
PUKP CHARACTERISTICS FOR A 

COMPUTERIZED PUMP TRANSIENT ANALYSIS

Ly

GEORGE 0 .  THOMAS

7ooV'f9



ProQuest Number: 10781848

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10781848

Published by ProQuest LLO (2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



T-1566

A T h e s i s  s u b m i t t e d  to  t h e  F a c u l t y  and t h e  Board o f  T r u s t e e s  

o f  t h e  C o lo ra d o  S choo l  o f  Mines i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  

r e a u i r e m e n t s  f o r  t h e  d e g r e e  o f  M a s te r  o f  S c i e n c e  (M a th e m a t i c s ) . ,

S ign e d  • i»■ -
George  OT Thomas 
S t u d e n t

G o lden ,  C o lo rad o  

D a te ;  , 19

Approved ;
Dr.
T h e s i s  Adviso:

G olden ,  C o lo ra d o

D a t e :  S  19 , ,<âZ.

a a d . f M a th e m a t i c s  Denartmen '

11



T -1566

ABSTRACT

A method i s  p r e s e n t e d  f o r  a p p r o x i m a t i n g  a c e n t r i f u g a l  pump’ s 

c h a r a c t e r i s t i c  by an i n t e r p o l a t i o n  p r o c e d u r e  when i t s  t r u e  c h a r a c ­

t e r i s t i c  i s  n o t  known. The c h a r a c t e r i s t i c  i s  t h e n  r e p r e s e n t e d  by 

12 s i x t h  d e g r e e  p o l y n o m i a l s  f o r  u se  i n  a  t r a n s i e n t  a n a l y s i s  com­

p u t e r  p ro g ram .  D a ta  u se d  f o r  a p p r o x i m a t i n g  a c e n t r i f u g a l  pump’ s 

c h a r a c t e r i s t i c  i s  shown i n  t a b u l a r  form i n  T a b l e s  1 t h r o u g h  12.

The d a t a  was o b t a i n e d  f rom  t h e  known c h a r a c t e r i s t i c s  o f  7 d i f f e r e n t  

s p e c i f i c  speed  pumps.

The t r a n s i e n t  a n a l y s i s  o f  a  w a t e r  c o n v ey a n ce  sy s te m  c o n t a i n i n g  

c e n t r i f u g a l  pumps r e q u i r e s  k now ledge  o f  each  pump’ s c h a r a c t e r i s t i c  

and b e c a u s e  a pump’ s c h a r a c t e r i s t i c  i s  n o t  g e n e r a l l y  k n o w n , i t  must  

be a p p r o x i m a t e d .  The c h a r a c t e r i s t i c  can  be c r i t i c a l  i n  t h e  t r a n s i e n t  

a n a l y s i s  b e c a u s e  c h a n g in g  the  c h a r a c t e r i s t i c  used  t o  a n a l y z e  t h e  

sy s te m  w i l l  ch an ge  t h e  r e s u l t i n g  head  and d i s c h a r g e  h i s t o r y  o f  t h e  

sy s te m  d u r i n g  a  t r a n s i e n t .  The c h a r a c t e r i s t i c  used  may t h u s  p l a y  a 

m a jo r  r o l e  i n  d e t e r m i n i n g  such  t h i n g s  a s  p i p e  t h i c k n e s s ,  s u r g e  t a n k  

s i z e ,  a i r  chamber s i z e  and v a l v e  c l o s u r e  t i m e s .  C h o os in g  a c h a r a c ­

t e r i s t i c  which  a p p ro x im a te d  t h a t  o f  each  pump i n  t h e  sy s tem  a s  c l o s e l y  

a s  p o s s i b l e  c -n be c r i t i c a l  i n  d e t e r m i n i n g  the.  most  e c o n o m ic a l  d e s i g n  

o f  t h e  sy s te m .

l i l
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INTRODUCTION

The d e s i g n  o f  w a te r  c o n v e y a n c e  sy s te m s  whose main componen ts  

a r e  p i p e l i n e s  and c e n t r i f u g a l  pumps and whose s i z e  and d i s c h a r g e  

can v a r y  o v e r  a wide r a n g e  r e q u i r e s  know ledge  o f  a l l  t h e  s y s t e m s ’ 

co m ponen ts .  The d e s i g n  o f  a w a t e r  c o n v e y a n c e  sys tem  m ust  be a n a l y z e d  

f o r  b o t h  s t e a d y  and t r a n s i e n t  f l o w .  I n  a n a l y z i n g  a sys tem  t h a t  

c o n t a i n s  a c e n t r i f u g a l  pump, one  o f  t h e  d i f f i c u l t i e s  i s  d e f i n i n g  

t h e  c h a r a c t e r i s t i c  to  d e s c r i b e  t h e  pump’ s o p e r a t i o n .  Each pump 

h a s  a u n iq u e  c h a r a c t e r i s t i c  w h ich ,  when known a lo n g  w i t h  t h e  h e ad  

a c r o s s  t h e  pump ( h ) , t h e  sp e ed  o f  t h e  pump (<?<) and t h e  t o r q u e  on 

t h e  pump i m p e l l e r  ( ^ ) , w i l l  e n a b l e  t h e  c a l c u l a t i o n  o f  t h e  d i s c h a r g e  

( q ) .  A pump c h a r a c t e r i s t i c  t h u s  r e l a t e s  t h e  f o u r  v a r i a b l e s  i n v o l v e d  

i n  pump o p e r a t i o n  ( h ,  of , q ) .  The c h a r a c t e r i s t i c  o f  a  pump i s  

d e t e r m i n e d  by t e s t i n g  t h e  a c t u a l  pump, o r  a p p ro x im a te d  by t e s t i n g  

a model o f  t h e 'p u m p .

T h is  t h e s i s  p r e s e n t s  a  method f o r  a p p r o x i m a t i n g  a  g i v e n  pump’ s 

c h a r a c t e r i s t i c  when i t  i s  n o t  known. A l s o ,  a  p r o c e d u r e  f o r  s t o r i n g  

t h e  c h a r a c t e r i s t i c  (known o r  a p p r o x i m a t e d )  i n  t h e  form o f  12 s i x t h  

d e g r e e  p o l y n o m i a l  e q u a t i o n s  i s  s u g g e s t e d .  The 12 e q u a t i o n s  can  t h e n  

be used i n  a com puter  p rog ram  to  d e t e r m i n e  t r a n s i e n t  c o n d i t i o n s  i n  a 

w a te r  c o n v e y a n c e  s y s te m  c o n t a i n i n g  a known pump. A pump’ s c h a r a c -  

t e r i s t i c  i s  b ro k en  down i n t o  t h e  f o l l o w i n g  3 a r e a s  o f  pump o p e r a ­

t i o n  f o r  e a s e  o f  r e p r e s e n t a t i o n .

1 .  The norm al  pumping z o n e ,  where  sp eed  and pumn d i s c h a r g e  a r e  

b o t h  D o s i t i v e .
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2,  The e n e rg y  d i s s i p a t i o n  z o n e ,  where  d i s c h a r g e  h as  r e v e r s e d  

( n e g a t i v e ) ,  b u t  t h e  pump i s  s t i l l  r o t a t i n g  i n  a n o rm a l  

d i r e c t i o n .

3* The t u r b i n e  z o n e ,  w here  t h e  d i s c h a r g e  i s  n e g a t i v e ,  and t h e  

pump i s  r o t a t i n g  i n  t h e  r e v e r s e  d i r e c t i o n .

When power f a i l u r e  o f  a pumping p l a n t  i s  a p o s s i b i l i t y ,  t h e  

c o n s e q u e n c e s  must  be  a n a l y z e d .  To do so r e q u i r e s  know ledge  o f  t h e  

pump’ s ( r o t a t i n g  w e i g h t  o r  i n e r t i a )  and t h e  c h a r a c t e r i s t i c :  

o f  t h e  pirap. In  t h e  e v e n t  o f  a power f a i l u r e ,  t h e r e  i s  no more 

e n e r g y  s u p p l i e d  to  keep  t h e  w a t e r  m oving ,  and t h e  downstream  h e ad  

i s  h i g h e r  t h a n  t h e  u p s t r e a m  h e a d .  T h is  s i t u a t i o n  i s  j u s t  t h e  

o p p o s i t e  o f  when power i s  b e i n g  s u p p l i e d  to  t h e  pump. Such a  

c o n d i t i o n  c a u s e s  t h e  w a t e r  i n  t h e  p i p e l i n e  t o  slow down and f i n a l l y  

r e v e r s e .  The r e v e r s e  f l o w  w i l l  c o n t i n u e  i n  t h e  l i n e  and i n  t h e  pump 

u n t i l  a v a l v e  i s  s h u t ,  s t o p p i n g  t h e  f l o w .  The s lo w in g  down and r e - '  

v e r s i n g  o f  t h e  w a t e r  i n  t h e  p i p e l i n e  i s  o f  i n t e r e s t  b e c a u s e  t h e r e  

i s  an  im m e d ia te  dow nsurge  i n  t h e  l i n e  f o l l o w e d  by an  u p s u r g e  o r  

h e a d r i s e .  The m a g n i t u d e  o f  t h e s e  c h a n g e s  d e p end s  on t h e  pump’ s 

c h a r a c t e r i s t i c s  and I n  g e n e r a l ,  t h e  l a r g e r  t h e  v a l u e  i s

o f  a  g i v e n  pump, t h e  s m a l l e r  t h e  dow nsurge  and s u b s e q u e n t  u p s u r g e ,  

b e c a u s e  t h e  i n c r e a s e d  i n e r t i a  o f  t h e  pump s u p p l i e s  t h e  w a te r  f l o w ­

i n g  i n  t h e  p i p e l i n e  w i t h  e n e r g y  so t h a t  c h an g e s  i n  v e l o c i t y  a r e  

s l o w e r ,  r e s u l t i n g  i n  l e s s  v a r i a t i o n  i n  head  ( p r e s s u r e ) .  I f  t h e  

t r a n s i e n t  a n a l y s i s  o f  a  pumping sy s te m  i s  n o t  done  p r o p e r l y ,  t h e  

r e s u l t  can v a r y  from t h e  e x t r e m e  o f  b ro k e n  l i n e s  and damaged pump- 

i n g  p l a n t s  to  t h e  e x t r e m e  o f  a h i g h l y  o v e r d e s i g n e d  and e x p e n s i v e
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s y s te m .  A l th o u g h  t h i s  t h e s i s  i s  d i r e c t e d  to  c l o s e d  w a t e r  c o n v ey ­

a n c e  sy s te m s  c o n t a i n i n g  c e n t r i f u g a l  pumps, t h e  d e s i g n  o f  o i l  and 

g a s  p i p e l i n e s  c o n t a i n i n g  pumps may he  d e p e n d e n t  on t h e  pump 

c h a r a c t e r i s t i c  u sed  i n  t h e i r  t r a n s i e n t  a n a l y s i s .

A PRESENT METHOD OF ANALYSIS

When a pump h a s  n o t  been  t e s t e d ,  i t s  c h a r a c t e r i s t i c  h a s  n o t  

been  d e f i n e d ,  and i t  i s  u s u a l l y  a p p r o x im a te d  by u s i n g  t h e  known 

c h a r a c t e r i s t i c  o f  a n o t h e r  pump. The known c h a r a c t e r i s t i c  can  be 

c h o sen  from one  o f  t h e  7 f o r  w h ic h  d a t a  i s  t a b u l a t e d  i n  T a b l e s  '1 

t h r o u g h  12 .  The method o f  p i c k i n g  which  o f  th e  7 known c h a r a c t e r i s ­

t i c s  t o  u s e  i s  u s u a l l y  b ased  on t h e  a s s u m p t i o n  t h a t  any  two geom et­

r i c a l l y  s i m i l a r  pumps o f  t h e  same s p e c i f i c  sp eed  (Ms, a t y p e  number 

d e r i v e d  from t h e  r a t e d  h e a d ,  d i s c h a r g e  and speed  o f  a  pump) w i l l  

have  s i m i l a r  p e r f o r m a n c e  c h a r a c t e r i s t i c s .

T hus ,  when a n a l y z i n g  a c o n v e y a n c e  sys tem  c o n t a i n i n g  a c e n t r i f u g a l  

pump whose c h a r a c t e r i s t i c  i s  n o t  known, i t s  s p e c i f i c  speed  i s  d e t e r ­

m in e d ,a n d  a  known c h a r a c t e r i s t i c  f rom  a  pump o f  s i m i l a r  s p e c i f i c  speed  

i s  used  i n  t h e  a n a l y s i s .  A p ro b lem  w i t h  t h i s  p r o c e d u r e  i s  t h a t  t h e r e  

a r e  n o t  enough known pump c h a r a c t e r i s t i c s  to  a d e q u a t e l y  c o v e r  t h e  

r a n g e  o f  s p e c i f i c  s p e e d s  e n c o u n t e r e d  i n  c e n t r i f u g a l  pumps. Thus a 

known c h a r a c t e r i s t i c  f rom a pump w h ic h  h a s  a  s p e c i f i c  sp eed  c l o s e s t  

t o  t h a t  o f  t h e  a c t u a l  pump i n  t h e  sy s tem  i s  u sed  i n  t h e  t r a n s i e n t  

a n a l y s i s  f o r  t h e  s y s te m .  When u s i n g  a com puter  to  a n a l y z e  a pump 

power f a i l u r e ,  t h e  known c h a r a c t e r i s t i c  i s  u s u a l l y  r e p r e s e n t e d  by 

t a b u l a t e d  v a l u e s  o f  h ,  q , ^ ,  a n d ^  t a k e n  from t h e  a c t u a l  t e s t  o f  t h e  

pump. The com pu te r  p rogram  w i l l  u s e  t h e  t a b u l a t e d  v a l u e s  a s  a
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b a s i s  f o r  i n t e r p o l a t i n g  s p e c i f i c  v a l u e s  t o  be u sed  d u r i n g  e ac h  

t im e  i n c r e m e n t  o f  t h e  a n a l y s i s .

PROPOSED METHOD 

I f  t h e  a d d i t i o n a l  a s s u m p t io n  t h a t  s p e c i f i c  speed  v a r i e s  

u n i f o r m l y  and c o n t i n u o u s l y  w i t h  pump g e o m e t ry  i s  m ade(R ef .  1 ) ,  

t h e r e  i s  a  u n i f o r m l y  c o n t i n u o u s  r e l a t i o n  b e tw e e n  s p e c i f i c  sp eed  and 

t h e  c o r r e s p o n d i n g  pump’ s c h a r a c t e r i s t i c .  U s ing  t h e  7 known c h a r a c t e r ­

i s t i c s  o f  v a r y i n g  s p e c i f i c  sp e e d  shown i n  t h i s  p a p e r ,  and f i t t i n g  a  

2nd o r  3 rd  d e g r e e  p o l y n o m i a l  t o  them u s i n g  t h e  method o f  l e a s t  

s q u a r e s ,  t h e  c h a r a c t e r i s t i c  f o r  an y  s p e c i f i c  speed  pump can  be  

a p p r o x i m a t e d .  The u s e  o f  a  2nd o r  3 rd  d e g r e e  p o l y n o m i a l  i s  a r b i ­

t r a r y  and t h e  one  c h o se n  f o r  e ac h  c a s e  was done  a f t e r  o b s e r v i n g  a 

p l o t  o f  t h e  p o r t i o n  o f  t h e  c h a r a c t e r i s t i c  i n  q u e s t i o n  a g a i n s t  

s p e c i f i c  s p e e d .  A f u n c t i o n  o t h e r  t h a n  a  2nd o r  3 rd  d e g r e e  p o l y n o m i a l  

co u ld  be used  i f  i t  r e p r e s e n t e d  t h e  p l o t t e d  d a t a .  This p r o c e d u r e  

t h u s  u s e s  a  r e l a t i o n  d e t e r m i n e d  by u s i n g  a l l  7 c h a r a c t e r i s t i c s  to  

a p p r o x i m a t e  t h a t  o f  t h e  pump i n  t h e  sys tem  i n s t e a d  o f  p i c k i n g  t h e  

one known c h a r a c t e r i s t i c  t h a t  h a s  i t s  s p e c i f i c  sp e ed  c l o s e s t  to  t h e  

s p e c i f i c  speed  o f  t h e  pump a c t u a l l y  i n  t h e  s y s te m .

Once d a t a  r e p r e s e n t i n g  t h e  a p p r o x i m a t e  c h a r a c t e r i s t i c  i s  d e t e r -  

m i n e d , i t  can  be p u t  i n  t h e  form o f  12 s i x t h  d e g r e e  p o l y n o m i a l s  

which  a r e  t h e n  used  i n  a  pump t r a n s i e n t  a n a l y s i s  com puter  p ro g ram  to 

r e p r e s e n t  t h e  pump o p e r a t i o n .

