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NMcIomLAmISORYc~ IOR AWOEIAUTICS

ALTIT[mE-~-T~I~~~OFA3000-~-~

VII-FRESWREANDTBEERATUREDIsTIuBuTIONS

An investigatim has been cmducted in the XMA Cleveland alti-
tude wind tkuel during which temperatuie and pressure distributions
throughout an original and a modified 3000~pound-thrust turbojet
engine were obtained. Data are presented for both anglnes for a
range of simulated altitudes ti 5000 to 45,000 feet, sfmulated
flight Maoh numbers from 0.24 to 1.08, and oorreoted engine speeds
from 10,550 to 13,359 rpm. The effects of altitude, flight Maoh
number, end corrected engine speed m the pressure and temperature
distributions at eaoh measuring station of both engines are
discussed.

Sfodifioation  of the ocanpressor, the ocunbustion  chamber, and the
fuel-spray nozzles of the original en&ne Improved the radial total-

. pressure distribution at the ccxnpressor outlet and the radial end
ciroumferentIa1 temperature distribution at the turbine outlet.
Pressure and temperature distributions at all measuring stations
through the engknes, eroept the ccanpressor outlet and the turbine
outlet, were not appreciably affected by ohanges in altitude, flight
Mach number, or engine speed. An Increase in altitude frcs~ 25,000
to 45,000 feet resulted in high total-pressure peaks near the
outer wall of the compressor outlet. For the original engine, this
increase in altitude resulted in an inarease of tmxperature near
the inner wall of the turbine outlet. For both engInea, an
increase in engine speed moved the temperature pe8k8 at the ttarbIne
outlet towaM the root sectfons of the turbine blades. Exoept for
slight differenoes  in pressure levels, vsriations of average tot81
an¶. stati pressures throughout the original and modified engines
were similar for ocqebrable  operatine omditione.
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An investigation has been conducted in the XACA Cleveland alti-
tude wind tunnel to determine the perfonnaac-e  and operational oharac-
teristics of original and modified oonfigur8tions  of 8 ?jooc)-pound-
thrust axial-flow turbojet engine. In the initial phase of the
investigation of the original engine, the engine was operated with
an exhaust-nozzle-outlet average temperature limit of 1210° F.
Operation of the engine at this temperature limit resulted in a
failure of the turbine assambly. It was found that the tail-rake
temperature measurementswersnotrepresentative of ths temperature
to whiah the turbine was subjeoted, owing to undesirable oircum-
ferential and radial temperature varlaticns  at the turbine inlet.
The temperature limit was then ohenged to 1375O F, 8s read m the
hottest thermooouple  at the turbine outlet. Operation at the
retiSed temperature limit resulted in a SeOOUd  f8ilure of the
turbine rotor blades. It was found that the existing thermooouples
around the oirmuuferenme  of the turbine outlet were not looated in
re@;ions ofmarimurlltemperature. Additia1 instrumenwtion was
installed at the turbine outlet and the temperature limit was
lowered to 1250° F, as read on the hottest thermocouple. The
investigation of the original en&ne was ocmpleted ulth the
revised temperature limit without further turbine failure.

In order to improve the turbine-inlet temperature distributia
and thereby inorease the allowable turbine-outlet temperature limit,
the oompressor, the ccanbueticxu  ohamber, and the fuel-spray nozzles
were modified for the seoond part of the invsstigati~. Ths
operating temperature of the modified engines was iuoreased  to
1400' F, as indicxked by the hottest thermooouple  at the turbine
outlet.

The investigation wae ocmduoted over a wide range of simulated
altitudea, simulated flight Mach numbers, snd engine speeds.
Analyses of turbine performanue, ocaapressor performenoe, -bustion-
chamber performaaoe, operational oharsoteristios, over-811 engke
perf-oe, and inlet pressure losses are presented in refer-
ences 1 to 6, respeotlvely.

Data we presented herein to show the effeot of altltade,
flightMaahnumber,  and wine speed on pressure end tsmperature
distributions  at e&ah msasurkq station within the original and
modified oonfigurations. Thedata press&& forbothengineshave
been generalized to BACA standard sea-level conditions.
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The X24C-4B turbojet engine used in this investigation has a
static sea-level thrust rating of 3000 pounds at an engine speed of
12,500 rpm. At this rating the sir flow Is approximately 58.5 pounds
per second and the fuel omumption is 3200 pounds per hour. Ths
over-all length of the engine is 11% inches, the maximumdiameter
Is 24 inches, and the total weight is 1150 pounds. The main can-
ponents of the en&ne Jnolude an ll-stage axial-flow ocsapressoT, a
double-annulus combustion c&amber, a two-stage turblpe, slmd a fired-
area elhsust nozzle.

