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RADIATION  AIR-CONDITIONER. 

"   ©  A  radiation  air-conditioner  capable  of  being  free- 
Oly  moved  to  and  set  in  different  positions,  and  used 
JO  to  deal  with  the  problems  concerning  the  unevenly 

distributed  heat  loads  in  a  closed  office  in  which  a 
O  plurality  of  office  automation  (0A)  machines  are  in- 
J£  stalled.  This  radiation  air-conditioner  consists  of  a 

radiation  endothermic/radiating  plate  including  a  radi- 
©ation  generating  surface  (21)  formed  on  one  side 
q^  surface  of  a  panel  (20),  a  plurality  of  thermoelectric 
UJ  elements  (22)  attached  to  the  other  side  surface  of 

the  panel  (20),  and  a  plurality  of  heat  exchanger 
means  (25)  attached  to  the  other  surface  of  these 

thermoelectric  elements  (22).  Accordingly,  noise 
does  not  occur  in  this  radiation  air-conditioner,  and 
maintenance  work  therefor  is  substantially  not  re- 
quired.  Since  this  radiation  air-conditioner  can  be 
installed  in  a  small  space  owing  to  its  small  weight 
and  thickness  and  compact  structure,  it  is  used  very 
extensively. 
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S P E C I F I C A T I O N  

RADIATIVE-TYPE  AIR-CONDITIONING  UNIT 

TECHNICAL  FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  r a d i a t i v e - t y p e   a i r -  

5  c o n d i t i o n i n g   u n i t   a d a p t e d   f o r   u se   as  an  o f f i c e   a i r  

c o n d i t i o n e r   f o r   o f f i c e   a u t o m a t i o n   c o r n e r   in  an  e n c l o s e d  

room,   an  o f f i c e   room  and  a  c o n f e r e n c e   room,   e t c . ,   and  a l s o  

as  an  a i r   c o n d i t i o n e r   f o r   home  u s e .  

BACKGROUND  OF  THE  INVENTION 

10  As  a  c o n v e n t i o n a l   r a d i a t i v e   t y p e   a i r - c o n d i t i o n i n g  

u n i t ,   t h e r e   is   known  a  s y s t e m   whose   r a d i a n t   h e a t   t r a n s f e r  

u n i t   is  f i x e d l y   s e c u r e d   to  t h e   c e i l i n g   of  a  room  or  t h e  

s i d e   w a l l   s u r f a c e   t h e r e o f   s u c h   t h a t   c h i l l e d   w a t e r   or  h o t  

w a t e r ,   or  a l t e r n a t i v e l y   c o o l   a i r   or  h o t   a i r   may  f l o w  

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

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

c o n d i t i o n i n g   in  t h e   room.   In  t h i s   s y s t e m ,   c h i l l e d   w a t e r  

or  ho t   w a t e r ,   or  a l t e r n a t i v e l y ,   c o o l   a i r   or  h o t   a i r   i s  

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

20  i n s t a l l e d   s e p a r a t e l y .  

F u r t h e r ,   b e s i d e s   t h e   a b o v e - m e n t i o n e d   s t a n d i n g  

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

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

d a t e d   in   a  m o v a b l e   b o x - s h a p e d   h o u s i n g ,   and  t h e   h o u s i n g   i s  
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f o r m e d   w i t h   a  d u c t   a d a p t e d   to  b low  o f f   c o o l   a i r   or  w a r m  

a i r   . 

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

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

5  s y s t e m   w h e r e i n   t h e   p a r t i t i o n i n g   p a n e l   i s   p r o v i d e d   w i t h   a n  

e l e c t r i c   h e a t e r   or  a l t e r n a t i v e l y   i t   i s   a r r a n g e d   s u c h   t h a t  

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

H o w e v e r ,   o u t   of  t h e   a b o v e - m e n t i o n e d   c o n v e n t i o n a l  

r a d i a t i v e - t y p e   a i r - c o n d i t i o n i n g   u n i t s ,   t h o s e   w h i c h   r e q u i r e  

10  p r o v i s i o n   of  p i p i n g s   e n t a i l   p i p i n g   work   and  c a n n o t   b e  

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

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

In  r e c e n t   y e a r s ,   o f f i c e   a u t o m a t i o n   ( O . A . )   e q u i p m e n t  

h a v e   come  i n t o   w ide   use   in   o f f i c e s ,   and  i f   t h e   n u m b e r   o f  

15  s u c h   O.A.  e q u i p m e n t   u s e d   i n c r e a s e s ,   t h e n   in   m o s t   c a s e s  

t h e   h e a t   d e v e l o p e d   by  t h e m   c a u s e s   a  c o n s p i c u o u s   d e v i a t i o n  

in  t h e r m a l   l o a d i n g   in  t h e   o f f i c e   room.   I t   i s   n o t   e a s y   t o  

r e g u l a t e   such,  a  d e v i a t i o n   in   t h e r m a l   l o a d i n g   by  a i r -  

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

20  a l m o s t   i m p o s s i b l e   to   c r e a t e   an  a i r - c o n d i t i o n i n g   e f f e c t  

s u i t a b l e   f o r   an  i n d i v i d u a l .   F u r t h e r ,   i t   i s   a l s o   i m p o s s i b l e  

to  m o d i f y   a i r—  c o n d i t i o n i n g   p i p i n g s   a c c o r d i n g   to   c h a n g e s  

in  t h e r m a l   l o a d i n g   c o n d i t i o n s   in   a  room  due  to   a l t e r a t i o n  

of  o f f i c e   l a y o u t .  

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

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

fo r   p i p i n g   w o r k ,   h o w e v e r ,   t h i s   p o r t a b l e   t y p e   one  has   t h e  

f o l l o w i n g   d i s a d v a n t a g e s .  

5  S t a t i n g   in  b r i e f ,   in  o r d e r   to  cope   w i t h   t h e   d e v i a t e d  

t h e r m a l   l o a d i n g   in  t he   o f f i c e   room  w h e r e   many  O . A .  

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

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

be  i n c r e a s e d ,   or  a l t e r n a t i v e l y ,   t he   a i r - c o n d i t i o n i n g  

10  c a p a c i t y   of  e a c h   u n i t   mus t   be  i n c r e a s e d .   In  b o t h   c a s e s ,  

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

c o m p r e s s o r   m a i n l y   ' f o r   c o o l i n g   p u r p o s e s   or  a  f an   a c c o m m o -  

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

n e a r   t he   a i r - c o n d i t i o n i n g   u n i t .  

15  SUMMARY  OF  THE  INVENTION 

The  p r e s n e t   i n v e n t i o n   has  b e e n   made  in   v i e w   of  t h e  

a b o v e - m e n t i o n e d   s i t u a t i o n   in  t he   p r i o r   a r t   and  a l s o  

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

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

20  p a r t i t i o n i n g   p a n e l s   h a v i n g   a  h e i g h t   of  900  to  1800  mm, 

w h i c h   a r e   r e f e r r e d   to   as  s o - c a l l e d   " low  p a r t i t i o n " ,   h a v e  

come  to  be  u s e d .  

