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A U T  ti OR1 2 ED C LASS1 FIE R S I G N  A T  U R  E D A T E  

I STATEMENT OF Develop a P r e l i m i n a r y  H y d r a u l i c  Des ign  
f o r  t h e  SRE-PEP Core I11 V a r i a b l e  O r i f i c e .  

2 ABSTRACT A s i n g l e ,  wide r a n g e  v a r i a b l e  o r i f i c e  d e s i g n  i s  
d e v e l o p e d  which p r o v i d e s  a maximum o r i f i c 5  f l o w  area of  2.0 i n  
and  a minimum o r i f i c e  f l o w  a r e a  o f  0.2 i n  . The d e s i g n  i s  b a s e d  
on a n  o v e r a l l  o p e r a t i n g  c o r e  P o f  4.0 p s i  and  p r o v i d e s  f o r  
a sodium f l o w  r a n g e  o f  2.45 #/sec t o  10.0 #/sec.  Bypass  leakage 
a r r o u n d  t h e  o r i f i c e  i s  a n a l y z e d  and  a c c o u n t e d  f o r  i n  t h e  d e s i g n .  
It i s  s'nown t h a t  t h e  u s e  o f  p i s t o n  r i n g s  i s  n o t  n e c e s s a r y  t o  
r e d u c e  t h i s  l e a k a g e .  The o r i f i c e  p l u g  p r o f i l e  i s  c a l c u l a t e d  f o r  
c o n s t a n t  t e m p e r a t u r e  s e n s i t i v i t y ;  t h e  maximum a v e r a g e  s e n s i t i v i t y  
b e i n g  451°F/in. f o r  a 1.5 i n .  p l u g  l e n g t h .  F u e l  c h a n n e l  p r e s s u r e  
d r o p  i s  r e c a l c u l a t e d  f o r  b o t h  s p e c i a l  a n d  s t a n d a r d  e l e m e n t s  u s i n g  
t h e  l a t e s t  p roposed  d e s i g n s .  Maximum P i n c l u d i n g  wide open 
v a r i a b l e  o r i f i c e  i s  3.6 p s i .  

' FORM 701-C R E V .  10-62 
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i s  shown i n  F i g u r e  1. r 3 f  

ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc. 

DATE 11-21-63 

PAGE O F  2o 

I. Jieview of  ET'7i1F V a r i a b l e  O r i f i c e  Development 

R e s u l t s  o f  h y d r a u l i c  t e s t s  on a p r o d u c t i o n  mo81 :'IT?F v a r i a b l e  o r i f i c e  
a r e  shown i n  F i F u r e  2 0 ' ~ )  f o r  
t h i s  o r i f i c e  has been c a l c u l a t e d  from t h e s e  d a t a  a f t e r  e l i m i n a t i o n  o f  
n o n v a r i a b l e  p r e s s u r e  l o s s e s  by t h e  method d e s c r i b e d  i n  Appendix I.  
P r e s s u r e  breakdown c o e f f i c i e n t ,  IC, i s  def ined.  by e q u a t i o n  (1). 

The p r e s s u r e  breakdolqn c o e f f i c i e n t ,  K ,  

C a l c u l a t e d  c o e f f i c i e n ' . s  a r e  shown i n  ?igu.re 3 as  a. f u n c t i o n  o f  

-I 
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I crrs 

D i a .  Sodium Flow @ 
R a t i o  945 F (w> S l o p e  o f  

Type DD/Do (#/set) K l o g  A p  v s  l o g  w 

2.0 .480 1.80 
2.0 .418 1.66 

' I  A -- 
-- B 

C 10.0 372 1 985 -- 

l -  
I 

I 

I CIIS 

ATOM ICs INTERNATIONAL 
A Division of North American Aviation, Inc. 

p l u g  p o s i t i o n  anti f l o w  r a t e o  Approximate c o e f f i c i e n t s  
c a l c u l a t e d  from t e s t  d a t a  on o t h e r  o r i f i c e  d e c i g n s  r e p o r t e d  i n  
R e f e r e n c e  1 a r e  s i v e n  i n  Tab le  I. S i n c e  t h e  cornplete  d imens ions  
o f  t h e  plup-s u sed  i n  t h e s e  t e s t s  were n o t  r e p o r t e d ,  i t  w a s  p o s s i b l e  
t o  o b t a i n  only t h e  c l o s e d  p o s i t i - o n  2ressu t -e  breakdown c o e f f i c i e n t s  
f o r  t h e s e  d e s i g n s .  