PUMP TRANSIENT ANALYSIS 

The method commonly used  i n  t h e  c o m p u t e r i z e d  a n a l y s i s  o f  

p i p e l i n e  t r a n s i e n t s  i n c o r p o r a t e s  t h e  method o f  c h a r a c t e r i s t i c s  to
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r e p r e s e n t  t h e  p i p e l i n e  and a t a b l e  c o n t a i n i n g  v a l u e s  o f  t h e  pum p 's
\

c h a r a c t e r i s t i c s  (R e f .  2 ) .  The t a b l e ,  o f  t h e  pump’ s ' c h a r a c t e r i s t i c s  

c o n t a i n s  v a l u e s  o f  h ,  q , c < ,  a n d p  w hich  r e p r e s e n t  t h e  a c t u a l  pump 

o p e r a t i o n .  I n  t h e  t r a n s i e n t  a n a l y s i s ,  v a l u e s  f o r  a l l  pump c o n d i ­

t i o n s  a r e  i n t e r p o l a t e d  f rom  t h e  t a b l e  so t h a t  a t  e ach  i n s t a n t  o f  t im e  

d u r i n g  t h e  t r a n s i e n t ,  t h e  head  and d i s c h a r g e  anyw here  i n  t h e  sy s tem  

a r e  known, a s  w e l l  a s  t h e  pump sp eed  and t o r q u e .

A c t u a l  pump c h a r a c t e r i s t i c  d a t a  can  be  p u t  i n  t h e  form o f  c u r v e s

( R e f .  3 and 10) u s i n g  t h e  f o l l o w i n g  homologous r e l a t i o n s :
P Ph / q  v s  ^ / q  h/oî. v s  q / x

vs  ^ / q  v s  q/cX

The f o u r  r e l a t i o n s  abov e  can  be g rap hed  t o  r e p r e s e n t  e ac h  o f  

t h e  t h r e e  pump z o n e s ;  n o r m a l ,  e n e r g y  d i s s i p a t i o n ,  and t u r b i n e .  The 

r e s u l t  i s  12 c u r v e s .  A s i x t h  d e g r e e  p o ly n o m ia l  e q u a t i o n  was c h o se n  

to  r e p r e s e n t  e ac h  o f  t h e  c u r v e s  by t a k i n g  7 p o i n t s  f rom each  c u rv e  

and s o l v i n g  f o r  t h e  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s .

D a ta  p o i n t s  r e p r e s e n t i n g  t h e  pump c h a r a c t e r i s t i c  f o r  any  g iv e n  

s p e c i f i c  speed  a r e  f i r s t  found  by a l e a s t  s q u a r e s  f i t  p r o c e d u r e  on 

d a t a  f rom 7 known c h a r a c t e r i s t i c s  o f  d i f f e r e n t  s p e c i f i c  speed  pumps. 

The d a t a  from t h e  7 known c h a r a c t e r i s t i c s  and t h e  2nd or  3 rd  d e g r e e  

p o l y n o m i a l  r e s u l t i n g -  f rom t h e  l e a s t  s q u a r e s  f i t t i n g  p r o c e d u r e  a r e  

shown i n  T a b l e s  1 t h r o u g h  12 .  The p o r t i o n  o f  t h e  pump c h a r a c t e r i s t i c  

i n  e ach  t a b l e  i s  showu on t h e  n e x t  p a g e .
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Table . 1 Normal pump z o n e ,  ( 0;%«Vq- 1 ) ,  h / q ^  vs ^ / q

T a b le 2 Normal pump z o n e ,  ( 0 ^ ^ / q ^ 1 ) ,  B/q^  v s ^ / q

T a b le 3 Normal pump z o n e ,  (O^qA ^ 1 ) ,  h/o<^ vs  q/c<

T a b le 4 Normal pump z o n e ,  (0 ~ q /p < ..^ 1 ) ,  B/Gc^ vs q/x.

T a b le 5 E nergy d i s s i p a t i o n  z o n e . h / q ^  vs

T a b le 6 E nergy d i s s i p a t i o n  z o n e , ( _ l - c y q 6 0 ) , B/q^vs 'Y q

T ab le 7 E n e rg y d i s s i p a t i o n  z o n e , ( - l ^ q A ^ O ) ,
2

h/<x vs q /k

T a b le 8 E n erg y d i s s i p a t i o n  z o n e , ( - l - q / <  ~ C ) , B / k ^ s q/k

T a b le 9 - T u r b in e z o n e ,  ( 0 ^ ^ / q £ l ) , h / q ^ v s ^ / q

Tab le 10 T u r b in e z o n e ,  (O ^M /q-1) , B / q ^ s  ^ / q

T a b le 11 T u r b in e zon e , ( O ^q /x^ 1 ) ,
p

h/oc V s q /c <

T a b le 12 T u r b in e z o n e ,  ( 0 ^ / x ^ l ) , B /oC ŷ s  q / c x

D ata  was t a k e n  from t h e  f o l l o w i n g  7 known c h a r a c t e r i s t i c s

R e f e r e n c ePump 
S p e c i f i c  Speed

1276

1700

1940

3700

4600

7600

1 3 ,5 0 0

3

4

5
6

7

3

3
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Some d a t a  i s  .m iss ing  from t h e  t a b l e s  b e c a u se ,  t h e  o r i g i n a l

t e s t s  were  i n c o m p l e t e .  The s i x t h  d e g r e e  p o l y n o m i a l ,  when u s e d  t o  

a p p r o x i m a t e  an a c t u a l  c h a r a c t e r i s t i c ,  h a s  t h e  v a l u e  o f  t h e  o r d i n a t e  

w i t h i n  0 . 0 1  o f  t h e  a c t u a l  c u r v e  r e p r e s e n t i n g  t h e  t e s t  o f  a pump.

T h is  i s  an a d e q u a t e  r e p r e s e n t a t i o n ,  b e c a u s e  a c t u a l  t e s t i n g  d o es  n o t  

g i v e  a c c u r a c y  rw i th  .m ag n i tud e  0 . 0 1 .

To d e t e r m i n e  t h e  c h a r a c t e r i s t i c  o f  any  s p e c i f i c  speed  pump, a 

r e l a t i o n  i s  d e r i v e d  u s i n g  a  l e a s t  s q u a r e s  f i t t i n g  p r o c e d u r e  f o r  e ach

o f  h / k ^ ,  h / q ^ ,  v e r s u s  Ns a t  t h e  s e v en  v a l u e s  o f  <X/q and q k .

For  i n s t a n c e ,  t h e  d a t a  from T a b le  3 a t  q/& = 0 a r e  p l o t t e d  i n  F i g u r e  1 ,

and a second  d e g r e e  p o l y n o m i a l  i s  f i t  t h r o u g h  t h e  p o i n t s .  One p o i n t
p

on a c h a r a c t e r i s t i c  i s  d e f i n e d  i n  F i g u r e  1 ( i . e . ,  oyu = 0 ,  h / k  "= f ( N s ) .

The p o i n t  i n  t h i s  i n s t a n c e  i s  d e t e r m i n e d  by i d e n t i f y i n g  t h e  s p e c i f i c

speed  o f  t h e  a c t u a l  pump i n  t h e  s y s te m .  The u se  o f  a  2nd d e g r e e  p o l y -
2

n o m ia l  a s  t h e  f u n c t i o n  to  d e s c r i b e  t h e  V a r i a t i o n  o f  h /k  i s  a r b i ­

t r a r y ,  and c o u ld  be an y  t y p e  o f  f u n c t i o n  which  w i l l  a d e q u a t e l y  r e -  

p r e s e n t  t h e  r e l a t i o n .  Second o r  t h i r d  d e g r e e  p o l y n o m i a l s  w ere  u se d  

h e r e ,  and t h e  c h o i c e  was made on t h e  b a s i s ,  o f  o b s e r v a t i o n  and e x p e r ­

i e n c e .  T h ere  a r e  7 e q u a t i o n s  f o r  each  t a b l e .  Each e q u a t i o n  a lo n g  

w i t h  t h e  c o r r e s p o n d i n g  v a l u e  o f  q/X o r  d / q  r e p r e s e n t s  a p o i n t  on t h e  

c h a r a c t e r i s t i c  whose s p e c i f i c  speed  i s  Ns.  As o t h e r  known c h a r a c t e r -  

i s t i c s  a r e  added to  t h e  d a t a ,  t h e s e  r e l a t i o n s  s h o u ld  be r e v i e w e d .

To a p p r o x i m a t e  t h e  unknown c h a r a c t e r i s t i c  o f  a c e n t r i f u g a l  pump 

whose s p e c i f i c  speed  i s  knov/n, one  m ust  f i r s t  s o l v e  t h e  7 e q u a t i o n s  

under  e ach  t a b l e .  T h is  g i v e s  7 p o i n t s  f o r  each o f  t h e  12 a r e a s  i n t o  

which t h e  c h a r a c t e r i s t i c  i s  s u b d i v i d e d .  B ecau se  i n t e r m e d i a t e  v a l u e s  

a r e  r e q u i r e d  d u r i n g  a pump t r a n s i e n t  a n a l y s i s ,  a  6 t h  d e g r e e  p o l y n o m i a l  

i s  d e r i v e d  from t h e  7 p o i n t s  i n  each  t a b l e .  T hese  12 s i x t h  d e g r e e
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p o l y n o m i a l s  t h e n  d e s c r i b e  an  a p p r o x i m a t e  c h a r a c t e r i s t i c  o f  a pump 

g i v e n  t h e  s p e c i f i c  s p e e d .  They a r e  s t o r e d  i n  t h e  com pute r  p rogram  

i n  t h e  f o l l o w i n g  fo rm ;

Pump zone ( O ^ ^ q  -(S. 1)

h / q 2  = ( V q  ) M (^ /q  ) ( <^/q ) («Yq ) 1 ( ^ 0  ) M (°Vq )

B /q^ = A, ( -"/q ) i-B g  (°</q ) N C g ( =^/q ) h-Dg ( =Vq ) M E j (=<-/q ) ^ F 2 ( -Vq ) +Gg 

( O i ' q A ^ l )

= A g ( q / x ) ^  B ( q A ) 5 + - C 2 ( q A ) h D , ( q A  ) 3 + E 2 ( q A ) M F ,  (q A )+ G 2  

= Al|.( q a  ) q A  ) q A  )h-D^^(qA )^+E^j.( q A ) h P j^ C  q A )

E nergy  d i s s i p a t i o n  zone  ( - l ^ ^ y q ^ O )

h / q ^ - A C ' V q ) ^ ^  ((=</q ) C C^/q ) ̂  D ̂  («Vq ) ̂ 4- ( ̂ / q  ) ̂ 4-F^ ( )^G ̂

B/q^  = ( ^ / q  ) ̂ +B^ (*^/q ) 5+0^ (<^/q) ̂ 4-D^ ( ^ / q  ) ̂ i-E^ ( <Vq ) ̂ 4-F^ q )+G^

( - 1 - q / x - O )

= A y ( q A ) ^ t B ^ ( q A  ) ^ f C y ( q A  ) \ - D y ( q A ) ^ + E ^ ( q / k ) ^ F ^ ( q A  )fG 

B A ^ =  A g (q /k )6 .^ B g (q A  ) 5 4 - C g ( q / c x ) ^ D g ( q / k ) ^ - f . E g ( q A ) ^ F g ( q A  )f-Gg 

T u r b in e  zone  ( 0 ^ * / q ^ l )

h / q ^ =  A^(^ /q )^4-B^(oc /q )^C q(c< /q )^D g(cK /q  )^ f .E ^ ( (V q )^ F ^ (o ^ /q )^ G ^  

E/q^=: A ^ ^ ( ^ / q ) ^ f  B ^ ^ ( ^ / q ) ^ + C ^ ^ ( ^ q ) ^ D ^ ^ ( ^ / q ) 3 ^ E ^ Q ( ' ^ / q ) 2  4-

( 0 < q / x i l )

h/k.^ = A^^ ( q / ^ ) ^ f B ^ ^ ( q / ^ ) ^ C ^ ^ ] ^ ( q /g x ) ^ D ^ ^ ( q / k ) ^ 4 .E ^ ^ ( q A ) ^ 4 -

F l ^ ( q / . ) . G i i

A 2 2 ( q A ) ^ 4 B ^ ^ ( q / k ) ^ + C ^ ^ ( q / k ) ^ ^ D ] ^ 2 ( 9 / k ) 3 ^ E ^ ^ ( q / k ) ^

The c o e f f i c i e n t s  f o r  each  6 t h  d e g r e e  e q u a t i o n  can be  d e t e r m i n e d  

i n  t h e  p rog ram  by s o l v i n g  sev en  e q u a t i o n s  i n  s e v en  unknowns.
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EXAMPLE

For p u r p o s e s  o f  i l l u s t r a t i o n ,  c o n s i d e r  t h e  pump z o n e ,  (o z q /x & l )  

and t h e  r e l a t i o n  h /k  = f  ( q / k . ) . Assume a pump i n  t h e  sy s tem  h a s  a  

r a t e d  h e a d ,  d i s c h a r g e ,  and speed, su ch  t h a t  i t s  N s = 6 C 0 0 .  The v a l u e  

o f  Ns would he  d e t e r m i n e d  i n  t h e  com puter  program  from t h e  i n p u t  o f  

t h e  pump’ s r a t e d  h e a d ,  d i s c h a r g e ,  and s p e e d .  The s e v e n  e q u a t i o n s  i n  

T a b le  3 would t h e n  be s o lv e d  w i t h  Ns = 6 00 0  and would r e s u l t  i n  t h e  

f o l l o w i n g  s e v e n  p o i n t s ;  ( R e f .  T ab le  3)

..qA...

0 ■ 1 .7 6 8

0 . 1 7 1 .5 9 8

0 .3 3 1 .3 7 5

0 .5 0 1 .1 9 0

0 . 6 7 1.104-

0 .8 3 1 .0 5 2

1 .0 0 1 .0 0 0

A s i x t h  d e g r e e  p o ly n o m ia l  i s  t h e n  f i t  t h r o u g h  t h e s e  s e v e n  p o i n t s ,  

r e s u l t i n g  i n  t h e  f o l l o w i n g  e q u a t i o n ;

1 1 .8 B 6 (4 /< )G  - 3 2 . 0 5 1 ( ‘J / x ) 5 f - 2 3 . C 0 1 ( 6 A )  -6 ,> + 6 6 ( V ^ ) 2

,_o .677(‘’A) f 1.768
The o t h e r  11 e q u a t i o n s  r e p r e s e n t i n g  t h e  r e s t  o f  t h e  pum p 's  

c h a r a c t e r i s t i c s  a r e  d e v e lo p e d  i n  'a s i m i l a r  way.
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SUiilARY OF METHOD

The com pu te r  program  f o r  pump t r a n s i e n t s  w i l l  c o n t a i n  7 

e q u a t i o n s  f o r  each  o f  t h e  12 a r e a s ,  o f  pump o p e r a t i o n .  The e q u a t i o n s  

a r e  shown under  each o f  t h e  12 t a b l e s .  For  t h e  pump b e in g  a n a l y z e d ,  

t h e  d a t a  r e a d  i n t o  t h e  p rog ram  a l l o w s  t h e  c a l c u l a t i o n  o f  s p e c i f i c  

speed  N s -  f  (Qpj, Hp, N _ ) .  S p e c i f i c  speed  i s  t h e  i n d e p e n d e n t  v a r i a b l e  

o f  t h e  7 e q u a t i o n s  shown u n d e r  each  t a b l e .  VJhen t h e  e q u a t i o n s  a r e  

s o l v e d  i n  t h e  program,° 7 p o i n t s  f o r  each  o f  t h e  12 a r e a s  o f  pump 

o p e r a t i o n  a r e  d e t e r m i n e d .  A 6 t h  d e g r e e  p o l y n o m i a l  i s  t h e n  d e t e r m i n e d  

f o r  each  o f  t h e s e  12 a r e a s  u s i n g  t h e  7 p o i n t s  f rom each a r e a ,  and 

t h e s e  e q u a t i o n s  a r e  u sed  i n  t h e  t r a n s i e n t  a n a l y s i s  o f  t h e  sys tem  

c o n t a i n i n g  t h e  pump.

