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for the
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EFFECT OF TURBINE AXIAL NOZZLE-WHEEL CLEARANCE ON
PERFORMANCE(OF MARK'25 TORPEDO POWER PLANT

By Jack W. Hoyt and Harry Kottas
SUMMARY

Investigations were made of the turbine from a Mark 25 torpedo
to determlne the performance of the unit with three different turbine
nozzles at various axial nozzle-wheel clearances. Turbine efficiency
with a reamed nondivergent nozzle that uses the axlal clearance space
for gas expansion was little affected by increasing the axial running
clearance from 0.030 to 0.150 inch. Turbine efficiency with cast
nozzles that expanded the gas inside the nozzle passage was found to
be sensitive to increased axlal nozzle-wheel clearance. A cast noz-
zle giving a turbine brake efficiency of 0.525 at an axial running
clearance of 0.035 inch gave a brake efficiency of 0.475 when the
clearance was increased to 0.095 inch for the same inlet-gas conditions
and blade-jet speed ratio. If the basis for computing the isentropic
power avallable to the turbine is the temperature inside the nozzle

rether then the temperature in the inlet-gas pipe, an increase in
turbine efficiency of about 0.0l is indicated.

- e

INTRODUCTION

At the request of the Bureau of Ordnance, Navy Department, an
investigation of the performsnce of a gas turbine from an aerial
torpedo under steady-state conditions using different turbine nozzles
is being conducted at the NACA Cleveland laboratory. Power-piant
efficiencies with five different turbine-nozzle designs are reported
in reference 1. The performance of a single-stage modification of
the turbine and an analysis of the relative output of the first and
second stages of the turbine is given in reference 2.

UNCLASSIFIED
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The axial clearance between the nozzle and the wheel of an
impulse turbine is usually made as small as possible in order to
obtain the best performance from the turbine. The small axial
nozzle-wheel clearances that may be maintained during a dynamometer-
stand investigation of a turbine, however, are not always desirable
in a power plant subjected to the distortions and vibrations accom-
panying rigorous service conditions. Aerial torpedos, in particular,
are given a gevere shock load on entering the water and ample clear-
ances are needed in order to avoid rubbing between the nozzle and
the wheel.

As the axial nozzle-wheel clearance is changed, the turbine
effliclency may be affected. The proper clearance ig thus a compro-
mise between the safe clearance required by the application and the
improvement in efficiency gained by making the clearance as small
as possible.

An investigation with three different turbine nozzles was con-
ducted to indicate the effect of axial nozzle-wheel clearance upon
efficiency. In order to provide data for selecting the proper axial

‘nozzle-wheel clearance, the turbine efficiency was determined at

various known values of running clearance.

APPARATUS

The standard Mark 25 torpedo power vplant'is a two-stage counter-
rotating impulse gas turbine of the partial-admission type with
integral speed-reduction and power-equalizing gearing. The turbine,
.setup, and instrumentation are described in reference 1. No changes
were made In the turbine except the substitution of carbon-ring oil
seals for the standard labyrinth oil seals at the turbine bearings,
vhich improved mechanical performence by reducing oil leakage without
changing the thermodynamic performance of the unit.

Three different turbine-nozzle designs designated E, H(refer-
ences 1 and 2), and I were selected for this investigation on the
bagis of ease of manufacture and good performance, All three nozzles
are of the 90° nozzle-arc gas-admission type. For each nozzle,'the
axial nozzle-wheel clearance was varied by changing shims undexr the
nozzle flange. Because of the high pressure ratios, the gas flow
entering the turbine is supersonic relative to the turbine blades.

Nozzle E is a nondivergent reamed nozzle with rounded inlets
to the nine cylindrical ports. Expansion of gas to supersonic
velocity takes place in the clearance between the nozzle and the
forward turbine blades. Nozzle H, produced by the precision
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lost-wax casting technique, has nine rectangular ports with sharp-
edged inlets to the throats. Nozzles E and H are completely described
in reference 1. Nozzle I is similar in design to nozzle H and cast
by the same technique but has slightly smaller.ports to give a.lower
ges mass flow. The outlet face of nozzle I is shown in figure 1.

The nine nozzle ports are rectangular and have sharp-edged inlets to
the throats. This type of nozzle uses the entrance-jet contraction
due to the sharp-edged port inlets to give the effect of a. convergent-
divergent nozzle.

Nozzle I was instrumented with an unshielded thermocouple
placed just ahead of the inlets to the nozzle ports. The thermo-
couple was so arranged so as not to disturdb the flow entering the
nozzle ports. Twc temperatures were taken on the nozzle walls
opposite the unshielded gas-temperature thermocouple to allow a
radiation-loss correction to be calculated for the unshielded
thermocouple. Because of the low gas velocity in the region of
the thermocouple, impact-recovery correction was neglected.

Radial nozzle settings, as well as the proper allowances for
thermal changes in axial clearances, were made to conform with
the recommendations of reference 1. Nozzle E was set at a radius of
5.283 inches from the turbine-shaft center line to the midpoint of
the nozzle ports. Preliminary investigations revealed that the best
radial getting for nozzle I was 5.258 inches from the turbine-ghaft
center line to the average midpoint of the rozzle ports. This value
was also the best 'setting for nozzle H (reference 1).

PROCEDURE

At each axial nozzle-wheel clearance setting, the effect of
pressure yatio and blade-jet, speed ratio upon turbine efficiency was
investigated., These investigations covered & range of axial running
clearances from 0.030 to 0.150 inch, pressure ratlos from 8 to 20,
and turbine speeds from 6000 to 18,000 rpm with a constant inlet-gas
temperature of 1000° F and a pressure of 95 pounds per square inch
gage. Because of air-flow limitations, the maximum pressure ratio
obtained with nozzle H was 19.

The effect of heat losses from the nozzle upon the power-plant
performance was determined by instrumenting one turbine nozzle to
give the inlet-gas temperature Just upstream of the nozzle throats.
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RESULTS AND DISCUSSION

The operating data for nozzles E, H, and I at various clearances
are given in tables I, II, and III, respectively.

The brake, wheel, and blade efficiencies were computed according
to the method developed in reference 1. Brake efficiency is the ratio
of the brake power calculated from the torque and speed at the dynamom—
eter shaft to the isentropic power avallable; wheel efficiency is the
ratio of the brake power plus the mechanical losses in the gears and
the bearings to the isentropic power; and blade efficiency is the ratio
of the brake power plus the mechanical losses and the disk- and blade-
windage losses to the isentropic power.

