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NATIONAL ADVISORY CCMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Air Materiel Command, UeS. Alr Forces
PERFORMANCE OF J-33-A-21 TURBOJET-ENGINE COMPRESSCR
I -~ OVER-ALL PERFORMANCE CHARACTERISTICS AT EQUIVALENT
IMPELLER SPEEDS FRO: 6000 IO 13,400 RPM

By William L. Besdo, Karl Kevach, and John We R. Creagh

SUMMARY

The NACA is investigating a series of J-33 turbojet-
engine compressors to determine the over-all and component
performances and to improve theories of flow through large
centrifural compressors, The production model J-33-A- 21
was operatéd over a range of inlet temperatures from 80° to
-40° F and inlet pressures from 14 to 5 inches mercury abso-
lute for equivalent impeller speeds from 6000 to 13,400 rpm.

At the equivalent design speed of 11,500 rpm, the compressor
had a peak pressure ratio of 3,98 at an equivalent weight flow
of 73e4 pounds per second and an adiabatic temperature<rise .
efficiency. of 0,701, When the compressor speed was reduced
from the design speed to 6000 rpm, the adiabatic temperature-
rise efficiency increased to O. 747. At the maximum equivalent
speed investigated (13,400 rpm), & peak pressure ratio of 5,09
was .obtained at an adiabatic temperature-rise.- efficiency of
0,617 and an equivalent weight flow of 86,0 pounds per seconds
An increasse in inlet pressure from 5,5 to 14 inches mercury
absolute, with a consequent 1ncrease in Reynolds number. Lndex,
improved the pressure ratioc but had no apparcent effect on the
ratio of temporature rise through the compréssor ¢ inlet tem=
peraturc, The variation of the peak adiabatic temperature-rise
efficiency with inlet pressurg is in the dircction that would
be expected from o Reynolds number effecte Decrease in the
inlet tompcrature from 80° to -40° F, with a consequent increase
in Reynolds number index, resulted in scatter. of the pressurc-
ratlo date and 1ncrcased valucs of temperature ratio. The
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variation of the adiabatic temperature-risc officiency with
inlet tomperaturec is probably the result of heat-transfer effects
and scatter in the pressure ratio.

INTRODUCTION

At the request of the Air Materieél Command, U.S, Air

Foreccs, an investigntion is being conducted at the NACA Cleve-
land lsboratory to determine the performance characteristics

of a series of J=33 turbojet-engine compressors., The objectives
of the investigation are to increase the weight flow per unit
frontal area of the compressor, improve the pressure ratioc and
efficiency at a given speed, and increase the fundamental know-
ledge of flow through large centrifugal compressors. Because

the maximum potentialities of the compressor sre being sought,

o separate investigation of the compressor rather than of a
complete turbojet engine is being made., The compressor will
be extensively instrumented to determine the ovaer-all perform-
ance of the compressor, the characteristic performance of the
compressor components, and the state of the air at the combustion-
chember inlet-guide vsnes. "4 geries of configurstions of im-
pellers and diffusers will be’ experlmentwlLy investigated %o
determine possible sources of losses ond to analyze improvemonts
afforded by subsequent modi ficationse Cempressor performance
augmentatlon such as that oflered by water injection (reference 1),
will also be coxn s¢dercd. '

The first inveqtigation was made of a production model

J-33-A-21 compressors, ‘Rins were made over a range of equivalent
impeller spceds from 6000 to 11, SOO rpm with an inlet Drossuro
of 14 inches mercury sbsoluté and inlet tomperature of 80" F.
Additional runs at tho 'design equivalent speed (11,500 rpm)
were made with én 1nlet pressure of 5,5 inches mercury absclube
end inlet temperatures of 0° F and -40° F to determine the
effect of inlet pressure and femperature on compressor per—
formance, A run was also made at S inches mercury obsolute

and the highest eguivalent impelle? speed possible, 13,400 rpm,
the actual rotor speed being limited by the emorgency rating

of 12,000 rpm, An increase in weight flow for an equivalent
1mpeller speed of 13,400 rpm necessitated decreasing the inlet
pressure from 5.5 to 5 inches mercury absolute. Cempressor
performance was deternined at all inlet couditions and over

a range of welght flows at each spced 1nvest1gatnd. '
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APPARATUS AND INSTRUMENTATION
Apparatus

'iThe J=33-A-21 compressor assembly corisists of a double-
entry centrifugal impeller, a vaned diffuscr, and a compressor
casinge As a component of a turbojet engine this compressor
produced a maximum pressure ratio of 3,90 at a weight flow of
76 pounds per second with standard sea-level irilet conditions
and an eactual impeller sneed -of 11,500 rpni. "The compressor
dimensions are as follows:

