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Summary. In recent years, mathematical models for 1 description 
and prediction of air flows appear more frequently in science and 
technic. By use of these models in ventilation technic the hope is 
to conduct studies of parameters quicker and more simply and to 
attain a deeper understanding of the details of air flow mechanics. 
Presently the application of such mathematical models is still 
limited by the capacity of existing computers. With some success it 
should be possible to use these models for problems which can be 
simplified to two-dimensional arrangements. The mathematical model 
described in this paper will be used for the prediction of air flow 
mechanics with diffusion in closed room.

For that purpose the coupled conservation equations of mass, mo­
mentum, energy and concentration, which describe this problem, will 
be solved with numerical methods. The influence of turbulence on 
the exchange-mechanismus is analysed using the k-turbulence model 
with additional terms for the inclusion of buoyancy effects on 
turbulence.

Lateral exhaust systems are considered as a possible application 
of the computer program based on this theory. These are used in 
industrial application over dipping processes at open vessels to 
reduce the environmental load of harmful substances. The intention 
is to create a more reliable and physically well-founded basis for 
the planning and determination of convenient operating conditions. 
Initial results from the influence of bath temperature and geometry 
of the pull slot will be presented. In addition to these investiga­
tions, measurements will be performed on an experimental set-up to 
verify the validity of the mathehematicallmodel. The possibility to 
use similar numerical methods will be discussed by the comparison 
of numerical prediction and measurements.

INTRODUCTION

I n  recent years, mathematical models for the description and p r e ­
diction of air flows appear more frequently in science and tech­
n i q u e  in addition to experimental investigations. Caused by the 
increased demands on the accuracy of such models and supported by 
the speed in the development of greater and faster computer sys­
tems more and more complex and extensive mathematical models are 
going to be developed. This is also valid for research in venti­
lation technique. At the example of lateral exhaust systems used
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i n  i n d u s t r i a l  a p p l i c a t i o n  a t  o p e n  v e s s e l s  t o  r e d u c e  t h e  e m i s s i o n  
o f  h a r m f u l  s u b s t a n c e s  e v a p o r a t e d  f r o m  t h e  l i q u i d  s u r f a c e  a  p h y s i ­
c a l  a n d  m a t h e m a t i c a l  m o d e l  f o r  t h e  d e s c r i p t i o n  o f  b o u y a n c y  a f f e c ­
t e d  f l o w s  i n  c l o s e d  r o o m s  w i l l  b e  p r e s e n t e d .
T h e  p u r p o s e  o f  t h e s e  e x h a u s t  s y s t e m s  i s  t o  c o l l e c t  a n d  t o . e x h a u s t  
t h e  h a r m f u l  s u b s t a n c e s  ( s o l v e n t s  e t c . )  -  a r i s i n g  f r o m  t h e  l i q u i d  
s u r f a c e  d u r i n g  t h e  m a n u f a c t u r i n g  p r o c e s s  -  d i r e c t l y  a t  t h e i r  
o r i g i n .  I n  t h i s  w a y  t h e  d i f f u s i o n  o f  h a r m f u l  s u b s t a n c e s  i n t o  t h e  
s u r r o u n d i n g s  c a n  b e  p r e v e n t e d  a n d  t h e  h e a l t h  o f  p e o p l e  w i l l  b e  
p r o t e c t e d .  T h e  3 t y p e s  o f  l a t e r a l  e x h a u s t  s y s t e m s  u s e d  i n  i n d u s ­
t r i a l  a p p l i c a t i o n  a r e  s h o w n  i n  p r i n c i p l e  i n  f i g . l .

s i n g l e - s i d e d  
e x h a u s t  s y s t e m

/ /  s ; s ;  ; / ? r /
d o u b l e - s i d e d  
e x h a u s t  s y s t e m

p u s h - p u l l  s y s t e m

Fig. 1. Various types of lateral exhaust systems 
Rys. 1. Różne rodzaje układów odcięgów bocznych

T h e r e  a r e  a  l o t  o f  a m e r ic a n  and g e rm an  p u b l i c a t i o n s  / l / , / 2 / , / 3 / ,  
t h a t  • d e a l  w i th  re c o m m e n d a tio n s  on  t h e  q u a n t i t y  o f  t h e  e x h a u s t  
f lo w  r a t e  b e in g  n e c e s s a r y  f o r  th e .  t o t a l  c a p t u r e  o f  t h e  h a rm fu l  
s u b s t a n c e s .  T h e se  re c o m m e n d a tio n s  b a s e d  o n  e m p i r i c a l  r e l a t i o n s  o r  
d e te r m in e d  fro m  a s m a l l  num ber o f  e x p e r i m e n t a l  r e s u l t s  a r e  
d e f i c i e n t  i n  s e v e r a l  r e s p e c t s :

-  T hey g iv e  no in f o r m a t io n  a b o u t  c o n c e n t r a t i o n s  a t  p o i n t s  
n e a r  t h e  v e s s e l  i f  t h e  recom m ended f lo w  r a t e s  a r e  s a t i s ­
f i e d ;  e s p e c i a l l y  t h e  maximum h e i g h t  o f  t h e  p lum e o f  h a rm fu l  
s u b s ta n c e s  a b o v e  t h e  v e s s e l  i s  n o t  know n.