Axial nozzle-wheel running clearance over a range of 0,030 to
0.150 inch had little effect upon the performance of the turbine with
nozzle E (fig. 2); the curves of brake efficiency as a function of
axial clearance for constant blade-jet speed ratios are very flat.
Some improvement in brake efficiency was shown by increasing the
axial running clearance to C,050 inch, especially at lower blade-jet
speed ratios, which indicates that adequate clearance is necessary
with nondivergent nozzles such as E. As the clearance is increased,
however, the, effect of friction upon the jet from the nozzle becomes
increasingly important, but only a slight loss in efficiency was
occasioned by the use of large axial clearances.

The sharp-edged inlet nozzles (nozzle H) were more sensitive to
axial-clearance variations thHan was the nondivergent nozzle, as shown
in figure 3. At a blade-jet speed ratio of 0.20 and a pressure ratio
of 15, the brake efficiency decreased from 0.525 at a 0.035-inch
axial running clearance to 0.475 at a 0.095-inch axial clearance.
Under the same conditions, the brake efficiency with nozzle I (fig. 4)
changed from 0.505 at a 0.035-inch running clearance to 0.480 at a
0.095-inch clearance. Small axial clearances are therefore necessary
to obtain the best turbine performance with the cast nozzles in which
gas expansion takes place inside the nozzle passage.

The investigations with nozzles H and I substantiate the experience
with convergent-divergent nozzles at the Massachusetts Institute of
Technology (reference 3) where the turbine efficiency was also found
to improve as the axial nozzle-wheel clearance was decreased. Compar-
ison between values of axial clearances used in the present investi-
gaetion and those in reference 3 is obscured because cooling water was
sprayed on the outside of the M.I.T. unit, changing the thermal-
expansion characteristics and hence the axial rumning clesrance of
that unit. The investigations of reference 1 were more representative
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of actual torpedo conditions in that no cooling was used. Also,
changes in axial nozzle-wheel running clearances were measured with
dial indicators as the turbine-inlet gas temperature was changed;
thus an indication of the effect of thermal expansion on the axial
clearance was glven. As recommended in reference 1, the cold axial
clearances were set in this investigation at 01015 inch more than the
deslired ruming clearance to allow for the decrease in clearance due
to thermal expansions at the inlet-gas tempersture of 1000° F.

Mark 25 torpedos launched on the proofing range at the Naval
Torpedo Station had liberal axial nozzle-wheel clearances. The
cold axial nozzle-wheel clearances of 0.142 inch (reference 4) and
0.100 inch (reference 5) for turbines with convergent-divergent
nozzles would be a contributing factor to reduced turbine performance.

A comparison of turbilne efficiencies with nozzle I, calculated
with the isentropic power based upon the temperature in the insulated
inlet-gas pipe and lsentropic power based upon the temperature inside
the nozzle, is shown in figure 5. These data were obtained at inlet-
gas conditions of 95 pounds per square inch gage and 1000° F at an
axial nozzle-wheel rumning clearance of 0,035 inch. Data for nozzle I
based upon the temperature inside the nozzle are given in table IV,
The unshielded thermocouple mounted inside the nozzle was corrected
for radiation by the method of reference 6, using the nozzle-wall
temperatures taken opposite the thermocouple. The difference between
the tempsrature in the inlet-gas pipe and the temperature inside the
nozzle is mainly due to heat losses from the nozzle, the inlet-gas
ripe being heavily insulated. Comparison shows that the efficiency
computed from the temperature inside the nozzle 1s about 0.01 higher
than that computed from the inlet-gas-pipe temperature (fig. S).

The use of the temperature inside the nozzle does not charge the
turbine with a part of the heat losses from the nozzle, which are
coincident with the normal operation of the turbine; yet it does
more correctly indicate the performance of the nozzle-blade combi-
nation. The peak brake efficiency with nozzle I was obtained at

an axial nozzle-wheel running clearance of 0.035 inch, a pressure
ratio of 8, and a blade-jet speed ratio of 0.20 (fig. S5(a)). At
these conditions, the brake efficiencies were 0.509 based on the
temperature in the inlet-gas pipe and 9.517 based on the temper-
ature inside the nozzle. At the peak brake efficiencies, the wheel
efficiencies based on the temperature in.the inlet-gas pipe and on
the temperature inside the nozzle were approximately 0.540 and 0.550,
respectively and the blade efficiencies based on the temperature in
the inlet-gas pipe and on the temperature inside the nozzle were 0.572
and 0,582, respsctively.
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SUMMARY OF RESULTS

A Mark 25 torpedo power plant was investigated with three dif-
ferent turbine nozzles to determine the effect of axial nozzle-wheel
clearance upon turbine performance, The following results were
obtained at inlet-gas conditions of 95 pounds per square inch gage
and 1000° F:

1. Axial nozzle-wheel running clearance over a range from 0.030
to 0.150 inch had little effect upon turbine efficiency when a non-
divergent reamed nozzle was used.

2. Cast nozzles in which gas expansion takes place inside the
nozzle pagsage were sensitive to the effects of axial nozzle-wheel
running clearance. A cast nozzle giving a turbine brake efficiency
of 0.525 at a pressure ratio of 15, blade-jet speed ratioc of 0.20,
and an axial nozzle-wheel running clearance of 0.035 inch, gave a
brake efficiency of 0.475 when the axial nozzle-wheel running clear-
ance was increased to 0.095 inch.

3. If the basis for computing isentropic power is the temper-
ature inside the nozzle rather than the temperature in the inlet-gas
pipe, an increase in turbine efficiency of about 0.0l is indicated.