Themain oompcnents of the two engines used inthis invest*-
tlon were similar exogpt for modifications made to the compressor
and the canbusti= ohamber by the mernufacturwr.  The oanpressor was
modified to tiprove the radial velocity distribution at the acsu-
pressor outlet by twisting the eleventh-stage rotor b-es, in the
dire&&m of reduced angle of attack, 3O at the midspan and 6O at

1

the blade tip.

The oombustion chamberwasmodiiiedto  improve thetempsraturs
distribution at the turbine Inlet by amitting the wall perforstions
of the fourth step of the =bustion-chamber liner and replacing
the holes in the third step with a single row of large rectangular
holes, the area of which equalled the total area of the.third- and
fourth-step holes in the origIna liaer. The blocking area of the
soreens at the canbustion-&amber  inlet was rsduoed. For the
orig$.nal u&iguratim, a soreen having 600percent blocldng area was
installed in the outer annulus and one having 4Gperoant blookixig
mea was installed in the intermediate annulus. F-the modified
engine, these scme~s were replaced by 8-ms having m-percent
blooking area. In order to obtain a more uaiform oircumferential
temperature distribution at the turbine inlet, fuel nozzles of a
different type were installed in the modified engine. The fuel
nozzles for the original engine had a rated aapscity of
7i gallons per hour at a dif+fsrsutial pressure of 100 pounds per
square inch, as compmed to 7 gallons per hour for the nozzles in
the modified engine.

As a result of these modificaticxls, the operating tewerature
limit, as indicated by the hottest theaouple at the turbine
outlet, was raised from 1250° F for the origlnal engine to MOO0 F
for themodified angine. A reduotion in exhaust-nozzle-outlet area
from 183 square inches for the original engine to 171 square Inches
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for the modified engine was consequently required to obtain the
higher temperature limit. More detailed descriptl~s of the engines
and their oomponsnts are presented in referenoes  1 to 5.

I N - O N  A N D  I N - I C N

The engine was Installed in a wing nsoelle in the test seoticn
of the altitude wind tunnel (fig. 1). Ccqressor-inlet  pressures
oorresponding to high flight Maoh numbers wsre simulated by
introduoing  dry refrigerated air frcm~ the tunnel make-up  air system
through a duct to the eu@ue inlet. This air was throttled Fran
approximately sea-level pressure to the desired pressure at the
cosnpressor inlet while the statia pressure in the tunnel was main-
tained to oorrespoud to the desired altitude. The duct was
oonnsoted to the engine inlet by means of a slip joint with a
labyrinth seal, whioh permitted engine-thrust and installaticx+
drag measuremsnts to be made with the tunnel bslunoe sales.

Temperature and pressure measkemsnts were obtained at aeve=
stations through the augine (fig. 2). Drawiugs of the instrumenta-
tion at the compressor inlet, the csaanpressor  outlet, the turbine
inlet, the turbine stator  stages, the turbine outlet, and the
exhaust-nozzle outlet are presented in figures 3 to 8, respeotively.

Pressures sndtemperaturesthroughoutthe  engine are presented
for 82mulated altitudes from 5000 to 45,000 feet, simulated flight
Maoh numbers fxun 0.24 to 1.08, and oorreuted sngine epeede fran
10,550 to 13,359 rpm.. For most operating conditions, the inlet-air
temperature was held at approximately HACA standard values aorres-
pond- to the simulated flight conditions. No inlet-air tempera-
tures below approximately -20° F, oorrespcmding  to hi& altitude
aud luu flight Maoh number, wers obtained.

Temperaturesweremeasured and recorded bytwo self-balanoa
potentianeters. Pressures were meaeured by water, slkszene, and
meroury msnagnetsrs  andwsrephotographloerllgreoordsd.  The eaglne
speed was set by means of a stroboscopio  taohanster.

RESULTS AND DIsCUSSION

3

t.

