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AN  IMPROVED  HEAT  EXCHANGER 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t  

in  a  p l a t e - f i n   t y p e   h e a t   e x c h a n g e r ,   c o m p r i s i n g   a  t a n k  

w h i c h   is  made  of  s y n t h e t i c   r e s i n   and  f o r m e d   i n t e g r a l l y  

w i t h   a  t u b e   end  p l a t e .  

BACKGROUND  OF  THE  INVENTION 

In  a  c o n v e n t i o n a l   h e a t   e x c h a n g e r ,   f o r   e x a m p l e ,   as  shown  i n  

F i g . 1 , t h e  c o r e   c  c o n s i s t i n g  o f   a  p l u r a l i t y   o f  p l a t e   f i n s   b  



f i x e d   to  tube   a  by  means  of  a  tube  e x p a n s i o n   is  a t t a c h e d   t o  

the  tube  end  p l a t e   e  t h r o u g h   a  s ea l   p a c k i n g   means  d,  and  t h e  

f r o n t   end  at'  of  the  tube  a  p r o t r u d i n g   from  the  tube  end  p l a t e  

e,  a f t e r   e x p a n d i n g   i t s   mouth  p o r t i o n   to  p r e v e n t   the  d r o p p i n g  

off   of  i t ,   i s   i n s e r t e d   with  an  0 - s h a p e d   r i n g   f  and  a t t a c h e d  

to  the  s y n t h e t i c   r e s i n   t ank   g  t h r o u g h   an  e n g a g i n g   means  H. 

This  t ype   of  hea t   e x c h a n g e r   is  not   f r e e   from  the  d i s -  

a d v a n t a g e   t h a t   the  number  of  p a r t s   i n c r e a s e s   b e c a u s e   the  c o r e  

c,  the  tube   end  p l a t e   e  and  the  t ank   g  must  be  p r e p a r e d   s e p a -  .  

r a t e l y .   Moreove r ,   the  hea t   e x c h a n g e r   has  a  p rob lem  in  manu-  

f a c t u r e   b e c a u s e   each  p a r t   or  m a t e r i a l   must  be  c o n n e c t e d  

r e s p e c t i v e l y .  

To  e l i m i n a t e   the  above  d i s a d v a n t a g e ,   a  h e a t   e x c h a n g e r  

c o m p r i s i n g   a  t ank   which  is  formed  i n t e g r a l l y   w i th   a  tube  e n d  

p l a t e   has  been   p r o p o s e d ,   as  shown  in  F ig .   2.  This  type  o f  

hea t   e x c h a n g e r   needs   l e s s   p a r t s   than   the  a b o v e - m e n t i o n e d   t y p e  

in  t h a t   a  t ube   end  p l a t e   is  o m i t t e d .   But  the  t a n k   1  and  t h e  

tube  a  must  be  s o l d e r e d   from  o u t s i d e .   This  means  t h a t   t h e r e  

is  a  p r o b l e m   in  the  c o n n e c t i o n   of  them  and  t h a t   the  h e a t  

e x c h a n g e r   i s   l a c k i n g   in  p r a c t i c a l i t y .   Moreove r ,   i f   s y n t h e t i o  

r e s i n   is  u s e d  t o   form  the  t ank   1,  i t   is   i m p o s s i b l e   to  c o n n e c t  

the  t ank   1  and  the  tube  a  because   the  mouth  p o r t i o n   of  t h e  

tube  a  c a n n o t   be  expanded   from  i n s i d e .   So  i t   is  n e c e s s a r y  

to  make  the   c o n s t r u c t i o n   a  p a r t i c u l a r   one  which  r e q u i r e s ,  

for   e x a m p l e ,   the  i n s e r t i o n   of  meta l   f i t t i n g s   i n t o   the  t ank   1 .  

This  means  t h a t   the  a b o v e - m e n t i o n e d   hea t   e x c h a n g e r   cannot   show 



i t s   advan t age   of  the  i n t e g r a l   fo rming   of  the  t ank   and  the  t u b e  

end  p l a t e .  

