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NACA RM SES53F30

NATIONAL ADVISORY COMﬁf&TEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Alr Materiel Command, U. S, Air Forces
PRELIMINARY TRANSIENT PERFORMANCE DATA ON THE J73 TURBOJET ENGINE
IIT - ALTITUDE, 45,000 FEET

By dohn E. McAulay and lLewis E. Wallner

SUMMARY

A program was undertaken to determine the J73 turbojet engine com-
pressor stall and surge characteristics and combustor blow-out limits
encountered during transient engine operation. Data were obtained in
the form of oscillograph traces showing the time history of several
engine parameters with changes in engine fuel flow. The data presented
in this report are for step and ramp changes in fuel flow at an alti-
tude of 45,000 feet and flight Mach numbers of 0 and 0.8.

INTRODUCTION

One phase of the altitude-performance investigation of the J73

. turbojet engine conducted at the NACA Lewis laboratory consisted in
determining the compressor stall and surge characteristics and the com-
bustor blow-out limits encountered during and immediately following
rapid changes in engine fuel flow.

The data were obtained on oscillograph traces which showed the
time history of several engine parameters following & change in fuel
flow. The preliminary data presented herein were obtained at an
altitude of 45,000 feet and flight Mach numbers of O and 0.8. Similar
data are presented in preliminary form in references 1 and 2 for alti-
tudes of sea level, 15,000, and 35,000 feet at several flight Mach
numbers.

The preliminary data which appear in this report
ductions of oscillograph traces obtained at various.:
tions. A check on the accuracy of the calibrati
oscillograph traces has been made but no anal A
presented.

gist of repro-
iting condi-
Fies listed on the
the data is
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APPARATUS
Engine and Installation

The J73 turbojet engine used in this investigation has a thrust of
approximately 9000 pounds, a rated engine speed of 7950 rpm, and
an exhaust-gas temperature of 1185° F (1645° R). The engine is normally
equipped with an hydraulic control system which was inoperative during
this phase of the investigation. For these tests, the fuel system was
so modified that fuel flow was a function of fuel-valve position only.
Other engine components are a l2-stage axial-flow compressor with vari-
able inlet guide vanes, an annular-type combustor with 10 cannular-type
chambers, a two-stage axial-flow turbine, and a fixed-area exhaust
nozzle.

The engine was mounted in a 1l4-foot diameter altitude chamber. A
group of automatic throttle valves was incorporated at both inlet and
exhaust ends of the test chamber to provide control of simulated altitude
and ram-pressure ratio.

Instrumentation

The translent responses of the engine variables were recorded on
a multiple channel, direct-inking, magnetic motor oscillograph. The
ogcillograph chart speed was 5 units per second.

The location of the measuring stations are shown in figure 1. The
gensing devices used for indicating variations in the performance
parameters are given in table I. Inasmuch as the total-pressure profile
at the engine inlet was flat, it was possible to select almost any total-~
or static-pressure sensor to record on an ogcillograph trace or its
corresponding calibration gage without introducing errors. In the case
of compressor-outlet total pressure, the sensor selected for both the
ogclllograph and the calibration gage was approximately the average
total pressure at that station, as indicated from earlier steady-state
data. Appropriate correction factors were employed where necessary for
gage error and sensor location.

PROCEDURE

The oscillograph traces were calibrated by operating the engine at
geveral widely different engine operating points and recording the
corresponding pen deflections on the oscillograph trace. Fuel changes
were introduced over a range of initial engine speeds at the conditions
shown in the following table:

CONFIDENTIAL
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Altitude,|Flight Mach| Inlet guide | Type of|Engine-inlet
ft number vane position| fuel |temperature,
change o
45,000 0 Open Step 60
.8 Open Step 35, 75
.8 Open Ramp 35, 75
.8 Closed Step 35

The variable inlet guide vanes, which normally move from closed to open
poeition at an engine gpeed of 6800 rpm as speed was increased, were
maintained in a fixed closed or open position during all transients of
this phase of the investigation.

