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1. IKTEODUCTIOS -- 
A x i s i n g  model,  used t o  d e t e r m i n e  t e a p e r a t u r e  d i s t r i b u t i o n s  

wire wrap f u e l  c s s e n b l y ,  has been e;.hodied i n t o  a d i g i t a l  cor;:puter 

code rimed COTCC. Four  phenoinena are i n c l u d e d  in t h e  model l ~ h i c h  

g f f e c t  heat and =ass t r a n s f e r  b e t x e n  subchannels .  

i n  a 

TWO of these phenri-en=., 

p u n p i n g  and s v e e p i n g ,  are dependent  upon t h e  \ < i r e - a n g l e  r e l a t i v e  t o  a gz? 

between p i n s  and account  f o r  wire s p i r a l i n g  around the p i n .  This r e s u l t s  

i n  a n e t  i n t e r c h a n g e  of mass and t h e r m a l  energy- 

c h a n n e l s .  

betvieen a d j a c e n t  s u b c h a n n e l s  , are  turSuLent  mixing arLd t h e r m a l  c o n d u c t i o n .  

These  e f f e c t s  arz d i s c u s s e d  b r i e f l y  2s f o l l o w s :  

between a d j a c e n t  sub-  

Tsro o t h e r  phenomena, which only i n t e r c h a n g e  t h e r m a l  e m r g y  

e 

ta 

B 

Pumping. - D u e  t o  t h e  s p i r a l  of t he  w i r e  r:rap around t'ne f u e l  

p i n ,  the f l o w  a r e a  and e q u i v a l e n t  d i a n e t e r  of a sub-  

c h a n n e l  are  n o t  e q u a l  a t  d i f r e r e n t  ax ia l  l o c a t i o n s .  AS these 

p a r m c t e r s  change,  f low i s  "pu:!:pd" from t h e  c h a n n e l  t h a t  had 

no wire wrap p o s i t i o n e d  i n  i t  a~ c?n upscreani p o s i t i o i i  bur  Goes 

a t  t h i s  a x i a l  l o c a t i o n .  

on e q u a l  axial p r e s s u r e  d r o p  i n  e a c h  subchannel .  

The amount of f l o w  puv.ped i s  based  UQ- 

Sweeping - A s  t h e  wire 

approaches  t h e  gap between p i p s ,  a c e r t a i n  f r a c t i o n  of f l u i d  

under  t h a t  p r o j e c t i o n  of t h e  wire i s  "swept" i x t o  a n  a d j a c e n t  

subchannel .  

a n g l e  of t h e  wire. 

l o c a t e d  i n  a p a r t i c u l a r  subchat-tnsl 

T h i s  is  f l u i d  t h a t  e s s e n t i a l l y  i s  f o l l o w i n g  the 

T u r b u l e n t  Plising - I n  t h e  t u r b u l e n t  f l o w  r e g i o n ,  a c e r t a i n  

amount o f  h e a t  i s  t r a n s f e r r e d  between a d j a c e n t  s u b c h a n n e l s  d u e  

t o  t h e  eddy d i f f u s i v i t y  of tho, f l u i d .  COTEC u s e s  t h e  6 

f t o  p a r a m e t e r ,  a n a l a g o u s  t o  t h a t  u sed  i n  t'ne COEI-A codes ( L 2 2  
model mixing.  
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c T h e r m 1  Coilduction - I n  a l i q u i d  zsL21, t h e  a n o u n t  c ; f  h e a t  

transferred by t h e r m a l  c o n d u c t i o n  must also b e  i n c l u l e d .  

