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EXECUTIVE SUMMARY

This report describes dynamometer tests which simulated conditions found in
a general aviation aircraft's fuel system. In these tests, automobile gasoline was
tested and compared with aviation gasoline. The tendency for wvapor lock and
detonation was measured as a function of gasoline grade, Reid Vapor Pressure, and
the age of the fuel. The most significant observations from these tests are as
follows:

1. The fuel temperature at which vapor lock testing is conducted is critical.
The wmost severe case of vapor lock with autogas occurs when the tank temperature
lies between 100 and 110 degrees Fahrenheit (38 to 43° C). It is interesting to
note that this temperature range is above the initial beoiling point of the fuels
tested.

2 For this fuel system, the onset of wapor lock depended on the fuel flow
rate. The occurrence of percolation in the system implies that the fuel system
design can also have an effect. This needs to be investigated further.

3. The engine cooling air temperature did not have a significant effect on the
tendency to vapor lock, but flight tests for certification should be conducted on
as hot a day as possible to minimize cooling the fuel in the tanks.

4, Whenever the fuel temperature in rthe system exceeds the initial boiling
point of the fuel, there is vapor in the system. This vapor aftfects both the fuel
flow meter and the fuel pressure. For a gravity feed fuel system such as 1s found
on the Cl72, either fuel flow or fuel pressure would be a useful indicator of the
onset of vapor lock.

5. The engine used during these tests was a Lycoming 0-320, designed to operate
on 91/96 octane avgas. All the autogas samples tested with this engine detonated
to some extent. The Motor Uctane Number for a particular sample is more useful in
predicting detonation than the Research Octane Number.

6. Carburetor foaming occurs when operating at low power settings with relatively
cool autogas. For this engine, it did not cause an operational problem, but it
deserves further investigation.

¥ For this fuel system, there was a slight material compatibility problem
with autogas. The o-rings in the fuel selector valve would swell when the engine
was shut down on autogas.

G Ihe horsepower does not vary significantly between avgas and autogas unless
detonation is occurring.

9. Detonation could not be induced in this engine when operating with J00LL
avgas. Likewise, vapor lock could not be induced when testing with l100LL avgas in
this fuel system.



INTRODUCTTION

The Experimental Aircraft Association (EAA) and other organizations have actively
pursued obtaining Supplemental Type Certificates (STC's) which allow the use of
automobile gasoline (autogas) in low compression aircraft engines. Typically, the
aircraft which qualify for these STC's are older aircraft whose engines were
originally certified for 80 octane aviation gasoline. The driving force behind
these S5TC's is the reduced availability of 80 octane aviation gasoline and the
large price difference between aviation gasoline (avgas) and autogas.

As the price differential between avgas and autogas grows, there is increasing
pressure to substitute autogas for other grades of avgas, This raises a number of
questions which need to be answered. The broader distribution of constituents in
autogas, when compared with avgas, tends to increase the Reid Vapor Pressure (RVP)
of the fuel which in turn adversely affects the amount of vapor formed in the
aircraft fuel system. The lower initial boiling point assoclated with autogas
means that vapor will be formed at lower temperatures than with avgas and the use
of 110 degrees Fahrenheit (°F) during certification of aircraft may not apply when
certifying an aircraft to Federal Aviation Regulation 23.96] with autopgas. The
octane rating techniques differ between avgas and autogas and the ratings typically
associated with autogas may not apply to aircraft engines. As the fuel ages
(sours), autogas will lose a greater percentage of its constituents than avgas and
there is the possibility that this loss will adversely affect rthe octane rating.

The Central and New England Regions of the Federal Aviation Administration (FAA),
who are responsible for the certification of general aviation aircraft and their
engines, requested a program be initiated at the FAA Technical Center which would
address these concerns. This report discusses the program and its results.

BACKGROUND.

The typical performance profile for an aircraft engine is substantially different
than the typical performance profile of an automobile engine. At cruise speeds
an automobile engine will operate betwsen 10 and 30 perceat of its rated horse-
power. An aircraft engine will operate between 50 and 75 percent of its rated
power during normal cruise conditions. During takeoff and climb an aircraft engine
will be operating at its maximum rated power (less the performance loss due to the
prevailing pressure altitude) for extended periods of time. Even during accelera-
tion, it is unusual for an automobile engine to operate at its rated horsepower.
Tne operating temperatures of an aircraft engine are higher than those of an
automobile engine and the higher the operating temperature the greater the tendency
for detonation to occur. Also, the greater the power, the greater the tendency for
detonation te occur. This explains in part why there are different procedures for
determining the octane rating of autogas when compared to avgas.

There are three different octane rating techniques of interest to this program: the
Research Method, American Society of Testing and Materials (ASTM) standard D-2699;
the Motor Method, ASTM standard D-2700, and the Aviation Supercharge method,
ASTM D-909. The principle difference between the methods involves changes in the
operating speed and temperature to reflect the operating environment to which the
fuel will be exposed. The Research Octane Number (RON) is generally applicable to
engines which are subject to relatively light duty cycles, where as the Motor
Octane Number (MON) (which is related to Aviation Lean Octane Number) is applicable
to engines which are subject to heavy or severe duty cycles. The Aviation Super-
charge Octane Number is meant for heavy duty applications where the fuel-to-air

1



ratio is kept rich to help suppress detonation. Table 1 outlines some of the key
differences between the techniques. For more detail refer to the appropriate ASTM
standards.

TABLE 1. SOME DIFFERENCES BETWEEN THE VARLOUS ASTM OCTANE RATING STANDARDS

Aviation

Supercharge Research Motor
Test Variable Method Method Method
Engine speed (RPM) 1800 600 900
Timing (deg BTDC) 45 13 variable
0il Temperature (degF) 165 135 135
Coolant Temperature (degF) 375 212 212
Air Temperature (degF) 125 83 (initial) 100
Manifold or Mixture Temperature 225 N/A ' 300

(degF)

Fuel System Injected -— Carburetor —-
Key Variable Manifold -— Compression Ratio ~-

Pressure

Gasolines are intended to be volatile and the Reid Vapor Pressure (RBVP) 15 a
general measure of the volatility of a fuel. Essentially, the RVP 1s the vapor
pressure of the fuel at 100° F and it can be interpreted as an indicator of Che
amount of vapor a fuel will generate when it is heated in the fuel system. An
aircraft not only has higher operating temperatures, it also operates at reduced
atmospheric pressures when at altitude. Both of these factors aggravate the
formation of vapor. This explains why the maximum RVP allowed for aviation fuels
is lower than for autogas. The maximum RVP for avgas is 7.0 psi. The maximum RVP
for autogas varies with the season. Class E fuels (winter grades) are allowed
to reach 15 psi, whereas class A fuels, which are sold in the Southwest during the
summer, may have a maximum RVP of 9.0 psi. Summer fuels in New Jersey are class C
fuels (11.5 psi maximum).

The longer the fuel remains in vented tanks, the more likely the fuel will lose the
more volatile components. The loss of the more volatile components may alter Che
octane rating of the fuel. In addition, the more heavy ends (higher molecular
welght and, cooversely, higher boiling point) the greater the tendency to form
gum deposits as the fuel sits in the tank. A typical aircraft will be operated
about once a week, whereas a typical car is operated at least once a day. As a
consequence, fuel tends to sit in general aviationm aircraft for longer periods of
time than in an automobile. The distillation procedure described in ASTM D-86 is a
rough measure of the distribution of components found in the fuel. During a
distillation, the operator measures the temperature reached as a given percentage



of the fuel 1is collected from the condenser, (Typical distillation curves for
avgas and autogas are found in figure 1.) For this reason, avgas has a narrower
distribution of constituents than autogas and this is reflected in the distillation
curve .

With the drive towards using automobile gasolinme in general aviation aircraft,
certification procedures need to be evaluated to 1insure the necessary margin of
safety. This program studied the effect of changes in RVP and octane rating on the
tendency to vapor lock and detonate in a Lycoming 0-320 engine mounted on the
Technical Center's dynamometer.

TEST APPARATUS

The vapor lock and detonation tests were conducted using the Technical Center's
dynamometer. A Lycoming 0-320 is mounted on the dynamometer and fuel is supplied
to the 0-320 through a Cessna 172 fuel system. Figure 2 shows the general location
of the principle components.

The Cessna fuel system is mounted in the same location relative to the engine as is
found om the C€-172 installation. The tanks were modified to incorporate heat
exchangers for regulating the temperature of the test fuel. The heat exchangers
consist of approximately 20 feet of 3/8-inch copper tubing laid out in a regular
pattern across the bottom and inside of each tank, Separate controllers regulate
the supply of water to each heat exchanger in order to either heat or cool the fuel
as 1s required for the particular run. The fuel lines to the engine are wrapped
with electrical heating tape and the temperature of individual segments are regula-
ted with automatic controllers, With this system, vapor lock studies were conduc-
ted with hot fuel in one tank while cool fuel is available in the other tank, so
that a recovery can be made without restarting the engine should vapor lock occcur.

The Lycoming engine is similar to the 0-320 found in a Cessna 172 but it is not an
airworthy engine and it does not match an existing model designation. The engine
has an 8.5:1 compression ratio; it is carbureted and it was designed to operate on

91/96 avgas (which is no longer available). The engine cooling air is regulated to
provide the desired temperature and pressure and it i1s supplied through a test cell
cooling hood. The o1l temperature is automatically maintained at the desired

temperature and the temperature and humidity of the carburetor inlet air is regula-
ted using two window air-conditioners and a heat exchanger which is mounted on the
exhaust stack. The engine speed and the torque developed are measured and recorded
automatically. The fuel consumption of the engine is measured using a Fuelgard”
system similar to those used in airworthy aircraft,

The engine is equipped with a Lycoming Detonation Analyzer which coansists of
vibration pickups mounted on each cylinder and electronics, which allows one to
look at the compression stroke for the cylinder selected. As the operating condi-—
tions approach those conducive to detonation, the amplitude of the signal
increases. When detonation occurs, the region of high amplitude vibration 1is
fairly wide and the oscilloscope screen appears to "flash." The number of flashes
coincides with the number of times that cylinder detonates. Typically, detonation
is reported as the number of flashes per minute.
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FIGUKE 2. GENERAL LOCATION OF THE PRINCIPAL DYNAMOMETER COMPONENTS

The dynamometer allows regulation of either the engine speed or the load on the
engine. The specific load or speed conditions can be manually entered or varied
using a computer and the appropriate interface cards. The dynamometer can handle
engine speeds up to 5000 RPM and engines of up to 500 horsepower. The throttle
position and the mixture position are integrated into the dynamometer controls and
are recorded automatically.

Table 2 lists the data which is recorded on an automatic data acquisition system.
During a typical run the data are recorded every fifteen seconds, though the data
acquisition system can handle a scan rate of less than a second to several hours.
The operator has the ability to trigger an event marker which is recorded along
with the other parameters. The detonation data is recorded separately, since
it requires some judgement on the part of the operator.

The RVP and distillation tests are conducted at the Technical Center using the
procedures and equipment specified in the appropriate ASTM specifications. The
octane measurements and selected RVP tests were conducted at Sun Refining and
Marketing, Marcus Hook, Pennsylvania, under contract to the Technical Center.

(%3]



TABLE 2. DATA WHICH ARE RECORDED ON THE AUTOMATIC DATA ACQUISITION SYSTEM

Description Units
Engine torque ft—-1bs
Engine speed RPM
Manifold pressure inHg (absolute)
Engine cooling air inH50
Fuel pressure inH;0
01l pressure psig
Event marker, operator triggered VDC
Fuel flow gph
Throttle position percent
Mixture position percent
Tank in use indicator vDC
Carburetor supply air dew point deg C
#1 cylinder head temperature deg C
#2 cylinder head temperature deg C
#3 cylinder head temperature deg C
#4 cylinder head temperature deg C
Fuel temperature, top of avgas tank deg C
Fuel temperature, bottom of avgas tank deg C
Fuel temperature, top of autogas tank deg C
Fuel temperature, bottom of autogas tank deg C
Fuel temperature, avgas line deg C
Fuel temperature, autogas line deg C
Fuel temperature, sediment bowl deg C
Fuel temperature, carburetor bowl deg C
01l temperature deg C
Air temperature, carburetor inlet deg C
Alr temperature, upstream of carburetor deg C
Cooling air temperature deg C
Air temperature in carburetor area deg C
Carburetor supply air temperature deg C
#1 exhaust gas temperature deg C
#2 exhaust gas temperature deg C
#3 exhaust gas temperature deg C
# exhaust gas temperature deg C
Ambient air temperature deg C



TEST PROCEDURES

The test procedures for the various types of test are listed below. Appendices A,
B, and C contain the checklists used prior to each run.

BASELINE TESTS: The baseline performance tests were conducted as follows.

a. Fuel the tanks with avgas, draw a sample and measure the RVP and distilla-
tion curve.

b. Start the engine and allow the o©il to rise to operating temperature.
Conduct a magneto check, then set the engine cooling air temperature and pressure

so that the cylinder head temperatures are in the normal operating range (175% to
200° C or 350" to 400° F).

¢. Set the dynamometer to the speed control mode and select an engine speed
of 200U RPM and a manifold pressure of 20 inHg. If necessary, set the mixture to
full rich.

d. Allow conditions to stabilize, then take a reading manually,

e. Increase (or decrease as appropriate) the manifold pressure in steps of
2 1inHg to cover the full range of manifold pressures. Repeat step d for each

manifold pressure selected.

f. Increase the engine speed in steps of 100 RPM to cover the range of engine
speeds through 2700 RPM. Repeat steps d and e for each engine speed.

g. Gradually reduce the power and allow the engine to cool. Perform a
magneto check and shut the engine down using the mixture control.

VAPOR LOCK TESTS: The vapor lock tests were conducted in the following manner.

1. Fuel the tanks with the proper test fuel; draw a sample and test the RVP
and distillation. Select the desired initial tank temperature and turn the tank
heaters on. Allow the fuel in the tank to rise to operating temperature. Draw a

sample and measure the RVP.

2, Start the engine and allow the oil to rise to operating temperature.
Perform a magneto check. Make sure the engine cooling air temperature and pressure
are set to the desired point.

3. Set the engine speed and manifold pressure to obtain a fuel flow rate of
2.5 gph. Allow conditions to stabilize; observe for signs of vapor lock.

4. 1f vapor lock does not occur, turn the appropriate line heaters on to a
setting of 150° F (the line heaters are proportional relative to the temperature of
the outside wall of the fuel lines; the inside wall never reaches this tempera-
ture). Observe for signs of vapor lock.



5. When or if vapor lock does occur, switch te the other tank; trigger the
event marker and note the temperature in the fuel lines, the sediment bowl, and the
carburetor bowl. As conditions stabilize, turn the line heaters off and return to
the original tank in use.

6. Change the manifold pressure and engine speed to increase the fuel flow in
increments of 2.5 gallons per hour (gph) until maximum power (usually 13.5 gph).
Allow conditions to stabilize; observe for signs of vapor lock and repeat steps 4
and 5 as necessary.

7. Once again set the fuel flow to 2.5 gph. Repeat steps 3 through 5. Make
note of any signifiecant changes that occurred between the initial data point and
this final data point.

8. Reduce the power and allow the engine to cool. Perform a magneto check
then shut the engine down by setting the mixture control te Full lean.

9. Draw a sample of gasoline from the tank in use and measure the RVP and the
distillation curve if a drop of more than 3 psi is measured between the initial
RVP and the posttest RVP.

10. Prepare a time history plot of the various fuel system temperatures and
look for the point where the individual temperature begins to rise abruptly. This
coincides with the onset of vapor lock, Compare this temperature with the onset of
vapor lock for fuels with different Reid Vapor Pressures and initial tank tempera-
tures.

DETONATION SURVEYS: The onset of detonation was measured as follows:

i. Fuel the tank with the test fuel. Draw a sample and measure the RVP, the
distillation curve, and, as appropriate, the octane rating using the research and
motor methods,

ii. Start the engine and allow the oil to reach normal operating rtemperature.
Perform a magneto check and set the cowling air temperature and pressure to obtain
cylinder head temperatures at or above the maximum limir (525° F).

iil. Set the mixture to full rich if necessary; increase the engine speed to
2300 RFM and set the manifold pressure to 20 inHg. Allow conditions to stabilize.
Ubserve for signs of detonarion.

NOTE: Whenever detonation occurs, trigger the event marker and make a note of the
number of flashes per minute detected on the Lycoming detonation analyzer. DO NOT
OPERATE AT SETTINGS WHICH RESULT IN DETONATION FOR EXTENDED PERIODS OF TIME.

iv. If no detonation occurs, reduce the fuel fuel flow in steps of 5 percent;

allowing conditions to stabilize between reductions in fuel flow. Repeat until
detonation or lean misfire occurs.

v. Reset the mixture to full rich and increase manifold pressure in incre-
ments of 2 inHg until full throttle. Repeat steps iii and iv for each setting
selected.



o, Increase the engine speed in steps of 100 RPM up to 2700 RPM. Repeat
steps 11i, iv and v for each setting selected.

7. Reduce the power setting and allow the engine Lo cool. Perform a magneto
check and shut the engine down using the mixture control.

HORSEPOWER CORRECTION COMPUTATIONS: The horsepower measured will vary from day to
day depending on the atmospheric pressure and the temperature of the air reaching
the carburetor inlet. To make wvalid comparisons, the horsepower 1s corrected to
what would be expected at standard atmospheric temperature and pressure, The
computations were performed using equations found in the July 1979 edition of the
Pratt and Whitney Aeronautical Vest Pocket Handbook.

The calculated horsepower is determined from the torque and engine speed using the
following relationship:
RPM x Torque

hp = 5252

where the torque is in ft-lbs.

The expected horsepower for standard sea level conditions 1is approximated by the
following relationship:

hp x 0.9

hp . _
slo= 0% = 6.1

where the air demsity ratio (ADR) is determined from the ambient atmospheric
conditions using:

ADR = 17.336 Pamb/Tamb

where P,u is in inHg absolute and Typp is in degrees Rankine.

SUMMARY OF RESULTS

BASELINE TESTS - AVGAS.

A series of tests were conducted to establish operating proficiency and familiarity
with the engine's behavior. These tests were conducted with 100LL avgas, which had
a Reid vapor pressure (RVP) of 5.3 psi and an initial boiling point (IBP) of 42° C.

