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(54)  Improved  insulated-glass  window. 

©  There  is  disclosed  an  improved  insulated-glass  window 
which  is  provided  with  means  to  reduce  or  eliminate  glass 
deflection  due  to  changes  in  the  ambient  atmosphere.  The 
means  comprises  a  breather  tube  or  passage  (18)  communi- 
cating  between  the  enclosed  window  space  (14)  and  the 
ambient  atmosphere  and  which  contains  an  amount  of  an 
adsorbent  material  (19),  such  as  a  molecular  sieve. 
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T h e r e   is  disclosed  an  improved  insulated-glass  window 
which  is  provided  with  means  to  reduce  or  eliminate  glass 
deflection  due  to  changes  in  the  ambient  atmosphere.  The 
means  comprises  a  breather  tube  or  passage  (18)  communi- 
cating  between  the  enclosed  window  space  (14)  and  the 
ambient  atmosphere  and  which  contains  an  amount  of  an 
adsorbent  material  (19),  such  as  a  molecular  sieve. 



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

g l a s s   window  and  more  p a r t i c u l a r l y   to  such   a  window  w h i c h  

is   p r o v i d e d   w i t h   means   to  r e d u c e   or  e l i m i n a t e   w i n d o w  

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

window  c a u s e d   by  p r e s s u r e   or  t e m p e r a t u r e   c h a n g e s   i n  

t h e   a m b i e n t   a t m o s p h e r e .  

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

were   s e a l e d   t o g e t h e r   to  p e r m a n e n t l y   e n c l o s e  a   s p a c e  

b e t w e e n   the   p a n e s ,   a f t e r   f i r s t   d r y i n g   the   a i r   in  t h e  

e n c l o s e d   s p a c e .   O p t i o n a l l y ,   a  p a r t i a l   vacuum  was  a l s o  

f o r m e d   in  t h e  e n c l o s e d   s p a c e .   Due  to  a  number   o f  

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

e t c . ,   most   i n s u l a t e d - g l a s s   w i n d o w s   t o d a y   a r e   no t   g l a s s -  

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

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

e n t i r e   window  p e r i p h e r y .   A  s u i t a b l e   s e a l a n t   i s  p r o v i d e d  

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

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

t h e   e n c l o s e d   s p a c e   w i t h i n   t he   window  and  a l s o   to  h o l d  

t he   p a r t s   of  t h e   window  t o g e t h e r .  

Such  c h a n n e l s   may  be  in  t he   form  of  e x t r u d e d  

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

l e n g t h   of  t h e   c h a n n e l   or  o n l y   p a r t i a l l y   w i t h   an  a d s o r b e n t  

such   as  a  s i l i c a   g e l   a n d / o r   a  m o l e c u l a r   s i e v e   m a t e r i a l ,  

e t c .   The  p u r p o s e   of  t h e   a d s o r b e n t   was  to  a s s u r e   t h a t  

t he   a i r   e n c l o s e d   by  t he   s e a l e d   window  r e m a i n s   dry  a n d  

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

S u i t a b l e   m e a n s ,   f o r   e x a m p l e   a  s m a l l   s l i t   a l o n g   the   i n n e r  

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

a d s o r b e n t   to  keep   t h e   e n c l o s e d   a i r   d r y .   As  l o n g   as  t h e  

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

r e m a i n s   dry  ( i . e . ,   i t s   dew  p o i n t   r e m a i n s   low)  a n d  

c o n d e n s a t i o n   is   a v o i d e d   on  an  i n n e r   s u r f a c e   t h e r e o f .  



One  p r o b l e m   w i t h   s u c h   w i n d o w s   is   d e f l e c t i o n   o f  

the"  g l a s s   p a n e ( s )   due  to  c h a n g e s   in  t e m p e r a t u r e   a n d  

b a r o m e t r i c   p r e s s u r e .   T h u s ,   as  t he   t e m p e r a t u r e   of  t h e  

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

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

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

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

g l a s s   w h i c h   can   r e s u l t   in  b r e a k a g e   in  some  e x t r e m e   c a s e s .  

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

a p a r t   f rom  d e f l e c t i o n   c a u s e d   by  wind  and  t he   l i k e   a g a i n s t  

t h e   w i n d o w   and  a r e   mos t   n o t i c e a b l e   w i t h   l a r g e   w i n d o w s  

and  w i t h   r e f l e c t i v e   w i n d o w s .   Wi th   l a r g e - s i z e   w i n d o w s ,  

d e f l e c t i o n   i s   s i m p l y   more  a p p a r e n t   to  t h e   e y e .   W i t h  

r e f l e c t i v e   w i n d o w s   ( i . e . ,   t h o s e   w i n d o w s   w h i c h   a r e  

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

o u t s i d e   p a n e ) ,   d e f l e c t i o n   i s   much  more  a p p a r e n t   due  t o  

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

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

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

t e n d   to  a d s o r b   n i t r o g e n   f rom  t he   e n c l o s e d   a i r   a n d  

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

t h e   e n c l o s e d   s p a c e .  

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

l o a d s   ( i . e . ,   t he   r a t i o   of  t h e   w e i g h t   of  a d s o r b e n t   o r  

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

a i r   in  t h e   e n c l o s e d   s p a c e )   on  the   o r d e r   of  3 0  -   4 0 ,  

and  a t   t e m p e r a t u r e s   d i f f e r e n t   f rom  t h e   t e m p e r a t u r e   a t '  

w h i c h   t he   window  was  s e a l e d ,   some  m o l e c u l a r   s i e v e s   a d s o r b  

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

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

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

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

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



c h a n g e - i n d u c e d   d e f l e c t i o n   of  t he   window  p a n e s .  

The  o c c u r r e n c e   of  d e f l e c t i o n   in  i n s u l a t e d - g l a s s  

w i n d o w s   has  been   r e c o g n i z e d   in  the   p r i o r   a r t .   T h u s ,  

U . S .   P a t e n t   No.  4 , 1 4 4 , 1 9 6   d i s c l o s e s   f l u c t u a t i o n s   i n  

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

a d s o r p t i o n   by  and  d e s o r p t i o n   from  m o l e c u l a r   s i e v e  

d e s i c c a n t s ,   w h i c h   in  t u r n   c a u s e s   some  d i s t o r t i o n   o f  

v i e w   t h r o u g h   t h e   w i n d o w s   as  w e l l   as  m o v e m e n t   of  t h e  

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

b e t w e e n   the   two  p a n e s   ( s e e   c o l u m n   2,  l i n e s   3  -   5 9 ) .  

K.R.   S o l v a s o n ,   in  " P r e s s u r e   and  S t r e s s e s   in  S e a l e d   D o u b l e  

G l a z i n g   U n i t s " ,   T e c h n i c a l   P a p e r   No.  423 ,   N a t i o n a l  

R e s e a r c h   C o u n c i l   o f  C a n a d a ,   D i v i s i o n   of  B u i l d i n g   R e s e a r c h ,  

O t t a w a ,   A u g u s t ,   1 9 7 4 ,   d e s c r i b e s   a  m e t h o d  f o r   c a l c u l a t i n g  

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

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

in  t e m p e r a t u r e   and  b a r o m e t r i c   p r e s s u r e .  

