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SUMMARY

V oids  were measured in a 1/2-  inch by 1-3 4 - inch  channel with the S - l  in s e r t  (Bq, Bj * 0.4.
Lg * 0 .1  inch), at 2 in c h e s  ahead  of the in se r t  (p o s i t io n  A), 1 2 inch p a s t  the in se r t  (position B). 
5 in c h e s  past  (position C ).  and  12 inches past (p os it ion  D). The co n d it io n *  w<vc: P * 1000 p s ia .  
G * 1 .0 0  x 10® Ib /h - f t^ ,  an d  x * 18.8 p e rc en t .  Av«riage void and void d is t r ib u t io n  at position  A 
a r e  th e  s am e  as  fo r f lo*  ui a s tra ig h t  channe l.  Void d is tr ibu tion  at p o s i t io n  B shows that the  
s ta g n a t io n  region d o w n s t re a m  of the in s e r t s  c o n ta in s  a high f rac tion  of v o id s .  Average void and  
vo id  d is tr ib u tio n  at p o s i t io n s  C and D show that th e  tw o-phase  m ix tu re  b e c o m e s  strongly  m ixed  
(hom ogenized) a s  a r e s u l t  of pass ing  through th e  c o n tra c t io n -ex p a n s io n  i n s e r t s .  D is tr ib u tio n  a t 
p o s i t io n  D a p p ro ach es  the  d is tr ib u tio n  at pos ition  A; i . e . ,  the s t r a ig h t  channe l d is t r ib u tio n .
F u l l  r e -e s t a b l i s h m e n t  of th'.* flow m ust o ccu r  d o w n s t re a m  of position D.

A l i s t  of r e p o r ts  which hav e  been issued  and r e p o r t s  now in p re p a ra t io n  i s  included.
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INTRODUCTION

T h i s  is  th< eiv:hth itr.d last-, j u u i t t r h  repor t  m lh< work done und* r C o n t r a c t  A T(04 3 ) - lb9 .  
P r o j e c t  Agreem ent  No. 27. and r o v e r s  the p e r io d  N ovem ber  12, 1963 u, F e b r u a r y  K .  1964,

The o b je c t iv e s  for flu p r o g r a m  have been to:

1 D e te rm ine ,  f o r a  r a n g e  of g e o m e t r i e s ,  p r e s s u r e s ,  flows, and q u a l i t i e s ,  the tw o -p h ase  
p r e s s u r e  loss  in c h a n n e l s  with r* l a t i v e h  sudden < hanges in c r o s s - s e c t i o n a l  a r e a .

2. D e te rm ine  the t w o - p h a s e  p r e s s u r e  lo ss  ir. s t r a ig h t  channels ,  a l s o  fo r  a range  it p r e s ­
s u r e s  and flows, and  p a r t e  ularlv at high q u a l i t i e s .

3. D e te rm ine  the two-phas< p r e s s u r e  l a s s  n> s t r a ig h t  channels  with heat addition.

Two b a s ic  channel g e o m e t r i e s  have been used:

1. A rec tan g u la r  ( tw o-d im ens iona l )  channel.-
2. A c i r c u l a r  ( th r e e -d im e n s io n a l )  ch an n e l . <

C hanne l  o r ien ta t io n s  have been  with flow jp ,  (low down, and flow h o r i z o n ta l .

Void m e a s u r e m e n t s  fo r  one tw o -p h a s e  flow condi t ion  *n the 1 2- inch by 1 - 3 / 4 - i n c h  channel with 
the S - 1 in se r t  (Do Bj - 0 . 4 ,  Lo -  0. 1 inch) w ere  m ad e  du- ing the q u a r t e r  ending F e b ru a ry  11. 
A lso ,  p r e s s u r e  d rop  m e a s u r e m e n t s  were  a t t e m p ted  for two-phase  flow in the  1 / 2 - inch by 
1 - 3 / 4 - inch s tra ight channel with heat addit ion,  but w e r e  not made b e c a u s e  of repea ted  equipment 
f a i l u r e .  Th is  concludes  a l l  t h e  exp e r im en ta l  work  on th is  p ro g r a m .  The da ta  reduct ion and 
w r i t i n g - u p  ol the r e s u l t s  a r e  not vet f in ished. T h e s e  a r e  expected to be c o m p le te d  by the end of 
A p r i l ,  1964.