The size of the fuel step or ramp changes was increased until
limited by either compressor surge or combustor blow-out or until it was
felt that large steps in fuel flow would expose the engine to exces-
sively high temperature. Only the traces which were considered pertinent
in determining an operating limit are presented. Thus, in general, at
any given initial engine speed two traces are shown. One gives the
maximum step or ramp change in fuel flow obtained without encountering
compressor surge or stall. The other gives the minimum step or ramp
change in fuel flow which produced compressor surge or stall.

During the period of transient engine operation, both the engine-
inlet total pressure and the exhaust pressure varied from the initial
value. However, the engine operating limit usually occurred before the
engine-inlet total pressure or the exhaust pressure changed appreciably.
The time history of the behavior of the engine-inlet total pressure
during transient engine operation is shown on the oscillograph traces,
but the variation of exhaust pressure is not shown. In general, the
meximum increase In exhaust pressure was 7 percent of the initial wvalue.

DISCUSSION

The conditions for each oscillograph trace (figs. 2 to 73) pre-
sented herein are given in table II. On each set of oscillograph traces
the figure legend specifies the engine conditions at the begimnning of
the change in fuel flow. ZXach trace is identified by a label below
which 1s given the calibration factor for the trace. As indicated by
the calibration factor, all traces are considered linear except the
fuel-flow trace which follows the square-law relation. On each trace
is shown the initial value of the engine variable. In the case of

. fuel flow, one or more additional values are given. The arrows on each
figure indicate the direction In which the variable i1s increasing.

Caution should be used in applylng the calibration factors to the
traces. Although the horizontal or time scale is linear, the vertical

CONFIDENTIAL
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geale on all traces is a circular arc. In‘obtaining the rate of change
of any variable or in calculating elapsed time, this curvature must be
consgidered.

Lewig Flight Propulsion Ilaboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 1, 1953
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1. Sobolewski , Adam E., and ILubick, Robert J.: Preliminary Transient
Performance Data on the J73 Turbojet Engine. I - Altitude, Sea
Level and 15,000 Feet. NACA RM SES3F22, 1953.
2. Lubick, Robert J., and Sobolewski, Adam E.: Preliminary Transient

Performance Data on the J73 Turbojet Engine. II - Altitude,
35,000 Feet. NACA RM SES3F29, 1953. :
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TABLE I. - INSTRUMENTATION

Measured quantity

eter

tor with output pro-
portional to engine
speed

Engine Steady~state Transient instrumentation
station ingtrumentation Sensor Range over which
frequency response
is essentially
flat, cps
Fuel flow - Rotanmeter Anerold-type pressure sen- | Undetermined
sor, with strain-gage ’
‘element, connected to
measure pressure drop
across varlable orifice
in fuel line
Dynamic pressure 1 Bourdon-type gage Aneroid-type pressure sen- 0-10
at engine inlet sor with strain-gage At sea-level
_element gtatic
Engine-inlet 1 Bourdon~-type gage Anerold -type pressure sen- 0-10
total pressure gor with strain-gage At sea-level
element - gtatlc
Compressor-outlet 2 Bourdon-type gage Aneroid-type pressure sen- 0-10
total pressure sor with strain-gage At sea-level
element gtatic
Compensated 3 Five paralleled ther-| Six paralleled 20-gage, 0-30
exhaust-gas mocouples comnected chromel-alumel, butb- At sea-level
temperature to self-balancing welded thermocouples static when used
potentiometer and electric network to with properly
recorder compensate for thermo- ad justed compen-
couple lag sator
Uncompensated 3 Five paralleled ther-| Six paralleled 20-gage, 0-1
exhaust-gas mocouples connected chromel-alumel, butt- At sea-level
temperature to self-balancing welded thermocouples static
potentiometer
recorder
Engine speed - Chronometric tachom- | Direct-current genera- 0-5

