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PRELIMINARY RESULTS OF AN ATTITUDE~WIND-TUNNEL INVESTIGATION
OF AN AXJAL-FLOW GAS TURBINE~PROPELLER ENGINE
I - PERFORMANCE CEARACTERISTICS

By Martin J. Saari and Lewis E. Wallner

SUMMARY

A preliminery investligation of an axial-flow gas turbine-
propeller engine has been conducted in the Cleveland altitude wind
tummel. Performance data were obtained for engine speeds from
8000 to 13,000 rpm at altitudes from 5000 to 35,000 feet and
compressor-inlet ram-pressure ratios from 1.00 to 1l.17. In order
4o conserve turbine life, the maximum exhaust-gas temperatures were
limited to values fram 50° to 100° F. below the normal continuous
temperature rating. A tabulation of performance data is presented
together with curvea of performance characterlstlics and a brief
discussion of the results. A complete description of the lnstru-
mentation of the installation is glven.

For a constant compressor-inlet ram-pressure ratioc, the
pexrformance data obtalned at different altitudes and englne speeds
were generalized to standard ses-level conditions with reasonable
accuracy. The specific fuel consumption at a glven corrected
engline speed decressed as the corrected shaft horsepower was
increased. At a corrected engine speed of 13,000 rpm, the speclfic
fuel consumption based on shaft horsepowsr decreased from 1.41 at
a corrected shaft horsepower of 700 to 0.86 at a corrected shaft
horsepower of 1800. At each altitude and engine speed an increase
in shaft horsepower of 100 percent was accompanied by an increase
in jet thrust of about 10 percent. When the engine speed was
changed from 10,000 to 13,000 rpm at a constent turblne-inlet
temperature, the Jet thrust increasged at a greater rate tha.n the
shaft horsepower. At a turblne-inlet temperature of 2000° R,
this change in englne speed was accompanied by an Increase in Jet
thrust of sbout 115 percent and an increase in shaft horsepower
of 55 percent. In order to obtain an optimum ratio of shaft
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horsepower to the klnetic energy of the jet at operating conditions
other than the design condition, a variable-area tail-pipe nozzle is
required. An increase In compressor-inlet ram-pressure ratio from
1.00 to 1.13 did not apprecliably affect the engine performance.

INTRODUCTION

An inveastigation has been conducted in the Cleveland eltltude
wind tunnel to determine the altitude performsance and operational
characteristics of an axial-flow gas turbine-propeller engine.
Detalled pressure and temperature measurements were taken at elight
stations in ordexr to evaluate the over-all and component performsnce
of the engine. Performance data were obtalned at altitudes from
5000 to 35,000 feet and compressor-inlet ram-pressure ratios from
1.00 to 1.17, corresponding to airapeeds from O to 317 miles per
hour. The engine was operated at speeds from 8000 to 13,000 rpm.
The tunnel temperatures and pressures were maintained at approxi-
mately NACA standard altitude conditions.

A tabulation of performance data 1s presented together wilth
performance characteristic curves. The effects of engine speed,
altitude, and ram-pressure ratlo on engine performance cheracter-
istics are shown and discussed. The data obtalned at the several
altitudes have been generalized and the methods employed in obtaining
generalized performance curvea are presented.

SYMBOLS

The followlng symbols are used in this report:

A cross-sectlonal area, square feet

Cp specific heat of gas at constant pressure, Btu per pound
per °F

Fj Jet thrust, pounds

f/a  fuel-air ratio
acceleration due to gravity, feet per second per second
H .enthalpy, Btu per pound

J mechanicel equivalent of heat, foot-pounds per Btu

&)
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N engine speed, rpm

P total pressure, pounde per aquare foof absolute
P static pressure, pounds per square foot absolute
R gas constant

shp ghaft horsepower measured at torgquemeter

&hp horsepower loss In high-speed reduction gear

hp shp + ghp

T total temperature, °r

Ty indicated temperature, OR

t static temperature, °r

v velocity, feet per secomd

Wa air flow, pounds per second

We fuel flow, pounds per hour

Wé gas flow, pounds per second

Wf/shp specific fuel consumption, pounds per shaft horsepower-hour
¥ ratio of specific heats for gases

3 * ratio of compressor-inlet total pressure to satic pres-

sure of NACA standard almosphere at sea level

e ratio of compressor-inlet absolute total temperature to
absolute static temperature of RACA standard atmosphere
at sea level

Subscripts:

0 tunnel- test-section air stream
1 wing-duct inlet

2 compressor inlet

3 compressor outlet
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5 turblne inlet
8 tall-pipe-nozzle outlet

The data are generalized to NACA standard sea-level conditions
by the following parameters:

