volume below the
spherical or needle valve that controls fuel flow through ihe injector.
The sac volume has been steadily reduced by these design changes,
principally to reduce exhaust smoke opacity and hydrocarbons. It was
decided that all three types of injectors should be tested in the project
in order to deterriine their effect on gaseous emissions,

The effect of injection timing on smoke opacity and NOy from diesel
engines is well known (i.e., later injection causes higher smoke but less
NOyx), so it was decided that tests should be performed with non-standard
timing. The standard timing setting for all EMD engines is 4° BTC. It
was recommended by EMD that timing be varied £4° of the standard setting
(letter from Hugh Williams, contaiued in Appendix A). Injection timing
is easily changed on the test engir.e.

Inlet air humidification («.r water induction) was accomplished b,
mounting two atomization noz..les directly above the blower inlet. Water
flow rate (in pounds per hour) was determined for various “owmeter
settings, Air was supplied to the atomization nozzles at a constant pres-
sure. Water was inducted at a mass flow rate equal to 25, 50, 75, or
100 percent of the fuel fluw mass per mode. The same water rate (as
& percent of fuel rate) vas used in all moces of a given test.



8.

Reduction of scavenging air (air box bleed) results in incomplete
scavenging of exhaist gases from the cylinders and, consequently, a dilution
of the incoming air charge, Ficiice, a kind of internal exhaust gas recir-
culation is obtained. This method works, of course, only with two-stroke
cycle engines, Air box bleed of the test engine was accomplished by means
of a three-in diameter gate valve installed in the air box (Figure 3A). A
three-in OD pipe containing a plate orifice and a thermocouple was attached
to this valve, The pressure drop across the orifice, the static pressure
differential, and the temperature of air at the orifice were monitored in
order to calculate the masa of the by-pass air (in pounds per minute). Air
bleed rates were equal to 10, 20, 35, and 50 percent of the total air flow
mass requirement of the engine per niode., The air bleed rate (as a per-
centage figure) was held constant throughout a given test,

Tests involving exhaust gas recirculation were done using '""cooled"
and ''hot" exhaust gases. In both cases the exhaust gases were taken frcm
a plenum chamber at the top of the engine., A three-in diameter gate valve
was installed in this plenum chamber to regulate the flow of exhaust gases
(Figure 3B). To obtain cooled EGR the exhaust gases were passed through
a large water-cooled heat exchanger before entering the engine air intake
system (Figure 3C), The heat exchanger was cooled by water from an
external source rather than from the engine cooling system., This allowed
the recirculated exhaust gas to be cooled to 125-150°F, a temperature
range that might be difficult to obtain in actual locomotive operation unless
an efficient air-cooled heat exchanger were used. The EGR flow rates
chosen were 10, 20, and 30 percent of intake air mass requirement per
mode. However, in the actual test work the rates were approximately 7,
16, and 25 percent of air flow mass. These reduced rates nevertheless
indicate the correlation between EGR and engine emoke and gaseous emis-~
sions. The EGR rates will be referred to as ''"ncminal" 10, 20, and 30
percent rates,

To obtain hot EGR the recirculated exhaust was routed around the
heat exchanger. Exhaust temperatures in the EGR line were approximately
200-800°F, depending on engine speed and load. The hot recirculated
exhaust was, of course, mixed with cool air in the inlet "ystem before
entering the engine, The EGR rates were again somewhat helow the
nominal 10, 20, and 30 percent rates chosen for this series of tests.

The recirculsnced exiiaust, whether cooled or hot, passed through a
straight section of three-in OD pipe containing a plate orifice and thermo-
couple., The orifice pressure drop, static pressure differential, and
temperature of the gas at the orifice were used to compute the mass of the
recirculated exhaust. The exhaust then entered the engine air intake
system at a point between the air cleaner and the blower.

B. Test Plan

The tests performed in the course of the project are outlined by the



A. Air Box Bleed Valve and
Line ¢t Rear of Engine

B. External EGR Line and
Vertically-Mounted Heat Exchanger

C. External EGP Line Entering
Engine Air Inlet System

M T I

FIGURE 3. EXTERNAL ENGINE MODIFICATIONS FOR
AIR BOX BLEED AND EXHAUST GAS RECIRCULATION



10,

following matrix.

Nonstd. Water Induction
Standard _Timing Std. Retd. Air Box Exh.,Gas Recir.
Injectors Timing Adv. Retd, Timing Timing Bleed Cooled Hot
Spherical X
Needle X X X X X X X X
Low-Sac X X X X X X X

The tests at standard timing were used to determine the improvement
in emission characteristics that could result from merely changing to a
newer--tyle injector, and also to provide the reference (for needle and low-
sac injectors) nceded to evaluate the effectiveness of the various control
rnethods. Sirce all spherical-valve injectors now in uee will eventually
be replaced by newer types, they were not used in the tests involving the
control techniques. On tne other hand, the majority of in-service EMD
engines are equipped with either needle-valve or low-sac injectors; hence,
these injectors were used for the full range of tests. However, some tests
with the low-8ac models were omitted in order to derive maximum benefit
from tte dime and funds available. In particular, the low-sac injectors
were used with only one water rate and retarded timing, rather than with
all four water rates, ard two of the four air box bleed rates and one of
the three EGI. rates were not done,

The actual test sequence involved (1) tests with spherical-valve
injectors at standard timing, (2) all tests with needle-valve injectors, and
(3) all tests in 'clving low-sac i~jectors., Hence, injectors were nct re-
moved until the completion of all tests with a givea type.
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IV, TEST CYCLE AND DATA REDUCTION
This secrion describes the test cycle used throughout the project.
the rationale behind development of the cycle, and the steps performed ¢ -

reduce raw dat: to its final form.

A, Engine Test Cycle

it was deemed desirable to forinul.*e a test cycle whii:h would be
representative of locomotive engine opcrat.on for this model engine, could
be used for all tests regardless of changes in engine configu-ation from
one test series to another, and would be as short as possinle and still allow
emission levels to stabilize.

Locomotive engines typically operate at certain engine speeds ihat
are obtained by placing the throttle in predetermined positions or '""notches''.
Fuel rate in each t:rottle position is also predetermined, so that engine
power is constant for a given engine speed. Electro-Motive Divisicn engines
in line-haul (non-switch) service have eight throttle positions, nlus low idle,
while engines in switch service are equipped with a continuous. sosition
throttle. The 2-567 test engine was equipped with a continuous-position
throttle, but it was decided to operate the engine at speeds wh.ch cor-
responded to the eight throttle positions of a model 16-567C engine with
16:1 compression ratio pistons and medium air flow range injector tips.

The test plan called for several series of tests with different engine
configurations produ:ed by changing from one NOx control method to another.
Some, if not all, of these different engine configurations would v.adoubtedly
result in changes in engine power output. It was therefore decided that the
test cycle should not involve engine power as a parameter. Thus, engine
fuel consumption rate and speed were the quantities which were usesi to
define the test points (modes) of the cycle. A schedule of fuel rates for
various EMD engines was obtained from the manufacturer. Fuel rates
for the test cycle were obtained by dividing the typical 16-567C fuel rates
by a factor of eight.

The test cycle was completed by adding three modes at low idle
speed to the eight test points already selected, thus making an 11-mode
schedule. The final form of the cycle is given in Table 2.

Initial emission tests with this cycle indicated that four-minute
modes were sufficiently long to allow engine speed and load changes and
stabilization of emission levels., This 44-minute long cycle formed the
basis for all test work in the project. Repeatability of test results was
generally good, though not exceptional. Particular problems that cccurred
during the tests will be mentioned in the section dealing with test results.
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TAB..E 2. TEST CYCLE FOR EMISSION TESTS OF EMD 2-567C ENGINE

Notch Engine Fuel Rate,
Mode Position Speed, rpm lbs/hr
Low Idle 285 -
2 1 285 8.0
3 2 344 11, &
4 3 424 21,2
5 4 515 32.5%
6 Low Idle 285 -
7 5 584 45,6
8 6 675 60.0
9 7 755 75,6
10 8 835 93,8
11 Low Idle 285 -
B, Recording and Reduction of Data

All data were recorded during the last minute of each mode of the
test cycle. Hydrocarbon emissions were measured "wet', that is, with-
out allowing water vapor in the sample to condense. Emissions of CO,
CO;,, and NO, were measured "dry'", after water vapor was removed from
the sample by means of ice baths and/or a drying agent, Other data
recorded at this time included engine speed and load (in terms of generator
output), fuel flow, pressure differential across the long-radius nozzles,
smoke opacity, and various temperatures and pressures dealing with
ambient conditions and engine operation. Ambient wet/dry air temper-
atures and observed barometric pressure were recorded two or three
times during the 44-minute test.

Most of this raw data was entered into a computer program developed
for this project. The computer printouts, which appear in Appendix B,
provide a detailed summary and analysis of the test data and results. The
top half of the printout is concerned with engine performance data and
parameters, such as engine speed and power output, mass flow rates for
fuel, air and exhaust, fuel-air ratio (later changed o excess oxygen-fuel
ratio) and brake specific fuel consuinption, and various engine operating
temperatures and pressures. The lower half of the printout contains
exhaust smoke opacity, emission concentrations, weighting factors (later
changed to excess oxygen), and brake specific and fuel specific values for
hydrocarbons, carbon monoxide ard oxides of nitrogen (as NOj). Al of
these data are given on a modal bazis, Cycle composite brake specific
values of HC, CO, NOx (as ‘\IOZ) ard brake specific fuel consumption are
also given. I'mission concentrations that are measured ''dry'" appear on
the printout as ""wet"' values after conversion by one of the conversion factors
in SAE Recommended Practice J 177. Concentration values of NO and NO,
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are further corrected to a standa:- atmcspheric moisture content of 75
grains of water per pound of d-; air by the conversion factor approved by

the Environmental Protectic. Azency for diesel engine certification tests(3),

Two weight factor schedules are used in computing the cycle ccm-
posite brake specific quaatities. One schedule represents the duty cycle
of a locomotive engaged "n switch operation(4), while the other schedule
represents the cycle of a I:r e-haul locomotive(3)., The two weighting
schedules are given in Table 3,

TABLE 3, LCCOMOTIVE WEIGHT FACTOR SCHEDULES

Motch Engine Percent of Operating Time in Notch

Mode Position Speed, rpm ATSF Switch G.E. Line Hau!
1 Low Idle 285 25,17 14,3
2 1 285 10.0 3.0
3 2 344 5.0 3.0
4 3 424 4.0 3.0
5 4 515 2.0 3.0
6 Low Idle 285 25,17 14,3
7 5 584 i.0 3.0
8 6 675 1.0 3.0
9 7 755 0 3.0
10 8 335 0 28.0
11 Low ldle 285 25.7 14, 2

The ATSF schedule assumes that a zwitch engine is at low idle some
77 percent of its operating time. Hence, each of tte ihree idle modes in the
test cycle have weight factors of approximately 25.7 percent. The weight
factors become progressively smaller as the throttiz notch position in-
creases, thus reflecting the small amount of time such an engine spends
in the higher horsepower rarges. Indeed, notches 7 and 8 (modes 9 arnd
10) have weight factors equal to zero.

The G. E. line-haul schedule gives low idle a weight factor of 43
percent, so that each idle mode is weighted by 14,3 percent, Each of the
first seven notches consumes three percent of the operating time of the
line-haul cycle, while notch 8 (mode 10), the point of maximum power
output, is given 28 percent of the operating time. It should be noted that
the sum of the weight factors given above is only 92 percent. This is
because the G. E, schedule contains a mode for application of the dynamic
brake. This condition, which has an eight percent weight factor attached
to it, was delet:d for purposes of this project. This deletion was neces-
sary, since the test engine did not have the dynamic brake, and justified,
since the weighting schedule remains the same for all cycle composite
calculations and thus produces brake specific values that can be compared
in a relative sense.
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It is evideat from :! s discussion that the cycle composite
values are highly dep:adent on the particular set of weight factors
used in the calculations, and this dependence should be kept in mind
whenever cycle composite values are being discussed. It should also
be noted that the weight factors do not have any effect on modal brake
specific and fuel speciiic quantities. However, fuel specific emissions
for idle modes are heavily influenced by the fuel rares, since only
these fuel rates were uncontrolled. That is, idle fuel rates experienced
normal fluctuations, while fue' rates in all other modes were held close
to the predetermined values stown in Table 2. These fluctuations also
produced relatively large differences in the cycle composite brake specific
fuel consumption values. since these values are heavily weighted towards
the low idle condition, regardless of the weight factor schedule used. In
short, fuel specific emissions at idle (Modes 1, 6, and 11) and cycle com-
posite BSFC values should be interpreted in light of the fact that normal
fluctuations in idle fuel consumption play a large part in the differences
in these values.
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V. SUMMARY OF TEST RESULTS

This section summarizcs the results of all tests performed in the
project. Principal results presented here include the cycle composite
brake specific HC, CO, and NO, (as computed with both ATSF and G.E.
weight factor schedules), the modal smoke opacity, and the (unweighted)
modal brake specific and fuel specific emissions. Modal concentrations
of HC, CO, and NOx are summarized in the subsections concerned with
air box bleed and cooled and hot EGR. The tables and figures for these
modal quantities (except smoke opacity) are contained in Appendix C to
avoid cluttering the text, and will be referred to as required. Computer
printouts of the calculated test results are contained in Appendix B,

Because this study was a research effort into a relatively unknown
area, it was a great advantage to consult with rersonnel at £MD Engineering
about various problems and results encountered in the course of the project.
Several telephone conversations were held between the staff of the Emissions
Research Laboratory and EMD, and qualitative results of several phases of
the test work were discussed. EMD confirmed the general trend of the
SwRI results in several areas of testing, including tests with three types
of fuel injectors, non-standard injection timing, and water induction,

These confirmations served to build confidence in the results and hasten
the test schedule along.

Before proceeding to the analysis of the test results, it is necessary
to issue a word of caution on one point. The results of this study were
obtained from a series of tests in a controlled laboratory environment,
using a two-cylinder version of a full-size EMD series 567 locomotive
engine. The relationship between this experimental situation and the
situation which exists for a ‘ypical locomotive in switch or line haul
service is not known, Therefore, extreme care should be used in pro-
jecting the results of these tests to the railroad industry as a whole, or
even to all EMD model 567 in-service engines.

A, Emissions For Three Types of Injectors at Standard Timing

Tkese results characterize the emission levels of the test engine
when equipped with three types of injectors set to standard timing (4° BTC).
The results also furnish a set of baseline values for needle and low-sac
injectors that will be used to evaluate the cffectiveness of the various con-
trol methods,

Table 4 summarizes the average cycle composite brake sipecific
emissions from Tables B-1 to B-28 of Appendix B. These aversge values
are illustrated in rigures 4 and 5. Comparing the composite values cal-
culatsd with ATSF weight factors, it was found that brake specific hydro-
carbons (BSHC) were reduced by about 49 percent by changing from
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TABLE 4. CYCLE COMPOSITE BRAKE SPECIFIC EMISSIONS
FOR EMD 2-567 ENGINE WITH SPHERICAL-VALVE, NEEDLE-
VALVE, AND LOW-SAC INJECTORS AT STANDARD TIMING

Injectors BSHC BSCO BSNO, BSHC + BSNOx

ATSF Weight Facter Schedule

Spherical 8. 842 4,081 19,823 28. 665
Needle 4.553 4,139 19. 562 24.115
Lcw-Sac 1.837 2.702 22.563 24.400

G. E. Weight Factor Schedule

Spherica) 2.680 6.251 12.121 14. 801
Needle 1.106 10. 568 9.823 10.929
Low-Sac 0.655 7.281 13.045 13,700

spherical-valve to needle-valve injectors, while a 60 percent reduction
resulted when changing from needle to low-sac injectors. A 79 percent
reduction in BSHC was noted between the spherical and low-sac models.
Cycle composite brake specific CO (BSCO) was almost the same for the
spherical and nee'le injectors, while the low-sac injectors reduced this
value by about 34 percent. Similariy, the brake specific NOx (BSNOy) was
very nearly the same for the spherical and needle injectors, but the low-
sac model raised this value approximately 13 percent,

It has been previously mentioned that an earlier phase of Contract
EHS 70-108 involved testing of three locomotives, one (No. 1311) of which
was powered by an EMD 12-567 engine. This engine was equipped with
needle-valve injectors and 16:1 compresasion ratio pistons, but operated
at slightly difterent speeds than the tes: engine in some notch positions.
Fuel rates per cylinder were very close for the two engines., The cycle
composite emissions for this locomotive were calculated with ATSF switch
weight factors only. It is interesting to compare these values with those
‘obtained from the 2-567 engine in the baseline tests. The respective BSHC,
BSCO, anc BSNO_ for the two engines are given below.

x
Engine BSHC BSCO BSNOx
12-567 8. 87 3,89 11, 40

2-567 4,55 4.14 19. 56
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It is evident that only the BSCO values are approximately equal,
whil: BSHC differs by a factor of nearly two, and BSNO, by slightly less,
The cause of these rather large differences lies in the concentrations of
HC and NOy; the 12-cylinder engine simply produced higher concentrations

of the former and lower concentrations of the latter than did the 2-567 test
engine,

A comparison of the cycle composite brake specific values computed
with G. E. weight factors revezls that the needle injectors produced almost
59 percent less 3SHC than did the spherical injectors, while a 41 percent
reduction occurred between the needle and low-sac models. These latter
injectors produced some 75 percent less BSHC than the spherical injectors.
The needle and low-sac injectors gave, respectively, 69 and 14 percent
more BSCO than the spherical mocels. The needle injectors produced
about 19 percent less BSNOy than the spherical units, while the low-sac
injectors gave seaven percent more than the spherical-valves and 25 per-
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cent more than the needle-valves.

The average modal sn.c = opacity for the three types of injectors is
given in Table 5 and shown in Figure ¢. It is evident that smoke opacity
was low in all cases. This is not surprising, since the engine was equippec
with new pistons and cylinder liners, and the injectors were either new or
rccently rebuilt. It is interesting to note that the opacities measured
during these tests are very similar to those measu-ed during on-site
tests of the 12-567 engine in Unit No. 1311(6),

TABLE 5. MODAL SMOKE OPACITY FOR SPHERICAL-VALVE,
NEEDLE-VALVLI,, AND LOW-SAC INJECTORS AT STANDARD TIMING

Engine
Notch Speed, PHS Smoke Opacity, %
Mode Position rpm Spherical Inj. Needle Inj. Low-Sac Inj.
1,6,11 Low Idle 285 1.4 0.8 1.0
2 1 285 1.5 1.4 1.2
3 2 344 2.0 1.5 1.2
4 3 424 2.0 1.9 1.3
5 4 515 2.0 1.7 2.3
7 5 584 2.0 1.4 1.8
8 6 675 2.0 1.8 2.3
9 7 755 3.0 2.6 2.5
10 8 835 3.9 4.6 3.8

Average modal brake specific and fuel specific emissions are pre-
sented in Table C-1 and Figures C-1 through C-6 in Appendix C. The
spherical injectors gave the highest BSHC in every mode or notch position,
and the low-sac injectors gave the lowest values (Figure C-1). The spherical
and needle injectors produced much more BSHC in notch positions 1-3 (285-
424 rpm) than in the remaining test modes. The low-sac models were
characterized by fairly constant output of BSHC in all notch positions. The
spherical injectors produced the highest BSCO in the lower notch positions,
while the low-sac units gave the least (Figure C-2). However, in the upper
notch positions the needle injectors preduced the most BSCO, and the
spherical units gave the lowest values. The bebavior of these modal
BSCO values, and a brief consideration of the two sets of weight factorws
involved, illustrate why the rank order of the cvcle composite BSCOvalues
discussed previously was changed by ths use of the two weighting schedulcs.
The spherical injectors produced the most BSNOx in the first two notch
positions, but the low-sac models re- ulted in the highest values in all the
other positions. The needle injectors gave the lowest values in all but the
first notch. Again, the somewhat in:snsistent trend of these modal values,
when interpreted in ligiit of the two waighting schedules, explains the
behavior of the cycle composite values.
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Modal fuel specific data is derived from tii2 mases flow {in grams
per hour) of HC, CO, or NO,, divided by the fuel flow (in pounds per hour).
The emission mass flow is basically a function of intake air mass and tne
concentration of the particular contaminant. Since the mass of intake air
and fuel per mode remained fairly constant from ore test to another, a
given fuel specific value is essentially a function of concentration. The
only test points where this analysis is in doubt is at low idle (Modes 1, 6,
ard 11), where fluctuations in fuel flow croduced differences in the associ-
ated fuel specific quantities that were not caused by differences in concen-
trations alone.

Fuel specific HC (Figure C-4) values for the three types of injectors
show the same trends as the brake specific HC, with the spherical injectors
yielding the highest values and low-sacs the lowest. The fuel specific CO
(Figure C-5) values also follow the same trend as their brake specific
counterparts, with spherical injectors producing the highest values in the
lower notch positions and needle models giving the most FSCO in the
higher notches. At low idle condition the iow-sac units produced the
most CO and the spherical models the least. The FSNOy of the spherical
injectors differs from that of the other two types of injectors not only in
magnitude but also in its behavior in the first condition (Figure C-6). This
difference is apparently due to a change in the fuel rates at low idle. This
change occurred a short time after the baseline tests of the spherical
injectors. In any case, the low-sacs produced the most FSCO, and the
needle valve units generally produced the least.

Engine power output was fairly constant, regardless of which type
of injector was used. The power recorded was observed and not ccrrected
for changes in ambient conditions. Hence, some variation vas present,
but it is not thought that these differences in power are related to injector
design. Engine operation was also unaffected by the different injectors,
i.e., there was no roughness or instability of operation present.

In summary, it can be szid that the needle and low-sac injectors
produced much lower brake specific HC than the spherical-valve models.
Unfortunately, the low-sacs produced higher BSNO, than either of the
other two types of injectors. Brake specific CO was not significant in
any instance. It should be noted that the observed relative effects of
injector type on emissions is very similar to those found in the case of an
automotive two-stroke cycle diesel of the same general design as the 2- 3¢ 7
enginel?), The three types of injectors used in the study referenced are
known as crown-valve, needle-valve, and LSN (Low Smoke Nozzle), and
are very similar to the spherical-valve, needle-valve, and low-sac injectors
of the present study.

B. Effect of Injection Timing On Emissions - -Needle-Valve and
Low-Sac Injectors

A series of tests was performed with the needle and low-sac injectors
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set to nonstandard timing. Needle injectors were tested at two such set-
tinge, 4° advanced and 4° retarded from the standard 4° BTC. The low-
sac units we~e tested at the retarded setting only.

Table 6 and Figures 7 through 10 suininarize the cycle composite
brake specific emissions for these tests. The corresponding computer
printouts are Tables B-29 through B-48 of /Appendix B. As usual, com-
putations were performed with both weight factor schedules.

With needle injectors, standard timing resulted in the highest BSHC
(Figure 7) and advanced timing gave the lowest values. These results held
true regardless of the weight factor schedule used in the calculations.
Likewise, BSCO values computed with ATSF weight factors were highest
for standard timing and lowest for the advanced setting (Figure 7). How-
ever, when computed with G. E. weight factors, the BSCO was highest
with retarded timing and lowest with advanced timing. This difference is
due to the fact that retarded timing produced much higher CO concentrations
in notches 5 to 8 (584 to 835 rpm), which are weighted more in the G.E.
line haul schedule than in the ATSF switch schedule.

The very important cycle composite values of BSNOy are shown in
Figure 8. As expected, retarded timing produced the lowest values and
advanced timing gave the highest. With ATSF weight factors, BSNO,
values with retarded timing were approximately 32 percent lower than
with standard timing and about 55 percent less than with advanced timing.
Using G. E. weight factors, retarded timing gave about 25 percent less
BSNO, than the standard timing and some 48 percent less than for ad-
vanced timing. In all cases, the improvement in the cycle composite
BSNO, was significant and was accomplished with a simple engine modifi-
cation. The only apparent drawback, in a gaseous emission sense, was
the increased CO concentrations in the high-power notch positions.

Retarded timing of the low-sac injectors resulted in slightly lower
BSHC and slightly higher BSCO (Figure 9) than was obtained with standard
timing. Brake specific NO, (Figure 10) was reduced by 26 percent for the
ATSF cycle and by 28 percent for the G. E. cycle. These brake specific
values therefore follow the same trend, relative to the values for the
needle injectors, as in the baseline tests; i.e., at retarded timing the
low-sac produced less BSHC and BSCO, and more BSNO, than the needle-
valve units.

Table 7 contains the smoke opacity data for both types of injectors
at the various timing settings, and ¥igure 11 illustrates these data.
Looking first at the data for the needle injectors, it is evident that retarded
timing led to a substantial opacity increase in notches 5 to 8 (584 to 835
rpm). However, the increased opacity was excessive only at the notch 8
position. Another series of tests was performed at retarded timing but
with a slight power derating in notch 8. The amount of derating used was
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EFFECT OF INJECTOR TIMING ON CYCLE

COMPOSITE BRAKE SPECIFIC EMISSIONS FOR

NEEDLE-VALVE AND LOW-SAC INJECTORS

BSHC

BSCO

BSNO,

ATSF Weight Factor Schedule

Injector
Injectors Timing
Needle Std.(4°B1C)

4° Retd.

4° Adv.
Low-Sac Std. (4°BTC)

4° Retd.

4° Adv.

G.E.

Needle Std. (4°BTC)

4° Retd.

4° Adv,
Low-Sac Std. (4° BTC)

4° Retd.

4° Adv.

4.553

3.562

2.685

1.837

1.715

4.139
3.988
3.946
2,702

3.194

16.562
13,226
29.586
22,563

16.572

Weight Factor Schedule

1.106
1. 041
0.839
0. 655

o. 605

10, 568
12.500
10. 051

7. 281

9.783

9.823
7.326
14. 060
13.045

9. 378

BSHC + BSNOx

24,115
16. 753
32,271
24,400

18, 287

10.929

8. 366
14.899
13,700

9.791
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TABLE 7. EFFECT OF INJECTION TIMING ON SMOKEF OPACITY
FOR NEEZTDLE-VALVE AND LOW-SAC INJECTORS

Notch Engine PHS Smoke Cvacity, %
_Mode Position Speed. rpm Std. Timing 4° Adv. 4° Retd.

Needle Injectors
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FIGURE 11. MODAL SMOKE OPACITY LEVELS FOR NEEDLE-VALVE
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sufficient to reduce smoke opacity to 5 to 6 percent, which is the nominal
smoke level for the needle-valve injectors at standard timing. An extra
mode, featuring the derated power condition, was performed at the end of
two of the tests made with retarded injection timing. The data thus ob-
tained were substituted in place of the original mode 10 data in the com-
puter program and the computations performed again. Only the G. E,
line haul weight factors were us-d in this second set of computations, as
the ATSF schedule attaches zero weight to the notch 8 position. The
computer printouts for these two tests are also contained in Appendix B,
Tables B-47 and B-48, The pertinent data from the p-intouts are sum-
marized below in Table 8.

TABLE 8. EFFECT OF DERATING ON EMISSIONS,

SMOKE AND POWER--NEEDLE-VALVE INJECTORS
AT RETARDED TIMING

Cycle Composite Emissions

BSHC _ BSCO BSNO,
Normal Derate Normal Derate Normal Derate
1.041 1.312 12. 500 7.939 7.326 7.513

Notch 8 (Mode 10) Smoke, Emissions, and Power

Smoke, % BSHC BSCO BSNQK
Normal Derate Normal Derate Normal Derate Normal Derate
10.0 5.5 0. 88 1.20 14,52 3. 30 6.93 7.12

Power, Bhp FSHC FSCO FSNQK
Normal Derate Normal Derate Normal Derate Normal Derate

201 176 1.89 2.52 31.10 19. 42 14.84 14,86

It can be seen that, besides the desired reduction in smoke opacity,
derating produced slightly higher BSHC and BSNOy and much lower BSCO
both on a cycle composite and modal basis. This same trend holds for the
fuel specific quantities. The principal influences on these brake specific
and fuel specific quantities are, of course, the 12 percent lower brake
horsepower and 10 percent lower fuel rate of the derated condition. In
summary, derating in notch 8 is a simple and effective method of obtaining
the benefits of retarded timing >f the needle injectors without the penalty
of increased smoke opacity. Whether this amount of derating is desirable
from an operations standpoint is another matter.

Retarded timing also caused smoke opacity associated with the low-
sac injectors to increase somewhat over baseline (Table 7 and Figure 11).
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However, the baseline (standard timing) opacities were so low that even
the increased values were not excessive. Maximum opacity was less than
six percent in notch 8; therefore, no tests were conducted with engine
vower derated in that position.

The average modal brake specific and fuel specific emissions for
the needle injectors at standard, advanced, and retarded timing are pre-
sented in Table C-2 and illustrated in Figures C-7 through C-12 of Ap-
pendix C. Note that the BSHC (Figure C-7) was reduced principally in
the first two notch positions by nonstandard timing, with less improvement
noted in the later notches. Brake specific CO (Figure -8) was lowered
in the first two notches by retarded timing, but was somewhat increased
in the higher-power conditions. The effect of timing on BSNOy is evident
in every notch position (Figure C-9). The modal fuel specific emissions
show the same relative trend as the brake specific quantities. It should
be mentioned that the idle fuel rate was subject to some fluctuation; hence,
there are some slight anomalies between the fuel specific emissions at
idle and those for the eight notch positions.

Modal brake specific and fuel specific quantities for the low-sac
injectors at standard and retarded timing are given in Table C-3 and
shown in Figures C-13 through C-16 in Appendix C. Brake specific HC
values (Figure C-13) are very close and show a distinct difference only
in the last three notch positions (675 to 835 rpm)}. Similarly, BSCO
(Figure C-13, also) differs significantly only in the last four notch posi-
tions. However, BSNOy (Figure C-14) was lower at every test point for
retarded timing. Fuel specific HC and CO (Figure C-15) and NOy (Figure
C-16) again show the same general trends and the same relative differences
as the corresponding brake specific quantities.

In summary, it is possible to obtain a substantial reduction in NOx
by retarding injection 4° from the standard setting. The percent reduction
in NO, was greatest for the needle injectors, which produced less NO,
chan the low-sac injectors at standard timing. Retarded timing produced
slightly less HC, but more smoke and CO in notch positions 5 through 8.
Smoke opacity was judged to be a problem only for the needle injectors
and the notch 8 condition. A slight power derating in this notch position
appears to alleviate the problem. On the whole, engine pcwer at all
points of the test cycle was not adversely affected by retarded timning.

C. Effect of Water Induction on Einissions--Needle-Valve and
Low-Sac Injectors at Standard Timing

Tests were conducted with needle-valve and low-sac injectors, using
various rates of water induction (inlet air humidification). Water rates equal
to 25, 50, 75, and 100 percent of the modal fuel flow mass were used. The
cycle composite brake specific emissions are summarized in Table 9 for
both types of injectors. The corresponding computer printouts appear
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TABLE 9. CYCLE COMPOSITE BRAKE SPECIFIC EMISSIONS FOR
NEEDI.E-VALVE AND LOW-SAC INJECTORS, STANDARD TIMING,
AND WATER INDUCTION

Water
Injectors Induction, %% BSHC BSCO BSNO,, BSHC+ BSNO,,
ATSF Weight Factor Schedule
Needle 0 4,553 4.139 19. 562 24.115
25 2.784 3.018 17.711 20. 495
50 2.389 3. 286 15,862 18. 251
75 1.814 4, 881 15.023 16.837
100 2.312 2. 847 16. 777 19,090
Low-Sac 0 1.837 2.702 22.563 24. 400
25 1.519 2.164 21.071 22, :90
50 1.655 2.490 20. 508 22,164
75 2.196 2. 306 20.210 22,406
100 2.199 3,426 19.9i4 22,113
G.E. Weight ¥Factor Schedule
Needle 0 1.106 10. 568 9.823 10.929
25 0.897 10, 240 9.193 10. 090
50 0.843 10. 251 8.410 9. 254
75 0.736 10. 210 7.622 8. 258
100 0. 854 11.556 8. 349 9. 203
Low-Sac 0 0. 655 7. 281 13. 045 13. 700
25 0. 560 7. 744 1i.965 12,524
50 0.562 6. 999 11,353 11.914
75 0.708 6. 728 11.026 11,733
100 0.734 8. 164 10,802 11.536

*P’arcent of fuel flow mass per mode.
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as Tables B-4G through B-8& of Appendix B.

Figures 12 and 13 illustrate the test results for the needle injectors.
It is readily seen taat the induction of more water (as percent of fuel flow
mass) caused the BSHC and BSNOy to steadily decrease from the cor-
responding baseline (0 percent water) values, until 100 percent w: ter rate
was reached. At this point the BSHC and BSNO, went up, but the resulting
values were still below baseline. Hence, the 75 percent water rate was
optimum for the reduction of HC and NOy. These reductions were noted
regardless of the weight factor schedule used in the computations, though
the magnitude of the reductions was different. Thus, at 75 percent water
rate, cycle composite BSHC was 60 percent lower when the ATSF switch
schedule was used and atout 33 percent lower for the G. E. line haul
schedule, while BSNOy was about 23 percent lower for both schedules.

Cycle composite BSCO was also affected by the rate of water in-
duction, but the changes produced were highly dependent on the weight
factors used in the calculations. Thus, in Figure 13, note that when the
ATSF schedule was us:d, BSCO was highest for the 75 percent water
rate and lowest for the 100 percent flow rate. But when G. E. weight
factors were used, BSCO was highest for the 100 percent rate and lowest
(and approximately equal) at the 25, 50, and 75 percent water rates.

Figures 14 and 15 depict the average cycl2 composite values for
the low-sac injectors. Brake specific HC was iowered by the 25 and 50
percent water rates and increased by the othe two induction rates.
Brake specific CO showed little or no improtement in these tests. How-
ever, BSNOx steadily decreased as the water rate was increased, so
that the 100 percent rate produced the least NO,. The total reduction
from the baseline (0 percent water) value was 12 and 17 percent for the
ATSF and G. E. weighting schedules. respectively. These are smaller
reductions, percentage-wise, than were found to occur with the needie
injectors.

Modal smoke opacity for both types of injectors is presented in
Table 10 and illustrated in Figure 16 (needle) and Figure 17 (low-sac).
It is evident that water induction did not lead to excessive smoke in any
instance. In this regard, water induction was superior to retarded
injection timing, at least as far as the needle injectors were concerned.

Average modal brake specific and fuel specific emissions for
needle injectors are given in Table C-4 and shown in Figures C-17
through C-22 of Appendix C. Water induction resulted in lower BSHC
and BSNOy in almost every mode, and the general efficacy of the 75
percent water rate is evident. The effect on BSCO is not so clearly
defined.
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TABLE 10. MODAL SMOKE OPACITY FOR NEEDLE-VALVE AND
LOW-SAC INJECTORS, STANDARD TIMING, AND WATER INDUCTION

Notch Eugine PHS Smoke Opacity, %
Mode Position Speed, rpm 0% Water* 25%* 50%* 75%% 100%*

Needle Injectors
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The mcdal brake specific and fuel specific data for low-sac
injectors are given in Table C-5 and illustrated by Figures C-23
through C-27 of Appendix C. The effect of the 100 percert water
rate is anparent; HC and CO are higher at nearly every test point,
while NC ., is "»wer in the higher notch positions. However, the 75
percent '#te was very nearly as effective as the 100 percent rate in
recactin: 170,.

I summary, water induction proved effective in reducing NOy,
but the 1 gher water rates resulted in slight increases in HC and CO.
Th2 obsered reductions in NOy were less than that which occurred
with ret.iced injection timing. However, smoke opacity was not
increas.” substantially by water induction and no derating of engine
power wi.s necessary. In fact, engine power appeared to experience
a slight increase with water induction, possibly due to cooling of the
intake air,

Before concluding this discussion of water induction as a control
method, :t should be mentioned that rather large quantities of water
were found at the bottom of the engine air box following a series of
tests. This water, usually several gallons worth, evidently passed through
the blower withoui being thoroughly mixed with the irtake air. It is not
known if this problem could be solved by using a different, possibly more
efficient, method of water atomization. It is also not known if a full-size,
iA-service locomotive engine would generate air box temperaiures suffi-
ciently high enough to vaporize this water as it collects. v

D. Effect of Water Induction on Emissions---Needle-Valve and
Low-Sac Injectors at Retarded Timing

Thesc tests involved a combiaation of two control methods that,
when used sepcritely, generally resulted in substantial reductions of
WNO4. For testy with needle injectors, water induction 1ates of 25, 50,
and 75 percent of fuel flow mass were used. The 100 percent water rate
was not used since, as mentioned previously, there was no further re-
duction in NOx above the 75 percent rate with standard timing. With low-
sac injectors, cnly ihe 100 percent water rate, which war most effective
at standard iciming, was used. The computer printouts tor these teste
appear in Appendix B as Tables B-89 through B-1(4,

Cycle composite emissions for the needle injectors are summarized
in Table 11 and shown in Figures 18 and 19. Several points of interest are
immediately obvious. First, water induction did not result in significant
reductions in BSHC when injection timing was retarded. This is in con-
trast to the redcutions observed for water induction in conjunction with
standard timing. Second, .he combination of water induction and retarded



42,

TABLE1l. CYCLE COMPOSITE BRAKE SPECIFIC FMISSIONS FOR
NEEDLE-VALVE INJECTORS, STANDARD ‘ND RETARDLD TIMING,
AND WATER INDUCTION

Water Injection
Induction, %* Timing BSHC BSCO BSNO, BSHC+BSNO,

ATSF Weight Factor Schedule

0 Std. 4,533 4.139 19.562 24.115
Retd. 3.526 3.988 13,226 16. 753

25 Sid. 2,784 3.018 17.711 20. 495
Retd. 2.792 2.748 12.030 14. 822

50 Std. 2, 389 3. 286 15,862 18, 251
Retd. 2.668 3.8v2 11,198 13. 866

75 Std. 1.814 4.881 15.023 16.837
Retd. 2.666 3.673 10.953 13.620

G.E. Weight Factor Schedule

0 Std. 1,106 10.568 9.823 10.929
Retd. 1.041 12,500 7,326 8. 366

25 Std. 0. 897 10.240 9.193 10. 090
Retd. 1. 460 13.954 6.024 7. 484

50 Std. 0.843 10, 251 8.410 9.254
Retd. 1.218 15.122 5.630 6.848

75 Std. 0.736 10.210 7.622 8. 358
Reti, 1.182 14,752 5,310 6.492

*Percent of fuel flow mass per mode.
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timing 1.ad an adverse effect on BSCO, especially when the cycle com-
posite values were computed with the G. E. weight factor schedule,

with its heavy emphasis on the notch 8 position. Note that the addition

of water produced almost no change in BSCO when standard timing was
used. However, water induction produced much higher BSCO when
injection was retarded. Third, water induction produced a reduction in
BSNOy beyond that produced by retarded timing alone. Note the stepwise
reductions in BRSNO, as produced by successively higher water rates for
both standard nd retarded injection timing (Figure 19). However, water
induction was not quite as effective with retarded timing as with standard
timing. In all, going from standard timing without water to retarded
timing with water produced & 44 percent reduction in BSNOy for the ATSF
cycle and a 46 percent reduction for the G. E. cycle. Over one-half of
these reductions (32 and 25 percent, respectively) were due to retarded
timing, alone,

Figures 20 and 21 illustrate the cycle composite results for low-
sac injectors (Table 12, ton}). Brake specific HC remained almost
constant when water induction was used with retarded timing, while BSCO
decrcased slightly for the ATSF cycle and increased moderately for the
G. E, cycle. The BSNOx values were reduced substantially by using
water with retarded timing. Reductions of 40 percent and 47 percent,
respectively, were noted in the values for the ATSF and G. E. cycles when
standard timing without water was changed to retarded timing and the
100 percent water rate. Of these reductions, over one-half (27 and 28
percent) was again due to retarded timing, alone.

Modal smoke opacity for the tests with needle injectors is given
in Table 13 and illustrated in Figure 22. Smoke opacity for low-sac
injectors is contained in Table 12 (lower right-hand column) and shown
in Figure 23. It can be seen that water induction, particularly at the
higher flcw rates, caused opacity to increase in the upper notch positions;
however, only the amoke in notch 8 was cause for concern. Of course,
the needle injectors produced more smoke than the low-sac units. Engine
power derating was not tried, since it would probably not y.eld substan-
tially different results from those discussed previously.

Modal brake specific and fuel specific emissions for the needle-
valve injectors are contained in Appendix C, Table C-6 and Figures
C-28 through C-33, Brake specific HC experienced a moderate in-
crease in notch position 8, while BSNOx was reduced at all test points
by water induction. Brake specific CO.was increased by all three water
rates in notches 5 to 8 (584 to 835 rpm), and this well-defined trend
was not evident in tests involving water anc standard timing. Modal
fuel specific emissions follow these same trends in all notch positions.



46.

TABLE 12. SUMMARY OF CYCLE COMPOSITE AND MODA! EMIi;3IONS
DATA FOR LOW-SAC INJECTORS, RETARDED TIMING, AND OPTI:AUM
WATER INDUCTION RATE (100% of Fuel Flow Mass per Mode)

Water Injection Cycle Composite Gaseous Emissions -
Induction, %* Timing BSHC BSCO BSNO, BSHC + BSNO,.

ATSF Weight Factor Schedule

0 Std. 1.837 2.702 22.563 24. 400
Retd. 1.715 3.194 16.572 18. 287

100 Std. 2,199 3.426 19.914 22.113
Retd. 2.182 2.979 13.530 15. 711

G. E. Weight Factor Schedule

0 Std. 0.655 7.281 13,045 13,700
Retd. 0.605 9.783 9.378 9.791

100 Std. 0,734 8. 164 10. 802 11.536
Retd. 0. 736 10. 846 6.881 7.617

Engine Modal Gaseous Emissions and Smoke Opacity (Retd. Timing)
Speed, Grams/Bhp-Hour Grams /Pound of Fuel PHS Smoke
Mode rpm HC coO NOx HC CO NO, Opacity, %

0% Water Induction®*

1,6,11 285 - - - 3.86 5. 08 29. 33 1.0
2 285 0.71 1.81 12,79 1.28 3.24 22.92 1.2

3 344 0.61 1.25 11.23 1.22 2.49 22.39 1.2

4 424 0. 46 0.69 11.41 1.03 1. 55 25.72 1.3

5 515 0.43 0.44 12.87 0.99 1.03 29, 84 2.3

7 584 0. 42 0.56 13.82 0.99 1. 31 32.30 1.8

8 675 0.49 1.04 13,61 1. 14 2.41 31, 47 2.3

9 755 0. 54 3.28 13,16 1.24 7. 56 30.27 2.5
10 835 0. 60 8.86 12.19 1.32 19. 75 27.20 3.8

100% Water Induction®

1,6,11 285 - - - 6.02 6.38 25,02 1.0
2 285 1.02 1.58 6.96 2.00 3.10 13.70 1.2

3 344 0. 86 1.20 6,34 1.72 1.78 12.68 1.2
4 424 0.58 0.80 6.40 1.31 1.28 14,54 1.8

5 515 0. 50 0.52 17.63 1. 20 1. 14 18. 36 2.8

7 584 0. 46 1.38 17.76 1.12 3.3 18. 76 2.5

8 675 0. 52 2.41 7.28 1.23 5.7 17.36 2.8

9 755 0. 60 5.58 6.96 1.38 12.82 15.99 4.5
10 835 0.66 13.20 6.24 1.47 29.34 13,85 7.5

$Percent of fuel flow mass per mode.
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TABLE 13. MODAL SMOKE OPACITY FOR NEEDLE-VALVE
INJECTORS, RETARDED TIMING, AND WATER INDUCTION

Noich Engine PHS Smoke Opacity, %

Mode Position Speed, rpm 0% Water*  25%% 50 %* 75 %%
1,6,11 Low Iidle 285 1.8 1.2 1.2 1.2
2 1 285 2.0 2.2 2.0 2.2
3 2 344 2.0 1.8 1.5 1.5
4 3 424 2.1 1.8 2.0 2.0
5 4 515 2.3 2.0 2.2 2.5
7 5 584 2.8 2.5 2.5 2.8
8 6 675 3.5 3.5 3.5 4.0
9 7 755 5.5 5.8 5.8 6.2
10 8 835 10.0 10.8 12.0 12.0

*Percent of fuel flow mass per mode

Similar data from the tests with low-sac injectors are presented in
Table 12 (bottom) and Figures C-34 through C-38 of Appendix C. It is
evident that the 100 percent water rate caused HC and CO to increase
slightly, and NO, to decrease significantly, in almost every test mode.

E. Effect of Air Box Bleed on Emissions--Needle-Valve and
Low-Sac Injectors at Standard Timing

For these tests injectors were set to standard timing, and a set
percentage of the scavenging air was vented from the engine air box at
each mode of the test cycle. The amount of air vented was equal to 10,
20, 35, or 50 percent of the total air requirement of the engine for tests
with needle injectors. Only the 20 and 35 percent bleed rates were tested
with low-sac injectors.

Before proceeding to the analysis of the test results, it should be
noted that the reduction of scavenging air can effect the brake specific
emissions (both modal and cycle composite) in three ways. First, the
mass of the exhaust gases is reduced by a percentage very nearly equal
to that of the scavenging air reduction. Second, the concentrations of
HC, CO, and/or NOx may be increased or decreased by air box bleed.
Either or both of these two factors produce a change in the mass flow
(grams/hr) of the contaminants. Third, the power output of the engine is
usualiy lowered by the reduction of sca:renging air; hence, brake specific
quantities will be increased by the decrease in horsepower. Fuel specific
emissions are influenced by the first two factors, but not by the last,
assuming that modal fuel flow mass is held constant from one series of
tests to another. This was the case here. except that idle fuel rates were
uncontrolled, i.e., allowed to experience normal fluctuations.
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In order to help keep the factor of emission concentrations in mind,
a table and three figures are included tn _how the effect of air box
bleed on modal concentrations of HC, CO, and NO,.

The computer printouts for these tests are in Appendix B,
Tables B-105 through B-132, Average cycle composite brake speci-
fic emissions are summarized in Table 14 and shown in Figures 24
and 25 (needle injectors) and Figures 26 and 27 (low-sac injectors).
It is evident from Figure 24 that air box bleed with the needle injec-
tors tended to reduce BSHC values, especially those computed with
the ATSF weighting schedule. Brake specific CO, also computed
with ATSF weight factors, was reduced somewhat by the 10, 20, and
35 percent bleed rates. However, all rates of air bleed caused the
BSCO based on the G. E. line haul weight factors to increase over
the baseline (0 percent bleed) value. Brake specific NO, (Figure 25)
was reduced under all test conditions, but in most cases the reductions
were just approximately equai to the mass flow reduction produced by
the air bleed.

For low-sac injectors, air box bleed increased BSHC in all
but one instance (Figure 26, top), while BSCO increased in every
case, even for the ATSF cycle (Figure 26, bottom). Brake specific
NOx was generally lower with air box bleed, but the observed re-
ductions could mostly be attricuted to the reduced mass flow of ex-
haust, though not to the same extent .s for the needle injectors.

At this point in the analysis, it is of interest to look at the
effect of air bleed on concentrations, since the behavior of these con-
centration reflects, to a large extent, the behavior of the cycle com-
posite quantities just discussed, as w<ll as the modal brake specific
and fuel specific values that will be discussed shortly.

Table C-7 and Figures C-39, C-40, and C-41 of Appendix
C contain the concentrations for the needle injectors. Note that HC
ccncentrations are generally lower at idle and notch 8, which are the
most important points of the test cycle; i.e., they receive the great-
est amount of weighting in the two weighting schedules used. The
generally adverse effect of air box bleed on CO concentration is clear-
ly evident. Idle concentrations were reduced by a small amount, but
the overall result was very detrimental. However, the effect on con-
centrations of NOy was favorable. There was only slight differences
in the various idle concentrations, but beginning at noich 3 (424 rpm)
the 50 percent bleed rate began producing appreciat.le reductions in
NO,. At the notch 8 position, the reduction from baseline (0 percent)
concentration was approximately 30 percent. The 35 percent bleed
was responsible for a reduction of about 20 percent in notch 8.
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TABLE 14. CYCLE COMPOSITE BRAKE SPECIFIC EMISSIONS
FOR NEEDLE-VALVE AND LOW-SAC INJECTORS,
STANDARD TIMING, AND AIR BOX BLEED

Air Box
Injectors Bleed %* BSHC BSCO BSNO, BSHC + BSNOy
ATSF Weight Factor Schedule

Needle 0 4.553 4.139 19.562 24.115
10 3.164 3.222 16.993 20,157
20 2.460 2.611 14.903 17.362
35 1.839 3,281 13. 248 15. 0&8
50 2.133 6.456 10.893 13.026

Low-Sac 0 1.837 2,702 22.563 24, 400
10 - - - -
20 1.973 3.174 18,084 20. 057
35 1.310 5.184 13. 681 14.992
50 - - - -

G. E. Weight Factor Schedule

Needle 0 1.106 10,568 9.823 10.929
10 1.318 11,492 9.190 10. 508
20 0. 846 14,106 8.210 9. 056
35 0. 541 15.917 6.734 7.275
50 0. 382 20. 052 5.038 5. 421

Low-Sac 0 0.655 7.281 13.045 13,700
10 - - - -
20 0.611 16.612 9.522 10.134
35 0.339 17,252 7.151 7.490
50 - - - -

*Percent of engine air flow mass requirement per mode.
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Concentrations for low-sac injectors and the 20 to 35 per-
cent bleed rates are given in Table C-8 and shown in Figures C-42,
C-43, and C-44 of Appendix C. The only substantial reduction in
HC concentrations occurred in notches 7 and 8 (755 and 835 rpm)
with 35 percent air bleed. In fact, there was an increase in HC over
the baseline concentration at most points of the test cycle. Con-
centrations of CO were greatly increased by use of air box bleed,
especially at the higher notch positions. The 35 percent bleed rate
reduced NO, by over 30 percent in notches 5 to 8. Little or no
improvement was noted at idle and in the first two notches with either
bleed rate.

The modal smoke opacity for these tests is summarized in
Table 15 and shown in Figures 28 and 29. With needle injectors the
smoke became exessive (i.e., greater than about six or seven per-
cent opacity) in notch positions 5 to 8 with 50 percent air bleed, in
notches 6 to 8 for 35 perceat bleed, and in notch 8 only with 20 per-
cent air bleed. The range of these '"excessive' opacities was from 10
to 37 percent. The low-sac injectors, although generally characterized
by lower smoke opacity than the needle units, also produced excessive
smoke at certain test points. In particular, smoke opacity in notches
6 to 8 for 35 percent air bleed and notch 8 for 20 percent bleed, was
above the specified limit. These opacities ranged from about 9 to 23
percent,

In view of these excessive opacities, it was decided to attempt
to limit the smoke opacity by engine power derating. During tests
with low-sac injectors, a number of extra modes were performed with
engine power cut back by the amount necessary to reduce smoke to the
desired opacity range. The computer calculations were then done using
the data from both the so-called ""norma." modes and from the ""derated"
modes. Only G. E. weight factors were used when calculating the ''de-
rated'" quantities, since the ATSF schedule attaches little or no weight
to the higher notch positions. The computer printouts for these tests
are also included in Appendix B as Tables B-131 through B-132. The
pertinent information is summarized in Table 16 of the text.

Cycle composite emissions of HC and NO, were increased
slightly by derating, while CO was decreased greatly. This behavior
is, of course, reflected in the modal brake speciiic emissions. The
modal fuel specific emissions exhibit these same trends. Smoke
opacity was reduced to four- to six-percent. Power in notch 8 was
reduced 12 percent with 20 percent air bleed and 29 percent with
35 percent air bleed. Power in notch positions 6 and 7 was reduced
by 12 and 14 percent, respectively, with 35 percent bleed. The large
amount of derating required in notch 8, with 35 percent air bleed, suggests
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TABLE 15. MODAL SMOKE OPACITY FOR NEEDLE-VALVE Al
LOW-SAC INJECTORS, STANDARD TIMING, AND AIR BOX BLEED

Engine
Notch Spe=d, PHS Smok= Opacity, %
Mode Position rpm 0% Air Bleed* 10%* 20%* 3°%* 5 ( Fo*

Needle Injectors

1,6,11 Low Idle 285 0.8 1.0 1.2 1.7 1.5
2 1 285 1.4 1.8 2. ¢ 2.5 3.
3 2 344 1.5 1.2 1.5 1.8 2.8
4 3 424 1.9 1.2 1.5 2.8 4 ¢
5 4 515 1.7 1.5 2.2 3.5 T.2
7 5 584 1.4 1.5 2.5 5.5 14.C
8 6 675 1.8 2.2 3.5 7.9 19.5
9 7 755 2.6 3.5 4.5 10.8 25.0
10 8 835 4.6 6.5 9.8 20.5 37.0

Low-Sac Injectors

1,6,11 Low Idle 285 1.0 - 1.0 1.0 -
2 1 285 1.2 - 2.0 1.5 -
3 2 344 1.2 - 2.0 1.8 -
4 3 424 1.3 - 1.8 2.0 -
5 4 515 2.3 - 2.8 5.0 -
7 5 584 1.8 - 3.8 6.5 -
8 6 675 2.3 - 3.5 8.8 -
9 7 755 2.5 . - 4.5 13.2 -
10 8 835 3.8 - 11.5 23.0 -

*Percent of engine air flow mass requirement per mode.
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TABLE 16. EFFECT OF DERATING ON EMISSIONS, SMOKE,
AND POWER--LOW-SAC INJECTORS, STANDARD TIMING,
AND AIR BOX BLEED

Cycle Composite Emissions

Air Box BSHC BSCO BSNO,
_Bleed, T * Normal Derate Normal Derate Normal Derate
20 0.611 0.706 16.612 5,718 9.522 11,148
35 0.339 0.520 17.252 7.761 7.151 8. 456
Modal Emissions, Smoke, and Power
Air Box Notch BSHC BSCO BSNOx
Bleed, %* Position Normal Derate Normal Derate Normal Derate
20 8 0.51 0.62 20.19 5. 89 8.76 10. 86
35 6 0. 34 0. 38 11.29 4.54 6.47 6.82
7 0. 26 0. 39 18.19 4,82 6.74 7.26
8 0. 25 0. 46 19, 66 9,16 6.66 8.21
FSHC FSCO FSNOy
Normal Derate Normal Derate Normal Derate
20 8 1.05 1. 34 4]1.72 12.58 18.10 23.20
35 6 0.74 0. 84 24.41 9.99 13.98 15,04
7 0.53 0. 84 37.47 10. 39 13.90 15.63
8 0.48 0.92 37.57 18.58 12. 74 16,58
Smoke, % Power, Bhp
Normal Derate Normal Derate
20 8 11.5 4.0 194 170
35 6 8.8 5.8 130 115
K] 13.2 6.0 156 134
8 23.0 5.5 180 127

*Percent of engine air flow mass requirement per mode.



that the higher bleed rates may not be suitable in the high-power
notch positions. Also, it should be noted that in a}ll likelihood even
more derating would be necessary with the necdle injectors, since
these produce raore smcke than the low-sac models.

The modal brake specific and fuel specitic emissions for the '"'normal"
(non-derated) tests with needle and low-sac injectors are given in Tables
C-9 and C-10, respectively, and illustrated by Figures C-45 through C-50
(needle) and C-51 through C-55 (low-sac). These daia illustrate two saiient
points concerning air box bleed and gaseous emissions; namely, that CC is
greatly increased and NO, is substantially reduced. However, in this
instance, the reduction in NO, was caused principally by the reduced
exhaust mass, due to the air bleed itself.

One additional point to be mentioned concerns the effect of air box
bleed on engine operation. Considerable engine roughness was prese=*
at 50 percent air bleed and a lesser, but still obvious, amount for 35
percent bleed. This roughness occurred in the form of fluctuations in
speed, load, and fuel rate, all of which are usually very stable. This
problem was not present at the 10 and 20 percent bleed rates. Engine
power output was also adversely affected by the higher bleed rates.
Observec power losses of 15 to 20 percent were not unusual at 35 and 50
percent air bleed.

F. Eftect of Cooled EGR on Emissions--Needle-Valve and
Low-Sac Injectors at Standard Timing

Exhaust gas cooled to 125-150° F was recirculated into the engine
intake system. The amount recirculated was equal to a nominal 10, 20, or
30 percent of the air flow mass requirement of the engine. The nominal 10
percent rate was omitted for tests conducted with low-sac injectors. The
computer printouts for all tests are contained in Appendix B, Tables B-133
through B-162.

The average cycle composite emissions are given in Table 17 and
illustrated in Figures 30 and 31 (needle injectors) and 32 and 33 (low-sac).
Since the exhaust mass from the engine is reduced by the amount recir-
culated, the mass flow (g/hr) of HC, CO, and NOy is influenced by this
reduced exhaust mass, as well as by any increase or decrease in the con-
centrations of these contaminants. Brake specific emissions are also
affected by the change in engine horsepower produced by EGR.

When used with needle injectors, cooled EGR resulted in reduced
BSHC for the ATSF switch cycle, but showed little or no improvement for
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TAL™ E 17, CYCLE COMPOSITE BRAKE SPECIFIC EMISSIONS
'OR NEEDLE-VALVE AND LOW-SAC INJECTORS,

STANDARD TIMING, AND COOLED EGR

Nominal

Injectors EGR %* BSHC BSCO BSNOy
ATSF Weight Factor Schedule

Needle 0 4.553 4.139 19, 562

10 2.580 3.323 14. 655

<0 2,318 2.726 12,071

30 2.265 3.616 10. 784

Low-Sac 0 1.837 2,702 22.563
10 - - -

29 1.108 2. 852 15,642

30 1.438 3.351 13.710
G.E. Weight Factor Schedule

Needle 0 1.106 10. 568 9.823

10 0.942 12,164 7.448

20 0.959 17.682 4. 764

30 0.893 21.284 3.574

Low-Sac 0 0. 655 7.281 13. 045
10 - - -

20 0.510 17,949 6. 422

30 0.532 19,504 4.922

*Percent of engine air flow mass requirement per mode.

BSHC + BSNO,

24.115
17.235
14. 390
13.C49

24.400

16,750
15,148

10.929
8.390
5.722
4. 468

13,700

6.932
5.456



65.

45n " -
1.0 -
3.5¢ -
T
3 3.0} -
x
£
& 25t "T -
] 1)
o 2ot -
T
-«
E 1.5} -
2 &
] 0
i.of |9 -
b -]
s —]
oo [ L1L iR
*ggo " o'c'fSI
o™ (g = BV Kl

=)
1)
ATSF Wt.l-‘acto:}rG. E. Wt.Vactors

22¢ -
L — -
20F -
18} . -
._lb* -
]
£ -
. 14} -
a,
£
] i ;—ﬁ -
o 12t -
-4
s I — -
Y 10 -
-
£ - -
g
o 9
6. -
s o -
(&)
4F “ -
2k % -
(¥)
: 21412 -n!-‘,‘lo': -
Of =~ Of =] N m

=] b3
ATSFW!.P‘C&N} G.E. Wt. Factors

FIGURE 30.CYCLE COMPOSITE BRAKE SPECIFIC HC AND CO
FOR VARIOUS RATES OF COOLED EGR--NEEDLE-VALVE
INJECTORS AT STANDARD TIMING



6.

20 . —

18 F -

16 F -

14 ¢ -

Grams NO, per Bhp-Hour
>
|

2
o

0% Cooled EGR
|

10%
20%

B2
o
)

20%,
0%

B2
5 -

e
O "ATSF Wt.Factors” G. E. Wt. Factors

FIGURE 31. CYCLE COMPOSITE BRAKE SPECIFIC NOy
FOR VARIOUS RATES OF COOLED EGR--NEEPLE-VALVE
INJECTORS AT STANDARD TIMING

the G. E. line haul cycle. Brake specific CO was doubled by 30 percent
EGR for the line haul cycle, where amphasis is on the higher notch posi-
tions. Cycle composite NOx showed worthwhile reductions with all three
EGR rates and both weighting schedules. These reductions ranged from
25 to 45 percent for the switch cycle, to 24 to 63 percent for the line haul.

When used in conjunction with low-sac injectors, cooled EGR re-
duced BSHC at the 20 percent rate, but increased it ot the 30 percent rate.
Brake specific CO was zlmost tripled on the G. E. cycle by 30 percent
EGR. Cycle composite NO, was reduced considerabiy in all cases. The
reductions ranged from 31 to 39 percent for the ATSF cycle, and from 51
to 62 percent for the G. E. cycle. These reductions are commensurate
to those observed with needle injectors and the 20 and 30 percent EGR rates.
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Table C-11 and Figures C-56 through C-58 of Appendix C are
concerned with the mcdal emissions concentrations for the needle injectors.
Similar data for the low-sac injectors is given in Table C-12 and I'igures
C-59 through C-(.. The principal effects of cooled EGR were a drastic
increase in CO concentrations, usually beginning in notch position 4 or
5, and a substantial decrease in NO, concentratiors beginning in notches
4 to 8 (515 tc 835 rpm). With needle injectors, the 20 percent EGR rate
reduced NO, by 21 to 48 percent of baseline (0 percent EGR) values in
these notches, while the nominal 30 percent EGR rate produced reductions
of 37 to 58 percent. With low-sac injectors, the corresponding reductions
were 22 to 48 percent with 20 percent EGR and 36 to 56 percent with 30
percent EGR.

Smoke opacity data arz given in Table 18 and illustrated in Figures
34 and 35. Cooled EGR, in conjunction with needle injectors, prcduced
smoke above the established limit (about six-percent opacity) in notch 7
(30 percent EGR) and noich 8 (all ti.ree rates of EGR). The rangc of
these ''excessive'' opacities was abcut 9 to 24 perccut (F.cure 34). Low-
sac injectors and cooled EGR produced excessive s moke in these same
notch positions, and the opacity range was 9 to 15 percent (Figure 35).

The Prcject Officer requested that the relation between excessive
smoke opaciiy and the oxygen-fuel ratio be de:ermined for the tests with
EGR. In other words, the Op-fuel ratio at wkich smoke opacity exceeded
the nominal baselir e limit should be determined. Toward this end, the
excess O content of the exhaust was measured during a series of baseline-
type tests (i.e., no EGR, air bleed, and so forth). The mass flow of
excess O2 was calculated in lb/min at standard temperature and pressure,
and divided by the observed fuel flow mass to obtain a ratio of excess O,
to fuel. The excess Oy in the exhaust was measured curing tests with cooled
EGR, and the resalting O2-fuel ratio computad according to the procedure
outlined above. The results are presented in the computer printouts in
the columns labeled '"Op Pct" (lower half of table) and "'O2-Fuel Ratio"
(upper half of table).

Table 19 summarizes the excess O, concentrations and calculated
O2-fuel ratios for tests with both types of injectors. The O2 fuel ratios
are illustrated in Figures 36 (needle) and 37 (low-sac). It can be seen
from the smoke opacity data for the needle injectors (Table 18 and Figure
34) that smoke exceeded the nominal baseline limit by a substantial amount
at three points--notches 7 and 8 for 30 percent EGR, notch 8 only for 20
percent and notch 7 for 20 percent. The dashed line across Figure 36
clesely approximates the point (about 4. 0) below which smoke opacity
becomes, by definition, excessive.

A similar analysis can be performed using the opacity data for the
low-sac injectors (Table 18 and Figure 35). In this case, smonke exceeded
the baseline limit by a substantial amount in notches 7 and 8 fer 30 percent
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TABLE 18. MODAL SMOKE OPACITY FOR NEEDLE-VALVE
AND LCW-SAC INJECTORS, STANDARD TIMING, AND COOLED EGR

Notch Engine PHS Smoke Opacity, %
Mode Position Speed, rpm 0% EGR* 10%,* 20 Pk 30%*

Needle "1jectors

—

-

-
—
—

Low Idle 285

1 285
344
424
515
584
675
755
835
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*Percent of engine air flow mass requirement per mode.
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TABLE 19. EXCESS O CONCENTRATIONS AND O2-FUEL RATIOS
FOR COOLED EGR--NEEDLE-VALVE AND LOW-SAC INJECTORS
AT 3STANDARD TIMING

Netch L% EGR 10% EGR 20% EGR 30% EGR
Posicion 02,% Oz/Fuel Op, % Oz/Fuel Op,% O2/Fuel 02, % Q2 /Fuel
Neardle-Valve Injectors

i.ow Idle 20.1 58. 85 20,0 57.78 20.2 49.19 20.1 45,26
1 19.0 24.54 19.4  23.63 19.0 19.83 18.8 18.69
2 18,3 17.78 18.5 16.83 18.4 14,72 18.0 13.08
3 17.1 11.59 17.4 1C.90 16.9 9.15 16.2 8.18
4 16.2 9.20 16.5 8.79 16.) 7.69 15.2 6. 00
5 15,2 7.22 15.8 7.06 14.9 6.04 13.9 4,76
6 14, 4 6.09 15.0 5.95 13.9 4.93 12.9 4,04
7. 13.8 5.28 14. 4 5.11 13.2 4.18 12. 4 3.64
8’ 12.8 4, 37 13.6 4,28 12. 2 3.51 11.5 2.92

Low-Sac Injectors

Low Idle 20.2 57.56 - - 20.4 59.75 19.9 49.64
1 19.4 25.22 - - 20.0 23.42 18.4 19.50
2 18.8 18.85 - - 18.8 16.57 17.2 13.51
3 17.7 12,78 - - 17.4 10.66 15.4 8. 38
4 17.1 10. 46 - - 16. 4 8. 36 14.4 6.60
5 15.9 8.14 - - 15.0 6.54 13.4 5.20
6 15.2 6.93 - - 14.3 5.43 12.6 4,38
7 14. 6 6.07 - - 13.8 4.82 12.0 3.77
8 13.8 5.09 - - 13.4 4.14 11.6 3.23
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EGR and notch 8 only for 20 percent EGR. The dashed line in Figure 37
approximates the point (about 4. 4) where smoke became ''excessive''.

Engine power was derated in these notch positions in order to deter-
mine the amount of derating needed to reduce smoke levels to nominal base-
line values. The so-called '"mormal' and ''derated'' test results are sum-
marized in Tables 20 and 21 for needle and low-sac injectors, respectively.
The pertinent computer printouts are Tables B-155 through B-162 in
Appendix B.

With either type of injector, derating generally resulted in increased
HC and NO, and decreased CO, on both a brake specific and fuel specific
basis. The ratio of excess O, to fuel was, of course, increased, and the
ratios produced by derating fell between 4.0 and 5.0 for low-sac injectors
and between 4.8 and 5. 6 for needle injectors. These ratios are slightly
higher than those from the baseline tests; however, the amount of derating
was 1n excess of what was needed to reduce smoke to baseline values, and
this extra derating caused the O2-fuel ratios to increase. Power was
reduced in these notch positions by 19 to 41 percent with needle injectors
and by a more reasonable 11 to 14 percent with the lc v -sac units.

Without derating, engine power was affected only slightly by cooled
EGR. Even at the nominal 30 percent rate, power was reduced Ly cnly
five percent. This is a great improvement over the sizable power reduc-
tions found to occur with the higher rates of air box bleed.

Modal brake specific and fuel specific emissions for tests without
derating are presented in Table C-13 and Figures C-62 through C-67 for
needle injectors and in Table C-14 and Figures C-68 to C-72 for low-sacs.
These data show that cooled EGR reduced HC in all notch positions, in-
creased CO greatly in the higher notches, and reduced NO, at all points,
especially in the higher notches. In general, the higher the EGR rate,
the greater was the reduction in NO,.

G. Effect of Hot EGR on Emissions--Needle-Valve and
Low-Sac Injectors at Standard Timing

These tests were conducted without cooling the recirculated exhaust
gas, and the minimum temperature of the EGR was 200° F. In all other
respects these tests were identical to those done with cooled EGR. The
amount of recirculated exhaust was equal to a nomina. 10, 20, or 30 per-
cent of the engine intake air mass required per mode. Only the 20 and
30 percent rates were used with low -sac injectors.

The computer printouts for these tests are Tables B-163 through
B-188 o7 Appendix B. Cycle composite emissions are summarized in
Table 22 and shown in Figures 38 through 41. Brake specific HC for the
ATSF cycle was significantly lower in most tests; however, little or no
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7.

EFFECT OF DERATING ON EMISSIONS, SMOKE,

AND POWER--NEEDLE-VALVE INJECTORS, STANDARD TIMING,
AND COOLED EGR

Cycle Composite Emissions

*Percent of engine air flow mass requirement per mode.

EGR _ BSHC BSCO BSNOx
Rate, %o* Normal Derate Normal Derate Normal Derate
20 0.959 1.008 17.682 3,824 4. 764 6. 366
30 0.893 1.064 21,284 2.342 3.574 5.420
Modal Emissions, Smoke and Power
EGR Notch BEHC BSCO BSNOx
Rate, % Position Normal Derate Normal Derate Normal Derate
20 8 0.91 0.96 21.87 3.67 4. 06 6.09
30 7 0.76 0.78 12. 64 2.52 3. 37 4,66
8 0. 83 1. 06 26.08 2,00 2.96 5.12
FSHC FsSCO FSNOx
Normal Derate Normal Derate Normal Derate
20 8 1.91 1.96 46. 14 7.52 8. 56 12. 46
30 7 1.65 1.68 27.40 5,42 7. 30 10,02
8 1.69 1.98 53.14 3,77 6. 05 9,60
Excess O2, % Smoke, % Power, Bhp
Normal Derate Normal Derate Normal Derate
20 8 3,51 5.10 17.2 5.2 198 148
30 7 3.64 4. 84 11.2 4.8 165 133
8 2.92 5.62 24.5 5.0 192 114
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EFFECT OF DERATING ON EMISSIONS, SMOKE,

AND POWER--LOW-SAC INJECTORS, STANDARD TIMING,
AND COOLED EGR

Cycle Composite Emissions

EGR BSHC BSCO _ BSNOx
Rate, %* Normal Derate Normal Derate Normal Derate
20 0.510 0.537 17.949 7.096 6.422 7.452
30 0.532 0.603 19.504 7.262 4,922 6. 056
Modal Emissions, Smoke, and Power
EGR Notch BSHC BSCO BSNOx
Rate, %% Position Normal Derate Normal Derate Normal Derate
20 8 0.49 0.52 22.23 8.12 5. 40 6.66
30 7 0.50 0. 48 13,70 4,04 4. 64 5.60
8 0. 49 0.57 23.76 8.76 4,13 5.43
FSHC FSCO FSNOy
Normal Derate Normil_ Derate Normal Derate
20 8 1.09 1.18 48. 89 18. 16 11,87 14. 90
30 7 1.13 1. 10 31.42 9.24 10.64 12. 80
8 1.04 1.24 51.54 19.11 8.95 11, 86
O2-Fuel Ratio Smoke, % Power, Bhp
Normal Derate Normal Derate Normal Derate
20 8 4,14 4.92 11.5 4.2 206 184
30 7 3,77 4,61 9.0 4.2 174 152
8 3.24 4, 06 15.5 5.2 203 174

*Percent of engine air flow mass requirement per mode.
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TABLE 22. CYCLE ZOMPOSITE BRAKE SPECIFIC EMISSIONS
FOR NEEDLE-VALVE AND LOW-3AC INJECTORS,

Injectors

Needl

Low-Sac

Needle

Low-Sac

STANDARD TIMING, AND HOT EGR

Norninal
EGR To*

10
20
30

10
20
30

10
20
30

10
20
30

BSHC

BSCO

BSNO,

BSHC + BSNOy

ATSF Weight Factor Schedule

4
2
2
2

[

.553
.416
. 252
.202

. 837

.176
. 496

4.139
3.932
3.345
4,070

2,702

3.224
3.372

19.562
16, 72C
14.115
11,814

22.563

13,360
13.762

G. E. Weight Factor Schedule

1
0
0
c

0

0.473

0

. 106
. 859
. 835
.938

. 655

. 600

10. 568
18.030
27. 367
58. 926

7.281

33. 357
64.156

9.823
7.753
5. 345
3.185

13.045

5. 249
4,128

*Percent of engine air flow requirement per mode.

24.115
19.136
16. 367
14,017

24,400

14,536
15,258

10.929
8.612
6.180
4,122

13.700

5.722
4,728
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improvement was present in HC calculated on the G. E. cycle. Brake
specific CO was much higher with hot EGR, higher even than with cooled
ZGR or air box bleed. With nominal 30 percent EGR, and using the line
haul weight factors, BSCO was almost six times higher than baseline (0
percent EGR) for needle injectors and almost nine times higher for the
low-sac units, Cycle composite NO_ was reduced by hot EGR in all tests,
and the reductions were of the same magnitude (percentwise) as with cooled
EGR. The ATSF cycle composite values were reduced 15 to 40 percent
below baseline for needle injectors and by about 40 percent for low-sac
injectors. The G. E. values were reduced 20 to 67 percent for needle
injectors and by 60 to 68 percent for low-sacs. The lower percentage
reduction for the needle injectors was achieved with the nominal 10 per-
cent EGR rate, which was not used in tests with low-sac injectors.

Table C-15 and Figures C-73 through C-75 give the concentrations
produced by needle injectors and hot EGR. Corresponding concentrations
for the low-sac injectors are presented in Table C-16 and Figures C-76
through C-78. Hot EGR generaliy reduced the HC concentrations, especially
in the lower notch positions, but this trend was not so evident with the low-
sac injectors. Concentrations of CO were slightly incrcased or decreased
at low idle and in the first four notches (285-515 rpm), while in the le«t
four notches the concentrations were increased 1.5 to 7 times (depending
on EGR rate) the baseline values for needle injectors and 3 to 12 times
the baseline for low-sacs. These increases in CO were generally much
higher than those noted with cooled EGR. Concentrations of NO, were
greatly reduced in notch positions 5 through 8 (584-835 rpm). With
nominal 30 percent EGR, NO, from the needle injectors was reduced by
33 to 74 percent in these notches, and by 42 to 73 percent with low-sac
injectors.

Smoke opacity data for these tests appear in Table 23 and Figures
42 and 43. Hot EGR tended to increase smoke in most modes, but once
again the largest increases were found in the higher notch positions.
Opacity wes above the baseline limit for needle injectors at six points--
notches 6, 7, and 8 for 30 percent EGR notches 7 and 8 for 20 percent,
and notch 8 c¢aly for 10 percent EGR. The range of these opacities was
7 to 59 percent. The combination of low-sac injectors and hot EGR
resulted in excessive smoke in notch positions 6, 7, and 8 for the 30 per-
cent rate, and in notches 7and 8 for 20 percent EGR. The opacity range
in this case was 7 to 54 percent.

The amount of excess O2 in the exhaust was measured during these
tests and the O-fuel ratio calculated by the procedure outlined previously.
These data are given in Table 24 and illustrated in Figures 44 and 45 for
needle and low-sac injectors, respectively. The test points at which
smoke opacity exceeded the baseline limi t were enumerated in the
preceding discussion. If a horizontal line is drawn on the two figures so
that these test points lie below it, it is found that the line represents an
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TABLE 23. MODAL SMOKE OPACITY FOR NEEDLE-VALVE
AND LOW-SAC INJECTORS, STANDARD TIMING, AND HOT EGR

Notch Engine PHS Smoke Opacity, %
Mode Position Speed, rpm 0% EGR¥*  10%* 20 %o* 30 To*

Needle Injectors

1,6,11 Low Idle 285 0.8 1.2 1.3 1.1
2 1 285 1.4 1.8 1.3 1.8

3 2 344 1.5 1.8 1.2 1.5

4 3 424 1.9 2.0 1.3 1.5

5 4 515 1.7 2.5 2.8 2.5

7 5 584 1.4 2.0 2.3 3.2

8 6 675 1.8 2.8 4.5 7.0

9 7 755 2.6 4.5 9.8 25.0
10 8 835 4.6 12,0 27.5 59.90

Low-Sac Injectors

1,6,11 Low Idle 285 1.0 - 1.0 1.3
2 1 285 1.2 - 1.0 1.5

3 2 344 1.2 - 2.0 2.2

4 3 424 1.3 - 1.5 2.0

5 4 515 2.3 - 2.0 3.5

7 5 584 1.8 - 2.0 4.2

8 6 675 2.3 - 3.0 8.8

9 7 755 2.5 - 7.0 25.0
10 8 835 3.8 - 22.0 54.5

*Percent of engine air flow mass requirement psr mode.
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TARLE 24.

EXCESS 0> CONCEZINTRATIONS AND O,-FUEL

RATIOS FOR HOT EGR--NEZL 1 &-VALVE AND LOW-SAC
INJECTORS AT STANDARD TIMING

88.

Notch 0% EGR 10% EGR 20% EGR 30% EGX
Position Oj,% Oz/Fuel 02,% O2/Fuel 0O2,% Oz/Fuel Og, % O2/Fuel
Needle-Valve Injuctors

Low Idle 20.1 58.85 20.0 %3.23 19.5 45.09 19.3 40.7
1 19.0 24.54 18.6 22.16 18.3 19.65 18.0 17.48
2 18.3 17.78 17.8 16.10 17.5 14.23 17.4 12.60
3 17,1 11,59 16.4 10,34 15.8 8. 47 15.6 7.55
4 16.2 9.20 15.6 8.21 14. 8 7.15 14.5 5.70
5 15.2 7.22 14. 4 6.47 12,3 5.42 12.8 4.40
6 14. 4 5. 09 13.4 5.38 12,0 4. 25 11.0 3.39
7 13.8 5.28 12.7 4,52 10.6 3.27 9.2 2.73
8 12. 8 4,37 11.5 3.59 9.8 2.79 8.4 2.14

Low-Sac Injectors

Low Idle 20.2 57.56 - - 19.5 50.£° 19.6 47.20
1 19. 4 25,22 - - 18.6 20.56 18.5 17.78
2 18.3 18.85 - - 18.2 !5.41 18.0 13.40
3 17.7  12.78 - - 16.5 9.79 16.0 8.32
4 17.1 10. 46 - - 15. 4 7.51 14.8 6.62
5 15.9 8.14 - - 14.0 5.89 12.9 4. 81
(Y 15.2 6.93 - - 12,7 4.68 11,1 3.80
7 14.6 6. 07 - - 11. 4 3.77 9.4 2.92
8 13.8 5.09 - - 10. 1 2.95 8.6 2. 37
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O, -fuel ratio of approximately 4. 0. This same ratio was found to be of
similar significance in tests with cooled EGR. However, the amount of
excsss O) present was considerably less with hot EGR than with cooled
EGR. Thus, the O,-fuel ratios for hot EGR are lower than the corres-
ponding ratios found with cooled EGR, especially at the high-power notch
position. Hence, hot EGR produced considerably more smoke at these
points than did cooled EGR. Reduced charge density with "hot' EGR

is one reason for the detcrioration in smoke.

Engine rower was derated with the low-sac injectors in an attempt
to reduce smoke to the baseline limit. {A similar derating was inadver-
tently omitted during tests with the needle injectors.) The consequences
of this derating are summarized in Table 25. The computer printouts
for these tests are Tables B-185 through B-188 of Appendix B.

Aeg in the other tests involving deratinr it was found that HC and
NO, increased, while CO was reduced trzn.erdously. The excess Oj-fuel
ratio increased into the range of 4.7 to 5. 8, which is considerably higher
than the range of the corresponding ratics for cooled EGR. As mentioned
previously, hot EGR produced smoke of much higher opacity than did cooled
EGR, and the amount of power derating needed with hot EGR reflects the
difference. With 20 percent EGR the power in notches 7 and 8 was reduced
by 7 and 13 percent, respectively. This compares favorably to the derating
needed with cooled EGR. However, with 30 percent hot EGR the power in
these same nct.h positions was reduced by 24 and 37 percent, respectively.
This is much greater than the corresponding power reductions of 13 and 14
percent required with cooled EGR.

The modal brake specific and fuel specific data for tests sans derating
are presented in Table C-17 and Figures C-79 through C-84 for needle
injectors and in Table C-18 and Figures C-85 through C-89 for low-sacs.

In general, HC was slightly reduced by the use of hot EGR, but CO ex-
perienced the expected large increase, especially at the highe s -power con-
ditions. However, NO, was reduced more in the upper notch positions than
at the low end of the operating cycle. Even with these large raductions of
NO,. it is not likely that the very high smoke and CO output could he
tolerated in aztual locomotive operation.

The test engine showed poor operating characteristics with hot SGR.
Such problems as unstable speed and load were experienced, especially in
the higher notch positions, and these problems became worse as the EGR
rate was increased. Output of particulate matter v:as apparently increased,
as the filters used to remove such matter from the exhaust sample required
frequent replacement during these tests. Engine power was reduced 15 to
20 percent at most points of the test cycle with nominal 30 percent EGR.
These losses in observed power are three to four times greater than noted
with cooled EGR.
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EFFECT OF DERATING ON EMISSIONS, SMOKE,

AND POWER--LOW-SAC INJECTORS, STANDARD TIMING,

AND HOT EGR

Cycle Composite Emissions

EGR BSHC BSCO BSNOx
Rate, %* Normal Derate Normal Derate Normal Derate
20 0.473 0.496 33,357 6.886 5. 249 6.713
30 0.600 0.710 64.156 2.242 4,128 7.088
Modal Emissions, Smoke, and Power
EGR Notch BSHC BSCO BSNOx
Rate, %%* Position Normal Derate Normal Derate Normal Derate
20 7 0. 36 0. 40 16, 21 7.94 5. 45 5.90
8 0.43 0. 46 42.73 7.98 4.19 6.03
30 6 0.50 0. 45 9.49 2.87 4,81 5.17
7 0.50 0. 60 34,12 2.78 3.45 5.43
8 0.55 0. 68 82.51 2.24 3.03 6, 56
FSHC FSCO FSNQK
Normal Derate Normal Derate Normal Derate
20 7 1.09 0. 88 35,20 17.52 11.83 13.01
8 0. 81 0.96 80.91 16.53 7.91 12.50
30 6 1.13 1.02 21.21 6.56 10.79 11,77
7 1.02 1.26 69.75 5.80 7.05 11,31
8 1. 00 1.28 149, 01 2.38 5. 46 12, 33
O2-Fuel Ratio Smoke, % Power, Bhp
Normal Derate Normal Derate Normal Derate
20 7 3.77 4.93 7.0 4.5 165 154
8 2.95 5.30 22.0 5.0 178 155
30 6 3.80 4,72 8.8 5.0 134 118
7 2.92 5.03 25.0 5.8 154 117
8 2. 37 5.79 54.5 4.5 169 106

*Percent of engine air flow mass requirement per mode.
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H. Recheck of Baseline Emission Levels--Necoc.e-Valve and
Low-Sac Injectors at Standard Timing

The baseline emission levels presented in Part A of this section
were checked at the end of the test series with needle and low-sac injectors.
The results of these tests showed that the baseline for the needle injectors
was about ten percent lower for HC and NCy than at the beginning of the
project. Smoke opacity and CO were near:y unchanged. The baseline for
the low-sac injectors was almost identical with that which existed
originally. This final base’ine test series served to validate the experi-
ments conducted with various control strategies and indicates the stability
of the laboratory enginc employed.
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V.. SUMMARY AND CONCLUSIONS

This project was conducted for the purpose of evaluating several
methods of controlling oxides of nitrogen and smoke output from a two-
cylinder version of a popular locomotive engine. The effects of these
control methods on hydrocarbon and carbon monoxide emissicns were also
to be determined., Several well-known methods of NOy control--such as
use of fuel injectors of different designs, variation of injection timing,
inlet air humidification, reduction of scavenging air volume, and exhaust
gas recirculation--were applied to the test engine. Resulls of the tests
conducted with these control methods were then compared with results of
a series of baseline tests, and the comparative effectiveness of the control
methods determined.

