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GLOSSARY OF TERMS USED IN APPENDICES
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INTRODUCTION

BACKGROUND.

The Clean Air Amendments of 1970 (references 1 and 2) charged the Environmental
Protection Agency (EPA) with the establishment of aircraft engine pollution
control standards to protect the public health and welfare. Subsequently

the EPA, has published standards for the control of emissions from aircraft
engines, The Amendments also specified that the Department of Transportation
(DOT) and the Federal Aviation Administration (FAA) promulgate regulations
enforcing the EPA aircraft engine emission standards.

A program was initiated in October of 1973 authorizing a three-phase test
program entitled "Piston Engine Emission Investigation." This effort, together
with other follow-on projects, was designed to provide baseline information

on the emission levels of a cross-section of general aviation piston engines,
develop test procedures and calculation methods of handling the test data,
determine the effects of ambient conditions on the emissions produced,

explore the possibilities of reducing emissions by lean-out of the fuel/air
(F/A) mixture or spark-timing changes (advance or retard spark timing), and
evaluate the impact on aircraft safety that such minor engine changes would
have.

The FAA was also required to determine whether general aviation engines met
the continuous compliance aspects of the EPA's standards. In order to
understand the scope of a full-scale continuous compliance program, a pilot
program was run. This report deals with the results obtained from the pilot
program entitled "Pilot Program for Piston Engine Continuous Compliance
(Emissions) ."

PURPOSE .

The purpose of the pilot program is as follows:

1. Develop the equipment and test procedures which would be used in expedi-
tiously and accurately measuring emissions and engine parameters in a large-

scale continuous compliance program.

2, Obtain in-service information on two types of engines which would be
representative of the type of aircraft used in the full-scale program.

3 Establish whether emissions change to a measurable extent, and if so, over
what time frame.




DISCUSSION

DESCRIPTION OF AIRCRAFT AND ENGINES.

In the pilot program, there were two test aircraft, a Semeca II using a TSIO-
360E (200-hp) turbocharged engine and a Baron B-55 using an I0-470L fuel~-
injected engine (260 hp). In both cases, the left engine of the twin-engine
aircraft was used for the test.

In order to test the engines with the precision of a laboratory test, modifica-
tions to the aircraft were required during round tests. The engine was ’
returned to its original configuration after a test was completed. The mod-
ifications included installation of the following: (1) a modified cowling

which incorporated provisions for an induction air measuring system, (2) a

fuel flow measuring system for both high and low flow, (3) pressure and

temperature probes to monitor the cooling air, (4) exhaust pipes modified

to accept an emission sampling probe and a thermocouple, (5) precision

pressure gages for measurement of manifold pressure and fuel pressure, and
(6) an emission sampling probe in the modified exhaust pipe and a chromel-
alumel thermocouple upstream of the emission probe.

In conducting the tests, it was recognized that the engines could overheat if |
a high-power condition was maintained for extended periods during stationary
testing. To avoid such a situation, a high-volume, high-pressure-rise air
blower was installed at the test site. This unit ducted air into the engine
at velocities up to 70 miles per hour (mph), equivalent to a 2.3-inch HZO
pressure rise to prevent engine overheat.

INSTRUMENTATION.

Two types of instrumentation systems were used in conducting the test; engine
performance instrumentation and emission measurement instrumentation.

ENGINE PERFORMANCE INSTRUMENTATION. The engine performance instrumentation
used in the tests was identical for both test engines except for differences
in adapters, ducting, etc., which were required due to the differences in
engine installation; however, these variations had negligible effect on the
measurements.

Figure 1 is a schematic of the fuel flow measuring system used. The system
incorporated a dual-path flow system. For high flows (20 pounds per hour
(pph) to 250 pph), a high-flow Cox rotameter was used. This was calibrated
using aviation gasoline (Avgas) and had an accuracy of +0.5 percent of full
scale. For low fuel flows (0.5 to 22 pph), a low-flow Cox rotameter was
used with an accuracy of +0.5 percent.
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The airflow measuring system was also a dual-path flow system using Autronics
air meters (turbine-type volume-measuring devices).
of meters 0 to 100 cubic feet per minute (cfm) for taxi and O to 600 cfm
Figure 2 is a schematic of the air system.
of the air measuring system was +3 percent at taxi and +2 percent at approach to

There were two size ranges

The tolerance
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To measure the manifold pressure, a high-accuracy gage was used. This was a
Wallace and Tiernan, 0-60 inches of mercury absolute (inHgA) gage, which was
teed into the pressure line carrying manifold pressure to the cockpit gage.
This device had an accuracy of +0.1 inHgA.

The measurement of exhaust gas temperature was accomplished by inserting a
chromel-alumel thermocouple in the exhaust pipe of the engine upstream of
the emission measurement sampling probe. The accuracy of the temperature
reading was +3° Fahrenheit (F).
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In addition, the cooling air pressure drop (Ap) across the engine was measured
on an inclined water (Hj0) tube manometer. Typically, ap ranged from

0.5 inHy0 at taxi to 3 inH20 at takeoff, The accuracy of this measurement
was +0.1 inH20, but it should be noted that the probe locations used for this
measurement were selected based only on geometric considerations and thus

may not be truly representative of the pressure drop which the engine was
experiencing. However, it served a useful purpose, inasmuch as it provided
an indication of the level of pressure developed by the cooling air as it
entered the nacelle. The overall test configuration, as illustrated in
figure 3, shows the relative prosition of the aircraft, the cooling air duct,
the engine and cowling, and the induction air measuring system.

EMISSION MEASUREMENT INSTRUMENTATION.

Emission Analyzers. The instrumentation used to monitor the exhaust
emissions from general aviation piston engines was basically the same as that
recommended by EPA but with a number of modificationc and additions to
enhance the reliability and accuracy of the system. A schematic of the
emissions measurement system is shown in figure 4. The basic instrumentation
used in this system, shown in figure 4, is as follows.

Carbon dioxide. The carbon dioxide (CO2) subsystem is constructed
around a Beckman model 864-28-2-4 Nondispersive Infrared Analyzer (NDIR).

This analyzer has a specified repeatability of +1 percent of full scale for

each operating range. The calibration ranges on this particular unit are as
follows: range 1, 0 to 20 percent; range 3, 0 to 5 percent. Stated accuracy
for each range is therefore +0.2 and #+0.05 percent CO2, respectively.

Carbon monoxide. The subsystem used to measure carbon monoxide (CO)
is constructed around a Beckman model 865-X-4-4-4 NDIR. This analyzer has a
specified repeatability of +1 percent of full scale for ranges 1 and 2, and
+2 percent of full scale for range 3.

Range 1 was calibrated for O to 20 percent by volume, range 2
for 0 to 1,0C0 parts per million (ppm), and range 3 for O to 100 ppm). The wide-
range capability of this analyzer is made possible by using stacked sample
cells which, in effect, give this analyzer six usable ranges.

Total hydrocarbons. The system used to measure total hydrocarbons
(HC) was a modified Beckman model 402 heated flame ionization detector. This
analyzer has a full-scale sensitivity that is adjustable to 150,000 ppm carbon
with intermediate range multipliers of 0.5, 0.1, 0.05, 0.01, 0.005, and 0.001
times full scale,

Repeatability for this analyzer is specified to be +1 percent of
full scale for each range. In addition, this modified analyzer is linear to
the full-scale limit of 150,000 ppm carbon when properly adjusted.

Oxides of nitrogen. Oxides of nitrogen are measured by a modified
Beckman Model 951H atmospheric pressure, heated, chemiluminescent (CL) analyzer.
This analyzer has a full-scale range of 10,000 ppm with six intermediate ranges.
Nominal minimum sensitivity is 0.1 ppm on the 10 ppm full-scale range.
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A modification was made to this analyzer by adding a flow control
valve to adjust and balance the flow rate through the NO and NOx legs. Thics
valve replaced a restrictor clamp that was used by the manufacturer to set
the NO to NOy flow balance.

Oxygen measurement. Oxygen (0j) was measured by a Beckman model
OM-11 oxygen analyzer. This analyzer uses a polaragraphic-type sensor unit to
measure oxygen concentration. An advanced sensor and amplification system
combined to give this analyzer an extremely fast response and high accuracy.
Specified response for 90 percent of final reading is less than 200 milliseconds
(ms) with an accuracy of less than +0.1 percent 0,. Ranging on this unit is a
fixed O to 100 percent 0y concentration,

Description of Sample Handling System. Exhaust samples were transported
to the analysis instrumentation under pressure through a 35-foot-long, 3/8-inch
outer diameter, heated, stainless steel sample line. The gas was first filtered
and then pumped through this line by a heated Metal Bellows model MB-158 high-
temperature stainless steel sample pump. The pump, filter, and line were main-
tained at a temperature of 300° +4° F to prevent condensation of water vapor
and hydrocarbons. At the instrumentation console, the sample was split to
feed the hydrocarbon, oxides of nitrogen (NO,) and CO/C0,/0p subsystems which
require different temperature conditioning. The sample gas to the total
hydrocarbon subsystem was maintained at 300° F, while the temperature of remaining
sample gas to the NO, and CO/CO,/0 system was allowed to drop to 150° F. Gas
routed to the NOy subsystem was then maintained at 150° F, while the gas to
the C0/C0,/0, subsystem was passed through a 32° F condenser to remove any
water vapor present in the sample. Flow rates to each analyzer were controlled
by a fine-metering valve and were maintained at predetermined values to minimize
sample transport and system response time, Flow was monitored at the exhaust
of each analyzer by three 1l5-centimeter (cm) rotameters. Two system bypasses
were incorporated into the system to keep sample transport time through the
lines and condenser to a minimum without causing adverse pressure effects
in the analyzers.

Filtration. Particulates were removed from the sample stream at three
locations in the system. Upstream of the main sample pump was a heated
clamshell-type stainless steel filter body fitted with a Whatman GF/C Glass
Fibre paper filter element capable of retaining particles in the 0.l-micrometer
(um) range., A similar filter was located in the total hydrocarbon analyzer
upstream of the sample capillary. An MSA-Type H Ultra Filter capable of
retaining 0.3-um particles was located at the inlet to the NO_ and CO0/C0,/0,
subsystems. Filters located at these three locations allowed the entire sample
transport and analysis system to be free of particulate contamination, thereby
minimizing downtime due to contaminated sample lines and analyzers.

TEST PROCEDURES.

To understand the tests it is necessary to describe the EPA cycle. EPA specifies
an idle/taxi-out operation of 12-minutes duration, a 0.3-minute operation at
takeoff power, a 5-minute climb, a 6-minute approach, and a 4-minute idle/
taxi-in operation.
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Initially, a seven-mode cycle was used wherein 1 minute was assigned to idle

and 11 minutes to taxi at the start, and 3 minutes to taxi and 1 minute to

idle at the end of the cycle. By eliminating the l-minute idle-power time

at start and finish and assigning it to the taxi modes, the accuracy of the

tests was improved, inasmuch as it was very difficult to get stable engine

readings at idle power. Earlier work indicated that this decision is conservative.
The actual emission production at taxi is approximately twice as much as at

idle, but the reliability of the data obtained at taxi is of a considerably

higher order.

Figure 5 compares the bargraphs for a typical engine based on results obtained
from tests with an I0-320 engine in the earlier piston engine emission program.

2.0

7 MODE CYCLE 5 MODE CYCLE

FEDERAL LIMIT

POLLUTANT LEVEL/FEDERAL LIMIT

78-25-5

FIGURE 5. COMPARISON OF FIVE-MODE AND SEVEN-MODE CYCLE
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The five-mode baseline was conducted in sequence so that the actual time in
mode for any run was approximately 5 minutes. This time was required to
assure stability of the engine and to record the values of engine performance
and emissions. In calculating the emissions over the EPA cycle, the times in
mode as specified by the EPA are used.

In conducting the five-mode tests, it was observed that taxi-out was not
necessarily identical with taxi-in. This is attributed to the fact that at
startup the preconditioning of the engine consists only of starting and running
the engine until the oil is heated up to a specified temperature. During this
warmup period, some buildup of carbon, oil past the rings, etc., would occur,
and this would be reflected in the emissions measured. The taxi-out condition
is set with no clear-out of the engine, and this has an impact on the measured
emissions. However, at taxi-in, which follows a sequence of high-power runs
which have cleared the engine out, the emissions usually are lower than those
measured at taxi-out.

The previous observations indicate that the level of emissions can be changed
by varying the procedure used during the testing. It also should be recognized
that the impact of the taxi mode in the five-mode baseline is quite significant.
The total time assigned to the five-mode cycle is 27.3 minutes. The rate of
emission production is low at taxi, but the time in mode assigned to taxi power
(16 minutes) is sufficiently long to have a considerable impact on the overall
emissions level.

Two types of tests were conducted, (1) the five-mode sequential cycle and

(2) lean-out tests at each of the powers in the five-mode cycle. The lean-out
tests were incorporated in the program in order to reduce variability that
could enter into the results if reliance on the five-mode sequential cycle
alone were used. There are several reasons for this variability. Comparing
results obtained from five-mode sequential cycle tests conducted at two widely
different ambient conditions may result in as much as a 20-percent difference in
the pollutant level. This can occur despite the fact that both sets of data
can be shown to meet the EPA's accuracy requirements. The differences in
pollutant levels arise from the ambient pressure, temperature, and humidity
differences which are present at the time of the tests.

Difficulties occur in comparing cycle emissions unless nearly identical |
ambient conditions prevail for the tests., Lean-out tests, however, provide . |
a convenient mechanism for comparison and analysis of data. These tests are
used in developing curves of pollutants versus F/A ratio at a constant power
level, Tests at different ambient conditions can generate different lines

of pollutant versus F/A ratio for the same power level. The curves can serve
as guidelines for interpolation or extrapolation to other ambient conditions.
The lean-out curves are also useful in constructing hypothetical flight pro-
files for an engine. Thus, at takeoff, climb, approach, and taxi, specific
F/A ratios can be selected and the emissions from this cycle can be determ-
ined without actually trying to set the engine conditions.

R———
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TEST FREQUENCY.

Tests were conducted in order to determine if any change in emission levels
occurs as a function of engine operating time. The test schedule was as
follows:

1. Establish the emission levels of the engine at the outset of the
program. This is the baseline information to which all later tests are to
be compared.

2, At 25-hour engine operating time increments, conduct tests which duplicate the
procedure, sequence, and instrumentation of the initial baseline tests.

3. When an engine is scheduled for a periodic check (oil change, plug change,
etc.) run a test prior to and immediately after the check.

4, At the end of 150 Lours of engine operating time, conduct a final test on
the engine prior to restoring it to its original flight condition and
returning the aircraft to the owners,

COMPUTATION PROCEDURE.

The EPA standard for determining acceptable data in emission tests is somewhat
broad. In effect, it requires that the data must be accurate to within

+5 percent in comparing the measured F/A ratio to the F/A ratio calculated from
the exhaust emissions measured by the sampling system. The computation method
used is in accord with standard chemistry practice and is basically a carbon
balance, hydrogen balance, and oxygen balance technique.

The basic equations used in the computation are shown below. Table 1 defines
the chemical terms used.

