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A n  a n a l y s i s  of  t h e  g r a p p l e  s t e m  t e m p e r a t u r e  d u r i n g  
o p e r a t i o n  of  t h e  C R B R P  ( C l i n c h  R i v e r  B r e e d e r  
R e a c t o r  P l a n t )  I V T M  ( I n - V e s s e l  T r a n s f e r  M a c h i n e )  
i n d i c a t e s  t h a t  th e  m a x i m u m  s t e m  t e m p e r a t u r e  a t  
t h e  s t e m  s e a l s  w i l l  be  a b o u t  300 ° F  if  t h e  s e a l s  a r e  
a t  d e s i g n  e l e v a t i o n ,  w h e n  the  s y s t e m  i s  a t  d y n a m i c  
t h e r m a l  e q u i l i b r i u m .  If  th e  g r a p p l e  s t e m  i s  h e l d  
i n  t h e  l o w e r e d  p o s i t i o n  f o r  m o r e  t h a n  10 m i n u t e s  
( in  t h e  c a s e  of  t h e  s t e m  s e a l s  a t  th e  d e s i g n  e l e v a t i o n ) ,  
t h e  s t e m  t e m p e r a t u r e  a t  th e  s e a l s  w i l l  e x c e e d  300 ° F  
w h e n  t h e  s t e m  i s  r a i s e d .
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I. I N T R O D U C T I O N

T h e  r e s u l t s  o f  a n  a n a l y s i s  of  t h e  g r a p p l e  d r i v e  s t e m  t e m p e r a t u r e s  
a t  t h e  g r a p p l e  d r i v e  s t e m  r e c i p r o c a t i n g  s e a l s  d u r i n g  f u e l  t r a n s f e r  o p e r ­
a t i o n  of  t h e  I n - V e s s e l  T r a n s f e r  M a c h i n e  ( IV TM ) f o r  the  C l i n c h  R i v e r  
B r e e d e r  R e a c t o r  P l a n t  ( C R B R P )  a r e  p r e s e n t e d .

II. S Y S T E M  D E S C R I P T I O N  A N D  A S S U M P T IO N S .

F i g .  1 s h o w s  th e  i n - v e s s e l  s e c t i o n  of  t h e  I V T M .  T h e  e l e v a t i o n  
o f  t h e  g r a p p l e  d r i v e  s t e m  r e c i p r o c a t i n g  s e a l s  w a s  t a k e n  to  be  20" 
h i g h e r  t h a n  th e  d e s i g n  e l e v a t i o n  s h o w n  i n  F i g .  1. C o r r e s p o n d i n g l y ,  
th e  l e n g t h  of  t h e  g r a p p l e  d r i v e  s t e m  w a s  t a k e n  to  be  20" l o n g e r  t h a n  
s h o w n  in  F i g ,  I .

T h e  f o l l o w i n g  a s s u m p t i o n s  w e r e  m a d e  in  t h e  a n a l y s i s :

1. A m b i e n t  t e m p e r a t u r e

2. S o d i u m  p o o l  t e m p e r a t u r e

3.  C o v e r  g a s

4 .  E m i s s i v i t y  o£ a l l  s t e e l  s u r f a c e s

= 8 0 “F

= BOO'F 

= A r g o n  

= 0 . 3

5.  T h e  t e m p e r a t u r e  d i s t r i b u t i o n  in  t h e  top  h e a d ,  
r a d i a t i o n  s h i e l d s  a n d  t h e r m a l  s h i e l d s  w a s  
a s s u m e d  to  r e m a i n  c o n s t a n t  a n d  w a s  t a k e n  a s  
t h a t  w h i c h  p r e v a i l s  10 h o u r s  a f t e r  r e a c t o r  s h u t ­
d o w n  (R e f .  I ) .  T h i s  t e m p e r a t u r e  d i s t r i b u t i o n  
i s  s h o w n  in  F i g .  2.

