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A  TWO S T A G E  2 1 0 0  O F  H E L I U M  G A S  H E A T E R  

F O R  T H E  A T R  M O D E L  G A S  L O O P  

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 i s c u s s e s  a  new h e a t e r  

f o r  u s e  i n  a  model g a s  l o o p .  T h i s  

h e a t e r  i s  p r o t o t y p i c  o f  t h e  one  b e i n g  

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

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

F a l l s .  Des ign  c a l c u l a t i o n s  f o r  t h i s  

h e a t e r  a r e  t h e  t r i a l  a n d  e r r o r  t y p e  

and w i l l ,  t h e r e f o r e ,  n o t  be  i n c l u d e d  

i n  t h i s  r e p o r t .  

To e v a l u a t e  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 a n  a p p r o x i -  

X 
Formerly Hanford Labora tor i e s  

m a t e l y  o n e - t e n t h  s c a l e  model l o o p  was 

c o n s t r u c t e d  a t  P a c i f i c  N o r t h w e s t  * 
L a b o r a t o r y .  The ATR Loop i s  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 ,  r e c i r c u l a t i n g ,  

h e l i u m  g a s  l o o p .  

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

i t s  o r i g i n a l  form 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  7 0 0  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 s  up 

t o  2 1 0 0  OF. L a t e r  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  

s c o p e  s t a g e ,  i t  became a p p a r e n t  t h a t  

t h e  o r i g i n a l  g a s  l o o p  was no l o n g e r  

a n  a d e q u a t e  model .  S i n c e  t h e  new 

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

FIGURE 1 .  O r i g i n a l  H i g h  Temperature 
Model Gas Loop Before  A p p l i c a t i o n  o f  
Outer  I n s u l a t i o n .  



s i g n i f i c a n t  d e p a r t u r e s  from commer- bo th  t h e  ATR h e a t e r  and t h e  model 

c i a 1  p r a c t i c e ,  i t  was dec ided  t o  

modify t h e  model l o o p  ( F i g u r e s  2 - 4 ) .  

E x t r a p o l a t i o n  of  d a t a  from t h e  

o r i g i n a l  model l o o p  h e a t e r  i n d i c a t e d  

t h a t  t h i s  t ype  of  h e a t e r  would n o t  

meet t h e  r e q u i r e m e n t s  f o r  t h e  h e a t e r  

i n  t h e  ATR Loop; t h e r e f o r e ,  a  new 

model h e a t e r  was c o n s t r u c t e d .  

S U M M A R Y  

A gas  h e a t e r  i n c o r p o r a t i n g  t h e  

major  d e s i g n  f e a t u r e s  o f  t h e  ATR g a s  

h e a t e r  has  been b u i l t ,  i n s t a l l e d ,  and 

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

ga s  l oop .  The h e a t e r  r e p r e s e n t s  a  

s i g n i f i c a n t  d e p a r t u r e  from commercial 

p r a c t i c e s  o f  g a s  h e a t i n g ,  and a  number 

o f  t e c h n i c a l  problems a p p l i c a b l e  t o  

h e a t e r  were s o l v e d  d u r i n g  t h e  

f a b r i c a t i o n  o f  t h e  model h e a t e r .  

D I S C U S S I O N  

D E S I G N  C R I T E R I A  

P r e l i m i n a r y  c a l c u l a t i o n s  made f o r  

t h e  ATR h e a t e r  i n d i c a t e d  a  n o v e l  

d e s i g n  would be r e q u i r e d  t o  match h e a t  

t r a n s f e r  r e q u i r e m e n t s  w i t h  t h e  a l l o c a t e d  

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

A h e a t e r  concep t  t h a t  would meet 

t h e  r e q u i r e m e n t s  o f  t h e  ATR h e a t e r  

would have two c o n c e n t r i c  s t a g e s  of  

t u b u l a r  h e a t i n g  e l e m e n t s  w i t h  g a s  f l ow  

th rough  t h e  i n s i d e  o f  t h e  h e a t i n g  

e lement  t u b e s .  The f i r s t  s t a g e  h e a t -  

i n g  e l emen t s  would be Nichrome, and 

t h e  s e c o n d - s t a g e  h o t t e r  e l e m e n t s ,  a  

FIGURE 2 .  Mode2 Loop During X o d i f i c a t i o n s .  