A c c o r d i n g l y   ,  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

to  p r o v i d e   a  r a d i a t i v e - t y p e   a i r - c o n d i t i o n i n g   u n i t   w h i c h  

25  u t i l i z e s   " P e l t i e r   E f f e c t "   p r o v i d e d   by  t h e r m o e l e c t r i c  
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e l e m e n t s   and  i s   n o i s e l e s s ,   and  w h i c h   d o e s   n o t   r e q u i r e  

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

m a i n t e n a n c e   f r e e .  

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

5  a  r a d i a t i v e - t y p e   a i r - c o n d i t i o n i n g   u n i t   w h i c h   has   v a r i o u s  

u s a g e s   in   t h a t   i t   can  be  u s e d   as  a  c e i l i n g   m a t e r i a l   of   a  

room  or  a  s i d e   w a l l   m a t e r i a l   t h e r e o f   or   i t   can   be  u s e d   a s  

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

c o m p a c t .  

10  A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  r a d i a t i v e - t y p e   a i r - c o n d i t i o n i n g   u n i t   h a v i n g   a  

h i g h   e n e r g y   u t i l i z a t i o n   e f f i c i e n c y   and  e x c e l l e n t   r e s p o n s e  

and  c o n t r o l   c h a r a c t e r i s t i c s   •  r e s u l t i n g   f rom  t h e   u se   of  a  

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

15  s e n s e d   by  a  human  body   is   c o n t r o l l e d   by  t h e   r a d i a n t   h e a t  

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

To  a c h i e v e   t he   a b o v e - m e n t i o n e d   o b j e c t s ,   a c c o r d i n g   t o  

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

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

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

r a d i a n t   h e a t   t r a n s f e r   s u r f a c e   f o r m e d   on  one  s i d e   s u r f a c e  

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

on  t h e   o t h e r   s i d e   s u r f a c e   of  t h e   p a n e l ;   and  a  p l u r a l i t y  

of   h e a t   e x c h a n g e   m e a n s   m o u n t e d   on.  t h e   o p p o s i t e   s i d e  

25  s u r f a c e s   o f   t h e s e   t h e r m o e l e c t r i c   e l e m e n t s .  
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F u r t h e r ,   a c c o r d i n g   to  a  s e c o n d   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  r a d i a t i v e   p a n e l   t y p e   a i r -  

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

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

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

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

and  t he   u n i t   f u r t h e r   c o m p r i s e s   c r o s s - f l o w   f an   m e a n s  

i n s t a l l e d   i n s i d e   of  t he   p a n e l   member ;   a i r   i n t a k e s   f o r m e d  

in  the   p o r t i o n s   of  t h e   f r o n t   p a n e l   o p p o s i t e   to  t h e   c r o s s -  

10  f l ow  f a n s ;   an  o p e n i n g   f o r m e d   in  t h e   u p p e r m o s t   end  of  t h e  

p a n e l   m e m b e r ;   a  w indow  o p e n i n g   f o r m e d   in  t h e   u p p e r   h a l f  

of  t he   p a n e l   member   and  a d a p t e d   to  be  f i t t e d   w i t h   t h e  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d ,   t h e   r a d i a t i o n  

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

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

t r a n s f e r   s u r f a c e   f a c e s   t h e   f r o n t   p a n e l   and  t h e   h e a t  

e x c h a n g e   means   a r e   l o c a t e d   in  t h e   v e n t i l a t i o n   p a s s a g e   f o r  

t he   c r o s s - f l o w   f an   means   d e f i n e d   w i t h i n   t h e   p a n e l   m e m b e r ;  

and  c o n t r o l l e r   means   f o r   c o n t r o l l i n g   t h e   t h e r m o e l e c t r i c  

20  e l e m e n t s   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g  

b o a r d   and  t h e   c r o s s - f l o w   fan   m e a n s .  

F u r t h e r ,   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e  

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

as  s e t   f o r t h   in  t h e   s e c o n d   a s p e c t ,   c h a r a c t e r i z e d   in  t h a t  

25  t h e   c r o s s - f l o w   f a n   means   have   a  v e r t i c a l l y   a l i g n e d  
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p o s i t i o n a l   r e l a t i o n s h i p   w i t h   e a c h   o t h e r   and  c o m p r i s e   a  

f i r s t   c r o s s - f l o w   f an   l o c a t e d   a t   an  u p p e r   p o s i t i o n   and  a  

s e c o n d   c r o s s - f l o w   f an   l o c a t e d   a t   a  l o w e r   p o s i t i o n ,   a n d  

s a i d   u n i t   f u r t h e r   c o m p r i s e s   f i r s t   a i r   i n t a k e s   f o r m e d   i n  

5  t h e   p o r t i o n s   of  t he   r e a r   p a n e l   o p p o s i t e   to   t h e   f i r s t  

c r o s s - f l o w   f a n ;   b l o w o f f   po r t s   f o r   t h e   f i r s t   c r o s s - f l o w  

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

s e c o n d   a i r   i n t a k e s   f o r m e d   in  t h e   p o r t i o n s   of  t h e   f r o n t  

p a n e l   o p p o s i t e   to  t h e   s e c o n d   c r o s s - f l o w   f a n ;   and  b l o w o f f  

10  po r t s   f o r   t h e   s e c o n d   c r o s s - f l o w   f a n   f o r m e d   in   t h e   p o r t i o n s  

of  t h e   f r o n t   p a n e l   o p p o s i t e   to  t h e   s e c o n d   c r o s s - f l o w  

f an   and  a t   a  p o s i t i o n   l o w e r   t h a n   t h e   s e c o n d   a i r   i n t a k e .  

The  a b o v e - m e n t i o n e d   and  o t h e r   a d v a n t a g e s ,   m a n n e r s   a n d  

o b j e c t s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   b e c o m e   a p p a r e n t   t o  

15  t h o s e   s k i l l e d   i n   t h e   a r t   by  m a k i n g   r e f e r e n c e   to   t h e  

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

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

of  t h e   p r e s e n t   i n v e n t i o n   a r e   shown  by  way  of  e x a m p l e   o n l y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

20  F i g .   1  is   a  f r a g m e n t a r y ,   e n l a r g e d   s e c t i o n a l   v i e w  

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

of  one  e m b o d i m e n t   of   t h e   r a d i a t i v e   p a n e l   t y p e   a i r -  

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

F i g s .   2  t o   4  a r e   s i d e   e l e v a t i o n a l   v i e w s   s h o w i n g  

25  s c h e m a t i c a l l y   c o n d i t i o n s   w h e r e i n   t h e   e m b o d i m e n t   shown  i n  
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F i g .   1  i s   u s e d ;  

F i g .   5  i s   a  f r a g m e n t a r y ,   e n l a r g e d   s e c t i o n a l   v i e w  

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

of  a  v a r i a n t   of  t h e   e m b o d i m e n t   shown  in  F i g .   1 ;  

5  F i g .   6  i s   a  s c h e m a t i c ,   e x p l o d e d   p e r s p e c t i v e   v i e w  

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

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

i n v e n t i o n ;  

F i g s .   7  and  8  a r e   an  a s s e m b l e d   p e r s p e c t i v e   v i e w   a n d  

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

t h e   e m b o d i m e n t   shown  in  F i g .   6 ;  

F i g .   9  i s   a  s c h e m a t i c ,   p e r s p e c t i v e   v i e w   s h o w i n g   a n  

e x a m p l e   u s i n g   t h e   e m b o d i m e n t   shown  in  F i g .   6 ;  

F i g s .   10  and  11  a r e   a  s c h e m a t i c ,   l o n g i t u d i n a l  

15  s e c t i o n a l   v i e w   and  a  s c h e m a t i c ,   p e r s p e c t i v e   v i e w ,  

r e s p e c t i v e l y   ,  " s h o w i n g   two  v a r i a n t   e x a m p l e s   of  t h e   e m b o d i -  

ment   shown  in  F i g .   11;  a n d  

F i g s .   12  and  13  a r e   a  s c h e m a t i c ,   p a r t i a l l y   c u t - a w a y  

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

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

r a d i a t i v e   p a n e l   t y p e   a i r - c o n d i t i o n i n g   u n i t   a c c o r d i n g   t o  

t he   p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

25  c o n d i t i o n i n g   u n i t   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   w i l l  
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now  be  d e s c r i b e d   in   d e t a i l   b e l o w   w i t h   r e f e r e n c e   to  F i g s .   1 

to  4  in   t h e   a c c o m p a n y i n g   d r a w i n g s .  