The first test determined which cylinders had the leanest fuel-to—air ratio. This
information is useful in predicting which cylinder would detonate first and it
provided a feel for the fuel consumption at a given power setting. Since the
individual exhaust gas temperature (EGT) probes had a different response in the
same exhaust stack, i.e., for the same power setting one probe would comsistently
yield higher EGT readings, the leanest cylinder was determined by looking at EGT
crossover instead of peak EGT. As the mixture is leaned, the EGT will rise until
the cylinder is operating with a stoichiometric fuel-to-air ratio. As the mixture
is leaned further, the EGT drops until lean misfire occurs,



Figure 3JA shows the individual EGT traces as the mixture was leaned from full rich
to six gph. The power setting was 25 inHg manifold pressure at 2,500 RPM for this
part of the test. The fuel flow is shown in figure 3B. Figure 3C shows the calcu-
lated horsepower that was developed during this sequence. As can be seen, both the
number one and number two cylinders experienced lean crossover as the flow was
reduced to 8 gph and the number two cylinder suffered from lean misfire when an
attempt was made to reduce the fuel flow from 7 to 6 gph. This sequence was
repeated for several different combinations of engine speed and manifold pressure
and the number two cylinder consistently behaved as though it had the leanest
mixture with the number one cylinder having the second leanest fuel-to-air ratio.

An attempt was made to induce vapor lock with the same sample of avgas as was used
above. The fuel in the tank was heated to 43° C (110° F) and the engine was
allowed to stabilize in this configuration. The line heaters were then turned on
and the system temperatures were monitored. This sequence of events was Lerminated
when the sediment bowl temperature reached 75° C (167" F), not because the engine
vapor locked. BSee figure 4 for a time history of the fuel system temperatures, the
fuel pressure, and the fuel flow readings.

During this sequence, the fuel flow became erratic as the sediment bowl Lemperature
exceeded the initial boiling point of the fuel and it remained erratic as the run
continued. This is significant since the sediment bowl is just upstream of the
fuel flow transducer and the temperature of the fuel in the sediment bowl is the
same as the temperature of the fuel in the tramsducer. At the conclusion of this
test, cool fuel was introduced by switching the tank in use and the fuel flow
returned to normal. The wvapor that was Fformed not only disturbed the fuel flow
transducer but it started a percolation sequence which raised the temperature in
the tank an additional 53° C. The percolation in the fuel lines dramatically
affected the fuel pressure with readings anywhere from zero to 35 inH,0 observed.
The normal reading was about 24 inH;0. This implies that either technigque would
provide an indication of the onset of vapor formation long before vapor lock
occurred.

An attempt was made to induce detonation while using the same batch of LOOLL avgas
as was used in the two tasks above. It was unsuccessful even though the cylinder
head temperatures (CHT's) and the oil temperature were at the limits for this
engine, the carburetor inlet air temperature was above 100° F and the power and
mixture controls were adjusted to obtain the most severe condition possible. This
was expected since the engine was designed to operate on 91/96 octane avgas.

Two runs were conducted in order to establish a performance table and to see if
there were any differences in the power output as the fuel supply variables were
altered. These tests were run using a fresh batch of Gulf 100LL avgas purchased
from the fixed base operator at Atlantic City International Airport. During this
sequence, the power settings were varied from normal cruise to takeoff power.

Figure 5 shows the data from the first of these runs. In figure 54, the engine
speed and manifold pressure are shown and figure 5B shows the calculated and
corrected horsepower. The ambient pressure was 30.47 inHg and the ambient tempera-
ture varied from 15° to 18° C (59° to 65° F). The cylinder head temperatures were
waintained at 177° € (350° F); the oil temperature was maintained at 82° C (180° F)
and the temperature of the carburetor inlet air was used to calculate the corrected
horsepower. No significant differences in the horsepower developed were measured
as a consequence of running on either hot or cool avgas. In addition, there were
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no significant variations in fuel pressure or fuel flow as a consequence of
operating the engine on either fuel tank.

Figure 6 shows the horsepower as a function of both manifold pressure and engine
speed for this engine and figure 7 shows the corresponding fuel flow with the
mixture in the full rich position. The brake specific fuel consumption was calcu-
lated for these settings (see table 3) and the values are in the normal range for
this engine. The full throttle curve in figure 6 collapses onto the 28 inHg curve.
This is a consequence of the ducting losses which occur im this installation. The
discontinuity in figure 7 for the full throttle curve is due to the power enrich-
ment valve becoming operaticonal.

TABLE 3. BRAKE SPECIFIC FUEL CONSUMPTION FOR VARIOUS
MANIFOLD PRESSURES AND ENGINE SPEEDS

(Mixture at full rich; the brake specific fuel consumption is in lbm/hp—hr)

Manifold
Pressure Engine Speed — RPM
inHg 2000 2100 2200 2300 2400 2500 2600 2700

20 0.57 0.59 0.56 0.56 0.58 0.56 0:.55 0.57
22 .53 0.52 0.53 04558 .55 0.54 0. 54 0.54
24 0.51 0.51 0.53 0.52 0.53 0.53 0. 54 0.54
26 0.51 0.51 0.53 0.53 0..33 Q.52 0. 54 0.54
28 0.52 Q.53 0.52 0.52 0.58 e — S
FT* 0.54 0.53 0.53 0.52 0.58 0.57 0.54 0.55

*FT 1s the full throttle condition.

Figure 8 shows the torque as a function of engine speed and manifold pressure. As
can be seen, the torque is higher at lower engine speeds for the same manifold
pressure. This means the brake mean effective pressure (BMEP) is higher at lower
engine speeds. Since detonation is more probable, the higher the BMEP (all else
considered), it is important that an aircraft engine with a variable pitch propel-
ler not be operated at full throttle with the propeller set at coarse pitch (lower
engine speeds).

An abbreviated version of the above run was conducted later that day. The results

of this test (see figure 9) show that the system is stable and repeatable results
can be obtained, given the same operating conditions.
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VAPOR LOCK TESTS - AUTOGAS.

Seven fuels were tested for vapor lock. Six of these fuels were gasolines pur-
chased from retailers in the wicinity of the FAA Technical Center and the seventh
was a special blend of leaded automobile gasoline. Three of the commercial
gasolines were unleaded regular gasolines and the remaining three were were
unleaded premium gasolines. Four of the six commercial gasolines were volatility
class E fuels (winter blends) and two were volatility class D fuels (one a regular
unleaded and one a premium unleaded). The six commercial fuels were sent to Sun
Refining and Marketing Company in Marcus Hook, Pennsylvaina, to be tested for the
Research and the Motor Octane Numbers and the RVP. The RON and MON values were
used in conjunction with the detonation studies conducted along with the vapor lock
studies and the RVP's were used as a cross check for the values obtained at the
Technical Center. The results of these tests are listed in table 4. 1t 1is
interesting to note that there was not a significant difference in the RVP between
the two classes of fuel.

TABLE 4. PROPERTIES OF THE AUTOMOBILE GASOLINES TESTED
BY SUN REFINING AND MARKETING COMPANY

Tech Center Sun Refining and Marketing Data
Fuel Volatility 1BP RVP RVP RVP RON MON R+M/2
1D Class (degC) (psi) (psi)  (psi) . )

HPU E 25 12.2 127 12,8 97.9 87.0 92.5
HRU E 25 12.4 13.3 13.3 91.6 83.5 87.5
CPU E 25 13.3 13.6 N/A 96.4 87.5 92.2
CRU E 26 11.8 131 N/A 91.4 43.2 87.3
EPU D 26 12.7 12.5 126 98.0 86.9 92.5
ERU D 25 14.1 14.0 14.0 94.0 B82.5 88.3
SBL = 30 13.6 o= - - - -

A special blend of leaded gasoline was prepared for the Technical Center approxi-
mately two years prior to being tested (sample SBL in table 4). This fuel origi-
nally had a RVP of 15 psi and it was stored in a sealed drum. When the fuel was
first used, the RVP had decayed to 13.6 psi and the RVP continued to decay for the
subsequent runs. Originally this fuel was used to develop expertise when conducting
the tests, but since the data i1s consistent with the following rums, it is included
ln this report.

The RVP and the distillation was measured prior to each test and a sample was
tested after the test to measure any changes in the RVP and distillation. For the
most part, the changes were insignificant and they were masked by the normal
variation in the respective tests. The only exception was the special blend of
leaded gasoline and because of the age of the fuel, the data from these tests were
inconclusive. However, they do imply that once the RVP begins to decay, the decay
is rapid. An attempt was made to correlate either the initial boiling point of the
fuel or temperature at which a certain percent of the fuel was distilled with the
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fuel temperature at which vapor locked occurred. These results were also inconclu-
sive. The pre- and post-test RVP's can be found in appendix D as can the initial
boiling points of the fuel.

For each test, the fuel was placed in the C-172 fuel tanks and heated to the
desired temperature. For this program the range of temperatures was from 21° C
(70° F) to 49° C (120° F). The range of initial tank temperatures can be found in
appendix D. Typically, a fuel would be tested with a 21, 32, and 43° C (70, 90,
and 110° F) initial tank temperature and if sufficient sample remained, it would be
tested with either an 27, 38, or 49° C (80, 100, or 120° F) imitial tank tempera-—
ture. Two fuels were tested with the tank temperature set at their initial boiling
point.

For each tank temperature a fuel was tested at a number of fuel flows. A typical
series would include 2.5, 5.0, 7.5, 10.0, 12.5, 13.5 (full throttle) gph. At the
end of the sequence, one of the above points would be repeated to see if changes
were apparent in either the temperature at which wvapor lock occurred or the period
of time 1t took to reach vapor lock.

With the exception of the 2.5 and 5.0 gph settings, there were no significant
differences between the initial data point and the repeated data point: the tempera-
tures were typically within a couple of degrees of each other; there was no trend
toward higher temperatures at the end of the run and vapor lock occcurred within the
same time frame for both the initial data point and the repeated data point. For
the 2.5 and 5.0 gph settings, fuel would percolate in the fuel system and this
percolation was of a random nature. As best as can be determined, fuel would boil
in the system, the wapor would return to the tank via the Fforward fuel line and
cooler fuel would flow down the fuel line which runs from the rear of the tank.
Under these conditions, vapor lock could occur at a relatively low temperature and
at other times it would not occur at all.

For this fuel system, the occurrence of vapor lock depends on two variables. The
primary variable 1is the initial fuel temperature in the tank and the secondary
variable is the fuel flow rate. As the initial tank temperature increases, the
temperature at which vapor lock occurs increases, On the surface this would imply
that increasing the tank temperature decreases the probability of wvapor lock, but
the opposite is true. Since the fuel is closer to the temperature at which wvapor
lock occurs less heat must be added to the fuel system to induce vapor lock. As
the fuel flow rate is increased two phenomena occur which combine to create a more
severe environment for vapor lock. Viscous losses in the fuel system decrease the
pressure at the lowest point of the system, in this case the sediment bowl, and
more heat is generated causing an increase in the operating temperatures. The
combination of hot fuel and high fuel flows makes the takeoff fuel flow with fuel
at an elevated temperature a severe condition indeed,

There is a limit to how hot the fuel can be made before the loss of the volatile
components begins to lessen the severity of vapor lock. When the fuel is below
it's initial boiling point it is difficult, at best, to add sufficient hear to
cause vapor lock. As the fuel in the tank is heated to the initial boiling point,
it becomes progressively easier to induce vapor lock, but this is by no means the
worse case. As the fuel 1s heated still further, vapor lock begins to occur at the
higher fuel flows without the addition of supplemental heat to the fuel system
(i.e., without turning the electric line heaters on). Typically a tank temperature
of 38 to 43° € (100 to 110° F) was the most severe for this fuel system and the
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fuels tested. When the fuel in the tank is heated to 49° € (120° F, vapor lock is
not as severe as with 32° C (90° F) fuel. This is probably a consequence of the
loss of the more volatile components in the fuel.

It is significant that there is not a large drop in the RVP when a post-test sample
is drawn following a test at 49° C. This phenomena appears to be tied to the
results from a study conducted at the National Institute of Petroleum and Energy
Resources (NIPER). In this study, reference 1, a number of samples were heated in
a sealed tank and allowed to vent for a limited period of time. The RVP was
tracked for these fuels and the results indicated that there would be no signifi-
cant change for the duration studied (up to 24 hours) with the exception of fuels
which had a high RVP and were kept at elevated temperatures. This may also tie in
with the unusually large changes in RVP associated with the 2-year-old special
blend. 1t is possible that a percentage of the volatile components can be lost,
yet enough remain to affect the total vapor pressure of the fuel, As the fuel
continues to age, more of the volatile components are lost until there is an
insufficient amount remaining to affect the vapor pressure and the vapor pressure
begins to fall rapidly. If this is true, then it should be possible to have a fuel
with the same wapor pressure exhibit an entirely different vapor lock behavior.

Two tests were conducted with fuel which had been allowed to age and repeat
tests were conducted with fuel fresh from a sealed container. One of these
tests used the special blend of leaded autogas (SBL in appendix D) and the other
was conducted using a regular unleaded gasoline (HRU in appendix D). The tests
using the SBL sample were conducted at 43° C and the tests with the HRU sample were
conducted at 49° C. In both cases, the sample which was allowed to age overnight
exhibited a less severe vapor lock behavior than the samples which were heated then
tested immediately. The SBL sample which had already been aged showed a small but
significant drop in RVP but the HRU sample did not. In light of these results, it
is imperative that the fuel used for vapor lock studies be as fresh as possible.

The RVP for the two class D fuels (ERU and EPU in appendix D) were of the same
magnitude as the class E fuels. For both of these fuels, the Technical Center was
unable to induce vapor lock at the 2.5 gph setting. In addition, these fuels would
exhibit all of the symptoms of vapor lock (such as reduced fuel pressure, zero fuel
flows, rising EGT's and rough running) and then recover only to repeat the sequence
until supplemental heat was added. This behavior was in sharp contrast to Cche
class E fuels which would quit once the fuel pressure fell to 5 inHy0 or lower.
Despite these differences, an initial tank temperature of 38° to 43" C was still
the worse case as far as vapor lock was concerned.

It was observed that when the engine began to run rough during the above tests,
advancing the throttle or increasing the engine speed would invariably result in an
engine stoppage. Likewise, setting the mixture to full rich would not improve
engine performance since the fuel flow was being restricted by vapor formation and
not by the mixture adjustment. Reducing the throttle to improve the smoothness of
engine operation would not necessarily result in more power being developed but it
typically did not reduce the power being developed. There is a chance that periods
of extended rough runping would not oeccur in an aircraft since turbulence and
aircraft vibration would probably aggravate vapor formation and result in an engine
stoppage.
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For all of the above runs, the engine cooling air temperature was kept at 38° C
+2° C. To see if the cooling air temperature would have an effect several points
were conducted with the cooling air temperature at 29° C (B5° F). These tests were
not exhaustive but they demonstrated that vapor lock would occur without supplemen—
tal heat being added whenever the fuel in the tank was at 38" to 43° C and the fuel
flows were above 10 gph. Since the engine would run just long enough to exhaust
the supply of fuel in the carburetor bowl at these settings, this result is oot
surprising. An attempt was made to see if there was any difference at other fuel
flow rates and the results were inconclusive.

As the fuel-to-air ratio leans during vapor lock, lean misfire can occur. This is
typically accompanied by loud popping noises as the unburmed fuel is ignited in the
exhaust system. Some observers thought the engine was detonating when this phenom—
ena was first observed. The Technical Center's experience during these runs was
that detonation is not normally observed as the engine leans during vapor lock
unless the fuel would have detonated with the mixture at full rich. Indeed, there
were points where detonation was expected but the fuel-to—air ratio leaned so
rapidly no detonation was observed.

As vapor lock occurs, the EGT rises and this can be a useful indicaror of wapor
lock as long as the limitations of the particular installation are understood. The
EGT system in the Technical Center's installation had too slow a response time to
provide any warning when vapor lock occurred at the higher fuel flow rates. (Note
the general trend for shorter run times as the fuel flow rate increases in figure
10.) Also, there is a chance that the changes observed would be masked by the
scaling of the instrumentation in the aircraft. The display used in these tests
had a digital readout and even small changes were evident. When vapor lock
occurred at the 2.5 gph setting, the engine would continue to rum for well over a
minute (see the 2.5 gph curve in figure 10) and for this condition the EGT provided
a good indication that vapor lock had occurred.

Very small differences in EGT were noticed when switching between avgas and autogas
and a drop of about 5 percent in fuel flow was noted when switching from avgas to
autogas. The EGT changes may be caused by a number of factors such as a change in
the distribution due to volatility changes or changes in the combustion process.
The latter is probably an instrumentation error caused by the difference in the
density between the avgas and the autogas,

As with avgas, large instrumentation errors are evident whenever the fuel in the
system is above it's initial boiling point. This phenomena is aggravated by the
lower LBP and higher RVP typically found in autogas. Figure ll clearly shows this
effect. (The abrupt rise in the line temperature at 9 minutes is caused by switch-
ing on the supplemental heaters.) The IBP for this fuel is 26° € (79" F) and as
the temperature of the sediment bowl, which is directly upstream of the fuel flow
meter, climbs above 26° C, the. fuel flow becomes unreliable due to vapor formation.
Tne fuel pressure also becomes unreliable as vapor displaces the fuel in the

system. In this particular case, the periodiec percolation that was mentioned
earlier is shown by the cyclic rise and fall of the line temperature and the pres-
sure variations. This means the fuel flow indicators currently found in general

aviation aircraft can be used as an early warning device for the omset of vapor
lock. TIndeed some of the service difficulty reports on these systems, where they
are unreliable in flight yet bench check OK, are probably a result of vapor forma-
tion in that particular installation. |
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At this point, one should keep in mind that heating the lines, as was done during
this sequence of tests, would not occur in an aircraft. This was done fo insure
the fuel system would vapor lock and give us a point for comparison. Likewise, a
C-172 fuel system would not normally be operated at takeoff om one tank, but this
procedure enabled the Technical Center to recover from vapor lock without restart-
ing the engine.

There is some evidence that for this particular fuel system, the sediment bowl 1is
where vapor lock actually occurs. In general, the temperatures at vapor lock are
more consistent for the sediment bowl than for either the carburetor bowl or the
line temperature; the fuel pressure and fuel flow indications become erratic when
the temperature of the sediment bowl exceeds the IBP and the sediment bowl is the
lowest point in the system.

There is strong evidence that foaming occurs in the carburetor bowl prior to the
onset of wvapor lock. This was particularly evident when testing fuels with cool
(27° C or cooler) tank temperatures and at low fuel flow rates. As the temperature
in the carburetor bowl inecreased the fuel would begin to boil and the EGT would
begin to drop. Eventually, the power developed would begin to fall but conditions
would not decay to the point of the engine running roughly. The existence of
foaming also supports the notion that wvapor lock occurs in the sediment bowl since
the excess vapor in the carburetor bowl is apparently ingested inte the engine.

DETONATION SURVEYS — AUTOGAS,

All six commercially available fuels were tested for detonation. Samples of these
fuels were then taken and placed in wing tanks set up at the Technical Center,
After the fuel ages, these fuels will be tested at the same points to determine if
there is a significant shift in the octane rating as a consequence of aging.

