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Tunnel  ventilating  system. 

o  

(§5  A  tunnel  ventilating  system  for  ventilating  a  highway 
tunnel  (2)  comprises  a  plurality  of  jet  fans  (6a,  b,  c,  d)  for 
drawing  fresh  air  through  the  opposite  portals  of  the  high- 
way  tunnel  into  the  highway  tunnel  and  for  causing  the  fresh 
air  to  flow  toward  a  ventilating  shaft  (1),  a  plurality  of  ven- 
tilating  fans  (4a,  b,  c)  for  discharging  the  air  in  the  highway 
tunnel  through  the  ventilating  shaft,  and  a  controller  (12) 
capable  of  determining  necessary  rate  of  ventilation  on  the 
basis  of  measured  data  representing  the  degree  of  contami- 
nation  of  the  air  in  the  highway  tunnel  and  other  factors 
indicating  the  conditions  of  the  interior  of  the  highway  tun- 
nel.  The  jet  fans  and  the  ventilating  fans  are  assigned  to  first 
and  second  subsystems.  The  jet  fans  and  the  ventilating 
fans  of  the  first  subsystem  are  operated  under  on-off  control 
mode,  while  the  jet  fans  and  the  ventilating  fans  of  the 
second  subsystem  are  operated  under  variable  rate  control 
mode.  Thus,  the  highway  tunnel  is  always  ventilated  at  the 
necessary  rate  of  ventilation. 
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BACKGROUND  OF  THE  INVENTION 

F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  v e n t i l a t i n g   s y s t e m  

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

and ,   more   s p e c i f i c a l l y ,   to   a  v e n t i l a t i n g   s y s t e m   f o r   v e n t i l a -  

t i n g   a  t u n n e l .   The  v e n t i l a t i n g   s y s t e m   i s   of   t he   t y p e  

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

i n t r o d u c e d   i n t o   a  t u n n e l   f rom  o u t s i d e   to   f l o w   t o w a r d   o n e  

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

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

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

j e t   f a n s   and  t h e   v e n t i l a t i n g   f an   a c c o r d i n g   to   t h e   f l o w  

r a t e   of  a i r   r e q u i r e d   f o r   d e s i r e d   v e n t i l a t i o n .  

D e s c r i p t i o n   of   t he   P r i o r   A r t  

A  t u n n e l   has   a  s t r u c t u r a l   f e a t u r e   t h a t   t h e   l e n g t h   t h e  

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

t h e   o p p o s i t e   e n d s   t h e r e o f .   T h e r e f o r e ,   t h e   t u n n e l   r e q u i r e s  

an  a d e q u a t e   v e n t i l a t i o n   to  m a i n t a i n   an  e n v i r o n m e n t   s u i t a b l e  

f o r   p a s s a g e .   For  a  h i g h w a y   t u n n e l ,   h i g h - r a t e   v e n t i l a t i o n  

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

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

v e h i c l e s   to   be  s i m u l t a n e o u s l y   w i t h d r a w n   f rom  t h e   t u n n e l  

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

t h e   human  b o d i e s   and  t h e   c o m b u s t i o n   in  t h e   e n g i n e s   o f  

a u t o m o t i v e   v e h i c l e s .  



F i g .   5  i l l u s t r a t e s   a  known  t u n n e l   v e n t i l a t i n g   s y s t e m  

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

d i s c l o s e d   in   J a p a n e s e   L a i d - O p e n   P a t e n t   A p p l i c a t i o n   P u b l i c a -  

t i o n   No.  5 2 - 2 8 5 0 0 .   R e f e r r i n g   to   F i g .   5,  a  h i g h w a y  t u n n e l  

2  c o n s t r u c t e d   u n d e r   t h e   g r o u n d   3  and  h a v i n g   a  r o a d w a y   5 

c o m m u n i c a t e s   w i t h  t h e   o u t s i d e   by  means   of   a  s u b s t a n t i a l l y  

v e r t i c a l   v e n t i l a t i n g   s h a f t   1.  A  p l u r a l i t y   of  j e t   f a n s   6 

d raw  f r e s h   a i r   t h r o u g h   t h e   o p p o s i t e   p o r t a l s   i n t o   t h e   t u n n e l  

