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,64)  Cooling  device  for  electric  transformer. 

A  cooling  device  for  an  electric  transformer  comprises 
cooling  means  (1)  disposed  in  the  horizontal  direction  and 
through  which  cooling  medium  passes,  first  and  second 
headers  (5)  provided  at  an  inlet  side  and  an  outlet  side  of  said 
cooling  means  (1),  first  tubing  (2)  to  lead  the  cooling  medium 
which  has  cooled  the  transformer  to  said  first  header  (5), 
second  tubing  (2)  to  lead  the  cooling  medium  in  said  cooling 
means  into  said  transformer  through  said  second  header  (5), 
and  a  duct  (7)  to  lead  air  to  a  region  above  said  said  cooling 
means  (1)  after  completion  of  the  heat-exchange  between 
said  cooling  medium  in  said  cooling  means  (1)  and  air. 



This  i n v e n t i o n   r e l a t e s   to  a  cool ing  device   for  an  e l e c t r i c  

t r a n s f o r m e r ,   and,   more  p a r t i c u l a r l y ,   it  is  c o n c e r n e d   with  a  c o o l i n g  

device  for  an  e l ec t r i c   t r a n s f o r m e r   which  p e r f o r m s   cooling  of  s u c h  

t r a n s f o r m e r   by  n a t u r a l   c o n v e c t i o n   of  a i r .  

H e r e t o f o r e ,   th is   type   of  the  cool ing  device   for  the  e l e c t r i c  

t r a n s f o r m e r   is  so  c o n s t r u c t e d ,   as  shown  in  F igure   1,  that   b o t h  

ends  of  each  of  a  m u l t i t u d e   of  cool ing  t u b e s   1,  1,  . . .  j u x t a p o s e d  

in  paral le l   at  p r e d e t e r m i n e d   space  i n t e r v a l s   among  them  are  c o n n e c -  

ted  with  two  t u b e s   2,  2  d i sposed   in  the  d i r ec t i on   p e r p e n d i c u l a r   t o  

these   cooling  t u b e s ,   one  end  of  these   t u b e s   2,  2  be ing   closed  a n d  

the  o ther   end  t h e r e o f   b e i n g   c o n n e c t e d   with  the  main  body  3  of  t h e  

t r a n s f o r m e r .   A  f o r ced   c i r cu l a t i on   dev ice   4  for  a  cooling  m e d i u m  

is  f u r t h e r   c o n n e c t e d   to  the  base  pa r t   of  one  of  the  tubes   2,  2 

to  cause  the  cool ing  medium  to  flow  t h r o u g h   the  tubes   as  shown  b y  

arrow  marks  in  solid  l ine,   while  air  flows  in  na tu ra l   c o n v e c t i o n  

ou ts ide   the  cool ing  t u b e s   1,  1  . . . . .  i n   the  d i rec t ion   of  arrow  m a r k s  

in  dot ted   l i n e .  

However ,   a c c o r d i n g   to  the  cool ing  device   of  the  a b o v e -  

d e s c r i b e d   c o n s t r u c t i o n ,   since  the  heat  t r a n s f e r   rate  be tween   a i r  

and  the  cooling  t u b e s   1,  1,  . . . . .   is  ve ry   small  in  c o m p a r i s o n  



with  the  heat  t r a n s f e r   ra te   b e t w e e n   the  cooling  medium  and  t h e  

cool ing  t u b e s ,   the  d imens ion   of  the  cool ing  device  is  g o v e r n e d  

by  a  heat   t r a n s f e r   area  for  o b t a i n i n g   a  r e q u i r e d   q u a n t i t y   of  h e a t  

p a s s a g e   b e t w e e n   air  and  the  cool ing  t u b e s   1,  1,  . . . . . .  

A c c o r d i n g l y ,   in  the  a b o v e - d e s c r i b e d   c o n v e n t i o n a l   c o n s t r u c t i o n  

of  the  cool ing   dev i ce ,   a  b r o a d e r   heat   t r a n s f e r   area  had  to  b e  

s e c u r e d   for  p a s s a g e   of  heat   b e t w e e n   air  and  the  cool ing  t u b e s .  