E n g l i s h   P a t e n t   No.  1482288  is  to  e l i m i n a t e   the  a b o v e -  

men t ioned   d r awbacks .   Acco rd ing   to  t h i s   known  i n v e n t i o n ,   t h e  

t ubes   of  the  core  p o r t i o n   are  p r e s s e d   i n to   the  h o l e s   p e r f o r a t e d  

on  the  s y n t h e t i c   r e s i n   t a n k   which  is  formed  i n t e g r a l l y   w i t h  

a  tube  end  p l a t e ,   and  t hen   both   s i d e s   of  the  h o l e s   are  f i x e d  

by  means  of  s ide   p l a t e s .  

In  t h i s   known  i n v e n t i o n ,   however ,   the  c o n n e c t i o n   b e t w e e n  

the  core  p o r t i o n   and  the  t ank   is  done  only  by  p r e s s i n g   t h e  

t ubes   i n t o   the  h o l e s ,   so  t h e r e   is  a  f e a r   of  w a t e r   l e a k a g e   a t  

the  c o n n e c t i n g   p a r t .   To  p r e v e n t   the  wa te r   l e a k a g e ,   the  known 

i n v e n t i o n   p r o v i d e s   s i d e   p l a t e s   at  bo th   s i d e s   of  the  h o l e s   s o  

as  to  p r e v e n t   the  s e p a r a t i o n   of  the  t ank   and  the  core  p o r t i o n  

o r   to  f i x   them  t i g h t l y .   However,  t h e  s i d e   p l a t e s   are  f i x e d  

in  a  c o n d i t i o n   where  the  t ank   and  the  core  p o r t i o n   are  h e l d  

a f t e r   c o n n e c t i o n   of  them.  This  makes  i t   ve ry   d i f f i c u l t   t o  

pe r fo rm  t h i s   f i x i n g   s t e p   o n  t h e   m a s s - p r o d u c t i o n   l i n e   and  n e e d s  

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

• known  i n v e n t i o n ,   a  s e a l i n g   m a t e r i a l   is  exposed   o u t s i d e   the  t a n k  

and  the  s ide   p l a t e s   are  h e l d  b y   the  e l a s t i c i t y   of  the  s e a l i n g  

m a t e r i a l .   This  means  t h a t   t h e r e   is  a  f e a r   of  w a t e r   l e a k a g e  

when  the  s e a l i n g   m a t e r i a l   has  become  i n f e r i o r   whi le   in  use  o r  

t i m e - w o r n .  
SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   has  been  made  to  e l i m i n a t e   the  d r a w -  

backs   m e n t i o n e d   above .   In  o t h e r   words,   the  p r i n c i p l e   o b j e c t  



of  t h i s   i n v e n t i o n   is  to   p r e s e n t   an  i m p r o v e d   h e a t   e x c h a n g e r  

to   e n s u r e   t h e   p e r f e c t   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   and  t h e  

s e a l i n g   m a t e r i a l   of  t h e   s y n t h e t i c   r e s i n   t a n k   c o m p r i s i n g   a 

t u b e   end  p l a t e   i n t e g r a l l y .  

In  o r d e r   to   a c c o m p l i s h   t h e   a b o v e   o b j e c t ,   t h e   p r e s e n t  

i n v e n t i o n   is  to   p r o v i d e   a  h e a t   e x c h a n g e r   c h a r a c t e r i z e d   b y  

c o m p r i s i n g   a  t a n k   made  of  s y n t h e t i c   r e s i n   and  h a v i n g   a  t u -  

be  end  p l a t e   i n t e g r a l l y ,   a  c o r e   e n g a g e d   w i t h   a  p l u r a l i t y  

of  p l a t e   f i n s   on  s a i d   t u b e ,   a  back   p l a t e   w h i c h   is  a p p l i e d  

and  p r e s s e d   to   b o t h   e n d s   of  s a i d   c o r e   and  l o c k e d   t o   s a i d  

t u b e   end  p l a t e   of  s a i d   t a n k ,   and  a  s e a l i n g   m a t e r i a l   w h i c h  

is  d i s p o s e d   b e t w e e n   s a i d   t a n k   and  t h e   back   p l a t e   in  o r d e r  

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

and  keep   t h e   i n s i d e   of  s a i d   t a n k   w a t e r - t i g h t .  