2  and  s e n d   t h e   f r e s h   a i r   f o r c i b l y   in   t h e   l o n g i t u d i n a l   d i r e c -  

t i o n   t o w a r d   t h e   v e n t i l a t i n g   s h a f t   1.  A  v e n t i l a t i n g   f a n   4 

i s   d i s p o s e d   w i t h i n   t h e   v e n t i l a t i n g   s h a f t   1  n e a r   t h e   o u t l e t  

of  t h e   same  to   d i s c h a r g e   t h e   a i r   in   t h e   t u n n e l   2  f o r c i b l y  

o u t s i d e   t h e   t u n n e l   2 .  

A  c o n t r o l l e r   12  c o n t r o l s   t h e   j e t   f a n s   6  and  t h e  

v e n t i l a t i n g   f an   4  on  t h e   b a s i s   of   s i g n a l s   g i v e n   t h e r e t o  

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

of   c o n t a m i n a t i o n   of   t h e   a i r   w i t h i n   t h e   t u n n e l   2  and  a  

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

and  come  o u t   of  t h e   t u n n e l   2.  T y p i c a l l y ,   t h e   c o n t a m i n a t i o n  

d e t e c t i n g   s y s t e m   c o m p r i s e s   h a z e   t r a n s m i s s i v i t y   m e t e r s   7 

( g e n e r a l l y   d e s i g n a t e d   as  "VI  m e t e r s " ) ,   CO  s e n s o r s   8  w h i c h  

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

v a n e   and  a n e m o m e t e r s   9.  The  c o n t r o l l e r   12  d e c i d e s   t h e  

g e n e r a l   d e g r e e   of   a i r   c o n t a m i n a t i o n   in   t h e   t u n n e l   on  t h e  

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

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

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



An  a p p r o p r i a t e   v e n t i l a t i n g   s y s t e m   among  v a r i o u s   v e n t i l a t i n g  

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

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

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

s u f f i c i e n t   f r e s h   a i r   to   m a i n t a i n   t h e   q u a l i t y   of  t h e   a i r  

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

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

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

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

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

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

s y s t e m ,   t h e   n u m b e r   of   w o r k i n g   j e t   f a n s   6  i s   v a r i e d   a c c o r d i n g  

to   t h e   c a l c u l a t e d   n e c e s s a r y   r a t e   of  v e n t i l a t i o n .   T h a t   i s ,  

a l l   t h e   j e t   f a n s   a r e   o p e r a t e d   when  t h e   n e c e s s a r y   r a t e   o f  

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

t h e   n u m b e r   of  t h e   w o r k i n g   j e t   f a n s   i s   r e d u c e d   as  t h e  

n e c e s s a r y   r a t e   of   v e n t i l a t i o n   d e c r e a s e s .   Such   a  mode  o f  

c o n t r o l l i n g   t h e   r a t e   of  v e n t i l a t i o n   t h r o u g h   t h e   v a r i a t i o n  

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

of   v e n t i l a t i o n   to   be  c h a n g e d   in  s t e p s ,   and  h e n c e   t h e   a c t u a l  

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

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

v a r i a t i o n .  

SUMMARY  OF  THE  INVENTION 

I t   i s   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   to   p r o v i d e  

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

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



r a t e   of   v e n t i l a t i o n .  