Un ion   C a r b i d e   C o r p o r a t i o n   B u l l e t i n   4417  ( 1 9 8 0 ) ,  

e n t i t l e d   "MOLSIVRXL  A d s o r b e n t s   For   C l i m a t i c a l l y   U n s t a b l e  

U n i t s " ,   d i s c u s s e s   t he   e f f e c t s   on  i n s u l a t e d   g l a s s   u n i t s  

due  to  c h a n g e s   in  t e m p e r a t u r e   and  p r e s s u r e   and  n o t e s  

t h a t   t he   s t r e s s   i n  t h e   g l a s s   p a n e s   c a u s e d   by  i n s i d e   a i r  

e x p a n d i n g   or  c o n t r a c t i n g   is   u s u a l l y   r e l i e v e d   by  s l i g h t  

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

O t h e r   p r i o r   a r t   e x i s t s   w h i c h   r e l a t e s   to  i n s u l a t e d  

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

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

a m b i e n t   a t m o s p h e r e .   For   e x a m p l e ,   c a p i l l a r y   b r e a t h e r  

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

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

i n s u l a t e d   g l a s s   w i n d o w s   a r e   known.   T h e i r   u s u a l   p u r p o s e  
i s   to  a l l o w   p r e s s u r e   e q u a l i z a t i o n   d u r i n g   t r a n s p o r t  

p r i o r   to  i n s t a l l a t i o n .   To  m i n i m i z e   the   e n t r y   o f  

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

t h e   c a p i l l a r y   d e v i c e   d e p e n d s   upon  an  e x t r e m e l y   s m a l l  



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

d i f f u s i o n   of  w a t e r   i n t o   t he   window  s h o u l d   be  l e s s   t h a n  

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

e s t i m a t e d   l i f e .   Such   t u b e s   a r e   p r i m a r i l y   d e s i g n e d   f o r  

u s e   o n l y   p r i o r   to  i n s t a l l a t i o n   and ,   at   t he   t i m e   o f  

i n s t a l l a t i o n ,   t h e y   may  be  p i n c . h e d   o f f ,   t h e r e b y   s e a l i n g  

t h e   t u b e   a g a i n s t   t h e   a m b i e n t   a t m o s p h e r e .  

T i g h t l y - s e a l e d   e n c l o s u r e s   known  as  " g l o v e   b o x e s "  

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

u s e ,   a r e   k n o w n .   T h e s e   a r e   t y p i c a l l y   u s e d   to  m a n i p u l a t e  

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

and  may  be  p r o v i d e d   w i t h   a  p a s s a g e w a y ,   c o n t a i n i n g  

s i l i c a   g e l   a n d / o r   m o l e c u l a r   s i e v e   d e s i c c a n t ,   c o m m u n i c a t -  

i n g   w i t h   t h e   a m b i e n t   a t m o s p h e r e .  

U .S .   P a t e n t   No.  3 , 2 7 4 , 7 5 1   r e l a t e s   to  a  m e t h o d   o f  

v e n t i l a t i n g   an  e n c l o s e d   s p a c e   by  t r a n s f e r r i n g   gas   i n t o  

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

m e a n s   to  c o n t r o l   t h e   m o i s t u r e   of  t h e   g a s .   D e s i c c a n t  

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

a c t i v a t e d   c a r b o n   or  a l u m i n a ,   e t c . ,   can  be  u s e d   f o r   t h e s e  

p u r p o s e s .   S i m i l a r   and  r e l a t e d   c o n c e p t s   a r e   d i s c l o s e d  

in   U . S .   P a t e n t   Nos .   2 , 6 7 5 , 0 8 9   and  2 , 9 4 4 , 6 2 7   and  i n  

Ge rman   P a t e n t   No.  9 7 1 , 8 8 6 .  

B r i t i s h   P a t e n t   No.  1 , 2 4 9 , 0 5 0   d i s c l o s e s   a  d e s i c c a n t  

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

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

in  t h e   e n g i n e   c o m p a r t m e n t   of  a  m o t o r   v e h i c l e .   T h e  

d e s i c c a n t   may  be  r e a c t i v a t e d   when  the   e n g i n e   i s  

s u b s e q u e n t l y   o p e r a t e d .  

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

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

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

a i r   s p a c e   and  t h e   a m b i e n t   a t m o s p h e r e .   Window  d e f l e c t i o n  

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

a r e   t h u s   e l i m i n a t e d   or  s u b s t a n t i a l l y   r e d u c e d .   T h e  



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

e x h a l e   a i r   as  n e c e s s a r y   to  c o m p e n s a t e   fo r   d e f l e c t i o n  

w h i l e   s t i l l   m a i n t a i n i n g   a  low  dew  p o i n t   in  t h e  

e n c l o s e d   s p a c e .   A i r   d r i e d   by  t he   a d s o r b e n t   w i l l   b e  

a d m i t t e d   to  t he   u n i t   when  t he   e x t e r n a l   p r e s s u r e   i s  

g r e a t e r   t h a n   t h a t   e x i s t i n g   in  t he   u n i t ' s   e n c l o s e d  

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

when  the   r e v e r s e   s i t u a t i o n   o c c u r s .   T h i s   r e j e c t i o n  

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

T h u s ,   p r e s s u r e   v a r i a t i o n s   may  be  r a p i d l y   e q u a l i z e d  

and  t h e   e f f e c t i v e   l i f e   of  t h e   window  u n i t   i s   i n c r e a s e d .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   by  

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

d r a w i n g s   in  w h i c h : -  

F i g u r e s   1  and  2  a r e   p e r s p e c t i v e   and  c r o s s - s e c t i o n a l  

v i e w s   of  a  p r i o r   a r t   s e a l e d   i n s u l a t e d - g l a s s   window  u n i t ,  

F i g u r e   3  i s   a  p e r s p e c t i v e   v i ew  of  a  s e a l e d  

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

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v iew  of  p a r t   o f  

t h i s   a r r a n g e m e n t   of  F i g u r e   3 .  

F i g u r e s . l   and  2  i l l u s t r a t e   a  t y p i c a l   p r i o r   a r t  

s e a l e d   i n s u l a t i n g - g l a s s   w i n d o w .   R e f e r r i n g   to  F i g u r e s  

1  a n d   2,  a  s e a l e d   i n s u l a t e d - g l a s s   window  10  i s   s h o w n  

w h i c h   c o m p r i s e s   two  g l a s s   p a n e s   1 1  a n d   12  s e p a r a t e d   b y  

a  c h a n n e l   13  d i s p o s e d   a r o u n d   the   e n t i r e   p e r i p h e r y   o f  

t h e   w i n d o w ,   and  t h e r e b y   d e f i n i n g   an  i n t e r i o r   s p a c e   1 4 .  

S e a l a n t   17,  d i s p o s e d   a r o u n d   the   e n t i r e   p e r i p h e r y   o f  

t h e   window  10,  s e r v e s   to  h o l d   the   e n t i r e   u n i t   t o g e t h e r  

as  w e l l   as  a  m o i s t u r e   b a r r i e r .  

