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SUMMARY

Performance of the compressor, combustor, and turbine operating as
integral parts of the XJ34-WE-32 turbojet engine was determined in the
Tewls altitude wind tunnel over a wide range of flight conditions. This
investigation was conducted with the electronic control inoperative.

The peak compressgor efficiency decreased from about 0.84 to 0.79 as
altitude was increased from 10,000 to 55,000 feet at a flight Mach number
of 0.53. For all flight conditions investigated, the peak compressor
efficiency occurred at a compressor pressure ratio of approximately 3.8
and a corrected air flow of 55 pounds per second. The corresponding
corrected engine speed varied slightly with Reynolds number but was
about 11,800 rpm. Decreasing the Reynolds number generally resulted in
a decrease in compressor efficiency and corrected air flow for a given
corrected engine speed and compressor pressure ratio.

Within the range of flight Mach numbers investigated, the combustion
efficiency for rated engine conditions remained constant at about 0.95
to altitudes of 25,000 feet and decreased to about 0.80 at an altitude
of 55,000 feet.

Changes in exhaust-nozzle area or flight Mach number had no discern-
ible effect on turbine efficiency. Within the range of corrected tur-
bine speeds encountered during engine operation, the change in turbine
efficiency was small. At rated engine conditions, the turbine efficiency
decreased from about 0.86 to 0.82 as the altitude was increased from

10,000 to 55,000 feet.

INTRODUCTION

An investigation was conducted in the NACA Lewis altitude wind tun-
nel to determine the altitude performance characteristics of the
XJ34-WE-32 turbojet engine. In conjunction with these over-all engine
performance data, component performance data were obtained for each of
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four exhaust-nozzle areas over a range of altitudes from S000 to
55,000 feet and flight Mach numbers from 0.28 to 1.05. At each flight
condition and exhaust-nozzle area, data were obtained over an extensive
range of engine speeds.

Performance data of thé compressor, combustor, and turbine are pre-
sented herein in graphical form to show the effects of changes in flight
and engine conditions. A compressor map 1s presented for each flight
condition investigated. For the combustor and turbine, only typical per-
formance data are shown. All data obtained are presented in tabular form.

APPARATUS
Engine Components

The XJ34-WE-32 turbojet engine used in this investigation (fig. 1)
has a statbic sea-level thrust rating of 3370 pounds (afterburner inoper-
ative) at an engine speed of 12,500 rpm and a turbine-inlet temperature
of 1525° F. The engine is equipped with an afterburner and an electronic
control which were inoperative during this investigation.

Compressor. - The eleven-stage axial-flow compressor has a single
row of inlet gulde vanes, a double row of outlet guide vanes, and a sin-
gle row of mixer vanes. The compressor rotor is shown in figure 2. The
blade-tip diameter of the eleven-stage rotor section is 18.91 inches and
the blade height varied from 4.71 inches at the first stage to 2.46 inches
at the eleventh stage. The compressor air flow is about 58 pounds per
second at rated static sea-level conditions.

Combustor. - The combustor (fig. 3) is of the annular direct-flow
type with a double-annular basket that merges into a single annulus near
the downstream end. Two concentric fuel manifold rings, with 24 and
36 matched fuel nozzles at the inner and outer rings, respectively, are
located at the upstream end of the double-annular basket.

Turbine. - The two-stage axial-flow turbine has a blade height of
about 3.9 inches for both rotor stages and a blade tip diameter of
20.81 inches. The turbine rotor is shown in figure 4.

Installation and Instrumentation

The engine was mounted on a wing segment in the 20-foot-diameter
test section of the altitude wind tunnel. Dry refrigerated air was
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supplied to the engine inlet through a duct from the tunnel make-up air
system. This air was throttled from approximately sea-level pressure to
an engine-inlet total pressure corresponding to the desired flight
condition.

Location of the instrumentation used to determine component perform-
ance is shown in figure 5. The temperatures measured at the exhaust-
nozzle inlet (station 7) were used as the turbine-outlet temperatures
because of the effect of radiation on the temperatures measured at sta-

Lilon: S

PROCEDURE

Dry refrigerated alr was supplied to the engine at the NACA standard
temperature for each flight condition except that the minimum temperature
obtained was about -20° F. The data at an altitude of 5000 feet were
obtained using an inlet temperature that was required to give a Reynolds
number index of 1.00. Complete free-stream ram pressure recovery was
agsumed at each flight condition.

The following table indicates the flight conditions at which data
were obtained:

Altitude | Flight Mach number
(ft) [0.28[0.55[0.79]1.05
5,000 2

10,000 se

25,000 pd bd X: x
40,000 X X X
47,000 X

55,000 x X

At each of these flight conditions, data were obtained over a range of
engine speeds from about 6250 to 12,500 rpm at four fixed positions of
the varisble-area exhaust nozzle (projected exhaust-nozzle areas from
1.063 to 1.902 sq ft) except when instrumentation difficulties were
encountered or when the engine operation was limited by either excessive
exhaust-gas temperature, combustor blow-out, or compressor surge.

Data were not obtained because of instrumentation difficulties at
the following flight conditions: at altitude of 5000 feet, flight Mach
number of 0.28, and exhaust-nozzle area of 1.063 square feet for several
intermediate engine speeds between 6250 and 12,500 rpm; at altitude of
25,000 feet, flight Mach number of 1.05, and exhaust-nozzle area of
1.902 square feet. Limiting exhaust-gas temperature prevented data from
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being taken at rated engine speed with an exhaust-nozzle area of

1.063 square feet at any flight condition investigated. Within the range
of flight Mach numbers investigated, combustor blow-out occurred at low
engine speeds above an altitude of 40,000 feet. Compressor surge
occurred in the medium engine speed range (corrected engine speeds
greater than 10,000 rpm and less than 12,000 rpm) with the small exhaust-
nozzle area. At and below altitudes of 25,000 feet and at the two high-
est flight Mach numbers investigated at an altitude of 40,000 feet, the
instabilities caused by compressor surge were small and the exhaust-gas
temperatures were not excessive. It was therefore possible to obtain
some data at these flight conditions in the region of compressor surge.

The symbols and the methods of calculation used herein are given in
appendixes A and B, respectively.

-

RESULTS AND DISCUSSION
Compressor Performance

TIn order to simplify the following discussion, an engine operating
point is defined by a given corrected engine speed and exhaust-nozzle
area; and a compressor operating point, by a given corrected engine speed
and compressor pressure ratio.

Compressor performance maps. - Compressor performance maps for each
flight condition investigated are presented in figure 6 where corpressor
pressure ratio is plotted against corrected air flow with lines of con-
stant corrected engine speed, compressor efficiency, and exhaust-nozzle
area.

Except near the region of compressor surge, increasing the alti-
tude from 10,000 to 25,000 feet at a flight Mach number of 0.53 had no
appreciable effect on engine operating points, but a further increase
in altitude shifted engine operating points at high corrected engine
speeds to higher compressor pressure ratios and lower corrected air
flows on the compressor map (figs. 6(b), 6(e), 6(1), 6(j), and 6(1)).
At low corrected engine speeds the shift in engine operating points was
to lower corrected air flows with no distinguishable change in compres -
sor pressure ratio.