R e s u l t s  of the void m e a s u r e m e n t s  and s ta tus  of the  r e p o r t s  a r e  d e s c r ib e d  h e r e .
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VOID MEASUREMENT RESULTS

Voids were  m e a s u r e d  m the 1 2 - inch by 1 -3  4 - inch cnannel with th e  S - 1 inser t ,  flow ep .  The 
equipment and g e n e r a l  p ro c e d u re  have a l r e a d y  been d esc r ib ed  in an  e a r l i e r  r e p o r t .  M  T h e  
1 32 - inch bv 1-inf h s lo t  was used for g a m m a  rav co lum na t ion . T h e  unique fea tu re  about the  
work  repor ted  h e re  i s  the p re sen c e  of the  i n s e r t  in the channel.  F i g u r e  1 is  a sketch o( the  
channel,  showing th e  i n s e r t  in place,  and a l s o  the tour axial  p o s i t i o n s  at which voids w e r e  
m e a s u re d .  No.e tha t  posit ion A is 2 inches  ahead  of the i n s e r t ,  pos i t ion  B is 1/2-  inch p a s t  the 
in s e r t ,  position C is 5 inches  past ,  and po s i t io n  I) ts  12 inches  p a s t .

The  voids were  m e a s u r e d  tor  the single s e t  of conditions: P = 1000 ps ia ,  G = 1.00 * 10® l b /h - f t ^ ,  
and x = 18.8 p e r c e n t .  M e a s u r e m e n t s  w e re  made  a*, ten t r a v e r s e  p o s i t io n s  a c r o s s  the c h an n e l ,  
and  four axial  p o s i t io n s  along the channel ( s e e  F igu re  1). Equation  (14) of Reference  1 w a s  
e m p lo i e d  in reduc ing  a ll  the void data .  T h e  r e s u l t s  a r e  plotted in F ig u r e  2.

Refe r ing  to F igu re  2. the  void frac tion at pos i t ion  A r i s e s  m o d e r a t e l y  steeply f rom  the w a l l ,  and 
ten d s  to level off o v e r  the  middle 65 p e r c e n t  of the channel.  C o m p a r i s o n  with F igu re  7 of 
R efe rence  1 shows good a g re em e n t  with the  void d is tr ibution in the  s t r a ig h t  charne l  at th e  s a m e  
How and quality cond i t ion .

T h e  void f rac tion  a t  pos i t ion  B, 1/2  inch p a s t  the  in se r t ,  r i s e s  m u c h  m o re  ,‘ teeply f r o m  t h e  wall, 
in co n t ra s t  to the d i s t r ib u t io n  at posit ion A. It is apparent f r o m  t h i s  that  the  stagnation reg ion  
a long the wal ls  d o w n s t r e a m  of the i n s e r t s  h a s  a  high concen t ra t ion  of vapor,  at  leas t  fo r  t h i s  
p a r t i c u la r  t e s t  cond i t ion .  The void f r ac t io n  is  fa i r ly  constant o v e r  the  middle 80 p e r c e n t  of the 
c»iannel. The a v e r a g e  void f rac tion  at pos i t ion  B is lower,  r e l a t i v e  to the average  v a lu e s  a t  the 
o th e r  th ree  pos i t ions ,  than was expected.  T h e  d if ference  between posit ion  B and pos i t ion  C , for  
ins tance ,  is  about eq u a l  to the expected l im i t  of e r r o r  (*8 percen t)  in the m e as u re m e n t  of vo ids .  
The  apparen t  low void  read in g s  at posit ion B could be due to i n s t r u m e n t  e r r o r .  It should  b e  
pointed out that the r e s u l t s  at posit ion B show only an average  d i s t r i b u t io n  for the 1 - inch  length  
of channel d i rec t ly  d o w n s t r e a m  from  the i n s e r t s .  No abrup t  ax ia l  change  in the void d i s t r ib u t io n ,  
w he ther  p re sen t  o r  not,  can show up in the r e s u l t s .

