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INTRODUCTION
Purpose

This investigation was undertaken to obtain experimental
data on the cylinder-to-cylinder distribution of air/fuel
mixture ratios and the corresponding exhaust emissions
from a typical small-aircraft piston engine. This informa-
tion, together with curves showing variation of pollutant
concentrations with mixture ratio, can be used to predict

potential improvements of emissions resulting from improved
mixture distribution.

The Turbulent Flow Manifold (TFM) concept was tested as
a possible practical means for reducing emissions by. improv-

ing the cylinder-to-cylinder mixture distribution.
Background
The Environmental Protection Agency (EPA) has published

regulatory standards for exhaust emissions from new aircraft

piston engines manufactured on or after December 31, 1979

(reference 1). These standards are:

Hydrocarbons 0.0019 pound/rated power/cycle
Carbon Monoxide 0.042 " " " "
‘Oxides of Nitrogen 0.0015 " " " "

Emission levels are based on a time-weighted five-mode test

cycle consisting of:

Taxi/idle (out) 12.0 minutes (time-in-mode)
Takeoff 0.3 "
Climbout 5.0 "
Approach 6.0 "
Taxi/idle (in) 4.0 "



Extensive testing of a current small-aircraft piston engine
(AVCO LYCOMING LIO-320-BlA) has demonstrated that, in general,
the standards for oxides of nitrogen (NOX) are easily met,
hydrocarbon (HC) levels are marginal and that carbon monoxide
(CO) levels are about 1.6 times the allowable level (reference
2). Compliance with these standards will require operating
and/or design modifications which have been carefully con-
sidered and tested so that safety requirements are not
compromised.

The major cause of high CO emissions is the rich mixture
ratios used in these engines, primarily for engine cooling and
suppression of detonation. Air/fuel ratios in the range 10:1
to 12.5:1 are normal, whereas the chemically correct ratio is
about 15:1. Since sufficient oxygen (02) for complete combus-
tion is not supplied, the fuel-carbon burns to CO rather than
carbon dioxide (coz). However, the air/fuel ratios cannot be
increased to control emissions without considering the simul-
taneous effects on cylinder head temperature, possible detona-
tion, and increased levels of NOX. All piston engines have
slight differences in the amounts of air and fuel delivered to
each cylinder, thereby giving rise to differences in delivered
cylinder mixture ratios. This is largely responsible for the
differences in cylinder head temperatures and CO emissions,
since both are dependent upon mixture ratio. Therefore, any
attempt to lean the overall mixture while limiting the cylinder
with the maximum head temperature will cause the remaining
cylinders to continue to run overly rich and to generate exces-
sive amounts of CO. The magnitude of this effect and the
extent of possible CO reduction will depend on the spread of
cylinder-to-cylinder air/fuel ratios and the degree to which
this spread can be reduced by the application of new design
features.

In this investigation, measurements of cylinder-to-cylinder
air/fuel ratio variations were made on the AVCO-Lycoming 320
engine, for both the injected and carbureted engines. Tests
were conducted for all modes of the 7-mode cycle using normal

and several lean-out mixture ratios.
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An experimental TFM, constructed at The University of
Michigan, was then tested to determine the potential for
reducing cylinder-to-cylinder mixture variations and the
related exhaust emissions.

Results from all tests were used to plot pollutant concen-
tration against mixture ratio calculated from exhaust products.
These curves provide the information necessary to determine the
change in pollutant level from a given cylinder or engine that
will result from a chahge in mixture ratio. The dependence of
cylinder head temperature and brake specific fuel consumption
on mixture ratio were also measured and plotted.

Turbulent Flow Manifold

The TFM concept was developed at the Ethyl Corporation
Research Laboratories as a means for decreasing the cylinder-
to-cylinder variation of air/fuel ratios in piston engines
(references 3 and 4). Experimental models have been built and
tested for automotive applications, and these have generally
shown improvements in mixture distribution. Figure 1, taken
from reference 4, shows the principal features of the TFM as
used in automotive test applications. However considerable
modifications were required for the 0-320 aircraft engine.

The resulting design, shown schematically in figure 2, was
used in all tests covered in this investigation.

The principal features of the TFM are:

1. A carburetor system having baSically good spray and
mixture characteristics. The more non-uniform the
initial mixture, the more difficult is the task that
the TFM must perform.

2. A high length-~to-diameter (%/d) ratio for the passage-
way immediately downstream of the throttle plate. An
2/d = 3 or higher is recommended. This provides the
necessary mixing length for the eddies which are formed
just downstream of the throttle plate (see reference 3,
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figures 3 and 4). With short passageways, the
eddies form a highly distorted and directional flow
and could cause an unevenly divided flow of fuel

to the various cylinders.

3. A flow section which creates a moderately abrupt
change in flow direction so as to centrifuge the
larger fuel drops from the mixture. Thus, the
remaining smaller drops are better able to follow
the airflow in the intake manifold and provide
a more uniform mixture to the various cylinders.

4. A chamber to collect and evaporate these large drops
which have been removed from the mixture and to
reintroduce this fuel, as a vapor, back into the
mixture. This is accomplished by heating the base
of the fuel collection chamber to 140° Fahrenheit
(a value recommended by the personnel at Ethyl).

EXPERIMENTAL WORK

Experimental Equipment

Engine Test Facility - Two views of the small aircraft

piston engine test facility are shown in figures 3 and 4.
The test engine, an AVCO-Lycoming LIO-320-BlA (later modified
for subsequent'tests) was mounted on a dynamometer test stand
and mechanically coupled to a 350 horsepower (hp) eddy current
dynamometer rated at 5,000 revolutions per minute (RPM). A
solid state control system provided either speed or load
control or any’combination thereof.

~ Cooling air was supplied by an overhead mounted centrifugal
blower with a capacity of 10,000 cubic feet per minute (CFM) at
10 inches water (in. Héo) . DPressure was controlled by amanually
positioned damper while temperature control, over a limited range,

was obtained by automatically mixing proper amounts of outside air
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with heated test cell air, using a temperature controlled damper
valve. The temperature was limited to the range between outside
air temperature and test cell temperature.

Engine induction air was bled directly from the cooling
air supply to minimize temperature differences between induction
air and cooling air. Induction airflow rate was measured with a
calibrated 2 inch Meriam laminar flow meter which provided large
pressure drop readings even at low flow rates. To compensate. for
the effect of these pressure drops on intake manifold pressure,
especially at high airflow rates, a supersonic injector using a
3,000 pounds per square inch (psi) building air supply was used
to boost the engine inlet total pressure. In all tests this
pressure was set to ambient pressure.

Engine exhaust was collected in a common manifold from which
the total exhaust gas sample was taken. The sampling probe
was located 18 inches downstream from the Y-junction formed by the
manifolds from the two banks of cylinders. An extension pipe
of larger diameter carried the exhaust to an external vertical
stack which was used to separate the exhaust from the induction
air intake system and prevent contamination. Possible sources
of air leakage into the exhaust system, including slip joints,
sample probe fittings, and exhaust pipe mounting flanges, were
sealed and checked.

Four additional sampling probes were used to obtain exhaust
samples from each of the four cylinders. These were located
3 3/8 inches downstream from the exhaust pipe mounting pads, a
compromised location to get far enough downstream from the
exhaust valve to avoid the high concentration of hydrocarbons
that is present in the last portion of the exhausted gases and
far enough upstream from the junction with the exhaust stream
from the neighboring cylinder to avoid contamination by that
stream. A shutoff valve in each of the five sample lines
made it possible to change to any desired sample during engine
operation.

Fuel flow rate was measured using an electric timer and a
weight and balance system. For a continuous visual check of the
fuel flow, two rotameters with different flow ranges were

installed in series and monitored during testing.



Recordings of the following pressure and temperature

measurements were made during a test run.

Pressures Temperatures

1. Air meter AP 1. Cylinder head_(4)

2. Air meter, static 2. Exhaust gas (5)

3. Engine intake air, total 3. Cooling air

4. Engine manifold 4. Induction air

5. Fuel 5. Induction air, dew point
6. Cooling air, total 6. Fuel intake

7. Engine oil 7. 0il

8. Injector 8. Dynamometer cooling water
9. Barometric 9. Ambient (barometer)

Emission Measurement Console - A modified Scott Labora-

tories Emission Measurement Console, Model 108-H, was used
for this study. The unit is shown in figure 4 and consists

of the following major analytical components:

1 Beckman Model 864 Infrared Analyzer for O2

2. Beckman Model 865 Infrared Analyzer for CO

3. Beckman Model 741 Oxygen Analyzer

4. Scott Model 125 Chemiluminescence Analyzer for
NO/NOX

5. Scott Model 415 Flame Ionization Detector (FID)

Hydrocarbon (HC) Analyzer

~Concentration measurements of CO CO and O, were "dry" measure-

27 2

ments- since the sample gas for these instruments passed through a
water trap before entering the analytical instrument. The flow
to the HC and NO/NOX instruments bypassed the water trap,

resulting in "wet" measurements.
Test Conditions

Three configurations of the AVCO-Lycoming 0-320 engine

were tested.



Standard LIO-320-BlA (fuel injected engine)

2. Carbureted engine, standard manifold (carburetor:
Marvel-Schebler MA-4SPA)

3. Carbureted engine, turbulent flow manifold

All three configurations were tested using the different modes
of the test cycle shown below. The cycle is based on the EPA
test procedure described in reference 1, except for a
separation of the idle and taxi modes.

Time
Mode Power Speed in Mode
(Percent) (RPM) (Minutes)
1. Idle out - 700 1.0
2. Taxi out - 1200 11.0
3. Takeoff 100 2700 0.3
4. Climb 80 2430 5.0
5. Approach 40 2350 . 6.0
6. Taxi in - 1200 3.0
7. Idle in - 700 1.0

Lean out tests were run with the carbureted engine using
both the standard and turbulent flow manifolds to obtain emis-
sion data over an extended range of air/fuel ratios. These
runs were made at essentially stabilized conditions correspond-
ing to the idle, taxi, takeoff, climb and approach modes.

Test results were used to show the effects of mixture ratio
on pollutant concentrations, cylinder head temperature, and

brake specific fuel consumption.

RESULTS AND DISCUSSION
Experimental Results

Results are shown plotted in appendix A.
Figure A-1 gives results for the fuel injected LIO-320 BlA and
shows calculated air/fuel ratios for each cylinder for the
first five modes of the 7-mode test cycle.
10



Figures A-2 - A-6 show similar baseline results for the
carbureted engine. Two runs were made with the normal manifold
and three runs with the turbulent flow manifold, A completé
7-mode cycle was run for each of these tests, and o&erall air/fuel.
ratio values, plotted versus "E" in the figures, were alsd
calculated. ’

Figures A-7 - A-16 present lean-out data for the'ca:bu—
reted engine and show calculated air/fuel ratios,at different
mixture settings, for each cylinder and total exhaust. Results
for each operating mode appear in a separate figure. Plots for
both the normal and turbulent flow manifolds are included.

Figures A-17 - A-24 show the effects of mixture ratio on
cylinder head temperatures for the various operating modes.

The separate curves, representing the different modes, are
labeled as follows: idle (1), taxi (2), takeoff (3), climb (4)
and approach (5). Each figure is for a single cylinder and
both normal and turbulent flow manifold results are given.

Figures A-25 and A-26 show engine brake specific fuel con-
sumption (BSFC) as a function of overall mixture ratio. " Results
for only the takeoff (3), climb (4) and approach (5) modes are
presented, since the values at the idle and taxi modes were not
considered significant. Curves are shown for the normal and
turbulent flow manifolds.

