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ABSTRACT

A fuel vapor injector/igniter system developed by the Fuel
Injection Development Corporation has been evaluated for its effect on
vehicle engine performance, fuel economy, and exhaust emissiomns.
Initially, a single eyclinder engine was operated with the vapor
injector/igniter and improved combustion was inferred from the leaner
operation achieved with the vapor injector/igniter. However, the -
improved fuel economy and emissions found during the single cylinder
tests were not realized with the multicylinder engine. Multicylinder
engine tests were conducted to compare the FIDC system with both a
stock and a modified stock configuration. A comparison of cylinder-—
to—cylinder equivalence ratio distribution was also obtained from the
multicylinder engine tests. Finally, the multicylinder engine was
installed in a vehicle, and the vehicle was tested on a chassis
dynamometer to compare the FIDC system with stock and modified stock
configurations. The FIDC configuration demonstrated approximately
five percent improved fuel economy over the stock configuration, but
the modified stock configuration demonstrated approximately twelve
percent improved fuel economy.

The hydrocarbon emissions were approximately two-hundred-thirty
percent higher with the FIDC system than with the stock configura-
tion. Both the FIDG system and the modified stock configuration
adversely affected driveability. 1In the final analysis, the FIDGC
system demonstrated a modest fuel savings, but with the penalty of
increased emissions, and loss of driveability.
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SECTION I

SUMMARY

The Fuel Imjection Development Corporation, FIDC, has developed
a fuel vapor injector/igniter system for use on existing automobile
engines. The FIDC system consists of two subsystems: a fuel vapor
injector/igniter (FVI), and a lean limit controller (LLC). The FVI
provides bcth a means for fuel vapor injection into the cylinder and
an ignition source for the charge, while the LLC attempts to control
the engine equivalence ratic* (¢) to the lean limit of driveability.

JPL was requested to evaluate the FIDC system for the Energy
Research and Development Administration.*% The overall objective was
to measure the effectiveness of the FIDC system under controlled
laboratory conditions by comparative experimental data. Engine
performance, fuel consumption, and exhaust emissions were used as the
criteria for comparison. Data were obtained for a Chevrolet vehicle
equipped with and without the FIDC system and operating over the 1975
Federal Test Procedure (FTP) urban driving cycle.

Three groups of tests were performed: steady state (engine map)
tests with a single-cylinder, Co-operative Fuel Research {CFR) engine;
steady-state (engine map) tests with a multicylinder engine; and
Federal Test Procedure (FTP) urban driving cycle tests. The driwving
cycle tests were used to evaluate three engine configurations: the
stock engine; the stock engine modified to match the FIDC system
equivalence ratio with "optimum'" spark advance; and the same engine
with the FIDC system and "optimum" spark advance. These were selected
so as to allow a comparison of the FIDC system with a stock vehicle,
and with a less complicated means of accomplishing the same
equivalence ratio reduction as cobtained with the FIDC system.

Tests using a CFR engine were conducted in an effort to
understand the effect of the FIDC system on the basic combustion
processes. .Several combinations of RPM and BMEP were chosen for the
steady-state tests. These conditions were selected to encompass the
ranges frequently encountered by a multicylinder engine while
performing the 1975 Federal Test Procedure Urban driving cycle.

*Equivalence ratio, ¢, is the stoichiometric air-fuel ratio divided
by the operating air—fuel ratio. ’

**Now the New Concepts Evaluation Branch of Non-Highway Transport
Systems and Special Projects, Division of Transportation Energy
Conservation, Department of Energy.



One steady-state condition was also selected for ignition delay
and flame speed tests. These measurements were used to compare the
ignition delay and flame speed between the baseline engine and the
same engine modified by the installation of the FVI spark plug. ’

Results of the CFR engine tests show that the FVI portion of the
FIDC system does alter the combustion process, and the use of the FVI
allowed the CFR engine to run leaner without misfire. The CFR engine
showed similar operation both with and without the FVI at equivalence
ratios of 0.7 and above. At equivalence ratios from 0.6 to 0.7, the
CFR engine with the FVI showed lower fuzl consumption, lower HC
emissions, lower GO emissions, and higher NO, emissions. These data
support the conclusion that the FVI does improve the combustion
process at these leaner operzting conditions.

The ignition delay and flame speed data were recorded at an
equivalence ratio of about 0.9. No significant differences were
observed in these data between the baseline and FVI configurations.
Based on the previous paragraph, one might speculate that the ignition
delay and flame speed difference, if any, would be observed at
equivalence ratios between 0.6 and 0.7. Unfortunately, there was not
an opportunity to repeat the ignition delay and flame speed tests.

Multicylinder engine tests were conducted to provide steady-
state data for a variety of equivalence ratios ($'s), spark advances,
BMEPs and RPMs. These data were then used as input for a driving
eycle computer simulation program and the computer program in turn was

"used to select "best" values of equivalence ratio and spark advance.
The "best" values of equivalence ratio and spark advance are those
which provide least fuel consumption, while maintaining acceptable-
emissions over the 1975 urban driving cycle. These values were then-
used with the test engine installed in a vehicle, and the vehicle
tested over the 1975 FTP on a chassis dynamometer. Also obtained from
some of the steady-state tests were a comparison of cylinder-to-
cylinder equivalence ratio distribution, with and without the FIDC
system installed. “

The engine was connected directly to an eddy-current (EC)
dynamometer for the steady-state tests. To provide a basis of
comparison for the FIDC system, tests with the stock configuration
were made at three different equivalence ratios. This variation in
equivalence ratio was accomplished by changing the carburetor main
metering jets. The jet sizes were #45 (0.045 in. ID, stock), #44
(0.044 in. ID), and #42 (0.042 in. ID, leanest). The #42 jets were
finally selected to approximate the equivalence ratio at which the
FIDC configuration operated. Spark advance was manually selected for
each test condition. Vacuum and centrifugal advance mechanisms were
disabled and the spark advance was adjusted for- all steady-state tests
to provide MBT (minimum advance for best torque), and two conditions
retarded from MBT. These retarded conditions were selected at 987 and
957 of the thermal efficiency obtained at MBT.

Fourteen combinations of engine speed and load were tested. The
performance of the FIDC system relative to the stock engine was
mixed. That is to say, under some conditions the FIDC system was

2
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superior while under others it showed a disadvantage. The
steady-state engine tests chowed neither a systematic advantage nor
disadvantage for the FIDC system, but an understanding of how the
device worked in practice emerged from these tests.

The control strategy built into the FIDC system is to admit
excess air into the intake manifold, and hence lean the air/fuel
mixture, until misfire occurs, stop the flow of additional air until
smooth engine operation is re—established, and then begin the process
again. The degree to which the FIDC system could lean the engine was
dependent on the operating condition.. In particular at high loads,
i.e., manifold pressure close to 1 atm., the amount of additional air
that can be aspirated is very limited. This strategy and hardware
implementation lead to three broad kinds of operation. They are:

(1) Ineffective. At intake manifold pressures near 1
atmosphere the FIDC system has little or mno effect, and
the equivalence ratio is not much different from that
which the carburetor by itself produces. Fuel consumption
and emissions are also little different from the
unmodified engine.

(2) Effective. In this case the FIDC system is-able to lean
the engine, but not to the misfire limit. There were many
instances where the effect of the FIDC system was
significant, but the misfire limit was not reached. The
amount of additional air which could be aspirated was
still less than required for misfire and/or the margin
between the stock operating condition and misfire was
large. This is the condition for which the FIDC system
shows a real advantage. The equivalence ratio is reduced,
but the combustion process is still regular. Hence, the
fuel consumption is reduced and the hydrocarbon and carbon
monoxide emissions are improved. HNote, however, that
unless the squivalence ratioc is reduced well below 0.9 the
oxides of nitrogen will be increased.

(3) Detrimental. In this case the FIDC system leans the
engine to the misfire limit. This is an unfavorable
condition since the misfires (or more accurately, severely
degraded combustion) lead directly to increased fuel
consumption and hydrocarbon emissions.

Tests were made with the FVI configuration and ome stock
configuration (#42 carburetor jets) to determine the cylinder-to-
cylinder equivalence ratio. For these tests thé engine was equipped
with exhaust headers which permitted emissions measurements from
individual cylinder exhaust streams. An individual cylinder
equivalence ratio was calculated from these emissions measurements
using the carbon balance technique. With the limited number of test
conditions, no systematic differences in the distribution
characteristics of the two engine configurations could be identified.
In particular, no improvement in distribution could be shown for use
of the FIDC.

OF POOR QUALITY



To help establish the best spark advance strategy for the
vehicle tests, the steady-state engine data (see Section V) were used
to predict the performance of a vehicle over the urban driving cycle
using a computer simulation of the cycle. The computer program
divides the driving cycle into l-second increments and uses Ehe
vehicle velocity profile, vehicle inmertia, tire rolling resistance,
and vehicle drive train losses to determine the required engine brake
mean effective pressure (BMEP) and engine RPM. Tables of brake
specific fuel consumption and brake specific emissions (BSFC, BSNO.,
BSCO, BSHC) as functions of BMEP and RPM, which are derived from the
steady-state engine dynamometer tests, are used to calculate the fuel
consumption and emissions for each time increment. The results for
each time increment are then summed to obtain the fuel consumption in
miles per gallon (MPG) and emission in grams per mile (g/mi) for the
cycle.

The following parameters were selected to be used for the
vehicle driving cycle tests:

(1) Nuwmber 45 carburetor jets, and a 6 degree initial spark
advance were used for the stock vehicle. The 6 degree
spark advance is specified for the vehicle, and the number
45 jets provided the average equivalence ratio specified
for the stock configuration.

(2) Number 42 carburetor jets, and a 16 degree initial spark
advance were used for the modified vehicle. The number 42
jets provided a close approximation to the equivalence
ratio of the FIDC system at steady state conditions, and
the 16 degree spark advance provided the "best" fuel
economy and emissions for this configuration as predicted
by the driving cycle computer program.

(3) The number 45 carburetor jets, and an 1! degree initial
spark advance were .used for the vehicle driving cycle
tests with the FIDC system. The jets used with the FIDC
system should be stock (by design of the system), and the
11 degree spark advance was predicted to provide, the
"best" fuel economy and emissions as a result of driving
cycle computer program.

The test engine used for the steady~state tests was installed in
a 1973 Chevrolet Impala chassis equipped with a 350 Turbo-Hydramatic
transmission, a 2.73 rear axle ratio, and G 78 x 15 bias ply tires.
The inertia weights selected were those for a 4500 pound car. This is
the vehicle configuration for which the FIDC system was developed,
although the FIDC vehicle was a 1975 Chevrolet Malibu with the
equivalent driveline. Gasoline consumption was determined by using a
weigh tank and was also calculated using the carbon balance
technique. Exhaust emissions were determined using a constant volume
sampling (CVS) system as prescribed in the Federal Register. '

The FIDC configuration demonstrated slightly (about 5 percent)
better fuel economy than the stock configuration, but the modified
stock configuration (i.e., #42 carburetor jets and 16 degree initial
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advance) produced a fuel economy 12% better than stock. Also, the HC
emissions from the FIDC system were about 230 percent higher than
those for the modified stock configuration. The FIDC configuration
gives significantly poorer HC emissions during the cold start
transient portion of the cycle. This indicates that the cold start
implementation of the FIDC system is not optimum. Even without this
problem, however, the HC emissions for the FICD system would exceed
the HC emissions for the modified stock configurations. Both the FIDC
system and the modified stock engine adversely affected driveability.

In the final analysis then, the FIDC system is a device which
will yield a modest, positive effect on fuel consumption, but at the
price of increased emissions, loss of driveability, and the monetary
value of the device itself. These disadvantages would seem to
outweigh the advantages, particularly in view of the fact that the
effects can be achieved by very simple modifications to the basic
engine.

IG o
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SECTION Il

INTRODUCTION

Fuel Injection Devlopment Corporation (FIDC), located in
Bellmawr, New Jersey, has developed a fuel vapor injection/igniter
system for use on existing automobile engines. The FIDC system
consists of two subsystems: A fuel vapor injector/igniter (FVI), and
a lean limit controller (LLC). The FVI provides both a means for fuel
vapor injection into the cylinder and an ignition source for the
charge, while the LLC controls the engine equivalence ratio* (¢) to
the lean limit of driveability.

JPL was requested to evaluate the FIDC system for the Energy
Research and Development Administration.®* The overall objective was
to measure the effectiveness of the FIDC system under controlled
laboratory conditions by comparative experimental data. Engine
performance, fuel consumption, and exhaust emissions were used as the
criteria for comparison. Data were obtained for a Chevrolet vehicle,
equipped with and without the FIDC system, and operating over the 1975
Federal Test Procedure (FTP) urban driving cycle. Note that except
for altering initial spark timing, no attempt was made to optomize the
multicylinder engine for operation with the FIDC system. For example,
the exhaust gas recirculation (EGR), and other subsystems of the
engine were not altered to maximize the potential benefits from the
FIDC system. The FIDC system, being an aftermarket retrofit device,
could easily include a change in initial spark timing as part of the
installation, but the EGR and similar subsystems would probably not be
altered.

This report provides a complete description of the tests
performed, and an analysis of the data from those tests. Three groups
of tests were performed: steady-state (engine map) test with a
single-cylinder, Co—operative Fuel Research (CFR) engine; steady-state
(engine map) tests with a multicylinder engine; and Federal Test
Procedure (FTP) .driving cycle tests. The driving cycle tests were
used to evaluate three engine configurations: the stock engine; the
stock engine modified to match the FIDC system equivalence ratio with
"optimum'' spark advance; and. the same engine with the FIDC system.
These were selected to compare the FIDC system with a stock vehicle,
and with a less complicated means of accomplishing the same
equivalence ratio reduction obtained with the FIDC system. There is,
additionally, a discussion of the predicted FTP driving cycle
performance based upon the V-8 steady-state data, a discussion of the
operational characteristics of the FIDC system and discussion of the
potential application of this FIDC system. The latter considers the
system retrofit capability, maintenance, and economics. Finally,
there are some driver impressions and concluding remarks.

*Equivalence ratio, ¢, is the stoichiometric air~fuel ratio divided
by the operating air—-fuel ratio.

**Now the New Concepts Evaluation Branch of Non—Highway Transport
Systems and Special Projects, Division of Transportation Energy
Conservation, Department of Energy.
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SECTION IIX

DESCRIPTION OF FIDC SYSTEM

The FIDC system, shown schematically in Figure ! and pictured in
Figure 2, consists of two subsystems. These are the Fuel Vapor
Injector/Igniter (FVI) and the Lean Limit Controller (LLC). The FVL
subsystem includes a fuel delivery system which routes the -major
portion of an engine's fuel direcly to the stock carburetor. However,
a small portion of the fuel is diverted to the FVI's. Each FVI shown
in Figure 3 combines the function of the conventional spark plug with
a gasoline distribution function. The center electrode of an ordinary
spark plug has been replaced with a small piece of tubing. Fuel is
fed through the tubing and enters the combustion chamber in the
viecinity of spark initiation. Upstream of the center electrode tube
are a check valve, capillary tube, pressure regulator, and the normal
fuel delivery system. Spark is initiated from the center electrode
tube of the spark plug. A ground electrode is preovided near the tip
of the spark plug shroud.

The fuel which enters the combustion chamber directly through
the FVL is in addition to the normal air/fuel mixture from the stock
carburetor which enters the combustion chamber via the intake valve.
Hence, inclusion of an FVI by itself would cause a "richer" than
normal air-fuel mixture in the combustion chamber. A second
sybsystem, identified as the Lean Limit Controller (LLC), is used to
lean the combustion chamber mixture., The LLC admits "extra" air to
the engine's induction system between the carburetor and intake
manifold. A solenoid valve controls the amount of "extra" air
admitted to the engine. An electronic control module uses an input
signal from a magnetic pickup which senses changes in the flywheel rim
velocity., The electronic control module output controls the solenoid
valve. A sudden decrease in flywheel rim velocity is interpreted as
engine misfire. The LLC subsystem is continuously seeking the
engine's lean misfire limit. "Extra" air is added until misfire is
detected, then a portion of the "extra air" is deleted, The process
is continuous while the engine is running.

The FIDC system is designed to operate above 1000 RPM. Below
1000 RPM, the complete FIDC system {(FVI and LLC) automatically turns
off.



SECTION 1V

CFR ENGINE TESTS

Tests using a Co-operative Fuel Research (CFR) engine were
conducted in an effort to understand the effect of the FIDC system of
the basic combustion processes. Séveral combinations of RPM & BMEP
were chosen for the steady-state tests. These conditions were
selected to encompass the ranges frequently encountered by a multi-
cylinder engine while performing the Federal Test Procedure (1975
Urban Federal Test Procedure). The test conditions are shown in
Figure 4.

The Co-operative Fuel Research (CFR) engine is a single cylinder
engine designed for basic combustion and fuel research. The CFR
engine at JPL has a 2.8125 inch bore, and 4.50 inch stroke (51.37
CID). The compression ratio is variable from 6.1 to 22.5:1 and was
set at 8.5:1 for these tests. The cylinder head is a Removalbe Dome
Type (RDH), with a hemispherical contour above the cylinder. The head
has a spark plug hole and a 7/8"-18 transducer hole. The piston is
dome-topped, and has 3 rings. The valves are inclined at an angle of
30 degrees from vertical (the cylinder center line is vertical). The
breaker-points and-coil ignition system is used on the CFR engine.

The non-standard induction system used at JPL consists of a 2-feet
long, 1-3/8 inch I.D. tube through which the engine air is inducted.
Gasoline is injected through a pneumatic atomlzer into the incoming
air stream.

The CFR engine is connected to an appropriately sized
eddy-current (EC) dynamometer. The CFR engine and dyhamometer ate
supplied as an assembly by Waukesha Motor Company {the dynamometer is
manufactured by Eaton Power Transmission Systems).

The CFR engine induction system was modified as required to
accept the installation of the FVI System (note that the LLC was not
used for the single cylinder engine tests). The standard spark plug
was replaced and the fuel delivery plumbing was split; part of the
fuel passes through the FVI, and the remainder through the baseline
atomizer. Direct fuel flow measurements were made only of the total
fuel being used by the engine. The air and fuel plumbing for the CFR
engine, as well as measurement locations, are shown in Figure 5.

Acceptable data for three of the test conditions could not be
obtained. Consistent, repeatable ignition could not be obtained at
lower loads and/or RPMs. The unobtainable test conditions were: 500
RPM, 50 psi BMEP; 1000 RPM, 50 psi BMEP; 1500 RPM, 25 psi BMEP. Data
for four to nine values of equivalence ratio were obtained at each of
the remaining test conditions.

One steady-state condition (1500 RPM, 50 psi BMEP) was also
selected for ignition delay and f£lame speed tests. These measurements
are used to compare the ignition delay and flame speed between the
baseline engine and the same engine modified by the installation of
the FVI spark plug. The cylinder pressure as a function of time was
recorded



on an oscillograph with the engine under load, and also with the
engine being motored. A comparison of these data for the two engine
configurations can provide insight into any combustioun preocess changes
due to the installation of the FYI System.

A, DISCUSSION OF TEST RESULTS

At each operating condition, several equivalence ratios and
spark advances were tested. Data were obtained for both the baseline
CFR system and the FVI system. The results for one operating
condition (2500 RMPM, 50 psi BMEP) are discussed in the main body of
this report. The results from this particular operating condition are
typical of all the CFR results. A summary of all CFR data is included
in Appendix A.

Results for the baseline CFR configuration are given in Table 1.
The corresponding data for the FVI system are given in Table 2. 1In
these tables, fuel consumption is expressed in (1bm/Bhp-hr)} while
emissions are given in (g/min). The air fuel ratio of the engine is
expressed in terms of the system equivalence ratio which is defined as
follows:

s
M, g

¢ system = ‘G
M
" Spans e
f, OOR QUALITY

where Mp = Total air flow to the engine
Mz = Total gasoline flow to the engine
L = Stoichiometric air fuel ratio (A/F) for test

fuel

The total gasciine flow used in this calculation includes both
the gasoline to the injector/igniter plug and the gasoline to the
atomizer. At each equivalence ratio, three spark advances were
tested., A real-time plot was made of torque versus spark advance
vhile holding engine RPM and equivalence ratio constant. The minimum
spark advance for best torque (MBT) timing was determined from this
plot and was the largest advance tested. The torque values
corresponding to 0.98 and 0.95 times the MBT value were calculated,
and the corresponding spark timings were read from the plot. Data was
recorded at the MBT condition, and the 0.98 and 0.95 MBT conditions.
This technique for selecting spark timing resulted in a varying amount
of spark retard relative to MBT timing.

Fuel consumption as a function of equivalence ratio is given in
Figure 6 for the baseline and FVI configurations. The data shown are
for MBT spark timing. The fuel consumption of the engine decreases as
the equivalence ratio decreases until the combustion interval become
too long for efficient engine operation. In the limit, engine
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operation ceases completely because of misfires. The baseline CFR
configuration reaches its minimum fuel consumption at an equivalence
ratio of about 0.7. There is a significant increase in fuel
consumption for equivalence ratios less than 0.7. The fuel
consumption for the FVI configuration is about the same as that for
the baseline configuration for equivalenée ratios greater than 0.7.
However, the fuel consumption of the FVI configuration continued to
decrease for leaner operation, and apparently had not reached its
minimum value for an equivalence ratio of about 0.61 (the minimum
value tested). Note that the lean limit for the test fuel used is
0.59. Unlike the baseline configuration, there was little or mno
region of degraded combustion for the FVI. The dividing line between
"good" combustion and no combustion was very sharp. Hence the FVI
curve of Figure 6 shows no characteristic up-turn of the BSFC curve at
lean conditions.

