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As part of an investigation of the petiormanc 6 andoperational 
characterietics of the TG-1OOA gas turbine-propeller engine, con- 
ducted in the Cleveland altitude wind tunnel, the performance char- 
acterietica of the compressor and the turbFne were obtained.. The 
data presented were obtainsd. at a compreaeor-inlet ram-pressure 
ratio of 1.00 for altitude8 fKnn 5UOO to 35,000 feet, engine speeds 
from 8000 to 13,000 qxu, and. turbine-tile-b temperatures from 14000 
to 2100' R. 

The highest uompresmr preesure ratio obtained was 6.15 at a 
corrected air flow of 23.7 pounds per second and a corrected 
turbine-Met temperature of 24750 R. Peak adiabatic compreaeor 
efficienciee of about 77 peroent were obtained near the value of 
corrected air flow corresponding to a corrected engine speed of 
l3,ooo rpm. This maxlmum efficienagmag be some&at low, however, 
because of dirt accumulatiana on the compreseor bladee. 

A maximm adiabatic.turbine efficiency of 81.5 -percent was 
obtained at rated engine speed for all altitudes and turbine- 
inlet temperatures Fnvest@ated. 

An Fnves$igation of the performance and operatioaal charac- 
teristics of a TG-100A gas turbine-propeller engine has been 
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conducted in the Cleveland altitude wind tunnel at the request of 
the Army Air Forces, Air Materiel Command. Engine performance 
characteristics, windmilling characteristius, and pressure and tem- 
perature distributions throughout the engine are presented in ref- 
erences 1, 2, and 3, respectively. 

The performance of the compressor and the turbine are of 
particular significance because very little altitude data have 
been obtained on these c-cmponent parts in a gas turbine-propeller 
engine. Data were obtained at a compressor-inlet ram-pressure 
ratio of 1.00 at altitudes from 5000 to 35,000 feet, en&ne speeds 
from8000to13,000 rpm, and turbine-inlettemperaturesfrom 
1400' to 2100° R. The compressor performance is presented as a 
function of corrected engine air flow and corrected turbine-inlet 
temperature. The turbine performance is presented as a function 
of corrected turbine speed and corrected turbine-inlet temperature. 

DFSRETIONOFCOMPRESSORANDTURRINE 

A general description of the TGlOOA gas turbine-propeller 
engine and the installation is given in reference 1. A detailed 
desoription of the &pressor and turbine assmblies is given in 
the following sections. 

Compressor 

The TGlOOA engine is ecluipped with a 14-stage axial-flow 
compressor, which has a sea-level air-flow ratiq of about 
21pounds per seoondatan engine speed of13,OOOrpm. The com- 
pressor rotor, shown in figure 1, consists of 14 wheels shrunk on 
a hollow shaft. The compressor blades are dovetailed into the 
rotor wheels. The blade-tip diameter of the rotor is 1% inches 
and the over-all length is 25 inches. The hub-to-tip diameter 
ratio at the first rotor stage is 0.73 and increases to 0.88 at 
the fourteenth rotor stage. A balance pressure is applied to the 
forward. end of the rotor by air bled from the fifth stage of the 
compressor. This air leaks out through two labyrinth seals into 
the compreesor,alr passage aft of the inlet guide vanes. Another 
labyrinth seal is located at the Rft end of the rotor. Air 
leaking through this seal is used to cool the forward face of the 
turbine wheel. 

J 

c 



NACA R?+I No. E7J20 3 

The stator stages oonsist of half rings into which the stator 
blades are dovetailed (fig. 2). These half rings, assembled around 
the rotor with spacers and clamping bolts, oompose the compressor 
stator assembly. 

Air enters the compressor through an annular inlet, which is 
divided into six equal segments by radial support struts. The flow 
area of the compressor inlet (station 2, fig. 3) is approximately 
95 square inches. A single row of guide vazles turns the air in 
the direction of rotation of the rotor. Air is discharged frcm the 
compressorthroughtworows of straightening vanes into anannular 
passage. 

