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By Eugene V. Ze t t l e  and Williarrr P. Coolc 

A b r i e f  invest igat  :on has been made of the  performance of a 
s ing le  combustor of the  TG-180 turboJet  e;gine t o  rletei-mine ( a )  the  
a l t i t u d e  o3ertxtional l i m i t s  of the  engine f o r  two f u e l s  (AN-F-32 
aad n~ \ r -~-28) ,  (b )  combustion e f f i c i enc i e s  a t  various simulated con- 
d i t  i cns  of a l t i t c d e  and engine syeeds, ( c )  c o a ) b u s t o ~ $ ~ ~ , A @ ~ ~ r -  
zl&&Sm&dk f o r  severa l  a l t i t u d e s  at  constant engine speed, 
and (d )  t he  combustor t o t a l  Tressure drone 

The l i m i t s  with AN-83'-32 i'u..el were found t o  be epproximately 
60,000 f e e t  f o r  an engine speed of 6000 r p m  and approximately 
38,000 fee* f o r  an e~.gille speed of 1000 rpm. The r e s u l t s  indicated 
t h a t  t he  a l t i t u d e  o y e r a t i o ~ a l  limits wfth N\s-"F-32 E U G ~  a r e  higher 
over t he  l a rge s t  zart of t he  engine-speed range than with MI-F-28 
f u e l ,  A combl~ation eff ic iencg of 22 percent was obtained a t  r a t ed  
engine speed (7600 r p m )  and nzl a l t i t u d e  of 20,000 f e e t  wfth AN-F-32 
f u e l .  A cchm~e i n  a l t i t u d e  from 20,000 tm 60,000 f e e t  showed a 
20 -pe rce~ t  decrease in c o ~ b u s t i o n  el'f iciency while the= engine was 
operatilig a t  760G ry; whoreas, a t  an engine speed of 4000 rpm a 
change or' a l t i t u d e  from 10,000 t o  40,000 f e e t  s h o ~ ~ o d  a 52-"percent 
decrease i n  corrbu-st ion e f f i c iency  . 
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INTRODUCTION 

A performance investigation is being conducted at the NACA 
Cleveland laboratory on a single combustor of the TG-180 turbojet  
engine. This report  describes the arrargement of the apparatus and 
instrumentation and also presents the a l t i t ude  operations1 limits 
of the combustor f o r  two fue ls  (AN-F-32 and AN-F-28), combuation e f f i -  
ciencies at various simulated conditions of a l t i tude  and engine speed, 
combustor-outlet terngerature -distribution p lo ts  f o r  ~ e v e r a l  a i t  itude s 
-rp-,, "mw'l.-m z...'--.=4-?.I.a. co,=< -=x--=<- ~ w ~ - m , e s s  ,.%.rr.6.<-.* 

a t  constanienglne speed, and a combustor presswe-drop correlation. 

APPARATUS Am INSTRUM!3PflATION 

The combustion chamber of a TG-180 turbojet  engine was connected 
t o  the laboratory-air supply, as diagrammatically shown i n  f igur-e 1. 
A i r  quantity and pressure were regulated by remote-ccntrol valves 
upstream and downstream of the combustion chamber, The desired i n l e t -  
a i r  temperature was obtained by the use of an e l ec t r i c  air preneater, 
which was autom&tically regL~la ted  t o  maintain a constant i n l e t - a i r  
temyerature . 

The combustor-inlet section and the coynbustor i t s e l f  were fur- 
nished by the manuf act~urer  . The conbustor-outlet 8e c t  lon, which was 
fabricated at the Cleveland laboratory, d u ~ l i c a t e s  tha t  of the engine. 
Two observation w5ndows located axial ly  along the combustor made possible 
the visual observation of combust ion cheracteristics.  

The nwber and location of instruments a t  the i n s t m e n t a t i o n  
ylanes shown i n  fig:xre 1 are tabulated as  follows: 

i:$vabcr of instruments - 
Type of instlmmnt 

One -thermocouple rake 
Thfee -tube t otal->ressure rake 

A 1 1  measirrements were taken at tho center of equal areas,  Loca- 
t ions of the points of measurement a t  the respect ivo instmmentation 
planes are shown i n  figure 2 and the ins-tlxmentation de ta i l s  are shown 
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i n  f igure  3. Tem~eratures  were indicated by se l f  -balancing potent i - .  
ome-ters; air flow was measured by A,S.M,E. square-edge o r i f i c e s  and 
f u e l  flow by a rotameter. A l l  instruments %rere ca l ib ra ted .  No 
attempt w a s  made t o  correct  the  themococ~ple readings f o r  3 

e f f e c t s .  A pho togra~h  of the  combustor and instmmentatj.on Is S ~ C ) T Y T ~  

ii? f igure  4.  