FIGURE 3 .  Mode2 Loop A f t e r  M o d i f i c a t i o n s .  
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FIGURE 4 .  H i g h  T e m p e r a t u r e  Gas Loop 



r e f r a c t o r y  m e t a l .  The t u b e  would be 

r e s i s t a n c e  h e a t e d  and su r rounded  by 

ceramic  i n s u l a t i o n .  Gas i n l e t  would 

be t h rough  a  s i d e  o f  t h e  h e a t e r  n e a r  

t h e  o u t l e t  end ,  w h i l e  e l e c t r i c a l  l e a d -  

i n s  would a l s o  be  t h r o u g h  t h e  s i d e ,  

b u t  a t  t h e  o p p o s i t e  end from t h e  

i n l e t .  

The model l o o p  f u r t h e r  r e s t r i c t e d  

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

f o l l o w i n g :  

I n l e t  g a s  t empera tu re - -1500  O F  

O u t l e t  g a s  t empera tu re - -2100  O F  

Atmosphere- -pure  hel ium gas  

Maximum working p r e s s u r e - - 3 5 0  p s i g  

Maximum f low  r a t e - - 5 0 0  1 b / h r  

Maximum p r e s s u r e  d rop - -1 .5  t o  

2.0 p s i  

These s cope  d e s i g n s  and t h e  p r e l i m i -  

n a r y  c a l c u l a t i o n s  were used  a s  a  base  

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

t h e  model g a s  l oop .  

D E S I G N  D E S C R I P T I O N  

The new model l oop  h e a t e r  ( F i g u r e  5 )  

ha s  an o u t e r  r i n g  of  Nichrome t u b e s  and 

employs a  f low r e v e r s a l  t o  an i n n e r  

r i n g  o f  molybdenum t u b e s .  Alumina 

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

an e l e c t r i c a l  i n s u l a t o r  and f l o w  b lock  

t o  f o r c e  t h e  m a j o r i t y  of  ga s  t h rough  

t h e  i n s i d e  of  t h e  h e a t e d  t u b e s .  A t h i n  

wa l l ed  c y l i n d e r  (Haynes-25) s u r r o u n d s  

t h e  i n n e r  second  s t a g e  ce r amic  t o  a c t  a s  

a  f l ow  s e p a r a t o r  between t h e  two s t a g e s  

of  t h e  h e a t e r .  Another  t h i n  w a l l e d  

c y l i n d e r  (Has t e l l oy -X)  s u r r o u n d s  t h e  

o u t e r  1 s t  s t a g e  ce r amic  and c o n n e c t s  

w i t h  t h e  i n l e t  opening  t o  h e l p  channe l  

t h e  g a s  t h rough  t h e  h e a t i n g  e l emen t s .  