The following conclusions were drawn from the results of the items
of work mentioned above:

(1) Hydrocarbons (HC) were reduced substantially by merely changiag
from the older-style spherical-valve injectors to the newer needie-valve
injectors. Another substantial reduction in HC occusred when the needie-
valve injectors were replaced by the new low-sac models. Carbon monoxide
(CO) was influenced to some extent by injector design, but the resulting
levels were low in any case, Oxides of nitrogen (NO,) were increased by
the low-sac injectors over the levels produced by the other two types of
injectors. This increase was most noticeable in the lower notch positiors.
Smoke opacity was very low in all tests, reg:.rdless of the type of injector
used, Observed engine power was also approximately equal for each injector.

(2) Retarding the injection timing 4° from the standard setting re-
sulted in slight reductions in HC and a substantial increase in CO in the
upper notch positions. Oxides of nitrogen were reduced considerably
throughout the test cycle. Smoke opacity was increased, particularly in
the higher notch positions, but it was possible to reduce smoke to the
baseline level with a slight derating of engine power. Without derating,
engine power was not adversely affected by retarded timing. If injection
was advanced 4° from the standard setting, HC, CO, and smoke opacity
were reduced, but NOy was increased.

(3) Water induction (inl~t air humidification) was responsible for
moderate reductions in NOx, with little or no increases in HC, CO, and
smoke opacity. The higher water rates (equal to 75 or 100 percent of {uel
flow mass per mode) were most effective in reducing NO,. Engine power
was not adversely affected by the addition of water. One drawback of water
induction as a control technique was the discovery that some of the water
inducted did not remain in the intake air, but rather collected in the bottom
of the engine air box. It is possible, of course, that this problem could be
resolved by use of a different method of water atomization,



95.

(4) When retarded injection timing and water induction were
combined as a control method, it was found that NO, was reduced by a
greater amount than that observed for each method by iiself. However,
reta rded timing was responsible for well over one-talf of the reducticn
in NO,,. Also, CO and smoke opacity were higher in the upper notch
positions than found to occur with retarded timing along. A slight derating
of engine power in these notches would no doubt reduce smcke to nominal
baseline levels; however, this approach was not actually tried.

(5} Air box bleed (reduction of scavenging air volume)} reduced HC

*vith the needle injeitors, but not with the low-sac models. Carbon mon-
oxide wasg greatly increased in the high power conditions for both types of

injectcrs. Brake specific NOx values were lowered little or not at all,

and the reductions which were observed were due, in the main, to the

readuced mass flow of exhaust caused by venting the air box. Substantial

reductions in the measured concentrations of NO, did result {rom air

box bleed, but these lower concentrations were in most cases offset by

sharp reductione in power. Smoke opacity was greatly increased, and

a substantial amount of power derating was needed to lower these opacities

back to nominal baseline levels. FEngine operation became rough and un-

stable if over 20 percent of the intake air mass was bled from the air box,

(6) Coocled EGR generally reduced HC or, at worst, produced only
a small increasa. Carbon monoxide was relatively unchanged at the low-
power notch positions, but was substantially increased at the high-power
conditions. Oxides of nitrogen showed very worthwhile reductions under
all conditions, but especially in the higher notch positions. Smoke opacity
was increased, but was deemed excessive only in the last two notches.
Smoke opa ..y (and CO) could be reduced to baseline values by derating
engine power. The zmount of derating needed was very high for needle
injectors. but more reasonable for the low-sac models. Derating caused

NO, to :ncrease slightly and thus negated, to some extent, the beneficial
effe :t of cooled EGR.

(7) Hot EGR resulted in lower HC in most instances, particularly
with the needle injectors, but CO was increased tremendously in the upper
notch positions. Oxides of nitrogen were rsduced substantially, with the
greatest decrease noted in the high-power conditions. Smoke opacity was
extremely high in notch 8 and excessive in notch 7, as well. To reduce the
smoke to baseline values required power to be derated by 24 and 37 percent,
respectively, in notches 7 and 8 (30 percent EGR rate). Much less derating
was needed with 20 percent EGR, but this lower rate did not produce as
great a reduction in NOy as the 30 percent rate. Hot EGR also resulted in
rough engine operation and lower power in all notch positions.
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(8) It is apparent that .imoke opacity is highly sensitie ‘o
the oxygen-fuel ratio. This finding implies that any control tecnnique
which lowers this ratio below a definite point (about 4.0, in this instance)
will cause ""excessive' smoke - - i.e., smoke opacity beyond some ag-eed-
upon level. Since air box bleed and EGR often reduce this ratio below the
critical point, their use necessarily entails a reduction in fuel rate and,
consequently, in engine power output. A sufficient reduction must be
performed to cause the O2-fuel ratio to return to the critical point pre-
viously established.

(9) Based on the above observations, it appears that fo- this
particular case- - i.e., a two-cylinder version of a2 full-size locomotive
engine--the overall most effective control technique consisted of retacded
injection timing, with a slight power derating to control smoke opacity.
These were very simple steps to take, yet they resulted in a substantial
rduction in NO,, regardless of the type of injector used. The next most
effective control method was cooled EGR, plus power derating to keep
smoke and CO to acceptable levels. The observed reductions inn NOx
were much greater with cooled EGR than with retarded timing, but the
hardware required for use of cooled EGR on a full-size engine would be
expensive and complicated.
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ELECTRO-MOTIVE DIVISION

GENERAL MOTORS CORPORATION

LA GRANGE 0 ILLINOIS

August §, 1972

Mr. Kanf J. Springen, Manager
Emissions Research Laboratonry
Southwest Researnch Institute
8500 Culebra Road

P. 0. Drawen 28510

San Antondio, Texas 78284

Dean Kant,
In reply to your letter of July 24, 1972 relative to possible

configurations of your 2-567 engine for emissions tests, we
would offer the following information:

Modef 2-567C Engdine

Pant No. Name Description
8300780 Cyl. Liner Basic 567 20-pert liner
3409499 Piston Basic 567C with trunnion type

connection rod (16:1 compres-
sdion nratio)

on
8061362  Piston Basic 5678 with floating type
rod (16:1 compression ratio
5228230 Injector 567C Basic, Spherical valve,
medium output
m
5227852 Injector S67B Basic, Spherical valve,

low output

The aforementioned part numbers should permit you to identify
the parts in your engine. Injectors which were basic to either
the 567C or 567B are listed above. The S67C needle valve injec-
tors with 5228713 spray tips which you h-ve in your engine now

ZIP CODE 60828 A-2

i



Mr. Kanf J. Springen -2- August &, 1977

are standard needle valve tips in the medium air flow range.
The needle valve spray tip for the 567 series engine is avail-
able in the low, medium, and high air flow range (corresponding
4o ordifice area) and permits the customer who calibrates uis
own injectors to select the correct spray tip to provide the
required injector calibration.

For baseline tests, you could use the 5228230 spherical valve
injector, follow it up with the needle valve injector 5228800
(UTEX 8296454 with calibrating sfide on UTEX 8276708 without

calibrating stide), equipped with the 5228713 medium air flow
tip.

For a third injector configuration we will provide you with two
new injector assemblies 5229290, equipped with 5229243 spray
tips. These tip~ are similar to the 5228713 in that they are
medium air flow; however, they have a 53% reduction in the fuel
sac volume between the needle valve seat and the orifices.

Basic injector timing for all Roots blown EMD engines is 4° RTC.
You may advance timing to approximately 10° BTC before the tappet
goes solid against the injector body at the bottom of the stroke
and you may retard timing to approximately 4° ATC before the
little spherical button retaining spring on the injector adjust-
ing screw is jammed up under the injector rocker arm, causing
the spring to break. Thus, you have the latitude of +6 degrees
or -8 degrees of adjustment at your disposal. You can probably
limit this to t 4 degrees for practical purposes; i.e., 4 de-
grees advanced will create excessive rates of pressure rise
during combustion and 4 degrees retarded 7ill give you plenty
of smoke -- probably more than you can tolerate.

Relative to the type of duty cycle you are planning to »-e, I
have enclosed a czgrt of the speeds versus throttle posiiion
for the 567B and C engines. Also enclosed is a table of Repre-
sentative EMD Engine Exhaust Flow and Fuel Rates vs. Throttle
Position which I had previously sent to you. Also included is
a chart of Power piston gap -- fuel output comparison which
should be helpful to you in comparing power piston gap versus
injector rack length for both the 567B injector 5227852 and
567C injector 5228230.

I will not attempt to provide you witi: governor gower piston
gap settings for each throttle position for a 567C engine.

A-3



Mr. Kank J. Springen -3- August &, 1972

Perhaps your idea of setting fuel rates at each throttle would
be equally satisfactory. If you wish us to confirm any engine
settings or representative values which you plan to use, please
Jet us know.

Best wishes,

%ys, JR.

ENGINEERING DEPARTMENT
Engine Design Section

nAlW/anr

ce: J. J. Kotlin
W. K. Simpson

Fife: E-17-A
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TABLE B-1. EMISSION CONCENTRATIQN AKD RATE SuMMARY

CATE' Jieua=?g TEST w0, 2
INJECTOOSY S, mERTICAL TImInG' 87D,
HETL-T FACTOR SUMEDULE® AT01 SmlTCw

FOLE rGINE FumFR bPUEL AlIR EXHAUST FUEL BAFC TEMPERATURE S DEGRLES F AIRBOX ExMaUST
SPEU FL FLOW FLOW AIR Alw AlR LEFTY RIGnY PRESS, /Press,
Hpm unP LB/NIN LB/NIN LB/MIN HaTIO  LB/mP NR INLET  BOX  EXNAUST  EXWAUST  IN,nG, TN, NG,

: ony t.n .0 15,52 1S, 82 + 006 ® -0 dg 11 209 00 1,% o2
? OKS A} L 15.82 15,66 .roe 1,70 -0 (1] 118 230 23 1.8 .2
3 Ive 13 .2l lv.87 i2.08 .c12 925 -0 [ 14 120 270 290 2,8 ..
. v . .35 21,91 2i.7 .01e 1N -0 00 120 1Y ] 3 3.8 .8
5 51% by o .53 27w 27.%7 .01 A -0 (L] 120 '3 “00 v.0 o?
» e8s 0.1 .11 15,9 15.e0 Luu? ® ~a [ '] 120 107 300 1,8 .2
) HLD fo.l .78 2.3 13,1 .02 11 -0 (] 120 507 590 .. s ..
u (2 129, 1,03 38, 2 1,28 .02? R -0 %0 130 (3] 228 S, 1.2
3 5 159, 1.2% s2.4 w1 .02¢ o2 -0 0@ 130 1447 (L] .,? 1.%
i 8g ta), e 1.83 LR 1] ‘e.92 032 .49l -0 80 1s0 (311 WS [ Y i
11 205 c.0 .08 15.%9 18,84 .00% ] -0 L 1] 125 270 200 1.%

HOGe  exrmausT AC co ~NO NO2 NOX coe wer asnC 83(0 88NOX ne co NOX
My CE FCT 7L [Y4%) G/L
PEECENT PP L] 44 4] L4 L] C/nP AR G/uP MR G/uP MR UF FUEL OF FUEL OF FueL

1 1.9 208 21 23 10% 257 L] ] [ 7.1 . 8 11,8?
H 1.8 22 " 2 138 .100 “e2 0.0 1839 $.6% L3S 1} 11.38
3 1.8 2% 11? i0 21? +080 .9 1.9 11,% .38 ., 2 12,9
. 2.0 v32 116 k1 Al <090 3.8 1.0y 11,68 $.% 3, 1e 20.0%
5 2.0 “Rg 10% 2" (%13 .020 [ L] 1,10 11,72 S, .M 23,68
. 1.8 102 (1] b3 ) 10§ 287 J (] L] .10 $.3 11.10
? 2.0 sse 137 [ ] " .010 2.8} L2y 13.2; $.10 2,56 27,.2¢
. 2.0 (133 20% [1] 1026 .610 208 1.63 13.3% $,.5¢ 2.9 8, 2
] 2.5 220 (133 1089 28 1078 0,000 2.03 3,30 12,909 $.8? .40 2. 20
10 .5 (X2 11%3 1008 . 1120 9.000 2.2 7.8 L2, %8 N 18,9% 5,06
1 1.0 200 i0? 100 L] 106 282 L) L] L] 10,58 ?, 2.7
CYCLE COMPOSITE  BSMC = 8.562  GRAN/BNP WK
B3L0 = 4. 7%8  CRAN/BNP HK
ASNOZ = 2.8 CRAM/BNP mn
W30C ¢ BOND2Z ® 3),.39%3 CRAM/BNP ni
B8FC = 3 .em LB/RNP nR
TABLE B-2. Empsston CONCENTRATION AND RATE SuMMARY
NATE' L1lepee=dp TESY nO, 3
INJECTURS® SPMERICAL TInING' 87D,
WEIGHT FACTOR BCHEDULE' ATSF SuiITCH

MODE  ENGINE PONER FUEL Alm Exnauvsy FUEL 8IFC TENPERATURES DEGREED ¢ Exnausy
$PEED FiLOw FLON FLON AlR AlR AIR LEFTY A160Y reges,
Ll Le/nIN Le/MIN Lu/nin natio Lb/nP uR 80X EXHAUST  EXMAUSY In g,

cnse cmveee weore  scemcese ese  cecscss esenese cense

t ® ite % &0
2 s d.010 120 e
] Ive [ 20 MM
. (113 128 100
5 1 7% 3 128

. t1l] [J pY 1)

? (1) [ 138

[ [ 341 Ld 1y ]

. 758 (] 1%
10 ”s [ 159
191 s L U] (343

HOOE  ExwaULSY NC (<] o [ shnec [ 1 ] S0N0X L3 (1] L2
NOnE rcy /L8 .8 /L8
PEACENT [d] on PP C/HP R /P MR G/nP MR OF FUEL OF FUEL

csen P oson

) ” (13
[ 4 10 Jes
’ 178 134
. “3 e
$ i10¢ L1 )
(3 " 0 [ 34
? 1124 e ”
1 1% us [ 1)
L] (3] % L4
10 1% 1% e ”n
i1 [ 2] [ 24 [ ]
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NATE® Lll=l0=2¢
INJELTURS® SPRERICAL
wélumt FACTOR SCHEDULE!

Taw

TEST NU,

TIWING' ST"
ATSF SwmlTCr

E P-4,

EmISSI0ON CONCENTRATION

AND RATE SUMMARY

ot eNuInE Pumtw $UEL atm ExmaLST  FUEL BSFC TEMPERATURES DEGREES F Alm@ON  ExnAUBT
seetl FLOw [OL FLOn Alw s1R AlR LEFT RIGNT PRESS, PRESS,
WP™ FmP LB/MIN LB/™IN LB/MIN RaTlC INLEY ROX ExnauST  EXmaUST In NG, In WG,
1 285 u.0 RUL 15.71 15.80 .00 -0 % 110 208 21 l.e .2
¢ f4.L] w7 Ll 15,71 15,04 009 -0 s 108 2%0 260 1.8 .2
b 3w 1%.6 .20 17.%1 17.81 L0131 -0 8 108 293 100 2.5 .
- wes 3.5 .35 21.71 22,0 .01e -0 e 110 378 E1 1 3.8 .5
5 s1¢ 53,5 .53 26,23 28,7 .01% -0 e 112 . (Y 1 ., 1 2
® Ny [ .09 15.71 19,00 .00 -0 LX) 110 %8 00 1.6 .2
3 GHw Qa?r,y .17 32,82 33,81 0213 -0 k2] 118 »08 b0 LN Y .0
* [X4Y 13,0 1.nn 38, ¢S5 39, %8 026 -0 72 123 00 7390 $,9% 1.1
a 288 18,8 1,20 v3,%3 LL P4 024 -0 % 132 ?7s (13.] (N} 1.5
i 835 11,2 1,59 ve.23 e, 70 L0932 -0 73 18 (L1] “we (7% ] 1.8
9 295 v.n .11 15.70 1500 .00? -0 7 128 38 £11) 1.6 .2
mO"E  EXMAUST Ll co N0 NCe NOX cue 13 o8n( 88C0 B8SNOX ne co NOX
SMint FCY G/L" G/L8 G/L
PEHRCENT PEwm (4] PPR® PPm G/HP WR  G/wP MR 4 %P wRUF Fugkl OF FUEL 2% FuelL
1 1.2 1oy st 70 1" .25? L} R L} b, 02 .. 7 12,66
2 1.5 1%2 .? 143 2 1%8 .100 v, el 2,20 13,23 v, % 2.%0 18,08
3 1.5 272 70 21 ) 23 .0%0 v, 20 2.21 12.5% s, 27 N 18.%3
. 1.8 Ve Y ng 27 (Y1) .0%0 3. 72 10,36 (Y91 i1.30 19,698
s 1.8 ALL) ., $%50 32 58 .020 2.%2 .55 11,37 $.29 1.0% 2¢,9?
[ 1.0 122 2+ [ L] 10 . 257 L n L] 7.1% 1.7 11.08
> 2.0 $7n (3] td 1) 13 kA A .010 2,02 o2 11,00 $.9% 1.32 28,21
R 2.0 L1 1] 32 “w . o .010 2,58¢ 1,07 12,8 $,.08 2.0% 27,2
a 2.2 L L] 322 s 0 1031 n.o0o 2,50 2.3 12,1? §, 24 (0.2 ] ({0
10 3.5 (X.D] ae LI e 103¢ 0,070 2,3% [ 7% X/ 11,08 12,92 2%, 0?
1} 1.5 2ne 2 L 1] [ ] [N 1.0% 287 L] L] L] 1.8% 4, %
CYCLE COmPOSITE BSNC 5 7,788 GRAM/BNP HR
8sCo = 2,018 GRAN, LA
83%02 8 19,292 GRAM/BNP R
BSHC ¢ BSND2 = 27,030 GRAM/GNP nx
83FC = 1,25% LB/BNP MR
TABLE B-4. EMISSION CONCENTHATION AND RATE SUMMARY
DATE' Li=li=2¢ TEST NO, &
INJECTURS® SPHERICAL TIMING® STH,
wELLMT FACTOR SCHEDULF' ATSF 3SwITCH
MONE  ENGINE PONER FUEL AlR (A LTYTEAS FUEL 88FC TENPERATURES DEGAEES 4 AlReOX
SPEEN FLOm FLOW FLOW AIR aAln alR LEFT REIGnTY PRESY,
RPN Le/nIN LB/nIN LB/eIn RATIQ LB/nP R INLET 80X CXNAUST EERMAUST IN MG,
acee seecses - emoee esscssce cesssss Sesess eo= = oo -
3 2ng 0.0 i 15.09 .008 ® -0 ” 108
(4 205 . .13 18,00 «00% 1.70% -0 7 108
3 e 12.% L] 17.00 «011 - % -0 e 108
. A4 33.2 o3 <918 ol -0 Eld 131
L3 $1% 3.5 58 020 52 -0 ” 118
. ns 0.0 o1l .80 " -0 ks ] 110
? L L e, .70 «023 2l -0 [1] 120
L [ 4] .o 1.0} 2000 %8 -0 7 128
N %8 LI 1.27 020 7 -0 L4 10
io (317 192,85 1.8? .033 Al -9 [ 100
1) 208 0.0 .10 007 P -0 [ L] 12¢
LOT T ¥ LTATE R ne co »n0 nO2 »ou uey [ 11 (1 4] [ L] L3 (1] o
LTINS ({3 (Y (] S/L0
PERCENT (L] G/WP WA S/nP W S/WP R OF PUZL OF PUEL OF PUREL
coce ecascmse casn -—ea csses essssss swscese
1 1.0 17 [ 3] 1 <287 ] 10
2 1.2 200 .? n «408 \3 3
] 1.2 f32] .7 » .80
. 1.8 0 I 27 o
s 1.$ " (1] 114 28
. 1.0 192 11 (3 [
? 1.9 20 » " «0%
[} 1.9 .00 L} t 13 3
. 2.0 (324 (1 1] $e 1.06
10 3.8 (L 1] 107 L2 .40
13 1.8 200 1] L] L]

CYCLE CONPOSITE  BONC
88Ce
S0he
oINC o B0NG2
[ L L
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TABLE B -5. EM]SSION CONCENTRATION AND RATE SUNMARY

OATE' [1e)0=)2 TEST wNU, &
1HJECTUNS' SPHMERICAL TIMING' STO.
af TGHT FACTOR SCHEDULT' ATSF SwITCHW

“ODE  ENGINE PONER FUEL AIR EXNaUST FUEL [ 1144 TEMPERATURES DEGREES F AIRBOX EXxMaUST
SPLED FLOw FLOw FLO® AIR Alm AlR LEFT RIGNT PRESS, PHESS.
L1d] CLL4 LB/MIN LB/nIN LB/MIN RaTlO LB/MP nR INLE? sox EXMAUST  EXmAURT I n6,  IN MG,
1 2ds () Wolb 15,50 15.00 .006 L] -0 8 112 20§ 218 1,7 o3
e 285 7.0 .13 15.81 15,7 .00% Iyye ] -0 70 e 230 250 1,? .3
3 2% 16,1 .20 17,81 17,8} «01L .50 -0 ’e 112 272 2% 2. ot
. e 37,8 .38 2¢.0? 22.%2 N7 .58% -0 ’s 118 7% s 1.6 o5
4 518 82,0 ) 2. CcL 28,88 .01 A 1} -0 14 120 (3 17 eag .0 o?
- 28¢5 "0 .08 1 .5 15,68 .00 L] -0 7 12 270 278 1.6 .3
b (Y 1Y .. .22 Je. o 33,08 023 JHe? -0 . i20 (Y.A) s ‘.. .
[} (241 133, 1.00 38,80 IV, 0. J02 .o8n -0 s i3 »es 730 $.5 1.2
. 1413 183,98 .27 $3.%0 .., 029 11 -0 ’¢ 13§ 770 tep .. 0 1.8
1 [E1Y 1892,% 1.5? o, 20 (LR 1 .023 AR -y [ 1} 150 s0 g (I} 1.0
9! 286 0.0 .10 15.5¢ 15,60 .00? 3 =0 80 130 150 100 1.0 .3
MODE  baman 8T ne co NO NO2 NOX co2 (134 88mC 88Co 83N0X L4 [4:] NOX
$mONE rcr /L8 G/Le /L
PERCENT (L] (L] [ L] (L0 (1] rCY G/np WR G/MP MR G/HP MR (F FUEL OF FUEL OF FutL
1 1.2 17 s " a3 100 1.0% ¥4 24 . L] L] ' 21 1..7
2 1.8 e3e L2} 132 ) 186 l.68 «70 ., 08 4,3 15,03 LY X 13,23
3 1.8 32 L1} 20% 0 £3 1] 2.2 <058 ., 80 .78 11.23 ? IS 14
- 1.§% *Se «Q mn 38 $? 3,26 «0%0 3,89 1.%% 10.7% 2,61 14 22
s 1.8 $s2 L2} $72 [ 1] S 3.0 +020 3,11 ) 10, % 1.0? 22 o2
. 1.0 2% (1] kL] i .«“ lel® ~28? R [} L] L1940 .73
? 2.0 (313 .” td 1] a 0g? ., «010 2.,% . 11.%2 1.7 25,81
L] 2.0 a8 9 “e E L “? $.3 .010 3.0 1.0? 12,02 2.0¢ 28,08
° 2.2 e Mo 00 3 10094 $.08 c.000 [ 15,14 .23 11.% .. 80 285,66
10 3.5 %2 L1230 102? e 1068 [ 79 1 0.000 2,81 0,22 li.02 17.1¢ (428 2}
11 1.8 272 I w“w . 102 1.23 257 L] r 2.0 11.1%

CYCLE COmPOSITE s GRAR/BNHP MN
CRAN/BHP WR

CHAN/BNP MRt

wine o CRAN/DNP nR
LO/ZONP muR
TABLE B.6, EMISBION CONCENTRATION AND AATE BUNNARY
DAYE® 11=10=72 TESY wO, ?
INJECTORS' SPHERICAL TInING® 8TD,
wEIGHT FACTOR SCHEOULE® A'SF BwITCH
MODE  ENGIME POWER FUEL Alm EXMAUST FUEL [ 1144 TENPERATURES OEGrEES 14
SPEED FLON FLON FLOW alR ALR AR Lert [3{ 1}
aen (L1 (YLD [(CYLH Le/nIN RATIO  LB/nP MR INLEY  BOX  EXMAUST LXNAUST
sess scemcas comwm coe .on cssce  ctescete enccacs esses  see sescane
i 20§ 0.0 «10 +006 L] -8 % 128 %0
2 205 .. .18 -009 43?7 ”% us e
3 Iee 1.3 .l® -011 <706 "% s 200
. e “0.0 %) 016 ”* 120 [
s $18% oS, 8 3 +01¢ 14 ] 120
L3 20s 0.0 +09 +006 ” s
? (1 0] 101.% «?? «.02) ” 129
L] [ 34] 198.1 1.01 (] ” 130
L) 758 17,7 1.2 L] ” 10
10 98 197.8 1.8?7 ) ] o 180
1Y 208 0.0 «10 .00 ” 13
nONE  ExMAURY nox [ 1 4] 880X “e co wox
Snune /L0 /L8 /L8
PEACENTY G/WP R /WP WR OF FUEL OF FUEL OF FLRL
eecs  secesee
1 1.8 .49
e 1.0
] 3.0
. 3.5
1 18
[3 1.8
? s
’ 2.9
9 3.8
10 ‘.0
1 2.0

CYCLE conrRllTe

g o

Reproduced from
best available copy .

-4



vagLE D" EWINTION CONCENTRATICN ar FATE SUMMARY
DATE' ,i=¢"=72 TTETONTL L
INJELT RS “EEDLF TIMING' 87D,
Wt JGMT FACTOR SCMETL_. T ATSF Sm]TC™

»IF ENuINE POmER FUEL IR EXrALY” nSFC TEMPERATURES DEGASES F ALRBOX EXwAUST
SPEEL F_a L] FLln AR AlR LEFT RIGH™ PRESY, PwWESE,
wp~ LTl L3/%IN LB/®IN LB/¥IN LB/MP MR INCET acx ; txraLn” TauMG,  In,w,

2w n.0 .09 15.03 15,72 L] -7 i ins 20§ 1.? ]

) [P .u2 15.%% e 1101 - i . - 2.8 1.7 :
. v el .20 JE L Tedf AL - . P 260 2.6 .
. e 39,2 .35 20,9 2.0 .93e .= LH 118 05 385 3,% .5
< 518 o, .5 2. 8¢ LR A vey - 70 120 (¥13 s00 .1 o?
» 285 0.0 Rl e 1e,0F r -t 9 118 1 100 1.6 .3
? 58 ay . n .78 31.7¢ 32,95 YY) -0 [13 112 .28 (V8] .. Rl
“ LR4] 1., i.Ct 25,93 37,91 1 -7 [} 130 28 730 $,.¢ Ll
- 758 FEL ] 1.20 “l.8e “3,1" %83 -9 L4 1%0 s2$ (1] .7 1.9
1 835 AL 1.5? v5,77 7,38 .40 -0 " 152 25 lo00 .2 1.8
i 2¥s (] L.0N 1v.03 1%,.%2 L -0 [ 1] 130 328 310 1.6 .3

MrnE EXMAUST HE co NO ND2 NOX co2 (12} BEwC 8s8cCo BINCX 14 <o NOY
SMOXF FCY /L8 /L8 /L8
PERCENT PPY (1] [ Ld] PPN L4} s/M® HR  G/MP MR G/WP wR UF FUEL OF FUEL 0OF FuEL

i .5 12w L k] 12 s P31 .27 L] L] L] [ P4 5,13 18,.¢C
2 1.% 128 L1 1e2 18 pe 13 .100 ., 08 $.% 18,37 .00 $.%) 18,0
3 1.9 1ev 108 180 15 2.2 080 2.02 2.4 LS 2. N 3,98 13,07
. 2.0 1% a9 156 . k111 +0%0 1.C3 1.93 [ 1] 1.9 2.,%0
5 1.9 a0 «@ 13 . 52 020 .87 1.00 w“n 1.79 2,0%
- 1.0 128 . 18 e 12t + 287 L4 3 R .. 0 .10
? 1.% isu 11 L1Ad -0 Pl +010 P l.01 10,28 1.82 2,1? 22,18
R 1.8 223 2% L 291 26 237 «010 .81 2.13 iD.b2 1.7 ., 89 22,8
s 2.% ere We [ 12) 11 %7 0.000 %3 ., 20 82 2.02 13,38 2c.2°¢
e ..y 20 2013 el 13 0,000 oI 12,83 L 1,08 26,54 18,87
PO} .9 182 s 11§ 13 28?7 ] L] L] $.7 ., 15,81
CYC.E COPOSITE [} 1L s %,%03 GRAN/BNP MR
[ Baebl s §,704 CRAM/EFP wW
aeng? = 20,183 CRAN/B" anr
BEMC o PINCZ  ® 29,08 CRAR/ENP wi
BSFC = 1,206 LB/BNP MR
a8 F a-%.  ENIENITY CONTENTRATION ANC RATE SymmaRy
DATE' . l=P7=?7¢ TEST N0, 2
INJECTNRE  wWIEDLE TIMING' 27D,
wEIGMT FAL™"n SCHEDULE® ATSF SwITIH

vonk  ENGINE pouER FUEL AR ExmausY  FUEL [ 2144 TENPERATURES OEGREES P AIROOX  EXWAUST
SPLED FLOwW FLOW FLCa (3] ARR AlR LEFY RIGHT PRESS, PRESS,
arn EmF B/MIN LB/MIN Le/¥IN RATIO LB/NP NR INLET a0 EXMAUST  EXMAUSY N n6,

enes caves evescass esscsas wease eee - -

1 208 .00 15,56 15.6% +008 -0 %0 180
2 29§ .12 . 15.71 +00? -0 " 118
3 e «20 17,1¢ «012 -0 ” 120
. 2 . ) 21.2¢ «017 -0 [ 1]
s s16 .58 27.%0 . 2 -9 [ 1]
L) 0% -00 15.%) PN ] - [ ]
? (1 L) e .02 =g [ ]
L] [ 341 1.0% #0:7 -9 (1]
- %8 1.27 «Clt -9 [ 11
10 (F1] 1.5¢ o3 -9 b
11 203 -0 oC3% - %©QC

nODE  EXNAUDY [ 9 co " nOR werv [ . d 885¢C0 [ 1] L] co X
SNOXKE rcY /L8 e/L8 /L8
PERCENT (4 4] (o) (oa,) S/HP MR G/WP NR Q/WP ¥R OF FURL OF TUEL OF FUEL

coen sascecs enee ecee e

1 o9 120 [ 3] 18
2 1.0 0 e AR
3 1.0 0 [ ] a
. 1.0 1% (1] L]
s 10 160 L 1) 12
1] 1.0 180 *? 40
? 1.0 109 " "
[ ] 1.5 22 mne 1)
L} 2.8 5. [ 39
10 Se§ 1134 1% [ 1]
1 be0 1% (1] an
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T+8LE B-9. EMISSION CONCENTRATION AN:  AT: SUMMARY

DATE' 1l=2)=?2 TEST NO, &
INJECTIORS' NEEDLE TINING' STD,
WEIGHT FACTOR SCHEDULE® ATSF SwlTCH

ManE ENWINE POmER FUEL AlR ExXHAUST  FUEL BSFC TEMPERATURES DEGREES  F OX ExmAuST
SPLED FLOw FLOw FLOW AlR Alr AlR LEF: RIGHT PRESS, PRrESS.
wou AnP La/MIn Le/mIN LB/MIN RaTlo LA/HP HR INLET a0x EXHAUST  EXWAUAT IN MG, IN WG,

: 28s [ .08 15,586 15,66 .00S R -0 (1] 110 218 210 1.8 .2
. 285 L) 12 15.58 15,88 008 LB -0 (1] 110 270 220 1.6 .3
. Jee 1w.0 .1 ; 17.0% .011 N3 D -0 (1] 110 330 270 2.8§ ..
. .2 ve,? .38 21.2: 21.8? .01 AN «0 L1 115 20 soC 3,8 .5
B 51% 7.9 .5 Eo 1Y 27.34 .020 .. -0 [ 120 $30 510 .0 .7
. 2ns u.0 .08 15,00 15.60 .00§ ] -0 [ 118 27§ 280 1.8 .3
> She 102.% 7 31.89 32.36 .02% .50 -0 (1} 121 (11 (313 (38 .
- (%13 133, 1.01 37,49 LN 7Y .02?7 .9Se -0 s 130 738 750 $.8 1.2
. 756 loe. b 1.2e v2.18 L ] 030 .*52 -0 L 1] 13 [ 1] (11} b7 1.8
ie 935 195, 1,87 *e.08 L3 L] .03% 1 -0 (1] 150 00 “"s (Y] 1,8
o 28s 0.0 0% 18,82 15.21 .00 ] -0 L 1] 138 0 30 leb %}

MCLE  EXRAUST L1d co ND NO2 NOX cve LX) [ 11T [114.] BINOX L1 co NOX
SKOKE (144 /L8 c7L8 (248
PERCENT PPm PPMU phM PPM [ 1L G/KP WMR  G/MP WR G/HP MR OF FUEL OF FUEL OF FUEL

1 ? 1e8 3 10% 23 287 L] L] [ 0,10 3,08 18,00
2 1.8 182 3% 1%% 2 .100 3,% 1.7% 13,92 ‘.28 18,29
3 1.5 leu .7 10 23 .080 1.1? .08 1? 19,20
. 2.3 192 23 EIY ) 1Y .0%0 32 .43 &,60 17,17
g 2.0 200 % $23 3 020 37 .8 2.3% 0.0
s 1.t 168 e u2 2? .28? " L} ?.28 10,20
? 18 200 $? 2 s .010 47 10,19 1.9 .81
] 2.3 256 229 e i <040 1.7% 10.92 2.1% 23.9%
Q 3.0 288 739 " 1% 0.000 $.07 10440 2.1 1i.20 te. 23
10 .3 320 101 "e 13 0.000 11,03 “» 2,10 2%,10 19,2
1 .0 182 .7 119 1% 132 287 [ L] 5.0% 3,03 16,76
CYCLE COMPNIITE  §ONC SRAN/GHP WR
< CRAN/BNHP MR
GRAN/BHP HR
SSnC + BBNO2 CRAN/BNP uR
weFc 3,070 LB/7ONP R
TABLE B -10. ENISS10N CONCENTRATION AND RATE SUMNARY
DATE® Ll=d1=72 TEST w0, §
INJECTP22' NEEDLE TINING® SID,
WELGHT FAC OR SCHEDULE® AYSF SwlTCH

"ODE  ENGINE PONEN FUEL AlR 1XNAUST FUEL [1 .44 TENPERATURES DEGREES 4 ALROOX EXMAUST
SPEED FLOw FLON ‘LOwW AR AlLR AIR Lert RIGNT PRESS,
Lld] LM LO/NIN LO/RIN RATIO INLEY [ 11} EXNAUST  EXNAVST N N8,

[ - - wan - wsees ces  scseses cosesse ecnes

) -0 1$ 18,78 % 118 23e ot
2 15,66 15,00 ” 118 208 o?
3 17,00 17,20 % 118 ns "
. 21,08 21.%3 e (Y1) o$
s L3852 ] 27,98 I 100 o?
L4 18,00 18,78 ” 112 ot
k4 91,86 32,9 ked Y 1) o
4 37,39 20,3 »n (8] 1.2
. *2.10 3,00 (1] 1304 1.8
a0 h,.1 0, 0% L0 189 1.0
1 0% 18.50 18,67 [ 1] 198 ot
NJ0L  EdmMausT (.4 co L] e gt [ 3 [ 1 4] [ 123 ne co [ 1}
rcr /Lo /L9 S/L8
’on [ o] L] S/nP NR  S/nP wk OF FULL OF PUEL OF FUSL
enas oo oree - snn
1 (1] 188 1
? 13 .2 133 1t
] 1% 193 ”n
. 152 ne 10
[ 180 She 1%
[ i 100 an
? e ne 4
[] o] 0ne 13 ]
L] 200 (34 1
1] e LY 1)
1 198 2 »
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TABLE R-11. EM[SSION CONCENTRATION AND RATE SUMMARY

OATE' yl=21=72 TEST N, b
INJECTORS' NERDLE TIWING' STD.
WEIG-T FACTINN SCHEDULE' 4TS’ SwITCH
MODF ENGINE POwER rukL afv ExHAUST FUEL 89FC TEMPERATURES DEGREED F AIRBOX tXxwausy
SPEED FLOw FLOw FLOW AIR AlR AlR LEFT RIrnt PRESS, PNESS,
WP~ nP LE/MIN LB/ UIN LA/MIN RATIO LB/HP MR INLETY [ 1:31 ExmAUST  EXMAUSY IN MG, IN MG,
R 285 0,0 .o% 15,01 1§.7¢ .00e R -0 (1] 120 231 228 1.8 .2
B 285 8.3 .13 15.6¢ 15, /8 .009 TS -0 1] 122 298 23 1.6 i ]
3 Ive 18,0 .20 16,99 1719 .012 .he? -0 75 120 330 273 2.% .
. we “0.3 .38 21.013 71438 .C17? 520 -0 143 122 .10 %0 3,5 Lt
5 519 L .55 27.02 27.8? 020 v - kL 128 $35 518 .1 .?
- eec 0.0 .0 1S.b6 15,75 +000 R -0 1A i20 250 2358 L.® .2
7 58« 10, .70 31.58 32.33 .028% %59 -0 (1] 128 11} *e0 LS .
8 (X2 132.% l.ul 37. .6 38,20 027 .59 -0 0 132 7%0 780 5.8 1.2
« 355 165,38 1,28 .92 w200 .031 YT -0 [ 3 1%0 (T11 120 ., ? 1.5
in 838 1991 1.5? TmLLF €2, 7 03¢ .7 «0 [ 24 188 9 1020 e,2 1.8
11 ees 0.0 .09 16.%8 15,00 .00% R -0 [ 1] 138 5% 38 1.0 .2
unpt  EXHAUST nC Lo NO NO2 NOY co2 LI [T L1d 8sco 8sNOX nC (29 NOX
SMOXE FCT e, LB [ YR} G/L8
PENCFNT PPM PPN PPM PPM FPR (131 G/MP WR  G/WP WR G/HP MR UF 1uUsL  OF FUEL OF FUEL
1 1.0 112 "1 112 1? 129 l.0% .257 ® L] v, 30 16,26
2 1.9 112 21 1%e 20 1% 1.66 100 3,58 13.87 2.9 1v,18%
3 1.5 128 [ 1] 1% 21 217 2.37 .080 2.06 " 2.%2 13,9
. 2.0 13 0 Je0 s 36S 3.50 +0%0 92 0,38 1,8 16,0
< 2.u 1ed $0 $3e B $%0 .. 25 +020 «80 w2 19,50
6 1.0 152 .7 10? 20 12e 1.0 287 ® L} 5.08 15.93
? 1.8 168 0 KAL) s 7% S.1% .010 oh? 10,23 1,8% 22.30
L] 2.0 232 2%0 08 [} e0 $.8) «010 1.02 10,90 1.9 2.8
e 3.0 2 00 [ 11)] 13 [ kA4 .2 0,000 $,7%0 8.7 a 21.n8
0 4,5 2% 212e %0 13 L1 }Y .. 9 9,000 i3, AP | iv. 3
1 1.0 1% [} 128 . 130 1.0% 28?7 R " .50 18. .-
CYCLE ZOWPOBITE [ 1114 s %.510 CRAN/INP nR
88Co L GRAN/BMP MWK
o2 s CRAN/BNP MR
$3MC o BEND2 = CRAM/QHP MR
83FC = 1,1% LO/BHP MR
YABLE B-12. EMISSION CONCENTRATION AND RATE SUMNARY
DATE® 2-27=73 TEST N0, )
INJECTUMS' LOmeSAC TIMING' STD,
WEIGHY FACTOR SCHEDULE® ATES SulTrM
mODE  ENGINE POwER FUEL aln FYMaLSY 02~ .1 144 EXM, GAS TEMPERATURES DEGREES 14 AIRE0Y EXra LY
SPREN FLOw FLOW FLOw UL RECINC. AlIR AR LEFT RIGNT PRE. O,
[T AMP Le/nIN La/nIN L8/mIN NATIOe LB/HP KWR PERCENTee INLEY sox EXMAUST EXMaAUSTY IN MG,
[ —— etses =ee ecasess Taccese cvans
] ers «07? 16,98 16,5 e 102 202 200 s
2 29s v, e ol 16,58 16,82 "% 108 250 2%0 s ]
3 e 3.2 2N LR, %) 10,01 e 10¢ 0 J00 "
. ‘2 LLISY 3 23,9 70 109 o »n N
D) 18 9%, .88 AN Y ] IN,Ae 1n, 280 K3t -9 7 1 <28 sag ot
13 288 0,0 .07 10,37 $5,656 L] -0 70 108 00 [ 343 o?
’ She 108,2 o7 e, 07 0,188 .43 -9 " 11% 20 (1) 1.4
[ L X4 138,2 L “0,.2¢ .,9%3 40 -9 " 128 (Y]] (3] ] 1.3
. 788 170,0 1.8 (1) ¢,00) 27 -0 ” 138 00 nz 1,7
10 (511 209, 1 &b $0.0% $1,.65 5,087 +%6 -8 ” 190 "%e «©@ 2.1
1n 298 0,0 06 1h.%% 16,83 $0,0% » -8 ” 130 .00 000 .
+ EXCFRS 02 IN EXNAUSY C¢PERCENT OF AIR FLOW WNASS
L1 ST 3 LN co NO co» o2 [ 1. 88C0 SSNOX L] co nox
SmOKE 6/L8 S/L8 S/Le
PERCENT LI} L] ({34 Y S/HWP HR G/MP MR G/n® WR  OF FUEL OF FUEL OF FURL
ence sscecasve - on cvae
1 1.0 " L 2.%0 .10
2 .9 A % N ) 1,60
3 1.9 (14 o N .00
. 1.§ » $12
$ 3.0 "0 00
. 1.0 (1] 1%}
? 2.0 10 0w
] 2.% 1% 1S L) 1001
b 2.8 1o (11} 19
10 .*.s 192 R 11 109
11 1.0 W ” 152
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GRAN/ONP wit

CYCLE CONPOSITE  BONC =
oCe =
e =

BONC o B0%2 = 29,000

orc = 03

-7

SRAN/ONP WR
SRAN/ONP WA
SRAN/ONS WA
LO70NP MR




DATE' 2=27-73

TABLE B-13

TEST ~NO, 2

INJECTORS' | im=8Al

wF IGHY FA(*OR SCHEDULE'

MODE  ENGINE PrrkR
aPEE
L] ivP
1 285 o.n
2 28s LE .0
2 vy PLIS]
. o se )
5 S1s LIS
® 2Ry J.n
’ Ry 107.9
L} LA 139,65
a a5 172,
0 =38 200.1
11 /RS 0.n
MODE  ExrausSty []d
SMOKE
PFRCEST PENM
1 1.0 .
2 L.n L1
3 l.v be
A 1.9 2
s f.n Lo
. 1.0 .0
? 1.5 a2
L] 2.0 120
L] 2.0 10
An 3o 10
11 i.0 9%

DATE® 2-28-7)

TIMING' 87D,

ATSF SwlTCH

€XMAVY
FLOwW
LB/MIN

EMISSION CONCENTRATION AND RATE SyumMmaRYy

1.0
18,56
18,82
23,00
30.08
1e.81
8,22
1,35
“r,10
§1,72
16,.8¢

o EXCESS 02 IN FXWHAUSY

T 02~ B3FC ExmM, ¢
FUEL RECIRC
RATIOe LB/HP HR PERCENTe

$e.311 L -0
25.4%2 660 -0
1%,182 SN -0
13,0%3 %3 -a
10,599 20 -0
R -0

26 -0

.43 =0

L) -0

LY -t

§7,.768 R -0

NOX

(L]

1s0
202
32
500
mns
12
101¢
1112
1162
1161
181

CcCe

rCcY

1.00

.0
5.9
$.00
b2

%2

02
Y

20.%
19,4
15,0
17,0
17,3
20,2
18,8
14,7
1%.3
13,8
20.1

LYCLE comPOSTTE

L1 ]

/WP MR G/MP MR G/NP MR OF FUEL

TEMPERATURES
AIR AlR
INLET L1}

70 112
‘o i10
20 111
*n 110
70 110
0 113
22 120
12 ) 128
?3 13%
s 10
7 130

L1+

[} 14g

SOPERCENT OF AIR FLOw MASS

BSNC
88Co

88NO2
3nC o B88NO2
88FC

[ ]
.07
.2
.88
Ky

»
XY
..
.81
.55

"

L]
.M
l.1%
72
I
[ ]
38
1,07
3.0
. %

n

1.93%
2.422
23.9%1
25,108
7%

TABLE B-14. ENISSION CONCENTRATION AND RATE SUMMARY

FUEL ALl
FLOW FLOwW
LB/mIN LPr/MIN
0% th.e2
MLl le,02
.2r ", A2
oIt 23,13
.5 29,5y
08 1b,¢§
.77 Iv.So
1.01 0,3
1.26 v, 92
1.85% sn.1?
.06 18,39
(4] L1y
[ L4
156
262
3%
S0
m
130
")
100¢
1len
1180
iSe
TEST w0,3

INJECTORS® LQwe84(

WEIGHT FACTOR SCHENULE® ATSF BWITCM

MODF  ENGINE POWER

APEED
anp
) a0 ne
2 205 18,7
] L3 5.1
. e [T 7Y
L] s1¢ .8
. £11% 0.0
? S0 187,94
L] (%29 L3R b
. %% 171.3
(L] (217 207,
11 W8 t.0

MOGE EXWAUST e
SnuxE
PERCENT

L N R A R g
-
.
<

-

TIrInG' B8TD,

FUEL aAlm EXNAUST O~ 114
FLON FLOw FLOw FUEL
Le/ulN Le/nIN La/nIN RATIOe LB/ -F MR PERC
ceves  eves.see
oNe te,20 16,08 L]
o1 16,91 16,88 +59%
21 18,9 10,88 %08
30 2,82 S
.5* 90,06 %30
.07 (]
.7 Y1
1.00 “1.20 o433
1,38 7,18 K3
1,86 s1.7% <982
+06 16,3 $0,%8) [ ]
¢ EXCESS 02 IN ExwAUSY
co ~0 nOR “ox coe
[ ] (3]
cone PO
18
1
19
(]
0
16
2
e
o
[ 1
. KT}
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EXN, GaS
RECINC,

ENTee

o2

(444
ceone
20,0
1.8
19,9
17,8
1.2
20,9
18,4
18.?
18,1
19,0
20,9

CYCLE ConroBITE

[ o cotd
SOt o BONGR
sorc

TERPERATURES ogeRees

ALR AlR
JuLEY 80X
7 s
e 113
” 10¢
» 112
” 113
bl 110
% 18
”n 122
” 1%
” 182
” 1s

DEGREED F
LEFY RIGHY
EXWNAUST EXHAUST
299 2n3
262 E231
ns o
LT1} 3%0
$3% L] X )
3%0 304
s30 s00
700 (1.1
kL4 "mo
LTS “s
‘10 30
BINOX HC
6/L8
LJ é,78
13,42 l1.%
11,86 1.29
12,03 1.0%
13,91 .
L 3. e
18,39 9
18,28 1.9
13,73 1,18
12.08 1.23
L] i 1)
CRAN/BNP Wit
(1} LI ]
CRAN/BHP uR
CRAN/BNP WR
LB/7BNP wua
L4
LEFY RIgnY
£ANAUST  ExMavSY
cecssse cscvess
"y [ L)
00 260
»we ne
e ‘o0
(3] (1]
E1 0]
(12
[
»ns
e
0

SOPERCENT OF ATR PLON NASS

AlnBOX
PRESS,
N, mG

1
2
3
.
.
1
S
L]

PuBVWwREYU-IO S

co

G/Le
oF FuEL
5.9
3,08
2,3
1.0
.0
.08
..
2,%
.0
17,77
.07

ecana

EXMAUBY
PRESS
IN, WG,

NOX
G/Le
OF FUEL
31,90
3,92
23,78
.0
.20
30,38
3.7
n.

31.9)
2R, 90
.08

agne [ 1] (1] L3 ce X
() /L0 o/L8
G/MP WP /WP MR G/WP MR OF FURL OF PUEL OF PVRL
L] [] [J 00
7 1.0¢ mn.n .06
8¢ 10,78
B
e
]
o9k
«9?
88
bl
]
sont ORAN/0P Wh
(3ol ORAR/GWP R
AR/9MP
GRAR/QNP NR
LOZONP uR




EMISSION CONCENTRATION AND RATE SUMMARY

TABLE R 1~
DATE' Ji=Ca-?2 TESY NO, 2
INGECTORS' SPRERICAL TIMING® 8TD.
wEIGR™ FALTOR SCHEDULE' GE LINE mAUL
»QUE  EnuINE rUWER FUuEL AIR ExMAUST
SPLEN FLOw FLO. FLOW
wEM he P LB/NIN LB/MIN LB/MIN
1 CHY u.n S0 18,82 15,82
4 2Hb w.” 1% 18.682 15.68
3 ey Lo .21 1v.0? 172,08
. w2 ELIAY .35 2l.%) 21.7%
s 515 b4,k .53 27,4 27.%97
* 2KS 0.0 .11 18.4¢ 15,80
? 58 b, ) Pl 32.36 33.1%
1 675 129.9 1.03 30, 2% 33,26
Q 75% 159, 5 1.2% .2.9%1 “.,1?
Il 835 195.2 1.%3 *r.e .02
il 285 0,0 .0® 15,49 15,9~
MODE  EXmAUST L1s co L] NOR2
SMUKE
PEWRCENT (L) PPM L] (4]
1 1.% 20k 71 e [
2 1.5 2ev .w 117 4
) 1.5 2% 11? 108 0
- 2.0 v32 11% .“9e 30
s 2.0 .ee 10 547 [ 4]
L] 1.5 192 N L k4 a3
? 2.0 852 137 [ 2] ] .
¢ 2.0 L3S 208 “ws [ ]
< 2.5 20 ‘ol 108 E 4]
10 ..5 w?2 11%? 1008 .3
11 1.0 41 10?7 100 »
TABDLE B-l6.
DATE' Li=0%=7@ TEST NO, 3
INJECTONS® SPHERICAL TInING® STD.
WEIGHT FACTOR SCMENULE® GE LINE MAUL
MONE  ENGINE POWER FUEL AlR EXHAUSY
SPEEV FLOW FLOW FLOW
apm BHP LA/ZRIN LA/MIN LB/NIN
1 20% 0.0 .10 18,927
¢ 208 2 ) 15.%?
3 EL4) 13, .20 17,70
. (Y 1Y 30,5 .38 1.5
S 51% 87,0 «$§ 27,0 %
L] 20 0.0 N1 aS,08
’ 11 ar,. .?? 52,29
L] [ 341 12,1 1,00 37.9%
. 5% 18,2 1.8 .
i 2% 1.2 1.58 LEPY )
11 295 0.0 W11 18,99
MODE  EXaUST 14 co NG NOR
SHMOXE
PERCENT (4] (4]
ares o= - PR aven
] 1.0 tL1) 4?
L4 1.§ %0 8
3 1.8 2% 106 i1}
. 2.0 32 9 [}
] 2.0 sas 10% 10
. 3§ 209 ”° [ 3]
? 2.2 $e 18?7 2]
4 2.2 .2 19¢ 2
. 2.8 n?2 e *"”
10 .5 (37 1 120 20
11 1.8 £11) (3] ]

Reproduced from
best available copy

FUEL BSFC TEMPERATURES DIGREED 4 AIRBOX  EXmTUSY
AlIR AIR AlR LEFT hlgnT PRESS, PRFY
RaTIC LB/%P nR INLET 80X EXHAUST  SXmaull IN,HG, 1% wG,
00w L] -0 o 1 évo 2ho 1.5 .2
.09 1,70% -0 10 119 230 23% 1.5 .2
.02 PAT4 -0 [ 19 120 270 280 2.9% o
010 .58 -0 0 120 00 30 3.5 .5
019 AN -0 €0 L0 83 .90 ‘.0 o ?
L,00? R =3 €2 .20 T ico 1.8 .2
02 485 -0 € Lec L3 2 c&0 ., S ot
027 ot -0 50 130 [311] 25 S, 1.2
029 L2 -0 [ {i] 130 7?8 %0 b.? 1.%
<032 8} -0 [ 1] 180 (111 “ws 8.} 1.8
+LOb R -0 (4] 12% 270 280 1.8 .2
NOX co? ner asmc 83C0 BINOX ne co NOX
FeY /L8 G/LB c/Le
LLL] PcTY GsnP MR G/mP MR G/MP WR  OF FUEL OF FUEL OF FUEL
108 lele 1% L] L] L] 7.18 .0 11,8
138 L.%s .030 e 8,07 19,39 $.68 L L] 11,30
21?7 2.21 .030 11.%% $.30 LY L] 12,.%%
(22 3.80 .030 11,08 5.4 3,1 20,08
e 3.\ .030 2.9 1.10 11,72 $.63 3.3% 23,64
108 1a1® «1%3 " ® L] v, 10 §.31 11,10
"s? [0 F ] +030 2.51 l1.2% 13,21 $.10 2.5 27,2
102% $.51 +030 2,08 1.03 13,38 5.8% 3,0 20,2
1078 .08 ,030 .63 3,99 12,08 .87 7.8 27.20
.29 el +280 2,26 .07 12,9 ‘.71 25,00
106 1,08 W1%3 L] L] L] 10.5¢ 7.81 1e.70
CYCLE COMPOSITE 8INC = 2.bi2 GRAN/GHP WR
c3co ® . GRAM/BNP NR
B8NO2 * j2.°T: CRAM/BAP MR
BIHC o BENOZ = 15,903 CRAN/BNP Wk
88FC = 525 LB/8HP NR
EMISSION CONCENTRATION AND RATE BSUMMARY
FUEL (1144 TCMPERATURES otoRrE .S r AIRSOX
AlR AIR AlR LEFT RIGHT PRESS,
RATIO  LB/HP M INLET 80X EXHAUST EXHAUST  IN,NC,
cacosss mcces ema scese @ Ssveess esees
-0 0 k0 %0 ane 1.8
-0 80 120 %0 280 1.8
-0 %0 120 %0 200 2.4
-0 L4 s 390 38 2.5
020 .43 -0 [ ] 128 $00 (11] .0
<006 L -0 (L] 108 e 24 ] 1.8 .
+02% 7R -0 0 128 (3% s .
+026 oth -0 L) 1% 00 $.0 l.1
+030 i -0 0 180 00 (T3} 1.8
033 85 -0 80 18¢C 5% e} 1.9
+00? L] -0 %0 128 80 as0 1.8 o2
nOX coe ner [ 114 08¢0 [ 101 L3 co
({3 /L8 8/.8
G/WP WR B/WP WA S/WP WR  OF FUEL OF FUEL

CYCLE CORPOSITE  OONC
sete

[ rdrd

O8MC o BONDR

serc




DATE' 1l=)Q=22
INJECTORS® SPHERICAL
WEIGHT FACTOR SCHEDULE'

TESY NO, »

AR LT I

sTo.
GE LINE MauL

S17. EMISSION CONCENTRATION AND RATE BUMMARY

MODE  ENGINE PO“ER FUEL AlR EXHAUST FUEL 88FC TENPERATURED DEGREES ¥ AIRBOX ExnaAuST
$PEID FLOW FLOW FLOwW AIR alR alR LEFT RIGHT PRESS, PRESS,
RPM CLL LB/MIN LB/MIN LB/MIN RATIO  LB/HP MR INLEY 80X  EXMAUST EXnAUST INGWG,  IN_NWG,
1 2n5 0.0 .00 is.7 15.00 .008 -0 % i10 208 Hne 1.0 .2
e 20% 8.7 oy 15.71 15,08 .00% A% -0 133 108 %0 200 1.0 .2
3 ELLS 1v.8 .20 17.9) 1741 .01l 813 -0 7 108 ) 00 2.% o
. LY D 32,8 .35 21,71 22,00 .0l .$5% -0 ” 110 378 200 3.5 .8
1 51§ 3.5 .83 28,23 20,7 018 .50% -0 22 112 “w? (Y13 .1 ?
. 28s 0.0 .08 i1s.71 165,80 .006 L} -0 [}] 110 ELT ] 00 l.e .2
? D LR .7 32,02 33,8¢ N3 2 -0 73 110 (11] (3% .. .
[ (313 1320 1.00 39,88 02e 111 -0 22 123 200 730 5.5 1.1
Ll 1111 1e3.6 1.20 *3.%3 .., 21 .02% Iy -0 7S 12 78 (11 (N 1.8
i LR 191,°? 1.88 9,23 .., 78 .032 AT H -0 12 ] 198 (11} “we (1%} 1.0
11 2es 0.0 .11 e, %0 15.00 .00? (] -0 % 128 EL 350 1.6 o2
MODE  Exissusy NC co NO NO2 NOX coz wev (1104 [ 1144 BINOX L13 co NOX
SMOKE ¥CcT G Lo c/Le /Lo
PERCENT PPH Ly} PPN PPN L4 L] rcY G/HP MR G/HP uR  C/WP HR  OF FUEL OF FUEL OF FueL
1 1.2 1e0 11 14 1% L3 1.0% 143 L] L] L] b, 02 A 344 2,68
2 1.8 192 .? 1%3 2 188 1.08 «930 .6l 2.0 13,22 . % 2.% 14,06
k] 1.9 e 0 [I8) 29 3 2,31 .020 828 2,21 12,88 $. . 18,43
. 1.5 (1Y) L13 0 7 os 3.3 .0% 1,41 .7 10,96 .16 1.0 18,60
L] 1.8 9 . $80 E1 §0) .07 «030 .. 58 [V 2 $.2¢ 1,09 .87
. 1.0 1%2 2 [T 10 L1 1.0% «1%3 L] [} [} 7,18 1.7 11,08
? 2.0 (38 (1) 0 12 % 6,20 020 2,02 oo il.00 5,88 .02 8,21
] 2.0 5. 137 "2 .0 (323 $.861 .030 2.89 1.0? 12.56 $.00 2.3 22,62
. 2.2 (31 322 ‘.2 .0 1Y £ P $.9? +030 2.9 2.3 12.1? S.20 "9 25,9¢
10 3.5 (3 1] aus (L1 3¢ 1028 .52 200 2.9 .27 11.68 .0 12,93 .07
1 1.5 200 2% (1] 6 (L) r.00 193 L] L] L] 6.7 1.8% e
CYCLF COMPOSBITE SIMC s 2,670 GRAM/BHP nit
(119] s $,2850 CRAM/BMP NR
SONOZ B 12,157  GRAN/BNP WR
[ LT TR 02 = 19,006 CRAM/OMP MR
83FC = 312 LO/BNP uR
TABLE B-18. ENISSION CONCENTRATION AND RATE SUMMARY
DATE' 1i=10~72 TESY %O, §
INJECTORS® SPHERICAL TINING' 8TD.
WEIGNT FACTOR SCHEDULE® GE LINE NAUL
HODE  ENGINE POVWER FUEL AlR EXMAUST rueL TENPERATURES otentes 1 4 CanaveT
SPEED FLOW FLON FLOw ALR n AIR LEFT RienT PRESS.,
L1 ane LB/NIN [N T} L] Lo/nIN RaTIO INLET [ [} EXMAUST  EXmausT IN,n6,
cane = ccean [ “sses  see sencaes cccccce [
i 9.0 A2 "0 108 a1 2
e .2 o1 ” 108 (1] o2
| 1€.9 .19 e 108 (34 "
M 33,3 s 1) L 18 o
s [ 3 19 1 511 L 116 .?
13 0.0 11 " 11 ok
? s, ¢ o7 [ 18 o
[ (341 2%, 1,01 r” 120 1.2
. 5% 81,0 1.87 e in 1,8
10 s 17,8 1.8? N 19 1.8
1 208 0.0 10 «00? [ ] i X
HODE  ExwausT ne co L] no2 wox (1 2] (10 1] " co nx
SMORE /L0 /40 /A8
PERCENY (L] ron on [, G/HP WR /P MR OF FUEL OF PUEL OF FUEL
ccer suecems e cone conn PO -
' 1.0 1% (3] 1% W@ [ 2.7
2 L2 200 .? [ 1] Y | ] .10 2.98
3 1.2 e . " 197 1.00
. 1.% L L1 »” [ 14 »nS o2
s 1.% e 0 [ ] Sob 20
[] 1.0 142 1 " " ®
? 1.8 e [1] 1] " b
14 1.8 %00 9 2 9% 1S od
L] 2.0 [ 3] ase [ 1] 103 Lo
i0 2.8 %0 107 b7 4 107 [ ) <200 .19
11 1.9 200 e L 2.40 T L] L]
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CYCLE conPOSITE

[ 3%




EMISSION CONCENTRATION AND RATE SuMmMARY

BIFC

LB/HP HR

nev
FCY

CYCLE COmMPOSITE

SONC ¢

TEMPERATURED
AlR alm
INLET L1
0 ue
?0 12
” n2
143 13s
% 120
" ne
74 120
123 130
" 138
(1] 150
(1] 130
BSNC 85C0

G/uP MR /mP wnR

CEGREES 14
LEFT RIGMT
EXMAUST  EXMAUSY
20§ 218
230 280
272 e%0
378 108
40 (11
270 278
.0 (331
(919 730
770 (11
(1] (11
%0 00

BANOX ne
6/ 8

1.7

1
2
3
.
i
.
s
1)
]
1

R EEEEEREE

Twenwreroer

co
c/L8

EXMAUST
PRESS,
In ne,

-

P R A Y

NOX
/LD

/.
G/WP WR OF FUEL OF FUEL OF FUEL

L} L]
., 05 ., 8
., 850 2.7%
3,88 1.%0
3.11 .
R L]
2.% .82
3,03 1.07
2.9? .23
2,81 .22
L} L}
[ 1 114 " .93
[11)] 2 s.061
88N02 = 12,09
ssNO2 = 15.2M1
BRFC = <818

TABLE B-20, ENIBSION CONCENTRATION AND RATE SUMMARY

TABLE B- 1%,
DATE' 11=i0=72 TEST WO, &
INJECTORS' SPREPICAL TIMING' 8TD.
WE1G=T FaCTUM SLHEDULE ' GE LINE WAUL
MODE  ENGINE POmER FUEL AIR EXMAUST
3SPEEC FLOW FLUN FiOw
wpu BrP LB/™It LasMIN LB/MIN
1 2Rs c.0 .10 15.50 15.08
3 28% 7.0 W13 15.61 15.7%
3 ERLS 1.0 .20 17.81 17.81
. wee 37,5 .35 22.0? 22.%2
s s1% 7,0 .S 28.01 20,58
. 285 0.0 .00 15.5% 15.6%
? 1.1} a9, .72 32.00 33,058
[] b7% 133,% 1. 00 30,90 3%, 08
a 753 1e3.8 1.2? $3. 00 .75
10 83% 197,58 1,87 e, 29 1,0
1 285 0.0 .10 15,58 15,60
MODE  FXRAUST L19 co NO NO2
aMOKE
FERCENT PPM L] L L] [44]
1 1.2 17 1] 7 I}
2 1.5 232 [ 2] \32 (2]
3 1.5 EIY [ 13 20% 30
. 1.$ 1313 I 381 11
s 1.8 852 [} 572 114
. 1.0 248 (1) il 18
’ 2.0 (113 .2 708 2
L] 2.0 el 137 a8 3N
. 2.2 ae 310 %70 E))
10 3.5 52 1223 1027 b
11 1.8 a7 " L3 .
DetEY Lh=l0e 7P TESY w0, ?
TAJELTARS" SPHERICAL TIMING' 8TD.
S4GMT | LCTCR SCHEDUL™ ' GE LINE WaUL
MODE ENGINE FCuER FUEL AR cKMAUST
SPEED FLOW FLOwW FLON
L] HHP LO/nIN LB/NIN LP/nIN
1 20 10 18.01 18.%
2 85 LA .18 15.50 15.72
3 e 1.0 Y] 17.%? 17,7
. T 13 “u,0 .3 21.00 202.1%
s §1§ s, S 53 20,2
[} 88 0.0 0%
? (1 1) 100.% .7
L] (341 135.1 1.01
L] 78§ 167.? 1.2? 3.7
10 9s 19,8 1,.8? 8.1
1 208 0.0 .10 18,859
nODE EXFAUST ne co N0 NO2
NCRE
PERCENT [ L]
esas oo ssee eves
1y 1.9 1?
e 1.8 (1)
b .0 »
" Zab n
1] s [ 34
. 1.% n
? s "
[ ] 2.8 ”
e 2.t 2
10 .0 114
11 2.0

Reproduced from
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FUEL
AlR
RATIO

008
.00¢
011
018

[ 1144
LB/uP MR

[
L]
.97
728
S2e
1l

L}
<t63

[l
[44)

]

15.0)
11.23
10.7%
10.9%
L]

1.9
12,02
11.%
1.6

" .00

GRAN/OHP WR
CRAN, AP MR
CRAN/BNP WR
CRAM/BNE MR
LO/BHP WR

.21

11,72
13,23
19,87

TENPERATURES peenees  f
IR ALR LEFY RIGHT
INET a0 CRMAUST  EXNAUST
ccccn sccsces - sesees
”
"%
”*
”
”
”%
%
”
”
L]
”
[ 4 29cCe [ 2] L] co L
/A8 s/L8 /A8
G/NP WA G/NP MR S/WP WR OF PUEL oF FUEL OF FPUSL
®
De03
2.%¢

1
[ 8.7
L]

LO/0NP R



NATE'
INJECTCRS
mEIGHT FACTOR SCMEDULE®

li=20=72

TESTY NO, )

NEEDLE

TIWMING®
GE LINE ®auL

TaBLE B-21.

st0,

MODE  ENGINE POWER FUEL AlR EXnAUST
SPEED FLOW FLOW FLOW
wpm 8uP La/MIN LB/MIN LB/mIN

i 1LY 0.9 .00 15,83 18,72

H 285 .5 .2 15,66

] 3w 1e,1 .20 12,10

. “ae 39,2 .35 21,1

L1 518 [T N1 27,0

. 28s 0.0 .09 19,80

» suv 47,0 .75 32.¢5

[ oy 129, 1,00 37.%1

e 7858 iey,0 l.20 93,34
10 939 198 % 1.9 .?,.138
1 208 0.0 .08 1v,02

0Nt ExmMAUST He co NO NOD2
SHOKE
PERCENT PPN PPN (L) Pw

1 .5 128 [} ) 126 S

2 1.5 129 L1 192 3

3 1.5 1%e 108 19 15

L3 2.0 e "0 k1Y .

s 1.5 is0 L1 13 .

. 1.0 128 s 100 e

’ 1.5 180 11% (11} ie

® 1.5 200 1303 (I3 2

] 2.5 272 w0 f 113 13
10 .s 2%0 2013 (1% 1)
11 .5 152 1) us 13

TABLE B8-22.
DATE' Lle=20-72 TESY NO, 2
INJECTORS® NEEOLE TINING® $TD,
WEIGNT FACTOR STHEDUL”' GE LINE MAUL

#n0L  EnNGINE PONER FUEL ALR EXNAUST
IPEED FLOW FLOW FLOW
(L1 AnP L/nIN Le/nIn LO/NIN

[ —— conne

) 20§ 0.0 .00 1%,%6 15,64

4 0% [ %4 a2 18,89 15.7

3 e 10,0 «20 16,98 17,40

. e [T 3% 21,29

$ $1% .1 8% 27,40

. 9% 0.0 .08 i8.63

? 11 13 02,1 %) n.11

[] 78 193,% 1.0 7,

L] 75§ 168,7 1,27 w8
in 98 PLLDS | 1.86 ‘%.9%
1} (121 0.0 -0 18,8

HODE EXMALSY nC co
SnoRE
PENCENT [ L]

ecee o -eesse cane

i 3] 120

] 1.0 e

? 1.0 120

hd 1.0 1%

1.0 180

L] 1.0 120

? 1.0 A0¢

L 1.8 0

b 2.4 2%

10 $.8 t (1)
11 1.0 1%

Reproduced from
best available copy

EMISSION CONCErTRATION AND RATE BSUMMARY

FUFL S8FC TEMPERATURES OEGREES f AIRBOX Exmaust
LR AR LEFT RIGHY PRESS, PRESS,
RaTlO LB/nP HR 80X EXHAUST  EXHAUSY In, H6 IN, MG,
.006 -0 108 210 1.7 s |
.008 -0 100 270 1.? .2
+012 -0 110 320 2.6 o
.017? -0 115 “0s 3,.% .5
.020 -0 120 s2% LY .?
.00% -0 118 1s 1.0 .3
.02¢ I -0 112 (Y1} LY .9
J02? %85 -0 130 2% $.¢ 1.1
+031 ] -0 1%0 e2s .,? 1.8
03¢ %0 =0 182 a92s 1000 8.2 1.0
.006 R -n 130 328 o 1,0 3
NOX co2 1134 [ 1114 8sco BSNOX HC <o NOX
(49} G/Le G/L8 G/L
PPN PCY G/HP WR  G/nP MR G/mP MR  OF FUEL OF FUEL OF FUEL
131 1.19 «1%3 L] 1] [ ] L L) .13 15, %
150 1.08 .030 ., 0% S, % FUYS 1 3,08 [ Y 14,0%
212 2.%7 030 2,02 2,98 ,rs 2,71 3,98
E139 3.8y «+020 1,03 1.9 .. 50 1.9 2.%0
S22 ‘.19 .030 2 1.00 . 1.78 2.0%
128 le1% 932 L] L} ] +, 83 .40
nil $.07 .0%0 71 1.0: 10,20 1,82 2.1?
09? $.0) +030 84 .13 1,73 .. 80
es? b 29 .00 .93 ., 20 2.02 11,30
[ 11 .. 70 200 .79 12.0) 1.6 26,856
12 1.0 «1%) L] L] $.7% ..
CYCLE COWMPOBITE [ 1104 s GRAN/BNP ui
8o L CRAN/BHP MR
[TLTT I ] GRAK/BNMP NR
9InC o 02 = CRAN/3NP nHR
08FC = LO/8HP nR
ENISSION CONCENTRATION AND RATE SUNNARY
FUEL ssrc TENPERATURES DEGREES ¢ ALRSOX  EXNAUSY
AR ALR AlR LErFY RIGNY
RATIO  LB/NWP MR INLET  BOX  EXMAVST  EXNAVSY
convescs o esses ese esecsses ceccese
L i ws
1,0} 110 202
+55b 120
ety
1]t
L]
o908
J*8
«*58
.92
]

1 nx
/L8 /L8
oF PUEL OF FUEL

[ L4 [ L 2 ] [ L 2] ne
/4.8
/NP HR Q/NP MR G/WP MR OF PVIL

CYCLE CONPORITE  DOnC
0Ce

| e
S0 o G0N
oFc o

B-12



DATE*

11=21=72
INJECTORS'
wEIGWT FACTOR SIMEDULE®

TESY
NEEDLE

0, ¢
TIMING'
GE LINE mWAUL

TASLE B-23

870,

EMISSION CONCENTRATION AND RATE SUMmARY

MONE  FNGINE POWEK FUEL AlR EXHAUST FUEL B89FC TEMPERATURES DEGREES 4 AJRBOX ExwmauST
SPLED FLOwW FLOw FLOwW AlR AIR AlR LEFT RIGHT PRESS, PRESS,
“em 8mP LB/MIN LB/MIN LB/MIN RATIO  LB/WP MR INLET  BOX  EXMAUST EXWAUST  IN. MG, IN WG,
1 285 c.0 .08 15.5% 15,4% .008 ] -6 0 110 218 210 1.8 .2
2 205 [0 .12 15.58 15.60 .uoe .00 -0 %0 110 270 220 1.6 .3
3 3w 18,0 By 1,90 17,09 L0114 N -0 (] 110 330 270 2.5 R
. wou 2.2 .35 21.5? .31 R -0 (1] 118 20 00 3.% .5
s 51% 2,8 R 27.3¢ .020 .48 -0 (1] 120 530 $10 .0 .?
® 295 v.n N1 15,68 .008% ] -0 "% 118 278 260 1.5 3
’ (1 1) 102.% .2 32,3 02 .*S0 -0 80 121 oS0 31 (IR ..
8 ®75 133, 1.01 ELI Y .02? .Sh -0 4] 130 3% 50 $.§ 1.2
) 759 1bv. b 1.2¢ "3 e .030 82 -0 0 13 8&0 L 1Y) .? 1.5
10 [ED) 195, 1.57 LN 1) .03 .81 -0 (1} 150 400 s 0.2 1.0
1 285 0.0 .00 15,71 .00k ] -0 (1] 13% 360 30 1.0 o3
MODE  EXmAUST nC co NO NO2 NOX co2 (3 (X L4 89C0 B3NOX NC co NOX
SMOKE FCY G/L8 G/L0 G/Le
PERCENT PPM PPN (1L PPN [ L] T G/MP WR  G/WP MR G/MP MR OF FUEL OF FUEL OF FUEL
1 .? 1% E13 108 23 128 1.0% o143 (] L} ] Y] 3.0% 19,00
H 1.5 152 3% 1% [1) 187? 1.7% .030 3,7% 1.7% 13,52 ., 28 1.9 18,2¢
2 1.5 160 .7 148 23 220 2.9? .030 2,01 1.1? 3,17 1.88 19,20
. 2.3 1%2 t 3] L 13 ] 1% 307 3.68 030 1.20 .31 2,60 Y 17,47
s 2.0 L{1] 38 $23 23 (113 LIS .030 1.1 .3? 2.9 .27
[} 1.0 ie8 2 112 1? 129 1.00 143 L} L] .25 2.0%
? 1.5 20v $? 73 13 7 S,.¢ .030 .e? .7 1.%2 1.08
] 2.3 25 220 (13 1 (247 $.7¢ .030 .8 L. 2.1% 3.0
. 3.0 éne 738 (11} 1% [ L4 [P9% ] .030 o4 $.0? .19 11,20
10 .3 20 103 87 13 ({1 ] [T 3% 200 1.03 11.03 2.1¢ 2,18
1 1.0 152 .2 118 I 12 1.00 L} L] R S.0e 3,03
CYCLE COMPOSITE 9"¢C 8 1,235  GRAW/BHP MR
Isto . 8,572 CRAN/BNP R
88402 = 10,07% CRAN/OHP MR
onC ¢ BSNO2 B 11,011 GRAN/BNP WR
OSFC » 509 Le/8nP MR
TABLE B-24. EnISS10N CONCENTRATION ANO RATE SUNNMARY
DAYE® 1l=21-72 TEST NU, §
INJECTORS' NEEOLE TINING' 87D,
WEIGHT FACTUR SCHEOULE® GE LINE WAUL
MODE ENGINE PONER FUEL AlR EXHAUST FUEL [ 1144 TEWPERATLRES DEGREES ¢ AJRBOX EXNAUSY
SPLED FLOW FLOW FLOw AR AR AlR LEFY RIGnY o RESS,
[LZ] (L1 Le/nin LB/NIN Le/NIN RATIO  LB/MP MR INLET 80X EXNAUST EXMAUST N
[ eaves eovesace cocesss ssene Ses eccwess -
1 +09 18.60 15.7% +006 " -8 ki 11s
e .13 15.66 18,00 +ons -0 -0 % 118 od
3 18 17.01 17.20 «231 08§ -0 "% 118 5.
. . 1] 21,08 21.%) .01% il -0 ” 180 .5
H 1) 7.3 2.9 020 .97 -0 ked 120 «?
& 0% 18,00 <000 L] -0 ” e 1
? [ 31,56 088 K1Y -0 " 128 o
L4 37,9¢ J*8) -0 ”» 1% 1.2
. 2,10 -0 %0 1% 1.8
10 199 %, 81 8 -8 [ 180 1.0
11 0.0 0% 15,88 +008 L] -8 L 1] 198 -2
HODE EXMAUSTY .4 4] N0 asnt [ 4] 08n0X L] co X
Smnout e/L8 e/L8 o/L8
PERCENT ”Pn G/WP R Q/NP MR G/WP WR  OF FUEL OF FURL or rusL
asne scusame cnse -
1 .S 120
] 1.8 1% 1]
] 2.0 13
. 2,0 182
2.0 109
[] 1.0 120
? 1e? 200
[ ] 1.9 %0
L] 2.0 290
6 ..0 ne
1 .? 100




TABLE B-25 EMISSION CONCENTRATION AND RATE BUMMARY

DAL Lle@le?2 TEST NO, &
INJECTURS' NEEDLE TIMING' 87O,
wEJG=" FACTUR SCWFDULE' GE LINE maul

MONE  ENGINE POwER FUEL AfR EXnaust FUEL (1144 TENPERATURES ODECREES 4 AIRBOX  ExmaUSTY
SPEED FLOW FLOm FLOW AIR ALR AIR LEFT RIGHTY PRESS, PRESS,
P (Ll LB/MIN L8/MIN L8/MIN RATIO  LB/WP MR INLET 80x EXMAUST  EXnHAUST Inu6, In

1 e9s 0.0 0% 15.8) 15,72 .00% ] -0 [ 1] 120 231 228 1.6
2 285 8.3 .13 16,60 15,78 .00 LYY -0 0 120 208 (311 1.6
3 Iee 18,0 .20 O L] 17,19 012 N1 -0 75 120 330 F32] 2.8
. wes %3.3 .38 21.03 21.30 .017 .20 -0 7 12 .10 %0 3.8
3 51% (L .55 27.02 27,87 .020 e85 -0 70 128 $3$ $18 LI}
® 25 u.0 .0° 15,60 15.7% .08 R -0 % 120 250 £ 311 1.6
b4 LLE 101,¢ oM 31.5% 32.33 ,028 L9859 -0 (L] 120 (113 (31} LY
] 8% 132.% 1.0l M,.2 30,20 .02? .50 -0 e0 f$ 14 %0 %0 5.8
Q 755 185.9 1.29 *1.82 2,00 L0312 o2 -0 " i%0 0°2s 00 ..?
in 035 199} 1,57 %, 18 $?2,9 03¢ e -0 [ 34 158 a3s 1020 [ %]
11 285 0.0 .0 15,50 15,00 .000 R -0 (1 [ 1 117 3§ 1.0
0Dt EXMAUST "e co ~NO NO2 NOX co2 wer [T1]4 (114 BINOX L4 co NOX
SMOKE FCY /L0 C/L8 /L8
PRRCENT rem (L] (L] [ L] L] rcY G/HP WR  G/HP WR G/HP MR OF FUEL OF FUEL OF FUEL
ceen -eeeves cona cons cone avan eeon ceve sasse
i 1.0 112 " e 1? 12¢ 1.0% «1¢3 (] ] %, 30 S, 98 18,26
H 1.5 112 7 1%% 20 186 1.66 .030 2.02 3,88 2. 18,18
3 1.9 120 [ 0 1134 2.3 «030 1 .06 2,42 13,0
. 2.0 136 20 5 8 3.50 .030 «? 1.0 16,0%
s 2.0 1.0 [1] s se0 % 1 .020 .0 1.88 19,80
. 1.0 152 .? 20 126 1.09 .13 L} 5.08 15,9
? 1.5 1e8 [T s e [ L) +030 .? 1.5¢ 22,30
L] 2.0 2n 2%0 0 (11 .030 1.02 . 7.0
° 3.0 20¢ LIY] o 13 31 .030 $.70 21,08
1 .5 2% 218 1) (11} 200 1.4 L.
1 1.0 17 (1] . 130 1.0% o143 " 18,7
CYCLE COMPOSITE  S8MC 3 1.11%  GRAW/BWP W
05C0 5 L1.16)1  GRAN/BHP wM
BONOE B 4,010 GRAN/BNP WR
BENC ¢+ BSNOZ ® 10,930  GRAN/DNP Wi
eFC s 50?7 LB/BNP nu
TABLE B-26. EMISSION CONCENTRATION AND RATE SUMMARY
DATE' 2227+7) TEST NO, 2
INJECTORS® (Ow=84aC TINING' 87D,
SEILNT FACTOR SCHMEDULE' GE LINE MaUL
“ODE  ENGINE sonER FUEL (3] EXHAUST  Ope 08FC  EXNH, GaAB TENPERATURES DECREES AIRSOX  ENwAUST
SPEED FLOw FLOW FLOM FUEL RECINC, AIR Alm LEFY RIGMY 88, ORces.
L] Lo/MIN La/ugn Le/nIN RATIO® LO/HP MR PERCENTee INLEYT 80X  EXWAUST EXWAUST TN, MG, TN, NG,
cons . s vees oeesece- secemms ssese cee  cescses <ecaves asesa  ssamee
1 -0? 16,08 18,80 se,419 [] -0 1] 102 w02 200 1.9 o3
? LY L) 29,038 500 " (1) %0 e 3
3 3 .20 10,008 528 ” 208 Y
M bl 3. 12,497 <483 7 (31 .
s SIS 88 e, 280 <78 L) (1] K
[ e «0? " e 300 o
’ S 7 ” (3] | T34
L [ 311 1) ” "o 1.9
. a1 1.0 ” 00 1.7
i ”s [ 1Y 72 [ 1Y) 2.1
t L4 .00 ” (1) o2
COPERCENT OF ALIR FLOW NASS
nODE  EwnausY e co nO NO? o2 [ 19 88co [ 2} L3 co NOK
SHOXE /L8 s /0
PERCENTY (4] [ 0] (<3 /NP HR G/VP MR G/ WR OF FPUEL OF FUEL OF FUEL
ee ¢ esveses PO
1 1.0 10 [] [] [
2 1e o8 .08
3 [0 N3 1.%0
. 1.8 L) K1) "
s 3.0 1% Y] K1)
3 1.0 18 [ J
? 2.0 . K1Y ”
. 2.8 L 1}
. 2.9 (13
10 ..$ (Y
11 1.0 } ] ]

CYCLE CONPOSITE BONC &
s8Ce o

ooNge o

OoNC ¢ B0 =

e o

814



TABLE B-27. EMISSION CONCENTRATION AND RATE SummaRy

DATE' 2=27-2] TESY NO, 2
INJECTORS' LOW=384C TImING' STD,
WEIGWY FACTOR SCHEOULE' GF LINE WAUL

MODE  ENGINE POWER FUEL ALR EXWaUST  O2- a8FC  EXnW, Gas TEMPERATURES DECREES F AlRSOX EXWAUST
SPLED FLOw FLOW rLOW FUEL RECIRC, (3L AlR LEFY RIGHY PRESS. PRESS,
(1D anp LB/"IN LB/MIN LB/UIN RATIO® LB/MP HR PERCENTss INLE(  BOX  EXWAUBT EXHAUSY  IN.NG. TN WC,
i ans 0.0 L 16,02 1e.98 $4,311 ] -0 70 12 204 1.9 .3
H 20% 15,0 L 16,82 1h.8s 25,040 L8560 -0 20 110 262 2.0 .3
L) ey 25.1 .20 18,32 10,82 18,182 BRI -0 70 11 ns 2.0 .
N .2y w7 3 .13 19,0%) K37 -0 70 110 (31} LI ..
s 51§ a2 .5 ety 10,890 .29 -0 re 110 (313 .3 .9
[ 205 0.0 o0k 16,48 18,1 ] -0 0 1172 o 1. . ]
? L 107, 7 3¢.50 38.2? 2 -0 ” 120 [$ 1] 5.3 1.1
(] .S 139.§ 1.01 LY. 8 [} .1,38 K3} -0 n 128 200 .8 1.0
. 255 192, 1.2 5.2 “2.10 B3 1) -0 X 1% 72 .8 1.7
e [X3) 208.1 1.8% $9.19 81,72 1] -0 % 198 (Y] . 2.1
1 2ms c.0 .08 16,39 16,48 ® -0 ”* 130 .10 1.9 .2
e EXCESS OF IN EXWHAUST  «+PERCENT OF AR FLOw NASS
MODE  EXNAUST wC co ~O NG2 NOX coe o2 (1174 ssco B880X e co NOX
SMONE (% ] /L0 C/Le
PERCENT Pon . () (1) PCT  G/MP MR G/MP MR G/MP MR OF FUEL OF FUEL OF FUEL
emen wensess come eson eone case
1 1.0 (1) . 1% 12 » [} [} 2.7% $.43 31,40
? 1.0 (13 se 202 1* 1%, .02 1.7 19,92 1.% 3,00 3.9
2 1.0 1) se 1 L 1% 14,0 o2 1.1% 1,20 23,78
. 1.0 ” se (34 1e 17,4 o*8 2 1,0% 7,
s 2.0 (1 EH ” 1 17,9 o2 5 .47 31,2¢
. 1.0 (14 » 180 12 20,2 L} (] 3.4 39,38
’ 1.8 2 [ ey 20 18,8 %0 99 .43 .
[] 2.0 120 19? 100% " 1%.? o*? 1,07 1,00
. 2.0 140 e 1120 .2 14,9 «$1 3.0 1,18
10 2.0 160 FY Y 11%0 2 13,8 Nl 7.9% 1.2
11 1.0 " ”" 184 s 20.} L} L} [ 0,06
CYCLE COMPOSITE BENC & 417  SRAN/BNP MR
80CO0 = b 26 CRAN/DMP MR
BINOR B 13,87¢  GRAN/PNP MR
BOHC ¢ BONOR 10,101  SRAN/BWP wR
[ 1144 . 1) LO, ONe
E p.28. ENISIION CONCENTRACION AND RATE SUMMARY
WEIGMT FACTOR SCHEDULE' GE LINE wAUL
DATE® 22872 TESY NO.D
INSECTORD® LOW=BAC TINING® 870,
"ONEL  ENGINE PONER rus), ale EXNAUAY  Oe 88FC  EXN, GAD TENPERATURES DEGALES ¢ AINSOX
SPEED FLOw FLOW FLOV FuelL RECINC, AlR AR LEFT (3
LLd] LB/nIn Le/nIN Le/nIN ATIOe LO/NP WA PERCENTes INLEY 80X  EXNAUST EX
sees cssses ceces eceescats csscess asees Ses  Ssaceae
) 208 » -0 ” s M’
] a0 838 " 119 e
] f11) 488 ” 100 ne
. .pe 48 7 e *N
[ sis 430 ” 119 (3]
. 208 " ” 110 [ 30l
? e S0 ” 119 (3]
L] 8 82} n e (3]
« %8 K1l ” 1. ”8
10 ”0s +*88 ” 102 (1]
1Y) ({13 L] R ] 118 ”»

o ENCESS OB IN EXMAUSY  ¢+PERCENT OF ALR FLON %ABS

HODE  CUWAUST  MC [ senc seco sonox: G cn nox
(0 /L0 s/L8
»on PET  G/NP N G/WP MR S/WP WR OF FLEL OF FURL OF FURL
oaee oees -oree
1 "0 " . " [ )
? 19,0 »? 1.0% 12,9 L.08
’ 10,0 o0 1.0 10,7 1.10
. 8 21,00 1,00
4 00 38N 100
. " " [N
’ St 1300 -0
[ ] 0 10.1% 1.00
. S.b0 .90 12,9 1.8
10 [ GWee 11,8 1.00
1 .8 " " s.00
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TABLE B-29
DATE' L2=0w=72 TEST ~NO. 2
INJECTOwS® ~EEDLE TINING® « DEG RETD
wb JGnT FACTSW SCHEDULE' ATSF SwmITCw
bt INE POWER FUEL AlR EXRALST
SPetn FLO - FLOw FLOW
wPm LK LB/MEN La/mIN LB/nIN
205 6.0 U8 15.%2
e85 13.1 L 15.48
Iee 2l.v .20 17.3?
.2 .s.? LY 1.y
L Y%} 3.4 5%
s vl .09
(118 10%, % )
»?s i37.2 i.04
78S le?.% l.2b
93 evi? 1.50
2ub u.0 .0
Exmausy “e ce NO nO2
SMORE
PENCENT PPM on (L) (1L
cemanen PP ccme csne eeen
1.2 (1] L1} [ ) 1s
2.0 " v? 114) 12
2.0 L1 L1} 131) 20
2.2 13e . 22 13
2.8 17 .l s .
1.8 el L) . 2l
3.0 22 148 e L]
3.5 e *31 1113 .
$.% e 10¢d [ ¥ 2] .
1n.0 120 (413} (3] 0
2.u 206 (1] @ (]
TABLE B-30.
DATE® 12-08=72 TEST NO, )
INJECTORS® NEEOLE TINING' & DEG RETD
wEIGHT FACTON SCHEDULE® ATOF BuITCw
ENGINE PORER FUtL AR CAnAUST
$PLFO FLOW FLOW FLOW
arn [ 114 LO/niN Le/nIN LO/MIN
cssmen cvece
208 9.0 08
ing
ET1Y
LX)
$1s
ass
sey
(347
%0
(2 1]
(113 «0?
EXHAUST .4 co
(10
oooe
”n
[} ]
[ 1]
”
(1)
n
10
ns
1018
el
[ 1]

EMISSION CONCENTHATION AND RATE Sumwaly

FUEL

AlIR

Ratl0
.00§
.00%
011
087
.020
.00%
.02
.02?
.030
0D
008§

~OX

(L]
102
139
170
29s
3

$0?
$e0
(12}
w70

%

88F(C

LB/NP nR
cmamcenn
L]
.627
S 12
Y
o3
]
43?7
3T
eee
NI
]

CYCLE COnPOBITE

ENISBION CONCENTRATION AND RATE SuMNMARY

FURL

AlR

Ratlo
cone

orc
LO/snp nit

TENPERATURES DEGREES ¥ AIRBOX Exwaust
aAln alR LEFT wiGmT PRESS, PwES .,
INLEY sox EXmAUST EXMaAUBT IN w6, In mG,
=0 (13 10% 220 0 1.,? .
-0 [ 1] 106 208 a0 1.7 .?
~0 .0 10? 330 271 ..
-0 0 108 v3e 00 .5
-0 k4] 118 $9% (1 2] .0
-0 111 292 Lxd'] o3
-0 i (1%} (17} 1.0
-0 130 (411 %6 1.2
-0 i%0 [ 121 [ 1} 1.8
-0 182 a@ws 1040 1.9
-0 13§ 330 30 o3
usy [ 1114 880 BINOX HC co NOX
(191 /L0 G/L8 /Ll
C/MP WMR  G/Mr MR G/MP WR UF FUEL OF FUEL OF Futi
287 L] & L] 3,08 ., 18 1%,.81
«100 1.%2 1.52 7.33 2.2 2,02 11,08
080 L.01 1.23 s 12 1.7 2,27 Ji.32
«0%0 «$? $.9% 1,20 .82 2,72
<020 7% b e 1.% A.78 19,30
+287 [} L] 7.8) $.31 1L % 34
+010 1.58 [ X%4 ] 2.08 .0l 15,43
010 .12 7.0 2.28 7.4
0.000 .. 02 7.02 .32 15.22
0.000 15.50 e, 72 .11 33,87
o29? ® n .8 7,06
(11,4 CRAN/BWP M
(14} SHAN/BNP Wi
GRANR/BNP it
sBnC o 02 GRAN/SMP nR
0SFC = LO/BNP nl
TENPERATUNES OEGNEES P CANAUST
Alm AlR LEFY "igny ut
IMET  BOX  EXMAUST ELEMAUST In w6,
sccasse escse ess cescesr Sceccas ety
-0 [ 1} 111 Mm 80 o3
-9 bl 11 208 a0 )
-9 " ie0 "0 o
-8 a Y ] eyl N3
-8 [ it N
-8 (3] 20 d
-9 (L4 i 1.0
-8 o an 1.8
-9 “ s 3.8
-9 “ 150 1.8
-9 “ (L2 2]
"t aenc 88C0 SN0 L3 ¢o R
(434 /.0 /L8 (4]
/NP NR G/NP MR S/WP WR OF FPUEL OF PUEL OF PURL
sesce
28?7 L] L] ‘R
+«100 1.80 2.7 7.78
%e 00
Solde
%
®
.00
1. %4
%0
.. %
"
GRAWBIP Wt
CRAR/0NP 0P
ORAR/ONP w8
CRM/ONP st
LO7ONP i
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oATE"

ENGINE

SPLED

LD}
28%
205
Ive
.2
S1s
28s
50
(X4
58
83
285

EXHAUST

SMOKE

PERCENT

1.%
2.5
2.0
2.0

-
NOBnENNN

OwwoeRo

DATE® 12-08-72
INJECTOPRS®

ENGIME
IPEED
/e
[
288
209
e
(1)
1
208
(1 1)
(341
%%
[ 31]
0

TENAUSY

TABLE B-31.