Tests  were conducted on t h e  combus-bor coverin@ a range of simu- 
l a t e d  altiti:,des from 10,030 t o  60,300 f e e t  and s i ~ u l a t e d  engine 
speeds from 3500 t o  7600 rpm, Combustor i n l e t - a i r  conditions vere 
maintained f o r  each al t i tud-e and engine-syeed point se lected a t  
values determined from the  engine -.i7orformance invest igat ion nade i n  
t h e  Cleveland a l t i t u d e  wind t imnel a t  zero ram conditions ( r e f e r -  
ence 1 ) .  The required operating conait ions from reference 1, the  
ac tua l  -lest conditlone, and t he  res i r i t s  obtained. a r e  l i s t e d  i n  
t a b l e  J. [it each a l t i t u d e  and engine-speed yoint  investigated,  an 
attempt was made t o  obtain an average combustor-outlet temperature 
equal  t o  o r  g r ea t e r  than t h a t  required f o r  normal engine operation 
at t h z b  point .  For each simulated engine-speed poia t  the re  w a s  an  
a l t i t u d e  above wiiich the  required combustor-omtlet-gas temperature 
could not bo obtained. The a l t i t u d e  operational  li:r.its were de te r -  
mined f o r  both AN-F-28 and AN-F-32 fue l s .  The combList:ion e f f i -  
c iencies  over the  range of engine operational  speeds axd a l t i t u d e s  
were determined with AN-F-32 fv.el,  

The altitu.de operational. l iaits obtained using MT--F-28 and 
AN-.F-52 f.uels, resr;c-cti-crely, a r e  slio~m i n  f igures  5 aild 6 wnere 
a l t i t u d e  is p lo t t ed  against  engine speed, The so l i d  curves separate 
t he  region where the combust o r  -oint l e t  temperature s obta i i~able  were 
s u f f i c i e n t  f o r  normal operation of the  TG-180 combustor from the  
region where e i t h e r  the  combustoy-outlet temperatures obtainable 
were i n s ~ ~ f f i c i e n t  f o r  operation of the  e ~ g i n e  o r  whore burner blow- 
out occurred. Fig?tre 6(b)  includes Ilz?es of ccjnstent conbustion 
e f f  icienc;~. The cons%ant temperature - r i s e  ef f ic iency l i n e s  tarere 
obtained by in te ryo ia t ixg  between the  da ta  points .  The a l t i t u d e  
02erational  l i m i t s  using AN-F-32 f u e l  Tirere i"oi~nd TO be a~proxirnate3.y 
6i),000 f e e t  for  an  engine speed of 5000 rpm and ayproximately 
38,000 f e e t  f o r  an engine speed of 4000 rpm (fig. 6 ) .  The r e s u l t s  
indicate  t h a t  the  a l t i t u d e  operat ional  l i m i t s  with AN -F-32 f r s l  a r e  
higher over the  l a rge s t  pa r t  of the  engine-snecd range than wlth 

P 
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AN-F-28 f u e l ,  The maximum dif ference reaches 10,000 f e e t ;  however, 
a s  t he  ra ted  engine speed (7600 rpm) is apl2roached the  di f ference in 
l i m i t s  between the  two f u e l s  is near ly  eliminated. 

The va.r iat ion of t he  combustion e f f i c iency  with a l t l t u d e  f o r  
engine speeds of 4000 and 7600 r33m using AN-F-32 f u e l  is  shown in f i g -  
?Ire 7 .  Combustion e f f i c iency  is defined as t he  r a t i o  of the  measured 
total- temperature r i s e  across t he  combustor t o  the  theore'Lic%l t o t a l -  

AT,(A - B) 
temperature r i s e  across  the  combustor (reference 2 ) .  A 

ATt 
combustion eff5ciency of 92 percent w a s  obtail-~ed a% ra ted  eagine snood 
(7600 q m )  and an a l t i t u d e  of 20,000 f e e t .  A change of a l t i t u d e  f rom* 
20,000 t o  60,000 f e e t  showed a 20-pereent decrease i n  combnstjon e f f i -  
ciency while t he  engine was operating a t  a snearl. of 7600 rpm; whereas, 
a t  an  engine speed of 4000 rpm a change of a l t i t u d e  from 10,000 t o  
40,000 f e e t  showed a 52 -percent decrease i n  combust ic?n cf'P-icioncy . 

The e f f ~ c - t  of the  va r i a t i on  of f~>.el.-air r a t i o  on cornbl?,stor perform- 
ance at a n  operating point  chosen near Lhc dead-band f o r  AN -F-28 f u c l  is 
s h o - i  i n  f igure  8. 