O0ZdSCSHS W VOVN
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TABLE II - OSCILLOGRAPH-TRACE CONDITIONS

Figure|Altitude,|Flight Mach| Inlet gulde |Type of |Engine inlet temperature,|Initial @ngine speed,
£t number vane position| fuel OfF rpm

change Hominal Actual Nominal Actual
2 45,000 o] Open Step 6L 57 6400 6420
3 57 6428
4 57 6428
5 57 6438
6 58 6420
7 58 6412
8 58 6417
9 58 L ] 6415
10 58 6700 6680
11 58 ! 6645
12 : 58 7000 7050
13 56 7060
14 ) 57 7022
15 57 7030
16 58 v 7022
17 57 7500 7500
18 57 7480
19 4 % 57 7515
20 0.8 35 32 5500 5471
21 32 5503
22 36 5488
23 36 4 5465
24 36 ) 5700 5671
25 32 6100 6085
26 ) 32 ¢ 6040
27 : 31 6400 6470
28 31 ) 6405
29 30 6500 6540
30 32 6570
31 . 32 6520
32 30 6525
33 30 7100 7050
34 33 1 7050
35 33 7075
36 30 7500 7420
7 30 7490
38 30 7480
39 30 7480
40 75 75 5800 5780
41 74 6300 6280
42 74 13 6280
43 74 6800 6800
44 74 S 6850
45 . 74 TF200 7250
46 4 74 $ 7250
47 Ramp 35 32 6600 6600
48 32 6570
49 32 6590
50 , 32 6575
51 32 6570
52 - | 32 ! 6600
53 75 71 5500 5580
54 71 1] 5500
55 i 71 6100 6080
56 71 6060
57 71 6070
58 73 < 6170
59 72 6600 6620
60 72 6600
61 73 6680
62 72 6600
83 72 < 6600
64 72 7100 7120
65 ¢ % L 72 i 7170
66 Closed Step 35 31 5500 5500
67 31 I 5500
68 31 6000 6055
69 31 6055
70 - . 30 6500 6505
71 30 ¢ 8505
72 30 7100 7115
73 v ] ) ! 30 ) 7115

CONFIDENTIAL
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Compressor Combustor Turbine
Station 1 a ‘i 3
(Engine inlet) (Compreasor (Tail pipe)
| outlet)

Alr flow
—_

¢D-3088

Flgure 1. - Side view of turbojet engine installation showing stations at which instrumentation was Installed.
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Figure 3
Oscillograph traces showing variations of different engine parameters during a step-change

000 feet; flight Mach number, 0.0 ; engine-inlet air tempera-
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Oscillograph traces showing variations of different engine parameters during a step-change

in fuel flow, Altitude, 45,000 feet; flight Mach number, 0.0; engine-inlet air bempera-
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Oscillograph traces showing variations of different engine parameters during a step-
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Figure 41

Oscillograph traces showing variations of different engine parsmeters during a step-change
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~ Figure S0
Oscillograph traces showing variations of different engine parameters during a ramp-change

UL | e IRt o (T
RIS R it
L ABRNEA Y M ({1 o ] LT TR
P | LK Mk it @ |
L L LA 2 L
UL L i THH I L] L I IR
1] A L 2L ==k TS NS 1T 6 |[[[11111HH
U iy & R RO
prq Bt L HLL | ans 2% | L I
= [ L
THH L it i L #. . I
Rl ] IRy ML il TN
I ”.... 4 }\.:H ﬁ I.U... | .H.\HH‘ ,::..x.... .M.{ : ‘ﬁs.i.\\”
i e M e U
T L 1 @ el s i L
M ,.l L RIRSEC LY ] { g
Bl GO = B it e
It N ™ LHH i BE — H R i
i 2 I} WS @ | por ; I
L RS NI R X IR g " L et
! Q i o i =] T i L |
I M & 111 taksRE H oo A .m i ! o | L .ﬁ. _ [
i . | 2 FE I e
L m .~ HH A M FIILIN Sy RS L Tans AR} Pl I TS
F.r b I ..N m RAR I . LL IS 4 Lt M i Q L_,, i ‘J. i I
i T ~ LU [ <00 Bk e w I8 BER o T m T ¥
- = Il 2 | T
.._..rv.. .E- | . m — ! s b et L H @ ,% U1 MUl < ! I
il 28 ol e g AR A
il ERg R R L mine
T %L A 2 8 Lhdn e i & Wt (T 1 m.,
UL N O & e H © i L A i [ H . HE L N L
il [ -8 gl [ A g (I Hhint 281 | &9
+2 H " U} H 1
J g LA R sl | Rl
i) 7] < RS ‘_-L..\ o odoeg NN 171 b+ w PR P [ ]
| mz i Il - f g8 Qef |
.m H . |11 E © % ARRRARSS, M 4 . .\L\ R = m. !
=l R i ol i i 5 tmil ittt 241 1Es
— T o© o N AT T § Uit ™ w o LR T AL -~ R
&89 Ll ok 88 1111 1 It i a8 Bl
N & : = .8 L 0 i HLL ) 83 Q o
3 .  [14E R V< e 11 | a4 i T 5 Bird
=3 i S8 sl L e [ m o8 i M L= " m e
SN LB S HU i N JHIEE S Ul 25 o B
< [l H g 5 = i B ol g4 a5
m T ._ [a) n.w mv T_ M% |1 no- LT nnw m.w h ‘m b 1} & m maw Mﬂ [
) L HC = , il I | AT [} et i - [
B B f
([ L, Y mn_ )