During these tests, the engine was set at a specific power setting using avgas
before switching to the autogas being tested. The horsepower developed on either
fuel was compared and, unless there was detonation, there was no significant
difference. Light detonation (5 flashes per minute or less) could occur with-
out noticeably affecting either the horsepower, the EGT or the CHT which was
unexpected, Unless the detonation was severe, the EGT, and CHT would show only
slight changes which could go unnoticed if the operator did not expect detonation
was occurring. Not only was light to moderate detonation difficult to detect using
the instrumentation available to most pilots but, even in the test cell environ-
ment, detonation was inaudible unless it was severe. In the nosier aircraft
environment, one could not be expected to detect detonation. As with the onset of
vapor lock, the EGT probes in this installation were slow to respond to onset of
severe detonation.

All six commercially available fuels detonated at one or more power settings,
whereas, the 100OLL avgas used to set the data points did not exhibit a tendency to
detonate. There was one exception, and that particular sample was 2-year-old avgas
that was being used during some maintenance runs early in the program. The Tech-
nical Center was unable to repeat this point and it is inconclusive as to whether
the age of the fuel was the cause of the detonation.

Occasionally during switchover from avgas to autogas, a brief period of detonation
was detected. It appeared to be associated with the mixing of the two fuels. A
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number of samples were prepared where different percentages of avgas were mixed
with a regular unleaded autogas. These samples were tested to determine the octane
rating of the blend and the results are listed in table 5. As can be seen, mixing
avgas and autogas results in a higher octane number than the autogas alone so a
reduction in either octane number is not the cause of detonation. One possible
explanation for this phenomena is maldistribution during the switchover from avgas
to autogas.

TABLE 5. PROPERTIES OF SEVERAL MIXTURES OF AVGAS
IN REGULAR UNLEADED AUTOGAS

Sample Percent RVP RVP

ID Avgas (psi) (psi) RON MON R+M/2
ERU 0 14.0 14.0 94 .0 82.5 88.3
Sl 10 9.0 9.1 96.0 84,3 90.2
SH2 20 8.8 8.8 97.8 87.0 92.4
SM3 33 8.6 8.6 98.0 87.1 92.6
SM5 50 7.9 7.8 100.1 i 95.6

The design of the detonation experiments called for the engine cooling air tempera~
ture to be at 38° C. While testing sample EPU (see figure 12) the boiler in the
cooling air blower failed. A repeat of several of the data points where detonation
had occurred resulted in only incipient detonation. This demonstrated that the
engine cooling air temperature has a significant effect on detonation. 1t was also
observed that the humidity of the carburetor inlet air has an effect on the occur-
rence of detonation.

Figure 12 shows the results of the detonation series as a function of engine speed
and manifold pressure. These figures are arranged in the order of descending MON.
As can be seen there is a strong relationship between the MON and the occurrence of
detonation. The RON is also listed to show that while there is a general trend it
is not as definite as the relatiomship with the MON. This shows that the design of
the different octane tests is applicable to the type of application in which the
fuel will be used. The Aviation Supercharge Octane Number was not determined for
these fuels since it would not normally be available to an individual purchasing
autogas for use in a general aviation aircraft.

There appeared to be a hysteresis effect when doing the detonation series of tests.
Detonation was more likely to occur at a given power setting if it followed a
higher power setting as opposed to a lower power setting. This is probably due to
elevated internal temperatures which are not reflected in either the CHT or oil
temperature, which were monitored to determine if the engine had stabilized at a
given data point prior to switching to autogas. This could explain why, on occa-
sion, the 2400 RPM data points were more severe than for both the 2300 and 2500 RPM
points since the 2400 RPM points were typically the last points conducted during a
run.
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MISCELLANEOUS ~ AUTOGAS.

There was a compatibility problem with autogas in the fuel system used for these
tests. The tank selector used is the same as the selector found in the C-172 but
it is operated remotely with a pneumatic actuator. When a test was terminated on
autogas the seals in the selector valve would swell and the pneumaltic operator was
not strong enough to overcome the additional resistance., ILf the engine was shut
down on avgas following a shutdown on autogas the problem would not occur. There
did not seem to be a correlation with the sample of autogas used and it may not be
a problem for systems which are manually operated.

During the vapor lock tests, a large amount of vapor and fuel would be wvented.
This occurred even though the tanks were usually less than half full during the
vapor lock tests. Up to 7 percent of the initial volume of fuel was collected
during a typical run. An individual using autogas should be aware of this and
allow for extra reserve when planning an extended flight.

CONCLUSIONS

For Autogas, the fuel temperature at which vapor lock testing is conducted 1is
critical. The most severe case occurs when the temperature of the fuel in the tank
is between 100 and 110° F. Heating the fuel to 120° F greatly reduces the poten-
tial for vapor lock occurring. In addition, leaving the fuel in a vented container
overnight greatly reduces the tendency to vapor lock even though the RVP does not
change dramatically.

For the C-172 fuel system, the onset of vapor lock depended on the fuel flow rate,
The existence of percolation in the system implies that the fuel system design can
have a dramatic effect. This needs to be investigated further.

The engine cooling air temperature did not have a significant effeet on the
tendency to wapor lock but flight tests should be conducted on as hot a day as
possible to avoid cooling the fuel in the tanks.

Reducing the throttle may result in smoother operation at the onset of vapor lock
but does not necessarily increase the power developed. Any abrupt throttle move-
ments can result in the engine quitting.

Whenever the fuel temperature in the system exceeds the initial boiling point of
the fuel, there is vapor in the system. This wvapor affects both the fuel flow
meter and the fuel pressure. For a gravity feed fuel system such as is found on
the C-172, either fuel flow or fuel pressure is a useful indicator of the onset of
vapor lock. The fuel pressure may be more difficult to interpret since it is
affected by fuel flow and atmospheriec turbulence.

All the autogas samples detonated to some extent. The Motor Octane Number (MOMN)

for a particular sample is more useful in predicting detonation than the Research
Octane Number (RON).

Light detonation may not be detectable with the instrumentation currently found in
general aviation aireraft.
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ALl else being equal, the engine cooling air temperature and the humidity of the
carburetor inlet air affects the onset of detonation. Detonation 1is more severe
with low humidcy carburetor inlet air and high engine cooling air temperatures,

Carburetor foaming cccurs when operating at low power settings with relatively cool
(27° C or below) autogas. For the Lycoming 0-320 used in these tests it did not
cause an operaCtional problem but it deserves further investigation.

For this fuel system, which is a relatively simple design, there was a slight
material compatibility problem with autogas. This problem needs further
investigation.

The horsepower does not vary significantly between avgas and autogas unless
detonation is occurring.

Detonation could not be induced in this engine with 100LL avgas. Likewise, vapor
lock was not observed in this fuel system when testing with 100LL avgas.

There is insufficient data to correlate the RVP with the onset of vapor lock. This
efforr will require testing with fuels whose RVP 1is significantly different from
the samples tested.
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APPENDIX A
ENGINEER'S CHECKLIST

The checklist on the following pages is used by the project engineer prior to each
run. The objective sheets referred to in item one in the checklist are the same as
the test proceedures listed earlier in this report.

1. Prepare the run objectives and sequence.

2

Prepare the run sheet; record the following:

Test # Run #
Date Pbar
Lamb Tdew
Avgas ID Autogas 1D

The headings on the run sheet should be as follows:

0il Temp, Cocling Air Fuel
Time Torque Tach MAP and Pressure Temp. and Pressure Pressure

«Changes to the above headings can be made from the list of parameters in table 2
0of the text,.

3. Enter the following into the automatic data acquisition system:

Test # Run #
Date Time
Number of Scans Period
(NSCAN)
4, Put a tape on line with the write ring in place.

5. Assure the CRL displays the same parameters as on the run sheet.
6. Assure the fuel in the tanks is heated to the desired temperature.
7. Type GOGO.
6. Type LIST and make sure the computer 1s in the run mode.
9. Type in DISP (display).
10. Start the 0-320 per the operators check list.
l1. Record the start Cime.
12, Conduct the test according to the run objective.

13. At the end of the test type NSCAN=I.



l4. Type LIST. Make sure the computer is in the WAIT wode. 1IFf not,
repeatl as necessary.

15. Remove the write ring from the tape and put the tape back on line.
16. Type in headings per the attached list then type:

REVIEW,1,1,N
where N 1s the number of scans.

17. Repeat item 16 until all of the parameters are listed.

18. Save the tape if desired; otherwise return the write ring and put the
tape back on line.



APPENDIX B

SYSTEM CHECKLIST

The following check list is used by the technician prior to each run.

l. Turnm on 28 VDC.

2. Turn on 115 VAC.

3. Reset temperature controllers ou the dynamometer control module.
4, Assure all dynamometer control switches are off.

5. Assure fuel heater switch is off.

6. Turn on Supply Air System, start switch. (Engine cooling air)
7. Turn on Rotating Beacon switch.

8. Plug 1in battery charger.

Y. Assure oil cooler water 1s on.

10. Turn on Dyno Cooling Water Supply valve.

11. Pull Dyno Safety switch. (Small red light should illuminate.)
12. Assure Dyno Control Box 1s plugged into 115 VAC,

13, Turn on top and bottom air conditioners.

l4. Turn eon dyno air control valve (for pneumatic actuators).

15. Assure proper type and amount of fuel in tanks.

16. Check Engine 01l quantity. (5 1/2 qts. min. with cold engine.)
17. Perform wet and dry reading.

18. Take barometer reading.

19. Make entries in Engine Run Log.
20. Open test cell doors if necessary.
21. Bound Klaxon three times.
22. Start engine:

a. Pull Emergency Stop switch.

b. Turn on fuel and ignition switches.
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c. Hold Fault Mode Reset Switch. (Master light should be out)
d. Assure Command Selector om Manual, Control Selector on Load.

e. Set Condition Switches to A, Load Pot to 0, Throttle. Pot
to 250, Mixture Pot to 1000.

f. Hold Start Button until engine is running.

23. Check for Oil Pressure within 30 sec. of engine start.
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APPENDIX C
TANK HEATER CHECKLIST

The following checklist is used by the technician whenever the test requires the
fuel in the C-172 tanks be heated or cooled to a desired temperature.

GENERAL INFORMATION: This system provides the temperature control of the fuel in
the €-~172 rtanks. The system uses waler heat exchangers in each tank and tempera-
ture control is provided by two Thermoelectric™ controllers linked to solenoids
which regulate the flow of water through the heat exchangers. The temperature of
the fuel is monitored by thermocouples (channel number 6 for avgas and number 8 for

autogas). When the water heater is set at 150° F the actual water temperature
varies from 135° to 155° F.

STARTUP CHECKLIST

l. Turn on the 28 volt DC and 110 volt AC power.
2. Check water level. If the system is not full:

a. open both solenoids using the controllers.

fill the system through the faucet and monitor the water level via the
expansion tank.
c. when full, turn off the faucet and partially close the cap on the
expansion tank. (This provides for pressure relief.)

3. Set the temperature controllers to the temperature as desired.
4. To heat the tanks, perform the following three items:

a. Start the pump.

Plug in the heater and sel the water temperature as desired.

c. Assure flow selector on hot position.
5. Tu coocl the tanks perform the following:

a. Set the flow selector to the cool position.

b. Open the faucet and adjust the flow rate as desired.

SHUT DOwWN CHECKLIST

1. Turn off the heater and unplug 1it.
2. Shut both solenoids with the temperature controllers.
3. Turn off the pump or clogse the faucet.

4. Turn off the electrical power.

5. If desired, drain the water from the system by opening the drain valve and
the expansion tank cap.






APPENDIX D

VAPOR LOCK TEMPERATURES AS A FUNCTION OF FUEL
FLOW RATE, INITIAL TANK TEMPERATURE AND RVP

Tables DI through D6 list the autogas line temperature, the sediment bowl rempera-—
ture and the carburetor bowl temperature for each fuel flow rate, in ascending
order of initial tank temperature and in ascending order of initial RVP as measured
by the Technical Center. As noted on each table, all temperatures are in degrees
Celsius and the RVP is reported in psi.

Some special notes of interest are as follows:

a. Items marked with a (1) were from tests where the initial tank temperature
was set at the initial beiling point of the fuel.

b. Items marked with a (2) have two data points listed in the last three
columns, These were points where one reading was taken during the normal sequence
of the test and a second was at the conclusion of the normal test sequence. Not
all of the repeated data points are listed.

" Items marked with an asterisk were from the tests where the fuel was
allowed to age overnight in a vented container at room temperature. The second
data points listed were from runs using identical conditions except the fuel was
taken from a sealed container just prior to the test,

d. If the Technical Center was unable to induce vapor lock for that setting
the notation NO VAPOR LOCK 1is entered in the line temperature through the carbu-
retor bowl temperature columns.

e. The accuracy of the RVP test is considered to be *1 psi. As a conse-
quence, it is possible to have a posttest reading higher than the initial reading.
Un the average, the posttest readings are 1.8 psi lower than the pre-test read-
ings. As expected, larger differences occur with the higher fuel temperatures.

As mentioned in the text, the temperature at which vapor lock occurs rises with the
initial tank temperature, but since the fuel is starting off at a temperature
closer to Cthe point at which wapor lock occurs increasing the tank temperature
increases the severity of the wvapor lock test. The most severe initial tank
temperatures are 100° to 110" F.



ALL TEMPERATURES:

TABLE DL,

0
C;

ALL RVP:

PSI

FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED

VAPOR LOCK TEST DATA - FUEL FLOW: 2.5 GPH

INITIAL SEDIMENT CARB. SUPPLEMENTAL

TANK PRETEST POST-TEST  BOILING LINE BOWL BOWL HEA'T
FUEL ID  TEMP RVP RVP POINT TEMP TEMP TEMP ADDED
CRU 21 11.8 12.0 zﬁg 35 49 35 YES
HPU 21 12:2 12.2 25 45 48 45 YES
HRU 21 12.4 12.3 359 35 52 45 YES
EPU 21 12.7 10.9 zsg ------ NO VAPOR LOCK------ YES
CPU 21 13.3 11.8 25 34 44 42 YES
SBL 21 13.4 §2 3 30° 39 45 40 YES
ERU 21 14.1 14.1 35%  aee-a- NO VAPOR LOCK------ YES
CRU 26(1) 11.8 11.2 263 40 47 44 YES
SBL 30(1) 11.7 8.5 400 46 61 48 YES
CRU 32 11.8. 116 26 39 44 42 YES
HPU 32 12.2 1.2 259 44 45 35 YES
HRU 32 12.4 11.5 259 42 48 45 YES
EPU 32 R 125 259  aalage NO VAPOR LOCK------ YES
CPU 32 15,3 12.2 26D 39 44 39 YES
ERU 32 14.1 12:% )i S NO VAPOR LOCK------ YES
CRU 38 11.8 11.8 969  mmee NO VAPOR LOCK------ YES
EPU 38 12.7 11.7 282 < NO VAPOR LOCK------ YES
CPU 38 13.% 8.5 gt 47 44 . 39 YES
CRU 43 11.8 10.2 26° 47 44 41 YES
HPU 43 12.2 9.9 259 45 48 46 YES
HRU 43 12.4 1.3 252 46 48 45 YES
EPU 43 12.7 11.1 282  cesosa NO VAPOR LOCK------ YES
CPU 43 13.3 9.9 3s° 45 44 43 YES

SBL 43  11.0%/13.0 5.9*/8.0 37 '6350 51*/49 45*/40 37%/33 YES*/YFS
ERU 43 14.1 10.9 AT eaies NO VAPOR LOCK------ YES
HPU 49 12.2 8.9 759 57 48 43 YES

HRU 49 12.4 8.6 259 55*/52 68*/54 52%/50 YES*/YFS
CPU 49 13.3 9.2 25° 51 47 44 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED

(1) TANK TEMPERATURE AT IRP
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TABLE D2. VAPOR LOCK TEST DATA - FUEL FLOW: 5.0 GPH

ALl TEMPERATURES: ©°C;  ALL RVP: PSI
FOR POINTS REPEATED DURING RUN--1OWEST TEMPERATURE REPORTED

INITIAL SEDIMENT CARB. SUPPLEMENTAL
TANK PRETEST POST-TEST  BOILING LINE BOWL ROWI, HEAT
FUEL ID TEMP RVP RVP ___POINT TEMP TEMP TEMP  ADDED

CRU 21 11.8 12.0 26° 44 45 16 YES
HPU 21 122 12.2 o 5" 44 55 53 YES
HRU 21 12.4 1t 2 zsg 33 47 46 YFS
ggg 21 £33 10.9 255,  mmmed NO VAPOR LOCK------ YES
21 13.5% 11.8 25 32 43 45 YES
SBL 21 13.4 12,5 30° 46 50 46 YES
Fgg 21 14.1 14.1 zsg ------ NO VAPOR LOCK------ YES
, 26(1) 11.8 11.2 26 40 46 47 YIS
SBI, 30(1) 11.7 8.5 40° 43 55 a7 YES
CRU 32 11.8 11.6 26° 46 46 46 YES
HPU 32 12.2 11.2 259 40 48 48 YES
HRU 32 12.4 11:§ zsg 40 47 47 YES
Sgg %% 1%:7 12.5 2BC.  medwss NO VAPOR LOCK-~--~--- YES
13.3 12.2 25 38 42 44 YES
ERU 33 14.1 12.9 $ED 38 46 44 YIS
CRU 38 11.8 11.8 26° 42 52 48 Y Y
EPU 38 12.7 13,7 75" 42 52 50 YES
CPU 38 13.3 8.5 265 47 48 47 YIS
CRU 43 11.8 10.2 26° 47 48 9 YES
HPU 43 12,2 9.9 259 47 48 47 YIS
HRU 43 12.4 11.3 259 46 46 44 YES
EPU 43 12.7 11.1 Z6° 46 50 48 YES
CPU 43 13.3 9.9 550 . 53 51 48 YES

;gt :g 11.?;/%§.0 5.9*53.0 37°%(35° 49*/48 50%/45 45*%/40 YES* /YES
: . 10.¢ 25 44 48 4 ES
HPU 49 12.2 8.0 zsg 50 49 4; $ES

HRU 49 123 N/A 257 56*/49 56*/52 51*/50 YES*/YES
CPU 49 13.3 9.2 25 51 50 47 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED (1) TANK TEMPERATURE AT IRP
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TABLE D3. VAPOR LOCK TEST DATA - FUEL FLOW: 7.5 GPH

ALL TEMPERATURES: °©°C;  ALL RVP: PSI
FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED

INITIAL SEDIMENT CARB. SUPPLEMENTAL

TANK PRETEST POST-TEST  BOILING LINE BOWL BOWL HEAT
FUEL ID  TEMP RVP RVP POINT TEMP TEMP TEMP ADDED
CRU 21 11.8 12.0 263 32 40 43 YES
HPU 21 12.2 12.2 25 35 43 45 YES
HRU 21 12.4 12.2 25° 24 41 43 YES
EPU 21 X3 10.9 35° 23 43 44 YES
CPU 21 13.3 11.8 259 30 44 45 YES
SBL 21 13.4 12.7 30° 42 44 42 YES
ERU 21 14.1 14.1 98" 26 40 44 YES
CRU 26(1) 11.8 11.2 26° 43 44 45 YES
SBL 30(1)  11.7 8.5 40° 43 47 45 YES
CRU 32 11.8 11.6 26° 43 45 45 YES
HPU 32 12.2 11.2 25" 43 48 48 YES
HRU 32 12.4 11.5 259 40 46 45 YES
EPU 32 1% 12.5 250 34 47 48 YES
CPU 32 . 122 28° 37 42 44 YES
ERU 32 14,1 12.9 28° 37 40 42 YES
CRU 38 12.2 11.8 26° 48 47 46 YES
EPU 38 12.9 11.7 25° 41 45 46 YES
CPU 38 13.% 8.5 259 43.5 46 46 YES
CRU 43 11.8 10.2 26° 54 53 52 YES
HPU 43 132 9.4 25° 48 48 48 YES
HRU 43 12.4 11.3 25° 44 47.5 46 YES
EPU 43 127 11.1 259 50 50 48 YES
CPU 43 1353 9.9 35° 54 52 50 YES

SBL 43 11.0*/13.0 5.9*/8.0 37 '6350 50%/50 51*/46 49* /44 YES*/YES
ERU 43 14.13 10.9 25, 48 48 46 YES
HPU 49 13,2 8.9 250 53 53 52 YES

HRU 49 12.2 N/A 250 54%/55 62*/54 57%/51 YES**/YES
CPU 49 13.3 9.2 25 53 55 53 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED (1) TANK TEMPERATURE AT IBP



TABLE D4. VAPUR LOCK TEST DATA — FUEL FLOW: 10.0 GPH

ALL TEMPERATURES: °9C;  ALL RvVP: PSI
FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED

INITTAL SEDIMENT CARB.  SUPPLEMENTAL

TANK PRETEST POST-TEST  BOILING LINE ROWL. BOWI, HEAT
FUEL ID TEMP VRVP RVPﬂ POINT TEMP TEMP TEMP ADhDED
ﬁﬁg 21 11.8 12.0 2bg 31 41 43 YIS
2 12.2 12.2 950 34 4% 1. RS
HRU 21 12.4 17,2 25° 32 43 2: ;}s
EPU 21 12.7 10.9 259 32 41 42 YES
CPU 21 13.3 11.8 FcH 35 43 42 YES
SBL 21 13.4 12.7 30° 34 42 40 YES
ERU 21 14.1 14.1 25° 27 38 a1 YES
CRU 26(1) 11.8 11,2 26° 38 43 44 YES
SBL 30(1) 11.7 8.5 40° 44 54 51 YES
CRU 32 11.8 11.6 26° 42 45 46 YES
HPU 29 12.2 11.2 25° 46 48 44 YES
HRU 32 12.4 ] .5 559 36 41 42 YES
EPU 32 12.7 12.5 259 34 44 47 YES
CPU 32 13.3 1352 259 36 43 46 YES
ERU 32 14.1 12.7 25° 38 41 43 YES
CRU 38 12.2 11.8 262 45 45 45 YES
EPU 38 12.7 11.7 550 40 45 46 YES
CPU 38 13.3 8.5 25° 38 44 44 YES
CRU 43 11.8 10.2 262 44 48 47 YES
HPU 43 12. 3 9.0 e 44 48 47 YES
HRU 43 12.4 11.3 5° 45 48 45 YES
EPU 43 12.7 11.1 25 43 48 47 YES
CPU 43 15%.3 9.9 5% 5% 52 51 YES

ggb 3; 11.9;/}§ 0 sig*gs.o 372;635 49;243 50*443 46/43 YES*®/YES
i o 12.2 8.9 257 55 . 3 e

i o - N/A 259 57¢/55 58%/S5  53%/52  YES*/VES
- ¢ % 9.2 25 57 54 52 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED (1) TANK TEMPERATURE AT IBP



'{‘ABLE D5, VAPOR LOCK TEST DATA - FUEL FLOW: 12.5 GPH
ALl TEMPERATURES: ©C; ALL RVP: PSI
FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED
INITIAL SEDIMENT CARB. SUPPLEMENTAL
TANK PRETEST POST-TEST  BOILING LINE BOWL BOWL HEAT

FUEL ID TEMP RVP RVP POINT TEMP TEMP TEMP ADDED
CRU 21 11.8 12.0 26 35 43 37 YES
HPU 21 12.2 12,3 zs 35 42 42 YES
HRU 21 134 12.2 25 31 42 49 YES
EPU 21 12.7 10.9 zs 32 42 40 YES
CPU 21 13.3 11.8 25 34 42 37 YES
SBL 21 13.4 12.7 30 34 41 39 YES
ERU 21 14.1 14.1 25 33 34 37 YES
CRU 26(1) 11.8 11.2 zo 37 41 40 YES
SBL 30(1)  11.7 8.5 40 47 53 47 YES
CRU 32 11.8 11.6 26 37 43 42 YES
HPU 32 12,2 11,2 zs 46 48 41 YES
HRU 32 12.4 11.5 zs 36 43 41 YES
EPU 32 12.7 12.5 zs 34 43 41 YES
CPU 32 13.3 12.2 zs 34 42 42 YES
ERU 32 14.1 12.7 zs 36 41 39 NO
CRU 38 12.2 11.8 26 42 45 39 YES
EPU 38 12.7 11.7 zs 40 45 44 YES
CPU 38(2) 13.3 8.5 zs 46/39  43/45 44/44 NO/NO
CRU 43 11.8 10.2 26 45 50 46 YES
HPU 43 12,2 9.9 zs 45 48 45 NO
HRU 43 12.4 11.3 250 46 47 43 NO
EPU 43 12.% 11.1 25° 44 48 45 YES
CPU 43 13.3 9.9 35 45 50 47 NO
SBL 43 11.0*/13.0 5.9*/8.0 635 47*/42 50%/44 44*/40 YES*/NO
ERU 43 14.13 10.9 44 47 42 NO
HPU 49 12.2 8.9 zs 49 53 48 YES
HRU 49 12.2 N/A zs 54*/55 58*/54 52%/49 YES*/YES
CPU 49 13.3 9.2 26% 50 54 49 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED

(1) TANK TEMPERATURE AT IBP

(2) DUPLICATE POINI



TABLE Db. VAPOR LOCK TEST DATA - FUEL FLOW: 13.5 GPH

ALL TEMPERATURES: OC; ALL RVP: PSI
FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED

INITIAL SEDIMENT CARB. SUPPLEMENTAL

TANK PRETEST POST-TEST  BOILING LINE BOWL BOWL HEAT

FUEL ID  TEMP RVP RVP POINT TEMP TEMP TEMP ADDED
CRU 21 11.8 12.0 26° 36 43.5 38 YES
HPU 21 12.2 12.2 25° 37 42 36 YES
HRU 21 12.4 133 259 20 42 48 YES
EPU 21 12.7 10.9 25° 29 42 30 Y S
CPU 21 13.3 11.8 JE? 35 42 36 YES
SBI 21 13.4 12.7 30 34 42 30 NO)

ERU 21(2)  14.1 14.1 75 32/32  36/35 37/37 YES/YLS
CRU 26(1) 11.8 1i.2 26° 36 41 39 YES
SBL 30(1) 11.7 8.5 40° 43 52 44 NO
CRU 32 11.8 11.6 26° 35 42 a1 YES
HPU 32 12.2 11.2 759 45 47 40 YES
HRU 32 12.4 1.5 25° 38 43 40 YES
EPU 32 12.7 12.5 960 34 43 41 YES
CPU 32 13.3 12.2 259 35 42 41 YES
ERU 32 14.1 12.7 25° 35 39 36 NO
CRU 38 192 11.8 26° 39 44 3y YES
EPU 38 12.7 11.7 252 40 46 43 NO)
CPU 38 13.3 8.5 259 39 45 43 NO
CRU 43 11.8 10.2 26Y 46 49 A6 NO
1PU 43 12,2 9.9 389 47 4R 45 NG
HRU 43 12.4 S L gei 46 47 43 NO
EPU 43 12.7 1 ¥4 259 44 48 44 NO
CPU 43 13.3 9.9 350 45 51 49 NO)

SBL 43 11.0%*/13.0 5.9*/8.0 37 *6350 47%/42 50%/45 45*/40 YES*/NO
ERU 43 14.13 10.9 25 44 47 41 NO
HPU 49 12.2 8.9 257 48 53 46 NO

HRU 49 12.2 N/A 349 58%/40 59%/54 50%/47 YES* /NO
CPUu 49 13.3 9,2 25° 51 55 50 YES

*OVERNIGHT FUEL, NO FRESH FUEL ADDED (1) TANK TEMPERATURE AT 1RP (2) DUPLICATE POINT

-
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	EXECUT VB SUMMARY. 

	This r po t describes YD~ ometer tea shieh s'rnulated con ition~ f u dill a gener 1 a iatio irccaf' fuel syst m, In thes tests) autolt1 bi e gasoline W !i tes ed and coru.pa ed with ~via ion gasoline. 'Fb tende[]cy fOI:" vapor lock and detonatio' was measured as a func 'on 0 gasolin grade, eid Vapor Press re and the agf~ f h. 1. The most 8ign' ficant observa' ions om tl ese le t re as follows: 
	1. 
	1. 
	1. 
	The fu 1 temp raturc at wh'c vapor 10 k es n Hi ndl.lct d is crit'cal. Th mos 5ver cseofva0[' 1ck w' th aut:ogas occurs when th t nk t mpra u e li ~ be twee 100 and 110 d grees F h enh it (38 to 43" C). Il i inte est ing to nol:> that his t_mperat re :rang is liIbove the' i ial b 'ling point of the uel tes ted. 

	2. 
	2. 
	For tis Eue "ystelll, the ons t of vapor lock cepen ed n lhe fuel flow rat The 0 cur enc. of p reol bOD in Ie 51st III imp ies t at the [upI sysll>[ design can also have an ef ect. This need 0 e investiga ed fut"th~r. 

	3. 
	3. 
	Tie Lon il" coo ing ail" temp rat re did not v a sign icant ff c on th" tendency to vapor lock, but flig t tests for certification sh uld be conduct d on as hot a day as possible to ini iz coo1ing t fue 1 in he anlc. 

	4. 
	4. 
	\olh nev, r the fuel t tIlperat re II the system exceed l he initi 1 bo' 1i g point of the fuel, th e i vapor ~n t 6Y8 em, This apor atfects . oth the t!l flow me er 'od the 1 pre ure. For a gravity feed fuel system such as is found on toe C172, it!1 r f lel flow or fuel pressure Irl'ould be a useful indicate of t Ie ons t of vapor lock, 


	use during tll s ts \tias a Lycoming 0-320 lel'i i.,.;ned to CJpr'raLp on avgss. All the au ogal'i samples c sted wi hi. engine detDna' l 
	o tlOIUe ext n. The Moto Octa e Numbe" or a part icular salllpl e in moe US" ttl ln pr dieting detona 'on than h~ Res arch Octane umber. 
	b, l:arb r r foaming ucc r when operatiu t low power &etting9 wirl rela i ~)y coo. au ogas. or thi. ngi e, 't did not UB a op rat lona 1 p (l lem. but t deserves furth c nv stig ion. 
	7. For thi fuel system, ther was a l'gbt material compatibillcy p['(')blern with aut_gas. Th o-dngs in the fuel B lector va ve would swell whe rh engllJe W'1I shu down n autogas. 
	1:5. h horsepower d ~s not vary igni£icaotly between avgaa and auto as ot Sf.! de oua-ion is occut" ing. 
	9. Oetonation could ot be ind ced .~ th' s e gine wb n operating with JOOL avgas. Lik wis ) vapo lock could no be induced when tesC'ng wi h 100 L ~vgas Ln this fu 1 system. 
	viii 
	viii 
	{QIJUG II N 
	rr 


	hI' Experim nLal Ai t ra \ssnc; Dther org nizat i have ac' ive 1y ~llJn1\Jed ob aining Supp1E'nJ ntlll (sTe's which allow the se of: aljtomolJi1~ g ..:;ol°n> L1Logas) i SSl() airc a Et engines. l'ypici.:ll1 he OJ •n: [L wh i c h rt ua lit Y artheS Ilre n a1 rcra[t who!:le engines we re originally certi1 for 80 CIne av Ii . on gasD 1in The driving oree behin these STC I g is e re IJCeU va 0 la iliLy 01 0 ocl n aviat ion gasn ine and t 1 large ri~e difference twp n aviation gasoline (avgas) an autogas. 
	As th prH.e dif,rent 0 a1 be een avgas and auLugllB gro""s, here 1S incy;-easing pressur to subf'i i te autogas for ther gr'a ~ f avg s. Th·s a 11mber F qu stl0tl-hich neefl to b~ answer d. The broad r d1stdbut1o 0 'on it ent it
	0 
	autogBs. wi en comp r ~d with .vgafl, en .in rease the Rei Vap r (RVP) of the lueL which i turn i'lUV u;ely [ee 5 the amount 0 vapor In h air -raEt fllPl system. The Lower in:i ial bn:il"ng point associate will autogas means that vapor will formed at lowel" emperat It" 5 than with avgas an the use of 110 egrees ,'ahrel1hei.t (Q F) urlog cel" i ication of a l"r9.ft may apply when
	0 
	0 

	certifying an :'1i craft t Federal Avi<1tion R gtlatio 2 .961 ""ith autog s. Th 
	o tan rati[g Lechniques diff I' be ween avgas nd autoga~ an h ratin s yp'calLy a'sociat d '"itl a togas may not pply t ircrart gines. A. he uel age ( Q'Jrl'l). i''llJtoga6 wiLl los~ a gr a percentage 'J[ its eOr1sti uents han avgas an Lher i.. he pos sibiliL)' thl'lt [ .g 10SB wi11 advc rsely a e t th oct 11 rat ing. 
	hI" el1t al and eW England Rp.g·nns of the Federal A.viation Administrat ol1( ), wh art:! rf'sponsibl For Ihe certilic.ation ot general aviatioll airer fl and their engi es, reques led (;l r gram be i nit iate at the FAA Tech ical G nt . hie would addr 58 t ese concernS. Thi~ report d' sc, sses t e program llnd its r ,fill t'l. 
	O 

	BACKGROUND. 
	The Lypic.al perforrnan p p l) ile for 1:ln aircraft ngIne is substi::lntia11y d1 er nl thaLl the typi.c;)1 performance [.J['L.l i.le f, n autornobil engin. At crLlitie apet=d­<i auLC1IDobl1 pngi Ie 111 op r-t between 10 and 30 percent of its rate hors~pow l' A[' i.rcrsft engin. l"il1 ope('al~ between 5 an 7 perc n of its rated power durIng normal crui.se con itions. Durin Lakeo n climb an ai craft engin ""i be 0 ra Lngal i maximum rate po er (less tne pertonna[lcP loss du to tit~
	-

	0 
	pre ailin pr: ''':;51 eat itude) for ~l(ten ed periods o[ time. v"'n du g ac ele ['a­ti n, iL l' LITIWlUn1 EOl an ,:1llLomlJbil~ _ngine to 0 erate aL it: rat d h [' powe .
	o
	Tn.e op~ rat i.ng temperature!': f an aircraft l1&l.ne a higher t a tho of an autOll1obile ngin an he highe the oper ting tempera [' the greater the tend nc Fret n tion to Dec so. lh grealer th power) greater the tendene Eo 
	0 nee n". This explains in par why are eli fer nt proeed res for dct ml Jig he octane rating f auL~g8s when co t avg s. 
	etonation 

	There alO h ee differ ot DC ~"P rating tee niques of inter t to this pro ram: the ~ earch MeLhod. Am ic n ~ociety 0 Testing an Mate:r;-ials (AS1"M) s andard D-699; the Motor MeLhod, S M standard D-2700. and the A iatio S peceha~ge rn hod, ST1'1 0-909. Thp-p:r nc 0 pIe i.J i( e ence between the III hol18 involve hang sit e
	0 operCl irtg Flpeed and tempe a LJ 0 r £1 cr. he operat 'ng environm t t to '",hich the 
	fue 1 wi.ll be" exposed. 'rh neseac,;: eL ne umb (RON) i g nera ly appl iean Ie t engines wit· ch are subjecL to r latively l'gh ut eye lea. wher as h Motor Oc t n Numb "I." (MON) ('CoIn ich i 'e lated to Avi t ion Lean Octan 0 I mbe r) is applicab1~
	0 
	0 

	Lo ng i nes wh ich ar suhjec: t to heavy 0 r severe duty eye les. The Aviat ion Super ch rgf' Uc: t aile Nl.1rDbcr is lleant for heavy duty t:J pl icat ions wheT the fue I-to-air 
	1 
	1 

	ratio is kep ri h to help suppress detonation. able 1 u Lines om of t key di ff r es betweeo the t chniques. For ore de a'l !"ef r t·ppropr l8.le ASTM
	I 
	I 

	s ndal." s. 
	TABLE l. SOME DIFFERENCES BETWEEN rtf VAR, OU AStM OCTANE RATING STANDARDS 
	Aviation. Supe: cha ge Rese.arc:h Mota. Test Variable Method M@thod 
	ethod. 

