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ALTTTUDE PERFORMANCE AND OPERATIONAL CHARACTERISTICS OF
AN XT38-A-2 TURBOFPROP ENGINE

By R. H. Essig and F. W. Schulze

SUMMARY

The over-all engine performence and the starting and windmilling
characteristlcs of an XI38-A-2 turboprop englne have heen investigated
in the NACA Lewls altitude wind tunnel. The simulated flight comdi-
tions ranged from altitudes of 5000 to 45,000 feet at a flight Mach
number of 0.30 and from Mach numbers of 0.301 to 0.557 at an albitude
of 35,000 feet. The engine, equlpped with a standard-area exhaust
nozzle, was operated wlth Independent control of fuel flow and pro-
peller pltch; operation was thereby allowed over & wlde range of engine
condltions. Windmilling characteristics were obtained at altitudes
of 15,000 and 35,000 feet.

Analysis of the performance maps obtalned at each flight condition
revealed that both altltude and flight Mach number had a major effect
on corrected engine varisbles. The large reductions in corrected shaft
horsepower occurring when the altitude was increased were the result. of
decreases In compressor and turblne efficiencles. Windmilling engine
starts were made &t altlitudes as high as 35,000 feet at an engine speed
of 2000 rpm.

INTRODUCTION

An Investigatlion of the performance of an XT38-A-2 turboprop
engine over & range of slmulated altitude condlitlons has been conducted
in the NACA Lewis altitude wind tummnel. Steady-state engine performance,
component performance, and starting and windmilling characteristics, as
well ag the dynamics of the englne, were studled. Reported herein
are the over-all englne performance and the starting and windmilling
characteristics.

The simulated flight conditions renged from albtitudes of 5000 to
45,000 feet at an average flight Mach number of 0.30 and from Mach
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numbers of 0.301 to 0.557 at an altitude of 35,000 feet. A standard
exhaust nozzle having an area of 244 square 1nches was used. Independent
control of propeller and fuel flow permitted operation at various engine
speeds over a wlde range of turblne-inlet temperature. ZIEngine windmllling
characterlistics at various ailrspeeds and blede angles were obtalned at
altitudes of 15,000 and 35,000 feet.

Data are presented in the form of performance maps at each flight
condition to show the effecte of altitude and flight Mach number on
various engine-performance varlables. The effect of englne deterio-
ratlon with operating time on performance is also. discussed.

All symbols ueeéd in this report are defined in appendix A.

APPARATUS
Descriptlion of Engine -

The main components of the engine include a 19-gtage axlal-flow .
compressor, elight cylindrical combustion  chambers, a four-stage turbine,
en exhaust cone, and a planetary reduction~gear assembly with a 12.5:1
gear ratio. The engline was fitted for this _investlgation with a three-
blade propeller, 13 feet 1in dlameter, ‘The maximum dismeter of the flight

engine mount is 371 inches; the length from the foremost end of the

propeller shaft to the exhasust-nozzle outlet is 157 inches. The net dry
welght of the englne including power section, gearbox, control, torque-
meter, and flight frams, but without propeller, i1s apprqximately 1660
pounde. The exhaust-nozzle~outlet area 1ls 244 squsare Inches.

The operating limlits of the engine as estahbllished by the manufac{“
turer are:

i e et Ele L p——

Operating _ Engine Turbine-inlet Time limit;
condition speed, | temperature, min
rpm OR
Militery | 14,300 2060 30
100 percent noymal power| 14,300 1960 None -
80 percent normal power{ 14,300 1840 . None
60 percent normal power 14,300 1720 None

rating is 2520 shaft horsepower ‘&and & Jet “thrust of 603 pounds. The

| 3160 | i
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engine alr flow 1s approxlmately 30 pounds per second. The asrodynamic
design point of the engine is at an altitude of 15,000 feet and a flight
Mach number of 0.347.

Installation and Instrumentation

The altitude wind tunnel 1s a closed-circult, return-type tunnel
circular in cross section with a test section 20 feet in diameter and 40
feet long. As shown in figure 1, the engine was mounted on a thin wing
section spanning the test sectlon. Deslired air velocities through the
tunnel test sectlon are provlided by & varilable-pltch 18-blade fan driven
by an 18,000-horsepowsr electric motor. The Installation was stream-
lined by providing a cowling about the entlre engine, a wooden 1lip at
the inlet-alr duct, and & conlcal fairing for the propeller hub reglon.

A view of the engine showing the locatlon of the components and
the ‘measuring statlons 1s shown in figure 2. Schematlc dlagrams of
the instrumentation at six of the statlions are given In figure 3. The
gix parallel control thermocouples at the turblne-Inlet area were
installed to produce & single indicatlion of turbine-inlet temperature.
The alr flow was determined from measurements at station 1 and was
checked at statlons 1 and 2. Alr leakages occurring in varilous sections
of the engline were measured when possible or were assumed to be a
percentage of the Iinlet-alr flow. These leakages are described in
appendix B. Weter-filled manometers were used to measure pressures at
every statlon except the compressor outlet and turbine Inlet, where
mercury-filled manometers were used. Iron-consbantan thermocouples
were used In the measurement of engine-inlet and compressor-outlet
air temperatures; chromel-alumel thermocouples were used in the meas-
urement of turbine-inlet and exhaust-nozzle gas temperatures. All
temperatures were automatically recorded with self-balancing
potentliometers.

A stroboscopic tachqméter, in conjunctlon with a continuously
indicating tachometer, measured engine speed. Torque was measured by
a magnetic plckup-type torquemeter, which sensed the torslonal deflec-
tion of the shaft between the power sectlon and the reduction gearbox.
Thls torsional deflectlon was measured electronlcally and indicated on
a milliemmeter. To determine contamination of tunnel air induced by
the engline exhaust, en oxygen analyzer, employlng the standard thermal-
conductivity method to determlne the oxygen content of gas, was used to
sample the alr at the entrance of the iInlet duct. A slip ring on the
propeller shaft and a sllde-wire arrangement on one of the three blades
indicated propeller-blade angle on a mllliammeter.
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PROCEDURE

Independent control of propeller pltch and fuel flow was used to
obtain data over a range of power (turbine-inlet temperature) at each
of several englne speeds ranging from about 92 to 104 percent of rated
speed. To eliminate Inlet-duct losses from the englne performance,
the tunnel test-section veloclty was set to glve the desired ram-pressure
ratioc based on compressor-inlet total pressure and free-stream static
pressure, The methods uged to compute the engine-performance variables
are Included in appendix B.

The Initlal 20 hours of englne operatlion at altitude were used to
determine the vibratlon characteristics of the propeller. Data from .
thls perlod of the lnvestigatlion will not be presented. Regular engline-
performance data were obtained during the next 85 hours of engine tims.
To aild In explalning any inconsistencies in data due to deterioration,
which has been found to be an Ilmportant factor in some turboprop engines
(ref. 1), and date irregularities due to changes in components during
the program, the order ofperformance tests la given In the followlng
teble:

Ingine time, Data obtalned at:
hr

Altitude, |Flight Mach

hig v number

20-25 25,000 0.291

33-40 35,000 301

40-47 35,000 .438

47-59 35,000 .557

60-82 5,000 .300
83 Turbine-assembly change

91-96 45,000 0.294

96-105 15,000 .303

The turblne labyrinth seal was found damaged at about 83 hours engine .
time; performance obtalned after that tlme was wilth a new turbine
gection. At an altitude of 25,000 feet and a flight Mach number of 0.30,
a glven engine condition was run approximately every 10 hours to check
engline and component deterloration.