RESULTS CONCLUSIONS

As more c h a r a c t e r i s t i c s  become a v a i l a b l e  t h e  e q u a t i o n s  u n d e r  

each t a b l e  sh o u ld  be  r e - e v a l u a t e d  t o  i n c o r p o r a t e  t h e  a d d i t i o n a l  d a t a  

p o i n t s .  A l e a s t  s q u a r e s  p r o c e d u r e  wps used  t o  f i t  an e q u a t i o n  to  t h e  

p o i n t s  b e c a u s e  t h e r e  was some s c a t t e r  ( F i g .  1 ) .  The s c a t t e r  a r i s e s  

b e c a u s e  g i v e n  a  s p e c i f i c  s p e e d ,  a  l i m i t e d  r a n g e  o f  pumps can  be  

d e s i g n e d  ( R e f .  8 ) .  I f ,  h o w e v e r ,  when d e s i g n i n g  a  pump, t h e  c r i t e r i a  

w ere  used  t h a t  g i v e n  t h e  Ns,  t h e  m ost  e f f i c i e n t  pump be d e s i g n e d ,  t h e  

r e l a t i o n  be tween  t h e  pump’ s c h a r a c t e r i s t i c  and Ns a s  shown i n  F i g u r e  1 

would h ave  no s c a t t e r  o f  p o i n t s  ( R e f .  9)« B e ca u se  c r i t e r i a  o t h e r  

t h a n  d e s i g n i n g  t h e  most  e f f i c i e n t  pump must  be t a k e n  i n t o  c o n s i d e r a ­

t i o n ,  t h e r e  w i l l  be s c a t t e r .  The method p ro p o s e d  h e r e ,  a s  w e l l  a s  

any  o t h e r  method o f  a p p r o x i m a t i n g  a pump’ s c h a r a c t e r i s t i c ,  sh o u ld  be 

used  o n l y  when t h e  a c t u a l  o r  model c h a r a c t e r i s t i c s  a r e  n o t  a v a i l a b l e .
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T h is  p a p e r  i s  b a sed  on R e f e r e n c e  10 w i t h  a d d i t i o n a l  d a t a  

added to  make i t  more u s a b l e  f o r  t h e  e n g i n e e r  i n v o l v e d  i n  

d e t e r m i n i n g  pump t r a n s i e n t s .
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T a b le  1 

Normal Pump Zone

( 0 : ^ ^ / q 6 1 )

k / q

Ns 0 0 . 1 7 0 .3 3 0 .5 0 0 .6 7 0 .8 3 1 . 0 0

1276 - 0 . 5 3 - 0 . 4 2 - 0 . 2 2 - 0 . 0 4 0 .2 3 0 .5 6 1 . 0 0
1700 — M - - 0 . 0 5 0 .2 6 0 .6 3 1 . 0 0

o 19R0 — - — 0 . 2 7 0 .6 0 l .CO
h / q 3700 — - “ — 0 . 0 9 0 . 5 7 1 . 0 0

4600 •M — — 0 .1 9 0 . 6 0 1 . 0 0
7600 - 3 . 56 - 1 . 1 3 - 0 . 6 9 - 0 . 3 5 0 . 0 5 0 .5 2 1 . 0 0

13500 - 1 . 0 0 - 0 . 9 0 - 0 . 7 6 - 0 . 5 0 - 0 . 1 1 0 . 3 7 1 . 0 0

E q u a t i o n ,  h / q ^ = f ( N s )

0 h / q ^  = 2 .1 0 8 9 x lO " " N s ^ - 3 .5 0 0 5 x 1 0 "  Hs - 0 . 1 1 7 7

0 . 1 7 h / q ^  = 1 .2374xlO~8Ns2 - 2 . 2 2 1 0 x l 0 “ hTs - 0 . 1 5 6 7

0 . 3 3 h / q ^  = 0 .5109x l0"& N s2 - 1 .1 9 6 7 x 1 0  Ns - 0 . 0 7 5 6

0 . 5 0 h / q 2  = 0 .1995x lO -B N s2 - 0 . 6 7 7 6 x l 0 ~ h ; s + 0 .0 5 9 0

0 . 6 7 h / q ^  - 0 .0532xl0~GNs2 - 0 .3 7 7 2 x 1 0 "  Ns + 0 .3 0 3 4

0 .8 3 h / q ^  -  -- 0 . l 4 9 2 x l 0 - 8 N s ^ + O .C 3 3 8 x lO " k i s + 0 .5 9 3 8

1 . 0 0 h / q 2  % 1 .0 0 0 0
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T a b le  2 

Normal Pump Zone 

q20,o<.-0  ( O i A ' q i ^ l )

V q

Ns 0 0 . 1 7 0 . 3 3 0 .5 0 0 .6 7 0 . 8 3 1 . 0 0

1276 - 0 .3 0 - 0 . 1 6 0 .0 1 0 .2 0 0 ,4 3 0 . 7 0 1 . 0 0
1700 — — - — 0 . 6 0 0 . 7 7 1 . 0 0
1940 — - — — — — 1 . 0 0
3700 — — —- - 0 . 3 6 0 .7 0 1 . 0 0
4600 — - - 0 . 3 2 0 .7 2 1 . 0 0
7600 - 1 . 5 6 - 0 . 9 3 - 0 . 4 7 - 0 . 1 1 0 .2 9 0 . 6 7 1 . 0 0

13 500 - 0 . 5 6 —O' .62 - 0 . 6 0 - 0 . 3 9 0 .0 3 0 .5 1 1 . 0 0

k / q E q u a t i o n ,  q^ = f ( N s )

0 B / q 2 =  3 .0 l65x lO -% N s2 -4 .6 6 9 8 x lO -^ N s '+ 0 .2 4 6 8

0 . 1 7 B / q ^ =  1.4259xlO~GNs2 - 2 .4 8 3 2 x 1 0  Ns. +  C .1336

0 .3 3 B /q 2 =  0.4407xlO~GNs2 - l . l 5 0 2 x l O - ^ N s +  0 .1 4 9 6

0 . 5 0 B / q ^ =  0 . 0128x l 0"^N s2 - 4
-0 .5 0 1 5 x 1 0  Ns + 0 .2 6 3 8

0 . 6 7 B /q ^ =  0.0395xlO~GNs2 - 0 .4 3 7 8 x l 0 " ^ N s +  0 . 5562

0 .8 3 B / q ^ z  - 0 . 1422x10~^Ns ^ +  0 .0 3 0 4 x l0 - 4 N s +  0 .7 2 8 1

1 . 0 0 B / q 2 =  l.OOOO
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T a b le  3 

Normal Pump Zone

qZO, XZO (OéqA-1)

Q/k

Ks 0 0 . 1 7 0 .3 3 0 . 5 0 0 . 6 7 0 .8 3 1 . 0 0

1276 1 .2 9 1 .2 9 1 . 2 7 1 .2 3 1 .1 8 1 .1 0 1 . 0 0
1700 1 . 0 8 1 .0 8 1 . 0 9 1 . 0 9 1 . 1 0 1 . 0 6 1 . 0 0
1940 1 . 4 1 1 . 3 5 1 . 3 0 1 . 2 5 1 . 1 9 1 .1 1 1 . 0 0
3700 1 . 4 o 1 . 3 6 1 . 2 6 1 . 0 9 1 . 0 4 1 . 0 5 1 . 0 0
4-600 1 .6S 1*56 1 . 4 2 1 . 2 7 1 .1 7 1 .0 7 1 . 0 0
7600 1 .9 6 1 . 7 1 1 . 4 0 1 .2 1 1 . 1 2 1 .0 6 1 . 0 0

13 500 2 .7 3 2 .3 3 2 . 0 2 1 . 7 6 1 .5 7 1 .3 6 1 . 0 0

q / k
2

E q u a t i o n ,  h/c< = f ( N s )

0 h/cK^ 0.C87Cx1 0 - 8 k s 2 -4-
+  1 .1 1 3 8 x 1 0  Ns ' +  1 .0 6 8 8

0 .1 7
P O

0 .1 3 2 4 xX0" 'Hs " + 0 .7 1 2 6 x l 0 - ^ N s + 1 .1 2 2 9

. 0 . 3 3 0.4-333x10" + 0 . 0 0 0 ] . x l 0 " h s +  1 .2 1 9 0

0 . 5 0
, 2 

h/tA ^ 0 . 6 3 4 4 x l 0 " t ! s 2 - 0 . 4 8 4 7 x10“ H s + 1 . 2 5 2 4

0 .6 7 hM^ — 0 . 6 1 8 6 x1 0 " H s ^ -C .  5387xlO“ k l s + 1 .2 3 4 1

0 .8 3 hM^ = 0 .4 1 8 9 x10“ ®Ns ^ ■ - C . 4 l 0 3 x l 0 - k l s + 1 . 1 4 7 4

1 .0 0 - 1 .0 0 0 0
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T a b le  4  

Normal Pump Zone 

qzO, k  2 0  ( O ^ q A ^ l )

q / k

Ns 0 ’ 0 .1 7 0 .3 3 0 .5 0 0 .6 7 0 .8 3 1 .0 0

1276 0 . 4 4 0 .5 4 0 . 6 6 0 .7 7 0 . 8 6 0 .9 4 1 .0 0
1700 0 .4 8 ■0 .5 3 0 .6 1 0 .6 9 0 .7 9 0 .9 0 l .CO
1940 — — — — - . — l .C O
3700 0 .7 9 0 .8 1 0 .8 2 0 .7 8 0 .8 2 0 .9 2 1 .0 0
4600 1 .0 7 0 .9 7 0 .9 1 0 .8 8 0 .8 9 0 .9 4 1 .0 0
7600 1 .4 8 1 . 1 8 0 .9 8 0 .9 1 0 .9 4 0 .9 8 1 .0 0

13-500 1 .9 5 1 . 6 7 1 .3 5 1 .1 3 1 .0 7 1 .0 5 1 . 0 0

q/e< E q u a t i o n ,  B/oC = f ( H s )

0 - 0 , 6 7 9 9 x 1 0 “ Ks^ + 2 . 2 7 3 9 x l O " S l s 0 .1 2 4 6

0 .1 7 - 0 .2 8 2 C x10"^Ks + 1 . 3 5 3 3 x l C - h s + 0 .3 5 1 0

0 .3 3 B A ^  r - 0 . 0 7 B 9 x 10“ ®Ks^ + 0 . 6 9 0 9 x l 0 “ h s + 0 .5 5 2 3

0 .5 0 BA"" = 0 .0 2 1 8 x1 0 ~ % s^ + 0 .2 9 4 2 x 1 0 "  Ks + 0 .6 9 1 1

0 .6 7 B A ^  = 0 . 05S l x l 0"^Hs^ + 0 .1 2 2 5 x10" Rs + 0 .8 0 1 9

6 .8 3 B A ^  =  0 . 0 4 6 3 x 1 0 “ ®Ks2 + 0 .0 4 2 5 x1 0 " H s + 0 .9 1 0 5

l .CO B A ^  =  l.OOOO
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T a b le  5 

E nergy  D i s s i p a t i o n  Zone

q ^  0 ,  ^ 3  0 ( - 1  6 ^ q 6 0 )

k / q

Ns 0 - 0 .1 7 - 0 .3 3 - 0 .5 0 - 0 .6 7 - 0 .8 3 - 1 . 0 0

1276 0 . 6 9 0 . 7 9 0 .9 0 1 .0 8 1 .3 0 1 .6 2 1 .9 9

1700 0 .7 7 ' 0 .8 7 0 . 9 9 1 . 1 4 1 .3 5 1 .5 8 1.8,9 ■

1940 - — — - - - —

h / q ^ 3700 1 .0 9 1 . 2 7 1 . 4 8 1 . 6 6 1 .9 4 2 . 2 6 2 .6 8

4600 - —■ — - - -

7600 2 .1 7 2 .7 0 3 .2 0 3 .7 2 4 .2 0 4 .7 3 5 .2 7

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

/q Eq us t i c n , h /o  ̂  ~ f  ( Ns )

0 h / q ^  z

- 0 .1 7 h/q^:%

- 0 . 3 3 h / q ^  =

- 0 .5 0 h / q ^  =:

- 0 . 6 7
2

h /  q =

- 0 . # 3 h / q ^  %

- 1 . 0 0 h / q  2 r

.5.3G28x10“ 42k s 3 + 8 . 4 7 5 6 x10-Bn s ^ 

• 6 . 9 ô 9 9 x l 0 - ^ % s k l l A 7 0 8 x l 0 ” % s ^

•7 .9623x lC“ l % s k l 3 .  2437x10“ H ts^ 

■9.5911xlO“ ^ k ' s k l 6 . 6 6 3 3 x l o "

■9 .7667x10-1%  s V l 7 .  2933x1 G - % s^ 

■9.9354xlC“ ^ ^ N s k l 8 . 2964xlO-®Ks^ - 4 .4 1 7 4 x 1 0

•9 .0057 x10~12k s 3+17.235 '6x10” R s^ -3 .7 9 3 5 x 1 0 '

•1 . 5591x10 '

•2.3874x10'

• 2 . 6 6 0 3 x 1 0 '

•4 .0247 x10'

•4 .0384 x10'

' h  s.+ 0 .7 8  51 

' H s + 0 . 9 4 6 3  

■ \ ’s + 1 .0 6 5 2  

' h s  + 1 .3 6 2 5

•%!s + 1 . 5 6 7 1  
•4Hs + 1.8828
' R s  + 2 . 1 5 6 2
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T a b le  6 

E nerg y  D i s s i p a t i o n  Zone 

q ^  0 ,  a  0 ( - 1  ^ / q  £  0)

<d/q

Ns 0 - 0 .1 7 - 0 .3 3 - 0 .5 0 - 0 .6 7 - 0 .8 3 - l .C O

1276 0 .8 6 0 .9 1 0 .9 5 0 .9 8 l .CO 1 .0 2 1 . 0 4

1700 1 .1 3 1 .1 8 1 .2 5 1 .3 2 1 . 3 7 1 .4 1 1 . 4 4

1940 - - - — — \ -

B/q2 3700 1 . 2 0 1 .3 8 1 .5 5 I i 7 2 1 .9 6 2 .1 9 2 .4 2

4600 - — — - - -

7600 2 . 1 0 2 .5 7 3 .0 5 3.4-0 3 .6 8 3 .9 5 4 . 2 2

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

■ ^/q E q u a t i o n ,  B/q  = f ( K s )

C

•0.17 

■0.33 

•0 . 50 

•0.67 

• 0.83 

•l.CO

B / q i  -5 .1 2 6 9 x 1 0  

B / q k - 6 . 1144x10 ' 

B /q 2 = _ 7 .0421x10 ' 

B / q i - 6 . 8531x10' 

-5 .0 0 5 3 x 1 0 ' 

-2 .8 7 1 0 x 1 0 ' 

-0 .6 2 3 2 x 1 0 '

Ks^ +  8 . 0 5 8 1 x1 0 -8 k s 2 - 1 . 8 ' m-18x 10“ % s + 1 . 0 8 5 7

'^%is3 +  9 .6169x10“%'s ^ -1 .8674x10“^Rs + 1 .1 0 8 9

E /a  : 

E /q 2 ; 

B /a ^ :

'̂ %Is3 +11.2035x10"%s2 -1.9509x10 4js+1.1426 
'l%s3 +10.7'-'a9xl0“6Ns2 -1.22ClxlC“% s + 1.0914 

Ns3 + 7 . l 7 4 4 x l C " i \ ' s 2 + l . l 4 7 3 x l G “ k l s  + 0 . 8 5 1 6

k s  + 0 .6 0 4 3  

Ns -t*0 .3 4 6 3

1 2

'3Dms3 +  3 . 2 5 5 4 x 1 0 - % s ^  + 3 .5758x10  

■^%s3 - 0 .8 i 4Cx10“8rs2 + 6 .0 6 7 5 x10 •4„.
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T a b le  7 

E ne rg y  D i s s i p a t i o n  Zone

Q -  0 , (X. a  0 ( - 1  6 q A 6  0 )

q / ^

Ns 0 - 0 . 1 7 - 0 . 3 3 - 0 .5 0 - 0 . 6 7 - 0 .8 3 - 1 .0 0

1276 1 .2 9 1 . 3 1 1 . 3 5 1 .4 3 1 . 5 6 1 . 7 3 1 .9 9

1700 1 .0 8 1 . 0 9 1 . 1 2 1 . 2 1 1 . 4 0 1 . 6 4 1 .8 9

1940 1 .4 1 •P*- - - — —•
h / q 2  3700 1 . 4 0 1 . 4 5 1 . 5 5 1 . 6 6 1 . 8 6 2 . 2 0 2 .6 8

4600 1 .6 8 — — — —

7600 1 . 9 6 2 . 1 6 2 .4 3 2 .8 3 3 . 4 1 4 .1 9 5 .2 7

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

q/c/. Eq US t i o n ,  h/o<^ = f  (Ns)

0 = 0 .  067Cx10“ ®Ks2 + 1 . 1138x l 0“ k  s + 1 .0 6 8 8

- 0 .1 7 = 0 .3 9 4 1 x10"8 k s 2 +  1 .1 4 4 9 x1 0 " \ ts +  1 .0 1 6 4

- 0 .3 3 ■liA^ = 0 . 5 3 9 1 x l 0 “ k s . ^  + 1 . 3 9 1 3 x l O " k s + 1 .0 1 0 7

- 0 .5 0 B ja? = 0 .  5076x10“ K + 1 .8 9 6  5xlO“ k s +  1 .0 0 4 3

- 0 . 6 7 = 0 . 1 1 5 1 x1 0 " % s 2 + 2 . 8 8 4 7 x l O “ k s +  0 .9 9 8 1

- 0 .8 3 h A ^ z - 0 .  5840x10“ % s^ ■ ^ 4 . 4 0 8 6 x l 0 ~ k s +  0 .9 6 6 6

- 1 . 0 0 h A ^ = - 9 .  C057x lü“^ k s ^ + 1 7 . 2356xlO“ k s 2 - 3 . 7 9 3 5 x l O " k l s  + 2 . 1 5 6 2
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Table 8