T h e r e f o r e ,   while  it  may  be  c o n t e m p l a t e d ,   on  the  one  h a n d ,  

that   the  he igh t   of  the  cool ing  tube   is  i n c r e a s e d   to  s e c u r e   t h e  

r e q u i r e d   heat  t r a n s f e r   a r ea ,   it  is  not  p o s s i b l e ,   on  the  o t h e r   h a n d ,  

to  i n c r e a s e   the  he igh t   of  the  cool ing   t ubes   to  a  c o n s i d e r a b l e   d e g r e e  

due  to  mechan ica l   s t r e n g t h   t h e r e o f   and  economical   r e s t r i c t i o n .  

As  the  r e s u l t   of  th i s ,   a c q u i s i t i o n   of  the  r e q u i r e d   heat   t r a n s f e r  

area  has  been  done  mainly  by  i n c r e a s i n g   the  number   of  c o o l i n g  

tubes   with  the  c o n s e q u e n t   p rob lem  of  a  l a rge r   i n s t a l l a t i on   a r e a  

h a v i n g   been  r e q u i r e d .  

The  p r e s e n t   i n v e n t i o n ,   t a k i n g   note  of  the  a b o v e - d e s c r i b e d  

po in t s   of  p rob lem  in  the  c o n v e n t i o n a l   cooling  dev ice ,   has  b e e n  

made  with  a  view  to  i m p r o v i n g   such   d i s a d v a n t a g e   i n h e r e n t   in  t h e  

known  d e v i c e .  

It  is  t h e r e f o r e   an  object   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  cool ing  device   for  an  e lec t r i c   t r a n s f o r m e r ,   in  which  a  c o o l i n g  

medium  is  c a u s e d   to  flow  t h r o u g h   cool ing  t u b e s   d i s p o s e d   in  t h e  

hor izon ta l   d i r e c t i o n ,   while  air  is  c aused   to  flow  from  lower  side  t o  

u p p e r   side  in  the  n a t u r a l   c o n v e c t i o n   t h r o u g h   a  space  gap  b e t w e e n  

the  a d j a c e n t   cool ing   t u b e s ,   and  in  which  a  gas  d i s c h a r g i n g   d u c t  

is  p r o v i d e d   on  the  u p p e r   out le t   po r t   of  air  to  t h e r e b y   make  i t  

poss ib le   to  r e d u c e   the  area  for  i n s t a l l i n g   the  cool ing  t u b e s .  



A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   in  gene ra l   aspect   t h e r e o f ,  

the re   is  p r o v i d e d   a  cooling  device   for  an  e lec t r ic   t r a n s f o r m e r ,  

which  c o m p r i s e s :   a)  a  cooling  means  d i s p o s e d   in  the  h o r i z o n t a l  

d i r ec t ion   and  t h r o u g h   which  cool ing   medium  passes  ;   b)  f i rs t   a n d  

second  h e a d e r s   p r o v i d e d   at  an  inlet   side  and  an  out le t   side  o f  

said  cool ing  means ;   c)  f i rs t   t u b i n g   to  lead  the  cool ing  medium  w h i c h  

has  cooled  the  t r a n s f o r m e r   to  said  f i r s t   header  ;   d)  second  t u b i n g  

to  lead  the  cool ing  medium  in  said  cool ing  means  into  said  t r a n s -  

former   t h r o u g h   said  second  h e a d e r ;   and  e)  a  duc t   to  lead  air  t o  

the  u p p e r   p a r t   of  said  cool ing  means  a f te r   complet ion  of  the  h e a t -  

e x c h a n g e   b e t w e e n   said  cooling  medium  in  said  cool ing  means  a n d  

a i r .  

