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T H E  A T R  H I G H  T E M P E R A T U R E  H E L I U M  L O O P  M O D E L  

D E S C R I P T I O N  A N D  C A P A B I L I T I E S  

P .  M .  J a c k s o n  a n d  R .  J .  E v a n s  

I N T R O D U C T I O N  

T h i s  r e p o r t  d e s c r i b e s  c o n s t r u c t i o n  

f e a t u r e s ,  c u r r e n t  a p p l i c a t i o n ,  and po-  

t e n t i a l  f u t u r e  a p p l i c a t i o n s  o f  a  h i g h  

t e m p e r a t u r e ,  h i g h  p u r i t y ,  h e l i u m  g a s  

l o o p  i n  o p e r a t i o n  a t  P a c i f i c  Nor thwes t  

L a b o r a t o r y  (PNL). The l o o p  i s  an  

a p p r o x i m a t e  o n e - t e n t h  s c a l e  model o f  a  

h i g h  t e m p e r a t u r e  m a t e r i a l s - t e s t i n g  

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

t h e  Advanced T e s t  R e a c t o r  (ATR), Idaho  

F a l l s .  

O r i g i n a l l y  t h e  model l o o p  was b u i l t  

t o  e v a l u a t e  m a t e r i a l  p rob lems  and 

v a r i o u s  d e s i g n  p a r a m e t e r s  o f  t h e  ATR 

Gas Loop. C u r r e n t l y ,  t h e  model l o o p  i s  

b e i n g  u s e d  a s  a  p i l o t  o p e r a t i o n  f o r  t h e  

ATR Gas Loop and a s  an o u t - o f - r e a c t o r  

c o n t r o l  i n  e v a l u a t i o n  o f  spec imen  

a s s e m b l i e s  t o  be i r r a d i a t e d  i n  t h e  ATR 

Gas Loop. 

I n  f u l f i l l i n g  i t s  o r i g i n a l  o b j e c t i v e  

t h e  model g a s  l o o p  o p e r a t e d  s u c c e s s f u l l y  

f o r  a p p r o x i m a t e l y  700 h r  a t  v a r i o u s  

h e a t e r  o u t l e t  t e m p e r a t u r e  up t o  2100 OF. 

When t h e  d e s i g n s  o f  t h e  ATR Loop were 

t a k e n  beyond t h e  c o n c e p t u a l  s t a g e ,  i t  

became a p p a r e n t  t h a t  t h e  t e n t h - s c a l e  

g a s  l o o p  was no  l o n g e r  an a d e q u a t e  

mode l .  S i n c e  t h e  ATK l o o p  c o n t a i n s  

f e a t u r e s  t h a t  were  s i g n i f i c a n t  d e p a r -  

t u r e s  from i t s  model and from commercial  

p r a c t i c e ,  i t  was n e c e s s a r y  t o  i n c o r p o r -  

a t e  t h e  new f e a t u r e s  i n t o  t h e  "model" 

l o o p .  T h i s  t a s k  h a s  been  c o m p l e t e d  and 

t h e  l o o p  h a s  t o  d a t e  undergone  an a d -  

d i t i o n a l  4000 h r  o f  o p e r a t i o n .  

