
ABSTRACTS 

ON CALCULATING THE OPTIMAL DIMENSIONS 

AND PERFORMANCE PARAMETERS OF 

SPRAY NOZZLES 

R. A. Burtseva and A. T. Litvinov UDC 66.011+66.069.83 

A p r o c e d u r e  is  Shown fo r  ca l cu la t ing  the o p t i m a l  d i m e n s i o n s  and p e r f o r m a n c e  p a r a m e t e r s  of spray 
nozzles, taking into account the motion of particles or liquid droplets due to inertia as well as the location 
of the device. 

The differential equations of motion are solved for particles or liquid droplets in the active zone, 
with the effect of inertia during deceleration (V 0 ~ 0) included in the hydraulic drag coefficient under the 
assumption that the particles are spherical in shape and that their diameter and their density do net sig- 
nificantly change during the motion. 

Design equations for calculating the time t and the path I i of the motion of particles due to inertia 
are derived and used for determining the optimal nozzle dimensions as well as the diameter-to-height ratio. 

i. Along the nozzle diameter (x-axis): 

for a Reynolds number in the range Re -< 0.2 

tx = x In [ Vi sin qo 
, ( 1 )  

w h e r e  ~- = d2(p2-Pl) /18~z,  
l~x = �9 (Vi sin q~ --  V~x); (2) 

fo r  a Reyno lds  n u m b e r  in the r a n g e  Re  -< 300 

I Visinq~(cWix+~) t 
tx----y In Vix(czV i sinq) + ~) ' (3) 

w h e r e  a = 0.75Ap~/dp2; # = 0.75B///d2p2; "y = 4d2(pX-pl)/3BI.t; 
aVisinq)+~ 

llx = L In ccVix + ~ ' (4) 

w h e r e  L = 4 d ( p z -  P l ) / 3Ap l  �9 

2. Along the v e r t i c a l  nozz le  ax i s  (y -ax i s ) ,  with the t r a n s v e r s e  gas  ve loc i ty  V G taken  into account :  

t v = D - , l n l  ( c - - D ) ( E + D )  l 
(C+D) (E--D) ' (5) 

w h e r e  C = Z a ( V i c o s  ~p + V  G) + 13; D = (#2-4ag)~  E = 2 a V s  + # ;  

] (C- -D) (E+D)  [ Z~'J=~-'I"F~=(V=~VG)Z)-'In ~ ( E ' - - S j  ' (6) 

w h e r e  F = [ a ( V i c o s c p * V G  )2 + # ( V i c o s e p • 1 7 7  2 + # V  s •  p = B v / 2 A d .  

The  s e d i m e n t a t i o n  r a t e  of p a r t i c l e s  is  c a l cu l a t ed  by  the f o r m u l a  

v , = 0 5  ( - ~ ,  + V ~ +  4~,),  (71 
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where 
v: 1 = Bs V/Asd; ~31 = 4dg (P2 -- Pl)/3Aspl. 

It is shown that the initial velocity V i of par t ic les  or  liquid droplets,  the spray jet angle 2~o and, p a r -  
t icularly,  the par t ic le  d iameter  4 are  decisive fac tors  in the choice of nozzle dimensions and the d iameter -  
to-height ratio.  Fo r  par t ic les  with a d iameter  d -> 100 p and 2~o = 60 ~ the nozzle d iameter  is much l a rge r  
than the height. In this case the par t ic les  remain  suspended within the active nozzle zone for the rated 
length of time. 

An example is shown to i l lustrate the calculation of optimal dimensions and per formanee  pa rame te r s ,  
also of the nozzle location and the spray intensity as functions of the dispers ion speetrum of par t ic les  or  
liquid droplets.  

A,B 

As, Bs 

d 

Pl, P2 
r l ,  v 

Vi, Vix 
Vs 
x, y 
g 
2q~ 

N O T A T I O N  

are  constants,  respect ively  equal to 0.12 and 37 for  the motion of par t ic les  or  liquid droplets 
due to inert ia with a Reynolds number Re -< 300; 
are  constants,  respect ively  equal to 0.6 and 33 for droplets settling with a Reynolds number  Re 
-< 300, and respect ively  equal to 0.402 and 40 for  spherical  solid par t ic les ;  
is the d iameter  of par t ic les  or  droplets,  m; 
are  the densit ies of the medium and of the par t ic les  or  droplets ,  respect ively,  kg/m3; 
are  the dynamic and kinematic viscosi t ies  of the medium, N. s e c / m  2 and m2/sec,  respect ively;  
are  the initial and relative velocit ies of a par t ic le ,  m / s e c ;  
is the sedimentation rate of par t ic les  o r  droplets ,  m / s e c ;  
are  the coordinate axes along the nozzle d iameter  and the nozzle height, respect ively,  m; 
is the gravitat ional  constant, m/sec2;  
is the angle of the spray jet, ang. deg. 

THERMAL STRESSES IN A HOLLOW CYLINDER 

OF FINITE LENGTH 

G. M. Bartenev and A. I. Zhornik UDC 539.30:536.248 

Along the inside surface (radius r = r 0) and the outside surface (radius r = r e) of a hollow cylinder of 
finite length 0 --< z -< l and with t ransient  internal heat sources  of density q(r, z, T) there flows a fluid whose 
tempera ture  field q~(z, T) is given. The heat t r ans fe r  at the inside and the outside surface of this cylinder 
is effected by convection, but the respect ive  heat t r ans fe r  coefficients h 1 and h 2 have general ly different 
values.  The tempera ture  of the end sur faces  is the same as the tempera ture  of the fluid. 

The initial cylinder tempera ture  f(r, z) is a function of the space coordinates .  The thermophysical  
p roper t i es  are  assumed constant. The problem is reduced to solving the equation 

ao I !  a [ a e~ a~o /~  - am a:~ q 
a~ = ~L ~ " ~ \ r a t } +  az~ j ' a~ - ,  ~ a~ cp (1) 

with the following initial and boundary conditions: 
0 (r, z, 0) = (p (z, o) - -  f (r, z ) ,  

a0 ] aoor h,ol,,=,o - o  + h20,r=rc, = o 
01~=o = o,  0 I~=t = o,  

where 0(r, z, ~-) = ~(z, ~-)-T(r, z, ~-). 

