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Method,  apparatus  and  spray  nozzle  for  coating  the  inner  surface  of  long  tubes  of  small  diameter. (§)  Method,  apparatus  and  spray  nozzle  for  coating  the  inner 

A  coating  method  and  apparatus  for  coating  the  inner  sur- 
face  of  a  long  tube  of  small  diameter,  specifically  tubes  for  a 
condenser.  The  coating  is  a  type  of  spray  coating  wherein  a 
long  flexible  supplying  hose,  longer  than  the  long  tube  to  be 
coated,  is  reciprocated  in  the  long  tube  with  a  spray  nozzle  at- 
tached  to  the  tip  thereof  for  spraying  the  paint  by  the  action  of 
compressed  air,  from  one  end  of  the  long  tube  to  the  other  end 
thereof  while  spraying  the  paint  in  atomization.  The  long  flexi- 
ble  supplying  hose  (22)  of  double  structure  or  sometimes  of 
triple  structure  is  composed  of  a  short  heating  pipe  portion  ad- 
jacent  to  the  spray  nozzle  and  a  long  flexible  hose  portion.  The 
paint  and  compressed  air  supplied  through  separate  passages 
in  the  supplying  hose  are  heated  to  a  predetermined  tempera- 

ture  by  an  electrical  heating  means,  for  example,  a  sheathed 
heater  (32)  wound  about  an  inside  pipe  (30a)  of  the  heating 
pipe  portion  before  the  paint  is  sprayed.  In  the  nozzle  a  nozzle 
insert  (68)  having  a  prism  portion  (68b).  on  the  external  surface 
of  which  at  least  one  spiral  groove  (70)  is  formed,  is  inscribed 
to  the  inner  surface  of  a  hollow  cylindrical  space  of  a  nozzle 
cap  (64)  of  the  above-mentioned  nozzle.  A  plurality  of  straight- 
ly  elongated  grooves,  formed  between  the  inner  surface  of  the 
nozzle  cap  (64)  and  the  sides  of  the  prism  portion  (68b)  of  the 
nozzle  insert  (68).  and  the  spiral  groove  function  to  impart 
atomizing  gas  a  straightly  going  force  and  a  spirally  going 
force,  so  as  to  spirally  spray  the  paint  supplied  through  a  paint 
supply  passage  extending  along  the  axis  of  the  nozzle  insert. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  a p p a r a t u s   f o r  

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

and  more  p a r t i c u l a r l y   to  a  m e t h o d   a p p l i c a b l e   to  p r o t e c t i v e  

c o a t i n g   of  a  h e a t   e x c h a n g e r   t u b e   or  c o n d e n s e r   t u b e   e m p l o y e d  

in   a  c o n d e n s e r   of  a  s t e a m   t u r b i n e ,   u s e d   fo r   a  power   p l a n t ,  

b e i n g   e s p e c i a l l y   e f f e c t i v e   i n   p e r f o r m i n g   t he   c o a t i n g   w h e r e  

the   t u b e   i s   in   an  i n s t a l l e d   c o n d i t i o n   i n   the   p l a n t ,   and  to  a n  

a p p a r a t u s   t h e r e f o r .  

In  power   p l a n t s   c o n d e n s e r s   h a v e   b e e n   t r a d i t i o n a l l y  

u s e d   fo r   c o o l i n g   t h e   e x h a u s t   gas   ( s t e a m )   of  a  s t r e a m - t u r b i n e  

to  c o n d e n s e   i t   and  r e c y c l e   t he   c o n d e n s e d   w a t e r .   In  a  c o n -  

d e n s e r   of  such   use   t h o u s a n d s   of  or  s o m e t i m e s   t e n s   of  t h o u s a n d s  

of  l o n g   t u b e s   of  c o p p e r   a l l o y ,   f o r   e x a m p l e   5 - 4 0   m  in   l e n g t h ,  

h a v i n g   a  s m a l l   i n n e r   d i a m e t e r   on  t h e   o r d e r   of  1 0 - 4 0   mm  a r e  

i n c o r p o r a t e d   as  c o n d e n s e r   t u b e s .   T h o s e   t u b e s ,   w h i c h   p a s s  
the   c o o l i n g   w a t e r   s u c h   as  s e a   w a t e r   t h e r e t h r o u g h ,   a re   a d a p t e d  

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

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

c o o l i n g   l i q u i d   such   as  s ea   w a t e r ' c o n t a i n i n g   c o r r o s i v e   s u b -  

s t a n c e s   r i c h l y   at   a  f a i r l y   h i g h   f l o w   s p e e d ,   fo r   e x a m p l e  

1 - 2 . 5   m / s e c . ,   a r e   s u s c e p t i b l e   to  v a r i o u s   t y p e s   of  c o r r o s i o n  

or  e r o s i o n   c o r r o s i o n .   I t   i s   t h e r e f o r e   n e c e s s a r y   to  c o v e r  

or  c o a t   t he   who le   i n n e r   ( i n t e r n a l )   s u r f a c e   of  t h o s e   t u b e s  

w i t h   a  p r o t e c t i v e   s y n t h e t i c   r e s i n   c o a t i n g   or  p a i n t   fo r   t h e  

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

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

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

c o n d e n s e r   t u b e ,   by  a l l   m e a n s .   For   e x a m p l e   a  t h i n   ( o n  
the   o r d e r   of  1 0 - 3 0   P)  and  u n i f o r m   c o a t i n g   f i l m   w h i c h   w i l l  
not   d e t e r i o r a t e   t he   h e a t   t r a n s f e r r i n g   or  e x c h a n g i n g   c a p a b i l -  

i t y   i s   n e e d e d   fo r   t he   p r o t e c t i v e   c o a t i n g   of  a  h e a t   t r a n s f e r  

t ube   s u c h   as  a  h e a t   e x c h a n g e r   t u b e   in   a  h e a t   c h a n g e r   l i k e  

a  c o n d e n s e r .  



With   t u b e s   h a v i n g   a  t h i n   c o a t i n q   f i l m   in  t h e  

i n t e r i o r   t h e r e o f   i t   is   s o m e t i m e s   n e c e s s a r y   to   r e p a i n t   o r  
r e c o a t ,   b e f o r e   t h e   l i f e   of  t he   w h o l e   p l a n t   f o r   e x a m p l e   2 0  

or  30  y e a r s   comes  to   an  end ,   b e c a u s e   t h e   t h i n   c o a t e d   f i l m  

(a)   may  be  worn  away  a f t e r   t h e   t u b e s   b e i n g   i n s t a l l e d   i n   t h e  

p l a n t   to  e x p o s e   t h e   b a s e   m e t a l   by  a  mere   a g i n g ,   (b)   may  b e  

e r o d e d   by  s h e l l s   or  s a n d   p a r t i c l e s   c o n t a i n e d   i n   t he   s e a  

w a t e r ,   or  ( c )   may  be  worn  a c c e l e r a t i v e l y   by  t he   s o - c a l l e d  

s p o n g e   b a l l   c l e a n i n g   m e t h o d   t a k e n   to  r e m o v e   f o r e i g n   m a t t e r s  

s t u c k   to  t he   t u b e   s u c h   as  s e a w e e d s .   The  i n t e r i o r   c o a t i n g   o f  

r e s i n   p a i n t   f i l m   of  t he   t u b e s   a r e   s o m e t i m e s   s h o r t e r   i n   l i f e  

t h a n   t h e   p l a n t   i t s e l f ,   and  i t   mus t   be  p e r i o d i c a l l y   o r  

o c c a s i o n a l l y   r e p a i n t e d   ( r e c o a t e d )   p a r t i c u l a r l y   i n   an  i n s t a l l e d  

s t a t e   i n   t h e   p l a n t .  

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

p a i n t i n g   t h e   i n t e r i o r   of  r e l a t i v e l y   s h o r t   t u b e s   r a n g i n g   t h e  

w h o l e   l e n g t h   t h e r e o f ,   t h a t   i s ,   f l o w   c o a t i n g   m e t h o d   of  f l o w -  

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

p a i n t   d i r e c t l y   on  t h e   i n n e r   s u r f a c e   of  t h e   t u b e ,   have   b e e n  

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

i n   b e i n g   d i f f i c u l t   i n   g e t t i n g   a  u n i f o r m - t h i c k   c o a t e d   f i l m .  

P a r t i c u l a r l y   t h e   f o r m e r   m e t h o d   i s   n o t   good   when  i t   i s   a p p l i e d  

to  a  t u b e   a l r e a d y   i n s t a l l e d   i n   a  c o n d e n s e r ,   b e c a u s e   t h e   t u b e  

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

P r a c t i c a b i l i t y   of  b o t h   t h e   m e t h o d s   a r e   as  a  m a t t e r   of  f a c t  

h a r d l y   r e c o g n i z e d   a t   t he   p r e s e n t   s t a g e .  

As  a n o t h e r   m e t h o d   w i t h   r e l a t i v e l y   h i g h   p r a c t i c a b i l i t y  

and  w h i c h   s e e m s   to   be  a v a i l a b l e ,   p a i n t   n e b u l i z e d   or  a t o m i z e d  
by  a  s p r a y   gun  i s   c o a t e d   on  t h e   i n n e r   s u r f a c e   of  a  t u b e ,  

And  s o m e t i m e s   e v e n   a  l o n q   n e c k   s p r a y  
gun  w i t h   a  l e n g t h   o f ' 5 0 0   mm  or  so  i s   i n s e r t e d   i n   t h e   t u b e ,  

b u t   i t   i s   n o t   f r e e   f rom  a  p r o b l e m   t h a t   t h e   l e n g t h   of  t he   t u b e  

to  be  e f f e c t i v e l y   c o a t a b l e   by  t h i s   s p r a y   gun  i s   n a t u r a l l y  

r e s t r i c t e d   to   some  e x t e n t .   S t i l l   a n o t h e r   m e t h o d ,   as  a  

v a r i a t i o n   of  t he   a b o v e   f o r   a v o i d i n g   t h e   p r o b l e m ,   s eems   t o  

be  a v a i l a b l e ,   w h e r e i n   a  m o v i n g   n o z z l e   w h i c h   i s   s h i f t a b l e   f r o m  

one  end  of  a  t u b e   to  t h e   o t h e r   end  w h i l e   s p r a y i n g   t h e   p a i n t  



i s   e m p l o y e d .   In  any  way  p r o b l e m s   a r e   s t i l l   l e f t   u n s o l v e d   a s  

to  what   l e n g t h   of  t h e   t u b e   i n t e r i o r   can  be  w e l l   c o a t e d   b y  

t he   s p r a y   c o a t i n g   m e t h o d .   Even   t h e   l a t t e r ,   when  i t   i s  

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

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

e x c h a n g e r   t u b e   of  a  c o n d e n s e r ,   l e a v e s   s o m e t h i n g   to  b e  

d e s i r e d .   For   e x a m p l e ,   as  t he   c o a t e d   f i l m   i s   ap t   to  b e  

l a r g e l y   i n f l u e n c e d   by  t e m p e r a t u r e ,   h u m i d i t y   and  o t h e r   e n v i -  

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

t h i c k n e s s   at  a  d e s i r e d   u n i f o r m   v a l u e   i n   c o a t i n g   an  a l r e a d y  

i n s t a l l e d   l o n g   t u b e s   of  s m a l l   d i a m e t e r   where   t he   n e c e s s a r y  
e n v i r o n m e n t a l   c o n d i t i o n s   a r e   a l m o s t   ou t   of  c o n t r o l ;   u n e v e n  

t h i c k n e s s   or  d e f e c t i v e   c o a t i n g   of  t h e   f i l m   may  as  a  r e s u l t  

t a k e   p l a c e   t h e r e .   When  the   t u b e   to  be  c o a t e d   i s   a  l o n g   h e a t  

e x c h a n g e r   t u b e ,   v a r y i n g   of  t he   t h i c k n e s s   of  t h e   c o a t e d   f i l m  

i s   l i k e l y   to  c a u s e   v a r i a t i o n   of  t he   h e a t   c o n d u c t i n g   o r  

t r a n s f e r r i n g   c a p a b i l i t y .   So  s t r i c t   c o n t r o l   of  t he   e n v i r o n -  

m e n t a l   c o n d i t i o n s   fo r   k e e p i n g   t he   c o a t i n g   t h i c k n e s s   even   i s  

of  g r e a t   i m p o r t a n c e .  

G e n e r a l l y   t he   t h i c k n e s s   ( t )   of  a  c o a t e d   f i l m   i s  

r e g u l a t e d   by  an  u n d e r m e n t i o n e d   f o r m u l a ,  

w h e r e i n ,   q:  d i s c h a r g e   amoun t   of  t he   p a i n t  

o(:  s o l i d   r a t i o   of  t h e   p a i n t  

Di:   i n n e r   d i a m e t e r   of  the   t u b e   to  be  c o a t e d  

v:  s h i f t i n g   r a t e   of  t h e   s p r a y   n o z z l e  

ρ:   d e n s i t y   of  t he   c o a t e d   f i l m .  

