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GLOSSARY OF TERMS USED IN APPENDICES

Mode Number: The power setting of the engine: 2 = taxi—out,
3 = takeoff, 4 = climb, 5 = approach, 6 = taxi—in

Rated Power: Horse power rating of the engine

Rev per Miii: rpm of engine

Run Number: Identification of data run

• Baromet. Press.: Ambient atmospheric pressure (inilgA)

Dry Air Tamp: Self—explanatory (°F)

Wet Bulb Tamp : Self—explanatory (° F)

Spec. Humid : Specific humidity (lbs of water vapor/lb of dry air)

Vapor Press : Water vapor pressure ( unHgA)

HC Cone, ppm : Measured BC concentration in ppm

NO~ Conc. ppm : Measured NO~ concentration in ppm

CO Cone . Pete. : Measured CO concentration in percen t

CO2 Conc .  Perc. : Measured CO 2 concentration in percent

02 Cone. Pete. : Measured 02 concentration in percen t

Mols out Dry : Mols of dry exhaust products

Mols out Wet : Total Mols of exhaust products

Sha f t Torque : Not Meas ur ed

Horsepower: Not Measured

Eng. Airflow: Induction airflow (pph)

Eng. Fuel Flo: Engine fuel flow (pph)

Dif f .  WFC—WFM : Difference between measured fuel flow and exhaust
calculated fuel flow (pph)

Meas. F/A Rat.: Fuel/Air ratio measured

Cal. F/A Ra t . :  Fuel/Ai r ratio calculated from emission measurements
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Diff. M—C F/A: Difference between measured and calculated
F/A ratio (%)

Cyl. Temp. Max : Maximum cylinder head temp (°F)

Man. Pres. HgA : Manifold pressure (inHgA)

Exh . Gas Tamp : Exhaust gas temperature (°F)

CO lbs/Mode: CO produced per mode (ib)

CO lbs/cyc—RHP: CO produced per cycle per rated hp (lb)

Percent of EPA Std . Percen’~ of CO produced per cycle per rated hp compared
for CO: to the EPA standard for CO (0.042 lb/eycle—RHP)

HC lbs/Mode: HC produced per mode (lb)

HC lbs/cyc—RHP: HC produced per cycle per rated hp

Percent of EPA Std. Percent of HC produced per cycle per rated hp compared
for MC: to the EPA standard for MC (0.0019 lb/cycle—RHP)
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produced per mode (lb)

NO lbs/cyc—RHP: NO
~ 

produced per cycle per rated hp (lb)

Percent of EPA Std. Percent of NO
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produced per cycle per rated hp compared
for NO: to the EPA standard for NO
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(0.0015 lb/cyc—rhp)
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INTRODUCT ION

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 eng ine 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 eng ine parameters in a large—
scale continuous compliance program.

2. Obtain u —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.
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DI SCUSSION

DESCRIPTION OF AIRCRAFT AND ENGINES.

In the pilot program, there were two test aircraft, a Seneca II using a TSIO—
360E (200—hp) turbocharged engine and a Baron 8—55 using an IO—470L fuel—
Injected engine (260 hp). In both eases, the left engine of the twin—engine
ai rcraf t  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 ch romel—
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 H20
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 rotanieter 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.

2
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FIGURE 1. FUEL FLOW SCHEMATIC

The airflow measuring system was also a dual—path f low system using Autronics
ai r meters (turbine—type volume—measuring devices) . There were two size ranges
of meters 0 to 100 cubic feet per minute (cfm) for taxi and 0 to 600 cfm
for higher powers. Figure 2 is a schematic of the air system. The to lerance
of the air measuring system was ±~ percent at taxi 

and ±2 percent at approach to
takeoff power.
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To measure the manifold pressure, a high—accuracy gage was used. This was a
Wallace and Tiennan, 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 (H20) rube manometer. Typically, A P ranged from
0.5 inH 2O at taxi to 3 inH2O at takeoff.  The accuracy of this measurement
was +0.1 inH2O , but it should be noted that the probe locations used for this
measurement were selected based on ly 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 rosition of the aircraft, tI.e cooling air duct,
the engine and cowling, and the induction air measuring System.

EMISSION MEAS UREMENT INSTRUMENTATION.

Emission Analyzers. The instrument ation 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 inodificationc and additions to
enhance the reliability and accuracy of the system. A schematic of the
mnissions 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 (C02) 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 5, 0 to 5 percent. Stated accuracy
for each range is therefore +0.2 and +0.05 percent C02, respectively .

Carb on monoxide. The subsystem used to measure carb on monoxide (CO)
is constructed around a Beckman model 865—X—4—4 --4 NDIR. This analyzer has a
specified repeatability r.f ±1 percent of full  scale for ranges 1 and 2, and
±2 percent of full scale for range 3.

Range 1 was calibrated for 0 to 20 percent by volume, range 2
for 0 to 1,000 parts per million (ppm), and range 3 for 0 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 95111 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.

5
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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. Thi~
valve replaced a restrictor clamp that was used by the manufacturer to set
the NO to NOx flow balance.

Oxygen measurement. Oxygen (02) was measured by a Beckman model
OM—ll 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 02. Ranging on this unit is a
fixed 0 to 100 percent 02 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—l58 high—
temperature stainless steel sample pump. The pump , filter, and line were main-
tained at a temperature of 300° ±40 F to prevent condensation of water vapor
and hydrocarbons. At the instrumentation console, the sample was split to
feed the hydrocarbon, oxides of nitrogen (NOw) and CO/C02/02 subsystems which
require different temperature conditioning. The sample gas to the total
hydrocarbon subsystem was maintained at 3000 F, while the temperature of remaining
sample gas to the NO

~ 
and CO/cO2/02 system was allowed to drop to 150° F. Gas

routed to the NO
~ 

subsystem was then maintained at 150° F, while the gas to
the CO/C02/02 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. Plow was monitored at the exhaust
of each analyzer by three 15—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 Whatnian GF/C Glass
Fibre paper filter element capable of retaining particles in the 0.1—micrometer
(pm) 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—pm particles was located at the inlet to the NO

~ 
and CO/C02/02

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—ou t 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.

8
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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 1—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 conservativt~.
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 10—320 engine in the earlier piston engine emission program.

2.0
7 MODE CYCLE 5 MODE CYCLE

rL.
1.0 — - - FEDERAL LIMIT

0.5 —

0 
O O x
O Z O  ~~~~~~~~~ 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 measur ed
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 ...he 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.

10
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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 base line inf ormation 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 hours 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 requi res that  the data mus t be accurate to within
±~ 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 .

M f (W f ) + Ma ~‘a~ ~‘. Exhaust Cons t i tuents

Dry: Mf (C 8H 17) + Ma (02 + 3.76 N2) + M1CO2 + M2CO

+ M3H2O + M4H2 + M502
+ M6cH4 + M7N2 + M8NO

Wet: Mf (C8H17
) + M (02 + 3.76 N2 + X1120) 

-~ Exhaust Constituents

where;

Mf = mols of fuel
= mols of air

through mols of various exhaust constituents

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

11 1.008 CO CII,,

O 16.000 02

N *14.080

CO2 44.011 Exhaust Products
Calculated

CO 28.011
H20

H2O 18.016
N2

02 32.000
H2

CH4 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 firs t 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 . In effect , this was equivalent
to an engine change. After a repair job of this magnitude , the manufacture r
recommends that th e engine be ope rated 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 ~o 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 t~sts .

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 ~~m (inHgA) Pressure pph Remarks

1 Approach 1,900 24.0 Full rich Lean—out; full
to lean rich to 12 ib ,

lean

2 Climb 2,450 34.0 Full rich Lean—out ; full
to lean rich to 12 ib,

lean

3 Takeoff 2,550 40.0 Full rich Lean—out; full
to lean rich to 12 ib,

lean

4 Tax i 1,200 17.5 Full rich Lean—out; full
to lean rich to 5 lb.

- lean

5 Five—Mode — — — Full rich at
Cycle taxi, Tb

climb, App.,
and taxi

6 Five—Mode — — — Full rich at
Cycle taxi, Tb

Climb , App . ,
and taxi

Using the data obtained from these tests, bargraphs of the emissions produced
by the engine were developed. These bargraphs are a convenient method of
indicating an engine’s pollutants in the EPA cycle relative to the federal
pollutant limit. The Federal pollutant limits for the emissions are as
f ollows

CO 0.042 lb/cycle—BliP
HC 0.0019 lb/cycle—BlIP
NO
~ 

0.0015 lb/cycle—BlIP 
-

As shown on the bargraph, figure 6, the Seneca II enginc (TSIO—360E) exceeded
the limits for both CO and NC 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 NC was 57 per-
cen t above the limit.

14



Subsequent tests at 25 hours and at 50 hours indicated some increase in the
pollutant level for c~0; 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 NO

~
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 100 F of each other,
and the ambient pressures were within 0.1 inilgA. 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 NC 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 NC values
measu red for the EPA cycle throughout the 50—hour period. The NO~ 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
testing could have an impact ot. 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

—.- ~~~- - -~~~ -~~ ----~~~~~~~-



- - - - -- - - - - - - -  - - ~~~~~~~~ -~~~ ‘-~ ---~~~~~~~~~ __—,--,- . .--- ------, - - . - - - - - - - -  — -~~~ - - - - — - ~~~~~~~~~~ - -
~~

-
~

-

250
50-HOUR TESTS

25-HOUR _________ _________

TESTS
BASELINE 

__________ —
—

200 — — — —

— FEDE RAL
~~ 15O — — — LIMIT
cI~

iLl

C,.
C

~ 100 — —  .. — —— — — — — —— — — — — ~~~ . ..

ILl

p.’

_ 
_ 1 __

~~~~~ _ _  -- ~~~~ _ i~~~~~~~~
~ O Q X

POLLUTANTS 78—25—6

FIGURE 6. TSIO—360E EMISSIONS OVER A 50—HOUR TIME PERIOD
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BARON B—55 TESTS.

The engine of the Baron aircraft was an IO—470L rated at 260 hp. This is a
naturally aspirated fuel—injected engine with a maximum nominal airflow of
about 1,550 lb 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 NC exceeded the standard by 8 percent , and the NO~ 

was
12 percent of the standard . After 24 hours , the CO and NC 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 ; NC , 22 percent over the standard ; and
N0
~, 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 ±~ percent range and theimpact 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 vir tual ly  constant over the 50—hour time period .

18
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TAB LE 3. TEST CONDITIONS FOR THE BARON B—55 IO—470L ENGINE

Manifold Fuel
Test Pressure Flow

Sequence Power (inilgA) (pph) Remarks

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

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

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

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

5 Five Mode — — — Full rich at taxi,
Cycle T b ,  climb , Appr. .

and taxi

19
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SUMMARY OF RESULTS AND CONCLUSION S

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 estaDlish a definite emission degradation trend for either
the Seneca II TSIO—360E or the Beech Baron B—55 IO—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 .

3. 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.
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APPENDIX A

SENECA II TEST DATA
(TSIO—360E ENGINE) 
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TABLE A-i. NONSTANDARD BASELINE CYCLE - (CHECKOUT RUNS)

MODE NU ’IBE R 2.0 3.0 4 .0 5.0 6.0
R A T E D  P0~~FR 2 f l f l~~~ ?fl f l . j1 ~ f l f l f l  ?f l f l fl -- ?f l f l  fl
R E V  PER M I N  1200 .0 2550. 0 2375.0 1700.0 1225.0
RUN NUMBER 1.0 2.0 3.0 4.0 S.C

BA&OME T P R E S 50.12 30.12 30.12 30.12 30.12
D RY A I R  TEMP 88.0 88.0 88.0 88.0 88.0
WET B ULB TEM 78.0 7 8 0  7R_ fI 7R..fl 7R -. ri
IND A I R  T E M P  0 .0  0.0 0.0 0.0 0.0
S.P.EL.+IUMID.. 0.01E5 0.0185 0.0185 0.0185 0.0185
VA P O R  PRESS. 0.8807 0.8807 0.8807 0.8807 0.8807

C C O N C — P P M  15698.0  1938.0 2098 .0  2 7 4 8 . 0  1 7 7 5 4 .0
NO * CON C— P P M  163 .0 87.0 274.0 18~~.O SS _ f l
CO C O N C — P E R C  8. 4 11 . 5 1 0 . 3  9 .8 8.8
C02 CO N — P E R C  7.3 7 .2 7.8 8.4 7.1
02 CO N C — P E R C  3.0 0.4 0.4 0.4 3.1

M O L S  OUT D R Y  7.5 52.2 37 .0 13.8 8.0
MOLS O UT W E T  8.6 58.7 42.2 i5. 6 9_ i

S H A F T  T O R Q U E  Not Meastir~dH O R S E P O W E R  Not Measured
[kG AIR FLOW no.0 1455 .0 1049.0 392.0 229.2
DRY A I R  FLO W 2 12. 8 1433.6 1033.6 386.2 225.8
ENG FUEL F LO 18.5 132.0 96.0 34 _ U  1 9 _ S
DRY A I R  D E N S  0 .0707 0.0707 0.0707 0.0707 0.0707

AIR DINS 0.0728 0.0728 0.0728 0.0728 0.0728

EXH C A R B O N  14 .26 42 11 7 .3977 S0.6690 30 .0823 15 .3070
EX H H Y D R O G E N  2 .4102 19.1307 14_ 083 2 4 8845 2 .5026
E KH FUEL FLO 16 .6745 136.5284 94 .7522 34.9669 17 .8096

- DJ~F! W F C — W F M  -1.8255 4.5284 - - —1...2478 0.9609 —1 .69~~4

M E A S  F/A R A T  0.0869 0.0921 0.0929 0.0880 0.0864
C A L  F / A  R A T  0 .087 1  0.0976 0.0927 0.0923 0.0895
0 1 F F  M — C  F / A  0 .2124 5 .9978 —0.2326 4.8813 3.6928

~~~c1L T EM P M A X  286 .0000  420.0001 420.0000 3.lfl.OüOfl ~28fl.0fl0Q~M A N  PRES. IIGA 18 .0 44 .0 34 .0 21.0 18 .5
iXH . GAS TEMP 0. 0. 0~. 0. 0.

CO L B S / M O D E  3 .5633 0 .8401 8.9190 3.7838 1 .3153
CO L B S / C Y C — R HP 0 .0921 - - -
P E R C E N T  OF EPA STD FOR CO 219.3035

HC L B S /M O D E  0.4383 0.0091 0.1183 0.0687 0.1758
_
~~~~L.-fl.S1LLC.-~R.ktP CS. OOkL - - .

~~~~-—---- — - ----- --— 

P E R C E N T  OF EPA STD FOR HC 213.2096

NO LR~~IMODE (hOURS fl.000R U - f l ) RQ  fl~~flfl ?#. 0 0010

NO LBS/C Y C — R H P  0.0002 
78 25—A-I

. PER NJ QF £PA STD FOR N0 ILS916 - - - --- _ - - - -
~~~

~~IS PA(~ IS B~~T QUALITY PBACTLCA~Z4 A—2
J~~M O~PX J~.~2USH~ TO DL~Q .~~~~~~~~ .—
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TABLE A- 2. LEAN-OUT AT 25 PERCENT POWER - (NONSTANDARD APPROACH)

MODE NUMBER 
— 

5.0 5 .0  5 .0 5.0
RATED POWER 200.0 20.0.0 200.0 200.0
REV PER M IN  1725 .0 1690.0 1500.0 1850.0

-— _R.Qk AILMB.LR 6.0 7.0 &.0 - 9.0

8 A R O M E T  P R E S  3C .12  30 . 12  3 0 . 1 2
D RY A I R  T E MP 88.0 88.0 - 88.0 88.0
W E T  k I iL .&. !EM 78.0 78.0 78.0 78.0
INO AIR  TE MP 0.0 0.0 0.0 0.0

-- SP.tL.iiUM1L. t - Q..018s Q.uta~ 0...0185 - 0 .03 35

VAPOR PRESS. 0.8807 0.8807 0.8807 0.8807

HC CONC— PPM 2863.0 916.0 579.8 2262.6 
IEOX £O.tLC.~ PPM 180.0 1003.0 789..O 243.0
CO CO NC— PERC 9.4 2.1 0.4 8.7

- C~2 LON~2IRC 8.6 12.7 11 .0 9.0
02 CONC—PERC 0.7 2.0 1 .9 1.0

MOLS OUT DR Y 14 .9 13.8 13.8 16.1
QLi _Q IWE. T - i6. ? _15.5 - - 18.& 18.1

~~~SEALLJ OR.Q.UE Not Measured
HORSEPOWER Not Measured
ENG AIR FLOW 424.0 423.0 ~.6S -fl 4 A 0 _ f l
DRY A I R  F L O W  417.8 416 .8 438.4 453.2

~~~~1NG F.1JLI._ 1LO - 3~~.0 27~.O 24.~0 40.6
DRY A I R  OE NS 0 .0707  0 . 0 70 7  0. 0707 0 .0707

0.072 8 Q 072& 0.0128 0.0728

E XH CARBON 32.1066 24.5195 18.9687 34.3667
_ ..Ei~ H1~O.RQGE N 5 .0055  3.5141 5.6738 5.3478

E X H F U EL F L O  37 .112 1 28.0336 24.6426 39.7145
_ _DLLE WLC..~W18 1.1121 2.0336 —1 .357.4 —0.8855

- - 

MEAS F/A R A T  0.0862 0.0648 0.0593 
- 

0.0896__
~~~AL F J P . .WAI 0.0903 0.0680 0.0560 0.0867

01 FF N—C F/A 4.7556 5.0250 —5.5989 —3.1788

__C
~Y~L.~ LENP MAX 275.0000 295..U000 310.01)0.0 3.0.0.0.000

M A N  PRES. H G A  21 .0 21.5 23.0 22.9

EXH GAS TEMP 0. 0. 0. 0.

