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ABSTRACT 

The  c o m p u t e r  p r o g r a m  p r e s e n t e d  in  t h i s  r e p o r t  ha s  beeri  d e s i g n e d  
s p e c i f i c a l l y  fo r  the  a n a l y s i s  of the  b l u n t - t r a i l i n g - e d g e  s u p e r s o n i c  c o m -  
p r e s s o r .  B e g i n n i n g  wi th  f low p r o p e r t y  m e a s u r e m e n t s  ob t a ined  in a non-  
r o t a t i n g  c o o r d i n a t e  s y s t e m ,  s t r e a m t u b e  b o u n d a r i e s  a r e  d e t e r m i n e d  at  
e a c h  m e a s u r i n g  p lane .  T h e n  m a s s - a v e r a g e d  v a l u e s  of the  f low p r o p e r -  
t i e s  in e a c h  s t r e a m t u b e  a r e  t r a n s l a t e d  to  a c o o r d i n a t e  s y s t e m  r o t a t i n g  
wi th  the  c o m p r e s s o r  r o t o r ,  and a p a r t i c u l a r  o n e - d i m e n s i o n a l  f low m o d e l  
i s  i m p o s e d  on e a c h  s t r e a m t u b e  to d e s c r i b e  the  f low p r o c e s s  t h r o u g h  the  
r o t o r .  The  f low m o d e l  i n c l u d e s  a n a l y s i s  of shock  l o s s  and sudden  e x p a n -  
s i o n  l o s s  l e a d i n g  to an  e s t i m a t e  of the  add i t i ona l  l o s s  o c c u r r i n g  w i t h i n  
the  f low f i e l d  of the  r o t o r .  V a r i o u s  o t h e r  c a l c u l a t i o n s  a r e  p r e s e n t e d  
which  a r e  a i m e d  at  the  a n a l y s i s  of da ta  f o r  a c c u r a c y  and c o n s i s t e n c y .  
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SECTION I 

INTRODUCTION 

The compute r  p r o g r a m  d e s c r i b e d  h e r e i n  has  been developed for  the 
IBM 360]50 in an a t tempt  to extend the capab i l i ty  of da ta  a n a l y s i s  for  
the s u p e r s o n i c  b l u n t - t r a i l i n g - e d g e  c o m p r e s s o r  at the Arnold  E n g i n e e r -  
Lug Deve lopment  Cen te r .  An example  of a typ ica l  c o m p r e s s o r  blade 
prof i le  is  shown in Fig.  1 (Appendix I). The p r o g r a m  is in tended p r i -  
m a r i l y  to give some ins ight  into the flow p r o c e s s  through a c o m p r e s s o r  
r o t o r  v iewed as if the o b s e r v e r  we re  ro ta t ing  with the angu la r  ve loc i ty  
of the ro to r .  In g e n e r a l ,  t h e o r e t i c a l  t echn iques  mus t  be used  to d e t e r -  
mine  the flow in a ro t a t ing  p a s s a g e  s ince  it is  not m e c h a n i c a l l y  poss ib l e  
to p lace  a p robe  wi th in  the ro to r .  

The p rob lem is approached  b a s i c a l l y  f r o m  the s t r e a m t u b e  point of 
view. If flow is  a s s u m e d  s t eady  and a x i s y m m e t r i c  and if the r a d i a l  
height  of the blade is divided into s m a l l  enough i n c r e m e n t s  so tha t  the 
r ad i a l  v a r i a t i o n  wi th in  the i n c r e m e n t  is s m a l l ,  then it should  be poss ib l e  
to cons ide r  the flow through  the r o t o r  as o n e - d i m e n s i o n a l  wi thin  each  
s t r e a m t u b e .  S t r i c t l y  speak ing ,  th is  method demands  f u r t h e r  that  s e c -  
ondary  flow ef fec ts ,  such as r ad i a l  m a s s  t r a n s f e r ,  be neg l ig ib le .  

The model  for  the  compos i t ion  of the r e l a t i v e  total  p r e s s u r e  l o s s e s  
in a s t r e a m t u b e  is quite s i m i l a r  to that  p roposed  in Ref. 1 for  f low in 
t r a n s o n i c  c o m p r e s s o r s .  In addi t ion to the l o s s e s  r e s u l t i n g  f r o m  shock 
waves and the  v i s cous  effects  along the blade p rof i l e  as sugges ted  in 
Ref. 1, the b l u n t - t r a i l i n g - e d g e  blading may  be expected  to have addi-  
t ional  l o s s  caused  by the abrupt  a r e a  i n c r e a s e  at the blade t r a i l i n g  edge. 
The gene ra l  va l id i ty  of such a model  has  been d e m o n s t r a t e d  in Ref. 2. 

The sec t ions  of th i s  r e p o r t  include a d e s c r i p t i o n  of the compute r  
input (Appendix II), p r e s e n t a t i o n  of the equat ions  used in the computa -  
t ion, and a d e s c r i p t i o n  of the output f r o m  the p r o g r a m  (Appendix Ill) 
The p r o g r a m  is wr i t t en  in FORTRAN IV. 

SECTION II 

THE EQUATIONS AND THE COMPUTATIONAl. SCHEME 

In gene ra l ,  the equat ions  of th i s  s ec t ion  outl ine s t e p - b y - s t e p  the 
p r o c e s s  of the computat ion.  The p r o c e d u r e  is ,  b a s i c a l l y ,  to d e t e r m i n e  
the boundar i e s  and cen t e r s  of a s e l e c t e d  n u m b e r  of s t e a m t u b e s ,  MM, 
us ing  data  m e a s u r e d  in an absolute  f r a m e  of r e f e r e n c e ,  then  to m a s s  
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a v e r a g e  the  m e a s u r e d  da ta  b e t w e e n  s t r e a m t u b e  b o u n d a r i e s  and to c o n s i d e r  
t h e s e  a v e r a g e  v a l u e s  as  c o n c e n t r a t e d  at the  c e n t e r  of the  s t r e a m t u S e .  
The  a v e r a g e d  v a l u e s  a r e  t hen  t r a n s l a t e d  to  a f r a m e  of r e f e r e n c e  r o t a t i n g  
wi th  the  a n g u l a r  v e l o c i t y  of the  r o t o r .  The  f low m o d e l  d e s c r i b e d  in  Re f s .  
2 and 3 is  t hen  u s e d  to d e t e r m i n e  add i t i ona l  l o s s  u n a c c o u n t e d  fo r  in the  
m o d e l .  C o r r e l a t i o n  of t h i s  add i t i ona l  l o s s  r e m a i n s  the  b a s i c  p r o b l e m  of 
the  a n a l y s t .  

In add i t ion  to the  m a i n  ob j ec t i ve  of the. p r o g r a m ,  d e s c r i b e d  above ,  
s e v e r a l  add i t i ona l  c o m p u t a t i o n s  have  b e e n  i n c l u d e d  to p r o v i d e  c h e c k s  on 
the  r e s u l t s  of e x p e r i m e n t s  and to e n l a r g e  the  u s e  of the  e x i s t i n g  da ta .  

2.1 ASSUMPTIONS 

i. The flow of air as a weightless, thermally perfect gas 
is assumed to be frictionless, time-steady, adiabatic, 
and axisymmetric as determ'med from discrete point 
measurements of the flow variables. 

2. Radial mass transfer across streamtube boundaries is 
ignored. 

3. Five discrete points are selected for measurement of 
the flow properties in front of the wheel. 

4. Behind the wheel two different sets of measurements 
may be used to independently describe the flow at the 
same axial plane of measurement. In the tests at AEDC 
this capability has been used to evaluate separate 
measurements made by single-probe traverse and multi- 
probe rake. Traverse measurements may be supplied at 
either 5 or II discrete points in the flow field. Rake 
measurements are supplied at only 5 points. 

5. In one specific situation the two sets of measurements 
behind the wheel may be obtained at different axial 
planes. This particular condition is differentiated by 
the capability of entering exactly iS discrete point 
measurements for the traverse. The set of data for 
the rake will still contain measurements at only 5 
discrete points. 

6. Discrete point measurements of total pressure, absolute 
flow angle, and total temperature may be entered in all 
three measuring planes at 5 points. When traverse meas- 
urements are made at II or 13 points, only total pressure 
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. 

and a b s o l u t e  f low angle  a r e  ob ta ined .  To t a l  t e m p e r a t u r e  
i s  ob ta ined  at only  5 po in t s  in  the  m i d p o r t i o n  of the  f low 
f i e ld  and not  in the  e x t r a  po in t s  t r a v e r s e d  in the b o u n d a r y  
l a y e r .  The  e x t r a  t o t a l  t e m p e r a t u r e s  n e c e s s a r y  f o r  c a l c u -  
l a t i o n s  a r e  ob ta ined  in  the  p r o g r a m  by  e x t r a p o l a t i o n .  

S ta t i c  p r e s s u r e  is  m e a s u r e d  at  the  w a l l s  at the  ax ia l  p l a n e s  
of the  o t h e r  f low p r o p e r t y  m e a s u r e m e n t s .  The  s t a t i c  
p r e s s u r e  i s  a s s u m e d  to v a r y  l i n e a r l y  a c r o s s  the  annu lus  to  
ob ta in  v a l u e s  at the  d i s c r e t e  po in t s  of m e a s u r e m e n t .  

2.2 DETERMINATION OF THE PROFILES FOR STATIC AND TOTAL PRESSURE, 
TOTAL TEMPERATURE, AND THE ABSOLUTE FLOW AHGLE 

The i n l e t  m e a s u r i n g  p l ane ,  d e s i g n a t e d  by the  s u b s c r i p t  j = 1, is  
a s s u m e d  to be l o c a t e d  n e a r  enough to the  l e a d i n g  edge of the  r o t o r  b l a d e s  
so  tha t  f low cond i t ions  at  the  m e a s u r i n g  p l ane  m a y  be c o n s i d e r e d  r e p r e -  
s e n t a t i v e  of cond i t i ons  i m m e d i a t e l y  ahead  of the  r o t o r  l e a d i n g  edge .  T h e  
d o w n s t r e a m  m e a s u r i n g  p l a n e s ,  d e s i g n a t e d  j = 2 fo r  m e a s u r e m e n t s  
ob ta ined  by t r a v e r s e  and j = 3 f o r  m e a s u r e m e n t s  ob ta ined  by  r a k e s ,  a r e  
a s s u m e d  to be f a r  enough d o w n s t r e a m  so  t ha t  cond i t ions  m a y  be  con-  
s i d e r e d  a x i s y m m e t r i c .  The  p l a n e s  of m e a s u r e m e n t  a r e  a s s u m e d  to be 
p e r p e n d i c u l a r  to  the  c o m p r e s s o r  ax i s .  

In e a c h  m e a s u r i n g  p l ane  a n u m b e r  of r a d i a l  p o s i t i o n s ,  Nj,  a r e  c h o s e n  
as  po in t s  at wh ich  m e a s u r e m e n t s  a r e  m a d e  of t o t a l  p r e s s u r e ,  t o t a l  t e m -  
p e r a t u r e ,  and a b s o l u t e  f low ang le .  S t a t i c  p r e s s u r e  is  m e a s u r e d  at the  
wa l l  in the  s a m e  ax i a l  p l ane  and i s  a s s u m e d  to v a r y  l i n e a r l y  a c r o s s  the  
annu lus .  A m o r e  c o m p l e t e  d e s c r i p t i o n  of the  m e a s u r i n g  t e c h n i q u e s  and 
the  g e n e r a l  l a y o u t  of the  s u p e r s o n i c  c o m p r e s s o r  t e s t i n g  f a c i l i t y  i s  
d e s c r i b e d  i n R e f .  4. F o r  j = 1 or  3, Nj h a s  the va lue  of 5. F o r  j = 2, 
Nj m a y  have  the  v a l u e  of 5, 11, or  13 c o r r e s p o n d i n g  to NN in the  input  
da ta .  The  r a d i a l  l o c a t i o n  of the  i - t h  m e a s u r i n g  s t a t i o n  in  the  j - t h  m e a s -  
u r i n g  p lane  is  g i v e n  by  

rji  = rjh + xj i  (rjt  - r jh) ,  j = I ,  2, 3, i = I ,  '2. . . . . .  Nj ,  0 <__ xj i  <_ 1 (1) 

w h e r e  r j h  is  the  r a d i u s  in  i n c h e s  of the  i n n e r  c a s i n g  wal l  (hub wal l ) ,  r j t  
i s  t he  r a d i u s  in i n c h e s  of the  ou t e r  c a s i n g  wal l  ( t ip wal l ) ,  and w h e r e  x j i  
m a y  be  i n t e r p r e t e d  as  the  l o c a t i o n  of the  m e a s u r i n g  s t a t i o n  in t e r m s  of 
the  f r a c t i o n a l  p a r t  of annu lus  he igh t .  T h e  q u a n t i t i e s  r j h ,  r j t ,  and x j i  
a r e  input  da ta .  

S t a t i c  p r e s s u r e  m e a s u r e m e n t s  a r e  t a k e n  on the  i n n e r  (h) and o u t e r  
(t) c a s i n g  w a i l s .  The  a s s u m p t i o n  of " s t r a igh t  l i n e  v a r i a t i o n  a c r o s s  the  

3 
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annu lus  i m p l i e s  tha t  the  s t a t i c  p r e s s u r e  at  any xj i  m a y  be c a l c u l a t e d  
by the  e q u a t i o n  

Pji = Pjh + xli ( p j t -  pjh) ,  j = 1, 2, 3, i = I, 2 . . . . .  N.. 0 < x]i < 1 (2) 

When  Nj equa l s  5, the  s t a t i c  p r e s s u r e  is c a l c u l a t e d  f o r  two a d d i t i o n a l  
poin ts  at xj i  equa l  to 0 .05  and 0 .95 .  

B e c a u s e  of the  p h y s i c a l  r e q u i r e m e n t  of no " s l i p "  at a wa l l ,  t he  
f low v e l o c i t y  at a wal l  m u s t  be z e r o .  F o r  th i s  r e a s o n  the  s t a t i c  and 
to ta l  p r e s s u r e s  a r e  e q u i v a l e n t  at a wal l ;  i . e . ,  

Pji = Pjh, i = h 
j = 1,2,3 

P]i = pit, i = t (3) 

The  d r o p  in to t a l  p r e s s u r e  f r o m  i t s  i n v i s c i d  v a l u e  o c c u r s  r a p i d l y  in the  
wal l  b o u n d a r y  l a y e r .  In the  c a s e s  of N2 = NN = 11 o r  13, a n u m b e r  of 
to ta l  p r e s s u r e  m e a s u r e m e n t s  have  b e e n  m a d e  in the  b o u n d a r y - l a y e r  
r e g i o n  so  tha t ,  t o g e t h e r  wi th  re la t ions(3~ ,  a c o m p l e t e  t o t a l  p r e s s u r e  p r o -  
f i l e  m a y  be a p p r o x i m a t e d .  In the  c a s e s  of Nj = NN = 5 the  da t a  a r e  in -  
s u f f i c i e n t  to a l l ow  a c c u r a t e  m a s s  f low c a l c u l a t i o n s  a c r o s s  the  a n n u l u s .  
T h e r e f o r e ,  two a d d i t i o n a l  po in t s ,  l o c a t e d  at xj i  equa l  to 0 . 0 5  and  0 . 9 5 ,  
a r e  s u p p l i e d  u s i n g  an e m p i r i c a l l y  e s t i m a t e d  r e l a t i o n  b a s e d  on the  m o r e  
a c c u r a t e  b o u n d a r y - l a y e r  s u r v e y s .  The  v a l u e  f o r  Nj has  thus  b e e n  in -  
c r e a s e d  f r o m  5 to 7 f o r  t h e s e  c a s e s ;  i . e . ,  5 a c t u a l  m e a s u r e m e n t s  in  
the  f low f i e l d  e n t e r e d  by input  da t a  p lus  2 e x t r a p o l a t e d  po in t s .  

In e v e r y  c a s e ,  to ta l  t e m p e r a t u r e  is  o b t a i n e d  only at the  f ive  m e a s -  
u r i n g  s t a t i o n s  in the  m i d p o r t i o n  of the  a n n u l u s .  To  ob ta in  the  e x t r a  
v a l u e s  n e c e s s a r y  f o r  c o m p u t a t i o n ,  a s e c o n d  d e g r e e  p o l y n o m i a l  is  f i t  to  
the  t h r e e  m e a s u r e d  po in t s  n e a r e s t  the  l o c a t i o n s  w h e r e  the  v a l u e s  a r e  
n e e d e d .  

F o r  the  c a s e s  when  it is  n e c e s s a r y  to e s t i m a t e  the  t o t a l  p r e s s u r e  at 
aX~i= 0 . 0 5  o r  0 . 9 5 ,  it  is  a l so  n e c e s s a r y  to supp ly  an e s t i m a t e  of t he  

s o l u t e  f low ang le  at  t h e s e  po in t s .  T h e  b o u n d a r y - l a y e r  t r a v e r s e s  h a v e  
shown  tha t  i t  is  s u f f i c i e n t l y  a c c u r a t e  to a s s u m e  a s t r a i g h t  l i n e  f i t  of the  
two po in t s  n e a r e s t  t he  annu lus  wa l l  c o n s i d e r e d .  

2.3 DETERMINATION OF THE ABSOLUTE MACH NUMBER, TOTAL AND STATIC 
TEMPERATURE CORRECTED FOR PROBE RECOVERY FACTOR, AND THE 
RATIO OF SPECIFIC HEATS 

T h e  s p e c i f i c  h e a t  at c o n s t a n t  p r e s s u r e ,  Cp, is  s l i g h t l y  t e m p e r a t u r e  
d e p e n d e n t .  F o r  a i r ,  u s i n g  the  d a t a  of Ref .  5, a t h i r d - o r d e r  p o l y n o m i a l  

4 
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w a s  f o u n d  to  f i t  v e r y  w e l l  f o r  t he  t e m p e r a t u r e  r a n g e  of i n t e r e s t ,  400 to  

900°R ,  i .  e . ,  

Cp [Btu/lbm °al = a - bt + ct' - dt' (4) 

with 
a = 0.241883 

b = -1.22830 x I0 -s 

c = 1.15098 x I0-' 

d = 7.75153 x 10 -'= (5) 

w h e r e  t i s  e n t e r e d  in  d e g r e e s  R a n k i n e .  M u l t i p l y i n g  t h e  r e s u l t  by  gc  J to  
o b t a i n  u n i t s  of f t 2 / s e c 2 ° R  i m p l i e s  t h a t  t h e  r a t i o  of s p e c i f i c  h e a t s ,  K, 
m a y  be  c a l c u l a t e d  by  

K = Cp/ (Cp - R) (6) 

The absolute Mach number is calculated by 
K - I  

C o r r e c t i o n  of t h e  m e a s u r e d  and e x t r a p o l a t e d  t o t a l  t e m p e r a t u r e s  f o r  t h e  
p r o b e  r e c o v e r y  f a c t o r ,  R F ,  m a y  be  a c c o m p l i s h e d  by  

Tc = T {KM 2 - M = + 2) ( 8 )  
RF(KM = - M  = ) -  2 

T h e  s t a t i c  t e m p e r a t u r e  is  t h e n  g i v e n  by  
K--] 

t = Tc (~-) K (9) 

B e g i n n i n g  w i t h  an i n i t i a l  g u e s s  on t h e  s t a t i c  t e m p e r a t u r e  in  E q .  (4), 
an  i t e r a t i o n  p r o c e s s  is  c a r r i e d  out  w i t h  E q s .  (4) to  (9) un t i l  Eq .  (9) i s  
s a t i s f i e d  to  t h e  a c c u r a c y  of t h e  m a c h i n e  f o r  e a c h  m e a s u r i n g  s t a t i o n ,  i,  
in  e v e r y  m e a s u r i n g  p l a n e ,  j .  

2.4 DETERMINATION OF THE TANGENTIAL AND AXIAL COMPONENTS OF VELOCITY 
FOR PLOTTING 

The absolute velocity may now be calculated using the equation 

Vji = ~KjiR t'ji Mji, j = 1, 2, 3, i = t, 1, 2 . . . . .  Nj, h (10) 

The axial and tangential components of the absolute velocity are then 
given, respectively, by 

Vaji = Vji cos aji~ 
(11) 

a r i d  V0I i Vji sin a j i !  r 

5 
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w h e r e  j = 1 , 2 , 3 ,  i = t, 1 ,2  . . . .  , N j , h .  

F o r  J = 2 and 3 the  r a t i o s  of Vaj i and V0j i to the  m a x i m u m  ax i a l  
v e l o c i t y  a r e  p lo t t ed  v e r s u s  annu lus  he igh t  when  I ~  i s  4" o r  3. An 
e x a m p l e  of the  plot  i s  shown in Fig .  2. .Ep 7" d 

2.5 DETERMINATION OF THE RADIAL POSITION OF STREAMTUBE BOUNDARIES 
AND CENTERS 

In e a c h  m e a s u r i n g  plane, j ,  the  annu lus  is  to be d iv ided  into  a 
n u m b e r  of a r e a s ,  MM, t h r o u g h  wh ich  equa l  m a s s  f lows ,  w h e r e  MM i s  
input  da ta .  The  m a s s  a v e r a g e  of the  f low p r o p e r t i e s  in e a c h  of the  MM 
a r e a s  is  d e t e r m i n e d  and is  c o n s i d e r e d  to be c o n c e n t r a t e d  at  the  r a d i u s  
r e p r e s e n t i n g  the  c e n t e r  of m a s s  of e a c h  a r e a .  

The  ax ia l  m a s s  f low p e r  uni t  a r e a  i s  g i v e n  by 

(-~)j gc~  K jf~--- PJiMji (1 Kji--1 ]i)  ~ 
= + ---"T--- M cos aji (12) 

i R ~ Tcji 

f o r j  = 1 , 2 , 3 ,  i = t , l , 2 , . . . , N j , h .  The  to ta l  m a s s  f low at  e a c h m e a s -  
uring plane ,  m j ,  i s  c a l c u l a t e d  u s i n g  the  equa t ion  

S r~' (A) mj = 2n r dr, j = i, 2, 3 (13) 
jh 

The quantities mj are printed out on output data PAGE 5 in Appendix HI 
for flow continuity checks and comparison with other methods of mass 
flow measurements. 

B e g i n n i n g  wi th  r j i ,  = r j t ,  2(MM) - 1 r a d i i  a r e  d e t e r m i n e d  s a t i s f y i n g  
the  r e l a t i o n  

S ' J "  (~)  mJ 
2n r dr = 2(MM) (14) 

r j  i * "~' I 

If the  conven t ion  i s  adopted  t ha t  i ,  equa l s  z e r o  when  r j i .  ~ = r j t  , t hen  the  
r a d i i  of the  s t r e a m t u b e  c e n t e r s  a r e  g i v e n  when  i ,  i s  odd and the  s t r e a m -  
tube  b o u n d a r i e s  a r e  g i v e n  when  i* i s  even.  T h e  r a d i i  in  t e r m s  of annu lus  
he igh t  m a y  be  g i v e n  by 

r j i ,  - -  rjh 
xji* = rjt - rjh ' j = 1, 2, 3, i* = t , l ,2 . . . . .  2(MM) - 1, h (15)  

Bo th  r j i  , and x j i  , a r e  p r i n t e d  on the  output  da ta  PAGE 2 (Appendix  HI). 

In an e f fo r t  to check  the  a c c u r a c y  wi th  wh ich  the  i n t e g r a t i o n s  h a v e  b e e n  
p e r f o r m e d ,  the  i n t e g r a l  of the  m a s s  f low b e t w e e n  r j 2 ( M M ) - I  and r j h  
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is c a l c u l a t e d  and c o m p a r e d  wi th  the  amoun t  wh ich  shou ld  r e m a i n ;  i. e . ,  

r j2(MM)- ]. 

