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RESEARCH MEMCRANDUM

COMPONENT PERFORMANCE OF J71-A-2(600-D1) TURBOJET
ENGINE AT SEVERAL REYNOLDS NUMBER INDICES

By Ferris L. Seashore and Lester C. Corrington

SUMMARY

An investigation was conducted in an altitude test chamber at the
NACA Lewls laboratory to determine the sltitude performance of the
J71-A-2(600-D1) turbojet engine. The engine was equipped with two-
position inltet guide vanes and compressor acceleration bleeds. The com-
ponent performance was determined for the low-speed configuration (inlet
guide vanes closed, compressor bleeds open) and the high-speed configu-
ration (inlet guide vanes open, compressor bleeds closed) over a range
of engine speeds and exhaust-nozzle areas. Performance data were ob-
tained over a range of campressor-inlet Reynolds number indices froam 0.7
to 0.15. This range of inlet conditions corresponds to simulated alti-
tudes from 23,200 to 59,100 feet at a flight Mach number of C.9.

At actual rated speed and temperature and a Reynolds number index
of 0.7 (altitude, 23,200 ft; flight Mach number, 0.9), the campressor
efficiency was 80.5 percent, corrected air flow was 166.5 pounds per
second, and compressor pressure ratio was 8.3. Decressing the Reynolds
number index to 0.15 (altitude, 59,100 ft; flight Mach number, 0.9)
resulted in a 7-percentage-point reduction in compressor efficiency
while corrected air flow decreased to 164.5 pounds per second. Combus-
tion efficiency at rated conditions remeined constant at about 100 per-
cent to an altitude of about 35,000 feet, and decreased epproximately 6
percent as altitude was Iincreased to 59,100 feet. Peak turbine effi-
clency at rated conditlions averaged 84.5 percent et an altitude of
23,200 feet, decreasing about 4 percentege points as altitude wes in-
creased to 59,100 feet.

INTRODUCTION

An investigation was conducted in an altitude test chamber at the
NACA Lewls laboratory to determine the altitude performance of the
J71-A-2(600-D1) turbojet engine. As part of this investigation, the
performance of the components was cobtained over thelr range of operation
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in the engine and is presented herein. The J71-A-2(600-Dl)(serial num-
ber X-29) engine discussed herein is the same engine for which the com-
pressor stall charascteristics and altitude performance are presented in
references 1 and 2, respectively.

The purpose of this report is to present the engine component per-
formence for a range of engine operation, to show the Reynolds number
index effect on engine comiponent performance, and to show the effect of
these changes in component performence on over-gll engine performance.
The component performance is shown over a range of engine speeds with
several fixed exhaust-nozzle areas for (l) the low-speed configuration
(inlet guide vanes closed, ccampressor acceleration bleeds open) and (2)
the high-speed configuration (inlet guide venes open, compressor accel-
eration bleeds closed). Cold exhaust-nozzle areas varying from 2.79 to
4.42 square feet were used. The Reynolds number index was varied from
0.7 to 0.15, simuleting altitudes from approximately 23,200 to 59,100
feet, at a flight Mach number of 0.9. A itabulation of the component
performence data is included in tables I to IV.

APPARATUS
Engine and Installation

The J71-A-2(600-D1) turbojet engine used for this investigation has
a bifurcated inlet; a 16-stage axlial-flow compressor with eighth-stage
acceleration bleeds and two-position inlet gulde vanes, a cannular-type
combustor with ten circulaxr inner liners, a three-stage turbine, an aft-
erburner, and an ejector-type exhsust nozzle with both primary and sec-
ondary nozzles of the continuously variable iris type. The ejector was.
removed for this investigation.

At static sea-level condltions, the J7l-A 2(600—Dl) engine has the
following ratings:

Military | Normal
Engine speed, rpm 8175 86000
Exhaust-gas temperature, CF 1240 1100
Thrust, 1b 10,000 8800
Specific fuel consumption
1b/br/1b thrust 0.8955 0.895
8Estimated.

The installation of the englne in the altitude test chamber is
shown in figure 1. The engine was mounted on a thrust-measuring plat-
form in the test chamber. The test chamber is divided into two

-
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compaxtments separated by & bulkhead with a labyrinth-type seal around
the inlet duct. Air, at pressures and temperatures similating the de-
sired flight condition, was supplied to the front compartment and ducted
to the engine through a bellmouth and a venturi used to measure the
steady-state air flow. The bellmouth was attached directly to the inlet
duct through the venturl sectlon. The pressure in the engine compart-
ment was maintained at the deslred altitude pressure.

Instrumentation

Instrumentation for measuring steady-state temperatures and pres-
sures was installed at various stations throughout the engine as shown
in figure 2. A table giving the number of total pressure tubes, wall
static orifices, and thermocouples at each station is also included in
figure 2. The total pressure and temperature probes at each station
were located at the centers of equal-ares lncrements and the values av-
eraged arithmetically. The pressures were measured on manometers and
photographically recorded; the temperatures were measured with iron-
constantan or chromel-glumel thermocouples and recorded on self-balancing
potentiometers. Fuel flow was measured by a calibrated electronic flow

meter.

Engine Components

Campressor. - The 1l6-stage axial-flow campressor has & constant tip
diameter of 33.5 inches with an inlet hub-tip radius ratio of 0.55 and
exit hub-tip radius ratio of 0.90. At statlic sea-level rated conditions
(inlet guide vanes open, bleeds closed), the compressor air flow is ap-
proximately 165 pounds pexr second; the pressure ratio, 8.5; and the ef-
ficiency, 81 percent.

In the low-speed configuration, the caumpressor-inlet guide wvanes
were closed (reference angle, 20°) and the bleed ports were open as
scheduled by the control. At 5300 rpm (86 percent speed), the manu-
facturer's control system changed the bleed and inlet-gulde-vane system
to the normal high-speed configuration, that is, inlet guide vanes open
(zero reference angle) and bleed ports closed. For this investigation,
the control system was modified so that both the bleed and inlet-guide-
vane positions could be regulated manually. In the low-speed configu-
ration (inlet guide vanes closed, bleeds open), the air flow through the
ecceleration bleed system varied from 7 to 4 percent of the actual inlet
air flow over a range of actual engine gpeeds from 3500 to 5300 rpm
(Reynolds number index, 0.4).
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Combustor. - The cambustor is of the cannular type with ten
through-flow inner liners. Fuel was supplied to each of the ten liners
by single-inlet duplex fuel nozzles. Ignition was provided by two spark
plugs located in diametrically opposite liners. The approximate ¥
combustor-inlet reference veloclity, based on full burner-section area at
design ses-level conditions, is 90 feet per second.

Turbine. - The three-stage turbine rotor has a constant hub-tip d4i-
ameter of 33.5 inches. The annular area increases through the turbine,
with the inner shroud having a cone half-angle of-11°. The rotor hub-
tip radius ratios of the first, second, and thlrd stages sre 0.795,
0.746, and 0.697, respectively; and the design division of work is 38.5,
33, and 28.5 percent for the three stages. Rated turbine-inlet tempera-
ture is 2160° R. Deésign work and design rotational speed (both corrected
to rated turbine-inlet temperature) are 32.4 Btu per pound and 3028 rpm,
respectively.

866%

PROCEDURE

Component performance data were obtained over a range of engine
speeds and Reynolds number indices from 0.7 to 0.15 corresponding to
similated flight conditions for altitudes fram 23,200 to 59,100 feet
at a flight Mach number of 0.9. The variation of Reynolds number in-
dex with altitude and flight Mach number for standsrd NACA conditions -
is shown in figure 3.
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The inlet gulde vapes were operated in the open and closed posi-
tions with various combinations of open and closed coampressor acceler-
ation bleed ports. The following table summarizes the conditions at
which the data were obtained:

Nominal pressure | Reynolds |Corrected engine|Engine-exhaust-| Inlet- Compressor-
altitude, ft number speed range, nozzle aresa, gulde- |acceleration-
(Mach mumber, 0.9)f index N/A/By, rpm sq £t vane bleed
position position
23,200 0.7 4978 - 6354 3.01 Open Closed
38,600 4 4841 - 6751 3.01
44,500 .3 5148 - 6652 3.01
53,000 .2 5183 - 6543 3.0%
59,100 .15 5170 - 6446 3.01
23,200 0.7 5022 - 6213 4.42 - 3.73 - Open Cloged
3.36 - 3.01 -
2.79
38,600 .4 4787 - 6868
53,000 .2 5200 - 6874
38,600 0.4 4841 - 6751 3.01 Open Closed
38,600 -4 2605 - 6195 4.42 Open Closed
38,600 -4 3813 - 6775 3.01 Closed Open
38,600 .4 3843 - 6817 4.42 Closed.
38,600 4 3887 - 6792 4.42 Open
38,600 .4 2843 - 6823 4.42 Closed Closed

All compressor efficiencies presented herein are calculated, charg-
ing the campressor with the work done on the acceleration bleed air.
However, a separate calculatlon, deducting the acceleration bleed air
from the work of the ccmpressor at a Reynolds number index of 0.4, indi-
cated a gain in compressor efficiency from 3.5 percentage points at
a corrected engine speed of 4000 rpm to 0.8 percentage point at 6800
rpm. The symbols and methods of calculatlon used in-this report are
defined in appendixes A and B, respectively.

