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An inveertigation hae been oonduct8d in the XMX Clerehnd alti- 
tude wind tamel to  evaluate the oprational  dharsoterietioe of a 
3000-pound-thrust axial-flaw turbojet engine oTer a -e of eimuhted 
altitudes f p m  2000 to 50, OOO feet  snb simulated flight Ma& numbere 
from 0 t o  1.04 throughout ths operable of engine epesde. Opera- 
tional charaoterietice  investigated fnolude engine operating range, 
acceleration, deceleration, eturting, a l t i t u d e  and f l i g h t - ~ o h - ~ t m b r  
ompeneation of the fuel-control wetem, and operation of the lubr i -  
cation eystem at high and low ambientair tempezgtttree. 

The operable range of engine speed8 wa0 oon8idersbl.y reduced at 
altitudee above 40,000 feet. Ihcweaeing tbd flight Mu& number at 
these  high  altitudee inmeaeed the  operating r a n g e r  With 01le engins 
oonfigmition, etar ta  were made ut windmilling englm m o d e  up to  
7600 rpm at altitudee between 30,000 and 50,OOO feet. Uith the 
ConfYguration, mlnmum engiae aped8 from whiuh eucoseaful atarte could 
be made varied from EO0 rpi at a l t i t d e e  up to 32,500 fee t   to  5300 rpn 
st 50,000 feet. Durm sllaocelsratfona made st altitudee belaw 
25,OOO feet, neither aombuetion blaw-out nor exceeeive comrpreseor eurge 
wae encountered. Acoelsration Azom engine epesde below 10,000 rpr ut  
altitudee above 25,000 feet  wae uncertain and oorabuation blow-out van 
frequently enoountered. No cambuation blaw-out -0 enoountersd during 
deceleration8 at altitudes up t o  25,000 feet. During eimulated ulimbs 
and dives at mnstant flight Mach nlrmber, an approxfmstely constant 
engine speed wa8 miintained by the governor at aonstant throttle 
position  with  init$al ehgine epeede above l2,OOO rpm. At un altitude 
of 25,030 feet, the engine speed remained oassntially ecm8tant over 
the range of Flight Much n-re lmeatigatsd for initial engins 8peede 
of 11,500 ana 12,300' rp at  a maetant t h ro t t l e  porritiaa. The o i l  

. cooler provided adequate oooling at high inlet-air temxpruturet8, ccnd 
no exceeeive o i l  foaming waa e m t o r e d  at altitudee up to 50,OOO feet 
with a 3-pound-per-square-inch pressure-relief VSLTO on the  oil-tank 
vent. 
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Operstiollal ahara~teriStio0 dleouseed in thie report imlude 
engine operating range, aowleration, deoeleration, aterting, a l t i t u d e  
and fli&t-luLnch-nmuber aompeneation of the  fuel-oontrol syetem, ana 
operation of the lubrication 8yetePt at high an& low ambient-air temper- 
a t m e ,  The discuesion  inoluUee the effeat of -8 in the fuel 
eystgm, the o i l  eystem, the Ignition emtern, and the combustion ahanrber 
on the various opemtional oharsoterietics. 

The nuin CaDDpOpBllts of the  original and modified engines used In 
the investigation were eimilsr except for cbngem made to the ccmpreeeor 
and the cambustion ohamber by the maaufacturer. A6 a r e s u l t  of them3 
changes the limfting  turbine-outlet  temperature wae raised froan 1 % ~  
t o  1400 & F aa read on the hotteat thermocouple. The exhauet-nozzle- 
outlet area =e 183 aquare inchee on the origfml engine and 171 aquare 
inches on the modified engine,. 

Compressors. - For the compreesor of the m d i f i e d  engine, the 
loading of the eleventh-etage  rotor bladee wae reduced to obtain a 
more nearly sniform velocity distribution at the 6ompreseor outlet. 
Reduced LOaaFag m a  accomplished by twisting the blade8 3O st the mld- 
8- and 6 O  at the tip in the direction of reduced angle of attack, - 





L 
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A limited amount of minlmum-sngins-epeed &ts obtained with 
the originel engine indicated that at high altitude6 the mln.lrrum 
engine speed wae coneiderably lover than for the modified engi~~. 
'phe mutuum engins epeede were not appmiably  diffemnt for the 
two enginse. 