The  f o r e g o i n g   ob jec t s ,   o the r   ob j ec t s   as  well  as  the  s p e c i f i c  

c o n s t r u c t i o n   and  func t ion   of  the  cool ing  device  a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   will  become  more  a p p a r e n t   and  u n d e r s t a n d a b l e  

from  the  fol lowing  de ta i led   d e s c r i p t i o n   of  the  i n v e n t i o n ,   when  r e a d  

in  c o n n e c t i o n   with  the  a c c o m p a n y i n g   d r a w i n g .  

In  the  d r a w i n g :  

F i g u r e   1  is  a  c r o s s - s e c t i o n a l   view  showing   a  c o n v e n t i o n a l  

cooling  d e v i c e ;  

F i g u r e   2  is  a  plan  view  showing   one  embodiment   of  the  c o o l i n g  

device  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n  ;  

F i g u r e   3  is  a  f ront   view  of  the  cool ing  device  shown  i n  

F igure   2 ;  

F i g u r e   4  is  a  p e r s p e c t i v e   view  showing   the  cooling  device  o f  

the  p r e s e n t   i nven t ion   viewed  along  a  plane  cut  by  a  line  A - A '  

in  F igure   2;  a n d  



F i g u r e s   5  to  8  are  r e s p e c t i v e l y   e x p l a n a t o r y   d i ag rams   c o m p a r i n g  

the  e f fec t   of  the  c o n v e n t i o n a l   cool ing  device  and  the  cooling  d e v i c e  

hav ing   a  d i s c h a r g e   duc t   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

In  the  fo l lowing,   a  p r e f e r r e d   embodiment   of  the  cool ing  d e v i c e  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   will  be  e x p l a i n e d   in  r e f e r e n c e  

to  F i g u r e s   2  to  8,  w h e r e i n   t h o s e   p a r t s   common  to  those   i n  

F igu re   1  are  d e s i g n a t e d   by  the  same  r e f e r e n c e   n u m e r a l s .  

F i g u r e   2  is  a  p lan   view  i l l u s t r a t i n g   one  embodiment   of  t h e  

cool ing  dev ice   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   F igu re   3  s h o w s  

a  f ron t   view  of  the  same,   and  F igu re   4  shows  a  p e r s p e c t i v e   v i ew 

of  the  cool ing  device   of  F i g u r e   2  as  viewed  along  a  line  A - A '  

in  F igu re   2. 

In  the  d r a w i n g ,   r e f e r e n c e   numera l   1,  1,  . . . . .   d e s i g n a t e s  

cooling  t u b e s ,   in  the  i n t e r i o r   of  which  an  i n su l a t ed   gas  as  a 

cool ing  medium  f lows,   while  air  flows  be tween   ad j acen t   t ubes   i n  

the  n a t u r a l   c o n v e c t i o n .   Bo th   ends   of  these   cooling  t u b e s   1,  1,  . . . .  

are  c o n n e c t e d   with  h e a d e r s   5,  5  for  coup l ing   the  gas  p ipes   2,  2. 

On  the  top  p a r t   b e t w e e n   the  a b o v e m e n t i o n e d   h e a d e r s   5,  5,  

t h e r e   is  p r o v i d e d   a  f r u s t o - c o n i c a l   gas  d i s c h a r g i n g   duc t   7  h a v i n g  

an  o p e n i n g   6  at  its  top  e n d ,   while,   at  the  lower  pa r t   of  t h e  

h e a d e r s   5,  5,  t he re   are  p r o v i d e d   legs  8,  8  which  s u p p o r t   t h e  

en t i r e   cool ing  device  at  a  pos i t ion   f loated  from  the  floor  s u r f a c e  

so  that   air  may  flow  t h e r e i n t o   from  the  bottom  pa r t   t h e r e o f   a s  

shown  by  ar row  marks   in  d o t t e d   l ines ,   climb  up  ins ide   the  a i r  

d i s c h a r g i n g   duc t   7,  and  be  d i s c h a r g e d   from  the  top  end  of  t h e  

o p e n i n g   6.  