TABLE I 

Closed  P o s i t i o n  P r e s s u r e  Breakdown C o e f f i c i e n t s  For  
V a r i o u s  Hl'iPF T e s t  C r i f i c i e s  

I1 A 1.48 10.0 

B 1.48 10.0 

C 1.16 10.0 

D 1.59 10.0 

1.44 
1.19 
975 

1.25 

The f o r e g o i n g  t e s t  r e s u l t s  r e v e a l  s e v e r a l  c h a r a c t e r i s t i c s  o f  t h e  ZWPF 
o r i f i c e  which Z r l ?  o f  i n t e r e s t  i.1 d e s i g n  o f  s i m i l a r  d e v i c e s .  

1. K d e c r e a s 2 s  w i t h  i n c r e a s i n g  Zeynolds  number; K R e  -0.1 

2 .  K i n c r e a s e s  as t h e  r a t i o  o f  downstream d i a m e t e r  t o  o r i f i c e  d i a m e t e r  
(D /D i n c r e a s e s .  (Compare Type I1 A t o  C and  B t o  D. These two 
p a i r s  were similar e x c e p t  f o r  t h e  r a t i o  D /D >. 
A s h a r p  l e a d i n g  edge  o n  t h e  o r i f i c e  y i e l d s  a h i g h e r  K t h a n  a 
t a p e r e d  l e a d i n g  edge.  (compare t y p e  I1 A t o  B) 

D o  
D o  

3. 

719-P 
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v e r s i o n  ( p r o d u c t i o n  model )  behaves  h y d r a u l i c a l l y  more n e a r l y  like a 
n o z z l e  t h a n  l i k e  a s h a r p  edged o r i f i c e .  ( A  n o z z l e  h a s  a K s l i g h t l y  
l e s s  t h a n  1.0 which d e c r e a s e s  w i t h  i n c r r d s i n K  3eynolAs i'iumber a t  com- 
p a r a b l e  i?eynolds  iiumber, whereas ,  a n  o r i f j c e  t y p i c a l l y  h a s  a 6 between 
2.0 a n d  3.0 which i n c r e a s e s  s l i g h t l y  w i t h  i n c r e a s i n g  Reynolds  Number). 

A n a l y s i s  o f  t h e  d a t a  from t e s t s  on t h e  p r o d u c t i o n  model  HIWF o r i f i c e  
shows K t o  be v a r i a b l e  w i t h  p l u g  p o s i t i o n  as  w e l l  a s  f l o w  r a t e  ( F i g u r e  3 
T h i s  v a r i a t i o n  d o e s  n o t  f o l l o w  a p r e d i c t a b l e  t r e n d ,  t h e r e f o r e ,  i t  i s  
n o t  p r a c t i c a l  a t  t h i s  t i m e  t o  a c c o u n t  f o r  i t  i n  t h e  d e s i g n  o f  t h e  SRE 
o r i f i c e .  The mean v a l u e  o f  K f o r  t h e  p r o d u c t i o n  model  o r i f i c e  as  c a l -  
c u l a t e d  from R e f e r e n c e  3 d a t a  c a n  be r e p r e s e n t e d  a s  a € u n c t i o n  of t h e  
mean Reynolds  number by e q u a t i o n  ( 2 ) .  

where - 
0 

R e  = 4 w  ( 3 )  

- 
P i s  t h e  mean w e t t e d  p e r i m e t e r  o f  t h e  o r i f i c e ;  t h e  v a r i a t i o n  o f  P o f  
t h e  HNPF o r i f i c e  f rom t h e  mean v a l u e  i s  2 1476 as  t h e  p l u g  moves be tween 
i t s  ex t r eme  p o s i t i o n s .  

The d a t a  o f  R e f e r e n c e  2 i s  most r e c e n t  and most c o m p l e t e l y  documented,  
t h e r e f o r e ,  e q u a t i o n  ( 2 )  i s  u s e d  below f o r  t h e  :;RE-PEP Core 111 p r e l i m i -  
n a r y  o r i f i c e  d e s i g n .  The u n c e r t a i n t y  o f  e q u a t i o n  ( 2 )  a s  a p p l i e d  t o  
t h e  new s h o r t  p l u g  o r i f i c e  d e s i g n  f o r  SRI;: i s  s u f f i c i e n t l y  l a r g e  t o  
r e q i J l r e  hydraulic t e s t s  b e f o r e  t h e  f i n a l  d e s i g n  can be  e s t a b l i s h e d  
firmly . 
11. O r i f i c e  S e n s i t i v i t y  