E nergy  D i s s i p a t i o n  Zone 

q^O ,  (X. Z.0 ( - l ~ q / x ~ 0 )

q / a l

N s 0 - 0 .1 7 - 0 .3 3 - 0 .5 0 - 0 . 6 7 —0 .8 3 - 1 , 0 0

1276 0 .4 4 0 .3 8 0 .3 8 0 .4 3 0 .5 3 0 .7 4 1 . 0 4

1700 0 .4 8 0 . 4 4 0 .4 3 0 .4 9 0 .7 2 1 .0 3 1 . 4 4

1940 - — — • — —■ —■ —•

B /o t^  3700 0 . 7 9 0 .8 3 0 .9 6 1 .1 1  ̂ 1 . 3 5 1 .8 8 2 . 4 2

4600 1 .0 7 - - —- — —

7600 1 .4 8 1 . 5 8 1 .7 2 2 .03 2 .4 7 3 .2 3 4 . 2 2

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

q / k E q u a t i o n ,  B/x. =  f ( N s )

0

G . 1 7

-0.33

.0 .5 0

U .6 7

-0 .83

.1.00

B A  2 = 

:

B A ^  =

bA ^  =

B A ^  Z 
2 _BA

B/oC

P 4
- 0 . 6 7 9 9 x 1 0 ' k l s ^  -h 2 .2 7 3 9 x 1 0 "  Ks + 0 . 1 2 4 6

- 0 . 4 2 7 5 x 1 0 " ® N s 2  +  2 . 2 8 l 3 x l O " k s  +  0 .0 7 3 5

+  2 . 2909x l 0" k ! s  +  0 .0 8 1 1

+ 2 .5 1 4 9 x 1 0" k s  + 0 . 1 0 1 9

+ 2 . 9678x l 0" k s  + 0 .1 9 1 8

- 0 . 8 l 7 2 x l 0 " k s ^  + 4 , 6 2 5 4 x l C " S i s  +  0 .2 2 6 5

- 0 . 6232x l 0" ^ % s ^  -  0 . 8 l 4 0 x l 0 - k ! s ^ + 6 . 0 6 7 5 x l 0 " k s  +  0 .3 4 6 3

- e . l 311x l 0 " k s ^
—8 p0 .0 9 1 0 x 1 0  Rs^
- 8  20 .0 9 5 9 x 1 0
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T a b le  9 

T u r b i n e  Zone 

q / : ^ 0 ,  0 ( 6  0 (06_<>^/q6:l)

o i /q

Ns 0 0 .1 7 0 .3 3 0 .5 0 0 . 6 7 0 .8 3 1 . 0 0

1276 C.6 9 0 . 6 ^ 0 .6 3 0 .6 6 0 .7 3 o . # 5 1 . 0 1

1700 0 . 7 7 0 .7 1 0 .7 0 0 .7 0 0 .7 3 0 .8 3 0 .9 4

19^0 — - - — —' 0 .7 2 0 .8 3

h/c,^ 370c 1 .0 9 1 . 0 1 0 .9 2 0 .8 7 0 .8 1 0 . 7 9 0 .7 9

5-600 - — - — -

7600 2 .1 7 1 . 6 0 1 . 1 0 0 .7 7 0 . 6 0 0 .4 7 0 .3 8

1 3 ,5 0 0 1 .0 8 0 . 8 1 0 .7 8 0 .7 7 0 . 6 7 0 . 4 4 C.13

E q u a t i o n ,  h / q  ^  f ( N s )

0

0.17

0 .3 3

0 .$ 0

0 . 6 7

0 .8 3

1.00

h / q 2 =  _ $ . 3 0 2 8 x l 0 " 1 2 K s 3 f  8 , 5591x 10"  Ns ^ 0 . 7 8 5 1

h / q ^ =  _ 2 . ]6 3 4 x lO " ^ ^ N s 3  f 2 . 9 8 3 0 x l 0 " ^ N s ^ f 0 . 5 0 7 5 x l 0 " ^ N s - f 0 .5 3 9 5

h / q  -  

h /q 2  -  

h /q ^  = 

h /q ^  =

h /q 2 _

■1.0533x10-3 Ks 2 + 1 . 6 7 2 7 x1 0 - ^ S s + 0 . ^ 0 8  

■0,2722x10-3 Ks^ +C.5-523x1 0 - \ ' s 4  0.6>+33 

0 .1 2 5 2 x 1 0 - 3  - 0 . 2 8 9 2 x 1 0  Ks f - 0 . 7929

0 .3 0 0 5 x 1 0 - 3  Ns^ - 0 . 7 8 2 7 x l O - ^ N s + 0 .9 3 9 8  

0 . 3 5 7 5 x 1 0 ” 3  Ks^ - 1 , 2 2 8 ' + x 1 0 “ \ ’ s  + I . 1 3 2 3
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T a b le  10 

T u r b in e  Zone 

q 6 0 , ^ 6 0  (O^G^/q 6 1 )

<*/q

Ns 0 0 . 1 7 0 . 3 3 0 .5 0 0 .6 7 0 .8 3 1 .0 0

1276 0 .8 6 0 .8 1 0 .7 6 0 .6 9 0 .6 2 0 .5 5 0 .4 6

1700 1 . 1 3 1 . 0 3 0 . 9 5 0 .8 8 0 .8 3 0 .7 9 0 .7 3

1950 - - - - — -

B /q 2 3700 1 .2 0 1 . 0 9 0 .9 6 0 . 8 5 0 .7 0 0 .5 6 0 .4 5

5600 —- — — -

7600 2 .1 0 1 . 5 7 1 . 1 5 0 .8 3 0 .5 6 0 .3 1 0

. . . . 1 3 ,5 0 0 0 . 6 7 0 . 5 3 0 . 5 6 0 .6 3 0 .5 5 0 .1 8 - 0 .1 5

o</q E q u a t i o n ,  B / q ^ c  f ( K s )

0

C.17

0.33
0.50

0.67

0.83
1.00

-5.1269x10“^% s3+8.0581x10"3ks3 -1.85-18xlo"tis t l .0 8 5 7

- 2 . 7‘+31x10~^^Ks3+3.7035x10"3ks^ - 0 . 335-2x10“S îs  + 0.3813

B /q 3 = - 

B /q ^ =

B /q 3 =  - 1 .2 8 7 0 x 1 0 " 3  N s ^ + 1 . 6 2 6 9 x l O '^ N s 4 0 . 6 1 6 9  

B /q ^ _  - 0 . 3 9 1 9 x 1 0 “ ® Ms^+0.5-585x10" Ns 4  0 .7 2 1 6  

B /q ^ =  - 0 . 0955x1 0 -3  R s h o . 3 0 5 0 x l C - ‘+Ks + 0 . 7 7 0 1  

B / q ^ =  0 .1 8 8 7 x 1 0 - 3  K s ^ - C . 6 9 3 2 x l 0 H s  + 0 .7 6 3 7  

E /q 3 =  0 .5 0 6 5 x 1 0 - 3  N s ^ - 1 . 2508x10 - h s + 0 .7 8 2 9
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T a b l e  11 

T u r b i n e  Zone

Ÿ ^  0 ,<=<£ 0 ( 0 £  q /k£ 1)

q / k

Ns 0 0 .1 7 0 . 3 3 C.50 0 . 6 7 0 .8 3 1 .0 0

1276 0 .6 3 0 .6 6 0 .6 9 0 .7 3 0 .7 9 0 .8 8 1 .0 1

1700 — —- 0 .6 3 0 .6 7 0 .7 3 0 .8 2 0 .9 4

1950 - —- - 0 . 6 5 0 .6 8 0 .7 3 0 .8 3

3700 — — —• 0 .5 6 0 .6 7 0 . 7 9

5600 - —- — - - -

7600 - 0 . 6 7 - 0 . 5 6 - 0 .2 8 —0 • o4 0 .0 6 0 .1 9 0 .3 8

1 3 ,5 0 0 - 2 . 2 0 - 1 .5 5 - 1 . 1 5 - 0 . 8 6 - 0 . 6 0 - 0 . 2 8 0 .1 3

q/o<
E q u a t i o n ,  h /o ( . ^ = f ( R s )

0 Yi/c^ r

0 .1 7

0 .3 3

0 .5 0

0 . 6 7 h A ^ -

0 . 8 3 h/e<^ =

1 . 0 0 h A ^  =

•0 .5398x10” 3ks^  

■0.0625xl0"'^Ns^ 

0 .C 65 1 x1 0 “ 3 r s ^  

•0 .1 55 8 x1 0 "3 k s^  

•0 .0527x10“ Ns^ 

0 . 1323x10“ Ks^ 

= C .3575x10“ 3ks2

•l . '66 53xlO“ \ s

- 1 . 7 1 5 5 x10
•5.

+ 0 .8 5 9 7  

+ 0 . 8 7 9 9

1 . 5 9 6 0 x l 0 “ lKs + 0 .8 9 5 8  

+ 0 . 8 6 5 6  

+ 0 .9 1 8 7  

+ 1 . 0 0 6 3

+ 1 .1 3 2 3

•1 .0806x10“ Ns 

•1 .0702x10“ Ns 

•i . 1 3 5 5 x 1 0 " S ; s

- 5■1.2285x10 Ns
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T a b l e  12 

T u r b in e  Zone 

q i O , c ^ 6  0 (0  6 : q A 6 l )

q / ^

Ns 0 0 .1 7 0 .3 3 0 .5 0 0 .6 7 0 .8 3 1 .0 0

1276 - 0 . 6 7 - 0 .3 7 - 0 . 1 6  --0 .03 0 .1 0 0 . 2 4 0 . 4 6

1700 ^ — - 0 . 1 0 0 .0 5 0 .2 3 0 .4 8 0 .7 3

1950 : - — — - - —■ -

B/c<2 3700 : — - - - 0 .1 0 0 .1 8 0 .5 5

5600 : — — —• - - -

7600 : - 1 .5 0 - 1 .0 9 - 0 .7 9  -^ . 6 3 - 0 . 4 6 - 0 .2 9 0

1 3 ,5 0 0 - 2 .3 3 - 1 .5 8 - 1 .3 0  -.1 .1 0 - 0 . 8 4 - 0 . 5 5 - 0 .1 5

q A
E q u a t i o n ,  B A  -  f ( N s )

0 W c^ -

0 .1 7

0 .3 3 B/k^  =

c .5 0 B/ol^ =

0 .6 7 =

0 .8 3

1 . 0 0 BM^ =

•0 .0772x10“ ‘̂ Ks ^

0 . 2520x10" Ns^ 

8 -  20 .1 5 1 3 x 1 0  Ns 

0.1755x 10~ 3n s 2 

0 . 2856x 10- 3k s 2 

0 .355C x10~3k s ^ 

0 . 5 0 6 5 x1 0"3 k s ^

 ^ ^  1

- 1 . 2 5 5 0 x 1 0 “ Ns - 0 . 5 1 0 0  
- 5- 1 .3 6 2 2 x 1 0  Ns - 0 . 2 0 0 3

- 1 .  1999x10“ ‘'Ns +  0 .0 5 2 3  
- 5

- 1 . 1 8 6 2 x 1 0  Ns + 0 . 1 7 9 2  

- 1 . 2598x10“ \ ' s  + 0 . 3 3 8 5  

- 1 . 3 0 5 3 x 1 0 “ Ns + 0 .5 5 5 -3  

- 1 . 2 5 0 8 x l O “^Ns + 0 .7 8 2 9
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TFooo$000 10000
Ns

FIGURE 1

D ata  from TABLE 3 a t  q /k  -  0

Ns

h/x:

1276

1 . 2 9

1700

1.08

19^0

1 • 4̂ 1

3700 ^600  7600 13$ÜG

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

h a s  a 2nd d e g r e e  p o ly n o m ia l  f i t  t h r o u g h  i t  r e s u l t i n g  i n  t h e  

f o 1low i n  g e q u a t  i o n  :

= C .C 870X 10"% s^  +  1 .1 1 3 8 x lO “hTs +  1 ,0 6 8 8
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Al
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N o m e n c la tu re

R

H 

H 

h 

N

Nr

Ns

Q

Qr

q

T

Tr

oC

P r e s s u r e  head

Hated p r e s s u r e  head  o f  a pump 

D i m e n s l o n l e s s  p r e s s u r e  head  H/Hj^ 

R o t a t i o n a l  sp eed  o f  a pump 

Rated  r o t a t i o n a l  sp e ed  o f  a pump

S p e c i f i c  pump sp e ed  .. Kr  / Ô â l __
(Hr P ^

D i s c h a r g e

R ated  d i s c h a r g e  o f  a pump 

D i m e n s i o n l e s s  d i s c h a r g e  Q/Qu 

Torque  on a pump 

R a ted  t o r q u e  o f  a pump 

Dirnen s i o n l  e s s  speed  r a t i o  N/Nr 

Di m e n s i o n l e s s  t o r q u e  r a t i o  T/T%

C o n s t a n t  c o e f f i c i e n t s  i n  t h e  6 t h  d e g r e e  p o lyn o m ia '  
e q u a t i o n s  r e p r e s e n t i n g  a  pum p 's  c h a r a c t e r i s t i c s

N o te ;  " R a te d "  r e f e r s  to  t h e  p o i n t  o f  b e s t  e f f i c i e n c y  a t  n o rm al  
s p e e d .

IV
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DESCRIPTION OF PROGRAM

The main p rogram  u s e s  t h e  method o f  c h a r a c t e r i s t i c s  a s  d e s ­

c r i b e d  i n  R e f e r e n c e  2 to  compute  t h e  t r a n s i e n t s  i n  t h e  p i p e s .

T h is  i n v o l v e s  u s i n g  two e q u a t i o n s ;  one  from th e  downstream  d i r ­

e c t i o n  and t h e  o t h e r  f rom t h e  u p s t r e a m  d i r e c t i o n ,  a s  w e l l  a s  a 

c o n t i n u i t y  e q u a t i o n  f o r  h e a d ,  and a n o t h e r  e q u a t i o n  f o r  d i s c h a r g e .  

T hese  f o u r  e q u a t i o n s  a r e  s o l v e d  s i m u l t a n e o u s l y  f o r  head and d i s ­

c h a r g e  a t  t h e  p o i n t  o f  i n t e r e s t .  When a  p i p e  b o u n d a ry  i s  a 

pump, t h e  head  and d i s c h a r g e  a t  t h e  pump a r e  a f u n c t i o n  o f  t h e  

head  and d i s c h a r g e  from t h e  u p s t r e a m  and downstream  p i p e s ,  t h e  

^  r e l a t i o n  ( f u n c t i o n  o f  WR^), and t h e  pum p 's  c h a r a c t e r i s t i c  

r e l a t i o n .  Thus f o u r  r e l a t i o n s  a r e  used  to  s o l v e  f o r c K , / ? ,  q ,  and h 

o f  t h e  pump a t  any  s p e c i f i c  time,. .At each t im e  i n c r e m e n t  t h e  pump 

c h a r a c t e r i s t i c  r e l a t i o n  u s e s  two o f  t h e  t w e l v e  e q u a t i o n s  d e t e r m i n e d  

by t h e  method shown i n  t h i s  t h e s i s .  The two e q u a t i o n s  to  be used  

a t  an y  g iv e n  t im e  a r e  d e t e r m i n e d  by th e  zone  o f  o p e r a t i o n  i n  w h ich  

t h e  pump h a p p e n s  t o  b e .

Th/o s u b r o u t i n e s  i n  t h e  p rogram  u se  t h e  r e s u l t s  o f  t h i s  t h e s i s .  

They a r e  t h e  PUIiFSB s u b r o u t i n e  and t h e  COEFP s u b r o u t i n e .  F o l lo w in g  

i s  a d e s c r i p t i o n  and l i s t i n g  o f  e a c h .

PUhPSB

The pump s u b r o u t i n e  (PTJMPSB(I), I  r e p r e s e n t i n g  t h e  pump i n  

q u e s t i o n )  h a s . t w o  main  f u n c t i o n s ;  (1 )  t o  d e t e r m i n e  t h e  i n i t i a l

o p e r a t i n g  c o n d i t i o n  o f  t h e  pump, and (2)  to  d e t e r m i n e  t h e
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o p e r a t i n g  c o n d i t i o n  a t  any  t im e  a f t e r  a power f a i l u r e .  The d i s ­

c u s s i o n  h e r e  w i l l  be c o n c e rn e d  w i th  d e t e r m i n i n g  t h e  o p e r a t i n g  

c o n d i t i o n  o f  t h e  pump a f t e r  power f a i l u r e .  The u p s t r e a m  p i p e  

c h a r a c t e r i s t i c  h a s  t h e  fo rm :

Q P ( h , J )  +  C F 2 *  H P (K ,J )  = CFl.

