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Resul ts  a r e  shown of visual  observa t ions  concerning the dis t r ibut ion of s ta t ic  p r e s s u r e ,  of 
the t r a n s v e r s e  veloci ty  to longitudinal veloci ty ra t io ,  of the flow ra te s ,  and of the local  heat  
t r a n s f e r  coefficient  in a s y s t e m  of channels with spi l l s .  

R is well known that  inject ion and suction a r e  effect ive methods of control l ing a boundary l aye r  and 
thus the r a t e s  of t r a n s f e r  p r o c e s s e s .  Usually such control  is effected by specia l  means .  

In this study the authors  cons ider  the feas ibi l i ty  of appropr ia t e ly  prof i l ing the su r face  and thus de-  
signing the injection and suction pa t t e rn  for  the purpose  of improving  the heat  t r a n s f e r .  When the med ium 
flows through a s y s t e m  of pa ra l l e l  l eng thwise  wavy channels s t aggered  by half  a wave pitch and sepa ra ted  
by b a r r i e r s  with per fora t ions ,  t he r e  appear  p r e s s u r e  nonuniformit ies ,  i . e . ,  an a l ternat ing sequence of 
inject ions and suctions of the boundary l aye r  at the b a r r i e r s  [1]. 

Already the f i r s t  visual  observa t ions  of the flow pa t t e rn  as well  as m e a s u r e m e n t s  of both the s ta t ic  
p r e s s u r e  and the veloci ty  dis tr ibut ion have shown that  spi l ls  occur  at any veloci ty  and have an apprec iab le  
effect  on the s t r e a m  hydrodynamics  [2]. 

Fur ther  s tudies of the hydrodynamics  in a flow with spi l ls  we re  made  on an a i r  model  in the fo rm of 
a lengthwise wavy channel (wave pitch 200 m m ,  wave height 10 mm) with a un i form rec tangu la r  c ro s s  s e c -  
t ion (60 • 40 mm) and with a s t ra igh t  axial  b a r r i e r  e i ther  solid or  pe r fo r a t ed  (d iameter  of holes 1.2 m m ,  
longitudinal and t r a n s v e r s e  spacing 3.24 and 2.81 m m  respec t ive ly)  1 m m  thick. This b a r r i e r  divided the 
lengthwise wavy channel into two para l l e l  channels with lengthwise per iodica l ly  va r i ab le  c ro s s  sec t ions  
and s taggered  by half  a wave pitch (Fig. l a ) .  

The curves  in Fig. lb  r e p r e s e n t  the s ta t ic  p r e s s u r e  m e a s u r e d  along the upper  (I) channel and along 
the lower  channel (II) with e i ther  an i m p e r m e a b l e  b a r r i e r  (dashed lines) or  a p e r m e a b l e  b a r r i e r  (solid 
lines) at equal flow ra t e s  in the s y s t em .  It can be seen  h e r e  that  the flow of the med ium was accompanied  
by apprec iab le  p r e s s u r e  drops  (Fig. lc) .  Replacing the solid b a r r i e r  (curve 1) by the pe r fo r a t ed  one 
(curve 2) resu l ted  in a higher  energy loss ,  lower  p r e s s u r e  d rops ,  and a shift  of the peak p r e s s u r e  drops  
downs t ream.  All these  effects  were  due to a red is t r ibu t ion  of the fluid between channels.  The p r e s s u r e  
dis tr ibut ion h e r e  is a l ready not so  c lose ly  co r re l a t ed  to the var ia t ion  in the channel geome t ry .  

To analyt ical ly  desc r ibe  the i n t e r f e r ence  between both s t r e a m s  h e r e  is  a v e r y  d i f f i cu l t p rob l em.  A 
s impl i f ied  approach (see, e .g .  [3]) ha s  yielded a di f ferent ia l  equation descr ib ing  the var ia t ion  of the flow 
ra te  along a channel.  The der ivat ion of this equation is also based  on equal p r e s s u r e  lo s ses  on fr ic t ion 
in both channels,  an assumpt ion  which t e s t s  have conf i rmed to be sufficiently accura te  (Fig. lb) .  A nu- 
m e r i c a l  ana lys is  of this equation on a "Mir"  compute r  has  r evea led  that  i ts  solut ions a r e  unstable ,  which 
can evidently be  explained by the d i s r e g a r d  of p r e s u m a b l y  sma l l  var ia t ions  of momen tum in the s t r e a m  
when m a s s  is sub t rac ted  f rom or added to i t .  These  changes can be taken into account by using the equa-  
t ions of hydrodynamics  for  v a r i a b l e - m a s s  s t r e a m s  [4]. An applicat ion of such a re f inement  is ,  however ,  
feas ib le  only with enough informat ion  known about the d i rec t ion  of both the main  and the t r i bu ta ry  s t r e a m s .  
Under these  conditions, then, the accumulat ion of data on the flow c h a r a c t e r i s t i c s  becomes  ve ry  impor tan t .  
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Fig. I. Results of the study pertaining to the flow in 

a system of parallel ch~Lrmels with spills: (a) sche- 

matic diagram of the tes t  model,  (b) distr ibution of 
s ta t ic  p r e s s u r e  (ram H20) along the upper  channel (I) 
and along the lower  channel (1I) with a solid b a r r i e r  
(dashed lines) or a perh)ra ted  b a r r i e r  {solid lines),  
(c) dis tr ibut ion of p r e s s u r e  drops (ram H20) with a 
solid b a r r i e r  (1) or with a pe r fo ra ted  b a r r i e r  (2), {d) 
var ia t ion  of the flow ra te  along the upper  channel (m I) 
and along the lower channel (mii), (e) distr ibution of 
the local spill  velocity (v) to the ma ins t r eam velqcity 
(ut) ra t io  in the upper  channel, (e) distr ibution of 
heat t r a n s f e r  coefficient  t es t  values {solid line).  

