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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PERFORMANCE EVALUATION OF REDUCED-CHORD ROTOR BLADING AS APPLIED
TO J73 TWO-STAGE TURBINE
I - OVER-ALL PERFORMANCE WITH STANDARD ROTOR BLADING AT INLET
CONDITIONS OF 35 INCHES OF MERCURY ABSOLUTE AND 700° R:

By William E. Berkey, John J. Rebeske, Jr., and Robert E. Forrette

SUMMARY

As a part of the performance evaluation of reduced-chord rotor
blading as applied to the J73 two-stage turbine, an investigation was
conducted to deterwmine the over-all performance of this turbine with a
standard rotor-blade configuration.

The turbine operated with a maximum brake internal efficiency
between 0.91 and 0.92 at an over-all pressure ratio of about 3.4 and
120 percent equivalent design rotor speed. At 100 percent equivalent
design speed and at a value of equivalent work output just sufficient to
drive the compressor, the turbine operated with a brake internal effi-
ciency of approximately 0.91 at an over-all pressgure ratiotof gbout 2.75.
The equivalent weight flow passed by the turbine at this point is
slightly higher than the equivalent design value. Limiting blade loading
did not occur in the last rotor over the range of conditions investiga-
ted.

INTRODUCTION

An investigation is being conducted at the NACA Lewis laboratory to
determine the over-all performance characteristics of various configura-
tions of the turbine component from the J73 turbojet engine. The objec-
tive of this investigation is to determine the effects on turbine p.~-
formance of reducing rotor-blade chord. With respect to weight, it
would be ‘advantageous to use short-chord blades in the engine, since
their use would allow lighter weight rotor disks as well as less total
blade weight. For a given turbine design, halving the blade chord will
reduce the total turbine rotor weight by a factor of approximately two
for similar blade profiles and constant solidity without appreciably
changing the unit stress in either the blades or the rotor disk. Fur-
thermore, any reduction in rotating mass will contribute favorably to
the acceleration characteristics of the engine.

1The information presented herein was previously given limited
distribution.
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The investigation reported herein presents the over-all performance
of the turbine using the standard blading configuration. The turbine was
operated at a constant inlet stagnation pressure of 35 inches of mercury
absolute and an inlet stagnation temperature of 700° R over a range of
pressure ratios for equivalent rotational speeds of 20, 40, 60, 70, 80,
90, 100, 110, 120, and 130 percent of the equivalent design value. For
an assumed flight Mach number of 0.8 the equivalent test altitude was
approximately 18,000 feet, based on equal Reynolds numbers calculated
from the critical velocity and critical density at the turbine inlet.

The performance is presented in terms of equivalent turbine-shaft
work (based on torque measurements) and a weight-flow parameter for lines

of constant equivalent rotor speed, pressure ratio, and brake internal

efficiency. The curves of equivalent weight flow and equivalent torque,
as well as a data-summary chart from which the over-all performance map
is derived, are also presented. The equivalent design parameters are
discussed in the appendix.

SYMBOLS

The following symbols are used in this report:

A area, sq ft

E enthalpy drop based on torque measurements, Btu/lb

g acceleration due to gravity, 32.174 ft/sec?

J mechanical equivalent of heat, 778 f£t-1b/Btu

N rotational speed, rpm

ie) static pressure, in. Hg abs

ol stagnation pressure, in. Hg abs

pé static pressure plus velocity pressure corresponding to axial

component of velocity, in. Hg abs

R universal gas constant, 53.379 £t-1b/(1b)(°R)
fod stagnation temperature, °R
i . Al B
¥ o critical velocity, T+ gRT'
w weight flow, 1b/sec