The downstream  p i p e  c h a r a c t e r i s t i c  h a s  th e  fo rm :

Q P ( K , J ) - ^  CB2 X H P (K ,J )  = CBl,  where  (K) r e p r e s e n t s  th e  

p i p e  o f  i n t e r e s t  and ( J )  r e p r e s e n t s  t h e  segment  i n  p i p e  (k)  t h a t  

i s  c l o s e s t  to  th e  pump. At s t a t e m e n t  20100 t h e  pump sp eed  i s  

e s t i m a t e d  u s i n g  t h e  spe ed  a t  t h e  p r e v i o u s  t im e  i n c r e m e n t  (ALPIIAP(I), 

I  i s  t h e  pump under  c o n s i d e r a t i o n )  and an e s t i m a t e d  change  i n  

speed  (D A LPP(I ) ) .  The d i s c h a r g e  i s  t h e n  e s t i m a t e d  (QPPI) u s i n g  

a s i m i l a r  p r o c e d u r e .  T h is  d e t e r m i n e s  t h e  v a l u e  o f  c</q u sed  i n  

t h e  t h e s i s  so t h a t  t h e  zone  o f  o p e r a t i o n  and t h e  a p p r o p r i a t e  6 t h  

d e g r e e  p o l y n o m i a l  c o e f f i c i e n t s  can  be . s t o r e d  i n  A l ,  B1, C l ,  D l ,  E l ,  

F I ,  and G l . '  U and D a r e  t h e n  s u b s t i t u t e d  f o r  << and q ( A l l  and 

QPPI) .

S t a t e m e n t  20300 com putes  t h e  head a c r o s s  t h e  pump ( H P P ( I ) ) ,  

and t h e  n e x t  s t a t e m e n t  com pu tes  t h e  t o r q u e  on t h e  pump (BETAI)

( t h e  h and p  used  i n  t h e  p a p e r ) .

The downstream  p i p e  head  (KP(JDPK,( 1 ) ) and d i s c h a r g e  

(QP(JDPN, 1 ) )  a r e  t h e n  c a l c u l a t e d  u s i n g  an e q u a t i o n  d e r i v e d  from 

t h e  c h a r a c t e r i s t i c  e q u a t i o n s  and t h e  - c o n t i n u i t y  e q u a t i o n s .  T h i s  

head  and d i s c h a r g e  a r e  compared w i t h  t h e  d i s c h a r g e  and speed  

assumed a t  t h e  b e g i n n i n g  o f  t h e  s u b r o u t i n e .  I f  t h e  e r r o r  i s  to o  

l a r g e ,  t h e  p r o c e d u r e  i s  r e p e a t e d ,  and c o n t i n u e s  i t e r a t i n g  u n t i l
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t h e  e r r o r  i s  a c c e p t a b l e .  V a lu e s  o f  o< , q ,  and h f o r  t h e  pump, 

and t h e  head  and d i s c h a r g e  o f  t h e  downstream  and u p s t r e a m  p i p e  a r e  

t h e n  e s t a b l i s h e d  f o r  t h e  s p e c i f i e d  t im e  (TIl-E) .  The s u b r o u t i n e  

i s  used  o nce  e ach  t im e  i n c r e m e n t  so a h i s t o r y  o f  t h e  t r a n s i e n t  i s  

known.

COEPP

The s u b r o u t i n e  (COEFP(I) I  r e p r e s e n t s  t h e  pump i n  q u e s t i o n )  

com putes  t h e  c o e f f i c i e n t s  o f  t h e  12 s i x t h  d e g r e e  e q u a t i o n s  which  

r e p r e s e n t  a  pum p 's  c h a r a c t e r i s t i c s .  The s p e c i f i c  speed  ( S K S ( I ) )  

o f  t h e  pump i s  d e t e r m i n e d  i n  t h e  m ain  p rogram  from t h e  v a l u e s  

r e a d  i n  T o p r e s e n t i n g ,  t h e  pump, i . e . ,  r a t e d  h e a d ,  d i s c h a r g e ,  and 

s p e e d .  X l ,  X2, . . . .  X6 a r e  t h e  v a l u e s  o f  t h e  a b s i s s a  i n  t h e  

p a p e r ,  and t h e  YC, Y l ,  . . . .  Y6 a r e  d e t e r m i n e d  from t h e  a p p r o p r i a t e  

e q u a t i o n  f o r  each  t a b l e .  From s t a t e m e n t  19200 o n ,  t h e  G a u s s ia n  

e l i m i n a t i o n  method i s  used  t o  d e t e r m i n e  t h e  c o e f f i c i e n t s  o f  a  

6 th  d e g r e e  p o l y n o m i a l  which w i l l  go t h r o u g h  t h e  7 p o i n t s  (%,Y) 

o f  t h e . c h a r a c t e r i s t i c .  The c o e f f i c i e n t s  h av e  t h e  form A H Q P ( I , J ) ,  

E H Q P ( I , J ) ,  C H Q P ( I , J ) ,  D H Q P ( I , J ) ,  and so f o r t h .  These  a r e  common 

v a r i a b l e s  t o  t h e  p rogram  so  t h e y  can  be used  i n  t h e  s u b r o u t i n e  t h a t  

computes  t h e  pump t r a n s i e n t .

The v a r i a b l e  NSNS(I) can  h a v e  v a l u e s  o f  0 ,  1276 ,  76GC, o r  

1 3 ,$ 0 0 .  I f  t h e  v a l u e  o f  0 i s  s t o r e d ,  t h e  s u b r o u t i n e  w i l l  p r o d u c e  

c h a r a c t e r i s t i c s  a s  o u t l i n e d  i n  t h e  p a p e r .  I f  any  one o f  t h e  o t h e r  

t h r e e  a r e  s t o r e d ,  t h e  c o r r e s p o n d i n g  o r i g i n a l  c h a r a c t e r i s t i c  i s
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r e p r o d u c e d .  Thus t h e  p rog ram  h a s  t h e  o p t i o n  o f  u s i n g  a s p e c i f i c
\

known c h a r a c t e r i s t i c  o r  d e t e r m i n i n g  a c h a r a c t e r i s t i c  u s in g  t h e  

p r o c e d u r e  o u t l i n e d  i n  t h e  t h e s i s .
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SUBROUTINE PÜMPSB( I , JDPN, JUPN, JUPNN)
Q __  _____
C SUBROUTINE TO COMPUTE H C Q AT A PUMP

COMiON/GS'JBl/ 0 ( 2 0  , 2 0 0 ) ,  H ( 20 ,  2 0 0 ) ,  Q P( 20 ,2GG) ,  HP (20,  200)
 -. OOMMON/GSUB2/ P I P D I A ( 2 0 ) ,  P F RI C T ( 2 0 ) ,  NSEG( 2 0 ) ,  01 ,  TIME

OOMMON/CDT/ PLENGH(20),  PCELET(2Q),  NPIPES 
 :.OMMON/CPP/QRATEP(lO) ,HRATEP(10) , SRATEP(10h ,  _________ _

1 WR2 RP(10) , AK1P(10) ,ALPHAP(10) , BETAP(1Q) ,
2_____________ __________ _QPP(iO)  ,HPP(10)  ,0ALPP.(1Ü),,ÜQPPJ.1Q.).,_      ..
3 I DP NP ( i O) ,  lUPNP(lO)

COMMON/CPPC/AHQP(10,3) ,BHQP(10, 3 ) , CHOP( 1 0 ,  3) ,
   1        DHQP(10,3)  , EHQ P( 10 , 3 )  ,FHQP(1Q,3)  ,GHQP(10,3)  ,

2 . A HA P( i a , 3 ) ,B H AP (1 Q, 3 ) ,CHAP( 10 ,3 )  ,
 .... .3 ..   ___ __________________ DHAP (10 , 3) , EHAP (10 ,3 )., FHAP ( 10 , 3) ,GHAP.( 10 , 3 ) ,

4 ABQP(1Q, 3) , BBQP(10 , 3 ) , C B G P ( 1 0 , 3 ) ,.
 __5 __________        D8QP(10,3)  , E BQ P( 1 0 , 3 )  , F B Q P ( 1 0 , 3 )  , GBQP(10 ,3)  ,

6 A B A P ( 1 0 , 3 ) , B B A P ( 1 0 , 3 ) , C B A P ( 1 0 , 3 ) ,
______ 7,________________   DBAP(10,3)  ,EBAP(1Q.,3) , F B A P ( 1 0 , 3 U 6 8 A F k ( 1 0 , 3 ) ,

8 S N S ( i O ) ,  NSNS(IO)
C _ _ _ __________  ___
C
C _ AT T=3 ASSUME ALPHA = 1 -  GET STEADY STATE PUMPING, _ _  __ _____
C

CF2=.7 8 5 4»P Î P D I A( JUPN)*»2»32.2 /PCELET(JUPN)    ____________
CF1=Q(JUPN,JUPNN-i )+CF2^H( JUPN,JUPNN-1)

   1 . .......... .... ....-OT»PF%ICT(JUPN) *ABS(Q(JUPN,JUPNN-1)  ) ♦,Q( JUPN , JUPNN-1 )
2 / ( 2 . * P I P D I A ( J U P N ) * * 3 * . 7 8 5 4 )

      G82=T. 78 54*PIPDI A( JDPN) **2 *32  .2 /PCE LE T ( JO P N )    ____________
CBt = Q( JOPy ,2 ) +CB2*H( JOPN, 2)

1 ..... - 0 T * P F R I C T ( J 0 P N ) * A 8 S ( Q ( J 0 P N , 2 ) ) * Q ( J 0 P N , 2 )
2 / ( 2 . * P I P 0 I A ( J D P N ) * * 3 * , 7 8 5 4 )

 _ _ _ I F ( T I M 5 - . 0 0 0 1 1 2 0 0 1 0 , 2 0 0 1 0 , 2 0 1 0 0  ............ ........................ ......... ..............
20010 QPP1=Q(J0PN,1) /QRATEP(I )
20040 ._ I F (QP P1- 1)  2 0 0 6 0 , 2 0 0 5 0  , 2 0 0 5 0 ______________________ _______________
20050 A1=AHGP(I,1)
______ ______ ___ B1=BHQP(I ,1)

C1=CH3P(I ,1 )
01=DHQP(I ,1)____________________________________ _____ ___ ___
E1= EH3P (I ,1 )
F 1 = F H 3 P ( I , 1 )
G1=GH3P(I ,1)
A2=ABGP(1 , 1 )
B2=BBQP(I ,1)
C 2 = C B l P ( I , i )
D 2 = D B a P ( I , l )
E2=EBQP(I ,1 )  __
F 2 = F 8 Q P ( I , 1 )
G 2 = S 8 3 P ( I , 1 )
QA=QPP1 

GO TO z o or o  
20060 A1=AHAP(I,1)

B1=BHAP(I ,1)
C1=CHAP(I ,1)
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_20070_ QA**4+Bl /_ QA**3+C1/ QA**2+D1/ QA+
+F1*QA +G1*QA**2

20071

20 072

20075

,20080

•2̂‘Û'O 90

20095

20097

20098

01=DHAP(I ,1)
E1=EHAP(I ,1)
F 1 = F H S P ( I , 1 )

 G1=GHAP(I ,1)
A2=A8AP(I ,1)
B2=B BAP (I , i )
C2=CBAP(I ,1)
D2=DBAPCI,1)
E2=EBAP(I ,1 )

 ____   _ F 2 = F 8 A P ( I , 1 )
G2=GBAP(I ,1)

_________ QA=1. /QPP1__
GO TO 20071

_ H P P ( I ) = A 1 /
E4

GO T0_20072 _    __
HPP{I)  =Al /aA**6+8Y/QA**5 + c i / Q A ** 4+ b l / QA ** 3+ El / QA *< 2  

__ +F1/QA+G1
H P ( j O P N , i ) = ( ( C F 1 - C B 1 ) / C F 2 + H R A T E P ( I ) * H P P ( I ) ) 7 ( i . - C 8 2 / C F 2 )  

QPP2=(CB1-CB2*HP(JDPN,1) ) /QRATEP(I )
WRITE <61,20 0 7 5 ) O P P l , Q P P 2 , H P P ( I ) , H P ( J D P N , 1 )
FORMAT(4E12.5)

IF(ABS(OPP1“ Q P P 2 ) - . 0 0  0 4 ) 2 0 0 9 0 , 2 0 0  9 0 , 2 0 0 8 0  
QPP1=QPP2 

GO TO 20040
HP! J WPN, JliP'NN) -TC F 1- QPP2^QRATEP ( I )  ) / CF2 /
QP( JUPN, JUPNN) =QPP2*0RATEP(I)  .........................  "
ALPHAP<I)=1.

I F ( S P P 1 - 1 . ) 2 3 0 9 5 , 2 0 0 9 5 , 2 0 0 9 7
BETAPCI) =A2/QA**6 + B2/QA*»5fC2/QA**4 + D2/QA**3 + E2/QA+*2 

+F2/QA+G2
GO TO 20098

BETAP(I)=A2/QA**4+B2/QA**3+C2/QA**2+D2/QA+ 
E2+F2*QA+G2+QA#*2

DALPPCI)= - . 0 0 3  
O Q P P ( I ) = - . a 0 2
QP(JDPN, 1) =QPP2*QRATEP(I)
QPP(I)=QPP2 

RETURN
C
C
G DO 
C
20100

20110
2Ü12Û
20130
20140

TRANSIENT PUMP CALCULATIONS _

AL1=ALPHAP(I)+DALPP(I)  
Q P P l = 3 P P ( i y + 0 Q P P ( I )

IF (ALI /QPPI)  2 0 1 6 0 , 2 0 1 2 0 ,  20120 
IF(A L I ) 2 0 1 9 0 , 2 0 1 3 0 , 2 0 1 3 0  
I F ( A L l / Q P P i - l . ) 2 0 1 4 0 , 2 0 1 4 0 , 2 0 1 5 0  

A1=AHQP(1 , 1 )
B1=BHQP(I ,1)
C1=CHQP(I ,1)
D1=DHQP(I,1)  __
E l  = E H Q P ( I , i )   """
F1=FHQP(I ,1 )
G1=GHQP(I,1)
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C
C
c
20159

A2=A3QP(I ,1)
B2=BBQP(I ,1)
C2=CBQP(I ,1)

  _D2 = 0 BQ P ( I , 1 )
E2=EBQP(I , 1)
F2 =FBQP( I , 1 )
G2=GBQP(I ,1)

 U=AL1  .......
D=QPP1 

 2 9 330........ .. .

PUMP ZONE Q/A LESS. 1

A1=AHAP(
B1=BHAP(
C1=CHAP(
D1=DHAP(
E1=EHAP(
F1=FHAP(
G1=GHAP(
A2=ABAP(

 _8 2 =BBAP(
C2=CBAP(
D2=DBAP<
E2=£BAP<

_ .  F 2= F BA Pi
G2=G8AP(

  .JU.FQPPl....
D=ALi 

GUjr O.__2_D_30 D_

1, 1 )
1 , 1 )
1 , 1 )
1 , 1 )
1 , 1 )
1, 1)
1, 1 )
1, 1 )
1 , 1 )
1 , 1 )
1, 1)
1 , 1 )
1,1)
1 , 1 )

c

c
20160
20170

C
c
c
20180

ENERGY OISS .ZONE A/Q LESS 1 _____ ___

 I F ( A L 1 / 0 P ) 1 + 1 . ) 2 0 1 8 0 , 2 0 1 8 0 ^ 2 0 1 7 0
A1=AHQP(I,2)

_______   B1=BHQP(I ,2 )____________________
C1=CHQP(I ,2)

   D1 = 0 HQ P ( I , 2 )  ________ __________
E 1= EH3 P (I ,2 )

 F 1 = F H Q P ( I , 2 ) _ _  ______________
G1=GHQP(I,2)

  A2=ABQP(I ,2)  _
B2=BBGIP( 1 , 2 )

 C2=CBQP(I ,2)
02=DBQP(I , 2)

 E 2 = E 8 1 P ( I , 2 ) .
F 2= FBQ P( I , 2 )

__.G.2 = GBQP(I ,2)
U = AL1 
0=QPP1 

GO TO 20 33 0

ENERGf  DIS S Z ONe' Q/ A LES S 1 ....