In  the  d r a w i n g ,   a  r e f e r e n c e   numera l   3  d e s i g n a t e s   a  main  

body  of  the  e lec t r i c   t r a n s f o r m e r ,   and  4  r e f e r s   to  a  f o r c e d  



c i r c u l a t i o n   dev i ce .   In  the  cool ing   device   c o n s t r u c t e d   as  m e n t i o n e d  

above,   air  which  has  been  h e a t e d   at  the  por t ion   of  the  c o o l i n g  

tubes   1,  1 ,  . . . . .   pa s ses   t h r o u g h   a  space  be tween   the  a d j a c e n t  

cooling  t u b e s   1,  1,  . . . . .  i n   the  form  of  a  r i s i ng   c u r r e n t ,   a n d  

climbs  u p w a r d s   in  the  d i s c h a r g i n g   duct   7,  t h e r e b y   i n d u c i n g  

f avo rab l e   n a t u r a l   convec t ion   to  p romote   the  h e a t - e x c h a n g i n g   a c t i o n .  

In  the  nex t   p lace ,   e x p l a n a t i o n s   will  be  given  in  r e f e r e n c e  

to  F i g u r e s   5  to  8  as  to  the  e f fec t   to  be  r e s u l t e d   from  p r o v i d i n g  

the  a b o v e m e n t i o n e d   gas  d i s c h a r g i n g   duct   7. 

F i g u r e   5  shows  the  cool ing  device   not  e q u i p p e d   with  t h e  

gas  d i s c h a r g i n g   duct   7  and  a  p a s s a g e   route   of  air  in  its  n a t u r a l  

c o n v e c t i o n ,   and  F igu re   6  shows  a  t e m p e r a t u r e   d i s t r i b u t i o n   of  a i r  

in  c o r r e s p o n d e n c e   to  height   of  the  cooling  device  shown  i n  

Figure   5,  the  t e m p e r a t u r e   c h a n g i n g   in  the  d i rec t ion   of  an  a r r o w  

mark.  A  p o r t i o n  a   in  Figure   6  i n d i c a t e s   that  air  climbs  up  t h r o u g h  

the  space  gap  be tween   ad jacen t   cool ing  t ubes   1,  1,  . . . . .   and  i t s  

t e m p e r a t u r e   c h a n g e s   from  @1  to  @2.  Por t ions   b  a n d   c  in  t h e  

same  d r a w i n g   ind ica te   a  r o u t e ,   t h r o u g h   which  the  hea ted   air  i s  

d i f fused   from  the  opening   p o r t i o n ,   cooled  again  to  the  t e m p e r a t u r e  

O1,  and  r e a c h e s   an  inlet  at  the  lower  pa r t   of  the  cooling  d e v i c e .  

Assume  now  that   dens i ty   of  air  at  the  t e m p e r a t u r e  

@1  is  r1  and  the  same  at  the  t e m p e r a t u r e   @2 is  r 2 .  

A  p r e s s u r e   to  cause   the  air  to  flow  into  the  space  gap  be tween   t h e  

ad jacent   cool ing  t ubes   at  the  inlet  pa r t   for  the  air  at  the  l o w e r  

par t   of  the  cooling  device  is  d e v e l o p e d   by  a  d i f f e r e n c e   in  t h e  

dens i ty   of  air  be tween   the  u p p e r   exit  pa r t   of  the  device  and  t h e  

lower  inlet  pa r t   t he r eo f ,   and  is  r e p r e s e n t e d   by  the  f o l l o w i n g  

e q u a t i o n .  



In  the  above   e q u a t i o n   (1) ,   HR  r e p r e s e n t s   a  he igh t   of  t h e  

cool ing   t ube   1  as  shown  in  F i g u r e   5. 