T h a t   i s   to  s a y ,   t he   t h i c k n e s s   ( t )   of  t he   f i l m   i s  

g i v e n   as  a  f u n c t i o n   of  the   d i s c h a r g e   a m o u n t   (q)  of  t he   p a i n t ,  

s o l i d   r a t i o   (@),  i . e .   of  t he   s o l i d i f i e d   p o r t i o n   ( c o m p o n e n t  

to  be  r e m a i n e d ) ,   of  t he   p a i n t ,   and  the   s h i f t i n g   r a t e   (v)   o f  

the   s p r a y   n o z z l e .   Out  of  t h o s e   (q)  and  (v)  can  be  e a s i l y  

made  c o n s t a n t   i n d e p e n d e n t l y   of  t he   e n v i r o n m e n t a l   c o n d i t i o n s  

of  c o a t i n g ,   bu t   (@),  the   r a t i o   of  t he   s o l i d i f i e d   p o r t i o n   o f  

the   p a i n t ,   i s   d e t e r m i n e d   by  t he   m i x i n g   r a t i o   of  t he   s y n t h e t i c  



r e s i n ,   p i g m e n t ,   and  s o l v e n t .   C o a t i n g   i s   h o w e v e r   p r a c t i c e d  

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

a  mos t   s u i t a b l e   p a i n t   v i s c o s i t y   f o r   s p r a y i n g .   The  v i s c o s i t y  

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

on  t h e   o t h e r   h a n d ,   upon   t h e   t e m p e r a t u r e ,   so  i t   i s   n e c e s s a r y  

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

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

c a r r i e d   ou t   so  as  to  k e e p   a  c o n s t a n t   v i s c o s i t y   of  t h e   p a i n t  

to  be  c o a t e d .   In  o t h e r   w o r d s ,   t h e   v a l u e  o C   i n   t h e   g e n e r a l  

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

t h i c k n e s s   ( t )   of  t h e   f i l m .  

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

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

or  i n   a  w i n t e r   s e a s o n   d r a w s   p a r t i c u l a r   a t t e n t i o n .   T h e  

s o l v e n t   r a t i o   mus t   i n e v i t a b l y   be  r a i s e d   i n   such   c a s e s   b e c a u s e  

of  t he   r e m a r k a b l e   low  l e v e l   of  t h e   a m b i e n t   t e m p e r a t u r e   f o r  

g e t t i n g   t h e   p r e d e t e r m i n e d   v i s c o s i t y   of  t he   p a i n t .   T h i s  

c o n s e q u e n t l y   r e s u l t s   i n   o c c u r r e n c e   of  d r i p p i n g   or  g a t h e r i n g  

of  t h e   p a i n t   t o w a r d   t h e   l o w e r   s i d e   of  t he   t u b e   due  to  e l o n -  

g a t i o n   of  t h e   f i l m   f o r m i n g   t i m e   d u r a t i o n ,   i n s u f f i c i e n t  

c u r i n g   of  t he   c o a t e d   f i l m ,   r e m e l t i n g   of  t he   once   s o l i d i f i e d  

f i l m   i n   r e s p o n s e   to  i n c r e a s i n g   of  t h e   s o l v e n t   e v a p o r a t i n g  

a m o u n t ,   and  u n d e s i r a b l e   e n v i r o n m e n t a l   p o l l u t i o n   due  to  t h e  

e v a p o r a t i o n   of  t h e   s o l v e n t   i n   l a r g e   q u a n t i t y .  

Hot  s p r a y   c o a t i n g   was  p r o p o s e d ,   on  the   o t h e r   h a n d ,   t o  

e l i m i n a t e   t h o s e   d i s a d v a n t a g e s .   T r a d i t i o n a l   t e c h n o l o g y   o f  

h e a t i n g   t h e   p a i n t   or  t h e   a i r   e m p l o y e d   a t   t he   s o u r c e   t h e r e o f ,  
be  i t   by  t h e   p a i n t   h e a t i n g   m e t h o d   or  t h e   ho t   a i r   s p r a y  

m e t h o d ,   i s   v e r y   i m p r a c t i c a b l e   f rom  t h e   v i e w   p o i n t   of  a p p l y i n g  
t he   same  to  t h e   i n n e r   s u r f a c e   of  l o n g   t u b e s   of  s m a l l   d i a m e t e r .  

B e c a u s e ,   i n   t h e   c o n d e n s e r   t u b e s   of  l a r g e   l e n g t h   a l r e a d y  

i n s t a l l e d   i n   a  c o n d e n s e r   or  t h e   l i k e   t h e   d i s t a n c e   f rom  t h e  

p a i n t   r e s e r v o i r   to  t h e   end  of  t he   s p r a y   n o z z l e   i s   n o t   l e s s  

t h a n   20  m  a t   t h e   l e a s t ,   and  c o n s e q u e n t l y   m a i n t a i n i n g   t h e  

t e m p e r a t u r e   of  t h e   p a i n t   at   a  p r e d e t e r m i n e d   l e v e l   i s   d i f f i c u l t .  

In  c a s e   of  t h e   h o t   a i r   s p r a y i n g   m e t h o d ,   s u p p l y   of  t he   r e -  

q u i r e d   h o t   a i r   of  l a r g e   q u a n t i t y ,   such   as  2 0 0 - 5 0 0   l / m i n . ,  



p a s s i n g   such   a  l o n g   d i s t a n c e ,   n e e d s   a  huge   e q u i p m e n t   f o r  

e l e v a t i n g   and  m a i n t a i n i n g   the   t e m p e r a t u r e   to  and  at   a  n e c e s -  

s a r y   l e v e l .   T h i s   i s   t he   A c h i l l e s   h e e l   of  the   hot   s p r a y  

c o a t i n g   m e t h o d   in   t h e   p r a c t i c a l   a p p l i c a t i o n   t h e r e o f .  

An  i d e a l   m e t h o d   f o r   c o a t i n g   a  t h i n   f i l m   of  u n i f o r m  

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

d i a m e t e r   has   no t   b e e n   e s t a b l i s h e d .   P r o t e c t i v e   c o a t i n g   i s  

c o n f r o n t e d   at   t he   p r e s e n t   s t a g e   w i t h   many  t e c h n i c a l   d i f f i -  

c u l t i e s ,   p a r t i c u l a r l y   i n   c a s e   of  an  a l r e a d y   i n s t a l l e d   c o n d e n s -  

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

wh ich   have   b e e n   worn  away  due  to  t he   c a u s e s   m e n t i o n e d  

above   in   t he   r u n n i n g   c o n d i t i o n ,   have   to  be  r e p l a c e d   by  new  

c o m p l e t e l y   c o a t e d   o n e s ,   w h i c h   c a u s e s   a  huge  amoun t   of  w o r k i n g  

and  m a t e r i a l   c o s t ,   b r i n g i n g   a b o u t   a  g r e a t   l o s s .  

On  t he   o t h e r   h a n d ,   t he   a i r   s p r a y   c o a t i n g   m e t h o d  i n   t h e  

i n t e r i o r   c o a t i n g   of  a  t u b e   i s   u s u a l l y   l i m i t e d   to  a  c a s e   w h e r e -  

in   the   i n t e r n a l   d i a m e t e r   of  t h e   t u b e   i s   r e l a t i v e l y   l a r g e ,   t h e  

l e n g t h   of  t he   t u b e   i s   w i t h i n   5  m e t e r s   or  so,   and  the   t h i c k -  

n e s s   of  t he   c o a t e d   f i l m   i s  a l l o w e d   as  l a r g e   as  5 0 - 2 0 0   u .  
I t   i s   t h e r e f o r e   e m p l o y a b l e   o n l y   f o r   t he   a n t i - c o r r o s i o n   c o a t i n g  

of  a  t u b e   or  p i p e   u s e d   i n   f l o w i n g   an  o r d i n a r y   f l u i d .  

In  t he   c o a t i n g   of  t he   h e a t   e x c h a n g e r   t u b e s   f o r   a  

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

of  c o a t i n g   on  the   o r d e r   of  1 0 - 3 0  p   i s   r e q u i r e d ;   and  i t   m u s t  

be  e x e c u t e d   i n   t u b e s   of  i n t e r n a l   d i a m e t e r   as  s m a l l   as  1 0 - 4 0  

mmφ  and  of  l e n g t h   as  l a r g e   as  5 - 4 0   m.  Such  a  s i t u a t i o n   h a s  

c o n v e n t i o n a l l y   made  t he   t h i n   and  u n i f o r m   i n t e r i o r   c o a t i n g  

e x t r e m e l y   d i f f i c u l t .   B e s i d e s ,   t h e   a i r   s p r a y   c o a t i n g   m e t h o d  

and  a p p a r a t u s   was  o r i g i n a l l y   d e v e l o p e d   fo r   the   use   o v e r   a  

p l a n e   s u r f a c e .   I t   i s   a  v e r y   e x c e l l e n t   m e t h o d   fo r   c o a t i n g   a  

p l a n e ,   bu t   a p p l y i n g   the   same  to  t he   i n t e r i o r   of  a  s m a l l  

d i a m e t e r e d   t u b e   or  p i p e   i s   v e r y   d i f f i c u l t ,   b e c a u s e   i t   i s   n o t  

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

u n i f o r m l y   and  t h i n l y   c o a t i n g   t h e   c u r v e d   or  c i r c u l a r   i n t e r i o r  

s u r f a c e .  

In  a  s p r a y   gun  w h i c h   has   b e e n   u s e d   i n   t he   a i r   s p r a y  

c o a t i n g ,   a  n o z z l e   p o r t i o n   i s   s a i d   s u s c e p t i b l e   to  s t i c k i n g   o f  



p a i n t   and  d u s t   in   e i t h e r   t he   p a i n t   p a s s a g e   or   a i r   p a s s a g e .  
Such  s t i c k i n g   of  p a i n t   and  d u s t   to  t h e   p a s s a g e s   i s   l i a b l e   t o  

d e t e r i o r a t e   the   s p r a y i n g   ( a t o m i z i n g )   c o n d i t i o n   due  to  t h e  

c l o g g i n g   t h e r e o f .   I t   makes   t h e   s p r a y i n g   u n s t a b l e ,   w h i c h  

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

e x e c u t e d   s m o o t h l y .   B e s i d e s ,   t h e   c l o g g i n g   of  t he   e s s e n t i a l  

p o r t i o n s   of  t h e   n o z z l e   r e q u i r e s   a  b r e a k i n g   up  fo r   c l e a n i n g  

t h e r e o f ,   g i v i n g   r i s e   to  a n o t h e r   p r o b l e m   of  i n c r e a s i n g   t h e   man  

power   to  be  c o n s u m e d .  

The  p r e s e n t   i n v e n t i o n   was  made  f rom  such   a  b a c k g r o u n d .  

I t   i s   t h e r e f o r e   a  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

an  e f f e c t i v e   and  p r a c t i c a l   m e t h o d   of  c o a t i n g   t he   i n n e r   o r  

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

a p p a r a t u s   t h e r e f o r .  

I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a n  

e f f e c t i v e   and  p r a c t i c a l   m e t h o d   of  p r o t e c t i v e   c o a t i n g   to  t h e  

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

c h i e f l y   u t i l i z e d   i n   a  c o n d e n s e r   or  t he   l i k e   i n   a  power   p l a n t ,  

p a r t i c u l a r l y   i n   an  i n s t a l l e d   s t a t e   i n   p l a c e ,   fo r   g i v i n g   a  

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

I t   i s   s t i l l   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o  

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

i n g   w i t h   u n i f o r m   f i l m   t h i c k n e s s   of  p a i n t   i n   t he   r a n g e   1 0 - 3 0  u ,  

a p p l i c a b l e   on  t h e   i n n e r   s u r f a c e   of   c o n d e n s e r   t u b e s   u s e d   in   a  

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

I t   i s   f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  

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

f i l m   of  u n i f o r m   t h i c k n e s s   i n   e i t h e r   c i r c u m f e r e n t i a l   and  a x i a l  

d i r e c t i o n   on  t he   i n n e r   s u r f a c e   of  a  t u b e ,   and  s t a b l e   i n   p a i n t  

a t o m i z a t i o n   or  n e b u l i z a t i o n ,   even   when  t he   same  i s   e m p l o y e d  

i n   a  c o n t i n u o u s   s p r a y   c o a t i n g   o p e r a t i o n ,   w i t h o u t   any  f e a r   o f  

c l o g g i n g   t h e   n o z z l e   mou th   w i t h   t he   p a i n t   and  d u s t .  

