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NATIONAL ADVISORY CQMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

f o r  the 

Bureau of Aeronautics, Department of the Navy 

PRELIMINARY TRANSIW PEBFORMANCE DATA FOR AFTERBIJl3ER OPERATION OF 

WESTINGHOUSE ELECTRONIC POWER REGULATOR ON XJ34-WE-32 

TURBOJET ENGINE I N  ALTITUDE WIND TUNNEL 

By George Vasu, Glennon V. Schwent, and James R.  Ketchum 

INTRODUCTION 

A t  the request of the Bureau of Aeronautics, Department of the 
Navy, an investigation of the Westinghouse XJ34-WE-32 turbojet  engine 
i s  being conducted i n  the NACA Lewis a l t i tude  wSnd tunnel t o  determine 
the steady-state and t ransient  operating characteristics of the con- 
t r o l l e d  and uncontrolled engine a t  various a l t i tudes  and ram pressure 
ra t ios .  As par t  of t h i s  program, t ransient  performance data tha t  
i l l u s t r a t e  the  operation of the engine i s  obtained i n  the form of 
oscillographic traces.  Representative data of the  controlled engine 
fo r  operation i n  the nonafterburning range i s  presented i n  reference 1. 
Similar data for  engine operation i n  the afterburning range, covering 
a range of t h r o t t l e  set t ings from the minimum value giving rated speed 
( t h r o t t l e  position, 72') t o  f u l l  afterburning ( th ro t t l e  position, l loO),  
i s  presented herein. These data thus serve t o  indicate the t ransient  
character is t ics  of the  engine when the t h r o t t l e  i s  advance into, with- 
drawn from, and moved within the afterburning range i n  a stepwise 
manner, as well as  the steady-state s t a b i l i t y  of the engine during 
a f t  erburning . 

The oscillographic t races  presented herein show the responses of 
the following parameters t o  step changes i n  t h r o t t l e  position: thrust,  
ram pressure ra t io ,  exhaust-nozzle area, engine speed, turbine-discharge 
temperature, primary fue l  valve position, compressor-discharge pressure, 
afterburner f u e l  flow, primary engine f u e l  flow, turbine-discharge 
pressure, t h r o t t l e  position, afterburner igni te r  pressure, and pressures 
i n  the three afterburner fuel manifolds. These data a re  presented f o r  
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a range of altitudes from 10,000 to 45,000 feet and at several ram 
pressure ratios. In addition, data are presented to show operation 
with different schedules of afterburner fuel flow against compressor- 
discharge pressure. 

APPARATUS 

Engine, - XJ34-WE-32 turbojet engine with variable-area exhaust 
nozzle and afterburner 

Minimum primary fuel flow set to 420 pounds per hour 
at a windmilling speed of 1500 rpm and an altitude of 2000 feet 

Control. - Westinghouse electronic power regulator (part no. 61-F- 
758-4; serial no. S-CZA-78, modified to correspond to part no. 61-F-758-6 
insofar as temperature schedule is concerned) 

The original thermocouple harness of nine paralleled 
short thermocouples at the turbine discharge was removed and replaced 
by another group of nine paralleled elements wbich were emersed 
6 inches. The thermocouples were also of equal resistance to insure 
more nearly average temperature indication. 

Test facilities. - Lewis altitude wind tunnel with 20-foot diameter 
test section 

Air supplied through a ram pipe connected 
directly to the engine 

Instrumentation. - Engine parameters were recorded during tran- 
sients on three multichannel direct-inking magnetic-pen-motor oscillo- 
graphs. The pen motor in combination with its amplifier has an 
essentially flat frequency response to approximately 100 cycles per 
second. The oscillograph chart speed was 2.5 units per second. Timing 
marks are shown on the lower edge of the oscillograph reproductions. 
These marks serve as a reference for determining a starting point for 
the time bases of the three recorders. The following table lists the 
engine parameters that were recorded, the instrumentation used to measure 
the values of the parameters in the steady state, the sensing devices 
used to measure the variations in the parameters during transients, and 
the frequency-response range of the transient instrumentation. 