The turbine-outlet tempemture varied during aoceleratione, 
although an attempt wae made t o  hold thie temperature at the mfmrrm 
allamble value for acceleration (w F 88 meamred by ths hotto& 
tbermooouple). Careful manipulation of thb thruttle wa8 required 
between engine epeede of 4000 aad 6000 rpmt to avoid exoeeding the 
temperature limit. Above an engina speed of 6000 rppn, the  throttle 
&e opened wide, but in  me t   cam^ the governor limited the acoeleration 
t o  temperaturea below the limiting value. 



The effect of altitude on the acaeleration ahaxaoteristics of 
the modified engirre with the engine governor inetalled is preeented 
in f i g u m s  9 and 10. During all accelerstiane made at altitudee 
b e h r  25,000 feet, neither ccarrbusticol blaw-out nor excessive OQQL- 

pressor BUT@ was anoormtered, A o u e b m t i m  fram englns speeds 
below 10,000 rpm at s l t i t d o e  above 25,OOO feet was amcertain and 
acraabuetian blow-out vas freaueptly encormtered &a a r e s u l t  of erratic 
governor operation. A t  an altituUe of 35,000 feet, oonibustion blow- 
out  was repssteaw eacountemd during rapid socelerationa fromengint, 
speeds of 8000 and 9000 rp. 

'phe tim required at etat io  flwt cmditione to aaaehrate 
from 6000 to 11,500 m e e d  from 8 m d e  at  5OOO feet t o  
16.8 seconds at 25,000 feet (fig. 10) Zhie increase in acceletmtion 
time w i t h  a l t i t u d e   r e s u l t e d  frcln the declreaesd aacelerating force 
exerted on the turbins blade8 by the low-deneity "8 st high alti- 
tude.  he reealte ~i and oalonlatea data to  dote- 
the r a t io  of the time required to aocmlerate at a l t i t u d e  t o  the time 
required at aea level a m  ehown in figure II. In determining the cal- 
mhted curve, the effecta of +?loti- were neglected and the assumptian 
vas m e  that turbine-inlet temperstures were the ~ a m e  at all  al t i thdee 
during acceleration. The mtfo  of time required t o  aooelerate at alti- 
tude t o  that required at m e a  Level vas then found to be inversely pro- 
portional to the respeotive densities of the M e t  air. 

W effect of f lmt EkLch puniber on the acceleration tinm at  an 
a l t i t u d e  of 5ooo feet is ehown in figure 12 for acceleratfone from 
two different engine apeede. An immase in flight Maah nuuiber 
from 0 to  0.45 reduced by about 19 peruent the timb required t o  
aocelerate  the engine 4000 to 12,OOO rpm and r e d u d  by about 
16 percent the time required to amelorate fram 6000 to 12,000 rp. 
A reduction in aooeleratian time w i t h  increase in  flight lkch number 
was observed at a l t i t u d e s  up to  25,000 feet. All ameleration data 
pmsented herein oould be dngliazhed. Due t o  erratic governor action, 
aonm acoelemtione were made st greater rates wtthout exceeding el'hsuet- 
gas temperature limite; when attomgts were made t o  duplicate t h e m  
acceleratinne, however, excessive temperatures we= encountersd. 

The Wrmr tfme requimd f a  a deceleration YBB obtained by 
m v a  the throt t le  t o  the full-closed poaition and holding it there 
u n t i l  the engine i d l ing  speed of 4000 was rsaohed. The throttle 
was then advanced to mrinkain this id- speed. The effect of 
in a l t i t u d e  dol the rate at whioh the modified engine oould be deceler- 
ated i e  ehm In figurs 13. Combustion blaa-out waa not encountered 
during any deceleration at altitudes up t o  25,OOO feet. The timb 
required t o  decelerate  f r a u  an engine speed af 12,000 t o  4000 rpm 
increased f k m  about 10.5 88Qapdc~ at 5OOO feet to about 40 s e d 8  
st 25,000 feet. - 



!Dm effect  ob flight M~ch number an the deaeleratian time at 
e ~ l z  altitude of 25,000 feet i e  ahawn In figure 14. An incresee in 
f 1-t Mach nunbar From 0 t o  0.45 deoreaeed by about 21 percent the 
ti- required to deoelerate the e- Fromr 12,000 rpm t o  4000 rpn. 
met of the deamaee in deoeleratlng tinwt ooourrsd betueen engine 
speeds of 1 1 , O O O . a n d  6000 rpm. A reduction in Ueoelerating tinw, wlth 
inoreasem in fl-t &oh rmnilser was obeerved at a l l  a l t i t u d e 8  blow 
25,000 feet, which IS parbly a t t r i b u t e d  to an increaee in w i n d a g s  
loeeee due t o  hlgher air density at the ccmpreeeor inlet. Ho deosler-  
stions were made at a l t i t u d e s  above 25,OOO feet due to erratfa 
governor operatian. 