CONFIDENTIAL

Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera-

F; inlet guide vanes position, opefr.

in fuel flow.
320

ture,



70

CONF IDENTTIAL

NACA RM SES3F30

 —

5 § Fuel 10w, 1b/nr

T =t

SesoECE

A

F—F

o R A 7

L

Dyna.mic pressure at engine inlet lb/sq £t
Calibration 1.240 (1b/sq.ft)/mn

T

abs

Calibration 0,082 in. Hg/mm

3 Engine-inlet total preasure

E=E =S =
186,74 E- : = @)
= :

Compressor-outlet total pressure »

Calibration 0.658 in, Hg/mm

Exhaust-gas temperature, °F (uncompensated)
Calibration 31.1 °F fmm

Engine speed, rpm

% TCany}ation 63 rpm/mn(ff [ =

{ .,_f_

it
_\_._+F

ﬂure 51
Oscillograph traces showlng wvarlations of different engine

in fuel flow,

Altitude, 45,000 feet; flight Mach nuiber,
ture,

32° ¥; inlet gulde vanes position, open.

CONFIDENTIAL

Eee =
B e v

parameters during & ramp-change
0.8; engine-inlet air tempera-



NACA RM SES3F30 CONFIDENTIAL

== r—r— —r—tpem—r—r e Sty e S P et et A Mt e St S
| §Dynamic pressure at engine inlet, 1b/sq £t abs F=t= =
i Calibration 1.240 (1b/eq £t)/mm ==

: =N=
22.1 P 4~—‘1—&—k—«'\‘w—‘\—4-+—:\f1f =
S 3 E T e =
e a—\——\—mw—v ~\—~\——\-—¥4—\—‘r—u—\—;\—-\——3—\—+‘\— =y
T:Lme{‘-— 1 sac -t

Engine-inlet to‘bal pressure 1n Hg abs
Calibration 0.062 in. Hg/mm -

e e e s S S i ety ok AN NN VRS ST R AN Y N S N S R I S X E =

tCompressor—outlet total pressure, in., Hg abs
Calibration 0.658 in. Hg/mm

= o St Sk Svoelord = Al

ELEEELEELEF L [T I FF [T e
e ] 1]

: ;Exhaust—gas temperature °_E‘ (unccmpensated)
! Calibration 51.1 °F/mm

P —— el SRt S ity ] Tt PN S WEDY. L. SR S VU §

F ASRIRY CALTY SR (SN SR R SR o WER S )
i & Engine speed, rpm :
Calibration 63 rpm

Figure 52
Osclllograph traces showing variations of different engine parameters during a ramp-change
in fuel flow Altitude, 45,000 feet; flight Mach number, 0.8; englne-inlet alr tempera-
ture, 32° F; inlet guide vanes position, open.

CONFIDENTTAL



72

CONFIDENTTAL

NACA RM SES3F30

| R
= Dynaemic pressure &t englne inlet, l'b/sq, £ abs ! 1 3 : =2
= Calibration 1.390 (1bfsq £t)/mm } =
) Timel-— 1 sec-—-
Ensine-inlet total pressure in. ngbl B o e ===
Oslibraticn 0.051 in, Eg/m == + -
:6..4‘5 | 'u; =
== : ' = ==
=== "' = === §
===
Compressor-ou'alet total presaure, 1n. Bg a‘bd-" =

U

Calibration o 647 m. Eg/m

— Pen “Limit 5

t Exhaust -gas temperature, °F (ocmpematod)
Calibration 35.4 %Ffom

% tminespeed, === : = =
Calibration 67.2 rm/m . !