The decrease in corrected air flow along with a decrease in compres-
gsor efficiency was due to a decrease 1n Reynolds number as altitude was
increased. The lower compressor efficiency required the turbine to pro-
duce more work per pound of gas to maintain a given corrected engine
gspeed. This requirement was met by operating at a higher turbine-inlet
temperature. In order to satisfy the condition of continuity, engine
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operating points at high corrected engine speeds shifted to higher com-
Pressor pressure ratios. Apparently, this condition was satisfied at
low corrected engine speeds without an increase in compressor pressure
ratio.

Except near the region of compressor surge, decreasing the flight
Mach number from 1.05 to 0.28 at an altitude of 25,000 feet (figs.6(c)
to 6(f)) shifted engine operating points at high corrected engine speeds
to higher compressor pressure ratios with no appreciable change in cor-
rected air flow. At low corregted engine speeds, engine operating points
shifted to higher compressor pressure ratios and lower corrected air
flows on the compressor map. The increase in compressor pressure ratio
is attributed to a decrease in the energy of the inlet air ag flight Mach
number was decreased, requiring that the turbine produce more work (higher
turbine-inlet temperature) per pound of gas in order to maintain a given
corrected engine speed. The amount the corrected air flow decreased
depended on the slope of the compressor characteristic and the magnitude
of the increase in compressor pressure ratio. At high corrected engine
speeds, the corrected air flow did not change appreciably because the
compressor characteristic was nearly vertical; whereas at low corrected
engine speeds, the corrected air flow decrease was primarily due to a
decrease in the slope of the compregsor characteristic curve.

The peak compressor efficiency decreased from about 0.84 to 0.79 as
altitude was increased from 10,000 to 55,000 feet at a flight Mach number
of 0.53. For all flight conditions investigated, the peak compressor
efficiency occurred at a compressor pressure ratio of approximately 3.8
and a corrected air flow of 55 pounds per second. At high Reynolds num-
bers (altitudes of 25,000 feet and less), this compressor pressure ratio and
corrected air flow corresponded to a corrected engine speed of about
11,800 rpm; at low Reynolds numbers the corresponding corrected engine
gpeed was somewhat higher.

As corrected engine speed was increased above the value at which
peak compressor efficiency was encountered, the compressor efficiency
decreased at a greater rate. This decrease in compressor efficiency is
attributed to mismatching of the compressor stages, which resulted from
the compressibility and boundary-layer effects that could not be com-
pletely accounted for in the compressor design. Therefore, if the engine
were operated at rated engine speed above the tropopause, the corrected
engine speed would be above 13,100 rpm at any flight Mach number of 1.00
or less and the compressor would be operating in a region of compressor
efficiency considerably below the peak value. For example, by extrap-
olating the data available at an altitude of 40,000 feet at a flight
Mach number of 0.53 and an exhaust-nozzle area of 1.138 square feet, the
compressor efficiency would be expected to decrease from about 0.8l to
0.73 or less as corrected engine speed was increased from 12,500 to

14,000 rpm.
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As stated previously, several data points were obtailned when the
compressor was in a mild surge. The data presented in figure 6(f) are
a good example of how the compressor performance map is affected by
compressor surge. At a corrected engine speed of 11,000 rpm the com-
pressor characteristic curve assumed a positive slope as the exhaust-
nozzle area was decreased. Positive slope of the compressor character-
istic is associated with compressor surge (reference 3). A significant
decreagse in compressor efficiency also occurred when the compressor was
operated in the surge region.

The increasing effect of surge on the compressor performance
(figs. 6(b) and 6(e)) and the absence of performance data at the small
exhaust-nozzle area (figs. 6(i), 6(Jj), and 6(1)) indicate that at a
given flight Mach number an increase in altitude resulted in increasing
restriction by compressor surge of the steady-state operating region.
At a given altitude, decreasing the flight Mach number resulted in a
similar effect, as shown by figures 6(g) through 6(i). It is therefore
concluded that the steady-state operating region moved closer to the
surge line as a result of an increase in altitude or a decrease in
flight Mach number.

Reynolds number effect on compressor operating points. - The effect
of Reynolds number on several compressor operating points is presented
in figure 7. For a given compressor operating point, decreasing the
Reynolds number generally resulted in a decrease in compressor efficiency
and corrected air flow. For example, as Reynolds number index is
decreased from 1.00 to 0.17 at a corrected engine speed of 12,500 rpm
and a compressor pressure rabio of 4.2, the corrected air flow decreases
from 58.0 to 57.0 pounds per second and the compressor efficiency
decreagses from 0.835 to 0.796. This decrease in Reynolds number index
corresponds to an increase in altitude from about 10,000 to 55,000 feet
at a flight Mach number of 0.80.

The effect of operating the engine at rated speed at high altitudes
was discussed previously. If, therefore, the engine is operated at rated
speed at a given flight Mach number and the altitude is increased, the
compressor efficiency will decrease because of both decreased Reynolds
number at high altitude and mismatching of the compressor stages at high

corrected speeds.

Combustor Performance

Combustion efficiency. - Typical effects of altitude, flight Mach
number, and exhaust-nozzle area on combustion efficiency are presented
in figures 8, 9, and 10, regpectively, where combustlon efficiency is
plotted against corrected engine speed. The primary variables affecting
combustion efficiency are fuel atomization (measured roughly by fuel
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flow, which determines the pressure difference across the fuel nozzles),
fuel-air ratio, and combustor-inlet pressure, temperature, and velocity.
As it was impossible to independently control these variables when the
combustor was operating as an integral part of a turbojet engine, the
data do not lend themselves to presentation using the aforementioned vari-
ables. By changing engine speed, altitude, flight Mach number, and
exhaust-nozzle area, the primary variables affecting combustion effi-
ciency were all changed varying degrees. For example, as the altitude
was increased at a given corrected engine speed, flight Mach number, and
exhaust-nozzle area, the fuel-air ratio increased, the combustor-inlet
pressure and the fuel flow decreased, and there was a negligible change
in combustor-inlet temperature and velocity. The increase in combustion
efficiency due to increased fuel-alr ratio was small compared with the
decrease in combustion efficiency which resulted from the decrease in
combustor-inlet pressure and fuel flow. The net result was a reduction
in combustion efficiency as altitude was increased.

A combination of curves similar to those of figures 8, 9, and 10
or the data of table I indicate that when the engine was operated at
rated conditions within the flight Mach numbers investigated, the com-
bustion efficiency remained constant at about 0.95 up to an altitude of
25,000 feet and decreased to about 0.80 at an altitude of 55,000 feet.

Combustor total-pressure loss. - Representative data for various
flight conditions and exhaust-nozzle areas are plotted in figure 11 to
show combustor total-pressure loss coefficient as a function of combus-
tor total-temperature ratio. The combustor total-pressure loss is a
gum of the friction loss and the momentum loss. When the combustor
temperature ratio is equal to unity, the entire total-pressure loss
through the combustor is due to friction. The data of figure 1l can
therefore be extrapolated to a combustor total-temperature ratio of 1,
which gives a combustor total-pressure loss coefficient due to friction
of 2.9. The method of calculating the combustor dynamic pressure 1s
given in appendix B. Values of both combustor total-pressure loss coef-
ficient and combustor total-pressure loss ratio are given in table I.