CONFIDENTIAL 
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Measured quantity 

Thrust 

Ram pressure ratio 

Exhaust-nozzle area 

Engine speed 

Turbine discharge 
temperature 

Primary fuel valve 
position 

Compressor discharge 
pressure 

Afterburner fuel flow 

Primary fuel flow 

Turbine discharge 
pressure 

Throttle position 

Afterburner igniter 
pressure 

Af terbursner manifold 
pressure (inner rinp,) 

Afterburner manifold- 
oresnure (middle r i m :  

Afterburner manil'old 
pressure (outer ring) 

frequency response 
is essentially flat 

(cycles/sec) 

Steady-state 
Transient instrumentation 

Sensor IRanne over which 

Airspeed indicator Aneroid-type pressure sensor with 0-10 at sea- 
strain gage element level pressure 

Strain gage mounted on strain link 
attached to forward engine suspension 

Microammeter connected Exhaust nozzle area feedback 
to exhaust-nozzle area potentiometer connected to give 
feedback potentiometer position indication 

0- 100 

Chronometric tachoneterl~irect current tachometer generator 1 0-5 

0-1 at sea- 
level mass flow 

Nine thermocouples in 
parallel connected to 
Brown recorder 
(Westinghouse control 
thermocou~le harness) 

Unshielded loop thermocouples 
(five in series) 

Mercury filled 
manometer 

Yicroammeter connected 
to fuel value feedback 
potent icmeter 

Aneroid-type pressure sensor with 0-10 at sea- 
strain gage element level prsessure 

Rotameter 

Fuel .value feedback potentiometer' 
connected to give position 
indication 

0- 100 

Rotameter 

Aneroid-type pressure sensor, with 
strain gsAe element, connected to 
measure pressure drop across a 
lfixed orifice in the fuel line 

Undetermined 

Aneroid-type pressure sensor, with 
strain gage element, connected to 
measure pressure drop across a 
variable orifice in the fuel line 

Undetermined 

Alkazene filled 
manometer 

Selsyn indicator 

Aneroid-type pressure sensor with 
strain gage element 

Aneroid-type presSUFe sensor with 
strain gage element 

M'ire-wound potentiometer connected 
to give position indication 

Undetermined 

Bourdon-type gage 

0-10 at sea- 
level aressure 

0- 100 

I I 

Bourdon- t ype gage 

CONFIDENTIAL 

Aneroid-type pressure sensor with 
strain gage element 

Bourdon-type gage 

Undetermined 

I 

Aneroid-type pressure sensor aitii 
strain gage element 

Undetermined 

Aneroid-type pressure sensor with 
strain gaae element 

Undetermined 
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PROCEDURE 

The throttle was manually advanced or cut back in a stepwise 
manner within the range of throttle positions from 72O to full after- 
burning to determine the transient operation of the engine and control. 
Engine parameters were measured continuously on oscillograph recorders. 
Before and after each transient, photographs of panel meters and manom- 
eters were taken to calibrate the transient traces. 

In the original afterburner control system, fuel flow is scheduled 
as a function of compressor-discharge pressure. This scheduling was 
selected so that fuel flow would be proportional to air flow through the 
engine for any condition of flight speed, altitude, or ambient 
temperature. 

Inasmuch as one of the objectives of this study was to determine 
effects of variations in the schedule, it became necessary to modify 
the original control so as to permit such changes to be made conveniently. 
An analysis of the original system shows that compressor-discharge pres- 
sure is referenced to a constant pressure, which is essentially the fuel 
boost pump outlet pressure, and that this function then controls fuel 
flow. It is evident that changes in the reference pressure will cause a 
change in fuel flow at any one value of compressor-discharge pressure. 
In order to change the schedule, the fuel flow return line from the 
afterburner control that had been connected to the boost pump outlet pres- 
sure as a reference point was moved to the boost pump inlet pressure as a 
new reference point. A schematic diagram of the fixed system, as modified, 
is presented in figure 1. 

