
IT NOS. DOT-TSC-NHTSA-78-1 2

1

HS-803 328
!

. A34
I
no.
1)0 T-

, TSC-
NHTSA-!
JM-lZj

PERFORMANCE CHARACTERISTICS OF AUTOMOTIVE ENGINES

IN THE UNITED STATES

First Series - Report No. 18

1976 Fort 400 C I D (6. 6 Liters), 2V

W. F. Marshall
K . R . Stamper

U.S. DEPARTMENT OF ENERGY
BARTLESVILLE ENERGY RESEARCH CENTER

P.0. Box 1398
Bartlesville OK 7 4 00 3

MAY 1978

INTERIM REPORT

Dept, of Transportation

OCT 4 1978

Library

DOCUMENT IS AVAILABLE TO THE U.S. PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

Prepared for

U.S DEPARTMENT OF TRANSPORTATION
NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION

Washington DC 20590



NOTICE

Work reported herein was done under sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse products
or manufacturers. Trade or manufacturers' names appear
herein solely because they are considered essential to
the object of this report.



%
4/

Technical Report Documentation Page

1 . Report N o.

HS-803 328

2. Government Accession No. 3. Recipient s Catalog No.

4. Title ond Subtitle

PERFORMANCE CHARACTERISTICS OF AUTOMOTIVE ENGINES
IN THE UNITED STATES
First Series - Report No. 18

1976 Ford 400 CID (6.6 Liters), ?y

5. Report Date

May 1978
6 Performing Orgonizot>on Code

8. Performing Orgonizotion Report Nc.

DOT-TSC-NHTSA-78-12
BERC/OP-77/52

7. Author's'

W. F. Marshall and K. R. Stamper

9. Performing Orgamzotion Name and Address

U.S. Department of Energy*
Bartlesville Energy Research Center
P.0. Box 1398
Bartlesville OK 74003

10. Work Unit No (TRAIS)

HS827/R8402
11. Controct or Grant No

RA-75-10
13. Type of Report ond Period Covered

Interim Report
August 1977

12. Sponsoring Agency Nome and Address

j

U.S. Department of Transportation
National Highway Traffic Safety Administration
Office of Research and Development

i
Office of Passenger Vehicle .Research
Technology Assessment Division
Washington DC 20590

14 Sponsoring Agency Code

15 Supplementary Notfs
U.S. Department of Transportation

*Interagency agreement with: Transportation Systems Center
Kendall Square
Cambridge MA 02147

16 Abstroc*

Experimental data were obtained in dynamometer tests of a 1976 Ford 400 CID, 2V
engine to determine fuel consumption and emissions (hydrocarbon, carbon monoxide,J 3 3

oxides of nitrogen) at steady-state engine-operating modes. The objective of the
program is to obtain engine performance data for estimating emissions and fuel
economy for varied engine service and duty. The intent of the work is to provide
basic engine characteristic data required as input for engineering calculations
involving ground transportation.

Dept, of Transportation

Library

17. Key Words

Fuel Economy
Auto Emissions

18. Distribution Stotement

DOCUMENT IS AVAILABLE TO THE U.S. PUBLICTHROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD
VIRGINIA 22161

19. Security Classif. (of this report) 20. Security Classif. (of this poge) 21 • No. of P oges 22. Price

Unclassified Unclassif ied
56

- J

Form DOT F 1700.7 (8-72) Reproduction of completed poge (authorized





PREFACE

This report, prepared by the U.S. Department of Energy,

Bartlesville Energy Research Center, for the U.S. Department of

Transportation, Transportation Systems Center, Energy Technology

Branch, Cambridge MA, presents results of experimental work to

obtain information on performance characteristics of an engine

used in automobiles sold in the U.S. The engine used in this work

is one of a series of 23 engines to be tested in the current

program. This is the eighteenth of the reports to be published

covering work with those engines.

This project is funded by the National Highway Traffic

Safety Administration, Office of Research and Development,

Office of Passenger Vehicle Research, Technology Assessment

Division

.

Ralph G. Colello and James A. Kidd, Jr., of the U.S. De-

partment of Transportation, Transportation Systems Center, are

the technical monitors.

i i i
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INTRODUCTION1 .

This report presents data acquired from tests of a 1976 Ford 400 CID,
2V engine. Ford uses this engine in Ford and Mercury full-size vehicles

(Custom, LTD, etc.). The test results are sufficient to establish steady-
state maps for engine performance, fuel consumption, and emission rates
(carbon monoxide, unburned hydrocarbon, and oxides of nitrogen) over the
entire operating range of the engine.

The objective of the program is to provide engine performance data
for estimating emissions and fuel economy for varied engine service and
duty. The intent of this work is to provide basic engine characteristic
data required as input for engineering calculations involving ground
transportati on.

I
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2. ENGINE TEST REPORT

General engine specifications for the Ford 400 CID, 2 V engine are
given in table 1. The engine break-in (table 2) and tests were run
using a single batch of unleaded regular grade gasoline; a fuel analysis
is given in table 3.

