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. . 

This  c o n t r a c t  has  as i t s  o b j e c t i v e  t h e  s tudy  of  p r e s s u r e  dr0.p 

and h e a t  t r a n s f e r  phenomena of importance du r ing  a l o s s  of coolan t  ac- 

c iden t .  The study, is  d iv ided  i n t o  3 'ma jo r  experiments:  

a )  T rans i en t  P re s su re  Drop I n v e s t i g a t i o n  

b )  Two-Phase P res su re  Drop and-Flow P a t t e r n  Study 

c) '  T r a n s i t i o n  Bo i l ing  and Reflooding Heat T rans fe r  Tes t s  

I. Trans i en t  P re s su re  Drop I n v e s t i g a t i o n  

These experiments  a r e  be ing  performed by d i scha rg ing  Freon 

113  from a l a r g e  s t o r a g e  accumulator.  The Freon l a s h e s  a c r o s s  a  need le  

va lve  and then  a 3-way va lve  d i r e c t s  a  p o r t i o n  of t h e  two-phase mix- 

t u r e  t o  a  s t o r a g e  accumulator and t h e  remainder through t h e  t e s t  sec- 

t i o n  o By vary ing  t h e  p o s i t i o n  of ' t h e  three-way va lve  a  t ime vary ing  

f low is obta ined  through t h e  test s e c t i o n .  

During t h i s  q u a r t e r ,  a  s e r i e s  o f  exp lo ra to ry  runs  were made 

t o  determine t h e  b e s t  way of o b t a i n i n g  t r a n s i e n t  p r e s s u r e  drop da t a .  

It w a s  concluded t h a t  t h e  most f r u i t f u l  approach w a s  t o  o p e r a t e  t h e  

3-way-valve i n  an o s c i l l a t o r y  manner s o  a s  t o  o b t a i n  a  n e a r l y  s inu-  

s o i d i a l l y ,  vary ing  flow. When t h i s  is done, t h e  flow r e s i s t a n c e ' c a n  be  

determined by measuring t h e  displacement between t h e  peaks of  t h e  



p r e s s u r e  and flow curves.  T h i s . h a s  t h e  advantage of n o t  r e q u i r i n g  an 

a b s o l u t e  c a l i b r a t i o n  of DIP c e l l  s i g n a l .  Such a c a l i b r a t i o n  was found 

I t o  b e  d i f f i c u 1 , t  f o r  a l l  of t h e  s t r a i n  guage c e l l s  except  t h e  weigh 

cel l .  @ 

The weigh c e l l ,  from which t h e  r e c e i v i n g  accumulator is  sus-  

1 .  pended, was Sound t o  be t 'ao. insensi t ive t o  fo l low t h e  t r a n s i e n t  flow. . 
I 
I 
I The t u r b i n e  flow meter ,  however, appears  t o  s a t i s f a c t o r i l y  fo l low t h e  
I 

o s c i l l a t i n g  flow. In  s i n g l e  phase flow, t h e  t o t a l  weighf of  f l u i d  d i s -  

charged ob ta ined  from t h e  weigh c e l l  ag rees  reasonably w i t h  t h e  va lue  

I ob ta ined  by i n t e g r a t i n g  t h e  t u r b i n e  meter  curve. It i s  t h e r e f o r e  pro- 
I 

I posed t h a t  t h e  weigh be  used as a  means f o r  c a l i b r a t i n g  t h e  t u r b i n e  

r 
meter  dur ing  two-phase experiments.  

If the. flow, w,.  may b e  assumed t o  fo l low 

w = B + C s i n  o t  
I ( 1  
I 

Then t h e  p r e s s u r e  drop a c r o s s  t h e  sudden c o n t r a c t i o n  i s  given by 

'.(B + C s i n  o t 1 2  Ap = [ 1- +- 
2~ A2L gc 

9 L1 L2 o c  cos o t  [ - + -  ], 

g c  A1 A2 

By d i f f e r e n t i a t i n g  t h e  above, and s e t t i n g  t h e  d i f f e r e n t i a l  equa l  t o  

zero ,  we o b t a i n  



which can be so lved  numer ica l ly  f o r  t h e  w ' s  a t  which t h e  p r e s s u r e  drop 

h a s  a maxima o r  minima. The displacement  0 of t h e  peaks is  then  

180 8 = -  
max IT ( ~ m a  - ~ 1 2 )  

The p r e d i c t e d  and observed va lues  of 9 a r e  compared i n  f i g .  1. It is  

s e e n . t h a t  t h e  agreement obta ined  is  q u i t e  good. 

