
J )  

Europaisches  P a t e n t a m t  

European  Patent  Office 

Office  europeen  des  brevets  

0  2 4 6   7 7 9  

A 1  
(ii)  Publication  number: 

EUROPEAN  PATENT  A P P L I C A T I O N  

<K)  int.ci.3:  F  28  F  9 / 0 2  @  Application  number:  87304023.2 

©  Date  of  filing:  05.05.87 

(7y  Applicant:  Covrad  Heat  Transfer  Limited 
Sir  Henry  Parkes  Road  Canley 
Coventry  CV56BN(GB) 

@  Inventor:  Davenport,  Christopher  John 
Covrad  Heat  Transfer  Limited  Sir  Henry  Parkes  Road 
Canley  Coventry  CV5  6BN(GB) 

@  Representative:  Cowan,  David  Robert  et  al, 
WALFORD  AND  HARDMAN  BROWN  Trinity  House  Hales 
Street 
Coventry  CV1  INPWest  Midlands(GB) 

®  Priority:  22.05.86  GB  8612517 

@  Date  of  publication  of  application  : 
25.11.87  Bulletin  87/48 

@  Designated  Contracting  States: 
DE  FR  GB 

(54)  Heat  exchanger. 

(57)  A  heat  exchanger  having  a  tube  plate  (12)  and  parallel 
spaced  tubes  (15)  extending  through  apertures  in  the  tube 
plate  (12)  is  provided  with  a  supplementary  reinforcing  plate 
(20)  which  reinforces  the  tube  (15)  to  tube  plate  (12)  connec- 
tion. 

The  reinforcing  plate  (20)  is  spaced  from  the  tube  plate 
(12)  and  has  at  its  periphery  a  transverse  portion  (21)  which 
is  secured  to  the  tube  plate  (12)  to  maintain  a  spacing 
between  the  tube  plate  (12)  and  the  reinforcing  plate  (20). 

Preferably  the  reinforcing  plate  (20)  is  rectangular  and  is 
located  over  the  tubes  (15)  in  the  outer  part  of  an  array  of 
tubes  (15)  and  the  tubes  (15)  extend  through  apertures  in  the 
reinforcing  plate  (20). A  
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H e a t   E x c h a n g e r  

T h i s   i n v e n t i o n   r e l a t e s   to  h e a t   e x c h a n g e r s   a n d ,   i n  

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

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

t u b e s   b e i n g   a s s e m b l e d   i n t o   a  u n i t   u s i n g   a  t u b e   p l a t e  

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

e x t e n d i n g   t r a n s v e r s e   to  t he   a x e s   of  t h e   t u b e s .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   j o i n t s   b e t w e e n   t h e   t u b e s   a n d  

t h e   t u b e   p l a t e   r e q u i r e   s t r e n g t h e n i n g   to   w i t h s t a n d   t h e  

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

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

p r o v i s i o n   of  f i l l e t s   of  s o l d e r   to  t h o s e   o f   B r i t i s h  

p a t e n t s   6 2 2 , 4 2 1 ,   1 3 ^ 9 1 3 ,   1 ^ 3 7 2 5   and  1 ^ 7 7 3 2 3   i n  

w h i c h   two  p l a t e s   a r e   e m p l o y e d   in   c l o s e   p r o x i m i t y   to  o n e  

a n o t h e r .  

15  An  o b j e c t   of  the   i n v e n t i o n   i s   to  p r o v i d e   an  i m p r o v e d  

t u b e   to  t u b e   p l a t e   a s s e m b l y .  

A c c o r d i n g   to  the   i n v e n t i o n   a  h e a t   e x c h a n g e r   c o m p r i s e s  

p a r a l l e l ,   s p a c e d   t u b e s ,   a  t u b e   p l a t e   a p e r t u r e d   to  r e c e i v e  

t h e   t u b e s   and  e x t e n d i n g   t r a n s v e r s e   to  t h e   a x e s   of  t h e  

20  t u b e s ,   and  a  s u p p l e m e n t a r y   p l a t e   a p e r t u r e d   to  r e c e i v e  

a t   l e a s t   one  of  t h e   t u b e s ,   t h e   s u p p l e m e n t a r y   p l a t e  

h a v i n g   o v e r   a  p e r i p h e r a l   r e g i o n   a  p o r t i o n   e x t e n d i n g  

t r a n s v e r s e l y   of  t h e   p l a n e   of  t he   p l a t e   and   s e c u r e d   t o  

t h e   t u b e   p l a t e   w h e r e b y   t h e   s u p p l e m e n t a r y   p l a t e   i s  

25  s p a c e d   f rom  and  p a r a l l e l   to  t h e   t u b e   p l a t e   and  f i t s  

o v e r   the   a s s o c i a t e d   t u b e   or  t u b e s   to  r e i n f o r c e   t h e  

t u b e   and  t u b e   p l a t e   c o n n e c t i o n .  