S U M M A R Y  

The model l o o p  i s  a  h i g h  p u r i t y  g a s  

s y s t e m  w i t h  t h e  p o t e n t i a l  f o r  r e c i r c u -  

l a t i n g  500 l b / h r  h e l i u m  g a s  a t  300 p s i  

p r e s s u r e  and  a  maximum t e m p e r a t u r e  o f  

2100 OF. 

Loop c i r c u l a t i o n  i s  p r o v i d e d  by a  

two s t a g e  h e r m e t i c a l l y  s e a l e d  g a s  

b e a r i n g  c o m p r e s s o r ,  and a  d e s i r e d  f l o w  

r a t e  can  be a u t o m a t i c a l l y  o r  m a n u a l l y  

c o n t r o l l e d .  A h e a t e r  w i t h  c o n c e n t r i c  

n ichrome and molybdenum t u b u l a r  e l e m e n t s  

p r o v i d e s  o u t l e t  g a s  t e m p e r a t u r e s  t o  

2100 OF. Two t e s t  s e c t i o n s  a r e  i n c o r -  

p o r a t e d  t o  p e r m i t  e v a l u a t i o n  o f  com- 

p o n e n t s  and s p e c i m e n s ;  one i s  o r i e n t e d  

v e r t i c a l l y  t h e  o t h e r  h o r i z o n t a l l y .  An 

a t t e m p e r a t o r  d e v i c e  i s  i n c l u d e d  t o  

l i m i t  t h e  o u t l e t  g a s  t e m p e r a t u r e s  w i t h i n  

d e s i r e d  c o n d i t i o n s .  Complete i n s t r u m e n -  

t a t i o n  i s  i n c o r p o r a t e d  t o  m a i n t a i n  s a f e  

o p e r a t i n g  c o n d i t i o n s  w i t h  shutdown 

d e v i c e s  f o r  abnormal  c o n d i t i o n s .  Gas 

c l e a n - u p  equ ipment  was i n s t a l l e d  t o  

m a i n t a i n  t h e  l o o p  a tmosphere  a t  l e s s  

t h a n  one p a r t  p e r  m i l l i o n  o f  c o n t a m i -  

n a t i n g  g a s s e s .  

F u t u r e  a p p l i c a t i o n  o f  t h i s  s y s t e m  

would i n c l u d e  s u c h  u s e s  a s :  

Survey  t e s t s  on g a s  r e a c t o r  compo- 

n e n t  s  

T r a n s p o r t  phenomena s t u d i e s  

Magneto hydrodynamic phenomena 

And Hea t  T r a n s f e r  s t u d i e s  o f  f l u i d -  

i z e d  b e d s .  



D I S C U S S I O N  

The model  l o o p  ( F i g u r e  1 )  i s  a  

c l o s e d  s y s t e m  t h a t  r e c i r c u l a t e s  h i g h  

t e m p e r a t u r e ,  h i g h  p u r i t y  h e l i u m  g a s .  

The h e l i u m  g a s  f l o w s  f rom t h e  com- 

p r e s s o r  t h r o u g h  t h e  f l o w  o r i f i c e s  

and  f l o w  c o n t r o l  v a l v e s  t o  t h e  s h e l l  

s i d e  o f  t h e  r e g e n e r a t i v e  h e a t  e x c h a n g e r  

where  t h i s  g a s  i s  h e a t e d .  The p r e -  

h e a t e d  g a s  f l o w s  t o  t h e  ma in  h e a t e r  

where  t h e  t e m p e r a t u r e  i s  r a i s e d  t o  a  

maximum o f  2100 OF. The h o r i z o n t a l  

t e s t  s e c t i o n  i s  l o c a t e d  i m m e d i a t e l y  

downstream o f  t h e  h e a t e r  a n d  a b o u t  

5 f e e t  u p s t r e a m  o f  t h e  v e r t i c a l  t e s t  

s e c t i o n .  A f t e r  p a s s i n g  b o t h  t e s t  

s e c t i o n s ,  t h e  g a s  e n t e r s  t h e  t u b e  

s i d e  o f  t h e  r e g e n e r a t i v e  h e a t  e x c h a n g e r  

and  i s  c o o l e d .  F u r t h e r  g a s  c o o l i ~ l g  

i s  p r o v i d e d  by a n  a i r  t o  g a s  h e a t  

e x c h a n g e r  w h i c h  l i m i t s  t h e  g a s  t e m p e r a -  

t u r e  t o  a  640 OF maximum b e f o r e  i t  

r e - e n t e r s  t h e  c o m p r e s s o r .  