Impeile-r—inle-.t d,i-ameter, inCh_eS, 09;-na-~ 'e-»vc"oo'O .9'900-! 18031
Impeller~-outlet. diameter, inches ...,,....s..,l;..,.;. 30,00
Number of impeller vanes, per side ,sceeevcipocsocareas 31
Diffuser inlet-vane dismeter, inches esavcneserciesose 34, 06
Number of diffuser passages 0"'.".’.0.‘!0'.0'.‘.'(( ces 14
Mean diffuser discharge diameter, inches essecseserecs 42,88
Diffuser outlet passage area, square inches per

passage »tq:ctoooacccdvnacoo-&!p;noonq'-ptpn-coopooo 10 41

‘.A photqgraph Qf the experimental setup is shown in figure 1l.
The compressor assembly (impeller, diffuser, and casing) was
mounted inside a stagnation chamber, which was an air-tight
steel tank 6 feet.in diameter and approx1mately 13 L/2 feet
in length (fize. 2}, Three screens were fitted into the tank
near the midsection to remove any foreign particles and to insure
smooth flowe Becaluse of the large cross-sectional area of
. the tank, the velocity of the alr through the tank was negli-
gible and the kinetic energy of the inlet air was assumed to
be smalle The turbine end of the compressor was bolted to a
bulkhead platc and fastened to the rear of the stagnation chamber.
A single modified aircraft strut supported the accessory end of
the unit from the bottom of the tank to prevent the unwt from
being completely supported as o cantllever,

The impeller was driven by a 9000—horsepower variable-
frequency induction motor, with a maximum speed of 1793 rpm,
through an 8,974:1 speed increaser, A svlined coupling con=-
nected the sneod increaser to the ccmpressor impeller shaft, -

The inlet air pessed through a submerged adjustable orifice
in the inlet ducting, intc the stagnation chamber housing the
compressor, and into the compréssor. Alr discharged from the
impeller through the 14 diffuser passages intc 14 diffuser-
outlet transition ducts approximately 16 5/8 inches in length,
A discharge duct 3 7/8 inches in dismeter and 22 5/8 inches in
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longth extended from each of the diffusor-outlet transition
ducts to precvide the space for compressor-outlet instrumenta-
tion, These.transiticn and discharge ducts have an approxi=-
maté’ over-gll.length of 39 inches and are not found in the
‘corventional turbojet-engine assemblye The air was then dis-
charged into a central collecting chambere -Two 20-inch radial
'ﬂoutlet plpes on d‘aﬂe%rmcally opposite sides of the collccting
"chamber _discharged thé air inteo a common 24=inch duct connected
to tHe lsborﬂtory exhaust ﬂaallwtles.'

Compressor inlet and- outlet - pressures ‘were revulated by
butterfly throttle valves., The inlet ducting, stagnat1on chamber,
and ‘the 14 dlfpuser discharge ducts were insulated to minimize
heat transfer between the worklng fluld and the room aire

'Instrumentation

" The weight flow through the compressor was measured by
a submerged adJustable or1f1ce locateéd in a stralght section #
of the inlet ductinge The pressure drop across the orifide -
was measured by a water differentisal manometer, The tempera-
ture and the static pressure. upstream of the orifice were
measured to determine the density of the aira

Two thermocouple rakes on opposite sides.of the stagnation

chamber together with two total-pressure rakes and two statice
pressure taps were used to determine the state of the inlet air.
Each of the thermocouples and total-prossure tubes was located
at the root-mean-saguare radius of the three annular arcase The
wall static-pressure taps were located-in the same plane as the
thermocouple reakes and total-prcssure rakes, All instrumenta-
tion in the stagnation chamber was made in a nlann -downstream
of the 'screeng, approximately midway between the screens and
the compressor installation. o C

. Compressor outlet measurements were taken in the 14 diffuser
discharge ducts approximately 34 1/2 inches from the diffuser
elbow. Two wall static-pressure taps were installed on either
side of each duct, Two total-pressure tubes were installed
90o from the static-pressure taps and placed at a position one
third the pessage diameter, In addition, a single thermocouple
was located at the center of each ducts All outlet measurements
were made in the same cross-sectional planes

S

Pressures were measured with water and mercury manometers,
All temperatures were measured on a calibrated potentiometer in
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conjunction with a sﬁotiigﬁfléai;aﬁbﬁetef; The: speed of the
cenpressor was determined by an clectric chronometric- tachometers