A1=AHAP(I,2)
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,0

B1=BHAP(I ,2)  
Cl=CHAP(I t2 )  
D1=DHAP(I,2)  
E1=EHAP(I ,2)  
F1=FHAP(I ,2 )  
G1=GHAP(I,2)  
A2=ABAP(Î ,2)  
B2=BBAP(I ,2)  
C2=CBAP(I ,2)  
D2=D8AP(I ,2)  
E2=EBAP(I ,2)  

__F2=FBAP(I,  2 ) 
G2=GBAP(I ,2)  
U=QPP1 _ __ 
D=AL1 

TO 2D330
C
C
C
2 0 1 9 0
20200

C
C
C
20210

T URBI NE „ 20 N £ A /  Q,_ L ESS 1____

I F ( A L 1 / Q P P 1 - 1 . ) 2 Û 2 0 0 , 2 0 2 0 0 , 2 0 2 1 0  
A1=AHQP(I,3)
B1=BHQP(I ,3)
C1=CHQP(I ,3)
01=DHQP(I ,3)
E1=EHQP(I ,3)
F 1 - F H Q P ( I , 3)
G1=GHQP(I,3)
A2=ABQP(I ,3)
B2=BBQP(I ,3)
C2=C8QP(I ,3 )
02=0BQPCI,3)
€ 2= EB QP (I ,3 )
F2 =F BQP (I , 3 )
U = AL1................ ................
0=QPP1 

_  ; 0  TO 2D330

TURBINE ZONE Q/A LESS 1

A1=AHAP(I,3)
B 1 = 0 H A P ( I , 3 )
C1=CHAP(I ,3)
D1=DHAP(I,3)
E1=EHAP(I ,3)
F1=FHAP(I ,3 )
G1=GHAP(I,3)
A2=ABAP(I ,3)
B2=BBAP(I ,3)
C2=CBAP{I,3)
D2=DBAP(I ,3)
£2 =EBAP(I ,3 )
F2 = FBAP(I,3>_
G2=GBAP(I ,3)
U=QPP1
D=AL1



 _____     _A10

T-1566 -

i s l 41 PUMPSB '  ~    .................. ... ....

C '
-  ■ -... ̂ 3 . . . . .  — 3̂ .  . -. H  hf 1̂̂  U  ..—.-'— —..— . . . .  —— —.- ......... .._....— — ............—. . —I——. —̂—................— —

C
- ...__ 20300  ____ ___ HP P( IX= Al *U** 6/ 0** 4  +81* V* *5 / 0* *3  + C1»U»*4/D*^2_____ _

1 +Dl * U* * 3/ 0  +E1*U*U +F1*U*D +G1*D*D
    ....... ....... BETA1= A2»U**6/D»*4 + 82*U**5/ 0**3  f  C2*U**4/D**2 ........

1 +D2»U**3/0 +E2*U*U +F2*U*D +G2*D*0
 ____ ____ _ HP( JDPN, 1) = ( (CF1-CB1) /CF2 + H R A T E P ( I ) * H P P ( I 1 ) / ( 1 , - G 8 2 / C F 2 )

QP(JDPN, 1 ) =CB1-CB2»HP(JDPN,1)
    .IF (ABS(QP(JDPN, l ) -QPPl*QRATEP(I )  ) - . 0 0 6 0 )  2.0320,  20320 ,  2031G_

20 310 Q P P l = a P ( J 0 ? N , 1 ) / Q R A T E P ( I )
__________ _____ A L1 = - A K1P ( I ) ♦ ( B E T A1 +B E T A P_( I  ) ) .♦ D T+ALPH A P ( I  )____________________

SO TO 20110
 20 320......... .. .......QP( JUPN, JUPNN) =QP ( JDPN,1) _____ _____ ________________________

HP(JUPN,JUPNN)=HP(JDPN,1) -HPP(I )*HRATEP(I )

ALPHAP(I)=AL1

DQP P( I ) =QPP1- QPP( I )
________________ ;____Qpp( I)  =QP( JCæN. jjL/JQRATEPljü_________________ _______________________

RETURN
 ____________ _ ..ENÔ  __ _________________________________ ________________ __________________ _____

 -______ MULTI-BANK COMPILATION. _______________ ____________ ___ ____  ____ ________
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SUBROUTINE COEFP(I)

SUBROUTINE TO COMPUTE >UMP CHARACTERISTICS

COMMON/CPPC/AHQP( 1 0 , 3 ) , SHOP( 1 0 , 3 )  
OHQPdO , 3 )  ,EHQP (10 ,  3) 
AHAPdO ,3 )  , BHAP(10,3)  
DHAP( 1 0 , 3 ) , EHAP( 1 0 , 3 )  
A B Q P ( i a , 3 ) , B B Q P ( 1 0 , 3 )  

. O B Q P ( 1 0 , 3 ) , E 8 Q P ( 1 0 , 3 )  
ABAP ( 1 0 , 3 ) , 8 B AP ( 1 0 , 3 )

 ......      OBAP (10 , 3 )  ,£BAP ( 10 ,  3)
SNS( IO) ,  NSNS(IO)

, C H Q P ( 1 0 , 3 ) ,
, F H Q P d O , 3 )  ,GHQP(10,3)  , 
, CHAP( 1 0 , 3 ) ,
, F H A P ( 1 0 , 3 ) , G H A P ( 1 0 , 3 )  , 
, C 8 Q P ( 1 0 , 3 ) , 
, F B Q P ( 1 0 , 3 ) , G B Q P ( 1 0 , 3 )  , 
, C B A P ( 1 0 , 3 ) , 
, F B A P ( 1 3 , 3 ) , G 8 A P ( 1 0 , 3 )  ,

C
C
C _
c
c
c
c
c DO 
C

J=1(PUMP) J=2(ENERGY DISS) J=3(TURBINE) 

K = l  ( HQ) H A) k= 3 7 BQ) ' K=4T8A)

PUMP ZONE
H/Q2 PUMP A/Q F 1

19001 
C
19002

19003

190 04

x i= . i r
X2=,33
X3=.50
X4=.67
X5=.83
X6=1.30

I F ( N S N S ( I ) >1900 5 , 1 9 0 0  5 , 1 9 0  01 
I F ( N S N S d )  - 7 6 0 0 )  1 9 0 0 2 , 1 9 0 0 3 ,  19004

YG=-0.53 
Y l = - 0 . 42 
Y2=-0.  22 
Y 3= - 0 . 0 4  
Y4= 0 . 2 3
Y 5= 0 . 5 6  
Y6= 1 .00

GOTO 19006 
Y C = - 1 . 56 
Y l = - 1 . 1 3  
Y2=-0 .  69 
Y 3 = -0 . 35  
Y4= 0 . 05  
Y5= 0 . 5 2  
Y6= 1 . 00  

GOTO 19006 
YG=-1.00 
Y l = - 0 . 9 0  
Y2=-0.  76 
Y3=-0 . 50  
Y 4 = - 0 . 11 
Y5= 0 . 3 7
Y 6= 1 .00  

GOTO 19006



A12

T -l$ 6 6
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19005 Y0 = 
Yl= 
Y2= 
Y3= 
Y4=
Y 5=
Y 6=

19 006

C

C
19010
19011
C - - ...
19012

0 . 0 0 0 E - 1 2 » S N S ( I )
O.OOOE-12*SNS(I)
D.OOOE-12*SNS(I)
0 . 0 0 0 E ? 1 2 * S N S I I )
O.ODOE-12*SNS(I)
0 . 0 0 0 E - 1 2 » S N S ( I )
O.OOOE-12»SNS(I)
 J =1_____________

K-1
SO_J.D___192ÜO

**3+2.109E-
**3 +1 .23 7E
**3 + ü . 5 l l E '
* t 3 + 0 . 2 0 0 E
**3+0 .053E'
* * 3 - 0 . 14 9E "
* *3+0 .0 00E

8 * S N S ( I ) * * 2 - 3 . 5 0 1 E -  
8 * S N S ( I ) * * 2 - 2 . 2 2 1 E '  
8 * S N S ( I ) * * 2 - 1 . 1 9 7 E "  
8 * SN S ( I ) * * 2 T Û. 6 7 8 E '  
8 * S N S ( I ) * » 2 - 0 . 3 7 7 E '  
6 * S N S ( I i * * 2  + 0 . ü 3 4 E '  

' 8 * S N S ( I ) * * 2 + 0  .000E"

4 * S N S ( I ) - 0 . 1 1 8  
4 * S N S ( I ) - 0 . 1 5 7  
4 * S N S ( I ) - 0 . 0 7 6  
4 * S N S ( I ) + 0 . 0 5 9  
4 * S N S ( I ) + 0 . 3 0 3  
4 * S N S ( I ) + 0 . 5 94  
4 * S N S ( I ) +1 . 000

Ü/A2_.PUMP_Q/A. F_3

I F  ( N S N S {I  ) ) 19 015. r i  9 Q15 , 19  011______
I F ( N S N S d )  -  76GÛ) 1 9 0 1 2 , 1 9 0 1 3 ,  19014

19013

19014

19015 YO:
Yl: 
Y 2= 
Y3: 
Y4= 
Y5: 
Y6:

19016

C
C....
C
19020
19021

YC=1.29
_.... Y 1=1.  2 9 ...

Y2=l*27
 ____ Y3=1.2 3 _ _

Y4=1.18
   Y5=1.1Û

Y6=1.0û
GOTO 19Û16  „

Y0=1.96
Y1=1.71  ...
Y2=1.40

 .... - Y 3= 1 . 2 1
Y4=1.12

_ Y 5= 1 .3  6___
Y6=l .ûO 

GOTO 19016 _ ._. 
YC=2.73 
Y1=2 . 33 
Y2=2.02

  y 3= 1 . 7  6
Y4=1.57 
Y 5= 1 . 3  6 
Y6=1.S0 

GOTO 19016 
O.ODOE-12*SNS( 

^ . 0 0  0E-12»SNS(  
O.DOOE-12»SNS( 

:8 .00 0 E-12^S,NS( 
:O.DûOE-12»SNS( 
0 .03  0E-12»SNS( 

^ . 0 0  0E-12*SNS( 
J  = 1 
K=2 

GO TO 19200

I ) * »
I ) * *
I ) + *
I )
I > ** 
I ) * *  
I )  »»

3+0 
3 + 0 
3+0 
3+0 
3+0 
3+0 
3 + 0

.087E-

.132E'

.433E'

.634E'

.619E"

.419E'

.OOOE

8 * S N S ( I ) * * 2 + 1 . 1 1 4 E - 4 * S N S ( I )  
8 * S N S ( I ) » * 2 + 0 . 7 1 3 E - 4 * S N S ( I )  
8 # S N S ( I ) * * 2 + 0 . 0 0 0 E - 4 * S N S ( I )  
8 * S N S ( I ) * * 2 - 0 . 4 8 5 E - 4 * S N S ( I )  
8 * S N S ( I ) * * 2 - 0 . 5 8 9 E - 4 * S N S ( I )  
8 * S N S ( I ) * * 2 - 0 . 4 1 0 E - 4 * S N S ( I )  
8 * S N S ( I ) * * 2 + 0 . 0 0 Ü E - 4 * S N S ( I )

+ 1 . 0 6 9
+ 1 . 1 2 3
+ 1 . 2 1 9
+ 1 . 2 52
+ 1 . 2 3 4
+ 1 . 1 47
+ 1 . 0 0 0

B/Q2 PUMP A/Q F 2

I F ( N S N S ( I ) ) 1 9 0 2 5 , 1 9 0 2  5 ,1 90  21 
I F ( N S N 3 ( I ) )190  2 2 , 1 9 0 2  3 , 19 0  24
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C
19022 Y0=-0.3Û 

Y l = - 0 . 1 6  
Y2= 0 . 0 1  
Y3= a . 2D 
Y4= 0 . 4 3  
Y5= 0 . 70  
Y6= 1 .00

GOTO 19026
1 9 02  3 _______ Y0 = - 1 . 5 5

Y l = - 0 . 9 3
  Y2 = -0 . 47

Y3=-0.  11
  Y4= 0 . 2 9

Y5= 0 . 6 7
 ____   ^ _  Y6= 1. 00

GOTO 19026
1 9 0 2  4 ____  _  Y0 = . 0 . 5 6

Y l = - 0 . 6 2
________ Y 2= -0 .6 0

Y 3 = - 0 . 39
Y4= 0 . 0 3  
Y5= 0 .5 1
Y6= 1 . 00  

GOTO 19026
T 9 025 YC=S o0 0a£-12»SNS C I ) * * 3 + 3 . 0 1 7 E - 8 * S N S ( I ) * * 2 - 4 . 6 7 0 E - 4 * S N S ( I ) + 0 . 2 47  

Y 1 = O . D O O E - 1 2 * S N S ( I ) * * 3 + 1 . 4 2 6 E - 8 * S N S ( I ) * * 2 - 2 . 4 8 3 E - 4 * S N S ( I ) + 0 . 1 3 4  
Y 2 = 0 . D 0 0 E - 1 2 * S N S ( I ) * * 3 + 0 . 4 4 1 E - 8 * S N S ( I ) * * 2 - 1 . 1 5 0 E ~ 4 * S N S ( I ) +0 .150  

■Y3=Û.DQ0E“ 1 2 * S N S ( I ) * * 3 + 0 . 0 1 3E- 8*SNS( I > * * 2 - 0 . 5 0 2E~4*SNSCI) + 0 . 2 6 4  
Y 4 = 0 . D 0 0 E - 1 2 * S N S ( I ) * * 3 + û . 040E- 8+SNS( I > * * 2 - 0 . 438E- 4*SNSCI ) + 0 . 5 5 5  
Y 5 = D . 0 0 0 E - 1 2 * S N S ( I ) * * 3 - 0 . 14  2 £ » 8 * S N S ( I ) * * 2 + 0 .0 3 û E - 4 * S N S ( I ) + C . 7 2 8  
Y6=D.OOOE-12*SNS(I )**3+O.DOOE-8*SNS(I )**2+Û.Ü00E-4*SNS( I ) + 1 . 0 0  0 

19026 J=1
K=3 

GO TO 19208
C
C B/A2 PUMP Q/A F 4
C
19030 I FC NS NS ( I ) > 1 9 0 3 5 , 1 9 0 3 5 , 1 9 0 3 1
190 31 IFCNSNSCI)-7  60 0 ) 1 9 0 3 2 , 1 9 0 3 3 , 1 9 0 3 4
C -
19032 Y0=D.44

■ y 1=0.  5 4.......................................................... ...........
Y2=D.66
Y3=0.77
Y4=0.86
Y5=0.94  "   '
Y6=1.00 

GOTO 19035
19033 YC=1.48

' Y l = 1 . 1 8
Y2=0.98
Y3 = 0 . 9 1  "    ' '   '
Y4=0.94
Y5=0.98
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Y6=1.00  
GOTO 19036

19034  YC=1.95
   . -1». . f . «1*̂ jL .  ..... ... - .

Y2 =1.35  
Y3=1.13  
¥ 4 = 1 . 0  7

 ___     ¥ 5 = 1 . 0 5
¥ 6 = 1 . 0 0  

 ......... ........  GOTO 190 36 ........
19035 YO=O.DOOE-12*SNS(I) 
    Y1=O.OOOE-12»SNS(I)

Y2=0.00 0 E- 1 2» S NS ( I )
 __ ___-Y3=0 . 0 0 0 E - 1 2 * S N S ( I )

Y4=3 . 0D0E-12*SNS(I )
   Y5=O.OOOE-12*SNS(I)

Y6=O.OOOE~12*SNS(I)
19036......... ......... J=1 .