FJ/S corrected jet thrust, pounds

N6 corrected engine speed, rpm

(WJ6) /8 corrected air flow, pounds per second
Wp/(8Y8) corrected fuel flow, pounds per hour
hp/(8y8) corrected horsepower

T:/6 corrected turbine-inlet temperature

ENGINE, INSTALLATION, AND INSTRUMENTATION

Engine

The T3l gas turbine-propeller engline Invegtigeted has a 14-
stage axial-flow compressor, nine cylindrical combustion chambers,
e single-stage turbine, an exhaust cone, and a two-stage planetary
reduction gear. A sectlonal drawing of the englne showing the
location of these components ls glven In figure 1. The engine has
a maximum over-all dlameter of 37 Inches and sn over-alllength of
116 inches wilth a straight exhaust cone and without a propeller. A
tail pipe $6 inches in length and 14 inches In diameter was used In
this investigation. The dry welight of the emgine, including plping
and sll accessories, 1s approximately 1980 pounds.

The operating limits of tke englne for static sea-level condi-
tions as established by the manufacturer &are:

»
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Turbine speed, rpm:

Meximum Werspeed- ¢ @ ¢ ¢ @ ¢ ¢ ¢ o 6 & 8 8 6 O &6 8 ¢ & @ 13, 300
Normal rated o o ¢ ¢ o 6 ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o s ¢ o o o @ 13, 000
Idling ® ¢ 8 o & & 06 6 & @ & & & &8 s e & @ - s ® . 10, 000

Exhaust-gas temperatures (at exhaust-cone outle'b) s °F: .
Militery reting 5 minmnbtes . . . . - -« . . . 1265
Normalcontimous v2tINg « ¢ « ¢ ¢ « « ¢« « « s ¢ o ¢ « &« « 1170
Sterting and acceleration ¢« « ¢ ¢ o o ¢ ¢ ¢ o o« ¢ o o o o o 1800
Beal‘ing Wratures, OF' L L] Ll e - L L] - . o« [ ] - . L] L L] L] e 250
Vibration, in.:
At turblne frequency ® & @ & o 8 & & & & & & ¢ & 6 ¢ a & 0.004
Aqt Propeller frequency e L] L4 Ld * L] L] - - - - -« * L ] L ] [ ] . 00025

Alr enters the engline through a screened annuler inlet sur-
rounding the aft gear casing end passes into the first stage of the
compressor through & set of Inlet gulde vanes. The air travels
through the l4-stage compressor with a resultant increase in pres-
sure and temperature. Small quantitlies of alr are bled through the
compressor casing from the fifth and sixth stator stages to cool the
turbine wheel and pressurize the compressor balance piston chamber
at the front of the compressor. Alr is discherged from the compressor
through two sets of guide vanes and turned 180° before entering the
combustion chambers.

Most of the alr flows dlrectly into the combustion chambers
and a small part 1s dlrected through the hollow turbine-nozzle vanes
before entering the combustion zone. The combustion chambers are
the counter-flow type and consist of an outer shell and & perforated
inner liner. A duplex fuel nozzle 1s located in the dome of each
combustion chamber. Spark plugs are installed in two of the combus-
tion chambers and ignition in the other chambers is accomplished
through cross-fire tubes. Quick-disconnect clemps connect the
combustion chambers to the mailn frame.

Produocts of combustion leaving the combustlon chambers pass
through transltion sections to the ennular turblne-nozzle where
the gasee are accelerated. A large part of the energy of the high-
velocity gases is absorbed by the turblne to drive the propeller
shaft, the compressor, the reduction gears, and accessories. The
gases are discharged from the turbine Into an anmnular exheaust cone
and through & tall pipe, where the remalning energy ls utilized as
Jet thrust.

The turbine shaft passes through the compressor rotor and 1s
supported by two journal-sleeve bearings. A splined sleeve coupling
connects the turbine shaft with the reduction-gear assembly. The
reduction gear consists of two planetary gear systems in series,
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with a speed reduction ratio of 11.3513:1. The ring gear of the
high~apeed stage 1s the floating type and 1ts motion 1s restrained
by alx hydraulic plstons that provide a means of determining the
shaft torque. The propeller sheft ls comnected to the low-speed
pPlanetary gear and 1s supported at the forward end by the main thrust
ball bearing. Accessories are driven from a ring gear attached to
the low-speed planetary cage.