The temperature d i s t r i bu t i on  a t  instrumentat ion plane B-B ( f i g  . 1) 
f o r  a simalated engine speed of 7600 q m  and x e p r a a s n t i ~ g  two simulated 
a l t i t u d e s  (50,000 and 55,000 f t )  using AN-F-32 r"1icl is  shotm i n  f lg- 
ure 9. Three temperature -d l s t r ibu t  ion pa t t e rns  taken st s imixlatdd n l t  i - 
t u d e ~  of 20,000, 50,000, and 55,000 f e e t  and at a simmlated speed of 
7600 rpm using Kt?-F-26 f'11e1 a r e  presented In f igure  10. 

It can be shown from the  momentum equation f o r  a constant cross-  
sect ional-area  combustor t ha t  -the total-pressure drop across  -the coa- 
bustor  expressed as a f r a c t i o n  of impact yressure is a l i n e a r  f ~ m c t i o n  
of the  r a t i o  of i n l e t  -to-ou-tlet gas dens i t i e s .  The impkc-t pressure was 
calcula ted at t he  l n l e t  t o  the  combustor assuming t h a t  the  i n l e t  a m a  
was equal t o  the  maximum cross -osl,ct ional  rirea . of the  cun~b~~.sLor, Idhen 
t h e  pressure drop is  r e l a t ed  t o  ,the maximum cross-~ect~ior .81 area or' t h e  
combustor, use:l"ul com-yarisons can be made w i t h  the  pressure dro:r, i n  
otlier combustors of d i f f e r en t  geometry. Figure I1 shows to ta l -c ressure  
drop ex2ressed as a f r a c t i ~ n  of iml~act pressure A F / ~  plotted agains t  
i n l e t  - to-outlet  densi ty  r a t i o  pA/pB * 

From an investiga-Lion of tlie performance cha rac t e r i s t i a s  of a 
TG-180 combustor the  followirg r e s u l t s  \?ere obtained ; 
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1, The a l t i t u d e  operat ional  limits wi th  AN-F-32 f'1.1el were fo~lld. 
t o  be apgroximately 60,000 f e e t  f o r  an engine speed or' GOO0 rpm an6 
approximately 38,000 f e e t  f o r  an engine speed of 4000 rpm. The 
r e s u l t s  indicated t h a t  the  a l t i t u d e  operational  l i m i t s  with AN-F-32 
f u e l  a r e  higher over the  l a rge s t  pa r t  of the  englne -syes2 :?m1ge thsi: 
with AX-F-28 f u e l ,  

2 .  A combastion e f f i c iency  of 92 percent w a s  o j ta ined at .raSed 
engine speed (7650 rpm) and an  a l t i t u d e  of 20,000 %e t  with AN-F-32 
fiic.1. A change of a l t i t u d e  frorri 20,000 t o  60,000 f e e t  slimed a 

--I._ 2 0 - ~ e r c e n t  decrease i n  combuslion e f f i c iency  whlle the  engine was 
operadine ~t 7600 rpm; whereas, at an  engine speed of 4000 rym a 
charge of a l t i t u d e  f r ~ a  10,000 t o  40,000 f e e t  showed a 52-perce~lt  
decrease i n  combust ion e f f i c iency .  

Ai rc ra f t  Engine Resea?ch L,abarat~ry, 
National ACivi8ory Committee for Aeronautics, 

 levela and:, Ohio. 

Mechanical Engineer, 
Approved- ; 

Walter T.  Olson, 
Chemist , 

vab 

Benjamin Pinkel, 
P'r1yEiicist * 

1, Fleming, Wllliam A. : A l t  1t1.1.de -Wind-WCnnel Tests  of tile General 
E l e c t r i c  TG-lbO J e t  -Propmlsion Engine.  I - Peri'crmanx? a:id 
Windmillj.ly; Drag Characteristics. NACA MR No, ZSJ2.4, Army 
A i r  Forces, 1945. 

2. Turner, L . Ricbard, and Lord, Albert. M. : Thormodynzmf c Charts 
f o r  the  Computation of Combustiol? and Mi.x%ur= Temperatures at  
Constant Pressure,  NACA lTCJ No. 1086, 1946. 



@
B

O
O

 
" 

(;*
 

0
 

6
8

 
O

*
 

B
e

 

8 
8
 

4
 

r 
t
e
e
 

%
 

e
*

 
8 

s
*

 
e
 

9
s

 
B

 
esa.' 

i3 w
 

C
O

N
 F I D

E
N

T
 I A L 

N
A

C
A

 
R

M
 

N
O

.
 