Figure 55

Oscillograph traces showing variations of different engine
in fuel flcw. Altitude, 45,000 feet; flight Mach number, @

ture, T71° F; inlet guide vanes position, open.

CONFIDENTTIAL

pameters during a remp-change
0.8 ; engine-inlet air tempera-



73

CONFIDENTTAL

NACA RM SES3F30

2225

kil

§ Fuel £1ow, 1b/nr

Nty

Ui

M
M

[\

/sq £4 abs

1b

L

o

i

1 sed «=gl

Time|

Il ..r i

t

)
2 T
3L iy
TR
M © S : T
@, ]/l 1
& [
T @~ st TR
il 8.5 L
o
i m a M|
SN ol T
A [nd (T
mas
I / il * il
It R
T L e [T TTHH ,ﬁaw
T LT 1...,4...,

‘pregsure in. Hg abs

Engine-inlet total
Calib

f

H=

0.051 1n.

ration 0

g

L a
il 2
i 8

i -

11 HH [}
@

L [}
L Rl &
11 M ~
i

e

%

Compressor-oub

| gl
i u.m%. i M

il KT L

Calibration 0.647 in. Hg/mm

I g
T

am

f Exhaust-gas temperature, OF {compensated)

+

i

—+

U

yi

AREECs o

£
]

——

—I=
7
=
=
=
=+

Calibration 35.4 OF /mm

gl

Ui
A

Ih.2

gttt
”.”,.,Hg.”ﬁ..ﬁ i
U o
,%,L.. 0 ﬁ I

L2
Uiitim il

Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera-

Oscillograph traces showing varlations of different engine parameters during a remp-change

L il
% TR b E
i T &
[ = o 3
L & Y
I == 83
A B
HHLL | Muo
il g
£ | 5%
(= =
Bo I B g
L i

@ m AL

i &% f

I
Uiy
i
Uit |

Aj..ﬂ._\. .

CONFIDENT IAL



Page intentionally left blank



75

CONFIDENTIAL
2300

NACA RM SES53F30

et | THi | I , M il
AL . ! Y Ll R, ] r::ﬁ I
M AR} L1 L A1 H I [T _ ‘,.y .....f .11...41. ‘_
L ML H H .+I L V.a i M )
L 1l I I} T (Tt .!.\ﬁ.\ T I + ] LT
T LT EEzsns e stil WL T MU L | LT :}l.!..l.. M i .;\.
Himitin it R P e et el RN LA
T W [REESREL oo T Inpar AT ML ! L
i L M 1 il |} .ﬁ.f‘_.r i T + . T : LT
.[le..l;. i ..\.\\s\;\\ T RERRBEL oy [T LT Tiknssr AR LT Tt L [T
L Wil LT HHHL L T s coad i Lt st L L W
I i il o st g aH SN gy L ]
s L o i L L
| @ Bt il Mt
r L L fLL LT ] il I L
Q i gl it ] L
Rl s a,.wa LT R Ll <)
P i L e 8 b @ 11853 R A Uit i il
[T T f T 17 T T 1“ Ml 11 I+ % I JATI) , ] illi
T oo HE M = in
Sl Mgl @ T & W § JHHAAHE IR Sl
M L null 2 » | H i
Il Jitisaitican H L« [ i L] o I \w\ ! .w o Ui T
1511 | = N ) e G 8 (GBS | g |l K
i 2E @ 2 < N e S
T 8 ollia il o ™ Hi B 1103 = N g |- :m i il
i R = R B 5t @ M i L
M 2 L T @ AT o . LT i © ' H M - JEgnes L m U
- mr @ = I IE-A] M & 8 LG H mm 8B m:a IR
ui| — i 9o 1! o o Tl g & o ) LT
DUV 14 53 1 = i il B oL Sy T eg il
o & u -t o 3 ) [ I © [T sl =~ Ui T S5 LT
e e i % ; i Wl 5+ iy i & g 1 ! I .W T o P AT
M = il T &3 p NERE LT 2 ] T Hi) S H .m o BN
T et il T8 8 mr.m L P g L L [ W Ll
1 = =RC I =g = 3 b
LY L] m«n | [ w1 T ] | 8'® LT wﬂ BTN Sy Tl LT
HT T T [ 1 N | Lt (SR &) TIRRESESY 4] —~ LA |
il Wil Ao il 1 HIE m 5 { L
Lt H e i Il - I i & S T AR
MR S . i . eI I == g Il w]
H HT [t T L i
,A tt i _ HA. R __L_.: .& f L .ﬁ 1 H _ﬁ: K.“ LINEE \H i I ..'r.|— _% ux 4: ,,m LT