EMIISION CONCENTRATION AND RATE Symmam~

L2=0p=?2 TEST NO,
INJECTORS' NEEDLE TIMING' & DEG RETD
wEIGAT FACTOW SCHEQULE® ATSF SWITCw
POwE FUEL AlR EXHAUBT FUEL (1144 TEMPERATURES DEGREES ¥ AIRBOX EXmAyST
FLOW FLOw FLOw alIR alR LEFT RIGHT PRESS,
“nP LBsmIN LB/MIN Lb/mIN RATIO  LB/HP WR 80X  EXMAUST EXMAUBT  IN, WG,
0.0 .02 19,90 15.60 .00%§ [ -3 122 22 228 Lo
1%.0 L) 18,8 15.03 .00% .587 -0 120 308 282 1.?
23.1 .20 16.0% 17.0% .01¢ .50 -0 122 350 29 2.
“7. .35 20 21.21 017 .98C -0 130 (113 2 3.
73,.¢ W5 . 22,23 .020 N3] -0 130 (1Y) $v0 .2
0.0 .07 18.52 15,59 .00% [ -0 128 2%0 270 Leb
105.u 77 .23 31.%0 028 L430 -0 131 (11 s v.?
135.% 1.00 3n.b? 37.8? .02? I3 -0 130 2 7 S.b
189,55 1.26 *1.10 2.3 L0314 N1 -0 18 (1Y 00 ..?
200,7 1.56 +5.07 “o.83 .038 o8 -0 160 se 102¢ e.2
0.0 .0? 15,9% 15,50 .00% ] -0 isl mo 70 leb
s co N0 NO2 NOX coz net [T LT3 (114 [TL01] nC <o NOX
FCt /Ll 6/Le “/s
on (L] (L] PN (3 G/HP WA G/HP nR  G/MP MR UF FUEL OF FUEL OF Futl
a“ se 1 103 1.08 .28? (] ® v, 20 $.7¢ 16,42
na 2 1e 18¢ 2.08 .l00 2.ce T.00 2,88 12,82
112 20 1? 198 2.00 .080 1.3 (Y314 2.0? 12,99
120 (1) 1 a2 3,01 .0%0 (L 1.82 1¢,01
ise (1) ie ve) .28 020 .02 .09 1s.00
112 (3] 1e 102 1.08 287 ® s.e8 18,20
176 10% . se? S.le «010 .92 .02 17.0%
Lee (3% L) (314 S.bb <030 d.00 7.0 l.20 17,78
%6 1092 ) 0? s.2¢  0.000 7.10 7.02 [ 1]
232 238 . (L 1] .70 0.000 e, .02 ?
182 (1] 1 100 1.08 267 L} [ 7.78 e, 22
CYCLE COMPOSITE B8WC = CRAN/BHP WA
0 = CRAN/BNP nut
sInO2 s CRAN/ NP nk
SINC o BN02 = 14,589 CRAN/BNP nh
FC = _uel LB/ nR
TABLE B-32. ENISSION CONCENTHRATION AND NATE Bummary
TEST NO, )
NEEOLE TIMING' & DE; ADV
wEIGHT FACTON SCHEDULE® ATSF SwlV¥CNH
PORER FUEL Aln EXMAUSY  PUEL asFC TENPERATURES otentes ALNOOX  EXNAVST
fFLom fLOn FLOw agn Aln ALR LerT RIRNY [
oy [RYLTL] LO/NIN Le/nIN RATIO LB/mP R INLET 80K EXmAUST ExNAVET
caves coccnses esese wee sesccss
2,0 [ ] ” 108
7.? 1.0%0 ”» L1
15.8 + 786 ” 160
.0,.8 Y1 7 108
.2 K13} ” 100
0.0 L] ” 102
[ LY « 95 ” 410
1.0 BSad n 13t}
102,7 8, ” 186
2Wl.a oot ” 139
0.0 ] ” 1Y )
L co '8C0 [ 1] L1 €0 wx
/L0 (4] /L8
”n (0] /NP NR G/NP W OF PUEL OF FUBL OF FURL
even ecen
*% [ 2]
138 ”
na ”
158 "
1¥8 ] [ 1]
108 [ 1]
e [ 34
188 »e
200 1 od)
20 1960
[ 1] 12

817
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JATE!
IvJeCTORS "
mEiLMT FACTUW SCWEDULE!

i¢e=08«72

TESYT WO, 2

NEEOLE

TImING®
ATSF Sw]TCw

TaBLE B-33

s DEG ADvV

EMISSION CONCENTHATION AND RATE SyMMaRY

ENGINE POnER FukL Alm Exmausy FUEL BSF(C TEMPERATURES DEGHEED F AIRBOX  Exmaud?
wegn FLOw FLOm FLOm AlR AN AR LEFT LS04 PRESS. PuEss,
“PM Ll Le/MIN LA/mIN LB/MIN RATIO L8/mP mR INCET [ 11 EXmMAUST  EEMAUST IN MG,  In m,
285 c.n .08 15,68 16,23 .00§ R -8 2 111 25¢C €2s i.? P
285 16,72 13 15.68 15.78 .00% 700 -0 2 133" 28 23 1.7 -3
[AR} FO— .20 ie.99 17.1w 012 NN ~0 73 110 EIY] e .5 .
wes LI - 35 21.02 21.37 .017 +50) =0 e il “G? k1LY 3.b .9
S1% 22,8 o5 2e. 90 27.%2 .020 X -0 e 118 $3? 500 ‘.2 «?
24y 0.0 .08 15.93 15,62 .00 ] -0 71 110 280 2%0 1.7 .3
S50 1.3 o7 3.3 32.11 «02% <%0 -0 73 lo% *S0 (1A ..? N
.25 133} 1.00 3.1 3. 027 %51 -0 % 128 ™0 231 S.o 1.2
7%% 12l 1.2? Sl.bv v3.10 .030 .3 -0 e 132 81s [13] . 1.8
LELY PR LY 1.87 *5.71 L X4 «03% o2 -0 e 12 30 Al L] 8.2 1.8
28% veQ 10 1§.%1 15,81 ~0Ue R -0 L1 128 370 %0 1.7 X
ExnaAUSY 19 co NO NOR NOX co2 LI #3nC uSLo BINIX ne co wOX
SmMOnE FCT Gy /Ll /Ll
PERCENT PPm PPm L] PCcY G/MP MR G/nP MR G/r? Mt Ub FUEL OF FUEL OF Fupl
1.2 (1) s 180 1.04 257 R L L] Q.00 *.9 28.72
1oy [1¢) [ 3] (11} 1.0% a0 1.5 2.2¢% 0,1 2,00 3.00 v, 2%
l.s %0 0 kR 2] .53 «030 -5 1.02? 13.99 1,81 2.68 22.1%
l.% s 1] seo 3.e0 oLwL .5 .20 13.26 1.0? 1,88 2.3
ieh iie . L] 4,25 .020 513 o th 13.01 Aol 1.0% 30.7%
lau 2 .? 172 l.0% 287 R L] L] .92 3.9 26.2%
1.3 1ée . 1umyg $.0? .0k0 . 5% .30 1$.3% L.22 .0
1.5 %% 2y 120) 5.0 .010 .7 1.9¢ 15,60 L.ve v.el
2.0 214 0W? 1238 [ 2341 0.000 o $.72 13. 1.7 12,9
3.0 e%d 1022 1286 .07 0.000 .70 l1.%}) 13,0 1468 .17
leb w 7 13 3) 1.0% .25%7 L] ¢ f 3.00 .8
CYCLE COmPOBITE B3l . 2.3 CRAM/BHP M
L1 14.] = 3,712 CRAN/BNP nw
83N02 = 28,240 CRAM/BHE Wi
#94C ¢« B3N02 s 30.877 CRAN/BrP nn
8sFC = 1,07% L/BNP AR
TASLE B-34. EMISIION CONCENTNATION AND WATE JUMMARY
0ATE' L2=0%e72 TEST w0, 3
INJECTORS® NEEDLE TINING' » DEG ADYV
#E1uMT FACTON SCHEDULE' ATSF SwiTCH
ENGINE POWER FUEL (3L ExmaAUSY FUEL [ 1144 TENRPERATURES DEGREES r
SPEEL FLON fLOw FLOw AR ALR Alm alenT
Anp Le/nln LB/RIN LB/nlwn RATIO LB/nP ne LN 3] sox £xnaveY
csccne cnven e . - erces  sew cennces
ey Ve «08 16,82 «00% 144 1 208
288 ©We 13 18,5 <008 "% (9 9] [14)
Iy 17.% .20 16,07 «0AR i1 a2
(24 "?.. 38 f1.180 110
$1s [ 18] .50 & ie0
20 n.0 09 418
1) 102.1 7 122
(34 132.8 i.00 L2
i1 11 ies, 98 led0 i%0
98 197, d.86 i60
0 0.0 «00 10
(R LTIV 3 e co ~0 noR nOX coe (34 o9ng 88C0 A8N0X L3 <o L
uNOnE /L8 /L8 /L8
PENCENT G/WP MR G/NP WR G/WP MR UF FUEL OF FUEL OF FUSL
coccsas
1.0
1.0
.0
dev
1.0
1.0
1.2
4.0
o8
2.8
i
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TABLE B-35 EMISSTION CONCENTRATION AND RATE Sywmaky

DATE' 2-29=713 TEST NO, )
INJECTONS® LOw=Rag TIMING' & DIG RETD
®EJGHT FACTOR 8(- NULE' ATSF SwlTCH
ENGINE POwFQ FUEL AlR ExMausT 02~ [111q ExM, GAS TEMPERATURES DEGHEER F ExmausyY
$PEEN FLOw FiLOm FLOW FUEL RECIRC, ALR AR LEFT RIGuY
wPm 8mP LBsMI L8/™IN LB/™IN RATIOs (B/MHP HR PERCENTes INLET 80x ExmMIUSY  EuMausY
28¢ . <Nk 16,58 $7,01? L =0 0 100 21 208
208 15.k e 10,83 29,518 .54 -0 20 108 22 270
ELN P .20 18,01 10,.7%0 .50% -0 20 110 130 e
“2e "3 s L) 23,3 12.5% L8y -0 70 113 vep s
s1% 7.1 A1l . 30,09 1n,23§ %23 -0 ’2 118 111.] $1s
205 .0 .07 le.v} 18,92 Se, 95 [ -0 72 11} Ing 310
cae 10%,2 1 37,84 35,20 = 020 835 -0 ”? 110 (314 20
(319 130 ,» 1.01 0,18 1.1 (PR L3Y 0 -0 2 ies b3 L] 730
%% 171.e loik A TRA] 5.%85 g -0 70 13 48 ke 14
835 [7.L ) 1.5% sn.2m 5,078 Le50 -0 ” 140 [11] ")
ary G,.0 .ne [TY% 1] 18,98 (A 311 » -0 2 12 0 370
¢+ EXCESS 02 IN EXMAUST  +sPERCENT OF AIR FLOW WaSS
ExrauST (14 (4] ~O NO2 ~OX coe [:14 asnC 83co 9INOX "C co NOX
SMOXE /L (749 ] 6. LD
PERCENT »Pu Pom (L] (2] u rCT PLT  G/WP WR  G/WP MR /WP WA OF FUEL OF FUEL OF FUEL
Lon .. e t1e [ 156 1,00 an.n » ] . 2.8 [T ] 2,20
1.5 s? .7 18 19 0% 2.08 19,1 o7 1.0 1.9 2,80 172,02
2.0 3 I 222 2 2%e 2.5n 1.5 N 1.%% 1.21 1e,23
2.0 7 [ Ive 1% e 3.50 17,8 «%h .78 1.0% 17,01
2.0 LT3 +a 533 1e s$2 ., 00 18,7 .3 .71 1.0 e2.00
1.0 s e 100 1e 123 Al 20,1 » [} 2.7 1,%
1.8 (1] 118 (11 20 [ 1] " 18,7 .30 1.01 . 22,01
2.0 120 28 32 1% 7% 5.51 14,9 534 Je %0 .82 1.08 21.9%%
3.0 1en (Y} k13 1~ 98 [ 18,8 1] .00 e 1.3
$.5 174 ITY 1Y f LIY 1 sen (Y93 } 19,9 K1) 10,78 .9 1.2%
1.0 [ 1] (14 11 11 12% 9? .0 . L] " $.3
CYCLE COMPOSTTE 1-1Y7 GRAN/BHP uR
3 1e0 CRAM/BNP MR
11,923 CRAN/BMP WA
anc » 17,400 CRAN/DNP R
<iNe  LB/ONE Ma
TAGBLE B-36. ENISSION COMCENTRATION AND RATE Summany
DATE' 2-20-7) TEST NO, 2
INJECTORS' | OweSAC TInInG' & DEG RETD
wEICHT FACTAR SCMEDULE' ATSF SWITCH
ENG INE rOnER FUEL aln EXHAUST  Ope weFC  Exn, GAS TENrERATURES otentes ¢ AJRGOX EXNAUSY
FLOw FLOW PLOW PUEL RECIRC, (14 AlR EFT agent PRESS,
anp L8/uly (X T4 L) Le/%IN RoTI0¢ LB/WP MR PEACENTee INLET [ 13 TANAUSTY  EXMAUSTY N, e,
FRRm——. cenee veses  emcecons comewws wssws wee cecvess ssecses  semes
208 0.0 «06 1e.92 [ -0 » 100 208 200 1.¢
29§ 15, 1% 1611 : | 502 -0 e 100 [ {2 20
Ive 23, on 10,3 19,000 o812 -0 r 119 ns
(111 (1 5 13 2,20 12,100 %) -9 0 Ale .10
sis e 56 29.%0 N2 -0 » 118 [ 3
208 a.n N 16,90 [ -9 14 m
$8e 1060 o <422 -8 e 120
s 1904 1,00 . N3 -9 . vl
”»s 12,3 1.2% 5,00 e -9 ” 10
”s 00,5 1,86 e, 82 <80 -9 s 181
2% 0.0 -6 16,92 L] -9 r” 198
S+PERCENT OF AIR FLON %ASD
(2 LT ) 4 L9 cn ~0 [ 4 (1.1} 00uex ne co nx
Anung /L0 /L0 ()
PERCENT (4] C/MP UR C/NP NR G/WP MR OF PUEL OF PUEL OF PUEL
ccscsse [
1.0 [ 24 L]
1.8 . [ 15, ]
1.8 (3] .%
1.8 " .00
2.0 2 W
1.0 " ®
2.0 1% L0
2.8 e o0
.0 »ne (5 ]
$. 8 179y [ 18 ]
1.0 [ 1] L]
GRAN/NP R
SRAR/ONP WR
GRAN/DNP NR
ORAN/ONP Wt
LOZ70NP ui

B-19
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¢+ EXCESS 02 IN EXWAUSTY

TaulE B.37.
NPTEY 2=26=7) TESY wO. 3
1. JECTORS' {OweS4AC TIMING' & DEG RETD
wF1GHT FACTOR STHEOULE' ATSF SwlTCM
ENGINE SOmEN FUEL (3L EXmauUST
&PLET LN FLOW FLON
m anp LB/uIN LA/MIN L/
285 [T ]
(4.1} 16,83
Iee $1
.3 -7
(321 2.1 e 9,91 2%,8S
285 0.0 «0% le,3% 1b, 8§
ke 107.% 7 33.79 b LN 24
(%41 1398 1,00 IV, e 40,43
75§ 173,7 1 @8 % .33 5 80
LELY ne,2 1.%? “..11 S0.68
298 a,.n s 1s,30 [UY% 1
ExmausT nC co w0 NO2
SMOKE
PEWCENT (Ll (L1 (L] (L]
1.0 e 0 110 .
1.5 56 3 108 10
2.0 L1 [ 14 W 20
2.0 2 kdJ 32 18
2.0 an (1] Seo 18
1.0 (3 131 151 11
2.0 °® 13? 0% 1%
2.0 11 268 ” 1
3,0 13 (1] (1] {4
.0 10 2071 " ie
1.0 *0 [} ] 117 3
TasLE B-38.
CATE' L12-0a~72 TESY wO, 2
INJECTORS®' NEEDLE TINING' » DEC RETD
NEIGHT FACTON SCHEDULE® GC LINE MaUL
EnNGINE POmER FUEL [3 L] EXHAUST
BPLED FLOW FLOw FLON
LLL] L [ Lo/nln LO/nIn LO/nIn
cosoon comne
208 0.0 18.92
208 12.1 18,90
Jee 21,8 17.n
(T 1) 8,7 .37
$is 3.0 29,49
0% 0,0
L1 1 10¢,8
(341 137.2
%8 187,90
s 201,?
111 0,0
Eunavsy (.9 L]
snone
PERCENT N ”Pn
sesasee cnne s
18
19
0
1
L]
n
9
L]
]
[ ]
]

op-
FooL
#2770

el.10¢
25,424

S.03v
v, 725
b6, 510

NOX

119
198
%7
»?
$29
122
3
)
”e
(12
120

(1144 €xn, a8

LB/MP NR PERCENTee

L]
WS14
K2l
L8
vy

®

LAl
+%30
%33
JHe e

L]

TEMPERATURE -
RECIRC, 34} ALR
eLeY a0x
-0 70 113
-0 %0 e
-0 20 lle
-0 0 120
-0 70 121
-0 0 127
-0 70 12
-0 N 13t
-0 e 1%0
-0 22 18)
=0 % 13

cor
PCcY

2
1.9
.59
3,50
1.9

EMISSION CONCENTRATION AND RATE SyuMMamy

DEGREES
LEFT
EYmauUST €

220

2*0

330

.5

§89

300

(31}

230

eli0

o

o0

SePERCENT OF AIR FLOW ®.398

(114

({3 C/HP wR

20,1
19,0
18,
17,1
16,8
1%, 9
18.)
i%.$§
1s,0
13.2
19,4

CYCLE COmPOBITE 93
(34

8SnC o
(1]

]
.??
ol
° %8
.40

]
40
)
7
81

[ ]

nC
co
02

rC s

99C0

BENNY

14
RIGHY
AHaUSY

210
200
e
L2 4.]
si0
27§
LY L]
70
”sn
LR
kAR

e
c7L8

PRESY,
IN MG,
1.0
1.0
2.0
.,0
.
1.0
5.2
..
7.7

1.8

co
/L8

EXHAUST
PRESS,
IN uG,

NOX
G/L08

C/MF MR G/MP WA OF FUEL OF FUEL OF FUEL

02 = 10,210

IS4 14

F£NISBION CONCENTRATION AND RATE BUNNARY

FUEL
AlR
RaT30

0811

[ 144
LO/ne

sccscsce
[}

N34
12
< %60

coe
(43

1.98

.20

CRAN/BuP uit
SRAN/BUP NR
SRAN/ONP MR
CRAM/ON. nB
LB/8uP MR

EXKAUST

S48

19,62

TENPERATURES OEGREES F
AlR Alm \ 4
INLET  eOx
socaces oo
-8 108
-8 106
-0 107
-8 et
-9 118
-9 a1
-3 i
-9 (3
-0 1%
-9 152
-2 [ )
" [ 4 88C0 Ll ] L3
ey () /L8 /L0
G/NP NR G/0P NR G/WP WR OF FUEL OF FUSL OF FUEL
esane
ole8 L] .08
.02 2.86
1.1 1.00
8 .70
«0? 1.9
L] 7,88
) 2.00
"N 2.88
1.0% .08
«90 2.4
L] .00
8 1,108 ORAN/ONP Wt
® 12,907 ORAR/ONP 00
S 7,400 ORAN/ONP MR
S 0208 ORANWON
LI LO/Z70NP nR



TABLE B-39. EMISSION CONCENTRATION AND RATE SUMNMARY

DATE' 12=0&=72 TEST ~0, ?
INJECTORS' NEEDLE TIMING® » DEG REYD
WEIGHT FACTOR SCHEDULE' GE LINE MAUL

WODE  EnGINE POWER FUEL ATR EXHAL3T  FUEL (1144 TEMPERATURES DEGREES F ALRBOX EXWHAUST
SPEED FLOwW FLOW FLOW AIR AlR (3L} LEFY RIGWTY PRESS, PRENS,
RPM BHP LB/MIN L8/MIN LB/MIN RATIO  LB/NP MR INLET 80X  EYWAUST EXMAUSY  IN.WG, IN.WG,
1 2es u.0 .00 15.50 15.40 .00% (] -0 n 128 M F11) 1.b )
2 ens 12.% .12 15.5¢ 15.71 .00 .38 -0 70 119 208 2%0 1.7 .3
3 34w 22.0 .20 1s.0? 17.07 .012 .51 -0 74 120 350 2e8 2.6 ..
. wae 5,7 .35 20,00 21.28 .01? A -0 [ 1 128 LLTY e 3.0 .5
s 515 23,2 o8 26,70 2.3 020 Jues -0 [ 1] 126 560 %30 .. .0
® 298 0.0 .08 15,.8% 15.01 .00$ ] -0 [H] 120 113 2N 1.0 .3
? see 105.9 7 31.28 32.08 .02% 430 -0 [ 1] 130 o2 os? .. 1.0
] .?s 13,3 .0 .03 37,03 .02? %37 -0 [H] 1 750 %8 S.b 1.2
] 758 18,2 1.26 .21 2.9 .01 o7 -0 0 135 £113 K00 ..0 1.8
10 93§ 200.7 1.9? v§,07 h.bt .03§ 1Y} -0 " 158 (137 1020 0.3 1.9
1 288 u.n N2 15,.%% 15,50 .00% ® -0 a 191 320 360 1.6 o3

MODE ExmAUST HC co NC NO2 HOX co2 (13 83NC psco BINOX 14 co NOX

SHUKE fFCcY G/\8 G/i8 G/L8
PERCENT (L] (L) (1L PPN (L] (131 G/HP WR G/NP MR GsP NR OF FUEL OF FUEL OF FUEL
1 1.0 “w 71 [ 1] 16 1c8 1.08 LS ] L} ] [] *.13 s.11 14,04
2 1.8 ©“w [} ] 12e 10 1%% 1.08 .0308 1,89 2.71 7.7% 2.%9 L2381 12,21
3 2.0 10% ” 18 23 L0 2.58 .030 1.02 1.0 1,99 2.12 11,76
. 2.0 128 20 111 12 N2 3.7 030 .70 .08 1.69 L.03 13,50
s 2.9 1% [3) 23 . 2 .26 2030 .7 Y ) % 1.8% 1.82 15,89
. 1." 128 71 [ L] 16 100 31.08 «193 L] L] L] (Y% 1 ie.08
? 3.0 176 19% "o s (113 $.0? .030 .70 1.% 5,98 .36 i8N
n 3.0 200 3 18 [ 121 L] (113 $.8¢ .030 o7 208 7.7 .89 17,60
L} S.s 256 1012 . [ (343 (9% «030 .88 [N I 7.3 0,988 16,30
10 .5 90 till} (111 . [ L] ®.70 200 N L 1%.18 .2 .0 19,70
il 2.% 152 [} ] ine 1 103 1.08 o192 L] L] L] 8.%9 17,20
CYCLE COMPOSITE  BONC L <7 CRAN/BHP Wi
S8C0 % 12.589  GRAN/SHP MR
[] GRAN/BHP nit
. GRAM/BHP WA
. LE/BNP WR
TABLE B-40, ENISSION CONCENTRATION AND RATE BSUNNARY
DATE" 12=06=22 TESY MO, ¢
INJECTORS® NEEDLE TINING® ¢ DEG WETD
wEIGHT FACTOR SCHEDULE® GE LINE WAUL
MODE  ENGIME PONER FUlL AIR EXWAUST FUEL (1144 TENPERATURES DEOREES L 4 ALABOX  EXMAVST
SPEED FLOw FLOW FLOW AR AlR LEFT A4 PRESS. PRESS.
Lo/niIN LO/nIN Le/nIN LO/WP N IMET [ -1 CXHAUST EXNAUSY IN NG, TN NG,
Ldd dd -v oeee®e eoooeew cness - oy »e Shaee
) .0 18.99 15,50 L] -9 L 2 122 1% .3
? L] 18.0) 507 -89 [ 1Y 120 1.? s ]
3 17.0% «$10 -9 133 iy 1] 2.0 B
. an.2 «*50 -0 " 10 3.0 $
s 2.0 12 ] -9 [ L] 10 .2 .0
. 15.8¢ L -8 1 L] 1Y 1] 1.0 o}
? 1.9 -8 (4 i .,? 1.0
[J 17,67 -9 e 130 S.b 1.8
. L . -9 " 18 [ T34 1.8
10 . 3 -0 @ 1e0 0.2 1.¢
11 208 0.0 18.%0 -8 W“ i} Jeb 3 ]
nOOE EumALSY " (] [ ] [ ] L3 co NOX
/L8 e/L0 /L8
”wn (] : G/WP WA G/NP WR S/WP MR OF FUEL OF PUEL oF FUlL
RS-, P cnea
1 % 1 16,92
e 112 19 12,67
3 112 134 18,%¢
. 120 13 19,82
s 182 10 16,08
[ 18 Y}
? 1% L]
[ Le¢ [}
Q 86 L}
18 ane L]
1Y 152 1




TABLE B-41. EMISSION CONCENTRATIUN anD HATE SumMaRY

DATE! 12e05=79 TESY aD, L
INJFCTORS' NEEDLE TIING' + DEG ADvV
wEIGHT FA{TOR SCHEDULE' GE LINE WAUL

40PE  ENGINE POnER FUEL AIR ExmMaUST FUEL 88FC TEMPERATURES DEGREES F AlRBOX  EXHAUSY
$PLED FLOwW FLOW FLOw AIR AlR AIR LEFT RIGHT PRESS, PuESS,
Rom #mP LB/NIN LB/MIN LB/MIN RATIO LB/HP MR IMLET ['T:31 EXMAUST  ExmauST INGYS%. INgwe,
i 2R 0.0 .10 15,70 15.7¢ .00% R -0 0 10% 2%, 220 1.6 .2
H 2RS 2.7 .13 18.20 15.01 .008 1,080 -0 "% . 278 29 1.7 .3
1 ey 15.8 .20 1?2.00 17.2¢ .012 i1y -0 k41 100 320 200 2.1 .
. .2 v0.8 .36 21,39 21.7% 017 11 .0 7 108 .18 ELT] 3.2 ..
~ 51% 3.2 53] 2r.11) 27,05 020 542 -0 Lk 109 §$s0 was ., 2 .
® 285 0.0 .10 15.59 15.09 +00% L =0 0 to02 S 2% 1.7 o3
? SR A, .75 L TR TY 32,21 02 45w -0 7 110 s .05 v ? .8
8 (4 12,0 1.00 3r.30 38,30 022 311 -0 4! 118 715 210 $.7 1.2
Q 788 ie?,? 1.27 “i.92 3.1 +030 .53 -0 k4 126 s20 [ 111] .0 1.%
m Bas eo0l.l 1,55 \S.00 .7.3§ «03e¢ A1 -n 78 138 a°@2s 21 8.3 3.0
I¥Y cas c.0 29 18,92 15.52 «00% R -0 " 121 Is0 IS0 1.7 2
#0D~ b Am-UIT ]9 <o NGO NO2 ey (L1l 8sco 8880 He co NOX
S F FcrY 7.0 6/L0 /L8
PEFCINI PPM PPn (L] PPN C/nP MR G/HP HR  G/WP WR OF FUEL OF FUEL OF rukL
1 .0 % ? 197 10 «1%3 L] R R 3,8 3.%0 £ 1
2 + 0 e n 288 20 «030 3,09 3.8 5.3 2,9 J. 00 2%,.30
E] 1.0 112 70 1394 s 020 1.0 2,08 i2.%2 2.1 2.7 23,03
' lau 112 S0 s 18 030 70 .01 13,% l.ve 1.5 26,38
L} l.0 i2e (3] 3 30 .030 «b® )] iv.13 1.58% .
3 1.0 1o Lk ] 13 21 o1%3 L} L] L] $.% 28,10
? 1.5 e $? 1068 L1} +030 .0 A 1s.72 1.07 Ay T
L} 1.5 Ls2 on 123 29 030 50 2,29 18,66 $.0% 3,00
Q 1.5 200 [ 131 1288 0 <030 21 $.°0 1%, 30 12,87 31.58
in ?ed 22 1%0 1232 29 .200 «?C 12,49 12,02 26,29 27,87
1) 1.8 [ 1] 1 1% ] «1%) L] L L] .10 .77
CYCLE COmPORTITE (1[4 s .003 LRANZBHP HR
co s 10.2%2 CRAN/BMP HR
88N02 = e 2m0 CRAR/ZONP MR
BOHC ¢ B3N02 = 1v.98) CRAR/BNP R
88FC = «$00 LB/78NP nR
TABLE B-42. ENISSION CONCENTNATION AND RATE SunmaRy
DATE' 1Zm0Se?p VEEY NO, 2
InJECTORS' MEEOLE TININGt » DEG ADV
WEIGHAT FACTOR SCMEDULE® GE LINE MAUL
MODE  ENGINE PONER FueL AIR EXNAUST  FUEL [ 2144 TENPERATURES otenzes - AIRBOX ExmausY
SPEED FLOw FLON FLON 1 AlR (3] LEFTY ageny PRESS,
L{d] sne LB/MIN LB/nIN LB/nln LB/Ne ue TLET [ 2 1] EXNAUST  ExmausT N n6,
ccee ecceses [EpA. esecescs cocccce esecce  wes ecase
1 288 0.0 18,73 » -0 ” I984
? 208 10,7 15,79 o798 = n
3 Iee 14,0 17.10 1y -8 ”
] (31] “l.? n.» -2 ”
1 1§ Te.0 27,82 -9 ”
. s 0.0 18.02 -3 n
» (11 101,23 10.11 -9 ”
[ (341 133,13 30.11 -9 ” Seb
. k4 1 173,% *).10 -8 ”» ..?
10 n3s 189,) .27 -9 " [ 1% ]
n any 0.0 15.81 -9 to 1.7
nODE ExawAUST nO2 wy SONC 88CO SsN0X L3 co nox
Fcr /L8 /L0 /L0
rn G/WP 'R G/WP MR G/WP NR OF FUEL OF PUBL OF FuEL
~vom eees cocasa eccas =
1 20
2 (1] 1.
3 [ 4] .
. 0 N4
$ 18 8
. [ a4
? » 3
1} [ 1] «0?
. * «??
10 1¢ o8
1" [ ] L]

CYELE CONPOOITI  agnc
8sCe

[ ot
SOnt « BaNep
aarc
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TABLE B-43 EMISSION CONCENTRATION AND RATE SUMMARY
DATE' 12=nGe=72 TEST NG, 2
INJECTONS' NELOLE TIMING' v DEC ADV
nE GNT FACTUR SCHEDULE' GE LINE HAUL
ENGINE PORER FUEL AIR EXHAUST  FUEL F1 149 TENPERATURES DEGREES F AIRBOX EXMAUST
SPEED FLOW FLOW FLOW AlR AIR AlR LEFTY RIGHTY PRESS. PREJS,
WPM BHP LB/MIN LB/MIN LB/NHIN RATIO LB/nP HR INLEY 80x EXMAUST Exmaust IN WG, IN NG,
288 0.0 .08 15,87 15,68 .00§ [ -0 143 [ T8 232 208 1.? 5]
2es LY .13 15.5% 15,68 009 K I -0 % 111 28§ 225 1.? .3
e 12,5 .20 17,07 .012 RT3 -0 7% 119 298 262 2.9 .
won 2. .35 21,93 .01? .4 =g 7% 110 (31 02 . .5
51§ "Ly K1) 22.3? .020 .00 -0 12} 120 $30 e vl .0
298 0.0 .09 15.5% .00% (] -0 7 118 ”e 290 1.4 .3
B 102.1 7% 028 BRIl -0 30 122 (%2 ®2s v? .0
(%13 132.% 1,00 .02? .53 -0 [ 1] 129 13? 731 5.5 1.2
753 16,9 l.26 .030 R11} -0 (1] 1%0 [JY ) ”"e . ? 1.5
835 197,90 1.5% .03 R3] -0 (3} 150 a0 100% [ 19 1.0
t11 0.0 .00 008 ] -0 L1 130 30 3%0 1.8 .3
ExnAUST HC co NO NO2 NOX coe L ssnc [114] SSNOX ne co NOX
SHOKE (141 G/Ll /L0 /L8
FERCENT PPH (L1} (11 rcY G/HP MR G/WP MR G/HMP MR OF FUEL OF FUEL OF FUEL
1.0 21 1,09 .183 ® L] [} .31 3.4 25,90
1.0 15 1.78 .00 1,72 2,03 19,06 2.0? 3,68 22.%2
1.0 0 2.3? .030 1.2 1.00 1%,60 1.80 2.0) 21,92
1.9 2 (1) 30 .5 030 Rl .?? 13,87 1.82 .68 27,83
10 ne . 13 (117 s.12 .030 K1l 8 1+.00 1,02 29,83
1.0 (1] [1] 22 [CTY 1.0 <193 L n 4 L)) 23,71
1.2 1% . (1] 1138 $.0? .0%0 K1 50 15.2) 1,28 3,10
1.0 192 2 29 127 $.81 .030 .73 2.08 15.7% (81 110N 1]
1.9 22 o’ 1% 1248 .. .030 76 $.79 19,10 12,7 31,01
2.8 298 1998 29 1226 .0 200 .78 12,40 12.58 .92 .62
1.0 (1] (3] 12 1.09 193 L} n [} 3.7 2,02
CYELE CONPOSITE <860  GRAN/BNP HR
10,378  GRAN/BWP WR
13,836 GRAN/BNP MK
WONC o 19,709  GRAR/ONP WA
.$03 LB/8HP nR
TABLE B--4. ENISSION CONCENTRATION AND RATE 3.MWARY
DATE’ 2028-7) TEST NO, )
INJECTORS® LOWeSAC TINING' o DEG RETD
WEISHT FACTOR SCHEDULE® GE LINE WaUL
ENGINE FUEL AlR EXNAURTY  OP= 8gFC  EXN, Gas TENPEZRATURES pEeReEs AIROOX
seeen FLOW FLOW FLOW FUEL RECINC AlR AlR LEFY RIGNT PRESS,
LLdd LB/nIwn LOsuIN LO/nIN RATIO LB/uP WA PERCE TLEY sox CunausT Ex 7 IN N8,
pat - o « vome e -
.06 16,48 16,89 0
s ole [T } 16009 ’ 20
e 20 18.%) 10,81 1 )
e 5 2. 29.3% ”
s1$ Kl 29,88 90,09 ”
203 n? 16,81 16,97 ”
(3.0 7 .8} 8,20 ”
(343 1,01 90,18 ”
%8 1,2 "§.0e L
(31 1,86 $0.20 ”
ELY .08 [TY8 1) -0 ”
¢ EXCEDS O2 IN EXMAUSY SOPERCENT OF AIR FLON NASS
Exmaligy (4 co "0 NOR noxX cor or (1. 4 (1.4} 0Nex L3 co L ]
SHGKE /L8 (3 /L0
PERCENT [ L] Pn (o] ey PCT  G/NP HR /WP NR S/WP NR  OF FUEL OF FURL OF FULL
canmens . . eves esse  cowss
1.0 *" 18 18 an.0 §.08
1.8 113 1® 3
2.0 (1) 1] )
2.0 ” 1 17,¢
2.0 (1) 19 16,7
1.0 (14 1 20,1
1.8 [ " 18,7
2.0 120 13 3
2.0 1% 1 '
8.5 17% 1 )
1.0 [13 n 20.0

CYCLE CONPOOTITE  BONC
e
0Ne2

0NC o S0NGE
ssrc




MOnE

1
2
Fl
“
<

-3 5o

MODE

MOPE

-3 BBUT NS UN -

-

nons

EENXERE BLE X5

-

DATE® "-2R=7)3 TESY NO, 2
INJECTORS' L OneSAC TIMING®
wFIGHT FAUTOR SCHEDULE' GF LINE
ENGINE PUwER FueL AR
LIS X FLOW FLOw
[ .14 LY/™IN LS/MIN
2Ms n.,o « 00 lb.w2
2us 15.9 ol 16,11
3ve 23,0 .20 18,38
e “,n .36 22,70
it e Y 29,¢0
tag n.n RLTY Ih,3n
N 106, .22 33.77
LA 139,86 1,00 e,
5% 71,3 1.2% “s,ne
3 208, S 1.5% ., 5
28 .0 0% 1%.33
Exnaust HC co NO
SMOKE
VEWCENT PP PPN L]
cevamen cone P ecae
Loy L1 2 111
1.8 (1] L34 183
1.8 [ ) 21
1.% (1} % Im
2.t 7 23 $32
L.0 on 2. 1n
2.0 L1 116 .2
2.% 112 25 730
3.0 1% 768 k4 1]
Seb let 17%) 7
1.0 L] [ 1] 113
OATE' 2-28e7) TEST N0, )
INJECTORS® (OweS8AC TINING®

TABLE B-45

v DEG RETD

nauL
EXHALST 02~
FLOw FUEL
LA/MIN RATIOe
cecmmme  eeses
le.e8 $e0.108
1b.25 23.9%)
18,56 1%,%00
23,04 12,188
I, ns 10,038
JE hn, 838
LA ] 2.728
40,9 6,592
e, 3% 5.909
$1.13 v, 889
Lh. 38 b, N0

PP
1
18
en
1%
10

29
i
1
0

EMTS310% CONCENTRATION AND RATE SUMNARY

¢ EXCESS 02 IN EXmAUST

NOX

(11
12§
17
231
3N
t124
12
[ 301
"8
ne
t LT
1?

TABLE B-46, ENISSION CONCENTRATION AND RATE SuMMARY

% DEG REY

WEIGHY FACTOR SCHMECULE® GE LINE walL

ENGINF
SPEEN
L L]

2ns
ans
F1Y}
e
18
298
S8
(4]
5§
1 21)
2ns

Canausy
g €
PEUCENT
cascves
1.0
1.9
2.0
st
(8]
1.0
2.F
9
2.0
sl
1.0

POmER

LL1J

t.0
1%.¢
25,1
e,)
7.1
.0
107,98
13,8
‘73,2
209,92

.o

(.1

Ll
cone
(1]
e

[ 14
"

[ 1]
80
“
e
1%
160
"

FUEL

AlR
FLON

(4 LT3 ]
FLOW
La/sMIN

]

T op-
FUEL
"aT10

1,10
28,429

0, 30¢
P08
[ 321
S.03¢
., 708

NSFC EXM, GAS TEMPERATURES DEGREES F AIRBOX EXWAUST
RECIRC, ALC AlR LEFT RIGHT PRESS, PRESS,
LB/HP MR PERCENTee INLETY sox EXHAUSY EXxwWAUST IN MG,  IN, WG,
[ -0 0 100 20% 200 1,9 .2
o 5% -0 k{4 106 262 260 1.9 %]
512 -0 14| 110 11 18 3,0 o®
Lee? -0 10 11 (13 .10 .0 .5
Je20 -0 0 118 $s0 s10 LY "
4 -n 71 111 no 280 1.8 .?
32 -0 0 130 *50 .23 5.2 1.0
AEL] -0 k4 12¢ 720 735 6,3 1.3
L -0 e 130 eco 92 7.8 1.7
..5n -n k41 181 «no .52 s 2.0
[ -0 % 118 *3J0 310 1.0 .2
¢ePERCENT OF AIR FLOW NaSS
coe o2 (1 114 asco BsNOX NC co NOX
G/LB G/L8 /L8
({2 PCT G/HP MR G/MP WR G/WP wR  OF FUEL OF FUEL OF FUEL
LY 20,2 L] L] L] 2,29 2.2 23,3
2.00 19,1 o8 1.2? | Pl 1.20 2,3 18,12
2.5% 1.8 3 -8 ?.% 1olv 1.%1 15,9
.5 172.) .42 A} 7.8 i . 17,56
., 08 16,8 <30 o2 .20 .82 .50 21 .%%
. 20.1 L} L] L] 3,02 2.8% 2e,21
", 15,8 38 . .6 . 2,26 22,80
$.851 1%, 6 ¥y 1.9? .. 1.0} L% 1) 0.9
$.01 1%,2 o8 S.% 1,11 12,%% 20,%
v.29 13,4 8¢ 11,86 e, 1,81 8.7 10,43
N2 20,0 L] L] ° $.38 7.§§ [ L% 14
CYCLE COmMPOSITE 88KHC GRAN/BHP AR
[2.04] CRAN/BNP MR
sNO2 CRAN/BUHP MR
8SnC o B88NO2 GRAN/BNP Hi
[ 2144 LB/BHP MR
S8FC  EXM, GAS TENPERATURES DECREES F ALRBOX EXNAUST
RECINC, AlR AR LerT RICHTY SRTIS, ]
LB/HP HR PERCENTee IMLEY aox EXNAUST tYMauSY In. "6,
- ees  we - -
0 113 e
«51? ” 11 %
«028 kL 116
5% 2] 120
%2y 70 121
[ ks ¥ 1
L34 ” 10 1]
<430 " m 7”0
«*2) 7” 199 123
ot ” 1111 4
L} -9 ” 19 .06

6,810

o ENCEIS O IN EXNAUSY

¢oPERCENT OF AIR FLOW NaBe

“e
/L0

(1]
/L0

/P uR  OF FUEL OF FURL

wox
S/L8
o ryiL

CYCLE CONPORITE  BONC
88ce

B34

o2 [T asco

PCT  G/WP HR  G/WP WA

» "

1344 2.2

N3 1.00

o9 .

K 0

[ H

o )

<% 2

87 »

88 9

" "
[
[ ]
Nee
INC ¢ BONSR ©
e

7,17




“ v

oDt

-

MODE

-

NONE

-

-3 D@D uT P
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ISR X RYE X R R

IS W L KXY T

TABLE B 47. EMINSION CONCENTRATION AND RATE BSUNMARY
CATES L ee2R=7P TreY NO, | w/ NNTC~ 8 DERATFD
INJECTUNS' NERGLE TIMING' % DEG RETD
we LGrT FACTOR SCHEDULE® GF LINE ®AUL
ENCINE POwE W FUEL AIR EXNAUST FUEL 8SFC TEMPERATURES DEGREES F AIRBOX EAWMLUST
SPrEl FLOw FLO® FLOwW AlR AIR AlR LEFT RIGWT PRESS, PRELS.
£y CLId LH/MIN LB/MIN LAs/xIN RATIO LB/rP HR INLET anx EXMAUST  EXWaUSY IN MG, IN_ MG,
N NG .nA 15,88 15,40 .00 R -0 [ 128 271 258 1.8 .3
anc 17 .. ) 16,59 15,21 .3o% .88 -0 kL 118 289 290 1.? =)
TR} P3N .20 18,07 17.0? .D1e .%13 -0 EA ] ie0 380 29« 2.6 N}
e w2 .35 2n.89 21.2% .017? Lvee -0 (] 128 L1 3% I8 .. .5
(3K 17,0 LS4 26,79 27,3 .o20 s -0 w N Sh0 s30 .2 N
8% Hr N8 15.6% 18.61 .00s R -0 [ T [t 11 2e8 1.6 .3
Skw 105.9 W2 31.20 32.05 .02% L4 -0 L4 116 .02 (114 (3 ] 1.0
(%29 136,3 .o In, R 37.83 .027? .*3? -0 LR 131 50 758 $.h 1,2
158 169,¢ 1.2 *.21 “2.n? .03 487 -0 s 13s 55 “we b.9 1.y
CELS 1272,n Le%l wh Q) “R, 22 .030 R ad ] -0 7 15n {117 ass 0.2 1.8
2us 0,0 .0? 16,4 15.50 00 R -0 .“w 1%} 370 380 1.0 =]
ExrsuisT rC cn NO NCR NOX co2 [ 134 (L1114 8sco BINOX “C co NOX
$10KE FCTY (748 ] G/LB /L8
PEHCENT (Ll (L) PPN PPM L1 PCY G/HP MR G/HP WR G/MP WR OF FUEL DOF FUEL D0OF FUEL
1.0 9% 1 (3] 16 108§ 1,08 L] L] .11 1e,8%
1.4 " [} i2h 10 1%e Vet N 7.7% .26 12,21
2.0 ine a2 168 23 100 2.59 Lot %, 03 .12 11.7%
e.u i2a 20 299 13 312 3.0 «85 .2 . 1,92 13,60
2.8 1w (L] 23 . .32 $.25 030 o8 .. 9 1,82 185,69
Lot 12w 71 (1] 1e ek ] 1.0% %3 R L] L % 1) 18,68
an 17 1rY van s veg S$.0? 030 190 (1) 1.9
v re EEL] (L3} . 333 s.5¢ .030 2.0 . $.5¢
$.5 2%e 1012 [ 34 0 [ X4 .17 .030 b.08 7.3 1%,.9%
S.4 Iem 1387 A LR s 1o .,45 280 °wn 7,00 20, 3¢
2.5 1%e [ 3] 02 1 103 1.05 X2 L] L] 0,9 17,20
CYCLE LOMPOSITE [ 1114 s l.2e GRAM/BHP MR
88C0 = B,2%1  GRAM/BHP HN
asNO2 = 7.5 GRAN/BHP R
BEHC + ASNOR2 = 0.77S GRAM/ANP HR
ASFC = «S00 LAZBNP HR
TABLE B-48. EMISSION CONCENTRATION 4* N RATE BuMmARy
VATE' 1P=20=%2 TEST NO, 2 W/ NCGTCW 8 DERATED
INJECTOWS' NEEDLE TIMING® & PEG RETV
wk IGHY FACTUR SCHENULE® GF L INE wauL
FNGINE LD PUEL AR EXHAUSY FUEL (1144 TENPERATURED ELGREES F AIRBOX
LELE FLNw FLO® PLOW rt4 AlR AlN LE-Y "
LLhd LLld L/nIn LB/MIN LB/nlh RATIO  LB/WP n INLET  BOX  ExMaUST  EYNAUSY
cancow emace esmae esmcesss eeceess amses ees eees. we S Geses
0 LAY .08 18,0 15.82 +008 L] -9 (1] 100 0o ann
205 IR 15,0 15,90 <009 Y 3 -9 . 100 208 e
e Cil.¥ 17.18 17.3? 011 S]] -0 [ L] 1 90
.o AR 11.01 1n.»n +01? el -8 0 Les (2 1)
s18 3.4 26,08 27,00 000 542 -0 7 116 S8
eny n s 18.6) +008 L] - " 1m "
S8 o8, .0 12.10 00 37 -0 1 L] 121 (134
v 7?8 1377 Y, N2 7,00 +02? Ll -0 ” 190 %8
%S LY l.20 Yl.2¢ 2.8 +030 S a -0 " iso (320
Ladd 17,0 1% “ho WY 7,08 <030 +*81 -0 [ 1] 188 s
25y 0.0 .08 18,94 18,99 +008 . ] .« 138 %0
[ LT L1 <o no NOR cor wr [ 1L 3 ssco 2§ 40X L3 (]
sHune ({41 SsLe (4] /L0
PERCENT (4] (2] on (3] G/NP MR G/NP NE G/WP MR OF FURL OF FURL OF FUEL
cermren -— PU. cose cone
1.2 L] “ 18 L L4 " 19,60
2.0 [ 1] (3] 13 1,98 1.82 7.9 an
2.v “% e [ 1] 1.01 1.0 12 1.
2.2 193 (1] 19 0 87 1.7
2.9 1% [4) . L 2% 1) " 0 18,5
i.0 168 (3] 29 1 " L 19,84
2.0 W 198 L] $5.0? «8 1.8 18,
3.5 " L2 1% . [ 18 0] 9 .19 1%,
.9 n: 100 . [ 723 ) 1.0¢ .0 18,
S.s ew 1208 . (7% )4 1.2 0.0¢ 18,
2.0 e " L] 1.08 L L] 19,20
CYCLE CONPORITE BONC o GRAN/G0P Wit
eCe = GRAN/ONP R
NNge o SRAN/ONP Wh
GONC ¢ BONGP o ORAN/ONS MR
erc LO/0Ne W

Bea3$




TABLE B 49 EMISSINN CONCENTRATIO AND RATE SuUMMARY
DATE' 12=07=-72 TEST NO. ) W/ 2% PEWCENT WATER
INJECTORS' WNEEOLE TIMING 8TD.
wEIGRT FACTOR SCHEDULE' ATSF Sw'T(

“nRE FNGTE POMER FUEL AlR ExrausT FUEL [ X114 WATER TEMPERATURES DEGREES  F AIRBOX ExHAUST
SPEED FLOW FLON FLOw ATR INDUCT, AlR I3{] LEFT RIGHT PRESS, PRESS,
apm amp LB/MIN LB/MIN LB/mT~ RATIO  LB/HP WR PERCENTe INLET BOX EXHAUST  EXHAUST IN NG,  IN.WG,

! ans n.,o 07 15,89 15.80 .006 ] 25 sz 118 292 232 1.6 .3
? ass 1%.2 .1 15,6 15.78 .00% .57 2% ] 110 2% 2s1 1.? .3
3 ave 23.1 .70 16,97 172,17 .012 .51 25 7% 110 134 291 2.6 .
. oy $.5 .36 21.08 21.%1 017 11 2% A 113 431 °? 3.? N
5 S1s 7%.8 1] 27.%0 27,9 020 o 28 14 111 532 si0 v .3 .0
" s 0.0 .07 15.83 15.70 .00% » 2s 7. 108 110 290 1.0 .3
’ She as.. ?h 31.82 32.20 02 .78 25 s [N s30 w20 (] 1.0
@ ®?S 80,7 1.n0 37.30 39,30 027 2 25 " 112 208 721 .0 1.}
a )55 i72.% 1.2+ v2.21 $3.%? .03n L3 28 7 120 0 (131 2.2 1.8
10 LELY 200.8 1.5 v, 23 ., .033 BRI 2% (1] 131 ane are LY 1.8
11 ELL 0.0 .0? 15,56 15,82 .00% ® 28 LT} 118 3%0 kL1 1.7 .3
¢ PERCENT OF FUEL FLOW MASS

MONE  Ex-ALST »C <o L1 LT NOX coe L1 (2 114 L[] 8INOX HC co NOX
fMNRE FCT G/Le G/L8 [-744.)
PFRCENT LLL] (L] L] PPN oCcY G/HP WR  G/HP MR G/MP WR  OF FUEL OF FUEL OF FUEL

1 1.0 112 11% 20 13¢ 1.1% 287 L] L] $.2b ',.45§ 20,48
2 1.5 10% 19 15 206 2.1% +100 1.82 1,37 2.0¢ 2.0 1718
3 1.0 11e 230 1 282 2.00 080 1.10 1.3? .18 2.0 15,83
L] 1.0 129 Iy 19 s 3. 98 +0%0 76 N3 l.00 1,83 17,9
s 1.0 182 527 10 S L X% 1] .,020 .78 11 1.7 1.08 0.0
. .5 128 11% 20 13¢ 1.00 287 L] (Y% 14 [NY ] 21,00
? 1.0 160 710 S 3 $.22 .010 % Ll 1,50 1.7 22,1
L] 1.0 200 2h% kL 1Y 2? a0l S.0 .010 «?S 1.08 1,78 ‘. 22.%2
. 2.0 256 1. (13} 1) [ F13 (1311 0,000 98 .7 1.9 10.78 20.7)
in L% 1 2% 1872 903 0 %03 YN0 0.000 »85 12.01) 1.02 27,00 18.11
11 1.0 12¢ . 129 . 13 1.00 287 L] L] .80 [N 1} 22.%2
CYCLE COMPCSITE 8MC SRAN/BHP NR
CRAN/BNP HR
CRAM/BNP nR
83nC o CRAM/BNF MRt
LB/BHP nR
TABLE B-50. EMIITION CONCENTRATION ND RATE SUMMARY
DATT* 1207279 TESTY NO, 2 %/ 25 PERCENT wWATER
INJECTORS® NEEDLE TIMING' STD,
WEIGHT FACTOR SCHEDULE® ATSF SwITCH

MODE ENGINE PONER FUEL AR EXHAUST FUEL [ 1144 NATER TENPERATURES DEGREES 4
SPEED FLOW FLON FLOW AlR InoucTY, AlR AR LEFY RIent PRESS, PRESS.
Ll L] [ L1 LB/MIN La/nIN LO/NIN LB/NP KR PERCENTe INLET sox EXnAUST  ExWaveT TN M6, TN, M6,

cens semeen - esecces sesss mce secsses Sasemss sewes  seesea

1 20 0.0 .07 18,02 17,08 (1] [1] 110 (313 " ]
? 208 19,4 .l% 185.62 15.7% <569 % ” ne 881 ?
3 3ee 2.0 +20 10,99 1? 18 «S12 (13 ”% 118 [ 1} ot
. . 8.1 9 21.28 21.60 1} % ” 11) 07 o
< 18 ?%,.2 3 1] 27.% 28 % " 111 0 .8
[3 208 0.0 «0? 18.09 L] (1] ”» 108 % %)
1 (11} 100,64 44 0,08 457 (1] ” 113 .20 1.0
] (3411 1%0,9 1.00 30.12 Z1) t1] 70 12 mn 1.3
L] %8 170.1 1,26 1.9 9,10 42 (4] " 1] ] [ 03] 1.6
10 ”s 207,90 1.88% .92 .07 Jheq £1] [ [] (318 e 1.9
1n 208 [ ] «0? 18,81 18,58 L] (13 L 13 118 0 B
¢ PERCENT OF FUEL FLOW NASS

MODE  EXHAUST [ co NO nOR nox ney [ 11 sece SN0X " (1] wox
anOKE FCY L8 /4.8 /L0
PERCENT (4] (o] rn C/WP R G/NP WR  G/WP KR OF FUEL OF FUEL OF PUEL

ecsa sescces cses enen coon cones

1 1.0 1? 190 287 .10 2,78
[4 1.8 1 1.2? 18,18
] 1.0 (1] L))
. 1.0 1
s 1.0 L]
. 1.0 18 %.1¢
? 1.2 10 1.40
» 1.8 1e 1,90
L] 5.0 1%
10 [ ] ] 1
11t 1.8 s +28? [ 19 34
CYCLE CONPOSITE  BONC SRANZDNP MRt
8sce ORANR/BHP Wit
asnes SRAR/ZBNP R
BONC ¢ BONEE & 20,1090  SRAN/BNP MR
osrc s 09 LO/70WP W

PR



T4ABLE B-%.. EMISSION CONCENTRATION AND RATE SUMMARY

DATE' 12-07=22 TEST NO. 3 W/ 25 PERCENT WATFR
INJECTORS' NEEDLE TINING' STD.
WEIGHMT FACTOR SCHEDULE' ATSF SuiTCH

MONE  ENGINE POWER FUEL AlR EXHAUST FUEL B8SFC WATER TEMPERATURES DEGREES F AIRBOX EXHAUST
SPEED FLOw FLCw FLOW AlR IN0UCT, ALR AR LEFT R GHY PRESS, PRESS,
RP® Bup LB/MIN LB/MIN LB/MIN RATIO LB/HP HR PERCENT+ INLEY BOX  EXMAUST  EXraUST IN.MG,  IN MG,
1 295 v.u .07 15,58 1.8 .00% R 25 79 110 23% 2¢1 [P ]
? 205 1%.9 .1 15,59 15.72 .00% .550 s " 10% 308 t11] 1.7 .3
3 Ive 23,4 .19 17.10 L0111 49 11 e 111 IS s 2.8 Rl
. wae e, ) .3 20.9%% 21.33 017 31 28 (1} 110 el " 20 .. .5
s 518 7.1 %34 er.32 27.0b .020 J420 2s " 118 §52 $30 .,2 .0
. 28¢ 0.0 .07 15.50 iS.08 .00% ® 25 24 110 £} 3 E3Y 1.7 ]
? (1 1] 107.9 .?? Il.ve 32.23 L02% t2e 2s 7 118 (317 (1D} .. 1.0
(] (%19 1e2.1 1,01 1.1 38,17 .02? .25 2s 79 121 730 0 5.8 1.3
. 4 1) 178.8% 1,26 9. +3.23 .030 %30 s [ 1] 12§ 12 (11} 7.4 1.0
10 03§ 209.9 1.58 ve.2% “7,08 .03 961 s 82 13§ 20 LL1Y 0.5 1.8
11 2% 0.9 .06 15.¢ 15,56 .00% L s (14 128 350 %0 1.7 .3
o PERCENT OF FUEL FLOW MABY
mODE  EXMAUSY WC co NO NO2 NOX coz L34 (1114 88Co 83NOX “C co NOX
SMOXE FCY G/L8 G/LE G/LB
PERCENT (L] (L] (L] (1] T G/HP MR G/HP WR  G/WP WR OF FUEL OF FUEL OF FUEL
1 1.0 L] ] " 20 1%? 1.08 .257 n L] ® ., 58 ¢, %0
? 1.5 7 1) 18 20 2.00 »100 1,22 1.% 10.3? 2.2 3,8?
3 1.0 70 25? t L] e 2.69 080 82 1.3 .03 2,70
. 1.0 (1] (43 ) i0 (11} 3.9? «0%0 N3\ N1 0.% 1.52 19,81
1 1 1.8 11} [34] 1 (144 L 2% 1 020 bl +85 LIS 4] 1.30 23,18
L] 1.0 (1] 120 12 132 1.08 28?7 L] L] L] 4,90 WN.2n
? 1.% 103 78 S 80 .. "3 010 .00 .8 10,06 1.0% 23,60
L 1.§ t11) e 20 .“0? S.68 .010 S 2.03 10,82 ‘.70 29,78
L] 2.8 [ T3] Ce? [} e’ +,08 0.000 .70 $.3? .43 12.%0 21,.%
L $.0 2187 [ L3 ] [} 1) .70 0,000 .78 12.9%% .90 .7 19,82
11 1.2 .e 1%1 . 1%? 1.00 287 L L] L] $.7 L19% )
CYCLE COMPOSITE s 2 82 GRAN/BNHP NR
| ] CRAM/BHP NR
L4 GRAN/BNP R
BSHC o BENOR = 20,030 CRAN/ONP WA
8gfC = L] LE/BNP NR
TABLE B-52. EnIssION CONCENTRATION AND RATE SUNMARY
DATE® 12-08=72 TESY NO, ) W/ SO PERCENT wWATER
INJECTORS® NEEDLE TInINGg® 987D,
NELGMT FACTOR SCHEOULE® ATSF awITCH
nODE ENGINE POWER FUtL AR EXMNAUSY FUEL 88FC HATER TEWPERATURES DEGREES ¥ AIASOX EXNAUST
SPELD FLOw FLOW FLOW ALR INOUCT, AIR AIR LEFY RIGHT 3 PRESS.
RER (T4 L8/nIN Le/NIN LB/nIN RATIO  LO/WP WA PERCENTe  IWMLET  BOX  EXWAUST EXWAUSY 1IN ¥,
cese oeeses cecas e saces coss osecesss sosse  ee= esses
1 28s 2.0 «06 15.78 15.81 L} 50 n” 120 ¥
2 i) 18,7 i 1803 18.7? 510 s0 0 118 «y
3 e 23,9 «20 i7.00 o 502 1 1] ” 118 8
. e ',< s n.1? 214 e ” 110 )
s 1§ 77.8 -5 27.0) R2L %0 ” 110 B
1] t1) 0.0 o 18,02 R s0 n 10¢ d
v 99 1080 -7 .02 o*1® 11} 7 108 led
] (341 19%,0 1.00 o418 $0 ” 100 1.0
L] %8 178,96 1.88% J42? [ 1] ” 112 1.6
10 (1] 10,8 1.8 A4 se ” 2 2.0
1 208 0.0 «00 L] se "% 108 1.7 o}
o PERCENT OF FUEL FLOW nass
nODE  EXNAUST e co L] uo2 ey (1.4 88C0 SONOX L] [{] nox
& ({34 /L8 /L8 oL
R o0 [ ] G/NP WR  B/NP WR S/WP WR  OF rUgL OF PUEL OF PUEL
asee -ne PP evos
1 188 19 ]
[ 4 112 (134 1? 1.4
3 100 % 1 K1
e us e 1 .
1] e "7 A .
[ ® 128 N
? 100 0 [ oo
. 10¢ 01 1% e
€ e (13 [ 0 8,08
10 e (21 i [ 3%, 08 0.40
1 ¥ 120 12 ] 1.08 L] L]
CYCLE CONPESITE OONC © 8.002 SRAN/DNP WA
SC8 = 2,000  CRAW/OWP L
asn: o RAN/0uP R
oG o B0, @ SRAK/ONP R
orec o LO/ONP W




TABLE R .53

DATE' j2-08~272
INJECTORS' NEEDLE
wFIGWY +ACTOR SCHEDULE'

TESY NO, 2 w/ S0 PERCENT wATER
TIMING' STD,
ATSF SwITCH

EMISSION CONCENTRATION aAND RATE SuMMARY

MARE  ENGINE PONER FUEL AlR EXNAUST  FUEL BSFC  wWATER TEMPERATURES ODEGREES  F AIRBOX EXMAUST
PEED FLOw FLOW FLOw AIR IabUCT, AIR AlR LEFT RIGHY PRESS,
L anp L8/meIN LB/MIN LB/HIN RATIN L B/MP ~R PERCENTe INLET 80X  EXHAUST  Esmausy INHG,
1 28s e.n .06 15,81 15,07 .00 " s0 12 108 230 21% 1.6 .3
H 2ns 16.5 Le 15.73 15.87 .noa Leep $0 70 112 308 25¢ 1.2 .3
3 Ive 25.1 .19 172,13 17,32 .014 T 1] 20 106 33e ELT 2.7 ..
. .o L 36 21.%3 21,78 .01? .20 50 70 108 31 soe 3.9 o>
< 51§ 2.9 .5 27,108 27,7 .020 Y 50 4] to2 (11} 510 .. ? .
. 2ns 0.0 .02 15,61 15,00 .00% R Y] 20 an 292 (33 ] 1.8 .3
3 see 110,0 .7 3l.ev 32.%0 .02 .1 S0 70 101 .3 (11 s.2 1.1
@ (31 ies e 1.00 37,82 0,82 027 %18 L1 70 10§ 210 r28 .2 1.%
Q 58 170, 1.2 2,3 “3.82 .030 .2 [¥] 20 110 w00 (31 7.4 1.7
1n 83s 211.3 1.56 e.lw 7,79 .03 L2 1] ?s 120 (L1} w2 r.e 2.0
11 2ns 0.0 .06 15,58 15. 0% .00% R s0 ?” 108 “08 .00 1.7 .3
+ PERCENT OF FUEL FLOW MASY
MOPE  ExmaAUST HE co NO NOX co2 weY (2114 ssco BINOX MC co NOX
SMOKE FCY c/Le c/Le w/iB
PERCENY (1L (LD PPN G/HP WR  G/WP WR  G/MP MR OF FUEL OF FUEL OF FUEL
1 .5 .0 2 106 1? 124 2,08 .28? R [} (] L 1 LY
? 1.0 10% L 13 107 15 2ne2 2,21 .100 1.32 2,38 8. 2,68 .. 00
3 1.0 *% L) 217 L] 22> 2.58 <080 .07 .7 1.9 3,78
. 1.n 104 [} s 1% 3N J.en <080 <40 2,10 1.%0 .17
s 1.0 12¢ LT TR . (11 .12 .020 b0 ?.8? 1.8 2.0
[ .5 (1] L13 108 10 12+ 1.0° 287 L} [ . le LN JY
? 1.0 1%% 1%8 (1%) L] (1% $.00 .10 56 [N 1] 1.3% 2,78
" 1.0 180 % ] 0 LI $.51 .010 50 8.5% 1.3 (81 )
L] 2.8 22¢ .1 7% 0 LT t.l. u.l09 2 (1311 1.721
1n 5.0 2%0 2127 200 [} iue .70  0.000 .22 ?.68 1.02 28,97
11 1.0 «“ ag 123 . 122 1.08 .28? [} L} .83 11.5)
CYCLE COMPOSITE B8MC s 2.2% GRAN/BNP MR
B8CO = w. 565  GRAN/BNP MR
B8N02 = 15.009 GRAM/BNP nH
SSNC ¢ BIND2 = 17,270  GRAN/BNP WA
FC = 2% LB/BNHP R
TABLE B-54. EMISSION CONCENTRATION AND RATE SumMmaRy
DATE' J2-08e72 TESY N0, 3 w/ 50 PERCENT watER
INJECTORS® NWEESLE TIntng* 87D,
WEIGHT FACTOR SCHEDULE' ATSF SwITCH
HMONE  ENGINE PonER UL AlR EXnAUST PUEL agrc WATER TENPERATURES DEGREES L4 AIRBOX  EXMALST
SPEED FLOw FLOW FLOW AIR InducY, AlR AlR LEFY RIGNT
L1 ] [ 14 (S 7L} (] Lo/nIn LO/nLN RATIO LB/HP MR PERCENTe INLETY [ 17 CANAUEY  EXWAUST
avea coren esece  ceereccs ececese  cecns  =e. cessnas coccmsce
' 0.0 1 18.89 [ Y] +00% ® so kL) 110 220
4 18,7 13 18 15.72 +009 «810 50 7" 110 260
3 26,0 «20 16 17.11 <012 « 48 $0 1A 112 10?
. $0, 3% 20 .20 <012 810 $0 " us °”2s
s . o8 (1] k72,99 020 .16 se ”* 1Y J) se0
] 0.0 0 15.89 18.68 +00% " s0 99 108 e
7 108,90 o7 3.9 .0 a2 16 so 9 110 (3]
L led,0 1.01 .10 M. «08? 03 se (L] 111 ”»e
. 177.% 1.27 $j.% *y.1? +000 .20 so [ 1] 110 [ 11)
in 200,90 1.87 .7 *7.30 <09 - %80 [ 1] (1) i "
11 208 0,0 +08 18,97 1%.%) +00) n L1} L L] 13 70
¢ PERCENT OF FUEL FLOW NASS
MODE ExmAUSY NC co w0 L, co: [ s8MC 8sco S9N0X L3 co nox
$noxe ey /L0 /008 [ Y]
PERCENTY L 4] [ 2] on C/NP WA G/HP WR  B/WP MR OF FUEL OF FUEL OF FUEL
cres ssseses acee - ccss
1 0 120 11 +«28? S.d6 20.9%
? [ L) a21e Q 2,00 <100 de
L] [ 1] [ L11] 1% 1] e.J
. W s 1 ] «83
[} 112 ? [} S8
[ [ L] 11 18 L}
? 182 700 4 8
L 10 L 0 ”e «b8
e 20 "7 [ ] ” "
1 [ {1] »? [ ”»? «?
11 w 2 [} 190 [ ]

CYCLE CONPORITE BOMC o
ce o
ez =

SONC ¢ SONOR s
8FC o




TABLE B-55 EMIS:LIGN CONCENTRATION AND RATE SUMNARY

DATE® 12-00-22 TESY ~O, | w/ 7% PERCEM. waATER
INJECTORS® NEEDLE TIFING® 870,
wEIGHT FACTOR SCHEDIM T« ATSF SWITCM

MORE  ENGINE POWER FUEL AR Exw. .87 FJEL 83FC WATER TEWPERATURED OEGREES F AIRBOX EXMAUST
SPEED FLOw FLOW FLO IR L INDUCT, ALR AlR LEFY RICHT PRESS, PRESS,
L] LB/MIN LB/MIN LB/ "IN HATIO LB/HP HR PERCENTe INLE’ 80X EXmAUST  EXWAUST INHG,  IN WG,

1 2ms .Ne 15.%5 00 ® 2 " 100 2% 230 [ .3
2 268 ol 15,88 .00 o800 s 0 100 300 250 1 .3
3 e .20 17,01 L2 5 7 i 101 350 302 H ..
. LT4) 35 21.01 12 v 25 ks i 108 .39 LT 3 ..
< 51§ .S 27.1. .00 .1 7% " 100 Se2 a2 . K
. 288 .08 15.82 .00% ] 2 n ae 328 2«0 1 .3
? 50 .7 31,51 .02¢ 415 s 20 17 (313 28 s 1.1
[} (3 1.00 37,852 .02? BRI s % 102 0% J20 . 1.3
] 785 1.2? 1.6l .00 Y] 5 21 108 92 91 ? 1.?
10 n3s 2ov, 2 1.58 .32 .03 Rl ’s 2% 112 [T 1] LY [] 1.9
1l 28 0.0 .08 15,71 .003 L] % ?? 103 08 (Y]] 1 .3
* PERLSNT OF FUEL FLOW Wud8
“ONE  EXHAUSY “e co NO N32 NOX cor (14 BINC [11d] 83N0X »e co NOX
AnOxE (434 /L8 /L0 /LB
PERCENT (L] (L0 (1 (L] poN rct G/HP MR G/HP MR G/HP HR OF FUEL OF FUEL OF FuEL
1 1.0 (L] s 112 13 126 1,098 287 ] [} ® ..l 10,93
2 1.8 2 106 FLH 1? ac9 2.2 .100 e 2.82 [ 19%} 1.7¢ §.28
3 1.0 (1] 1? vy L] 111} 2.78 .080 Ry 2.02 ?.23 1.81 .82
. 1.0 (1] L} ) 73 . 383 3.60 .0%0 13 1.0% 7.00 1.06
1 1.0 “ 10% 18 198 710 .1 .00 o8 e 10,42 i.00
. . (1) L13 12 e 127 1.00 287 L3 [} R 3.0
? 1.0 112 10 90 1% (113 $.00 .010 .43 1,23 1.08
[ ] 1.% 1% e N3 t A/ ”l $.51 .010 .81 .27 1.22
L] 2.8 1e? 3 100 L1 %2 .08 0,000 .0 $.08 1e¢3
10 s.3 21 M2 "% ] (313 .61 0.000 .08 1.7 1.8
1 1.0 . 10? 18 s 120 1,08 28?7 [} [} L}
CYCLE CONPOSITE 1.72¢ CRAN/BHP R
$.117 &R P WR
] 15,480 GRAN, P WR
InC o 12,029 GRAM/ONP MR
] « 733 LB/ONP mR
TABLE B-56. EMISSTON CONCENTRATION AND RATE BUNMARY
OATE' 12-00=72 TESY NO, 2 W/ 7% PERCENT WATER
INJECTORS' NEEOLE TINING® $TD,
wEIGHT FACTOR SCHEDULE' ATSF SWITCH
#00E ENGINE PONER FUEL AR EXMAUSY PUEL 0wrc HATER TEMPERATURES DEGREES [ 4 AIRBOX EXMALSTY
sreen FLOw FLON FLOW AIR INOUCY, ALR aIR LEFY RIGHT PRES? oneE
(L1} [ T Le/MEIN Le/nIN LB/ntw RATIO  LO/HP WR PERCENTe IMLET s0oX 8T EXMAUIT
coes avaves esmne asese esecsncs seceess esess o= o -
1 288 0.0 .06 15.71 .00% [} 7" "
2 0ns [ 1% ) 18,02 . «t0h 7 "
9 i 11 2. 17,02 ] N2 " kL)
. ke $0.2 ? ol " kL]
[ s1s 78.¢ L] 421 7 n
. ns 0.0 +009 L] ” ”
? (113 100.¢ .00 851 ”’ 1L
[} s A% .0 418 ” 71
. %8 197 20 ” I
10 (111 #10,¢ LITY " ”
11 119 o.0 L ” "
¢ PERCENT OF FUEL PLOW NASD
none  Exmaust “e co w0 noe "y SSC 28C0 B8N0X L co nNOX
SOt ({1} [ Y} ] [ 74X ] /LB
PERCENT L (L] on [ 0] R/HP R B/WP WR /WP WR OF FUEL OF FUEL OF FUEL
cese omcaves ecoe cane weoe
1 *w Ll 12 [ 134
v [ 3 106 20 N
] " ®» 11 B
. o v 0n «88
1 “ @ [} «*8
[ " [ 1] [ ]
? 15 188 2 o8
[ ] 1%, B n N4
L] a2l "l [ ] b8
10 ave w0 4 -
n °" ”n L

CYCLE CONPOOITE  OONC
aece

| orrdd
L R
BOFC & 7% LO/ONP W

-2
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TABLE R 57 EMISSION CONCENTRATION AND RATE SUMMARY
DATE! (2=ne=?2 TESY NO. 3 w/ 76 PFROFNT waTER
INJECTORS:' NEEOLE TIWING' 87D,