The  c h a n n e l   13  c o n t a i n s   w i t h i n   i t   an  a d s o r b e n t  

m a t e r i a l ,   f o r   e x a m p l e   in  t he   form  of  b e a d s   15.  T h e  

a d s o r b e n t   may  e x t e n d   in  t h e   c h a n n e l   a l o n g   a l l   or  o n l y  

p a r t   of  the   p e r i p h e r y   of  the   w i n d o w .   The  c h a n n e l  

13  is   e i t h e r   p e r f o r a t e d   or  no t   c o m p l e t e l y   s e a l e d   so  t h a t  

t he   a i r   in  e n c l o s e d   s p a c e   14  may  c o n t a c t   t he   a d s o r b e n t .  



For   e x a m p l e ,   a  s l i t   16  may  be  p r o v i d e d   a l o n g   t he   i n n e r  

p e r i p h e r y   of  c h a n n e l   13  f o r   t h i s   p u r p o s e   T h e  

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

i s   n o t   c r i t i c a l   and  d o e s   n o t   pe r   se  form  a  p a r t   o f  

t h e   p r e s e n t   i n v e n t i o n .   S i m i l a r l y ,   the   s h a p e   o r  

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

13  and  t h e   t y p e   of  s e a l a n t   17  a r e   n o t   c r i t i c a l   a n d  

a l s o   p e r   se  fo rm  no  p a r t   of  t h e   p r e s e n t   i n v e n t i o n .  

S p e c i f i c a l l y ,   t h e   s h a p e   or  c o n f i g u r a t i o n   of   t h e  

c h a n n e l   i s   n o t   c r i t i c a l   to  t h e   p r e s e n t   i n v e n t i o n   s i n c e  

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

p a n e s   f rom  one  a n o t h e r   and  d e f i n e   t he   e n c l o s e d   s p a c e  

and  to  h o l d   or  c o n t a i n   t h e   a d s o r b e n t .   T h e r e f o r e ,  

any  c o n v e n t i o n a l   t y p e   of  c h a n n e l ,   u s e d   in  c o n v e n t i o n a l  

s e a l e d   i n s u l a t i n g - g l a s s   w i n d o w s ,   can  be  e m p l o y e d   i n  

t h e   p r e s e n t   i n v e n t i o n .   S i m i l a r l y , t h e   n a t u r e   or  t y p e  

or  c o n f i g u r a t i o n   of  t h e   s l i t   or  p e r f o r a t i o n s   in  o r  

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

c r i t i c a l .   The  p r i m a r y   p u r p o s e   for  s u c h   a  s l i t   o r  

p e r f o r a t i o n   i s   to  p r o v i d e   a c c e s s   to  t he   a i r   in  t h e  

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

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

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

T h e r e f o r e ,   any  c o n f i g u r a t i o n   or  t y p e   of  s l i t   o r  

p e r f o r a t i o n   a l o n g   t h e   i n n e r   p e r i p h e r y   of  t h e   c h a n n e l  

to  a c c o m p l i s h   s u c h   p u r p o s e   can  be  e m p l o y e d   in  t h e  

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

The  p a r t i c u l a r   s e a l a n t   u s e d   in  t he   p r e s e n t  

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

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

h o l d   t h e   e n t i r e   u n i t   t o g e t h e r .   In  t he   p r i o r   a r t ,  

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

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

and  g e n e r a l l y   e m p l o y s   a  t h e r m o s e t t i n g - t y p e   of  p o l y m e r ,  

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



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

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

in  F i g u r e   1.  The  s e c o n d   t y p e   of  s e a l i n g   s y s t e m   i s  

r e f e r r e d   to  as  a  d u a l   s e a l   and  c o m p r i s e s ,   in  a d d i t i o n  

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

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

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

of  t h e   c h a n n e l   in  c o n t a c t   w i t h   t he   u p p e r   and  l o w e r  

g l a s s   p a n e s .   A  s u i t a b l e   i n d e n t a t i o n   in  t h e   c h a n n e l  

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

In  a d d i t i o n ,   s u c h   a  bead   t y p i c a l l y   e x t e n d s   a l o n g   t h e  

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

t h e   window  u n i t .   The  p r i m a r y   p u r p o s e   of  s u c h   a  b e a d  

i s   to  s e r v e   as  a  w a t e r - b a r r i e r   and  i t   t y p i c a l l y   s e r v e s  

no  a d h e s i v e   f u n c t i o n   in  h o l d i n g   the   window  t o g e t h e r .  

The  b e a d   may  be  c o m p r i s e d   of  a  p o l y m e r   s u c h   as  p o l y i s o -  

b u t y l e n e .  

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

ho t   m e l t   u n i t .   T h i s   s y t e m   i s   s i m i l a r ,  t o   t h e   s i n g l e  

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

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

f o r m s   of  b u t y l ' r u b b e r   i s   e m p l o y e d .   In  t h i s   s y s t e m ,  

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

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

- - c h a n n e l   and  b e t w e e n   the   g l a s s   p a n e s .  
The  p a r t i c u l a r   a d s o r b e n t   c o n t a i n e d   in  t he   c h a n n e l  

of  t h e   window  of  t he   p r e s e n t   i n v e n t i o n   i s   a l s o   n o t  

c r i t i c a l .   G e n e r a l l y ,   t h e   s e l e c t i o n   of  t h e   a d s o r b e n t  

d e p e n d s   at  l e a s t   in  p a r t   upon  the   p a r t i c u l a r   m a t e r i a l  

u s e d   as  t he   s e a l a n t .   More  p a r t i c u l a r l y ,   when  a 

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

a d s o r b e n t   u sed   d e p e n d s   in  p a r t   upon  the   n a t u r e   and  t y p e  

of  s o l v e n t   used   in  t he   p o l y m e r .   For  e x a m p l e ,   w h e r e   a 

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

n o r m a l l y   c o n t a i n s   an  o r g a n i c   s o l v e n t   such   as  t o l u e n e ,  



x y l e n e ,   m e t h y l   e t h y l   k e t o n e ,   a l c o h o l s ,   and  the   l i k e ,  

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

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

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

e x a m p l e ,   a  l a r g e - p o r e   s i z e   m o l e c u l a r   s i e v e   or  a  s i l i c a  

ge l   a d s o r b e n t   may  be  e m p l o y e d   to  a d s o r b   t h e s e   o r g a n i c  

s o l v e n t s .   A  t y p i c a l   b l e n d   of  a d s o r b e n t s   w h i c h  m a y   a l s o  

be  u s e d   in  s u c h   a  c a s e   may  be  a  b l e n d   of  a  s m a l l - p o r e  

s i z e   m o l e c u l a r   s i e v e   ( i n   o r d e r   to  a d s o r b   m o i s t u r e )  

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

s o l v e n t   m a t e r i a l s ) .   A l t e r n a t i v e l y ,   a  l a r g e - p o r e   s i z e  

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

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

W i t h   t h e   d u a l   s e a l a n t   s y s t e m , u s i n g   a  s e a l i n g   b e a d  

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

or  no  s o l v e n t   m i g r a t i o n   i n t o   t he   e n c l o s e d   s p a c e   s i n c e  

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

b e a d .   T h e r e f o r e ,   t h e   s e l e c t i o n   of  a d s o r b e n t   may  b e  

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

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

t h a t   e i t h e r   a  l a r g e   p o r e   s i z e   m o l e c u l a r   s i e v e   or  a  

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

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

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

W i t h   t h e   h o t   m e l t   s e a l a n t  s y s t e m s ,   t h e r e   a r e   n o  

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

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

s i z e   m o l e c u l a r   s i e v e .  