"Tempera ture  S e n s i t i v i t y " ,  or m e r e l y  " s e n s i t i v i t y "  i s  a t e rm c o i n e d  
d u r i n g  ENPF v a r i a b l e  o r i f i c e  deve lopment .  I t  i s  d e f i n e d  as t h e  i n c r e -  
m e n t a l  r a t i o  of  o u t l e t  t e m p e r a t u r e  change  t o  o r i f i c e  p l u g  p o s i t i o n  
change  when t h e  o r i f i c e  i s  a d j u s t e d  i n  t h e  o p e r a t i n g  r e a c t o r .  

From a n  o p e r a t i o n a l  v i e w y o i n t ,  i t  i s  d e s i r a b l e  t o  minimize  S s o  t h a t  
u n d e s i r a b l y  l a r g e  c h a n n e l  o u t l e t  t e m p e r a t u r e  c h a n g e s  c a n n o t  o c c u r  d u r i n g  
o r i f i c e  a d j u s t m e n t .  The a v e r a g e  v a l u e  o f  s e n s i t i v i t y ,  S,  i s  o b v i o u s l y  
i n v e r s l y  p r o p o r t i o n a l  t o  t h e  t o t a l  l e n g t h  o f  t r a v e l  o f  t h e  p l u g  (X). 
- Once X ha5  been  e s t a b l i s h e d  from c o n s i d e r a t i o n  o f  r e a s o n a b l e  v a l u e s  o f  
S and  from c o n s i d e r a t i o n  o f  m e c h a n i c a l  l i m i t a t i o n s ;  o n l y  t h e  s h a p e  of  
t h e  p l u g  r e m a i n s  t o  be e s t a b l i s h e d  t o  k e e p  S everywhere  as  low a s  p o s s i -  
b l e .  T h i s  r e q u i r e s  t h a t  S be c o n s t a n t  o r  

719-P 
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s =  d?G = c o n s t a n t  

A X  

For  c o n v e n i e n c e ,  wr i te  

T in  + A T c o r e  
TO = 

On t h e  r i g h t - h a n d  s i d e  o f  e q u a t i o n  (71, t h e  f a c t o r  Q i s  n e a r l y  
c o n s t a n t  w i t h  r e s p e c t  t o  l a r g e  v a r i a t i o n s  i n  x. 
c o n s i d e r i n g  t h e  o v e r a l l  s h a p e  o f  t h e  p l u g  where l a r g e  v a r i a t i o n s  i n  x 
o c c u r  o n l y  b e c a u s e  o f  v a r i a t i o n  i n  t h e  l o c a t i o n  o f  t h e  o r i f i c e  i n  t h e  
c o r e .  
a t e s  n e a r l y  c l o s e d  and  i n  t h e  i n n e r  r e g i o n  i t  a l w a y s  o p e r a t e s  n e a r l y  
open.  S i n c e  A T  
c o r e ,  t h e n  from 

( W r c p  Here  we a r e  

T h a t  i s ,  i n  t h e  o u t e r  r e g i o n  o f  t h e  c o r e  t h e  o r i f i c e  a l w a y s  ope r -  

s =  - Tcore  dw 7 

T h i s  requires t h a t  t h e  change i n  f l o w  w i t h  p l u g  pos i t i on ,dwT/dx ,  be  
everywhere  p r o p o r t i o n a l  t o  t h e  l o c a l  f l o w  , 
t u r n ,  a f u n c t i o n  o f  t h e  o v e r a l l  c o r e  p r e s s u r e  d r o p ,  t h e  f r i c t i o n a l  
r e s i s t a n c e  o f  t h e  f u e l  e l emen t  a n d  ha rdware  and  t h e  o r i f i c e  b y p a s s  

l e a k a g e  as  w e l l  as p l u g  p o s i t i o n .  These  r e l a t i o n s h i p s  a r e  summar - 
i z e d  i n  t h e  n e x t  s e c t i o n .  