V. I. Lenin State Pedagogical  Institute, Moscow. 
abs t rac t  submitted September 28, 1971. 

Original ar t ic le  submitted September 23, 1969; 
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By s u c c e s s i v e  f in i t e  F o u r i e r - s i n e  t r a n s f o r m a t i o n s  and a f in i t e  Hanke l  t r a n s f o r m a t i o n ,  the so lu t i on  to 
th i s  equa t ion  can  be  o b t a i n e d  in the f o r m :  

. ~  4Y2n O-SH sin k,~ ' ~ \ -7- Vo ) 
o (r, z, T) 

n=, �9 v0 [ + - v0 (myo) } 

OsH=e• --  _ - - :T -z - -  l-- C - T  ~y2 
�9 C "" 0 

l l k~ rc 

.) \ O~ Oz 2 l cp l , 
0 0 ro 

X V o Yn ~ d�9 exp ~ r--~ n q- - 7 -  r] dr  I -{- @Yn [Bi2V~ (Yn) + BitVo (myn)] 

~ ~ { ~y~ 
k_~_~ zdz - -  sin k ~  zdz r[ (r, z) V o Yn ~ dr exp l, rc "r X qD(z, O) sin 1 , l - -  _ - ~ 5 -  l 2 ~), ' 

0 0 rn 

w h e r e  Yn a r e  th6 r o o t s  of  the  t r a n s c e n d e n t a l  equa t ion  

myV I (my) ~ - -  Bi~Vo (my). (2) 

The  f i r s t  s i x  r o o t s  of  Eq.  (2) a r e  c a l c u l a t e d  h e r e  fo r  the c a s e  w h e r e  both  r e f e r r e d  hea t  t r a n s f e r  c o -  
e f f i c i e n t s  a r e  e q u a l  (h~ = h 2) wi th  m = r J r c  = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and Bi 2 = 2, 5, 10, 

15, 20, 30, 40, 50, 60, 80, 100, 200, 300. 

The  c o r r e s p o n d i n g  t h e r m o e l a s t i c i t y  p r o b l e m  i s  s o l v e d  by  the G o o d y e a r  me thod .  

NOTATION 

T (r,  z ,  ~') 
O/ 

C 

P 
Bi  1 = h t / r  0 
Bi  2 = h2 / r c  

i s  the c y l i n d e r  t e m p e r a t u r e ;  
i s  the  t h e r m a l  d i f fus iv i ty ;  
i s  the s p e c i f i c  h e a t  of  the m a t e r i a l ;  
i s  the d e n s i t y  of  the m a t e r i a l ;  
i s  the B lo t  n u m b e r  fo r  the~ i n s i d e  s u r f a c e ;  
i s  the B lo t  n u m b e r  f o r  the o u t s i d e  s u r f a c e .  

S O L I D I F I C A T I O N  O F  A 

A N N U L A R  C A V I T Y  

V. A .  Z h u r a v l e v  

M E L T  I N  A W A T E R - C O O L E D  

UDC 536.21 

An  a p p r o x i m a t e  so lu t i on  i s  g iven  to the  p r o b l e m  of  b i l a t e r a l  s o l i d i f i c a t i o n  in an a n n u l a r  c a v i t y  and i s  
a p p l i e d  to the  c o n d i t i o n s  of  con t inuous  c a s t i n g  of  ho l low ingo t s .  In p r a c t i c e  t h i s  p r o c e s s  fo l lows  the con -  
v e n t i o n a l  s c h e m e  [1]: m o l t e n  m e t a l  i s  p o u r e d  f r o m  the top down into the gap  b e t w e e n  c y l i n d r i c a l  w a l l s  of 
an i n n e r  and an o u t e r  c r y s t a l l i z e r ,  w h e r e u p o n  the f r o z e n  ingot  i s  c o n t i n u o u s l y  p u l l e d  down at  a c o n s t a n t  
speed .  Be low the  c r y s t a l l i z e r s  i t  p a s s e s  t h rough  a s e c o n d a r y  coo l ing  zone  and t h e r e  i t s  s o l i d i f i c a t i o n  i s  

c o m p l c  ted.  

N. I. L o b a c h e v s k i i  S ta te  U n i v e r s i t y ,  G o r ' k i i .  O r i g i n a l  a r t i c l e  s u b m i t t e d  F e b r u a r y  15, 1971; a b -  

s t r a c t  s u b m i t t e d  S e p t e m b e r  30, 1971. 
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M a t h e m a t i c a l l y  the  p r o b l e m  i s  s o l v e d  b y  the w e l l - k n o w n  L e i b e n z o n  a p p r o x i m a t i o n  me thod  [2]. Within  
th i s  a p p r o x i m a t i o n  one d e t e r m i n e s  the  c o o r d i n a t e  of a p p r o a c h  (~ 0) b e t w e e n  the o u t e r  and the i n n e r  c r y s t a l l i -  

z a t i on  f ron t :  

( ~0 ~2 k 2 -1  1 - -8~+~In~  ( rs 2_Tsl ) (1) 
4 = \ R 1 j  - ~ + 21nk \ ~ - - T ~ ,  ' 

with  the  r a d i u s  of the  i n n e r  c r y s t a l l i z e r  R 1, the r a d i u s  of the o u t e r  c r y s t a l l i z e r  R2, k = R2/R 1, the t e m -  
p e r a t u r e  at  the ingot  s u r f a c e  on the s ide  of the o u t e r  c r y s t a l l i z e r  Ts2,  and  the t e m p e r a t u r e  at  the ingot  
s u r f a c e  on the s ide  of the i n n e r  c r y s t a l l i z e r  T s l .  

It is  i n d i c a t e d  that  u n d e r  p r a c t i c a l  cond i t i ons  [1] I T s 2 - T s l  i << T f - T s  1 and a s i m p l e r  v e r s i o n  of f o r -  
m u l a  (1) can  be  u s e d  

4 -  k ~ - I  <2) 2 Ink ' 

which  i n v o l v e s  only  the ingot  g e o m e t r y .  

The  quan t i t y  e0 i s  one of the p r o c e s s  p a r a m e t e r s  i nvo lved  in the con t inuous  c a s t i n g  of ho l low ingo t s .  
With  th is  p a r a m e t e r  known, one d e t e r m i n e s  the  t i m e  r e q u i r e d  fo r  c o m p l e t e  s o l i d i f i c a t i o n  of  a ho l low ingo t .  
Thus, in the approximation (2) one finds here that 

(7 

1 ( k ' - - !  k ' - - I  ( kin--1 ~l -~- '+To--Tf  
Fo=  T I lnk~ ~- lnk~ In \ ~ j j  Tf- -Ts i  , (3) 

wi th  the hea t  of c r y s t a l l i z a t i o n  (r, the s p e c i f i c  h e a t  c, the  f r e e z i n g  t e m p e r a t u r e  Tf,  the t e m p e r a t u r e  of  the 
m e l t  T 0, and the F o u r i e r  n u m b e r  F o .  

F o r  i l l u s t r a t i o n ,  we d e t e r m i n e  the t o t a l  s o l i d i f i c a t i o n  t i m e  u n d e r  the fo l lowing  cond i t i ons :  k = 10, 
T o = 1783~ Tf  = 1743~ and T s l  = 1273~ E x p r e s s i o n  (3) y i e l d s  F o  = 14.5. 

I. 

2. 
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A METHOD OF CALCULATING THE 

IN A PERIODIC-DUTY FURNACE 

V. M. Shevelev 

HEAT TRANSFER 

UDC 669.046.4 

A m e t h o d  is  p r o p o s e d  by  which  the e x t e r n a l  and  the  i n t e r n a l  h e a t  t r a n s f e r  can  be  c a l c u l a t e d  a t  the 
s a m e  t i m e  fo r  a p e r i o d i c - d u t y  f u r n a c e  o p e r a t i n g  in i d e n t i c a l  c y c l e s :  co ld  m e t a l  is  p l a c e d  i n s ide  the f u r -  
nace  and t aken  out  a f t e r  i t  ha s  b e e n  h e a t e d  up to the d e s i r e d  t e m p e r a t u r e ;  th i s  c y c l e  i s  then r e p e a t e d .  