C0_LflSiMfl0. E .3~~9fl&& 0...Z~ &1 1.412 . 3.5939?
HC LBS/MODE 0.0768 0.0226 0.0154 0.065?
NO L A S / M O D E  0.0090 U_ U L t c 4 ( h f l 39~ fl~~fl1~~ S

78-25.A-2
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TABLE A-3. LEAN-OUT AT CLIMB POWER

M O D E  N U M B E R  4 .0 4.0 
- - 

4 .0
- — R A T E D PO W E R  — 20.0.0 . - 2.0O...0 ~~~~~~~~~~REV PER MIN  2 4 2 5 . 0  2 4 9 5 . 0  2 4 9 5 . 0

RUN NUMBER 10.0 11~~fl 1 ) _ f l

B A R O N E T  EKLS - - 30.12 - 30..~12_.-.~
_
~~__ -  ~fl~~1

DRY A I R  T E M P  88 .0  88 .0  88.0
- - 1L.0. - L8~~0 1A .O

IND A I R  T E M P  0 .0  0 .0  0.0
S P E C . H L J M I O . ,  0 .0 1 85  0. .0185 0 .0183
V A P O R  P R E S S .  0 . 8 8 0 7  0 .880?  0 .8807

HC C O N C — P P M  2 0 6 3 . 0  1 5 6 2 . 0  1365 .0
_ NQI CONC -P PM . . . .~ - _.33.0 0~~ - -

CO C O N C — P E R C  10 .3  7 . 4  5 . 6
CO 2 C O N — P E R C  .8.C 9 .8  10.9
02 C O N C — P E R C  1 .1 1 . 2 0.0

MOLS OUT DRY 38 .6  3 8 . 8  36. 7
MOLS 0J11 W E 1  _

~~~~42..1 -- — - -

S H A F T  T O R Q U E  Not Measured
HORSEPOWER Not Measured

_ INLAIR F L O W  ~~j OJ.i.fl _...1 12 3 . 0  110L.-0~~
D R Y  A I R  F L O W  1 0 65 . 1 1 1 D 6 . 5  1 0 8 4 . 8
ENG FUEL FLO ~~~~~~~~~~~~~~ 9 4. 3
D R Y  A I R  D E N S  0 .0 7 0 7  0 .0 7 0 7  0 .070?
W E T  A I R  D E N S  0 .0728  0 .0728  (h0728

EXH C A R B O N  85 .0864  8 0 . 5 9 4 8  7 2 . 9 9 5 7
E X H  H Y D R O G E N  4L5!~ .12..ittL 1.1. 22.L _

E X H  FUEL F L O  97 .5 6 18  9 2 . 8 7 2 3  8 6 . 588 6
0 1 F F  V F C — W F M  2 . 5 6 1 8  — 1 . 8 2 7 7  — 2 . 4 1 1 4

M E A S  F / A  R A T  0 .0 8 9 2  0 .0 8 5 4  0 .0820
CAL F / A  R A T  0 .0 9 1 9  0 .082 6  0 .0792
0 1 F F  N—C F / A  3 . 0 3 3 1  — 3 . 3 2 6 3  — 3 . 4 3 6 3

CVI  TEMP M A X  380 .0000  4 2 0 . 0 0 0 0  450 .0000
M A N  PRFS’. . H G A  ~~~~~~~~~~~~~ ~~~~ .-~~~~~~~ 3L • c
E X H  GA S T E M P  0. . 0. 0.

CO L A c I M O DE Q..)99R A..7L~~R I. R~~?L

MC L B S / M O D E  0 . 1 1 8 2  0 .0909  0 .0776
_~~~.M.0 LAcINnAc ~~

_
~ __O.S0iA4_- - —- p p3s9 0 0605 —

__________ 
78-25—A-S —
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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
R A T E D  POWER 200 .0  200 fl 2 0 0_ f l  200- fl ?flfl~~fl

REV PER NI H  1 2 1 0 . 0  2 5 5 0 . 0  2 4 5 0 . 0  1900.0  1 2 5 0 . 0
RII1LJ4UMSEU - 13.0 - — 14.0 - - 1S.0 ----—14.8- -— — - --- 3-8.0

-- .3A8OIE.-L.PALS__ 311.12 - 30.12._ 3.0....i 2 -

D R Y  A I R  T E M P  9 6 . 0  96 .0  96 .0  96.0 96 .0
W E T  BULB TEN 78 . 0  78 . 0  7A ~~fl 7A~~fl 7 k 0

E ND A I R  T E M P  0.0 0.0 0.0 0.0 0.0
PkC..UUMID.s - 0 0 I ~~6 0.1106 - 1)S.TO I6A 0...0i 6.6. - - -

V A P O R  PRES S.  0. 7958  0 .7 9 5 8  0. 7958  0 .7 9 5 8  0 .7 9 58

NC C O N C — P P M  1 1 0 9 1 .0 18 0 9 .0   1 8 6 8 . 0  2 2 3 4 . 0  1 1 2 5 3 . 0
NOX CON C — P P M  6 7 .0  89 .0  135 . . 0 i R A _ f l  6 6 _ f l

CO C O N C — P E R C  7 .1 1 0 . 2  9 . 1  8 .1  7 . 3

-- C02 C O N — P E R C  - - 9...4 - -  — - .&.2. ~ 8.._& — .. 9._.3 _

02 C O N C — P E R C  1 .0 0. 4 0. 4 0. 4 1 .5

— 

MOL S O U T  D R Y  
- 

7 .3 
- 

5 2 . 3  39 .0  1 7 . 5  7. 4
MOLS OUT W E T  8 _ S  S R . 9  4 4 _ 2  ?fl~~i A~~4

__S.KMI IOR.0.Ui - - - - Not Measur ed
HORSEPOWER Not Measured

~~~ E8G_ A I R  F L O W  -- 2.1 1kZ5... B _____1J_114L . ~~~~~~~~~~~~~~~~~~~~~~ - -

DRY A I R F L O W  212.1 1455. 4 1103.1 502.2 211.2

EN G FUEL F L U  19.5 1 3 1 _ fl 9 5 _ U  LS~~fl 1 A _ € .

DRY A I R  D E N S  0 .0 6 9 9  0 .0699 0.0699 0.0699 0.0699

WLI LR0EN.S~~~ 0.0718 - 0 .07 18 - _ _ 0.fl718 - - 0.01i8~ - - O~.1)71-8

E X H  C A R B O N 16 .6241 115 .7119 83.7544 36 .6114 1 6.5688

EXH HY D R O G E N  2 .6 791 1 8.5 30 5  1 3 . 8 3 5 1  6 _ S 6 S 3  ?_ LL~~6

EXH FU EL FLO 17 . 3 0 3 2  134 .2924 97.5895 43. 1767 17 .0124

. DiLL_W EC~ W1A -2.1 9.&8~~~
_ ~1. 2 9.24_ _ _  .. .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

M E A S  F / A  R A T  0 .09 19 0 .0900  0 . 0 8 6 1  0 .0896  0 . 0 87 1
. LAL F/ A  RA T 0 .085& - 0 .O932~ - 0.03-9 4 -.D-.085~S — OS.-083-6

0 1 F F  N—C F / A  — 6 . 6 7 5 2  3 . 5 2 2 2  3 . 8 0 2 3  —4 .6230 — 1 .7 2 0 1

C V I  T E MP M A X  2 8 0 . 0 0 0 0  
- 

~4 f l . 0 O O 0  4 6 0 . 0 0 0 0  380.0000 280.0000
M A N 2 J I GA _ 17 .5  _A1) f l _ _ _3k.~0~~~~~

_ -~ ~~~.fl
I A N  G A S  T E M P  0. 0. 0. 0. 0.

- . 2.943.3_ - -  0.7491 - - 8..2615 - - -  3-.9315. -1.00.06
CO LB S / C Y C — R H P  0.084?

-__PEICINI OL EIL S.&LD_.1O.8 C8- 281.626 1 - - - ~~~__ _  -

HC L B S / M O D E  0 . 3 0 6 5  0 . 0 0 8 5  0. 1 1 0 3  0 .0 7 2 2  0. 1024
HE LBSIEI r.-RHP 0.0030  - - - - —- -- - -

PER C E N T  OF EPA  S T D  FOR MC 157 . 8 5 7 8

NO LBS /NODE 0 .0035  0 _ 0 0 0 E  0.0149 ft.. f lh l )
NO L B S / C Y C — R H P  0 .0 0 02  -

~~ERC[NI01 EPA S1D FOR NO - 10.4942 - - — _ _ _ _ .i! !~~~~
-

~~
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TABLE A-5. STANDARD FIVE-MODE CYCLE 25-HOUR TEST

MODE N U M B E R  2 .0 3 .0  4 . 0  5 .0  6 .0
R LLL~P0.WiR 200.0  21111.0. - 2fl.0.0.._ .~~~ 200.0 2.011..0
REV PER M I N  1200 .0 2525.0 2450.0 1900.0 1200.0

RJItLItILNBIR - - 20.0 21.0. 2L 0 __ 
--

BAR ONET PRES 30.02 30.02 30~~0.) ~f l f l 2  ~fl~~fl?

DRY A I R  TE MP 84 .0 84.0 84 .0 84.0 84.0

WET if LB TE JI~f l _ L8.50 . 78.0. __ _l3..O___ .__2-&.-0.-.

END AI R TEMP 0.0 0.0 0.0 0.0 0.0

-- - 
_ 0..019k 8 0.t9~~~~~~~~~~11..Q-1-2-4 - - - 

0J19k - - - 11.flt9 4
V A P O R  PRESS. 0 .9231 0.9231 0.9231 0.9231 0.9231

M C C O N C — PPM 10559 .0 1920.0 2002.0 2131.0 11387 .0

NOX CQN~-PPM  - 62.0 - 86~0_ . - - 13i.fl_ . .

_ _2k9.-0~~~-  .65-..0.- -

CO C O N C — PERC 7.6 10.7 9.7 7.9 7.2

C11L ~0.k C~~
_ -

02 CONC- PER C  0.4 0.2 0.2 0.2 0.5

M O L S  OUT DR Y 7.0 52 .9 38.5 17 .2 6.9

~~~MQk5 0MI WE T 8.0 5 9..? - - - 43.9 - 19..h - -  ~7.9.

SH A F T  T O.8211i - . - 
Not Measured

H O R S E P O W E R  Not Measured
ENS A I R  F LOW 20.4.0 1490.0 1097.0 302_ fl 203 .0

DR Y A L P  F LOW 200.8 1466 .9 1080.0 694 .2 199.9

L f U ~~k ~~L0.~~~~~~~ - ~1 7.5 i~~~~~~~~~~~~-i112.0 _- ~~~~~~~~~~~~~~~~~~~~~~~
DR Y A I R  D E N S  0.0709 0.0709 0.0709 0.0709 0.0709

111 D1N3 - - 0.117.11. 0.1)731 - - - - - fl~ 0111 -- _0..11131 _0...O.7 3i -

E XH C A R B O N  14.4255 119 .0596 84 .3003 - 35 .8751 14 .2242

_H~ H Y D R O G E N  - - - 2.4491 . t9.2113  — — 14~ .5fl1.L_~ - .k.1_&LZ L~.143 7
E XH FUEL FLO 16.8766 138 .2708 98.8020 42.0563 16.5700

- 0 1 F F  W F C , W F M  -1).61fl . - J 2703 -1_1910 . _ .i..11.3.6J.. - - ~fl.k1D.0

- 0.C3-Lt _ _ _ 0 .0Q20 0.11944 — 0.0830 — - _ -.._0_086 1 -

CAL F I X R A T  0.0899 0.0955 0.0910 0.0863 0.0891

~~I E F  N—C F / A  ~_ 1 3 1 A  ~~_ 76i L —~~~ _ & L L Q  6 _ nic ) ~_~~co i

CVI TE MP M A X  275.0000 440.0000 460.0000 350.0000 275.0000
NA N PR E S.HGA 17.5 4fl~~fl ~6_ S 2 6 _ f l  11.8
E X H GAS T E M P  762.0 1265 .0 1261.0 1103.0 803.0

— - - .29l9i~~ 0..23_ 8.6713 3..82-1-8~._ _-.---0..-9.3i2

CO L B S / C Y C — R H P  0 .0 8 60
P E R C E N T  OF EPA STD FOR CO 206 .7525

M C LBS/ MODE 0 .2748 0.0092 
- 

0.11 74 0.0671 0.0979
HE L R S / t Y t — R K p ~~~~~._  O...002& _ _ — - -__—~~~~ ——-—-—-

P E R C E N T  OF EPA SID FOR HC 149 .0424

NO LRSJ.3QD~~ _fl.-fl0.10_ ~~~~~~Q110~~~~~~~~~~0..0i-~A—_~.-—_-0.-0-142-_----— 0.00-1-0
NO L B S / C Y C - R HP 0.0002
PLRCEIU OL 11PA.S13- FO.9 MO tl &_
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TABLE A-6. LEAN-OUT AT APPROACH - 25-HOUR TEST

MODE NUM B ER 5.0 5.0 5.0 5.0
200.0. 20.8-.0 - - 200.11 200.0

REV PER N I H  1900.0 1900.0 1900.0 1900.0
RUN N U M R E R  24.0 25 _ f l  ?A ~~fl 2 1_ f l

BAR 0.MET 23E3 30.02 30.02 30.02 30.02
DR Y A I R  T EMP 84 .0 84 .0  84.0  86 .0
.WLI 3JJJ.8 LEN 78.0 - 78.0 _. L8.0. - - 7-8.-fl -

E N D  A I R  T E MP 0.0 - 0.0 0.0 0.0
0.0194 0.0194 0.0194 fl _ f l 1 9 1 .

V A P O R  PRESS. 0.9231 0.9231 0.9231 0.9231

HC CONC—PPM 1942.0 1682.0 1409.0 
- 

9 2 7 .0
_N.01 CONC~ PP~L . 233.0 400.0 614...0 1076.0

CO C O N C — P E R C  8.0 6.2 4.4 2.2
C02 E ON —PER C 9.4 10.3 1 1 _ A  12.8
02 C O N C — P E R C  0.3 0.3 0.3 0.7

M O L S  O U T D R Y  17 .3 16.9 16.4 15. 9
N0.1.S OIL! WET - - - 1 9 7  19.6 - 18.8 - — - - -

S H A F T  T O R Q U E  Not Measured
HORSEPOWER Not Measured
EN6 AIR £L 11W 504.0 - 501.fl - - .497.0 -- 49/..0
DRY AIR  FLOW 496.2 495.2 489.3 486.3

~~~EN0- FIJ.EL F LO Al • 0. - - .31.3- - - - 16.-0 - - 34.0.-
DR Y A I R  DENS 0.0709 0.0709 0.0709
WET A I R  DENS 0.0731 0.0731 0.0731 0.0731

- 3 t.631 - 13..3 S43. - —
EXH HYDROGEN 6.1064 6.0126 5 .4811 5.1290

42 .7699 3 9 _ S A A R  ~A 9RA1 ~~~~Qf l1A
D I F F  W F C — W F M  1 .2699  1 .0 6 6 8  0 .986 1  — 0 . 0 9 8 4

— N EAS F/A R A T  0.082 6 0.0777 0.0736 fl_ fl 6 9 9
CAL F / A  R A T  0 .0 862  0 .0 80 8  0.0~ 63 0 .0699

— - . D1I E Pt-L E/k - 4.3593 3.9869 3.7069 - 0.0293

CVI TEMP M A X  305.0000 315.0000 325.0000 335.0000
- - - !ME PRE1-.IiGk ~ 3.9 21.9 21.9 23.9

E XH GAS T E M P  1094 .0 1118.0 1151.0 1184 .0

CO L B S / M O D E  3.8582 2.9522 2 .0113 fl _ O A ? ~M C LBS/N ODE 0.0613 0.0523 O .042~ 0.0272
O LffSJMOoE - 0.02.38 ~4LZ3.2~~~ 11..03.&S 
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TABLE A-i.  LEAN-OUT AT CLIMB - 25-HOUR TEST

M O D E  NUMBER 4.0 4.0 4.0 4.0 4.0
R A T E D  PO WER 200 _ fl 2flfl~ O 200.0 7flfl~ fl 200_ fl

