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I STATEHENT OF PROBLEH 

Flow p a s t  a s tandard o r i f i c e  p l a t e  on t h e  bottom of an  SRE f u e l  element 
can take  two p a r a l l e l  paths:  through t h e  holes  in the  o r i f i c e  p l a t s ,  and 
through the  annular c learance between the  o r i f i c e  p l a t e  and t h e  process  tube.  
Var ia t ions  among t h e  i n s i d e  diameters of t he  process  tubes i n  t h e  SRE can 
r e s u l t  i n  a d i f f e r e n t  proport ion of bypass flow past the  o r i f i c e  p la tes ,  
which i n  t u r n  can con t r ibu te  t o  unequal fuel-channel e x i t  temperatures. 
h a s  been proposed' t h a t  t he  o r i f i c e  p l a t e  be reJocated t o  t h e  t o p  of t h e  
f u e l  element in the  moderator spacer  r ing .  The I D  of t h e  spacer  ring i s  
machined t o  a to l e rance  of 2 0.0005 i n .  and t h i s  v a r i a t i o n  would produce 
only s l i g h t  changes i n  t h e  proport ion of bypass flow. 
s p e c i a l  assembly which could support  a removable 6-hole o r i f i c e  p l a t e ,  and 
which would be l oca t ed  a t  t h e  t o p  of t he  f u e l  element, wa6 designed and 
f ab r i ca t ed  . The purpose.of t h i s  work wae t o  determine experimentally the  
pressure  drop-flow Charac te r i s t i c6  .of a s tandard p r o d  SRE f u e l  element with 
t h i s  orifice a66e~1bly at  the top. 

It. 

I 

Accordingly, a 

2 . 

[I SUMMARY OF RESULTS AMD RECOMMENDATIONS 
Pressure-drop measurements were made ac roes  a simulated SRE process  

tube conta in ing  a mockup of a atandard 7-rOd f u e l  element with a 6-hole 
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o r i f i c e  assembly loca ted  a t  the  top. 
as a t e s t  f l u i d  and were converted t o  sodium cat 750°F which is t h e  

a r i t h m e t i c a l  mean of t h e  process tube entrance ; a n d  e x i t  temper- 
at ur 88. 

Data were obtained using water 

Figure 1, page 6 ,  is a p l o t  of t o t a l  core  pressure  drop v e r e u ~  ' 

I 

Data a r e  also : 

I 

flow r a t e  f o r  a f u e l  element u s i n g , o r i f i c e  platea, with hole  s i t e s  
from 1/4 t o  J/b-inch diameter in 1/8-inch increments. 
included f o r  a f u e l  element using: an o r i f i c e  p l a t e  w i t h  no holes ,  i 

I 
i 

t he  o r i f i c e  assembly without an  o r i f i c e  p l a t e ,  and no o r i f i c e  
t 

i aesembly. 
o r i f i c e  assembly is encompassed us ing  these  configurat ione.  

The e n t i r e  range of flow con t ro l  poss ib l e  with t he  upper 

I 

Figure 2, page 7, is a C ~ O B G  p l o t  of Figure 1 and shows o r i f i c e  : 

hole  s i z e  versu8 flow rate f o r  s eve ra l  constant  core  pressure  drops. I 

I 
1 

i 
1 Variatfons in t h e  he ight  of t h e  moderator cans and changing 

temperatures in t he  core  a f f e c t  t h e  e l eva t ion  of t he  o r i f i c e  p l a t e  
in t he  moderator spacer  r ing .  
f u e l  element w i t h  two o r i f i c e  hole  s i e e s  a t  e l eva t ions  ranging from 
3/8-inch below t h e  moderator spacer  r i n g  (3/8=inch i n t o  t h e  process  
tube)  t o  1/2-inch above t h e  moderator spacer  (1/2.?inch i n t o  t h e  
upper plenum). 
pressure  drop f o r  a l l  elevations i n  which the  o r i f i c e  p l a t e  was 

were obrjerved .when the o r i f i c e  p l a t e  was posi t ioned above o r  below ' 

t h e  spacer ring. Therefore, i t  i 8  recommended t h a t  t he  o r i f i c e  plate1 

be loca ted  a t  t h e  v e r t i c a l  midpoint of t h e  spacer r i n g ,  when t h e  c o r e i  
is a t  opera t ing  temperature,  t o  e l imina te  changes i n  flow rate due t o :  

Hydraulic t e s t s  were performed on the  

i 
i 
I 

Flow rate pas t  t h e  o r i f i c e  was cons tan t  w i t h  cons tan t  i 1 
i 
I positioned ins ide?  the spacer ring4 howe.ver, changes i n  flow rate 