The effect of spark retard on fuel consumption is illustrated in
Figure 7 for the baseline and FVI configuration. Data for spark
advances which are retarded 7-10° (depending on the S. A. required
to give 98% of MBT) from MBT timing are compared with data for MBT
spark timing. Except for the lowest equivalence ratio, the retarded
spark results in about a 5 percent increase in fuel consumption. For
the retarded spark condition, the fuel consumption reaches a minimum
for an equivalence ratio of about 0.65 and then increases
significantly for leaner operation.

Hydrocarbon (HC) emissions are shown plotted versus equivalence
ratio in Figure 8 for the baseline and FVI configurations. The data
are for MBT spark timing. As the equivalence ratio is reduced, the HC
emissions decrease slightly, reaching a minimum value for an
equivalence ratio of about 0.75, and then increase again for leaner
equivalence ratios. For the baseline CFR configuration, the HC
emissions increase sharply for equivalence ratio less than 0.7
indicating the onset of misfire. This coincides with the sharp
increase in fuel consumption shown in Figure 6. WNote that this
apparent advantage in HC emissions for the FVI system was not realized
in the multicylinder tests (see Page 22).

The effect of spark retard onm HC emissions is illustrated in
Figures 9 and 10 for the baseline and FVI configurations
respectively. Again, data for spark advances which are retarded
7-10° from MBT timing are compared with data from MBT spark timing.
Hydrocarbon emissions decrease slightly by retarding spark timing,
although the amount of spark retard tested is too small to show a
significant affect. At equivalence ratios less than 0.7, the FVI
configuration produces lower HC emissions than the baseline
configuration. At equivalence ratios greater than 0.7, the effect of
the hardware configuration on HC emissions was insignificant. Once
combustion becomes degraded through reduction of equivalence ratio,
spark retard has little or no effect on HC emissions as seen in the
Figure 9 data for the baseline engine.

Carbon monoxide (CO) emissions are shown plotted versus
equivalence ratio in Figure 11 for the baseline and the FVI
configurations. The data are for MBT spark timing. In the baseline
CFR configuration, the CO emissions start increasing for equivalence
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ratios less than approximately 0.75. The CO emissions for the FVI
configuration remain constant over the range of equivalence ratios
tested. This is, again, an indication that combustion remains stable
with the FVI configuration as the equivalence ratio is decreased to
near the flammability limit. This is possibly due to the stratified
charge provided by the FVI. The baseline configuration cembustion
becomes erratic at equivalence ratios below approximately 0.75.

Nitrogen oxide (NOX) emissions are shown plotted versus
equivalence ratios in Figure 12 for the baseline and FVI
configurations. The data are for MBT spark timing. Decreasing the
equivalence ratio below 0.9 is an effective means of reducing NOg
emissions in both configurations. This is probably the result of
decreasing peak temperature and decreasing the time at peak
temperature for lean combustion conditions. The NO, emissions for
the baseline configuration drop below those for the FVI configuration
for equivalence ratios below approximately 0.75 because of the
degraded combustion under these lean conditions.

The tradeoff between fuel consumption and NOy emissions is
illustrated in Figure 13. For MBT spark timing, the data for the
baseline and FVI configurations can be represented by a single curve
for NOy emissions levels greater than 1.0 g/min. The FVI
configuration produced a NO, level of 0.5 g/min with no fuel
consumption penalty; however, the baseline configuration suffers
approximately a 10 percent penalty in fuel consumption at the lower
RO, level.

The relationship between the HC and NOy emissions is shown in
Figure 14 for the baseline and FVI configurztions. At any given NOy
level, the FVI configuration produced slightly more HC emissions than
the baseline configuration. For NOy emissions levels less than 1.0
g/min, both configurations show significant increases in HC emissions.

These sensitivity test results indicate that at lecast for some
operating conditions, the FVI system shows better lean operating
characteristics than the baseline CFR system. However, even with the
apparent superior lean operating characteristics of the FVI system,
the HC emissions increase at equivalence ratios less than 0.70. These
improved lean operating characteristics are consistent with the claims
that the FIDC system converts a conventional engine to a stratified
charge engine.

B. IGNITION DELAY AND FLAME SPEED DATA

Cylinder pressure-time traces can be used to derive information
about ignition delay and combustion duration. This information is
useful in evaluating systems which alter the combustion process.
Cylinder pressure measurements were made on the CFR engine using both
the baseline and FVI configurations. Ignition delay and combustion
duration information were obtained from both motoring and firing
pressure—time traces. These data were recorded on an oscillograph and
successive firing cycles were averaged to arrive at the firing data
discussed here.
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To help in analyzing pressure-time data, several parameters are
defined in Figure 15. An overlay of a firing and a motoring
pressure—time trace are shown there. The combustion interval is
defined as the period from the initiation-of the spark to the peak
cylinder.pressure. Ignition delay is defined as the period from spark
initiation to the first measurable rise in cylinder pressure above the
motoring pressure trace. The ignition delay period corresponds to the
time required for transition from the spark kernmel to a developed
flame front.

Significant errors in determining ignition delay and effective
combustion duration can arise because of the difficulty in accurately
determining the crank angle at which cylinder pressure first rises
above the motoring pressure. Two additional parameters are defined to
avoid this difficulty. These parameters are given in Figure 16, which
shows the normalized pressure difference between the firing and
motoring pressure traces as a function of crank angle. An ignition -
delay parameter o, is defined as the period from spark initiation
until cylinder pressure reaches 10 percent of the peak pressure
difference between firing and motoring traces. A flame speed
parameter B, is defined as the time required for the cylinder
pressure to change from 10 percent to 95 percent of the peak pressure
difference between firing and motoring traces.

The average firing and motoring pressure—time traces for one of
the CFR tests of the FVI configuration are shown in Figure 17. The
corresponding normalized pressure difference plot is given in Figure
18. The ignition delay and flame speed data from the six CFR test
conditions are shown in Table 3, The tests were run at an equivalence
ratio of. 0.87 for both the baseline and FVI configurations. Plots of
the ignition delay parameters in Figure 19 and the f£lame speed
parameters in Figure 20 reveal no significant difference in the
results for the baseline and FVI configurations at equivalence ratios
around 0.9. One would expect some differences in ignition delay and
flame speed at ¢= 0.7, Since the FVI showed improved lean combustion
characteristics in terms of fuel consumption and emissions it seems
reasonable to expect these are the result of some change in the
combustion processes under the lean condition. The planned objective
was to compare the combustion characteristics between the baseline and
FVI configurations at the same (predetermined) equivalence ratio.

This objective was completed, and no difference in the combustion
characteristics were observed. Unfortunately, there was not an
opportunity to repeat these tests at a lower equivalence ratio.
Having the results for ¢ = 0.7 would not change the conclusions
derived from the multicylinder and driving cycle tests.
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MULTICYLINDER ENGINE DYNAMOMETER TESTS

Multicylinder engine tests were conducted to provide steady-
state data for a variety of equivalence ratios (¢'s), spark advances,
BMEP's "and RPMs. These data were then used as input for a driving
cycle computer simulation program and the computer program was used to
select the best values of spark advance. These best values were then
used with the test engine installed in a vehicle, and tested over the
1975 FTP on the chassis dynamometer. Also obtained from some of the
steady-state tests, was a comparison of cylinder—to-cylinder
equivalence ratic distribution, with and without the FIDC System
installed.

The multicylinder engine used for these tests was a 1975
Chevrolet 350-2V engine in the 49 state emissions control
configuration. FIDG's development engine and vehicle were duplicated
as closely as possible. The engine was assembled using a 1975 engine
originally cobtained through the Chevrolet dealer parts system.
Originally the engine came with a 4—barrel carburetor. The 2-barrel
carburetor, manifold, and all emissions equipment required to make the
engine into the desired confipuration were obtained through the
Chevrolet dealer parts system, with the exception of some portions of
the carburetor. Replacement parts for the desired engine
configuration were strictly adhered to with the exception of the
2-barrel carburetor. In order to simulate the desired test engine
configuration, a carburetor was assembled using the main body and
other critiecal parts from a production carburetor. The carburetor
assembly is discussed im Section VIII.

The cylinder heads, pistons, and camshaft were verified, through
use of the Chevrolet parts book, to be the same as a 1975 &49-state
vehicle. The exhaust system, including the manifolds, exhaust
catalyst, muffler and pipes were purchased for the 1975 49-state
vehice, and used for both the engine dynamometer tests and driving
cycle tests. Vehicle components which could affect the driving cycle
tests were verified with a representative of the FIDC to be the same
as those used by FIDC. These items included the Turbo-Hydromatic 350
transmission, 2.73 rear axle ratio, and G78 x 15 tires. All of the
engine emissions control hardware were verified with the FIDC
representative to be the same as that used on the FIDC development
vehicle.

The emissions equipment included a positive cramkcase
ventilation (PCV) system, exhaust gas recirculation (EGR), early fuel
evaporation (EFE) (vacuum operated heat-riser value), and an exhaust
catalyst. This engine is not equipped with an air injection reactor
(AIR) system. A fuel vapor recovery system, although used on the car
being simulated, was not used with the test engine. Fuel was supplied
to the carburetor from a pressurized facility fuel delivery and
measuring system as shown in Figure 21. The exhaust system
configuration is shown in Figure 22.
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The engine was comnected directly to an eddy—current (EC)
dynamometer for the steady-state tests. To provide a basis of
comparison to the FIDC system, tests with the stock configuration were
made at three different equivalence ratios. This variation in
equivalence ratio was accomplished by changing carburetor main
metering jets. The jet sizes were #45 (0.045", stock), #i4 (0.044"),
and #:2 (0.042" leanest). The #42 jets were finally sélected to
approximate the equivalence ratio at which the FIDC configuration
operated.

Spark advance was manually selected for each test condition.
That is to say, the vacuum and centrifugal advance mechanisms were
disabled for the purposes of 'the steady-state tests. The spark
advance was adjusted for all steady-state tests to provide MBT
(minimum advance for best torque), and two conditions retarded from
MBT. These retarded conditions were selected at 987 and 95% of the
torque obtained at MBT. A description of the technique used appears
previously in the CFR section of this report. The only difference was
that equivalence ratio was not a variable for the multicylinder engine
since a carburetor was being tested.

For equivalence ratio distribution tests, the stock exhaust
manifolds were replaced with exhaust headers. The exhaust headers
were modified to permit sampling the exhaust from each cylinder. From
the exhaust gas composition, an equivalence ratioc was calculated for
each cylinder.

The engine, with the FIDC system and headers for the equivalence
ratio distribution test, is shown in Figure 23 connected to the EC
dynamometer

A. SENSITIVITY DATA

Tests were conducted on both the stock and FIDC configurations
to determine the sensitivity of fuel consumption and emissions to
changes in spark advance. 1In addition, the equivalence ratio for the
stock configuration was varied in order to match the equivalence
ratios produced by the FIDC system.

The stock configuration was tested at three equivalence ratios
corresponding to three carburetor settings {(#45 main metering jets,
#44 main metering jets, and #42 main metering jets). Engine operating
conditions, shown in Figure 24 were selected to be representative of
those encountered in the urban driving cycle. For each run condition,
all four engine configurations (i.e., the FVI and three stock systems)
were tested at three spark advance settings (MBT timing and two
retarded settings). Only data from two engine operating conditioms
will be discussed here; however, all engine data are included in
Appendix B. Also identified on Figure 24 are the four run condltlons
for whlch cylinder-to-cylinder distribution data were taken.

The two operating conditions selected for discussion are chosen
to represent the relative data extremes. They show the FIDC system at
one condition to its best advantage, and at one condition with its

.
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least advantage. In general, the data from the other engine
conditions lies between these extremes.

Sensitivity data with the engine operating at 1500 RPM and 75
psi BMEP are given in Table 4. The system equivalence ratio is
defined in the same way it was defined for the CFR tests (see Sectionm
III). For the FIDC configuration, the total gasoline flow includes
both the gasoline flow through the carburetor and the gasoline
supplied to the injector/igniter plugs. Fuel consumption is expressed
in (1bp/hp-hr), and exhaust emissions are given in (g/min).

Fuel consumption is shown plotted versus equivalence ratio in
Figure 25. The data are all for MBT spark timing. All three stock
engine configurations are rich (¢sys >1.0) at this operating condi-
tion. TFuel consumption decreases as the stock engine is made to
operate at leaner equivalence ratios. The FIDC configuration runs
much leaner (¢gys = 0.83) than the stock configurations at this
operating condition and likewise shows lower fuel consumption.

In viewing the fuel consumption data shown in Figure 25, one
should note that the #42 carburetor jets do a poor job of approxi-
mating the equivalence ratio of the FIDC system at 1500 RPM and
75 psi BMEP. The #42 jets were selected to approximate the FIDC
system equivalence ratio over the wide RMP/BMEP range experienced
for the urban driving cycle. The #42 jets approximate the FIDC system
equivalent ratio best when the carburetor is out of the power enrich-
ment regime. At 1500 RPM and 75 psi BMEP, the carburetor power
enrichment masks the operation of the main metering circuit.

A comparison of the HC emissions for the four engine
configurations is given in Figure 26 for MBT spark timing and for
spark retarded from MBT spark timing. . For MBT spark timing, the HC
emissions for the FVI system are higher than those for the two leaner
stock configurations. In all cases, spark retard leads Lo a reduction
in HC emissions; however, the reduction is much larger for the FVI
system for this run condition. For the stock configurations, which
are all rumming rich, a reduction in equivalence ratio leads to a
reduction in HC emissions.

Oxides of nitrogen (NOy) emissions are shown plotted versus
equivalence ratio in Figure 27 with all engine configurations set at
MBT spark timing. For the stock configurations, which are running
rich, an increase in equivalence ratio leads to a decrease in NO
emissions. This results partially from the fact that under rich
conditions less oxygen is available for the production of NOy
emissions and partly from the reduced combustion temperature. The
NC, emissions for the FVI system are much higher than those for the
stock configurations because the FVI system operates at (for 1500 rpm,
75 psi BMEP) &= 0.83, which corresponds very nearly to peak NOg
production. Peak NO, production generally occurs in the equivalence
ratio range between 0.85 and 0.95.

The effects of spark advance on fuel consumption and NOy

emissions are given in Figures 28 and 29. As spark timing is retarded
‘From MBT spark advance, fuel consumption increases for all
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configurations. The NO, emissions are reduced when the timing is
retarded from its MBT value. This reduction in NOy emissions is a
result of both the decrease in peak combustion temperature and the
decrease in residence time above the threshold temperatures for NO,
formation.

The tradeoff between fuel consumption and NO, emissions is
illustrated in Figure 30. For the stock configurations, the data for
all equivalence ratios and spark advances can be adequately
represented by a single curve for this run condition. Reduction of
the level of NOy emissions from 10 g/min to 5 g/min results in a 10
percent increase in fuel consumption. At the same NO, emissions
level, the fuel consumption of the FIDC system is about 7 percent less
than those of the stock configurations for this engine operating
condition.

The relationship between HC emissions and NO, emissions is.
shown in Figure 31. For all engine configurations, retarding the
spark from MBT timing reduces both HC and NOy emissions for this run
condition. At the same level of NO, emissions, the HC emissions of
the FIDC configuration are less than those from any of 'the three stock
configurations. {(Note that the trends shown in Figure 31 for the
multicylinder engine and Figure 14 for the CFR engine cannot be
directly compared from the two figures. The multicylinder data shown
in Figure 31 indicates the trend while varying spark advance, and
maintaining a relatively constant equivalence ratio. Figure 14 shows
CFR data which maintains MBT spark advance, and allows equivalence
ratio to vary.)

The results for a second run condition will be discussed next.
Sensitivity data with the engine operating at 1000 RPM and 25 psi BMEP
is given in Table 5. The parameters and the units used are the same
as those for the previous set of data.

A plot of fuel consumption versus equivalence ratio is given in
Figure 32. As the stock engine is made to operate at leaner
equivalence ratios, the fuel consumption decreases as would be
expected¥*. 1In this case, the fuel consumption of the FIDC system is
about 15 percent higher than the fuel consumption of the stock
configuration for the same equivalence ratio. The reason for this

#Lt is recognized that in Figure 32 the carburetor main jet sizes do
not follow the expected progressionj i.e. the smallest jet size does
not produce the leanest operation. Similar effects can be seen in the
tabulated data: of Appendix B. WNo investigation of this apparent )
anomaly was made, but the most likely explanation is that saveral
carburetor circuits are functioning in parallel. For the purposes of
the tests reported here, these effects are not important. The #42
jets were selected so as to produce the same equivalence ratio as the
FIDC system over a broad range of operating conditioms, and they do
that as evidenced by the vehicle test results. However for any
particular engine operating condition the #42 jets may not provide the
best match or even the leanest operation.
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difference is not readily apparent, however the hydrocarbon data
described in the next paragraph indicates that the combustion process

is d@graded.

A comparison of the HC emissions for the four engine
configurations is given in Figure 33 for MBT spark timing. For the
stock configuration, HC emissions decrease with a decrease in
equivalence ratio. The HC emissions of the FIDC system are 165
percent higher than the HC emissions of the stock configuration at the
same equivalence ratio. This result, coupled with the previous fuel
consumption results, indicates poorer combustion with the FIDC system
than with the stock configurations at the operatimg condition. The
excessive hydrocarbons from the FIDC system appear to result primarily
from the control strategy. Leaning an engine to the point of misfire
must inevitably increase the hydrocarbons. Examination of the data in
Table 5 indicates that spark retard is not an effective means of
reducing the HC emissions from any of the four engine configurations
at this run condition.

Oxides of nitrogen emissions are shown plotted versus
equivalence ratio in Figure 34. All data are for MBT spark timing.
The stock results show NO, emissions to be highest for an
equivalence ratio of 0.9 as expected, and to decrease as the
equivalence ratio is increased. At the same equivalence ratio the
NO, emissions of the.FIDC system are 20 percent higher than the
NO, emissions of the stock configuration. The NOy results are not
consistent with the speculated degraded combustiom, but the 20 percent
difference between the data from the FIDC system and the stock
configuration is within the estimated data precision.

The effects of spark advance on fuel consumption and NOy
emissions are given in Figures<35 and 36. Although there is some
unexplained scatter in the data, fuel consumption generally increases
for the stock configurations as spark timing is retarded from MBT
spark advance. The fuel consumption results for the FIDC
configuration are insensitive to changes in spark timing over the
range of spark advance tested. The NO, emissions are reduced for
all engine configurations when the timing is retarded from its MBT
value.

The tradeoff between fuel consumption and NO, emissions is
illustrated in Figure 37. For all four engine configurations, a
reduction in the levéel of NO, emissions results in an increase in
fuel consumption. At the same NO, level (1.0 g/min), the fuel
consumption of the FIDC system is about 15 percent greater than that
of the stock configurations for this particular operating condition.

The relationship between HC and NO, emissions is shown in
Figure 38. For all engine configurations, retarding the spark from
MBT timing reduces NOy emissions (see Fig. 29), but has little
effect on HC emissions., At the same level of NOy emissions (1.0
g/min), the HC emissions of the FIDC configuration are about 140
percent higher than those from the stock.configurations.

The steady-state engine sensitivity tests were successful from
two standpoints. First, the stated objectives, spark advance
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sensitivity and a match of stock to FIDC equivalence ratio, were met.
Second, an understanding of how the FIDC system works in practice
began to emerge. As was demonstrated by the two test conditions just
discussed, the performance of the FIDC system relative to the stock
was mixed. Under some conditions, the FIDG systém was superior and
under -others it showed to a disadvantage.

~ The control strategy built into the FIDC system is to admit air
to the intake manifold, and hence lean the air/fuel mixture, until
misfire occurs, stop the flow of additional air until smooth engine
operation is re—established, and then begin the process again. The
degree to which the FIDC system could lean the engine was dependent on
the operating condition. In particular at high loads, i.e. manifold
pressure clese to 1 atm, the amount of additional air that can be
aspirated is very limited. This strategy and hardware implementation
lead to three broad kinds of operation. They are:

(1) 1Ineffective. At intake manifold pressures near 1
atmosphere the FIDC system has little or no effect and the
equivalence ratio is not much different from that which
the carburetor by itself produces. Fuel consumption and
emissions are also little different from the unmodified
engine.

(2) Effective. In this case the FIDC system is able to lean
the engine, but not to the misfire limit. There were many
instances where the effect of the FIDC system was
significant but the misfire limit was not reached. The
amount of additional air which could be aspirated was
still less than required for misfire and/or the margin
between the stock operating condition and misfire was
large. This is the condition for which the FIDC system
shows a real advantage. The equivalence ratio is reduced,
but the combustion process is still regular. Hence the
fuel consumption is reduced and the hydrocarbon and carbon
monoxide emissions are improved. However, it should be
noted that unless the equivalence ratio is reduced well
below 0.9, the oxides of nitrogen will be higher.

(3) Detrimental. In this case the FIDC system leans the
engine to the misfire limit. This is an unfavorable
condition since the misfires (or, more accurately,
severely degraded combustion) lead directly to both

. increased fuel consumption and hydrocarbon emissions.

From the steady-state tests no clearly defined advantage for the FIDC
system can be identified.

B. CYLINDER-TO-CYLINDER DISTRIBUTION DATA

Tests were made with the FVI configuration and one stock
configuration (#42 jet) té determine the cylinder-to-cylinder
equivalence ratio distribution. For these tests the engine was
equipped with exhaust headers which permitted emissions measurements
From individual cylinder exhaust streams. An individual cylinder
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equivalence ratio was calculated from these emissions measurements
using the carbon balance technique. Although the carbon balance
technique is not as accurate as the direct mass measurement approach,
it is the best available method for calculating individual cylinder
equivalence ratios.