E
6

1
0

5
 



17.1 
5e7 
7 - 3  
11-0 
12,6 
17-4 
24.9 
29,l 
9,O 
11-6 
14.1 
21-0 
10" 5 
12,4 
16,9 
20,7 
27-3 
34,6 
42,l 
51e2 
60,6 
lo,$ 
10,g 
10,s' 
10,9 
LO. 9 
8,0 
7. Q 
10-9 
10-9 

'hw 1-19* 66-70r 73* and 7 4  with A#-F-28 $~el; other runs w!th AN-F-32 ruel, ' mom reference Z r  
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F i v e - t u b e  t o t a l - p r e s s u r e  
r a k e  

T h r e e - t u b e  t o t a  I - p r e s s u  r e  
r a k e  

S t a t  i c - p  r e s s u  r e  c o n n e c t  i o n  

C O N F l  D E N T  I A L  F i g .  3 

F i  v e - t  h e r m o c o u p  l e  ? a  k e  

- 
F i g u r e  3 .  - l n s t  r u m e n t a t  i o n  d e t a  i i s .  

O n e - t h e r m o c o u p l  e  r a k e  

a 

WAT I ONAL ADV l SQR" 
COMYITTEE FOR A E R O N A U T ~ C S  

.a" 

C O N F l  D E N T I A L  



H A C A  R M  N o *  E 6 L 0 5  C O N F I D E N T I A L  
* 
F i g .  4 

F i g u r e  4 ,  - P h o t o g r a p h  o f  t e s t  p i g ,  s h o w i n g  i n s t r u m e n t a t i o n  
p o s  i t i o n  s .  
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.gure 5 8  - Ab%l$u&e opesat$onal l P m l % s  l o r  TG-188 oornbustor using 
M-F-26 $'we%, Zem ram, f#mbers  re fer  t o  run numbers %n tabhe X e )  

CON F  l D E N T I  A L  
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0 Required combustor-outlet temperature obtainable 
A Required combustor-outlet temperature not 

obtainable 
V No combustion obtainable 
- Al$ituae operatJonal limits 

IE%ag%ne speed, rpm 

(a )  RUBS* (@umbers r e f e r  to szln numbers In table I, 1 

C O N F I D E N T I A L  
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NAT l ON AL ADV I S O R Y  
C W M I  T T E E  FOR AERONAUT I C S  

0 Required combustos-outlet temperature obta inable  
A Required combustor-outlet temperature not ob ta inable  
V No combustion obta inable  
- Al t i t ude  ope ra t iona l  l i m i t s  
- - - Combustion effbcfency 

(b) ~0mWsthon e f f i c i enc i e s ,  (@?&qbe~s r e f e r  t o  combustion 
e f f  bcbenc%es,) 

Figure 15. - Concluded. A l t l t ude  0 p e r a t L o ~ l  limits f o r  Tk180 corn- 
?xas$or u s ing  m-E'-92 fuele Zero ram, 

C O N F I D E N T I A L  
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Fuel -a ir  sat %o 
Piwrg 8 ,  - Efgect of variation sf fuel-ahs ratio on &mpesa%uPe 

rise a$ o waging sondftione near dead-ban8 bn TG-180 oombustor, 
Fuel, a-F-28, engine speed, 6000 rpm; slmulat ed alt ltude , 
5 0 ~ 0 ~ 0  f e e t .  

C O N F I D E N T I A L  
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( a )  S i m u l a t e d  a l t i t u d e ,  55.000 f e e t .  

e e e  

*a".* 

* I ) *  

8 LI 

d * * 
B * a *  ( b l  ~ ~ m u l a t e d  a l t  ~ t u d e ,  50.000 f e e t .  

*F s 
m e WT ! O W L  ADV ISORY 

). "". COMMITTEE FOB AEROWAVT OCS 

F i g u r e  9 .  - T e m p e r a t u r e - d  i s  t r i  b u t  i o n  p a t t e r n  a t  i n s t  r u m e n t a -  
t i o n  p l a n e  8 - B  i n  T G -  1 8 0  c o m b u s t o r  u s i n g  A N - F - 3 2  f u e l .  
E n g i n e  s p e e d ,  7 6 0 0  r p m .  

C O N F I  D E N T I A L  



( a  ) s i m u l a t e d  a l t i t u d e ,  55.000 f e e t  

I b )  S i m u l a t e d  a l t i t u d e ,  50,000 f e e t .  

I c )  S i m u l a t e d  a l t i t u d e ,  20,000 f e e t  

F i g u r e  10. - T e m p e r a t u r e - d  i s t r i b u t  i o n  p a t t e r n  a t  i n s t r u m e n -  
t a t i o n  p l a n e  8 - B  i n  T G - 1 8 0  c o m b u s t o r  u s i n g  AN-F-28 f u e l .  
E n g i n e  s p e e d ,  7 6 0 0  r p m .  
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