-  T hey c r u d e ly  a c c o u n t  f o r  t h e  i n f l u e n c e  o f  b o u y a n cy  e f f e c t s
-  The re c o m m e n d a tio n s  a r e  i m p r e c i s e  and  t h e  t o l e r a n c e  i s  to o  

l a r g e  b e c a u s e  o f  t h e  s m a l l  num ber o f  r e l i a b l e  e x p e r im e n ta l  
d a t a .

B e c a u se  o f  t h e s e  s h o r tc o m in g s  t h e r e  e x i s t s  a n  i n c r e a s i n g  demand 
t o  im p ro v e  t h e s e  d e s i g n  c r i t e r i a .  T h ese  im p ro v e m e n ts  s h o u ld  i n ­
c lu d e   ̂a l l  p a r a m e te r s  t h a t  a f f e c t  t h e  a i r - f l o w  c o n d i t i o n s  and  t h e  
d i f f u s i o n  o f  t h e  h a rm fu l  s u b s t a n c e s  s u c h  a s :

-  e x h a u s t  f lo w  r a t e
-  t e m p e r a tu r e  o f  t h e  l i q u i d  s u r f a c e
-  t y p e  o f  l i q u i d
-  room  a i r  c u r r e n t  ( d i r e c t i o n  an d  v e l o c i t y )
-  g e o m e try  and a r ra n g e m e n t  o f  t h e  e x h a u s t  s l o t  ( w id th  o f  t h e  

s l o t ,  h e i g h t  a b o v e  t h e  l i q u i d  s u r f a c e  e t c . )
-  h e i g h t  o f  e x i s t i n g  f l a n g e s
-  b a th  a r ra n g e m e n t
-  b lo w in g  f lo w  r a t e
-  g e o m e try  o f  t h e  b lo w in g  s l o t

B e c a u se  o f  t h e  l a r g e  num ber o f  r e l e v a n t  p a r a m e te r s  a f f e c t i n g  t h e  
p ro b le m  a s y s t e m a t i c  e x p e r im e n ta l  i n v e s t i g a t i o n  v a r y in g  a l l  t h e s e  
p a r a m e te r s  i s  n o t  p o s s i b l e .  T h e re  w ou ld  b e  to o  m uch e x p e r im e n ta l  
e f f o r t .
T h e r e f o r e  t h e  r e l e v a n t  d e p e n d e n c ie s  s h o u ld  b e  p r e d i c t e d  n u ­
m e r i c a l l y  w i th  a  m a th e m a tic a l  m o d el d e s c r i b i n g  t h e  a i r - f l o w  c o n ­
d i t i o n s  and  t h e  phenom ena o f  d i f f u s i o n  o v e r  t h e  l i q u i d  s u r f a c e  
and t h e  e x h a u s t  o p e n in g .
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To s u p p o r t  t h e  n u m e r ic a l  r e s u l t s  and  t o  im p ro v e  t h e  m a th e m a tic a l  
m o d e l, i f  n e c e s s a r y ,  a  num ber o f  e x p e r im e n ts  f o r  s p e c i f i c  g e o ­
m e t r i c  a r r a n g e m e n ts  h a v e  t o  b e  c a r r i e d  o u t .  T he p u r p o s e  o f  t h e s e  
e x p e r im e n ts  i s  t o  co m p are  t h e  f lo w  , t e m p e r a tu r e  and  c o n c e n ­
t r a t i o n  f i e l d s  w i t h  t h o s e  o b t a in e d  fro m  c a l c u l a t i o n .
M a th e m a tic a l  m o d e ls  d e v e lo p e d  i n  t h i s  way c a n  b e  a p p l i e d  t o  p r e ­
d i c t  t h e  d i s t r i b u t i o n  o f  h a r m f u l  s u b s t a n c e s  f o r  v a r y in g  
g e o m e t r ie s  o r  a l l  o t h e r  p r o c e s s  p a r a m e t e r s .  I n  t h i s  way i t  s h o u ld  
be p o s s i b l e  t o  p r e d i c t  t h e  c a p t u r e  e f f i c i e n c y  f o r  t h e  c h o s e n  g e o ­
m e t r i c  a r ra n g e m e n t  and t o  o p t im iz e  t h e  e x h a u s t  s y s te m  a l r e a d y  
d u r in g  t h e  p la n n in g  p h a s e .