Figures A-27 - A-31 show the effect of mixture ratio on the
exhaust products CO, HC, NOx, O2 and C02. All test data from
the carbureted engine (both normal and turbulent flow manifold,
individual cylinder, and total exhaust data) appear in these
figures. After the plots were made, the data for those points
falling outside the main band were examined for possible errors.
In cases where errors were found the points are circled in the
figures. To separate the modal effects on NOx in figure A-29
the various points are identified with the following mode
symbols: idle (I), taxi (T), takeoff (0), climb (C) and
approach (A).

11



Discussion of Results

A large number of tests of the 0-320 engine have shown
that the major exhaust pollutant from these engines is
CO and that the levels are approximately 160% of the
EPA standard of 0.042 pound/rated power/cycle. The contri-
bution to this total by the various operating modes varies
greatly, and typical results from the University of Michigan
and NASA-Lewis (reference 4) are shown below (see Case A,

this section).

Michigan NASA
Runs 69-75 Cycle Run 329
(Percent) - (Percent)
Idle-out 1.3 1.4
Taxi-out 30.3 28.1
Takeoff 5.8 5.1
Climb 62.8 58.2
Approach 52.4 61.2
Taxi-in 7.8 .3
Idle-in 1.3 1.3
161.7 162.6

It is clear that the major contribution is due to the
climb, approach and taxi-out modes. Therefore, effects to
reduce CO emissions should focus on these modes.

When considering the potential benefits to emissions
reduction through improved mixture management one cannot
consider only the positive aspects of improved cylinder-to-
cylinder distribution and better control of absolute levels
of air/fuel ratio, but must also consider the possible negative
effects on both NOx emission and increased cylinder head temper-
ature.

Results of this investigation indicate potential reduc-
tions in emissions through the use of improved mixture dis-

tribution and a change in mixture ratios for some of the

12



operating modes. This is brought out below through the use
of a few examples.

In appendix B, expressions are derived which give pollutant
mass per rated horsepower per cycle in terms of the exhaust
concentrations of the pollutants for each of the modes. The
expressions for CO and NOX are given by:

MPC (CO) 6

7
8.0786 * 10 ) [vi * TIM, * X(CO),]

i=1 1

and

5

]

1.3270 * 10

7
MPC(NOx), o

[V. * TIM, * X(NO ) 1]
i i x’ i

i=1

where MPC = mass per cycle , Qi = exhaust volume flow rate

TIM = time in mode. The expression for CO is now applied to

’

a number of cases to indicate a potential means for substantial -
reduction in the CO emissions.
Case A: Standard Carbureted Engine (runs 69-75, appendix C) -
In this case we take the emission results measured in the
total exhaust in the standard carbureted engine test.and calcu-
late the normal output of CO from this engine. The contributions
of the various modes to the EPA standard are obtained directly
from the computation and the final result is compared with the
EPA standard.
In the expression below,we have substituted the modal
values for the exhaust volume flow rates, the time-in-modes,
and the dry-to-wet water correction factors which allow usage
of the dry concentrations of CO obtained directly from the

computer output (appendix C), using the program FAA described
in reference 2.

MPC (CO) = 8.0786 * 107 °

[952.329 * 1 *
11638.132 * 11 *
13886.210 *0.3*
10206.350 * 5 *

+
+
+
+ 6313.937 * 6 *
+
+

.86661 * X(COD),
-87142 * X(COD),
.86651 * X(COD) 4
.86676 * X(COD),
.86717 * X(COD)¢
.87022 * X(COD) .
.86405 * X(COD) ]

1652.663 * 3 *
946.534 * 1 *

o O O O O o o

13



Combining terms, and giving the results in terms of the model
contributions, we get:

Fraction

Mode CO Contribution (lbm/hp/mode) EPA Std
1 6.6673 * 10-3 * 0.084033 = 0.00056 0.0133
2 1.2685 * lO-l * 0.100445 = 0.01274 0.3033
3 2.9162 * lO-2 * 0.083451 = 0.00243 0.0579
4 3.5733 * 10-_l * 0.073866 = 0.02639 0.6284
5 2.6539 * 10_l * 0.082949 = 0.02201 0.5241
6 3.4855 * 10_2 * 0.094069 = 0.00328 0.0781
7 6.6071 * lO_3 * 0.081518 = 0.00054 0.0128

lbm CO/hp/cycle = 0.06795 1.6179

These results show the total output of CO in. pounds CO per
rated horsepower for the 7-mode cycle, which agrees with the
computer output value of 0.06796 (appendix C). When compared
with the EPA Standard of 0.042, the result is shown to be 1.62
times the Standard. As indicated previously, the major contri-
butions are from the taxi-out, climb,and approach modes.
Case B: Uniform Mixture Distribution for Modes 2, 4,and 5
at the Lowest Measured CO Concentrations -

The reduction in CO emissions due to a uniform cylinder-
to-cylinder mixture distribution in a normal engine for
modes 2, 4,and 5 is consideréd next. It is assumed that all
cylinders for each mode operate at the leanest mixture ratio
(lowest CO) measured for that mode. The results for this

case become:

Fraction

Mode CO Contribution (lbm/hp/mode) EPA Std
1 0.00056 0.0133
2 1.2685 * lO“l * 0.082369 = 0.01045 0.2488
3 0.00243 0.0579

4 3.5733 * lO—l * 0.065928 = 0.02356 0.5609
5 2.6539 * lO_l * 0.077146 = 0.02047 0.4875
6 0.00328 0.0781

7 0.00054 0.0128

lbm CO/hp/cycle 0.06129 1.4593

14



The result is a slight reduction in the CO emission, from a
factor of 1.62 to 1.46 times the EPA standard.
Case C: Lean Approach Mode -

An examination of figures A-17 through A-20, for the
approach mode, shows that cylinder head temperatures for all
cylinders are well below the maximum allowable temperature
of 435°F for all mixture ratios. This fact, together with
the strong dependence of CO on mixture ratio shown in figure
A-27, suggests the possibility of operating as in Case B,
but leaning the mixture for the approach mode to 0.07 (fuel/
air ratio) where the value of X(CO) is approximately 0.012.
Converting X(CO) to a dry value by dividing by KDW, we get:

Fraction

Mode CO Contribution (lbm/hp/mode) EPA Std
1 0.00056 0.0133
2 0.01045 0.2488
3 0.00243 0.0579
4 0.02356 0.5609
5 2.6539 * lO_l * (?é%%%7) = 0.00367 0.0874
6 0.00328 0.0781
7 0.00054 0.0128

0.04449 1.0592

lbm CO/hp/cycle

Thus a substantial reduction in CO has resulted and the level
is only 6 percent above the EPA Standard.
Case D: Lean Approach and Taxi-out Modes -

In considering the possible leaning of other modes,
figures A-17 - A.20 show that the mode 4 cylinder head temper-
atures are already close to the limiting value, so that leaning
in mode 4 is to be avoided. However, the same figures show
that some leaning in mode 2 may be possible but may require some
sliéht improvement in air cooling. These curves also show
some slight reduction in cylinder head temperature with lower-
ing of the fuel air ratio below 0.07. Assuming that a value of
0.07 can be used with or without some improvement in engine

cooling, the resulting CO levels become:

15



Mode CO Contribution (lbm/hp/mode

)

1, 012
T87142

1.2685 x 10

N oY U e W N
O O O O O O o

lbm CO/hp/cycle =0.

In this case the CO level is only 85 percent of the EPA

allowed level.

A similar check of the NOx levels shows the fraction

of NOx Standard increases from 0.32 to

Mode Normal

1 .0006

2 .0491

3 .0098

4 .1607

5 .0922

6 .0039

7 .0007
0.3170

These results indicate that operation of the engine with

.00056
.00175
.00243
.02356
.00367
.00328
.00054

03579

0.78.

Fraction
EPA

O O O O O o o

.0006
.1036
.0098
.1607
.5027
.0039
.0007

std

.0133
.0416
.0579
.5609
.0874
.0781
.0128

. 8520

Case D

0.7820

improved cylinder-to-cylinder distribution and using a fuel

air ratio of 0.07 for the taxi-out and approach modes will

generate emission levels well within the EPA Standards.

expected values for CO and NOx are:

Co 85% of EPA Std
NOX 78% of EPA Std

This can be accomplished without excessive cylinder head

The

temperature except at the taxi-out mode where the limiting

16



temperature may be closely approached. These same changes can
be expected to decrease the hydrocarbon emissions as well,
since figure A-28 shows a slight decrease in hydrocarbons
with leaning in this fuel/air ratio region.

Turbulent Flow Manifold - Test results with the TFM show

good improvement in the cylinder-to-cylinder mixture ratios
for the idle, taxi, and approach modes. However, results for
the high power takeoff and climb modes show a large increase in
mixture ratio spread. This is believed due to the centrifugal
action on a large portion of the fuel in the air stream, causing
the fuel droplets to strike the wall and form erratic streams on
the chamber surface. Similar effects were also detected in
some of the work at the Ethyl Laboratories. With design improve-
ments it should be possible to get more uniform distribution
even at the high power modes and thus improve the fuel and
air management over the entire test cycle.

Fuel Economy - Figures A-25 and A-26 show potential improve-

ments in fuel economy when leaning the mixture ratio. It is
interesting to note that a considerable deterioration of the
fuel economy results from the poor cylinder-to-cylinder
distribution in mode 3 with the TFM.

CONCLUSIONS

1. The carbureted version of the AVCO-Lycoming 0-320 engine
has a cylinder-to-cylinder air/fuel ratio variation of
about 1 air/fuel ratio for all seven modes of the test
cycle.

2. The injected engine shows a greater spread in cylinder-to-
cylinder mixture distribution, especially at light loads.
A maximum difference of slightly over two air/fuel ratios
occurred at idle.

3. Predictions show that the 0-320 can be made to pass EPA
emission standards by operating both the taxi-out and
approach modes at a fuel/air ratio of 0.07 and by slight

improvements in cylinder-to-cylinder mixture distribution.

17



The TFM shows good improvement in mixture distribution at
light loads but causes large differences in distribution
at heavy loads. Further development of the concept, with
emphasis on the high power runs, could yield promising
results in terms of better fuel-air management and hence
lower emissions.

Improvements in fuel-air management to lower emissions
also results in substantial improvements in fuel economy
at the high power operating modes.

18
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Figure A-27.Exhaust Carbon Monoxide Versus Calculated Fuel-Air
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APPENDIX B

Development of Equation For Finding Mass of
Pollutant Per Rated Horsepower Per Cycle






Let,
KDW = water correction factor for converting "dry"
pollutant concentration measurements to "wet"

measurements

MPC(2Z) mass of pollutant "Z" per rated horsepower

per test cycle
MPM(Z) = mass of pollutant "2" per test mode
MW(Z) = molecular weight of pollutant "2Z"

P = absolute pressure

ol
[

universal gas constant
RHP = rated horsepower

T = absolute temperature
TIM = time in mode
V = exhaust volume flow rate at 14.696 psi and 60°F
X(2) = exhaust mole fraction of pollutant "Z",

measured "wet"

X(ZD) = exhaust mole fraction of pollutant "Z",
measured "dry"
p(2) = mass density of pollutant "Z" at 14.696 psi and

60°F
* = multiplication sign

The mass per operating mode of pollutant "Z" is given by:

TIM
60

Summing over the 7-modes and dividing by the rated horsepower

MPM(Z) = V * X(Z) * p(Z) *

gives the mass per rated horsepower per test cycle, where i is
the ith mode,
MPC(Z) = L [V * X(Z) * p(2Z) * TIM/60]/RHP
i

From the ideal gas relation,

_ P * Mw(7)
R*T

0(2)



Substituting and collecting terms gives:

MPC (Z) P * MW(z) I [V * TIM; * X(2),]

R*T*RHP * 60 i
where X(zZ) is a "wet" mole-fraction. When pollutant measure-
ments are made "dry", the above equation is converted to "dry"
mole fraction, X(ZD), by use of the water correction factor
KDW.