O t h e r   o b j e c t s   of  t h i s   i n v e n t i o n   w i l l   become   a p p a r e n t  

to  t h o s e   s k i l l e d   i n   t h e   a r t   f rom  t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s   when  r e a d   i n   c o n n e c -  

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



The  p r e s e n t   i n v e n t i o n   h a s   d e v e l o p e d   a  s u p p l y i n g   h o s e ,  

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

of  s m a l l   d i a m e t e r ,   w h e r e i n   a  p a i n t   a t o m i z i n g   n o z z l e   i s   m o v e d  

from  one  end  of  t he   t u b e   to  the   o t h e r   end  t h e r e o f ,   w h i c h  

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

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

o u t ,   and  t he   p a i n t   and  the   c o m p r e s s e d   a i r   a re   r e s p e c t i v e l y  

h e a t e d   i n   t he   s u p p l y i n g   h o s e   to  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  

so  t h a t   t he   h e a t e d   p a i n t   i s   s p r a y e d   i n   an  a t o m i z e d   s t a t e   b y  

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

i n v e n t i o n   has   t h u s   e n a b l e d   the   f o r m a t i o n   of  a  t h i n   and  u n i f o r m  

t h i c k   f i l m   on  t he   i n n e r   s u r f a c e   of  a  l o n g   t u b e   of  s m a l l   d i a m -  

e t e r ,   w i t h o u t   p r o d u c i n g   any  u n e v e n n e s s   and  o t h e r   d e f e c t s   i n  

the   c o a t e d   f i l m .  

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

s p r a y   n o z z l e   d i s p o s e d   on  the   t i p   t h e r e o f   and  p a s s a g e s   fo r   t h e  

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

to  be  c o a t e d   from  one  o p e n i n g   end  t h e r e o f .   When  the   n o z z l e  

has   r e a c h e d   the   o t h e r   o p e n i n g   end  of  t he   l o n g   t u b e ,   t h e  

s u p p l y i n g   h o s e   i s   d r awn   b a c k   at  a  p r e d e t e r m i n e d   s p e e d   or  r a t e  

t o w a r d   the   f i r s t l y   i n s e r t e d   o p e n i n g   end ,   w h i l e   p e r f o r m i n g   t h e  

p a i n t   s p r a y i n g   f rom  the   n o z z l e .   The  p a i n t   and  t he   a i r   a r e  

r e s p e c t i v e l y   d e l i v e r e d   f rom  a  p a i n t   r e s e r v o i r   and  a  c o m p r e s s e d  

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

t u b e   t h r o u g h   the   s u p p l y i n g   h o s e   l o n g e r   t h a n   t he   l o n g   t u b e   t o  

be  c o a t e d ;   and  t he   p a i n t   and  t h e   a i r   a r e   r e s p e c t i v e l y   h e a t e d  

to  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   i n   t he   c o u r s e   of  b e i n g   d e -  

l i v e r e d   to  t he   n o z z l e   fo r   b e i n g   s p r a y e d   t h e r e f r o m .   I t   e n a b l e s  

the   p a i n t   to  be  s p r a y e d   u n d e r   t he   p r e d e t e r m i n e d   a t o m i z a t i o n  

c o n d i t i o n   c o n s t a n t l y ,   e l i m i n a t i n g   the   n e c e s s i t y   of  v a r y i n g  

the   s o l v e n t   r a t i o   f o r   a d j u s t i n g   t he   v i s c o s i t y   of  t he   p a i n t .  

I n e v i t a b l e   v a r y i n g   of  t he   f i l m   t h i c k n e s s ,   g a t h e r i n g   of  t h e  

p a i n t   to  a  l o w e r   p l a c e ,   i n s u f f i c i e n t   c u r i n g   of  t he   p a i n t ,  

d e f e c t s   of  c o a t e d   f i l m   owing   to  t h e   r e m e l t i n g   of  t he   p a i n t ,  

and  the   e n v i r o n m e n t a l   p o l l u t i o n   due  to  the   v a r i a t i o n   o f  

s o l v e n t   r a t i o   in   the   midway  of  a  c o a t i n g   p r o c e s s   have   b e e n  

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



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

a m b i e n t   c o n d i t i o n s   w h i c h   a f f e c t   t he   c o a t i n g   o u t c o m e .   T h i s  

i n v e n t i o n   can  be  a p p l i e d ,   t h e r e f o r e ,   to  a  p r o t e c t i v e   or  a n t i -  

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

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

s o l v e d   t he   p r o b l e m s   to  h a m p e r   t r a d i t i o n a l l y   t h e   c o a t i n g   o f  

t he   t u b e s   u n d e r   o p e r a t i o n  w i t h   a  u n i f o r m   t h i c k n e s s   f i l m .  

F u r t h e r ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a p p a r a t u s  

or  a  t o o l   f o r   c o a t i n g   t he   i n n e r   s u r f a c e   of  t u b e s ,   s p e c i f i -  

c a l l y   t he   s t r u c t u r e   of  a  n o v e l   s p r a y   n o z z l e   w h i c h   i s   c a p a b l e  

of  f o r m i n g   a  c o a t e d   f i l m   of  u n i f o r m   t h i c k n e s s   e i t h e r   i n   t h e  

c i r c u m f e r e n t i a l   and  a x i a l   d i r e c t i o n   on  t he   i n n e r   s u r f a c e   o f  

t u b e s   and  p e r f o r m i n g   a  s t a b l e   o p e r a t i o n   even   i n   a  c o n t i n u o u s  

c o a t i n g   w o r k .   T h i s   n o v e l   s p r a y   n o z z l e   i s   p r e f e r a b l y   a p p l i e d  

to  t h e   a b o v e - m e n t i o n e d   m e t h o d   to  be  d i s p o s e d   on  t h e   t i p   o f  

t he   s u p p l y i n g   h o s e .   The  f e a t u r e   of  t h i s   n o v e l   s p r a y   n o z z l e  

can  be  s u m m a r i z e d   as  f o l l o w s .   In  a  s p r a y   c o a t i n g   a p p a r a t u s  

or  a  t o o l ,   h a v i n g   a  s p r a y i n g   n o z z l e   fo r   s p r a y i n g   a  c o a t i n g  

or  p a i n t   f o r   b e i n g   g r a d u a l l y   s h i f t e d   or  moved  i n   a  t u b e - t o -  

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

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

w h i c h   at   l e a s t   one  s p i r a l   g r o o v e   b e i n g   f o r m e d ,   i s   b e i n g  

i n s c r i b e d   w i t h i n   a  h o l l o w   c y l i n d r i c a l   s p a c e   of  a  n o z z l e   c a p  
of  t he   s p r a y   n o z z l e .   In  a  s p r a y   n o z z l e   of  s u c h   a  s t r u c t u r e ,  

(1)  a  p l u r a l i t y   of  s t r a i g h t l y   e x t e n d i n g   l o n g   s p a c e s   o r  

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

t he   i n n e r   s u r f a c e   of  t h e   n o z z l e   c a p ,   and  (2)  at   l e a s t   o n e  

s p i r a l   g r o o v e   f o r m e d   on  t he   s u r f a c e   of  t he   p r i s m   p o r t i o n ,  

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

gas   so  as  to  i m p a r t   i t   a  s t r a i g h t l y   g o i n g   f o r c e   and  a  s p i r a l l y  

a d v a n c i n g   f o r c e .   The  c o a t i n g   or  p a i n t   s u p p l i e d   t h r o u g h   a  

h o l e   b o r e d   i n   t he   c e n t r a l   p o r t i o n   of  t h e   n o z z l e   i n s e r t   can  b e  

s p i r a l l y   s p r a y e d   when  l e a v i n g   t h e   t i p   or  mouth   of  t he   s p r a y  
n o z z l e .  

A c c o r d i n g   to  t h i s   n o z z l e ,   t h e   a t o m i z i n g   gas   i s  

i m p a r t e d   a  s t r a i g h t   g o i n g   f o r c e   and  a  s p i r a l   g o i n g   f o r c e ,  

owing   to  t h e   a x i a l l y   e l o n g a t e d   g r o o v e s ,   b e t w e e n   t h e   p r i s m  



p o r t i o n   and  t h e   i n s i d e   s u r f a c e   of  t h e   n o z z l e   c ap ,   and  t h e  

s p i r a l   g r o o v e .   The  p a i n t   can  be ,   due  to  t he   d o u b l e   d i r e c -  

t i o n a l   a t o m i z i n g   g a s ,   s p i r a l l y   s p r a y e d   w i t h   a  u n i f o r m   t h i c k -  

n e s s   in   t he   c i r c u m f e r e n t i a l   and  a x i a l   d i r e c t i o n   of  t h e   t u b e -  

t o - b e - c o a t e d   t h r o u g h o u t   t h e   e n t i r e   l e n g t h   t h e r e o f .   T h i s  

n o z z l e   has   e l i m i n a t e d   the   f r e q u e n t   o v e r h a u l i n g   of  t he   s p r a y  

n o z z l e   w h i c h   was  c o n v e n t i o n a l l y   i n e v i t a b l e   due  to  t he   c l o g g i n g  

of  p a i n t   r e m n a n t   and  d u s t   i n   t h e   a i r   p o c k e t   and  o t h e r   p o r -  

t i o n s   of  t he   n o z z l e .   T h i s   n o z z l e   h a s   e n a b l e d   i n   t h i s   way  a  

s t a b l e   and  c o n t i n u o u s   s p r a y i n g   o p e r a t i o n   fo r   a  l o n g   t u b e   o f  

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

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

i n t e r i o r .   S p e c i f i c a l l y ,   i n   p r o t e c t i v e   c o a t i n g   of  c o n d e n s e r  

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

wh ich   a re   as  l o n g   as  5 - 4 0   m e t e r s   and  of  s m a l l   d i a m e t e r   s u c h  

as  1 0 - 4 0   mmφ,  t h i s   i n v e n t i o n   i s   q u i t e . e f f e c t i v e .   T h i s   n o z z l e  

i s   c a p a b l e   of  g i v i n g   a  c o a t i n g   f i l m   at   a  t h i c k n e s s   of  1 0 - 3 0  
to  a  c o n d e n s e r   t u b e   of  t he   a b o v e - m e n t i o n e d   d i m e n s i o n ,   w i t h o u t  

d e t e r i o r a t i n g   the   h e a t   t r a n s f e r   f u n c t i o n   of  the   t u b e   at  a l l ,  

the   most   i m p o r t a n t   f e a t u r e   as  a  h e a t   e x c h a n g e r .  

F i g .   1  i s   an  e x p l a n a t o r y   s e c t i o n a l   v i e w   of  a  c o n d e n s e r  

i n   wh ich   t h i s   i n v e n t i o n   i s   p r e f e r a b l y   a p p l i e d ;  

F i g .   2  i s   an  a x i a l   s e c t i o n a l   v i e w   of  an  a p p a r a t u s   i n  

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;  

F i g .   3  i s   a  s e c t i o n a l   v i e w ,   i n   an  a x i a l   d i r e c t i o n ,   o f  

a n o t h e r   a p p a r a t u s   i n   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;  

F i g .   4  i s   an  a x i a l   s e c t i o n a l   v i ew   of  s t i l l   a n o t h e r  

a p p a r a t u s   i n   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;  

F i g s .   5  and  6  a re   r e s p e c t i v e l y   a  c r o s s   s e c t i o n a l   v i e w  

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

ance   w i t h   t h i s   i n v e n t i o n   and  an  e x p l o d e d   a x i a l   s e c t i o n a l   v i e w  

of  the   a p p a r a t u s ;  

F i g s .   7  and  8  a re   r e s p e c t i v e l y   a  c r o s s   s e c t i o n a l   v i e w  

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

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;  

F i g .   9  i s   an  a x i a l   s e c t i o n a l   v i e w   of  an  e s s e n t i a l  

p a r t   of  an  e m b o d i m e n t   of  a  s p r a y   c o a t i n g   a p p a r a t u s ,   i n c l u d i n g  



a  n o z z l e   i n s e r t ,   of  t h i s   i n v e n t i o n ;  

F i g s .   1 0 - 1 2   a r e   r e s p e c t i v e l y   a  c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   t h e   s e c t i o n   l i n e   I I I - I I I ,   I V - I V ,   and  V-V  i n  

F i g .   9 ;  

F i g .   13  i s   an  a x i a l   s e c t i o n a l   v i e w   i n   e l e v a t i o n   of  a  

p a r t   of  t h e   n o z z l e   i n s e r t   i n   F i g .   9 ;  

F i g .   14  i s   a  s i d e   v i e w   s e e n   f rom  r i g h t   s i d e   of  t h e  

n o z z l e   i n s e r t   i n   F i g .   13;  a n d  

F i g .   15  i s   a  s c h e m a t i c   v i e w   s h o w i n g   how  t h e   i n n e r  

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

F i g .   9  of  t h i s   i n v e n t i o n .  

With  r e f e r e n c e   to  t he   a p p e n d e d   d r a w i n g s   d e t a i l e d  

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

h e r e u n d e r .  

A  s u r f a c e   c o n d e n s e r   10  e m p l o y e d   i n   a  t h e r m a l   p o w e r  

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

shown  i n   F i g .   1,  w h e r e i n   a  l a r g e   c y l i n d r i c a l   f l u i d - t i g h t ,  
s e a l a b l e   c o n d e n s e r   s h e l l   1  i s   d i v i d e d   i n t o   t h r e e   c h a m b e r s  

w i t h   a  p a i r   of  c o n d e n s e r   t u b e   p l a t e s   2  a n d  3   d i s p o s e d   a t  

e i t h e r   e n d w i s e   b i a s e d -  p o r t i o n .   In  t h e   c e n t r a l   p o r t i o n  

s a n d w i c h e d   by  t h e   p a i r   of  p l a t e s   2,  3  t h o u s a n d s   of  or  t e n s  

of  t h o u s a n d s   of  c o n d e n s e r   t u b e s   4  of  c o p p e r   a l l o y   w i t h   t h e  

d i a m e t e r   of  1 0 - 4 0   mmφ  a r e   p a r a l l e l l y   d i s p o s e d   e x t e n d i n g   a l o n g  

t he   l e n g t h   of  5 - 4 0   m.  On  e i t h e r   end  p o r t i o n   of  t h e   c o n d e n s e r  

s h e l l   1  o u t s i d e   t h e   t u b e   p l a t e s   2,  3  c o n d e n s e r   w a t e r   b o x e s  

6  and  7  i s   r e s p e c t i v e l y   f o r m e d .  