MATHEMATICAL MODEL

T h e  n u m e r i c a l  t r e a t m e n t  o f  t h e  p ro b le m  d e s c r i b e d  a b o v e  i s  c o m p l i ­
c a t e d  b y  t h e  f a c t ,  t h a t  t h e  e v a p o r a t i o n  a t  t h e  l i q u i d  s u r f a c e  and 
t h e  b o u y a n c y  e f f e c t s  l e a d  t o  a  s t r o n g  c o u p l in g  o f  t h e  t r a n s p o r t  
m e c h a n i s m s  f o r  m a s s ,  momentum, e n e r g y  and  c o n c e n t r a t i o n .  T h e re ­
f o r e  a  c o m p le te  d e s c r i p t i o n  o f  t h e  p h y s i c a l  p r o c e s s e s  u s i n g  em­
p i r i c a l  m e th o d s  ( e . g .  j e t - l a w s )  i s  n o t  p o s s i b l e .
I n  t h i s  i n v e s t i g a t i o n  t h e  c o u p le d  t r a n s p o r t  e q u a t i o n s  f o r  m a s s , 
m o m e n t u m ,  e n e r g y  and  c o n c e n t r a t i o n  a r e  s o lv e d  n u m e r i c a l ly  u s in g  
s u i t a b l e  f o r m u la t io n s  f o r  t h e  t u r b u l e n t  p r o p e r t i e s  o f  t h e  f lo w . 
T h ese  p r o p e r t i e s  a r e  d e s c r i b e d  by a  b o u y a n cy  e x te n d e d  k - e - t u r ­
b u le n c e  m o d e l ,  w h ic h  i n c l u d e s  a d d i t i o n a l  t e r m s  f o r  t h e  i n f l u e n c e  
o f  b o u y a n c y  e f f e c t s  o n  t h e  p r o d u c t i o n  and  d i s s i p a t i o n  o f  t h e  t u r ­
b u l e n t  k i n e t i c  e n e r g y  k .  T he s t r e s s - f l o w  m o d e l w as a p p l i e d  f o r  
t h e  d e t e r m i n a t i o n  o f  t h e  a d d i t i o n a l  t e r m s .
I n  t h i s  way a  new m o d e l a r i s i n g  fro m  t h e  e x a c t  t r a n s p o r t  
e q u a t i o n s  f o r  t h e  t u r b u l e n t  c o r r e l a t i o n s  i s  d e v e lo p e d ,  i n  w h ich  
t h e  d e n s i t y  f l u c t u a t i o n s  i t s e l f  -  and  n o t  t h e  t e m p e r a tu r e  , 
e n t h a l p y  o r  c o n c e n t r a t i o n  f l u c t u a t i o n s  -  d e s c r i b e  t h e  e f f e c t  o f  
b o u y a n c y  on t h e  t u r b u l e n c e  p r o p e r t i e s .  T h is  y i e l d s  a  t u r b u l e n c e -  
m o d e l ,  t h a t  c a n  b e  u s e d  m ore  g e n e r a l l y  t h a n  t h e  s t a n d a r d  k - r -  
m o d e l .  I t  i s  a b l e  t o  s i m u la t e  t h e  a s y m m e t r ic a l  i n f l u e n c e  o f  t h e  
b o u y a n cy  f o r c e s  on  t h e  t u r b u l e n t  f l u c t u a t i o n s .  A m ore d e t a i l e d  
d e s c r i p t i o n  o f  t h e s e  e x t e n s i o n s  may b e  fo u n d  e ls e w h e r e  / 4 / .

I n  s p i t e  o f  t h e  d e v e lo p m e n t o f  m ore  and m ore  l a r g e  and e f f i c i e n t  
c o m p u te r - s y s te m s  i t  i s  n o t  p o s s i b l e  t o  s o l v e  s u c h  p ro b le m s  com­
p l e t e l y ,  i . e .  i n  t h e i r  r e a l  3 - d im e n s io n a l  s t r u c t u r e .  The c o u p l in g  
o f  t h e  i n d i v i d u a l  d i f f e r e n t i a l  e q u a t i o n s  and  t h e  i n f l u e n c e  o f  t h e  
b o u y a n c y - f o r c e s  r e q u i r e  a n  e x tr e m e ly  l a r g e  c o m p u te r  memory and 
v e r y  l o n g  c o m p u ta t io n  t im e .  F o r  t h i s  r e a s o n  c u r r e n t  c o m p u te r  s y s ­
t e m s  r e s t r i c t  t h e  t r e a t m e n t  o f  l a t e r a l  e x h a u s t  s y s te m s  t o  2 -d im . 
a r r a n g e m e n t s .
U s i n g  t h e  f o l lo w in g  a s s u m p t io n s

-  2 -d im . s t e a d y - s t a t e  f lo w
-  c a r t e s i a n  c o o r d i n a t e  s y s te m
-  t e m p e r a t u r e  and  c o n c e n t r a t i o n  d e p e n d e n d  p r o p e r t i e s
-  n o  c h e m ic a l  r e a c t i o n
-  no  d i s s i p a t i v e  e f f e c t s

t h e  s y s te m  o f  c o u p le d  d i f f e r e n t i a l  e q u a t i o n s  c a n  b e  p u t  i n t o  t h e  
g e n e r a l  fo rm :