P r e f e r a b l y   the   p e r i p h e r a l   r e g i o n   of  t h e   s u p p l e m e n t a r y  

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

30  t h e   t u b e   p l a t e   and  i s   s e c u r e d   t h e r e t o   by ,   f o r   e x a m p l e ,  

w e l d i n g .  
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The  a p e r t u r e s   in   t h e   t u b e   p l a t e   and  in   t h e  

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

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

same  d i r e c t i o n   as  one  a n o t h e r .   The  d e p t h s   o f   t h e   r i m s  

5  a r e   p r e f e r a b l y   a r r a n g e d   to   be  l e s s   t h a n   t h e   s p a c i n g  

b e t w e e n   t h e   t u b e   p l a t e   and   t h e   s u p p l e m e n t a r y   p l a t e .  

The  s u p p l e m e n t a r y   p l a t e   i s   c o n v e n i e n t l y   of   g e n e r a l l y  

r e c t a n g u l a r   s h a p e   in   p l a n   v i e w   and   t h e   p e r i p h e r a l   r e g i o n  

e x t e n d s   o v e r   one  or  more  e d g e s   o f   t h e   p l a t e .  

10  F u r t h e r   f e a t u r e s   of  t he   i n v e n t i o n   w i l l   a p p e a r   f r o m   t h e  

f o l l o w i n g   d e s c r i p t i o n   of   an  e m b o d i m e n t   of   t h e   i n v e n t i o n  

g i v e n   by  way  of   e x a m p l e   o n l y   a n d   w i t h   r e f e r e n c e   to  t h e  

d r a w i n g s ,   i n   w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n   t h r o u g h   a  t u b e   and   t u b e   p l a t e  

15  a s s e m b l y   o f   a  h e a t   e x c h a n g e r ,  

F i g .   2  i s   a  p l a n   v i e w   of   p a r t   of   an  a s s e m b l y   s i m i l a r  

to   t h a t   o f   F i g .   1 ,  

F i g .   3  i s   a  s i d e   e l e v a t i o n   of   t h e   a s s e m b l y   of   F i g ,   2 ,  

F i g .   h  i s   a  p l a n   v i e w   of   a  s u p p l e m e n t a r y   r e i n f o r c i n g   p l a t e  

20  of   t h e   a s s e m b l y   of   F i g s .   2  and   3,  a n d  

F i g s .   5  and  6  a r e   s i d e   and   end   v i e w s   of  t h e   p l a t e   of   F i g .   h ,  

R e f e r r i n g   to  F i g .   1  p a r t   of   a  h e a t   e x c h a n g e r   i s   s h o w n  

v h i c h   c o n s i s t s   of  a  h e a d e r   t a n k   10  d e f i n e d   by  a  h e a d e r  

member   11  ( o n l y   p a r t   of  w h i c h   i s   shown)   and  a  t u b e   p l a t e  

25  12  s e c u r e d   t h e r e t o   by  b o l t s   13  and   i n c l u d i n g   a  g a s k e t   l k .  

T u b e s   15  c o m m u n i c a t e   w i t h   t h e   t a n k   s p a c e   10  and  l i e  

p a r a l l e l   to  one  a n o t h e r   and   a t   r i g h t   a n g l e s   to  t h e   t u b e  
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p l a t e   12.  The  t u b e s   15  a r e   in   t h i s   c a s e   of   f l a t t e n e d  

e l o n g a t e   f o r m .  

The  t u b e s   15  p a s s   t h r o u g h   s e c o n d a r y   h e a t   e x c h a n g e  

s u r f a c e s   in   t h e   fo rm  of  f i n s   16,   in   k n o v n   m a n n e r .  

5  The  t u b e   p l a t e   12  i s   f o r m e d   v i t h   a  p l u r a l i t y   of   a p e r t u r e s  

t h r o u g h   v h i c h   t h e   t u b e s   15  p a s s   to  e n t e r   i n t o   t h e   s p a c e  

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

t u b e s   b e t w e e n   t h e   h e a d e r   t a n k   10  a t   t h e   u p p e r   e n d s   o f  

t he   t u b e s   and  a  f u r t h e r   t a n k   ( n o t   shown)   a t   t h e  

10  o p p o s i t e ,   l o w e r   e n d s   of   t h e   t u b e s .   A  f u r t h e r   f l u i d  

w i t h   w h i c h   h e a t   i s   to  be  e x c h a n g e d   p a s s e s   o v e r   t h e   f i n s  

16  and  o v e r   t he   e x t e r i o r   of  t h e   t u b e s   1 5 .  