BRIEF  EXPLANATION  OF  THE  DRAWINGS 

F i g s .   1  and  2  a r e   c r o s s   s e c t i o n a l   v i e w s ,   e a c h   of  w h i c h  

shows   t h e   e s s e n t i a l   p a r t s   of  t h e   c o n v e n t i o n a l   p l a t e - f i n   t y -  

pe  h e a t   e x c h a n g e r ;   F i g .   3  is  a  p a r t i a l   back   v i ew  s h o w i n g  

t h e   e s s e n t i a l   p a r t s   of  t h e   p l a t e - f i n   t y p e   h e a t   e x c h a n g e r  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;   F i g .   4  is  an  e n l a r g e d  

v iew  c u t   a l o n g   t h e   l i n e   IV-IV  of  F i g .   3;  F i g s .   5  t o  7   a r e  

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

of  t h e   m o d i f i e d   e m b o d i m e n t s   of  t h e   p l a t e - f i n   t y p e   h e a t  

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

DETAILED  EXPLANATION  OF  THE  INVENTION 

The  r e f e r e n c e   n u m e r a l   1  i n d i c a t e s   a  s y n t h e t i c   r e s i n  

t a n k   c o m p r i s i n g   a  t u b e   end  p o r t i o n   2  i n t e g r a l l y ,   t h e   l o w e r  

p e r i p h e r y   of  wh ich   is  p r o v i d e d   w i t h   h o o k s   3  f o r   l o c k i n g   t h e  

back   p l a t e   at  a  d e s i r e d   i n t e r v a l .   T h e s e   h o o k s   3  p r o t r u d e  

f rom  t a n k   1  at  an  e q u a l   i n t e r v a l   and  at   t h e   c e n t e r   of  t h e m  

a re   p r o v i d e d   u n d e r - c u t   s l i t s   3a  to   make  t h e   m o u l d i n g   e a s y .  

The  t u b e   end  p l a t e   2  is  p r o v i d e d   w i t h   t u b e - e n g a g i n g   h o l e s   4  



in  a  z i g z a g   s t a t e .   T h e s e   h o l e s   4  a r e   so  s h a p e d   t h a t   a  s m a l l  

d i a m e t e r   p o r t i o n   4a  and  a  l a r g e   d i a m e t e r   p o r t i o n   4b  a r e   c o n -  

n e c t e d   at   a  t a p e r e d   p o r t i o n   4 c .  

5  is  a  c o r e   to   wh ich   a r e   f i x e d   a  p l u r a l i t y   of  p l a t e   f i n s  

7  b y   means   of  a  t u b e - e x p a n s i o n   a r o u n d   t h e   t u b e   6 .  

8  is  a  back   p l a t e   h a v i n g   a  U - s h a p e d   s e c t i o n   and  it   h a s  

h o l e s   9  in  c o r r e s p o n d e n c e   to   t h e   t u b e   6  of  t h e   c o r e   5  a n d  

i t s   p e r i p h e r y   8a  is  r e c e i v e d   by  t h e   hook  3  of  t h e   t a n k   l . T h e  

back   p l a t e   8  is  p l a c e d   t h r o u g h   h o l e s   9  at  b o t h   u p p e r   and  l o -  

wer  e n d s   of  t h e   c o r e   5  and  f i x e d   to   t h e   c o r e   by  means   of  e x -  

p a n s i o n   in  a  s i m i l a r   m a n n e r   when  t h e   t u b e   6  and  p l a t e   f i n s  

a r e   f i x e d .  