The g e n e r a l  v a r i a b l e  4 i n  t h i s  e q u a t i o n  r e p r e s e n t s  t h e  v e l o c i t y -  
c o m p o n e n ts  u  an d  v ,  t h e  e n th a l p y  h ,  t h e  m a s s - f r a c t i o n  £ and  t h e  
t u r b u l e n t  q u a n t i t i e s  k ( t u r b u l e n t  k i n e t i c  e n e r g y )  and c ( t u r b u l e n t  
e n e rg y  d i s s i p a t i o n )  w h e re a s  t h e  v a r i a b l e  r e p r e s e n t s  t h e
d i f f u s i v e  t r a n s p o r t  c o e f f i c i e n t s  b e lo n g in g  t o  t h e s e  q u a n t i t i e s .

f x  (pu't,) + H  <pv$)
c o n v e c t io n d i f f u s i o n + s o u r c e
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The s o u r c e - t e r m  St  su m m ariz e s  a l l  t e r m s  o f  t h e  i n d i v i d u a l  t r a n s ­
p o r t  e q u a t i o n s , t h a t  c a n n o t  b e  w r i t t e n  a s  c o n v e c t i v e  o r  d i f f u s i v e
t e r m s .
I n  a d d i t i o n  t o  t h e  a s s u m p t io n s  m ade b e f o r e  i t  i s  f u r th e r m o r e  a s ­
sum ed , t h a t  t h e  m ix tu r e  o f  a i r  an d  h a r m f u l  s u b s t a n c e s  f u l f i l l  t h e  
i d e a l  g a s  la w .

I n  s o l v i n g  t h e  s y s te m  o f  c o u p le d ,  n o n - l i n e a r  e l l i p t i c  d i f f e r e n ­
t i a l  e q u a t i o n s  n u m e r i c a l ly  a  f i n i t e  d i f f e r e n c e  m eth o d  in t r o d u c e d  
by Pun and  S p a ld in g  / 5 /  ( " S im p le - A lg o r i th m u s " ) i s  u s e d .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  p ro b le m  i s  d e s c r i b e d  on  a g r i d  
o f  u p  t o  35x35 p o i n t s .  The m eth o d  o f  t h e  s t a g g e r e d  g r i d  a r r a n g e ­
m en t i s  a p p l i e d .  T h is  r e s u l t s  i n '  3 . v a r i o u s  g r i d  a r r a n g e m e n ts ,  one 
f o r  e a c h  o f  t h e  v e lo c i ty - c o m p o n e n t s  u  and  v  and o n e  f o r  a l l  o t h e r  
t r a n s p o r t  q u a n t i t i e s  ( h , £ , k , e ) .  The a d v a n ta g e  o f  t h i s  s t a g g e r e d  
g r i d  a r ra n g e m e n t  i s  t h e  p o s s i b i l i t y  t o  p r e d i c t  t h e  c o n v e c t iv e  
f l u x e s  t h r o u g h  t h e  c e l l  b o u n d a r ie s  d i r e c t l y  fro m  t h e  f i e l d  v a lu e s  
w i th o u t  an y  i n t e r p o l a t i o n .
N e a r t h e  w a l l s  ”w a l l - f u n c t i o n s "  a r e  a p p l i e d  t o  d e s c r i b e  t h e  
t r a n s p o r t  phenom ena b e tw e e n  t h e  w a l l - n e x t  g r i d  p o i n t s  and  t h e  
w a l l  i t s e l f .  T h e se  " w a l l - f u n c t i o n s "  o r i g i n a l l y  d e v e lo p e d  f o r  an 
o n e - d im e n s io n a l  C o u e tte -F lo w  c a n  a l s o  b e  u s e d  a p p r o x im a te ly  f o r  
f lo w s  w i th  r e g io n s  o f  r e c i r c u l a t i n g  e d d ie s  / 4 / .  U s in g  t h i s  m ethod  
i t  i s  p o s s i b l e  t o  r e d u c e  t h e  num ber o f  g r i d  l i n e s  c l o s e  t o  t h e  
w a l l  i n  s p i t e  o f  t h e  l a r g e  g r a d i e n t s  i n  t h i s  r e g i o n .  T h is  i s  o f  
g r e a t  im p o r ta n c e  b e c a u s e  o f  t h e  d e s c r i b e d  r e s t r i c t i o n s  i n  
c o m p u t e r - s to r a g e . W ith o u t  u s i n g  t h i s  m eth o d  to o  few  g r i d  l i n e s  
r e m a in  f o r  an  a d e q u a te  d e s c r i p t i o n  o f  t h e  m ain  f lo w .
F o r  t h e  n u m e r ic a l  s o l u t i o n  o f  t h e  f i n i t e  d i f f e r e n c e  e q u a t i o n s  t h e  
U P W IN D -d iffe ren ce  sch em e d e v e lo p e d  f o r  c o n v e c t io n  a f f e c t e d  f lo w s  
i s  a p p l i e d .  T he s i g n i f i c a n c e  o f  t h i s  sch em e i s  a  h ig h  n u m e r ic a l  
s t a b i l i t y  i n  c o n n e c t io n  w i th  a  s a t i s f y i n g  b e h a v io u r  o f  c o n ­
v e r g e n c e .  I n  s p i t e  o f  t h e  c h o ic e  o f  t h i s  r e l a t i v e l y  s t a b l e  d i f ­
f e r e n c e  schem e f o r  t h e  c a l c u l a t i o n s  o f  t h e  a c t u a l  f lo w  c o n d i t i o n s  
a  s p e c i a l  u n d e r r e l a x a t i o n  m eth o d  i n t r o d u c e d  by N e u b e rg e r  / 6 /  h a s  
t o  b e  u s e d .  T h is  i s  n e c e s s a r y  t o  r e a c h  a  c o n v e r g e n t  s o l u t i o n  b e ­
c a u s e  o f  t h e  g r e a t  i n f l u e n c e  o f  t h e  g r a v i t y  f o r c e s .
N e u b e rg e r  d e te r m in e d  a n  a l lo w e d  l o c a l  r e l a x a t i o n  f a c t o r  in  
a n a lo g y  t o  t h e  a llo w e d  t im e  s t e p  At f o r  s t a b i l i t y  i n  p a r a b o l i c  
p ro b le m s  u s i n g  a d i s t u r b a n c e  f o r m u la t io n .  When t h i s  l o c a l  r e ­
l a x a t i o n  f a c t o r  i s  n o t  e x c e e d e d  n o  k in d  o f  d i v e r g e n c e  c a n  o c c u r  
d u r i n g  t h e  i t e r a t i o n  p r o c e s s .  F o r  som e o f  t h e  c a l c u l a t i o n s  c o n ­
v e r g e n c e  o f  t h e  s o l u t i o n  c o u ld  o n ly  b e  a c h ie v e d  u s i n g  t h e s e  
l o c a l l y  d i f f e r e n t  r e l a x a t i o n  f a c t o r s .  T he r e l a x a t i o n  m ethod  i s  
d e s c r i b e d  i n  m ore d e t a i l  i n  / 4 / .

