
J 

JUL! 71950 REC'O 

R 

for the 

Air Materiel Command, U.S. Air Force 

RELIMINARY PERFORMANCE DATA ON GENERAL ELECTRIC INTEGRATE 

ELECTRONIC CONTROL OPERATING ON J47 RXl-3 TURBOJET 

ENGINE IN NACA ALTITUDE WIND TUNNEL 

By Darnold Blivas and Burt L. Taylor, III 

Lewis Flight Propulsion Laboratory 
Cleveland , Ohio 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS FILE COpy 

WASH I NGTON To be lllurflfilfi tn 

Ie fill "lit 1\1' o!¥' I 

Restriction/
Classification 
Cancelled

Restriction/Classification 
Cancelled



NACA RM SE5OG12 

NATIONAL ADVISORY COMMl'l":rEE FOR AERONAtJrICS 

for the 

Air Materiel CotlDD!Uld, U.S. Air Force 

PREI..Il4IWARY PERFORMANCE DATA ON GlI.IDBAL ELECTRIC INTEGRATED 

ELECTRONIC COIfrROL OPERATING ON J47 RXl-3 TURBOJFl' 

ENGINE IN NACA ALTITUDE WIND TUNNEL 

By Darnold Blivas and Bui-t L. Taylor, III 

SUMMARY 

Performance data obtained with recording oscillographs are pre
sented to show the transient response of the General Eleotrio 
Integrated Electronic Control operating on the J~7 RXl-3 turbo-
jet engine over a range of altitudes from 10,000 to 45,000 feet 
and at ram pressure ratios of 1.03 and 1.4. These data represent 
the performtUlce of the final control conf1guration developed e..fter 
an investigation of the engine transient behavior in the NACA alti
tude wind tunnel. 08cillograph traces of controlled accelerations 
(throttle bursts), oontrolled deceleratione (throttle chops), and 
controlled a1 ti tude starts are presented. 

INTRODUCTION 

An investigation of a General Electr1c Integrated Electronic 
Control on a J47 turbOjet engine in the NACA altitude wind tunnel 
was underte..ken at the NACA Lewie laboratory at the request of the 
Air ~teriel Command to determine the following: 

1. Steady-state and transient characteristics of the engine 
opera ting with and without rehee. t over a range of al ti
tudes and flight speeds 

2. Operation of the integrated eleotronic control 

3. The nature of the fundamental revisions of the control con
figuration required to obtain optimum controlled 
response. 
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Results of the preliminary operat1on of the controlled engine 
indicated that modifications of the control were essential in order 
to obtain satisfaotory performance at altitude. An analysis was 
therefore oonducted on the NACA eleotronic analog computor. The 
results of this analysis indioated changes that oould be made to 
various oontrol circuits to improve engine operation. The modi
fications that could be readily incorporated into the control 
vere made and evaluated by determining the performance of the 
controlled. engine. 

The purpose of this report is to present data. shoving the 
operat1on of the control oonfiguration With the incorporated modi
ficat1ons. 'rhese data vere obtained on June 14-15, 1950 and are 
presented in the form of oeolllograph records of the primary eng1ne 
and control Tariables during transient conditione of operation. 
Data pr6eented include controlled-alt1tude starts and responses of 
both engine and afterburner to buret and chops of the thrust
seleotor throttle. 

APPARATUS 

Engine tyPe. - Gas turbine J47 lUl-3 vi th a variable area exhaust 
nozzle 

Control. - General Electric Integre.ted Electronic Control Con
figuration Number 6-14-50 

~ne mountinS' - NACA altitude wind tunnel of 20-foot-diameter 
teet section 

Inetru:lMnte. - The folloving table indicates the instruments used: 
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-- -
Transient instrumentation Steady-state 

instrumentation 
Measured. Sensor Recorder l DynaDdc 

Instrument 
q uant1 ty lag 

(equivalent 
time 

constant) 
Engine Taohometer Multiple-channel 0.04 s ec- Taohometer 

speed generator, direct-1nld.ng generator, 
direct oscillograph alternate 
current vith current 

associated 
amplif1ers -- -

Compressor Aner01d- 0.02 sec Bourdon-type 
d1echarge type f1J'.Se 
pressure pressure 

sensor 
Tail-pipe Unshielded 0.25 seo at Thermocouple on 

temper- loop average Brown 
ature thermo- sea-level potentiometer 

couple mass flow 
Thrust Stra1n Less than ---------------

9Ilge on 0.002 seo 
_1n 
engine 
support 

Fuel-"nllTe !Wire wound Less than Selsyns 
pos1tion potenti- 0.002 sec 
and reheat OIIl8ters 
fuel-valTEl 
position 

Tail-pipe ~ire wound Lees than Sels"n , 
area potent1- I 0.002 sec 

ometer 

The traneient responses of the pr1mary engine variables as 
measured on the mult1ple-channel direct-inking oscillograph were 
calibrated by use of the steady-state instruments. The oscillograph 
chart vas run at a speed of 2.5 unite per second. 
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PROCEDURE 

Windmilling starts. - With the engine windm1~11ng at less than 
2500 rpm the thrust-selector lever was advanced to the full dry 
poei tlon and the lsni tion awi tch was closed. Records vere made of 
the autome. tlce.lly controlled start and acceleration to full dry 
thruet. 