Engine-inlet stagnation pressures were set to correspond with the
desired flight conditions assuming 100-percent ram-pressure recovery.
Engine-inlet stagnation temperatures were set at the lowest obtalnable
values to attain the highest possible corrected engine speeds.

Fuel used throughout this investigation was MIL-F-5624A, grade
JP-4, with & lower heating value of 18,700 Btu per pound end & hydrogen-
carbon retio of 0.169.

RESULTS AND DISCUSSION

The altitude performsnce of the campressor, combustor, and turbine
of the J71-A-2(600-D1) engine, operating as components asre discussed
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first. Altitude performarice of the componerts, when operating as part
of the engine, and the resultant effects of altitude on corrected net
thrust and corrected specific fuel consumption are then indicated.

Compressor Performance

The test data for the four geometric variations are presented in
the tables. Two configurations, low-speed configuration (inlet guide
vanes closed, compressor dcceleration bleeds open) and high-speed con-
figuration (inlet guide vanes open, compressor acceleration bleeds
closed), selected as the most significant are discussed in this report.

Performance maps. - Campressor performance is presented in the con-
ventional form showing the variationm of compressor-presgure ratio with
corrected air flow for constant exhaust-nozzle areas. Lines of cor-
rected engine speed are also shown with caompressor efficiency superim-
posed. A compressor performance map for the high-speed configuration
(inlet guide vanes open, bleeds closed) is shown in figure 4(a) for an
engine-inlet Reynolds number index of 0.4. A peak compressor efficlency
of about 83.5 percent occurred at corrected engine speeds from 5000 to
5600 rpm. At the higher corrected engine speeds (6600 to 6800 rpm) the
efficiency decreased to about 75 percent and remained slmost constant
over the entire range of exhaust-nozzle areas. The compressor perform-
ance mep for the low-speed configuration (inlet guide vanes closed,
bleeds open) at wide open exhaustnozzle (area 4.42 sq ft) and Reynolds
number index of 0.4 1s presented in figure 4(b). In comparing the two
flgures, 1t i1s evident that, with the low-speed configuration, the
compressor-pressure ratio, efficiency, and corrected air flow were
reduced.

Effects of inlet guide vanes and interstage bleed. - An illustra-
tion of the effects of inlet guide vanes and interstage bleed on cam-
pressor stall and compressor performance is given in figure 5. These
data were obtained for open exhaustnozzle, altitude of 35,000 feet,
Mach number of 0.4, and inlet-air temperature of -30° F (ref. 1). With
the low-speed configuration (inlet guide vanes claosed, bleeds open), a
substantial margin between the steady-state operating line and stall
line was evident at corrected engine speeds sbove 3500 rpm. For the
high-speed configuration (inlet. guide vanes open,_bleeds_closed), the
stall line and steady-state operating lines intersect at a corrected
engine speed of-about 4600 rpm. Since the control normally-schedules
the switch-over point to the high-speed configuration at an actual en-
gine speed of 5300 rpm, the inlet guide vanes would opem and the bleeds
would. close at corrected engine speeds varying from approximately 5200
to 6000 rpm, based on standard NACA temperatures at sea level and the

866¢
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tropopause, respectively (Mach number, 0.4). In order to avold surge as
well as improve over-all performance, scheduling the guide vanes and
bleeds as a function of corrected rather than actual speed would seem
advantageous. - '

Effect of Reynolds number index. - The effect of Reynolds number
index on compressor performance maps at Reynolds number indices of 0.7
and 0.2 are shown in figure 6. At each Reynolds number index, the peak
efficiency occurred at corrected engine speeds from 5000 to 5500 rpm.
Both compressor efficlency and corrected air flow decreased, as expected
vhen the Reynolds number index decreased from 0.7 to 0.2. At the Reyn-~
0lds number index of 0.2, the slope of the constant speed lines (below
6200 rpm) and the pattern of the compressor efficiency lines are changed
considerably from those obtained at Reynolds number index of 0.7.

The effect of Reynolds number index on campressor efficlency and
corrected alr-flow ratios at various constant corrected engline speeds
for the high-speed configuration is shown more directly in figure 7.
Compressor-efficiency ratio decreased from 1.00, at =& Reynolds number
index of 0.4 (38,600-ft altitude), to a range of fram 0.966 to 0.952
for corrected engine speeds from 5200 to 6800 rpm, respectively, as the
Reynolds number index was decreased to 0.15 (59,100-ft altitude). Cor-
rected air-flow ratio decreased from 1.0, at a Reynolds number index of
0.4, to a range of from 0.982 to 0.927 for corrected engine speeds from
6800 to 5200 rpm, réspectively, as Reynolds number index was decreased
to 0.15.

Performance map for compressor and turbine as engine components. -
In order to allow for the determination of the compressor operating con-
ditions, the reference compressor map of figure 4(a) is reproduced in
figure 8 with lines of constant corrected turbine-inlet temperature su-
perimposed. At a corrected engine speed of 6585 rmm (actual speed, 6175
rpm; Mech number, 0.9; exhaust-nozzle area, 3.0l sq ft), the corrected
air flow was 167.5 pounds per second; compressor efficiency, 77 percent;
campressor pressure ratio, 8.9; and the corrected turbine-inlet tempera-
ture, approximately 2400° R.

Combustor Performance

Cambustion efficiency. - Combustion efficlency Is presented as a
function of the cambustion parameter wa,ng (fig. 9). As shown in

reference 3, the parameter PT/V is very useful in correlating the
performence of cambustors. Since these quantities sre not readily
available from flight measurements, the combustion efficlency data
herein are given as a function of the parameter . Wé,ng, which is

proportiocnal to PT/V.' Combustion efficiencies were cmitted from

oM,
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table I because of malfunctloning of fuel metering equipment. The com-
bustion efficiency deta presented herein (flg 9), for Reynolds number
indices 0.8 and 0.4, were obtained from earlier tests on the same en-

gine. Combustion efficiency was constant at about 100 percent above a
value for wa,ng of 100,000, which corresponds to rated engine opera-

tion up to an altitude of about 38,000 feet at a flight Mach number of
0.9. A decrease in combustion parameter below this value resulted in
& decrease in combustion efficiency to about 89 percent at a value of
20,000, for Wa,lng which corresponds to rated engine operation at an

altitude of spproximately 70,000 feet at a flight Mach number of 0.9.

Total-pressure loss. - Combustor total-pressure-loss ratio de-
creased from 0.06 to 0.045 as the combustor temperature ratio increased
from 1.4 to 2.3 (fig. 10). Datas were generalized for all Reynolds num-
ber indices. :

Turbine Performence

Performance. - The effects of corrected turbine speed and exhaust-
nozzle area on turbine performance are glven in figure 11. Corrected
turbine gas flow and turbine pressure ratioc remasined egsentially con-
stant for each exhaust-nozzle area. The fact that the corrected turbine

W ;J—_B -
gas-Tlow parameter —5—5———é remained constant 1lndicated that sonic
4
flow existed in the bturbine-inlet stators. Turbine efficiency averaged
about 83 percent for the corrected speed range lnvestigated.

Performence map. - The over-all performance of the turbine is pre-
sented in terms of corrected turbine enthaipy drop aend turbine weight-
flow parameter with lines of constant corrected turbine speed and con-
stant turbine-pressure ratio (Reynolds number index 0.4, fig. 12). The
turbine datea have been campiled in this form in order to facilitate
matching studies between the turbine and the compressor. The deslgn
turbine operating polint is defined by the design-corrected turbine speed
of 3028 rpm (militsry thrust condltlon) and the design-corrected turbine
enthalpy drop of 32.4 Btu per pound.

Effect of Reynolds number index. - The effect of turbine Reynolds
number index on corrected turbine gas flow and turbine efficiency is
shown in figure 13. Corrected turbine gas flow remalned constant over
a range of Reynolds number indices from 1.0 to C.19. A decrease of 4
percentage points in turbine efficiency was observed for a reduction in
turbine Reynolds number index fram 1.0 to 0.19, which corresponds to an
increase in altitude from 23,200 to 59,100 feet at a flight Mach number
of 0.9.