K=4
_ GP_ T O 19200

* * 3 - 0 . 6 8 3 E  
* * 3 - 0 . 2 8 2 E  
» *3 - 0 . G7 9 E 
* * 3 + 0 . 022E 
* *3+ 0 . 058 E 
**3 + G.046E- 
* * 3 + 0 . OOOE

8 * S N S ( I ) * * 2  + 2 . 2 74 E '  
8 * S N S ( I ) * * 2 + 1 . 3 5 3 E '  
8 * S N S ( I ) * * 2 + 0 . 6 9 1 E '  
8 *S NS ( I ) * * 2 + 0 . 2 9 4 E "  
8 * S N S ( I ) * * 2 + 0 . 1 2 3 E '  
8*SNS( I ) **2+0 . C43E«  

•8*SNS ( I ) * * 2 + 0  .CODE'

■4*SNS(I>
4*SNS(I )

•4*SNS(I)
•4*SNS(I)
4*SNS( I )
4*SNS( I )
4*SNS( I )

+ 0 . 1 2 5  
+ 0 . 351  
+ 0 . 5 5 2  
+ 0 .6 9 1  
+ 0 . 8 0  2 
+ 0 . 9 1 1  
+1 . 0 0 0

C
C  ____________
C DO ENERGY DISSIPATION ZONE 
C 
C 
C
19040 X l = - . 1 7

_______ X2 = " . 33
X3=-.5Q

___________________ X4 F " , 6 7 _
X5 = - . 8 3  
X6=-1.Ü0

h7 q2 ENERGY 0 1 SS A/ Q F 5

19041 
C
19042

19043

19044

I F ( N S N S d )  > 1 9 0 4 5 , 1 9 0 4 5 , 1 9 0 4 1  
IF(NSNS( I) -7,60 0) 19Q42, .1 9 0 4 3 , 1 9 0 4 4

¥ 0 = 0 . 6 9  
¥ 1 = 0 . 7 9  

_Y2=0.90  
¥ 3 = 1 . 0 8  
¥ 4 = 1 . 3 0  
¥ 5 = 1 . 6 2  
¥ 6 = 1 . 9 9  

GOTO 19046
 ¥ 0 = 2 . 1 7

¥ 1= 2 . 7 0  
Y2=3o20 
¥ 3 = 3 . 7 2  
¥ 4 = 4 . 2 0  
¥ 5 = 4 . 7 3  
¥ 6 = 5 . 2 7  

GOTO 19046
 ¥ 0 = 1 . 0 8

¥ 1 = 1 . 4 8
¥ 2 = 2 . 0 2
¥ 3 = 2 . 7 0
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19045

190 46

Y4=3.60 
Y5=4.82 
Y6=5.29 

GOTO 19046 
Y 0 = - 5 . 3 0 3 E - 1 2 ? S N S ( I ) * * 3 + 0 8 ,  
Y 1 = - 6 . 9 7 C E - 1 2 * S N S ( I ) * * 3 + 1 1 ,  
Y 2 = - 7 . 9 6 2 E - 1 2 * S N S ( I ) * * 3 + 1 3 ,  
Y 3 = - 9 . 5 9 1 E - 1 2 * S N S ( I ) * * 3 + 1 6 ,  
Y 4 = - 9 . ? 6 7 E - 1 2 * S N S ( I ) * * 3 + 1 7 ,  
Y 5 = - 9 . 9 3 5 E - 1 2 * S N S ( I ) * * 3 + 1 8 ,  
Y6=-9 . DU6E~12*SNS( I ) **3+17 ,

    _J=2 __ ___ ____ _
K=1 

SO TO 19 208

4 7 6 E - 8 * S N S ( I ) » * 2 - 1 . 5 6 0 E "  
4 7 1 E - 8 * S N S ( I ) * * 2 - 2 . 3 8 7 E '  
2 4 4 E - 8 * S N S ( I ) * » 2 - 2 . 6 6 0 E '  
66 3E- 8* SNS (I  ) * * 2 - 4 . 0  25E- 
293E- 8* SNS( I  ) * * 2 - 4 . 8  3 8 E« 
2 9 6 E - 8 * S N S ( I ) * * 2 - 4 . 4 1 7 E '  
236E- 8* SNS( I  ) * * 2- 3 . 7 94 E*

4 * SN S( I ) +0  
4 * S N S ( I ) +0 
4 *S NS ( I ) +1
4 * S N S ( I ) +1 

• 4 * S N S ( I ) +1 
4 * SN S ( I ) + 1  
4 *S N S ( I ) +2

. 7 8 5

. 9 4 6

. 0 6 5

. 3 6 3

. 5 6 7

. 8 8 3

. 1 5 6

C
C
c
19050
19051 
C
190 52

JH/A2 ENERGY _ OISS Q/A

I F ( N S N S ( I ) ) 1 9 0 5  5 , 1 9 0 5 5 , 1 9 0 5 1  
I F ( N S N S ( I ) - 7 6 0 Ü ) 1 9 0 5 2 , 1 9 0 5 3 , 1 9 0 5 4

F7

19053

19054

19055

19056

C

¥ 0 = 1 . 2 9  
¥ 1 = 1 . 3 1  
¥ 2 = 1 . 3 5  
¥ 3 = 1 . 4 3  
¥ 4 = 1 . 5 6  
Y 5= 1 . 7  3 
¥ 6 = 1 . 9 9  

GOTO 19056 
¥ 0 = 1 . 9 6  
¥ 1 = 2 . 1 6  
¥ 2 = 2 . 4 3  
¥ 3 = 2 . 8 3  
¥ 4 = 3 . 4 1  
¥ 5 = 4 . 1 9  
¥ 6 = 5 . 2 7  

GOTO 19056 
¥ 0 = 2 . 7 3  
¥ 1 = 3 . 2 7  
¥ 2 = 3 . 8 6  
¥ 3 = 4 . 4 7  
¥ 4 = 5 . 0 7  
¥ 5 = 5 . 8 1  
¥ 6 = 6 . 2 9  

GOTO 19056 
Y0=+O.OOOE-12*SNS(I)**3+O0,  
¥ l =+ 0 . DU DE -1 2 *S NS I I ) * *3 + 00  
¥ 2 =+ 0 .QÜÜE-12*SNS(I )**3+88,  
¥3=+0. 0  0 0 E- 1 2 * S N S ( I ) * * 3 + ü ü ,  
¥4=+D.0OOE-12*SNS(I)**3+OO,  
¥5=+Û.üüGE-12*SNS( I ) * * 3- 0 0 ,  
¥ 6 = - 9 . 0  8 6 E - 1 2 * S N S ( I ) **3+17,  

J=2
............... K=2

GO TO 19200

087E-
394E
539E-
508E-
115E'
584E
236E'

• 8*SNS( I )** 2  + 1.114E« 
8 * S N S ( I ) * * 2 + 1 . 1 4 5 E '  

■8*SNS(I )**2+1. 391E-  
8*SNS(I  ) **2 +1 . 89 7E-  
8* SNS <I )* *2 +2 .8 8 5E -  

• 8*SNS( I )**2+4 .409E«  
' 8*SNS(I  ) * * 2 - 3 o 7 9 4 £ -

4 * S N S( I ) +1  
• 4 * S N S ( I ) +1 
4 * S N S ( I ) +1 
4 * S N S ( I ) + 1  
4 * S N S ( I ) +0 
4*S NS (I ) +0  
4 * S N S ( I ) + 2

. 0 6 9

. 0 1 6

.011
, 0 0 4
. 9 9 8
. 9 6 7
. 1 5 6



Al 6

T - l$ 6 6

41 COEFP V .

C
C ___
19060
19061
C
19062

B/Q2 ENERGY DISS A/Q F 6

I F( NS N SC I ) ) 1 9 0 6 5 , 1 9 3 6 5 , 1 9 0 6 1  
IF(NSNS CI) - 7 6 0 0 )  1 9 0 6 2 , 1 9 0 6 3 , 1 9 0 6 4

-19063

190 64

1-90 65 Yü:
Yl:
Y 2 
Y3
Y4=
Y 5: 
Y6

19066

G
C
19070
19071 
C
19072

-Y 0 = 0 
Y1=D

 Y2=0
Y3=Ü 

... _ Y 4= 1 
Y5=l

  Y 6—1
GOTO 190

 YC=2
Yl=2

Y3=3
  Y 4=3

Y5=3
Y 6= 4 

GOTO 190 
  _Y,0= Q

Y l = i  
 Y 2=1

Y 3= 2 
 Y 4=3

Y5=4
,    Y 6= 5
GOTO 190 
- 5 . T 2 7 E -  

: - 6 . 1 14E- 
: - 7 . 0 4 2 E -  

6 * 8 53E- 
5 . 0 05E-  

- 2 . 8 7 1 E -  
• - 0 . 6  2 3E- 

J=2 
_ K=3 

GO TO 19

. 8 6  

. 9 1  

. 9 5  

. 98  

.30 

. 0 2  

.3 4 
66 
. 10  
. 5 7  
. 35  
.40 
. 6 8  
. 95  
. 2 2

. 6 7  __ ___

. 0 7

.60

. 2 5

.3 0 "

66 """" 
1 2* S NS ( I ) * *3 +  
12 * SNS ( I ) * *3 +  
1 2 * S N S( I ) * * 3+  
1 2 * S N S ( I ) * » 3 +  
1 2» S NS ( I ) * * 3 +  
1 2 * S N S ( I ) * » 3 +  
1 2 * S N S ( I ) * * 3 -

0 8 .
09.  
11.
1 0 . 
07 .  
03 .  
0 0 .

058E
617E
204E"
792E
174E'
255E
8 1 4E:

8 * S N S i I ) * * 2 - 1 . 8 4 2 & -
8 * S N S ( I ) * * 2 - 1 . 8 6 7 E '
8 * S N S ( I ) * * 2 - 1 . 9 5 1 E "
8 * S N S ( I ) » * 2 ~ 1 . 2 2 0 E '

" 8 » S N S ( I ) * f 2 + 1 . 1 4 7 E '
8 * S N S ( I ) * * 2 + 3 . 5 7 6 E
8 * S N S ( I ) * * 2 t 6 . 0 6 8 E '

>4*SNS(Î)
4*SNS( I )
4*SNS( I )
4*SNS( I )
4*SNS( I )
4*SNS( I )
4*SNS( I )

+ 1 . 0 8 6
+ 1 . 1 0 9  
+ 1 . 1 4 3  
+ 1 . 0 9 1  
+ 0 . 8 5 2  
+ 0 . 6  04 
+ 0 «346

23 0

B/A2 ENERGY OISS Q/A F8

19073

I F ( N S N S ( I ) ) 1 90  7 5 , 1 9 0  7 5 , 1 9 0  71 
I F ( N S N S d )  - 7 6 0 0 )  19072 , 1 9 0 7 3  , 1 9 0  74

Y0=Q.44 
Y l = 0 . 3 8  
Y2=0.38 
Y3=0.43 
Y4=0.53  
Y5=Q. 7 4  
Y 6 = 1 . 0 4  

GOTO 19076 
YG=1.48 
Y l - 1 . 5 8



J r i ^66

A17

. 4 1 COEFP 03,  "V

Y2=1.72 
Y3=2.0 3 
Y4=2.47 
Y5=3.23  
Y6=4.22  

GOTO 19D75
19074 YC=1.95 

Y l = 2 . 3 7  
Y2=2.94

 ____ ______ __  Y3 = 3 . 6 7 ........ ............ ....... .
Y4=4.38
Y5=4.99  _ _ __
Y6=5.52  

GOTO 19375
19075 YO=+O.OOCE-12*SNS(I)**3-OD 

Y l = + 0 . a 0 C E - 1 2 * S N S { I ) * * 3 - 0 0  
Y2=+0.0 0 0 E - 1 2 * S N S ( I ) * * 3 - 0 0  
Y3=+0.0 0GE-12*SNS( I ) **3+uO 
Y4=+O.OOGE-12*SNS(I)**3+O0,  
Y5=+0«0 0 G E - 1 2 * S N S ( I ) * * 3 - 0 0 ,  
Y6=-D.6 23E-12*SN1S(I)  * * 3 - 0 a ,

19076 J=2 
K=4

GO TO 19200
C
C
C 00 TUR3ÎNE ZONE
C
C
C
19080

680E-8*SNS ( I ) * * 2  + 2.274E" 
4 2 8 E - 8 * S N S ( I ) * * 2 + 2 . 2 8 1 E «  
131 E- 8 *S NS ( I ) * *2 + 2 . 29 1E<  
0 91E- 8*SNS( Î  ) * * 2 + 2 . 5 15E* 
0 9 6 E - 8 * S N S i I ) * * 2 + 2 . 9 6 8 E '  
8 1 7 E - 8 * S N S ( I ) * * 2 + 4 . 6 2 5 E "  
Ô 1 4 E - 8 * S N S ( I ) * * 2 + 6 . 0  68E-

4 * S N S ( I ) + 0 . 1 2 5  
4 * S N S ( I ) + 0 . 0 7 4  
4 * S N S ( I ) + 0 . 0 8 1  
4 * S N S ( I ) + 0 . 1 0 2  
4 * S N S ( I ) + 0 . 1 9 2  
4 * S N S ( I ) + 0 . 2 2 7  
4 * S N S ( I ) + 0 . 3 4 6

H/Q2 TURB A/Q F9

19081 
C
19082

19083

Xl = . 1 7
X2=.33
X3=.50
X4=.67
X5=.83
X6=1.00

I F ( N S N S d )  ) 1908 5 , 1 9 0 8  5 , 1 9 0  81 
IF(NSNS< D - 7 6 0 0 )  1 9 0 8 2 , 1 9 0 8 3 ,  19C8 4

YC=0.59 
Y l = 0 , 6 4  
Y2=D.63 
Y3=Û. 6 6  
Y4=0.73  
Y5=0.85  
Y6=1.01  

GOTO 19086 
YC=2.17 
Y l =1 .6 0  
Y 2 = i . i a  
Y3=0. 77  
Y4=D.6Û 

5=0.  4 7 
Y6=0. 38  

GOTO 19086



T -l$ 6 6

A18

. 4 1 COEFP

19064

19085

19086

C
C ....
C
19090
19091 
C
19092

Y0=1.O8
 Y 1=0 . 8 1

Y2=0.78

Y 4 = 0 . d7
-  — Y5=0•44

Y6=0 .13  
GOTO 19385 

Y 0 = - 5 . 3 0 3 E - 1 2 *  
Y 1 = - 2 . 3 6 3 E - 1 2 *  
Y2=+0.0 3GE-12* 
Y3=+O.OOCE-12* 
Y4=+0.Ü0GE-12» 
Y5-+0.DOGE-12# 
V6= +0 .3 00E-12 #
 ......J=,3

K=1
_ - GO TO 19230

SNS( I )  ##3 + 08.476E* 
S N S ( I ) ? # 3  + 02 . 963E '  
S N S ( I ) * * 3 - 0 1 . 0 5 3 E '  
S N S ( I ) * * 3 ~ 0 0 . 2 7 2 E  
SNS ( I )## 3+0 0 . 125 E*  
SNS( I ) * * 3  + 00 . 301E '  
S N S ( I ) # # 3 + 0 0 . 3 5 8 E

'8*SNS ( I ) # # 2 - 1 . 5 6 0 E -  
8 # S N S ( I ) # # 2 + 0 . 5 0 8 E "  
8 # S N S ( I ) # # 2 + 1 . 6 7 3 E -  

*8#SNS(I )##2+0.452E* 
' 8 # S N S ( I ) # # 2 - 0  .269£« 
' 8 # S N S ( I ) # * 2 - 0 . 7 8 3 E «  
8 # S N S ( I ) # # 2 - 1 . 2 2 8 E -

4 # S N S ( I ) + 0 . 7 8 5  
4 # S N S ( I ) + 0 . 5 4 0  
4 # S N S ( I ) + 0 . 4 4 1  
4 # S N S ( I ) + 0 . 6 4 3  
4 # S N S ( I ) + 0 . 7 9 3  
4 # S N S ( I ) + 0 . 9 4 0  
4 # S N S ( I ) + 1 . 1 3 2

H/A2 TURB Q/A F 1 1

I F ( N S N S ( I ) > 1 9 0 9 5 , 1 9 0 9 5 , 1 9 0 9 1  
I F ( N S N S ( I ) - 7  60 0 ) 1 9 0 9 2 , 1 9 0 9 3 , 1 9 0 9 4

19093

19094

19095

Y0 = 
Y l =
Y 2=

    ......Y3=
Y 4=
Y 5 =
Y 6= 

GOTO 19
Y0 = 
Y l =
Y 2= 

_ Y3=
Y4 =

________Y 5=
Y6 =

. .  GOTO.19 
Y0 = 
Y l  =
Y 2= 
Y3 = 
Y4 = 
Y5 = 
Y6=

GOTO 19 
YC=+O.0OOE 
Y1=+0.000E 
Y2=+O.OOOE 
Y3=+0.0 00E 
Y4=+0.ÛOCE 
Y5=+0.OOOE 
Y6=+0.00CE

9 .63
0 . 6 6  ... __________

0 . 6 9  
9 .73 
0 . 7 9
0 . 8 8   _____________
1 . 0 1  
0 95 
- 0 .  67
- 0 . 4 6  _
- 0 . 2 8  
- 0 . 0 4  

0. 06 
0 . 1 9  
0. 38 

396 
- 2 . 2 0
" 1 . 5 5  ______
- 1 . 1 4  
- 0 . 8 6  
- 0 . 6 0  
- 0 .  28 

0 . 1 3  
096
- 1 2 » S N S ( I ) * * 3 - 0
- 1 2 # S N 5 ( I ) # # 3 - 0
- l 2 # S N S ( I ) * * 3 + 0
- 1 2 # S N S ( I ) # # 3 - 0
- 1 2 * S N S ( I ) # * 3 - 0
- 1 2 * S N S ( I ) * * 3 + 0
- 1 2 # S N S ( I ) * * 3 + 0

0.440E"
0 . 063E
0.065E-
0.146E-
0.043E-
0.132E-
0 . 358E '

8 * S N S ( I ) # * 2  
a # S N S ( I ) # # 2  
8 # S N S ( I ) # # 2  
8 # S N S ( I ) # * 2  
8 * S N S ( I ) # # 2  
8 * S N S ( I ) * * 2  
8#S NS( I>**2

1 . 6 6 5 £ - 4 # S N S ( I ) +0 .85 0  
1 . 7 1 6 E - 4 # S N S ( I ) + 0 . 8 8 0  
1 . 5 9 6 E - 4 # S N S ( I ) +0 .8  96 
1 . 0 8 1 E - 4 * S N S ( I ) + 0 . 8 6 5  
1 . 0 7 0 E - 4 # S N S ( I ) + 0 . 9 1 9  
1 . 1 3 6 E - 4 # S N S ( I ) + 1 . 0 0 6  
1 . 2 2 8 E - 4 * S N S ( I ) + 1 . 1 3 2