On  t o p  o f   t h e   c o n d e n s e r   s h e l l   1  ( h e r e i n a f t e r   s i m p l y  

c a l l e d   s h e l l )   a  s t e a m   i n l e t   11  i s   d i s p o s e d   c e n t r a l l y   l o c a t e d  

f o r   r e c e i v i n g   t h e   e x h a u s t   s t e a m   f rom  t h e   s t e a m   t u r b i n e ;   on  t h e  

l o w e r   s i d e   of  t he   s h e l l   1  a  c o n d e n s e d   w a t e r   r e c o v e r i n g  

( r e c e i v i n g )   i n l e t   12  i s   made ,   s i m i l a r l y   c e n t r a l l y   l o c a t e d  

i n   t he   l a t e r a l   d i r e c t i o n ,   as  can  be  s e e n   i n   F i g .   1.  In  t h e  

c o n d e n s e r   w a t e r   box  6  on  t h e   l e f t   s i d e   of  F i g .   1  a  c o o l i n g  

w a t e r   o u t l e t   16  i s   p r o v i d e d   on  t op   of  t h e   s h e l l   1;  i n   t h e  

r i g h t   s i d e   of  t h e   w a t e r   box  7  a  c o o l i n g   w a t e r   i n l e t   17  i s  

p r o v i d e d   on  t he   l o w e r   s i d e   of  t h e   s h e l l   1.  A  v e n t   13  i s  

f o r m e d   on  one  f l a n k   of  t h e   s h e l l   1.  The  c o o l i n g   w a t e r   i n l e t  



17  and  the   c o o l i n g   w a t e r   o u t l e t   16  a r e   r e s p e c t i v e l y   c o n n e c t e d  

to  a  c i r c u l a t i n g   w a t e r   pump;  t he   c o n d e n s e d   w a t e r   r e c e i v i n g  

i n l e t   12  i s   c o n n e c t e d   to  a  c o n d e n s a t e   pump;  and  t he   v e n t   13 

i s   c o n n e c t e d   to  an  e x h a u s t   pump.  T h e s e   pumps  a re   h o w e v e r  

not  shown  i n   the   d r a w i n g s .   In  s h o r t ,   t h e   c o o l i n g   w a t e r   in   a  

c o n d e n s e r   10  of  t h i s   t y p e   i s   f l o w e d   t h r o u g h   the   c o n d e n s e r  

t u b e s  4   from  r i g h t   to  l e f t   i n   F i g .   1,  w h i l e   t he   e x h a u s t   s t e a m  

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

the   c o n d e n s e r   t u b e s   4  a l m o s t   d o w n w a r d l y   on  t he   o t h e r   h a n d ,   s o  

as  to  p e r f o r m   a  h e a t   t r a n s f e r e n c e   b e t w e e n   the   c o o l i n g   w a t e r  

and  the   e x h a u s t   s t e a m   t h r o u g h   t h e   c o n t a c t   of  b o t h   at  the   w a l l  

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

s t e a m   i n t o   w a t e r .  

In  m a k i n g   a n t i - c o r r o s i o n   c o a t i n g   of  the   who le   l e n g t h  

of  t he   i n t e r i o r   of  such   c o n d e n s e r   t u b e s   4  in   t he   c o n d e n s e r  

10,  a  c o a t i n g   o p e r a t o r   e n t e r s   i n t o   one ,   or  b o t h   when  i t   i s  

n e c e s s a r y ,   of  the   c o n d e n s e r   w a t e r   b o x e s   6 ,  7   on  the   end  p o r -  

t i o n   of  t he   c o n d e n s e r   10  fo r   o p e r a t i n g   the  s p r a y   n o z z l e   t h e r e .  

A s s u m i n g   a  c o n c r e t e   e x a m p l e   where   t h e   o p e r a t o r   w o r k s   i n   t h e  

w a t e r   box  6,  he  i n s e r t s   a  s u p p l y i n g   h o s e   22  h a v i n g   a  s p r a y  

n o z z l e   21  on  t he   t i p   t h e r e o f   and  r e s p e c t i v e   p a s s a g e s   fo r   p a i n t  

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

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

n o z z l e   21  r e a c h e s ,   p a s s i n g   t h r o u g h   the   whole   l e n g t h   ( 5 - 4 0   m) 

of  i t ,   t h e   o t h e r   end  o p e n i n g   of  t he   c o n d e n s e r   t u b e   4  on  t h e  

s i d e   of  t he   w a t e r   box  7.  When  t h e   s p r a y   n o z z l e   21  has   r e a c h e d  

the   d e s t i n a t i o n ,   t h e   s u p p l y i n g   hose   22  b e g i n s   to  be  d r a w n  

back   w i t h   a  m e c h a n i c a l   means   at   a  p r e d e t e r m i n e d   s p e e d ,   u p o n  

s t a r t i n g   the   s p r a y i n g   of  t h e   p a i n t .   The  p a i n t   to  be  s p r a y e d  

and  the   c o m p r e s s e d   a i r   a re   s u p p l i e d   f rom  a  p a i n t   r e s e r v o i r  

( n o t   shown)   and  an  a i r   t r a n s f o r m e r   ( n o t   shown)   r e s p e c t i v e l y  

s i t u a t e d   in   t he   w a t e r   box  6  or  o u t s i d e   t he   c o n d e n s e r   1 0 ,  

t h r o u g h   the   s e p a r a t e   p a s s a g e s .   The  p a i n t   i s   a t o m i z e d   f o r  

b e i n g   s p r a y e d   at  t he   n o z z l e   21  w i t h   t he   a i d   of  t he   c o m p r e s s e d  

a i r   in   a  w e l l   known  way.  With   t he   s t a r t i n g   of  s p r a y i n g   p a i n t  

the   n o z z l e   21  i s   p u l l e d   b a c k   by  the   e a r l i e r   s t a t e d   m e c h a n i c a l  

means  s t e a d i l y   from  the   w a t e r   b o x  7   t o w a r d   the   w a t e r   box  6 



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

t he   who le   l e n g t h   of  t h e   c o n d e n s e r   t u b e   4.  Upon  c o m p l e t e l y  

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

s p r a y i n g   of  t he   p a i n t   i s   c e a s e d   by  t he   s t o p p a g e   of  s u p p l y i n g  

the   p a i n t   and  the   c o m p r e s s e d   a i r .   At  t he   f i n i s h   of  p a i n t i n g  

of  a  f i r s t   c o n d e n s e r   t u b e   4  s i m i l a r   o p e r a t i o n   b e g i n s   w i t h   a  

s e c o n d   c o n d e n s e r   t u b e   4,  and  t h e n   w i t h   a  t h i r d .   The  p r o t e c -  

t i v e   c o a t i n g   of  t he   l o t s   of  c o n d e n s e r   t u b e s   4  i s   c o n t i n u e d  

in   t he   same  m e t h o d   u n t i l   a l l   of  them  i n   the   c o n d e n s e r   10  a r e  

c o a t e d .  

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

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

r e q u i r e s   to  be  m a i n t a i n e d   a t   an  o p t i m u m   s i t u a t i o n   f o r   f o r m i n g  

a  n o n - d e f e c t i v e   and  u n i f o r m   t h i c k   f i l m .   The  p r e s e n t   i n v e n -  
t i o n   i s   a i m e d   a t   o b t a i n i n g   an  o p t i m u m   s p r a y i n g   c o n d i t i o n   o f  

the   p a i n t   t h r o u g h   n e b u l i z a t i o n   or  a t o m i z a t i o n   of  t he   p a i n t   a t  

t he   s p r a y   n o z z l e   21  by  means   of  s u p p l y i n g   the   p a i n t   and  t h e  

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

i n g   hose   22,   h e a t e d   a t   a  most   p r e f e r a b l e   t e m p e r a t u r e   f o r  

c o a t i n g   s u c h   as  1 5 - 3 5 ° C .  

As  a  m e t h o d   f o r   h e a t i n g   the   p a i n t   or  t h e   c o m p r e s s e d  
a i r   i n   t h e   s u p p l y i n g   h o s e   22  a c c o r d i n g   to  t h i s   i n v e n t i o n ,  

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

h e a t i n g   them  by  an  e l e c t r i c   h e a t i n g   m e a n s ,   fo r   e x a m p l e ,   a n  

e l e c t r i c a l   h e a t i n g   w i r e ;   c y c l i n g   a  h e a t i n g   medium  i n   t h e  

s u p p l y i n g   h o s e   22,  or  c o m b i n a t i o n   of  t h o s e   m e a n s ,   e t c .  

What  i s   i l l u s t r a t e d   i n   F i g .   2  i s   an  e x a m p l e   of  e l e c -  

t r i c a l   h e a t i n g   m e a n s ,   b e i n g   e f f e c t i v e   i n   r e a l i z i n g   t h i s  

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

end  p o r t i o n   of  a  n o z z l e   i s   shown  as  an  a x i a l   s e c t i o n a l   v i e w .  

The  p a i n t   and  t h e   c o m p r e s s e d   a i r   d e l i v e r e d   t h e r e t o   a r e   h e a t e d  

t h e r e   up  to  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   i n   a  v e r y   s h o r t   t i m e .  

A c c o r d i n g   to  F i g .   2,  a  s p r a y   n o z z l e   21  of  o r d i n a r y  
s t r u c t u r e   i s   p r o v i d e d   w i t h   a  p a i n t   p a s s a g e   21a  i n   t h e   c e n t r a l  

p a r t   and  an  a i r   p a s s a g e   21b  e m b r a c i n g   t h e   f o r m e r   c o m p l e t e l y  

i n   i t   f o r   s p r a y i n g   t he   p a i n t   by  t h e   a c t i o n   of  the   c o m p r e s s e d  
a i r   i n   a t o m i z a t i o n   s t a t e .   The  s u p p l y i n g   hose   22  to  w h i c h   t h e  



n o z z l e   21  i s   a t t a c h e d   i s   c o m p o s e d   of  a  f l e x i b l e   hose   23  o f  

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

from  o u t s i d e   the   c o n d e n s e r   t u b e   4  and  a  m e t a l l i c   h e a t i n g  

p i p e   24  of  a  p r e d e t e r m i n e d   l e n g t h   fo r   h e a t i n g   the   p a i n t   a n d  

the   c o m p r e s s e d   a i r   d e l i v e r e d   t h e r e t o   by  the   f l e x i b l e   hose   2 3 .  

The  f l e x i b l e   hose   23  i s   c o n s t i t u t e d   of  an  i n s i d e   t u b e  

23a  made  of  p o l y v i n y l   c h l o r i d e   or  t he   l i k e   fo r   f o r m i n g   a  p a i n t  

r o u t e   or  p a s s a g e   and  a  f l e x i b l e   o u t s i d e   t u b e   23b  made  of  h a r d  

p l a s t i c   for   e x a m p l e   h a r d   n y l o n . o r   m e t a l l i c   f l e x i b l e   t u b e   b e i n g  

c o n c e n t r i c   w i t h   t he   i n s i d e   t u b e   23a  to  form  an  a i r   r o u t e   o r  

p a s s a g e   t h e r e b e t w e e n .   The  h e a t i n g   p i p e   24  w h i c h   i s   a t t a c h e d  

w i t h   a  j o i n t   25  to  t he   t i p   of  t he   f l e x i b l e   h o s e   23,  j u s t   l i k e  

the   l a t t e r ,   of  d o u b l e   s t r u c t u r e   c o n s i s t i n g   of  an  i n s i d e   p i p e  

24a  and  an  o u t s i d e   p i p e   24b .   The  i n s i d e   p i p e   24a  i s   c o m m u n i -  

c a t e d   w i t h   the   i n s i d e   t u b e   23a  fo r   f o r m i n g   a  p a i n t   p a s s a g e  
and  the   o u t s i d e   p i p e   24b  i s   c o m m u n i c a t e d   w i t h   t he   o u t s i d e   t u b e  

23b  for   f o r m i n g   an  a i r   p a s s a g e .   A r o u n d   the   e x t e r n a l   s u r f a c e  

of  the  i n s i d e   p i p e   24a  a  s h e a t h e d   h e a t e r   26,   fo r   e x a m p l e  

s h e a t h   e l e m e n t   0 . 2 - 1   mmo  and  e x t e r n a l   d i a m e t e r   of  t he   s h e a t h  

1 . 6 - 4 . 8   mmφ,  as  an  e l e c t r i c   h e a t i n g   means   i s   wound  l i k e   a  

c o i l   fo r   h e a t i n g   d i r e c t l y   t he   c o m p r e s s e d   a i r   and  i n d i r e c t l y ,  

v i a   a  p i p e   w a l l   of  the   i n s i d e   p i p e   2 4 a ,   the   p a i n t   u n d e r   t h e  

c o n t r o l   of  a  t h e r m o s t a t   27  a t t a c h e d   to  t he   t i p   of  t h e  

s h e a t h e d   h e a t e r   26.  Power   s u p p l y   to  t he   s h e a t h e d   h e a t e r   26  

i s   e x e c u t e d   by  a  l e a d   w i r e   28  e x t e n d i n g   t h r o u g h   the   o u t s i d e  

t u b e   23b  so  f a r   as  to  ge t   ou t   of  the   c o n d e n s e r   t u b e   4;  a n d  

the   s h e a t h e d   h e a t e r   26  i s   c o v e r e d   by  a  s t a i n l e s s - s t e e l - m a d e  

t u b e   fo r   b e i n g   c o m p l e t e l y   s e p a r a t e d   from  the   i n s i d e   p i p e  

24a  fo r   f e e d i n g   t he   p a i n t ,   so  t h e r e   i s   no  l i k e l i h o o d   and  no  

d a n g e r   of  a  f i r e   or  an  e x p l o s i o n .   The  a b o v e - m e n t i o n e d   h e a t -  

i n g   p i p e   24  i s ,   a t   the   t i p   t h e r e o f ,   c o n n e c t e d   to  the   n o z z l e  

21  by  way  of  a  j o i n t   29;  t h e   i n s i d e   p i p e   24a  i s   c o n n e c t e d   t o  

a  p a i n t   p a s s a g e   21a   of  t he   n o z z l e   21  and  t he   o u t s i d e   p i p e  

2Lb  i s   c o n n e c t e d   to  an  a i r   p a s s a g e   21b  of  the   n o z z l e   2 1 .  