R E V  PER M E N  2460.0 2460.0 2450.0 2450.0 2450.0
RUN NU MRE R _ L 2.9~ Q . _  30.0 ~1 .fl__

_ 32.0 -

B A R O N E T  PRES - 30.02 . 3 .-~~~~~ 
30.02 30.02 3fl_ 02 —

DRY A I R  TE MP 86 .0 84.0 84.0 84.0 84 .0
WET B ULB TEN 78.0 78.0 

- 
78.0 78.0 78_ fl

IND AIR TEMP 0.0 0.0 0.0 0.0 0.0
i9

~ 

ft 0124___ 0.01 94
VAPOR PRESS. 0.9231 0.9231 0.9231 0.9231 0.9231

MC CONC— PPM 1596.0 1862.0 1995.0 2003.0 1884.0
CO NC -PP N 273.0 155.0 118.0 1 1 3 _ fl 1 60.0

CO C O N C — P E R C  7.1 8.9 10.1 9.9 8.7

C02 C O N — P E R C  ~~~~~~~ 8.3 8_ I  8..2 _ 8,8 - -

02 C O N C — P E R C  0.2 0.2 0.2 0.2 0.2

OUT DRY 
- - 

38.3 39.0 39 .1 38.6 38.4
M OLS OUT W E T  4 4.4 46.9 44.7 46.2 44.4

- 
Not Measured

HORSEPOWER Not Measured
ENS A I R  F L O W  1130 .0 ii_2.L.-fl .1112.0 — 1_I ...0. 1115~~O
D R Y  A I R  F L O W  1 1 1 2 . 5  11 1 0 5 1 094 .8 1085.9 1097 .7

EN S F U E L  FL O  96.5 102.0 103.0 101.0 100.0
_ DR1 ALR 1.E3-6~~~~~~

_ fl - fl?fl9 0~~0709 fl .fllflQ _ _ - .  .O..-0.7.OS .. fl _ 0700 -

WET A I R  D ENS 0.0731 0.0731 0 .0731 0.0731 0.0731

C A R B O N  77.575 1 R2~~6A 1)  Rc A A f l~ R~~~*A7L  an cnoi
E X H  H Y D R O G E N  14 .9279 1 5 . 2 5 1 1  15 .0311 15.0204 15 .2816
E1h LUEL ILO 92.-3113.O. _92...9 323 _~~10O.8Q14 98.88 2’ - _ . - _9.S~...7-9 *.3
DI F F W F C — W F M  —4. 1970 —4 .0677 —2.1086 —2.1173 —4 .2087

- 0.8-8-67-~~~~. 0..0 .91.8 9-4.1... ~~~~ - 0.0930 — -O-.49*-1
C A L  F /A R A T  0.0823 0.0878 0.0926 0.0916 0.0871

- ~ 5.12&8 -4.-3.&41 ~~~L62.8i_ 
_ .~~~~~1.LQ 26_

CVI TEMP M A X  380.0000 385.0000 395.0000 410.0000 420.0000
__________ — - — _14.2 — - ‘ 4 . _ .  3 6 5

E X H G AS TEMP 1258.0 1261 .0 1284 .0 1317.0 1280.0

- L0. Lif1130.fll - - 6 .3578 8.0.61-6 9.21 L.. - .8. 9292 7-.7-94L~M C L B S / M O D E  0.0946 0 .1118 0 .1191 0.1185 0.1 1 1 9
MO LR S I M O O F  fl_ fllfl3 fl.fl176 fl~~fl1~~2 fl f l I )7 fl fl I lA

78-25-A-i
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TABLE A-8. LEAN-OUT AT TAKEOFF - 25-HOUR TEST

M O D E  NUMBER 3.0 3.0 3.0
R A T E D  PO W E R  200.0 200.0 200.0
REV PER MI N 2500.0 2500.0 2500.0
RUN NUMBER 33.0 34.0 35.0

BARO N ET PRE S 30.02 30.02 30.02
DRY A I R  TEMP 86 .0 84.0 84.0
WET BULB TEM 78.0 78.0 - 78.0
E ND A I R  TEMP 0.0 0.0 0.0

0.0194 0.0194 0.0194
VAPOR PREsS. 3.973 1 0.9231 0.92~31

MC CON E—PPM 1935.0 1892.0 1575.0
NOX C0NC-~PPM 72.0 98.0 149.0
CO CO NC— ~~ER C 1 1 .3 10.3 8.7

CO2 CO N—PERC 7.3 7.8 - 8.9
02 CON C— PER C 0.2 0.? 0.2

MOLS OUT DRY 52.6 51 .3 50.4
MOLS O UT WET 59 .7 58.? 57 .7

SH A F T  T O R Q U E  Not Measured
H O R S E P O W E R  - -—- Not Measured
ENS AIR FLOW 1479 .0 1 462.0 1659 .0
DRY ALR FLOW 1456.1 1439.3 1436.4
ENS FUEL F L O  13 4 .0 131.0 125.0
DRY AIR DENS 0.0709 0.0709 0.0709
WET A I R  DENS 0.0731 0.0731 0.0731

LA M CARBON 117.41 33 111.5402 136.4258
E XH HYDROGEN 23.1928 19 .9992 19 .0669
UN FUEL FLO 137 .6061 131 .5394 125.4928
DI F F W F C — W F M  3 .6Col 3.5394 0.4928

MEA S F/A P 4 T  3.U923 3.0910 0.0870
CAL F/A R A T  0.097? 0.C930 0.0880
01FF N— C F / A  5.~ 2~~~._ .__ . J.231Q 1.0724

CYL T E M P  M A X  420.0000 435.0000 460 .0000
MAN PPES.HGA 40_C _~~~~~~ . 40.0 40.0
L AM GAS T E M P  1267 .0 1291.3 1323.0

CO LBS /MODE O .83C5 0.7369 0.6152
HE LBS/ MODE 0.0093 0.0D~~9 0 . 0073
NO LBS /MODE _ _Q.QDk __ 

- - ~~~~~~~9 ._ 0.0013
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TABLE A-9 . FIVE-W)DE CYCLE - 25-HOUR TEST

MODE NUMBER 2.0 
— 

3.0 4.0 5.0 6.0

. RALED POWER -- 200.0 - - - - . 2011.0 20.0.0 200.0 -- - 20.0. 0

REV PER M IN 1200.0 2500.0 2650.0 1900.0 1200.0

RUN NUMBER 36.0 37.0 38.0 39.0 40_ fl

Afi11MIL~~L . _ ~~~3fl
.02___ .311.02 30.02 30~ fl2 __ 1fl..02

DRY A IR  TEM P 84.0 84.0 84.0 84.0 84.0

V E T  81L.Lff TEM . .J8..0 - - 78—0  -- 2.&.11.. _._ - - 7~~~fl
IND AI R TEMP 0.0 0.0 0.0 0.0 0.0

S PE C . HUMI D ., 0.0194 0.0194 0.0194 0.0194 0.0194

V APOR PRESS. 0.973 1 0.9231 0.9231 0.9231 0.9231

HC CO NC—PPM 11062.0 1809.0 1927 .0 
—

~~~ 2105.0 11192.0

NOX CONC-PPM 86.0 .~~ 12111_ __ __ .2.3.5.-~~ . 61~ 0. - -_____c o CONC — PERC 7.2 10.8 9.8 8.1 7.2

CO2 CON—PERC 9.7 7 .9 8.7 9.8 9.8

- _ 0 _ 0 . Z -_-- -- - - _.Q
~ 2- 0 2  - - - - . ______

NOt c 0111 ORL ~~~~~. 6.9 - —  5 3 #s _ _.-.—3-9-.-3-- - 16 _ 8 6.? -

MOLS OUT WET 8.0 60.5 44.4 18.9 7.7

SHAFT TORQUE Not Measured
- - Not Measured

ENS A I R  FLOW 204.0 1509.0 1117 .0 485.0 197.0
DII AILII.0W 2fl0.A L4~S.6 _i09.9..Z _..~-_~~._4-7-7.5 _..L93...9-
ENS F UEL FLO 17 .5 1 3 ’ _ O 101.5 41.0 17 .0
DR Y AIR DENS 0.0709 fl_ 070 9 fl _ fl?flQ fl_07fl9

WET AIR DENS 0.0731 0.0751 0.0731 0.0731 0.0731

LAM CARBON _ .lk. L295 j~ fl..-J.3j4. . 87~~LA 76 A A .111Q5 1_ 3_44 9.5~~~
E XH HYDROG EN 2.4793 19 .5776 14.0 401 - 5.6923 2.3673
EX H FUEL FLO 16.6083 140.3090 101.5025 41.7119 18.0168

01FF W F C— W F M  —0 .8912 3.3090 0.0025 0.7119 —0.9832

MEAS F/A RAT 0.0871 fl.09?? fl~~flQ?3 0.0850 fl~ flA7 7

CAL F /A R A T  0.0887 0.0957 0.0922 0.0876 0.0883

DJ.ff N-I f / A  1.131.S._ _ _ ._ 3 . .7 63 9  - - ~~~j~~~ 3_
__ i o ec p 0. 765-1 - —

CVI TE MP MA X  275.0000 440.0000 440.0000 350.0000 280.0000

-- .MNP.8E .-H.-GA - - 17 & k0..0 _ 3 6 5  ?3~~A 11.1. —

E XH GAS TEMP 790.0 1269 .0 1261.0 1102.0 806.0 

CO LaS/MO DE 2.8150 0~~812R 8~~91A1 ~~ RflSQ fl OflrI l

CO LB S/ C Y C — R H P 0.0866
_PLICENT 0f E P A  S1~ FOR CO 2fl6.0lL4~~~~~~.._ ~~~~~~~

_
~~~~~

HC L B S / M O D E  0.2879 0.0088 0.1146 0.0639 0.0938
HE L B S / C Y L A R H P  0.0028
PERCENT OF EPA STD FOR MC 149 .692 6

- - Nfl_i. SJNOOE. _. 0.00. 33 . - fl~ f lflfl8 - - fl~~fl1~~1 - I1~~fl1~~~ O.O~~it

NO LBS /CYC R MP 0.0002 - 
78 25 A 9

PERCEN T OF EPA SIB FOR NO 10.7272 — - —
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TABLE A-b . LEAN-OUT AT TAXI - 25-HOUR TEST

NODE NUMBER 2.0 2.0 2.0 1.0
RATED POWER 200.0 — 

200.0 200.0 200_p

R E V  P E R  NIH 1200.0 1 2 2 0.0  1200.0 1200.0
RIJ8JkUMBER - 41..0 42.3 . 63.0 4~~.O

BAEQNLT PRES 30.02 30.02 30.02 30.02
DRY AIR TE MP 8~..0 84.0 84.0 ‘4 .0
W ET BULB TEM 78 .0  78.0 78.0 78 .0
hiD .81.8 TEMP 0.0 (1.0 0..0. _ - 0.0
SPEC. HUM ID.. 0 .0194 3.0194 O.3~~94 0.0194
MAPOR P~E.SS. ~~~~~_ .  0.9231 3 .9231 0.9211 0.92~~;

HE t O N E— P P M  2421 3 f l  A859 _ ~ AflQfl fl 6 77 8 fl
NO X CONE-PPM 43. 0 7 7 .0 56.0 60.0
CO C0NI—PERC 8..? 7.8 6 .2  5.8
CO2 CO N — P E R C  7.7 9.4 10.8
02 tOMC-P IRC 2.~4 0.3 0.5 0.8

NOLS O UT DRY 7.3 — 7.0 6 .8 A _ A
MOLS OUT W E T  8 .3  3. 1 7 .9 7 .8

- 

S H A F ’  TORQUE Not Measured
Not Measured

ENS A I R  FLO w 209.0 206.3 202.0 201.0
DRY A I R  F L O W  2 0 5 .8  202 .8  198.9 197~~0
EN S FUEL FLO 19.0 17 .5 17 .0 16.5
D R Y  AIR11ENS 0 .0709  0 .0709  0.0709 . 0..0?09

WET AI R  DENS 0.0731 0.0731 0.073 1 0 .0731

EXH C A R B O N  14 .4 2 4 ?  14 .5 0 9 1  1 3 _ 3 6 1 S  13 . 4 18 5
E XH H Y D R O G E N  2 .27?? 2.5508 2 .5208 2 .3371

.__ ELH IJJI L fIG - - - - 1&.6975 17.0600 15.8623 -— _15.753 -6
D I F F  W F C — W F M  —2 .3025 — 0.4400 —1 .1377 — 0. 7 4 4 4

_ E 1 J A RPLU_~~ 11.0923 0.0861 0 . 38 5S  - 0.0814
C A L  F / A  R A T  0 .0 9 5 5  0 .0 8 9 3  0 .0 8 1 6  0.0806
1UI N~ C ELA ._ 1.3atO 3.4404~ -4.~S324 —.3.3253

CYL TEMP M AX  270.0000 275.0000 280.0000 285.0000
——  M A N  PRE S .HGA — - ~~~~~J 8 5~~ .A7 .S._ 

L A M  G A S  TEMP 760.0 771.0 792.0 786.0

- 3 .3752 3.05 64 2.3492 _. 2~~11O9 -

MC L B S / M O D E  0.6656 0 .2326 0 .1549 0.1195
NO L B S /M O D E  ~~~ O.0.n22~~~ Q.003 & - _ _.0 0021 _ 0.0028

78-25 -A-b
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TABLE A-Il. LEAN-OUT AT APPROACH - 50-HOUR TEST

MODE NUM B ER 5 .0 5 .0  5 .0  5 .0
RAIEI POW ER - ~~~~~~~~~ 2 0 T h~~~~~~ 700.0 -. - 20fl...fl. -

REV PER M U d 1900.0 1925 .0 1900.0 1875.0
8U~~~8UJ~0ER _ _  _4?.0 48.0 - 49.0

B A R O N E T  P R E S  30.01 30.01 30.01 30.01
- - 0.8! LLL IL8P . . 73~ O ~~

_
~~-_ L3.0_ .~~~ 7~~.fl 2.3..0-.

WET BULB l E N 62.0 62.0 62.0 62.0

~i.N.0~ LI.L12JIP - - ——-.-—— ‘~-I~ fl~~fl 0.0 0_ C
SPEC .HUN ID ., 0.0095 0.0095 0.0095 0.0095

— VAPOR PRESS.. 0.4548 fl _ 4S48 fl _ 6548 f l 4 548

- - BL ~~~LC-1PM - - iA 2.fl~~~~~~~ -t492 3~~~~_~ _ .1~~50. 0_~
_ _

~~~~~~~2..0
NO X C O N C — P P M  273.0 631 .0 1043.0 1398.0

7~~3~~~~~~
_ 1. • 6 __.

C O N — P E R C  9.7 11 . 1 12.6 13. 4
02 C O N C — P E R C  0.4 0.4 0.5 1 _ f l

__MOL OUL.8 tL - 11_8~~~~~~ __.. 1 7 . 1 —~~~~~~~~ _.14...L—-— .-.- _—_ 4.4$
M O L S  O U T  wET 20.5  19 .9 19 .4  18.8

S H A F T  TORQUE 
- — - - 

Not Measured
HOR S E P OW E R  Not Measured
ENS A I R  F L O W  5 20.0  5 1 5 . 0  5 1 5 .0 5 1 1 . 0
D RY A I R  F L O W  -5 1--6-.0 .3jJ~.i 51 1~~1 . _. 507 . I
ENS FUEL FLO 43.5 39 .5  36 .9 33. 1
D R Y  A I R  D.EN~~.__ __.fl...fl1.33 i~~f l ? 3 S  fl~~fl 73S • f l ~~fl7~~S
WET A I R  DENS 0.0746 0.0746 0.0746 0.0746

ElM C A R RO N  
~
_ 3.&.JJ8 k 37 .0 5 9 3 3 1~~ 13 OL 26 _ 7L? 3

L A M  H Y D R O G E N  6 . 5 3 0 8  6 . 3 2 3 4  5. 4 7 4 8  4 .8568
_k3..0022 - - - - 

_j8.i.121 38~~81 ~.; - —- 3~ •0 1 F F  W F C — W F M  — 0 . 490 8  — 1 . 0 8 7 3  — 0 . 2 5 5 8  0 .4791

MEA S F / A R L _ _ ~~~~ __ 843~~~~~~~~ _ fl~~f l 7 7 3  0 .07,1
CAL  F / A  R A T  0 . 0 8 3 4  0 . 0 750  0 .0717 0.0669
0 1 F F  N—C F/A —1 .0986 — 2_ 9S38 —f l . A f l A f l  )~~3c2/ .

CVI  TEMP M A X  295.0000 300.0000 300.0000 310.0000
NAN PRES .HGA 23 .5 2 3_ S  73_ i  7d. fl
L A M G A S  TEMP 1093.0 1143.0 1176.0 1203.0

CO LA S / M O D E  3_ 848R 2 ,J_915 1~~313S 0.5036
MC LBS/MODE 0.0604 0.0477 0.0326 0.0151
NO LBS/NOD E 0.0168 0_ 0376 f l _ d6f lS  0.0788

______ 
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TABLE A- 12. LEAN-oUT AT CLIMB - 50-HOUR, TEST

NODE NUMBER 4 .0  4 .0 4 .0  4 .0
- ._ R A I1 f l _ P Q~~~~~~~ - 2.0.0.0. .~~2flI.0 - 2flfl~~&_  - 200.0REV PER ~4 1 N 2 4 5 0 . 0  2 4 7 5 . 0  2 4 7 5 . 0  2 4 2 5 . 0

RUN N U M B E R  50.0 51 .0 52.0 53.0

BAR O NET PRES 30.01 30 .01 30.01 30.01
D R Y  A I R  TE ~~P _ _ . J 3 , _ f l_ _  _ _  21.0
WET BULB TE N 62 .0  62 . ’O 62.0 62.0
INn A I R  T EMP 0_ fl 0.0 0_ fl fl~.fl
SPE C. HUN ID ., 0.0095 0.00 95 0.0095 0.0095

~~
_ JLA.PO R_ P R E S S~~~ - 0..4146 0.4346 0 6546 . fl. .414.6

__ N L E f l~LC~~~PpM~~~~~~~ — - - i 9.33.0 1 91.9..0 - - 1402.0_ 22 19.0
NOX CONE—P PM 84.0 86.0 173.0 348.0CO C O N C — P E R C  10 .2 10.1 ?~ 9 S_ 9
C02 C O N —P ERC 7 .9 7 .7  9 .2 10.2

- - - - 0.3 — 0.2 C..2 0.0

_ N0.L3 OUT D R Y  39..L . 39.3 - -- 3L.4 ~~~~~~~~~NOLS OUT W E T  45 .2 45.0 64 .0 43.0

SH A F T  T O R Q U E  Not Measured
- - - - Not Measured

ENS A I R  F L O W  1 1 2 0 . 0  1 1 1 5 . 0  1 11 5 . 0  1104 .0
__ _D1.t_LLfi_jLQ W_.__~~~~~_1jjj .3~~ - - tlOk. 5 - 110A..3____ - -

ENS FUEL FLO 100.5 98.0 91 .0 85.0
DRY A I R  DENS 0.0735 0_ 073 5 0_ O ils 0.0735
WET A I R  D ENS 0.0746 0.0746 0.0746 0.0746

__
~~X.M _CAR8Q~L - ._ __.86~~3.9.42 84.1478 ?&.1.Rfii - - — - I 1.81 8.6
EX H H Y D R O G E N  15.1 5? 1 15.43 ?? 14 .3295 1 4 .2676
EX H FUEL F L O  1C 1.5463 99.5806 93 .1096 86.0862
0 1 F F  W F C — W F M  1 .0463 1 .5806 2.1 096 1.0862

M E A S  F / A  R A T  0. 0904 0 .0886  0 .08 22  0 .0776
C A L  F / A  R A T  0 .0930  0 .0 9 2 3  0 .0 8 5 2  0 .0793

~

I f f N.

~

Lj i A_ 2.LUI - 4.2.461 . 3..8510 l. 1184

CV I .  TEMP M A X  390.0000 400.0000 420.0000 435.0000 
14.8 ~~~~~~ - - - - -EXI4 G A S  TEMP 1249.  0000 1420.0  1 4 6 5 . 0  1520.0

CO L B S / M O D E  9 . 4 8 8 4  9 .2 5 9 7  7.0505 S 1131
M C L B S / M O D E  0. 1169 0 . 1 1 5 6  0 .0943 0 .07 13
$0 LB$LMQDE 