WEIGHT FALTOR SCHEDULE' ATSF SwivCM

ENCINE POWER FUEL AlR Exmayusy FUEL BSFC WATER TEMPERATURES DEGREES 4 AIRBOX ExmausT
SPEEFL FLOW $L0w FLO® ALR INDUCT, AlR AlR LEF? RIGWT PRESS, PRESS,
. LA/MIN LB/MIN LB/™IN RATIO LB/HP MR PERCENTe INLEY 8o FXMAUST  EXxmaUST INSHG,  Tn MG,
2ns .0% 15.82 00w R .5 72 100 278 280 1.6 .2
ans .11 15.08 .ooe Lveq 111 ] 100 320 (34 1.7 S ]
(AR .20 1s.98 .012 Y] s ?c 102 382 e Y .
.2 P 1Y 21.2e 017 Nx]Y k4 70 iol .0 .2 3." ..
s1s .58 27.00 020 w21 78 73 101 (17.] 512 LIS .
2es .06 15.7% .00% " k43 7" 100 e 308 1.2 )
58 .7 11,71 L02% W 11 7% 70 100 32 (¥ 5.2 1.1
b4 1.00 37.2% 627 vl 7 75 102 710 730 [T 1.%
255 1.28 1.7 .030 e20 7$ 70 10% 780 3 2.8 1.7
03§ 1.5% 020 L4y % i3] 110 (11 (11 ] .0 2.0
ELI .08 .00 ] 7% s 101 3%0 110 1.8 2.0
+ PERCENT OF FUEL FLOw maSS
Fxmaus? L.1d co NO NO2 NOX co2 L1} (1114 83C) B3NOX .14 (4] NOX
SMOXE (4] /LB /L8 (74N ]
PERCENT PPM EM PPM (L1 rcT C/MP WR  G/HP WR  G/HP NR  OF FUEL OF FUEL OF FUEL
1.0 k2 106 13 116 1.0% 287 L] [ [ ] 5,06 .10 22,90
1.% k2 18 . 1% 2.2 <100 ot 1.68 7.20 2,08 .00 16,22
1.0 a“" a“ 2le 23 N9 2.00 .080 .0 1.58 b2 1.n 3,92 18,01
H L1 L} ] Jes L1 il ) 3.2 «0%0 58 1.08 b8 1.29 2,.% 18,20
1.0 112 118 L x4 1 1 89 .12 .020 .52 1.00 .42 1.23 2,%) 17,83
1.0 0 L1 bl ] ? 106 l.0¢ «28? L] R L) 4, %0 10.%) 14,08
1.5 1w 184 50 [} s ‘.08 .010 .56 1.2 7.0 1.3 3.9 19.2%
2.0 180 Iv? (13 1% 58S 5.3 .010 «Sh 2.%2 7.0 1.2 $.02 18,0%
3.0 208 %0 .51 [ (3 7] S.81 0.000 obb $.00 .77 1.87 11.%1 a2
[ 7% 1 22% 2no} (111 [} beh .48 0.000 «? 1.9 s.32 1.52 27.01 1%,32
1.5 (14 131 10y . 108 1.08 .287 » L] L] 3.2 16.01 21,09
CYCLE CowPOSIYE [ 1114 CRANM/BHP WR
[ 14]
seNO2 [ ]
B3HC + BENO2 CRAN/BNP nk
8sFC » LO/BHP na
TABLF B.58. EM18810N CONCENTRATION AND RITE BUNMARY
DATE' 12=11+72 TEST N0, 2 W/ 100 PE"ZeNT wATER
INJECTORS' NEEDLE TINING' STD
WEIGHT FACTOR SCHEDULE® ATSF SwIV”:,
ENGINE PONFR FuEL AR EXHAURY FUEL [ 1144 WATER TENPERATURES DEGREES F AIRBOX EXMAUSY
SPEED FLOW FLOW FLOw AlR INOUCT, AIR AR LEFT RIGNT PRESS, PRESS.
LLL] | L1 L8/nIN Le/nIN LB/mIN \] LB/HP HR PERCENTe IMET 80x EXMAUST  ExnausY IN NG, TN,n8,
R, POV csnsen - - scccsce essee  eme ececses Sesmces  casew  seece
208 0.0 00 18, 100 /" MW 20 le¢ 3
208 18,1 .l® 18.8¢ 100 s 00 20 1.7 ¥
v .1 20 .21 100 100 s (3] 2.0 4
e *h.0 3 1) 100 @ .0 .
$1s 3.0 5 100 L5 ot
208 0.0 00 e 20 100 1.0 o3
({1 103,8 o7 3%.9) 100 .2 1.4
[ X4 136, 1,01 0. 108 o2 1%
%8 170,86 .27 5.0 100 7.8 1.7
93 208.? 1.%7 8,00 100 .0 2.0
s 0.0 <06 18,81 100 1.? 3 ]
¢ PERCENT OF FUEL FLOW NASS
EXNAUST L4 co NO noR noX coz "y [ 4 8sco 09N0X e ({] nox
none rey (4% ] /L0 /L8
PEACENT (o] on [ 0] T C/NP WR G/WP MR B/WP MR OF FUEL OF PUEL OF FUEL
- - ence cose PRSI wens  cocse
[¥17 [ l.1@ L)
203 1 0
290 1 -8
38 . ]
see 1 ] s.1e
1 18 3
(11] ]
»? 1% ”
” 1 ”e
e [ ] e
12 L [y 1%

CYCLE CONPOSITE BONC & 2,080 SRAN/GNP MR
88C8 = 3,100 ORAN/ONP WA
SONBE = 17,007 SRAN/BNP WA
BONC ¢ BONGR & 14,008  SRAR/ONP WA
Nrec = .02 LO/0nP e




TABLE B 59. EMISSION CONCENTRATION AND RATE SUMWARY

DATE' 12=11-72 TESY N3, 3 n/ 100 PERCENT wATER
INJECTORN' NEEGLE TIWING' 8TD,
WEIGHT FACTOR SCHEDULE' AYSF SWITCH

MODE ENGINE POWER FUEL ALR EXHAUSTY FUEL BSFC WATER TEMPERATURES DEGREES F AIRBOX EXMAULST
SPEED FLOw FLOw FLOwW AR INDUCT, AR AR LEFT RIGHT PRESS, PRESS.
RPN LT LB/MIN LB/MIN LA/MIN RATIO  LB/HP WR PERCENTe INLET acx EXMAUST  EXmausY IN.MG.  IN,WG.
1 L1 0.0 .07 15,87 15.6% N0 100 e . 221 210 1.7 .3
2 28S 1.0 1% 15.92 18.0e .00¢ 100 7% " 2% 280 1.8 % ]
3 Ive 23.2 .20 19.1? 10.3? 011 100 " 100 %0 298 2.t N
. .2e wh, ¢ L 22.% 23.31 018 100 7" 102 e ‘02 ., 0 NS
3 s18 3. +5% 2062 30.1% .018 100 7% 101 $3 502 ..t .
- 29s 0.0 .0? 16.27 10.33 .00% 100 IA) s 29 392 1.8 .3
’ (1L} 102.% 76 e, %) 35.17 .022 100 " " .20 .10 s.1 1.1
] (%41 137,.? 1,00 “0.? 028 100 kL - 708 20 6.l 1.2
. 5§ 189.0 1.26 (L] g8 028 100 (1] 100 790 (B 1Y 7.4 1.7
10 L k1Y 200,7 1.8? 8.1 %0.70 .032 11 100 L 1] 102 30 L1 .0 2,0
11 208 0.0 -1 15.50 18,56 +00% L 100 (1] 100 “il s02 1.0 P ]
¢ PERCENT OF FUEL FLOW MaSS
MODE  EXHAUSY 14 co ~NO NO2 NOX co2 we?v [ 1 114 88C0 BINOY ] co NOX
SMOxE FCcY (74N ] |- 748 ] C/L8
PERCENT (4 1] (L] ({31 C/HP WR  G/HP MR G/MP MR OF TUEL OF FUEL OF FUEL
1 1.§ "N 110 10 120 287 L] L] L] 3.7 3.67 21.60
2 1.8 i 1 186 12 ISR +.100 1,02 1.00 9,13 1.02 1.70 1s,31
3 1.8 .? %0 20 2N 080 -2 . %8 ..52 1.81 1.2 18,27
. 1.8 .7 0 10 LEL] «0%0 «b® 02 e, 21 1.%1 1.3 10,12
s 1.8 113 L 1.13 L) si .020 .8 «$0 a,08 1,56 1.1 0
L] 1.0 i 1) 10?7 1 123 287 L] ] L] .31 3.0 21.68
? 1.§ (1] L L2} $ (121 <010 o8 ool .“8e 1.%? 1.%0 21,99
[ ] 2.0 hs (31 1 7 010 . 2,07 6,5 1.59% '.7 21,02
L] 3.0 kAl ] 2 [] 722 0.000 77 S.b% ., 1.7 10,96
10 ..0 2103 (11.] 1¢ [ 24 0,000 <83 13,97 7.36 1.7 15,7
11 1.% . 113 3 116 1.0% «257 L] ] L} 5.9 $.41 21.00
CYCLE COMPOSITE [ 1 L] . 2.%0) CRAN/pWP MR
08Co s 2,70 CRAM/BnP MR
[ 1L LT I CRAR/BN® NR
SKHC o B8NO2 = 8 GRAN/BNP R
8FC = 020 LE/7BNP nR
TASLE B-60. ENISSTON CONCENTRATION AND RATE SUMMARY
DATE' 12=11-72 TEST WO, ¥ W/ 100 PERCENT WATER
INJECTORS' NEEDLE TIMING' 87D,
WEIGHT FACTOR SCHEDULE®' ATSF SuITCM
MODE  ENGINE POUER FUEL AN E(HAUST FUEL [ 1144 uatTER TENPERATURES pEsREES r ATRBOX EXWALRY
SPEED FLOW FLOW #1.0u ALR INDUCT, AlR [3(] LEFT RIGHT
L L] e LB/nIN La/nIN Lo/nIn RATIO LO/HP WR PERCENTe INLET sox EXHAUST EXnAUSTY
eees eocace PR - cocomeas seevess eeems Ses essesss Cesssss

1 til] 2.0 0?7 15.%) 18.60 L] 100 100 1 34 280
] 208 1%.98 .13 5% 108 101 ne 28
3 L4 19 «510 100 102 0 200
. L11} 3 il Iy ] 1 "e ."s
s $18 8% N2 1 100 se0 510
. 08 «0? L) 100 134 {11
? $0 100,.8 «?? 1] o (317 o2s
4 s 132,? 1,01 <480 100 k23 7%
b 18 9 1 R.ak4 100 7% "0
10 (2 4] are,3 « %00 108 1 %o
11 s 9.9 L} 100 e .o
o PERCENT OF FUEL PLOW RASS
noor EXMAUSY “e woe “x [ 3 S8NC 8860 [ L] nc co X
snout 1434 /08 /L8 /48
PERCENY on " o S/HP WA G/WP NR G/WP WR OF FUEL OF FUEL OF FULL
cssr ceccses eece woas enns scsee
1 10 b3 134 20,08
? 3 ] 202 «100 17,08
] 18 2% 98¢
L) 113 b
[J 13
[ 11 (Y]
? 18 [ 3
[ ] [} e
L} 1 ”e
10 [} 5
1 ] 180

2470  ORAN/DNP WR




TaBLE B +1 EXISSION CONCENTRATION AND RATE SuMmaARY

DATE' 3I=i=23 YEST NO, 1 w/ 25 PERCENT WATER
INJECTONS' (Ow=SaC TIWING' 8TO,
wEIGWT BACTOR SCMEDIILE' ATSF QWwlTrw

MONE B NGINE POnER FukL 3L EXMAUST 02- (k144 wATER TEMPERATURES DEGREES F AIRAOK  EXmauSY
SPEED FLNw FLOw FiOw FufkL InbucT, AIR AlR LEFT AIGHY PRESS, PRESS,
L] Brb Lis/™IN LB/™IN Lu/mIN RATIOs (B/MP WR FERCENTes INLET BOX  EXHAUST  txwaUu3T INJWG,  IN MG,
1 2hS 18,05 16,31 »0,772 ® 2s (14 121 2%0 230 1.9 .2
» 205 18,31 16,85 2b,10% .50 2s IA] 120 Ine 2en 1.7 .2
3 Ive 1.2 19,023 78 2s 7% 120 335 30 .0 .t
. (Y1} ‘8. 5 1Y 22,04 13,029 <% 36 2% Te 122 L 1Y.] s .0 5.7
s 518 27,1 .58 24,3 1n. 213 .25 2% 7 122 Sen S0 ., L
w 285 c.0 e 16,39 le,%0 w2.317 ” 28 ™ 112 268 2% a.n 3
? S&e 10%,. 8 70 33,30 3,080 .38 17 25 k4l 120 .25 san S. 1.1
[ 25 lep,5 l.e0 3,60 40,57 .22 2 28 % 126 505 Inp [P 1,
Q 744 173,11 1.2% ‘e, 29 “5.8) b, 297 %33 E4 1 ” 1 760 % .5 1,0
1mn $3% eos,? 1,8% .8, 08 S0.60 S.23° + 480 2% k4 ] 1e0 (11} an .2 .2
11 anrs 0.0 206 17,22 17.28 b 172 R t 41 k4 | 1s 0 2% 1. o2
o EXCESS 02 InN EX~ausYy SePERCENT 0OF FUEL FLON MASS
MODE ExmMAUST ]9 cn ~NO NO2 NOX coa 2] 83MC 83C0 8aNOY ne co NOX
SMUKE 749 ) G/L0 G/Le
PEWCENT Prn L] Pu (1L} PPN rce [{a] G/HP MR G/MP R G/MP MR UF FUEL OF FUEL OF FUEL
1 1.0 .8 (1] 1519 ? 1.00 L] [ ] [ ] .07 $.08 30,0%
2 1.0 .. 71 257 21 2,06 Nl 1,% 12,22 1,27 3,7 03
3 1.9 .e (1) n» 18 332 2.6 .2 1.1% 10,.5? + 8 22,00
. 1.5 Se kL] L 113 133 (17] Y. b2 .35 o3 10,49 . W12
s 2.0 (1] 3 2 18 738 3.9 ¥ .20 12,3 "2 28,31
S i.0 “0 ae 13 10 153 1.0n L} L} R ENLY] n, 20
K4 2.0 " $? e 15 «@? ., 31 .7 .75 3,
L] 2.0 O 137 1011 w0 108} s.2¢ s 3 1.8% 0 2,%3 30,01
b 2.0 11 15 1n3s 15 10%% $.5¢ %0 1.10 <3 2,88 27,82
n 3.5 len 1%e? 1082 1% 107} 13 3] L 1.mMm 20,9 25,18
11 1.0 L1 " lew 3 .7 «2 L L] .0 ., 70 2,38
CvCLE COmPOSITE aMC s 1,300 CRAM/BHP Wit
+3Co T 2,22) GRAM/BMP uit
BN = 21,30 CRAN/BNP MK
B3MC o BENG2? = 22,77 CRAN/BHP pn
8SFC L <78 L3/BWP ma
TABLEB -62. ENISSION CONCENTRATION AND RATE SumMMARY
DATE' 3=1-7) TEST NO, 2 w/ 25 PERCENY wATER
INJECTORS' (Ow=3aC TInING' 870,
WEIGHT FALTOR SCMEDULE® ATSF SwliCw
ODE ENGINE POWER FUEL AlR EXmausy o~ [ 1144 watTER TENPERATURED DEcREES 14
SPEED FLOW FLOw FLON FugL InDUCY, AlR (31 LEFY RIGWT eSS,
RPN LA/mIN LA/mIN LO/MIN RATIO LB/WP MR PERCENTee INLET [ .1 CUMAUST ExnauRY I e,
cone eaveca ewsoe  ecacsese caccscs  sscen  wes  secemes ceavoe evonn
) N 5. $7.138 L] 8 ” 110 0 200 o2
2 288 1% 16,0% 23,193 JYE0 £33 ” 110 270 270 oy
3 3% 20 10,92 +492 t1] (1] 1 wn 112 B4
. s2e 3 22,7 +$30 (1] % 119 ‘e "o )
S sis S [ 1324 oo 28 (13 o 180 o0 se0 .8
. s .07 16,30 L] (1] 0 11% %0 0 o
? (1] o7 %,1?7 3L [4] L4 120 (3] (31 ] 1.1
[ (311 1,00 40,98 «$92 (4] [ 130 10 nt 1.8
L} %S 1.08 8.4 0 [ 1] a2 18 00 e 1.8
10 09 1,97 $1.00 «*38 ”n " 158 %o a"ue 21
it 0s «06 10,00 L] a8 " 118 2% " o?
COPERCENT OF FURL FLOW waSS
NODE  ExmausY “e co ~o [ 114 esco N0 ne co nox
NORE S/LR /L8 e7L0
PERCENT Pon C/HP UR  G/WP MR B/WP WR OF FUEL OF SUEL OF FUEL
escen cecscens ecen
] 1.0 . 2.3¢ .12
2 1.0 51
] 1.%
. 1.8
[ 3 2.0
1] 1.0
? 1.0
[} 1.8
. 1.9
in 2.0
i1 1.0 1%y

CYCLE CORNPOSLITE 0ONC =

8ty o
Mo o
00k ¢ ¢0NO2 ®
SFC o



TADLE B.¢3. EMINSION CONCENTRATION AND RATE SuMMARY

DATE' 3~1~-23 TEST NO, L W/ S0 PERCENT waATER
INJECTORS® LOw- SAC TINING' 870,
WEIGHT FACTUR "CHEDULE' ATSF SwITCH

mODE  ENGINE POWER #UEL al7 EYRAUST  De- 8SFC  waTER TEMPERATURES DEGREES  F sIPBOX  EXHAUST
SPEED FLOW FLOw FLCw FUEL INDUCT, AIR AlR LEFT RIGHT PRFSS, PRFSS,
RPM AnP LB/MIN La/MIN YLD RATIOe LB/WP MR PERCENTes INLET  AOX  ExwWaUST ExwausT  IN,MG, 1IN G,
1 0.0 06 18,1 1s,20 (Y1) 50 [T 19 220 210 1.0 .2
2 F113 18,72 .1 1,17 s, 2,92y 50 (1] 118 02 FLL] 1.0 .2
3 Ive 27." .21 .00 19,29 17,152 1) (1] 119 %2 330 2.0 ..
D (Y S0, L3 23,71 ¢v,0? 12,52 50 [ ] 121 (111 (3¢ .. ..
s 515 26,¢ K1) 29,30 22.%3 w8 so (1] 121 s3e (L) ..t ..
. 2us 0.0 .ne 18,7 16,80 e, 000 L1] 9 11 320 208 2.0 .2
? S8 107, RO 3,02 3%, 70 2.818 1] (3] 122 30 (L S.e 1.1
(] »?s 140,09 1.00 ELIS | *0,5) .. 5% sn [ 1 129 (LT .e? .. )
. 755 173,6 1.26 ., YL ] S, 048 1] (3] 130 750 >e? .,? 1.0
1n 03s 09,2 1.7 (LIS 1Y 51,7 I LY (1] [ 1] 130 (11 ar2 .3 2.2
1 298 0.0 .0h 16,75 th, 01 [ se [ M 130 370 350 1.9 .2
» EXCESS 02 IN EXwAUSTY +oPERCENT OF FUEL FLOm ®ASS
MODE  EXMAUSY L4 co NO ~nO2 NOX cne 02 (1114 [114] RINDY e co NOY
SMONE G/LN /L8 G/Le
PERCENT [ {4} [ 4] [ 1L} [ L1} [ 1 4] [ {41 Y (YL L] G/MP HR G/WP wR OF SUEL oFf FUEL 0F FUuEL
i 1.0 (1 .. 13 1% 183 1.08 19,0 » L4 2.1 S.0% 29,78
2 1.0 (Y] se 2se 15 2 2.00 ... 12.32 i.2e . om 23,50
1 1.0 LY . E13] an LT3 2.e0 K1) 1, e 1.0? 3.1 23.M
. 1.0 (1] Imn 502 3 $0? 3,% ..l 10,50 R 2.05 2%,81
s 2.0 * (1) 064 1$ 71 3,20 i L) 12,16 .. 1.%0 20,50
. 1.0 (1) (1) 11 12 1.00 L4 ] ..1? (L] n, 00
? 1.9 E) " w0 18 .0 L) 12.7 .2 1.0 30,06
: 1.9% 10% 189 93 1% s, 22 .0 12,91 K} 2,03 20,11
] 2.0 128 (313 e as s.5) .5 1.2 1,03 128 11 25.F1
10 3.8 {13 138e s 1% e (SR .51 10,08 1.13 18,89 237
1 1.0 (1] E1Y 18 . 181 i.00 L] ] 5,%) (98 L] 90,81
CYCLE COMPOSITE s 1,008 CRAM/BNP WA
B 2,712 GRAR/BNP WR
BANOR & 20,%3%  GRAN/BNP W
BSHC o BENOZ ® 22,028  GRAN/BUP wR
BEFC 8 . 75%  LA/BHP MR
TAOLE B-64. ENISSION CONCENTRATION AND RATE SuNNARY
DATE' Je1=?3 TEST ND, 2 W/ §0 PERCENT WATER
INJECTONS' LOw=SAC TIMING® STO,
WFIGHT FACTOR SCHEDULE' ATSF BWITCwW
“NDE ENGINE PowER FUEL e EYMAUST  Q2e BOFC  wATER TENPERATURES NEGREFS  F EXnAUST
SPEED FLOw FLOW sLOw FUEL noueY, (Y {J AlR LEFT RIGHY paras,
won [ 1 YL (YL L] La/PIN ReTIOe LO/HP WA PERCENTee IMLET 80X  EXNAUBT EXNAUSY TN N6,  IN MG,
cann esessane wissces oeses ee Secemse smse= wemse
3 06 i15.01 » e 208 o
« 13 %4 <800 " o?
3 20 «817 no ot
. s 430 30 Y
[ K1 .28 san ]
L] 00 LJ 0n o3
1] .7 (Y1) 1.3
[ 1,00 90 1e¢
. 1.20 LA L] 1.8
10 198 1] (L] 2,7
1 » 0% 16,17 »M.N2 12e %2 10 od
o ENCESS OF IN EXNAUSY +oPERCENT OF PUEL FLOW WASS
#0DE ENNAUST L4 co L] L] »ox cor or [ 1 4 98¢0 asuox .3 (4} X
Snoxe L7{%) /L0 S/L0
[, (3] C/HP MR G/NP WR  S/WP WR OF FUEL ¥ FUEL OF FUEL
a— cane cove
) [ 1.00 $.80
2 13 .2 1,98
] 18 ] 9"
. it Le08
L 1e e
. 1] 2.79
v 29 116
[ [ 34 2,00
. [] 7,99
e ” 10,09
n 2 (N 4

CYCLE CONPOSITE  OOnC
[ o

[ &l
L R eed
erc



TABLE B 65 EMISSION CONCENTRATION AND RATE SuMMARY

DATE' 3-13-7)3 TEST NO, 1 w/ 27§ PERCENT wmATER
INJECTURS' L Ow=SAC TIMING' 87D,
wE [GMT FACTOR SCHEDULE' ATSF 3alTCH

m)DE  ENGINE PONER FUEL AIR EXmAUST 02~ (1 144 WATER TEMPERATUREY OEGREES F ATRBOX ExXMAUSNY
SPLED FLOw FLOW FLOw FUEL INDUCT, AIR AIR LEFT RIGHT PRESS, PRESS,
RON auF LasnIN LB/RIN LA/MIN MATICe LB-HP WR PERCENTes INLET  BOX  EXWAUST  EXwausT IN WG, IN WG,
i 285 0.0 .08 15,73 $%.Seb ] s 20 103 200 1988 1.0 3
Pl 285 15,7 ol 18,7 2% ,121 .53 k41 70 100 282 25 1.9 )
3 3w 23.9 .20 17,72 .$10 143 20 102 08 300 3,3 .5
. LT3 (LIS ] .30 22.22 X1 s 20 103 LY 37 .. ..
s Y 7.1 .5 29.01 ved 143 20 " 50§ .0 s.2 1.
. 288 0.0 .08 15,71 (] 7% ?0 @ 202 260 2.1 .3
7 1) 110,08 .7 KLY % 0 L} £ 111 $60 $,® 1.2
R (%41 10, % 1.00 20 s ?0 " 80 [111 7.3 1.§
[} 1113 176.0 1,26 o 143 70 102 730 "2 [ P 1.0
il [} 13 212,0 1.5? Jhee % ”n 108 e "o .2 2.2
il 208 0.0 .08 ] % 20 (L} e 22 1.? .2
* EXCESS 02 IN EXWNAUST  +oPERCENT OF FUEL FLOW MASS
“chE  EXHAUSY NC co NO NO2 NOX co2 02 (1114 asco B8N0 “e cc NOX
SMONE GsLB GsL8 [ 74% ]
PERCENT pou [4d)] 4] L] rcT PLY  G/HP MR G/WP WR  G/HP MR OF FUEL OF FUEL OF FUEL
| 1.0 Se . 1%y 18?2 1,00 ® ] [} 3,07 $.20 20,22
¢ 1.0 113 sS4 7 25% 2,06 78 1.5? 11.0% 1.9 3.00 21,22
1 1.0 (1] .7 es) %2 237 3 " L4 1.,2% 1.0 15,.8¢
N 1.0 (1) LYY (L 13 s12 3.20 5] 1Y 10,11 .95 1,2% 23,32
1) 2.0 " E1] (211 .e? ot 5 11,5 1.01 .03 7,28
. 1.0 (13 13 13 1%0 n [ ] 2,81 3. %0 26,58
? 2.5 W (3] Q1 I 31 12,%2 asd® 30,00
] 2.5 11e 190 5o LI .9 18.0 . %3 1,12 12,03 2,60 20,26
. 2.8 152 (1.1 as) 100? $.51 18,0 .81 2.7%2 11.08 (98 1 28,7
10 5.0 iss 1300 @ age .13 13,.% .53 0.1e 10,08 12,32 22,00
1 1.0 [ 1} Y] 197 15 1.00 193 L} n L} .. 32 3),8¢
CYCLE COMPOSITE [ 1114 s 1,700 CRAN/BNP nRt
Co B 2,ee2 CRAM/D R
02 = 20.2%? CRAN/BNP MR
83N o 02 = 22,097  GRAN/BWP MR
#8FC s o770 LB/8HP nR
TABLE N-66. EMISSION CONCENTRATION AND RATE SummaRy
JATE' I=13=73 TEST WO, 2 ¥/ 75 PERCENY wATER
INJECTORS' | Dwe8a( TIininG' 870,
wWEIGHT FACTOR SCHEDULE® ATSF SwiITCH
MODE ENGINE POwER FUEL (3] EXNAUST  O2e S8FC  mATER TEwPERATURES OEGREES P ENXMAUST
SPEED FLOw FLOW fLOwW FUEL IeducY, ALR ALR LEFY RIGHT rages,
L L1 Le/sntN LO/NIN LB/NIN RATIO¢ LO/WP WR PERCENTee INLET 80X EXnAUST EXNNAUSY IN MG,
e cecee ssess esesscns wscnane weses see cecenss Sescees P
1 288 0.0 .0 18,68 15.70 $8.879 " "% 119 200 200 " ]
2 208 16,0 v 18,87 ” ” 190 1 3] ] o)
3 3% 28,1 20 17,60 ” lad 102 1 *
. [T 1) L1 7% ] e 13 2.1 ” ” $ 12 ] M)
s 818 ”n,? ) 29,18 % ” [ 1T .8
L] 208 0O.u .06 18,68 ” ’” .
? 00 106,.0 o7 .10 ” ” 108 1.4
[ (343 190,6 1.00 19,60 ” ” 3 1.9
. 141 1751 1.2 ). 52 ” ” 1.0
10 [ 21] 210, 1.8 ", ” 7 2.1
11 s 0.0 <0t 18.08 ” ”n «" e ]
*oPERCENT OF PUEL FLOW NaBS
nODE  EXMAUST (.9 co L [ 1 4 8sco [ ]
SNORE [
PEACENT (4d.) P /WP MR G/NP MR S/P MR OF
P — POy P
4 1.9 L4 19 [
2 *® % 1.8
3 106 2§y 1.5
4+ 116 ) .70
$ i 700 52
. 1y 1 18 ®
’ 128 [11) 0
L3 Ae0 “"e ]
L} 100 % .00
1 80 " 0,00
1 116 1% L]
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205
eds
e
2y
518
205
111
.S
58
03s
205

EXWAUSY

M0
PER

ENG
SPE
L]

KE
CENY
1.0
1.8

-
.

Y N LR L

Dwooo0OoOvVVY

OATE'

INE
t0

ace
s
208
%
s

ExNAVST
noxe

PERCENT

3=13-73
INJECTORS'
WEIGHT FACTOR SCHEDULE'

FPOWER

BHP
cnmow
0.0

17,2

29,4
‘.8
27.1

0.0

JULNY |

1%

1:4,2

211.7

0.0

9=13=7)
INJECTORS® LOW
WEIGNY FACTOR

POWER

[ 114

TABLE B.b7

EMISSION CONCENTRATION AND RATE SUMMARY

TEST NO, 1 ®/ 100 PERCENT WATER

LOw=84aC

=SAC

TIMING'
ATSF SwlTCH

sTD.

FUEL 134 EXHAUST 02~ BSFC WATEW TEMPERATURES OEGREES ¥ ALRBOX EXMAUST
FLOwW FLOW FLON FUEL INDUCT, AIR ale LEFY RIGHT PRESS, PRESS,
LO/MIN LB/MIN LB/MIN RATI0e LB/MP HR PERCENTee INCET [ 1} EXHAUST  EXHAUST IN NG,
.08 15.60 18.7% 0,59 100 2 " 213 200 1.8
.1 1S.87 15.91 2%, 002 100 7 " 272 270 1o
.20 17,69 17,90 18,212 .$00 10¢ 7 100 320 32 3.0
1Y 22,00 23.0% 12,720 .2 100 72 103 (313 3as (I8 ]
.5 29,18 24,69 10,3v1 23 1o0C 2 as §2% (211 LIS}
.08 15.60 15,7% §e,520 R 100 72 L3 218 203 2.0
.7 32,7 33,93 7.93% 1N ioo KL ° ®0% 505 .5
1.00 38,32 vo,32 b 070 RI1Y 100 N LL} (%41 sen e.?
1.2% w3 .52 .70 §. 3% 423 100 72 100 750 09 [ DO}
1,58 e, v? 0,03 ., 922 ] 100 2} 101 32 0l 1.8
.08 18,70 15.7% e, 703 ® 100 n A1 v io %00 1,4
o EXCESS 02 IN EXHAUST +oPERCENT OF FUEL FLOW MASS
co NO LIt NOX co2 o2 88KHC 08Co0 BINOX 14 co NOX
G/L8 G/LE G/Le
(L L] [ L] PPN [ L] [ l4] [ {41 C/NP HR  G/WP HR GsuP WR OF FUEL DOF FUEL 0Ff FUEL
e [ ceen JRrp. e  waces ememese scescses eessere Sescces  esmecss  Soseees
71 1%2 13 156 1.00 19,7 L Ld " ., %0 .70 31.4%
n 87 12 260 19,1 1 1,70 10,989 1.9 3,59 22,38
k4 ™ 2 kT 3Y H 18,7 .9 1,3 10.1% 1,63 2.7} 20,33
L 1% $06 12 s10 3,38 37,9 1) . 10,3 1,31 2.30 2%,09
(1] e 2) 72? 3.93 17.1 51 o0 12,27 1,28 l.60 24,02
n 1% 1] 14 182 1.00 20.§ L] L] L] ', 0% .. 22 2.,22
Lid aje 1? % ., 71 16,9 *? o7 12,02 1.12 1.7% 30,11
172 @’ 1? 100% S. 3 18, +50 1.26% 12.12 1.21 3,0% 29,1
s%0 e g 10321 $.78 1,8 58 3,88 11.4) 1.3 8,30 26,31
1801 L11] 1? e .. 2% 13,9 .70 .0 .9 1.59 22,10 22.%1
L k] 130 . 1%} 1,00 20,0 L] ” L] 7.7 13.82 32,08
CYCLE COnPOSITE [ 1114 = 2.1 GRAN/ONP R
[} s 3,800 CRAN/BNP WA
o2 = GRAN/BNP WR
[ 1 LY NO02 = GRAN/BNP NR
ssrc o LE/BHP WR
TABLE B-68. ENISSION CONCENTRATION AND RATE SUMNARY
TEST MO, 2 W/ 100 PERCENT WATER
TInING® 87D,
SCHEDULE® ATEY SWIT(M
FUEL AlR EXNAUST [:1 34 a8FC wATER TENPERA \URES oESRELS L4 AIRBOX EXWAUSTY
FLON FLOW FLOw FUEL NOUCT, ALk ALR LEFY L3 { T} PRESS, PRESS.
LO/NIN LB/NIN Le/nIN RATIOe LB/HP MR PERCENTee INLEY 20X EXHAUST  EXWAUST TN WG, TN MG,
coone ssessave sscssce asee= See . ecces woave
06 15,60 18,78 L] 100 n” 100 1.6 o2
ol% 16,01 16,18 400 100 * 100 1,9 2
-2 17,60 +50¢ 100 % 102 2.9 *
s 1 JHRe 100 7 104 ‘5,1 8
8¢ e 100 "% " .0 o?
«08 ® 100 kA W 1.9 s |
.7 +*13 100 % o« $.8 1.1
1.00 o%1¢ 100 ” bl [ T1) 1.%
1,87 i3] 100 " 180 .8 1.?
1,86 ., 012 12 ] 100 ” a0l %e .1
«0¢ 07,8528 L] 190 ” " 1.? N
o EXCESS 02 TN EXMAUSY +ePERCENT OF FUEL FLOW WASS
co [ ] w02 o [ 11 [ 1.4 [1 2] e <0 wox
/L0 L0 S/L8
pon (4] on PCT  G/NP MR B/WP MR G/NP WR OF FugL OF FUEL OF FUEL
cann evee acwe
(1] 1e8 134 7.8 .06
(1] [ ] " 2.02
” 1y J
*w 1)
*% 3]
(1] 138 1
o a0 []
1% ~“e 1?
[ 117 9 3?
pLTYY A?
[ 1] ]




TASLF 3 nu. EMISSION CONCENTRATION AND RATE Summady

DATE' j2-n.<72 TEST NO, 1 w/ 25 PERCENT waTER
INJECTORS ' NEEOLE TIMING' 87D,
WEJGHT FACTOR SCrEDULE' GE LINE MAUL

MODE  ENGINE PORES FuUFL ALR ExHaUSY FuEL BAFC wATER TEMPERATURES DLGREES ¥ AIRBOX EXWAUST
SRFEN FLOwW FLOW FLOw AlR INDUCTY, AR alRr LEFT RIGHT PRESS, PRESS,
CEL) Bm LB/MIN LB/MIN LAB/VMIN RATIO LB/rP MR PERCENTe TNLET 80X EXHAUST  ExmausT INHG,

1 295 i.0 L7 15,60 ] 2s .2 118 2% 232 1 . ]
2 ans 1.2 ohe 15,98 .57 2s 20 117 298 251 1 .3
L] ELD 2.1 R 17,17 .S10 2% 2% 1o 336 EL N 2 ..
. vow $2.8 .36 21.%1 LT 25 7 113 31 (384 3 ..
< Lg 24,0 .5 27,9 .*33 2% 78 111 s32 si0 ) ..
[ 2FS 0.0 .n? 16,70 R 2s 7 108§ 310 290 1 .3
» S s, . .7 32,28 .25 2% ?$ a1 *30 .20 . 1.0
[ 15 180,72 1.00 18,30 .e20 2s 29 112 208 221 . 1.3
- 158 172.5% 1.26 “3,47 438 2s 2 170 (119 5 ? 1.8
10 vIs #00.6 1.5 “p,9 Jeoh 2s [ 111 [0 «7e . 1.8
11 29y .0 .07 15,02 ] 2s L} 110 %0 330 ¥ .3
¢ PERCENT OF FUEL FLOW MASS
HORY  Ermaust He co ND ~02 NOX coe et (1114 8sco s9NOX HC co NOX
AMUSE FCT [ 744 ] G/ G/Lb
PPM (1.1 (1] PPM PPM rcY G/HP MR G/MP MR G/WP MR OF FUEL OF FUE. OF FUEL
1 1.0 12 . 11 20 13% l.1% .1%3 & L] 5,26 [ 1 20,45
2 1.5 10% (%] 191 15 2086 2.1% .0%0 1,52 1.3? 2.6 2,38 17,18
3 1.0 112 20 238 1 252 2.80 .030 1.10 1.9 2,18 2,69 15,02
. 1.0 120 se ey 10 ¥is 3.9 .030 .7 e 1.9 1.53 17,9
s 1.0 182 L1Y s2? 10 Sen L] ] .030 .78 .85 1.73 1,08 20,33
. 5 128 (Y ] ile 20 13% 1.0 .1%3 [ L] .22 ‘.00 21,60
’ 1.0 188 L} 710 s 723 s.22 .030 78 .81 1.58 1.2 22,190
L] 1.0 208 26 70 27 nl s.81 .030 .75 1.00 1.7% L] 22,82
] 2.0 256 21 821 13 [} (Y211 .030 .95 .73 1,%¢ 10,9¢% 26,73
in .S 264 1972 (L} ] [} 003 7.0% . 280 .85 2.6} 1,02 27,04 18,11
11 1.0 124 .0 120 . 133 1.0¢ 143 L] L] b.60 v, 08 22,82
CYCLE COMPOSITE BSNC = Q88  GRAM/BMP Mk
[ 114] " 0.1 CRAM/ANP MR
BING2 3 9,16t GRAM/BIP WK
B34C ¢ BSNO2 & 10,156  CRAM/BMP MR
B3FC & ,vBe LO/BHP HR
TABLE B.70. EMISSION CONCENTRATION AND RATE SUMMARY
DATE' 12=07=72 TEST NO, 2 W/ 25 PCRLEN" waTFR
INJECTORS' NEEDLE TINING® 87D,
WEIGHT FACTIR SCMEDULE' GE LINE MAUL
MODE  ENGINE POWER FUEL AR EXMALSY FUEL [ 1144 NATER TEMPERATURES DEGREES F AIPROX  EXNAUST
SPEED fLOw FLOW INDUCT, a1 Al LEFY RIGHY PRESS, PRENS,
(LL] L8/MIN Le/mIN LB/HP MR PERCENTe  INLET  SOX  EXMAUST EXNAUST  IN,MG, IN.NWG,
coce - - - -e s .en = casaran sercsas essss  seess
1 8.2 " 202 e 1.4
? 18,82 " e (1) 1.?
3 16,490 % ¥a. t1 1) 2.0
. .28 4] 3.7
[ 27,17 "% .3
. 18,2 " 1.0
? .0 "% $.0
[} 37.12 kL .0
. ‘.82 kA 7.2
10 ‘.32 0 .6
11 15.4%1 (2 1.?
« PERCENT F FURL FLON NaASS
MONE EXNAUSTY HC co NOX [ 1174 [ 114 a8N0X ne (4 hoX
EMOKE S/L8 /L0 /L0
PERCENT o L] L] G/HP MR G/MP WR B/NP MR OF FUEL OF FUEL OF FUEL
csss semeves cnee PRSP
1 1.6 (1] 1%8 .
2 1.% n ne 1.27
? 1.0 ” ann -9
L) 1.0 [ 1] 0? N
[ 1,0 (1] (114 o2 Kl)
1] 1.0 . 12 L]
? 1.2 (]} 1413 . "
] 1.8 [ 13} k42 . 1.00
. 3.0 "o | . 1 194
10 .“.5 193¢ s ? . 11.7?
1t 1.0 ”n 132 [}

CYCLE -.onPoRITE :.0‘ s
[

SN2 =

BONC » 88N

arc o
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TaBLE B 7.

EMISSION CONCENTRATION AMD RATE SuMNARY

ExmaAUST
PRESS,

o s s 8 s 8 8 s s e e
wsT WOWS T Fww

NOX
G/L8
OF FUEL

conarce

EXmAUST
PRESS,
IN WG,

NOX
G/L8
oF FULL

D#TE: J2=02=72 TEST NO, 3 W/ 25 PERCENT waTER
INJEZ TNRI' NEEOLE TIMING' 8TD,
wEIGHT F/CTOR SCHMEOULE' GF LINE WAUL
ENGINE POER FUtL 1 EXHAUSY UEL BSFC WATER TEMPERATURES DEGREES F AJRBOX
SPEED FLe™ F ' FLOW AR INDUCT. AIR AIR LEFT RIGHY PRESS,
RPM RARP LB/MIN LB/MIN LA/WIN RATIO LB/#P HR PERCENTS INLET B0« EXMAUST  EXHAUST IN HG,
28% n.n .0? 15.58 1.5 «N0% L 2s kA Al0 231% 221 leb
2R 1%,9 .l 15.568 15.7¢2 .00% 550 25 k4 ] 104 306 25 1.7
INe 2.6 .19 LLoeMt 17.10 01! L4813 2s 9 111 ELLY 248 2.9
wav “9,3 36 p0, 09 ?1.33 .017 L 25 a8n 118 LAY .2n 3.0
51% 7.1 .5 27,32 27.0% .020 JH20 2s 7% 118 s52 LX 1] .2
285 n.n .0? 15,50 15,65 00" R 2% 79 110 33 310 1.7
58 107.9 ?? LIW ] j2.23 -d2% Je20 25 ” 118 (13 bel ., 8
5?5 12,1 1.01 37.1¢ 38.17 .02? .28 25 i4] 121 rI0 %0 Z.0
k431 175,8 1.2 .1,97 43.2) <030 %30 s 0 128 "2 [ 114 7.1
83s 09,9 1.58 .29 .?,.8b 2034 <451 25 2 13§ a0 ass .S
29s 0.0 «0% 16.8¢ 15.56 .00 R 28 . 125 350 3I%0 1.7
¢ PERCENT OF "UEL FLOW MASS
EXHAUST 14 co NO NO2 NOX co2 [ 12 4 B3NC 8sco BINOX nC co
SHMOKE FCT GsL8 G/L®
PERCENT Ll PRA PPN (14 PCT G/HP MR G/HP WHR G/WP MR OF FUEL OF FUEL
1.0 L1 . 20 127 1.08 «l%3 L] R ¥,55 ., %
1.$ L1 7 is 220 2,00 .030 1,22 1.% 2.23 3,8?
1.0 W 0 2s 282 2.6% .030 .82 1.3% 1.%0 2.70
1.0 12 58 10 53 3,97 +030 bt 813 1.%7 1,52
1.5 120 L1 S [T4] .32 .030 bl «55 1.8 1,30
1.0 (1] (1] 12 132 1.08 o103 R R .,58 ., %
1.5 152 10 S b 1 L%} ] .030 «h0 L)) 1.91 1.0¢
1.% 104 200 29 .07 S.bb <030 S 2.Mm3 1.83 .. 20
2.5 240 (I3 [} L1 4 ..08 «230 .70 $.37 1.02 12,90
L) Q%R 21§? [} 143 s.70 290 .78 12.% 1.68 28,71
1.2 11?2 . L] 1? 1.00 13 L] R .7 L 194 )
CYCLE COmMPOSITE BSHC = 8% CRAM/BHP MR
838Co s 10.62) GRAM/BNP WR
8AN02 B A, 5ES GRAN/BNP HR
BSHNC + BSNGR = 10,.%11 GRAM/BNP K
8SFC = il LB/BMP MR
TABLE B-72. EMISSION CONCENTRATION AND RATE SUMMARY
DATE* L12=0R=2?2 TEST NO, 1| W/ SC PERCENT WATER
INJECTORS' NEEDLE TIMING® STO,
WETGHT FACTOR SCHEDULE® GF LINE MAUL
ENCINE PONER FUEL AlR EXHAUST FUEL 8SFC  WATER TENPERATURES DEGREES L4 AlmgOxX
SPEED FLOw FLOW FLOK AR INOUCY, AlR AlR LEFT RIGwWT PRESS .
RO” L8/mIN LO/MIN LB/MIN RATIO LB/HP HR PERCENTe INLET sox EXNAUST  EXNWAUST
cranan P cocssens eevssns Sese- one - - -
288 +0% 18,78 15.81 +00% L 1 1] kL4 120 2¢)
29§ .13 15.6) 15,727 «009% +$10 so 0 118 t13 ]
Iee .20 12.00 17.20 012 502 s ”° i1 J0e
e o3 21.12 21,40 .01 +*32 so ” 110 )
s1$ S 27.03 27.8? 020 10 0 ” 110 sie
238 06 18,62 15.68 +00% L} 14] 71 l0% 275
L1 L 7 31.62 32,38 +D2% 25 0 ” 106 (314
(X4 1.00 327,28 8. 29 .00? <418 $0 ” 108 1 )
788 1.28 “°,5" vy, 8 029 2?7 1 1] ” 11 [ 11
9s 210.8 1.5 .20 7,08 «0)¢ Al $0 ” i a1
208 0.0 <00 18,09 18.69 «00¢ L] 0 " 108 ”e
e PERCENT OF FUEL FLOW MASS
EXNAUST nC nox coy ney [ 11,4 88C0 BONOX e co
uone rcy S/ L8 /L8
PERCENT L (L] (44 cY G/HP R G/WP MR G/WP WR OF FURL OF FUEL
ceca Y
138 1.08 o103 L3 L
142} [ 132} .0%0 1,98 1.8?
e <030 8 1.3
"3 <030 e 83
L1 - 830 o0 4
124 «1%3 L] L]
02 o2 .80
Rl «030 & 1.7
0 «030 78 S.1¢
"ws +200 o2 12.18
1.0 a0 M «1%) L]

CYCLE CONPOSITE SSNC =
ssco o

e =

SONC » BONG2 o

L ]

8-37

CRAN/QNP WR
SRAN/ZDNP WA
SRAR/BWP WA
GRAN/GNP WR
LO70We W
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NATE®

INJECTORS!

12-08-72

TEST

NEENLE

WEIGMY FALTCR SCHEDULF'

ENGINE PliwER FUEL
SPEED FLOw
0N Bne LB/NIN
285 0.0 .06
285 1e.5 .l
EAA 2s.1 .10
L ¥ AR b
51% 7.0 S
28RS e.0 .07
S8y 110.0 4
8?5 1e% ¢ 1.00
788 18, 1.2e
83s 211.3 1,56
28% 0,0 «0b
EXmALAY HC co
SHOKE
HMERCENT PPM (4]
ceseman ——ew P,
.5 L 1] 71
1.0 L L1)
1.0 . *
1.0 10% "”n
1.0 12¢ L1
) %0 L1
1.0 lew 148
1.0 148 27
2.5 22 "2l
$.0 2%n 2127
1.0 bl s
DATE' 12=-00-72 TEST
INJECTORS' NEEOLE

WEIGHT FACTOR SCHMEDULE'

ENGINE

SPEED

KLL]
20§
208
b A1)
(X 1)
1%
8
11 1)
[ X4]
kd 3
(3.1
20

EXNAUST
smone
PERCENT

PONER

[T
0.0
16,9
26,0
§0.7
7.9
5.0
108,49
1828
172
208.8
"o

TABLE B 73

NO, 2 w/ SO PERCENT wmaATER

TIMING'

AIR
FLOw
LB/MIN
16,81
1s.73
17.13
21.%3
27.1¢
15.81
Ilebe
382
2.3
th.le
15.590

NO

ceanm
106
192
27
k11
*e2
108§
(15}
7%y
kADY
70
123

sTo,

GE LINE HauL

ExraUST
FLOw
LB/MIN

1S.0?
15,87
12.32
21,79
27,7
15.08
32,40
38,62
3,02
$?2.20
1S, e

-
00O s® S

TABLE B.-74.

NOX

2L
129
ane
227
37
L3 T4
12
(T3]
7%}
1A
w0
12?

8SFC

418
418
2
e

coe

PcY
1.na
.21
2.50
3. 60
‘.12
1.0%
$.00
s.81
.. 13
b0
1.08%

WATER

Impur v,
LB/HP MR PERCENTe  INLET 80X  EXeAUSY LaMAUST  INHG, IN

EMTISSION CONCENTRATION AND RATE SUMMARY

TEMPERATURES DEGREED  F AJRBOX  EXWALST
AIR AlR LEFY RIGHT PRESS, PRESS,
L

70 10§ 230 218 3
b 112 308 2%$ 3
0 108 38 2%y .
70 108 ") “ge L]
0 102 Se3 sin L]
70 @ 292 273 3
0 101 (3 1] [ X2 I3
0 10§ 710 728 .
k4] 110 W00 L] ?
% i20 (L1} aw? 0
” toe “00 *00 3

¢ PERCENT OF FUEL FLOW WA3S

“GY
FCY

o1%3
«030
+030
+010
-030
«193
030
030
+030
200
el¥}

CYCLE COMPOSITE

N0, 3 W/ 50 PERCENT waATER

TIMING?

sTh,

GE LINE wauL

FUEL ALR EXHAUST
FLON FLOW FLOW
LO/nIN LO/nIN LB/%IN

«06 15,69 15,48
.s? 18.89 18,72
20 17.11
.38 21.28
3.0 27,80
06 15,68
7% 3.7 32,23
1,81 3%.10 38.11
.07 *1.% 3.1?
1.8? . *7.30
+08 18,427 18,82
co L NOR
(4] (4]

eves

e it

210 .

ne 14

sp2 s

1324 s

11 18

0 L]

%1 [ 1]

”e [

n? [

2y ]

FUEL

ALR

LI ]
«00%
009
012
017
<020
«0pe
+02%
027

[ 1 144

cececema
®
810
L8e?
..
YL

ol
.2
o2
480

L]

BINC 88CO LELT}] e co NOX
G/LB G/L8 G/L8
G/HP HR  G/HP HR  G/WP wWR  OF FUEL OF FUEL OF FUEL
reeccme ecsseces ececess
L] ] L] B.66 2%. 61
1.32 2,39 0,81 ., 80 1.0
87 1.7 .. 7% 3,78 18,30
o0 7.0 2.1? 16,60
<60 1.%? 2,06 19,07
L] 4.6 20,43
31 2.8 20,1%
B3 v, 00 20,80
il 13.9 18,70
72 8.8 17,24
L] $.8? i1.%) .16
OBMC »000 CRAN/BHP MR

L]

 10.%20 CRAN/BNHP MR
= 9.0 GRAN/BNP HR
s .0 CRAN/BN

L4 450 LB/70HP nR

En ABION CONCENTRATION AND RATE SUMMARY

MATER TENPERATURES DEGREES F AIRBOX EXWAUST
Inbuce, AlIR AlR LEFT RIGNT PRESS, RES
LB/NP WR PERCENTe NLEY 80X  EXMAUST EXHAUST N M6,  IN WG,
smecess esese ses sesmsse Seesvms eesse  Sesee
$0 110 0 0w 1.6 .y
s0 110 10 1.4 .
$0 1 e 2.? ®
se 1s o 2.? N
$0 i 1124 .8 N
so 108 "% 1.0 )
$0 110 $.1 1.0
S0 111 [ 1.9
so 110 %3 1.6
0 s 8,? 1.9
s0 113 ek «d
* PERCENT DF FUEL FLON NASS
[ .1 88C0 BaNOX L3 co NOX

CYCLE ConPORITE

NC o

S/L8 /L0 /L0
G/WP MR G/WP WR G/nP WR OF FUEL OF FUEL OF FUEL

-
[ Il ddd Jadd X

sanee
NFC = % LO/0NP WR



“ODE

——
-3 BWUT N W -

MODE

-

mODE

-

-

—-dAWMNT N EwW

O SBMUET NS~

CE-WE R LR EEY T

DATYE' 12-00-22

TEST WO,

INJECTORS' NEEOLE

WEIGWY FACTOR SCHEDULE'

ENGINE POWER
SPEED

ROM BrP
20s o.n
285 17,8
I 26,2
.2 e
518 n..
288 n,0
58 110.0
(241 198 b
k411 17247
035 209,22
2185 Q.0

EXHAUST HC

SMOKE

PERCENT [ 44.]

cemcene meea
2.0 20
1.8 22
1.0 RO
1.0 80
1.0 ®W

5 e
1.0 112
1.$ 1%4¢
2.§% 1%2
S.$ 21s
1.0 (1]

DAYE' 12-00-72
INJECTORS® NEEDL
WEIGHT FACTOR 38C

ENGINE PONER

SPEED

RPM P
208 0.0
208 1e,.$
e 2%,
(143 $0.2
518 70,4
t1id 0.0

L 11 l08,%
(341 198,46
%S 17%,7?
s 210,
08 0.0

EXNAUST

SMOKE

PERCENT
-

FUEL
FLOW
LB/MIN
.0k
ol
.20
.35
.S%
1)
7
1.00
1.2?
1,85%
«05

TESH
€
HEDULE*

FUEL
FLON
Lo/uIn
csoace
08
.13
20
-3%
58
<06
«?
1,00
1.2
1.8?
-0

TIMING!

TABLE R-75.

8$TD.

GE LINE MAUL

AR
FLOW
LA/MIN
15.68%
16,69
172.01
2l1.01
27,16
18,02
31.51
37.%52
1.6l
*e.32
18,7}

118

ExHAUSTY
FLOM
LB/MIN
15.71
15.02
17.21
21.3%
2v.20
15.60
32,27
38,82
s2.00
“3.07
15.%

NO2

(.10

17
1%

14§
1

27
(1]

EMISSION CONCENTRATION AND R8YE SUMMARY

1 w7/ 76 PERCENT WATER

FUEL

AR

RaTlO
.00%
J00%
012
.01?
020
.00%
02
.02?
.030
«0")
003

NOX

(4]
12%
200
28§
k1 L)
0
12?
[(11]
24D
2
"%
120

NO, 2 W/ 75 PERCENT wATER

TInING®

87b,

GE LINE WAUL

AlR
FLOW
Le/NIN
cvecas
15.71
18.62
17,02
21.1)
272,01
18,7
Ji.be
37,%6
.60
.80
18.89

EXHAUST
FLOW
LB/HIN

18.7?
18,7
17.82

FUEL

AR

RATIO
«00%
+00%
.012
.01
<020
«00¢
<02
02
.030
03¢
+00%

88FC WATER TEMPERATURES DEGREES F AIRBOX EXWAUST
InDuCT, AIR AlR LEFY RIGHTY PRESS, PRESS,
LB/HP HR PERCENTe INLETY 80x EXMAUST  EXMAUST IN MG, IN
L] k4 7 Loo 230 1.6 .3
480 7% 0 o0 259 1.6 o3
+ 450 ’s 70 101 302 2.7 o
%25 k41 1 108 e 3. o
L) k4 ] 71 L00 s12 ‘. L
L 7% n L1} 290 1.7 .3
%18 75 0 100 .2s S.1 1.1
«v18 23 1 101 20 0.2 1,3
JH2? s 71 106 92 031 2. 1,7
113 % 7 112 (11 “Wwo .0 1.9
R % ” 102 ‘0 *0C 1.0 .3
¢ PERCENT OF FUuEL FLOW MASS
coz2 L34 (1114 88C0 B88NCX L 14 co NOX
FCY G/L0 G/L8 G/LB
rCY G/HP MR G/MP MR G/WP R UF FUEL OF PFUEL OF FUEL
1.0% .13 L} L} " .8 19,93
.21 .,0%0 86 2.82 [ FY 3 1.79 $.2%
2.78% .030 .o 2.02 .23 1,81 ., 2
3.00 030 .45 1.0% .90 1.08 2,%
‘.12 +030 S a1 10.02 1.00
1.0% «1%3 R L] L] 3,8
$.00 030 %) 1,23 1.08
.81 700 51 i.27 1.22
.. 08 «930 +00 S.88 1.%)
bobl .200 ov$ 12.71 1.4?
1.08 1%} L L] Sl
CYCLE COMPOSITE asnC L 709 GRAM/BHP MR
s 10,810 CRAM/BMHP WR
. ?7.302 GRAM/BRS WR
OINC o = 9.20 CRAN/BNHP MR
. + 489 LB/BNP HR
TABLE A-76. EMISSION CONCENTRATION AND RATE SuMmMARY
39FC WATER TEMPERATURES OEGREES F AIRBON  EXANAUSY
InNpUCT, AlR AR LEFY L) {124 PRESS, PRetS,
LB/HP WR PERCENTe INLEY  BOX EXnNAUST  Exwaust IN NG,  IN MG,
evonsere csscses esnse eve ccsmcas *eeccee ceces e~ens
”* n 71 lo6 o3
"% 0 n 200 1.7 s ]
" 0 ;ns 01 2.6 o
’”’ 70 20 (1) 3¢ )
s n $34 $10 b -8
7% 7 0 wne 1.7 o
” 0 (31] (31 s.2 1 3% )
” n 700 ns [ 1% 1.3
" 0 ({1 ({1 Ve 1.7
"% " %0 Ww? ... 2.0
i) 79 108 (11] 20 1.7 .3
¢ PERCENY OF FUEL FLOW NADS
wey [ 14 8sco [ 1L 1] L3 co nNOX
FcY /L8 /L8 GsLe
G/YP MR G/NP MR G/WP MR OF PUEL OF FUEL OF FURL
wsvre

B-3

L
52

SRAN/GHP R
ORAN/BNP Wi
ORAR/GNP uR
CRAR/DNP NR
LO/8NS W



TABLE B 77 EMISSION CONCENTRATION AND RATE SumMaRy
DATE® 12=0R=72 TEST NO, 3 »/ 7% PERCENT waATER
INJECTORS' NEEOLE TINING' 870,

wEIGHT FACTYOR SCHMEDULE' GE | INE wauL

MODE  ENGINE PONER FUEL AlR EXHAUST FUEL B8SFC WATER TEMPERATURES DEGREFS 4 ALRBOX EXNAUSTY
9PEED FLOw FLOW AIR INDuUCT, ALR AIR LEFT RIGHY PRESS, PREBS,
apm BHP LA/ =N LB/W N ®ATIC L8/HP MR PERCENTe INLET BOX EXHAUST  ExmausT IN,HE,  IN WG,

1 285 n.o .06 + 00 L] 78 2 100 t 41 260 lo6 s
2 28s 17.8 .13 15,05 +00¢ Al % 70 100 3N e 1.7 P ]
3 Jew 26,0 .20 1s.%0 .012 Jte? % 0 102 32 3l 2.0 o
. (T4 50,2 « 36 21.26 .01? 26 s 70 101 .0 .12 3.0 b
L3 S1% 0. 55 27.00 020 «*2) % ”3 101 S0 $1e2 L AL
L) 28s o,n . 15.7% Ofe R k11 71 100 320 108 1.7 e
7 143 110.e o7 1. 024 o%ll % 70 100 (3 1] 26 S.2 .1
R ®?5 1%% .4 1,0n 317.2% 02?7 +*1S s 78 102 710 30 ..l 1.%
Q 8% 170,58 1,28 .7 030 Jh20 ?s 70 10% 99 23S 7.5 1.?
mn 835 2)2.0 1,86 “h.%0 <03 o%%) ?s e 110 80 ®we .0 2,0
11 295 2,0 «0h 18,7 00 R % k4 101 3% 80 1.8 2.
e PERCENT OF FUEL FLOW MASS

mNONE  EXRAUSY L4 co NO NO2 NOX coe uer [ 1114 B88CO B8NOX 14 co NOX
SMOKE FCY G/L8 G/L8 G/L0
PERCENT LLL] (1] [ 1.1] PPM rcY G/HP MR G/WP WR  G/WP WR OF FUEL OF FUEL OF FPUEL

1 1.0 L1 k4 ) 106 13 1. 1.0% .1%3 L] L] L) S.08 9,19 22.%%
2 1.§ 80 7 18% L] 1%0 2.20 .030 o8 1,68 7.20 3.0 e, 22
3 1.0 b1} L1} 216 23 230 2.90 +030 .81 1.8%0 bob2 3,83 19,01
. 1.0 b1 ) s s k143 3.02 .030 «$¢ 1,08 [ 181 2.%6 15.20
L) 1.0 12 ns .S 1¢ o .12 .030 52 1.06 7..2 2,53 17,63
L 1.0 L1J L1 LA ’ 106 1.0% 193 L] L] L] ., 80 10,%3 19,08
? 1.$ 1o 18¢ $9) 0 se) .00 <030 5 1.02 .98 1.3 I.%
L) 2.9 a0 i1 24 [ 131 1% .58 $.9% +030 13 .02 7.8 1.38 5.82
. 3.0 208 %0 [13% o (151 5.8 030 A1) $.00 .77 1.5? 11,9
10 .5 22e 2001 (113 [} (117 [ T2 +200 h? 11.9) .. 32 1.52 27,01
11 1.5 [ 14 131 103 1 ] 109 1.08 1%y L] ” L] 3.2 16,01
CYCLE COmMPOSITE (3114 . CRAN/BNP HR
[ 114] = cRAN/S i
L] s .43 CRAM/ONP WR
S8MC o BBNOR2 3 7.478 CRAN/DHP MR
SOF L] « 950 LB/BKHP MR
TASLE B-78, EMISSION CONCENTRATION AND RATE BSUMMARY
DATE' 12«14=72 TEST NO, 2 W/ 10° FERCENT wATER
INJECTORS' NEEDLE TInInG' 87D,
WEIGHT FACTOR SCHEDULE' GE LINE wMAUL

MNDE ENGINE PONER FUEL ALR CaAnaAUSY FUEL (1144 MATER TERPERATURES DECREES 4 CXHAUST
SPEED FLO™ fLOW FLOwW AlN INoucT, AlR AlR LEFT RIGMY PRESS.,
LLL] [ 114 LB/mIN LB/nuIN Le/nIN [ 7341 ] LB/WP HR PERCENTe e [ .1 EXMAUST EXNMAUST N, N6,

cema P esese eccacecsss eacesss eomes wea cosseas sseccss esses

1 0.0 +06 18,99 18.60 .00 L] 100 7 L1 20} 210 3
¢ 208 15.1 1 18,89 18.7) +00% 5% 100 7” «“ 300 20 s |
3 e (213} 20 0.2 10,41 «011 «S10 100 ” 7”8 f L)% '
. (1) %0 o3 20.51 22.00 +01% +%08 100 ” 30 .0? )
s $18 7.0 A 1 29,00 0.2 «018 %) 100 ” 830 $00 5]
. 208 0.0 «00 16,29 16,38 +00% L] 100 ” e E 0] 1)
k4 9 103.8 .7 .M ’s.08 <002 «*3? 100 7% (2 1) o 1.4
. (343 19e,% 1.01 %0.)? 1,30 +00s .3 100 L4 10 s 1.¢
. %8 170.6 1.2? 3,03 .30 -028 il 100 Lo 7% 830 1.3
1n °9”s 208.? 1,87 ", 0 $0,.60 032 8?7 100 " [ 31 st 2.0
11 208 0.0 «0b 15.4%1 18.86 «00% ] 100 [ 1] %0 00 «?
o PERCENT OF FUEL FLOW NASS

MOPE EXMAUST nC co ne “oR NOX (1 4 asce S8N0N L3 <o nox
(L0134 S/08 o/L8 /L8
PERCENT [ L] (o] [ CHP MR G/WP MR S/WP NR OF PUEL OF FUEL OF FULL

eace cecoves . cnan

1 1.0 ” [ 1 . . b 4 .78
[ 1.8 [ 1] 13 s WK 1.02 19.%¢
] 1.0 90 1% t11) 4 1.68

. 1.0 % b %0 ¢ 1

L] 1.0 120 s $1? 1

. 1.0 80 11 e L]

? 1.8 13 1 ] »0?

. 2.0 1% 1% 3

. 3.0 230 1 7”8

10 .8 % ] ”ne ) |

11 1.9 100 Y 1 . m L]

CYCLE CONPORITE  BINC SRAR/GHP WR
80Ce SRAN/ONP MR
oo CRAR/ONP MR
SONC o BONG2 B SRAR/ONP MR
oFC o W% LO/oNP e

B-40



TABLE B-79. EMISSION CONCENTRATION AND RATE SUMMARY

DATE' 12=11=72 TEST NO. 3 W/ 100 PERCENT wATER
INJECTORS® NEEOLE TIMING' STD.
WEIGRT FACTOR SCHEDULE' GE LINE wWauL

MODE  ENGINE POWER FLEL AR EXHAUST FUEL 88FC WATER TEMPERATURES DEGRETS F AIRBOX  EXmAUSY
SPEED FLOW FLOw FLOW AlR INOuCTY, AlR ALk LEFT RIGHT PRESS, PRESS,
LLL] LL1d LB/MIN LA/MIN LB/MIN RAYTIO LB/¥P WR PERCENTe INLET 80X ExmAUST  EXMAUST IN, MG, IN NG,
1 205 0.0 .07 15.%? 15,60 L09% L 100 kd] . 221 2190 1.7 .3
e 208 1.0 L) 18.°2 16.0% 00N <S80 100 tA] LL) EADY 280 1 .3
3 I 23.2 .20 18,17 10.3? <01l .500 100 k] 100 3%0 2% ] %
- 2. %, v «3§ 22.% 3.3 015§ %83 100 "™ 102 2 (314 .0 »
[3 (313 3.0 .89 ?29.62 IN.ie .018 il) 100 e 101 533 $02 .. 8 .
13 208 0,0 .07 1e.27 18.33 .00% R 100 7% e 32 102 1.9 o3
? 508 102.0 .76 j L0 O 38.1? .022 %) 100 k4] «“ »20 .10 $.1 1.1
] (%11 137.? 1.00 18,97 .0.%? 028 k1) 100 k4] " 08 20 .1 1.3
. 58 1e8,0 1.26 .60 w5, .08 028 Al 100 [ 1] 100 790 .3l 7.4 1.7
10 435 200.? 1.8? *e.1w $0.70 032 el 100 [ 1] 102 930 LI%] .. 0 2.0
11 208 0.0 «0h 18,80 15.86 <00 L] 100 [ 11 100 .11 .02 1.0 .3
o PERCENT OF FUEL FLOW MaSS
WOPE  ExMAUST HC co NO NO2 NOX 89MC 8sco 88NOX 14 co NOX
SMOXE S/L8 /L8 6/LB
PERCENY L] (14 (4] Lo} (4] G/RP WNR G/WP HR  G/MP MR OF FUFL OF FUEL OF FUEL
1 1.8 kL » 110 10 128 L]
? 1.§ 2 s 10 12 197 1,00
3 1.% a 2 2% 0 t42] 1)
. 1.8 "% .7 b 11} 10 b 2d ] b2
S 1.8 128 " 506 s $11 .80
. 1.0 9’0 L L) 10? 16 123 L]
? 1.$ 188 (1) 4] $ (11 ] o
] 2.0 17 £ 13 [ 11 ] 1 ”ne 2,07
. 3,0 216 I kL 14 L) re2 $Sohe
10 s.0 2 210 (11, 1 [ L] 12,92
11 1.8 1ns (1] 113 3 11s L]

CYCLE COMPOSITE ] CRAM/BHP Wh
. CRAN/BNP HA
. CRAN/BHP WA
8SNC . GRAN/BHP WA
LB/8HP MR
TABLE B-80. ENISSION CONCTNTRATION AND RATE SUMMARY
DATE' 18-11=72 TEST NO, % W/ 100 PERCENT waTER
INJECTORS® WEEOLE TInIng* 870,
WEIGHT FACTOR SCHEODULE' GE LINE WAUL
WODE  ENGINS PONER FueL AR EXMAUST  FUEL asFC  WATER TENPERATURES OECRE’'S F AIRBOX  EXMAUST
sPEED FLOW FLOW FLOW [3C] INOUCT, ate AlR (V144 RIGNT e »
amn [ L1 Le/nIN Le/nIN LO/nIN RATIO  LO/MP WR PERCENTs  INLET 80X  EXWAUST EXMAUSY
1 208 [ ] .07 15.83 18.60 .00% L 100 (33 180 i
2 208 s, 93 18.$) 18,67 008 +596 100 ” 101 ”e
3 yoe 2. L) 10.12 10,22 <01k .$10 100 ”
. (3] . .98 28.%0 22,78 .018 K1Y} 100 "
] s18 3.0 81 .9 2%.%0 .018 A Y 100 ”
. 208 6.0 .07 18.88 16,01 [} 100 (]
? 133 108,8 77 ",.10 .9 100 (]
[] .78 197,? 1.01 9.7 ", 100 [ ]
] %8 1699 1.26 (178 3] .S, 00 100 ”
1) ”s 200.Y 1.87 0,82 $6.0% 100 (1]
11 "ns 0.0 N 185.9% 18,49 00 ) e
o PEACENT OF FUEL FLON NASS
nODE EXNAUSY “ co L4 no2 wer aane 88C0 880X ne (1) noX
3 (43 /L0 /L8 /L8
(Lo L C/NP NR G/WP MR S/WP NR  OF FUEL OF PURL OF FUEL
. cnnn enns caane
)} .0 10 <103 L} 20,08
L4 . 1 «030 .01
) 0 18 050 1
. (24 10 «00
$ $0 ] -0
[ (1] 19 «1%3
? 100 10 4
[ ] ne o "ne
a @ e «090
10 2090 € 280
11 L) ) 193

CYCLE CONPOSITE  BONC
[ ol

[ erad
OONC o SONGR
WrFc o

B-41



TABLF B K1, EMISSION CONCENTRATION AND RATE SUuMMamy
DATE' 3=}1=2) TFST NO, 1 w/ 2% PERCENT wATER
INJFCTORS' LOw=SAC TInING® 87C,

wEIGHT FACTOR SCHEDIILE' GF LINE MAUL

MONE  ENGINE PONER FUFL 3L FXmAUST 02 L1 wATER TEMPERATURES OFGREFS F 41RBOX  EXWaUST
SPEED FLOw FLOw FLOw FUEL Inpurcr, AIR Al®R LEFT RIGHTY PRESS, PRESS,
apw AnP LB/AIN LR/MIN LB/MIN w,. 7106 LB/mP nR PERCEMNT+ INLETY 80x ExmaUST  EXWaUSY IN. NG, TN WG,

2% o.n .ne 18,28 16,31 0,772 L] 2s L] 121 250 230 1.0 .2
4 eny 16,1 1% 18,31 18,45 26,10% «S5G% 2% 4 120 ann 2en 1,9 .2
3 Iew 25.1 .20 18,27 19,823 L] E *s 120 138 3N 2.8 ..
- ERdd we " RN 2r.8% FETREY PERTY rYy e 122 480 L2381 . n L
Y $1% 77.1 .85 29,1 10,213 .28 15 7. 122 S0 se9 . .
- 295 0,0 .08 1b.3% .2,31? R 25 7 112 265 2%} 2.0 o3
’ S8 1698 e 33,30 B, 3% RIS 25 7 120 .2 son S,.. 1.1
[} %13 1+0,8 1,00 3,87 2,220 S22 25 143 126 (111 200 ®,? 1.
a 788 173,1 1.2% ve._ 29 6. 2%7 Lt 2s ?» 131 %0 kL1 n.s 1.0
in 93 2Cch,? 1,85 .8, 08 S 0 . %50 25 k43 1%0 S0 an ., 2 2,2
il 28 o.0 06 17.22 sh 172 ” 28 7 118 Il 28n 1.8 2
* EXCFSS 02 IN FXNanSY *¢PERCENT OF FUEL FLOm MASS
EXMAUST He cn NO ND2 NOX co? Ce LY.L LE1d:} a8NOY (1 co NOX
SMOKE G/L8 G/L8 G/Ln
PERCENT PPM PPN PPM PPM PPN rCcY [ {24 G/HP HR  G/NP MR G/WP WR OF FUEL O0F FUEL OF FUEL
1 1.0 . e Lep ? 183 1.00 20.2 L} L] L} 2.0? S.60 I, e
2 1.0 s 143 257 2t 2N 2,08 19,4 oS 1.%0 12.22 1.27 3,7 2e,0)
3 1.% .8 ss N 15 332 2,64 4?7 1.1 10.58? .. 2,38 22,08
. 1.5 Se 35 S2e 15 L121 3,62 .3 83 1n,an Ll 25,17
S 2.0 [ ] 23 2. 18 73% 3, . 1) 2% 12.30 .58 29,11
- 1.7 .0 2% 1e3 10 183 1,00 L] R L] 2.%1 é,r 30,20
? 2,0 7 s? ALY 15 es? ., 7% «31 .? 1>.82 .78 1.12 N
L] e ™w 137 1011 kL] ILLYY 5,29 P 2 1,00 12,9 <06 2,43 30,1
. 2.0 116 188 1038 15 1nee 5,80 ¥ 1.1n 1.3 .3 2.558 27.82
10 3,8 1s0 i%e? 1087 s 1071 ., 13 1%.5 'S e e 11.13 1,01 20,99 25,10
11 i.n e EY 1%s ] 147 .2 20,5 L] ] [ .29 “.”n 2,38
CYCLE CONPOSITE 83nC L ALl CRAN/BHP WR
B3CO = 7,511  GRAM/ANP MWk
BEND2 B 12,140 CRAN/ONP MR
H9HC o BENGZ 3 J2,.ebt CRAM/BNP uR
BSFC = «*he LB/8HP NR
TABLE B-82. EWISSION CONCENTRATION AND RATE Syummamy
OATE® 3=)=7)3 TESY O, 2 w/ 25 PERCENT wATER
INJECTORS® LOweSaC TIRING® 8TD,
WEIGHT FACTOR SCHEDULE® G LINE mMaUL
ENGINE PONER FueL AlR EXMAUST  OPe LE1{4 WATER TENPERATURES OEGREES F EXMAURT
SPEED FLOw FLOW FLOW FUEL INOuUCT, (3L AlR LEFT RIGHT PREAS,
L1 anp LB/mIN LB/7MIN La/m]n RATIOe (LB/N® wR PERCENTS TNLET [ 1] EXNAUST ENmaAUSY IN MG, [N WG,
cosnea cesce esese eeae wescsss occceces  scess  scese
[} 208 08 15,91 15,92 (1] ” ito0 2% 220 3 2
2 20§ o1t 15,9 te, 08 % " 110 e e 1 3
? Ive 29 19,12 18,32 ™ [ 1] 1l o n: 2.0 .t
. e i 22, %% " se 11 40 10 .0 .
s 1% 58 ™. 22 % o0 120 L11] son L) »0
[ 208 0?7 16,24 (4] [ L] 118 3%0 mn 1 s |
’ 1 L) 7 33,41 (1] [ L] 120 [ 22 sto0 $.9 1.1
] (347 113,2 1.00 29,38 "% o0 130 e 131 [ 04 1.¢
L} kil 170,8 1.28% .. 2 " (1] 198 0 20 [ 25 1,0
10 [ 311 02,8 1.%? So.92 (13 s t50 [ {3 ] a0 L 2,1
11 s 0.0 <06 1636 1ee 2 $7,800 " " 1s % (4 1) e o2
¢ TECESD (2 IN EXNAUBT  +oPERCENT OF FUEL FLON MASS
EXMAUST (4 co [ 1) coe o2 (21 4 asceo [ 1111 we co Nox
SMOXE S/7L0 G7L8 S/t
PERCENT [ad] N on oY PCT  G/HP MR S/NP WA G/NP MR OF PUEL OF FUEL OF PUEL
cossean cose evea T S
i.0 » 19? 1.08 19,4 L] 2.9 9,17 28,67
2 1.0 .? (i3] 89 LN
3 1.8 134 ”01 1 ]
N 1.9 ” $11
s 2.0 *% n1
[} 1.0 0 13¢
? 1.0 (3 [ L)
4 1.0 108 “we
. 1.8 0d 1016
10 3.0 1% 100%
1 1.0 8 183

CYCLE CONPOBITE  BONC & o2  SRAN/GNP NR
. SRAN/BHP WR
. SRANIONP nR
[ SRAR/ONP NR
OMFC = %2 LWI/OP

B4z



TaBLE B-&3. EMISSION CONCENTRATION AND RATE SyMMARY

DATE® 3=1=73 TL3T MO, 1 W/ SO PERCENT WATER
INJECTORS' LOw=84C TIMING' 87D,
WFIGHT FACTOR SCHEDULE' GE LINF HAUL

mOnt  ENGINE POWER FUEL AlR EXRAUST 02- B8SFC #ATER TEMPERATURES NEGREES F ATRBOX  EXAMAUST
SPEED FLOw FLOw FLOwW FUEL INDUET, AIR Al®R LEFTY WIGHT PRESS, PHESS,
epw AP LB/MIN LA/ulN LRB/MIN RATIOe {(B/HP wW® PERCENTS THLET anx ExnAUST  EXwausy IN WG,  IN, MG,
\ n,n N 1ho1w 1b.20 Sh, 760 ” §n en 119 22n 2r 1.0 .2
2 1.7 W1 16,17 16,31 20 820 523 50 [ 1} 118 a2 2RN 1,8 )
3 27,4 21 imp.08 18, 2% 17,182 Jeel € an 11 Ive 3R L o
. S, 2 Rl 23,71 12,379 L < L3} 121 185 w2 “.3 o
5 Ihe .5 2%.3% 24, Q. 420 - Lk 123 s38 en . 0 K
® D.n .06 18,7% 10,90 % 6Nk @ < LE} 110 320 2ea a.n L3
? 1n? e e Ie 02 3,78 7,818 Rl $9 [} 122 530 (I 5 . 1.1
L] 1%0.8 1.00 39,53 ALY ] ., 5% LJr2h LD [ 1] 128 [R1d we? », 1.%
L] 173.% 1.2% e, 93 e, 0% S, 04 LI sn (£ 130 50 2 “,? 1,8
10 2nrn_ 2 L L LIS R 1,73 . A4 Leee en L3 12 [ anp * 2,2
1l n.n .Ne 18,78 1e.91 0,16 ] sn [ 1] 119 0 sn 1, .2
o+ FYPESK (12 IN EXVAUSY ++PERCENT OF FUEL FLNw maSy
MEnE FYWaALST we co NO ND2 NOX coz ce LA L] [ 114y AINOX =C [ NOY
S KE G/LB G/LN G/Ln
CruLENT PP™ PPN PPM PPN Y ecY G/MP MR  G/WP WR Gs/wP WR OF FUEL OF FUFL ~F TUEL
1 1.0 (13 1] ] 139 1% 163 1.05 19,0 & L} 2.0 s,et R}
2 1.0 .8 s 2%¢ 1$ 3. 2,00 18,9 A1) ) P 12,32 1.2b 3,00 1,58
3 1.0 L1 a e 29 Ie? ?2.89 7.0 A 1.9% 1n.ee 1,0? 1 2a.n1
. 1.0 (X3 mn s§n2 13 wr? 3. % 17,0 . .0 10,50 L) 2.n% 2%, 01
5 2.0 " (1) 0 1s 719 3,9 16, .38 12,16 Al 1,49 29,80
. 1.0 [ 1] . }S X 12 5 1.90 19,7 L] L] 2 .. 1? b1 In,
? 1.$ LT] [1. ap2 18 ale L8 13 18,8 L) bt 12,7 2 1,60 0
[ ] 1.9 1ne 159 "3 14 ans $.22 18,2 .0 1.21 12,%1 Y3 2,93 [AFRR1
. 2.9 128 (111 e tA) «°@ 5.51 1%,¢ "5 .10 11.2} 1,03 7,31 e% .9
10 3.9 186 135% ws 1 .9 .12 13,% +S1 4,00 10,00 1.13 18,8% B ]
11 1.0 an ETN 188 3 151 1,00 18, R ° R 5,03 0,3 3,51
CYCLE COmPOSITE [} Ll = x4 CRAM/BNP Wk
8sCo s 2,23 CRAM/HHP nh
ASNN2 = 11,585 GRAM/BHP WM
usnC o 98Nn2 = 12,120 GRAM/ANS Wi
(1114 L] 119 LB/ANP Wi
TABLF B-84. EMISSION CONCENTHATION AND RATE SumsaRy
OATE® 3I=1=7) TESY wO, 2 W/ S0 PEPCENT WATE®
INJECTORS® LOweSAC TINING® 8TR,
WEIGHT FACTOR SCHMEDULE' GE LINE AUl
wODE  ENGINE POnER FUEL AlR EXMAUST BSFC WATER TENPERATURES DEGREES ¥ AlmgOY EXvaUusY
SPEED (48 1) FLOw FLCw INDUT T, [ 34 AR LEFT nIGHY PRESS, PRENS,
Lld Le/nIN L8/MIN LR TL) L) LE/WP HR PERCENTS INLET 80N EXMAUST  ExwausY  IN NG, 1N MG,
cmee - cosenes emaee eam wemsees Ssssess oo emmee
1 28 8.1 15.01 15.0? sn @? 118 as 208 1.8 4
2 295 13 34 15.92 ? v L] 11% 70 £ 244 1.7 .2
3 30 20 18.12 so (2] 18 0 no 2.4 .
. e 36 20,1 L1} ” 120 (113 "o ..n )
5 1§ N1 Je 28 S0 L 1] 100 (3 1) (L1 ] ., "
(3 ass «00 » 0 2 110 280 20 1.9 oy
’ (11} s RT3 L] L1 122 (141 *no $,2 1.
] (341 1.00 K2l 11] [ 4] 18 L} 130 5,8 1.%
s %% 1.2 eI $9 ” 132 760 e, 1.8
19 [ 3 1] 1.86 .., 32 K11 $0 1." 1% 32 o0 [ 84 2,2
1 ns 3.0 <00 18,11 1,412 R s0 L 1] iro 182 330 2.0 o3
o EACESS OF IN EXWAUSY ++PERCENT OF FUEL FLOW WASS
MODE  EXMAUST . co "o no? NOYX o aeuC s8co SN0X ne cn NOX
SNORE ¢/4.8 S/L8 G/LS
PERCENT Ldd] (o] (4 (L] PCT  G/¥P - G/WP WR  G/WP WR OF FUEL OF PUEL OF FUEL
sces ssscess PP PR ccuwe cnve cssen cossnes somssss esssess
1 1.0 .0 . 166 20,0 * L] 2,9
2 1.0 .. 18 15,0 38 1.7 1,00
3 1.0 L1] 1% $% 1.0 1.
. 1.0 (34 19 39 «$?
3 2.0 ” 1% 9 «»
- 1.0 0 18 L L]
? 2.0 s [3)] s 1 oo
L 2.0 180 L 34 .30 1.29
< 3.0 120 ] oy o8 .97
10 3.8 182 1] ase Nl .2
1 1e% [ L] ”» 129 1311 L]

583 ORAN/BuP W
8.708  SRAN/SHP WA

CYCLE COMPOSITE BONC &
asce a

02 ® 11,158  GRAN/GwP WA
[
s

68MC o BONDR 11,700 GRAN/BNP WA
[1 144 471 LB/OWP MR
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TABL
OATE® 3=13~73 TEST NO, 1 w/ 78
INJECTORS' (Ow AL TInING' 8TD