The  t e m p e r a t u r e  of the  f l a m e  i s  a s s u m e d  u n i f o r m  o v e r  the vo lume ;  the t e m p e r a t u r e  of  the m e t a l  
and  the t e m p e r a t u r e  of the f u r n a c e  wa l l  a r e  a s s u m e d  u n i f o r m  o v e r  the s u r f a c e .  A l l  f u r n a c e  c o m p o n e n t s  
a r e  a s s u m e d  to b e h a v e  as  g r a y  b o d i e s .  On th i s  b a s i s ,  the e x t e r n a l  hea t  t r a n s f e r  is  c a l c u l a t e d  by  the zona l  
m e t h o d  wi th  the h e a t  b a l a n c e  in the c h a m b e r  t aken  into accoun t .  

F o r  c a l c u l a t i n g  the i n t e r n a l  hea t  t r a n s f e r ,  the m e t a l  and the f u r n a c e  wa l l  a r e  t r e a t e d  a s  i n f in i t e ly  
l a r g e  p l a t e s  of  f in i t e  t h i c k n e s s .  The  t r a n s i e n t  t e m p e r a t u r e  f i e ld  h e r e ,  with b o u n d a r y  cond i t i ons  of  the 

O r i g i n a l  a r t i c l e  s u b m i t t e d  D e c e m b e r  29, 1969; a b s t r a c t  s u b m i t t e d  S e p t e m b e r  5, 1971. 
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s e c o n d  k ind ,  i s  c a l c u l a t e d  with  the a id  of  the  f in i t e  F o u r i e r - c o s i n e  t r a n s f o r m a t i o n .  M o r e o v e r ,  the t h e r m a l  
f l uxes  at  the b o u n d a r i e s  a r e  d e t e r m i n e d  f r o m  the e x t e r n a l  h e a t  t r a n s f e r .  The  c a l c u l a t i o n  p r o c e d u r e  i s  
s p e c i a l l y  m o d i f i e d  fo r  the c a s e  of a " thin"  m e t a l  p i e c e .  

The  p r o p o s e d  m e t h o d  i s  u s e f u l  fo r  c a l c u l a t i n g  the h e a t  t r a n s f e r  in a f u r n a c e  which  o p e r a t e s  u n d e r  a 
c o n s t a n t  hea t  l o a d  and at  a c o n s t a n t  wa l l  t e m p e r a t u r e .  A s p e c i f i c  e x a m p l e  i s  shown f o r  i l l u s t r a t i o n .  

EFFECT OF A THIN HETEROGENEOUS INCLUSION ON 

A TWO-DIMENSIONAL STEADY-STATE FIELD 

I .  M .  A b d u r a k h m a n o v  UDC 536.2 

The  a u t h o r  a n a l y z e s  the  p e r t u r b a t i o n  of  a t w o - d i m e n s i o n a l  s t e a d y - s t a t e  t e m p e r a t u r e  f i e l d  by  a thin 
h e t e r o g e n e o u s  i n c l u s i o n  (or  c r a c k )  whose  t h e r m a l  c o n d u c t i v i t y  k 1 i s  d i f f e r e n t  f r o m  the t h e r m a l  c onduc t i v i t y  

k of the  b a s e  m e d i u m .  

The  fo l lowing  cond i t i ons  a r e  d e r i v e d  f r o m  the law of h e a t  c o n s e r v a t i o n  a long  an inc lus ion :  

a k  I 
hi ~ - s  = -- e (T + --  W-), s = 2kh-'--'-~ ' kx < k, (1) 

c)T ak 
hx O--'s- = 81 (~+ - -  ~-) '  e.~ - -  2klho , k 1 > k. (2) 

wi th  T +, T -  and ~+, ~ -  deno t ing  the l i m i t s  of t e m p e r a t u r e  T and of  the f low func t ion  r a s  i n c l u s i o n  r i s  
a p p r o a c h e d  f r o m  the l e f t  s ide  and f r o m  the r i g h t  s ide ,  r e s p e c t i v e l y ,  th i s  i n c l u s i o n  hav ing  the l eng th  2a  and 
the width  2h0hi(s) a t  s e c t i o n  s ([ s [ < 1, h 0 = cons t ) .  

The  c o m p l e x  p o t e n t i a l  W(z) = T + ir  which  wi l l  s a t i s f y  cond i t i on  (1) a long  F and which  wi l t  c o n v e r g e  
to a g iven  a n a l y t i c  func t ion  F(z)  a t  a f a r  d i s t a n c e  f r o m  F i s  sought  fo r  e << 1 in the f o r m  of  a s e r i e s  in i n -  
t e g r a l  p o s i t i v e  p o w e r s  of  p a r a m e t e r  e: 

co 

llz (z) = F (z) + ektizh (z), W~ (z) = 2z'---~ t - -  i (3) 
k = 0  I" 

F o r  d e t e r m i n i n g  the unknown d e n s i t i e s  wk(t) one o b t a i n s  h e r e  a s y s t e m  of  s i n g u l a r  i n t e g r o d i f f e r e n t i a l  

equa t i ons .  

In g r e a t e r  d e t a i l  i s  c o n s i d e r e d  the c a s e  w h e r e  F i s  a s t r a i g h t - l i n e  s e g m e n t  and i t  i s  p r o v e d  tha t  
s e r i e s  (3) c o n v e r g e s  u n i f o r m l y  when e < rr/2N, 

N < 7L, L max [ l / ' ~ - ' ~ / h  a (s)]. (4) 
Isl<l 

When  e >> 1, the  c o m p l e x  p o t e n t i a l  i s  sough t  in the  f o r m  of  a s e r i e s  in i n t e g r a l  n e g a t i v e  p o w e r s  of e. 

To i l l u s t r a t e  th i s  m e t h o d  of a n a l y s i s ,  one c o n s i d e r s  h e r e  the e f f ec t  of  a p o o r l y  conduc t ing  f l a t  e l l i p t i -  
c a l  i n c l u s i o n  on a u n i f o r m  t e m p e r a t u r e  f i e ld ,  on a t h e r m a l  f lux  be nd ing  a r o u n d  a r i g h t  ang le ,  and  on a 
s o u r c e - t y p e  f i e ld .  F o r  a we l l  conduc t ing  i nc lu s ion ,  i . e . ,  f o r  b o u n d a r y  cond i t ion  (2), the p r o b l e m  i s  s o l v e d  

a n a l o g o u s l y .  

It i s  p o i n t e d  out  tha t  s i m i l a r  p r o b l e m s  a r i s e  in the f i l t r a t i o n  t h e o r y ,  in e l e c t r o s t a t i c s ,  in m a g n e t o -  
s t a t i c s ,  and  in the a n a l y s i s  of s t e a d y - s t a t e  e l e c t r i c  f i e l d s  p r o d u c e d  by  c u r r e n t s .  