3160

Englne windmilling characterlgtics were obtalned for a range of
propeller-blade angle at the following altitudes and airspeeds:

Altitude,| True alrspeed,
£t knots

15,000 | 66, 110, 155
35,000 |115, 165, 215
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During the investigatlon, engine-~inlet temperatures were maintalned
a8 near to NACA standard altitude condltions as facllity limits allowed.
In general, engine-inlet temperature ranged Pfrom 80° to -30° F for
steady-state running. By precooling the tunnel, englne starting char-
acteristics were obtained at temperatures as low as -50° F,

Fuel uesed during the Investigation was clear gasoline having a
lower heating value of 18,925 Btu per pound and & hydrogen-carbon ratio
of 0.182. Several types of lubricating oll were used during the inves-
tigatlion to lubrlcete both the gearbox and power sectlon. The types
used are deslgnated PRL. 3313, PRL 3161, and EFEL 3A, all of whilch were
approved by the engine manufacturer.

RESULTS AND DISCUSSION
Performance Characteristics

Inlet-alr flow. - At the start of the investigation, a study wes
made of the flow condlitions of the alr entering the compressor Inlet.
The pressures Indlcated by the four rakes at statlon 2 showed the flow
through the duct and around the shaft to be falrly unlform radially
and cilrcumferentially. Total pressures at the bottom rake were about
1 percent lower than the average Inlet pressure. Data Indicated by the
oxygen anslyzer showed that the oxygen content of the englne-inlet alr
never reeached & value below 19.5 percent as compared with standard
condltlons of 20.9 percent.

Generallzed performance. - All the engine-performance data in
both corrected and uncorrected form are presented In table I. Data
typlcal of those obtained at all the various fllght conditlons are
presented in figures 4 and 5 for an altitude of 15,000 feet and a
flight Mach number of 0.303. Variation of corrected turblne-inlet
temperature, corrected Jet thrust, and speclfic fuel consumption with
corrected shaft horsepower at seven englne speeds is shown iIn figure 4.

In varylng englne speed at & constant corrected turbilne-inlet
temperature (fig. 4), a maximum shaft horsepower is reached. At the
military-rated corrected turbine-inlet temperature of 2060° R, an
increase in corrected englne speed from 13,690 to 15,270 rpm varled the
corrected shaft horsepower from 2460 horsepower at 13,690 rpm to a maxl-
mum of 2570 horsepower at 14,600 rpm. For the same conditlons, cor-
rected Jet thrust Increased from 555 to 660 pounds and speciflc fuel
consumption Increased from 0.65 to 0.68 pound of fuel per shaft horse-
power per hour. The effect of corrected engine speed on corrected alr
flow ls shown In flgure 5. There did not appear to be any effect of
turbine-inlet temperature level on corrected alr flow. The air flow
at the rated corrected engine speed of 14,300 rpm was 29.35 pounds
per second.
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Cross plotting of the engine-performance parameters of figure 4
for each flight condltion provided the engine-performance maps presented
in figure 6 for the seven flight conditlions Investigated. In these
maps, corrected shaft horsepower 1s plotted agalnst corrected englne -
speed for constant values of corrected turbine-inlet temperature, '
corrected Jet thrust, and specific fuel consumption. From these maps
the performance at any englne operating condltion can be determined
for each flight conditlion Investigated.

In general, the maximum corrected horsepower at a fixed corrected
turbine-inlst temperature occuxred at corrected engine speeds between
13,200 and 14,800 rpm, depending on flight- ‘cond1tion and level of
turbtne inlet temperature. As corrected engine speed iIncreased, there
was, however, a continuous increase in both corrected Jet thrust and
specific fuel consumption for any given corrected turbine-inlet
temperature.

As can be seen from these maps, at a flight Mach number of 0.30,
performaence at an altitude of—15,000 feet 1s generally better than at
5,000 feet and performance at 45,000 feet is better than at 35,000
feet altitude. These comparisone are Inconslstent with the performance
trends for the other flight conditions, which show the conventilomnal
performance deterioration ag altitude was increaged. The apparent
discrepancy can be explained by the menner in which the engine per-
formance was affected by the aforementioned turbine change which
immediately preceded the runs at altitudes of 15,000 and 45,000 feet.
Performance obtained prior to and following the turbine change 1s
shown In figures 7 and 8. IXEngine-performence dats, obtalned at a
glven operating condition at-an altitude of 25,000 feet and a flight
Mach number near 0.30 In order to check engine deterioration, are
presented In figure 7 Iln terms of gtandard sngine-performasnce parameters.
The performance decreased slightly during the flrst 20 hours of -
operation and then remained essentlally constant untll the turbine
sectlon was replaced. After the replacement, engine performence Improved
at this particular flight condition. To further 1llustrate this dif-
ference, data from a brief iInvestigation of engine performance at an
altitude of 15,000 feet before the turbine change are compared in
figure 8(a) with values from s complete performance map taken after
the change. In figure 8(b), values from a map teken before the change
are compared with some limited data after the change for an altitude
of 25,000 feet. Performance at a given turbine temperature level at
both altitudes wag better after the change by~ apprcgimately ZOO to 300
corrected horsepower. With this marked. change comsidered, the sub-
gequent results and discussion will Involve only the performance data
obtained between 20 and 82 hours engine time. The data presented
herein consequently indicate only the approximate level of performance
of this engine model, but the trends are considered typical.
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Effect of altitude. - Specific effects of altitude on engine
performance at a f£light Mach number of 0.30 are presented In flgure 9.
Performance In terms of corrected shaft horsepower, corrected Jet thrust,
and specific fuel consumption 1s shown at three temperature levels and
geveral engine speeds., Altitude had a major effect on shaft horse-
power and specifilc fuel consumption, but & minor effect on Jjet thrust.
At & corrected turbine-inlet temperature of 2200° R and an engine speed
of 15,500 rpm, corrected shaft horsepower decreased from 2840 horse-
power &t an altltude of 5000 feet to 2020 horsepower at an altitude
of 35,000 feet; corrected Jet thrust increased from 660 to 700 pounds,
and specific fuel consumption Increasged from 0.655 to 0.935 pound of
fuel per shaft horsepower per hour for the same altitude variation.
Thlis change in shaft horsepower, which amounts to 28.8 percent, s
primarily & result of the reductlons in compressor and turblne effi-
ciencies with altitude (shown in fig. 10). Performance of the compres-
sor and turblne are presented for corrected engline speeds between
14,500 and 16,000 rpm at a corrected turbine-inlet temperature of
2200° R. At a corrected engine speed of 15,500 rpm, an increase In
altltude from 5,000 to 35,000 feet resulted in a decrease In compressor
efficlency from 74.6 to 71.5 percent and a decrease 1In turbine effi-
ciency from 81.7 to 77.0 percent. Because at this operating condition
the work spllt between the compressor and the propeller shaft ls such
that about 2/3 of turblne work is a&bsorbed by the compressor, & small
drop iIn compressor efflclency can Ilmpose a large loss in shaft output.
If, In addition, the turbine exhibits a drop In efficiency, the loss
in shaft power is further Increased. The Indivlidual contribution of
each component to the performance loss wlith altitude 1s shown In figure
11. Although the actual gearbox losg varles from approxlimately 20 to
40 horsepowser in thls range of altitude, 1t can be seen that at high
altitudes 1t represents & greater part of the shaft horsepower than at
sea level. If the previously quoted reductions In compressor and
turbins efficiencles had not occurred as the altltude was Increased,
the corrected horsepower would be as shown In figure 1l(a), while
specific fuel consumption would be as shown in figure 11(b). All the
varlation of performence with altitude has thus been accounted for by
the compressor, turbine, and gearbox losses. These sffects appear to
be typical for turboprop englnes and stress the fact that reducing
or eliminating altitude effects on engine components 1s much more
important for turboprop engines than for turbojet englnes.