T he c a l c u l a t i o n s  o f  t h e  p r e s e n t  p ro b le m s  r e q u i r e  a  t y p i c a l  com­
p u t i n g  t im e  o f  a b o u t  4000 C P U -seco n d s  on  t h e  c o m p u te r - s y s te m  
CYBER 175 o f  t h e  RWTH A ach en  C o m p u te r C e n t r e .  T y p i c a l l y  a b o u t  
3000 i t e r a t i o n s  a r e  n e c e s s a r y  f o r  a  c o n v e r g e n t  s o l u t i o n .

GEOMETRY AND PHYSICAL BOUNDARY^ -CONDITIONS

W ith  t h e  m e th o d s  d e s c r i b e d  a b o v e  t h e  r e l e v a n t  t r a n s p o r t  e q u a t i o n s  
c a n  be  s o lv e d  f o r  t h e  v a r io u s  g e o m e t r ic  a r r a n g e m e n ts  t a k i n g  i n t o  
a c c o u n t  t h e  d i f f e r e n t  t h e r m a l  and  f lo w  b o u n d a ry  c o n d i t i o n s .  F o r 
t h e  e x am p le  o f  t h e  p u s h - p u l l  sy s te m  t h e  c a l c u l a t i o n  d o m ain  i s  
show n i n  f i g . 2 .
The p u s h  f lo w  e n t e r s  t h e  f i e l d  a b o v e  t h e  o p e n  v e s s e l  a t  t h e  
r i g h th a n d  b o u n d a ry  o f  t h e  c a l c u l a t i o n  d o m a in . A lo n g  t h e  l i q u i d  
s u r f a c e  t h e  m ass f r a c t i o n  o f  h a rm fu l  s u b s t a n c e s  i n  t h e  j e t  i n ­
c r e a s e s  and  a t  t h e  l e f t h a n d  c o r n e r  t h e  c o n ta m in a te d  a i r  w i l l  be
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Fig, 2. Geometry and boundary conditions 
Rys. 2. Geometria i warunki brzegowe

c a p t u r e d  by  t h e  e x h a u s t  a i r  f lo w .  T h is  a i r  f lo w  i s  s u p e r p o s e d  by 
a room  a i r  f lo w  o v e r  t h e  p u s h -  and p u l l - o p e n i n g .
The l i q u i d  s u r f a c e ,  t h e  s o u r c e  o f  t h e  c o n ta m in a t i o n ,  i s  l o c a t e d  
a t  t h e  b o tto m  o f  t h e  d o m a in , s e e  f i g . 2 .  T he r a t e  o f  e v a p o r a t i o n  
a t  t h e  l i q u i d  s u r f a c e  w i l l  b e  f i r s t  p r e d i c t e d  a p p ly in g  t h e  
a n a lo g y  b e tw e e n  h e a t  and  m ass t r a n s f e r .  The l o c a l  t h e r m a l  h e a t  
t r a n s f e r  c o e f f i c i e n t  a a t  t h e  l i q u i d  s u r f a c e  d e p e n d s  on  t h e  a i r  
c o n d i t i o n s  n e a r  t h e  i n t e r f a c e  an d  may b e  p r e d i c t e d  fro m  t h e  
s o l u t i o n  o f  t h e  d i f f e r e n t i a l  e q u a t i o n s  a t  t h i s  i n t e r f a c e .
A n  a d a p t i o n  o f  t h i s  e v a p o r a t i o n  r a t e  t o  t h e  t o t a l  am oun t o f  
e v a p o r a te d  s u b s t a n c e s  -  g iv e n  fro m  e x p e r im e n t  u n d e r  t h e  sam e c o n ­
d i t i o n s  -  c a n  b e  c a r r i e d  o u t  l a t e r  w i t h o u t  d i f f i c u l t i e s ,  i f  t h a t  
s e e m s  t o  b e  n e s c e s s a r y .  T h e re  a r e  4 d i f f e r e n t  t y p e s  o f  f lo w  
b o u n d a r ie s  i n  t h e  c a l c u l a t i o n  d o m ain :