The expansion r e s u l t s  r e q u i r e  a more c a r e f u l  a n a l y s i s .  Since 

t h e  Bernoul ic  p r e s s u r e  r i s e  and' t h e  f r i c t i o n a l  p r e s s u r e  drop a r e  i n  

I oppos i t e  d i r e c t i o n ,  a s m a l l  p r e s s u r e  drop term remains.  This  term is 

s m a l l  r e l a t i v e  t o  t h e  momentum s t o r a g e  terms and t h e  maxima and minima 

occur  very  n e a r  t h e  l o c a t i o n  a t  which t h e  flow curve e x h i b i t s  i ts  max- 

imum a c c e l e r a t i o n  and d e c e l e r a t i o n . '  Since t h e  a c t u a l .  f low curve de- 

v i a t e s  from a s i n e  curve,  l a r g e  e r r o r s  r e s u l t  i f  t h e  flow curve is 

assumed t o  be  a p e r f e c t  s i n e  wave. . I f ,  however, t h e  p r e s s u r e  drop 

curve is  determined by numer ica l ly  d i f f e r e n t i a t i n g  t h e  a c t u a l  flow 

curvejgood agreement between obse rva t ion  and p r e d i c t i o n  is  obta ined .  ~ . . 

~ x ~ e r i m e n t s  a r e  now be ing  conducted t o  determine how b e s t  t o  
. . 

a d a p t . t h e  exper imenta l  t echnique  t o  two-phase ope ra t ion .  



11. Two-Phase P res su re  Drop and Flow P a t t e r n  Study 

These e,xperiments a r e  be ing  conducted i n  a r e c i r c u l a t i n g  loop . ' 

us ing  Freon 113. During t h i s  q u a r t e r ,  emphasis was p laced  on ob ta in -  

i n g  a d d i t i o n a l  d a t a  on t h e  p re s su re  drop a c r o s s  sudden expansions and 

con t r ac t ions .  The c o n t r a c t i o n  d a t a  are ob ta ined  d i r e c t l y  wh i l e  t h e  ex- 

pansion d a t a  a r e  obta ined  by s u b t r a c t i n g  t h e  c o n t r a c t i o n  Ap from t h e  

t o t a l  Ap a c r o s s  bo th  expansion and con t r ac t ion .  

Values o f  t h e  r a t i o  of K ' / K  a r e  p l o t t e d  v s .  t h e  
two 4 s i n g l e  4 

observed vo id  f r a c t i o n ,  a; i.n f i g s .  2  and 3. The c o n t r a c t i o n  K ' s  ap- 

pea r  t o  d i p  a t  1ow.vbid f r a c t i o n s  and then  t o  climb s t e a d i l y .  It i s  

seen  t h a t  t h i s  climb a t  h ighe r  void f r a c t i o n s  i s  i n  accord w i t h  t h e  

obse rva t ion  of F e r r e l  e t  a 1  (1) which a r e  a l s o  p l o t t e d .  The expansion 

c o e f f i c i e n t s  show an i n i t i a l  r i s e  and then  a drop t o  n e a r l y  cons t an t  

va lue .  Again t h e  obse rva t ions  a t  h igh  void f r a c t i o n s  are in 'agreement  

w i t h  those  of F e r r e l  e t  a 1  (I). . . 

The d ip  i n  ' c o n t r a c t i o n  K' s a t  low a ' s  may b e  spur ious .  (Since 

t h e  expansion K ' s  w e r e  de r ived  from t h e  c o n t r a c t i o n  va lue ,  t h e  d i p  i n  

K at .low a may, the , re fore ,  a l s o  be  spu r ious )  To o b t a i n  t h e  a r e a  e 

change K ' s ,  i t  i s  necessary  t o  s u b t r a c t  t h e  p ipe  f r i c t i o n  Ap from t h e  

observed Ap. I n  t h e s e  c a l c u l a t i o n s ,  ~ a r o c z ~ '  (2)  two-phase mul t i -  

p l i e r s  were ,used t o  o b t a i n  t h e s e  va lues .  It i s  be l i eved  t h a t  t h e s e  
. . 

va lues  may be  two h igh  f o r  t h e  low a cond i t i ons .  During t h e  nex t  

q u a r t e r ,  p r e s s u r e  drop measurements a c r o s s  s t r a i g h t  p i p e  s e c t i o n s  w i l l  

be  acqui red  t o  check t h i s  suppos i t i on .  