CONF IDENTTAL

2610



NACA RM E52G31

SNl B P St siee B enell
e ... .D. :.. :.: ... ... : : : :0. :..
CONF IDENTIAL 3

5.0 € weight-flow parameter based on equivalent weight flow and
608 : ;
! equivalent rotational speed
i ratio of specific heats, cp/cv
o} ratlo of inlet-air pressure to NACA standard sea-level pressure,
D /29 92. in. Hg abs
i
AV}
o _
© ( 4
r.-1
7é+%> %
Y
€ function of v, 2y A
(02 YO -1
&
o I\ —
8
d N3 brake internal efficiency defined as ratio of actual turbine work
based on torque measurements to ideal turbine work based on
inlet stagnation pressure pi and outlet stagnation pressure
¥i corrected for whirl p'
X,2
Qs squared ratio of critical velocity to critical velocity at NACA
o 2
standard sea-level temperature of 518.4° R, (Vcr,e/vcr,o)
T torque, ft-1b
Subscripts:
(255 critical
e engine operating conditions
X axial
0 NACA standard sea-level conditions
1k turbine-inlet measuring station
2 turbine-outlet measuring station
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APPARATUS

Turbine. - Information supplied by the manufacturer shows that the
two-stage turbine for the J73 turbojet engine is designed for the follow-
ing conditions:

Engine sea-level | Equivalent
design conditions | design
(zero ram) conditions
Weight flow, 1b/sec 158, 7 42.05
Rotational speed, rpm 7950 4041
Inlet temperature, °R 2060 518.4
Inlet pressure, in. Hg abs 201 2992

The two-stage turbine was designed with a constant pitch-line diameter
equal to 25.50 inches. The first stage has an annulus outside diameter
of 29.50 inches and a hub-tip radius ratio of about 0.73. The flow
passage then diverges through the second stator as shown in figure 1 to
a turbine-tip diameter of 31.00 inches, with a hub-tip radius ratio of
about 0.65.

Power absorber. - Two cradled dynamometers of the eddy-current wet-
gap type connected in tandem were used to absorb the output of the tur-
bine. The turbine torque output was measured by means of a calibrated
NACA balanced-diaphragm-type thrust meter.

Test installation. - The experimental turbine setup is shown in
figure 2. Air flow to the unit was supplied by the laboratory combustion-
air system at 110 inches of mercury absolute and passed through a sub-
merged orifice. After metering, the air was throttled to approximately
35 inches of mercury absoluge and heated by means of two standard jet-
engine burners to about 700" R. The air flow was divided and entered
a plenum chamber (see fig. 1), which replaced the normal combustor
assembly of the engine, through two 20-inch-diameter openings spaced
180° apart at right angles to the turbine shaft. The air was then
turned and passed through a section of straightening tubes located
10 inches upstream of the first stator section. It then passed through
the first and second stages of the turbine into the tail cone, whence it
was discharged into the laboratory exhaust system.

INSTRUMENTATION

Turbine weight flow. - The air weight flow was measured by a cali-
brated submerged A.S.M.E. flange-tap flat-plate orifice. Fuel flow to the
burners was measured by a calibrated rotameter located in the fuel line.

CONF IDENTTAL
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Turbine instrumentation. - The gas state in the turbine was measured

at the two axial stations shown in figure 1, station 1 being upstream of
the first stator and station 2 being downstream of the second rotor. The
turbine-inlet temperature was measured with 12 calibrated spike-type
thermocouples, arranged 3 to a rake, the thermocouples being on centers
of equal annular areas and the rakes spaced 90° apart around the annulus.
Bisecting the angle between the thermocouple rakes were 4 stagnation-
Pressure rakes, each rake having 3 probes located at the same radii as
the thermocouples. Static pressures were measured by 16 taps located
around the annulus, 8 taps each on the inner and outer walls. The
turbine-exit conditions were measured by 10 calibrated spike-type ther-
mocouples arranged 5 to a rake on centers of equal annular areas; 5 Kiel~
type total-pressure probes, located at different circumferential posi-
tions and on centers of equal annular areas; and 8 static-pressure taps,
4 each on the inner and outer walls, equally spaced around the annulus
and opposite each other on the inner and outer walls.