Mf (wf) + Ma (Wa) -> Exhaust Constituents
Dry: Mf (C8Hl7) + Ma (02 + 3.76 Nz) -> Mlcoz + M2C0

+ M3H,0 + M4H2 + MSOZ

Wet: Mf (C8H17) + M (02 + 3.76 N2 + XHZO) > Exhaust Constituents

a
where;
M = mols of fuel
Ma = mols of air

M
tﬁrough = mols of various exhaust constituents

Mg

X = mols of water vapor in the air

11




TABLE 1. CHEMICAL ELEMENTS FOR EXHAUST ANALYSIS

Exhaust Products Exhaust Products
Elements Molecular Weight Measured Dry _ Measured Wet
c 12,011 Co2 NO
H 1.008 co CHy
0 16.000 0y
N *14.,080
Cco2 44,011 Exhaust Products
Calculated

co 28,011

H20
H20 18.016

N2
(o)) 32.000

H)
CHy 16.043
N2 28,160
NO 30,000

*There is an approximation used in the computation. This occurs in the assign-
ment of molecular weight of 14.080 to nitrogen (N) instead of the true

absolute value of 14.000. However, this slight modification is used to account
for the unmeasured inert gases in the exhaust. These unmeasured constituents
account for less than 1 percent of the exhaust, and this approximation
simplifies the computation without having a significant impact on the

accuracy of the results.

12
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RESULTS

There were three tests conducted on the Baron B-55 engine and four tests
conducted on the Seneca II aircraft. The average elapsed time between tests
was 25 hours. The results indicated that there was no appreciable change in
the emission level for the Seneca II during the first 50 hours; however, the
aircraft was involved in an accident immediately after it had undergone a
50-hour periodic check. The accident was severe enough to require that the
shaft be removed and magnafluxed, the propellers repaired and rebalanced, the
main bearings changed, and new rings installed. 1In effect, this was equivalent
to an engine change., After a repair job of this magnitude, the manufacturer
recommends that the engine be operated using mineral oil during the break-in
period. Thus, the first three Seneca II tests can only be compared to each
other, and the postoverhaul test is actually a baseline for a new series of
tests with a new engine.

In the introduction to the report, the background and purpose of the program
were described, but as the tests were underway, a change in the EPA's position
as regards the emission requirements for general aviation piston engines devel-
oped. This proposed change in requirements by the EPA in effect removed all
the emission level standards as they applied to general aviation piston

engines (reference 3). For this reason, all testing on the two aircraft

was terminated at the 50-hour point for both the Seneca II and the Baron

B-55.

The data obtained from the tests were reduced and analyzed and are tabulated

in appendices A and B. The emissions measured at the outset of the program and
at the 25-hour increments are shown in these data. The discussion of the test
results is divided into two areas, the Seneca II tests and the Baron B-55 tests.

SENECA II TESTS.

Each of the Seneca II tests consisted of obtaining six sets of data wherein
the TSIO-360E engine was run in the sequence and at the power levels shown
in table 2, It should be noted that the values shown in table 2 for rpm and
manifold pressure were the target conditions; however, under actual test,
there were tolerances of +25 rpm and #0.5 inHgA, respectively, on rpm and
manifold pressure.

13
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TABLE 2. TEST CONDITIONS FOR THE SENECA II TSIO-360E ENGINE
Test Manifold Fuel Flow
Sequence Power pm (inHgA) Pressure pph Remarks
1 Approach 1,900 24,0 Full rich Lean-out; full
to lean rich to 12 1b,
lean
2 Climb 2,450 34.0 Full rich Lean-out; full
to lean rich to 12 1b,
lean
3 Takeoff 2,550 40.0 Full rich Lean-~out; full
to lean rich to 12 1b,
lean
4 Taxi 1,200 17.5 Full rich Lean-out; full
to lean rich to 5 1b,
lean
5 Five-Mode - - - Full rich at
Cycle taxi, T/O ‘
climb, App., |
. and taxi
6 Five~Mode - - - Full rich at
Cycle taxi, T/0
Climb, App.,
and taxi

Using the data obtained from these tests, bargraphs of the emissions produced
These bargraphs are a convenient method of :
indicating an engine's pollutants in the EPA cycle relative to the federal
The Federal pollutant limits for the emissions are as

by the engine were developed.

pollutant limit,
follows

co 0.042 1b/cycle-RHP
HC 0.0019 1b/cycle-RHP
NO_ 0.0015 1b/cycle-RHP

As shown on the bargraph, figure 6, the Seneca II engine (TSI0-360E) exceeded
the limits for both CO and HC during the baseline run. This was expected
based on the results of laboratory tests conducted during phase I of this
program at NAFEC, The baseline tests on the Seneca II indicated that the CO
emission level was 102 percent in excess of the limit, and the HC was 57 per-
cent above the limit.

14
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Subsequent tests at 25 hours and at 50 hours indicated some increase in the
pollutant level for CO; i.e., from 202 to 220 percent of the federal limit and
from 157 percent to 172 percent of the limit for HC. The change in NOX
indicated a decline of about 7 percent in the emission level. It should be
noted that the three tests shown were run with ambient conditions essentially
the same; i.e., the ambient temperatures were within 10° F of each other,

and the ambient pressures were within 0.1 inHgA. There was no attempt made

to correct the data to a standard-day condition. All data are compared
directly in the bargraph presentation.

Figure 6 indicates that the CO and HC measured in the baseline run was within
10 percent of the CO and HC measured after 50 hours of engine operation. A
+10-percent band on the baseline reading encompasses all the CO and HC values
measured for the EPA cycle throughout the 50-hour period. The NOx values
shown in figure 6 range from 10/72 to 8.2 percent of the federal limit
during the 50~hour test period. This indicates a band of +1.25 percent for
the NO_.

X

It is clearly shown in figure 6 that NO, is the least critical of the
emissions produced by the piston engines, since it is usually only about 8
to 15 percent of the allowable federal limit.

It is reasonable to state that changes observed in the emission levels during
the abbreviated test program cannot be attributed to engine wear, since
measurement accuracy and ambient atmospheric differences at the time of 3
testing could have an impact on the emission levels equal to the changes
observed in the 50-hour period. An extended program would probably have been
able to determine whether engine wear or measurement accuracy was the cause
of the emission increase in CO and HC levels shown in figure 6. ;

Figure 7 is a bargraph which depicts the change in cycle emissions resulting

from the major engine overhaul which took place after the 50-hour test.

There are three groups of bargraphs shown: (1) the two 50-hour preoverhaul tests,
(2) the two sets of postoverhaul tests, and (3) the 50-hour preoverhaul test
bargraph constructed from lean-out data with the same F/A ratios which were

run during the postoverhaul test., The contrast between the first and second
group of bargraphs indicates a very marked change in emissions between the
50-hour and the postoverhaul tests. However, in rigging the reinstalled engine
it was found that the full-rich mixture setting of the engine for the post-
overhaul tests was leaner than the full-rich setting obtained during the

50-hour tests. Therefore, to compare the emissions on an equal footing, lean-out
curves were used to generate cycle information for the 50-hour tests at the

same F/A ratios experienced during postoverhaul tests. The third set of
bargraphs constructed as described is in good agreement with the postoverhaul
results, thus indicating that the extensive overhaul which the engine experienced
had no appreciable impact on the emission levels produced by the engine.

15
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BARON B-55 TESTS.

The engine of the Baron aircraft was an I0-470L rated at 260 hp. This is a
naturally aspirated fuel-injected engine with a maximum nominal airflow of
about 1,550 1b per hour. The Baron was tested three times, and the engine was
run in the sequence and at the power levels shown in table 3. The bargraphs
for the pollutants measured on this engine are shown in figure 8. These
bargraphs show the baseline, the 25-hour test, and the 50-hour test.

At the start of the program, the CO exceeded the EPA standard for the cycle by
61 percent, the HC exceeded the standard by 8 percent, and the NO, was

12 percent of the standard. After 24 hours, the CO and HC exceeded the standard
by 61 percent and 26 percent, and the NO, was 12 percent of the standard.

At the 50-hour point, the values for the pollutants were essentially unchanged;
i.e., CO, 56 percent over the standard; HC, 22 percent over the standard; and

NOX, 13 percent of the standard.

When it is recognized that the combined overall accuracy of the measurements

for pollutants and engine parameters falls in the +5 percent range and the
impact of ambient conditions for even minor differences in temperature and
pressure can contribute additional variations of several percent, then it is
reasonable to expect overall variations at 25-hour intervals to vary as much

as +10 percent, even if there is no degradation change in pollutants produced
by the engines. The type of change significant enough to be considered due

to degradation would have to at least equal 10 percent and indicate a trend,
i.e., a change versus time, which could be plotted over an extended time period.

Based on the limited time period during which the Baron's engine was tested,

no appreciable change in pollutant level could be noted. The CO and HC levels
remained virtually constant over the 50-hour time period.

18




TABLE 3. TEST CONDITIONS FOR THE BARON B-55 I0-470L ENGINE

Manifold Fuel
Test Pressure Flow
Sequence Power rpm inHgA (pph) Remarks

1 Approach 2,000 21.0 58.0 Lean out; full
rich to 12 1bs,
lean

2 Climb 2,500 27.0 105.0 Lean out; full
rich to 12 1bs,
lean

3 Takeoff 2,575 29.0 126.0 Lean out; full
rich to 12 1bs,
lean

4 Taxi 1,100 15.0 17.0 Lean out; full
rich to 4 1bs,
lean

5 Five Mode - - - Full rich at taxi,
Cycle T/0, climb, Appr..
and taxi

T Y
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SUMMARY OF RESULTS AND CONCLUSIONS

The results and conclusions drawn from the foreshortened tests conducted in
the degradation study can be summarized as follows:

1. The limited time period of approximately 50 hours of engine operation
was insufficient to establish a definite emission degradation trend for either
the Seneca II TSIO-360E or the Beech Baron B-55 I0-470L engines.

2, The degree of accuracy of emission measurement attainable on an aircraft-
installed engine is comparable to the level of accuracy obtainable on an
engine test stand, provided proper instrumentation and test procedures are
used. It is essential that accurate fuel flow and manifold pressure measure-
ments be made; typical cockpit instrumentation for these parameters does

not provide the degree of accuracy specified by the EPA. If the requirement
of provable accuracy of +5 percent is imposed, it is essential that a means

of measuring engine induction airflow be included in the test design.

3e The use of an external supply of cooling air to a static engine installed
in an aircraft is essential in emission tests to prevent engine overheat at
high power settings. Propeller wash provides insufficient cooling at high
power settings.

REFERENCES

55 Clean Air Amendments of 1970, Public Law 91-604, 91st Congress,
H. R. 17255, December 31, 1970.

2. Control of Air Pollution from Aircraft and Aircraft Engines, Federal
Register, Volume 43, Number 58, Pages 12614 thru 12634, March 24, 1978.

3. Control of Air Pollution from Aircraft and Aircraft Engines, Federal
Register, Volume 43, Number 58, Pages 12,614 thru 12,634, March 24, 1978.
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APPENDIX A

SENECA II TEST DATA
(TSI0-360E ENGINE)
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TABLE A-1. NONSTANDARD BASELINE CYCLE - (CHECKOUT RUNS)

MODE NUMBER 2.0 3.0 4,0 5.0 6.0
1 RATED POWER 200.9 200.0 200.0 200.0 200.0
] REV PER MIN 1200.9 255C.0 2375.0 1700.0 1225.0
RUN NUMBER 1.0 2.0 3.0 4.0 5.0
BARQMET PRES 30.12 30.12 30.12 30.12 30.12
DRY AIR TEMP 88.0 88.0 88.0 88.0 88.0
WET BULB TEM 78.0 78.0 - 78.0 728.0 78.0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
~ SPEC.HUMID.. 0.0185 0.0185 0.0185 0.0185 0.0185
VAPOR PRESS. 0.88C7 0.8807 0.8807 0.8807 0.8807
" HC CONC-PPM 15698.9 1938.0 2098.0 2748.0 17754.,0
NOX CONC-PPM 163.0 87.0 2764.0 163.0 55.0 1
CO CONC-PERC 8.4 11.5 10.3 9.8 8.8 .
€02 CON-PERC 7.3 7.2 7.8 8.4 7.3
02 CONC=PERC 3.0 0.4 0.4 0.4 3.1
MOLS OUT DRY 7.5 52.2 37.0 13.8 8.0
MOLS OUT WET 8.6 58.7 42,2 15.6 9.1
____SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
ENG AIR FLOW 216.0 1455.0 1049.0 392.0 229,2
DRY AIR FLOW 212.8 1433,6 1033.6 386.2 225.8
ENG FUEL FLO 18,5 132.0 96.0 34,0 19.5 i
DRY AIR DENS 0.G707 0.0707 0.0707 0.0707 0.0707
___WET AIR DENS 0.0728 0.0728 __0.0728 0.0728 0.0728
"~ EXH CARBON 14,2642 117.3977 80.6690 © 30.0823 15.3070
EXH HYDROGEN 2.6102 19,1307 14,0832 4 BB4S 2.50264
EXH FUEL FLO 16,6745 136.528% 94,7522 34.9669 17.8096
___ _DIFF WFC-WFM -1.8255 4.5284 _ =1.2478 0.9669 -1.6904
MEAS F/A RAT 0.0859 0.0921 0.0929 0.0880 0.0864
___CAL F/A RAT 0.0871 0.0976 0.0927 0.0923 0.0895
DIFF M=C F/A 0.2124 5.9978 -0.2326 4.8813 3.6928
___CYL TEMP MAX 286.0000 420.00092 420.0000  _320.0000 280.0000
MAN PRES.HGA 18.0 44,0 34,0 21.0 18.5
____EXH GAS TEMP 0. 0. 0. D feEL
9
CO LBS/MODE 3.5633 0.8401 8.9190 3.7838 1.3153
€O LBS/CYC-RHP 0.0921 )
! PERCENT OF EPA STD FOR CO 219.3035
HC LBS/MODE 0.4383 0.0091 0.1183 0.0687 0.1758
___HMC LBS/CYC-RHP  _ L£.0041 o e e DR D e i R e
PERCENT OF EPA STD FOR HC 213.2096
DE 0.0085 0.0008 0.0289 0.0026 0.0010
NO LBS/CYC=-RHP 0.0002 78-25-A-1
____PERCENT OF EPA STD FOR NO 15.5986 e _ 78-2
THIS PAGE IS BEST QUALITY PRACTICABLE A=2

FROM COPY FURNISHED T0 DDC e




TABLE A-2, LEAN-OUT AT 25 PERCENT POWER - (NONSTANDARD APPROACH)
MODE NUMBER 5.0 5.0 5.0 5.0
RATED PQOMWER 200.0 200.0 200.0 200.0
REV PER MIN 1725.0 1690.0 1500.0 1850.0
____RUN NUMBER 6.0 7.0 8.0 : 9.0
BAROMET PRES _3C.12 30,12 30.12 20.12
DRY AIR TEMP 88.0 88.0 . 8849 88.0C
WET BUIB TEM 78.0 78.0 78.0 78.0
IND AIR TEMP 0.0 0.0 0.0 0.0
 SPEC.HUMID.. 0.0185 0.0185 0.018S . 0.0185
VAPOR PRESS, 0.8807 0.8807 0.8807 0.8807
HC CONC-PPM 2863.0 916.0 579.8 2262.C
____NOX CONC-PPM 180.0 1£03.0 789.0 248.0
CO CONC=-PERC .4 21 0.4 8.7
€02 CON-PERC 8.6 12.7 11.0 9.0
02 CONC-PERC G.7 2.0 1.9 1.0
MOLS OUT ORY 14.9 13.8 13.8 16.1
____MOLS OQUT WET o 16.7 SIGAC 14.4 18.1
____SHAFTI TORQUE Not Measured ;
HORSEPOWER Not Measured {
ENG AIR FLOW 4240 423.0 445.0 460.0
DRY AIR FLOW 417.8 416.8 438.4 453.2
..... _ENG FUEL FLO 36.0 27.0 24.0 40.6
DRY AIR DENS 00707 0.0707 0.0707 0.0707
___WET AIR DENS 0.0728 0.0728 0.0728 0.0728
EXH CARBON 32.1066 24.5195 18.9687 34,3667
___EXH HYDROGEN 5.0055 3.5141 5.6738 5.3478
EXH FUEL FLO 371121 28.0336 24,6426 T 39.7145
___DIFF WFC-WFM 11104 1.0336 -1.3574 -0. 8855
 MEAS F/A RAT 0.0862 0.0648 0.0593  0.0896 ‘
__CAL F/A RAT 0.0903 0.0680 0.0560 0.0867
DIFF M=C F/A 4,7556 5.0250 -5.5989 -3.1788
3 el
) ___CYL TEMP MAX 275.0000 295.0000 310.0000 300.0000
! MAN PRES.HGA 21.0 21.5 23.0 22.9
> EXH GAS TEMP 0. 0. 0. 0.
€0 LBS/MODE _3.9086 0.7981 _ 0.1472. 3.9397 ]
i HC LBS/MODE 0.0768 0.0226 0.0154 0.0657
- NO LBS/MODE 0.0090 0.046¢ 0.0393 0n.n13s
) 78+25-A-2
¥
| BEST QUALITY FRACTH
mco_&‘lwl
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TABLE A-3.