WEIWMT FACTOR SCHETULE' GE LINE mAUL

€ B-h% EMISSIGN CONCENTRATION AND RsTE SUMMARY

PERCENT wATER

ONE  ENGINE POmER FUEL AR (2 LTIVE A 02- BSFC WATER TEMPERATURES DEGREES ¥ AIRBOX  EXMAUST
SPLED FLOwW FLOW FLOw FUEL InouCT, AlR AR LEFT RIGHT PRESS, PRESS,
LT ANP LA/MIN LB/MIN (X711 {N RATIOs LB/mP HR PERCENTee INLET sox EXHAUSY EXWAUST INnG, IN WG,
1 285 0.0 .00 15,7 15,77 e, Sub & 78 70 103 200 19§ 1.8 .3
2 28% 15.? e 13,71 15,8 v 121 .523 7 70 100 252 282 1.% .2
3 3% 23, .20 17,72 17,93 17,950 .510 s 70 162 308 300 3.3 .8
. wen LA P | e 22.22 22,57 s2.18s «t3e s 70 103 L2V} b R4 ) . .h
B $18 7.1 .5 29,01 29,58§ s,%9p v23 7% 70 " (1.1 se0 s,2 1,0
° 2ns 0.0 1 18,71 15,27 4% ,015 L 1 79 L1 282 ({1 2.1 .
’ Ske 113.6 .7 33,1 33,92 .071 el % 20 L34 (111 1174 5,° 1.2
# (343 1s0,% 1.00 I, e *0.63 b, 7% Jva2e k1 0 . .50 (311 7.3 1.8
a %% i%s.0 1.2 v3,80 e, 08 L 919 ] %3] 78 70 162 230 %2 8.7 1,8
1n 8% 212.0 1.87 50,26 CIETY) Leey 14 n 108 "2 (11} .2 2.2
1 285 0,0 .ns 18,12 o%,53§ * s 70 o 298 27 1.7 2
¢ EXCESS 02 IN Exwaust *ePERCENT OF FUEL FLOW MABS
MODE EXMAUST " co NO NOZ NOX cr2 02 [ 1114 [ 114] B88NOX 14 co NOX
$MOKE GsL C/Le /L
PERCENT PPu L4 L4 d] L L] rCY PCTY G/HP MR G/HP MR G/MP WR  OF FUEL OF FUEL OF FuEL
1 1.0 Se .8 1 18?2 i.0% L] L] L] 3.0? $.20 2,22
e 1.0 13 59 1? 25 2. .78 1,82 11.0% 1.93 3,00 a0
3 1.0 [1] .? 1l 292 2.3? N3 8 .0 1.2% 1.0 19,8
- 1.0 (1] L 1% 1?7 s12 .20 'l 31 10.11 .5 1.2% 23,32
5 2.0 [ L] 38 20 . 3,80 2 3 11,89 1.01 B 27,20
. 1.0 (33 36 11 198 % [} L] ] 3,61 3,% 26,88
? 2.0 @ (3] 16 a9 .. 59 % Al 1) 1e.%2 1 1.3% 36,00
] 2.5 112 1e8 16 ws .V 2] 1.12 12,03 1.00 2.0% 20,26
L] 2.9 152 (1 1) 1e 1907 .81 +81 2.72 11.08 1.1% 25,7
lo 5.0 160 1308 [} e *.13 85y .18 10,00 1.0 22,00
11 1.0 (1] .e ? 15 1.0¢C L] » L] $.08 39,5
CYCLE ComPOBITE 88nC . «S92 CRAN/BNP Wi
83C0 & 6.0  GRAN/BNP MR
BINC2 = CRAN/BNP WR
A3MC » BONOZ = 1].878 SRaNn P MR
SSFC & sl LA/BHP wm
TABLE B-86. EMISSION CONZENTRATION AND RATE SyuMMARY
DATE®' 3«13=73 TESY N0, 2 W/ 7S PERCENT wATER
INJECTURS® LOw=8AC TINING® 87D,
WEIGHT Fa TOR SCHEDULE® GE LTAE MaUL
MODE  ENGINE PONER FUEL AIR EXNAUSY o2 [ 1144 wATER TENPERATURES DEGREES F AIRBOX  EXMAUST
LD FLOn FLOW FLOw FUEL moucT, AlR AlR LEFY {10} PRESS,
L1L] [ L1d LB/NIN LB/nIN LB/nIN RATIO» LB/MP MR PERCENTee INLEY EAMAUST EXMALSY N, NG,
cee  casmea coses ese Seccsse casas
1 208 0.0 06 15,70 L] ” ”% 00 1.9
2 288 16,9 oh® 15,01 .50¢ ” ” e R
3 e 8,1 +20 17,00 482 " 7 e
. LT1) L1 0% ] T 1] .7 438 % 1Z) *0¢
1] $1% ”",? N 1 +*28 s ” (1]
[ 208 0,0 «0b [ ] ” ” e
4 L1 0] 108,0 7 %32 ” ” 1 3]
LJ (341 ie0,0 1,00 40,40 28 ” n [ 37 ]
. %S 17%,1 l.20 ., <33 ” ”n "?
10 (1] 210.9 1.86 e, 08 o488 ” ”
11 s 0.0 N 1) 18,7 L} 7% ” 20
¢ EXCEBO 02 IN EXMAUST  ¢oPERCENT OF FUEL FLOW MASS
HODE EXmAUST [ 3 co [ 1] NOR nOX (41 o2 [ L4 88C0 08N0X “e co NOX
SNOE 6/L8 /L8 /L8
PERCENT (o) (4] Ll on rcT PCT  G/WP MR G/HP NR G/NP WR OF FUEL OF FUEL OF FUEL
esne cesasce ence eece eess  cceme
1 1.0 1? 16¢ 1.1%
2 1.8 *»w 59 1t [ 13] 2.4
] 1.% 10¢ e (2] n?
. 1.8 116 se e 1 31)
s 2.0 13 " 1? 0
. 1.0 108 » 12 181
14 2,0 1Y 1] *" 2? [ L1)
L] 2.0 1e0 108 2? W“ws
. .0 100 e 1? W0
10 () 0He 1383 2? Wwe
19} 1.8 A3 [ 1] ] 1%}

CYCLE CONPOSITE  B00C & 000  ORAN/OnP WR
88Ce S G708 SRANZDNP WA
SONEE © 15,007 GAAR/ONS MR
SONC o SONG? o AR 000
WFC o
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DATE'
INJECTURS!
wELGHY FACTOR SCHEDULE'

3=}3-73

TEST wNO,
LOw=84aC

TImING

TABLE B-R7

sTo,

CGE LINE MAUL

EMISSION CONCENTRATION AND HATE SyMWaRY

1 w/ 100 PERCENT waTER

MODE  ENGINE PONER FUEL AlR EXHaUST  02- (1144 wATER TEMPERATURES DEGREES F A1RBOX  EXmaUST
SPEED FLOW FLO® FLOW FUEL INDUCT, AlR AlR LEFT RIGMT SkESS, PRESS,
(11 CLLY La/MIN LB/MIN LB/MIN RATIOs LB/WP 47 PERCENT+e INLRT 80X EXHAUST  EXNAUSY In w6, IN %G,
1 285 0.0 0k 15.7% 80,599 R 100 1% . 213 200 ] .2
3 288 12,3 N 18,82 15.01 2%, %82 %) 100 73 " 272 220 1.9 .
3 Iee 2¢, .20 17,00 17.9%0 18,212 .00 100 22 100 120 312 3,0 .
. 2w va q 3k 22.60 23.0% 12,720 .2 100 22 .01 .2 39§ L3 ..
5 $18 7.1 .5 27,18 29,49 2 100 72 (1] 525 (1 13 ... N
[ 28 0.0 .00 15,60 15,7 ® 100 2 . 210 203 é.0 ]
? (11} 109.8 .2 32.% 33,53 AL 100 ?2 a2 soe (113 s." 1.1
(] (%23 1%%.3 1.00 19,32 “0,32 %16 100 2 LL] »?s .80 .. ? 1.9
@ 758 19,2 1.26 %3,82 e, 70 .2 100 13 100 50 08 0.1 1.7
16 [E1Y e ,? 1.58 . 0,03 .*¥) 100 21 101 032 01 LN ] 2.1
1 28s 0.0 .0% 15.70 18.7% [3 100 29 .5 .lv .00 1.8 .2
¢ EXCESS 02 IN EXMAUST  +oPERCENT CF FUEL FLON MASS
MODE  EXMAUSY HC co NO NO2 NOX coe o2 L1114 ssco BSNOY “C co NOX
SHOKE /L8 /L8 G/sLe
PERCENT PPN Rl 1] [ 11 LLL] rcY ”cr G/HP MR G/MP SR G/MP MR OF FUEL OF FUEL OF FUEL
1 72 ”n 182 12 156 1,00 19,7 L3 L L} ., %0 9.7 31,1
2 7% " 87 12 269 2.1% 1.1} 1 1.7 10,8% 1.9 3,5 22,30
3 [ 1) 20 v 2 LT3 2,00 10,? .81 1.3 10.1% 1.8 2,71 20,33
. L1 LT 506 1@ $10 3,30 12,8 50 . 10,3 1.31 2.0 2¢,.0%
s 10% (3] e 2 3?7 3.3 17,1 5 <70 2,27 1.0 28, 0¢
. (1] 12 130 1¢ 182 1.00 20,8 L} ® L] 8,22 2,22
? 116 .« 9 17 LI1Y v, 78 16.¢ .7 .7 12,62 1.8 30.11
(] 13 172 .“w? 1? 100% .3 18 .50 1.2 12,12 3.0% 28,10
L] 1% $%0 a“y t A o $.7% 1%, % 80 3,58 11.1) 9, [1T% )
10 22e 1501 %S 1Y (31 (9% 1] 13,0 «?0 .. .9 22,10 22,41
11 112 (1) i . 1) 1.00 20,0 L] [} ® 11.82 32,08
CYCLE COmPORITE (1104 s o700 CRAN/BHP Wi
#8C0 = 8,110 GRAm/LMP MR
e 10,090 CRAN/BNP ni
® 1l.60b  GRLN/BNP ni
B .50 LO/GNP HR
TABLE B-88. ENISSION CONCENTRAYION AND RATE SUMNARY
DATE® 3=13=7) TEST NO, 2 w/ 100 PERCENT WATER
INJECTOR LOweSAC TInInGg* 87D,
MEIGHT FACTOR SCHEOULE' G LINE MAUL
MODE ENGINE POWER FUEL ALR EXMAUST de- [ 1174 WATER TENPERATURES OEGREES 14 AIRBOX  EXNAUSTY
SPEED FLON FLOw FLOW FutL 1e0uCY, Aln AIR LEFT Rieny PRESS,
La/nlN LB/NIN La/min RATIO+ LO/WP MR PERCENTee INLET 80X EXMAUSY  EXMAUSY
R coveee - ave = . o -
) .1 100 W0
? 1% 480 100 100 ({1}
3 b L1 %,6 o2 +»S0% 100 102 31
. L14) $0,? . 1) 2 100 r0¢ sor
s s)s 77,0 K1) NIL 100 (1) .08
L3 208 0.0 .08 ® 100 [ 34
? S8 110,08 70 2% 100 se§
s (X4 19%,3 1.00 18 108 " (3]
A %8 179, .27 423 100 100 ”"s 908
10 (21) n1,.? 1.6 012 22 100 101 ey ue
11 s 0.0 0 16,00 9,528 [} 180 " i1 1] e
o EXCESS O IN EXMAUSY *oPEZRCENT OF FUEL FLOW NASS
MODE  EXMAUST " co L] L (1] co2 o2 [ 2.4 asco SNOX e co NOX
Snoxe /L0 /L8 S/
PERCENT [ L] ru (g (g ”r (434 /NP WR G/HP W G/MP MR OF FUEL OF FUEL OF PUEL
ecse ccmecsen R conn cnne caon esse  seeme
) 1 188 L.89 19, .8 .88
L4 44 L 10,7 ,1?
] 10 10
L] []
] 1]
L] 1
? )
e 1?
L] 1?
10 1?
1% [ ]

CYCLE COnPORITE  88nC
89C

sna2
SONC + S0NOR
serc

B-48

SRAN/BuP R
SRAN/ONP WR
GRAR/DNP WR
SRARZBNP MR
LO/ONP na




Tanié R He EMI“I0N CONCFHTRATION AND RATE SyuNsaRy
LBTE Jlecmedp TEST N1, 1 W/ 2% WUT, wATER
I8 TH(TORRY SRt TIMING' & TFEL RETH
wf JoomT Bl t R O SEmEDLEY ATSF Sw[Trwm
- PN E Poakw FuofiL AlR FuraueY FLFL MSF( AT @ TEMPERATIRLS NEGREFS ¥ AIWANKE B XMAUST
e FLO» FLow IND €T, ale AR LEFT RIGHT FwE 5SS, PRESS,
LA Elid LY/HIN [ & LH/RP MR PERCENTS INLET 80x EXHALRT  ERNAUST TN PG, TN ML,
1 . 15 8% [ 2s 72 ins 228 n 1ok .3
. thad 1h, % L5+ a 28 77 tne A ehl 1.7 o3
: et I.5e .50 25 7% 112 I%e e é.b K
~ L [ R 28 L D] 118 .51 we9 . 5
h L 27,62 Jue? 2% ") 119 SR 532 “.3 .9
. o 15,93 - 25 L 11w NG 3er 1.7 .3
? 11,3 32,90 AT E4] L¥} 119 (1] bSn . n 1,0
" [ET 3K,53 LT (] a2 121 Tep 782 bof 1.7
a 164,72 'FL RIS 25 L M 131 ayn 892 2.1 1.6
1 19,2 A o%9) 29 LLJ 1%0 LEL] wae LINY 1.9
1 15,48 w s L] 123 .ns 3Jap 1.k .2
o PERCENT OF FUEL FLOW ™aSs
sl b pamaST ( o NO NOp nOX tna uGT ASHC asco BSNDYX (] co NOX
TS FCTY G/L8 G/LR [-72N.}
VR RFE T Pom Pum PPM PP PPm PCT G/MP MR  G/mMP MR G/MP MR OF FUEL OF FUEL OF SugL
R Lo an an ”» 15 L} 1.5% 1% [ » R S.5n0 8,0/ 17,32
o ) 10n .7 12? [ LeS 2.2% .00 1,38 1.2% [N 1) 2.%C 2,30 11,465
k] e ren “e len 19 1. 2.4 NS0 1,11 1.ne 5,2 2,18 10,68
- N TS ., 2% Q td 1% 3,93 .oen .88 .Sh s.22 . in.e2
s L] 15% L3 32 13 Iv? L L nen . i) 5,%7 1,78 12,%0
- 1.8 12 (1] b1 16 .. 1.1% .257 L] L] % 1.3 1..37
. an Ve 122 sna 13 22 5,29 ole .01 1.8 5,87 1,00 13,20
] “on ean LX) L1 3} “ *50 S.?%  ,01in . .22 5.83 1.498 12,27
Q LI Y e are Sis o 515 b.2% n.,oan 1,12 L 1. L 1Y 2.%1 1,80 te.o
m 11,9 san eInk LT ] n 529 [ k4 n_nne 1.71 17,7 .0 3.8k I, 1,
11 LY lew . in3 1 10% 1.1% 287 R L] L] ?.0) ., 30 18.%3
CYCLE COMPNSTITE LEL1d s 3. CRAM/MNP wH
AsCo s 2,%0)% GRAM/BHP wik
ASNp2 3 11,830 GRAM/BME wik
HSHC o+ ASNN2 » 15,312 CRAM/BNP Wik
RSFC = .93% LA/ANP HR
TABLE B-90. EMISSION CONCENTNATION AND RATE SUNMARY
DATE' J2mPh=?? TESY NG, 2 w/ 25 PLI, wATER
IMJECTNRS NEFOLE TIMING' & DEG RFTD
AFTGHT PACTUR SCHEDULF® ATSF SuITCw
[ AaTAU S Tk £13 PIRER FUEL AlW FYMAUST FUEL nSFC waATER TEMPERATURES DEGREFS F EXNAUST
SPrer FLOW FLOW FLOn Ate InpuCT, AlR AlR LEFT LI {1} 3, Pagas,
Ll Llld LE/MIN La/wIN Lu/nIn Ratlo Lu/nP HR PERCENTe INLEY sox EXWAUBT  ENmMauldY IN NG, IN %G,
ceer soseme ceman msese acsececs escsems ecees ces  seeeser Sesssss ceeer  esess
) tL1) a,n 1Y 15,30 15, nne ] 2 % 11 (214 21 1.6 N J
¢ ens 1% .M .l® le,. % 15,08 .one 11 s 14 110 e 2e? 1.6 - |
£l e 230 20 16,%) Thenl 012 .51 % n 1331 5 ny 2.6 o*
. NP L1 ) 35 an,5? 20,9 <010 JONE F4] " 118 (3111 (X 1) 3,? o8
5 519 mee 5% 27,32 22,97 +N20 «%h) [ 4] 3 13 368 (3] ... .0
- 295 n.n oNh 19,54 15,60 +00% L) 8 7 ine 0 268 1.6 o2
? She 101.3 el 32,68 33,40 <023 S8 2 ” 1) 134 (334 S.n 1.0
L] x4 ) 133,12 1,00 8.8 LA % 06 «®51 t1] "% 119 [ 11.] ”e b0 1.2
e ”®5 169,93 1,28 9. N .. 0 Jo0¢ « %88 [ 4] ” 1121 s [ [1.] 7.0 1.0
n (X1} 201,? 1,87 s7.e0 .12 .03 JEN? t 1] ” mm “ap A L] 2,0
11 e0s n,o « 0% 15,03 15,0 +00% L] £41 14 110 " 111 1.9 s
+ PERCENT OF FURL FLOW MASY
MODE  tXmANST " co [ L] ~O2 NOX co2 (3 (2 . 8sco [ 1101 " co nox
AmOKE rcY S/Ln /LR L 241 ]
YERCENT P von (L) ”ou eCcT G/HP NR  G/nP R /P WR  OF PUEL OF FUEL OF PUEL
emae cecccas cnen avas wene oo cece sasee
1 1.0 ” L0 1% 103 287 L . 3, %% s.0¢
? 2.0 ” 1932 1% 182 «JOn 1.87 Seb? [ 1544
3 1.% " 168 13 100 080 1.11 L3 2,48
L] 1.9% hld (113 18 mo «0%0 b} 317
s 1.8 12 N 13 | 1)) «020 [ 1.2¢
b 1.0 ” [ 1] 1 L L] o257 L] [ 184
? 2.0 1% 180 L1 24 L) (313 <810 L 3.0
L} 3.0 176 .20 .o . s «030 3 .20
. $.0 *0 . (111 . (11] 0,000 ? 19,9
an 1r.0 bhtd 288 sna . s12 8,000 a } L)
11 1.0 1ne tAd [ 24 [ ] e? «28? » 2.7
CYCLE COMPCOITE O8MC & SRAN/DNP nR
[ <] = SRAN/DMP N0
SN2 5 12,290  SRAN/DNP wb
SENC o BENGR = 19,802  SRAN/QNP N
SFC = 0% LO/onp

Reproduced from
best available copy
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LATE' 122772 TEST NOD,

INJFCTONS® NEEDLE

wFTGmY FACTIR SCWENILE"

NG L teE »Onf W FUEL

SRE B FLMw

wom (Lld LY/™IN
EX Y n,u .ne
eus 18,7 Rk
Ive #3,.3 dd
e LI . 38
[N 23,0 Y
2Kg hon ne
LLLS Ini.e Y
=75 132, i.00
’55 1n&,8 l.2%
[R1Y 197 1.5?
RS nor .0

Exnaus? 19 co

SHOKs

PERCENT L]
1.0 .
2.0 an 106
1.5 L 10s
2.0 InRk 10%
2.v 1ee 11§
1.1 LA n
2.9 182 5.
3.5 140 (1]
5,0 232 1082
ie.0 ELA) AT
1.5 ins (] ]

DATE! LP=PT=)2

TIRING!
ATSF Sw?

AlR
FLOw
LB/NIN
18,79
1.
2,00
2.56
27,60
1e, 92
32.51
ELIN 1Y
“3,0?
“b, 05
1v, 38

122
18e
22
3N
LLJ
07
.5?
.2
L2 1Y
”"”

Ta%LE B9

% BEl RETD
TeW

[ZLTYAR
€| fim
Las=IN
15,05
1e, 4
17,19
21.9?
au, 20
1%, 98
13,27
N, s
.33
R, 52
18,81

TABLEB-92.

INJECTOFS® NEFDLF TIMING' & NEG RETH
WE UMY FatTyw SCHEDULE® ATSF SwITCH
S UGTVE Puagw FUEL AR (X LITER
SPrEN FLOw FLONW FlL e
CLL Ll Lusuln LA/ Mk Le/eIN
ccemas cones
205 i n oNe 16,72
s 15,9 L 18,71
Ive 22,7 0 17,20
.o (198 ] ot 23 .7 2).M
s18 Yi,» 5% M, 1? N
s 0,0 N 18,60 1s.70
(11} 101,49 ) 32,00 33,50
1 X4) 1%¢,2 1.00 M. 39,38
LAdd Lh7,0 1.2% 3,19 %, 38
(L) 198 4 1.8% (Y 1)
298 0.0 00 14,73
rx AUSY LY ce
Sune
PeucEnT
-

ine n

ido e

138 ”

182 «°

00 (14

1%4) 121

3.8 234 “owpn

$.9 26V 113

1.0 A0 [ 2 2%
1% 180 [ L]

EMISST0N CONCENTRATION AND RATE SyHmaRy

1 w/ S0 PERCE ;T waAVER

FoEL
ate
RaTiO
0D
.nos9
Dl
.01b
020
L00%
023
LT L
.nes
.03
N0

NOX

ELL]
R
%
19
164
256
3v)
1)
s
Sh
L 21
L2l
“t

LL1de

Lik/uP MR
"
SAn
.50%

co2

pCt
1.0%
S
2.6
3.7
., 25
1,08
5.07
5, ek
.8
.6l
1.0e

CYCLE Comen

ENTSSION CONCENTRATION AND RATE BuwMaRy

TESY NO. 2 W/ SN PEWCENT wATER

FUEL
AlR
matvlo
[,
.00%
+009
012
«01?
.03
2 00%
.23
020
02
.02
«00%

88FC
LU P wi

°
S
.50
Leen
50

[}

1YY
o *82
%)
B4l

[ ]

WATER TEMPERATURES 1eGREES ¢
INDUCT, AlR AlR LEFTY RIGHY
PERCENTe INLET BOX EXMAUST  tXmaUSY
so 70 110 28s 275
L 1] 73 109 333 297
€0 72 110 %) ns
1] " 111 L] v2e
sn n 111 LYY ] 30
S0 e ine 350 32N
S0 m 110 +?0 (11}
sn an 110 %2 %8
sn L2} 11? e e
S0 [ 39 12 <N ars
%N L1 112 vio 00
o PERCENT OF FJUEL FLOW M4SS
e L1 119 asco ASNOX e
FCT GrLa
G/HP HR  G/WP HP  G/WP WR  UF FUEL
.28? ” L] [ ., 2
.dan 1.00 2.6% 5,89 1.%
080 .Cb 2.ne s.1¢ 1.9
LOnn &2 1.20 [JRTN 1.%7
.020 .5 1.1? s. 7N 1.%
. 2587 " ] R v, 6l
01N ..h 2,39 5,09 1,%h
.0in .78 ., ne s,0n l.h6
0,000 .02 .01 $.50 1.00
n,00n 1.12 18,90 $.07 2.0
«287 R L] L] .02
BITE (1 114 s 2.%) GRAN/EMP wui
%3Co » %,108 GRAA/ANP Wk
83N02 s Li.112 CRAM/BHE nit
WANC ¢ RENGY ® 13.%7) CRAM/BNP HR
RSFC = 79 LB/BNP wR
watEn TENPERATURES DEGREES F
iNDuCt, Al® LEFY RIGHY
PERCENT fa0x EXNAUST  RYHAUSY
ecescne onw - - -
$0 1ni 20
so 1nQ
$0 e
<o e
s0 108
$3 109
S0 1e®
so 10
so 110
$o 10?
s 118 ”ns
¢ PERCENT OF FUEL FLOW NASS
[ 11 sscn (1 L] ne
/L8

apReny
PRESS,
1K WG,

@ss~usvrsT e

1
1
2
]
.
1
s
L]
?
"
1

co
G/L8
OF FUEL
§5.82
$.1?
.. 0%
2,0¢

[
e/L0

ExMALST
PAFSS,
IN MG,

..
- w

"X X"E VR N R

NOX
G/L8
OF FUEL

EnmaUSY
PAFSS,
| U

L
/L8

G/WP MR G/WP WR  G/WP WR  OF PUEL OF FUEL OF FUEL

CYCLE COnPOSITE  OOWC
asce

847

[ i
ONC ¢ SONe?
[ 44

", 01
2,%%
2,07

S.1¢
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YABLF A 43, EMIRSION CONCENTRATION AND RATE SUMMARY
DAYF Y | Qerredp TESY N0, 3 W/ 25 PERCENT wiYFR
THIECTNRS NFEDLE TIMING' % DFG RETD
wb fun? ba TR STHED (4t ATSF SwITCM
RS N POns & PoEL AlR Eaxrausr FUEL RASFC wWATER TENPERATURES DEGREF S F AIRACY Exmaust
<PEE" [N FLOw FLOw ATR INDUCTY, ATR Al® LEFT RIGmT PRESS, PRFSY,
L Les/=IN LRA/MIN LR/ IN RaTIO LA/HE nR PERCENT INLET Pux EXHAUST  ExrHaAUST IN MG, IN WG,
n,n NGNS 1w, 70 1% 28 LR R 5 m ine 211 2ns 1.m .
16,7 ol 1% .58, 1.0 .Ane 523 75 e 1ne 2%§ 259 1.7 ]
e M .2n 17,01 12,21 .nie 527 143 7 ine ELE ] 2 2.7 ..
“h . .35 1.3 22.0R .01b RN 143 ’8 1n3 .32 “yn 3. S
NS L85 28,3 2% ARG .01 1Y} 25 2 in2 111 521 L) .8
Hen LY 1%.63 15,.h% Lane ® 7% . 1no 30 29y 1, B )
1011 1Y 32,9 33,70 .023 Lee8 75 (1} 101 (321 %31 s.1 1.0
13e.? 1.n0 EL Y 9,61 026 Y5 75 L1} 1n2 23n 748 a,n 1.3
1h3,. 1.2% v3,2? ALY oo Iy 5 [} 1oe LLD) b0 2.3 1.0
1972,1 1,86 $2.31 “a 87 .N33 A s L k] 110 992 W L) 2.0
ELIN w,n L 15,97 15,53 N0 ] s [T 118 2a5 278 1.0 .2
¢ PERCENT OF FUEL FLOW MaSs
FXAnST n( cn ~0 NO2 ~NOX cne [14] BSHC RSCO B8NOX 14 cn NOX
SHuRE FCTY h/LE GsL3 G/La
BEWOENT PEa PPN L] PPM PPM PCTY C/7uP MR G/WP MR G/ WwR OF FUFL OF FUEL OF FUEL
1.0 7e .8 L3} 11 .2 1.1% .25 L4 " L 3. S.1% 16,31
2.0 L1 L1} 128 13 13 2.2 <100 .t 1.%8 $.60 1.99 2.7% 10,71
1.% an 70 19 13 18] 2.8 +08n 1,00 o*n ‘.9 1.008 2,08 .3
2.n Lie .+ 218 13 229 3.5+ 0% R 59 ‘.0 1,80 1,27 in,2s
2.5 13s ”n kL1Y “ s “,12 .02n 72 1Y S.%8 1.§? 1,00 11,.%0
1.0 Ine L1 7% [ 3¢ R? 1.0e 25?7 R L R S.e S.%h l1s.30
2.5 1.8 19% I L] 3% . .010 0 1.6l S.02 1,8 1,89 12,52
.6 ens e .31 ] “3) 5,89 .010 ] 3,% 5,590 1,70 8,15 12,29
kel 2%h 1n2e (13} . (111 S.%? 1,000 .00 .22 S. 2% 1.9 1s,02 11,3
1.9 IS. 2683 .33 " 33 [P A n,oon 1.1? 17.3n ‘.6 2.9 6,43 e,
1.5 129 s0 [ 1] ] L1 1,08 257 L} [ ] L] ?.72 7.18 1a.8e
CYCLE COPOSITE .1 LT z 2,787 GRAM/BNP Wit
83Co J.ve0 RRAM/AMP MR
88NO2 3 0,698 CRAM/BHP wi
BSHC o BING2 = 13,082 GRAM/BNP Wi
ASFC = e LB/ANP WR
TABLE B-Q04. ENINSION COMCENTRATION AND RATE SuMMaRY
QTE' (2=27=72 TEST NO, & w/ 78§ PENCENT WATER
IHIELTONS® NEEDLE TIMING' & DFG RETH
wEIGMY FACTOR SCHEDULE® ATSF SwlTCh
€6 INE POWFw FUEL ALR EXYRAUST  FUEL BSFC  waTER TEWPERATURES OEGREES ¢ AIRBOX ENMAUST
SPHED FLOw FLOW FLO® ATl INPUCT, (34 alm LEFTY RIGHMT PRESS., PRESS,
LLL] “up LA/HIN LA/PIN LB/MIN rRAYTIO LR/uE MR PRuCENTe INLET aox EXMAUST pumaUBY INCHE,  IN NG,
canena cmace - - - - esese sves: Lo veseess eeess cae esevesr cmccsas eveae
20§ n.n LNoe 3 7 ki) tan 208 200 o2
2ns 18,0 .00% 533 ked ” ie0 no (4] o3
It 22.? +012 +812 I 1id 102 3e2 .
(T 13 “e,2 .017 N 7 kil 102 ws "
81§ 71,0 .20 +*§§ 7% ke tos see .8
anrs fign +O00% L] ke ] e 100 s .3
She 00,3 N2 .53 % [ 102 (31 1.0
L34 132,2 02k Ril) s L1 102 70 1.3
78S 163,? NL.TLJ 402 143 13 ine [ 281 .o
83§ 19 .33 K31 7% s ne ae 2.9
1LY .0 +00¢ L] 7% % ine 0 o
& PERCENT OF FUEL FLOW naBS
exmalist ne cn NOD NOR ro ner [ 104 8Co [TLI3 e (1] ~OX
SMOKE FCY S/L8 S/Le S/L8
PEUCENT (L] ron (L] L] Y G/WP WR  G/WP nRt  G/MP MR OF SUEL OF FUEL OF FUEL
creccns vonn ccae eeee PR, cone PO
1.0 i) (1 L1 |14 100 1.1% " (1] 1R, 88
2.8 L ”n 119 Al 128 .0 .08 " 10,08
1.% inn ” 1%% 10 160 2.78 %.18% 2.0 10,08
2,9 1k 0 0s ° aee 3,60 . 10,582
2.9 136 -« 31 A k13 ) LY 12,11
1.0 L1 [1.} L} ] 11 " 1.0 17,7
3.0 6% e (37 ] € ."]e .00 19.00
.5 192 (21] Ao} . 0411 8.8 13,02
.. 5 [ad] 10% “%e . b $. 9 [ 7 ] *
12.% 3es 289 (2 1) L] " ., 80 0,000
1.% "2 .0 @ [} «@ 1.0 + 287 17,89

CYCLE ConPORITE

0t o

B.48

(S ]

.07
e s 13,221
BONC o BENO2 3 1),.79)

SRAN/BuP ki
ORAN/BHP it
CRAN/BNP wm
GRAN/BNE um
LA/8NP e




TSALE B-95,

EMISSION CONCENTRATION AND RATE SummaRly

FUEL

AR

RatlO
noe
nne
.n2
Wni?
.n2n
RLLLY
Jn2e
026
N30
N33
.00e

PhM
a2
18§
178
256
3%

AR 1]
L311
s1%
s2¢
104

FUEL

AlR

*utio
.00
0N
0.2
+019
020
.00
022
028
2029
.01
.00

esFc WATER TEMPERATURES DEGREFS F AlRBDX  TAMAU T
Incucy, AlIR AlR LEFT RIGHT PRFESS, PRENS,
LA/HP MR PERCENTe INLET L1 EXHAIDT  EXMAUST INJHG,  IN W,
R 25 2 10¢ 22N 210 1.4 .3
Lo 2% ” ine Il t1 3} 1.? o3
.50? 2% % 112 58 e 2.4 o
RLE 25 LIJ ns .51 e 3.7 .5
b7 25 L3} 11¢ 11} 532 .3 .R
L 2% LI 1,9 s 320 1.0 .3
b2 2% [ }Y 119 (1 ] +50 $.0 1.0
Y L3 e? 121 e 152 [ [
L] 2% 8?7 131 (k1] LT 7.1 l.h
Lo 2s an 1en 30 aeeq L1 Y 1,%
R 2s (L) 123 L1 jen 1.0 .2
o PERCENT OF FUEL FLNw MaSS
cne WGt L 114 ascn RANOX we co NOX
FCT S7L® e/L8 G/LS
PCY G/HP MR G/MP HR  G/nP MR OF FUFL O0OF FUEL OF FUEL
1.5+ o193 R R [ $,.50 ., 0? 12,32
2.2k 030 1.38 1.20 s, %0 2,98 2,30 11,66
2,9 030 1.1} 1,00 S,%2 2,19 2,13 in,e%
3.93 .Ni40 .S .58 5,22 1.7% 1.19% in, 02
., 39 «030 .03 7% 5. %7 1,78 1,50 12,00
1.1% L] L] L} s, 50 16,37
§.2% .030 "1 $. % 1.00 13,20
L T4 030 . N0 5.03 1,9 12,727
.29 030 1,12 5.% 2.%1 12,02
.,87 200 1.71 S.6% 3.56 13,04
1.1 «1%) R R 2,83 10,83
CYCLF CNMPOSITE ASHC T 1.608 GRAM/BNP WR
(1144 = 1e,e78 GRAM/ANP MR
PENO? 2 W,12) CRAN/BNP uk
8SHC ¢ ASND2 = 7,8nR GRAM/ANP WR
BSFC = ,5np LB/RHP MR
EMTASION CONCENTRATION aND RATE Sunmaly
L Y114 waATER TENPERATURFS DEGREES  F A1MQ0X  EXMAUST
InoucY, AlR ALR VEFT RIGHY rRESE,
LA/HP HR PERCENT+ INLET  8OX  EXWNAUST Exmausy 1N, "G,
cecvente oicssce somes cea esesses Sacecss seses
® " % 111 t 1] 21 1
+Shh 28 ” 110 ns 7 )
JS1 (4 ”n 111 8. my ?
488 (4 n 118 A3l o0 ?
Al 3] £19 ke 112 £11] s .
[ 143 7" 108 2% e i
%50 &. ” i »70 S0 s
8] (4] % 119 ten %0 [ ]
114 (4] ” 121 us en ?
4 ” 124 i LJY] . [
[} [ 1] "% 110 " %0 1
¢ PERCENT OF PUEL FLOW %alS
wey sene 09C0 S9N0Y e co nox
FcY 8/L0 /L0 G/Le
G/HP NR /NP MR /WP MR OF FUEL OF FUEL OF FUEL
eocces
L] L] 10,13
B 1.8? 11,78
134 1.11 »
514
-0
[ ]

(10

NITE' ) e=Pp=?? TEST NO, ) w/ 25 PCY. wATER
INJFCTORS® NEEDLE YIMING' » DFG RETD
wF IG5 FACTOR SCHEDULE® GE LINE maul
MORE  ENCTNE POwER FUEL AlR EXHAUST
SPEED FLOw FLOW FLOv
upv Bur LR/HIN LA/MIN La/MIN
1 [43 ] n.n + 18.5% 18,01
2 ensy 15.3 i 15,95 15,89
2 Ivs 2,5 «2i 1b %2 17.1)3
. ‘e 5,2 .36 2n,.99 LIPS [}
(3 €16 LN WS 27,82 2R,NHG
~ BT n,n 08 15.%3 1%.59
4 SRe 131.3 R 32,%0 13,47
a 575 132.0 i.o0n LLIS S ] LAPR S
L} 85 led, 2 1.2k 2,45 v3,71
in R3S 19% 3 1.8 .89 e,
11 ens n.n «06 15,58 15,68
MODE b xranST wC co NO NO?
SMNKE
WErCENT PPn (0] PPM PPm
1 1.0 L) i3 ” 1%
2 2,5 100 (%) 127 1"
3 2.0 120 (1] 180 (L]
. 2,0 1% . 2¢? .
s 2.5 i15s LLJ 32¢ 13
[ 1.8 120 . 3 16
? 3.0 ins 172 “on 13
L] LN 220 wne (131 L}
L} h,S E1%Y a9 $13 b}
10 11.9 S0 2Mne s2s n
1 ¢, (A1) LL] 103 1
TABLE B-©°6,
DATE! 1le2hadp TESY NO, 2 W/ 25 PCT, wATER
INJECTOWS' NEEDLE TINING' & NEC RETD
WETGHMT FACTOR SCHEDULE® GE LINE MAUL
MODE  ENLINE POINER FUEL AlR EXNAURT
SPEED FLOw *LOw FLOW
Lid] LO/MIN Las/nIN LB/nIN
1 [14) NG 18,99 15,94
? (117 1% 18,4 15,08
3 en «2N 16,91 1k,
. (1) 5 1] n,.s? 20,9%
L3 $1§ 58 7.3 2.0
L3 ng 00 15,89 15,60
] See e P TN Y 3,00
L] .S 1,00 30,47 .87
. ”"%e 1.2% ", %
0 L k1) 201,? 1,97
11 (113 n.n -0
MONE EXNAUST e co L nO2
$nOKE
PERCENT (L]
cces memeces vone
3 1.0 14
e 2.0 1
? 1.9 16
. 1.9 10
s 1.9 19
[ 1.0 114
? 2.0 L]
. 3.0 .
. $.0 h
1 10.0 b
13 1.0 L]

CYCLE CONPOSITE  BONC
80Co

-4

g
BONC + BONGZ

ORAN/0NP R
SRAN/BNP W
SRAR/ONP R
CRAR/ONP W
LO/BNP na




NaTE!
INJECTOPRPS!
“F IGHT FRCIOR §CMENULF®

ie=?2=72

TEST ‘N,
wEFOLE

TIxING'

TABLE B v/

¢ DEG WI YD

G LINF HauL

EEA LT S Ted 313 PANEw FugL AlR
|PpFD FLNOw FLOw
WP AnP LB/MIN LB/MIN
1 ELTY 0.0 1Y
4 295 15.? k)
3 Jee 3.3 .20
- L1 LI .35
5 518 73,2 .54
h ¢RS [ 0%
? (LY w01, 70
" LY 132,% i.00
9 58 165,0 1.2k
in a3 1e. 2 1.87
1 2RS o.n «0b
mont P XHaALST L4 co NO
GunkF
PFHCENTY PP PPN L]
emes  rmseca= cnee coue ecne
1 1.n b L3 "
2 2.0 [ 11} 1ne 132
3 1.5 LL] 106 i8¢
- 2.0 10 ins a2
s 2,0 12n 11~ 330
[ 1.0 (1] 71 [ L]
? 3.8 182 25y 0’
L] 3.5 182 s19 L1 %4
b L 232 1ne2 .92
in 12,0 v ce20 L2
11 1.8 Low -e (]}
LaTe? L2edre72 1597 NO,
INJFCTORS' NEEDLF TInING®

wWEIGMT FaCTOR SLAEDULE’

MONE  EHGINE
SPFED
[XI

2ms
Iee
2.
518
288
She
(%1%
%%
LEL]
a8s

[SIET IR IRVIE VI RV T

-

B EXmAUSY
SMOKE
PERCENT

1.9
2.9
1.%

Rl B RTE I VR
-
.

-

PONER

anp
f.0
15.3
22,2
v,
..
6.0
161,80
132.2
17,0
19%,0
0.0

EYmiusy

Tauie B-98.

s DEG REYD

CE . INF Maul

FUEL AlR EXMAUST
FLOw FLOW FLOW
LB/mIN LA/nIN La/nIN
«06 18,6 18,72
ol 1 .50 18,21
20 1?,00 12,20
36 2. 21,03
.55 20,37 20,7]
o0 . 18,70
] 33,56
1,00 39,38
.26 ., 38
1,86 [T 11
ot 18,73
co NO nNO2
(D] ou
ecea enan
* 1%
1) 12
198 144
0. (14
3 *
kL 1
.ot [}
e L]
.y °
(111 L)
@ ?

1 W/ S0 FERCENT wWaAlER

FUEL
AlR

RATIO
N4
.non
.012
N1k
.0en
.0ne
.023
+026
028
.033
00

NOX

PEM

L1}
13?7
163
2%%
%3

"
e
e
L2413
*

"1

2 W/ SN PERCENT wATER

FUEL

AtR

Ario
.00%
009
012
017
029
L0904
003
02
<029
.00
00%

ron
cmoe
ne
13e
1%0
2%
m

o0
L34
..
sy

BSFC

LR/MP mR

€
Len
.50k
L9823
11

&
451
L85
Y
420

”

coe

PCcY
1.0%
2.00
1 1]
3,7
v, 2%
1,09
$.0?
L 1)
[ 1Y
a.6)
1.0

CYCLE COmPO

(1144

LB/HP MR

K3
[ ]

the

rCY
eenn
1.0
2.0
2,80
.62
v
1,09
s.on
$.81
$. 9
b6l
1.00

CYCLE COPPOBITE  ABNC
88Co

EMISSI0 CONCENTPATION #NC RATE SyUMMaRY

WATER TEVPERATRES DEGREEY ¥ ALRBOX  E(mALS”

INpUCTY, s IR AlR LFFT RIGKT PRFSS, PLESS,

PERCENTS INLET BOY EXHA 3T EXmAUST Th A6, N, WG,
sn 70 110 L 275 1.? ]
S0 71 ine 3113 29 1.0 .3
50 72 110 363 . 2.5 ..
S0 70 111 31 .on 3.9 .b
sn L1 1R 0 5%8 s3n LI 3 .0
sn " ine 150 320 i1.B .3
so i1 ] 110 73 bel S.2 1.8
S0 8n 110 LAY S ¢4 6,1 1.1
50 L3} 11?7 ne | T .. 1.6
S0 (2} i2v ao IR (] 2.0
%0 L ) 112 410 00 1.n ]

¢ PERCENT OF FUEL FLOW wa9%S

we? ASNHC 8sco LELT3 HC cn NOX
FCT G/ LB [749.] G/Le
G/HP WR  G/WP KR G/MP KR OF FUEL OF FUFL OF FUEL

ecoen semee=e seacans ecceas: Ssmee=e seesasme

ENTSSION CONCENTRATION AND RATE SummaRy

193 R [ [] v, 2 5,852
«9230 1,00 2.8% 5,80 1.% §$.1?
.03n .0 2.0% S.1e 1,60 ‘.0
030 .57 1.28 .16 1,97 2.0
030 N1 1o1? $.7) 1.9
1% [ R ] LY
030 K13 2.18 S.08 1.%h
.030 .78 . ne ..0n l.6%
.03 .02 .81 5.80 1.0
200 1.12 18,98¢ 5,07 2,3
Wle3 L} L3 L] 5,02
SITE  BSWMC = 1.137 GRAN/ANP mR
L1 1) 5 15,3 CRAN/BHP KR
88802 = 5,577 GRAN/BHP ik
Q80 ¢+ ASNOZ * 4,713 GRAM/ (NP WA
BSFC = Jeas LA/ANP HR
wATER TENPERATURES DEGREES F ATRQOX & XWaAUST
INoUCTY, AIR AlR LEFTY RIGHT
PEACENTS INLETY fa0x EXmMeUST  EXMAUSY
P eme  mnesuwes o -
€0 11 ans 02
so 10 ne 87
sn ine 193 e
S0 e (117 21
so0 10¢ L {7 ] $30
50 103 280 2
50 109 [ 13} (11
$0 110 k4 1) %0
0 1t [ 1] ] 870
0 1Y 24 .“s "2
so 18 388 $ 113

+ PERCENTY OF FUEL FLOW hass

wet SINC [ 1 14 838X We co NOX
FCY S/Ln G/L8 s/L8
G/NP WR  G/WP MR G/WP MR OF FUEL OF FUEL OF FUEL

S13) ] n [ 13 $.19
N 1,92 1,70 2.4 3.8y
.030 1.00 2.2 2,08
.030 . 1.9 1.9
.0%0 o0 1.% 2,10
1% ] .22 s

.030 77 1,72 v, .0
L0 .88 1.08 2.0
«0%0 " 2.08 17,88
200 1.2 2,67 972,80
e ” 7.00 ..

1,00 CRAN/BNP it

1%.610 CRAN/BMP MR

Cane2 S.00)  CRAN/DNP NRt

SNt o aBNE2 . CRAN/DNP R
AL o Al LB/8N0 wp
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wFE 1GWT FAUTUR SCHEPULE®

le=P =79
~NEFOLE

Tabt

TESY ~NO,
TIFPING'
GE LIMF mauL

F B.q9,

EMTASION CONCENTRATION AND RATE SuMMAR/

3 w/ 7% PERCENT waATER
NEG RETD

ENG INE POWER FUEL AIR EXMAUSY FUEL RSFC waTER TEMPERATURES NEGREFS 4 4IRANY  EXHAUST
apeEn FLOW Fiow FLOw al® INOUCT, AlR ATR LEFT RIGHT PRESS, PHESS
2pm LL13 La/MIN LA/MIN LA/MIN R»TIO LB/ P nR PERCFNTe INLEY 9nx €ExXMAUST  ExwWauSY IN WG, TN WG,
2Ry u.n e 1¢.72 1., L0 & 143 20 10w 211 2ns 1.8 .3
2us 18,7 ole 1v.5e 1v.70 .noe 523 s 2?2 1ne 298 2sn 1.2 ]
Ive 22.¥ .2n 17.01 17,21 .ni2 527 5 7 108 %3 na 2. o
.2y v5,% 1] 21.73 2e.nm Nk TN 7% 12 ] 103 a2 win 3,9 K
LS 71+ .85 29,3 R8N LI BL3! 14 i 1n2 550 s21 ‘.. .8
2u% n.n L 16,03 15.69 N0 W s 74 100 nn 2%n 1.9 P
LA oLl A 32,94 33,70 «.NE Juea s fg im [X13 631 S.1 1.0
(243 13¢,.2 t.nn 30,61 ERAL3Y .02k R0 75 0 ine 730 %R b, N 1.3
EAM) 163, 1.28 v3.2? e, 52 .n2e 1Y 75 [ 31 ine mne ann 7.3 1.6
LELY 1971 1.54 %7, “R, R? EL] .e78 7% [ 3] 110 [LH L1Y [ 2,0
2R 0.0 .06 16,93 15.63 nne L " L 1% 118 295§ 275 1.8 S ]
o PERCENT 0OF FUEL FLOW MaS9
ErnasT <C co NO NO2 NOX co? Gy BINHC 8sCO ELD 4 co NOX
SuE fCT GrLm G/LA G/LB
PE~CFNT PPu (] G/muP MR G/WP T G/MP wmR  OF FUEL OF FUEL OF FUEL
1.0 72 L) 1.1% 193 R ] R 3.9 $.1% 16,31
2.0 LT3 1] 130 2.26 N0 1.0 1,98 S.en 1,99 2.7 10,71
1.5 1nn 70 138 13 151 2,69 030 1.00 1.%y (I8} ] 1.09 2,08 .35
2.n 116 113 218 13 229 3,5% N30 L7 .89 ., on 1,50 1.2? 18, 2%
2.5 (D) L1} re b ns v.i2 030 72 s.e0 1.%? 1.08 11.%0
1.0 1n% (1] 7 1 n? 1.0% .13 L} ] s, S.%h 18,30
2.5 1~ 1R 32 . 3% N .03 7% S.62 1.68 3,50 12,82
3.8 ELLY LIN ] .31 n 1 5.5% «N30 «8 $.88 1.7 e,18% 12,28
b0 2e0 1n2e e} L3 (117 $. N30 e 7.3? .2 1,9 18,02 11,38
[ ISk 2681 v33 n L2} ] (YL 20N ‘.12 17.30 LN Y} 2,98 6.4 .77
1.8 128 .0 (13 o [13 1.09 TS ] ® L] L} 2,72 7.18 18,56
CYFLE COMPOAKITE AsmC 7 ),200 GRAM/ANP WP
8sCo 18,287 GRaN/BNP Wi
ASNDZ ® S.1SR RRAR/BNP wR
ASHC + AINNZ B b, 300 CRAN/BNP wik
83FC = %) LB/8MP HR
TARLF B-100. EMISSION CONCENTRATION AND WATE SUMMARY
DAYE! 1%e27%32 TESY NO, ® W/ 7S PERCENT wATER
IMJECTORS' NEEOLE TINING' & DFG RETD
WEIGKT FACTCR SCHEDULE' GE LINE wAU
ENGINE POwEN FueL AR EXMAUSTY FUEL 8SFC wp ER TEMPERATURES oTcrees r AIPBOY  EANAUSY
SPEED FLOW FLOW FLOW AR INUCT, AlR ATR LEFY L2110 PRESS,
wen LY LA/RIN Le/mIN LA/MIN ®atTlo LO/HP HR PECCENTS INLEY 8ox EXMALUST ENRWAUSY | L]
cumacn PR cacane emcccer cecse swsssste eccasss eeses Sse ececees Sescees
2ns n,n oNb 1,81 0. L) k4 1 ke 100 208 00 1.6
298 18,0 .13 19,8 +0098 533 "% ” 160 ng £12) 1.?
3%y .7 By Lh, o9 012 812 % ” 1n2 2 % 2.6
LT4] ., 2 1) 21,78 01?7 .41 ” 9 in2 (341 sn 2,9
$1§ Yi.e o8 20,0 020 <488 ” " 103 se0 1 3] ..5
WS 0,0 N 15,62 ~00¢ R "% kA in0 298 L 243 1.?
Shs 100 ? o Th 1,8 N23 »%8) ” %0 102 (11] (11 ] $.0
[ 341 132,2 ot 9,59 +OR% 1L % ”n 102 %0 o8 .,
7% 13,7 R ] ) LI Y ) 029 Jth2 14 [ 3} jU1] LY LIV 7.4
(113 197, ? .0,70 .03 o " s 112 “we il .,
206 0,0 19,02 Jho% . ”"” 1] ine (1] ”ne 1.6
¢ PERCENT OF FUEL FLOW NalY
EXnaUST 14 co L1 4 88c0 [ 1111 MC co NoX
$MOuE S/L.8 esLB S/L0
PEMCENT (L] [ ] G/nP MR G/nP WR  G/HP ¥R OF FUEL OF FPUEL OF FUEL

CYCLE COmPOSEITL

Lo
SONC + B8%0

[ i
asle

1.19?
15.290
.91
beble
<48

SRAN/DNP WA



TABLEB-10). EMISSIO" CONCENTRATION ANT PATE SUMMARY

DATE' 3=)58=23 TEST ~NO, | w/ 10N PERCENT wATER
INJFCTORS' LNw=SAL TIMING' % DEG RETD,
WE1GuT FALTOR SCHEDULE' ATSF SwIdCh

MRk ENGCINE POREN FUEL ALR ExMauAT Q= RSFC WATER TEMPERATURES DEGREES 12 AlnpOx  EXxwaust
aPkEC FLOw fLO= FLOw FUEL Inour?e, AIR ALR LEFT RICHY PRES S,  PRESS,
vpw Y1 te/™IN LH/MIN Ly/mIN RaTIDe LB/HP MR PERCENT+e INLET 80y ENHAUST  EXrausT N . InwG,

moes evmee= o rmmmm,e  memem= semeven PYSRP ewamamce ssesess evona one

A 2985 L.t .06 1h.2% b3 bi, 130 ® e [ 1] 118 270 250 1.% .2
2 28y i6.3 L 16,28 16,39 2,851 .503 1ot 1] e o 242 los .2
3 e 23,% .20 19,127 18,32 [URLIN 510 105 [1} i 328 E1] ] 3.0 ..
. YD) R, .3 22.%9 23,3% 12,95¢ K13 ] 114 t0 112 (13 ] v22 .2 ..
5 518 . .5 21,2 29 N 10.00% e 110 [ 1] 100 558 sie .,Q K
. ehs 0.0 .. 16,25 10,31 w2412 ” 100 (1) 1ne 332 Ine 1.9 ]
3 She L1003 .7 13.%0 EAI 2, /e %17 100 (1] 101 "2 30 L 1.4
[} ®?% 1ee 1 1.00 3%.%) e v, ?0% o2 100 L1 10l " 22¢ s b 1.*
a 5% 1736 1,26 5. 10 %648 [ L1} 3 100 [ 1] 102 »o0 o2 7. 1,?

Iy (X1 209, 9 1,87 “a, 5$1.33 ., 8en 1Y ise [H] 108 o b3 L 2,0
1l 205 n,0 A 16,22 1h, 26 [T X1 1 [ 109 L I'4 10¢ E11Y 330 1,? o2
o EXCESS 02 IN EXMAUST  «oPERCENT OF FUEL FLOW mMASS
MODE  FumilsT HC co NG NO2 NOX co2 02 BINC 8scCo [ 11013 He <o NOX
SMUKE c/Le GrLe G/Le
HERCENT (4] (3] pPM (1] (1L cY PCT  G/HP WA G/HP WR  G/HP HR  OF FUEL OF FUEL OF FUEL
1 1.6 % (1} .2 13 10% 1.00 19,2 n " [ . 8 .08 21,01
H 1% (1] w? 138 18 151 2.0 18,7 1.0¢ 1.2% .57 2.1 2,08 13,08
3 1.5 (1] .7 I%J) I 19? 2.50 8.2 4 . ., 30 1,78 1,84 18,33
. 2.0 L .? 243 10 103 3.2 17,2 Ay « 59 “en 1.0 L. 1v,.28
N 3.5 0% *h s 10 .0 .19 .52 .46 7.8 1.28 11 18,18
- 1.0 " I L} ) 12 10% 1.00 3 L] [} (] s, 08 , .51 21,81
? 2.% 120 180 62 ] (31 5.07 15.% . 1.3 7,09 1.10 PR Y
R 1.0 lev 312 Sae 18 (31 5,51 18.0 . 1 2,3 7.0? 1.29
@ .5 1ee "33 $71 10 sot [ 8 1] 18,8 .5 5.9 .. 1,98
. 2.5 2is EES L) S6? 0 (1% ..53 1.8 .70 11,89 5,0 1.5 13.9?
i 1.0 108 (1] an 2 101 1.00 18,0 L} L} L} LIS L] 20,87
CYCLE COMPOSITE anC s .M TRAN/DHP Wit
B8CO & 2,787  CRAN/AWP wR
BENO2 = 13,225  SRAM/ANP wi
83K ¢ ASNOZ B 1S.8%% (LI
REFC = 720 LB/ONP MR
TADLE B-102. ENIASION CONCENTRATION AND RATE SymMaRy
DATE® 3=15=73 TESY NO, 2 W/ 3Qn PERCENT wAlER
INJECTOHS ' LumeSAC TIMING' & DEG RETD,
WEIRHY FALTOR SCHEOULS' ATSF BWITCH
nODE  FRLINE PORER FUEL (314 EXHAUST  O2= WFC  WATER TERPERATUNED DEGREES P AINBOX EXWAUSTY
SPEED SLOow FLOW FLOw FLEL houcyY, AIR (31 ] LEFY RICHY
L] L1 LasmIn LO/nIN La/nIN RATIOC LU/MP NR PERCENTo¢ INLETY ey EXMAUST  EXHaUST

e mecces evose casmesse ssscass sesas Eea  ecsscess Secesee
[l 20 .07 16,2 1.0 $2.234 ] 100 ) sne 30 208
? 295 RS 1.2 10,98 e 08 512 100 " 108 2 290
3 kLA .20 18,73 18,43 18,108 i 10 ” 408 »no b2 )

. 2o .36 2e.% 2 12,208 K33 100 [ 1] 10 *"s e
s $18 .5 (LS 1] 29.0% 10,020 tle 100 (1] 188 (Y ] 528
. 285 f.n .08 16.2% 1s,90 .%30 L] 100 o il $: 1 08
? She l2,.: .?? 12,18 LN L 12 ] %10 100 0 1ce 50 (L1
L (343 1943 1.00 EL N 13 L1381 9 %16 100 (L] 100 0 0
- %8 176.1 1.2 ., 70 "%, % $.937 «*3) 100 so 100 soo ”y
iv (313 02,8 1.5 . 6L $1.0? $.000 982 100 " 10 70 wo
1t tL 0.0 0% 16,02 16,60 (L 11] L} 100 E1 Y 160 (114 “to
¢ ENCESS 02 IN EXNAUSY SoPERCENT NF FUEL FLDNM NASS
nUDE  ExnausT HC co L1 NOR coe or (114 88C0 B8N0 L3 o L
SHOKE L e/Le /L8
PEWCENT (] (L] on rcr PCT  G/WP NR G/WP MR G/HP MR DF FURL OF FURL OF PUEL

—ee - ~ome asse ccca cowe
1 1 2] 13 1.0% L [ L] 3. .50 14,00
2 n 18 ] 9 1.9 .98 1.9 2,72
? 70 1 1.9 1 73 14 107 .90
L] L]} 16 .. %%
$ L1} 19 7.7
L] (1] 12 L]

? 10 10 .00
(] £3 1Y 1% 7.9%
. "w? 3 9%
in 1% 18 e
1 (L] ] ]

CYCLE CONPOOITE  O9MC SRAN/DNP WR
a0Ce WAN/BhP R
[ eed ORAR/QMP W
BONC + B8%92 CRAN/BNP MR
re LO/70NP "R
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DATE'

INJECTORS'
WwEIGHT +ACTOR SCHEDULE!

ENGINE

SPEED

HP™
285
285
vy
“?e
51%
285
58
878
FIT
933
208

ExMausT
SMOKE
PERCENTY

[V W e N

owwCcwowownno

DATE®

3=15-23

POWER

LL14
0.0
ie.3
23,8
“R,3
28,
0.0
110.3
is2,1
173.0
epe. s
0,0

HC

pPu

"

L]

“
10%

"
120
1%
19
ai.
10

3=15=7)

TEST wO,
LUm=8AC

FUEL
FLO
(YA
LOn
i
.20
.36
5
«Oh
77
1.00
l.26
1.%?
0%

TABLE B-103. EMISSTON CONCENTRATION AND RATF SUMMARY

L w/ 100 PERCENT wATER

TIMING® v DEG RETD,

GE LINE WauL

AIR
FLOW
LB/MIN

NO

poN
L]
1
1
2]
w8
a9
se?
sse
s
$6?
L)

EXHaALST Qe-

FLOW

LB/MIN

FUEL

RATIOe

16,31
18,38
10,37
23,3y
29,74
1e.31
v 22
0,83
o, 0§
$i.33
16,26

b1,130
2v.0)1
18,9%
12,95¢%
10.0n%
s2,%12
7.7
®.70§
5,809
., 00y
[N Y

¢ EXCESS 02 IN EXMAUSY

NOX

LLL]
10%
181
1e?
303
‘%0
194
$72
$.
(179
L1324
19

8SFC

WB/HP MR PERCENTee

437
Al
L)

co?
rcY

1.00
2.00
.50
3.0e
‘.19
1.00
$.07
$.51
$.9?
.53
1.00

CYCLE COMPOSITE

TABLE B-104.ENISSION CONCENTRATION AND RATE SuMMARY

TESY NI, 2 W/ 100 PERCENT wxTER

INJECTORS' LOweSAC

WEJGHT FACTOR SCHEDULE®

ENGINE

SPEED

Ll
28%
2ns
e
Lz 1]
$1s
(11]
11 1)
[ 211
%S
9%
208

EXNAUST
sSuuKe
PEHCENT
csaccss
1.0
1.0
1.0
1.9
2.0
1.0
2.9
2.8
.S
7.8
J.0

PUNER

and
0.0
16,9
29,8
(LN}
NG
a.n
112.¢
1983
175.1
207.8
g.0

TIMING' & DEG RETD.

GE LINE HAUL

FUEL AR EXmaysY Ja=-
FLON FLON FLOW FUEL
Losnln Le/nIN Le/nIN RATIO
Rl
.07 16.2% s2.231
ol 16,2 9,028
20 18,73 19,168
3 2.9 12,200
1) 29,90 19,029
08 16,28 71,430
. ?? 33,10
1.00 I, 8
.26 ., %0
1.5 [L A 1
0% 16,02
co NO noR nox
PN N
eoce PR
1 113
.8 160
1] 19
16 ne
10 L2/ ]
13
10
18
°
18 [
? 10?7

o EXCESY 02 IN EXWAUSY

rc

LO/NP HR PERCENTee

rcY

1.8

SoPERCENT OF PUEL FLOW NASS

WATER TEMPERATURES DEGREES F
INDUCT, ALR AlR LEFT RIGHT
INLET 80X  EX#AuST EXNMAUST
100 [T 118 270 280
101 20 112 2%0 202
ito 20 111 33§ 28
100 LL] 112 .53 .22
100 [ 1] 100 (11 sie
100 [ 1 1ce 332 Ine
100 (1] 101 (3] .30
100 (1] 101 211 229
100 (1] 102 200 se2
100 L1 108 00 L1311
19r [F 10¢ E137 330
SePERCENT 07 PUEL FLOW MafS
02 [ 1114 8sco B83NOX W
G7L8
({3 G/HP MR G/WP WR  G/WP MR OF FUEL
18,2 ® [} [} .0
1.0¢ 1.28 [ 3 2.1
. % 6. 30 1.78
bl .89 .3 1,38
ib.$ 514 IS 1 TR 7% 1] 1.2%
1%,% L] [ $.06
18,6 e 1.0 1.18
15.0 o5 1.3 1,20
b8 5.96 1,49
13.8 .70 13,89 1.86
19,0 L] L] f.00
(1114 . T GRAM/BMP WR
0 3 11.10% CRAN/BNP NR
NO B ,.08) CRANM/DHP W
BENC o GENRZ = 7,831  GRAW/BNP MR
ASFC = %6l LR/ONP MR
HATER TENPERATURES DEGREES F
NOUCY, AlIR AlR LEFTY RIGNT
NLEY [ 1.} EXHAUST R XNAUST
erecnss eewee see wessess Ssssses
100 e 208§
100 W
100 v
100
100
100
100
ioo
190
1ce
1" 100

e
/L0

AIRBOX EXMAUST
PRESS, PREST,
IN MG, IN MG,

1.% .2

1.¢ .2

3.0 Bl

.,2 b

... ..

1.9 .2

§.% 1.1

(71 1.%

7.8 1,?

... 2.0

1,7 .2

co NOX

G/L8 6/ L8
OF FJUEL OF FUEL
L, 21.01
[ | 13.06
1,68 12,3%
1.3 19,20
1.1 10,18
., 81 21,81
2.1 10,01
5.5) 1s,7
13,92 18,%1
30, 4% 13.2?7
., 8l 29,62
ExuaueY

. PRERS,

TN, ne,  IN.NG,

essce ecces

1.6 .

.2

*

]

<%

2

1.1

1.4

1.7

2.9

o2

co nox

/L0 /L8

G/WP WR G/ MR G/WP MR OF FUEL OF VURL OF PURL

CYCLE CONPOSEITE  BONC
sce

[ o]
SNC + S0%eR
[ 4]

B
10,829
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EMISSTON CONCENTRATION AND RATE SUMMARY

AIRBOX EYMaAUST
PRESS, PRESS,
INHG, TN WG,
1.5 .2
1.5 .2
.2 o
3,8 .5
.0 .7
1.8 .2
.. ..
S.1 1.1
(Y] 1.
.S 1.8
1,8 1.0
co hox
c/L8 G/LB
OF FUEL OF FuEL
S.56
3,28
1.72
.9
.7
2.9
2,03
[ Y ]
12,61
28,0
2.8
AIRBOX EXMAUST

({4 nox
/L8 /L8
OF FUEL OF FUEL

CATE* 1=00=73 TEST KO, 1 w/ 10 PCY, AIMBOY BLEED
INJECTNRS NEEDLE TIMING? §TD,
nEIGnT FACTOR SCHEDULE' ATSF SWITCH
ENGINE POWER FUEL Agw ExHAUST FUEL 88FC  aIRBOX TEMPERL TURES DEGREES F
SPLED FLOw FLOW FLOwW AIR BLEED AlR Al® LEFY RIGWT
ELY BrP LB/mIN LB/~ N LB/MIN RaTIO LB/9P HR PERCENT INLEY 80x EXHMAUST  EXmaAUST
285 0.0 .0? 1v.8n 1v.43 .00% ® (1 121 24e 208§
29s 15.0 S iv. %0 15,04 .10 573 0 114 381 e
Ive 23,2 .20 16,32 1b.52 .012 .Sne e 120 0 330
LX) s, .30 2n.1e 21,88 010 .40 90 122 (1Y ] e
s1% 20,3 .5 25,60 26,23 .021 .e50 %0 128 $70 Se)
2ns 0.0 Y 1%.07 1%, %% .00% ® [1:} 120 08 EL}
58+ 103.9 .76 In,ne 39,982 .02s . %50 L1} 128 3 (33 ]
(249 133, 1,01 35,4} e v 028 K13 [} 133 re0 00?
258 1hv,.9 1.2% 3N, 20 v0,.$0 032 LIS [ 1 1%1 ’70 20
035 203.3 1.56 v3.01 vy, 58 .0 Vel [ 13 158 asg 10e2
LY 0.0 .0k 1v.92 1v 08 00w 3 [11 13 ~00 EL L]
¢ PERCENT OF AIR FLOW MASS
FxrausY 19 co ND NO2 NO« <0 (134 BINC 8sco B3NOX L1+
SMONE FCY G/LD
VERCENT PPy PPN (L] PPN (L] (134 C/MP MR G/HP HR  G/MP WR  OF PugL
1.0 112 LA 12 $ 131 1.19 «25) » ] " S.26
1.t 108 21 224 S 230 2.3 +100 1.%3 1.0% 8, e.00
1.0 120 .? [ 241 . 201 .41 .08 1,13 .08 6.3 2,22
1.0 i s 011 S ‘J0 ve.le +0%0 .20 -1 . .71
1.n 182 I 1) S 111 v, 72 .02n .78 IS L] 0. %
.S 12 2 120 12 132 1.1% 257 L] L] "
t.e 109 11 10 1 kL A S.6b .010 o7 o .81
2.0 21e 358 [J8) [ 1 [ 8 11 .010 .70 2.58 LI
3.9 290 (L1} L3219 13 " *.82 0,000 .78 [ 9% 11 LS ]
t.0 2. 2293 (11} 13 “"n? s.% 0,000 1.2 1.9y 9,59
1.0 l2% 2 13 1 i1} lal® +28? L] " L]
CYCLE ComPOSITE 984C = 3,078 CRAN/BNP wF
B3C0 = 2,844 GRAM/BHP NK
B8ND2 = 17,180 CRAN/BMHP uR
U3MC ¢ AINO? w 20,288 CRAM/ANP WR
88FC = <08 LB/7BHP nR
TAWiL B.106, EMISS.0ON CONCENTRATION AND RATE SuNMaRY
VaTE' s=np=?3 VEST NO. 2 W/ 10 PCY, AIRBOX BLEED
INJECTORS ' NEECLE TInIng® 8tn,
WETGHT FACTOR SCHEOULE' ATSF SwITCH
ENGINE PONER FUEL aAlR EXmauST FUEL (1144 AJRBOX TEMPERATURES OtcReES F
SPEED FLOw FLON FLOw (34 SLEED Al Alw LErY [ {04
ary 8nP La/nln wh/nIN Le/nIN RATIO LO/MP Hu PERCENTe INLEY sox EXMAUST  ENmaLST
cconae conce *wese  ceceesves csceess  eriem ece -
208 0.0 .07 1%, %0 18,9 008 " 10 % 110
2% 15.0 .19 18,11 18,25 «010 560 10 L] 118
3%y 231, o2l 15,9 16,18 013 <531 10 9 118
(Y 1 (T8 TS 19,68 20,00 010 .47 10 L 120
1S 70,3 .5 8,7 26,24 <021 «%63 10 8e 122
(111 0.0 «07 19,89 1e.88 +008% L] Py} [ L] 119
111] 101,90 7 Jo, 01 0,77 <028 %80 19 [ ] 127
[ 341 12,7 1.0} 38,01 .00 «02¢ .87 10 11} 1%y
%S 1Y 1N ) 1,26 0.2 02 +*5 10 " 191
IS 202.,2 1.5 3.3 . «00 511 10 % 160
2ns 0.0 «08 18,98 18,83 +00¢ L 10 ‘0 199 388
¢ PERCENT OF AIR FLOW WASS
[3LT1E ) nC co N0 NO2 non uetT (104 8sco 930X nC
$nuxE ({34 8708
PERCENT on L] L] PPN L] C/HP NR  G/WP MR /WP wh  OF FUEL
enee coce evee csoe ccee crece
1.0 % (1} (31 1? mm «28? L] L]
2.0 120 ”n f08 1% 202 +400 1.9 1.7
1.8 3 1) 1] 20y t 14 are +080 1.8¢ 1.26
1.5 140 (1] g 2e “w «0%0 14
2.0 190 (1] 111 . $e0
1.% 132 n (334 1 i
’.0 200 18 (113 4 "
2.$ 208 e »? [ 24 [ (1]
4.0 20 102 °"? 14 (123
7.0 %2 80 [ 2] ] 9 "
2.0 120 " 13 1 i9¢

ORAN/GNP NR
CRAN/ONP Nl
CRAR/DHP nR
GRANR/BNP unt
LO/00P R

PG o we
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DATE' 1e0v=?)
INJECTORS' NEEDLE
WEI1GwT FACTOR SCWEOULE'

TEST NO,

TABLE B-107

TI®ING®

2 w/ 20 PCY,

8N,

ATSF SwITrw

EMISSTION CONCENTRATION AND RATE SUMHARY

AIRBOXY BLEED

ALRDONX
PRESS,
IN WG,

-
.
-

NS W W
R
SN sSwEeNE

co
/L8

OF FUEL

[NY
1.v2
1,7

R
.2
1.13
2,03
7,23

17,89

”",23
1.2?

PRESS,

EREE W -
PBFrEDIWwr NS

co
G/L8

[3 CTYE
PRESS,
IN. G,

NI
C/LP
0F FUEL
21,08
1%, 92
1%,0?
13,2
18,06
19,60
17,29
16,0%
18,72
15,26
23,61

wox
S/L0

ENGINE POWER FUEL AlR EXHAUST FUFL BSFC AIRBOX TEMPERATURES OEGREES [
SPEED FLOw FLOw FLOW AIR BLEED AIR AlR LEFY RIGHT
L4 LL1d LB/MIN LB/™In LA/z7MIN RATIO LB/HP MR PERCENTe INLET 80x EXHAUST EXWAUST
28S n,o PuL] 13.2% 13,31 008 L] 20 k¢ 110 221 217
2ns 1%.9 1% 13,22 13, .01l +5%3 20 % 108 310 202
Ivne 23.? .20 18,92 14,83 01 <818 20 ” 111 2 e
LX4d LA 1) 17,49 17,04 Jo21 1L 20 8 118 60 31
518 »a, 9 5% 23.81 2%.1b .02 2] 20 o 1ns 48] S0
2859 0, Ok 12,9 13,00 .00% L 20 74 113 3e0 j20
SAw Q9. s o6 27.%% 20,22 .nee «4SH 2n 80 1?0 710 (Y A)
[ %4 129,.% 1.01 31.%3 32.%3 032 *eS 20 L]} 129 [ IR ] [k }}
8% 1e0,2 1.2¢ 35,5k Ib, k2 035 .71 20 L1 13 820 a9
815 180,1 1.5% 39, “1.35 .03% 503 20 L1 1% 1n2e 1140
285 0.0 <06 13.7) 13,99 N LAJ R 20 L] 130 w5 .55
¢ PEQCENT OF AIR FLOW MASS
[STTYT HC cn NO w02 NOX coe uG?T [ 1114 L.1.14:] BAINTIX [.]4
SHORE FCY G/LB
PERCENT PON PEN [ 14 PPN [ L1 G/HP MR G/MP KR G/nP NR  OF FUE.
1.0 [ L] . 11s 12 13 287 L] L] L] v, 10
2.0 “w L34 2n3 1 2? 100 1,1% 1.11 .. 2,02
1.9 112 . 253 19 e 050 R 7.28 1.77
1.5 132 S Ie0 1 3NN +0%0 .36 ., %) 1.%3
2.0 140 I o0 1 .3 .020 .31 7,0? 1,%¢
1.0 [ L} 1? 118 11 12 <287 [ ] ] i
2.9 17 128 211 o (3] +010 % .42 1.4
3.8 200 s12 0% 1% n? .01c 3. % 7.73 1.%2
5.0 2ne 1370 ) a 3 0,000 v.e0 .87 1.9
10.5 cb 110 i 13 1) kAl 0.0800 19 22 7.0? 1.8
1.8 w 12 138 [} 138 297 L] L] .,
CYCLE COMPOSITE (1114 s 2.200 SRAM/QUP wit
8scCo s ).001
RINOP B |, 599 GRAN/BHP nR
BSNHC + B83NI? & 14,000 SRAN/BNP nR
83FC s 029 Lh/anP MR
TABLEB-108. ENISSION CONCENTRATION AND RATE SUuMMARY
DATE' )Le=pwe?) “ESY NO, 3 W/ B0 PCT. AIRBOY SLEED
INJECTURS® NEEOLE TInING 8TO,
WEJGHT FACTOR SCHEDULE® ATSF SuITCH
EnNGINE POnER FUEL AIR [ L TIN1 ¢ FPUEL (1144 AIRGON TERPERATUREL DEGREED 4
SPEED FLOW FLOw FLOW AIR SLEED AR AlR LEFT RIGHT
L1 ane LO/nIN LO/MIN LO/nIN RATIO LO/NP MR FERCENTS N EY sox EXNAUSY  EXmaysT
cesens cncee cecscea cans im esvesss cacee avessass sescsss esves  ese cserces emcccss
208 0.0 «0? 1. 13.3% -008 L 20 kL 103 220 10
20§ 1%, 1) 12.93 13.06 <010 830 20 10 108 neo 02
e 22.? +20 19,9 15.1¢ 013 +S81 20 70 110 134 b [ 24
M .1 3 e 23 19,58 <020 o478 20 n (3 ¥} 2
518 e, 0 88 2%,0% <023 2l 0 " 18 s%0
205 0.0 o0k 13.9% <008 L] 20 " 108 s
(113 7 2.2 L] il 0 n 11% (34
(34] 1.1 1.00 32,0 *"5e 20 7 1 s20
b4l ) ie0,98 1,88 37,0 0 ks 120 «w?
”9s 19¢,? 1.56 %0.%0 20 % 138 1110
"ns 0.0 o0k 1,9 N L1 L] 20 ”»” i (11
¢ PERCENT OF AIR FLON nARS
ne co wer [} 1.4 asco 88803 L]
oK E fFCY /L8
Ll laa.] G/WP WR G/WP MR GC/WP WR  OF PUEL OF FUEL OF FULL
-
L] [ 33 04
2.1? 2,50
2.08 2,03
1.8 1.4?
1.08 1.3¢
L] 1 334
1.89 .80
.0 1.9¢
7.08 1S .
16,02 1.9%
| 1] 12 130 L] L8 24

CYCLE CONPOOITE  BOnC
[l
Soge o )
SBNC ¢ B0NGR 8 17,.0M
MW s 038




TABLE B -j09Y. EMISSION CONCENTRATION AND RAYE SUMMARY
DATE' J=13=?)3 TEST NO, ) w/ 38 PCY, AIRAOY BLEED
INJTCTORA' NEEDLE TIMING' S8TOD.
wE ]Gt FACTOR SCHMEDULE' ATSF SwITCH
ENGINE BORER FuFL AlR FXPAUST  FUEL (1144 AIRBOX TEWPERATURES DEGREES F AIRBOX  ExXMAUSY
SPLED FLOw FLOw FLOW IR BLEED AIR ALR LEFT RIGHT PRESS, PRFOS,
WEM P L8/mIN LB/MIN LE/uIN QaTlo LB/ WP HR PERCENTe INLEY 80X EXNAUST EXRmAUST IN,HG,  IN WG,
c.0 .06 11.73 .00§ ] s ’0 110 2s2 2%0 1.1 .l
¢ 15,3 ol i1.21 .01 JSen 35 0 110 k3 3] 2R? 1.2 o1
] 23 .20 12.6" Ol .S1e 3s 70 111 LY ] 12¢ 2.0 3
- ve.a 38 15,20 .02% 480 3s 70 112 “7p ‘e [ Ml
< 71,0 .5 19.21 NN JeSe 3s 7 115 .02 L2 r] 3.2 .5
L) 0,0 «0h 11,33 .ONS ] 38 ?1 1ne no 2 1.1 ol
? a0 «7h 22,20 “ 3.0 .09 0 IS 73 e 730 20 3. .?
8 22,2 l.00 26,74 27.0% .03? i1 s 143 121 L1117 [ 21 3.0 .
s 182, l.le 30.%2 31,68 .0%1 RIT] 1s 1A 129 are 1082 .2 1.1
in 10% .7 1,86 3.1 k L], ] 087 .507 3s n 13§ 1108 1287 S.b 1.%
1 285 0,0 1 10,00 10,85 008 R % 0 126 $20 $30 1,2 .l
¢ PERCENT OF AIR FLOw MASS
MOPE EXNAUST ~C 0 1] LIt NOX coe [LI1-24 [ 1 L1d 8sco B9NOX (8 co NOX
SMUKE FCY &/L0 C/L.8 G/LE
PERCENT PPN PPN PPN (1.1 C/HP AR C/HP WR  G/HP WR  OF FUEL OF FUEL OF PFUEL
1 1.0 ”» 13 11 1e% 282 Ld LJ 2,93 2.0% 19,19
? 2.2 s 2ie 1% 22? .00 1.13 7.9 1.%0 2,08 12,11
3 1.5 50 2¢e 1% 283 .080 .ny [ IS 3 1,3 l.01 12,00
. 2.8 §$? 3ss 1e 90 040 53 .40 ] 1,0 .21
S 3.c W e . e .000 14 $.%2 .3 l.%0 12,98
L] 1.8 (1] 2 1230 *09, 13 ~.28? L] L 3,68 1.% 18,89
? S.5 13 .3 .7 . .21 .00 2,00 .87 Rl S.%¢ 13,998
] .5 164 1011 (1]} 13 (13} 010 $.77 s, 20 1.h0 12,3} 13,28
. 10.3 ise 2197 73e 1 %2 0,000 11.22 .87 29,17 13,54
in 20,$% 176 3758 e 19 28 0.000 108,88 .0 36,40 11,60
11 2.0 “% " 138 . (S 1] + 287 L] .“.s8 3.3% 21,08
CYCLE CoMPOSITE 1.77) CRAM/BHE i
2.400 GRAN/BNP HR
12.70¢  GCRAN/BMP wn
8INC o Je,%0) GRAN/BNP HR
.82 LB/ONE MR
TABLE B-(10. ENISIION CONCENTRATION AND RATE SUMMARY
DATE' Je 3 TEST NO. 3 W/ 3S PCT. AlRBOX B EED
INJECTORS® WNEEOLE TInIng® STO,
EIGHT FACTOR SCHEDULE' ATSF SWwITCH
ANDE  ENGINE PONER FuEL AlR CXMAUST  FUEL 88FC  alMg0X TENPERATURES OEGREES ¢ AIRBON  EXNAUST
$PEED FLOW fLOw FLOW (3] sLeeo AR Ale LEFY RIGHY PRESS, PRESS,
Li L] LL14 Lo/mIN LB/uIN LO/nIN TI0  LO/MP NR PERCENTe INLET  BOX IN MG, TN N6,
ccas sesces crane - Py mssce  sae ceena  eseen
1 a8 0.0 «Ob 12.%0 12,%% +00§ 100 ol
? 205 15,2 o1t 11.7% <03 118 ol
k] 3% 21,7 o 13.60 +018 o2
N e e e 16,02 <020 .®
s s1% [T ] .S 20,12 028 .8
. 208 0.0 «06 «00% ol
? (13 9, 77 03 o8
L) 1 341 127, 1.00 +09? Al
. %% 18%,2 1,87 «0%2 1.1
10 [ 21 178.8 1.8 %0 0% uan 1340 1.0
1) 2008 0.0 0 1.5 ~008 .“"e L3} ol
¢ PERCENT OF AR FLOW NASS
MNDE  EXHAUST “e co [ 14 ssco L1 4 ne €0 NOX
snont SsLb aLe S/L0
PERCENT ] ron G/HP HR G/WP WR  G/nP WR OF PUEL OF FUEL OF PUEL
ccse wesvess enes cave
1 1.0 [ 1] [ L] s$. 7
? 3.0 [ 4] .10
] 2.0 [ 2] 2,94
. 3.0 [ 1.%0
< .0 ien ne Yy 1)
. 2.0 s.00
’ $.6
[ 7.9 1
. 11.8 182
19 20,3 13 4)
1) [N ”

ORAN/ONP R
RAN/BNP Nl
WRAN/ONP Rt
RAR/ONP N
LO70NP nR




“0DE

“O00E
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MODE

-

Lol

DWW TS E W

-3 8T NTAS WA

W E XY R R RN

LEFE BT A KN L4

OATE"

INJECTONS!