Installation

The engine was Installed in e streamline necelle-wing combins-
tion, whick was supported in the wind-tunnel test sectlion by the tun-
nel balance frame. The axial center line of the nacelle coincided
wlth the chord lime of the wing and with the longitudinal center
line of the tummel test sectlon. (See figs. 2 to 4.) The wing had an
NACA 65,2-014 airfoll sectlon with a chord length of 15 feet. Maxi-
mum diameter of the nacelle was 42.7 inches. When completely faired,
the nacelle had a finemness ratic of 6.86. The engine was supported
in the nacelle by two self-alining ball and socket mounts located on
each side of the forward geer casing and by & tle bolt on the bottom
of the turbine main frame,

The engine was equipped with a Eamilton-Standard four-blade
super hydromatic propeller (hub design, 4260) that is 12 feet, 7 inches
in dlameter. The propeller included a self-conlalned governor
assembly and a blade-angle indicating mechanism. The controls were
modified to provide elther manual or constant-speed operation of the
propeller. The maximum rate of pltch change as rated by the manu-
facturer is 45° per second. In order to met accurately the test
conditions, the propeller was operated by means of the msnuval comtrol
and restrictions were inserted in the control oil passages to reduce
the manual rate of pltch change. For this investigation the low-
and high-blede angle stups were set at 4% and 46°, respectively.

The minimum flight blade angle stop was set at” lé end the feather-
ing blade angle stop was set at 82,

Alr wes supplled to the engine from the tunnel air stream
through two wing ducts wilth leading-edge inlets in the propeller
slipstream. The centers of the inlet were located along the wing
span at about 80 percent of the propeller redius. (See figs. 4 and
5.) The air entering the wing ducts was turned 90° with the aid of
guide vanes. A small part of the alr was diverted from each duct for
cooling the engine nacelle chamber. At the engine, the wing ducts
were joined to form an annulus around the aft reduction-gear casing
(£ig. 6). This annulus was attached to the compressor-inlet flange.
(See fig. 3.) Splitter plates were inserted vertically between the
two halves of the annulus to reduce rotational flow.

18L



'a

NACA RM Fo. ESF1O 7

Instrumentation

Pressure and temperature measurements were taken st eight
stations throughout the installation. Deteils of the instrumenta-
tion instellation at each measuring station are given in the appendix,

FPROCEDURE

Performence characterlstics of the englne were obtalned at
altitudes fram 5000 to 35,000 feet, compreseor-inlet ram-pressure
ratios from 1.00 to 1.17, and a rangs of sheft horsepowers at engine
speeds from 8000 to 13,000 rpm. In order to lengthen the turbine
life, the englne was not operated at meximm power for any of the
conditions presented.

Jet thrust was calculated from pressure and temperature
measurements gt the tell-pipe-nozzle outlet. Shaft horsepower was
determined from torquemeter ypressure measurements. The shaft power
determined from the torgquemeter pressure is greater than the propeller
shaft power by an amount equel to the sum of the low-speed reduction
gear loss and the power required to drive the accessorles. The
values of sheft horsepower presented in the uncorrected performance
date were msasured et the torguemeter. For the generalized date,
however, the power loss in the high-speed reduction gear was added
to the torquemeter power. Thus the corrected horsepower represents
the totel turbine power less the power required to drive the
COmpressor.

Pressures were measwured on wabter and mercury manometers and
were photographically recorded. - Temperatures were measured and
recoried by two self-balancing potentiometers. The englne speed
was determined with a tachometer and the exhaust-gas temperature
for setting limlting test conditlons wes indicated by two thermo-
couples at station 7(fig. 1) that were comnected in parallel to
a temperature gage on the engline panel.

METHCD CF CALCULATIONS

Temperatures

The tail-pipe-nozzle outlet and compressor-inlet temperatures
were calculated from the indicated temperature, using a thermo-
couple recovery factor of 0.85, and respective valuss of pressure,
temperature, and ratio of specific heats.
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1+0085(5) -1

The turbine-iniet temperature was calculated from the enthalpy
drop through the turbine and the enthalpy at the tall-pipe-nozzle
outlet.

The enthalpy drop through the turbine included the power required
to drive the compressor, the shaft power measured at the torquemeter,
and the power | 0SS in the high-speed reduction gear:

35=[£E—hn—;—%’-—ﬂ52]+(1{5-32)+38
. :

Ts = P
PsS

An integrated wvalue of Cp Was used in this equation. The gear
horsepower used in calculating Hg represents the power loss in

the high-gspeed reduction gear and was estimeted to vary from 50 horse-
power at an engine speed of 13,000 rpm to 25 horsepower at 8000 rpm.