Turbine Performance

Turbine speed corrected to turbine-inlet temperature is plotted
against corrected engine speed in figure 12 showing typical trends with
altitude, flight Mach number, and exhaust-nozzle area. The primary
purpose of this figure is to serve as a connecting link between engine
operation and turbine performance, which can be better shown when plot-
ted against corrected turbine speed.

Turbine pressure ratio. - The effect of corrected turbine speed,
exhaust-nozzle area, flight Mach number, and altitude on turbine pressure
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ratio is presented in figure 13. The effects shown are due to changes
in the matched operation of the turbine and compressor at various
steady-state conditions. When the engine was operating at rated condi-
tions the turbine pressure ratio was approximately 2.0.

Turbine efficiency. - The effect of corrected turbine speed, exhaust-
nozzle area, flight Mach number, and altitude on turbine efficiency 1is
presented in figure 14. The data of figures 14(a) and 14(b) indicate
that within the accuracy of the data there was no discernible effect of
exhaust-nozzle area or flight Mach number on turbine efficiency. Similar
plots at other flight conditions agree with this conclusion. Within the
range of corrected turbine speeds encountered during engine operation,
the change in turbine efficiency was small.

At the corrected turbine speed that corresponded to rated engine
conditions (about 6400 rpm), the turbine efficiency decreased from about
0.86 to 0.82 as altitude was increased from 10,000 to 55,000 feet
(fig. 14(c)). As shown in figure 13(c), the same change in altitude
resulted in a small increase in turbine pressure ratio at any given cor-
rected turbine speed. Similar changes in turbine pressure ratio obtained
by changing exhaust-nozzle area or flight Mach number had no apparent
effect on turbine efficiency (figs. 14(a) and 14(b)). This decrease in
turbine efficiency with increasing altitude may therefore be associated
with a decrease in Reynolds number.

Corrected turbine gas flow. - The effect of corrected turbine speed,
exhaust-nozzle area, flight Mach number, and altitude on corrected turbine
gas flow is presented in figure 15. Some inconsistencies which could not
be explained existed in the values of corrected turbine gas flow. Within
the accuracy of the data, however, there was no effect of exhaust-nozzle
area, flight Mach number, or altitude on corrected turbine gas flow. At
corrected turbine speeds above 6800 rpm the corrected turbine gas flow
was constant at 29.8 pounds per second, indicating choking in the turbine.

SUMMARY OF RESULTS

The following results were obtained from an investigation of the
performance of the components operating as integral parts of an
XJ34-WE-32 turbojet engine in the Lewis altitude wind tunnel:

1. The peak compressor efficiency decreased from about 0.84 to 0.79
as altitude was increased from 10,000 to 55,000 feet at a flight Mach
number of 0.53.

2. At all flight conditions investigated the peak compressor effi-
ciency occurred at approximately a compressor pressure ratio of 3.8 and
a corrected air flow of 55 pounds per second. At high Reynolds numbers
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(altitudes of 25,000 feet and less) this compressor pressure ratio and
corrected air flow corresponded to a corrected engine speed of about
11,800 rpm, whereas at low Reynolds numbers the corresponding corrected

- gpeed was somewhat higher.

3. If the engine were operated at rated speed above the tropopause
at or below flight Mach number of 1.0, the compressor would be operating
in & region of compressor efficlency considerably below the peak value.

4. The steady-state operating region moved closer to the surge line
as a result of an increase in altitude or a decrease in flight Mach
number.

5. For a given compressor operating point, decreasing the Reynolds
number generally resulted in a decrease in compressor efficiency and cor-
rected air flow. Thus, as Reynolds number index was decreased from 1.00
to 0.17 at a corrected engine speed of 12,500 rpm and a compressor pres-
sure ratio of 4.2, the corrected air flow decreased from 58.0 to
57.0 pounds per second and the compressor efficiency decreased from 0.835
to 0.796. This decrease in Reynolds number index corresponds to an
increase in altitude from about 10,000 to 55,000 feet at a flight Mach
number of 0.80.

8. For rated engine conditions within the range of flight Mach num-
bers investigated, the combustion efficlency remained constant at about
0.95 up to an altitude of 25,000 feet and decreased to about 0.80 at an

altitude of 55,000 feet.

7. Changes in exhaust-nozzle area or flight Mach number had no dis-
cernible effect on turbine efficiency. Within the range of corrected
turbine speeds encountered during engine operation, the change in turbine
efficiency was small. At rated engine conditions, the turbine efficiency
decreased from about 0.86 to 0.82 as altitude was increased from 10,000

to 55,000 feet.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

cross-sectional area, sq ft

specific heat at constant pressure, Btu/(1b)(°F)
acceleration due to gravity, 32.2 ft/5602

Mach number

engine speed, rpm

total pressure, 1b/sq ft absolute

gtatic pressure, 1b/sq ft absolute

theoretical dynamic pressure at combustor inlet, 1b/sq £t absolute
gas constant, 53.4 £1-1b/(1b)(°R)

total temperature, °R

static temperature, °R

air flow, 1b/sec

fuel flow, 1b/hr

gas flow, 1b/sec

ratio of specific heats

pressure correction factor, P/2116 (total pressure divided by
NACA standard sea-level pressure)

efficiency

absolute viscosity, lb-sec/ft2

temperature correction factor, ¥1/(1.4)(519) (product of 7y and
total temperature divided by product of ¥ at standard NACA

gea-level temperature and standard NACA sea-level temperature)

viscogity factor, p/po (viscosity divided by NACA standard sea-
level viscosity)
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Subscripts

0 free-stream conditions

1L inlet duct at frictionless slip Jjoint
z compressor inlet

5 compressor outlet, combustor inlet
4 combustor outlet, turbine inlet

5 turbine outlet

7 exhaust-nozzle inlet

b burner

¢ compressor

t turbine

1L
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APPENDIX B
METHODS OF CALCULATION

Air flow. - Alr flow was calculated at station 2 by use of the
following equation:

72-1
. 27 8 Po\ 72 )
a,2 Lo (75,-1) Rty |\ P2

Air flow at the other stations in the engine was considered the same as
that at station 2. The gas flow downstream of the combustor is

W He.
g = Ma 20 76790

Reynolds number index. - For a given compressor Mach number (cor-
rected engine speed) Reynolds number index varies linearly with Reynolds
number and is defined as the ratio of Reynolds number at altitude to
Reynolds number at standard sea-level conditions.

