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©  Method  and  apparatus  for  the  heating  of  underwater  equipment. 
The  heating  of  submersible  hulls,  diving  suits  and  other 

underwater  equipment  usually  involves  use  of  electrical  bat- 
teries.  However,  in  cold  water  operations  these  electrical  bat- 
teries  prove  quite  inadequate  for  the  task.  The  invention  pro- 
vides  for  a  self-contained  heating  system  involving  the  bring- 
ing  together  in  a  submerged  reaction  zone  (15)  of  substances 
capable  of  reacting  together  exothermically.  Preferably  one  of 
the  substances  is  a  metal  e.g.  aluminium  in  ingot form  and  the 
other  substance  is  an  aqueous  solution  of  sodium  hydroxide 
and  is  fed  to  the  ingots  (14)  of  aluminium.  The  invention 
embraces  also  an  apparatus  for  carrying  out  the  reaction  and 
transferring  the  heat  generated. 





T h i s   i n v e n t i o n   r e l a t e s   to  t he   h e a t i n g   of  u n d e r w a t e r  

e q u i p m e n t   s u c h   f o r   e x a m p l e   as  h o t - w a t e r   d i v i n g   s u i t s   a n d  

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

T h e r e   e x i s t s   a  need   f o r   a  s i m p l e ,   s a f e   and  e f f i c i e n t  

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

d i v e r s   w o r k i n g   in  t he   w a t e r   a n d / o r   f o r   use  in  h e a t i n g   t h e  

i n t e r i o r   of  s u b m e r s i b l e   h u l l s   s u c h ,   f o r   e x a m p l e   as  s u b -  

m a r i n e s ,   s u b m e r s i b l e s ,   d i v i n g   b e l l s   and  h y p e r b a r i c   e v a c u a t i o n  

c h a m b e r s .   T h u s ,   t he   c o m f o r t   and  even   s u r v i v a l   of  an  o p e r a t o r  

f o r   any  l e n g t h   of  t i m e   in  t h e   p r e s s u r i z e d   h e l i u m - o x y g e n  

a t m o s p h e r e   of  a  s u b m e r g e d   h u l l   d e p e n d s   on  m a i n t a i n i n g  

r e l a t i v e l y   h i g h   gas  t e m p e r a t u r e s ,   as  t he   t h e r m a l   c o n d u c t i v i t y  

of  t h i s   gas   is  e x t r e m e l y   h i g h   c o m p a r e d   to  s e a - l e v e l   a i r .  

For   some  t i m e   now  t he   h e a t   s o u r c e   used   in  h e a t i n g   s u c h  

e q u i p m e n t   has   been   an  e l e c t r i c a l   b a t t e r y   s y s t e m .   H o w e v e r ,  

w i t h   t h e   p r e s e n t   i n c r e a s i n g   use   of  s u b m e r s i b l e   h u l l s   ( s o -  

c a l l e d   d i v e r   l o c k - o u t   s u b m e r s i b l e s )   as  a  b a s e   f o r   c o l d - w a t e r  

o p e r a t i o n s ,   s u c h   a  h e a t   s o u r c e   is  q u i t e   i n a d e q u a t e   fo r   t h e  

t a s k .   Tha t   i s ,   t h e r e   is  at   p r e s e n t   no  s a t i s f a c t o r y   m e t h o d  

of  h e a t i n g   t h e   d i v e r s   on  an  a u t o n o m o u s   o p e r a t i o n ,   or  f o r  

m a i n t a i n i n g   t h e   l o c k - o u t   c o m p a r t m e n t   t e m p e r a t u r e   at  a n  

a d e q u a t e   l e v e l   f o r   any  l e n g t h   of  t i m e   i f   f o r   some  r e a s o n  

t h e   s u b m e r s i b l e   c a n n o t   be  r e c o v e r e d   i m m e d i a t e l y .   As  o n e  

of  t h e s e   s u b m e r s i b l e s   t y p i c a l l y   c a r r i e s   40  k W - h o u r s   o f  

b a t t e r i e s   in  t o t o ,   use   of  t h e s e   b a t t e r i e s   to  h e a t   w a t e r   t o  

be  p a s s e d   to  t h e   d i v i n g   s u i t   in  t h e   o p e n - c i r c u i t   t e c h n i q u e  

is  o b v i o u s l y   no t   f e a s i b l e .   V a r i o u s   s u b s t i t u t e s   have   b e e n  

t r i e d ,   among  them  e l e c t r i c a l l y - h e a t e d   s u i t s   and  c l o s e d -  

c i r c u i t   h o t - w a t e r   s u i t s   ( s o m e t i m e s   c o u p l e d   w i t h   a  h e a t   pump 

to   f u r t h e r   i n c r e a s e   t h e   e f f i c i e n c y ) .   These   m e t h o d s   have   t h e  

d i s a d v a n t a g e   of  b e i n g   c o m p l i c a t e d   and  d e l i c a t e ,   and  t h e  

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

work   by  t h e   d i v e r .  

The  o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e   fo r   t he   g e n e r -  

a t i o n   of  h e a t   u n d e r   w a t e r   in  s u c h   a  m a n n e r   t h a t   t he   a f o r e s a i d  



d i f f i c u l t i e s   a r e   o b v i a t e d .  o r   m i t i g a t e d .  

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  a   m e t h o d  o f   g e n e -  

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

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

of  r e a c t i n g   t o g e t h e r   e x o t h e r m i c a l l y .   P r e f e r a b l y   t h e  

s u b s t a n c e s   a r e   r e s p e c t i v e l y   l i q u i d   and  s o l i d   s u b s t a n -  

c e s .   More  p r e f e r a b l y   one  of  t h e   s u b s t a n c e s  i s   a  m e t a l .  

Mos t   p r e f e r a b l y   t h e   m e t a l   i s   a l u m i n i u m   and  the   r e a c t a n t  

i s   an  a q u e o u s   s o l u t i o n   of  s o d i u m   h y d r o x i d e ,   t he   e x o t h e r m i c  

r e a c t i o n   b e i n g :   2A1  +  2NaOH  +  2H2O  @  2 N a A l O 2   +  3 H 2 .  
A d v a n t a g e o u s l y   a l u m i n i u m   i s   in   i n g o t  f o r m .  

S a i d   r e a c t i o n   y i e l d s  a b o u t   93  k - c a l  o f   h e a t   pe r   g r a m  

m o l e c u l e ,   or  a b o u t   21  k W  o f   h e a t   e n e r g y   p e r  p o u n d   o f  

a l u m i n i u m .  