MPC (Z) = P * MW(Z) ~ T [Vi * TIM, * X(2D)

R* T * RHP * 60 i

. * KDW. ]
i i

Substituting numerical values for the fixed quantities,

P _ 14.696 (144)
R * T * RHP * 60

= 2.8842 * 1077

~ 1544(528)(150) (60)

For CO (MW = 28.01), the constant term in the equation becomes:

2.8842 * 10°' * 28.01 = 8.0786 * 10 °
and for NOX (MW - 46.01)
2.8842 * 10~/ * 46.01 = 1.3270 * 10 °

The resulting equations for CO and NOx are:
MPC(CO) = 8.07B6 * 197° ¥ [, * TIM, * X(CO),]

and

MPC(NO ) = 1.3270 * 10°° § [V, * TIM, * X(NO_ ) ]
X 1 1 X

e



APPENDIX C

Computer Printout for Runs 69-75: Baseline
Runs of Normal Carbureted Engine






The following runs were made using the University of
Michigan computer program FAA, which is described and

listed in reference 2.






DATE: F-14-76
COCATION: UNIV OF MICH
OPERATORS: I0TT, GRIFFIN,

RUN NO. 471
MODE: 1

COMMENTS: CARB. BASELINE,

MP(DRE) = 8% SOF
TEMF(DF) = 3Z. O0F
TEMP (EAR) = 78. O0F
BAR PREZSZ(OR)= Z9. 43"HG .
BAR PREZS(CR)= Z%. Z0"HG k.

SPEC HUMIDITY=0. O0&24#/#
COZ AMBIENT = 0. 04%5%
oYLl
0.0
240, O
[y
1013&?
kW XTC
8:344 1. 01013
Q1463242
EWLD XTC
B739Z 1. 00000
0. 14344
FWD T
A789 0. 29415
0. 146537
XTC

CHT
EGT

CONC(PPM)

METHOD 1. Z 0.
MAZE/MODE ( LEM)
METHOD 2. 1 0.
MASS/MODE(LEM)

METHOD =1 0.2
MASS MODE (LEM)
P'ND
METHOD = 2 0.3 z
MASS/MODE (LEM) CZ'. 1 T Sy

TN NG &YF
JDE: 1

COMMENTS: CARE. BASELINE,

cYL. 1
FUEL RATE=
AIR RATE
F/A RATIO=

oYL, 2

FHIM

ENGINE TYFE:
SERIAL NUMBER:
PONSONBY

C-BALANCE=
FUEL H/C =

CYLZE
220, 0
770. 0
02
1761,
MWEXH
IR6ELT

L Q0Z0A

MWEXH
19733

L DOEOE

MWEXH
A28l
O0Z1S
MWEXH

L AL3AL
. DO

TEMF(DE) = 3. DOF FUEL RATE=
TEMF{(DOF) = SI. DOF SIR RATE =

TEMP (BAR) = 7
BAR PRESS(OR)= 2% 43"HG
BAR PREZSZ(CR)= % Z0"HG k.
SPEC HUMIDITY=0, O0S2H#
COZ AMBIENT . = 0. 045%

OOF

YLl
0.0
S0, 0
Oz

waEOy .
XT

CHT
EGT

CONCOPFM)
kW
ne447 1.
0. 1954

T

METHOD 1. 2 0.
MASS/MODE(LEM)
kWD
METHOD 2.1 0. 2713% 1
MASZ/MODE(L.EM) 0. 15957
FWI XTC

BETEE O 9ILOE
0. 16375

XTC
741

METHOD 2.1 Q.
MASE/MODE (LEM)
FWD
METHOD = Z Q. BL44T Q3
SE/MODE (LEM)

Q024 Z

QOOO0 Z

Frev RATIO=
FHIM

C-EALANCE=
FUEL H/T =

CYLZ
IEO, 0
TT70.0
Oz
1509,
MWEXH
BD6TES
QOL74
PMWEXH
0243

D017 4

MWEXH

2817
Lot

" MWEXH
L EE1eT
Y QOO00

[
“~

CYLZ
240, 0
240. 0
LN
Zlala,

EXH FLOW
FTD. 9E
0. 00154

EXH FLOW
a4, 454
0. 00154

EXH FLOW

1009, 286
0. 00141

EXH FLOW
T TR
DRRINS BT

5 S00

L QEE0

CYLZ
240, 0
=40, 0
LA
E4375T,
EXH FLOW
wTE T
Q. 00143
EXH FLOW
AT 01
0. 00140
EXH FLOW
R4, w00
0. 00145
EXH FLOW
DTE IO
Q. 0014%

LO-3220-B1A
L-227-66A

5. 4SESH#/HR
0. 1647#/HR
0. OT7SH/#
1. 1531

2. 5000

1

2. 0250

“?ﬂ# HR

FUEL

IGNITION TIMING=

HAC RATIO = 2 025

FEDEG

ENGINE RPM{NOM)= 700 RPM

ENGINE RPM{ACT)=
BHP{OBS)
EBHF ( CORR)

MAN
MAN
EXH
cyL4

=250, 0
TR0, 0
oo

73090,
FACAL
02513

0. 07464
FACAL
Q. OE7EE
0. 07445
FACAL
L QEZ00
0.07757
FACAL
0 OEALE
0. 07444

ENGINE RFM(NOM) =
ENGINE RFM(ACT)= &
EHF ( OB
BHF { CORR) =

MEAN
PN
EXH
oYL4
IE0. 0
7RO, 0

[N
7EE4,

FRZAL
0. DRSS
Q. Q7733

0. 0773
FRCAL
0. OE450
0. 07741
FACAL
Q. OSALS

0. O7758

LY, RFM
4. SHF
Q. OHF

VaC{oBRs) w] 7 LO"HG

PRESS(CORR) = 0O, QO"HG

HA0 RATIO =1 250

EXHALST

]

430. 0
N
=4,
FAM  ERROR
L0777 9.4ﬁ7
0. 00011 ) 00014
FAM ERRDR
0. 07777 1& 9L
Q. 00010 0, 00014
FAM ERRUOR
Q. Q7779 L 671
0. 00011 000017
FAM ERROR
Q. 077Te 10 7ED
0, QOO0 o,

NOX
=4,

o

00

TO0 RFM
=9, RPM
4. EHF
0. OHF
Ve ORS) =17, GOMHG
PRESS(CORR) = O, OO0 HG
HAZ RATIO =1, 850
EXHALST ’

%) =

470, 0
M

@7,
FAM  ERROR
0. 07777 10, 485
0, 0001E 00001

FAM  ERROR

0. 0777% 1% BTS
0. 0001 0. 0001

FAM  ERROR

0. QTTTR B LIk

NOX
7.

Q. 00013 0. 0001w
FAM  ERROR
0. 0777% 11, 361
0. 00000 D, Q0000



RUN NO. 673

MODE: 1

COMMENTS: CARB.

TEMP(DE)
MP{DP)

1EMP (BAR)

BEAR PRESS(OE)

BAR PRESG(CR)=

SPEC HUMIDITY=0.

CO2 AMBIENT

ZHT
EGT
CONC(FFM)
1. 2

METHOCD Z
MASS/ MODE(LEM)

METHOD 2.1
MASZS/MODE(LEM)
METHOD =01
MASS/MODECLEM)
METHODO 3. 2
MASS/MODECLEM)
RN N L4
ADE: 1
JMMENTE: CARE
TEMRPIDE)
TEMF(DF)
TEMF{EAR)
BAR FRESSC(OR)
BAR PREZZ{CR)=
SPEC HUMIDITY=0.
COZ AMEBIENT =

oo

[

1

CHT
EGT

CONC(FFM)

METHOD 1. 2
MASZ /MODE{LEM)

METHOD 2. 1 2.

MAmw/MﬂDE\LDM)

METHOD 3.1 0.

MASS/MODE (LEM)

METHOD = 2

MASES/MODE (LEM)

0.

O

0.

0

0

0

BASELINE,
27. S0F
22, OOF
7. O0OF
Z%. 43"HG
29, Z0VHG
0063#/#
0. Q45%

cm

0

CYL. 3
FIEL RATE—

C-BALANCE=
FUEL H/C
£YL1 CYLZ

70, 0 280, 0
540, 0 770. 0

Coz 0z
ETEOL, 017,
KW KT MWEXH

BLB43 1.

014037

FWL
B7106 1.

0. 14040

WD
26947 09

U.14175

E WD
26245 0.
s}

BASEL INE,
55, SOF
. OOF
78, OOF

2. GIEHG
IO HG

DOEIH
Q. Q454

Q. 1403

I(-\

a5 0147
O0ZET

HNEXH

2]
XTC
Q0000 Z4

MHEXH
17, Q4sz4
CQOZEE
MWEXH
o4z
DL 00000

XTP
XTC

T £y
el WL

CYL. 4
FLEL RATE=
AIR RATE =
F/a RATIO=
FHIM
b =
C-EALANCE=
FUEL H/C =
oYL1 CYLE

SO0 2000
2400 TTN0
[ 0z

2EDL L,

WD

LRI 1.

WD
TEQS L

7

1286

ATC MNE%H

QDI E4 703321

0 13z 0 0E1ZE
XTC MWEXH
OOOO0 26, 26011

L LEEEQ

HND
27079

0. 00FLT

ATC MWEXH

0. FPETD Zh FITALE
0. 12424 0. 00314

WD
2694 0.

Q. 13319

XTC
HAOLS

MWEXH
Fl PYTLD
Q. 00000

4o25HHR
. 16498 /7HR
. DT7TERAR
1531
. S000

7

SN O e ol

. 0ES0
CyLz
240, 0
240, 0
LIHIZIC

R L Fioy Do 3
ot

EXH FLOW
7437 171
0, 00LvzE

EXH FLOW
740, 215
0. 001RE

EXH FLOW
oL QI
0. 00174

EXH FLOW .
DT, QY
0, 0019E

o
T W
0, D7 7EH

L 1mEl

1) =
=
-
o
)

L REED
CYLE
240, O
240, 0
LI
e rored
EXH FLOW
Dm0, AT
O, ODlosE
EXH FLOW

,'_—I.»- -_- /-a-,r-l

(,,\_0(,\1._.U
EXH FLOW
L, P
0, OGOiew
EXH FLOW
WI0. 4T
O, Q018

0, ORES
0 07113
0. DEYED
0. OEs

0, OW0OLT
0. Q2254

0, r\f7

0, i'\"l 175

0. Qwzan
D OEIEZ0

ENGINE RFPM{INOM)=

ENGINE RPM{ACT)
EHRF({OBS)
BHF{CORR)
MAaN VAC(OES
MAaN
EXH
cYL4
IE0. 0
70, 0
NN
BRI0T.
Facal

[akdniel]

HsC RATIO
EXHALST

470, O
M
L3
FarM
D Q7T L
0. OO007
Fam
L Q7T7TE AT,
0. DO007
FamM
Q777% 1%,
. OO007.
Fam
Q7779 3L
0. Q0000

FaCAaL

()

. OEED

FaCal
0

et

FRoat

EMGINE  FEMONOM)
EMGINE RFM{ACT)
BHF { DES)
BHF { CORR )
MAN VAD{OES
MAN PRESS(CORR) -
EXH M/ RATIO
CYL4  EXHAUST
ZE0. 0
70, 0 4z
o WO

HHOLE nE

.0

o
e

LRTTIE
0. D0O0L

FaM
0. 07TTE 19
0 sARAS

FriM
L RTTTY
(o)

Faat
17.
QOO0
FAM
L RTTTE LG,
0. 0OO00

FHiHL

PRESZ(CORR) =

700 RFM
= £E7. RPM
4. EHF
0. OMP
=17, 6O"HE
0. OO"HG
=1, 50

# O

NOX
L)

ERROR

19%
0. 0001

ERFOR

1532

0 00013

ERROR

Gl

0. 00012

ERROR

S0

Q. QOOG0H

= 700 RFM
RFM
= 4 EHF
e 0, OHF
w17, AOMHG
= 0 QO HG

=1 EED

(i

N

s
! ot .