The engine break-in and tests were conducted with a new mean-toler-
ance engine mounted on a test stand and coupled to an eddy-current
dynamometer. The engine was complete with the exception of a fan, and

a cooling tower was used in place of the radiator. The engine was
equipped with an alternator, but it was not wired into the engine's elec-

trical system. The operative emission control systems included an

oxidation catalyst, exhaust-gas-recirculation (EGR), and air injection.

The engine was operated at various speeds and loads designed to

approximate road-load conditions over a 45-hour period for break-in (see

table 2). The engine tests began on 25 May, and ended on 17 June

1976, giving a total engine operating time of approximately 110 hours.
The engine was tested while operating at the following steady-state modes

Speeds: 850; 1,000; 1,600; 1,800; 2,200; 2,600; 3,000; 3,500 rpm

Loads: 0, 10, 25, 40, 60, 75, 90, 100 pet of full load
(Repeated at 10, 25, 40, 75, 100 pet of full load for
all speeds except 3,500 rpm)

Idle speed loads: 0, 1.5, 3.0 bhp (Repeated at each condition)

Total number of test modes 70
Total repeats 41

Total number of tests. .Ill .

The following data were recorded at each test point:

Test number
Date
Barometric pressure, mm Hg

Dewpoint, °F

Inlet air temperature, °F

Speed, rpm
Torque, Ib-ft -- BLH strain gage load cell; Daytronics indicator

Fuel rate, Ib/hr -- Fluidyne positive displacement fuel flowmeter

Ignition timing, °BTC
Manifold vacuum, in. Hg

Throttle angle, deg

CO, pet -- Beckman NDIR
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CC»
2 , pet - Beckman NDIR

O2 , pet -- Beckman polarographic detector
HC, ppmG -- Custom-built heated flame ionization detector
NCL, ppm -- Thermo-Electron chemiluminescent detector
Oil temperature, °F

Oil pressure, psig
Coolant temperature, °F

Exhaust temperature, °F

Exhaust pressure, in. H
2O

Intake manifold temperature, °F.

The computed data include absolute humidity (grains per pound dry
air), power (bhp), air-fuel ratio (includes air injection), and emission
rates of carbon monoxide (CO), unburned hydrocarbons (HC), and oxides
of nitrogen (N0 X ) in grams per hour. The following equations were
applied in the computations:

W = exp 12.02
D - 1.4

D + 212/’

. 4348 W .

B - W

P = N x T 1 [736 6^ ft + 460'

5252 B - W 545

0.5

A/F = 4.895
(CO) + 2(C0 2 )

+ 2(0 2 )

(CO) + (C0 2 )
+

HC

TO*

5

'CO + co 2 \

+ ITO^/ + 3. 1 48 ( C0 2 ) [ CO + 3C0
2 /

/ CO + C0 2 \

1 + 0.031 48(C0
2 )

\ CO + 3C0 2 j

The equation for A/F is based on:

Fuel CH
2.099 ,

Water-gas-shift equilibrium constant =
(CO) (h

2
o)

(co
2

) (h
2
j

HC was determined on a raw exhaust, wet basis, all other species
measured on a dry basis.
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Mass CO = I

M
ex H CO

-w
' J0°

453. 59237,

where MW = molecular weight of CO ( =28 .01115),
MW^° = molecular weight of exhaust gas (=28.967),

t. A

w
= correction for water removal = 1 + (|)f

0+C °
2)-

H
2

100

Mass HC = 0.0002207 (F) (A/F + 1) (HC),

Mass NO = 0.0007201 (F) (A/F +1) (NO )X X

_1 + 0.03148(C0
2

) l CO + 3C0
2

yf_

(

CO + CO

where is the humidity correction factor (dimensionless).

K
H 1

where

0.0047 (H - 75T
’

A/F = air-fuel ratio

B = barometric pressure, mm Hg

CO = carbon monoxide concentration, pet,

C0
2

= carbon dioxide concentration, pet,

D = intake air dew point, °F

F = fuel rate, Ib/hr

H = humidity, grains H
2
0/lb dry air

HC = unburned hydrocarbon concentration,

= humidity correction factor

N = engine speed, rpm

NO = nitrogen oxides concentration, ppm,
X

0
2

= oxygen concentration, pet, vol

vol

vol

ppmC,- vol

vol
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P = corrected power, brake horsepower

t = intake air temperature, °F

T = torque, ft-lb

W = water vapor pressure, mm Hg.
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3. DISCUSSION OF TEST RESULTS

Engine performance at wide-open-throttle (WOT) showed that the

peak torque and brake horsepower values produced by the test engine
(figure 1) were slightly in excess of those figures quoted in table 1.