52
Re index = ——=—
g,6;
Combustor dynamic pressure. - In order to calculate a combustor

dynemic pressure, based on a cross-sectlonal area of 1.78 square feet,
a combustor Mach number was first calculated with the equation

then

and
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Pz
- 73
-1
7z-1 2 73
1+ 5 Mb
therefore
2
73 My
L PS 73
-1
3 sl i
+ : N%
where
73 = 1.40

Turbine-inlet temperature. - Turbine-inlet temperature was calcu-~
lated from the following equation, which assumes compressor and turbine

work equal:

L 2 e c
T4=w—az—c—pz—|}n3-T2] + T,
g,4 p,t

REFERENCES

1. Bullock, R. 0., and Finger, H. B.: Compressor Surge Investigated
by NACA. SAE Jour., vol. 59, no. 9, Sept. 1951, pp. 42-45.
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TABLE 1 - COMPONENT PERFORMANCE

(a) Exhaust-nozzle area,

Run|Altitude| Ram Flight| Tunnel [Reynolds|Engine|Fuel flow \p! Comp: Comp; T \p! T Turbine Turbine Turbine Exhaust
(ft) [pressure| Mach | static | number | speed| We inlet totall inlet totalfoutlet totalfottlet totallinlet total|inlet total|outlet total| gas total
ratio | number |pressure| index N (1b/hr) | pressure |temperature| pressure |temperature| p: emp: P Dt
P2/Po Po  [bo/fo/F3 (rpm) P2 T2 Py Ts Py T4 Ps Ty
(1b/sq ft| (1b/3q_ft (°R) (1b/sq £t (°R) {1b/sq It (°Rr) (1b/sq ft (°r)
abs) abs) abs) abs) abs)

1 5000 3470 1853 469 7710 4014 1711
2 3405 1859 467 3967 1691
3 2410 1857 466 3321 1523
4 1635 1850 467 2666 1377
5 1220 1850 466 2303 1285
6 935 1848 468 2145 1214
7 [ 10,000 E 3425 1710
8 2795 1756 509 3434 1690
9 2790 1749 £07 3414 1693
10 1980 1757 500 2847 1488
11 1750 £05 2783 1506
12 1930 1751 507 278 1506
13 1920 1751 508 2765 1493
11 1305 1755 505 2265 1305
15 1300 1752 506 2251 1296
16 1291 1750 510 2259 1311
27 1006 1763 507 1941 1160
18 1005 1748 499 1948 1157
19 1000 1759 507 1939 1165
,20 983 1751 506 1943 1163
21 785 1758 508 1707 1024
22 780 1762 501 1718 1009
23 770 1755 511 1705 1032
24 769 1746 509 1710 ———n
25 25,000 o - mer ———e
26 2495 1590 - ——— ————
27 2560 1577 523 3069 1707
28 2275 1580 522 2901 1616
29 1450 1571 526 2258 1335
30 943 1590 524 1642 1001
31 688 1592 527 1263 762
32 0 1578 524 1026 573
33 2285 1184 484 2567 1780
34 2230 1187 484 2536 1759
35 2015 1184 484 2408 1685
36 1365 1188 483 1940 1413
37 925 1187 481 1448 1126
38 745 1189 482 1170 942
39 570 1190 486 972 749
40 1891 951 453 2145 1732
4l 1829 944 453 2088 1694
42 1728 953 45 1868 1822
43 1325 948 457 1705 1517
44 940 345 451 1320 1269
45 773 945 452 1107 1115
46 667 939 453 964 1010
47 1700 830 452 1887 1773
48 1675 833 453 1882 1764
49 1374 831 450 1685 1604
50 1243 829 450 1403 1781
51 890 827 452 1180 1413
52 745 824 453 1031 1308
53 | ==mme | 633 823 SE Fees e
54 | 40,000 0.4221 |11,854| 1510 %77 1700 1755
55 .4102 |11,525| 1410 791 484 1627 1712
56 .4127 (11,525 1395 792 482 1622 1707
57 .4136 |10,537| 935 797 483 1254 1400
58 .4188 9220 720 800 481 919 1058
59 .4216 7903 570 800 478 683 792
60 .3418 (10,537 856 602 451 1014 1549
61 +3398 |10,537 874 595 449 1020 1564
62 .3329 (10,072 752 598 459 v29 1369
63 .3392 9220 675 453 769 1150
64 .3370 7903 573 597 453 615 936
65 .3346 6256 495 596 455 509 781
66 .2682 [10,072| 680 474 452 756 1496
67 .2695 |10,072 695 474 451 753 1514
68 .2704 20 632 475 450 659 1329
689 .2678 7903 570 471 452 550 1190
70 .2651 6250 495 470 453 486 1091
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-
-
e
¢
(a\] DATA FOR XJ34~WE-32 TURBOJET ENGINE
1.063 square feet.
- Engine Corrected | Corrected P ip: Adiabatic |Fuel-air | Combustor |Combustor bt Corrected |Turbine [Adiabatic [Run
inlet air [engine inlet| engine Mach total- P ratio total- total- total- [efficiency| turbine | turbine total- | turbine
::Iow I air t;;w s;aed nu:ber Eoaminie efficiency We ped ) paratur speed |gas flow prEssiza efficiency|
a,2 a,2V82/62 | B/ A ratioc Tie 500 W 088 oss ratiol ratio N/VB; | Wg,4VF; | ratio Ny
(1b/sec) | (1b/sec) (rpm? P3/Po a,2|coefficient| (Pz-Py)/Py Ty/T3 (rpmg B4(va/1.4)| Pa/Ps
(P3-Pg)/ap tlb sec)
53.04 0.0182 3.127
-
-
\
}
|
-
: ]
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TABLE I - COMPONENT PERFORMANCE DATA FOR