Hea t i ng  e lement  t u b e s  f o r  e ach  s t a g e  

of  t h e  h e a t e r  form a  s i n g l e  phase  s e r i e s  

e l e c t r i c a l  c i r c u i t .  Each t u b e  i s  con-  

n e c t e d  t o  i t s  n e i g h b o r  and t o  power 

s u p p l y  e l e c t r o d e s  by a  "Dogbone" shaped  

Stainless Steel 

F I G U R E  5 .  H i g h  T e m p e r a t u r e  Gas Loop 
H e a t e r  



c o n n e c t o r  ( F i g u r e  6 ) .  One i n c h  diam- 

e t e r  r o d s  o f  molybdenum c o n n e c t  two of  

t h e  molybdenum t u b e s  t o  f l e x i b l e  n i c k e l  

b r a i d  ( F i g u r e  7 ) ,  which i n  t u r n  a r e  

c o n n e c t e d  t o  w a t e r  c o o l e d  n i c k e l  e l e c -  

t r o d e s  t h a t  p e n e t r a t e  t h e  p r e s s u r e  

s h e l l .  Two o f  t h e  Nichrome t u b e s  a r e  

c o n n e c t e d  t o  n i c k e l  b r a i d  and o u t e r  

e l e c t r o d e s  t h r o u g h  1 i n .  diam n i c k e l  

r o d s .  T h i s  c o m p l e t e s  t h e  i n t e r n a l  t o  

e x t e r n a l  e l e c t r i c a l  c i r c u i t .  The 

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

s h e l l  a r e  e l e c t r i c a l l y  i n s u l a t e d  from 

t h e  s h e l l  by a  c e r a m i c  s l e e v e ,  and g a s  

l e a k a g e  a round  t h e  e l e c t r o d e s  i s  p r e -  

v e n t e d  by a  c o m b i n a t i o n  o f  3 r u b b e r  

O - r i n g s  and s i l i c o n e  r u b b e r  s e a l a n t  

( F i g u r e  8 ) .  

An o u t e r  w a t e r  j a c k e t  ( n o t  shown i n  

F i g u r e  5 )  and m e t a l l i c  f o i l  i n s u l a t i o n  

a r o u n d  t h e  a l u m i n a  w i l l  r e d u c e  t h e  

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

s h e l l  t o  l e s s  t h a n  300  O F .  

D E S I G N  D E T A I L S  

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

f o r  t h e  d e s i g n  work a r e  shown i n  

T a b l e  I .  

F A B R I C A T I O N  

The a c t u a l  f a b r i c a t i o n  o f  t h e  model 

h e a t e r  became t h e  p r o v i n g  ground  f o r  

some o f  t h e  d e t a i l  d e s i g n s .  Some d e -  

s i g n s  were ,  o u t  o f  n e c e s s i t y ,  changed 

i n  t h e  f i e l d ;  however ,  t h e  m a j o r  p r o b -  

lems were i n  t h e  f o l l o w i n g  a r e a s :  

D i f f i c u l t y  o f  o b t a i n i n g  components  

from i n d u s t r y  

C o n n e c t i o n  o f  t u b u l a r  h e a t i n g  

e l e m e n t s  t o  "dogbone" c o n n e c t o r s  

F l e x i b l e  c o n n e c t i o n s  between 

e x t e r n a l  and i n t e r n a l  e l e c t r o d e s  

FIGURE 6 .  H e a t e r  1 s t  S t a g e  (Nichrome 
E l e m e n t s )  



FIGURE 7 .  N ick l e  B r a i d  F l e x i b l e  
Connectors  

Ceramic 

Cooling 
S t e e l  

FIGURE 8 .  0-Ring E lec t rode  S e a l  



T A B L E  I .  Mode2 Gas L o o p  H e a t e r  CaZcuZa ted  VaZues  f o r  D e s i g n  

I .  Env i ronment  

A .  Atmosphere  - Pure  Helium 
B .  P r e s s u r e  - 345 p s i g  
C .  Flow R a t e  - 500 l b / h r  

11. C o n s t r u c t i o n  
Number Wal l  

I t e m  M a t e r i a l  o f  Tubes  L e n g t h  O . D .  - - - T h i c k n e s s  

1s t  S t a g e  Nichrome 12 5  1 0 .640  0 .0625  i n .  
2nd S t a g e  Molybdenum 6  39 1 / 2  0.635 0 .045  i n .  
P r e s s u r e  S h e l l  S t a i n l e s s  S t e e l  6  f t  1 2  i n .  S c h e d u l e  40 
I n s u l a t i o n  I n c o n e l  F o i l  3 i n .  