~~~~~_ 0~ (1091_ . _ _0.009 7__ _O.0ii0.__ ____~_~~..~.jj ~
78—25-A—12
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TABLE A-1.3. LEAN-OUT AT TAKEOFF - 50-HOUR TEST

— 
MODE  N U M B E R  

— 
3.0 3.0 3.0

R A T E D  POWE R 200.0 200.0 200.0

~.ILw PU.MIJL - - 23-0.0.0 _ __2c00.0---—-- _2300-.-O-

RUN N U M B E R  54.0 5 5.0 56.0

B A R O N E T  P R E S  30.01 30.01 30.0 1
D R Y  A I R  T E M P  7~~~ O 7 3 _ fl

W E T  BULB TEN 62.0 - 62.0  62 .0
- IND_ AIR T E M P --

SPEC . HUM ID. s 0.0095 0.0095 0.0095

VA POR PRiSl.._ -_ -___ fl-.- -~~ - -

HC CONE—PP M 1864 .0  15 62 .0 139k...fl
MDX CONC — P PM 55 . 0  94.0 149 .0

______EO _C..QI4 LRC.—- - i. 1. 1 
___ .____ 9..3-__—-----—- 2.-8. -

C ON PE RC 7.2 8.4 9.1

- 02 C ONI-.P RI ~~~~ __ _ ft.l_ -

MOL S OU T D R Y  53 .2 52 . 1  SO_ I

NOLS OUT W E T  60.7 59.6 58.1

Not Measured

~~~f l Q R S E P O W E R  _~~~____ Not Measured
ENS A I R  F L O W  1490.0 1688.0 1462.0

DR Y  A I R  F L O W  1478.7 1478.7 14S O~
_9

ENS F U E L  F L O  136.0 129.0 122 .0

~~~DRY. AIR. DFNS ~~~~~~_0.0h3S~~ .- -  ~~~0.0133_
_
~
_ ..._-._O-.0l-3-5—

W E T  A I R  D E N S  0.0746 0.0746 0.0746

EXH C A R B O N  116 .9086 i l l _ 0 0 0 2  i f l l _ 4 4 8

EXH HYD R O GEN 21 .0738 20.0654 19 .9604
LX 14 £ U EL FL 0
D I F F  W F C — W F M  1. 9825 2.0656 —0.6149

CAL F /A R A T  0.0961 0.0901 0.0844

DI F F M.~C F Ifi.

CVI. TEMP M A X  460.0000 450.0000 455.0000

NAN PRES~ HGA
LAN GAS TEMP 1267.0 1309.0 1351.0

CO L B S I M I 1DL______ __M-.~8-28-i_—-—-—-—-- fl~ A R 1 1  ___0,.3.4Js-Z—
MC LBS/MODE 0 .0091 0.0015 0.006 5

78-25-A-b3
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TABLE A-14. LEAN-OUT AT TAXI - 50-HOUR TEST

~DDE .NUMaLR - - - 2. 0. 2.0 --~~2.-0 . - 2.0 -

R A T E D  P O W E R  200 .0  200.0 200.0 200.0
- - RIV .PiA MI& ~~~~~12flD..0 -- - - U214L - . I1l3.0 - - -  _1130..0

PUN NUMBER 58.0 59.0 60.0 61.0

BARONET P R E S  30 .01  30 .01  30.01 30.01
_
~~DftY AIR T E 1~P 73.0 - 73.0 - .~~~~ 13.0 73.0

WET BULB TEN 62.0 62.3 62.0 62.0
. IND A11 TE M P  0.0 - £1.0~~~~~ 0.0 -- -.  0.0-

SPEC .MUN ID ., 0.0095 0.0095 0.0095 0.0095
VAP O R  PRE SS. 0.4546 0.4546 0.4546 0.4546

~~~8E I.0NL-PPM - 15&2~~.0 - - 4IJ.6..fl 5413.0 - - - 22227.0
MDX C O N E — P P M  5 4 . 0  74 .0 86.0 35.0

-~~~~ £0.iQNC~~PIR C — t.9~~~ .~~~4.7 -

C02 C O N — P E R C  8.5 10.6 10.2- 6.9
02 C O N C — P E R C  0.9 0 .4 2.6 2_ 9

$0.13 0.UT D R Y  _~~~~~ 6.6 6 .5 - 63~~
NO L S O UT W E T  7.7 7 .5 7.3 8.1

Not Measured
H O R S E P O W E R  Not Measured
ENS A I R  F L O W  192.0 193.0 191.0 200.0

- - 1~~0.5 391..5. ~~~~~~~~~~~~~~~~ 1~8~ 5
EN S FUEL FL O 17.0 15 .0 12.8 17.9

- - - - .0.0 L33 - . 0.DJ35~ 11~~ l35_ _ .0.0! 33
WET A I R  D E N S  0.07 46 0 .0746 0.0746 0.0746

- - - i2~ 3-fl4J ~~ . 0 ~~2.4_~~~~~J2.3L9k .
L A M  H Y D R O G E N  2 .4967 2.3755 2.1043 2.4669

_ [IH LULL LL.~ ~~ I1.A8M~~~~~~~ 1L.LL99 il~l0.L9~~
_ - - tL&ILS

0 1 F F  U F E — W E M  —1 .5103 —0 .1 20 1 —0 .5981 — 3 . 0 8 3 5

~~~~~~A3. LL4 R k r  ~ 0~0t92 ~~0.018J~~ - -  .~~~0..flb75 0.02fl2..  -

C A L  F / A  R A T  0.0911 0.0798 0.0669 0.0929

~~D I FF  N—C F / A  2 .0 95 3  1.8341 — 0. _ 8 66 9 3 . 0 1 2 4

CYL TEMP M A X  280 .0000 285.0000 295 .0000 280.0000
MAN PRE S .HGA 17.8 17.0 18.0 18.1
L A M  G A S  T E M P  770.0 777.0 777.0 722.0

_____ ~~2.Jfl.&0~ 2.07.3k - - ~ _1.il21
__ ... 3.k91 5

NC L B S / M O D E  0 .3 9 3 9  0 . 1003  0 .1270 0. 730 8
~ O LBSJN ODE 0 .0025  0 .0033  0.0038 0..0fl18

78-25-A-14
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TABLE A-I.5. FIVE-W)DE CYCLE - 50-HOUR TEST

_ .MO.*E MUMaE .R - . ?~ fl . -. _ A.3~~~ - _ - - -—3- .3 ----6.4--- - -
R A T ED POWER 200.0  200.0 200.0 200.0 200.0
REV PER N IN  1200 .0  2 S 2 5 ~~f l 2 4 5 0_ f l  I000 fl 1?flf l  0
RUN N U M B E R  62.0 63.0 64.3 65.0 66.0

BARONET P R E S  
- 

30.01 30.01 30.01 30.01 30.01
DRY A I R  T1NP 1 . 3 & .  1 . .  - - _ . 21.0 —71.0 — 7-3.0
W E T  BULB T E N  6 2. 0  62 .0  62.0 62.0 62.0
1MB A I R  T E M P  0.0 0.0~ - 0.0 f l _ fl f l _ f l
S P E C . M U M I D . ,  0. 0095 0 . 0 0 9 5  0 .0095  0.0095 0.0095
VAR.0R P R Es S , - _0 43-~~ _0.~43-4k - - - .-----fl.’.~~L~6 0..454k - - -_  —-0.4544 - -

NC C0NC- P~~~~~~~_ 1 3 A L A ~~fl J8.8 0—~~~~ 2001 .0
NOX CONE—PPM 45.0 68.0 90.0 175.0 55.0
CO C O N C — P E R C  8.4 10. 8 10,1 A _ S  8_ S
C0 2  CO N —PERC 7.9 7.6 7.9 8.7 8.5
02 C ONC -PE~~~~ . 1.k __ 

~~~~~ 2_ __ 1~~) _—__--—-D-.-2--— ----- .— --

~~~~ MO LS OUT D R Y  6_ B  S3 (. 3Q~~7 
~ Z . 9_ . 4 ~~8._

NOLS O UT W E T  7.9 60.7 46 .8 20. 7 7 .9

S H A F T  T O R Q U E  Not Measured
H O R S  EPOWLR ... _ .. _Not Measured
ENS A I R  F L O W  195 .0  1496 .0  11 10.0 518 .0  196.0
DRY A I R  F L O W  j 9J.._3__ 1 6 R 4 ~~A 11 f l 1~~l. S I L~~I 1 9 5
ENS FUEL FLO 1 7 .7 1 3 6 . 0  99.0 44 .0 17 .8
D R Y  A I R  D E N S  0 . 0 7 3 5  0 .0 7 3 5  0.071 5 f l _ f l 7 3 5  f l _ 0 7 3 S
W E T  A I R  D E N S  0 . 0 7 4 6  0 .0 7 4 6  0 . 0 7 4 6  0 .0746  0 .0746

E lM C A R R O N _ 1 3 _ 3 1 R R  1 1 * _ 1 8 ? S  3A~~Q37A 13 _ 7104 .
L A M H Y D R O G E N  2 . 5 4 6 0  2 0 . 4 4 8 4  1 5. 1 2 6 6  - 7 .0012 2 .5489
£XN FUEL d o  1 5 . 864 8  138.6109 100 ,7 3 5 1  £.3.9318 1A _ ? A A A
0 1 F F  W F C — W F M  — 1 . 8 3 5 2  2 .6109  1 .2531  —0 .0612  — 1 .48 14

NEAS F /A  R A T  0_ Q9 1 5  O_ f l 9 1 6  0.0899 0_ O R S A  0 ,0915
CAl. F / A  R A T  0 .6898 0.0955 0.0929 0.0868 0.0904
DILE N—C LL A _ . . I B L U . 4.2.0ff7 - — 3.3394 1 .4S2 7_._ ._ .~~fl_1.51.A

CVI. TE MP M A X  280 .0000  390 .0000  400 .0000  360.0000 300.0000
MAN P R E S _ H G A  1 7.? 4fl.fl 33,7 ?L~~fl 17~~Q
L A M  G A S  TEMP 780.0 1250.0 1250.0 1130.0 829.0

CO LOS/NODE 3.21110 0.8097 Q. RA 7 L~~23O4 1_ f l S A L
CO LB S/C Y C — R M P  0.0930
PIR(ENL. 0 EPA SID FOR CO 7 1 _ 3 7 f l 3  ________________________

M C LBS/NODE 0 .3501 __ P .0092 0.1199 0.0704 0. 1040
NC L B S / C Y C — R H P  0.0033
P E R C E N T  OF EPA S T D  FOR HE 17 1 . 9 9 6 2

NO L B S/MODE 0 .002 2 0 .0006 0 .0101 0.0109 0.0009
ND LRc/eYc—puP o~flfl n i
P E R C E N T  OF EPA STO FOR NO 8. 1974 78-25—A—1 5
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TABLE A-16. FIVE-MODE CYCLE - 50-HOUR TEST

NODE NUMBER 2.0 3.0 4 .0  5 .0  6_ f l
R A T E D  POWER 200.0 200.0 200.0 200.0 200.0

- 1L~~ PLR .MLLN i 2011.0 - 2520.0 - 2430.0 1900.0 - 12-00.0
RUN NUMBER 67.0 68.0 69.0 70.0 71 .0

B A R O M E T P R E S  
— - 

30 .01 30 .01  
- 

30.01 - 30. 01 30.01
D R Y  A I R  TEMP 7 3 . 0  73 .0  - 73 ..0 7 1_ f l  71_ f l
W E T  BULB TEN 62 . 0  6 2 . 0  62 .0  62.0  6 2 . 0
l AIR_TEMP. 0.0 0..0 - - - .0.4 . .~~~ 0.0 -- --0.0
S P E C . H U N I D . ,  0 . 0 0 9 5  0 . 0 09 5  0 .0095  0.0095 0 . 0 0 9 5

_
~~AP~~~~~~~~~~~~~

_ O~~~ 4h 0~~43-46 D~.ASk& - - 0.4544 -

MC CONC— PPM - 13798.0 1898.0 1982.0 1965.0 131 1 f l _ f l
N O X  C ONE —PP M 46.0 65.0 92.0 186.0 64.0

_
~0 O N 1IR.C 5.3 10.9 10.1 - -  8.2 - - . - -

CO 2 C O N — P F R C  7 .7  7 .5 7 .8 9.0 7 .6
- - O2 ..C.0~LC~P1B 0 - - - 1.4 . - — - ft. Z._ - - - fl..2 - - 0.2 - - .  1.8

MOLS OUT DRY 6.9 53.6 38.0 17.5 6 _ 9
$015 OUT W E T  8 .0  6 1 . 0  4 3 . 6  20 .1  8 .0

S H A F T  TORQUE Not Measured
_ J!OR .5 W i 8 _ _ Not Measured

ENS AIR FLOW 199.0 1501.0 1077.0 506.0 198.0
D~~Y AD FLOW 197.5 1689.6 1068.8 Sfl2~~? 1Q6~~S
( M G  FUEL FLO 18.0 1 3 7 .0 97 .0 42 .0  17 .9
DRY A I R _ DEN S - . 0~.0.735 - - - - - .0135_ . . 0 .0735 0~ fl2 33
WET A I R  DENS 0.0746 0.0746 0.0746 0.0746 0.0766

LA M CARBON 13.3492 118.3972 81.7381 36.2351 13_ 2fl67
L A M  H Y D R O G E N  2 . 5 8 7 9  20. 7908 1 5 . 0 9 2 7  6 .5666  2 . 6 2 4 7

— - E I flLEI._Ii.0 15 ~9 3? 1 1.32. t 88 0- - 2k.H14 - 42.1O1.5 15..I1LS
0 1 F F  W F C — W F M  — 2 . 0 6 2 9  2 . 1 8 8 0  — 0 . 1686 0 . 8 01 5  — 2 . 0 7 1 2

- ME A 5 Ij~_ R A T  - 0.0911 . _D .0.~ 20 0-~ O9fl8__ __0.fltl & _.._ .11..091 I
CAL F /A RAT 0.0885 0.0957 0.0924 0.0866 0.0880
0 1 F F  M~ ( fJA - - !2.9491 4.03-87 t.S.i94 . _. 3~ 333~~~~

_ __
~~~~3..3662

- - 

C Y L  TEMP M A X  280.0000 410.0000 390.0000 360.0000 2 7 5 . 0 0 0 0• 
~~~~~~~~~~~ 18.0 AO .0 - - - - 3 3 - 2  _23~~3 1 7 .0