I n s t i t u t e  of P h y s i c s ,  D a g e s t a n  B r a n c h ,  A c a d e m y  of S c i e n c e s  of the  USSR, M a k h a e h k a l a .  O r i g i n a l  
a r t i c l e  s u b m i t t e d  F e b r u a r y  9, 1971; a b s t r a c t  s u b m i t t e d  Augus t  24, 1971. 
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STEADY-STATE TEMPERATURE DISTRIBUTION 

ON A WEDGE SURFACE WITH MIXED-TYPE 

BOUNDARY CONDITIONS 

B. A. Vasil~ev UDC 536.21 

An effective method of solving problems in potential theory with mixed-type boundary conditions is 
the method of paired integral equations with a subsequent reduction to a one-dimensional integral. Fred- 
holm equation of the second kind with a symmetric kernel [1-4]. 

The steady-state surface temperature distribution is considered in the case of a wedge whose one 
plane remains at a constant temperature while the other plane is thermally insulated over a finite region 
adjoining the common edge but emits heat according to Newton's law from the rest of its area into a 
medium at zero temperature. 

In cylindrical coordinates this problem reduces to solving the Laplace equation for the following 
boundary conditions: 

T = T o ,  ~ 0 ,  O . . ~ p < ~ ,  
I OT 

~" 0--~ - = 0 ,  ~P=7, O < 9 < a ,  (I)  
! OT 

- - . - - + h T = O ,  q0=7, a < p < ~ z .  
P Oq~ 

Here h is a positive constant. With the aid of functions constructed earlier in [5, 6], the problem is re- 
duced further to the integral equation 

a 

r (p) = T1 (9) + h S T (r) K(~ - )  (rg) dr, 0 ~ 9 ~ a. (2) 
0 

H e r e  T (p )  i s  the unknown t e m p e r a t u r e  d i s t r i b u t i o n  on the wedge  s u r f a c e  ~ = 7. F o r  wedge  a n g l e s  7 = ~T/2m 
(m = 1, 2, 3 . . .  ) func t ion  T l ( p )  and k e r n e l  K ( - ) ( r p )  a r e  e x p r e s s e d  in c l o s e d  f o r m  in t e r m s  of  an i n t e g r a l  ex-  

ponen t i a l  func t ion ,  and  an  e f f ec t i ve  n u m e r i c a l  so lu t i on  of Eq. (2) b e c o m e s  p o s s i b l e .  

1. 

2. 
3. 
4. 
5. 
6. 
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BASING THE FUNDAMENTAL LAWS OF FILTRATION 

ON THE EXTREMALITY PRINCIPLES IN THE 

THERMODYNAMICS OF IRREVERSIBLE PROCESSES 

R .  G .  I s a e v  UDC 532.546:536-12 

When a v i s c o u s  f i l l e r  f lu id  f lows  th rough  p o r e s  in an i n d u s t r i a l  p r o c e s s  bed ,  then a m a c r o - u n b a l a n c e d  
p r o c e s s  wi l l  o c c u r  due to the  p r e s e n c e  of i r r e v e r s i b l e  t h e r m o d y n a m i c  f o r c e s  and f luxes .  

In o r d e r  to e s t a b l i s h  a r e l a t i o n  b e t w e e n  the i r r e v e r s i b l e  t h e r m o d y n a m i c  f o r c e s  and f l uxes  in a p h y s i -  
c a l l y  n o n l i n e a r  s i t u a t i o n  ( f i l t r a t i o n  in the c a s e  w h e r e  D a r c y ' s  l i n e a r  law is  not  va l id ) ,  one m u s t  app ly  the 
p r i n c i p l e  of m i n i m a l  i r r e v e r s i b l e  f o r c e s  (G. Z i e g l e r ) ,  a c c o r d i n g  to which  the r e a l  v e l o c i t y  Xk y i e l d s  the 
m i n i m u m  i r r e v e r s i b l e  f o r c e s  X~ ~)'~ which  s a t i s f i e s  the cond i t ion  

X~ i) xk ~" D (xh) >/O. 

when the m a g n i t u d e  of the d i s s i p a t i o n  func t ion  and the d i r e c t i o n  of the  i r r e v e r s i b l e  f o r c e  a r e  known.  On the 
b a s i s  of  th i s  p r i n c i p l e ,  i t  i s  p o s s i b l e  to e s t a b l i s h  a r e l a t i o n  b e t w e e n  i r r e v e r s i b l e  f o r c e s  and v e l o c i t i e s  in 
the f o r m  

OD 
Xk(i) = ~I O.~u (1)  

H e r e  7/ = ((8D/O~j)~j)-1 D with D deno t ing  the d i s s i p a t i o n  func t ion .  A s s u m i n g  tha t  an i r r e v e r s i b l e  f o r c e  

X (i) = - g r a d  q~ (r deno t ing  the f i l t r a t i o n  po t en t i a l )  and  i n t r o d u c i n g  a d i s s i p a t i o n  func t ion  in the f o r m  
N N 

1 ~ alva--I- 1 ~ ['. D = ~ -  --~ [Ji ]vl 
i = 1  i = 1  , 

one o b t a i n s  (for a o n e - d i m e n s i o n a l  f low in the bed)  a n o n l i n e a r  r e l a t i o n  e x p r e s s e d  a s  

d~ a ~ . 
-- d--V = 2 k + -~- (k)~ sgn x. 

F o r  a t h r e e - d i m e n s i o n a l  f low in an a n i s o t r o p i c  bed ,  b a s e d  on a d i s s i p a t i o n  func t ion  

D = ~/ki~i + I ~U~ ~txi~k [, 

we have  

0q~ . . .  
Ox i _ cziix] -? fiiihxix k sgn (;d). 

H e r e  (Yij and/3ij  k a r e  t e n s o r s  of the f i l t r a t i o n  r e s i s t a n c e  c o r r e s p o n d i n g  to l i n e a r - l a w  and to n o n l i n e a r -  
( s q u a r e ) - l a w  f i l t r a t i o n .  By de f in ing  the d i s s i p a t i o n  func t ion  in s t i l l  m o r e  g e n e r a l  t e r m s ,  one o b t a i n s  the 
u n i v e r s a l  r e l a t i o n  in the f o r m  

vk Oq~ --exp(yiv i ) - l .  
- -  O x  k - -  

(2) 

(3) 

(4) 

(5) , 

Groznyy Petroleum Institute, Groznyy. Original article submitted September I0, 1969; abstract 

submitted September 14, 1971. 
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UNIAXIAL ELONGATION OF 

POLYVINYL CHLORIDE 

V. D. Fikhman, V. M. 

and G. V. Vinogradov 

U L T R A E L A S T I C  

A l e k s e e v a ,  UDC 678.01:532.135 

R e l a t i o n s  b e t w e e n  r e a l  s t r e s s  and e l o n g a t i o n  have  been  e s t a b l i s h e d  fo r  po[yviny[  c h l o r i d e  f i b e r s  a t  
t e m p e r a t u r e s  in the 90-160~ r a n g e .  D e f o r m a t i o n s  w e r e  p r o d u c e d  in two m o d e s :  a t  c o n s t a n t  r a t e s  of  e l o n -  
ga t ion  (v = 0.0079, 0.078, 0.769, and 8.33 m m / s e c )  and at  a c o n s t a n t  r a t e  of s t r a i n  ( i  = 0.002 s e c t ) .  