Figure 39 is included here to illustrate the magnitude of the
difference between the two methods for determining equivalence ratio.
The overall system equivalence ration ($¢gp), calculated by the
carbon balance technique, is compared with the overall system
equivalence ratio ( ¢sys) based on total gasoline and air supplied
to the engine. The better the agreement the closer the data would
fall to the 459 line of Figure 39. Under lean conditions
(4gys >1), ¢cp is about 5 percent less than égys. Thus the
absolute values for the individual cylinder équivalence ratios (see
Figures 40-43) may be in error, but it is nevertheless, believed that
the relative comparisons between cylinders amd between engine
configurations are wvalid.

Cylinder-to-cyliner distribution data were obtained at four
engine operating conditions. Comparisons of the equivalence ratio
distribution for the FVI and stock configurations are given in Figures
40-43. The individual cylinder equivalence ratios have been
normalized with respect to the average equivalence ratio for the eight
cylinders. The average equivalence ratios and the standard deviations
for each data set are given in Table 6. These parameters are shown
plotted versus RFPM in Figures 44 and 45. For some of the engine
conditions the distributions are very similar, while for others the
distributions are quite different. WNotice that the system equivalence
ratios are different for the FVI and stock configurations. This makes
the interpretation of the distribution data more difficult since the
leaner equivalence ratio operation would normally have more scatter
(i.e. larger standard deviation). With the limited number of test
conditions, no systematic differences in the distribution
characteristics of the two engine configurations can be identified.

In particular, no improvement in distribution could be shown for use
of the FIDC system.

c. URBAN DRIVING CYCLE PREDICTIONS

To help establish the best/spark advance strategy for the
vehicle tests, the steady—statgfengine data (see Section V) were used
to predict the performance of & vehicle over the urban driving cycle
using a computer simulation of the cycle. The computer program
divides the driving cycle into l-second increments and uses the
vehicle veloeity profile, vehicle inertia, tire rolling resistance,
and vehicle drivetrzin losses to determine the required engine brake
mean effective pressure (BMEP) and engine RPM. Tables of brake
specific fuel consumption and brake specific emissions (BSFC, BSNOy,
BSCO, BSHC) as functions of BMEP and RPM, which are derived from the
steady-state engine dynamometer tests, are used to calculate the fuel
consumption and emissions for each time increment. The results for
each time increment are then summed to obtain the miles per gallon
(MPG) and emissions in g/mi for the cycle.
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One of the criteria for performing vehicle tests was that only
changes to the engine's initial spark advance would be considered.
This criterion was adopted because the FIDC system is intended to be a
retrofit device, and a recalibration of the distributor advance
characteristics would most likely not be a part of a retrofit.
However, a resetting of the initial spark advance could easily be a
part -of installing the system. For the convenience of the reader, the
vacuum and centrifugal characteristics used for these tests are shown
in Figure 46.

The multicylinder engine dynamometer tests, which have already
been described, were performed without using the vacuum and
centrifugal advance, but rather the hand-selected spark advance
previously described. The data from these tests were assembled into
tables of fuel consumption and emissions as a function of BMEP, RPM,
and spark advance. Using the recorded data and the computer
simulation program, fuel consumption and emissions were computed as a
function of five initial spark advances. These were the stock (six
degrees BTDC), stock plus five degrees, stock plus 10 degrees, stock
plus 15 degrees and stock plus 20 degrees.

Fuel consumption and emissions were computed, using the above
parameters, for 4500 and 3500 pound vehicles. The 4500 pound vehicle
is the one being tested. The 3500 pound computations were included to
observe the effects of the FIDC system on a lighter vehicle, since the
industry trend is towards lighter vehicles. These computed results
are given in Table 7.

The predicted fuel economy in MPG is shown in Figure 47 plotted
versus NOy emissions in g/mi for a 4500 1lb inertia weight vehicle,
From the computer simulation a spark advance was selected for the FIDC
system that would give its best fuel economy and yet maintain NOy
emissions equivalent to the stock configuration. A “spark advance for
the modified stock configuration which gave best fuel economy was also
selected for the vehicle tests. WNote that the spark advance selected
gives a slight predicted advantage to the modified stock
configuration. Selecting a spark advance to provide the same NOy
values for all configurations would not affect the final conclusions.
The spark advances selected for vehicle tests are identified on Figure
47 by the solid symbols. The corresponding HC emissions predictions
are shown in Figure 48 plotted versus NOy emissions. These results
indicate that HC emissions for the FIDC configuration should be much
higher than the two stock configurations. Similar predictions for a
3500 1b inertia weight vehicle are given in Figures 49 and 50.

Although the absolute magnitudes of the fuel economy and
emission predictions from a simulation program are always subject to
question, the relative magnitudes are believed to give an adequate
indication of how two configurations compare. The predicted results
should be used in this relative sense.

The following parameters were selected to be used for the
vehicle driving cycle tests: (1) the number 45 jets, and 6 degrees
initial spark advance were used for the stock vehicle. The 6 degrees
spark advance is specified for the vehicle, and the number 45 jets
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provided the average equivalence ratio required for the stock
configuration. (2) The number 42 jets, and 16 degrees inmitial
sparkadvance were used for the modified vehicle. The number 42 jets
provided a close approximation to the equivalence ratio of the FIDC
System at steady state conditions, and the 16 degrees spark advance
provided the "best" fuel economy and emissions for this configuration
as predicted by the driving eycle computer program. (3) The number 45
jets, and 11 degrees initial spark advance were used for vehicle
driving cyecle tests with the FIDC system. The jets used with a FIDC
system should be stock (by design of the system), and the 11 degrees
spark advance was predicted to provide the "best" fuel economy and
emissions as a result of the driving cycle computer program.
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SECTION VI

DRIVING CYCLE TESTS

Vehicle tests with and without the FIDC system installed were
conducted using the 1975 Federal Test Procedures -(FTP)- as a basis for
comparison.. -Use -of the FIP is mandated by the EPA for measuring fuel
economy and exhaust emissions. The tests described here were
conducted on a CLayton, twin-roll (with 17" roller separation),
direct-drive, 125 1b. increment—inertia-weight, chassis dynamometer.

The test engine used for the steady-state tests was installed in
a 1973 Chevrolet Impala chassis equipped with a Turbo Hydra-Matic 350
transmission, a 2.73 rear axle ratio, and G 78 x 15 bias ply tires.
The inertia weights selected were those for a 4500 pound car. This is
the: vehicle configuration for which the FIDC system was developed,
although the FIDC vehicle was a 1975 Chevrolet Malibu with the
equivalent driveline.

Gasoline consumption was determined by using a weigh tank and
also calculated using the carbon balance technique. Exhaust emissions
were determined as prescribed in the Federal Register using a constant
volume sample (CVS) system.

The results of four tests of the stock {(baseline) configuration
are given in Table 8. Results for the modified stock configuration
(#42 carburetor jets) are shown in Table 9. The FIDC configuration
results are given in Table 10. Comparisons of the measured results
from chassis dynamometer vehicle tests versus the predicted values
based on EC dynamometer engine data are shown in Tabhle II. Although
the FIDC configuration demonstrated slightly (about 5 percent) better
fuel economy than the stock configuration, the FIDC configuration gave
less (about 7 percent) fuel economy than the modified stock
configuration. Also, the HC emissions from the FIDC system were about
230 percent higher than those for the modified stock configuration.
These results are illustrated in the form of bar graphs in Figure 51.
Additional insight into the source of the HC emissions is provided in
Figure 52 which shows the emissions for the three parts of the urban
driving cycle. The FIDC configuration gives signficantly worse HC
emissions during the cold start transient portion of the ecycle. This
indicates that the cold start implementation of the FIDC system is
poorly dome. Even without this problem, however, the HC emissions for
the FIDC system would exceed the HC emissions for the modified stock
configurations.

The chassis dynamometer data appears in Appendix C.
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APPLICATION OF THE FIDC SYSTEM

The retrofit capability of the system provided for testing was
straight-forward, and within the capability of a garage or home X
mechanic. Installation time would probably run up to four or five
hours for an inexperienced home mechanic, and might be as short as one
and one-half to two hours for an experienced mechanic who has
previously installed a system. In all, the installation involved
replacing the spark plugs, spark plug wires, installation of some new
plumbing to provide fuel to the FVI's, installation and plumbing of a
solenoid operated air valve to control air into the air injection
manifold, emplacement of an electronic box, and installation of a
magnetic sensor in the bell housing close to the flywheel ring gear
teeth.

A problem was encountered in installing the magnetic sensor in
the bell housing. The difficulty was in finding a location in the
bellhousing with enough thickness to tap a hole for the magnetic
sensor. The location was constrained by the need to use a drill and
tap but also so that the magnectic sensor would not protrude below the
bottom of the vehicle.

Special tools were provided by the FIDC to install the spark
plugs, and the small tubes which feed fuel to the plugs. Either of
these tools could be improvised if it were not readily available. The
special spark plug socket is based on a standard socket with slight
modification, and the fuel tube insertion tool consists of a small
rod, the same diameter as the fuel tubing (one-eighth inch), with the
end of the rod stepped down to fit inside the fuel tubing. It serves
as an aid to guiding the fuel tubing through the hole in the spark
plug wire end boot., Either of these tools (shown in Figure 2)*would
be inexpensive to purchase.

The relatively small amount of testing reported here provided
only limited insight into maintenance problems which may occur. The
FVI's would probably have to be occasionally changed, as spark plugs
are changed. A frequent reason for changing spark plugs is that the
electrodes erode., The FVI's should experience the same erosion.
There is also more potential for failure of the FVI's since they
contain more components than an ordinary spark plug. They could fail
if 2 contaminant gets lodged in the check valve. The FVI's provided
for test in the V8 engine did not require or provide for any gap
adjustment. In production, the FVI's will probably cost on the order
of a factor of 1.5 to 2 more than ordinary spark plugs, due to their
increased number of compenents.
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SECTION VIII

GENERAL DISCUSSION

During the céurse of the evaluation, several observations were
made which bear on the evaluation of the FIDC system, but which cannot
be quantified. These observations are reported here.

Each time the FVI's were removed from the engine and
reinstalled, it was found that a small portion (about 3/16 inch) of
the fuel delivery tubing was lost where it attaches to the FVI spark
plug. Attempts to remove and replace the fuel tubing on the FVI were
unsuccessful because the FIDC-supplied fuel tubing became brittle
where it slipped over the FVI. It was found that cutting off a small
portion of the tube at the FVI was much easier. From a maintenance
standpoint, installing new fuel delivery tubing each time the FVI's
were replaced would eliminate this as a problem.

During the course of testing, some apparent failures of the
check valve inside the FVI's were observed. A sharp rise in pressure
in the regulated low pressure delivery line to the FVI's was
attributed to a check valve failure, although no attempt was made to
perform any failure analysis of the FVi's. This problem occurred
approximately four times early in the test program, and on ‘both the
CFR and V-8 engines. Replacement FVI's were installed to correct each
failure.

The insulation on some FVI's exhibited external cracking. This
occurred only on FVI's installed on the V-8 engine and in the hottest
locations, i.e., cylinders 5 and 6. These locations do not benefit
from 2 good flow of cooling air because of their proximity with the
exhaust manifold. The cracked insulation did not pose any apparent
functional problems with the FVI's, and no FVI's were replaced solely
for cracked insulation. Figure 53 shows a photograph of two FVI's
with cracked insulation. .

On several occasions, the V-8 engine was run with no fuel flow
to the FVI's. It seemed that there was a greater tendency for the
engine to misfire under these conditions. This is not too surprising
since the spark is well shrouded, and without fuel being fed through
the FVI there is less chance of a combustible mixture being in the
vicinity of the spark. This is not a problem, as long as the FIDC
gystem is operating as intended, but it could be a problem if there
vere a failure of the fuel delivery system to the FVI, or a failure of
the FVI itself.

Some driver impressions were noted during the chassis
dynamometer tests. With both the FIDC system and the modified stock
carburetor (with #42 jets) installed, the vehicle performance was very
sluggish, ‘and considerable difficulty was encountered in trying to
make some of the acceleration ramps in the driving cycle. Of the
three configurations tested, the stock configuration was by far the
most driveable, but even the stock configuration exhibited small
hesitations; a slight indication that the engine was operating too
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lean. The FIDC and modified carburetor configurations required
considerable throttle activity from the driver to accomplish
accelerations. This type of throttle activity is of course
undesireable since it adversely affects both fuel economy and
emissions. !

The FIDC system was developed for a 1975 "49 States" vehicle.
For the purposes of the tests at JPL, an existing 1973 California
vehicle and a 1975 California engine were available, and were
"converted" to 1975 49 States devices wherever significant differences
which might affect the test results could be identified. The
modifications made are noted elsewhere in this report. The only
conversion difficulty encountered was with the carburetor.

The vehicle and engine, as originally purchased, were equipped
with a four-barrel carburetor set for California emission standards,
while the configuration used by FIDC included a 2-barrel carburetor.
Two replacemenmt carburetors were purchased through a local Chevrolet
dealer parts department, but neither was a duplicate of the production
carburetor used by FIDC. This was determined during the early stages
of the V~8 steady-state engine tests where it was noted that the
replacement carburetors operated at a richer equivalence ratio than
had been measured by FIDC. Therefore, the carburetor finally used for
the tests reported in Sections V and VI was assembled as follows: the
bowl, venturi, main clustor assembly with nozzles, and top (air horn)
assembly were borrowed from FIDC, the throttle body (base) plate
assembly, power enrichment valve and jets were taken from one of the
replacement carburetors, and the "stock" (#45) jets were selected so
that the fuel/air ratio would match the nominal fuel/air ratioc of a
production carbuertor.

During the preparation for the V-8 steady state tests, the
operation of the lean limit controller (LLC) was tested to determine
its maximum effect; i.e., its maximum zbility to provide "extra" air
to the engine. The object of running these conditions was to
determine the lower limit of how lean the engine could be run, when
limited only by the amount of air which could be aspirated through the
FIDC feed plate under the carburetor.

A second objective of running these conditions was to record
emissions data for the various measured equivalence ratios so that the
overall engine equivalence ratios could be inferred from the emissions
data. This was necessary so that the effect, if any, of measuring the
air flow through the LLC could be determined.

The results of these tests clearly indicated that there was not
any effect of the operation of the LLC by connecting the LLC air
source into the same measured air which feeds the carburetor. It was
also observed that the maximum amount of air which can be added to the
engine through the LLC feed plate is dependent upont the engine load
(or manifold pressure). For moderate loads, the equivalence ratio
could only be reduced from 0.89 to 0.83. At low loads, enough
additional air could be added to cause the engine to misfire; ¢= .78
to .82, For high loads, little or no additional air could be added to
the engine through the LLC. (For the purposes of these tests, high
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loads are those in the 75-100 psi. BMEP range, and low loads are those
in the 5-25 psi BMEP range.)

The effect of the LLC solenoid bleed screw valve on emissions .
was recorded, and the bleed screw was adjusted -according to the FIDC
instructions. An "average" condition for the 1975 FTIP driving cycle,
1800 RPM, 35.6 HP, and 30 degrees BTDC spark advance, was selected.
Operating the engine at this steady-state conditiom, the emissions
were recorded at one—half turn increments of the bleed screw. It was
determined that about four turns in {from the full counterclockwise
position) on the bleed screw produced the "best' combination of HC and
NOy emissions. Approximately 500 ppm HC and 800 ppm NO, were
recorded with the bleed screw four turns in. The bleed screw was left
in this position for all subsequent tests.
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CONCLUSIONS AND RECOMMENDATIONS

The FIDC system demonstrated a modest (5%) fuel consumption
reduction relative to a stock vehicle when measured according to the
Federal Test Procedure. This improvement in fuel consumption was
accompanied by a substantial increase in hydrocarbon emissions. A
larger reduction in fuel consumption (12%) was demonstrated by
"leaning out" the stock engine. This leaning out, which was achieved
by re-jetting the carburetor, was accompanied by a small decrease in
hydrocarbons. Both these techniques for improving fuel consumption
also result in increased oxides of nitrogen emissions and noticeably
degraded driveability. The carbon monoxide emissions were reduced for
both of the nonstock configuratioms.

The excessive hydrocarbons from the FIDC system appear to result
primarily from the control strategy. Leaning an engine to the point
of misfire must inevitably increase the hydrocarbons. The increased
oxides of nitrogen are also inherent in the FIDC control strategy,
since the operating equivalence ratio is near that for maximum NO,
production. This decrease in equivalence ratio is, of course, what
produced the desirable decrease in fuel consumption.

Results of the CFR engine tests show that the FVI portion of the
FIDC system does alter the combustion process and the use of the FVI
allowed the CFR engine to run leaner without misfire. This positive
affect on engine operation was also observed under some operating
conditions for the multicylinder engine tests. The use of the FIDC
gsystem did alter the cylinder—to-cylinder distribution in the V-8
tests, but no systematic improvement could be identified.

With one exception, installing the FIDC system presented no
problems. A person with modest mechanical skills should have no major
difficulties, although this definitely would not be a job for a
novice. The one problem encountered during installation was the
placement of the "misfire detector". Some care and knowledge are
required to meet the several conflicting requirements.

In the final analysis, the FIDC system will yield a modest,
positive effect on fuel consumption, but at the price of increased
emissions, loss of driveability, and the monetary value of the device
itself. The disadvantages would seem to outweigh the advantages.
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Table 2. CFR Sensitivity Data for FVI Configuration
(2500 RPM, 50 psi BMEP)

8L

TEST SPARK BSFC NOL | ke Co,
NUMBER | CONFIG | RPM | BHP | ADVANCE | PsYs | (lbs/bhp-hr) | (g/min) | (g/min) | (g/min)
7164.2 F 2502, | 8.22 24,2 0.86 0.536 3.37 0.22 0.54
7164.3 F 2502. | 8.13 20.0 0.86 0.544 2.66 0.17 0.72
7164.4 F 2497. | 7.75 14.1 0.86 0.573 1.78 0.10 0.68
7164.5 " F 2501. | 8.08 25.6 0.81 0.524 2.94 0.17 0.61
7164.6 F 2500. | 7.95 21.4 0.80 0.531 2.09 0.13 0.72
7164.7 F 2496. | 7.63 16.8 0.80 0.555 | 1.4 0.08 0.69
7164.8 F 2503. | 8.15 28,2 0.77 0.514 2,72 0.18 0.60.
7164.9. F 2501. | 7.93 22.2 0.77 0.529 1.34 0.13 0.76,
7164.10 F 2498, | 7.68 18.4 0.77 0.548 1.07 0.10 0.79
7165.2 F 2503. | 8.23 30.1 0.73 0.521 2.11 0.19 0.57
7165.3 F | 2501. | 8.05 24.6 0.73 0.531 1.16 0.17 0.71
7165.4 F 2499, | 7.85 21.5 0.72 0.544 0.75 0.15 0.80
7165.5 F 2503, | 8.16 31.4 0.69 0.508 1.24 0.21 0.60
7165.6 F 2501. | 8.01 28.1 0.69 0.520 0.82 0.20 0.67
7165.7 F 2499, | 7.73 24,2 0.69 0.540 0.47 0.19 0.75
7165.8 F 2500, | 8.14 36.9 0:65 0.502 0.97 0.27 0.55 -
7165.9 F 2499, | 8.02 32.3 0.65 0.512 0.46 0.32 0.62
7165.10 F 2502. | 8.27 29.5 0.65 0.523 0.29 0.38 0.70
7165.11 F 2501, | 8.22 43.4 0.61 0.501 0.54 0.41 0.61 |
7165.12 F 2498, | 7.78 39.0 0.60 0.527 0.20 0.75 0.74 °
7165.13 F 2490. | 7.28 35.3° | 0.60 0.562 0.11 1.06 0.80 -

F - FVI CONFIGURATION




Table 3. Ignition Delay and Flame Speed Data from CFR Tests

SPARK
ADVANCE NO IGNITION FLAME
TEST POWER DEGREE ¢ BSFC ’ X HC CO DELAY, o SPEEC, B
NUMBER | CONFIG { RPM bhp BTDC SYS | (Ibm/bhp-hr) | (g/min) | {g/min} { (g/min) DEGREES DEGREES
7159.1 S 1505. 4.90 20.9 =(.87 0.460 1.61 0.35 0.26 16.3 4.6
7159,2 S 1504, 4,71 15.2 =0,87 0.479 1.30 0.25 0.28 11.8 18.0
7159.3 S 1503. 4.57 10.1 =(.87 0.496 0.98 0.23 0.38 12.9 4.9
7159.4 F 1504. 4.89 15.0 0.87 0.487 1.43 0.37 0.35 12.4 16.3
7159.5 F 1503, 4.86 © 12,6 0.87 0.497 1.27 0.35 0.40 12.4 15.5
7159.6 F 1502, 4.58 8.4 0.86 0.517 0.90 0.32 0.53 11.5 15.5

6/

S - BASELINE CONFIGURATION
F - VFI CONFIGURATION

ALITVO® 9004 40
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Table 4. Engine Data from EC Dynamometer Tests (1500 RPM, 75 psi BMEP)