6 .  G r a p p l e  d r i v e  s t e m  s t r o k e

7.  T h e  a s s u m e d  f u e l  t r a n s f e r  c y c l e  f o r  t h e  
IV T M  i s  s h o w n  in F i g .  3. T h e  t i m e  r e ­
q u i r e d  to  c o m p l e t e  e a c h  p h a s e  of  th e  c y c l e  
i s  s h o w n  in  m i n u t e s  a n d  s e c o n d s .  T h e  
c u m u l a t i v e  t i m e  to  c e r t a i n  p h a s e s  of  the  
c y c l e  i s  s h o w n  in  s e c o n d s  b y  th e  f i g u r e s  
in  p a r e n t h e s e s .

8.  T h e  m o v e m e n t  (40 1 / 2 "  s t r o k e )  of  th e  
h o l d - d o w n  s h a f t s  w i l l  h a v e  o n ly  a n  i n s i g ­
n i f i c a n t  p e r t u r b a t i o n  on  the  t e m p e r a t u r e  
d i s t r i b u t i o n  of  t h e  s y s t e m ,  a n d  c a n ,  
t h e r e f o r e ,  be  n e g l e c t e d  in th e  a n a l y s i s .

= 223 i n c h e s
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III. M E T H O D  O F C A L C U L A T IO N

C o m p u ter  p r o g r a m  D E A P  (R ef.  2) w a s  u se d .  To s im u la t e  
the g ra p p le  d r iv e  s t e m  m o t io n ,  the m o v in g  b ou n d ary  c o n cep t  w a s  
e m p lo y e d  in the fo r m u la t io n  o f  the h e a t  t r a n s f e r  n e tw o rk . (A d e s c r i p ­
t io n  of th is  m eth o d  o f  s o lu t io n  i s  g iv e n  in  A pp en d ix  A o f  R ef. 3. )

IV. R E SU L T S

F i g .  4 s h o w s  the t e m p e r a t u r e  d is tr ib u t io n  of the gra p p le  
d r iv e  s t e m  w h en  it  c o m p le t e s  i t s  upw ard s tr o k e ,  at a s p e e d  of 15 f t / m i n ,  
a f t e r  it  had b e e n  in  the lo w e r e d  p o s i t io n  lon g  enough  to have  r e a c h e d  
t h e r m a l  e q u i l ib r iu m .  It i s  s e e n  that d u rin g  th is  upward s tr o k e ,  the  
t e m p e r a t u r e  o f  the g r a p p le  d r iv e  s t e m  s l id in g  p a s t  the s e a l s  w i l l  ran ge  
f r o m  80 °F  to 500 ° F .  If it  i s  d e s i r e d  to l i m i t  the m a x im u m  t e m p e r ­
a tu r e  o f  the g r a p p le  d r iv e  s t e m  at the s e a l s  to 300 °F , it  can  be  
a c c o m p l i s h e d  by s to p p in g  the upw ard s tr o k e  w hen  the t e m p e r a t u r e  of  
the g r a p p le  d r iv e  s t e m  at the s e a l s  r e a c h e s  3 0 0 °F ,  and h o ld in g  the  
s t e m  at th is  p o s i t io n  lon g  en ou gh  fo r  i t  to co o l  s u f f ic ie n t ly  b e fo r e  
c o m p le t in g  the upward s t r o k e .  It can  be s e e n  f r o m  F ig .  4 that the  
t e m p e r a t u r e  o f  the g r a p p le  d r iv e  s t e m  at the s e a l s  w i l l  r e a c h  3 0 0 °F  
w h e n  the s t e m  i s  r a i s e d  to 72 in c h e s  b e lo w  the r a i s e d  p o s i t io n .  On 
the b a s i s  o f  r e s u l t s  o b ta in ed  in R ef .  3 f o r  an IVTM  and su p p ort  body  
h a v in g  s l ig h t ly  d i f f e r e n t  d im e n s io n s ,  the s t e m  w i l l  have  to  be h e ld  
in  th is  p o s i t io n  fo r  about an h ou r  fo r  it  to coo l enough  to p e r m it  
c o m p le t io n  o f  the upw ard  s tr o k e  w ith ou t the t e m p e r a tu r e  of the g ra p p le  
d r iv e  s t e m  e x c e e d in g  3 0 0 °F  at the s e a l s .  F r o m  th is  po in t on, the  
fu e l  t r a n s f e r  c y c l e  sh ow n  in  F ig .  3 can  be fo l lo w e d  w ith ou t the t e m ­
p e r a tu r e  o f  the  g ra p p le  d r iv e  s t e m  e x c e e d in g  3 0 0 ° F  at the s e a l s .