Velocity

The tunnel veloclty was determined from the following relation:

z-1]
27&RoTo o\’
o ()
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Thrust

The Jet thrust of the engine was calculsted from the following
equation, which was derived in reference 1l:

7g-1

2y ( Hg\ 7’8
8
F, = —— . A — -1 +A8(P-P)

Alr Flow

Engine alr flow was determined from measurements of the com-
pressor inlet and at the teil-pipe-nozzle outlet. Ine alr flow pre-
sented in the tabulation data and used in the performenc® calcula-
tlons wase obtained from measurements at the compressor inlet because
of more comprehensive instrumentation at that station. 1ne air flow
at the compressor inlet weas calculated from the following relation:

z-1

W A -(—)lﬁ—z F2)\? .
a,2 = P2 ¥-1) Rptp Pa -

Ges flow st the tall-pipe-nozzle outlet was obtalned from the
Tollowing reletion:

l 7q~t

| 27ee Pa) 78
e = ¥s S\ ﬁgted(;a- e

The eilr flow was then found from

Wy =W, - (wf/ssoo)
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RESULTS AND DISCUSSION

Preliminery performance data are presented in teble I. In the
following mectlons, the effects of altitude, engine speed, and ram-
pressure ratio on engine performance are dilscussed; generalized
performance data and the methods employed in obtaining generalized
performance curves are presented.

On several occasions oil entered the compressor air passage.
011 and dirt that sdhered to the blades may have had some adverse
effect on the compressor performance.

Altitude. - Performance data obtained at altitudes from S0CO to
35,000feet, an engine speed of 13,000 rpm, and & compressor-inlet
ram-pressure ratlo of 1.Q0 are shown in figures 7 to 1l2. The cal-
culated turbine-inlet temperature (fig. 7) increased linearly with
shaft horsepower at each altitude. Using these values of turbine-
inlet temperature, constant temperature contours are plotted in
figures 8, 9, 11, and 12. From the dala presented in these figures,
the performance of the engine at an engine speed of 13,000 rpm and
a rem-pressure ratio of 1.00 can be estimated for the range of
altitudes Investigated for turbine-inlet temperatures between
1700° and 2100° R. '

At a glven turbine-inlet temperature, the fuel flow decreased
as the altitude wae increased (fig. 8). The date shown in figure 9
indicate that the lowest specific fuel consumption at each turbine-
inlet temperature occurred at an altitude of approximetely 20,000 feet.
The engine alr flow remalned constant at each altitude as the shaft
horsepower was changed. (See fig. 10.) At constant turbine-inlet
. temperatures above 1900° R, the fuel-air ratio did not change
appreciably with changes in altitude (fig. 11). At each altitude
the Jet thrust increased about 10 percent for an increase in shaft
horsepower of 100 percent (fig. 12).

at an altitude of 5000 feet and a ram-pressure ratio of 1.00 is

shown in figures 13 to 18. Constent temperature contours are plotted
in figures 14, 15, 17, and 18, using the calculated valuesof turbine-
Inlet temperature in figure 13. With these contours superimposed on
the data, the engine performance can be estimated for any engine
speed at an altitude of 5000 feet and a ram-pressure ratio of 1.00.

The celculated turblne-inlet btemperatures shown in figure 13
increase linearly with shaft horsepower at each englne speed. The
temperature lines for constant engine speeds intersect owing to the
change in the ratio of shaft horsepower to the kinetic energy of the
Jet aeg the engine speed 1s varied. The tgil-pipe-nozzle area for
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this type of englne is so selected that the ratio of shaft horse-
power to the kinetic energy of the Jet gives optimum economy at the
design operating conditions. In order to obtain an optimum ratio
of shaft horsepower to Jet thrust power for operating conditlons
other then the design condition, a variasble-ares tall-plipe nozzle
is therefore reguired.

At each engine speed the fuel flow (fig. 14), the fuel-sir
ratio (fig. 17), and the Jet thrust (fig. 18) increase linearly
with shaft horsepower, whereas the air flow (fig. 16} remains con-
gtant as the shaft horsepower is changed. An increase in sghaft
horsepower reduced the specific fuel consumption at each engine
speed (fig. 15). As the engine speed 1s raised at a constant turbine-
inlet temperature, the rate of change in fuel flow with shaft horse-

. power decreases as the turbine-inlet temperature 1s increased (fig. 14).

The significence of this relation 1s shown in figure 15, in which the
gpeciflic fuel consumption at each englne speed decreases as the turbine-
inle'b tempersture increases. At a turblne-inlet temperature of

2000° R, the speclific fuel consumptlion was about 1.068 and was not
notlceably changed by varlations in englne speed. At a turbine-inlet
temperature of 1700° R, however, the specific fuel consumption
Increased sherply from 1.32 at an engine speed of 10,000 rpm to 1.87

at 13,000 rpm.

