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ALTTTUDE-WIND-TUNNEL INVESTIGATION OF COMFRESSOR FERFORMANCE
ON J47 TURBOJET ENGINE

By William R. Prince and Emmert T. Jansen

SUMMARY

An investigatlion has been conducted in the NACA ILewis altitude
wind tunnel to determine the performance of a l2-stage axilal-flow
compressor operating as an integral part of the turbojet engine.
Compressor-~-performance data were obtalned while the burbojet engine
was run over its full operable range of englne speeds at various
simulated altitudes and flight Mach numbers. The use of three
different exhaust-nozzle-outlet aress extended the range of com-
pressor operation.

Increases In altitude from 5000 to 50,000 feet resulted in a
decrease in compressor efficiency at all corrected alr flows. The
loss of compressor efficilency with increasing altitude lis largely
attributed to the effect of Reynolds number on compressor performance.
The compressor operating lines shifted toward the high air-flow side
of the region of peak efficliency as the altltude was Increased. The
meximum compressor effliclency obtained was approximately 87 percent
and occurred at an altitude of 5000 feet and a corrected alr flow
of 80 pounds per second, which correspords to a corrected engine
speed of about 6300 rpm and a compressor pressure ratio of 3.5.

The velocity profile at the compressor outlet was symmetrical
and was unaffected in general by verlations in altitude, £light
Mach number, exhaust-nozzle-outlet area, or engine speed.

INTRODUCTION

An Investligation of a turbojet engine having a thrust rating of
5000 pounds at statlic sea-level conditions has been conducted in the
NACA lewls 2ltitude wind tunnel. The over-all englne performance is
summarized in reference 1.
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The performance of & l2-gtage axial-flow compresaor operating
a3 an integral part of the turbojet engine 1s reported herein. The
range of operation of a compressor functioning as a component of a
turbo jet engine is restricted by the characteristics of the other
components. Three exhaust-nozzle-outlet areas were therefore used
in this investigation in order to extend the range of operation of
the compressor. The englne was operated with each exhaust nozzle
over a range of simmlated flight conditlons covering altitudes from
5000 to 50,000 feet and flight Mach mumbers from 0.20 to 0.97. At
each sinmlated flight condition, the engine was run over the full
operable range of apeed.

The effects of variations in altitude, flight Mach aumber, and
exhangt-nozzle-outlet area on the compressor performance character-
istios are graphically presented. A complete tabulation of the
compressor performance date is also presented.

APPARATUS AND INSTRUMENTATION

Engine

The J47 turbojet englne used in this investigation (fig. 1) .
has = gea-level static rating of 5000 pounds thrust at an engine
apeed of 7900 rmm and a turbine-outlet temperature of 1735° R
(1275° ¥). The main components of the atandard engine include a
12-gtage axial-flow campressor, eight ocylindrical direct-flow com-
bustors, a single-stage impulse turbine, a tall pipe, and a fixed-
area exhaust nozzle. The standard exhaust nozzle used in thias
inveatigation has an outlet area of 280 square inches.

Compressor

The compressor has appraximately a flow cepacity of 94 pounds
of air per second and a compressor pressure ratlo of 5.1 when the
engine is operating at rated sea-level conditions.

Alr enters the engine through an aennular inlet duct around the
accegsory housing and passes into the compressor through a single
row of inlet guide vanes. The air is discharged from the compressor
through two rows of guide vanes into the combustion chambers, Small
amounts of air are extracted from the eighth and twelfth stagee of
the campressor to cool the turbine rotor and %o balance the axlal
thruat of the campressor rotor.
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A seal is provided on the rotor at the twelfth rotor stage of
the compressor and restricts the leakage flow to about l% pounds
of air per second at rated sea-level conditions.

The length of the 12-stage compressor rotor (fig. 2) from the
front face of the first-stage rotor disk to the rear face of the
twelfth-stage rotor disk is approximately 27.7 inches and the blad-
ing has a constant outside dliemeter of 28.9 Inches. The compressor
stator is the split-casing type (fig. 3).

Instellation

The engine was mounted on a wing section that spanned the
20-foot-diemeter test section of the altitude wind tunnel (fig. 1).
Conpressor-inlet total pressures consistent with flight at high
speeds were obtalned by introducing dry refrigerated alr from the
tunnel meke-up air system through a duct to the engine inlet. This
alr was throttled from epproximetely sea-level pressure to the
desired pressure &t the engine inlet whille the astatic preasure In

the tunnel test section was reduced to simmlate the desired altitude. -

Inlet-air temperatures below -20° F s corresponding to high altitude
and low flight Mach number, were not obtalned. The inlet-air duct

was connected to the englne by means of a frictionless slip Joint,

which permitted installation drag and engine thrust to be measured
by the tunnel balance scales.

Three exhaust nozzles were used with the englne installatiom.
The rangs of nozzle areas was limited fram a minimum ares fixed by
maximum allowable turbine-outlet temperature at rated engine speed
to a maximum area limited by the tall-pipe outlet area. The largest
exhaust nozzle (342 sq in.) consisted of a straight pipe section
4-inches long clemped to the outlet of the stendard tall pipe. The
other two exhaust nozzles were uniformly tapered sections having
lengths of 18 inches for the standard 280-square-inch nozzle and
12 inches for the 302-square~inch nozzle. These two nozzles were
attached dlrectly to the 4-inch straight-pipe section.