By  v i r t u e   of  t he   i n v e n t i o n   a u t o n o m o u s   u n d e r w a t e r   h e a t  

i s  p r o d u c e d   w i t h   w e l l   o v e r   1 - 1 / 2   o r d e r s  o f   m a g n i t u d e   m o r e  

p o w e r   p e r   u n i t   of  v o l u m e   or  mass   t h a n  i s   p o s s i b l e   w i t h  

l e a d - a c i d   b a t t e r i e s .   T h u s ,   s u i t a b l y   s i z e d   h e a t - g e n e r a t i n g  

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

h e a t   f o r   h o u r s   of  o p e n - c i r c u i t   d i v i n g - s u i t   h e a t i n g ,   a n d  

a l s o   h e a t i n g   b a c k u p   in   t h e  l o c k - o u t   c o m p a r t m e n t   of  t h e  

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

p r o b l e m   a r o s e .   S a i d   h e a t - g e n e r a t i n g   m e a n s  a l s o   of  c o u r s e  

f r e e s   t h e   u s u a l   e l e c t r i c   b a t t e r y  s y s t e m   of  t he   s u b m e r s i b l e  

f o r   t a s k s   more  s u i t a b l e   f o r   i t ,   s u c h  a s   the   d r i v i n g   o f  

m o t o r s ,   pumps  and  e l e c t r i c a l   s y s t e m s .  

F u r t h 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   I  p r o v i d e  

s u b m e r s i b l e   a p p a r a t u s   f o r   use   in  u n d e r w a t e r   o p e r a t i o n s ,  

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

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

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

r e a c t i n g   t o g e t h e r   e x o t h e r m i c a l l y   and  (b)  d i s p e n s i n g   m e a n s  

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

e n a b l e   f e e d i n g   of  l i q u i d   r e a c t a n t   t o  t h e   r e a c t i o n   z o n e .  



In  a  p r e f e r r e d   a p p a r a t u s   a  v e n t i n g   t ube   e x t e n d s  

f rom  t h e   t o p   of  the   r e a c t i o n   c h a m b e r   to  d i s c h a r g e   i n t o   t h e  

a m b i e n t   w a t e r ,   and  in  the   b o t t o m   p o r t i o n   of  the   r e a c t i o n  

c h a m b e r   t h e r e   is   an  a p e r t u r e   w h i c h   has   a  d i s c   or  v a l v e  

f o r   o p e n i n g   the   a p e r t u r e   a t   a  p r e d e t e r m i n e d   t e m p e r a t u r e  

to  e n a b l e   e n t r y   of  w a t e r   to  t he   r e a c t i o n   zone   or  d u m p i n g  

of  the   c o n t e n t s   on  t e m p e r a t u r e   r u n a w a y ,   t he   w a t e r   b e i n g  

s u c k e d   t h r o u g h   the   a p e r t u r e   by  the   " a i r - l i f t "   e f f e c t   o f  

gas  e x i t i n g   t h r o u g h   t h e  v e n t i n g   t u b e .  

P r e f e r a b l y   the   d i s p e n s i n g   m e a n s   f o r   a  l i q u i d   r e a c t a n t  

i n c l u d e   an  a c c u m u l a t o r   of  the   s e p a r a t e d   t y p e   a d j a c e n t   t o  

t he   r e a c t i o n   zone   c h a m b e r ,   one  s i d e   b e i n g   c o n n e c t e d   to  t h e  

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

b e i n g   c o n n e c t e d   to  the   r e a c t i o n   c h a m b e r   so  t h a t   p r e s s u r i s e d  

w a t e r   in  t he   one  s i d e   c o m p r e s s e s   t he   o t h e r   to  f o r c e   t h e  

l i q u i d   r e a c t a n t   i n t o   the   r e a c t i o n   z o n e .  

More  p r e f e r a b l y   the   a c c u m u l a t o r   i s   a  j a c k e t   a n d  

b l a d d e r   a c c u m u l a t o r .  

P r e f e r a b l y   a l s o   the   a p p a r a t u s   i n c l u d e s   l i q u i d   h e a t i n g  

m e a n s   h a v i n g   a  h e a t   e x c h a n g e r   in  t he   r e a c t i o n   c h a m b e r .  

Most   p r e f e r a b l y   the   h e a t - g e n e r a t i n g   means   a r e   on  the   h u l l  

e x t e r i o r l y   t h e r e o f ,   and  the   h e a t i n g   means   i n c l u d e   a  pump 

f o r   l o c a t i o n   in  the   c o l d   w a t e r   o u t s i d e   the   h u l l ,   s u p p l y  

d u c t i n g   e x t e n d i n g   f rom  the   pump  t h r o u g h   the   h u l l   i n t e r i o r  

to   the   h e a t - e x c h a n g e r   i n l e t ,   and  d i s c h a r g e   d u c t i n g   e x t e n d i n g  

f rom  the   h e a t - e x c h a n g e r   o u t l e t   i n t o   the   h u l l   i n t e r i o r .  

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

s t a n d   p i p e   e x t e n d i n g   u p w a r d s ,  f r o m   the   h e a t - g e n e r a t i n g  

means   and  i n t o   the   h u l l   and  c o n n e c t i b l e   a t   i t s   u p p e r   e n d ,  

to   the   u p p e r   end  of  a  d i v e r ' s   h o s e   to   e n a b l e   use  of  t h e  

h e a t e d   w a t e r   to  h e a t   a  d i v i n g   s u i t .  



The  p r e f e r r e d   a p p a r a t u s  f u r t h e r   i n c l u d e s  a   b r a n c h   p i p e  

e x t e n d i n g   f rom  t he   s u p p l y   d u c t i n g  i n   t he   h u l l  t o   t he   h u l l  

e x t e r i o r ,   a n d  h a s   a  v a l v e   i n  t h e   b r a n c n   p i p e   to  e n a b l e   a d -  

j u s t m e n t   of  t h e   h e a d   p r e s s u r e   and  w a t e r   f low  t h r o u g h   t h e  

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

b r a n c h   p i p e   e x t e n d i n g   f rom  t he   s u p p l y   d u c t i n g   in  t h e   h u l l   t o  

the   r e a c t i o n   z o n e  i n   t he   r e a c t i o n   c h a m b e r  a n d  h a s   a  v a l v e   i n  

the   b r a n c h   p i p e  t o   e n a b l e   t h e   i n t r o d u c t i o n   of  c o l d   w a t e r   t o  

the   r e a c t i o n   z o n e   so   t h a t   t he   r e a c t i o n   i s   d a m p e n e d  a n d  s i -  

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

t i o n   c h a m b e r   t h r o u g h   the   v e n t i n g   t u b e .  