B a s e d  on the r e s u l t s  of e l a s t i c  r e c o v e r y  t e s t s ,  the t o t a l  e l o n g a t i o n  of a s p e c i m e n  ( a )  was  splLit into 
an ultraelastie component (O~e) and an irreversible component (ozf). If the initial length of a speei:men is 

t0, its length after deformation is l~ and its length after elastic recovery is l', then we have c~ = i~./lo 
= ( l / l ' ) ( l ' / l o )  = CZeC~ f. 

The  r e a l  s t r e s s  and the u l t r a e l a s t i c  d e f o r m a t i o n  a r e  bo th  e x t r e m a l  func t ions  of  a .  The  o c c u r r e n c e  
of  m a x i m a  h e r e  i s  e x p l a i n e d  by  a s t r e s s  r e l a x a t i o n  and b y  p r o c e s s e s  which  r e s u l t  in a g r a d u a l  b r e a k d o w n  
of  a s p e c i m e n .  

U l t r a e l a s t i c  d e f o r m a t i o n  was  found to b e  the p r i n c i p a l  c o m p o n e n t  of  t o t a l  d e f o r m a t i o n  in the  c a s e  of 
p o l y v i n y l  c h l o r i d e  t e s t e d  fo r  e l onga t i on  in t hose  two m o d e s .  

The  d e p e n d e n c e  of s t r e s s  on the m a g n i t u d e  of u l t r a e l a s t i c  d e f o r m a t i o n  a t  t e m p e r a t u r e s  f a r  f r o m  the 
v i t r i f i c a t i o n  p o i n t  i s , a c c u r a t e l y  enough d e s c r i b e d  by  the equa t ion  P = E ( o z ~ - a e  ~) (F ig .  1). 

It ha s  b e e n  e s t a b l i s h e d  tha t  the u l t i m a t e  s t r e n g t h  of p o l y v i n y t  c h l o r i d e  f i b e r s  r a p i d l y  v i t r i f i e d  a f t e r  a 
c e r t a i n  de f in i t e  e l o n g a t i o n  wi l l  depend  on the amoun t  of a c c u m u l a t e d  u l t r a e l a s t i c  d e f o r m a t i o n .  

O,07a �9 ~ �9 

7 5 9  x 0 v x 

8,3a �9 I ~ '] :  ,oo iolol.lf 
~ x A 

IO 20 30 

I 

0 4,0 z -,  oce-lx e 

F i g .  1. R e a l  s t r e s s  a s  a f u n c t i o n o f  u l t r a e l a s t i c  d e f o r -  
m a t i o n .  

Original article submitted May 18, 1971; abstract submitted September 14, 1971. 
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ONE PROBLEM OF HEAT CONDUCTION WITH 

MIXED-TYPE BOUNDARY CONDITIONS AND A 

POINT SOURCE OF HEAT 

M. G. S t r u n s k i i  UDC 536.2.01 

An inf in i te  p l ane  is c o n s i d e r e d  on which the su r f a c e  of a c i r c u l a r  d i sk  with the r a d i u s  a is  t h e r m a l l y  
i n s u l a t e d  while convec t ive  hea t  t r a n s f e r  o c c u r s  f r o m  a l l  the r e m a i n i n g  s u r f a c e  to the s u r r o u n d i n g  m e d i u m ;  
on the d i sk  axis  at  a d i s t a n c e  z 0 be low the p l ane  is  loca ted  a point  s o u r c e  e m i t t i n g  a t h e r m a l  flux Q. 

In o r d e r  to d e t e r m i n e  the s t e a d y - s t a t e  t e m p e r a t u r e  f ie ld  in the homogeneous  m e d i u m  con ta in ing  the 
po in t  sou rce  of heat ,  i t  is  n e c e s s a r y  to i n t e g r a t e  the P o i s s o n  equa t ion  

O~U 1 OU 02U div q 
Or S + r Or + Oz 2 )~ ' 

with q = 0 e v e r y w h e r e  except  at  po in t  (z = z 0, r = O) at  which q = oo and with the b o u n d a r y  condi t ions  

ou  - -  = o  for z=0, r<a,  
Oz 

U--h  O U = 0 for z=O, r>a,  
Oz 

where  

The so lu t ion  to th is  p r o b l e m ,  ob ta ined  by 
a few spec i a l  t h e o r e m s ,  has  the f o r m  

O V~ + -- "+ 

with the unknown coef f ic ien t  A (p) found by  the 

The a u x i l i a r y  func t ion  ~o(t) i s  d e t e r m i n e d  f r o m  

,p (t) + 

h = ----const > O. 
O~ 

the method  of i n t e g r a l  t r a n s f o r m a t i o n s  and on the b a s i s  of 

1 i " ] exp (-- zp) Jo (rP)dp 

0 

f o r m u l a  
a 

t " 
A(p)= r (/).sin pt dr. 

the F r e d h o l m  equa t ion  of the second  kind 
a 

0 

with the con t inuous  k e r n e l  

1 [ t + ' c  t + T  t + ~  t + ~  [t--TJ 
K (t, ~) = ~ f  ~i, ~ ~i - - f -  + co~ - - f -  ci - - 7 -  - si, - 7 - -  

and the f r ee  t e r m  
ce 

/ (0 = l+hp 
0 

siJt--xlh --  cos [t--z[h Ci ~ - - ~ ]  

Various special and limiting cases of the problem are considered. 

When z 0 = z = 0, for  i n s t ance ,  i . e . ,  when the hea t  s o u r c e  l i e s  a t  the c e n t e r  of the t h e r m a l l y  i n su l a t ed  
c i r c l e  and when only  the t e m p e r a t u r e  f ie ld  in the b o u n d a r y  p l ane  is of c o n c e r n ,  the t e m p e r a t u r e  is  d e t e r -  

m i n e d  a c c o r d i n g  to the equa t ion  
c~ 

/ 1 
ulz~ = ~ ( 7 -  2 

0 

Coeff ic ien t  A(p)lz0= 0 is  found h e r e  by the s a m e  f o r m u l a s  as  in the g e n e r a l  case ,  except  the f o r m u l a  
for  the f r ee  t e r m  now e x p r e s s e d  in  exp l i c i t  f o r m .  

It is  e a sy  to see  that  the effect  of a t h e r m a l l y  i n s u l a t e d  r e g i o n  in  this  case  is  c h a r a c t e r i z e d  by the 
i n t e g r a l  t e r m  a lone;  when a = 0, i . e . ,  wi thout  t h e r m a l  i n su l a t i on ,  coef f ic ien t  A(p)lz0 =0 = 0 and the t e m p e r -  
a t u r e  d i s t r i b u t i o n  is d e t e r m i n e d  by the t e r m  ins ide  the l a r ge  b r a c k e t  a tone.  

O r i g i n a l  a r t i c l e  submi t t ed  N o v e m b e r  26, 1970; a b s t r a c t  submi t t e d  October  22, 1971. 

522 



It is pointed out, in conclusion, that the problem analyzed here  a r i ses  also in other applications of 
pote~3t~al theory as,  for example~ in calculating the s teady-s ta te  e lec t r ic  field produced by l inearly po la r iz -  
ing e lect rodes .  