F i g u r e   7  i l l u s t r a t e s   the  cool ing   device  p r o v i d e d   with  the  g a s  

d i s c h a r g i n g   duc t   7,  and  a  p a s s a g e   rou te   for  air  in  its  n a t u r a l  

c o n v e c t i o n .   F i g u r e   8  shows   a  t e m p e r a t u r e   d i s t r i b u t i o n   of  air  i n  

c o r r e s p o n d e n c e   to  the  h e i g h t   of  the  cool ing  device   shown  i n  

F i g u r e   7.  In  F i g u r e   8,  a  p o r t i o n  a   i n d i c a t e s   tha t   the  air  r i s e s  

t h r o u g h   the  space   gap  b e t w e e n   the  ad jacen t   cool ing  t ubes   1,  1,  . . . . ,  

and  the  t e m p e r a t u r e   c h a n g e s   from  @1  to  @2.  A  po r t ion   d  i n d i c a t e s  

tha t   the  air  at  the  t e m p e r a t u r e   On  r i ses   u p w a r d s   in  the  gas  d i s -  

c h a r g i n g   duc t   7.  The  p o r t i o n s   b  a n d  c   i l l u s t r a t e   the  p a s s a g e  

r o u t e ,   t h r o u g h   which  hea ted   air  is  d i f fused   from  the  open ing   p o r t i o n  

6  and  cooled  again  to  the  t e m p e r a t u r e   @1  to  r each   the  inlet  p o r t  

at  the  lower  p a r t   of  the  cool ing  d e v i c e .  

A  p r e s s u r e   to  c ause   the  air  to  flow  into  the  inlet  por t   at  t h e  

lower  p a r t   of  the  dev ice   is  d e v e l o p e d   by  a  d i f f e r e n c e   in  the  d e n s i t y  

of  air  b e t w e e n   the  u p p e r   p a r t   of  the  gas  d i s c h a r g i n g   duct   7  a n d  

the  lower  inlet   p a r t   of  the  cool ing   dev ice ,   and  is  r e p r e s e n t e d   b y  

the  fo l lowing   e q u a t i o n .  

In  the  above  e q u a t i o n   (2) ,   HT  r e p r e s e n t s   a  he igh t   of  t h e  



gas  d i s c h a r g i n g   duc t   7  as  shown  in  F igu re   7.  The  o ther   s y m b o l s  

are  the  same  as  in  the  equa t ion   ( 1 ) .  

C o m p a r i n g   the  above  e q u a t i o n s   (1)  and  (2),   the  in f low 

p r e s s u r e   of  the  air  at  the  lower  inlet  pa r t   of  the  cooling  d e v i c e  

i n c r e a s e s   by  H T r l ,   w h e r e b y   flow  ra te   of  the  air  i n c r e a s e s   t o  

a u g m e n t   the  heat  t r a n s f e r   rate  b e t w e e n   the  air  and  the  c o o l i n g  

t u b e s   1,  1,  . . . . . .   It  t h e r e f o r e   becomes   poss ib l e   to  r e d u c e   t h e  

heat   t r a n s f e r   a rea   for  the  p u r p o s e   of  o b t a i n i n g   the  same  h e a t  

p a s s i n g   q u a n t i t y .   As  the  r e s u l t   of  th i s ,   when  the  he ight   of  t h e  

i n v e n t i v e   cool ing   device   is  made  almost  equal   to  that   of  t h e  

c o n v e n t i o n a l   dev ice ,   the  area  for  its  i n s t a l l a t i o n   can  be  r e d u c e d .  

By  the  way,  in  the  above  i l l u s t r a t e d   embod imen t ,   e x p l a n a t i o n s  

have  been  given  as  to  a  case  where   the  cooling  medium  is  f o r c e d  

to  c i r c u l a t e   by  use  of  the  forced  c i r cu l a t i on   device  4.  H o w e v e r ,  

this   can  also  be  c i r c u l a t e d   by  the  n a t u r a l   c o n v e c t i o n ,   by  which  t h e  

same  effect   as  in  the  a b o v e - d e s c r i b e d   embodiment   can  be  o b t a i n e d .  

F u r t h e r ,   in  the  i l l u s t r a t e d   e m b o d i m e n t ,   e x p l a n a t i o n s   have  b e e n  

given  as  to  a  case  where in   the  cool ing  medium  is  an  i n s u l a t e d   g a s ,  

a l t h o u g h   the  cool ing  medium  may  be  o ther   l iquid  such  as  i n s u l a t e d  

oil,  e t c . .  