An increase in engine speed at a constant turbine-inlet
temperature reduced the fuel-air ratlio at engline speeds up to
12,000 rpm (fig. 17). An increase in engine spesd from 12,000 to
13,000 ypm did not change the fuel-alr ratlio In a manner consistent
with the datas obtained at lower speeds. The shaft horsepower,
however, does not represent the total powsr ‘output of the engine
in that the kinetlc energy of the Jet is not included. As the
engine speed was increased from 10,000 to 13,000 rpm at a consbant
turbine-inlet temperature, the jet thrust lncreased at a much greater
rate than the shaft horsepower. (See fig. 18.) Because the change
in shaft horsepower is smgll, the fuel-air ratios for engine speeds
of 13,000 and 12,000 rpm are nearly the same (fig. 17).

Changing the engins speed from 10,000 to 13,000 rpm
Increased the Jet thrust about 115 percent at each value of turbine-
inlet temperature. The same increase In englne speed, howsever,
resulted in an increasse in shaft horsepower of only 7 percent at
? turbin?-inlet temperature of 1700° R and 55 percent at 2000° R
Tig. 18

- Ram-pregsure ratioc. - The effect on engine performance of
an increase in compressor-ln'l.et ram-pregsure ratio from 1.00 to
1.13 at an altitude of 25,000 feet and an engine speed of
13,000 rpn ls shown In figures 19 to 24. The smal) change In
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ram-pressure ratlo had no apparent effect on the relation between
shaft horsepower amd turbine-inlet temperature (fig. 19). An increase
in ram-pressure ratio resulted in a slight decrease in fuel flow,
specific fuel consumption, and fuel-air ratio (figs. 20, 21, and 23,
respectively), whereas the Jet thrust increased slightly (fig. 24).
The increase 1n ram-pressure ratlo did not appreciably change the

alr flow (fig. 22). Because of data scatter, the fuel-alr ratios
presented In figure 23 were obtalned from faired wvalues of fuel flow
(fig. 20) and air fiow (fig. 22).

Generalized engine performance. - The pressure and tempersture
factore 5 and 6 have been applled to the performance data to
deotermine whether the englne performance obtained at several altl-
tudes could be generalized. The generslized performance parameters

used are corrected engine speed K/4/6, corrected fuel flow Wp/(5VB),
corrected air flow (Way@)/5, corrected horsepower hp/(88), and

corrected turbine~inlet temperature Ts/e. These parameters Were
doveloped from concepis of flow similarity in reference 2.

The performance data obtained at several altitudes and englne
gpeeds at a constant compressor-inlet rem-pressure ratio were gen-~
eralized to standard sea-level conditions as shown 1iIn figures 25 to
34. Representative generslized data showing the varilation of corrected
fuel flow with corrected horsepower are presented in figure 25 for
altitudes from 5000 to 35,000 feet, a compressor-inlet ram-pressure
ratio of 1.00, and corrected engine speeds from 8200 to 14,200 rpm.
Simllar data showlag the varlation of corrected turbine-inlet tempera-
ture wlth corrected fuel flow for the same range of corrected engine
speeds are given in figure 26. The generalized data presented in
figures 25 and 26 were cross-plotted in figure 27, which shows the
variation of corrected fuel flow with corrected engine speed for
selected constant values of corrected horsepower and corrected
turbine-inlet temperature.

The reletion between corrected horsepower and corrected turbine-
inlet temperature is presented in figure 28 for several corrected
engine speeds. These values were cross-plotted in figure 29 to show
the varlation of corrected horsepower with corrected englne speed
for constant corrected turbine-inlet temperatures. The reason for
the decrease 1n corrected horsepower at the higher values of cor-
rected engine speed has not been determined. A combination of the
date in figures 27 and 29 gave two familleas of curves that show the
varistion of specific fuel consumption with corrected engine speed
for constant corrected values of horsepower and turbine-Inlet tempera-
ture (fig. 30). For a glven engine speed, the specific fuel consump-
tion decreased as the horsepower and turbine-inlet temperature increased.

781
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At a corrected engine speed of 13,000 rpm, the specific fuel con-
sumption based on shaft horsepower decreased from l.41 at a cor-
rected horsepower of 700 to 0.86 at 1800. At each constant cor-
rected turbine-inlet temperature, the best fusl economy was cobtained
at a corrected englne speed of ebout 12,000 rpm. However, the
specific fuel consumption based on shaft horsepower does not repre-
sent the over-all specific fuel consumption because the jJet thrust
has not been included.

The varilation of corrected Jet thrust with corrected horse-
power and corrected turbine-inlet temperature for a range of cor-
rected engline speeds 1s shown in figures 31 and 32, respectively.
These data are cross-plotted In figure 33 to show the relstion
between corrected Jot thrust and corrected englne speed for con-
stant corrected wvelues of horsepower and turbine-inlet temperature.
The Jot thrust increased as the englne speed and the horsepower
were increased.