. 
Turbine Assembly 

The TGlOOA engine has a single-stage turbine that delivers 
about 5000 horsepower at standard sea-level oonditions and an 
engine speed of 13,000 qn. The turbine (fig. 4) has a solid 
steel disk that tapers ti thickness from 3.70 inches at the hub 
to 0.57 inch at the thinnest section near the rim. The turbine 
blades, which are welded to the wheel rim, are 1.6 inuhes in 
length. The blade chord tapers from 1.0 inch at the root to 
0.75 inch at the tip. Thebladeforgingsars so designedthatthe 
rectangular tips in the assembled wheel form ths turbine shroud 
ring. The over-all diameter of the wheel irmludlmg the shroud 
ring is 28 inches. The turbine clearances are shown in the detail 
of'figure 3. 

The turbine nozzle (fig. 5),which canelets of 36 equally 
spaced hollow steel vanes, has an aotual flow area of about 
25 square inches and an expansion ratio of 1.065. The vanes are 
welded to inner and outer shroud rings. A portion of the air 
that enters the combustion chambers first flows through the 
hollow vanes to provide coolI.ng. 

Gases discharged from the turbine enter an annular etiust 
cone having an area of about 154 square inohes at the location 
of the turbFne-outlet instrumentation (station 6, fig. 3). The 
Fnner cone is supported by four struts and by a series of small 
angle braces extending along the entfre length of the inner case. 
In the wind-t-e1 investigation, a straight tail pipe 14 inches 
in diameter and 96 fnches long was used. 
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A complete description of the instrumentation throughout the 
installation is given in reference 1. A review of the instrumenta- 
tion required to determine the compressor and turbine charetcter- 
istics is presented herein. 

The annular ccmpressor inlet was divided into sixequalf3eg- 
ments by the radial support struts, which form part of the engine 
structure. Installed in each alternate segment were five total- 
pressure tubes, two iron-con&a&an the-couples, two static- 
preesure probes, and a static-pressure wall orifice on the'inner 
and outer walls of the annulus. The raining three segments had 
OLQ static-pressure wall orifices installed on the outer walls. 
(See fig. 6.) Installed at the ccmpressor outlet were ntne totaL 
pressme tubes, six iron-con&a&an thermocouples, two static- 
~eesure probes, and five static-pressure wall orifices (fig. 7). 

The turbine inlet was instrumented with five total-pressure 
tubes and five static-pressure wall orlfioes. Three of tbe total- 
pressure tubes were located 120° apart. One of'the areas included 
by a single burner transition section had two additional total- 
pressure tubes installed 10° on each side of the center tube 
(fig. 8). The tmbine outlet, or exhaust-cone inlet, was instru- 
mented with three rakes, 120' apart, each containing three total- 
presmre tubes. A static-pressure wall orifice wae Installed on 
the outer wall in the plane of each rake. Three wafer statio 
tubes were installed at various immersions and were rotated 20° 
fram each of' the total-pressure rakes. A chromel-alumel thermo- 
oouple was installed approximately in line with the uenter of each 
of the nine combustion ohambers to i&Mate oombustion-chamber 
ignition and unbalance (fig. 9). 

Exhaust-gas tmperatures were measured tith six chromel-alumel 
thermooouples at the tail-pipe-nozzle outlet (fig. 10). 

Data were obtained at a compressor-inlet ram-pressure ratio 
of 1.00, pressure altitudes from 5000 to 35,000 feet, and engine 
epeeds from 8000 to 13,000 rpm.. Ambient t~peratures were main- 
tained at approximately IUCA standard altitude conditions. The 
engine power was varied to give turbine-inlet temperatures ranging 
from 14000 to 2100° R. 
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Pressures were measured throughout the engine on water, alka- 
zinc, andmercury mkxnometers and were photographioallg reoprded. 
Temperatures were measured and reootiedby self’-balancing potenti- 
ameters. &3gine an& tunnel operating conditions were indicated by 
gages on the engine control panel a+ were photographioally 
recorded. 

The following symbols are use&in this report: 

A 

a 

D 

43‘ 

ghp 

H 

J 

KI Kl 

MC 

N 

n 

P 

P 

R 

shP 

T 

Ti. 

area, stp3re feet 

speed of sound in air, feet per seoond 

compressor tip diameter, feet 

acce'l.erebtion due to gravity, feet per second per second 

horsepower loes in high-sped reduction gear 

enthalpy, Btu per pound 

adisbatio enthalpy change, Btu per poti 
. 