Precision. - The precision of the test measurements is estimated to
be within the following limits:

T R SRS S SO R S0
JETREE iR Al R Y o K O P R e TOROS
A raweHEh G GREEDERCENT e o v o o s s s e lade e a edny  EESERITRIRN L T RO
BoLORRCHeadPINeRCent . oo o w6 5 o 5w e el el ke | o et o heale b B QES
ERORETGENRCTICE LIRS Bt o ook o Lo e Ta 6 e w el el RS S TR R AL SR RS

The cumulative effect on calculated turbine efficiency, from measurements
of the foregoing precision, would give a maximum error of *2.0 percent at
equivalent design conditions.

METHODS AND PROCEDURE

Variations in the ratio of specific heats from the design turbine-
inlet temperature to standard sea-level temperature were of sufficient
magnitude to warrant consideration along with the variations in tempera-
ture in determining the equivalent conditions of the turbine. Mach num-
bers through the turbine were close to a value of 1.0; hence an approxi-
mation of equivalent conditions could be obtained by a method based on
critical velocity determined from the stagnation temperature at the tur-
bine inlet and an average equilibrium value of ¢. Derivation of this
method is presented in the appendix.

A uniform circumferential distribution of pressure was not obtained
at the turbine inlet, because the flow-straightening tubes (see P ol )
did not offer enough resistance to the flow. The measured values of in-
let stagnation pressure were considered not to be of sufficient accuracy,
since the instrument rakes were spaced 90° apart around the annulus. The

CONF IDENTTAL
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static-pressure taps were located every 45° around the annulus, and the
inlet stagnation pressure pi was calculated from the average value of

these readings together with the known annulus area, the inlet stagnation
temperature, and the orifice weight flow. This calculated value was
found to be approximately 0.8 inches of mercury lower than the measured
value over the range of conditions investigated.

The pressure pi’z is defined as the static pressure behind the

second rotor plus the velocity pressure corresponding to the axial com-
ponent of the absolute velocity at the exit from the turbine. This cal-~
culated value of turbine-exit stagnation pressure charged the turbine

for the energy of the whirl component existent in the exit velocity of
the gas. Uniform flow was assumed, which further charged the turbine

for the unavailable energy represented by velocity variations at the tur-
bine exit. This pressure was calculated from the general energy equation
and continuity by using the known annulus area at the measuring station
and measured values of weight flow, static pressure, stagnation pressure,
and stagnation temperature.

The turbine was operated at constant inlet stagnation pressure and
temperature of approximately 35 inches of mercury absolute and 700" R,
respectively, for equivalent rotational speeds of 20, 40, 60, 70, 80,
90, 100, 110, 120, and 130 percent of the equivalent design value over a
range of over-all pressure ratios pi/p%)z from 1.4 ‘to 4.0,

RESULTS AND DISCUSSION

The over-all performance of the J73 two-stage turbine is presented
in terms of equivalent shaft work, equivalent weight flow, brake internal
efficiency, equivalent stagnation-pressure ratio, and percentage of equiv-
alent design rotor speed.

A composite map (fig. 3) shows the over-all performance of the tur-
bine in terms of equivalent shaft work E/6.. and a weight-flow param-

eter L1 € for lines of constant equivalent pressure ratio p'/p'
600 1L e

and constant equivalent rotor speed N/«/Gcr with contour lines showing
the brake-internal-efficiency levels 1.

Tnformation supplied by the manufacturer shows that the turbine is
designed to drive a compressor with a pressure ratio of 7 and an effi-
ciency of 0.84 at design speed and design pressure ratio. This results
in an equivalent work E/Gcr requirement of 28.48 Btu per pound, neg-

lecting leakage and fuel flow. Plotting this value of equivalent work on

CONF IDENTTIAL
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figure 3 at 100 percent equivalent design speed shows the turbine to be
operating with a brake internal efficiency of about 0.91 at an over=-all
pressure ratio of about 2.75. A maximum brake internal efficiency
between 0.91 and 0.92 was obtained at a pressure ratio of sbout 3.4 and
120 percent equivalent design speed.