FaM  ERROR

L ,f:

U_QQQO?

ERROR

ZRE
2, 0000

ERROR

Tl
0, OO0

ERROR

EH0
0. 00000



RUN NO. 4695
MODE: - 1

COMMENTS: CARB.
TEMP(DB)

BASEL INE,
8%. SOF

STACH
FUEL RATE=
AIR RATE
Fra RATIG

MP(DP) = GZ. O0F
TEMP{BAR) = 73. OOF
BAR PRESS(OB)= Z%. 43"HG FHIM

BAR PRESS(CR)= 27 Z0"HG K
SFEC HUMIDITY=0. Q023#/#
COZ AMEBIENT = 0. 045%
CcyLi
390, 0
340. 0
CoZ
pact: X
KW XTC
LbG61 1 OOTE0
0. 14740
XTC

CHT
EGT

CONC{FFM)

METHOD 1. 2 0.8
MASZ/MODE(LEM)

}.
METHOD Z. 1 0. 8757 1.
MASE/MODE ( LEM) 0. 14763
KWD XT0C
P03 0. IVLLT

METHHD 301 0. B

SS/MODE(LEM) 0. 15085
WD XTC
METHOD 3. 2 0. BeLLL O 3TTOD
MASS/MODE (LEM) 0. 14740

RN NG,
CUDE:
JMMENTS:
TEMP{DB)
TEMP{DP)

C.1

sj‘fl 18] \1

ARE. EBEASELINE,
71, 40F

52. 00OF

£YL. 1

LI I}

TEMF{EAR) 7%, QOF
BAR PRESS(OR)= 29 4Q0"HG FHI

BAR PREZS(CR)Y= 2% Z7"HG [
SFEC HUMIDITY=0. 00Z44/ 4%
COZ AMBIENT = Q. 045%
[ 48]
20, 0
10320, O
i
24954
EWD ATC
METHOD 1. 2 Q. 2593 1, Q056A
MASS/MODE CLEM) 2. 76491
XTC
ﬁnncﬁ
HWU le
METHOD = 1 0. BLE30 O, ”7/71
MASS/MODE(LEM) 3.
kWD T
SeEE O 33
2 T6eET

CHT
EGT

CONC{FFM)

WD
8716? L

METHOD 2.1 Q
MAZS/MODE (LEM)

METHOD = 2 0. i
MAZS/MODE(LEM)

00000 2

C-BALANCE
FUEL H/C

27
0. 00000

LIS
L D0OZLT

oo ou 0N

CYLZ
3200
770, 0
oz
1350,
MWEXH
19169
00Z17
MWEXH
Lits

MWEXH
19023

L R0EEL

MWEXH
190332

FUEL RATE=
AIR

RATE =

M

C-Bala
FUEL H/T o=

Fras RATIO
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RUN NO
MODE:
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METHOD 2.1
MASS/MODE(LEM)
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RUN NGO, 70. 4
MODE: 2
COMMENTS: CARB
TEMF(DB)
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1EMP (BAR)
BAR PRESS(0OB)
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METHOD 2.1
MAZS/MODE(LEM)
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RUN NO. 71,1
MODE: i
COMMENTS: CARE. BATSELINE, CYL. 1

TEMP(DBE) 24, 50F FUEL RATE= 73, 4370#/HR
MP(DP) S5E. O0F AIR RATE 3. FB1EHHR

TEMFP(BAR) 20. O0OF F/78 RATIO
BAR PREZZ(0ORB)= 2% 40"HG FHIM
GAR PRESS(CR)= 2% Z6"HG F.
SPEC HUMIDITY=0. O0O24#/# C-BALANCE
COZ AMBIENT = 0. 04%% FUEL H/C D350
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CHT 405, 0 415, 0 SE0, 0
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METHOD 201 0. 87121 G 237 7. 045320 12730, 240
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RUN NOL 71032
MODE: 2

COMMENTS: CARB. BAS

TEMP(DR) =
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1EMP (BAR) = 80
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RN NOL
MODE: i

COMMENTS: BAZELINE

TEMF(DE) = 4. S0F
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SPEC HUMIDITY=0
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1190, 0
(RN

Falab

f'r-—,l

oowEan
FHCHL
0. DEELD
3 BATOD

ENGINE RPMINOM)=2700 RPM
ENGINE RFM{ACT)=Z704 RPM
EHP{ORZ) =37, LHF
EHF {CORR) =144 1HF
MAN VAC(OBES Com 1L B0THG
MaN PRESU\FORR)WEJ 47"HG
EXH H/C RATIO =1, 850
EXHAUST

1220, 0
NIC
= g

FaM  ERROR
Qa4es E187
0. 00143 0. QOZZ0

FAM  ERROR
Q46D D343
O 00147 Q. 00

FaM  ERROR
L RB4LS 1 458
o 0. 00147 0.

Far ERROR
Q4L 356

Q. QOO0 2, 00000

NEIX
)

D B

sl

0

N DR e
A :

0.
1E

QOZED

L
»
2

ENGINE RFMONOM) =2430 RPM
ENGINE RPM{ACT)=I433. RFM
EBHF { OES w4, 1HF
TP O CORR ) w0, OHF
MAN VA OES Lm0
MaN PRESS(CORFO) = Q. O0"HG
EXH H/C RATIO =1, 850
EXHAUST

1155 0

N MOIX
V3544, T 2EY.
FaM o ERRIOR
Q. 081%1 4, 020

0. DEZOS
FaM
0, 0E1el
Q. 0Fiss
F e
21wl

Q. D230
ERROR
7014

0. Q33245
ERROR

1. &%
0, DEETZ 0. 032424
F M ERRDR
(R NTS) . 1z4
. ﬁuooﬂ 0. 00000

0.



RUN NC.
MODE :
COMMENTS:
TEMF(DE)
IMP(DF)
1EMP { BAR)
EAR PRESS

(OE)
EBAR PREZS(CR) =

7Z.Z
4
CARE.

(LI ]

fi

EAS
=7,
T2,

20.

29

EL INE,
70F
O0OF
O0F

cY

7. 40"HG

-
£

ZLHG

SPEC HUMIDITY=0. O084%#/#
0. 045%

CO0Z AMBIENT
CHT
EGT

CONCCPPM)

z

METHOD 1.
MAZZ/MODE (LEM)
METHOD 21

MASS/MODE(LEM)
METHOD 3.
MAZ

1
S/MODECLEM)
METHOD 3 2
MAZS/MODE (LEM)

5
-

RN MO TE
LX) j‘, E( E 4
JMMENTES T
TFMF\DL
TEMF{DF)
TEMF{EAR)
DAR PRESE(0

a. et

ARE.

EAR PREZS(CR)= Z
HUMIDITY=0. UHHAH/#

SFPEC
Coz

AMETENT

CHT
EGT

CONCIPFM)

~

METHOD 1. &
MAZS/MOIDE(LEM)

METHOD Z. 1
MASS /A MODE (LEM)
METHOD =1
MASS /MODE (LEM)

METHOD
M

A

n-/MﬂDE\LEM)

0.

0

Q.

0. ¢

Q.

0

Q.

=
=

EAS
. 70F
. OOF
. OOF

B46534 1. 00

BEY0A

6542 0.

oYL
405,
230,

[ he

FTTOE.

kWD X
oo 0437

FWD X

B7430 1. 00000 Z7.
o 04497

KWL X
0.
5. 3148
KW X

E,U4gq

ELINE, CY

2 A0THG

EEVHG

0. D45mY

=
e g Ak

0, =

S GED

CYL
403,
12320

[

104713,

r'wm

X
1. Q04

FWD X

Q. Pl

o OB8ELE

.
oE

PR

Lz
FUEL RATE=

(A=

5. PTOLR/HR
AIR RATE = 653 3022#7HR

F/7A RATIO=

0. OR17H#

FHIM = 1. 2141

28 = 205000

C-EBEALANCE= b

FUEL H/C = Z. 0250

1 CYLE CyLs

) 400, O 2300

0 1245, 0 1330, 0
oz UHCD
01z SERE.

TC MWEXH EXH FLOW

Y

0O 07132
12065
MWERXH
123279
Q. 130463
MWEXH
RRET D B
13672
MWEXH

7. BESLE

0. 00000

7
TC E
':?I
T E
£ 10
)
TF E

=

4

a
o

pad

)
o

L

AIR RATE = BT
F/7a RATIO=  ©
FHIM =

I =
C-BALAMCE=
FUEL HAC
1 CYLZE

%) 400, 0
) 1245 0

Oz

i) B
MWEXH
DE4E3

T
77

E
103

E o024 Q. 15456
kWO XTC MWEXH E
S70Z0 1. Q0000 ET7. 40444 10
oOEE10D Q. 12457

MWEXH
57537
15861

T
16 2

E
10

oo

-

FWI XTC MWEXH E
iEIEY Q0 3YREe 7 B7EET7 10
SRRSO Q. 00000

DR BET
0. OTEEE
XH FLOW
B4k, OO0

0. 0F73EE

AH FLOW
240, 120
010123
XH FLOW

245, 371
0. OPEZL

CRTOLHSHR
i SHR
(SR RTE W
Z141

5000
QEEH0
v
e (-'\ )

IO

ZHA0
H FLOW
I35, LLD
.07664
KH FLOW
ic'r- /{U
. Q7303
XH FLOW
{biz 270
0, D204
XH FLOW
24, 710
0, 072463

ENGINE RPM{NOM)=Z4320 RFPM
ENGINE RFM{ACT)=2433. RFM
EHP(ORBS) - 4. 1HF
EHP(CORR) 0. OHF
MAN VAC (ORS) 3 G0MHG
MAN FRESS{CORR )= 0. O0"HG
EXH H/T RATIO =1, 850
LYL4 EXHALST
2P0, 0
1190, 0
[
TETDL.
FARCAL
0. 03613
4, QOELY
FaCaL

#o#CH

1155, 0
N
04, 04
FaM  ERROR
vaiwt o 5183
0, 01962 0. Q20
FaM ERROR

NOX

Q. 0EEEz 0 0311 B 03I

4. QOZEY 0. 01743 0. 0EF7E
FRCAL FaM  ERROR

O 03426 008171 E 871

4. 13858

Fazal.
O, OE701

4, QQEmw

0. DEOIZ0 - Q. DI0Y
FAM ERROR

OELFl A ZEL

0, DOOO0 Q. QOO00

EMGINE RPFMIMOM)=2430 RFM
ENGINE RPH\ﬁrf‘ i423 RFM-
EHF{OES)

4. 1HF
EHF{CORR D 2, OHF

MEN VACUOES) = 3 DOMHG
MAN FPRESS(CORR) = O OO0 HG

EXH HA S0
cyL4a

2900

1170, 0

RATIO
EXHALET

-y

11350
NI
400,

MY
400,

FH!HL

FAM  ERROR
0. 02171 1. 247

0, DZE5D4 0. 040467
FAM  ERROR
zaszm O QB1wl 20387

bl

B ey
C R s ] e

nldED 0.
FACAL
O (B335 BN
o LEEAY

QL3 Q. 040
FaM  ERROR
08191 -0, 409

Q. QET71D 0. 041432
FarM  ERROR
Z.0032

DE171
Q. DO000 £, 00000

0.
TR0



RUN NCL
MODE:
COMMENTS:

TEMF (DE) =
MF (OF ) =
| EMP{BAR) =

BASELINE
=7.
a2, OOF
20,

70F

O0F

EAR FREZS(OR)= Z7. 40"HG
BAR PRESS(CR)= Z%. Z6"HG

SFPEC
coz

HUMIDITY=0.
AMEIENT

CHT

EGT

CONCFFM)
METHOD 1. Z o]

MAZZ MODE(LEM)

METHOD Z. 1
MASS/MODE (LEM)
METHOD =1

MAZS/MODE(LEM)

METHOD 3. Z 0.