Flight Propulsion Research Laboratory,
National Advisory Commititee for Aeronautics,
Cleveland, Ohio,February 4, 1948.
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. Harry Kottas, :
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vscar W. Schey,
Mechanical Engineer.
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TABLE I - STM2ARY OF EFFICIENCY DATA FOR MAFK 25 POWER PLANT YITH KOZZLE B

AT VARIQUS AXIAL HOZZLE-WHEEL CLEARANCES

Enleb-gus prossure, 95 1b/sq

in. gage; inlot-gas temperature, 1000° ﬂ

Pres- | Axial noz-| Air Fuel- | Horsepower |%Turbine{ Brake Blade- Gas den- Brake Tihoel Blade
L8ure zlo-whool nass air available speed horsg-| jet sity in offt- offi- of fi~
ratio | running flow ratio | from isen- (rpa) power speed turbine oienoy | olency | clency
clearance | (1v/hr) troplo ex- ratio case
(in.) pansion (1b/cu £t)
8 0.030 974.3 | 0.0136 62.33 6,049 | 21.03 | 0.0981 0.0335 0.3374 | 0.3367 | 0.3534
97345 62.28 8,102 | 25,04 134 .0339 <4021 | .4200 | 4310
973.5 62,28 10,205 | 27.31 22638 +0339 .4385 | J4624 | 4325
9735 62,23 12,128 | 28.30 1966 #0345 #4544 »4354 <5201
9735 62.28 14,161 | 27.91 «2286 <0348 £4481 | L4930 | L5429
973.5 62428 16,184 | 26.40 .2624 .0348 .4239 | L4750 | .56
97345 62.28 18,207 | 23.70 .2952 +0346 #3805 | 4456 | L5946
15 0.030 973.5 | 0.0136 75.17 6,069 | 24.44 | 0,089 0.0185 0.3251 | 0.3262 | 0,3263
9743 7523 8,082 | 29.32 21193 40190 .B97 | .04 <4110
97443 75.23 10,1151 33.03 21493 0193 +4391 4589 «2493
974.3 75423 12,138 | 34.92 1792 £0196 4642 | 4500 | L5066
974.3 75.23 14,141 | 35,46 +2087 .0203 .4714 | 5043 | L5298
974.3 75.23 16,174 |  35.02 217 +0202 .at55 | L5078 | L5498
974.3 75.23 18,187 | 33.32 .2634 0206 24329 [ L4967 | 5700
20 0.030 976.2 | 0.0136 £0.58 6,089 | 25.56 | 0.0%69 0.0152 0.3172 | 0.3182 | 0.3183
977.1 80.65 8,112 | 31.04 L1153 .0153 23849 | L3983 «20
977.1 80.65 10,125 | 34,87 .1485 .0158 L4324 | .4503 | .4590
977.1 . 80.65 12,158 | 37.50 .1736 0158 4650 | 4390 | L5015
977.1 80,65 14,161 | 33.31 £2022 .0161 .4750 5053 .5241
977.1 80.65 16,84 | 38,03 .2311 0161 4715 .5110 «5421
9771 | _Fo.65 18,197 | 36.76 259 0165 +4558 »5060 .5611
8 0,050 974.6 | 0,0136 62,34 6,089 | 21.75 0.0987 0.0344 0.3439 | 0.3617 | 0.3651
97446 62.34 092 | 25.63 21311 .0343 A1 | L9 | .
9755 2.40 10,115 | 27.47 o1 .0340 $2402 | L4681 | L4341
97545 62440 12,123 | 28.26 21966 .0344 4529 .4838 5184
9755 62,40 14,172 | 27.74 2297 .0345 4446 .4345 5338
97545 62,40 16,204 { 26.33 2626 0347 @20 | L4731 | 5588
B 97545 62.40 18,248 | 23.93 #2958 .0343 +3835 24436 | .5954
15 0,050 976.3 | 0.0136 75.38 6,069 | 24.62 | 0.08%6 0.0188 0.3266 | 0.3371 | 0.33%4
976.3 75.38 8,072 | 29.71 21152 <0155 23941 | L4037 | .a152
97643 15038 10,115 | 33.33 ~1493 0193 4422 | L4619 | L4723
97643 75.33 12,153 | 35.34 #1795 .0194 4688 | L4947 | .S111
i 976.3 75.3% 14,181 | 35.98 +2093 0158 «4773 .5103 +5350
| 97643 75433 16,224 | 35.13 +2395 40201 4660 | 5034 | J5495
' 95,5 75.31 18,207 | 33.54 +2638 .0203 4454 +4991 5704