°+ f (-r) 2(MM) 2w r dr 
rjh 

%Smj = x lO0, j = 1,2,3 
mj 

2(u'~)" 

T h e s e  q u a n t i t i e s  a r e  p r i n t e d  on output da ta  PAGE 5 in Append ix  III. 

(16) 

2.6 DETERMINATION OF MASS.AVERAGED STREAMTUBE FLOW PROPERTIES 

A m e a s u r e d  f low p r o p e r t y  m a y  be m a s s  a v e r a g e d  b e t w e e n  the  
b o u n d a r i e s  of a s t r e a m t u b e  us ing  the  equa t ion  

I (;) q r  dr 
r j i B  + 1 

q ' jm  -- r j i B  , j = I, 2, 3, m = I, 2 . . . . .  MM (17) 

I , rj,B + 1 

w h e r e  the c o u n t e r  iB is v a r i e d  so  that  r a d i i  bounding  the m - t h  s t r e a m t u b e  
a r e  used .  The  quant i ty  q m a y  be the  s t a t i c  p r e s s u r e ,  to ta l  p r e s s u r e ,  o r  
the  abso lu t e  f low angle;  and ~ r e p r e s e n t s  the  m a s s  a v e r a g e  of tha t  q u a n t i -  
ty.  The  r e s u l t s  of m a s s  a v e r a g i n g  a r e  p r i n t e d  on output da ta  PAGE 3 
in Append ix  HI. The  e q u i v a l e n t  o n e - d i m e n s i o n a l  a v e r a g e  o v e r  the  annulus  
he igh t  of e a c h  p r o p e r t y  m a y  be c o m p u t e d  by 

I MM 

qJ = M"--M ~ qjm, j = 1 , 2 , 3  ( 1 8 )  

T h e s e  r e s u l t s  a r e  a l s o  p r i n t e d  on output da ta  PAGE 3 in Append ix  HI. 

Us ing  the  m a s s - a v e r a g e d  v a l u e s  of s t a t i c  and to ta l  p r e s s u r e  and 
to ta l  t e m p e r a t u r e  and Eqs .  (4), (5), (6), and (9), an i t e r a t i o n  cyc le  is  
s e t  up to y i e l d  an e s t i m a t e  of the  m a s s - a v e r a g e d  v a l u e s  of the  s t a t i c  
t e m p e r a t u r e  and the  r a t i o  of s p e c i f i c  h e a t s .  T h e n  Eq.  (7) is  u s e d  to 
c a l c u l a t e  the  s t r e a m t u b e  a v e r a g e  abso lu t e  Mach n u m b e r .  

In the  fo l lowing  d e s c r i p t i o n ,  a quan t i ty  wi th  a s u b s c r i p t  m i m p l i e s  
the  s t r e a m t u b e  m a s s  a v e r a g e  of that  quan t i ty .  The  s u b s c r i p t  i wi l l  be 
r e t a i n e d  to i n d i c a t e  input  da ta  or  c a l c u l a t i o n s  at the  r a d i a l  m e a s u r i n g  
s t a t i o n s .  
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2.7 CALCULATIONS TO CHECK THE BALANCE OF THE ENERGY EQUATION FOR 
ADIABATIC FLOW 

If the tota l  enthalpy is defined 
T 

H = f  cpdT 

then the s t r e a m t u b e  to ta l  enthalpy may  be ca lcu la ted  

b T. ~ c d Hjm = aTjm + - -  + - -  "li~ m ~- - -  "!_'. 4 2 ]m 3 4 jm ( 1 ~ )  

for  j = 1, 2, 3, m = 1, 2, . . . .  ,MM, in uni ts  of B tu / lbm,  where  the 
coef f ic ien ts  a, b, c, and d a re  given in Eq. (5). The change in to ta l  
enthalpy th rough  a s t r e a m t u b e  is the given by 

¢~Hjm = Him - Him, j = 2, 3, m = I, 2 . . . . .  MM ( 2 0 )  

These  quant i t i es  a re  p r in ted  on output PAGE 5 in Appendix HI. 

The s t r e a m t u b e  ave rage  absolute  ve loc i ty  is given by an equat ion 
s i m i l a r  to (10) with ~ji, t j i ,  and Mii r e p l a c e d  by, r e s p e c t i v e l y ,  the 
m a s s - a v e r a g e d  value~ of ' the  ratio+of spec i f i c  hea t s ,  s t a t i c  t e m p e r a t u r e ,  
and absolu te  Mach number .  The s t r e a m t u b e  ave rage  of the t angen t ia l  
ve loc i ty  is then given by 

fo r  j = 1, 

Vjm 
V0jm = gc"""~ sin ajm (21) 

2, 3, m = 1, 2, . . . .  ,MM, in uni ts  of Btu s e c / i b m - f t .  

The ene rgy  equat ion fo r  ad iaba t ic  flow with work addi t ion may  be 
wr i t t en  

d'H = ~ d'(rVo) 

where  the symbol  d "( ) ind ica tes  change along a s t r e a m l i n e .  
angula r  speed,  ~,  in uni ts  of sec  -1, is g iven  by 

60 sec /min  

where  0 is  the wheel RPM and is suppl ied  by input data.  
ba lance  of the ene rgy  equat ion may  be r e p r e s e n t e d  by 

The wheel  

(22) 

The degree  of 

6Ejm = Hjm - H l m  1 ~  ~jm VOjm - r lm VOlm) (23) 

3, m = 1, 2 , . . . ,  MM. The p e r c e n t a g e  of ba lance  is  ca lcu la ted  for  j = 2, 
by 

( % ~ ) j  = $---~L~--x 100, j = 2 , 3 ,  m -- 1 , 2 ,  MM 
m ~Hjm . . . .  ( 2 4 )  

This  r e p r e s e n t a t i o n  of the ba lance  of the ene rgy  equat ion is p r in ted  on 
output data  PAGE 5 in Appendix HI along with the change in tota l  en tha lpy  

8 
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th rough  the co r re spond ing  s t r eamtube .  The o n e - d i m e n s i o n a l  ave rage  of 
these  quant i t ies  is a lso  p resen ted .  

2.8 CALCULATION OF STREAMTUBE TOTAL PRESSURE RATIO AND EFFICIENCY 

The s t r e a m t u b e  total  p r e s s u r e  r a t i o  is given by the r e l a t i o n  

P J"' , j  = 2, 3, m = l ,  2 . . . . .  ,~'IM 
Rpjm = P l m  ( 2 5 )  

This  quanti ty ,  along with its equivalent  one -d imens iona l  ave rage  ca lcu-  
la ted  by Eq. (18), is p r in ted  on output data  PAGE 6 in Appendix III. 

A t e m p e r a t u r e - a v e r a g e d  spec i f ic  hea t  r a t io ,  ~ jm,  is ca lcu la ted  by 

f~ jlr. 
- ~P JT 

-- lm Cp -- R 
KJm -- "I;jr. - Tim ' J = 2.3, m = 1.2 . . . . .  MM (26) 

for  use in evaluat ing  s t r e a m t u b e  eff ic iency.  

Adiabat ic  e f f ic iency is defined by the equat ion 

~H L s  

~?ad - 
31l 

where  5His is the i s e n t r o p i c  enthalpy r i s e  and 5H is the actual  enthalpy 
r i s e .  Defining the i s e n t r o p i c  coeff ic ient  ~jm by 

7.  - 1  
cJ m -  _ jmKjm ' J  = 2 , 3 ,  m = 1 , 2  . . . . .  MM (27) 

then  the i s en t rop ic  enthalpy r i s e  is given by 

b (SHis) jm ffi a "rim [(Rpjm) ~ j m -  1] + -~- TTI m [([lpjm)2EJ m - 1] 

4- ~c T ~]m [(Rpjm)Z~'J m - 1] ~- "4-d T 41m [(RPJ m)4~jm - ]] ( 2 8 )  

for  j = 2, 3, m = I,  2 , . . . ,  MM, where  the coef f ic ien ts  a, b, c, and d 
a re  given in Eq. (5). The s t r e a m t u b e  adiabat ic  e f f ic iency  is then given 
by 

(SHis)jm 
= j = 2,3,  m : 1 , 2  . . . . .  MM ( 2 9 )  

~adjm Hjm - HIm 

This  quant i ty  and i ts  equivalent  o n e - d i m e n s i o n a l  ave rage  a re  p r in t ed  on 
output data PAGE 6 in Appendix III. 

f "  
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2.9 DETERMINATION OF THE FLOW PROPERTIES IN RELATIVE COORDINATES 

The  s t r e a m t u b e  a v e r a g e  t a n g e n t i a l  c o m p o n e n t  of the  r e l a t i v e  Mach  
n u m b e r ,  M6j m,  is  g iven  by 

• 2 vt 0 rlm Mjm sin ajm .'%1 ~j,n = - (30) 
~2 ~ -2 ) 6 ( ) ( ~ ' )  ~Kjrn Stjm 

fo r  j = 1, 2, 3, m = 1, 2 , . . . , M M .  The  a v e r a g e  r e l a t i v e  M a c h n u m b e r  
is  then  g iven  by 

M'jm = [~']~j,:l -' (-%"|jm CO, aim)'] ~i (31) 

fo r  the s a m e  r a n g e  of j and m.  

The  s t r e a m t u b e  a v e r a g e  r e l a t i v e  f low ang le ,  ~jm,  i s  g i v e n  by 

arctan ~" M'~jm > 
18Jm = /Mira cos a,m (32) 

f o r j  = 1, 2, 3, m = 1, 2, 3 , . . . ,  MM. 

The  r e l a t i v e  to ta l  t e m p e r a t u r e  and to ta l  p r e s s u r e  a r e  g iven ,  r e s p e c -  
t i ve ly ,  by 

[-. KJ m -- l..,a 1 

1_2_+ --'--"'m J T;,,, : Tj., L, + ~ i M i ,  m (33) 

kjm 

P;m = Pjm(1 + gjm-12 ~.|~) kjm-I (34) 

for j = 1, 2, 3, m = 1, 2,..., MM. 

The  r e l a t i v e  Mach  n u m b e r ,  f low ang le ,  to t a l  p r e s s u r e ,  and t o t a l  
t e m p e r a t u r e  a r e  p r i n t e d  fo r  e a c h  s t r e a m t u b e  and e a c h  m e a s u r i n g  p l ane  
on output da ta  PAGE 4 in Append ix  III. 

2.10 CALCULATION OF THE OVERAI.'L RELATIVE TOTAL PRESSURE LOSS 

In the  p~eceding s e c t i o n s  the  m a i n  o b j e c t i v e  has  been  to l o c a t e  a 
n u m b e r  of s t r e a m t u b e s  and d e t e r m i n e  the a v e r a g e  r e l a t i v e  f low p r o p e r -  
t i e s  %n e a c h  s t r e a m t u b e  b e f o r e  and a f t e r  the  r o t o r .  The  o b j e c t i v e  b e -  
c o m e s  now tha t  of a t t e m p t i n g  to f i t  the  f low mode l  to the  e x p e r i m e n t a l  
r e s u l t s .  

To the  bene f i t  of c e n t r i f u g a l - t y p e  t u r b o m a c h i n e r y ,  a f lowing  f lu id  
m a y  do work  or  be w o r k e d  upbn by  s i m p l y  chang ing  the  d i s t a n c e  of 

10 
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s t r e a m l i n e s  f r o m  the  ax is  of the  t u r b o m a c h i n e .  To c o r r e c t  f o r  th i s  
fac t  in c a l cu l a t i ng  the  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s  fo r  an a x i a l -  
f low m a c h i n e ,  the  idea l  (no l o s s )  r e l a t i v e  to ta l  p r e s s u r e  r a t i o  is g i v e n  
b y  K a v j n  I 

(Rpjm)id " (_P~m~ = i] "avlrn-' "~rj,,, ~- (rlm~'~ "''.:n''l 
~|'(r~)id 2 \rjm /-I ) 

f o r j  = 2 ,  3, m = 1 , 2 , . . . ,  M M f r o m R e f . ~ ,  w h e r e  Kavjm = Kj~-  
2 

~]m 

(3 5) 

w h e r e  M T j m  is  the  r a t i o  of the  ou t le t  e l e m e n t  whee l  s p e e d  to  the  in le t  
r e l a t i v e  s t a g n a t i o n  ve loc i ty ;  i. e . ,  

rjm 
- . - -  , , j = 2 ,  3 m = l ,  2 . . . . .  MM (36) M'i, jm '~Tm RTIm 

w h e r e  ~ Tm is the  s p e c i f i c  hea t  r a t i o  b a s e d  on the  in le t  r e l a t i v e  to ta l  
t e m p e r a t u r e .  The  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s  is  t hen  g i v e n  by 

• ] (R~P J m ) i 7  (37) 
¢~'Jm = (Rpjm)id Plm 

] ,, 
l | m  

a l so  f r o m  Ref.  6. T h i s  quan t i ty  is p r i n t e d  on output da ta  PAGE 6 in 
Append ix  HI. 

The  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s  is a s s u m e d  to be the  s u m  of 
shock  l o s s ,  p r o f i l e  l o s s ,  and l o s s  a t t r i b u t a b l e  to  sudden  a r e a  e x p a n s i o n  
at the  t r a i l i n g  edge .  Shock l o s s  and s u d d e n  a r e a  e x p a n s i o n  l o s s  m a y  be 
e s t i m a t e d  u n d e r  c e r t a i n  a s s u m p t i o n s .  The  p r o f i l e  l o s s  m u s t  be o b t a i n e d  
by s u b t r a c t i o n  of t h e s e  v a l u e s  f r o m  the  o v e r a l l  l o s s ,  and t h e n  c o r r e l a t e d .  

2.11 CALCULATION OF SHOCK LOSSES 

P s e u d o - n o r m a l  shock  d i f fus ion  is  i n h e r e n t  in the  c o n c e p t i o n  of the  
b l u n t - t r a i l i n g - e d g e  c o m p r e s s o r  b lad ing .  At m a x i m u m  back p r e s s u r e  
the  l o s s e s  c a u s e d  by a p s e u d o - n o r m a l  shock  s y s t e m ,  n e g l e c t i n g  v i s c o u s  
i n t e r a c t i o n ,  cannot  be g r e a t e r  than  the  l o s s  of a s i n g l e  n o r m a l  shock  at 
the  s a m e  in l e t  cond i t i ons .  The  p a s s a g e  in le t  Mach n u m b e r  of the  c o m -  
p r e s s o r  is  a s s u m e d  to be the  a v e r a g e  of the  b lade  in le t  r e l a t i v e  Mach  
n u m b e r ,  M~m , and the  suc t i on  s u r f a c e  Mach n u m b e r  at the  e n t r a n c e  to 
the p a s s a g e ,  MSSm. The  P r a n d t l - M e y e r  angle ,  v, of MSS m is g iven  
by 

" (38) v (Mss  m) = vCMIm) = f i lm  - f l i m  + .~SSm 

11 
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! 

if M l m  > 1.0, w h e r e  u (M ' lm)  is the  P r a n d t l - M e y e r  ang le  of the  in le t  

r e l a t i v e  Mach  n u m b e r ,  w h e r e  131m - /3'lm is the  amoun t  of t u r n i n g  r e -  

q u i r e d  for  the in le t  r e l a t i v e  flow to b e c o m e  t a n g e n t  to the  b lade  s u r f a c e  
at the  l e a d i n g  edge,  and w h e r e  ¢SSm is the  ang le  of e x p a n s i o n  f r o m  the  

l e a d i n g  edge  to p a s s a g e  e n t r a n c e .  

by 
The  P r a n d t l - M e y e r  angle ,  y, for  a Mach  n u m b e r ,  M, is c a l c u l a t e d  

V = K - . 1  ~¢-: 1 arctan "K--'~-]-(M'- I) - arctan - 1 (39) 

T h e r e f o r e ,  e ( M ' l m )  is e a s i l y  d e t e r m i n e d  by th i s  equa t ion ;  but v(MSSm),  

g iven  by Eq.  (38), r e q u i r e s  i t e r a t i o n  to obta in  MSS m f r o m  Eq.  (39). 

The  in l e t  b lade  angle ,  ~ 1, is a s s u m e d  to be d e s c r i b e d  by an 

a r b i t r a r y  func t ion  of the  f o r m  

/8 "t At A2 = - -  + - -  ~- As + A,r + As2 + arctan(A~r) 
r 2 p 

( 4 0 )  

w h e r e  the  c o e f f i c i e n t s  a r e  input  data .  Suct ion  s u r f a c e  expans ion ,  ¢SS, 

is a s s u m e d  to be d e s c r i b e d  by a s i m i l a r  funct ion  

Bt B2 
~bSS = ~ + + B, + B,r + Bsr 2 ( 4 1 )  

r 

w h e r e  the  c o e f f i c i e n t s  a r e  input  data .  

The  p a s s a g e  e n t r a n c e  Mach  n u m b e r  is g iven  by 

M',m + MSSm ( 4 2 )  
M a v m  = 2 

T h i s  quant i ty  is p r i n t e d  on output da ta  PAGE 6 in Append ix  III. 

The  to ta l  p r e s s u r e  r a t i o  a c r o s s  a n o r m a l  s h o c k  wi th  u p s t r e a m  
Mach  n u m b e r  M a v m  is g iven  by 

1 KI m 

[, , ] - ' r  , j 2Kl m K|m "1 KI m -  1 
Rpsm = + (.1'l~,vm - ( K l m  + 1) Mavm 

Klm + ] ~.Klm - '  I) M~, m + 2 
( 4 3 )  

The  l o s s  c a u s e d  by the  p s e u d o - n o r m a l  s h o c k  s y s t e m ,  n e g l e c t i n g  
v i s c o u s  i n t e r a c t i o n ,  is t h e n  g iven  by 

~PSrn = CL ,In = 1,2 . . . .  MM 
1 Plm ' ( 4 4 )  

12 
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w h e r e  C 1 is  a c o r r e c t i o n  f a c t o r  s u p p l i e d  in the  input da ta  and u s e d  to 

ad jus t  for  the  fact  tha t  the  s h o c k  s y s t e m  m a y  not p r o d u c e  n o r m a l  s h o c k  
l o s s .  G e n e r a l l y ,  C1 is a p p r o x i m a t e l y  0 .9 .  

F o r  t r a n s o n i c  flow wi th  h igh s u b s o n i c  in l e t  r e l a t i v e  M a c h  n u m b e r s ,  
s h o c k s  m a y  a l so  be e x p e c t e d  to o c c u r .  T o t a l  p r e s s u r e  l o s s e s  a t t r i b -  
u t ab le  to t h e s e  s h o c k s  m a y  be e s t i m a t e d ,  s i m i l a r  to Ref .  7, by c a l c u -  
l a t i ng  MSS m b a s e d  on 

v(M$Sm) = ~bSSm 

r a t h e r  than  Eq.  (38). If  May m,  c a l c u l a t e d  by Eq.  (42), is g r e a t e r  t han  

one,  s h o c k  lo s s  is c a l c u l a t e d  t h r o u g h  E q s .  (43) and (44); if May  m is  

l e s s  t han  o r  equa l  to one,  no s h o c k  l o s s  is a s s u m e d  to o c c u r .  

T h e  p a s s a g e  s h o c k  l o s s  w' ' P S m ,  
in Append ix  III.  

is p r i n t e d  on output  da t a  PAGE 6 

T h e  s t a t i c  p r e s s u r e  t h r o u g h  the  n o r m a l  s h o c k  s y s t e m  is g i v e n  by 

2Klm ~ PPSm = Ca P i m  + - -  ( M a v m  - 1 m = 1, 2 . . . .  MM (45) 
Klm + ] 

w h e r e  C 2 is a c o r r e c t i o n  f a c t o r  s u p p l i e d  in the  input  da ta .  Th i s  quan -  
t i ty  is p r i n t e d  on output  da ta  PAGE 5 in Append ix  III f o r  c o m p a r i s o n  
wi th  e x p e r i m e n t  and the  r e s u l t s  of s u d d e n  a r e a  e x p a n s i o n  c a l c u l a t i o n s .  

2.12 CALCULATION OF THE LOSS ATTRIBUTABLE TO SUDDEN AREA EXPANSION FOR 
CYLINDRICAL STREAM SURFACES 

In o r d e r  to u se  the  r e s u l t s  of Ref .  8, it is  n e c e s s a r y  to a s s u m e  
tha t  the  s t r e a m l i n e s ,  r e p r e s e n t e d  by the  s t r e a m t u b e  c e n t e r s ,  l i e  on 
c i r c u l a r  c y l i n d e r s  b e t w e e n  the  p lane  of the  t r a i l i n g  edge  and the  down-  
s t r e a m  m e a s u r i n g  p l a n e s  (j = 2 o r  3). Such  an a s s u m p t i o n  i m p l i c i t l y  
d e m a n d s  tha t  r a d i a l  sh i f t  of the s t r e a m l i n e s ,  if s u c h  sh i f t  o c c u r s ,  t a k e s  
p l a c e  e n t i r e l y  wi th in  the  r o t o r .  

The  flow is a s s u m e d  to l e a v e  the  r o t o r  at an a v e r a g e  a n g l e  equa l  to  
the  r o t o r  exit  b lade  ang le ,  /3E, g iven  as  a func t ion  of r a d i u s  by 

~: DI Dz 
= --+ --+ Ds .- D4r + Dsr 2 ÷ arctan (D6r) 

r 2 r 
(46) 

w h e r e  the  c o e f f i c i e n t s  a r e  input  da ta .  

13 
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The c r i t i c a l  r e l a t i v e  M a c h  n u m b e r '  at  t he  d o w n s t r e a m  m e a s u r i n g  
p l a n e s  (j = 2, 3) is  g i v e n  by 

=[ K'"'' ' ;~1"_, M ( 4 7 )  

t %1 j n d  
2 

T h e  c r i t i c a l  M a c h  n u m b e r  o f  t h e  r e l a t i v e  f l o w  at t h e  t r a i l i n g - e d g e  p l a n e  

i s  t h e n  g i v e n  .by 

• s i n  ~ j m  
,~1 I .~ jm ~ M "~ J'" ~,n/3~,.' i = 2, 3.  m = 1 . 2  . . . . .  MM ( 4 8 )  

l 
w h e r e  ~ E j m  is  c a l c u l a t e d  f o r  r = r j m ,  t h e  r a d i u s  of t h e  c e n t e r  of t h e  

m - t h  s t r e a m t u b e  f o r  m e a s u r e m e n t s  in t h e  j - t h  p l a n e .  

by 
T h e  r e l a t i v e  M a c h  n u m b e r  at  t h e  t r a i l i n g - e d g e  p l a n e  is  t h e n  g i v e n  

f t 
2 ,* )2 

• KE] m + 1 (MEjm 
MEj m . . . . . . .  , j = 2, 3, m = l ,  2 . . . . .  MM (49)  

.. KEj m -- I (M'* 
KE] m + I jm 

w h e r e  KEj m is  c a l c u l a t e d  by E q s .  (4),  (5),  a n d  (6) f o r  s o m e  i n i t i a l  g u e s s  
on t h e  t r a i l i n g - e d g e  s t a t i c  t e m p e r a t u r e .  