Bursts .and Chops. - With the engine operating in a steady
state condition, the thrust-selector lever was manually advanced or 
cut back in a step-wise manner to produoe a burst or chop. Rune 
were made with operation confined to either the dry or vet region, 
a8 well as runs involving operation in both regions. Recorda were 
made of these automatically controlled accelerations and decel
erations. 

RESULTS 

The results of the engine and control traneients are sh01m on 
oscillograph records as traces of fuel-valve position, thrust, 
compressor discharge pressure, tail-pipe area, engine speed, and 
tail-pipe temperature. During any transient in the reheat region, 
a trace of reheat fuel-valve position replaoed. that of compressor 
discharge pressure. 

Initial and fInal operating levels of the variables, as well 
as simulated flight conditions, are indicated on the oscillograph 
records. On the speed. traces in which 1n1 ~~ and final condi tiona 
are identical or where osoillatory behavior 1I8.S encountered, a 
Bcale factor (eJ!.in) for the traoes are indicated. 

During dry operation of the engine, the fuel-valve position 
1s given in degrees. When operating in the reheat region, aotual 
fUel flows are indicated on the fuel-valve-position and reheat
fuel-valve-position traces. Figure l(a) ie a calibration curve of 
fuel flow against fuel-valve position. 

The operating level of tail-pipe arae. is indicated on the 
traces in volts. Figure l(b) is a calibration curve of the exhaust
nonle area against the indicator readings. 

Absolute values of jet thrust have not been calculated, but 
the traneient records provide an indication of the relative thrust 
at any time. In figure 2, the nom1ne.l schedule of thrust for any 
thrust-selector pos1t1on 1n the dry region of operat1on 1s shown. 
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The controlled engine operation is shown graphically in fig
ures 3 to 13, vhich are arranged according to Table 1. 

Levis Flight Propulsion Laboratory, 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, July 10, 1950. 

Darnold Bl1vas, 
Aeronautical Research Scientist. 

9L-t;;f. ~ m/pc,.l 
Burt L. Taylor, III, 

Aeronautical Research Scient i st. 

Approved: ~ C.~ 

John C. Sanders, 
Aeronautical Research Scientist. 

Sd 

~v7. Z:~A 
Eugene W. Wasielewski, 

Aeronautical Research Scientist. 
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TA BLE I - TABULATION OF TRANSIENT RES PON SE TR ACES 

Type of run Figure Altitude Nominal Thrust-selector 
number (ft) ram pressure position (deg) 

ratio Initial Final 

Automatically controlled 3(a) 10,000 1.03 0 90 
start and acceleration 3(b) 15,000 1.03 0 90 
to full dry thrust 3(c) 25,000 1.40 0 90 

3(d) 35,000 1.03 0 90 
3(e) 45,000 1.03 0 90 

Automatically controlled 4(a) 10,000 1.03 10 90 
acceleration from 4(b) 15,000 1.03 10 90 
id Ie to full dry 4(c) 25,000 1.03 10 90 
thrust 4(d) 25,000 1.40 10 90 

4(e) 35,000 1.03 10 90 
4(f) 45,000 1.03 10 90 -- -

Automatically controlled 5 (a) 15,000 1.03 10 90 
acceleration to full 5(b) 15,000 1.03 10 90 
dry thrust with nozzle 5 (c) 45,000 1.03 10 90 
locked 5(d) 45,000 1.03 10 90 

Automatically controlled 6(a) 15,000 1.03 35 90 
acceleration from 6(b) 15,000 1.03 55 90 
various throttle 6(c) 15,000 1.03 35 55 
positions other than 6(d) 25,000 1.03 36 55 
idle 6(e) 25,000 1.40 36 90 

6(t) 25,000 1.40 55 90 
6(g) 25,000 1.40 36 55 
6(h) 45,000 1.03 24 90 
6(i) 45,000 1.03 55 90 
6(j) 45,000 1.03 23 55 

Automatically controlled 7 (a) 25,000 1. 03 90 110 
accelerations from 7(b) 25,000 1.40 90 110 
full dry thrust to 7(c) 45,000 1.03 90 110 
full reheat 

Automatically controlled 8(a) 15,000 1.03 90 ---
accelerations from 8(b) 25,000 1.03 90 ---
full dry thrust to 8(c) 25,000 1.40 90 ---
partial reheat 

Automatically controlled 9(a) 15,000 1.03 --- ---
acceleration in the 9(b) 25,000 1.03 --- ---
reheat region 9(c) 25,000 1.40 --- ---

Automatically controlled 10 35,000 1.03 --- ---
aGceleration from 
6000 rpm to reheat 

Automatically controlled l1(a) 15,000 1.03 110 90 
deceleration from l1(b) 25,000 1.03 110 90 
full reheat to full l1(c) 25,000 1.40 110 90 
dry thrust l1(d) 45,000 1.03 110 90 

Automatically controlled l2(a) 10,000 1.03 90 10 
deceleration from l2(b) 15,000 1.03 90 10 
full dry thrust to 12(c) 25,000 1.03 90 10 
idle 12(d) 25,000 1.40 90 10 