With  such   a  s t r u c t u r e ,   the   p a i n t   and  the   c o m p r e s s e d  

a i r   d e l i v e r e d   from  o u t s i d e   t he   c o n d e n s e r   t u b e   4  t h r o u g h   t h e  

f l e x i b l e   hose   23  a re   r e s p e c t i v e l y   h e a t e d   to  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   by  t he   s h e a t h e d   h e a t e r   26  a t   t h e   h e a t i n g   p i p e   2 4  

fo r   b e i n g   i m m e d i a t e l y   l e d   to  t he   n o z z l e   21,  w h e r e   t he   h e a t e d  

p a i n t   i s   s p r a y e d   i n   a t o m i z a t i o n   by  t he   a c t i o n   of  t he   s i m i l a r -  

ly   h e a t e d   c o m p r e s s e d   a i r .   I n c i d e n t a l l y ,   fo r   h e a t i n g   t h e  

p a i n t   and  the   c o m p r e s s e d   a i r   f rom  5°C  to  30°C  r e s p e c t i v e l y ,  

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

amoun t   i s   300  Q /min .   and  t h e   p a i n t   d i s c h a r g i n g   amoun t   i s  
1 0 0 m l / m i n   and  t h e   h e a t e r   26  has   a  l e n g t h   of  360  m m . ,  

i t   has   to   be  m a i n t a i n e d   a t   150°C  u n d e r   t h e . c o n t r o l  

of  t h e   t h e r m o s t a t   27.  The  l e n g t h   of  t he   h e a t i n g  

p o r t i o n   w i t h   the   s h e a t h e d   h e a t e r   26,   i . e . ,   t he   l e n g t h   of  t h e  

h e a t i n g   p i p e   24  may  be  s u i t a b l y   d e t e r m i n e d   d e p e n d i n g   u p o n  
the   c o m p r e s s e d   a i r   a m o u n t ,   t h e   p a i n t   d i s c h a r g e   a m o u n t ,   t h e  

m a t e r i a l   q u a l i t y   of  t h e   h e a t e r ' s   i n s e r t i n g   p o r t i o n ,   t h e  

h e a t i n g   c o n d i t i o n ,   e t c . ,   w i t h   a  v a r i e t y   of  c h o i c e ,   f o r  

e x a m p l e ,   f rom  o r d i n a r y   l e n g t h   of  a p p r o x .   300  mm  to  a n  

e x t r e m e l y   l o n g   c a s e   of  c o v e r i n g   the   w h o l e   l e n g t h   of  t h e  

s u p p l y i n g   h o s e   22.  In  a  c a s e   w h e r e i n   t h e   p a i n t   and  t h e   c o m -  

p r e s s e d   a i r   a r e   h e a t e d   r a n g i n g   t he   w h o l e   l e n g t h   of  t he   s u p p l y -  

i n g   h o s e   22,   t he   same  p i p e   i s   p r e f e r a b l e   to  be  f l e x i b l e   o v e r  

the   w h o l e   l e n g t h   f rom  t h e   v i ew   p o i n t   of  e a s i n e s s   of  i t s  

h a n d l i n g ,   and  r e q u i r e d   to  be  made  of  a  m a t e r i a l   s u f f i c i e n t l y  
r e s i s t a n t   to  a  t e m p e r a t u r e   of  4 0 - 6 0 ° C .   I t   i s   e f f e c t i v e   t o  

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

t he   o u t s i d e   t u b e   of  t h e   s u p p l y i n g   h o s e   22  or  e m p l o y   a  m e t a l l i c  

f l e x i b l e   t u b e   f o r   t h e   o u t s i d e   t u b e .  

In  F i g .   3  a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

w h e r e i n   t h e   s i m i l a r   s h e a t h e d   h e a t e r   to  t h a t   i n   F i g .   2  i s  

e m p l o y e d ,   i s   shown .   A  s p r a y   n o z z l e   31  i s   c o n n e c t e d   t h e r e i n  

by  way  of  a  j o i n t   30  to  a  f l e x i b l e   h o s e   23  as  t h e   s u p p l y i n g  

h o s e   22.  On  one  end  of  the   j o i n t   30  a  n o z z l e   i n s e r t   3 1 a  

w i t h   a  p a i n t   p a s s a g e   i n   t he   c e n t r a l   p a r t   i s   c o a x i a l l y  

t h r e a d e d ,   and  a  n o z z l e   cap  31b  i s   t h r e a d e d   on  t he   e x t e r n a l  

s i d e   of  t he   j o i n t   30.   A  gap  f o r m e d   b e t w e e n   the   n o z z l e   i n s e r t  

31a   and  the   n o z z l e   cap  31b  c o n s t i t u t e s   a  p a s s a g e   fo r   t h e  

c o m p r e s s e d   a i r .   On  t he   o t h e r   end  of  t h e   j o i n t   30  the   o u t s i d e  

t u b e   23b ,   w h i c h   d e l i v e r s   t h e   c o m p r e s s e d   a i r   in   t he   f l e x i b l e  



hose   23  of  d o u b l e   s t r u c t u r e ,   i s   f i r m l y   f i t t e d ;   and  a t   t h e  

same  t i m e   on  a  m e t a l l i c   i n n e r   t u b e   30a ,   w h i c h   i s   f i t t e d   i n t o  

a  c e n t r a l   t h r o u g h - b o r e   of  t h e   j o i n t   30,   t he   i n s i d e   t u b e  2 3 a  

for   f e e d i n g   the   p a i n t   i s   f i r m l y   f i t t e d .   On  the   e x t e r n a l  

s u r f a c e   of  t he   m e t a l l i c   i n n e r   t u b e   30a   f i t t e d   i n t o   t he   j o i n t  

30  a  s h e a t h e d   h e a t e r   32  i s   wound  a b o u t   f o r   h e a t i n g   the   p a i n t  

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

a  l e a d   w i r e   28  r u n n i n g   a l o n g   the   o u t s i d e   t u b e   23b ,   j u s t   l i k e  

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

p o r t i o n   i n   t he   s t r u c t u r e   of  t h i s   e m b o d i m e n t   c o i n c i d e s   w i t h  

t h a t   of  t he   i n n e r   t u b e   30a  wound  by  t he   s h e a t h e d   h e a t e r   3 2 ,  

wh ich   f a c i l i t a t e s   t he   a d j u s t m e n t   of  t he   l e n g t h   t h e r e o f  

r e l a t i v e l y   e a s i l y .   The  o u t s i d e   t u b e   23b  of  t h e   f l e x i b l e  

h o s e   23  can  be  u t i l i z e d ,   as  i t   i s ,   as  an  o u t s i d e   t u b e   to  t h e  

i n n e r   t u b e   30a ,   a d v a n t a g e o u s l y   e l i m i n a t i n g   the   p u t t i n g   of  a  

s e p a r a t e   m e t a l l i c   p i p e   as  i n   F i g .   2 .  

S t i l l   a n o t h e r   e m b o d i m e n t   w i t h   an  e l e c t r i c a l   h e a t i n g  

means   such   as  a  s h e a t h e d   h e a t e r   i s   shown  i n   F i g .   4,  w h e r e i n  

a  f l e x i b l e   hose   23  as  the   s u p p l y i n g   hose   22  i s ,   u n l i k e   t h e  

p r e v i o u s   o n e s ,   of  t r i p l e   s t r u c t u r e .   B e t w e e n   an  i n s i d e   t u b e  

23a  and  an  o u t s i d e   t u b e   23b  a  m e d i a n   t u b e   23c  i s   c o a x i a l l y  

d i s p o s e d .   On  t h e   e x t e r n a l   s u r f a c e   of  t he   i n s i d e   t u b e   23a   a  

s h e a t h e d   h e a t e r   33  i s   wound  a b o u t ,   w h i l e   a  gap  f o r m e d   b e t w e e n  

the   i n s i d e   t u b e   23a  and  t h e   m e d i a n   t u b e   23c  i s   f i l l e d   w i t h   a  

s u i t a b l e   h e a t   c o n d u c t i n g   medium  such   as  a i r ,   w a t e r ,   e t c . ,  

wh ich   f u n c t i o n s   a l o n g   w i t h   a  s h e a t h e d   h e a t e r   33  to  h e a t   t h e  

p a i n t   fed   t h r o u g h   t h e  i n s i d e   t u b e   23a  and  the   c o m p r e s s e d   a i r  

fed  t h r o u g h   the   o u t s i d e   t u b e   23b  r e s p e c t i v e l y   to  a  p r e d e t e r -  

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

In  s u c h   a  s t r u c t u r e ,   t he   p a i n t   and  the   c o m p r e s s e d   a i r  

in   the   f l e x i b l e   t u b e   23  a r e   m a i n t a i n e d   at   a  s u i t a b l e   t e m p e r -  

a t u r e ,   even   when  the   c o a t i n g   o p e r a t i o n   i s   t e m p o r a r i l y  

s u s p e n d e d   and  the   h e a t i n g   w i t h   the   s h e a t h e d   h e a t e r   33  i s  

s t o p p e d   by  any  c h a n c e ,   by  t he   h e a t   k e p t   i n   t he   h e a t   c o n d u c t -  

i n g   med ium.   The  p a i n t   and  t h e   c o m p r e s s e d   a i r   a re   a d v a n t a -  

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

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



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

w h o l e   l e n g t h   of  t he   s u p p l y i n g   h o s e   2 2 .  

S e v e r a l   e m b o d i m e n t s   d e s c r i b e d   a b o v e   a l l   r e l a t e  

to  s y s t e m s   i n   w h i c h   an  e l e c t r i c a l   h e a t i n g   means   i s   a d o p t e d ;  

t h i s   i n v e n t i o n   i s   h o w e v e r   a p p l i c a b l e   to  a n o t h e r   t y p e   o f  

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

h o s e .  