An a t t e m p e r a t o r  s y s t e m  i n j e c t s  t h e  

c o o l e r  g a s  f rom t h e  c o m p r e s s o r  i n t o  

t h e  o u t l e t  s i d e  o f  t h e  v e r t i c a l  t e s t  

s e c t i o n ,  when n e c e s s a r y ,  t o  p r e c o o l  

t h e  h o t  g a s  b e f o r e  i t  e n t e r s  t h e  r e g e n -  

e r a t i v e  h e a t  e x c h a n g e r .  Remote i n s t r u -  

m e n t a t i o n  i s  p r o v i d e d  t o  s a f e l y  o p e r a t e  

t h e  s y s t e m .  

M A J O R  C O M P O N E N T S  
1 

E i g h t  maj o r  componen t s  o f  t i le  model  

g a s  l o o p  a r e  a s  f o l l o w s :  

Compressor  

O r i f i c e s  a n d  Flow C o n t r o l  V a l v i n g  

R e g e n e r a t i v e  H e a t  E x c h a n g e r  
H e a t e r  

H o r i z o n t a l  a n d  V e r t i c a l  T e s t  S e c t i o n s  

A i r  t o  Gas H e a t  E x c h a n g e r  

A t t e m p e r a t o r  

I n s t r u m e n t a t i o n  

ATTEMPERATOR a; ..- ---..-.. 

COMPRESSOR 

FLOW 
ELEMENTS /FA 

HEATER 

w 
TEST SECTION 

Neg 0 6 5 0 9 1 2 - 1  

FIGURE 1 .  H i g h  T e m p e r a t u r e  Gas Loop 



Gas Compressor 

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

by a  h e r m e t i c a l l y  s e a l e d ,  v e r t i c a l  

two-s  t a g e ,  c e n t r i f u g a l ,  g a s - b e a r i n g  

compressor  d r i v e n  by a  synchronous  

motor .  The compressor  o u t p u t  i s  

v a r i e d  by r e g u l a t i n g  t h e  r o t o r  speed  

r from 5000 t o  24,000 rpm. Speed of t h e  

compressor  r o t o r  i s  c o n t r o l l e d  t h rough  

a  motor  g e n e r a t o r  s e t  which v a r i e s  t h e  

f r equency  from 60 t o  400 c y c l e s .  
I Water c o o l i n g  of  t h e  compressor  

p r e v e n t s  o v e r h e a t i n g  a t  ga s  i n l e t  tem- 

p e r a t u r e s  up t o  640 OF maximum. The 

compressor  c h a r a c t e r i s t i c s  a r e  i l l u s -  

t r a t e d  i n  F i g u r e  2 .  These c u r v e s  can  

be u sed  t o  p r e d i c t  t h e  amount o f  p r e s -  

s u r e  d rop  a v a i l a b l e  a t  any f low and 

compressor  s p e e d .  The v e r t i c a l  cu rve  

on t h e  g r aph  was o b t a i n e d  by d e c r e a s i n g  

t h e  compressor  speed  w i t h  t h e  f low 

c o n t r o l  v a l v e  f u l l y  open.  

I n  r e f e r e n c e  t o  F i g u r e  2 ,  i f  a  

300 l b / h r  f l ow  r a t e  i s  d e s i r e d ,  a  

specimen t r a i n  w i t h  a  maximum p r e s -  
s u r e  drop  of  1300 f t  he l i um (27.5 i n .  

H20 a t  100 OF, 150 p s i g )  c o u l d  be u t i -  

l i z e d  by o p e r a t i n g  t h e  compressor  a t  a  

speed  o f  20,000 rpm. 