The precision of the me&surements are ostimated to bo within
the follcw1ng limits: '
Tcmperature, F AO.Q.‘Oi.l'toooipooltoﬁtOIOOQl’OCDO.;Qio;-QO . +005
Pressure,‘lnches meroury: ADSOLULC seseesisssososonaansa  F0.04
Air Welght flow, percent aototo.oco.coravco-& ?0550 o "1;50
Specd pbrcont ¢aquooaoqtoo-¢c‘ooo-ocsooncn-Qongoqn.oc +Og3

.fMETHobsf“

“The runs to- deterﬂlne the ovor-all ge”formance chqracterv

“"istibs’ of tho: compressor were made at 80° F and at the‘highest

inlet pressure peossible as limited by the power and.gear. ratio

_ of the drive unit. Runs to dotermine the effoct of inlet. pres-

“surd and-temperature were made. The lowest inlet temperature

Cinvestigated was =40° F, whlch could be obtained only by ro-

" ducing’ the rinket pressure o approximately 5.5 inches mercury
"gbsolute beéause:of the linited quantlty ‘of refrigerated air

avallable. “h run was also made with an inlet temporature. of

‘0° F.: Asummary of the ccndltlons 1s o‘iven 1n the follow1ng

teble: C e o ST e

Bquivalent: :|Equivelent {Inlet Inlet tem~| Determine
jlmpeller tipxspee&; pressﬁfo perhtqrql jofféct
spoed, NA/BIUAB (in, Hg *| (°F) of
: ‘(rpm).= (ft/scc) abs.) ' S
16,000 L 867 |- 14,0 | .80}, o
coal 7,000 10 0916 4 14,0 | B0
o 9,000 ) 1178 0 1 14,0 i 80 --~.Speéd
1o ,000 ~ 17771309  { 14.0 | .80l
{ ll.QOO“- 1 1440 4 14,0 _TBO b
[, 11,500° {1505 : 4 14.0 : Inlet
11,500 1505 }. ‘5.5 80\)*8— pressure
11,500 1505 - § 5.5 i . 0>=-= Inlet -
11,500 1505 5. —40] temperature
13,400 {0 17557 . b 5. 1 =40 Speocd

lRoom—air temperatufe varied froﬁ 750 t'CfBSOL.F‘“f

All data were corrected to NACA standard sea~level
conditions where:
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actual impeller rotative speed, rpm

actual impeller tip speed, feet per second

ratio of inlet total pressure to sea-level pressure

ratio of 1n1et total temner ture to sea-level temperature

RESULTS AND DISCUSSION

Effoot of speods -'In flgure 3, the pressure ratlo PQ/Pl
.is shown ae = fﬁﬁcflon of equ1valent weight flow WV~76 and

o

,;eculvalont volume flow: « QY@ . with. efficiency contours, The

peak pressure ratit at--the design equivalent speed of 11,500
rpm.was 3 98 ahd ‘the flow ot this point was 73.4 pounds per
seconde " Figure 4 presents the. aqrreepopdlng varlatLon of com=
pressor adiabatic temperature-rise efficiency ﬂad with equiva-
lent weight flow. Peak adiabatic temperature-rise efficiency
at the design equivalent speed of 11,500 rpm was 0:701 and was

- -obtained at an cquivalent weight flow of 7344 pounds per second:
. ‘When the compressor speed was reduced from 11,500 to 8500 rpm,

the peak efficiency inckeased slightly to O¢710- peak efficiency

then increased to 0.747 as the speed was reduced to 6000 TP

The nerformance ‘of the comnressor at the max1mum 1'\ernuss:{ble

- Speed in this installation is shown  in figure 5. A peak pressure
;ratlo of 5,09 was obtained at an equivalent weight £1ow of 86.0

pounds per second and an adiabatic femperature-rise efflclencv

.1‘:of 0.617, which is 0,084 lower than that.obtained at the design

speed. This drép in efficiency 1ndlcates o crltlcal flow con-
dltlon between 11,50C amd 13,400 rpm.

RTINS

Effect of 1nlet temperature, “"The effect-of inlet tempera~-

" ture on adisbatic temperature-rise efflc;ency and pressure ratio

is presented in figure 64 The peak adiabatic tempcra+ure-r1se

effidiency was affeoted enly~sllghtly when the inlet temperature

was reduced. from 80° to 0% Fo The” ‘penk- eff*clency then dropped
0,013 when the 1nlet temporaturo was reduced to #40° F, The effi-
ciency at an inlet temperature of 0° F was hlgher then at 80° F