Pump inlet pressure was then set to each of several values and in 
each 'case held constant for a series of transient runs. The engine was 
operated in the afterburner region in accordance with the new schedules 
thus established. Transient data were taken with several boost pump 
inlet pressures. 

Throttle position steps of various sizes were made within the racge 
of 7Z0 to full afterburning at the following flight conditions: 
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PRESENTATION OF DATA 

Preliminary data are presented in the form of reproductions of 
oscillographic traces which have been reduced to 71 percent of their 
original size (except fig. 41 which is reduced to 54 percent of its 
original size). These data are representative of the operation of the 
controlled engine with afterburner in the range of throttle positions 
from 72O to full afterburning. 

, 
For all runs, the following parameters are shown: 

Thrust 

Ram pressure ratio 

Exhaust-nozzle area 

Engine speed 

Turbine-discharge temperature 

Primary fuel valve position 

Compressor-discharge pressure 

Afterburner fuel flow 

Primary fuel flow 

Turbine-discharge pressure 

Throttle position 

Afterburner igniter pressure 

Afterburner manifold pressure (inner ring) 

Afterburner manifold pressure (middle ring) 

Afterburner manif old pressure (outer ring) 

The average steady-state value for the preceding parameters are 
indicated on the individual oscillographic traces, except for the jet 
thrust and afterburner igniter records. These traces are shown only 
to indicate the variation during a transient. Because of the techniques 
emgloyed in measuring jet thrust, variations in ram pressure influence 
the thrust trace. This effect of ram variation on thrust can be observed 
by noting the thrust trace when ram varies. 
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As an a i d  i n  the  understanding and interpretat ion of the  t ransient  
m s ,  a nominal power control lever schedule f o r  s t a t i c  sea-level oper- 
a t ion  i s  presented i n  figure 2. This figure shows the  temperature, 
speed, and approximate thrust  scheduled fo r  each t h r o t t l e  position. F 

h 
Linearity of thrus t  i s  not guaranteed; instead, speed and temperature 
a re  controlled and thrus t  w i l l  be whatever i s  obtained a t  a given se t  9 
speed and s e t  temperature. A calibration of exhaust-nozzle area t o  
i t s  panel meter reading i s  presented i n  f igure 3, Afterburner f u e l  
flow schedules fo r  several boost pump i n l e t  pressures a re  shown i n  
f igure 4. 

The oscillographic t races  of the t ransient  data a re  presented i n  
figures 5 t o  48 and a re  indexed i n  table  I according t o  t h r o t t l e  
position, a l t i tude ,  ram pressure rat io ,  and boost pump i n l e t  pressure. 
The figures chosen are  representative of the normal operation of the 
controlled engine with afterburning within the  range of t h r o t t l e  
positions from 72O t o  fu l l  afterburning with the exception of figures 23 
t o  27 inclusive where boost pump i n l e t  pressure was 30 pounds per square 
inch. It was found tha t  the afterburner manifold inner r ing had been 
p a r t i a l l y  coked when the data fo r  figures 23 t o  27 ha& been taken. This 
coking is  indicated by the  high pressure i n  the inner r ing re la t ive  t o  
tha t  i n  the other rings. As a r e su l t  of t h i s  coking, the afterburner 
f u e l  flow i s  l e s s  than normal and therefore l e s s  than tha t  scheduled. 
The f u e l  flow and responses obtained i n  t h i s  par t icplar  case with p a r t i a l  
coking are  similar t o  those obtained with a boost pump i n l e t  pressure of 
26 pounds per square inch without coking. One point on f igure 4 f o r  a 
boost pump i n l e t  pressure of 18 pounds per square inch i s  somewhat low, 
which i s  a l so  due t o  p a r t i a l  coking of the f u e l  manifold. The only 
ef fec t  of p a r t i a l  coking appears t o  be a reduction i n  afterburner fue l  
flow. More severe coking than t h a t  discussed above, however, resu l t s  i n  
osci l la tory engine response. 