I 

v a r i a t i o n s  i n  p l a t e  e leva t ion .  I 
I 

METHOD TISED, DESCRIPTION OF EQUIPMENT, SAMPLE CALCULATIONS 

The f u e l  element was supported by a 5/8-inch diameter hanger 
~ t I 

rod. 
f o r  t e s t i n g  the  f u e l  element a t  d i f f e r e n t  e l eva t ions  i n  t h e  process  
tube 

A turnbuckle was included on t h e  hanger rod t o  provide a means 

Figure 3A, page 8, shows the  o r i f i c e  assembly a t tached  t o  the 
,It also shows a d e t a i l  mock 7-rod f u e l  element used in t h i s  test .  

of t h e  turnbuckle used t o  a d j u s t  t h e  e l eva t ion  of t h e  element in 
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Figure 3B is a photograph of t he  o r i f i c e  a66embly with one h a l f  
of t h e  s p l i t  o r i f i c e  p l a t e  removed. The o r i f i c e  assembly c o n s i s t s  of 
four  b a s i c  p a r t s t  o r i f i c e  p l a t e  support ,  s p l i t  o r i f i c e  p l a t e ,  upper 

i guide and lock-nut. (See Figure 3A f o r  nomenclature). Orifice 
p l a t e s  are removed by loosening the  lock-nut, r a i s i n g  t h e  upper guide , ;  
l i f t i n g  the  ha lves  of t he  o r i f i c e  p l a t e  t o  clear the  pos i t i on ing  pins,:  

! and removing. 
A desc r ip t ion  of t he  water loop  used for these  t e s t s  is contained'  

A l l  p ressure  drops repor ted  here are t o t a l  1 
Pressure-dif  f e r e n t i a l  measuring t a p s  loca t ed  i n  1 

, 

i 
1 

on page 2 of Reference 3 ,  
core  preesure  drops. 
t h e  simulated upper and lower plenums and a t tached  t o  a d i f f e r e n t i a l  
manometer were used t o  determine the  pressure  drop. i 

! DISCUSSION: I 

I 
t o  s imulate  t h e  e f f e c t  of thermal expansion upon t h e  annular  clearance1 

The t e s t  o r i f i c e  p l a t s  wa6 'machined with appropr ia te  dimension6 

I 

around the  o r i f i c e  p l a t e  and a l s o  upon t h e  holes  i n  tho  o r i f i c e  p l a t e .  
The t e s t  o r i f i c e  p l a t e  was machined t o  2.7575-inch O.D. i n s t ead  

of t h e  s tandard 2.750-inch O.D. 
annular  flow area in t h e  hydraul ic  loop w i t h  water flowing at 170°F 
equal  t o  the  a c t u a l  area in t h e  $RE w i t h  sodium e x i t i n g  from t h e  f u e l  
channel a t  95OoF 

The former diameter provides  an 

The area of the orifice holes when t e s t ed  i n  t h e  hydraul ic  l oop  
a160 d i f fe rs  from the  area of the  hole6 i n  t he  same plate  when used 
i n  t h e  ISRE. This  d i f f e rence  is due t o  t h e  thermal expansion of t h e  
plate. 
would have 0.2503-inch ho le s  a t  170°F and 0.2522-inch holes  a t  950eF, 
r ep resen t ing  an increase  02 about 0.002-inches. 
through a 0,250-inch 6-hole o r i f i c e  p l a t e  in t he  hydraul ic  loop  would 
be equivalent  t o  flow through a 0.248-inch diameter hole  s i z e  (at  
room temperature) *hen used i n  t h e  SRE. By t h e  same procedure i t  
can be shown t h a t  water flow through a p l a t e  with 0.750-inch holes  
is equivalent  t o  sodium flow through a pla te  with 0.744-inch holes .  
For e a ~ e  of machining, t he  o r i f i c e  holes  were reamed t o  2 0.001 i n .  
from the  even 1/8-inch increments 

p l o t t e d  us ing  t h e  equivalent  o r i f i c e  diameter i n  t he  SRE. 