G e n e r a l l y   s p e a k i n g ,   any  of  t h e   known  t y p e s   o f  

a d s o r b e n t s   may  be  e m p l o y e d   in  t he   s e a l e d   i n s u l a t i n g -  

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

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

z e o l i t e   m o l e c u l a r   s i e v e s   and  the   l i k e .   T h e s e   a r e   a l l  

known  m a t e r i a l s   and  a r e   a l l   c o m m e r i c a l l y   a v a i l a b l e .   By 

" z e o l i t e   m o l e c u l a r   s i e v e s "   a r e   m e a n t   c r y s t a l l i n e   m e t a l  



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

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

The  p o r e s   or  c h a n n e l s   of  t h e   z e o l i t e   m o l e c u l a r   s i e v e s  

a r e   of  u n i f o r m   s i z e   r a n g i n g   f rom  a b o u t   3  to   a b o u t  

10  A n g s t r o m s ,   d e p e n d i n g   on  t he   u n i t   s t r u c t u r e   of  t h e  

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

m a t e r i a l s   may  be  f o u n d   in  " Z e o l i t e   M o l e c u l a r   S i e v e s "  

by  D.W.  B r e c k ,   J o h n   W i l e y   and  S o n s ,   New  York  ( 1 9 7 4 ) ,  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   S u i t a b l e   e x a m p l e s  

of  z e o l i t e   m o l e c u l a r   s i e v e s   a r e   t h o s e   m a t e r i a l s   w h i c h  

a r e   known  by  t h e  g e n e r i c   names   Type  3A,  Type  4A  a n d  

Type  13X.  The  k i n e t i c   d i a m e t e r   of  t h e   w a t e r   m o l e c u l e  

i s   c o n s i d e r e d   to  be  a b o u t   2 .7   A n g s t r o m s .   The  p o r e  

s i z e s   of  T y p e s   3A  and  4A  m o l e c u l a r   s i e v e   a r e   a b o u t   3 

a n d  a b o u t   3 .8   A n g s t r o m s ,   r e s p e c t i v e l y .   T h e r e f o r e ,  

Types   3A  and  4A  a r e   t y p i c a l   c h o i c e s   as  s m a l l - p o r e  

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

o b j e c t i v e .   M o l e c u l e s   of  o r g a n i c   s o l v e n t s   e m a n a t i n g  

from  c e r t a i n   s e a l a n t s   as  d e s c r i b e d   h e r e i n a b o v e   a r e  

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

and  h e n c e   t h e   use  of  a  l a r g e - p o r e   m o l e c u l a r   s i e v e  

s u c h   as  Type  13X  or  Type  Y  ( a b o u t   7 . 4   A n g s t r o m s  

d i a m e t e r )   i s   i n d i c a t e d   to  t a k e   up  s u c h   m o l e c u l e s .  
The  m o l e c u l a r   s i e v e   a d s o r b e n t   is   n o r m a l l y  e m p l o y e d  

in  t he   form  of  b e a d s   or  e x t r u d e d   p e l l e t s ,   a l t h o u g h  

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

is   no t   c r i t i c a l   to  t he   p r e s e n t   i n v e n t i o n .  

Where  a  b l e n d   of  a d s o r b e n t s   i t   u t i l i z e d ,   i t  

i s   c o n v e n i e n t   and  i t   is   t h e r e f o r e   p r e f e r a b l e   to  use  a n  

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



a d s o r b e n t s   in  t he   same  b o d y .   Such  m a t e r i a l s   a r e  

c o m m e r c i a l l y   a v a i l a b l e ,   fo r   e x a m p l e ,   from  t he   U n i o n  

C a r b i d e   C o r p o r a t i o n   u n d e r   t he   t r a d e n a m e   XL  A d s o r b e n t s .  

In  a d d i t i o n   to  m o l e c u l a r   s i e v e   a d s o r b e n t s   in  b e a d ,  

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

a r e   a v a i l a b l e   in  t h e   form  of  mesh  and  i t   i s   p o s s i b l e  

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

s i l i c a   g e l   mesh  as  t h e   a d s o r b e n t   mass   in  t h e   p r e s e n t  

i n v e n t i o n .  

F i g u r e   3  i s   a  p e r s p e c t i v e   v iew  of  a  s e a l e d  

i n s u l a t i n g - g l a s s   w indow  u n i t   of  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 d   w i t h   an  a d s o r b e n t - c o n t a i n i n g   b r e a t h e r   t u b e .  

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

" b r e a t h e r   t u b e "   f o r   p u r p o s e s   of  c o n v e n i e n c e   o n l y .  

I t   i s   to  be  e x p r e s s l y   u n d e r s t o o d ` t h a t   t he   e x a c t  

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

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

i s   n o t   c r i t i c a l   and  may  v a r y   as  d e s i r e d .   The  s a m e  

r e f e r e n c e   n u m e r a l s   a r e   u t i l i z e d   in  F i g u r e   3  as  i n  

F i g u r e s   1  a n d   2  to  d e s i g n a t e   t h e   same  p a r t s .   R e f e r r i n g  

to  F i g u r e   3,  i t   i s   s e e n   t h a t   t h e   window  1 0  i s   p r o v i d e d  

w i t h   t h e   b r e a t h e r   t u b e   18  w h i c h   c o m m u n i c a t e s ,   v i a  

o p e n i n g   20,   from  t h e   i n t e r i o r   of  c h a n n e l   13  ( a n d , v i a  

s l i t s   or  p e r f o r a t i o n s   16,  f rom  the   e n c l o s e d   s p a c e   14  

w i t h i n   t h e   w i n d o w )   to  t he   a m b i e n t   a t m o s p h e r e   v i a  

o p e n i n g   21.   C o n t a i n e d   w i t h i n   b r e a t h e r   t u b e   18  i s   a n  

a m o u n t   of   a d s o r b e n t   m a t e r i a l   19.  The  p a r t i c u l a r  

l o c a t i o n   in  t he   window  s t r u c t u r e   w h e r e   t he   b r e a t h e r  t u b e  

i s   p r o v i d e d   is   no t   c r i t i c a l ,   and  wou ld   d e p e n d   u p o n  
f a c t o r s   s u c h   as  w h e r e   t he   window  u n i t   i s   to  be  u l t i m a t e -  

ly  u s e d ,   t he   s i z e   of  t he   w i n d o w ,   the   s i z e   and  l e n g t h  

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

F i g u r e   3,  t he   t u b e   is  shown  as  b e i n g   p r o v i d e d   a l o n g   o n e  

e d g e   of  t h e   u n i t .   Any  c o n v e n i e n t   d e s i g n   means   may  b e  

u s e d   to  p r o v i d e   a c c e s s   to  t he   a m b i e n t   a t m o s p h e r e .   F o r  



e x a m p l e ,   when  the   window  is   i n s t a l l e d ,   a  r e m o v a b l e   p l u g  

may  be  p r o v i d e d   to  o p e n  t h e   b r e a t h e r   t u b e .   In  a c t u a l  

use   h o w e v e r ,   and  fo r   p u r p o s e s   of  t he   p r e s e n t   i n v e n t i o n ,  

t h e   t u b e   may  be  l o c a t e d   in  any  c o n v e n i e n t   p l a c e   w i t h i n  

t h e   s t r u c t u r e   of  t h e   window  c o n s t r u c t i o n .   The  o n l y  

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

e n c l o s e d   s p a c e   w i t h i n   t he   window  ( p r e f e r a b l y   t h r o u g h  

c h a n n e l   13  as  shown  in  F i g .   3,  p r i m a r i l y   f o r   a e s t h e t i c  

c o n s i d e r a t i o n s   so  t h a t   t he   t u b e   i s   no t   v i s i b l e )   to  t h e  

a m b i e n t   a t m o s p h e r e .   Of  c o u r s e ,   t h e   t u b e   mus t   be  s i z e d  

d e p e n d i n g   upon  t he   v a r i o u s   f a c t o r s   d i s c u s s e d   b e l o w   a n d  

t h e   s i z e   and  l e n g t h   of  t h e   t u b e   w i l l   d i c t a t e   to  a  d e g r e e  

i t s   l o c a t i o n   in  t h e   window  s t r u c t u r e .  