- -  , w h e r e A  2 is T h e  c a l c u l a t e d  a r e a  r a t i o  of s u d d e n  e x p a n s i o n ,  A E  c 

t h e  s t r e a m t u b e  a r e a  a t  t he  d o w n s t r e a m  m e a s u r i n g  s t a t i o n  and  A E i s  t h e  
f low a r e a  at  t h e  t r a i l i n g  e d g e ,  i s  g i v e n  by 

A/• M'Ejm cos ~'Ejm + MEjm 
2 [I + K:qm M" = - -  jm COS' f l j  • 

c jm ~1 jm COq ~ j m  + 2 

,.,M ~?. cos"/~ ]:,jm - Ka] ' r, jm, 

f o r  j = 2, 3, m = 1, 2, . . . ,  M M w h e r e  

(50) 

Kajm = (KEj m +Kjm)/2 

T h e  r e l a t i v e  t o t a l  p r e s s u r e  at  t h e  t r a i l i n g  e d g e  is  g i v e n  by 
Kajma-1  

(A%TA'-') . ' ,o oosOj,,, + . M" Ejm P"2: p': 
- - ~ j m  = - - j m  ,: jm M "Ejm cos  ~ "gjm + Kajm2 -- l M ,21 m 

(5i) 

14 
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The  s t a t i c  p r e s s u r e  at the  t r a i l i n g  edge ,  b a s e d  on the  s u d d e n  a r e a  
e x p a n s i o n  equa t ions  for  c y l i n d r i c a l  s t r e a m  s u r f a c e s ,  i s  g iven  by 

f -- 12 t 
Mjm .A 2 M%m ~jm ] Kajrn l 

~o~ 2 (52) PEjm Pjm 
' A E ' c j  m M'Ej m cos ~-jm 1 Kajm - I 

2 M ~jm 

The  s t a t i c  t e m p e r a t u r e  at the  t r a i l i n g  edge  is then  g iven  by an equa -  
t ion  s i m i l a r  to Eq.  (9) invo lv ing  r e l a t i v e  flow p r o p e r t i e s .  An i t e r a t i o n  
cyc l e  is s e t  up for the  c a l c u l a t i o n s  of Eqs .  (49) t h r o u g h  (52) unt i l  the  
s t a t i c  t e m p e r a t u r e  at the  t r a i l i n g  edge  c o n v e r g e s  to the  l i m i t  of the  
m a c h i n e .  

The  c a l c u l a t e d  a r e a  ra t io ,  the  r e l a t i v e  to ta l  p r e s s u r e ,  and the  
s t a t i c  p r e s s u r e  at the  t r a i l i n g  edge  a r e  p r i n t e d  on output da ta  PAGE 5 
in Append ix  III. 

The  r e l a t i v e  to ta l  p r e s s u r e  l o s s  c a u s e d  by s u d d e n  a r e a  e x p a n s i o n  
is g iven  by 

P "Ejm - P %m 
= ( 5 3 )  

~SEjm P ' l m -  plm 

T h e s e  quan t i t i e s  a r e  p r i n t e d  on output  da ta  PAGE 6 in Append ix  III. 

2.13 DETERMINATION OF THE PROFILE LOSS 

The  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s ,  ~"  of Eq.  (37) is a s s u m e d  
to be the  s u m  of the  s h o c k  l o s s ,  s u d d e n  a r e a  e x p a n s i o n  l o s s ,  and p r o f i l e  
l o s s  so that  the p ro f i l e  l o s s  m a y  be g iven  by 

. . . .  (54) Ca Pjm = ca jm - co PSm - O'SEjm 

This  m a y  be put into a m o r e  s t a n d a r d  f o r m  by de f in ing  the  p r o f i l e  l o s s  
p a r a m e t e r ,  PL,  

Pajm = aJ~jm cos~jm (55) 
2 alto 

w h e r e  a, the  so l id i ty ,  is a s s u m e d  to have  a d i s t r i b u t i o n  as  a func t ion  of 
r a d i u s  g iven  by 

F, F~ 
Or = ~ + r 

where the coefficients are input data. 

- - +  F,  + F.r + F ,r '  ( 5 6 )  

The  so l id i ty ,  for  u se  in Eq.  (55), 
is c a l c u l a t e d  based  on the  r a d i u s  of the  c e n t e r  of the  s t r e a m t u b e  at t he  
inlet (j = I). 
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The results of the loss calculations, as a function of annulus 
height, are plotted for both the traverse data (j = 2) and the rake data 
(j = 3). Examples of these graphs are shown in Fig. 2. The points 
representing shock loss are plotted at the annulus height of the stream- 
tube centers at the inlet measuring plane. The overall loss points are 
plotted at the annulus height of the streamtube centers for outlet meas- 
urements. For cylindrical stream surfaces, the points locating sudden 
expansion loss must be positioned at the same radial location as the 
streamtube centers for outlet flow measurements. The shaded area 
represents the computed profile loss. 

2.14 CALCULATION OF THE BLOCKAGE FACTOR 

The  b lockage  f ac to r  is de f i ned  as the  d i f f e r e n c e  b e t w e e n  the  g e o -  
m e t r i c a l  a r e a  at the  t r a i l i n g  edge  t h r o u g h  which  flow m a y  pas s  and the  
c a l c u l a t e d  flow a r e a  d iv ided  by the  g e o m e t r i c a l  a r e a ;  i." e . ,  

Bj = AE - ('AE)cJ 
/ , r .  ' J = 2, 3 (57) 

The  g e o m e t r i c a l  a r ea ,  AE, t h r o u g h  which  flow m a y  pass  is the  d i f f e r -  
ence  b e t w e e n  the  annulus  a r e a  at the  p lane  of the  t r a i l i n g  edge  an'd the  
a r e a  o c c u p i e d  by the  b l ades .  A s s u m i n g  the  d i s t r i b u t i o n  of the  b lade  
t r a i l i n g - e d g e  t h i c k n e s s ,  th, m a y  be w r i t t e n  in the  f o r m  

E, E 2 
th = -~-+ --r + Es + E4r * Esr 2 (58) 

t h e n  A E is g iven  by 

AE = (w - hE4)(r2Et - r~Eh) -- n IS rzt-rEh 
2 ~. t rE t rEh 

rEt Es 3 7 
+ E, l n ~  + Es ( rEt  - rEh)  + ~ (rsEt - r Eh) J (59) 

w h e r e  r E t  and r E h  a re ,  r e s p e c t i v e l y ,  the  r a d i i  of the  o u t e r  and i n n e r  

annulus  wal l s  at the  p lane  of the  t r a i l i n g  edge,  and w h e r e  n is  the  n u m -  
b e r  of b l ad es .  The  c o e f f i c i e n t s  of Eq.  (58), the  r a d i i  rE t  and r E h , ' a n d  

the  n u m b e r  of b l ades  a r e  al l  input data.  The  t h i c k n e s s ,  th, of Eq.  (58) 
m u s t  be c o n s i d e r e d  the a r c  l eng th  for  u se  in t h e s e  equa t i ons .  

The  s t r e a m t u b e  a r ea ,  A2, at the  d o w n s t r e a m  m e a s u r i n g  p l a n e s  is  
c a l c u l a t e d  by. 

A2jm = rr(r2J iB - r2J i B + ] )  ( 6 0 )  
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w h e r e  j = 2, 3, and w h e r e  t he  c o u n t e r  iB  is  v a r i e d  s o  t h a t  t he  s t r e a m -  
t ubc  b o u n d a r i e s  of t he  m - t h  s t r e a m t u b e  a r e  s e l e c t e d .  

F r o m  the  c a l c u l a t i o n s  of s u d d e n  a r e a  e x p a n s i o n  f o r  c y l i n d r i c a l  
s t r e a m  s u r f a c e s ,  the  s t r e a m t u b e  a r e a  in  t h e  p l a n e  of  t h e  t r a i l i n g  e d g e  
is  g i v e n  by 

A2jm 
(A E)cj m = (A2/AE) j m ( 6 1 )  

s o  t h a t  t he  c a l c u l a t e d  f low a r e a  at  t h e  t r a i l i n g  e d g e  is  g i v e n  by 

M M 

(AE)cj = £ (AE)c, m (62) 
m=l 

f o r  j = 2, 3. T h e  b l o c k a g e  f a c t o r  m a y  t h e n  be  c a l c u l a t e d  by Eq .  (57) ,  
a n d  t h e  r e s u l t s  a r e  p r i n t e d  on ou tpu t  d a t a  P A G E  5 in  A p p e n d i x  l l I .  

2.15 CALCULATION OF THE DIFFUSION FACTOR 

T h e  d i f f u s i o n  f a c t o r ,  
e t e r ,  m a y  be  g i v e n  by 

D, w h i c h  is  u s e d  as  a b l a d e  l o a d i n g  p a r a m -  

, .~/KJ m tjm 
M'+m  l'OIm - ' 'IbJm 

Djm = 1 + ( 6 3 )  
M'lm W Klm tlm 2Or[ m M'lm 

f o r  j = 2, 3, m = I ,  2, . . . ,  M M .  T h e  r e s u l t s  of  t h i s  c a l c u l a t i o n  a r e  
p r i n t e d  on ou tpu t  d a t a  P A G E  6 in  A p p e n d i x  I I I .  

SECTION III 
DESCRIPTION OF INPUT DATA 

T h e  inpu t  d a t a  n e c e s s a r y  f o r  t h e  o p e r a t i o n  of  t h e  c o m p u t e r  p r o g r a m  
a r e ,  b a s i c a l l y ,  an  a n a l y t i c a l  d e s c r i p t i o n  of  t h e  r o t o r ,  t h e  l o c a t i o n s  of  
m e a s u r i n g  p o s i t i o n s ,  a s  w e l l  a s  t h e  a c t u a l  m e a s u r e m e n t s  t a k e n .  T h e  
m e a s u r e m e n t  d a t a  m a y  be  e n t e r e d  in  one  of  t w o  w a y s :  (1) l i s t i n g  of a l l  
m e a s u r e m e n t s  o r  (2) t h r o u g h  the  u s e  of  d a t a  a r r a y s  p r o d u c e d  f r o m  t h e  
d a t a  r e d u c t i o n  p r o g r a m  f o r  t h e  s u p e r s o n i c  c o m p r e s s o r  t e s t  p r o g r a m .  
If the measurements are listed, the values entered must represent the 
time average values of the measured flow properties at each measuring 
station. When the data arrays are entered, the program handles the 
simple averaging process where necessary. 
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F o r  the  use  of th i s  p r o g r a m  it is i m p l i c i t l y  a s s u m e d  tha t  ou t le t  r a k e  
m e a s u r e m e n t s  and t r a v e r s e  m e a s u r e m e n t s  i nvo lv ing  5 and 11 r a d i a l  
p o s i t i o n s  a r e  l o c a t e d  at the  s a m e  p lane .  F u r t h e r m o r e ,  the  t r a v e r s e  of 
13 r a d i a l  p o s i t i o n s  m a y  be l o c a t e d  in an ax i a l  l o c a t i o n  d i f f e r e n t  f r o m  
the  p l ane  of the  r a k e  m e a s u r e m e n t s  (and t r a v e r s e  of 5 and 11 r a d i a l  
p o s i t i o n s ) .  S a m p l e  c a r d  f o r m a t s  for  input  da ta  a r e  g iven  in Append ix  III .  

3.1 GROUP DATA 

The  c l a s s i f i c a t i o n  of g r o u p  da t a  i n c l u d e s  the  a n a l y t i c a l  d e s c r i p t i o n  
of the  r o t o r ,  s o m e  a s s u m p t i o n s  on the  b e h a v i o r  of the  flow m o d e l ,  and 
the  l o c a t i o n s  of the m e a s u r e m e n t  s t a t i o n s  in e a c h  m e a s u r i n g  p l ane .  
Th i s  da ta  m u s t  be e n t e r e d  for  e a c h  d i f f e r e n t  r o t o r  c o n f i g u r a t i o n ,  but 
t hey  a r e  r e q u i r e d  only  once  for  e a c h  r o t o r  c o n f i g u r a t i o n .  

The  c a r d s  a r e  n u m b e r e d  be low wi th  the  c o m p u t e r  f o r m a t ;  the  
n a m e s  of the  v a r i a b l e s  a r e  g iven  a long  wi th  t h e i r  d e s c r i p t i o n .  E v e r y  
c a r d  m u s t  be e n t e r e d  in the  o r d e r  g iven .  

CARD I. 

IPRNT 

HEAD 1 

I P R N T ,  HEAD 1 F O R M A T  (113, 19A4) 

= 0, s top  c o m p u t a t i o n ;  t h e r e f o r e  a b l ank  c a r d  m u s t  b~ 
p l a c e d  at the end of a l l  input  da ta .  

= 1 for  c o m p l e t e  p r i n t  out of the  s t e p  by s t e p  c o m p u -  
t a t ion .  

= 2 for  input  and output  t a b l e s  on ly  ( s e e  d e s c r i p t i o n  of 
Output  Data ,  S e c t i o n  IV}. 

An i d e n t i f i c a t i o n  of the  r o t o r  c o n f i g u r a t i o n .  T h e r e  
a r e  76 s p a c e s  a l l o w e d .  

CARD 2. 

MX 

IX 

R F  

NB 

MX, IX, RF ,  NB F O R M A T  (213, 1E12.4,  115) 

N u m b e r  of s e t s  c o n t a i n e d  in the  g r o u p .  ~P~,~g I,,~.~ 

= 0 if a s t a t i c  p r e s s u r e  tap  is l o c a t e d  on the  c o m p r e s -  
s o r  c a s i n g  (tip) at the  r o t o r  t r a i l i n g  edge .  

= 1 if no s t a t i c  p r e s s u r e  tap  is l o c a t e d  at the  r o t o r  
t r a i l i n g  edge .  

R e c o v e r y  f a c t o r  for  the  t e m p e r a t u r e  p r o b e s .  

N u m b e r  of b l a d e s  on the  r o t o r .  
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CA RD 3. 

Rlt 

R l h  

R2t 

R2h 

R3t 

R3h 

CARD 4. 

Ai 

CARD 5. 

Bi  

R l t ,  

Ai 

Bi 

Rlh ,  R2t, 

Radius  of 
in le t  flow 

Radius  of 
in le t  flow 

R2h, R3t, R3h FORMAT (6E12.4} 

the c o m p r e s s o r  c a s i n g  (tip) at the  p lane  of 
m e a s u r e m e n t s .  ( i n . )  

the c o m p r e s s o r  hub wal l  at the  p lane  of the  
m e a s u r e m e n t s .  ( i n . )  

Radius  of the c o m p r e s s o r  c a s i n g  at the  p lane  of the  
out le t  t r a v e r s e  flow m e a s u r e m e n t s .  ( i n . )  

Radius  of the  c o m p r e s s o r  hub wal l  at the  p lane  of the  
out le t  t r a v e r s e  flow m e a s u r e m e n t s .  (in.  } 

Radius  of the  c o m p r e s s o r  c a s i n g  at the  p lane  of the  
out le t  r a k e  flow m e a s u r e m e n t s .  Th i s  va lue  m u s t  be 
e n t e r e d  only i f R 2 t  ~ R3t o r  R2h ~ R3h; i. e . ,  only  if  
e i t h e r  or  both the  annulus  wa l l s  c o n v e r g e  o r  d i v e r g e .  
(in.) 

Radius of the compressor hub wall at the plane of the 
outlet rake flow measurements. This value must be 
e n t e r e d  only i f R 2 t  ~ R3t o r  R2h ~ R3h; i. e . ,  only  if  
e i t h e r  o r  both the  annulus  wal l s  c o n v e r g e  o r  d i v e r g e  
at out le t .  ( i n . )  

FORMAT ( 6 E 1 2 . 3 )  

C o e f f i c i e n t s  of a c u r v e  d e s c r i b i n g  the  in le t  r o t o r  b lade  
angle  ~'1 in r a d i a n s  as a funct ion  of r a d i u s  f r o m  the  axis  

in the  f o r m  

. A~ A 2 
= ~ + ~ + A ~  - A 4 r  * A s r  2 + a r c t a n  ( A s r )  

r 2 r 

If any of the  coe f f i c i en t s  a r e  z e r o ,  the  p r o p e r  12 s p a c e s  
r e q u i r e d  by the  f o r m a t  m a y  be lef t  b lank.  

FORMAT (5E12 .3 )  

Coe f f i c i en t s  of a c u r v e  d e s c r i b i n g  the  s u c t i o n  s u r f a c e  
expans ion  ¢SS as a func t ion  of r a d i u s  f r o m  l e a d i n g  edge  

to p a s s a g e  e n t r a n c e  in r a d i a n s .  C o e f f i c i e n t s  a r e  
e n t e r e d  for a c u r v e  of the  f o r m  

8 ,  B 2 
~ S S  = 7 - - +  ~ r  + B, + B4r 4 Bsr 2 

If any of the  c o e f f i c i e n t s  a r e  z e r o ,  the  p r o p e r  12 s p a c e s  
r e q u i r e d  by the  f o r m a t  may  be lef t  b lank.  
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C A R D  6. 

C1 

C2  

C A R D  7. 

Di 

CARD 8. 

E i 

CARD 9. 

Fi 

C A R D  I0. 

X l i  

Xli 

C I, C 2 FORMAT (2E12.3) 

Passage shock loss adjustment coefficient. (0.9 is 
s u g g e s t e d .  S e e  E q .  (44))  

N o r m a l  s h o c k  s t a t i c  p r e s s u r e  r i s e  a d j f ~ s t m e n t  c o e f f i -  
c i e n t .  ( S e e  E q .  (45))  

D i F O R M A T  ( 6 E 1 2 . 3 )  
/ 

C o e f f i c i e n t s  to  d e s c r i b e  t h e  e x i t  b l a d e  a n g l e  /3 E in  

r a d i a n s  a s  a f u n c t i o n  of  r a d i u s .  T h e  a s s u m e d  f o r m  i s  

• I} 1 D 2 
f l  E = ~ + - - r  + D~ - D4r + Ds r = + arc:tan (Dd') 

I f  an:>, of  t h e  c o e f f i c i e n t s  a r e  z e r o ,  t h e  p r o p e r  
12 s p a c e s  r e q u i r e d  by t h e  f o r m a t  m a y  be  l e f t  b l a n k .  

E i F O R M A T  ( 5 E 1 2 . 3 )  

C o e f f i c i e n t s  of  t h e  c u r v e  to  d e s c r i b e  t h e  b l a d e  t r a i l i n g  
e d g e  t h i c k n e s s ,  t h ,  a s  a f u n c t i o n  of  r a d i u s .  C o e f f i c i e n t s  
a r e  e n t e r e d  f o r  a c u r v e  of  t h e  f o r m  

I'; L b: 2 
th . . . .  + E, - E4r -~ E s r  z 

r 2 r 

I f  a n y  o f  t h e  c o e f f i c i e n t s  a r e  z e r o ,  t h e  p r o p e r  
12 s p a c e s  r e q u i r e d  by  t h e  f o r m a t  m a y  be  l e f t  b l a n k .  

F i F O R M A T  ( 5 E 1 2 . 3 )  

C o e f f i c i e n t s  o f  t h e  c u r v e  t o  d e s c r i b e  t h e  b l a d e  
s o l i d i t y ,  a, a s  a f u n c t i o n  of  r a d i u s  in  t h e  f o r m  

F L F= 
a = - - +  - - - '  F s  + F , r  + F s r  = 

? r 

I f  a n y  of  t h e  c o e f f i c i e n t s  a r e  z e r o ,  t h e  p r o p e r  
12 s p a c e s  r e q u i r e d  by t h e  f o r m a t  m a y  be  l e f t  b l a n k .  

F O R M A T  ( 5 E 1 2 . 3 )  

F r a c t i o n a l  p a r t  of  a n n u l u s  h e i g h t  l o c a t i n g  p o s i t i o n s  of  
i n l e t  f low m e a s u r e m e n t s .  L i s t i n g  i s  m a d e  f r o m  
c a s i n g  to  hub ,  i .  e . ,  d e c r e a s i n g  a n n u l u s  h e i g h t .  O n l y  
5 a r e  e n t e r e d .  
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CARD 1 i .  

X52i  

CARD 12, 

X l l 2 i  

CARD 15, 

X132 i 

CARD 18. 

X3i  

CARD 19. 

Z i  

CARD 20. 

Rt i  

X52i  F O R M A T  ( 5 E 1 2 . 3 )  

F r a c t i o n a l  pa r t  of annu lus  he igh t  l o c a t i n g  t r a v e r s e  
flow m e a s u r e m e n t s  for  ou t le t  when 5 p o s i t i o n s  a r e  
r e c o r d e d .  L i s t i n g  is e n t e r e d  f r o m  c a s i n g  to hub, i. e . ,  
d e c r e a s i n g  annu lus  he igh t .  

13, 14. X l l 2 i  F O R M A T  (5E12 .3 )  

F r a c t i o n a l  p a r t  of annu lus  he igh t  l o c a t i n g  t r a v e r s e  
flow m e a s u r e m e n t s  for  ou t le t  when  11 p o s i t i o n s  a r e  
r e c o r d e d .  L i s t i n g  is  e n t e r e d  f r o m  c a s i n g  to hub, i. e . ,  
d e c r e a s i n g  annu lus  he igh t .  

16, 17. X132i  F O R M A T  (5E12 .3 )  

F r a c t i o n a l  pa r t  of annu lus  he igh t  l o c a t i n g  t r a v e r s e  
flow m e a s u r e m e n t s  for  ou t l e t  when  13 p o s i t i o n s  a r e  
r e c o r d e d .  L i s t i n g  is  e n t e r e d  f r o m  c a s i n g  to hub, 
i. e . ,  d e c r e a s i n g  annu lus  he igh t .  

X3i F O R M A T  ( 5 E 1 2 . 3 )  

F r a c t i o n a l  p a r t  of annu lus  he igh t  l o c a t i n g  r a k e  flow 
m e a s u r e m e n t s  for  out le t .  Only  5 a r e  e n t e r e d .  L i s t -  
ing is  m a d e  f r o m  c a s i n g  to hub, i. e . ,  d e c r e a s i n g  
annu lus  he igh t .  

Z i  F O R M A T  ( 7 E l l .  4) 

A x i a l  p o s i t i o n  of the  t r a i l i n g  edge  of the  r o t o r  and the  
wa l l  s t a t i c  p r e s s u r e  t aps  be tween  the t r a i l i n g  edge  
and the  p l ane  of the  d o w n s t r e a m  r a k e  m e a s u r e m e n t s ,  
i n c l u s i v e .  The  l i s t i n g  is  e n t e r e d  in s u c c e s s i v e  o r d e r .  
A m a x i m u m  of 7 m a y  be e n t e r e d .  If  t h e r e  a r e  l e s s  
than  s e v e n  v a l u e s ,  s p a c e s  a r e  f i l l ed  un t i l  the  r e q u i r e d  
n u m b e r  has  been  e n t e r e d  and b lank  s p a c e s  a r e  le f t  at  
the  end of the  c a r d .  ( i n . )  

Rti FORMAT (7E11.4) 

Radii of the casing walls at each axial position cor- 
responding to the static taps as mentioned on 

CARD 19. This card is entered blank if Rti is con- 
stant since this value has been entered on CARD 3. 
(in.) 
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CARD 21. 

Rhi  

Rhi  F O R M A T  ( 7E 11.4)  

Rad i i  of the  hub wal l  at  e a c h  ax i a l  p o s i t i o n  c o r r e s p o n d -  
ing to the  s t a t i c  t aps  as  m e n t i o n e d  on CARD 19. T h i s  
c a r d  is e n t e r e d  b lank  if Rh is c o n s t a n t  s i n c e  th i s  v a l u e  
has  been  e n t e r e d  on CARD 3. ( i n . )  

3.2 SET DATA 

One c a r d  is r e q u i r e d  to g ive  the  n u m b e r  of s u b s e t s  i n c l u d e d  in the  
se t  and to a l low n a m i n g  of the  s e t .  A se t  is  u s u a l l y  i n t e r p r e t e d  as the  
da ta  r e q u i r e d  to p r o d u c e  a c o n s t a n t  r o t o r - s p e e d  o p e r a t i o n  c h a r a c t e r -  
i s t i c .  The  c a r d  is p l a c e d  b e f o r e  the  s u b s e t  da ta  i n c l u d e d  in tha t  s e t .  

CARD 22. 