Effect of flight Mach number. - Some speciflc effects of flight
Mach number oid performance at an altitude of 35,000 feet are presented
in figures 12 and 13. Brief investigations at flight Mach numbers of
0.342 and 0,513 at thls sltltude augmented the full performance maps
presented in figure 6(d) to (f). The performance at a corrected engine
speed of 15,500 rpm over a range of corrected turbine-inlet temperature
is shown in figure 12; the varlatlon of performence with several corrected
engine speeds at a corrected turbine-inlet temperature of 2300° R 1is
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shown in figure 13. As the flight Mach number was increased at either
constant corrected engine speed or turbine-inlet temperature, corrected
shaft horsepower and Jet thrust Increased while specific Puel consump-
tlon decreased. Speclfically, as the flight Mach_number was increased
from 0.30 to 0.56 at a corrected engine speed of 15,500 rpm and a
corrected turbine-inlet temperature of 2400° R, the corrected shaft
horsepower increased from 2740 to 3130 horsepower, the corrected jet
thrust increased from 810 to 965 pounds, and the specific fuel consump-
tion decreased from 0.810 to 0.695 pound of Tiel per shaft horsepower
per hour.

Operational Characteristics

Windmilling. - The variation of-engine windmilling gpeed with
propeller-blade angle 1s shown in flgure 14(a) for an altitude of
15,000 feet and true alrspeeds of 66, 110, and 155 knots and in figure
14(b) for an altitude of 35,000 feet and true airspeeds of 115, 165,
and 215 knots. Maximum windmilling speed was obtained with a blade
angle of-approximately 240, and there appeared to be llttle effect of
altitude on the maximum windmilling speed for any glven true airspeed.
At that blade angle, an engine windmilling speed in excess of rated
speed could be encountered at alrspeeds above sbout 218 knots at any
altitude. The variation of corrected air flow wlth corrected engine
speed for the engine in windmilling condltion is ghown in flgure 15.
At the rated corrected engine speed of 14,300 rpm, the corrected air
Plow was 28.9 pounds per second; while at half that corrected speed,
the air flow was only 8 pounds per second. '

Starting. - Examination of the starting characteristics of the
engine reveals two distinct reglons of operation dppending on the fuel
system employed, as shown In figure 16. At englne windmilling speeds
between 2600 and 3600 rpm, starts with the standard fuel control were
made up to an altitude of 21,000 feet; but no starts were_obtalnable
at higher altitndes (fig. 16(a)). The engine fuel was at room tempera-
ture, while the engine-inlet temperature was as low as -20° F for
these starts. Another fuel comtrol, which allowed much lower starting
fuel flowe than the standard control, was lnstalled for the dynamlcs

3160

investigation; use of this fuel control resulted in engine starts at—-
an altitude as high as 35,000 feet and wlth windmilling speeds as low
as 2000 rpm. The engine-inlet temperature was -50° F.

01l foaming. - Englne operation at altltudes above 30,000 feet
with PRL 3313 and PRL 3161 olls In the gearbox and power sectlon resulted
in foaming and subsequent loss of oll by vent spewlng due to reduced
scavenge-pump capacity. In one Instance the gearbox became loaded with
o1l and overheated beyond speclfication limits necessitating replace-
ment of the gearbox. The problem of foaming was alleviated by use of
EEL 3A lubricating oll along with pressurlzation of the gear case sbove
an gltitude of 30,000 feet at a gage.pressure of asbout 5 pounds per

square inch. ~ _
R
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CONCLUSIONS

The performance of an XT38-A-2 turboprop engine was Investigated
at glmulated flight conditions ranging from altitudes of 5,000 to
45,000 feet at a flight Mach number of 0.30 and from Mach numbers of
0.301 %o 0.557 at an altitude of 35,000 feet.

The investigatlon indicated that the large reductions In corrected
shaft horsepower, which occurred when altitude was Increased, are due
principally to decreases In campressor and turhbine efficiencles. An
Increase in altitude from 5,000 to 35,000 feet at constant corrected
turbine-inlet temperature and englne speed resulted in reductions of
approximately 3 and 5 percent In compressor and turbine efficiencies, re-
gpectively, and a net loss of 28.8 percent In corrected shaft horsepower.
At a given flight condition and a fixed corrected turbine-inlet tempera-
ture, operating the engine at a corrected engine speed between 13,200 and
14,800 rpm gave the maximum corrected shaft horsepower. Deterioration
in englne performance was noted during the first 20 hours of operation,
but further operating time had no significant effect on performance.

A change of turblne assembly had a marked effect on performance.

Maximum windmllling speeds were obtained at a propeller-blade angle
of approximately 24° at all airspeeds Investigated. Data at altltudses
of 15,000 and 35,000 feet indicate that windmilling spseds In excess
of rated speed would occur &t & true alrspeed sbove 218 knots. Modi-
Tication of the fuel system to provide fuel flows during starting that
were lower than those obtalnable with the standard fuel system resulted
in & significant increase in the range of altltude and windmilling speed
at which lgnition could be obtailned.

Lewls Flight Propulslon Iaboratory
National Advisory Committee for Aerocnautics
Cleveland, Ohlo, December 28, 1953
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APPENDIX A

SYMBOIS -

" The following symbols are uged In this report:

A cross-gectional area, sq £t

Fj Jet thrust, 1b Tl

g acceleration due to gravity, 32.2 ft/secz

ghp reduction gear loss, horsepower

hp horsepower

h enthalpy, Btu/1b

J mechanical eguivalent of heat, 778 £t-1b/Btu

M Mach number

N engline gpeed, rpm

P total pressure, 1b/sq ft abe

P static pressure, 1b/sq ft abs

Q torque measured by torquemeter, Ft-1b

R gas constant, 53.4 £t=1b/(1b)(°R)

sfo specific fuel consumption, 1b fuel/hr/shp

shp shaft horsepower

T™Mhp torquemeter horsepower

T total temperature, CR

v velocity, £t/sec

Wy alr flow, 1b/sec

W alr-flow leakage from compressor and turbine bearing labryinth,
&,0tl Ib/sec

WA,B alr-flow leskage from burner-dome rings and cross-over tubes,

1b/sec
WE,RB turbine rear-bearing cooling-gir flow, lb/sec

3160



(V7 - WS T RO

NACA EM E53L18a JAER 11

Ve

W

fuel flow, 1b/br
ges flow, 1b/sec
ratio of speciflc heats

ratio of compressor-inlet total pressure to static pressure
of NACA gtendard atmosphere at gea level

efficlency

ratio of compressor-inlet absolute total temperature to
statlic temperature of NACA standard atmosphere at sea level

Subscripts:

(o4

compressor

Jet

turbine

tunnel test-sectlon alrstream

cowl 1inlet

compressoy inlet

compresgsor outlet or cambustlon-chamber inlet
turbine Inlet or combustlon-chamber outlet
turblne outlet

exhaust nozzle

The data are generallized to NACA standard sea-level condltions by

the followlng parameters:

F, /3
hp/5~/6
N/~/@
T,/6
/B /0
We (58

corrected Jet thrust, 1b

corrected horsepower

corrected englne speed, rpm

corrected turbine-inlet temperature, °r
corrected air flow, 1b/sec

corrected fuel flow, 1b/hr



12 ! NACA RM ES3L18a

AFPENDIX B
METHODS OF CALCULATION
Shaft horsepower. - The torque, as measured by the torquemeter,

together with the measured englne speed was used to determine the torgue-
meter horsepower as follows: ' .