866¢
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Effect of Altitude on Engine PeFformance

Component performance. - The effect of altitude on corrected engine
speed and corrected alr flow, compressor, turbine, and ccumbustor effi-
ciency is shown for two modes of engine operating conditions compared
with ideal operation (fig. 14). Mode 1 consists of operating the engine
at rated exhsust-nozzle ares, rated exhaust-gas temperature, and vari-
able engine speed. Mode 2 consists of operating the engine at rated
exhaust-gas temperature, rated engine speed, and variable exhaust-nozzle
ares. The curve for ideal performasnce represents the performance pre-
dicted from sea-level static data for rated speed and tempersture, as-~
suming no Reynolds number index effect. ’

An increase in altitude from 35,332 to 59,100 feet for mode 2
(variable exhaust-nozzle ares operation) resulted in a decrease in com-
pressor efficiency with a smaller loss in corrected air flow in compari-
son with mode 1 (rated exhaust-nozzle area). For example, compressor
efficiency dropped 3.5 percentage points for mode 2, while remsining
constant for mode 1. However, corrected air flow for mode 2 decreased
only about 2 percent as compared with a decrease of 4 perceni for mode
1. Compressor efficiency, for mode 1, remained constant above 35,332
feet because the decrease in corrected engine speed shifted the campres-
sor operating point toward the reglon of peak compressor efficiency.
The decrease in corrected engine speed was necessary in order to avoid
exceeding rated exhsust-gas temperature.

There was no significant difference in the trends of combustion and
turbine efficiency between the two modes of operation. Combustion effi-
clency dropped about 6 percentage polnts while turbine efficiency dropped
about 3 percentage points as altitude was increased from 35,332 to 59,100
feet. '

Over-all engine performeance. -~ The effect of these component per-
formance variatlons on over-all engine performance is shown in figure
15, which indicated no outstanding advantage of one mode of operation
over the other. The meximum difference in the performesnce occurred at
a 59,100-foot altitude where the corrected specific fuel consumption for
mode 1 operation was gbout 1.5 percent lower than mode 2. This close
agreement in corrected net thrust and corrected specific fuel consump-
tion for the two modes of operation was due to the fact that the cor-
rected air flow reduction for mode 1 had very nearly the same effect on
pverformance as the compressor efficiency reduction for mode 2.

As the altitude was increased from 35,332 to 59,100 feet, corrected
net thrust decreased sboul 6 percent below the ideal value for both
modes of operation. Corrected specific fuel consumption inereased about

7% to 9 percent above the ideal value.
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SUMMARY OF RESULTS

The component performance for the J71-A-2(600-Dl1) engine was deter-
mined for the low-speed configuration (inlet guide vanes closed, com-
pressor bleeds open) and the high-speed configuration (inlet guide vanes
open, compressor bleeds closed) over a range of engine speeds, exhaust-
nozzle areas, and Reynolds number index from 0.7 to 0.15, which corre-
sponds to simulated variations in flight conditions for altitudes from
23,200 to 59,100 feet at & flight Mach number of 0.9.

At rated actual speed and temperature and a Reynolds number index
of 0.7 (altitude, 23,200 ft; flight Mach number, 0.9), the compressor
efficlency was 80.5 percent, corrected alr flow was 166.5 pounds per
second., and compressor pressure ratlo was 8.3. Decreasing the Reynolds
number Ilndex to 0.15 (altitude, 59,100 ft; flight Mach number, 0.9) re-
sulted in a 7-percentage-point reduction in compressor efficiency, and
corrected air flow decreased to 164.5 pounds per second. Cambustion ef-
ficiency at rated conditions remsined constant at about 100 percent to
an altitude of about 35,000 feet and decreased approximately 6 percent
as altitude was increaesed to 59,100 feet. Peak turbine efficiency at
rated conditions averaged 84.5 percent at an altitude of 23,200 feet;
decreasing abqut 4 percentage points as altitude was increased to
59,100 feet.

There was no appreclable Reynolds number effect an carrected net
thrust or corrected specific fuel consumption for the two modes of op-
eration as altitude increased from sea level to 35,332 feet. However,
a further increase in altitude to 59,100 feet reduced the corrected
net thrust for both modes of operation by about 6 percent. There was
an accampanying increase in specific fuel consumption of about 8.5 per-
cent, at an =2ltitude of 59,100 feet, as & result of the decresse in
component efficienciles.

Iewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohlo, February 21, 1956

8665
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

A cross-sectional area, sq £t

F net thrust, 1lb

f/a  fuel-air ratio

acceleration due to gravity, 32.17 :E“!:/sec:2

g

H total enthalpy, Btu/lb

M Mach number

N engine speed, rpm

P total pressure, lb/sq ft abs

g static pressure, 1b/sq £t abs

R gas constant, 53.3 ft-1b/(1b)(°R)

Re; Reynolds number index, 5/@-\/5

T total temperature, °R
v velocity, ft/sec
W flow rate, 1b/sec or 1b/hr
1
(3]
1l.4 2
B function of v, B = - 1.4
1.4 + 1\1-4-1
2
T ratio of specific heats
) pressure correction factor, ElPTG_ (total pressure divided by NACA

standard sea-level pressure)
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n efficiency

2] temperature correction factor, (Vcr/lOlB)2 (square ratio of criti-
cal veloclty to critical velocity at NACA standard sea-level
conditions)

@ ratio of absoclute viscosity at inlet conditions to absolute vis-
cosity at NACA standard sea-level conditions

Subscripts:

A acceleration bleed

AV aft~frame vent

a air

b combustor

c compressor

pil Tuel

& gas mixture

MV mid-frame vent

T turbine cooling

t turbine

0 free~stream conditions

1l venturi throat

2 compressor inlet

3 coampressor outlet, combustor inlet

4 combustor outlet, turbine inlet

5 turbine outlet

9 exhaust=nozzle inlet

10 exhsust-nozzle throat

866¢
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APPENDIX B

METHODS OF CALCULATION

Reynolds number index. - For a given corrected engine or turbine
speed, Reynolds number index Rejy varies linearly with Reynolds number

and is defined as the ratio of Reynolds number at any condition to Reyn-
olds number at standard sea-level conditions

B

Rey = —— (BL)
Y e/ '
Alir flow. - The engine-inlet air flow Wy l- was calculated from

one-dimensional compressible-flow relations (ref 4) using the effec-
tive area and the average pressures and temperature at station 1. The
effective area at station 1 was 3.959 square feet (Al 3.9833 sq ft,

Cq = O. 994). Air bleeds and the addition of fuel resulted in the fol-
lowing mass flows at other stations:

¥a,3 = ¥g,1 - ¥a,A
a,4 = Ya,3 = ¥g,T =~ Ya,MV ~ Vg ,AV

Va,5 = Wa,4 T Vg, T

> (B2)
Wa,9 = ¥a,5
Vg g = Wg g+ (wp/3600) ]
Compressor efficiency. - Compressor efficlency is defined as the

ratio of isentropic enthalpy rise to the actual rise across the com-
pressor. From measured values of compressor-inlet and compressor-
outlet total pressure and temperature, compressor efficiency was de-
termined fram the followlng expression:

3
AHa.:l isentropic

A

Ya A
AE%] Ya,3 :]l

(B3)
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Combustion efficiency. - The cambustion efficiency is defined as
the ratio of actual enthalpy rise to the theoretical enthalpy rise
across the engine.

A, + B
Vg ,1Ha ‘Wa.,AHa '( MV+V,AV)Ha + Wp T T

18,700 wp

T
(B4)

A, +B

Fuel temperature Ty was assumed to be 80° F. The term 1 1s the

difference between the enthalpy of carbon dioxide and water vapor in the
burned mixture and the enthalpy of oxygen removed from the alr by their
formation (ref. 5)

Turbine efficiency. - The turbine efficiency is defined as the ra-
tio of actual enthalpy drop to the isentropic enthalpy drop across the
turbine : . -

He,a -5

'q =
t Hg,4 - Hg,S,isen.tropic

(B5)

T, was obtained from values of E (f/a),, and reference 6.

g,4’

Hg 5,isentropic Was Obtained from fé,- (£/a)s, Hg 4, and reference 6.