ISTART 

HEAD 2 

ISTART,  HEAD 2 F O R M A T  (113, 19A4) 

N u m b e r  of s u b s e t s  i n c l u d e d  in the  s e t .  

An i d e n t i f i c a t i o n  of the  s e t .  T h e r e  a r e  76 s p a c e s  
a l l owed .  

3.3 SUBSET DATA 

This  c l a s s i f i c a t i o n  of da ta  i n c l u d e s  the  a c t u a l  f low m e a s u r e m e n t s .  
The  da ta  m a y  be e n t e r e d  in a l t e r n a t i v e  m e t h o d s  d e p e n d i n g  on w h e t h e r  
d a t a  a r e  to be l i s t e d  in full  o r  a d v a n t a g e  is t a k e n  of the  da t a  a r r a y s  ou t -  
put by a da t a  r e d u c t i o n  p r o g r a m  for  the  s u p e r s o n i c  c o m p r e s s o r  t e s t  
f a c i l i t y .  A m a x i m u m  of 12 s u b s e t s  m a y  be i n c l u d e d  wi th  e a c h  s e t .  

CARD 23. 

HEAD 3 

HEAD 3 

An i d e n t i f i c a t i o n  of the s u b s e t .  
a l l owed .  

F O R M A T  (20A4) 

T h e r e  a r e  80 s p a c e s  

CARD 24. 

NN 

MM 

I P T  

NN, MM, I P T ,  INP ,  R P M  F O R M A T  (413, 1E12.4) 

N u m b e r  of m e a s u r i n g  s t a t i o n s  at the  ou t le t  t r a v e r s e  
m e a s u r i n g  p l ane .  

N u m b e r  of s t r e a m t u b e s  sought ;  t h e r e  m a y  be a m a x i -  
m u m  of 10. 

= 0 if  no p lo ts  a r e  d e s i r e d .  

= 1 if  only  p r e s s u r e  l o s s  p lo ts  a r e  d e s i r e d .  

= 2 if on ly  v e l o c i t y  r a t i o  p lots  a r e  d e s i r e d .  

= 3 if both v e l o c i t y  r a t i o  and p r e s s u r e  l o s s  p lo ts  a r e  
d e s i r e d .  
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CARD 24. (Cont inued)  

INP = 0 if input  is  by da ta  a r r a y  t r a n s l a t i o n ;  CARDS 41 
t h r o u g h  46 a r e  expec t ed  to be supp l i ed  for  each  s u b s e t .  

= 1 if input  is  by a ful l  l i s t i n g  of a v e r a g e d  da ta ;  
CARDS 25 t h r o u g h  40 a r e  expec t ed  for  each  s u b s e t .  

R P M  Whee l  r o t a t i o n s  p e r  m inu t e ;  e n t e r e d  only  if  I N P  = 1. 

CARDS 25 t h r o u g h  40 a r e  expec t ed  if  INP  = 1. 

CARD 25. 

P l t  

P l h  

P2t 

P2h 

P3t 

P3h 

P l t '  P lh ,  P2t, P2h, P3t, P3h F O R M A T  ( 6 E 1 2 . 4 )  

S ta t i c  p r e s s u r e  at o u t e r  c a s i n g  at the  in l e t  m e a s u r i n g  
p lane .  ( l b f / i n .  2) 

S ta t i c  p r e s s u r e  at i n n e r  c a s i n g  at the  in l e t  m e a s u r i n g  
p lane .  ( l b f / i n .  2) 

S ta t i c  p r e s s u r e  at o u t e r  c a s i n g  for  the  ou t l e t  t r a v e r s e  
m e a s u r i n g  p lane .  ( l b f / i n .  2) 

S ta t i c  p r e s s u r e  at i n n e r  c a s i n g  for  the  ou t le t  t r a v e r s e  
m e a s u r i n g  p lane .  ( l b f / i n .  2) 

S ta t i c  p r e s s u r e  at ou t e r  c a s i n g  for  the  ou t le t  r a k e  
m e a s u r i n g  p lane .  If  the  out le t  t r a v e r s e  and r a k e  
m e a s u r e m e n t s  a r e  m a d e  at the  s a m e  p lane ,  t h i s  v a l u e  
is  not e n t e r e d .  ( l [~ / i n .  2) 

S ta t i c  p r e s s u r e  at i n n e r  c a s i n g  for  the  ou t le t  r a k e  
m e a s u r i n g  p lane .  If the  ou t le t  t r a v e r s e  and r a k e  
m e a s u r e m e n t s  a r e  m a d e  at the  s a m e  p lane ,  t h i s  
va lue  is  not e n t e r e d .  ( l b f / in .2 )  

CARD 26. 

Pt i  

Pti F O R M A T  ( 7 E l l .  5) 

O u t e r  c a s i n g  s t a t i c  p r e s s u r e  e n t e r e d  in a m a n n e r  c o r -  
r e s p o n d i n g  to the  Z ' s  of GROUP DATA CARD 19. 
L e a v e  b lanks  for  u n m e a s u r e d  v a l u e s .  ( l b f / i n .  2) 

CARD 27. 

Phi  

Phi F O R M A T  (7Eli. 5) 

Inner casing static pressures entered in a manner cor- 
responding to the Z's of GROUP DATA CARD 19. 
Leave blanks for unmeasured values. (Ibf/in. 2) 

CARD 28. 

P l i  

P l i  

Inlet t o t a l  p r e s s u r e .  ( i b f / i n .  2) 

FORMAT (5E12.3) 
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CARD 29 (30, 

P2 i  

CARD 32. 

P3 i  

CARD 33. 

T l i  

CA.RD 34. 

T2i  

CARD 35. 

T3i  

CARD 36. 

a l i  

CARD 37 (38, 

a2 i  

CARD 40. 

a3 i  

31) 

39) 

P2 i  FORMAT ( 5 E 1 2 . 3 )  

Out le t  t r a v e r s e  to ta l  p r e s s u r e .  If  NN = 5, one  c a r d  
is su f f i c i en t ;  if NN = 11 o r  13, t h r e e  c a r d s  a r e  r e -  
q u i r e d .  ( l b f / i n .  2) 

P3 i  

Outlet r a k e  to t a l  p r e s s u r e .  

T l i  

In le t  t o t a l  t e m p e r a t u r e .  (°F) 

T2i 

Outlet traverse total temperature. 

T3i 

Outlet rake total temperature. 

FORMAT (5E 12.3) 

( l b f / i n .  2) 

FORMAT ( 5 E 1 2 . 3 )  

FORMAT ( 5 E 1 2 . 3 )  

(@F) 

FORMAT (5E 12.3) 

(°F) 

FORMAT ( 5 E 1 2 . 3 )  

In le t  abso lu t e  flow ang le  in d e g r e e s .  

~2i FORMAT (5E12 .3 )  

Out le t  t r a v e r s e  abso lu t e  flow ang le  in d e g r e e s .  If  
NN = 5, one c a r d  is su f f i c i en t ;  if  NN = 11 o r  13, 
t h r e e  c a r d s  a r e  n e c e s s a r y .  

a3 i  FORMAT (5E12.3}  

Out le t  r a k e  abso lu t e  flow ang le  in d e g r e e s .  Th i s  c a r d  
m u s t  be s u p p l i e d  only if  NN = 13 (CARD 24). 

CARDS 41 t h rough  46 a r e  e x p e c t e d  if INP  of CARD 24 equa l s  z e r o .  

CARD 41. 

a3 i  

a3i  FORMAT ( 5 E 1 2 . 3 )  

A b s o l u t e  flow a n g l e s  in d e g r e e s  for  the  r a k e  m e a s u r e -  
m e n t s .  Th is  c a r d  m u s t  be e n t e r e d  only  if  NN = 13; 
i.  e . ,  i f N N  = 13 (CARD 24). 

CARD 42. 

Pti 
P t i  FORMAT ( 5 E 1 2 . 3 )  

T r a v e r s e  to ta l  p r e s s u r e s  n e a r  the  o u t e r  c a s i n g .  Th i s  
• c a r d  is  n e c e s s a r y  only if NN = 11 o r  13. B e g i n  l i s t i n g  
wi th  the  m e a s u r e m e n t  n e a r e s t  the  o u t e r  c a s ing .  
( Ib f / in .  2) 
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CARD 43. 

Phi 

P h i  F O R M A T  ( 5 E 1 2 . 3 )  

T r a v e r s e  to ta l  p r e s s u r e s  n e a r  i n n e r  c a s i n g .  Th i s  
c a r d  is n e c e s s a r y  only  if NN = 11 o r  13. Beg in  l i s t -  
ing with  the  m e a s u r e m e n t  n e a r e s t  the  m a i n s t r e a m  
v a l u e s .  ( l b f / i n .  2) 

CARD 44. 

~ti 

a t i  F O R M A T  ( 5 E 1 2 . 3 )  

T r a v e r s e  a b s o l u t e  flow ang l e s  in d e g r e e s  n e a r e s t  
o u t e r  c a s i n g .  Th i s  c a r d  is n e c e s s a r y  only  if NN = 11 
o r  13. B e g i n  l i s t i n g  with m e a s u r e m e n t s  n e a r e s t  the  
o u t e r  c a s i n g .  

CARD 45. 

ah i  

ah i  F O R M A T  ( 5 E 1 2 . 3 )  

T r a v e r s e  a b s o l u t e  flow ang le  in d e g r e e s  n e a r  i n n e r  
c a s i n g .  Th i s  c a r d  is n e c e s s a r y  only  if NN = 11 o r  13. 
B e g i n  l i s t i n g  wi th  m e a s u r e m e n t  n e a r e s t  the  m a i n -  
s t r e a m  v a l u e s .  

A r r a n g e m e n t  of the m e a s u r e d  v a l u e s  fo r  CARDS 42 t h r o u g h  45 a r e  
e n t e r e d  in s u c h  a m a n n e r  tha t  the m a i n s t r e a m  m e a s u r e m e n t s  in the  
da t a  a r r a y s  m a y  be p l a c e d  in b e t w e e n  t h e s e  v a l u e s .  

CARD 46. 

NX 

COR(NX) 

M 

NX, COR(NX), M F O R M A T  (5(113, 1 E ] 2 . 3 ) ,  115) 

C h a n n e l  n u m b e r  to be c o r r e c t e d .  

C o r r e c t i o n  to be s u b s t i t u t e d  in c h a n n e l  NX. 

= 0 if 5 c o r r e c t i o n s  a r e  su f f i c i en t ;  i. e . ,  one c a r d .  

= 1 if a n o t h e r  c a r d  of c o r r e c t i o n s  is n e c e s s a r y .  

CARD 46 m a y  be e n t e r e d  w h e n e v e r  da t a  a r r a y s  a r e  s u p p l i e d .  Th i s  
a l lows  s u b s t i t u t i o n  for  i n c o r r e c t  v a l u e s  in the  da ta  a r r a y s .  The  c a r d  
m u s t  be e n t e r e d  b lank  if t h e r e  a r e  no c o r r e c t i o n s .  

The  c o m p l e t e  p r o g r a m  is a c t u a l l y  d iv ided  into  two m a i n  s e c t i o n s ;  
the  f i r s t  s i m p l y  p r e p a r e s  the  da ta  for  e n t r y  into  the  m a i n  c a l c u l a t i o n s  
d e s c r i b e d  in S e c t i o n  II.  In the  p r o c e s s  the p r e p a r e d  da ta  a r e  s t o r e d  on 
t ape  and t h e r e  ex i s t s  the  opt ion of r e c a l l i n g  th i s  t ape  to run  the  s e c o n d  
p a r t  of the  p r o g r a m  i n d e p e n d e n t  of the  f i r s t  to ob ta in  a d i f f e r e n t  output .  
Th i s  op t ion  is c o n t r o l l e d  by the  fo l lowing  two c a r d s .  
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CARD 47. I T A P E  FORMAT (113) 

I T A P E  = 1 if input  to s e c o n d  pa r t  is by c a r d s :  

= 2 if input  to s e c o n d  p a r t  is by tape .  

CARD 48. IPRNT FORMAT ,(113) 
IPRNT = 0 to s top  compu ta t i on .  

= 1 for  c o m p l e t e  p r in tou t  of s t e p  by s t e p  compu ta t i on .  

= 2 for  input and output t a b l e s  only.  

This  opt ion  is use fu l  in t r a c i n g  e r r o r s .  CARD 48 s u p e r c e d e s  the  
IPRNT of CARD 1. T h e s e  two c a r d s  a r e  e n t e r e d  once ,  and a b lank  c a r d  
fol lows to i n d i c a t e  p r o g r a m  c o m p l e t i o n .  

SECTION IV 
DESCRIPTION OF THE OUTPUT DATA 

The output of th is  p r o g r a m  m a y  inc lude  

1. a. R e s u l t s  of s t ep  by s t ep  c a l c u l a t i o n s ,  o r  

b. Six pages  s u m m a r i z i n g  the  m a i n  r e s u l t s .  

2. Graphs  p r e p a r e d  on a C a l c o m p  p l o t t e r  for :  

a. The  r a t i o  of the ax ia l  and t a n g e n t i a l  c o m p o n e n t s  of the  ab-  
so lu t e  v e l o c i t y  d o w n s t r e a m  of the  r o t o r  to the  m a x i m u m  
axia l  v e l o c i t y  in funct ion  of annulus  he igh t ,  o r  

b. The  c o m p o s i t i o n  of the  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s  
a c c o r d i n g  to the  flow m o d e l  in func t ion  of annulus  he igh t ,  
o r  both.  

In the  fo l lowing  pages  a b r i e f  d e s c r i p t i o n  of I t e m  1. b. wi l l  be p r e -  
s e n t e d .  An e x a m p l e  of th is  output is shown in Append ix  III. The  r e s u l t s  
of the  s t ep  by s t e p  c a l c u l a t i o n s  w e r e  u s e d  for  checkou t  p u r p o s e s  and 
con t inue  to be he lpfu l  in l o c a t i n g  e r r o r s  in input  data;  h o w e v e r ,  d e t a i l e d  
d e s c r i p t i o n  is u n n e c e s s a r y .  E x a m p l e s  of the  g r a p h s  a r e  shown  in F ig .  2. 

Output da ta  PAGE 1 p r e s e n t s  a b r i e f  s u m m a r y  of the  p r o g r a m  input  
data .  

Output data PAGE 2 presents the calculated boundaries and centers 
of the MM streamtubes for each measuring plane. These are presented 
both as the fractional part of annulus height and the radius in inches 
from the compressor axis. 
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Output da ta  PAGE 3 p r e s e n t s  a s u m m a r y  of the  m a s s - a v e r a g e d  
v a l u e s  of the  s t r e a m t u b e  flow v a r i a b l e s  in the  a b s o l u t e  c o o r d i n a t e  s y s -  
t e m  for  e a c h  of the  m e a s u r i n g  p l anes .  S t r e a m t u b e s  a r e  n u m b e r e d  f r o m  
t ip to hub in the  f i r s t  co lumn .  The  s e c o n d  c o l u m n  r e p e a t s  the  s t r e a m -  
tube c e n t e r  in the  f r a c t i o n a l  pa r t  of the  annulus  he igh t .  The  m a s s -  
a v e r a g e d  va lues  of to ta l  p r e s s u r e  in uni ts  of l b f / i n .  2 a r e  p r e s e n t e d  in 
the  t h i r d  co lumn .  S i m i l a r l y ,  the  four th  c o l u m n  p r e s e n t s  s t a t i c  p r e s s u r e  
in uni ts  of l b f / i n .  2; the  fifth co lumn,  to t a l  t e m p e r a t u r e ,  in °R; the  s ix th  
co lumn,  abso lu t e  flow angle ,  in d e g r e e s .  The  o n e - d i m e n s i o n a l  a v e r a g e  
in each  m e a s u r i n g  p lane  is a l so  p r e s e n t e d  for  the  flow v a r i a b l e s .  

Output data  PAGE 4 p r e s e n t s  s o m e  of the  m a i n  c a l c u l a t e d  flow c o n -  
d i t ions  and t h e i r  o n e - d i m e n s i o n a l  a v e r a g e s .  The  f i r s t  and s e c o n d  
c o l u m n s  aga in  p r e s e n t  s t r e a m t u b e  n u m b e r  and the  l o c a t i o n  of the  
s t r e a m t u b e  c e n t e r  in the  f r a c t i o n a l  p a r t  of annulus  he igh t .  The  t h i r d  
and four th  c o l u m n s  p r e s e n t  the  s t r e a m t u b e  abso lu t e  NIach n u m b e r  and 
the  r e l a t i v e  NIach n u m b e r ,  r e s p e c t i v e l y .  The  fif th c o l u m n  p r e s e n t s  
the  s t r e a m t u b e  a b s o l u t e  to ta l  en tha lpy  in uni ts  of B t u / l b m .  The  s ix th  
c o l u m n  p r e s e n t s  the  r e l a t i v e  flow angle  at each  of the  m e a s u r i n g  p l anes  
in d e g r e e s .  The  s e v e n t h  c o l u m n  p r e s e n t s  the  b lade  angle  in d e g r e e s  
c a l c u l a t e d  at the  r a d i u s  of the  s t r e a m t u b e  c e n t e r .  The  e igh th  c o l u m n  
p r e s e n t s  the  r e l a t i v e  to ta l  p r e s s u r e  in l b f / i n . 2 ;  the  n in th  co lumn ,  the  
r e l a t i v e  to ta l  t e m p e r a t u r e  in °R. 

Output da ta  PAGE 5 p r e s e n t s  the  to t a l  i n t e g r a t e d  m a s s  flow in 
l b m / s e c  at each  m e a s u r i n g  p lane  a long wi th  the  e s t i m a t e d  p e r c e n t a g e  
e r r o r  in d e t e r m i n i n g  s t r e a m t u b e  bounda ry  and c e n t e r  l oca t i on .  It p r e -  
s e n t s  the  c a l c u l a t i o n s  exh ib i t ing  the  b a l a n c e  of the  e n e r g y  equa t ion ,  
v a r i o u s  c a l c u l a t e d  va lues  of s t a t i c  and to ta l  p r e s s u r e  at the  r o t o r  t r a i l -  
ing edge,  the  r e s u l t s  of the  b lockage  fac to r  ca l cu l a t i on ,  and the  s t r e a m -  
tube  a r e a  r a t i o  f r o m  the  sudden  e x p a n s i o n  c a l c u l a t i o n s .  

Output da ta  PAGE 6 p r e s e n t s  the p r i n c i p a l  r e s u l t s  of the  s t r e a m -  
tube  c a l c u l a t i o n s  and g e n e r a l l y  i nvo lves  the  use  of m e a s u r e d  da ta  up-  
s t r e a m  and d o w n s t r e a m  of the  whee l .  In add i t ion  to the  s t r e a m t u b e  
n u m b e r  as a r e f e r e n c e ,  p r e s e n t e d  a r e  the  s t r e a m t u b e  a v e r a g e  and the  
o n e - d i m e n s i o n a l  a v e r a g e  of the  abso lu t e  to ta l  p r e s s u r e  r a t io ,  ad i aba t i c  
e f f i c i ency ,  the  o v e r a l l  r e l a t i v e  to ta l  p r e s s u r e  l o s s  coe f f i c i en t ,  the  
p a s s a g e  e n t r a n c e  Mach  n u m b e r ,  the  p a s s a g e  s h o c k  l o s s  b a s e d  on th i s  
NIach n u m b e r ,  the  l o s s  in r e l a t i v e  to ta l  p r e s s u r e  a t t r i b u t a b l e  to s u d d e n  
expans ion ,  the  c a l c u l a t e d  ( a r i t h m e t i c a l l y )  p r o f i l e  l o s s ,  the  p r o f i l e  l o s s  
p a r a m e t e r ,  and the  d i f fus ion  f ac to r .  

C o m p u t a t i o n  t i m e  for  one c a s e  is  a p p r o x i m a t e l y  two m i n u t e s .  
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IDlZm GROUP I I.ON H|N EI41OITING OUTPUT FISq S S ~  MEN 1804 

• -Sz~D( I.OS 
X ,~JOODI E ~ l m  U l l  

TRAVERSE DATA . ~ LeSS 

c.,o 
co 

I--. 

Ii, m q  

t.z,I 
"1- 

ft . .  

0.(30 
! 

O. 10 0.20 

Pl~q~ ILE LOSS 

t" ! ' ' !  I 1, . I ! J 
0 . ~  0 . ~  O.W O.m 0 . ~  L M  L W  I . ~  
TOT~ PRESSURE LOSS C~FFIC]ENT 

Fig. 2 Continued 
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BRERKDOklN OF TOTRL PRESSURE. LOSS 

U ~ $ 1  ~ ~ I m E ~ F ~ O I B  

x , I  [ ~ l m  
RAKE DRTR . .evB~ L I  

rlrl 

.n 
-4 

& 

c,o 

t-.- 

LU~ 
n 

0 
O.W 0.10 

I" 
0 . ~  

. . . .  LE LOSS 

I ! I I - I " I I J 
0.30 O0W ~ O.W O . l  O.W I . I  I . I  

TOT~ PRESSURE LOSS COEFFICIENT 

Fig. 2 Continued 



TEST CRSES FOR 5TRERMTUBE PROGRRH 
FROH RUN 011 11 O09Y SELECIED EXI~PI.ES FOR lEST .CRSB 

OATA GliOUP 2 1.001 ~ [IOglBITING OUTPUT FOB I0 SWlEllJmJm~ N Ull-II 

• = TimIG VEL 
• • m l I L  I L  

miw. Bml  
HI~. m l L I E L e ~ I . I ~  

nlIE U~III 
A I IL  ~ -111.ll 

01 

t ! 

i \ ~ t  \ 

o.m i.; ~.w o.oo o.w o.eo 
V/vr~N^ mira,. V/VHRX m l ~  

I . a  

Fig. 2 Continued 

1.60 m 
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,n 
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~o 
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BRERKOOHNOF TOTRL PRESSURE LOSS 
lEST ~ FOR SlrllEIINIWE 

F I~  PUi CII 31 0091 SB,,F.CTEO IEXImPt, ES FOB 1ESlr OliSES 
ORTR MOUP 2 I.ON ItqX EXNIII|TING O, JITI'Ul' r l l  I0 SI~IIIITWES ~ I b l l  

m 

I , , )  

TRRVERSE DRTR 
A - ~ L O m  
X - N X ~  Em~ll61111LIIll 

0") 

W 

d 
0.00 0 . I0  

| =1 

OJO 

IF ILE LOSS 

I I I ' ! ' '  " ; ' 
0.30 O.qO 0.50 0.80 0.10 1t.80 

TOTRL PRESSURE LOSS COEFFICIENT 

| i , Q 

O.W I . R  

F i g .  2 Cont inued 



BRERKDONN OF TOTRL PRESSURE LOSS 
IIEslr clqsEs FoR $ l ~ A m l ~  

FIMM NUN ¢M $100gq SSJEC~:'O I ~  FlflM lrL~r CMEM 
IlMfM GROUP 2 I.ON I1~ IrlO411JlTl~ ~ F ~  I0 STRFJIIIWM~ IJIEN D I M  

A .SMOCK L0m 
X -SU00~ E~mstm urns 

RRKE DRTR + ~ um 

CO 

~ j  

= i  

I - -  
Z 
i . i  

m:l+ LIJ 

O.W O. I0 0 . ~  

FILE LOSS 

I , .I J I " t I ! , 1 
0.30 0 . ~  O.W O.W 0 . ~  O,W O . I  I . I  
TOTRL PRESSURE LOSS COEFFICIENT 

Fig. 2 Continued 
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TEST CR$E5 FOR 5TRERMTUBE PROGRRH 
FlU RUN 011 31 00911 SEI..£C11U) EXANq.ES Irm lk'ST 

B~TR GROUP I 1.0N ~ (XNilIITilIF~ OUTPUT ~ S STIqEIIIItlAES mIEN NIb, m 

A w l r l ~  I L  
• " I1111¢ 

I"11 

i 
-4 
~O 
& 

t ~  

11VW. 8AIII 
I ~ .  m i l l  ~ 4 " ~ 1 ~  

I v ~  811m 
IIIIL tO. o ' R L M  

CO 

| 

+, 
C~ 

Z 
Z 
13: 

Z 
t4.l 
C.) 
n -  
ILl ~ d  

O 
-o.qo 

t 

t 

J d ,g 

v / v ~  = = L  ° 'm ,.=o i .m o .=  o.,= 0.10 I.aO 
V/VHRX mcm. 

u.io I . N  

F ig .  2 Concluded 



C~ 
CO 

APPENDIX II 
INPUT DATA 

ARO. 11¢~. 
Arnold Air Irol~e Stallan. T@hnettee 

CARD FORMAT 

JOB TITLE SHEET_._ I __OF_  '/ 
PROJECT NO. PROGRAM MER - ~ ~ o ~ d ~ J ~ _ / ~ _ _ 3  

I 3 I ? I I I 13 IS 17 19 Zl 23 25 27' 29 31 33 35 37 39 41 43 45 47 4g 51 53 ,~5 57 59 61 63 65 6? 69  ?1 73 75 T~' 79 
t 4 6 iE I 0  12 14 16 Ill 20 22' 24 26 28 30 32 34 36 38 40 42 4 4  46 48 50 ~2 §4 ,T~ ~ 60 62 64 66 68 70 72 74 76 78 u~ 

I l l l l f l l l l l  I I I I I I I l i  I I1 I I I  l I.t, ~o:.~l~iqi~i~, 1 i i i ] 1 

[ l l l l l l l l l l  I I I I 11 I I.l,l~Itl~,~l~;~l I I If t l l l l i l ! l f l !  I[~1 
II;~.]~111111 I1~.~11 1 I I I1111 I l l i  il l i i l l l l i l l i i  l i] 

I I I I I I I I I I I I  I I I I I I I I I J l l  I I I I I  11 I .o ,31~ '~o~t l i i  ]1 I t i !  1 
I ~1 5 T II I I  13 IS IT 19 21 23 25  27 29 31 33 3~ 37 39 41 43 45 47 49  '51 ' 67 " 

2 • 6 iE I0  12 14 lie 18 20  22 $3 55 57" 59 61 63 65 6g 71 73 7'5 77 79 
24 26 28 30 32 34 36 3iE 40 42 44  46  48 50 52 ~c4 56 58 GO 62 G4 66 68 70 72 74 76 78 .~.. 