The h e a t  t r a n s f e r r e d  i s  r e l a t e d  t o  the gep w i d t h  ar,d t h e  

equival.cn t conduccion lengch, which i s  nor  the. 

d i s t a n c e  between c e n t r o i d s  of the a d j ~ c e r ? t  s u b c h a n c s i s  ( 3 )  ~ 

h e a t  between s u b c h a n n e l s .  

t r a n s f e r  data o b t a i n e d  i n  the FRI l o o p  a t  O F G d 4 ) .  

has been o b t a i n e d  between t h e  e x p 2 r i n a 1 t a l  sodium heat t r a n s f e r  r e s u l t s  

and the COTEC code  p r e d i c t i o n s ,  u s i n g  t;lo d i f f e r e n t  rcodels t o  p r e d i c t  

This code  has b e n  cnecked agaiast  1 9  p i n  sodiur;! 1 

Reasonable agrclenent  

s w i r l  i n  t h e  o u t c r  edge subchannels .  

g ive  d r a m a t i c a l l y  d i f f e r e n t  r e s u l t s  vhen they a r e  a p p l i e d  io the 

FFTF 217 p i n  b u n d l e ,  

Hox‘ever, t h e s e  s w i r l  flo:; models  

i 

http://equival.cn
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2, MODELS 

The  f o u r  d i f f e r e n t  nechariisms of h e a t  and  mass t r a n s f e r  t h z t  are 

enpioj-Ed i n  t h e  COTEC code  are d i s c u s s e d  i n  t h i s  s e c t i o n  o f  t h e  

r e p o r t .  Two G E  t h e  mechanisms o n l y  exchange energy  while t h e  re- 

mainder  exchange b o t h  nass 2s w e l l  a s  energy .  

2 . 1  Pumping 

Pumping of f l u i d  i s  caused  by the wire wrap s p i r a l i n g  a round each 

f u e l  pin and c h a n g i n g  dimensions of subc'nannels a t  d i f f e r e n t  ax i a l  

l o c a t i o n s .  D i f f e r e n t  models are used f o r  the central and the 

s i d e  s u b c h a n n e l s .  

s u b c h a n n e l ,  t 'ne f l u i d  w i l l  f l o w  i n t o  o r  leave the subc 'mnnel  of i n t e r e s t ,  

depending  upoil ' t h e  wire wrap  p o s i t i o n .  

Across  any p a r t i c u l a r  gap betwcen p i n s  i n  a c e n t r a l  

However, a c r o s s  a gap coni lec t ing  

o n e  edge  s u b c h a n n e l  t o  a n o t h e r  edge c h a n n e l ,  t h e  f l u i d  on ly  f lows -in 

o n e  d i r e c t i o n ,  a lways  l e a v i n g  o r  e n t e r i n g  t he  s u b c h a m e l  of  ic terest .  

F i g u r e  1 s c h e m a t i c a l l y  i l l u s t r a t e s  puap ing  that o c c u r s  in all c e n t r a l  

s u b c h a n n e l s .  The upper  p o r t i o n  of t h i s  f i g u r e  i l l u s t r z t e s  t'ne s u b c h a n n e l  

(enc losed  by t h e  d o t t e d  l i n e s  and s u r f a c e  of t h e  plns}. ,  t h a t  d o e s  n o t  

have a w i r e  l o c e t e d  w i t h i n  i t s  b o u n d a r i e s .  

a x i a l l y  d o m s t r e a n  from t h i s  p o s i t i o n ,  the  wire r o t a t e s  t o  w i t h i n  t h e  

boundaries of t h i s  subchannel. A ,  
and h y d r a u l i c  o r  e q u i v a l e n t  d f . a m e t e r ,  D e ,  which i n  t u r n  causes a n e t  o u t f l o w  

of mass from t h i s  channel ,  AH. 
c h a n n e l  i s  b a s e d  on p r e s s u r e  d r o p  c a l c u l a t i o n s  assuming e q u a l  axial 

pressure losses; t r a n s v e r s e  momentum e f fec ts  are n e g l e c t e d .  The d i r e c t i o n  

of the mass t r a n s f e r  is a l so  shown on this f i g u r e ,  and i s  based on 

e l e c t r o l y t i c  c o n c e n t r a t i o n  measurements made by KEDL i n  a w a t e r  mi_l.ring 

AS the f l u i d  p rogres ses  

T h i s  causes a reduction i n  t'ne Elox area,  

The q u a n t i t y  of mass which lea-es t h e  sub- 

exper iment  (5 1 . 