Data are pressnted to show the sffeut of altitude, flight Maah
number, and mated wine speed on the pressure and tsmpemture



mcA RM H o .  E8c17 5

distribution at each measuring station and on the variation of aver-
age preesures throughout the original end modified enginea. In order
to provide a basic for comparing the enginea, the data for both
engines have been generalized to standard eea-level conditicm by
the use of the factare B (ratio of absolute total preeeure at O~SIL-
preasor inlet to absolute ststic pressure correepoading to Wc%k
standard atmosphere at sea level) and 8 (ratio of absolute
indicated total temperature at oompressor inlet to abeolute statio
temperature of HACA standard atmosphere at sea level). Preesure
and temperature distribution8 are preeented for both engine8 at
camperable simulatetl flight ocmditions. The effect of altitude at
a flight Mach number of 0.24 and a corrected engine speed E/ @
of approximately 12,000 rpm ie presented for simulated altitude8
from 5000  to 45,000 feet. The effect of flight Maah number at an
altitude of 25,000 feet and a oorrected engine epeed of approxi-
mately 12,700 rpm ie presented for flight Mach number8 of 0.53 to
1.08. The corrected engine apeeds at which the effects of alti-
tude and flight Mach number are &own were the m8ximum speed8 at
which ccerparable data were obtained over the oaplete range of
conditions for both engine8. The effect of engine speed at a flight
Maoh number of 0.53 end an altitude of 25,000 feet 18 preeented for
correoted engine apeede from 10,550 to 13,359 rpm.

Caupresaor Met

The radial distribution of total pressure, static preemxre,
and Indicated temperature at the oaupreesor inlet is shown in fig- L
ure 9 for the original and modified englnee. Total- end statio-
pressure levels for both engines were nearly the same at each
operating cmdition. ThemaxZmumvariatian  of temperature levele
between the two engine8 at any operating conditions was about 19 F.

Total-pressure, static-preeeure,  and indicated-temperature
distributions were uniform acro8s the passage for both engines at
all operating conditicpls investigated, with the ezoeption of
slightly lower total preersures near the wall8 due to the boundary
layer.

Canpressor Statorstages

The variation of corrected static pressure P3/8 at the oan-
pressor atator stages is ehown in figure 10 for the original and
modified enginee, Continuous  pressure rise was obtafned throughout
the stages of the canpreesor  of both engines for the operating
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oonditiona shown. An inoreaae in altitude beyond 25,000 feet
increased the over-all oorrected pressure through the ocmpreaeor.
IncreasIng the flight Mach number from 0.53 to 1.08 did not appreoi-
ably affeot the general pressure diatributian through the first
eight ccmpressor  stages; for the remaining stages, an increase in
flight Mach number reduced the pressure level. For the modified '
engine (fig. 10(b)), the oorrected engine speeds at flight Mach
numbers of 0.53 and 1.08 were acanewhat lower.than  at the ccunparable
conditions for the orfginal engine, and consequently, the pressure
levels are not in the same sequence with inoreaaing  flight Mach
number&a ahownforthe original engine. Irmreaaing the corrected
engine speed lowered the static pressure at the first-stator stage
as a result of the increased velocities through the inlet guide
vanes, Twisting the eleventh-stage rotor blades had no appreoiable
effect on the static-pressure rise across that stage. The effeata
of altitude, flight Mach number, and engine speed sol the corrected
atatio-pressure distributions through the oampresaors were similar
for both engines.

Canpresaor  Outlet

Average radial distributicna of total pressure P4/8 at the
oaonpreaaor outlet are shown in figure 11 for both engines. Insa-
muoh as no appreoiable  radial or oircumferential  variation Ln
static pressure ooourred at eny operstIng ccardition,  only the
average oorreoted at&lo pressure p4/8 is shown.

For the original engine (fig. ll(a)), the aorreoted total
pressure and the average static pressure were 8ppretel.y equal
for a distance of 314 inoh f'rcm the inner wall of the passage at
es& altitude, which indicated low velWity and air flow. Fran
this point, the correoted total pressure inoreaaad rapidly &moss
the passage and, for altitudes up to 25,000 feet, peak total pres-
sures were obtained at approximately 314 inch fkun the outer wall.
At an altitude of 45,000 feet, the total-pressure peak inoreaaed
in magnitude and moved nearer the outer wall. For the modified
engine (fig. 11(b)), the tot&-pressure peak at an altitude of
5000 feet ocourred in the oentral part of the ocanpresaor-outlet
passage and at an altitude of 45,000 feet the total-pressure peak
moved outward to approximately 314 inoh fkom the outer wall. The
total and static pressures near the inner wall, however, were
approximately equal, as in the original engke.

