
TURBULENCE MEASUREMENTS I N  THE COMF'RESSOR EXIT FLOW 

OF A GENERAL ELECTRIC CF6-50 ENGINE 

The purpose of t h i s  program was t o  measure t h e  turbulence i n t e n s i t y  

and s c a l e  i n  t h e  compressor e x i t  f low stream of an opera t ing  CF6-50 gas  

turbine  engine. This  program was conducted a s  an addendum t o ,  and con- 

c u r r e n t l y  with, Phase 111 of t h e  NASA/GE Experimental Clean Combustor Pro- 

gram (Contract NAS3-19736). Compressor e x i t  turbulence da ta  a r e  requi red  

f o r  the  development of  l e a n  burning, premi;:ed, prevaporized combustion 

systems t h a t  have low l e v e l s  of n i t rogen  oxide (NO ) emissions. The system- 
X 

a t i c  development of very l ean  burning premixed, prevaporized combustion 

systems t o  the  point  of  p r a c t i c a l  a p p l i c a t i o n  t o  advanced gas tu rb ine  engines 

r equ i res  q u a n t i t a t i v e  knowledge of compressor e x i t  turbulence parameters 

and the  e f f e c t s  of  turbulence i n t e n s i t y  and s c a l e  on f u e l  prepara t ion ,  t h e  

premixing process and f u e l  d rop le t  evaporat ion.  

P r i o r  t o  t h i s  program, compressor e x i t  turbulence test d a t a  have not  

been ava i l ab le ,  probably because compressor e x i t  flow condi t ions  r ep resen t  

a very severe environment f o r  turbulence measurement ins t rumenta t ion .  Flow 

v e l o c i t i e s ,  temperatures and pressure  l e v e l s  a r e  very high.  Also, h igh 

v i b r a t i o n  l e v e l s  and s o l i d  p a r t i c l e s  i n  t h e  a i r  stream can des t roy  f r a g i l e  

instrumentat ion very quickly.  

Ruggedized cooled f i l m  probes were used i n  t h i s  program t o  measure 

CF6-50 compressor e x i t  turbulence p r o p e r t i e s  a t  t h r e e  d i f f e r e n t  engine i d l e  

condi t ion  t e s t  points .  Data w e r e  a l s o  obtained with t h i s  probe a t  t h e  30 

percent  and a t  the  85 percent  engine power s e t t i n g s  but ,  unfor tunate ly ,  t h e  

q u a l i t y  of the  d a t a  f o r  these  condi t ions  was not acceptable.  These measure- 

ments were made by using an e l e c t r i c  motor-driven probe a c t u a t o r  t o  set t h r e e  
91 equal area"  r a d i a l  immersions i n  the  compressor e x i t  d i f f u s e r  flow stream 

a t  an a x i a l  l o c a t i o n  15.5 c m  downstream of the  compressor e x i t  plane. A t  

each engine test condi t ion ,  t h e  sens ing element of the  p r ~ b e  was moved t o  



t h r e e  r a d i a l  immersion po in t s  i n  t h e  compressor e x i t  flowpath. Each 

immersion point  was located  a t  t h e  c e n t e r  of one-third of t h e  flowpath 

cross-sec t ional  area.  

The turbulence probe was coupled t o  a cons tant  temperature anemometer 

and s igna l  condit ioning system. An on-l ine readout system connected t o  t h e  

anemometer was used t o  check t h e  da ta  a s  it  was acquired. A w e l l  c a l i b r a t e d  

d i g i t a l  voltmeter  displayed t h e  s i g n a l  DC l e v e l ,  a t r u e  RMS meter measured 

t h e  AC l e v e l  and a small osc i l loscope was used t o  v i s u a l l y  observe t h e  

s i g n a l  output .  A magnetic tape  recorder  made a permanent record  of  t h e  

d a t a  which was used f o r  the  da ta  reduct ion  ana lys i s .  A Time-Data Fas t  Fourier  

Transform (FFT) system was used f o r  t h e  d a t a  reduct ion  and curve p l o t t i n g  

procedures. 

A t  engine i d l e  condi t ions ,  t h e  turbulence i n t e n s i t y  ranged from 4.8 

percent t o  5.6 percent  and t h e  length  s c a l e  ranged from 5.64 c m  t o  6.95 c m ,  

The length  s c a l e  values a r e  somewhat l a r g e r  than t h e  passage he igh t  a t  the  

measurement plane (5.54 cm), which i n d i c a t e s  t h a t  t h e  shape of t h e  tu rbu len t  

eddies  a r e  elongated i n  t h e  a x i a l  d i r e c t i o n .  The microscalevalues  range 

from about 0.73 c m  t o  about 0.98 cm. 

Power s p e c t r a l  dens i ty  d i s t r i b u t i o n s  show t h a t  a l a r g e  p ropor t ion  of 

t h e  tu rbu len t  energy a t  the  measurement plane is  concentrated a t  f requencies  

below one k i loher t z .  

These turbulence d a t a  can be used t o  h e l p  s imula te  compressor e x i t  flow 

condi t ions  i n  development test programs f o r  advanced combustion systems. 

These r e s u l t s  a l s o  demonstrate t h e  f e a s i b i l i t y  of using ruggedized cooled 

f i l m  probes t o  make turbulence measurements i n  t h e  high p ressure ,  h igh  

temperature and high ve loc i ty  environment of an opera t ing  gas  t u r b i n e  

- engine. 

However, a considerable amount of probe development work w i l l  be 

requi red  t o  develop turbulence measurement probes t h a t  can withstand t h e  

very severe  environment encountered i n  t h e  compressor e x i t  f low.of  a g a s  

tu rb ine  engine a t  high engine power opera t ing  condi t ions .  
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Turbulence Measurement Probes. 
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Data Acquisition and Reduction System. 
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