mechani~l eqtivalent of heat, foot-pounds per Btu 

oonstants 

nlmiber ofScompressor stages 

total pressure, poMBs per square foot absolute 

statio pressure, pounds per square foot abeolute 

gas aonstant,foot-poxads perpoundOfP 

shaft horsepower measured at torquemeter 

total temperature, OR 
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u 

wa 

Wf 

wg 
a 

Y 
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oompressor tip speed, feet per seoond 

air flow, pounds per second 

fuel flow, pounds per hour 

gas flow, pounds per second 

thermooouple imgact-recovery factor, 0.85 

ratio of speoific heats 

ratio 09 compressor-inlet absolute total pressure to static 
pressure of NACA standard atmosphere at sea level 

ratio of turbine-inlet absolute total pressure to static 
pressure of NACA standard atmosphere at sea level 

ratio of compressor-inlet absolute total temperature to 
static temperature of WA standad atmosphere at sea 
level 

colTected ratio of turbine-inlet absolute total temperature 
to statio temperature of NACA standard atisphere at sea 
level, (y5 T5)/(1.40 x 519) 

akage vessor pressure coefficient per stage 

adiabatio oompressor efficiency, percent 

adiabatio turbine efffoienoy, percent 

Subscripts: . 
2 compressor inlet 

3 ocmrpressor outlet 

5 turbine inlet 

6 turbine outlet 

8 tail-pipe-nozzle outlet 

C ooqpressor 

t turbine 
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METHOD OF C~ION 

The total temperatures at the compessor inlet, the compressor 
outlet, and the tail-pipe-nozzle outlet were calculated from the 
relation 

As in reference 1, the total enthalpy at the turbine inlet was 
assumed to be equal to the sum of the enthalpy at the tail-pipe- 
nozzle outlet and the drop in enthalpy across the turbine. The 
enthalpy drop across the turbine is equivalent to the sum of the 
enthalpy rise across the cfxqressor, the shaft horsepower measured 
at the torquemeter, and the Dower loss in the high-speed reduction 
Pear. 

Hg = Q + (H3 - H2) + 550(sp6+ apI 

Theturbine-inle$totaltemperaturewaethenobtainedfrcm 
thermodynamio charts relating enthalpy and fuel-air ratio to 
temperature. 

Mrflowthroughthe campressorwas caloulatedframmeasure- 
me&s at the compressor inlet by use of the equation 

!L'krbine gas flow was assuged equal to the sum of the ccqressor- 
inlet air flow and the engine fuel flow 
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The adiabatic ccunpressor efficiency wan obtained from s 

‘Ic - x 100 

ware rc was aeeumed equal to 1.40. 

Compressor Mach number, based on the total temperature of the 
air at the compreeeror inlet, was computed from 

The average casnpresaor preeeure coefficient per &age, which 
18 defined as the ratio of the adiabatic work per stage to the work 
that would be required to accelerate the air to a velocity equal to 
the tip speed of the compressor, yaa obtained from 

Adiabatic turbine efficiency was calculated from 

T5 - T6 
% = x100 

where yt was assumed equal to the average ratio of specific heats 
entering and leavingthetwrbine. Becausethetsanperaturedrop 
through the tail pipe was small and the temperature mea8urement6 
wwe more reliable at the tail-pipe-nogzle outlet than at the tur- 
bine outlet, T6 was replaced by Tg in the turbine-efficiency 
equation. 
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KEWLQ'S AND DIscDssION 

Compressor and turbine performance characteristica for the 
~~$dconditions atwhichtheTG100Aenginewas operatedare 

Inasmuchas engine perfomancewas obtainedfor a 
relativeli small range of compressor-inlet ram-pressure ratios, no 
&fort has been made to determine the effect of this parameter on 

- the petiormance of the ccmpressor and the turbine. 

Compressor 

The relation between corrected air flow, ccmpresaor Mach 
rmnber, and corrected engine speed ie shown in figure 11 for alti- 
tudes frcnn 5000 to 35,000 feet. The air flows obtained at dif- 
ferent altitudes generalized reasonably well and appear to be a 
function only of compressor Mach nmber for the range of operating 
conditions investigated. 

During the operationof a compressor in a gasturbine- 
propeller en&se, the ocmpressor lmssure ratio varies with the 
pawer delivered to the propeller. In order to increase the power 
delivered to the propeller at a particular engine speed, an 
increase in turbine-inlet trmperatme is necessmy, which in turn 
increases the turbine-inlet pressure. This rise in turbine-inlet 
pressure results in an increase in cmpressor-outlet pressure a& 
consequently, CcoppTBssor pressure ratio. 