-  s o l i d  w a l l s
-  l i q u i d  s u r f a c e s
-  f r e e - s t r e a m  b o u n d a r ie s
-  e x h a u s t  and  b lo w in g  o p e n in g s

The b o u n d a ry  c o n d i t i o n s  f o r  t h e  i n d i v i d u a l  t r a n s p o r t  e q u a t i o n s  a t  
th e s e  b o u n d a r ie s  a r e  a l s o  show n i n  f i g . 2 .
The e x h a u s t  f lo w  r a t e  i s  g iv e n  a s  a n  i n l e t  c o n d i t i o n  f o r  t h e  c a l ­
c u l a t i o n .  T he v e l o c i t y  o f  t h e  e x h a u s t  f lo w  f o l lo w s  fro m  t h i s  
t a k i n g  i n t o  a c c o u n t  t h e  s l o t  g e o m e try .  F o r  a l l  o t h e r  f i e l d  v a lu e s  
a t  t h e  e x h a u s t  o p e n in g  and  a t  a l l  o t h e r  i n t e r f a c e s  t o  t h e  e n ­
v i r o n m e n ta l  f lo w  b o u n d a ry  c o n d i t i o n s  o f  t h e  s e c o n d  o r d e r  a r e  
a ssu m e d . I n l e t  c o n d i t i o n s  a r e  assu m ed  f o r  a l l  f i e l d  v a lu e s  a t  t h e  
i n l e t  b o u n d a r ie s  (room  a i r  f lo w ,  p u s h  f l o w ) .  T he t r a n s p o r t  
phenom ena n e a r  s o l i d  w a l l s  a r e  d e s c r i b e d  by  u s i n g  t h e  " w a l l -  
f u n c t i o n s "  a s  e x p la i n e d  b e f o r e .
As th e r m a l  b o u n d a ry  c o n d i t i o n s  a t  t h e  s o l i d  w a l l s  b o th  a d i a b a t i c  
i n s u l a t i o n  an d  l o c a l  h e a t  t r a n s f e r  c a n  b e  a ssu m e d . T a k in g  h e a t  
t r a n s f e r  a t  t h e  w a l l  i n t o  a c c o u n t  t h e  t e m p e r a t u r e  o f  t h e  w a l l  h a s  
t o  b e  p r e s c r i b e d  fro m  e x p e r i m e n t a l  d a t a .
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3e)

F ig .  3 : a) S t r e a m l in e  c o n to u r s
b) V e l o c i t y  d i s t r i b u t i o n
c ) D i s t r i b u t i o n  o f  c o n c e n t r a t i o n  

a n d  d) T e m p e ra tu re  d i s t r i b u t i o n
i n  t h e  v i c i n i t y  o f  an  o p e n  v e s s e l  v e n t i l a t e d  w i th  a  s i n g l e - s i d e d  
l a t e r a l  e x h a u s t  s y s te m  ( p a r t i a l  v iew )
C h a r a c t e r i s t i c  d a t a :  Qe x h a u s t  = 200 m8 / h  ® iiq u i< 3 = 40°C

“ room  = 0 .2  m /s  s e x h a u s t= 0 .0 6 7  m
e) D i s t r i b u t i o n  o f  c o n c e n t r a t i o n  f o r

® l iq u id  = 60°C  s e x h a u s t= ° - 088 m

Rvs. 3. a) Linia prądu, b) rozkład prędkości, c) rozkład gęstości,
d) rozkład temperatury. W pobliżu otwartego zbiornika wentylowanego 
za pomocą jednostronnego bocznego układu odciągowego (widok czę­
ściowy )
Charakterystyczne dane: ^odciąg = 200 m Z*1 ^cieczy = 40°c

u = 0,2 m/s S . . » 0.067 mpomieszcz. ’ ‘'odciąg. '
e) rozkład gęstości dla Q . = 60°C S . , = 0,088 mcieczy odciąg.