12(e) 35,000 1.03 90 10 
l2(f ) 45,000 1.03 90 10 

Automatically controlled l3(a) 10,000 1.03 90 0 
deceleration from 13(b) 15,000 1.03 90 0 
full dry thrust to l3(c) 25,000 1.40 90 0 
thrust-selector 13(d) 35,000 1.03 90 0 
position of zero 
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Figure 1. - Calibration curves tor J47 RXl-3 turbojet engine. 
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Figure 3. - Continued . Automa tically controlled start and acceleration to full dry thrust. (Chart speed 2.5 divisions per second.) ",", NACA / 
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F1gure 3. - Cont1nued. Automat1cally controlled start and accelerat10n to full dry thrust. (Chart spee~ 2.5 d1visions per second.) 
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Figure 3. - Concluded. Automatically controlled start and acceleration to full dry thrust. (Chart speed 2.5 divisions per second.) <0-'-tH':58'--/ 
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Figure 4. - Automatically controlled acceleration from idle speed to full dry thrust . ~ 
(Chart speed 2.5 divisions per second.) 
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Figure 4. - Continued. Automatically controlled acceleration from idle speed to full dry thrust . 

(Chart speed 2.5 divisions per second.) 
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Figure 4. - Continued. Automatically controlled acceleration from idle speed to full dry thrust. (Chart speed 2.5 divisions per second.) ~~ 
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Pigure 4. - Continued. Automatically controlled acceleration from idle speed to full dry thrust. (Chart speed 2.5 divisions per second.) ~~ 
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(f) Altitude, 45,000 feet; nominal ram pressure rati'Oj 1.03. ' 

Figure 4 . - Concluded. Aut omat ically controlled acceleration from Idle speed to full dry thrust. (Chart speed 2.5 divis10ns per second.) 
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(a) Altitude, 15,000'feet; nominal ram pressure ratio, 1.03; nozzl~ locked at 7 volts. 

Figure 5. - Automatically controlled acceleration from idle speed to full dry thrust with nozzle locked. 
(Chart speed 2.5 divisions per aecond.) 
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(b) AltItude, 15,000 feet; nominal ram pressure ratio, 1.0:3; nozzle locked a t 20 volt s. 

FIgure 5. - Continued. Automatically controlled acceleration from idle speed to full dry t hrust with nozzle locked. 
(Chart speed 2.5 divisions per second.) 
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(c) "Altitude, 45,000 feet; nominal ram pressure ratio, 1.03; nozzle locked at 9.2 volts. 

F~gure 5. - Continued. Automatically controlled acceleration from idle speed to full dry thrust with nozzle locked. 
(Chart speed 2.5 divisions per second.) 
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(d) Altitude, 45,000 feet; nominal ram pressure rat i o, 1.03; nozzle locked at 20 volts. 

Figure 5. - Concluded. Automati~ally controlled acceleration from idle speed to full dry thrust with nozzle locked. 
(Chart speed 2.5 d1vi s ions per second.) 
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(a) Thrust 8elector variation, 350 to 900 ; altitude, 15,000 reet; nominal ram pressure ratio, 1.03. 

Figure 6. - Automatically controlled acceleration from various thrust selector positions other than idle. 

(Chart speed 2.5 divisions per second.) 
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(b) Tr~ust selector variation, 550 to 900 ; altitude, 15,000 feet; nominal ram pressure rati o, 1 . 03. ~~ 
NACA 

Figure 6. - Continued. Automatically controlled acceleration from variou s thrust se l ector positions othe ~ than idle. 
(Char t speed 2.5 divisions per sec ond.) 
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(c) Thrust selector variation, 350 to 550 ; altitude, 15,000 feet; nominal ram pressure ratio , 1.03. 

Figure 6. - Continued. Automatically controlled acceleration from various thrust selec tor positions other than idle. 

(Chart speed 2.5 divisions per second.) 
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Figure 6. - Continued. Automatically controlled acceleration from various t hrus t selector positions other than idle. 

(Chart speed 2.5 divisions per seeond.) 
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F1gure 6. - Continued. Automatically controlled acceleration from various thrust selector pOl1t10ns other 
than idle. (Chart speed 2.5 divi~10ns per second.) 
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Figure 6. - Continued. Automatically controlled acceleration rrom various thrust se l ector pos itions other than idle. 

(Chart speed 2.5 divisions per second.) 
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Pigure 6. - Continued. Automatically controlled acceleration from various thrust selector positions other than idle. (Chart speed 2.5 divisions per second.) 
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(h) Thrust selector variation, 24 0 to 900 ; al titude, 45,000 feet; nominal ram pressure ratio, 1.03. 

Figure 6. - Continued. Automatically controlled acceleration from vari ous thrust selector positions other than idle. (Chart speed 2.5 divisions per second.) ~~ 
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(i) Thrust selector variation, 550 to 900 ; altitude, 45 ,000 feet; nominal ram pressure ratio, 1.03. 