It can be analytically shown that, for conditions at which 
the turbine nozzles are choked and the corrected air flow ie con- 
stant, the compressor ~essure ratio is proporticmal to the square 
root of the corrected turbine-inlet tmperature. When the ma- 
sure ratio across the turbine nozzle exceeds the critical value 
(about 1.891, the mss flow through the turbine nozzles can be- 
e%pressed as 

EC the air flow through the engine is assumed equal to the gas flow 
and the correction factors 6 and 8 me applied to this equation, 
the corrected air flow bemnes 
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P2&& 

As a first-order approximation, the compressor-outlet total pres- 
sure P3 may be assumed equal to the turbine-inlet total pres- 
sure Pg. The variation in fi was also assumed to be negligible. 
Consequently, at a constant corrected air flow, 

T2 andbecause 8 =- 519 

The cvessor pressure ratio is plotted in figure 12 s&a-t 
the square root of the corrected turbine-inlet temperature for 
constant corrected am flows from 8.8 to 23.7 pounds per seoond, 
which were obtained at altitudes from 5000 to 35,000 feet. The 
compressor pressure ratio is shown to increase linearly with the 
square root of the corrected-turbine-inlet temperature at a con- 
stant corrected air flow. For the rsnQe of conditions investi- 
gated, a maxImum campressor pressure ratio of 6.15 was obtained 
with a corrected air flow of 23.7 pounds per second at a corrected 
turbine-inlet temperature of 2475' R. 

The compressor efficiency was determined by plotting the 
actual temperature-rise factor (T3/T2) - l s@;sinst the adiabatic m 

7,-l 
temperature-rise factor (~3/~2)7 - 1, as shown in figure 13. 
A single curpe was faired through all the data points, inasmuch 
ae the data scatter did not allow separation of the effects of 
turbine-inlet temperature and altitude on compressor efficiency 
at a particular value of compressor pressure ratio. A cross plot 
of the data frcm~ figures 12 and 13 in figure 14 shows the varia- 
tion of ccmpressor efficiency with corrected air flow for constant 
values of corrected turbine-inlet temperatures from 1600' to 
2400' B. For the range of air flows Investigated, the compressor 
efficiency was not greatly affected by changes in turbfne-inlet 

' temperature. A maxZmum compressor efficiency of about 77 percent 
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occurred at a corrected air flow of approximately 20 pounds per 
second for corrected turbine-inlet temperatures from 18000 to 
2200° R. This peak efficiency may be somewhat low because of dirt 
and oil deposits on the stator and rotor blades. 

The compressor-perf ormance-characteristic curves for the range 
of engine operating conditions FnvestIgated were obtained by cross- 
plotting'the data from figures 11, l2, and 14 in figure 15. The 
compressor pressure ratio increased with an increase in corrected 
airflowat constant values af corrected turbine-inletteanpemture. 
The maximm compressor efficie.ncies occurred near the value of 
corrected air flow corresponding to a corrected engine speed of 
13,000 rp. 

The variation of compTBssor pressure coefficient with corrected 
turbine-inlet temperature is shosm in figure 16 for constant values 
of corrected air flow. The compressor pressure coefficient increased 
with the oorrected turbine-inlet temperature. A cross plot (fig. 017) 
of the data from rigure 16 shows the variation of compressor pressure 
coefficient with corrected air flow for constant values of corrected 
turbine-inlet temperature. Amaximum pressure coefficient of 0.322 
was obtained at a corrected afr flow of about 14 pounds per second 
anda correctedturbine-inlet temperature of 2OOOoR. Themaxdmum 
pressure coefficient does not occur at rated engine operating 
conditions. 

Turbine pressure ratio and corrected turbine speed are plotted 
as functions of corrected turbine-inlet tiperature in figure 18 for 
constant values of corrected engine speed at altitudes from 5000 to 
35,000 feet. The highest turbine pressure ratio at which data were 
obtained was 4.65 at a corrected turbine speed of 6700 qm and a 
corrected turbine-inlet temperature of 2475O B. A cross plot of 
these data (fig. 19) shows the variation of turbine pressure ratio 
with corrected tmbine speed for corrected turbine-met tempera- 
tures from 1600° to 2400° B. The turbine pressure ratio increased 
with an fncrease in corrected turbine speed and corrected turbine- 
inlet temperature. At a correctefi turbine speed of 6800 qn, an 
increase in corrected turbtie-inlet temperature from 16000 to 
2400° R.raised the turbine pressure ratio from 3.05 to 4.50, 