LEAN-OUT AT CLIMB POWER

MODE NUMBER 4.0 4.0 4.0
. RATED POWER  200.0 200.0  200.0
REV PER MIN 2425.0 2495.C 2495.0
RUN NUMBER 10.0 11.0 12.0
____ BAROMET PRES 30.12 30.12 30.12
DRY AIR TEMP 88.0 88.0 88.0
___WEY BULB TEM  78.0 78.0 78.0
IND AIR TEMP 0.0 0.0 0.0
SPEC,HUMID,, 0,0185 0.0185 0.018S
VAPOR PRESS. 0.8807 0.8807 0.8807
HC CONC-PPM  2063.0 1562.0 1365.0
____NOX CONC-PPM  134.0 _330.0  S569.0
CO CONC-PERC 10.3 7.4 S.6
€02 CON-PERC 8.C 9.8 10.9
02 CONC-PERC 1.1 1.2 0.0
MOLS OUT DRY  38.6 38.8 36.7
MOLS OQUT WET 42.9 SN L R - N,
SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
ENG AIR FLOW 1081.0 1123.0 1101.0
DRY AIR FLOW 1065.1 1106.5 1084.8
95.0 94.5 89.0
DRY AIR DENS 0.0707 0.0707 0.0707
WET AIR DENS 0.0728 0.0728 0.0728
EXH CARBON 85.0864 80.5948  72.9957
EXH HYDROGEN 12,4754 12,2775 13.5929
EXH FUEL FLO 97.5618 92.8723 86.5886
DIFF WFC-WFM 2.5618 -1.6277 -2.4114
MEAS F/A RAT  0.0892 0.0854 '0.0820
CAL F/A RAT 0.0919 0.0826 0.0792
DIFF M=C F/A 5.0351 -3.3263 -3.4363
CYL TEMP MAX 380.0000 420.0000 450.0000
o 34.0 e iNigEy 34,5
EXH GAS TEMP 0. 0. 0.
L0 LAS/MODE 9.2998 AJZLIR L. 8324
HC LBS/MODE s 1182 0.0909 0.0776
MO LBS/MODE  0.0144 0.0359 0.040S
78225-A-3
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TABLE

A-4, STANDARD FIVE-MODE CYCLE - BASELINE RUN

MODE NUMBER 2.0 3.0 4.0 5.0 6.0
RATED POWER 200.0 _200.0 200.0 200.0 200.0
REV PER MIN 1210.0 2550.0 2450.0 1900.0 1250.0
__RUN NUMBER 13.0 170 15.0 16,0 —--18.0
_ _BAROMET PRES 30.12 oyt apLgel X0 80,12
DRY AIR TEMP 96.0 96.0 96.0 96.0 96.0
WET BULB TEM 28.0 78.0 78.0 28.0 78,0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
_ SPEC.HUMID.. 0.01546 0.0166 __0.D166  D.0166  0.0166
VAPOR PRESS. 0.7958 0.7958 0.7958 0.7958 0.7958
HC CONC-PPM 11091.0 1809.0 1868.0 2234.0 11253.0
___NOX CONC-PPM 67.0 89.0 135.0 186.0 66.0
CO CONC-PERC 7.1 10.2 9.1 8.1 73
€02 CON-PERC Gl L B2 . 0 T (1 S
02 CONC=-PERC 1.0 0.4 0.4 0.4 1.5
MOLS OUT DRY 723 52.3 39.0 17.5 7.4
MOLS QUT WET 8.5 S8.9 44,2 20.1 Bob4
 SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
___ENG AIR FLOW  215.0  1475.0 1118.0- $09.0 o 214.0
DRY AIR FLOW 212.1 1455.4 1103.1 502.2 211.2
__ ENG FUEL FLO 19.5 131.0 95.0 45.0 18.4
DRY AIR DENS 0.0699 0.0699 0.0699 0.0699 0.0699
___WET AIR DENS  0.0718 2.0718 __0.0718 0.0718 0.0718
EXH CARBON 14,6241 115.7119 83,7544 36,6114 14.5688
EXH HYDROGEN 2.6291 18,5805 13.8351 6.5653 2.4436
EXH FUEL FLO 17.3032 134,2924 97.5895 43,1767 17.0124
_ DIFF WEC-WFM  =2.,1968B 33,2924  2.589% -1,8233 -1.3826
MEAS F/A RAT 0.0919 0.0900 0.0861 0.0896 0.0871
_CAL E/A RAT 0.0858 0.0332 0.089¢ . H.085S 0.0856
DIFF M=C F/A -6.6752 3.5222 3.8023 -4.,6230 -1.7201
CYL TEMP MAX 280.0000 440,0000 460.0000 380.0000 280.0000
__MAN PRES.HGA S RORON e O R 23.0 A28
EXH GAS TEMP 0. 0. 0. 0. 0.
___CO LBS/MODE 2.9433 0.7497 8.261S 3.981S  1,0006
CO LBS/CYC=-RHP 0.0847
____PERCENT OF EPA STD FOR CO  201.46261 i o
HC LBS/MODE 0.3065 0.0085S 0.1103 0.0722 0.102¢
____MC LBS/CYC-RHP  0.0030 : S s
PERCENT OF EPA STD FOR HC 157.8578
___NO LBS/MODE 0.0035 0.000¢ 0.0149 0.0112 0.0011
NO LBS/CYC=RHP 0.0002 2
___PERCENT OF EPA STD FOR NO 10.4942 s 78-25-A-4

1S PAGE IS BEST QUALITY PRACTICABLE
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TABLE A-5. STANDARD FIVE-MODE CYCLE 25-HOUR TEST

MODE NUMBER 2.0 3.0 4.0 5.0 6.0
___RATED POWER 200.0  200.00 200,00 200.0 _.200.0
REV PER MIN 1200.0 2525.0 2450.0 1900.0 1200.0
___RUN NUMBER 2050 210 20 2%.0 4£5.0
__BAROMET PRES 30.02 30.02 30.02 30.02 30.02
DRY AIR TEMP 84.0 84.0 84.0 84.0 84.0
__WET BULB TEM 78,0  78.0 y 78.0 IR0 7R .0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
__SPEC.HUMID.,  0.019¢ 0.019% 0.019¢  0.0194 . 0.0194
VAPOR PRESS. 0.9231 0.9231 0.9231 0.9231 0.9231
HC CONC-PPM 10559.0 1920.0 2002.0 2131.0 11387.0
___NOX CONC-PPM = 62.0 B&.0  131.0  249.0 _6S.0
CO CONC-PERC 7.6 10.7 9.7 7.9 7.2
€02 CON-PERC 9.6 8.0 8.6 Qa0 959
02 CONC=-PERC 0.4 0.2 0.2 0.2 0.5
MOLS OUT DRY 7.0 52.9 38.5 17.2 6.9
___MOLS QUT WET 8.0 59.7 - 3.9 _19.6 1.9
_ SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
__ENG AIR FLOW 204,0 1490,0 1097.0 502.0 203.0
DRY AIR FLOW 200.8 1466,9 1080.0 494,2 199.9
___ENG FUEL FLO 7, 1350 102.0 41.0 Tl 2
DRY AIR DENS 0.0709 0.0709 0.0709 0.0709 0.0709
___WET AIR DENS 0.0731 g.07?zy 2 Q.073Y 0 _p.02%37 . 0.07231
EXH CARBON 16,4255 119.0596 84,3003 © 35.8751 14,2242
___EXH HYDROGEN  2.4491 19.2113 14,5017  6.1812 = 2.3457
EXH FUEL FLO 16.8746 138.2708 98.8020 42,0563 16.5700
_DIFF WFC-WFM -0.6254 3.2708 -3.1980 ~ 1.05%63 =D.4300
__MEAS F/A RAT  0.0871 0.0920 0.0944 0.0830  0.08861
CAL F/A RAT 0.0899 0.0955 0.0910 0.0863 0.0891
DIEE M-C F/A 3.1316 3.2424 -3.6449 4.0152 3.5391
TTCYL TEWP mAx  275.0000  440.0000  440.0000  350.0000  275.0000
__MAN PRES.HGA 172.5 40,0 4.5 24.0 12.8
EXH GAS TEMP 762.0 1265.0 1261.0 1103.0 803.0
L0 LBS/MQDE 2070y . 0:795% 8.6218 3.8218 —0.9312
CO LBS/CYC=-RHP 0.086C
PERCENT OF EPA STD FOR CO 206.2525
" Wc LBs/MODE  0.2748  0.0092  0.117¢  0.0671  0.0979
ol -  n.np28 ¥,
PERCENT OF EPA STD FOR HC 149.0424
___NO LBS/MODE  _ 0,0030  0.,0008  0.0144 0.0142 0.0010
NO LBS/CYC=RHP 0.0002 28-25-A=5

___PERCENT QF EPA STD FOR NO 11,2858
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TABLE A-6.

LEAN-OUT AT APPROACH - 25-HOUR TEST

MODE NUMBER 5.0 50 5.0 5.0
RATED POWER 200.0 200.0 - 200.0 200.

REV PER MIN 1900.0 1900.0 1600.0 1900.0

—__RUN NUMBER 24,0 25.0 26.0 22.0

. BAROMET PRES 30.02 30.02 30.02 30.02

DRY AIR TEMP 84.0 84.0 84.0 84.0

—__WET BULB TEM 78.0 78.0 . ?8.0 = 78.0
IND AIR TEMP 0.0 g 0.0 0.0 0.0
SPEC,HUMID ., 0.0194 0.0194 _0D.D194 0.0194

VAPOR PRESS. 0.9231 0.9231 0.9231 0.9231

HC CONC-PPM 1942.0 1682.0 1409.0 927.0

. NOX CONC-PPM 233.0 400.0 684.0 1076.0

CO CONC-PERC 8.0 6.2 4.4 2.2

-PERC 9.4 10.3 11.6 12.8

02 CONC-PERC 0.3 03 0.3 0.7

MOLS OUT DRY 17.3 16.9 16.4 159

____MOLS OuT WET 19.7 19.4 18.8 18.3

SHAFT TORQUE

Not Measured

HORS EPOWER

Not Measured

. ENG AIR FLOW 504.0 Sz 497.0 494.0
DRY AIR FLOW 496.2 495,2 489.3 4«86.3
— ENG FUEL FLOQ 10 (AT 0 ~ 3RS : 36,0 34.0
DRY AIR DENS 0.0709 0.0709 0.0709 0.0709
WET AIR DENS 0.0721 0.0731 0.0731 0.0731
—_EXH CARBON 36,1635 335563 . 31 5050 . PR 7726
EXH HYDROGEN 6.1064 6.0126 5.4811 5.1290
EXH FUEL FLQ 42,2699 39 .S668 36,9861 33,9016
DIFF WFC-WFM 1.2699 1.0668 0.9861 -0.098¢
MEAS F/A RAT 0.0826 0.0777 _0.07236 0.0699
CAL F/A RAY 0.0862 0.0808 0.0763 0.0699
— _DIEF M=C E/A £,5593 3.9869 3.7069 0.0293
CYL TEMP MAX 305.0000 315.0000 325.0000 335.0000
—___MAN PRES.HGA 23.9 23.9 R o L PSR [ 7 1
EXH GAS TEMP 109¢.0 1118.0 1151.0 1184.0
€O LBS/MODE 3.8582 2.9522 2.0113 0.9873%
HC LBS/MODE 0.0613 0.0523 0.064264 0.0272
MO LBS/MODE Q.0138 f.0232 0,038  0.0591.
Rl bl L ___78-25-A-6 1
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TABLE A-7. LEAN-OUT AT CLIMB - 25-HOUR TEST
MODE NUMBER 4.0 “.0 4.0 4.0 4.0
_RATED POMWER 200.0 200.0 200.0 200.0 200.0
REV PER MIN 2460.0 2460.0 2450.0 2450.0 2450.0
_RUN NUMBER 28.0 29.0 30.0 11.0 2.0
P BERE e o R 1 0 [ 30.02 30.02 0,02
DRY AIR TEMP 84,0 84,0 84 .0 84.0 84,0
WET BULB TEM 78.0 78.0 78.0 78.0 78.0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
HUMID., 0.0196  0.0194 0.0194 ok !
VAPOR PRESS. 0.9231 0.9231 0.9231 0.9231 0.9231
HC CONC-PPM T 1596.0 1862.0  1995.0 2003.0 1884.0
_NOX CONC-PPM 273.0 155.0 118.0 115.0 160.0
€O CONC-PERC 75 8.9 10.1 9.9 8.7
€02 CON-PERC 9.7 8.8 8.1 8.2 8.8
02 CONC-PERC 0.2 0.2 0.2 0.2 0.2
T MOLS OUT DRY 38.3  39.0 39.1 38.6 38.4
MOLS OUT WET 44,4 44,9 L4, 7 46,2 46 .4
_ SHAFT TORQUE ~ Not Measured
HORSEPOWER Not Measured
_ENG AIR FLOW A 1112.0 1103.0 1115.0
DRY AIR FLOW 1112.5 1110.5 1094.8 1085.9 1097.7
ENG FUEL FLO 96.5 102.0 103.0 101.0 100.0
_DRY AIR DENS ___ 0.0709 0.0709 0.0209 _ 0.0209 0.0209
WET AIR DENS 0.0731 0.0731 0.0731 0.0731 0.0731
EXH CARBON 22.3781 R2 . 4812 85 8403 AR'K RA24L 80_5097
EXH HYDROGEN 14.9279 15.2511 15.0311 15,0204 15.2816
_EXH FUEL FLO 92,3030 92,9323 _ 95,7913
DIFF WFC-WFM -4.1970 -4.0677 -2.1086 -2.1173 -4,2087
_MEAS F/A RAT 0.0867. 0.0918  0.0941 _ _ 0.0930 - 0.0911
CAL F/A RAT 0.0823 0.0878 0.0926 0.0916 0.0871
_DIFF M-C F/A =5.1288 -4.3841 _=1.6284 -1,4926 -4,3830
TCYL TEMP MAX  380.0000  385.0000 395.0000  410.0000  420.0000
_MAR PRES.UGE . %4.d - Méud 34,3 4.5 s
EXH GAS TEMP 1258.0 1261.0 1284.0 1317.0 1280.0
€0 LAS/MODE 6.3578 8.0616 9.2202 ___ 8.9292 2.2963
HC LBS/MODE 0.0946 0.1118 0.1191 0.1185 0.1119
DE p.030% p.0174 0.0132 0.0122 0.0128
78-25-A-7
THIS PAGE 1S BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0DDC ——r
A-8