CONFIDENT TAT,

Figure 55
Oscillograph traces showing varlations of different engine parameters during a ramp-change

Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air temperas-
F; inlet guide vanes position, open.

in fuel flow.
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Oscillograph traces showing variations of different engine parameters during a ramp-change

In fuel flow.
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Figure 64
Oscillograph traces showing variations of different éngine parsmeters during a ramp-change

Altitude, 45,000 feet; flight Mach number,

F; inlet guide vanes poslition; open.
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Oscillograph traces showing variations of differsnt engine parameters during a ramp-change
in fuel flow. Altitude, 45,000 feet; flight Mach nwmber, 0.8; engine-inlet air tempera-

ture,

7 F; inlet guide vanes position, open.
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Figure 86

Oscillograph traces showing varistions of different engine parameters during a step-change

in fusl flow.
ture, 31° F;

Altltude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera-
inlet guide vanes position, closed.
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Figure 69 = )
Oscillograph traces showlng variations of different engine parameters during a step-change
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera-
ture,  31° F; inlet guide vanes position, closed. ’
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Figure 70
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Osclllograph traces showing variations of different engine paremeters during a step-change
in fuel flow. Altitude, 45,000 feet; flight Mach number, (.8; engine-inlet air tempera-
ture, 30° F; inlet guide vanes position, closed.
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Figure 71 '
Oscilllograph traces showing variations of different engine parameters during a step-change
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera-
ture, 30° F; inlet guide vanes position, closed.,

CONFIDENTTIAL



NACA RM SES3F30 CONFIDENTTAT

FIEREEL L T T T ////////////i
L fFuelflow, 1b/hr i 222‘;0(/)’/ m Ll LT

S TN T
SF SRS EEEEE RN
EYCRN == S5 SNy S EEX BN S SN UUCT INAY SOU B B I SRRy SR N W e /{j:/:;,l{,,/,i[‘:

1 Dynamic pressure at engine inlet, 1b/sq ft abs o f /"'-A‘“/'"f‘f‘*f': f fﬁ%]
Calibration 1.357 (1b/sq ft)/mm o 2 O Y O B o i

Compressor-outlst total pressu.re, 1n Hg abs
Calibration 0.640 in. Hg/mm

§ | B e Z?Iée%??;;’f’ o s \ R

[ P [ LI L L E
A B i T 1]

! , i

Engine speed, rpm == TR ‘ i ek e

alibration rmm'\_\\l\\\\\\
\1\"\11‘“\*“3\6{”\53"/\\\\\\\\\\\\\\"r

Figure 72

Oscillograph traces showing variations of different engine parsmeters during a step-change
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera-

ture, 30° F; inlet gulde vanes position, closed.
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Figure 73
Oscillograph traces showing variations of different engine parameters during a step-change
in fuel flow Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera-
ture, 30° F; inlet gulde vanes position, closed.

CONFTDENTTAT,



Restriction/Classification  Cancelled
NACA RM SES3F30 VUME 1008 1AL

NATIONAL ADVISCORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY TRANSTENT PERFORMANCE DATA ON THE J73 TURBOJET ENGINE

III - ALTITUDE, 45,000 FEET

f“” < ”‘”?
John E. McAulay

Asronautical Research Scientist
- Propulsion Systenms

I

lewis E. Wallner
Aeronautical Research Scientist
Propulsion Systems

sovroret: Noui ) I Nl ,

David 8. Gabrisel
Aeronautical Resgearch Scientist
Propulsion Systems

s

Bruce T. Lundin
Chief
Engine Research Division

1sp - 7/2/53

OONBPTIIENTTAT
Restriction/Classification  Cancelled