In  t h e   d r a w i n g s ,   r e f e r e n c e   n u m e r a l   20  d e n t o e s   a  

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

5  r a d i a n t   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d .   The  r a d i a t i o n  

p a n e l   20  has   a  r a d i a n t   c o a t i n g   l a y e r   21  s u c h   a s ,   f o r  

e x a m p l e ,   a  b l a c k   p a i n t   or  t h e   l i k e   a p p l i e d   o n t o   t h e   f r o n t  

s u r f a c e   t h e r e o f ,   and  a  p l u r a l i t y   of  t h e r m o e l e c t r i c  

e l e m e n t s   22  b o n d e d   o n t o   t h e   w h o l e   r e a r   s u r f a c e   t h e r e o f   b y  

10  means   of  an  a d h e s i v e   23.  The  a r r a n g e m e n t   i s   made  s u c h  

t h a t ,   when  t h e   t h e r m o e l e c t r i c   e l e m e n t s   6  a r e   f e d   w i t h   a  

d . c .   e l e c t r i c   c u r r e n t   f rom  a  p o w e r   s u p p l y   24,  h e a t   i s  

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

t h e   s i d e   of   t h e   r a d i a t i o n   p a n e l   20  and  e m i t t e d   t o w a r d s   t h e  

15  o p p o s i t e   s i d e   t h e r e o f   by  " P e l t i e r   E f f e c t " .   (When  a i r -  

c o o l i n g   i s   made)   The  a b o v e - m e n t i o n e d   e f f e c t   i s   r e v e r s e d  

when  t h e   d i r e c t i o n   of   f l o w   of  e l e c t r i c   c u r r e n t   i s   r e v e r s e d .  

(When  h e a t i n g   i s   made)  F u r t h e r ,   t h e   a b o v e - m e n t i o n e d  

t h e r m o e l e c t r i c   e l e m e n t s   22  h a v e   a  p l u r a l i t y   of   f i n e   p i n  

20  f i n s   25  f o r   h e a t   e x c h a n g e   p u r p o s e s   m o u n t e d   on  t h e   o t h e r  

s i d e   t h e r e o f   by  t he   a d h e s i v e   2 3 .  

As  shown  i n   F i g . -   2,  t h e   a b o v e - m e n t i o n e d   r a d i a t i o n  

p a n e l   20  i s   in   t h e   f o rm  of   a  m o v a b l e   s c r e e n   h a v i n g   a  

b a s e   26  f i x e d   fco  t h e   l o w e r   end  t h e r e o f   and  w h i c h   s t a n d s   o n  

25  i t s   own  b o t t o m -  
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In  t h e   a b o v e - m e n t i o n e d   a r r a n g e m e n t ,   when  as  shown  i n  

F i g .   2  t h e   r a d i a t i o n   p a n e l   20  is   i n s t a l l e d   w i t h   t h e  

r a d i a n t   h e a t   t r a n s f e r   s u r f a c e   t h e r e o f   f a c i n g   an  o f f i c e  

w o r k e r   27,  and  e a c h   of  t he   t h e r m o e l e c t r i c   e l e m e n t s   22  i s  

5  fed  w i t h   a  d . c .   e l e c t r i c   c u r r e n t   in  a  d i r e c t i o n   o f  

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

20,  t he   r a d i a t i o n   h e a t   f rom  t he   s i d e   of  t h e   w o r k e r   27  i s  

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

r a d i a t i o n   p a n e l   20  so  t h a t   t h e   s i d e   of  t h e   w o r k e r   27  i s  

10  c o o l e d .   W h i l s t ,   when  t h e   d i r e c t i o n   of  f l o w   of  e l e c t r i c  

c u r r e n t   i s   c h a n g e d   so  as  to  e m i t   h e a t   f rom  t h e   r a d i a n t  

h e a t   t r a n s f e r   s u r f a c e ,   t he   s i d e   of  t h e   w o r k e r   27  i s  

heated  by  t h e   h e a t   e m i t t e d   by  t h e   a b o v e - m e n t i o n e d   r a d i a n t  

h e a t   t r a n s f e r   s u r f a c e .  

15  On  t h e   r e a r   s i d e   of  t h e   r a d i a t i o n   p a n e l   20,  t h e   h e a t  

e m i t t e d   f rom  or  a b s o r b e d   by  t h e   o p p o s i t e   s i d e   of  t h e   a b o v e -  

m e n t i o n e d   t h e r m o e l e c t r i c   e l e m e n t s   22  i s   s u b j e c t e d   t o  

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

W h i l s t   h e a t   i s   e m i t t e d   f rom  or  a b s o r b e d   by  t h e  

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

r a d i a t i o n   p a n e l   20  m a i n l y   by  r a d i a t i o n ,   h e a t   e m i s s i o n   o r  

a b s o r p t i o n   can   of  c o u r s e   be  made  even   by  n a t u r a l  

c o n v e c t i o n   and  h e a t   c o n d u c t i o n .  

F u r t h e r ,   w h i l s t   t h e   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   2 

25  shows  a  c o n d i t i o n   w h e r e i n   t h e   r a d i a t i o n   p a n e l   20  i s  
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i n s t a l l e d   b e h i n d   t h e   w o r k e r ,   t h e   r a d i a t i o n   p a n e l   20  m a y  

be  i n s t a l l e d   a l t e r n a t i v e l y   on  t h e   s i d e   or   in   f r o n t   of  t h e  

w o r k e r   27  w i h t   t h e   r a d i a n t   h e a t   t r a n s f e r   s u r f a c e   t h e r e o f  

f a c i n g   t h e   w o r k e r   27.  F r u t h e r ,   in   t h e   e m b o d i m e n t   shown  i n  

5  F i g .   2  shows   t h e   c a s e   w h e r e   t h e   w h o l e   of  one  s i d e   s u r f a c e  

of  t h e   r a d i a t i o n   p a n e l   20  s e r v e s   as  t h e   r a d i a n t   h e a t  

t r a n s f e r   s u r f a c e ,   h o w e v e r ,   t h e   a r r a n g e m e n t   may  be  m a d e  

s u c h   t h a t   a  p o r t i o n   of  t h e   r a d i a t i o n   p a n e l   20  may  s e r v e  

as  t h e   r a d i a n t   h e a t   t r a n s f e r   s u r f a c e   as  shown  in  F i g .   3 .  