The l o c a l  f l o w  i s ,  i n  "T * 

I n t e g r a t i o n  o f  e q u a t i o n  (8)  y i e l d s  e x p r e s s i o n s  c o n v e n i e n t  f o r  c a l c u l a t i o n  
o f  t h e  p l u g  s h a p e  a n d  c a l c u l a t i o n  o f  t h e  a v e r a g e  s e n s i t i v i t y ,  S.  
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From p a r a m e t e r s  deve loped  be low,  t h e  maximum a v e r a g e  s e n s i t i v i t y  f o r  
t h e  p roposed  SRE-PEP Core I11 v a r i a b l e  o r i f i c e  is: 

The p l u g  s t r o k e  p roposed  i s  1.5 i n . ,  t h e r e f o r e  

= 515"F/in.  max S 

The HNPF p r o d u c t i o n  model o r i f i c e  h a s  a maximum s e n s i t i v i t y  t h a t  r a n g e s  
0 0 between 240 F / in  and  90 F/ in  depend ing  on p l u g  p o s i t i o n ,  t h e  h i g h e s t  

va l i i e s  b e i n g  for t h e  open p o s i t i o n .  

111. SEE-PEP Core I11 P r e l i m i n a r y  O r i f i c e  Ces ign  

To  f i n d  t h e  a p p r o p r i a t e  d e s i g n  e q u a t i o n  f o r  t h e  o r i f i c e ,  s u b s f i t u t e  V = w / p  A and  E q u a t i o n  (2) i n  E q u a t i o n  (1). 

which r e d u c e s  t o  

c .J 

I n  E q u a t i o n  (13) we e v a l u a t e d p  a n d p  f o r  sodium a t  12OO0F a n d  assumed 
t h e  mean d i a m e t e r  f o r  t h e  f l p w  a r e a  o f  t h e  o r i f i c e  t o  be 1.75 i n c h  
y i e l d i n g  P = 2 T / - ( 1 . 7 5 )  = 11.0 i n .  When d e t a i l e d  d e s i g n  o f  t h e  o r i f i c e  
i s  comple t ed ,  P may t u r n  o u t  t o  be  a l i t t l e  d i f f e r e n t  t h a n  l l .O;-however 
t h e  n e t  e f f e c t  on A w i l l  be  s r n a l l  because  o f  t h e  power 0.114 on P makes 
i t s  e f f e c t  weak. 
p r e l i m i n a r y  d e s i g n  p u r p o s e s .  E q u a t i o n  (13) i s  p l o t t e d  i n  F i g u r e  (4). 

- 

E t u a t i o n  (13) i s  t h e r e f o r e ,  s a t i s f a c t o r y  f o r  p r e s e n t  

19-P 
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The a r r a n g e m e n t  o f  t h e  SRE o r i f i c e  a s sembly  i s  s u c h  t h a t  a s i g n i f i c a n t  
amount o f  b y p a s s  l e a k a g e  w i l l  o c c u r  a round  t h e  o r i f i c e .  The o r i f i c e  
assennblg SI - ips  i n t o  t h e  t o p  o f  t h e  m o d e r a t o r  can  p r o c e s s  t u b e .  P a r t i a l  
s e a l i n g  of  t h e  j o i n t  i s  accomnl i shed  by a f l o w  r e s t r i c t i o n  h a v i n g  a 
.020 d i a m e t r i c a l  c l e a r a n c e  as i n d i c a t e d  i r ,  t h e  s k e t c h  below. 

Bypass  l e a k a g e  f l o w  c a l c u l a t e d  as a f u n c t i o n  o f  o r i f i c e  dP , for  t h i s  
geometry  i s  p l o t t e d  i n  F i g u r e  5. A s  w i l l  be  s u b s e q u e n t l y  shown, a 
s a t i s f a c t o r y  o r i f i c e  d e s i g n  can  be made which w i ; l  compensa te  f o r  t h i s  
leakage,  t h e r e f o r e ,  i t  i s  h o t  n e c e s s a r y  t o  p r o v i d e  p i s t o n  r i n g s  t o  
improve  s e a l i n g  a t  t h i s  l o c a t i o n .  

I n  a d d i t i 3 n  t o  t h e  a b o v e ,  i t  i s  o f  c o u r s e  n e c e s s a r y  t o  have  t h e  p r e s s u r e  
d r o p  c h a r a c t e r i s t i c s  of  t h e  f u e l  c h a n n e l ,  These were  c a l c u l a t e d  and  
r e p o r t e d  i n  Refe rence  ( 4 )  f o r  t h e  s t a n d a r d  elemeri t .  S i n c e  t h a t  c a l c u l a -  
t i o n  w a s  m a d e , t h e r e  h a s  been a r e v i s i o n  o f  t h e  l o w e r  p e d e s t a l  a n d  
s c r e e n  a r r a n g e m e n t .  The r e s u l t s  o f  r e v i s e d  p r e s s u r e  d rop  c a l c u l a t i o n s  
f o r  b o t h  t h e  s p e c i a l  and  t h e  s t a n d a r d  f u e l  e l e m e n t s  a r e  shown i n  
F i g u r e  5. The method o f  c a l c u l a t i o n  i s  g i v e n  i n  d e t a . i l  i n  R e f e r e n c e  (4) 
and  t h e  g e o m e t r i c  p a r a m e t e r s  f o r  t h e , r e v i s e d  c a l c u l a t i o n  a r e  g i v e n  i n  
F i g u r e  6. 