MASSMODE (LEM)

UM N 7E D
"IDE: 4
SMMENTE: CARE.
TEMFIDER) =
TEMF (DF) =
TEMP(EAR)

SFEC
COE

AMEBIENT =

CIONC (PFM)

METHOD 1. 3
MASS/MODE (LEM)

METHOD 2. 1 Q.

MAZESMODE (LEM)

METHOD 301 0.

MASZ/ MODECLEM)

METHOD = 2

MAZE/MODE (LEM)

0.

0

1HHIDITYT.

Q

ROZAR/ B

0. 0437

405
1230,
Coz
PDTEE,

FWD

E: '17 44‘ C“.
S T1113

=
L=h

FWD

4733 1

,_‘,

WD
o2oezds 1.

%7

o

TOF
Z. DOF
L QO
A0 HG
P HG
; -4#!#

1]

w7
EWD
BEET A

0. BlbLS

G,

, CYL. 4
FUEL RATE=
AIR RATE
F/A RATIO
PHIM
v
C-BALANCE=
FUEL H/C
£YL1 CYLZ
0 400, ©
0 1245, 0
[l
1761,

W oH

#

XTC
F7ETE

MNEXH
21717
11027

MWEXH

XTo
QOO0 X7,k
=0 45

XTC
01144

E7.3044%

7. OE9I0E Q. 10223

EWD AT MWEXH

SBATED Q31541 Z7) a044%

[ERTR B W] 0, 00000
EASELINE, STACK

FUEL RATE=
AIR RATE =
F/f RATIO=
FHIM
}:;: w

FUEL HJL =
oYLl CYLE
405, O 400, O
S0, O 1245, 0

[ [

7474, 1258,
XTE MWEXH
PETV4 IT. IEEED

0. 077356
MWEXH
TETES
Y QTTED
MWEXH
ET7.ETTEE
D, Q73S
“MWEXH
L ETTEZ
D Q0000

[}

MW 000

10324

10638 5

10204 25

10347

. 30

3000

0250
CYLs
0.0

1230, 0

EXH FLOW
7O
U.QLV??
EXH FLOW
570
0. 07163
EXH FLOW
WTET. QZT7
Q. OADDA
EXH FLOW

1TOZET. AT0

Q07001

1Z50, n
LIHCT
Y77l

EXH FLOW

i8]
0. O55L03

EXH FLOW

240
QERERE0

Q.
EXH FLOW
E’E‘I 4‘ B -4""

0. QEEVE

EXH FLOW

10Z0E 0I0

0, 055

04

Cc-10

. FTOLH/HR
ZZH/HR
OR1FR/#

'4°7U1#/HR

ENGINE RFM{NGCM)=Z
ENGINE RFM{ACT)=243
BHP(OBE) ]
BHF {CORR)
MAN VAC(ORS)
MAN FREZS(CORR)
EXH H/C RATIO
YL EXHAUST
0.0
1170, 0

3
0
1.

WoHf#H

o

1155 0
N

Rl =
P

FaM ERROR

0. 0E441 O 0E1RL 3 0E7
] Z 0 DEIVE 0.

FAM  ERROR
C0E1PL -3 156
0. 0Z44% 0.

FAM  ERROR

COBLFL B 183

Ll I ol S R

% 0. 0ZEq4L - Q.
FAM  ERROR
O.DJIWI U_fo

ENGINE RPMINOM) =
ENGINE RFM{ACT )=
EHF(OREZ)
BHF{CORR) B
MAN VACIOES ES
MAN FREZS(CORR ) =
ExXH HA RATIO
ZYL4 EXHALIST
3900
1190, 0
i
Fanbs
FaCaL
LD 'c)rlc\ (R

SHTIE

24
4

~

1195 0
MO
BT,
FaM  ERROR
QE1%1L 4. 393
0. 023461 0.
FaM ERROR
.ﬁ”l”i Q. /ﬁ
£, DEIwg 0.
FaM EPEUR
o191 7. 41
Q. 02E71

-
d.

""" |"’l."'|/1““
FAICAL
Q. DIE03
37E5146
FACAL FaM
002421 003171 Z
R T . 00000

P40

2
o
=1.

ERROR

30 RFM
33, RFM

“4. 1HP

0. OHF
. 50" HG
. DO "HG
550

QELLE

0E754

032434

30 RPM
23 RFM

4. 1HF

0. OHF
SOUHG
QOUHG
o0

NHX

Tl

OBLIO

0. 00000



RUN NO. 7301

MODE: b
COMMENTS: CARE. BASELINE, CYL. 1
TEMP(DE) = FZ 40F FUUEL RATE= 325 8Z07#/HR ENGINE RPM{NOM)=Z34% RPM
MECDF) = 49, QO0F AIR RATE = 4ZZ ZY13#/7HR ENGINE RPM{ACT)=2235Z. RFM
1EMP {BAR) = 81. O0F F/7A8 RATIO= 0. 03424/4# EHP(OBZ) = 4% QHP
EAR FREUJ(DB)= 29, 3T HG FHIM = 1. 3573 EHF{CORR) = 0, OHP
EAR PRESS(CR)= 2% Z3"HG k. = 5000 MAN VAC(OBES) =11, AO"HG
SPEC HHMIDITY 0. QO7SH#H7H C-BALANCE= 1 MAN PREgn(LDRR)" 0. OU"HG
CO2Z2 AMBIENT = O, 045% FIUEL H/C = 2. 0E50 EXH H/C RATIO =1, 850
oYL CYLZ CYL: cYL4 EXHALZST
CHT 400, 0 IEE. 0 FE0.0 3750
EGT 1240, 0 1230, 1220, 0 1140, 0 1035 0
oz () UHFP IMag N NCIX
CONC{FFM) PSSl 3012, SERE T7144 218, E13.
WD T MWEXH EXH FLOW FACAL FaM  ERROR
METHOD 1. Z Q.El-ﬁr 1. 0053% 7. 30731 G37E 437 0. 08432 O 0842F 1. 714
MASS/MODE(LEM) S RCH100 Y 0. 12712 0. 07T Z‘ﬁqorl 0. Q1578 0. Q430
HWD XTC MWEXH EXH FLOW FACAL FaM  ERROR
METHOD 2 1 0, 87224 1. 00000 27 Z0Z5% TAIZI SL6 O 0877E O 0348F 3417
MASS/MODE (LEM) b 13944 0. 12914 0 07513 3 09E7TY Q. Q1567 5 0 0Z400
EWD XTC MWEXH EXH FLﬂw FazaL FaM  ERROR
METHHH ICHED | 0. BEWOT O, FRETI T Z4TIT AGES, 10¥ O 0BSLS 0. 08487 Q. Z24
ASS/MODE (LEM) Lo, ZEELD Q14195 u.u?é?ﬁ 2016147 0. n1ﬁ0ﬁ 0 02443
EWD AT MWEXH EXH FLOW FACAL FaM  ERROR
METHOD 2. Z Q. BEASY O, ZELYIE 7. Z4Z3E 0”7*.00 Q. QEAHE1 Q042 2 245
MASS/MODE {LEM) b 13 D, 00000 L Q7oEE oL TE4L Q. QOO0 3, 00000
RUN NG, Ta
"DE o
SMMENTS: CARE. BASELINE, YL, Z
TEMF{IIE) = 9E 40F FUEL RATE= 25 ZZ0Yv#H7HR ENGINE RPMUNOM)=Z3247 RPM
TEMF{(DF) = 4% DOF AIR RATE = 4ZZ Z91Z2#7HR ENGINE RPMUACT)=Z35Z RFM
TEMF{EBAR) = 31, OOF CFAA RATIC - O QZ4SHH BHP{OES) w 4R, OHF
BAR FPRESZ(OR) = TG FHIM = 1. 2573 EHFCCORR) = {3, OHF
BAR PREZSICR) = L EEHG F = D000 AN VAC(HEG) =31, LQUHG
EPEC HUMIDITY==Q, QO754% 74 C-BALANCE:= i MaN FRESS(CORR Y= O, QOUHG
D02 AMEBIENT = Q. 045% FUEL H/AD = 20250 EXH HAC RQTIU =], EE0
oYL L oYL CYL4 EAHALIET
CHT 400, 0 ITL0
EGT 1240, 0 114600 10325 0
i » R MIZX
COMC(FFM) SEToE, : 1, a0, AR
KW KT EXH FLOW FA!AL Far ERROR
METHOD 1. 2 0, BLWIO 1, OQZ200 Z7 LEQGL, 20T 0, 02990 O, 0B42F L, D42
MAZS/MODECLEM) o T0ED4 Q. D7EEE a3 509Tny 0. 01007 0. 01547
KW ATC ExXH FLOW FACAL FAM  ERROR
METHOD Z. 1 O, 37225 1. Q0000 2 155 434 O Q7021 O QB42Z 7. 057
MASS/MODE (LEM) oIk 0. Q7204 3 D07 A 0. 01005 0. 01542

KWD XTE MwexH EXH FLOW FACAL FAM  ERROR

METHOD 3. 1 0. 87114 0. F9EIE I7. OGIE0 4267 FEE O, OBYIT 0. 048I 5 26T

MASE/MODE ( LEM) S 56446 013752 0. 07300 3 54%EL 0 001017 0. 01562
EWD MWEXH EXH FLOW FACAL FAM  ERROR

METHOD 2. 2 0. SEE ST OAIED  AT06. 50 0ROTT 0. ORARZ 6, 43T

MASS/MODE (LEM) 0. 00000 0, O7IZEE ,m BOTET 0. 00000 0. 00000

Cc-11



RUN NO. 73
MODE: o
COMMENTS: CARB. BASELINE, CYL. 3
TEMFP(DE) = %X 40F FUEL RATE= 35 SZ0%H#/HR
MP(DF) = 4% O0F AIR RATE = 422 Z71Z#/HR
tEMF(BAR) = Z1. OOF F/7a RATIO= 0. OZ4aR/#
BEAR PREZS(OE)= 29 37"HG PHIM = 1. 2573
BAR PRESS(CR)= Z%. Z3"HG K = 3. 3000
SPEC HUMIDITY=0. O0734#/# C-BALANCE= 1
COZ AMBIENT = 0. Q45% FUUEL H/C = 2. 0550
CYLL TYLE CYLE
CHT 400. O 2850 60,0
EGT 1240. 0 12200 13E0.0
Co2 0E UHCC
CONC(PFM) TEHA0Q3. 1236 Z470.
FWD XTC MWEXH EXH FLOW
METHOD 1. 2 0. 26A%4 1. 00084 27, Z9ZBT L3RI 244
MAZT /MODE (LEM) L 12271 0. 0E711 ) ODASO
FWD XTC MWEXH EXH FLOW
METHOD 2.1 0. B67E1 1. 00000 Z7. Z7L0Z A3ZT77. 531
MASS/ MODE (LEM) G 13377 0. 02711 QTET4
. EWD XTC MWEXH EXH FLOW
METHOD =1 0. 34 JO 0. W??El 7. 298501 6401, 793
MASE/ MODE (LEM) 4248 0. QE7IY D ODLT6E
FND XTC MWEAH EXH FLOW
METHOD 2. Z 0. BLLDT BEALY 27 E9EDY A3B3 777
MAZZ MODE CLEM) _.12547 0. Q0000 D QDABO
RUIN MO, 74
MODE: i
MMENTS: CARE. BRIELINE, CYL. 4
TEMP (D) = WE A0F FUEL RATE= 325
TEMF (DF) = 4w QOF AIR RATE = 422.-;
TEMF (AR = 31 QOF Frty RATIC= 0. 024
BAR PR WBTHG FHIM = 1. 25
BAR FPRESSOCR)= ZW Z3"HG k. = 3.
SFEC HUMIDITY=0., OO754./# C-ERALANCE= 1
COZ AMETENT = 0 045 FUEL H/C = Z.0ED0
oYLl CYLZ :
ZHT 400, 0 2ES, 0
EGT 1240, 0 18300
CiazZ 0 UHL;
CONC (PR F4EH10. S, 2075
KWD XTC MWEXH  EXH FLOW
METHOD 1. 2 Q26734 1. 064:2 270 Z1670 0 L6307 140
MASS MODE (LEM) = wERTE 0. 0BAI0 Q. OoE4w
WD XTC MWEXH EXH FLOW
METHOD 2.1 0. B7153 1. 00000 37, 13381 L3746, 473
MAZS / MODE (LEM) TowE401 0. 0BL10 0. 0oEzl
EWD XTC MWEXH EXH FLOW
METHOD 2. 1 0. 86901 O ¥¥70LD 27 24475 L3995 0Z7
MAZE/MODE (LEM) G QZEAZ . 008747 0. 0¥l
EWD XTC MWEXH EXH FLOW
METHOD 2 2 0. BETER O 2EV7L Z7. 24475 63204 B34
MAZS/MODE (LEM) D PEILD Q. Q0000 0. 0TE4Y

0.