F i g .  5 s h o w s  the m a x im u m  te m p e r a tu r e  of the g ra p p le  d r iv e  
s t e m  in the r a i s e d  p o s i t io n  and F i g .  2 sh o w s  the t e m p e r a tu r e  d i s t r i ­
bution  in s t r u c t u r e s  s u r r o u n d in g  the g ra p p le  d r iv e  s te m ,  a f te r  en ou gh  
f u e l  t r a n s f e r  c y c l e s  h ave  b e e n  c o m p le te d  f o r  the s y s t e m  to have  
r e a c h e d  d y n a m ic  t h e r m a l  e q u i l ib r iu m .  It i s  s e e n  in F ig .  5 that the  
m a x im u m  s t e m  t e m p e r a t u r e  s e e n  b y  the s e a l s  i s  l e s s  than 300 °F , and  
in  F i g .  2 that the t e m p e r a t u r e s  o f  the s e a l  h o u s in g s  in  the upper end  
of  the n o z z le  w i l l  be l e s s  than  2 5 0 ° F .  It i s  a l s o  s e e n  f r o m  the t e m ­
p e r a tu r e  d is tr ib u t io n  show n in  Fig.* 2 that the t e m p e r a tu r e  of the 
h o ld -d o w n  a c tu a t in g  s h a f t s ,  w h ich  have  a s tr o k e  o f  40 1 /2 " ,  cou ld  
e x c e e d  300 ®F a t  the s e a l s  w hen  t h e s e  s h a ft s  a p p ro a ch  o r  r e a c h  the  
r a i s e d  p o s i t io n .

FOllM 719-1* iU:;V, 3-73
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F ig .  6 sh o w s  the ch a n g e  in te m p e r a tu r e  w ith  t im e  of the grap p le  
s t e m ,  su p p o rt  body, and s t e m  gu ide  tub e, i f  the  s t e m  is  h e ld  in the  
l o w e r e d  p o s i t io n  d u r in g  a f u e l  t r a n s f e r  c y c l e  a f t e r  the s y s t e m  had  
r e a c h e d  d y n a m ic  t h e r m a l  e q u i l ib r iu m .  S p e c i f i c a l ly ,  z e r o  (0) m in u te  
in F ig .  6 c o r r e s p o n d s  to 1234 s e c o n d s  in the  fu e l  t r a n s f e r  c y c le  
( s e e  F ig .  3), i . e .  , w hen  the s t e m  h a s  ju s t  r e a c h e d  the lo w e r e d  
p o s i t io n .  It i s  s e e n  that i f  the d r iv e  s t e m  i s  h e ld  in the lo w e r e d  
p o s i t io n  fo r  a p e r io d  o f  ab ou t 18 m in u te s  o r  lo n g e r ,  the s e a l s  w i l l  
s e e  a s t e m  t e m p e r a t u r e  of 300 °F  o r  h ig h e r  w hen  the s t e m  i s  r a i s e d .
It i s  a l s o  s e e n  that th e  s t e m  g u id e  tube c o o l s  m u ch  m o r e  r a p id ly  than  
the su p p ort  body. T h is  i s  p r i m a r i l y  due to the fa c t  that the s t e m  guide  
tube h a s  a m u c h  lo w e r  h e a t  c a p a c i ty  than the su pp ort  body.