Net thrust and specific fuel consgggtion 5_Nét thrust and specific
Tuel consumption were calculated using the pumping characteristics of
reference 2. .
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TABLE I. - HIGH-SPEED CONFIGURATION (INLET GUIDE
{(a} Variable

Run |Reymnelds [Engine jCorracted |Exhaust - Tank Kompreasor Compreasor | Turbine Turbine Engine |Cpmpressor|Turbine (Exhaust-
nusber lspeed, ! engine nozele astatio Hnlet total|cutlet totsal} inlet outlet inlet outlet inlet nogxle
index, N, epeed area, [preasure, | pressurs, preasure, total total total total total inlet

Rey rpa ll/-/U';_', Ara, By P,‘,, Py preasure, |pr » |temp teanpera- |temper-] total
sq ft 1B 1b 1b & Pg,. l"gl‘h :_WG. l;ura. :amper-
sq It obs | Bq Tt abs TT abs ib ib 3* 5 4 ture,

: o 3q £t abs [sq ft aba| °n °R 2 | %

1 8060 6218 4.42 as0 1417 10,745 10,226 2292 £93 973 1657 1228
2 6082 8214 3.7¢ 841 1409 10,943 10,418 544 494 217 1725 1293
3 8058 8216 3.36 843 1592 ’ 20,742 2765 493 983 1821 1387
4 6068 6218 3.10 838 l4le 11,597 11,048 3009 493 291 1825 1515
5 6058 6216 2,85 a24 1402 12,045 11,489 5482 493 1001 2073 1658
8 5918 8058 442 850 1421 10,381 9,809 2224 485 957 1804 1187
T 5920 6068 3.79 844 1420 10,6808 20,108 2459 494 $61 1868 1g49
-] 5918 6068 3.30 B4Q 1418 10,945 10,438 2769 494 g69 1789 1365
9 5900 &048 2.82 a3é 1425 11,824 11,092 3¢l 494 982 2017 1605

10 5734 5481 442 a35 1420 9,751 9,299 496 834 1531 1152

11 5719 5850 .05 648 1434 9,819 9,360 2186 496 937 1534 1

12 5719 5850 5.54 84t 1432 10,048 9,583 2417 496 a2 1629 1226

13 5717 56854 3.10 835 1428 10,423 9,962 2778 4985 961 1176 1576

14 5717 5854 £2.082 a4 1419 10,850 10,373 3171 495 263 1043 1549

15 4909 5027 4 42 827 1410 8,587 &,202 1416 495 82e 1162 851

18 4308 5028 5.88 834 1403 8,647 6,272 1553 435 829 1204 835

17 4904 5022 3.36 [-18 1406 8,768 4,411 1688 495 832 1275 958

ls 4888 5.0 820 1404 6,812 3 1850 €98 835 1545 1040

i9 49504 5032 3.0 a48 1416 8,820 ¢,580 1858 493 836 1350 2044

20 4304 8022 2.7% 831 1413 7,100 8,768 2107 495 &2 1458 1151

22 6174 6847 4.42 388 €39 5,507 5,251 1179 422 $11 1721 1277

22 8173 6852 5.73 580 659 S,574 5,299 1208 420 s 180Q 1348

23 8173 6862 J.19° 380 643 5,810 5,539 1382 420 923 1838 1487

4 6171 80868 2.98 365 842 5,953 5,668 1500 419 829 2052 1599

a5 8173 6879 2,95 380 835 8,012 5,758 1671 418 931 2079 1647

26 6173 6622 442 428 5,878 6,583 1257 451 44 r7er 1282

27 6174 8816 5.54 429 L &,0 5,769 1497 52 953 1850 1383

28 6173 6637 3.25 708 6,188 5,906 1537 449 54 1911 1457

29 81735 5622 3.19 422 T0T 6,212 5,922 1576 451 857 18356 1485

50 817L 8642 2.99 424 710 6,357 g,058 1704 449 960 2025 1560

31 17 6648 2.90 126 Tle 6,479 8,183 1827 449 964 2087 1651

32 5861 €515 4.£62 384 645 5,218 4,960 1lle 420 861 1554 1152

53 5863 6517 3.73 380 845 5,308 5,048 1218 420 867 1614 g1l

54 83 8517 5.35 389 644 5,425 5,158 1337 420 878 1704 1290

35 5059 8529 2.90 385 €48 . S, 1684 418 882 18€8 la88

k13 1.3 8524 2.79 380 643 5,825 5,863 15680 420 891 1271 1669

37 5826 5042 &.42 419 14 -5,283 5,014 1128 450 874 1542 1058

38 5627 643 4.26 424 712 5,254 4,999 1143 450 &75 1508 1100

39 5627 8030 5.7¢ 423 712 5,521 5,088 1218 452 480 15854 1150

40 5624 8027 3.58 423 711 5, 5,145 1331 452 eas 1625 1222

<1 6627 6036 2.99 423 710 5,620 5,369 451 B9 1780 1565

42 5624 6020 2.7L 426 na2 5,868 5,808 1728 453 904 1807 1816

43 8242 5611 4.42 429 s 4,534 4,511 973 453 832 1342 87

44 5249 5619 4.26 427 07 4,562 4,341 809 483 833 1523 835

45 5247 5623 3.75 423 717 4,832 4,407 1075 452 a34 1384 1034

48 B247 5641 5.56 425 £,75 &,535 1182 449 854 l468 1109

47 Ga4e 5.15 421 713 4,783 4,544 1231 456 843 1152

48 5249 5631 3.00 423 4,894 4,678 13502 451 84l 1

4% 9 5631 2.68 420 710 103 4,879 1501 451 852 ina 1387

50 4669 5235 .42 428 T19 5,808 5,601 820 49 180 1173 ang

51 4889 522% £.26 427 Tl4 §,807 5,602 ass 451 781 1177 aes

&2 48688 5218 3.78 425 714 3,834 5,833 -1 451 165 1e12 204

53 4875 5201 3.30 454 716 3,877 3,877 958 792 i288 874

Sé 4869 5208 3.27 426 718 3, 3,664 261 454 T80 128% 9

55 4867 8le? 3.07 428 713 5,871 5,661 1005 457 794 1 1012

56 4872 5238 2.93 429 713 4,059 5,847 1085 449 %0 1368 1

57 4077 5214 2.79 425 T4 £,024 5,857 1140 45¢ 88 1 1120

58 4496 4782 4.42 424 116 2,915 2,153 855 457 40 1023 752

59 4482 4787 5.89 424 717 2,981 2,783 TOk 457 740 1058 787

80 4499 4788 3.42 42¢ 714 3,02¢ 2,851 764 458 742 1112 837

81 4495 4791 5.13° 425 15 3,062 2,896 814 457 746 1162 as7

82 4503 4799 2.85 426 716 3,152 2,989 800 457 750 1242 872

63 8174 8855 4.42 187 316 2,753 2,598 595 421 22 1807 1342

64 8173 8862 3.73 187 311 2,769 2,836 888 420 926 1888 1414

[:5] 6173 6862 5.38 185 516 2,840 2,701 710 420 832 1979 1502

86 8176 6874 3.18 186 . 312 2,868 2,752 748 419 337 2046 1570

87 8174 6883 3.04 le2 312 2,938 2,807 799 420 842 21046 1677

8665



NACA RM E586B14 O

VANES OPEN, COMPRESSOR ACCELERATION BLEEDS CLOSED)

exhaust-nozzle area.