The  p r e f e r r e d   a d s o r b e n t   c o n t a i n e d   w i t h i n   t h e  

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

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

m e n t i o n e d   a b o v e   may  be  e m p l o y e d   f o r   t h i s   p u r p o s e .   T h e  

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

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

d i s c u s s e d ' a b o v e ) ,   t h e   l o c a t i o n   w h e r e   t h e   w indow  i s   to  b e  

u l t i m a t e l y   u s e d ,   t h e   m a t e r i a l s   e x p e c t e d   to  be  a d s o r b e d  

in  u s e ,   t h e   s i z e   and  l e n g t h   of  t h e   t u b e ,   e c o n o m i c s ,   e t c .  

T h o s e   s k i l l e d   in  t he   a r t ,   g i v e n   t he   n e c e s s a r y   d e s i g n   a n d  

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

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

b r e a t h e r   t u b e .  

S i n c e   t h e   p r i m a r y   p u r p o s e   of  t he   b r e a t h e r   t u b e   i s  

to  e l i m i n a t e   or  s u b s t a n t i a l l y   r e d u c e   t he   o c c u r r e n c e   o f  

d e f l e c t i o n   of  t he   p a n e s   of  t h e   window  w h i l e   p r e v e n t i n g  
at   t he   same  t i m e   the   i n t r o d u c t i o n   of  m o i s t u r e   to  t h e  

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

s h o u l d   be  s i z e d   to  a t t a i n   t h i s   o b j e c t i v e .   M o r e  

s p e c i f i c a l l y ,   t he   s i z e   and  l e n g t h   of  t he   t u b e ,   and  t h e  

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

upon  the   r a t e   of  a i r   f low  t h r o u g h   the   t u b e   n e c e s s a r y   t o  



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

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

p r e v e n t   e x c e s s i v e   m o i s t u r e   i n t r o d u c t i o n   i n t o   t h e  

e n c l o s e d   window  s p a c e .   S i n c e   i t   i s   p r e f e r r e d   t o  

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

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

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

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

e q u i l i b r a t i o n .   H o w e v e r ,   a  c o u n t e r v a i l i n g   c o n s i d e r a t i o n  

i s   t h a t   t h e   l a r g e r   t h e   t u b e   b e c o m e s ,   t h e   l a r g e r   t h e  

t u b e   b e c o m e s ,   t h e   l a r g e r  t h e   r i s k   t h a t   e x c e s s i v e  

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

t h e   g l a s s   p a n e s .   T h e   maximum  d i m e n s i o n s   of  t h e   b r e a t h e r  

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

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

and  g u i d e l i n e s   in  d e s i g n i n g   t he   p r o p e r   s i z e   of  b r e a t h e r  

t u b e   w i l l   be  d i s c u s s e d   b e l o w .  

Of  e q u a l   i m p o r t a n c e   in  c o n s i d e r a t i o n   of  t h e   u s e  

of   b r e a t h e r   t u b e s   a r e   t he   r a t e   of  p r e s s u r e   e q u a l i z a t i o n  

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

i n t o   t h e   window  t h r o u g h   t he   t u b e .   Q u a l i t a t i v e l y ,   t h e  

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

t u b e   t h a t   r e s i s t a n c e   to  f l ow  of  a i r   s h o u l d   be  r e l a t i v e l y  

s m a l l   t h u s   a l l o w i n g   f o r   r e a s o n a b l y   s h o r t   e q u i l i b r a t i o n  

t i m e   and  at   t h e   same  t i m e   the   a v a i l a b l e   c r o s s - s e c t i o n a l  

a r e a   s h o u l d   n o t   be  so  l a r g e   t h a t   m o i s t u r e   can  r e a d i l y  

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

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

an  e m p t y ,   c a p i l l a r y   t u b e   ( n o t   of  t h i s   i n v e n t i o n )   t o  

d e t e r m i n e  · t h e   e f f e c t i v e   l i f e   of  a  window  u n i t   in  w h i c h  

i t   i s   i n s t a l l e d .   B a s e d   on  t h e s e   d e s i g n   c r i t e r i a   a n d  

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

b r e a t h e r   t u b e   of  t h e   p r e s e n t   i n v e n t i o n   ( i . e .   c o n t a i n i n g  

an  a d s o r b e n t   m a t e r i a l   and  g e n e r a l l y   l a r g e r   in  d i a m e t e r  

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



a c h i e v e   t he   o b j e c t i v e s   of  t he   p r e s e n t   i n v e n t i o n .  

The  e q u i l i b r a t i o n   of  p r e s s u r e   t h r o u g h   any  b r e a t h e r  

t u b e   ( i . e . ,   c a p i l l a r y   or  a  l a r g e r   m o l e c u l a r   s i e v e -  

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

t u b e .   The  f l u i d   m o t i o n   i s   d r i v e n   by  the   e x i s t i n g  

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

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

by  t he   e q u a t i o n s   f o r   H a g e n - P o i s e l l e   f l o w .   Such  f l o w  

' i s   s t e a d y   or  at  l e a s t   q u a s i - s t e a d y ,   and  t h e   s i m p l i f i c a t i o n  

of  i g n o r i n g   t h e   a c c e l e r a t i o n   t e r m   from  t h e   N a v i e r  

S t o k e s   e q u a t i o n s   a f f o r d s   a  c l o s e d - f o r m   s o l u t i o n   t h a t  

c l o s e l y   a p p r o x i m a t e s   t h e   t r u e   b e h a v i o u r   of  t h e   f l u i d  

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

p r e s s u r e   g r a d i e n t s   n o r m a l l y   e x p e r i e n c e d .   I t   can  b e  

shown  t h a t   t he   mass   f l u x   t h r o u g h   a  c a p i l l a r y   t u b e   o f  

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

g r a d i e n t   ( P - P o ) / L ,   w h e r e   P  i s   t h e   i n t e r n a l   p r e s s u r e ,  

P0  i s   t h e   e x t e r n a l   p r e s s u r e   and  L  i s   t h e   l e n g t h   o f  

t h e   c a p i l l a r y   t u b e ,   i s   g i v e n   b y :  

w h e r e   r  i s   t he   f l u i d   d e n s i t y   and  q  i s   the   f l u i d   v i s c o s i t y .  