TABLE A-8.  LEAN-OUT AT TAKEOFF - 25-HOUR TEST

MODE NUMBER L5500] 3.0 3.0
RATED POWER 200.0 200.0 200.0
REV PER MIN 2500.0 2500.0 2500.0
RUN NUMBER 33.0 34.0 35.0
BARQMET PRES 30,02 30.02 30.02
DRY AIR TEMP 84.0 84.0 84.0
WET BULB TEM 78.0 78.0 - 78.0
IND AIR TEMP 0.0 , 0.0 0.0
SPEC.HUMID.» 0.019¢ C.0194 0.0194
VAPOR PRESS., 0.9231 C.9231 0,9231
HC CONC-PPM 1935.0  1892.0 1575.0
NOX CONC~PPM 72.0 98.0 149.0
€O CONC-PERC 11258 10.3 8.7
€02 CON-PERC 73 7.8 . B.9
02 CONC-PERC 0.2 0.2 0.2
MOLS QUT DRY 5246 SN S0.4
MOLS OUT WET 59.7 S8.7 S7.7
SHAFT TORQUE Not Measured
£ Not Measured
ENG AIR FLOW 1479.0 1462.0 1459.0
DRY AIR FLOW 1456.1 1439.3 1436.4
ENG FUEL FLO 134..0 131.0 125.0
DRY AIR DENS 0.0709 0.0729 0.0709
WET AIR DENS 0.0731 2.0731 0.0731
EXH CARBON 117.4133 111.5402 106.4258
EXH HYDROGEN 23.1928 19.9992 19.0669
EXH FUEL FLO 137.6061 121.539¢ 125.4928
DIFF WFC-WFM 3.6061 0.5394 0.4928
MEAS F/A PAT 2.0920 0.0910 0.0870
CAL F/A RAT 0.0972 0.093%0 0.0880
DIFF M=-C F/A JabgRy. . 222310 _1S0P2&
CYL TEMP Max 422.0000 435.0000 60,0000
MAN PRES,HGA 40,0 B 40,0 40.0
EXH GAS TEMP 1267.0 1291.0 1328.0
CO LBS/MODE 0.83C5 0.7369 0.6152
HC LBS/MODE 0.0093 0.0089 c.0073
e N OSIMORE . B<0006 00009 DL00YY
78-25-A-8
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TABLE A-9, FIVE-MODE CYCLE - 25-HOUR TEST
MODE NUMBER 2.0 3.0 4.0 5.0 6.0
__RATED POWER 200.0 20C0.0 200.0 200.0 200.0
REV PER MIN 1200.0 2500.0 2450.0 1900.0 1200.0
RUN NUMBER 36.C 37.0 38,0 39.0 40,0
_BAROMET PRES  30.02  30.02 30.02 30.02 30,02
DRY AIR TEMP 84.0 84.0 84,0 84,0 84.0
_ WET BULB TEM _78.0 ol 78.0 280 - o 7.0 78,0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
SPEC,HUMID,, 0,0194 0.0194 0.019¢ 0.0194 0.0194
VAPOR PRESS. 0.9231 0.9231 0.9231 0.9231 0.9231
" HC CONC-PPM 11062.0 1809.0 1927.0 12105.0 11192.0
____NOX CONC-PPM 68,0  88.0 123.0  235.0 _—_6R.0
CO CONC-PERC Ta2 10.8 9.8 8.1 7.2
€02 CON-PERC 9.7 7.9 8.7 9.8 9.8
. o2 CONESPERE 0.4 . 0,7 0.2 0.2 2 AN
___MOLS OUT DRY 6.9 EX R . . 30X 16,8 6.2
MOLS OUT WET 8.0 60.5 44,4 18.9 7.7
SHAFT TORQUE Not Measured
— HORSEPOQWER Not Measured —
ENG AIR FLOW 204.0 1509.0 119250 485.0 197.0
___DRY AIR FLOW _ 200.8  1485.6  1099.7 L422.5 193.9
ENG FUEL FLO 17.5 137.0 101.5 41.0 17.0
DRY AIR DENS 0.0709 0.0709 0.0209 0.0709 0.0709
WET AIR DENS N.0731 0.0731 0.0731 0.0731 0.0731
___EXH CARBON 14,1295 120.7314 B2.4624 36.0195 13,6498
EXH HYDROGEN 2.4793 19.5776 14.0401 5.6923 2.3673
EXH FUEL FLQ 16,6088 140.3090 101.5025 41.2119 16.0168
DIFF WFC-WFM -0.8912 3.3090 0.0025 0.7119 -0.9832
MEAS F/A RAT 0.0871 0.0922 0.0923 0.08S9 0.0877
CAL F/A RAT 0.0887 0.0957 0.0922 0.0876 0.0883
__DI1FF M-C F/A 1.2578  3.7639  =-0.,1443 1.9950 0.2651
CYL TEMP MAX 275.0000 440.0000 440,.0000 350.0000 280.0000
__MAN PRES.HGA  17.8 40,0 34,5 23,6 12.8
EXH GAS TEMP 790.0 1269.0 1261.0 1102.0 806.0
————— N— S T — S A =
CO LBS/MODE 2.8150 D.8128 R.9741 3 R059 0.9002
CO LBS/CYC-RHP 0.0866
___PERCENT OF EPA SID FOR €O 206.0274 ol
" HC LBS/MODE 0.2879 0.0088 0.1144 0.0639 0.0938
HC LBS/CYC-RHP 0.0028
PERCENT OF EPA STD FOR HC 149.6924
____NO LBS/MODE  0.0033  0.0008 0.0132 0.0133 0.0011
NO LBS/CYC-RHP 0.0002
—__PERCENT OF EPA STD FOR NO 10,7222 e
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TABLE A-10.

LEAN-OUT AT TAXI - 25-HOUR TEST

MODE NUMBER 240 2.0 2.0 2.0
RATED POWER 200.0 200.0 200.0 200.0
REV PER MIN 1200.0 1220.0 1200.0 1200.0
_RUN NUMBER 41.0 42.0 k%0 46.0
BARQMET PRES 30.C2 30.02 30.02 30.02
DRY AIR TEMP 84.0 84.0 84.0 84,0
WET BULB TEM 78.0 78.0 78.0 78.0
_____IND AIR TEMP_ 0.0 0.0 0.0 0.0
SPEC.HUMID. ,» 0.0194 0.019¢4 0.019¢4 0.0194
__VAPOR PRESS. . 0.9231 0.9231 0.9231 0.9231
HC CONC-PPM 24213.0 B8S9.1 A090.0 4224.0
NOX CONC-PPM 3.0 77.0 56.0 60.0
____CLO CONC-PERC A il 7.8 6.2 S.8
€02 CON-PERC 7 9.4 10,2 10.8
02 CONC-PERC 2.4 0.3 05 0.6
MOLS QUT DRY 7.3 ! 4.8 6.8
MOLS OUT WET 8.3 8.1 7.9 7.8
" SHAFT TORQUE Not Measured
"HORSEPOQWER Not Measured
ENG AIR FLOW 209.0 206.0 202.0 201.0
DRY AIR FLOW 205.8 202.8 198.9 197.9
ENG FUEL FLO 19.0 17.5 17.0 16.5
_DRY AIR DENS 0.0709 n.0709 0.0709 0.0709
WET AIR DENS 0.0731 0.0731 0.0731 0.0731
EXH CARBON 16,4247 14,5091 13,3615 13.418S
EXH HYDROGEN 22727 2.5508 2.5208 2.3371
____EXH FUEL FLO 16.6975 17.0600 15.8623 15,7556
DIFF WFC-WFM -2.3025 -0.4400 -1.,1377 “0.7444
____MEAS F/A RAT _ 0.0923 0.0863 0.085S _0.0834
CAL F/A RAT 0.0955 0.0893 0.0816 0.0806
____ _DIFF M-C F/A  3.3810 3.4404 -4.5324  =3,3253
T CYL TEMP MAX  270.0000 275.0000  280.0000  285.0000
____MAN PRES,HGA 18,5 sdZaS ot 8 ARLS o 7LS
EXH GAS TEMP 740.0 771.0 792.0 786.0
. CO LBS/MODE 3.5752 3.0564 2.3492 2.1909
HC LBS/MODE 0.6656 0.2326 0.1549 0.1195
_____NO LBS/MODE  0.0022 ~ (0.0038  0.0027 ~ 0.0028
78-25-A-10
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TABLE A-11.

LEAN-OUT AT APPROACH - 50-HOUR TEST

MODE NUMBER 5.0 5.0 5.0 5.0
RATED POWER 200.0. . .~ _200.0 - 200.0 200.0
REV PER MIN 1900.0C 1925.0 1900.0 1875.0
—_RUN NUMBER 46,0 - L6720 . 4R,0 - . - 49,0
BAROMET PRES 30.01 30.01 30.01 30.01
_ DRY AIR TEMP Lo & e e R L T | 23.0 23.0
WET BULB TEM 62.0 62.0 62.0 62.0
—__IND AIR TEMP 0.0 0.0 0.0 0.0
SPEC.HUMID, . 0.0095 0.0095 0.0095 0.0095
VAPOR PRESS. 0.4546 0.4546 0.65646 0.6566
_HC CONC-PPM 1839.0 14972.0. 1050.0 502.0
NOX CONC=-PPM 273.0 631.0 1043,0 1398.0
— EOQ-EONC-PERC 2.8 = . 4.6 e —Ltosg L g9
€02 CON-PERC Nl 11.1 12.6 13.4
02 CONC-PERC 0.4 Q.4 Q.S 1508
—__BOLS QUFr pRY .. 97 8 - 92 ¢ g 1S
MOLS OUT WET 20.5 19.9 19.4 18.8
~ SHAFT TorRaue  Not Measured
HORSEPOWER Not Measured
ENG AIR FLOW 520.0 515.0 515.0 511.0
__DRY AIR FLOMW e S146.0 e AT S11.1 s02.1
ENG FUEL FLO 43.5 39.5 36.9 33.1
—__DRY AIR DENS 0.0235 2.0238 0.073S . 0.0235
WET AIR DENS 0.0746 0.0746 0.0746 0.0746
__EXH CARBON  °  36_.4784 32.0893 31,1394 28,2423
EXH HYDROGEN 6.5308 6.3234 S.4748 4.8568
EXH FUEL FLO  43.0092 38,4127 36,6142 33,6041
DIFF WFC-WFM -0.4908 ~1.0873 -0.2558 0.4791
___MEAS F/A RAT 0.0843 _0.0723 0.07221 0.0653
CAL F/A RAT 0.0834 0.0750 0.0717 0.0669
DIFF M-C F/A -1.0986 =2.9536 -0.4040 2.3524
CYL TEMP MAX 295.0000 300.0000 300.0000 310.0000
__MAN PRES.HGA 23.5 23.5 23.2 24,0
EXH GAS TEMP 1093.0 1143.0 1176.0 1203.0
E 3.6488 2.1918 1.313§ 0.5036
HC LBS/MODE 0.0604 0.0477 0.0326 0.0151
—NO LBS/MODE 0.0168 0.0376 0.0608 0.0788
78-25-A-11
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TABLE A-12.

LEAN-QUT AT CLIMB - 50-HOUR TEST

‘MODE NUMBER 4.0 4.0 «.0 4.0
. RATED POMWER ~200.0 ~..200.0 200.,0 200.0
REV PER MIN 2450.0 2475.0 2475.0 2425.0
RUN NUMBER 50.0 51.0 52.0 $3.0
 BAROMET PRES  30.01 30.01 30.01 30.01
DRY ALR TEMP IR L R 2 T T G
WET BULB TEM 62.0 62.0 62.0 62.0
IND AIR TEMP 0.0 0.0 0.0 0.0
SPEC.HUMID, ,» 0.0095 0.0095 0.0095 0.0095
,,,,,, VAPQOR PRESS. _0.4546 0.4546 0.4546 0,.4546
— —HC CONC-PPM -1933.1 - 1919.0 1602.0 1239.0
NOX CONC-PPM 84.0 86.0 173.0 348.0
€O CONC-PERC 10,2 10.1 2.9 5.9
€02 CON-PERC 7.9 7.7 9.2 10.2
02 CONC-PERC SRR s 0.2 L.2 0.0
. _MOLS OQUT pRY 39,7 — 9.3 0.k . . . X7.0
MOLS OUT WET 45.2 45.0 44,0 43,0
SHAFT TORQUE Not Measured
_ HORSEPQOWER ~___Not Measured
ENG AIR FLOW 1120.0 1115.0 1115.0 1104.0
= IR 1§ [ % 7% 1106.5 ~1106.8 . 1095.6
ENG FUEL FLO 100.5 98.0 91.0 85.0
DRY AJR DENS 0.0735 0.0735 0.0235 _0.073§
WET AIR DENS 0.0746 0.0746 0.0746 0.0746
— EXH CARBON = B6.3942 B4.1478 78,7801 71,8186
EXH HYDROGEN 15.1521 15.4327 14,3295 14,2676
EXH FUEL FLO 1C1,5463 99,5806 93,1096 B6.0862
DIFF WFC-WFM > 1,0463 1.5806 2.1096 1.0862
_MEAS F/A RAT 0.0904 0.0886 0.0822 0.07726
CAL F/A RAT 0.0930 0.0923 0.0852 0.0793
. _DIFF M-C F/A _2.8331 4.2661 . 3.6510  2.188¢
CYL TEMP MAX 390.0000 400.0000 420.0000 435,0000
— MAN PRES.HGA 34,2 . 34.8 T TR 34.2
EXH GAS TEMP 1249. .0000 1420.0 1465,0 1520.0
€O LBS/MODE 9,.4884 99,2597 7.0505 S.1131
HC LBS/MODE 0.1169 0.1156 0.0943 0.0713
— MO LBS/MODE ~ 0.0095  0.0097 0.0190 0.0324
78-25-A-12
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TABLE A-13. LEAN-OUT AT TAKEOFF - 50-HOUR TEST
MODE NUMBER 5.0 3.0 T B0,
RATED POWER 200.0 200.0 200.0

___REV PER MIN _2500.0  2500.0 - ]
RUN NUMBER 54,0 55.0 56.0
BAROMET PRES 30.01 30.01 30,01
DRY AIR TEMP 723.0 23.0 73.0
WET BULB TEM 62.0 : 62.0 62.0

 IND AIR TEMe 0,0 0.0 -
SPEC.HUMID. .~ 0.0095 0.0095 0.0095
VAPQR PRESS 0.4546  0.4546 _D.4546
~PPM 1864.0 1562.0 13946.0
NOX CONC-PPM 55.0 94.0 149.0
- e L QIR e e
€02 CON-PERC 7.2 8.4 9.1
= T L PN e e (S
MOLS OQUY DRY $3.2 52,1 0.1
MOLS OUT WET 60.7 59.6 58.1

i sg,;'{‘,g;},j{" ~—— " Not Measured

____ _HORSEPOWER Not Measured
ENG AIR FLOW 1490.0 1488.0 1462.0
DRY AIR FLOW 1478.7 1426.2 1450.9
ENG FUEL FLO 136.0 129.0 122.0