33,000

The shaft horsepower was determined from the torquemeter horsepower by
subtracting the gedrbox losses
shp = T™Mhp - ghp

where ghp was obtalned from calibration curves supplled by the
engine manufeacturer.

Alr flow. - Alr flow was determined from pressure and temperature
measurements in the englne-inlet-alr duct—(station 1) by use of the
equation

n-tl o n-*
P 4 P 4
’ BV, [\~ Y\ Py

Alr leakages occurring in various sections of the power sectlon were _
measured when posslible or were assumed to be a percentage of inlet-alr
flow. ZLeakage from the compressor rear-bearing labyrinth and the turbilne
front-bearing labyrinth Wﬁ cbl was measured and found to be approxi-

mately 1 percent of Wé 7 ,Leakage from the burner-dome rings and cross-
2
over tubes W, p Wwas assumed to be 1/4 of 1 percent of Wg 1+ The
b 2
gas flow through the turblne would be determined as

We
W8,4 = Wa,l - wa’ct_l - 0.00ZSWa’l + EE-O—B

Cocling of the rear turbine bearing is augmented by air coming from ambi-
ent conditlone through the bearing supports to the bsaring and dlscharging
into the gas stream. This Inflow Wé Rp Was found to be 1/2 of 1 per-

2

cent of wa}l. Thus, the exhaust-nozzle gas flow is obtained by

| 3160
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. ' = + 0.005W
_ Wg,G Wg,é a,l
Temperatures. - Stagnatlion temperatures obtalned from thermocouples

were assumed equal to the indicated values except at the exhaust nozzle,
where a recovery factor of 0.85 was applied. The turbine-inlet tempera-
ture was calculated by assuming the turbine power to be equal to the sum
of the compressor absorbed power and the torquemeter horsepower. Thus,

09T¢

= - 550
Wé,4(hé - h6) = W'a,l(h3 ho) + == (TMhp)

Then, use of enthalpy charts determined the turbine-inlet temper-
ature (see ref. 2).

Jet thrust. - Jet thrust was determined from

g ~ 1
J g J g 7 - 1 76 - + |\ Py 6
P ——
_8) 7
Po
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TABLE I. - PERFORMANCE DATA FOR XT38-A-2 TURBOPROP ENGINE
Than [A141- Tumngl resoor- no-| Sim- | Engine] Sbaft |Enmxine|Spscific | Engine [Turbine- |Extauat-| Jet Cor- [Corpected Cm‘tﬁld Corrected Cor- Cor-
tude, atatic inlet total | lnlet | lated | speed,| horse-| fusl Jfuel eon- air inlet hozsle |thruat ) reobed | sbalt fuel o aLr flow, reotad |Tectad
re prassure, m-o;sur-, tt-otul Tlight ) poumur, E:Lcu, m?}ti.un, 510;. tt.m:a.l. total Pi' -n;j..nd: horpe- 'Hr/nz-\/‘!?:, Hn,l 2/02, nggim— Jat
Pg: R emper- | Mach by L2 s e, F apar- |tespel - spasd, | power, ot |thrust,
1b/3q ¢ abs|lb/sa Tt abs stire, [mmber Inghr |1b/br/ang 1;}:,0 ature, | ature, | 1° | R0 lnefag| AT - I0/880 | omper- 1Fyf0y,
111 My T Tas Ly ature, | jp
°r
1| 5,000 1754 1663 539 | 0.295 {14,894| @87 882 | 1.522 |2%,5% | 1s70 1163 451 | 14,807 M4 ¥83 29.40 1609 512
2 1755 1887 842 502 177 698 | 3.93 |26.57 | 1620 107 402 | 14,578 | 196 772 29.61 138 455
3 1755 1885 841 297 ? 845 |se2.5 25,58 | 1470 1040 381 | 14,587 2 nr 29.85 1411 4352
t 1758 1870 B42 299 §14,802|1695 | re70 7485 |as.02 | 1985 1360 457 |14,290| 1878 1407 26.08 1884 517
5 1757 1860 543 209 1383 | 1140 \824 (BA.02 | 1870 1300 448 [1a,290( 1552 1263 26.93 L7eY 07
3 1759 1073 540 308 1088 | 1025 944 |25,30 | 1773 1250 443 | 16,318 | 1203 1138 28,94 17086 50),
7 1754 1869 539 505 810 918 | 1.133 |25.08 | 1400 1180 440 |14,350{ 800 1020 21.95 e84 488
' \
8 1758 1871 540 299 | 14,300{2857 | 1370 L700 |as.s8 | zoe3 1408 488 |1s,0%0 | 2170 1519 28.83 IS BR7
9 1758 1a81 543 290 73 611 | 8.356 (24.76 | 2450 1037 358 |1s4,015 81 650 26.76 1592 407
10 1765 1475 936 295 669 80) | 1.408 |3s.2% | 1593 1119 430 | 14,081 | €52 880 a8. 1544 485