The  void f rac t ion  at  pos i t ion  C, 5 inches  p a s t  the  inser t ,  r i s e s  s t e e p ly  f ro m  the wall,  the  s a m e  
a s  at  position B, and i s  t a i r ly  constant o v e r  the  middle 80 p e rc e n t  ol the channel.  The vo id  
d is t r ibu t ion  at pos i t ion  C is  quite s i m i l a r  to the  d is tr ibution at p o s i t ion  B.
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F i g u r e  2. Void D is t r ib u t io n  A c ross  Channel .  F o u r  Axial Pos i t ions .
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The  void frac tion at (position D, 12 inches  p a s t  the  in se r t ,  r i s e s  s t e e p ly  f r o m  the  wall,  but not a s  
s t e e p l y  as  at posit ion C .  It then tends to be c o n s t a n t  o v e r  the middle  65 p e rc e n t  of the c h a n n e l .  
T h e  void d is tr ibution  a t  pos i t ion  D is a p p ro a ch in g  the  void d i s t r ibu t ion  at  posit ion A, which is  
the  d is t r ibu t ion  for the s t r a i g h t  channel  with no i n s e r t .  It is obvious  tha t  m ore  than 12 in ch es  
a r e  needed past  the S - 1 i n s e r t  to comple te ly  r e - e s t a b l i s h  the flow. (It should  be added p a r e n ­
th e t i c a l l y  that  the s ta t ic  p r e s s u r e  profile for  tw o -p h a s e  flow past  the  S - 1 in se r t ,  not yet r e p o r t e d ,  
s h o w s  that  about 18 in ch es  a r e  r equ i red  for fully  developed flow.)

The  a v e r a g e  void f r a c t io n ,  and  the ca lcu la ted  r a t i o  ol av e rag e  vapor  v e loc i ty  to average  l iquid  
v e lo c i ty ,  a r e  l is ted  below:

Posit ion <v
s  -

Uf

A 0 . 6 9 2.1
B 0 .71 1.9
C 0 .8 0 1.2
D 0. 78 1.4

T h e  value f o r m a t  pos i t ion  B is in question,  a s  expla ined  e a r l i e r .  N eg lec t ing  jxjsition B. the  
v a l u e s  a t  the  o ther  t h r e e  pos i t ions  show that th e  co n t ra c t io n -ex p a n s io n  in s e r t  has a s t rong 
m ix in g  action which m a k e s  the  two-phase  flow b eh av e  m ore  like a hom ogeneous  m ix tu re .  T h e  
h ig h - s p e e d  movies,  d e s c r i b e d  in R efe ren c es  2 and 3, a lso  show th is  s t r o n g  mixing act ion.



G E A P -4576

STATUS OF REPORTS

T h e  r e p o r t s  which have  been comple ted  and d i s t r ib u te d  or. th is  p r o j e c t  a r e :

1. J an s se n .  E.  . and Kervinen .  J .  A . .  " T w o - P h a s e  P r e s s u r e  L o s s e s ,  Second Q u a r t e r l y  
P r o g r e s s  R e jx i r t .  Mav 12 - August  12. 1962” , G EA P-4086 .

2. J an s se n .  E.  . and Kervinen ,  J .  A . .  " T w o - P h a s e  P r e s s u r e  L o s s e s .  Th i rd  Q u a r t e r l y  
P r o g r e s s  R e p o r t .  August 12 - N o v e m b e r  12. 1962 , G E A P -4 1 4 8 .

3. Levy, S . . " A n a l y s i s  of Var ious  T y p e s  of l 'w o-Phase  A n n u la r  Flow, P a r t  I - A n n u la r  
Flow Without L iquid  E n t ra in m en t" .  GEA P-4193 .  F e b r u a r y  15. 1963.