The turbine efficiencies were obtained by a method similar to 
that used in determining the compressor &ficiencies. The actual _ 
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temperature-drop factor 1 - (T8/T5) is plotted against the adia- 
Yt-1 

Baltic temperat~e-drop factor 1 - (P6/R5) T in figure 20 for 
altitudes from 5000 to 35,000 feet. Lines of constant turbine 
efficiency superimposed on the data show that practically all the 
turbine efficiencies were between 76 and 82 percent. It is also 
shown that the turbine efficiencies were not noticeably affected by 
changes in altitude. 

In order to show turbine efficiency as a function of corrected 
turbine speed and to determine the effect of turbine-inlet tempera- 
ture on turbine efficiency, the actual and adiabatic temperature- 
drop factors first had to be plotted against the corrected turbine- 
inlet tempemture for constant values of corrected engine speed, as 
shown in figure 21. A cross plot of the data from figures 18 and 21 
in figure 22 shows the turbine efficiency as a function of cor- 
rectedturbine speed. Although the data from figures 18 and 21 
varied by about 1.5 percent from the curve shown in figure 22, no 
consistent variation of turbine efficiency with turbine-inlet tem- 
perature was apparent for the range of ations investigated. 
The faired curve infigure 22 indicates a maximum. turbine effi- 
ciency of 81.5 percent at corrected turbine speeds from 6200 to 
7400 rpll. This range of corrected turbine speeds includes engine 
operation at rated speed for all altitudes and turbine-inlet tem- 
peratures investigated. 

The variation of turbine pressure ratio with corrected gas 
flow is shown in figure 23 for altitudes from 5000 to 35,000 feet. 
For practically all the conditions investigated, the corrected gas 
flow was constant, which indicates that the turbine rxxzles were 
choked. A corrected gas flow of about 9 pounds per second was 
obtained for turbine pressure ratios from appromtely 2.0'to 4.65. 

Compessqr and turbine perform&uce characteristics were 
obtained as part of an investigation of a TG-1OOA gas turbine- 
propeller engine in the Clevelehnd altitude wind tunnel. IMa were 
obtained at altitudes from 5000 to- 35,000 feet, engine speeds frcan 
8000~0 13,000 rpm, turbine-inlettsmperatures from14OOo to 
2100° R, and a compressor-inlet ram-peasure ratio of 1.00. The 
following results were obtained: 
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1. For the range of operating conditions investigated, a max- 
imum compressor pressure ratio of 6.15 was obtained at a corrected 
air flow of 23.7 pounds per second and a cdrrected turbine-inlet 
temperature of 2475O R. 

2. Peak adiabatic compressor efficiencies of about n percent 
were obtained near the value of corrected air flow corresponding 
to a corrected engine speed of 13,000 rpm. This value of mnrtmum 
efficiency may be Bomewhst low, however, because cf dirt accumula- 
tion on the compressor blades. 

3. A ma- ccrmpressor pressure coefficient of 0,322 was 
obtained at a corrected air flow of about 14 pounds per second and 
a corrected turbine-inlet temperature of 2OCXIP B. The peak com- 
pressor pressure coefficient did not occur at rated. engine operating 
conditions. c 

4. A maximum adiabatic turbine efficiency of 81.5 percent was 
obtained at rated engine speed for all altitudes and turbine-inlet 
temperatures investigated. 

Flight Propulsion Research Laboratory, 
National Advisory Conanittee for Aeronautics, 

Cleveland, Ohio. . 

Lewis E. Wallner, 
Mechanical Engineer. 

Martin Jg Sa-ari, 
Aeronautical Engineer. 

Approved: 
Alfred W. Young, 

Mechanical Engineer. 

rl 

Abe Silverstein, 
Aeronautical Engineer. 
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Figure 1. - Compressor rotor of TG-1OOA gas turbine-propeller engine. 

Figure2. - Sixth-stage stator ring from compressor of TGlOOA gas 
turbine-propeller engine. 

Ffgure 3. - Side tiew of TGlOOA engine showing location of meas- 
uring stations. 

Figure 4. - Turbine wheel used in TG-1oOA gas turbine-propeller en@ne. 

Figure 5. - Turbine nozzle of TGlOOA gas turbine-propeller engine. 
(a) Front view. 
(b) Rear view. 