In  an  e m b o d i m e n t   shown  i n   F i g s .   5  and  6  a  f l e x i b l e  

hose   40,  w h i c h   e x t e n d s   f rom  o u t s i d e   of  t he   c o n d e n s e r   t u b e   4  

to  a  p r e d e t e r m i n e d   p o s i t i o n   i n   t h e   c o n d e n s e r   t u b e   4,  i s  

c o n s t i t u t e d   of  an  o u t s i d e   t u b e   41  of  h a r d   p l a s t i c   fo r   f o r m -  

i n g   a  c o m p r e s s e d   a i r   p a s s a g e   41a ,   a  m e d i a n   t u b e   42  f o r  

f o r m i n g   a  p a i n t   p a s s a g e   42a ,   and  an  i n s i d e   t u b e   43  of  h e a t  

r e s i s t a n t   p l a s t i c   f o r   f o r m i n g   a  p a s s a g e  ( f o r w a r d   and  b a c k -  

w a r d )   f o r   h e a t e d   f l u i d .   T h r e e   of  t h e s e   a r e   a l l   c o a x i a l l y  

a r r a n g e d   to  make  a  t r i p l e   s t r u c t u r e . .   And  i n   t h e   i n s i d e   t u b e  

43  a  l o n g   p a r t i t i o n   i s   d i s p o s e d   i n   a  d i a m e t r i c   d i r e c t i o n  

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

i n t o   two  p a r t s ,   i . e . ,   f o r w a r d   f l o w i n g   p a s s a g e   43a  and  a  b a c k -  

ward   f l o w i n g   p a s s a g e   43b .   To  t h e   end  p o r t i o n   of  t he   f l e x i b l e  

h o s e   40  a  s p r a y   n o z z l e   46  i s   a t t a c h e d   by  way  of  a  s u i t a b l e  

j o i n t   45.  The  i n s i d e   t u b e   43  i s   n o t   b l o c k e d   by  t he   j o i n t   4 5 ,  
b u t   t h e   f o r w a r d   f l o w i n g   p a s s a g e   43a  and  the   b a c k w a r d   f l o w i n g  

p a s s a g e   43b  t h e r e o f   a r e   c o m m u n i c a t e d   to  e a c h   o t h e r   o n l y   i n  

t h e   end  p o r t i o n ,   t h a t   i s ,   i n   t h e   a t t a c h i n g   p o r t i o n   of  t h e  

s p r a y   n o z z l e   46.  A c c o r d i n g l y ,   warm  and  h e a t e d   w a t e r   f rom  a  
w a t e r   s u p p l y i n g   t a n k   s i m i l a r l y   d i s p o s e d   as  t he   p a i n t   r e s e r -  

v o i r   o u t s i d e   t h e   c o n d e n s e r   t u b e ,   or  h e a t e d   a i r   (o r   o t h e r  

h e a t e d   f l u i d )   f rom  a  s u i t a b l e   h e a t i n g   means   comes  t h r o u g h  
t he   i n s i d e   t u b e   43,   s p e c i f i c a l l y   t h r o u g h   the   f o r w a r d   f l o w i n g  

p a s s a g e   4 3 a ,   to  t h e   v i c i n i t y   of  t h e   a t t a c h i n g   p o r t i o n   of  t h e  

s p r a y   n o z z l e   46,  w h e r e   i t   i s   f l o w e d   b a c k   t h r o u g h   t he   b a c k w a r d  

f l o w i n g   p a s s a g e   43b  to  o u t s i d e   of  t h e   c o n d e n s e r   t u b e   4.  I n  

t h e   c y c l i n g   c o u r s e   of  s u c h   a  f l o w i n g   f o r w a r d   and  b a c k w a r d   o f  

t h e   h e a t i n g   medium  t h r o u g h   t h e   f o r w a r d   f l o w i n g   p a s s a g e   4 3 a  

and  t he   b a c k w a r d   f l o w i n g   p a s s a g e   43b ,   the   p a i n t   and  t h e  

c o m p r e s s e d   a i r   f l o w e d   t h r o u g h   t h e   r e s p e c t i v e   p a s s a g e   ( 4 1 a ,  



42a)   a re   h e a t e d   by  the   h e a t i n g   medium  up  to  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 .  

When  such   a  c y c l i n g   s y s t e m   of  a  h e a t i n g   medium  i s  

a d o p t e d ,   t he   a m o u n t   of  t h e   medium  u s e d   i n   t he   c y c l i n g   i s ,   i n  

c o n t r a s t   to  the   a m o u n t   of  the   medium  i n   a  d i r e c t   h e a t i n g  

t y p e   ho t   a i r   s y s t e m ,   s m a l l   and  e c o n o m i c a l   b e c a u s e   of  a  

p o s s i b l e   s m a l l   s i z e   of  the   h e a t e r   c a p a c i t y ,   o u t s i d e   t h e  

c o n d e n s e r   t u b e   4 .  

I f   a  m e t a l l i c   h e a t i n g   t u b e   of  s m a l l   l e n g t h ,   l i k e   o n e  

in   F i g .   2  d e s i g n a t e d   w i t h   24,   i s   a t t a c h e d   in   t h e   a b o v e  

e m b o d i m e n t   to  a  p o r t i o n   a d j a c e n t   to  t h e   n o z z l e   46,  t he   p a i n t  

and  the   c o m p r e s s e d   a i r   w i l l   be  f u r t h e r   s t a b i l i z e d   in   t h e i r  

r e q u i r e d   t e m p e r a t u r e .  

The  same  o b j e c t   can  be  a t t a i n e d   by  i n c o r p o r a t i n g   a  

s h e a t h   h e a t e r   i n   t he   i n s i d e   t u b e   43  and  by  c y c l i n g   o n l y  t h e  

a i r   t h e r e t h r o u g h .  

A n o t h e r   e x a m p l e   of  h e a t i n g   by  means   of  h e a t e d   f l u i d  

can  be  s e e n   i n   F i g .  7   or  F i g .   8,  e i t h e r   b e i n g   e f f e c t i v e .  

In  a  h a l f - s p l i t t a b l e   t y p e   f l e x i b l e   hose   50  of  h a r d  

p l a s t i c ,   shown  i n   F i g .   7,  a  p a i r   of  s m a l l   d i a m e t e r e d   t u b e s  

51,  52  of  h e a t   r e s i s t a n t   v i n y l   r e s i n   a re   r e s p e c t i v e l y   i n s e r t e d  

i n t o   a  p a i r   of  s e c t i o n s   50a ,   50b  f o r m e d   i n   the   f l e x i b l e   h o s e  

50.  E i t h e r   one ,   f o r   e x a m p l e ,   51  i s   a d a p t e d   to  p a s s   t he   p a i n t  
and  the   o t h e r   may  be  a d a p t e d   f o r  p a s s i n g   the   c o m p r e s s e d   a i r ;  

and  one  s e c t i o n   50a  i s   u s e d   as  a  f o r w a r d   f l o w i n g   p a s s a g e   f o r  

the   h e a t i n g   medium  and  the   o t h e r   s e c t i o n   50b  as  a  b a c k w a r d  

f l u i d   p a s s a g e   of  t h e   same.   In  t h i s   e m b o d i m e n t   s h e a t h e d  

h e a t e r s   may  be  wound  a b o u t   e a c h   of  t he   s m a l l   d i a m e t e r e d   t u b e s  

51,  52  i n   a  c o i l   s t y l e   r a n g i n g   the   who le   l e n g t h   of  t he   t u b e  

fo r   h e a t i n g   t h e   p a i n t   and  the   c o m p r e s s e d   a i r .   In  an  e m b o d i -  

ment  shown  i n   F i g .   8,  a  s u p p l y i n g   h o s e   53  i s   d i v i d e d   i n t o  

f o u r   s e c t i o n s ,   one  p a i r   of  d i a g o n a l l y   p o s i t i o n e d   s e c t i o n s  

53a ,   53c  a re   u s e d   f o r   t he   p a i n t   and  t he   c o m p r e s s e d   a i r  

f e e d i n g ,   and  the   o t h e r   d i a g o n a l l y   p o s i t i o n e d   s e c t i o n s   5 3 b ,  

53d  a re   u s e d   fo r   t h e   f o r w a r d   f l o w i n g   p a s s a g e   and  the   b a c k w a r d  

f l o w i n g   p a s s a g e   of  t he   h e a t i n g   m e d i u m .  

Those   s u p p l y i n g   h o s e s   50,  53  a re   a l l   c o n n e c t e d   v i a   a  



s u i t a b l e   j o i n t   to  a  s p r a y   n o z z l e ,   and  the   h e a t i n g   medium  i s  

f l o w e d   t h r o u g h   a  f o r w a r d   f l o w i n g   p a s s a g e   ( 5 0 a ,   5 3 b ) ,   w h i c h  

i s   r e s p e c t i v e l y   one  of  t he   p a s s a g e s   i n   t he   s u p p l y i n g   h o s e ,   u p  
to  the   v i c i n i t y   of  t h e   c o n n e c t i n g   p o r t i o n   of  t he   s p r a y   n o z z l e ,  

whe re   i t   i s   f l o w e d   b a c k   t h r o u g h   r e s p e c t i v e   b a c k w a r d   f l o w i n g  

p a s s a g e   ( 5 0 b ,   53d )   o u t s i d e   t he   s y s t e m .   Whi l e   t h e   h e a t i n g  

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

b a c k w a r d   f l o w i n g   p a s s a g e ,   t he   p a i n t   and  t he   c o m p r e s s e d   a i r  

a re   r e s p e c t i v e l y   h e a t e d ,   by  way  of  t he   t u b e   or  h o s e   w a l l ,   u p  
to  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 ,   so  t h a t   the   p a i n t   may  b e  

s p r a y e d   by  t h e   c o m p r e s s e d   a i r   i n   a  good  s p r a y i n g   c o n d i t i o n .  

F u t h e r ,   a  s p r a y   gun  p r e f e r a b l y   e m p l o y a b l e   i n   t h e  

p r e s e n t   i n v e n t i o n ,   shown  i n   F i g s .   9 - 1 4 ,   i s   p r o v i d e d   w i t h   a  

c y l i n d r i c a l   o u t e r   c a s i n g   61,  w h i c h   i s   on  e i t h e r   m a l e - s c r e w e d  

end  p o r t i o n s   t h e r e o f   t h r e a d e d   by  a  c e n t e r  g u i d e   62  and  63,  a s  

i l l u s t r a t e d   i n   F i g .   9.  The  c e n t e r   g u i d e s   62  and  63  a r e   a l l  

of  h e x a g o n a l   form  i n   c r o s s   s e c t i o n ,   h a v i n g   a  d i m e n s i o n   j u s t  

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

The  h e x a g o n a l   edge   p o r t i o n s   of  t h e   c e n t e r   g u i d e s   62,   63  a r e  

good  f o r   g u i d i n g   t he   s p r a y   gun  i t s e l f   by  b e i n g   s l i d e d  

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

On  one  end  of  t he   o u t e r   c a s i n g   61  a  n o z z l e   cap  64  i s  

c o n c e n t r i c a l l y   f a s t e n e d   t h e r e t o   a t   a  f l a n g e   64a  t h e r e o f   b y  

the   c e n t e r   g u i d e   6 2 .  

An  i n n e r   c a s i n g   65  h a v i n g   an  e x t e r n a l   d i a m e t e r  

s m a l l e r   t h a n   the   i n t e r n a l   d i a m e t e r   of  t he   o u t e r   c a s i n g   61 

by  a  p r e d e t e r m i n e d   a m o u n t   i s   d i s p o s e d   i n s i d e ,   and  c o n c e n -  

t r i c a l l y   w i t h ,   t h e   o u t e r   c a s i n g   61.  To  the   r i g h t   end ,   i n  

F i g .   9,  of  t h e   i n n e r   c a s i n g   65  a  n o z z l e   i n s e r t   68  h a v i n g   a  

t h r o u g h   b o r e   68a   i n   t h e   a x i s   t h e r e o f   i s   t h r e a d e d   i n t o .   A 

s h e a t h e d   h e a t e r ,   as  no t   shown ,   s u c h   as  t h a t   i l l u s t r a t e d   i n  

F i g .   2  i s   wound  a b o u t   on  t he   e x t e r n a l   s u r f a c e   of  t he   i n n e r  

c a s i n g   65.   The  n o z z l e   i n s e r t   68  i s   p r o v i d e d   w i t h   a ' h e x a g o n a l  

p r i s m   p o r t i o n   68b  w h i c h   i s   i n s c r i b a b l e   i n   a  h o l l o w   c y l i n d r i c a l  

p o r t i o n   64b  of  t h e   n o z z l e   cap  64  and  a  c o n i c a l   p o r t i o n   6 8 c  

f a c e d   to  a  h o l l o w   c o n i c a l   s p a c e   64c  of  t he   n o z z l e   cap  6 4  

w i t h   a  p r e d e t e r m i n e d   gap .   B e t w e e n   t h e   i n n e r   s u r f a c e   of  t h e  



h o l l o w   c y l i n d r i c a l   p o r t i o n   64b  and  each   of  s i x   f l a t   s i d e s   o f  

the   h e x a g o n a l   p r i s m   p o r t i o n   68b  s i x   s t r a i g h t   bu t   a r c h   c e i l i n g  

s h a p e d   s p a c e s   69  a re   l e f t   l e n g t h w i s e   as  s e e n   in   F i g .   12;  o n  

the   s u r f a c e   of  the   n o z z l e   i n s e r t   68  a  s p i r a l   g r o o v e   70  i s  

i n s c r i b e d   w i t h   a  c e r t a i n   a n g l e   @  to  t he   a x i s   t h e r e o f ,   as  c a n  

be  s e e n   in   F i g s .   13  and  14.  I t   s i g n i f i e s   t h e r e f o r e   t h a t   t w o  

k i n d s   of  f low  p a s s a g e s   fo r   the   b l o w i n g   or  a t o m i z i n g   g a s ,   f o r  

e x a m p l e   c o m p r e s s e d   a i r ,   a r e   f o r m e d   b e t w e e n   the   n o z z l e   cap  6 4  

and  the   n o z z l e   i n s e r t   68,  i . e . ,   t he   s ix   s t r a i g h t l y   e l o n g a t e d  

s p a c e s   69  ( w h i c h   w i l l   be  c a l l e d   s t r a i g h t   g r o o v e s )   and  t h r e e  

s p i r a l   g r o o v e s   7 0 .  

