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A s teady turbulent  flow is pa ra l l e l  to an infinite pe rmeab le  plane wall through which is in- 
jected a liquid having the s ame  physical  p rope r t i e s  as the liquid of the main flow. The 
genera l ized  hypothesis  of local izabi l i ty  of turbulent  t r a n s p o r t  is used for  analys is .  The 
Stanton number  is calculated in a wide range  of var ia t ion of the Prandt l  number  for  d i f f e r -  
ent values of the Reynolds number  and a p a r a m e t e r  cha rac te r i z ing  p ressu r i za t ion .  

Liquids,  r ep resen t ing  organosi l icon compounds,  a re  widely used at p r e sen t  in var ious  a r e a s  of the 
national economy.  They a re  aIso used [1] as damping liquids in specia l  coatings in tended ' for  quenching 
turbulent  f luctuations for  the purpose  of reducing fr ict ion during movement  of bodies in water .  The Prandt l  
numbers  of such liquids r each  an o r d e r  of a thousand owing to low the rma l  diffusivity,  whereas  the i r  v i s -  
cos i ty  coeff icients  change within ve ry  wide l imi t s  [2] and p e r m i t  comple te ly  the exis tence of a turbulent  
flow reg ime  at  a turbulent  flow reg ime  at modera t e ly  high speeds .  

The re fo re ,  a calculat ion of heat  t r a n s f e r  in a turbulent  flow at l a rge  Prandt l  numbers  and the de-  
c r e a s e  of heat  t r a n s f e r  at the wall a re  of p rac t i ca l  value. 

We will cons ider  the turbulent  flow of an incompress ib le  liquid para l le l  to an infinite p e r m e a b l e  plane 
wall .  A liquid having the s ame  physical  p rope r t i e s  as the liquid of the main flow is injected through the 
wall.  

I t  is a s sumed  that the injection veloci ty  of the liquid is smal l  in o rde r  to provide the stable exis tence 
of a turbulent  flow. Fo r  the values of the Prandt l  number  being considered the veloci ty  of p r e s su r i za t i on  
has  an o r d e r  of magnitude not g r e a t e r  than the o rde r  of the t r a n s v e r s e  veloci t ies  of the flow. This p e rmi t s  
us to use in the ana lys i s  the hypothesis  of local izabi l i ty  of turbulent  t r anspor t ,  genera l ized  by L. G. L o i t s -  
yanski i  [3] for  this case ,  when the molecu la r  and m o l a r  p r o c e s s e s  in the wall region a r e  quanti tat ively 
comparab le  to one another .  The genera l ized  hypothesis  of local izabi l i ty  pe rmi t s  obtaining the main c h a r -  
a c t e r i s t i c s  of the flow in a continuous fo rm as in tegra ls  which we can eas i ly  calculate  numer ica l ly  by a s -  
signing a ce r ta in  value of the p a r a m e t e r  cha rac te r i z ing  p re s su r i za t ion .  

The flow is a s sumed  s teady in a dynamic and t he rma l  sense .  The equations of momentum and ene rgy  
for  the flow being cons idered  have the fo rm 
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The equation of continuity gives 

Or~@ = O, (3) 

i. e . ,  the t r a n s v e r s e  veloci ty  component  is constant  a c r o s s  the flow, v = const = Vw, where  v w is the in- 
ject ion veloci ty  of the liquid through the wall.  Consequently,  Eqs.  (1) and (2) can be wri t ten so: 

0 (~-pv~u) = o, (4) 
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x _ p u w u = c o n s t = % ,  (6) 

q - - p c p v ~ T = c o n s t = q w .  (7) 

The use of the quantitative expression of the hypothesis of localizabUity enables us to wr i te  Eqs. (6) 
and (7) in the form 

du 
"~ = % + po,,,u = ~ ~ f (R), 

q = q~, _}_ pcpowT = ~, d__O_O [l - -Pr  + Prf(R)]. 
dy  

In this case we mean by R the express ion 
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or  the express ion more  common from the standpoint of the localizabil i ty hypothesis 

R - - -  ,, ( d~u / ~ "  
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The quantity f(R) represents  the charac ter i s t ic  function of the interaction of molecular  and molar  exchange. 
In the entire flow region fiR) was used in the form [3] 

w h e r e  

f = 1 + R [1 --exp(--aR)] ,  a - -  0.0125 [4I. 