111. E l e c t r i c  Power 

A .  Needed Power 55 kW p e r  s t a g e  
B .  R a t e d  Power 

1. Nichrome e l e m e n t s  - 60 klV (120 V @ 500 A) 
2 .  Molybdenum e l e m e n t s  60 kW (50 V @ 1200  A) 

C .  Each s t a g e  s i n g l e  p h a s e  s e r i e s  A . C .  c i r c u i t  

IV. O p e r a t i n g  Tube T e m p e r a t u r e s  (500 l b / h r  f l o w  a t  f u l l  power)  

Tube I n l e t  

Nichrome 1675  OF 
Molybdenum 2075 OF 

Out l e t  

V.  Gas T e m p e r a t u r e s  

A. H e a t e r  I n l e t  1500 OF 
B .  Nichrome O u t l e t  1800 OF 
C .  Molybdenum O u t l e t  2100 OF 

VI.  Flow Data  

A .  Reyno lds  Number 
1. Nichrome Tubes  1 . 0 9 5  x  1 0  4 

2. Molybdenum Tubes  1 . 7 8  x  l o 4  
B.  T o t a l  P r e s s u r e  Drop a t  maximum f l o w  1 . 8 5 6  p s i  

V I I .  C o n t r o l  

By t h e r m o c o u p l e  r e s p o n s e  o f  g a s  t e m p e r a t u r e  a t  o u t l e t  o f  e a c h  s t a g e .  

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

o t h e r  components  

M e t a l  f o i l  i n s u l a t i o n .  

Component A c q u i s i t i o n  

I n d u s t r y ,  i n  g e n e r a l ,  i s  q u i t e  

r e l u c t a n t  t o  b i d  on  s m a l l  o r d e r s  o f  

r a t h e r  u n u s u a l  i t e m s ;  e s p e c i a l l y  when 

no  f u t u r e  m a r k e t  c a n  r e a d i l y  be  s e e n .  

Such r e l u c t a n c e  i n c r e a s e d  t h e  t i m e  

r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  o f  t h e  

h e a t e r  and  c a u s e d  a  g r e a t e r  number o f  

p a r t s  t o  b e  f a b r i c a t e d  o n s i t e .  For  

e x a m p l e ,  a l t h o u g h  Nichrome i s  a  common 

h e a t i n g  e l e m e n t  m a t e r i a l ,  i t  was q u i t e  

d i f f i c u l t  t o  o b t a i n  i n  t h e  t u b u l a r  

form a n d  p a r t i c u l a r  s i z e  t h a t  was n e e d e d  

f o r  t h e  h e a t e r  ( T a b l e  I ) .  Molybdenum 



tubing, a relative newcomer to industry temperature, elements of the heater. 

has made large strides in quality and Only a refractory metal (Mo, Ta, Cb, W) 
availability in the last 2 years. Un- can be depended on for the high tempera- 

fortunately, at the time the model ture elements because of the approximate 

heater order was placed it was neces- 3000 O F  temperature expected in the ATR 

sary to accept the tubing on "best heater. At the time a choice of metal 

effort" basis. The molybdenum tubing had to be made the only industrial ex- 

that did arrive was badly striated on perience with refractory metal furnace 

the inside and 3 months late on delivery. elements in inert atmospheres was with 

High purity alumina, another common molybdenum in hydrogen furnaces. Thus, 

material, is also quite difficult to it was on this basis that "moly" was 

obtain in the size and shape required. selected. 

The ceramic surrounding the heating Since the model heater was constructed 

element tubes was made in 2 in. thick primarily as a design aid for the ATR 

rings and disks because industry could heater, the heating tubes with their 

not supply large sections of close connectors had to be applicable for use 

tolerance alumina components. in the ATR heater. The fully assembled 

Tube Connections 

Heating element tubes for each stage 

of the heater are connected to its neigh- 

bor and to power supply electrodes to 

form a series electrical circuit. Since 

it is desirable to minimize connector 

heat losses, good electrical contact 

between the tube and connector must be 
maintained. The Nichrome tubes were 

joined through a nickel connector 

(Figure 6), and rolled out against the 

connector by an expanding mandrel. 

(This is a standard procedure for heat 

exchanger tubes.) The ends of the tubes 

were then seal welded to the connectors. 