U 
Q 
q 
h 
x 

a 

zo 

r, z 

f, 

si, Ci 
J0 
H0, NO 

N O T A T I O N  

ss the tempera ture ;  
as the thermal  flux; 
is the thermal  flux density; 
~s the mater ia l  pa r ame te r  with the dimension of length; 
,.s the thermal  conductivity; 
~s the heat t ransfer  coefficient; 
is the radius of thermal  insulation; 
~s the distance f rom the point source  of heat to the boundary plane; 
are  the cyl indrical  coordinates;  
are  the function signs; 
are  the in tegra l -s ine  and in tegral -cosine ,  respect ively;  
is the z e ro th -o rde r  Bessel  function of the f i rs t  kind; 
are  the Struve function and the Neumann function, respect ively .  

DETERMINING THE HEAT TRANSFER COEFFICIENT 

IN TRANSIENT HEAT CONDUCTION PROBLEMS ON 

THE BASIS OF MEASURED SURFACE TEMPERATURE 

O. T. H'ehenko and L. I. Shifan UDC 536.21 

The problem considered here  is that of determining the p a r a m e t e r s  of heat t ransfer  at a surface 
f rom tempera ture  measuremen t s .  

In the case  of a symmet r i ca l  problem,  the solution is sought in the form [1] 

u 0,  t) = ~~ --,~ (~)--~ - i 
Apply ing  in succession the Abel  and the Laplace t ransformat ion,  we obtain an in tegra l  equation for  

the thermal  potent ia l  funct ion is(t) in terms of funct ion U (~, t) values. 

Insert ing •(t) into the boundary condition, with the aid of the Abel t ransformat ion,  we obtain an inte- 
gral  equation in the unknown function Bi(t): 

Y ; '/ B~ ( ~ ) [ u ~ ( ~ ) - u  ( 1 , V t _  �9 ~)1 d~= l~_~-u ( 1 , ~  t)+ ~ -  ( - 0 "  17 ( ~ _ ~  ~xn - ~- (~ - ~) / d~. (2) 
0 n = l  

Unlike cer ta in  analytic solutions [2, 3], this equation solved for Bi(t) does not contain der ivat ives  of 
tempera ture  functions at the surface.  This cer ta inly improves  the accuracy  of the solution, since der iva-  
tives of a function established experimental ly  cannot always be calculated within sufficient accuracy .  

The p rocedure  for solving the integral  equation (2) is shown with examples applicable to the ~olution 
of inverse problems.  

Khar 'kov Polytechnic Institute, Khar 'kov.  Original ar t ic le  submitted May 20, 1971; abs t rac t  sub- 
mitted October 19, 1971. 
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A HEAT-CONDUCTING ROD IN A MEDIUM WITH 

AN ALTERNATING TEMPERATURE 

I .  M.  S h n a i d  UDC 536.2 

The l i nea r  hea t  conduct ion  p r o b l e m  is ana lyzed  for  the case  of a thin long rod  in a m e d i u m  (I) whose  
t e m p e r a t u r e  t 1 is a pe r iod i c  funct ion of t ime r .  One end of the rod  is f r ee ;  the o the r  end is in t h e r m a l  
con tac t  with a hea t  conduct ing  wall ,  where  heat  is t r a n s f e r r e d  d i r e c t l y  f r o m  med ium I and to m e d i u m  H 
having  a cons tan t  t e m p e r a t u r e  t 2. On the b a s i s  of these  s t ipula t ions ,  the rod  t e m p e r a t u r e  is d e s c r i b e d  by 
the d i f fe ren t ia l  equat ion 

cp[ at ~,f o~t 
ap " &-~ + ~pp " -~-x~ + t = l l  (~) (1 )  

with the un iqueness  condi t ions  

O~x x=0 = 0, (2) 

lo t  Z[ Ot 1 1 1 ) ]x= t tl(~) + " G + + t = " ( 3 )  

In o r d e r  to obtain  a solut ion which is p e r i o d i c  in t ime,  one e x p r e s s e s  funct ions  tl(r) and t(x, r) in the f o r m  

l 1 (T) = ~ Tin exp (iCOnT), 
n~O 

t (x, "0 = ~  Tn (x) exp (iO~n'~), 
tT=O 

where  i : ,/-2-'i and co n = 2 r a / r  0. 

qa 

qa 

0 # 

v 

8 

Fig. 1 

~n=g ,1 

f 

o 

f2 6 

Odessa Engineering Institute of the Refrigeration Industry. Original article submitted September 3, 

1970; abstract submitted October 19, 1971. 
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F r o m  Eq. (1) and  the b o u n d a r y  cond i t i ons  (2), (3) one d e t e r m i n e s  the c o e f f i c i e n t s  Tn(x) and then  the 
i n s t a n t a n e o u s  v a l u e s  of t h e r m a l  p o w e r  Qp, Qf t r a n s m i t t e d  th rough  the l a t e r a l  s u r f a c e  and the end s u r f a c e  
of  the rod ,  r e s p e c t i v e l y :  

l co 

O. = i ~P r  d~ = ~ O.. exp (i~o,~'O, 
6' n=0 

oe 

Qf = - -  Xf Qfn exp (io3n'O. 

n~O 

The  m o s t  c h a r a c t e r i s t i c  e x a m p l e  is  a n a l y z e d  h e r e ,  n a m e l y  w h e r e  the f l u c t u a t i o n s  of the wa l l  t e m -  
p e r a t u r e  a r e  n e g l i g i b l e .  Then  

Tn = l-'r-i6n L ch (an-t-bni)~s j ' 
(4) 

with 

T i n  F lh (an@bni) s ] 
0.,, = ~p~ ~ [iSn + ian+Oni)~ j> (5) 

T i n  sh (an@bni) sz 

Qtn = r (an "~- bni) s ch (an@bni) s " ( 6 )  

I I ! 1 

a , , =  l "~ -  L t ' " )  . �9 b,,= 
! 

,.< 
5 n =  ~~ ; s =  z = - - .  

o~p , , l 

The  r e l a t i o n s  d e r i v e d  h e r e  i n d i c a t e  tha t  the p e r f o r m a n c e  of a hea t  r e g e n e r a t o r  wi th  a r e g u l a r  w i r e  
(rod) m e s h  d e p e n d s  a p p r e c i a b l y  on the t h e r m a l  c o n d u c t i v i t y  of the l a t t e r  and on the h e a t  t r a n s f e r  a t  the 
w a i l s .  Only at  h igh v a l u e s  of p a r a m e t e r  s does  the  e f f ec t  of t h e r m a l  c onduc t i v i t y  and hea t  t r a n s f e r  a t  the 
w a l l s  b e e o m e  n e g l i g i b l e .  