The variation of equivalent weight flow with over-all pressure ratio
for a range of equivalent rotor speeds is presented in figure 4. The
figure indicates that gbove an over-all pressure ratio of about 2.9, the
turbine is choked for all values of equivalent design speed investigated.
However, the choking weight flow is shown to increase with a decrease in
rotor speed (except for low rotor speeds where the stator chokes), indi-
cating that at the high values of pressure ratio and high rotor speeds
the choke point is somewhere downstream of the first stator.

At the operating point of 100 percent equivalent design speed and
an over-all pressure ratio of 2.75, the equivalent weight flow 1s approx-
imately 42.65 pounds per second. This value is slightly higher than the
equivalent design value of 42.05 pounds per second. At 100 percent
equivalent design speed, the equivalent weight flow remains constant at
a value of about 42.65 pounds per second for all values of over-all
pressure ratio pi/p}'{)2 above 2.7.

The variation of equivalent torque with over-all pressure ratio for
various equivalent rotor speeds is shown in figure 5. For the range of
conditions investigated, the figure shows that values of equivalent

torque % ¢ are still increasing with an increase in over-all pressure
ratio pi/p; 07 indicating that limiting blade loading in the last rotor
2

was not reached. Limiting blade loading is discussed in reference 1.
Additional information from the investigation is presented in the form of
a data summary, table I. This table gives values of pi/p; 07 pi/pé,

J

pi/pz, pl, ™, T, N, w, and T, from which all points on the over-all

performance map (fig. 3) were derived.

SUMMARY OF RESULTS

From an investigation of the over-all performance of the J73 two-
stage turbine, the following results were obtained:

1. At 100 percent equivalent design speed and a value of equivalent
work output Jjust sufficient to drive the compressor, the turbine operated
with a brake internal efficiency of approximately 0.91 at an over-all
pressure ratio of about 2.75.

CONF IDENTTAL
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2. A peak brake internal efficiency between 0.91 and 0.92 was
obtained at an over-all pressure ratio of about 3.4 and 120 percent
equivalent design rotor speed.

3. At the operating point of 100 percent equivalent design speed and
an over-all pressure ratio of 2.75, the equivalent weight flow was approx-
imately 42.65 pounds per second. This value is slightly higher than the
equivalent design value.

4. Limiting blade loading did not occur in the last rotor over the

range of conditions investigated.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio
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APPENDIX - METHOD OF APPROXIMATING EQUIVALENT DESIGN CONDITIONS

Information on the effect of heat-capacity lag in turbine nozzles
presented in reference 2 indicates that for some typical turbines used in
turbojet engines the vibrational energy of the gas molecules is unavail-
able in the expansion process. This condition corresponds to a constant
Yy value of 1.4. However, examination of the results of reference 2
indicates that the actual flow processes of this particular turbine may
be more closely approximated by using the equilibrium value of 7y, since
this multistage machine has a high pressure level (compressor pressure
ratio of 7) and an increased flow path through the turbine. Consequently,
an average equilibrium 7y value of 1.315 was selected as representative.

Determination of equivalent weight flow. - The equation of continuity
may be written in terms of critical velocity V.., area A..; and den-

sity pgps @and solved for the critical area as follows:

-1

. Moon € o 3 (?*1> (1)

1<~ e 8

The critical area for turbine operating conditions is equated to the
critical area for NACA standard sea-level conditions at the turbine inlet

to obtain

Te 70

Ye‘l YO'l

wcrlevcr,e 1 [Yetl wcr,OVcrLO 1 frgh 2
¥\ 2 R e AT (2)
e 0 0

Solving for the critical weight flow at NACA standard sea-level condi-
tions yields the following equation:

— Te =
Ye-l
® Vcr!e Yé+1>
W€ Vor.0 10 2
Bow. b & R o (3)
¢ Pe Te Y0
X Yo L
0 (9,
—
|2 |
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Equation (3) may be written

Wor,e VOer
Tty [ ™ T (4)

The variation of € as a function of Y 1s shown in figure 6.