TEST SPARK ¢ BSFC NOX HC co
NUMBER [ CONFIG RPM BHP ADVANCE SYS (|bm/bhp-hr) (g/min) (g/min) (g/min)
7299.20 S 1500. 51.88 31.4 1.12 0.527 6.71 2.49 72.2
7299.21 S 1500. 51.59 24.0 1.12 0.537 5.54 2.43 73.0
7299.22 S 1500. 51.31 19.5 1.12 0.552 4.92 2.35 73.7
7304.2 Sl.- 1499, 51.32 32.4 1.05 0.496 9.98 2,16 30:8
7304.3 S1 1499. 51.56 25.3 1.06 0.509 8.05 2.13 35,7
7304.4 S1 1497. 51.49 21.4 1.05 0.516 7.46 1.99 33.7
7306.2 S2 1499, 51.27 32.7 1.09 0.508 8.35 2.31 48.3
7306.3 52 1498, 51.51 25.3 1.10 0.518 b6.64 2.30 57 .2
7306.4 S2 1502. 51.34 20.2 1.11 0.533 5.58 2.19 6l1.6
7293.17 F 1497 . 51.13 42.5 0.83 0.460 12.93 2.41] 2.4
7293.18 F 1497. 51,22 34.9 0.83 0.465 9.90 1.89 2.7
7293.19 F 1497. 50.51 29.5 0.476 7.77 1.70 3.1

0.83

S = STOCK CONFIGURATION

S1 - STOCK CONFIGURATION WITH #42 CARBURETOR JETS
$2 - STOCK CONFIGURATION WITH #44 CARBURETOR JETS
F - FVI CONFIGURATION




Table 5, Engine Data from EC Dynamometer Tests (1000 RPM, 25 psi BMEP)

18

SPARK
ADVANCE NO
TEST POWER | DEGREE BSFC x HC
NUMBER { CONFIG | RPM bhp BTDC Psys | (lbm/bhp-hr) | (g/min) | (g/min)
7300.17 S 999. | 12.17 37.4 1.15 0.726 0.91 1.02
7300.18 S 999. | 12.19 32.9 1.14 0.722 0.69 1.01
7300.19 5 997. | 12.40 28.7 1.14 0.721 0.60 1.01 .
. 7304.11 51 1001, | 12.38 34.5 1.10 0.698 1.07 0.83 8.1
7304.12 51 999, | 12.04 30.5 1.11 0.716 0.84 0.80 8.3
7304.13 51 999, | 12.52 26.2 1.10 0.704 0.73 0.79 8.4
7306. 11 52 999, | 12.40 42.0 0.90 0.650 1,40 0.70 0.8
7306.12 52 998, | 12.49 39.8 0.90 0.657 1,19 0.49 0.9
7306.13 52 997. | 11.85 35.3 0.90 0.692 0.93 0.67 0.9
7293.11 F 997. | 12.25 31.1 1.11 0.806 1.23 2.40 11.0
7293.12 F 996. | 12.17 26.4 1.11 0.811 0.98 2.40 10.8
7293.13 F 996, | 12.25 23.2 1.10 0.814 0.93 2.45 10.5

S - STOCK CONFIGURATION
ST - STOCK CONFIGURATION WITH #42 CARBURETOR JETS
$2 - STOCK CONFIGURATION WITH #44 CARBURETOR JETS
F - FVI CONFIGURATION

ST @Dvd TYNMIYo
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Table 6. Statistical Data for Distribution Tests

DISTRIBUTION TESTS

STOCK -~ FVi
RPM BHP | ¢,y T P AVG ¢
500 1.0 | 1.0402 | 0.0327 & =

1000 11.0 | 1.1026 | 0.0307 | 1.0504 | 0.0248
1500 33.0 | 0.8529 | 0.0188 | 0.9265 | 0.0415
2000 44,0 | 0,8689 | 0.0367 | 0.9702 | 0.0314

*FIDC SYSTEM AUTOMATICALLY DEACTIVATED
AT THIS-OPERATING CONPBITION

a2
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Table 7. Urban Driving Cycle Predictions Based on EC Dynamcmeter Data
4500 lb, INERTIA WT. 3500 Ib. INERTIA WT.
SPARK NO NO
CONFIG ADVANCE MPG x (g/mi) | HC (g/mi) | MPG x (g/mi) | HC (g/mi)
S STOCK (6° BTDC) | 11.47 3.45 3.20 12.16 2.63 3.24
S STOCK + 5° 11.66 4,28 3.36 12.34 3.27 3.40
S STOCK + 10° 11.76 . 4,89 3,25 12.45 3.72 3.26
S 'STOCK + 15° 11.80 6.28 3.32 12.46 4,93 3.32
S STOCK + 20° 11.61 8.08 3.51 12.27 6.40 3.50
S1 STOCK 11.76 2,82 2.81 12.50 2.09 2.97
S1 STOCK + 5° 11.97 3.47 2.80 12.69 2.62 2.97
S1 STOCK + 10° 12.08 4,05 2.88 12.78 3.02 3.03
51 STOCK + 152 12,10 5.39 2.94 12.77 4,21 3.08
S1 STOCK + 20 12.10 7.27 3.12 12.76 5,68 3.24
S2 STOCK 11.56 3.03 2.56 12.23 2.30 2,59
52 STOCK + 5° 11.80 3.74 2.43 12.48 2.83 2,42
$2 STOCK + 109 11.97 4.54 2.45 12.65 3.43 2.43
52 STOCK + 15° 12.03 5.85 2.51 12.71 4,58 2,48
52 STOCK + 20° 12.02 7.69 2.50 12.67 6.02 2.43
F STOCK 11.13 2.80 4,84 11.58 1.99 5.07
F STOCK + 5° 11.22 3.42 4,91 11.63 2.37 5.14
F STOCK + 10° 11.26 3.83 4.99 11.63 2,54 5.22
F STOCK + 15° 11.21 5.36 5.08 11.55 3.81 5.33
F STOCK + 20° 11.19 7.10 5,32 11.52 5.05 5.56

S ~ STOCK CONFIGURATION

S1 - STOCK CONFIGURATION WITH #42 CARBURETOR JETS
S2 - STOCK CONFIGURATION WITH #44 CARBURETOR JETS

F - FVI CONFIGURATION
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Table 8. Urban Driving Cycle Results for Stock Baseline Based on Chassis Dynamometer Tests

~

‘ T URBANK .

TEST MPG - URBAN* | NO_ . s
NUMBER WT C.B. | (g/mi) /mi) | (a/mi)
15 11.60 | 12,48 | 1.43 17.12 | 0.73
16 11.38 12,16 1.55 12,76 0.55
17 11.15 | 11.90 | 1.53 18.99 0.95

18 1.4 | 11.97 | 1.60 14,65 0.75
AVERAGE | 11.32 | 12.13 | 1.53 15.88 0.74

* EPA ESTIMATED MILEAGE FOR THIS VEHICLE 1S 13 mpg

*% 1975 FEDERAL STANDARDS
NOy 3.1 g/mi
CO”™ 15g/mi
HC 1.5 g/mi



Table 9. Urban Priving Cvcle Results for Modified
Baseline Based on Chassis Dynamometer

Tests
ORIGINAL PAGE IS
OF POOR QUALITY
TEST MPG - URBAN NO . e
NUMBER WT C.B. {g/mi) (g/mi) (9/mi)
8 12.75 | 13.69 1.98 8.34 0.70
9 12.79 | 13.89 1.90 7.69 0.63
10 12.73 | 13.90 1.87 | 7.69 0.66
1 13.02 | 14.04 1.87 6.36 0.64
12 12.88 | 13.94 1.90 6.62 0.66
AVERAGE | 12.83 | 13.89 1.90 7.34 L 0.66
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Table 10. Uzrban Driving Cycle Results for FVI Configuration
Based on Chassis Dynamometer Tests

NUMBER WT C.B. (g/mi) (g/mi) (g/mi)
3 11.93 | 12.80 8.30 2.92
5 . 11.74 12.64 1.90 4,53 1.58
6 11.95 | 12.54 1.95 7.14 1.58
7 11.97 | 12.5¢ | 1.98 9.08 2.68
AVERAGE 11.90 | 12.63 1.94 7.26 2.19
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Table 11, Measured Versus Predicted Results for Urban Driving Cycle

ORIGINAL PAGE IS
OF POOR QUALITY

PREDICTED VALUE MEASURED VALUE
ENGINE BASED ON EC DYNO. | FROM CHASSIS DYNO.
CONFIGURATION PARAMETER ENGINE DATA VEHICLE TEST
STOCK BASELINE MPG 11.47 11.32  WEIGHT
SA = ° 12.13 CARBON
BALANCE
NO,, (g/mi) 3.45 1.53
CO (g/mi) 15.88
HC  {g/mi) 3.20 0.74
MODIFIED BASELINE MPG 12.08 12.83  WEIGHT
No. 42 CARB JETS 13.89 CARBON
SA = 16° BALANCE
NO,, {g/mi) 4.09 1.90
CO  {(g/mi) 7.34
HC  (g/mi) 2.88 0.66
FVI CONFIGURATION | MPG .22 11.90  WEIGHT
SA =110 12.63 CARBON
BALANCE
-| NO, (g/mi) 3.42 © 1,94
CO ™ (g/mi) 7.26
HC  (g/mi) 4.92 2,19
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CFR DATA



DATE NO a ¢
DAY b X co HC IGNITION | FLAME | CONFIG~

TEST NO. | RPM BHP SA SYS 85FC gm/min | gm/min | gm/min DELAY SPEED | URATION [ BMEP
6/8/77

7159.1 1505, | 4.90 | 20.9 0 |0.4602 | 1.614 | 0.262 | 0.352 16.31° 14.62° 5 50
7159.2 1504, | 4.71 | 15,2 0 |0.4788 | 1.295 | 0.280 0.251 11.81° 18.0° 5 50
7159.3 1503, | 4.57 | 1041 0 | 0.4963 | 0,975 | 0.375 | 0.227 12.94° 14.91° ] 50
7159.4 1504, | 4.89 | 15.0 | 0.87 | 0.4871 | 1.434 | 0.348 0.369 12.38° 16.31° F 50
7159.5 1503, | 4.86 | 12.6 | 0.87 | 0.4974 | 1.274 | 0.406 0.352 12.38° 15.47° F 50
7159.6 1502. | 4,58 | 8.4 | 0.86 | 0,5171 | 0.899 | 0.530 0.321 11,53° 15.47° F 50
7159.7 1504, 4,82 | 20.1 0.85 | 0.4817 1.694 0.367 0.368 F 50"
7159.8 1505, | 4.81 [ 7.1 | 0.81 ] 0.4772 | 1.273 | 0.377 | 0.337 F 50
7159.9 1504, | 4,70 | 4.3 | 0.81 | 0.4900 | 1.09% | 0.472 | 0.360 F 50
7159,10 | 1503. | 4.68 | 12.0 | 0.82 | 0.5000 | 0.891 | 0.498 0.336 E 50
7159.11 1505, | 4.92 | 21.1 | 0.77 | 0.4720 | 1,232 | 0.316 0.326 F 50
715,12 } 1503. | 4.82 | 15.6 | 0.77 | 0.4783 | 0.822 | 0,400 0.332 F 50
715013 | 1503, | 4.59 | 12.6 | 0.77 | 0.5044 | 0.571 | 0.509 | 0.314 F 50
6/9/77

7160.1 1506, | 5.06 | 21.1 | 0.90] 0.4700 | 1.937 | 0.287 | 0.347 F 50
7160.2 1502. | 4.79 | 21.9 | 0.77 | 0.4492 | 1.285 | 0.330 | 0.315 F 50
7160.3 1505, | 4.73 | 18.7 | 0.77 | 0.4580 | 1.054 | 0.363 | 0.332 F 50
7160, 4 1505, | 4.58 | 13.2 | 0.77 | 0.4787 | 0.511 | 0.479 | 0.3% F 50
7160.5 2007. | 6.60 | 20,2 | 0.84 | 0.4887 | 2.446 | 0.508 0.383 3 50
7160.4 2001, | 6.51 ] 14.5 | 0.85] 0.4990 | 1.806 | 0.686 | 0,384 F 50
7160.7 1999. | 6,08 | 10.9 | 0.85| 0.5184 | 1.320 | o0.789 | o.270 E 50
7160.8 200%. | 6.42 | 21.1 | 0,82 | 0.4733 | 2.291 | 0.522 0.382 F 50
7160,9 2001, | 6.28 | 16.6 | 0.82( 0,5007 | 1.718 | 0.669 | 0.349 3 50
7160.10 1998, 6.08 12.0 0.B2 ] 0.5215 1.170 0.887 0.243 F 50
7160,11 | 2000, | 6.45 | 21.0 { 0.76 | 0.4834 | 1.605 | 0.605 | 0,334 F 50
6170.12 | 1999. | 6.36 | 17.1 | 0,77 | 0.4920 | 1.153 | 0.747 | 0.278 F 50
7160.13 | 1995, | 6.82 | 14.2 | 0.76 | 0.6095,| 1.023 | 0.980 0.250 F 50
7160.14 | 2006. | 6.59 | 25,1 | 0.75} 0.4772|} 1.844 | 0.456 0.324 F 50
7160,15 | 2006 | 6.52 | 18.9 | 0.75| 0.4829'] 1.014 | 0.626 | o0.279 £ 50

-V



Dav é NOoy | co | wHg CONFIG-

TEST NO. | RPM BHP SA SYS BSEC | gm/min | gm/min | gm/min | BMEP | URATION
&/9/77

7160,16 2005, | 6.29 | 15.2 0.75 | 0.5017 | 0.732 0.756 0.226 30 F
7160.17 2007. | 6.69 | 27.5 0.71 | 0.4568 | 1.405 0.456 0.323 50 F
7160.18 2007, | 6.54 | 22.1 0.71 | 0.4806 { 0.779 0.549 0.291 50 F
7160.19 2007. | 4.51 18.1 0.71 | 0.4836 | 0.430 0.681 0.253 50 F
7160.20 2006, | 6.51 | 30.7 0.66 | 0.4601 | 0.506 0.473 0.334 50 F
7160.21 2005, | 6.36 | 26.1 0.66 | 0.4709 | 0.397 0.527 0.373 50 F
7160.22 2001, | 6.06 | 22.4 0.66 | 0.4900 | 0.210 0.591 0.382 50 F
7160.23 2007, | 6.58 | 356.0 0.62 | 0.4520 | 0.452 0.482 0.393 50 F
7160.24 2006. | 6.32 | 31.1 0.62 | 0.4657 | 0.274 0.525 0.455 50 F
7160.25 2004, | 6.11 { 28.3 0.62 | 0.4886 | D,182 0.564 0,505 50 E
7160.,26 2007. | 6.81 1 45.1 0.58 | 0.4462 | 0.541 0.511 0.602 50 F
7160.27 2007, | 6.48 | 38.4 0.58 | 0.4694 | 0.139 0.606 0.860 50 F
7160.28 2005, | 6,08 | 33.4 0.57 { 0,5023 | 0,057 0.704 1.097 50 F
6/13/77

7164.1 1500, | 4.93 ; 21.3 0.87 | 0.4840 ! 1.986 0.340 |. 0.422 50 F
7164.2 2502, | 8.22 | 24.2 0.86 | 0.5363 | 3.372 0.543 0.216 50 F
7164.3 2502, | 8.13 1 20.0 0.86 | 0.543% 2,663 0.716 . 0.166 50 F
7164.4 2497, | 7.75 1 4. 0.86 | 0.5734 | 1.781 0.677 0.096 50 F
7164,5 2501. | 8.08 | 25.6 0.81 | 0.5238 } 2.935 0.613 0,171 |~ 50° F
7164.6 2500. | 7.95 1 21.4 0.80 | 0.5313 | 2.086 0.718 0.130 50 F
7164,7 2496, | 7.63 1 16.8 0.80 | 0.5551 | 1.411 0.485 0.077 50 F
7164.8 2503. | 8.15 | 28.2 0.77 | 0.5136 | 2.724 0.598 0.182 50 F
7164,9 2501. | 7.93 | 22.2 0.77 1 0.5294 | 1.33s6 0.756 0.131 50 F
7164,10 2498, | 7.68 | 18.4 0.77 { 0.5482 } 1,071 0.794 0.095 50 F
&/14/77 -

7165,1 1502, | 4.91 | 21.5 0.85| 0.4864 } 1.976 0.359 0.362 50 F
7165.2 2503. | 8.23 | 30.1 0.73 | 0.5211 2,112 0.566 0.192 50 F
7165.3 2501. | B.05 | 24.6 0.73 | 0.5308 1.162 0.711 0.168 50 F
7165.4 24%9. | 7.85 | 21.5 0.72 | 0.5438 | 0.749 0.802 0.148 50

7165.5 2503, | 8.16| 31.4 0.69 | 0.5078| 1.239 0.597 0.211 50




DATE

DAY " NOx | co HC CONFIG-
TEST NO. | RPM BHP SA SYS BSFC | gm/min | gm/min | gm/min | BMEP | URATION
&/14/77
7165.4 2501. | 8.01 | 28.1 0.69 | 0.5196 | 0.815 0,669 0.202 50 F
7165.7 2499, | 7.73 | 24,2 0.69 § 0.5404 | 0.472 0.751 0.1856 50 F
7165.8 2500. | 8.14 | 36.2 0.65 | 0.5018 0.968 0.554 0.274 50 F
7165.9 2499, | 8.02 | 32,3 0.65 | 0,5115 | 0.480 0.623 0.317 50 F
7165.10 2502. | 8.27 { 29.5 0,65} 0,5225 | 0,290 0.46%6 0.376 50 F
7165.11 2501. | 8.22 | 43.4 0.61 | 0,5005 | 0,543 0.614 0.406 50 F
7165.12 2498, | 7.78 | 39.0 0.60 | 0.,5268 | 0.197 0.738 0.750 50 F
7165.13 2490, | 7.28 | 35.3 0.60 ) 0.5622 | 0.111 0.802 1.059 30 F
7165.14 1504, | 7.22 | 14.5 0.86 § 0.4425 | 2.770 0.347 0.48%2 75 F
7165.15 1503, | 7.03 | 10.0 0.86 | 0,4535 | 2,242 0.410 0,549 75 F
7165.16 1496. | 5.37 7.2 0.85 ) 0.5914 1.888 0,452 0.874 50 F
&/15/77
7166.2 1499, | 7.40 | 16.0 0.82 | 0,4419 2,955 0.328 0.481 75 F
7166.3 1500, | 7.23 10.%9 0.82 | 0.4542 2,227 0,397 0.582 75 F
7166.4 1500. | 6.84 7.8 0.82 | 0.4807 1.615 0.474 0.944 75 F
7166.5 1501. | 7.38 | 16.1 0.78 | 0.43923 2,391 0.345 0.454 75 F
7166.6 1496, 6.35 12.8 0.78 | 0,5078 1.66% 0,352 0,992 75 F
7166.7 1501. | 7.21 7.4 0.75 | 0,4508 | 2.005 0.344 0.789 75 F
7166.8 1501. | 7.55 | 22.5 0.70 | 0,4235 1,774 0.348 0.422 75 F
7166.9 1502, | 7.34 | 20.3 0.70 | 0.4359 1.321 0,357 0,549 75 F
7166,10 1501, | 7.53 | 25.4 0.66 | 0,4161 0,923 0.377 } 0.398 75 F
7165.11 1500. | 7.04 | 22.2 0.656 [ 0.443% | 0.555 0,368 1.154 75 F
7166.12 1500. | 4.88 | 21.0 0.86 | 0.4761 1.93¢9 0.298 0,403 30 3
7166.13 1503, | 4,96 | 21,2 0.90 | 0.4885 1.830 0.217 0.291 50 S
7166.14 1503. | 4.99 | 21.4 0.87 | 0.4702 1.717 0,227 0.270 30 5
7166.15 1502. | 4.94 | 16.0 0.85( 0.4810 1.132 0.2%94 0.2462 50 S
7166.16 1502, | 4.80 | 12.9 0.86 | 0.49569 0.862 0.371 0.253 30 S
7166.17 i503. | 4.83 | 21.3 0.82 | 0.4695 1.334 0.247 0.250 30 S
7166.18 1501. | 4.77 1 19.5 0.82 | 0,4751 1.116 0.270: 0.251 50 S




DATE NO )