Figure 6. - Location of Instrumentation at compressor inlet, look- 
ing aft, station 2. 

Figure 7. - Location of instrumentation at compressor outlet, look- 
ing aft, station 3. 

Figure 6. - Location of Lnstrumentation at turbine inlet, looking 
aft, station 5. 

Figure 9. - Location of instrwnentation at turbine outlet, 1ooMng 
aft, station 6. 

Figure 10. - Detail sketch of tafl-pipe-outlet rake, station 8. 

Figure 11. - Variation of corrected air flow with compressor Mach 
number and corrected engine speed.. Compressor-inlet ram- 
pressure ratio, 1.00. 

Figure 12. - Variati'on of compressor pressure ratio with square 
root of corrected turbine-inlet temperature. Compressor-inlet 
ram-pressure ratio, 1.00. 

Figurel3. - Relation between actual and adiabatic temperature- 
rise factors. Compressor-inlet ram-pressure ratio, 1.00. 

Figure 14..- Variation of adiabatic compressor efficiency with 
corrected air flow. Ccmpressor-inlet ram-pressure ratio, l.CC. 
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Figure 15. - Compressor-perPoce-characteristic curves for 
operating range of TGlOOA gas turbine-propeller e.&ne. 
C~ressor-inlet ram-pressure ratio, 1.00. 

Figure 16. - Variation of compressor pressure coefficient with 
corrected turbine-inlet temperature. Compressor-inlet Mach 
number, 1.00. 

Figure 17. - Variation of compressor pressure coefficient with 
corrected air flow. Ccm~essor-inlet ram-pressure ratio, 1.00. 

Figure 18. - Variation of corrected turbine speed and turbine- 
-gu.wssure ratio with corrected turbine-inlet temperature. 
Compressor-inlet ram-pressure ratio, 1.00. 

Figure 19. - Variation of turbine pressure ratio with corrected 
turbine speed. Cmpreesor-inlet mm-pressure ratio, 1.00. 

Figure 20. - Relation between actual and adiabatic temperature- 
drop factors. Compressor-inlet ram-&essure ratio, 1.00. 

Figure 21. - Variation of actual and adiabatic temperature-drop 
factors with corrected turbine-inlet temperature. Cumpressor- 
inlet ram-presstie ratio, 1.00. 

Figure 22. - Variation of adiabatic turbine efficiency with cor- 
reotedturbine speed. Compressor-inlet ram-pressure ratio, 1.00. 

Figure 23. - Variation of turbine pressure ratio with corrected 
gas flow. Compressor-inlet mm-pressure ratio, 1.00. 

. 



NACA RM NC 

,---- --. ,- 

__  . -. 

- -- d 

Figure I. - Compressor rotor of TG-IOOA gas turbine-propetler engine. 
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Figure 2. - Sixth-stage stator ring from compressor of TG-IOOA gas 
turbine-propel ier engine. 
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Station 
1 Ving-duct inlet (fig. 5) 
2 Compreesor inlet 
3 
4 

Compressor outlet 
Corn reaeor elbow 

5 Tur ine inlet ! 
6 Turbine outlet 
7 Exhaust-cone outlet 
8 Tail-pipe-nozzle outlet 

Station 2 
Propeller r---r ‘. : l4lnm-A 

P / LReduction- 
gear easing 

il of turbine inlet 

‘1 
. I I I I I I I 

Exhaua t 
cone 

Tail pipe 

wheel 
Figure 3. - Side View of TGIOOA engine showing location of measurlng stations. 
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Figure 4. - Turbine wheel used in TG- IOOA gas turbine-propel I er engine, 
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0 Total-pressure tube 
0 Stat lc-pressure tube 
8 Thermocimple 

Figure 6. - Location of instrumentation at compressor inlet, looking 
aft, station 2. 
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0 Total-pressure tube’ 
l Statio-pressure tube 
a Thermocouple 

Figure 7. - Locatlon of instrumentation at compressor outlet, looking 
aft, station 3. 

. 
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o Total-pressure hibe 

I l Statlo-pressure tube 

27 

Figure 8. - Location of instrumentation at turbine iniet, looking aft, 
stat ion 5. 



28 NACA Rh4 No. E7J 20 

. 
0 Total-pressure tube 
0 Stat10 wall orlfioe 
o Wafer statio tube 
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