0
o>} Cozpressor |Alr flow,| Corrected [Compreasor Combustor [Combustion |Turbine Turbine Carrected |Turbine Turbine Combustion:
n pre::urn ¥a,1: elir flow, lfti;:.aw, total- crﬂ.;:mc:, vru;m dﬁ;:-wr, tur:ins -d'x::n:lpy \ni;ht“ﬂcv paraneter,
) ratio, 1b/nec |¥a,1vVF1 pressure- ratio, aspe - » [parameter, | w, ,T.,
B a1V, loas ratie, 3 X//Fe, laE 0L, | ¥ B s
%2 % T s 0 =t | e By | ()cw)
1b/sec 5 60 B, oo
s {rps)(1v)
aec
T.58 11s.8 185.5 0.802 0.0483 4.46 0.831 3426 37.72 24357 159.700% 1
T.77 115.4 168.2 -805 <0480 4.10 -850 3360 356.58 2388 146.6 2
a.10 112.5 1686.7 <811 0469 3.86 846 3271 35.29 2303 156.1 3
8.21 115.7 166.1 805 JO475 3.57 880 3183 33.98 2272 172.3 4
8.59 113.2 166.4 812 0462 5.30 -850 3074 32.18 21685 187.3 5
7.31 111.8 162.7 -810 0475 4£.45 838 5400 37.54 2410 152.8 8
T.AT 122.0 162.9 811 0469 4.11 +848 3337 55 2368 139.9% 7
7.72 112.4 163.7 814 +O465 3.74 <848 3225 34.73 2312 155.4 8
8.17 112.2 162.7 821 . 5.25 858 3030 51.93 2175 180.0 B
&.87 107.6 156.6 819 +0463 —— doddk 832 3561 57.24 23572 ia.8 10
68.85 108.2 155.9 <8135 0487 ——— 4.28 845 33553 57.04 2372 . 11
7.02 108.1 156.1 «819 0453 ——— .97 846 3261 56.77 8 132.4 12
7.30 108.0 186.3 820 0442 —— 3.59 -850 3127 35.80 2243 148.6 13
. 7.65 107.4 156.3 825 <0440 — 3.27 <841 2992 51.78 2152 186.3 14
4.87 az2.1 120.3 824 0584 — 4.58 844 3297 356.55 2308 69.9 15
4.74 82.1 120.9 <824 565 4.04 «854 3242 35.70 2278 T3.4 16
£.81 8l.9 120.2 -827 0527 3.80 «BAT .28 2228 76.3 a7
£.82 8l.2 119.8 836 0502 3.55 =838 32.51 2257 84.5 i8
4.89 8l.6 118.8 819 «0491 3.56 -840 3061 32.74 2167 85.2 19
5.03 80.9 118.3 - .0488 J.21 842 2949 30.74 2093 835.1 20
8.62 56.6 169.0 -728 0500 444 .816 3426 58.99 2415 2.5 paX
9 4.72 56.7 188.9 « 720 ~0£935 4.11 -830 3353 58,00 2333 78.2 22
9.04 56.9 168.5 725 - 04! 4.07 -790 3252 54.00 2307 84.6 23
=+ @.27 57.1 189.0 - TS 0445 5.79 <791 3160 32.77 2257 8l.2 24
J 9.47 56.5 169.0 -727 0426 5.56 <795 3128 32.30 2215 93.1 5
8.24 60.4 167.2 «T49 <0484 (3 823 3420 37.15 2413 77.8 28
8.5% 80.4 187.8 +757 <0482 5.96 837 3509 35.33 2343 8.2 1
a.75 80.5 188.2 +T56 <0472 5.84 821 3256 34.50 2897 8s8.2 28
— 8.79 80.2 168.1 «760 <0467 35.76 -827 32385 34.08 2280 89.4 29
8.95 §0.9 168.7 754 0474 3.55 834 3165 33.14 2260 96.6 30
2.10 6l.1 168.6 +756 0457 3.38 .829 3113 32.00 2220 100.8 51
8.08 56.5 166.6 .T72 <0494 444 818 3418 36.70 2402 85.1 32
8.25 8.8 167.1 «779 0482 4.15 8268 35.7% 2370 88.6 33
8.42 56.4 166.7 «767 0489 3.86 -836 327Q 54.85 23517 72.8 34
- 8.81 56.7 166.9 <772 0463 5.47 826 3128 32.44 2225 Td .4 35
9.08 56.5 187.3 o of 3.52 789 3080 31.33 2168 88.1 36
T.37 58.4 161.0 -810 0473 4.45 802 5292 35.96 2542 64.1 37
7.38 58.4 181.8 810 0485 -978 4.37 827 3330 36.78 2355 &4 .7 38
T.47 58.2 161.5 813 <0476 +991 £.16 <835 5279 36.02 2315 67.0 39
7.€0 57.7 160.4 -813 ~O4T4 .+983 3.87 843 3220 34.88 2270 70.6 40
7.93 5a.0 161.0 814 0480 1.009 5.568 832 3097 55.03 2195 79.1 4l
8.2¢ 57.8 180.5 .822 0443 1.005 3.25 835 2963 30.88 2105 87.7 42
6.38 55.2 147.3 -.827 0494 <861 443 823 3282 56.47 2297 52.5 45
6.45 53.2 148.6 -833 0485 -968 4.39 -847 3510 37.39 2287 52.9 44
5.46 535.5 147.4 828 -0488 974 4£.10 832 3231 55.66 2270 55.5 45
6.689 535.8 148.9 «838 0459 +.986 3.84 435 34d 34.12 2223 59.6 46
5.68 52, 147.0 843 -0460 B:{ .69 «826 3102 35.25 2180 60.9 4T
8.89 3.3 148 833 20446 +999 3.59 836 3055 32.88 2145 64.0 48
7.19 535.1 147.6 845 <0439 <993 3.28 -825 2914 30.52 2055 2.8 49
5.30 47.6 150.2 -824 0544 -969 4.39 -827 Z257 36.25 2278 40.8 SO
5.35 47.3 150.6 -838 .08339 959 4.31 825 3250 35.67 2265 41.0 S1
5.37 47.0 129.8 -834 0524 -973 4.09 835 320 35.08 230 42.% 52
5.42 46.4 128.8 s:>-1:] .0816 -987 3.84 820 35113 35.46 2187 45.2 53
5.38 48.5 128.2 830 0510 978 3.81 -828 35115 33.56 2193 45.0 54
5.43 45.5 127.2 859 <0491 -871 35.66 820 3087 32.64 21358 48.0 55
5.68 46.1 129.8 <842 -0475 =978 3, 822 3022 51.25 2142 49.7 58
S5.64 47.0 127.8 841 0468 +883 3.37 853 2988 31.94 2088 51.6 57
£.07 38.9 107.8 ~T7T95 <0624 «200 &7 «831 3216 55.29 2253 29.2 58
4.15 38.9 107.8 -808 »0601 -804 3.85 ——— 3159 34,14 2217 30.6 59
4.24 39.0 108.5 822 0572 3.73 -821 3088 32.49 177 52.7 &0
4.28 38.9 108.0 815 0542 935 3.58 «82¢ 3019 31.59 2133 54.5 [:28
4.40 38.6 106.9 .822 0517 <957 3.52 « 798 2928 30.02 2058 37.5 82
8.87 27.7 167.0 -711 0522 975 4+.36 -804 36.16 2383 57.1 83
8.0 27.5 188.. ~T14 «0480 «978 5.84 a38 3278 54.98 2340 38.9 64
9.02 27.6 186.9 .7 0489 970 5.80 =818 3 33. 2297 41.5 65
9.19 27.5 67,3 708 «O474 -877 3.66 <814 3151 33.08 2262 43.1 68
9.42 27.5 188.1 =715 - 1.002 5.51 821 3109 32.456 2213 46.2 67




18 o NACA RM E56Bl4

TABLE I. - Concluded. HIGH-SPEED CONFIGURATION (INLET
(a) Concluded. Variable

Run{Reynolds|Engine [Correated |Exhaust- Tank g jol Turbine Turbine Engine |Compressor |Turbine|Exhaust-
number |speesd, { engine nozzle statlce inlet total joutlet total} inlet outlet inlet outlet inlet nozzle
index, X, speed aresa, ipressurs, ; pressure, pressure, total total total total total inlek

Rey rpm N/-\/B". Agr po. 22, PS‘ lpressure, jpreasure, (tempera-| tenpera- |temper-i total
ag £t 15 1% b Per Pgs ture, ture, ature, | temper—
Ifq It abs | 5q £t abs | ag £t abe 1b b Tir Ts» Tor | agures
sg ft abaisq ft abs} °R g 9
°r

68 0.2035 6173 6644 .42 206 554 2988 2839 851 448 888 1818 1351

33 «202 8173 8629 3.54 209 385 3079 2927 741 450 264 1839 1466

70 194 59354 6588 A2 185 31-) 2807 2474 570 421 889 1679 1244

71 L1895 5929 6581 5.65 185 312 2685 2550 634 895 1775 1331

72 <194 5934 6581 5.36 186 312 2718 2588 674 £22 90X 1384

75 J194 5931 6585 3.16 188 312 2783 2621 — 421 1904 145%

% .198 5790 8177 4.42 209 353 2718 591 45¢€ 914 1654 1234

75 198 5791 8192 3.70 206 352 2783 2850 667 454 219 1750 1522

76 .189 5787 €la7 3.48 209 354 2843 2708 5L 45¢ 924 la32 1410

77 <199 ST9S 6194 5.13 208 54 2906 2775 7L 454 9830 1095 1467

Ta 198 579, 6175 2.99 207 354 2975 2840 az2e 457 836 1979 156¢

79 199 5750 8191 2.85 209 363 5021 2887 a7 454 S40C 2073 1680

&0 +192 7 5978 .42 1a7 511 2302 2178 508 425 627 1454 1078

8l <204 5599 59688 5.30 187 312 2404 2284 601 422 835 1800 1208

<194 5396 5988 5.0L 180 310 2481 2383 867 420 838 1312

a3 <196 5408 8024 2.7¢9 185 312 2574 2455 157 418 848 1811 423

a4 188 5252 5803 4.42 203 354 T 2247 213% £88 456 844 1415 1058

as <197 5248 5587 3.70 208 354 2270 2158 S42 4568 848 1485 1120

86 189 5255 5607 3.33 207 558 23%0 2219 593 458 856 1589 1199

87 199 5248 5599 3.10 206 356 2360 2246 842 455 ase 1638 1271

0] «19% 5247 5588 2,85 208 356 2448 2337 202 456 868 1746 13382

889 198 4885 5206 L.L2 206 355 1861 1787 405 457 784 1248 924

80 -189 4872 5192 5.95 206 356 1870 1788 428 437 785 1273 848

91 -198 4880 5201 J.45 208 355 1883 1794 468 457 801 1350 1021

92 «200 4088 5209 3.13 205 359 1932 1834 509 457 808 1419 1088

93 .188 4879 5200 2.82 208 358 196% 1877 873 487 8.0 1538 1210

(b) Fixed exhaust-nozzle

Run|Reynclds| Engine iCorrected Tank Compressor Compressor Turbine Turbine Engine oompressor | Turbine |Exhmust-
number |speed, | engine statlc inlet total |outlet total inlet outlet inlet outlet inlet nozzle
index, W, speed pressure, pressure, preasure, totsl total total total total inlet