DAY b X CO_ HC ) CONFIG-
TEST NO. | RPM BHP SA SYS BSFC | gm/mun | gm/min | gm/min | BMEP { URATION
6/15/77 )
7166.19 1500. | 4.54 | 14.5 0.82 | 0,4990 | 0.665 0.370 0.238 50 S
7166.20 1502, | 4.84 | 21.9 0.77 | 0.4643 | 0.857 0.280 0.252 50 S
7166.21 1501, | 4.71 | 19.1 0.77 | 0.4767 | 0.597 0.318 0.256 50 S
7166.22 1500. | 4.56 | 16.2 Q.77 | 0.4915 | 0.400 0.386 0,252 50 S
7166.23 1500, | 4.73 | 25.4 0.73 | 0.4647 | 0.624 0.292 0.313 50 S
7166.24 1500, | 4,59 | 22.6 0.73 | 0.4766 | 0.471 0.314 0.333 50 S
7166.25 1499, | 4.50 | 20.9 0.73 | 0.4836 | 0.380 0.343 0.330 50 S
7166.25 2002. | 6.51 | 21.0 0.88 {0.5158 2.098 0.428 0.311 50 S
7166.27 2000, | 6.33 | 17.2 0.88 | 0.5324 1.613 0.516 0,269 50 S
7166.28 1998. | 6.08 | 14.3 0.88 | 0.5511 1.295 °| 0.580 0.200 50 S
7166.29 1502. | 4.90 | 21.6 0.91 | 0.4506 1.399 1,292 0.347 50 S
6/ 16/77
7167.1 1503. | 4.95 | 21.4 0.91 | 0.4843 1.905 0.205 0,287 50 S
7167.2 2004, 6.59 | 24.3 0.84 | 0.5043 2,273 0.419 0.287 50 5
7167.3 2004. | 6.54 | 20.9 0.84 | 0,5099 1.802 0.500 0.293 50 )
7167.4 2002, | 6.28 | 16.4 0.85 | 0.5354 1.276 0.640 0.267 50 S
7167.5 2003. 6.66 | 25.0 0.80 | 0.4968 1.758 0.459 0.214 50 S
7167.6 2004. | 6.57 | 22.3 0.80 | 0.5043 1.405 0.532 0.285 30 S
7167.7 2002, | 6.29 | 18.5 0.80 | 0.5265 | 0.944 0.652 0,261 50 S
7167.8 2004, | 6.67 | 27.1 0.75 | 0.4858 1.304 0,468 0,217 50 S
7167.9 2003, | 6.52 | 24.3 0.75 | 0.4982 | 0.900 0.537 0.288 50 S
7167.10 2000. | 6.20 | 20.6 0.75 ) 0.5219 | 0,558 0.655 0.271 50 S
7167.11 2004, | 6.56 | 29.3 0.72 | 0.4889 0.826 0.475 0.241 50 S
7167.12 2002. | 6.31 | 25.2 0.71 [ 0.5082 | 0.440 0.569 0.355 50 S
7167.13 1999. | 6.04 | 22.4 0.71 { 0.5267 | 0.289 0.648 0.291 50 S
7167.14 1501, 1 4,85 | 21.3 0,91 | 0,4756 1.646 0,219 0.253 0 S
&/21/77
7172.1 1499, | 4.88 | 21.3 0.91° 0.5028 1.996 0.208 0,307 50 S
7172.2 2502, | 8.23 | 26.4 0.89 | 0.5484 | 3.587 0.471 0.155 50 S
7172.3 2501. ] B.O5 | 23.4 0.88 | 0.5545 | 2,805 0,305 c.117 50 5




DATE

NO
x

DAY ¢ X CO‘ HC . CONFIG-

TEST NO. | RPM BHP SA SYS BSFC | gm/min | gm/min | gm/min | BMEP | URATION
6/21/77

7172.4 2500. 7.82 | 20.3 0.88 | 0.5651 2.279 0.470 0.091 50 S
7172.5 2503. | 8.29 | 28.0 0.84 | 0.5312 3.234 0.468 0.135 50 S
7172.6 2502, | 8.13 | 24.6 0.84 | 0.5407 | 2.466 0.454 0.098 50 S
7172.7 2500, | 7.84 | 20.9 0.84 | 0.5611 1.716 0.552 0.092 50 S
7172.8 2503. | 8.19 | 30.2 0.80 | 0.5265 2.671 0.439 0.117 50 S
7172.9 2503, | 8.13 | 27.1 0.80 | 0.5327 | 2.092 0.486 0.110 50 S
7172.10 2500, | 7.83 | 23.4 .80 | 0.5524 1.372 | 0.490 0.083 50 Ly
7172,11 2504. | 8.32 | 34.1 0.76 | 0.5183 2.319 0.436 0.120 50 S
7172.12 2503, | 8.17 | 29.4 0.76 | 0.5282 1.445 0.487 0.116 50 S
7172.13 2500, | 7.90 1 25.9 0.76 | 0.5455 | 0.973 0.523 0.095 50 S
7172.14 2502, | 8.35 | 34.8 0.70 | 0.5067 | 0.898 0.558 0.202 50 S
7172,15 2500. | 8.20 | 32.1 0.70 { 0.5155 0.637 0,578 0.183 30 S
7172.16 2494, | 7.69 | 28.1 0.70 |1 0.5494 | 0.345 0.622 0.155 50 S
7172.17 2497, | 7.78 | 38.4 0.66 { 0.5551 0.340 0.719 1.144 50 S
7172.18 2495, | 7.30 | 37.4 0.66 1 0.5905 | 0.267 0.785 1.221 50 5
7172.19 2493. | 7.60 | 35.0 0.66 | 0.5692 { 0.310 0.800 |- 1.077 75 S
7172.20 1502, | 7.19 | 171 0.89 | 0.4335 2.802 0.252 0.349 75 S
7172.21 1502. | 7.06 | 14.0 0.82 | 0.4422 2.350 0.286 0.368 75 S
7172,22 1501. | 6.71 8.9 0.89 | 0.4633 1.731 0.400 0.319 75 S
7172.23 1502, | 7.10 | 17.5 0.85 1 0.4338 | 2.583 0.288 0.333 75 S
7172.24 1502, | 6.94 | 13.7 0.84 | 0.4430 | 2.051 0.341 0.327 75 S
7172.25 1501, | 6.65 1 10.3 0.84 | 0.4616 1.556 0.452 0,271 75 S
6/23/77

71741 1500, | 4.87 | 21.8 0.91 | 0.4798 1.791 0.205 0.243 75 S
7174.2 1500, | 7.26 | 20.7 0.79 | 0.4388 2.423 0.278 0.289 75 by
7174.3 1500, | 7.08 | 16.1 0.79 | 0.4500 1.612 0,332 0.274 75 S
7174.4 1499, | 6.82 | 13.1 0,79 | 0.4667 . 1.157 0.428 6.252 75 S
7174.5 1500. | 7.20 | 23.5 0.75 | 0.4343 1.839 0.288 0.287 75 S
7174.6 1500. | 7.03 7 18.6 0.75 | 0.4449 1.091 0.338 0.280 75 S
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DATE

DAY @ NOx | co HC. CONFIG-
TEST NO. | RPM BHP SA SYS BSFC gm/min | gm/min { gm/min | BMEP | URATION
6/23/77
7174.7 1498, | 6.78 | 15.4 0.75 | 0.4610 { 0.733 0,404 0.266 75 S
7174.8 1500, | 7.28 | 27.6 0.71 | 0.4243 | 1.349 0.303 0.278 75 S
7174.9 1499, 7,02 | 22.4 0.70 | 0.4370 0.661 0.339 0.284 75 S
7174.10 1498, | 6.70 | 23.9 0.70 | 0.4593 | 0.346 0.397 0.285 75 S
7174.11 1498, | 7.05 | 34.9 0.66 | 0.4350 0.786 0.339 1.134 75 )
7174.12 1497, | 6.28 | 30.2 0.66 | 0.4868 | 0.413 0.385 1.134 75 S
7174 .13 1489. | 5,97 | 25.2 0.66 | 0.5108 | 0.204 0.421 1.135 50 S
7174.14 1503, | 4.90 | 21.5 0.92 | 0.4813 | 1.619 0.278 0.270 50 S
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Table B-1. Engine Tests — Stock

DATE

‘DAY é NOx Cco HC
TEST NO. | RPM BHP SA sys | %ce BSFC | gm/min | gm/min | gm/min | BMEP
10/27/77 i

7300.20 998. 2.62 | 45.0 | 1.152 | 1.109 } 1.9607 | 0.048 j0.2 1.12 5.9
7300.21 997, 2.66 | 43.3 1.158 | 1.120 | 1.9329 | 0.047 9.8 1.07 6.0
7300.22 998, 2.51 | 41.5 | 1.174 | 1.119 | 2.0661 0.047 9.8 1.00 5.7
10/27/77

7300.17 999, | 12.17 | 37.34 | 1.14% ] 1.124 | 0.7263 | 0.911 16.7 1.02 27.6
7300.18 999. | 12.19 | 32.9 | 1.M42 | 1.131 { 0.7217 | 0,693 16.8 1.01 27.6
7300.19 997. | 12.40 | 28.6 1.138 | 1.123 | 0.7211 ] 0.604 | .17.6 .01 28.1
10/27 /77

7300.14 1001. | 23.32 { 38.0 | 0.895 | 1.006 | 0.5116 | 5.322 1.0 1.1 52.5
7300.15 1001, | 23.17 | 32.1 0.890 | 0.988 | 0.5212 | 4.038 1.0 0.97 52.4
7300.16 1001, | 23.63 | 27.5 | 0.895 | 1.016 | 0.5200 | 3.903 1.1 0.93 54,2
10/27/77

7300.2 1499, | 34.96 | 45.9 | 0.839 | 0.957 | 0.5188 | 8.287 2.2 1.47 52.6
7300.3 1499, | 36.11 | 40.5 | 0.85¢ | 0.967 | 0.5159 | 7.909 2,2 1.36 54.5
7300.4 1497, | 35.46 | 35,0 | 0.857 | 0.973 | 0.5229 | 6.585 2.3 1.28 53.7
10/27/77

7300.8 1501. 4.71 | 471 1.155 | 1.125 | 1.7407 | 0.164 | 14.9 0.99 7.1
7300.9 1501. 4,84 [ 46.2 | 1.141 | 1.120 | 1.6644 | 0.163 15.0 0.99 7.3
7300.10 1501. 4.75 [ 45.3 | 1.150 { 1.119 | 1.6882 | 0.156 | 15.1 0.99 7.2
10,/27/77

7300.5 1500, | 18.75 | 46.8 | 0.981 | 1.074 | 0.6533 | 3.315 4.5 0.96 77.9
7300.6 1499, | 18.77 | 42.7 | 0.984 | 1.084 | 0.6523 | 2.842 4.9 0.92 76.9
7300.7 1498. | 18.11 | 38.3 | 0.984 | 1.070 | 0.6795 | 2.278 4,7 0.86 77.6
10/26/77

7299.20 1500. | 51.88 | 31.4 1.122 y 1084 | 0.5274 | 6.708 | 72.2 2.49 78.3
7299.21 1500. | 51.59 | 24.0 | 1.124 | 1.078 | 0.5367 | 5.537 | 73.0 2.43 77.9
7299.22 1500, | 51.31 1 19.5 | 1.118 | 1.081 | 0.5519 | 4.916 | 73.7 2.35 77.4
10/26/77

7299.8 2001. | 25.34 | 48.4 | 0.868 | 0.935 | 0.6676 | 4.574 2.6 0.778 | 28.7
7299.9 2000. | 24.50 | 45.5 | 0.870 | 0.936 | 0.69¢8 | 3.820 2.6 0.724 | 27.8
7299.10 1999. | 24.42 | 42.4 | 0.867 | 0.930 | 0.6952 | 3.326 2.7 0.720 | 27.6
10/26/77

7299.2 1997. | 45.66 | 45.9 | 0.890 | 0.956 | 0.5383 | 13.134 3.3 1.304 | 52.4
7299.3 1996. | 46.78 | 36.4 | 0.895 | 0.959 | 0.5454 | 10.342 3.7 1.086 | 53.0
7299.4 2002. | 47.77 [ 30.3 | 0.921 1 0.977 | 0.556% | 9.150 4.0 0.902 | 54.0
10/26/77

7299.5 2002. | 68.91 | 33.2 | 1.119 | 1.087 |*0.5295 | 9.i98 | 95.5 3.22 77.9
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-4

Table B-1. Engine Tests - Stock (Continutation 1)
DATE
DAY + s NO, co HC
TEST NO. | RPM BHP SA SYS CB BSFC | gm/min | gm/min | gm/min | BMEP
10/26/77 :
7299.6 2002. | *68.03 | 26.5 | 1.121 | 1.088 | 0.5416. | 7.722 | 97.6 3.20 76,9
7299.7 2002, | 68.69 |21.0 | 1.116 | 1.089 | 0.5552 | 7.376 | 93.4 3.16 77.6
10/26/77
7299,11 1993, 3.86 | 41,7 | 1.115 | 1.077 | 2.6376 | 0.247 | 15.7 0,900 4.4
7299.12 | 2003. 3.83 [ 40.0 | 1.117 | 1,072 | 2.6444 | 0.234 | 15.6 0.86 4.3
7299.13 2000. 3.44 | 39,1 1.115 | 1.074 | 2.9494 | 0.226 | 15.5 0.86 3.9
10/26/77
7299, 14 2502, | 32.02 {48.6 | 0.885 | 0,945 | 0.6973 | 5.974 3.7 0.814 | 29.0
7299.15 2499, | 31.03 | 45,5 | 0.887 | 0.946 | 0.7186 | 5.732 3.6 0.772 | 28,2
7299.16 2499, | 30.35 | 43,0 | 0.884 | 0.943 | 0.7372 | 5.011 3.5 0.742 | 27.7
10/26/77
7299.17 2500, | 57.68 | 48,6 | 0.894 | 0.959 | 0.5429 | 16.922 4.7 0.904 | 51.4
7299.18 2501. | 59.00 | 44.2 | 0.898 | 0.964 | 0.5460 | 15.707 4.1 0.834 | 53.5
7299.19 2499, | 58.89 [ 38.0 | 0.909 | 0.970 | 0.5546 | 13.36% 4,0 0.835 | 53.3




Table B-2. Engine Tests — Modified Stock - #42 Jets
DATE
DAY ¢ ¢ NOx | co HC

TEST NO. | RPM BHP SA 5YS CB BSFC gm/min | gm/min | gm/min | BMEP
10/31/77
7304,20 499, 1.86 | 35.4 1.063 | 0,997 | 1.5533 0.03 0.5 0.73 8.5
7304.21 49%. 1.9.1 33.2 1.077 | 1,018 | 1.5129 0.0256 0.5 0.73 8.6
7304,22 502. 2,23 | 31,2 1.061 1.026 | 1.3452 0.025 0.6 0.71 10.0
10/31/77
7304,23 1004. 3.51 | 43.0 1.111 | 1,092 | 1.5087 0.085 5.0 0.73 7.9
7304,24 1004. 3.49 | 41.3 1.1710 | 1.089 | 1.5215 0.074 4.2 0.78 7.9
7304,25 1003. 3.44 | 39.8 1.101 | 1.095 | 1.5346 0.073 4.8 0.69 7.7
10/31/77
7304,11 1001, 12.38 | 34.5 1,104 | 1.072 | 0.6976 1.065 8.1 0.83 28,0
7304.12 999. 12.04 | 30.5 1.109 | 1.077 | 0.7157.| 0.839 8.3 0.80 27.3
7304.13 999. 12.52 | 26.2 1.099 | 1,073 | 0.7041 0.731 8.4 0.79 28.4
10/31/77
7304.14 1000. 23.37 | 44.2 0.85% }{ 0,932 | 0,5046 4.895 1.0 1.05 52.9
7304.15 1000, 23.38 } 38,0 0.850 | 0,939 { 0,5052 3.768 1.0 1.04 52,7
7304.16 1000. § 23.24 | 31.8 0.858 | 0,956 | 0.5185 3.700 1.1 0.99 52.6
10/31/77
7304.5 1498. | 34.47 | 47.0 0.807 | 0.888 | 0.5140 6.612 2.2 1.70 52,2
7304.6 1497. | 35,17 | 43.4 0.811 | 0,886 | 0.5176 5.925 2.3 1.69 53.5
7304.7 1503. 35.39 | 37.4 0.817 | 0,891 | 0.5291 4,670 2.6 1.49 53.3
10/31/77
7304.26 1502, 3.86 | 45.2 0.868 | 0.926 | 2,0515 0.198 1.8 2.47 6.1
7304,27 1501. 3.89 | 42,0 0.859 | 0,920 | 2,0487 0.233 1.9 2.47 6.0
7304.28 1499, 3.31 | 40.2 0.868 | 0.905 | 2.3787 0.204 1.8 2.47 5.0
10/31/77
7304.8 1498. 18.98 | 49.6 0.921 | 0.958 | 0,46359 3.453 1.5 0.86 28.7
7304.9 1498. 18.67 | 46.1 0.923 | 0.956 | 0.6494 3.094 1.5 0.82 28.2
7304.10 1496, 18,35 | 40.3 0.923 | 0.959 | 0.6609 2.403 1.7 0.75 7.7
10/31/77
7304,2 1499, 51.32 | 32.4 1.050 | 1.000 | 0.4954 9.980 30.8 2.16 77.5
7304.3 1499. 51.56 | 25.3 1.059 | 1.009 | 0.5087 8.045 35.7 2.13 77.9
7304 .4 1497, 51.49 | 21.4 1.051 | 1.018 | 0.5156 7.458 33.7 1.99 77.8
10/28/77 X
7301.7 1998. 25.05 | 54.4 0..790 0.923 | 0.6790 2.810 3.5 3.32 28.4
7301.8 1996. 23.7‘0 49,2 0.791 | 0.923 | 0.7193 2.133 3.7 3.27 26.9
7301.9 2002, 24,67 | 46.4 0,782 | 0,909 4 0,7122 1.939 - 3.9 4.06 | 27.9
10/28/77
730141 1997. | 46.92 | 52.3 0,839 | 0.944 | 0,5151 | 11.517 3.4 1.550 53.2




¢-q

Table B~2. Engine Tests + Modified Stock — #42 Jets
(Continuation 1)
DATE
DAY p " NOx | co- | cH
TEST NO. | RPM BHP SA SYS CB BSFC gm/min | gm/min | gm/min | BMEP
10/28/77 .
7301.2 1995. | 45.97 | 46.2 0.843 | 0.934 | 0.5285 | 9.442 3.6 1.504 52.3
7301.3 1995. | 47.76 | 40.2 .| 0.864 | 0.944 | 0.5251 2.037 3.5 1.116 54,1
10/28/77
7301.4 1999, | 69.41 | 36.4 1.062 | 1.076 | 0.4931 | 14.811 38.5 2,53 78.6
7301.5 1998. | 68.95 | 27.1 1.066 | 1.081 | 0.5049 | 11.679 38.3 2.43 78.2
7301.6 1997. 68.90 | 22.7 1.065 | 1.090 ] 0.5175 | 10.745 35,2 2.30 78.1
10/31/77
7304.29 2002, 4,33 | 47.6 0.886 | 0.953 | 2.3219 0.378 2.3 1.68 4.9
7304.30 1999, 3.53 | 45.3 0.870 | 0.943 | 2.8573 0.345 2.4 1.92 4.0
7304.31 2004. 5.14 | 42,7 | 0.884 | 0.954 | 2.0675 | 0.430 2,2 1.34 5.8
10/28/77
7301.10 2004. 4.84 | 41.2 1.050 | 1.042 | 2.0346 0.387 6.1 0.64 5.5
7301.11 2002. 5.12 | 30.4 1.060 | 1.057 | 1.9479 0.378 6.5 0.58 5.8
7301.12 1998. 4.19 | 42.9 1.039 | 1.046 | 2.3162 0.317 5.3 0.48 4,7
10/28/77 :
7301.16 2501. | 31.91 | 51.4 | 0.821 | 0.959 | 0.7042 | 4.591 4.7 2.78 28.7
7301.17 | 2497. 29,92 | 48.3 0.811 | 0.966 | 0.7407 3.693 4.6 2.84 27.0
7301.18 2496. | 30.71 | 45.0 | 0.816 | 0.964 | 0.7411 3.579 4.8 2.82 27.8
10/28/77 .
7301.13 2495, 57.39 { 52,2 0.836 | 0.981 | 0.5329 | 12.714 4.4 0.944 51.9
7301.14 2494, | 59,23 1 45.7 | 0.861 | 0.992 | 0.5347 | 12.439 4,2 0.812 53.8
7301.15 2943, 58.48 | 40.8 0.863 | 0.999 | 0.5469 9.721 4.2 0.656 | 53.0




Table B-3. Engine Tests — Modified Stock - #44 Jets
DATE
DAY & " NOx | co | Hc
TEST NO. RPM BHP SA SYS CB BSFC gm/min | gm/min | gm/min | BMEP
1/2/77
7306.17 504. 1.97 | 35.8 1.193 | 1,115 | 1.4665 0.012 6.4 0.65 8.8
7306.18 504. 1.93 | 33.0 1.207 | 1,109 | 1.5075 0.012 6.4 0.66 8.8
7306.19 504, 1.92 | 31.0 1.226 | 1.123 [ 1.5429 0.012 6.5 0.65 8.7
11/2/77
7306.14 - 998, 3.12 | 404 T.143 | 1.112 | 1.6724 0.05% 8.0 0.87 7.1
7306.15 999. 3.30 | 38.4 1.134 | 1,118 | 1.5866 0.059 8.0 0.80 7.5
7306.16 997. 3.17 | 36.3 1.142 | 1.115 | 1.6505 0.053 7.9 0.79 7.2
11/2/77 )
7306.11 999. 12,60 | 42,0 0.897 | 0,975 | 0.6500 1.404 0.8 .70 28.5
7306.12 998. 12,49 | 39.8 0.8956 | 0.978 | 0.6569 1.192 0.9 0.69 28.3
7306.13 997. 11.85 | 35.3 0.896 | 0.977 | 0,8922 0.934 0.9 0.67 26.6
11/2/77
7306.5 1000, 22,91 | 43.4 0.858 | 0.972 | 0.5194 4,717 1.0 1.08 51.9
7306.6 1001. | 23.61 | 37.7 0.859 | 0.972 | 0.5201% 4.350- 1.0 1.09 53.4
7306.7 992. | 23.19 | 32.2 0.854 | 0.966 | 0.5260 3.180 - 1.1 1.03 52.5
/77
7305.19 1501, | 36.22 | 47.9 0.85 | 0.960 | 0.5040 9.543 1.8 1.28 54.6
7305.20 1506. | 35,38 | 39.5 0.857 | 0.961 | 0.5157 7.093 2.0 1.16 53.4
7305.21 1499, | 34.98 | 34.3 0.859 | 0.95% | 0.5275 5.688 2,3 1.06 52.8
11/3/7
7307.2 1496. 3.53 | 42.3 1.178 | 1,095 | 2.1720 0,104 17.7 1.20 5.3
7307.3 1498, 3.60 | 44.2 }-1.183 | 1.094 | 2,1371 0,104 3 17.5 1.17 5.4
7307.4 1496. 3.53 ] 42,3 1977 | 1.091 | 2,1666 0.100 17.7 1.14 5.3
1/1/77 )
7305.16 1499. 18.91 | 446.7 0.901 { 0,970 | 0.6588 2.841 1.6 0.686 28.5
7305.17 1498. 18.85 | 43.8 0.898 | 0,971 | 0.6665 2.532 1.7 0.672 29,1
7305.18 1497, 18.71 | 40.4 0.889 | 0.96%9 | 0.6639 2,216 1.8 0.640 28.3
11/2/77
7306.2 1499, 51.27 | 32.7 1.088 { 1.132 | 0.507¢9 8.349 48,3 2.31 77.4
7306.3 1498. 51.51 | 25.3 1.103 | 1.125 | 0,5176 6.637 57.2 2,30 77.8
7306.4 1502. | 51.34| 20.2 | 1.108 | 1.128 | 0.5327 5.583 61.6 2.19 77.4
1/1/77
7305.7 2000. 24,68 | 49.0 0.857 | 0.948 | 0.6773 4,137 2.5 0,740 27.9
7305.8 1997. | 24.56 | 46.3 0.858 | 0.949 | 0.6774 3.682 2.6 0.714 27.8
7305.9 2001, | 24,95 42.7 0.847 | 0.945 | 0.6742 3.487 2.7 0.798 28.2
nA/77
7305.1 1997. | 46.71 ] 49.4 0.865 | 0.955 | 0.5227 | 13.12% 2.9 1.164 53.1