In universal  coordinates  Eqs. (8)-(10) are  t ransformed to 
d~ 
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/3 = Vw/V, is the pa ramete r  character iz ing pressur izat ion.  

The solution of Eqs. (13)-(15) in a paramet r ic  form with R as a pa ramete r  has the form 

R 

~ = ~-  exp ~ - .  f (R) ] /~R- -~  ' 
0 

R 

1 { [2-~-!  Rf' (R) -+ f (;) d R ] - - l } .  

(17) 

(18) 

Thus the universal  distribution of velocities qp and the universal  distribution of the tempera tures  ~p can 
be calculated numerical ly  by assigning certain values of the parameter/3.  
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Fig. 1. 
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Stanton numbe r vs Prandtl  number and pressur iza t ion  pa rame te r  for Reynolds number:  
a) 104; b) 2.5.10S; c) 5.104; e) 5.104 . 1) /3=0;  2) 0.01; 3) 0.002. 

The Stanton number is usually used as the total charac te r i s t i c  of the hea t - t r ans fe r  p rocess  

St - -  - -  
Nu qw 

Re Pr PttavCpOav 
(19) 

where Uav and 0av are  the average values of the velocity and tempera ture .  

St = 1/%v~av, 

where 

According to (16) and (19) 
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The Reynolds number , fo rmed  with respect  to the average velocity Uav and pipe d iameter  d, is de ter -  
mined by the relation 

Re = 2~h% v = 5Ta v ~/" Rlf (RO (23) 

(71 is the quantity ~ on the axis of the pipe). 

Using Eqs. (20)-(22), we express  the Stanton number by the integral 

Rl f  (R1) (2 4) S t  = R ,  ~ - -  ' 

f+Rf '  dR ,~ [V R,f (R,)- V R--TT~] V Rf (R) 
o 

where q and r are  determined respect ive ly  by Eqs. (17) and (18). 

Thus we calculated the Stanton number for different values of the Reynolds number and pa ramete r  fl, 
the Prandtl  number  having varied in a wide range from 5 to 1000. The curves  of the Stanton number as a 
function of the Prandtl  number for a given Reynolds number and fi = 0.001 and 0.002 that were obtained are  
presented in Fig. la,  b, c. Analogous curves  obtained in [4] in the absence of injection of a liquid through 
the wall, i . e . ,  for  fl = 0, a re  also p resen ted the re .  The c i rc les  mark  the experimental  data obtained by 
Deiss le r  [5] on heat t r ans fe r  in a turbulent flow of liquids with large Prandtl  numbers  in the absence of 
p ressur iza t ion ,  i . e . ,  forf i  = 0. 

We see from the figure that, by means of a very  small  injection of liquid through the wall, it is pos-  
sible to reduce heat t r ans fe r  considerably,  especial ly in liquids whose Prandtl  numbers are  sufficiently 
large.  
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As far as we know there are no experimental data on heat t ransfer  during turbulent flow of liquids 
with large Prandtl numbers in the presence of pressurization. 
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NOTATION 

arethelongitudinalandtransverse components of the average velocity of the flow; 
is the t ransverse  coordinate; 
is the temperature of the flow; 
is the difference between the temperature of the surface and flow; 
is the density of liquid; 
are the dynamic and kinematic viscosities of liquid; 
is the turbulent mixing coefficient; 
a r e t h e s h e a r  s t ress  and shear s t ress  at wall; 
is the heat flux; 
is the heat flux through wail; 
is the heat capacity; 
is the injection velocity of liquid through wall; 
is the mixing length n = 0.4; 
is the thermal conductivity of liquid; 
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