W r i t i n g   t h e   i d e a l   gas  law  in  t h e   form  P  =  MRT/V 

and  h o l d i n g   V,  t h e   v o l u m e ,   and  T,  t h e   t e m p e r a t u r e ,  

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

e q u a t i o n   (2)  r e s u l t s :  

D i r e c t   s u b s t i t u t i o n   of  (1)  in  (2)  y i e l d s   a  f i r s t   o r d e r  

o r d i n a r y   d i f f e r e n t i a l   e q u a t i o n   of  t h e   f o r m :  



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

f l o w   t h r o u g h   a  c a p i l l a r y   t u b e   of  d i a m e t e r  D   and  l e n g t h  

L  i n t o   a  v o l u m e   V  h e l d   a t   a  p r e s s u r e   P.  T a k i n g   t h e  

L a P l a c e   t r a n s f o r m   of   e q u a t i o n   (3)  in  t i m e ,   s u b j e c t  

to  an  i n i t i a l   c o n d i t i o n   t h a t   P =  P.  a t   t i m e   t  =   o ,  

y i e l d s   a  s o l u t i o n   in  t h e   form  of  a  c o n v o l u t i o n   i n t e g r a l :  

E q u a t i o n   (4)  i s   t h e   m o s t   g e n e r a l   form  of  t h e   i s o t h e r m a l  

e q u a t i o n   f o r   a  c a p i l l a r y   t u b e .   The  f a c t o r   K  i s   j u s t   a n  

i n v e r s e   t i m e   c o n s t a n t   and  i t   is   g i v e n   by  t h e   e q u a t i o n :  

E q u a t i o n   (4)   has   s e v e r a l   s i m p l e   f o r m s   d e p e n d i n g   on  t h e  

n a t u r e   of  P o ( t ) .   For   Po,   t h e   o u t s i d e  p r e s s u r e ,   h e l d  

c o n s t a n t ,   e q u a t i o n   (4)   r e d u c e s   t o :  

When  Po  i s   a  f u n c t i o n   of   t i m e   s u c h   as  Po  =   PA  ( 1  +   ε  

cos   w   t )   e q u a t i o n   (4)   b e c o m e s :  

T h u s ,   f o r   Po  e q u a l   to  some  p e r i o d i c   f u n c t i o n ,   t h e  

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

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

u n i t .   E x a m i n i n g   t he   e x t r e m e   v a l u e   of  K  a p p r o a c h i n g  

z e r o ,   i t   i s   f o u n d   t h a t   P  a p p r o x i m a t e s   Pi  and  h e n c e ,  



t h e r e   is   no  p r e s s u r e   e q u a l i z a t i o n .   As  K  a p p r o a c h e s  

i n f i n i t y ,   P  a p p r o a c h e s   P o .  
T h e s e   r e s u l t s   a g r e e   w i t h   t he   c o n c l u s i o n   t h a t   o n e  

w o u l d   e x p e c t   no  f low  f rom  a  h o l e   of  v a n i s h i n g   d i a m e t e r  

and  one  w o u l d   e x p e c t   i n s t a n t   e q u i l i b r a t i o n   w i t h   a  v e r y  

l a r g e   h o l e .  

M o i s t u r e   can  e n t e r   an  i n s u l a t e d   g l a s s   u n i t   t h r o u g h  

a  c a p i l l a r y   t u b e   by  s e v e r a l   m e c h a n i s m s .   One  i s   b y  

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

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

may  be  v e r y   i m p o r t a n t ,   bu t   b e c a u s e   i t s   e f f e c t   i s  

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

m o l e c u l a r   d i f f u s i o n   w h i c h   i s   a  f u n c t i o n   of  D 2 a n d  

c o n v e c t i o n - w h i c h   i s   a  f u n c t i o n   of  D4),   t h e   e f f e c t   o f  

s u r f a c e   d i f f u s i o n   w i l l   n o t   be  a  s i g n i f i c a n t   f a c t o r  

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

The  d i f f u s i o n   o f  w a t e r   t h r o u g h   a i r   in  a 

c a p i l l a r y   t u b e   m a v . b e   d e s r i b e d   by  t he   e q u a t i o n :  

w h e r e   N  i s   t h e .  m o l a r   f l o w   r a t e ;   v  i s   t he   d i f f u s i v i t y ;  

yi   and  y   a r e  t h e   c o n c e n t r a t i o n   of  w a t e r   in  a i r   i n s i d e  

and  o u t s i d e   t he   u n i t ;   A  i s   t h e   c r o s s - s e c t i o n a l   a r e a  

o f f e r e d   by  the   t u b e ;   and  L  i s   t he   t u b e   l e n g t h .  

M u l t i p l y i n g   (8)  by  t h e   m o l e c u l a r   w e i g h t   of  H20  w o u l d  

p r o v i d e   a  mass  f l ow  e q u a t i o n .   W r i t i n g   ou t   t h e  

e x p r e s s i o n   f o r   A  in  (8)   r e s u l t s   i n :  

I t   is   t he   f u n c t i o n   of  t h e   a d s o r b e n t   to  h o l d   yi  v e r y  

low  even  w h i l e   y  ,   t h e   o u t s i d e   w a t e r   c o n c e n t r a t i o n ,   i s  

v e r y   l a r g e .  

One  may  use  e q u a t i o n s   (9)   and  (5)  to  d e s i g n   a 



c a p i l l a r y   b r e a t h e r   t u b e .   From  ( 9 ) ,   i t   is   a p p a r e n t   t h a t  

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

F u r t h e r ,   f rom  e q u a t i o n ( 6 ) ,   t he   t i m e   fo r   e q u i l i b r a t i o n  

f rom  a  s t e p   c h a n g e   ( i . e . ,   a  f i n i t e   and  i n s t a n t a n e o u s  

c h a n g e )   in   o u t s i d e   p r e s s u r e   w i l l   be  a p p r o x i m a t e l y   5 / K .  

From  ( 9 ) ,   i t   may  be  r e c o g n i z e d   a l s o   t h a t   yi  a t  

a t m o s p h e r i c   p r e s s u r e   c a n  b e   e x p r e s s e d   as  an  e q u i u a l e n t  

dew  p o i n t .  A t   a  s p e c i f i c   t e m p e r a t u r e   and  dew  p o i n t  

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

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

on  t h e   m o l e c u l a r   s i e v e   one  can  a r r i v e   a t   a  w o r k i n g  

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

p a r t i c u l a r   dew  p o i n t .  

M a t h e m a t i c a l l y   i t   may  be  w r i t t e n :  

w h e r e   mMS  i s   t h e   mass   of  t h e   m o l e c u l a r   s i e v e   in  t h e  

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

dew  p o i n t   or  t h e   mass   o f  t h e   m o l e c u l a r   s i e v e ,   mMS 
t i m e s   t h e   d i f f e r e n t i a l   c a p a c i t y   Δ W  (wt  %)  d i v i d e d   b y  

e q u a t i o n   ( 9 ) ,  t h e   r a t e   of  i n g r e s s i o n   of  w a t e r   b y  

d i f f u s i o n .   T h i s   p r o v i d e s   two  c o n v e n i e n t   t i m e   q u a n t i t i e s ,  

t s a t '   w h i c h   may  be  on  t he   o r d e r   of  2  -   10  y e a r s ,   a n d  

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

t eq  =  5 / K ,  w h i c h   s h o u l d   be  on  t h e   o r d e r   of  2  -   10  

h o u r s .  