Table B~3. Engine Tests — Modified Stock -~ #44 Jets
{(Continuation 1)
DATE
DAY - . NO co HC

TEST NO. | RPM BHP SA SYS CB BSFC gm/min | gm/min | gm/min | BMEP
Nn/1/77

7305.2 1997. | 47.67 | 42.6 0.880 | 0.969 | 0.5264 | 12.191 3.0 1.086 54,0
7305.3 1995, | 47.72 | 37.1 0.879 | 0.961 | 0.5275 8.637 3.3 0.930 53.6
11/1/77 '

7305.4 1998. | 68.78 | 33.4 1.118 | 1.092 | 0.5224 | 11,448 69.4 2.73 77.9
7305.5 1999. | 68.72 | 25.3 1.112 | 1.091 | 0.5282 92.125 79.2 2.74 77.8
7305.6 1998. 68.36 | 21.0 1.117 1 1.099 | 0.5413 8.171 72.3 2.66 77 .4
1/3/77

7307.5 1998. 4,70 | 45.6 1.120 | 1.082 | 2.1333 0.274 15,2 0,96 5.3
7307.6 1996, 4,47 | 43.6 1.119 | 1.074 | 2.2279 0.260 15.1 0.92 5.1
7307 .7 1994, 4,31 | 40.5 1.724 | 1.081 | 2.3194 0.241 15.0 0.88 4,9
11/1/77 .-

7305, 10 2500. 31.45 | 54,2 0.871 0,258 0.6886 6.944 3.5 0.750 28.4
7305,11 2497, | 30.57 | 48.2 0.849 | 0.959 | 0.7055 5.514 3.5 0.724 27.8
7305,12 2504, 31.62 | 44.3 0.870 | 0,957 | 0.7040 5.149 3.5 0.5680 28.5
11/1/77

7305.13 2497, 58,19 | 55.5 0.882 | 0.970 | 0.5392 { 19.599 3.8 1,004 52.7
7305,14 2495, 58.21 | 46.4 0.873 0.967 | 0.5348 14.552 4,0 0.824 52.8
7305.15 2499, 60.03 | 39.5 0.894 | 0.979° | 0.5408 | 13.563 3.9 0.700 54,4




Table B-4.

Engine Tests FIDC System

DATE - 'NO
DAY 4 ¢ _ x | co HC
TEST NO. | RPM BHP SA 5YS CB BSFC | gm/min | gm/min | gm/min | BMEP

10/20/77
7293.8 204, 1.71 | 25.0 1.181 | 0.850 | 2.5476 0,035 4.2 0.92 7.5
7293.9 503. 1.67 | 24.7 1.174 | 0.856 | 2.4952 0.036 3.2 0.99 7.8
7293.10 500, 1.30 | 22.2 1.161 | 0.830 | 3.3565 0.027 3.0 0.99 5.6
10/20/77 .
7293.5 1004, 3.78 | 32.3 1.140 | 1.021 1.7415 0.104 11.0 1.56 8.5
7293.6 1008. 3.88 1 30.3 1.139 | 1.042 | 1.,6880 0.0%91 11.6 1.56 8.7
7293.7 1004. 3.941 28.4 1.142 | 1.046 | 1.6635 0.080 11.7 '} 1.55 8.9
10/20/77
7293.11 997. 12.25 | 31.1 1.114 } 0.974 | 0.8055 1.231 11.0 2.40 27.8
7293.12 996, | 12,17 | 26.4 1.108 | 0.972 | 0.8105 0.983 10.8 2.40 27.7
7293.13 996, 12.25 | 23.2 1.099 | 0.978 | 0.8134 0.9231 10.5 2,45 27.9
10/20/77
7293.14 298, 23.34 | 28.9 0.936 | 1.021 | 0,5113 5.709 V.4 1.89 52.9
7293.15 998. 23.23 ] 23.2 0.936 } 1.027 | 0.5134 4,324 1.4 1.85 52.7
7293.1%6 296. 22.53 1 19.3 0.948 | 1.025 | 0.5374 3.265 1.6 1.83 51.2
10/25/77
7298.11 1504, 35,44 46.4 0.829 | 0.942 | 0.5093 3.632 2.0 0.04¢ 53.3
7298.12 1503. 34.88 | 37.3 0.838 | 0,240 § 0.5218 2.174 2.2 0.046 52.5
7298.13 1503. 35.32 | 32.0 0.843 | 0.923 | 0.5287 2.125 2.5 0.046 53.3
10/20/77
7293.2 1494, 2,15 | 34.3 0.925 | 0.855 | 4.1564 0.100 2.7 0.261 3.8
7293.3 1493, 2,13 33.1 0.876 | 0.814 | 4.1448 0.117 3.0 0,275 3.3
7293.4 1495, 2.831 35.7 0.948 | 0.922 | 3.1321 0.091 2.8 0.252 3.9
10/25/77
7298.14 1503. 18.59 | 47.5 0.927 | 0.934 | 0.7943 0.55% 1.7 0.026 27.4
7298.15 1502. 18.26 | 40.4 0.865 | 0.945 | 0.7036 0.300 2.0 0.025 27.5
7298.16 1498, 18.67 | 34.9 0.896 | 0.952 | 0.687¢6 0,209 2.2 0.023 28.2
10/20/77
7293.17 1497. 51.13 | 42.5 0.830 | 0.940 | 0.4596 | 12.931 2.4 2.41 77.1
7293.18 1497. 51.22 | 34.8 0.831 | 0.940 | 0.4650 2.895 2.7 1.89 77.4
7293.19 1497. 50.51 | 29.5 0.830 | 0.950 | 0.4764 7.772 3.1 1.70 75.4
10/25/77 .
7298.2 1997. 24.21| 47.4 0.789 | 0.859 | 0.7110 1.605 3.2 0,033 27.4
7298.3 1997. 24,58 | 41.1 0.803 | 0.874 | 0.6739 1.012 3.2 0.032 27.8
7298.4 1995. 23.34 1 356.5 0.809 | 0.920 | 0.7106 | 0.95] 3.4 0.032 26.5
10/20/77

L 7293.23 2003. 45,54 1 40,1 0.864 | 0.979 | 0.5188 | 12,313 3.2 1.59 52.5
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Table B-4. Engine Tests FIDC System
{Continuation 1)
DATE .
DAY s . NOyx | o HC
TEST NO. RPM BHP SA SYS CB BSFC gm/min | gm/min gm/min BMEP
10/20/77
7293,24 2000. 46.01 | 37.7 0.863 | 0.976 | 0.5287 2.314 3.6 1.38 52.3
7293.25 1?99. 44,48 | 32,5 0.864 | 0.975 | 0,5471 6.719 3.9 0.992 50.3
10/20/77 ) .
7293.20 1998. 68.45 | 40.4 _ 0.839 | 0.953 | 0.4633 | 16.300 4.4 1.568 77.5
7293.21 1996. 67.63 | 32.0 0.867 | 0.954 | 0.4918 | 12,363 4.9 1.226 76.7
7293.22 1995, 65.55 | 28.4 0.857 | 0.953 | 0.4940 9.687 5.1 1.008 74.4
10/19/77
7292.2 2001, 6.60 | 43.0 0.923 | 1.016 | 1.8674 0.533 " 3.3 3.51 7.5
7292,3 1998, 5.14 | 41.7 0.859 | 0,882 ] 2.3600 0.300 3.5 3.83 5.8
7292.4 2000, 4,65 | 39.4 0.811 | 0.874 | 2.4950 0.207 3.7 4,00 5.3
10/18/77
7291.6 2497, 31.67 | 50.1 0.806 | 0.901 | 0.7314 4.664 5.1 4,74 28.8
7291.7 2495, 292,99 | 46.5 0.802 | 0.909 | 0,7804 3.074 5.1 3.54 27.5
7291.8 2500, 32.45 | 43.3 0.807 | 0.894 | 0,7440 2.621 5.7 3.02 29.3
10/25/77 .
7298.8 2495, 57.77 | 45.2 0.838 | 0.936 | 0,5453 9.975 5.1 0.372 52.4
7298.9 2495, 58.65 | 41.3 0.845 | 0.938 | 0.5530 9.847 5.2 0.630 53.2
7298.10 2494, 57,28 | 37.3 0.853 | 0.937 | 0.5758 8.134 5.2 0.481 52,0




Table B-5,

Distribution Tests

DATE L
DAY TEST | - CYDIDER 1 ¢ # | N9%x | co | HC
TYPE NO. | RPFM | BHP | - SA BSFC ML) SYS i | gm/min | gm/min | gm/min

11/8 COMMON
73{2/77 1 | 1998 |52.6 | 52° 0.5085 0 0.84 |0.909 | 9.651- 3.1 0.464
STOCK
w/P42 JETS | 100 | 1997 | 52.4 | 52° 0.5101 1 0.34 | 0,929 { 13.054 2.7 0.326
STOCK
w2 JETS | 201 | 1996 | 52.6 | 52° 0.5085 2 0.84 | 0.889 | 10.543 2.9 0.324
STOCK i 5
W/F42 JETS | 301 | 1995 | 52.7 | 52 0.5076 3 p.84 |o0.8821 7.103 3.0 0.286
STQCK .
W/F42 JETS | 401 | 1999 |52.1 | 52° 0.5114 4 0.84 | 0.876 | 14.977 2.0 0.726
STOCK o
W/F42 JETS | 501 | 1998 [ 52.4 | 52 0.5089 5 0.84 | 0.821 | 3.376 3.0 0.848
STOCK '
w/E42 JETS | 601 | 1996 | 52.5 | 52° 0.5094 6 0.84 1 0.870 | 11.171 2.2 0.512
STQCK o
w/#42 JETS | 701 | 1995 | 52.5 | 52 0.5094 7 0.84 | 0.869 | 11.177 2.8 0.402
5TQCK
w/E42 JETs | 801 | 1994 | 52.4 | 52° 0,5095 8 . | o0.84 ]0.815| 1.53% 3.7 0.348
STOCK COMMON
wW/F42 JETs | 901 | 1999 | 52.1 | 52° 0.5122 0 0.84 10.858 | 9.784 3.1 0.500
STQCK COMMON )
w/*42 JETS 2 | 1501 | 53.4 | 47° 0.5080 0 0.800 | 0.837 | 4.44 2.4 0,384
STOCK .
W/E42 JETS | 102 | 1499 | 52,9 | 47° 0.5114 1 0.800 | 0.870 | 5.888 2.5 0.372
STOCK .
wW/F42 JETS | 202 | 1499 | 53.1 | 47° 0.5092 2 0.800 | 0.862 | 5.976 1.8 0.302
STOCK -1 . '
w/#42 JETS | 302 | 1498 | 52.4 { 47° 0.5165 3 0.800 | 0.855 | 3.868 2.1 0.318
STOCK
W/FA2 JETS | 402 | 1498 | 52.6 | 47° 0.5157 4 0.800 | 0.8517| 5.31 1.7 0.332
STOCK .
W/%42 JETS | 502 | 1498 | 53.1 | 47° 0.509% 5 0.800 | 0.825 1 1,402 3.0 1.43
5TQCK
w242 JETS | 602 | 1496 | 52,6 | 47° 0.5141 & 0.800 | 0.860 | 4.941 1.6 0.474
STOCK
wW/E42 JETS | 702 | 1497 | 52.9 | 47° 0.5116 7 0.800 | 0,875 | 4.231 1.9 0.420
STOCK ;

" W/FA2 JETS | 802 | 1496 | 53.0 | 47° 0.5114 8 0,800 | 0.825 | 0,478 3.1 0.966
STQCK COMMON
W/242 JETS | 902 | 1495 | 52.6 | 47° 0.5156 0 . 10.800 | 0.876 1 "4,615 2.4 0.588
1/9/77 o COMMON ’
7313 2| 1001 | 12.43 | 34 0.7153 0 1.12 | 1.087 | 0.903 17.1 0.366
STOCK
w/%42 JETS | 102 999 | 12.49 | 34° 0.7219 i 1.12 | 1.076 | 1.351 4.6 0.208
STOCK ' o
w/F42 JETS | 202 | 1000 | 12,61 | 34 0.7127 2 1,12 | 1.149 | 0.246 | 44.6 0.266
STOCK
w/f42 JETS | 302 | 1000 | 12.51 | 34° 0.7148 3 112 | 1,147 | 0,326 | 39.3 0.314
STOCK R .
W/£42 JETS | 402 999 | 12.56 | 34 0.7057 4 1.12 1 1.081 | 0.791 8.4 0.298
STOCK . o ) .
w/¥42 JETS | 502 999 | 12.52 | 34 0.7048 5 1.12 | 1.108°| 0.492 | 21.5 0.328
STOCK o
w/H42 JETS | 402 998 | 12.46 | 34 0.7145 6 .12 | 1.08 1.101 5.2 0.216
STOCK .
w/#42 JETS | 702 998 { 12,511 34° 0.7135 7 i.12 | 1.075 ] 1.493 1.5 0.182
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Table B-5. Distribution Tests (Continuation 1)

DATE .

DAY | TEst CYLINDER 1 pep | V9% | co | He

TYPE NO. | RPM BHP SA BSFC (i} SYS i | gm/min | gm/min | gm/min
CONTINUE
7313 802 997 | 12,72 | 34° 0.7050 8 i.12 | 1.105 | 0.917 15.8 0,250
STOCK COMMON
w/#42 JETS | 902 997 | 12.74 [ 34° 0.7109 0 1.12 | 1.096 | 0.883 16.7 0.386
STOCK ) COMMON
W/#42 JETS 3 499 | 1,94 | 35° 1.4822 0 1.06 | 1.013 | 0.022 0.5 0.39
STOCK ’
w/#42 JeTS | 103 500 | 2,02 | 35° 1.4410 1 1.06 1.042 | ©0.035 0.4 0.20
S$TOCK
W/#42 JETS | 203 499 | 2,09 | 35° 1.3796 2 1.06 | 1.080 | 0.030 0.5 0.17
STOCK
W/#42 JETS | 303 408 | 1.98 | 35° 1.4520 3 1.06 | 1.057 | 0.022 0.5 0.27
STOCK )
w242 JETS | 403 502 | 2.14 | 35° 1.3520 4 1.06 |0.979 | 0.013 0.5 0.56
STOCK
w42 JETS | 503 500 | 2.07 | 35° 1.3894 5 1.06 | 1.024 | 0.019 0.5 0.36
STOCK
W/E42 JETS | 603 50 | 2.12 | 35° 1.3727 6 1.06 | 1.017 | 0.016 0.6 0.41
S5TOCK
w/H2 JETS | 703 500 | 2.14 | 35° 1.3515 -7 1.06 [ 1.052 | 0.025 0.4 0.21
STOCK ’ ’
w/#42 JETS | 803 500 | 2.07 | 35° 1.3940 8 1,06 | 1.071 | 0,025 0.4 0,17
STOCK COMMON ’
W/ ¥42 JETS | 903 501 | 2.11 § 35° 1.3707 0 1.06 | 1.030 | 0.021 0.5 0.51
11/10/77 o COMMON
7314 1 | 1500 | 34.35 | 46 0.5164 0 0.85 | 0.917 | 9.003 2.1 2.03
FvI -
W/245 JETS | 101 | 1499 | 35.25 | 46° 0.5052 i 0.85 | 0.907 | 3.755 2.2 0.95
S5TOCK
W/#45 JETS | 201 | 1498 | 35.12 | 46° 0.5077 2 0.85 |0.879 | 2.925 2.1 1.04
STQCK o : ]
w/FA5 JETS | 301 | 1498 | 34.70 | 46 0.5136 3 0.85 |0.85% | 1.712 2.4 4,27
ST}')FCK
W/FA5 JETS | 401 | 1496 | 34.72 | 46° 0.5128 4 0.85 | 0.938 | 10.051 1.8 2,34
STOCK
W/E45 JETS | 501 | 1495 | 34.49 | 46° 0.5162 5 0.85 | 0.95 | 12.080 2.0 3.38
STOCK
W/fa5 JETS | 601 | 1494 | 34,96 | 46° 0.5072 5 0.85 | 0.965 | 14.084 1.6 1.65
S5TOCK o
W/f45 JETS | 701 | 1492 | 34.80 | 46 0.5106 7 0.85 ]0.933 | 12.145 2.2 1.44
STOCK o
w/H45 JETS | 801 | 1491 | 35.22 | 46 0.5045 8 0.85 | 0.975 | 13.227 1.7 1.30
S5TOCK COMMON
w/f45 JETS | 901 | 1490 | 35.32 | 46° 0.5046 0 0.85 | 0.926 | 10.025 2.1 2,20
STOCK ) COMMON .
W/H45 IETS 2 1999 | 46,93 | 44.5°| 0.5019 0 0.%0 0.953 | 13,713 3.1 1.47
STOCK
W/H5 JETS | 102 | 1996 | 46.36 | 44.5° | 0.5118 1 0.90 | 0.950 | 10.381 2.7 0.90
STOCK
w/%45 JeTs | 202 | 1994 | 46.17 | 44.5° | 0.5085 2 0.9 | 0.938 | 8,795 2.6 0.910
11/1,/77 )
7315 302 | 1996 | 46.56 | 44.5°( 0.5066 3 0.90 | 0.918 | 2.896 3.0 1.23
Vi
w/k45 JETS | 401 [ 1996 | 45.83 | 44,57 | 0.5103 4 0.50 | 0.978 { 15.104 2.2 2.39
5TOCK
w/t45 JETs | 501 | 1995 | 46.27 | 44.5°| 0.5055 5 0.90 | 0.985 | 13.041 2.6 2.87
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Table B~5. Distribution Tests (Continuation 2)

DATE

DAY TEST CYNLg“DER P $ep NO, co HC

TYPE NO. | RPM BHP SA BSFC (i) SYS i | gm/min | gm/min | gm/min
CONTINUE | :
7315 601 1993 | 46,04 | 44,5° | 0,5074 6 0.%0 1.002 | 17.477 2.1 1.79
STOCK
W/#45 JETS 7041 1991 | 45.78 | 44.5° | 0.5095 7 0.90 0.986 | 14.608 2.9 1.37
STQCK '
W/#45 JETS-] 801 1998 | 45.86 | 44.5° | 0.5117 8 0.90 1.005 | 14,287 2.6 1.102
STOCK : ) COMMOCN
W/’45 JETS 901 1996 | 46.15 | 44.5° 1 0.5041 Q 0.%0 0.975 | 13.369 3.1 1.67
11/14/77 o COMMON
7318 2 999 | 12.50 | 31 0.7019 0 1.0 1.052 0.927 3.9 2.15
FVi
W/#45 JETS 102 998 | 12.19 | 31° 0.7045 1 1.0 1.018 0.997 1.8 1.64
STOCK . -
W/#45 JETS 202 997 | 11,92 | 31° 0.7303 2 1.0 1.049 1.303 1.6 1.00
STOCK 0
W/#45 JETS 302 993 | 10.87 | 31 0.8074 3 1.0 1.085 0.918 7.1 2,14
STOCK o
W/’f45 JETS 402 1000 | 12.02 | 31 0.7670 4 1.0 1.031 0.886 1.9 1.54
STOCK . ¢
w/%45 JeTs | 502 | 1001 | 12,50 | 31° | 0.7418 5. 1.0 1.073 | 1.116 6.6 | 2,15
STOCK
W/ﬁ45 JETS 602 1000 | 12.15 31° 0.7544 6 1.0 1,034 1.072 2,0 1.25
STOCK °
W/#45 JETS 702 298 12.09 | 31 0.7818 7 1.0 1.036 2.390 1.6 1.34
STOCK o .
W/#45 JETS 802 992 | 12,18 | 31 0.7788 8 1.0 1.077 1.585 3.6 1.41
STOCK o COMMON
W/’F45 JETS Q02 Q98 | 12,26 | 31 0.7715 0 1.0 0.968 1.489 2.8 2,36
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Table C-1. Vehicle Tests

DATE | TEST VEHICLE
DAY | NO. | MPGyy | MPCcp NOx | co .| HC | CONFIGURATION
1/12/78 | T E BAG 1
8012 ] 12,540 | {9) 7.705 | 129.926 | 0.747 | STOCK - #45 JETS
BAG 2
(@) 3.446 | 57,377 | 1.507
BAG 3
{g) 6.159 | 47.010 | 1.860
AVG WT
gm/mi 1.372 | 18.702 | 0.386
1/13/78 BAG 1 ]
8013 2 | 11.354 ] 12.270 | (9 8.022 | 183.315 |12.118 | STOCK - #45 JETS
BAG 2
{a) 3.044 | 271.112 | 8.478
BAG 3
() 5.801 | 95.329 | 4.298
AVG WT ]
gm/mi 1.307 | 53.903 | 2.152
1/31/78 BAG 1
8031 13 | 12.489 | 13.466 | (q) 10.306 | 163.223 | 9.127 | STOCK - #45 JETS
BAG 2 '
(a) 4.254 | 30,960 | 1.009
BAG 3 .
{a) 7.964 | 22,897 | 1.429
AVG WT '
gm/mi 1.744 15.023 0.755
2/1/78 BAG 1 .
8032 14 | 12.557 | 13.456 | (g) 10.005 | 159,384 | 8.812 | STOCK - #45 JETS
- | BAG 2
{a) 4.400 | 20.883 | 0.827
BAG 3
) 8.166 | 27.525 | 1.503 | —
AVG WT
gm/mi 1.777 | 13.973 | 0.728
2/2/78 BAG 1
8033 15 | 11.596 | 12.475 | (g) 8.067 | 160.037 | 8.737 | STOCK - #45 JETS
BAG 2
(g} 3.668 | 41,510 | 1.007
BAG 3
{a) 6.315 | 32.184 | 1.235
AVG WT
gm/mi 1.430 | 17.120 | 0.727
2/3/78 BAG 1
8034 16 | 11.384 | 12.160 | (g) 8.335 | 125.576 | 6.641 | STOCK - #45 JETS
BAG 2 -
[(5)] 4,550 | 25.656 | 0.734
BAG 3
(@ 6,672 | 28.609 | 1.002
AVG WIT )
gm/mi 1.550 12,764 0.553
2/7/78 BAG 1
8038 17 11.153 | 11.902 | (g 8.293 | 200.104 | 13.145 | STOCK - #45 JETS
BAG 2
) 4,162 | 28,719 | 0,723
BAG 3
) 6.478 | 46,820 | 1.186
AVG WT
gm/mi 1.529 18.985 0.948
c-2
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Table C-1.