10  S t i l l   f u r t h e r ,   as  shown  in  F i g .   4,  t h e   a b o v e -  

m e n t i o n e d   r a d i a t i o n   p a n e l   20  may  be  i n s t a l l e d   a b o v e   t h e  

o f f i c e   w o r k e r   27;  t h a t   i s ;   i t   may  be  a t t a c h e d   to   t h e  

c e i l i n g   l o c a t e d   a b o v e . .  

F u r t h e r m o r e ,   w h i l s t   t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t  

15  shows  t h e   a r r a n g e m e n t   t h a t   t h e   r a d i a t i o n   p a n e l   20  h a s   a  

p l u r a l i t y   of  - t h e r m o e l e c t r i c   e l e m e n t s   20  a d h e s i v e l y   b o n d e d  

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

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

p a n e l   20  ,  i t   i s   a l s o   p o s s i b l e   to   a l l o w   t h e   r a d i a t i o n   p a n e l  

20  20  to  f u l f i l l   r a d i a t i o n   h e a t   e m i t t i n g   or   a b s o r b i n g  

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

A  v a r i a n t   e m b o d i m e n t   of  t h e   r a d i a t i o n   p a n e l   h a v i n g  

in  c o m b i n a t i o n   t he   h e a t   e m i t t i n g   or   a b s o r b i n g   f u n c t i o n  

and  t h e   s o u n d   a b s o r b i n g   f u n c t i o n   i s   shown  in   F i g .   5 .  

25  R e f e r e n c e   n u m e r a l   20a  d e n o t e s   a  s u b s t r a t e   of   a  

r a d i a t i o n   p a n e l   20  '  w h i c h   has   a  m a t e r i a l   w i t h   e x c e l l e n t  
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t h e r m a l   c o n d u c t i v i t y   and  s o u n d   a b s o r b i n g   c h a r a c t e r i s t i c s  

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

m a t e r i a l   21'  p r o d u c e d   by  s i n t e r i n g   a l u m i n i u m   p o w d e r ,  

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

5  20a  has  a  p l u r a l i t y   of  t h e r m o e l e c t r i c   e l e m e n t s   22  a d h e s i v e l y  

b o n d e d   onto  the  r e a r   su r f   ace  t h e r e o f .   The  t h e r m o e l e c t r i c  

e l e m e n t s   22  have   a  s u b s t r a t e   20b  a d h e s i v e l y   b o n d e d   o n t o  

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

h e a t   e x c h a n g e   f i n s   25  a r e   a t t a c h e d .   R e f e r e n c e   n u e m r a l   28 

10  d e n o t e s   a  m a t e r i a l   h a v i n g   t h e r m a l   i n s u l a t i n g   and  s o u n d  

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

w h i c h   is  i n s e r t e d   b e t w e e n   t he   t h e r m o e l e c t r i c   e l e m e n t s   2 2 .  

The  use   of  t h e   r a d i a t i o n   p a n e l   20  '  t h u s   c o n d i g u r e d  

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

15  to  h e a t   a b s o r b i n g   e f f e c t   t h u s   m a k i n g   i t   p o s s i b l e   to  l o w e r  

t he   n o i s e   leve-1  in  an  o f f i c e .  

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

i n v e n t i o n   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   6  t o  

1 1 .  

20  F i g .   6  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   s h o w i n g   a  

p a r t i t i o n i n g   p a n e l   member ,   in  d i s a s s e m b l e d   c o n d i t i o n ,   f o r  

use   in  a  r a d i a t i v e   t y p e   a i r - c o n d i t i o n e r   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n ,   and  F i g s .   7  and  8  a r e   a  p e r s p e c t i v e  

v i e w   and  a  s c h e m a t i c ,   l o n g i t u d i n a l   s e c t i o n a l   v i e w ,  

25  r e s p e c t i v e l y ,   of  t h e   a s s e m b l y   of  t h e   s e c o n d   e m b o d i m e n t .  
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In  t h e s e   d r a w i n g s ,   r e f e r e n c e   n u m e r a l   1  d e n o t e s   a  f r a m e   o r  

f r a m e w o r k   shown  w i t h   t h e   u p p e r m o s t   end  k e p t   o p e n .   A  f r o n t  

p a n e l   2  and  a  r e a r   p a n e l   3  a r e   f i x e d l y   s e c u r e d   to   t h e  

f r o n t   and  r e a r   s u r f a c e s ,   r e s p e c t i v e l y ,   of  the  frame  1  to  form  a  

5  h o l l o w   p a r t i t i o n i n g   p a n e l   4  w i t h   an  o p e n   t o p   e n d .   T h i s  

f r a m e   1  has   a  c r o s s - f l o w   f an   5  m o u n t e d   on  t h e   l o w e r   p a r t  

t h e r e o f .   And,  t he   f r o n t   p a n e l   2  has   a i r   i n l e t s   6  f o r m e d  

in  t h e   l o w e r   p a r t   t h e r e o f   a t   p o s i t i o n s   o p p o s i t e   to   t h e  

c r o s s - f l o w   f an   5.  T h i s   f r o n t   p a n e l   2  has   a  w i n d o w  

10  o p e n i n g   7  h a v i n g   a  l a r g e   a r e a   f o r m e d   in  t h e   u p p e r   h a l f  

t h e r e o f .   R e f e r e n c e   n u m e r a l   8  d e n o t e s   a  r a d i a t i o n   h e a t  

a b s o r b i n g   and  e m i t t i n g   b o a r d   a d a p t e d   to   be  f i t t e d   in   t h e  

o p e n i n g   7  f rom  i n s i d e   t h e r e o f .   T h i s   r a d i a t i o n   h e a t  

a b s o r b i n g   and  e m i t t i n g   b o a r d   8  i s   made  up  of  two  p i e c e s  

15  of  p a n e l s   8a  and   8b  h a v i n g   a  p l u r a l i t y   of  t h e r m o e l e c t r i c  

e l e m e n t s   9  m o u n t e d   l e n g t h w i s e   and  b r e a d t h w i s e   in   a  r e g u l a r  

m a n n e r   b e t w e e n   t hem.   M o r e o v e r ,   t h e   r e a r   p a n e l   8b  h a s  

r a d i a t i n g   f i n s   10  m o u n t e d   on  t h e   o u t e r   s u r f a c e   t h e r e o f   a t  

p o s i t i o n s   o p p o s i t e   to  t h e   t h e r m o e l e c t r i c   e l e m e n t s   9 .  

20  F u r t h e r ,   t h e   t h i c k n e s s   of.  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   a n d  

e m i t t i n g   b o a r d   8  i n c l u d i n g   t h e   r a d i a t i n g   f i n s   or  h e a t  

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

of  t h e   f r a m e .   1  so  t h a t   t h e y   can   be  a c c o m m o d a t e d   in   t h e  

i n n e r   s p a c e   of  t h e   p a r t i t i o n i n g   p a n e l   4.  M o r e o v e r ,   t h e  

25  r a d i a t i n g   f i n s   10  a r e   a d a p t e d   to   c o n d u c t   h e a t   e x c h a n g e  
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w i t h   t he   a i r   f l o w   f l o w i n g   v e r t i c a l l y   t h r o u g h   t h e   i n t e r i o r  

of  t he   p a r t i t i o n i n g   p a n e l   member   4,  and  t h e   v e r t i l a t i n g  

a i r   p a s s a g e   e x t e n d s   v e r t i c a l l y   t h e r e i n .  