As  a  h y p o t h e t i c a l   e x a m p l e ,   a  38  i n c h   x  74  i n c h   x 

0 . 6 2 5  i n c h   ( i . e . ,   t h e   i n s i d e   gap  b e t w e e n   the   p a n e s   o f  

g l a s s )   i n s u l a t i n g   g l a s s   w i n d o w ,   a  u n i t   v e r y   l i k e l y   t o  

e x p e r i e n c e   l a r g e   d e f l e c t i o n s ,   may  be  u s e d .   H a v i n g   a n  

i n t e r n a l   v o l u m e   o f  a b o u t   1  c u b i c   f o o t   t h i s   u n i t   w i l l  

s e r v e   as  a  c o n v e n i e n t   r e f e r e n c e .   I f   t h e   two  l o n g  

s i d e s   a r e   f i l l e d   w i t h   a  T y p e  1 3 X   m o l e c u l a r   s i e v e ,   t h e  

u n i t   s h o u l d   c o n t a i n   a b o u t   250  gms  of  a d s o r b e n t .   Yi  i s  



s e l e c t e d   as  e q u i v a l e n t   to  a  - 4 0 ° F   dew  p o i n t   w h i l e   yo] 
i s   h e l d   e q u i v a l e n t   to  s a t u r a t e d   a i r   at  7 7 ° F .   As  a 

r e f e r e n c e   c a p i l l a r y   b r e a t h e r   t u b e ,   D =  0 . 0 1 5   i n c h   a n d  

L  10  i n c h e s   a r e   s e l e c t e d .   U n d e r   t h e s e   c o n d i t i o n s  

MH 0  f rom  e q u a t i o n   (9)  i s   a p p r o x i m a t e l y   1 .6   x 

1 0 - 3  g m / h r .   At  a  - 4 0 ° F   dew  p o i n t   a t   77°F  the   w o r k i n g  

c a p a c i t y   of  t h e   Type  13X  m o l e c u l a r   s i e v e   is   a p p r o x i m a t e l y  

20  wt  %  so  t h e   t ime   u n t i l   s a t u r a t i o n   at   - 4 0 ° F   dew  p o i n t  

i s   a b o u t   1305  d a y s   or  a b o u t   3 .5   y e a r s .   By  s i m i l a r  

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

s u c h   a  c a p i l l a r y   b r e a t h e r   t u b e   i s   a b o u t   0 . 6 4   h o u r ,   s o  

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

3 . 2   h o u r s .   Wi th   t h e s e   v a l u e s   as  a  r e f e r e n c e ,   one  c a n  

e a s i l y   i n v e s t i g a t e   the   s e n s i t i v i t y   of  t h i s   c a p i l l a r y  

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

s a t u r a t i o n   w i l l   v a r y   l i n e a r l y   w i t h   L/D2  and  t he   t i m e  

to  e q u i l i b r a t e   a  s t e p   c h a n g e   w i l l   v a r y   l i n e a r l y   w i t h  
L / D 4 .  

P r e s e n t e d   in  the   f o l l o w i n g   c a b l e s   a r e   t h e   l i f e ,  

t h a t   i s   t i m e   to  s a t u r a t i o n ,   and  e q u i l i b r a t i o n   t i m e ,  

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



C l e a r l y ,   t h e   e x p e c t e d   l i f e   and  t h e  e q u i l i b r a t i o n  

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

b r e a t h e r   t u b e   a r e   v e r y   s e n s i t i v e   to  t he   t u b e   d i m e n s i o n s .  

The  s i z e   of  t h e   i n s u l a t i n g   u n i t   on  w h i c h   a  c a p i l l a r y  

b r e a t h e r   t u b e   i s   i n s t a l l e d   i s   a l s o   c r i t i c a l   to  t he   e x t e n t  

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

l e s s   t h a n   1  c u b i c   f o o t   t h e   e q u i l i b r a t i o n   t i m e   w i l l  

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

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

u n i t .   The  o p t i m u m   c a p i l l a r y   b r e a t h e r   t u b e   f o r   a  l a r g e  

u n i t   w i l l   t h u s   n o t   s e r v e   v e r y   w e l l   f o r   a  s m a l l   u n i t  

and  v i c e   v e r s a .  

T h o s e   s k i l l e d   in  t h e   a r t   s h o u l d   r e a l i z e   t h a t  

e q u a t i o n s   ( 5 ) ,   (9 )   and  ( 1 0 )   p r o v i d e   a  s u f f i c i e n t   b a s i s  

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

f o r e g o i n g   d i s c u s s i o n ,   and  e q u a t i o n s ,   a r e   fo r   e m p t y  

t u b e s   of   c a p i l l a r y   s i z e .   For   m o l e c u l a r   s i e v e - f i l l e d  

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

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

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

mus t   be  c o n s i d e r e d .   T h e r e f o r e ,   i t   i s   n e c e s s a r y   t o  

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

a d d i t i o n a l   f l o w   r e s i s t a n c e   ( i . e . ,   i n s t e a d   of  e q u a t i o n  

- ( l ) ,   w h i c h   i s   b a s e d   on  H a g e n - P o i s e l l e   f l o w ,   a n  

e q u a t i o n   b a s e d   on  t he   E r g u n   e q u a t i o n  -   w h i c h   d e s c r i b e s  

f l u i d   f l o w   t h r o u g h   p o r o u s   m e d i a  -   s h o u l d   be  u s e d ) .  

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

m o d i f i c a t i o n s .  

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

b r e a t h e r   t u b e s   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t ,   w h e r e a s  

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

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

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

u n i t   is  g r e a t l y   e x t e n d e d   w i t h   b r e a t h e r   t u b e s   of  t h e  



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

s p a c e   i s   d r i e d   by  the   a d s o r b e n t .  

As  i l l u s t r a t e d   in  F i g u r e   3,  the   b r e a t h e r   t u b e   o f  

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

t h r o u g h   t he   window  c h a n n e l   13.   The  o t h e r   e n d ,   of  c o u r s e ,  
i s   e x p o s e d   to  t he   a m b i e n t   a t m o s p h e r e   bu t   s h o u l d   b e  

p r o t e c t e d   from  d i r e c t   e x p o s u r e   to  l i q u i d   w a t e r .   As 

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

w h i c h   t h o s e   s k i l l e d   in  t h e   a r t   c o u l d   e a s i l y   d e t e r m i n e .  

T h e   b r e a t h e r   t u b e   can  be  f o r m e d   of  m e t a l ,  

p l a s t i c ,   or  any  o t h e r   a p p r o p r i a t e   m a t e r i a l .   The  t u b e  

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

a d s o r b e n t ,   or  in  t he   c a s e   of  a  p l a s t i c   t u b e ,   i t   may  b e  

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

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

S u f f i c i e n t   p o r o s i t y   w o u l d   be  p r e s e n t   in  any  c a s e   t o  

a l l o w   a i r   to  move  t h r o u g h   t h e   t u b e .   As  p r e s s u r e  

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

t h e   a m b i e n t   a t m o s p h e r e ,   a i r   w i l l   f low  in  or  ou t   a s  

n e c e s s a r y   to  e q u a l i z e   t h e   p r e s s u r e   and  e l i m i n a t e   w i n d o w  

d e f l e c t i o n .   The  f o r e g o i n g   d e s i g n   e q u a t i o n s ,   m o d i f i e d  

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

p o r o u s   m e d i a ,   may  be  e m p l o y e d   to  p r o p e r l y   s i z e   t h e  

b r e a t h e r   t u b e   and  a m o u n t   of  a d s o r b e n t .  