A  v e n t i l a t i n g   s y s t e m   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  

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

to   be  v e n t i l a t e d   to   d raw  f r e s h   a i r   i n t o   t h e   s p a c e ,   and  a  

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

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

The  j e t   f a n s   and  t h e   v e n t i l a t i n g   f a n s   a r e   r e s p e c t i v e l y  

a s s i g n e d   to   two  s u b s y s t e m s ,   n a m e l y ,   a  f i r s t   s u b s y s t e m   a n d  

a  s e c o n d   s u b s y s t e m .   The  j e t   f a n   or  f a n s   of   t h e   f i r s t   s u b -  

s y s t e m   and  t h e   v e n t i l a t i n g   f a n   or  f a n s   of   t h e   f i r s t   s u b -  

s y s t e m   a r e   s u b j e c t e d   to   t h e   o n - o f f   c o n t r o l   of   a  c o n t r o l l e r ,  

w h i l e   t h e   j e t   f a n   or  f a n s   and  t h e   v e n t i l a t i n g   f a n   or  f a n s  

of   t h e   s e c o n d   s u b s y s t e m   a r e   s u b j e c t e d   to   t h e   c o n t i n u o u s  

c o n t r o l   of   t h e   c o n t r o l l e r ,   in   w h i c h   t h e   r e s p e c t i v e   o u t p u t s  

of  t h e   j e t   f a n   or  f a n s   and  t h e   v e n t i l a t i n g   f an   or  f a n s   o f  

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

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

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

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

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

of  t h e   a i r   in   t h e   s p a c e   d e t e c t e d   by  one  or  some  of   s e n s o r s  

d i s p o s e d   in  t h e   s p a c e   to   be  v e n t i l a t e d .  

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

c o n t a m i n a t i o n   of   a i r   a r e ,   by  way  of   e x a m p l e ,   CO  s e n s o r s ,  

a n e m o s c o p e s ,   a n e m o m e t e r s ,   O2  m e t e r s   and  h y g r o m e t e r s .   O n e  

or  more   of   t h o s e   s e n s o r s   a r e   d i s p o s e d   a t   a p p r o p r i a t e  

p o s i t i o n s   in   t h e   s p a c e   to   be  v e n t i l a t e d .   The  s e n s o r s  



s e n d   d e t e c t i o n   s i g n a l s   to   t h e   c o n t r o l l e r .   In  c a s e   t h a t   t h e  

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

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

v e h i c l e s   t h a t   p a s s   t h e   h i g h w a y   t u n n e l .   The  c o u n t   of  a u t o -  

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

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

r a t e   of   v e n t i l a t i o n   of   t h e   h i g h w a y   t u n n e l .  

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

w o r k i n g   j e t   f a n s   and  t he   w o r k i n g   v e n t i l a t i n g   f a n s   a m o n g  

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

n e c e s s a r y   r a t e   of   v e n t i l a t i o n .   The  mode  of  c o n t r o l   of   t h e  

j e t   f a n s   and  t h e   v e n t i l a t i n g   f a n s   of   t h e   f i r s t   s u b s y s t e m  

is   o n - o f f   c o n t r o l .   A c c o r d i n g l y ,   t h e   s e l e c t e d   j e t   f a n s   a n d  

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

c a p a c i t i e s .   The  n u m b e r   of  t h e   j e t   f a n s   and  t h e   v e n t i l a t i n g  

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

c o n t r o l l e r   i s   l e s s   t h a n   t h a t   of  t h e   j e t   f a n s   and  t h e  

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

of   v e n t i l a t i o n .   The  d e f i c i e n c y   in  t h e   r a t e   of   v e n t i l a t i o n  

i s   c o m p e n s a t e d   by  t h e   o p e r a t i o n   of  t h e   j e t   f a n s   and  t h e  

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

r a t e s   c o r r e s p o n d i n g   to   t h e   d e f i c i e n c y .   A c c o r d i n g l y ,   t h e  

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

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

e n e r g y   a t t r i b u t a b l e   to   e x c e s s i v e   v e n t i l a t i o n   can  b e  

e f f e c t i v e l y   a v o i d e d .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   a  t u n n e l  

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

i n s t a l l e d   in   a  h i g h w a y   t u n n e l ;  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   c o n s t i t u t i o n  

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

o f  F i g .   1 ;  

F i g u r e   3  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n   b e t w e e n   t h e  

n u m b e r   of   w o r k i n g   j e t   f a n s   and  w i n d   p r e s s u r e ;  