(b) Exhaust-nozzle area,
Run |Altitude | Ram Flight | Tunnel Reynolds|Engine [Fuel flow [Compressor [Compressor | Compressor [Compressor Turbine Turbine Turbine Exhaust
(ft) [pressure| Mach [ static | number | speed| Wy inlet total [inlet. total outlet total |outlet total[inlet total|inlet total joutlet total| gas total
ratio [number [pressure ;/r;!e:ﬂ_ (N) (1b/nr) | p 8 pe P e emperature | pre o pe pi temp! ur
Po/Po Po  Ba/fr~/Oy (rpm 2 T2 P3 T3 Py Ty Ps T
(1b/sq ft (1b/3q ft (°R) {1b/sq ft (%k) (1b/sq ft (°R) (1b/sq ft (°R)
abs) aby abs) ab abs)
1 5000 1754 0.9921 [12,513| 3405 1853 471 H0B4 775 7822 1919 3870 1659
2 1754 1.003 [12,513| 3395 1853 467 7835 1905 3867 1648
3 1756 1.001 [11,525| 2810 1858 469 7212 738 3611 1504
4 1754 .9940 (10,537 [ 2100 1851 470 5981 3104 1354
s 1754 .9930 | 9220 1500 850 471 4443 2536 1263
6 1753 .9990 | 7903 1177 1846 469 3495 2232 1202
7 1753 .9930 | 6256 921 1846 471 2723 2014
| 10,000 1454 .84 % 29 1742 510 7034 3456 1667
3 1457 2370 1744 503 7034 3467 1670
507 6999 3445 1657
506 7065 3480 1661
512 6198 3098 1495
507 6270 3132 1494
506 5126 2642 1322
507 5109 2641 1330
510 3791 2135 1195
507 3745 2131 1195
517 2936 1863 1110
504 2954 1871 1091
507 2274 1677 990
506 2296 1687 992
528 6102 2942 1608
527 6093 2949 1619
528 5298 2578 1419
525 4154 2043 1169
520 2990 1525 906
523 2153 1208 718
484 4820 2345 1611
481 4828 2346 1614
481 4394 2145 1447
480 3579 1776 1241
481 2547 1340 1001
482 1905 1109 854
483 1374 956 716
451 4098 2011 1658
453 4005 1370 1646
454 3741 1852 1474
443 3181 1609 1307
452 2289 1246 1136
451 1751 1057 1020
453 1293 922 941
452 3657 1816 1712
453 3646 1809 1702
454 3339 1669 1521
454 3348 1669 1519
451 2864 1468 1376
453 2081 1165 1275
454 1617 1015 1218
457 1210 895 1202
7T 3279 1585 1642
476 3314 1605 1640
477 ——— 1475 1469
479 2433 1188 1230
476 1679 834 922
477 1191 646 722
484 781 504 533
456 2602 1269 1686
454 2600 1268 1681
452 2395 1178 1509
452 1989 987 1293
453 1359 712 1021
455 — 585 882
453 ——n 488 728
452 2102 1042 1750
453 - 1022 1686
451 2074 1023 1675
- 2071 1020 ----
452 1943 969 1577
-— 1572 801 -
454 1148 624 1199
454 875 534 1107
454 655 470 986
47,000 3 152 1479 728 1716
74 11,938 450 1505 744 1686
75 283 .1930 11,638 | 700 342 453 1432 705 1627
76 282 .1933 (11,613 | 700 340 451 1439 709 1625
77 276 .1927 (11,275 655 342 453 1352 669 1544
78 276 .1930 (11,263 | 657 338 449 1353 671 1557
79 | 55,000 196 0.1 . 238 aai 1338 B51 T
80 194 .1652 (12,000 | 660 292 452 1275 625 1727
81 194 .1656 (11,725 | 636 295 455 1243 609 1672
82 192 .1660 11,563 [ 625 295 454 1223 601 1625
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NACA RM ES51L10

XJ34-WE-32 TURBOJET ENGINE - Continued
1.138 square feet.

€7

Turbine [(Adtabatic [Run

Engine p3 Adlabatic
inlet air [engine inlet| engine Mach total- |compressor total- total- total- |efficiency| turbine turbine total- | turbine
flow air flow speed number pressure |efficiency pressure pressure |temperature Ny speed (gas flow  [pressure|efficiency
Ma,2 Wa,2 4/@5/62 | N/ 483 M ratio e 088 loss ratio ratio N/ N W, Y8 | ratio g
(1b/3ec) | (ib/sec) (rpm) Py/Pp coefficient|(P3-Py)/P3 3 {rpnt 62(vs/1-4) | Pa/Ps
(Pz-P4)/ap (1b/sec)
13,139 i
13,139 2
12,124 3
11,074 4
9681 §
8314 6
6569 7
12,626 L)
12,638 9
12,663 10
12,676 11
11,606 12
11,663 13
10,674 14
10,663 15
9303 16
9331 7
7919 18
8022 19
6331 20
6337 21
» 22
12,418 23
11,42 24
10,477 25
9211 26
7873 21
12,951 28
13,001 29
11,974 30
10,958 35
9580 32
8203 33
6487 34
13,426 35
13,401 36
12,320 37
11,327 38
9875 39
8480 40
6700 41
13,401 42
13,401 43
12,320 44
12,320 45
11,306 46
9875 47
8448 48
6669 49
”
13,084 51
12,021 52
10,969 53
9626 54
8243 55
6475 58
13,351 57
13,336 58
12,343 59
11,285 80
9875 61
62
6700 63
13,254 84
13,120 65
12,997 66
—m—m——— 67
12,343 68
—— 69
9856 70
B448 71
12,919 ;lg._.,’
12,821 74
12,488 7
12,4 78
12,076 77
12,108 78
. 19
12,852 80
12,522 81
12,381 82
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NACA RM E51L10

TABLE I - COMPONENT PERFORMANCE DATA FOR

(¢) Exhaust-nozzle area,

Run

mp;
inlet total

p:
outlet total

utlet total

ne Turbine
inlet total|outlet total| gas total

Exhaust

temperature pressure vemperature tempex_'lture pressure temperature
T P Ty Ps T
\’°E) (lb/‘;'q rt (% (°R) (1b/3q ft (°R)
abs) abs)
1 468 7473 755 1663 3335 1411
2 469 1668 3343 1418
3 467 1519 3138 1291
7 467 1382 2781 1183
s 470 1298 2363 1139
5 470 1235 2122 1113
7 472 1185 1959 1111
B 506 1680 1422
3 510 1662 2958 1408
10 512 1678 2951 1422
n 511 1510 2691 1282
12 510 1519 2693 1289
13 s08 1343 2332 1148
14 510 1358 2324 1159
1s 510 1233 1375 1078
16 512 1231 1360 1075
17 509 1134 1777 1019
18 511 1131 1772 1013
19 513 1027 1633 960
20 511 1015 1628 943
21| T6l4 1360 |
22 503 1602 2565 1351
23 525 1629 2524 1372
24 523 1421 2202 1195
25 522 1188 1776 984
26 526 930 1338 780
27 524 739 1094 636
28 484 1630 2001 1380
23 482 1634 2007 1380
0 485 1460 1840 1235
B3 484 1256 1538 10
32 482 1060 1212
33 482 890 1033 782
3¢ 483 e 915 666
35 454 1660 1691 1407
36 455 1650 1685 1399
37 456 1487 1584 1261
38 455 1324 1399 1129
39 457 1164 1125 1004
40 457 1069 991 950
41 457 986 897 904
42 455 1710 1528 1454
43 457 1709 1509 1453
44 454 1546 1446 1314
45 454 1411 1317 1206
46 456 1301 1075 1142
47 456 1242 963 1122
48 458 1223 873 1140
S 1641 1343 T
. |so 481 1641 1344 1388
51 481 1473 1229 1246
52 483 1245 1004 1042
53 482 975 733 816
54 481 766 575 661
55 485 —oee 485 S
56 453 1660 1076 1401
57 448 1655 1074 1402
58 449 1478 1007 1248
59 453 1280 846 1083
456 1036 639 888
456 913 S44 801
456 732 474 671
450 1720 879 1460
452 1723 899 1464
452 1550 828 1319
452 1376 720 1176
452 1215 590 1057
452 1111 507 997
453 1012 454 367
1775 43 B |
450 1781 646 1516
450 1590 602 1354
452 1411 520 1206
452 1250 414 1095
453 1159 364 1040
455 — 320 946
77 449 1814 544 1547
78 452 1620 519 1415
79 452 803 S01 1368
‘ 80 452 1439 448 1228
81 451 1336 391 1146
82 450 1133 324 975
| 83 454 1899 464 1630
84 452 1900 453 1650
‘ 85 451 1845 445 1584
| 86 452 1806 433 1552
87 453 1708 420 1463
88 448 1640 406 1408
89 449 1635 388 1405




NACA RM ES1L10

XJ34-WE-32 TURBOJET ENGINE - Continued

1.334 square feet.