“in general, but bctween 0° and <40°'F, the .trend is apparently

reversed, The max1mum variation in peak ‘prossure ratio was

slightly more than 0.1 (approximately 25 percent), The peak

pressurc ratio 1ncreased with a drop in témperaturc. The effect

" ofinlet temperature on equivalent weight flow was small (1.0

percent) and w1th1n the accuracy of tho air metering devices

Effect of 1nlet pressure. = The ef oct of inlet pressure on

adiabatic temperature-rise. efficiency and.pressure ratio is pre-

sented in figure 7. The peak adiabatic tempeérature-rise efficiency

Pl
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decreased 0.010 when the inlet pressure was decreased from 14
to 5.5 inches mercury absolute. Over the range of air flows
obtained, an approximate decrease of 0.010 was observed at a
constant weight flow with a decrease in inlet pressure. The
peak pressure ratio decreased approximately 0.08 (2.0 percent)
when the inlet pressure was reduced to 5.5 inches mercury
absolute, The equivalent weight flow was decreased with a
decreage in air pressure. ‘This decrease amounted to 2.5 pounds
per second or approximately 3 percent when the inlet pressure
was reduced from 14 to 5.5 inches mercury absolute. Data for
inlet pressure of 29.92 inches mercury absolute would probably
show a corresponding increase in weight flow.

Bffect of Reynolds number. - The variation of adiabatic
temperature-rise efificiency, peak pressure ratio, and temperature
ratio CTZ - Tl)/Tl with Reynolds number index Pl/(u1/") is
presented in figure 8. An increase in inlet pressure from
5.5 to 14 inches of mercury absolute with a consequent increase
in the Reynolds number index resulted in an improved peak pres-
sure ratio, whereas a decrease in the inlet temperature caused
a scatter of pressure-ratio data, Increase in the inlet pres-
gure and Reynolds number index caused no appreciable effect
upon (Tp - T1)/T1. An increase in the Reynolds number index
with a decrease in inlet temperature from 800 F to -40° F
resulted in increasing values of (Tp - T1)/T7. This trend may
be ascribed to heat transfer. The variation in peak adiabatic
temperature~-rise efficiency with inlet pressure is in the
direction that would be expected from a Reynolds number effect;
however, the variation of efficiency with inlet temperature and
its resultant Reynolds number index is fortuitous. This varia-
tion is probably the result of scatter in bver-all preassure
ratio and of heat-transfer effects.

SUMMARY OF RESULTS

An investigation of the performance of the J-33-A-21 turbo jet-
engine compressor produced the following results:

1. At an equivalent design speed of 11,500 rpm the compres-
gor had a maximum pressure ratio of 3.98 at an equivalent weight
flow of 73.4 pounds per second and an adiabatic temperature -rise
efflclency of 0.701. -



2. When the compressor equivalent speed was reduced from
11,500 to 8500 rpm, the peek adiasbatic temperature-risc effi-
ciency increased slightly te 0.710; peak efficiency then in-
creased to 0.747 as the speed was further reduced to 6000 cquiva-
lent rpme.

_ 30 At the maximum equivalent speed investigeted, 13,400
rm, a. peak pressure ratic of 5.09 was obtained at an adiabatic
tcmperature-rise efficiency of C,617 and an eculvalenu we*ght
flow of 8640 pounds per second, .

' 4, TWith a decresse in inlet temperaturc frem 80° to 09 F
the peak ediabatic temperaturec-rise efficiency was affected:
only slightly; the peak efficiency drepped 0,013 when the inlet
temperature was reduced to -40° F, Over the greater part- of
the flow range the. offlcirncy at an inlet temperaturec of 0% F
was higher than that at 80° F, but then decreased as the 1nlet
temperature was reduced to -40 Fe .

De. . With a decrease in inlet tempcrature frem 80° to -40° F, .
the maximum varistion in peak pressurc ratio was slightly greater
‘than 0,1 (upproxnnately 2.5 percent)a Thc peak pressure ratio
obtained with the inlet temperature of 0° F was greater than
that observed with the inlet temporaturo of =40° F; peak prossure
ratic with inlet temperature of 80° F wes less than that ob-
tained at the two lower inlet tomporaturcs, 0" F and ~-40" F,

6 ~The effect of inlet teﬁperatﬁre on equlvdlonf welight
flow was small (1.0 percent) and within the accuracy of the
alr meter;ng dev1ce.