The total-pressure distribution for the original engine was
not appreciably affected by changes in flight Maoh number except
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I
near the outer wall, where, at the high flight bWoh number, the
corrected total pressure was less than the peak correoted total pres-
sure. For the modified 8ngdne, the 'total-pressure distributions for
flight Maoh numbers of 0.53 and 0.87 were similar, tith the peak
occurring 3/4 inch frarm the outer wall; however, at a flight Maoh
number of 1.08 th8 total-pressure peak occurred in the central part
of the passage.

For both engines, the total-pressure peak moved frcgn the center
Of the passage at the lOweSt COrtWCted engine speed to 8 point near
the outer wall at the highest oorrected engine epeed. For the
Original 8ngin8, the peak total pressure at maxirrmm 8Il&$ll8 sp88d
oocurred about l/4 inch fram the outer wall; whereas for the m&i-
fied engine th8 total-pressure peak occurred about 3/4 inoh from
the outer wall.

In general, modifying the compressor shifted the total-pressure
peak towexd the center of the ocmpressor-outlet passage but did not
appreciably affect the pressure dietributian near the inner wall.

Turbine Inlet

Circumferential distribution of corrected total pressure- P5/6
at the turbine inlet is shown in figure 12 for the original and
modified engines. The total-pressure distribution w&s uniform for
both engines at all operating oonditions. Changes in altitude,
flight Mach number, or engine speed affected c&y the pressure
level.

Turbine Outlet

Total-pr8SSLWe distributions at the turbine outlet are
presented in figure 13 for both engines. !l!h8 StdiiC pressure shown
for each operating conditicn is en average of three statio-wall-
orifioe measurements. In general, th8 COr??8ct8d tOiXL1 pressure P7/8
increased across the paesage frcxa the inner wall to the outer wall.
For the modified engine (fig. 13(b)), the rapid increase In total
pressure near the outer wall ie attributed to the reduced blocking
area of the 6creen at th8 iIll8t of the Outer annulus of the ccanbus-
tion chamber. The distribution for both engines was not peatly a
affected by changes in operating conditions.

The radial distribution of corrected turbine-outlet tempera-
ture Ti,7/8 at three oircumferentlal positions for altitudes
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frcm 5006 to 45,000 feet is pr8sented in figure 14 for the original
and modified engines at a flight Maoh number of 0.24 and a corrected
engine spe8d of about 12,000 rpm. The turbine-outlet  teJnperatWT8
distribution for the original engine (fig. 14(a)) was not affeded,
except near the outer wall, when the altitude was increased from
5000 to 25,000 feet. At an altitude of 45,000 feet, the temperature
at the inner wall increased with respeot to the kmperature at the
outer wall to such an extent that the highest temperatures ocourred
in the vicinity of the turbine-blade roots. For the modified engine
(fig. 14(b)), the temperature distributions measured by each rake
were similar for the range of altitudes investigated. For both
engines, an Increase in altitude frm 5000 to 25,000 feet generally
resulted in a small increase in the correoted temperature level.
Increasing the altitude beycsud 25,000 feet, however, oonsiderably
Increased the t8mperature level.

Th8 radial distribution of corrected temperature at the
turbfne outlet for flight Mach numbers from 0.53 to 1.06 is pres-
sent& in figure I5 for both engines at an altitude of 25,000 feet
and a correoted engine sp88d of about 12,700 rpm. For both
engines, changes in flight Mach number did not affeot the temper-
ature distribution. An increase In flight Mach nUmb8r deoreased
the corrected temperature level except at a flight Maoh number
of 0.87 for the modified engine. The correoted engine speeds at
flight Mach numbers of 0.53 and 1.06 for the mcdifled engine were
somewhat lower than at the comparable conditims for the original
en&ne 8nd, ooneequently, the temperature levels are not in the
same eequenoe  with inCre88hg flight Mach number as shown for the
original engine.