F i g u r e   4  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n   b e t w e e n   t h e  

n u m b e r   of   w o r k i n g   v e n t i l a t i n g   f a n s   and  t h e   r a t e   of   d i s -  

c h a r g e ;   a n d  

F i g u r e   5  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  a  c o n v e n t i o n a l  

t u n n e l   v e n t i l a t i n g   s y s t e m   i n s t a l l e d   in   a  h i g h w a y   t u n n e l .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

F i g .   1  i l l u s t r a t e s   a  t u n n e l   v e n t i l a t i n g   s y s t e m   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   as  a p p l i e d   to   a  h i g h w a y   t u n n e l  

2  c o n s t r u c t e d   t h r o u g h   t h e   g r o u n d   3  and  h a v i n g   a  r o a d w a y   5 .  

The  t u n n e l   2  i s   c o n n e c t e d   in   t h e   c e n t r a l   p o r t i o n   t h e r e o f  

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

s h a f t  1 .   F r e s h   a i r   i s   d r a w n   t h r o u g h   t h e   o p p o s i t e   p o r t a l s  

i n t o   t h e   t u n n e l   2  and  t h e   a i r   in   t h e   t u n n e l   i s   d i s c h a r g e d  

o u t s i d e   t h r o u g h   t h e   v e n t i l a t i n g   s h a f t   1  f o r   d e s i r e d   v e n t i l a -  

t i o n   of  t h e   t u n n e l .   A l t h o u g h   t h e   v e n t i l a t i n g   s y s t e m   i l l u s t -  

r a t e d   in  F i g .   1  i s   so  c o n s t r u c t e d   t h a t   t h e   f r e s h   a i r   i s  

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

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



fo rm  of   v e n t i l a t i o n   w h e r e i n   t h e   f r e s h   a i r   i s   i n t r o d u c e d  

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

t h r o u g h   a  d u c t   and  a t   t h e   same  t i m e   t h e   f r e s h   a i r   i s  

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

e x h a u s t e d   t h r o u g h   t h e   o t h e r   p o r t a l .  

For   s i m p l i f i c a t i o n ,   f o u r   j e t   f a n s   6a ,   6b,   6c  and  6 d  

d i s p o s e d   in   t h e   t u n n e l   2  a t   p r e d e t e r m i n e d   i n t e r v a l s   a n d  

t h r e e   v e n t i l a t i n g   f a n s   4a,   4b  and  4c  d i s p o s e d   w i t h i n   t h e  

v e n t i l a t i n g   s h a f t   1  a r e   shown  in  F i g .   1.  The  v e n t i l a t i o n  

of   t h e   t u n n e l   2  in   t h e   a b o v e - m e n t i o n e d   mode  i s   c a r r i e d   o u t  

by  t h e   a g e n c y   of  t h e s e   j e t   f a n s   and  v e n t i l a t i n g   f a n s .   A s  

w i l l   be  d e s c r i b e d   in   d e t a i l   l a t e r ,   t h e   two  j e t   f a n s   6a  a n d  

6d  and  t h e   two  j e t   f a n s   6b  and  6c  a r e   a s s i g n e d   to   t w o  

s e p a r a t e   s u b s y s t e m s ,   r e s p e c t i v e l y .   S i m i l a r l y ,   t h e   v e n t i -  

l a t i n g   f a n   4a  and  t h e   v e n t i l a t i n g   f a n s   4b  and  4c  a r e  

a s s i g n e d   to   two  s e p a r a t e   s u b s y s t e m s ,   r e s p e c t i v e l y .  

A  c o n t r o l l e r   12  c o n t r o l s   t h e   s u b s y s t e m s   i n d i v i d u a l l y  

f o r   t h e   a p p r o p r i a t e   o p e r a t i o n   of   t he   j e t   f a n s   and  t h e  

v e n t i l a t i n g   f a n s   a c c o r d i n g   to   a  n e c e s s a r y   r a t e   of   v e n t i l a -  

t i o n .   Such   a  n e c e s s a r y   r a t e   of  v e n t i l a t i o n   i s   o b t a i n e d  

t h r o u g h   t he   known  o p e r a t i o n   of   VI  v a l u e ,   CO  v a l u e ,   w i n d  

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

p a s s e d   t h r o u g h   t h e   t u n n e l   w h i c h   a r e   d e t e c t e d   by  s e n s o r s   7 ,  

8,  9  and  10  a p p r o p r i a t e l y   d i s p o s e d   in  t h e   t u n n e l ,   by  t h e  

c o n t r o l l e r   1 2 .  