150 p s l g  Model  G a s  Loop  
100 OF Hel ium C i r cu l a to r  
1 2 / 1 / 6 6  P e r f o r m a n c e  C u r v e s  

- 

- 

- 

- 

1300 Ft. Ile 

x#'u 
/ 

/ 
/ 

/ 
- 

/ 
/ 

10,000 r p m  / - 
-x< 0 

0 

I I I I 

FIGURE 2. Gas Compressor Characteristics 



O r i f i c e s  and  Flow C o n t r o l  V a l v i n g  o f  t h e  "U" t y p e  t o  r e d u c e  t h e  p r o b l e m s  

Flow c o n t r o l  o f  t h e  p r i m a r y  a n d  a s s o c i a t e d  w i t h  t h e r m a l  e x p a n s i o n .  

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

a u t o m a t i c a l l y  o r  m a n u a l l y .  The v a l v e s  H e a t e r  

a r e  p n e u m a t i c a l l y  o p e r a t e d  f rom t h e i r  The o r i g i n a l  s y s t e m  h e a t e r  h a s  

c o n t r o l  i n s t r u m e n t a t i o n  t h r o u g h  t h e  r e c e n t l y  been  r e p l a c e d  by  a  new d e s i g n  

s i g n a l  f rom t h e  f l o w  i n d i c a t i n g  o r i f i c e s .  

Once s e t ,  t h e  f l o w  w i l l  r emain  c o n -  

s t a n t  u n l e s s  t h e  s y s t e m  t e m p e r a t u r e  o r  

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

R e g e n e r a t i v e  H e a t  Exchanger  

The R e g e n e r a t i v e  H e a t  E x c h a n g e r ,  a  

t u b e - i n - s h e l l  t y p e  u n i t ,  c o o l s  t h e  g a s  

f l o w i n g  f rom t h e  t e s t  s e c t i o n  t o  t h e  

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

f r o m  t h e  c o m p r e s s o r  t o  t h e  h e a t e r .  

The u n i t  i s  a  c o u n t e r  f l o w  d e s i g n - t h e  

s u b s t a n t i a l l y  more p r o t o t y p i c  o f  t h a t  

r e q u i r e d  f o r  t h e  ATR Loop. A l t h o u g h  

b r i e f l y  d e s c r i b e d  h e r e ,  t h e  new h e a t e r  

was r e p o r t e d  i n  d e t a i l  i n  1966 .  ( 1 )  

The newly i n s t a l l e d  h e a t e r  ( F i g u r e  3) 
I 

i s  a  t w o - s t a g e  c o n c e n t r i c  t y p e  u n i t  i n  

w h i c h  t h e  g a s  p a s s e s  t h r o u g h  t u b u l a r  

h e a t i n g  e l e m e n t s .  The f i r s t  o r  low 

t e m p e r a t u r e  s t a g e  c o n s i s t s  o f  t w e l v e  

5 1 - i n .  l e n g t h s  o f  n ichrome t u b i n g  0 .640  

O D  x  0 . 0 6 2  w a l l  t h i c k n e s s  c o n n e c t e d  i n  

s e r i e s  w i t h  a  s i n g l e  p h a s e  60 kW power 

g a s  i s  c o o l e d  on i t s  p a s s a g e  t h r o u g h  1 .  R. J .  E v a n s .  A Two S t a g e  2100 O F  

t h e  c e n t r a l  t u b e s  w h i l e  t h e  r e t u r n  g a s  - H e l i u m  Gas H e a t e r  f o r  t h e  ATR Model 
Gas Loop,  BNWL-328, P a c i  f i e  N o r t h w e s t  

f l o w i n g  t h r o u g h  t h e  s h e l l  i s  s i m u l t a -  L a b o r a t o r y ,  R i c h l a n d ,  W a s h i n g t o n ,  
n e o u s l y  h e a t e d .  The Hea t  Exchanger  i s  November ,  1 9 6 6 .  