Corrected engine alir flows obtalned from measurements at the
compressor inlet are shown In figure 34. These data were obtalned
at altitudes from 5000 to 35,000 feet at a compressor-inlet ram-
pressure ratio of 1.00 for the range of shaft horsepowers investi-
gateds The values of air flow calculated from pressure and tempéra-
ture msasurements at the tall-pipe-nozzle ocutlet were approximately
4 percent lower than those obtained from measurements at the
compressor inlete.

SUMMARY OF RESULTS

An investigation of an axisi-flow gas turbine-propeller engine
in the Clevelard altitude wind tunnel at altitudes from S000 to
35,000 feet, ram-pressure ratios from 1.00 to l.13, and engline
speeds from 8000 to 13,000 rpm gave the following results:

I. Performance data obtained at several altitudes and engine
gpeeds for a constant compressor-inlet ram-pressure ratlo were
generalized to standard sea-level condlitions with reasonable
accuracye.

2. The specitic fuel consumption at a given corrected engine
gpesd decreased as the corrected horsepower increased. At a cor-
rected engine speed of 13,000 rpm, the specific fuel consumption
based on shaft horsepower decrsased from l.41l at a corrected horse-
power of 700 to 0.86 at 1800,
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3¢ At each altitude and engine speed, an increase in shaft
horsepower of 100 percent was accompenied by an increase in Jet
thrust of about 10 percent. As the engine speed was increased from
10,000 to 13,000 rpm at 2 constant turbins-inlet temperature, the
Jet thrust incressed at a greater rate than the shaft horsepower.
At & turbine-inlet temperature of 2000° R, this change in engine
speed was accompanied by increases of 115 percent in Jet thrust anmd
55 percent in sheft horsepower.

4. In order to obtain an optimm ratio of shaft horsepower to
the kinetic energy of the Jet at operating conditions other than the
design condition, a varisble-area tall-pipe nozzle is required.

5. An Iincrease in compressor-inlet ram-pressure ratio from
1.00 to 1.13 had little effect on the engine performance.

Flight Propulsion Research laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohio.
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APPENDIX -~ INSTRUMERTATION

Instrumentation was installed at elght measuring statlions
throughout the englne (fig. 1) to obtain the detalled pressure and
temperature mesasurements from which the over-all and component
engine performence could be calculated. Photographs and sectional
drawings showing the instrumentation installed at each measuring
station are presented in figures 35 to 41. The number of total- and
statlc-pressure tubes and thermocouples instelled at each station
and the flow area at each station are given in table IT. In addi-
tion to the pressure ani temperature measurements taken at the
elight stations, measurements were taken st other locations throughout
the engine and lnstallation.

Temperatures were measured with iron-constantan thermocouples
et statlons 1 to 4 and chromel-alumel thermocouples at the other
stations. These temperatures were recorded on self-balancing
potentiometers. Pressures were mezsured with water or mercury
Alxnzene manometers, depending upon the megnitude of the pressure
at the measuring station, and were photographically recorded.
Transverse vibrations of the englne in the horizontal and vertical
planes were transmitted by vibration pickups located at the front
bearing support, the front flenge of the compressor, and the turblne
flange. The vibration transmitters were connected to a vibration
indicator in the control room through a selector switch.
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TABLE II. - SUMMARY OF INSTRUMENTATION

NACA RM No.

E8BFIO

|
Thermo-

ita- | Area Pressure t res
Location lon | 8q in. | couple:| I'otal|Probe | Wall
sbatic |_tatic
Upper 1lip, left wing duot 17
Lower 1lip, left wing duci 15
Left wing-duct inlet 1 82.4 2 26 2 6
Right wing-duct inlet
(£ig. 35) 1 82.4 2 26 2 6
Wing cooling-air dbleed,
left forward 2.85 1 1 1l
Wing cooling-air bleed,
left aft 2.85 1 1 1
Wing cooling-air bleed,
right forward 2.85 1l 1 1l
Wing cooling-air bleed,
right aft 2.85 1 1 1l
Compressor inlet (fig.36)| 2 94.7 6 15 6 9
Compressor stators 2,3 14
Balance piston cooling
alr ducts <30 1l 1l 1l
Compressor outlet
(fig. 37) 3 48.5 9 12 2 5
Compressor~outlet elbow
(f1g. 37) 4 2 4 2
Turbine inlet (fig. 38) 5 25.0 5 5
Turbine cooling-air
baffles 6
Turbline cooling-alr ducts .60 | 1 1 1
Turbine outlet (fig. 39) | 6 79.0 9 9 3 3
Exhaust-cone outlet
(fig. 40) 7 154.0 . 4 4 2
Tall-pipe surface 7,8 3
Tail-pipe outlet gurface | 8 P2 4
Tail-pipe outlet rake
(fig. 41) 8 |[154.0 6 16 3
Fuselage 8
Engine external 3
Bearings 4
Fuel supply 1
Starter 1