F i l t e r s   11  a r e   m o u n t e d   i n s i d e   of  t h e   a i r   i n l e t s   6 

5  in  the   p a n e l   2,  and  an  u p p e r   c o v e r   13  i s   f i t t e d   f i x e d l y  

in  an  u p p e r   o p e n i n g   12  f o r m e d   in  t h e   u p p e r   end  of  t h e  

p a r t i t i o n i n g   p a n e l   member   4  . 

F u r t h e r ,   in  t he   d r a w i n g s ,   r e f e r e n c e   n u m e r a l   14 

d e n o t e s   a  c o n t r o l l e r   f i x e d l y   s e c u r e d   to  t h e   f r a m e   1  in  t h e  

10  a i r   f l ow  p a s s a g e   f o r m e d   i n s i d e   of  t he   p a r t i t i o n i n g   p a n e l  

member  4.  T h i s   c o n t r o l l e r   14  i s   a d a p t e d   to  c o n t r o l   t h e  

t u r n i n g   on  and  o f f   of  t he   c r o s s - f l o w   f a n s   5,  t h e   t u r n i n g  

on  and  o f f   of  e l e c t r i c i t y   to  t h e   t h e r m o e l e c t r i c   e l e m e n t s  

9,  the   d i r e c t i o n   of  e l e c t r i c   c u r r e n t   f l o w   t h r o u g h   t h e  

15  t h e r m o - e l e c t r i c   e l e m e n t s   9  and  t h e   i n t e n s i t y   of  t h e  

e l e c t r i c   c u r r e n t .  

The  a b o v e - m e n t i o n e d   p a r t i t i o n i n g   p a n e l   member   4  i s  

60  to  80  mm  t h i c k   and  i s   of  a  s i z e   w h i c h   i s   n e a r l y   t h e  

same  as  t h a t   of  an  o r d i n a r y   low  p a r t i t i o n s ,   and  a s  

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

be  u s e d   by  p l a c i n g   them  l a t e r a l l y   in   a  r o w .  

In  t h e   a b o v e - m e n t i o n e d   a r r a n g e m e n t ,   when  t h e  

c o n t r o l l e r   14  i s   o p e r a t e d   to  f e e d   an  e l e c t r i c   c u r r e n t   t o  

t he   t h e r m o e l e c t r i c   e l e m e n t s   9  so  t h a t   t h e   f r o n t   s i d e   o f  
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t h e   r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   8  i s  

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

t h e r e o f   by  " P e l t i e r   E f f e c t " ,   and  t h e   c r o s s - f l o w   f an   5  i s  

d r i v e n ,   h e a t   i s   a b s o r b e d   t h r o u g h   t h e   r a d i a t i o n   h e a t  

5  a b s o r b i n g   and  e m i t t i n g   b o a r d   8  w h o s e   s u r f a c e   a r e a   i s  

d e f i n e d   by  t he   a p e r t u r e   7  in  t h e   f r o n t   p a n e l   2  of   t h e  

p a r t i t i o n i n g   member   4  so  t h a t   t h e   f r o n t   or  o u t e r   s i d e   o f  

t h e   p a r t i t i o n i n g   member  4  i s   c o o l e d .  

W h i l s t ,   a t   t h a t   t i m e ,   t h e   h e a t   e m i t t e d   t o w a r d s   t h e  

10  r e a r   s i d e   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g  

b o a r d   8  i s   t r a n s f e r r e d   to  t h e   a i r   f l o w   w h i c h   i s   d e l i v e r e d  

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

10  and  e x h a u s t   f rom  t h e   u p p e r   o p e n i n g   12  .  At  t h a t   t i m e   , 

t h e   c o n t r o l l e r   14  i s   a l s o   c o o l e d   by  t h e   w i n d   f l o w i n g  

15  t h r o u g h   t h e   i n t e r i o r   of  t h e   a b o v e - m e n t i o n e d   p a r t i t i o n i n g  

p a n e l   member   4". 

F i g .   9  shows   an  e x a m p l e   w h e r e i n   t h e   a b o v e - m e n t i o n e d  

p a r t i t i o n i n g   m e m b e r s   4  a r e   u s e d .   Each   of  t h e   p a r t i t i o n i n g  

m e m b e r s   4  i s   l o c a t e d   w i t h   t h e   f r o n t   p a n e l   2  t h e r e o f   f a c i n g  

20  t he   i n t e r i o r   a t   i n t e r v a l s   of  0 .5   to   1 .0   m e t e r   away  f r o m  

an  w o r k e r .   The  c o n t r o l l e r   14  i s   c o n t r o l l e d   in   s u c h   a  

m a n n e r   t h a t   the   t e m p e r a t u r e   of  t h e   f r o n t   s u r f a c e s   of   t h e  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d s   8  may  b e  

k e p t   a t   10  to   15°  when  t h e   room  t e m p e r a t u r e   i s   23  to   2 8 ° C .  

25  As  a  r e s u l t ,   a  h e a t   t r a n s f e r   by  r a d i a t i o n   i s   g e n e r a t e d  
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b e t w e e n   the   o p e r a t o r   and  t he   p a r t i t i o n i n g   m e m b e r s   4  s o  

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

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

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

5  and  e m i t t i n g   b o a r d   8  i s   l o c a t e d   o n l y   on  one  s i d e   of  t h e  

p a n e l   member   4,  a  b o t h - s i d e   t y p e   one  as  shown  in  F i g .   10 

may  be  u s e d   i n s t e a d .  

S t a t i n g   in   b r i e f ,   t he   l a t t e r   t y p e   one  i s   c o m p r i s e d  

of  a  p a i r   of  h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d s   8  a n d  

10  8  '  ,  e ach   c o n s i s t i n g   of  two  p i e c e s   of  p a n e l s   8a  and  8b  

h a v i n g   t h e r m o e l e c t r i c   e l e m e n t s   9  s a n d w i c h e d   b e t w e e n  

them,   t he   b o a r d s   8  and  8'  h a v i n g   r a d i a t i n g   f i n s   10 

m o u n t e d   b e t w e e n   them  and  b e i n g   a d a p t e d   to  be  f i t t e d   i n  

a p e r t u r e s   7  f o r m e d   in  b o t h   s i d e s   of  a  p a r t i t i o n i n g   p a n e l  

15  member  4  '  . 

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

p a r t i t i o n i n g   p a n e l   member   4'  a r e   c o o l e d   or  h e a t e d .  

F u r t h e r ,   in  e a c h   of  t he   a b o v e - m e t n i o n e d   e m b o d i m e n t s ,  

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

20  b o a r d s   8  and  8  '  a r e   c o o l e d   or  h e a t e d   by  r a d i a t i o n   b y  

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

t he   t h e r m o e l e c t r i c   e l e m e n t s   9 .  