Lewis Flight Propulsion Laboratory, 
National Advisory Cormnittee for  Aeronautics, 

Cleveland, Ohio, January 16, 1951. 
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TABLE I - INDEX TO TRANSIENT RUNS 

Figure Throttle 
position 

110 9 0 

cut off 
7 2  1 108 

Altitude 
(ft) 

Nominal 
ram 

pressure 
ratio 

1.2 
1.2 
1.2 
1.2 
1.2 

Boost 
Pump 
inlet 

pressure 
(lb/sq in.) 

a~fterburner inner ring coked (see text). 
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Figure 2. - Nominal power control  lever  schedule f o r  s t a t i c  sea-level  
operation of t yp i ca l  engine. 
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0 20 4 0 60 80 100 120 14 0 
Panel meter reading, pa 

Figure 3. - Calibration of exhaust-nozzle area. 
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Figure  5, - Trans ien t  opera t ion  of automat ica l ly  c o n t r o l l e d  engine wi th  a f t e r -  
burner.  T h r o t t l e  pos i t i on ,  82' t o  110'; a l t i t u d e ,  10,000 f e e t ;  nominal ram 
p res su re  r a t i o ,  1.2; boost  pump i n l e t  p re s su re ,  18  pounds per  square inch. 
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Figure 5. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 82' to 110'; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 5. - Concluded. Transient operation of automatically controlled engine w i t k  
afterburner. Throttle position, 82O to 1 1 0 ~ ;  altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2: boost pump inlet pressure, 18 pounds per square inch. 
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Figure 6. - ~pansient operation or automatically controlled engine with after- 
burner. Throttle position, 110' to 82'; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure. 18 pounds per square inch. 
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pressure ratio, 1.2; boost pump inlet pressure, 18 pounds-per square inch. 
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pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 7. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position. 82' to 104'; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2;- boost pump-inlet pressure, 18 pounds per square inch. 
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Figure 7. - Concluded. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 82' to 104'; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 8. - Transient operation of automatically controlled engine with after- 
burner. Throttle position, 106' to 110'; altitude, 10,000 feet; nominal ram 
pressure ratio, 1,2; boost pump inlet pressure, 1 8  pounds per square inch. 



MACA RM SE50L29 C O N F I D m L B L  



NACA RM SE50LZ9 COr%FLDENTIAI, 

--"---- - 
afterburner. Throttle position, i06O to 110'; altitude , i0,000 feet ; nominal ran; 
pressure ratio, 1.2; boost pump inlet Pressure, 18 pounds per square inch. 
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Gurner. Throttle 110O to 90°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 9. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle ~osition. 110' to go0: altitude. 10.000 feet: nominal ram 
pressure ratio, 1.2; bobst pump'inlet pressure, 18 pounds ier square inch. 
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-~ 
~ ~ - - ~  - 

afterburner. Throttle position, iloO to go0; altitude, 10,000 feet; nominal ram 
pressure ratio, 1,2; boost pump inlet pressure, 18 pounds per square inch. 
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pump ~ n l e i  pressub, 18 pounds per aquare inch. 
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Figure  12. - Concluded. Trans ient  ope ra t ion  of au tomat i ca l ly  con t ro l l ed  engine 
wi th  a f t e rbu rne r .  T h r o t t l e  pos i t i on ,  83' t o  111'; a l t i t u d e .  25.000 f e e t :  
nominal ram pressure  r a t i o ,  1.2; boost  pump i n l e t  p re s su re , -18  pounds per 
square inch.  
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Figure 14. - Concluded. Trans ient  opera t ion  of automat ica l ly  con t ro l l ed  engine wi th  a f t e rbu rne r .  T h r o t t l e  pos i t i on ,  96O t o  1x1' and 111° t o  g e a l t i t u d e ,  25,000 f e e t ;  nominal ram pressure  r a t i o ,  1.2; 
boost pump i n l e t  pressure ,  1 8  pounds per square inch.  