_ pn.07235 0.023S
WET AIR DENS 0.0746 0.0746 0.0746
EXH CARBON 116.9086 111.0002 101.6248
EXH HYDROGEN 21.0738 20.0654 19.9604
SR 1L b
DIFF WFC-WFM 1.9825 2.0656 -0.6149
7

_ MEAS F/A RAT  0.0920 s o ___D.0841
CAL F/A RAT 0.0961 0.0901 0.084¢

_ DIFE M-C E/A  4.5008 3.1320 0.3148
CYL TEMP MAX  440.0000  450.0000 455.0000

RN {0 ) [ SR RS s 51 I
EXH GAS TEMP 1267.0 1309.0 1351.0

€O LBS/MODE 0.8261 0.6811 0,542
HC LBS/MODE 0.0091 0.0075 0.0065

_ _ NO LAS/MODE 0,000 0.000R 0.0013

78-25-A-13
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TABLE A-14. LEAN-QUT AT TAXI - 50-HOUR TEST

MODE NUMBER 2.0 2.0 — 2.0 2.0

RATED POWER 200.0 200.0 200.0 200.0
—BREN PER RIN ____ _ 1200.0 {2280  312%.0 . 31800

RUN NUMBER 58.0 59.0 60.0 61.0

BAROMET PRES 30.01 30.01 30.01 30.01

____DRY AIR TEMP 73.0 73.0 - 73,0 73.0

WET BULB TEM 62.0 62.0 - 62.0 62.0
___IND AIR TEMP 0.0 Sy DR ——=0.0 L LfolNl

SPEC.HUMID. ., 0.0095 0.0095 0.0095 0.0095
VAPOR PRESS, 0,4546 £L4566 0.4546 _0.4546

____HC CONC-PPM 15629.0 4146.0 5413.0  22227.0

NOX CONC-PPM 54.0 74.0 86.0 35.0

€O CONC-PERC 29 SV R RS0

€02 CON-PERC 8.5 10.6 10.2 6.9

_02 CONC-PERC 0.9 0.6 2.6 2.9

MOLS QUT DRY 6.6 — A5 6.3 . 6.9

MOLS OUT WET 7.7 7.5 73 8.1

T SWAFT ToRaue Not Measured
HORSEPOWER Not Measured

ENG AIR FLOW 192.0 193.0 191.0 200.0

— DRY AIR FLOW = 190.5 —jor.s . RS . JORLS

ENG FUEL FLO 17.0 15.0 12.8 17.9
DRy AIR DENS D .D735 ~DsN2%s 050738 - 0. 0735

WET AIR DENS 0.0746 0.0746 0.0746 0.0746
____EXM CARSON 12,9930 12 .5De3 10,0976 12,3496

EXH HYDROGEN 2.4967 2.3755 2.1043 2.4L669

_ EXH FUEL FLO  15.4897 14,8799 12,2019  14.B8165

DIFF WFC-WFM -1.5103 -0.1201 -0,5981 -3.0835

___ MEAS F/A RAT __0.q0892 = 0Q.02?28% D075 = D,DOND

CAL F/A RAT 0.0911 0.0798 0.0669 0.0929
_DIFF M-C F/A 2.0953 1.8341 -0.8669 3.0124

T CyL TEMP MAX  280,0000 285.0000 '295,0000  280.0000

MAN PRES,HGA 17.8 12,0 18.0 18.1

EXH GAS TEMP 770.0 777.0 ?777.0 722.0

_LBS/MODE ~ 2,9080 2.,0736 1,129t = 3.091§S

HC LBS/MODE 0.3939 0.1003 0.1270 0.7308

—__NO LBS/MODE  0,0025  0,003%  0.0038  0.0018

78-25-A-14
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TABLE A-15. FIVE-MODE CYCLE - 50-HOUR TEST
NUMRER. . 20 . % kg 5.9 £ -
RATED POWER 200.0 200.0 200.0 200.0 200.0
— REV PER MIN 1200.0 2525.0 2450.0 1900.0 1200.0
RUN NUMBER 62.0 63.0 64,0 65.0 66.0
BAROMET PRES k#f(;.—oi—%m—;o;m T 30,01 Aﬁ"u*;&.m uiet ‘5b.oi
— DRY AIR TEMP 7230 . ?%.0 . - e g 730
WET BULB TEM 62.0 62.0 62.0 62.0 62.0
IND AIR TEMP 0.0 0.0 ; 0.0 0.0 0.0
SPEC.HUMID, ,» 0.0095 0.0095 0.009S 0.0095 0.0095
___VAPOR PRESS.  D.454&  0.4S546 0D 4Sk& 0.4546 — 0.4546
—__HMC CONC-PPM _ 13648.0 1880.0 -  2001.0 2124.0 _12122.0
NOX CONC-PPM 45.0 68.0 90.0 175.0 55.0
C-PERC 8.4 0.8 10.1 A.S 8.1
€02 CON-PERC 7.9 7.6 7.9 8.7 8.5
@2 CONC=PERC =~ . VlH o 0.2 0.2 0.2 D9
MOLS OUT DRY 6.8 5 ¢ 39,2 Sl lgpig e cn KR
MOLS OUT WET 7.9 60.7 46,8 20.7 7.9
SHAFT TORQUE Not Measured
HORSEPOWER ~ Not Measured
ENG AIR FLOW 195.0 1496.0 1110.0 518.0 196.0
__DRY AIR FLOW  193.5§ 1484 .6 1101.6 S14.1 e 194.5
ENG FUEL FLO Y aul 136.0 99.0 44,0 17.8
DRY AIR DENS 0.0735 D.073S 0.023S 0.073S _0.0235
WET AIR DENS 0.0746 0.0746 0.0746 0.0746 0.0746
___EXH CARBON 13.3188 118.1425 85,1248 36,9326 13,2196
EXH HYDROGEN 2.5460 20.4484 15.1266 7.0012 2.5489
EXH FUEL 1O 15,8648 138.6109 100,253 43.9388 14,2686
DIFF WFC~-WFM -1.8352 2.6109 1.2531 -0.0612 ~1.4814
MEAS F/A RAT 0.0Q91S 0.0914 0.0899 0.0RS6 0.09113
CAL F/A RAT 0.0893 0.095S 0.0929 0.0868 0.0904
DIFF M-C F/A  -1.8213 4.2007 _=0,9576
CYL TEMP MAX 280.0000 390.0000 ¢00.0000 360.0000 300.0000
___MAN PRES.HGA 1287 40.0 33,7 24,0 12.9
EXH GAS TEMP 780.0 1250.0 1250.0 1130.0 829.0
/MODE 3.2010 0.8097 9.2887 4.2394 1.0564
CO LBS/CYC-RHP 0.0930
___PERCENT QOF EPA STD FOR CO  221.3703% 5 5:
HC LBS/MODE  0.3501 0.0092 0.1199 0.0706 0.1040
HC LBS/CYC-RHP 0.0033
___PERCENT OF EPA STD FQR HC 121.9942
’
NO LBS/MODE 0.0022 0.0006 0.0101 0.0109 0.0009
- 0.0001
PERCENT OF EPA STD FOR NO 8.1974 78-25-A-15
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TABLE A-16. FIVE-MODE CYCLE - 50-HOUR TEST
MODE NUMBER 2.0 3,0 4.0 5.0 6.0
RATED POWER 200.0 200.0 200.0 200.0 200.0
__REV_PER MIN 1200.0 2520.0 2450.0 1900.0 1200.0
RUN NUMBER 67.0 68.0 69.0 70.0 71.0
" BAROMET PRES  30.01 30.01 30,01 . 30.01  30.01
_ORY AR TEMP 73,0 73.0 23.0 73.0 23.0
WET BULB TEM 62.0 62.0 62.0 62.0 62.0
__IND AIR TEMP 0.0 0.0 A —fp- - - 0.0
SPEC.HUMID.,» 0.0095 0.0095 0.0095S 0.009S 0.0095
___VAPOR PRESS.  D.4546 0.4546 __0.4546 0.4546 0.4546
r’ HC CONC-PPM 13798,0 1898.0 1982.0 1965.0 13110.0
NOX CONC-PPM 46.0 65.0 92.0 186.0 46,0
€0 CONC-PERC 8.3 10.9 _ 1041 8.2 8.4
€02 CON-PERC Cal TS 7.8 9.0 7.6
02 CONC-PERC Lo _ 0.2 0.2 § 0.2 18
_MOLS OUT DRY 6.9 53,6 38.0 12.5 6.9
MOLS OUT WET 8.0 61.0 43.6 20.1 8.0
" SHAFT Toraue ________ Not Measured
___HORSEPQWER ~~ Not Measured
ENG AIR FLOW 199.0 1501. 1077.0 506.0 198.0
DRY AIR FLOW 197.5 1489.6 1068.8 s02.2 196.5
ENG FUEL FLO 18.0 137.0 97.0 42.0 17.9
DRY AIR DENS _0.0735 0.0735 _0.0735 L 8
WET AIR DENS 0.0746 0.0746 0.0746 0.0746 0.0746
N 13,3492 118.3972 __B1.7387 36,2351 13,2042
EXH HYDROGEN 2.5879 20,7908 15.0927 6.5664 2.6247
_ EXH FUEL FLO 15.9371 139.1880 96.8314 42.8015 15,8288
DIFF WFC-WFM -2.0629 2.1880 -0.1686 0.8015 -2.0712
__MEAS F/A RAT 0.0911 0.0920 ___0.0908  0.0836  0.0911
CAL F/A RAT 0.0885 0.0957 0.0924 0.0866 0.0880
___DIFF M=C F/A -2.9491 4.0887 1.8594 _ 3,.S338  =3.3662
T CYL TEMP MAX 280.0000 410.0000 390.0000  360.0000  275.0000
; __MAN PRES,HGA 18,0 _40.0 AR N __17.0
EXH GAS TEMP 764.0 1266.0 1249.0 1109.0 772.0
X WE LRl 1 iy T e i
€O LBS/MODE 3.2275 0.8201 8.9760 4.0317 1.0746
€0 IBS/CYC-RHP __ 0.0906 Thae
PERCENT OF EPA STD FOR CO 215.8315
HC LBS/MODE 0.3610 _0.0093 _0.1156 _ 0.0632  0.1139
HC LBS/CYC=RHP 0.0033
PERCENT OF EPA SID FOR HC 124.,4257 S _
NO LBS/MODE 0.0023 0.0006 0.0100 0.0112 0.0007
NO LBS/CYC-RHP 0.0001 i el LN N I DR I
"ERCENT OF EPA STD FOR NO 8.2627 78-25-A-16
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TABLE A-17. LEAN-OUT AT APPROACH - (POSTOVERHAUL)

__ _MODE NUMBER S0 gg - s &0
RATED POWER 200.0 200.0 200.0 200.0
___REV PER MIN  1900.0 ~ 1900.0 1825.0 1240.0
RUN NUMBER 72.0 73.0 764.0 75.0
BAROMET PRES 30.01 30.01 30.01 30.01
___DRY AIR-TEMP A4S0 A4S0 - £S.Q &S.0 -
WET BULB TEM 62,5 62.5 - 62,5 62.5
____IND AIR TEMP 0.0 0.0 0.0 0.0
SPEC .HUMID. , 0.0117 0.0117 0.0117 0.0117
VAPOR PRESS. 0.5527 0.5527 0.5522 0.5527
| —_HC CONC-PPM 1525.0 934,00 §02.0 1532.0
| NOX CONC-PPM 579.0 849.0 970.0 982.0
| ___CO CONC-PERC 4.1 2.0 0.2 0.2
| €02 CON-PERC 10.7 1.6 11.6. 1.8
02 CONC-PERC 0.5 0.9 1.2 2.8
____MOLS QUT DRY  18.3 17.9 12.3 172.3
j MOLS OUT WET 21.6 21.2 20.5 20.1
SHAFT TORQUE Not Measured i
Not Measured ——
ENG AIR FLOW 560.0 560.0 548.0 546.0
—__DRY AIR FLOW  554.8 = 554.8 = S542.,9 = 540.9
ENG FUEL FLO 41.0 37.0 32.5 31.5
DRY AIR DENS 0.0743 __0.0763 0.0743 0.0743
WET AIR DENS 0.0758 0.0758 0.0758 0.0758
32,7044 29,1244 25,5384 25.0638
EXH HYDROGEN 7.1992 6.,9193 6,4386 5.5680
____EXH FUEL FLO 39,9032 36,0957 31,9241 30.6318
DIFF WFC-WFM -1.0963 -0.9043 -0.5259 -0.8682
MEAS F/A RAT 0.0739 N0.0467 0.0599 o
CAL F/A RAT 0.0723 0.0653 0.0591 0.0574
DIFF M=C F/A -2.2037 -2.,1593 -1.,2717 =1.4160
t CYL TEMP MAX 320.0000 215.0000 320.0000 320.0000
MAN PRES.HGA 23.9 24.0 24,5 25.1
% —ERN GRS TEMP 117480 . 1202.0 1226.0 = 1192.0
CO LBS/MODE 2.1109 1.0028 0.3343 0.1118
HC LBS/MODE 0.0545 0.0317 0.016¢4 0.06%96
NO LBS/MODE 0.0374 0.0539 0.059¢ 0.0592
78-25-A-17
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TABLE A-18.  LEAN-OUT AT CLIMB - (POSTOVERHAUL)
 MODE NUMBER 4,0 4,0 4,0 4.0
RATED POWER 200.0 2C€0.0 200.0 200.0
REYV PER MIN 2450,0 2650,0 2450,.0 2450.0
RUN NUMBER 76,0 77.0 78,0 79.0
T BAROMET PRES 30.01 30.01 30.01 30.01
____DRY AIR TEMP 65,0 _ 65,0 A5 9 65,0
WET BULB TEM 62.5 62.5 62.5 62.5
___IND AIR TEMP 0.0 0.0 0.0 0.0
SPEC.HUMID., 0.0117 0.0117 0.0117 0.0117
____VAPOR PRESS.  D.S5%727 ~ 0.5572 0.5577 0.5527
___HC CONC-PPM  1460.0 1350.0 1207.0 _ 1133.0
NOX CONC-PPM 124.0 193.0 368.0 588.0
€O CONC-PERC 8.0 6.8 5.1 4.0
€02 CON-PERC ! 8.3 9.3 10.1 10.4
02 CONC-PERC o)y 0.2 0.2 0.2
__ mots Our DRY .. 38 7 ®M.3 0 ®P 2 36,7
MOLS OUT WET 45.4 “4.8 W6 1 43.8
SHAFT TORGUE Not Measured ' 3
HORSEPOWER ~ Not Measured
ENG AIR FLOW 1136.0 1136.0 1131.0 1131.0
DRY AIR FLOW  1125.6  1125.4  1120.6 ~~ 1120.4
ENG FUEL FLO 94,0 90.5 85.5 82.0
_DRY AIR DENS 0.0743 0.0743 0.0743 0.0763
WET AIR DENS 0.0758 0.0758 0.0758 0.0758
XH _CARBON  76.0872 ?3.4966 & _ R A
EXH HYDROGEN 16.5862 15.7877 15.5798 15.7982
EXH FUEL FLO 92,6734 89,6843 83,4319 79.2092
DIFF WFC-WFM -1.3266 -1.0157 -2.0681 -2.7908
PSS S o T e e
MEAS F/A RAT T 9.0835 = 0.0804 0.0763 0.0732
___CAL F/A RAT 0.0248 . 00,0210
DIFF M=-C F/A 0.5466 -0.0895 -1.9603 -3.011¢
___ €Yl TEMP MAX  40S5.0000  430.0000  450.0000  460.0000
MAN PRES.HGA 341 34.5 34.8 35.0
__EXH GAS TEMP 12RS.0 _  13%1§5.0 1355.0 1380.0
€O LBS/MODE 7.2625 6.0502 4.,3897 3.3975
__,_Vm& 0.0211 00664
NO LBS/MODE 0.0141 0.0216 0.0405 0.0644
i i SRR I R (g 78-25-A-18
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TABLE A-19. LEAN-OUT AT TAKEOFF - (POSTOVERHAUL)