A l t i t u d e  and Fll&ft-Mach-Humber Compenestian 

of Englne-oOvempr Syertem 

Slnmlated climbe and dive8 were made at conatant flight M8oh 
number between a l t i t u d e 8  of 5000 and 40,000 feet with the modified engine. The a l t i t u d e  llmit of each climb was that a l t i t u d e  at 
which limiting t u rb ine -ou t l e t  gas temperatures were enoountered. 

During simulated climbe and dime,  ilregulsr action of the 
governor b a r o m t r i o  con t ro l  caueed hurt- at certain f u e l  flowe 
and W e  of engine speeds. The amplitude of th ie  hunting ueually 
amounted to about 200 rpu, with un osoillation period of about 2 to 
4 eecmda. Conditions at whiuh thfe huuting took  plaw were  not 
clearly w i n e d  . 

. 
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Violent hunting of engine epeed snd f u e l  flaw often oacurred st 
engins ~peeds oi about 12,000 rpm as the flight &cb d e r  vae being 
increased. Ip one case, at an altitude of 25,ooO feet  and a flight 
Mch nunher of about 1.04, the engine epa! suddenly surged 
12,400 t o  l3,OOO rpm and it was thereiore neoessary t o  pull  back 
the throttle. 

S t a r t i n g  Charactsriatice 

Orig-l-ewins canbuetion-chcrmber basket. - W i t h  the origiml- 
engine mmbuetion-chamber baskek, whioh had an air gap around the 
&rk plage through ai& air waa sdmitted t o  the p E i k  burning 
zone, erlatic  starting  charaderietice were obaervsd. Starting at 
ees-level etat ic  oondftfona VCLB fairly dependable, s l t h ~ u g h  the 
turbine-outlet &ere temperatures vere~ often coneLdsn!My above limits 
during the aooeleration t o  engine id l ing  speed. Thie condition wae 
caused by BP excees of fuel  ip the codmetion czhnmber as a reeult of 
delayed blupsr ignitfon auring the etaxting attempt. 

Wlnrlm.llling starting ahaz~!~cterietfce were very aneatiefactorg 
beabuse the cmbuetion r?hnmbnr could not 'be wited at  a w i n d m i l l i n g  
engine speed of more than 1000 rpn a t  an altitude of 5000 feet. Ths 
ebrter oanking speed of the wine wae found t o  be approximrtely 
BOO rpm, thereby making it iPlgoeelbLe to  ignite  the oaibustion ohamb8r 
at an altitude of 5OOO feet with the etarter in uae. S t a r t s  were mrde 
at a l t i t u d e  by igniting the cambustion chamlmr at engine windmilling 
epeede under IO00 rpm and then engagfng the etarter t o  aeeiet in 
accelerertfon. 

t 



Ign i t ion  Syeteme 

Ign i t ion  coil and double-eleotrode epark plug. - With the double- 
electrode ehielded epark plug8 hsvlng a Bpark w p  of 0.250 inch, whioh 



Lubrication system . 
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Cold 8". - Ip s t a r t h g  the engine at eubzero -=turea, 
the ar i t ica l  aompormnt i a  the lubricat ion A t  suoh low t-r- 
atures, the high visogaity of the o i l  mrry reeult in failrule of the oil 
pump, exoeeeive bearing tmqporaturee, o r  both. An o i l  line wae 80 
installed that the o i l  oooler waa 'frypaemd and the capaaity of t he  
greseure-relief valve y%a Incm8-d. Before a cold etart, the eng- 
was alluwed to  Boak at aaambient-air tmperatura of about -500 B at 
an al t i tude of ZOO0 feet until the teqpezaturee we= within 
about 200 F of the ambient air temperature. 



1. The operating mnge was conelderably reduced st altitudee 
above 40,000 fewt. - r e a m i n g  the f’liat Bch Pumber at these high 
altitudes increseed the operable range of engine w e d .  

2. With the mdified-anglPs &U&I--C” b e h t  arrd the 
eleotronic  ignition eyetam, start8  were^ -de at windmilling speed6 
up t o  7600 rpm at altltudee up t o  50,000 feet; hawsrer, no et&rte 
were sttempted at higher w i n d m i l l i n g  epeede. The m.lnfnnnn engins wind- 
milling speed frcmt w h i c h  eucceeaful e t a r t e  could be larile varied from 
1500 rpm at   a l t i tudes up to 32,500 feet  t o  5500 rpna at 50,000 feet. 