■«sto 
-I 

1- ■ 
“«-o-



98 H. Heinen, M. Zeller

RESULTS

Fig.3 gives first numerical results for a single-sided exhaust 
system showing streamline contours and graphical descriptions of 
the velocity , temperature and concentration fields. The graphs 
are printed as velocity-, temperature- and concentration classes. 
Symbols of higher density represent higher velocities, 
temperatures and concentrations, respectively. Fig.3a shows a 
large recirculating eddy appearing in the righthand corner of the 
vessel. The recirculating eddy is caused by the obstructed 
entrainment of air from the regions above the liquid surface 
(region between pull slot and liquid surface).
The air flow velocities in this region are very low in comparison 
to those in the region above the slot as is clearly shown in 
fig.3b. The major part of the total amount of exhausted air flow 
will be captured from the regions above the rim of the vessel.
The recirculating eddy is substantially involved in the 
generation of the concentration field above the liquid surface 
(see fig.3c). Due to this eddy the plume of harmful substances 
generated at the liquid surface can rise into the room and is 
captured by the room air current over the vessel. In this way the 
harmful substances reach the exhaust slot at the lefthand corner. 
In the actual configuration the total ammount of evaporated sub­
stances will be captured in spite of the low flow rate of exhaust 
air comparing with the recommendations /l/,/2/,/3/. A comparision 
between fig.3c and fig.3d shows a good qualitative agreement bet­
ween temperature- and concentration-fields.
A first study of parameters deals with the influence of the tem­
perature of the liquid surface on capture efficiency and air-flow 
conditions. The major effect of the increased bath temperature is 
an increase of the total amount of evaporated substances as shown 
in fig.3e (see the large region of high concentrations in the 
righthand corner). An increase in bath temperature of about 10 K 
leads to an increase of the evaporated amount of about 100%. All 
other conditions were the same in both cases. The influence of 
the bath temperature on the maximum height of the plume is very 
low (see fig.3e and 3c) as well as the influence on the velocity 
field above the vessel. Only the bouyancy-affected velocities at 
the righthand corner of the vessel increase a little bit.
Because of the increasing height of the plume under these con­
ditions cross drafts, which cannot be investigated under 2-dim. 
conditions, may prevent a total capture of the plume.
For the configuration under consideration and for a bath
temperature of about 60 °C total capture cannot be obtained with 
an exhaust flow rate of 200 mVh.
Another study deals with the influence of the geometric arrange­
ment of the exhaust opening.
There was no significant influence of both the shape of the 
exhaust opening (sharp or well rounded edges) and the velocity 
profile assumed in the opening on the air-flow conditions, on the 
evaporation rate, and on the capture efficiency. Only the
velocities in the region near the opening change a little . The 
major reason for this phenomenon is the limited domain of
suction-systems.
Changes in the width of the exhaust opening leads to similar re­
sults. In spite of reducing the width of the slot from 0.106m 
down to 0.053m ( corresponding an increase in the velocity of the 
exhaust slot from 0.5 up to 1.0 m/s ) there were no significant 
changes regard to the velocity and concentration fields.
For both the test of the mathematical model and for the check of 
3-dim. effects, which cannot be investigated with the
mathematical model, experimental investigations will be carried 
out in the near future. With the experiences made in similar 
investigations /7/ a good qualitative and with restrictions also
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quantitative agreement between measurement and prediction may be 
expected as long as the air flow conditions are approximately 
two-dimensional. Quantitative disagreement can only be produced 
by the numerical diffusion on the predicted flow field and by the 
bouyancy effects, which generate 3-dim. effects in the 
experiments.
An important progress would be obtained if the development of 
computer systems made it possible to investigate the problems in 
their real 3-dim. structure.
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OBLICZENIA NUMERYCZNE UKŁADÓW BOCZNYCH NAWIEWNIKÓW 
DLA NACZYŃ OTWARTYCH W ZASTOSOWANIACH PRZEMYSŁOWYCH

S t r e s z c z e n i e
Modele matematyczne służące do opisywania i przewidywania przepływów 

powietrza pojawiają się ostatnio coraz częściej w nauce i technice.
W technice wentylacji modele te stosuje się w celu przeprowadzenia badań 
parametrów w sposób szybszy i prostszy, a także aby umożliwić lepsze zro­
zumienie szczegółów mechaniki przepływów powietrza. Ciągle jeszcze zasto­
sowanie takich módeli matematycznych ograniczone jest pojemnością istnie­
jących obecnie komputerów. Powinno być możliwe stosowanie tych modeli dla 
problemów, które mogą być uproszczone do dwuwymiarowych. Model matema­
tyczny opisany w referacie użyty zostanie do programowania mechaniki 
przepływu powietrza przy dyfuzji w pomieszczeniach zamkniętych. W  tym 
celu z o s t a n i e  m e t o d a m i  n u m e r y c z n y m i  rozwi ą z a n y  układ równań zachowania 
pasy, pędu, e n e r g i i  1 s t ę żenia, które opisuję ten problem. P r z e a n a l i z o w a ­
ny z o s t a n i e  w p ł y w  t u r b u l e n c j i  na m e c h a n i z m y  w y miany z zast o s o w a n i e m  mod e ­
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lu turbulencji k - £  z  dodatkowymi składnikami uwzględniającymi oddziaływa­
nia wyporu na turbulencję.