Neg 065091 2-1 
FIGURE 3 .  H igh  T e m p e r a t u r e  Gas Loop H e a t e r  



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

s t a g e ,  which i s  s i m i l a r l y  c o n n e c t e d  t o  

a n o t h e r  s i n g l e  p h a s e  60 kW e l e c t r i c a l  

s u p p l y ,  u t i l i z e s  s i x  39-1 /2  i n .  l e n g t h s  

o f  molybdenum t u b i n g  0 . 6 3 5  i n .  O D  x  

0 . 0 4 5  i n .  w a l l  t h i c k n e s s .  These t u b u -  

l a r  e l e m e n t s  a r e  c o n t i n u o u s l y  s u p p o r t e d  

w i t h i n  d i s c s  o f  h i g h  p u r i t y  aluminum 

o x i d e .  The s e c o n d  s t a g e  i s  l o c a t e d  

c o a x i a l l y  w i t h i n  t h e  f i r s t  s t a g e ,  t h u s  

t h e  g a s  f l o w  emerg ing  from t h e  f i r s t  

s t a g e  i s  r e v e r s e d  b e f o r e  e n t e r i n g  t h e  

s e c o n d  s t a g e .  Bypass f l o w  i s  p r e v e n t e d  

by a  l i n e r  between s t a g e s .  Gas e n t e r s  

a  n o z z l e  t h r o u g h  t h e  s i d e  o f  t h e  c y l i n -  

d r i c a l  s h e l l  and e x i t s  a x i a l l y  t h r o u g h  

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

i n s t r u m e n t a t i o n  p e n e t r a t i o n s  a r e  

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

T e s t  S e c t i o n s  

There  a r e  two t e s t  zones  i n  t h e  

model l o o p  where m a t e r i a l  spec imens  can  

be p l a c e d  f o r  e v a l u a t i o n  ( F i g u r e  4 ) .  

One t e s t  s e c t i o n  i s  o r i e n t e d  h o r i z o n -  

t a l l y ,  and t h e  o t h e r  v e r t i c a l l y .  

H o r i z o n t a l  T e s t  S e c t i o n  

The h o r i z o n t a l  t e s t  s e c t i o n  i s  l o -  

c a t e d  i m m e d i a t e l y  downstream of  t h e  

h e a t e r ;  t h u s ,  t h e  maximum t e s t  tem- 

p e r a t u r e s  a r e  o b t a i n e d  i n  t h i s  zone .  

The t e s t  zone i s  66  i n .  l o n g  and 4  

i n .  i n  d i a m e t e r .  Access  and i n s t r u -  

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

4  i n .  Gray lock  f i t t i n g  on t h e  down- 

s t r e a m  end o f  t h e  h o r i z o n t a l  t e s t  

s e c t i o n .  T e s t  t e m p e r a t u r e s  w i t h i n  

t h i s  t e s t  s e c t i o n  w i l l  v a r y  a b o u t  

175"  from a  maximum of  2100 OF a t  

t h e  h e a t e r  o u t l e t ,  w i t h  a  g a s  f l o w  

r a t e  o f  400 l b / h r .  

V e r t i c a l  T e s t  S e c t  i o n  

The v e r t i c a l  t e s t  s e c t i o n  i s  l o c a t e d  

a b o u t  5  f t  downstream o f  t h e  h o r i z o n -  

t a l  t e s t  s e c t i o n ;  t h e r e f o r e ,  t h e  

t e s t  t e m p e r a t u r e s  a r e  somewhat l o w e r .  

A t  a  2100 OF h e a t e r  o u t l e t  t e m p e r a -  

t u r e  w i t h  a  400 l b / h r  f l o w  r a t e ,  t h e  

t e s t  s e c t i o n  i n l e t  t e m p e r a t u r e  i s  

a b o u t  1875 OF, and t h e  o u t l e t  250 OF 

l e s s .  The v e r t i c a l  t e s t  chamber i s  

48 i n .  l o n g  w i t h  a  2 i n .  diam. A 

r e d u c t i o n  of  t h e  i n t e r n a l  i n s u l a t i o n  

t h i c k n e s s  c a n  p r o v i d e  an a l t e r n a t e  

4  i n .  diam n e a r  t h e  u p p e r  zone .  