I 
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pressure r a t i o ,  1-2; boos t  Pump Inlet Pressure, 26 pounds per square inch. 
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/-- 4245 

. . - - - - - - - . 
nominal ram pressure r a t i o ,  1.2; boost pump I n l e t  pressure, 26 pounds per  
square Inch. 
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Figure 16. - Transient operation of automatically controlled engine with afterburner. Throttle lloU to 72U; altitude, 25,000 feet; 
nominal ram preersure ratio, 1.2; boost pump inlet pressure, 26 pounds 

I 
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Figure  17. - Transient  opera t ion  of au tomat ica l ly  con t ro l l ed  engine wi th  a f t e r -  
burner.  T h r o t t l e  pos i t ion ,  03' t o  110'; a l t i t u d e ,  25,000 f e e t ;  nominal ram 
pressure  r a t i o ,  1.2; boost pump i n l e t  pressure ,  26 pounds per square inch.  
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FZo11ra 17. - Continued. Transient o~eration of automaticall'g controlled engine - ---- - - ,  - . ~- ~ . 

with afterburner. Throttle positi-on, 83' to 110'; altitude, 25,000 feet;- 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per 
square inch. 
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curner. Throttle position, 110' to 83'; altitide, 25,000 fee;; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per square inch. 
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nominal ram pressure  r a t i o ,  1 , 2 ;  boost pump i n l e t  p ressure ,  26 pounds per 
square  i n c h .  
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Figure  18. - Concluded. Transient  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine 
with  a f t e r b u r n e r .  T h r o t t l e  pos i t ion ,  110' t o  83'; a l t i t u d e ,  25,000 f e e t ;  
nominal ram pressure  r a t i o ,  1.2; boost pump i n l e t  pressure ,  26 pounds per  
square inch .  
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Figure 20. - Transient operation of automatically controlled engine with afterburner. Throttle po tion, lloO to 10l0 and 10l0 to 110~; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 unds per square inch. 
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Figure  21. - Transient  opera t ion  of au tomat ica l ly  con t ro l l ed  engine w i t h  a f t e r -  
burner.  T h r o t t l e  p o s i t i o n ,  105' t o  110'; a l t i t u d e  25,000 f e e t ;  nominal ram 
pressure  r a t i o ,  1.2; boost pump i n l e t  pressure ,  26 pounds per  square inch. 
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Figure 21. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 105' to 110'; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per 
square inch. 
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Figure  21. - Concluded. Transient  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine 
w i t h  a f t e r b u r n e r .  T h r o t t l e  p o s i t i o n ,  105O t o  l l O O ;  a l t i t u d e ,  25,000 f e e t ;  
nominal ram pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  26 pounds Der 
square  inch ,  



boost pump i n l e t  p ressure ,  26 pounds p e r  square - inch ,  
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T h r o t t l e  p o s i t i o n ,  l l O U  t o  93" and c u t  o f f :  a l t i t u d e .  25.000 f e e t :  nominal ram Dressure r a t i o .  1.2: 
boost punp i n l e t  p ressure ,  26 pounds per  square inch; 

- 
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- ------, Trace l i m i t  

F igure  23. - Trans ien t  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine wi th  a f t e r -  
burner .  T h r o t t l e  p o s i t i o n ,  72' t o  108'; a l t i t u d e ,  25,000 f e e t ;  nominal ram 
pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  30 pounds per square inch,  

CONFIDrnTrn  



NACA RM SJZ50L29 

nominal ram pressure  r a t i o ,  1.2;  boost pump i n l e t  p ressure ,  30 pounds per  
square  inch. 
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with afterburner. Throttle position, 72' to 108O; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per 
square inch. 
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Figure  24. - Transient  operat ion of au tomat ica l ly  con t ro l l ed  engine with a f t e r -  
burner .  T h r o t t l e  ~ o s i t i o n .  108Oto 72'; a l t i t u d e .  25.000 f e e t :  nominal ram 
pressure  r a t i o ,  1 .2 ;  boost-pump i n l e t  p ressure ,  30 p e r s  square  inch. 
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" - - ---  - - - - -  -------- 
with afterburner. Throttle positibn, 108' to 72'; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per 
square inch. 
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square inch. 
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i ' F i g u r e  26. - T r a n s i e n t  operat ion of au tomat ica l ly  c o n t r o l l e d  engine w i t h  a f t e r -  
, burner.  T h r o t t l e  pos i t ion ,  108O t o  82O; a l t i t u d e ,  25,000 f e e t ;  nominal ram 

pressure  r a t i o ,  1.2; boost pump i n l e t  pressure ,  30 pounds per  square inch. 
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Figure 26. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 108' to 82'; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds wer 
square inch. 
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nominal ram pressure  r a t i o ,  1.2;  boost pump i n l e t  pressure ,  30 pounds per 
square inch.  