Instrumentation

Presgures and temperatures were measured by instrumentation
installed at several stations throughout the engine (fig. 4).
Compressor-rotor-stage static pressures were measured by wall
orifices located midway between the rows of stator blaldes. The
location of instrumentation for stations 1, 2, and 3 is shown in
figures 5, 6, and 7, reapectively.
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SYMBOLS
The following symbols are used In the calculations:
A area, square feetl

a gtagnation speed of sound in air, feet per second

Cp specific heat at constant pressure, Btu per pound per SR

D ccl:mpcressor rotor-blade~tip dilameter, feet

g acceleration due to gravity, 32.2 feet per second per second
H totel enthalpy, Btu per second

M Mach number

R engine speed, rpm

P totel pressure, pounds per square foot sbsolute

P stetic pressure, pounds per square foot absolute

R gas constant for air, 53.4 foot-pounds per pound per °F

total temperature, °r

Ty 1indicated temperature, °Rr

t static temperature, °R

U rotor-tip speed, feet per second

v veloclty, feet per second

Wy air flow, pounds per secomd

b4 ratio of specific heat at oconstant pressure to specific heat

at congstant volume

61 ratio of absolute total preasure at engine inlet to a2bsolute
static pressure at NACA standard atmospheric sea-level
conditions

61 ratio of abasolute total temperature at engine inlet to absolute
static temperature at NACA standard atmospheric sea-level
conditions

1175
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%, compressor efficlency, percent

Subscripts:

c compressor

o free-stream condltions
1 engine Inlet

2 compressor inlet

2a compressor stages

3 campressor outlet

The statlions to which the numerical subscripts refer are shown in
figure 4.

Generalizing parameters:
N/A 6, corrected engine speed, rmm
Wo (N 61/81) corrected air flow, pounds per second

METHODS OF CALCULATIOR

In the calculation of desired parameters, arithmetic average
values of temperature and pressure wers used.

Flight Mach number. - Flight Mach number was calculated from
the measured ram pressure ratlo by the following relation, in which
complete ram-pressure recovery at the engine inlet was assumed:

y=1
P 7

M o=A B |{X -1 (1)

0 y=1 PO

Temperatures. - Static temperatures were determined from
indicated temperatures with the following relation:
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b = o (2)

x-1
7
1 + 0.85 (13) -1
P

Alr flow. - Alr flow through the compressor was calculated
from pressures and temperatures measured at the engine inlet,

station 1, by the equation

P
Wa,1 = P14y T‘:_Z)STW—]_ (El) -1 (3)

Air-flow values obtained from measurements at the engine-
inlet station agreed within approximately 1 percent with those
obtained from measurements at the exhaust nozzle.

Compressor efficiency. - Compressor efficlency was caloulated
in the following manner: The ideal total temperature Tz', which is
the temperature the alr would attain by an isentropic compresaion,
is
2=

V4

T3' =Ty :—%)

The actual total temperature of the alr Tz 18 higher than Tgz'
because of losses in the compressor. These temperatures are related
by the adlabatic efficlency, which is defined as

_AHjem1

Anaotual

e

_ Waop (T5'-T3)
wa_cp (TS-TI)

or substituting to eliminate Txz' gives

SLTT
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Compressor Mach number. - Compressor Mach number 1s defined as
the ratio of the tip speed of the compressor rotor blade to the
velocity of sound in alr at the total temperature of the engine-
inlet alr. The equation used is

M U x DN | (5)

cﬂ_-

2 soN 78RT,

Compressor-outlet velocity. - Compreasor-outlet velocity was
determined by the equation :

x=3
2 25\ 7
Vs =\ 5% eBts (g -2 ()

vhere Pz is the average of the total pressures measured at each

redisl station. Average static pressures and static temperatures
were used in equation (6).

RESULTS AND DISCUSSION
Method of Presentation

Conmpressor-performance data have been generalized to standard
sea-level conditions by the use of correction factors 81 and 91.

A campressor operating line was obtalned for each combination
of altitude, f£light Mach number, and exhaust-nozzle-outlet area.
Three forms of the operating line are presented: (1) relation of
compressor pressure ratio to corrected engine speed, (2) relation of
corrected air flow to corrected engine speed, and (3) relation of
canpressor pressure ratio to corrected ailr flow. The characteristics
of the compressor are shown by contours of conatant efficlency and
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lines of constant corrected engine speed presented on plots of
campressor pressure ratio as & function of corrected air flow.
Datea are presented to show the effect of altlitude, flight Mach
nmumber, exhaust-nozzle-outlet aresa, end corrected englne speed on
the velocity profiles at the compressor oublet and rotor-stage
static-pressure ratios. A complete tabulation of compressor-
performance data is presented in table I.