The effeot of oorrected engine speed cn the radial dletribu-
tion of oorrected indioated temperature at the turbine outlet ie
shown in figure 16 for both engines at an altitude of 25,000 feet
and 8 flight Mach number of 0.53. Inoreaslng the corrsated 8498
s&Wed moved 't&8 t~pW8tUre p8a-k tOWt3Zd th8 rOOt Secticns of the
turbitle blades. However, this effect was more pronounced for the
original engine than for the modified engine. At the highest
engine speed for the modified engine (fig. 16(b)), the maximum tem-
perature 8t each rake position oouUrred in the C8Zltra1 part of the
p a -9 l

The effects of altitude, flight Maoh number, and corrected
engine Speed on the average radish tUrbin8-Outlet  temperatUr8 dis-
tribution are shown in figure 17 for both engines. The maximum
vari8tion  of averTage temperature &cross the turbine-outlet passage
at any flight omditim for the orQ¶.nal sngine MS about 160° F.
The high temperatures that ommrred near the inner wall at high
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.
altitude and high engine speed for the origin&l engine were undeeir-

., s..--able fram turbine-blade str8se ccoleideratione. With regard to blade
La+~-~*~~stresa, it-is desirable to hav8 th8 low8st temp8raturee near the- . . .

blade roots and the peak tamp8ratLlr8 near the blade tips. For the
modified engin8 (fig. 17(b)), 8 t8E@8r&ture p88k 8XiSt8d in the
Central part of the pEWSage for 8n Op8r8ting COnditioXlS. The tern-
perature distribution for the modified en&n8 corresp~ed more
closely to the aforem8ntioned deal@ temperature distribution.

The circumferent181 distribution of corrected indicated temper-
8tECe at 8 distance Of 12 inCh88 Frau the tail-pip8 Outer wall 18
shown in figure 18 8t each Op823ting ocndtiian for the originsl end
modified engines. Values for the clrcumfer8ntial distribution were
obtained frcDlr the three rakes and the individual thermocouples shown
in figure 7. IEWg8 CirCumfeZWntial twZ'atUr8 Vari8tiOnS OOOLllT8d
8t 811 op8rddng oonditiane for both engines. An inSpeOtioxI  of the
turbine-stator-blade 8888mblie8 showed diecoloratiun around the
CirWtlf8r8DC8, which i&tic&8 the pr8s8nC8 Of the termper8tUX8
iZTegUlaI?iti88 shown at the turbine Outlet. Furthetiore,  it iS
believed that the distribution at the turbine inlet was even more
irregular than indicated by turbine-outlet measurem8nt8, inarsmuch
8s the maguitude of the temper8tW8 VEWi&tiOnS  was reduced by mixing
in pSSShg through th8 tUrbfn8 XWtOrS. The oircumferential tempera-
ture distributions of both engines were not peatly affected by 8
Ohange in altitude fram 500-O to 25,000 feet. An inOr8aSe in slti-
tude to 45,000 feet raised the t8mper8tUr8 level and resulted in
s-hat higher tEmrper8tUres in the lower part of the turbine outlet
than in the upper part. This temperature difference was probably
caused by un8qu81 flow from th8 upper and lower fuel nOZzl88. The
diff8IWIIO8  in h8ad Of fuel between the top and th8 bottoaa Of the
fuel manifold, together with the low fuel-manifold pr8se~r8
aOcompanying high-altitude Oper&tiOn, restit8d in d8Ur88Sed fuel
flow and poor 8iXXniZatim from the tOi nOZZl88.

.

Changes in flight Mach number had no effect a the circum-
f8reIlti81 distribution of oorreuted  indioated  t8mperature at the
turbine Outlet of either 8ngin8. Fgcept for the uhange in tempera-

* tare level, Vari&tiCn Of COlTeCted 81Igin8 Speed had no 8ppreCiabl8
effect on th8 CircLxnferential termperature distributiap1 of either
engine.

McdifiOation  of the original engine resulted in 8 more Uniform
tempersture distribution over a greater part of the turbine-outlet
circumferenO8, but did not reduce the peak tamper8tures.

.



aU8t-nOZZ18 Outlet

The effeOtofaltitude,  flightMaohnumb8r,and  oorrected
8nglne speed an the dietributkn Of -otti tot81 p-88-
statio pr8eeur8 p&3,

P&3,
and indicated temperature  Ti, a/8, at the

exhaust-nozzle Outlet ia shown in figure 19 for the original and
lllOdifi8d 8I@Il88. The oomsated total-pressur8 distribution Was
r88aOnably eymetri~al about the Omter lins of the Jet at 811
operstlng oonditlcme for both 8@Il88. h 8U 08ee8, th8 tOta1
pl’8SSUX’8S 8t the O8nt8r of the J8t Were 1OWer than 8t the oral1 of
the exhaust nozzle. The OOIT8Oted tsmperrtture  was ?.'eaSOn&b~
tmifarm 8orOSS the Upper h8lf of the exhaast nozzle at 811 f1fght
OCKlditiOZl8,  8XOqt 8t an altitude ,Of 45,000 feet. At 45,000 feet,
the d8O?%ctsSd temperature In the upper part of th8 8rhauSt nozzle
reh%tiVS t0 the OSnt8r of the 38t cwm b8 attribut8d  t0 poor fu81
distxfbuticxu 8t high altitudes.