7. Peak adiabatic temperature-rise efficicney decreased
D. 010 when the inlet pressure was reduced from 14 t0.5,5 inches
mercury absclute at a constant inlet temperature of 80°,F.
Over the range.of air flows obtained, an approximate decrease
of 0,010 wes cbserved at a constant weight flow with a decrease
~ in inlet pressure, : ‘

8. The peak pressure ratio decreased approximately 0,08
or 2 percent when the inlet pressure was reduced from 14 to
5.5 inches mercury absclute at a constant inlet temperature
of 80° F, :

9« The equivalent weight flow decreased as the inlet
pressure was reduced. This decrease amounted to 2.5 pounds -
per second, or approximastely 3 percént when the inlet pressure
was reduced from 14 to 5.5 1nches mercury absolute at a con-
'stant inlet temperature of 80° F, Dste for 1nlet pressure of
29492 1nches mercury absolute would prcbably show a correspondlng
iricrease in weight flow,
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10. Variation in the inlet pressure from 5.5 to 14 inches
mercury absolute with a consequent increase in Reynolds number
index resulted in an improved over-all pressure ratio but
caused no appreciable effect on the temperature ratio. The
variation of peak adiabatic temperature-rise efficiency with
inlet pressure and Reynolds number index is in the direction:
that would be expected from a Reynolds numper effect.

11. Variation in'the inlet temperature from 80° to
-40° F with a consequent 1ncrease in-Reynolds number index
resulted in scatter of the over-all pressure ratio and in
increaging values of the temperature ratio; this increase is
probably due to heat.itransfer. The variation of the peak
adiabatic temperature—rise efficiency with inlet temperature
and Reynolds+Aumber index is fortuitous. This variation is
probably the result of scatter in the over-all pressure
ratio and of heat-transfer effects.

Flight Propulsion Research Laboratory,
Naticnal Advisory Committee for Aeronautics,
Cleveland, Ohio, March 15,.1948.
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Figure 1. - Setup for investigating performance of J-33-A-21 turbojet engine
compressor,
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Figure 2. - Installation of J-33-A-21 turbojet engine compreseor.



Pressure ratio

) : : e 946 . .
. A -
* *
4.5
[T 1
Equi;als;}g_ -
speed, n
4.0 (rom) ad:ﬂL_-Q
o) 6,000 P "\7.\675
O »000 /
A 8,500 % 7 // =
v 9,000 e PN T
sal— § £88 BECSERD i N
> 11,500 L~ F/\/ 50
s y A ﬁv . R #’/4’9 ] 7‘5/_#“, v‘j,/wx
urge line—y | .- - el s o P
8.0 7 JE{/_ 4 L— ‘ | .
. ’ p . 1
// L ~T- ~T — /%( P - 4 .50
1 / g - — ‘///4'1/ " P
o5 ,5”’<::: 65 .675 P g | L~ o+
. ‘/)¢—%7g’ ] ;>~\//&// L ZYE::::*;E:?-"::7’§ B - = + ips
= e e S e e e o — %
“ — = ~ e " s B + 4
// = — — Jo zo
d - e 1 — e IDFHS
2.0 ,"4( iw/ﬁ“:’ -///‘:7 ] /G—-”//“G‘:Q =1 —T
~ P e e * =T P T P
= |
/[34 —%'3'%2%:4///// e /_/ J —// >
L~ - TG
. P P _////— " — a4 J SCEER
oA ooz A ] LT T
t.5 T — g (ay . ~
T _— lul /// S
" .
é Q7 s W/’*
.0 . ; t $
[14] 20 25 30 35 40 45 50 55 &0 65 70 75 80 a5
Equivalent weight flow, W/8/8, Ib/sec P s g - .= -
i i L 1 ) 1 4 1 1 i
300 400 500 800 700 800 900 1000 1100

Equivalent volume flow, Q/V6, cu ft/sec

’ Figure 3. - variation of pressure ratio with equivalent weight flow at iniet pressure of 14 inches mercury absolute and inlet temperature of 80° f.

“ON WY VIVN

G1083S

el



Adiabatic temperature-rise efficiency

B & TR - 946
.80 —
—\)§O
////’ \\?;? {}—“T]\\:\\\\ Lo -
e T T e T P T
\Q\
v >//£ R RS |k
.60 5 / S/ T >\V \ xj
A\ &; ﬁ] . | -
.50 \i
-‘_
Yy
.40 T
Equivalent O
speed, N/V&
(rpm)
(o] 0
.30 o ?:8(0)0
A 8, 500
v 9,000
& 10,000
: g :
.20 - ' v
.10 S
5 20 25 30 35 40 45 50 b5 60 65 75 80 85"

Figure 4. - variation of adiabatic temperature-

Equivalent weight flow, W8/5, Ib/sec

70

rise efficiency with equivalent weight flow at iniet pressure of i4 inches mercury absolute

and inlet temperature of 80° F.

“ON WY VYOVN

G1283s

4



946

NACA RM No. SEBCIS

Adiabatic temperature-rise efficiency
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pressor performance at equivalent design speed of 11,500
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