Campreassor Operating Lines

Effect of altitude. -~ The effect of altitude on the campressor
operating lines is shown In figure 8. At corrected englne speeds
below 6000 rpm, the operating lines showing the relation of compressor
pressure retio to corrected engine speed generalized to & single
curve (fig. 8(a)). Above 6000 rpm, an increase in altitude caused a
shift 1n the operating line to higher pressure ratios such thet at
7900 rmm an increase in altitude fram 5000 to 50,000 feet resulted in
a 3-percent increase In pressure ratio. Thils increase in pressure
ratio at a constant corrected engine speed is a result of the decrease
in compressor efficiency with Increasing eltitude largely due to the
effect of Reynolds number on compressor performance. The operating
lines showing the relation of corrected air flow to corrected engine
speed shifted toward lower ailr flows with increessing altitude over the
entire range of englne speeds (fig. 8(b)). The decrease in corrected
alr flow emounts to 3.5 percent at & corrected engine speed of
7900 rpm for an Iincrease in altitude from 5000 to 50,000 feet; this
logs in welght flow 1s likewlse atiributed to the Reynolds number
effect on the compressor with increase in altitude. The cheracter-
istic shape of the air-flow curve (fig. 8(b)) as the engine approaches
rated speed 1s a result of the air flow at the compresscr inlet
reaching a choked condition and thereby limiting the flow through the
engine. The effect of altitude on the relation of compressor pressure
ratio to corrected air flow is shown in figure 8(c).

Effect of f£light Mach number. - The campressor pressure ratio
decreased with an increese in flight Mach number (fig. 9(2)), the
groatest shift taking placé at corrected engine speeds below 6500 rmpm.
In general, increases in flight Mach mumber slightly increased the
corrected air flow at all corrected engine speeds (fig. 9(b)). A
change in flight Mach number from 0.20 to 0.97 at a corrected engine
apeed of 7900 rmm reised the corrected air flow approximately

1%' pounds. A trend similar to that in figure 9(a) can be observed
for the opersting line based on corrected alr flow (fig. 9(c)).
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Effect of exhaust~nozzle-outlet area. - An increase In exhauat-
nozzle-outlet area caused a drop in the compressor pressure ratlo
at any constant corrected engine speed (fig. 10(2)); however, no
significant change in corrected air flow occurred for any glven
corrected englne speed over the range of nozzles Investigated
(f1g. 10(b))}. Increasing the exhaust-nozzle-outlet area resulted
in a decrease iIn compressor pressure ratio at any constant corrected
air flow (fig. 10(c)).

Compressor Efficlency

Effect of altitude. - An increase in altitude caused & decrease
in compressor efficlency &t all corrected air flows (fig. 11(a)).
At rated engine speed of 7900 rmm, an increase in altitude fram 5000
to 50,000 feet decreased the campressor efficiency from 79 to 72 per-
cent. This logss of efficlency with increasing altitude is largely
attributed to the Reynolds number effect on compressor performance
(reference 2).

Effect of £light Mach number. - At constant corrected air
flows less than 70 pounde per second, an Increase 1in £flight Mach
number resulted in & loss of compressor efficiency (fig. 11(b)).
Above & corrected alr flow of 90 pourds per second, an increase in
flight Mach number at constant corrected air flow indicated an
increase in compressor efficiency.

Effect of exhaust-nozzle-outlet area. - The effect of nozzle
area on compressor efficlency l1s shown for altitudes of 5000,
25,000, and 45,000 feet at a flight Mach number of 0.20 in fig-
ures 11(c), 11(d), and 1l(e), respectively. At an altitude of
5000 feet, the medium nozzle area of 302 aquare inches gave the high-
est compressor efficiencies below a corrected air flow of 90 pounds
per second (fig. 11(c)). At corrected air flows greeter than
90 pounds per mecond, an increase in nozzle area resulted in a drop
in compressor efficlency. The general trend was the seme at
25,000 feet except that the reversal of the order of the efficiency
curves occurred at a corrected air flow of apmroximately 80 pounds
per second (fig. 11(d)). At 45,000 feet, the standard 280-square-
inch nozzle area gave the highest campressor efficlencles for all
corrected alr flows; and, at & constant corrected air flow, any
increase 1n nozzle area caused e drop in compressor efficlency
(fig. 11(e)).

In general, the change in efficiency between corrected air
Flows of 60 and S0 pounds per second was relatively small for all
the conditions investigated, which gives the compressor a wide
range of operation at close to meximum efficiency (fig. 11).
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Charecteristic Curves

Compressor-performence characteristics for three sltitudes of
5000, 25,000, and 45,000 feet at a flight Mach number of 0.20 are
presented in figures 12 and 13. These cross plots were comstructed
using figures 8 end 1l and compareble curves of the data for the
other two nozzle configurations. Inasmuch as the range in com-
pressor pressure retio was small, because of the limited nozzle-ares,
variation, only the operating line for the standard nozzle hes been
superimposed on figures 12 and 13. The length of the constant speed
lines i1s indicative of the range of operation of the compressor with
the nozzle-area variation used in this investigation. At a glven
compressor preassure ratio and & glven corrected engline speed, an
“increase in altitude resulted in & decrease 1n corrected air flow
(fig. 12). The operating lines and the lines indicating reglons of
maximum efficlency shift to higher compressor pressure ratlios and
lower corrected air flows with an increage in altitude. The shift of
the region of maximum efficiency is greater, which results In the com-
presaor operating lines shifting toward the high eir-flow side of
the reglon of maximum efficiency (fig. 12). The maximum compressor
efficiency was approximately 87 percent and occurred at a corrected
alr flow of 80 pounds per second and an altitude of 5000 feet
(fig. 13(a)). This maeximum efficiency occurred at a compressor
presgure ratio of approximately 3.5 and at a corrected engline speed
of about 6300 rpm. A change in altitude from S000 to 45,000 feet
caused a decrease in maximum compressor efficiency for the range of
nozzle areas investigated from 87 to about 80 percent (fig. 13).