19

_Engine te p; p: Adiabatic |Fuel-air b d|Corrected |Turbine |Adiabatic [Run
inlet air|engine inlet| engine Mach total- 1p: ratio total- total- total efficiency| turbine turbine total- turbine
flow air t;;g ;7:30 number | pressure |efficiency W P 2 re P Ty ;peed gas flow  |pressure |efficiency
W, W 2 VB Ve, M, ratio n, loss oss ratio| ratio N/ /B, We, 4 /@ tio
a,2 2 2 'c c 3600 4V0y | ra n
(1b736c) | (16/aes) (exm) Py/P, 313 coefticient| (Py-Py)/Py| Ty/Ty (vpm) |57t e)| Pu/Ps &
(P3-P4)/ap 1b/sec)
13,176 4.026 0.0132 3.140 0.0337 2.203 0.964 nn 29.90 2.165 0.856 1
13,164 4.035 0133 3.158 6 2
12,147 3.728 L0114 3.019 3
11,106 3.218 4
9690 3.400 s
8306 3.059 6
6563 2,595 7
12,876 013 E)
12,626 3.095 9
12,601 3.117 10
11,627 1
11,629 12
10,653 13
0,632 4
9303 15
9285 16
7982 17
7966 18
6294 19
6306 20
12,477 2T ]
12,713 22
12,442 23
11,481 24
10,5086 25
9158 26
7865 27
12,951 28
12,988 29
11,917 30
20,906 35
9570 32
8203 33
6487 34
13,376 35
13,364 36
12,297 37
11,254 38
9829 39
425 40
6669 41
13,364 42
13,339 43
12,320 44
11,264 45
9838 46
8433 47
6656
13,001 49
13,001 50
11,974
10,927 52
9570 53
8211
6469
13,401
13,464
12,389
11,285
9835
433
6675
13,439
13,401
12,343
11,285
9875
8464
6700
13,401 4.310 0.770 | 3.242 70 |
13,439 4,287 <766 -0181 3.398
12,378 3.954 .809 .0319 3.170
11,285 3.365 .808 .0178 3.040
9875 2.429 +738 .0205 3.249
8464 1.890 «675 0243 3.053
6681 1.382 m———— 20310 |  —m-ee
13,505 4,297 0.74% | 0.0198 2,689
8,62 12,786 4.109 «793 .0186 3.172
8.30 12,384 3.931 .788 .0184 3,251
7.68 11,581 3.438 .784 .0187 2.868
6.96 11,066 3.052 .760 .0194 2.700
5,61 9868 2,260 «675 .0214 2.433
7,11 13,376 4.388 . 750 .0211 3.123
6.92 13,321 4.437 .803 .0213 3.447
6,96 13,117 4.326 .767 0210 2.911
6,63 12,919 4.238 75 0212 3.123
6.65 12,384 4.026 .786 .0206 2.952
6.54 12,105 3.965 .798 +0205 2.939
6.42 11,758 3.472 .724 .0206 2.502




20 NACA RM E51L10

TABLE I - COMPONENT PERFORMANCE DATA FOR

(d4) Exhaust-nozzle area,

Run|Altitude| Ram Flight| Tumnnel Reynolds| Engine [Fuel flow| Comp: Comp: pre cemp: Turbine Turbine Turbine Exhaust
(rt) |pressure| Mach | static number | speed We inlet totallinlet total|outlet total|outlet totalf inlet total|inlet totaljoutlet total| gas total
ratio |number|pressure | index N (1b/hr) | pressure |temperature| pre e temps e | p temperature| pressure |temperature
Po/Pg Po  p2/#2v/F4 (rpm) 7] T2 Py T3 Py Ty s 7
(1v/s3q ft| (1v/sq ft (°R) (1b/sq ft (°R) (1b/sq ft (°r) (1b/sq ft (°R)
abs) abs) abs) abs) abs)

5000 1756 0.9960 | 12,513 1774
1756 1.008 12 513 1767
1755 .9823 | 12,513 1770
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NACA RM E51L10

XJ34-WE-32 TURBOJET ENGINE - Concluded
1.902 square feet.

2l

_Engine iComp: np! [Adiabatic |Fuel-air| Combustor |Combustor Com Turbine | Adiabatic |Run
inlet air|engine inlet| engine Mach total- P! ratio total- total- total- efficiency| turbine turbine total- turbine
flow air flow speed number pressure |efficiency W pressure pressure |temperature My spet gas flo pressure| efficiency|
Wa,2 Wa,2VB3/62 | N/4/T3 Mo ratio Ne 500 W, 4 loss loss ratio ratio N/ 8’ W, ‘ﬁ— ratio Ny
(1b/sec) | (1b/sec) (rpm) Py/Pp a+3coefficient| (P3-Pg)/P3| To/Ts (rpm &7 Py/Pg
(P-P4)/an b /oes)

0.0390 1.818 0.906 7930
.0393

o wnneun-




Figure 1, - XJ34-WE-32 turbojet engine installed in test section of altitude wind tunmel.
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Combustor (view looking upstream)

Figure 3




NACA RM ES51L10

Figure 4. - Turbine rotors.
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Station [ Total- Static - | Thermo-
pressure | pregsure |couples
tubes tubes
1k 17 ) 9
2 16 10 8
3 15 5 3
4 5 - -
5 2L 6 36
7 30 20 30
Station 1 2 & 4 S 7
Inlet air duct Compressor inlet Compressor Turbine Turbine Exhaust-
outlet inlet outlet nozzle inlet

o

e

o
L1108

[
N

e~ — > |
ow
- =
K =
Inlet air Compressor Combustor Turbine Diffuser Combustion Exhaust
duct chamber nozzle

Figure 5. - Cross section of engine showing location of instrumentation.
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NACA RM ESIL1O ai

Corrected engine

speed
N/n/6
S (rpm) T
l 13,000
525 SOO\jK
| i

12,000

|
7l

= 11,5010./%/) l’
/Vy A/ A

Exhau:;;zozzle 13,000, /84/ X//// )‘ '

3.4 (sq ft) A
1.063 \J/\(///X /{\;fo'W

o
»
Ay
A 1.138 — 83 e
o) SN Y
o 1.334—— /// ] _/5_81
B Ay 1.902 / L

¥ 7
o .82 ‘%/ /y 50
: AL
0 ///// =79
& : 10,000% ol —
& .6 .78
8 1 & 1 /“/7
g ! =14 l
E 7/{i_ o .76 Compressor
§ 2.2 90002l = 75 | effiCienCy
° pe c

,:: ;E—— 7
8000~ 1217
1.8 /f, 2” 70
F000, L2 ==
T 65
1.4 |
s : A

.0
20 25 30 35 40 45 50 55 60
Corrected air flow, WaNfg/S, lb/sec

(a) Flight Mach number, 0.28; altitude, 5000 feet; Reynolds
number index, 1.008.