1 1782 1974 540 299 84l 802 | 1.07% (34.43 | 1880 188 &2 |14,030 ] 551 689 28.14 1625 478
12 1785 1961 5id 503 1256 | lovs 858 [24.75 | 1813 1288 480 |13,977) 1580 281 88.4% 1730 N3
1% 116 1871 241, 295 164l | 1248 759 |2¢.82 | 1850 1355 440 [14,018 | 14l 575 28, 4k 1871 488
14 17854 1883 470 298 2568 | 1588 822 |27.90 | 2007 1571 506 | 15,040 | 3088 1506 30,16 2216 879
15 1783 1878 464 303 12 625 | 51.92 |2a.,55 | 1m6 913 408 |15,140 14 762 50,358 1473 461
18 1788 1872 488 2% 765 ees | 1.161 |es.14 | 1503 1031 @2 |15,088 | 908 1054 .18 1667 545
17 1783 1873 47 £95 1306 | 082 829 |28.11 | 1855 nm 450 |14,983 | 1744 1280 0.5 1816 54
18 ———— 1845 R | ~remn 2087 | lsey I 1 N P [ wen | 15,064 | 2485 168d ——— —_ —
19 1758 1866 451 282 220 | 1469 861 |28.98 | 1870 1272 576 |15,588 | 2707 1760 30,61 2152 853
20 1757 1867 449 297 2735 | 1878 615 |89, 2 1368 625 115,385 | 3™19 2041 50.58 2312 708
2 1768 2872 “He 295 1742 1285 .758 |29.27 | 1730 1174 52 |)5,440 | 2184 1558 .67 2013 563
20 178 1485 ) 892 1wz | 108 S8 |29.80 | 1543 1048 504 | 15,465 | 1282 124 .70. 1759 571
23 1787 1878 s 292 58 656 |11.71  |29.43 | 1208 900 431 | 15,440 ) 199 .81 1520 487
24 1781 1871 e 295 B350 821 | 1.54% [39.£22 | 1420 o608 591 [1S,388 | 648 999 50,71 1848 638
25 1754 1867 545 ,295 |14,018[1813 | 1348 06 26,90 | 203K 1443 4850 113,880 [ 211 1491 50.07 1939 B4
28 1758 1888 535 299 73 560 | 8.082 |a4.g8 | 1428 w2l 541 p13, 784 ; 550 27.9% 1304 B4
a7 1757 1868 541 295 552 5 | L.4ie a3l | LS7E 1321 sba 13,729 | B asn 27,64 1810 “us
28 1782 1875 540 .29% LT ap .1,.055 5.84 | L67% Yigd 406 13,743 @ 978 27 .48 1601
29 1757 187l 53% .502 1197 | M oasy - |ae.1% | 179 les? 17 F13,7m1 ) 1 1149 27,78 17 47
1] 1759 1874 L158 302 1542 nl w788 |33.8% | 1010 1338 18 fis, 7290 | 10N 1300 27,61 ) &7
n 1757 1874 5 .306 |13, 7881880 | 1307 69 |=s.10 | 2039 :ua;' 90 [13.443 ] 200 1446 26,6% 1951 443
2| 1758 1878 5Ip o8], -] 9 ;g.sa-- as.sa 1407 1000 BT 13,471 3 596 27,00 13&6' 57
5 175% 187y 540, .30 ;& 68@ sog 3.5 1538 0ex B84 13,@ 476 76T 26.4 1474 a1
54 1756 1695 4 308 802 888 |23.18 | 1700 1608 392 (13, 1009 987 26.7 18081 “s
55 1758 1876 E45 .308 1338 | 0P8 L7195 [23.07 | 1le%0 132 564 | 13,4000 1583 11z 26.62 1788 i
' ! ' - ' : P oo ! :
) 1760 1600 544 308 |13,4301858 | 1293 L1040 |2m.18 | 2047 1456 389 13,121 | 2020 1422 £5.57 1951 430
57 1760 1873 545 .308 wae | 109 719 |am.30 | 1800 1349 378 |13,134' | 1568 25,71 1918 424
58 1759. iss 542 308 3029 938 908 |ap.%@ | 1785 150 3712 |15,1471] 1136 1032 25,78 1879 420
39 1759 1878 542 308 434 89 | L. 28,80 | 1538 1111 548 (13,147 53 7L 28.04 1470 390
40 1762 18682 340 . 308 24 T8 |z.88 (23,08 | 1395 1006 302, |13,27L 26 B71 26,38, 1339 55p
. . . 1 ' - . 1 . H i L
4l 1788 1681 544 \312 |13,14R 1758 | l=se .76 |21.26 | 2088 1472 588 | 12,838 | 1053 1564 24.49 1069 Al
e} 1754 1875 5¢8 .308 1343 | 1080 ,789  |21.19 | ---- 1355 --- |12,825 | 1481 1169 24.53 —— e
43 1795 1874 it L3121 970 900 L9268 (21,38 | 1747 1258 ™o |12,836 | 1088 992 24.87 1888 395
“ 1758 1879 542 AL 547 709 | 1.296 |21.89 | 1370 1138 324 |12,88) | 603 781 £4.97 1504 365
45 15,000 1187 1265 475 2305 |14,894| 84 488 | 5.417 |19.39 | 1380 848 296 |15,564 | 147 785 31.04 1508 495
46 1184 1261 474 302 352 B51 | 1.560 |19.37 | 1470 1001 el |15,879 | 818 967 51,07 1809 539
47 1186 1260 475 285 549 685 | 1.026 |19.46 | 1s80 1074 351 |15,86¢ | 1139 1167 31.25 1726 539
48 1142 1253 476 .299 [3F] 750 LA 19,44 | 1550 1113 357 |19,564 | 1438 1283 s1.2 1805 800
48 1188 1281 478 .297 1168 aso’ L7583 [19.44 | 1797 1218 379 ]15,549 | 204e 1542 31.24 1959 638
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TABIE I. - Continued. PERFORMANCE DATA FCOR XT38-A-2 TURBOPROP ENGINE