The method of visualizing the flow p rocess  has been descr ibed  ea r l i e r  in detail  [5]. ' ~ e  pa t tern  
near  the pe r fo ra t ed  h a r r i e r  in the upper  channel is shown in Fig. 2. Within the inject ion zone one notes 
jets discharging f rom the per fora t ions  and expanding the boundary l aye r .  Within the suction zone, appar-  
ently, the boundary l aye r  shrinks as in [6] and the heat t r a n s f e r  improves .  

According to our visual  observat ions ,  r ep lacement  of the solid b a r r i e r  by the pe r fo ra ted  one changed 
the flow pat tern  in the ma ins t r eam into a m o r e  comptex one: the t r a j e c t o r i e s  of average  motion indicated, 
in a way, an in te rmedia te  mode between flow with a solid b a r r i e r  and flow without a b a r r i e r .  The t r a j e c -  
to r i e s  of the spill ing fluid formed with the b a r r i e r  an acute angle gradually varying along the channel. 

The magnitude of the effect  of inject ion (suction) on the bulk p ro ce s se s  in the subIayer  region de- 
pended s t rongly on the ra t io  of the local  spill  veloeitsT to  the m a in s t r eam  veloci ty.  Thus, in our case  it 
became n e c e s s a r y  to evaluate this ra t io .  

Local  spill  veloci t ies  can be calculated f rom the distr ibution of p r e s s u r e  drops (Fig. l c ,  curve  2) 
by the conv(;ntional formula  for  the d ischarge  velocity.  The flow coefficient  h e r e  is 0.75 (in accordance 
with [7]7. 
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Fig. 2. Visualized flow pa t t e rn  nea r  the pe r fo ra t ed  
b a r r i e r  in pa r t  of the upper  channel.  

A graphical  in tegrat ion of the spi l l  veloci ty  prof i le  along the b a r r i e r  (with i ts  pe rmeab i l i t y  taken into 
account) yielded the flow ra te  var ia t ions  along the upper  channel (m I) and along the lower  channel (mii), in 
f rac t ions  of the i r  combined total  flow r a t e  (Fig. ld).  Our data were  used for  plotting the dis tr ibut ion curve  
of the local  spil l  veloci ty  (v) to m a i n s t r e a m  veloci ty  (u I) r a t io  in the upper  channel along the b a r r i e r  (Fig. 
le) .  The t r a n s v e r s e  veloci t ies  were  quite apprec iab le  and a lmos t  half  as high as the longitudinal ve loc i -  
t ies .  Exper ience  has shown that  the ra t io  of these  veloci t ies  is a lmos t  independent of the flow ra te  through 
the s y s t e m  and that,  theref l ) re ,  the magnitude of the effect which de t e rmines  the r a t e  of t r a n s f e r  p r o c e s s e s  
at a p e r m e a b l e  su r face  r ema ins  the s a m e  r e g a r d l e s s  of the flow r a t e  - -  ve ry  impor tan t  in the app l ica t ion  
of this pr inc ip le  to the design of compact  heat  exchanger  s u r f a c e s .  

Measu remen t s  of local  heat  t r a n s f e r  coefficients  were  made  using a model  with one side of the p e r -  
fora ted  b r a s s  b a r r i e r  embedded in a s t e am heated pipe and the ent i re  b a r r i e r  broken  down into a s e r i e s  of 
shor t  insulated f rom one another  segments .  The heat t r a n s f e r  coefficient was de te rmined  f rom the t e m -  
p e r a t u r e  drop m e a s u r e m e n t  a c r o s s  the segments ,  these  segments  being t r ea t ed  as thin pe r fo ra t ed  fins [8]. 
The resul t ing  values  of the heat  t r a n s f e r  coefficient r ep re sen ted ,  of course ,  only ave rages  between the 
heat  t r a n s f e r  coefficients for  the upper  and the lower  par t  of the segments .  

The tes t  r e su l t s  a r e  shown in Fig. I f  (solid line). The values of the local heat  t r a n s f e r  coefficients 
have been r e f e r r e d  to the i r  a r i thmet ic  mean .  The dashed line co r responds  to the dis tr ibut ion of heat  
t r a n s f e r  coefficients  based  on the logical  a ssumpt ion  that  the m a x i m u m  heat  t r a n s f e r  r a t e  should be ex-  
pected  at those  points of the b a r r i e r  where  the spil l  veloci ty  is max imum.  The sa t i s f ac to ry  quali tat ive 
ag reemen t  between the curves  conf i rms  the c o r r e c t n e s s  of our concepts concerning the mechan i sm of the 
heat t r a n s f e r  improvemen t  under  these  pa r t i cu la r  conditions.  

Exper ience  shows that the mean  heat  t r a n s f e r  coefficient  is a lmos t  twice as high at a pe r fo ra t ed  
b a r r i e r  than at a solid one. 
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