The  a p p a r a t u s   may  i n c l u d e   a  w a t e r   r a d i a t o r   in   t h e   h u l l ,  

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

the   r a d i a t o r   i n l e t ,   and  a  w a t e r   e x h a u s t   l i n e   e x t e n d i n g   f r o m  

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

the   a m b i e n t   w a t e r .  

The  w a t e r   e x h a u s t  l i n e   may  be  a  h e a t   e x c h a n g i n g   h e l i c a l  

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

d i n g   b e t w e e n   t he   h u l l   and  the   h e a t - e x c h a n g e r   i n l e t   and   h a s  

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

and  e n c l o s i n g   t he   h e l i c a l   c o i l .  

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

c y l i n d r i c a l   fo rm  w i t h  t h e   r e a c t i o n   zone   i n  t h e   l o w e r   p o r t i o n  

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

d i s p o s e d   in  t he   c h a m b e r   a b o v e   the   r e a c t i o n   z o n e .  

In  an  e q u a l l y   p r e f e r r e d   b u t m o d i f i e d   e m b o d i m e n t   of  t h e  

a p p a r a t u s   of  t h e  p r e s e n t   i n v e n t i o n   the   h e a t  g e n e r a t i n g   m e a n s  

a r e   i n  t h e  i n t e r i o r   of  t he   h u l l ,   t he   r e a c t i o n  c h a m b e r   a n d  

the   h u l l   a b u t   one  a n o t h e r ,   a n d  t h e   a r e a   o f  a b u t m e n t   f o r m s   a  

h e a t - c o n d u c t i v e   p a r t i t i o n   to   e n a b l e  h e a t - t r a n s f e r   to  t h e  

h u l l   i n t e r i o r .  

In  t h i s  m o d i f i e d   e m b o d i m e n t  t h e   r e a c t i o n   c h a m b e r   a n d  

the   h u l l   may  be  c o n t a i n e d   w i t h i n   a  c o m m o n  i n s u l a t i n g   l a y e r .  

P r e f e r a b l y   t h e   r e a c t i o n   h e a t   f r o m  t h e   r e a c t i o n   c h a m b e r  

in  the   m o d i f i e d   e m b o d i m e n t   i s   c o n d u c t e d   via   the   h e a t   c o n -  

d u c t i v e   p a r t i t i o n   to  a  f i n n e d  h e a t   e x c h a n g e r   on  the   i n t e r i o r  

s u r f a c e   of  t he   h u l l .  

E m b o d i m e n t s   of  t he   i n v e n t i o n   w i l l  b e   d e s c r i b e d   b y  w a y  



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

m a t i c   d r a w i n g s   in  w h i c h   F i g .   1  and  F i g .   2  a r e   f r a g m e n t a r y  

s e c t i o n a l   s i d e   v i e w s   of  s u b m e r s i b l e   a p p a r a t u s   fo r   use  i n  
c o l d - w a t e r   d i v i n g   o p e r a t i o n s .  

R e f e r r i n g  t o   F i g .   1  of  t he   d r a w i n g s : -  

The  a p p a r a t u s   c o n s i s t s   of  (a)  a  h u l l   1  h a v i n g  

t h e r e i n   a  d i v e r   l o c k - o u t   c o m p a r t m e n t   2  w i t h   an  o p e n i n g   3 

in  t he   f l o o r   4  t h e r e o f   f o r   p a s s a g e   of  a  d i v e r   f i t t e d   w i t h  

an  o p e n - c i r c u i t   w a t e r - h e a t e d   d i v i n g   s u i t   5  fed  by  a  l e n g t h  

of  h e a t - i n s u l a t e d   w a t e r   hose   6  p a s s i n g   t h r o u g h   the   o p e n i n g  

3  (b)  h e a t - g e n e r a t i n g   means   7  m o u n t e d   on  the   f l o o r   4  of  t h e  

c o m p a r t m e n t   2  a d j a c e n t   to  the   f l o o r   o p e n i n g  3   and  e x t e n d i n g  

e x t e r i o r l y   of  t he   h u l l   1  and  (c)  h e a t - e x c h a n g i n g   m e a n s  

i n c l u d i n g   w a t e r   t u b i n g   9  e x t e n d i n g   t h r o u g h   the   h e a t - g e n e r a -  

t i n g   means   7  and  c o n n e c t e d   to  the   d i v e r ' s   hose   6  and  t o  

a  h o t - w a t e r   r a d i a t o r   10  in  the   c o m p a r t m e n t   2 .  

The  h e a t - g e n e r a t i n g   means   7  i n c l u d e   e x t e r i o r l y   of  t h e  

h u l l   1  and  m o u n t e d   t h e r e o n   a  h e a t - i n s u l a t e d   r e a c t i o n   c h a m b e r  

11  in  the   form  of  an  u p r i g h t   c y l i n d e r   w i t h   a  domed  t op   e n d  

12  and  a  domed  b o t t o m   end  13,  i n g o t s   14  of  a l u m i n i u m   in  a 

r e a c t i o n   zone   15  f o r m e d   by  the   l o w e r   end  p o r t i o n   of  t h e  

r e a c t i o n   c h a m b e r   11,  and  a  j a c k e t - a n d - b l a d d e r   t y p e   a c c u -  

m u l a t o r   16  d i s p o s e d   a l o n g s i d e   the   r e a c t i o n   c h a m b e r   11 

and  c o n n e c t e d   t h e r e t o   to  d i s p e n s e   a  s t o r e d ,   a q u e o u s   s o l u -  

t i o n   of  s o d i u m   h y d r o x i d e   (47%  NaOH)  as  r e a c t a n t   by  p a s s i n g  

same  i n t o   c o n t a c t   w i t h   the   a l u m i n i u m   in  the   r e a c t i o n   z o n e  

15,  an  a c c u m u l a t o r   b l a d d e r   17  s t o r i n g   the   r e a c t a n t   s o l u t i o n  

and  b e i n g   c o m p r e s s i b l e   by  p r e s s u r i z e d   w a t e r   fed  to  a n  

a c c u m u l a t o r   j a c k e t   18  to  f o r c e   the   r e a c t a n t   s o l u t i o n   i n t o  

the   r e a c t i o n   zone   15  t h r o u g h   a  t ube   40  and  a  c h e c k   v a l v e  