E n t r y  i s  made t h r o u g h  a  4  i n .  a x i a l  

p o r t  s i m i l a r  t o  t h a t  f o r  t h e  h o r i z o n -  

t a l  s e c t i o n ,  and t h e  g a s  f l o w  p a s t  

t h e  t e s t  spec imens  i n  t h e  v e r t i c a l  

t e s t  s e c t i o n  i s  upward,  a s  i t  i s  i n  

t h e  ATR g a s  l o o p  t e s t .  s e c t i o n .  

A i r - t o - G a s  Heat  Exchanger  

To l i m i t  t h e  g a s  e n t e r i n g  t h e  com- 

p r e s s o r  t o  a  maximum o f  640 OF, t h e  

a i r  t o  g a s  h e a t  e x c h a n g e r  f u r t h e r  c o o l s  

t h e  g a s  l e a v i n g  t h e  r e g e n e r a t i v e  h e a t  

e x c h a n g e r .  M a i n t a i n i n g  t h e  c i r c u l a t o r  

i n l e t  t e m p e r a t u r e  n e a r  t h e  640 OF l i m i t  

m i n i m i z e s  t h e  l o o p  h e a t  l o s s e s .  O r i g i -  

n a l l y ,  t h e  h e a t  e x c h a n g e r  was w a t e r  

c o o l e d ;  however ,  c h a n g i n g  t o  a i r  c o o l -  

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

an e a s i l y  a d j u s t a b l e  m o d e r a t e  cooldown. 

A t t e m p e r a t o r  

The a t t e m p e r a t o r  i s  a  d e v i c e  where  

t h e  h o t  g a s  i s  c o o l e d  by mix ing  i t  w i t h  

c o o l e r  g a s .  I n  t h e  ATR g a s  l o o p  s y s t e m ,  

t h e  g a s  w i l l  be  h o t t e s t  when i t  f l o w s  

t h r o u g h  t h e  i n - r e a c t o r  t e s t  s e c t i o n .  

The c o n t a i n m e n t  p i p i n g  t e m p e r a t u r e s ,  

p r o d u c e d  by t h i s  h o t  g a s ,  would e x c e e d  



Neg 0 6 6 2 2 3 3 - 1  

FIGURE 4 .  H o r i z o n t a z  and  V e r t i c a l  T e s t  S e c t i o n s  



s a f e  o p e r a t i o n a l  l i m i t s  i f  t h e  g a s  

were  n o t  p r e c o o l e d  by an a t t e m p e r a t o r  

s y s t e m .  T h i s  t y p e  o f  s y s t e m  was i n -  

s t a l l e d  on t h e  model l o o p  t o  e v a l u a t e  

t h e  d e s i g n  p a r a m e t e r s .  A b y p a s s  f l o w  

o f  c o o l  g a s  f rom t h e  model l o o p  com- 

p r e s s o r  i s  u s e d  t o  mix w i t h  t h e  h o t  

g a s s e s  e x i t i n g  from t h e  v e r t i c a l  t e s t  

s e c t i o n .  To d a t e ,  t h e  a t t e m p e r a t o r  

s y s t e m  h a s  n o t  been  r e q u i r e d  f o r  o p e r a -  

t i o n  o f  t h e  model l o o p ;  however ,  i t  h a s  

p e r f o r m e d  s a t i s f a c t o r i l y  d u r i n g  e v a l u a -  

t i o n  t e s t s .  