Vehicle Tests (Continuation 1)

DATE | TEST VEHICLE
DAY | NO.| MPGyg| MPGoy NO, | co HC | CONFIGURATION
1/23/78 BAG 1 MOD -
8023 8 12.748 | 13.691 {g) 10,392 | 82.403 | 7.614 | STOCK - #42 JETS
’ BAG 2
{9) 5.592 | 20.922 |1.227
BAG 3
(@ 8.442 | 10.930 | 1.27%
AVG WT
gm/mi 1.980 8.336 | 0.497
1/24/78 BAG 1 _MOD
8024 9 12.7688 | 13.8%0 {a) 10.632 | 90.014 | 6.600 [STOCK - #42 JETS
BAG 2
(a) 5.488 | 12.926 | 1.031
BAG 3
(@ 7.304 | 10.642 | 1,458
AVG WT
gm/mi 1,896 7.689 | 0.626
1/25/78 BAG ! MOD
8025 10 12.733 | 13,904 (g 10.276 | 91.104 | 7.416 | STOCK - #42 JETS
BAG 2 .
(9) 5.376 | 13.439 | 1.069
BAG 3
(@ 7.311 8.724 | 1.146
AVG WT
gm/mi 1.867 7.688 | 0.656
1/26/78 BAG 1 MOD
8026 1 13.023 | 14.036 () 9.929 | 66.559 | 7.254 | STOCK - #42 JETS
BAG 2 .
{a) 5.425 | 13.324 | 1.004
BAG 3
{9} 7.656 | 10.155 | 1.170
AVG WT
gm/mi 1.874 6.359 0.638
1/27/78 BAG 1 MOD
8027 12 12.878 | 13.935 @ 9.95 § 74.396 | 6.971 | STOCK - #42 JETS
BAG 2
(@) 5.512 | 12.866 | 1.070
BAG 3
{9) 7.849 8.591 1.523
AVG WT
gm/mi 1.897 5.615 | 0.656




Table C-1. Vehicle Tests (Continuation 2)
DATE | TEST - VEHICLE
DAY | NO. | MPGyy | MPGg NO, | co HC | CONFIGURATION
1/16/78 BAG 1
8016 3 11.926 | 12.795 | (9) 10.853 | 94,300 | 44.570 | FvI
BAG 2
(9) 0.009 | 14.274 | 1.392
BAG 3
| @ 0.005 | 13.426 | 2.516
AVG WT
gm/mi 0.621 8.295 | 2.919
1/17/78 BAG 1
8017 4 11.936 | 13.823 | (g) 10.341 | 59.720 | 27.103 | FVI
BAG 2
(@) 4,512 | 10.335 | 1.387
BAG 3
(g) 7.577 | 20.870 | 3.717
AVG WT
gm/mi 1.784 6.438 2,037
1/18/78 BAG 1
8018 5 11.743 | 12.644 | (g) 10.265 | 44.265 | 21.146 | Fvi
BAG 2
(o) 5.360 8.652 | 1.175
BAG 3 ! &
(9) 7.683 | 10.683 | 2.651
AVG WT !
gm/mi 1.898 4,530 1.580
1/19/78 BAG 1 -
8019 6 11.953 | 12.535 | (g) 11.946 | 61.766 | 23.411 | Fvi
BAG 2
(@ 5.192 | 16.913 | 1.209
BAG 3 :
{9 7.842 | 18.822 | 1.294
AVG WT
gm/mi 1.948 7.138 1.583
1/20/78 BAG 1
8020 7 11.967 { 12,544 | (q) 11.387 | 85.838 | 40.225 | Fvi
BAG 2
{a) 5.516 | 18.577 | 1.183
BAG 3
{g) 8.006 | 23.050 | 3.119
AVG WT
gm/mi 1.981 9.079 | 2.680
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0 Tr.EE00
a:. 0554
a:, COE0S
LO 1037 .5542
.0 S2.4147
L 147.0742

Lo =94 ,.50040
Lo 23,7401
IRE] &0, 55101

DIL FAC
CDF?

YHIH
VDL FT

B.rI7E 2VSR. a8
FOF 2.e29 MIX
11.5402 4721.85
FOR 2.90% MI:

2.5211 2Fai.9d
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+¢+ BAG ¢ REV 1-24-72 e+  TODAY IS 1-25-73 IT IZ 4:06
PROGFAM:  F.v.I. TEST TYPE i 757 FTP-CH TEZTs
VEHICLE: CHEWY WEHICLE ID: 1L39K3C2010%2  DATE:
DFIVER : J.A. 1143TR OPER: F.E.
oYL = CID: 350 TRANS:  AUTO ODOM:

TITE: 4 DI: 4500 ACTHF:  14.0 IHF @ 11.5
DAY 2015 YPHs 44.90 PAMES 14.132 TAME= 7

EENCH MO. &

C-6

LR Y]

489, 5 Ml

O
4 ]

. 200

OCTAL CODES: = 000222 000222 000222 Q00222 000422 Q02022
WOPT B = 010444 010444 010444 010444 010444 010444
EAG DATA INPUT ORDER: 2A» 3A<1As2Es 3E+ 1E.
MILET GAS-GM  GAL  1PG
CWET DELTAF= 1.341 AH = S7. 1505 2990 BFL. L3470 10,345
CVWE PIN = 12.670  PIAT =  .4036 3.360 P1I. (3284 11.79E
CWE TIN = 101.000  AHFAC = 9225 3,605 vRE. L2795 12.902
Wi o= L2528 TOTALZ 11.095 2872 L3550 11,577
WTD FTP  11.743
AMEIENT SAMPLE EXHAUTT ZAMPLE
BAG %FULL ICL  30ALE  WALUE  %FULL SCL ZCALE  WALUE
coz-% 1 1,330 4 % L04TE S0.5100 4 % 1.8797
coz2-x 2 1.350 4 % Jo4gs 32 G004 % 1.1531
chz-% % 1,360 4 % L0485 42,200 4 % 1.5578
N4—PPM 1 D120 LOOFEMMOXN L1300 F4.390 L00FPHMTE T4, 3900
Hi—PPH 2 L1730 100FPMNOS L1F00 2E.E00 100PPMNON 22,9000
H—-FPM 3 090 100FPMHDX L0300 SS.210 100PPMMOX  S5.2100
CO-PPM 1 . 150 SOOPPM LO 1.1993 98,120 SO0PPH LO 484, 94529
CO-FFM 2 250 SOOFPM LO  1.4782  17.630 SOOPPM LO  S&.535
CO-FPM 3 BO0 SOOPPM LD LTEIT R 07O SOOPPM LO  116.2602
HO-PPM 1 11.950 SOPPM LO  S.9200 94,560 SOOPPM LO 473, 3000
HE-PPM 2 12.450 SOPPM LO  £.2200 41,720 SOPPM LO 20,3950
HC-PPM 2 12.370 SOPPM LO  5.1B50  &3.550 1O00FPHM LO  &3.5600
5M EMIZZIONE<PHATE TOTAL DIL FAC WMIX
PHAZE coe M, o HC REME ¢OF3»  nCU FTo
1 2L3I7.917 10,265 94,865 21.146  11ed4l.  &.7824 2TES,
1 T34, 798 2.25% 12. 330 5.390 GHoMT CFOF 2.590 MI
2 ET4T.OT 5. 350 g.658 1.175 19905, 11.4440 4729,
g Ti1.E10 1.32a9 2.241 L3204 GMeHMI CFOR S.850 MI:
3 2207.941 75232 10,693 2,651 11739, 3.4499 2789
2 512,269 2,131 2. 962 LTS GMCMI CFOF 3.808 ML
TOTAL 7S9%.731 23,209 &3.600 24,972  (GM-TETT.
TOTAL 526,543 2.103 5.753 2,852 EMeMI FOP 11,095 MI
TOTAL  &89.221 1.29 4,520 1,580 *MTD GM-HI FOR  7.459% MDD
COMPOZITE FUEL ECOMOMY — MPG BAG  MPB
1972 COLD FTPC¢ 7.450 MId = 11,925 1 11,474
1972 HOT FTF « 7.466 MDD =  13.245 2 .37
1975 FTP "11.9%6 MDD = 12,614 3 14,321
1975 WTD FTP ¢ 7.453 MIY = 12,544 AWE  12.7ET
FWI OM: TA=5+5=11 BTIC. #45 JETT
EBl - D2 DATA M.5.s CHOKE POSITION €CH 78" GUIT IH COLD 505

o



++¢ EBAG « FREY 1-24-73 +e+  TODARY IZ 1-25-73 IT I& 4:13 FM

FROGFAM: F.W.I. TEET TWPE & ¥
WEHICLE: CHEWY WEHICLE 1D i
IRIVERF = Jd.H. IMHEITR OFEF: E.
YL s 2 CIn: 250 TRAHZ: AUTO ongeM: Ssson,4 Ml
SITE: 4 TIh: 4500 ACTHR: 14, IHF & 11.52

FTP-H TEZT# &
T 1-

ICE0tas5e TATE: 19-7

Ll

OR'Y 013 TAHFE PYSE BEMHCH HO, 2 =RH= 51.3% FPARME= 14,057 TAHME= 73,

OCTAL CODEZ:  WOFD A NOnEzZE 00ozZ2s nooZ22 onoEsZs aonzzs oodnsz
LgFRn E nioddd 010444 010444 01ngddd 010449 010444
B DRATA IMPUT ORDEF: CA«SAs1A2E«3EV1Es

I
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Chs DELTAP= 1.933 AH = &£5.3427 Z.oedil avE. L 24E5 0 10,9445
CWZ FINH = 12.500 FERT = 3053 ERc] 1%, LAEVD 120072
CAME OTIN = 100,700 AHFAC = LTSV 2.850 TET. L2813 120377
Wiio= o, 20en TOTAL:D il1.240 2877, LA%EE 11,748

WTD FTP 11.953

AMBIENT =AMFLE ESHAL=T =
“FULL ZCL LCALE MALLE SFULEL =CL SCALE YHRILLE

o
o
|

cOz-%x 1 S. 300 4 . bl A Y I 4 = 2. 0545
coe=-% B 3.170 4 = LATES 35,900 I 1.2951
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cO-FPM 1 250 SO0FPPH LO 1.50:1 =, 30 2EFPRPM LD &82. 30405
CO-FFR 2 L1230 S00FPPM LO 1.1433 1,440 Z00FFM LO 114, 0079
CO-FFH 2 L0000 SooPPM L0 0217 52,380 S00FPPM LD 20509573

HC-FPPH 1 12,590 SoFPHM LO B.yrol S2.ved  1EPPM LO SEF.&000
HC-FPFH 2 13.900 SOoPPM LO B SS00 J4.010  SO0PPM LO o2, 2050
HC-FFPHM = 172.2320 S0PPM O B 51510 23.7a0  SOPFM L0 a3, 3200

M EMIZZI0ON: -PHAZE TOTAL DIL FAC  WHMIA
FHAZE caz HOx i HIC FEYZ ChED LML S O

1 =27l4, 367 11.948 (=3 A 23,411 1i1el3, £.138% 2V48.78
1 G ST = 3. 282 16,254 2.432 BMSsMT CFOR 2,540 MI

= a2rr=.d420 S.132 16,913 1.z20% 139905, 10,2425 470724

= FOE.e51 1.314 4,282 20 BMOMI YFOR 2350 MIN

? ZEET.H93 Fag =L rs 12,822 1.294 11703, 7V.589% BVey.5%

= =2SE R B 1 . 143 5. 157 325 BM.MI JFOR E.eE0 ®MIN
TOTRL F721i.220 o4.920 3. a0 25,915 EMCOTEST
TOTAL £02. 289 2. 228 H.ETS 2. 30s EMeMI FOR 110240 FIN
TOTAL 91,881 1.34%8 Val32 1.922  JWTD GM-MI FORP F.596 MIX

COMPO=ITE FUEL ECOMNOMY -
19F2 COLD FTPY 7,590 HMIv
1972 HOT FTP ¢ P.o00 MIn
137% FTFR c11.240 MIY
12375 WTD FTR ¢ V.59 MIY

I
iy}

ok b et et T
Mng Gt =7
L Lk 1

] 00
Z oo e
—t

[ory
(R
]
[N Oy Pl
DR S e &

(LT I |

jan]
an
-
[LIRE
[

IR
P R R

F.¥.I. CONFIGURATIONs &A=11 .
PO=ITION DATA H.G. EAR=11

45 JETE - EEB1 02 DATH H.5.3 CHOKE
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c-8

+++ EAS # FEY 1-24=75 ++e TOOAY Iz 573 IT I= 4:132 PM
FFROGFAM: FoW. 1. TEXZT TWPE : TS FTP-ICH TEZX v
VEHICLLE: CHENY YEHICLE 103 1LJHH AC2a10 TARTE: 1-20-73
TFIVEF @ 1.H. IHZTF DFER:
N I S CIT=: =250 TRAMZ: AUTO anop: 5511.4MI
TITE: 4 ninul: 4501 ACTHF: 14, ITHF @+ 11.52
e =2nz20  TAFPE PESY BEMCH M. & -<FH= 432 PAME= 14.124 TAME= 7F2.000
- OCTHL CODEZ: LIORD H = nooEEe 000232 nonzzaz2 ooogsss AO04=2 andnzE
WOFD B = 010244 0102344 010244 010244 010244 010244
BAG DATAHR IHPUT ORDER: 2F ZAr 1R« 2ZEs ZEv 1Ex
MILE® BEHZ-5M AL MPiz
CWET DELTRP= 1.3942 AH = S52.27E5 AT S50, 3R 10,477
CWE PIM 12,3850 FTAT = « 388 I oS Sl L OEET 12025
CWs TIN G, 200 RHFAC = LIEAS Fancd e =y -1 i3.114
Yo o= 32 TOTALT 1i1.1382 253, L0000 11L.YEY
T FTFRF 14, 95?
BHMEIENT FHMFLE ERHAUTT =ARMPLE
EAG “FULL =CL =CALE YALUE “FULL =CALE WHLLE
rD;—‘ i 1.300 4 % . dds 55.510 . Y =, 0257
COe- - 1.250 4 ¥ . Ogza 32,050 4 % 1.1482
cgz-% 4 i.120 4 % . 0357 G159 % 4 1.5354
H+=—-PPHM 1 L2000 100PPHMMHDON 20010 éE 1 0OorPPMHO:. Qg 0Fan
HA4-FFPM & L1e0 100PPMHDE . 15010 23,6 1 00FPMMHOE c3.5100
Hw—FFM = Ll0nn 10nPPMHMO- .luuu ST,ESD 1 QOPFMHNO! SV ESO0
CO-FFHM 1 a0 2ZEPPM O S.73549 ToL.1V0 2EPPM LD 10232.0239
cO-FPHM 2 10 2EPPHM L0 i.2242 11.5=06 2kKPPM LO 113.4014
CO-FFM = Long 2HRPPM LO LO0na 26.240 ZEPFM LO 245,77 313
HZ-PPM 1 id4.0z0 SOFFM LA Ta. 01510 av.av0 1KPPM LO  STE.F004
HZ—-FFHM 2 iz.22n SOFPM LO B.rel00 4z.2840 =0PPHM O cl.i2nd
HC—FFM 2 12.2%90 SOPPM L0 B, 1950 TEe.880 100PFM LO TE.EE00
M EMITEZIONY ~“FHAZE TOTAL TiIL FARC  WHMIH
PHAEYE e MO, co Hi FEVE CTIE CCl FT
1 s, S50 11.3E7F R =11 40,285 104365, S.E5R9s 25321.%94
1 Td0, 5915 3.13% . 524 ii,078 GM-MI cFORF I.&832 MIY
z 2raT. 50 m.aie 13.577 1.123  1o3<als, 1105502 48u4,31‘
= ToE. 01z 1.404 4, 7EQ 201 GMeMI CFOR Z.983 MI
- 2E0S. SED 2. 008 £2=. 050 Z.119 117494, 2,549 28332, 47
i 07935 ==y iy m. 3573 250 GBMoMI CFOF Z.528 MI
TOTAL 7 ol 7 =d4.909 127.4565 44,522 LM TEETY
TOTHL. . 0S5 &L 226 11,292 3,980 simMoMI FOP 110132 MID
TOTAL 21 1.931 S, 0v 2. 520 JWITD EM-MI FOF 7T.592 MIN
COMPOZITE FUEL ECOMOMY MP& BAG MP=
1972 COLD FTRPe P.560 HMIY = 11.675 i 10.=11
1972 HOT FTF ¢ T.ffi MIs = 1z.229 & 12,4832
1975 FTH {11 1253 .MI» = 12.411 ] 14,253
1975 WTDH FTP ¢ 7.595 MIY = 12,544 AYiZ 12.551
F.w.I. CONFIGURATION.#4S 1ETES CWS OW ZPEED 3 UMTIL 110 ZEC.S
FADIATOR FAH LEFT OH DURING 30AK. =ZA=11
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i
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WidkET
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23y
=1

cw: PIN = 1
i aan

LI DELTAP= 1
C¥I TIN =

HMEIENT “AMFPLE
BAG NFUOLL S0l

coz=-" 1 1.450
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L g
4t

e

e
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o R N

PHRZE oo
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1 ey, 143

TOTRL 7T017,.949
TOTAHL o3l.51%2
TAOTHL SAET= RS SRS

COMPOZITE FUEL ECOMDOMY
2 COLD FTRC F.305
= HAOT FTF ¢ 7,515
S¢S FTP v11.1132
S W7D FTP ¢ F.S11 MI

ENe:
3re
=

57
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+++ BAG + PEY 1-24-72 +ee  TODAY I 1-25-7% IT I 144 PN

°H TE=T# 10

FROGEAM: F.Y. 1. TEZT THPE -
Icznlnss DATE: 1-25—

VEHICLE: CHEWY VEHICLE ID: 1L
DFIYER @ 1.f. INTTR OFER: P.
TRAMT: AUTO ODOM: S543.5 MI

f: l.'IL H E: l:. I Il : 35 D
ZITE: 4 Dikl: 4500 ACTHP: 14, IHF : 11,52

RY 2025 THPE PTE1 BEHMCH MHAO. & %RH= 12.90 FAME= 14.210 THME= 72.30

OCTRL CODREZ:  WOPD A = 000226 Q00225 00g2se Q00Ess o0028s 001036
adFPD B o= 010444 0i0d4a 010449 oloddd 0109443 0iloddd
EAz DATA IHFUT OFDER:  SAZR- 1A 2E. 3E- 1E»

MILEZ GEAI—zM AL MPS
cWE TELTARP= 1.3951 AH = 15.2150 2,400 2o, 2159 11,3295
CWE FIN = 2.745 PIAT = RC A= 4 S, Z.300 anl. »DIFT 1.8 T74
CHIT OTIMN = 101,100 AHFAC = Tesd 2. 558 TiE. .45 Z.082
Wi = (2327 TOTALLT 11.0%93 2457, 2T 12.5393
WTDh FTR 12.733
AMBIEMT ZAMPLE E:HAULT ZHMFLE
BRz LFULL ZCL CHLE VMALLE SRFULL 0L =CALE WALLIE
cgz-= 1 i.240 4 % . G350 45,320 4 % 1.59%:
cog-% 2 1.250 4 % . Od2a 23,550 4 = i.091z
coE-n =2 1.220 4 % 333 9. 240 4 1.4263
PH~EEH é .%@P %%QEEHEEH .%EUU 27 . 550 100PFPMHES av. 5800
ﬁ-' c IR -2 RN ﬁ » 100 cEL 350 1 00FPHMMD oe.BE00
H.i—-FPPM = L1ng AnoPPMHOM Liona =1.200 100FPPMHOY 1.5000
gu—PPM 1 » 228 SO0OFPM LO 1.241%5 F3.9E0 ZEPPM LO 297, TOSE
CO-FPM 2 120 So0RPM LO 1.1197 25.700 S0aRPM LO Sn.2115
CO-FPM 3= L 000 So0OrPFM LO TeiT 2vV. 250 S00PPM LO 95, 2298
HZ-FFM 1 1,250 =SofFPHM LT S.1400 S, 020 200PPHM L0 182. 1500
HC-PPM 2 la,.%206 SOFFPM LO SL.ER00 ST.220 SOPPM-LO 12,6190
HZ-FPM = 16,1506 SOFPM LO 5. 0750 59,250 SOPPM LO SR, em00

M EMIZZIONE-PHATE TATAHL DIL FAC  MHIH
FHAZE COz s, 4] FEVZ P TIF rCil FTa

xI
(]
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2 39,127 1.37V2 F.dde «27d M- MI CFOF 20900 MIN

2 Saia.=22 F. 11 85.724 .14 11V, 29,3138 279599

E 555,155 2. 95 2. 452 <322 eMeMI cFOR 2.5T58 MIN
TOTHL =235.101 of. I3 112,267 F.521 CEMSTEETY
TOTAL G22. 235 2. 07y 10,242 -.23v1  oEMeMI FOR 11,098 MIa
TOTAL S22l adn 1,867 ¥.588 558 WTD GM-MI FOR T.4F6 MI
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#++ BAG + REY 1-3294-73 »+e Tanay I:x  1-2vV—-va IT 1% &:i8 FH

(1

FROGFRAM: F.W. 1. TEZT TYFE ¢ 75
WEHICLE: CHEWY YEHICLE In: 1L
RIVER @ J1.H. IHETF OPEF: F.

