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The resul t s  are  p resen ted  on a study of the the rmal  regime of a plane ver t ica l  in te r layer  under 
conditions of through and not- through slot fi l tration of air  with boundary conditions of the th i rd  
kind at the outer  walls  of  the in ter layer .  

Vert ical  a i r  i n t e r l aye r s  are  a component par t  of many building s t ruc tures ,  p r imar i ly  of t ransparen t  
s t ructures .  Despite the very  wide distribution of two-pane b a r r i e r s  (windows, showcases,  stained glass}, 
however,  the i r  thermal  reg ime has so far  been inadequately studied. Data on the effect of air  fi l tration on the 
height distr ibution of t empera tu re  in b a r r i e r s  and on the thermal  res is tance  of the in te r layer  are absent in 
p articul at. 

We have attempted to obtain experimental  data on the effect of air  f i l tration through natural and ar t i f i -  
cial (ventilation} s lo t s in  wall in te r l ayers  on the t empera tu re  fields of these walls  and on the intensity of heat 
exchange through the in ter layer .  

The t empera tu re s  t+ and t_ of the air  on each side of the in ter layer ,  the heat-exchange coefficients a+ 
and ~ -  at the respect ive  outer  walls,  and the weight flow rate G of air  penetrat ing into the in te r layer  by not- 
through ( Fig. la) or  through ( Fig. lb)  fi l tration are  taken as assigned quantities. 

The quantities sought are the local t empera tu res  ti(Y) (i = 1, 2) of the walls of the in te r l ayer  and the 
averages  (over  the height of the interlayer} of the convective heat fluxes qi. 

The study was pe r fo rmed  in a cl imate chamber  which provides  stability of the t empera tu re  regimes.  
The walls of the in te r l aye r  were  made of Plexiglas,  which made it possible  to crea te  a l a rge r  (and, conse-  
quently, m o r e  accura te ly  computable} t empera tu re  drop in the walls.  

The real izat ion of the schemes  of slot f i l trat ion i l lus t ra ted in Fig. 1 was accomplished as follows. In 
scheme a cold air  penet ra ted  into the lower openings of the in te r l ayer  under the effect of hydrosta t ic  forces  
and, having been heated, emerged  through the upper openings. In scheme b the air  movement  through the in- 
t e r l a y e r  o c c u r r e d  due to an art i f icial ly crea ted  p r e s s u r e  drop between the cold and hot media. 

The values of t+ were  close to 20~ while those of t_ were  var ied in the region of negative t e m p e r a -  
tu res  (down to -30~  The values of a§ and a_ were  determined by the mode of f ree convection at the outer  
walls  of the in te r l aye r  and compr ised  a+ ~ a_ ~- 8.7 W / m  2 �9 deg (including both convective and radiative com-  
ponents}. 

The Blot number  of the walls,  which affects the p roce s s  relat ively little, was 0.4, while the variat ion in 
the Grashof number,  accomplished mainly by var ia t ion in the width L of the in ter layer ,  covered (together 
with measuremen t s  made ea r l i e r  [1]) almost the entire useful range - f rom GrL = 3.5 �9 103 to GrL =- 2" 10 ~, 

Heat exchange in the absence of fi l tration was studied in the f i rs t  stage. It was established that the on- 
set of the s e l f - s imi l a r  mode of free convection occurs  at GrL = 1 �9 107. 

For  GrL > 1 �9 107 the best  agreement  with our  experimental  data is given by the Dropk in -Somer sca l e s  
formula  [2] 

Nu = 0,0426 Gr~ 3. (1) 

Scient i f ic -Research  Institute of Model and Experimental  Planning, Moscow, Trans la ted  f rom Inzhenerno-  
Fizicheskii  Zhurnal, Vol. 30, No. 2, pp. 270-273, February,  1976. Original ar t icle  submitted November  18, 
1974. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, l microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z 50. 

175 



I 1 
I- 

Fig. 1. 

Fig. 2. 

~ ~ - t -  ~z t ~  
o 

b Z o e t.g Gr, 

Fig. 1 Fig. 2 

Types  of slot  f i l t ra t ion:  a} not- through;  b) through. 

Regions of  heat  exchange in a h e r m e t i c  ve r t i c a l  i n t e r l aye r :  
I) conductive t r a n s p o r t ,  NUL = 1; II)  t rans i t iona l ,  NUL = 
0.118Gr~27; III)  region of s e l f - s i m i l a r  mode  of convection, Nu L = 

�9 0 .0426Gr~ 3. 

On the  o the r  hand, as is  known, when GrL  < 3 .103 a mode  of conductive heat  t r a n s f e r  occu r s  for  which 

NUL = 1. (2) 

T h e r e f o r e ,  as a na tura l  adjunct to Eqs. (1) and (2) we p r o p o s e  the in terpola t ive  dependence ( Fig. 2) 

NUL ---- O. 1 18 Qr ~ (3) 

This  f o rmu la  ag r ee s  well  with the expe r imen ta l  data  [1] a l ready  avai lable  for  3.5" 103 < Gr L < 1.107. 

We note that  Eqs. (1) and (3) do not contain the geome t r i ca l  p a r a m e t e r  H / L ,  s ince i t s  influence (at 
l eas t  in the  region H / L  > 5 which we studied) is  v e r y  slight. In pa r t i cu l a r ,  in [2] i t s  influence in the region 
4.4 < I - I /L < 16.6 could not be  de tec ted  at all. 