The o r i f i c e  a r e a  r e q u i r e d  t o  p roduce  a g iver ,  f l o w  f o r  a s p e c i f i e d  o v e r -  
a11 c o r e  p r e s s u r e  d r o p  
o f  t h e  c u r v e s  i n  F i g u r e s  4 and  5. 
4.0 p s i  . Say t h e  o r i f i c e  f l o w ,  w i s  4.00 f / s e c ,  t h e n  t o t a l  f l o w ,  

0.9 p s i  from F i g u r e  5 .  Then iJPo = A PT - APc  2 3.7 p s i  and  

from F i g u r e  5 t h e  b y p a s s  l e a k a z e ,  y, is 0.60 #/set, and  s o f o r t h .  
and  ,,JP f o r  a given- t r i a l  a n d  e r r o r  i t  i s  e a s y  enough t o  f i n d  

4 PT, can  be o b t a i n e d  c o n v e n i e n t l y  by t h e  u s e  
For i n s t a n c e ,  f i x  t h e  c o r e  APT a t  

Z w + wl, i s  a b o u t  4.6 ,Y/sec a n d ,  f o r  0 '  t h e  s t a n d a r d  e l e m e n t ,  A€' 
0 C 

By 
Y ' "T C PT a n d  w , The c o r r e s p o n d i n g  A i s  r e a d  from F i g u r e  8 .  

0 0 

F o r  t o t a l  f l o w s  above 8.0 $/set t h e  p r e s s u r e  d r o p  c u r v e  f o r  t h e  s p e c i a l  
e l e m e n t  i s  u s e d  s i n c e ,  when o p e r a t i n g  i n  t h i s  f l o w  r a n g e ,  t h e  o r i f i c e  
w i l l  be  a t t a c h e d  t o  s p e c i a l  e l e m e n t s .  R e s u l t s  of  c a l c u l a t i o n s  made i n  
t h i s  manner a r e  summarized i n  T a b l e  I1 below a n d  p l o t t e d  i n  F i g u r e  7. 
The t r a n s i t i o n  r e g i o n  around w - 8.0 #/set i s  snloothed i n  t o  T T  p r o d u c e  a s i n g l e  composi te  c u r v e  w i t h  a g r a d u a l  t r a n s i t i o n  be tween t h e  
c h a r a c t e r i s t i c s  r e q u i r e d  for t h e  two t y p e s  of e l e m e n t s .  T h i s  a l l o w s  
t h e  u s e  o f  a s i n g l e  p l u g  p r o f i l e  f o r  a l l  f u e l  e l e m e n t s .  
p r o f i l e s  r e q u i r e d  f o r  t h e  two e l e m e n t s  a r e  n o t  t o o  d i f f e r e n t ,  t h e r e f o r e ,  

The e x a c t  

719-P 



I 
I 
1 :  

I 

I 

ATOM ICs INTERNATIONAL 
A Division of North American Aviation, Inc. 

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

I TABLZ I1 

C a l c u l a t i o n  of  Requ i red  O r i f i c e  Area for APT = 4.0 p s i  

2.0 640 2.64 .322 3.678 .222 

6 .O 495 5.495 1.78 2.22 . e10 
8.0 .440 3.44 2 .25  1.75 1.1% 

4.0 585 4 9 585 930 3-07  .452 

10.0 277 10 .277  3.30 0 670 2.32 

For  e a c h  c h o i c e  of  AP a d i f f e r e n t  r e l a t i o n  for A v s  w e x i s t s  