Rey pe H/-‘/U;', Py, Py, Pz, pressure, |[pressure, | tenpere- | tempera- |temper- | total
P 1b 1b b Per Ps, ture, ture, ature, t -
BSqCtabs | agft abs | sgrtabs |_—2 {1 1 Ty Ty Tyr suse,
sq £t abs |[sq ft abs °R og op 8"’
°R
1 0.702 8174 6364 12 1578 11,783 hh Y 3506 490 1000 1648
2 697 6001 6le2 814 1365 11,277 10,742 3098 489 283 1950 1542
5 694 65602 5965 807 1567 10,622 10,155 2918 491 959 18339
4 693 5538 817 1572 68,038 7,661 2167 493 a7e 1512 1178
g 697 46852 4978 821 1579 5,584 6,242 178 493 830 1321 1
8 402 8116 &751 397 657 6,070 5,801 1700 426 93¢ 2068 1630
7 «392 5e38 6411 588 648 6,678 B,417 1673 430 692 1867 1461
8 400 5615 8187 595 660 5,400 2 1468 430 1757 1378
9 398 5460 8005 397 658 $,188 4,948 1 429 847 166

10 384 5075 5518 391 859 4,29 4,100 1157 439 81a 1471 1140

11 <400 4720 5198 395 867 3,644 3,465 276 T48 1268 974

12 «hO4 4386 4941 394 -] 298 2, To7 428 699 1100 848

13 «294 8097 &852 295 494 4,523 4,311 1267 436 941 2077 1845

14 -287 5992 6367 296 494 4,448 4,242 1 4352 9256 2010 1587

15 2989 5020 6385 297 496 4,297 4,100 1104 1 899 1904 1498

16 297 S623 6170 294 4935 4,103 3,91% 1127 433 875 1789 1411

17 300 5557 5888 297 495 3,770 S5, 1 430 840 1671 1310

18 .2%8 51355 5828 294 496 3,401 3,280 937 432 813 1562 1215

19 .299 4597 5148 500 498 »883 2,533 T22 432 751 1307 1003

20 194 5397 85435 135 528 2,985 2,821 a2g 438 841 2007 1664

21 399 5816 6403 187 327 2,866 24736 798 428 804 1968 1543

22 187 5625 6180 181 326 2,716 2,588 7556 450 8B3 1860 1447

23 «200 5401 6056 183 328 812 N 724 420 864 1775 b1

24 «197 5027 5861 194 531 2,210 2,104 803 436 817 1568 1208

25 «196 4870 8307 208 351 1,964 1,871 S 437 785 1436 1111

28 -187 4728 5183 160 327 1,795 I, 494 432 37 1373 1062

27 <150 5901 8448 189 252 2,245 2,144 6357 435 931 2118 leeo

28 151 5642 6158 1735 254 2,116 2,020 593 438 a98 1964 1440

29 151 5878 175 2 1,912 560 437 817 1846 1452

30 -149 & 1T 232 1,695 1,613 468 438 829 1646 282

31 <149 4777 5170 167 258 1,381 1,281 385 443 783 1450 i11%
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GUIDE VANES OPEN, COMPRESSOR ACCELERATION BLEEDS CLOSED)

exhaust-nozzle area.

Corpressor|Alr flowiCorrected Compreasor Combuator | Combustion |Turbine Turbine Corrected Turbine Turbine Comtustion
pﬂl:\;re "a,l‘ air flow, afﬁ.;:unc‘r, total- eﬂ'ig‘:my, w'e:-uure effiolency, cu:l.-:énc e::hnlpw =19\b“rxl.an puﬂn;t.r,
ratio, ¥a 1/5] . pressure- ratio, T spe » [paramater, | w, ;Tg,
e, | w/eec = toss ratio, Po/Py W, | s, g, Bs | (357e3n
1b/sec S 4 P B b 60 B, oo
E5 Lrps) (3b}
sec
8.44 30.2 167.8 0.735 0.0502 0.977 L 0.812 3357 38.55 2376 £0.8x105
8.67 350.0 1858.5 <739 0494 .979 3.95 . 3252 34.82 2297 44.0
8.36 27.3 166.8 «T4E 0510 971 «34 -818 3354 36.30 23583 335.9
8.61 27.3 166.7 -T4E ~0503 975 & -818 5245 35.00 2302 38.4
8.71 27.1 165.8 748 0489 .951 3.84 <814 3180 53.90 2260 37.6
8.82 27.1 168.0 -T4S 0478 -.8970 768 5135 32.98 22330 39.6
T.70 28.9 162.2 -.782 0409 +.918 L <823 32711 36.21 23523 35.68
7.91 28.9 162.4 <779 0478 +825 -9 821 3187 54.85 2278 38.2
8.03 28.0 162.4 779 0475 <937 3.71 883 5116 35.64 243 40.9
8.21 29.0 162.0 -780 0458 . 3. 824 3070 32.86 2193 42.5
8.40 28.8 161.8 791 ~O4LT 945 5 BI4& 3004 51.75 2137 45.2
8.56 £8.9 162.1 ~783 «Odid 952 5.2¢9 -823 2938 31.15 2113 47.7
T.40 25.7 158.0 -804 ~O548 »970 4.351 810 3247 35.53 2288 aT.T
T.T1 25.8 158.1 -804 «O498 -974 3.80 8235 3106 35.7 2203 3l.2
8.00 25.9 159.0 811 <0476 =976 5.54 818 30135 .12 2135 54.0
8.28 26.1 158.9 -803 0462 978 5.3 814 2928 30.80 2080 37.1
6.35 25.8 144.7 -813 0507 .918 4.37 807 5204 35.75 2265 7.2
8.4 25.5 143.2 817 «04835 -804 3.98 -814 35129 34.12 2213 28.6
6.56 £5.5 142.3 809 JO476 -910 5.74 810 3062 33.04 50.5
8.85 5.4 142.0 -810 -0483 <924 3.50 818 2985 32.02 2133 32.3
6.87 2B.4 14l.4 812 o 945 3.5 -808 2833 30.70 2083 35.3
5.24 22.5 125.8 .818 08592 -903 4.38 -798 3172 354.99 2215 20.8
5.25 22.3 124.2 =817 0545 .880 £.13 - 5127 34.18 2187 21.1
5.35 e2.1 123.6 810 0525 «884 5.83 «810 3046 35.13 2137 22.6
5.38 22.2 1e2.6 2805 <0507 <910 5.60 .811 2979 51.95 2105 24.1
5.53 21.4 119.3 813 ~O487 .888 3.28 808 2860 29.90 1980 25.9
area of 3.01 square feet.
Compressor [Alr flow,[Carrected [Compressor Combustor }Combustion [Turbine Turbine Corrected |Turbine Turbine ion
preassure Wy 1 [air Dlow, afficiency, total sfficiency, |preasure aneiency, turbine |enthalpy \naisht flow|paremeter,
ratio, ? Mg, 1vVEL 1 pressure S ratio, n, spesd drop, = [parameter, | W, .Ta,
1b/eec (& 3 -/U" a,1
/P2 4 1a;- mgin, B/ WY, Ger [ ¥, a¥ Ba | (10)(%R)
1b/sec S5 4 = Btu/1v 80 B, sec
Py (rps){1b)
[
8.55 112.3 187.5 0.788 0.0474 —— J.40 0.853 3138 335.00 2282 184.8x105 | 1
8.28 108.8 1685.2 -810 0474 —— 5.47 B47 5117 335.28 2223 169.3 2
T.77 108.4 180.2 84T 0470 —— 3.48 «831 32.64 2213 155.0 3
5.86 8g.8 135.0 833 0469 — 3.54 -839 3073 52.82 2195 105.7 £
4.78 78.1 126.8 821 051§ — 5.52 845 3083 32.67 2187 T9.8 S
.24 58.3 168.2 «739 <0443 — 5.4l 8353 3105 32.21 2237 84.9 ]
8.76 56.8 166.9 .788 ~O4B0 — .44 851 322 32.33 23% 82.9 7
a.18 56.4 182.9 -804 <0469 — 3.51 «831 3008 32.65 2220 77.4 a
7.89 55.6 160.7 820 0483 —_— 3.51 837 3083 32.82 2212 72.4 2
a.52 49.0 143.0 836 «04! ——— 3.55 +826 3039 32.28 272 55.9 ]
5.55 44.6 128.8 844 0491 —— 3.55 830 3037 32.31 2162 43.4 1
4.50 58.0 111.8 859 - —— 3.52 -803 3027 30.94 2155 35.1
9.16 42.8 167.9 755 ~OLES — 3.40 -821 3090 31.87 @210 70.4
2.00 42.8 187.1 759 0463 — J.44 -823 3087 32.10 67.9
8.66 42.7 165.9 «780 0458 — 3. 827 3076 32.12 2197 683.9
8.32 41.7 163.0 -802 <0458 —— 3.47 8352 3064 32.35 2187 58.8
7.62 40.1 155.8 820 0438 ——— 3.52 821 3018 32.05 2137 52.5
§.08 57.8 146.2 827 «O4dd — J.47 -825 2989 31.83 2125 £5.6
5.35 31.9 1235.7 831 0488 — 3.51 -832 2980 51.80 2148 32.0
9.06 27.¢ 165.8 150 <0453 — 5.40 -811 3024 31.54 &5 48.1
8.77 28.1 1856.3 767 0454 — 5.43 .813 3024 51.63 2178 43.
8.35 27.3 161.2 -786 +0468 — 5.43 .822 3014 31.89 2150 39.5
7.96 27.1 7 .788 0479 —— 3.44 -823 2998 32.01L 2158 57!
8.68 24.2 141.5 -820 0480 —_— 5.49 816 2970 31.57 2107 28
5.93 21.9 128.3 «831 ~O4T4 ——— 5.54 - 794 31.19 2038 24.3
5.49 20.8 122.8 832 4TS —— 3.48 «800 2930 31.00 R03S 22.1
8.90 21.3 165.7 .T52 0441 — 35.57 -804 2962 51.01 21355 355.4
8.355 20.9 159.7 779 0454 — 5.41 803 2937 30.90 2118 32.2
7.88 20.2 155.4 T80 <0459 —— 5.41 -806 2943 31.08 2092 29.3
8.72 8.2 140.2 -805 0472 — 5.45 «800 2909 31.00 2080 235.3
5.32 15.5 118.0 787 -.0S14 — 5.35 -806 2881 2042 17.3
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TABLE II. - LOW-SPEED CONFIGURATION (INLET GUIDE