A  s e a l i n g   m a t e r i a l   i n d i c a t e d   by  11  is  made  of  a  r e s i l i e n t  

m a t e r i a l   and  d i s p o s e d   in  t h e   t u b e - e n g a g i n g   h o l e s   4  t h a t   a r e  

p r o v i d e d   on  t h e   t u b e   end  p l a t e   2  of  t h e   t a n k   1.  The  s e a l i n g  

m a t e r i a l   11  is  c o m p r e s s e d   and  d i s t o r t e d   in  t h e   t u b e - e n g a g i n g  

h o l e s   4  by  t h e   push   when  t h e   t u b e   6  is  i n s e r t e d ,   so  t h a t   i t  

p r e s s e s   and  r e t a i n s   t h e   t u b e   6  t i g h t l y   and  p r e v e n t s   t h e   l e a k a g e  

of  c o o l i n g   l i q u i d   in  t a n k   1  when  t h e   t u b e   6  is  r e t a i n e d .   T h i s  

s e a l i n g   m a t e r i a l   has   s u b s t a n t i a l l y   t h e   same  s h a p e   as  t h a t   o f  

t u b e - e n g a g i n g   h o l e s   4,  and  c o n s i s t s   of  b l o c k   11c  t h a t   i s  

e n g a g e d   in  t h e   t u b e - e n g a g i n g   h o l e   4  and  t h e   j o i n t   p a r t   1 1 d  

t h a t   c o n n e c t s   e a c h   b l o c k   11c .   The  b l o c k   11c  is  p r o v i d e d   w i t h  

a  h o l e   11a  i n t o   w h i c h   t h e   t u b e   6  is  i n s e r t e d .  

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

h e a t   e x c h a n g e r   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

e x p l a i n e d .  

F i r s t ,   a f t e r   t h e   t u b e   6  is  a r r a n g e d   w i t h   a  p l u r a l i t y   o f  

p l a t e   f i n s  7   a r o u n d   it   in  a  c o n v e n t i o n a l   way  and  a  b a c k   p l a t e  

8  is  d i s p o s e d   a t   b o t h   u p p e r   and  l o w e r   s i d e s   of  t h e   t u b e   6 ,  

t h e   p l a t e   f i n s   7  and  t h e   b a c k   p l a t e s   8  a r e   f i x e d   t o   t h e   t u b e  

6  by  means   of  t u b e - e x p a n s i o n ,   so  t h a t   t h e   c o r e   5  is  f o r m e d .  



This   core  5  is  d i f f e r e n t   from  c o n v e n t i o n a l   ones  in  c o n s t r u c t i o n ,  

t h a t   i s ,   i t   has  a  c o n s t r u c t i o n   in  which  a  back  p l a t e   8  i s  

a r r a n g e d   on  both  upper   and  lower   ends  of  the  core  5 .  

Next,   the  s e a l i n g   m a t e r i a l   11  is  a t t a c h e d   to  the  t u b e -  

e n g a g i n g   h o l e s   4  t h a t   are  p e r f o r a t e d   on  the  tube   end  p l a t e s  

2  of  u p p e r   and  lower  t a n k s   1.  And  the  s e a l i n g   m a t e r i a l   11  i s  

c o m p r e s s e d   to  the   wal l   of  the  tube   6  by  i n s e r t i n g   the  f r o n t  

edge  6a  of  the   t u b e  6   i n t o   t h e  h o l e   l l a   of  the   s e a l i n g   m a t e r i a l  

11,  and  t h e n   the  p e r i p h e r y   8a  of  the  back  p l a t e   8  is  l o c k e d  

to  t he   hook  3  of  the  t a n k   1.  At  t h i s   t i m e ,   the  s e a l i n g   m a t e r i a l  

11,  as  each   b l o c k   l l c  i s   s u s t a i n e d   by  the  t a p e r   p o r t i o n   4 c  

of  the   t u b e - e n g a g i n g   h o l e   4,  does  not  p r o t r u d e   i n t o   the  i n s i d e  

of  the   t a n k   1,  and  i t s   d i s t o r t i n g   power  changes   i n t o   the  p o w e r  

to  compress   not  only  the  tube  6  in   the  ho le   l l a   but  a l so   t h e  

s m a l l   d i a m e t e r  p o r t i o n   4a  of  the   t u b e - e n g a g i n g   hole   4  so  t h a t  

the  tube  6  may  b e  r e t a i n e d .   F u r t h e r ,   as  the  s e a l i n g   m a t e r i a l  

11  has  s u b s t a n t i a l l y   the  same  shape  as  the  t u b e - e n g a g i n g   h o l e  

4,  t h e r e   is   formed  a  gap  12  b e t w e e n   the  lower   s u r f a c e   l l b   o f  

the  s e a l i n g   m a t e r i a l   11  and  the  back  p l a t e   8 .  