Figure 6. - Compressor performance map.
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Compressor pressure ratio, P3/P2

NACA RM ESILIO

Corrected engine
speed
4.6
N/\/—G-
(rpm)
4.2 12,500 1
| _.ed
|12’900 / //N
3.8 11,500 // ///4,'
/A;K / )V/ |
//0; J /
7, //A\,///;Y/
3.4 S/ /
K 11 7 7
S A\
7/ .83 /A
T 7 A7
7, y "82/)///;
= s A= Z
3.0 10,500 ¢
191
77| X ,.81//;///
Exhaust-nozzle| 7/ 4 ® | ot
area 10,000 :/)( > g0 Z.78
2.6 (G i DA
1.063 —— /K/\‘ B Z Al
158 == A 7 =
1.334 9500/ _//‘/ .75
1.902j / £ i e
2.2 9000 NG —
: “"iﬁzﬁ Compressor
! ,:123%4 efficiency
85003 K ST F~ . 70 N
8000 >
1.8 ]
N .65
7500 \ =
7000 27
6500| —Z¥ZZFN. 60
1.4 - ».q
7
340 1 1
20 25 30 35 40 45 50 55 60

Corrected air flow, Wy a/0/%, 1b/sec

(b) Flight Mach number, 0.53; altitude, 10,000 feet; Reynolds

Figure 6. -

number index, 0.857.

Continued. Compressor performance map.

v
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NACA RM ESIL10 29

Corrected engine

speed
N/\/g
m
42 (rpm) ;
12,500
|
12,000
’.84’/
3.8 / / N,
11,500 4 //
I\,
b
/// bj?? /
3.4 /{///8 .
: 11,000 =8z
5 /{/,//‘/
. e 7 /81
L 3.0 o At
§ 10,500////'80
/
2 //4:/.79
g 2.6 /’ AL T8
@ 10,000 LT
g AL T8
& =—A 75
R 9500, AZ —
0 -
& Exhaust-nozzle / =70 Zg?ﬁg;:izr
B I 9000 [/, - y
S (sq £t) ,f’_% c
1.063 =
1.8 L
1.138 8500 ZAF— 3
1.334—‘\\ ¥ 2
Z .55
oA / \//
//
R
20 25 30 S5 40 7= 50 =3 =

Corrected air flow, wa«/é/s, 1b/sec

(c) Flight Mach number, 1.05; altitude, 25,000 feet; Reynolds
number index, 0.739.

Figure 6. - Continued. Compressor performance map.
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Compressor pressure ratio, PS/PZ

NACA RM ES1L10O

Corrected engine
speed
N//\/g
(rpm)
4.6
12,500
l 413,000
4.2 /
5 12,000 /
LA
WA
11,500 A IV ﬂ
3.8 "-84 /l
Al
/
4
AN/
3.4 g // 4
11,000 foa
G2 0
/ g2l ~ Vi
P‘ H /
//E/{é?z,Bl /4(
3.0 1A /,/ 804
\/////'k /79
N AL~
77
/fi /- _,/¢J<78
10,000 ,////// |
ot i e p A
e e o /gigl Compressor
e -/"’;?75__ﬁ efficiency
[Exhaust-nozzle V/ﬁ." _/-;27" n
area A7 A :
2.2 (sq £t) o st
1.063 9000 AT
1.138 ) Z’//:; 0
1.334 &%;/ i
1.8 1 s0e - \JKIZE 65
8000 //";7*
7 &
1.4 7000 7 ,:§><
N
e s
1 s

l.%o

25 30 35 40 50 85 60

45
Corrected air flow, Wa\/§/5, lb/sec

(d) Flight Mach number, 0.79; altitude, 25,000 feet; Reynolds
number index, 0.616.

Figure 6. - Continued. Compressor performance map.
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Compressor pressure ratio, PS/PZ

5.

3.8

Corrected engine
speed ‘
N/A/6
(rpm)
I 132000
12,500 |4/4 §
|
I

1.8

1.4

(=
n O

xhaust-nozzle

) L
//4/ Z/——'zgfi 74 Compressor
/k(f,nz‘ ,,:25.73 efficiency

1.138 - 9000 4 e -
1.334_—q\\\\\‘7/ Vet L T e |
1.902:\\ ] -7 L 7
‘ = s 70
8000 W
7 ” 1~.66
/; .65
%" AY
7000 L A2 g
L2 55
//:,//‘
25 30 35 40 45 50 55 60

(e) Flight Mach number, 0.53; altitude, 25,000 feet; Reynolds

Figure 6.

Corrected air flow, W,/6/5, 1b/sec

number index, 0.534.

- Continued. Compressor performance map.
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Compressor pressure ratio, P3/P2

NACA RM ES51L10

Corrected engine

speed
N/A/6
(rpm)
[ 13,000
12,500 y
| t
12,000

g i Shee
11,0007 A N\ A
77 = 7
£ 4 _:7/)(.79

Corrected air flow, W,a/6/5, 1b/sec

Exhaust-nozzle V /11—
.area 10,00% // 7 .18
(sa®tt) A /,’—“ &
1.063 —\| ,z{ft_——
D=A.76
1.138 B e ix/’ﬁ |
1.334 /:, /- —A.75| Compressor
1.902 o <;:_i/-_._. "o efficiency
N AL ——~ T3 Ne
A
P -y
8600 S 2 I - 79
8 P 1
7000 51 Z e 1165
7‘> £
-
1O 1 I
20 25 30 515) 40 45 50 55 60

(f) Flight Méch number, 0.28; altitude, 25,000 feet; Reynolds
number index, 0.470.

Figure 6. - Continued.

Compressor performance map.
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3 Corrected engine
i speed
? N/A/6
(rpm)
12,500,
Z
12,00%\
3.8
_é? 5.4 Exhaust-nozzle
P 40 area
g (sq ft)
9 1.063
3 R 50 1.138:\
A il $554; \
L 1.902—
3
19]
152}
S
o
< 10,00
o)
1]
2]
. =
g* Do 9500 = e
o) d1— Compressor
() \{ R A K o ~ba
4[)/<f N éS efficiency
9000 \_:—// —F: ne
- 2//
1.8 8500 A==
B
/ / .60
1.4 /////
//
l-o 1 1
20 25 30 5150 40 50 55 60

45
Corrected air flow, Wa«/5/6, lb/sec

(g) Flight Mach number, 1.05; altitude, 40,000 feet; Reynolds
number index, 0.417.

=3 Figure 6. - Continued. Compressor performance map .
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Compressor pressure ratio, P3/P2

1.8

NACA RM ES51L10

Corrected engine
speed
N/»\/§
(rpm)
13,000,)
I
12,5004 |
|
%xhaust-nozzle_____12,000 3
area, | /
(sa ft) / il
1.063 11,500 /
9 |
1.138 82l A 1L,
1.334—\ Z27s //j
\ | E SN
| /‘// o~ /, ///,
v,/ > L//
\_ 11,000 ///Q//L’
LvV ,;7 EASErY
1 /
74— A \Aso L7 4~
>’ —— Al
AA A-TS
/7f ca
78
V4
10,0%\ AT
76|
;;7( .75 Compressor
;7{;:1/:'i;%—— efficiency
e Ne
9000 71" 7672
17, 2
-ﬁff;.ss
L2 60
7,55
—— 7000<F'=4.50
X
/
L ) l=|1
20 25 30 35 40 50 55 60

Corrected air flow,

45
W,A/0/5, 1b/sec

(h) Flight Mach number, 0.79; altitude, 40,000 feet; Reynolds
number index, 0.338.