Rozważane sę boczne układy nawiewników jako możliwe zastosowanie pro­
gramu komputerowego opartego na tej teorii. Układy te używane sę w zasto­
sowaniach przemysłowych w procesach zanurzania w zbiornikach otwartych 
w celu zmniejszenia zanieczyszczeń środowiska szkodliwymi substancjami. 
Dęży się do stworzenia bardziej wiarygodnych i fizycznie uzasadnionych 
podstaw dla planowania i wyznaczania odpowiednich warunków pracy. Przed­
stawione zostanę wstępne wyniki badań wpływu temperatury kępieli i geo­
metrii szczeliny odcięgowej! Bako uzupełnienie tych badań przeprowadzone 
zostanę pomiary na stanowisku doświadczalnym w celu zweryfikowania słusz­
ności modelu matematycznego.

Przedyskutowana zostanie możliwość użycia podobnych metod numerycznych 
przez porównanie wyników programowania numerycznego i pomiarów.

H5ICJIEHHHB PACHETH CHCTEH, E0K03HX 3EHTHJIHT OPOB 
TT.7CT OTKPHTH1 COCyjlOB B IEPOm UOJIEHHOM ITPHI/IEHEHira

P ę 3 jo m e
3  tioc jie^iiee  BpeMH b Hayice h T ezsH że Bce name noas-iHioTCH MaieMaTHHecKHe 

MO^eJm AM onncaHHH a  npeACKa3UBaHHa .n p o teK an n a  B03Ayxa. B TeżHiiKe BenTH- 
aaitHH eiH  Mo^ejTK npHMeHaioT o ąejibjo Sojiee Ó ticTporo u n p o cT o ro  HCcjie^oBaBHH 
napaneT poB , a  Tanace h to Ó h  oS jiernuT b jiynniee noHHMaHrie noApoGHOcieS wexaHHKH 
npoTeK am ia B 03flyxa, IIpHMeHeHHe tb k h x  m htewaTune ck h x  Mo^ejiea orpaHKHHBaeTCH 
eMKOCTbK) CymeCTBy»ąHX KOMUblOTepOB. 3TH MOflejIH AOMHH npHHHTbea AM  n p o -  
GjieM, k o t  opnę mo.*ho ynpociH T b a °  AByxMepHHX. OnHcaHHan b jO K ia je  MaTeMain— 
necK aa  MOflejib npHMeHHTCH a m  nporpauMHpoBaHHa MexaHHKn TeHeHHH 303flyxa irpn 
,ĘH!j^y3iiH. b 3aMKHythx noMemeHHax. sT o ro  c noMonbn HHcjieHHhix MeiOAOB 6y- 
fleT pemeHa OHCTewa ypaBHeHHii coxpaHeHHH MacCH, KOAHHecTBa RBm-iema, BHeprnH 
u KoHiteHipauHH, KOTopne onHCHBaioT 3 iy  npoSjieMy. E y ^ e i Tarace npoaH a.ra3npoB a- 
ho  BOTHHHe TypSyjieHTHOCTH Ha MexaHH3MH oÓMena o npsiMeHeHHeM Mo^ejiH T y p ó y - 
JieHTHOOTH K -  O A oOaB OHHbIMtf COOTaBHIiMH SJieMeHTaMH yHHTblBaramHMH B03^e:3cTBne
rH ^ p o c T a T H n e c K o ro  n o ^ n o p a  Ha T y p S y jieH T H O cT b .

P a O C M a lp H B a iO T C H  SOKOBbTe C H C T eM H  B eH T H JIH T  0 p 0 3  flJIH  KOTOpbDC E B M e i C S  B 0 3  —

mozchhm npiiM eHeH H e K0MnbK>TepH02 n p o r p a u M n ,  ochobhhhoii Ha sioii TeopiiH. C n c T e -  

hh  3TH HaiwiH npoMumJieHHOe npHMeHeHHe b npoueocax norpysceHHH b otkphthż p e -  
3 e p B y a p a x  c  ite jib io  yMeHbmHTb 3 a r p a 3 H e H n e  o p e ^ H  Bpe^HUMH BeąecTBaMH. CTpeM HT- 

CH K C03flaHHIO ÓO.tee AOCTOBepHHX H $H3HHeCKH 060CH0BaHHHX OCHOBaHHli a m  m ia- 
HHpoBaHHH h onpeAe.ieHHK cooTBeTOTByKnnHx ycaoBHii paOoTH. EyAyi npeACTaBjieHH 
n p e A B ap H T e jib H u e  pe3yjibTaTu HCCJieAOBaHHfi bjihhhhh T e M n e p a iy p u  BaHHH H r e o M e -  

TpilH  0TTH3CH0M ą e j I H .  .ĘoiIOJIHHTejIbHO K 3THM HCCAeAOBaHHHH npOBeAyTCK H 3 M e p e - 

h m  H a HcnHiaTejibHOM C T eH A e, htoÓh n p o B e p a i b  i :p a i i 3 -1 b?ioc.Tb MaTematHhecko?- 
MOAeAH. OÓCyAHTCH B03M 0:tH0CTb HpHMeHeHHH n0X03KHX HHCJieHHhaC MeTOAOB, C paB H H - 

s a a  p e 3 y j i b i a i H  H H C JieH H oro nporpaM M H poB aH H H  h  p e 3 y x b ia T H  n3M epeH H fl,