20 0.050 975.5 | 0.0137 80.54 6,099 | 25.29 | 0.0871 0.0156 0.3140 | 0.3241 | 0.3246
975.5 80.54 8,102 | 30.89% .1157 0156 B35 «3973 .4024
975.5 #0.54 10,135 | 34.80 .1448 +0155 «4321 .4506 .4587
9755 £0.54 12,159 | 37.42 21736 L0154 »4646 L4028 .5007
975.5 90.54 14,171 | 3F.29 .2024 0154 4754 5663 -5237
975.5 80.54 16,164 [ 37.93 .2308 +0159 4709 .5104 5410
975.5 80.54 18,207 | 36.72 «2600 .0162 .4559 | 5062 | .5596
R 0.070 | 973.6 |0.013% 62,28 6,099 | 21,63 | 0.0%88 0.0339 0.3473 { 0.3401 | 0.3635
I 973, 62.28 8,102 | 25,26 | .1313 0341 2056 | L4236 | L8345
© 973.6 62,23 10,125 § 27.53 »1641 .0339 +4420 4660 .4362
| 973, 62,25 12,168 | 28.35 21972 0339 4552 | L4868 | .S202
91306 62,22 14,181 | 27.90 S22 .0343 L4480 +4380 #3419
' 973.6 62,28 16,194 | 26.36 .2625 .0343 .4232 | L4743 | 5589
573.6 62,28 18,207 | 23.94 .2951 £0341 23348 | L4494 | 5960
15 0.070 971.9 | 0.0137 75.06 6,120 | 24,26 0.0503 0,0189 0.3232 | 0,3340 | 0.3349
971.0 74.99 8,032 | 29.35 21193 .0188 .3914 { L4053 | .24123
971.9 75.06 10,125 | 32.90 1495 0158 A4PB3 ] L4592 | L4598
9119 75.06 12,158 | 34.82 21795 0198 24639 | L4897 | 5065
9719 75.06 14,171 | 35.17 .2092 0200 L4636 | 5017 | .5269
9719 75406 16,184 | 34,40 2389 0204 #4583 #5005 .5429
971.9 75406 18,207 | 32.88 2638 ~0206 .4380 «A%RD S$653
20 0,070 972.8 | 0.0137 £0.32 6,110 | 24.97 | 0.0572 0.0156 0.3109 | 0.3210 | 0.3216
971.9 80.24 8,102 | 30,30 #1157 0155 #3776 +3916 +39!
9719 30.24 10,135 | 34.13 .1447 L0157 4253 4439 4521
a71.9 80.24 12,168 | 36.6% 1738 20156 £4573 | L4818 | L4939
071.9 £0.24 14,142 | 37.37 «2019 .0156 #4657 4966 .51,
u71.0 80.24 16,204 | 37.01 2314 .0160 «4612 .5010 .4320
97149 £0.24 18,217 | 39.96 #2601 -0164 .44%2 .4936 5532
" o.0% | ople foon7 | 6219 2,099 | 2075 | G.0980 [~ ©.0333 | 6.3a97 | 0.3636 | 0.3658
710 62.19 8,122 | 25.51 .1316 <0334 .4102 .4282 +4391
071.9 €2.19 10,115 | 27.53 +1640 0334 .4427 4666 4864
271.9 62,19 12,108 | 28,25 .1962 .0336 .4543 | L4351 | .5191
a71.9 62.19 14,131 | 27.61 2290 033 ~4440 4835 25312
971.9 62.19 16,154 | 25.92 2018 .0340 L4168 .4676 5523
“71.9 62.19 18,156 | 23.39 .2943 .0339 <3761 +4409 SRT2
« 1 0,000 971.9 | 0.0137 75.00 6,120 | 24.842 0.0503 0.0139 0.3256 | 0.3363 | 0.3375
V1.9 75,006 8,132 | 29.24 1200 <0193 3R L4085 | L8106
1le 79400 10,115 | 32.87 <1493 .0198 4379 .4578 4634
971 75000 12,120 | 34,09 .1750 0195 .46 4379 | 5048
9719 75.00 14,142 | 34.95 .2032 0200 4656 | 435 5240
971.9 75406 16,164 | 34,09 2336 0205 «4532 49564 «5390
971.9 75.06 18,156 | 32.49 .2680 0206 4329 | L4%65 | S560L |
20 0,09 “71.9 | 0.,0137 90,24 6,109 | 25.05 | 0.0%72 0.0158 0.3122 | 0.3222 | 0.3230
° -)311.0 50,24 8,103 | 30.40 L1166 0160 3189 .392¢ 3978
97l fi0.24 10,135 | 34.37 .1447 0164 .4233 +4469 42556
97149 £0.24 12,158 | 30.5¢ 1736 .0159 «4559 .4302 .49£8
971.9 80,24 14,171 | 37.41 .2024 20157 Wa662 | 4973 | W5152
971.9 20.24 16,144 | 36.87 .2309 .0158 +4595 .49%9 .5320
71,9 80.24 18,207 | 35.64 | L2600 ‘,‘2!6},__‘ R _.i9g§ ¥ 7._5411