0.

O

FazAaL
ozsEL O
3. 14610
FACAL
QE6IZY Q0342 1.8

ENGINE RPM(NOM)=
ENGINE RFM{ACT)
BHP(OBZ)
EHP{CORR)

MAN VAC(ORS
MAN PRE:w(FDRR)
EXH H/C RATID
cyL4 EXHALST

375, 0
11600
a]
TS12ZE.
FAPAL
(o]

2
.

1035
N
pac X

=E 0.
14LQ7

QB4Es L
001161

oE4EE 2
0. 01160
FaM

2349 RPM
=ZISZ. RPM
4%. OHP
0. OHF
11. £O"HG
0. OO"HG

=0
D )

!

LI LI I

NOX

"{"'.‘.lq.

ot

FaM  ERROR

06
0. 01730

FAM  ERROR

243
0. 01779

ERROR

||Il

3. 1S6ES 011465 0. 01785
FAEAL FaM  ERROR
0. 0EAL6EH O 0B48F  Z0171
2144046 2. 0000 0, D000

ENGINE RPMIONOM)
ENGINE RFM{ACT)
EHF (OEE

EHP {CORR)

MAN VAC{OEBS
MaN PRESS (CORR)
EXH HAT RATIO
cYL4a EXHALIST

7E0
11400

1035 0

=F34% REM

wIISZ, RFM
= 47, OHF
= 0 OHP

=11, 60O"HG
= 0. O0"HEG

. BEO

[ N N
D253, 2ET. ZE7.
FacaL Fam  ERROR
008767 Q0 0B48Z I 20T
EREIED 0. 01114 Q. 01710
Facal FaM  ERROR
0. QEzE4 O 02422 4 733
3. 2LE45 0. 01110 001702
FACAL FaM  ERROR
0. 02676 0. 024BT I ERL
331553 . 01131 001724
ACAL FAaM  ERROR
0. 0BE10 0. QE4EE 3 3464
3EEZI0 0, DODO0 0. 00000



RUN NO. 73,
MODE: ]
COMMENTS: CARB. BASELINE, STACk
TEMP(DE) = 2Z 40F FIUUEL RATE= 35 3Z0%#/HR ENGINE RPM{NOM)=2349 RPM
MF(DP) = 472 0Q0F AIR RATE = 422 2713#/HR "ENGINE RPM(ACT)=ESE7 RFM
1EMP{BAR) = 21, Q0F F/A RATIO= 0. 0242#/% EHF (OBS) = 4% 0OHF
EAR PREZS(OE)= Z% Z7"HG FHIM = 1. 2573 EBHP{CORR) =0, OHF
BAR PRESZ(CR)= 2% 22"HG [ 2 = 3. S000 MAN VACKORS) =11, A40"HG
SPEC HUMIDITY=0. Q075#/# C-BALANCE= 1 MAN “PRESS (CORR) = 0! O0"HG
C0Z AMBIENT = 0. 045% FUEL H/C = 2. 0250 EXH H/C RATIND =1 850
CYLYy cYLz CYLZ cyL4 EXHALST
CHT 400. 285, 0 a0 0 3750
EGT 1240. 0 1230. 0 1220. 0 1140. 0 1035, 0
Coz 0z LHCC o N NOX.
CONC(FPFM) PRIOL. 1741, 13354, 22747, =75, CETE
EWD XTC MWEXH EXH FLOW FACAL ‘FAaM  ERROR
METHOD 1. Z 0. 86717 1. 0OT0S 27. 21214 4313 %37 0. 0B750 0. Q2483 3 141
MAZS 7 MODE ( LEM) S5, PELAL 0. 02044 0. 04153 3O30ZEZ D 01251 0, QEO7Z
WD XTC MWEXH EXH FLOW FACAL - FAM ERROR
METHOD 2. 1 0, 87230 1. 00000 Z7. 11150 427677 Q. 0BE70 0. 02432 4. 3214
HAIQIMUDE(LDM) 5. 72eb4 Q. 02044 0 04127 ZB0ZEE 0. 01243 0. DFOLD
FWE XTC MWEXH EXH FLOW Faal. FAM  ERROR
METHOD 2 1 0. 86927 0. 9706 ZT7. Z4TTL L4177 L% 0. 08441 0. 0E42F 1879
MASS/MODE (LEM) G 04038 0. D198 0. 04Z37 3OBESTO 0. 01374, 0. 0Z1i07
EWD XTC MWEXH EXH FLOW FaCAL FaM  ERROR
METHOD = & 0. BATIL O 220046 Z7. 24576 L21309951 0 002202 0/0842F 3 7LD
MASS/ MODE (LEM) 5 RELEE 0, DOOO00 0, 04153 IOB0Z17 0. DOO00 0. Q0000
RUN MO 741
TIDE t
JMMENTS: CARE. BASELINE, YL, 1 .
TEMF{DE) = 9% D0OF FIUEL RATE= o, L ENGINE RFMUNOM)=1Z00 RFM
TEMF (DF) = 4% 00F AIR RATE = 107 43 ENGINE RFM{ACT)=11%% RPM
TEMF ({EAR) = =i, QOF F/re RATIO= 0.« BHF (OBES) = @ AHF
EAR FRESSGOORE)= 39 37"HG FHIM = 1. uuh EHF {CORR) = 0 OHF
EAR PRESS{CR)Y= 9. Z3VHG k. = D000 MAN VaC{OBES) =19, Q0MHG
SPEC HUMIDITY=Q, QO758 /74 C--EALANCE i MAN FPRESS(CORR )= Q. ﬁU”HG
COZ AMEBIENT = 0. 045X FUEL HAC = FO0EED EXH H/C RATIO =1, 850
oYLl CYLE CYLE YL EXHAUST
CHT 405 0 400, O 40, 0 405, O
EGT 1060, O TEES, O 1040, 0 20, 0 L20. 0
o o LS o [N MNOX
CONC{FEM) wy1EEL. 1509, £E15, SR645, HE. PE.
kWD AT MWEXH EXH FLOW FACAL FaM  ERROR
METHOD 1. 2 Q. BA79E 1 00731 2708801 1473 555 0 02944 O QB33F 1. 499 )
MASS/MODE (LEM) Q. ThLODLE . QOR14 0. 00752 0. 46213 0, QO0AD 0, ODOPIE
EWD XTE MWEXH EXH FLOW FacaL FaM  ERROR
METHOD & 1 0. B7543 1. 00000 F4 PITIZ 1659 4T3 0. 09173 0. 0B83E 3 863
MAZS/MODE(LEM) 0, TEOE 0. 00¥14 0. 00751 0, 46517 0, O0O0AD 0. 00091
» FWD XTC MWEXH EXH FLOW FaCaL FAM  ERROR
METHOD 201 0. 87100 O, 99571 7. 12402% 1714032 0. Q2204 0, 0223 -0, 2E0
MASS AMODE (LEM) 0. 781463 0. 00940 0. 00774 0. 42112 0. 00041 0. 0004
kWD XTC MWEXH EXH FLOW FACAL FaM  ERROR
METHOD 3. 2 0. 26204 0 23054 7, 13402 1473411 0 09041 O.GBBSﬁ 2. EEe
MAZS/MODE (LEM) 0. 74051 0. 00000 0. QOT7E7 Q. 446312 0. 00000 Q. 00000
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RUN NO. 74. 2

MODE: I

COMMENTS: CARE. BASELINE, CYL 2

TEMF(DOR) = 5. POF FUEL RATE=
MPLDP) = 49. O0F AIR RATE =

TEMF (BAR) = 31. O0F F/78 RATIO=

BAR PRESS(OR)= 2% 3I7"HG FHIM =

BAR PRESS(CR)= Z%. ZI"HG k =

SPEC HUMIDITY=0. O075#/74#
COZ AMBIENT = 0. 045%

C—-BALANCE=
FUEL H/C =

CYLL CYLE
CHT 405, 0 4075, 0
EGT 1040, 0 ES. O
Coz e
CONC(FFM) FEOD0. 1509
KW XTC MWEXH
METHOD 1. 2 Q. BLT76LL 1. QO7TT7 Z7. 11007
MASS/MODE (LEM) Q. 7L 000715
WD XTC MWEXH
METHOD = 1 0. 7537 1. 00000 A FERTER
MAJJ/MnDE(LEM) Q. 74245 0. 00715
KWD XTC HMWEXH
METHOD 2. 1 0. 2B707% 0. wYEDL ZT7. 16077
MASS/MODE(LEM) 0. 77042 0. 00942
KWD XTCI MWEXH
METHOD 3. 2 Q. BL77E 0. 2716077
MASZS/MODE (LEM) 0. 0. 00000
RN N 74. 3
mDE )

MMENTS: CARE. BASELINE, CYL. 3
TEMP{DE) = WhPOF FUEL RATE=
TEMF{DF) . QOF ARIR RATE =
TEMF(EBAR) . OOF Fr RAT IO
BAR PREZS(C EH, BTHG FHIM =
EAR PREZS L EEMHG ) =
SPED HIOMIDITY=0, QO758# C-BALANCE:==
COZ AMEBIENMT = Q. 045% FUEL H/AC =

oYLl oYLz

ZHT 405, O 40" 0

EGT 16D, 0 A3, 0
el N

CONC(PFM) Z27004. Z01Z2.

FWD XTC MWEXH

METHOD 1. 2 0. 87032% 1. O0ZE8 6. %6111

MASE/MODE (LEM) 0. 7114 001213

FWD ATC MWEXH

METHOD 2.1 Q. B7E64 1. 00000 ZbL 914467

MASS/MODE (LEM) 0. 7E11% 001213

_ AR ATC MWEXH

METHOD 2.1 087135 O PRILS Zh976LDE

- MAZZ/MODE(LEM) 0. 77320 O Q1IEZ

EWD XTC JMWEXH

METHOD 2. 2 0. 87034 Q. 32763 Zb4 9T746DE

MASS /MODE (LEM) 72116 Q. QO000

CEZ7H/HR
424 7#/7HR
OZ83H/&
3072

S000

M 0= 00 0

QZE50
cYLE
405, 0
1040, O
WHCC
273D
EXH FLIOW
16746 401
0. 00EEE
EXH FLOW
1A6L. 78R4
000215
EXH FLOW
1712
(53 ((\1: =
EXH FLuw
14676 251
O, ODETE

"'{Z."