CONFIDENTIAL 









Figure 28. - Transient operation of automatically control led engfne with af terburner .  Throt t le  p 
a l t t t u d e ,  35,000 f e e t ;  nominal ram pressure r a t i o ,  1.2; boost pump in le t  pressure,  18  pounds pe 





Figure  28, - Concluded, Trans ient  opera t ion  of au tomat i ca l ly  con t ro l l ed  engine wi th  a f t e rbu rne r .  Thro t l e  pos i t i on ,  72O t o  10QO; 
a l t i t u d e ,  35,000 f e e t ;  nominal ram pressure  r a t i o ,  1.2;  boost pump i n l e t  pressure ,  1 8  pounds p r  square inch.  
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Figure  29. - Transient  opera t ion  of au tomat ica l ly  con t ro l l ed  engine with  a f t e r -  
burner.  T h r o t t l e  pos i t ion ,  log0 t o  7Z0; a l t i t u d e ,  35,000 f e e t ;  nominal ram 
pressure  r a t i o ,  1.2; boost pump i n l e t  pressure ,  1 8  pounds per  square inch. 

CONFIDENTIAL 
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nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per 
square inch. 
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Figure  29. - Concluded. Trans ien t  opera t ion  of automatically c o n t r o l l e d  engine 
wi th  a f t e r b u r n e r .  T h r o t t l e  p o s i t i o n ,  109' t o  72'; a l t i t u d e ,  35,000 f e e t ;  
nominal ram pressure  r a t i o ,  1 - 2 ;  boost pump i n l e t  p ressure ,  18 pounds p e r  
square  inch.  
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Figure  30. - Trans ien t  opera t ion  of a u t o m a t i c a l l y  c o n t r o l l e d  engine wi th  a f t e r -  
burner .  T h r o t t l e  p o s i t i o n ,  82O t o  1 0 8 ~ ;  a l t i t u d e ,  35,000 f e e t ;  nominal ram 
pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  1 8  pounds per  square  inch.  

CONFIDENTIAL 
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Figure  30. - Continued. Transient  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine 
w i t h  a f te rburner .  T h r o t t l e  p o s i t i o n ,  82' t o  108'; a l t i t u d e ,  35,000 f e e t ;  
nominal ram pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  18  pounds per  
square inch.  
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Figure  30. - Concluded. Transient  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine 
wi th  a f te rburner .  T h r o t t l e  p o s i t i o n ,  82' t o  108'; a l t i t u d e ,  35,000 f e e t ;  
nominal ram pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  18 pounds per  
square  inch. 

CONFIDENTIAL 
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pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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nominal ram pressure  r a t i o ,  1.2; boost pump i n l e t  p ressure ,  18 pounds per  
square  inch .  
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' Figure 32. - Concluded. Transient operation of automatical~y controlled engine 
with afterburner. Throttle position, 106O to log0; altitude, 35,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per 
square inch. 
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rigure 34. - Transient operation of automatically controlled engine with afterburner. Throttle position, 109 0 to 97 0, 97 0 to 109 0, 109 0 to 93 0, and 93 0 to 750; altitude, 35,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet.