Figure 6. - Continued. Automatically controlled acceleration from various thrust selector positions other than idle. (Chart speed 2.5 divisions per second.) ~ 
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Figure 6. - Concludea. Automatically controlled acceleration from various thrust selector positions other than idle. (Chart speed 2.5 divisions per second.) 
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Figure 7. - Automatically controlled acceleration from full dry thrust to full reheat. (Chart 8peed 2.5 divisions per second.) 
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Ic) Altitude. 45,000 feet; nominal ram pressure ratio, 1.03 

Figure 7. - Concluded . Automat1cally controlled accelerat10n from full dry thrust to full reheat. (Chart speed 2 .5 divisions per second.) 
~~Ay 
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Figure 8. - Automatically controlled acceleration from full dry thrust to partial reheat. (Chart speed 2.5 d1visions per lecond.) 
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Figure 8. - Continued. Automatically controlled accelerat ion f rom full dry thrust to partial reheat. (Chart speed 2.5 divisions per second.) ~ 
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Figure 8. - Concluded. Automat1cally controlled a ccelerat ion from full dry thrust to partial reheat. (Chart speed 2.5 divisions per second.) ~~ 
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,,"->, .IV-Figure 9. - Automatically controlled acceleration in reheat region. (Chart speed 2.5 divisions per second.) 

CON F I DEN T I AL 



NACA RM SE50G 12 CONFIDENTIAL 43 

11 iUi! _ t LLi I I I I 1 I t I I I I Itt 7 r I I 7 I I f I I I I 7 I I I I 1 t I FI I ;. I ! I. i 1- I ; I I II r I I f tLl t I I I Itt I IT i t I OOifj I 1 I J 11 r= ~= I 
1 + 1 - I I I j .I j "'l I I I I I j r I j r r t j J I r:) :) t I I I I 1/ I r I I I I I tit I I I j I I I I I I 1 

F~120 '1 -I I I I I I· I IT ITF I I j I iTt I 11 I TI·I I I Ill- I I I I I I I I I I I I I I ! I I =< ~ 3(FilF ri6 .. ' ib)b; \ \ \ \\ 1 \ \ \ ~ \ \ \ \ \ i \ \ \ \ \ I rUt I I I· II I I J;r~ \ I \ I \ \ i I I, \ I II L LU II ~ \ I I I I I-I. I \ t \ \ \ \ \ =-\ I \ \ \ \ I \ \ I \ \-
- -- , \ -, ~ 1 " \ I \ \ \ \ \ - \ \ \ \ \ \ \ \ \ \ \ \ \- \ I \ \ I \ i \ \ \ i i \ \ \ \ \ \ i .\ lin i i - i \ \ \ \ \ \ \ \ 1 \ \ \ \ .\ \ \ \ \ \ \ \ \ \-M~= 
Bd\I\=\ \ \ \ \ \ \ \~W£\. X J \ \ \J \ \ \ \ \ :'\ LLi \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \- ~ \ \ \ \ \ \ \ j \ \ \ { \ \ =L Q4bJ L \ hl \ \ t \ \ i s 

= , - IiiiJit! F- -. = / =t=t-
.f I J t 

1 ~_ '"' . ., b L!. f-!. j-'- ==E=:_~ f . If ". "'''NIDJ/w" . . -i'§F-;-t--I ,!. / ~IIII#" ~.". I ., Co • I ~ r-L 

I 

. .i... """"" , 'I'. '" . III'~ \v~ '" , '~ . I I ~ " 
" t. I I - I I . I I I I I \ I \ I \ \ 1\- 1 \ \ \ \ '.-.. ' .- ~F - ","", _",IvII ..... , ! I ...L", 1, ,j 1.1 I \ I J ! l d ~ \ I \ \ \ \ I \ \ \ \ \ \ \ \ ~ \ \ ~' 

J.t thru.t \. jJ' "'~. I ' ji' . '-:1 1,,1. i \ I \ \ \ 1 \ \ \ \ "[ \I I \ \" \ \ \ ~ \ I c\ ~ J \ H - 1 J.; Ii. lMIf'J 1 \ I 1 I I \ I \ \ 1" \ I \ \ I \ \ \ \ .\..J. A:JijJHl · I.· t.. ,= 11111 11 1\11 \ \ _ \_\\ '-~ ~ -Ic.l _ \ 
.. f' 1\\\\\\ \\1\ \\\ \"'\ I' \',~ JIl ' 1 ,- , 1- \ II I \ II ", U \ II \I \ \I \ \ \ \ \ II 
1'11\,\11 \\\\\\\JU\\\\IIJ\\\\\\\I ~~ ~- \~~ ~ -\ 1 \ \ \ _~\ ij~.::\ _t \ \ \ \ \ \ II I IJ:-::\ \ ~-t_J j..-=-I \ \ \-

/?Y-r =t=/- 1:=f-7111 r ~ J 1-1/ 11117/-111 i 11117 I 7t f 1IIII IIIIIf I I iLl I I I 1 1 ! I I J I I I I f 7 r -; 7- FI I I 1 =( T E =t 1-rl j 1 I 7 1-7 I 1 I 1--1' f. ~ 
. I _ . I I .;:t. - -r= _ -2/*1-- =E -=/-=;:: 1 L 1 1 -I . ~I I{ 
i Iq=F /- t= , - f= • ~ 

Reheat-tuel-valve position . 