- (a) Open exhaust-nozzle

Run [Reymnolds [Engine |Corrected Tank Compreasor Compressor | Turbine Turbine Engine | Compressor | Turbine |Exhaust-
nusber |[speed, i engine static inlet total |outlet total inlet outlet inlet ocutlet inlet norzle
index, N, speed pressure, pressure, preasure, total total total} total total inlet

Rey rom )l/-\/Ui', P, Pa, Px, pressure, | pressure, | tempera~ | tempera- tempere total
rP| 1b 1% P‘ N Ps, t:z-c, ture, n;ure, tempers
Bq £t abs | nq ft abs 8q £t aba 1b 1b 17 T3» 4’ ature,
®q I'L aba | 5q ft abs oy °r zﬁ'
1 0.404 €169 6817 384 658 4285 4072 897 425 862 1588 lia3
2 402 5622 392 656 3818 3623 426 788 1311 877
3 404 5433 5987 §60 56880 5498 774 426 770 1248 9256
4 403 5625 393 856 3359 3182 Ti2 426 735 1127
5 + 406 4727 24 583 8 2988 2798 849 428 TOO 1015 47
[:] 401 4723 5201 383 858 2740 639 426 TOL 1024 67
7 392 4548 49€2 396 859 2853 2498 599 436 692 977 721
8 «401 4284 4718 594 659 2 2210 553 428 655 200 ecs
S A0S 5907 4302 393 861 1914 178% 489 426 818 800 S0k
10 .598 5508 3645 593 as2 1448 1347 432 580 73 129
(b) Fixed exhaust-nozzle

Run |Reynolds |[Engine [Correoted Tank Cempresasor Compressor | Turbine Turbine Engine | Cowpresaor ( Turbine | Exhauat-
number [speed,| engine atatic inlet total [outlet total inlet outlet inlet outlet inlet noszle
index, N, speed pressure, pressure, preasure, total tatal total total total fnlet

Rey rpm H/-\/PJ', Por Pe, Ps, pressure, | pressure, | tempera- tompera- tomper- total

Tpo 1% 11 1b Pyr 5+ b%re, ‘r:uro. l.l;\.lra, b:npor-
Tt abs | 53 It abs ({0 1b 1> 1’ 3 .’ aure.
" = = sq ft aba |aq fe abs | ©R " of =

1 ©.398 €174 6775 508 €56 4634 4423 1273 4351 830 1914 1507

2 <399 B617 6185 391 655 4077 3084 1088 428 808 1560 1208

3 <3599 5456 8001 385 €58 39351 ST4S lo4a 429 788 1473 1147

4 387 80985 5598 595 €56 5543 3377 939 . 430 52 1sle 1023

5 . 4721 7 391 857 3133 297¢ 836 425 711 1177 08
€ «402 4471 4923 397 880 2726 2585 T46 428 685 1088

T « 399 4£2€8 4609 590 660 2431 2294 6gq0 430 €683 1023 730

a 398 922 4299 8 882 1999 18680 S87 432 620 819 718

9 597 3498 38355 598 [:{0e 1830 1437 519 432 5856 821 664

10 .391 34T 5913 85 &6L1 1516 1422 b7 £32 sas a2l 684

TABLE III. - INLET GUIDE VANES CLOSED, COMPRESSOR ACCELERATION

Run |Reynolds |[Engine {Corrected Tank Compreasor Compressor | Furbine Turbine Engine Comprassor | Turbine [ Exhaust-
number |aspeed,

engine static inlet total [outlet total inlet outlet inlet ocutlet inlet nozxrle
index, N, speed pressure, pressurse, preasure, total total total total total ioiet
Rey by N’/-V‘F;_', Por Pos Py, pressure, | pressurs, | tempera- | tempera- | temper- | toutal
rpm 15 1b 1b Pa. l’g, r.;;-., ;u.rn. a.:urn, t:npﬂ--
53 Pt 258 | 30 7t abs —_— 1] 1 s 5 . ature,
? °q fo abo | 8 It abh | rEs | s TvEes | on or o 3
1 0.404 6174 380 687 4464 4240 945 425 812 1582 1171
2 402 5617 6185 391 860 4010 381 420 804 158 (1]
3 402 5458 6010 L3 660 3875 3677 817 428 783 1250 92
4 +.395 5097 5586 394 657 3526 3357 749 432 7656 1146 841
-3 399 4717 6188 392 658 3074 20897 687 428 118 1019 745
8 396 4722 5175 392 669 3019 2048 &8¢ 432 7 1028 ki)
7 .398 4544 4088 391 €680 2760 615 431 698 g62 71
] 399 4277 4698 393 -13:] 2374 2219 567 430 666 893 656
9 <596 5874 4246 392 658 1853 1706 481 432 797 801
10 <397 3522 3860 393 860 1484 1380 458 432 881 729 573
11 404 2581 2843 581 663 845 789 417 478 503 630 556
TABLE IV. - INLET GUIDE VANES OPEN, COMPRESSOR ACCELERATION
Run [Reynolds {Engine [Correacted Tank Compressor Compressor | Twrbice Turbine Engine Campressor| Turbine | Exhaust-
ounber |speed,! engine atatic inlet total |ocutlet total inlet autlet inlet outlet inlet noxzle
index, », aspeed, pressure, pressure, pressure, total total total total total inlet
Hejy by = N/~/T7, Pye Pa, Py, pressure, { pressure, | tespera- [ tempersa- ]| temper- | tolal
pm b 16 1n Per 5 tgre, ;nre, n;ura. ::uper-
Tt abs | 5g £t abs | ag ft ebs ib b 11 5+ 4 wbild
= q 8q £t abse | sq £t aba °r °R op ::'
1] 0.401 6175 6732 400 660 5383 5117 1143 429 810 1743 1183
2 402 5618 6179 403 863 4794 48686 1018 429 833 1468 e77
3 +4&01 5462 GDO7 393 861 4608 4384 90 429 818 1400 925
£ 386 5100 5503 389 654 4026 a4 430 T8 1258 &
5 404 4720 5216 397 657 3394 321¢ 152 425 725 1112 147
6 399 4705 6175 393 857 3517 3145 nt 429 7125 1115 &23
T 599 £542 4996 388 857 3007 658 629 102 1037 T
8 598 4280 4887 331 663 2337 2380 587 433 678 953 T08
S 401 3917 4308 396 861 1964 1838 502 429 a3l
10 3599 3542 3887 391 68l 1527 1430 458 431 593 783 611

8662
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VANES CLOSED, COMPRESSCR ACCELERATION BLEEDS OPEN)

area of 4.42 square feet.

Compressor|Air flow,|Corrected |Compreasor Combustor |Combustion | Turbine Turbine Correct: Turbine Turbine

preasurs ¥g,1r alr flow, |efTiciency, total- efficiency,| pressure|efficiency,| turbine |enthalpy|welght flow|

ratio, ib/iec |Ye l-;/ﬂf e pressurs- s ratio, . spe s |peramater,

Py/Py —_, losa ratio, PP, W8, 0., | we, uF By

B2 P, - P s LA,

1b/3ec 3 4 Tp= Btu/1b 80 0
Py !ma[!lb)
Bac

&6.51 48.0 137.9 0.676 0.0487 4.54 Q.802 3564 58.38 253Q 58.7 1
5.82 48.9 135.5 <758 .0506 4.51 -802 3580 35.639 2497 45.8 2
5.50 47.0 134.6 Tl .0800 4.52 802 3520 35.85 2497 43.4 3
5.12 5.4 130.7 -802 L0527 4.47 811 3472 35.a1 248% 37.7 4
4.49 43.1 123.1 .810 <573 4.51 -821 3391 55.83 2452 32.2 5
4.41 41.5 121.1 .810 0558 4.29 .810 5385 54.89 23598 31l.4 3
4.03 38.7 115.8 -812 0596 4.17 <810 3329 54.30 2350 27.9 a?
3.57 38.2 105.5 +804 -0612 4.00 -814 3275 35.31 2323 24.1 -]
2.9¢ 3l.1 90.4 <175 0853 3.56 -804 3158 31.39 2227 148.9 9
2.18 25.5 Th.2 -588 0685 2.96 -808 26.08 2150 1é.4 10

area of 3.0l square feet.

