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Background o f  t h e  Invent ion 

T h i s  i nven t i on ,  which resu l - ted  f rom a  c o n t r a c t  w i t h  t h e  Un i t ed  

S t a t e s  Department o f  Energy,- r e1  a tes  t o  a  seal means and, more 

5 p a r t i c u l a r l y ,  t o  a  seal assembly f o r  chemical process apparatus. 

I n  t h e  reproce.ssing o f  spent nuc lea r  f u e l ,  t r i t i u m  i s  separated from 

o t h e r  f u e l  components i n  an i n i t i a l  process s tep  wherein t h e  d i s i n -  

t e g r a t e d  f u e l  elements a re  sub jec ted  t o  an o x i d i z i n g  atmosphere i n  a  

con t inuous  f l ow ,  r o t a r y  c a l c i n i n g  furnace. It i s  e s s e n t i a l  t o  p rov ide  ' 

10 e f f e c t i v e  sea ls  f o r  t h e  i n l e t  and o u t l e t  ends o f  t he  r o t a t i n g  drum o f  

t h i s  c a l c i n i n g  furnace.  The cond i t ions-  under which seal s  f o r  t h i s  pur-  

pose -must operate and m a i n t a i n  i n t e g e r i t y  a r e  ( 1 )  i n t ense  rad ia t ion ' ,  
. - 

J ( 2 )  a  dus ty  atmosphere, (3') a  pressure d - i f f e r e n t i a l  across t h e  sea ls  o f  - 

up t o  5 inches o f  water ,  ( 4 )  a  temperature o f  about 200°F, and ( 5 )  

15 minor  m isa l  ignment and s h i f t i n g  between t h e  c a l c i n i n g  drum and. t h e  

i n l e t  and out1 e t  s t r u c t u r e s  assoc ia ted  t he rew i t h .  

Sumnary o f  t h e  Invention 

It i s  t h e r e f o r e  a  p r ima ry  o b j e c t  of th i ;  i n v e n t i o n  t o  p rov ide  an - 

improved means f o r  s e a l i n g  a j u n c t i o n  between an end o f  a  r o t a r y -  . - 
. 

: 
- 20 c a l c i n i n g  drum o f  t h e  t ype  descr ibed  and a  cas ing  p laced around t h e  

drum. 
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Another o b j e c t  of t h e  i n v e n t i o n  i s  t o  p rov ide  an e f f e c t i v e  seal 

assembly, t h e  components of which can be conven ien t l y  disassembled f o r  

rep1 accmcnt o r  s e r v i c i n g .  

These o b j e c t s  a r e  a t t a i n e d  by a  p re fe r red  embodiment o f .  t h e  inven- 

5 t i o n  compr is ing  a  g r a p h i t e  seal  r i n g  c o n c e n t r i c a l l y  p o s i t i o n e d  around a  
! 

r o t a r y  c a l c i n i n g  drum adjacent  one end t h e r e o f ;  t h i s  r i n g  s l  i d a b l y  - I 

a b u t t i n g  one s i d e  o f  a  f lange f i x e d  t o  t he  pe r i phe ry  o f  t h e  drum. A 
I . . 
! , .  second f l a n g e  i s  f i x e d  t o  t he  drum i n  spaced r e l a t i o n  w i t h  t h e  f i r s t -  

$ mentioned f l a n g e  and the  g r a p h i t e  seal r i n g  i s  h e l d  f i rmly aga ins t  t he  

10 l a t t e r  by compressed spr ings  a c t i n g  aga ins t .  (1) a  t h r u s t  r i n g  which 

abu ts  t h e  seal  r i n g  and ( 2 )  another t h r u s t  r i n g  prov ided w i t h  g r a p h i t e  
. . 

pads which abut t h e  second f lange .  

Descri p t  i on o f  the  Drawings 

F i g .  1 i s  a  s i d e  e l e v a t i o n  view o f  a  r o t a t i n g  drum nuc lea r  f u e l  

15 ca l  c i n i n g  apparatus i n  which seal assembl i e s  cons t ruc ted  i n  accordance 

w i t h  t h e  i n v e n t i o n  a re  advantageously .employed. 

F ig .  2 i s  a  view n f  a  p o r t i o n  of t he  c a l c i n i n g  drum i l l u s t r a t e d  i n  

F i g .  1, w i t h  a  cas ing  which surrounds t h e  drum a t  one end t h e r e o f  and . 

components o f  t h e  p r e f e r r e d  seal assembly o f  t h e  i n v e n t i o n  be ing  repre -  

20 sented i n  c r o s s - s e c t i o n  a long  a  v e r t i c a l  p lane i n c l u d i n g  the  l o n g i t u d i -  

. - . . n a l  a x i s  o f  t h e  drum. 

, . 
F ig .  3 i s  a  p i c t o r i a l  view o f  p o r t i o n s  o f  t h e  p r e f e r r e d  seal 

- assembly. 