The velocity profile at the compressor outlet (fig. 14) weas
symmetrical with no indication of reversal of flow at the blade
roots. The data showed no general effect on the wvelocity profile
or average velocities with variations in altitude (fig. 14(a)),
flight Mach number (fig. 14(b)), exhaust-nozzle-outlet area
(fig. 14(c)), or corrected engine speed (fig. 14(d)).

The compressor-rotor-stage static-pressure-ratio profiles for
variations 1n altitude, flight Mach number, exhaust-nozzle-outlet
erea, and corrected engine speed are presented in fligure 15.

SUMMARY OF RESULTS

From an investigation of a turbojet engine in the NACA Lewis
altitude wind tunnel over a range of simulated altitudes and flight
Mach numbers, the following results relating to the performence of
the compressor were obtained:
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1. TIncreases in altitude from 5000 to 50,000 feet resulted
in a decrease in compressor efficiency at all corrected air flows.
The loss of compressor efficilency with increasing altltude is
largely attributed to the Reynolds nwmber effect on campressor
performance.

2. The change in efficiency between corrected air flows of
80 and 90 pounds per second is relatively small for all conditions
investigated; as & resulb, the compressor may be operated over a
wlde range of engine speeds at close to maximum efficiency.

3. The compressor operating lines shifted toward the high
air-flow side of the region of peak efficiency as the altitude was
increased.

4. The maximum compressor efficlency obtained was approximately
87 percent and occurred at an altibtude of 5000 feet and a ¢orrected
air flow of 80 pounds per second, which corresponds to e corrected
engine speed of about 6300 rpm and a compressor preasure ratlo
of 3.5.

5. The velocity profile at the compressor oubtlet was
symetrical and was unaffected in general by varlations in altitude,
£1light Mach number, exhasust-nozzle-outlet aresa, or engine speed.

Lewis Fllight Propulsion ILeboratory,
National Advisory Cammittee for Aeronautics,
Cleveland, Ohlo,
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TABLE I - COMPRESSOR PERFORMANCE
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DATA FCR TURBOJET ENGINE
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TABER I - COMPRESSOR PERFCORMANCE
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80 25,000 [280| 720|1.,410(6450 | 783 [477 | 1104 {1007 1072 | 916]| 838 994 {1163 [1339|1567{1776
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89|25,000)280| .866 1.612(5024 | 781 [602 | 1269 1212 1253 |1176( 1189 |1302 [1429 1555|1696 |1837
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9726,000 |302| 203{1.032|7692| 781 |480 808 | 726 812 628 457 | 666 647 | 739| 887|1049
98125,000 (302 .203|1.031{7500] 781 [468| B0G| 726 | 8135 | 620| 471! 577| €68 | 7ra| 9221077
99 128,000 (302 .200(1,02016993 | 781 (468 804 | 728 812 658 513 | 619 | 732 | 858(1013|1175
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101 (25,000 |302| .198|1.028|5944 | 781 [461 8053 | 748 813 692 681 | 760 | 894 1013|1161 |130%
102 |25,000 302 | .200(1.029 (5024 781 |461 | 804 | 772 | 817 | 744| 746| 844 929 [1020|1219{1232
103 |26,0001302| ,198]|1.028(4091] 761 459 | 805| 788 | 825 | 7T78| w78l| s44| 894 | 950|1020]|1084
104 26,000 (302| .203]1.032|3147| 783 1462 | 808| 800 | 820 | 798| 797| 832 853 | sge| 924| o59
106 {256,000 |302| «203}1.031[2046| 774 (463 798 | 795 823 793 796 ) 809 ) 816 | 830| 844 858
106 126,000 |502| .7T12(1.402 (78961 7768 (4735 ]| 1088 | 974 (1061 | 845]| 621} 7655| 868 987|2191|1403
107 126,000 (502| .710(1,398|7692| 7681 |474 | 1092 | 980 |---- | 852 640 | 767| 894 |2034)1232 (1443
108125,000 1302 .720|1.4065:7500 | 778 |477 | 1093 | 980 1088 | 855| 651| 778| 919 106712711475
109 (25,000 |502| .720/1.408(6993| 781 (478 1100 992 {1075 | 878| 732 | 8731034 (1201|1429 |1647
110(26,000{302| .720}1.405|64569 | 780 [479 | 1096 [1004 |-=-- | 913 836| 984 {1146 j1322(1533 (1744
111 (26,000(302( .720{1.406 5944 | 781 (480 | 1098|1023 (1084 | 957| ©29 {1070 {1232 [1386|1677|1780
112 (26,000 1302( +720|1.41L|6024 | 776 [479 | 2095 (1062 {1088 |1017| 1036 1142 |1262 [1374]1508 (1642
113 |25,000 (302 +707|1.393 (4091 | 778 {480 [ 1084 1082 (1081 {2046 1067 1151 [1214 1365 | 1440
114 125,000 302 .969{1.824 7895 774 |491 | 1412 (1262 |1402 [1103| 816] 986 (1140 [1309|1677|1857
116126,000|302]| .970(1.820|7692| 767 [492 | 1403 [1266 (1391 ]1097| 623 ] 999 (1161 1561|1619 ]{1888
118 125,000 |302| «963|1.813|7500| 781 |492 | 1416|1268 1343 [1112| B58|1034 {1217 (142017031871
117|25,000(|502| .969(1.827!6993 ]| 781 (493 | 1427 {12688 (1416 |1148] 9921175 [1386 [1612]|1883|2176
118)26,000|302| «971{1.832 6459 | 779 (495 | 1427 1309 (1421 {1204 1131|1321 [1532 [1761]| 2018|2288
119|256,000(302| .964|1.817|5044| 781 |494 | 1419 [1327 {1412 |1247| 1210(1593.|1591 [1788|2020{ 2263
120|25,000 342| .210|1.032|78958]| 781 (463 | 806| 726 | 765 | 627| 457) 563| 847 | 732| 8651027
121 25,000 342 .210({1.032]|7692] 781 463 806 | 726 7856 630 464 ) 670 ] 654 | 748| 8871041
122125,000|342]| .210(1.031L|7500| 778 |465]| 802 725 { 7ol | 629| 468] 574| 665 7e4| 912|1087
123 126,000 (342| .200|1,029[{6993 | 781 |462 804 | 728 785 639 515 619 | 739 | 858|2015{1161
124 1265,000/342! .200(1.028(6459| 781 |461( 8O3 736 | 787 | 663| 6598| TL8| 830 957 1260
125125,0001342( .195]1,027 5944 | 780 |460| 801 746 | 787 | 692| 660] 773 | 886 [1012|1163]/1204
126 (25,000|342| .195{1.027 780 |489 801 | 770 784 744 To2| 843 | 928 (1019(1111|1224
7126,0001342] .200(1.028{4091| 781 j450| 803! 788 | 799 | 76| 781| a44 | 894 | 950/1020]|1077