When the t e m p e r a t u r e  of a m e d i u m  v a r i e s  p e r i o d i c a l l y ,  then the e f f e c t i v e n e s s  of a fin I En l  = I Qpn 
/ Q p n l s  =0 i m u s t b e  d e t e r m i n e d  fo r  e aeh  h a r m o n i e  s e p a r a t e l y  a s  a func t ion  of s and 6 n. At  s = cons t ,  a c -  
c o r d i n g  to F i g .  1, a l a r g e  5 n i n c r e a s e s  the  e f f e c t i v e n e s s  of a f in.  It i s  i n t e r e s t i n g  to note  that  the c u r v e s  
of  I En I vs  s p a s s  t h rough  m i n i m a .  The  va lue  s = Se which  c o r r e s p o n d s  to I En lmin  i n c r e a s e s  i n f in i t e ly  a s  
6n ~ 0. When s > Se and 5n ~ 0, a l o n g e r  f in is  m o r e  e f f e c t i ve ,  whi le  a t  the s a m e  t i m e  

5n 
lim ] E n l  i I " 
s+0 ( i + 6 ~ )  ~ - 

X 

l , f , p  
X , p ,  c 
d~ 

Cw 
Rwl ,  Rw2 

T O 

n 

N O T A T I O N  

is the rod length coordinate; 

are the length, cross section area, and perimeter of a rod, respectively; 

are the thermal conductivity, density, and specific heat of rod material, respectively; 
is the heat transfer coefficient; 

is the total heat capacity of a wall; 

are the thermal resistance from the wall to medium I and from the wall to medium I], re- 
spectively; 

is the period of function ti0-); 
is the number of the harmonic. 
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T E M P E R A T U R E  F I E L D  A N D  E L E C T R I C  F I E L D  IN A P L A N E  

L A Y E R  W I T H  A T E M P E R A T U R E - D E P E N D E N T  R E S I S T A N C E  

R .  S.  K u z n e t s k i i  UDC 538.3+536.212.2 

The  s t e a d y - s t a t e  t e m p e r a t u r e  f ie ld  t(x) and e l e c t r i c  f ie ld  e(x) in  a conduc to r ,  in the o n e - d i m e n s i o n a l  
a n a l y s i s  d i s r e g a r d i n g  any t h e r m o e l e c t r i c  e f fec ts ,  a r e  d e s c r i b e d  by the fol lowing s y s t e m  of equa t ions :  

~pt" = --  e 2, e/p=/=const, (1) 

a c c o r d i n g  to which the f ie ld  is p r o p o r t i o n a l  to p; the t h e r m a l  conduc t iv i ty  is  c o n s i d e r e d  cons t an t  and the 
e l e c t r i c a l  r e s i s t i v i t y  a func t ion  of the t e m p e r a t u r e  p = p(t). 

An i n t e g r a t i o n  of the n o n l i n e a r  equa t ions  (1) y i e l d s  an  e x p r e s s i o n  which can be w r i t t e n  as  

trn 

] / / ' ? r a , e = j p [ t ( x ) ) ,  (2) 
t pdt 

with the coo rd ina t e  x m c o r r e s p o n d i n g  to the only  t e m p e r a t u r e  e x t r e m u m :  a m a x i m u m  (tin). Both p a r a m -  
e t e r s  a r e  d e t e r m i n e d  f r o m  the b o u n d a r y  cond i t ions .  

When p = p(1 + a t ) ,  fo r  i n s t a n c e ,  we have c losed  e x p r e s s i o n s  for  t and e as  well  as for  the t h e r m a l  
flux dens i ty  and the e l e c t r i c  po ten t i a l :  

t= --~ [ ( l + ~ c~ i ( x --  xm) V g ~ - ~ - -  l ] , e=Poi ( l +atrn) C~ ] ( X--Xm) V ~ -  o: ; (3) 

x m 
q=](1--atm) sin](x--X,n) | / P ~  v= edx = - -  ~ - q .  (4) 

r %  ' 1 
x 

We c o n s i d e r  a conduc t ing  p lane  l a y e r  (a plate)  o r  a p r i s m a t i c  (cy l indr ica l )  b e a m  with a s e g m e n t  of 
the l a t e r a l  s u r f a c e  0 - x -< a t h e r m a l l y  i n su l a t ed ,  with the t e m p e r a t u r e s  t(O) = 0 and t(O) = t 1 >- 0 and the 
e l e c t r i c  c u r r e n t  dens i ty  j g iven.  Moreove r ,  x m a n d  t m a r e  d e t e r m i n e d  f r o m  the equa t ions  

- -  a t  T dt : / ' txml - ==/" la - -  Xml 

0 pdt 'q f pdt 
11 

or ,  when the e l e c t r i c a l  r e s i s t i v i t y  is  a l i n e a r  func t ion  of the t e m p e r a t u r e ,  f rom t he  equa t ions  

a 14-ar t--cos 1/-0~- 1 V(Gt~ll) + 4  sin z -~-  
x ~ -  Y~s arctg , t , ~ = -  - -  -1  , (6) 

sin l/ff~-~ (z sin I/-O~- 

with 0 - ( a j ) 2 p o / k .  F o r  conven i ence ,  with the aid of i den t i t i e s  

cos x--xm r - -  cos x ] f~-~  -+ l + a / 1 - - c o s  ] / 0 ~ -  sin x 

(l+~Ztm) sin ~ l"Oa : sin - ~  s i n l / ~ -  ~ cos 7 ]/Oa-~ (7) 

we t r a n s f o r m  e x p r e s s i o n s  (3) and (4) so that  they wil l  not eon ta in  x m and t m.  

F o r  i n s t ance ,  in  the ease  of boundarY cond i t ions  s y m m e t r i c a l  with r e s p e c t  to the e e n t e r  sec t ion  

(t 1 = O) we have 

a 1 1 +ceil--cos 1fff~a t/'6h - 
~m = Z - ,  t,~ = -j(~eoV~-~ - 0 ,  - ~g - -  (8) 

sin l / -O~ 2 

In conc lu s ion ,  r e s p e e t i v e  a p p r o x i m a t i o n s  of f o r m u l a s  (6), (3), and (4) a r e  d e r i v e d  for  the l i m i t i n g  
case  Oa << I.  

VNIPIChe rme t4ne rgooc t i i s t ka ,  K h a r ' k o v .  O r i g i n a l  a r t i c l e  s u b m i t t e d  D e c e m b e r  3, 1969; a b s t r a c t  
s u b m i t t e d  October  28, 1971. 
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MASS TRANSFER DURING CHEMICAL INTERACTION 

BETWEEN A SOLID AND A LIQUID ACCOMPANIED 

BY EMISSION OF GAS 

G. A. Aksei'rud and A. I. Dubynin UDC 66.015.23 

A t h e o r e t i c a l  and e x p e r i m e n t a l  s tudy  has  b e e n  m a d e  c o n c e r n i n g  the k i n e t i c s  of h e t e r o g e n e o u s  c h e m i -  
ca l  p r o c e s s e s  which  o c c u r  in a s o l i d - l i q u i d  s y s t e m  a c c o m p a n i e d  by  gas  e m i s s i o n  in the f o r m  of b u b b l e s .  

It h a s  b e e n  shown in [1] tha t  two k inds  of  e f f e c t s  r e s u l t  fo r  bubbl ing .  1) the e m i t t e d  gas  b u b b l e s  d i s -  
p l a c e  s o m e  l iqu id  and,  a s  a c o n s e q u e n c e ,  the r a t e  of d i f f u s i o n - l i m i t e d  h e t e r o g e n e o u s  r e a c t i o n s  i n c r e a s e s ;  
2) the g e n e r a t e d  gas  bubb l e s  sh i e ld  p a r t  of the s o l i d  s u r f a c e  and,  a s  a c o n s e q u e n c e ,  the to ta l  d i f fus ion  i s  
r e d u c e d .  