. o ,=~ 2MO 
~.~ . ......:r::::r:. w 

I -:::: ~el flow. lb/hr l 

,. 2200,11 \ ! I' I ! ' I \ \ \ \ ' \ \ \ \ \ \ \ \ \ \ \ \ t 'I \ \ \ H '\ \ \ \ \ \ \ \ "'.t \ R ~ 1=\"\ \ \ ' \ \ I \ \ \ \ \ \ \ I \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \~ \ \ \ \ \ \ \ \ -1 -1 \. =t -4 \--\ _-\ \ .l=h -1 j \ \ \ \ \ ~ ~ ~ V. \ r V =\~ \ 1 I \ 1~-~ \ -' .\ \ j \ \ j _\:1 \ \ \ =\.1d \ I I 1 ~ \ L \ \ \ \ 

'/==. . Cl , " I=~ / / c:r ct -/=E -/=1-- I 7 -: ~t= 7 f 
I I-'=-:{ ,_ ~E 7 I 1 1 J 71 '1'7 I I . . ,_ =,~'~"'E / 1 f / ~ - . 1 I,] . ....;2 1 I I, ! i , ,~ 1_ '''=I-' ' 7 / '/~ / "/ ,I I' "I' I I 1 I I ~ ,. l=t==l~ .. , ,_ 

TaU-plp. ar •• , volta '~ I = I I . 'j I .~ .-i-L
j 

'~i: l' \= r ~ \ I ,.. -. \ \ T \ ,:r=2-9 ~~ , . . r'T" . . " , ==-~'1 t \ A , '" ~ -\ T-=\ __ - , 16 I I .. . I, .i-~- + ; i , , T I \ \ I 11 I \ ,1\ I" 1 \:-\.. \---I-=c=1 \ H u-=\ \ d \ \-'\ =.1= ~ ,~ , , ~ ~ ~f \ \ \ \" 11 ..,1 \ 1 \ I \ l -c \ \ ~ j _\~ ~El 1-1-.==1- 1 \ I I \ T \ \ - ~\.-J. . .\ -\- _'1-_, T 1 __ 1 \ \ \ T \ I \ \ de =-\ 1,-,=t-'" 1 boo I I \ \ \ \ \ \ \ '-'. , , IT' I' ,\ _ I I ,~ 1-' - _1 ' -_I ~-I 1 '\ I I \ \= t J_ \. L \ \ I \ ~ ti'r \ \ \ \ \ \ \ \ \ \ \ \ \ \\ \ \ I \ \ . ¥F\ J \ =\;'-.~\ \ \ \~ \ _\: \ -k\ \ \ \ \ F-\ ::F .I=%- _ . 

,;J 7 7 ~ -1=01 -I I j I f I + I / 7 7 7 7 7 i / I I I I I -I f 7 7 , -I.J I I ! ! r I f I I f 1 I I 't I+- - - J =r 1 . r / T ~ 7 I~ 
Engine speed, rp. 1=' / I tf+- i _ . F I- 1=='. ,--= -= t:==E -/- = '- -+ - == - = 
~ I'=: 1 . I I i I I - 7955 
7n 55 :::: - - . I ' 1 1 _ ___ ~ 

• - I --~ --...-- ~ ...... ,............, J3 ~ .' ~ r--- --- I 1 l---t==:=' 
1\ · \ I \ ~ 

Gain, 10.6 rpm/dive \ \ \ \ \ \ \ \ \ \ \ \ \ . \ . \ _ \ \ I \ \ 1-= 1_ \ _ \ I _ -1 E 

E\-\L"T\8=D -rX \ \ \ \~ _\ \ \ 1 \ \ \ .i1_Lll1U1:. \ 11 1 _1..1.L11 11 \ 1111 \ \ 1 1 \ 1 \, lJ..111.1 1IJ.111 \ 111 \ 1 \ 11~g §dd~1J.11..1..un 

~ J ~ f f d J ! r j 7 I I f 7 t 7 -:f I f I I r II f _L 11 I I f I i 1 11 1 I I f I Iff "'!-W/ :f 111 I I / iii I "'I ~f=F-J_-r=r -f=I-=:ff 7-1 7 r 7 -I 7 I I / f t;Fr=t=t==t= 
'!'all-pipe temperature, Op -' 1 1! i I I ~ [ t-= 1 - _ - =:t= 

" J J ;- I j 1 -1= I - _ /-
§ 1320 t= ~ ; ..1 , ~ f-l _ ~ -- ~13~O 
:.:; \ 1= F= - J. I ,- 1- I t='E= ~ .=I'9l- i 
--t rl - 1- -0 I L , 1 _ . ~ 

= 3=i=\. 'I- \ - 1 . 1 Ii J. 1 1 I . .\:' \ -l= -=:-\ \=--

~-,1~\ ' 1~ - - -~ ~- - - d _ j \ ==i \ \~J k U tl; j~:!\ ~~ -\ \ \ -- \ \ 1J \ s= \i~~ \ '-· \\[ \\ \JUIT\\\\\\\ \ \ \ \ \ 1\ .. \ ~ \ \ \ \ \ \l"l\ \\\U~\\\\\\\\\\\ \\\\\\ . a-±\\\\ -=1(\\ iJ-\ \ \ J ~=;-\ \ \~_ ---- \;; \=\ 
(b) Altitude, 25,000 teet; nominal ram pressure ratiO, 1.03. 