SLTT



NACA RM ESG28
DATA F(R TURBOJET ENGINE - Continued

a -~ 5

[ - =

B loe e af 5 E kS| S

Compreascr-rotor-stage o gg 8 e LESN a & o u\ K

static preasure, '5.; &8 "é _-gé.; s '9‘: Fi ! 3 3

(Ib/sq £t abs.) .E.'S P8 |reefiae |~ oé‘ = g6

a © & = -t & ©

BEalth |e2aliBe | 52 59| 0| 5 35|82

nox | W " ) Py 0 e ) "

© oY g (<) o :OU‘ 8 - e = zh ~ © z&

ot 0 T’ n -{_m [-] g'u (] ~ B e

TAET BE5IES | R2 |85l 88 | n5 1B 6
7. |8 | 9 |10 f12|12 [BESIEEm|385 18255 | K% | 38| BE | 55 55|83 8
866 | BO7| 804 GOL| OO1| Bo4| 854 | 485 | 909 | B98 | 1,141[2165 [0.246 | B.70 |51.63| 56.4] 65
1647 |2076| 2717|3275 [3a72 4508 2822 | a7e <937 |44.26 |94.32| 71.1] 66

4]
]
[/}
-3
[
[
~1
©o
[+ 1]
g
33

1
S
1569 |1999 | 2464 [S104 (3632 4132|4618 | 817 | 4912 | 4764 | 5.,192|8003 | .902 |[4B.27 [94.70 76.1 68

1545 |170711834 (1968 [2066 | 2130|2214 | 628 | 2535 | 2251 | 2.495|5300| .597 |28.06 60.%3 86.01 72

1081 11109(1116 11116 [2.0881 1024 1010 | 499 | 1060 | 1033 | 1,156|2888 | .325 |15.71(29.36|47.7| 75
1879. (2365 | 3090 | 5738 4456 | 4970|5661 | 869 | 5921 | 57565 | 5.417| 8506 | .936 [61.82 [95.36| 72.9| 76
1895 |2374) 3001 | 5676 (4331 | 4852|5415 | 856 | 5759 | 5589 | 5.288|8038| ,906 60,79 |94.44| 76,1 77

1949 2371|2779 | 5524 [3807| 4363|4863 | 799 | 5115 | 4938 | 4.642|7287| .821 [60.34 [92.76]|682.1| 79
2022 |2581 | 2712 [5127 |3507 3902|4254 | 758 [ 4486 | 4328 | 4£.063| 8737 | .'759 [47.59 |87.47| 83.7
1971 |2259 | 26506 | 2787 (3027|3231 | 53449 | 716 | 3657 | 3625 | 3.310| 6182 | 697 [43.26 [79.66|83.0{ 81
1767 [1943| 2069 12189 2266 [ 2266 2357 | 635 | 2480 | 2390 | 2.267|5240| .59 [32,96 [60.90| 79,6
omem jmeme fanee [ccce |eeee | evco ]| ceca | wee [ meae | ceee | 2aaea | 8116 | 915 (57476 95435 wm=u
2142 12684 | 5206 (4092 [4747| 5408| 6035 | 875 | 6403 | 6208 | 5.,180|7869 | .887 [63.5 [91.0 |78.7
2112 (2633 | 3139 | 3872 [4449| 5188|5786 | 860 | 6123 | 5911 | 4.910| 7658 | 863 [56.50 [95.91|79.5
2275 275311 3175 | 3745 14266 |4829] 6543 ( 825 | 5621 | 5425 | 4.468| 7119 | 802 [54.06 |89.32|83.1
2309 |26821 3034 | 5463 [5843 | 4217|4569 | 700 | 4829 | 4651 | 5,842| 6575 | 741 |50.99 |84.30| 584 .3
2217 |2515 (2766 | SO65 (3280 3470( 3660 | 727 | 3899 | 5769 | 3.114) 6065 | 684 45,35 |75.035]|83,5