V . DISCUSSION

A . G rap p le  S te m  S e a ls

T h e  e f f e c t  o f  fiie e l e v a t io n  o f  the g ra p p le  s t e m  s e a l s  
i s  sh ow n  in  the fo l lo w in g  tab u la tion :

20" A bove  
D e s ig n  E le v a t io n  D e s ig n  E le v a t io n

1. M a x im u m  s t e m  t e m p e r a t u r e
a t  s e a l s  w h en  s y s t e m  i s  o p e r -  ^  300 °F  195 °F
a t in g  at d y n a m ic  t h e r m a l  
e q u i l ib r iu m .  (F r o m  F ig .  5)

2, L en g th  of t im e  s t e m  can  r e m a in  
in  l o w e r e d  p o s i t io n  w ith ou t s t e m
t e m p e r a t u r e  e x c e e d in g  300 °F  at 10 m in .  18 m in .
s e a l s  w h en  s t e m  i s  r a i s e d  at  
15 f t / m i n .  (F r o m  F ig .  6)

If the  g r a p p le  s t e m  i s  h e ld  in the lo w e r e d  p o s it io n  fo r  
p e r io d s  lo n g e r  than th o s e  sh ow n  in  the a b ove  tab u la tion , it  w i l l  be 
n e c e s s a r y  to stop  the g r a p p le  s t e m  a f te r  it  h a s  b een  p a r t ia l ly  r a i s e d  
to p e r m it  it  to c o o l  fo r  a s h o r t  p e r io d  b e fo r e  c o m p le t in g  the u p - s t r o k e .  
The r e q u ir e d  c o o l in g  p e r io d  w i l l  v a r y  f r o m  a few  m in u te s  if  the s t e m  
i s  h e ld  in the lo w e r e d  p o s i t io n  ju s t  in e x c e s s  o f  the p e r io d s  show n  
in  the a b ove  ta b u la t io n  to about an hour i f  the s t e m  i s  h e ld  in the  
l o w e r e d  p o s i t io n  lo n g  enough  to h a v e  r e a c h e d  th e r m a l  e q u i l ib r iu m .
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T in  le n g th  o f  l im e  that the g ra p p le  s t e m  can be h e ld  in the  
l o w e r e d  p o s i t io n  w ith ou t th e  s t e m  t e m p e r a tu r e  e x c e e d in g  300 °F  
at th^ s e a l s  w hen  the s t e m  i s  r a i s e d  can be in c r e a s e d  by (1) in c r e a s in g  
the h -at c a p a c i ty  o f  the s t e m ,  (2) d e c r e a s i n g  the h ea t in g  ra te  of  
the s t e m  w hen  in the lo w e r e d  p o s i t io n ,  a n d /o r  (3) in c r e a s in g  the 
c o o l in g  r a te  o f  the s t e m  w h en  in  the r a i s e d  p o s i t io n .

I n c r e a s in g  the h e a t  c a p a c i ty  of the s t e m  w i l l  d e c r e a s e  
the rate  o f  t e m p e r a t u r e  r i s e  o f  the s t e m  in a s m u c h  a s  fo r  the sa m e  
a m ou n t o f  h ea t  t r a n s f e r r e d  to the s t e m ,  the i n c r e a s e  in s t e m  t e m ­
p e r a t u r e  w i l l  be l e s s .  F o r  e x a m p le ,  i f  the h e a t  c a p a c i ty  of the  
s t e m  is  d ou b led , the t im e  that the g r a p p le  s t e m  can  be h e ld  in the  
l o w e r e d  p o s i t io n  b e fo r e  it  i n c r e a s e s  to the s a m e  t e m p e r a tu r e  as  
b e f o r e  w ou ld  be a p p r o x im a t e ly  d o u b led . H o w e v e r ,  b y  the s a m e  
to k en , i n c r e a s i n g  the h e a t  c a p a c i ty  of the s t e m  w i l l  a l s o  in c r e a s e  
the t im e  r e q u ir e d  to c o o l  the s t e m  w h e n  the s t e m  n e e d s  to be c o o le d .