L AM G A S  TEMP 7 6 4 .0 1 2 6 6 . 0  12 4 9 . 0  1109.0  772 .0

CO L B S I M O D ~ 3 . 2 2 7 5  
- 

0 .8 2 0 1  
- 

8 .9 7 6 0 4 . 0 3 1 7  1.0746 
-__-— -- - ~~~~~~~~ ---—--—

P E R C E N T  OF E PA S T O  FOR CO 2 1 5 . 8 3 1 5

- ML LB3JMO11E 0.363-0 .0.0093 - - - .0. 1.1S6 - - _D-.ft6-3-2 —0.3-I -.t9
MC L B S F C Y C — R M P  0 .0 0 3 3
PERLEILI Q.F IPA S.TD . f OR YI.0 176.4 757 - - - - - - -

—-  

NO LB S / M O D E  0 . 0 0 2 3  0 .0006  0 .0100 0 .0112  0.0007
NO 1.J &LCIC-RHf 0.40-01 -- - 

--  __ _  

E R C E P 4 T OF EPA Sib FOR NO 8 . 2 6 2 ?  78-25-A-16
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TABLE A-Il. LEAI~-OUT AT APPROACH - (POSTOVERHAUL)

Nf tD F N u M B E R  _ - 
___ _5~.0__. . — 5-.-C--- -. -- -—-— 5.0 ——- -— -  5.0

R A T E D  P O W E R  200 .0  200.0 200.0 200.0
_._JLV_P E R  M I N  1900.0 _._ 19 0 0 _ f l  1R7c~~fl 176fl_ fl.._ _

PUN NUMBER 7 2 . 0  7 3 . 0  74 .0 75 .0

BARONET PRES 30.01 30.01 30.01 30.01
D R Y  A I R  T E M P  — - - __ . 63.0 _65.0_ . ~~~~ _6.S.0_ -
WET BULB TEN 62.5 62.5 62 .5 62.5
I N D  A I R  T EMP 0~~0 _ _  p.o 0.0 - --------0-..3- --

SPEC.HUMI D. , 0 .0117 0.0117 0.0117 0 .0117
VAP O R  PRESS. 0 .5577 0.5 517 fl_ Sc?? fl_ 5S77

MC C O N C — P P N  — 15 75 . 0  934 _ fl Sfl ?~~fl 1 S3 7 ~~fl_ -
NOX CONE-PPM 57 9 .0 849.0 970.0 9 82.0
CO CONE—PER C _ _  _ _ 4 ~~L_ . — 0._T _—__ 0. 7
CO2 CON—PERC 10.7 11.6 11 .6 .  11.8
02 C O N C — P E R C  0.5 0.9 1~~1 2,8

M O L S  CLLL3-R.Y 18 .3_ _ .. 17.9 17,3 17~~3
NOLS OUT W E T  2 1 .6 21 .2  20 .5  20 .1

S H A F T  TORQ UE Not Measured 
—

~~~~~

H O R S E P O W E R  — Not Measured —

ENS AIR FLOW 560.0 560.0 548.0 546.0
_ _ _ DIY_ A I R F L O W — . lIk.I _ _ _5~5.4..I_ . S42.R_ __ _54ft.9_

ENG FUEL FLO 4 1 . 0  37 .0 3 2 . 5  3 1 . 5
__ D RY AIR DEN S 0.0743 _ . . 0 43 __ . fl.fl 743 0.fll_kl_

W E T  A I R  DENS 0 . 0 75 8  0 .0 7 5 8  0 . 0 7 5 8  0 . 0 7 5 8

FI N C A R B O N  32~~7f t4 /_ . ? Q . 1 7 A L  26 _ S3 cA 25 .0638
LAN HYD ROG EN 7 .1992 6.9193 6. 4386 5.5680
E lM FUEL FL O 39 .9 f l37 .~~ — 36.O9.51 31~~97A1
DIFF W F C — W F M  — 1 .0963 —0.9043 —0 .5259 —0.8682

NEAS F/A RAT . . - 0.0 139 f l . 0667  ~~~~~~~_. n. 0 5 9 9  - ~ .fl5~~2
CAL F / A  R A T  0.0723 0.0653 0.0591 0.0574
0 1 F F  N—C F/A — 2 .2 0 3 7  — 2 . 1593 —1 .2717 —1.4160

CV I  TEMP M A X  320.0000 TIS.000fl 320 fl0fl0 3?fl~~fl flfl fl
M A N  PRES .HGA 23.9 24 .0 24 .5 25.1
F IN G A S  T E M P  

~~~~~ . Llik.fl__ _._ - ~1~2flZ.~0.___ I ) A ~~p _ ._ 1192.p

Co LBS/NODE 2.1109 1.0028 0 .3343  0.1116
— NC LBS/NODE 0 .0 54 5  0 .0317 0.0164 0.0496

NO LBS/MODE 0 .0374 0 .0539 0.0594 0.0592
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TABLE A-18. LEA1~-OUT AT CLIMB - (PoSTOVERBAUL)

-— M0D1_ t~J~~BLR - . . __ _A_fl___ _ _ .__ ~~~~~~ f t _~~__- ( .f l  -

R A T E D  POWER 200.0 200.0 200.0 200.0
RIV PER M IlL 2450.0 2450.0 2450.0 2450_ C

RUN NUMBER 76 .0  77 .0 78.0 79 .0

8A ROME T PRES 30.01 30.01 30.01 30.01
_
~~aH_MJ_1LMP . .. A5. 0~~~. 65.0 - 63~~~-__ _-- . 61.0.-

WET BULB TEN 62 .5  62 .5  6 2. 5 62.5
E N D  A I R  TEM P 0.0 0.0 0.0
SPEC.HU MI D . .  0 .0 117 0 .0117  0.0117 0.0117
VAPOR PRESS. .._ _ 0.5 577 .. - . 2 53z1 __ .11.3311. ___ -__ .-0..S.S-7-7 —

- _1~Aft. 0 - . . t33-0.0 i2ftl.4 ~~ _ ._ .i-U3.4
NOX CONC— PPM 124 .0 193.0 368.0 588.0
CC CONC— PERC 8.0 6.8 5.1 4~~fl
C 02 C O N — P E R C  8 .3  9 .3 10. 1 10. 4

- - Q.Z~~~ ~~~~0~ Z - 4.2-

~~~~~~~~~~~~~~~~~ — 3J~ 7_ _ . - _J&.2_~~
_ . _ 31~ 2 ____ . 3.&.1 -

MOLS OUT W E T  4 5 . 4  4 4 . 8  44 .1 4 3 . 8

S H A F T  TORQUE Not Measured
HORS EP ~~~~~~~_~~~_. -- -Not Measured
E NS A I R  FLOW 1136.0 1136.0 1131 .0 1131.0

— DRY A IR F L0W _. 1tL 4~~~~~. _1i2 5.S. - ._ ii20 ~ 4 1320.4 -

ENG FUEL FLO 94.0 90.5 85.5 82.0
DRY A I R  DENS 0 .0743 0.0743 0.0743 0.0741

W E T  A I R  D E N S  0 . 0 7 5 8  U . 0 ? 5 8  0 . 0 75 8  0 . 0 7 5 8

_ E111 C A RR 0 N ~~~~~~~2_ ? L.A ~~~~~~~~~~
___A 7. 852 1 ~~~~ 6 3.61 tL_

EX H H Y D R O G E N  16. 5 8 6 2  1 5 . 7 8 7 7  15 .5798  15. 7982
LAM FUEL Fi..O 9 2 .6 7 3 4  8 9 .4 84 3  83 .4 3 19 79 .2092
0 1 F F  WF C — W F M  —1.3266 —1 .0157 —2.0681 —2.7908

NEAS F/A RAT 0.0835 0.0804 0.0763 0.0732
CAL F / A  R A T  -- - 

r~,cg~ n __~~ 0 0R 0 3  ~~
_ __T1~fl7LA _ _ _  ________

D I F F  N—C F / A  0 . 5 4 6 6  — 0 . 0 8 9 5  — 1 . 9603 — 3 . 0 1 1 4

CYJ .LEMP_M-A _ 40&.11000 _-_ _4.3.0..O-000.__------ 450 0000 460. 0000
MAN P R E S . H G A  3 4 . 1  3 4 . 5  3 4 . 8  35 .0
E.X~i G&5 T EMP __ _  l7A S fl -~~

_ 131_5.-0 ____t33S .~ 
13~4 Q  - .

CO LBS/NODE 7. 26 2 5  6 . 0502 4 .3897  3.3975
N C L RS/MODF — - __0- .-O3-84____ft.1180L -_ _O.0711 0.04*4 -

— NO L B S / M O D E  0.0141 0.0216 0.0405 0.0644
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TABLE A- 19. LEAN-OUT AT TAKEOFF - (POSTOVERHAUL)

NODE NUMBER 3.0 3_ Q ~.fl

RATED POWER • 200.0 200.0 200.0
REV PIL ~~ ._~~~~23-00.fl 

2SOfl fl ;Lkfl.-fl . _ .

PUN NUMBER 80.0 81.0 82.0

BARO N ET P R E S  
- 

30.01 30.01 30.0 1
DRY A I R  TEM P 65.0  63.0 63.0
WET BULB TEN 62.5  - 62.5 62 .5
1MB A I R  T E M ___ _4.Q___ __ _-_- °-~
SPEC .HUNID.. 0.0117 0.0117 0.0117
VA POP PRE S &..____ ___ 0..~53-71-_ . . . ~~11.3311 .53 71___

H E CON C PPM 1398.0 l371~~fl I 3)3-fl

NOX CO N C — PP M 121 .0 137.0 170.0
— CO .COkC.~PEtC_ _ _ __ ._ _.8-.-4_ 

CO2 C ON— P ER C 8.3 8. 4 8.5
02 C O N C — P E R ~~~~__

_ fl _ i  - - - fl .1_ _ ~___~—____~U~..i__

MOL S OUT DRY 52.6 52.3 S 1_ L

MOLS OUT WET 61 .4 61.3 61.1

S H A F T  TOR Q UE Not Measured
J4OR ~~EP O WEA • ~~

_. Not Measured
ENS AIR FLOW 1535 .0 1536.0 1534.0
DRY AIR FLOW 1520.7 1521 .7 ISIQ_ ?

ENS FUEL FLO 128.0 126.0 124.0
D R Y  A I R  DENS _ __ 0..OJAI__ . _ 0~ O7’ 3
W E T  A I R  DENS 0 . 0 75 8  0 .07 58  0 .0758

E lM CARB ON 10S..2777 102.7607 - 9 8_ A L A ?

L A M  H Y D R O G E N  22.1994 22. 2802 22. 7482
E~XH ._TURL 1LO~~ ._ i1l_ 411J___ 17S~~O Lf l0  ~~~~ 12.1..59-5O__
0 1 F F  W F C — W F N  — 0 . 5 2 2 9  — 0 . 9 5 9 1  — 2 . 4 0 5 0

M E A S  F /A  R A T  0 . 0 8 4 2  - 0.0828 0.0816
C AL F / A  R A T ~~~_ .0. 0~856 0.0838 _0...fl8i3____
01FF N—C F/A 1 .7017 1.2190 —0.1210

C Y L  TEMP M A X  440.0000~~ __ kSfl.fl0flO _A60.0000_
MAN PR E S. H GA 40 .0  4 0 . 0  60.0
EXH G A S  T E M P  1 5 0 0 . 0  1 5 1 0 . 0  1 3 3 0_ f l

CO LBS /NODE 0 .6193  0.5812 0.5336
MC LBS/M ODE 0.0069 • - 0.006? fl_ flflAS

NO LBS IMODE 0.0011 0.0013 0.0016
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TABLE A-20. LEAN-OUT AT TAXI - (POSTOVERHAUL)

~~~~ NiJ$~~ R - 2.0 - - ~~0- ~~~~~~~~~~~~~~~~~~~~~~ 
- -

R A T E D  POWE R 200.0 200. 0 200.0 200.0

— - 4E1 LM114 - t224.il . . - t23-0.0- _- -- - -. 1223..fl-_------ - -

RUN NUMBE R 84 . 0  85 .0  86.0 87.0

B A R O N E T  PRES 30.01 30.01 - 30.01 30. 01 

W ET BUL B TEN 62. 5 6 2. 5 - 62.5 
62.5

- - - - - -

- - 10510.0 - - - . ~6110.4 - -

NOX C O N C — P P M  9 3 . 0  110. 0 105 .0  89.0

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- _ - - -— - - - - -  
_ _ i_ ~~

_ _ __ .. _ -- --~~~~~~~~~~~~~
.—--—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
—

C02 C O N — P E R C  8. 7 9 .0 1 0 . 2  - 9.0

02 C0Nt . P~~Rr O F .   

_~_ 7~ 1 - 7 0  —— — 4.9

MOLS OUT WE T 8.4 8.3 8.0 8.1

-- Not Measured
HORSEPOWER Not Measured
ENS A I R  F L O W  2 1 0 . 0  2 1 0 . 0  208.0 2 1 3 . 0

- - Z0-~~~0_ 
ENG FUEL FL O 17 .9 16. 9 1 4 . 8  1 3 . 1

_tat .ALLILNS . _ 
~~0l43 

W E T  A I R  D E N S  0 . 0 7 5 8  0 . 0 7 5 8  0 .0 158  0 .0 7 5 8  

- - . t2 .kSTh --
ElM H Y D R O G E N  2 .9 7 7 0  3 .0897 2. 7884 2 .3860

f UiL . !kQ. ~~~ 7~ 7 - - .15.5411 
0 1 F F  W F C — W F M  — 1 . 6 213  — 1 . 3 5 2 9  — 0 . 7991 — 1 . 2 7 6 9

- 
- M E A S  F / A  R A T  0 .0 8 6 0  

- 
0.0812 C.07 18 0 .0621

CAL F/A RAT 0.0848 fl.07R~ 0 fl#.AS 0.flAflS

0 1FF N—C F / A  — 1 . 4 2 8 3  — 3 .6659 — 4 . 6 0 6 8  — 2 . 5 8 94

CVI T E M P  MAX 260.0000 280.flflOO 2 9fl_ flflflfl 3flfl~~f l0f l f l

MA N PR ES. HGA 17 .0 16.9 17 .5 18.5
- £Ia _DAS IEMP . 7~9C.0 - 79L&- - —

CO LDS /MO DE 
- - - 

~ .7631 2 .2860 1 .3689 0 92 1 4

MC LBS/NODE 0.2883 0.1646 0.0593 fl_ 2 160

NO LBS /MODE 0 .0047 0 .0055 0.00 51 0 .0044
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TABLE A-21. FIVE-IWE CYCLE - (PO STOVERHAUL)

MO DE N UMBER 2.4 . 3.4 . ~~~~~~~~~~~~~ -~~~~ --  .S-..C - 6-.0
RATED POWER 200.0 200.0 200.0 200.0 200.0

REV PER M IN 1200_ fl 2 Sflfl _ fl ,LSfl fl I000 fl 1700 fl

RUN NU MS ER 88 . 0  89 .0 90.0 91.0 9 2 . 0

BAR O ME I P R E S  
- 

30 .01  30.01 30.01 30.01 30.01

D R Y  AILJIMP -
W E T  BULB TEN 6 2 . 5  6 2 . 5  6 2 . 5  6 2 . 5  6 2 . 5
IND A I R  TEMP 0.0 O~~3 0.0 f l f l  0 _ f l
S P E C . M U N ! b . ,  0 . 0 1 1 7  0 . 0 1 17  0 . 0 1 1 7  0 .0117  0 . 0 1 1 7
V A P O R  P R E S S .  - ~~~~~~~~~~~ 

_ -- . . - Q~~5J7 - — _O ~5-71 ~~~~~~~~~~~~~~~ - — 0.5-577

NC C O N C — P P N ~~ _145~4 . L_ J4A 6 ....0_ 15 9 4 _ f l  i A A f l _ f l

NOX C O N C — P P N  77 .0 102 .0 132 .0  507 .0  91. 0
CO C O N C — P E R C  6.9 8.2 8.0 L_ 7 A..?