£330 |2942| 3639 | 46569 (6336} 6040|6761 | 887 | 7165 | 6064 | 5,173[8029 | ,905 |63.45 |95.335|78.3
8411 |3017|3629 [4516 |5186| 5995| 6670 | 882 | 7088 | 6864 | 5.,0135| 7764 | .874 |63.95 |94.91|80.7]

2583 [3090|3569 14195 |4759| 5371|6923 | 838 | 6250 | 6013 | £,375|7028| .792 [61.07 [90.30]83.5
2588 [3005 | 3592 | 3849 |4261| 4631|4997 | 794 | 5200 | 5096 | 5,726| -
2457 (277313027 13322 (3648 3703| 3895 | 740 | 4165 | 3993 | 2.949| -—--
1250 (1809 {2031 |2601 |3087| 3658| 3967 848 | 4231 | 4203 | 5,230\ 8400 | 047 [37.77 |92.87}{ 71,0
1225 (1562|1907 (2428 |2858| 3372| S787} 826 | 4032 | 3904 | 5,002 8169 | 921 [37.39 (02.42} 73.7]
1253 (1677|1893 | 2372 |2775| 3287| 3703 | 806 | 3926 | 3791 | 4£,877| 7980 | 899 [37.31 |92,19|75.5
1351 116471543 | 2323 12696| 3090|3465 | 767 | 5651 | 3582 | 4,541 | 7441 | .839 (36,54 [90.36}80.5
1450 [1717[1971 {2281 [2576| 2879 3161 | 727 | 3329 | 3214 | 4.141|6918| .780 [365.26 |88.65]82.4| 200
1464 [1696| 1893 | 22,33 |2544| 2548|2738 -~- | 2894 | 2792 | 5.604|6378| 719 [31.91 |78.36| ~mwm
1337 (1485|1605 [175). |1825)1895| 2071 | 6281 | 2085 | 2017 | 2,593|6391 | .508 [24.49 [60.07|83.1
1140 (12251281 [1337 |1365| 1365| 1A0L| 569 | 1466 | 1426 | 1.826]4349 | 490 [16.93 [41.97|78.4
280 110291058 [1079 1076 1065|1072 | 523 | 1114 | 2091 | 1.379(3336 | 376 |12.32 [30.44(73.0
866 | 894| 894 901 894} 880| 887| 488 | 9053 | 894 | 1,132|2167| (244 | 7.67 |[19.21|66.9
1663 |2121 12620 3374 |3972[ 4634|5204 | 852 | 5547 | 5376 | 5.008]8266 | .932 |51.04 [94.81|74.1
1682 (2119 2548 | 3203 |3769 | 4442| 5019 | 833 | 5520 | 5141 | 4.872|8046| .906 [50.60 |93,75|75.6
1721 |21.30| 2646 |3129 (3686|4312| 4882 | 821 | 5155 | 497 | 4,716/ 78235 | 882 |60.64 [94.00{77.4
1879 |2266|2647 | 5118 [3690)| 4076|4535 | 7D7 | 4788 | 4613 | €.3535| 7287 | .821 |49,95 |92.20/80,9
1963 |2294 | 2603 | 2976 3514 | 5638 5948 | 749 | 4186 | 4029 | 5.819!6724 | .758 [46.36 [85,99{82,.8
1943 (2217 (2449 | 2710 2028 3104|3287 | 708 | 3504 | 3572 | 5.191(6182| .697 |42.12 |78.05}82.9
1762 |1938|2064 | 2184 |2247)| 2219| 2290 | 636 | 2441 | 2341 | 2,229|5230| ,589 |52.38 |60.10}76.7
1503 11595 | 1644 11679 |11658| 1638| 1631 | 676 | 16831 | 1659 | 1,505]4255 | .480 [23,54 [44.18[62,.7
2154 |2717|3294 41988 (4914 | 5808| 6654 | 863 | 6964 | 8739 | 4£,932|8116| 9165 (65,43 [95.,41[76.35| 114
2189 |2717|3260 [4041 (4766 | 5689| 6329 | 848 | 6696 | 6465 [ 4,773| 7900 | 890 |64.49 [94.58|7T7.9| 115
2281 |2794 | 5322|4048 [4762| 5605] 6202 | 835 | 6549 | 6318 | 4,625|7705| 568 [66.10 [94.70!78.8| 116
2478 [2970 15428 | 4033 (4590|5174 5716 | 798 | 6040 | 5826 | £.,233| 7176 | .00 |65.48 [91.75}02.6| 117
2560 |2961 | 5355 | 3785 [4179|4538( 48901 758 | 5204 | 5000 | 3.647| 8614 | 4745 |58,85 [85.22[84.3] 118
2478 2801|3076 | 3379 (3611|3773| 3970} 715 | 4266 | 4076 | 2,999| 6093 | 687 |52.51 [76.09 {83,2]| 119
1182 (1478|1795 | 2265 |2731{ 3266/ 3696 | 835 | 3938 | 5805 | 4.985|8361 | .942 [37.53 (95,03 [71.4| 120
1196 |1492|1602 | 2252 (2682|5176 3611 | 820 | 3827 | 5719 [ 4.748|8146 | .918 [37.28 [92.41 |72.8] 121
1229 1151018152221 |2630| 3080 3502 | 801 | 3697 | 5664 | 4.610]7943 | 895 [37.01 {92.19 [75.1] 122
1344 |1619 1893 | 2245 12604 | 2063| 3301| 766 | 3490 | 3363 | 4,341} 7413 .835 {36.37 |90.31 [79.3] 123
1436 |1682|1929 2210 (24711 2738| 2092 | 731 | 3163 | 3046 | 3.839} 68853 | 772 |34.82 |86.48|82,0( 124
1442 1660|1857 | 2068 2265} 2434| 2603 | 697 | 2759 | 2660 | 3.444 (6313 | 711 [31.50 |78.36 |82.4] 125
«602 |23,99 |560.,65{81.9| 128
1133 |2217]|1274 [1323 |13441 13301 1365 | 566 | 1433 | 1391 | 1.'78514349 | .490 |1.6.94 141.99 [77.3] 127