A nei expansion - c o n t r a c t i o n  test ' s e c t i o n  i s  now be ing  in-  

s t a l l e d .  This  t e s t  s e c t i o n  i s  of g l a s s  and w i l l  a l l ow v i s u a l  obser-  

v a t i o n  of t h e  flow p a t t e r n  a t  t h e  a r e a  changes. 

111. T r a n s i t i o n  Boi l ing  and Reflooding Heat T rans fe r  Tes t s  

Experimental . .. Work - These experiments a r e  t o  b e  conducted i n  
L 

. . 
a . h e a t  t r a n s f e r  loop  using-  h o t  mercury a s  a h e a t  s o u r c e . ,  Bo i l i ng  

t a k e s  p l a c e  i n  an annulus .around t h e  p ipe  con ta in ing  t h e  mercury. 

These experiments were delayed pending t h e  r e c e i p t  of a new 

mercury pump. A canned-motor was r ece ived  t h i s  q u a r t e r  and in-  

s t a l l e d  i n  t h e  loop.  Tes t s  of t h e  system have i n d i c a t e d  a lower mer- 

cury f low than  expected.  A l a r g e  impe l l e r  has  t h e r e f o r e  been ordered .  

A r e v i s e d  ,flow i n d i c a t o r ,  i s  a l s o  be ing  obta ined .  Debugging ope ra t ion  

, o f ' t h e  loop is  cont inuing  w i t h  t h e  p r e s e n t  pump impe l l e r .  

'Analys5s'of T r a n s i t i o n  Bo i l ing  Data 

A number of approaches which might. y i e l d  a gene ra l  c o r r e l a t i o n  

. of '  t r a n s i t i o n  b o i l i n g '  h e a t  t r a f i s f e r  c o e f f i c i e n t s  have been. examined. 

None have been e n t i r e l y  s a t i s f a c t o r y .  One approach which has shown 

.some,-promise assumes t h a t  t h e  t r a n s i t i o n  b o i l i n g  c o e f f i c i e n t ,  hT, can 

b e  w r i t t e n  as'. . . 

. . 

where hg = b o i l i n g  component 

hc = fo rced  convect ion component 



The b o i l i n g  component i s  taken  as ' 

. 

where S .=  hen's (3)  b o i l i n g  suppress ion  f a c t o r  due t o  t h e  e f f e c t  
of-. 'flow r a t e  and q u a l i t y  

h = maximum pool  b o i l i n g  h ( s a t u r a t e d )  from Addom's (4)  
C r d a t a  f o r  s p e c i f i e d  p re s su re .  

AT . = AT a t  which max. pool  b o i l i n g  h occurs ,  ob ta ined  from 
c r  Addom's d a t a .  

.. . 
K = empi r i ca l  cons t an t  = 0.012 . . 

The convect ive  component i s  obta ined  from a modif ied v e r s i o n  of  Quinn's 

(5) equatfon 

where .x  i s  q u a l i t y  and o t h e r  symbo1.s have t h e i r  u s u a l  meaning. 
Fig. 4 compares t h e  h e a t  t r a n s f e r  c o e f f i c i e n t s  p r e d i c t e d  by t h e , f o r e -  

going model w i t h  a number of exper imenta l  observa t ions .  The agreement 

is  reasonable  i n  most cases .  The r e l a t i v e l y  poor agreement shown by 

~ l l i o n k  (6) d a t a  may be  due t o  t h e  f a c t  t h a t  t h i s  d a t a  was obta ined  

w i t h  subcooled water .  Subcooling is  known t o  i n c r e a s e  f i l m  b o i l i n g  

h ' s .  a i d  hence t h e  convec t ive  component p red ic t ed  would be  too  low.. 
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