The  l e f t   end  ( i n   F i g .   9)  of  t he   i n n e r   c a s i n g   65  i s  

t h r e a d e d   i n   a  b o s s   61a  of  t he   o u t e r   c a s i n g   61  as  to  l e a v e   a  

p r e d e t e r m i n e d   s p a c e   71  b e t w e e n   the   i n n e r   c a s i n g   65  and  t h e  

o u t e r   c a s i n g   61.  T h r o u g h   a  s u i t a b l e   number   of  t h r o u g h -  

h o l e s   61b  f o r m e d   i n   the   b o s s   61a  and  t h e   s p a c e   71,  a  p a s s a g e  

fo r   the   a t o m i z i n g   ( s p r a y i n g )   gas   i s   made  in   t he   d i r e c t i o n  

t o w a r d   the   n o z z l e   cap  64.  The  a t o m i z i n g   gas  i s   s u p p l i e d   b y  

an  a i r   h o s e   76  a t t a c h e d   t o  t h e   open   end  of  t he   c e n t e r   g u i d e  

63;  the   a i r   hose   76  i s   u s u a l l y   made  i n t o   a  d o u b l e   h o s e   7 5 ,  

i . e . a   s u p p l y i n g   h o s e ,   c o n t a i n i n g   a  p a i n t   s u p p l y   p a s s a g e   66 

t h e r e i n ,   fo r   b e i n g   i n s e r t e d   deep   i n t o ,   and  d rawn   b a c k   out   o f ,  

a  t u b e   to  be  c o a t e d .   The  b o s s   61a  i s   p r o v i d e d   w i t h   a  f i t t i n g  

67  t h r e a d e d   t h e r e i n t o ,   to  t he   o t h e r   end  t h e r e o f   t he   p a i n t  

s u p p l y   p a s s a g e   66  i s   i n t e n d e d   to  be  c o n n e c t e d .   The  f i t t i n g  

67,  t he   i n n e r   c a s i n g   65,  and  t h e   t h r o u g h - b o r e   68a  i n   t h e  

n o z z l e   i n s e r t   68  c o n s t i t u t e   a  r o u t e   f o r   s u p p l y i n g   the   p a i n t .  

In  t h e   s p r a y   gun  of  such   a  s t r u c t u r e   t he   p a i n t   i s  

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

the   c e n t e r   g u i d e   63  and  t he   f i t t i n g   67,   and  a t o m i z i n g   gas   l e d  

by  the   a i r   hose   76  i s   s u p p l i e d   t h r o u g h   an  o u t s i d e   r o u t e   o f  

the   d o u b l e   t u b e .   The  p a i n t   c o m i n a   t h r o u g h   the   f i t t i n g   6 7 ,  

the   i n n e r   c a s i n g   65,  and  t h e   t h r o u g h - b o r e   68a  of  t he   n o z z l e  

i n s e r t   68  i s   s p r a y e d   out   of  a  t i p   p o r t i o n   73  of  t he   t h r o u g h -  

bo re   68a ;   and  the   b l o w i n g   gas   such   as  c o m p r e s s e d   a i r   i s   l e d  

f o r w a r d   t h r o u g h   the   t h r o u g h - h o l e s   61b  and  t he   s p a c e   71,  a n d  

i s   f u r t h e r   g i v e n   a  s t r a i g h t   g o i n g   f o r c e   in   the   s t r a i g h t  



g r o o v e s   69  and  a  s p i r a l l y   a d v a n c i n g   f o r c e   t h r o u g h   the   s p i r a l  

g r o o v e   70,   b e f o r e   i t   i s   b l o w n ,   g e t t i n g   t h r o u g h   t h e   s p a c e  
b e t w e e n   t he   c o n i c a l   p o r t i o n   68c  of  t he   n o z z l e   i n s e r t   68  a n d  

t he   h o l l o w   c o n i c a l   s p a c e   64c  of  t h e   n o z z l e   cap  64,  ou t   of  a  

gas   b l o w i n g   p o r t i o n   72.  T h i s   b l o w i n g   (o r   s p r a y i n g )   g a s  

a t o m i z e s   t he   p a i n t   g u s h i n g   out   of  t h e   t i p   p o r t i o n   73  of  t h e  

t h r o u g h - b o r e   68a  of  t h e   n o z z l e   i n s e r t   68,  w h i l e   s p i r a l i n g  

t h e   same,   w h i c h   e n a b l e s   t h e   p a i n t   to  be  s p r a y e d   u n i f o r m l y  

t o w a r d   t he   i n n e r   s u r f a c e   of  t he   t u b e - t o - b e - c o a t e d .   By  m e a n s  

of  s h i f t i n g   b a c k w a r d s   the   s p r a y   gun  i t s e l f   of  t h i s   t y p e ,  

once  i n s e r t e d   deep  t h r o u g h   to  the   o t h e r   end  o p e n i n g   of  t h e  

t ube   to  be  c o a t e d ,   a t   a  c o n s t a n t   s p e e d ,   w h i l e   s p r a y i n g   t h e  

p a i n t   i n   a t o m i z a t i o n ,   a l o n g   t h e   i n s i d e   of  t h a t   t u b e   ( l e f t w a r d  

d i r e c t i o n   i n   F i g .   9 ) ,   a  m e t h o d   of  c o a t i n g   t h e   i n n e r  

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

e n t i r e   l e n g t h   t h e r e o f   has   j u s t   b e e n   e s t a b l i s h e d .  

D e s c r i b i n g   more  s p e c i f i c a l l y ,   f o r   c o a t i n g   t he   i n n e r  

s u r f a c e   of  a  l o n g   c o n d e n s e r   t u b e   81  of  s m a l l   d i a m e t e r ,   a s  

shown  i n   F i g .   15,  a  d o u b l e   h o s e   75,  h a v i n g   a  s p r a y   n o z z l e   8 0  

of  t h i s   i n v e n t i o n   o n  t h e   t i p   t h e r e o f ,   i s   i n s e r t e d   i n t o   t h e  

c o n d e n s e r   t u b e   81  f rom  one  end  o p e n i n g   81a  t h e r e o f   as  f a r   a s  

the  o t h e r   end  o p e n i n g   81b  t h r o u g h o u t   t h e   w h o l e   l e n g t h  

( 5 - 4 0   m)  of  t he   c o n d e n s e r   t u b e   81.  The  moment  when  t h e   s p r a y  
n o z z l e   80  h a s   r e a c h e d   the   o t h e r   end  o p e n i n g   81b  of  t h e  

c o n d e n s e r   t u b e   81  s p r a y i n g   of  t he   p a i n t   i s   c o m m e n c e d   w i t h  

a t o m i z a t i o n .   The  p a i n t   and  the   a t o m i z i n g   gas  a r e   i n d e p e n d -  

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

a b o v e ,   b e f o r e   r e a c h i n g   t h e   s p r a y   n o z z l e   80,  whe re   t he   f o r m e r  

Ls  s p r a y e d   i n   a t o m i z a t i o n   due  to  t he   d o u b l e   d i r e c t i o n a l  

s p r a y i n g   f o r c e   of  t h e   l a t t e r ,   i . e . ,   s t r a i g h t   and  s p i r a l .  

As  soon   as  t h e   s p r a y i n g   of  t h e   p a i n t   i s   c o m m e n c e d ,   t he   d o u b l e  

lose   75  i s   d r a w n   b a c k   w h i l e   s p r a y i n g   t h e   p a i n t   f rom  t h e  

s p r a y   n o z z l e   80,  by  means   of  a  s u i t a b l e   m e c h a n i c a l   m e a n s ,  
at  a  p r e d e t e r m i n e d   c o n s t a n t   s p e e d   f rom  the   o t h e r   end  o p e n i n g  

31b  t o w a r d   t h e   one  end  o p e n i n g   81a  of  t he   c o n d e n s e r   t u b e   8 1 .  

Dur ing   t h i s   s h i f t i n g   or  m o v e m e n t   of  t he   s p r a y   n o z z l e   80,  d u e  

:o  the   d r a w i n g   b a c k   of  the   d o u b l e   h o s e   75  t h r o u g h   t h e  



c o n d e n s e r   t u b e   81,  t he   i n n e r   s u r i a c e   t h e r e o f   i s   g r a d u a l l y  

and  r e g u l a r l y   c o a t e d   w i t h   the   a t o m i z e d   p a i n t .   The  w h o l e  

Leng th   of  t he   c o n d e n s e r   t u b e   81  can  t h u s   be  c o a t e d   w i t h   a  

u n i f o r m   t h i c k n e s s   f rom  one  end  to  the   o t h e r   end  t h e r e o f .  

When  the   s p r a y   n o z z l e   80  has   r e t u r n e d   to  t he   one  end  o p e n i n g  

31a,  the   s u p p l y i n g   of  the   p a i n t   and  the   a t o m i z i n g   gas   i s  

s u s p e n d e d   to  s t o p   the   c o a t i n g . o p e r a t i o n .   When  one  c o n d e n s e r  

tube  81  i s   f i n i s h e d   c o a t i n g   i n   t h i s   way  a n o t h e r   and  a  t h i r d  

tube  w i l l   be  c o a t e d   in   o r d e r   s u c c e s s i v e l y   in   a  s i m i l a r   w a y .  

3y  t h i s   c o n t i n u o u s   and  r e p e a t e d   p r o t e c t i v e   c o a t i n g   o p e r a t i o n ,  

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

c o a t e d   or  r e - c o a t e d   on  the   i n n e r   s u r f a c e   t h e r e o f   q u i t e  

s m o o t h l y   and  e f f e c t i v e l y .  

The  s h a p e   of  t he   s p i r a l   g r o o v e   or  g r o o v e s   70  f o r m e d  

( i n s c r i b e d )   on  t he   e x t e r n a l   s u r f a c e   of  t he   n o z z l e   i n s e r t   6 8  

may  be  v a r i e d   a c c o r d i n g   to  t h e   i n t e r n a l   d i a m e t e r   of  t h e  

c o n d e n s e r   t u b e   81  to  be  c o a t e d .   I t   i s   a p p r o p r i a t e   in   n o r m a l  

cases   to  d e t e r m i n e   the   t w i s t   a n g l e  @   f o r m e d   b e t w e e n   t h e  

s p i r a l   g r o o v e   70  and  the   a x i s   of  t he   n o z z l e   i n s e r t   68  ( s e e  

Fig.  13)  i n   t he   r a n g e   of  1 5 - 6 0 ° .   And  i t   i s   p r e f e r a b l e   to  s e t  

;he  s p r a y   a n g l e   @,  t h a t   i s   a  h a l f   of  t he   v e r t i c a l   a n g l e   o f  

the  c o n i c a l   p o r t i o n   68c  of  t he   n o z z l e   i n s e r t   68,  w i t h i n   t h e  

range  of  5 - 4 5 °   so  as  to  e n s u r e   t he   b e s t   s p r a y i n g   c o n d i t i o n  

at  a  p l a c e   200  mm  d i s t a n t   f rom  t h e   t i p   of  t he   s p r a y   n o z z l e   8 0 .  

In  t he   a b o v e   e m b o d i m e n t   t he   n o z z l e   i n s e r t   68  i s  

p r o v i d e d   w i t h   the   h e x a g o n a l   p r i s m   p o r t i o n   68b  w h i c h   i s   e a s y  

in  m a c h i n i n g ,   bu t   t h e   s h a p e   of  t h i s   p r i s m   p o r t i o n   i s   by  n o  

means  l i m i t e d   to  t h e   h e x a g o n .   I t   i s   of  c o u r s e   v a r i a b l e   i n  

r a r i o u s   s u i t a b l e   ways  to  t h o s e   s k i l l e d   in   the   a r t ,   f o r  

e x a m o l e ;   q u a d r a n g u l a r   or  o c t a n g u l a r   p r i s m   and  so  on,  w i t h o u t  

any  d i f f i c u l t y .  
T h i s   i n v e n t i o n   i s   by  no  means   l i m i t e d   to  t he   a b o v e -  

m e n t i o n e d   m e t h o d s   and  a p p a r a t u s e s ,   bu t   i t   can  be  v a r i e d   a n d  

m o d i f i e d   in   many  ways  w i t h i n   t h e   s p i r i t   of  t h i s   i n v e n t i o n   b y  

those   s k i l l e d   i n   t he   a r t .   As  to  t he   p a i n t   to  be  u s e d   i n   t h i s  

i n v e n t i o n ,   v a r i e t y   of  o n e s   s u i t a b l e   to  the   c o a t i n g   of  l o n g  

tubes   of  s m a l l   d i a m e t e r   can  be  n u m e r a t e d ;   among  t h o s e   some  



o r g a n i c   s y n t h e t i c   r e s i n   c o a t i n g s   or  p a i n t s ,   w h i c h   may  b e  

c u r e d   a t   a  room  t e m p e r a t u r e   or  i t s   n e i g h b o r h o o d ,   a r e   p r e f e r -  

a b l e   f o r   t h e   p u r p o s e   of  a n t i - c o r r o s i o n   c o a t i n g .   As  t h e i r  

b a s e   or  v e h i c l e   a l k y d   r e s i n ,   v i n y l   c h l o r i d e   r e s i n ,   p o l y -  

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

e t c . ,   a r e   e x e m p l i f i e d .  