I n s t r u m e n t a t i o n  

The i n s t r u m e n t  p a n e l  ( F i g u r e  5 )  con-  

t a i n s  t h e  n e c e s s a r y  i n s t r u m e n t a t i o n  t o  

a l l o w  a  manual  c o n t r o l  o f  t h e  l o o p  s y s -  

t em.  A l t h o u g h  s e v e r a l  o f  t h e  i n d i v i d u a l  

s y s t e m s  ( i . e . ,  f l o w - t e m p e r a t u r e - p r e s s u r e )  

have  a u t o m a t i c  s t e a d y  s t a t e  o p e r a t i o n a l  

c a p a b i l i t y ,  a c o m p l e t e l y  a u t o m a t i c  

s y s t e m  h a s  n o t  been e s t a b l i s h e d .  An 

e n u n c i a t o r  s y s t e m  i s  p r o v i d e d  t o  warn 

t h e  o p e r a t o r  o f  abnormal  c o n d i t i o n s ,  

and i f  s u c h  c o n d i t i o n s  c o n t i n u e ,  s a f e t y  

shutdown c i r c u i t r y  i s  a v a i l a b l e  t o  s h u t  

down e i t h e r  i n d i v i d u a l  components  o r  t h e  

t o t a l  l o o p  s y s t e m .  

Da ta  c o l l e c t i o n  i s  p r i m a r i l y  manua l ;  

however ,  s e l e c t e d  d a t a  i s  r e c o r d e d  con-  

t i n u o u s l y .  F i g u r e  6 shows t h e  p o s i t i o n s  

of  t h e  t h e r m o c o u p l e s  c u r r e n t l y  i n  u s e .  

A d d i t i o n a l  t h e r m o c o u p l e s  c a n  be  r e a d i l y  
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F I G U R E  5. Instrument P a n e i  



F I G U R E  6 .  TherrnocoupZe L o c a t i o n s  

installed through existing penetrations 

in either test sections, and indicating 

and/or recording instruments are avail- 

able for the readout of all thermocouples. 

Differential pressure measurements 

are currently being taken across the 

compressor, heater, and test sections. 

A U X I L I A R Y  S Y S T E M S  

In addition to the eight major com- 

ponents of the gas loop, there are three 

systems-gas purification, bypass clean- 

up, and gas monitoring-which are used 

for preparing, maintaining, and monitor- 

ing the helium gas purity. 

Gas Purification System 

To properly evaluate the effects of 

high temperatures on material properties 

specimens, it is necessary to maintain 

the specimens within a high purity 

inert gas atmosphere. Since its total 

impurities can be as high as 50 ppm, 

commercially available Grade A helium 

does not meet the purity requirements 

for this testing. Therefore, a helium 

purification system was developed to 

provide the high quality gas needed for 

the model loop operation. 

The purification system (Figure 7) 

is capable of generating ultra-high 

purity helium gas with less than 1 ppm 

total impurities including water from 

either commercial Grade A helium or 

from less pure gas stored within a 

balloon. The balloon is used to store 

spent gas from the loop and/or other 

experiments being conducted within the 
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building. A high pressure gas compres- tograph which is capable of detecting 

sor circulates the contaminated gas 

through a series of towers containing 

copper oxide and molecular sieves. 

These materials absorb the impurities, 

thus a pure gas is produced. 

Bypass Cleanup System 

Although high purity helium gas is 

initially charged into the system, 

during high temperature loop operation 

this gas will pick up contaminants 

caused by outgassing and leakage in- 

individual impurities to less than one 

volume part per million. Presently, 

impurity levels of the following con- 

taminants are determined: oxygen, hy- 

drogen, nitrogen, methane, and carbon 

monoxide. In addition, an electrolytic 

moisture monitor is used to determine 

the levels of water vapor. 

S Y S T E M  C O N S T R U C T I O N  

The model loop has been fabricated 

from a considerable array of materials. 

