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U S I N G  A T W O - Z O N E  M O D E L  O F  T U R B U L E N T  F L O W  

V .  A .  M e n ' s h c h i k o v  U D C5 36 . 244  

A m o d e l  f o r  the  d e s c r i p t i o n  of  r a d i a l  t e m p e r a t u r e  p r o f i l e s  in a gas  f low is  p r o p o s e d  and 
u s e d  in the  c a l c u l a t i o n  of h e a t - t r a n s f e r  c o e f f i c i e n t s .  

In c a l c u l a t i n g  the  hea t  t r a n s f e r  a t  the  wa l l s  of a tube  in which t u r b u l e n t  f low i s  o c c u r r i n g ,  the  m o d e l  
of the  t u r b u l e n t  f low is  of p a r a m o u n t  i m p o r t a n c e .  Many w o r k s  have been  de vo t e d  to the  d e s c r i p t i o n  of t u r -  
bu len t  f low [1-4] ,  and t h e r e  e x i s t  v a r i o u s  m o d e l s  of the  p r o c e s s ,  d i f f e r i ng  both in  n u m e r i c a l  v a l u e s  f o r  the  
s a m e  s t r u c t u r e  and a l s o  in  the  s t r u c t u r e  i t s e l f .  T w o - ,  t h r e e - ,  and  even  f o u r - z o n e  m o d e l s  of the  t u r b u l e n t  
f low in a tube  a r e  known.  The m o r e  c o m p l e x  m o d e l s  p r o v i d e  a m o r e  a c c u r a t e  d e s c r i p t i o n  of  the  phenomenon ,  
but  t h e i r  u se  in p r a c t i c e  i s  d i f f i cu l t .  

We wi l l  u s e  a t w o - z o n e  f low m o d e l  [1], c o m p r i s i n g  a bounda ry  l a y e r  a t  the  wa l l  s u r f a c e  and a f low c o r e  
t h roughou t  the  r e m a i n i n g  s p a c e .  In the  b o u n d a r y  l a y e r ,  hea t  and  m a s s  t r a n s f e r  o c c u r s  by m o l e c u l a r  d i f fus ion  
and hea t  conduc t ion .  Th i s  m o d e l  g r o s s l y  s i m p l i f i e s  the  p h e n o m e n o n ,  but ,  w h e r e  s a t i s f a c t o r y  r e s u l t s  a r e  ob-  
t a i n e d ,  i t s  u s e  i s  e n t i r e l y  j u s t i f i e d .  

To c o n f i r m  i t s  e f f e c t i v e n e s s ,  the  c h o s e n  m o d e l  wi l l  be  u s e d  fo r  the  c o m p u t e r  c a l c u l a t i o n  of  a t e m p e r -  
a t u r e  p r o f i l e  and ,  f r o m  the r e s u l t s  o b t a i n e d  and a l so  e x p e r i m e n t a l  d a t a ,  the  h e a t - t r a n s f e r  coe f f i c i en t  wi l l  be 
d e t e r m i n e d  [5] and c o m p a r e d  with r e s u l t s  g iven  by known f o r m u l a s  [6]. If the  r e s u l t s  c o i n c i d e ,  the u s e  of the  
chosen  m o d e l  can  be r e g a r d e d  as  a c c e p t a b l e .  

The  t e m p e r a t u r e  p r o f i l e  i s  c a l c u l a t e d  by so lv ing  the  equa t ion  

with  b o u n d a r y  cond i t ions  

- -Z  o~ = 7 - "  a--/ ~'" (~) 

for x = 0 T = f (x), 

OT for r ---- 0 - -  = O, 
Or 

for t ' ~  I --0T __ qRo 
Or ;g,, 

(2) 

To determine ~r, it is assumed that heat transfer occurs as a result of molecular motion in the boundary 
layer, but additionally by radial diffusion in the flow core. Then 

fo~ R0 (1 - - r )  < A ~,, = ~, ,  (3) 

for R0 (I - - r ) ~ A  )"r = ~-~, % Cppe. (4) 

Equa t ion  (1) and the b o u n d a r y  cond i t ions  in Eq.  (2) a r e  r e p l a c e d  by f i n i t e - d i f f e r e n c e  equa t ions  and so lved  
o v e r  a n o n u n i f o r m  g r i d  [7] u s ing  a M i n s k - 2  c o m p u t e r .  