41.  A  s h o r t ,   open  l e n g t h   of  s t a i n l e s s   s t e e l   v e n t i n g   t u b e  

19  e x t e n d s   f rom  the   t op   end  12  to  r e l e a s e   g a s e o u s   r e a c t i o n  

p r o d u c t s   f rom  the   r e a c t i o n   c h a m b e r   11  i n t o   the   a m b i e n t  

w a t e r   W.  A  l a r g e   c e n t r a l   s a f e t y   f e e d - t h r o u g h   o p e n i n g  

in  the   b o t t o m   end  13  i s   c l o s e d   by  a  d i s c   20  w h i c h   m e l t s  

a t   a  c r i t i c a l   t e m p e r a t u r e   ( in   the  o r d e r   of  190°   F . )  

The  w a t e r   t u b i n g   9  of  the   h e a t - e x c h a n g i n g   means   i n c l u d e  

an  u p r i g h t   h e l i c a l   c o i l   21  of  w a t e r   t u b i n g   w i t h i n   t h e  

u p p e r   p o r t i o n   of  the   r e a c t i o n   c h a m b e r   11  f o r   c o n t a c t   by 



t h e   p r o d u c t s   of  c o m b u s t i o n   r i s i n g  f r o m  t h e   r e a c t i o n   z o n e  

15.  The  e n d s  o f   t he   c o i l   21  a r e   d i s p o s e d  a t   t h e  t o p   of  t h e  

c h a m b e r   11,  t he   i n l e t   end  22  o f  t h e  c o i l  b e i n g   c o n n e c t e d  

to  one  end  of  a  m a n i f o l d  w a t e r  s u p p l y   p i p e   2 3  o f  s t a i n l e s s  

s t e e l   e x t e n d i n g   w i t h i n   t h e   c o m p a r t m e n t   2,  a n d  a n   i m m e r s e d  

s e a - w a t e r   pump  24  d e l i v e r i n g   a b o u t   1 . 7   g a l / m i n   b e i n g  

c o n n e c t e d   to  t he   o t h e r  e n d   of  t he   m a n i f o l d   s u p p l y   p i p e   2 3  

t h r o u g h   t h e  f l o o r   4  o f  t h e   c o m p a r t m e n t .  T h e  o u t l e t   end  2 5  

of  t h e   c o i l   21  i s   c o n n e c t e d   to   t h e   i n l e t   end  of  t he   d i v e r ' s  

h o s e   6  t h r o u g h   a  h e a t - i n s u l a t e d   s t a n d   p i p e   26  p e n e t r a t i n g  

the   f l o o r   4  of  t he   c o m p a r t m e n t   2  and  h a v i n g   a t   the   t o p  

t h e r e o f   a  s h u t - o f f  v a l v e   27  c o n t r o l l i n g   the   f l ow  to  t h e '  

d i v e r .   A  b r a n c h   p i p e   2 8  w i t h   a  n e e d l e   v a l v e   29  t h e r e i n  

c o n n e c t s   t h e   t o p   of  t he   s t a n d  p i p e   2 6  t o  t h e   r a d i a t o r   1 0  

w i t h i n   t he   c o m p a r t m e n t   2,  and  a  h e a t - e x c h a n g i n g   o u t l e t  

p i p e   31  f rom  t h e  r a d i a t o r   10  i s   c o i l e d  a r o u n d   an  e x t e r i o r  

d o w n s t r e a m   end  p o r t i o n   of  t he   m a n i f o l d   p i p e   2 3  t o   t r a n s f e r  

h e a t   to   t h e   e n t e r i n g   w a t e r ,  a n d   d i s c h a r g e s   i n t o   t he   a m b i e n t  

w a t e r   W,  t he   c o i l e d   o u t l e t   p i p e   3 1  b e i n g   e n c l o s e d   b y  a n  

i n s u l a t i n g   h o u s i n g   32  m o u n t e d   on  the   c h a m b e r   1 1  e x t e r i o r l y  

t h e r e o f   and  c a p a b l e   of  w i t h s t a n d i n g   e x t e r n a l   p r e s s u r e .   T h e  

m a n i f o l d   p i p e   23  h a s   t h r e e   v a l v e - c o n t r o l l e d   b r a n c h  p i p e s  

o p e n i n g   t h e r e f r o m ,   the   f i r s t   33  e x t e n d i n g   t h r o u g h   the   f l o o r  

4  i n t o   t he   a m b i e n t   w a t e r  W  a n d  h a v i n g  t h e r e i n   a  b y - p a s s  

v a l v e   43  to   p r o v i d e   f o r  a d j u s t m e n t   of  h e a d   p r e s s u r e   and  f l o w  

t h r o u g h   t h e  s y s t e m ,   the   s e c o n d  3 4  e x t e n d i n g   t h r o u g h   t h e  

f l o o r   4  to   t he   b o t t o m  o f   t h e  r e a c t i o n   c h a m b e r  1 1  t o   d i s -  

c h a r g e   w a t e r  i n t o  t h e   r e a c t i o n   zone   1 5 ,  t h r o u g h   a  c h e c k  

v a l v e   42  and  t h e r e b y   dampen   t h e   r e a c t i o n ,   a n d  t h e   t h i r d  

35  e x t e n d i n g   t h r o u g h  t h e   f l o o r   4  to  the   t o p  o f   the   a c c u m u -  

l a t o r   j a c k e t   1 8  t o   c o n t r o l   a  s m a l l   f l o w  o f  w a t e r   to  t h e  

j a c k e t .   A  p r e s s u r e  g a u g e   36  on  the   m a n i f o l d   p i p e   2 3  

i n d i c a t e s   t h e  p r e s s u r e   h e a d ,   w h i l e   a  t e m p e r a t u r e   gauge   37  

a t   t he   t o p   of  t h e  s t a n d   p i p e   26  i n d i c a t e s   t h e  w a t e r   o u t p u t  

t e m p e r a t u r e .  