F i g u r e  2 i l l u s t r a t e s  t h e  e f f e c t  of pumping i n  t h e  c h a n n e l s  bet'cceen 

rhe o u t e r  row of p i n s  and t h e  d u c t  w z l l .  

tlie ups t ream p o s i t i o n  w h i l e  the s o l i d  wire i s  t h e  p o s i t i o n  a t  the  

a x i a l  l o c a t i o n  of icterest .  

a q u a n t i t y  of f l o i ? ,  Am, i s  pumped f r o 3  t h e  channel f o r w d  by the w 2 1 1  2nd  

r o d s  1 and 2 t o  t h a t  a s s o c i a t e d  with r o d s  2 artd 3 .  

The "dashed" w i r e  r e p r e s e n t s  

As the w i r e  moves inco a set of e d g e  ck21?ilels, 

The  z.-ount o f  ?lo;: 
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i s  c a l c u l a t e d  u s i n g  t h e  reduced f low arcs and equiyaler, t  d i a m e t e r .  

f l o w  l e a v i n g  t h e  c i ~ n n e l  f o r r e d  wFLh r o d s  2 m d  3 i s  t h e  S ~ B S  Am 

a s s o c i a t e d  with t h e  r e d u c t i o n  i n  area p l u s  the f l o w  e n t e r i n g  t h e  ci-iacriel 

f o r  a t o t a l  of 2 Am. T i l s  flo7.q i n   fie edge chr;nnel, ~ h i c ' a  has had i:s area 

The  

and e q u i v a i e n t  diameter reduced due wire r o t a t i o n  passing tha nth rGd 

is (n-1) Am. T h i s  i n c r e a s e  i s  due t o  the f a c ~  that e q u a l  ax i a l  p r e s s u r e  

g r a d i e n t s  are assumed. The i n p l i c a t i o n s  of tbis i n c r e a s i n g  f i o w  w i l l  

be d i s c u s s e d  later i n  th i s  r e p o r t .  .- 

2.2 Sweeping 

Sweeping assumes t h a t  a c e r t a i n  f r a c t i o n  of the f l u i d  under  the " p r o j e c t i o r ; "  

of t h e  wire wrap is rcoved o r  swept  f rom one c h a n n e l  t o  a n o t h e r .  

f l u i d  i s  e s s e n t i a l l y  fol1o;ding t h e  a n g l e  a t  Triiich t he  vir2 is r o t a t i n g  

at r e l a t ive  t o  the p i n .  

c e n t r a l  and s i d e  c h a n n e l s .  

o c c u r s  on ly  i f  the  a n g l e ,  0 ,  b e t v e e n  t h e  w i r e  and the next  boundary 

i t  w i l l  c r o s s  i s  less t h a n  60". 

c h a n n e l ;  i n  o r d e r  t o  p r e s e r v e  c o n t l n l i i t y  and e q u a l  a x i a l  p r e s s u r e  d r o p ,  

Am must a l s o  e n t e r  t h i s  c h a n n e l  t h r o u g h  the r e n a i n i n g  two gaps.  

d i v i s i o n  of 75% and 25% vas assumed b u t  c a l c u l a t i o n s  i n d i c a t e d  t h a t  t h e  

t e m p e r a t u r e  d i s t r i b u t i o n  c a l c u l a t i o n  in f u e l  a s s m b l i e s   rer re insensitive 

t o  the d i v i s i o n  of e n t e r i n g  f l o w .  

T h i s  

F i g u r e  3 i l l u s t r a t e s  the sweeping  i n  b o t h  

For  t h e  c e n t r a l  c h - ? n n d s ,  the  swzeping 

I f  t h i s  o c c u r s ,  An is  s w e p t  from t h i s  

The 

The lower p o r t i o n  of this f i g u r e  i l l u s t r a t e s  s w e e p i n g .  in the e d g e  c h x z e l .  