Determination of equivalent work. - The work output of a turbine
rotor-blade row may be expressed by the following equation:

1L
T

i <px’2> (5)

1
pl

i
-1

j o

E = “1

Dividing equation (5) by Vcr2 and simplifying gives

r-I
1
E v+l Pyi2
=Ty 1 - 6
Vcrz N 2 T-1)8 < pi (6)
Equating EO/Vcr,OZ for standard sea-level conditions to Ee/vcr,ez
for engine operating conditions gives
E B
0 e
F (7)
cr,0 Vcr,e
Combining equation (7) with equation (6) gives
Yo_l re_l
YO Ye
1 1
gk g Py,2 L1 Py,2
"1,0 7Tzt T \E = Moe 7T 2zt 5] i
0 {1220 = W Sl A a

If it is assumed that the turbine efficiency 10y does not change, then

To'l Ye-l
Yo Te
) 1
YO+l ke (px,Z - Ye+l 5k px,Z 9
= G FEr~L D! (9)
0 1 6 e 1l7e
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To preserve the equality of equation (9) as 7y changes, the pressure
ratio must vary. Figure 7 shows the variation of the ratio of the pres-
sure ratio at standard conditions to the pressure ratio at engine Operat-
ing conditions as a function of y for various constant values of each
pressure ratio.
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TABLE I ~ DATA SUMMARY FROM EXPERIMENTAL, INVESTIGATION OF J73 TWO-STAGE TURBINE

WITH STANDARD ROTOR BLADING

Calculated | Over-all Over-all{Inlet Inlet Outlet |Engine|Weight Torquew
over-all total to total to|stagna- |stagna- |stagna- |speed |flow T
total to total pres-|static [tion tion tion N w (ft-1b)
total pres-| sure ratio |pressure|pressure|tempera-|tempera- (rpm) | (1b/
sure ratio p'/p.  |ratio p] ture ture sec)
i 17 %2 '/ 7! T
1/P%,2 P1/P2 {(in. Hg 3 e
abs) (°R) (°R)
1.338 1.314 1575 34.59 700.0 664.9 944 38.44| 2159
)] 546 1.343 L56E 34.84 700.2 653.3 1888 B7.481 1613
1.343 LL352 AN (T 34 .84 699.0 646.5 2828 55 .09 Wi
i1 359 1..3358 il..590 34.78 700.0 648.0 3294 34.72 952.5
i 566 1525 150595 35.08 699.9 650.3 3780 34.79 783.4
1,562 1306 1591 34.89 699.0 656.0 4238 33592 587.4
i1.3569 12295 1598 34.83 699.9 662.7 4710 3559 456.0
1.374 1.286 1.404 3540 699.9 670.2 5186 33.73 314.2
1.380 1°.288 1.410 34.96 6997 6771 5652 33,1 205.3
1..512 1.465 L5103 34 .78 699.5 857.2 942 41.30| 2909
1.514 1508 =572 34.64 699.9 638.4 1886 40.53 | 2264
1.545 1,512 15668 34.72 1009 631.0 2825 Z9.24 | 1691
1B 26 o306 518 34.89 698.2 626.4 3290 38.60 ( 1445
15528 1.497 1R576 34.90 699.8 629.2 5713 B8 L 249
1.542 1.487 1593 35 07 700.4 632.5 4245 37.62 1 1055
1.528 1.445 15576 34.60 700.2 638.8 4714 36.90 828.8
1.542 1.444 1.590 34.89 699.4 643.2 5192 36.72 681.6
1.548 1.425 i eHI 5515 700.2 651.7 5660 36.70 533.8
1.546 1.407 595 34 .79 699.2 659.5 6140 36.22 B7Q
1.682 1.606 iz 34 .47 701.0 652.8 932 41.96 | 3350
1.699 15680 1.788 SULE59 701.6 627.3 1892 41.83 | 2776
1.690 1.675 1.2 34.47 698.4 613.2 2835 41.18 |' 2180
e Tl WAL Ak szlonl 34.86 700.1 610.0 3314 41.03 | 1967
1,706 1676 1.786 34.41 700.1 610.5 3780 39.94 { 1660
IRT1E 16T 1.794 34 .81 700.1 6Ll <2 4252 39.92 | 1464
WTaT 1.654 1.807 34.56 700.9 614.8 4716 39.55 | 1261
1.742 1.640 s 871 35.00 699.9 618.4 5195 39.34 | 1076
1.740 1.606 15,819 34.62 700.5 625.3 5658 38.90 889.6
1.744 1.580 1.824 34.75 700.6 633.6 6135 38.82 730.8