NACA,



Station

Wing-duet inlet (fig. ©
Cog%ressor inlet( g 5)
Compressor outlet
Comprestor elbow
Turbine inlet

Turbine outlet
Exhaust-cone outlet
Tail~-pipe-nezzle outlet

@ ~3O0 OO Mo

Station 2

Exhaust

cone

)0
i 0

/Reduct.ion-_
gear casing

Opresgor- TnokanT
iYilet screen rotor

\Cnmnre 8801

/ Tail-pi
= \ Tail pipe  ontiot’
‘Purbine rake

HAGR”

Figure |. = Side view of axial-flow gas turbine—propelier engine showing location of measuring

stations.
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Figure 2. ~ Top view of axlal-flow gas turbine-propeller engine In altitude wind tunne
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NACA RM No.

EBFI0

T ey — - Lr-.ll.rl.ul

. - Prnurrly.—punrnt. b

23

Figure 3. - Installation of axial—-flow gas turblne—propeller engine in nacelle.
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NACA RM No. E8FIO

C-17386
12- 12.46

Figure 4. — Front view of axial-flow gas turbine—propeller engine in
altitude wind tunnel.
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tation 1

External cocling-air
bleed-off tubes

Figure 5. - Sketch of axial-~flow gas turbine-propelier engine installation showing location of wing
ducts and inlets.
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Front view.

(b) Rear view.

Figure 6. - Induction duct annulus.
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NACA RM No. E8BFIQ

Turbine-inlet temperature, Ty, °R
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Figure 7,— Effect of shaft horsepower and altitude on turbine-
Engine speed, 13,000 rpm; compressor-

inlet temperature.
inlet ram-pressure ratio, 1,00,
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NACA RM No. E8BFID
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Fi gure 8.~ Effect of shaft horsepower and altitude on engine
fuel flow, Engine speed, 13,000 rpm; compressor—-inlet ram-—

pressure ratio, 1.00,
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NACA RM No. EBFI0 33
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Plgure 9,— Effect of shaft horsepower and altitude on specific
fuel consumption, Engine speed, 13,000 rpm; compressor—

inlet ram-pressure ratio, 1l.00.
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Alr flow, W,, 1b/sec

NACA RM No. ESBFIQ
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Figure 10.- Effect of shaft horsepower and altitude on engine
air flow. Engine speed, 13,000 rpm; compressor-inlet ram-
pressure ratio, 1.00.
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NACA RM No. EBFI0 } 35
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Figure 1l,= Effect of shaft horsepower and altitude on fuel—air

ratio, Engine speed, 13,000 rpm; compressor-inlet ram
pressure ratio, 1.00.
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36 NACA RM No. ESFIO
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Figure 12.,- Effect of shaft horsepower and altitude on jJet
Engine speed, 13,000 rpm; compressor-inlet ram-
pressure ratio, 1.00,

thrust,
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NACA RM No. E8FIO 1

Turbine-inlet temperature, Ty, °R
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Flgure 13,—~ Effect of shaft horsepower and engine speed on
Altitude, 5000 feet; compressor-—
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NACA RM No. ESBF 10
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Figure 14.,-~ Effect of shaft horsepower and engine speed on fuel

Shaft horsepower

flow, Altitude, 5000 feet; compressor—inlet ram-pressure

ratio, 1,00,
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Specific fuel consumption, We/shp, 1b/shp—hr

NACA RM No. EBFIO 39
Engine
speed
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Figure 15,— Effect of shaft horsepower and engine speed on

specific fuel consumption,

inlet ram pressure rati o, 1.,00.

Altitude, 5000 feet; compressor-
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Air flow, W,, 1b/sec

NACA RM No. EBFIO
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Figure 16.- Effect of shaft horsepower and engline speed on

engi ne air flow.

ram-pressure ratlo, 1.00.

Altitude, 5000 feet; compressor-inlet
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NACA RM No. EBFIO

Fuel-air ratio, f/a
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Figure 17.,— Effect of shaft horsepower and englne speed on

fuel-air ratio, Altitude, 5000 feet; compressor-inlet ram—

pressure ratio, 1,00,
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42 NACA RM No. EBFIO
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Figure 18,-— Effect of shaft horsepower and engine speed on jet

thrust, Altitude, 5000 feet; compressor-inlet ram—-pressure

ratio, 1.00.
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NACA RM No. EBFIO
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Figure 1g,=- Effect of shaft horsepower and conpressor-inlet ram

pressure ratio on turbine-inlet temperature. Engine speed,
13,000 rpm; altitude, 25,000 feet.
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Fuel flow, We, lb/hr

NACA RM No. E8BFIO

Ram
pressure
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P2/po
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Figure 20.- Effect of shaft horsepower and compressor-inlet

ram-pressure ratio on fuel flow.

altitude, 25,000 feet.