Again,  t h i s  sweeping h a s  o n l y  one  d i r e c t i o n ,  compared with sweeping i n  the 

c e n t r a l  c h a n n e l s  which c a n  h a v e  two d i r e c t i o n s  a c r o s s  a g i v e n  gap. 

sweeping i n  t h e  e d g e  c h a n n e l  f o l l o w s  t h e  d i r e c t i o n s  of t h e  wire, i s  con- 

s t a n t  c i r c u m f e r e n t i a l l y  around t h e  d u c t  a t  a g i v m  a x i a l  gosi- t ion,  m c ?  

d o e s  n o t  n e c e s s a r i l y  h a v e  t h e  same v a l u e  as t h e  s e e e p i n g  i n  c h e  c e n t r a l  

s u b c h a n n e l s  . 

T h e  
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Heat, w i t h o u t  mass i n t e r c h a n g e ,  i s  exchanged between a d j a c e n t  s u b c h a n n a l s  

i n  a l i q u i d  pe ta l  cooled  r e a c t o r  d u e  t o  t h e r z s l  c o n d u c t i o n .  

where 
AT 
Ax Q =  K A -  

K = Thermal C o n d u c t i v i t y  

A . =  Area =CGap Nidth). x (Length)  

AT = Tempera ture  D i f f e r e n c e  . 
AX = E f f e c t i v e  Conduct ion Leilgth = C e c t r o i d  D i s t a n c e  

Between Adjacent  Subchannels  

The e f f e c t i v e  c o n d u c t i o n  l e n g t h ,  AX, is n o t  e q u a l  t o  t h e  d i s t a n c e  

between c e n t r o i d s  s i n c e  the geometry f o r  heat f l o v  t h r o u g h  the 

sodium i s  c o n s t a n t l y  changing  betvieen t h e  c e n t r o i d s .  

c h a n g e s  due  t o  t h e  curyed  s u r f a c e  of  t h e  r o d s .  

phenomenon and found,  u s i n g  e l e c t r i c a l  a n a l o g  t e c h n i q u e s ,  t h a t  t h e  

e f f e c t i v e  c o n d u c t i o n  l e n g t h  is:  

The g e o a e t r y  

O F X L c 6 '  s t u d i e d  t h i s  

AX C e n t r o i d  AX = 1.38 ;-*:$.674 
pj- tJW 

Using  FFTF d imens ions ,  t h e  e f f e c t i v e  c o n d u c t i o n  l e n g t h  is  found related 

t o  the d i s t a n c e  between c e n t r o i d s  by the following r e l a t i o n s h i p .  

"cent r o i d  AX = 
I . 1.7 

2. & TurbulEnt '  f.lixir;g 

I n  t h e  t u r b u l e n t  f l o w  regime,  a c e r t a i n  q u a n t i t y  of h e a t  i s  t r a n s f e r l - e d  

between a d j a c e n t  s u b c h a n n e l s  d u e  To The t u r b u l e n c e  o r  eddy d i f f u s i v i t y  

of t h e  f l o ~ i ! . : g  f l u i d .  COTEC u s e s  the paraaster, 3, t o  i i ~ o d e l  t h i s  Lnter -  

change.  

C 0 E k d 1  , 2, computer codes and i s  defined as  

J t  i s  E z s i c a l l y  t h e  same p a r a r ~ e t e r  t h a t  has been used  i n  t h e  

T c r t- 1 en t I t e T C  ha i': LZ 2 'i'e 1 C) c i t v - - e = -  v'  
- Subchzny:cl xilg. S ' e l o ~ i t ~  v 



I 

V i s  the average v e l o c i t y  o f  t h e  two a d j a c e n t  subc; lannels  under  

cons i d e r a t i o n .  

The q u a n t i t y  of hea t  t r a n s f e r r e d  between a d j a c e n t  s u b c h a n n e l s  clue t o  

t u r b u l e n c e  i s  p r o p o r t i o n a l  t o  iheir t e i c p s r a t u r e  d i f f e r e n c e ,  hT.  . 