The  a p e r t u r e s   in   t h e   t u b e   p l a t e   12  a r e   f o r m e d   in   a  

m a n n e r ,   f o r   e x a m p l e   by  p l u n g i n g ,   s u c h   t h a t   an  u p s t a n d i n g  

15  l i p   i s   d e f i n e d   a r o u n d   e a c h   of   t h e   a p e r t u r e s .  

Due  to  t h e   f o r c e s   on  t h e   h e a t   e x c h a n g e r   i n d u c e d   d u r i n g  

u s e ,   f o r   e x a m p l e   due  to  e x p a n s i o n   and  c o n t r a c t i o n   o f  

the   t u b e s ,   t he   c o n n e c t i o n   b e t w e e n   t h e   t u b e s   15  and  t u b e  

p l a t e   12  comes  u n d e r   s t r e s s ,   p a r t i c u l a r l y   t o w a r d s   t h e  

20  o u t e r m o s t   t u b e s ,   i . e .   t h e   t u b e s   c l o s e s t   to  t h e   o u t e r  

e d g e s   of  t h e   h e a d e r   t a n k .   T h i s   i s   b e l i e v e d   to  be  d u e ,  

at  l e a s t   in   p a r t ,   to  t h e   t u b e   p l a t e   12  a c t i n g   as  a  

d i a p h r a g m   as  t h e   t u b e s   e x p a n d   and  c o n t r a c t .  

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

25  a d d i n g   a  s u p p l e m e n t a r y   r e i n f o r c i n g   p l a t e   20,  as  s h o w n ,  

g r e a t l y   r e d u c e s   t h e   t e n d e n c y   f o r   t h e   t u b e   to  t u b e   p l a t e  

c o n n e c t i o n   to  f a i l .  

The  r e i n f o r c i n g   p l a t e   20  i s   a r r a n g e d   to  d e f i n e   a p e r t u r e s  

f o r   r e c e i v i n g   t he   o u t e r m o s t   r ows   of   t u b e s   15  in   c e r t a i n  

30  r e g i o n s   of   t he   a r r a y   of   t u b e s   a n d ,   o v e r   t he   a p e r t u r e d   a r e a  
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o f   t h e   p l a t e   20,   t he   p l a t e   20  i s   p a r a l l e l   to   and   s p a c e d  

f r o m   t h e   t u b e   p l a t e   12.   The  a p e r t u r e s   in   t h e   p l a t e   2 0  

a r e   f o r m e d   i n   a  s i m i l a r   m a n n e r   to  t h o s e   in   t h e   t u b e  

p l a t e   12  so  t h a t   an  u p s t a n d i n g   l i p   i s   d e f i n e d   a r o u n d  

5  e a c h   a p e r t u r e ,   t h e   l i p s   b e i n g   d i r e c t e d   u p w a r d s   and  i n  

t h e   same  d i r e c t i o n   as  t h o s e   of   t h e   t u b e   p l a t e   1 2 .  

The  p l a t e   20  i s   s e c u r e d   to  t h e   t u b e   p l a t e   12  a l o n g   a t  

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

e d g e   w i t h   a  t r a n s v e r s e l y - d i r e c t e d   b e n d   21  and   a  f l a n g e  

10  22.   The  f l a n g e   22  l i e s   in   c o n t a c t   w i t h   t h e   t u b e   p l a t e  

12  and   i s   s e c u r e d   t h e r e t o   by  w e l d i n g ,   p r e f e r a b l y   b y  

s p o t   w e l d i n g   a t   s p a c e d   p o s i t i o n s   l o n g i t u d i n a l l y   o f   t h e  

f l a n g e .   A l o n g   a n o t h e r   edge   or   e d g e s   of   t h e   p l a t e   2 0  

a  t u r n e d - o v e r   p o r t i o n   23  has   i t s   f r e e   end  c l o s e l y  

15  a d j a c e n t   t h e   s u r f a c e   o f   t h e   t u b e   p l a t e   1 2 .  