SRS RERERRERRIRARRRES

FREEPHP R
EEREgSgREEEEE




i6 NACA RM E9G28

TABLE I - COMPRES3OR PERFORMANCE

. - - = Q
il§ |3 €l B e 2, I
| o " = a%a‘énﬂa?mﬁ:‘a HPTesIor-ToLor-siage
ow E 1A o [43E4 {4 «lm . .a . ,a . atatic pressure, pz‘
it g Hob|e alo~8le 5.452 83 {1b/aq £t abs.)
wael| g 5 © [sdloe |od'G|eas Lau]|ine 1 ¢
- aQ [ ] = (=] w
ﬂﬁ 5 » gc S & 2 .35 g‘ua&“ [N ¥ Ogu
.s 4!’ : o o0 Gy Tg l;‘..-l '.h :g“-( =nl‘-(
o |8sls |Eo|s-REglat|adgltigiiog|isg
a~ |&S1 8 o ElfeSies lmeSiass gas|ges
81538 35|50 8 |REES RS BE2RES 95|k
< 2 hf o e - BE2l8S 8l —losl o] 1 2 3 4 ] .3
3 342 10.200 |1,028 |3147 | 776 468 798 | 791 796 7 790 25! 846 875 | 917 962
342 | «T13(1.404 7605 | TI8 4ATY [1002 | 975 (1041 847 €23 | 750| 870 988 [117e 1378
S42 | 710]1.399 (7696 | 780 473 (1091 [ 978 |1043 as0 632 | 768| 88611012 (1209 (1407

342 [ 710 |1.399 (7500 | 781 |472 | 1098 | ©78 (1042 | 8635 | 647 774 9251056 (1360 (1467

S
0
.

e
»
[=}
[
[+-]
©
&
-3
&
[
A
[
5
(=]
o
(9]
< ]
4]
&
3
L
o
[+]
©
=
o
|5
-
[
[
0]
[«
=
&
[
3
<O

302 | «20071.050/5044 | 406 1456 | 510 | 476 | B24 | 442 | 4825| 502] 572 650 741 | 833

342 ] .200(1.028 |6944 ( 495 (443 | 507 | 471 | 498 | 435 | 416) 493 | 6563| 634 | 732| D24
S42) +20011.028 5024 495 (444 | 507 | 486 | 602 | 467 | 472) 528 5685} 641 711| 782
342 .200(1.028|4001( 464 (446 | 508 | 498 | 606 | 489 | 501] 6536| 571 607 | 649 691
280 .225 i.ggg 7500 ( 208 |442 | 309 | 278 | 315} 240 | 185] 228 383| 312 | 390! 467

280 | .885]|1.037|6450 | 297 |445 | 308 | 281 | 316 ;1 253 ( 234 203| 526| 3681 438 508
280| +210|1.033)|6044| S06 |445 | 516 | 2056 | 320 ( 274 | 264 313 S66( 405 461 534
280| +206(1.,030|5024 ) 305 |444 | 312 | 209 | 326 | 200 ( 206| S31 | 369| 395 | 437 486
S02| «210(1.052(7896| 310 |440 | 380] 280 | 329 ( 280 ( 190 |-~-~| 261 266 | 35¢| 430
302| «185|1.026|7692| 308 1430 | 316 285 | 327 | 247 | 105 |----| 268 308| S64| 435
000|302 | .815|1.034|7500| 293 [438 | 303 | 275 | 3513 | 235 | 180|---~| 261 300 | 3565]| 420
502| «210(1,0535i6993| 306 ]440 ] 316 286 | 326 | 261 | 207)---~} 2902| 334 | 398| 468
302 «210|1.032 (6460 308 (442 | 328|200 | 380 | 261 | £38|-—wwa; 536| 375 | 442| 512
302( 180[1.023 |65944 ( 311 1442 | 318 ( 206 | 333 | 274 | 269|--~-| 560| 410 | 466| 522
302| .205(1.030|5024( 304 (442 | 313 | 302 | 327 | 2928 | £207|==w=| 361| 4035 | 438| 487
342] «190{1.026|7695| 312 (440 | 330 289 [ S1l1 | 260 | 192| 235! 266] 201 | 340! 411
342 ,190|1.026|7692| 310 [440 | 318| 387 | 3090 | 248 | 190 253 | 261| 296 | 552 418
342| .200{1.029|7500| 310 {440 | 310|288 [ 311 | 260 | 197 233 | 268{ 310( S6&| 430