UMBER 3.0 3.0 3.0
RATED POWER 200.0 200.0 200.0
_____REYV PER MIN  2500.0 2500.0 2480,0
RUN NUMBER 80.0 81.0 82.0
BAROMET PRES 30.01 30,01 30,01
DRY AIR TEMP 65,0 65,0 65.0
WET BULB TEM 62.5 62.5 62.5
___ IND AIRTYEMP D, 0.0 0.0
SPEC.HUMID,» 0.0117 0.0117 0.0117
VAPOR PRESS. __D.S5S?272 _0D.S5577? 0.5522
C-PPM 1398.0 1371.0 1323.0
NOX CONC-PPM 121.0 137.0 170.0
CONC-PERC 8.4 W 7.k
€02 CON-PERC 8.3 8.4 8.5
- 02 CONC=PFRC .. . ' . e [y BRS| 0.1
MOLS OQUT DRY $2.6 §2.3 §$1.2
MOLS OUT WET 61.4 61.3 61.1
SHAFT TORQUE Not Measured
___ HORSEPOWER ___ Not Measured
ENG AIR FLOW 1535.0 1536.0 1534.0
DRY AIR FLOW 1520.2 1521.2 1519.27
ENG FUEL FLO 128.0 126.0 124.0
____DRY ALR DENS ~ 0.0743 ~ 0.07643
WET AIR DENS €.0758 0.0758 0.,0758
105.2227  102.7607 - QR 84K
EXH HYDROGEN 22.1994 22.2802 22,7482
__EXH FUEL F1O  127.4221  125.0409 121.5950
DIFF WFC-~WFM -0.5229 -0.9591 -2.4050
MEAS F/A RAT ’ 0.0842 0.0828 0.0816
CAL F/A RAT 0.0856 n.0838 0.081S
DIFF M-C F/A 1.7017 1.2190 -0.1210

CYL TEMP MAX

440.0000  450.0000 60,0000

MAN PRES.HGA 40.0 40.0 40,0
EXH GAS TEMP 1500.0 1510.0 1530.0
€O LBS/MODE T 0.6198 - D0.5812 0.5336
0.0069 0.00647 0.0068
NO LBS/MODE 0.0011 0.0013 0.0016
78-25-A-19
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TABLE A-20. LEAN-OUT AT TAXI - (POSTOVERHAUL)
____MODE NUMBER _ 2.0 e IR B 2.0
RATED POWER 200.0 200.0 200.0 200.0
__ REV PER MIN 1220.0 1250.0 _qaps.n . 1160.0
RUN NUMBER 84,0 85.0 86.0 87.0
BAROMET PRES 30.01 30,01 30.01 30.01
e 3 65.0 _65.0 65.0 __A5.0
WET BULB TEM 62.5 62.5 62.5 62.5
___IND AIR TEMP 0.0 = ospRg - g 0B
SPEC.HUMID. » 0.0117 0.0117 0.0117 0.0117
YAPQR PRESS, 0.55?27 0,527 0.5527 0.5572
___HC CONC-PPM_ 10580.0 6120.0 ___B256.0
NOX CONC-PPM 93.0 110.0 105.0 89.0
SPERC . M eRPRON o S WGTAgI  T =
€02 CON-PERC 8.7 9.0 10.2 . 9.0
02 CONC-PERC 0.6 0.4 1.0 i
____MOLS O0UT DRY it 7.0 6.7 6.9
MOLS OUT WET 8.4 8.3 8.0 8.1
" SHAFT TORQUE Za ~ Not Measured
HORSEPOWER Not Measured
ENG AIR FLOW 210.0 210.0 208.0 213.0
__DRY AIR FLOW  208,0 e S LS 206.1
ENG FUEL FLO 17.9 16.9 14.8 13.1
___DRY AJR DENS  0.0743 0.07¢% . 0. 0763 .
WET AIR DENS 0.0758 0.0758 0.,0758 0.0758
RBON 13.3017 12,4574 11.212%  9.4371
EXH HYDROGEN 2.9770 3,0897 2.788¢6 2.3860
____EXH FUEL FLO 16,2787 15,5471 14 11.8231
DIFF WFC-WFM -1.6213 -1.3529 -0.7991 -1,2769
T —_— i
“MEAS F/A RAT "0.0860  0.0812  C.0718 0.0621
CAL E/A RAT _0.08648 0.078% 0.0685 0.060S
OIFF M=C F/A -1.4283 -2,6659 -4 .6068 -2.5894
_CYL TEMP MAX 260.0000 280.0000 290.0000 100.0000
MAN PRES.HGA 170 16.9 17495 18.5
__EXH GAS TEMP 79C.0Q 2970 - 8130 280.0
€O LBS/MODE 2.7631 T2.2860 1.3689 0.9214
MC LBS/MODE 0.2883 00,1646 0.0593% 0.2160
NO LBS/MODE 0.0047 0.0055 0.0051 0.0046
78-25-A-20
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TABLE A-21.

FIVE-MODE CYCLE - (POSTOVERHAUL)

__MODE NUMBER 2.0 = LI o | KB 520 6.0
RATED POWER 200.0 200.0 200.0 200.0 200.0
REV PER MIN 1200.0 2500.0 2450.0 1900.0 1200.0
RUN NUMSER 88.0 89.0 90.0 91.0 92.0
BAROMET PRES 30.01 30.01 30.01 30.01 30,01

___DRY AJR TEMP  65.0 - 65.0 MR 57 o N (S | S SO S o
WET BULB TEM 62.5 62.5 62.5 62.5 62.5
IND AR TEMP 0.0 0.0 0.0 0.0 0.0
SPEC.HUMID., 0.0117 0.0117 0.0117 0.0117 0.0117

____VAPOR PRESS. 05572 0.5527 __ .0,58??2 . 0.5522 _  _ 0.5577

= . 10540.0 1446.0 1594.0 1660.0 9470.0
NOX CONC-PPM 77.0 102.0 132.0 507.0 91.0
C-PERC 6.9 8.2 8.0 4.7 6.7
€02 CON-PERC 8.1 7.8 7.9 9.6 8.7

- 02 coNc-PERC 0.7 = 0.1 a2 - 0.3 S s 2L
MOLS QUT DRY 7.0 ST 38.4 17.8 SRR 3|
MOLS OUT WET 8.5 62.1 45,7 21.4 8.4
SHAFT TORQUE Not Measured

___HORSEPOWER ~ Not Measured
ENG AIR FLOW 0.0 1540.0 1135.0 546.0 210.0

__DRY AIR FLOW  208.0  152S.4 1124.4 $40.9 208.0
ENG FUEL FLO 17.9 130.0 94.5 40.5 17.9
DRY AIR DENS 0.0763 0.0243 0.07263 0.0263 0.0243%
WET AIR DENS 0.0758 0.0758 0.0758 0.0758 0.0758

___EXH CARBON 12.6631  100.399S 23,1673 30,6362 - 13,0367

___EXH HYDROGEN 3.1823 24,1584 17.6761 8.0001 3.0728
EXH FUEL FLO 15.8453 124 .,5579 90.8414 38.6363 16.1095

- __=2.0547 -5.4421 -3,.4586 -1.8632 =1.290S
MEAS F/A RAT 0.08607 0.0852 0.0840 0.0749 0.0860
L e ___0.083% 0.0829 0.0222 0.0831

DIFF M=C F/A -3.3293 -1.86418 -1.3558 -3.5152

-3.3894

—300.0000
23.8 17.2

MAN PRES.HGA 17.6 40.0 35.0
EXH GAS TEMP 791.0 1308.0 1285.0 1147.0 842.0
CO LBS/MODE 2.7169 0.6000 7.1636 2.3617 0.8859
€O LABS/CYC-RHP 0.068S g
PERCENT OF EPA STD FOR CO 163.1918
HC LBS/MODE 0.2892 0.0072 0.0974 0.0S69 0.0860
HC LBS/CYC=RHP 0.0027
___PERCENT OF EPA STD FOR HMC 141.2324 ad
NO LBS/MODE 0.0040 0.0010 0.0151 0.0325 0.0015
__NO LBS/CYC-RHP 0.0003
PERCENT OF EPA STD FOR N 18.
’ FRSHED 78-25-21
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TABLE A-22. FIVE-MODE CYCLE - (POSTOVERHAUL)
n NUMBER 2.0 3.0 4.0 5.0 6.0
RATED POWER 200.0 200.0 200.0 200.0 200.0
_REV PER M[N 1200.0 2500.0 2450.0 1200.0 1225.0
RUN NUMBER 93.0 946.0 95.0 96.0 97.C
" BAROMET PRES 30.01 30.01 30.01 30.01  30.01
DRY AIR TEMP 65,0 65,0 65.0 65.0 45.0
WET BULA TEM 62.5 62.5 62.5 62.5 62.5
_IND AIR TEMP 0.0 0.0 0.0 - 0.0 0.0
SPEC.HUMID., 0.0117 0.0117 0.0117 0.0117 0.0117
VAPQR PRESS. 0.55?7 0.552? 0.5577 0.5572 0.5577
HC CONC-PPM 10525,0 1400.0 1521.0 16648.0 9525.0
NOX CONC~PPM 91.0 104.0 127.0 489.0 91.0
€0 CONC-PERC Buh . faxl 8.1 4.9 4.8
€02 CON-PERC 8.6 8.0 8.1 10.3 9.0
02 CONC-PERC. 0.5 0.2 0.2 0.3 0.6
MOLS QUT DRY 7.0 52.5 38.6 18.1 7.1
MOLS OUT WET 8.4 62.0 45.6 21.3 8.4
T SHAFY TORGUE Not Measured
_HORSEPOWER Not Measured
ENG AIR FLOW 210.0 1542.0 1135.0 549.0 210.0
DRY AIR FLOW 208.0 1527.6 1126446 543.9 208.0
_ENG FUEL FLQ e 0 blohg e L R lieREg s g 0 12,9
DRY AIR DENS 0.0743 0.0743 0.0763 0.0743 0.0763
_MEY AIR DENS  0.0258 0,078 0.0?S8  0.0?S8  0.07S58
EXH CARBON 12.8160 102.3420 75.3928 33,1402 13,4280
_EXH HYDROGEN 3.0902 IR 4238 12,0651 7. 2648 2.9254
EXH FUEL FLO 15.9062 125.7659 92.4579 40,4049 16,3534
_DIFE WEC-WEM  =1_.8938 -3.2361 -2.5421  =0.5951 -1,5466
s
" MEAS F/A RAT 0.0856 0.0844 0.0845 0.0754 0.0860
_CAL F/A RAY 0.0830  0.084%  0.0840 0.0750 0.0840
DIFF M-C F/A -3.0014 -0.1900 -0.5623 -0.4743 -2.3170
_ CYL TEMP MAX _ 290.0000 50,0000 455.0000 . 405.0000  305.0000
MAN PRES.HGA 17.2 40.0 35.0 23.0 7ot
EXH GAS TEMP 809.0 1314.0 1285.0 1164.0 R42 .0
"0 LBS/MODE 2.5781 " 0.6081  7.3486  2.5001 0.9044
_ €0 LBS/CYC-RHP 0.0697 I e Bl
PERCENT OF EPA STD FOR CO 165.9439
]
_ MC_LBS/MODE _ D.28?2 . 0,0070 _  0.0922 ~  0.0S63 0.0861
HC LBS/CYC-RHP 0.0026
_PERCENT OF EPA SID FOR HC T 5 Py n e R e e
NO LBS/MODE 0.0046 0.0010 D.0145 0.0312 0.0015
KOCRBCICVESRRD. . BLOBO% i L
PERCENT OF EPA STD FOR NO 17,6149  sasan
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APPENDIX B

BARON B-55 TEST DATA
(I0-470L ENGINE)
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TABLE B-1. FIVE-MODE CYCLE - BASELINE TEST

MODE NUMBER 2.0 3.0 4.0 5.0 6.0
RATED POWER 260.0 260.0 260.0 260.0 260.0
REV. PER MIN 1100.0 2525.0 2500.0 2010.0 1120.0
RUN NUMBER 1.0 2.0 3.0 4.0 5.0
BAROMET PRES 3C.05 30.05 30.05 30.05 30.05
DRY AIR TEMP 82.0 82.0 82.0 82.0 82.0
WET BULB TEM 72.0 72.0 72.0 72.0 72.0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
SPEC.HUMID. , 0.0152 " 0.0152 0.0152 0.C152 0.0152
—  VAPOR PRESS, 0,2249 0.2249 _0.7249 0.7269 0.2249
HC CONC-PPM 9845.0 2376.0 1825.0 2747.0 11130.0
NOX CONC-PPM 27.0 210.0 239.,0 138.0 25.0
€O CONC-PERC 8.1 7.3 7.1 8.2 8.3
€02 CON=-PERC 6.3 8.5 9.0 8.2 6.0
02 CONC-PERC 3.9 1.0 0.7 1.2 3.7
MOLS OUT DRY 6.6 53 2 46,1 24.0 6.6
___ MOLS OUT WET 7.5 62.0 53,3 27.7 7.6
___SHAfT yorque  Not Measured =
HORSEPOWER Not Measured
ENG AIR FLOW 189.0 1570.0 1360.0 698.0 189.0
DRY AIR FLOW 186.7 1550.9 1343,5 689.5 186,7
__ENG FUEL FLO 15.7 126.0 106.0 59.0 16,4
DRY AIR DENS 0.0717 n.Q717 Q.0717 0.0717 0.0717
WET AIR DENS 10,0735 0.0735% 0.0738 0.0738 0.0213S
"~ EXH CARBON 11,3855 101.1413 89.0277 47,1279 11,2562
EXH _HYDRQGEN 2.3277 21.2802 17.2324 9.3535 2.5145
EXH FUEL FLO 13.7133 122.4215 106.7602 56,6814 13,7687
DIFF WFC-WFM -1,9867 -3.578S 0.7602 -2.5186 -2.6313
MEAS F/A RAT 0.0841 0.0812 0.0789 0.0856 0.0878
CAL F/A RAT 0,0788 90,0803 0.0808 0.0830 0.0803
DIFF M=C F/A ~-6.3022 -1.1738 2.4573 -3.0433 -8,6043
CYL TEMP MAX _290,G0C0 410.,0000 440.0000 370.0000C 320.0000
MAN PRES.HGA 15.9 28.8 28.3 21.4 16.2
EXH_GAS TEMP 763.0 1322.0 1340.0 1156.0 771.0
€O LBS/MODE 2.9809 0.5435 7.6455 5.4887 1.0156
€O LBS/CYC-RHP 0.C689
PERCENT OF EPA STO FOR CQ 161.8512
HC LBS/MODE 0.2409 0.0118 0.1301 0.1223 0.0919
HC LBS/CYC=RHP 0.0023
PERCENT QF EPA STD FQR WC _ 120,.8354
NO LBS/MODE 0.C012 0.0020 0.0318 0.0115 0.0004
NO LBS/CYC-RHP G.C002
PERCENT OF EPA STD FOR NO 12.0284 98-25-B-1
B-2 THIS PAGE IS BEST QUALITY PRACILCABLA
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TABLE B-2. LEAN-OUT AT APPROACH - 25-HOUR TEST
____ MODE NUMBER 5.0 5.0 5.0 5.0
RATED POWER 260.0 260.0 260.0 260.0
REV PER MIN 2010,0 2010,0 2020.0 2020.0
| RUN NUMBER 6.0 7.0 8.0 9.0
' BAROMET PRES 30.35 30.35 30.35 30.35
_____DRY AIR TEMP 79.0 79.0 N e TSR 79.0
_ WET BULB TEM 730 73.0 73.0 _73.0
‘ IND AIR TEMP 0.C 0.0 0.0 c.0
‘ __ _SPEC.HUMID.. 0.0165 0.0165 0.0165 . 0.0165
| VAPOR PRESS. 0.7933 0.7933 0.7933 0.7933
[ -
i HC CONC-PPM 2822.0 2452.0 2198.0 1683.0
—  NOX CONC-PPM 122.0 241.0 482.0 103460
l €O CONC-PERC il 6.0 4.6 2.6
____£02 CON-PERC 2.8 8.7 9.7 10.8
‘ 02 CONC-PERC 1.5 1.5 1.6 1.9
" MOLS OUT DRY 23.9 23.3 22.9 22.3
’ MOLS OUT WET 272 27.3% 26 26.0
[ ____SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
____ENG AIR FLOW 698.0 697.0 696.0 690.0
DRY AIR FLOW 688.8 687.8 686.8 680.9
ENG FUEL FLO 57.5 53,0 50.0 45.5
DRY AIR DENS 0.0727 0.0727 0.0727 0.0727
___MWET AIR DENS 0.0746 0.0746 0.0746 0.0746
EXH CARBON 45.6807 41.0814  39.2007  35.8717
EXH HYDROGEN 9,4053 9,3561 8.7305 2.9153
EXH FUEL FLO 55.0860 50.4374 47.9312 43,7869
__ DIFF WFC-WFM -2.4140 ~2.5626 -2.0688 -1.7131
MEAS F/A RAT 0.0835 0.0771 0.0728 0.0668
; CAL F/A RAT 0.0816 0.0744 0.07064 0.0647
; DIFF M=C F/A -2.2851 ~3,4397 -3,.2558 -3.1124
;
i CYL TEMP MAX 330.0000 340.0000 345.0000 360.0000
i MAN PRES.HGA 21.0 21.0 20.9 21.0
i EXH GAS TEMP 1160.0 1203.0 1237.0 1270.0
|
CO LBS/MODE 5.64407 3.9273 2.9255 1.6045
__HC LBS/MODE 0.1255 0.1072 0.0944 0.0701
NO LBS/MODE 0.0107 0.0213 0.0387 0.0807
78-25-B-2