In  o p e r a t i o n   of  the   s u b m e r g e d   a p p a r a t u s ,   a m b i e n t   s e a  

w a t e r   c o n t i n u a l l y   f l o w s   t h r o u g h   t h e   m a n i f o l d   p i p e   23  and  t h e  

c o i l   21,   p i c k i n g   up  c o m b u s t i o n   h e a t   in  the   r e a c t i o n   c h a m b e r  

11.  The  h e a t   i s   g e n e r a t e d   by  the   r e a c t i o n   of  Al ,   H20  a n d  

NaOH.  A  s m a l l   amoun t   of  w a t e r   i s   t a p p e d   o f f   from  the  m a n i -  

f o l d   23  t h r o u g h   a  n e e d l e   v a l v e   38  in  the   t h i r d   b r a n c h   p i p e  

35  to  c o n t r o l   the   f l ow  of  NaOH  i n t o   the   r e a c t i o n   c h a m b e r   1 1 .  

An  i m p o r t a n t   p o i n t   i s   t h a t   the   NaOH  f low  and  the  w a t e r   f l o w  

t h r o u g h   the   m a n i f o l d   p i p e   23  and  the   c o i l   21  a r e   b o t h   s u b -  

j e c t   to  t he   same  head   p r e s s u r e ,   so  t h a t   f i r s t   o r d e r   e f f e c t s  

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

p i p e   26  a r e   a v o i d e d .   A l s o ,   i f   the   pump  24  f a i l s ,   the   f l o w  

of  c a u s t i c   soda   i n t o   the   r e a c t i o n   c h a m b e r   11  a u t o m a t i c a l l y  

s t o p s .   Hot  w a t e r   p a s s e s   t h r o u g h   the   w a t e r   hose   6  to  t h e  

d i v e r ' s   s u i t   5  to  h e a t   the   d i v e r ,   and  a l s o   p a s s e s   t h r o u g h  

the   r a d i a t o r   10  w h i c h   h e a t s   t he   c o m p a r t m e n t   2 .  

I f   t he   r e a c t i o n   t e m p e r a t u r e   i n c r e a s e s   u n d u l y ,   i t   c a n  

be  b r o u g h t   u n d e r   c o n t r o l   by  o p e n i n g   an  o n - o f f   v a l v e   39  

in  the   s e c o n d   b r a n c h   p i p e   34  so  as  to  dump  co ld   w a t e r   i n t o  

the   r e a c t i o n   c h a m b e r   11  and  f o r c e   ho t   w a t e r ,   NaOH,  H2  a n d  

N a A I 0 2  o u t   t h r o u g h   the   v e n t i n g   t u b e   19.  S a i d   o n - o f f   v a l v e   3 9  

i s   a l s o   u sed   to  s h u t   the  r e a c t i o n   down  at   the   end  of  a  d i v e  

and  b e f o r e   the   s u b m e r s i b l e   l e a v e s   the   w a t e r .  

The  d i s c   20  c l o s i n g   the   b o t t o m   s a f e t y   o p e n i n g   a c t s   a s  

the   f i n a l   s a f e t y   d e v i c e   on  t e m p e r a t u r e   r u n a w a y .   U p o n  

m e l t i n g   of  the   d i s c   20,  sea  w a t e r   i s   s u c k e d   t h r o u g h   t h e  

o p e n i n g   by  t h e " a i r - l i f t "   e f f e c t   of  h y d r o g e n   gas  e x i t i n g   a t  

t he   t o p   of  the   c h a m b e r   11,  and  q u i c k l y   damps  the   r u n a w a y  

r e a c t i o n .   A  l a r g e   open  b a l l   v a l v e   ( no t   shown)   may  be  p r o -  
v i d e d   a t   t he   o u t s i d e   of  the   d i s c   20  to  e n a b l e   the  r e a c t i o n  

to  be  r e s t a r t e d   i f   n e c e s s a r y .   A l t e r n a t i v e l y ,   e x t r a   d i s c s  

may  be  p r o v i d e d .  

The  r e a c t i o n   used   in  t h i s   e m b o d i m e n t   i s :  



y i e l d i n g   a b o u t   93  k  c a l   of  h e a t   pe r   g r a m - m o l e c u l e ,   or  a b o u t  

2 - 1 / 2   kW  of  h e a t   e n e r g y   p e r  p o u n d   of  a l u m i n i u m .   The  r e a c -  

t i o n   c h a m b e r   11  h o l d s   n i n e   t h r e e - k i l o   and  two  o n e - k i l o  

i n g o t s   14,   g i v i n g   a  t o t a l   of  29  k i l o s   or  6 3 . 8   l b s   o f  

a l u m i n i u m . . T h e   a c c u m u l a t o r   16  i s   s i z e d   a c c o r d i n g l y   p l u s  

a  20%  o v e r a g e .   T h i s   a r r a n g e m e n t   d e l i v e r s   n e a r l y   1 6 0  

k W - h o u r s   of  h e a t   e n e r g y ,  b u t  w i t h   i n s u l a t i o n  a n d  h e a t -  

e x c h a n g e r   l o s s e s ,   t h i s   r e d u c e s   to   s o m e t h i n g   o v e r   1 5 0  k W -  

h o u r s   of  u s a b l e   e n e r g y .   In  t h e  N o r t h   Sea ,   18  kW  i s   e n o u g h  

to  p r o v i d e   a  min imum  c o m f o r t a b l e   f l o w  o f   warm  w a t e r   to  a  

d i v e r ,   a n d  1   kW  i s   a b o u t   t he   a m o u n t   n e e d e d   to   m a i n t a i n   a  

s u i t a b l e   a m b i e n t   t e m p e r a t u r e   in   t h e  d i v e r  l o c k - o u t   c o m -  

p a r t m e n t .   Thus  t he   150  kW  of  t h i s   e m b o d i m e n t   i s   e n o u g h   t o  

h e a t   t h e   c o m p a r t m e n t   f o r   t he   n o r m a l   8 - h o u r   m i s s i o n   d u r a t i o n ,  

p l u s   6  h o u r s   of  d i v e r   l o c k - o u t   t i m e ,  p l u s   1 - 1 / 2   d a y s   o f  

e m e r g e n c y   h e a t i n g   c a p a b i l i t y   ( i n c l u d i n g   the   h e a t   p r o d u c t i o n  

of   t he   d i v e r s   t h e m s e l v e s ) .  

A d v a n t a g e o u s   f e a t u r e s   of  t h i s   e m b o d i m e n t  a r e :  

(a)  The  v e n t i n g   t u b e   19  a t   t he   t o p   o f  t h e   r e a c t i o n  

c h a m b e r   11  v e n t s   t he   h y d r o g e n   g a s ,   and  a t   t he   same  t i m e  

r e s t r i c t s   t he   i n t e r c h a n g e   of  c a u s t i c   s o d a   and  s e a - w a t e r .  