A r(\f\l)

L DEDO
CYLE
400, 0
10400
LI
039
EXH FLOW
1455, G5
0. OOF0E
EXH FLOW
1655, 506
Q. DOYOT
EXH FLOW
1671, 231
000715
EXH FLDN

O "\0. I()'"’

ENGINE RPM(NOMI=1200 RFM

ENGINE RFM{ACT)=1199. RFM
BHF(OES) = & LHF
BHP { CORR) = 0. OHP
MaN VAC{OBRS) =19, OO"HG
MAN PREZS(CORR)= 0, QO"HG
EXH H/7C RATIO =1, 850
L4 EXHALST
405, O
R0 0 LE0 0
co M NIJX
27338, 101, 101
FAaCAL FaM  ERROR
0. 03%36 00232332 1170
Q. 46124 0. OO0&S 0. 00101
Facabl Far ERROR
Q. 07152 0. 03835 2 AZ0
0. 446182 0. Q00AD 0, 00100
FaCAaL Far  ERROR
03771 0. 0BEIZ ~0. 696
0. 47513 0. DO0&T7 0. 00103
FaCaL FaM  ERROR
Q0015 0, 0ER3E  Z 0462
0. 44133 2. DODO0 0, D000

ENGINE RPM{NOM)=1Z00 RPM
ENGINE RFM{ACT)Y=11%% RFM
EHF A ORS) = 3 GHP
EHF { CORR) = 0 OHF
MaN Vais OB ul?.DO”HG
MAaN FRESS{CORR) = 0. OO0"HG
EXH HAT RATIO =1, 850
CYLE  EXHAUST

405 0

IO 0 LE0. 0

[N} MO NOX
Ecicicyd 7. 7.
FACAL FaM  ERROR

0. 07141 O OBEIZ 3 498

Q. 47011 Q. QOO5A 0O, QOOEA
FACAL FAM  ERROR

0. 0TIOE 0. DEE3Z 4. Z4%

0. 47012 0. 00056 0. 00084

FRCAL
0, 0701
Q. 47427
FACAL
0. 07146
0. 47010

FaM  ERROR

0. QEEIZF I 9I5
0. 00057 Iy
FaM  ERROR

Q. 0BE32E 3777
0. 00000 Q. 00000

QOOR7



RUN NO. 74, 4
MODE : &
COMMENTS: CARE. BASELINE, CYL. 4
TEMP(DE) = 95 20F FUEL RATE=
MP{DP) = 4% QOF AIR RATE =
1EMF (RPAR) = 81. OOF Fsa RATIO=
EAR PRESS(OB)= 2% 37"HG FHIM =
BAR PRESS(CR)= 29 Z3"HG ¥ =
SPEC HUMIDITY=0. 0075#/# C-BALANCE=
COZ AMBIENT = 0. 045% FUEL H/C =
oYL CYLE
CHT 40%. 0 405, 0
EGT 1060. 0 TES, O
coz 0z
CONC (FFM) 79105, 1386,
WD XTC MWEXH
METHOD 1. 2 0. B74Z0 0. PIISL Fh, LTIT4
MASS/MODE(LEM) 0. L4037 0. 01110
EWn XTI MWEXH
METHOD 2. 1 0. 87376 1. 00000 Z6. ABZES
MASS/MODE (LEM) 0. L4031 001110
. EWD XTC MWEXH
METHOD 31 0. 27403 1. ODOZ6 Fh LTOTE
MASS/MODE (LEM) 0. £371% 0. 01108
KW XTC MWE XH
METHOD 3. 2 0. 57420 0. 34644 6. GTOTE
MASEAMODE (LEM) 0. 402 0. DOO0O
RUN NOL - 74,5
TIDE: t
JMMENTE: CARE. BASELINE, STACK
TEMP (DR = 95 P0F FUEL HATE=
TEMR(DF) = 4% O0F AIR RATE =
TEMP(BAR) = 321, O0F FrAge RATIOS
GAR PRESS ETHG FHIM =
EAR PHEC_ : TOEETHG K =
SFEC HUMIDITY=0. Q075H/ # - BALANCE =
COZ AMEBIENT = 0. 045% FUEL H/C =
oYL CYLE
CHT 405, 0 405, 0
EGT 10460, 0 DES, O
g e X
CONC{PFM) BEEOL, EETO
E WD XTC MWEXH
METHOD 1. 3 0. B70ZZ 1. QOPES ZAFSEL1
MASE/MODE ( LEM) 0. 71645 O, Q192
KW XTC - MWEXH
METHOD 2. 1 0. 5797 1. 00000 Z6. TLA4S
MASS/MODE (LEM) 0. 71656 0. 0194F
FWD ATC MWEXH
METHOD 2.1 0. 57401 0. 99449 7. 01884
MASS/MODE ( LEM) 0. 74184, 0. OIZ03Z
EWD XTL MWEXH
METHOD 2. 2 0. 87027 O, IIETT ZT7. O18T4
MASS/MODE (LEM) 0. 71643 0. 00000
C..

o7

. L237#/HR
109, 6347H#/HR
. QERZHA
3072

. 2000

Mo = O

0ZoE0
CYLZ2
405, O
1040, 0
LIHCE
3819,
EXH FLOW
16172 193
Q. GOP35
EXH FLOW
La1E wey
Q. OOP3E5
EXH FLOW
1410, 932
0. DOPIE
EXH FLOW
1613 201
Q. O0PE5E

1040Q. 0

LHCC

BELT.
EXH FLOW

1ADZE Ab2
0, D0wT71
EXH FLOW
LA2E, Qbb
0, QO%AL
EXH FLOW
1703 812
0. 01001
EXH FLOW
152 457
0. 0071

15

ENGINE RPM{NOM)=1Z00 RFM
ENGINE RPH(ACT)=11?? RFM
EBHF { OBS) = 8 LHF
EHP ( CORR) = o OHF
MAN VAC(DBS) =19 00"HG
MAN. PRESS (CORR) = 0. QO"HG
EXH HfE;RﬁTID =1, B50
oYL4 EXHAUST
405, 0
S0, O £330, 0
oo NI NCIX
105516, 71. 71.
FaCAL FaM  ERROR
0. 0FS6E 0. 08E3T 8 331
0. B40%3 O 00045 0. 0004S
FaCaL FaM - ERROR
3~r=" 0. OBE3ET 180
54075 0. 0004% 0. 0004AR
FAPAL FAM ERRDR
0 OIETE Q. 0883 2, 445
d4011 0, 0ﬁ04" 0. DOOLE
FACAL FaM  ERROR
0. 0PSSO OBE3Z & 275
0. S40%8 0. 00000, 0. 00000

ENGINE REM{NOM)=1Z200 RFM
ENGINE RFM{OACTY=119% RPFM
BHF' (‘:‘E’S ) = Eq /_..,HF.-
EHF ‘:l:’F(R ) o= 0. DHF
Man VAC{DES) =1, DOTHG
MAN PRESS(CORR)= 0. OO"HD
EXH HAC RATIZ =1, 350
oYL 4 EXHALIST
405, O
a0, O 30,0
Lo NG NOX
FROLT, =l =14
Facal FaM  ERROR
007116 O OBS3Z 3207
0. 47134 0. DOOS7 0. O0OE7
FACAL FAM  ERROR
0. 0P3EY O 0B33Z 4 200
0 471791 0. QOOS4E 0. 000246
FACAL FaM  ERROR
Q. 08202 0. QBEIZ D B5Y
0. SOFZ7 0. 0005 0. 000F0
FACAL FAaM ERHDH
0. 015 0. 08238 4, 238
0. 491323 0. DQOOQ 0. 00000



RUN NO. 751

MCDE: 7
COMMENTS: CARB. BASELINE, CYL. 1
TEMP (DB) = 95, ZOF FUEL RATE= 5,3918#fHR ENGINE RPM{NOM)= 700 RFM
. MP(DP) = 57. OOF AIR RATE = 66, 96SZ#/7HR ENGINE RPM{ACT)= 718. RFM
TEMP ( BAR) = 22. OOF F/A RATID= o.ooo i/ EHP ( OBS) = 5 1HF
EAR PRESS(0OE)= 2% 36"HG PHIM = 11935 EHP { CORR) = 0. OHF
EAR PRESS(CR)= 29. Z2"HG K = 3. 5000 MAN VAC(OBS)  =17. 40"HG
SPEC HUMIDITY=0. 0101#/# C-BALANCE= 1 MAN PRESS(CORF)= 0. D0"HG
£OZ AMEIENT = 0. 045% FUEL H/C = 2 0ZS0 EXH H/C RATIO =1, 850
CYLL ‘CYLZ CYLS CYL4  EXHAUST
CHT 370. 0 280, 0 285, 0 3E0. O
EGT 20. 0 785. © 250. 0 790, 0 420. 0
coz 0z LHCE oo NG NOIX
CONC(FPM) 105714, 1836, 2703, L5343, 107. 107
KWD XTC MWEXH EXH FLOW FACAL FAM ERROR
METHOD 1.2 0. BLOSE 1. 01000 27. 51114 981 821 0. 08324 0. 08051 3 390
MASS /MODE ( LEM) 017119 0. 00Z2ZZ - 0. 00140 0. 06741 0. 00014 O OOOZ1
MASS/HF/ZCYCCR/HP/C) O 12725 0. 00248 0. 00147 0. 0637% 0. 0003Z 0. 00050
KW XTC MNEXH EXH FLOW FACAL FAM ERROR
METHOD Z. 1 0. Z7080 1. 00000 27. 3136 70, 417 0. 0ESE7 0. 08051 4. 451
MASE /MODE { LEM) 0.17121 0 00222 0. 00158 o 06747 0. 00014 0. D00ZL
MASS/HP/CYC(#/HP/C) 0. 12726 0. 00248 0. 00145 COAZEO 0. 0003Z 0. 00047
FWD XTC MWEXH EXH FLOW FALAL FAM ERROR
METHOD 3. 1 0. BL49Z O, 9R43Z 7. 57617 1015 084 0. 08117 0. 08051 0. 223
MASS./MODE (LEM) 017788 0. 00Z30 0. 001465 0. 07005 0. 00014 0. 00022
MASS/HP/CYCCR/ZHP/C) 013073 0. 00255 0. 00150 0. 06551 0. 00032 0. 000T1
WD XTEC MWEXH EXH FLOW FACAL FAM ERROR
METHOD 3. 2 0 BLOAT O, 3TIOP I7.STELI7 B 664 0. 0B4Z0 O 0B0S1 4. 520
MASE SMODE ( LEM) 017118 0. 00000 0. 00160 0. 0&741 0. 00000 0 00000
SEAHP/CYCCRAHP/C) 0012735 0. 00000 0. 00147 0. 06377 0. 00000 0. 00000
RUN NO. 75, 2
MODE: 7
COMMENTS: CARE. EASELINE, CYL. 2
TEMF (DE) = W5 IOF FUEL RATE= 5. I%1GHHR ENGINE RFM(NOM)= 700 RFM
TEMF (0IF) = E7. O0F AIR RATE = 66 TLEIH/HR ENGINE RPM{ACT)= 713 RPM
TEMP { BAR) = @I 00F F/it RATIO= 0. OZOSH/ 4 EHF ( OBS) = 5.1HP
i 9. BLTHG FHIM = 1. 1935 EHF ( CORR) = 0. OHF
i 2. ZEHG K = 2 5000 MAN VAC{ OBS) w17 4H"Hﬁ
SPEC HUMIDITY=0. 0101%/# C-BALANCE= 1 MAN FRESS(CORR)= 0. 00"HG
COZ AMBIENT = 0. 045% FUEL H/C = I 0250 EXH H/C RATIO =1, 850
CyLi CyYLE CYLE CYL4  EXHAUST
CHT 90, O 2E0D. O TES. O 2E0. O
EGT 7E0. 0 785 0 250, O 790, O 430, 0
ZOE () LIHCE NN M NCIX
CONC (FPM) 104343, 1761 2528, LELEE, 11z, 11a
WD XTC MWEXH EXH FLOW FACAL FAM  ERROR
METHOD 1. Z 0. BEOST 1. 01073 27. 45930 %75 604 O, OB3IFI 0. 08051 4 23T
MAGE /MODE {LEM) 0. 16764 0. 00Z06 0. 00148 0. 06770 0. 00015 0. 000Z3
MASS/HP/CYC(R/HP/C) O 11961 O, 0DZES0 0. 00147 0. 068464 0. 000Z7 0. DOO4AL
FWD XTE MWEXH EXH FLOW FACAL FAM ERROR
METHOD Z. 1 0. 87186 1. 00000 27. 25116 P63 424 0. OB&72 0. 08051 7. 780
MASS /MIDE (LEM) 0. 16766 O 00Z06 0. 00146 0. 0&7%1 0. 00015 0. DOOZ3
MASS/HF/CYC(R/HP/C) 0. 119462 0. DOZS0 0. 00144 0. 04865 0. 00024 0. DO04AL
WD XTEC MWEXH EXH FLOW ~ FACAL FAM ERROR
METHOD 3. 1 0. 86550 0. ¥R 27, SIFI4 1011, 08% 0. 02167 0. 08051 1. 441
MASS/MODE ( LEM) 0. 17467 0. 00Z14 O O01EZ 0. 07284 0. 00014 0. 000Z4
MASS/HF/CYD(#/HP/C) Q. 12304 0. 0056 0. 00147 0. 06%F0 0. 00027 0. 00041
KWD XTC MWEXH EXH FLOW  FACAL FAM  ERROR

