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Fuel and b l a n k e t  assemblies i n  an LMFBR a r e  sub jec ted  t o  a wide range . 

o f  power and power g rad ien ts  du r ing  t h e i r  l i f e  i n . t h e  r e a c t o r .  To accom- 

modate these changes the  assemblies 0perat.e i n  a  wide range o f  f l o w  regimes 

extending f rom f o r c e d  convect ion,  t u r b u l e n t  f l ow ,  t o  mixed convect ion,  

l am ina r  f l ow .  A t  low f l o w  cond i t i ons  t h e  t ransve rse  temperature g r a d i e n t  

i n  an assembly i s  cons iderab ly  f l a t t e n e d  because o f  energy r e d i s t r i b u t i o n  

by n o t  o n l y  wire-wrap m i x i n g  and thermal conduct ion  b u t  .a1 so by f l o w  r e -  . . 

d i s t r i b u t i o n  because o f  buoyancy-induced c ross f l ow .  Th is  has s i g n i f i c a n c e  

i n  LMFBR design, as d.iscussed i n  Reference 1. 

For  t h e  mixed convect ion  regime o f  bundle opera t ion ,  t h e  t ransverse  

v e l o c i t y  p r o f i l e s  w i t h i n  a  bundle change a x i a l l y  because o f  buoyancy- 

induced c ross f l ow .  It was t h e r e f o r e  decided t o  use the  ENERGY 11") and 

ENERGY 1 1 1 ~ ~ )  computer programs f o r  t h e  a n a l y s i s  o f  t he  r o d  bundle mixed 

convect ion  data r e p o r t e d  i n  References 3-5. ENERGY I 1  and I 1 1  a r e  d i f f e r e n t  

i n  t h e i ' r  f o r m u l a t i o n  as ENERGY'. 11 neg lec ts  t h e  i n e r t i a l  terms i n  t h e  a x i a l  

momentum equat ion  and, i n  addi t i ' on ,  t he  momentum and energy equat ions a r e  

uncoupled. ~ h e s e  assumptions impose c e r t a i n  r e s t r i c t i o n s  on the  range o f .  

a p p 1 i c a b i l i . t y  o f  ENERGY 11 as determined by a n a l y s i s  o f  t h e  mixed convec- 

t i o n  data (3-5) (.see Reference 1 ) .  

The  WARD'^) data shows t h a t  t h e  e x i t  o f  heated l e n g t h  t ransverse  

temperature p r o f i  1  e  (maxlmin temperature across t h e  bundle) reduces f rom 

1.91 a t  a  Reynolds number o f  3700, t o  1.27 a t  a  Reynolds number o f  990, t o  

1.12 a t  a  Reynolds number o f  4 9 0 . i f  the 'power - to - f low r a t i o ,  t h e  power 

skew, and t h e  i n l e t  c o o l a n t  temperature a r e  kept  t h e  same. F igu re  1  shows 

a  t y p i c a l  comparison o f  t h e  ENERGY 11, C O R R A - I V  and t h e   WARD'^) 61-p in 

b lanke t  assembly da ta  a t  a  Reynolds number o f  approx imate ly  990. E x c e l l e n t  

match between p r e d i c t i o n  and data was obtain;d bo th  f o r  t he   WARD'^) and :' 

B N W ( ~ )  experiments. T h e i n p u t  parameters t o ' t h e  ENERGY I 1  and 11'1 codes ' 



. 
a r e  t h e  same as determined by a n a l y s i s  o f  f o rced  convect ion  da ta  

(Reference 2).  No c a l i b r a t i o n  o f  t h e  code was done f o r  . p r e d i c t i n g  mixed 

convec t i on  data. 

The H E D L ' ~ )  ,217-pin low f l o w  data was obta ined under mixed-convect ion 

c o n d i t i o n s  f o r  a  wide range of power skew. The Reynolds number range was 

f rom 400-1100. Ana lys i s  o f  t h e  data was n o t  s t r a i g h t f o r w a r d  as i t  appeared 

t h a t  t h e r e  i s  a  r a d i a l  heat  l o s s  f rom t h e  bundle. I t  was a l s o  repo r ted  by 

. t h e  au thors  o f  Reference 5  t h a t  a t  t h e  low experiment f l o w  r a t e s  (Re<1100), - 
t h e  f l o w  r a t e  cannot be measured b e t t e r  than 10-1 5% o f  t h e  t o t a l  bundle f l o w .  

r a t e .  Lack o f  an accura te  es t imate  o f  r a d i a l  heat t r a n s f k r  and bundle i n l e t  

f l o w  r a t e  i n t roduced  an ambigu i ty  i n  t h e  analyses o f  da ta  wh ich  r e q u i r e d  t h a t  

bo th  i n l e t  f l o w  r a t e  and heat  l o s s  be v a r i e d  i n  an a n t i c i p a t e d  range t o  de te r -  

mine which combinat ion o f  these two parameters gave bes t  match w i t h  data a t  

t h e  s i x  a x i a l  l e v e l s  a t  which temperature measurements were taken. . Table 1  

shows t h e  combinat ion o f  f l o w  and heat  l o s s  which gave the  bes t  match w i t h  

da ta  f o l l o w i n g  t h e  aforementioned procedure o f  data a n a l y s i s .  I t was found 

t h a t  f o r  n e a r l y  a11 t h e  HEDL runs  t h e  heat  l o s s  was n o t  g rea te r  t han  2-3% 

o f  t h e  i n p u t  energy. The e f f e c t  o f  a x i a l  conduct ion  on temperature d i s t r i b u -  

t i o n  was es t imated t o  be n e g l i g i b l e  f o r  t h e  H E D L ' ~ )  bundle ope ra t i ng  c o n d i t i 0 . n ~ .  

There was cons iderab le  m i t i g a t i o n  o f  t h e  r a d i a l  t e m p e r a t u r e . p r o f i l e s  i n  t he  

HEDL runs  due t o  conduct ion and buoyancy-induced c ross f l ow .  A t  l ow  Reynolds 

number o f  bundle ope ra t i on  the  e f f e c t  o f  heat l o s s  a t  t h e  w a l l  penet ra tes  

s i g n i f i c a n t l y  i n t o  t h e  bundle as i t  causes a  s i g n i f i c a n t  amount o f  a d d i t i o n a l  

f l o w  r e d i s t r i b u t i o n  f rom t h e  w a l l  channels t o  t h e  c e n t r a l  channels and, thus,  

leads  t o  a fui . t t ,~er.  a t t e n u a t i o n  i n  t h e  t ransve rse  temperature g rad ien t .  For 

t y p i c a l  HEDL power- to- f low r a t i o s  i t  was found t h a t  t h e  ENERGY I 1  code, 

because o f  t h e  uncoup l iny  o f  t he  momentum and energy equat ions,  does n o t  

p r e d i ' c t  w e l l  below a  Reynolds number o f  about 400 as i t  leads t o  energy 

balance problems. Compari'son o f  t he  f l o w  and temperature d i s t r i b u t i o n  i n  

t h e  HEDL 2 1 7 - - ~ i n  bundle and the  g e o m e t r i c a l l y  s i m i l a r  O R N L ' ~ )  19 -p in  bund le  

under si'mi 'I a r  opera t i  ng cond i ' t i  ons (power - to - f l  ow r a t i o ,  power skew) shows 

t h a t  t h e r e  i s  more f low r e d i , s t r i b u t i o n  due t o  buoyancy i n  the 217-pin 

bundle y e t ,  as expected, t h e  temperature g rad ien ts  across t h e  19 -p in  bundle 

a r e  much sma l l e r .  
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