Q = p x B x C x Gap x Length  x AT P 
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COTCC C N I E  DESCRITT10X 

The COTEC code  cas developed i n  o r d e r  t o  d o  r a p i d  cor .2uter  ana!yses 

of ; r i re - rxapped  a s s m b l i e s .  Xt can h a n d l e  any nunher  of f u e l  p i n s ,  

l o c a t e d  on a t r i a r , g t i l a r  p i t c h  v i t h i n  <: hexagonal  c z a s  up t o  o? ;3czxiizu~1 

of 2 7 1  p i n s .  T h e  n o d a l  l a y o u t  i s  g e n e r a t e d  a u t o c a r i t a l l y  s o  t h a t  th-2 

user d o e s  n o t  have t o  do t h e  l a b o r i c u s  j o b  of s p e c i f y i n g  all c h a n n e l  

c o n n e c t i o n s .  The code  s o l v e s  t h e  energy  and c o n t i n u i t y  e q u a t i o n s ,  

s i m u l t a n e o u s l y ,  a s  well as a “pseudo” oome;ltun eque t io i l  which 

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

t r a n s v e r s e  momsntuin. S i n c e  t h e  code  was w r i t t e n  f o r  highly t u r -  

b u l e n t  f low,  as w i l l  o c c u r  i n  normal  FFTF f u n 1  a s s e n b l y  o p e r a t i o n ,  

buoyancy e f f e c t s  were n e g l e c t e d .  

T h e  c a l c u l a t i o n a l  p r o c e d u r e  used ir? COTEC i s :  

1. C a l c u l a t e  c r o s s  f l o w s  f o r  s e l e c t e d  c a l c u l a t i o n a l  s t e p .  

The c o n t i n u i t y  e q u a t i o n  i s  s a t i s f i e d ,  

2. If c r o s s  .flows a r e  t o o  l a r g e ,  redLuce calculational increxent ,  

3. C a l c u l a t e  t e m p e r a t u r e s  at_ end of  ax i a l  p o s i t i o n  u s i n g  C K G S S - ~ ~ ~ W  

as well as  f l o w  and t e m p e r a t u r e  c o n d i t i o n s  a t  b e g i n n i n g  of 

i n c r e n e n t .  

4 .  Update  new f1oi.x and t e m p e r a t u r e s .  

5. Repea t  s teps  1 - 4 u n t i l  c a l c u l a t i o n  p r o c e e d s  t o  end o f  

a x i a l  l e n g t h  b e i n g  a n a l y z e d .  

This p r o c e d u r e  c a l c u l a t e s  f u e l  assembly cool$nt  t e m p e r a t u r e s  r a @ l y .  

I n  f a c t ,  u s i n g  t h e  CDC-7600, t h e  c a l c u l a t i o n  cine required t o  a n a l y z e  

the f u l l  217 p i n  FFTF f u e l  assembly,  i n c l u d i n g  the u n h e a t e d  Plenum, is  

f 

i 

only a b o u t  3? seconds .  
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4 .  CO?iiARISOX I t I T H  DATA 

F i g u r e  4 i l l u s t r a t e s  t h e  cornparison of COTLC z n a l y t i c a l  p r e d i c t i o n s  :;ith 

e x p e r i n e n t a l  da t a  o b t a i n e d  i n  tl:e FXI. The c e n t e r  of t h i s  f i g u r e  

i l l u s t r a t e s  t h e  c h a n n e l  i iuEbering schene used f o r  FFX as well as t h e  

. c h a n n e l s  i n  which exit  thermocouples  vsre Located. These t h e m o c o u p l e s  

were l o c a t e d  about  three i n c h e s  doxy>strbTL f r o a  ET& erid iif ihz h e a t e d  

p i n  r e g i o n .  