3. During a l l  acceleration6 made at altitudee below 25,000 feet, 
neither ooanbuetion blm-out nor erceeeive ccanpreeeor BuFge -8 epcoun- 
tered .  Acceleration f r o m  engine epeede below 10,000 rpm at altitudee 
above 25,000 feet  me umertain and cdbuetion blow-ont wae frequently 
encountered as a result of erratio gavernor operation. 

4. No combustion blaw-out we8 encountered duriag deoelerstiom 
at altitudes up to  25,000 feet. No deoeleraticsna were made a t  higher 
altitadee. 



6. A t  a aonataat throttle po~ition, the engine wed remained 
eeeentis1l.y- constant m r  the range oi flight Uoh nuILibere 
investigated at an al t i tude  of 25,000 feet for engine epeede 
af 11,500 emd 12,300 rpm. 

7. No exceeefve o i l  foaming wae enmunter8-d at a l t i tudee  
up t o  50, OOO feet w i t h  a 3-pound-per-equare-inch preaaure- 
relief valve 04 the vent of a 6-e;allon aircraft-type o i l  tank. 
Adequate oil ooolirrg ~ 8 %  provided by the o i l  cooler at compreseor- 
inlet air temperatures up to Lo70 F at em altitude of 35,000 feet. 

Fl ight  Propuleion Beasarch Iakmatory, 
Hatiopsl Advisory Comraittee for Aenwauti~~, 

Clevelaad, Ohio. 
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The standard engine governor consists of a --type f u e l  pump 
in  canJunction w i t h  an al l - speed governor, an aoceleratian and decel- 
eration  CMntK>l, and an altitude and flight-Mach-number  campeneation 
control. The governor ie driven directly from the acceeeory-drlve 
gearbox and ie  mounted on the gearbox. 

The pilot valve J, which ie located on the shef't between the 
control diaphragm and the pilot-valve  spring,  oontrole the fuel 
preesure bled throught the pilot-valve Jet L A.oan the spring s ide  
of the conetcLnt-preseure valve 0. The poeition of the oonstant- 
preseure valve ie therefore governed by mvermnt of the control 
diaphragm,  which in turn oontrole the amount of fuel to the engine. 

Downatream of the conrrtant-preeaure valve, eo= of the fuel 
that would otherwise go into the combustion ahamber ie bype~eeed 
tplroueh the acceleration control 0 back to the inlet s i d e  of the 
pump. The acceleration  control perfama a dual function;  it 
provides a f i r e d  ameleration curve to permit engfns acceleration 
st a safe rate azdt it oompenscttee for &emgee in altitude and air- 
speed to enable the  governor to maintain a constant engine epeed 
for a f i x e d  oontrol-arm poeition. 

CD cu m 
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opposite its spring through the bleed holes in this valve. When this  
pseure reaches a auffioient value, it mov~s the valve towsrd an 
open position until the bleed ports &re eealed by the oenter laad of 
the acceleration-cantrol servo valve.  he valve then providee (at 
constant conrpreeeor-inlet pres-) a fixod-area bypas  that returna 
t o  the f uel-pump inlet  the fuel not nseded for acceleration. The 
size of the by-pase opening in the acoeleration control i s  governed 
by an aneroid capsule S, whluh ie 8UbjeOted to ccuup~B8Or-inlet  preasure R. 

The second function of thie contml is explained as follawe: 
With increasing altitude and oonatant fl-t epsed, the aneroid- 
capsule-dmmber pressure is reduced, therefore causing the CspSUlO 
t o  expand. TbPs action IUOV~B the accelerating-control mrvo valve Q, 
and thereby permit8 the aoceleratian-control valve to open further. 
This inoresee in by-pass opening permits mre fuel to return t o  the 
pump inlet  and thus reduces the fuel supplied t o t h e  engine. The con- 
t r o l  diaphragm, the pf lo t  valve, and the pllot-valve spring can thue 
mafntain approximately the relative  position they had at m a  level. 
The impact pressure of forward airepeed causes the capsule to work 
i n  the reverse direction, which permite lees f u e l  to return to tbe 
pump inlet and thus increases the fuel enpplied to the engine. 

The manifold-pressure valve E establi8hes u minfmum fnternal 
pressure in the control. This  pressure i e  required in  order t o  
insure a sufficient preeeure drop CU~K)BB the acoelerution-control 
valve at altitude, t o  allow it to bypsse back t o   the^ fuel-pmg inlet  
the amount of fuel not required by the engine at that a l t i t u d e .  