F u r t h e r ,   i f   t h e   d i r e c t i o n   of  f l o w   of  e l e c t r i c   c u r r e n t  

t h r o u g h   some  of  t h e   t h e r m o e l e c t r i c   e l e m e n t s   9  on  e a c h   o f  

25  t he   r a d i a t i o n   s u r f a c e s   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g  
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and  e m i t t i n g   b o a r d s   8  and  8'  i s   s e l e c t i v e l y   c h a n g e d ,   t h e n  

t h e   r a d i a n t   a i r - c o n d i t i o n i n g   f u n c t i o n   on  t h e   r a d i a t i o n  

s u r f a c e s   can   be  c o n t r o l l e d .   F u r t h e r ,   t h i s   a i r - c o n d i t i o n i n g  

f u n c t i o n a l   c o n t r o l   may  be  c o n d u c t e d   by  c o n t r o l l i n g   t h e  

5  i n t e n s i t y   of  t h e   e l e c t r i c   c u r r e n t   f l o w   t h r o u g h   t h e   t h e r m o -  

e l e c t r i c   e l e m e n t s   9 .  

F u r t h e r m o r e ,   i t   i s   p o s s i b l e   to  a l l o w   t h e   u p p e r   p o r t i o n s  

of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d s   8  a n d  

8'  to  f u l f i l   t h e i r   c o o l i n g   f u n c t i o n   and  t h e   l o w e r   p o r t i o n s  

10  t h e r e o f   to   f u l f i l   t h e i r   h e a t i n g   f u n c t i o n   by  s e l e c t i v e l y  

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

t h r o u g h   t h e   t h e r m o e l e c t r i c   e l e m e n t s   9  by  g r o u p .  

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

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d s   8  and  8  '  t o  

15  i n c r e a s e   t h e i r   a r e a s   and  m a k i n g   c o n t r o l s   so  t h a t   t h e y   c a n  

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

w o r k e r ' s   body  can   be  c o o l e d ,   and  t h e   l o w e r   h a l f   t h e r e o f  

can  be  h e a t e d   so  t h a t   an  i d e a l   w o r k i n g   e n v i r o n m e n t  

w h e r e i n   he  may  f e e l   r e f r e s h e d   a t   h i s   h e a d   and  g e t   w a r m  

20  a t   h i s   l e g s .  

As  a  m e a n s   f o r   o b t a i n i n g   t h e   a b o v e - m e n t i o n e d   a i r -  

c o n d i t i o n i n g   e f f e c t ,   a  p a n e l   h e a t e r   15  may  be  m o u n t e d   o n  

t h e   l o w e r   p a r t   of  t h e   p a r t i t i o n i n g   p a n e l   member   4  a s  

shown  in  F i g .   11.  t h e   a r r a n g e m e n t   i s   made  s u c h   t h a t   t h e  

25  s w i t c h i n g   on  and   o f f   of   t h i s   p a n e l   h e a t e r   15  and  t h e  
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t e m p e r a t u r e   t h e r e o f   can  be  c o n t r o l l e d   by  t he   c o n t r o l l e r   14 

w h i c h   c o n t r o l s   t he   t h e r m o e l e c t r i c   e l e m e n t s   9  and  t h e   c r o s s -  

f l ow  f an   5  a t   t h e   same  t i m e .  

F u r t h e r ,   as  a n o t h e r   means   f o r   a t t a i n i n g   t h e   a b o v e -  

5  m e n t i o n e d   c o m f o r t a b l e   c o n d i t i o n   w h e r e i n   t h e   w o r k e r   may- 

f e e l   r e f r e s h e d   a t   h i s   head   and  g e t   warm  a t   h i s   l e g s ,  

i t   is   p o s s i b l e   to  r e v e r s e   t he   d i r e c t i o n   of  f l o w   of  t h e  

wind   d e l i v e r e d   by  t h e   c r o s s - f l o w   fan   5  so  as  to  a l l o w   w a r m  

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

10  a b s o r b i n g   and  e m i t t i n g   s u r f a c e s   8  and  81  to  be  s e n t   i n t o  

t he   o f f i c e   room  f rom  t he   a i r   i n l e t s   6  f o r m e d   in  t h e   l o w e r  

p a r t   of  t h e   p a r t i t i o n i n g   p a n e l   member   4  or  4  '  .  In  t h i s  

c a s e ,   an  e l e c t r i c   h e a t e r   may  be  i n s t a l l e d   u p s t r e a m   of  t h e  

c r o s s - f l o w   fan   5 .  

15  M o r e o v e r ,   in  t he   s e c o n d   e m b o d i m e n t   shown  in  F i g s .   6 ,  

7  and  8  and  tKe  two  v a r i a n t   e m b o d i m e n t s   shown  in  F i g s .   10 

and  11,  a l t h o u g h   t he   c o n t r o l l e r   14  is   f i x e d l y   s e c u r e d   t o  

t h e   f r a m e   1  in   t h e   a i r   c u r r e n t   p a s s a g e   d e f i n e d   i n s i d e   o f  

t he   p a r t i t i o n i n g   p a n e l   member   4,  i t   may  be  m o u n t e d   on  a  

20  member  or  a r t i c l e   o t h e r   t h a n   t he   a i r - c o n d i t i o n i n g   p a n e l ;  

in  o t h e r   w o r d s ;   i t   may  be  l o c a t e d   o u t s i d e   t h e   p a n e l .  

In  t h e s e   d r a w i n g s ,   t h e   c r o s s - f l o w   f an   5  i s   s h o w n  

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

p a n e l ,   h o w e v e r ,   i t   may  be  i n s t a l l e d   j u s t   b e l o w   t h e  

25  r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   8 .  
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S u b s e q u e n t l y ,   a  t h i r d   e m b o d i m e n t   o f   t h e   r a d i a n t   p a n e l  

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

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   12  and  1 3 .  

F u r t h e r ,   i n   F i g s .   12  and  13,  c o m p o n e n t s   d e s i g n a t e d   b y  

5  t h e   same  r e f e r e n c e   n u m e r a l s   as  t h o s e   u s e d   to   i n d i c a t e  

c o m p o n e n t s   of  t h e   s e c o n d   e m b o d i m e n t   in   F i g s .   6  to  8  h a v e  

t h e   same  f u n c t i o n s ,   and  t h e r e f o r e   t h e   d e s c r i p t i o n   of  t h e m  

is   o m i t t e d   to  a v o i d   d u p l i c a t i o n   of   t h e   e x p l a n a t i o n   t h e r e o f .  

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

10  as  f o l l o w s .  

A  f i r s t   c r o s s - f a n   5.  and  a  s e c o n d   c r o s s - f l o w   f an   5 -  

a r e   m o u n t e d   b e l o w   t h e   a b o v e - m e n t i o n e d   r a d i a t i o n   h e a t  

a b s o r b i n g   and  e m i t t i n g   b o a r d   8  in  a  v e r t i c a l l y   s p a c e d  

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

15  p a n e l   member   4.  The  a b o v e - m e n t i o n e d   s e c o n d   c r o s s - f l o w   f a n  

5  2  i s   a d a p t e d   ~to  s e n d   o u t   a  g e n t l e   a i r .  