(b)  The  s a f e t y   d i s c   20  a t   t h e   b o t t o m   end  13  of  t h e  

r e a c t i o n   c h a m b e r   11,   when  c o m b i n e d   w i t h   (a)   a b o v e ,   r e s u l t s  

in   an  a i r l i f t   s u c k i n g - i n   s e a w a t e r   when  the   d i s c   f a i l s ,   o r  

a  d u m p i n g   of  l i q u i d s   t h r o u g h   the   b o t t o m  e n d   i f   the   s u b -  

m e r s i b l e   i s   ou t   of  t he   w a t e r .  

(c)  The  c o u p l i n g   t o g e t h e r   of  t he   head   p r e s s u r e s   o n  

( i )   t he   w a t e r   f low  t h r o u g h   the   c o i l   2 1  i n   t he   r e a c t i o n  

c h a m b e r   11  and  ( i i )   t he   f low  of  c a u s t i c  s o d a   i n t o   t h e  

r e a c t i o n   c h a m b e r ,   r e s u l t i n g   in   an  a u t o m a t i c   c o u p l i n g   t o -  

g e t h e r   of  h e a t   s u p p l y   and  d e m a n d .  

(d)  The  m a n u a l   o v e r - r i d e  a n d   s h u t d o w n   f e a t u r e  o f   t h e  

v a l v e   in  t he   s e c o n d   b r a n c h   p i p e   3 4 .  



(e)  The  use  of  s u r r o u n d i n g   w a t e r   to  dampen  t h e  

r e a c t i o n   in  the   e v e n t   t h a t   the   r e a c t i o n   t e m p e r a t u r e   is  t o o  

h i g h .  

( f )   In  the  e v e n t   of  c l o g g i n g   of  the   s y s t e m   b y  

r e a c t i o n   p r o d u c t s   ( N a A l O 2 ) ,   w a t e r   may  be  i n t r o d u c e d   b y  

the   v a l v e   39  in  the   s e c o n d   b r a n c h   p ipe   34  to  d i s s o l v e  

the   h i g h l y   s o l u b l e   NaAl02  and  f o r c e   i t   out   t h r o u g h   t h e  

v e n t i n g   t u b e   19.  In  t h a t   c a s e ,   the   v e n t i n g   t ube   19  i s  

made  l a r g e r ,   is   i n s u l a t e d ,   and  i s   c o n c e n t r i c   a r o u n d   t h e  

s t a n d   p ipe   26  f o r   a  few  f e e t   a d j a c e n t   to  the   r e a c t i o n  

c h a m b e r   11,  so  as  to  a c t   as  an  e x c h a n g e r   w h i c h   p u t s   t h e  

h e a t   t a k e n   out   in  the   v e n t i n g   t u b e   19  back   i n t o   t h e  

c i r c u i t .  

For  c i r c u m s t a n c e s   w h e r e   the  s y s t e m   is   p r i m a r i l y  

r e q u i r e d   to  p r o v i d e   e m e r g e n c y   h e a t   in  a  h u l l   i t   is  p o s s i b l e  

to  omi t   a l t o g e t h e r   the   s o u r c e   of  e l e c t r i c a l   power  f r o m  

the   h u l l .  

Thus  a  s e c o n d   e m b o d i m e n t   of  the   i n v e n t i o n ,   r e f e r r i n g  

now  to  F i g .   2,  the   a p p a r a t u s   c o n s i s t s   of  (a)  a  s u b m e r s i b l e  

v e s s e l   h u l l   1  h a v i n g   t h e r e i n   a  d i v e r   l o c k - o u t   c o m p a r t m e n t  

2  w i t h   an  o p e n i n g   3  in  the  f l o o r   4  t h e r e o f   fo r   p a s s a g e   o f  

a  d i v e r ,   (b)  h e a t   g e n e r a t i n g   means   45  m o u n t e d   e x t e r i o r l y  

on  the   h u l l ,   and  (c)  h e a t   e x c h a n g i n g   means   i n c l u d i n g   a 

s y s t e m   of  f i n s   46  m o u n t e d   i n t e r i o r l y   on  the  h u l l ,   to  p r o -  

v i d e   r a d i a t i v e   and  c o n v e c t i v e   t r a n s f e r   of  h e a t   from  t h e  

h e a t   g e n e r a t i n g   means   45  to  the  c o m p a r t m e n t   2  by  means  of  a 

h e a t - c o n d u c t i v e   i n t e r m e d i a t e   p a r t i t i o n   47  b e t w e e n   the  h e a t  

g e n e r a t i n g   means   45  and  the   f i n s   4 6 .  

The  h e a t - g e n e r a t i n g   means   45  i n c l u d e   e x t e r i o r l y   o f  

the   h u l l   1  and  m o u n t e d   t h e r e o n   a  h e a t   i n s u l a t e d   r e a c t i o n  

c h a m b e r   48,  the   t op   of  w h i c h   i s   p r o v i d e d   w i t h   an  u p r i g h t  

v e n t i n g   t ube   49  to  r e l e a s e   g a s e o u s   r e a c t i o n   p r o d u c t s   f r o m  

the   r e a c t i o n   c h a m b e r   48  i n t o   the  a m b i e n t   w a t e r   W. 

A  c e n t r a l   f e e d - t h r o u g h   a p e r t u r e   50  in  the  b o t t o m   i s  

c l o s e d   by  a  d i s c   51  w h i c h   m e l t s   at   a  c r i t i c a l   t e m p e r a t u r e  

( in   the   o r d e r   of  1900  F . ) .  



A  w i r e   s c r e e n   55  c o v e r s   t he   a p e r t u r e  5 0   a n d  t h e  d i s c  5 1 .  

A  c a u s t i c   soda   a c c u m u l a t o r   ( n o t   shown)   i s   p r o v i d e d   as  i n  

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

t i o n   z o n e   52  c o n t a i n i n g   a l u m i n i u m   i n g o t s   53  by  a  hand  c r a n k  

( n o t   s h o w n )   i n t e r i o r   of  t h e   h u l l ,   o p e r a t i n g  a   p e r i s t a l t i c  

pump  ( n o t   shown)   on  t h e  e x t e r i o r   of  the   h u l l  1   to  p u m p  

sea   w a t e r   i n t o   t he   c a u s t i c   soda   a c c u m u l a t o r   as  b e f o r e .  