CONFIDENTIAL

0192



2610

NACA RM E52G31

. .
* E]

*y eonm 2 o e e

CONFIDENTI

000

eoene

eees e
L]

15

TABLE I - DATA SUMMARY FROM EXPERIMENTAL INVESTIGATION OF J73 TWO-STAGE TURBINE

WITH STANDARD ROTOR BLADING - Continued
Calculated [(Over-all Over-all|Inlet Inlet Outlet |Engine {Weight |Torque
over-all total to total to|stagna- [stagna- [stagna- |speed |[flow i3
total to total pres-|static |tion tion tion N W (££-1b)
total pres- |sure ratio |pressure|pressure|tempera-|tempera-| (rpm) (1/
sure ratio p/p} ratio p] |ture ture sec)
Ll 5 o, /D : T4 T;
ttg o 1/P2  |(in. Hg 1 2
abs) (°R) (°R)
1.995 1.825 o Kee) 34 .84 700.8 642.6 95 43.00 1" 3919
2.060 1.985 22352 34,60 699.9 610.8 1878 43.06 | 3448
1.966 852 2106 34.42 700.1 597.2 2822 42.34 | 2710
1o oS 1.956 2108 34.63 700.3 5920 3298 42.17 | 2443
1297S 1.:961 Al B L 34.59 700.4 587 .9 3780 41.95| 2202
1.986 1.964 2120 34.66 698.4 5855 4250 41.46 ( 1929
1.992 190938 2+126 34.52 699.7 5883 4714 A0 LTSS
2.012 i.920 2.144 34.74 700.2 59195 5194 40.69 | 1491
2.000 1.880 2.128 34.68 700.4 597.2 5652 40.22 | 153
2oL2 15856 2.140 34.89 697.8 602.1 6132 40.22 | 1103
2.174 AT 2 o6 34.33 698.5 604.9 1880 42.53 [ 3561
A 2.206 2.450 34:.59 700.5 584.1 2830 42.62 | 3107
2. 20l 179 2897 34 .64 699.7 577.0 3296 42.55 | 2801
2436 2.174 2589 34.55 700.6 575 Siile 42. 21 12516
2.214 el 9] 2.407 34.80 700.7 S 4248 42.24 | 2264
2.214 2oL 8 2.402 34 .54 699.4 569.2 4724 41.56 | 1996
2 +296 2.164 2.428 34 .84 700.9 55«5 5186 41.65 #7688
V1) @129 2.424 34.42 700.5 577.0 5660 40.96 | 1564
AP LS 2. 069 2.401 34.60 700.5 583.5 6128 40.79 | 1345
2.458 oS 2. 150 34.2° 700.0 574.4 2822 4245 15309
2.445 2.417 2128 34.13 700.6 564.5 3310 42.42 | 3057
2.477 2.438 2162 54.55 699.7 558.4 3774 42.48 | 2806
2.474 2.446 2 196 34 .61 700.1 555.5 4236 42.43 | 2565
2.481 2.463 27953 34.71 700.8 5529 4714 4235 | 2315
2.508 2.456 2.794 34 .56 699.1 551.4 519 42.06 | 2067
AR S VA S 2.447 2. 815 34.63 699.5 554.8 5650 41.82 | 1865
2085 2.402 2 Sl S4E57 699.7 561.6 J76135 41.41 | 1635
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TABLE I - DATA SUMMARY FROM EXPERIMENTAL INVESTIGATION OF J73 TWO~STAGE TURBINE