Figure 6. - Continued.

Compressor performance map.
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35

Corrected engine
* speed
N/r\/§
. (rpm) l
.0 13,000 T
] |
1
12,500(’]
4.2 ///i ly
/M
12,000 | ,'
A A
3.8 7 /
/! A Lk
4
11,5005 A ] /;1
- SN y’ﬁ"
= 'y 81 \ AN
Py 3.4 = 114
™ /, / "
% e 11,000/ ¥
- 74 7
: Kl s
» -~
f 90 [Exhaust-nozzle 4 ’/ / NP f78
o area // 7 1//K("‘“" ol
5 (sq ft) /i L 717,76
73 e / I G R T W
8 1.063 P & /// "/’/
5 2.8 l.lBBNO,OOOJ, LU 4 22t
& 1.334X\ ,/%"
e 1.902 ~NWNNLH /AT -
o ////}C":j,f;_ 73 Compressor
& p o= T 72 efficiency
g Do —=~£7]
S 9000 527 _{:’:g;, =S e
A X
A=
' A69
1.8 8000, L4 #~.68
3 66
i X\.SS
0
B
1.4
0 25 30 35 40 55 60

45 S0
Corrected air flow, Wa/8/6, 1b/sec

(1) Flight Mach number, 0.53; altitude, 40,000 feet; Reynolds
number 1ndex, 0.288.

Figure 6. - Continued.

Compressor performance map.
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Compressor pressure ratio, PS/PZ

V]

NACA RM ESILI1O

Corrected engine

speed
N/~/6
(rpm)
13,000

Exhaust-nozzle
area

(sq £t)
1.138—

1.334—

11,000 A

79
e
i
22
218~ /j%/
V4 7. 774

7145

///“,,/- L5
oerib s l
1

92 SR

mpressor
efficiency

Ne

9000

X
A)\\\

\Ql

ﬁ\\\\ER**x_

e
i
P

1

20

25 30 35 40

45 50

Corrected air flow, WA/6/5, 1b/sec

55 60

(j) Flight Mach number, 0.53; altitude, 47,000 feet; Reynolds

number index,

Figure 6. - Continued.

0.196.

Compressor performance map.




Compressor pressure ratio, P3/P2

Corrected engine
speed
N/\/é 3 Corrected engine
(rp?é 000y e
Exhaust-nozzle I 2 | N/A/6
area 12 / | (rpm) i
(sq £t) [ 12s900 Af 13,003,
1.138 Vb d
5 gg;——\\\\ / /y, 12,500 /! i
N .80 Yl ,; [
i NA 12,003%ﬂ i}
i e /Y 79 Sy
R l /
A>> / Exhaust-nozzlé 4 //74
/ b, \Lf/ 4 area /78 /W
sl N e o
11,500, 4" W 1.334 / 4
L.78 1.902——
i A -
= i W
m7j;x—’ A
11,000 ,,/k76/// 7 A/¥.74 l
75 i
L ¥ 75 11,500
A5 //5é
‘j,/—’ 72 Compressor b _7i Compressor
p f:,,—"/7l efficiency /‘.%O efficiency
’:,,r/ ."6 e B e
1 10,000 L—=—F="_4.69 1//
s 7_L——f Z6e8 g
=iy 57 .65
. __/ .
/><’ w4
35 40 45 50 55 60 38 40 45 50 58 60
Corrected air flow, WoA/6/5, 1b/sec

(k) Flight Mach number, 0.79; altitude,
55,000 feet; Reynolds number index,
©--E70"

Figure 6. -

Concluded.

Compressor performance map.

(1) Flight Mach number, 0.53; altitude,
55,000 feet; Reynolds number index,
0.136.
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Compressor . Corrected air flow Compressor Corrected air flow Compressor
efficiency, n¢ efficiency, 1.

efficiency, 7¢

Corrected air flow

Waa/B/8, 1b/sec

Wy 8/5, 1b/sec

Won/0/8, 1b/sec

NACA RM E51L10

Compressor
pressure ratio
.85 BofEe =
— 4.2
L ] 3.8
.80 =T = s
T e '
ST
63
61
59 3.4
e EE——— 5.8
/; 4.2
57 =
(a) Corrected engine speed, 12,500 rpm.
B85
//”"_‘___4 3.6
| — 3.2
.80 b
-
.15
57
55 e
T 3.6
/] ///’
o5 ////
o1
(b) Corrected enginé speed, 11,500 rpm.
.80 , ;
) FAS
il 3 2.3
///—4—*’——
Q 4
45
—— 23
[
43 | e
/———’- &
/////’/”‘,////””—
41 ,/ .
39 ‘////// I |
0 5 6 8 150

4 5
Reynolds number index,.b/ﬁgfg

(c) Corrected engine speed, 10,000 rpm.

Figure 7. - Effect of Reynolds number index on compressor performance.
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NACA RM ES51L10
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Figure 8. - Effect of corrected engine speed and altitude on combustion efficiency.
Flight Mach number, 0.53; exhaust-nozzle area, 1.334-square feet.
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Figure 9. - Effect of corrected engine speed and flight Mach number on combustion

efficiency.

Altitude, 25,000 feet; exhaust-nozzle area, 1.334 square feet.
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Figure 10. - Effect of corrected engine speed and exhaust-nozzle area on combustion
efficiency. Altitude, 25,000 feet; flight Mach number, 0.33.
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Figure 11. - Variation of combustor total-pressure loss coefficient with combustor

temperature ratio.
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(b) Effect of flight Mach number at altitude of 25,000 feet and
exhaust-nozzle area of 1.334 square feet.
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(c) Effect of altitude at flight Mach number of 0.53 and exhaust-
nozzle area of 1.334 square feet.

Figure 12. - Effect of corrected éngine speed, exhaust-nozzle érea, flight Mach number,
and altitude on corrected turbine speed.
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Turbine pressure ratio, P4/P5
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(2) Effect of exhaust-nozzle area at altitude of 25,000 feet and
o flight Mach number of 0.53.
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(c) Effect of altitude at flight Mach number of 0.53 and exhaust-

nozzle area of 1.334 square feet.

Figure 13. - Effect of corrected turbine speed, exhaust-nozzle area, flight Mach

number, and altitude on turbine pressure ratio.
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Figure 14. - Effect of corrected turbine speed, exhaust-nozzle area, flight Mach num-

ber, and altitude on turbine efficiency.
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(c) Effect of altitude at flight Mach number of 0.53 and exhaust-
nozzle area of 1.334 square feet.

Figure 15. - Effect of corrected turbine speed, exhaust-nozzle area, flight Mach
number, and altitude on corrected turbine gas flow.
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