4. J a n s se n .  E . ,  and  Kervinen .  J .  A . ,  " T w o - P h a s e  P r e s s u r e  L o s s e s .  Four th  Q u a r t e r l y  
P r o g r e s s  R e p o r t " .  November 12. 1962 - F eb ru a ry  12. 1963. GEAP-4202.

5. J a n s se n .  E . .  and  Kerv inen.  J .  A . ,  T w o - P h a s e  P r e s s u r e  L o s s e s ,  Fifth Q u a r t e r l y  
P r o g r e s s  R e p o r t " ,  F e b ru a ry  12 - M ay  12. 1963. G E A P -4 2 7 5 .

6. J a n s s e n .  E . ,  and  Kerv inen.  J .  A . ,  ‘ T w o - P h a se  P r e s s u r e  L o s s e s .  Sixth Q u a r t e r l y  
P r o g r e s s  R e p o r t " .  May 1 2 -  August 12. 1963, GEAP-4362 .

7. Levy, S . . ' P r e d i c t i o n  of Two- P h a s e  C r i t i c a l  Flow R ate" ,  GEAP-4395 ,  October  1963.

8. J a n s se n .  E . .  an d  Kerv inen. J .  A . .  " T w o - P h a s e  P r e s s u r e  L o s s e s ,  Seventh Q u a r t e r l y  
P r o g r e s s  R e p o r t " ,  August 12 - N o v e m b e r  11. 1963, G E A P -4 4 3 1 .  (This r e p o r t  i s  s t i l l  
awaiting AEC app ro v ed  for d i s t r ib u t io n ,  a s  ot F e b ru a ry  28,  1964.)

T h e  r e p o r t s  now in p r e p a r a t i o n  a re :

1. J an s se n .  E . .  and  Kerv inen. J .  A . .  " T w o - P h a s e  P r e s s u r e  L o s s e s ,  Eighth Q u a r t e r l y  
P r o g r e s s  R e p o r t " ,  November  12. 1963 - F e b r u a r y  11. 1964, GEAP-4576.

2. J an s se n .  E.  . a n d  Kerv inen, J A . .  " T w o - P h a s e  P r e s s u r e  D rop  in Straight P i p e s  and  
Channels ;  W a t e r  - Steam M ix tu res  at 600 to 1400 p s ia" .

3. J an s se n .  E . and  Kerv inen. J .  A . .  " T w o - P h a s e  P r e s s u r e  D r o p  P as t  C o n t ra c t io n s  and  
Expansions;  W a t e r  - Steam M ix tu re s  a t  600 to 1400 p s ia " .

4. J a n s se n ,  E . .  an d  Kerv inen. J .  A , ’ T w o - P h a s e  P r e s s u r e  D r o p  in an In te rnally H eated  
Annulus; W a t e r  - Steam Mix tu res  at 600 to 1400 p s ia" .

5. " T w o -P h a s e  P r e s s u r e  L o s se s .  F inal R e p o s l " .  -

- 7 - .



GEAP-4576

REFERENCES

1. Janssen. E . ,  and Kervinen,-J. A . .  ' Two-Phase P r e s s u r e  Losses,  Fifth Quarter ly  Progress  
Report", February  12-  May 12. 1963, GEAF-4275.

2. Janssen, E . ,  and Kervinen, J .  A . ,  "Two-Phase P r e s s u r e  Losses,  Third Quar te r ly  Progress  
Report", August 12 - November 12. 1962, GEAP-4148.

3. Janssen. E . ,  and Kervinen, J .  A . ,  "Two-Phase P r e s s u r e  Losses,  Fourth Quarter ly  Progress  
Report", November 12, 1962 - Feb ruary  12, 1963, GEAP-4202.

- 8 -



»

GEAP-4576

Approved By:

(  t ■* y . _

E. Ja n ssen ,  Project Engineer 
Two-Phase Pressure  Losses

Approved Bv:

D. H. Imhoff, Manager 
Engineering Development

- 9 -