D e c r e a s i n g  the h e a t in g  r a te  o f  the s t e m  w hen  in  the  
l o w e r e d  p o s i t io n ,  w h ic h  d e c r e a s e s  the o p e r a t in g  t e m p e r a tu r e  of the  
s t e m  a s  w e l l  a s  the ra te  o f  t e m p e r a t u r e  r i s e  of s t e m  du ring  the 
t im e  it  i s  in the lo w e r e d  p o s i t io n ,  can  be e f f e c t e d  by

1, P r o v id in g ,  in  the r e g io n  b e lo w  the  top h ead ,  
a d d it io n a l  t h e r m a l  r a d ia t io n  s h ie ld s  b e tw e e n  
the s t e m  and th e  top s h ie ld .  A t p r e s e n t ,  th e r e  
a r e  in  e f f e c t  , tw o t h e r m a l  r a d ia t io n  s h ie ld s ,  i . e . ,  
the s t e m  g u id e  tube and the guide s l e e v e .  If two  
a d d it io n a l  c o n c e n t r i c  tu b es  w e r e  p ro v id ed ,
the h e a t in g  r a te  of the s t e m  w ould  be a lm o s t  
h a lv e d  in a s m u c h  a s  m o s t  o f  the h e a t  t r a n s f e r  
f r o m  th e  top  s h ie ld  to the s t e m  in  th is  r e g io n  
i s  by  t h e r m a l  r a d ia t io n .

2. P r o v id in g  e i t h e r  f o r c e d  c o o l in g  o r  an ann ular  g a s  
gap in  the lo w e r  p a r t  ( fr o m  e le v a t io n  0 to -3 0  
in c h e s )  of the su p p o r t  body.

I n c r e a s in g  the c o o l in g  ra te  o f  the gra p p le  s t e m  w hen  in  
the r a i s e d  p o s i t io n ,  w h ich  w i l l  lo w  ;r the o p e r a t in g  t e m p e r a tu r e  of  
the s t e m ,  can  be e f f e c t e d  by

I. In the upper p a r t  o f  the su p p ort  body, i . e . ,  
at e l e v a t io n  ab ove  130 in c h e s ,  (a) d e c r e a s in g  
the a n n u la r  gap b e tw e e n  the s te m  and the su p p ort  
body, (b) in c r e a s i n g  the e m i s s i v i t y  o f  the su p p ort  
body, a n d /o r  (c) p ro v id in g  fo r c e d  c o o l in g  o f  the 
su p p o r t  body.
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2. U sin g  a c o v e r  g a s  h av in g  a h ig h e r  th e r n ia l  
c o n d u c t iv i ty ,  su ch  a s  h e l iu m .  T h is  w ould  
a l s o  be d e s i r a b le  f r o m  the standpoin t of so d iu m  
f r o s t  c o n s id e r a t i o n s  in a s m u c h  a s  u se  of h e l iu m  
w o u ld  i n c r e a s e  the t e m p e r a tu r e  o f  the su p p ort  
b od y  ab ove  the top h ead  and, t h e r e f o r e ,  r ed u ce  
the le n g th  of the s e c t io n  of the su pp ort  body  w h ich  
w o u ld  be a t  b e lo w  the f r e e z in g  point of s o d iu m .  A  
d ra w b a c k  to u s in g  h e l iu m  a s  the c o v e r  g a s  i s  that  
i t  w o u ld  i n c r e a s e  the h e a t in g  rate  o f  the s t e m  w hen  
the s t e m  i s  in  the lo w e r e d  p o s i t io n .