flow. A bypass cleanup system (Figures Originally, the system employed a 

8 and 9) has been installed to maintain double containment arrangement where 

the gas quality at a high level during the cooler shroud piping was pressurized 

system operation. A small gas flow from to relieve the stresses on the inner 

the circulator outlet is directed and much hotter primary piping. That 

through the cleanup system and returned system has since been replaced with 300 

to the circulator inlet where it mixes series stainless steel containment 

with the main loop flow. This system piping with internal metal foil insula- 

operates similarly to the gas purifica- tion which makes double containment 

tion system. The cleanup system is 

provided with dual molecular seive 

unnecessary. All portions of the loop 

between the regenerative heat exchanger 

towers; this system allows a change to and the vertical test sections are now 

regenerated towers when the gas analysis insulated with metal foil insulation and 

indicates the quality is decreasing. have water cooling jackets or tubes on 

The alternate towers can be regenerated the outer surface. This insulation is 

without an interruption in loop operation. composed of 2 mil thick inconel foil 

Gas Monitoring System 

The ultimate success of a test pro- 

gram conducted with a closed gas loop 

system depends upon the ability to 

know the quality of the recirculating 

gas within the system. A highly re- 

fined semiautomatic gas chromatograph (2) 

has been developed at PNL, and this 

unit (Figure 10) was selected for use 

on the model gas loop. The gas purity 

is routinely monitored by this chroma- 

sheets with a corrugated pattern to 

provide greater strength and a minimum 

contact area. The foil sheets are con- 

centrically wound on a liner fabricated 

of superalloy materials (Haynes 25- 

Hastelloy X). A 300 series stainless 

steel outer liner is pinned through the 

foil sheets to the inner liner and pro- 

vides a structurally sound uniformly 

thick insulation. The sections 

(Figure 11) are fitted to each other with 

labyrinth type joints which permit ade- 

quate space for thermal expansion with- 
2 .  D. W. Shannon,  "Chromatographic  

A n a l y s i s  o f  Helium C o n t a i n i n g  Trace  out allowing a direct path for gas flow 
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or thermal radiation to the outer con- 

tainment member. The water jackets 
and/or cooling tubes, fixed to the outer 

containment piping, provide system 

integrity by keeping the containment 

surface cool and, thus, within allowable 

stress values. Bleed ports have been 

installed on all cooling jackets to 

prevent hot spots from steam vapor 

buildup. The model loop piping (Figure 

12) is supported by conventional pipe 

hangers and rollers from a structural 

steel framework to reduce the effects 

of temperature stresses caused by 

thermal expansion and contraction. To 

provide maximum safety for operating 

personnel, the loop is located in a sep- 

arate room adjacent to the instrumenta- 

tion and auxiliary systems. 

CU R R E N T  APPLICATION 

Initially, the model loop was used 

as a design aid and development tool for 

construction of the ATR Gas Loop. Now, 

it evaluates components or test samples 

exposed to the high temperature gasses 

within the horizontal and vertical test 

sections. To date, one test assembly 

has undergone approximately 2000 hr of 

exposure within the horizontal test 

section; a second test assembly 

(Figure 13), 750 hr exposure within the 

vertical test section. 

The model loop is being used as the 

gas source for evaluating a gas chroma- 

tograph prior to its transfer to the 

ATR loop at Idaho Falls. This chromato- 

graph, designed and developed at PNL and 

fabricated in a vendor plant, has been 

returned to PNL for evaluation. This 

system (Figure 10) is automatically 

operated, has the same capabilities as 

described for the model loop chromato- 

graph; but, in addition, has the capa- 

bility of measuring total impurities. 

PO T E N T I A L  A P P L I C A T I O N S  

The uniqueness of the gas loop 

facility, ease of component replacement, 

excellent operating characteristics, 

and general versatility combine to make 

the model loop valuable for other 

Research and Development applications. 

Some potential uses would be as 

follol~s: 

Survey Tests on very high temperature 

gas reactor components such as in- 

sulation control valves, heat 

exchangers, linear activators, gas 

compressors, and blowers. 

Tests under prototypical conditions 

on small components for very high 

temperature gas reactors. Instrumen- 

tation, thermocouples, sonic resonance 

thermometers, and analytical probes 

are examples. 
Transport phenomena studies. 

Magnetohydrodynamic phenomena studies. 

Heat transfer studies involving high 

temperature fluidized beds. 
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