Figure 9. - Continued. Automatically controlled acceleration in reheat region. (Chart speed 2.5 divisions per second.) ~ 
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Figure 9. - Concluded. Automat1cally c o'ltrolled accelerat10n 1n reheat reg10n. (Chart speed 2.5 div1sions per second.) ~ 
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Figure 10. - Automati cally cont roll ed acceleration frqn 6000 rpm to reheat region. Altitude, 35,000 teet; nominal ram pre8sure ratio. 1.03. 
(Chart 8peed 2.5 divi8ions per 8econd.) -Z~~,.-'7 
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Figure 11. - Automatically controlled deceleration from full reheat to full dry t hrust. (Chart speed 2.5 divisions per second.) 
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Figure 11. - Continued. Automatically controlled deceleration fram full reheat to ful l dry t hrust. (Chart speed 2.5 divi.ion. per second.) 
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Figure 11. - Continued. Automatically controlled deceleration from full reheat to full dry thrust. (Chart speed 2.5 divisions per second.) 
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Figure 11. - Concluded. Automatically controlled deceleration from full reheat to ful l dry thrust. (Chart speed 2.5 divis i ons per second.) 
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Figure 12. - Automatically controlled decelerati on f r om f ull dry thrust to idle speed. (Chart speed 2.5 divisions per second.) 
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Figure 12. - Continued. Automatically controlled de c e l eration from full dry thrust to idle speed. (Chart speed 2.5 divisions per second.) ~7 
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Figure 12. - Continued. Automatically controll ed deceler ation from full dry thrus t to idle speed. (Chart speed 2.5 divisions per second.) ~ 

CONF I DEN TI AL 



NACA RM SE50GI2 CONFIDENTIAL 53 

'=1 ===t=t 11 ! i I I I I 1 l IT -I f -I I 1 / 1 / f I I I I r I I I I f Ii: I I I I I I I I f I I I i I : ! T ! I I 7 1 T 1111 I If! T t / / / I / / / r {' -'I { -~/ I I I 36 :::1=.' 
I I j I i I I I /I t / I / I / I , / ; .! --f-+ . I ' / I I ' I / ·f=t-=: _tlll.ILJ 
/-cell - -1- c~III Y - - I rtl j f " / I 1==1 111ft-

. 160 f .., ! ,- _ 1 H' I' I' 'I I ! 1-=1 -j 

;-.. 1 '1" I=- , I I I I I ' I -~-1-i- ' I Iii -
::: PueJ.-val Te posi t1on, deg '-:-- \ ~-+- ' \ I, -\+-\ 
~ 1- \ \ \ 1 '\ \ i \ \ \ \ \ \ _-.-:, \ i 'I i \ : \ \ I \ = 0\ r \ .\\\ \ \ " 

r=\ \ \ \ -\ 1..:.1 \ j .\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \\ \ j \ \ \ ± J. J 1 i \ \ \ \ j 1 \ \ \ \ ,-\' \ \ \ \ \ \ \ \ \ \ \ \ \ \\ \. \ -\ \ \ \ \ \ \ \ l· ~ · Ec 3 Jl.l j~j;: 

- +--

! I / I / .r f 1-1 1 ! -I / .1 I f f1 7 t=} t / / / ! / r FFt oCt !1"1!1l rIFT/ I ! J / I ! i f T ! " ! f ! J I I ! I I 1 fl I M 1 ! I I I I t rrF-t=-t=L+¥I ,1 t -I t1 
I -t I I 111=rT-t 1=1 • '-, I~' r / ; I ; I FT t- r r I = I 

r'h~: ill / I ' ~r= I I I I , l l-+c ' 1.1 J N j-I I I I j i I . , . ~ , I 1 1 i ' 1 ! , , . I'" I I I I I-F!"' 
, r "" , 1\ ~ "' , ' I I • i 1..J - I I I -l + I \:J--- " , ,I \ '\ 

j 'et thru.t~ 'i \ ~ . 1 II, I,--L-\ ' \ l'I~\ \ 1\ \; \ \ \ \ It I II \ II \ 1\ j 11-~\ \ ~~'} -tT-', - -:-- , ' I r.. I~ I I I I I 1.1 I .c...LJ" , _, I , I C.1 \ \ \ \ 1 \ '\ "I=T '1 . \ ~, \ I I \ \ \ I I r "t--I- \ , \ ,'I -l~ \ \ \' \ '~\ J . \ \' \ \ \ \ \ \ :1 00\ \ \ \ \ \ \ . \ \ \ \ l\\\~\~A\\~i\ \1\\\ \.\J~\\\ \ 

_ 82.5 1 17 I I ! ! ! 7 f I j .L 1 I pi T7 '-I. ! L // ! FFJ7 I II I I 1177] ! / I 7T-TTI _~'-1r, ! ! i ! I I I I 1 I I I I I ! I I / / I I I I 1117=f~7 7--r=t==l"TI 
.-!IIJJJ1II/VIIIJlilj 'II /11 I I I / I ii , I i/ I i IT =17 11-11-::I 

I I I I I Ie ~I =F' I I 11 '--4- =j =I 1 I I . ! -I 'f -T' " ' . I- 1= t J 
1 j . -L.'I I I I -=I tIl ~ I I 1 I - I 1 l'--r--f-- I , .! ' ~ • i_+1 ! I ! 1 t- I I I 

:: Compres8or-dlscharge pressure, lb/sq in. t-t-t- - W 1'--1- .L-l-1_,-W ILl I lH 
- . \ \ \ \ \ i \ \ \ .\ 1 \ \ \ \ \ \ \ \ \ \ ' . If-- ' . ~ r - , J. 1 I 33.5 1 