The  d e p e n d e n c e  of the  l i n e a r  f low v e l o c i t y  Ur on the tube  r a d i u s  i s  t aken  in the  f o r m  

u. = uc(1 - -  r)V~. (5) 
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( a b sc i s s a )  and F i g .  1. C o m p a r i s o n  of h e a t - t r a n s f e r  c o e f f i c i e n t s  c a l c u l a t e d  f r o m  the r a d i a l  t e m p e r a t u r e  p r o f i l e  
f r o m  Eq .  (10) (o rd ina te ) .  c~, W / m  2. ~ 

F i g .  2. D e p e n d e n c e  of  h e a t - t r a n s f e r  coe f f i c i en t  on the  l eng th  of the  h e a t e d  s e c t i o n :  1) c a l c u l a t e d  f r o m  the r a d i -  
a l  t e m p e r a t u r e  p r o f i l e ;  2) e x p e r i m e n t a l  [10]. e L = d L / ~ .  

F i g .  3. D e p e n d e n c e  of  d i m e n s i o n l e s s  t e m p e r a t u r e  on d i m e n s i o n l e s s  r a d i u s  (Re = 104, P r  = 0.7,  L = 3.6 m ,  R0 = 
0.062 m ,  q = 46,500 W / m  2 (40,000 k c a l / m 2 . h ) ,  7~ M = 0.1396 W / m .  ~ (0.12 k c a l / m  2o h" ~ u=  1.785 m / s e c ,  n = 
7); 1) c a l c u l a t e d  f r o m  r a d i a l  t e m p e r a t u r e  p r o f i l e ;  2) e x p e r i m e n t a l  [11]. 

The  quan t i ty  n,  which  i s  a func t ion  of the  Reyno lds  n u m b e r ,  i s  t aken  f r o m  the  d a t a  of [8]. The  t h i c k n e s s  
of the  b o u n d a r y  l a y e r  A i s  g iven  by [1] 

65 (6) 
a = Ro Re V r  " 

The  c o e f f i c i e n t  of r e s i s t a n c e  of t u r b u l e n t  f low in the c i r c u l a r  tube  is  c a l c u l a t e d  f r o m  the  f o r m u l a  [1] 

= 0.0032 + 0.221 Re -~ 

In a c c o r d a n c e  with  the  me thod  of [9] 

(7) 

l 

s = ~ u r ( l  - -  r) i -  &- 2n3 Ro- (8) 
8 (n + 1) (2n + 1) 

As  in e x p e r i m e n t a l  i n v e s t i g a t i o n s  [5], the  h e a t - t r a n s f e r  c o e f f i c i e n t  i s  d e t e r m i n e d  f r o m  the r e l a t i o n  

a --  q (9) 
T - - T  

W m 

R e s u l t s  f o r  the h e a t - t r a n s f e r  c o e f f i c i e n t  c a l c u l a t e d  f r o m  the  t e m p e r a t u r e  p r o f i l e  a c c o r d i n g  to the  know, an 

f o r m u l a  [6] 

a = 0.023Re ~ Pr ~ (10) 

a r e  shown in F i g .  1. The  p a r a m e t e r s  v a r y  o v e r  the  fo l lowing r a n g e s :  u = 2 .6 -260  m / s e c ,  R0 = 0 .006-0 .062 m ,  
X M = 0.1396 W / m - ~  (0.12 k c a l / m  2. h .  ~ R e =  104-106, P r  = 1.02. 

F r o m  F i g .  1 i t  fo l lows  tha t  the  v a l u e s  c a l c u l a t e d  by d i f f e r e n t  m e t h o d s  a r e  in good a g r e e m e n t .  