NACA RM No.

TABLE I - SUMMARY OF EFFICIENCY DATA FOR MARK 25 POZER PLANT WITH NO2ZLE E

SE8B04

Enlet—gas prossure, 95 1b/sq in. gaée; inlet-gas temperature, 1000°§‘]

AT VARIOUS AXIAL NOZZLE-WHEEL CLEARANCES - Concluded

Pros- | Axial noz- Air Fuel- | Rorsepower | Turbine| Brake Blade~ Gas den- Brake Yhesl Blade
sure zle~-wheel | mass air avallable spead horse-| jet sity in offi- offi- | offi~
ratio | running flow ratio| from isen~ (rpm) power speed turbine ciency | clency| ciency
clearance {1b/hr) tropic ex- ratio case .
(in.) pansion (1b/eu £t)
8 0,110 971.9 | 0.0137 62,19 6,069 | 21.52 | 0.0984 0.0333 0.3460 | 0.3589| 0.3621
971.9, 62,19 8,122 25.16 1316 .0335 4046 4226 .4335
971.9 62,19 10,135 { 27.22 +1643 .0336 «4377 +4616 .4814
97L.9 62.19 12,158 | 27.81 .1970 .0339 24472 .4784 .5126
971.9 62.19 14,161 | 26.88 #2295 .0342 £4322 .4721 5261
971.9 62.19 16,144 | 25.43 «2617 .0341 «4039 +4599 .5445
971.9 62,19 18,156 | 23.04 .2943 .0342 <3705 .4356 .5826
15 0,110 971.9 | 0.0137 75.06 6,089 | 24.34 0.0899 0.0189 0.3243 | 0.3351} 0.3361
971.9 75.06 8,092 29.17 21155 .0200 .3886 .4034 .4099
971.9 75.06 10,215 | 32.57 £1493 0195 +4339 24533 .4
971.9 75.06 12,178 | 34.51 #1793 -0195 «4598 | .4857 | .5023
971.9 75.06 14,141 ] 35.18 »2088 .0199 4687 25016 5272
971.9 75.06 16,174 | 34.22 2388 0199 .4559 #4981 25397
971.9 75.06 18,156 | 32.37 . 2630 ,0202 4313 #4352 .55,
20 0,110 974.6 | 0.0136 80,45 6,109 | 25.07 | 0.0872 0.0156 0,3116 | 0.3217 | 0.3222
975.5 80.52 8,092 | 30.21 .1156 .0154 .37152 ] .3B%0 ] .3942
975.5 20,52 10,145 | 34.17 21449 L0156 4244 4429 4511
975.5 80.52 12,108 | 36.31 21729 L0158 .4509 .4748 .4876
975.5 80.52 14,171 | 36.94 .2024 L0157 .4588 .4897 .5076
976.3 80,59 16,184 | 36.32 #2311 .0158 4507 .4501 5208
976.3 80.59 18,227 | 35.96 .2603 .0161 .4338 .4842 | 5372
8 0.130 972.8 | 0.0137 62,24 6,069 | 21.36 | 0.0984 0.0332 0.3432 | 0.3559 | 0.3593
972.8 62,24 8,132 | 25.11 21318 L0336 4034 4214 .4324
972.8 © 62,24 10,125 | 27.03 1641 L0335 .4343 .4581 .4780
972.8 62,24 12,158 | 27.69 .1970 .0337 .4449 4761 5096
972.8 62,24 14,222 | 26.76 +2305 .0339 4299 .4703 .5233
972.8 62.24 16,184 | 25.17 #2623 .0339 »4044 #4555 5394
972.8 62,24 18,227 1 22.71 «2954 «0337 .3649 .4303 5747
15 0,130 973.2 | 0.0137 75415 © 6,069 | 23.90 | 0.0896 0.0191 0.3180 | 0.3285 | 0.32%9
972.3 75.08 8,072 28.91 L1192 .0203 351 +3998 .40
972.3 75.08 10,115 | 32.30 .1493 .0200 .4302 4499 »4607
75.08 12,118 | 34.14 #1789 -0200 «4547 .4804 4975
. 972.3 75.08 14,161 | 34.72 »2091 .0201 4624 .4955 5209
972.3 75.0% 16,144 | 33.99 2383 .0202 4527 4943 .5366
972. 75.08 18,207 | 31.98 .2688 .0204 .4259 4800 .5523
20 0.130 973.3 | 0.0136 80,36 6,120} 24.83 | 0.0974 0.0163 0.3090 | 0.3189 | 0.3198
' 974.2 80.43 8,153 30.06 L1164 .0157 <3737 <B7? .3926
974.2 80.43 10,115 | 33.77 .1445 0160 4199 433 ~4468
974.2 80.43 12,178 | 36.04 .1739 0156 #4431 4723 4845
974,2 80.43 14,151 | 36.65 L2021 .0158 #4557 4865 | .5047
974.2 £0.43 16,204 | 35.83 .2314 .0158 +445%5 4350 .5157
974.2 80.43 18,177 | 34.32 22596 L0162 .4267 4769 .5309
- 8 0.150 972.8 | 0.0137 62.25 6,069 | 21.56 0.0934 0.0326 0.3463 | ©.3592 | 0.3624
971,9 62.19 8,102 | 25.07 #1313 .0327 L4031 .4211 4319
971.9 62,19 10,135 | 20.82 .1643 .0331 +4313 .4552 4752
971.9 62.19 12,113 | 27.31 .1964 .0333 £4391 4702 .5033
972.8 62,25 14,151 | 26.39 .2294 .0339 #4239 4638 5174
972.8 62,25 16,164 | 24.77 «2620 .0338 «3979 .4458 .5325
972,72 62.25 13,217 | 21.51 «2953 L0335 +3520 .4172 5608
15 0.150 971.9 | 0.0137 75.06 6,120 | 24.08 0,0905 0,0193 0,3208 | 0.3315 | 0.3327
971.9 75.06 8,122 | 28.77 +1199 20196 .3833 .3983 .4045
971 75406 10,125 { 32.23 +1455 0189 .4294 L4491 4394
971.9 75.06 12,158 | 34.10 #1795 .0197 .4543 L4801 4568
971.¢ 75.06 14,161 | 33.97 42090 .0200 L4526 +4P56 5108
971.9 75.06 16,154 | 32.84 .23885 0202 $4375 4797 .5213
N 971.9 15.06 18,227 { 31.17 +2691 .0201 4153 4694 5404
20 0.150 971.% k6.0137 80.24 6,069 | 24.62 | 0.087 0.0163 0.3068 | 0.3168 | 0.3175
971.9 30.24 8,082 | 20.75 L1154 L0165 .37C8 .3B4a7 .3R98
971.9 80,24 10,115 | 33.67 21444 L0160 .4196 .4282 L4467
971.9 80,24 12,138 | 35.80 <1733 .0158 4462 .4703 L4526
71,9 0,24 14,171 | 36.3% .2024 .0160 4534 L4844 .£026
971.9 £0,24 16,174 | 35.60 .2310 .0163 .4437 L4533 5147
| 971.9 80.24 -] 18,156 | 34.11 -2593 0166 .4251 | .4753 | .5305
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TABLE II - SUMMARY OF EFFICIENCY DATA FOR MARE 25 POWER PLANT WITH NOZZLE B