Thus,   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the  tube   6  i s  

f i r m l y   h e l d   by  the  s e a l i n g   m a t e r i a l   11  b e c a u s e   i t   is  c o m p r e s s e d  

and  d i s t o r t e d   by  the  l o c k i n g   power  of  the  base  p l a t e   8,  w i t h  

the  r e s u l t   t h a t   the  tube   6  is  f i r m l y   r e t a i n e d   even  i f   t h e r e  

is  no  s t e p   to  expand  the  mouth  p o r t i o n   of  the  tube   6  from  i n s i d e .  

Moreover ,   at  the  time  of  a s s e m b l i n g   the  core  5,  the  back  p l a t e  

8  can  be  s i m u l t a n e o u s l y   f i x e d ,   which  f a c i l i t a t e s   the  p r o d u c t i o n .  



F u r t h e r ,   as  the  back  p l a t e   to  be  compres sed   to  the  tube  6  i s  

looked  on  the  t ank   1,  i t   becomes  p o s s i b l e   to  app ly   a  d e s i r e d  

power  to  the  s e a l i n g   m a t e r i a l  1 1   at  any  t ime .   This  f a c t  

p r e v e n t s   the  d r o p p i n g   off   of  the  tube  6  and  e n s u r e s   the  w a t e r -  

t i g h t n e s s .   S t i l l   f u r t h e r ,   good  d u r a b i l i t y   can  be  o b t a i n e d ,  

because   the  back  p l a t e   is  made  of  s y n t h e t i c   r e s i n   and  s o  

t h e r e   o c c u r e s   no  c o r r o s i o n  b e t w e e n   i t   and  the  tube   6.  S t i l l  

f u r t h e r ,   as  the  s e a l i n g   m a t e r i a l   11  and  the  back   p l a t e   8 

are  c o n f r o n t e d   each  o t h e r   t h r o u g h   the  gap  12,  the   c o r r o s i o n  

in  the  gap  at  t h i s   p a r t   can  be  a v o i d e d   and  the  d u r a b i l i t y   o f  

the  dev ice   can  be  a d v a n t a g e o u s l y   o b t a i n e d .   In  a d d i t i o n   t o  

t h i s ,   as  the  c o n n e c t i o n   of  the  t ank   1  and  the  core  5  i s  

s u f f i c i e n t l y   done,  t h e r e   is  no  need  to  use  s i de   p l a t e s .   T h i s  

f a c t   means  t h a t   the  p r e s e n t   i n v e n t i o n   is  s u i t a b l e   f o r   m a s s -  

p r o d u c t i o n ,  

Fig.   5  is  a n o t h e r   embodiment  of  the   p r e s e n t   i n v e n t i o n  

which  is  s u b s t a n t i a l l y   the  same  as  the  one  a l r e a d y   m e n t i o n e d  

above,   excep t   t h a t   the  shapes   of  the  lower   p o r t i o n   of  t h e  

t ank   and  the  p e r i p h e r y   of  the  back  p l a t e   are  d i f f e r e n t .   T h e r e -  

f o r e ,   only  the  e s s e n t i a l   p o i n t   w i l l   be  e x p l a i n e d   and  t h e  

e x p l a n a t i o n   c o n c e r n i n g   the  o t h e r   p a r t s   is  o m i t t e d .  