WITH STANDARD ROTOR BLADING ~ Concluded

Calculated |Over-all Over-all |Inlet Inlet Outlet |Engine|Weight|Torque

over-all total to total to [stagna- |[stagna-~ [stagna- |speed (flow

total to total pres-|static |tion tion tion N W (£t-1b)

total pres- |sure ratio |pressure [pressure|tempera-|tempera- (rpm) |(1b/

sure ratio sl ratio P ture ture sec)

p; /p! v o, /P . s T}
Q@ 1520 i da s He N 2
abs) (°R) (°r)

2.849 21,619 3.5350 34 .47 700.8 562.6 | 2822 | 42.79| 3643
27899 2 180 3.399 34.64 699.4 549.7 | 3304 | 42.79| 3408
2855 2.794 3292 34.53 700.9 544.3 | 3764 | 42.71( 3118
2.849 2. 1.89 5:502 34.47 700.1 536.9 | 4250 | 42.46| 2855
2.854 o Tk 3.296 34.71 699.8 534.9 | 4722 | 42.29( 2636
2.867 2.857 5515 S4NTS 699.5 532.9 | 5188 | 42.30| 2423
2 .87 2.850 5521 34.90 699.6 534.4 | 5656 | 42.09| 2160
2889 2.800 5.507 34.81 699.8 537.1 [ 6138 | 42.02| 1936
3187 2.820 3.898 34.77 700.7 546.2 | 2830 | 43.10| 3948
Sh2at 2,921 35957 354 .70 700.1 533.0 | 3300 | 43.04| 3702
3,218 3.095 3955 34.85 700.4 524.9 SIS 43.10| 3451
3% 206 3.106 3.889 34.88 700.9 518.6 | 4248 |'42.94] 3183
3.244 S=120 5.929 64 .97 701.5 509.7 4720 42.87 | 2950
3.244 5171 5.921 3553 701.3 509.7 | 5190 | 42.82| 2709
3.268 3TelS 3.960 35.36 701.4 512.3 | 5658 | 42.83 | 2496
4,525 3.262 4.057 34.81 701.3 509.7 | 6140 | 42.02 | 2255
5612 2RO 2 4,799 34.41 701.4 539.2 | 2825 | 42.64 | 4053
2700 35079 4,977 54,59 701.5 524.3 | 3300 | 42:59 | 3829
5621 5.269 4.770 34.49 TPUsS 515.3 | 3776 | 42.51 | 3572
5659 3.415 4977 34,63 702.5 508.3 4248 42.51 | 3349
3.670 3.407 4.809 3472 700.5 501.5 | 4716 | 42.54 | 3097
3.694 5506 4.848 34 .81 701.3 497.8 5182 42.46 | 2878
3.714 5.590 4,881 35.00 701.5 496.8 | 5658 | 42.46 | 2672
3.662 3558 45743 34.81 70044 498.5 | 6130 | 42.08 | 2448
B 168 S35 5156 34.29 703 1 513.6 | 3775 |42.39 | 3623
3.83%4 3.552 5.319 34.47 701.0 505.0 | 4247 |42.47 | 3394
5. 921 5.580 5,915 34.58 701.0 498.4 | 4720 |42.43 | 3159
3:858 SE613 BL283 34.76 701.5 495.6 (5183 (42.39 | 2924
3.814 3.649 5.129 34.67 700.6 494.7 | 5660 |42.04 |2683
5.829 3,656 5.143 B34.77 701.0 494.8 | 6125 |51.94 | 2590
2,908 3,550 5.460 34.51 701.3 499.2 4712 42.25 | 3210
3,998 3.652 5.701 34.66 700.4 493.4 | 5194 |42.25 |2914
4.108 2791 6.056 34.88 102.2 492.1 5658 42.16 | 2733
4.174 3.869 6.325 34.98 700.9 489.9 6125 42.16 | 2640
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Figure 1. - Schematic diagram of turbine assembly and instrumentation.
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Figure 3. - Over-all performance of J73 two-stage turbine with standard rotor blading.

Welght-flow parameter, g—ggé

absolute; turbine-inlet temperature, 700° R.

Turbine-inlet pressure, 35 inches of mercury
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