'" '""""'  1 I I1 
I I I l . l ' ~  I I I I  I,l~l~llll I l l l  I.l~l~:~l I I . '~'~lJll  ~,'o(~11 ! i I I r l l  
I I I l , l~zl~ I I I I  I l l l l l  I I I I l l l l l  I I J i l l l  l i { I  ~i . JJJl 

I IIt,1~;1~1111111 I,l~I~l~lF I I I I  '- '"' . : '  : ' 
I l 5 7 t I I  I~1 15 17 Ig 21 :~ :'7 29 31' 3 35 37 39 ,ill' 43 4,5- 4"r" "49 ~51 "53 "55' '5~" ";g 61 ~3 65 67 69 71 73 75' '77 "f9 

I 4 iE I I0 12 14 lie lie 20 ~2 24 26 28 30 32 34 36 38 

, ,  ~ l l l l l  J i . . . . . .  : 

I I I l , i ~ , ~ l l l l l l l l l , ~ J ~ l t l l f l l  I,S;li~'.~;i' ; , . , , ~ l ; .  ~ ,.1~5 i ' i i. i i ' :  i l 
DE I ' ' . . . . .  ~ . . . . . . . . . . . . . .  ' * 

I l l  

r )  
i 
- I  
; U  



A R O ,  I N ( : .  
A m o l , I  A i r  F o r t e  S l l ~ l l r m ,  T e n n e l . * e e  

C A R D  F O R M A T  

J O B  T I T L E  S H E E T  . . . . .  2 .  O F . ~ . . _ _ . q .  
. P R O J E C T  N O  P R O G R A M M E R  

I 3 5 7 9 I I I~1 I~  11' 19 21 23 ZB 27 29 31 33 35 31' 39 41 43 45 47 49 51 53 55 5? 59 61 6,3 65 67 69 }'1 73 75 77 79 
~" 4 E 8 l 0  I :~ 14 16 18 20 22 24 26 28 30 32 3 4  36 38 40 42 44  46 48 ~0 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 

i i i l  # . F ~ I I I I I I I  #1,1~1~111 I "  " - ' "  i l i l  ! , I . ~ !  , . . .  : ' ' - . . . .  , , . , ~ . , , , , , ~ . ,  , !111 i i l  i,I ;s,[l. I ! i l  I~.;o:~i I I I I I I  I l l l l  I 
l~l,.l,,:~;,,..!Ic~t~llllllllllll I l i l i  J i l l  It11111 111111i t 1 I l l i  II 111111 11111 I 

I l l  

| 
- I  
; 0  
& 
, , 0  

I , , )  

~ l ~ ; v J l ~ l ~ , l ~ l l l l l l l l l l l l  I I ! l l  t111 i l l l l l l  I111! i !  i i ! i t ]  .... II I11111 1]11 I 
I I 1 , i i ' " t ! i i , I 

Ill~tislllalll~lll,~,s;,~;~i.llllllllllltllllillilllllllllilllil 1 l l l l l l l  I i i [  i l l  I I  

d~ 
o 

Illllfsl=~l~l~llll l,l,l.i~~'~411llll:T~.i~.~llll,lI,~l.i~o'll!i,lill I [Illllt I l l l l  '!1 Ill 
I1 i~t,l~l~l,~.~llll~l.l~l~l~',~illllli~l.l~l~lllill,01.'sj~i~,~, ii IsJ~.is!~i~',_~i~ ~ .~i~l.i~.~!~l t1111 i l l  

| ~ 5 7 9 | l  13 15 17 19 21 2.3 25  21 29 31 33 35 31 39 41 43 45 41 49 51 53 55 ~7 59 61 63 65 61 69 71 73 75 77 ~3 
4 E II 10 iZ 14 16 I I I  20 22 24 26 28 30 32 34 36 ~8 40  42 44  46  48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 

I lll,~l.i~ts,~l I I I I  I ,~ .~ls! l l l l l l l~* l , i ' r ,~l  111 ls~*l.~.~alll[ I';*,~:.. I[ 1 II 

I111,1~!.[~(~:~1 I I I I  I~.ls'.oto~llllllzi~.l~is',~llil l~l,l.l~,o~l ~;~',.'~' i l 1 !11 I I 
" i I I l 1 I lll,~l.tsl~l l l i l ~ l . l o l ' r l o ~ l l l l l l ~ , , ~ l l l l l  ~,i.lll~l~ ~,~i.~i~l; 1 i 1 1 1 1 1  

I I I l~l~l~l.l~ I 11 i t I i=.J~]~l.i~l I I I I I I I~I,I.~)111 ~'~. ,~11 I~'~ . ~ i i . I 

Iti " '  t _ I~t.1~11111111 I~.i~1111 U II Io1 .,~11tll io.=;!~,!! !J o?~iil  ~ [ ! . .  ! . . .  
I 3 5 "/' • I I  13 15 i'r 19 21 23 Z5 27 29 31 3.3 35 31 ~jl 41 43 45 41  49  51 5~  ~ )  .~7 59 61 ;:3 65 67 69 ?'1 73 75 17 79 

Z 4 6 I I  10 IZ  14 16 18 20 22 24 26 28 30 32 34 315 ~1 40 4 :) 44  46 48 ~0 52 ~)4 56 51~ 60 62 64 E,6 68 70 ~ 74 76 78 80  

I I 1 1 ¢ , ~ 1 . I ~ 1 1 1 1 1 1 1 1 1 ~ 1 . ; ~ ,  I l t l t  ;~'~' ~ '  ; ~ ; , '  ~ ' ; ' ~  ;'~' ' ~  I . o - .  , , :  ' : , ' , .  i , ; ,  .~ [ • i , : m , , , . ~  ! I , I . . ~ - ~ . . ' . - ' . . .  '. . -  . . . ' ~ ' v ' Y  . . . .  : . _ . _ _ . ~ '  . . . .  _ ~  ~ !  i ; ~ ~ i ~ ' , 

D E  | 



AXO, INC. 
A m i d  Ai r  Fof~e S I ~ I I ~ ,  T e ~ e , ~ ' e  

CARD FORMAT 

J O B  T I T L E  S H E E T _ _  " 3 O F  q" 
P R O J E C T  N O . .  P R O G R A M M E R  

I 3 $ 7 9 I I 13 15 IT 19 21 Z3 ;!5 Z7 29 31 33 35 3? :51t 41 43 45 47 4~ 51 55 ~ 5 "  59 61 6~ 65 67 69 71 73 75 77 79 
!~ 4 IB Ill I0  12 14 III lib 20 22 Z4 ;lib 211 30 32 34 36 ~18 40 42 44 4G 48 50 52 54 ,56 58 60 62 64 66 68 70 72 74 76 1'8 _in 

Ll~l~l Iq~ I I~ I ltl t I,~;~J,lol.II II I I I111 ! It I I II II I I I I I I ! l l l l : ! l l l !  I J i l l  i I l i t  I I !1 
I 1 I 1,1,I.1"~1;Iol I I I I I l,l,l.t~:,l~l I I I I I  ~l,l.i',~oi f 11 I I I, ~1.i~!~I~Ii111 II ; i i1111 I l l  i I i l l  1 1 I 

| , l l !  ' ' i ! ~ l " ;  ' '  ! I II I,l~l.l~l~l~rl~ I I ~lsl.]~l~'~t I I I'l'l.:oL '111 I'i~1.1~;~'.~I I I 11 ~o. z ~ . ,  !, !~,~.~.~ I~ 

' . 

~.~..~,,~, I I I1: !'*~;. ~!~s. [ It 
I II1~I'~I.1"~1111 I ~.~'~loi I I~]TI~i~I , ~ l . ~q - i l ~~ i ,  lso~ 1 11 

I l l l= , l~. lo;~l l l l l l  ~ , ~ 1  I I~i~!,i'~i~illl i~l~.l~io',lllll! i~~l,!s'~ ~ I I I I l l  I 
lJl I:~1.1~1~1111111111 I I I I I I I I I I I I I I  I l i l ; 1 [ 1 1 i 1 !  I I I I I  Jli I 

I 3 5 7' I I  I I  I ~  I~ IT 19 Zl  Z.~ ~5 I T  ;'9 31 55 35 31' 59  41 45 45 4"/ 49 51 53 55 57 5~1 61 63 65 67 69 ?1 73 75 "/'7 7~J 
2 4 Ii 8 10 I ~' 14 16 lib 20 2;~ 24 2ib 2ib 30 32 34 36 38 40  42 4 4  46  48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 T8 80 

I I I l~ . ls~l~l l l l l l l '~ l . l~; , t~  II II i~:'~1.~'~]11 I1 i~.l'~'~i~!lll i~:~.!~;,~~ ' tt I II ]1 
i l l  ~ ' ' ' .  , . ! I l l l '~l. lq~ 1111 II I~l~l.l'l~,llll 111~:¢.,'~ 111 II I~1.1~111111 ;oi~l.l~!il 11 I11 [I 

I , II r l' " l lll'~=l'a.l.l~l~l I I I I I  l ~ i l , l ~ l l  I I~',~;~I,I-~'~II l~'l=l.~il I l~,~is!.lii~i ! I I I 

l l l l c ~ . ~ l l l l l l l l  l~,Ic~l I~I.I~II I~.I~!I II I I~.!~!I II II 
l l l f f ~ , l ~ l l l l l l l l l ~ i ~ l , l ' l  l~/,l.!a41 i~;~I, IoI II I ,,~,~,;~,I II I I  

l l l l s l~ l , l= l l l l l l l l l s l , [ . l= l  I I I I  ,si:~.,= i Is[~'.,~ll!l i ,s~,~,! - I! i ' I  II 
l l l lsl,. l, l s l l l l l l l l l l l l l  I I I I  I I I  I ! . 1 ! i i i i !  i i ! ! l l  I i i  FII II 

I 3 I l I I I  I I  15 IT 19 Zl Z3 25 21 29 31 3x 35 :37 39 41 43 45 47 49 51 53 $5 5? 59 61 ~ 65 67 69 71 )'3 75 77 79 
;1 4 IB - I I  10 12 14 IS 18 ~O 22 24 26 211 30 32 34 36 38 40 42 44 4(; 4q 50 52 54 ,56 58 60 62 64 66 68 70 72 74 76 78 80 

ll~131l=~l~lllilllil~jal'rj,m%. . l l  .I~ .I i . . .~:~-- ~ :  T ~ - : - ~ : ] i i i !  !'= ; ' : I i ' : I ; ! I .  . 
OE I 

m 

9 
- I  
~0 
& 
,,o 
L 



ARO, INC, 
Almold Al l '  Fol<l.  S lmt lon.  Trnn+s l+e  

C A R D  F O R M A T  

JOB T I T L E .  SHEET . . . . . .  1,1, . . . . . . . . . . .  OF . . . .  
PROJECT NO. PROGRAMMER_ 

I 3 5 7 9 I I I$ 15 17 19 Z l  23 25 27' 29 3i 33 35 37 39 41 43 45 47 49 SI 53 55 57 59 61 63 65 67 69 71 73 75 77 7~ 
4 6 I I 0  I~ 14 16 IO ~0 ~'2 24 26 20 30 32 34 36 38 40 42- 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 70 80 

I1 l~l,I.Rl{Isl~J I I I I  lll~l.l'~l~l I1 II I~ I.~o (,,,(;~sl I r l  lll~!,;,i..;tl~,~l i i I :..,.,.-+,~ j j i ! i l  il~li.!-(.~.~Is!~t I 
II l,l~l.l+,,l"+Igllll I~I+I.IoI+IIII ~I'~I.i°;o+~++iII I~i'+I.I"'~IIilI ' " ' ' ~ ' ,~+I.£+,~+ f i l l  l~+l.i~+:~ i I I I I I I 

),,. 
m 

" r )  

; 0  
& 

I I I I I I I I l l l l l l ~ l ~ l . l ~ l s ~ l l l ,  iq~,!~i"r;~:li I I I~isl,l'~i~:ss!lll 111~'.'~+2'.~J1~.i ' i~i~ll..'T8[3~l I I I  I I- 
II I ' l~ , [ ' i~ l  I I I I 1~1<.I'i'-I~.~ 11 l';+l.;"~.i~l'l 11 I I~!'~..~il S II ~++~ . . . .  ' ~ , . l ~ i ' ~ i ~ s i l l l l l  111 l jJ I 

" ' ' [ t  
I1 I~FI'~I 1111111 I,~l'f.l~ I ! 1111 I,,,...,.,~.-.~ I I l It.~l,~l I I I I I I  12!sl,!~ I+1 I I I I I  I 

I I : j II I~1.~11111111~:.1~1111t1111~:~1.1+~/ 111 ls',~l,l~l 1111111~I,,~, 1t I I I II  I 

II Isi~,l~J~l I I I I I I'sl~l,l~Jslsi'~l I t t I IS~I.~I"(;(,I(,I I I I I~(,,I.PI~Jl I I I ! 1 ~ i ,~ . l r , .  1 1 
I 3 5 7 I I I  1:5 15 17 19 21 23 25 27 29 31 3~ 3~ 3? 39 41 43 45 47 49 51 53 55 57 59 GI 6,3 65 67 G9 71 73 75 71' ?cj 

Z 4 6 In I0 I~ 14 16 18 20 22 Z4 26 28 30 32 34 36 38 40 42 44 46 48 SO $2 54 56 58 60 62 64 66 68 70__72 74 76 78 80 

, , , ,  ' " i l  ' ' I~;~1,1,1~ 1.11111 i~l~rrl, l~ l l l l i l i JsJ~ i~ l , i~ l l l l l i  tsi,jst.l~ I111 i [s[~i'(j.lollliJ l l l i  i l l  I I 

I I I'sl~li.t~lr~l~,hlllllsi~il,l~'ll+li'lllllsJll~:!,!:tl~l~ I 1~,12.!.11~17[I l;si~i{,Isl~l~ls[l I l lJ  
II Io1,1<11111111 I~1,~111111111 l~, i~t l l l  I 1 1~1.1~ 111111 1 i~ . ] o : l l l l l l  I l t l  

II I~l~l~l,l ' . i l l l l l l l  lll~l,l~l II I1~i~1,~'1 I"J~l.r,'l I I l l l l i ~ i~ , :~  l l J ! ! ! l l  1 I 
II I(,I~I,~IIIIIIIII~'TI'I"(I I t l  I I",l~'l,Plitl 1~!,1,I~,1 111 It i~ l~J . i ' t i l l l i l l [ l  1 I 

I I I I I I l l ' s ~ l , ~ l l  II IIs,~t.~,ll I t t t t l l  I l! + i ! l l i i i l  I+! I t  
• I l l l l l l l ~ lo l , l ' ~ ]  II I L.~.i~ 11 1 1~,!.:+! .] ! I! is~i . :~r l l l iJ I  I Jl l t 

l t l  I t  ~0 22 24 26 28 ~ 32 34 :56 N 40 42 44 46 40 50 52 54 56' 58 60 62 64 roe 68 70 72 74 76 7l l  80 

|lzt[lllllllllllllllllll[llllltl;I;+t!: l i ! , .  + , , +  
J ; ~ • • ! : J i ! i IIl~lltlllllllllllllllllllllllllit!!il: +, ~ ' : :  +,+ ;: + i! l : l l l ! l . ! l l ! i ! l l  

. l l l l . l l l l l {  ¢ FI I ID 



A P P E N D I X I I I  

O U T P U T  D A T A  

TEST C&S~S FOR STREAMTUBf PROG~&N . . . . . . . . . . .  

INPUT ~ONSTANTS 

~ . B ¢ ~ n  ll.OlS~O q,q~O00 1 1 o 0 1 8 ~ 0  q,qooon 11.01850 

0 . 0  o . o  o . n  o . o  0 . 0  0 . . ! 6 6 o 5  . . . . . . .  

P~GE 

0 . 0  0 ° 9  

O 

n .16R3~  0 . 0  0 . 0  

d ~  

• 03 

o ° n  O , ~  o . n  0 , 0  0 , 0  

E 
0 , 0  O,O O,n 0 , 0 1 3 ~ 8  0 , 0  

0 , 0 5 S 2 0  

0°0  • 0 , 0  6 , & 6 ~ 7  - 0 , 5 0 7 2 6  0 , 0 1 7 3 6  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

FROM RUN CA 3~ 0 ~  SEJ.ECTEO EXAMPLES FOR TEST ~ASES 
DATA ~ROUP | 1°PN M|H EXH|B~T~NG OUTPUT FOR 5.STR~ANTU~ES ~tqF N NN-~ 

CONSTANTS FgR A SURSET 

....... ~ . e q ~  i i . ~ t t o O  t 2 . ~ o o o  ~2. TStO0- ~ .0  0 .0  
. . . . . . . . .  - -  _ . ~  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  PeAR . . . . .  
14 ,850~  1 4 , q ~ 5 0  1 4 , 9 3 ~ 0  I ~ , ~ 2 2 ~  1~ .~200  0 , 0  0 , 0  0 , ~  o , n  9 , 0  0 , ~  
1 6 . Z S O ~  2 0 . 5 0 0 0  2 3 . 7 5 0 0  ~ l . ~ O ~ e  1 9 . q 0 0 0  O.O 0 . ~  0 . 9  0 . ~  ~ . 0  O.O n .  n ~ , n  0 . 0  ~ , ~  

! 6zB670  2 ! , 0 7 0 0 . 2 ~ , 6 3 7 o  21 ,173  e l q , q 6 0 o  0 , 0  0 ,~  0 , o  _ o , n  0 , ~  . . _ 0 - 0  0 . 0  0 , ~  n . n  ~ , 0  

TFMP 
~2T ,140  5 2 ~ , 4 0 0  5 2 ~ , T ~  ~ 2 ~ , 6 7 0  5 2 7 , q 6 0  6 6 6 , 1 7 0  6 8 6 ° | T 9  TOO,6TO-6~6,6TO 674o |TO 66B°T20  6 8 6 , 3 2 7  6 8 9 , ~ 0 ~  6 8 ~ ° B ~  6T~,Oq~ 

m 
ANGLE--OEGREES 

6 3 , 9 0 0  3 6 , # ~  3 ~ , 2 0 0  ~ , ~ 3 n  3 ~ , ~ 0 0  
. . ~ * 0 0 0  3 6 , 6 0 0  3&0200 3 ~ ° 6 0 n  3&cO00 

R N - | 6 B 4 t , 0 0 ~ O ~ O  09 

0 , 0  0o0 0 °0  0 , 0  0 , 0  ~ °0  0 , 0  0 , ~  n , o  n ,O 

0 , 0  .. O ~ Q  . .  0 . 0  0 . 0  ___ 0 , 0  ~ , 0  n , n  ~ , 0  n , ~  n , n  

[J 
t~ 

;0 
& 

,L 



.1"11 

--I 

e 
,,o 
.L 

d:,,. 

TES.T C.ASES FOR STREANTUBE PROG~AH 
FRON RUN CA ~ |  0094 SELECTED EXANPLES FOR TEST ~ASES 

DATA ~ROUP I I . P N  N I N  EXHIBITtNG--I1J~P'UTFO-R--~-sTREAPITUSES NHEN ~N-5 . . . . .  