CO2 CON— PE RC 8.1 7.8 7.9 9.6 8.7

02 iQ~~~fifiC 0.L . 0..1 - - -- ~~~fl.2 ~~ _D.J- 

— MO L S OU T D R Y . 7.0 ~~~
_ __52~ 2~~~~~~ 38~~4 —- I 7~~A ~~~~~~~~~~~~~~ 7_fl

NOLS OUT W E T  8.5 62 .1 45. 7 21.4 8. 4

S H A F T  TORQUE Not Measured
H O R S E P O W E R — — - - - — - - -  Not Measured
ENG AIR FLOW 210.0 1540 .0 1135.0 546.0 210.0
DRLAI R_1L0W -~~~~~ 2 08 . 0  i 52 5~~A i1)L~~L 540 .9 208.0
ENS FUEL FLO 1 7 . 9  130 .0 9 4 . 5  4 0 . 5  17 .9
DR Y AIR DENS 0 . 0 7 4 3  3 . 0 7 4 3  0 . 07 4 3  f l _ f l ? L 3  f l _ 0 ? 4 3
W E T  A I R  DENS 0 .0 7 5 8  0 .0 7 5 8  0 .0 7 5 8  0 . 07 5 8  0 .0758

El N CA RBflN - .1L.A&3 L_ _ _i00.1995~~~ - — 7 3_t&13 - 3fl A 362 - i3.43~~Z - . -
......_ EXH H Y D R O G E N  3 . 1 8 2 3  24 .15 84 17.6741 8.0001 3.0728

El M FUEL FLO 15.8453 124 .5579 90.8614 38.6363 16.1095
0 1FF  W FC— W FM . . _~.? . f l 5 47  — 5 . 4 4 2 1  —3 # .S A A — I _ A637

F/A R A T  O.O86C~ 0 .0852 0.0840 0.0749 0.0860
CAL F / A  R A T  0 . 0 8 3 2  f l . f l 8 3 6  0.0*29 n.O7?’ fl f lA 3 l  -

01 FF  N—C F / A  — 3 . 3 2 9 3  —1 .8418 — 1 . 3 5 5 8  — 3 . 5 1 5 2  — 3 . 3 8 9 4

CV I  T E M P  MAX ? R f l~~f l f l f l f l  44fl,0000 ~.Sfl .flflflfl Lflfl~ fl~ OO 300.0000
NAN PRES . HGA 17 .4 40 .0 3 5.0 23.8 17.2
EXH G A S  TEMP _~~~~79j. 0 t3.0I.0 12 8 5 . 0  1 1 4 7 _ f l  847 fl -

CO LBS/MODE 2.7169 0.6000 7.1636 2 .3417 0.8859
CO L B S / C Y C — R H P  0 .0685  — ___________________________________________ . —

P E R C E N T  OF EPA Sib F OR CO 1 6 3 . 1 9 1 8

MC LBSINODE 0 .2 892 0.0072 0 .0974 0.0369 0 086O
MC L B S / C Y C — R M P  0.00 27
PERCENT OF EPA ST D FOR ME 14 1_ 2 32 4

NO LBS/MODE 0.0040 0.0010 0.0151 0.0325 0.0015
NO L B S / C Y C — R H P  0.0003
PE R C E N T  OF EPA STD FOR NO 18. 0065 
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TABLE A-22. FIVE-MODE CYCLE - (POSTOVERBAUL)

NODE NUMBER 2.0 3.0 4.0 5.0 6.0

R A T E D  POWER 200.0 200 .0  200 .0  200. 0 200 .0
ALV PER N L N  1200.4 2500.0  2450.0 7900.0 . 1225.0

RUN NUMBER 93.0 96 .0  9 5 . 0  96 .0 97 .C
- 

BAR O N E T  P R E S  
— 

30.01 30.01 30.01 30.01 
- - 

30.01
DR Y A I R  T E MP 65.0 65.0 65.0 65.0

WET B ULR TEN 62.5 62.5 62.5 62 . 5  62 .5
_ IkP A~ R T.5MP 0.0 0.0 0.0 - 0.0 - 0.0

S P E C .H UM I D . ,  0.0117 0 .0117 0 .011? 0.0117 0 .0117

.VAP.OJ PRISS 0.5517 — - 0.55?? 0.5.57? 0 .5577 — 0.55 7 7

MC CONE—PPM 10525.0 1600.0 1521.0 1648.0 9525.0 -

NO X CONC—PP M 91.0 104.0 127.0 489.0 91 .0

C~~~~OMC~PEJ~C - - . 8_ S 4.9 . .
CO2 C O N — P E R C  8 .6  8 .0  8 .1  10.3 9 .0
0L O - ! E .-8C . - 0.5 0.2 .. . 0..2 - 0..3 0.6

NOLS OUT DRY 7.0 52.5 38.6 iA _ i  7_ i

MOL S OUT WET 8.4 62.0 45.6 21.3 8.4

S H A F T  T O R Q UE Not Measured
Not Measured

ENS AIR FLOW 210.0 1542.0 1135.0 549.0 270.0
DRY A IR FLOW 208.0 1527.6 1124.4 543.9 208.0

1JL~~~EULL~ LLfl .. - . 1.1.4 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -4-L-D  .i-l.-9-

DRY AIR DENS 0.0743 0.0743 0.0743 0.0743 0.0743

— J1.4251 0 2 &_ -_ - - -__ f l .~0l-5~&---- -_-_ 0..0i&8 .~~~~~

ElM C A R B O N  1 2 . 8 1 6 0  1 0 2 . 3 4 2 0  7 5 . 3 9 2 8  33. 160 2  13. 4 2 8 0

~ L1H_~~Y~DR-O-GLN 3.0~0l .. . 2&.4ZU~—- . ~~.t?.-O45i~
_ 

~~_7.26J.8- . . .2.92-54- - - -
E X H  FUEL F L O  1 5 . 9 0 6 2  1 2 5 . 7 6 5 9  9 2 . 4 5 7 9  40 . 4 0 4 9  16 .3 5 3 4

- . . .-3.2341. -2.5J.21 —0-.595-1 - -.1--..54-64

V

N E A S  F / A  R A T  0 . 0 8 5 6  0 . 0 8 4 4  0 . 0 8 6 5  0 . 0 7 5 4  0 .0860
8 1L4 A1. - -- - - 0._083fl - - 0&k3 O &4 0~~ . .. 0.4750- 0.4840.

DIFF  N—C F /A  — 3.0014 —0 .1900 —0 .5623 —0 .4743 —2.3170

CXL LE4~~MA-X_--_ - 90.a004 ...45-ft.000fl . .4i5~~00flO~~~~ &05-.-0fl04-_ - -

MAN PRES. NGA 17 .2 4 0 . 0  3 5 . 0  23 . 0  17 . 1
ElM GAS TEMP 809.0 1314.0  1283.0 1 1 6 4 _ 0  *47 ,0

CO LBS/MODE 2.5781 0.6081 7.3486 2.5001 0.9064

- - - 0491 - — .. .~~~~~ . _ - - . -

P E R C E N T  OF EPA SIB F OR CO 165 .943 9

~ NL 8hAMOD1~~~ - - . _ D~ 2~l2. 0.fl010~~~ ~~ fl..O92L ~~ - - -fl.0-S-63_ - - -0.486-7 - -
MC LBS /C Y C — R H P  0 . 0 0 2 6

1R W M L P A . 5 - L D~ FOR ii ~~. - 139.266.t - . - - - - - - - . - — -

NO LBS /NODE 0.0046 0.0010 0.0145 0.0312 0.0015

- - Q.OflOL — - — -— _—- - -- ---— — - -

PERCENT OF EPA S T D  FOR NO 17 .6149 78—25—A-22
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TABLE B-I. FIVE-MODE CYCLE - BASELIN E TEST

— MODE NUM B ER 2 .0  3 . 0  4 . 0  5.0 6.0
R A T E D  POWER 26 0 . 0  260 .0  260 .0  260.0  260.0

~~~~~ PE.LMIN 1100.0 2525.0 2500.0  2010.0 1120.0
RUN NUMBER 1. 0 2 .0 3 .0  4 .0 5 .0

BARONET PRES 3C.05 30.05 30.05 30.05 30.05
DAY ALR T EMP 82.0 82.0 82.0 82.0 82.4------
W E T  BULB T E N  72 . 0 72 .0  72 .0  12.0 72 . 0

— IND AIR T E M P  0. 0 0 .0  0.0 0.0 0.0
SPEC .HUMID .. 0.0152 0.0152 0.0152 O.C152 0.01 52
V A P O R  PRES S . — 0. 7 2 4 9  0 . 7 2 4 9  0_ 7 2 4 9  0 .7 2 4 9  0 .7249

Ut CON E—PPM 9 8 4 5 . 0 2 3 7 6 . 0  1 3 2 5 . 0  2 7 4 7 .0 11130.0
NOX CON C — P P M  27.1 210.0 239.0 138.0 25.0
CO C 0 N C — P E R C  8. 1 7.3 7. 1 8.2 8.3

— CO2 CON— PERC 6.3 8.5 9.0 8.2 6.0
02 CON C—P ERE 3.9 1.0 0.7 1.2 3.7

NOLS OUT DR Y 6.6 53.2 46.1 24.0 6.6
_ _ MfiL5- 0JJT~~~~~U 7.5 6Z..Q 53.3 27 .7 7.6

S H A F T  TORQUE Not Measured 
—

H O R S E P O W E R  Not Measured
E1[S .A1.LF .L O W  189.0 1570.0 1360.0 698.0 189.0
D R Y  A I R  F L O W  1 E6 . ? 1 5 5 0 . 9  1 3 4 3 . 5 689 .5 186. 7
£Tk& .FIkEL FLO 15. 7 126.0 106. 0 59 .0 16. 4
DRY A I R  D E N S  0 . 0 7 1 7  0 .071? 0 .0 7 1?  0 . 0 71 ?  0 .0717
W E T  A I R  D E N S  0 . C 7 3 5  0 .0 7 3 5  0 .0735  0— 0 7 3 5  fl~ fl7~~S

— 

E XH CAR R ON 11.3855 101.14 13 89.0277 47.1279 11 .2542

- LXII ~EYDRQ.0LN 2 . 3 2 7 7  21 .2802 17.7324 9.3515 2.5145
ElM FUEL FIll 13. 7 1 3 3  127 .4215 106.7602 56.481 4 13.7687
0 1 F F  W F C — W F M  —1 .9867  — 3 . 5 7 8 5  0 .7 6 02  — 2 . 5 1 8 6  — 2 . 6 3 t 3

M E A S  F / A  R A T  0 .0 8 4 1  0 . 08 1 2  0 .0789  0 .0856 0.0878
C A L  F / A  R A T  0 . 0 78 8  0 .08 03  0.0808 0.0830
0 1 F F  N—C F / A  — 6 . 3 0 2 2  — 1 . 1 7 3 8  2 . 4 5 7 3  — 3 . 0 4 3 3  — 8 . 6 0 4 3

C Y L  T E MP M A X  2 9 0 . C O C O  41 0 .0000  44 C . 000 0  370.0000 320.000fl
MAN PRES .M G A  1 5. 9 2 8 .8  28. 3 21 .4  16. 2
11 _ GAS TEMP 7 6 3 .0  1322 .0  1 3 4 0 .0  1156 .0  771.0

CO LaS/MOD E 2.9809 0.5435 7.6455 5.6887 1.0156
CO LB S/C Y C — R M P  0 .C6 8 0
P E R C E N T  OF E PA S T O  FO R CO 16 1.8512

IlL ItS/MOD E 0 .2 40 9  0.0118 0 .1301  0.1223 0.0919
MC L B S / C Y C — R H P  0 . 0 0 2 3
P E R C E N T  O F  E P A  S T O F O R  H~ 720 .8354

NO L B S / M O D E  0.0012 0 .0020 0.0318 0.0115 0.0004
NO LBSFC ’IC R MP 0.0002
P E R C E N T  OF EPA 5 1 0  FOR NO 1 2 .0 2 8 4  78-25—E—1

B-2 THIS PAGE IS BEST QUALITY PMCI~~~ RI~
FROM COPY !UP.N15k~ED TO DD, C .. _.— 

—

-- —- -

_  -- _ 

-.---- —
- - - - -~~~~~~~~~ --~~~~~~~~~~ ~~~~~~~~~~~~~ --



r ~~~~~

-

~~~~~~~~~

- -

~~~~~~~~~~

- -- --- ---

~~~~

-

~~~~

- - - - --

~~~~~~~~~

----

~~~~
- -

TABLE B-2. LEAN-OUT AT APPROACH - 25-HOUR TEST

_5_ 0 5.4 — .4 5.0
R A T E D  POWER 260.0 260.0 260.0 260.0
REV PER M I N  2010.0 2010.0 2020.0 2020.0

RUN NUM B ER 6 .0  7 .0 8 .0 9.0

BARONET PRES 30 .35  30.35 30.35 30.35
. _ ._DRLAL R T E M P  79 .0 - - - ~7~9_fl~ 79.0

W E T  BULB T E M  73 .0 _ . 7 3 . 0  - 73 .0 73.0
1ND A I R  TE MP 0.C 0.0 0.0 0.0
SPEE..14.UM .1D.. 0.0165 0.0165 -0..Oi-65 ._ . .0.0165
VA P O R  PRESS. 0 .7933 0.7933 0.7933 0.7933

M C C O N C — P PM  2822 .0 245 2 .0 2198 . 0 1683.0
NOX CON (-PPN 129.0 241 . 11 LA) fl lfl 3A.Ai
CO CONC— PERC 8.1 6.0 4.6 2.6

2 C0N~~PEkL 7.3 - 8.7 9.7. - 10.8
02 C O N C — P E R C  1 .5 1 .5 1 .6 1.9

NOLS OUT DR Y 23 .9 23 .3 22.9 22.3
NOLS OUT W E T  2 7 . 7  2 7 . 3  2 6 8

—— SM A F T  TORQUE Not Measured
H O R S E P O W E R  Not Measured
ENS AjLjLQW 698.0 - 691.0 ~ . 696.4 - 690.0
DRY AIR FLOW 688.8 687.8 686.8 680.9
ENS FUEL FLO 57 .5 53 .0 50.0
DRY A I R  DENS 0.0727 0.0727 0.0727 0.0727

~~~~~~ ALA DENS 0 . 0 7 4 6  0 . 0 7 4 6  0 .0746 0 .0746

ElM CAR B ON 4 5 . 6 8 0 ?  4 7 . 0 8 7 4  39.2007 3 5 . 8 7 7 7
ElM M Y D R O G E N  9 .4 0 5 3  9 . 3 5 6 1  8 . 7 30 5  7 . 9 15 3
E lM FUEL FL O 55.0860 50.4374 47 .9312 43.7869
D11. E . W1C — ~~F M —2 .4140 —2.5626 —2 .0688 —1 .7131

NEAS F/ A RAT 0.0835 0.0771 0.0728 0.0668

- - CA!. FIA RAT - 0.08 16 0 .0744  0.01.04 0.0647
D I F F  N—C F/A — 2.2851 —3.4397 —3 .2558 —3 .1 1 2 4

— CYL. TEMP_ M A x  330.0000 340.0000 345.0000 360.0000
MAN PR E S . H G A  2 1 . 0  21 .0 20. 9 2 1 . 0
EX.$ CXA S TEMP 1160.0 1203.0 1237.4 1270.0

CO L B S / M O D E  5.4407 3.9273 2.9255 1 .6045
HC L B S / M O D E  0.7 2 5 5  0.1072 0.0944 0.0701
NO L B S /M O D E  0 .0107 0.0213 0.0387 0.0807
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TABLE B-3. LEAN-OUT AT CLI MB - 25-HOUR TEST

MODE NUMBER 4 .0 4.0 4 _ f l
R A T E D  POWER 260.0 260.0 260.0

- — REV PER M IN .~~~2340.0 ._ -
RUN NUMB ER 10.0 1 1 . 0  12.0

BAR ONET PRES 30.35 
- - 
30.35 30.35 

-

DRY A I R  TEMP 79.0 79.0 79.0 
1 0  - -  -~~ L3~0~~._~~~~ 71.0 -

IND AIR TEM P 0.0 0.0 0.0
S P F C .H U M I D _ .  . Q.fl143 _ - — _a .7L1AS fl~~f l 1A S
V A P O R  PRESS. 0.7933 0.7933 0. 7933

MC CONC — PPN 2152.0  2365 .0  1011.0
MgI CON E-PPM  .3jj_4 - 43.8..0 — 

CO C O N C — P E R C  6.4 5.4 5.6
C O2 CON-~~ER ~~_ . ~~.. 8.8 . - - .I A... . _9.L - -

02 C O N C — P E R C  1.1 1.1 0.9

MOLS OUT DRY 46 .6  4 5 . 7 44 .7
M O L S  OU T W E T . -- 34_ .5 - .~~~~~~ . 53.4 . 52.1 -

SHAFT TOR QU5 _ _ Not Measured -

H O R S E P O W E R  Not Measured
ENS A I R  F L O W  1392 .0 1380.0 1343.0
D R Y  A I R  F L O W  1 3 7 3 . 7  1 3 61 .8  1 3 2 5 . 3

1N~~ LU1!._LL0 . 106.0 - 102.8. - -

DRY AIR DENS 0.0727 0.0727 0.0727
WET A IR DENS _ . _ _ _ C ~41A6 .. - - - 0.0746 0.0746

ElM CARBON 8 5 . 2 9 2 9  81 .6050  8 2 .6 6 2 7
ElK H Y D R O G E N  1B.5961 ls.074a - - - .L7...2773 . .
El M FUEL FLO 103.8890 99.6792 99.9399
D I F F  W F C — W F M _ . —2.1t1C —3.1. 2.0.&~~-. ~~~~~~~~~

M E A S  F / A  R A T  0 .0 7 72  0.0755 
- 

0 .078 5  
-

C_~ L !.L~~IAT _ 0.0770 0.0743 _ 0..0149
D I F F  N—C F /A  — 0.1761 — 1 .5 5 1 5  —4 .5480

__ I k T A 8 !MA X. 410~~~~QO 0Q _~~~~ 5O.0000 -

NAN PR ES. HGA 2 7 . 9  2 8 . 0  27 . 9
El M G A S  T E M P  1 3 5 3 . 0  1370 .0  1360.0

CO LBS/MODE 7.0092 5.8165 5.8038

— MC LBS/MODE_ . __ 0.15.62 - 0.16.9.A .ff.410 4
NO L B S / M O D E  0.0423 0.0587 0.0544

78-25-8—3
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TABLE 3-4. LEAN-OUT AT ‘EAXEOFF - 25-HOUR TEST