B .  S e a ls  in  N o z z le  R eg io n

T he o n ly  s e a l s  lo c a te d  in the n o z z le  r e g io n  that w ould  be 
s u b je c t  to  t e m p e r a t u r e s  h ig h e r  than  300 °F are the s e a l s  fo r  the h o ld -d o w n  
a c tu a t in g  s h a f t s .  T h e s e  s e a l s  w o u ld  be s u b je c te d  to a sh a ft  t e m p e r a tu r e  
o f  g r e a t e r  than 3 0 0 °F  w h e n  the h o ld -d o w n  a c tu a t in g  sh a fts  a r e  r a i s e d  a f te r  
b e in g  in  the lo w e r e d  p o s i t io n  f o r  a  p r o lo n g e d  p e r io d .  D uring  n o r m a l  t r a n s ­
f e r  o p e r a t io n ,  tiie m a x im u m  sh aft  t e m p e r a tu r e  at the s e a l s  w i l l  p ro b a b ly  
be l e s s  than 3 0 0 °F .  It ca n  be s e e n  f r o m  the t e m p e r a t u r e s  sh ow n  in  
F i g .  2 that the p o s s i b i l i t y  of t h e s e  s e a l s  s e e in g  a sh a ft  t e m p e r a tu r e  g r e a t e r  
than 300 °F  w o u ld  be e l im in a t e d  i f  th e  s e a l s  w e r e  lo c a te d  about 10 in c h e s  
h ig h e r .

C. S e a l  L u b r ic a n t  T e m p e r a tu r e

W h ile  i t  i s  p o s s i b l e  to p r o g r a m  the o p e r a t io n  of the IVTM  so  
th at  the g r a p p le  s t e m  te m p e r a t u r e  at the s e a l s  n e v e r  e x c e e d s  3 0 0 °F , th is  
d o e s  not m e a n  that the s e a l  lu b r ic a n t  vwH not be e x p o s e d  to t e m p e r a t u r e s  
h ig h e r  than 300 ° F .  L u b r ic a n t  r e m a in in g  on the s t e m  s u r fa c e  a f t e r  the  
s u r f a c e  s l i d e s  dow n p a s t  the w ip e r  and s c r a p e r  w ould  be su b je c te d  to  
t e m p e r a t u r e s  in  e x c e s s  of 3 0 0 ®F i f  th e  g ra p p le  s t e m  i s  p e r m it t e d  to s ta y  
in  the lo w e r e d  p o s i t io n  fo r  an  e x te n d e d  p e r io d .  T h is  w ould  a c c e l e r a t e  
th e  t h e r m a l  d e g r a d a t io n  o f  the lu b r ic a n t  (R ef.  4), the c o n s e q u e n c e  of  
w h ic h  m a y  be i n c r e a s e d  c o n s u m p t io n  of lu b r ic a n t  and in c r e a s e d  f r e q u e n c y  
o f  s e a l  h o u s in g  c le a n in g .

D . Sod ium  F r o s t

It i s  s e e n  in F i g ,  6 th at  thq su p p o rt  body  ab o v e  the e l e v a t io n  
o f  40 in c h e s  is  b e lo w  the f r e e z in g  po in t  of so d iu m . H e n c e ,  the in s id e  
s u r f a c e  o f  th is  s e c t io n  of the su p p o r t  b ody  i s  su b je c t  to s o d iu m  f r o s t  
d e p o s i t s .  C a lc u la t io n s  in d ic a te  th a t  in 30 y e a r s ,  th is  s u r fa c e  w ould  
a c c u m u la te  about 0. 06" (■2 £- h a lf  the an n u lu s  gap) of f r o s t  f r o m  the so d iu m  
v a p o r iz in g  fr o m  the w e t te d  s t e m  s u r f a c e .  It w a s  a s s u m e d  in  the ca lc u la t io n s  
th at  the n u m b e r  of t r a n s f e r  c y c l e s  p e r  y e a r  i s  115, and the bulk d e n s i ty  
o f  the f r o s t  i s  10 l b / f t  .
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VI. CON CLU SIO N S

1. T he m a x im u m  g ra p p le  s t e m  te m p e r a tu r e  at the grap p le  
s t e m  s e a l s  w i l l  be about 300 °F  if the s e a l s  a r e  at 
d e s ig n  e l e v a t io n  and 195 °F  if  the s e a l s  a r e  20" above  
d e s ig n  e l e v a t i o n ,  w hen  the s y s t e m  i s  o p e r a t in g  at 
d y n a m ic  t h e r m a l  e q u i l ib r iu m .