METHOD 3. 2 0. BLOFY 0. ZZS1E I7
MASS/MODE (LEM) 0. 16763 000000 0. 00148 0. 07RO 0. 00000 0. 00000
MASS/HF/CYC(#/HF/C) 0. 11741 0. 00000 0. 00147 0. 06E64 0. 00000 0. 00000

. DZREL 75437 008476 0. 08051 D 526
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MODE - 7
COMMENTS: CARB. BASELINE, CYL. 3
TEMF(DE) = 95, ZOF FIJEL RATE=
MP{DF) = 57. O0OF AIR RATE =
|EMP(EAR) = 2Z. O0F F/A8 RATIO=
BAR PRESZ(OR)= Z% 3246"HG PHIM =
EAR PRESS(CR)= 2% Z2Z"HG k =
SPEC HUMIDITY=0. O101#/% C—-BALANCE=
202 AMEBIENT = 0. 045% FIJEL H/C =
cYLd ‘CYLZ
CHT 2720. 0 80,0
EGT 730. 0 7850
Coz 02
CONC(FFM) FRCHICH 2E15
kWL XTC MWEXH
METHOD z Q. 26427 1, 00B3E0 27, 12425
MASS/MODE (LEM) 0. 14568 0. 00zZEs
MASS/HF/CYC(#/7HR/CY O 124677 0. DOZO7
FWD LTC MWEXH
METHOD Z. 1 L B7341 1 00000 Z6. PEIT0
MASS/MODE (LEM) 0. 14571 Q. O0Z25
MASS/HF/CYC(HAHPZC) O, 12675 0. O0Z07
' WD XTC MWEXH
METHOD 2.1 L BABAL Q. PIS04 ZT7. 1320873
MASS/MODE(LEM) 0. 150472 0. O0EY4
MASS/HR/CYCORAHP /ALY O 12850 0. 00Z10
FWD ATP MWEXH
METHOD 3. Z 0. BLATT O, 3FTOI I7. 15083
MASE/MODECLEM) 0.145&- Q. OO000
1SESHPSTY O R AHPACDY O LEATT D, Q0000
RUN NO. 75, 4
MODE 7
COMMENTS: CARE. BASELINE, CYL. 4
TEMF(DE) = Q5. EZQOF FUEL RATE=
TEMF{DF) = 57.00F AIR RATE =
TEMF{BAR) = ZI 00F Frsas RATIO=
EAR PREZS(ORE)Y= Z9. 26"HG FHIM
EAR FRESZ(CR)= Z% ZEVHG [ =
SPEC HUMIDITY=0. O101#/# C-BALANCE=
COZ AMEBIENT = 0. 045% FUEL HAD =
CYLl CYLZE
CHT a0, O BEO. ﬁ
EGT TEQ. 0 755,
[ (b
CONC{FFM) 29341, 244D,
EWD XTC MWEXH
METHOD 1. = Q. B&ELT L 00774 26, R7LTY
MAZZ/MODE (LEM) Q. 13707 Q. Q0ETS
MAZS/AHF /YO HAHRPAD) Q0 131746 Q. 00171
WD XTC MWEXH
METHOD 2. 1 L B74460 1. Q0000 Zé.?l?Zi
MAZE/MODE (LEM) 0. 13711 0. Q0275
MASS/HF/CYD(RAHFP/C)Y 0. 15195 0. 00171
KW XTC MWEXH
neTHOD 201 Q. LD Q FP5L4T ZT7. OZB93
MASS/MODE (LEM) Q. 14113 0. O0ZE32
MASS/HF/7CYC(RAHFPAC) O 11841 0. 00147
kWD AT MWEXH
CMETHOD 2. 2 0, BAATS O IBYTT ZT7. 05893
MASS/MODE (LEM) 0. 1370% 0. 00000
MASS/HF/CYCCRARFAC)Y O 12197 Q. 00000

mr»grrcjc~m

E

941,

E

0.

E

E

Lo A

E

E

E

E

[ S T

IP124/HR
. PEOEZHHR
. OZ0SH#/#
1735
S000

’4/U
XH FLOW
214
0. D016
0. 00123
AH FLOW
P31 P65
Q0174
0. DOLET
AH FLOW
T, EEE
0. 00201
0, D01
IH FLOW
?41.0?3

L O0Les
0 20

..."

/12#/HR

1230

000

DEDO
oYL
SEm 0
250,00
LI

XH FLOW
FZb, 617
0. DO197
0. 00124

XH FLOW
F1E FE

0. 00195
0. 001ED
XH FLOW
TEO. YL
0. 00Z0Z
0. 00122
XH FLOW
FEL ST
0. 00197
0. 00124
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(o)

0.

ENGINE RPM{NOM)= 700 RFM

ENGINE RPM{ACT)= 718. RPM
BHP{OB%) = 5 1HP
BEHP { CORR) = 0. OHF
MAN VAC(OBS) . =17, 40"HG
MAN-PRESS{CORR) = 0. OO"HG
EXH H/C RATIO  =1. BS0

TYL4  EXHAUST

B0, 0

770. 0 4730, O

£ N NOIX
S4A033, 74. 74,
FACAL FAM  ERROR

Q2TL4
O, oEIEY
0. 0L443

02051 10, 0%
Q. 0000V 0. 00014
0. 0031 0.Q004%

FACAL "FAM  ERROR
07105 0. 02051 12 0BL
0. 03291 0. 0000E 2. 00014
0. D&442 2. 20031 0. 00043
FacAaL FAM ERROR
0..08051 7. 7v9
2. 00007 0. 00014

0.

0

0. QO03ZE 0 000047
Fart o ERROR

L REOSL 11 1es

0. 00000 2. QOO00

. 0/44“ £, DOO00 0. 00000

EMGINE RFPMONCOM)= 700 RFM

ENGINE RFM{ACT)= 718 RFM
EHF { DES = . LHP
EHF ( CORR) = 0. OHF
MAN VACI{OBES) =17, 40"HG
MAN PRESE(CORR)= O, 00"HG
EXH H/T RATIO =1, 350
CYLE  EXHAUST
ZEO. 0
790, O 430, 0
co N NEX
FOT LT, LS., &5,
FACAL FAM ERROR
OFOT7 0. DEOSL 1Z. 740
0. 0EEZZ 0. 00007 0. 0001E
0. 06761 0. DOOZP 0. 00044
FACAL FAM  ERROR
0PI 0. OBOSL 15 547
0. 08234 0. 00007 0. 00012
0. 0ETEL 0. 00027 0. 00045

0.

0.

FacCaL FaM o ERROR
0EY05 0. 02051 10, 407
0 0F0R3 Q. 0000 0. 00012
0. 0&LEL 0. 000ZE 0. 000473
FACAL FaM ERROR
09160 0 02051 13 770
0. 0EE33 0. 00000 0. OO0
0. 06761 0. DO000 0. QOO00



RUN NO. 755
MODE: 7
COMMENTS: CARB. BASELINE, STACK
TEMP{DE) = 3. Z0F FUEL RATE=
MPLDP) = 57. OOF AIR RATE =
TEMF(EAR) = 82 OOF F/7A RATIO=
BAR PREZS(0B)= 2% 34"HG PHIM =
EBAR PRESS(CR)= Z%. ZZ2"HG K =
SPEC HUMIDITY=0. 0101#/% C-BALANCE=
CoZ2 AMEIENT = 0. 045% UEL H/C =
Cyld cyLz
CHT 0.0 80,0
EGT 720. 0 7835, 0
o2 0z
CONC(PPM) 75441, 2515
EWD XTCH MWEXH
METHOD 1. 2 0 26405 1. 01011 27, 183267
MAZS/MODE(LEM) 0. 14732 0. DOZBL
MASS/HP/CYC(H/HFP/C) O 12315 0. DO152
EWD XTC MWEXH
METHOD 2.1 0. 37443 1. 00000 24 75170
MAZS/MODE (LEM) 0. 147324 0. 00284
MAZZ/HF/CYC(R/HP/AC) O 12315 0. 00152
WD ATC MWEXH
METHOD 3.1 0. 268321 O ¥Y41E 27, E5074
MASS/MODE(L.EM) 0. 15515 Q. 00I97
MASS/HF/CYC(R/HP /D) 0 12092 0. D015l
© o EWD MWEXH
METHOD = 2 Q864146 O 33300 7. 5074
MASEMODE CLEM) 0. 14 0. D000
SHPZCYC(CRAHP /Y O 12310 Q. Q0000

T128#HR
éSZ#/HR
OZOS##

‘0 W

M=o e 0
(=Y
- 1
L) ¢
(&

3850
250, 0
UHCC
G265,
EXH FLOW
PRl DIG
0. 00134

0. 00101
EXH FLOW

CHED 456
0. 00133
0. 00101

EXH FLOW

2T LD
D 001eE
0. 00100
EXH FLIOW
TGl DT
0. D01lEs
Q00101

C-18

ENGINE RPM({NOM)= 700 RPM
ENGINE RFM(ACT)= 718. RFM
EHF(ORS) = S 1HF
EHF (CORR) = Q. OHP
MAN VAC(ORS) =17. 4Q"HG
MAN PRESS(CORR)= 0. OQO"HG
EXH H/C RATIO =1, 850
CYL4 EXHAUST
2380, 0
770. 0 4320. 0
oo N NOX
21518, a7. a7.
FACAL FaM ERROR
0. 028772 0. Q20IL 2 770
OE0O7Y 0. Q00011 0. 00014
0. QL7 Rb 0. 00021 0. 0004#‘4
FACAL FaM  ERROR

0. 07052 O,
0. 0EOZ0

0, OATIE
FacAaL

0. 02555 0.
0. QEIv4

02031 12 499
0. 00011 0, 00014
Q. 00031 0, 00043
FaM  ERROR
2051 A 26T
000011 0.0
Q. QLTEO 0. 00031 0.0
Facal FaM  ERROR
0, QEI7T7 0. 03051 10, 268
0, 0BT 2. 00000 O D0000
0 QETR6 0. 00000 Q, 00000

o0
0947