The  a b o v e - m e n t i o n e d   f i r s t   c r o s s - f l o w   f a n   5,  has   a i r  

i n t a k e s   6  f o r m e d   in  a  r e a r   p a n e l   3  of  a  p a r t i o n i n g   p a n e l  

member   4  ,  and  an  a i r   b l o w o f   f  p o r t   16  d i r e c t e d   u p w a r d l y  

20  in   t h e   p a r t i t i o n i n g   p a n e l   m e m b e r .   W h i l s t ,   t h e   s e c o n d  

c r o s s - f l o w   f an   5_  has   a i r   i n t a k e s   .  62  and  a i r   b l o w o f f  

p o r t s   17  f o r m e d   i n   a  f r o n t   p a n e l   2  a t   u p p e r   and  l o w e r  

p o s i t i o n s ,   r e s p e c t i v e l y   in   a  v e r t i c a l l y   s p a c e d   a p a r t  

r e l a t i o n s h i p .   The  p a r t i t i o n i n g   p a n e l   member   14  has   a  

25  h o t   a i r   o u t l e t   X2  f o r m e d   in   t h e   u p p e r m o s t   end  t h e r e o f .  
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The  a r r a n g e m e n t   is   made  s u c h   t h a t   t h e   wind  s e n t   o u t   b y  

t he   f i r s t   c r o s s - f l o w   f an   5,  t h r o u g h   t h e   b l o w o f f   p o r t s   16 

is   a l l o w e d   to  p a s s   t h r o u g h   the   r a d i a t i n g   f i n s   10  of  t h e  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   8  and  e x i t  

5  f rom  t h e   h o t   a i r   o u t l e t   12.  R e f e r e n c e   n u m e r a l   14  d e n o t e s  

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

p a n e l   member   4.  T h i s   c o n t r o l l e r   14  i s   a d a p t e d   to  c o n t r o l  

t he   s w i t c h i n g   on  and  o f f   of  t he   f i r s t   and  s e c o n d   c r o s s -  

f l o w   f a n s   5,  and  5_,  t he   t u r n i n g   on  and  o f f   of  e l e c t r i c i t y  

10  to  t h e   t h e r m o e l e c t r i c   e l e m e n t s   9,  c h a n g i n g   t h e   d i r e c t i o n  

of  e l e c t r i c   c u r r e n t   f l ow  t h r o u g h   t he   t h e r m o e l e c t r i c  

e l e m e n t s   9,  and  t h e   i n t e n s i t y   of  t he   e l e c t r i c   c u r r e n t .  

The  a b o v e - m e n t i o n e d   p a r t i t i o n i n g   p a n e l   member   4  i s  

60  to  80  mm  t h i c k   and  is   of  a  s i z e   w h i c h   i s   n e a r l y   t h e  

15  same  as  t h a t   of  an  o r d i n a r y   low  p a r t i t i o n ,   and  as  o c c a s i o n  

d e m a n d s   a  p l u r a l i t y   of  s u c h   p a n e l   m e m b e r s   may  be  u s e d   b y  

p l a c i n g   t hem  l a t e r a l l y   in  a  r o w .  

F i g .   12  shows  an  e m b o d i m e n t   w h e r e i n   t h e   p a r t i t i o n i n g  

m e m b e r s   4  a r e   u s e d   as  low  p a r t i t i o n s   s u r r o u n d i n g   a  w o r k  

20  t a b l e   18.  The  a i r   i n t a k e s   62  and  t he   b l o w o f f   p o r t s   17  o f  

t h e   s e c o n d   c r o s s -   f l o w   f an   5~  a r e   l o c a t e d   a b o v e   t h e   w o r k  

t a b l e   1 8 .  

In  t h e   a b o v e - m e n t i o n e d   a r r a n g e m e n t ,   when  t h e  

c o n t r o l l e r   14  i s   o p e r a t e d   to  f e e d   e l e c t r i c   c u r r e n t   to  t h e  

25  t h e r m o e l e c t r i c   e l e m e n t s   9  so  t h a t   h e a t   i s   a b s o r b e d   by  t h e  
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f r o n t   s i d e   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g  

b o a r d   8  ,  and  t h e   h e a t   t h u s   a b s o r b e d   i s   e m i t t e d   t h r o u g h  

t h e   r e a r   s i d e   t h e r e o f   by  " P e l t i e r   E f f e c t " ,   and  b o t h   t h e  

c r o s s - f l o w   f a n s   5,  and  5?  a r e   d r i v e n ,   h e a t   i s   a b s o r b e d   b y  

5  t h e   f r o n t   s i d e   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   a n d  

e m i t t i n g   b o a r d   8  t h e r e b y   c o o l i n g   by  r a d i a t i o n   t h e   f r o n t  

s i d e   of  t h e   p a r t i t i o n i n g   p a n e l   member   4 .  

W h i l s t ,   a t   t h a t   t i m e ,   t h e   a i r   b e h i n d   t h e   p a r t i t i o n i n g  

p a n e l   member   4  i s   d r a w n   in  by  t h e   f i r s t   c r o s s - f l o w   f an   5,  , 

10  w h i c h   i s   t h e n   d r i v e n ,   t h r o u g h   t h e   a i r   i n t a k e s   6,  a n d  

d i s c h a r g e d   f rom  the   b l o w o f f   po r t s   16  so  t h a t   i t   may  p a s s  

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

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   8  and  e x i t  

f rom  t h e   h o t   a i r   o u t l e t   12.  As  a  r e s u l t ,   t h e   h e a t   e m i t t e d  

15  to  t h e   r e a r   s i d e   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g   a n d  

e m i t t i n g   board"   8  i s   t r a n s f e r r e d   to  t h e   a b o v e - m e n t i o n e d  

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

of  t h e   p a r t i t i o n i n g   p a n e l   member   4  . 

F u r t h e r ,   t h e   a i r   in   f r o n t   of  t h e   p a r t i t i o n i n g   p a n e l  

20  member   4  and   j u s t   b e l o w   t h e   r a d i a t i o n   h e a t   a b s o r b i n g   a n d  

e m i t t i n g   b o a r d   8  i s   d r awn   in  by  t h e   s e c o n d   c r o s s - f l o w  

fan   52,  w h i c h   i s   t h e n   d r i v e n ,   t h r o u g h   t h e   a i r   i n t a k e s   6_ 

and  i s   e x p e l l e d   d o w n w a r d l y   t h r o u g h   t h e   b l o w o f f   p o r t s   1 7 .  

T h u s ,   t h e   a i r   w h i c h   i s   c o o l e d   by  t h e   f r o n t   s u r f a c e   of   t h e  

25  r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   8  and  h a s  
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d e s c e n d e d   is   s u c k e d   in  by  t he   s e c o n d   c r o s s - f l o w   f an   5_  a n d  

is   b l o w n   o f f   by  i t   o n t o   t h e   work   t a b l e   18  as  a  g e n t l e   a i r .  

Due  to  t h e   a b o v e - m e n t i o n e d   a i r - c o n d i t i o n i n g   e f f e c t ,  

t h e   w o r k e r   s i t t i n g   a t   t h e   work   t a b l e   18  i s   c o o l e d   by  t h e  

5  r a d i a n t   c o o l i n g   e f f e c t   c a u s e d   by  t h e   r a d i a t i o n   h e a t  

a b s o r b i n g   and  e m i t t i n g   b o a r d   8  ,  and  by  t h e   c o o l   a i r  

d e l i v e r e d   by  t he   s e c o n d   c r o s s - f l o w   fan   52  as  a  g e n t l e   a i r .  

F u r t h e r ,   t h e   g e n t l e   a i r   d e l i v e r e d   by  t h e   s e c o n d   c r o s s - f l o w  

fan  5_  s h o u l d   p r e f e r a b l y   have   a  f l o w   b e l o c i t y   of  a b o u t   0 . 3  

10  m/  p  .  The  n u m b e r   of  r e v o l u t i o n s   of  t he   s e c o n d   c r o s s - f l o w  

fan  5_  can  be  s e t   as  d e s c r i b e d   by  means   of  a  s w i t c h   a t   h a n d .  