(r-@9=72

TABLEB-111. EMISOTON CONCENTRATION ANC RATE SUMMARY

TEST NO, 1 W/ SO0 ~ur, AIRBUX BLEED

NEFOLE TIMING' STD,

wll,4T FACTOR SCHEDULE' ATSF SwlTCH

ENGINE PONER FUEL ALR EXHAUSY FUEL [ E144 AIRBOX TEMPERATURES DEGREED 4 AIRBOX EXMAUSY
SPEED FL0m FLOW FLOwW ALR BLFED IR AlR (X123 ALGHT PRESS, PRENS,
LD BnP LB/MIN LB/HIN LB/MIN RATIO  LB/MP HR PERCENTe  INLET 80X  EXWAUST EXWAUSBT IN,HG, IN WG,
2es 0.0 .0h .35 L2 006 ] (1] LAl 100 200 20 1.0 .2
28¢5 15,5 L1 3 LY ] .018% 5% 1] s 108 323 278 1.0 .
ELL] 23.1 2 10,43 10.53 0L .51e s0 70 111 390 Il 1.% .2
.2 .,2 o 11.%0 12,20 .030 .S2e 50 LA 111 sne e 2.5 .2
$1% (TP K1 15,46 16,00 03§ .08 1] 2e 111 (17} sne 2.0 ..
s 0.0 .06 LTS .51 .00% ] L1.] 79 110 38 32 . .1
(1 D) 3,5 .7 17,03 19.8¢ ney Y1 50 " 11? 700 m 2. Y
(%14 1232 L] 22,56 23,55 08 1l s0 143 120 a3 L11) 3.1 .?
7%% ive,) 1.2% 23.81 24,36 .083 .513 L1 i 122 10%0 1¢20 2.? .0
[ 1he.3 1.5? 26.1? 27.71 .05 <582 L1} ?% 131 1260 1850 .. 5 1.2
205 0.0 .0% e s L0808 ] L1 ?? 121 s10 $00 1.0 W)
* PERCENT OF ATR FLOW MASS
Exm. .37 ne co NO NC2 NOX co2 (13 BANC 8sco 83NOX L4 co NOX
. MOKE FCY (744 ] G/L8 G/Le
FERCENT [LL] (L] (1] (1L rct G/HP HR G/MP MR G/WP WR  OF FUEL OF FUEL OF FUEL
1.% 10% b} 127 33 160 1.66 .287 L] » ® 3.8¢ .. 89
*.0 13 116 (3% 30 2¢3 3,50 .100 1.10 1.9? (8.1 2.0) 3,98
3.0 Len 118 21 30 261 .12 .050 .2 1,3e S,10 1,92 2,60
.. $ 100 159 e 10 J2v 5,00 .0%0 2 1.2) .1 1.39 2.3
®,0 22e L} e 0 A1 3 [ 3 .020 . 2,01 LN 1 1.%¢ [ 3% T
1.0 1e0 ” 130 19 18?7 1.58 .28? L} L] ] $.1? s.2)
1.0 23 121 $3S 1% sSe 2.0 .010 .2 .. 00 % 1.2? 18,44
20.0 17 e $N 0 $?71 0,52 010 BAd 1.7 ., 2 %,59
2%.90 120 @2 (X1 0 (11 4,66 0.000 .27 14,1¢ (9% 13 ) 37,2%
37.0 [T sepe (X1} 1% (11 «,80 0,000 .20 21,98 .7 .37 94,00
1.8 [ 1) 2 182 . 1%% 1.5 287 L} (] [} 3.83 1.9
CYCLE COMPOSITE  AAMC = 2,120 GRAN/BNP MR
asco = b3 CRAN/BHP MR
sING2 = 11,301 CRAN/BHP W
S3HC o BINOZ & 13,0321  GRAN/BHP WR
esFc s 007 LE/BHP WA
TABLE B-112. ENIRSION CONCENTRATION AND RATE SUNWARY
081:" 1-08=7) TESY NO, ¢ ¥/ S0 PCT. AIRBOY BLEED
INJECTORS' MEEDLE TInInG' 870,

WEIGHT FACTUR SCHMEDULE® ATSF SwlTCw

ENGINE
SPEEL
"o
[
245
(117
L)
‘2.
$1§
WS
0%
(24
i 1]
11
"

EXMAUSY

PONFR

anr
cocee
0.0
18,0
2.0
2,?
(18 ]
0,0
9,9
112.0
i182.?
168,
0,0

(.3

FUEL ALR EXNAUST FUEL 89FC ATROCX TENPERATURES DEGREES F AIRSOX
FLOW fLON FLCu AlR SLEED AlR AIR LEFY RIGHTY
Le/nIN Le/nIN LO/nlN RATIO LB NP MR PERCENTS INMLETY °0x EXHAUST EXxmMausY

08 6,3 ., .8 00?7 . $0 2 12 20
.18 .58 S, .01 <580 $0 0 11} I8
.21 10.9) <020 .52 s0 0 112 ]
-3 1.9 .00 .501 0 14 1
008 A $0 ”n 112
«006 L) o n 110 s
990 S0 " 11l
oS30 so 14 118
s { ” i 1000
«$70 e (L] Y ] 1
L s 0 12 30

o PERCENT OF AR FLOW NASO

EAMAUST

CVCLE CONPOBITE BOC &
s eCe =
® [ ]

OONC ¢ BN »
rc o

| 21

o2 ney (14 seco [T L3 co nox
fcvy /L8 /L8 /L8
on G/WP WA S/NP R G/NP WR OF FUEL OF FUEL OF FUEL
ecven cncee
12 K11 .. 19,78
1% 10.%
1. .8
[] 7.8
s
12
.
[
13 37,84
1 (198
» ",




Darte’

I=)e=73

TEsT ~NO,

INJECTORS' LOw=3aC

WEIGHY FACTOR SCHEDULE®

TABLE B 113 EMISSTION CONCENTRATION ANU RATE SUMMARY

1 w/ 20 PCY,

TIWING' 8TD,

AYSF SulTCH

¢ EXCESY 02 IN EXMAUSY

02~
FUEL
RaTIO
r,522
21,208
1N,
e
7.500
$3,77?
5,90
(T3]
1, %2
3,120
$2.080

~IRBOX BLEED

[ 1144 AIRDOX TEMPERATURES
BLEFD AIR Alw
¢ LB/WP MR PERCENTee INLET 80X
» 20 e 103
J5%0 20 s Loy
.*01 20 7 110
1T 20 ”» 11
L) 20 ki1 e
L] 20 7 10%
<%0 20 [ L] 11s
.38 0 1L 122
452 20 (1] 132
Y 0 20 b13 1%
L) 0 [ 17 110

ey

CYCLE CowPO

8ITE

OSHC o

[ 1174

G/HP HR  G/WP MR G/HP MR OF PUEL

asco

SePERCENT OF AIR FLOW MagS

AIRBOX  EXMAUSTY
PRESS,
IN MG,

co NOX
/L8 /L8
OF FUEL OF rFugl

L]
1.00
.8
S
.5¢
L]

N 1)
+ 00
88
.58
L]

88
Co
(1171

agNO2
asFC

1.%1
1,00
.70
.89

TAGLEB-114. ENISSION CONCENTRATION AND RATE SuMMaRy

MODE ENGINE POWER FUEL ALR EXHAUST
SPEED FLOW FLOw FLOW
apm (114 LO/MIN LB/MIN LO/MIN

1 20§ 0.0 .00 13.30 13,99
H 20s 1v.8 .13 13. 13,50
3 Ine av.,5 .20 1%.18 1%,38
. LY 1Y (Y N9 30 19,27 19,02
5 518 73, .5 23,62 9,17
3 s 0.0 .0b 13.30 13,93
? 50 103,? o7 27,93 28,19
] (%13 136, i.00 ..l 32,61
L] 758 16,3 1.28 .50 37,0
10 [} 13 1930 1,86 LY Y3 (Y ]
1 208 0.0 .08 12.30 13,36

MODE EXMAUST HC co »O NO2
IMUKE
PERCENT (L] (1l (L]

1 1.0 ?”* 11} 18
2 2.0 []] 204 20
3 2.0 100 292 20
. 1.8 20 e 20
s 2.8 13 (131 18
. 1.0 ® 18% 15
? 3.9 ise soe 29
[ ] 3.0 192 30 L A
. .0 100 aag [ {]
10 10,0 192 %) [}
11 1.0 ©®w (§1) ]

OATE' 3=18-7) TEOT N0, 2

INJECTORS® LOw=8AC TINING' 87D,

®EISHMT FACTOR SCHEDULE® ATSF SWITCMH

MODE  ENGINE PowgR FUEL AIR canaveY
PEED FLOW FLOW FLON
L L] LB/ngn LB/ngN Le/niN

[

1 <86 1%.2? 1.
2 s 10 13,07
3 } L1 20

. (1 1) N

1 3 18 38

[ 20

? (113

] [ 343

L] %8
10 (11}
11 0s

nODE  EXmausY e <o nog
Snoxt
PERCENT ~on on [ ]

csee cocccese evon ecee eeen

I [ 1] [ 1] 12
] ” ®w 10
? [ ) 108 1]
hd 10 118 10
1 108 1% 24 1%
[ ” » 13
? 208 | aad 1
] 19 ”ne 1
. 160 1% 0
10 100 ”r0R [}
n 100 . 3

[T
FUEL

RATIOC LO/WP HR PERCENTee

N/ 20 PCY, AIRBOX BLEED

[ 144

AIRBOX
sLEeo

TENPERATURES

IeLET  BOX

rocas s

OEGREES F
LEFTY RIGHT
EXWMAUST  Exwnausy
208
2 278
330 k23]
. %2
$9 $5%
288 20
29 (111
(1] (1]]
%) 1010
10% 1260
220 210
88NOX MC
S/Le
[] 2.0
10.%0 1,%
8,00 1.7
0,2 1.4?
.30 1.1
L] $.01
1.2?
1.0
.02
.13
.29
CRAR/BuP nk
CRAN/BHP NR
CRAR/QHP Wi
SRAN/BMP wh
LB/70HF MR
OESREES ¢

LerY fgeny

EXNAUST  EXnaUSTY

cecsass escwecse

SoPERCENT OF AIR FLON WASS

2ne
(134
1o
‘s
s
%

"

/A8
S/NP MR Q/WP MR S/0P MR OF FUEL

3,80 27,01
2.1 1%,63
2,2y .

1.50
2,01
3.7
3.8
e
2,00
@,y
5.2

AIRBOX  EXwmaUST
PRAESS, PRERs.
IN.NG, fw.mG,

1.2 ot
1.2 o2
2.0 .?
5.0 N1
2.4 o
1.0 o2
. .9
1.0

1.8

1.8

..

co wox
oL s

o FURL OF FuURL

8.7




MODE

-0 SBuUT P Fw

-

O 8B UFASW N~

-

—O BB UT RS wn—

-

noot

one

XY R T X X X N J

-

ODATE' 3-20-73
INJECTORS' LOW=LAC
WEIGHT FA Y04 SCHEOULE’

TABLEB - 1i5

TIMING' STD,
ATSF SwltCH

TEST NO, 1 W/ 38 PCT,

EMISSION CONCENTRATION AND RATE Suynmafy

AlRBOY BLEED

ENGINE POWER FUEL Alm EXmAUST 02~ 1144 AIRBOX TENPERATURES TOE ¥ AIRGOXN  EXNAUST
SPEED FLow L 0w FLOW FUEL sLEED AR a1% PRESS. PRESY,
CLL] (114 L8/¥IN LB/MTN LB/NIN RATIOs LB/WP WR PERCENTes INLET  BOX IN MG,  IN WG,
28s 0.0 .06 10.8» 10.83 38,800 [ 1 7 112 3 1.0 .2
20% 18,6 .14 10,81 10.78 1%,9%% 11 38 73 116 w2 320 1.0 .2
Jen 2,4 .20 11,02 11.02 10,208 88§ 38 23 11% k13 P4 1. .3
e vs,? 1 15,01 15,36 ..30) Y ) 35 73 112 ey “e0 2.6 |
$1% 73, .55 19.%3 19,98 L8 L .47 E13 7 118 o2 (11 2. .5
205 0,0 .06 10,58 10. 6% 37,0%2 ] s " 110 30 2% 1.0 .2
(11} 101.¢ .?? 2.1e e, 92 3.5%0 L9853 »s " 318 Jak 238 3,2 ..
(341 1. 1,00 25,02 26.02 2,000 I ] £ an 120 (L1 " 3.8 ..
5% 155, 1.2 24,80 3.8 2.07% Byl % [ X 12% 1080 110 .0 1.0
9% 17,0 1,59 32,00 ", 20 1.959 538 3% s 13?7 1230 i%10 .? 1.2
s 0.0 R 13.02 11.07 “2,v8? [} s (1] 127 "o 28 1.0 2
o EXCESS 02 IN EXNAUST  +ePERCENT OF ALIR FLOW »aASS
EXNAUST e co NO ~02 NOX €02 o2 88nC [ 114.] BENOX ] <o NOX
snoxe ([ T4% (749 } C/LB
[ 4 ”n [ 11] (11 [ 44 LLL] Y [ 144 G/MP MR G/NP WR  G/uP WR OF FLFL  OF FUEL OF PUEL
coen cone [ PR, PR csme  weces [,
1.0 1] 71 1s8 « 17 1.92 19,2 [ L} L3 23,7
1.$ " [} 200 1% 303 3.20 16,8 N1 1,60 [ L] 17,16
1.5 [ 1] “ 110 . 3. 3. 48 15,6 .80 1,00 17 12,82
2.0 “ 1 w7 . *"w? $.81 13,% wvl ., %0 12,08
.5 100 332 ses 1 (1] [N YY 12,8 s 1] (¥ ] 18,81
1.0 "0 . 120 . 178 1e% 18,4 L} [ 2w2.0
7.0 %1 1002 k) [} 71 7.8 10.? .30 7.00 15,83
.0 120 210 20 13 .2 8. 22 “e 35 .0 18,32
1e,§ %W %80 700 0 00 . 7.6 1) .. 1¢,00
?1.0 «“ “ose s 1 14 0’ .32 (18 .28 .0 12,78
1.8 n”n .3 17 [} 17 1.3? 1.5 L] " 26,3
CYCLE COMPOBLITE asnt s }.38% SRAR/BNP uR
(214} a .37 CRAN/BHP MR
8IN02 = 19,000 SRAN/BNP Rt
BONC ¢ SONOR2 = 18,.7%0 [ 1] [ L
[ 1] {4 - A1l IR/QHD WE
TABLE B-116. ENISSION CONCENTRATION AND RATE ByMMARY
DATE' 3=20-7) TESY w0, 2 %/ 38 PCY TRe0Y GLEED
INJECTORS' LOw~3AC TINING® 8TD,
WEIGHT FACTOR SCHEOULE’ ATSF SWITCH
ENGINE POWER FUEL ALR EXMAUSY 1] 3 [ 144 alReoX TEWPERA TURES [ Ll (2] ’ AIRPOX  EXMAUSY
SPEED FLOM FLOM FLON FutyL [ [R14) AR AlR Loy REGuY PRESS, PRESS,
L] [ 1.4 LO/nIN La/ntn LB/NIN RATS0e CLB/7WP MR PERCENTee IMET 20 EXMAUST  EXNAUSY IN NG, 1IN, NG,
copaan cewea eseew acoewe e paooses oevues -as - - et —ooaw
s 9.0 <00 10.8% 10,08 ., 128 L4 »”n 0 iy 1.0 2
s 15,.¢ L) 10.0) 10,37 «S%6 ] ” e 1.0 N4
L1 7.2 20 12,07 10,27 9 ”% ” 118 1.8 o?
e LA 1304 18,42 13,32 72 ”n 7 113 2eb i
$18 3.9 .8 10,.% 14,90 K133 ” 7 118 2.9 .8
s 0.0 «08 10.400 10,06 L " Lo 118 1.0 2
0 102,82 7 W.2) e2y.0n <480 " kol 118 3.9 ?
(344 11,2 1,00 25.88 26,82 ? " kad 120 3.6 N
%8 186,) 1.8 29, 9) .18 2 ” (4] 1 .1 1.0
”s 100.0 1,80 2.7 M,98 1.7 «8$10 ” (2] e .0 1.0
20 0.0 «08 10.86 18,61 (178 11Y " ” " 1’ 1.0 .2
o EXCESS OF [N EXNAUST  ¢oPERCENT OF AIR FLOW WABS
Cxnaus? L3 co no "0 L] [ ] [ < 88CO SoN0X L3 %0 wox
moxt S/L0 /L8 S/
PERCENT L] " on (241 G/WP NR G/WP WR G/WP MR OF PURL OF FUEL OF FUEL
coveces wesw eove cvee acons
1.8 L 24 3 (1) 19,8 L L] 2.9 3.0 2.0
1.9 b1 A 208 1%.) 0 1,08 1,08 2,9 13,850
2.9 (3] (1] ne 16,8 o 1.18 19,00
114 0 3% 10.4 314 1.9
70 13 1 34 Y 9% e, 02
[ . 10 19,4
100% [ 4] (11 11.8
[ 2. ] % i\ L0
sene 11 2 [ D\
782 13 L H .0
9 ° 186 10.8

CYCLL SOonPelITE 00k = .20
e & .

ome: & 12,%

SONC o SONOR © 19,108

rec s 7%

9-59
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TaBLe B-117

EMISSION CONCENTRATION AND RATE SuMMARY

T

A4

CATE' [=3R=2) TEST w0, | w/ 10 PCT, AIRBNX BLEED
IHJECTuURS NEEDLE TiwING' sTD,
At iGmT FalTCR SCREDULLE' GF LINE MAUL
ENGINE PrLmER FUEL AR ExHAUST FUEL BSF( AIRROX TEMPERATURES DEGREES ¢ ale@5ux  Exmauld
SPELED FLOw FLOw FLGw Alw BLEED AlR AlR LEFTY RIGHTY PRESS, PRESS,
wpu CLld La/mIn LB/MIN CB/MIN RAYIO LB/HP HR PERCENTe INLETY 80x E4AUST  ExmMaLdT INRG,  IN WG,
ELTY o.n LA 1s,0 1,93 0% ] 16 $2 121 2es 208 1.8 .2
284 1.0 ol iv.% 15.0% .0l10 .73 10 00 1. 351 308 1.5 .2
e 23,2 .20 1o, 32 10,52 N2 .sne 10 ™ 120 370 330 2.3 o
vee *5 .3 13 s 20,55 Lule L0 10 (1] 122 e wen .5 .5
515 LS | W5 25,00 26,213 021 Le50 10 o 128 L343} Sel .0 .?
28 u.n D¢ 19,87 1%.9% .foe ® i0 80 120 308 2% 1.8 .2
S8 01,3 7. 30.0e In, 82 .nes .50 10 [ 14 120 (L1} 73 L) ..
.75 1333 1.0t 35.91 W ¥R L0289 L53 10 L 113 r%0 %07 S.1 1,1
78§ 109, % 1.2% v 2w %0.50 032 Le6h 10 (X 1) "0 €20 6.2 1.¢
835 2r3.3 [ “3.n0 “e 58 .03 1Y 10 (13 iS¢ asg 1020 8.5 1.8
e85 t.0 e LI T4 1v,00 .00% ” 10 [ L] 142 .00 k11] 1.5 N ]
o PERCENT DF AIR FLOW MASS
ExmausT ne ce ND nNO2 NOX coe (1} 8SnC 8sco 8snox LS o NOX
SMUKE FCTY G/LB G/L8 G/Le
PENCENT LX) pu PPN PPN LLL] G/HP NR G /mP MR G/muP wR OF FUEL % FUEL OF FUEL
1.0 11 (3] 12e s 131 103 ® ] S.5 20.1%
1.8 108 ”n 226 S 230 .030 1.%3 a, % 3,28 17,2
1.0 120 .? 27 Q (A1) .0%0 1,13 1.72 1e.%0
1.0 1% 3% 26 s (31 .030 .00 R 0 17,60
1.0 152 L1 561 L3 L3119 030 .7 e o7 16,82
.5 ile 2% 120 .2 132 193 ” a 2.% 22,9%
1.0 10% 11 710 i e .03 ] B} .03 21.1%
2.0 21 E11] (1) [ LI .00 .78 2.5¢ S.e0 21,21
3.0 %0 (L) (30% i’ [ 1L .030 .70 $.7% 12,81
.0 2 22¢) (A1) 13 a@w? 200 1.2) 12,%) 4.0%
1.0 12 2 1 1 138 .1%3 L] L] 2.%8 23,9
CYCLE ComPnATTE LELIS s 1.26% CRAM/DNP ik
(114} ® 10,698 CRAN/BNP MR
BSNO2 " 4,240 GRAN/AWP Wk
$3nC ¢ BSNDZ 3 10,52%  GRAN/BNP wit
89FC = 1l LO/ANP MR
TABLEB-118. EISSION CONCENTRATION AND RATE SUNMARY
DATE® 1-0¥-?3 TEST N0, 2 w/ 10 PCY, alRBOX SLEED
INJECTURS' NEEDLE TInInG* 87D,
WEIGHT ralTOR SCHEDULE' GE LINE Maul
ENGINE POnER FUEL AlR EXMAUBY FurL L1144 AIRSOX TEMPERATURES DECREES F AIRB0X EXwAUS
$PeED FLOw FLOn FLO™ (31 BLECED ALR Alm LEFTY RIGAY PREDS, PaEss,
REM Bk [X YLI LA/nIN La/nIN TIO LB/WP WA PERCENTe IMLET 80X  EXNAUST ExmMauAnT IN "6, IN NG,
anrs u.0 on? 1s,90 14,97 +N0% L] 10 11 aom s 1.% o2
20 15.0 ol® 1%.11 1e,.28 +010 JBen 10 1s o 28 1.9 .2
e er,) .21 S.% 16,18 013 «$31 10 11 13 210 2.4 s |
.2y L1 ) . 1Y 19,6 20.00 .018 B 2{] 10 L0 (313 .le 3, .9
Sis 0,9 81 28,7n o2 N.1JY il 10 1 563 112 3,9 .?
208 L.0 +0? 18,00 19,88 +00% L 10 1e %0 E12] 1.8 o2
S0y 101.0 ) n,o1 028 B4l io 12? [ 131 [ 11] .3 o
[ 341 1.’ 1.01 38.01 029 +*8) 10 jY 1) o0 $.1 1.1
% kb6 1.2 g.02 .on il 10 183 a®e .2 1.%
23S 02,2 1.86 9.9 0% Jo02 10 111} @%s 1000 ., 1.*
20 0.0 06 18,98 «NO" L] 10 "0 108 % 1.% o2
o PERCENT OF AJR /00 NASS
Exmausdy L9 co ~O nOY co2 [ 3 [ 1L 4 88cC0 [ 1L 1] L3 co nNoX
IMOKE (144 G/sLe G/L0 e/Le
PEMCENT (2] [ L] rn /NP N C/PP MR G/HP WR  OF FUEL OF FUEL OF FUEL
LY esee P ccce
1.0 " 11e m (]
2,0 120 200 2nee 1.568
1.8 1% 2% " 1.8¢
1.8 160 g (2] Ll
2.0 108 33 [1] ] N L
.4 i 1? 1 L4
2.0 208 (1] * -0
2.9 e ” soe .
.0 (1] (1}] [ 13Y .
.0 %2 (23 (1] 1.9
2.0 120 1 138 L]
CYCLE COWPOSITE  SONC
a8Ce
[l
8ONC o S0NGR
WrFc =

Bb0
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TABLE B 119 ENISSION CONCENTRATION AND RAYE SumMaRy

UATE' 1=0%=?3 TEST NO, 2 w/ 20 PCY, ALIRBOX BLEED
INJECTYUWS' NLEDLE TIMING® S8TO,
WEIGHT FACTCa RCHEDILF® G LINt =auL
ENGINE POWER FUEL ALR EXWHAUST  FUEL [ 114N [RLT 11 TEMPERATURES DEGREES AIRBOX  EXM. uST
SPEED FLOw FiOw FLOw AlR BLEED atR AlIR LEFT RIGNT PRESS, PRES .,
RPm L8/%IN LB/uIN LB/nIN RATIO  LB/MP HR PERCENTe INLET  BOX  EXMAUST ExXnausrt INJWE,  In WG,
28§ 0.4 «Ne 13,28 13.31 .02% ” 20 ” 110 221 21? 1.4 .2
21 1%, L) 13,27 13.%1 L61h 13 ] 20 7% 109 10 262 1.% .2
e e3.? .20 le,%2 1%,.43 01 %18 20 ’e 1l Wwe 330 2.2 .3
.2 . N e 19 17.%98 17.0% .N21 Jees 20 kL) 118 60 L3} 3,2 o
515 (3] .58 23,61 2¢.1e N3 Jeee 20 60 118 501 L1Y] 1.6 .
248 n.n o0e 12.9% 13,00 008 L] 20 0 113 %0 en 1,3 .2
She LI o 27.%% 20,22 N2 450 20 L1 120 10 see 3. .0
.25 129, l.ni 31.") 32,43 .032 11 20 n 129 LIS ] [k }Y LN 1,0
78% 180.2 le2h 35.5% .02 .038 «*71 20 [ 1] 136 @e os L I 1.3
LR 1] 196,1 1.5% IV, P8 *1,.38 N30 .$03 20 (1] 1%3 lo20 118 to? 1.5
ELL 0.0 e 13,73 13.2¢ .00 ® 20 " 130 e ves 1.% .2
o PERCENT OF AIR FLOw NASS
ExmaALST " co NO NG NOX co2 "Gt [ 2114 asco 89NOX e co wOX
SMURF FcY GsL8 [ YA ] G/7Ln
PERCENT PPM PPm L] (4L (11 rcY G/NP WR  G/MP WA G/HP MR UF FUEL OF FUEL OF PUEL
1.0 [ 1) ~e 11¢ 12 132 t.28 <193 L] ] R ", 10 .02 21.08
.0 “w .? 203 iy ? 2,59 .03 1.1 1,11 0,42 2,02 1.%? 1%, 42
1.5 1e .7 %) 18 e 3.2k .03 1 Y 7. 2% 1,77 1,97 14,07
1.9 132 38 360 1% e v, 82 .030 s ., %3 1.3 o7 13.2¢%
2.0 1%0 L 14 %o ). .73 s.22 <030 1 r.0? 1. ob? 15,00
1.0 (1] 1? 118 11 126 l1.28 ol%3 L] L] LYY ] 1.1% 19,60
2.5 17 128 (3 0 (1Y $.0% .030 NYY .43 7.9 l.%e 2,09 172,.2¢
3.5 ana s12 20 1 n? «030 e .30 . V.2 L 4 ] 16,0%
5.0 &ne 1970 %3 " ) .030 Y 0.2 .07 1.3¢ 17.81 16,72
10.§ 2ne E ISR 0 13 kA L} %.13 +200 o7 18,22 .87 1.8% .22 18,26
1.% . 12 138 0 13 J.23 .13 L] L] " s, .27 23,61
CYCLE ConPOSITS (1014 GRAM/DHP WA
] CRAR/BNP Hi
CRAN/BNP M
CRAN/BNP HR
LO/BnS na
TARLE 4-120. EMISSION CONCENTRATIUN AND RATE SuMMARY
DATE® 1=0%=7) TESY w0, 3 %/ PO PCY, AlnBON OLEED
INJECTORS' NEEDLE TIMING' 810,
WEIGHT FACTOR SCWEDULS ' GE LINE miuL
ENGINE POnER FUEL AR exmausyY FUEL [ ] {4 ARBOX TENPERATURES OEGREES ¥ ATRBOX EXANAUST
speen FLOw FLON FLON AR aLEEo Aln AlR LEFY L3{ )] Lid RESS,
"on (11 Le/NIN Lo/nIN Le/nIN RATIO  LB/WP WR PERCENTe  INLET 00X  EXMAUST EXNAUST TN WG,
cvsece conce eases soewesse escesces seces ese Sosesss Ssccces ecees
288 0.0 524 13,3 +008 L] % 100 20ne
s ie,9 o 13.00 010 <39 e 108 202
oo n.? 20 18.1¢ s +S8 ”» 119 ”n?
son 5.1 e 19,48 «478 n” 1l L)
s18 (1N ] 58 L] « %70 ” 112 S0
s 0.0 <06 [ ] n 108 ns
F 104 a©“.e o 4] 116 (341
(34 131,.1 1.00 ” 183 R0
%8 160,90 i.28 ” 120 ®w?
(313 192,7 1.86 0.8 ”% 3 1] e 1110
208 0.0 e 19.9? ” 12 (1] et
o PERCENT OF AIR FLOW wASS
EXMAUST e co "0 "o ey [ 1 88C0 SNOX “e (<] "x
[{4] /L8 /L0 S7L0
on G/NP WA S/0P MR G/WP MR OF PUEL OF FUEL OF FUEL
vace cosne
16 «19) L]
i <000 <.0?
18 «050
L)
s
13
s
"
.l
1
(]

8-4?




DATE?

1=03=23
INJECTO®S!

TEST NO, | »

NEEDLE

wF1GHT FaCTON SCHEDULE

TInInG?
GF LINE

atR
FLOw

LB/MIN
11,68
11.0?
12,98
1e,08
10,82
(S ]
22.2%
20,0
30,43
3,5
1n,e0

N0

Pu
1
el
[42]
30
e

.17
(11
3¢
712
138

TEST N0, ¥ &

HOTE ENLIE PLwEN FUEL
S6EED FLOw
P HHP Le/mIn
! 28s o.n .0k
e 288 i%.3 ale
3 Ive e .20
- NPw 2,0 .38
. 18 1.0 o5
- 285 n.n 0
? 11} s _p ok
# (241 127.7 l.or
@ LA} JLT I 1.20
L »35 18% . 1.5
1 e85 r.o NS
“ b Earaust ne co
PPN (L]
-ees e cvee
1 e 3
4 LR Se
3 Se se
L} 10% L 2
5 129 L1
3 L1} 2¢
? 136 .13
[ 1. e
Q 156 (2% b4
n 1% 378%
11 W I
DATE' 1~03e7)
INJECTORS wEEDLE

TIMING®

TABLE B i1 EMISSION CONCENTRATION AND RATE SuMmMaARY

/ 35 PCY, AlRROX BLEED

$in,
mauL
ExXHayUST Futi aRFC AlReOx TEMPERATIRES DFGREES F AJRBOX Exmau8Y
FLOw Alw BLEED AIR AIR LEFTY LT 1A PREIS, PRFSS,
LB/MIN LIRS ] LB/HP R PERCENTS INLETY 8ox EXHAUST  ExMauSY INHG,  IN_ mG,
1.7 .o00s ] k13 0 (Y] 292 ] 1.4 .1
b1.21 .013 BT 11 20 110 ER DY 2.2 X3 N
1i.e8 .01% .512 £33 %0 1 368 328 2.0 3
15.¢0 J02e Jap 3% ’0 112 sn (31 2.8 .
19,21 n2e L0859 L1 72 118 spe 572 3,2 .5
1..33 .nos " EL 71 1ne ng 27 1.1 Y
23.0% L3 Y 35 73 118 738 r20 3. .?
27,7 037 35 7% 12 60 (3] 3,0 .0
O8] 3% ’e 129 e 1nse . 1.1
Jue? 38 [ 1] 138 1108 1202 S.e 1.
008 k19 o 126 s20 L3 Il 1.2 .1
¢ PERCENT OF aIR FLOw mMass
NO2 NUX coe2 (134 BanC 8sco BANOX e co NOX
FCT G/LD [-74% ] G/sLe
L] (1] rcY G/WP MR G/WP MR G/MP MR UF FUEL OF FUEL OF FUEL
ceea PR, e=ve  maces ccecess secmcec cocevres e ccsmcen eccnve=e
11 les 1.32 183 ® a L4 2.38 19,48
1 227 2,00 .030 1 1.13 7.0 2,08 13,11
1% 263 I.n <030 .09 NL: ] hole 1.0l i2,00
1y 380 v, 0 +030 L .8 S.ve 1,0 1,21
L] e S.6b <030 %3 h¥ s.72 1,%0 12,8
13 1.3? ole3 L " L] 3,88 1.% 18, 8¢
L »21 [ Y4 ] .00 A1) 2,46 (998 $ %0 S.% 17,9
13 (37} 7.%0 030 2 5.7? 3% 1] 12,3 13,28
13 %2 0. 22 .030n %0 11,22 .20 29,17 13,54
13 s .02 .200 Al 19,88 S.08 3,60 11,60
. 13¢ 1.28 «1%) R L] » 3.34 21,00

CYCLE COmPOSITE ASNC
83Co

CRAM/BHP M

GRAM/BWP Wi
LELTF) CRAN/BHP Ka

83Hr o B3NOD2 L} CRAN/ANP Wi
ASFC = .521 LA/BNP um

TABLE B-122. EXISSION CONCENTRATION AND RATE SummaRy

/7 3§ PCY, AlmBOX BLEED
870,

wEIGHT FACTNR SCHENULE® GE LINE WaUL

“ODE  ENGINE
SPEED

ns
(13
Ive
(14
S1s
208
Shy
(34

9s
2ns

~—DeBuUTr PEw -

[

nODE  ExmausT
$HOKE
PERCENT
cese seomces
1.0
3.0
2.0
.0
‘.0

—_O SR Ur R W~
~
.
o

el

POnER

HHP
(U]
15.2
3.7
..
LY
n.n
L2 8Y
127,
ise,?
170,68
0.0

FUEL 3L EXMAUST  PUEL 88FC  afmpOX TLWPERATURES  DEGREED ¢ ExnAUST
FLOw FLOW FLON WLEED Ale AIR  LEFT RIGNTY sugss,
LesmIN  LA/MIN  LB/wIN LO/WP WA PERCENTe  INLET X EXWAUST  EXWAUST IN ™6,
cecomean cee  cosesea secmese e’ saces
.08 12.%0 [} 120 208 0 1.1 o1
e .$39 118 0 299 1.2 o
.20 RIS 112 ”e 1.8 .2
TS % m [ 2. ..
K1 1 '8 2.2 .5
.08 » 10 1 1.1 .1
. 10 118 20 2.9 .0
1.00 0"y 122 80 ’.0 .0
1.7 ”» 1% 1088 .6 14
1.86 3.7 .S2e [Tt 1300 5,0 1.
.06 11,0 " " 120 e 1.1 Y

o PERCENT OF AIR FLOW wASS

wox veY  aanc ssco ssnox we co wox
(134 /L0 o/ s s/Le

C/HP WR G/NP MR G/WP MR OF FUEL OF PUEL OF FuRL
1%
o%e

$. 7

200
1%

CYCLE ComroRYE CRAN/BNP Nt
SRAN/BNE R

o CRAN/BNP nit

PONC « BONOR ? SRAR/BNP MR

8Fc s 3 LO/0nP W

B8-62



“orE

-

MODE

-

MOOE

-

be e

XN E RV E I YT

—o 8B UTN FWN -

O S®UT NS W

- SBuCNEwN

DaTE!

INJECTOURS'
wE [GMT PAC TR SCHEDULE®

12=29-272
NEEDLE

TEST WO,
TIMING'®
GE LINg wayL

TAMLE B- 123 EMISSION CONCENTRATION aND RATE SUMMARY

1 W/ sa pCT,
sTo.

ATRBOX BLEED

ENGINE POWER FOEL AlR €XHAUST  FUEL 8SFC  almBOX TEMPERATURES ODEGREES F AIRBOX EXNAUST
SPeE’ FLOm FLOw FLOW AlR BLEED AIR AIR LEFT RIGHT PRESS, PRESS,
Pm BuP Le/MIN LB/MIN RATIO LB/WP MR PERCENTe INLEY 80X EXmMAUST  Exmaust IN MG,
0.0 .0k L .00% R 7 100 206 20% 1.0 .2
1.8 e LYY .018 B2 [1] ’5 108 ) 278 1.0 o
23l .20 10,63 L01¢ .519 $0 70 111 k114 3%} 1.» .2
1.2 .30 12.20 .030 so 7 111 soe “we 2.$ .2
tb, % K1 16,00 .038 50 79 [S%Y (17 (T3] 2.0 ..
0.0 .08 a5l .006 s0 79 110 3§ 32 .® .1
L o7 19,59 .03 S0 k4 | 1? 700 7 2. ..
123.2 L 23,85 J0e so s 120 30 asp 3.1 .?
1%4,1 1.2% 28,06 .083 $0 7% 122 10% 1220 3,7 .0
1vb.) 1.83 2.7 .05% $0 2e 13 1280 1980 .5 .2
0.0 .08 s K11 s0 77 121 $10 s00 1.0 i
¢ PERCENT OF AIR FLOW maSS
TAMAUST HC co NO NO2 NOX co2 weY BINC 88CO B8N0X e co NOX
SMORE (141 G/L® e/L8 [ 24% ]
PERCENT L] PPN PN (1] (L] PCcTY G/7HMP MR G/WP MR G/WP MR OF FUug.L OF FUEL OF FUEL
cevosnes —con come avee —eme f— cema  mmses cmmascs ssecsme ececcss
1.8 10 ” 127 3 100 1.6 193 L} ® ® 3.59
‘.0 136 136 213 30 (13 ) 3,80 .09r 1.10 1,97 .2 2.0y
4.0 100 118 en 30 261 ‘a2 .030 .14 1,38 S.10 1.9°
(3 18 150 Ne 10 L1 4] [ L] .030 .72 1.23 LIS 1.3n
8,0 22 .12 ‘e [} “.? bobl +,030 o 2.6 ., 08 1.%%
1.0 1%0 n 138 19 18? 1.56 o1%3 (] [} ] $.1?
16.0 2% 1 (319 1¢ 55¢ 7.0 .030 .2 8,00 "% 1.2?
¢0.0 17% 20 N (] $N 8.52 <030 1) 16,73 .22 .8
2%,0 120 @ (113 0 (X LY .030 27 19,1 v, 7 .59
7.0 @ gy 50 1 (T3} *.00 . 280 .20 21,58 (P81 ] 3
1.8 [ 1) 2 102 . 1%% 1.5 193 [ » [} 3,53 20.01
CYCLE COmPOSITE [ 11,14 L4 S 21
[114.] LERLI L1 ]
SSNO2 = 5,210 GRAN/BWP nR
S8HC o B8NO2 3 5,509  CRAN/BNP WA
08FC = <563 LB/aNP NR
TABLE B-124.ENIOSION CONCENTRATION AND RATE Zummary
DATE' L=08=7) TEST NO, & w/ 80 PCY, AIRBOX BLEED
INJECTURS® NEEDLE TINING® 8TD,
WEIGHTY FACTOR SCHEDULE' GE LINE MAUL
ENGINE PUnER FUtL AR CamnaudT FUEL [ 1144 stheox TEMPERATURES OEGReEED ¥ AIRBOX  EXMAUSY
PELD FLOw FLOW LOw AR (3911 (34 AR LEFY [3{ 34 PRESS, PRESS,
fon and La/nIn Lo/sngN LO/nIN RATIO  LB/NP MR PERCENTe INLEY 80X EXNAUST EXMAUSY IN NG, N %6,
P coses ecene acscence ecseccss emmes wes seceess Scemess seses  eeess
208 06 00?7 L] so ” 112 M0 ol
208 ol 018 «550 $0 L) i1 38 ol
% +020 «S2} so i) 112 ”ns .
e +030 «501 $0 70 112 '@ s ]
1S 038 Nll) s0 n 11 30 N
208 +008 R %0 ke 110 208 ol
b .083 B3l se n u %0 -
[ X4 007 «$16 $0 % 1s S0 ?
i11] 089 1] L1 ” 1Y )] 1980 B
"0 +060 so (L] 19 1888 1.2
208 +000 L 1] [ [] 100 e ol
* PERCENT OF ALR FLONW WASS
(2 {7111} (.3 co N0 no2 ~Ox "er [ 104 9co [ 111 L3 €0 ox
snont rCcY 700 S/ 8 S/ 8
PERCENT [ L] [ o] [ ] [ (o] G/WP NR B/MP WA G/M® WR OF FURL OF FUEL OF FUEL
csncace csee R, eene
[ ] 18 43?
11? 1¢ 30s 1.1?
104 134 s
198 [ ] 0
e s " .
”n" 18 1%
1808 M (1] ]
o ° (137
" 1 [ 1] <890
cew 13 e «200
e 3 1% «1¢3

CYCLE CONPOSITE  BOMC
08Ce

B-43

SONC ¢ GONGR
osre




TAALE B-125 EMISPION CONCENTRATION AND RATE SUMMARY

OATL' 3~19-73 TEST NO, ) w7/ 20 ACT, AIRBOX BLEED
T+ JECTORS' {Ow=84aC TI~vING' 8TD,
mEIGHT FALTOR SCHEDULE' GE LINE HrUL

MODE  EWNGINE POWER FLe AlR ExmaUST Ou= [3.144 AlRBOX TEMPERATURES DEGREES F AILBOX EXMAUST
SPEED FLOw FLOw FLOw FUEL BLEED AlR AlR LEFTY RIGHY PRESS, PRESS,
CLL] BNpP LB/MIn LB/7MIN LB/MIN ®ATI0» _B/HP HR PERCENTees INMLET 80x ExMaUST  EXMAUST IN.MG, IN WG,
1 285 0.0 P 13,38 13,44 .8, 572 R 20 7 103 2 1.3 .2
2 28e 1%, .13 13.% 13.%0 21,288 .5%0 2 % 103 282 1.3 .2
k] 3% 2v.s .20 1%.1% 14,38 18,27) .40 20 »” 110 310 2.1 ]
. [T L3 N 1 10,27 18,02 .08 .89 20 77 111 . 3.0 at
11 519 3.8 N1 23.63 2%,1? 2,500 .93 20 141 112 Lok 3.5 ..
. 285 0,0 .0n 13.3¢ 13.%3 53,2 P 20 7 109 255 1.2 .2
? 50% 103,7 1N 27,93 29,19 5.950 1T ] 20 (1} (317 20 3.0 .
] (%19 1369 i.00 11,01 P.ul v, 027 .30 20 122 (A1) ., ? 1,0
< %% lew.3 1,28 36,58 37,00 3,992 J*52 0 [ 1) 132 "2 $.0 1,2
1n (X AR } 1.56 w0.v2 ), ¢ 3.120 L. 20 s 1% 10%8 n,0 1.8
i 285 0.0 .08 13.30 v s2.e50 L] 20 (13 110 228 1.2 .2
v EXCESS 02 IN EXMAUSY vo. ERCENT OF AJR TLOW ®ASS
MODE  EXmAUSY .14 co NO NO2 NOX coz2 02 8anC 8sco KINOX 14 ce NOX
INOKE S/L8 c/L8 G/Le
PERCENY (4] [ 1] L] L4l [ {2} G/nP WR G, AP MR G/MP MR OF FUEL OF FUEL OF PUEL
t 1.0 kL) 18e 18 172 14,6 L] [ ] L] .50
2 2.0 1 1] 209 20 269 1%,0 1,06 1.%1 10.00 2.01
3 2.0 108 297 20 317 18,2 3 1.ne 9.00 2,24
L3 1.8 120 I 0 (A1) 1s.3 [y 1) 1.88
S 2.8 136 e is (137 18, 4“0 2,01
b 1.0 *% 15 18 1% 20.§ L] " 28,9¢
? 3.5 1%6 e 26 93 18,8 .0 3,53 22,33
] 3.0 192 30 29 s 13,1 L e 4, 22,50
L] .0 108% g 20 1088 11, 10,07 .00 22,20
10 10.0 192 %3 0 ") 10,8 [ 1] 2.3 19,%3
11 l.0 % 170 ] 17 1%,0 ® $.29 .13
CYCLE COMFOSITE [ 11,14 = «o8? GRAN/BHP WR
88Co " 16,728 GRAM/BN® WR
ONO2 B e,8%0 CRAN/BMP MR
S9HC + BENO2 = 10,3%? CRAN/INP WR
98FC » e LB/BrP un
TABLE B-126. ENISSION CONCENTRATION AND RATE SuMwaRY
DATE' 3=10-7) TESY nO. 2 w/ 20 PCY, ALRBOX OLEED
INJECTORS' LOwW=8AC TInING' 870,
WEJGHTY FACTOR SCHMEDULE® GE LINE MaUL
MODE ENGINE PONER FUEL AIR EXHAUST o= (1144 AlRBOX TENPERATURES DEGREED ¥ ALNO0K  EXNAUST
SPEED FLOW FLOw LON L&, 18 OLEED AlR AlR Lery RIGHT PRESS, PRESS,
e (L1 Le/KIN Le/NIN Le/nIn RATIOe LO/WP NR F_RCENTes IWMET #0x EXMAUST EXmaUST
eren cecess ve eesse ,e. -
) 208 <00 13.2? 13,.3) 20
2 208 [} ) 13.27 1.1 21.197 20
3 Ise +20 18,08 1%, 2 19,522 0
. (21] 1) 10,50 a8 20
s 51§ +88 23.%? .37 20
13 208 +06 13.%0 2.7 0
R4 11 1) ) 20,08 3,088 0
9 (24 1.00 2,38 .26 20
. 788 1.2? 37.09 3.07¢ 20 ioes
10 ”"s 1.%% .12 3.100 <80 0 139 1133 ] 1222
11 208 .06 1%,30 ‘e, 831 L] 20 138 298 288
o EXCEDD O 1w CXNAUSY CoPERCENT OF AIR FLOW WADY
MODE  ExwaUSY “e 4.} no NOR NOX (.1} [ 1.4 28C0 SIN0Y ne (41 “ox
SnoRE /L0 o/ /L0
PERCENT N (0] [ (L] [ L] PLY  G/MP NR G/WP MR G/WP R wF FUEL OF FUEL OF FixL
cnne o enee cone “anee
L 12 1%2) 19,% L LJ L] 2.9 [ 134 27.8)
[ 10 f 1] 1%,0 1) .11 10,62 20,80
3 2.0 e 108 18 ns 19,1 1] 1.81 L]
. 2.0 109 118 19 1
s .0 108 19? 13 N 1)
. 1.0 7" 3 18 ]
? .0 148 299 i* .82
[J ..0 81 ] 710 i 3.4
s 5.0 .08 19%% n
10 12.0 168 b1l []
1§13 1.0 1%0 (1) ] 17

CYCLE CONPOSITE BOKC = CRAR/BNP N
e o SRAN/BHP NR
NNy o CRAN/0NP WA
BONC o BONNR o GRAN/DNP Wi
[ LB/0NP MR
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TABLE B-127. ENISSION CONCENTRATION awD RATE BLMKARY

DATE' 3-20-73 TELT NO, L w/ 35 PCT, AIRBOX BLEED
INJECTORS' LOw~SAC TIHNING' 8D,
wETCHT FACTOR SCHEDULE' GE LINE HAUL

®00:.  ENw.NE POWER FUEL AIR EXWAUST 02« 85FC  AIRBOX TEMPERATURES DEGREED T AIREOX  EXMAUSTY
LPEED FLOw FLOM FLOW FUEL ALEED AIR AIR LEFY RIGHTY PRFS3, PRESS,
APM L1 LB/MIN LB/NIN Le/MIN RATIOs LB/MP WR PERCENTee INLEY  BOX  EXMAUST EXmaUST  IN, WG, IN, WG,
1 205 .06 10,57 19,63 N (] ¥ 112 j11] ns .2
2 208 .1 10.81 10,78 19.9%% Bl 1] 110 j 1] 320 .
3 ave .20 11,62 [ 1 10.208 X1 3s 11 Y 3e? )
. LT L} 8.7 <36 18.01 158,46 (Y1 k4 R4l 35 112 % "o .3
[y (331 3, .§5 10,93 1%. %8 ., 089 e 3 118 (31 508 .5
. 288 0.0 .06 10.58 10,0 37,002 ] 35 110 130 285 W2
? 58 101, W7 22.1% Er 3.5%0 .45y 3$ 1% 708 21 -
[] s 120.2 1.00 28,82 2,92 2,080 L0 3s 120 [1}] " .6
. 758 188,9 1.26 29,00 #1413 2,07 .4 » 128 1080 1180 1.0
1" " 177.0 1.%9 32,60 3,26 1.5%¢ .538 b 137 120 1410 1.3
11 2% 0.0 .08 11.02 11,07 w2, %02 ® 1 127 60 .2y .2
o EXCESS 02 IN EXWAI'ST  ¢¢PERCTNT OF AIR FLOW ®A9S
NOLE  EXWAUST “C co ~NO NOR nNOX coz 13 [T 174 Bsco BBNOX HC co NOX
AMOKE GsLe G/L0 G/LD
PERCENT ({4} [4d.] L{ L] [ 4] (£ 4 G/HP MR G/WP MR G/MP WR  OF FUEL OF FUEL OF FUEL
. 1.0 o8 188 ] 1% 19,2 L3 [} 2.0 .06 23,79
2 1.$ " 209 1 303 16,6 N1 (AL 1.3 17,16
) 1.8 (1) no \ e 15.6 .50 ..17 1. 19,87
* 2.0 «@ 27 . (13 17.% ALY .00 . 12,886
s 81 100 sas 1v (1] 12,8 .9 6,9 15,81
. 1.0 (1] 170 1 174 19.% L3 [} 22,82
7 7.0 128 K1 ] E3) 30 7.0 15,83
. s.0 120 28 1 %2 W38 .. 70 ‘n 1,32
] [T % 00 [ 700 28 (3] K1) 1,90
10 27.0 “ 78 s? 0? .25 ] 7 12,78
11 1.0 ” 174 [} 17 L} (] e 8,1
CYCLE COMPOSITE  BOMC = .D%4
C s 10,200
sNOR = 2.9¢0
BINC « BSNO2 v 7,712
esFC = .3W)
TABLE B5-128. EMIBBION CONCENTUATION AND RATE Bummary
DATT' 3=20+") TEST WO. 2 w/ 3% PCT, 4IRBO¥ BLEED
INJECTORS® LOw=8AC TIMING' 810,
WEIGHMY FACTOR SCHEDULE® GE LINE nsLL
NODE  ENGINE PONER FUEL ALR EXPAUSTY ap- 88FC ALRBOX TERPERATURES oLGRERS P AIROOX EXNHAUST
argeD Fi0w FLOW FLOM e oLEED AIR Al LEry RIGMT PRESS, PRESS,
(L14 Lo/NIN Le/nIN LO/NIN 106 LB/WP MR PERCENTes INLET  8OX  EXWAUST EXMAUST  IN,HE, IN MG,
R cavse - - - ee mcece see sessews Secsses cwsss Soeve
1 ass 0.0 10.5% 10,60 0,139 [ 1] 11? (1]
e 208 18,4 10.09 ” 12 1%
H 3o .2 12,07 ”» 118 ”)
v (Y 1) .s,? X4 % 113 ey
[ 1% 7,9 3 ”n us e
. a8 0 10,40 kel 119 08
v (10 100,.2 0.0 EA) 118 90
[ (341 134,.2 .0 » 100 e
L} %8 186,) 1.2 29,99 (L] 1 1000
10 (331 103.0 1,86 "?. (] 130 1180
1 204 0.0 «08 10.8% (199111 ” 1n? "8
o EXCESS O IN EXNAUSY SPERCENT OF AIR FLOW NASS
noDE  EXMAUSY [ 4 co no wor tha or [ 1 aece [ 112 (.3 co NOR
snoxe /L8 8700 [ 4%
PERCENY (L) [ ] on rcY PCT G/WP MR G/WP NR G/nP WR  OF FUEL OF PUEL OF FULL
conm eone Pt eces
[} (Y] (3} » 21,9
? [ 3 .
] r” L3 [ 3]
3 " VL) .
3 % e 13
[ (3] e [
b4 116 100¢ "
[} It L} ure "
Q 108 wn 12
18 108 ML 13
11 ” [ 1] [ ]

CYCLE CONPOSITE  BONC
sece

sonee
S0nC o H8NOR
"whre
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CEC N K RYE B I RWE Y

DATE 3=)19=7)

INJECTORY®
wEIGHT FACTOR SCHEDULE®

ENGINE

SPELD

(1L
285
20s
Jee
(1)
518
c8s
11 1)
[ 241
k411
[ 2 1]
208

Exnaust
SMORE
PERCENT

e
R EREEE

cowoowowwoao

DATE 3=19e7)
INJECTO L
WEJGHTY FaACTOR

"ODE  ENCINE

-

-

LI X RPN I g

"0 ABVrNESwN

POwWER

BHP
n.o
1%.8
.5
“.s
3.4
0.0
103,?
13,0
168,
170.%
0.0

TABLF B 129,

TESY NO.1 w/ 20 PCY, AIMBOX

LOw=9%4C

FUEL
fLOw
LB/MIN
<06
.12
.20
O]
.5
<0
R4}
1.00
1.28
Iy L4
.08

TIMING®
GE LINE mauL

AIR
FLOW
LB/MIN
13,30
13.3?
19,18
10,27

NO

L]
133
2%
2
(31
(13}
18¢
(1]
an
g

1027
17

LA

EXhaUST
FLO®
LB/mIN
13,%¢
13,80
19,35
19,82
28,17
13,93

13,3

EMISSION CONCENTRATION AND RATE SUMMARY

BLEED-NOTCH § DERATED

TEST WO0.2 %/ 20 PC’, AIRBOX BLEED-NOTCH 8 DERATED

u=3AC Tining* 70,
SCHEDULE® GE LINE wAUL
FUEL AIR EXMAUST
FLOW FLOn FLON
La/nIN Le/ngN LB/"IN
00 IS 1Y 34 13,33
.1 n.e 13.%
.20 19,06 19,26

02= s8FC AIRACX TEMPERATURES OEGREES F AIRBO " EXMaUST
FUEL BLE'D AIR AlR LTy RIGHT PRESS, RrESS,
RATIOe LB/MP HR PEPCENToe INLEY [ 1] ErMAUST  EX1.AUIT ) LN TN
9,872 (] 20 7 103 219 208 .2
21,200 .5%0 20 143 1c3 282 278 .2
1v,07 el 20 ?”? 110 330 333 .
K,%1h LAY 20 ?? 111 .8 *s2 )
7.500 1} ] 20 7% 112 592 (11} .
53,777 ® 20 7 10% 255 230 .2
5.950 .%%0 e (U] 1t 20 (114 .0
. X ¥ 20 7 122 (L33 (11 1.0
3. %2 L] 20 (1 132 (13] 1010 1,2
5,370 .40 2n (1] 1wy ass 1032 1.%
$2,.450 L] 20 (11 148 220 10 .2
o L:FESS 02 IN EXMAUST  +oPERCENT OF AIR FLOW MASS
NOX co2 "1 4 (1 114 03C0 8aNOX HC co NOX
G0 e/L0 G/Le
(L] rcY PCT  G/WP WR  G/MP MR G/WP WA OF FUEL OF FUEL OF FUEL
134 .28 1%, L] LJ 3.7 3.50 22,81
208 2,00 1% 0 1.06 1.%1 1.% 2,61 [
3.7 .50 10,3 .0 1,00 1,7 2,2¢ 16,03
(L] 16,3 N1 .70 1.%? 1,80 10,78
23] 18,9 .59 8 1.3 2.01 20,90
170 20,8 L] $.01 3.7 20,9
[ 13 1%,¢ oS 1.8 3,53 W,
L LY 1y, ohn PO 1 ] e 22,50
107% 1t.0 1] 1,22 2,00 2,20
ated 18,8 N1 1.30 13,03 3,92
1?3 18,0 L] n s, 28 s. 2 31.1)
CYCLE COmMPOSTE B8nC = .79} CRAN/BHP HR
Co s §.97 CRAM/ONP R
08NOR2 = 11 328 CRAM/BNP nR
S3HC ¢ RENOZ = 12,008 CRAN/BNP MR
(1144 s LO/8NP uR
TABLE B-i%0. ENISSION CONCENTRATION AND RATE SummaRy
0p- BSFC  AlReOX TENPERA TURES DEcREES £
FUEL SLEED AlR AR Lest RIguY RESS,
RATIO LB/HP WR PERCENTee  INLET  BOX  EXNAUST EXNAUBY In "6,
weser eeescests wecsses svess ses  cecwens Scesses P
n 20 (1] 1. a0 neo 14
.810 L L) (2] 117 e 207 X ]
«t8l o0 [ 13 120 e e s ]
20 [ 1Y 12e .02 (1]] o
20 [ 1] i 9% (11 b
0 1 1] 119 a0 %0 2
20 1 34 128 788 08 .0
20 “” 1% 1l "o 1.0
&0 bl L9? b 1088 1.2
20 . 1%? %o 1097? 1.%
20 . 198 ans 0s N
¢ EXCESS 02 IN EXMAUSY SePERCENT OF AIR FLOW NABS
~OX coe 02 [ 1 4 asco S9N0X L3 nox
/L0 /L0 /L0
Y PCT /WP WA S/0P MR G/WP MR OF PUCL OF PUEL OF FUEL
Po
L 2.4y
10,62
.4

19,1

CYCLE COnPORITE
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TABLE P i3l EWMISSION CON ENTRATION AND RATE SuUMMARY

DATE' 32073  TEST NC, | W/ 38 PCT, AIRBOX BLEED-NOTCHES L=0 DERATED
INJECTORS' LOw=94(C TImING' 8TD,
#wEIGnT FACTOR SCHEDULE' Gi LINE mauL
ENGINE POWER FUEL AIR EXHAUSY 0= 88FC AIRBOX TEMPERATURES DEGREES F A1RBOX  EXNMALST
SPEED FLOw FLOw FLOW FUEL BLEED AlR (3L LEFY RIGHT PRESS,
RPM Bh® LB/MIN LB/MIY LB/WIN RATIO¢ LB/HP Mk PERCENTes INLET 80y ExxaUST  ExmausSt IN MG,
ane n,a e in,%? in,e3 In, nep » L1 27 nea 1s? ns .?
208 ie.s ol 10.81 10,78 1%, 9%% 11 38 23 110 3e? 320 .2
EAM] 26, .20 11.82 11.02 10.208 458 IS 73 119 s Ie? .3
wae L1 P 3% 15.01 15,36 L1 e IS 4] 12 LR 1Y .0 .3
515 3.9 .55 19.93 19,49 L3N L) S 3s 7 118 e 588 .5
28 0.0 .Ne 10,58 10,0% 37,082 o 35 7 110 33 208 .2
58y 101.% W77 22.1% 22.%2 1.5%0 L | s kd ] 118 k{1 30 e
(%11 117,85 .90 .07 3,478 RIY.] 38 [ 1] 12¢ e s .
785§ 128,90 1.03 30,08 3,2 LS 1Y s (1] 12v s *°30 .0
83s 1191 1.01 I3.h v, 29 50?7 3s ve 1y (11 0 1.0
208 n.o .08 11,07 “2, w07 » k13 (1] 12? L1 ] s .2
+ EXCESS 02 1IN EXMAUSY ¢ePERCENT OF AIR FLOw MABS
EXHAUST nC co NO NOZ2 NOX co2 .1} AT 1.4 88co RSNOX L] co NOX
SMOKE /L0 G/L8 /L8
PERCENT (L] L1 (1] (3] PCT  G/MP WR  G/WP MR G/WP WR OF FUEL OF FUEL OF FUEL
1.9 71 1w 17 1.%2 14,2 [] [ ] .01 .00 23,70
1.5 W 298 303 3,20 16,6 b8 1.00 [ R4 1.0 ). 22 17,16
1.% L} ] e IR 3, 18.% +S0 1.,0¢ 6,17 1,09 2.%0 13,52
2.0 1”e .37 “w? 5,01 13.% ..l 1.1t 7] .0 2.9 13,88
.. 5 333 L1111 .00 [ T4 3] 12,8 .38 2.3 (18]} $.18 18,51
1.0 . 1%4 ) 1% 1.%0 10,9 L] n L] 3.6 2,03
7.0 1002 21 21 7.%0 10,7 . 1) 7.0% 13,18 15,83
(1% 1 (133 (R 7.0 10.% .30 s 0 10,18 le,01
[ 1% 1 k4 I 700 IR .00 10,% <%0 ?.%0 10,27 18,56
$.0 11e? ” w .53 11,8 1) [ 1% 14 Ve 17,08 17,48
1.0 L1 1% 1% 1.3? 10,8 R L] .29 0,68 26 .30
CYCLE COMPOSITE (1014 GRAM/BNP MR
(314} CRAN/BHP WR
NO2 CReN/B
ANC o BONO2 GCRAM/BM
(1144 LE/BNP HR
TABLE B-132, ERISSICUN CONCENTRATION AND KATE SumMmaly
DATE® 3=20=73  TEST NO, 2 W/ 3% PCT, AIRBOX BLEED=NOTCMES o=8 OERATED
INJECTORS' LOweS8AC TINING® 87D,
WEIGHT FACTOR SCHMEDULE® GE LINE <AUL
ENGINE PONER FUEL AlR EXNAUBY op= [ 1144 AIRBOX TENPERATURES OEGREES 4 EXMAUSY
SPEED FLON FLOw FLOw FUEL sLEED AlR AR LEFY L CLAS . PRESY,
L LL] L L1d Le/uIN LO/mINn LO/NIN RATIO® LO/HP MR PERCENTee INLET [ 1] EXMAUSY EXMAUST TN M6, IN MG,
cemmn ancsce PO ersesee meses  sesscwes sessess seces eee cnsases sewse scems
0.0 .06 10, 8% 10.60 0,130 1] 11? “"s 1.0 o2
185.¢ .1 10.03 10,17 13,%0 5% ” 112 2 1.0 2
7.2 +20 12,27 11,38} <% ” 118 ”e 1.8 .y
5.7 3 15.9) .08 470 % 113 "% 2.0 o
73,9 1) .00 1)) % 118 see 2.8 N
0.0 «0% 7,441 L) ” 110 1.0 N
102,2 «?? 3.081 a1l ” 118 2.3 o?
13,1 8 [ .11 K1Y} 117 10 i ) N )
138,20 1.0 .93 <8 38 127 3.9 B
198,1 1,00 9, %9 00 ” 120 8,0 1.0
0.0 «08 .., L] b1 11? 1.0 1
o EXCESS 02 IN EXWHAUST  ¢oPERCENT OF AIR FLOW MASS
EXNAUSY e co NO cos o2 88nC ’co 290X “e co L1
noKE /L0 S/L8 L
PERCENT (L] (L] (43} PLT  8/0P NR G/wP NR G/WP WR OF FPUEL OF FUEL OF FUEL
cacvnes onee cose O,
1.0 n 1.%? L] 2,97
1.% [ 1 .00 1.0
2.0 ” [ 38 )/ .0
23 [ 1] ]
$.§ "
1.0 [ 1]
L% ] 116 [11] 6.8
$.0 12e [ 3] 6.0
$.¥ 129 ni .48
..0 1.2 (113 7.8
1.0 X 4 1% ]
CYCLE CONPORITE  0OMC SRAN/ZBMP Wit
95Ce + RANZOHP N
[ endd SRAN/BNP W
ONC o BONOR SRAN/ONP wr
src LO7OMNP uR
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TABLE B.133 EMISSTON CONCENTRATION AD WATE SyMMARY

CATE' (e23=2)3 TEST NO. 1w/ in PCTY, COOL EGW
THSRCTrer NEFLE TIMING' 87D,
weiunT +ACT W SCHEDILE® &.8F SwlTCw

Moe e s Hilaru FUEL arR EXMAUST  O2e BSFC  ExW, Gas TEMPERATURES DEGREES F AIRBOY EXWAUSY
Swew Film FLOw FLOw FUeL RECIRC, ALR AlR LEFT RIGHT PRESS, PRESS,
- hl1d Lo/MIN LR/M] L/l RETIDs  LB/NP MR PEWRCENTee  INFT #OX ExMausT  Exmausty IN.me,  IN WG,
1 225 e e 1v.ay s2.221 3 in le 111 200 200 L .2
e eny 19,2 ol 15,06 23 _77m X1 10 '3 111 2% 255 1.8 .3
3 LAY FAR .U 1%.33 16,53 1r.02 11 10 ?s 118 3e2 Jne 3.0 ..
. ‘e wn.l .3 2. 20,583 Sia1w? .*50 10 70 120 (131 vle v.0 ..
5 Sty 73,2 1 2% vk 26,21 8.700 51 10 to 128 (1Y sie ... oh
[ ems fon Y 15.00 55,489 " 10 90 12 3l ev) 1.0 .2
3 TS ine.5 7k 30, ’,230 L3 10 7 128 32 (31 ] 5.2 1.0
» 875 1482 1,01 LN} 8,118 ey in ve 1 228 EA DY (184 P |
) rhs 1720,1 1.26 va, 02 s.221 R 10 14 1v2 (1.13 150 .0 l.b
ir W3S ene.w 1.5? we, 4 v, %3 LR 10 8o 158 LL]] LET] L) 1.
11 23 G,0 .05 1e, 98 e, 208 " 10 L 120 17 38§ 1.9 .2
¢ EXCESY 02 IN EXMAUST  +4PERCENT OF AIR FLOW Ma8$
“OCF  ERmALST ne co ~O NOe NDX coue 02 85nC ascn a3N0X e co NOX
§ 1unF [ 744 } /L8 C/Ls
Pewle o ELL] LLL] (L] PPH LLL] PCY G/HP MR G/MP HR  G/WP WR  OF FUEL OF FUEL OF FUEL
1 [ L 1] .e 158 1 119 20.0 L] L] R .9 ‘.9 20,21
2 1.5 %0 w? 103 18 201 14,8 1,0% 1.22 9.5 1.9 2.20 15.93
3 1.5 [L.L] (3 2% 22 LY [ Y L.0% 7.8 1.82 2,12 15,03
N 1e% [XA] LAJ m 12 3Ny 17,7 4 7.28 1,86 1% 1s,20
S 2. lee =q Sis A 522 1%.§ ohS ., 07 1.51 1.4 1.1
- 1. IOl vs i1u 1+ 12 20.1 ? L] $.50 .22 22,23
? Lo an wil 278 ] bue 10,1 h? 8.73 1.28 Lov 1.9
L] 2. 7= i 33 1 ALY 15.2 e.1? e.5 1.¢4 s, 0 17.8)
. ‘o e3> ee SRe i 02 1%, S, .26 1,68 12.2e 16 3%
in PRI ) (1 Al LY} (1 5] 13 [ 113 13.8 18.m .60 1.7 12.82 it .2
1Y oo lzn [ LY Y n ta) 20.0 L R 7.9 3.1 Te,08
CYCLE COMPUSTTZ  MSWC 3 2,980  GRAM/BWP Rt
83Co s 2.%8) CRAN/BHP MR
BANGZ & 15,.13n CRAR/BHP Mk
BSHC o BSNO2 = 17,.5a¢ CRAM/BMP mi
oSFC = «?29  LB/BHP HR
TABLE B-134. ENISSION CONCENTRATION AND RATE SUMMARY
NATE® [ep3e=D) TESY NO, 2 «/ Ln PCTY, COOL EGW
IVIECTUNS® weFoLt TInING® 8D,
b6 FaCTun SCHEDULE® ATSF SulTCH
MOOL  ENGlNe POaER bUEL Alw EXMAUST 02~ (1144 Enn, Gas TENPERATUNRES DEcRees 14
SOkt FLOw FLuw FLOW fUEL fECINC, (31} ALRm LEFT RIGNY
L] 114 Le/nIN LO/nIN LA/m]IN RATIOe  LO/HP NR PENCENTee INLET 80x EXMAUST  kXNaUST
eree wesees P, esere  eccmcess eseee eca  cmccesc ssceses
1 2as Q.0 0 1e, 20 1] ”» i s (1]
e 2uy 18.¢ .19 1o, +520 0 121 [ 30) o0
+ [AA] ed. v iy I 1e.20 +SOv n i %0 Mo
. @ 9,2 ¥ 20.1) 438 n 123 m 380
s s15 I3 A1 6.2 )] L 1Y 2 $30
- 2. Vet oDk 14,08 L] kA 182 e 300
? S8 0w, o7 0.8 S]] ”n 130 (341 (3 1]
L (347 138,2 l.01 s, 70 80 [ L] isp 38 0
L] %% lef, 8 l.26 "0.21 ALY [ 1] le9 3o ”"s
in 135 2, 1.6¢ e, 20 «%60 [ [ ] 160 " 0
11 arg h.0 «08 19,280 (398 11 ] ® 8 i1 *30 *10
¢ ENCEDS OF IN EXNAUSY *+PERCENT OF AIR FLOW NaBS
MADE  :xmausST “e [£}] ~0 L1/ ] NOX o2 (11 4 88co B8NOX e co nox
/L /L8 /L8
e »ou PPu L] ”on PCT  G/MP MR Q/WP MR G/WP MR OF FUEL OF FUEL OF L L (8
cona weee cosn wsce ccea oves
1 1) n 109 42 118 [ ] L] [ ] .98
2 @ [ 2] 1 19 1.10 2.10 .99
3 ra0 “° L2 (4] . 1.00
. 132 L 1% (1] 13 } i) 7 -7
1 1% w w0 . 1] 73 <06
[ P8 Y4 ” 10% 16 120 [ ] L]
? Lhe 160 (311 ’ [ 11 ] «b® 1.%2
[ LEL] +29 e "% ™ « 0 2,98
. 2% %03 e 13 12 1 <80 S.08
10 e 285 vo8 [ 13 7”0 .0 19,68
11 idn ”"n 1 . 118

CYCLE CONPORITY  B9nC SRAK/0NP MR
08Ce = CRAN/BnP nh
e =) SRAR/BiP wR
00HC ¢ B3h02 = CRAR/BnP nR
AFC & .7 LO/eNP MR
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TABLE B 145 EMISSION FONCENTRATION AND HATE SyumMmaRy

shrt feg2ed) TEST NO, | w7/ 20 PCT, (OOL EW<
Trime TowSt ek gLk TIMING' 8TD,
e T P Al TN SUNEDULEY ATIF SwlT(w

g e aslnt ComE FUFL AlR EXHAUST o= BSFC ExH, GAS TEMPERATIRES DEGREES F AJRFOX EXnausy
vtk Pl ELOn L 0w FUEL RECIRC, AR (3L LEFT RIGHT PRESS, PRESS,

o hlale Las/MIN LB/™IN LB/™IN RATTUe (o/HP HR PERCENT«+ INLET 80x EXMAUST  EXHAUST INSHG,  IN MG,
1 PRy e .7 1e.9) 12.%? 3,05k R en kA ] 112 208 208 1.8 o2
2 8. 15, ¢ o1 le.9%n 13,0 18,974 Bl en ta i 278 2ve 1.% .2
R Ive e, .21 iv.11 1,31 I PR 518 20 LA 193] 3e0 LD} 2.0 .t
. “ew 7.0 L3k 1b 99 17.3% ., 0% LYY 2n kd ] 118 .3 “1n 3,9 5
< S1s 22,9 .5 23.02 23,57 7,878 aeey 20 29 120 S%0 $10 e .?
® ersy ] N 12.%0 12.% LI Y ] 20 79 1 2%e 238 1.0 .2
’ Gee 17,5 . er.ne PR A 5.9% 1 .*38 20 79 125 be2 35 5.3 .9
“ » 75 1w, e [ D] 31.15% 2.1y .09 1 20 (A 137 20 3¢ (X% 1.¢
? 755 Y 1.2? Iv.A? 36,1 “,.n2e L4581 20 L 1% 182 ®10 0150 7.6 I
i 935 192,9 L 39,u2 ALY | I,ve1 w2 en 1] 158 (L]} 453 .2 1.7
1l 2Ry J.n ] 12.4%1 12.9% §2.97) R 20 [ 1 %0 *30 10 1.0 .2

o FNCESS "2 [N EXNHAUST ¢ePERCENTY OF AIR FLUW MASS

H00E  EEMALST nC co NO NU2 NOX cue [+F ] aSHC #s8co 83NOX HC co NOX
LRI LY G/LB G/L8 C/Ly
PEWCE T ELL] PR (L] LLL] LLL] [ a4 PCY G/HP HR  G/MP MR G/HP WR  OF FUEL DF FUEL OF FUEL

1 59 108 11 119 20,0 ® L} L] 3.%1 16,80
2 i.s $9 LY 1? 183 1%,0 1.03 1.3 8.7 1.e0 12,27
3 e bie Sy <ca 13 ezl 8. .43 % »,00 1.7¢ 11.%?
. PO 3. .o 3137 13 sy is,0 ..h 1Y s.58 1.% 12,28
3 P Y ®9 vi2 . C3TY 1.0 Y .58 $.73 12,44
- Lo 12 ET Iy 18 121 20.% ® " ] 172,00
? da! 1= 182 a2 13 S0 1%.0 .2 1.27 $.7% 13,22
] LI Y 220 585 sco 13 s13 13.9 ot 3,89 s.18 11.82
a b enu iv23 03 [ LLE] 12.¢ . 0.02 L] .93
1" Lien 38 T L) (1%} L] LTS 12.0 <%l 19,.9¢ .1 .37
11 ien 12e 12 113 ] 113 147 R L] L] (Y1} ] 19,7¢
CYCLE COMPOSITE (1LY 8 2.%0§ GRAM/BNP nR
83C0 = 2.v1e  GRAM/EWP WR
asNo2 = 11,834 CRAR/BNP nh
BSHC o RSNO2 B (9.2%%  GRAW/BRP MR
8SFC B .007  LE/BHP R
TAMLE B_ 136, EMISIION CONCENTRATION AND PATE SUMMARY
JATF ! Lwdgm=?) TEST NO, 2 w/ 20 #CT, COOL FGR
T IFCTUNS® WNEEDLE TIMING' 8Tn,
b liemT FACTUS SCHEDULE® ATSF SalicCH

"ODE  ENLING Uinew UL Al EXHAUST N2~ L1114 ExXn. GAS TEMPERATHRES DEGREES F alROOX  ExwaAUS)
$Pet FLOW FLOw F.Om SUEL RECINC, AlR ATR LEFT RIGnT
arn v Lasmln LAININ LazaIN RATIVe  LU/WP rh PERCENTes INLET 80X  EXWAUSY EXWAUSY

seae memcae areca ecses secssssr eseccan esses eie  ecessas Scaewes

1 285 v <06 12.u8 12.48 s 287 L] t L] 110 200 208
L4 L1y 18,3 «de 12,9 13,00 +$36 20 1. L 24) %0
3 Jee 23,0 .20 14,17 1%.3? «$0% 20 120 %0 08
. 2y “0,) o3 12,19 17,5¢ Al 0 120 I .l0
5 §15 %0 .58 23,81 438 0 122 550 s20 ?
- ans e 06 12.9% L] W0 120 (1] e 2
? Sav 106,13 76 22,08 4 20 130 50 (3.0 ot
" n?y [& L) 1,01 v, 439 20 124 0 »o o2 1.2
. 5 abl,n l.d0 16,20 a4 0 1% ]l " 7. 1.¢
1n 235 1e2,8 1.8? 0,63 7 20 160 400 we: Wl 1.7

11 [ L1 Vet .08 13,08 L] 20 %8 30 ‘20 1.0 o

¢ EXCERD U2 1IN EXMAUNTY *OPERCENT UF AIR FLOW NASY

®MODE - XmAuUST we (] ~0 NO2 L1 coz o2 AeNC asco ASKNOX ne co oy
Sayuas 67Le /L8 6700

NCE 4T PPu [ L] (4] (L] (L] Y PCT  G/HP WR G/vP WR  G/nP WR OF FUIL OF FUEL OF FPUEL
seas . reces cene esva cesve ecae e wose esces
1 .0 7 (1) 10¢ 1? 12 1.2 20.0 . a¢
L4 [P L L] 0 19§ 1% ] 148 2.3 13,0 1,60
] et @ 0 (L] 19 (111 J.1¢ L4 1.%%
. 1.0 ine (1) s a I8 .06 led?
s 1.5 1% (1] " L] w"we .72 lo0¢
(3 1.0 @ . ne 1 128 1.2 .0
? u 180 1%} s . $19 s 1.9
[] .5 21 (11} (13 ] [ ] (13 ] .82
. 7.9 263 1849 " 0 (11 1.7
1 179 1 A2 D11 e L] “w? |}
1 18 lee [ 1} nr 0o 1n? [ P 1]

CYCLE ComPOSITE SRANZBNP Nt
CRAN/ GNP it
SRAR/ONP wh
wene o CRAN/ZGNP i
L8/%0

B-69



TABLE R 137 EMISSION CONCENTRATION aND RATE SyummaRy

At e 79 TEST NI. 3 4/ 30 PCT, COOL KGN
LoorCT eyt new e TIMInG® 8T,
“tilmT A Tom SCHELE' ATSE Saq{TCM
vt eNvlte Pustea FuEL AR EXMAUST 0P~ BSFC EXn, GaAS YEMPERATURES OEGREES F AIRBOX EXHAUSY
S¥ee FLOn PLOW FLOw FUEL RECIRC, AtR AlR LEFY RIGHT PRESS, PRESS,
e Ll La/MEN [.743 {1 L8/mIN RATIOe (B/WP nR PERCENTee INLET 80x EXxmAUST  EXWAUST In wWe,
ons J.r 12,09 12.09 7,230 & In s 110 ano 200 1.9 .2
- 2Ry 1,1} e, ne 12.1? 10, 7Ap «533 n 7% 11n 2% 280 2.0 N4
3 1 23,0 12.92 13,12 12,919 .53. 3 74 (9P} %D 298 3.0 o
“ e “3 0 15.0¢ '5,97 T RLETY k16 s 116 +je . .0
D Sin JTIRY 14,08 19,50 S.%1h 13 3" (1] 1an (LT $10 .
[y LR aan 1.7 11.82 e, 21 R I s “ 0w 290 14
’ 584 1n%,1 W22 22.%0 23,60 ¥.713 3] In (1] Qe (1Y) (1) S8
] CR2Y 136,0 1.01 27,23 20,23 3,402 Lhes 30 e 13¢ 225 3 (91
3 LA Les,? 1.26 .09 12,3§ 3,57 21 30 (1] 1% 79§ (113 2.6
Lo LN 19% 8 1,87 3¢ .30 35.9§ 2.069 .82 30 ss 159 970 (F11 .
il 235 v «08 Ll.6v il.%0 LT R 3C [13 138 380 350 1.8
¢ EXCESS 12 IN EXNAUST  ¢oPERCENT OF 41@ FLOw maSs
ExralST " cn ~O ~02 NOX ctn2 02 3114 osco ASNOX HC NOX
BRIV 13 e/LB [ V44 ]
PERCENT L] PPy LLL) npn G/HP MR G/MP MR G/MP MR UF FUEL OF FUEL OF FUEL
i ley 7w 2 10? 122 @ " » 3.87 19,88
2 . (1] " in? 181 .0 1.7% (3% 11 1,69
a 3.0 1e L} 1%3 211 .02 1.3% .00 l.02
. . ie . joe LI2 ] 0 .70 v.5e 1.39
13 2.5 Vi 13s 3en 343 .1 i v.02 1.3e
. 1o 132 " 1n? 128 L L] L] 4.0
? nad 22y E13 9 IS I/ e? 2.10 3,80 1.82
" 7.5 Y] an? E1 1Y ELTY .73 L 14 3.%6 1.08 7%
a 1N 108 2une /0 IS AL 10.5¢ 3.0 L% [ %4
s ¢l 372 LYY 3e 374 .8 e1.e? 3.02 .20
2.3 152 16?7 ie0 120 ® ] J 7,02 1%.1e
CYCLE COMPOSITE L1114 s 2.%1 CRAM/PUP pR
a8Co 8 %,3%0 GRAM/BNP WR
83N02 = 10,.03%0 CRAM/BHP Wi
B3MC o ASNDY2 8 (2,748 GRAM/BHP WR
RRF L s A RT] FRA/RED B
TAALE B-138. EMIBATON CONCENTRATION AND RATE SumMMaARY
VAIR Je@eer) TEST Nu, % 4/ 30 PCY, COOL EGW
1 «JFCTUNS' weRILE TIVING' STn,
v fuHT raLTun SCHEVULE® ATSF S4TTCH
ENuIve PLdER FUEL Al« EXMAURTY 02~ [ 1144 Exn, Gal TERPERATURED DECREES 4 EXmAUST
ELIT FLdm FLuw FLOw FUEL RECIRC, 3 {J AlR LEFTY RIGHT PRESS.
Av [L.14 Lusale (YR La/nIN RATIOe LB/NP HR PERCENTes INLET  8OX  EXNAUST EXMAUSY (LN %
concss comen concce [, cesctes  seese  eccccese o ame o - P
1 t LA no «n? Le.22 12,29 1,59 [] 120 2% Py
2 AWy th,n ole 12,20 12,38 18,00 5124 18 3 XJ
] ve el 0 12.92 1%.1? 13.20 + 812 1? E F1Y .?
. ‘ew [T 38 18,45 18,29 $30 «*ha ie0 (1] 3]
s b1 4,¢ 55 19,19 19,08 o8l iz $50 %4
- eng ot <06 12,08 2.2 “2,3%0 » s f 117 .2
? FLAS 10%,1 o 22.90 23.56 LP%{ Y 80 12 e 1 ] N
L] (24 136,1 1,00 27.3% 20.3% ., 07 Al i ne L] 1.1
. 756 104, Y ) 2.9 13,01 .72 Il 16 0o . 1.2
10 [ k17 191, 1.8? L8] ] %,08 Q.97 N 10 A 1T 8, 1.6
i1 w3 U.n L 2.9 12.6) e, 18 L] 189 »n 1. o2
¢ EXCEOS 02 IN EXNAUSY SOPERCENT OF AIR FLON WaABS
MURE  ExnansT 14 co L1 NOe NOX co2 o2 (1 4 88co BSNON we co nox
SH0KE G7L0 /L0 SsL0
PERCE VT (4 L] o T PCT  G/0P MR G/%P WR G/WP WR OF FUEL OF FUEL OF FUEL
esse evccscs cons acon cone
1 1.y .? 120 L] L s, 00 2.0Y 17,7
? il.9 .? 10 1.08 7.0 1.1 Ad. 3
A 1.0 . (117 8 $. 7 L1.02 1n.»
hd e L 34 298 e j s 1 10,30
s 2.0 " 10 -8
. e 3 11? a 18,78
? f ISY 1 (1] s 1] 0,81
L} S.s [ L} L' vae N1 0,60
. 1l.0 ase? w90 L 1) ) "7
n [ 173 ) s8] Joo | L3 ] 1.7 «81 (28}
1Y) ) P (1} 1% i3 20,1 L] 21,72
CYCLE CONPOBITE 98nC o SRAN/BiP nh
asce [ ) CRAN/ONP nR
SONEE & L1017 CRAN/DNP mi
GOKC o SANEE & 19,080  GRAN/ONP MR
SC = 00 LW/ W
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TABLE B 139, EMISSIOr CONCENTRATION aAND RATE SyMmaRy

NATE' j=2e=23 TEST NO. & w/ 3N PCT, J0GL EGW
I ECTUSS" ~EFOLE TIMING' 8TD.
mt ju=l FAlT 0w SCHENULE® ATSF Sw]TCH

MO0k NG PuUnER FUEL IR EXHAUSY [F23 BSFC ExmH, Gal TEMPFRATRES DEGREES 4 AJRBIX  EXmAUSY
SwEf " FLUW FLUw FLUw FUEL RECIRC, AIR AlR LEFY RIGHTY PRESS, PRESS,
ap= Bup LB/MIN LH/mIN LB/MIN RATIO0e L B/HP WR PERCENT+e INLET BOX LAMAUST  EXWAUSY IN. MG, IN, WG,

1 2ed 12,11 2,302 R 30 (1] 120 210 210 2
¢ aF 12.3% 19,245 «5%b 30 20 i20 300 (433 .2
3 EARS 13.12 13,020 50 30 20 120 380 10 .3
- .Py 16,18 0.0%2 7 30 70 120 .20 .0 .5
s 518 19,8F 6,010 .51 In [ 11} 122 Ses $20 .?
b 2eS Heu «0b 11,088 11.% s2,029 R In o0 20 270 200 .2
? She 10+,1 2 3.2} 23,40 ., 725 Az 0 [ {/] i2e (121 *3s .0
8 .7 PN 4 l.ni 27.%2 20,3 v, 062 4S50 3 [ 1) 13§ 730 kil 1 1.1
Q 85 16%,3 1.2? 32.%3 3¢ ,20 F L o 30 . v "s [ 121 1
10 835 189,2 1.87 e, 38 15,92 2.911 480 30 s 158 (L1} as0 1.6
i1 265 [] 15 12.00 i2,0% $0,258 R 30 [ 1] 13§ 20 10 .2
¢ EXCESS U2 IN EXMAUST +¢PERCENT OF AIR FLOW MaNS

MOOE  ExmauLsT nC co L1} ~NO2 NOX co2 02 B3NC [} 144} B3NOX 14 co NOX
Ay« G/L8 R/LE G/L8
PERCE T PPM (11 LLLY PP L] pCY PCY G/MP MR G/KP MR G/WP MR OF FUEL .+ FUEL OF FUEL