ATR heater must be transported from the 

construction site to Idaho Falls. The 

molybdenum tubing as received for the 

model heater was very brittle, and 

attempts to roll-fit the moly tubes 

into connectors, as was done with the 

Nichrome, was unsuccessful. Expan- 

sion rolling was tried at temperatures 

up to 500 OF with as-received tubing, 
tubing that had internal striations 

removed and heat-treated tubing (the 

' \ , '  ~ 1 '  \ ', ,; -.- -~ . ..- 
: I . '  : 

, I  

. . \ \ 

A sample rolled tubing-connector joint .. * - .  

placed in a vacuum furnace at 2000 OF . . . 
for 1 week provided a completely diffu- 

sion bonded joint (Figure 9). This -1 ~ i . f  -- 
'-v 

indicated that the joint would give 

excellent electrical as well as mechan- Original 
4 Boundary - 

ical contact and should diffusion bond 
- 

l O O X  
during service. 

Molybdenum was selected as the mate- 

rial for the second stage, higher FIGURE 9. Diffusion Bond N i - N i C r  



a s - r e c e i v e d  t u b i n g  was s e v e r e l y  c o l d -  t u b e s  and  c o n n e c t o r s  f r o  t h e  model 

w o r k e d ) .  I n  a l m o s t  a l l  c a s e s  l o n g i -  h e a t e r  were  machined t o  form a  l o c k i n g  

t u d i n a l  c r a c k s  a p p e a r e d  i n  t h e  t u b i n g ;  t a p e r .  The t u b e s  were  g e n t l y  t a p p e d  

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

c o n s i d e r e d  n o t  d e p e n d a b l e  f o r  t h i s  s e a l - w e l d e d  t o  t h e  c o n n e c t o r s .  The 

o r d e r  o f  molybdenum t u b i n g .  S h r i n k  w e l d i n g  was done i n  a  c o n t r o l l e d  a tmos-  

f i t t i n g ,  by d i p p i n g  a  sample  o f  t u b i n g  p h e r e  chamber by t h e  t u n g s t e n - i n e r t -  

i n t o  l i q u i d  n i t r o g e n ,  d i d  n o t  p r o d u c e  g a s  method (TIG).  Al though  w e l d i n g  

a  s a t i s f a c t o r y  j o i n t  b e c a u s e  t h e  c o e f -  was i n i t i a l l y  c o n s i d e r e d  and  d r o p p e d  

f i c i e n t  o f  e x p a n s i o n  o f  molybdenum i s  a s  a  means o f  j o i n i n g  t h e  moly t u b e s  

s m a l l ,  ( 2 . 7  x  ~ o - ~ / o F  a t  room t e m p e r a t u r e )  and  c o n n e c t o r s ,  s e a l - w e l d i n g  was con-  

and  v e r y  l i t t l e  d i m e n s i o n a l  change  c o u l d  s i d e r e d  s a t i s f a c t o r y  f o r  t h e  model 

b e  a c h i e v e d .  h e a t e r  w h i l e  work c o n t i n u e d  on  a  method 

P r e s s  f i t t i n g  o f  t h e  t u b e  i n t o  a  t o  form a  good c o n t a c t ,  d u c t i l e  j o i n t  

c o n n e c t o r  was t r i e d  w i t h  s m a l l  t u b e  f o r  t h e  ATR h e a t e r  molybdenum 

s a m p l e s .  E x t r a p o l a t i o n  o f  t h e  f o r c e  components .  

r e q u i r e d  f o r  t h e  p r e s s  and t h e  c o n s i -  

d e r a t i o n  o f  t h e  h i g h  t e n d e n c y  o f  F l e x i b l e  C o n n e c t o r s  

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

b u c k l i n g  m i g h t  o c c u r  w i t h  t h e  f u l l  t r o d e s  e n t e r i n g  t h e  s i d e  o f  t h e  h e a t e r  

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

Welding o f  t u b e s  t o  c o n n e c t o r s  was ments  p r o v i d e d  a n o t h e r  p rob lem a r e a .  