343 .190|1.026;6459| 310 (440 | 318 202 | 512 | 265 | 240 275 | 351} 380 437] 507
343 .190)/1.026/6944| 307 1442 | S15: 205 | 511 | 872 | 265| 307 | 556} 39¢| 466| 518

280 ,190|1.027(7600] 225 (445 | 231 | 208 | 224 | 180 | 148] 176 | 204 | 239 502( 359
280| .186]1.025(6093| 236 |443 | 242 | 220 | 255 | 14 | 168} 194 | 236 | 278| I26| 391
280| .185|1.025(8450| 258 (441l | 244 | 225 | 236 | 202 | 182| 224 | 269 501 | 344| 400
280| ,186]1.025(6944| 239 (440 | 245) 220 | 259 212 | 211| 246 | 261] 316 366| 416




NACA RM ESG28

DATA FCR TURBOJET ENGINE ~ Concluded

statio pressure, Poa
(1b/sq £t abs,)

Compresscr-rotor-stage

¢ preasure

(1b/sq £t aba.)’ =28

Straightening-vane

statl

reagor-outlet
(oR)

Compressor-ocuble

to

(27

total temperature,

Ty

t
prosoure, Py
.qrtnuJ
sssor~outlet
¢ pressure,

Pz

5| Seab

Compressor pressurs
ratio, PS/P1

C ted
S R

Compressor Mach

muber, M,

Ne: (poercant)

:

A i
BEsuess

1574

M Y X X ]
gaEgea

2692

CTRET
BHER2S

A38Rag| s

g m#mogaga [
§5§§s§§58§98§§§§§

gk
EH

3l (b/3q £t abs.)

g

4877

2.613

4,768

4,079
5.578
20483
5.524
4,975
4,373
5.820

2

F Alr flow, 'u,l

(]
?88 (1b/sec)

50,99
51.435
50,49
47.18
41.99
5218

I | Compressor efficiency,

e
&
'S
£
"
" & &
~3-310

94,982|76.,01131

8388
2838
3883
3~ 08 W
BEEE

44,80167.6|136

0o
=
a9
23
3
OmLAN D
HH PR
RERERY

5
4
E83I3BERA
0 0
KBRS

'_l
[
»
-1

[1:]

82888

B ET A
RRISHERE
® & 8 & & 8 0 &
OO-INOOD
LREEREY
OO D

o
m
.

©
\
3
Q
&
N

40.79[74.8| 157

SRR
'.m:n
3863
a3388R
e 4 8 & 08
Dnabon
55555
RRoBm

T
L] -
358
333883
o 8 ® & &
O -IMH
RH
Bash

Q
-

L)
'S
P
33
OHNU0
HHRKHE
131-3:3-3-%
wWaNHO

©0

»

L)

é
328363
L N ]
o
ey
o

3

78433 |78.4|178

[}

]

2
o]
F333F
R
DGO DT

824
!.°|.
388
253
LI
oo o;m
I
BRE

88,8174.35|188
76.51|78.5]190

8
3
3
S
B







LLliw

B A anat norie g .
s iR <L g

. ‘“I,.IMJNN auL

~ L

C-2250%
11-5-48

Flgme 1. - Installation of turbojet engine in aititude wind tummel.
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Figore 2. - Compressor installation with one-half of stator oasing removed.
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Figure 5. - Top half of compressor-casing assembly showing stator bisdes and outlet gulde
vanes.
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Figure 4. - Crosa seotion of turbojet-engine instalistion showing instrumentation imstallationa.
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® Statlic-pressure tube
O Totalspressure tube
® Thermocouple

Figure 5. - Instrumentation at engine inlet, station 1,
18% inches upstream of leading edge of inlet gulde vanes.
Viewed from upstream.
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® 3Static-pressure tube
O Total-pressure tube

*

1175
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Figure 6. - Instrumentation at compressor inlet, station 2,
6 1nches upstream of leadlng edge of inlet guide vanes.
Viewed from upstream.
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@® Statlc-pressure tube

O Total-pressure tube-
® Thermocouple

Figure 7. - Instrumentation at compressor outlet, station 3,

51 inches downstream of trailing edge of outlet guide vanes.
Viewed from upstream.
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Figure 8., -~ Effect of altitude on compressor operatling line., Flight
Mach mmber, 0.20; exhaust-nozzle-outlet area, 280 square inches,
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