F i g s .   2  and   3  shows   a  s p e c i f i c   f o r m   of  t u b e   p l a t e   1 2 * ,  

t u b e s   15 '   and   r e i n f o r c i n g   p l a t e s   20Af  and  20B1  .  I n   t h i s  

c a s e   l a t e r a l   rows   P  of   t u b e s   15  •  ,  f o u r   i n   e a c h   row,   l i e  

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

20  p l a t e   1 2 ' .   The  t u b e s   15 '   a l s o   l i e   in   l o n g i t u d i n a l  

r o w s   R  l y i n g   p a r a l l e l   to  s a i d   s i d e s ,   and  a t   o p p o s i t e  

e n d s   o f   t h e   r o w s   R  a r e   a r r a n g e d   t h e   r e i n f o r c i n g   p l a t e s  

20A1  and   20B1  .  In  F i g .   2  o n l y   one  end  of  t h e   a s s e m b l y  

i s   s h o w n .  

25  The  p l a t e s   20A1  and  20B1  t a k e   s i m i l a r   f o r m s   and  e a c h  

r e c e i v e   s i x   of   t he   rows  P  of   t u b e s   15'   t h r o u g h   a p e r t u r e s  

a l i g n e d   w i t h   a p e r t u r e s   in   t h e   t u b e   p l a t e   1 2 ' .   T h e  

p l a t e s   20A1  and  20B1  t o g e t h e r   r e c e i v e   a l l   t h e   t u b e s  

a c r o s s   t h e   l o n g i t u d i n a l   rows  R  o v e r   s a i d   s i x   l a t e r a l  

30  r ows   P .  

E a c h   p l a t e   20A1  and  20B1  i s   of  g e n e r a l l y   r e c t a n g u l a r   s h a p e  

and  h a s   a  t r a n s v e r s e   b e n d   21 '   and  f l a n g e   22*  a l o n g   t w o  



0 2 4 6 7 7 9  
-  5  -  

of  i t s   p e r i p h e r a l   e d g e s ,   t h e   f l a n g e s   22 '   b e i n g   s e c u r e d  

to  t h e   t u b e   p l a t e   12'   by  w e l d i n g   as  d e s c r i b e d   i n  

r e l a t i o n   to  F i g .   1.  The  p l a t e s   each   h a v e   a  t u r n e d   o v e r  

p o r t i o n   23 '   a l o n g   a n o t h e r   p e r i p h e r a l   e d g e ,   t h e  

5  p o r t i o n s   23'   l y i n g   c l o s e l y   a d j a c e n t   one  a n o t h e r .  

F i g s .   U,  5  and  6  shov   a  r e i n f o r c i n g   p l a t e   20*  of   F i g s .  

2  and  3  as  a  s e p a r a t e   e l e m e n t   b e f o r e   a s s e m b l y   w i t h   t h e  

t u b e   p l a t e   12 '   . 

In  e a c h   c a s e   t he   c o n n e c t i o n s   of  t he   t u b e s   to  t h e   t u b e  

10  p l a t e   and  to  t h e   r e i n f o r c i n g   p l a t e   a r e   e n h a n c e d   b y  

s o l d e r i n g ,   f o r   e x a m p l e   by  d i p p i n g   t he   a s s e m b l e d   u n i t  

i n t o   s o l d e r .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   w i t h   d i f f e r e n t   a r r a y s   o f  

t u b e s   t h e   t u b e   to  t u b e   p l a t e   c o n n e c t i o n   may  b e  

15  r e i n f o r c e d   w i t h   d i f f e r e n t   c o n f i g u r a t i o n s   of  r e i n f o r c i n g  

p l a t e .   G e n e r a l l y   i t   i s   a d v a n t a g e o u s   to  p r o v i d e   s u c h  

r e i n f o r c e m e n t   of  t he   o u t e r m o s t   t u b e s   of   t he   a r r a y   b u t  

in   some  c i r c u m s t a n c e s   t he   r e i n f o r c e m e n t   p l a t e   may  r e c e i v e  

a l l   t h e   t u b e s   in  an  a r r a y .  

20  In  t h e   a r r a n g e m e n t   of  F i g s .   2-6   t he   t u b e s   15 '   a r e   in   r o w s  

P  of   w h i c h   a l t e r n a t e   rows  a r e   s t a g g e r e d .   In   a n  

a l t e r n a t i v e   a r r a n g e m e n t   in   w h i c h   the   rows   a r e   n o t  

s t a g g e r e d   r e l a t i v e   to  one  a n o t h e r   i t   may  be  a d v a n t a g e o u s  

to  fo rm  e a c h   r e i n f o r c i n g   p l a t e   20'   w i t h   one  or  m o r e  

25  V - s h a p e d   g r o o v e s   or  c o r r u g a t i o n s ,   t he   a p e x   of  t h e   V 

b e i n g   in   c o n t a c t   w i t h   t he   t u b e   p l a t e   12 '   when  a s s e m b l e d .  