_ MftDL NUMtEA . _3_0 
- -

R A T E D  POWE R 260.0

II1—P1~R- MIN __-- Z5 25.4
RUN NUMBE R 14.0

~~~~~~~~~~~~~~~~~ - _-_ —3.0.05.- 
-

DRY A I R  TEMP 82 .0
-

1MB AI R TEMP 0.0
S PE C_ H U M !  0. .  0. 11157
V A P O R  PRESS. 0. 7 2 4 9

— 
MC C O NC PP M 2168.0
N0J. C O N t — P ~P L._~_~~~ _ . i~9..4-..0._ ._
CO CONC P E R C  7.5
C02 CON—P E R t 8.3
02 C O N C — P E R C  0.8

NOLS OUT D R Y  5 2 . 7
- M OLS OUT W.EL_ ._ 

S H A F T  TORQ UE Not Measured
HORSEPOWER Not Measured 

133k.fl
DRY A I R  F L O W  1535.1 -

DRY A I R  DE NS 0.071 7
W E T  A I R  DENS 0. 0 7 3 5

EXH CA RBON 101.0626
E X H LD10SEt~~ - - ~li .3 12.L
E X H  FUEL FLO 1 2 2 . 3 7 5 4
0 1 F F  W F C — W F M  — 2 . 0 2 4 6

M E A S  F /A R A T  0.0810
CA L  F / A  RA T 0 .08 13
01FF N—C F/A 0.3796

C Y L  T E M P  PLA X 440.0000
NAN PR E S . H S A  2 8 . 8
LXH GAS TEMP 1335.0

CO L B S / N O D E  0 .5 5 3 0
MC LBS/MOD I 0.0107
NO LBS/MODE 0 .0078

78-25-8-4
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TABLE 3-5. FiVE-MODE CYCLE - 25-HOUR TEST

MODE NUM B ER 2.0 3.0 4.0 5.0 6.0
RATED POWER 160..O 2~~fl..0 . - _ _-Z6.O..0---— 260..0 -2.60.0-
R EV PER M I N  1100.0 2575.0 2500.0 2000.0 1100.0
RUN MU MR FR . . . _ 2S..f l~~~ _ _ 2 6 ~~~~ —___ 2-7 .0 ZL. a
B A R O N E T  PRES 30.04 30.04 3.11.04 Xfl flL
DRY A IR TEM P 7 3 . 0  73 .0  73.0 73.0 73 .0
W E T  RULR ILM ~~~~~~~~ - . — - - 62.5~ 62.3
END A I R  T E M P  0.0 0.0 

- 0.0 0.0 0.0
_ 32-LL.aUMID L - . _ 0..44 99-__ . . _0.4 - O 9 9 - _- _- _._ n~ nnQQ n.o~ °Q n_ pop e -

VAP OR P R E S S . 0. 4 7 2 9  0. 4 7 2 9  0. 4 7 2 9  0 .4 7 2 9  0. 4 72 9

NC CONC—PP f l 9168.0 2334 .0 1798.0 3297 .0 11512, 0
- AOL £0i1L-PPII. - 29.0 - — - 21.9 ~~~~~~~~~ __ 7flA •fl _ . __100..fl ~~~~~~~~~~ 24 ..0 -_

CO C O N C — P E R C  8.2 6. 7 5.9 9.3 8.6
CO 2 CON - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ 

A ~ 6 • A -

02 C O N C — P E R C  2.5 0.3 0.3 0.9 3. 1

MOLS OUT D R Y  6.8 5 3 . 2  4 5 . 8  - 24 .3 6. 6
2OLS OUI .WET - . 64.J —

Not Measured —

H O R S E P O W E R  Not Measured
ENS A I R  F L OW 19 4.0 13 61 0 . 13411.0 A Q f l _ f l  IAA fl

DRY A I R  F L O W  1 9 2 . 5  1 5 6 8 .7 1369 .3 6 84 . 5  186 .5
— FN~~~~~1UEL .F L O~~~~~~ __ 16~~~A ~

_ 12.3 0__ ._~.. . 1115,
11 58.-S

DRY A I R  D E N S  0 .0735  0 . 0 7 3 5  0.0735 0.0735 0.0735
~
_ WEI _ALR~DkN~ 0.0L4 _- O...O1 41 ~~..___ D 0241 _ ___O..fl2-4.7 0.11 7kL

EXH CAR SON 12.7179 108.0074 89 .3140 51 .3720 12.2799
IXJL 11.1 DR4GEP~ Z .k3fl5~~ . . 1&.446 14.8.2.62._ .~~ 

_ 8.k! &0. _ ?~~~QS4 --

EXH F UEL FLO 15.1683 126 .4535 706.7402 59.7460 14.5752 

~i.45 ~~~~~~ - ~~~~~~~ 1~ L~O2
___ _t 2k6O_~~~~~~.l..-Uk& -

MEAS F/A  R~~ 0.0873 0.0794 0.0778 0.0855 0.OD’4

CAI~~1JA R A T  0.O&32 - . 0.082 8 0.0795 . O.0.89.1_ _.._ 0..-08-43
0 1 F F  N— C F / A  — 6 .7 3 0 5  4 .2 5 1 8  2 . 1 0 5 4  4 . 4 5 5 8  — 3 . 3 6 4 3

EIL lIMP. MAX - . 2 50 .0040 . 364.0000 - 3.90-.A0.0.O~ 
M A N  PRES. P$ GA 15.2 28.7 26.8 20.2 15.2
EX H G A S  T E M P  7 67 . 0  1 4 1 5 . 0  1 42 0_ f l  1166.() 7811_ f l

CO L B S F M O D E  3.1232 0.4963 6.3235 6.3068 1 .0656

CO kaS/CYC-RHP fl.fl~~66. . -

P E R C E N T  OF E P A  S T O  FOR CO 15 8 . 5 6 6 2

NC L B S / N O D E  0.2309 0.0114 0.1270 0.1453 0.0943

A~~i S.LCLL.~1Ilf - if 002 _ —_______

PER C E N T  OF E P A  S IB FOR MC 1 2 3 . 2 4 2 6

_MD LBSJNifDE 0.0.016 0.0020 .0.0-407 - - - - .  _O..O-O.82- - - - -0.00.0-4
NO L B S I C Y C — R HP 0.0002

_ _ PLR~ LN1 .0.f .E P A  L TD . FOR NO 13.5002 _.. — - . . —- . -. .. - ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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TABLE B-6. FIVE-MODE CYCLE - 25-HOUR TEST

PIO.DL NUMBER 2.0 - - . . 3.0. . . . -A.-0~ -.~-.—-.--- - 5.0 _ _-t..0
R A T E D  POIER 260.0 260.0 260.0 260.0 260.0
REV PER NI H 1100.0 2 5 2 5 . 0  2500.0  2000.0 1100.0

- LUlL NUMB ER 18..fl —— 19_ ~!L ___ ._2.0.O ~~..fl - _ _22..0 .

- .~BARflAE.LPJ1.&~~
_ 30_fl _

~~~30.05~. .. 30.05 ~ fl ~~
DRY A I R  TEMP 82.5 82 .5  82.5 82.5 82.5
WE T BULB TEN 7 3 _ fl 73.0 73.11 73 .11 73~~fl

IND A I R  T E M P  0.0 0.0 0.0 0.0 0.0

~~0.if15I fl.~fl~15L 0_0.1S O. f l I S A  fl~ f l1 SA

V A P O R  PRESS. 0.7561 0.7561 0.7561 0.7561 0.7561

MC CON ~ —PPN 
- 

10170.0 2064 .0  1772.0 2985.0 11792.0
NOX C O N E - P P M  27.0 187.0 271 _ f l  93_ fl 26.0

CO C O N C — P E R C  7.9 7 .3 6.4 9.2 8.0
C02 CON— PER ~~~~ - h.7 - - - ~~~. L.9 9... 6. - - ...-.-- -2-..6-- - --- - - -  - . 6..5
02 C O N C — P E R C  3.3 0.7 0.7 1 .2 3.4

MO LS OUT DRY 6. 7 52.9 66.4  23 .7 
— 

6.7

MOLS OUT WET 7.8 61.? 5 3 _ 7  q 27.7 7_ i

S H A F T  TORQUE -~~~~~~~~~ Not Measured -

H O R S E P O W E R Not Measured
EN S A I R  F L O W ~~~~~~~~~~~ 1560 .11 13Rfl.n~~~~~~~~~~ # A 1 . fl _ _ 193.0
DR Y A I R  F L O W  192.5 1540.2 1362.5 672.4 190.6

ENS FUEL FLO 16.1 123.0  106.0 58.0 16.0
DRY A I R  DENS 0 . 07 1 6  0 .0716  0 .0716  0.07 16 0.0716
W E T  A I R  D E N S  - .. . _0..0714 - _0.0134_ 0 0.734 fl~~~73 4 ~~~ — -

ElM C A R SO N  11. 7360 102 .8451 89 .3717 47 .7402 11.6357

EXH H Y D R O G E N  2. 4 9 25 20 .37 7 1 17 .3764  9.0983 2 .43 06
EX M FUEL FLO 14 .2285 123. 22 22 106.7481 56.8385 14.0663
0 1 F F  W F C — W F M  ~~~~ l.~&7t5 - _0~222L~~~~~.~ 0.1k&L_ — 1 _ 1 6 1 5 _

~~ 1.9.131

M EAS F/A R A T  0.0836 0.0799 0.0778 0.0863 0.0840
0.011 4 - _ J793~~~~~~~

_O.0866 __
~~~_0.4fl1

0 1 F F  N—C F / A  — 4 .3827 1.9359 1 .9393 0.4439 —3 .4386

(YkT LMP_ N&R~ 215.0000 390.0.000 “40-.-O.0.0-O. . 3.Lfl.O.fl00.~~~ - 31D.0000

MAN PRE S .HG 4 1 5 .8 28.8 27.9 21 .0 15. 7

Lx.N~~~AIIE~~P - 733.0 _1139 ..0 _t16.2.0 . - - . 112.5...0 . 816.0

CO L B S /M O D E  2.9-666 0.537 6 6.9713 6.0982 1 .0017

~~~~~~~~~~ OJ. B LC1 .~~~~~
N P  - - U ..0.676 . ___________ _-_---—— -- . - - - - -

P E R C E N T  OF E PA S T D  FOR CO 160 .9 4 5 4

MC LBS/NODE 0.2567 O Ol fll 0_ 1271 0.1304 11.0985

M C L O S / C Y C — R M P  0.0024
PE R C E N T  OF EPA STD FOR NC 126.0883

NO LBS/MODE 0.0013 0.0017 0.0364 0.0076 0.0004
NO L B S / C Y C — R H P  0.0002
PLRLINLOL EPA S T O LOR ND 12.139 2  - -

- 
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TABLE B-i. LEAN-OUT AT APPROACH - 50-HOUR TEST

M O D E  N U M B E R  5.0 5.0 5.0 6.0
— R A T E D  P O W E R ~~~~_ . _ _  26 0 .f l  - - . 2.6.Q~ 0 2611.0 _. 260.0--

R EV PER MIN 2000.0 2000.0 2000.0 2000.0
R U N  N U M B E R  30 .0  31.0  32 .0  33.0

B A R O N E T  P R E S  — - - 30_fl4_~~ . . 10.Ok .._ . 311.04 __ ._ 3.0.0’ -

D R Y  A I R  T E M P  73.0  73.0 73.0 73.0
W E T  BULB TEN 62. 5 . .._..8..2.5_. 6 2 _ S
I N D  A I R  T E M P  0.0 0.0 0.0 0.0
SPEC.M LJ M ID . ,  0.0099 0.0099 0.0099 0.0099
V A P O R  P R E S S .  0 . 4 7 2 9  0.472 9  0.47 2 9 0. 47 2 9

HC C O N E — P P M  3 2 7 4 . 0  2 7 2 4 .0 2 2 39 . 0  i9O~~.O
— IdOl C O N C — P P M  J..0_ lOi...0 _. 

- -  

3 4 1 _ f l  . ._.~ 316.0
CO C ON C — P E R C  9.0 6.8 5 . 3  3. ?
C02 CON— PERC 8.2 9.3 10.2 11.5
02 CONC— PERC 0.9 0.9 1.0 1.1

N O L S  OUT D R Y  23.6 23.5 23.1 22 .8  
-

MOLS OUT W E T  L6..9_ _ __2l.fl_~~_ _ . . 2.6..6 . . - .2.6.1

S H A F T  TOR Q UE Not Measured —

H O R S E P O W E R  Not Measured
ENS A IR  FLOW _ .  61.3.O_ - - - -  - 690.0 —— 690.fl_  ~~69.O...0.
DRY A I R  F LOW 669.7 684.5  684 .5 684.5
ENG FUEL FLO . 5L.il ~~ - .  54.0
DRY AIR DENS 0.0735 0.0735 0.0735 0.0735
WET A I R  DENS 0 . 0 7 4 7  0 .0 7 4 7  0.074? 0 .0747

E lM C A R B O N  48.8893 4 5 .6 5 2 5  43 .2916  4 1.5074
— E X H  H Y D R O G E N  - ~~. 8.341I . . ._1.5.f&0 .I.i IOl . . . 7 .4 1 1 9

E lM FUEL FLO 57 .4307 54 .1705  51 .44 1? 48.9193
0 1 F F  W F C — W F N  0.4307 0.1705 0.4417 0.7943.