The c u r v e  a t  t h e  l e f t  of F i g u r e  4 i l l u s t r a t e s  the c o q a r i s o n  of  

a n a l y t i c a l  p r e d i c t i o n s  ( s o l i d  o r  dashed l i n e s )  v i C h  e x p e r i m e n t a l  d a t a  

taken i n  many r u n s .  

r a d i a l l y .  

r e a s o n a b l 2  agreement with the d a t a  and Each oLher.  

sweeping ,  with no pumping, which i n  t u r n  caused  thc c i r c u n i e r e n t i a l  swirl 

i n  t h e  s i d e  channe-1s. 

c h a n n e l s ,  caused  by wire wrap r o t a t i o n ,  was t h e  o n l y  mechanism t h a t  c a u s e d  

s w i r l  f l o w .  Even chough b o t h  inoGels g i v e  r e a ~ o n 2 b l e  agreci1:ent f o r  19 
p i n s ,  t h e s e  models y i e l d  d r a n a t i c a l l y  d i f f e r e n t  r e s u l c s  f o r  a 217 h e a t e d  

p i n  assembly.  

A l l  p i n s  were uni ' fornly heated a x i a l l y  and  

TTJO c ross -Elov  mixing  r iodels  were used  and  b o t h  gave  

One model assumed j u s t  

Ths o t h e r  model assumed that  pumping, i n  t h e  side 

The g r a p h  l o c a t e d  on t h e  r i g h t  s i d e  i l l u s t r a t e s  r-easured d i m n s i o n l e s s  

temperature and predicted temperstures when o n l y  the three r a d s  (shoxn i n  

t h e  c e n t e r  of t h i s  f igure) .  are heated. Again,  b o t h  pumping and 

sweeping s w i r l  models are i n  r e a s o n a b l e  agreement  and p r e d i c t  the  d a t a .  

d a t a  also c o n c l u s i v e l y  i n d i c a t e  t h a t  swirl f l o w  does  exist. 

c h a n n e l s  27 and 36 are  e q u i d i s t a n t  from the h e a t e d  p i n s ,  c h a n n e l  36 

i s  much warmer thar,  Channel 27. T h i s  would i n f e r  a c o u n t e r c l o c k w i s e  

swirl, w h i c h ' i s  t h e  same d i r e c t i o n  as the Tiire r o t a t i n g  around t h o  p i n .  

Thes 

Al though b o t h  
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5. 217 PIN CLIL.CULATION 

The p r e v i o u s  s e c t i o n  d i s c u s s e d  t h e  c a p a b i l i t y  of COTEC f o r  a c c u r a t e l y  

c a l c u l a t i n g  19 p i n  sodium h z a t  t r a n s f e r  data. 

n o d e l s  w e r e  shown t o  be i n  good agreement;  t h e  only d i f f e r e n c e  i n  these 

models i s  t h e  t r e a t m e n t  of edge  swirl f lo \c  n o d e l s .  Mien these two 

models are u s e d  t o  p r e d i c t  t e m p e r a t u r e  i n  a 217 p i n  b p n d l e ,  d r a m a t i c  

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

sweeping i s  c o n s i d e r e d ,  t h e  swirl f l o w  i n  the s i d e  s u b c h a n n e l s  of 

both the 19 p i n  and 217 p i n  b u n d l e s  are  a p p r o x i x a t e l y  the same. 

However, when pumping i s  c o n s i d e r e d ,  the swirl f l o w  i s  i n c r e a s e d  

compared t o  t h a t  which ex is t s  w i t h  1 9  p i n s .  The r e a s o n  f o r  t h i s  i n c r e a s e  

is the l a r g e r  number of p i n s  a l o n g  t h e  s i d e  of 

F i g u r e  2 i l l u s t r a t e s  t h a t  t h e  amount of swirl i s  rzlated t o  t h e  number 

of edge  p i n s ,  

TWO a n a l y t i c a l  

assembly. 