CALCULATED BOUNDARIES AN~ CENTERS OF STREANT~6ES 
RATIO TO PASSAGE HE|~HT AND RAD|U$ ~N |NCHES 

INLET STREANT~OE I)UTLET TRAYERSE 
STRFANTUSF NO° OUTER 

CENTER 
INNER INNER 

1 . 0 0 0 0  1 1 . 0 1 8 ~  1 . 0 0 0 0  1 i . 0 1 0 S -  
. . . . .  ~ , 8 8 Z 0  I 0 , 8 7 0 8  . . . . . .  0 ,7969  1 ~ , 7 q | 4  

0 . T ~ 1 2  1 0 . 7 7 3 1  3 . 7 0 0 4  1~,6834  
Z 

OUTLET RAKE 
OUTER nUTER 
CENTER CENTFR 

INNKR 

1 .0000  11,018S 
O . t e ~  ___!9.7Z]__~___. 
0,6941 10.6763 

O.TQ12 

0 . 6 0 7 9  

0 , 6 0 7 9  
n~S~a6 
n , 4 1 9 ~  

10.7731 0 .7004  10 .6934  0 .6941 10.6763 
1~06659 . 0 ,619~ 1 0 . 5 9 2 6  0 ,6167  ~O~Sgg? . 
IO .3ST?  ~.5~36 l O . 5 o e o  o . ~ 4 3 1  IO.~OY4 

l O . , ~ 0 1  o . ~ s t q  | o . ~ 3 3  O . ~ t 6  10 .4230  
1 0 . 3 3 5 8  ~ 3 . 3 9 T 8  1 0 . 3 3 3 8  0 . 3 8 7 3  10 .3332  

10.3360 ~.SST8 10 .3336 0 . 3 0 7 3  10.3332 
_.~_~}~3Z__.____Ln,23OI o .~n?3  1o.2~81 

o .2144  10.139o"  o .2132  tO. t3O~ 
.. . . . .  ~ 1 3 2 3 7  1 0 . 2 2 3 8  

~ .2261  10 .1092  

0 .2261 10 .1092 
~ . | 2 7 1  . . . .  9 . 9 9 2 8  
9 . 0  9 , 8 4 3 S  

0 .2144  10 .1398 0 .2132  10.130~ 
3o1723 10 .0368  0 .1214  I 0 . 0 3 ~ 8  
3 .0  9 .900~  0 . 0  4 .900~ 
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FROM RUN CA 31 OOa¢ S~LECT~D ~XAMpLES FOR TEST CASES 
DATA GRf~)IJP I 1.ON NIN ~XH[OIT ING OUTPUT FOR ~ STREAMTU~FS ~HEN NN~5 

SUMMARY OF qASS AV~RAGfD STREANTU~ FLgN VARIABLES 

PAG~ 

INLFT 

RA~IAL RATIO TO TOTAL STATIC TOTAL 
POSITION PASSAGE PRESSURE P~ESSURE TENP 

HFIGHT 

I n . ~ R ~ n  1 4 . 7 8 6 5  1 1 . 7 ~ 2 9  5 2 8 . 2 6 4 T  

A~S~I. UTF 
FLOM ANGL~ 

0 . 9  
2 5 .6O90  1 4 . 0 4 3 4  11 .T41~ S 7 6 . T 7 7 7  
3 0 . 5 1 6 6  14 .  q37~ 1 1 , ? ~ 1 9  ~ 2 6 . ? 1 9 1  

~ . ~ 7 3 7  1 4 . 9 2 2 8  1 1 . 0 7 3 1  5 2 6 . 9 8 5 1  
5 0 . 1 2 7 !  1~ .874~  1 1 . 8 6 5 3  $ 2 9 . o 0 6 2  

AVERAGE 1 6 . 8 0 2 8  1 1 . ? 8 3 0  S2T.4S06 

t t . f l  
0 . 0  
n .O  
0 . 9  

C~ 
OUTLFT 

TRAVERSE 

OUTLET 

1 0 . 7 0 6 0  1 8 . 0 1 0 1  1 2 . T ~ 6 6  6f lO.TS3fl  
2 0 . ~ | 9 3  2 1 . 8 4 5 7  1 2 . 6 o 6 0  6 9 6 . 1 9 6 q  
} O . k670  23 .046R 12 .6~61  7 ~ 1 . 4 0 6 2  

0 . ~ 0 3 2  2 1 . ~ 4 8 4  1 2 . 6 1 4 6  6 8 9 . 9 6 0 1  
S 0 . 1 7 2 3  . _19.T6O1 . . . .  I 2 . 5 T O l  6 7 8 . 4 3 0 0  

AVERAGE 2 0 . 9 4 4 0  - 1Z..~547 . . .~t~97~St~ 

4 5 . ~ 4 0 6  
36 .638Q 
3 4 . ~ 2 0 0  

~6 .87qP  

RAK~ 

2 0 . 6 1 $ ?  2 2 , 1 1 3 9  1 2 , 6 9 6 3  6 9 | , 9 6 0 1  
~ . ~ 6 7 6  2 2 . 7 7 0 3 .  12 ,6S61  6 9 3 , 1 5 6 3  
0 , 3 n 2 ~  2 1 . 0 7 4 6  1 2 . 6 1 4 4  6 8 0 . 0 ~ 7 2  

S O . t ? I A  19 ,778~  1 2 , $ 6 9 8  ~ 7 9 , 1 3 0 7  

4 3 . ~ $ 8 o  
3 4 . A ~ 4 0  

3 5 . 3 1 7 6  . 
3 4 . 2 7 0 2  

AVERAGE 2 ! . 0 Q 8 4  1 2 , 6 5 3 9  6 ~ ? , ~ $ 1 |  

111 

("1 

:XJ 
& 

I.o 
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FROM RUN CA 31 0094 SELECTED EXANPLE$ FOR TEST CASES 
DATA GROUP Z I .ON MIN EXHIRITING OUTPUT FOR S STREAIq~I'-IJ~O--ES-HHEN NNmS . . . . .  

CALCULATED FLO~,CONO[T[ONS 

INLET 

AVERAGE O,SRRI 1 .5276 126 .5850 6T .34no  

OUTLET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TRAVERSE 
. . . . . . . . . .  1 0 ~ . ? ~ ?  . . . . . . .  _Q.~T~Z9.. 0 , 9~4~  1~3,4420 _ _  54 .84~3  

2 O.61q~ 0 .9160  1 .0850 167.1701 46 .0029  
0 .46?q  0.~&66 1 .0q42 168.42B4 42 .8055 

6 ~ .30~2  0 .8q65 1 ,0414 | 6 5 . 6 6 4 0  45 .38~1 

AVERAGE . . . . .  ~ .8~57  . . . . . .  )e0345  .~65.5176 4T .42~0  

RAOIAL RATIO TO AOSOLUTE RELATIVE T3TAL RELATIVE B L A D E  RELAT|VE RELATIVE 
_POS[TION P A S S A G E  HACH NACH _ . _ ~ N T H A L P Y F [ O W  . . . . . . .  A N G L E  . . . .  TOTAL TOTAL 

HEEGHT NUttiER NUNBER ANGLE PRESSURE TEMPERATUR~ 

1 ~'.~R2~ O.~OTT | . P 8 0 T  | Z 6 , 7 8 0 1  68 .1746  61 .0340  48~3568 T41 .45~3  
2 ~ .69qq  O.S9?O | . 5 6 0 T  [ ~ 6 . 4 2 3 7  67 .5112  60o~4q~ 4 7 . l I ~ T  T31 .678 f l  

. . . .  3 . . . . . . . . . .  O j ~ l ~ 6  . . . . . . .  O,?gZ l  1 .531~ _~L,?.J~_~Sq7 _ . _ 6 7 , L Z ~  ...... 60 ,0406 45*307~ 722 .83~2  
4 0°323? 0 .5863 1°499T | 2 6 ° 4 ? ] 4  6&°9872 5q.4qqf l  43o3qqfl  T | S . ? 4 ~ q  

. __~ ___ O~.|~._T] . . . . . .  ~ , 5 7 7 4  1.46~Q ..... ~ 2 6 . q S T q _ 6 6 ~ T 7 2 9 *  ~R.92~1 4 | . 3 6 7 7  TON.8~73 

60.00q6 4~.107q 774 .0179  

30 ,781~ ._ 27 .3548 T 1 ~ . O q 8 6 _  1 

3~.3156 26 .6016  736 .47q~  
~ q . q I 4 T  26 .4q46 T?q.  R666 
29.4751 2~.0703 T23 .2945  
28 .98?7  2&.$8~8 ? ? l . 9 ~ q n  

OUTLET 
RAKE 

. . . . . . . . . . . . . .  1__ . . . . . .  ? ~ T 8 5 5  . . . . .  ? . 7 q 6 4  . 0~9568 
2 o . 6 t ~ ?  o .gz?o 1 .o876 

A 9°3023 ?oq88q 1 .0197  
5 0 ~ | ~ 1 4  0 . 8 3 | 7  1 .0276 

AVERAGE . . . . . . . . . . . . . . . . .  Qe0797 1°01~9~ 

' 1 6 4 , 2 q ~ 1  5 ~ , 0 1 0 7  ~ 0 ~ 7 ~ 1 6  27.9256 .710. T 4 6 6  
166o |469  4 5 , 6 1 5 |  30.308~ 26.6RT7 730.0~B0 
166.4~$T 43 .5426  2q .9139  2 6 . 5 3 4 7  T?4 .00T3  
165.4380 4~.7681 ? q . 4 T 2 6 - - - 7 5 . 0 1 R ~  7 2 ~ 5 ~ - -  
163.0qB6 48 .0184  2B.9854 74 .$70q T?2.T~O0 
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COHHENTS 

MASS FLO~ 

INLFT OUTLET TRAV. OUTLET RAKE 

2~.9760 00 21 .6949  no 2 1 . 5 ~ n  nn 
PERCENT MASS LOSS IN DETFRqIqING RADIAL POSITIONS 

PERCENT ENERGY UNB&LEN2E 

STREAMTU~E OUTLET TRAV OUTLFT RAKF 

PAGE 

DELTA(H) DELTA(E) IDELTA|HI  DFLTAIH) OFLTA IF ) ID rLTA IH )  

2 ~O.Tk6 4 . q t 6 t T O  00 39.72~ 1 . 2 ~ 1 0  OR 
. . . . .  3 .. . 4 7 . ! 3  ~ 4 .984550 00 ~ . 1 4 6  1 .?~79~0 ~0 

4 ~9.291 5.018740 00 3R.96~ ~ . 2 4 T r ~ 0  ~0 
S 35.926 8 . 1 Z T T l D  50 36.1~1 ~.co?DSO nn 

. . . . . . . . . . . .  AVERAGE - 3q .q33 1 , 7 0 ~ q 0 0  PO ~8.49R 1 . ~ 2 ~ 0  Pn 

. . . . . . . . .  STATIC PRESSURE AT TRAILIMG EDGE RELATIVE TOTAL PR¢SSUqE AT TRAILIMG ~OGP 

FROM NORMAL SHOCK EQUATIONS FROM SUOD£N EXPANSION EQUATIONS FROM SUDDEN EXPANSION rQUATIOMS 

. STRE_A_HTVOE _ ~ P A S J A G F  f N T R A q C E  Ot lTLFT_  T R A V .  _ _  O U T L E T  RAKE __ 
t ~ . l ~ n  5 . s 9 6  5 . 4 ~ 6  

4 4 1 . 6 2 S  ~ . 1 1 5  5 . C 1 4  

OUTLET TRAV. OUTLET RAK~ 
? q . 7 I ~  78 .7~?  
2T°237 2 7 . ? | 9  
26 .770 26 ,827  

5 4~ .?~0  4o178 6 .19q  26,T?q 

BLOCKAG~ FACTOR--OUTLET TRAVERSE- - 0 . 3 1 4 2  OUTLET RAKE= - 0 . ~ 4 5 6  . . . .  

CALCULAYEO SUDDEN EXPAqSION-AREA RATIO--ACTUAL EXIT BLA~E AREA RATIO I'S 1 .3TAt  

?6 .?n~ 

RADEAL POSITION OUTLET TRAVERSE OUTLET RAKE 
. . . . . . . . . .  I . . . . . . .  1 . ~ 3 7  • 1 . 2 q q  

2 0 .904  n.~O~ 
..... 0 .927  O . q I 4  

4 0.9S4 ~ . 9 ~  
- ~  0 . 9 3 8  n . 9 3 o  rn 

t::P 
t") 

PO 
& 



FRnq RUN CA 31 0094 ~FLPCTFD EXAMPLES FOR TEST CASES 
O&TA GROUP 1 1.ON WIN EXHIBITING OUTPUT FOR 5 STREAMTUBES WHEN NN=5 

RESULTS nlc STRFAMTtJI~F CALCuLATION~ 

I NL r:_ T--OIJTL ET TRAVERSE 

PAG~ 

m 

i 
- t  
;0 
6 ,  
~o 

(30 

RADIAL TOTAL ADIABATIC OVERALL PASSAGF PASSAGE 
PnSITtON PR~SSIJRE EFFICIENCY L O S S  ENTRANCE SHOCK 

RATIO MACH NO. LOSS 

1 1.2721 0 .~455 0 .6880 1.8562 0.2523 
2 1 .461q 0 .~546  0.5621 1.8318 0.2415 
3 1 .5429 0 .3942  0 .5550 1 .8060  0 .2310 

. . . . . . . . . .  4 1 , 4 2 3 q  0 .341q 0.5843 1.777~ 0 .2194 
5 1 .3791 0 .2985 0 .5799 1.7471 0.2071 

6VERAG~ 1.4Q508 0 .32693 0 .5q384 1 .80373 

INLET--OUTLET RAKE 

RAOXAL . . . . . . . . . .  TOTAL . . . . . .  ADIABATIC OVERALL PASSAGE PASSAGE 
POSITION PRESSURE EFFICIENCY L n S S  ENTRANCE SHOCK 

RATIO MACH NO. LOSS 

EXPANSION PROFILE PROFILE DIFFUSION 
LOS5 LOSS LOSS FACTOR 

PARAMETER 

0.2007 0 .2350  0 .0227  0 .409q 
0 .0180 0 .3026 0 .0350  0 .29~7 
0 .0082 0 .3158  0.0381 0.2891 
0 .0370 0 ;3279 0 .0375 0.2993 
0 .0727 0 .3001 0 .0323  0 .2862 

0 t~30~4  0 .06732 0 .29628 0 .03312  0 .31627 

EXPANSION PROFILE PROFILE DIFFUSION 
LOSS LOSS LOSS FACT3R 

PARAMETFR 

[ 1 .3050 0 .2663 0 .6693 
. . . .  2 . . . . . . .  1 . 4 7 9 8  . . . . .  0 . - - ~ 7 6 1  . . . . . . . . . . .  0 . 5 5 e ~ - -  

. 3 . . . . . . .  z . 5 2 . 5 o  . . . .  0 . 4 _ _ . _ o 2 0  . _  o . . 5 5 ~ 7  

4 1.4122 0 .3355 0 .5857 
5 1 .3297 0 .2972 0.5801 

1 .8562 0 .2523 0 .1579 0 .25q2  0 .0262  0 .3947 
1.8318 0.2415 0 .0150 0 .3025 0 .0352  0.2993 
1 .8060 0 .2310  0 .0086 0 .~142  0 .0375  0 .2q06 
1 .7776 0 .2194 0 .0407 0 .3256  0 .0370  o . zqq7  
1 .7471 0.2071 0 .0726 0 .3006 0=0324 0.2862 

AVERAGE 1 .41035 _ 0 . ~ 5 4 3  0 .58955 1.80373 0 .23024  .. 0 .05B90 0.30041 0 .03365  0.31411 
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• TEST_C&SES FOR $TREANTUBE PROGRAM 

!.NPUT CONST,ANT$ 

~ , 0 4 3 S 0  1 1 . 0 1 8 ~ 0  9 . 9 0 0 0 0  1 1 , 0 1 8 5 0  9 . 9 0 0 3 0  

A 
o . o  o . o _  . . . . .  o.___o . . . . . . . . . . . . .  o . o  . . . . . . .  o . o  

1 1 , 0 1 8 S 0  

0 . 1 6 6 0 5  

PA~T 

0 . 0  0 . 0  0 . 1 4 8 3 ~  0 . 0  0 . 0  

o_..919o_'?.o t • 0 0 o 0 0  

Q 
0 . 0  0 . 0  0 . 0  0 . 0  

E 
OjO . . . . .  0 , 0  ~ . 0  _ O, 013_']8 

0 . 0  0 . 0 5 5 2 0  

0 . 0  

CO 0 . 0  0 . 0  6 . 4 ~ 3 8 T  - 0 , 5 0 7 2 6  0 . 0 1 7 3 ~  

FROM RUN CA 31 0094 
D4TA GROUP 2 

S~LECTEO ~XAqPLES FO~ TEST :ASES 
leON MAX EXHIOET|NG OUTPUT FOR 10 STREANTUHES HHEN NN-11 

CONSTANTS FOR A SURSET 

P . 

1 1 . 9 9 3 0 0  1 1 . T 7 0 0 0  I q . T 6 3 0 0  2 1 . 5 4 0 0 0  0 . 0  0 . 0  

PBAR 
91~ 0 . n  0 . 0  0 . 0  14 .94T0  1 4 . 9 6 3 0  14 .9280  1 4 . 9 1 5 0  1 4 . 9 1 8 ~  0 . 0  0 , 0  0 . 0  0 . 0  0 . 9  0 . 0  
0 . 0  29.75f10 3 0 . 7 9 0 ~  3 1 , 0 0 8 0  3 1 . 2 5 0 0  3 1 . 5 0 0 0  3 6 . 3 9 0 9  3 6 . 2 5 0 0  3 ~ . 9 0 0 0  3 4 . 6 0 0 0  3 3 . 5 0 0 0  3 0 . 1 0 0 0  0 . 0  
010 0 . 0  0 . 0  0 . ~  3 0 . 8 9 3 0  31~94Y0 3 4 . $ 3 7 0  3 5 . 9 7 7 0  3 4 . 7 6 3 0  0 . 0  0 . 0  0 . 0  0 . 0  . . . .  0 . 0  ~ . 0  

TFflP . . . . . . . . . .  - ............. 
~ 9 ~ 7 9 0 ] 7 6 ' 0 3 0 - $ 2 5 , ~ [ g  $ 2 6 , 9 8 0  8 2 8 . 9 0 0  T 8 7 , 6 7 0  7 8 6 ~ 6 T O T O O , 6 7 O - T T 4 , 6 7 0  7 7 6 , 6 7 0  7 8 2 . 0 4 0  7 8 0 , 9 9 ~ ? 7 6 , 0 1 0  ? 7 1 , 9 0 0  ? 6 4 , T O t  

ANGLF--OEGREES 
0 . 0  0 . 0  0 . 0  n .O 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 - 9  0 . 0  . . . .  0~0 . . . . .  0 . 0  
0 . 0  9 0 . 4 0 0  8 8 . 1 3 0  8 6 . 2 0 0  8 5 . 0 0 0  T0 .$09  $ 5 . 8 ~ 0  S l , O 0 0  $ 2 . 0 0 0  $ 2 . S 0 9  5 3 . 1 o o  $ 6 . 5 o o  0 . o  o , o  ~ . o  
0~0 n . 0  0 . 0  0 . 0  85.0OO ?O. S00 5 S . 8 0 0  S 1 . 0 0 0  S 2 . 0 0 0  0 . 0  0 .O O.0 0 . 0  0 . ~  . 0 . 0  

R N - | 6 7 1 ~ , 0 0 0 0 0 0 0  00 

rn 

0 
:4 
~o 

~ D  

J , 
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. . . .  TEST ¢AS~$ .FORST___~T_R..F.~ANTUBE PROGRAn 
FRON RUN CA 31 00~4 SELECTEO EXANPLES FOe TEST :ASE5 

. . . . . . . . .  OATiA--GROUP'2 . . . .  I~OWNAX E X H I B I T I N G  OUTPUT F ~  10 STREANTUBES W~N N N ' 1 1  

CALCULATED ROUNOARIES AND CENTERS OF STREARTUBES 
_ _ _ ~ A T | ~  TO PASSAGE HEIGHT ANO R A O I ~ S I N _ ] N C H E $  

I ~ L E T _ ~ T R E A ~ B E  __ OUTLET TRAVERSE OUTLET RAKE 
STREANTURE NO. OUTER OUTER OUTER 

~ENTER ~ N T E R  CENTFR 
INNER INNER INNER 

. . . . .  1 . . . . . . . . . . . . .  

1 . 0 0 0 0  1 1 . 0 1 8 5  ! . 0 0 0 0  1 1 , 0 1 8 S  1 . 0 0 0 0  I I . O I O S  
O,9~TS 1 0 . 9 3 3 3  _ 3 , ? 7 6 3  1 0 , 7 6 0 3  0 . ? 8 0 0  1 0 . 7 7 2 4  

~ . 6 9 6 0  1 0 . 6 7 8 5  0 , 7 0 1 0  1 0 . 6 0 4 0  0 , 8 0 1 0  lO.BTOT 

0 . ~ 8 1 9  1 0 . 0 7 9 7  0 . 6 ~ 6 0  1 0 , 6 7 0 5  
~ 3 6 7  . . . .  ~ [ 8 2 6 4  0 . 6 3 5 1  1 0 . 6 1 0 3  
0 . 7 9 1 1  1 0 . 7 7 3 0  0 . S 0 6 2  10 .SS3~ 

0.1911 1 0 . 7 7 3 0  ~.5R~2 10.SS34 
0,74~6 !O.Tl9p 3,5197 lO,S03T 
0 . 6 9 9 9  1 0 . 6 6 ~ 9  9 . 4 9 9 8  1 0 . 4 3 ~ 0  

4 
0 , 6 9 9 9  1 0 , 6 6 ~ 9  0 , 4 ~ 0 0  1 0 , , 5 9 0  

0 , 6 0 7 9  1 0 , 5 5 7 8  0 , 4 7 6 3  1 0 . 3 7 6 8  

0 .701  0 1 0 . 6 8 ~ 0  
o. 6,,11 lo .  6_IT !_ 
0.5011 I0.~611 

0 , $ 9 1 1  10.$611 
0 . 5 4 7 4  1 0 . S | 2 2  
0 . S 0 8 1  1 0 , 4 6 0 3  

0 . 5 0 0 1  1 0 . 4 6 8 3  
0 . 4 7 1 3  1 0 , 4 2 7 1  
0 . 4 3 5 0  1 0 . 3 # 7 5  

0 , 5 0 7 9  IO ,SS?B 0 , 4 2 6 3  1 0 . 3 7 6 8  0 . 4 3 S 8  1 0 . 3 0 7 3  
.QL~56|4 I 0 , 5 0 3 ~  3 . 3 9 1 ~  1 ~ , 3 3 7 8  . 0 , ~ 0 1 4  1 0 . 3 4 8 0  
? , 3 1 4 6  1 0 , 4 4 8 1  0 , 3 5 7 4  1 0 . 2 9 9 0  0 . 3 6 7 7  1 0 , 3 ~ 1 2  

0 . $ 1 # 6  1 0 . 4 4 ~ I  3~SS74 1 0 . 2 9 9 8  0 . 3 6 7 7  1 0 . 3 1 t 2  
0.4674 10.3g27 ~,37~0 10.2624 0.33~5 lO.ZTal 
0 . 4 1 9 8  1 0 . 3 3 6 8  0 . 2 9 1 0  1 0 . 2 2 3 4  0 . 3 0 1 6  1 0 . 2 3 7 3  

0 . 4 1 9 8  1 0 . 3 3 6 8  ~ , 2 9 1 0  1 0 . 2 2 5 4  0 , 3 0 1 6  1 0 . 2 3 7 3  
. . . . . . . . . . . . . . . . . . . . . . . . .  ~.~3719 .. 1 0 , 2 8 0 S  0 ,ZS81 1 0 , 1 8 8 7  . . . . .  0 . 2 6 8 8  1002006 

0 . 3 2 3 6  1 0 . 2 2 3 8  0 . 2 2 3 2  1 0 . 1 ~ 1 9  0 . 2 3 ~ 9  1 0 . 1 6 3 9  

0 , 3 2 3 6  
. . . . . . . . .  O,ZTSO 1 0 , 1 6 6 7  . . . . . .  P e | 9 2 1  

~ . 2 7 6 1  1 0 , 1 0 9 1  ~ . 1 5 0 7  
. . . .  9 . . . . . . .  

0 , 2 2 6 1  1 0 , 1 0 9 1  O, ISOT 
~.1T67 1 0 , 0 ~ 1 2  0.1246 
0 . 1 7 7 0  9 , 9 9 2 8  0 , 0 8 9 8  

10  . . . . . . . . . .  
o;]~7o 
~ . ~ 7 6 0  9 . 9 3 3 7  . . . . .  0 9 0 3 3 ~  
0 . 0  9 . 0 4 3 5  0 . 0  

1 0 . 2 2 3 8  0 , 2 2 3 2  1 0 . 1 5 1 9  0 . 2 3 5 9  1 0 . 1 6 3 9  
1 0 . 1 1 4 9  0 . 2 0 2 0  1 0 . 1 2 6 9  
IO.OTTS 0 . 1 6 0 3  lO.OOq4 

lO,OTTS 0 , 1 6 9 3  tO.OOq4 
| 0 , 0 ~ 9 4  n~1352 1 0 . 0 5 1 2  
1 0 . 0 0 0 4  0 . 1 0 0 1  1 0 . 0 1 1 q  

9 , 9 S 9 0  . . . .  0~06~4 . . . .  9 . 0 ? 0 9  
9 . 9 0 0 0  0 . 0  9 . 9 0 0 0  
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FROM RUN CA 31 0094 SELECTED ExAMpLES FgR TE$T_~&SE5 
OATA GROUP 2 1.ON HAX ~XHIB|T |NG OUTPUT FOR lO STREANTUB~S NHEN NN*II  

SUMMARY OF MASS AVERAGE) STREAHTUBE FLO# VAR|ABLF$. 