'ph8 vsri8tiCUl8 OfSVeZXg8 tot&l: and 8tatiO pI?8SSUY.%8 through
the origIna aad modified 8~1gineS for 811 Operating oonditiane
previously disaueesd are shown in figures 20 to 22. ExOept for
8light ddf'f8r8ncme in pr88SUI.8 lSV8l.S, the O'VeI?-811  p??888Lll’8 dle-
tributlms for the orig3nal and modified engines wers similar at
OOmpareble  operating mnditione.

The following results were obtained froan an investigati~ of
orlgin81 and SLOdifi8d OonfigUratiOnS  Of 8 5000-pOwId-thrust adal-
flOw turbojet engin in the C18vsland altitude wind tunnel at eimu-
l&ted altitudes Arm 5000 to 45,000 feet, 8inUltit8d flight Mach
numb8rs f&m 0.24 to 1.08, and oomeoted engine 8medS fPan 10,550
to 13,359 rp:

1. ModiflOatiOn of the Ocanpressor, the ochbusticm  ohamber, and
the fuel IlOZZ18S Of th8 original 8x@ne impmvsd the radial total-
pr8esur8 di8tributicm at the oompreesor outlet and the radial and
OirOumferential tsmp8r8tum distributims at the turbine outlet.

2. ti8SIlP8 and t8Qlp8X'atUre distributiane  8t al1 lMa8UrdIlg
StAtiOnS, 8XOSpt the OaQr888OY?  Outlet and the turbine Outlet, Wers
not greatly affeOt8d by ohmg88 in altitude, flight Mach number, or
engine speed. An inCrreaSe  in altitude from 25,000 to 45,000 feet
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3%8Ult8d inhightotal-pressure  p8akenearthe OUt8r wall of th8
ccanpressor-outlet  passage of both engines. For the original engine,
this inorease in altitude resulted in an increase of tmperatures
near the inner wall of the turbine outlet. hcre8sing the corr8ated
engine Speed mOV8d the t8lQ8ratU2e peaka 8t th8 turbine OUtl8ttoward
the rOOt S8otiOnS of the tUrbin8 blades. This eff8Ct ~88 more
pronounced for the original engine than for the modified engine.

3. With th8 8XC8ptim Of Slight differences in pressure l8V8l8,
the vari8tions  of average total and static pressures throughout the
original and modified engkee we98 eMlar for caparable operating
conditions.

Flight Fropuleion Rekaroh Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.

.
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16 NACA RM No. E8Cl7

E

.

0 !Fotal-prarauro tuba
. Strtla-prorruro tub.
(I mar?roaoaple

Flgura 3. - Louation of lnmtTIlsntrtlon  at OO~FO8UOr inlat,



NACA RM No. E8C 17 17

0 Tota1-prw8rwmtub
0 Statil3~fo88ura tuba
0 !l!brmoeoupl*

i

-

Figure 4, - Location of instrumentation at oompreuaor outlet,
station 4, 4 inches behind tF8iliZI.g edge Of CSCHapra88OmUtlOt
rtraightsning vane8.
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0 !rotal-premum tube

Figure 5. - Loaation of instrumentation  at turbine lnlot, station 5,
2 inuhee in front of asntsr line of firstatrgs  turbfne stator
blade,

.
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NACA RM No. E8C17
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19

First stage

Second lrtage

Figure 6. - Loaation or statiaqressure  tubes at turbiae
8tatOr 8tbg98, station 6, Center 1fnU Of each StstOF
blade.
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?take8 -Ev
0 Total-presauro  tuba
l Statlo-prorrure tub.
0 Theratooouplo

Figure 7. - Looatioa of fnstrmantation  at tmrblne outlet, l ta tfo n 7,
* inob behind roar r-0 0r turbine oadng.
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