F i g .   2  shows  t h e   c o n s t i t u t i o n   of   t h e   c o n t r o l l e r   12 

in  d e t a i l .   A  m e a s u r e d   d a t a   p r o c e s s i n g   u n i t   13  r e c e i v e s  



m e a s u r e d   v a l u e s   m e a s u r e d   by  t h e   VI  m e t e r   7  and  t h e   CO 

s e n s o r   8,  and  t h e n   o p e r a t e s   t h e   m e a s u r e d   d a t a   to  d e t e r m i n e  

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

m e t i c   u n i t   14,  s i m i l a r l y   to   t h e   m e a s u r e d   d a t a   p r o c e s s i n g  

u n i t   13,  e x e c u t e s   o p e r a t i o n   t o   d e t e r m i n e   t h e   p r e s s u r e  

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

m e a s u r e d   d a t a   p r o v i d e d   by  t h e   w i n d   v a n e   and  a n e m o m e t e r   9 

and  t h e   v e h i c l e   c o u n t e r   10.  The  o u t p u t s   of  t h e   m e a s u r e d  

d a t a   p r o c e s s i n g   u n i t   13  and  t h e   a r i t h m e t i c   u n i t   14  a r e  

g i v e n   to   a  c o n t r o l   s i g n a l   g e n e r a t i n g   u n i t   15  to   p r o d u c e  

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

c o m p r i s i n g   t h e   j e t   f a n s   and  t h e   v e n t i l a t i n g   f a n s .  

F i g .   3  i s   a  g r a p h   t y p i c a l l y   s h o w i n g   t h e   r e l a t i o n   b e t w e e n  

t h e   n u m b e r   of  w o r k i n g   j e t   f a n s   and  w i n d   p r e s s u r e   in  t h e  

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

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

t h e   v e n t i l a t i n g   s h a f t   1.  In  F i g .   3,  Pl   and  P2  a r e   a i r f l o w  

p r e s s u r e s   p r o d u c e d   by  one  j e t   f an   and  by  two  j e t   f a n s ,  

r e s p e c t i v e l y .   When  n e c e s s a r y   r a t e   of   v e n t i l a t i o n   i s   c o m -  

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

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

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

to  t h e   r e q u i r e d   wind   p r e s s u r e .   In  t h i s   s t a t e ,   t h e   w i n d  

p r e s s u r e   v a r i e s   a l o n g   an  i n c l i n e d   l i n e   VP1.  When  t h e  

r e q u i r e d   wind   p r e s s u r e   i s   g r e a t e r   t h a n   P l ,   two  j e t   f a n s  

a r e   o p e r a t e d ;   one  of   them  at   i t s   f u l l   c a p a c i t y   and  t h e  

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



t he   w ind   p r e s s u r e   v a r i e s   a l o n g   a  l i n e   VP2.  I f   one  of  t h e  

two  j e t   f a n s   or  b o t h   of  t he   j e t   f a n s   a re   o p e r a t e d   c o n t i n u -  

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

c o n d i t i o n   in  w h i c h   t h e   r e q u i r e d   wind   p r e s s u r e   c o i n c i d e s  

e x a c t l y   w i t h   t he   w ind   p r e s s u r e   Pl  or  P2,  r e s p e c t i v e l y ,   t h e  

a c t u a l   wind   p r e s s u r e   in  t h e   t u n n e l   e x c e e d s   t h e   r e q u i r e d  

wind   p r e s s u r e   and  t h e   e x c e s s i v e   wind   p r e s s u r e   c a u s e s  

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

i n v e n t i o n ,   i t   i s   p o s s i b l e   to   make  t he   a c t u a l   w ind   p r e s s u r e  

a l w a y s   f o l l o w   up  t h e   r e q u i r e d   wind   p r e s s u r e .   In  t h e   h i g h -  

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

is   f i x e d ,   t h e   w i n d   p r e s s u r e   v a r i e s   due  to   p i s t o n   e f f e c t  

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

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

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

t h e   v a r i a t i o n   of  t h e   wind   p r e s s u r e   due  to   s u c h   a  c a u s e   o n  

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

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

w h i c h   i s   t h e   same  w i t h   a  s e c t i o n   B .  

