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An assessment of t h e  t u r b i n e  l o s s e s  f o r  t h e  f u e l  
and o x i d i z e r  t u rb ines  a t  t h e  FPL condi t ion  was con- 
ducted using a quasi-3D l o s s  a n a l y s i s  method. Th i s  
r e c e n t l y  developed l o s s  a n a l y s i s  method uses  two f low 
codes - MERIDL and TSONIC - t o  c a l c u l a t e  t h e  f low 
v e l o c i t i e s  a long t h e  b lade  su r f aces  and endwalls. 
These v e l o c i t i e s  a r e  t hen  used as input  t o  t h e  boundary 
l a y e r  code - BLAYER - t o  c a l c u l a t e  t h e  f r i c t i o n  l o s s e s  
due t o  incidence,  secondary flow, and t i p  c learance .  

The r e s u l t s  of t h e  l o s s  a n a l y s i s  f o r  t h e  f u e l  
t u r b i n e  ind ica t ed  an o v e r a l l  two-stage e f f i c i e n c y  of 
about 40 percent .  The l a r g e s t  l o s s  was due t o  r o t o r  
t i p  clearance.  The l o s s  a n a l y s i s  f o r  t h e  o x i d i z e r  
t u r b i n e  i s  nea r ly  completed. Resul t s  f o r  t h e  f i r s t  
s t a g e  of t h e  two-stage design ind ica t ed  an  e f f i c i e n c y  
of about 80 percent ,  wi th  h igh  l o s s e s  due t o  r o t o r  
incidence and b lade  and endwall f r i c t i o n .  







THE TURBINE LOSSES 4RE CQMPUTED ON A BLADE ROW 
BASIS, FOR EACH BLADE ROW TWO ITEPATIVE LOOPS 
ARE EMPLOYED, THE I?IYER LOOD CONVERGES Q Y  CLO- 
SURE OF THE BLADE SURFACE VELOCITIES, THE OUTER 
LOOP CONVERGES ON THE TOTAL PRESSURE LOSS a COUP- 
LING THE STATOR ANO ROTOR LOSSES GIVES A STAEF 
EFFICIENCY, FOR THE SSME TURBINES, NHICH ARE 
TWO-STAGE DESIGNS, THE PROCEDURE SHOWrl BY THE 
FLOW CHART IN THIS FIGURE MUST BE REPEATED TO 
CALCULATE AN OVERALL TWO-STAGE EFFI  C I  ENCY , 

LOSS ANALYSIS FLOW CHART 



THE SSME FUEL TURBINE I S  A TWO-STAGE DESIGN 
WITH A ROTOR MEAN DIAMETER QF 10 INCHES, THE 
BLADE HEIGHTS VARY FROPI ABOUT 0.9 INCH FOR THE 
FIRST STAGE TO ABOUT I , O  INCH FOR THE SECOMD 
STAGE, THE HUB AND T I P  ENDWALLS ARE CYLINDRI- 
CAL, THE ROTOR T I P  CLEARAgCES VARY FROM ABOUT 
1,s TO 2 ,Q PERCENT OF THE BLADE HEIGHT, THERE 
ARE ABOUT 40 BLADES I N  EACH STATOR BLADE ROW 
AND ABOUT 60 BLADES I N  EACH ROTOR BLADE ROW, 



THE BLADE SURFACE VELOCITIES FOP THE FUEL TUR- 
BINE AT THE FPL CONDITION ARE SHOWN I N  THE YEXT 
FIGURE, THE FLOW I N  ALL FOUR BLADE ROWS I S  GEN- 
ERALLY ACCELERATING, WITH SOME SMALL DIFFUSION 
INDICATED ON THE SUCTION SURFACES, 
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THE CALCULATED LOSSES FOR THE FUEL TURBINE AT 
THE FPL CONDITION ARE TABULATE0 I N  THE VEXT 
FIGURE, AN OVERALL EFFICIENCY OF A3OUT 91 PER- 
CENT WAS CALCULATED, WITH THE LARGEST LOSS 
(ABOUT 4 POINTS) DUE TO ROTOR T I P  CLEARAYCE, 
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SHE SSME OXIDIZER TURBINE I S  A TWO-STAGE DESIGN 
WITH A ROTOR MEAN DIAMETER OF 10 INCHES. THE 
BLADE HEIGHTS VARY FROM ABOUT 0.5 INCH FOR THE 
F I R S T  STAGE TO ABOUT 0.7 INCH FOR THE SECOND 
STAGE. THERE ARE ABOUT 45 BLADES I N  EACH STA- 
TOR ROW A!iD ASOUT 75 BLADES I N  EACH ROTOR ROW. 
THE HUB AND T I P  ENDWALLS ARE CYLINDRICAL AND 
THE ROTORS ARE SHROUDED. 
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THE SLADE SURFACE VELOCITIES FOR THE OXIDIZER 
TURBINE AT THE FPL CONDITION ARE SHOWN I N  THE 
NEXT FIGURE, THE FLOW I S  WELL ACCELERATED I N  
BOTH STATORS. HOWEVER, THE SUCTION SURFACE 
VELOCITIES FOR BOTH ROTORS, ESPECIALLY THE F I  RST 
ROTOR, SHOW LARGE DIFFUSION, WHICH RESULTS I?! 
HIGH FRI CTICN LOSSES I 
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THE CALCULATED LOSSES FOR ME OXIDIZER TURBINE 
AT THE FPL CONDITION APE TABULATED I N  THE NEXT 
FIGURE. AN OVERALL EFFICIENCY OF 80 PERCENT WAS 
CALCULATED. FOR THIS TURBInlE THE LARGEST LOSS 
WAS DUE TO ROTOR INCIDENCE I Y  BOTH ROTOR BLADE 
ROWS, WITH LARGE FRICTION LOSS ALSO CALCL'IATED 
FOR THE FIRST ROTOR, 
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CONCLUSIONS 

@ THE QUASI-3D ANALYSIS METHOD PROVED TO BE A USEFUL TOOL 

FOR ASSESSING THE LOSSES OF THE SSME TURBINES 

@ FOR THE FUEL TURBINE AN OVERALL EFFICIENCY OF 96.8% WAS 

PREDICTED WlTH THE LARGEST LOSS DUE TO ROTOR TIP CLEARANCE 

* FOR THE OXIDIZER TURBINE AN OVERALL EFFICIENCY OF 80.1% 

WAS PREDICTED WlTH THE LARGEST LOSS DUE TO ROTOR INCIDENCE 