	Engine speed (RPM). 1800 600 9UU 
	Timing (deg BTDC). 45 13 variable 
	Oil ~emperature (degF). 165 135 1]5 
	Coolant Temperature (degF). 375 21Z 211 
	Air Temperature (degF). 125 83 (init iaU IOU 
	Manifold or Mixture Temper ture 225. N/A 300 
	(d F) 
	(d F) 

	Fuel Syst ITt. Injecte CB.l;"but' t I) 
	Key Variable. Manifold Compr 5sioa Ratio. Pressure. 
	Gasolines are int ded to be volatile and t Reid Blpar Pressur (RV J.S d general m_sure of he volatility of a fueL Essen ia ly. e RVP is the VfJpor pressur-of the u at 100 F and it can be ote re ed as a indicato of the amount of va at' a fuel wil generate whe t is heated in the Lie! sy6t~m. An ali era t not n1y has hig er operating tempera urea. it also ope -ates at re uced atmosph ric pr s res when at altitud. Bot of th ae factors a grava e the forma ion of vapOr. This explains why th maximulIl RV allowed a
	0 

	The longer the fuel remains 10 vented tanks, the more Ii y the fuel will lose tIe more volatd components.. The loss of the more vola Ole om onents my a.lter the octan«: racing of the fue. In addition, the more . erNy ends ( °gher molecular wight and, conversely, i er boiling oint) the greater the ende cy 0 fo rn gum deposits as the fuel sits in the tank. A typical it"craft will be op rated about once a week, whereas a typical ar is 0 rated at least one a ay. As a consequence, fuel tends to sit n gen ral avi
	2 
	2 

	of th fuel is collecte from e cOlldC!:user. (Typiea distilla ion u V"S for avgas and autogas are fo 1 d in figur 1. ) or thi eason. avga.· has a i'U;TOWer d' t 'bution of constitu 11 s lhan au oga and this is re 1 cted in t e dis illatlou 
	urv _. 
	V,1th tlte rive towards using iwtomo ile g soline 10 gen ['lit via ion "nrcra t. 
	1

	r 'f' ea io procedures (l ed to be evaluated inslire the eel> ary m<l'r, i[1 of safe y. '~hls pr gram studied th~ eff of'" linge in RVP an oc a ralin u he tendency to vapor 10 k and de onat in a Lye oming 0-320 ngine l1Iounted n the Technical Ce ter's dynamom teT. 
	,E T APPARATUS 
	,E T APPARATUS 

	The va or 1 ck and de ona t ion es ta w re conducted us ing he chnical Cen el;'l B dyna,omet A Lycoming 0-320 is mOl1ute' n h dyn me e and ll@, 1.8 supplied to the 0-120 through a C ssna 17 uel syHtem. Figure 2 shows e general location of he principle components. 
	The Cessna fuel system is moun ed in the same ocat~ t·ve t the engine a i found on C-l72 inst llation. Th tanks wer to iocorpora e ea exchang rs for regul iog th_ temp rnt r of he te.st fueL. The heat exc.han.g rs consist of approlC.il1lately 20 ee 0 IS-inch opper ubing laid out. in a regula patt'ro across th bottom and insid of ach tank. S p rate controllers ['egu a e the supply of wa er to each heat exchanger in order 0 eith r bea Or cool the fuel as is re ,uiI"d for the par.ti.cular r n. h uel ine to th 
	J 
	J 

	ted with at fuel in one tank whil cool fue isv lIable in he oth r tank, 60 that a recovery can. b-made witho t restarting th engine should vapor ock ccur. 
	The Lye om' n' engine is si-ilaI' to the 0-20 found i ae 98L1a 172 but' l.S no al1 a i worlhy engine and it does not mat h a, xist ng mo 1 des ignat' on. T 1 engIne has au 8.5:1 compression ratio; i i8 carbure d n it was designed to ert on 91/96 av as (which is no longer a '[able). The ng"n Doling air is regulated t p nv:i.d~ . desired temp€r t r an< p-re$BUr and ti suppl i d[r ligh est cell cooling hood, h oil tem e ature 1.5 automatically I aintained at the d sin:!·d temperat r and the t mperatur and ht~i
	T _ngine i equipped with a Ly m ng D tonation An lyzer which consists ot v'brati n p'ckups mounted on each cylinder and el ct ollies. w:i'ch allow one to look at til compression stroke for he cy inde selec ed. A~ op ratin and'­t ionsappro ch thosec00due i v t 0 ~ tona t ion. team 1 it ude hs i g aI increases. 'when d tonat'ion 0 urs, t e region of igh amplitude vib ation i fairly w'de and the se' loscop Sc;reen appears to "flash. Then b I' of lashes coi cid s wilh h numb 1-of tim s that cyl" der deton tes. 
	1I 
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	LYCO I G 0-320--, 
	FlL;UltE 2. GENERAL LOCATION OF THE R NCIPAL DYNAMOMETER COMl'oN 
	fne dynamomet _r a 11ws r -'''l tat ion of ei th r -he engine . pee or th-loa.d an he e glne. he lip C1 ic load or: speed conditions can b manually Ilt d or: V.:1ried I sing a camp t.1" and the app opria te ace carda. T lynamometer Cll handle e gl e spee 5 u to 000 RP~f and g1 nes 0 up to 500 hOTsepowe [". The th rot t 1 posit Lon and t e ixture position are integrated into he dynamometer cont als and are recorded aUlomatieally. 
	Table 2 lis s the d' ta which is recor e on '"' U omatic data acu'sitioll syst m. Uurin R typical run the data are re orded ev ry fifteen seconds, thoug th data '~qui ition ys n can hand a scan t~ of less than a s cond to evetal hours. ThE? operator has the ability to rigge an event warkel: ich:i.'f recorded alon' oS ecor ed epar t ly, Slnce 
	with the other paramet rs. The deLonation da a 

	it requires some judg m n n h prt of e opera or. 
	he RVP .::Ind distillation ests are nduct d at ne TeC'hn cal een '.r !i1ng the proc:>dur s and e uipment specified ill the a rop 1-8 e ASTM specifications. . he octane mcaSlir m nts and selected RVP tests were conducted at Sun Re ining and Marketing, Ma us Hook, Pennsylv n~a, de cant rae t to h T chnical Center. 
	TABLE 2. DATA lilCH ARE RECORDW ON THE AUTOMATIC OAT CQUISITlON SYSr 
	Descri t"on Units 
	Descri t"on Units 
	g~ne to q e ft-lb Engine sp ed RP Ma 'fold pr Stl inHg (absolut 
	En ine cooling a~r inH 0 Fuel pressur ioHOil pr ssure psig 
	2 

	E ent mark r, operator triggered YO Fu1 10 gp Throttle posl lOn perceo 
	Mixt re posi on per nt Tank in use "ndicator VDe Carbure or supply a~r dew point deg C 
	'1 cylinder head emperature de. C # cylinder head temperature deg C g' cylinder head temperature dC 
	#4 'yli der h ad emperature de C Fuel temperature, top of a gas tank d g C Fuel mp ature, bottom of avgas tank g C 
	et t_m rature, top of autogas ank Fuel t mp rature, bottom a toga t ok Fuel t mpera ure) avg s lin 
	Fue tempe lIt.ure) au toga Iin.e deg C }olJe1 t mp I.u:e. 8 d.'me t owl deg C F el pc ature, carburetor bowl deg C 
	0" 1 te t' ture eg C Air emperature, carburetor ini eg C Air temperature, upstr am of arbure or de C 
	Cooling a~r tempera re de Air t ,perat e n ca b ret r aa deg C Carbur tr pply a r t mperat r deg C 
	~l exhaust gas temperatur deg C #2 exha'st ga empera ur deg C #3 exha st gas temperature deg C 
	iF4 exhau t gas temp rature d C Ambient emp ratur deg
	a~r 
	6 
	TES' P OCEDURE ' 

	Th~ te~t procedures flr he v 10U' tyes of test a i ted below. Append ices B, and C contain tht< it cklists Heel prior to each run. 
	BASELINE 'I S : The bas lin~ performanc tes ~ere conducted as fo lows. 
	a. 
	a. 
	a. 
	Fuel the tanks with a gas, draw Ii sample nd measur t: (? VP and dis illa­tion curv • 

	b. 
	b. 
	01. 0 r~se tP t"llt ing temp ratllt" • Conduct a magneto check, th n ~et th engine coo ing air lemperat re and pr s re so that the cylinder heact temperatures a e in th normal operating ra g (17 
	St art 1 ngin and llow ,the 



	n 0 200 Cor 350~ to 400F). 
	0 
	0 

	c, ~ t the dynamometer to the sp d conlrol mod and select an ngine speed of 2000 RPM and a manif Id pretisure of 20 inHg. f essary, set the mixture to full rich. 
	d. 
	d. 
	d. 
	Allow conditions to stabilize, n ake a readin rna ual y. 

	e. 
	e. 
	Increase (or decrease as appropriate) h~manifold pressure in steps f L inHg to cover the full range of manifold pressures. Repeat step d Dr ach manifold pr~ssure sel' cted. 

	f. 
	f. 
	Increase the Ln speed i tep 0 100 RPM to cover the range 0 eog'ne speeds th ough 2700 RP R peat teps d and e or eac ngine speed. 

	g. 
	g. 
	Gradually re uce the power and allow th engine 001. e r-m a magneto check and hut the engin dow using h mixture contra 


	VAPOR LOCK TESTS: The vapor lock t -sts were conducted nt fo lowing uann r. 
	1. Fuel th t nks wi.th he Toper t'st f el; draw a s<!mpl a d tes 11 RVI:' and di~ illation. elect th, desired initial tank em rature Glnd turn the tank heaters on. Al ow the fue 'n the tank 0 rise to opera iLlg temperatur. DH.lW a samp'\ and rue as ure t RVP. 
	L. Start the engine and allow til oil to i to op rating emp r t r• Perform a agneto check. Makp-sure -e eogin co l'og r tempe at re an pressu e are set to the desired point. 
	3. 
	3. 
	3. 
	S t the engine seed d manifold p['es ure to 0 tain a u 1 flow rate oE L.) gph. Allow conditions 5 abiLize; obser eor ~gns of v por-lock. 

	4. 
	4. 
	If vapor lock do s not occur, r _ppr priate Ii e heaters on to a setting of 150 F (the line haters are propor io al relative to the t mper-ature of the outside wall of the fuel lines; the in ide W81. n ve r reac e!l t his III pe .a­ture). Observe Eor s "gns of vapor-lOCk. 
	0 



	7 
	7 

	5. hell OT. i vapoT lock does occur, switch 0 the ot leI: tank; riggee event ackee and no e the emperat re in the fu t l'n s, he sed"ment bowl, and ca1"bur~lOr b wl. AB conch tions stabit" z , urn the ~n heaters oft and return t ~le 0 l' i ina 1 ank in use. 
	6. 
	6. 
	6. 
	Change the manifold pressure an e g~ne speed to incT ase the uel f ow 10 increments of 2.5 gallons per hour (gph) until maximum power (usually 13.5 gp~). Al ow conditions to stabilize; observe for signs of vapor lock and rep at a eps 4 ces8~ry. 
	and an 


	7. 
	7. 
	n aga i set he uel flow to 2 gph. Repeat steps througb 5. ake 


	no. o any significant changes that occurred between tie initial data point an his final data point. 
	8. l{ duce the pow r and allow :Ie eng ne to Dol. el."'fo m a mag eta check n shut l;h eng"ne doW' y s ttin t e m~Kture contro o fu 1 lean. 
	9. sampl~ of gasol ·ne rom the auk in use and measure th RVP and the di~(illati n cu~ i a drop Df rn ~e tha[J J pi is me surd be twe initi I RVP an th pos at RVP. 
	Draw a 

	lO. Prepar a 1111 history plot of the various uel system tem.peratur s .)nd look r the point where the individ al temperature beg'os to rise abruptly. This coi cides wi h the ons t of v por lock. Com are this em erature wit the onset f vapor lock ot" fuels with different Rei Vapor Pre sures and initia tanlt tempe1"3­
	tUlr,es. 
	DETONATIO SU VEYS: The QS t of dLtonati n wa meas~red as follows; 
	i. ~ u 1 e tan w· tl1 he tea t fuel. Dra~ a sample and measure the RVP J th dis til a ti 0 cu ve J a > as appro te, the oc ane rat 'ng uBing the. researc and motor ilIet ods. 
	11. Start the engine ami all the oil to Teach no al operating tem.perature.
	\oj 
	\oj 

	Fe form a . .'Igneto check !lnd set t e owling air temperature and pressure 0 obtain 1 it (52S f), 
	cylinder head tempernLureH at or above the maxi 
	m 

	~ l~. . "'t the 0 ull ric if ecessary ; i creaIi e t he eng" ne peed 2300 RPM sn set tea ifo d pressure o 20 in.Hg. Allow cond itir,lns to Bta ,ilize. Observ for signs of d tonation. 
	OT': hen vel' d t ation occurs trigge~ t yen marker and <Ike a note 0 h number of flashes per minute det cted on the Lycoming detonation a.n -yzer. o NOT OPERATE AT SETTINGS WHICH RESUL I D l'ONATIO FOR EXTENDED PERIODS OF TIME. 
	J 

	1V. If no detonation occurs r duce the fuel fuel low in steps of 5 percen ; allowing condi tio s to sta il'z;e betW'een reduc ions i fl 1 flow. Repeat nt: I detonation 0 le~ mi fire Occurs. 
	J 

	v. Resel: th rn' xC e to ·ull rich an :r.ncrease manifold pI" ssure in inct"e­m nts 0 '2. iollg unt i1 f 11 throttle. Repeat steps . i" an 'v for ach setting sel cted, 
	8. 
	8. 

	r. I reaSe the ngln fipeed to s epa of 100 RPM up 2700 RPM. R p at sr-eps ii )1 nd v 0-ach ~ett'ng sele t d. 
	7. educe h wer etting and llow he ng ne t co. rIo m magn to check and ut i_ d wn using he mixture on ro1. 
	HORSI~:POv.l.~R CORRECTION COMPUTA IONS; The hore pow c mcasur d will vary from d3y t day d pendi g on the I o. perl pI". S13 l". and til. roper ture of he aieac ing 
	I: e carburetor inll;). To mElk_ valid comparisons, be horse ower is co ret d a what waul exp cted at stand rd atmoe heric temper-at re an ress reo The computa ions wer p_rformed using equat 'oos found i the J ly 1979 di ion 0" h Pratt and Whitney Aeronautical Vest ~ocket Handbook. 
	The calcu at d hor power is deterlll' d from t e orque al.'1 engl e sp ed 08 thf" .ollowing elati01s ip: RPM x Torque hp 5252 
	where the torque IS In ft-lbs. 
	The exp c ted horsepower for standard sea Ie 1 cond:i t ion~ is approximated by the following relationship: 
	hp x0.9. ADR -0.1. 
	where the air density ratio (ADR) is de ermined from the ambient atmos her-ie: conditions USIng: 
	where is in inHg absolute and Tamb IS 1n degrees Rankine.
	amb 
	P

	~UMMARY OF KESU S 
	~UMMARY OF KESU S 

	BA'ELINE TESTS -AVGAS. 
	A series tests were condu ted 0 establish r fic.ieney and a ilieJr'ty wi ht engine's behavior. The estse('e w~ h JOOLL avga J which had a Reid vapor p~e58ure (RVP) of 5.3 psi and an 0"1' g point (16 )of 42" C. 
	he first test deter ined wbich cyl-nders h d the lea est fuel-to-s"r atio. 'his informa t ion is use rul ILn p-r;-edict ing wh -ch cyl inder would detonatB .irst and :Lt provided a fe 1 01-th fu._l consumption at il. given power setting, Sine the individual exhaust g~ m eratl:Jre (EGT) probes had .a d' ffe e res onse :in the same exhaust stack) i. "' for I:h.e sam pow r sett' gone pl:'ob would co si5te t y yie Id b igl er EGT readings, the leanest cy inder as determined by looking at EGT crossover instead o
	t 

	9. 
	9. 

	Figure 3A ShOWR he ind'vidual EGT traces as h mix ure w 8 eaned from f 11 rIC] 
	o six gph. The ting as 25 inHg ml:H1i old pI;' s~ur at 2~5UO RPM [or this p tf the tes t" [leI low is shown in figure 38. Figure Jc: flhmr/'Il tl e alc:u-Lat d no s power that was cleve oped during this seque ceo As c n b seen, bot he au b 0 e and nl.llD.ber wo cy i d t's e perienee lean ros ov a the low was reduc d to 3 gph and the numb two cyl" nde:r SU ered fr m an m-s fir:-e \<lhe an at temp w made to r dllce til fuel flow from 7 to 6 gph. 'I' i equence was repe ted r several diff rent combinations 0 en
	An atternp w s rna to inluce vapor lock w' h the ~ame sumpl of ~v s as ~a abov. The 1.1 1 'n the t nk was hated to l~3" C (110" F) and the ng"o wa a 11of'Ld . 0 stab j 1ize in hi s config.ura t ion. Tb 1i n ha rii ere Lhe[11 urll d On and the system mpet"a res were monitor d. Th"s sequenc vent.. was term'na d when the nedimen bowl ernp ra ure eached 75C 67 p). not ecaU5 he engin 
	6 
	G 

	apar lock d. See figur 4 for a tim hi tory f th fuel tiy tem t mperatures, the fuel pLessur ~ and th fuel flow reading . 
	During this sequence, he fuel flow b cam e a the sediment owl temperature exc eded th initial boLli g poin of the uel n it remained f>.Tratic as lh run 
	e.o tinue. This s signi ica t ince the 8 d"ment bowl is just upstream 0-t p f e flow trans ucer and he empera ur of th fuel in the dillletlt bowl is tle same as the temperatur of the f el thetra s uce~. At th~ con Ius ion of hi test, cool fue was introduced by sw"tching th ank i UBe <lnd the fuel flow r ur ed to norma The v pOr' lbat wa for-Uled not only dis iJ bed thf" f el floWi t.. neducer but t started a perc latioD sequence whi ch aiJ:led th temperat re in the tank an. addi ional 5" The penolat.ion in 
	An aUefllpl W5 made to i duce d nation whi ulling the .l[ne b, t h ot lOOLL avgali as s usdie tw taks bov~. It was nSut::.ceBsfu] even though lle y ind~ head temp ture (CMT' ,) dnd th oi 1 temperatur were at the 1 i.mits fo thig . ngill , the .a ure or inlet air temperatur was above lOaD F and the power <and mixt, > cOl1tr:-ols w t' aJju.sted t obtain lhe moe severe eo'll i tion possible" This lila expect d since th engine x.;as d s "gned to op ra on 91./96 oc ne avga!>. 
	Tow r us were on !jete ~n order to ea abli h a p l"forwanu~ '"able and te', ee if there we. any differ nc 1.0 th 'powe utput a the fuel upply variables weI' alt red. The~ tests \oller run 6 ng Eres ateb of if lODLL avgaa pu"chased from t e fixe!d base oper t tA ian lC ity International All"PQ c. Du ing this seque c the power setting were varied from nonnal c ruise tk 0 f power
	• 
	FigUT" 5 "I~ow~ Lhe data from. he first of these runs. In fig Lre 5A~ he en~ine speed and man-told I,)r~ssur, ar ~hown a f'gure B hows he calculated an corrected h sepoweT. The ambi nt reSSUF was 30.4 inHg and th_ ambient tempera­
	ure vari d from 15~ 0 18" C (59 to 6 D .). The cyl"nder head t~mpera UI'es w re 
	G 