PAGE 

RAglAL RATIO T3 
POSITION PASSAGE 

HFI3HT 

INLET 1 1  

O.~2Tq 
2 0 . 8 7 6 ~  

. . . . . . . . . . . . .  3 . 1 0 - 7 4 5 6  
4 0.6540 

. . . . . . . .  ~ . . . . . . . .  o.56!4 
6 0 .4674  
7 ~.3719 

TOTAL STATIC TOTAL ABSOLUTF 
PRESSURE PRESSURE TENP FLOH ANGL~ 

14,6811 11.7861 531 ,5419  0 . 0  
14,0~24 1 1 . 8 7 5 0  579 ,e412  0 . 0  
14.932~ | 1 . B 2 4 3  _ 5 2 B , 5 6 | 4  .... 0 , 0  
14,~495 1 1 . P 4 3 6  52T.8224 0 , 0  
1 4 , 9 4 1 2  I l e 8 6 ~  52T,6409 . 0 , 5  
1 4 . 9 2 3 8  l I . 8 q 3 S  5 2 7 , ? T 4 1  0 . 0  
14,~174 I I . 9 9 3 8  526 .0092 0.~ 

8 ~ . ~ T S O  

. . . . . . .  0 .1767  
I0 O,~TS~ 

AVERAGE 

t4,9145 I I . ~ 4 4  52~.5386 0.0 
14.9152 1 1 . 9 4 3 4  529,~R 2 0 , ~  
1 4 . 8 2 9 0  ! 1 . 9 6 6 0  530 ,~064  0 ,5  

14.889T 11 ,874~ 528 ,9624 0 . 0  

01 
OUTLET 

TRAV~RSF . . . . . . .  
I O.T?S~ 
2 0,6351 

0 . 5 3 9 T  
4 0 ,4673 

30,9512 71,1668 T91 .2672  T6 .3946  
32.4141 2 o . e q 1 2  __ 7 B 8 . 1 5 4 3  64.04T~ 
33,6540 23,7213 705 ,5254  5 7 , 8 0 1 1  
34,8?79 7 } . 5 7 2 3  ?82,5876 5~ ,g044  

5 O,~91a 
. . . . . . . . . .  6 . . . . . . . . . . . .  0 ,324n  

T n ,2581 
. . . . . . . . . . .  L .  9 ,1921 

9 0 .1246  

aVERAGE 

OUTLET 
RAKE 

1 O . T O ~ n  

35,7237 27,4461 7 8 0 , 5 ~ t 0  52 ,~95~ 
3 6 , 1 8 3 0  2 ~ . 3 3 6 5 _  T 7 9 . 5 3 4 3  5 t . 1 3 6 9  
36,3T?Q 2~.7306 TTq .?o9?  50 .?772  

36,0160 1 9 , 9 9 0 3  ?80,9958 51 .66Z? 
33.4600 1~.8575 TO2,R065 53 ,526a  

.34 ,5981 Z~.4331 T83 .0462 S6,7589 

31,1B04 21,17ZB 785 .4903 T6 .6526  
2 O . S ~ I I  

0 .54T4  
4 0 . 4 T I 3  

. . . . . . .  5 _ . .  0 .4014  

T 0 .2689  

32.8269 23.9~25 TB3 .0T? I  65 .3194  
34,0T46 23,7352 T B I . O ] 6 6  ~R,3364 
35.0T66 2~.5~01 TTO. 6713 54 ,2292  
35.6626 2 3 . 4 5 3 3  7?8 ,~305  52 .3195 
35.9406 2~.3533 ? 7 7 . t T 4 5  5 1 . 2 5 1 3  
35,9334 29 .2478 775 ,5259  ~O,Tg6T 

rrt 

8 O,2~?B 
_ 9 . . . .  0 . 1 ~ 5 2 . .  . 

10 0 ,0634  

AVERAGE 

35.6TZ3 20 .1374 7T3.4523 50.BST~ 
35.1043 T ? . O I t 2  TTO. T I63  51 .5194  
33.3180 1 9 . 0 R 3 3  7 6 T , 3 1 7 1  52.1811 

e 
.-i 
;0 
& 

k 
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FRON RUN CA 31 0 0 9 4  SFLECTEO EXANPLES FOR TEST CASES 
DATA GROUP 2 1.ON MAX EXH|BET|MG OUTPUT FOR 10 STREANTUBES HH~N N N'-11 

CALCULATEO FLod CONOIT|ONS 

RAOIAL RATIO TO ASSOLUT[ RELATIVE TOTAL 
. . . . . . . . . . .  ~OSITION PASSAG~ MACH . . . .  HACH . . . .  _ _ E N [ H A L P _ v  

. E ~ H t  .~,mSR NU.eEe 

i N L E T  ......................................... 

Q~9275 0 . 5 6 0 9  1 . 5 6 2 9  1 2 2 . 5 6 ~ q  
2 0 . 0 3 6 5  0 . 5 0 5 7  ! . 5 6 0 4  1"2T.1501 

4 ~ . 6 5 4 ~  0 . 5 8 6 4  1 . ~ 3 6 8  1 2 S . 6 2 4 1  
. . . . . . . . . . . . . . . . .  ~ . . _ _ 0 . 5 6 1 4 _ _ _ _ ~ 0 3 5 . .  . L ~ 5 ~ O  ...... ~ 2 6 , 6 3 0 6  

6 ~ . 4 6 7 4  0 . 5 7 9 7  1 . 5 0 6 3  1 2 6 . 6 6 2 5  
0 . 3 7 1 9  0 . 5 7 6 9  | , 4 9 0 7  1 2 6 . 7 1 0 9  

0 0 . 2 2 5 0  0 . 5 7 4 4  1 . 4 7 4 7  1 2 6 . 0 4 5 0  
. . . . . . . . .  ~_ . . . . . .  ~ , | 2 6 2  0 , 5 7 2 1  | , ~ 5 0 ]  ~ 2 7 , 0 4 9 5  

10 0 . 0 7 6 0  0 . 5 6 2 0  1 . 4 3 2 3  1 2 2 . 5 1 7 6  

- -  AVEOA'~ . . . . . . . . . . . . . . . . . . . . . . . .  6 . 5 7 2 T  t . S O q 9  

RELATIVE BLADE R~LAT|VE RFLATIVF 
FLOH . . . .  ANGLE TOTAL TOTAL 

ANGLE PRFSSIJRF TEMPERATURE 

6 ~ , 6 5 3 2  61 .Z~ZO 4T~4402 T 4 3 , 4 7 6 T  
6 7 . 9 5 6 2  6 0 . 9 1 4 5  4 T . 3 4 4 6  T 3 7 . 6 6 5 0  
6 7 . 7 ) 7 0  6 ~ . 6 7 2 5  4 6 . 6 7 0 8  T S Z , 3 0 ~  . . . . . . .  
6T .56qT  6 0 . 4 2 4 0  4 5 . 0 0 3 !  T2T.5~ST 
6 7 . 4 5 0 2  60.~ |707 4 4 . 9 0 | ~ . _  7~5 .248 ,4  _ _  

6 T , 5 6 ~ 3  5 9 . 9 0 0 5  4 4 . 0 5 5 q  T l q . 2 q S O  
6 T t ~ 3 ~ 4  5 9 . 6 5 0 1  4 3 . 1 2 6 3  T 1 5 . 4 ~ 6 2  
6 7 . 0 7 7 5  S9 .5591  4 2 . 2 1 6 6  7 1 1 . 8 ~ 6 2  
6 6 . 0 0 1 6  59.07]~__.__~1~'3_07~ T 0 0 . 5 1 1 6  ..... 
6 6 . 9 8 1 q  S8 .T735  4 0 . 1 5 0 0  7 0 5 . 4 5 9 0  

6 0 . 0 0 0 6  4405165  ? ? 2 . 4 6 7 1  

OUTLET 
TRAVERSE . . . . . . . . . . . . . . .  

1 0 . 2 7 6 3  0 . T 5 0 2  O ,49qq  1 9 0 . 2 ~ T 6  
. . . . . . . . . . . . .  Z 0 . 6 3 ~ 1  O, BLO5 ...... 0~5748 .._ 1 0 9 . 4 5 0 6  

3 9 . ~ 3 ~ ?  0 . 0 6 2 9  0 . 6 5 4 5  1 8 0 . 8 1 1 5  
4 ~ . 4 6 2 5  0 . 9 0 3 0  0 . 7 0 7 2  1 9 0 . 0 9 7 4  

6 9 . 0 q 5 4  30 .T27~  2 5 . 0 9 4 2  " 7 4 5 ; 5 7 6 2  . . . . .  
5 2 . T 4 6 2  . . . .  _ s o ~ 7 o _ 2 ~ ! 2 o 5  T 4 1 . 5 ~ n e  
4 5 , 3 7 4 4  3 0 . I 0 5 ~  2 7 . 6 1 5 6  ? 4 2 . 6 1 1 5  
4 1 . 2 1 9 ~  ?q .BqqT -  2 ~ . 7 0 2 5  T 4 0 . 4 2 2 2  

S 0 . 3 9 1 ~  0 . o 3 0 4  0 . 7 3 3 0  1 9 T . S 9 7 6  
. . . . . . . . . . . . . . . . . .  6 _ 0 . 5 2 4 0  0 . q 4 6 5  0 . 7 4 5 0  1 0 7 . 5 5 5 5  

7 0 . 2 5 0 1  n.O~Sq 0 . 7 4 8 2  1 8 7 . 2 q 8 5  
. . . . . . . .  0 9 , ; q 2 |  0 . ~ 5 9 7  0 . 7 4 0 q  10T~O.q5 

9 ~ . 1 2 ~ 6  0 . 9 5 7 7  0 . 7 2 3 0  1 8 7 . 7 1 1 5  
~0 ~ . 0 5 3 4  0 . 0 9 ? 5  0 . 6 0 7 0  1 8 0 . 1 5 0 6  

3 0 . 7 6 3 0  29 .7111  2q .  20~2 T S T . t 1 0 q  
3 7 . 2 1 4 4  2qe530q 2 ~ . 4 0 1 5  7 1 4 . 0 6 0 |  
5 6 . 1 1 6 3  2 9 . 3 5 4 0  2 9 . 3 1 4 8  7 3 2 . 9 2 5 4  
3 5 . 2 q D q  2 9 . 1 7 6 4  2 0 . o 5 3 1  7 3 1 . 0 2 4 6  
3 4 . T 4 7 9  2 8 . q 9 4 0  2 n . 2 q 6 4  T 2 9 . ~ ] q A  . . . . . . . . .  
3 0 . 2 2 1 4  20 .0011  2 7 . 2 1 2 6  T 5 0 . 1 ~ 9 8  

AVERAGE 0 . 8 9 9 ~  ~ , 6 8 1 4  1 0 0 . 2 0 9 0  

OUTLET 
RAKE 

| 0+78Q~ 0+7656 0 . 4 9 7 5  
2 ~ . 6 G I I  0 . 0 3 0 5  0 . 5 6 8 5  
3 ~ . 5 4 7 4  0 . 9 2 4 9  0 , 6 4 0 6  

~ . 4 7 1 3  0 . 9 0 2 ~  0 . 7 0 4 4  
5 ~ . 4 0 ~  ~ . 9 2 0 6  0 . 7 3 1 0  
6 0 . 5 3 4 5  0 . ~ 3 9 9  0 . 7 4 4 9  
? O ~ 6 ~ q  9 t q 4 / t )  017480  
0 ~ . 2 0 2 5  9 . 9 4 2 7  0 . ? 4 3 2  
q 0 . ~ 3 ~ ?  9 . 0 5 3 9  0 . 7 2 7 0  

tO 0 . 0 6 3 4  9 . 0 9 2 1  O.TOT? 

AVERAGE 0 . 0 9 5 9  0 , 6 8 2 2  

42.flTqO 2 9 , 6 6 5 7  2 7 . 9 9 1 0  7 5 T . 5 2 3 ~  

1 8 8 . 8 0 2 9  69.14esO 3 0 . 7 3 7 2  2~ .062D 7 3 0 . 2 9 0 5  
1 9 0 . 2 1 5 2  5 2 . 4 1 2 5  
1107.7156 _ ~&eqO40 
1 0 7 . 3 0 0 7  4 1 . 1 4 9 1  
l e t .  I l L 6  _____32~06~? 
106 .T821  3T . 8436  
1 R 6 . 3 0 1 7  5 7 . 1 2 6 4  
1 0 5 . 8 7 8 1  3 6 . 8 0 1 0  
1 8 5 . 2 1 3 7  5 6 . 9 5 3 6  
1 0 4 . 3 0 0 5  3 9 . 5 7 0 0  

1 5 6 . 7 8 7 8  4 ~ . 4 0 7 0  

3 0 . 3 7 3 0  2 ~ . 0 1 3 3  7 3 3 . 0 2 t ?  
3 0 . 1 2 5 5  . . . .  2 7 . 4 9 6 2  7 3 4 . 0 4 2 8  
2 9 . 9 2 5 7  2 8 . 6 5 6 9  7 3 6 . 1 t 0 5  
? 9 . 7 3 7 6  . . . .  2q .  I 7 8 5  ?55 .2 .369  
2 9 . 5 5 0 0  2 9 . 4 o 1 5  T 3 ~ . 0 3 , ~  
2 9 . 3 0 2 7  2 q . 3 5 5 1  ? 3 2 . 1 0 5 0  
29°205?  2 9 . 0 4 1 0  ? 2 q . 5 1 T 2  
? 9 . 0 2 ? 6  2 0 . 4 2 t 0  2 2 5 . 0 ~ 4 t  
20 .0281  -- 2 2 . ? 5 ~ 4  ? 2 0 . 4 ? 9 ?  

2 9 . 6 0 q 5  " 2 0 . 0 3 q t  T 3 2 . 7 6 0 5  
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COMMENTS 

MASS FLO~ 
PERCENT MASS LOSS l ~  OETERqIqING RAOlAL POSITIONS 

INLFT OUTLET TR4V. OUTLET RAKE 

TO.T ieD O0 2 0 . 6 4 9 0  O0 2 ~ . 3 5 ~ 0  ~ 
2 . 1 7 0 0 - 0 9  %nO~O-OT 3 , o ~ r ~ - ~ ?  

P A G ~  

STR F AMTIJRF.: 

PERCENT ENERGY UNBALRN:E 

OUTLET TRAV OUTLFT RAKF 

DELTA(HI DELTA(E l /DELTA(H I  DELTA(HI n F L T A ( E I / D F L T A | H )  
I 6 2 . ~ 4 2  3 . 7 3 q 1 2 0  ~0 6 1 . 2 3 7  ~ . ~ 4 ~ 9 1 9 - 0 1  
2 6 2 . 2 9 2  5 . 0 7 ~ 8 6 D  DO - 6 1 , 0 5 7  - -1 .TqOR~D no 
3 _._~ 6 1 . 9 6 0  7 . 6 4 8 9 9 0  ~0 6 0 . 5 6 4  4 . ~ ? ~ | T O  ~0 
4 61.423 8.4~2440 O0 . . . . . . .  60.715 - 6.66&~RD ~n 
5 6 0 . 9 6 7  8 , 5 7 1 1 2 0  ~0 6 0 . 4 8 1  ? . $ 2 ~ 6 8 0  O0 
6 6 0 . 6 9 3  8 .55~66D  OO 6 0 . 1 2 0  8 , 1 2 4 5 8 D  ¢0 
T 6 9 . 5 9 0  8 . 7 5 2 8 5 0  00 5 9 . 6 6 3  8 , 4 1 3 8 1 0  ~ ?  
8 6 0 , 5 6 4  8 . 8 5 1 7 2 n  0 0  . . . . .  ~ 9 . 0 5 2  ~ , ? ? ~ 2 1 ~  O0 
9 6 0 . 6 6 2  8 , 8 5 ? 5 4 0  0 0  5 8 . 1 6 4  T, 6 ~ 5 4 0  nO 

I0 60.853 1.533230 Ol ST.OT1 9.601060 Oq 

AVERAGE 61.262 8.12q660 00 ~ 9 . 8 4 0  6.36661D O0 

CaO 

STATIC PRESSURE AT TRAtLING EDGF . . . . . . .  RELAT|¥F TOYAL PRESSLRE AT TRAIL ING EDGF 

FROM NORMAL SHOCK EQUATIONS FROM SUDDEN EXPANSION EQ~-T|ONS- " FROM SUODFN EXPANS[ON FQURTION$ 

STREAMTUBE PASSAGE ENTRANCE OUTLET TRAV. OUTLET RAKE OUTLET TRAVo OUTLFT RAKF 
I . 4 ~ . 8 ~ ?  _ 1 7 , 9 6 5  
2 4 4 , ~ I I  - -  1 6 , 4 9 5  

_ 3  _. & 3 , ~ 2 8  . . 1 6 , 1 4 7  
4 4 ~ , ~ 0 2  1 6 . 3 1 7  
5 47 .  T3~ 1 6 . 6 4 5  
6 4 ~ . 1 ~ 2  16.q21 

. . . .  1 8 . 0 0 9  . . . . .  5 2 . 8 S 4  3 2 . 7 8 ~  
1 6 . 6 5 0  7 9 . ~ 3 9  2 9 . ? 7 5  

1 6 . 3 3 0  . . . . . . .  2 9 . 5 4 6  2 0 . 2 0 1  
1 6 . 5 9 5  29 -8  x~ 2 9 . 7 8 2  
1 6 . 5 8 8  2 9 . 9 6 ~  2 Q , 9 7 8  
1 6 . 7 1 7  2 9 . 9 6 ?  3~ .041  

. . . . . . . .  7 4 1 . 5 3 6  1 7 . 1 5 9  1 6 . 7 7 6  2 9 . 7 ~ 4  
8 6 0 . 9 0 6  1 7 . 3 6 3  16~-766 . . . .  ?9 .?Rq 

_ 9 4 0 . 2 5 0  I Y .  Sn9 . . . .  1 6 . 6 5 9  2 8 . 5 8 ?  
10  3 9 . 6 0 6  16 .  t 6 3  1 5 , 7 9 B  - 2 T . 9 6 4  

8LOCKAGf FACTOR--OUTLET TRAVFRSf= 9 . 1 8 4 3  OUTLET RAKEe 0 , 1 8 9 1  

~ L c u L A T E O  SUODEN EXPANSION AREA RA~16--J~TUX[-~XIT-oLAp~i-RdfIO-IS ' - - t - . ~ ¢ f  . . . . .  

R&OIAL PO$1TtON ----OUT-L-ET TRAVERSe- OUT'.~E-T--kAKE . . . . . . . . . . . . . . .  

1 4 . 2 2 9  ~ . ; 5 2  
2 1 .965  1 . 9 ~ 5  

? 9 . 9 | 6  
2o .  ST4, 
? S .  QQ 

?8.764.  

4 

6 
? 

"e 
Q 

10 

. . . .  1 . , 9 0  I .  47s 
: .~os  i .  5 o 4  

: 1 , 2 2 5  1 , 2 5 2  
1 .1E1  1 . 1 9 7  . . . .  

1 . 1 5 8  1 . 1 8 1  
1 . 1 4 5  1 . 1 8 0  
1.142 . . . . . .  1 . 1 9 s  
1 . 2 5 7  1 . 2 f k  . . . . .  

m 
[2 
{-) 
s 

;o 

,o 



FROM RUN CA ~1 0094 SFLFCTEO EXAMPLES F~R TFST CASES 
DATA GROUP 2 1.ON MAX ~XHIR IT |NG OtJTPUT ~OR 10 STREAMTUBES WHEN N N = I |  

RESULTS O~ STREAMTU~E CALCULATIONS 

"INLET--OUTLET TRAVERSr 

RADIAL TOTAL AOIABATIC OVERALL PASSAGE PASSAGE EXPANSION 
PNS|TION PRESSUR~ EFFIC|~NCY LOSS FNTRANCE SHOCK. LOSS 

RATIO MACH NO. LOSS 

PRnCIL~ 
LOSS 

PROFILE 
LNSS 

PARAMETER 

DIFFUSION 
FACTOR 

1 2 . 1 0 8 2  0 . 4 8 1 4  0 . 5 8 7 3  1 . 8 4 4 2  0 . 2 4 7 9  0 . 2 1 8 5  0 . 1 2 0 9  0 . 0 0 7 3  0 . 7 1 5 2  
2 2 . 1 7 6 6  0 . 5 0 5 7  0 . f i 4 5 9  1 . 8 3 3 0  0 . 2 4 2 1  0 . 0 9 6 1  0 , 2 0 7 7  0 . 0 2 1 1  0 . 6 6 0 5  
3 2 . 2 5 3 7  0 . 5 3 2 7  0o4956 1 .821Q 0 . 2 3 7 5  0 . 0 5 5 5  0 . 2 0 2 6  0 . 0 2 3 7  0 . 5 9 8 1  
4 2 .33~1  0 . 5 6 2 5  0 . 4 5 8 1  1 . 8 1 0 0  0 . 2 3 2 ~  0 . 0 3 3 ~  0 . 1 9 1 7  0 . 0 2 3 9  0 . 5 5 7 0  
5 2 . 3 9 1 0  0 . 5 8 5 1  0 . 4 3 6 ~  1 . 7 9 7 2  0 . 2 2 7 4  0 . 0 2 2 8  0 . 1 8 6 3  0 . 0 2 4 0  0 . 5 3 5 3  
6 2 . 4 2 4 5  0 . 5 9 8 6  0 . 4 2 3 6  1 . 7 8 ~ 8  0 . 2 2 2 0  0 . 0 1 7 0  0 . 1 8 4 7  0 .0241.  0 . 5 2 1 9  
7 2 . ~ 3 8 3  0 . 6 0 4 4  0 . 4 1 9 9  1 . 7 7 0 1  0 . 2 1 6 6  0 . 0 1 3 6  0 .  I~01  0 . 0 2 5 1  0 . 5 1 5 5  

2 . 4 3 5 8  0 . 6 0 4 3  0 . 4 2 5 1  1 . 7 5 5 8  0 . 2 1 0 5  0 . 0 1 1 1  0 . 2 0 3 5  0 . 0 2 7 0  0 . 5 1 6 2  
9 2 . 4 1 4 7  0 . 5 9 7 6  0 . 4 4 0 2  | . 7 4 0 9  0 . 2 0 4 4  0 . 0 0 9 7  0 . ~ 2 6 1  0 . 0 3 0 0  0 . 5 2 ¢ 6  

10 2 . 2 5 6 4  0 . 5 4 5 6  0 . 4 6 5 7  1 . 7 2 6 I  0 . 1 9 8 9  0 . 0 2 6 6  " 0 . 2 4 0 2  0 . 0 3 0 3  0 . 5 3 7 3  

AVFRAG¢ 2 . 3 2 3 2 1  0 . 5 6 1 0 0  0.469q0 1 . 7 8 8 2 9  0 . 2 2 3 9 6  0 . 0 5 0 4 5  0 . 1 9 5 3 9  0 . 0 2 3 6 4  0 . $ 6 0 1 7  