I f   t h e   d i r e c t i o n   of  e l e c t r i c   c u r r e n t   f l o w   t h r o u g h   t h e  

t h e r m o e l e c t r i c   e l e m e n t s   9  i s   c h a n g e d   so  t h a t   h e a t   may  b e  

a b s o r b e d   by  t h e   r e a r   s i d e   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g  

15  and  e m i t t i n g   b o a r d   8  and  t h e   h e a t   t h u s   a b s o r b e d   may  b e  

e m i t t e d   by  the"  f r o n t   s i d e   t h e r e o f ,   t h e n   t h e   f r o n t   s i d e  

of  t he   p a r t i t i o n i n g   p a n e l   member   4  i s   h e a t e d   by  r a d i a t i o n .  

At  t h a t   t i m e ,   t h e   wind   d e l i v e r e d   by  t h e   s e c o n d   c r o s s -  

f l o w   fan   52  s e r v e s   to  c i r c u l a t e   a i r .   F u r t h e r ,   in   c a s e   o f  

20  h e a t i n g ,   t h e   s e c o n d   c r o s s - f l o w   f an   5«  may  be  s t o p p e d .  

F u r t h e r m o r e ,   w h i l s t   t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t  

shows  a  c a s e   w h e r e   t h e   b l o w o f f   p o r t   17  f o r   t h e   s e c o n d  

c r o s s - f a n   5~  i s   l o c a t e d   a b o v e   t h e   work   t a b l e   18,  i t   i s  

n e e d l e s s   to   say   t h a t   h t e   b l o w o f f   p o r t   17  may  be  l o c a t e d  

25  b e l o w   t h e   work   t a b l e   18,  and  t h e   a f o r e m e n t i o n e d  
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p a r t i t i o n i n g   p a n e l   member   4  may  be  u s e d   as  a  p a r t i t i o n  

b o a r d .  

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

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

5  t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   t h e r e t o ,  

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

w i l l   o c c u r   r e a d i l y   to  t h o s e   s k i l l e d   in   t h e   a r t   and  may  b e  

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

p r e s e n t   i n v e n t i o n .  
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WHAT  IS  CLAIMED  I S :  

1.  A  r a d i a t i v e   p a n e l   t y p e   a i r - c o n d i t i o n i n g   u n i t   c o m p r i s e d  

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

a  r a d i a n t   h e a t   t r a n s f e r   s u r f a c e   f o r m e d   on  one  s i d e   s u r f a c e  

of  a  s h e e t   of  p a n e l ;   a  p l u r a l i t y   of  t h e r m o e l e c t r i c  

5  e l e m e n t s   m o u n t e d   on  t h e   o t h e r   s i d e   s u r f a c e   of  s a i d   p a n e l ;  

and  a  p l u r a l i t y   of  h e a t   e x c h a n g e   means   m o u n t e d   on  t h e  

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

2.  A  r a d i a t i v e   / t y p e   a i r - c o n d i t i o n i n g   u n i t   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   p a n e l   i s   a  p a r t i t i o n i n g   p a n e l   m e m b e r  

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

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

5  of  t he   f r a m e   f u r t h e r   c o m p r i s i n g   c r o s s - f l o w   f an   m e a n s  

i n s t a l l e d   i n s i d e   of  t h e   p a n e l   m e m b e r ;   a i r   i n t a k e s   f o r m e d  

in  t he   p o r t i o n s   of  s a i d   f r o n t   p a n e l   o p p o s i t e   to  t h e   c r o s s - f l o w  

fan   m e a n s ;   a n r o p e n i n g   f o r m e d   in  t h e   u p p e r m o s t   end  of  s a i d  

p a n e l   m e m b e r ;   a  w indow  o p e n i n g   f o r m e d   in   t h e   u p p e r   h a l f   o f  

10  t he   p a n e l   member   and  a d a p t e d   to   be  f i t t e d   w i t h   s a i d  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d ,   s a i d  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d   b e i n g   m o u n t e d  

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

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

15  h e a t   e x c h a n g e   means   a r e   l o c a t e d   in  t h e   v e n t i l a t i o n  

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

p a n e l   m e m b e r ;   and  c o n t r o l l e r   means   f o r   c o n t r o l l i n g   s a i d  
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t h e r m o e l e c t r i c   e l e m e n t s   of  t h e   r a d i a t i o n   h e a t   a b s o r b i n g  

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

3.  A  r a d i a t i v e   / t y p e   a i r - c o n d i t i o n i n g   u n i t   as  c l a i m e d   i n  

c l a i m   2,  c h a r a c t e r i z e d   in   t h a t   s a i d   c r o s s - f l o w   f a n   m e a n s  

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

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

5  a t   an  u p p e r   p o s i t i o n   and  a  s e c o n d   c r o s s - f l o w   f an   l o c a t e d  

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

f i r s t   a i r   i n t a k e s   f o r m e d   in  t he   p o r t i o n s   of   s a i d   r e a r   p a n e l  

o p p o s i t e   to   s a i d   f i r s t   c r o s s - f l o w   f a n ;   b l o w o f f   p o r t s   f o r  

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

10  s a i d   p a n e l   member ;   s e c o n d   a i r   i n t a k e s   f o r m e d   in   t h e  

p o r t i o n s   of  s a i d   f r o n t   p a n e l   o p p o s i t e   to   s a i d   s e c o n d   c r o s s -  

f l o w   f a n ;   and  b l o w o f f   po r t s   f o r   s a i d   s e c o n d   c r o s s - f l o w  

f an   f o r m e d   in  t h e   p o r t i o n s   of  s a i d   f r o n t   p a n e l   o p p o s i t e   t o  

s a i d   s e c o n d   c r o s s - f l o w   f an   and  a t   a  p o s i t i o n   l o w e r   t h a n  

15  t he   s e c o n d   a i r   i n t a k e s   . 
p a n e l  

4.  A  r a d i a t i v e /   t y p e   a i r - c o n d i t i o n i n g   u n i t   as  c l a i m e d   i n  

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d   p a n e l   c o m p r i s e s   a  

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

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

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

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

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

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

10  spaces  d e f i n e d   by  s a i d   two  p i e c e s   of  s u b s t r a t e s   and  s a i d  

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

5.  A  r a d i a t i v e   / t y p e   a i r - c o n d i t i o n i n g   u n i t   as  c l a i m e d   i n  

c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   s a i d   r a d i a t i o n   and  s o u n d  

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

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

5  a b s o r b i n g   m a t e r i a l   is   g l a s s   w o o l .  
p a n e l  

6.  A  r a d i a t i v e   / t y p e   a i r - c o n d i t i o n i n g   u n i t   as  c l a i m e d   i n  

any  one  of  c l a i m s   2  and  3,  c h a r a c t e r i z e d   in  t h a t   s a i d  

r a d i a t i o n   h e a t   a b s o r b i n g   and  e m i t t i n g   b o a r d s   a r e   m o u n t e d  
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p a n e l   member   has  a  p a n e l   h e a t e r   m o u n t e d   on  t h e   l o w e r  

p o r t i o n   t h e r e o f .  
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