1,\ T \ \ \ \ I \ I II -\ I I \ I _I I\-\ " ~'--_ ~\:='\_ l _: -1 ', \ I \ \ I \ \ "L,- -t il l \ \ \ \ \ ' 1 \ \ \ \ 
\ \ \ \ :-:\--1-\ \ l· 'I \ \ \ \ \ \ -\ .\ A \ -\. , \ , ',_LL\ ' \ \. \ \ \ \ \ .\ \ \ \ \. \ \. A \' \ \ \ \ ~, \ h \ \ n \ , \ \ \ \ \ \ j \ \ \ \ \ 'I \ \ \ \ \.a '\ -\~'I -\ \ t \ ~ \ \ .\ 

Ie J -f / /) / / /f / / / / / ! fiLl' I ! I k(--tf ! / ! 1-1 -!i-'/~''-r--t-Ti -i-:-)~-' ! i 11 ,1 ,I ,I,! 1, + 1(-1. 17, 7 7
1 I I' ; 'iT f T f 17N7 ! 7777711-7 I~., TTIT7n _ ' _ r ,-; ,+-1-" / i I . I , i-,- ' J .', i . - , / I I 14 / '" I Iff I r I I 1 I I II , I 

5.2 I l" 1\ i --", "'-+' , I i EI I ! /. ' I I 1 ,- I 
_ ~ 1 CCI ,~ \ 1 .;- ~-~, ~ i t:=1- 1,- T , ' , f 1 1= I I 

Tail-pipe area, volts l\ _ \ - ,~'-T-, -t' i ' Lt i I !. I, I ! I':::: I I I~H 
j 

• 1\.\; \ I \ \ ' ci -'" , ' \ \ \ \ " \ \ I I I ' 
1 . \, , I - I \ • \ I 'I 1 \ \ \ \ I I \ . -;-r- I \ . I -Y \ '\ -= 2 '"-t-\-~ \ \ ~-..:\~ 1 \ \ j _\ \ \ \ .\-\-\ '.-f"e \ '\ \ \ \ \ \, \ '-w , \ \-\ -\. \ \ \, ~\ j -0\ \ \ \ \ \ \ \ ' \ \ \ \ \ \ \ \ \ \ TI \11...3. ~.1 ~ \ I, \ \ \ \ \,.L\r\ \1:1 \ \ \ J::.J o~\ 't 

~] 7-~r lL I I iI/ 7 f 1 7 If/II t 1. ' f f 7 1 I I I I I I 1 ! I! I If'" 7=1 j j .fc ~E1 ~ I I I / I / ! /1 17 J f I I cf I I j I l~ 
7955 'i -I cd I 1 - / I l - ~ f= . I I I I I I . 1=1 " , -, /- 1 

I - .L" = 1= ' r= ~ ! ,W,.J L I 1- I~ I =- I ell 
- Engine speed, rpm 1- , ' I 5130 Ir-,-
.=J == -.- I 

1 I 1 =] =lc::1 1 i I . F _ > i '\ l. r, \ \ \ 
..f\ n -1 . ' \ \ \ t -\.. I I 'y '\ \ .., I \ \ -'\ .1 -E\~ I 1=\=; 1 \ ~. \ . \ ' \ \ \ " \ \ \ , \ ' .1 \ 1 , ::i ~ \ ' \ \ ~\ -\ 

;;;;\ \ \ ::Vt=l=i ..\ \ \ , \ j~' -1 -\0 I.=:L'\ \ \ \ \ \ \ \ -d \" \ -\ \ \ -\ -\£.\ _\ -\\ .\ r ~ '\ \ \ \ \ \ \ \ \ i \ \ \ \ 1 j '\-\-~ \ -' 1: -.\-~ _\ 1=. \ \ \ \ \ \~ ~r 

r 1230 I 1 {'1! f 11m 7 -=II I I I i J- f I I 1 -{ T "'/ 7 r -r =r -~ T ' f I / I I j / f / ! I I r J f 7 I f t-t '1 1 FA t -:J 7 7 7 I I f 7 r 1 '~ T 7 ff-=f cP 
'r 1 I · f I 1 V=. E i=F-.-i= / T I I I / / / I I I f3=.1-:=- /- I .. t EO t 

I I . d I I J-.~I= /- - / ; I! ~ f == . 

j . 
0.. \0. c- 1-= ' .. . I '= 1= I- E _ Tail-pipe temperature, -r- ~ = == 1= I = en ~ en f= 

I J' G! -=If=l-'-I '1 I I I 1 I t">.. = 1- I-==: 1 1= L : f= - - - 1= -
= \ \ l ' I~I I \ \ . ~ = 1= \= \ \ I, I \ \-: :0- - t=., ' -\- - 1= -_:=0 .~ --;-c 

y-=\ _ ' 1=' ~ \ \=\ . ~, :§ J '\ \= '\' j - -I ..p.!-I \ I- "\' I _ - . .=-\ ~ =I 290 _I 
~ i \ \ \' -\ \. j c~ .±;::\ \ .-4: ~. ;} :\ 'I \ " \ \ \ \ \d J: J \" \: =:\=E\: ~ \ \ \ \ -l .J ':X 

(d) Altitude, 25,000 f eet; nominal r am pres sure rat io, 1.40. 