W Alti- Tmnal Compresper- [Engine- [ Simu- | Englune|Sheft [Enzine [Speaific n.-»gim Turbina-|Exhaust] Jet Gor- [Corrsated |Corrested | Corrected Cor— Cor~
tde, atatlo inlet total| inlet | 1ated | spesd,|horme- | fusl |[fu=l eon-| r inlet nozxls | thrust,| reatsd | ahatt fusl floM,| wlr flow, reqted |rected
It Praasurs, presaure, | total [faight N, |powar, | flow, fsumption,| flow, | total total !_1. engine | horss- Hﬂlbz-/?é. v, 11/%;’52, tobine-| Jet

Po» 2t temper- | Mach ™ shp L P afas, ¥p,1: |temper- | tempar- b apeed, | powen, 10/hr ‘lb/-ec inlet (thruat,

1b/nq £t aba [1b/sq & abe .;1;1-., nﬂaobﬂ'- lbfﬁr 1b/he/shp b /uea aguve, ature, l;;f: hp,/ By /05 ﬂmr- #1780,

' 4 -1 " 1b
) DR "/ae.l
o

30 | 15,009 1191 1288 476 0.297 [14,002| 31 410 | 15.23 19.99 | 1535 815 288 | 15,389 B4 718 30.84 1458 4T8
L1 1185 1284 478 +508 El4 808 1,177 |10.27 | 16823 1038 559 | 15,269 899 1058 30,87 1684 557
B2 1187 1284 478 .502 819 710 88T |18.28 | 1820 1098 368 | 15,244 | 1432 1841 30.88 1788 503
.11 1168 261 £73 .20 1100 828 ,785 |1R.28 | 1747 1173 %62 [15,200| 1953 1458 30.89 1817 507
4 1187 1ass 473 .3508 1577 e .887 118,51 | 1857 1261 590 (15,2881 241% 1687 50.84 2037 852
B% 1183 1259 478 311 1s7% 10ae LE44 |10.08B | 1887 1368 418 | 16,244 | 2847 1839 Q.72 2177 703
56 1179 1258 478 308 (14,510| 201 (3] 2,585 |[18.08 | 1577 24 289 | 14,954 353 ase 30,59 1804 4BE
B7 1183 1281 473 303 381 B8 1,407 |[19.08 | 1443 289 3R | 14,885 869 ez 30,82 158x S24
a8 1180 1288 471 299 1ge ave J732 |19.28 | 1776 1209 350 Lea | 2089 1557 50,68 1956 a7
L l1a# 1284 472 297 18GE 1000 (B85 119,28 | 1903 1302 387 | 15,011 | Re4l 1756 50.88 20%2 o8
&0 1190 1a&7 470 502 1712 1088 A58 |18.98 | 1883 1566 416 | 14,064 | 2087 1500 50.28 an 688
a 1198 nn 473 L2399 758 B4 006 |19.28 | 1595 1083 541 |15,11| 131p 11685 50.68 1782 Eea
5] 11p8 124y 473 .502 114,008 78 327 5.000 (1§.72 | 1307 €01 270 | 14,877 137 686 29.83 1434 483
ax 1187 1264 475 +50% 488 547 1.128 (18.74 | 1485 9089 308 | 14,877 8E0 988 £9,08 1596 517
a4 1188 1284 474 208 167 711 .TB07 |18.7¢ | 1B3Q. 1145 341 | 14,883 | 1785 1380 #9,98 1858 BT1
as 11492 1laep 478 502 1345 878 L7012 |1R,74 | 1780 1228 399 |24,840 | 2260 162Y 29,98 1952 £88
ag 1187 1.3 473 .298 1858 1011 L8802 |1n.89 | 1957 1327 386 |14, 848 | 2720 1788 20,04 ale 47
a7 1187 1264 478 . 502 1758 10688 ,8238 [18.88 1535 408 [14,836 | 3088 164 20,94 2200 685
B8 1119 1358 T8 08 115,724 (1453 1088 N 158.14 | 2003 1380 362 114,300 | eass iere 20,23 a8 6B
89 1190 1270 476 508 £2) 433 1.986 10.52 | 1540 275 | L4,34e 188 782 29,52 1484 485
™ 1188 1287 4717 . +303 g2 00 9648 118,54 | 1587 1056 308 | 14,318 (| 1034 1045 29.58 1881 516
71 1190 laag 478 303 B85 1] .8188 (18,50 | 1803 1090 318 [ le,344 | 1408 1814 2.5 1761 08
72 1187 1265 +78 303 11a8 a37 JTO4% [19.54 | 1783 1810 340 | 14,330 | BOTS 1482 R%.30 1922 B5ao
3 1188 1268 477 302 1554 21 L6802 |18.44 | 1480 1274 559 | 14,316 | 2380 1805 29,5 £013 800
74 1187 1287 478 (308 113,434 278 447 1.608 [la8.20 | 1580 o4e 260 |15,8080 B84 778 29,17 1477 448
75 1344 1283 478 308 877 &l .9089 |17.08 | 1830 1058 297 15,998 | 118l 1071 28,64 1681 497
) 1188 1204 AT 299 1070 T STRER 117.98 | 2703 11 320 |14,0178) loed 1387 28,83 pi:LL B38
77 1183 1286 77 g L3586 930 L6587 |17,97 | 1863 191 350 |14,012 1 2434 1623 48,82 20217 568
78 1388 12¢é6 476 . 1758 lo88 8260 |18.11 | 2057 1408 387 | 14,025 | 3033 1889 48,08 2223 547
78 1190 1270 483 o308 |15,14211475 1050 627 17,03 | 2037 1426 555 |13,m29 | 2802 lels ar.sv7 2189 BRL
B0 1185 1268 478 308 1492 957 JH414 117,18 | 16843 13%4 340 |13,804 | 2607 1872 27.66 2110 370
a1 1198 1271 418 508 1304 878 8897 |17.84 | 1818 lgab 527 | 15,720 | 2273 1522 at1.98 1977 B4
a2 1lg9 1288 4180 503 845 87 JTHMB 17,45 | ) 1118 205 |13,888 | 1483 1183 28,01 1730 482
83 1184 1287 480 B2 413 483 1.172 117,45 | 1410 935 287 113,088 T1E 833 £7.98 1524 adg
B4 | 25,000 778 al9 44l .273 |14,884 | 708 835 897 |13.89 | 1a98 1247 266 |16,100 | 1980 1778 31,688 fEx 663
a3 4 a1y 4“2 £80 am 689 L7068 15,13 | 198 1810 276 |16,145 | %485 1838 31,56 282 15
1] 83 ) 439 .287 108 368 I.551 |13.10 | ls78 1018 229 |16,1%0 310 1133 31,66 1740 &00
87 781 AQS 440 280 288 L] 1.703 15,22 | 1588 1080 2% (16,176 41 1042 31.25 1834 410
] 773 818 “l 280 481 EA7 1.006 |13.1% | 1870 1144 238 |1s,1680 | 138% 1482 51,45 1886 A7
&89 788 813 4l 287 664 1L 1.018 |13,11 | 1780 1174 241 |15,160 | 1554 1580 31.45 2024 2827
B0 m B85 430 9% 14,602 | 885 &7l L7717 |13.08 | 1694 1200 2717 |15,872 | 2427 1887 51.12 2839 717
:a0 780 826 440 a7 658 51 L5908 |135.18 [ 1748 1190 2358 |15,BBA | 1778 1611 30.97 2082 610
I'H] 771 a20 440 ,299 431 483 1.165 |[13,07 | L 1104 ae8 | 15,888 | 1208 1398 31.06 1811 580
L 775 821 430 285 187 414 2,214 |15.38 | 1478 1012 228 (18,048 5850 1172 3,54 1784 88
" 0 a0 440 »302 £ 349 | 18.82 15.09 | 1404 1] 22« |15,858 59 978 31.10 1636 878
95 718 828 438 »302 |14,310 1028 758 721 |15.19 | 1975 1540 295 |15,612 | 2888 /088 n.0 2355 188
96 174 a2l 438 <292 122 a1 3,185 |15,10 | 1434 98} 221 |15,684 548 1078 30,80 1725 570
97 8 A28 434 502 386 14 1.2351 |13.1% | 1574 1081 228 (15,681 | 1077 132¢ 31,01 1878 817
BB 778 828 435 297 706 584 A28 ]15.07 | 1755 1192 ass (15,827 | 1978 1638 30,689 200 08
"9 770 818 441 290 930 839 ~T4] 113,80 1317 27 415,526 | £E1E 1934 30,58 2268 703
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TABLE I. - Continued. PERFCRMANCE DATA FOR XT38-A-2 TURBOPROP ENGINE

RunfAlti- Tumael Corpressor= |Engine. | Simu- |Engine [Shaft nel 3pscific {Engioe |Turbine-| Exhaust-| Jet Cor— |Corrected |[Corrected | Correched Cor~ Cor-
tuds, atatle inlet total | inlst | lated |2pesd, |horse-| fuel | fuel oon~| air inlet nozele |[thrust ] reoted| shaft fuel flow,| ajr low, rected |recbed

't prossure, | pressure, totsl [flight N, |ppwer,| flow,| mmption, |[flow, | total total F,, |engine| horse- Hr/ba-/F,‘;, ¥, 1-,/'8;/!12, turbing-| Jat

Pos Pa, tewpar- | Mach pm shp i'r, afo, “1,1' tmmper- | temper~ lg apend, | powsr, 1W 'lh/ueu inlet |thrust]

1%/aq £t ans {1b/eq It aba l;ure, numbar, ) 1b/hr/shp Th/aro l?mu, l;urn, uﬁ_ » |shp/Ba~/T7 X t:qu.-- F:juz.