t o  c h o o s e  A P n e a r  t h e  e x p e c t e d  o p e r a t i n g  c o n d i t i o n  f o r  t h e  r e a c t o r .  
Because o f  s i z e  l i a i t a t i o n s  on t h e  components i n v o l v e d ,  t h e  maximum 
o r i f i c e  f l o w  a r e a  a v a i l a b l e  i s  a b o u t  2 .5  i n 2 .  To a l l o w  f o r  some f r e e -  
dorn o f  d e s i g n  and  margin  of  s a f e t y ,  we u s e  2.0 i n .  a s  t h e  maximum ( w i d e  
open)  d e s i g n  f l o w  a r e a  f o r  t n e  o r i f i c e .  P'iaximum e x p e c t e d  f l o w  r a t e  i n  
t h e  c e n t e r  s p e c i a l  e l emen t  i s  w - 9.45 #/set or w = 7.15 $;/set. T -  l ? e f e r r i n g  t o  F i g u r e  4 t h i s  f l o w  would produce  a wi8e open (A = 2.0)  
o r i f i c e  p r e s s u r e  d rop  o f  0.8 p s i .  T o t a l  c o r e  p r e s s u r e  d rop  f o r  t h e  
c e n t e r - c h a n n e l  wide-open c o n d i t i o n  i s  t h e n ,  A P 
To min imize  pumpin.5 power,  i t  i s  d e s i r a b l e  t o  o p e r a t e  a t  xinimum 

and  a d i f f e r e n t  plug p r o f i l e  T' i s  r e q u i r e d .  It i s  n e c e s s a r y ,  0 T t h e r e f o r e  

T 

2 

0 

= 0.8 + 2.8 = 3.6 p s i .  T 

A P T ,  however ,  some d e g r e e  o f  i n d e p e n d e n t  c o i t r o l  on w, for t h e  c e n t e r  
e l e m e n t  would be d e s i r a b l e ,  t h e r e f o r e ,  :<P, = 4.0 i s  s e l e c t e d  1 a s  t h e  
d e s i g n  p o i n t  for t h e  o r i f i c e  plug. So lon!?-as t h e  r e a c t o r  i s  o p e r a t e d  
n e a r  this p o i n t  t h e  orifice should f u n c t i o n  a s  i n t e n d e d .  

S e l e c t i o n  o f  a d e s i g n  r a n g e  f o r  w 
s t e p  i n  d e v e l o p i n g  t h e  p l u g  p r o f i f e  d e s i g n .  A wide  r a n g e  o r i f i c e  i s  
d e s i r e d  t o  e l i m i n a t e  t h e  need  f o r  f i x e d  o r i f i c i e s  or o t h e r  compl i ca -  
t i o n s .  The t o p  end  of t h e  r a n g e  need  not b e  much above t h e  e x p e c t e d  
o p e r a t i n g  p o i n t  f o r  t h e  c ' en t e r  - c h a n n e l  s i n c e  c e n t e r - c h a n n e l  f Jow c a n  

The l o w  end ,  however ,  s h o u l d  be s i g n i f i c a n t l y  belo:J t h e  e x p e c t e d  
minimum t o  a l l c w  for p o s s i b l e  o v e r - e s t i m a t e  of K a n d  f u e l  c h a n n e l  
and  t o  a l l o w  f o r  p o s s i b l e  o p e r a t i o n  a t  LIPT. 

The minimum e x p e c t e d  f l o w  r a t e  f o r  t h e  o u t e r m o s t  d r i v e r  i s  2.95 #/sec.  
Accord ing  t o  F i g u - e  7 t h e  c o r r e s p o n d i n g  minimum o r i f i c e  flow a r e a  r e -  I 

= 0.20 in :  q u i r e d  i s  0 .25  i n . ,  however ,  i f  t h e  p l u g  i s  d e s i g n e d  f o r A  
t h e n  t h e  f l o w  i n  t h e  o u t e r  e l emen t  c o u l d  be h e l d  down t o  
2 .95  #/,e, i f  t h e  c o r e  i s  o p e r a t e d  a t  OP - 6.0 p s i .  T h i s  ininiriium 
a r e a  would a l s o  p r o v i d e  a d e q u a t e  m a r g i n s  i n  t h e  o t h e r  res:oecl;s men t ioned  
above .  
which c o r r e s p o n d s  t o  a n o a i m 1  f l o w  r a n g e  of  2 .45  t o  10.0 ,F/sec a t  

( o r  l o w e r  limit on Ao) i s  t h e  n e x t  

a lways  b e  i n c r e a s e d  by i n c r e a s i n g  t h e  o v e r a l l  c o r e  p r e s s u r e  d r o p ,  d PT . 
APc g r e a t e r  t h a n  4.0 p s i .  