In analyzing the r e s u l t s  of  the second s tage  of the exper imen t  (nonhermet ic  i n t e r l a y e r s )  it was  found 
tha t  the quant i ta t ive re la t ions  fo r  through and not - th rough inf i l t ra t ion a re  r a t h e r  close.  The re fo re ,  the func- 
t ions p r e s e n t e d  in Fig. 3 for  ~ and q2 a re  ave raged  and a re  sppl icable  to e i t he r  scheme of slot f i l trat ion.  
He re  the va lues  of  ql  and q2 in Fig. 3 a r e  n o r m a l i z e d  to q0 - t h e  convect ive  heat  flux with the  s ame  bound- 
a ry  conditions through the same  i n t e r l a y e r  in the absence  of inf i l t ra t ion,  de te rmined  f rom Eq. (3) o r  (1). 

The  Reynolds n u m b e r  

Re : G_l/ (4) 
vp 

r e p r e s e n t e d  in Fig. 3 includes  1 lin. m of  su r face  as the geome t r i ca l  d imension l ,  while the values  v and p 
c o r r e s p o n d  to the k inemat ic  v i scos i ty  and a i r  densi ty under  the conditions of  the ave rage  t e m p e r a t u r e  t in = 
~ (tl + t2 ) in the in t e r l aye r .  

As follows f rom Fig. 3, for  Re -~ 200 the convect ive  flux q2 is  reduced  to zero ,  while for  Re > 200 this  
flux changes sign, s ince the ave r age  a i r  t e m p e r a t u r e  in the i n t e r l a y e r  b e c o m e s  lower  than the t e m p e r a t u r e  
of the "cold" wall.  

In the case  of  a change in the d i rec t ion  of  f i l t ra t ion,  i .e . ,  in the  case  of  pene t ra t ion  of a i r  into the i n t e r -  
l a y e r  not f r o m  the  cold, but f rom the hot medium,  the functions found r e m a i n  in force  and only the subsc r ip t s  
a re  changed: the upper  b r a n c h  in Fig. 3 will  c o r r e s p o n d  to qz /q0 ,  while the  lower  b ranch  will co r r e spond  to 

ql/Cio. 

The  s tudy p e r f o r m e d  showed that  under  na tura l  conditions of development  of  the  p r o c e s s  of  heat  ex-  
�9 change the va r i a t ions  in ~+ and a -  o v e r  the height of  the i n t e r l a y e r  can be  neglected ( s e l f - s i m i l a r  mode of 
f r ee  convection),  while the v a r i a t i o n  in wal l  t e m p e r a t u r e s  tl and t2 can be  taken  as l inear .  

According  to our  data, 

w h e r e  "i = 1, 2; nl = 0.024 ( l /m)  and n~. = 0.024 (1 - 5 . 1 0  -4 Re)  l / r e .  
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Fig. 3. Var ia t ion  in a v e r a g e  convect ive  heat fluxes in i n t e r l a y e r  
as a function of the  in tens i ty  of slot f i l t rat ion.  

Fig. 4. Effect  of  f i l t ra t ion  on t h e r m a l  r e s i s t a n c e  of i n t e r l aye r :  
solid cu rves :  expe r imen t  { showcases ,  Bil = 0.4);  dashed l ines:  
e l ec t r i ca l  analog [3] (window) ; dashed-dot  line: exper iment  [1] 
(window, Bil = ~ Bi2 = 0.04 ). 

The s a m e  l i nea r  na ture  of va r ia t ion  with dis tance f rom the lower  edge of the wall  of the i n t e r l a y e r  is  
also obse rved  for  the local  heat  fluxes 

q~ = cz+ It+ - -  t~ (y)], (6) 

q_~ = ~_ [to (~) - -  t _ ]  (7) 

The values  of the t e m p e r a t u r e s  t im ave raged  o v e r  the height which en te r  into Eq. (5) a re  eas i ly  d e t e r -  
mined  f rom the one-d imens iona l  t r a n s f e r  equat ions with al lowance for  the dependences of  ql and q2 on the 
slot f i l t ra t ion,  which a r e  p r e s e n t e d  in Fig. 3. 

Ins tead  of convect ive  heat  f luxes,  for  p r a c t i c a l  calculat ions it  is  usual ly  m o r e  convenient to opera te  
with the t h e r m a l  r e s i s t a n c e  Ra. i of the a i r  i n t e r l aye r ,  which also includes the radiant  component.  

The  dependences  for  Ra. i 1 and Ra. i 2 co r respond ing  to the calculat ion of the t e m p e r a t u r e  at the f i r s t  
and second wal ls  of o rd ina ry  t r a n s p a r e n t - w a l l  i n t e r l a y e r s  a re  p r e s e n t e d  in Fig. 4. A compar i son  of our  ex-  
p e r i m e n t a l  data  ( solid lines) with the data of  o the r  authors  is  p r e s e n t e d  in the s ame  figure.  

NOTATION 

NUL = q L / ~  (tl - t2 ), Nusse l t  number ;  Gr  L = gL3fi(tl - t2 )/u 2, GrH = gH3fi(tl - t2 )/u 2, Grashof  numbers ;  
Re = Gl /up ,  Reynolds number ;  t+, t - ,  a i r  t e m p e r a t u r e s  outside i n t e r l aye r ;  ti, t 2, wall  t e m p e r a t u r e s  of i n t e r -  
l aye r ;  a+ ,  ~ - ,  coeff ic ients  of  heat  exchange at ou te r  wal ls  of  i n t e r l aye r ;  q, convect ive heat flux. 
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