Tank  20  has  hooks  22  for   l o c k i n g   a  back  p l a t e   at  a  d e s i r e d  

i n t e r v a l   a long   the  lower   p e r i p h e r y   of  the  tube   end  p l a t e   2 1 ,  

whi le   the  back  p l a t e   23  has  s l i t s   24  to  r e c e i v e   the  l o c k i n g  

hooks  22.  When  the  s e a l i n g   m a t e r i a l   25  is  d i s p o s e d   on  t h e  

tube  end  p l a t e   21  and  then   the  back  p l a t e   23  is  pushed  t o w a r d s  



the  t ank   20  p r e s s i n g   the  tube  26  i n to   the  s e a l i n g   m a t e r i a l  

25,  the  back  p l a t e   23  is  se t   and  locked   by  the  s p r i n g   a c t i o n  

of  the  t a n k   20.  Thus  the  core  27  is  i n s t a l l e d   to  the  t a n k   2 0 .  

I t   is  p o s s i b l e   to   p r o v i d e   p r o j e c t i o n s   on  the  l o w e r  

s u r f a c e   of  the   s e a l i n g   m a t e r i a l   and  d e t e r m i n e   the   p o s i t i o n  

of  the  back   p l a t e   by  p r e s s i n g   the  p r o j e c t i o n s   to   the  b a c k  

p l a t e .  

F ig .   6  shows  s t i l l   a n o t h e r   embodiment   of  the   p r e s e n t  

i n v e n t i o n ,   in   which  t h e  s h a p e   of  the   s e a l i n g   m a t e r i a l   11  shown 

in  F ig .   4  is  m o d i f i e d .   In  more  d e t a i l ,   the   s e a l i n g   m a t e r i a l  

11  is  d i r e c t l y   p r e s s e d   to   the  back  p l a t e   8,  and  so  t h e r e   i s  

no  gap  b e t w e e n   the  t w o .   In  t h i s   embodiment ,   t he   back   p l a t e  

8  a l s o   s e r v e s   as  a  means  to  p r e v e n t   the  d r o p p i n g   o f f   of  t h e  

s e a l i n g   m a t e r i a l   1 1 .  

F i g .  7   shows  s t i l l   a n o t h e r   embodiment   of  the   p r e s e n t  

i n v e n t i o n ,   in  which  the   shape  of  the  s e a l i n g   m a t e r i a l   25  i n  

F ig .   5  i s   m o d i f i e d .   In  more  d e t a i l ,   the   s e a l i n g   m a t e r i a l   25  

is   p r e s s e d   to   the  back   p l a t e   25  and  t h e r e   is   no  gap  b e t w e e n  

the  two.  In  t h i s   embod imen t ,   the  back   p l a t e   8  s e r v e s   a l s o   a s  

a  means  to   p r e v e n t   t he   d r o p p i n g   o f f   of  the   s e a l i n g   m a t e r i a l   1 1 .  



1 .  -   An  h e a t   e x c h a n g e r ,   c h a r a c t e r i z e d   by  c o m p r i s i n g  

a  t a n k   made  of  s y n t h e t i c   r e s i n   and  h a v i n g   a  t u b e   end  p l a  

t e   i n t e g r a l l y ,   a  c o r e   e n g a g e d   w i t h   a  p l u r a l i t y   of  p l a t e  

f i n s   on  s a i d   t u b e ,   a  back   p l a t e   wh ich   is  a p p l i e d   and  p r e s  

sed   to   b o t h   e n d s   of  s a i d   c o r e   and  l o c k e d   to   s a i d   t u b e   e n d  

p l a t e   of  s a i d   t a n k ,   and  a  s e a l i n g   m a t e r i a l   w h i c h   is  d i s p o  

sed   b e t w e e n   s a i d   t a n k   and  t h e   back   p l a t e   in  o r d e r   to   h o l d  

s a i d   t u b e   i n s e r t e d   i n t o   s a i d   t u b e - e n g a g i n g   h o l e   and  k e e p  

t h e   i n s i d e   of  s a i d   t a n k   w a t e r - t i g h t .  

2 .  -   An  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 z e d   in  t h a t   t h e r e   is  p r o v i d e d   a  gap  b e t w e e n   s a i d   b a c k  

p l a t e   and  s a i d   t a n k ,   and  s a i d   s e a l i n g   m a t e r i a l   is  d i s p o -  

sed   in  s a i d   t u b e - e n g a g i n g   h o l e   on  s a i d   t u b e   end  p l a t e   o f  

s a i d   t a n k .  
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