	D 
	D 

	mal a"ned at 177 C (] 0" ); he oil temperature waa ms'inta'ned at 82 C oao" F) and th em erature f the ea buretar "olet a" was used to alculat the orrected hors power. No signifi.can diE er n es in th horsepo r developed wer meaSUT d as ()Ilsequence of r:-unni g on eit er hot or 001 vga8. [0 addition. t-ere w e 
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	FIGURE 5. KEY CONTROL VARIABLES, ALCULATED AN CO CTED. HORSEPOWER DURI G THE BASELINE TESTS. 
	1. 
	no sign"f"cant var ations in Eu pr 6SU e r fuel law as a c n8 q ence 0 operating the engine n it er fuel tank. 
	l~ ig t"e 6 ShO\oTS the h rs pOW' as a function 0 both mani old pressure and engin~ speed for hi engl.n and figure 7 shows til corr 8 Dding fuel flow wi th e mixtur in the fl 1 rich position. The brak spec ·fic uel consumption was calc ­lated Or these set .ng (see table 3) and th.e values are n he nonnal rang for 
	th's ngiue. The £u 1 throo tl cu ve fig r b 01 apses onto the 28 inHg curv • This is a cons qu nee of the duct"ng loss s which occur i this "n ta la ion.•h disc inuity in figur 7 f r the full t rott e curv i· ue 0 the pow r nricb­m~nt valv becoming op ratio al. 
	TABLE 3.. BRAKE S f:CIFIC FUEL CONSU PTION FOR VARIOUS MANIFOLD PRESSURES AND EN NE SPEEDS 
	(Mixture a full rich; the brake sp.eeific fuel consumption S l.n Ibm/hp-hr) 
	Manifold 
	Pressuce. Engin Spe d ~PM 
	1. 2000 2100 2200 2300 2400 2500 2.60 2700
	&. 
	20. 0.57 U. 0.56 o. 0.58 0.56 0.5 0.57 
	20. 0.57 U. 0.56 o. 0.58 0.56 0.5 0.57 
	20. 0.57 U. 0.56 o. 0.58 0.56 0.5 0.57 

	22. 0.53 o. 0.53 O. O. 5 0.54 0.54 0 54 
	22. 0.53 o. 0.53 O. O. 5 0.54 0.54 0 54 

	24. 0.51 o. O. 0.52 0.53 .53 0.54 0.54 
	24. 0.51 o. O. 0.52 0.53 .53 0.54 0.54 


	26. O. 0.53 0.53 0.5 0.53 0.54 0.54 
	28 0.52 0.52 0.52 0.58. FT* 0.54 0.5 0.52 o. 8 o. 7 0.54 O. 5. 
	*FT 1S the full hr ttl~ cc.odi 10n. 
	Figur 8 shows the t rque as a function of engine peed and manifold pres As can be s en, the torC! is higher a lower eng· oe speeds for he amp. IDa i fo id pre~ 'Ul-. This mea s th b <Ike mean eff~ctive pr 5 ure (BMEP) .. s higher-a lo....er: engine sp eds. Since detoo!ition is more probable, the high r he BMEP all else cons ide red) , t is illlPO ta that an ai cr ft eogin ",ith a v l"iable pi c ropel­
	ler not b oper ed at full throttle w h the prop Hex f'; t at coarse p'cc (low~r engl. speeds). 
	An 11 breviat d version of the above run was conduct d later t lat d y.. Tbe results of tlis es t (s· e figure 9) show that he system . s sta le and t' peat ble l"esults can be 0 tained) g'ven the same 0 erating con' ion. 
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	FIGURE 6. CORRECTED HORSEPOWJ::R AS A FUNCTION OF MANIFOLD PRESSURE A.1'l"D ENGINE SPEED 
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	FIGURE 7. FUEL FLOW AS A FUNCTION OF MANIFOLD PRESSURE AND ENGINE SPEED. 
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	FIGmu: 8. TORQUE DURING THE BASELINE RUN:; AS A FUNCTION OF ENGINE SPEEIJ AND ~1ANH'OLJ) PRESSURE 
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	18. 
	VAPOj;{ LOCK TE.STS -AUTOGA·. 
	Seven fuels were tested for vapor lock. Six of these fuels w r-e gasolines pu~­chased from retaile s in the vi . nity of th AA T chnical Ce rand th seven h was a special blend of 1 ade utomob·l gasoline. Three of the commercial gasolines were unleaded regular ga80 ines and tie remaining thre were w re unleaded premium gasolines. Four of the six ~ merci gasolines wer volatility class E fuels (winter blends) and two weI' volatility lass 0 fuels (one a r gular unleaded and one a premium unleaded). The OS·X com
	TABLE 4.. PROPERTIES OF THE AUTOMO ILE GASOLINES T!.':STED BY SUN REFINING AND MARKET NG C MPANY 
	Tech 
	Tech 
	Tech 
	Center 
	Sun 
	Refi 
	iog and 
	Mark.ting 
	atu 

	Fuel 
	Fuel 
	Volatility 
	rEP 
	RVP 
	RVP 
	RON 
	MO 
	R+M/2 

	ID 
	ID 
	Class 
	(degC) 
	(psi) 
	( 
	gi) 


	HPU E 2S 12.2 12.7 12.8 97.9 87.0 92..5 
	HRU E 2S 12.4. 13.3 91.6 83.5 87.5 
	CPU E 25 13.3 13.6 N/A 96.4 87. 92.2 
	CRU E 26 11.8 13.1 N/A 91.4 83.2. 37. 3 
	BPU D 26 12.7 12.5 2.6 Y8.0 6.9 92. 
	13K D 25 14.1 14.0 14.0 94.0 82.5 8 .3 
	SBL. 30 13.6 
	A special blend of leaded gasoline was pre a d fo th Technical en r ilpp ox'­mately two years prior to being tested (samp e SBL in table 4). his uelorigi­nally had a RVP of 15 ps i and it was stored in a sea ~d drUlli. When the ue 1 was first used, the RVP had decayed to 13.6 psi and the RVP cont·nu d decay or h subsequent runs. Originally this fuel was used to develop x e iseh c nducting the tests, but since the data is consist nt with the fol owing runs, 't is includ d in this report. 
	The RVP and the distillation was mea ur d pr~or toach e t andas pI wa.s tested after the test to measure any cha es in t RV and d's illation. For the most part, the changes were insignif·can a d they were m·s cl by the no mal variation in the respective tests. Th only xc ption was the spec· blend of leaded gaso 1ine and because ofthe age of the fue 1, the data fro be e t$were inconclusive. However, they do imply t at one tho RVP begins to deca the decay
	J is rapid. An attempt was made to correlate either he ·nitial boil'ng point uf the fuel or temperature at which a certain percent of the fue was 'stilled with the 
	19 
	fuel temperature a wh·c vapo~ 'ocked occurr d. ese r suI 8 were also inconclu­sive. The pre-and po -t st Vp IS n b_ fou d ill appendix D as can initial boiling points of the u 
	For each te c, he fu 1 was plac d n 'th c-172 fuel anks alld e~ e to he desir mp ratur. or this prog am the range of temperatur s as hOlll 2l" (70 f') to 49° , (120 F). The ra g of init" a1 tank temp rature an found i appendix D. Typica ly, a fuel would be ested wi 21. 32. and 4]~ cOO, 90, and 110° F) initi::l tank temperal: re and' f su fi 'e t sample I'mained, woul be C 8 • 100, Or ..1.20 ini ial ta k 'pera­ture. Two fllels were tes ed wi th t e tank temp a ure se at th 'r in' til boi ling point. 
	0 
	0 
	tested with either an 27 38, or 49 
	0 
	0 

	For each tank temp rature a fuel was tested at a number of fuel flows. yp" a1 ser'es wou.ld inc ude 2.5,5.0,7.5,10.0,12.5,13.5 (full thro tIe) gph. At th end of the sequence, on of the above points would be repeate to see if 'hanges we re apparent in e' ther the tempera ure at 'iii ich vapor lock ccurrecl or t le p 1"iod of time it took to reach vapor lock. 
	With the except 'on of the 2.5 and 5.0 gph settings, lh re ""ere no sign icanl diE erences b~tw en the init'al data point and the repeated data point: h~ tempera­tures we ypically within a couple of degrees of each other' there ~as 00 rend toward h'gher temperatu es a the -nd of the run aDd vapor lock CCUT~e wi h'D t sam-time f e a both the initial data point nd he r-ep ated data po·ot. ot" the 2.5 and 5. gph settings, fuel would perco at in th [IJel "ystem and his percolation was of a random nat r. As b t 
	For this fu sy'tern, the oc urr ce of vapor ock depends an tw variables. Th im<it'y v riable 1.S th initi 1 f el t mperat're in the 2lk and t. second~ry 
	v.c I t fuel f ow ate. As tn initial ta k tempe lUt" inc eases j the t mper'tur at which vapor lock occurs in reases. 0 t e ~ r ac this would . ply 
	at i reasing th tank temperat re decrens the pr babil'ty of vapor lock. but the oppos i s tl;'ue. Since the fuel iC oser to the -e.mperat re at wh' eh vapo lock occurs ess heat must be add d to be fuel system to "nduce vapor loc. A the fu 1 ow rate is incr ased wo ph no ena occur which ombine 0 creat a mo severe e viromtLent Ear vapor ock. Viscous osses in the fuel By em d crea. the pressur at the low t poi t of the system) in this Cas the aedimen wl~ and more hea i g l1era caus ing an " cr ase in the pe at
	Th re is a limit to how hot the Eu I ca be mad befor tb loss of the volatil compon nts b gins to lessell th sever" ty of vapor loc eo he fuel. i elow it' sini t i.ali1i n t"7 pointit is .fi It, a t bs t, toadd l:i Uf fie ie t he a t to cause vapor lock. As the fue Oink is heat'ed to the in" tal boiling point it beCOlD.~STogr saiv I easier-0 'nd ce va Or ock but t isisbynomans he worse case. As the f 1 is heated still further, vapor lock egins to occur at h highgr uel fOWlS wil:hout he ad it 'on of supplemen
	t 
	J 
	0 

	20. 
	uels ested. Wh n th fuel 1n the tank is eated to 49" C (120" F, vapo~ lock is not a5 sev F2 Cl,§ with 32 C (90 F) uel. This ie pro R ya cansequenc~ of the loss of the more va atiLe components i thf~ fuel. 
	D 
	0 

	It is s"gni ican that t _r'18notalarg dopintheRVP wh~n a posl-t t ample is dra\\l'n following a t st a 49 C. Th'5 phe Omen a peau to be i d to Lhe r S ult s from () study onduc d at the Nat ional In t itu of PetruleUlli and Energy 
	eSOLJrceS ( 1~~R. In t. is s udy. r er'ence 1, a numb r of samples we["e hete In a sea e tank "'nd 1 'rIe t vent for 'mited period of t' e, TheRV a "racke i for the fuels nd tn ~esultfl n ca ed hat there wo Id be s 'gni i-cant ch nge for the d ration studie (p to 24 hours) w' h the excep ion of tu· is wh·hIta a i h RV and were k p at elevate, te per tures. 'II ismay also tit! . with unusua y la g chan es RVP a~SDC "lilted w· th thl~ 2-year-ol sp~ci1:11 b i2!nd, It s os,,,,ible that a e ntage of the v la i c
	e ins to all rap·dly_ f this is true. then it should be possible t have d -u 1 wi.t the:3aill vapor pres ure exh· bi t an ent irely di ff ren v3por lock b haviot' 
	Two t sts weco ducted w·th fuel which had 'ee allowed to age an repeat tf'sts were c n ucted with fuel f s fro a s aled on ainer. 0 e of these t sts used the spe ial blend 0 lea ed auto as (SBL in appendix D) an the ot er was con ue d u iog a reg 1a1" unleaded g sol'ne HRU in ppendix D). 'f Ie tests using t le SB sam Ie were eond ct at 43° C an t:l e ts ill the RU sample wer conduct d t 49° In both cases, the Ii> 1e h"ch wa. allowed t age ovet'u'gh exhibited a less sever vapor lock hav·o han the samples whi
	t sted immediate y. The S L sample w ich 1ad al eady been ag d .8 o'rled .:I smal I hut sig ificant drop ~n RVP but the lum eiample di n t. 1n light of lies r sults, it is imperati e that the fuel used for vapor lock studies e a9 f Bh as o5Bibl. 
	t e KVP fa th~ two class D fu Is (ERU and EPU in appendix Il) were ot' th~ same Ilagni ud~ a' [he cla El u Is, Fo both of th ofle ue Is, the chnical Center was unall1 to i duee spar lock a t he 2.5 gp Bel:' ing. In add itioo, h B fuels would exhi it all of he symp Oms of vapor ock (such S red ced uel pressure, z~ro uel [lows, rip,ing < 'T' Sl a.nd rough c nil1g) and t en recovl!!r only t repeat h equence unt·l SLIp emental a 'riB added. his behavior was in sharp can t'ast t:o th class E fuels whi h would ui
	0 
	WO~ @ ca~ ~s far as vapor lock was concerned. 
	h 

	J advanc·o t e hcottle o~ iGcrea i g the eng'p speed would invari bly result in ~ 'englLl1l2 ~ oppag. Li .\<nse, $~ ting the m·xt re 0 full r'ch would not illlp~ove engln~ p r' ormance sin e tl f 1 fl w was being restric d by v par format"on and not by th mixture adjustrne t. Rein th thrattl to improv ~he SIQOOrhne8S f engine 0 eration wo d not neeessar'ly result in more power being developed but it 
	was observed tha wh n th engin beg n to u rough clur 
	i 
	g the above Lests 

	ypica ly did not reduce the power being eve op d. Th-re is a chance thaI: p -iod 
	o xtended ro h running would CI t occur in an a· t'craft inee turbulence n aircra t vibration would pcobabl aggravate v POI' formation nd r~filult in anen i stop age. 
	n. 
	For all of the above runs th ngi e cooling air em erature was kept t :i8· C foLD C. To se. if th oling air temp r ture would have an eff c ever 1 points VIer conduct d \.lith the c li a.ir em erature at 29 C (8S ). Thes tests w re not ellh. lJstive but they ernona rated hat vapo~ 10 k would ccur w' thout supplemen­tal Ilea b~ing add d whenev [" the f in tle tank was at 38° 1:.0 4 C and th fue
	J 
	0 

	0 
	flows wer abov 10 gpb. Since the eng"Dc woul run juslt long ~nough t exhaust the supply 0 fuel in the carbu, eto bowl t bes Be tings. thi result is ot surp is' g. An at tem t w s made 0 9 e tbe e wa any di ference <It oth r fue1 flow ates and th res ts w re conclusive. 
	As the fu 1.-to-a" r [<it i 0 lean during vapor lock, lean m' s fire can occur. Th is . 6 typically accompanied y loud popp"ng no'ses as the ubur f el is igni' ed '0 te exhaust ~ystem. Som 0 erv rs nought th ng'ne was d tODating hen this ph nom­enOl was fit"st observ d. Tll Tech ico.l C oter' 8 ,experien e d ring ae r ns was that d tona 0 l:l 11 t norm. ly observed as the "gin leans d ring vapor 0 k unless he f e 1 would hav detoLl ted with he m'xtut"e a full r ieh. I 'e d. ther we.r poi wile e detonat "on 
	As vapo lock 0 curs, the EGT rise and this can be II useful 1 dica I" 0 vapor lock as long ~~ th limitat'ons Q the p r ic lar "os alla on ar under too T e 
	'T ys tell i the Technical C nt '[" installat .on ael too slow B response tim to p ovi e any warnin wh apor lock ace rred at the high uel f ow rates. (Not tn general tnmcl for shorle run times as the fu 1 "low t"ate incr ases '0 figure JO. Ala, there is a chance that t e changes bserv d IilO ld be rna ked by the scaling of he 'nstrum nta ion in t e aircraf. Th dis lay used in t ese ests had a Ii al r adout ant even am 1 changes were evid n When vapor lock 
	o cucrEd at t e 2.~ gph set ing, h ngine wou d cant'Due t runforwell ov r a mi u e (8 e the 2.5 gph urve in fig re 10) and for hi condition the KGT rDvided a g ad "l1dicatioo tl· t vapo lock hOi ccurr d. 
	Very HIDal di fer nees i ~T weI". noticed w en switching b tween avgas an toga­s d a drop of about 5 percent ·n fuel f ow was noted ben awi ching from avgas t) utogas" The EGT nge rn.ay be caused y number 0 fae tara such as a chlJnge . [ he is ribut'o due volatj ity changes or ha.nges in he combusti n pro ess. 
	The latter is p.robab y an instrurnelltat ion eror ca sed by [e difference in tl e density e w en he avgas and th autogas. 
	As wi t avgas J arge inst umenta ion rr ['s are evid nt whel1ever the f el In the 5YS tern i 8 abov it's ini tial bo "liog point. This henomena:i s aggravated by tile lower IB an higher RVP yp"cally foun in au ogas. Figure II d arly shows til"s e ect. (T e ab upt rise in h lin t per ture t 9 m"nu 8 is cau6ed y switch­ng Oll the suppl mental h t rs.) The I8P for his fuel is 26 C(79° F) andas lhe emperllture 0 t edimeot ·QW"lt whic:h 8 irectly upstceam 0 tbe fuel flow J the fuel flow bec es unreliable due 0 v
	mete. climbs ab e 26° 

	[I 
	1 ck. Indeed so e of he service di fic:ulty l'eports Dt ese -5yst s. ere hey are nreliable in fligh ye b Dcb ch cO. are probably a ~eaul of orfo a-lion in that parlicular instal a ion. 
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	FIGURE 11.. A VAPOR LOCK SEQUENCE SHOWING THE EFFECT OF THE IBP ON THE FUEL FLOW RATE AND FUEL PRESSU 
	At tl is point one .!Ihould kee 1.11 mind ha heating the n , "g wat'l 1011 during 
	is selJ.uen c nf Le9lR, would n t occur in an airc a t. his wa' drJn t In ure 
	lIe fuel sY1:item w uld a r lock and give us a point for c mparls Lik wise, a .-17'l fuel 'y ~m woul not normally be ope at:>d at LakeoEf nn on~ tak. bu his proc d re enabl d h Tee n'c< 1 Genter to recover from vapor lock witllOut [e tart­ill~ the engin • 
	Ther IS S n.e ("vidence that for t is particul r f 1-1 sy tern. the se il1l nC owl IS \~t e e VapOI" lock actually ace Tfj:. In gn£e •thp mpertl s aL yR .1:' 1DC dl 
	o e COl 51St nl for the sedimen owl tllan fot:" eiLher to;. c. ['our t r bwIorthe lit. telllp.rat.... r the uel pressure n fuel flow indicalions be~omt::: erratiL "'hen. 
	he telJlper tLlre f the sed 'IrH~nt bow ,e~ceRd lh 51? and lh St~dLIDenl bowl is the lowes point in he sy't m. 
	Tee is strong ev'dence tl at foaming 0' ur in tl carburetor ow prior to lhe. on~et of vapor lock. Twas articu r1y evid nt when t sting fllP.l B WIth cool. (27 C r coo r) tank emperatu eli and at low fll 1 flow a @s. !"hi: temper.'lture. "n the ca buretor bow increas d th. f el would begin to bUll and the RGT would. e Ul to drop. Eventua ly, hOo power d ve oped would b~g"n iJ it ut condi ion. would not decay to the point of tile ng-ne running aug ly. The eX11iten e: of. oami g also supports the not" on that 
	0 