The brake specific fuel consumption at WOT showed some variability,
possibly due to slight fuel metering inaccuracy. Air-fuel ratio was
found to be repeatable over the entire operating range of the engine
(figure 2). The values for air-fuel ratio, however, do not reflect the
actual stoichiometry in the combustion chamber due to the influence of
the air-injection system. Fuel consumption rates at engine speeds below
2,600 rpm show a typical dependence on power output (figure 3). At

engine speed above 2,600 rpm and above power output levels of 75 pet of

full load the rate of change of fuel consumption with power output be-

comes smaller. Emissions of HC and CO were maintained at low levels
except near WOT conditions and also near no-load conditions for some
engine speeds (figures 4 and 5). Maximum levels of N0X emissions occur
typically at 90 to 100 pet of full load for each engine speed (figure 6).

The repeatability of emission rates, fuel consumption, and per-

formance data are satisfactory for the purposes of this test.
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4. CONCLUSIONS

The purpose of the experimental work here is to establish data for
this engine. Those data are presented in the tables accompanying this
report.



TABLE 1. GENERAL ENGINE SPECIFICATIONS

Displacement 400 cu. in.

Maximum brake horsepower* 165 hp 0 3,500 rpm
Maximum torque*... 329 ft-lb @ 1 ,800 rpm
Bore and stroke 4.00 in. x 4.00 in.

Configuration 90° V 8 cylinders
Compression ratio 8.0
Firing order 1 -3-7-2-6-5-4-8
Ignition timing at idle speed** 12° BTC @ 650 rpm
Block material.. Cast iron
Head material Cast iron
Number of crankshaft mainbearings 5

Number of compression rings/piston 2

Number of oil rings/piston 1

Cam drive Chain

Valve lift:

Intake 0.428 in.

Exhaust 0.433 in.

Valve port size:
Intake. 2.04 in.

Exhaust 1.65 in.

Valve timing:
Intake, opens 17° BTC
Intake, closes 59° ABC
Exhaust, opens 65° BBC
Exhaust, closes 27° ATC

Spark plug gap 0.044 in.

Distributor specifications:
Centrifugal advance begins* 1° @ 500 rpm
Centrifugal advance, intermediate+ .

Centrifugal advance, intermediate*.
Centrifugal advance, full* 14

Vacuum advance, begins* 0°

4.5° @ 650 rpm
8.375° 0 1 ,500 rpm

@ 2,500 rpm

0 3 in. Hg

Vacuum advance, maximum+ 15-1/2 @ 11-1/2 in. Hg

Exhaust gas reci rculation system:
Valve type Tapered stem
Control signal Manifold and venturi vacuum
Point of discharge.... EGR spacer

Crankcase emission control:
Control method..... Positive crankcase ventilation
Point of discharge Air cleaner

Carburetor type 2V downdraft

* Average estimated net (SAE J-245).
**Vacuum advance disconnected and plugged.
+ Distributor degrees at distributor rpm.
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TABLE 2. ENGINE BREAK-IN SCHEDULE

Simulated Vehicle
Speed, mph

Engine Speed,
rpm

Manifold Vacuum,
in. Hg

Fraction of
Time in Mode

0 550 17.75 1/10
20 900 19.5

II

30 1 ,150 16.5
II

40 1 ,550 16
II

50 1 ,900 14.25
II

60 2,250 12.25
II

25 1 ,050 17.75
II

35 1 ,400 16.25
II

45 1 ,700 16
II

55 2,100 12.75
II

Mileage per cycle = 90 miles.

Total mileage accumlated over the 45-hour break-in period = 1,620 miles.

TABLE 3. FUEL SPECIFICATIONS

Fuel No 7602

Research octane No 91.5

Motor octane No 83.8

Reid vapor pressure, psig 11.9

Distillation, °F:

10 pet 134

50 pet 214

95 pet 388

100 pet 418

API gravity, deg 6/.0

FIA analysis, pet:

Aromatics • • • 11

Olefins 16

Paraffins 73

Sulfur, pet 0.024

Lead, g/gal Trace

Hydroqen/carbon atomic ratio 2.09

Specific gravity 0.7126

9



BSFC
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1

b/hp-hr

CORRECTED

BRAKE

HP

ENGINE, rpm

FIGURE 1. Brake Specific Fuel Consumption, Torque
and Brake Horsepower versus Engine rpm
at Wide-Open-Throttle—400-CID Ford
Engine.
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AIR-FUEL

RATIO

POWER, bhp

FIGURE 2. Air/Fuel Ratio versus Power at Various Speed
and Load Condi ti ons--400-CID Ford Engine.
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FUEL

RATE,

lb/hour

FIGURE 3. Fuel Rate versus Power at Various Speed
and Load Condi tions--400-CID Ford Engine.
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CARBON

MONOXIDE,

grans/hour

POWER, bhp

FIGURE 4. Carbon Monoxide Emissions versus Power at
Various Speed and Load Condi tions--
400-CID Ford Engine.
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POWER, bhp

FIGURE 5. Hydrocarbon Emissions versus Power at Various
Speed and Load Condi tions--400 CID Ford Engine.
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OXIDES

OF

NITROGEN,

grams/hour

POWER, bhp

FIGURE 6. Oxides of Nitrogen Emissions versus Power at
Various Speed and Load Condi tions— 400-CID
Ford Engine.
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