2. If the g r a p p le  s t e m  i s  h e ld  in the lo w e r e d  p o s i t io n  fo r  
l o n g e r  than  10 m in u t e s  in the c a s e  of the s e a l s  at the 
d e s ig n  e l e v a t io n  and lo n g e r  than 18 m in u te s  in  the c a s e  
o f  th e  s e a l s  l o c a te d  20" h ig h e r  than th e  d e s ig n  e le v a t io n ,  
the s t e m  t e m p e r a t u r e  at the s e a l s  w i l l  e x c e e d  3 0 0 °F  
w h e n  the s t e m  i s  r a i s e d .  In t h e s e  in s t a n c e s ,  e x p o s u r e  
o f  the s e a l s  to s t e m  t e m p e r a t u r e s  g r e a t e r  than 300 °F  
can  be a v o id e d  by  r a i s i n g  the s t e m  p a r t  o f  the w a y  and  
le t t in g  the s t e m  c o o l  f o r  a p e r io d  o f  t im e  b e fo r e  c o m ­
p le t in g  the u p - s t r o k e .

3. The o n ly  s e a l s  lo c a te d  in the n o z z le  r e g io n  that m a y  be 
s u b je c t  to t e m p e r a t u r e s  h ig h e r  than 300 °F  a r e  the s e a l s  
fo r  the h o ld -d o w n  s h a f t s .  The p o s s i b i l i t y  o f  t h e s e  s e a l s  
s e e in g  a sh a ft  t e m p e r a t u r e  g r e a t e r  than 3 0 0 °F  w ould  be 
e l im in a t e d  i f  t h e s e  s e a l s  w e r e  lo c a te d  about 10 in c h e s  
h ig h e r .

4 .  W h ile  it  i s  p o s s i b l e  to  o p e r a te  the IVTM  so  that the  
s e a l s  a r e  not s u b je c te d  to t e m p e r a t u r e s  g r e a t e r  than  
300 °F ,  th is  d o e s  not m e a n  that the s e a l  lu b r ic a n t  w i l l  
not be e x p o s e d  to  t e m p e r a t u r e s  g r e a t e r  than 3 0 0 °F .

5. S od iu m  f r o s t  d e p o s i t io n  in  the 1 /8"  an n u lar  gap b e tw e e n  
the g r a p p le  s t e m  and the su p p ort  body  i s  c a lc u la te d
to be ab ou t o n e - h a l f  o f  the gap in 30 y e a r s ,  and, t h e r e ­
f o r e ,  sh o u ld  not c a u s e  a n y  o p e r a t io n a l  p r o b le m s .

6. U se  o f  h e l iu m  a s  the c o v e r  g a s  w i l l  in c r e a s e  the co o l in g  
ra te  o f  the g r a p p le  s t e m  w hen  the s t e m  i s  in the r a i s e d  
p o s i t io n ,  but w i l l  eI s o  i n c r e a s e  the h ea t in g  ra te  of the  
s t e m  w h en  it  i s  in the lo w e r e d  p o s i t io n .  In a sm u c h  a s  the  
g r a p p le  s t e m  i s  n o r m a l ly  in the r a i s e d  p o s it io n  lo n g e r  
than in  the lo w e r e d  p o s i t io n ,  the o p e r a t in g  t e m p e r a tu r e  
of the s t e m  w ould  be lo w e r e d .
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