	DErlNATION SURVEYS -AUTOGA , 
	S lX COlllmerc ial1y available fuels w re le. ted fnt" eLo acion. ampl s of hes@
	All 

	. 
	~n
	fu oS were U,"n tak n Sn placed w ug aks Bet up a· tt e Technca L nl r. Aft,,[" h fup ::l.g H, t 11ese fuels w"l e tested at the am po inta to determine if h r. l.Si 3 S i bni hcant sh ift in the octane sting as a consequen e n 'glt1g. 
	u lne t hl'!.se le,:; t sI tb~ e1 '1 or... was 't at a s pee ific power liP ing LiS i ng avga' bctor s",' tchi g 0 I P autogas b"n este. he ho p-powe :>Y'lnped 0 either fuel 'ilia compare and, less here w d tOfietion. here WRS no ~iglifican d iff nmce. L" ght de t nat ion 5 flashes per mi nute or le Ii) could iH:cur ",it 1 Olt noticea y a fee 'ng e'ther ttl horeepowc J he E.Gi or the CHT .... hicll was unexpected. nLessth detonation was seve t" th CT) and l;llT wou1d show onI y slight changes whie coul 0 un
	'apor 1 ck. th EGT pbs i tn"s 'nst.a.l1ation were slow to respond t onset I1f seve e donatio • 
	All S1.X ommf'f"' ially availl:lble fUlls detonated aloe or mHe po er settings ~hereas. th_ lOOLL avgas used to se he data poinl5 di~ 0 I xhibit r~nd n~y de~onat. There was nn exception. an that par icular sampl WillS 2-year-old avgas thA t "" li b in~ uS d during !lame rna' ntenance r near1y in program. '[ F' ech­n i<.:al Center was una Ie to re eat t~l is po int and it IS inconc: 11Js" vc a to "'hethe 
	he g" uf tILe u' 1 was lh aus Df the detonation. 
	o. cal'; i al c:I Ii Llg swi tcbo\l'~t" f Olll RVgaS '0 autogas, brief ppri od of etonat ion as df't eted. It appe a ed t be aseociat d ith th Inixing of he wo uels, A 
	27. 
	number of sampl s were prepared where di eT:"centageB" avgas WEre m'xed with a regular unleaded autogas. These sam]) ea wer tested u determine the 0 tane ra ing of the blend and the results a£€ ltate table 5. As can be see roi~'ng avgas and autogas results in a high I" C an numbel" ttl n he autog alan so a. reduction in either octane nUIDber is ot th cause of d tonation. On p ssible explanation or this phenomen is mald'stribut' n during he Rwit'lover from avgas to autogas. 
	TABLE 5.. PROPERTIES OF SEV, RAL MIXTURES OF AVGAS IN REGULAR UNLKADE AU OGA 
	Sample Percent RVP RVP 
	1D Avgas (psi) (pai) RO KON 
	R+H/2 

	ERU. 0 14.0 14.0 94.0 82.5 88.3 
	8M1 10 9.0 9.1 96.0 84 .3 90.2 
	8M2 20 8.8 8.8 97. 7.0 92.4 
	SMJ 33 8.6 8.6 98,0 87.1 92.6 
	SM5 50 7.9 7.8 100.1 9 .1 95.6 
	The design of the detonation experiments called for he engin c oling air t ropera­C. While testing sample EPU (5ee figure 12) he boil r n he cooling air blowe. failed. A repeat of sev ral of he da a po'nts w e~ de onation had occurred resulted in only incipient detocat·on. This demonstra ed that the engine cooling air temperature has a significant effect on del: nat·on. I was also observed that the humidity of the carbur tOt" in et air has an ef eel: on the occur­rence of detonation. 
	ture to be at 38 
	0 

	Figure 12 shows he ults of the etonati D aerie' a~ a function of engine speed and manifold pr 8SU e. These figures are r sllged' th ordet" of de'cending MON. As can be see ther 's a strong relat'onship betw en the MON and h@ oce cr nee 0 detonation. I'll RON is . 150 listed t how that whit th r. 's a ge eral tr nd it is not as definite as he relationship wi h the MON. This shows th t the design of the d' ferent octane tests is ap licable 0 the type of appl'cat'on in which hE fuel w'll be llsed. The Avi tion
	There appear d to be a hyst resis effect When doi g he d to a'o series of tests. Detonat ion was more likely to occur a g 'ven power seet 'og ifit 110e-d a higher pow r 5 t ing as opposed to a lower powe~ settiog. This is pro ably due to eleva d inte oal temperatures which are ot reflected in ei er h CR' 0 oil temp rature, which were monitored to dete. ine if h engine had stnbil'z:ed t a given data point prior to 6 itching to aut gas. This could xpla'n why, on occa­sion, the 2400 RPM data point wer more sev
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	MISCELLANEOU~ -AUTOGAS, 
	The ~ was a compat "bility problem: Mlith a togas in e fuel sy em us d fOT these tests. T ~ ta k 5' ctor used is the same a the selector Duod in the C-172 ut 
	t. 5 operated remotely w"lb a pn uma ic ac:tuator. When a est 'lila terminated on ilutOg<iS he seals in the .elector valve would BY 11 an t: e po wnatic oper to as not strong Dough 0 OVereo e th ad.ditional r;-es' Bane. I th engine a hut down on avg ollowing a a1 utdown on a togas t e problem w"Qul 0 occur. lere d'd no seem 0 be correlat·oD wi h tle sample of autog s sed nd it may ot b@ a problem fo~ sys ma whicn are anually opera ed. 
	[)ur i g t h _ vapot" lock t es t8 J a large amoun t of vapor and fu I wouId be v 11 ted. 
	is occurred yen though he anks wer. usual y less than nalf full dur"ng the vapor lock t sts. Up t 7 erCeD of he 'ni ial volume 0 fue wa!'! co lecte dur LOg a typical rUI, An' d 'vidual usi g au ogae should b aware of this and. a low for xlr reserv~ wh n planning a extended flight, 
	CONe LU5 lOriS 
	For Autoga,sJ the f ei t mp~ratllre t wh' c:h vapor lock. testing i cond cted is cri i a1. The mas 8eVere cas occurs when the emp ratur of the fue in the ank 's b en 100 and 10° F. fleating he fuel to 120" great y re uces t e oten­
	inl apor lock a urrin. In addition. 1 av'ng the fuel in a v nted container over t gr~ 1y rducea h t nd ney 0 vapor ock even thoug te RVP docs no chang dramati ally. 
	For th '17l 1 sys em I the ons t0 ~ par Dele. depend d on the u 1 flow ate. Th x st_nce of pe~colation '0 th system impli 8 th tt e fuel yst m des'gn can ave dramatLc effect. This needs to be invea igated ur her. 
	. ~e engin coolin "ir temp ratuc id not hav~ a s'gniEica t effect on th tendency to vapu r 10k but l' ght t sts sho d b conduced On as ot a day as possible t avoi cooling he uel i he tanka. 
	Reducing he t coltl m y esult in smoother operatio at he onaeL of vapor lock but does not n c ssarily illcr ase the aw-e develo ed. oy abr pt th ott _ move­nts can r suit i be engine quitting. 
	D ver h fueL t,el p ratur in the system xceeds he ipiil'll boiling oint 0 t fuel J ther is va.por in th, sys m. This vapor ff c:ts bott th fuel flow III tel' and the u t pr sure. 'or a gravity fue 1 syst.m such as is foun on 
	he .,-172, ei ller fu I flow r fuel pres8ur is Ii useful indica or of the 0 set )f vapor lock. The f el p eS:::iUr may e more difficol to iot pret [Ice it i. affected by fuel flow ld a ospher'c turbu e ceo 
	All Ie aut gas samp1-detonat d to sOlne xl:ent , b 0 tor Dc t: a.n umber MO) r par ocular samp e is ore useful in predict "ug de onatioo tha the Resea ch Octan. umber (RO ). 
	Lig t de 0 ation may ot be d~t ctable ~i h he nstrumenta on current y found ' general avi t'on a"rcraft. 
	32 
	A1 ~lse being ql.l, h r,eng1.D_ cooling R"r temperature and the humidity of the c r.buretor LnlE't c ir affects he s~t of d tona ion. Detona ion is more severe wi. h 10..... llUIl idty carbure or i let all'" and hig eng ne cool ing air temperatures, 
	C rbu etor faa "ng occurs wh operatin at low pow~r settings with relatively cool 
	(27~ C or below a 1 agas. Fa the Lycom'ng 0-32.0 used i thes tests it did not cause aI operational pTob em but it de erv s f r her iov stigation. 
	F0 [" U. is f LIe J s ys em) which Hi a re ativ ly i1l1pl d sign, there was a slight material compa~ibili~y prnbl_m with autogas. This p oblem need' urther 
	Inves [igat ion. 
	The hars powe does nut vary s" n"ficantly betw en avgas and autogas unless d~ton'tio 18 Occ r1ng. 
	Detonation could no be in uced in this eng1ue wi "lOOLL avgas, Likewise, vapor lock was no observed 1n this fuel sys e when sting with 100LL avgas. 
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	ll 

	33. 
	Figure
	PNDIX A 
	E GI E~R'S CHECKLIST 
	T' checkl· t on th~ f llowing pages ·s used by t e projec engineer peior to each r n. Th", ohj:>ctive sheets r [" e to D it m on in the checklist aee the same as Ie test pr ce dur listed earlier 1n this r~p rt. 
	1. 
	1. 
	1. 
	Prepare the run objectives and s quence. 

	2. 
	2. 
	Pr pare the run sheet; record the folIo ing; 


	Tetlt ifF Run if. Dat Pal1l.b Tdew. A ga ID Autogas. 
	bar. 

	The headings on the run sheet should be as follows: 
	Oil Temp. Cooling Air Fuel TilDe Torque Tach MAP and res sure Temp. and Pressure Pressure 
	'Changes to the above headings can be ade fr·om the list of parameters in table 2 ,0 f the ext. 
	3. Ent r the following int th automatic data acquisition system: 
	Test 1f Run if. Dat· T'me. Number of. aras P r' ad. 
	( ",c n 
	4. 
	4. 
	4. 
	!Jut i'l pe on line w' II e write r'ng in place. 

	5. 
	5. 
	Assure the CRT displays the same param ters as on the run sheet. 

	6. 
	6. 
	Assure the fuel 1n he tanks is heated to the desired temperature. 


	I. Type GOGO. 
	8. 
	8. 
	8. 
	Type LIST and make sure the computer ~s 1n the run mode. 

	9. 
	9. 
	'ry e i.n 0ISP (.isplay) . 

	10. 
	10. 
	SLart tJ C O-'~20 per the 0 erators check oS t. 

	11. 
	11. 
	(;OL the start tim:e. 

	12. 
	12. 
	Conduct the st according to th run objective.. 13, At tn edofth tes t type NSCAN=l.. 


	-1 
	14. 
	14. 
	14. 
	Type LIST. Make sure the computer 1S 10 the WAIT mode. If no ,. ep3~t as nece sary.. 

	15. 
	15. 
	Remove th write rlog from th tape and put the ape back on line. 

	16. 
	16. 
	Type in headings per the attached lOst then type.: 


	J .1,N. wh ~ N is the 01 be~ of scaos.. 
	VIEW 

	17. Repeat item 16 unt"l all of h parameter~ are Ii ted. 
	18. Save the tape if des ired; other-w" se re urn the writ ring lInd put the tape back on line. 
	A-2. 
	APPE DIX B SYST ~ CHECKLIST 
	The following check list 1.5 UB~ by he eel' n' c' an pr1.or to each run. 
	1.. 
	1.. 
	1.. 
	Turn n 28 VDC. 

	2.. 
	2.. 
	Turn on 115 VAC. 

	3.. 
	3.. 
	Reset tempera e ontrollers on the dynamometer control module. 

	4.. 
	4.. 
	all ynamom ler control swi ches are off.. Assl~e uel heater switch is off.. 
	Assur 
	n 



	6.. 
	6.. 
	6.. 
	Turn on Supply A'~ System, start switch. (Engine cooling air) 

	7.. 
	7.. 
	T\irll on Rot ting Beacon switch. 


	H. Plug 1.n ba tery charg r.. ~. A~sure oil cooler wa r 1.5 on.. 
	10.. 
	10.. 
	10.. 
	Turn on Dyno Cooling Water Supply valve. 

	11.. 
	11.. 
	Pull Dyno Safety swjtch. (Small red li& t should illuminate.) 

	12. 
	12. 
	ssure Dyno Contro Box is plugged into 115 VAC. 

	13. 
	13. 
	Tu non top &ld bot am air condi i ners.. Iii. Turn on dyno air control valve (for pneuma i actuators).. 


	15.. Assurr:~ pr ILr type and amount of fuel in tanks. 
	16.. 
	16.. 
	16.. 
	Check Engi e Oil quantity. (5 1/2 qts. min. with cold engine.) 

	17. 
	17. 
	e form wet and dry reading. 

	18.. 
	18.. 
	Take barometpT reading. 

	19.. 
	19.. 
	Mnke entries in Engine Run Log. 

	20.. 
	20.. 
	Open t-st cell doors if necessary. 

	21.. 
	21.. 
	Sound Klaxon three times. 

	22.. 
	22.. 
	Start ng· oe: 


	a.. 
	a.. 
	a.. 
	P 11 Eme gency Stop switch. 

	b.. 
	b.. 
	,Ul: on llel and ignition switches. 


	B-1. 
	c. 
	c. 
	c. 
	Hold 
	Fault Mode 
	Reset 
	Switch. 
	(Master light 
	hou 
	d b 
	ou) 

	d. 
	d. 
	Assure Command 
	Selector 
	00 
	Manual, 
	Can rol Sel 
	tor 
	on 
	Load. 

	e. 
	e. 
	Set Condition Switches to A, Load Pot to 250, Mixture Pot to 1000. 
	to 
	O. Throttle. 
	Pot 

	f. 
	f. 
	Hold Start Button until engine 
	LS 
	running. 

	23. 
	23. 
	Check 
	for Oil 
	Pressure within 30 
	sec. 
	of 
	e 
	gine 
	start. 


	B-2. 
	APPENDIX C 
	T K HEATER CHECKLIST The following checkli t i.s used by th technic'al wherl'ver the test requ1res the fue 1n the C-172 tanks be heated or cool~d to a desired temperature. 
	GENERAL INFORMATION: This system provides the. mperature control of the fuel in the C-172 tan s. The system uses wa er heat xchangers in each tank and tempera­ture con ro 1 p ovided by t 0 Thet""mo lectric'" controllers linked to solenoids which r~guld.t the f ow 0 f water rough he. h at exchangers. The temperature of te fuel i" IDO itored by t enu coup eB (channe n rober 6 for aV8a~ and number 8 for autogas). Wh t e water heater is set at l50~ 1" the actual. water temperature va' as f ou 13 ~ to 155· 
	STARTUP CHECKLIST 
	1. 
	1. 
	1. 
	Turn. on the 28 volt DC and 110 volt AC power. 

	2.. 
	2.. 
	Check wat r lev f the system is not full:. open both solenoids using the controllers.. 


	D.. fi1 the system through the faucet and monitor the water level Via the expansion tank. 
	c.. when full, turn off the faucet and partially close the cap on the expansion tank. (This provides for pressure relief.) 
	3, SLt. the tempe ature controllers to the temperature as desired. 
	4. To. heat the tanks, perform the fall wing three items: 
	a. 
	a. 
	a. 
	Start the pUOlp. 

	b. 
	b. 
	Plug in the beater and set the water t mperature as desired. 

	c. 
	c. 
	Assure flow selector on hot posit"on.. 5, To C 01 h tanks perform the following:. 

	B. 
	B. 
	Set. th flow seleclor to the cool position. 

	b. 
	b. 
	Open the fauc t and adjust the flow rate as desired. 


	SHUT DOYlN CHECKLIST 
	1. 
	1. 
	1. 
	Turn. off the heater and unplug it. 

	2. 
	2. 
	Shut both solenoids with the temperature controllers. 


	3. Turn off the pL1Illp or close the faucet. 
	4. 
	4. 
	4. 
	Turn off the elctrical power. 

	5. 
	5. 
	If desired, drain the wa er from the system by open~ng the drain valve and the expansion tank cap. 


	C-l 
	Figure
	APPE IX D 
	VAPOR LOCK r ~'RATURES AS AFUN T[ OF ITEL 1<' 0 RATE INITIAL r K TEMPERATUR A I) RVP 
	Tables [Jl through n6 Ii t h autogal:l line tp.mperature. the s dime"1: bowl tem t"­t re and th carbut" or buwl -elnpera -@ or eacl fUf'l flow rate. in a~c nd' ng 
	rder uf initial a k tempe atur and in asc::en "ng rdel' of 'ni . al RlJP as a$ured by the Ie hn' cal Center, A noted on eaC . able, all temper' tut" s are i gl"ee Ce]slus and the VP is repol' ed 'n p L. 
	Some spec i-I not s inLer~At a.c as allows: 
	a. 
	a. 
	a. 
	TIl marked w-th (1) were frOtu tes ts wher the initi 1 tank tempera ure was stat b init'al boiling pain of the fuel. 

	b. 
	b. 
	1 elTI S m8[" ed wit: a (2) hav tIN da a poin listed in the st three col ns. These were Dints where on reading wa taken dur ng t normal sequenc of the test an a s con wnS at the c ncll1sion of he norma tes sequ nee. Not all of th r peated at"! po inta 1st
	-



	r·~ 
	terns markd w tl an at; te i sk we;["e frum t tests w ere the fuel waC' allowe to a} vernignt i a. Ilted conta net" at rOom te p rat lIre. The second aa po nts list d we:;€. rOm rn lIsing iden 1. al condi i s xc pt the fue was 
	taken rom a sealed canta in er st prior t the .e.s . 
	J 

	d. 1f th' T'dnical Cenl r was unable 0 'nduce vapor lock fo~ tha se 109 til nota ion NO VAPOR LOC-K is lltered in I:: he inc tempe ature through til carbu­re or bowl t_mperature columns. 
	T accuracy [1e RVP test is cons'dered to b 2:..1 psi. As a conse­quenc , ) is pOBsibl to have pos est re ding higher than t~e init'al re ding. 
	he ave rage> t h~ p glLest re dings re 1 8 psi lower than the pre-t st read­
	o 

	As expl_c ed. La g r; ~ _renee occur ith the higher fuel tempera ures.
	l.n~s .. 
	As m n ioned in the text, the tempera UTe at which vapor loc o cu $ rOses wi h the initio La.nk. telllpf'[ature J but sine the fuel B starting ff at 11 tempera ure c lDser to the )0" fit at wh i.e 1 vap I" lack Dccurs increas Lng til tank tern erature inc: L as g the seve ri ty of the va. or ock teat. Tn mOB t seve e initial t nk t mp~ atures are lUU to l1U· F. 
	D-1. 
	TABLE 
	TABLE 
	TABLE 
	Ill. 
	VAPOR LOCK 
	TEST 
	DATA 
	-FUEL 
	FLOW: 
	2.5 
	GPH 

	ALL 
	ALL 
	TEMPERATURES: 
	or.; 
	ALL 
	RVP: 
	PSI 

	FOR 
	FOR 
	POINTS 
	REPEATED 
	DURING 
	RUN--LOWEST 
	TEMPERATURE 
	REPORTED 


	:;upr l. }~M F!\T}\ r. BOWL Hr.AT
	INITIAL 
	SEDIMENT. 
	CAR". 