H e a t   i n s u l a t i n g   m a t e r i a l   54  e n v e l o p e s   t he   h u l l   1  and  h e a t  

g e n e r a t i n g   means   4 5 .  

H e a t   t r a n s f e r   i s   t h u s   d i r e c t   r a t h e r   t h a n   v ia   w a t e r  

and  h e a t   e x c h a n g e r s .   For   f i n e   t e m p e r a t u r e  c o n t r o l   in  t h e  

h u l l ,   r e m o v a b l e   i n s u l a t i o n  p a n e l s   ( n o t   shown)   may  be  u s e d  

to  l o w e r   t h e   t r a n s f e r  o f   h e a t ,   and  o f  c o u r s e   m o r e  c a u s t i c  

s o d a   i s   a d d e d   to  i n c r e a s e   the   h e a t i n g   e f f e c t .  

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

a  s n a p - a c t i o n   b i - m e t a l l i c   e l e m e n t   may  be  u s e d   w h i c h   a u t o -  

m a t i c a l l y   r e s e a t s   u p o n  c o o l i n g  o f   t he   r e a c t i o n  z o n e .  

In  t h i s   way  t he   a p p a r a t u s   may  be  u sed   as  a n  e m e r g e n c y  
h e a t e r   c a p a b l e   of  s u p p l y i n g   h e a t  f o r   s e v e r a l   d a y s   a s  

r e q u i r e d   bu t   r e q u i r i n g   no  e l e c t r i c i t y   f o r   i t s   o p e r a t i o n .  

By  c o m b i n i n g  t h e   a p p a r a t u s   of  t h e   f i r s t   and  s e c o n d  

e m b o d i m e n t s   to  form  a  c o m p o s i t e   a p p a r a t u s ,   t he   t e m p e r a t u r e  

of  t h e   a t m o s p h e r e   in  t he   c o m p a r t m e n t   2  may  be  c o n t r o l l e d   b y  

c o v e r i n g   and  u n c o v e r i n g   the   f i n s   45  ( F i g .  2 )   to  v a r y   t h e  

c o n v e c t i v e   e x c h a n g e ,   w h i l s t   t h e   t e m p e r a t u r e   in  the   r e a c t i o n  

c h a m b e r   41  ( F i g .   1)  i s  c o n t r o l l e d  t o  s u i t   t he   n e e d s   of  t h e  

d i v e r ( s ) .  



1.  A  m e t h o d   of  p r o v i d i n g   h e a t   a t   an  u n d e r w a t e r   l o c a t i o n  

c o m p r i s i n g   b r i n g i n g   t o g e t h e r   in  a  s u b m e r g e d   r e a c t i o n  

zone   s u b s t a n c e s  c a p a b l e   of  r e a c t i n g   t o g e t h e r   e x o t h e r m i -  

c a l l y .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   the   s u b s t a n c e s  

a r e   r e s p e c t i v e l y   l i q u i d   and  s o l i d   s u b s t a n c e s .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   one  of  t h e  

s u b s t a n c e s   is   a  m e t a l .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   the   m e t a l   i s  

a l u m i n i u m   and  the  r e a c t a n t   i s   an  a q u e o u s   s o l u t i o n   o f  

s o d i u m   h y d r o x i d e ,   the   e x o t h e r m i c   r e a c t i o n   b e i n g  

2A1 +  2NaOH +  2 H 2 0  -   2 N a A 1 0 2  +   3H2 

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   the   a l u m i n i u m  

is   in  i n g o t   f o r m .  

6.  A  m e t h o d   of  g e n e r a t i n g   h e a t   a t   an  u n d e r w a t e r   l o c a t i o n ,  

as  c l a i m e d   in  c l a i m   1 ,  a n d   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d .  

7.  S u b m e r s i b l e   a p p a r a t u s   fo r   use  in  u n d e r w a t e r   o p e r a t i o n s ,  

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

a s s o c i a t e d   w i t h   t he   h u l l   i n c l u d i n g   (a)  a  r e a c t i o n   c h a m b e r  

h a v i n g   t h e r e i n   a  r e a c t i o n   zone   fo r   s u b s t a n c e s   c a p a b l e   o f  

r e a c t i n g   t o g e t h e r   e x o t h e r m i c a l l y   and  (b)  d i s p e n s i n g   m e a n s  

f o r   l i q u i d   r e a c t a n t   c o n n e c t e d   to  the   r e a c t i o n   c h a m b e r   t o  

e n a b l e   f e e d i n g   of  l i q u i d   r e a c t a n t   to  t he   r e a c t i o n   z o n e .  

8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   a  v e n t i n g   t u b e  

e x t e n d s   from  the  t op   of  the   r e a c t i o n   c h a m b e r   to  d i s c h a r g e  

i n t o   the   a m b i e n t   w a t e r .  

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   the   r e a c t i o n  

c h a m b e r   has   an  a p e r t u r e   in  the   b o t t o m   p o r t i o n   t h e r e o f   a n d  

has   t h e r e i n   a  d i s c   or  v a l v e   fo r   o p e n i n g   the   a p e r t u r e   a t  

p r e d e t e r m i n e d   t e m p e r a t u r e   to  e n a b l e   e n t r y   of  w a t e r   to  t h e  

r e a c t i o n   zone  or  d u m p i n g   of  the  c o n t e n t s   on  t e m p e r a t u r e  

r u n a w a y ,   the  w a t e r   b e i n g   s u c k e d   t h r o u g h   the   a p e r t u r e   by  

the   " a i r - l i f t "   e f f e c t   of  gas  e x i t i n g   t h r o u g h   t h e  v e n t i n g  

t u b e .  



10.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   7  to  9 ,  

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

an  a c c u m u l a t o r   of  t he   s e p a r a t e d   t y p e   a d j a c e n t   to  t he   r e a c t i o n  

z o n e   c h a m b e r ,   one  s i d e   b e i n g   c o n n e c t e d   to  t he   w a t e r   s u p p l y  

d u c t i n g   and  t h e   o t h e r  f o r   t he   l i q u i d   r e a c t a n t   b e i n g   c o n -  

n e c t e d   to  t h e   r e a c t i o n   c h a m b e r   so  t h a t   p r e s s u r i s e d   w a t e r  

in  t he   one  s i d e   c o m p r e s s e s   t he   o t h e r   to   f o r c e   t h e   l i q u i d  

r e a c t a n t   i n t o   t he   r e a c t i o n   z o n e .  