AT VARIOUS AXIAL NOZZLE-WEEEL CLEARANCES

Enlet-guc pressure, 55 1b/sq in. gage; inlet-gas temperaturs, 1000“3

Pros- [ Axial noze Atr Fuel~ | Horsepower | Turbine | Brake Blade- Gas den~ Brake Theel Blade
suro zle-wheol nass air available speed horse- | Jet sity in of fi- offi- offi~
ratie { running flow ratioc froc isen- (rpa:) power speed turbina ciency | clency | alency
clearance (lb/hr) tropic ex- ratio case
{n.) pansion (1b/cu £¢)
§ 0.035 1141 | 0.0141 73.04 6,069 | 27.76 | 0.0984 0.0333 0.3801 | 0.3509 |0.3938
* 1141 73.04 8,122 | 33.38 #1317 0336 $4570 | L4723 | L4817
1141 73.04 10,135 | 36.67 21643 20339 «5021 | J5225 | .53%6
1341 73.04 12,148 | 38.07 .1970 0347 S212 | L5478 | .5774
N 1140 T2.98 14,161 | 37.66 «2296" 0349 <5160 | 45500 { .5971
1140 72.98 16,164 | 35.90 <2621 .03 4919 | L5352 | .6088
, 1140 T2.58 18,197 | 32.74 $2950 0350 4486 | L5042 | 6328
15 0.035 1140 {0.0141 88.10 6,099 | 30.61 | o.o500 0.0189 0.3474 | 0,3565 10,3575
1140 88.10 8,112 | 37.37 #1197 0189 4242 | 4388 | L4421
1140 88.10 10,115 | 42.23 21493 0194 4793 | L4961 | L5051
1140 88,10 12,148 | 45.08 -1793 .0196 <5117 | L5337 | .5479
1140 88.10 ©14,161 | 46.25 #2090 0201 #5250 | W5531 | .5748
139 88.03 16,184 | 45.49 239 +0209 BS168 | 558 | L53%
1139 88.03 18,217 | 43.16 #2639 .0210 4503 | 5364 | 5981
19 0,035 1139 | 0.0141 93,05 6,120 | 31.50 [ 0.0879 0.0160 0.3385 |0,3472 |0.3478
1139 93.05 8,122 | 38.44 #1166 .0161 #4131 | L4251 | .4296
1139 93.05 10,115 | 43.63 J1452 40163 4689 | L4388 | L4923
1139 93,05 12,148 | 46.88 1744 .0163 5038 | 5247 | 5358
1139 93.05 14,151 | 43,50 +2032 0170 WS5212 | L5479 | L5648
1139 93.05 16,164 | 48.26 .2321 0174 »5186 #5526 | .5818
1139 93.05 18,207 | 46.62 .2614 .0178 L5010 | L5447 | .5560
) 0.055 1141 | 0.0240 73.00 6,059 | 27.70 | 0.0%32 0.0334 0.3796 ] 0,3504 }0.3933
1141 73,00 8,112 | 33.23 21318 .0334 .4552 | .4705 | 4799
1141 73,00 10,095 | 36.26 1636 0333 «4967 | 5170 | 5338
1140 72.93 12,118 | 37.58 .1964 #0339 5153 5418 5706
1141 73.00 14,141 | 37.05 .2292 0342 W5075 | 5414 | .5B74
1141 73.00 16,194 | 35.49 +2625 0340 4862 | L5299 | J6017
1140 72.93 18,197 | 31.96 «2949 40342 «4382 +4938 6194
15 0,055 1141 [ 0.0140 88,11 6,089 | 30.50 | 0.0899 0.0190 0.3462 [0.3552 |0,3561
1141 88,11 8,102 | 36.85 11 0189 24182 | .4308 | .4362
1141 88.11 10,105 | 40.86 21492 L0191 «4637 | 4806 | .4895
1141 88.11 12,108 | 43.21 »1787 0197 .4904 | .5122 | .5266
1141 . 88.11 14,141 | 44.13 .2038 0206 J5009 | 5289 | L5511
1141 88,11 16,184 | 42.93 .2389 20207 4872 #5233 5598
1141 88.11 18,207 | 41.30 ~2638 0209 <4665 | 5125 | 5758
19 0,055 1145 0.0140 93.51 6,089 | 30.84 0,0874 0,0164 0.3298 |0.3384 ]0.3350
1145 93.51 8,102 | 37.19 1164 +0165 S3907 | 4096 | L4141
1145 93.51 10,125 { 41.94 »1454 0162 4485 | .4645 | .a718
1145 93.51 12,158 | 44.59 <1746 0164 4768 #4976 +5088
1145 93.51 14,161 | 45.69 »2034 +0171 .4886 #5151 «5321
. 1145 93.51 16,194 | 45.09 #2326 L0175 2822 | L5163 | .5453
1145 93,51 L2271 | 43.61 »2618 <0179 4664 | L5099 | L5607
8 0.075 1144 |0.0140 | 73.21 6,079 | 27.73 | 0.0986 0.0331 0.3788 | 0.3799 |0.3924
1144 73.21 8,132 | 32.94 1318 .0340 «4499 | L4658 | .4745
1144 73.21 10,095 | 36.09 21637 0337 .4930 | J5332 | .5303
1144 73.21 12,138 | 37.44 .1988 0338 .5124 | 5379 | .5667
1144 73.21 14,141 | 36.53 +2293 0340 <4990 | 5327 | 5785
1144 73.21 16,204 -| 34,44 .2627 0340 «4704 | L5141 | .5856
1144 73.21 18,197 | 30.40 +2950 20342 .4152 | .4704 | .5958
15 0.075 1142 | 0.0140 88,24 6,099 | 29.91 | 0.0900 0,0190 0.3390 [0,3399 |0.3490
1142 88.24 112 | 35.93 21197 <0192 <4072 | 4199 | .4251
. 1142 88.24 10,095 | 39.82 »2450 .0190 <4513 | 4880 | .4769
1142 88,24 12,158 | 41.87 <1795 0194 #4745 | L4966 | .5105
1142 88.24 14,191 | 42.32 +2095 |. .0200 4796 { 5078 | 5291
1142 88,24 16,184 | 41.28 #2389 .0204 46718 | 5041 | 5347
1142 88,24 18,177 | 38.99 «2683 <0206 WAA19 | 4876 | L5499
19 0.075 342 | 0.0140 93.28 6,089 | 29.96 | 0.0874 0.0160 b.3212 |0,3220 0,324
° 1142 93,28 8,102 | 36.18 <1163 +0161 #3879 | 3852 «4043
1142 93.28 10,115 | 80.53 »1452 20161 4345 | 4504 | 4579
1142 93.28 12,138 | 43.24 <1743 +0158 4636 | .4843 | L4952
1142 93.28 14,161 | 44.33 «2033 #0168 «4758 | 5024 | 5150
1142 93.28 16,184 | 43.57 2324 <0171 4571 | 5002 | 05297
v 1142 93.28 18,177 | 41.99 «2610 <0174 w4502 | L4935 | .5433
8 0.055 1142 [0.0140 73.10 6,079 | 27.69 | 0.0986 0.0327 0.3788 | 0.3799 |0.392%
1142 ~ 7310 8,122 | 32.84 <1317 «0334 4492 | L4548 | A9
1142 73.10 10,215 | 35.83 +1640 0331 «4902 | L5105 | 5771
1142 13.10 12,148 | 36.83 +1970 <0333 5038 #5304 528
1342 73.10 14,141 ) 35.98 «2293 #0337 4922 W5261 | STIS
1142 73.10 16,194 | 33.89 «2626 #0340 «4636 | L5071 | 5789
1142 73.10 18,187 | 30.21 42949 #0339 <4133 | 4687 | 5932
15 0,055 1142 0.0140 88.24 6,049 | 29.66 0.0893 0,0186 0.3361 ] 0.3370 | 0.3462
1142 0140 88,24 8,112 | 35.82 2197 .0188 4059 | L4186 | .4237
1142 .0140 88,24 10,115 | 39.43 #1493 .0186 4468 | 4637 | .4723
1142 #0140 88,24 12,18 | 41,20 21792 0192 . #4889 | 5026
1131 ,+0141 §7.40 14,141 | 41.47 #2087 «0199 «4745 | 5029 | .5239
. 1142 .0140 88.24 16,184 | 40.27 -2389 ~0202 4564 | .4524 | .5279
1142 .0140 8R,24 18,197 | 37.84 .2686 +0205 4288 #4747 5369
19 0.095 1142 | 0.0240 93,28 6,089 [ 29.76 | 0.0874 0,0165 0.3150 {0.3199 |0.3285
1142 93.28 8,092 | 35.76 21162 +0161 3834 | L3954 | 3999
1142 923.28 10,125 | 39.81 1454 0160 4263 | .4428 | .a500
1142 93.28 12,143 | 42.20 22744 £0160 <4524 | L4732 | 4842
1142 93,28 18,161 | 43.03 #2033 0160 JA613 | L4379 | L5039
1142 93.28 16,184 | 42.19 «2324 «0169 8523 | 4864 | 5145
1142 93.28 18,187 | 40.16 +2611 20173 #4305 | L4739 | .5233
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TABLE III - SUMMARY OF EFFICIENCY DATA FCR MARK 25 POWER PLANT WITH XOIZLE 1