	TANK PRETEST POST-TEST. BOILING LINE BOWL 
	Tf.MP AnnEI1
	Tf.MP AnnEI1
	FUEL ID TEMP RVP RVP POINT 
	TEMP TEMP 


	CRU tfPU HRU EPU U 
	CRU tfPU HRU EPU U 
	CRU tfPU HRU EPU U 
	21 21 21 1 21 
	11 . g 12.2 12.4 12.7 13.3 
	]2.0 12. ] 2. 2 10.9 11.8 
	26° 25° 25° 25° SO 
	3S 49 45 48 35 S2 ------NO VAPOR 34 44 
	YES YES YES YF.~ YES 

	SBl ERU 
	SBl ERU 
	1 21 
	13.4 14. 1 
	12­14 . 1 
	30° S° 
	39 -~----NO 
	4 S VAPOR 
	YES YES 

	CRU SB CRU HPU 
	CRU SB CRU HPU 
	26(1) 30 (l) 32 32 
	11.8 11. 7 1.8 12. Z 
	11. 2 8.5 11.6 11., Z 
	26° 40° 26° 25 0 
	40 46 39 44 
	"7 61 44 4S 
	YES YF.S YES '{~s 

	HRU EP 
	HRU EP 
	2 32 
	12.4 12.7 
	] 1. 5 12.5 
	25° 25° 
	42 48 ------NO VAPOR 
	YES y F.S 

	9'~I 
	9'~I 
	CPU ERU 
	32 32 
	13.3 14.1 
	12. 2 12. 
	S° 25° 
	39 44 ------NO VAPOR 
	YF.S Yl:S 

	TR
	CRU 
	38 
	11. a 
	1 1. 8 
	26° 
	-~----NO 
	VAPOR 
	y F.S 

	TR
	EPU CPU 
	38 38 
	12.7 13.3 
	II. 8.5 
	25° 25° 
	---h --N0 7 
	VA POR 44, 
	YF.S YFS 

	TR
	CRU 
	43 
	11. a 
	0.2 
	26° 
	47 
	44 
	If F.S 

	TR
	HPU 
	43 
	12. 
	9.9 
	zso 
	45 
	48 
	VfS 

	TR
	HRU 
	43 
	12.4 
	1.3 
	25° 
	46 
	48 
	YES 

	TR
	EPU CPU SBL ~RU HPU 
	43 43 43 43 49 
	J 2. LL3 11.0"/13.0 ) 4. 12.2 
	ILl 9.9 S.9-/ELO 10.9 8.9 
	2565° 37 "635° 25 25 0 
	------NO VAPOR 45 44 51*/49 45-/40 ---NO VAPOR 57 48 
	LOCK LO 43 37·/3K-----­43 
	YF.S YF.S YES*/VPS YES Yf:S 

	TR
	HRU CPU 
	49 49 
	12. 4 3.3 
	8.6 9.2 
	~'S 0 25° 
	55*/52 51 
	68*/54 47 
	52*/5 44 
	F~·/Yrs YES 


	TEMPERATUR~ AT JRP 
	·OVERNIGHT FUEL. NO FRESH FUEL ADDED. (1) TANK 

	TABLE D2. VAPOR LOCK TEST DATA -FUEL FLOW: 5.0 GPH AI, L TEMPERATURES: vC; AL L kV P; P 
	TABLE D2. VAPOR LOCK TEST DATA -FUEL FLOW: 5.0 GPH AI, L TEMPERATURES: vC; AL L kV P; P 
	TABLE D2. VAPOR LOCK TEST DATA -FUEL FLOW: 5.0 GPH AI, L TEMPERATURES: vC; AL L kV P; P 

	FOR 
	FOR 
	POINTS 
	REPEATED 
	DUR ING 
	RUN ­
	-1.OWEsr 
	TEMPERATURE 
	REPORTEn 

	TR
	I NI rIAL 
	SED IMENT 
	(AR B. 
	SlJ rp l.l;~1l:' TAL. 

	UEL 
	UEL 
	ID 
	TANK TEMP 
	RETEST RVP 
	pas T ~ TEST RVP 
	flO TLING PO I NT 
	L JNr. TEMP 
	BOWL TEMP 
	ROWL Hf..\ T I~Mro\ rift r II 

	TR
	• 

	CRU HPU 
	CRU HPU 
	71 ... 1 
	11. 8 12. 
	12.0 1 ~ . 2 
	26° zso 
	44 44 
	4 5 S5 
	46 53 
	Y1"; , r: '.; 

	HR 
	HR 
	21 
	12.4 
	'") of.., • L 
	25° 
	33 
	4"7 
	46 
	y""":: 

	~PU 
	~PU 
	21 
	12.7 
	1 n. 9 
	25° 
	------NO 
	VAPOR 
	OCK­
	----­
	) I-' ~ 

	o I w 
	o I w 
	CPU SBL RIJ CRU SoB!. CRU HPU tlRU EPU CPU 
	21 1 1 6 (1) 30(1) 31 32 32 32 32 
	13.3 1:3 • ] 4 . 1] .8 1 ] . 'I 11.8 1 k • 12 • 4 1Z • 7 13.3 
	11 . H l '~.... '1 , .1 11 • 1 ]] .2 A • S 1 1 • (; 11.2 11.5 12. ] Z. 2 
	25° 30 0 2So Z60 40° 2()o 25 25° 25° 25° 
	2 46 ------NO o 3 4b 40 40 ------NO 38 
	.., 43 50 VAPOR 4 5 46 48 47 '.1\ POR 
	"7 ., 5 .~ 6 1.0 n:--­-­-
	ns YfS y r: "i 1 I ,~ 'r I:'; )'1:,:-;')' rs n-:s ~'F~ ) t· s 

	TR
	ERL 
	32 
	4. 1 
	] 2 • 
	25° 
	38 
	4 
	YJ'-> 

	TR
	CRU 
	38 
	1.8 
	11.8 
	20° 
	42 
	52 
	"r I S 

	TR
	EPU 
	38 
	12.7 
	1 1 • 7 
	25° 
	42 
	52 
	\1 
	~ 

	TR
	CPU 
	38 
	13.3 
	R.5 
	25° 
	47 
	4B 
	Yl""i 

	TR
	CRU HPU 
	43 43 
	11.8 2. 2 
	10. 2 9.9 
	26° SO 
	47 47 
	48 48 
	.., I 7 
	n·s 1 . 

	TR
	HRU EPU 
	43 3 
	12.4 12. 
	1) .3 11. 1 
	25° 25° 
	46 o 
	(} 50 
	44 48 
	, t·S YrS 

	TR
	P SIlL ERU 
	43 43 43 
	3.3, 11.0*/13.0 14 • 1 3 
	9.9 5.9*(8.0 10. ~, 
	?So 37 tl *6 3S O 25 
	53 49* /4 8 44 
	Sl 50*/45 48 
	8 4S*/4( 45 
	Yl;~ YFS·/YFS YES 

	TR
	HPU 
	49 
	12.2 
	8.9 
	2S 
	50 
	49 
	7 
	ES 

	TR
	HRU CPU 
	49 49 
	12.2 13.3 
	N/A 9.2 
	5° 25° 
	56*/49 51 
	6*/5 SO 
	51-/50 7 
	YF.S-/YES Y [~S 


	·OVERNIGHT FUEL. NO FRESH FUEL ADnED (1) TANK TEMPERATURE AT [8 
	TABLE DJ. VAPOR LOCK TEST DATA -FUEL FLOW: 7.5 GPH 
	ALL TEMPERATURES: °C', ALL RVP: PSI 
	FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED 
	SEDIMRNT CARB. SllPPLEMHn Al BOWL IlI:AI
	INITIAL 

	TANK PRETEST POST-TEST BOILING L1NE 
	BOWL 

	TEMP TEMP ADn~1l
	TEMP 

	FUEL ID TEMP RVP RVP POINT 
	YES
	CRU 21 11.8 12.0 26° 32 HPU 21 12.2 12.2 25° 3S 4:5 
	40 
	43 
	45 
	YES 

	25° 2441 43 YFS
	HRU 21 12.4 12.2 
	44 YES
	EPU 21 12.7 10.9 25° 23 43 
	YFS
	CPU 21 13.3 11. 8 25° 30 44 
	45 

	44 42 YE"
	30° 
	42 

	SBL 21 13.4 12. 7 ERU 21 14.1 ]4.1 25° 26 
	40 
	44 
	YES 

	45 YFS
	CRU 26( 1) 11.8 1l.2 26° 43 44 SBL 30 (1) ]1.7 8.S 40° 43 47 
	4S 
	YES 

	YES
	CRU 32 11. 8 11.6 26° 43 
	4S 
	45 

	48 48 YES
	25° 
	43 

	HPU 32 12.2 11. 2 HRU 32 ]2.4 11.5 25° 4046 45 
	YES

	'i' 
	.po. YES
	EPU 32 12.7 12.5 25° 34 47 48 CPU 32 13.3 ] 2. l 2S3742 44 ERU 32 14.1 12.7 25° 37 40 42 CRU 38 12.2 11. 8 26° 48 47 46 
	c 
	YES 
	YF.S 
	YES 

	EPU 38 12.7 11.7 25° 414S 46 YES. PU 38 13.3 8.S 25° 43.5 46 46 YES. CRU 43 11.8 10.2 26° 54 53 S2 
	¥ F.-S. 

	PU 43 12.2 9.4 25° 48 48 48 HRU 43 12.4 11.3 25° 44 47.5 46 EPU 43 12.7 11.1 25° SO SO 48 CPU 43 13.3 9.9 bSo S4 52 50 SBL 43 11.0*/13.0 5.91\'/8.0 37 *635° 50*/50 51*/46 49* /44 YES·/YES ERU 43 14.13 10.9 2S 48 48 46 YES HPU 49 12.2 8.9 25° S3 53 52 YES 
	YES 
	YES 
	YF.S 
	YES 

	HRU 49 12. 2 N/A 25° 54*/55 62*/54 57*/51 YES··/YES CPU 49 13.3 9.2 25° 53 S5 S3 YF.S 
	·OVRRN IGHT FUEL. NO FRRSH fUEL ,AnnEn (n TANK TF.MPF.RATURF. AT IRP 
	TABLE D4. VAPUR LOCK TEST DATA -FUE QW : 1U•0 ~ PH. ALL TEMPE.RATURES: 0(; ALL IWP: PS 
	TABLE D4. VAPUR LOCK TEST DATA -FUE QW : 1U•0 ~ PH. ALL TEMPE.RATURES: 0(; ALL IWP: PS 
	TABLE D4. VAPUR LOCK TEST DATA -FUE QW : 1U•0 ~ PH. ALL TEMPE.RATURES: 0(; ALL IWP: PS 

	FOR 
	FOR 
	POINTS 
	REPEATED 
	DURING 
	RUN--LOWFST 
	TEMPERATURE 
	REPORTED 

	TR
	INITIAL 
	SE[lIMF.NT 
	CARlL 
	Sill' Pl. F~![' r-.. 'I 
	..\ I 

	FUEL 
	FUEL 
	1[) 
	TANK TEMP 
	Pt< i;lT ST RVP 
	pas T -TEST HVP 
	HOll.ING P01NT 
	I. 1NI~ TEMP 
	RO WI. TEMP 
	:~I )Wl. Tl-MP 
	IIFA'l r\ Ill) f' [l 

	CRU iPU HRU EPl CPU 
	CRU iPU HRU EPl CPU 
	21 31 j 21 21 
	] . 12. 2 12.4 1Z • 13.3 
	12. n ]2.2 ] 2. 2 0.9 11.$ 
	_0 0 :so ~5° 25° SO 
	j 1 34 32 32 35 
	1 43 43 41 43 
	Y1·:-; y F~· YFS Yr.~ YES 

	SBL ERU 
	SBL ERU 
	21 1 
	3.4 14.1 
	1 ? ~ ~ . 14.1 
	30° -, SO 
	34 27 
	42 38 
	)' f~S YF.~ 

	CRU SBt CRU 
	CRU SBt CRU 
	6 ( 1) 30 (1) 32 
	11.8 11. 11. S 
	11 .. 2 g • S 1.5 
	2(,° 0° 6° 
	~ 44 42 
	43 54 4 
	YE~ YFS ES 

	HPU 
	HPU 
	32 
	12.2 
	11. 2 
	25° 
	46 
	48 
	YES 

	HRU 
	HRU 
	32 
	1 Z. 4 
	11 .5 
	25° 
	36 
	4 
	l' F.~ 

	a I -~ 
	a I -~ 
	PU CPU 
	32 3 
	12. 7 13.3 
	12.5 12. 
	25° SO 
	34 3 
	44 3 
	Yf.S YES 

	TR
	ERU 
	3 .. 
	14.1 
	12. 
	5° 
	38 
	1 
	YF.. 

	TR
	Rt F.PU 
	38 38 
	] :2 • 2 12. 7 
	11. 8 1.7 
	26° 2 SO 
	45 40 
	45 45 
	)' f.S YJ:S 

	TR
	CPU CRU HPU HRU 
	38 43 43 43 
	]3.3 1] . 8 12. 12.4 
	R.S 10.2 9.9 11 . 3 
	25° 26° 2 SO 25 0 
	3B ~ 44 45 
	44 48 48 8 
	.~ 
	n;,1.i YfS y~. s Yl; S 

	TR
	EPU CPU SB ERU 
	43 4 43 43 
	1 7... .­13.3 1.0·/13.0 14.13 
	11 . ] .9 .9*/8.0 10.9 
	2 S° ~5° 37 .635° 25 
	43 53 49'* / 43 45 
	8 52 50*/48 47 
	47 51 46*/43 42 
	Yf-:S YES YF:S-/YF.S YES 

	TR
	U 
	49 
	] 2. 2 
	8.9 
	25° 
	5S 
	5 
	52 
	YFS 

	TR
	HRU CPU 
	49 49 
	1 2 • 1 3 • ~ 
	N/A 9. 2 
	25° 25° 
	57 */5 57 
	58·/55 54 
	53'*/5Z ~, '""' 
	Yf,S"/)r-:,S y F.S 


	·OVFRNIGHT FUEL. NO fRESH FUEL ADnEn (1) TANK TEMPERATURE AT IH1' 
	TABLE D5. VAPOR LOCK TEST DATA -FUEL FLOW: 12.5 GPH 
	-
	ALl, TEMPERATURES: uc·, ALL RVP: PSI FOR POINTS REPEATED DURING RUN--LOWEST TEMPERATURE REPORTED 
	SEDIMENT CARB. SUPPLEMENTA .. TANK PRETEST POST-TEST BOILING LINE HOWL BOWL 
	INITIAL 
	HEAT 

	RVP RVP POINT TEMP TEMP TF.MP ADDED 
	FUEL ID 
	TEMP 

	CRU 
	CRU 
	CRU 
	21 
	11. 8 
	12.0 
	26° 
	3S 
	43­
	37 
	YES 

	HPU 
	HPU 
	21 
	12.2 
	12.2 
	25° 
	35 
	42 
	42 
	YFS 

	"RU 
	"RU 
	21 
	1 Z. 4 
	] 2 • 2 
	25° 
	31 
	42 
	49 
	YFS 

	EPU 
	EPU 
	21 
	12. 7 
	10 .. 9 
	25° 
	32 
	42 
	40 
	YFS 

	CPU SBL 
	CPU SBL 
	21 21 
	13.3 13.4 
	11.8 12.7 
	25° 30° 
	34 34 
	42 41 
	37 39 
	YFS YFS 

	ERU 
	ERU 
	21 
	14. 1 
	14.1 
	25° 
	33 
	34 
	37 
	YFS 

	CRU 
	CRU 
	26 (1) 
	11. 8 
	11. 2 
	26° 
	37 
	41 
	40 
	Yf.S 

	SBL CRU 
	SBL CRU 
	30 (1) 32 
	11. 7 11. 8 
	8.5 11.6 
	40° 26° 
	47 37 
	53 43 
	47 42 
	YES YES 

	HPU 
	HPU 
	32 
	12.2 
	1l.2 
	25° 
	46 
	48 
	41 
	YES 

	HRU 
	HRU 
	32 
	12.4 
	11.5 
	25° 
	36 
	43 
	41 
	YES 

	c I 0' 
	c I 0' 
	EPU CPU 
	32 :52 
	12.7 13.3 
	12.5 12.2 
	ZSo 25° 
	34 34 
	43 42 
	41 42 
	YES YES 

	TR
	ERU 
	32 
	14.1 
	12.7 
	25° 
	36 
	41 
	39 
	NO 

	TR
	CRU 
	38 
	12. 2 
	11.8 
	26° 
	42 
	4S 
	39 
	YES 

	TR
	EPU 
	38 
	12.7 
	1l.7 
	25° 
	40 
	4S 
	44 
	YES 

	TR
	CPU CRU 
	38 (2) 43 
	13.3 11. 8 
	8.5 10.2 
	25° 26° 
	46/39 45 
	43/45 50 
	44/44 46 
	NO/NO YES 

	TR
	HPU 
	43 
	12. 2 
	9.9 
	25° 
	4S 
	48 
	4S 
	NO 

	TR
	HRU 
	43 
	12.4 
	1J.3 
	2 S° 
	46 
	47 
	43 
	NO 

	TR
	EPU 
	43 
	12. 7 
	11.1 
	25° 
	44 
	48 
	45 
	YFS 

	TR
	CPU SaL ERU HPU HRU CPU 
	43 43 43 49 49 49 
	] 3.3 11.0*/13.0 14.13 12.2 ] 2.2 13.3 
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