Deta i led Description o f  the  Preferred Embodiment 

2 5  As i l l u s t r a t e d  i n  F ig .  1, a  c a l c i n i n g  furnace 10 used f o r  pro- 

cess ing  spent nuc lea r  f i e 1  comprises a  drum o r  tube  12 c e n t r a l l y  

. - mounted i n  wheels 14a, 14b t h a t  r e s t  on suppor t  r o l l e r s  18, t h e  tube 
I 

I 
! . . 



. , 

b e i n g  r o t a t e d  about i t s  l o n g i t u d i n a l  a x i s  by a d r i v e  motor 20 connected - 

t o  wheel 14a th rough a gear box 22. Tube 12 extends th rough a c o o l i n g  

chamber 21, and each end o f  t he  tube  extends i n t o -  a  cas ing  26a, 26b. A 

c o n d u i t  28 feeds spent nuc lea r  fue l  t o  tube  12 th rough cas ing  26a, and 

5 t h e  c a l c i n e d - f u e l  i s  d ischarged-  from t h e  tube i n t o  another  condu i t  30 

connected t o  cas ing  26b. Each cas ins  26a, 26b can be r e t r a c t e d  f rom 

t h e  end o f  tube  12 assoc ia ted  t h e r e w i t h  by swing ing movement o f  suppor t  

arms 32, t h e  suppor t  arms f o r  cas ing  26a being p i vo ted  t o  a  f rame 34 

t h a t  i s  f i x e d  t o  t he  condu i t  28-a t tached t o  t h i s  cas ing  and t he  suppor t  

10 arms f o r  cas ing  26b be ing  p i vo ted  t o  b racke ts  36 mounted thereon.  

F igs .  2  and 3 i l l u s t r a t e  t h e  seal assembly o f  t h i s  i n v e n t i o n  used 

f o r  s e a l i n g  t he  o p e n i n g ' i n  cas ing  26b through which tube  12 extends. 

The same seal s t r u c t u r e  i s  used t o  seal the  opening i n  cas ing  26a 

t h rough  which t h e  o t h e r  end o f  tube  12 extends, and it can a1 so be used 

15 w i t h  o t h e r  r o t a t i n g  members such as d r i v e  sha f t s .  Reference number 38 . 

g e n e r a l l y  des ignates a f i r s t  f l a n g e  c o n s i s t i n g  o f  a  washer-shaped r i n g  

40 b o l t e d  t o  a mount ing r i n g  42 f i x e d  t o  an end segment 44 o f  tube  12 

b y  any s u i t a b l e  means ,_ such as welding. Reference -number 46 g e n e r a l l y  
- 

. des ignates '  a  second f l a n g e  t h a t  i s  spaced f r o m - f i r s t  f l ange  38 1ong.itu- 

20 d i n a l l y  . o f  t h e  ax is -  o f  tube  12, t h i s  f l ange  cons i ' s t ing  o f  a  f l -ange por-  

t i o n .  50 i n t e g r a l l y  formed on end segment 44 o f  t h e  tube  and another  . 

f l a n g e  p o r t i o n  52 i n t e g r a l l y  formed on t h e  main s e c t i o n  .of  t h e  tube  and 
- 

b o l t e d  t o  - the  f l  ang; p o r t i o n  50. - 

- One s ide '  o f  a  f i  r s t  g r a p h i t e  r i n g  54 s l  i d a b l y  abuts t h e  s i d e  o f  
- 

'25 f i - r s t  f l a n g e  38 neares t  second f l a n g e  46; t h e  o t h e r  s i d e  o f  t h i s  r i n g  

has a recess 56 ex tend ing  around t h e  ou te r  edge t h e r e o f .  A second r i n g  

58 abuts t h e  s i d e  o f  f i r s t  r i n g  54 nearest  second f l a n g e  46 and pro- 

j e c t s  r a d i a l l y  o k w a r d  therefrom t o  f a c i l i t a t e  i t s  at tachment t o  a  w a l l  

60 o f  hous ing 26b. 



A t h i r d  r i n g  62 i s  disposed -adjacent t h e  ;ide o f  second f l a n g e  46 

nea res t  f i r s t  f l a n g e  38, t h i s  r i n g  hav ing a  p l u ra l - i - t y  o f  recesses 64- 

( o n l y  one o f  these recesses be ing  i l l ~ ~ s t . r a t e d ,  i n  F ig .  3 )  spaced apar t  

f r om one another  about t h e  - s i d e  t h e r e o f  which faces tqhe second f l  ange. 

5  A p l  u r a l  i t y  o f  f r i c t i o n - r e d u c i n g  pads 66 a r e  r=espect ive ly  seated i n  

recesses 64 and p r o j e c t  t he re f rom i n t o  engagement w i t h  t h e  c o n f r o n t i n g  

s i d e  o f  f l a n g e  p o r t i o n  50 o f  second f l a n g e  46, p l a t e s  68 be ing  b o l t e d  

t o  t h e  i n n e r  and ou te r  edges o f  r i n g  62 t o  h o l d  t h e  pads i n  t h e  

recesses. 