The e f fec t  these two models have on t e m p e r a t u r e  g r a d i e n t s  Cthe d i f f e r e n c e  

batweeE maximurn and minimum t e m p e r a t u r e s )  i n  t h e  edge  char,r.els is  

shown i n  T a b l e  1. \ h e n  uni form power is produced i n  a l l  217 p i n s ,  t h e  

g r a d i e n t s  are not v e r y  l a r g e .  

obtained with uniEorn power a re  s l i g n t l y  his'ser 1 ~ 2 t h  the pumping c o d e l  

t h a n  t h o s e  computed with swirl. 

and d i f f e r e n t  a p - a l y t i c a l  t r e a t m e n t  of the e2gs  c b a n n e l  i n  ths two models. 

The o p p o s i t e  is t r u e  f o r  a power g r a d i e n c  c o n d i t i o n .  

exists across a n  assembly ,  s u c h  as i n  the o u t e r  edge row of t h e  r e a c t o r ,  

t h e n  a t e m p e r a t u r e  g r a d i e n t  o c c u r s .  

b u n d l e ,  t h e n  a g r a d i e n t  of  about  75°F w i l l  o c c u r  m v n s t T e a a  f rom t h e  2nd 

of  the a c t i v e  c o r e  (36" e l e v a t i o n ) .  However, if puaping  is  the d o a i n a i l t  

nechanism, the i n c r e a s e d  swirl will c a u s e  a r e d u c t i o n  i n  t h i s  g r a d i e n t  t o  

45°F a t  t h e  end of t h e  ac t ive  c o r e .  FurthsL Swnstrezm.. ,  tTk g r a d i e n t  Is 
reduced  even  f u r t h e r  d u e  t o  swirl, pumping and  c o n d u c t i o n  and c o n v e c t i v ?  

This t a b l e  i n d i c a t e s  t*&t the s n a l l  g r z d i e n t s  

T h i s  is a t t r i b u t e b l e  t o  wire w r a p  r o t a t i o n  

\.Then a p o w e r  skew 

If swirl is the same as i n  the 1 3  p i n  

. h e a t  t r a n s f e r .  



i 

-14- 

R e f e r e n c e s :  

.I, D. S. Rowe,  "Crossf low i ' i ixing aetween P a r a l l e l  B l o v  Channels  D u r i n g  

E o i l i n g ,  P a r t  1. COBP,rl - Comp::ter F r o g r a n  f o r  Coolant  B o i l i n g  i n  

Rod A r r a y s ,  "BML-371, P t .  1, Ekrch 1967.  

2 .  D. S. Rowe, "C0;7??-II: A D i g i t a l  Ccmputer P r o g r m  f o r  T h e r m a l  

H y d r a u l i c  Subchannel  A n a l y s i s  of Rod Bandle  X u c l e a r  F u e l  E l e m e n t s  , ' I  

BNIJL-1229 , February ,  1970. 

3. W. B. C o t t r e l l ,  "OWL Nuclear  S a f e t y  R e s e a r c h  and Development Progr2.m 

Bi-llonthly Repor t  f o r  January-February ,  1971," OTSL-72.1-3342, 

Nay, 1972, p. 25. 

PI. M. Fontana ,  R. E. MacPhenson, E). A. Gnadt ,  J .  L. Wantland, 

L. F, P a r s l e y ,  "Temperature  D i s t r i b u t i o n  i n  the  Duct  Kall of a 1 9  

Rod Simula ted  LXFBR F u e l  Assembly", T r a n s .  o f  the Aner ican  N u c l e a r  

4 .  

S o c i e t y ,  Vol. 15,  No. 1, J u n e  18-22, 1 9 7 2 ,  p. 409 .  

5. R. E. Col l ingham, W. L. Thorne and J. I). :IcCornack, "217-Pin Wire- 

Wrapped Bundle Coolant  N i x i n g  T e s t " ,  EEDL-EE 71-146, November, 1971. 

I?. B. C3ttrel1, "OkYL N u c l e a r  S a f e t y  Research and Developnent  B i  

Monthly Repor t  f o r  January  - February ,  1971", OXTL-T?.!-3342, 1971.. 

6. 



-14- 

"
,
 

9
9
 

b
u
 