i n i t i a l l y  r u l e d  o u t  b e c a u s e  p r e v i o u s  Dimens iona l  c h a n g e s  due t o  t h e r m a l  

i n d u s t r i a l  e x p e r i e n c e  w i t h  we lded  e x p a n s i o n  o f  t h e  h e a t i n g  e l e m e n t s  and 

molybdenum j o i n t s  had  shown e x t r e m e  t h e  p o r t i o n  o f  e x t e r n a l  e l e c t r o d e  

b r i t t l e n e s s  i n  t h e  we ld  zones  below p e n e t r a t i n g  t h e  p r e s s u r e  s h e l l  had  t o  

a b o u t  400 OF. be  c o n s i d e r e d .  Also  t h i s  a r e a  o f  t h e  

B r a z i n g  was c o n s i d e r e d  and  d r o p p e d ,  model h e a t e r  m i g h t  r e a c h  1700 OF, 

b e c a u s e  m a t e r i a l  o f  t h e  b r a z i n g  corn- which  meant  t h e r e  would be a  m a t e r i a l s  

pound c o u l d  d i f f u s e  down t h e  h e a t i n g  p rob lem a s  w e l l  a s  a  s t r u c t u r a l  p r o b -  

t u b e  and  c o u l d  c a u s e  h o t  s p o t s .  B r a z e  lem. I n  a n  a t t e m p t  t o  s o l v e  t h e s e  

j o i n t s  a r e  a l s o  c o n s i d e r e d  b r i t t l e ,  s o  p r o b l e m s ,  t h i n  s h e e t s  o f  n i c k e l  were  

l i t t l e  g a i n  would h a v e  b e e n  made. l a m i n a t e d  be tween  b o l t - o n  n i c k e l  

S i n c e  t h e  l i t e r a t u r e  on molybdenum c l a m p s ,  and t h e  e n t i r e  a s s e m b l e  was 

i n d i c a t e d  t h a t  s u c c e s s f u l  d i f f u s i o n  b e n t  i n t o  a  U s h a p e .  S i n c e  s o  many 

bonding  must  be  done a t  t e m p e r a t u r e s  s h e e t s  were  n e c e s s a r y  t o  p r o v i d e  s u f -  

above  r e c r y s t a l l i z a t i o n ,  s u c h  bond ing  f i c i e n t  a r e a  f o r  c a r r y i n g  t h e  c u r r e n t ,  

was d ropped  a s  a  p r e o p e r a t i o n a l  j o i n i n g  t h e  s t r u c t u r e  became t o o  r i g i d ;  t h e r e -  

t e c h n i q u e .  f o r e ,  n i c k e l  b r a i d ,  b e i n g  v e r y  f l e x i -  

I n f o r m a t i o n  t o  be  g a i n e d  f rom con-  b l e ,  was s u c c e s s f u l l y  s u b s t i t u t e d  

s t r u c t i o n  and o p e r a t i o n  o f  t h e  model ( F i g u r e  7 ) .  However,  p u r c h a s i n g  t h i s  

h e a t e r  was c o n s i d e r e d  q u i t e  i m p o r t a n t  b r a i d  was d i f f i c u l t  b e c a u s e  i n d u s t r y  

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

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



Super -Al loy  L i n e r s  

The i n n e r  l i n e r  (Haynes-25 0 . 1  i n .  