AT VARIOUS AXIAL NOZZLE-VIEEL CLExRANCES

Enlet-:&s pressure, 95 lb/sg in. gage; inlet-gas tenperaturse, 1000° a

Preg- | Axial noge Air Fuel- [ Horsenower | Turbine { Brake Blade- Gas den~ Brake Yheel 3lade
sure zlo-wheel rass alr availadle speed horge- | jot sity in effi- of i~ effi-
ratio | rurnirg flow ratio | fron isen- (rm) power spesd turbine ciency | clency |{eciency
clearance (1b/hr) tropic ex- ratio case
{in.) pansion (1b/eu £t)
8 0.035 $92.3 | 0.0139 63.51 6,109 | 23.64 10,0950 0.0345 0.3722 | 0.3850 {0,3380
952.3 63,51 8,102 | 28.04 .1313 .0348 L4415 | L4590 | L4700
992.3 63.51 10,085 | 30.97 .1635 .0349 .4876 | .5109 | .5314
992.3 23.51 12,189 | 32.2% 1976 +0352 W5084 | L5391 | .5736
992.3 63.51 14,171 | 31,62 «2297 -0353 «4979 | .S371 | L5916
552.3 63.51 16,184 | 29.60 «2623 .0351 #4661 | 5161 | 6015
s 992.3 63.51 18,197 | 26.81 +2949 L0351 4221 | 2861 | L6341
15 0,035 991.4 | 0.013% 76459 6,109 { 26.84 | 0.0902 0.0150 0.3504 | 0.3610 | 0.3621
991.4 76.59 8,132 | 32.51 «12C0 +0191 #4245 +4350 #4452
991.4 76.59 30,155 | 36.31 #1459 0156 .474) +4937 +504D
951,4 76459 12,178 | 38.41 21755 20199 «5015 | 5270 | .5433
591.4 76459 14,131 | 38.56 +2086 40207 <5035 5357 5616
991,4 76,59 16,164 { 37.71 »2386 <0211 «4924 | 5339 | L5767
951.4 76.59 18,197 | 35.56 #2886 .0213 4643 | L5173 ] L5913
20 0.035 $91.4 | 0,0139 81,88 6,069 | 27.20 0.0867 0,0165 0.3322 | 0.3420 ] 0.3429
$90.5 81.81 6,072 | 33.28 #1153 <0263 +4063 #4202 «4254
950.5 81.81 10,105 | 37.53 <2443 <0161 4587 «4770 +4855
9$0.5 81.81 12,148 | 40.1% #1735 0263 «4513 $3150 1 L5277
990.5 £1,81 14,161 | 41,16 .2022 0167 5031 | .5334 | L5523
990.5 1.2 16,154 | 40.67 «2307 L0171 «4971 | 5350 | L5696
921.4 81.88 18,217 | 3%.44 «2601 0174 .4517 «5313 S578
) 0.055 7.2 {0.0139 63,28 6,109 | 23.2%9 0.0990 0.034% 0.3620 | 0.3507 | 0.3R40
garR £3.2° 8,112 | 27.56 «1315 0349 .4355 <4532 »4641
998,8 63.28 10,115 | 30,43 .1640 038 L4809 | .5043 £5245
89,7 63.34 12,143 | 31.59 21969 .0352 <4587 «5254 #3633
9997 63.34 14,171 | 31.24 2297 0352 #4932 1 L5324 | L5267
989,7 63.34 16,184 | 28.85 +2623 L0351 +4555 5057 «5911
999.7 . 63.34 18,177 | 26.30 2946 .0351 .4152 | .47%0 | .6272
15 0,055 999.7 10,0139 76,45 6,039 | 26,41 ! 0.0%992 0.0186 0.3455 10.3558 | C.3571
939.7 P76.48 8,062 { 31.91 «1190 0187 .4174 +431% #4371
9297 76,45 10,115 | 35.63 #1493 0159 4651 #4854 #4955
959.7 76445 12,16 | 3%2.01 1795 0201 £4072 | L5226 | .5392
9.7 76.45 | 14,261 | 3%.22 ~2091 40209 «4959 | 5328 | 5578
989.7 L 76445 16,174 | 37.42 2388 .0208 24295 | L5311 | 5731
53%.7 76445 18,207 | 34.586 L2658 <0212 4560 ) L5091 .S329
20 0,835 §90.5 | C.0139 81,81 6,109 | 27.34 0.0372 0.0156 0.3342 |0.3440 |0.3447
°50,5 £1.81 5,072 | 33.17 .1153 .0152 W2055 | .4189 | L4239
991,48 21.68 10,205 | 37.46 .1443 .0161 <4575 1 A756 | L4841
991.4 91.88 12,158 | 46.15 .1736 .0161 «4904 +5140 L2671
. 91,4 81.85 14,161 | 40,88 ~2022 L0163 #3593 | 5266 | .54%0
991,4 £1.88 16,164 { 40,27 .2308 <0167 «4918 | L5307 | L5625
951.4 21,88 18,197 | 38.68 #2599 L0165 4724 | L5219 | 5765
8 0.075 939.1 |0.013% 63,30 6,089 | 23.30 | 0.0987 0.0338 0.3631 |0.3307 ]0.3839
93%.1 43,30 8,122 | 27.65 .1316 L0341 4368 4545 #8652
9.2 3,24 10,135 | 30.36 21643 .0341 .4801 | .5036 | .5234
®e.2 63.2¢ 12,18 { 31.27 #1972 <03 .4945 | .5251 | .5593
95,2 63,24 14,14) | 30,71 22292 L0346 +4856 #5247 S157
989.2 63,24 16,204 | 28.46 #2626 0349 #4500 | L5005 L5852
9%8,2 63.24 18,207 { 25.R0 #2951 .0346 L40% | L4722 6186
15 0.075 989.1 |0.013% 76.41 6,049 | 26.31 0.0393 0.0189 0.3443 |0.3547 {0.3560
@R, 2 76.34 8,112 | 31,84 21197 0189 4171 «4316 | 4376
Re2 76.34 10,115 | 35.30 21433 0200 L4624 | .a%19 | L8928
939.1 76,41 12,098 | 37.51 L1776 0202 .4909 | 5160 | .5330
$%9.1 76.41 14,161 | 37.47 -2091 .0208 «4504 .5228 «543%
989.1 76,41 16,144 | 37.76 22383 0210 «4811 | .5224 5652
980, 1 76.41 18,156 | 34.64 ,2690 .0213 «4533 +5061 5708
20 0.075 $90.9 |0.0135 Tl.ia 6,120 | 27.0% 0.0°74 0.0157 0.330-  }0.3408 [0.3413
9%0.9 81,23 8,102 | 32.65 21157 .0153 #358% £4125 L4174
950.9 £1.74 10,115 | 36.70 #1445 0154 .4484 24666 4746
990.9 £1.34 12,158 1 39.07 21736 .015¢ 4774 .5011 5132
0.9 1954 14,201 | 39.73 #2025 0167 .4355 .S156 «5345
0.9 31,74 16,184 | 3¥.9% #2311 0165 4763 »5152 «S470
©50,9 81.34 18,197 |37.40 42599 €173 4550 25075 5639
° 0.095 9%7.1 [C.C137 63.17 6,040 | 22.63 0.0950 0.0333 0.3550 (0.3715 {0.3749
97,9 £3.22 8,062 [27.09 L1311 <0339 «3233 #4462 +4570
] 03022 20,095 | 29.37 22636 0339 <4636 | L4880 | 5078
a27.9 63.22 12,17° [ 20.34 £1974 0344 7] 251056 | L5444
9°8.5 6}.23 14,161 | 29.26 #2295 ~0345 #8624 #5016 5502
515 . 03422 16,184 | 27.31 22623 0343 4320 1 LAR23 | L5653
327.9 63.22 18,156 | 24.41 #2943 0342 +3861 24459 5946
ﬁ; 0,097 ©37.9 10.0139 76.32 6,069 |25.90 0.0296 0.0190 0.3394 (0.34%93 {0.3510
B, 76.39 8,112 | 31.17 .1197 +0190 #4090 24228 #4287
FE.R 76.3° 10,115 | 34.63 #1493 «0201 «4533 #4727 «4%34
N 7639 12,18 | 36.32 21792 «0204 «4755 SSO09 «S177
Qne 8 76.39 14,171 | 36.47 #2092 0209 4774 509¢ 39
928. 76,39 14,174 | 35,57 .23%9 L0212 24656 | L5073 | L5501
993.% 76.39 18,207 ] 33.42 #2698 0215 #4375 .45056 658
20 0.055 $90.5 160133 (1.8 6,120 | 26.64 [0.0074 0.0153 0.3256 10,3355 10.3361
59048 £1.%1 8,122 |32.20 #1260 «C153 <3936 1 .4073 1 L4122
990.5 £1.81 10,115 | 35.80 .1445 0153 4376 4557 4638
W L1.74 12,13 | 338.08 .1733 #0182 4659 A% <5023
295 173 14,171 | 35.15 ~2024 +C1(5 T O I o S A U1
95045 $1.%1 16,164 | 37.01 #2307 +0170 #4597 .45703 «£309
$50.5 1.1 18,177 {35.32 #2596 172 -4375 4772 L2393
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TABLE IV - SUMMARY OF EFFICIENCY DATA FOR MARK 25 POWER PLANT WITH
NOZZLE I USING TEMPERATURE INSIDE NOZZLE AS BASIS FOR
COMPUTING ISENTROPIC POWER AVAILABLE