1 1.3 2 §q L] | 18 123 1.3 20.0 L] R [] 3.0)3 ‘7
2 1.5 72 20 78 18 1% 2,78 19,2 i) 1.8 [ )] 1.%0 2,72
3 1.5 \H k44 210 23 M 3.3 18,0 .? 1.01 $,5¢ 1,33 2,01
" 2.0 112 LI 29% . 0% ', 52 18,3 .52 7 ‘.0l 1,11 1.58
L] 4.9 i3 S | 31 Q 32 $.2% 15.2 ] .80 .78 1.0? 1.m
L 1.2 ioo L3 104 13 1198 1.3 20,2 ] R L] ‘.l .,
? 3.5 le0 35S 356 . 360 ..3? 13.0 Bl 2.18 3.59 1.10 ., 00
] ..5 ene “0? E LN 0 v .. 13.0 -50 $.0% 3.03 l1.29 L1.23
. 11.8 286 2% 9% 2 a 392 7.21 12.3 «?0 13,68 1,82 4. %?
16 [ 30v (111 N2 . L1 7.%? 11,5 x4 27.79 1.%3 $§.79
1 P 1ne 123 1ie 0 118 l.1¢% 20.1 L] R $.3 7.07
CYCLE COMPOSITE BSMC L GRAM/BNP HR
asco s GRAM/BNP Wi
ASNLZ ¥ 10,308 GRAN/BNP wR
SSHC o BINOZ B 12.32¢ CRAM/BRP nk
88FC s .87 LE/BNP MR
TaRLE B.140. EMISSION CONCENTRATION anNo RATE SumMaRy
VAR gecew?d TEST MO, ) a4/ 0 PCY, CUUL EGH
1P JrCTuNS! Lusenal Timlrut STO,

et IGRY FA(10W SCREUULE® aTSF S»1TCH

LA 3 Piblte
Sre g
o
' ers
2ts
Ive
e
303
ers
e
we
k4 33
[ 11
ens

T B ruT RE s

ROSE RAWAUS]
s hag
renipnt

1 1.4
@ lou
a 1.8
- 1.8
€ 3.0
- 1.0
? 2.v
3 2.
Q §.0
i 10.%
11 1.0

[ 2 FUEL AlR EXnalST 0= REFC EXW, GAS TENPERATURES OEGREES F EXMAUST
FLom FLCw FLO» FLEL RECIRC, AlR AlR LEFTY RIGHY . PRESS,

ELld Lo/nins Le/mIN te/rlrn RaT10e Lh/hP NR PERCENTee  INLET 80X EXNAUST  ExMAUST IN, MG, IN, W6,

caven - cecncenn e evmes eme = - e cocns samee

CYCLE COmPOSITE  B8nC
8Co

-7

fat .06 13,62 ta,an - 7% 102 1.?
b, .13 12,88 13,96 50?7 3 117 ™ % 1.7
26, .0 16,7 18,9 BLl kA 120 Eh 2 ] k31 2.0
S, ? 1 19,8 14,0 10,5%% 42n 7% 122 «$2 (111 2.0
o, .88 FIIS | ?5.18 a,n50 J*LN 7S 122 568 $1$ ..
ot .0b 13,9 13,90 Se 03 L] 3 12 268 t11] 1.7
108, R 2%,27 n, o ..831 .42y ” 120 (31 .20 $.0
isas sehi 33.%§ LAY §,%1? .42 ” 120 b3 1] 38 .0
123, 1.2% ELA L] L 4] L8 L] «$37 so 13 [ 1] ] (13} 7.2
0L, & 1.%7 CRON 1) v 88 %, 173 11 Al 1%? LIV ] %? ...
n,u N 13,90 13,82 71,308 » 7 10 % 0 1.7
+ EXCESS 02 IN ExwAl Y *ePERCENT OF AIR FLOW MASS
[ to ~NO NOP NOX cop o2 [ 1114 88C0 IN0X "C (4] HOX
/L8 /L8 G/L8
e [ (L0} pep (L] Y PCT  G/WP MR G/MP KRR G, WP MR OF FUEL OF FUEL OF FUEL
. eone JRp—. ace= [, cove sesae
&r (1] (1) 2 159 1,ne 2.0 L] 2,64
LY} ” (2} ] 10 %) 2,2 20,0 +60 1.69% 4 1.10
(X2 "” 270 10 230 2.0 10,9 o0 1.99 ? 1,08
e »e e 1 243 (13 ] .12 17,¢ 2% 54 ? 07
he (3] [ 114 1 (11 ., 16,4 .20 1] .2
. .. 136 12 1%? l.0% n " L]
ay i1 e 1 e $.7¢ 15,0 28 « .7
1ns L2} ] ki 1Y 1 70 (133 ] 14,3 3 .10 ?
180 193¢ (YT} e (Y 7.0 1.9 8 5,00 [
1¢ Ve L 2X) [} $ .57 13,6 ot 20,% 1
3 I 134 . 1e. .08 20,2

CRAN/BuP it
SRAR/BNP NR
SRAN/DIP nR
SRAN/BHP Wi
LO/0MP W



TABLE B-14]. EMISSION CONCENTRATION AND RATE Symmaly

S gece=0d TESY N, ¢ wso 2P PLT, COOL FGR
PR R RO T Y 14 TIVING' 87D,
wrg e B al Ve SCRENGLE' ATSE P -TTCw
, (IS X0 laf - FOEL AlR FXaUST 02~ 83FC Exte, Gag TEMPERATURES DEGREES F AIRBOX ExmAUST
~EE FLOw FLOw FLOw FUEL ReCInC, AIR AIR LEFT RIGmT PRESS, PREss,
o > LEsMIN LB/MIN LR/MIN RATIOs LB/WP WR PERCENTse  INLET 80x EXWAUST  EXHAUSY INHG,  IN MG,
J e [ .ne 13,02 13,88 R 20 s 120 320 29§ 1.7 «d
- b O] ] 12,42 13,48 .520 20 s 118 us j00 1.? .3
‘ e PNk x4 14,92 15,92 i3] 20 14 17 e 330 2.4 B
“ e YR o3k 19,8 19,80 22 20 % 122 w3 “s 3.0 .8
' LYY TR, LG 2% .03 25,17 ik 20 ’s 122 ss0 §$10 ‘.. " ]
. 2us o0b 13 7e 13,6 ® 20 " 118 288 258 1.7 «d
. ey NS Y AL 27,90 [T 117 vl 20 " 126 (111 (31 ] $.0 .\
LA LR t,p 3,2 EA LT S.%%)> e 20 bl 130 32 230 .. 0 1,2
g e IR 1.26 IR, NG 0,18 %, 78§ <32 20 [ 11 i1%g e22 esec 7.2 1.%
4y sk, I L *), 49 *3 &8 v.100 L45e 20 9 182 92 “Wwe .. 1,?
' 2+ Wt .ne 13,72 13.7¢ 71,878 L] 20 L} ] % 11 1% 378 1.7 .3
¢ EXCESS 02 1IN EXWAUSY +oPERCENT OF AJR FLOW MaASS
oo bral ) [ cn n wue NOX coe 02 [ 1114 asco 8aNOX Ll4 <0 NOX
v LRy e/sL3 [ 748 ] /L8
Proelk o7 PR P (T8 (L (L1 PCT PCY /P MR G/MP MR G/WP MR OF FUEL OF FUEL OF FUEL
' Lo 2t I 128 @ 13?7 1.0% 20,8 [} [ L} 1,88 3.3 21.08
leu " k] 220 1% 238 2.26 18,9 .2 1,60 .20 L .29 17,08
2 Lot . L k4 ELE ] 19 e 2.%? 18,7 3 1.23 .28 .70 2,00
. le. ~e L} i3 1 L34 3,99 17,3 .23 .. 7.2 81 1,98
« L L LA (11 ] 1% s7e v, 79 16,1 23 .58 .93 «$1 1.%0
1o b i 137 i2 Len i.1% 20,0 ” L] L] 1,08 [ 1% 2/
a0 e teqQ ?ne n 09 S.68 18,1 25 1,19 t.3¢ b0 2.7
Y JLY InG LYY 1% w0 ., 3 1%,3 .1 7.0 .80 $.50
. LN is% inge (X 2 (%2 .. 07 13,8 ? e [ 1.08 23,11
' lé.v L) "ok Sue L hra .30 13.3 5% 23,%% S.$8 1,20 $1.07
i [ LR "3 l%e : [ S 1,ne 20.¢ L] L] L 3.0% 11.02
CYCLE CoOmPOSITE LIL1d L <23 CSRAN/BHP Wi
88Co " 3.1% CRAN/BHP WA
88NO2 = 35,38 CRAN/BNP ui
BENC ¢ BONO2 8 10,27 CRAN/BWP WR
L1 L i) LB/78NP nR
TABLE B-142. ENIOSION CONCENTRATION AND RATE SUMMARY
QATE' J=2]1e7) TEST NO, 1 W 30 PCY, COOL EGR
INJECTORS: L OWe=gAC TINING® 8TO,
WEIGHT FaACTOR SCHEOULE' ATSF BWITEN
MUDE  ENGIMNE POWER FUEL AlR EXMAUST O~ 88FC  EXN, G418 TENPERATURES OgGREES -~
SPEED FLOw FLOw FLON FUEL RECINC, AlR AlR LEFT RIGuT
1L BhP LO/mIN Le/snIN Lo/nIn RaTI0e LO/HP MR PERCENTee  INLEY a0x EXMAUST  EXMaUSY
ccse cecses cescn esece ececesse o -  eae
1 28 0.0 + 00 12.99 12,68 6,088 [ ] 11? 2%
2 Wws iv.2 12,9 12,02 807 118 268
3 e 28,1 13,7% 7 120 e
. *2e $0,1 10 1 "w?
$1% AN ) %18 12 60
. s o.n [ ] 1? ({3 ]
? sty 107.¢ il 130 113
[ [ 34.] 1 22 1
] %8 9.9 Y 1%
10 s 3.98? « %50 188
1Y} 208 0.0 1.4 $3,88? ] 130
¢ CXCESS 02 IN EXMAUSY COPERCENT OF AIR PLON NaABS
RODE  EXNMAUST “e (4] coe [ [ 14 asco [ 1.1 “e <o nox
Suoxe S/L8 /L8 S/L8
PERCENT on rcY PCYT  G/0P MR G/WP W G/ WR OF PUEL OF FUEL OF FUEL
csas ecesece eens esve  cscces
1 1.0 ” 1.02 20,1 ® [J
? 1.9 110 2,97
] 2.0 1?
. 2.0 100
$ 2.8 118
(] 1.0 9
? 2.8 e
L] ., 8 ”n
L] 8,0 2662
)o 16,8 (2.1
u 1.0 11¢

CYCLE CONPOOITE  BanC
[ i
ogNeR

BONC o BONOR2
ore
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TABLER 143 EMISSION CONCENTRATION AND RATE SuMMARY

3-21-72 TEST w0, @ w/ 3f PCY, COOL FGR
TORS ' L Ow=SA( TI4ING' 8TD,

WE)GrT FACTOW SCHEDULE' ATSY SwITCH

ENGINE PUNFR FUEL AlR EXraURT [\F 23 BSFC Exn, Ga$s TEMPERATURES DLGREES 4 AlRBOX  EXwauUST
SPLEL FLOw FLOw F(Omw FUEL RECIRC, ATR AlR LEFT RIGn?Y PRESS, PRESS,
He- P Ls/MIN Le/MIN La/MIN RATIO¢ | B/wP WR PERCENTee INLET 80x ExmAUST  ExXmaUST T MG, IN =G,
U.0 Ne 12.02 12,080 e Svld " 30 L1 ] 13% 3% J2o0 .2
1v.b L1 12.8% 12,98 18,922 Lvag L) (1 176 2% 288 .2
25.1 .20 14,64 13, K9 13,282 B2 30 s 1e7 337 320 o
9.3 L 1b.%0 17,26 f,137 L3 30 " 130 0333 v 20 ..
79, LS 22.1¢% 22,73 (X1} Jvin 30 LA 130 Sh? s20 W?
n,n 06 12,78 12.8)3 *h, 0 R 30 .2 128 338 310 W2
e, . 25,98 2b. 7% v.924 423 30 “°2 1138 (13} .33 N
1%0,% 1,00 In, 2 n.23 s, 230 b2 10 *°? 1398 ™o 73 1.0
173,60 1.¢7 A8, 49 13,76 3,592 v 30 ‘90 1S s2e [L3] 1.
2o2.¥ 1,8 I N2 ELPOL] 3,112 lY] 0 (1] 18§ %02 anp 1.%
0.0 L 12.80 12,88 $2,0i1 ] n S0 1%0 365 350 o2
e EXCHSS 02 IN EX~AUST +oPERCENT OF ATR FLUNW ™SS
Exmais? .14 co NO NO2 NOX co? 02 1114 [ 1144 RSNOX []4 to ~OX
SMUKF /LD G/L8 G/L8
FENCENT PPM PP oPM (11 PcY G/MP MR G/MP MR G/MP WMR OF FUEL OF FUtL CF FUEL
cecemnn cena PR ccea R wasea - - N -
1.0 S0 2% 1% 158 19,7 L} R " 2,50 2,37 25,50
) Y 59 292 281 10,0 b2 1,21 8,50 1.29 2,48 1°.1?
1.% S LY] 290 25e 12.0 ] «8% boln 1.01 1,00 13,1
2.0 0 L1 k1) 373 18,2 32 42 5.0 78 .7 13,00
3.0 k13 1] (1} 0 el 13,9 .28 .52 s.02 N1 L.20 1%,70
1.0 55 3 150 11 161 10,8 L] R " 2.7 3.5 26,26
e.n as 216 s10 0 s10 12.% .31 1.%0 S.2 .73 3.31 12.90
.G an LD 859 0 (1% 7.0% 12,2 .35 .12 5.3? .03 7.3% 12,82
Q.0 168 239 $1% ] 815§ 7,48 i1.% .5 12,9 .58 1.02 29,50
18,5 L wo2h [L}] 1] 82 7.0 11,2 1Y 23.50 .15 o $0,%
1.0 [ 13 k) 150 3 153 1.23 1v.5 ® L} ® .9 v.02 20.2%
CYCLE COMPOSITE [ 2114 s 1,320 GRAM/BHP WA
83C0 = 2.110  GRAM/BWP M
63N02 = 13,731  GRANW/BHP MR
HSMC ¢ BINOZ = 15,050 GRAN/BMP nit
B3FC = ./25  LBsenP MR
TAHLF B-144. EMISSION CONCENTRATION AND GATE SUMMARY
VATE® )=ed=73 feST NU, L ~/ LM SCY, COOL E6GH
INJECTU! S* NEEULE TininG' S' .
W LGeT ralLTuw SCREDULE Y GF LINE =480
ENG I POWER FuFy ale EXFALAT  D2e BSFC  EXNW, GAS TENFE LATURES ODEGREES ¢ ALRBOX  EXMAUST
Pekn FLuw FLOw FLum FUEL RECIRC, (3L AR LEFT RIGHTY PRESS, PRES.
L] LLld L/mINn LA/NIN LAZMIN RAT{Ue LB/HP MR PERCENTee INLEY BOX EXHAUST  EXMALSY IN MG,  IN MG,
cenean cesse - secas eee cescess meeeasesr esewr weove
248 n.o «0® 14,9 ” 111 w0 200 L5 2
28RS 18.3 ol 15.0¢ 23.7% +536 10 7 111 % 258 .3
e 2%.8 .2n 18,53 17,012 1l 10 "% 110 ne 0 .*
s2n MO o 3h 20,53 1l.1e? V50 10 L 120 (11 e .
Sls 3.2 oSS eh, 21 9,700 W81 10 “w 129 111) 10 .8
RS .6 «Nb 15,00 $5.50% L] 10 sc 121 nn 29} 2
She 109, 4 FLIL] 7.230 EL] 10 ”» 125 .32 .10 1.0
(34 (¥ LN 4 1.r} LI 8,11 3?7 0 7 il iK1 %1 1.3
%% PEIPYY 1.2b LN 5,201 RI11) 10 n i d °"s 880 1.6
3y 20¢,¥ 1.%? LA b, 393 A1) 10 [ 1} 154 %0 “”e 1.9
23§ Ve +0% ISR wb, 204 L] 10 [ 1] 120 F 24 } 113 .2
* EXCESS U2 IN EXNAUSY <+PERCENT OF IR FLOW mMisE
EXmAUST nc co NO NV NOX coe o2 [ 1 134 arco B8NOX [+ (4] NOX
Ingr- G/L8 S/L0 S/L8
Pew,c PPA LLL] PPN LLL] LLL] PCY PCcY G/HP MR G/HP MR G/MP MR OF FUEL OF FUEL OF FUEL
comna- ecen ———— ———— p— cce- enae
v (1] (1] 108 | 34 119 1.1¢ L J.53 .. 20.21
1eY LLJ .? 193 Ae 1l 220 1.22 .20
1.8 110 (1] 2% (1] 26 2.0 1,00 1
1.5 12¢ s 1 3% 13 e v,0? .78 1.7¢
L2Y] ILL) we L1 ] ] S22 .. 3 ohs 1.9
l.u i00 .. 110 1 L12% 1.19 ® s .22
l.u len #0 (3] . (11 s.22 14 .2
2on i?h Nt " 1 LAY [ 1% 11 .12 [
i (1l (1Y) (Y1} 1 me (Y% 1] 1%,.6 S, 00 12,2
10.% 20 e . 13 e ..07 13.8 18,07 .5
1.% 120 [44 111 n 121 1,09 20.0 L] .10
CYCLE CONPOSITE 284C & 900  GRAN/DWP mit
asco e 12.242 CRAN/BNP R
s 7 L] SRAN/BWP R
88nC ¢ NOR & CRANZBNP R
BC s 080 (/8NP W
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EMISSTUN CONCENTHATION

AND RATE SyumMWaRy

JatEr jeed=73 TEST AD, 2 v/ L PCT. COOL ENR
FRSTIADLE MY TN 3 TIMING® 8D,
avlam rACT W SeAe LY GE LINF mAU
LISIAT S S A POwk FUEL AlR Exmaust o2~ BSFC Exm, GaAS TEMPERATURES DEGREES F AIRBOX EXHALST
Sert FLw PLUW FLOm FUF, RECINC. AlR AlR LEFTY RIGHT PRESS, PRESS,
- RYald Le/mlN YLITY LA/MIN RATI0e LA/WP MR PERCENTes INLET 80X EXMAUST  EXmMAUST InN.He, INNG,
1 FLE) Gai 0 1v.23 1e. 29 L 10 7. 12 23% (1] 1 .2
2 LD 15,2 .13 1e.6t 1e.0e 23,980 526 10 72 121 2% %0 1 .2
3 Ies 24.8 U 1e.ile 1hedn 1s.6%0 .SUY ie 72 121 350 310 2.8 o
. 42 ., TS 19,7 2v.13 10,893 AX1] 10 22 123 381 %0 .0 ..
5 519 73,9 1) 8.7 L) 8,021 MLLYY i kd ] 128 $52 530 ., b .0
3 L) b .0 1%.9% 59,363 ] in 79 122 320 300 1.8 .2
’ L) e, 1 ) 0,85 6,986 LY 10 7 130 (113 (1] s.1 1.0
% [ 13,2 1,01 s, 78 [YR1T] H%0 10 on 10 738 3 6.2 1.3
Q 12T LR .20 s0.21 s.9%92 BT 10 (1] 1ve 010 (111 2.6 1.6
i 835 ene.a 1.6% e 2w s, 223 L$00 10 L] 160 282 720 LIS | 1.8
i ansy a.u +05 iv. 22 el.3%R R 10 L} 191 30 .10 1.8 .2
e EXCESS 02 IN EXWAUST  ¢oPERCENT OF AIR FLOW MASS
MODE B ana ST L1d ()] NO LI NOX co2 02 ASKC 88C0 83NOX L[ co NOX
SMOxe (-9 ] G/L8 G/7LB
rEwIE T L] L] PP CrL Pou PCY (S G/MP MR /WP MR G/WP WR OF FUEL OF FUEL OF FUEL
1 Il [ 1 7 10w 13 118 lelw an.l L] L] L] v, %0 7,98 20,16
¢ 1Y LH L] 128 %) ILH 2.1% 182 1.18 2.10 7,99 2.2¢ v.00 15,21
3 1.1 1ne s 22 2¢ 251 2.7% 18,% %0 1.60 r..2 1.7% 3.3 1%,72
A 2.4 132 . Ieb 13 R4 3.9? 17,2 71 .87 [ %2 .02 1,90
s 3.6 s 2 22 4 e L 3% Iy . .73 8 7.%%
L3 lon ile LE] 10% 1 120 1.0% 20.* L] L] L]
? 1.5 e 18 &35 13 (31} S.22 15.5% bt 1.2 .25
L] 3.u 20 .2e e 2 ") s.01 1e.98 .70 2,92 .. 20
. S.0 284 “w? kX L 13 ? b 21 1v,.1 90 S.0§ .80
in 8.y 3l 255" 0% 2% 30 [ T4 ] 13. <%0 19,88 ».00
il ie 13 71 il . 11% .00 14,8 L] L] L]
CYCLE COMPOSITE asnC = +08s CRAM/ANP HR
[} 14,] * 12,0498 GRa~/BNP MR
asNO2 = 7,818 CRAM/ 8NP nWR
HOHC o B8wE2 = 9,500 CRAN/BNP hn
B9FC L .82 LB/7BMP HR
TASLE B-146. ERISSION CONCENTRATION AND RATE SumMaty
DATE* Je=2@=?3 TESY NO. 1 w7 20 PCT, COOL EGR
INJECTUNY' NEEBDLE TINING® STID,
atIont FALTOR SCHENULE' GE LINE wauL
LULLEE ST & 13 POwER L2V AR FANAUST o2~ (1144 EXn, GAS (EMPERATURES DEGREES L4 EXNAUSTY
AL FLegw FLOwW ®L 0w FUEL, RECIMC, (3] AlLR LEFY LIS-LA ] PRESS.
-pPH (112 Le/mIN LO/NIN LA/nIN RATIOe LB/MP WR PERCENTee INLETY 80X EXNAUST  EXmAUST IN MG,
cves semses Ry cmcmsse meess wes eceseees S~vesss coven
i aug .07 12,97 3,008 [ aw " 1e 208 203 o
2 s ol 13.n¢ 18,57 N1il} FT 7% e e f1]] ot
k] 3o ~20 1%.31 18,01y .88 {0 " 11 E L] 4]} o*
. (T 4] 3 17.3% 4,02 i1 2 ” 116 b3 1] %10 %
< (XY K1Y 23,87 7.7 el o 7% 120 $%0 $10 ?
L 205 e 12,96 h 1) L €0 " 111 t 42 (1] 2
1] She 0 27,74 S.%) o2t 20 " 128 2 [} 1) .
L] (k41 1.n0 32.18 ., %0 a2 L 20 kA 1% "°0 90 1.2
- 58 ? .1 .,0? o981 20 | [ 1%2 (2] (11) 1.9
10 493 . LTS ] 3,%1 e 20 [ ] 150 I %3 1.?
11 288 - 12,% 2.4, L] W0 [ [ 1%0 0 .0 o2
o EXCESS 02 1IN EXwAUST +oPERCENT OF AIR FLON WaBS
MUNE  gxXmAULNT nC (XY N0 nNO2 NOX or (104 8sco 980X L3 (1) Lodd
SAuKt S/L0 /L8 S/L8
vENCE Y (L1 [ L] L] [ L] PCT G/NP WR G/WP WA G/NP WR  OF FUEL OF FUEL OF FUEL
ases vesase=e cona ccne anen eena
1 1.0 (L) 100 1 119 2,43 S.8?
2 le% @ 160 1 193
3 1.0 112 200 13 21
. Lo it ”» 13 %0
L] LAYy 1% .2 . 16
L) len 112 10e 18 1Y 2
? 2.0 [0 w2 1y S0
] 3.8 220 $00 1 1 1% )
. [ 1% 200 N ) (1} ]
10 17.% e *"w? L] “w?
i1 lev 12 112 n 113
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TaBLE B

14°. EMISIION CONCENTRATION AND RATE SUPMARY

GAfer L1=Pe-213 TEST NO. 2 W/ 2n PCT, COOL EGR
INIECTURYY NEFOLF TIMING® STD.
wh [Gnl PACIOR SCHELHF' GE LIMF wAuL
HOOE  BENGINE PUNEW F Ukl ALR ExMAUSTY 02+ BSFC EXH, GAY TEMPERATHURES DEGREES F AIRBOX EXHAUST
LTINS FLOW FLOw FLOw FUEL RECTRC, AlR AIR LEFT RIGHT FRESS, PRESS,
/P AP La/MIN LB/HIN LB/MIN RATIue  LB/MP MR PERCENTes INLEY  BOX  E£XWMAUST Exwaust IN MG, IN ML,
1 245 0.0 .08 12,88 12,98 5.2 3 20 78 118 200 208 1.8 .2
2 285 15.3 i 1?.92 13.08 2n, i .53 20 1L 11 279 2s0 1.¢ .2
k) 3e 23,6 .20 iv.a)? 14.37 iv. 62 WSCe 20 7 120 38 100 2.0 .3
‘ vee “y,l .3 17.19 17,89 8,253 11 20 7 120 “3e 10 A .S
s 51% 75.% .55 22.%% 23.81 2.2u8 .$35 20 7 122 580 s20 L .7
. 2ns (U8 .0b 12.98 12,9y “a w0 ® 20 (1} i2n 208 270 1.8 .2
7 58 1058.3 .7 27,10 27,95 il 431 20 [ 130 (31 (119 s.2 .N
] 578 138,2 1.0l 3.2l 32, e2 ‘.2 43 20 1 2] 139 %0 1D e.2 1.2
“ 258 iv8.h 1,20 3%.03 N, 28 v, 201 RT3 20 [1} 1%8 "ne [ 1%4 7.8 1.
1 R3S 19?2,% 1.82 3a,0e v),b)d 3.458 1Y 20 1} 180 apo LIS 1.?
11 2R o .08 12,99 13,04 s8.020 " 2y LT} 1v2 *30 1.9 .2
o EXCESS 02 IN EXWAUST  «oPERCENT OF AIR FLOW MASS
M0k Px~anST L] n NU NO2 *ox co2 ul B3nC BsCO BINOX ne co NOX
FRDLTS GrLB G/LB GsLB
CEMCE T L] PPM PHM LLL] LA rcT G/HP MR G/WP HR  G/MP NR  OF FUEL OF FUEL OF FUEL
i 1.u ?e ve ius 1 ) 20,u R ® 3,ev v, 2e 19,81
? Ly LI ? 185 13 198 18,0 .0 1.5 i.00 2.9% 13,68
3 ) | LI N 220 18 2%5 10, ) i.11 1.8 2,20 12,60
- leu 108 LY ] (139 a9 EIY] 17,0 .52 .85 1,17 1.2% 12,5¢
s 1.9 136 (L] 3 L) vl 16,2 31 1) 1,29 1.29 13,68
& dau 92 8 lle 15 128 20.? R ki L2% X .. 50 19,02
? 2.0 1e0 173 s1s L) S1e 1s.0 213 1.19 1.30 2.7 13,78
L] 3.8 21e (31 §43 n S 3 Ie,r Y v, 0% 1.52 €20 12.%8
e 2.0 268 18%0 .ase g ee 13.¢ .7 8.72 1.70 19,098 10.17?
1n 1740 338 %399 ey a e ? 12, «Nu €4.90 1.0% $0.01 0.3
1. 1.5 ive 0 117 a 112 20,1 L} [} L [ % 7Y 22.90
CYCLE COMPOSITE LEL1d s 1) ] CRAM/BNP wuR
ASCO & 14,180  GRAM/BHP HR
LELT T S P 4 11 GRAN/ 3nP nR
98K ¢ ASNO2 B 5,402 CRAM/BRP Mn
ASFC L4 I L] LB/BNHP WA
TABLE B-136 ENISSTION CONCENTRATION AN RATE SUMMARY
DAE' 1ejRa?] TEST NO, 3 W/ 30 PCY, COOL EGR
INJECTONS' NeENLE TIMING' STO,
wELGHMT FACTOA SCHEPULE' G LINE mAUL
MODF LN INE POWER FUEL AlR EXHAUST 02~ B8FC EXM, GAS TENPERATURES DEGREES F AlRSOX
SPEED FLOw FLOn FLOw FUEL RECIRC, ALR AIR LEFTY RICHT PRESS,
LI L1 Lu/MIN LB/nIN LB/mIN RATIOs LB/WP MR PERCENTee INLET  8OX  EXMAUST rXMAUSY 1N NG,
ceva vesenms PR wsess sessever ececese eccse  eme csrecan esecess cosan
1 2ns 0.0 N 12.0% 12.0% ® k1] 110 200 200 1.9
¢ 2@y 15.0 .13 12.ne 12,142 53 0 110 29§ 280 2.0
3 Ive 23,7 2 12.%2 12,12 +$00 3o i1 ”o E4] ] 3.0
M AL Lal -3 15,02 18,497 «*36 30 116 38 .2 .0
5 Sl ",5 51 19,08 19,80 %83 "m0 120 $e2 s$10 b
. ans Ny MUl IS FS 2 11.02 ] 20 110 e 2% 1.0
? L 108.1 4 22.9%0 23.00 430 0 12 (11 ] (3 1) $.2
n 2y 13,0 lenl .23 28,23 il 30 138 r2s ke 11 el
. 5% lee,? 1.2 J2. 00 33,38 + 488 30 12 48 °”s LAY
10 LELY 1% % 1.87 38,39 15,98 2,069 0 0 18 e LT3 LR
1) 2ny 0.0 00 11,09 11,90 e, b} L] 20 138 360 %0 1.0
¢ EXCESS 02 IN EXNAUSY SePERCENT OF AIR FLDW NASS
MONE  ExmAUSY e (%] NO NC2 NOX coz or 83nC ssco L1l e co NOX
SHONE s/L0 /LD (1
PEnLENT (L] L] Y PCT  G/HP MR G/MP MR G/MP MR 0% FUEL OF FUEL OF FUEL
PPN - —ewe - ccvas
1 1.9 % N 127 1.20 20,0 R L] [ L 34 18,88
2 2.9 | 13 .2 Aot 10,4 1.7% [ Ta .89 11,9
bl 3,0 11 a3 213 17,0 1 $.0v [ N 24
. .0 %0 ” (L5 ) 1%.0 78 ¢, 5 1.00
s 2.4 1% 136 353 18.0 " ‘.02 2.12
. 1.0 132 [ 1] 128 14,8 n L] Tebd
? (%] 22 $ 113 t11) 13.0 .00 .00
L] 2.4 (41 1) “w? b1 1) 12,0 .78
. 11.0 00 Woe ba 3 12.2 3.0? 23,30 .76
19 2..0 M 95S ne 1.3 .00 e, 0 .. 2
11 ] 152 12 120 120 20.1 L] L0
CYCLE COMPOSITE BBNC o SRAN/DNP NR
(1.4} - CRAN/DNP MR
L] CRAN/ZDNP uit
BOHC + ABNGR = CRAN/BIH® W
8FC . « 998 LB/70NP MR
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MISSION CONCENTRATION ANT PATE SU“MARY

88FC ExN, Gl TEMPERATURES DEGREES 4 AlRBO EX~aulT
RECIRC, AlR AR LEFY RIgnt PRESY. PRESS,
¢ LB/mP MR PERCENTee INLE, sox EXHAUST  ExnAURY INGHG,  IN MG,
L] 1N 7 120 M0 00 1.7 .2
.57 30 1 118 e 2oc 1.0 .€
.512 1) " 117 s 322 2.? .
Jtel 30 % 120 £33 .1? 1.0 .5
%51 30 [ 14 122 sso S22 .5 o?
R 30 14 1s 258 20 1.9 .2
«%%0 30 80 12 111 [ 11:] $.0 .8
ey 20 0 132 i£1) "2 .0 1,1
il 30 (24 1§ (2] [ 13 7.3 1.3
Ak 30 ‘90 10 Ww0o i1} L 1.6
R 30 Y 1%0 Is0 350 1.7 .2

¢ EXCESS 02 IN EXKAURTY *e

CYCLE COMPOS]TE

63MC

PERCENT OF AIR FLOW MASY

L1114 asco B8SNOX .14 co NOX
G/L8 [-749 ] c/L8
G/WP MR G/MP MR G/MP WA UF FUEL 0OF FUEL OF FUEL
L] R L] ., 22 3,03 17,70
1,08 1.02 7.0? 1.%1 1,00 2.3
.0 o $,7? 1.62 1.3 .27
1) 58 L 1.3% 1.10
o5 s 1) ‘.02 1.28 l.2¢
L] R L] . 2,99
1] 2.2% 3,7 1,28 $.11
N1 ‘.0 2.0% 1.%§ 10,96
4l 3,89 .68 L]
.81 J.c0 lobb §0.71
L] ] [ 7% } ] A 23 2]

A » GRAM/BNP WR
AsCo s CRAM/BHP WR
sSN02 = GRAN/BNP MR
83N02 8 4,570 CRAM/BNP wn
asFC @ SUS  LO/BNP wR

TABLE B-150, EMISSION CONCENTRATION AND RAYE SUNNARY

[ 1149

K1Yy
.50
%e?
%81

[ ]

K1Y
<480
N
YT

L]

Exn, ¢
RECINC

LB/MP WA PERCEN

+ EXCESS 02 IN EXNAUSY *e

TABLE B 149,
DATE® L=2%=?) TEST NO. % w/ 30 PCT, COOL EGR
INJECTORS NEEDLE TIMING® 870,
wt [T FACTOUR SCHEOULE' GE LINE ~aup
430e Enu[NE PImER FUEL AlR EXMAUST o2~
SPLEN FLOn FLOw FLOw FUEL
adn Bub LB/aIN LA/MIN LA/MIN Aat1o
1 208 0. " 12.22 12,28 1,54
2 2k 15,0 1 12.2% 12,30 18,0%0
3 I 23, .20 12.%2 13,17 13,268
- vew LA} .35 15.9§ 16,29 9.530
5 S1% 3.2 .54 18,10 18,88 ., 008
" 2 0.0 .08 12.06 12.1° LT 11 )
> (1.0 10%,1 70 22.%0 23.56 LPR] }Y
" (249 138.1 1.n0 22,35 2R, 38 v, 077
5 755 16¢,3 .27 32.9¢ .0 1,873
in A38 181,? 1.7 LEIRY | 36.05 2,999
t1 (L vy .0h 12.%0 12,83
“0NE EanaJsT wC Lo L1 LT NOX
SM0ntE
PERCE «T Ll Fow PPN PPn
1 1.9 10 v? 120 13
2 1) " v 18% 1+
3 1.u 112 .? 22w 1%
. 1.0 132 [ %] 2%9 .
s 2.9 180 " 330 .
® leu 112 i 137 20
? 3.5 189 E3 ] 3 0
] 5.8 232 (L1 “2e 0 2.
. (S 200 2527 s00 1) o
n eb.S 328 $921 30 b 369
[ 1.0 128 (1] 136 o 138
JATE' 1=2%=23 TEST NO, § w/ 30 PCY, COOL EGR
INJECTURS® ~NEEDLE TIWING' 87D,
#EIGHT FACTIR SCHEDULE' GF LINE WAUL
400t  FNGINE POwEN FuE AlR EXNAUST Or=
L 143 3V FLOw FLOW FLOw
LLL} LT13 L8/ IN LasmIN ety
1 N 12,0% 12,11
2 ole 12.20 12,3%
3 .20 13.12
. 36 18,18
s «5§ 19,68
L4 «06 11.82
? .?? 23.%%
s 1.01 28.%)
. 1.2? .20
10 1.%? 5,2
i 26y Lot 08 12,08 $0,.2380
MODE ExXMAUST nC co ~O NO2 [}
SmunE
PERCENT PON [ L] [ 0] [ ]
ceas eucemss I ccce asea P PR
) 1.0 ” (3 108 18 12
e 1.5 n” 70 178 18 193
? 1.% @ 70 o [ 1] 293
“ 2.0 A2 [ [} %% L J08
L] E ] 13 13 ns . e
(3 1.0 100 (1] 106 13 11e
b 1.9 180 %8 E1) * 0
" .5 o0 ALE4 N ] t L))
L] 1.5 256 2% 02 [} p 2]
in 28.0 0% $56¢ i L1 e %1
11 1.§ 1) n 191 ) o 119

or
PcY

1] TENPERATURES DEGREES 4
. AlR AlR LEFT RIGHTY
Tee IWET s0X FY4AuST  ExNaust

EXMAUSTY

120
120
120
120
1e2
120
126
13
183
180
138

PERCENT OF AR FLOW NASS

[ 2 L] [ 1 4] SNOX ne co nOX
G/7L8 /L8 8/L0
S/NP MR G/nP MR G/0P NR OF FUEL OF FUEL OF PUE!

«031  GRAN/BNP W
P00 SRAN/ONP MR
1,900 ORAN/BNP Wk
Y490 SRAN/BNP MR

811 LB/ONP W



TaBL s B-151. EMISS, 0N CONCENTRATIUN AND RATE Summany

HaTEt 1ma2e?3 TEST N, | w/ 20 ¥LT, CUCL EGR
INIECTIvS "t L la=SAC TIWING' ATO,
CGILHT FalT 4 SCREDFY GE OLINE HaUL

PRETIEEESES SV ERELE UL AR FX=a 8T 02= ASFC Exr, Gald TEMPERATURES DEGREES F AIRBOX EXNAUST
Serpe FL0w FLNw Fluw FUEL RECIRC, AIR Al LEFT RIGHY PRESS, PRESS,
i Ay LB ™IN LHZMIN LR/AIN AATI0+ (4/nP PR PERCFNTe¢ INLET 80X  EXNAUST  EXmMAUST I He, INmG,

[ L) s .ab 13,92 13,48 ® 20 7 122 % 1.? .3
¢ 2us 18.% 13 13,8¢ 13,98 .50? 20 7 13?7 A0 24%n 1.7 W3
3 A% N .20 16, 7% 1,98 R 1¥ 20 kA 120 332 331 2.0 o*
- vo~ Qn,? .36 14,54 19.9n Y1y 29 % 12 “S¢ (T H 3.0 .5
S S EEINY Y ce hy ?5.1K ey n % 122 55 518 ., ]
5 2085 ten ALY 13,88 13.90 3 20 2 112 208 e 1.? .3
? QHw tou, 3 o7 e, 2 in,ne J423 20 k2 ] 120 e e20 $.0 .
“ 675 1435 Lout 11,48 Ie.ve 6.7 .21 20 7 129 233 738 ..0 1.2
a 5% 123,8 o LI 19,78 v, 839 L3 20 [T 13? 120 (11 7.2 1.8
Il 915 ENTUEN 1,87 “1.48 v 1.%§ v.173 J45¢% 20 bl 1%? on aw? ., 1.0
i 2as A N 13,98 13.R2 71.30% L 20 " 130 Eh 370 1.? o3
e EXCFSS 02 1V FUWMAUST  +o¢PERCENT OF AIR FLOW MA®S
w3 pemansl -t N NO ~02 NOX cne2 0? BNHC BSCO BSNOX e co NOX
[PPIS /L G/L8 /LB
e ol a0 PPy PO PPN LLL] PCTY PCT Gs4P MR G/MP WR  Gsw’ WR OF FUEL OF FUEL OF FUEL
eea emecmas e——- ————- R O, acee esse eemves assssce awcmess eoreces
1 1o [ v8 1 i 159 1.0% 21,0 ] e ® 2.6 28.08
- 1.3 80 7" 233 mn 243 2.2 20,0 .60 1.0% .9 1.18 16,00
) 1.5 nd w2 27 L] 280 3,3 18,9 L) 1,32 T 1,08
. 1.8 s% (S (X 1] EL] (13%) ‘.12 17,4 2% =z 7.8
. 1.3 (1] (L] L1} 1. $% LA 18,8 .20 .50 L% 1
. [ wn [} ] 134 12 1%? 1.0 20,2 [ L] L]
> 2.1 LD e na 1% 732 S.7% 15,0 2% N L] °"”
Q 2.5 119 3133 2% 1 kAL 8.5 19,3 « 33 2.10 .40
L] 5.1 180 193 (11 1+ (Y1 7.0¢ 13.% v [ Y [P 1]
1 1.y Lo INe 57 0 (324 ?.8? 13, Jhe 20.%0 6,28
1 1.1 LY 3 139 ) 193 1.n9 20,2 L] L} L]
CYCLF CONPOSITE  SSHC 3 %86 GRAM/B4P WR
B3CO = 16,063  GRAM/B4P NR
ssNo2 = SRAM/ NP HR
BSHC o BSNO2 = 4,013 CRAM,/BHP HR
BSFC . e L3/84F MR
TAALF B-15.. EMISSION CONCENTHATION AND RATE SUitNARY
FISCRRREPPESE] TH8Y NO, ¢ W/ 20 #CT, COOL EGR
1JEFT 148! 1 Ham3al TInINGt STn,
wrluml FACTOR SCHEOULE® GF LINE Waul
IR TS L Pk e FUEL alR EX-AUST O~ aSFC  Ex%, wAS TEMPERATURES DECREES ¢ AINPOX EXMAUST
et FLOw FLOw FLOW FUEL RECIRC, AlR 34 LEFT RIGHTY . PRess.,
KEY A RYLIC) LB/MIN LH/MNIN RATI0s LR/HP NR PERCENTes INLET [ 1.3 EXHAUST EXNAUSY IN.HG, TN MG,
cvee eesmse comes wcame e ereesss wesee mew Sessees Sssesss eeses  Scees
) ae5 v.0 .06 13,02 v _ 222 0 s 120 3120 298 1.? o)
2 285 19.¢ 13 13,92 23,0%2 ] % 118 ns 00 1.? )
) e FION | on 18,72 16,471 ?9 " 1 M0 10 2.6 ot
. o 0.7 30 19,5¢ in,e81 o L 128 (1) ] ""s 3.0 .$
A Sis .. 5% 29,82 0,254 29 b4 122 $eo 10 ‘.. .9
L] 2ns N9 L) 13,79 Se,.034 20 ” 1.8 208 (11 1.7 s ]
? SYe 10%.$ R0 29,14 [ 81 17 EL) " 126 (113 .20 $.0 o
J (34 193,y 1.00 33,92 &, 407 20 e 1% 32 %0 .0 1.2
. 759 17%.1 1.20 33.04 v, 9% 20 L] 190 (11 (1) 7.2 1.4
1 935 L1 1.8 1.8 v,100 an e 182 au we .. 1.7
1n 235 2.0 0 13,72 13,7 1.678 20 47 138 % 7 1.? o
¢ EXCEIS 02 In EXmAUBY *ePERCENT OF AIR FLOW WADS
“gnk FeMatls) e cn ~0 NO2 NGy cag [ 24 [ 1114 (1144 [ £ L1H ne co NOX
SHORE ' &/L8 6/L0 S/L0
veEugENT (L] PPu (L] [L4] (L] rpct PCT  G/WP UR G/WP MR G/WP MR OF FULL OF FUEL OF FURL
cese sevnsas cene R - R, cone [ are wow
1 1.9 n E13 18 N 1 1,09
L4 1.0 N " ¢29 18 28 .20 «*
2 1.9 . L1 %3 (L] 72 .07 s 1]
. [PP] v (3} 1) e 20 2.9 2
s 3.3 L] (1] L) 1. (3] ., 7 o2
- 1o s 0 137 12 188 1.19
14 3. w 189 0% [] 200 S.66 28
. 3.9 198 ne ee 1e 0 w.3? . )
. S.% 156 1688 0?2 n [ 22 .. *?
1 12,% 18 L2 11 $8e L] [T 1] 7.0 13.9 3 1
U L9 £ 1) L} 1%% i re? 1.0 20,4 L]

CYCLE CNNPCOITE  BONC
08¢0

[ sl
ISNC o SBNG2
(14




TABLEB-153. ENISSION CONCENTRZTION AND RATE SUNRARY

DATE' 3=21=7) TEST NO, 1 w/ 30 PCT, COOL ECR
INJECTORS' LOW=8AC TIMING® 87D,
WEIGHT FACTOR SCHEDULE® GE LINE MAUL

MODE  ENGINE POWER FUEL AlR EXMAUST 02~ asFC  EXM, GAD TENPERATURES DEGREES ¢ a.'80X EXMAUST
SPLED FLOW FLOW FLOW FLIL RECINC, AlR AlR LEFT RIGHT PRESS, PRESS.
AP BnP LO/RIN LA/MIN LB/NIN NATICe LB/MP ¥R PERCENTes INLET B0,  ExwAUsY EXHAUST  IN WG,  IN, WG,

i 2,0 N1 12,50 12.6% 44,085 " 30 ” 17? %0 s 1.6 o2
? 1.2 .13 12,80 12,02 20,002 13 %0 []) 118 13} 202 1.? .2
3 29,1 .20 13.7% 13.% .7 20 (1] 120 30 ns 2.4 .3
. “0.s .35 17.02 17.3? 25 30 (3] 122 3?7 (11 3.6 ..
s A .85 22,19 22,00 18 10 (1] 12% $e0 s09 .? Ny
. 6.0 .00 12.% 12.82 [ 1 1] (1] n? 113 ] [ 1.? .2
? 107,46 .7 26,06 26,02 BIil 30 (1} 130 3] .30 .0 .8
[] 1e2,1 r.no 30,36 31,3 22 0 13¢ %0 0 5.? 1.1
. 173.6 .20 3,87 .02 31 0 1%0 33 "e .. 1.3
v 203.0 1,86 37,6¢ 39,20 .40 30 163 00 (1Y ", 1.0
3 0,0 .0% 17,08 12,4 2 0 1% 108 %0 1.6 .2
o EXCESS OF IN EXHAUBT  +ePERCENT OF AIR FLOW MASS
20DE  EXHAUST “C co ~O NO2 NOX co2 or (1174 (114 8INOX e co NOX
INOKE [ 74Y ] (74 } G/LB
PEHCENT (L] (L] (L] LLL] [{4] PCT  G/MP MR G/NP WR  G/HP MR OF FUEL OF FUEL OF PUEL
caea  sos= o= cone acen [ cnsm ecss weses
] 1.0 [1] 7 13 188 1.32 20,1 L] U (] 2.5% 6,59 23,00
? 1.9 0 110 1* 210 2.7 10,7 .70 2.7¢ “n 1,20 [ ) 18,21
» 2.0 1) 11? 1) (13 [ I8 ] 17,8 .40 1.7 .00 1.01 P N9 ]
. 2.0 [ 10% . 17 (I8 1) 18,7 .30 % [ 1) ) E.28
[ 2.5 (1] 11s 13 (%24 [ 1Y 19,8 g 1 06 s.82 2,06
. 1.0 20 (3] 1? 180 1.28 20.0 [ [} n e,00
? 2.9 110 22 12 s08 (9% 14 13,8 9 1,998 §.0? 3,89
] ‘.5 180 208 (] $70 .. 13.0 Kl .31 $.%) .,
. .0 200 ae2 1) (119 7,30 Y K1 18,48 (N1 N2
10 is.$ 00 (241 1) (11} 7.5 1.1 B 1 28,01 11 Sk.Ab
11 1.0 100 119 ° 188 1.2 20,0 4 (] L} 1e.52
CYCLE COnPORITE senc SRAN/BNP nR
esco CRAN/OWP NR
[} 1. 1] 7008
8OHC o BONOR N/BNP Wit
(1] LB/0NP MR
TaBLE B-154. ENJESION CONCENTRATION AND RATE SUNARY
DATE! 3=21=?) TESY wn, 2 W/ 30 #CT. COOL EGR
INJECTORS® LOW=3AC Tining® 870,
WEIGHT FACTOR SUMEDULE' 6Z LINE WAWL
nODE ENGINE PONER FUEL AlS EXNAUSTY oz asre CxN, 8AS TENWPERATURES ogenees ¢ EANAUST
$PLED #i.0m FLOw FLON FURL fRECLIRC, AlR ALR \er RIGNY pRESS.
L] LB/nIN La/nIN LO/NIN RATIOF LB/WP WR PLRCENTes INLEY 80X CANAVET  EXMAVEY LN N

LI 24 ceseee LY 2 1 ] *>OSeeen ooeee -ee L o o ] oheee
I 88 06 0 ” (1) 198 ”ne o2
? 208 .l Kl % [ ] 12 8 ]
3 e 20 N »n (3] n? ot
. (1) 3 P »” 34 10 «*
] 18 KT ” [ 19 o?
L] s 8 » Q@ 100 2
? see 3 » @ 138 o0
[ ] (34 1.2¢ » a3 198 1.0
. s Bed ” a9 [L1) 1.0
10 [31) 1.4 % [ 188 1.0
11 208 .83 ” L} 1% I

«oPERCENT OF AIR FLOW NASS
nODE  EXNAUST e co (] nop ~ox coe ] [ ] sece [ ] L3 co L,
SNONE L8 A [ %]
PEACENTY Lag] o [ o] " [ 44 /W NR G/WP MR S/vP WR o FULL O FUEL OF FURL
enas coce eeen PO eves ewee
|y [ 1] ol 18 1% 1.80 [ " 2.3? 28,80
2 0 e . 1.0 2,48 19,47
] (3] [ 1] 10 B 1.00
L] e ) (1] 1 ] <
[ 1 ” [ ] ] .80
13 8 » i | 8 o4
’ ne [ .0
° (1.3 1 ] 7.8
L) "0ne [} 29,80
10 (1% 13 [ "w. N
1 ”» ] 9,08




“opt

-

L] 3

-

nOOE

-

- oo

~—O @ U P E WA

—~O BT VNS~

O SBYT R Ewn -

X ¥ BT X KX L 14

Dave!

InJecToRs”
Wt 1GMY FA{Tuw SCHEDULE '

1=2¢=73

TEST ~u,
NERDLE

1 v/ pr PCT,

TIMING!
GF LI

Al
FLOw
LB/mIN
12.%)
12,90
1%, 11
1s.99
23,02
12.%0
27.02
31,18
I, 87
3.3
12.9)

ite
(LT3
snn
.9
$3e
11?

TABLE B-155 E®ISSTUN CONCFNTRATTUN AND WATE SuMvaly

510
raUL

EXmHAUS
FLOw
LA/WIN

T 0z-
FUEL
RATIO

12,97
13,0%
1v.31
17.3%
23.5?
12.%
27,78
32.18
Il
34,68
12,.%

“3,008
13,87
19,81
a.0%2
7.829
*e.%11
5.1
v,ena
', 022
v, 03§
52,47}

+ EXCFSY G2 IM ExmaLsy

~OX

119
103
(12
%0
.l
18
SO
$1)
)
$3
‘13

uSFC Eum, GAS TEMPERATURES
®ECIRC, AlR AlR
+ LU/=P AR PERCENTee  INLET 90
L] 20 e 12
1) 20 LA Ly
.518 0 7% I1e
48§ 20 ’0 110
NNl 20 ?e 120
L] 29 7 111
LX) ean . 125
XL 20 tA ] 130
%51 20 "% 12
S8 20 en 158
R 2n (1] 1544

COOL EGReenITCH # DERATFD

02

CYCLF Cum=POSITE

83nC o

asne

ey

SePERCENT UF A1 FiJw maSS

G/MP <A G/wP MR G/wP WR O OUF FUFL
-

[ L1
ascn
sIN02

(] 14+

R
1.31
L)
o+
.50
a
1.2?
3,88
a,.n2
3,81
n

1.030
3. 020
" 257
.27
«§ 10

TAGLE B-156, ERISSION CONCENTRATION aND RATE Sywmaly

TEST N0, 2 W/ 20 PCT, COOL EGReo=nUTCH 8 DERATEY

ENLINE POWER FUuEL

sPLEL FLOw

LLL] 14 LB/MTN
285 U,.0 .07
arsy 15.3 ol
e 22" U
s “7,5 .30
518 73,9 .5
2us .0 2O
S8 10%,6 L
e?s 13,2 .00
759 UL ) 1.2?
[ k1] 16¢.1 l.2v
295 0,0 .05

FxmAUST 18 (41}

SMOKE

PERCENT [1LL] (LD}
1.0 a0 (1]
1.8 2 e
1.0 112 b1}
1.0 13 "%
2.4 186 (3]
1.9 11 I
2.0 17 102
3.5 220 11}
.5 280 1923
.S 20 L 224
1.0 12v 12
DaTR ' 1=22=7)
INJECTORS® NELDLE

wEICHMT FALTON SCHEDULF'

ENGINE
SPEED
asn

PUtL
FLOw
w/nin

cn

TInING'
GE LINE

AlR
FLOw
Lh/m]N

87D
nauL

EXnAUS
FLOW

WB/nIN
enven-
12.98
13,00
14,3
17,8
.81
12, %
27.6%
.20
3,08
15,00

T 02
FUEL
RATIO

L1144 Ean, GAS TENPERATURES
apCIfC. Aln (YL
¢ LB/nP nl PERCENTes  INLET s0x
comcocen avesass esnces  =ee
L] 0 110
<530 20 ne
+«S09 20 120
A4 (]} 120
+ 38 20 Le2
L] " 120
N (4] |
48 20 |3
Joey 20 (84
+ 400 20 10
[ ] 20 198

B

NEGRFED ¥
LEFT REGnT
ExmAUST  EXmAUST
208 a0
278 enu
Ivn 21}
LR L] .10
sen S]n
2se 23
hee [X13
rnu 734
L 1403 LA 111
Ten an
*30 . n

ASNOX “C
YIR]
“ 1,40
.73
.00
$,50
$.723
L] S,0%
§.7% l.%1
$.18 1.5»
LY ] 1.7%
.00
L] LI ¥ ]

CRAM/BRD nw
CRAN/SHE He
GRAN/BHP un
GRAM/ENP Hw

SoPERCENT OF AIN FLOW Mags

S/WP WR /NP HR  G/%P Wk UF FURL

a
Y

34

§

L]
1.58
l.11

8

1.1¢
‘.00
[

«40
37200
[ 2,

LE/ANP na
DEGREES ¢
LEFT L3114
€AnaUST LXNAUST
ann 08
27e "0
b1 ] 98
e .10
L1l s20
s [ 3]

(1]
L] ”"e
se 52
kAl ] e
90 e
[ 1 L7108 e
/L0
& 3.8
.0 1,08
(18 .4 1.9%
L 1.4?
1.89
"
l.90
1.852
190
1.9
.80

1353

i
i
2
k)
.
1
3
3
b

&
~
u
@
-
-
3
3
N
»
"

i}
G/Ld
JF Fuel
§$,07
2,0
1.8%

T
)30
3,20
2.
a2

172,00
LI
1.2?

aluaon
s

(]
/e
oF FUtL
cscss e
(7% 13
2,9

(LTSRN
FPIETN
Lagute,

PR Y VR P SV

~

HOx
/Lt
OF FUEL
cemesee
is.e8
12,22
11.8?
L2,¢h

13,22
1.0

.«
12,2e
19,79

EXnAUSY
erss,
In.ng,

“0n
/L8
o FURL

esvessee




TeBLE B-157. EMISSION CONCENTNATION

DATE' L=ge=?) TEST Ny, & w/ 30 FCT, (4OL EGheeNOTCH 7,0 DEXATED
INJECTURS® NEEDLE TIMIN:' STD,
at JomT FACTOW SCHEDULF' GF | T maup

AN RATEF Sy wmmawy

MODE  ENGIMNE (AL FUEL AR (SR Y3 [*FX3 nSF( Exm, GAS TEmPERAT |RES DELREES F Alw2”x  FXmaUST
SPLED FLNm (L] Film FLEL RECIWC, [ Alw LEFY =1Gn? FRp S PHFSS,
14 L1 LB/ LRIBIN LE “IN RATICe hy/uP nib PERCENTee IVLE! RO EXNAIST  tXwa 187 Teo~ LA
1 28S a0 .n? 12,22 12,2m v1,.89¢ 4 R4 8 120 LAl amn 1.7 .
e 28s 16,0 iV 12,2« 10,34 18.0%0 L5%7 k1) i 1S LR enn Vo .°
3 %N e3¢ .en 12.9° 13,17 13,260 «517 n bl ] 1?2 LAY Y 3én .2 .3
L) “ew .. 5 .3 LTS i, 29 2,530 bk 3¢ 75 ie s *3s .l 1,4 o
' 51 3.2 «55 19,0 19,85 s,08% «*51 e an 122 a8 See ., 5 o?
. 29 L. «Nh 120w te.12 “2,3%R w n e 118 25% Aen 1.8 .
? k1) 10%,1 b 22.un 23,56 v.%01 440 n L1y 12% (12 ] hen 5.1 .8
. b? Jsa 1.n) 24,3- 2y, 35 “,07? A n 8 132 23 dne Ll bal
Q %% 1 L 1,08 3,80 ka8 11 v.?23 V67 30 an 180 L ?2an I, .3
12 83 1%l 1.0, 330 Iv, o 5.300 X I n L] 159 L4 kel ) n,? )
i1 285 (B ] b 12.9m 12.%2 sa,19) L] 30 a0 19 LLL] s 1.7 .2
* EXCESS G2 IN Exmargy ¢+PERCE.T OF AJR FL)v ma8$
MOOE EXmAUST e e K1) NGe ~Ox cce ¢} BSKC asce BSNOX LIS C NOR
IMUKE YA ] 374 RYIR]
PEWCENT Prn 1] L [ 44 Frn HCT PCT N/HE e G/RP MR G/P wr LF FUEL AL LI OF FuRL
1 1.0 10 .? 120 13 13 1.3? 20,% bl 2 & .22 12.7%0
2 1.0 ™w 2 1us i 198 .78 1%,0 1.n%§ 1,n2 .M 1.1 12,93
3 leu i1le .2 144 1 L&L EXSAd 10,2 .9 b 9.7 1.62 .20
b lev 132 L X 290 e 3 ., 50 lo,» ohe 1] v, 0 1,38 in, e
L] 2.0 is2 " EXL] . Ie? $.5% 15,.% 5 oSh “.n? l.1e LT
[ l.u 112 In 11° 20 136 love en,o Ll R L] .. 72 14,74
? 3.8 18 m Ify 0 LR} Ll ) 1%,0 .55 2.,2% 3,7 1,28 .51
L] $.% 132 (LY} 42 0 (144 7.21 13,0 bt .. 0 LIS A 1,45 13,45 Q4,00
. 5.0 3@ .l 2k [} 2 $.01 13,% 75 2.60 ‘.48 1,60 5.0 e
n .5 82 27 I8 . 32 S.1% 18,8 Ju? 2.11 .95 1.%3 [ PR 9,92
11 1.0 .28 AL IRLY o 136 1.3? 20,1 L) L} L [ 1% 3 ] A2 2.7
CYCLF COMPCSIVE BSnC s ].0)Y GRAM/ARUP Wi
#8Co s 2,360 CRAM/ AP pu
ASMNg = § 2%8 Guaasagm® nr
uSHC o BSM02 & b, 39) CRAN/BMP nm
NAFC = SN L37amP =R
TABLE B-158. ENTABION COMCENTNATION ANO RATE BUMMARY
DATE' le've?) TEST NO, § w/ a0 PCT, LOOL EGkaenGTCM 7,0 ULFaaTE(C
INJECTONS® NEFDLE TIAlNG' ST,
wFIGHT FACTOR SCHEDULE® GE LINE maLL
MODE ENGINE FORER FUEL AlR Exmaus?y 02~ [ 1149 tXH, Gag TEMPERAT ar e DESREEN 4 (L S S LTV 34
SPEED FLOw FLUw 4.1} FLEL L1314 { N (] iwm (Y 20 PIGmY P4E8Y, PvESS,
en Anp LB/MIN [ YL LB/nlIn RATIOe LW/WP HB LeRCENTee INLET a0x FaMausT Exmaust IN, 6, Te,%G,
ceee waasse wseane rene cone cocncca - con - veacnce coven eccce
i 2us 0.0 «06 172,08 12.11 42,302 ~ wn [ 120 210 1.0 o2
? 208 15,¢ o1t ‘2.0 12.3% 10,.2e% S0 30 80 120 268 1.* o
3 e 23,8 20 12.92 13.12 13,070 +50% 0 o0 m nn 2.4 o3
. (L1 %, ? o3 15.7¢ 16,18 6?7 30 Ldd 120 .1t 3.9 %
$ 15 M,2 88 19,10 19,08 81 30 [ 1 10 s20 .5 o?
. 209 o.u N 1) 11,08 1t L 0 ®0 120 260 1.7 o2
? 8¢ 10%,1 [x44 .21 2) 4 0 [ 1] 12 .3 S.1 od
[ s 1av,2 1.01 7,92 MM, ) «*80 L] oc 18 8 LTS ] 1.1
. %8 13,0 1.02 Jl.e3 J2. 08 ] » ”"” 182 0 (34 1.2
10 90s 108, 8§ .7 3%, 7 3%, 7% $. %27 .53 0 hid 168 0 8.3 1.¢
131 ws 0.0 .08 12.00 12.08 $0,.080 L 0 (1] 18 ne ne 1.0 .2
o EXCESB N2 IN EXNAUST SoPERCENT OF AIR FLOW walS
HOOE ExwausT .4 co NO »0g L1 cor o2 (1 4 88C0 99N0X L3 e nox
$NOKE S/Le [ 4L G/LN
PERCENT ren L [Z44 L4 ] G/WP N S/NP NP G/MP WR  OF UL I PUEL OF FUEL
®ese ocscesee cnee vens oo seoss
I3 18 122 1.9? L
L4 L] 19 2,78 7
3 ] [ 3] .30 ?
< q s 1 se
$ Al ne A %8
[ 13 119 20 [
’ . 360 3 D
] [ 4 e 19, o850
9 L] ) 14, +0
1 [ L o4 ) [ 7% 3.4
13 [ 110 o L]
CYELE COMPORIIE  BONKC o SRAN/BNP nit
e o GRANIONP e
hge = CRAN/OrP wh
S8 o S0002 = SRARZONG w0
pFC o LO/Z8Ne m

9-80




TABLE B 159 EMISSION CONCENTRATTON AND RATE SUMNARY

VATE' 3=22-23 TEST NO. 1 w/ 20 PCY, COOL EGR=-=NOTCN 8 DERATED
INJECTORS' LOw=3Al TInING® 87D,
MEIGHT FACTOR SCM DULE' GE LINE MAUL

mOnE  ENGINE PONER FUEL Alr EXMAUYT O¢e [ 1144 EXH, GAD TENPERATURES DEGREED 14 ErauUsY
A2EED FLOw FLOw fLOw FUEL RECIRC, ALR AlR LEFY RIGNT PRENS.
Rom Ll LE/NIN La/mIn LB/MIN RATIO¢ LB/MP nR PERCENTes INLET aox EXMAUBT  EXMAUST
cemr semems PR, m——coem camras vesvmen cocon etrmscess oceossase P, vow cmcacce osneees
1 285 0.0 .00 13.902 13,80 Se, 808 L] 20 % 12 %0 268
i 2% 15.¢ «13 11.08 13.%9 23.7% .$07 20 73 ur [ 304 &%
3 3ve 25.8 .20 15.7¢ 15,9 le,bb) + %68 20 7% 120 3 138
. .2 §0.7? 36 14,5 19,90 10,088 20 20 % 122 "2 \id
L1 s1s 0.y 58 29,63 28,18 9,%8¢ +*l8 L4} 14 ie2 L1 (13
. 208 0.0 s 1 11,88 13.%0 L1081 L L 20 ” 112 268 s
? S 100.3 .70 2,22 .08 .. 531 2 20 73 120 (11 .20
) (34) 1938 1,01 33,48 2. %6 S.%1? il 0 ” 120 7 738
Q %S 1723.0 .20 3,88 3%,.7% .0 9 0 [ L] 19 00 (12}
10 ”s 1892 1,41 1.0 43,28 ", 92 Al 0 [ 1] 180 s [ L] ]
1t 288 0.0 0% 13.79 13.02 71.30% L 20 ” 13 1] 0 ”0

+ EXCESS 02 IN EXWAUST *+PERCENT OFf AIR FLOW NASS

MULt  EXMAUST nC o LY NO2 NOX [+ (1 L] 88C0 S3NOX L[4 co N0
SMOKE (4% 8/L0 8740
PERCENT PPM [14.] (L] [ 14 (1] rcY G/MP MR G/MP MR G/WMP MR OF FUEL N% FLEL 0OF PUEL

i 1.0 L 1) .4 120 21 189 21.0 L $.1)
] 1.0 L1 71 (3] 10 293 20.0 0 3.3
3 1.§ (14 [ 1] 270 10 00 5] .86
. 1.8 ss L ] 29 2 w3 20 1.00
$ .0 [ 1] »e s02 1 % .20 139
. 1.0 .0 .9 436 12 17 L] $.12
7 2.0 .0 ile e 1 ”e 20 1
] 2.5 ins 313 k4 1) 1e *0 1] .
. 5.0 159 183 2 1% [ 11] 1l 19,
10 w1l 160 187 (12] 0 23 48 31
11 1.0 " k1) 139 . 1%3 L] 1.08

CYCLE COonPOSITE fsenc L 13134 GRAN/BMP wR
[ 11d] s SRAN/DNP MR
L CRAN/BNP MR
88NC o s CRAN/ONT MR
L4 LO70WF M
TABLE B-160. ENISBION CONCENTRATION AND RATL SUNMARY
DATE® 22072 TESY MO, 2 W/ 20 PCY, COOL EGRe=NOTCH @ OERATED
INJECTORS' LOweSAC TInInG* 870,
WEIGHT FACTON SCHMEDULE® G LINE mMAUL
MOOE ENGINE PONER FugL AR EXNAUST  Of= 8SFC Exh. 84S TERPERATURED oEeNres CXnaVaTY
FLOW FLOw rLow FUEL SECINC, (3 {J Al LerY IeNT 08,
[ 4 Le/min LB/NIN Le/ntN RATIO0s LB/WP WP PEACENTes DNLET EXMAUST  Exvever tu.n8,
. - cosss o esseve seceses ssese coscsse scsssen cosce
1 .2 (3] N1 "0 (1] e [ 3] 1.8
e 13.02 1 L] 0 ” ne 298 od
3 13,08 11 ”n ” ns o0 3}
. 18.7% "0 ” ”e ”e o
L] 19,85 " ”* ™"y "us 8
(3 29,60 [ ” | d sie 0
v 13.70 » ” ) (41 ] 3]
[ 2%y L 1] ” (134 [1id -
. "» ” e ”e 1.8
Y [ L] (4 [ 1] "ns 1.
11 [ ] (1] " 24 ] o9
SoPERCENT OF AIR FLON NASO
nODE  ExmAUSY L] co ne L [ L] " (J LI
NOxE [t )] o/ e
PERCENT on ”on [4q.] GNP WR G/WP MR /P MR OF PURL OF PUEL OF FUEL
eses cesccas cona cone sone
) » 1ty [d [ ) -3
2 " 200 18 L] 1.08
] [ 4 "ne "0 10.9% -0
. [ ] e 18 11.98 1S
1 ] [ 3] s 134 13 0d o8l
[ [ 34 192 11 1.9 5.
? i 167 ”e 9 L 1 13 ]
[ a8 " ”L 1% Lo 9
< 158 159 [ 34 7.00 814
10 180 10612 (34 1% [ 13,4 1.80
11 L 1] ” 1% L] .00
GRAR/DNP W
CRAR/DNP R
GRAN/ONP R
SR
LVeNr M

8-81



TABLE B-1ni EMISSTON CONCENTRATION AND RATE SumMMARY

DATE' 3=2i-73 TEST NO,L w/ 30 PCT, CCOL EGReNOTCHES I=9 CERATED
INJECTIRA LQueSal TIMING® 87D,
we [GWMT FACTOR SCwe bULE® GF LINE maul

MNE ENGINE PomgR FUF, AR €rxHaUST O asFc  EXH, S48 TENPERATURE 3 OEGKREES ¢ AlmpOx  EEmausT
$PELD P.0w FLONW FLow FUEL RECIR | AlR 3L LEFY RIGHT PRESS, PRESS,
upn Ll Le/min LB/RIN La/mIN RaATIOe LB/WP N° PERCENTes  INLE 8 LANAUST  ExwWal T In, WG, IN_mG,

ceas cemee= «van ceeee coenas PP -

i 2es . .00 12,50 12,00 ., 058 (] n 72 1n? 2%0 228 1.6 .2
e 29% - e BT 12,98 12,02 20,082 S A 0 118 28 (11 ie? .2
. 3o €. .20 19,7 12.9% 13,7%2 R 231 0 (1] 120 0 ns 2.6 . ]
. 2 5 .4 .33 17.02 17,37 .00 .10 11 (3] 122 ? “0$ | 1) ..
< 519 T .59 22.1¢ 22,00 .. 788 R 10 [ 1) 12e $e0 L0% ..2 N
. 28s u.u .06 12.%% 12,52 0, 0% L i1 82 11?7 113} 2es 1.7 o2
? (11 107, o7 26.0% 2,082 s$.%12 22 30 s 190 (11 (31} .0 .0
@ .8 1%2.1 1.00 30,36 FT9% 13 .. 511 K1l 30 (3] 13% %0 70 s.? 1.4
Q 58 1e0,0 1.10 | TR 38,7 .97 .30 0 13 13 70 %S .. 0 1.9
in [E11 173,12 1.1 3.7 39,07 V.23 1Y) 30 0 158 02s (1] [} 1.5
1 20% 0,0 .08 12,45 12,9 §3,587 L] 20 [ 13 120 0% 290 1.6 .2
o EXCERS 02 TN ExmaLSY +oPERCENT OF AIR FLUW Ma88
“ONE EXrAUST wC co ~NO NO2 NOR ;o 02 [T L]4 ssco (118 “C co NOX
SHOnE 6/L0 ¢/L0 C/L0
PERCENT [LL] LLL] ({4 ] PPN ”y Y G/WP MR G/WHP MR /nP MR (F FUEL OF FUEL OF FUEL
ceen secese= cone . [ ceve  memee e meven evesens seseens
1 1.0 5s 1) A 18§ 1.32 20,43 L] 1] L] 2,5% [ 2% 3] 23,80
2 1.9 0 1.0 1 210 2.7 18,7 .70 2.7 [ 7% 1 1.20 $.00 18,01
3 2.0 (1] 29 1¢ %) .32 17,8 Rl 1.7 (Y 14 1,01 3,09 1 PP
. 2.0 [ 33 N M2 [ 1) 18,7 3¢ [N 1Y <3 2,28 13,00
L] 2.5 L 1] (11 ] 1) .2 | A 1) 14,8 % L $.0 .0 1%, 04
" 1.0 0 193 1? 160 1.20 ¥0.0 L] [ 3,40 28,990
? 2.5 [T ) (10 13 sol (9% 3/ 13,0 .S [ 34 .06 12.%
(] ., 5 180 (31] 4 $70 [ 11 13,0 AL $.%% 1,09 .82
L] .0 i 14 111 ] $31) (Y831 13.% .82 3.00 5.7 1.0 19,10
10 9.5 L TN 113 .3 $6? T.4¢ .3.8 Ny °9.% 5.8 1,36 12,02
1 1.0 ino [§1) b) 158 1.0 20,0 (] [] [] (9% 27,08
CYCLE COmPORITE [ 1014 GRAN/DNS WA
88Co CRAM/ GNP nit
CRIN/ONP MR
GRAN/@NP WR
LO/78NP MR
TAGLEB-162. EYIS0ION CONCENTRATION AND RATE ByuMmaRy
QATE® I=21-7) TERY Nu,2 ¥/ 30 PCT, COOL EERanOTCHES Y=0 DERATED
'NJECTNAS' LOweBAC TInING® $TD.
EIGHT FACTOR SCHMEDULE® GE LINE MAUL
"o0k ENGIMNE PONER FUEL AlR ERnaUST 0pe e EXN, GaAd TENPERATURES ogenEes 3 ATRQOX  EXMALITY
SPEED FLOW FLOM FLON FUEL CIRC, AlR AlR LEFtY LI{ ) pRE
(L] L1 LB/NIN Le/nIN LB/NIN RATIO LO/WP AR PERCENTe TMLEY [ 123 ERNAUST  EXNAVSTY
cene ceces oveccess wcccass eSS ses Seesses Sace-we
1 L ” 198 % we
] 8 e 106 e 119
] o E L] »e
e L [ ] 14 1]
$ %10 0 %? ¥
1] L] " 238 N
? .2 ” [ «®
L] i o d e 1.0
. «*98 » ” 1.0
10 3,89 +980 »n 0e 1,8
13 2,631 ] 1 1] ”s "4
o EXCESS OR IN EXMAUSY *oPEACENT OF ALIR PLOM NA.
o 0
HODE  EANAVSY [ [ ] [ 1] sece [ 3] ne co L 2d
onone oLs /L0 /A8
sERCENT [ PCT  S/WP MR G/0P MR S/00 MR OF PUEL OF PURL OF PURL
aves cocmsen econs
i [ ] 24,80
2 [ 1] 19,1?
] 113 19,4¢
. b
s e d
. [ ]
r bl
[] 120
L] 198
19 (344
1Y% [ ]

.83



TABLEB 1+ . EMISSION CONCENTRATION AND RATE SUMMARY
DATE' 1-31=73 Te 0, )} w/ 10 PCT, WOT [1-1]
INJECTORS' NEEDLE TIMING' 87D,
WEIGHY FACTOR SCMEOULE' aTSF SuITCH
MOUE ENGINE POWER FUEL ALR t T [EX BSFC Ere, GAS TEMPERATURLS DEGREES 4 AIRBOX  EAMAyUST
SPEEL FLOw FLOW FLOw FUEL RECIRC., 38 AlR LEFY RIGHY PRESS, PRESS,
apm LB/MIN LB/RIN LA/MIN RATICY LB/HP NR PERCENTee INLET 80X EXNAUST  ExwaUST IN MG, N MG,
i 29 .07 LN L] 1%,.5S “8, 311 L 10 e 102 2°s w2 1.9 2
? 208 L 1%.9§ 18,99 21,417 .807 10 77 163 c 268 1.8 .3
3 LYY 1,27 1e.%? 15,95 854 10 7 106 380 1S 2.9 "
- .2 .36 18,94 20,2 10,2% L 10 kL 110 “er .0 v, 0 5
s s1s .5 5.2 2%, 8,29 AT 10 [ 1] 115 538 $10 L34 o0
[ 20s .n? i ,98 1,9 N,S51 L] 10 0 in 257 250 1.k ?
? S8e Pl IN,01 T b, 4% %51 10 [ 1] 120 0 %0 $.3 1.0
] b?& 1,00 3%.1% Je.lb §.361 a1 10 .0 132 M %0 s.2 1.2
. 758 1.2 3e,S0 0.7 +,510 el 10 10§ 180 228 [ 217 7.5 1.5
in 035 19¢.7 1.56 $2.5% .11 3,.5% 11 10 118 170 b N 1010 ... 1.0
B 285 0.0 06 1s. 7 19,27 se,21? L] 10 108 1%0 330 0 1.7 o2
~ FYCESS 02 IN EXHAUST ee s FHCENT OF AIR FLOW WASS
MODE  ExHAUSY ]9 o NO NO2 NOX cue e BINC 8sco BINDX HC co NOX
SHOKE G/ Ll c/LE a8
PERCENT PPm L4 L) L] PM (4] rcY G/HP HR (/WP WA G/MP WR OF PUEL OF FUEL DOF FUEL
1 1.0 0 71 11? 18 13¢ 20.0 L] " L] 3,00 .0 2l.12
2 1.5 L1 [ 14 193 1 20?7 10,5 1,20 2.3 971 1.98 3.8? 15,9
3 1.§ (1] [ 1] 2%9 1 t13d 17.8 L] . 9.8% 1.97 2.0 15,37
. 2.0 100 (3] "3 1 .1? 16.5 .S LA .26 1.3% 1.7 16,82
s 2,0 120 2 A3 1) 1% LA} 18,7 M} .0 8.0 1,3 1.%2 17,.1%
. 1.8 " ”n i 13 13 20,0 " L} L] ‘.7 7,00 21,68
? 2.0 Aed 19§ L 22 [ »?2 e oo 1.5 0.0 1.%) 3,48 19,58
L] 3.0 19 s?e 0> 1 0 13,9 «?1 3.0 .58 1.5 [ 7% 1
. L% ] <% 128 LR L] 7.8 12.6 il 8,20 e,01 1.71 17,79
10 2.0 ‘el 3nes (134 [} " 1.8 +01 22.%) ., 00 Leb? “w,1?
11 1.0 10% s 13 1 140 19,9 L L] [ ] LA} ] 10,29
CYCLE COmPOSITE (114 5 2,595  CRAW/BNP MR
1314 ] 2 %,79) CRAN/BHP HR
egNO2 = 17,08k CRAM/BNP HR
BINC ¢ BENOE 8 14,001 GRAN/DKP Wi
) 8sFC s L0709 LB/0NP wR
TABLT B-164. ENISSION CONCENTRATION AND RATE suMmaRy
DATE® lejs=’? YEST NO. 3 ¥/ 1n PCY. MOT EGR
INJIFCTOR® " gl TUMING? ETR,
CEIGHT FACTOR SCHEDULE® ATSF SuITLM
MODE ENGIN® POREFR VUL ate exHausyY 02 s EXM, GAS TENPERATURED OESREES F EXNAUSTY
SPLED LOw FLOW FLOW PUEL RECIRC, (3L LEFT RIGHT "es
en [ L2 B/NIN LB/MIN LB/NIN AATIOe LB/ZWP MR PERENTee 80x C(NAUSY  EXMAVOY
coes weveae- comes - connnons wee ssesces cccesss
1 (111 Q.. 00 19,80 L] 120 210 ns
2 2935 13.¢ .14 1%,7¢ 883 120 08 20
I | kAR 23.» a0 16,80 500 20 e ns
L3 (30 h,t 8 20,22 +%83 18 32
s 818 2.9 .$% 26,7 .t 130
. 283 0.0 +06 19,00 s L 13
? 0% 109%.1 o . .0 ey 130 60
9 (34 198.1 1.00 36,.4¢ $,%02 e 1%
. %8 18,7 .87 ‘.58 481 180
e ”s 148,99 1,86 3,87 «*0e 170
1 f 1] 0.0 0% $8,.080 L 1% %
+ ENCEDS O IN TANAUST  «+PERCENTY OF AIR FLOW WaSS
NODE  EXNHAUSY He co [ ] nO2 [ (1 3 08C0 [l 2] ({4 wox
SHOKE /L8 /A0 /L8
PERCENT [ ] (4 q)] PCT  G/WP MR G/WE NR  G/WP WR  OF PURL o FUEL ¢ PUEL
emae cosweos cave P
3 1.$ 3 ] L]
2 2.0 10 1.19 L
3 2,0 104 8l 1,8?
. 2.0 $ 5
$ ] 1 )
- 12
? L}
t 1e
L} 1.
10 1¢ [
1 [ 1.00

CYELE COnPRRLTE

[ 3K

8.8



MODE

-

-

noot

-

-

-2 ABMUE VN S W -

O SMUC NS W

LN K KX & RN X J

X FY YA RN L1

TavE!