T -l$ 6 6 .
A19

. 4 1 COEFP

19095

C
C
C
19100
19101 
C
19102

SO

J=3 
K=2 

TO 1920 0

B/Q2 TURB A/Q F 10

19103

19104

19105

I F ( N S N S ( I ) >1910 5 , 1 9 1 0  5 , 1 9 1 0 1  
IF (NS N3{I) -7600> 1 9 1 0 2 , 1 9 1 0  3 , 1 9 1 0 4

     ....._ _ Y0 = 0 #86
Y l = 0 . 8 1

 Y 2=0.76
Y3=0.69

________ Y4=0.62  _
Y5=Q.54 
Y6=D.46 

GOTO 19106 
Y0=2.10 
Y l = 1 . 5 7

  Y2=1.15
Y3=0.B3 
Y4=Q. 5 6  
Y5=0.31 
Y6=0.00 

GOTO 19106 
Y0=0.67 
Y l = 0 . 4 3  
Y 2 = 0 .4 6  
Y3=0.63  
Y4=0. 54  
Y5=0.18 
Y 6 = - 0 . 15 

GOTO 19106 
Y0=- 5 . 1 27 E- 1 2* SN5 (  
Y1=-2 . 743E"12*SNS(  
Y2=+0.0 00E-12*SNS( 
Y3=+0.000E-12*SNS(

19106

0
C
C
19110
19111 
C
19112

Y4=+0.00CE-12*SNS( 
Y5=+O.OOCE-12*SNS( 
Y6=+O.OaOE-12#SNS( 

J  = 3 
K=3 

GO TO 19230

I ) * *  
I ) * *  
I ) * *  
I ) * #  
I ) * *  
! > *#  
I ) **

3 + 08, 
3+03,  
3 -01 ,  
3 - 0 0 ,  
3 - 0 0 ,  
3+00,  
3+00,

058E" 
704E* 
287E- 
392E'  
395E- 
189E'  
40 7 E-

8 * S N S ( I ) * * 2 - 1 . 8 4 2 E '
8 * S N S ( I > * * 2 - 0 . 3 3 4 E '
8 * S N S ( I ) # * 2 + 1 . 6 2 7 E -

• 8# SNS( I )##2+0 .459E*
8 * S N S ( I ) * * 2 - 0 . 3 0 5 E '

• 8 # S N S ( I ) * # 2 - 0 . 6 9 3 E -
8 * S N S ( I ) * # 2 - 1 . 2 5 1 E «

4 * S N S ( I ) + 1 . 0  86 
4 * S N S ( I ) + 0 . 8 8 1  
4 * S N S ( I > + 0 . 6 1 7  
4 * S N S ( I ) + 0 . 7 2 2  
4*SNS{I> + 0 . 7 7 0  
4 * S N S ( I ) + 0 . 7 6 4  
4 * S N S ( I ) + 0 . 7 8 3

B/A2 TURB Q/A F 12

I F ( N S N S ( I > > 1 9 1 1 5 , 1 9 1 1 5 , 1 9 1 1 1  
I F ( N S N S ( I > - 7 60 0 ) 1 9 1 1 2 , 1 9 1 1 3 , 1 9 1 1 4

Y C = - 0 . 67 
Y l = - 0 . 3 7  
Y 2 = - 0 . 16 
Y 3 = -0 .Ù3 
Y4= 0 .1 0  
Y5= 0 . 2 4



A2C

.41

19113

19114

T -1566-

CDEFP

Y6= 
GOTO 191 

YC = - 
  Y 1 = -

Y2=- 
Y3 = - 
Y4=-

 ..... ........ Y5 = -
Y6= 

_.GOIO 191 
Y 0  = -  

_______ Yl =-

0 . 4 5
16
1 . 50

09
79
63
46
29
00

19115 Y0= 
Y1= 
Y 2= 
Y3;: 
Y4= 
Y5= 
Y6=

19116

Y2=-
  Y 3 — **

Y4=- 
_Y5 = - 
Y6=- 

SOTO 191 
+O.DOGE- 
tO.OOCE- 

OOCE- 
OOOE- 
oaoE-  
OOOE- 
OOOE- 

J=3 
K=4

f  0
to
f 0 
4-0
fO

1 6 _ ____________
2. 33

1 . 30
1.10   —.
0. 84

0 . 1 5
15 „ ..
1 2 * S N S ( I ) * * 3 -
1 2 * S NS ( I ) * *3 +
12 * SNS ( I ) * *3 +
1 2 * SN S ( I ) * * 3 +
1 2 * S NS ( I ) * *3 +
1 2* S N S ( I ) » # 3 +
1 2 * S N S ( I ) * * 3 +

Û0.077E
0 0 . 2 52 E
00 . 151E
00 . 17 6E
0Û.286E-
0 0 . 3 54 E
00.4Û7E-

8 * S N S ( I ) * * 2
8 * S N S ( I ) * * 2
8 * S N S ( I ) * * 2
8 * S N S ( I ) » * 2
8 * S N S ( I ) * * 2
8 * S N S ( I ) * * 2
8 * S N S ( I ) * * 2 '

■1.244E*
•1.362E'
'1.200E"
1.186E-
1 . 2 60 E '
1.305E"
1.251E"

4*SNS( IX- Q.510  
4 * S N S ( I ) - 0 , 2 0 0  

' 4 * S N S ( I ) + 0 . 0 4 2  
4 * S N S ( I ) + 0 . 1 7 9  
4 * S N S ( I ) + 9 . 3 3 8  
4 * S N S ( I ) + 0 . 5 5 4  
4 » S N S ( I ) + 0 . 7 8 3

Q̂ . .........

JO us E_MAI_RIX_XQ_ CALC U.LATE._CQEE
C
C
19200 RS5

RS5
RS4
RS3
RS2
RSI

_Q1
Q2

...Q3
04

. 05
06

"’ r i
R2 
R3 
R4 
R5 

..R6

51
52

( Y 5- Y 0 ) / ( X 6 * » 6 )  
( Y5-Y0) / ( X 5 * * 6 )  
( Y4-YÜ)/ ( X 4 * * 6 )  
( Y3-Y0) / ( X 3  + + 6) 
(Y2-YD) / ( X2**6)  
{ Y l - Y ü ) / ( X l + ^ 6 )

l . / X l
a . / x 2
: 1 . / X 3
1 . / X 4
1 . / X 5
l . / X 6

01*01  
=02*02 
03*03 

=04*04 
= 05*05 
= 06*06

=01*R1 
= 02*R2



A21

T -1^66

COËFP

53 =03*R3
54 =04*R4
55 =05*R5
56 =06*R5

T1 =01*51 
T2 =02*52 
J 3  =03*53 
T4 =04*54 
T5 =05*55 
T6 =06*56

U1 =01*11 
U2 =02*T2 
U3 =03*T3 
U4 =04*14 
U5 =05*T5 
U6 =06*16

RS 36 = CR S 6- R S1 ) / ( 0 6 - 0 1 )  
R S 3 5 = ( R S 5 - R S l ) / ( 0 5 - 0 1 )
R53 4 = ( R S 4 - R S 1 ) / ( 0 4 - 0 1 )  
R533=(R5 3 - R 5 1 ) / ( 0 3 - 0 1 )  
RS3 2 = ( R S 2 - R 5 1 ) / ( 0 2 - 0 1 )

R61 = ( R 6 - R 1 ) / ( 0 6 - Ql) 
R51 = ( R 5 - R 1 ) / ( 0 5 - Q l )  
R41 = ( R 4 - R 1 ) / ( 0 4 - 0 1 )  
R31 = ( R 3 - R 1 ) / ( 0 3 - Q l )  
R21 =(R2-R1)  / ( Q 2- Q 1)

561 = ( 5 5 - 5 1 ) / ( Q6 -Q1 )  
551 = ( 5 5 - 5 1 )  / ( Q 5 - 0 1 )  
541 = ( 5 4 - 5 1 )  / ( 0 4 - Q l )  
531 = ( 5 3 - 5 1 )  /  ( 0 3 - 0 1 )  
521 = ( 5 2 - S l ) / ( Q 2 - Q l )

T61 = ( T 6 - T 1 ) / ( Q 6 - Q 1 )  
T51 = ( T 5 - r i ) / ( Q 5 - Q 1 )  
141 = ( T 4 - 1 1 ) / ( Q 4 - Q 1 )  
T31 = ( T 3 - T 1 ) / ( Q 3 - 0 1 )  
T21 = ( T 2 - T 1 ) / ( 0 2 - Q l )

U61 =( US-U1) / (0&-Q1)  
U51 = ( U 5 - U 1 ) / ( Q 5 - Q 1 )  
U41 = ( U 4 - U 1 ) / ( 0 4 - Q l )  
U31 = ( U 3 - U 1 ) / ( 0 3 - Q l )  
U21 =(U2-U1)  / ( 0 2 - Q l )

R545 = ( R 5 3 6 - R 5 3 2 ) / ( R 6 1 - R 2 1 )  
RS45 = ( R S 3 5 - R S 3 2 ) / (R51-R21)  
RS44 = ( R S 3 4 - R S 3 2 ) / (R41-R21)  
RS43 =(R5 3 3 - R S 3 2 ) / (R31-R21)



A:

T -l$ 6 6

; V 4 r COEFP

c
________________S62 = ( S 6 1 - S 2 1 ) / ( R 6 1 - R 2 1 )

S52 = ( S 5 1 - S 2 1 ) / ( R 5 1 - R 2 1 )
_______,„.,S4 2 . = ( S 4 1 - S 2 1 ) / ( R 4 1 - R 2 1 ) __ ...

S32 . = ( S 3 1 - S 2 1 ) / ( R 3 1 - R 2 1 )
Q

T62 = ( T 5 1 - T 2 1 ) / ( R 6 1 - R 2 1 )
_ T5 2 = ( f 5 1 - T 2 i ) / ( R 5 1 - R 2 1 )  ..

T4 2 = ( T 4 1 - T 2 1 ) / ( R 4 1 - R 2 1 )
____ ______ _ . , T 3 2 , = ( 1 3 1 - 1 2 1  l / J  R31-R2.1)

c
_____ _____ U62 = ( J & 1 - U 2 1 ) / ( R 6 1 - R 2 1 ) ____

U5 2 = ( U 5 1 - U 2 1 ) / ( R 5 1 - R 2 1 )
- .......- U42 = ( Ü 4 1 - U 2 1 ) / ( R 4 1 - R 2 1 )

U3 2 = ( U 3 1 - U 2 1 ) / ( R 3 1 - R 2 1 )

' V  /

RS56 = ( R S 4 b - R S 4 3 ) / ( S 6 2 - S 3 2 )  
RS55 = ( R S 4 5 - R S 4 3 ) / ( S 5 2 - S 3 2 )  
RS54 r ( R S 4 4 - R S 4 3 ) / ( S42-S32)

T53 = { T 6 2 - T 3 2 ) / ( S 6 2 - S 3 2 )  
T53 = ( T 5 2 - T 3 2 ) / ( S 5 2 - S 3 2 )  
T4 3 = ( T 4.2 -  T 3 2 Î /  ( S 42 -  S 3 2 )

U63 = ( U 6 2 - U 3 2 ) / ( S62-S32)  
U53 = ( J 5 2 - U 3 2 ) / ( S 5 2 - S 3 2 )  
U43 r ( U 4 2 - U 3 2 ) / (  S42rS32).

RS66 = ( R S 5 6 - R S 5 4 ) / ( T63- T43)
RS55 = ( R S 5 5 - R S 5 4 ) / ( T 5 3 - T 4 3 )

C
 ........   U64 = ( L f 6 3 - U 4 3 ) / ( T 6 3 - T 4 3 )

U54 = ( U 5 3 " U 4 3 ) / ( T 5 3 - T 4 3 )
C _ _ _  _    _  __________
C
C_ CALC 30EF _   _ ____________
C

G=YG _ _  _'  . _ '
C

_  F = _( R S 6 6 - R S 65 ) /  ( U64-Ü 5 4 ) . _____ __
C

 E = _RS65-F*U54 ____
C

.....0 = R S5 4- F* U4 3- E* T4 3
C

0 = R 3 4 3 - F * U 3 2 “ E * T 3 2 - 0 * S 3 2
C

8 =: R S 3 2 - F * U 2 1 - E * T 2 1 - 0 * S 2 t - C * R 2 1
C

  ..........  A =. RSI - F * U1  - E * T 1  - 0 * S 1  -C*R1
I F ( J - 1 ) 1 9 3 Ü Ü, 193 0 0 , 1 9 3 3 0  

19300 I F ( K - 1 ) 1 9 5 0 0 , 1 9 5  0 0 , 19 31 0
19310 I F ( K - 2 ) 1 9 3  0 0 , 1 9  5 2 0 , 1 9  320



T -1^66

A23

5 . 4 1

19320
C
19330
19340
19350
19360
C
19370
19380
19390
19500

19510
C
19520

19530
C
19540

19550
C
19560

19570
19580

COEFP'

î  F ( K -  3 ) 19 310 , 19 5 4 0 , 1 9  560

I F ( J - 2 ) 193 0 0 , 1 9  3 4 0 , 1 9  370 
IF (K-1)  195 0 0 , 1 9  5 00 , 1 9  350 
I F ( K - 2)1950  3 , 1 9  5 2 0 , 1 9  3 60 
I F ( K - 3 ) 193 5 0 , 1 9  5 4 0 , 1 9 5 6 0

I F ( K - l ) 1950 0 , 1 9 5  0 0 , 1 9 38 0  
IF (K-2)  193 70 , 1 9 5  20 ,19390  
I F ( K - 3 ) 1 9 3  8 0 , 1 9 5 4 0 , 1 9 5 6 0  

AHRP(I , J )=A
 BHQP(I , J )=B

C H QP d ,  J )  =C 
DHQP(I , J )=D 
E H Q P( I , J ) =E  

X H Q P ( I , J ) = F  
GHGtP(I,J)=G 

I F ( J - l ) 1 9 0 1 0 , 1 9 0 1 0 , 1 9 5 1 0  
I F ( J - 2 )  190 10 , 1 9  0 5 0 , 1 9  0 90

AHAPd,  J)  =A.
B H AP d ,  J)=B 
CHAP ( I ,  J )  =C 
O H A P ( î , J ) =0 
E H AP ( I , J )= E  
F H A P d ,  j )  -F 
G H A P d , J ) = G  

I F ( J - l ) 1 9 0 2 0 , 1 9 0 2 0 , 1 9 5 3 0  
I F ( J » 2 ) 1 9 U 2 3 , 1 9 0 6 0 , 1 9 1 0 0

AB QP d,  J)=A 
B B RP (I , J )= B 
C B Q P d , J ) = C  
D B: )P d ,  J)  =0 
EBQP ( I ,  J )=E 
F B Q P ( I , J ) = F  
GBQP(I , J )=G 

I F ( J - l ) 1 9 0 3 0 , 1 9 0 3 0 , 1 9 5 5 0  
IF ( J - 2 )  190 30 , 19 0  70 ,19110

ABAP d  , J )  =A 
B B A P d ,  J ) = 3  
C B A P d ,  J )=C 
D B A P d , J ) = D  
E B A P d , J ) = E  
F B A P ( I , J ) = F  
GBAP d ,  J)=G 

I F ( J - 1 ) 190 4 0 , 1 9 0 4 0 , 1 9  570 
I F (  J “ 2) 19040 , 19 0 60 , 19580  

CONTINUE 
00 19589 J = l , 300 19589 J = l , 3
WRITE ( 61 ,  19 58 2) AH Q P ( I t J )  ,BHQP ( I , J )  ,CHQP ( I ,  J ) , DHQP( I , JX, _____

.................. E H Q P d ,  J ) , F H Q P ( I , J )  , GHQP(I , ' J )   .................... .
WRI TE ( 61,  1958 3) A HA P d ,  J ) ,  BHAP d,  J )  , CHAP ( I , J )  , DHAP ( I  , J )  ,

E H A P d ,  J ) ,  F H A P d ,  J )  ,GHAP(I , J )



  _           _

 T -1^66

5741'"..........   COEFP    ̂ ^

WRITE( 6 1 , 1 9  58 3 ) ABQP(I , J ) , BBQP(I , J ) , CBQP( t , J ) , OBQP(I , J ) ,
   1 E BQP ( I , J ) , FBQP ( I  , J  ) , GB QP ( I ,iJ )

WRIT£(61,  1953 3) A B A P d ,  J ) , B B A P ( I , J )  , CB AP ( I , J )  , OB AP (I  , J ) ,
 -----  1 ____ __ _E BAP d  , J ) ,  FBAP ( I , J ) , GBAP ( I , J )____ ___________    —

19582 FORMAT(/7E12c5)
19583 FORMAT(7E12.5) _ __________ ________
19589 CONTINUE

ENO '  1 "

MULTI-BANK COMPILATION.