As  i s  known,  the  h e a t - t r a n s f e r  c o e f f i c i e n t  i s  h i g h e r  on the i n i t i a l  p o r t i o n  of  the  tube  than  tha t  g i v e n  by 
Eq.  (10), which  i s  v a l i d  f o r  L >- 100R0. F r o m  the r a d i a l  t e m p e r a t u r e  p r o f i l e  ob t a ined  by c o m p u t e r ,  we c a l -  
c u l a t e d  the  h e a t - t r a n s f e r  c o e f f i c i e n t  on the  i n i t i a l  p o r t i o n  of the  tube  (u = 16.8 m / s e c ;  R 0 = 0.062 ml  n= 8.35; 
R e =  1.8 �9 105; P r =  1.02) and c o m p a r e d  i t  wi th  the  da t a  of  [10]. The  r e s u l t s ,  g iven  in F ig .  2, show that  the  
a g r e e m e n t  b e t w e e n  ou r  d a t a  and t h o s e  of  [10] i s  good fo r  L / 2 R  0 > 5. The  d i s c r e p a n c y  of a p p r o x i m a t e l y  10~ 
tha t  a p p e a r s  fo r  L / 2 R  0 < 2 m a y  b e  e x p l a i n e d  b y  the r e d u c t i o n  in  a c c u r a c y  of  the  e x p e r i m e n t  when the h e a t e d  

p o r t i o n  of  the  tube  i s  s m a l l .  

C o m p a r i s o n  of the c a l c u l a t e d  t e m p e r a t u r e  p r o f i l e  in  a f low of a i r  with an  e x p e r i m e n t a l  p r o f i l e  [11] (Fig .  
3) shows  good a g r e e m e n t .  

NOTATION 

r, dimensionless radius; x, dimensionless length; Ur, flow velocity as a function of the radius; 7~ r ,  
thermal conductivity as a function of the radius, XM, molecular thermal conductivity; Cp, specific heat; p, 
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density; R 0, tube radius;  T,  tempera ture ;  q, specific heat flow on tube surface;  Uc, flow velocity on tube axis; 

~, hydraulic res is tance  coefficient; A, boundary- layer  thickness;  e, turbulent-diffusion coefficient; u, mean 
flow velocity;  ~ ,  hea t - t r ans fe r  coefficient; Re,  Reynolds number;  P r ,  Prandtl  number;  L, tube length; Tm,  
mean flow tempera ture ;  Tw, wall t empera ture .  
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EFFECT OF ABSORPTION-TIME 

ON GAS FLOW IN CAPILLARIES 

V. V. Levdanskii 

DIFFERENCES 

UDC 532.66.533.6. 011 

The effect of differences in absorption t ime at a capil lary surface on the f ree -molecu la r  gas 
flow is analyzed, taking into account surface diffusion. 

In the analysis  of gas flow in capi l la r ies ,  it is often necessa ry  to take into account the specific p roper -  
ties of the interaction of gas molecules with the capi l lary wall. On contact of the gas with the solid surface ,  
physical  adsorption and surface diffusion of the adsorbed molecules usually occur  [1]. The surface-diffusion 
process  may lead to a select ive inleakage of a gas -mix ture  component through the porous body [2]. In this 
context,  it is of interest  to c a r r y  out a kinetic investigation of the gas flow in a single capi l lary.  

We consider  f r ee -molecu la r  gas flow in a microcapi l la ry  of finite length. We assume that the diffusional- 
t r ans fe r  potential q~ = p / r ~  is the same at both ends of the capil lary (i. e . ,  in the absence of surface diffusion 
there  is no resultant  molecular  flux in the system).  It is known that molecules incident on the surface of the 
solid usually remain  on it for an adsorption t ime T, the magnitude of which, general ly  speaking, may vary  
over the length of the capi l lary.  Apart  f rom nonisothermal  conditions, the change in r may be caused by the 
incidence of various Mnds of radiation on the surface  [3]. 

To elucidate the effect of differences in adsorption t ime, we consider  the following model problem. It is 
assumed that the adsorption t imes on the inner capil lary surface (r~) and its ends (T 1 and ~'3) may differ and that 
T 1 ~--- T 2 -~ T 3. In addition, it is assumed that the degree of filling of the surface by adsorbed molecules  is suffi- 
ciently low for  Henry 's  law to be applied: Then the difference in ~- may create  conditions for the appearance of 
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