[ I CIne:
TITE: 4 Tl

F-CH TE=ZT=s ig
:3 BC201052 UATE: 1-
E.

TEAMZ: AUTO anars:
0 ACTHR: 14, IHF = 11,52

a0
.[.1. I_|_'l
[ R
o

DAY 202¥ TARPE 1014 BEMCH MO. & MFH= 21.4% PAME= 14,150 TAME= FS.70

O-TAL CODEZ: MORD A = 000286 O0022e 000225 Q00226 o00ses 00i0Es
MORD B o= 010444 0ioddd 0104949 010444 010444 010344
ERZ DATA IHFUT OFDEFT 2A« 2A- 18 2Es 2EX1E

=
13
I

MILEZ GAI-G L HPS
CWE DELTAP= 1.544 AH = 29.1304 3513 304, 3098 11.700
CWE PIN = 12.637  PFAT = 4395 911 8539, FOF0 12,739
oW TIM = 101.800  AHFAC = 5228 .04 7L, 2548 14,143
WO o=, 29EE TOTALD 11,188 2438, 8706 12.782
WTD FTP  12.873

AMBIENHT ZAMPLE EYHALLT IAMPLE
WEULL TCL TALE WHLLIE SFLULL ICL TCALE WHLLE

oz
T
o]

coz-% 1 1.&8440 4 U n55e 45,950 4 % 1,735
raos-% = 1.3210 4 W . 0518 30,020 4 X 1.230
cog-% 3 1.4320 4 5 . 0355 39,970 g4 1.4333

Mi-PPFM 1 210 100PPMHDE LE1nn 21.170 100RRPMHOA 21,1704
Hyu-PPM, 2 LS50 10RPPMMHOS L2T00 S 350 1 OORPMHOS S5, 2300
Hia~PFM 3 » 140 1 00FPMHO 1o s, 230 1 00PFMHO: o3, 2300

CO-FPM 1 - 730 S0OFFM L0 2. 8230 EFLG00 ZEPPM LO 220,417
CO-FPM 2 540 S00PFM L0 2.3v0e SZ.200 S00PPM LO Sg, 2598
CO-FFM = L1100 S00FPFM LD 1.02v8 2v.edl I00PPM L0 S, SRR

HE-FPPM 1 11.360 SOPFM LD S.5200 79,230 200PPM 1O 159.8600
C-PFM 2 11.950 SOPPM LO 5,970 32,6830 SOPPM LO 19, 2400
HC-FPM 3 11,050 SOFPM LO 5,530 Fe.670 SOPPM LO 33, 3350

M EMIZZION:-FHRALE TOTAL DIL FRC  WHIGA
FHALE (MR} O3 O HC RENE LTIF v FTa

2412.472 S.9590 Tl 395 .71 1is04. VL3112 2V58.T%0

1 BET. 20 27O 20,591 1.920 GM-MI «FOR Z2.513 MID

= 259028, 545 .91 i2.28e 1.0vV0 i1aZ92, 12,4252 47320,.2%9

2 S39, 899 1.40% 3,290 L2723 BMeMI O FOR 20911 MIO

= Z013.5%1 7. Ed49 2.591 1.522 1iv41,.  =2.2850 27791.19

] e, 35 2,173 2. 28d L4220 BM-MI CFOF 204 MID
TOTAL 5935, 043 23, 213 95,853 9,564 (EM-TEITS
TOTHL £23.207 2. 095 S.5id L2359 JEMeMI FORP 110128 HMIY
TAOTAL E23, 931 1,297 =3 =% LE95 0 CWMTD GM-MT FOR F.519 MI

COMFOZITE FUEL ECONOMY - MFE ERAE MR
1972 COLD FTRC 7.524 MI» = 13,140 i 12.55%
1972 HAT FTP ¢ 7.515% Miy = 14,0} 2 13.7Es
1975 FTR fi1.128 MI» = 13,888 3 15. 680
1973 WTD FTRP ¢ 7F.519 My = 13,335 AYia 12,289

ORIGINAL PAGE IS
OFFs #4342 JETT. TA=15 ¢-13 OF POOR QUALITY

i
-
—t



ALMIET 132

- TDLE SPEED RESET (LILIERD

c-14

+¢+ BAGS # FEY 1-24-F5 ++» TODAY 1T 2-02-7F3 IT IE 3250 F
FPROGERM: .I. TEZT TWFE : TS FTR-CH TEZTs 13
WEHICLE: CHEWY YEHICLE 1ID: 1LZSE3C2010598 LGATE: 2-
DRIVER @ 1.H. IMZTR BPFER: PFP.E.
cvL & = CIp: 2%0 TRANMZ: A/UTO BnOoM: Selz.9 M
SITE: 4 TIL: 4590 ACTHR: 14.1 IHF : 11.52
Ay 2032 THRFE 1043 BEMCH MO. 2. -RH= 350703 FAME= 14.16% TRAME= 7
‘OCTAL CODET: WORD & = 000222 000222 000222 000222 Q00222 00203

WoRD B = 010444 0i0ddd 010449 010444 010444 U10444
BRZ DATH IHPUT ORDER:T  2A«3A1A-ZEs ZEs 1E»
MILE® BAZ-GM SAL MFG
CWZ DELTARR= 1.34% AH = 44,3351 3,533 IV, L3320 10,522
T OPIH = 12,710 PEAT = L3127 3897 S5, L344E 11,299
CWZ TIH = 100,200 AHFAC = L BTSE Eal vl -2V 05 .04
Vo= L2927 TAOTALI 11.124 293, SRR 11,558
MTD FTF  11.59%
AMEIEMT ZAMPLE EXHALTT ZAMPLE
BREm WFLULL =CL ICHLE YRLLUE SFULL ZEL TEALE WHLLIE
Loz-% 1 1.651 E 1554 45,3720 S S 1.75%a2 °
cgz-t 2 1.5310 S . 0521 JEIC I e 4 % 1,133
coz-tt 3 1.570 4 5 L0535 42.3140 4 % 1,538
H#—FFM 1 L1E0 T00FRPMMOX L1500 a1.420 100FPPMHON =1i.4200
Ha-FPM 2 L1580 100FRPMHNOY 13200 15,450 100PPMHON 1s.4500
HA4-PFM 2 Slan 100RFEMHDE . 1500 47 670 1 OOPPMMEL: 47.ev0n
CO-FFM 1 LU0 soorPM L0 2.1774 4.570 2kPPM LO 17V53.3107
CO-PFPM 2 IO S00RPM L0 1.212% 2. 590 So00PPM LO 208111
CO-FFM 2 L4100 so0PFM L0 1.92%4 VrL.020 SO0OFPM-LO 0 32002177
HZ-FFM 1 i7.220  SwWFM L0 2.ad00 40,070 SO0OFFM LO  =200.3590
HC-FFM 2 14,160 SoFFM LD F.0200 IT.E50  SOPFM LO 19,4250
HC-FFM 3 12.200  SO0PFM LO S.d000n 5,290 SaFFPM LO . 6450
M EMIZZIONZ<PHAZE TOTHRL DIL FAC* WMI
FHAZE Lz Ho:: o HC REWZ I ST FT
2502, 002 2. 07 150, 027 2,737 11s19. &.V308 2VyE.S
&30, 339 2.221 34, 055 Z2.40% GBM MI FORE 3,532 MID
2 ZFEE. 138 EPR 1=t~ +1.3110 i.o007 13990, 11,0541 4742.1
2 I a-Td D 1a.892 L2958 AMeMI FOR Z.297 MID
e 2179, 951 G. 215 2,194 1.235 11733, 3.4454 2200.9
£ S5, 953 1.75¢ RN . 344 EMeMI CFOR 2,594 MID
TOTAL 7425, 031 12,050 233,721 1,373 fGMATEZTH
TaTAL AYE.EVE 1.6823 21. 015 LIS GMeMI FOR 11,1824 HMID
TOTAHL A21. 553 1.430 17.1240 LOET WTD GM-MI FOR Y.503
COMFOZITE FUEL ECONOMY - MPR EAi MPi3
io7z COLD FTRY 7.530 MID = 11.213 1 7 11.559
1972 HOT FTP » F.45%1 MIY = 13. 025 2 2. 050
1975 FTF “11.184 MIx = 12.507 E 14,204
1375 WTD FTP ¢ 7,202 MIY = 12.475 WG 12.628
BAZELINE ZTOCK — 245 JET: - TA=6 CTPARK AMGLE MOW REALLY & — WAS

3

1

1

MI>



++4 BAS + FEY

PROGFAM:
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F.W.I.
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i hiz

nAY 2034 TRFE To44

g
E

OCTAHL CODEZ:  WpRD
LIOFTD

EAG

¢: DELTAP= 1.945
oW PIH
ST TIH

W

o

=50

4500

BEMCH

n14a
IHFL

i

nonzes

TODHY

TEZT TWPE
YEHICLE I1Dh:
INZTR OFER:
AUTO
14,

TREM =
HECTHE:

HMO.

T
—_

o

iy ey =l

non

$44
T OFDER:

W

[ N COE i
— )N

fig
— -] e

o N
T

L

AMBIEMT EZARMFLE

BRI “FULL ZCL

cOeE-% 1 i.73n

co2-% 2 1.870

co2-% = 1.770

Ha—PPH 1 L1314
He—PEM 2 L1200 010
HeAs—PPM = 100 10
cO-FPM 1 L0 S0
LO-FPM 2 LI00 S0
CO-FPM 3 L2110 50
HC—FPM 1 10,220 S
HC—FPM 2 11,320 S
Ho—FPM 3 1t.220 %

ICHLE

4 %
4
4

OFPMMO,
OFPHMOS
OPPMNDOS,

OFFEM
noFFM
OFFM

La
L.0
L0

OFEM
OFPHM
PP

Lo
Lo
Lo

WHRLLE

1.8974
1. 6172
1. 3565

S.440n
S.E500

BM EMIZIIONT-PHRAZE

m
]
i’
)

i ZaS% . a5
1 TOS.FET
2 2940.745
2 vaa.190
= 2231 506
= odd,. 547 .

SA01
2. S
L&

fury

COMPOZITE FUEL E

1972 COLD FTPY ¢Y.3E0
1372 HOT FTP ¢ F.4%932
19¥3 FTF {11.103

-
[

1973 LITD FTP ¢ V.50

‘BASEL IME ETOCH= FVYI

HO-

2.355
Z.E0
4,250
1.084
B BT
1,887
=L E25T
1.734
1.5=20

COMDOMY
MI
MIn
MIY
MI>

wuumn

OFF«

(343

125.57V6
a4, 728
23. 555
.24
oE. 503
2. 007
172,541
1a. 193
12.754
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aoigs2
010444
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YALLE

1 DaPEMMO; By .y L0
1 DaPPMMO:: S0, 2000
1 aEeErMHO:: S, eS00

2k FPM 10O
SOaFFEM LD

el i

SNOFPM LO
SOFFM LD
SOFPPH LO

TOTAL

nIL FA

FEWZ YIF D

115290, s 7Vamd 2VSi.es
EM-MI CFOR Z.510 MIN
13284, 10.52402 4722.73
EMMI s FOR 20920 MIY
11709, S.21681 2VES. 54
EMMI O FOR .57 3 MI

VEMSTEETD
eMCMI FOR 11,01
WJDITDH BMAMI FOR

MPG
1.5
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++4 BAG + FEVY 1-24-72 +ee  TODAY IS 2-07-75 IT I z:p2
FROGRAM: F.4W. 1. TEZT TYFE : 75 FTP-iCH TEST# 17
YEHICLE: CHEWY WEHICLE ID: 1L39K30801052 DRTE: =-7-T72
IFIVER : J1.H. IMZTF OFER: R.E.
CYL T CIn: IS0 TFAMZ: ALTO DOOM: 55425 MI
TITE: 4 DIz 3500 ACTHP: 14, IHF @ 11.52
TIAY 2038 TAPE 1059  EBEMCH HO. 2 %RH= 45.50 PANME= 14.110 TAME= 74.500
BETAL CODES: WORD A = 000228 000222 OO0ESS 000228 GO0222 D02030
LWORT E = 010944 010449 010444 010944 010999 010343
EAG DATH IMPUT OFDER: SR+ 3A«1A2Es 3Es 1Es
MILET GBRT~EM =AL MPIG
TWET DELTAP= 1,943 AH = &0.0415 %,528 994, LEET0 a, 531
CVME PIH = 12,647 PIAT = L4224 3,900 993, I542 10,959
CWT OTIM = 92,200  AHFAC = L9343 T.603 =02, L2GEE 12,570
Yo = L2992 TOTALS 11.031 2794, LIRBE 11, 04T
MTD FTP  11.1532
AMETEMT ZRMFLE EZHALUIT TAMFPLE
BAS %FULL ICL  TCALE %ALUE  wFULL 0L TCALE VALE
cog—" 1 1,500 4 % L0512 so.1100 3 1. 5574
cog-u 2 1.510 4 = L0515 3dLSI0 90 1.2417
cOs-% % 1.530 4 = L0541 33,3000 4 1.537%
H:—PPM 1 LLED 1 O0PPMMOE L1200 S9.S50 100PPMMON 59,5500 3
HY—PPM 2 L2101 0OFPPHMHON 2100 17.570 100PPMNDO:  17.5700 ;
HY—FPM = 150 100PPMMOY L1500 35, 040 100RPMMON 46, 0400
~O-FPM 1 1. 040 SGOPPM LO 36972 SLOTH 2 % HI 2208, 4565
CG-FPM 2 LSS0 S00PPM LO 2.21TE 43,220 SO0O0PPM LO 194, 1572
CO-FPPM 3 IS0 SOOFPM L0 1.59415  S0.3220 SKFPM LO  S10.7401
HC—FPM 1 11.720 SOPPM LO 5.9950 S9.440 SO00PFM LD 29720400
HZ—-PFM & 12,190 SOFPM LD 20950 23,740 SOPPM LO— 14,3700
HC—-FFM 3 12.120 =0PFM LD £, 0900 &2.750 SOPPM LO  31.3750
G EMITIIONS-FPHATE TOTAL DIL FAC  YMIX
PHATE COs MO 0 Hi REWT CTIFY S0 FTo
1 25949,503 2,292 200.104 13,145 11581, &.3395 2794.57
1 TEE, A 2,251 58, 719 A.VES GMSMI CFOR 2.522 MID
g PEIR. 44T 3,152 22,719 TEZ 19914, 10.5197 4732050
2 TE1.910 1. 06T T.354 7 L1585 GM-MI O GFOR T 900 MID
2 BEEv.eER L AT 46,820 1.156 11737, ©.1608 2789.85
3 15, 269 1.79:2 12,995 L 329 EMAMI (FOR 2,603 MID
TOTAL 77S9.274 12,934  275.5473 15, 054  GMCTEST
TOTAL  7F02.451 1.T71E 24,932 1,355  o5MCMI FOFP 11,031 MID
TOTAL  Til2.2668 1,525 15,3985 .a42  YMTD BM-MI FOR  F.471 MIN
COMPOSITE FUEL ECOMOMY - MPS- BAS  MPG
1972 COLD FTP< 7.423 MI» = 11,0497 1 10,524
1972 HOT FTR ¢ 7.503 MI» =  12.590 2 11.608
1975 FTP ‘11,031 MI? = 11.871 2 12, 252
1375 WTD FTP ¢ 7.471 MI» =  11.902 AMWSE 12,018
BRIELINE STOCh— F.¥.I. OFF — 3A=% — 245 JETT - D'YNO EFAKE

] £ I

ETAPT

~MIZZED FIRET RFAMP - OME REETART <&

Cc-16
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+++ BAG + FEV 1-S4-73 +++ TODRY IZ

PROGRAM: F.%. 1. TEEZT TYPE @ 7TS°FTP-CH TE=ET# 1
WEHICLE: CHEWY WEHICLE Ih: 1LzzVICealass IATE: 2-5-73
TRIVER @ 1.H. IHNZTR OFER: F.E.

CVL = 2 CID: 250 TFRH=: AUTO OndM: =Se5d.
“ITE: 4 LIhl: 4500 ACTHF: 14. IHF @t 11.52

IRy 2022 TRPE I0ed BEMHCH HO. 2 %PH= 41.11 PAME= 14.151 TAME= 7TS.200

OCTARL CODEZ: WEBFRD A 0222 a02es Q00222 Q00222 Q0228 nnsoss
WERD B COiod4g Gl oddd 01 o444 010449 010444 0104449

ERz DATAR IHFUT ORLEF:  ZA«3A1AZE3Ex 1Ex

MILETZ GRZ-GM BHL
CVEZ DELTAF= 1.951 AH = 535.2%71 F.oels ETR=R L35 1R 251
cCVET PIN = 12,589 FLAT = L4323 T.RET O 10=0. a5 1AL PET
CVI TIH = 101.200 AHFAL = 31T 3,500 TR, L2255 12.507
MO o= L2927 TOTRLZ 11,143  ZV9v, SE9s 11.147
HMTD FTP  11.140

AMEIEMT IAMFLE EXHAULT ZAMPLE
WFULL 20 ITCALE VRLLE EULE DL ZEHLE WAHLLE

s}
I
]

cOz2-% 1 1.5040 4 % L0512 50,151 4 % 1.82854
co=s-% 2 1.424 4 5 L OE0E 34,3240 S 1.2353
coz2-% 1.3510 4 X « Odss 42,921 4 % 1.512x
He—PPM 1 110 100FFPMHO: L1100 1,200 100PPHHMHON =1.2000
Hi—-PPM 2 A0 1O0PPMHON 13200 12,670 100RPPMHON 19,5700
H:i—FPM 2 Ll 100PPHMON L1000 43,230 100FRFMHOH 42, 2200
CH-FPPM 1 L340 SO0FPM LO <. 0034 FE.EFT0 CHPFM OO 1FT21.2315
ci--PFM 2 len SO0FPHM LG 1.2271 45, 000 SoorPPM LO 1740,%211
cO-PPM 3 L2100 S00FFPM L0 1,388 F2LET0 S00PPH L 21¥. 4432

HZ-PPM 1 11,220 S0PFPM LO S5.5150 42,210 SOoO0FFM LD 217.5500
HZ-PPM 2 11.320  SOFFM L0 T.7ES0 2l.2230 SOPFM LO 15,9400
HC-PPM 2 S.rdnn 0,270 ZO0RPPM LD 20,2850

11.420 SO0FPM LO

M EMIZZTIONZ “FHAZE TATAL DIL FAC  WHI

FHATE HI: 0 Hiz REWT fDFY  oCU FTa

1™
3
F]

1 e 9. 945 2. 83al 1595515 F.e0l 11613, &.3071 2vVes.52
1 yel.3vs 2. 313 43,235 S.523 GM-MI JFOF 2,518 MIs
2 2IAT0. 250 4.530 Ec= I 1Y LEZD a1, 10,5184 4735,.93
2 O, TR 1.1e9 =S 211 GEM-MI CFOR 2, 92T MIn
2 S2Fe. 200 f.810 2a.121 1.152 11747, 2.1340 2732, 9%
2 £32.278 1.a892 3. 0= LI3E0 BM-MI CFOR FLE00 MI

TOTAL 7256.4728 13,.7Ve3 212,129 11.921 @M. TEZTY .
TAOTHL TS 055 sy 13,0432 1.02z3 7&aM-MI FOR 11,143 MI
TAOTHL T15.518 1.=02 14,547 L0430 T GMYMI FOR VL5322 MI

COMPOZITE FUEL ECOMOMY - MPi&
1972 COLD FTRC 7.543 MIn
1972 HOT FTP ¢ 7.325 MI:
1975 FTP 11,143 HMIn
1975 WTD FTRP «© V.533 MI
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=
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