Figure 12. - Continued. Automatically controlled deceleration from full dry thrust t o idle speed. (Chart speed 2.5 divisions per second.) ~ 
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Figure 12. - Continued . Automatically controlled deceleration from full dry thrust to idle speed. (Chart speed 2.5 divisions per second.) 
~~A~ 

CO~FI DENTIAL 



If) 
r-
I'f) 
r-l 

NACA RM SE50GI2 CONFIDENTIAL 

I 7 / 7 I 7 I 17 7 7 7 J J I 7 I 7 q 7 177-
fFtffrll fTTrrTlTlTl rn 

1 
.r-
I~~ 

=FbI 

::1~-=P---W/~=t¥f t P-

=1 

FSP 
:\ L..u:::hL 

M-+I--f-" 

JX\\, 

, 'i I 

--; •. ', i ~ ~ II i I~ I I i \ I III III 111I I i~III~EiFE±i+ lr I tt ~ I 1 1 1 1 I I 1 I 1 I ! I 1 1 I 1 1 III 1 II 1"1 I 1 ~ I Ii i ; ~ I II II I I I I 1 II II I ~ I II II II II II III I I III rl I I' ~ i \ ~~ II \ \ \ \ I \ \ I I I I I ~\ " ; T \ " I ~ r I I I \ \ II II I \ \ \ I 1 I 1- \ \ I I \ I \ \ \ \ \ II I I \~ \ I \ \ \' I I' I \ I- I I ~. \ 
\ \ \ \ \ \ 1 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ .' I-I '\-~-:-- - ', , -1 \ I, \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \- \ \ \ \ 1 \ \ \ \ \ \ \ , \', \ \ \ \ \ \ \ \ \ ~ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ ! \ \ \ \ \ \ ~ \ \ \ 
I \ i \ II - " \ (\ -\' \ i i \ \ \ \ \ \ \ \ \ I \ \ \~\ i \ \ \ ~r; Y"~ '-, \ \ \ \ \ \ \ \ \ " \ \ \ \ " \ \ \ \ \ I \ \ " \ \ " \ \ \ \ \ "i ~ \ \ ,,\ \ \ ' , \ \ \ " \ \ " \ ~ \ \ \ '\ \ \ \ \ , " ' \ \ ~ i \ \ \ \ \ \ \ \ S 

-f- r f '-/ r I I j , ! I I I Iff I I I ! 1 f I J I I f I I Iff I I / I I I ! I , If! I I I If! I I I I I ! I I I I ! f ! I 1 1 I I / -I I / / i I lL I I I I I ! I I I r , I f Ii I 7'-t I / / j. 1~7 I -I I I I I ! r I f I I I / 7 7 T=t ! I I 1 I I I r 7 r I I +- 7955 , -it / ~.l I 'I I I I I i I ! I I I I I I ; ,'I I I I / I I 1= I I -- ~I i I I 
~,"i ±.-=bl d J " ! ' I I , '-r-J L I I I ! I I I I I I I I - I 

Jet thrust :0. , I I - I I i I I ,I ' ! , If, ; I -'f I I . 
1 II I I I , I I I I' I I 1 ~+ I ! I I I i 1 I 1 I - 1 1 ! 1 

! \ \ \ \ \ \ \ 1\ \ ' 1 ; \ \ \ \ , 1 . \ i !" \ \ I 11 1 I • 
\ 1 l- \ \ \ ' 

:1 I ~ 1, f \ I, \ ~ \ \ 1 \ \ \ I \ \ ±B f f f ill l \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ ~l \ I \ I \ ~ I \ \ \ d \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \dB \ ~ ~ , \ . \ ' \ \ \ \ \ \ \ \ \ \ \ \ \ r \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ -\ L \ C \\ \ ~ \ \ \ \ \ \ \ \ r ' \ \ \ \ \ \ i \ \ til? \ \ \ 1 \ " \ \ ~ \ \ ~ \ ': \ \ l II \ \ ; \ L \ \ \ \ \ \ \ \ \ r \ t \ = \ \ \ \ \ \ \ - \ ' 5690 --\---\ \ \ £ ~ \ \ ~ \ \ \ \ \ \ \ \ \ \ \ 11 \ \ \ \ 1111 \ \ 1 \ \ A \ \ 1 \ \ \ \} \ \ \ \1\ \ \ \ , \ \ \ \ \ \ \ \ , \ \ \ \ \ \<: j\ \ \ \ I It, '- -\ I \ \ \ \ \ \ \ \ \ \ \X \: j \ j U, \ \ \ \ \ \ \ \ \ J \ \ \ \ \ \ \ \ ~==\jz I \ \ 

Figure 12 . _ Concluded. Automat ically controlled deceleration from full dry thrust to idle speed. (Chart speed 2.5 divisions per second.) ~ 
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Figure 13. - Automatical17 controlled deceleration tram t ul1 dr7 thrust to thrust selector position ot 0°. (Chart speed 2.5 divisions per second.) ~ 
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Figure 13. - Continued. Automati oall y cont r olled deceleration from full dry thrust to thrust selector position of 0°. (Chart speed 2.5 divis ions per second.) 
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Figure 13. - Continued. Automatically controlled deceleration rrom rull dry thrust to thrust selector position or 00 • (Chart speed 2.5 divisions per second.) ~ 
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(d) Altitude, 35,000 feet; nominal ram pressure ratio, 1.03. 

Figure 13. - Concluded. Aut oma t ically controlled deceleration rrom rull dry thrust to thrust selector position of 00 • (Chart speed 2.5 divisions per second.) ~ 
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