’ 4r ’ v
1 o: Ey 6, 1b
°n

100| 25,000 74 023 437 0.297 14,0081 1118 TEE 0.838 |12.92 2010 1378 285 | 16,880 3127 2144 30.48 23871 733
101, 710 818 433 .280 939 469 J715  |13.05 1875 1282 27¢ | 15,350 2886 1999 30.890 2247 719
102 173 823 433 302 218 as 157 [13.09 lres ip21 2535 | 16,560 o297 1742 30.74 2145 650
103 780 g2g 433 .23 283 355 2911|134 | 1647 1124 2% | 18,560| L1654 1489 30.83 1974 587
104 778 o4 433 295 544 gy L1.291 (13.10 | 1512 1049 2l | 18,560 947 1249 30.73 1818 562
1 715 a4 454 <387 107 =0 5.348 (15.G8 | 1368 288 218 | 15,338 301 1008 30.71 1887 &8585
188 775 821 +51 L2587 |15,728 48 .8 12.87 { 19K 1587 80 lﬂ,Qﬁg I35 2115 522 2372 122
197 773 820 456 .22 50 380 .7 12.87 1870 1884 281 | 14,97 2618 1658 .98 2225 875
108 T8 A 458 .297 708 354 798 |12.70 | 1710 1170 219 | 14,975| 1907 1380 29.90 2036 =52
109 771 B20 435 238 422 460 1.088 {12.68 | 1557 1057 211 | 14,989 1149 1203 29.95 1834 S44
130 T i 455 3035 170 362 R.189 (12,69 | 1390 963 212 | 14,988 478 1019 29.54 1838 548
1h 778 e 41 29T 15,434 489 485 995 |12.B3 | 1537 1088 208 | 14,378 1301 1800 28.50 1809 838
113 175 22 458 .297 787 385 777 |12.67 | 1883 1182 217 | 14,670| 2044 1588 29.61 2020 S50
113 778 24 458 .208 213 a8 708 [12.55 | 1840 12488 248 | 14,63Q| 2554 1807 29.61 el 637
114 77 824 437 290 182 384 2.000 |12.45 | 1383 270 214 | 14,64 508 1019 29.33 1684 850
115 |38,000 486 518 455 L5008 |)4,894) 1YS 3208 2.450 8,42 | 1690 1100 18 |16, 801, 5%.42 1897 g¥a
11¢ 4aT 2020 438 .308 =8 400 1.194 8.42 | 1770 1218 13 | 18,2 lide 1777 31.58 2112 [-1:3:]
117 464 B81e 4S8 503 4l 438 1.030 8.%0 | 1880 1e8l 175 | 16,2 1845 1948 31.90 219 718
118 488 520 433 <508 T 302 4.254 B.44 | 1543 1070 149 | 16,5089 ne 1346 51.57 1849 608
118 462 1% 444 299 469 404 909 8.P8 | 147 1338 161 |16,100| a5 P02 31.59 276 47
120 490 524 438 202 are 401 1.078 8.59 1604 le34 159 | l6,%e0| 1648 1177 5.5 2143 847
121 | 4684 51. L) B9 &M k-8 2. 8,35 | 1883 1186 15T | 18,220) 1i%e 1874 31.53 1999 230
1g8 487 2% 439 - 505 112 504 2,714 B.39 1568 1067 149 | 16,180 498 1347 51.48 18G4 807
125 485 516 36 .av 1% 270 | 14.21 a.28 | 1490 1040 345 | 16,220 [L1 1208 3%.08 1786 5BS
194 , &80 512 456 -508 |14,802] E12 480 -Be8 8,23 | 1957 1537 190 |1S,031| 2309 WM 5.18 2306 785
129 479 gia 458 311 @01 5C0 838 B.55 | 2030 1405 206 |15,95x| aTie .85 2417 a5l
120 I 484 518 458 .58 ? 400 1.120 8.40 (1780 1054 208 2951 | 159L s X.48 2119 L]
127 . RS 517 457 205 5 | sex | 1.500 ' 8.27 | 1695 | 1172 188 16,918 1173 1819 x1.08 poll | 7
128 ' 484 516 456 295 n 293 5,051 4.%8 | 1520 1058 1B8 | 1S8,93L Séd 130 31.60 1410 ]
128 4a8p -] H2 <285 11 288 | 23,12 4.00 | lé68 1021 142 | 18,829 49 1138 30.08 1724 85
130 ARS 518 454 308 314,510F &7 537 798 €.F0 | 2083 1401 Q| 18,555| 3007 2400 .86 ase
131 4a7 57 437 .3 : a3 282 | 11.p8 §.18 1443 1008 14) | 13,588 103 1159 Q.65 174 877
132 484 314 437 .03 183 33 1.053 B.l4 1570 1049 142 | )S,598 w3 1408 30.53 1665 582
1% 482 a5 40 - 508 185 587 1.584 8. 1587 1140 2148 | 1%,541 425 1638 .46 1968 808
134 483 S 434 « 503 £54 487 841 9. 1843 1R72 178 | 15,888 202} 1801 30.98 £204 00
135 480 ae 435 « 508 548 466 p50 £.13 | 1983 1580 160 | 15,827 2475 2105 30.78 2530 T86
158 484 314 (159 298 5- 242 | 20.17 8.10 | 1423 998 140 | 15,528 B 1081 .74 1675 518
15T 408 819 434 308 (14,018{ 718 559 .rola | 8.30 | 2105 1487 208 {15,338 | 3180 2404 30.57 2515 852
L58 427 S8 454 <508 by ] 17e w# £.13 | 1867 l&ﬁi WL |15,556| 2678 2114 .55 2341 779
139 486 516 454 29 4od 425 - 8.17 | 1857 127 169 | 15,338 | 2080 1894 50.54 2187 853
o 487 518 ne 298 283 346 1.506 8,08 | 1827 1142 150 |15,564| 1188 1549 50,15 19%4 815
141, 406 o1e &40 308 is2 275 1.803 8.1% | 1503 1044 138 | 15,224 574 12p0 50.58 1773 S84
142 485 51¢ +39 .23% 12 235 | 19.88 8.01 1%90 978 154 |15,238 53 1048 50.2 1843 380
145 488 56 455 .293 13,726 5 27, 2,853 8.05 | 1480 1026 133 |14,9888 425 1214 50.22 1742 545
jldd ' 430 bes 434 302 228 323 1.420 8.09 | 1677 1101 140 |15,018% 1002 143538 £9.99 1886 364
45 484 918 437 299 350 365 1.031 1.80 | 1100 1181 142 [14,981 | 1588 1626 £29.78 2018 583
46 9] &85 435 « 302 587 466 .7 8.10 | 1933 1543 182 14,088 | 2593 2068 %0.00 2308 36
147 490 5ep 456 « 502 678 808 .58 a8.0b 18 104 |14,088 | 2093 2248 30.02 2idd B8
148 44 518 459 . 303 12 2p4 | 16.67 7.90 | 1370 958 127 | 14,320 53 899 29.50 1820 521
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TABLE I. - Contipued. PERFORMANCE DATA FOR XT38-A-2 TURBOPROP ENGINE