Ccmpressor|Air flow,|Corrected [Compressor | Combustor |Combustion | Turbine Turbine |Corrected|Turbine Turbine

nru:ure "1,1' alr flow, [efficiency, total- effioiency,|pressure |efficiency,| torbine |eathelpywelight flow
ratio W, /T preasure— ratio apeed, paraneter
Pyt . 1b/sec [ 2,1V 72 o loss ratio, ™ B/P, " ks Fr i z;:%', v RPB,
2 il 6 4 4 I Sl Y
1b/sec puk- B v Btu/1b 60 B
By (rps)(1b)
se0
7.08 47.4 138.0 0.880 0.0455 0.999 5.48 0.814 3255 51.67 2318 71.8 1
8.22 46.8 135.6 763 04735 1.003 5.57 .810 3281 32.08 2343 55.9 2
5.97 46.7 1354.7 . -0473 990 3.57 .818 3265 52.25 2337 53.5 3
S5.40 44.9 130.0 -812 0468 .998 3.60 816 3219 51.91 2307 45.8 4
4.77 42.5 122.1 .819 -04d! 1.002 3.58 826 3152 51.65 2278 34.¢ 5
4.13 38.35 11l.4 B L0517 5.47 3090 30.56 2207 32.5 8
5.688 35.6 105.68 -808 - OS5 -945 3.37 +808 5 30.18 28.1 T
3.02 30.7 89.6 -78Q 0595 -879 5.1%8 -807 2858 23.41 2107 22.1 :3
2.32 25.90 73.0 <735 .0808 -T78 2.77 .780 2788 24.75 1978 18.8 9
2.29 26.0 73.0 <T24 0620 . 799 2.75 780 2772 24.75 1988 14.2 10

BLEEDS CLOSED, AND EXHAUST-NOZZLE AREA OF 4.42 SQUARE FEET

Compressor [Alr flow, |Corrected [Compressor | Combustor |Combustion |Turbine Turbine |Corrsoted|Turbine Turbine
pressure Wa,l1» alr flow, efficiemcy, total- efficiency,|pressure fefficlency,| turbine |(enthelpy|weight flow
paran

ratic Wy 1V n pressurs- ) ratio peed eter
Ryfpy | 10/aec T, ° losa ratio, b LV t WO, oo | Mg a¥ B
2 Py - Py
1b/aec = Tp= Btu/lb &0 8
's !rgn)!lh!

8.80 48.0 138.1 0.638 0.0502 0.982 4.49 0.81% 3567 56.72 2503
6.08 47.3 135.8 764 -0499 984 4.53 -821 3553 56.80 2482
5.87 47.1 1535.2 .791 0511 .582 4.50 811 3540 36.16 2482
5.37 4.7 129.6 .8235 0533 -988 4.46 .814 3466 56.12 2420
£.67 41.4 1ns.s .828 0576 -942 4.54 824 3372 36.

£.58 40.1 117.6 -826 +05 . «.36 814 3363 35.50 2538
£.18 37.8 110.4 820 G618 884 £.21 .825 3541 55.14

5.60 34.0 99.3 -804 0853 . 5.90 .82% 3280 34.10 8
2.78 27.8 8l.0 .768 +069 <TTL 3.55 -824 F139 30.88 2183
2.25 22.7 88.5 .T08 -Q701 .588 3.03 812 2308 26.58

1.28 15.7 39.6 402 .0663 .3885 1.8¢9 . 2266 1s.88 1565

85
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BLEEDS OPEN, AND EXHAUST-NOZZLE AREA OF 4.42 SQUARE FEET

Compressor|Air flow,|CorrectedCompressor ( Cembustor |Combustlon |Turbine Turbine
preasure "u.,l' air flow, [efficiency, total~ effieiency,|pressure [officiency,| turbine |enthalpy|weight flow

ratio, , presaure- retio, speed drop, paranstar,
by 1b/sec [Ne 1Vl o loss ratia, k) /o, T B/~/8, 8y, | g X B
8 Ps - P rpm Btu/1b Tl nia W
1b/sec - X 80 &
5 ]mnl;lbl
sec
a.l6 S58.4 188.4 a.718 0.0494 4.48 0.805 3406 36.52 1x. 1
7.23 57.0 153.7 780 O4TE £.49 -808 3368 58.28 2417 T 2
6.97 56.0 161.3 <800 JOhT7T 4.435 -814 3549 38.10 2407 ] 3
6.16 51.8 150.3 -826 0487 4.44 . 52585 55.91 9 £
8.17 47.1 135.65 -828 0524 £.59 A17 5242 35.83 2337 2 13
5.05 £5.5 135.3 .829 0518 4.39 804 3236 35.00 2287 S &
4.58 42.7 125.0 ~a34 0562 4.51 <800 3235 54.48 2275 (] 7
3.83 38.1 111.2 .800 0819 4.06 816 3189 34.07 2280 9 ]
2.97 31.8 92.5 <748 06857 5.66 818 3096 351.89 2227 2 ]
2.31 25.8 74.5 -685 0635 3.12 -803 2891 28.00 3 8 10
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Figure 1. - Installation of J7l-A-2(600-D1) turbojet engine in sltitude test chamber.
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Figure 3. - Variation of Reynolds number index with altitude and flight Mach number.
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Compressor pressure ratlo, P3/P2

- T - Compressor —‘—J
e N Sl P .|, jefficiency,
10 SR - : S AR D s
T c._{-
] LLL0;73.,
b .75, l ;
2 N
9
T

8

4 Fer R AR et o 23 2R 00 SR I R sk 5
110 120 130 140 150 160 17Q

Corrected ailr flow, wa,l-‘/el/az, 1b/sec

(a2) High-speed configuration. Inlet guide vanes open; compressor acceleration
bleeds closed.

Figure 4. - Coupressor performance map. Reynolds number index, 0.4.
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Corrected eir flow, Ws 1+/81/8z, 1b/sec

Gulde vanes closed; compressor acceleration bleeds open.

(b) Low-spead configuration.

NACA RM ESS8B14

Compresscr performance msp. Reynolds nunber fndex, 0.4.

Figure 4. - Concluded.

866<



3998

Vi=a DACK

NACA RM E56B14 . U

Configuration Inlet-guide- Compressor-
vene position bleed position
—_— High-speed Open Closed
—_———— Low-speed Closed Open
11
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> /
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2 /1 L+
B ¥ 1A
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g Stall lines f/ A 7 operating lines
n
B W7V
N A iA Y
g L1 / / 1///,
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<] 3 g \ & stmosphere
© - at Mach number, O.4)
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Corrected engine speed, N/+/61, rpm

Figure 5. - Effect of interstage bleeds and inlet-guide-
vane position on steady-state air flow end compreassor
efficiency. Exhaust nozzle open; altitude, 35,000
feet; Mach number, 0.4; inlet temperature, -30° F.
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Compressor pressure ratio, P5/P2

SRS NACA RM ES56Bl4

- . Compreesor';
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T e
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Corrected air flow, Wy 6, /85, 1b/sec

(a) Reynolds number index, 0.7.

Flgure 6. - Compressor performance mep for high-speed configuration (inlet
gulde vanee open; compressor acceleration bleeds closed).
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Compressor pressure ratio, PS/PZ

o ETTTEE
—+—i Compressor -
-t - efficiency,.

T

10 T

M

Exhaust-nozzle:

area, sq £t
- ]

3.01
3.36

3,73 SN
Ha .42 B \

140 150
Corrected air flow, Wo 1+/61/62, 1b/sec

(b) Reynolds number index, 0.2.
Figure 6. - Concluded. Compressor-performance map for high-speed con-

Piguration (inlet gulde vanes open; compressor acceleration bleeds
closed).
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Figure 7. - Effect of Reynolds mummber index on cowpressor efficiency and
corrected alr flow. Imlet guide venes openj compressor acceleration
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266%

o%

$TE9SH WA VOVN




3998

NACA RM E56B14 cealnmiiie 31
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Corrected air flow, wa,11/61/62, 1b/sec

Figure 8. - Compressor performance mep showing lines of constant corrected
turbine-inlet temperature. Inlet guide vanes open; compressor acceleration
bleeds closed; Reynolds nunber index, 0.4.
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