The  v e n t i l a t i n g   f a n s   4a,   4b  and  4c  a l s o   a r e   c o n t r o l l e d  

in  t h e   same  m a n n e r .   F i g .   4  shows  t h e   r e l a t i o n   of  d i s c h a r g e  

or  e x h a u s t   r a t e   to   t h e   n u m b e r   of  t h e   w o r k i n g   v e n t i l a t i n g  

f a n s .   When  a  r e q u i r e d   s i c h a r g e   r a t e   c o r r e s p o n d i n g   to   a  

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

r a t e   Ql  of  one  v e n t i l a t i n g   f a n ,   o n l y   t h e   v e n t i l a t i n g   f a n  

4a  i s   o p e r a t e d   a t   a  d i s c h a r g e   r a t e   c o r r e s p o n d i n g   to   t h e  

r e q u i r e d   d i s c h a r g e   r a t e .   When  t he   r e q u i r e d   d i s c h a r g e   r a t e  



i s   g r e a t e r   t h a n   t h e   maximum  d i s c h a r g e   r a t e   Ql ,   one  or  b o t h  

of  t h e   v e n t i l a t i n g   f a n s   4b  and  4c  a r e   a d d i t i o n a l l y   o p e r a t e d  

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

t e r i s t i c   r e p r e s e n t e d   by  a  l i n e   VQ. 

As  i s   a p p a r e n t   f rom  w h a t   has   b e e n   d e s c r i b e d   h e r e i n -  

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

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

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

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

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

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

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

t u n n e l s   and  t h e   l i k e   in   a d d i t i o n   to   h i g h w a y   t u n n e l s .   I t   i s  

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

s a i d   j e t   f a n s   and  s a i d   v e n t i l a t i n g   f a n s   a r e  

a s s i g n e d   to   a  f i r s t   s u b s y s t e m   and  a  s e c o n d   s u b s y s t e m ;  

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

i n d i v i d u a l l y   by  t h e   c o n t r o l l e r ;  

s a i d   j e t   f a n s   and  s a i d   v e n t i l a t i n g   f a n s   of  s a i d  

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

s a i d   j e t   f a n s   and  s a i d   v e n t i l a t i n g   f a n s   of  s a i d  

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

mode  so  t h a t   t h e   r a t e   of  v e n t i l a t i o n   of   s a i d   s e c o n d   s u b -  

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

r a t e   of  v e n t i l a t i o n   and  t h e   r a t e   of  v e n t i l a t i o n   of  s a i d  

f i r s t   s u b s y s t e m .  



2.  A  v e n t i l a t i n g   s y s t e m   c l a i m e d   in  C l a i m   1,  w h e r e i n  

h a z e   t r a n s m i s s i v i t y   m e t e r s ,   CO  s e n s o r s   and  w i n d   v a n e   a n d  

a n e m o m e t e r s   a r e   p r o v i d e d   in   s a i d   s p a c e   to   a c q u i r e   d a t a   f o r  

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

3.  A  v e n t i l a t i n g   s y s t e m   c l a i m e d   in   C l a i m   2,  w h e r e i n  

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

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

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

4.  A  v e n t i l a t i n g   s y s t e m   c l a i m e d   in   C l a i m   3,  w h e r e i n  

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

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

m i s s i v i t y   m e t e r s   and  s a i d   CO  s e n s o r s   to   p r o v i d e   a  s i g n a l  

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

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

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

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

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

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

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

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

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

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