-2 
0 min 

T -  

The s e l e c t e d  r a n g e  f o r  o r i f i c e  a r e a  i s  t h e n  2.0 t o  0 .2  i n .  2 

APT = 4.0 p s i .  
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The p r o c e d u r e  o u t l i n e d  above  y i e l d s  t h e  r e l a t i o n  between o r i f i c e  f l o w  
a r e a  and  f u e l  c h a n n e l  f l o w  r a t e  a n d  t h e  d e s i r e d  o p e r a t i n g  r a n g e  o f  
t h e  o r i f i c e .  The l a s t  s t e p  i s  t o  combine t h i s  w i t h  e q u a t i o n  (101, 
e l i m i n a t e  f l o w ,  a n d  o b t a i n  ,i r e l a t i o n  between p l u g  p o s i t i o n ,  x, and  
o r i f i c e  f l o w  a r e a .  T h i s  r e l a t i o n  i s  used  t o  d e s i g n  t h e  p l u g  p r o f i l e .  

S i n c e f k h e  d e s i r e d  r e l a t i o n s h i p  be tween p l u g  p o s i t i o n  and  f l o w  i s  
-quation (10) i t  i s  c o n v e n i e n t  t o  p l o t  w v s  */x on s e m i l o g  /o UP/. e / c  

p a p p r ,  tne r e s u l t  b e i n ?  m e r e l y  a s t r a i g h t  l i n e  be tween w 

i s  t h c k o b t a i n e d  e a s i l y  by r e a d i n g  p o i n t s  o f  t h e  tiEjo c u r v e s  (Ao v s  w 
a n d  wT v s  x/X>. 
p l o t t e d  i n  F i g u r e  8. 
I V .  H y d r a u l i c  T e s t s  o f  V a r i a b l e  O r i f i c e  

H y d r a u l i c  t e s t s  o f  t h e  v a r i a b l e  o r i f i c e  f o r  SflZ-PZP Core I11 a r e  t o  be 
pe r fo rmed  t o  e s t a b l i s h  i t s  a c t u a l  pe r fo rmance  and  t o  d e t e r m i n e  i f  
changes  a r e  r e q u i r e d  t o  meet pe r fo rmance  g o a l s .  These  g o a l s  a r e :  

1. Flow r a n g e  of  2.45 #/sec t o  10.0 $/see a t  d P  = 4.0 p s i  when 
a t t a c h e d  t o  a p p r o p r i a t e  f u e l  e l emen t .  

a t  xiX = 0 T 
min a t  x/X = 1 as i n d i c a t e d  i n  F i g u r e  8. The c u r v e  of  Ao v s  x 

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

and  Wmax 

T 

T 

T 2. R e l a t i v e l y  c o n s t a n t  s e n s i t i v i t y ,  i . e . ,  dw /dx p r o p o r t i o n a l  t o  w 
o v e r  t h e  f u l l  r a n g e  o f  f l o w s  when a t t a c h e d  t o  a p p r o p r i a t e  f u e l  e l emen t .  T 

Measurements  s h o u l d  b e  made t o  d e t e r m i n e  t h e  f o l l o w i n g  p a r a m e t e r s :  

1. O r i f i c e  p r e s s u r e  breakdown c o e f f i c i e n t ,  K ,  a s  a f u n c t i o n  of  p l u g  
p o s i t i o n  and  Reynolds  number. 

2.  O r i f i c e  b y p a s s  l e a k a g e  r a t e ,  Idl, a s  a f u n c t i o n  o f  o r i f i c e  p r e s s u r e  
drop .  I 

I n  a d d i t i o n  to t h e s e  f a c t o r s ,  i t  may be  n e c e s s a r y  t o  i n v e s t i g a t e  v a r i o u s  
p l u g  s h a p e s  and  o r i f i c e  p l a t e  s h a p e s  i f  t h e  v a r i a t i o n  o f  K w i t h  p l u g  
p o s i t i o n  t u r n s  o u t  t o  b e  u n d e s i r a b l y  l a r g e .  The SRE s h o r t  p l u g  d e s i g n  
r e q u i r e s  s h a r p  c u r v a t u r e  a t  t h e  open end  which may p roduce  h i g h  s e n s i -  
t i v i t y  a t  c e r t a i n  p o s i t i o n s .  E o d i f i c a t i o n s  s u ; h  a s  “ s h a v i n g “  t h e  p l u g  
i n  t h e  r e g i m  of  s h a r p  c u r v a t u r e  c o u l d  b e  t r i e d .  Care  s h o u l d  be  t a k e n  
t o  o b t a i n  a c c u r a t e  n e a s u r e m e n t s  o f  a c t u a l  p l u g  d i a m e t e r s  and  o r i f i c e  
p l a t e  d imens ions  p r i o r  t o  a l l  t e s t s .  