Each  c o r r u g a t i o n   e x t e n d s   b e t w e e n   two  or  more   of  t h e   r o w s  

P  and  s e r v e s   to  a d d i t i o n a l l y   r e i n f o r c e   and  s u p p o r t   t h e  

t u b e   to  t u b e   p l a t e   c o n n e c t i o n .  
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C l a i m s  

1.  A  h e a t   e x c h a n g e r   v h i c h   c o m p r i s e s   p a r a l l e l ,   s p a c e d  

t u b e s   15,  a  t u b e   p l a t e   12  a p e r t u r e d   to  r e c e i v e   t h e  

t u b e s   and  e x t e n d i n g   t r a n s v e r s e   to  t he   a x e s   of   t h e  

t u b e s ,   and   a  s u p p l e m e n t a r y   p l a t e   20  a p e r t u r e d   t o  

5  r e c e i v e   a t   l e a s t   one  o f   t h e   t u b e s   15,  c h a r a c t e r i s e d   in   ; 

t h a t   t h e   s u p p l e m e n t a r y   p l a t e   20  has   o v e r   a  p e r i p h e r a l   I 

r e g i o n   a  p o r t i o n   21  :  23  e x t e n d i n g   t r a n s v e r s e l y   of   t h e  

p l a n e   of   t h e   s u p p l e m e n t a r y   p l a t e   20  and  s e c u r e d   to  t h e  

t u b e   p l a t e   12  w h e r e b y   t h e   s u p p l e m e n t a r y   p l a t e   i s   s p a c e d  

10  f rom  and  p a r a l l e l   to  t h e   t u b e   p l a t e   and  f i t s   o v e r   t h e  

a s s o c i a t e d   t u b e   o r   t u b e s   to  r e i n f o r c e   t he   t u b e   a n d  

t u b e   p l a t e   c o n n e c t i o n .  

2.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i s e d  

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

15  p l a t e   20  i n c l u d e s   a  f l a n g e   p o r t i o n   22  i n t e g r a l   w i t h  

t he   t r a n s v e r s e   p o r t i o n   and   w h i c h   l i e s   p a r a l l e l   to  t h e  

t u b e   p l a t e   12  and   i s   s e c u r e d   t h e r e t o .  

3.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   2  c h a r a c t e r i s e d   i n  

t h a t   t h e   f l a n g e   p o r t i o n   22  i s   s e c u r e d   to  t he   t u b e   p l a t e  

20  12  by  w e l d i n g .  

h.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  any   one  of   t he   p r e c e d i n g  

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

t u b e   p l a t e   12  and  The  s u p p l e m e n t a r y   p l a t e   20  a r e   e a c h  

f o r m e d   w i t h   u p s t a n d i n g   l i p s   w h i c h   p r o j e c t   f rom  t h e   ! 

25  p l a t e s   12  and  20  in   t h e   same  d i r e c t i o n   as  one  a n o t h e r .  

5.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   h  c h a r a c t e r i s e d   i n  

t h a t   t h e   d e p t h s   o f   t h e   l i p s   a r e   l e s s   t h a n   t he   s p a c i n g   ! 

b e t w e e n   t h e   t u b e   p l a t e   12  and   t he   s u p p l e m e n t a r y   p l a t e   j 

20.  j 
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6.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  any  one  o f   t h e  

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

p l a t e   20.  i s   of   g e n e r a l l y   r e c t a n g u l a r   s h a p e   in   p l a n   v i e w  

and  t h e   p e r i p h e r a l   r e g i o n   h a v i n g   t h e   t r a n s v e r s e   p o r t i o n  

5  21  :  23  e x t e n d s   o v e r   one  or   more   e d g e s   o f   t h e   p l a t e .  

7.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  any  one  o f   t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i s e d   in   t h a t   t he   t u b e s   15  a r e   a r r a n g e d  

in   an  a r r a y   and  t h e   s u p p l e m e n t a r y   p l a t e   20  i s   a p e r t u r e d  

to  r e c e i v e   t u b e s   15  in   t he   o u t e r m o s t   p a r t   o f   t h e   a r r a y .  

10  8.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  any  one  o f   t h e   p r e c e d i n g  

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

20  has   a  t r a n s v e r s e   p o r t i o n   21  and  a s s o c i a t e d   f l a n g e d  

p o r t i o n   22  s e c u r e d   to  t he   t u b e   p l a t e   12  a l o n g   o n e  

edge   o f   t h e   s u p p l e m e n t a r y   p l a t e ,   and  a l o n g   a n o t h e r   e d g e  

15  of   t h e   s u p p l e m e n t a r y   p l a t e   i s   a  t r a n s v e r s e   p o r t i o n   2 3  

w h i c h   e n g a g e s   t h e   t u b e   p l a t e .  
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