1. Conrad, Earl. W., Dietz, Robert  O., Jk., and Gollsdag, Riohard L.: 
Altitude-Wind-Tunnel Investigation of a 3OOO-Ponnd-~uet 
Axial-Flaw Turbojet Engine. I - Analyeie of' Turbine Per- 
f ormance. aAcA RM No. E8A23, 1948. 

2. Dietz, Robert O.,  Jk., BerClysz, Joseph J., and Icarard, =im M. : 
Altitude-Wind-Tunnel Inveatigation of a 3000-Pound-Thruat -1- 
Flow Turbojet Engine. 11 - Analysie of Comgreeeor Psrformmce. 
RACA RM No. E€lA26a, 1948. 

3. Campbell, Carl E. : Altitude-WinB-Tunnel Inveetigation of 8 
3OOO-POund-ThruSt Axial-Flat Turbojet Engine. III - Analysis 
of Combustion-Chamber Perfamumce. HACA RM Ho. E8B19, Ma. 
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F i g u r e  6. - Schematic diagram of speaial fuel-control sgatem used with turbojet engine. 
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ohanglng engine  speed or 
altitude t o  approaoh llmlt- 
l a g  engine operating 

Figure 8. - Effeot o f  altitude and flight Maoh number on operatlng range of modFfied engine 
w i t h  special fuel-control system. 
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Time, aec 
Figure 9. - Effect of altitude on time required to accelerate f r o m  Idling 

apeed to 12,000 r p m  at flight Maoh number of 0 .  Modified engine with 
engine governor. 
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T h e ,  sec 

Figure 10. - Effect of altitude on time required to accelerate f r o m  
6000 to 12,000 rpm at f l ight  Mach number of 0. Modified engine 
with engine governor. 
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Calculated from 
density  rat io  

0, 
0 5 10 15 20 25 X 103 

Altitude f t  
Figure 11. - Experimental and calculated data showin e f f e c t  of 

al t i tude  on rat io  of time  required to  accelerate af al t i tude  to 
time  required  to  accelerate  at sea level. Experimental data for 
modified engine and engine governor, 

T i m e ,  sec 
Figure 12. - Effect of f l i g h t  Mach number on acceleration time a t  

altftude of  5000 f e e t .  Modified engine with engine g o v e r n o r .  
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Figure 13. - E f f e o t  of a l t i t u d e  on deceleration a t  flight Mach number of 0. Modiffed engine 
with engine governor. 
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Figure 14. - Effect  of flight Mach mrmbdr on deceleration at alt i tude of 25,000 feet. Modifled 
m m m 

engine with engine governor. Y, 
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Altitude 
- Inoreasing 
"" Decreaalng 

( a )  Flight Mach number, 0.84. 

governor at oonstant throttle  poaltioa. 
Figure 15. - Effect o f  altltude on engine speed and fuel flow of modified engine vlth engine 
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(b) plight Mach number, 0.52. 
F l W e  16. - Conoluded. Ihffect of altituds on engine speed and fuel f l o ~  of modified engine 

~ith enghe governor at  constant throttle panition. 
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Fl ight  Mach number 
Figure 16. - Effect of flight Mach number on engine speed and fue l  f l o w  

of modified  engine a t   a l t i t u d e  of 25,000 feet  wfth engine governor at 
constant throttle position. 
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Engine rind- 
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Figure 17. - Effect of altitude on engine windmilling  speed and 
flight Mach number from which  successful  starts could be made. 
Modif Ted engine w i t h  special fuel-control system. 
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A 

20 40 60 80 100 120 
Time f r o m  start, sec 

Figure 18. - Comparison of engine epeed and oil-pump di8OhaFge preasurb 
during tu0 starts made at ambient-air temperature of -50° F rfth atat ic  
flight conditions at altitude o f  Z W O  feet. Modified engine rlth special 
fuel-control system. 
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(a) B~gl.ne speed and oil-pump discharge preaeure. P 
Figure 19. - Variation o f  engine speed,  oil-pump discharge preaaure, and bearing temperatures with ,,, 

time during successful atart  at ambient-air temperature o f  -50° F Tlth s t a t i o  flight condltiona 
at altltude of 2000 feet .  Modified engine with speoial fuel-oontrol apstsm. - 
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Tima f r o m  start, mln 
(b) Bearing tamperatlulea. 

Pigwe 19. - Concluded.  Variation of engine npeed, oil-pump discharge  preaaure, and baaring 
temperatures with time during auooeaaful a t a r t  at  ambient-air temperature of -SOo F with statio 
flight  conditione at altitude of 2000 feet. Modified engine with special fuel-oontrol aptem. 
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