Note :  The a n a l y s i s  d e s c r i b e d  above  assumed t h a t  t h e  o n l y  i m p o r t a n t  
l e a k a g e  p a t h  which a l l o w s  by-pass  f l o w  a round  t h e  o r i f i c e  i s  be tween 
t h e  o r i f i c e  a s sembly  i n s e r t  and  t h e  uppe r  p r o c e s s  t u b e  a s  d e s c r i b e d  
on Page 7. R e c e n t l y  p roposed  m o d e r a t o r  can  d e s i g n  c h a n g e s  may i n t r o -  
duce a s i g n i f i c a n t  a d d i t i o n a l  by-pass  l e a k a g e  p a t h  i n  t h e  r e g i o n  
be tween t h e  c a n  head  assernbly and  t h e  graohi te ’s  zerconium s k i n .  !&en 
f i n a l  d e s i g n  of  t h e  o r i f i c e  i s  made, t h i s  f a c t o r  s h o u l d  be  c o n s i d e r e d .  
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Nomencla ture  

O r i f i c e  p r e s s u r e  d r o p  ( p s i  o r  f t  o f  Na) 

! ro t a1  p r e s s u r e  d rop  a c r o s s  c o r e  ( p s i )  

O r i f i c e  p r e s s u r e  breakdown c o e f f i c i e n t  ( d i m e n s i o n l e s s )  

ciensi  t y  (#/f t 3 ) 

Maximum v e l o c i t y  t h r n u g h  

C o n s t a n t  i n  Newton ' s  2nd 1 

ciiame t e r  ( i n 3  

o r i f i c e  ( f t / s e c )  

w ( f t / s e c L )  

2 e y n o l d s  number ( d i m e n s i o n l e s s )  

Flow a r e a  o f  o r i f i c e  ( i n . )  L 

Mass f l o w  t h r u  o r i f i c e  (#/set> 

t o t a l  mass f l o w  t h r u  f u e l  c h a n n e l  (#/set) 

b y p a s s  l e a k a g e  f l o w  

V i s c o s i t y  ( # / h r - f t )  

O u t l e t  t e m p e r a t u r e  (OF> 

O r i f i c e  s e n s i t i v i t y  ( 0 F/in.) 

+ "1 
around o r i f i c e  (#/set> wT = wo 

, 
d i s t a n c e  a l o n g  p l u g  ( i n . )  

l e n g t h  o f  p l u g  ( i n . )  

t o t a l  h e a t  r e l e a s e d  i n  f u e l  c h a n n e l  (B tu / sec )  

S p e c i f i c  h e a t  (Btu/#-'F) 

w e t t e d  p e r i m e t e r  ( i n . )  

719-P 
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Appendix I 

The r e d u c t i o n  of  p r e s s u r e  d r o p  d a t a  on t h e  HNPF o r i f i c e  t o  d e t e r m i n e  
K r e q u i r e s  d e t e r m i n a t i o n  o f  t h e  n o n - v a r i a b l e  p o r t i o n  o f  A P  i n c l u d e d  
be tween p r e s s u r e  t a p s  used  for measurement .  
g r a p h i c a l  p r o c e d u r e  o u t l i n e d  h e r e .  

T h i s  w a s  done b? t h e  

If o r i f i c e  floww i s  f i x e d ,  
r e p  r e E; en  t e d , 

t h e n  t h e  measu--ed p r e s s u r e  d r o p  c a n  be  
0 

dP i s  t h e  f i x e d  p o r t i o n  of  F i P  ( f u n c t i o n  of W o  o n l y ) .  I f  K doesz  F n o t  v a r y  t o o  much w i t h  v a r i a t i o n .  o!? Ao, t h e n  a p l o t  o f  
f o r  c o n s t a n t  w will y i e l d  AP,  a t  t h e  e x t r a p o l a t i o n  t o  

Two s u c h  p l o t s  u sed  i n  t h e  c a l c u l a t i o n  o f  K Tor t h e  HNPF p r o d u c t i o n  
model  o r i f i c e  a r e  shown i n  F i g u r e  9. 

(3 
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