As  d e s c r i b e d   in  the  f o r e g o i n g ,   the  p r e s e n t   i nven t ion   is  a b l e  

to  improve   the  heat  t r a n s f e r   ra te   be tween   air  and  the  cooling  t u b e s  

by  the  p r o v i s i o n   of  the  gas  d i s c h a r g i n g   duct   at  the  air  exit  p o r t  

atop  the  a r r a n g e m e n t   of  the  cooling  t u b e s ,   so  that  the  area  f o r  

i n s t a l l a t i o n   of  the  cool ing  device   can  be  e f f ec t i ve ly   d e c r e a s e d   f o r  

the  i m p r o v e d   heat  t r a n s f e r   r a t e .  



A l t h o u g h ,   in  the  f o r e g o i n g ,   the  p r e s e n t   inven t ion   has  b e e n  

d e s c r i b e d   with  r e f e r e n c e   to  a  p r e f e r r e d   embodiment   t h e r e o f ,   i t  

should  be  no ted   tha t   the  i n v e n t i o n   is  not  limited  to  this  e m b o d i m e n t  

alone,   but   any  modi f i ca t ions   and  c h a n g e s   may  be  made  within  t h e  

spi r i t   and  scope  of  the  i n v e n t i o n   as  set  fo r th   in  the  a p p e n d e d  

c l a i m s .  



1.  A  coo l ing   dev ice   for  an  e l e c t r i c   t r a n s f o r m e r ,   compr is ing   c o o l i n g  

means  (1)  t h rough   which  cool ing   medium  passes  and  f i r s t   and  s e c o n d  

tubing  (2)  th rough  which  cool ing  medium  is  lead  to  and  from  s a i d  

cool ing   means  r e s p e c t i v e l y ,   c  h  a  r  a  c  t  e  r   i  z  e  d   in  t h a t  

a)  the  coo l ing   means  (1)  are  d isposed  in  the  h o r i z o n t a l   d i r e c t i o n ;  

b)  f i r s t   and  second  headers  (5)  are  provided  at  an  i n l e t   s ide  and 

an  o u t l e t   s ide   of  said  cool ing   means  ( 1 ) ;  

c)  said  f i r s t   tub ing   (2)  is  ar ranged  to  lead  the  coo l ing   medium 

which  has  cooled  the  t r a n s f o r m e r   to  said  f i r s t   header  ( 5 ) ;  

d)  said  second  tub ing   (2)  is  a r ranged  to  lead  the  coo l ing   medium 

in  said  c o o l i n g   means  into  said  t r a n s f o r m e r   through  said  s e c o n d  

header  (5)  and 

e)  a  duct  (7)  is  provided  to  lead  a i r   to  a  region  above  said  c o o l i n g  

means  a f t e r   comple t ion   of  the  hea t - exchange   between  said  c o o l i n g  

medium  in  said  coo l ing   means  (1)  and  a i r .  

2.  Cooling  device   a c c o r d i n g   to  c l a im  1 ,   c h a r a c t e r i z e d   i n  

that   said  c o o l i n g   means  is  c o n s t r u c t e d   with  a  p l u r a l i t y   of  c o o l i n g  

tubes  ( 1 ) .  

3.  Cooling  device   a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i z e d  

in  tha t   said  f i r s t   tubing  (2)  is  p o s i t i o n e d   at  a  level  h igher   t h a n  

said  second  tub ing   ( 2 ) .  

4.  Cooling  device  accord ing   to  claim  1,2  or  3,  c h a r a c t e r i z e d   d  i n  

that   both  said  f i r s t   and  second  tubings   (2)  are  on  the  d iagonal   l i n e .  

5.  Cooling  device  a c c o r d i n g   to  one  of  claims  1  to  4,  c h a r a c t e r -  

i  z  e  d   in  t h a t   said  duct  (7)  reduces  i ts   c r o s s - s e c t i o n   as  it  goes 

upwards  from  the  lower  part   t he reo f   to  the  upper  p a r t .  
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