(Inlet-gas pressure, 95 lb/sq in. gage; inlet-gas temperature,
10000 F; axial nozzle—wheel running clearance, 0.035 in, ]

Pres-| Turbine|Corrected |Horsepower {Brake |Wheel | Blade

sure |speed |temper- |available [effi- |effi- |effi-
ratio| (rpm) |ature from isen- |ciency®| ciency®| ciency®

ingide tropic ) ’
nozzle expansion®
(°r)

8 6,109 975 62.37 0.3790 {0.3920 | 0.3951
8,102 977 62 .47 .4489 .4666 .4778

10,085 979 62 .54 .4952 .5189 .5397
12,189 979 . 62.54 .5163 .5475 .5825
14,171 979 62.54 .5056 .5454 .6007
16,184 979 h2.54" 4733 .5241 .8108
18,197 980 62.60 -] 4283 4931 .B6433

15 6,109 980 75.51 0.3554 [ 0.3662 | 0.3672
8,132 980 75.51 .4305 .4452 .4516

19,155 980 75.51 | +4809 .5007 .5112
12,178 979 75.46 .5080 .5349 .5514
14,131 978 75.38 .5115 .5443 .5706
14,164 976 75.29 .5009 .5431 .5867
1&8.197 979 75.46 4712 .5250 .6002

20 3,069 982 80.81 0.3366 {0.3465 | 0.3475
8,072 981 80.66 - .4126 .4262 4314

10,105 980 80.62 4655 .4840 .4927
12,148 979 80.56 .4989 .5230 9359
14,161 979 80.56 .5109 .5417 .D608.
16,154 979 80.56 .5048 5443 .5775
18,217 979 80.64 .4891 .5394 .5969

8Raged on temperature inside nozzle. S NACA~

°
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igure 1. - Qutlet face of cast nozzle I designed

for turbine of Mark 25 power plant.




NACA RM No. SE8B04 ‘ 14

.50rBlade-jet

speed ratio
0.20
—.24 —

.16 eSS

.40

PIZ/

.30

{a) Pressure ratio, 8.

.50

-40[—"'1'5 i

Brake etficiency

{(b) Pressure ratio, 15.

.50

40— 12

NACA

.30 S IR I B ]
.020 .040 . 060 .080 .100 .120 .140 .160

Axial nozzle-wheel ruoning clearance, in.

(¢) Pressure ratio, 20.

Figure 2. - Effect of axial nozzle-wheel running clearance on brake efficien- -
cy in Mark 25 power plant at various blade-jet speed ratios with nozzle E.
Igégé-gas pressure, 99 pounds per square inch gage; inlet-gas temperature, -
| F.
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Figure 3. — Effect of axial nozzle-wheel running clear-
ance in Mark 25 power plant on brake efficiency at
various blade-jet speed ratios with nozzle H. Inlet-
gas pressure, 95 pounds per square inch gage; inlet-
gas temperature, [QOQ° F.
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Figure 4. — Effect of axial nozzle-wheel running clear—

ance in Mark 25 power plant on brake efficiency at

’ various blade-jet speed ratios with nozzle I. Inlet-
gas pressure, 95 pounds per square inch gage; inlet-
gas temperature, 1000° F.



NACA RM No. SEBB04
.70

—

_:;;jii:;”
= SSN

s -~

L —g-=1 TE

Basad on témperature in
inlet-gas pipe 4
—-—-—Based on temperature inside

i nozzle
.30 1 ! 1 i R
(2) Pressure ratio, 8.

.60 T

<

I

,___?, -

50

]
|

Efficiency

(b) Pressure ratio, Ib.

. 60— -
‘g,xi:%§j
) ] /<f/££%~J_ T
.50 ——B=—l=a. 1
| T ST
| L
]
L4014 - {:; 3 —
Y a N N B
‘i"Hna!'pf' ]
-3%8 1z .16 .20 24 .28 . .32

Blade-jet spead ratio

{(¢) Pressure ratio, 20.

Figure 5, - variation of efficiency with bhlade-jet speed ratio in
Mark 295 power plart with nozzte |1. Inlet-gas pressure, §5 pounds
per square inch qage; inlet-qas temperatyre, [0G0° F; axial
nozzle-wheel running clearance, 0.025 inch.
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