pressure, 18 pounds per square inch.
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Figure 34. - Continued. Transient operation of automatically controlled engine with afterburner 	 Throttle position, 109 0 to 970 , 970 to 109 0 ,1090 to 93 0 and 93 0 to 750; altitude, 35,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet

pressure, 18 pounds per square inch.
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rigure o4. - uoncluaea. rranslen-. operation oz aucomaLlcally	 r.. .« a --- . ---uul a pu3iuiun, lud- Lo ar-, at- to Iva-, Lua Lo ao anu ao t.0 (Q — — luei, ou,uuu zeeT,, nominal ram pressure ratio, 1.2; boost pump inlet

pressure, 18 pounds per square inch.
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boost pump i n l e t  pressure, 26 pounds per square inch. 
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Figure 35. - Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 82O to 108O; altitude, 40,000 fee6:nominal ram pressure 

ratio, 1-05; boost pump in1e.t pressure, 26 pounds per square inch. 
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Figure  39. - Trans ien t  opera t ion  of a u t o m a t i c a l l y  c o n t r o l l e d  engine wi th  a f t e r b u r n e r .  T h r o t t l e  
p o s i t i o n ,  82O t o  108O; a l t i t u d e ,  40,000 f e e t ;  nominal ram pressure  r a t i o ,  1 , 2 ;  boost pump 
i n l e t  p ressure ,  1 8  pounds pe r  square i n c h ,  
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Figure  39. - Continued. Transient  opera t ion  of au tomat ica l ly  con t ro l l ed  engine w i t h  a f t e r b u r n e r ,  
T h r o t t l e  p o s i t i o n ,  82O t o  10BO; a l t i t u d e ,  40,000 f e e t ;  nominal ram pressure  r a t i o ,  1 , 2 ;  boost 
pump i n l e t  p ressure ,  18  pounds per  square inch.  



Figure  39. - Concluded. Transient  opera t ion  of au tomat ica l ly  c o n t r o l l e d  engine wi th  a f t e r b u r n e r .  
T h r o t t l e  p o s i t i o n ,  82O t o  108'; a l t i t u d e ,  40,000 f e e t ;  nominal ram pressure  r a t i o ,  1.2; boost 
pump i n l e t  p ressure ,  18 pounds per  square inch.  
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rem pressure ratio, 1.2; boost pump inlet pressure, 18 pounds p er square inch.
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Figure 41. - Continued. Transient operation of automatically controlled engine with afterburner. Throttle osition, 1080 to 94 0 , 94 0 to 1080 and 108 0 to 930 ; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost oumo inlet pressure, 18 pounds per square
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Figure 41.	 Concluded. Transient operation of automatically contrad engine with afterburner. Throttle position, 1080 to 94 0 , 940 to 108' and 1080 to 930 ; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch.f 
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Figure 42. - Transient operation of automatically controlled engine with after-
burner. Throttle position, 72 0 to 1100 ; altitude, 45,000 feet; nominal ram
pressure ratio, 1.4; boost pump inlet pressure, 18 pounds per square inch.
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Figure 42. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 72' to 110'; altitude, 45,000 feet; 
nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 pounds-per 
square inch. 



NACA RM SESOL29 

Figure 42. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 72' to 110~; altitude,'45,000 feet; 
nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 pounds per 
square inch. 
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Figure 45. - Transient operation of automatically controlled engine with afterburner, Throttle 
position, 110' to 83'; altitude, 45,000 feet; nominal ram pressure ration, 1,4; boost pump 

I inlet pressure, 1 8  pounds per square inch. 
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Figure 46. - Transient operation of automatically controlled engine with afterburner. Throttle p ition, 1100 to 104 0and 104 0 to 1100 ; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 pounds per square inch.
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automatically controlled engine with afte
	 1100 to 104 0 and 104 0 to 1100;

nominal ram pressure ratio,
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-

(Figure 46. - Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 110 0 to 104 0 and 104 0 to 1100 ; altitude, 45,000 feet; .nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 pounds per square inch.
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-11-7-774=

Figure 47. - Transient operation of automatically controlled engine with afterburner. Throttposition, 110 0 To 1000 and 1000 to 1100 ; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump inlet

pressure, 18 po cs per square inch.
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r a t i o ,  1 .4 ;  boost. pump i n l e t  pressure, 18  pounds per square inch. 
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