t h i c k )  and t h e  o u t e r  l i n e r  (Has t e l l oy -X  

0.125 i n .  t h i c k )  were r o l l e d  i n t o  

c y l i n d e r s  from s h e e t  s t o c k .  Normal 

commercial p r o c e d u r e s  f o r  forming 

c y l i n d e r s  from s h e e t  s t o c k  d i d  n o t  

p r o v i d e  c l o s e  enough t o l e r a n c e s  on 

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

co f i t  w i t h  t h e  c l o s e  t o l e r a n c e  c e -  

ramic  p i e c e s .  As a  r e s u l t ,  e x t e n s i v e  

b o r i n g  of  t h e  c y l i n d e r s  was n e c e s s a r y  

t o  " t r u e "  them. The t r u e i n g  p r o c e s s  

was v e r y  t ime  consuming due t o  con-  

s t a n t  ad ju s tmen t s  o f  t h e  t oo l -work  

p i e c e  a l i gnmen t  ( t h i n  w a l l e d  m a t e r i a l  

t e n d s  t o  d r i f t  t o  t h e  s i d e )  and t h e  

ex t reme ha rdnes s  of  s u p e r - a l l o y s .  

Meta l  F o i l  I n s u l a t i o n  

The major  problem w i t h  t h e  f a b r i -  

c a 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  was 

m a s t e r i n g  a  f a b r i c a t i o n  t e c h n i q u e .  

The i n s u l a t i o n  i s  composed of  a  m e t a l  

( s u p e r a l l o y )  i n n e r  l i n e r ,  a  con t inuous  

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

and an o u t e r  l i n e r  o f  s t a i n l e s s  s t e e l .  

Although t h e  i n c o n e l  i s  o n l y  2 m i l s  

t h i c k ,  it i s  c o r r u g a t e d  f o r  e x t r a  

s t r e n g t h  and f o r  p r o v i d i n g  a  minimum 

c o n t a c t  a r e a .  A f t e r  t h e  f o i l  was 

wound t o  form a  s e c t i o n  app rox ima te ly  

30 l a y e r s  p e r  i n c h  t h i c k ,  t h e  o u t e r  

l i n e r  was s l i d  o v e r  t h e  f o i l ,  and t h e  

assembly  was p a r t i a l l y  f i l l e d  w i t h  

w a t e r  which was t h e n  f r o z e n  by d i p p i n g  

i n  l i q u i d  n i t r o g e n .  Next ,  t h e  f r o z e n  

assembly  was machined by normal machin- 

i n g  t e c h n i q u e s ,  and p i n s  were d r i v e n  

t h rough  t h e  i n n e r  and o u t e r  l i n e r s  t o  

a c t  a s  s u p p o r t s  w h i l e  i n  s e r v i c e .  The 

f o i l  was thawed and baked t o  d r i v e  o f f  

m o i s t u r e ;  t h e  s u p p o r t  p i n s  were f u s e d  

t o  t h e  i n n e r  and o u t e r  l i n e r s ;  and t h e  

assembly  was r eady  f o r  i n s t a l l a t i o n .  

O the r  Problem Areas 

Most o f  t h e  o t h e r  problems t h a t  

o c c u r r e d  were minor :  1 )  During f i n a l  

assembly ,  ceramic  e l e c t r i c a l  i n s u l a -  

t o r s  began c r a c k i n g  and a  f i e l d  

r e d e s i g n  was made. 2)  The main p r e s -  

s u r e  s h e l l  was p i p e  o r d e r e d  t o  commer- 

c i a l  t o l e r a n c e  and had t o  be  bored  

smooth on t h e  i n s i d e .  3) Welding 

caused  warping and mi sa l i gnmen t  which 

had t o  be  c o r r e c t e d .  

D e s p i t e  t h e  f o r e g o i n g  d i f f i c u l t i e s ,  

t h i s  advanced d e s i g n  h e a t e r  ha s  been 

i n s t a l l e d  i n  t h e  model l oop  and has  

been o p e r a t e d  s u c c e s s f u l l y  f o r  1600 h r  

a t  o u t l e t  t e m p e r a t u r e s  of  2000 OF t o  

2100 OF f o r  most o f  i t s  o p e r a t i n g  

t ime .  I t  i s  b e l i e v e d  t h a t  t h e  major  

t e c h n i c a l  problems f a c i n g  t h e  f a b r i c a -  

t i o n  of  t h e  ATR h e a t e r  were s o l v e d  

d u r i n g  c o n s t r u c t i o n  of  t h e  model 

h e a t e r .  
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