11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   10,  w h e r e i n   t he   a c c u m u l a -  

t o r   i s   a  j a c k e t   and  b l a d d e r   a c c u m u l a t o r .  

12.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   7  to   1 1 ,  

i n c l u d i n g   l i q u i d   h e a t i n g   means   h a v i n g   a  h e a t   e x c h a n g e r  

in   t h e   r e a c t i o n   c h a m b e r .  

13 .   A p p a r a t u s   a c c o r d i n g   to   c l a i m   12,  w h e r e i n   t he   h e a t  

g e n e r a t i n g   m e a n s   a r e   on  t he   h u l l   e x t e r i o r l y   t h e r e o f   a n d  

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

g r e a t e r   t h a n   a m b i e n t   p r e s s u r e   t h r o u g h   the   h e a t   e x c h a n g e r   t o  

t he   h u l l   i n t e r i o r .  

14.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   13,  w h e r e i n   t he   h e a t i n g  

m e a n s   i n c l u d e   a  pump  f o r   l o c a t i o n   in  t he   c o l d   w a t e r   o u t -  

s i d e   t h e   h u l l   s u p p l y   d u c t i n g   e x t e n d i n g   f rom  the   pump  t h r o u g h  

t he   h u l l   i n t e r i o r   t o  t h e   h e a t   e x c h a n g e r   i n l e t ,   and  d i s -  

c h a r g e   d u c t i n g   e x t e n d i n g   f rom  the   h e a t - e x c h a n g e r   o u t l e t   i n t o  

the   h u l l   i n t e r i o r .  

15.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   14,  w h e r e i n   the   d i s c h a r g e  

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

h e a t - g e n e r a t i n g   means   and  i n t o   the   h u l l   and  c o n n e c t i b l e  

a t   i t s   u p p e r   end  to  the   u p p e r   end  of  a  d i v e r ' s   h o s e   t o  

e n a b l e   use   of  the   h e a t e d   w a t e r   to  h e a t   a  d i v i n g   s u i t .  

16.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   14  or  15,  w h e r e i n   a  b r a n c h  

p i p e   e x t e n d s   f rom  t he   s u p p l y   d u c t i n g   in  the   h u l l   to   t h e  

h u l l   e x t e r i o r ,   and  a  v a l v e   i s   p r o v i d e d   in  t he   b r a n c h   p i p e  

to  e n a b l e   a d j u s t m e n t   of  t h e   head   p r e s s u r e   and  w a t e r   f l o w  

t h r o u g h   t he   h e a t i n g   s y s t e m .  

17.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   14  to   1 6 ,  

w h e r e i n   a  b r a n c h   p i p e   e x t e n d s   f rom  the   s u p p l y   d u c t i n g   i n  



the   h u l l   to  the   r e a c t i o n   zone  in  the  r e a c t i o n   c h a m b e r ,  

and  a  v a l v e   i s   p r o v i d e d   in  the   b r a n c h   p ipe   to  e n a b l e  

the   i n t r o d u c t i o n   of  c o l d   w a t e r   to  the   r e a c t i o n   z o n e  

so  t h a t   t he   r e a c t i o n   i s   d a m p e n e d   and  s i m u l t a n e o u s l y  

c o m b u s t i o n   p r o d u c t s   a r e   f o r c e d   from  the   r e a c t i o n   c h a m b e r  

t h r o u g h   the   v e n t i n g   t u b e .  

18.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   14  to  1 7 ,  

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

l i n e   e x t e n d i n g   from  the   d i s c h a r g e   d u c t i n g   to  the   r a d i a t o r  

i n l e t ,   and  a  w a t e r   e x h a u s t   l i n e   e x t e n d i n g   from  the   r a d i a t o r  

o u t l e t   and  t h r o u g h   the   h u l l   to  d i s c h a r g e   i n t o   the  a m b i e n t  

w a t e r .  

19.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   18,  w h e r e i n   the  w a t e r  

e x h a u s t   l i n e   c o m p r i s e s   a  h e a t - e x c h a n g i n g   h e l i c a l   c o i l  

e n c l o s i n g   a  p o r t i o n   of  the   s u p p l y   d u c t i n g   e x t e n d i n g   b e t w e e n  

the   h u l l   and  the   h e a t - e x c h a n g e r   i n l e t   and  has   a  h e a t - i n s u -  

l a t i n g   h o u s i n g   m o u n t e d   on  the  r e a c t i o n   c h a m b e r   and  e n c l o s i n g  

the   h e l i c a l   c o i l .  

20.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   12  to  1 9 ,  

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

c y l i n d r i c a l   form  w i t h   the   r e a c t i o n   zone   in  the  l o w e r  

p o r t i o n   t h e r e o f ,   and  the   h e a t   e x c h a n g e r   i s   an  u p r i g h t  

h e l i c a l   t ube   d i s p o s e d   in  the  c h a m b e r   above   the   r e a c t i o n  

z o n e .  

21.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   7  to  1 1 ,  

w h e r e i n   the   h e a t   g e n e r a t i n g   means   a r e   in  the   i n t e r i o r   of  t h e  

h u l l .  

22.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   20,  w h e r e i n   the  r e a c t i o n  

c h a m b e r   and  the  h u l l   a b u t   one  a n o t h e r ,   and  the  a r e a   o f  

a b u t m e n t   fo rms   a  h e a t - c o n d u c t i v e   p a r t i t i o n   to  e n a b l e   h e a t -  

t r a n s f e r   to  the  h u l l   i n t e r i o r .  

23.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   21,  w h e r e i n   the  r e a c t i o n  

c h a m b e r   and  the   h u l l   a r e   c o n t a i n e d   w i t h i n   a  common 

i n s u l a t i n g   l a y e r .  

24.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   21  or  22,  w h e r e i n   r e a c t i o n  

h e a t   from  the  r e a c t i o n   c h a m b e r   is  c o n d u c t e d   via  the  h e a t -  



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

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

25.   S u b m e r s i b l e   a p p a r a t u s   f o r  u s e   in  d i v i n g   o p e r a t i o n s ,  

s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e  

to  F i g .   1  of  t h e  a c c o m p a n y i n g   d r a w i n g s .  

26.   A p p a r a t u s   a c c o r d i n g   to  c l a i m  2 5   b u t   m o d i f i e d   s u b -  

s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   2  of  t he   a c c o m p a n y i n g   d r a w i n g s .  
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