Engine speed, 13,000 r pm



NACA RM No.

Specific fuel consumptlon, Wr/shp, 1b/shp-hr
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speed,

E8BF10
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Figure 21l.- Effect of shaft horsepower and conpressor-inlet
rampressure ratio on specific fue
13,000 rpm altitude, 25,000 feet.
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Alr flow, W,, 1b/sec
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NACA RM No. E8FI0
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Figure 22.- Effect of shaft horsepower and compressor-inlet

ram-pressure ratlo on englne air flow.

13,000 rpm; altitude, 25,000 feet.

Engine speed,
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NACA RM No. E8BFIO

Fuel-air ratio, £/a
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Jet thrust, Fj: 1b

NACA RM No. EBFI0
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Pigure 24.- Effect of shaft horsepower and compressor-inlet .
ram-pressure ratio on jet thrust. Engine speed, 13,000 rpm;
altitude, 25,000 feet.
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NACA RM No. EBFIO

Corrected fuel flow, Wr/(ﬁ'fﬁ), 1b/hr
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Corrected turbine-inlet temperature, 15/9, °R
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Corrected jet thrust, FJ/B, 1
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(a ) Location of instrumentation.

Figure 35.- Instrumentation at wing-duct inlet, station 1.

*ON WY YOVN

01483







Figure 15, =

{o)

Conc)uded.

Fron

lnatrumentation at

781,

t view showing BUTVEY rakes.

wing-duct int

et, gtation t.

;JA(:A

C. V73B%
11. 12 48

o1483 -on wWd ¥3IY

19







NACA RM No. EBFIO 63

O Total-pressure tube
® Static-pressure tube
@ Thermocouple

(a) Location of instrunmentation.

Figure 38.- Instrumentation at conpressor inlet, station 2.
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(c) Detail sketch of total-pressure, statlo-pressure, and
thermocoupler akes.

Flgure 36.- Concluded.

Instrumentation at conpressor tnlet, station 2.
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(a) Location of instrumentation at station 3.

Figure 37.- Instrumentation at conpressor outlet,
and conpressor el bow, station 4.

station 3,



/81

- - - B . ‘. , M
f FV:T:;:::i;;uih!hﬂﬁﬂlﬂlf .
m- PR

Tf:?ﬂl";}rEsSure
and thermacoyple S1as pressure be
Takg

]

" -
» | I .-‘1'%- :
» ‘M‘T - . ' : '-7725
I : ’-27_‘7

(bllnstallatfon of Pressure and temperature raxes at station 3.

Instrunentat jon at compressor outlet, station 3, and compressor elbow,

F*gura 37 . ~ Continued.
statlon 4.







taL

NACA RM No. E8FI10

11

ANANN

71

] Stition 4
g
[]

T | VAR
;}'f!f.: V/;
ALlr flow ="-‘{'-:';/-1l"_ —Total-pressure tube //
—_— =, jkj and thermocouple rake //
=0+ — /// S PO
LRl e —
L Station 3
Center line of englne
—
N
n n M
Alr flow ) [l-% —P—%——l aad
—_— R ——,
l-_ o tatlc-pressure tubs
g_-ﬁ Statlc wall orifice
BRI
N D g
3 \
Lalfee] x
—. :
Static- N
Ng
: e V77
Y : 0008
1 s y i

{c) Detail sketch of instrumentation at statlons 3 and 4.

FPigure 37.- Concluded.
and

Instrumentatlion at compressor outlet, statlion 3,
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Figure 38.- I nstrunmentation at turbine ket station 5.
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(b} Instal lation of total—-and static—-pressure tubes.

Figure 38. - Concl uded. Instrumentation a t

turbine inlet, station 5.
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(a) Loeation of instrumentation |ooking aft.

Figure 39.- Instrumentation at turbine outlet, station 6.
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Figure 39. - Continued. Instrumentation at turbine outlet, statlion 6.
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{c) Detail sketen of total~pressure rake and wafer static tube

Flgure 3%e¢ Concluded, Instrumentation at turbine outlet, station 6.
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(a)l Instai lation of tail—pipe—outlet rake.

Figure 41. — Instrumentation at tai |-pipe—-nozzle outlet, station 8.
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