PHIS PAGE IS BEST QUALITY PRACTICABLE
B~3 FROM COPY FURNISHED TODDC o

- NS K T R IR A

A8 i s




TABLE B-3. LEAN-OUT AT CLIMB - 25~HOUR TEST
ER 4.0 6.0 4.0
RATED POWER 260.0 260.0 260.0
_____REV PER MIN _....2500.0 249050
RUN NUMBER 10.0 11.0 12.0
T BAROMET PRES 30.35 TEE.3% . 3038
DRY AIR TEMP 79.0 79.0 79.0
_ WET BULB TEM o 75.0 Oy A S 723.0
IND AIR TEMP 0.0 0.0 0.0
 SPEC.HUMID.., 0,016 0.,0165 0.0165
VAPOR PRESS. 0.7933 0.7933 0.7933
HC CONC-PPM 2152.0 2365.0 1011.0
—__NOX CONC-PPM ~-311.0 438.0  418.0
CO CONC-PERC - Seb 5.6
= SRSEETIIE ~ 5 = ; Qe 98
02 CONC-PERC 1.1 1.1 0.9
MOLS OUT DRY 4L6.6 45,7 46,7
— MOLS OUT WET

SHAFT TORQUE

Not Measured

s . S §0.1

HORSEPOWER " Not Measured
ENG AIR FLOW 1392,0 1380.0 1343.0
DRY AIR FLOW 1373.7 1361.8 1325.3
ENG FUEL FLO 106.0 ~102.8  104.0
DRY AIR DENS 0.0727 0.0727 0.0727
__ WET AIR DENS  0.0746 A
EXH CARBON 85.2929 81.605C 82,6627
__ EXH HYDROGEN 18,5961 18.0742 17,2773 _
EXH FUEL FLO 103.8890 99,6792 99.9399
___ DIFF WFC-WFM -2.1110_ -3,1208  =4.0601
T MEAS F/A RAT 0.0772 0.0755 0.0785
. CAL F/A RAT _0.0770 0.0743 - 0.0749
DIFF M=C F/A -0.1761 =1.5515 -4,5480
__CYL TEMP MAX _420,0000 460,0000  450.,0000
MAN PRES.HGA 27.9 28.0 27.9
EXH GAS TEMP 1353,0 1370.0 1360.0
CO LBS/MODE 7.0092 5.8165 5.8038
____HC LBS/MODE  0.1567 0.1694 0.0704
NO LBS/MODE 0.0423 0.0587 0.0S544
78-25-B-3
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TABLE B~4. LEAN-OUT AT TAKEOFF - 25-HOUR TEST

____MODE NUMBER Dizen e
RATED POWER 260.0
__ REV PER MIN 2525.0
RUN NUMBER 14.0
PRES 30,05
DRY AIR TEMP 82.0
Nt
IND AIR TEMP 0.0
__ SPEC.HUMID.e 0.0152
VAPOR PRESS. 0.7249
TWC CONC-PPM  2168.0
____NOX CONC-PPM  194.0
€0 CONC-PERC 7.5
-PERC 8.5
02 CONC-PERC 0.8
MOLS OUT DRY 52,7
__MOLS OUT WEY SR A
SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
____ENG AIR FILOW  1554,0
DRY AIR FLOW 1535.1
_____ENG FUEL FLO 124, 4
DRY AIR DENS 0.0717
WET AIR DENS 0.0735
EXH CARBON  101.0626
. 21.3128
EXH FUEL FLO 122.3754
DIFF WFC-WFM -2.0246
MEAS F/A RAT  0.0810
CAL F/A RAT D.0R813
DIFF M=C F/A 0.379%
e e e ] ‘
CYL TEMP MAX 440.0000 “
MAN PRES.HGA 28.8 |
_____EXN GAS TEMP 1335.0 |
€O LBS/MODE 0.5530 |
S/MODE 0.0G107 ;
NO LBS/MODE 0.0018 :
78-25-B-4
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TABLE B-5.

FIVE-MODE CYCLE - 25-HOUR TEST

MODE NUMBER 2.0 3.0 4.0 5.0 6.0
___RATED POWER 2640.0 _260.0 - 260,0 . 260.0 260.0
REV PER MIN 1100.0 2575.0 2500.0 2000.0 1100.0
__RUN NUMBER 25,0 26,0 - 22,0 28.0 29.0
___BAROMET PRES 30,06 30.06 30,064 30.04 30.04
DRY AIR TEMP 73.0 73.0 73.0 73.0 73.0
— MET BULD FEM ____  A2.5 62,5 ! 62.5 62.5 62.5
IND AIR TEMP 0.0 0.0 X 0.0 0.0 0.0
___SPEC.HUMID.. —0.0099  0.0099 0.0099 0.0099 0.0099
VAPOR PRESS. 0.4729 0.4729 0.4729 0.4729 0.4729
HC CONC-PPM 9168.0 2334.0 1798.0 3297.0 11512,0
NOX CONC~PPM N ) TR 5 1 o o P s g =l 100.0 24,0
€O CONC-PERC 8.2 6.7 5.9 9.3 8.6
€02 CON-PERC rA 10,2 10.3 8.3 6.8
02 CONC-PERC 25 0.3 0.3 0.9 3.1
MOLS OUT DRY 6.8 53.2 45.8 24.3 6,6
__MOLS OUT WET S 1. R 60.72 = SRy S R, ) B
_ SMAFT ToR@uE _ Not Measured
HORSEPOWER Not Measured
_ENG AIR FLOW 196,0 1561.0 1340.0 £90.0 1R8.0
ORY AIR FLOW 192.5 1548,7 1349.3 684.5 186.5
—— ENG FUEL FLO - . - AR . . 420 - 105.0 S8.S 16 .3
DRY AIR DENS 0.0735 0.0735 0.0735 0.0735 0.0735
____WET AIR DENS oo 2 AR R o ol iy A T e 0.0247
EXH CARBON 12.7179 108,0074 89.3140 51,3120 12.2799
____EXH HYDROGEN 2.4305 18,4461 16,8262 B8.4340 .
EXH FUEL FLO 15,1483 126.4535 106.1402 59,7460 14,5752
___DIFF WEC-WFM =1.6S12  3.4535 _ 1.1402  1,24660 . =1,7248
" MEAS F/a RE  0.0873 0.0794 0.0778  0.0855  0.027&
___CAL F/A RAT 0.0832 0.0828 0.079S ____0.0893  0.084S
DIFF M-C F/A -4,7305 64,2518 2.1054 46,4558 ~3.3643
__CYL TEMP MAX _.250.0000 340.0000 390.0000  340.0000  _ 280.0000
MAN PRES.HGA 15.2 28.7 26.8 20.2 15.2
EXH GAS TEMP 761.0 1415.0 1420.0 1146.0 280.0
" co LBS/MODE 3.1232 0.4963 6.3235  6.3068  1.0656
____ €O LBS/CYC-RHP _0.0466 3 T e PR oy SN
PERCENT OF EPA STD FOR CO 158.5662
" WC LBS/MODE 0.2309  0.0114  0.1270  0.1453  0.0943
____HC LBS/CYC-RHP Y ¢ o (R R 2
PERCENT OF EPA STD FOR HC 123.2426
____NO LBS/MODE 0.001¢ 0.0020 0.0407 . 0,0082 __ 0.0004
NO LBS/CYC=-RHP 0.0002
____PERCENT OF EPA SID FOR NO 13.5002 _ . 78-25-B-5
B-6
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TABLE B-6, FIVE-MODE CYCLE - 25-HOUR TEST
MODE NUMBER 2.0 3.0 SR e | {57 SR )
RATED POWER 260.0 260.0 260.0 260.0 . 260.0
REV PER MIN 1100.0 2525.0 2500.0 2000.0 1100.0
__RUN NUMAER 18.0 T R Y T, 21.0 22.0
__BAROMET PRES 30,08 ~ 306.0§ 10,08 30.4s5 30,05
ORY AIR TEMP 82.5 82.5 82.5 82.5 82.5
—__MET BULD TEM 13.0 73.0 73.0 23.0 23.0
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
_ SPEC.HUMID.. 0.0158 _0.01S8 ___0.01S8 0.0158 0.0158
VAPOR PRESS. 0.7561 0.7561 0.7561 0.7561 0.7561
" WC CONC-PPM  10170.0 2064.0 1772.0  2985.0  11792.0
____NOX CONC-PPM 27.0 187.0 271.0 93.0 26.0
CO CONC-PERC 7.9 7.3 6.4 9.2 8.0
€02 CON-PERC 6.7 8.9 9.6 S e 1NRS
02 CONE-PERC 3.3 0.7 0.7 1.2 3.4
““WgLs Gur ved . 67 . 52ee . 4644 23.7 R
MOLS OQUT WET 1.8 61.2 S3.27 * 272.2 St
_ sHAFT ToRaue  Not Measured
HORSEPOWER Not Measured
___ENG AIR FLOW  195.0 1560.0 1380.0 681.0 =930
DRY AIR FLOW 192.5 1540.2 1362.5 672.4 190.6
ENG FUEL FLO 16,1 123,0 106.0 $8.0 16.0
ORY AIR DENS 0.0716 0.0716 0.0716 0.0716 0.0716
___WET AJR DENS  0.0?23  0.073  0.0734 0.0734 . 0.0734
EXW CARBON  11.7360  102.8451  89.3717  47.7402 11,6357
EXH_HYDROGEN 2,6925. 20,3771 17,3766 9.0983 2.4306
EXH FUEL FLO 14.2285 123.2222 106.7481 56.8385 14,0663
_ DIFF WEC=-WEFM -1.8715  0.2222  0.7481 -1.1615 -1.9337
MEAS F/A RAT 0.0836 0.0799 0.0778 0.0863 0.0840
__CAL F/A RAT 0.0800 0.0814 0.0793 0.0866 __ 0.0811
DIFF M=C F/A -4.3827 1.9359 1.9393 0.4439 -3.4386
____CYL TEMP MAX 285.0000 390.0000 440.0000  370.0000 _ 310.0000
MAN PRES.HGA 15.8 28.8 27.9 21.0 15.7
____EXH _GAS TEMP 733.0 1339.0 1362.0  1125.0. 816.0
CO LBS/MODE 2.9666 0.5374 6.9713 6.0982 1.0017
€O LBS/CYC~RHP N 1 I el i
PERCENT OF EPA STD FOR €O 160.9454
HC LBS/MODE 0.2567 0.0101 0.1271 0.1304 0.0985
HC LBS/CYC=RHP 0.002¢
_PERCENT OF EPA STD FOR HC 126.0883
" NO LBS/MODE 0.0013 0.0017 0.0364 0.0076  0.0004
NO LBS/CYC~RHP 0.0002
____PERCENT OF EPA STD EOR NO _ 12.1392 P _ 78-25-B-6
1S Pag
E I ‘
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TABLE B-7.

LEAN-OUT AT APPROACH - 50-HOUR TEST

MODE NUMBER 5.0 5.0 5.0 6.0
___RATED POWER 2600 ~ 240.0 260.0
REV PER MIN 2000.0 2000.0 2000.0 2000.0
____RUN NUMBER 30.0 31.0 32.0 33.0
___ BAROMET PRES ~~ 30.04 _30.04  30.06 30,04
DRY AIR TEMP 73.0 73.0 73.0 73.0
WET BULB TEM 62.5 62.5 62,5 62.5
IND AIR TEMP 0.0 0.0 0.0 0.0
SPEC HUMID,, 0.C099 __0.009 - 0.0099
VAPOR PRESS. 0.4729 0.4729 0.4729 0.4729
HC CONC=-PPM 3274.0 2724.0 2239.0 1902.0
NOX CONC-PPM 108.0  _201.0 _341.0 = S86.0
€O CONC-PERC 9.0 6.8 5.3 3.7
€02 CON-PERC 8.2 9.3 10.2 11,5
02 CONC-PERC 0.9 0.9 1.0 1
MOLS OUT DRY 23.6 23.5 23.1 22.8
MOLS OQUT WET 26.9 _22.0  26.6 26.1

SHAFT TORQUE

Not Measured

HORSEPOWER Not Measured

ow - o47S.0- - use0Ln- . .A000 . 490,0

DRY AIR FLOW 669.7 684,5 684 .5 684,.5
___ENG FUEL FLO $7.0  54.0 $1.0 8.1

DRY AIR DENS 0.0735 0.0735 0.0735 0.0735

____WET AIR DENS 00,0747 0.0747 0.0742 0.0747

T EXH CARBON  48.8893  45.6525  43.2916 41,5074

EXH HYDROGEN _B.54%4  8,5180 __8.1501 7.4119

EXH FUEL FLO 57.4307 54.1705 S1.4417 48,9193

_DIFF WFC-WEM 0,4307 0.1705 0.4617 0.7943

T MEAS F/A RAT 0.0851 0.0789  0.0745 0.0703

CAL F/A RAT 0.0878 0.0805 0.0762 0.0224

DIFF M=C F/A 3.1898 2.1090 2.3021 2.9827

CYL TEMP MAX 290.0000 295.0000 206.0000 315.0000

____MAN PRES.HGA __19.8 . 19.9 19,9 __ _20.0

EXH GAS TEMP 1141.0 1174.0 1209.0 1246.0

DE S.94S8 4.504K4 L4604 1.S241

HC LBS/MODE 0.1413 0.1181 0.0956 0.0531

MO LBS/MODE 0.008?7 . _0.01463 _ _0,0222. __ 0.030%

78-25-B-7
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TABLE B-8.