MEAS F/A R A T  0.0851 0.0789 
- 

0.0745 0.0703
CAL F / A  R A T  0.0878 0.0805 0.0762 0.0774
0 1 F F  N—C F / A  3 . 1898  2 .1090  2 .302 1  2. 9827

CYL TEM P MAX 290 .0000 295.00110 306.0000 315.0000 
19.8 - 1.9.9 . . .  1Q~~Q - -.20.0

E XH GAS TEMP 1141.0 1174 .0 1209.0 1246.0

CO L R c / M O r j F  S Q & S R  L Sn A ~ 3 46f l 4 1~~ S 7A1
HC L B S / M O D E  0 .1413 0.1181 0.0956 0.0531

- ~~~~~~ 0.0082 . .0..0i63 

78—25—8—7
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TABLE 3-8. LEAN-OUT AT CLIMB - 50-HOUR TEST

MODE NUMBER 
- - 

4 .0 4 . 0  4 .0  4 .0
R A T E D  POWER 260 .0  260.0  2611.0
REV PER NIH 2 5 00 . 0  2 5 0 0 . 0  2490 .0  2490 .0

._ RUIL N UMRER .~~~~ - 3&.if . 35.0 3.6.0 3.7.0

--

DRY A I R  TEMP 73.0  7 .0 - 73 .0  73.0
WET BULB TE N 6 2 _ S  6 2 _ S  6 2 _ S  62 .5
1MB A I R  T E M P  0 .0 0 .0  0.0 0.0
SP[L. H U M j D .~ __ fl.0fl99. - - ... . .0.0.0 9.9 - f l f l~~~~~~~~~~~0.0fl~~9
V A P O R  PRESS. 0.4729 0.4729 0.6729 0.4 729

NC C O N E — P P M 1756 .0 1562.0 1 4 1 2 . 0  1339 .0
IdOl CONC-PPM 361.0 484.0 732 . 0  1002 .. fl
CO CONC— PER C 5.8 4.8 3. 7 2.6

— CO2 CO N—P .ERC~~~~~._ AO.A - ~~~~~~~~~~~~~~ 12 .0
02 CONC — PERC 0.3 0.3 0.3 0.4

M O L S  O U T  D R Y  4 4.? 4 3 . 6  43 .1  
- 

4 2 . 1
MO L S OUT WET S 1 _ 7  SO .~S 49 .6 4A .A

SH A F T  I0~QJ1L - 
Not Measured

HOR S E P O W E R  Not Measured
ENG A L R f l O W~~~~ _tI3fl.0~~ —— 13i.0. fl_. .~~~i 301_ fl 1292..rL -
D R Y  A I R  F L O W  1319.5 1299 .6 1296.7 1281.8

ENG FUEL FLO 10 4 _ S  99.0 94 .5  90.5
DRY A I R  DENS 0.0735 0.0735 0.0735 0.0735
WET AIR. ElIS. 0.074.? - — ~ 11.0.741 - Q fl71.1 ~~ 0.~.0747 -

E X H  C A R B O N  86 .9 1 7 6  8 3 . 0 0 5 4  81 .5679 76.7818
EX H H Y D R O G E N  1 6 . 65 7 9  15.8384 14 .4084  14 .1023
EXH FUEL FL O 1 0 3 . 5 7 5 5  98. 8438  95 . 9 7 6 3  90.8841
DI F F W FC-W1.M.. - -Q.~9 24.S ._ - - -fl.LS.62 — ..  L~4t 0_634i -

NEA S F F A  R A T  0 .0 7 9 2  0 .0762  0 .0729 0.0706
CAL  F / A  RAI_ . 0 .0788 - 0_.117A4 - ~

_ . 0_07~~L._~~ 0.0.716
0 1 F F  M — C F / A  —0. 4725 0.3148 2.3550 1.6552

CYL TEMP M 4 5  360.0000 
- 

380.00110 395 .0000 400.0000
MAN PR ES.J4 ~iA ~~2A, I 2k.L~_  76 .3
El M G A S  TEMP 1 3 7 3 . 0  1393.0 1628.0 1446.0

CO LBS I M O D E  6.. (1618 - - L-92.2~& 3_.12.4.D _ .S93 L
NC LBS/NODE 0 .1215 0.1054 0.0935 0.0870

_ N0 LB11M0.DL 0.04 41 0.0610. - - . . . - ~ 0_Q9u2 0_12t7

78-23-3-8

B-

7 .  

---_ - ..

- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- — - ~~~ —.__—_- -- ntr ———--  - -y -

TABLE 3-9. LEAN-OUT AT TAKEOFF - 50-HOUR TEST

MODE NUMB ER 3 .0 3.0 3.0 3.0
260 .11 26.11.11 - ._ 260.0 _ 260.0 --

REV PER NIH 257 5 .0 2520 .0  2525 .0 2525 .0
RUN NUM BER

S A R O N E T  P R E S  30.04 3 0_ 0 4  30_ 04 30.04
DRY A I R  TEMP 73 .0 73.0 73.0 7 3.0
W E T  aUL~~~~~~~LM 62.5 . 62.3- - - - _ _ 6 . S ___ 62.3
1MB A I R  TEMP 0 .0 0 .0  - 0.0 0.0
S.Pi liQMi0.~~~. 3..01199 . fl.009.9 - - - - flOfl.99-..—.__- 0.O0°~ -

VAP OR P R E S S .  0. 4 7 2 9  0 .4 7 2 9  0. 4 7 2 9  0.4 7 29 ’

NC CONE—P PM 2098.0 1963.0 2013.0 1743.0
QLL06C-~ PM - 20&.fl - - 27 .0~~~ ‘91_ fl

CO C O N C — P E R C  7 .0 6.0 4 .6  3.8
._ L02. t~~iR~ . 9.1 - 10.1 - — - .11.6 _ 1-L-9_ .

02 CO N C — P E R C  0.3 0.3 0.3 0.4

MO L S OUT D R Y  53. ’ 5 2 . 5  5 1 . 2  5 1 . 3
- - MO1.S OUT w8 T - 81.0 - .6 f l 3~~~~ 18.1~~~ . I.1_-~
- -  IWT 1QRQ1~E Not Measured

HOR S E P O W E R  Not Measured
EMS AIR F LOW t56O_ 0 iSofl.O 1537_ S 1552.0
D R Y  A I R  F L O W  1 5 47 .7 1547 .7 1524 .9 1539.?

. L $~~~~tU E(. FI.O 124.2 1 1Q .~~ 111 .6 -— 711.0
DRY A I R  DENS 0.0 735 0 .0735 0.073 5 0.0735
W EI A I R  DENS - 0.0747 .0 .0147 0...0141 . 0.0Zk7 .

El M C A R B O N  107 .6385  102. 9299 9 8 .256 8  9 7 .2 4 5 7
L! L NID!.0 L ~~.19.29 .1fl.._ — 1~~.028 _. 17 .S2 O7 16.8743 -
E lM FUEL FLO 126 .9295 122 .0283 115 .7775 114. 1200

- .2.1293 - - — . _ .~~~~ 2.111L -- . 3..12.0fl.

NEA S F / A  R A T  0.0802  0.0772 0.0745 0.0721
CAL F / A  R A T  - 0.0132 0.0800 11.117.69. ~~_O.fl.Z11 .
01FF N—C F/A 3.6286 3.5 453 3.2073 4 .2066

CVI. TEMP MAX 385-0000 395 .0000 405.0000 420.0000
MAN PRES_ HGA 28.7 28.2 ?R .7 28.7
ElM G A S  TEMP 1360.0  1388.0  1424 .0  1441 .0 

. . . a.~ 2&3 . - .0.4A01 - - 0.331-0 - - . 0.275 9
NC L B S / M O D E  0 . 0 1 0 3  0 . 0 0 95  0 .0095 0.0082
1*0 L B S / M O D E  0_ (1019 0_ 0 0 2 3 .  f l_ 004.3_ 11.01156
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TABLE B- 10. LEAN-OUT AT TAXI - 50-HOUR TEST

NODE N U M B E R  2 .0 2.0 2. 0 2.0 
-- 260.~fl~~~ —. 260.11 2611.0 2611.0

REV PER NIH 1100.0 1100.0 1100.0 1090.0
RUN NUMBER 42.0 (.3.0 44 .0  45 .11

R A R O M F L PEI3.. . 30-~QJ - -  — 30.0k - .._ -_ 30.O4 _- _ 30.0I.
DRY A I R  T E M P  73 .0  73.0 73.0 73.0

— - WET BULA T E M _.. . _ 4 j ~ 5 6Z-.-5-—------~—--- 62 _ S _ _-- ----—--6.2 ..3-
1MB A I R  T E M P  0.0 0.0 0.0 0.0
SPF C~~HUMID.. 0.0099 0 O099 fl~~fl099 11.111199
V A P O R  PRESS. 0.4729 0.4729 0.4729 0.4729

NC C O N C — P P N  7109.0 7044.0 8663.0 3027.0
JIOX~~~QN~~~~P~~~~~~ 29.0 29.0 . 1~~~~~~~~~~~~~~~ k6..D

CO CONC — PER C 7.7 7.5 7.5 4 .0
CO2 C O N — P E R t  7 .6  7.8 7.6 1 f l 1
02 CONC—PERC 2.7 2 . 7 3.0 2.8

NOIS OUT D R Y  6. 9 6 . 3  6 .2 
- -  

5 . 9

~~~NALS~ 0ILT WET — . . 7.2~~~ . ._~~~l.2_ ~~~~~Z..L_ ~~~~~~~~~~

SHAFT TORQUE Not Measured
H O R S E P O W E R  Not Measured

~~1iG AI8. fLOW - . 200.0 18.2.0 - 180.fl - . 178.0

DRY A I R  F L O W  198.4 180.6 178.6 176.6
— ENG FUEL IJ.11 .~~~~~~~ . lh.1 . - ~~~ . 1.5~.0 .14..1 — . _ _ .12.7

DRY A I R  D E N S  0 .0735 0.0735 0.0735 0.0735
WET A I R  D E N S  0.0747 0.0747 0_ 0747 11.1171.7

EXH C A R B O N  12 .7572 11 .625 6 11.3627 10.0553
EX H HLflROf~EN .. 2 ..331 7 2.~1Th1 2.04.59 - - 1.89&1
EXH FUEL FLO 15.1389 13.8017 13.4086 11.9533
01Ff W F t — W F $  —0 .9611 — 1.1983 — f l _ 6 9 1 4  — 11 .71.67

ME A S  F / A  R A T  0 .0811 0 .0831  0.0790 0.0719
C A L  F / A  R A Y  0.0799 0.0793 0.0799 0.0679

_ ._ 0IfF M~~C F / A  —1 .525 .3 —4 .301 0  . 1~~24.08 . -5. 6.314

CYL TEMP M A X  275.0000 280.0000 280.0000 275.0000
_ J 1 .AN PR..E.1.HG.A - - 15.6 15.1 . 1S,.1 - . 14 .9

ElM GAS T E M P  746.0  770 .0 754 .0 765.0

CO L B S / M O D E  2 .9810 2 .66 17  2 .6 2 7 2  1_ 32 8 1
M C L B S / M O D E  0 .1819 0.1643 0.1993 0.0662

— NO LB S /N O D E  - .11.0014 0.0013 - ~~~~0...0O t2_ 0.0019

- 
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TABLE B-il. FIVE-W)DE CYCLE - 50-HOUR TEST

MODE NUMBER 2.0 
— 

3.0 4 .0 5.0 6.0
R A T E D  PO WE R 260.0  260 .0  260.0 260.0 2 6 1 1_ f l
REV PER MIN 1100.0 ?55O.0 2500.0 2000.0 1100.0
RUI4 JEUMB.ER - 46.11 41.0 ._ . .~ .J.8~~~~~~~

_ _.4.-9.0-— -_-_---—- -- -5.0-.-0- -

- - 8AtOM.EI PIL& - 3.0.01. ~~3.0.0~4— . - .. - -

DRY A IR TEMP 73 .0  7 3 . 0  7 3 . 0  73.0 73 .0
W E T BULB TEN 6 2 . 5  6 2 .5  6 2 _ S  62.5 6 7 _ S
1MB A I R  TE MP 0.0 0.0 0.0 0.0 0.0

_ jfEC.HUN ID... 0..110.9~~~... 
_ . 0.fl019 fl.flff9~ fl.flfl99 ~~~~~~~ -

V A P O R  P R E S S . 0.4729 0.4729 - 0.4729 0.4729 0.4729

MC C O N C — P P M  9 5 9 0 . 0  2 1 9 4 . 0  1 6 0 5 . 0  2678.0  14 3 7 2 . 0
. N0X C O N C — P P M  26.0  206.0  292.0 1 2 4_ f l  2 2_ f l

CO C O N C — P E R C  8 .0  6. 9 6.2 8. 6 8. 4
- 7.1 ~~ 8 .__

~~~ 10.5 8.4 ~~~
__ &.6.

02 C O N C — P E R C  3.1 0.3 0.3 0.8 3.7

MOLS OUT DRY 
— 

6. 7 
- 

53.2 46.4 24.2 6.7

~~ NOLS OUT ~ ET 7 . 7  6 1 . 0  52 . 9  7 7 _ A  7.7

__J~ A 1L TQQQ VE Not Measured
HORSEPOWER Not Measured

~~~~~~~~~~~~~~~~~~~~~~  191.D _ ~~ t5.611.0_ __~. 1368.O 695.0 _ 192.. fl
DR Y AIR FLOW 1 9 1 _ S  1547 .7 1357 .2 689.5 190.5
8MG FUEL FLO 16.2 123.0 105.0 SL..O 16.2
DRY AIR DENS 0.0735 0.0735 0.0735 0.0735 0.0735
EL_11R 11EN3 .0.0 741. —. 0.C141~~~ ~~ _11.117AL_ fl.0lkZ .. . 0.07 41

E lM C A R S O N  12.2351 106.7520 92.8221 49.3733 12.0889

IXH H Y D R O G E N  2~ 3635 19 .3260 15_ 997 3 8.94-98 2.2372
EX H  FU E L  F L O  14 .5987 126 .0781 108.8194 58 .3232 14 .32 61

— -.U11 ~~F C-U fi~ - — 1.6.013 3.0781 . . . 3 8t91.. - . . fl..323L 

. M.EAS_ ~~JA LAI —0.-O844 _ .- -_ . C-.OL9-5—— ---- O. 077 L —~— O OIL1._ .__ _ 
~~ 0$ 50

C A L  F / A  R A T  0 .0 8 1 3  0 . 0 8 2 8  0 .0810  0.0863 0 .0836
_ -_Di11~~.~.C_.EIA. - -3-96.53 ___ __k.218.6 —-_ 4~~7L73 ___2._392~ ~ 1.?2tL -

C Y L  TEM P MA ~ 290.0000 365.0000 385.0000 360.0000 295.0000 
15.1.. 2&~~._ . _ - 21.0_ -— . - 20.- S~ _------------1-5.-5-.

E lM G A S  T E M P  766.0 1359.0 1367.0 1165.0 754 .0

C0_LBILMODE . . 3.~0215 . . 0.5167 - -.. 6..48-7.6 ---— -—--S.-..-8O-1-2 -._-

CO LI3S / C Y C — R H P  0.0657
_ ..P E R C E N T _OF_ C IL.. E0.k. ..C0 . . 15.6.4.923~~~~—__.__---. - -.-—-—- ____— ---— —

MC LBS / M O D E  0.2397 0.010? 0.1136 0.1188 0.1202 

~ C. L S S I C I C..-RI4 P 0.01123 . .. _ .  — . .-. - . . .~~~~~~~
_._ .—_

P E R C E N T  OF  E P A  S IB  FOR HE 1 2 2 . 06 3 3

NO L B S / N O D E  0 . 00 1 2  0 . 00 19  fl .O3AA fl fl lft3 fl flfl fl~
NO LBS/C Y C—R HP 0.0002

_
~~PIR11iN T OF . EPA S T D  fOl NO - 11.621& . _.~~~~~~ — -  —
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TABLE B- 12. FIVE-MODE CYCLE - 50-HOUR TEST

M O D E  N U M B E R  2.0 3.0 4.0 5.0 6.0

- 26 .fl_ — âff.0~~
___ 

- ? A f l • 11 - . 7611•p . . .2.60.0
REV PER N IH  1100.0 2550.0 2500.0 2000.0 1100.0
RUN N U M R F R  - - 52..0 . . _ _ 53.O__. SL _ fl 

~~~~ . .53.0

B A R O N E T  PRE S 3U_ 04 311.114 311.11/. .tfl~.flL
DRY A I R  TEMP 73.0  73 .0  73.0 7 3 •Q  73 .0

__WLL_ 1IlL& 1iM .~~~~~~~~~~~~~ . 62.5 62~~S
_
~~~~~~

_
~~~~2.3

__ 
- -  .11.5

END A I R  T E M P  0.0 0.0 0.0 0.0 0.0
S P E C HUMID~~. 

_ fl~
_ Q.fl99 11.01199 fl~~f l f l9Q fl.flf lOQ

V A P O R  P R E S S .  0. 6 7 2 9  0 . 4 7 2 9  0 .4 7 2 9  0 .4 72 9  0 . 47 2 9

M C C O N E — P P M  10720.0 2096.0 1753.0 2900.0 10455.0
__NflL t4C.~.P1M  2LL.11 ~~ ~~~ fl5~~fl~~~~~__ 122 fl~~~~ 24.0 .

CO CONC— PERC 8.2 6.9 6.0 8.5 8.3
C02 CON—pER C — . _6..4_~~~ 10 .0 _ _ 111.2 . _ A_~7__ ~~~~~~~7._ 1
02 CONC — PERC 3.9 0.3 0.3 0.8 3.0

M O L S  OUT D R Y  6.5 51.3 66.2 2-4 .1 6.7
_ OLS_.OJ1I_UJJ _ Z.A _ ._~~~~~.~~1&..5_ __

~~~_ 53.3 _ __21.k — 

- - 
Not Measured

H O R S E P O W E R  Not Measured
ENG A I R  F L O W  186.0 1 5 0 0_ p  1 3 7 2 _ f l  692.11 101 .11
DR Y  A I R  F L O W  184 .5 1488.1 1361.2 686 .5 189 .5

- .LH.5 lulL. .E.L Q I 5.L - 11.2.fl. ._ _lflh.0__ 17.L_ 1-6.3
DRY A I R  DENS 0 .0 7 3 5  0 . 0 7 3 5  0 . 0 7 3 5  0 .0 735  0 .0735
MLL AJ .R .1LN& - 3.0 747 - - fl . 11.7 _ _ O f l L 4 1~~~~~~~~~ _._0.0 i1.1 -

11H._CA.RB.O.N 11.431.11_ 1114 31155 8Q .0~~~8 LO 6R$Q - -
E lM  H Y D R O G E N  2.2030 18.0165 17 .0671 8 .6191 

- 
2 . 2 9 8 9

E lM FUF L 1j_O~~ 1 6339_ 177.321111 .._ 1fll . _ 0 7 1 1 9  _____

0 1 F F  W F C — W F N  — 1 .5661 3.3200 1 .9709 0.5580 — 1 .5935

_ LkS IJA RA I.  - - - O.0&2k ~...11.O&011 ~~11.fih11 _ .. ._~~O..O&4i - - .0.08.60
C A L  F /A R A T  0 .0801 0.0833 0.0796 0.0865 0.0830
D I F F  N—C F /A — 2 .7 5 1 7  4 .1 1 5 7  3.2024 2.7966 — .3.5231

CYL TEMP MA X 260.0000 360.0000 380.0000 340.0000 280.0000
N A N  P R E S .H G A  15 .6 28.6 27.1 20.3 15.4
-ElK GA S T E M P  742.0 1360.0 1367.0 1163.0 766.0

CO LBEIMo E_ _ .  ... ._3..1103k . .~~ . . .. 0_ 499fl ~~ 6.4887
CO L B S / C Y C — R M P  0 . 0 6 4 4
PERCENT OF E P A  S T D  FOR CO 153 .2700

NC L B S / N O D E  0 .2 5 8 7  0.0098 0 .1250 0.1276 0.0864
~tC LI&/CYC-RHP . .0.002 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~_ . — - 
P E R C E N T  OF E PA STO FOR MC 122 .9921

-- - 0.0009 ._ 0~ 001 9 fl~~fl4Ø 7 fl_g ino M..fl0.flA .
NO LB S / C Y C — R H P  0.0002

~~EA111JT_OI EP A’ $10 FOP N3 ._.~~ U.I~
ll__ __ _ _ _ _ _

~~
_ . ___ _ _

~~
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