An " 
o r i f i c e  p l a t e  with 0.25O-iach holes (at  room temperature) 

Therefore,  flow 

' 

Poin ts  on Figure 2 were then 

I r" 
L. 'J Y 
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Elevat ion  of t h e  o r i f i c e  p l a t e  with r e s p e c t  t o  t h e  moderator 
spacer  r i n g  w i l l  vary from channel t o  channel i n  t h e  SRE, T h i s  
v a r i a t i o n  is due t o  d i f f e rences  i n  l e n g t h  of  t h e  moderator cans,  
d i f f e r e n c e s  i n  e l e v a t i o n  of t h e  hanger rod support  s t e p s  i n  t h e  t o p  
s h i e l d ,  and d i f f e r e n c e s  i n  l eng th  of t h e  hanger rods.  E leva t ion  of 
t h e  o r i f i c e  p l a t e  w i l l  a l s o  vary with temperature.  
temperature  inc reases ,  t h e  hanger rod  w i l l  lengthen.  T h i s  causes  
t h e  o r i f i c e  p l a t e  t o  move down w i t h  r e s p e c t  t o  the  moderator cane, 
Inc reas ing  temperature a l s o  lengthens  t h e  moderator cans.  The n e t  
e f f e c t  of a l l  thermal expansion i 6  t o  move t h e  o r i f i c e  p l a t e  down- 
ward i n  the  spacer  r i n g  by approximately 1-9 inches over a 
temperature  range from 550°F t o  950°F. 

As t h e  r e a c t o r  

Hydraulic measurements were conducted f o r  two ho le  s i e e s  with 
t h e  o r i f i c e  p l a t e  l o c a t e d  a t  t h e  e l e v a t i o n s  noted i n  Figure 4, page 

9. 
-2 .5 .  Figure 5 ,  page 10, is a p l o t  of  t h e  raw data, ob ta ined  with 
water ,  f o r  3/8-inch o r i f i c e  ho le s  at  t h e  v e r t i c a l  l o c a t i o n s  noted i n  
F igure  5. 
reduced t o  sodium at  a temperature of 750°F. The d a t a  f o r  e l e v a t i o n €  
of  -0.25, -0.50, -1.50, -2.50 and -3.50 a l l  f a l l  on t h e  same straight 

l i n e .  Therefore ,  no v a r i a t i o n s  i n  flow would r e s u l t  from changing 
t h e  e l e v a t i o n  a6 l o n g  as tde  o r i f i c e  p l a t e  is completely i n s i d e  t h e  
spacer  r i n g .  Figure 7, page 12 ,  is  a p l o t  of  t h e  raw data obta ined  
w i t h  water f o r  1/2-inch o r i f i c e  ho le s  a t  va r ious  v e r t i c a l  l o c a t i o n s ,  
a l l  wi th in  t h e  spacer  r i n g .  
t h a t  flow r a t e  is  independent of those  e l e v a t i o n s  completely i n s i d e  
t h e  spacer  ring. 

The o r i f i c e  assembly is  shown do t t ed  i n  Figure 4 a t  e l e v a t i o n  

Figure 6, page 11, is a p l o t  of t he  data i n  F igure  5 

The 1/2-inch data v e r i f i e s  t h e  f a c t  

Overa l l  p r e s w r e  drop f o r  t h e  f u e l  element with no o r i f i c e  
p l a t e  i s  p l o t t e d  i n  Figure 1. 
7 t o  19% higher ,  a t  the  same pres su re  drop, than  t h e  flow r a t e  
determined i n  another  t e s t  of t h e  same f u e l  element (Referencp 4). 

The hydraul ic  measurements i n  Reference 4 were obtained us ing  

Flow rates obta ined  i n  t h i s  t e s t  a r e  

a g i f f e r e n t  tube  t o  s imula te  t h e  coolan t  channel and i t  is l i k e l y  
t h a t  t h e  i n t e r i o r  o f  t h e  Reference 4 tube may have o f f e r e d  a h igher  
r e s i s t a n c e  t o  flow. The Reference 4 tube was made of mild s t e e l  and 

730-V-45 (REV 5-59)  
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dep06itS of oxide ( r u s t )  quickly covered t h e  i n t e r i o r ;  the  tube uaed 
in t he  present  experiments was made of type 304 s t a i n l e s s  s t e e l  and 
va8 not sub jec t  t o  rus t ing .  

t he  elope of t h e  data i n  t h i s  experiment is 1.86. The pressure  drop 
of a f u e l  element in a procese tube is predominently f r i c t i o n a l ,  and 
da ta  should the re fo re  y i e l d  a Slope of approximately 1.84. 
pressure  drop measurements were repeated seve ra l  weeks a f t e r  t h e  

Furthermore, t he  Slope of t h e  data in Reference 4 is 2.03, while f 

' 
1 
i The 

I 

i n i t i a l  t e s t s  and produced i d e n t i c a l  d a t a .  Therefore,  it is  I 

I 
I considered t h a t  t h e  da t a  repor ted  i n  t h i s  work are more r e l i a b l e .  
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Figure 3. Photographs of Orifice Assembly 
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