10 C i r cumfe ren t i a l  l y  spaced about bo th  second r i n g  58 and t h i r d  r i n g  

62 a re  a  p l u r a l i t y  o f  aper tu res  70, 72 t h e  l o n g i t u d i n a l  axes o f  which 

a r e  p a r a l l e l  w i t h  t h e  l o n g i t u d i n a l  a x i s  48 o f  tube  12. ~ ~ e r t u r e s  70, 

72 a r e  arranged w i t h  t h e  same c i r cumfe ren t i a l -  spacing on r i n g s  58, 62 

so  t h a t  t h e  ends o f  a  p o s i t i o n i n g -  p i n  74 can be s l  i d a b l y  'd isposed i n  

15 each a1 igned p a i r  o f  these aper tures.  A he1 i c a l  s p r i n g  76 i s  disposed 

around each p o s i t i o n i n g  p i n  w i t h  i t s  ends r e s p e c t i v e l y  a b u t t i n g  t h e  

c o n f r o n t i n g  s ides o f  second r i n g  58 and t h i r d  r i n g  62. 
. - 

A f o u r t h  r i n g  78, formed- o f  a - s t e e l  a1 l o y  hav ing a  l ow  c o e f f . i c i e n t  

o f  thermal expansion (such as t h e  a l l o y  so ld  under t h e  trademark I n v a r ) ,  

20 i s  press f i t t e d  i n t o  t h e  recess 56 i n  f i r s t  ' r i n g  54 and secured t o  

- second r i n g  58 by b o l t s .  A f i f t h  r i n g  80 i s  pos i t i oned '  i n  a b u t t i n g  

r e l a t i o n  around f o u r t h -  r i n g  78 and a t tached by b o l t s  t o  second r i n g  58. 

Wal l  60 o f  cas ing  26a has an ape r tu re  formed t h e r e i n ,  and t he  p o r t i o n -  - 

82  o f  t h i s  w a l l  a d j a c e n t  t h e  ape r tu re  i s  clamped betweeh second r i n g  58 

25 and f i f t h  r i n g  80.. As can be seen i n  F ig .  2, c o n c e n t r i c  cot--rugations 

84 a re  formed i n  w a l l  60 t o  inc rease  i t s  f l e x i b i 1 i . t ~  i n  bo th  r a d i a l  and 

l o n g i t u d i n a l  d i r e c t i o n s  r e l a t i v e  t o  t h e  a x i s  48 o f  tube 12. 

, It w i l l  be understood f rom t h e  above d e s c r i p t i o n  t h a t  sp r i ngs  76 

p laced  under compression between second- r i n g  58 and t h i r d  r i n g  62 u rge  
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t hese  r i n g s  apa r t  and thereby  ho ld  seal  r i n g  54 f irrnly aga ins t  f l a n g e  
. - 

38 which r o t a t e s  w i t h  tube  12. I n  t h e  nuc lea r  f u e l  c a l c i n i n g  apparatus 

i l l ~ s t r a t e d  i n  F ig .  1; tube  12 has a  d iameter  o f  18 inches,  and twe l ve  

s p r i n g s  76 e x e r t i n g  a' t o t a l  f o r c e  o f  300 pounds a re  p laced between 

5  r i n g s  58 and 62. Ring 54 has a  two- inch wide bea r i ng  face  and i t s  com- 

b i n a t i o n  wi-th t h e  o t h e r  components o f  t h e  seal  assembly i n  t he  kanf ier  

desc r i bed  has been fcund t o  p rov ide  an e f f e c t i v e  seal under t h e  

o p e r a t i n g  c o n d i t i o n s  l i s t e d  here inbe fo re .  The arrangement o f  t he  

assembly accommodates bo th  angul a r  and t r ans1  a t i o n a l  sh i  ft i ng o f  tube  

10 12 r e l a t i v e  t o  cas ings  26a, 26b, and f r i c t i o n  between t he  assembly and 

f l anges  38, 46 i s  min imized by t h e  usp. o f  g raph i t e -  f o r  fo rming  seal 

r i n g  54 and pads 66. L a s t l y ,  t h e  d i sc l osed  seal assembly can con- 

v e n i e n t l y  be f a b r i c a t e d ,  i n s t a l l ' e d ,  and serv iced.  



SEAL ASSEMBLY 

Abstract o f  the di scl osurc 

A seal  assembly comprises a  tube  r o t a t a b l e  -about i t s  l o n g i t u d i n a l  
- 

a x i s  and hav ing  two - l o n g i t u d i n a l  l y  spaced. f l anges  p r o j e c t i n g  r a d i a l  l y  

5 ou tward ly  f rom t h e  o u t e r  su r f ace  t he reo f .  S l  i d a b l y  p o s i t i o n e d  aga ins t  
. . 

o n e - o f  t h e  f langes  i s  a  seal  r i n g ,  and  d isposed between t h i s  seal  r i n g  

and t h e  o t h e r  f l a n g e  are two r i n g s  t h a t  a re  f o r ced  'apar t  by spr ings ,  

one o f  t h e  l a t t e r  r i n g s  be ing  a t tached t o  a  f l e x i b l e  w a l l .  