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

c l a r i f y i n g   t he   e f f e c t   of  t h i s   i n v e n t i o n   w i l l   be  d i s c l o s e d  

h e r e u n d e r .  

In  a  c o n d e n s e r   p r o v i d e d   w i t h   6200  c o n d e n s e r   t u b e s   o f  

c o p p e r   a l l o y   ( J I S   H  3 3 0 0 ) ,   whose   d i m e n s i o n   was  2 5 . 4   mm  i n  

e x t e r n a l   d i a m e t e r ,   2 2 . 9   mm  i n   i n t e r n a l   d i a m e t e r ,   a n d  

15330  mm  i n   l e n g t h ,   a  p r o t e c t i v e   c o a t i n g   m e t h o d   w a s  

a p p l i e d   to  1500  c o n d e n s e r   t u b e s   ou t   of  a l l .  

F i r s t   of  a l l   t he   c o n d e n s e r   t u b e s   to  be  c o a t e d   w e r e  

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

c a r b i d e   g r a i n s   s t u c k   t h e r e o n ,   f o l l o w e d   by  w a t e r   c l e a n s i n g ,  

d r a i n i n g   and  d r y i n g .  

A f t e r   t he   a b o v e - m e n t i o n e d   c l e a n s i n g   t h e   t u b e s   w e r e  

c o a t e d   by  t h e   a p p a r a t u s   shown  i n   F i g .   2  fo r   p r o t e c t i n g   f r o m  

c o r r o s i o n .   I t   was  c a r r i e d   ou t   u n d e r   r a t h e r   s e v e r e   c o n d i t i o n  

to  t he   e y e s   of  t h o s e   s k i l l e d   i n   t h e   a r t   p a r t i c u l a r l y .  

The  p a i n t   u s e d   w a s :  

The  c o a t i n g   c o n d i t i o n s   w e r e :  

The  d r y i n g   c o n d i t i o n :  

t he   wind   v e l o c i t y :   2 . 5   m / s e c . ,   24  h o u r s  

A f t e r   t he   a n t i - c o r r o s i o n   c o a t i n g ,   t he   r e s u l t   w a s  

e x a m i n e d   i n   a l l   of  t h e   1500  c o n d e n s e r   t u b e s .   A  p a r t   of  t h e  

t u b e   end  1 .5   m  f rom  t he   end  o p e n i n g   was  v i s u a l l y   e x a m i n e d  



w i t h   a  t u b e   e x a m i n i n g   s c o p e .   On  t he   s i d e   f rom  w h e r e   t he   w i n d  

g e t s   o u t ,   some  f l o w i n g   d o w n w a r d   or  g a t h e r i n g   of  t h e   p a i n t  

was  f o u n d   w i t h i n   1  m e t e r   r a n g e   f rom  t he   end  o p e n i n g   in   o n l y  

t e n   t u b e s   out   of  t he   1500  t u b e s .  

The  r e s u l t   may  be  s a i d   s u r p r i s i n g l y   e x c e l l e n t   c o n -  

s i d e r i n g   the   s e v e r e   c o n d i t i o n s   u n d e r   w h i c h   t he   c o a t i n g   w a s  

c a r r i e d   o u t .  

In  a  m e a s u r i n g   t e s t   of  t he   t h i c k n e s s   of  t h e   c o a t e d  

f i l m   on  the   l o w e r   s i d e   of  t he   t u b e   at   a  p o s i t i o n   500  mm  f r o m  

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

c u r r e n t   t y p e ,   t h e   r e s u l t s   were   so  good  as  1 8 . 5  µ   i n   a n  

a v e r a g e   t h i c k n e s s   and  2 . 5  µ   i n   a  s t a n d a r d   d e v i a t i o n .  



1.  A  m e t h o d   f o r   c o a t i n g   t h e   i n n e r   s u r f a c e   of  a  

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

a  s p r a y   n o z z l e   i s   s h i f t e d   f rom  one  end  o p e n i n g   of  t h e  

l o n g   t u b e   to   t h e   o t h e r   end  o p e n i n g   t h e r e o f ,   c h a r a c -  

t e r i s e d   by  c o m p r i s i n g :  

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

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

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

c o a t i n g   med ium  and  c o m p r e s s e d   gas  to   s a i d   n o z z l e ,   i n t o  

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

h e a t i n g   s a i d   l i q u i d   c o a t i n g   m e d i u m   and  s a i d  

c o m p r e s s e d   gas   w i t h i n   s a i d   r e s p e c t i v e   p a s s a g e s ;   a n d  

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

s a i d   n o z z l e   by  t h e   a c t i o n   of  t h e   h e a t e d   c o m p r e s s e d   g a s .  
2.  A  m e t h o d   c l a i m e d   in   C l a i m   1,  c h a r a c t e r i s e d   i n  

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

an  i n n e r   d i a m e t e r   in  t h e   r a n g e   of  1 0 - 4 0   m i l l i m e t e r s   and  a  

l e n g t h   in   t h e   r a n g e   of  5 - 4 0   m e t e r s   and  t h e   i n n e r   s u r f a c e  

t h e r e o f   i s   c o a t e d   w i t h   a  c o a t i n g   f i l m   of  1 0 - 3 0  p   t h i c k n e s s .  

3.  A  m e t h o d   c l a i m e d   in   C l a i m   1,  or  C l a i m   2 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   l i q u i d   c o a t i n g   med ium  and  t h e  

c o m p r e s s e d   gas   to   be  s u p p l i e d   to   s a i d   n o z z l e   a r e   h e a t e d   t o  

a  t e m p e r a t u r e   of  15°C  to   35°C  w i t h i n   t h e   r e s p e c t i v e   p a s s a g e s  
of  t h e   s u p p l y   h o s e .  

4.  A  c o a t i n g   a p p a r a t u s   f o r   c o a t i n g   t h e   i n n e r   s u r f a c e  

of  a  l o n g   t u b e   of  s m a l l   d i a m e t e r   by  s p r a y i n g   a  l i q u i d  

c o a t i n g   med ium  in  a t o m i z a t i o n   w h i l e   b e i n g   s h i f t e d   f rom  o n e  

end  o p e n i n g   to   t h e   o t h e r   end  o p e n i n g   t h e r e o f ,   c h a r a c t e r i s e d  

by  c o m p r i s i n g :  

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

p a s s a g e s   f o r   s u p p l y i n g   a  l i q u i d   c o a t i n g   med ium  a n d  

c o m p r e s s e d   g a s ;  

a  s p r a y   n o z z l e   a t t a c h e d   to   t h e   t i p   of  s a i d  

s u p p l y   h o s e ;   a n d  



e l e c t r i c   h e a t i n g   means   d i s p o s e d   a t   l e a s t   in  t h e  

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

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

and  t he   c o m p r e s s e d   g a s ,  
5.  A  c o a t i n g   a p p a r a t u s   as  c l a i m e d   in  C l a i m   4 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   s u p p l y   h o s e   i s   of  d o u b l e  

s t r u c t u r e ,   h a v i n g   an  o u t s i d e   t u b e   on  t h e   o u t e r   s i d e   f o r  

f o r m i n g   a  p a s s a g e   f o r   t h e   c o m p r e s s e d   gas  and  an  i n s i d e  

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

l i q u i d   c o a t i n g   med ium,   and  l o n g i t u d i n a l l y   c o m p o s e d   o f  

two  p o r t i o n s ,   one  b e i n g   a  h e a t i n g   p i p e   p o r t i o n   of  d o u b l e  

s t r u c t u r e ,   on  t he   e x t e r n a l   s u r f a c e   of  an  i n s i d e   p i p e  

t h e r e o f   an  e l e c t r i c a l   h e a t i n g   means   i s   wound  a b o u t ,   to   b e  

c o n n e c t e d   to   s a i d   n o z z l e ,   and  t h e   o t h e r   b e i n g   a  f l e x i b l e  

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

c o a t i n g   medium  and  t he   c o m p r e s s e d   gas  f rom  t h e   o u t s i d e  

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

6.  A  c o a t i n g   a p p a r a t u s   c l a i m e d   in  C l a i m   4 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   s u p p l y   h o s e   i s   of  t r i p l e  

t r u c t u r e   c o m p o s e d   of  an  i n s i d e   t u b e ,   a  m e d i a n   t u b e ,   a n d  

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

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

s a i d   m e d i a n   t u b e   w h i c h   gap  c o n t a i n s   h e a t   c o n d u c t i n g  

m e d i u m ,   so  t h a t   in   use   s a i d   l i q u i d   c o a t i n g   med ium  a n d  

s a i d   c o m p r e s s e d   gas   to   be  s u p p l i e d   to   s a i d   n o z z l e   a r e  

h e a t e d   by  s a i d   e l e c t r i c a l   h e a t i n g   means   by  way  of  s a i d  

h e a t   c o n d u c t i n g   m e d i u m .  

7.  A  c o a t i n g   a p p a r a t u s   c l a i m e d   in  any  one  o f  

C l a i m s   4  t o   6,  c h a r a c t e r i s e d   in  t h a t   s a i d   e l e c t r i c a l  

h e a t i n g   means   is  a  s h e a t h e d   h e a t e r .  

8.  A  n o z z l e   f o r   a p p a r a t u s   f o r   c o n t i n u o u s l y   a n d  

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

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

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



a  n o z z l e   cap  c o n s i s t i n g   of  a  h o l l o w   c y l i n d r i c a l  

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

and  an  o p e n i n g   a t   t h e   t i p   of  s a i d   h o l l o w   c o n i c a l   p o r t i o n  

f o r  b l o w i n g   gas  t h e r e f r o m ;   a n d  

a  n o z z l e   i n s e r t ,   w h i c h   i s   a d a p t e d   to   be  i n s t a l l e d  

in   s a i d   n o z z l e   c a p ,   c o n s i s t i n g   of  a  p r i s m   p o r t i o n   p r o v i d e d  

w i t h   a t   l e a s t   one  s p i r a l   g r o o v e   on  t h e   e x t e r n a l   s u r f a c e  

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

p o r t i o n ,   and  a  s u p p l y   p a s s a g e   f o r   l i q u i d   c o a t i n g   m e d i u m  

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

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

p o r t i o n   of  t h e   n o z z l e   cap  w i t h   t h e   c o n i c a l   p o r t i o n   t h e r e o f  

s p a c e d   by  a  s m a l l   gap  f rom  t h e   i n n e r   s u r f a c e   of  t h e   h o l l o w  

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

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

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

of  t h e   n o z z l e   c a p ,  

w h e r e b y   a t o m i z i n g   gas   when  s u p p l i e d   t h r o u g h   t h e   s p a c e  
b e t w e e n   s a i d   n o z z l e   cap  and  s a i d   n o z z l e   i n s e r t   w i l l   b e  

g i v e n   a  s t r a i g h t   g o i n g   f o r c e   by  t h e   p l u r a l i t y   of  s t r a i g h t  

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

of  s a i d   n o z z l e   cap  and  e a c h   of  t h e   s i d e s   of  s a i d   p r i s m  

p o r t i o n   and  a  s p i r a l l y   g o i n g   f o r c e   by  s a i d   s p i r a l   g r o o v e  

or  g r o o v e s ,   and  w i l l   e m e r g e   t h r o u g h   s a i d   t i p   o p e n i n g   s o  

as  to   s p i r a l l y   s p r a y   in   a t o m i z a t i o n   t h e   l i q u i d   c o a t i n g  
med ium  s u p p l i e d   t h r o u g h   t h e   p a s s a g e   a l o n g   t h e   a x i s   o f  

s a i d   n o z z l e   i n s e r t .  

9.  A  n o z z l e   c l a i m e d   in   C l a i m   8,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   p r i s m   p o r t i o n   of  s a i d   n o z z l e   i n s e r t   i s   o f  

h e x a g o n a l   s h a p e   in   t h e   c r o s s   s e c t i o n ,   and  s a i d   s p i r a l  

g r o o v e   f o r m e d   on  t h e   e x t e r n a l   s u r f a c e   of  s a i d   p r i s m  

p o r t i o n   i s   i n c l i n e d   to   t h e   a x i a l   l i n e   of  s a i d   n o z z l e  

i n s e r t   a t   a  t w i s t   a n g l e   in   t h e   r a n g e   of  1 5 - 6 0 ° .  



10.  A  n o z z l e   as  c l a i m e d   in  C l a i m   8  or  C l a i m   9 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   s p i r a l   g r o o v e   f o r m e d   on  t h e  

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

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

i n s e r t   s u c h   t h a t   t h e   s p i r a l   f l o w   of  t he   a t o m i z i n g   g a s  
is   l ed   to  s a i d   gas  b l o w i n g   o p e n i n g   of  s a i d   n o z z l e   c a p .  
11.  A  n o z z l e   as  c l a i m e d   in   a n y  o n e   of  C l a i m s   8  t o  

10,  c h a r a c t e r i s e d   in  t h a t   one  h a l f   of  t h e   v e r t i c a l   a n g l e  

of  s a i d   c o n i c a l   p o r t i o n   of  s a i d   n o z z l e   i n s e r t   i s   in   t h e  

r a n g e   of  5 - 4 5  .  
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