2=01=72

TasLE P

165 EMTISSION CONCENTRATION ARD RATE SUMNARY

TEST ~NO, L w/ 20 PCT, WOT EGR

INVECTORS NEEDLE YIWING' 870,
76T FACTOR CCHEDULE® AYSF SwlTCr
ENGINE SOonFR FuEL ALR Exraust Lt 23 88FC XM, GAS TEMPERATURED DEGREES F AIRBOX EXWAUSY
SPLED FLOw FLOW FLOW FUEL RECIR., AIR sIN kY RIGwWT PRENS, PRESS,
L 8np L8/mIn Le/muIN LB/mIN RATIO+ (LB/MP AR PERCENTee INLET 00X  E.wALST EXmausy IN WG, IN, NG,
298 €.0 .0? 12.% *0,1%6 3 20 ” 108 20 258 1.7 .2
235 13.? e 13,0% 19,118 (31 ) [ 1] s 108 ”s 278 1.0 .3
v 19, .20 19,33 1,107 ? 20 0s 110 i 117 310 2.6 .t
LEN 2.7 1 17,29 0,602 BRI 20 " 11% (313 20 3.n .8
$.% 5,1 1) 23.%0 23,9 7.268 871 20 100 120 (11 $20 ., o?
2% o 07 12.88 12.9%% 1,80 L] 20 100 120 300 290 1.7 .2
L1 1) 100,) Pd ] 2r.28 28,08 $.%31 458 20 110 [§ 14 (114 .80 $.0 Ll
(%43 120,.? 1.00 J1.16 32,18 Pl 11 20 129 19§ %0 kad s.t 1.1
%8 159, % 1.2? 3,07 35. 9% 472 20 152 120 (1] 00 (7% | 1.3
835 1re,} 1.6 30,92 I, 00 Al 20 100 142 oS 1080 ., l.b
208 My 1) 12,% 13,02 L 20 119 180 00 300 1.7 o
¢¢PENCENT OF AIR FLOW MASS
EXmAUST 14 co L] Nu2 [ 114 [ 1 1] B8NOX ne co NOX
SMOKE S/ 8 /L0 S/LB
PERFENT [ 10] (L) (L] C/HP MR G/MP MR G/WP MR OF FUEL OF FUBL OF FUEL
1,0 " 12 13 . L 3.0% 02 10,52
1.0 0 19§ 1) 18,3 1.0 1.60 2.% 14,33
1.2 L1 22 t 24 17,8 +06 1.%1 2,0¢ 1%.10
1.0 1ne 111 13 15,0 .58 lalb 1.7
2.8 12% (111 1? 18,0 .87 1.00 1.7?
1.9 *2 s 10 14} 3.2 .00
.0 1% $e) 1? 13.) 80 110 .70
..5 17 [ 391 13 12.1 50 1,28 .,.80
8.5 212 $e 0 10,0 02 1.30
23,0 2% s 0 ... o8 1.9
1.0 *®w 1%0 [ ] 1.0 ..
CYCLE ComPOBITE CRAR/BNP MR
SRAN/GHO wR
osnC o
TADLEB-166. ENTISSION CONCENTRATION aAND RATE SUMMARY
OATE® 20173 TEST w0, 2 w/ 20 PCY, WOT 60

INJECTORS® NEEOLE

TINING® AT,

WEIGHT FACTOR SCHEDULE® ATHF SWITLM

EnGINE PONER FUEL AIR CUNAUSY 02~ SFC LN, SAS TERPERATURES L {{ I
SPEED FLOW FLOW FLOW FutL fECIne, AlR (3] Lery RIONY
(1L | L La/snln Le/ugn Lo/ntN RATIOC LO/MP NR PERCENTee INLEY  0OX  EXNNAUST Exnave?
cesasw cooae ceees aveosones aooseees oo L. ] oeeoeees L o ] BSOS
s 0.0 N 1) 10,00 0,008 [ ] (1) s 290
(123 13,9 Y3 ) 13,07 ® 609 20 N 118 ot
j12) 2,7 19,36 [ o) bl 100 ns
e ",$ 19,00 20 «“ [11) (3.
s18 7.3 23,84 " 108 19 0
t11] 9.0 12,99 " 108 108 ¢
1 109.0 20,14 ] e 3] 480
(34 132.8 w1l 0 19¢ 188 o8
8 15%,6 715,99 ”» 168 1% aue
"”s 19,2 48,33 0 0ne 1% 1008
s 0,0 18,9 g ns 190 a0
o EXCESS OR IN TANAUST  coPERCENT OF AR FLON %08
ExnAUST " co (] we
suoxe
pEACENY ron (] [ ]
Ll 1L o] L o e L 4
1.9 [ o ”n 10
[ W ”" 10
100 " a8
18 1 34 L]
1%¢ [ o 19
118 L] AN
1% 20? [}
2%e (o2 ]
"we [ oid []
200 2 1]
ne [ 1] 10




TABLE R 17 EMISSION CONCENTRATION AND WA 'E Summaly

DATE® 2-01-73 TEST NO, 3 W/ 20 PCT, WOT EGR
INJECT ©8' WEEDLE TIRING' 870,
we[GHT FACTOR SCHEDULE' ATSF SwITCH

v

MIDE  ENGINE POWER FUEL AlR EXMAUST 02~ 88FC ExM, wAS TEMPERATURES DEGREES [ 4 AIRBOX EXMAUST
SPEED FLOwW FLOwW FLOwW FUEL RECINC, AlR AP LEFY RIGWNTY PRESS,.  PRESS,
RPM BmP LB/WIN LB/MIN LB/MIN RATIO® (| B/HP MR PERCENTee INLET aox EXAAUST  EXxwAUSY IN, Mo, IN_wG,

1 215 0,0 .08 13.00 [T I L) ® [11 11¢ 200 200 1.7 .2
2 28s 1v,2 .13 13,02 18,778 .51 20 L1 110 2% 250 1.0 .2
] Ive 3.2 .10 1%.40 1%, AL 0 k1) 120 3%0 308 0.3 .3
(3 (¥13 L 199 ] .30 17,26 .81 +J*58 20 0 128 (211 (211 3.7 .S
1 S1% ™2 i 23,9 ?.078 il 20 103 132 s (11.} (38} .7
[ 205 0.0 O 13.1% 2,798 [ 20 00 13 330 30 1,7 .2
? e 10%,1 .70 2,00 §,950 Je80 20 113 180 (34 (11} ., .
(] (341 133,08 1.01 32,29 s, 210 .%83 20 1%0 1s0 270 %0 $.? 1.1
. %% 1894 1.2% 35.00 3.301 R34 20 180 100 00 as (3] 1.2
10 93§ 17%,5 1,55 0,31 2,728 .28 20 22 218 1020 107% 3.7 1.8
11 20 0.0 <0 13.0 §$0.072 L] 20 118 160 310 310 1.7 ?
e EXCESS 02 IN EXwmaAulT ¢+PERCENT OF AIR FLOW MASS
MODF  EXWAUST ‘C co NO NO2 NOX co? 02 [ 11,14 88co B3INOX e [4Y NOX
SMOKE G/ 8 (749 ) G/L8
PERCENT PPN [ L4 [ (L] [ 11] [ L1 ({41 [ {%¢ G/HP MR  G/MP W (/WP wR  OF FUFL OF FUEL OF FUEL
1 1.0 72 9 11? 1% 135 1.1% L L L] 3.2% 8,38 20,00
2 1.9 20 N 180 18 198 .37 «? l.04 .02 1.7 3.02 13.93
) 1.% ” 11} 232 2? s 2.00 73 «? [ TS 1.%? 1,9 13,08
L] 1.9 10% L 1Y s L] 03 4.0 +$1 A1 .11 13,38
s 3.0 1% (1] L2433 . 90 L 1) .5t 50 1.0 18,03
13 1.9 % (1) 118 10 13 1.1 » L] e ., 57 20, 9%
7 2.§ 180 2%0 L1} . L1 1] 5.08 «$? 1.70 1.2% 3,06 13.80
[] .5 ane "2 so0 [} (1 2] 7.0% Yy $.1§ 1.% 1.0 11.3¢
L] 10,% [Al) tALE S $o00 o soo 1) PR 17.68 1,88 7.2 16.2)
10 e, s 272 reen 72 ] e 1) <82 3,02 1,88 2,23 ve '8
11 2.C 108 (1] 126 1] 131 1.19 L] L] $.50 o, 12 22,18
CYCLE COMPORITE L] CRAN/BWP MR
s CRAN/BNP nit
[ CRAN/BHS nit
BOHC + BINOR B 15,.8%¢ CRAN/BNP MR
(114 . 010 LB/70MP W
TABLEB - 168, ENISIION CONCENTRATION AND RATE SUNNARY
DATE®' 2=02-7) TEST NO, 3 W/ 30 PCY, WOY EGR
INJECTORS® NEEDLE TINING' 87D,
WEJGHY FACTOR CCHEDWLE® £YSF SuITCM
MUDE  ENGINE PONER FUgL AR EXMAUSY [ 3 L1144 EXN, GAS TLWPERATURES orences [ 4 AIRGOX EXWaUST
FLOu FLON FLOW rueL MECIRC, AR Age LEFTY RIgNT PRESS. PRels,
LI/nIn Le/MnIN LO/nIN RATIO LB/WP NR DERCENTee I'WLEY sox CAMAUST ERNAURTY IN .m0, 1IN, M6,
R cssona evecncns sccssss woses see scseese Ssssses
1 L] ”» 110 200 e
2 +«S2 L] 110 "o
3 +$1? 0 11
. « 67 20 ne
1 3 «*83 2 190
. L ” 100
k4 Rodd 1 L] A
[} et b ] 168
L] d »n 198
19 S »” a8
11 L] | ] ne
¢ EXCESS O TN EXNAUST  +oPERCENT OF ATR FLON wASS
nooe [ [ S0nC a8ce [ ] L]
NS one
[ o] PCYT /WP WR S/P MR QWP WR  OF PNEL
sone  concess esse
y 313 LJ [J
[ ] 1% 1,08 1.98
] (114 Le.40
. ”e o8l
| ] (2] o’
. (Y70 [ ]
14 %S 2,00
[J | 14 9.9
L] are 0.0
1] 20 .00
11 Y ]

WD  SRANIOWP :
11.580 SRAV/DIP MR
15,906 SR/ MR
<050 LU/ M



TABLE B-169. ENISITON CONCENTRATION ANO RATE BSuWmARY

NATE' 2=02-73 TEST NO, v W/ 10 PCY, mOT EGH
INJECTORS' MEEDLE TInIng' 87D,
#EIGUY FACTOR SCHMEDULE' 4T8F BwlTCH

MODE  ENGINE POWER FUEL ALR EANAUSY O~ (1144 CAn, GAS TENPERATURES OEGREes AJRPOX EXMAUSTY
SPEED FLOw FLOW 4¥-1] rutL RECINC, AR AlR LEFY LI {124 PRESS, PRESS,
LLL] onp LO/mIN LB/mLN LO/uIN RATI0¢ LO/HP WR PERCENTee  INLET 801X EXNAUST  EXMAUST TN M8,  IN WG,
1 28 0.0 .07 i 23 12,29 38,000 [ ”» 110 180 e 58
? 288 18,7 b 12.2% 12,99 17,.m2 .58 11 110 ise e L
3 3o 23,2 .2 12.% 19,36 12.7%) 817 11 102 ie0 e 0
. s2e ey .3? 15,68 16,02 7.5%2 30 106 198 j 11 20
L3 s1S 71.? .5 1.8 $,78%¢ ” 120 18¢ (1] ] $10
. 2 0,0 N 12,10 0,066 0 120 1%0 oD s
? (D 103,1 o 29,00 [N 11] 30 100 162 (11 (11
[] (34 12%,9 1,00 w2 3,590 1 1) 1%e 19e e 7.0
L] %8 2$3,0 1.2 E L] 2.014 1) (137 21 [ 113 (11}
10 (31 TN 1,96 5.0 2.1%1 11 00 %0 (11) "
11 208 0.0 <06 12,09 ", 1] o ns (31} LI ]
o EXCEDD 02 1IN ExnMAuSY *ePERCENT OF AIR FLOW madS
MODF  ExmausT L4 (4.} L[] NO2 NOX o2 enc asco 980X wC co nox
smoxe [ TN ] [ 74X } G/L0
PERCENT (11] ”n ”n (4] on PCT  G/WP NR G/WP MR G/MP WR  OF FUEL OF FUEL OF FPUEL
1 1.0 | 4 n e 10 1 L] 1.4 $.7% 17.9¢
? 1.5 [1] re ros ) ne . 1.%¢ 1.7 2,79 13,00
? 1.8 L1 ] k) [{ 1) 1 ns b .00 1.2 .01 1z.8)
. 1.5 100 . 03 N (10 2] s® % Y8 1 12,90
< 2.t 11 " (I3 ) (17 1Y Y ) N 1,1 11.8?
. 1.¢ % se 120 13 [32] (] v, 08 (3 1] 10,26
’ .0 182 20 L 119 ] (111 1Y 1.7 1.00 .08 u.n
[] (Y43 102 u»n e [] "2 .88 .. % 1.2 19,86 LY T
- 2.0 w [T1L) [1%] [ [13] «ob 20,00 s ) se,. 09
18 $0.u £ 18 19172 0o [ e e 09,852 1.%¢ 103,30
11 1.1 s ”n 138 [} 138 L] L] L] L 1) [ 78 ]
CYCLE comrORYTE uC T 1.9 CRAN/DNP Nt
09C0 & P.RSE  CRAN/BNP MR
SENGR & 12,106  SRAN/DNP wR
GONC ¢ BONOE = 1%.0% SRAN/DMP ui
[ ] 44 L +022 LU/ W
TABLE B-170. ENTASION CONCINTRATION aND RATVE SymmaRy
OATE' 3=22~7) TEOY N0, 1 ®/ 20 PCY, MOT EZ6R
INJECTORS® LOw=04C Tining® sto,
wEIGNT FACTOR BCHEDULE' ATHF BuITCH
HODE EMGINE Pouge rugL alR [TV ) op= [ {4 £nn, Gas TENeERATURES sgongLS [¢ 11" 1
SPEEC wow [ ] FLON [ {8 azciee, Al® Al® LEFY ,Rges.
"n Y] Le/nln La/nlN MTI0e  LO/0P wR PEACENTIe THMLET 90X  EENAVEY ENNAUOY .8,
seee soenes esecssss socesce aeosse -ee sesseas soscess oceve
1 N 1) 1398 » 1% ol 2
? <4 13.9% 0 188 " 2
2 -2 1 e 1 ”»e «?
. 5.3 18 0 109 "o o
s 58 L1} 189 sk «?
» «0% (44 (3 . ne o8
? 1344 0,10 . ] 108 [ 34 Nl
v .80 5,3¢ [ 198 ”e (983
. 1.28 N ”» 1% 0 1.0
10 380 8,08 20 210 " [
1} . 15.00 ] 1% e 8
*oPENCENT OF ALR PLON NaBS
»one [ (L] [ nee wr coe
[ ] [ ] on [ o] ey
Lo aoes L] Lo o > L ]
] s 1 . ne .49
L] o ”" | 3ud L]
] " ”» a8 .
s ol | od ) L]
1] » 1 34 $19 90
[ ” * f V4] 11}
] o A +50 [
[] [t Lo [ ol 0
. 10 [ ead @ L.
£ 8 0% on [ ]
[} L] “ [} ) 4




TABLE B-17). EMI9O]ON CONCENTRATION AND RATE Summanry

DATE' 3=23-73 TEST NO, 2 W/ 20 PCY. nOY EGHR
INJECTORS' (Owe34aC TINING® 87D,
WEIGHT FACTNR SCHEDULE® ATSF 3wITCH

*UDE  ENLINE POmER FUEL AlR EXMAUST [ 23 L1144 Exr, Gad TEMPERATURES DiGREL & F ATRBOX  EXWaAUST
LAt FLOW FLOW FLO® FUEL RECIRC, alm a1m LEFT RIGHT PRESS, PRESS,
RPm BMP Las/NIN LB/MIN Le/mIn RaT10e LB/MP nR PERCENYes INLET 80X EXMAUSTYT  EXran2Y TN, MG, IN_ MG,
y 28% 0.0 .0k 13.20 13,3 S0, 79 3 20 110 152 270 250 1.? .2
2 ens 15,0 ole 13.20 13,82 20,20% .10 20 L33 1%0 2% t11 1.? .2
3 kL] 2e.8 .20 1e,01 16.01 15.1%0 .0 20 W 137 26 122 2.6 .
. wen L1 .3 18,70 19,06 LIS 1Y 83 20 W@ 138 §%0 sz0 )0 .5
s $15 7,0 S 23.33 23.00 7.438 S 20 10e i%0 L1 s20 1.? .?
. 2rs n.n .06 13,16 2 9.0 L) 20 100 138 08 208 ., )
H aue 1097 1Y 27,92 [ $.73 e 20 1i0 192 (13 (31 5.8 .8
[] (%4 138,29 1.00 32.18 3. v, 840 2L 20 138 188 %0 e (N ] i,
@ 758 185,3 1,20 3e.70 1. % 3,7 Je8? 20 160 170 (1Y ] (119 .7 1.3
10 (21 105,1 1,5 e 5 “1.n? 2. R {H 20 200 200 1003 1070 . FN Y
11 295 0.9 .0% 13.12 1> 1?7 $3,00% L 20 135 170 30 B8 1.? .t
¢ EXCESS 02 IN ENHAUNT  ««PERCENT OF 4lR FLOw ma8S
WOUE EXHAUST ny [44) NO NC2 NOX co2 02 [} L1 [ 1144 BeNON L14 co ~O0X
mNKE G/Le c/Le S48
PERCENT (23] LLL] (L] n (4] PCY  G/WP WA G/HP MR G/WP MR OF FUEL. OF FuEL OF FUEL
'] Lav Su 1¢1 . 12v L] R 2.99 LTS8 1.3
2 1.C A1) 20?7 [} 207 o2 1.0% 3. 8% 19,60
3 1.0 .0 22 . 220 o8 L850 3.1) 12.9)
. 1.0 20 dus M 199 L +?0 1.2 15,13
L] 2.0 L 1] $4) [} §e) P )} o8 1.9% 17,12
L] 1.0 L1 121 . 129 L] ® 20,.6¢
? .0 «w© »13 0 (1% ] + 1.27 16,87
L] 3.0 129 .21 13 (31 s 1) .06 18.19
bl 7.0 21 see 13 (131 bt 15,02 11,7
1n 23,0 198 1 [} (11 .42 91,98 7,87
[N 1.0 ”"n i 1 13 L] L] 2,51
CYCLE CowPORITE [ 314 CRAN/BNP nR
a8C CRAM/BNP MR
osnC + 8
1 B/7860 o
LE B-172, ENISOTION CONCENTRATION AND RATE BSummaRy
CATE® 3=20-72 TESY MO, L 30 PCY, WOT ECA
INJeCTORS' LOwe3AC TinIngt 870,
wELGHT FAC DR SCHEDULE® ATBF BwITCH
MODE ENGINE POWENR FUgL aAlR EAMAUST  Ope o8FC  CNn, GaAS TEWPERATURES DESREES * AIRIOX  EEWAUST
SAEED FLOW #LON FLOw ueL RECINC AlR AlR Lert ATent rRESS,
"en Lo/nIN (WYL Le/nIN T10¢ LB/WP WA PERCENTee INLET  BOK  ENWAUST EXNAUST IN_NG,
aces scccsa oo eomsscss secsse ese cecevee scessces
1 208 1l.00 1.7 » 110 208
2 208 11.6% 11.78 % (Y1 ] (1]
) e ” 118 |
- Qe » 108
$ 18 " 1%¢
. oy »” 1
? 0y » 188
s (34 » 182
L] s ” ns
10 [ ”» ans
¥ 08 ” 0 "
*oPERCENT OF AIR PLON NaSS
NOOE ENnAUSTY [ co »o e X [ 3 ace SINX L3 (1] L
Snont 700 /L8 /L8
PRACENT on on ~rn ”rn L] C/NP WR /P WA S/nP WA OF FUEL OF FPUEL OF FURL
coee oees ooee Lo ooes oo
1 e L34 i) 30 108 L] L]
[ 4 ”» »” e " a0 <08 1.99
? (24 " 0 s -0
. 119 (34 ”? ]
[} s q sae » .
1] b 0 %6 L]
? 13 ”»e 121 [ ]
[} 1% 187? °"e [}
L] 134 | i w .
10 108 19089 ey [ ]
1) ” s 18 [ ]
CRA/OuP i
GAMVONP WR
RIS R
GRAN/OP R
Lo/ W
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TABLE B- 173 EMISITON CONCENTRATION anD RATE Syummanmy

DAYE' 3-24=72 TEST w0, 2 I PCT, WOT EGR
INJECTORS' (OweSaC TImIng' 97D,
wfleWY FACTOR SCHEDULE' ATSF SwlvrCwm
ErGINE POwER FUEL (3] ExmausY O2- [ 1144 EXn, Gas TEmPERATURES OEGREES 4 +IN80X  EXWAUST
SHEET FLOw FLOw FLOw FUEL RECT AlR AlR LEFY Rigut PRESS, PAEIS,
@Pm [T La/™MIN LB/nIN LA/MIN RATIO® LB/WP HR PFP yNTee  INLET 80X EXmAUST  ExmauST e nG, IN_wG,
205 0,0 .07 12,07 12.1)3 [ 30 118 16? 258 %0 2.0 ]
20s 1+,7 4 12,07 12.20 .88 L 1] 100 150 02 s 2.0 s )
k11 2e.0 L 12.% 13,19 .80 30 a9 PAd) 10 308 2.9 N
LX L} s0,.? .3 le,0? 17,03 L2 w 108 1%? 35 ‘e 8.1 $
$1° 22,8 .53 21,08 i1.89 Y 30 120 1%¢ Sep L1.1] .0 ?
2Ry 0,0 .08 1. 12,01 L] 30 10§ l1+0 29§ 23§ 1.% P )
sbe ine, > .78 29,8y 5.5 .1y o 18 160 (111 22 s.? ..
[R41 138,2 1.00 n, .03 2 30 19% 100 0 %0 $,0 1,0
kA1 18,0 .25 3,83 38,70 .87 30 208 230 (23] “G?z .. 1.2
3§ 1087 1,80 1.5 v, 00 .55 3o 200 [i14 “vs o 9.1 1.¢
288 0.0 <06 12.902 12,9 “7,10% L] 30 o8 20% 3?2 11 1.9 o2
¢ EXCESS 02 IN EXWAUBT  ooPERCENT OF AIN FLOW wASS
€uamausT L4 (4] ~O0 NO2 NOX co2 o2 48nC asco SINOX "o co
SHONE G/Le 74 }
PERCENT (L] (4L ou (L] L] PcY C/HP MR G/HP MR G/WP MR OF FUEL OF FuEL
leu L 1) " e} . 181 L] L] L] 1.8¢
1.5 . [3] 22 [ 120 ..k .S1 s.2n 1}
€,0 .0 3% 2% . F{1] e 5% ., 4.00
2.0 [13 3. b1 s “we .29 30 .0
3.0 k4 1 F 1 $se 1 $’ 27 - 28 (39 )}
L. (1% 2% 1%) 11 15¢ (] ” L]
.8 . w? $93 13 (114 29 1.9 .19
2.5 1%0 $20 13 £33 ] .4 Wl $.1?
22,0 + b0 %) . %0 3,88 .80
$¢.0 im0 13101 i [} 3y 0,32 .18
I.h L1 1] 16} 3 1b% L] L]
CYCLE ComPORITE ABNC CRAN/BMP ; ®
(14} CRAR/BNHP MR
(11 1] CRAN/BNP nR
OSNC ¢ B8%02 18.00 CHAN/GNP Wt
L1 .44 [] %24 ) LB/BMP i
TABLE B-174.ENISSI0N CONCENTRATION AND RATE SymmaRy
OATE' le3)e?) TEST %0, ) %/ 10 PCY, wOT ESR
INJECTORS® “EEOLE TINING® 8T,
WEJGHT FACTOR SCHEDULE' 6F LINE wAUL
ENGINE pUnER FUEL AR EXNAUST  Ope 88FC  £Rn, GaS TENPERATURES oteRtEs ¢ AIRGOX EXNAUST
SPEED FLOM FLOw LOW rutL MECING, L3 {J AlR Lery JonY
aon (14 LO/uIn Lesngn LO/%In NATIOC LO/MP WA PERCENTee INLET  BOX  EXNAUST EN usTY
. Seess acscesess ceecese eeees e ccvsnes Sececes  sesee
ie.88 %, 1] ”» 182 s
15 ” 103 ne
13 ” 100 ”ne
1e 14 110 %0
[ 128 10 [ 18 s
0.9 19 o 107 (134
8 int,1 (1] [ 100 %0
(34 10,1 10 % 10 ”e
%8 163,89 11 108 180 e
”s 1.e,* 1.5% 10 s 1% W
08 c.0 18,9? se.21? 11 108 1% ”e
¢ ENCESS 02 1IN CHNAUST  ooPEACENT OF ALR FLOW HASS
ExnaLeY " o (] ~oe "ex [ sone [ < ] [ ] L. co Lo
Snoxe SAS /L0 /L8
pERIENTY o Pon [ ] on on PCY Q/WP MR G/0P WA G/ MR  OF SugL oF PURL OF FVEL
cornuce wooe eoee oene eove eeccn
n 1Y} 18 10 0.0 .18
(04 19 1e a0 3 3
[ 4 2ve 1 [ 304
[ 3 (1] 114 "?
«° °0e 1 (1]
”n 00 19 19
(3, ] (3] [ (344
see e 1 "
1090 ns ] 8
ey [ 11/ [ ] (114
A, ] 10 h 1%
CYCLE ConrPeolTy
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TABLE B-175 EMISSION CONCENTRATION AND RATE SymmaRy

DATE' 1=3!-%) TEST NO, 3 w/ 1D PCT, HOT EGR
INJECTORS NEEDLE TIMING' 3TD,
WEIGMY FACTOR SCHMEDULE' GE LINE NAUL
ENGINE POER FUEL ALR EXH4 ST Ope B83FC XM, Al TEMPERATURES DEGREES ¢ AIRBOX EXH UNT
IREEN FLOW F'Om FLO= FUEL RECIRC, AlR Al# LEFTY RIGHY PRESS, PRE'S,
RE M BNP LB/™IN LAasmiN La/mIN RATIO» LB/HP MR PERCENTes INLET 80X EXHAUST EXwausT INHG,  IN_#,
F3 13 0.0 .06 PL 1) 1%.59 $3,%99) L] 10 20 120 210 21% 1.0
285 13,8 ol® LY 1) 19,79 22,3%? .53 10 [1] 100 308 260 1.8
Ive 23,6 iy 1,87 16,80 16,204 .508 10 k4 120 388 1S 2.7
. LN ] Ll 1a.m 2n, 22 10.303 .45)3 10 [ 1] 128 (11 ] 30 3,
§1% 2. .5 25.21 25,76 8,130 S 10 80 130 117 ] 35 .5
ans 0.0 .as 1, 2 19,08 §5,37§ L} 10 ([} 127 IS 00 1.?
(11} 10%,1 .7 29,45 30,71 [ 392 1] 43 10 [ 1 130 (11} 50 $.1
(341 135.1 1,00 3§, vy .98 s.v02 Jone 10 . 180 %0 ”"n’ ..
768 1e8,7 1.27 39,19 “n,e§ ., 823 %61 10 100 150 (313 g 7.
[ k17 198, .41 3,87 1] 10 10 170 .S 170 LS|
285 e.n 1%,7%% 1e,82 s, %50 » 10 L 1> %0 L) 1.7
+ EXCESS 02 IN FXMAUST S*PERCENT OF AIR FLOwW MaSS
EXmAUST nC co NO ~NOP NOX coe o2 L1 L1 asco B3NOX ]9 co NOX
SMOXE [ T44 ] c/L0 G/LH
PERCENT (4] L L] [ Ld.] (4] Pn rcY rCcY G/HP MR G/wP HR  G/HMP WR  OF FUEL OF FUEL OF FUEL
1.§ k2 4 (1] 122 13 1pe 1.0% 20,0 L L] L) 3.0 b, 30 23,41
2.0 [ 1] st 207 10 n? 2.1 10,7 1,13 1.8% 10,02 1.4 .00 1e,.90.
2.0 [ 1] se (3] 1 273 2.7 1?7, .81 1.7 8. 20 1.8¢ 2,10 18,13
2.0 10% +* 7 s e 3.7 16,8 .8 ] 7.0 1.0 1.1% 17,38
3.0 129 (1] S s $%) 123 1] 16,8 +80 o 8.28 1.93 1.4 10,8
1.0 L 1] b1 ie0 12 132 1.0% 20,2 L L] » 8,50 3.9 23,0
2.0 1v8 172 (3] « (11} s.22 18,8 50 1. .80 1.9 1,ne 19.8]
2.% 17 ve? mwm 1 %1 5.0 13, N3 3.3 0.7¢ 1.%1 7.% 19,2,
‘.5 22 1239 %0 1 e .20 12,0 «?2 r.0. LN 1)) 1.%7 17.7
12,0 41 ] 3720 (313 1% 08 [ 34 2/ 11.6 R4 21,% 1.8 v,
1.% 1ns . 12¢ 0 129 1.00 20,2 L L} $. % $.% 2,20
€Yl F chuenyyveE . L2 CRAMZBHP HR
8 17,78 GRAM/ONP MN
. 7.73% GRAN, DMP NR
BONC o L] GRAM/BHP WR
L LR/BNP WR
TABLE B-176. ENISOION CONCENTRATION AND RATE SUNMARY
DATE® 2-D1=7) TESY N0, 1 W/ 20 PCT, MOT £G4
INJECTORS' NEEODLE TINING' OFF,
WEIGNT FACTOR SCHEDULE® G: LINE MAUL
ENGINE POWER FuUEL (34 o~ [ 1 {4 ExXr . GAS TENPERATURES ptenees 14 EXNAUST
APEED FLOw FLOW FUEL RECIRC, AlR (3] [§
L] Le/nln Le/ngN Le/ngn RATIOs LO/WP WR BPERCENTes INLECY  BOX IN "
conene essee ecccsste ssreese secee  cee -
208 12.% 40,198 20 ” 100
tild 13,0 9.8 20 s 108
Iee 14,33 14,187 20 Lo 110
(123 12,99 20 %o 118
$1s 23,9 20 toe iee
208 12.% (4] 100 120
1Y L] ¥ 0 110 130
[ 341 20 1t {4 188
s 0 182 i
s 2.00 <] 2 % " 1080
208 W, 20 30 150 ”e 80
¢ EXCEDS OR IN EXMAUST ool 'RCENT OF AJR FLOW MASS
EXNALST " (<] [ ] N2 <oy fa [ 4 88Co S8N0X L3 () wox
Enont /L8 s/t /L8
PERCENT on [ Lag.] (434 FCT  G/NP MR G/ NR G/WP NR OF FURL OF PUEL OF FULL
ecce wone eone sescess oee wee
(1) 13 L4 9,00 ., 02 18,83
”» 13 r.08 b d 19,33
” [ [ 1518
[ L4 13 19,92
o 1? 19,68
”n 10 18,97
(12l 1? 18,50
(3.4 A3 1
200 [
o200 [ .78
[ L] [ ] [ 28 L

CYCLE CONPOSITE  BONC
[ o

8-

osnee
SONC ¢ S0NR
[ ]

GRAN/ONP R
GRAN/DNP R
CRAN/ONP uit
ORAR/ONP m
LO/70NP W




TABLEB-177. EMISSION CONCENTRATION AND RATE SumWrRy

DATE' 2=0 <273 TELT NO. 2 W/ 20 PCT, WOY EGR
INJECTURS NEEDLE TINING' STD,
WEIGWT FALTOR SCHEDULE® GE LINE MAUL
MINE  ENGINE POVER UL Atm EXHAUST (2 88FC  EXN, GAS TEMPEPATURES DEGREES F ATRDOX  ExMaUS -
SPEED FLOW FLOW FLON FUEL RECIRC, AlR alm LEFY RIGHT PRESS, PRESS,
LLT Bre (YL L] Le/mIN LA/MEN RATICe LB/HP MR PERCENTes INLET 20x EXMAUST  EXMAUST IN, G, IN WG,
1 EL1Y a.n .02 12.en 13.00 2,308 20 (3} 115 (11} 2%0 1.? .2
? 289 13.3 .13 12,98 13,027 20 9 118 123 20 1.9 .
3 AL 22.? .20 1%.1e 18,36 20 0 120 S ns L) <)
L] w2 ‘e, 3 16,9 17.30 0 s 134} s 38 3,? .S
] s1s 73,3 .5 23,02 23,56 20 102 i3 S0 st? (3] o?
. 20 0.0 JOn 12,4 12,98 20 102 125 118 L LY 1.0 . |
? see i63,0 i) 27,3 20,11 20 112 13§ s .50 (8] .
® (34 132,58 1.00 3t.11 2.1 20 1%0 18§ 7S 7”5 s,? 1.1
. 755 159, 1.0 e 11 ¥, 39 20 16 1 s an .~ Y
in 035 1% .2 1.58 0.7 .3y 2,031 Ril 20 219 1en 1] 10 0.7 1,7
11 /95 0.0 «00 12.%1 12.9? 5.3 L] 20 118 150 2%0 s 1.7 .2
+ EXCESE 02 IN ExwAUSY CePERCENT OF AIR FLOW MASS
MODE EXHAUSY " co NO nOZ NOX to2 02 [} LId 88Co0 82N0X " co NOX
INUKE [ 72N | [ Y /L8
PERCENT PPN L] [ {4 [ 14 (L] rcY [ {4] G/uP MR G/MP HR G/ WP MR OF FUEL OF FUEL OF FUEL
1 1.0 " n 112 19 120 1.29 L] L] L3 3.00 .. 00
? 1.% . n 1331 12 19¢ .20 1.20 1.0) .03 1.9 3.0
i 1.0 on 50 22 1] 243 2,00 .0 9 (111 1.50 1.93
. 1.8 12% 5? 114 - e .12 o6l 1) 1,08 1,30 1.20
s 3.0 ive [ 14 " 13 “w3 o’ bl o8 (Y31 1.1 1.8
(] 1.% 112 (1] 111 1% 12¢ 1.8 L L} $.08 $.00
? 2.8 1% W soe [ ] $11) $. %7 Nt 2.0 ., 80 1.%3 .0
[ ] ..s 2ls ”l 113 ] 0 (14) [T | . $.02 $.70 1.93 11,9
L] 1n.s a0 W0 ] " 1.%8 7 Y1) .6 1.8% 3o, 20
10 %.n 2e0 238 [} (113 .30 70 3.7 $.)° 1,98 7.
11 2.0 g "0 122 10 132 1.1% L] L] $.3) 7,00
CYCLE comPORITE (114 L] CGRAN/ONP wR
co - [ P W
SN0 = g, 90 G 70MP MR
BHC o BONO2 3 ,793  GRAN/BNF MR
[ 1144 s <811 LO/7anP WA
TABLY B-178. ENISSION CONCENTRATION AND RATE SUNMARY
DATE' 2e0l=73 TEST N0, D W/ 20 PCY, MOT gG®
INJECTORS® NEEDLE TIRING* BTH,
WEIGHT FACTOR SCHEDULE® GF LINE MAUL
HONE  ENGINE PORES FUEL (3] LXNAUST 02~ 8SFC €M, QaS TENPERATURED OEZREEY ¢ AIREOX  EXNAUSTY
SPELD FLOn FLOW FLOw FURL RECINC. AlR AlR LErY RIGNY
HEn [ L1J LE/"IN Le/NIN LO/MIN RaTI0¢ LO/NP WR PERCENTee INLEY ao0x TANAUST  CxmaueYy
cors sevece ssres  emcrcnce ocevass ®me escenes sececee
i t{1] N 12,9 13,00 T, " 20 00 200
2 208 .1 +S01 %
3 I 19 %0
. i ad 2. s
s $1% 88 (3]
. 208 .00 ”e
? [ .7 ey
e 211 1.0 ”e
. %8 1.7 o
in (21] 1 H) 1008
it e 160 ne
*oPEIRCENT OF 4AIR FLON NABS
nodE ce [ L3 [ 1 1] SNeX L3 co
/00 /L8
Ll /NP HR /PP MR /WP MR OF FUEL OF PUEL
eece osne
1 (1] L] L] B0 .
2 " 9 7.08 1,98
» 8 9 s 207
. % 1) o412
s . «80 1.00
[} “w ] L83 ]
? 200 «8? .00
1] (It obh 1.8
. 2e82 Bid (13 .88
19 ”nee 08 0? .08
1 se [ ® .80
CYCLE CONPOOIYE BONC o SRANONP
e o ORAN/ONP Wt
agep = ORAN/ONP ukt
O0NC + SONOZ CRA/0NP Wt
sFc o LOr0r un




TABLE B 179, EMISSION CONCENTRATION aN(

\afE Summany

DATE' 2=02-7) TEST NO, 3 w/ 30 PCY, WOT EGR
INJFCTORS' NEEOLE TIMING' STOD,
WEIGHT FACTOR SCHEDULE® GE LINE WAUL
HONE  ENGLINE POWFR FUEL AIR FXHAUST 02= [ 1144 cxn, GAS TEMPERATURES DEGREED F AIRBOX EXMAUST
SPEED FiLOw FLOw FLOW FUEL RECITC, AlR AlR LEFT RIGHT PRESS, PRESS,
RP® ank LB/mIN LB/MIN LA/MIN RATIO+ LB/HP WR PERCENTee INLET  BOX  EXWAUST EXWAUSY IN HG IN "G,
i 295 0.0 .G? 11.9% L] 30 (1} 110 200 210 1,0 .2
2 285 15, ol 11.%1 .52 30 (1] 110 270 250 1.9 .2
3 Jee 23.% .20 13.1% 817 30 [ L] 111 330 300 2,0 .3
] w2 e, 2 PR 1) 15,60 487 30 " 1 (T2 0. 3.0 .5
€ $18§ 7.0 A1 19.1% 1] 30 11? 130 Se0 18 b .?
[ ans 0N n? 1) .06 4 0 118 170 0 0 1.? .2
? (31 102, R 23,6 J4e3 0 19% 1»2 (31 ] o2 $.0 .2
] (34 129,% 1,01 27, LIS 14 100 108 270 90 8.7 1.0
L] 758 150.8 1.2 33,83 .$0% 30 250 198 L1 1] “0s ..5 1.2
10 95 159,46 1.5¢ IS, 2.,1%0 i) 30 0 2e§ a2 L11) 7.4 1.3
11 285 0.u 1) 12.0? 5,239 L 20 210 ne .50 s 1,0 .2
¢ EXCFSY 02 IN FXwAUST  «oPERCENT OF AIR FLOW WASS
MODE  EXMA. 5T ML co NO ND2 NOXY co? o2 L1114 LLIA] B8NOX 14 co NOX
SMOK - [-74W ] G/L8 G/ L8
PERCFA PPN LLL] rcTY G/HP HR  G/MP MR G/WP WR  OF FUEL 0F FPUEL OF FUEL
1 1.0 [ 1) 13 LJ L) L 3.3 $.59 1s,70
2 2.0 100 1? 1,01 1.1 1.%2 2.0 12,20
N 1.$ 10% 2 «?? 1.1¢ b, 2 1,98 .M 12.0?
1.5 11s 1? 52 s.20 1.11 1.9 11.92
s 2.8 1en 102 * ALl *°"”" 1.8? 10,%)
L] 1.0 120 L] 13 L] L] » 17.1%
? 3.8 17 nn [ ] 12,6 .83 4,5 10,2%
L] 7.5 a3 15%2 0 10,6 ) 3.8 19,2 7.00
) ae.n 2n0 YTL 2% 0 .9 o8¢ 2.0 7.7y (7% 1}
in 9,0 Jen 12088 (2] 0o 0, 1.00 2,10 122,08 .08
11 1.% 186 n 198 [J 19,2 L] [ T 1) 20,70
CYCLE COmPOBITE [ 1104 s 1.0%) CRAM/BNG NR
[ 114 s §5,43e CRAN/DNP uR
02 * .12 SRAN/BNP NR
BONC ¢ ASND2 & S, 104 CRAN/BNHP R
(2144 L 3 4] LB/BKP up
TABLEB-18u. ENISSION CONCENTRATION AND RATE BuWsaRy
DATE® 2e02=7) TEST NO, & N/ 30 PCY, HOT EGR
INJECTORS' WNESDLE TINING' 87D,
WEIGHT FACTOR SCHMEDULE® GE LINE NAUL
MODE  ENGINE PONER FUEL AR ExMHAUST O~ BOFC  ExN, GAS TENPERATURES DEeREES F ATRBOX  ENNAUTY
SPEED FLON FLON LOw FUEL RECINC. [3{] AlR Lery REIGNT ! ]
LLd] [ 114 LO/nIN LB/nIN Lo/miN RATIOe LB/NP WR PERLENTee T 80K EXMAUST  ENMAUST
esce sesass cnnma escen  ecescuvs wsccsss ese eccccse ccnrcece
1 208 0. 34,300 [ 33 ] e [
L 208 18,7 17.012 +598 152 30 "
y v 12,703 190 %9 ane
. e 7.592 189 b ld we
L] 1% 1] 185 [ 11 $10
[ ] 208 113 190 e ns
? (313 .,988 102 (3 1) e
[} (141 .80 109 ”"e %0
. k19 i ans [ 33 [ ]
10 s 3 ane s Lol
18] L1t} L7 2% 17 ] 38 "s %8
¢ ZUCESS 02 IN EXNAUST  «oPENCENT OF AIR PLOW WASS
"oOE ENNAUST [ co [ ] w02 "ox cor o [ ] 88Ce [ ] L3 ce Lo
smone LS /L0 e
PERCENT [ ] ”n o [ a,] G/HP WA G/NP WR S/%P MR OF FURL OF PUEL OF FURL
eses cossese woee [ sone oson
1 n i 10 o
? 7”0 a0 4
? ” ”m 13 ]
. (1] W e
s . .’ .
[] L 100 19
’ 200 e [ ]
[ ] 119 ¢ [ ]
h 038 [
[T 1.0 [
[$) ”n L]

| 2000



TABLE B. I8l

¢ ENCESS D2 IN EXWAUSY

(.3 144 EXH, GaAS TEMPERATURES
RECIRC, AlR AlIR
o LB/HP MR PERCENTee INLET 80X
[} 20 110 150
2508 20 108 14§
I 20 “ 138
eI 20 L1 1*0
J*31 20 100 13.0°)
L] 20 101 13§
RI% 20 ilo 1e8
J83e 20 120 188
il 20 158 170
.5%) 20 206§ 210
L] " 129 170

co2
rcY

1.19
.37
2.0%
s, 12
(Pl
1.1
5.0
.78
7.%0
0.0
L.19

rcY

CYCLE ComPOSITE

O8KC o

(1114

EMISSION CONCENTRATION AND RATE SuWMARY

asco

SePERCENTY OF AIR FIOw ®al$

L]
+56
1
.20
.28

n
23
. 1]
% 14
)

[ ]

N
co
L 1]

asno?
[ 1 144

"
1,88
1.13

.59
42

r
1.2?
13
16,59
v 00
”

«*52
39,041
s.820
.. 022
3 11

TABLE B-182. ENISSTION CONCENTRATION AND RATE SyumuaRy

¢ EXCESS O 1IN EXMAUSY

DAYTE' 3=23-23 TEST w0, | W/ 20 PCY, WOT EGR
INJECTURS' LON=3AC TIWING' STD.
#EIGHT FACTOR SCHEDULE' GF LINE WAUL
MODE ENGINE POWER FUEL AIR EXNAUST U2~
$PEFD FLOW FLOw FLOW FUEL
RPN [ 114 LB/MIN LB/MIN LB/MIN fartio
) 288 0.0 .0h 13,39 13,%0 51.02?
2 20% 15.0 .13 13,3 13,48 20.%6
3 3% 2.8 .20 L] 15.c% 15,620
. [¥1} LIS ] .36 18,02 19,19 8,938
1 51% 7.1 1 23,90 2¢,03 2,507
. 20 .0 .06 13.2% 13.30 S0, S
? (1) 108,? .7 20,10 20,0, s, 009
3 (341 138,2 1.00 32,.3% 33,3¢ L3 1]
] 1413 188,3 1.28 3. % 30,2% 3,770
10 (13 1e9.n 1,56 3,08 v, 22 2.9
1 28% vy .00 13,22 13,29 “e, 788
MONE  EXNAUSY HC co NO ND2 NOX
SHOKE
PERCENT (L] (1L (L] (L]
e ececces cons caue —e—e cemn
1 1.0 (1] 118 .
e 1.0 so 1% .
F] 3.0 113 (11] .
. 2.0 [1} 0 )
11 2.1 0 Sie 1% )
. 1.0 E1] 123 il
’ 2.0 (13 (313 0
[ ] 3.0 100 s20 1)
. 7.0 120 $27 £l
10 21.0 13§ (313 [}
14 1.0 A1 1% 2
DATE' 3=23-7) TESY NO, 2 W/ 20 PCY, WOT EGR
INJECTORS® LOw=8AC TInIng® 870,
NEIGHT FACTOR SCHEDULE' GF LINg MAWL
mODE ENGINE Postn FUEL [31] CxMaUeY 02
SPEED FLOW FLOw FLOW UL
RPH Lo/nIN LasnIn LA/nIN 734 (]
Py, -
1 13,20 13.9¢
] 19.00 13.%8
3 14,01
. A8, %
L] 23,03
. 1%.16
] 7.9
[ 32,10
L] ”%.7%
10 4,81 [ [ J
1 13.18 53,004
NOOE EXwAUSY [ co L4 noe
Snone
PERCENT Lo L] [ o]
scee scecees esen ecoe eone
|3 Le8 *e 121 .
2 (1] 20? []
| (1] 0 [}
3 (1) 3% [
1 [ ] . [}
. n i 9
? 102 [ 3% ] [ ]
[ ] (3% (1) 33
L] see 13
16 e e [ ]
i 0 mn 1

A8 TENPERATURES

AlR
T sox

182
180
(31
19
1%
18
143
188
A%
200

DEGREES F ATRBOX  EXMAUBTY
LEFY RIGHT PRESS, PRESS,
EXMAUST  EXMAUST NG, IN WG,
262 %0 1.7 o2
308 298 1.7 L2
398 130 2.% .3
. “30 ¥.? .
s70 s29 ., )
no 208 1.7 ¥
(319 11] .9 ..
k31 e s,? 1.1
" s (Y4 Y 1.9
CTTY 1087 7.9 1.6
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TABLEC-1.MODAL BRAKE SPECIFIC AND FUEL SPECIFIC

EMISSIONS FOR SPHERICAL-VALVE, NEEDLE-VALVE, AND

LOW-SAC INJECTORS AT STANDARD TIMING

Engine Grams/Bhp-Hour Grams/Pound of Fuel
Mode Speed, rpm HC co NOx HC Cco NOy
Spherical Injectors
1,6,11 285 - - - 7.61 3.56 11.15
2 285 6. 88 4.66 15,58 5. 55 3.78 12,77
3 344 4. 74 2.79 11,85 5. 66 3.33 14.20
4 424 3.32 1.14 10.62 5.90 2.03 18, 87
5 515 2.58 0.76 11.17 5.73 1. 55 22. 45
7 584 2.57 0. 86 12. 04 5.45 1.81 25,55
8 675 2.65 1.16 12, 48 5.77 2.51 27.16
9 755 2.60 2.40 12. 05 5.55 5.12 25.74
10 835 2.29 7.42 11,64 4.76 15,45 24.21
Needlc Injectors
1,6,11 285 - - - 5.60 4.60 16. 52
2 285 3.51 3.70 14.53 3.54 3.65 14.61
3 344 1.80 2.06 9.22 2,68 3.05 13.79
4 424 1.06 0.85 8.47 2.07 1.68 16. 54
5 515 0.94 0.61 9.41 1.96 1 28 19. 69
7 584 0.81 0.70 10.17 1.71 1,52 22,27
8 675 0.89 1.92 10. 52 1.94 4.20 23.00
9 755 0.93 5. 46 9.75 2.03 11.89 21.28
10 835 0.92 12.70 9.12 1.92 26.55 19.0%
Low-Sac Injectors
1,6,11 285 - - - 3.86 5.08 29.33
2 285 0.71 1.81 12.79 1.28 3.2¢4 22.92
3 344 0.61 1.25 11.23 1.22 2.49 22,39
4 424 0.46 0.69 11. 41 1.03 1.55 25.72
5 515 0.43 0.44 12,87 0.99 1.03 29.84
7 584 0.42 0. 56 13.82 0.99 1.31 32.30
8 675 0.49 1.04 13. 61 1. 14 2.41 31.47
9 755 0.54 3.28 13.16 1.24 7.56 30,27
10 835 0. 60 8. 86 12.19 1.32 19.75 217.20
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TABLE C-2.MODAL BRAKE SPECIFIC AND FUEL SPECIFIC EMISSIONS
FOR NEEDLE-VALVE INJECTORS AT ADVANCED AND RETARDED TIMING

Engine Grams/Bhp-Hour Grams/Pound of Fuel
Mode Speed, rpm HC co NOx HC CcCO NOy

Standard Injection Timing (4 BTC)

1,6,11 285 - - - 5.60 4.60 16.52
2 285 3.51 3.70 14,53 3.54 3.65 14. 61
3 344 1. 80 2, 06 9.22 2.68 3.05 13.79
4 424 1. 06 0. 85 8.47 2.07 1.68 16. 54
5 515 0.94 0.61 9.4l 1.96 1.28 19. 69
7 584 0. 81 0.70 10.17 1.71 1.53 22,27
8 675 0. 89 1.92 10. 52 1.94 4.20 23.00
9 755 0.93 5. 40 9.75 2.03 11.89 21.28
10 835 0.92 12.70 9,12 1.92 26.55 19, 06
Injection 4% Advanced
1,6,11 285 - - - 3.10 4.47 24,57
2 285 2.11 3.05 20. 85 2.36 3.46 23.85
3 344 1,27 1.84 15, 36 1.82 2.66 22,20
4 424 0.69 0.79 13.59 1.36 1.55 26.74
5 515 0. 59 0.54 13.91 1.31 1.20 30.84
7 584 0.54 0. 48 15. 47 1.20 1.06 34. 57
8 675 0.66 2.12 15. 74 1.45 4.68 34.76
9 755 0.75 5.74 14,10 1.66 12.75 31.32
10 835 0.75 12.03 12, 81 1.60 25.63 27. 30
Injection 4% Retarded
1,6,11 285 - - - 6.16 5.33 15.15
2 285 1.96 2.14 7.75 3.00 3.33 12. 07
3 344 1.28 1.51 6.33 2.31 2.77 11.66
4 424 0.90 0.76 6.22 1.90 1.60 13.24
5 515 0.85 0.69 6.84 1.88 1.53 15,21
7 584 0.78 1,34 7.01 1.76 3.06 15.91
8 615 0.77 2,65 7. 56 1.75 6.01 17.11
9 755 0.90 6.62 7.26 2.03 14.81 16. 23
10 835 0.88 14.52 6.93 1.89 31.10 14, 84
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TABLE C-3.MODAL BRAKE SPECIFIC AND FUEL SPECIFIC
EMISSIONS FOR LOW-SAC INJECTORS AT RETARDED TIMING

Engine Grams/Bhp-Hour Grams/Pound of Fuel
Mode Speed, rpm HC co NOyx HC co NOx
Standard Injection Timing (4° BTC)

1,6,11 285 - - 3.86 5.08 29.33
2 285 0.71 1.81 12,79 1.28 3.24 22.92
3 344 n. &l 1.25 11,23 1.22 2.49 . 22.39
4 424 0. 46 0.69 11. 41 1.03 1.55 25,72
5 515 0. 43 0.44 12. 87 0.99 1.03  29.84
7 584 0. 42 0.56 13.82 0.99 1.31 32,30
8 675 0. 49 1. 04 13,61 1. 14 2.41 31. 47
9 755 0. 54 3.28 13.16 1.24 7.56 30. 27

10 835 0.60 8. 86 12. 19 1.32 19.75 27. 20
Injection 4° Retarded

1,6,11 285 - - - 3.86 6.48 24.22
2 265 0.71 1. 61 8.99 1. 34 3.04 16.81
3 344 0.61 1. 34 8.00 1.22 2.69 16.04
4 424 0.44 0.68 7.90 1.01 1.54 17.82
5 515 0. 41 0.55 9. 36 0.97 1.30 22.03
7 584 0.39 1.05 9.84 0.90 2.43 22.84
8 675 0. 45 1.99 9.68 1.03 4.60 22,32
9 755 0.49 5.01 9.27 1,13 11.45 21.20

10 835 0.55 11.84 8.76 1.21 26.20 19.36
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TABLE C-4. MODAL BRAKE SPECIFIC AND FUEL SPECIFIC

EMISSIONS FOR NEEDLE-VALVE INJECTORS, STANDARD TIMING,

AND WATER INDUCTION

Grams/Pound of Fuel

Engire Grams/Bhp-Hour
Mode Speed, rpm HC co NO,
0% Water Induction*
1,6,11 285 - -
2 285 3.51 3.70 14,53
3 344 i.80 2.06 9.22
4 424 1,06 0. 85 8. 47
5 515 0.94 0.61 9. 41
7 584 0. 81 0.70 10.17
8 675 0. 89 1.92 10,52
9 755 0.93 5. 46 9.75
10 835 0.92 12. 70 9.12
25% Water Induction®*
1,6,11 285 - - -
2 285 1,34 1.79 10.18
3 344 0.98 1. 36 8. 51
4 424 0.70 0.68 8.34
5 515 0.66 0.48 9.25
7 584 0. 66 0. 80 10,27
8 675 0.68 1.91 9.78
9 755 0. 81 5.30 9.15
10 835 0.79 12.44 8.43
50% Water Induction*
1,6,11 285 - - -
2 285 1.29 2.04 9.44
3 344 0.87 1.47 7.50
4 424 0.59 0.74 7.60
5 515 0.57 0.64 8.17
7 584 0.59 0.97 8.79
8 675 0.63 1.91 8.88
9 755 0.74 5.44 8.43
10 835 0.76 12.45 7.75

*Percent of fuel flow mass per mode.

Cc-21

HC co NOy
5.60 4.60 16.52
3.54 ..65 14.61
2.68 3.05 13.79
2.07 1.68 16.54
1.96 1.28 19.69
1.71  1.53 22.2

1.94 4.20 23.00
2.03 11.89 21,28
1.92  26.55 19.06
5.39 5.19 23,31
2.37 3.18 18.05
1.95  2.71  16.99
1.59  1.53 18.89
1.54 1.13 21.68
1.47  1.76 22.70
1.59  4.48 22.96
1.86 12.12 20.94
1.72 27.33 18.52
5.3  6.56 24.45
2.55 4.04 18.65
1.85 3,16 16.01
1.39  1.75 17.88
.38 1.54¢ 19,57
1.42  2.34 21,17
1.50 4.56 21.25
1.7 12,77 19.79
1.70 27.95 17.41



TABLE C-4. MODAL BRAKE SPECIFIC AND FUEL SPECIFIC
EMISSIONS FOR NEEDLE-VALVE INJECTORS, STANDARD Tii
AND WATER INDUCTION (Cont'd)

Engine Grams/Bhp-Hour
Mode Speed, rpm HC cO NO,
75% Water Induction*
1,6,11 285 - - -
2 285 0. 87 2.28 8.15
3 344 0.70 1.78 7.26
4 424 0.50 1.04 7.03
5 515 0. 47 0.96 8.88
7 584 0.51 1.30 8. 39
8 675 0. 56 2,32 8. 36
9 755 0.65 5.57 7.57
10 835 0.68 12,21 6.88
100% Water Induction*
1,6,11 285 - - -
2 285 1.22 1.02 9.19
3 344 1.05 0.98 8.11
4 424 0.70 0.51 8.09
5 515 0.69 0.41 8.€5
7 584 0.66 0.87 9.60
8 675 0.70 2.34 9.04
9 755 0.77 6.19 8.21
10 835 0.81 13,78 7.07

$Percent of fuel flow mass per mode.

C-22

AING,

Grams/Pound of Fuel

HC _CO NOx
4.05 10.03  23.55
1.85 4,81 17.27
1.51  3.83 15.58
1.18  2.47 16.63
1,12 2,29 21.23
1.23 3,14 20.19
1.35  5.58 20.14
1.54 13.24 17.98
1.54 27.50 15.51
5.i9  5.29 21.24
2.13  1.81 16.18
2,03 2.26 16.02
1.53  1.11  17.69
1.55  0.93 19.61
1.46  1.93  21.43
1.59  5.31 20.53
1.73  13.87 18.40
1.76  29.80 15.28
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Grams NO, per Pound of Fuel
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TABLE C-5.MODAL BRAKE SPECIFIC AND FUEL SPECIFIC EMISSIONS
FOR LOW-SAC INJECTORS, STANDARD TIMING, AND WATER INDUCTION

Notch Engine Grams/Bhp-Hour Grams/Pound of Fuel

Mode Position Speed, rpmn HC co NO, HC coO NO,

0% Water Induction¥*

1.6.11 T.ow Idle 285 - - - 3. 86 5.08 29,23
2 1 285 0.71 1.81 12.79 1,28 3,24 22.92

3 2 344 0.61 1.25 11,23 1.22 2.49 22. 39

4 3 424 0.46 0.69 11,41 1,03 1.55 25.72

5 4 515 0.43 0.44 12.87 0.99 1.03 29. 84

7 5 584 0.42 0. 56 13.82 0.99 1.31 32.30

8 6 675 0. 49 1.04 13.61 .14 2.41 31.47

9 7 755 0. 54 3.28 13.16 1.24 7.56 30.27
10 ] 835 0.60 8. 86 12. 19 1.32 19,75 27.0

25% Water Induction*

1,6,11 Low Idle 285 - - - 3.45 4.23 29.11
2 1 285 0.59 1,47 11.22 1.22 3.02 23,38

3 2 344 0.51 1.03 10. 49 1.06 2.13 21,63

4 3 424 0. 39 0.43 10,80 0. 88 0.99 24.70

5 4 515 0.38 0.36 12.38 0.89 0.83 28.98

7 5 584 0. 36 0.53 12.85 0.85 1.24 30. 35

8 6 675 0.47 1.22 14,14 0.96 2.52 29,58

9 7 755 0.43 2.00 11,73 i.02 4,71 27. 44
10 8 835 0.51 9,63 10.05 1.16 21.75 24.94

50% Water Induction®*

1,6,11 Low Idle 285 - - - 3.88 4.79 28,77
2 1 285 0.61 1.68 1 .69 1.17 3,27 22.65

3 2 344 0.52 1.33 10.31 1.06 2.75 21.21

4 3 424 0.40 0.73 10.56 0.92 1.67 24,32

5 4 515 0.38 0.48 11.99 0.90 1.12 28.16

7 5 584 0.38 0.59 12.89 0.91 1.38 30.50

8 6 6175 0.40 1,22 12.34 0.91 2.84 28,77

9 7 755 0.45 3.33 11,37 1.0¢ 7.62 26.07
10 8 835 0.50 8.51 10. 44 1.11 18.84 23.10

*Percent of fuel flow mass per mode.
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TABLE C-5. MODAL BRAKE SPECIFIC AND FUEL SPLCIFIC
EMISSIONS FOR LOW-SAC INJECTORS, STANDARD TIMING,
AND WATER INDUCTION (Cont'd)

Notch Engine Grams/Bhp-Hour Grams/Pound of Fuel
Mode Position Speed, rpm HC coO NO4 HC coO NO,

75% Water Induction*

20¢C

1,6,11  Low ldle 285 - - - 5.0i 4.61 29.09
2 1 285 0.97 1,51 10.92 1.88 2.93 21.15

3 2 344 0. 81 1.13 9.61 1.63  2.26 19.29

4 3 424 0.56 0.63 10.39 1.28 1.45 23.84

5 4 515 0.56 0.4l 11,77 1.33 0.97 27.75

7 5 584 0.47 0.47 12,38 1.10 i.12 29,28

8 6 675 0.50 1.04 12.10 1.16 2.43 28.34

9 7 755 0.57 2.97 10.99 1.31 6.88 25.43
10 8 835 0.63 8.20 10.13 1.40 18.46 22.78

100% Water Induction*

1,6,11 Low Idle 285 - - - 6.11 8.80 33.47
2 1 285 0.92 1.85 10.53 1.93 3.88 22.10

3 2 344 0.81 1. 35 9.91 1.62 2.69 19,77

4 3 424 0.55 0.77 10. 36 1.28 1.81 24.34

5 4 515 0.52 0.59 12,16 1.23 1.39 28.87

7 5 584 0.46 0.74 12,43 1,10 1.76 29.86

8 6 675 0.49 1.35 11.95 1.18 3,26 28.77

9 7 755 0.56 3.64 10.96 1.31 8.59 25.89
10 8 835 0.66 9.92 9. 84 1.50 22.38 22.20

*Percent of fuel flow mass per mode.
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TABLEC-6. MODAL BRAKE SPECIFIC AND FUEL SPECIFIC
EMISSIONS FOR NEEDL£-VALVE INJECTORS, RETARDED

TIMING, AND WATER INDUCTION

Grams/Pound ~f Fuel

Engine Grams/Bhp-Hour
Mode Speed, rpm HC co NO,
0% Water Induction¥*
1,6,11 285 - - -
2 285 1.96 2.14 7.75
3 344 1.28 1.51 6.33
4 424 0.90 0.76 6.22
5 515 0. 85 0.69 6. 84
7 584 0.78 1. 34 7.01
8 675 0.77 2.65 7.56
9 755 0.90 6.62 7.26
10 835 0.88 14,52 6.93
25% Water Induction®
1,6,11 285 - - -
2 285 1.16 1,42 6.54
3 344 0.94 1.10 5.50
4 424 0.72 0.58 5.62
5 515 0.70 0.67 6.04
7 584 0.72 l.44 6.08
8 675 0. 80 3.25 6.03
9 755 0.97 6.82 5.92
10 835 1.48 17,02 5,54
50% Water Induction®*
1,6,11 285 - - -
2 285 1.16 2,22 5.58
3 344 1.03 1.72  5.22
4 424 0.75 1.08 5.12
5 515 0.72 1.07 5.74
7 584 0.72 2.10 5,85
8 675 0.80 3.68 6.06
9 755 0.84 7.78 5,60
10 835 1.19 18.3¢ 5.13
75% Water Induction®
1,6,11 285 - - -
2 285 1.06 1.62 5.49
3 344 0.98 1.48 5,04
4 424 0.73 0.72 4.88
5 515 0.72 0.91 5.49
7 584 0.73 1.76 5.82
8 675 0.78 3.56 5.72
9 755 0.68 7.60 5,36
10 835 1.14 17,90 4.79

*Percent of fusl flow mass per mode.

C-%

HC CO NO,
6.16  5.33 15,15
3.00 3.33 12,07
2.31  2.77  11.66
1.90  1.60 13,24
1.88  1.53  15.21
1.76  3.06  15.91
1.75 6.0l 17.11
2.03  14.81 16.23
1.89 31.10  14.84
5.63 4.0l 17.52
2.08 2.54 11.72
1.82  2.13  10.72
1.49 118 11,62
1.52  1.44 13,00
1,60 3,18 13,49
1.76 7,17 13,29
2,10 14.86  12.88
3.13 35,92 11.69
5.50 6.01  17.10
2.21 4.25 10.68
1.98  3.3¢  10.10
1.62 2.3  11.15
.61  2.37 12.7m
1.59 4.68 13,04
1.77  8.10  13.36
1.92 1712 12.34
2.50 38.58  10.80
5.64 6.34 17,11
2.00 3.08 10.40
1.88 2.8 9.70
1.5 1.55  10.40
1.56 1.98 12.00
1.62 3.92 12.92
1.74 7.86 12.66
1.90 16.48 11,62
2.40 37.60  10.06
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TABLE C 7.SUMMARY OF EMISSION CONCENTRATIONS
FOR VARIOUS RATES OF AIR BOX BLEED--
NEEDLE INJECTORS AT STANDARD TIMING

Engine Air Box Bleed Rates*
Mode Speed. !‘El"n 0‘70 10‘70 2070 35‘70 50%

HC Concentrations, ppmC

1,6,11 285 142 117 99 86 109
2 285 128 114 106 84 136
3 344 139 128 116 92 152
4 424 154 148 130 110 182
5 515 176 166 144 130 216
7 584 184 196 168 152 229
8 675 232 232 196 174 180
9 755 272 262 206 154 126
10 835 288 438 266 176 94
CO Concentrations, ppm
1,6,11 285 59 54 34 48 63
2 285 66 71 71 65 117
3 344 77 56 82 65 110
4 424 63 52 75 69 147
5 515 58 52 86 96 354
7 584 82 131 171 383 1493
8 675 252. 358 500 1025 3571
9 755 800 957 1329 2284 4278
10 835 1999 2386 3031 3758 5157
NO, Concentrations, ppm
1,6,11 285 128 134 133 143 147
2 285 162 226 219 229 229
3 344 219 277 270 277 258
4 424 375 427 387 363 315
5 515 540 = 548 499 486 445
7 584 733 708 647 636 551
8 675 842 809 745 675 566
9 755 870 865 821 763 632
10 835 874 897 826 742 637

*Percent of air flow mass requirement per mode.
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TABLE C-8. SUMMARY OF EMISSION CONCENTRATIQNS FOR
VARIOUS RATES OF AIR BOX BLEED--1OW-SAC INJECTORS
AT STANDARD TIMING

Engine Air Box Bleed Rates¥*
Mode Speed, rpm 0% 20% 35%

HC Concentrations, ppmC

1,6,11 285 68 83 69
2 285 49 80 72

3 344 61 96 78

4 424 72 116 88

ot 515 81 122 102

7 584 93 152 122

8 675 125 182 126

9 755 151 176 100
10 835 181 178 101

CO Concentrations, ppm

1,6,11 285 45 44 63
2 285 63 77 94

3 344 63 88 93

4 424 54 92 120

5 515 42 120 351

7 584 65 258 1004

8 675 133 685 2087

9 755 459 1822 3456
10 835 1355 3539 3919

NOx Concentrations, ppm

1,6,11 285 158 172 168
2 285 271 279 282

3 344 342 316 316

4 424 549 492 419

5 515 750 668 591

7 584 971 827 695

8 675 1058 941 728

9 755 1121 992 780
10 835 1136 934 809

*Percent of engine air flow mass requirement per mode.
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TABLE C-9. MODAL BRAKE SPECIFIC AND FUEL SPECIFIC
EMISSIONS FOR NEEDLE-VALVE INJECTORS, STANDARD TIMING,

Engi.ne
Speed, rpm

Mode

—
—
—

285
285
344
424
515
584
675
755
835

—
O 0 W~ WO

—
—
-
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285
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584
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835

—
O VW d N

—
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584
675
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835

OO W~ WivO
-
-

—
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344
424
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584
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55
835

—
- -
OOOQU‘UN?‘
—
[

-

-
-
-

285
285
344
424
515
584
675
558
835

CO® I NdWwNO

-

SPorcent of air flow mase requirement per mode.

AND AIR BOX BLEED

Grams/Bhp-Hour

HC

51
80
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81
89
93
.92

OO0 O OC = W

[

CWANOCOO®M

QOO_OO0.0'—
N OO0

0. 68
0.52
0.49
0.49
0. 50
0. 40
0.45

1. 14
0.92
0.70
0. 69
0. 60
0.46
0.28
0.21

co

NOy

0% Air Bleed®*

3.70
2. 06
. 85

0

10% Air Bleed*

N - O O

.61

70
92
46

.70

1,81
1.08
0.60
0.51
1.04
2.57
6.26
13,85

20% Air Bleed®*

1.64
1.40
0. 80
0.78
1.26
3.30
8.08
17.22

35% Air Bleed®

NO O = -
[ K
N>

4

- 33

5.89
12.01
19.04

50% Air Bleed®

1.93
1.3
1.13
2.25%
7.8
17.97
18.83
22.68

C-86

.53
.22
.47

9. 41
10.17
10.52
9.75

9.

9.
8.
8.
8.
9.
9.
9.
8.

12

54
38
17
83
26
52
28
54

39

7.48

6.8

7.44

7.
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8.
7.

Lol ol - ol - o' IV I - N ]

e e o » 7 e

.

NOWORD RS
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20
70

WONIWEDY

6.22
5.08
3.98
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4.73
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4.

4.60

Grams/Pound of Fuel

HC

5.60
3. 54
2,68
2,07
1.96
1.71
1.94
2.03
1.92

5.94
2,59
2.28
1.84
1.77
1.74
1.84
1.90
2.76

4.80
2.26
1.90
1.45
1.4C
1.36
1.40
1.34
1. 54

3.82
.54
1.33
1.07
1.04
1.02
1.07
0.85
0.87

4.05
2.08
1.76
1.3
1.4]
1.23
9.91
0.56
0.37

cO

4.60
3.65
3,05
1,68
1.28
1.53
4.20
11,89
26,55

.52
.20
06
.29
.10

- W N

5.64
13.76
30.02

40. 37

NO,,

16.52
14.61
13.79
16,54
19.69
22,217
23.090
21,28
19.06

22,07
16.84
16.15
17.37
19.18
21.30
20 92
20. 40
18.52

2l. 44
15.28
14,44
14.13
15,84
:7.18
17. 46
17.48
15.60

20.77
13.78
13.14
11.55
12.67
13.90
13.5%
13,77
12.08

17.90
11. 41
9.77
7.76
9.46
9.68
9.37
9.07
8.20
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TABLE C-10.MODAL BRAKE SPECIFIC
EMISSIONS FOR LOW-SAC INJECTORS,

AIR BOX BLEED

Engine Grams/Bhp-Hour
Mode Speed, rpm HC coO NO,,
0% Air Bleed*
1,6,11 285 - - -
2 285 0.71 1.81 12.79
3 344 0.61 1.2» 11,23
4 424 0. 46 0.69 11. 41
5 51% 0. 41 0. 44 12.87
7 584 0. 42 0. 56 13,82
8 675 0. 49 1.04 13,61
9 755 0. 54 3.28 13,16
10 835 0. 60 8. 86 12. 19
20% Air Bieed¥*
1,6,11 285 - - -
2 28~7 0.94 1.76 10.61
3 344 0.74 1.35 7.96
4 424 0.59 0.93 8.13
5 515 C.53 1. 04 9. 44
7 584 0. 54 1.83 9.63
8 675 0.57 4,28 9.66
9 755 0.52 10,87 9.74
10 835 0.51 20.19 8.76
35% Air Bleed*
1,6,11 285 - - -
2 285 0. 62 1.61 7.96
3 344 0. 47 1.09 6.12
4 424 0.39 1. 05 6.57
5 515 0. 36 2.44 6. 74
7 584 0. 36 5.95 6.78
8 675 0.34 11.29 6.47
9 755 0.26 18.19 6.74
10 835 0.25 19.66 6.66

AND FUEL SPECIFIC
STANDARD TIMING, AND

Grams/}’_ound of Fuel

HC  CO NO,
3.86 5.08 29,32
1.28  3.24 22.92
1.22 2.49 22.38
1.03  1.55 25.72
0.99 1.02 "¢ .84
0.99  1.31 3229
1.14  2.40 31,47
1.24 7.5  30.27
1.32 19.75 27.19
4.26  4.42 28.56
1.78  3.38 20.23
1.54  2.79 16.54
1.33 2,10 18.46
1.19  2.33  21.24
1.24  4.18 21.98
1,30  9.75 21.99
1.16 23.90 21.41
1.05 41.72 18.10
2.93 5,37 23.13
1.20 3,10 15,37
1.04  2.52 13,79
0.83 2.25 12.91
0.80 5.50 15.16
0.81 13.18 14,99
0.74 24.41 13,98
0.53 37.47 13.90
0.48 37.57 12.74

*Percent of engine air flow mass requirement per mode.
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TABLE C-11.SUMMARY OF EMISSION CONCENTRATIONS FOR
VARIOUS RATES OF COOLED EGR--NEEDLE-VALVE INJECTORS
AT STANDARD TIMING

Engine EGR Rates¥*
Mode Speed, rpm 0% 10% 20% 30%

HC Concentrations, ppm‘:

1,6,11 285 142 103 104 109
2 285 128 86 86 84
3 344 139 100 102 105
4 424 154 128 122 128
5 515 176 150 146 155
7 584 184 152 168 189
8 675 232 190 213 236
9 755 272 244 274 281
10 835 288 298 334 335
CO Concentrations, ppm
1,6,11 285 59 58 44 67
2 285 66 65 65 66
3 344 77 77 64 70
4 424 63 75 52 76
5 515 58 81 69 109
7 584 82 132 177 363
8 675 252 370 622 898
9 755 800 884 1482 2344
10 835 1999 2581 4049 5283
NO, Concentrations, ppm
1,6,11 285 128 120 121 127
2 285 162 196 191 191
3 344 219 259 233 227
4 424 375 387 352 312
5 515 540 504 429 341
7 58« 733 665 512 367
8 675 842 744 528 402
Y 755 870 720 486 380
10 835 874 713 457 266

*Percent of engine air flow mass requirement per mode.
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TABLE C-12.SUMMARY OF EMISSION CONCENTRATIONS FOR
VARIOUS RATES OF COOLED EGR--LOW-SAC INJECTORS
AT STANDARD TIMING

Engine Nominal EGR Rates*
Mode Speed, rpm 0% 20% 30%

— —

HC Concentrations, ppmC

1,6,11 285 68 49 69
2 285 49 43 60
3 344 61 50 65
4 424 72 52 78
5 515 81 58 83
7 584 93 75 103
8 €75 125 105 135
9 755 151 153 178
10 835 181 178 190
CO Concentrations, ppm
1,6,11 285 45 52 62
2 285 63 71 89
3 344 63 82 88
4 424 54 75 75
5 515 42 69 91
7 584 65 137 222
8 675 133 351 622
9 755 459 1544 2526
10 835 1355 4013 4686
NOy Concentrations, ppm
1,6,11 285 158 147 157
2 285 27) 239 235
3 344 342 276 256
4 A24 549 441 373
5 515 750 584 480
7 584 971 721 509
8 675 1058 750 565
9 755 1121 669 52
10 835 1136 593 495

*Percent of engine air flow mass requirement per mode.
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TABLE C-13.MODAL BRAKE SPECIFIC AND FUEL SPECIFIC

EMISSIONS FOR NEEDLE-VALVE INJECTCRS, STANDARD
TIMING, AND COOLED EGR

Engire Grams/Bhp-Hour Grams/Pound of Fuel
Mode Speed, rpm HC cO NOy HC CO NOx
0% Cool EGR*

1,6,11 285 - - - 5.60 4. 50 16.52

2 285 3.51 3.70 14.53 3.54 3.65 14.61

3 344 1. 80 2.06 9.22 2.68 3.05 13.79

4 424 1.06 0.5 8.47 2.07 1.68 16. 54

5 215 0.94 0.61 9.41 1.96 1.28 19. 69

7 584 0.81 0.70 10.17 1.71 1.53 22.27

8 675 0.89 1.92 10. 52 1.94 4,20 23.00

9 755 0.93 5.46 9,75 2.u3 11.89 21.28

10 835 0.92 12,70 9.12 1.92 26.55 19. 06
10% Cool EGR*

1,6,11 285 - - - 6. 04 6.51 22. 44

2 285 1.11 1.66 8.27 2.09 2. 14 15. 57

3 344 0.90 1. 36 7.59 1.81 2.73 15,28

4 424 0.71 0.83 7.00 1.59 1.86 15,74

5 515 0.71 0.76 7.76 1.59 1.70 17. 40

7 584 0.60 1.02 8.49 1.35 2.32 19, 34

8 675 0. 66 2.55 8. 42 1.50 5.81 19.19

9 755 0.77 5.55 7.42 1.73  12.45 16. 66

10 835 0. 86 14, 8¢ 6.74 1.87 32.20 14. 61
20% Cool EGR*

1,6,11 285 - - - 5.16 4.19 19,10

2 285 0.97 1.45 7.02 1. 76 2.63 1...96

3 344 0.83 1.04 6.20 1.62 2.03 12.13

4 424 0.59 0.51 5.58 1.32 1.21 12.40

5 515 0.61 0.57 5.84 1. 39 1.30 13, 34

7 584 0.5 1.23 5.86 1. 36 2.84 13,49

' 675 0.67 3.81 5.31 1.54 8.73 12.18

S 755 0.78 8. 137 5.52 1.73 18.65 10,05

10 &35 0.91 21,87 4,06 1.91 46.14 8. 56
30% Cool EGR*

1,6,11 285 - - - 4.93 5.83 18.59

2 285 0.89 1. 42 6.70 1.67 2.62 12. 36

3 344 0.77 1.02 5.45 1.52 2.01 10. 74

4 424 0.59 0.69 4.67 1.28 1.52 10. 22

5 5i5 0. 54 0.77 3.93 1.21 1.71 8.77

7 584 0.57 2.17 3.61 1.29 4,92 8.20

8 675 0. 65 4. 95 3.64 1.46 11.11 8.17

9 755 0.7¢ 12. 64 3.37 1.65 27.40 7.30

10 835 0.83 26.08 2.96 i.69 53.14 6.05

*Percent of air flow mass reguirement per mode.
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TAB{ EC-14. MOCTNAL BRAKE SPECIFIC AND FUEL SPECIFIC
LOW-SAC INJECTORS, STANDARD TIMING,
AND COOLED EGR

EMISSIONS FO!

Engine: Grams/Bhp-Hour Grams/Pound of Fuel
Mode Speed, rpm HC CoO NOx HC CO NO,
0% Cool EGR*
1,6,11 285 - - - 3.86 5.08 29.32
2 2.85 0.71 1. 81 12.79 1.28 3.24 22.92
3 44 0.61 1.25 11,23 1.22 2. 49 22, 38
4 474 0. 46 0.69 11, 41 1.03 1.55 25.72
5 510 0. 41 J. 44 12,87 0.99 1.02 29, 84
7 584 0.42 J.56 13,82 0.¢9 1.31 3e.29
8 675 0. 49 1.04 13.61 1. 14 2. 40 3i. 17
9 55 0.54 3.78 R U 1,24 7.56 30.2
10 83¢ 0.60 3. 8o 12,19 1.32 19.75 27.19
20% Cool EGR*
1.6,11 285 - - - 2.99 6.10 28,02
2 285 0.51 1.68 9.27 0.99 3.29 18. 24
3 344 0. 41 1.33 7. 36 0.88 2.86 15.83
4 424 0.26 0.78 7.48 0.61 .83 17.60
5 515 0.5 0.58 8.10 0.59 1.4) 19,42
L7 534 0.27 0.9¢ 8.57 0.65 2.35 20.36
"8 675 .33 2,22 7.78 0.80 5,28 18.53
9 755 0. 46 9. 31 6.62 1.06 21.44 15.25
10 835 0.49 22,23 5. 40 1.09 48.89 11,87
30% C-.o. EGR*
1,6,11 285 - - - 3.55 6.20 26.08
2 285 0. 66 1,08 8.41 1.26 3.72 16.19
3 344 0. 48 1.30 6.14 1. 01 2.72 13.02
4 424 0. 36 0.68 5.60 0. 84 1.61 13.14
5 515 0. 31 0.69 5.93 0.76 1.66 14.35
7 584 0.34 1.44 5.44 0. 80 3.43 12,88
8 675 0. 40 3.62 5.4C 0.93 8.55 12,75
9 755 0.50 13.70 4. 64 1.13 31.42 10.64
10 835 0.49 23.76 4.13 1.04 51,54 8.95

*Percent of engine air flow mass requirement per mode.
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TABLE C-15.SUMMARY OF EMISSION CONCENTRATIONS FOx
VARIOUS RATES OF HOT EGR--NLEDL<-VALVE IN ECTORS
AT STANDARD TIMING

Engine _ EGR Rates*
Mode Sgeed , Tpm 0% 1_0_‘-"_ 20 %_ 30%

HC Concentrations, ppmC

1,6,11 285 142 90 94 109
2 285 128 82 84 94

3 344 139 88 92 96

4 424 154 106 112 108

5 515 176 128 135 128

7 584 184 154 157 164

8 675 232 186 200 212

9 755 272 232 240 258
10 835 288 258 265 308

CO Concentrations, ppm

1,56,11 285 59 64 63 67
2 285 66 71 71 70

3 344 77 71 62 76

4 424 63 58 61 $9

5 515 58 81 80 96

7 584 82 184 252 307
8 675 252 498 778 1383

9 755 800 1246 2684 5591
10 835 1999 3723 5904 13134

NO, Concentrations, ppm

1,6,11 285 128 134 135 133
2 285 162 212 197 205

3 344 219 269 249 262
4 424 375 420 375 385
5 515 540 520 462 433

7 584 733 677 584 492
8 675 842 737 586 420
9 755 870 759 521 311
10 835 874 703 480 220

*Percent of air flow mass requirement per mode.
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TABLE C-16. SUMMARY OF EMISSION CONCENTRATIONS FOR
VARIOUS RATES OF HOT EGR--LOW-SAC INJECTORS AT
STANDARD TIMING

Engine Nominal EGR Rates¥*
Mode Speed, rpm 0% 20% 30%

HC Concentrations, ppmC

1,6,11 285 68 52 71
2 285 49 53 68
3 344 61 58 73
4 424 72 63 88
5 515 81 70 95
7 584 93 78 118
8 675 125 110 165
9 755 151 165 165
10 835 181 140 182
CO Concentrations, ppm
1,6,11 285 45 56 42
2 285 63 77 47
3 344 63 82 53
4 424 54 64 . 52
5 515 42 69 - 63
7 584 65 183 280
8 675 133 630 1563
9 755 459 2674 5673
10 835 1355 6999 13720
NO, Concentrations, ppm
1,6,11 285 158 129 157
2 285 271 202 228
3 344 342 228 250
4 424 549 392 430
5 515 750 534 553
7 584 971 626 567
8 675 1058 634 484
9 755 1121 546 348
10 835 1136 416 306

*Percent of engine air flow mass requirement per mode.
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TADLE C-17.

EMISSIONS FOR NEEDLE-VALVE INJECTORS, STANDARD

MODAL BRAKE SPECIFIC AND FUEL SPECIFIC

TIMING, AND HOT EGR

Engine Grams/Bhp-Hour Grams/Pound of Fuel

Mode Speed, rpm HC cO NO, HC co NOx

0% Hot EGR*

1,6,11 285 - - - 5.60 4.60 16.52
2 285 3.51 3.70 14.53 3.54 3.65 14.61
3 344 1.80 2.06 9.22 2.68 3.05 13.79
4 424 1. 06 0.85 8.47 2.07 1.68 16. 54
5 515 0. 94 0.61 9.41 1.96 1.28 19.69
7 584 0.8i 0.76 10.17 1.71 1.53 22.27
8 675 0.89 1.92 10.52 1.94 4,20 23.00
9 755 0.93 5.46 9.75 2,03 11.89 21.28

10 835 0.92 12.70 9.12 1.92 26.55 19. 06
10% Hot EGR*

1,6.11 285 - - - 4.76 6.62 23.13
2 285 1.16 2,00 9.87 1.04 3.33 16. 44
3 344 0.84 1.35 8.40 1.58 2.50 15,75
4 424 0.62 0.68 8.07 1.32 1.44 17.15
5 515 0.62 0.77 8.14 1.34 1.68 17. 80
7 584 c.61 1.44 8.76 1.38 3.24 19. 70
8 675 0.67 3.56 8.65 1.48 7.92 19. 26
9 755 0.75 8.00 8.00 1.64 17.56 17,56

10 835 0.78 22.20 6.88 1.60 45.79 14. 20
20% Hot EGR*

1,6,11 285 - - - 4,37 5.80 20.35
2 285 1.07 1.78 8.17 1.79 3.00 13.75
3 344 0.81 1.10 7.19 1.49 2,00 13,21
4 424 0.57 0.62 6.19 1.19 1.30 13.05
5 515 0.59 0.70 6.59 1.29 1.53 14,52
7 584 0.57 1.81 6.91 1.27 4,06 15.48
8 675 0.64 5.00 6.19 1.41 10.95 13.54
9 7155 0.70 15.71 5.01 1.48 32.94 10.%0

10 835 0.76 33.89 4.47 1.50 66.59 8.87
30% Hot EGR*

1,6,11 285 - - - .62 5.65 18.29
2 285 0.96 1.44 6.88 1.82 ¢. 71 12,9
3 344 0.72 1.12 6. 3¢ 1.38 2.16 12.30
4 424 0.48 0.60 5.51 1.04 1.31 12,10
S 515 0. 56 0.68 5.02 1.00 1.49 11.08
7 S84 0.50 1.86 4.88 1.12 4.18 10.98
8 675 0. 60 7.84 3.92 1.30 16.91 8.45
9 755 0.76 32.64 2.98 1.51 65.28 .96

10 835 0.90 75. 62 2.14 1.56 13%2.59 3. 74

*Percent of air flow mass requirement per mode.
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TABLE C-18. MODAL BRAKE SPECIFIC AND FUEL SPECIFIC
EMISSIONS FOR LOW-SAC INJECTORS, STANDARD TIMING,
AND HOT EGR

Engine
Mode Speed, rpm

Grams /Bhp-Hour

Grams/Pound of Fuel

—

-

-
—
—

285
285
344
424
515
584
675
755
835

[
O L 0 ~JWn b WO

Pt
-
-

P

—

285
285
344
424
515
584
675
755
835

O W OO~NWUnhwitvoe

()
-
-

-

—

285
285
344
424
515
584
675
755
835

CQOVONIUnbdLWUNNO

o

HC CO NOx HC  CO NOx
0% Hot EGR*

- - - 3.86 5,08 29,32
0.71 1.81 12.79 1.28  3.24 22.92
0.61 1.25 11.23 1.22  2.49 22.38
0.46  0.69 11,4l 1.03  1.55 25.72
0.41 0.44 12.87 0.99 1.¢2 29.84
0.42 0.56 13.82 0.99 1,31 32.29
0.49 1.04 13,61 1.14 2,40 31,47
0.54 3.28 13.61 1.24  7.56  30.27
0.60 8.86 12,19 1.32 19.75 27.19

20% Hot EGR*

- - - 2.67 5.70 21.87
0.59 1.71 7.45 1.15  3.34 14.55
0.47 1.32  6.04 0.97 2.75 12.56
0.32 0.65  6.56 0.74 1.49 15.12
0.29  0.56 7.23 0.68 1.32 16.90
0.27 l.27 7.15 0.65 3.03 17.06
0.35 4.00  6.59 0.81 9.20 15.18
0.36 16.21 5.45 1.09 35.20 11.83
0.43 42.73  4.19 0.81 80.91 7.91

30% Hot EGR*

- - - 3.49  4.08 24.59
0.74 1,02  8.20 1.29  1.74 14,31
0.59 0.85  6.59 1.08 1.55 12.17
0.39 0.45 6.20 0.91 1.07 14.61
0.35 0.47  6.71 0.85 1.11 16.04
0.37 1.74  5.77 0.87 4.12 13.75
0.50 9.49 4.8l 1.13 21,21  10.79
0.50 34,12  3.45 1.02 69.75  7.05
0.55 82.51 3.03 1.00 149,01 5,46

*Percent of engine air flow mass requirement per mode.
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