PAGE 6 
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rADIAL  
POSITION 

]NLFT--OUTLET-RAKE 

TOTAL AOTABATIC OVERALL PASSAGE PASSAGE EXPANSION 
PRESSURE EFF]C|FNEY LOSS FNTRANCE SHOCK LOSS 
RATIO MACH NO. LnSS 

PROFILE 
LOSS 

PROFILE 
LOSS 

PARAMETER 

DIFFUSION 
FACTOR 

7 
B 
q 

10 

AVI:RAGE 

Zo1230 0 . 4 9 8 0  0 * 5 8 9 2  , - 1 . 8 4 4 2  0 . 7 4 7 9  0 . 2 1 6 6  
2 . 2 0 4 3  0 . 5 2 5 4  0 . 5 5 0 5  1 . 8 3 3 0  0 . 2 4 2 1  0 . 0 9 0 4  
2 . 2 8 1 9  0 . 5 5 1 7  0 . 5 0 0 9  . . . . . . .  1 . 8 2 1 0  0 . 2 3 7 5  0 . 0 5 1 2  
2 . 3 4 6 3  0 . 5 7 3 4  0 . 4 6 1 8  1o8100 0 . 2 3 2 5  0 . 0 3 3 1  
2 . 3 8 ~ 2  0 . 5 8 9 0  0 . 4 4 0 0  1 . 7 9 7 2  0 . 2 2 7 4  0 . 0 2 4 2  
2 . ~ 0 8 3  0 . 5 9 9 2  0 . 4 2 6 4  1 . 7 8 3 8  0 . 2 2 2 0  0 .019Q 

0 . 1 2 4 7  
0 . 2 1 8 0  
0 . 2 1 2 2  
0 . 1 9 6 2  
0 . 1 8 8 5  
0 . 1 8 4 5  

2 .408 f i  0 . 6 0 4 2  0 . 4 2 1 5  1 . 7 7 0 1  0 . 2 1 6 4  0 . 0 1 7 9  
2 . 3 9 1 8  0 . 6 0 5 8  0 . 4 2 5 1  1 . 7 5 5 8  0 . 2 1 0 5  0 . 0 1 7 6  
2 . 3 5 3 6  0 . 6 0 3 0  0 . 4 3 ~ 6  1 . 7 4 0 9  . . . .  0 . 2 0 4 4  " 0 . 0 1 9 2  .... 
2 . 2 4 6 8  0 . 5 7 0 4  0 °4473  1 .7261  0 . 1 9 8 9  0 . 0 3 5 8  

2 . 3 1 5 3 8  0 . 5 7 2 8 3  0 . 4 7 0 3 3  1 . 7 8 8 2 9  0~22396  0 . 0 5 2 5 7  

0 . 1 8 7 3  
0 . 1 9 7 0  
0 . 2 1 5 0  
0 . 2 1 4 6  

0o19380  

0 . 0 0 7 5  
0 . 0 2 2 3  
0 . 0 2 5 0  
0 . 0 2 4 5  
0 . 0 2 4 2  
0 . 0 2 3 9  
0 . 0 2 4 4  
0 . 0 2 5 6  
0 . 0 2 7 7  
0 . 0 2 6 6  

0 . 0 2 3 1 7  

0 . 7 1 9 4  
0 . 6 6 8 5  
0 . 6 0 6 0  
0 . 5 6 0 9  
0 . 5 3 7 3  
0 . 5 2 2 1  
0 . 5 1 4 2  
0 . 5 1 3 2  
0 . 5 2 0 1  
0 . 5 2 3 3  

0 . 5 6 8 5 0  " 



R" 

TEST CASES F~R STREA~TUBF PROGRAM 

INPUT CONSTANTS 

p A ~  

% ~ 4 7 5 0  l l . O 1 0 5 n  ~ ,9~nO0 11 .01850  9 . 9 0 0 ~ 0  

0 , 0  0 . 0  0 , ~  0 ,0  0 , ~  

O,O 0.0 ' 0 . 1 4 ~ 5  0 .~  O,O 

C 
~ ,~00~0  l ,OqO0~ 

1 1 . ~ 1 ~ 5 ~  

q . 1 6 6 0 ~  

01 
01 

0 , 0  0 , ~  n,O 0 , 0  0 , 0  

E 
C ~  0 . ~  . ~ , ~  9 . 0 1 3 5 8  0 , 0  

F 
0 , 0  0 , ~  6 ,4&?BT  - 0 , 5 ~ 7 2 6  0 , ~ t 7 3 4  

0 , 0 5 5 ~ 0  

FROM RUN CA 3~ 90q~ SELECT[O EXAMPLES FnR TE$T ~ A S [ S  . . . . . . . . . . .  
DATA GROUP ~ I , ~ N  MAX EXHIB IT ING OUTPUT FO~ ~'$TREA~T~BE$ MI.~N N N - | ~  

CONSTANTS FOR A SU~SFT 

P 

PflAR 
0°0  0 , ~  0 , 0  ~ , ~  0 , ~  1 6 , 8 5 5 0  l & , q 4 3 3  1 4 , 9 2 6 T  1 6 , q l ~ n  1 4 , q 1 3 3  0 , 0  0 , ~  0 , ~  O,n  0 , ~  
0°'0 
0_,,o 

~ 5 , 3 q 0 0  2T ,53~0  2 8 , 2 5 ~  2 8 , ~ 0 9  2 8 , 5 0 0 0  2 9 , ~ 0 ~ 9  3S ,T030  3 7 , 8 5 0 0  3 6 , 0 9 9 0  3 5 , 5 0 0 0  Y4,~O0~ ~ 4 , 1 0 9 q  ~ ? , ~ n ~  ~ , 9  
~ , ~  ~ ,0 .  0 . 0  0 , 0  30 ,92C0 3 1 , ~ 8 3 3 . . 3 6 , $ 7 6 6  36~010~ 3 6 , 8 0 6 6 0 , 0  . _ 0 , 0  0 , ~  O,n  ~ , ~  

TFHP 
52Q.T~6 5 2 6 . 6 g 0  5 2 6 . 2 7 1  52T .051  5 ? 9 . 2 6 5  TBT. 6TO 7B6 .67q  7 8 0 . 6 7 0  7 7 4 . 6 T n  7 7 6 . 6 7 0  7 8 2 .  T2B ?B l .O~q  TTS.BT6 7 7 I . B q 2  ? 6 ~ . ? | 6  

ANGLF--~EGREE$ 
0 , 0  0 , 0  0 , 0  0 , ~  

Q,O 0 , ~  . 0 , 0  9 , 0  

RN- |6TZTe330000D O0 

0 . 0  0 . 0  0 , 0  ~ . 0  P.O 0 , 0  
qq.?OO qB.6OO 6 9 . 4 0 0  4 7 . 7 3 0 -  4 7 . 9 g ~  S l . 3 0 0  

0 . 0  8 5 . 0 ~ 0  70 ,~0~  5 5 , 8 0 0  S . J . O 0 0  S 2 . ~ O n  

m 
q~ 
,n 
- I  
;0 
& 
' ,*0 
L 
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TEST CASES FOR STREAMTUBE PROGRAH 
FROM RUN CA 31 0094 SELECTED EXANPLES FOR TEST CASES 

DATA GROUP 3 | ,ON MAX EXHIBITING OUTPUT FOR 5 STREAMTUISES WHEN NNmI3 

CALCUtAT~D BOUNDARIES AND CENTERS OF STREAMTUBES 
RATIO TO PASSAGE HEIGHT AND RADIUS IN INCHES 

INLET STREAMTUBE OUTLET. TRAVERSE OUTLET RAKE 
STRE&flTUBE NO. OUTER OUTER OUTER 

CENTER CENTER CENTER 
INNER INNER INNER 

1.0000 11.0185 1.0300 11.0185 1.0000 11 .0 t85  
9.8820 10.8799 9,599? 10.5707 0.7010 10.6041 
3.7914 10,7734 0,5~98 1D,4924 0,5912 10,5612 

0.7914 lO.TT34 0.5296 10.4024 0.5912 10.5612 
0,7002 10.6653 3,4678 10.4232 0.5082 10.468~ 
0.6083 10,5562 0,4090 10,3574 O.43SO 10,3575 

0.6003 10.5582 0°4090 10o3574 0°4359 10,3875 
3.5150 10.4406 0,3501 10.2916 0,3677 10.3113 
0,4202 10.3372 3.2984 10.2225 0.3016 10.2373 

0.4202 10.33T2 ~.2884 10.2225 0.3015 10.2~73 
.9,3240 10,2242 ) ,2236 tO , ISOt  0.2360 10.1639 
0 .2264 10,1095 3 , |559  10,0743 0.1693 10.0894 

0,2264 10.1095 O,ISS9 10,0743 O,tBq3 10,0094 
0,1277 q.9930 3,0047 9.9947 0,1031 10.0120 
0 . 0  9 , B 4 3 5  O.O 9 , 9 0 0 0  O.O 9 . q 0 0 ~  

RAGE 2 

rn 
c3 
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& 
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--3 

F R ~ R U N N  C A ~ 0 9 4  _SEI-ECTEO EXAMPLES FOR TEST CASES 
DATA GROUP 3 l , O N  MAX E X H I B I T I N G  OUTPUT FOR S STREANTUBES k~lEN N N t | 3  " 

SUMMARY OF MASS AVERAGEO 5TREAHTUOE FLDU VARIABLES 

RAOIAL " RATIO TO 
. . . . . . .  pOS [ ' l I O N  • _  PASS AGE 

TOTAL STATIC TOTAL AB$OILUTF 
PA~.~S~R~ . . . . . .  ~.~.E~Sq~_~ . . . .  ~ P . .  _ FLO~ ANGL~ 

HEIGHT 

[NLET  
1 o . 5 o z n  1 4 . 7 q 2 ~  | t . ? ? o ~  P ~ O t 4 ~ } I  o . o  
2 0 . 7 0 0 2  t ~ . q 4 1 4  11.8313 528.0566 0 . 0  
3_ 0 . ~ 1 . . . ~  . 1 ~ , 9 ~ L ~  . . . . . .  1 1 ~ 1 Z .  . . . . .  ~7ZZ . , . 5847  . . . .  0 , ~  . . . . . .  
4 0 . 3 2 4 0  14.9150 11 .q166  ~28.3293 O.O 

AVeRAgE 1 4 . 8 9 D 0  ~ 1 . 8 7 4 3  5 2 8 . 9 7 5 3  0 . 0  

___ OUTE].,E].__ ................................... 
TRAV~RSF 

. . . . . . . . . . . . .  J _ _ _  O . 5 9 q T  .~PLDZ6 t  . . . . . .  | B . 7 5 5 0 " . .  787,4_~_70 6 4 . 1 6 7 2  
2 0 . 4 4 7 8  3 7 . 0 7 4 5  1 8 . T 2 8 8  TOS.2nDT  4 T . t t Z ?  
} n,35~1 } T O T 0 2 6  | 8 . 6 6 6 T  7 8 1 . o ~ 6 6  4 7 . 2 9 2 ~  
4 0 . ~ 2 5 4  3 7 , 1 5 3 6  I O . S q Z 2  7 8 0 . 3 3 0 q  6 q . 4 2 3 q  

. . . . . . .  5 . . . . . .  Q~OB47 ..... 3 5 . 3 8 0 6  1 8 . 5 1 8 0  ? 8 2 . 7 8 3 6  51 .8884 .___  

. . . . . . . . . .  AyERAGE . . . . .  3 6 , 5 2 7 ~  1 9 , 6 5 2 1  7 8 3 , 5 7 9 2  _&T,qTB8 - 

OUTLET 
RAKE 

. . . . . . . .  2_ _ _ 0 . 3 6 ? 7  

p o . ~ o o t  

AVERAGE 

3 2 . 0 4 2 1  2 i , 0 4 3 5  7 8 4 . * 0 4 7 _ _  . ? 0 . q 8 8 ~  
3 4 . 6 1 2 9  2 D , 6 7 2 8  T ~ O . 2 1 0 T  5 6 . 2 8 7 ~  

3 5 . 8 3 8 1  2 7 . 2 n O l  7 7 4 . ~ 0 2 1  SO,821Q 
3~.~526 |q~9655 76q.4693 5 | , 8 ~ 0 0  

3 4 . 5 1  nt 2 ~ . ~ 6 a 2  _ TZT -?~*O  . . . .  ~ 6 , ~ 4 6 3  
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FROM RUN CA 3]  OOq4 SELECTTD EAANPLES FOR TEST CASES 
OATA GROUP 3 1 .0N MAX EXHIB IT ING ~UTPUT F~R S STREAMTUflES ~HEN N N - I ?  

CALCULATEO FLOW CONI)ITIONS 

RAP~AL RATIO TO ABSOLUTE RELATIVE T~TAL .RELAT|VF 
POSITION PASSAGE M&CH NACH E~THALPY FLO~ 

HFIGHT NUN8ER NUMBER ANGLE 

INLET 
| ~ q 8 2 7  0 . 5 7 8 4  1 . 5 6 3 7  1 ~ 7 . 3 4 8 0  6 8 . 2 8 9 T  

RLAOE RELATIVF RrLATIVE 
ANGLE TOTAL TOTAL 

PRFSSURF T~MPFRATUR~ 

2 0 . 7 7 0 2  0 . 5 8 ? 0  [ . 5 6 4 9  1 2 8 . 7 3 0 2  67.66R1 
. . . . . . . . .  ~ _ _  3 . 5 1 ~ .  " 0 . ~ 8 1 3  1 . ~ l S T  1 7 6 . 6 1 7 1  6 7 . 6 3 7 q  

4 ¢ .32&3  0 . ~ 7 ~ 4  1 , 4 8 3 8  1 7 6 . T ~ 5 ?  " 6 T , | B T 2  
. . . . . . . .  ~ . . . . . .  0 . 1 2 7 2  . . . . .  0 . 5 6 6 2  1 . 6 ~ 8 3  1 2 7 . 2 6 1 5  _ 66o98~5 

AVERAG~ 0 . 5 7 7 7  ~ . 5 [ t 3  1 2 6 . 9 3 0 3  6~ .~1~5  

6 0 . 0 6 1 8  6 6 . 6 0 6 4  T21o36~6 
S9.SO0? 6 7 . T 6 q l  ? 1 6 . ~ 6 ~ 6  
$ 8 . 9 2 4 ~  4 ~ . 7 7 ~ q  7 ~ T . 6 q n 8  

6 0 . 0 1 0 3  ~ 6 . 6 0 ~ ?  722 .8a~1  

_ OUTLET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TRAVERSE 
1 0 . 5 9 9 7  0 . a 9 6 4  . . . .  0 , 8 9 2 6  1 8 9 . 3 2 4 8  36.783_4 3 0 , 2 6 3 7  3 1 . 6 6 n ~  
2 ~.46TS 1 . 3 3 8 5  0~8638 1 8 8 . 7 3 4 7  3 3 . 1 1 R |  ? q . q 1 6 6  2q .  82q3 
) Q,3SO| 1 . 0 5 5 2  0 . 8 3 8 6  1 8 7 . 9 3 6 8  3 1 . 4 1 ~ 8  2 9 , 6 0 0 T  2 9 . 5 1 2 n  
4 0 . 2 2 3 ~  1 .0463  0 , 7 8 9 7  1 8 7 . 8 5 1 0  3 0 . 6 7 3 7  2 q . 2 6 1 ~  2R .0398  
5 0 . 0 8 6 T  1 . 0 0 8 6  0 . 7 2 6 2  1 8 8 . 1 4 5 0  3 1 . 0 0 ~ 5  2 8 . 8 8 3 4  _ 2 6 . 2 9 1 q  

7 6 1 . 9 ~ 0 9  

TAq.6QA? 
72n .  AqOR 
T ] q . 3 7 4 1  

AVERAGE 1 . ~ 2 q 0  0 . 8 1 8 2  188.33f15 3 2 . 5 ~ 8  2 q . ? O S 2  ~ q . ~ 3 4 7  7 3 3 . 8 7 4 4  

OUTLET 
R A K E  

1 0 . 7 0 1 3  0 . 7 9 9 8  0 . $ 2 1 3  1 8 8 . 5 3 9 1  6 0 . 0 1 4 6  _ 30±5~04  . 28 .3147  7 3 ~ . 6 ~ q q  
2 0 . 5 0 8 2  0 . 8 9 1 6  0 . 6 7 6 2  1 8 T . S I q 8  4 2 . 9 6 7 9  ~ , ~ 2 1 6  7 8 . 0 6 4 ~  7 3 3 . ~ 7 1 6  
3 0 . 3 6 7 T  0 . 9 ~ . S  0 . 7 3 8 7  | 8 6 . 9 0 3 T  3 8 , ~ 0 7 3  79.6~T88 2 q ~ 8 6  T36.  BqTT 
4 0 . 2 3 6 3  0 . 9 4 3 7  0 . 7 4 6 7  1 8 6 . 1 3 3 0  3 7 . 0 2 7 2  ~ 9 . Z 9 6 5  2Q.7616  ? ~ 0 . 9 6 4 ~  
3 O~lOOl 0 . 9 1 3 8  0 . T 1 7 7  1 ~ 6 . 9 1 0 9  3 8 . 1 6 4 7  2 8 . 9 2 ? ?  2 8 . 1 2 ~ 2  ? 2 7 . 5 ? 5 ?  

P&G ~ 

rn 

t") 
, 
- I  
;ID 
& 

AVERAGE 0 . 8 9 6 6  0 . 6 B O [ _ _ _ 1 8 6 . 8 0 1 7 _ _ _  4 3 . 3 3 7 ~  29 .6R4& .28,  n169 T 3 2 . 3 5 8 n  



~ONNFNTS . . . .  

MASS FLOM 

INLTT OUTLET TRAV. 

20 .T13D O0 2 t . 6 8 4 0  O0 

~ ITLET RAK~ 

PAGE 

PERCENT MASS LOSS [~  DETERM|~ING RADIAL POSITIONS 

PERCENT ENERGY UNBALANCE 

STREAMTUBE OUTLET TRAV 

1.04TO-OO 4 . 9 ~ $ 0 - 0 7  

OUTLET RAKE 

l . S n c l ~ - ~ 7  

0'1 
r.,.O 

DELTAIN|  DELTA(E l /DELTA(H I  DELTA(H| DELTAtE I /DELTA(H)  
_ . ~ T T  . . . . . . . . .  1 . 3 2 7 ~ 6 D  O1 . . . . . . . . . . . .  6 1 . 1 9 1  5 . 6 7 9 5 4 0 - 0 1  

6 2 . 0 0 4  7 . 1 | T 3 3 D  O0 6 0 . ? 9 0  S.~S70TO O0 
6 1 . ~  . . . . . . . .  9 S j 9 6 ~ Q T ~  . . . . . . . . . .  6 0 . ~ 8 9  . . . . . .  7 .6Q!STO nO 
60 .T5S 4 . 0 1 2 1 6 D  O0 ~9 .73T  B. 2137~0 ~0 
6 0 , 8 8 4  S,OT2SSO OO $ T , 6 4 9  0 . 4 5 4 ~ D  O~ 

AVERAGE 6 1 . 3 8 8  

STATIC PRESSURE AT TRAIL IHG EDGE 

. . . . .  7 _,08e520 _00_ . . . . . . . .  5Q. R51 

FROM NORMAL SHD~K EQUATIONS FROM SUDDEN FXPANS[O~ EQUATIONS 

STREANTUBE PASSAGE ENTRANCE QQTLET TRAV. OUTLET RAKE 
l 4 4 . 6 3 4  1 4 , 9 8 6  I T .  ITS 

4 ~ , 6 6 1  1 6 , 9 7 q  16 ,34S  
3 4 2 . $ 4 0  1 T , 6 6 4  16 .~2T  

___  . 6 , 0 5 6 7 7 0  00 .... 

RELATIVE TOTAL PRESSUC~E AT TRAILING ED~F 

FROM SUOOEN EXPANSION EQUATIONS 

OUTLFT TRAV, OUTLF.T_RAKE 

2 q . q 2 0  7 q . 4 9 &  
29.6~o so.o~# 

4 4 1 , 3 1 4  1 7 . 9 0 8  1 6 . 7 5 0  2 8 . 0 ~ 2  ?Q.TqR 
S 60,OOR 1 7 . 6 2 3  1 6 . 2 2 2  

BLOCKAGE FACTOANOUTLET TRAVERSE- - 0 , 2 8 T 4  OUTLET RAKE- 0 , 1 4 9 2  

2 6 , 3 2 6  7 8 , R 9 4  

CALCULATED SUDDEN EXPANSION AREA RATIg- -ACTUAL EXIT BLADE AREA RATIO I S  1 .3741  

RADIAL POSITION OUTLET TRAVERSE DUTLET RAKE 
| | , 0 9 S  2 , 6 7 3  
2 1 , 0 5 0  * 1 . 3 8 2  
3 1 , 0 3 4  1 , 2 1 5  
4 1 , 0 2 5  1 , 1 0 2  

I"11 
0 
C') 

& 
.,o 

I,..) 
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FROM RUN CA 31 0094 SPLFCTEO EXAMPLES FOR TEST CASES 
DATA GROUP 3 I .ON MAX EXHZRITING OUTPUT FOR 5 STREAMTUBES ~HEN NN- [3  

RESULTS ~F STREAMTUBE CALCULATIONS . . . . .  

INLFT--~UTLET TRAVERSE 

PAGE ;I0 
i 
o~ 
~D 

O~ 
(~  

....... RA~IAL TOTAL 
POSITION- PRESSURE 

RAT|n 

1 2.3~81 

ADIABATIC OVERAL-L PASSAGE PASSAGE EXPANSION PROFILE PROFILE DIFFUSION 
EFFICIENCY LOSS ENTRANCE SHOCK LOSS LOSS LOSS FACTOR 

MACH NO. Loss  PARAMETER 

0 .5779  0 .3772 1 .8404 0 .2458 0 .0113 0 .1202  0 .0162 0 .4331 
2 2 . 4 8 1 ]  0 .6036  0 .421~  
3 2 .5250 0 .6233  0 .4213 
4 ~ ; 4 9 0 9  0 ~ % i 9 4  0 ; 4 5 8 q  
5 2 .3795 0 .5852  0 .5031  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERA~ 2 . 4 5 2 9 R  0 .60187  0 .43638 

1.8181 0 .2359 
1 .7926 0 .2256 
1 .7647 0.2143 
1.7348 0.2023 

1 . 7 9 0 1 0  0.22477  

RAnIAL 
PnSITION 

INLETT~OUTLFT RAK~ . . . . . .  

T~TAL. ADTARATIC OVERAI.L ._ PASSAGE 
P~FSSIIRE EFFICIENCY L O S S  ENTRANCE 
RATIO MACH N~. 

PASSAGE 
SHOEK 

LOSS 

0 .0026 0 .1828 0 .0255  0 .4717 
0 .0009 0 .1949  0 .0274  0 .4680  
0 . 0 0 0 4  0 , 2 4 4 2  0 . 0 3 4 3  0 . 4 9 5 0  
0 . 0 0 1 2  0 . 2 9 9 6  0 . 0 4 1 3  0 . 5 2 7 8  

0 ,~0327  0 .20834  0 .02893 0 .¢7913  
/ 

/ 

EXPANSION PROFILE 
LOSS LDSS 

PROFILE 
LOSS 

PARAMETER 

DIFFtlSION 
FACTOR 

~ . 1 6 6 1  0 . 5 1 2 1  0 . S T 4 R  

2.4006 0.5948 0.433s 
2.4027 .... 0 . 6 0 ~ 0  0.42~3 
2.3036 0.5Q22 0 . 4 4 3 8  

1.8404 0 .2458 0 .1387  
1 . ~  0 .2~59 - -  0 ' 0 4 1 N  
1.7926 0 .2256  0 .0223  

...... i.7647 .... ---0~214~ 0.0180 

1.7348 0 .2023 0.D267 

0 . 1 9 0 ]  
0 .2056  
0 .1856 
0 .1910  
0 .2148  

O.Ot6O 
0 .0250  
O.02]Q 
0 .0248 
0 .0272  

0 .7040 
0 .5844  
0 .5297 
0 .5135 
0 .5217  

AV~RAG ~ • 2.317Q~ .0,5736~ o . / . 7 1 6 6  .__L._7~o I o 0. _2.2 ~ 7 _7 0 .04942  0 .19746  0 . 0 2 3 ] 9  0 .57068  
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