LEAN-OUT AT CLIMB - 50-HOUR TEST

MODE NUMBER 4.0 4.0 4,0 4.0
RATED POWER 260.0 260.0 2640.0 260.0
REV PER MIN 2500.0 2500.0 2490.0 2690.0‘
—___RUN NUMBER 34.0 35.0 260 370
_BAROMET PRES 30,04 3006 30,04 30,04
DRY AIR TEMP 73.0 7.0 ] 73.0 73.0
WET BULB TEN 62.5 62,5 £2.5 62.5
IND AIR TEMP 0.0 0.0 0.0 0.0
- 0.0099 NN09Y - | —0.009
VAPOR PRESS. 0.4729 0.4729 0.4729 0.4729
HC CONC-PPM 1756.0 1562.0 1412.0 1339.0

CO CONC-PERC 5.8 4.8 3.7 2.6
— - =3 i SMipse-— - 1ya-o 12.0 12.5
02 CONC=PERC 0.3 0.3 0.3 0.4
MOLS OUT DRY o PR GEr e 1eRs
MOLS OUT WET $1.7 0.5 9.6 P
 SHAFT TORQUE ~ Not Measured
HORSEPOWER Not Measured

— ENG AIR FLOW  1330.0  1310.0  1302.,0  1292.0
DRY AIR FLOW 1319.5 1299.6 1296.7 1281.8
ENG FUEL FLO 104.5 99.0 94§ 90.3
DRY AIR DENS 3.0735 0.C735 €.0735 0.0735
__ WET AIR DENS 0.0747 _0.0747 0.0747 _0.0747
EXH CARBON  B86.9176  83.0054 81.5679  76.7818
R 16.6579 15.838¢ 14,4084 14.1021
EXH FUEL FLO 103.5755 98.8418 95.9763 90.88641

_ DIFF WEC-WEM -0.9245 -0.1562 1.4763 0.6341
MEAS F/A RAT 0.0792 0.0762 0.0729 0.070¢4
____CAL F/A RAT 0.0788 DOZEk . . OOFGA-- - - _BL0PVE
DIFF M=C F/A -0.4725 0.3148 2.3550 1.6552
T UCYL TEMP wAX 360.0000  380.0000  395.0000  400.0000
___ MAN PRES.HGA 26.3 26.3 26.3 26.13
EXH GAS TEMP 1373.0 1393.0 1428.0 1446.0
£ 4.0818 LGIIR. 390 . 3,508
HC LBS/MODE 0.1215 0.1054 0.0935 0.0870
_____NO LBS/MODE __ 0.0441 0.0610  0.0907 _0.1212
78-25-B-8
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TABLE B-9. LEAN-OUT AT TAKEOFF - 50-HOUR TEST
MODE NUMBER 3.0 3.0 3.0 3.0
__RATED POWER 260.0 260,00 260,0  260.0
REV PER MIN 2575.0 2520.0 2525.0 2525.0
___RUN NUMBER 38,0 39.0 «0.0 1.0
____BAROQOMET PRES 30,064 30,04 30.06 30,04
ORY AIR TEMP 73.0 73.0 73.0 73.0
_JEM_ 62.5 6.5 625 .. A2.5
IND AIR TEMP 0.0 0.0 0.0 0.0
_ SPEC.HUMID.. 0.0099 0.0099 _0.0099  0,0099
VAPOR PRESS. 0.64729 0.4729 0.,4729 0.4729
HC CONC-PPM 2098,0 1963.0 2013,.0 1743.0
___NOX CONC-PPM 206.0 272.0 491.0 633.0
€O CONC-PERC 7.0 6.0 4.6 3.8
€02 CON-PERC 9.8 10.3 S [ 1R S, 1S 11
02 CONC-PERC 0.3 0.3 0.3 0.4
MOLS OUT DRY 53.2 52.5 51.2 51.3
MOLS OUT WET 61.0 60.5 . S8.8 . . SA.8
SHAFT TORQUE Not Measured e
WORSEPOWER Not Measured
ENG AIR FLOW 1540Q.0 _1540.0 1532.0 1552.0
DRY AIR FLOW 1547,7 1547,7 1524.9 1539.7
___ENG FUEL FLO 124.2 1195 113.6 _111.0
DRY AIR DENS 0.0735 0,0735 0.0735 0.0735
____MET AIR DENS 0.0747 _0.0747 _0.0767 0.0747
EXH CARBON 107.6385 102.9299 98.2568 97.2457
___EXH HYDROGEN 19,2910 19,0984 16,8743
EXH FUEL FLO 126.9295 122.0283 115.777S 114.1200
___ _DIFF WFEC~WFM = 2.7295 2.928% 2.177% 321200
T MEAS F/A RAT 0.0802 0.0772 0.0745  0.0721
____CAL_F/A RAT 0,083%32 ~ 0,0800  0.0769 - 0.0751
DIFF M=C F/A 3.6286 3,5453 3.2073 4.2066
CYL TEMP MAX  385.0000 395.0000  405.0000  420.0000
__MAN PRES.HGA 28.7 28.7 2R.7 28,7
EXH GAS TEMP 1360.0 1388.0 1424.0 1441.0
€0 LBS/MODE ~0.5243 - 04401 - 0.3310 . 0.2759
HC LBS/MODE 0.0103 0.009% 0.0095 0.0082
—NO LBS/MODE  0,0019  0Q,002% ~  0.0063  0.008S6
e ek 1 5 _ 78-25-B-9
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TABLE B-10. LEAN-OUT AT TAXI - 50-HOUR TEST

" MODE NUMBER ) 2.0 2.0 2.0
____RATED POWER  260.0 260.0 260.0 260.0
REV PER MIN 1100.0 1100.0 1100.0 1090.0
__RUN NUMBER 62.0 63,0 66,0 45.0
___ _BAROMET PRES 30.04 30,04 30,04 30,04
DRY AIR TEMP 73.0 73.0 . 73.0 73.0
. WET BULB TEM 2.5 62,5 62.5 T g3
IND AIR TEMP 0.0 0.0 0.0 0.0
ID.. 0.0099 0.0099 0.0099 0.0099 ¢
VAPOR PRESS. 0.4729 0.4729 0.4729 0.4729
" HC CONC-PPM  7109.0  7044.0 8663.0 3027.0
_____NOX CONC-PPM  29.0 A R T U R S T 1
€O CONC-PERC 2.7 7.5 7.5 4.0
— €02 CON-PERC 7.6 7.8 1.6 10.1
02 CONC-PERC 2.7 2.7 3.0 2.8
T MOLS ouT ORY 6.9 FRN O TR T R 5
_____MOLS OUT WET - 7Ags L 7.2 O 0 RS 1 )
SHAFT TORQUE Not Measured
HORSEPOWER Not Measured
_____ENG AIR FLOW . 200.0 182.0 180.0 178.0
DRY AIR FLOW 198.4 180.6 178.6 176.6
- ENG BUEE FLQ. oo . Rl L0 TS0 LSS SR 1)
DRY AIR DENS 0.0735 0.0735 0.0735 0.0735
WET AIR DENS 0.0747 0.0747 0.0747 D.0747
"~ EXH CARBON 12,7572 | 11,6256  11.3627  10.0553
_____EXH HYDROGEN 2.3817 2.1261  2.0459  1.8981
EXH FUEL FLO 15.1389 13.8017 13.4086 11.9533
DIFF WFC-WEM -0.9611% -1.198% -0.46914 -D.72442
" MEAS F/A RAT 0.0811 0.0831  0.0790 0.0719
CAL F/A RAT 0.0799 0.0793 0.0799 0.0679
____DIFF M=C F/A -1.5253 -4.5010 1,2408 -5.6324
CYL TEMP MAX 275.0009 280.0000 280.0000 275.0000
____MAN PRES.HGA 15.4 15.1 SseaL 16.9
; EXH GAS TEMP 746.0 770.0 754.0 765.0
I
' HC LBS/MODE 0.1819 0.1643 0,1993 0.0662
__NO LBS/MODE _D.0014 0.0013 . 0.0012  _ .0.0019
7_8;2}-5-10
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TABLE B-11. FIVE-MODE CYCLE - 50-HOUR TEST
MODE NUMBER 2.0 2.0 4.0 5.0 6.0
RATED POWER 260,0 260,0 260.0
REV PER MIN 1100.0 2550.0 2500.0 2000.0 1100.0
—_RUN NUMBER 46.0 47.0 s agep i S EN SNRIRRQ Sy L SR
__ BAROMET PRES I 30.04 _Ip.Me . 3064 - X0 0L . 30,04 -
DRY AIR TEMP 73.0 73.0 73.0 73.0 73.0
62,5 62.5 62.5 62.5 £2.5
IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
__ SPEC.HUMID.,  0.0099 _0D.0099  0.0099 0.0099 0.0099
VAPOR PRESS. 0.4729 0.4729 - 0.4729 0.4729 0.4729
HC CONC-PPM 9590.0 2194.0 1605.0 2678.0 14372.0
___NOX CONC-PPM 26,0 206.0 292.0 124.0 2200
CO CONC-PERC 8.0 6.9 6.2 8.6 8.4
—— CON ECQN=PEREC. " Ty - - LR 10.5 8.4 6.6
02 CONC-PERC 3.1 0.3 0.3 0.8 3.7
MOLS OUT DRY 6.7 53.2 46,4 26,2 6.7
___MOLS OUT WET 7.7 61.0 52.9 22.6 2.2

_SHAFT TORQUE

Not Measured

HORSEPOWER Not Measured
___ENG AJR FLOW  193,0 _ 1560.0  1368.0 = 695.0 192.0
DRY AIR FLOW 191.5 15647.7 1357,.2 689.5 190.5
ENG FUEL FLO 16,2 123.0 105.0 S8.0 16.2
DRY AIR DENS 0.0735 0.0735 0.0735 0.073S 0.0735
____WET AIR DENS  0.0747 _0.0747  0.0747 0.0742 0.0747
" EXH CAR3ON T 12,2351 106.7520  92.8221  49.3733 12.0889
EXH HYDROGEN 2.3635 19,3260 15,9973 8.9698 2.2322
EXH FUEL FLO 14.5987 126.0781 108.8194 58.3232 16,3261
__ DIFF WFC-WEM -1.4013 3.0781 3.8194  0.3232 =1.8239
—__MEAS F/A RAT 0.0846  0.,0295  0.072724 0.084% _ 0.0850
CAL F/A RAT 0.0813 0.0828 0.0810 0.0863 0.0836
___DIEE M-C F/A  -3,9458 64,2186 .. 4L 7423 2.5928 -1.2214
T CYL TEMP mAx 290.0000 365.0000  385.0000  360.0000  295.0000
___ _MAN PRES.HGA " 15.4 o IR PRPO 20,5 15,5
EXH GAS TEMP 766.0 1359.90 1367.0 1165.0 754,0
,,,,, €0 LBS/MODE 3.0285. 0.5167 _ 6,6826 5,801 1,0549
€O LBS/CYC=-RHP 0.0657
____PERCENT OF EPA STD FOR €O 1564,64925 e L,
HC LBS/MODE 0.2397 0.0107 0.1136 0.1188 0.1202
_HC LBS/CYC=RHP 0.0023 e ety e ISR TN, D e 5
PERCENT OF EPA STD FOR HC 122.0633
—NO LBS/MODE 0.0012 0.0019 0.03848 0.010% 0.000%
NO LBS/CYC-RHP 0.0002 78-25-8-11
____PERCENT OF EPA STD FOR NO 5, AN RSOy PSS ITEE OO VSO, L. i
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TABLE B-12.

FIVE-MODE CYCLE - 50-HOUR TEST

MODE NUMBER 2.0 3.0 4.0 5.0 6.0
__RATED POWJER 260.0 S Y0 S D VY L Ve _260,0 260.0
REV PER MIN 1100.0 2550.0 2500.0 2000.0 1100.0
__RUN NUMBER  S1.0 S s o A R O e PR A T B, S T 55.0
| —BAROMET PRES 30.04 I0.04 30.04 3I0.04 30,04
1 DRY AIR TEMP 73.0 73.0 73.0 73.0 73.0
| __MET BuUIB TEM 42,5 62.5 o L S
I IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
. 0,0099 0.0099 0.0099 0.0099 0.0099
VAPOR PRESS. 0.4729 0.4729 0.4729 0.4729 0.4729
HC CONC-PPM 10720.0 2096.0 1753.0 2900.0 10455.0
__NOX CONC-PPM 21.0 PP A R W N e SR
€O CONC-PERC 8.2 6.9 6.0 8.5 8.3
_ €02 CON-PERC 4.4  af.0 40,2 8.7 Lo S 5y
‘ 02 CONC-PERC 3.9 0.3 0.3 0.8 3.0
| MOLS OUT DRY 6.5 51.3 46,2 24,1 6.7
| __MOLS OQUT WET 7.4  _ _S8.S 53,3 PR L R
w __SHAET TORQUE _Not Measured
w HORSEPOWER Not Measured
__ENG AIR FLOW 186.0 1500.0 1372.0 692.0 191.0
ORY AIR FLOW 184.5 1488,1 1361.2 686.5 189.5
_ENG FUEL FLO 1550 19,0 - 9pS.A . “6p0R _16.3
DRY AIR DENS 0.0735 €.0735 0.0735 0.0735 0.0735
__WET AIR DENS 0.0747 0.pré? . . 0.0747 . D.0P4? 0.0747
— EXH CARBON ~ 11,4310 104 .30S5S 89.9038 49,6889 12,4026
EXH HYDROGEN 2.2030 18.0145 17.0671 8.6191 2.2989
__EXH FufL FLO 13,6339  122.3200  106.97209  S8.3080 14,2065
DIFF WFC-WFM -1.56%1 3.3200 1.9709 0.5580 =1.5935
__MEAS F/A RAT _0.0824 _0.0800 . 0.022 . 0.0841 0.0860
CAL F/A RAT 0.0801 0.0833 0.0796 0.0865 0.0830
DIFF M-C F/A -2.7517 64,1157 3.2026 2.7966 -3,.5231
CYL TEMP MAX  260.0000  360.0000 380.0000 340.0000  280.0000
1 MAN PRES,HGA 15,6 28,6 22.1 20.3 15.4
} EXH GAS TEMP 742.0 1360.0 1367.0 1163.0 766.0
L UEMer ol 25 ; P SR o o TN e el
1 - SA———. ! {1 b, { 0,4990 6.4887 S<2096. _  _1.034%
€0 LBS/CYC-RHP 0.0644
PERCENT OF EPA STD FOR CO 153,2700
" MC LBS/MODE 0.2587 .  0.0098 0.1250 0.1278 0,088
—RE LBRSIRYCERRE. . . Q00PN e L e
PERCENT OF EPA STD FOR HC 122.9921
__NO LBS/MODE  0.0009  0,0019  0.06407  0.0100 _ _ 0.0004&
: NO LBS/CYC-RHP 0.0002
__PERCENT OF EPA” STD FOR NO 13,8371 _ thas b b hon
78-25-B-12
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