Alti- Tunnel Compressor- |[Engine- | Siw.- Bsgj.ufshtft Engins Ppacific |Engina{Turbine-|Exhaust-| Jet Cor- porrsoted tad { Corrected Oor-
tude, statio inlet total | iniet | lated | spesd, e-| fuel 1l oon-| air inlet norzle |thrust,|rected | ahaft fuel flow,| air flow reated
ft' | prossurs, | presmurs, | total |[Flisht| 1, ar,| flow, pumption,| flow, | total | total | ¥y, |engine | horse- [up/8o/T,,| W,  o/p/by, turbine-
P Pgy tampor- [ Nach M ahp H’t, alo, Wy 3+ [vemper- [vemper- 1b speed powar, 15/hr ’1b/uo inlet
Ib/oq £ aba|ib/eq £t aba ‘,;";" o '“"::'1" b/he ﬂ"f’“‘/"“’ 1b/aec| BE0F%, | afure, “{;ﬁ ph/0,~/B5 tampen-
» 47 Bl »
%R oR /%,
|
35,004 07 518 455 0,302 | 13,434 | 652 459 0.788 7.87 | 1899 1523 174 |14,710 | 2484 1880 29.58 2278
490 523 £35 .287 453 403 L8680 .86 | 1780 1241 150 14,5670 | 2008 17a7 £4,80 £184
459 jal 455 302 338 354 1,047 7.82 | 1671 1188 141 14,8881 lass 1669 24,11 1088
430 o3 456 308 230 324 1.266 7.85 | 1683 1113 139 114,830 | 11082 1428 268.10 1882
493 524 57 07 109 289 2.468 7.97 | 1480 1026 131 | 14,843 480 1164 29.53 1730
BOg 545 4358 W36 [ 14,994 471 451 957 | 6,87 | 1857 1867 193 118,264 | 1997 1812 31.55 anle
407 540 454 48 g 411 1.087 8,72 1 1175 1ell 174 16,204 | 1688 1782 51.85 2023
LY: o] 555 434 351 RE6 376 1.276 8.68 | 1693 1168 166 |16,d%4 | 1R78 1827 .39 2025
493 5355 435 344 14,802 | 857 Bl4 «pOE8 | B,87 | 2010 1381 215 | 18,9458 | 2751 =©eo 31.38 £308
493 B38 435 S48 512 4E5 +ABB7 | B.89 | 1883 1283 196 | 15,960 ) o1 1987 51.54 2857
493 B34 432 +540 310 398 1.277 8,69 | 17120 1201 187 |1s,004 | 1346 1720 .42 2078
493 539 434 +558 114,310) 743 548 7576 | 8,71 | ROTQ 1427 g21 15,688 | 3l1p) 3B 31.27 2476
493 838 454 . 595 a4 808 JIT37 | B.71 | 1883 1574 215 |18,855 | ®B8le Q177 3l.58 2584
493 454 - 540 .| 8o7 438 A6%3 | 8.58 | 1860 1N 187 |15,865 | 2190 1B9R2 20,97 2213
489 564 440 A52 | 14,8041 11 266 | eé.18 .05 | 1440 b 158 [1le,175 48 1099 31.68 1898
489 587 42 436 128 ns 2.484 B8.00 | 1540 1068 159 [16,148 B1B 1088 31,20 1808
487 568 438 448 28l 3259 1.:3 9.10 | 1880 1122 175 118,284 | 116¢ 3.8 196D
438 GEd o 430 1= 1.012 6.88 | la03 1252 181 (18,100 | 1734 1764 51.28 £108
449 887 3 35 52l 485 LE908 | 89,11 | 1890 1239 217 |18,150 | K43 1813 51.84 2214
458 555 431 432 | 4,502 | TOO S47 L1814 | 8,895] 2047 1407 248 116,016 | 2920 2288 51,25 2485
400 581 452 bdd 581 487 .6582 | 9,057 1820 1318 228 |16,004 | 2402 w013 5.10 2308
485 -2 (=13 438 437 419 ,9688 | &,813] 1703 1pas 184 [15,378 | 1a%8 1760 30,84 D
483 850 432 438 258 351 1,380 8,.837| 1623 1110 183 18,004 | 1088 1480 51.37 1880
488 BE7 433 438 94 287 3.055 9,108 | 1477 1012 186 |15,880 390 1184 i.680 1170
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CA-3 back  9lbu -

(a) Side view.

Figure 1. - Ingtallatlon of XT38 turboprop engine in wind tunnel.
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(b) Front view.

Figure 1. - Concluded. Ingtallation of XT38 turboprop engine in wind tummel.
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Station L 1n 2 3 4 5 6

Torquemeter housing

Cambustors

- Turbine

% Compressor
1 > THED >

Inlet-air duct ° |°°9 =
F
[Q-JH -
CD-3066
il
Flight engine mount
Reductlion
gearbox Prohes Statlon
1] 1a 2 3 4 5 6
Thermocouple B 0 0 6 |19 0| 20
Static pressure |16 | 20 4 8 0 0| 10
Total pressure 271 27 | 20 | 20 5112 | 29

Figure 2. - Cross mection of turboprop engine showing locatlon of components and measuring statilons.
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22 SRS NACA RM E53L18a

O Total-pressure probe . . - ) .
® Static-pressure probe p
® Thermocouple

00 0°%
(a) Station 1, duet inlet. 5
[e,
Q
[e,
[»

(b) Station 2, compressor
iniet.

Integrating total-

Oy,
S

Six persllel d
control
thermocouple:

(c) Btation 3, compressor {a) Station 4, turbine . e

outlet. . L inlet.

(e) Statlon 5, turbine (f) Station 6, exhsust
outlet, nozzle, '

Figure 3. - Schemetic disgrems of insgtrumentation stetions viewed from upstreem.
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NACA RM E53L18a

Corrected turbine~inlet temperature, T4/62 , °R
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23
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Corrected shaft horsepover, shp/sz-,/ez

(a) Corrected turbine-inlet temperature.

Figure 4. - Effect of corrected shaft horsepower on englne performance at
various engine speeds. Altitude, 15,000 feet; flight Mach number, 0.3035.
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Corrected jet thrust, FJ/SZ, 1b

Specific fuel consumption, sfc
1b fuel/hr/shp

NACA EM E53L18a
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(b) Corrected jet thrust.
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1.2 N\
N
N
1.0
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§
.8 ’X‘S
\
9 400 800 1200 1600 2000 2400 2800

Corrected shaft horsepower, éhp-/sz-\/ﬁ'g

(c) Specific fuel consumption.

Figure 4. - Concluded. Effect of-caorrected shaft horsepower on engine per-
formance at various engine speeds. Altitude, 15,000 Teet; flight Mech

number, 0.303.
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Corrected engine speed, N/v\/ez, pr

Figure 5. - Effect of corrected englne speed on corrected alr flow. Altitude, 15,000
feet; flight Mach number, 0.303.
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Corrected shaft horsepower, shp/Sz-\/Gz

26 «SONERDIN. NACA RM ES3L18a

—————— Turbine~-inlet temperature
— —— — Jet thrust .
—— ——— Specific fuel consumption
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(a) Altitude, 5000 feet; flight Mach number, 0.30.

Figure 6. - Englne-performance map.
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27

(b) Altitude, 15,000 feet; flight Mach number, 0.303.

Figure 6. - Continued.

Engine-performence map.
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(c) Altitude, 25,000 feet; flight Mech number, 0.291.

Figure 6. - Continued. Engine-performence mep.
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(d) Altitude, 35,000 feet; flight Mach number, 0.30L.

Pigure 6. - Continued. Engline-performance map.
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Figure 6. - Continued. Engine-performance map.
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Figure 6. - Continued. Engine-performance map.



32

3200
2800
EE 2400
N
0
=
=)
w
£
§ 2000
3
&
v
s3]
g
K]
&
1600
8
w
o]
[\
42
Q
E
8 1200
800

NACA RM ES53L.18g&"

Turbine-inlet temperature

—_—— . Jet thrust

Specific fuel consumption

Specific

Corrected
turbine-inlet
itemperature,

2400

T4/65, R ——Corrected

Jet

Fs

/52, 1b

sfe,

. e .. -
consumption,

1b fuel/hr/shp

fuel

thrust,

/0.85

2300

P~
“\\\><

<
\800
~

=

0

2200

‘~~"=>‘qu-.___

>3 /
~—
3

S
=

\
Vi

2100

1.20

130

.40

1.60

1800 ~—]

\

T~

4
O94;,800 . .—_15,200

15,800 16,000
Corrected engine speed, N/-/6,

y» Tpm

16,400

(g) Altitude, 45,000 feet; flight Mach number, 0.294.

FPigure 6. - Concluded.

Engine-performance map.
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Figure 7, ~ Effect of engine time on engine performance.
Altitude, 25,000 feet; flight Mach number, 0.29; average
corrected engine speed, 15,110 rpm; average corrected
turbine-inlet temperature, 2185° R.
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