I f   t h e   t u b e   is   p r o p e r l y   s i z e d   and  t he   p r o p e r  
a m o u n t   of  a d s o r b e n t   i n c o r p o r a t e d   t h e r e i n ,   as  m o i s t  

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

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

i s   g r e a t e r   t h a n   t h e   p r e s s u r e   of  t h e   a i r   in  t h e  

e n c l o s e d   window  s p a c e )   t h e   a d s o r b e n t   w i l l   a d s o r b   t h e  

w a t e r   and  a d m i t   o n l y   low  dew  p o i n t   a i r   i n t o   t he   w i n d o w .  

S u b s e q u e n t l y ,   when  the   e n c l o s e d   window  s p a c e   p r e s s u r e  

e x c e e d s   t he   a t m o s p h e r i c   p r e s s u r e ,   dry   a i r   w i l l   f l o w  

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

e q u i l i b r a t e   the  p r e s s u r e s .   The  dry  a i r   in  t h i s   e v e n t  



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

m o i s t u r e   ou t   to  t h e   a t m o s p h e r e .   The  p r e s s u r e   c h a n g e s  

d u r i n g   t h i s   e q u i l b r a t i o n   s t e p   s h o u l d   be  s low  e n o u g h  

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

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

d e f i n e d   by  t h e   e q u i l i b r i u m   a d s o r p t i o n   i s o t h e r m .   T h o s e  

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

a  g i v e n   a d s o r b e n t .  

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

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

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

t u b e   h a v i n g   a  p a t h   l e n g t h   of  a b o u t   10  to  1 2  i n c h e s  

and   an  i n s i d e   d i a m e t e r   of  a b o u t   0 . 0 3 5   i n c h e s   or  l a r g e r .  

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

may  be  l i m i t e d   by  t h e   s i z e   of  t h e   a d s o r b e n t   a v a i l a b l e .  

I f   n e c e s s a r y ,   t h e   a d s o r b e n t   may  be  g r o u n d ,   f o r   e x a m p l e ,  

in  a  b a l l   m i l l ,   to  p r o d u c e   a  s m a l l e r   s i z e   f o r  

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

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

be  s u c h   as  t o  õ k e e p   t h e   a d s o r b e n t   w i t h i n   i t .   F o r  

e x a m p l e ,   t h e   d i a m e t e r   of  t h e   t u b e   may  be  n e c k e d - d o w n  

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

p o r o u s   s h e e t s   of  f e l t   or  t he   l i k e   c o u l d   be  p r o v i d e d   n e a r  

t h e   n e c k e d - d o w n   end  to   keep   t h e   a d s o r b e n t   p a r t i c l e s  

w i t h i n   t h e   t u b e .   Any  o t h e r   s u i t a b l e   a r r a n g e m e n t   f o r  

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

b r e a t h e r   t u b e   may  be  e m p l o y e d .  

W h i l e   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d  

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

a  w indow  c o n t a i n i n g   o n l y   two  g l a s s   p a n e s ,   i t   i s ,   o f  

c o u r s e ,   p o s s i b l e   to  have   more  t h a n   two  g l a s s   p a n e s ,   s u c h  

as  t h r e e   or  more  as  i s   c o n v e n t i o n a l   in  t he   a r t .  

The  f o r e g o i n g   e x p l a n a t i o n   has   b e e n   p r o v i d e d  

in  o r d e r   to  e n a b l e   t h o s e   p e r s o n s   s k i l l e d   in  the   a r t   t o  

p r a c t i c e   t h e   p r e s e n t   i n v e n t i o n .   I t   i s   no t   t he   i n t e n t i o n  



to  l i m i t   t he   p r e s e n t   i n v e n t i o n   by  r e a s o n  o f   t h e  

f o r e g o i n g   d e s c r i p t i o n ;   r a t h e r ,   i t   i s   t he   i n t e n t i o n  

t h a t   t he   i n v e n t i o n   be  l i m i t e d   o n l y   by  the   s c o p e   of  t h e  

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



1.  A  s e a l e d   i n s u l a t i n g - g l a s s   w indow  w h i c h  

c o m p r i s e s   a t   l a a s t   two  g l a s s   p a n e s   ( 1 1 , 1 2 )   s e p a r a t e d  

by  a  c h a n n e l ( 1 3 )   d i s p o s e d   a r o u n d   t h e   p e r i p h e r y   of  t h e  

w i n d o w   t h e r e b y   d e f i n i n g   a  s p a c e   ( 1 4 )   t h e r e b e t w e e n ,   a n  

a d s o r b e n t   ( 1 5 )   c o n t a i n e d   w i t h i n   s a i d   c h a n n e l   at   l e a s t  

p a r t l y   a l o n g   i t s   l e n g t h   and  s e a l i n g   means   ( 1 7 )   a r o u n d  

t h e   p e r i p h e r y   of  t h e   window  to  s e a l   s a i d   e n c l o s e d   s p a c e  
( 1 4 )   f rom  t h e   a m b i e n t   a t m o s p h e r e ,   c h a r a c t e r i s e d   b y  

a  p a s s a g e   ( 1 8 )   c o m m u n i c a t i n g   b e t w e e n   s a i d   e n c l o s e d  

s p a c e   ( 1 4 )   and  t h e  a m b i e n t   a t m o s p h e r e ,   s a i d   p a s s a g e   ( 1 8 )  

c o n t a i n i n g   an  a m o u n t   of  an  a d s o r b e n t   ( 1 9 )   to  p r e v e n t  

t h e   i n t r o d u c t i o n   of   e x c e s s i v e   a m o u n t s   of  m o i s t u r e   i n t o  

s a i d   e n c l o s e d   s p a c e   ( 1 4 )   t h r o u g h   s a i d   p a s s a g e   ( 1 8 ) .  

2.  A  s e a l e d   i n s u l a t i n g - g l a s s   w indow  as  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   in  t h a t   s a i d   a d s o r b e n t  

c o m p r i s e s   a  m o l e c u l a r   s i e v e .  

3.A  s e a l e d   i n s u l a t i n g - g l a s s   window  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 s e d   in  t h a t   w h i c h - i n c l u d e s   two  p a n e s  

of   g l a s s .  

4.  A  s e a l e d   i n s u l a t i n g - g l a s s   w indow  as  c l a i m e d  

in  c l a i m s   1  or  2,  c h a r a c t e r i s e d   in  t h a t   i n c l u d i n g   m o r e  

t h a n   2  panes  of  g l a s s ,   e a c h   b e i n g   s e p a r a t e d   by  a  c h a n n e l  

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

p a n e s   of   g l a s s .  

5.  A  s e a l e d   i n s u l a t i n g - g l a s s   w indow  as  c l a i m e d  

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

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

d i f f e r e n t   a d s o r b e n t   m a t e r i a l s .  
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