Owing to a c o m b i n a t i o n  of bo th  e f f e c t s ,  an i n c r e a s i n g  m a s s  f low d e n s i t y  c a u s e s  the m a s s  t r a n s f e r  
c o e f f i c i e n t  f i r s t  to i n c r e a s e  and then to d e c r e a s e .  

A s s u m i n g  tha t  the k ine t i c  l aws  of m a s s  t r a n s f e r  u n d e r  the  g iven  cond i t i ons  of a h e t e r o g e n e o u s  r e a c -  
t ion  a r e  i d e n t i c a l  to the l aws  of h e a t  t r a n s f e r  d u r i n g  bubb le  b o i l i n g  of a l iqu id ,  the a u t h o r s  de f ine  a s y s t e m  
of  p a r a m e t e r s  r e s p e c t i v e l y  p a i r e d  fo r  the  two a n a l o g o u s  p r o c e s s e s :  

heat exchange: mass exchange: 

~~ ] '  ;~(r ~~ Ve (p~-~'s)' (1) 
q = ~ z A t ;  qG==kGAcG; ( 2 )  

q qc (3) ~ = - -  ; z2 = = - - - -  . 

r p "  9 G  

Equa t ion  (3) fo l lows  f r o m  the r e l a t i o n  

I Oc " dR 
(4) 

The  e x c e s s  of g a s e o u s  p r o d u c t s  Ac G n e a r  the r e a c t i o n  s u r f a c e  i s  e s t a b l i s h e d  on the b a s i s  of the r e -  
a c t i o n  b a l a n c e  

nkG(cG-cGs) = ~ (c~O). (5) 

�9 - -  ! 

a - -  2 

tO ~ o-- 4, 

I-- 5 
K> --b 
�9 -- 7 

i0 -i 
foe /~-t i0 o tO f r~e 

Fig. 1. Generalization of test data according to Eq. 

(9) on the i n t e r a c t i o n  b e t w e e n  CaCOa, (CuOH)2CO3, 
Mg, Mn, and a c i d s :  1) CaCO 3 + HCI; 2) CaCO 3 + HNO3; 
3) (CuOH)2CO 3 + HCI; 4) (CuOH)2CO 3 + HNO3; 5) Mg 
+ HCI; 6) M g +  H2SO4; 7) M n +  HC1. 

L ' v o v  P o l y t e c h n i c  Ins t i t u t e ,  L ' v o v .  O r i g i n a l  a r t i c l e  s u b m i t t e d  S e p t e m b e r  20, 1971; a b s t r a c t  sub - ~ l ~  
m i t r e d  O c t o b e r  29, 1971. 
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Considering that [2] 

le G -- DG | ~ =  \ DG } , (6) 

we have for the concentrat ion drop of dissolved gas 

ACG--CG--CC~= - ~ -  

It appears  feasibIe,  by extending this analogy, to seek the mass  t rans fe r  coefficient in the form 

Nu=f  (Re, Pr), (8) 

where 
kGl z_  a - -  v wl qG l 

t /rDR" Re = -- . . . . .  
N u - -  D G - -  cRDR v DGG' Pr=DGG ; % - - -  PG v 

The kinetics of mass  t rans fe r  during bubbling was studied in typical interactions between calcite,  
malachite ,  magnesium, manganese and sulfuric acid, hydrochlor ic  acid, nitric acid in various concent ra-  
tions. 

The test  data were evaluated and plotted on a curve fitting the cri teria1 'relation 

Nu=6.9Re~ 3 (9) 

This equation does qualitatively .resemble the analogous equation which Kutateladze [3] and Labuntsov 
[4] have obtained for heat t ransfer .  This justif ies the use of such heterogeneous react ions as "cold" models 
in simulating heat t ransfer  p roces se s  (during boiling). 

CG 
CGs 

CR 
DG 
DR 
q 

qG 
w 

l 

kG, kR 
R 
At 
r 
n 

g 
p r  R = v/D R 
P r  G = v/D G 
Nu 
Re 
a 

ff 

v 
og 

O' 
0 " 

PG 
T 

NOTATION 

is the concentrat ion of gas at the react ion surface,  kg/m3; 
is the saturat ion concentrat ion of gas in a volume of liquid, kg/m3; 
is the concentrat ion of hydrogen ions, kg/m3; 
is the diffusivity of gas,  m2/sec;  
is the. diffusivity of hydrogen ions, m2/sec;  
is the thermal  flux density, W/mZ; 
is the mass  flow density of gas, kg/m~; 
is the charac te r i s t i c  l inear velocity;  
is the charac te r i s t i c  l inear dimension, proport ional  to the breakaway diameter  of a bub- 
ble, m; 
are  the mass  t ransfer  coefficients,  m / s e c ;  
is the radius of a gas bubble, m; 
is the tempera ture  drop, ~ 
is the heat of evaporation,  J /kg ;  
is the s to ichiometr ic  ratio,  kgH2/kggas; 

is the acce lera t ion  of gravity,  m/sec2;  
is the Prandtl  diffusion number  for hydrogen ions; 
is the Prandtl  diffusion number  for  gas;  
is the Nusselt  number; 
is the Reynolds number;  
is the thermal  diffusivity, m2/sec;  
is the surface tension, N/m;  
is the kinematic viscosi ty,  m2/sec;  
is the heat t r ans fe r  coefficient,  W / m  2 - ~  

m the density of liquid, kg/m3; 
is the density of vapor,  kg/ma; 
is the density of gas, kg/ma; 
is the time. 

S u b s c r i p t s  

G denotes gas; 
R denotes reagent;  
S denotes surface.  
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S u p e r s c r i p t s  

' d eno t e s  l iqu id ;  
" deno t e s  v a p o r .  

1. 

2. 

3. 

4. 
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PRESSURE AND VELOCITY DISTRIBUTIONS IN 

A LAMINAR DISCHARGE OF FLUID FROM A 

PERFORATED PIPE 

R .  S .  K u z n e t s k i i  UDC 532.5 

F o r  a t u r b u l e n t  f low in a p ipe  wi th  a s e a l e d  end we have ,  when the d i s c h a r g e  th rough  u n i f o r m l y  
s p a c e d  p e r f o r a t i o n s  a long  the p ipe  i s  l a m i n a r  (Re < R e ,  and d4-p ~ A -  p4"cRe,p/2)  

< p ~ '  ~ L 2 d 
+ = - - - - - { o l  = : o .  < 1 )  

o c u, 

Here oz = ~/4 is the Coriolis coefficient, G is the ratio of total perforation area to inside pipe section area; 

p and ~ =/~/p are the density and the kinematic viscosity of the fluid, respectively; I = Lx (0 -< I -< L, 

0 -< x -< i) is the pipe length coordinate (subscripts 0 and 1 refer to x = 0 and x = I, respectively); p(l) 

= P0h(x) and v(/) = u(x) 2p~0/p are the mean-over-the-section excess pressure and the axial fluid velocity 

in the pipe, respectively; k = @/L is the referred pipe resistance coefficient; w(/) is the discharge velocity 

through the perforations; d is the diameter of each perforation; Re = dw/~ is ~he Reynolds number re- 

ferred to the perforation diameter (Re, ~ i0 is critical); Re 0 = cr = (crd/v)~2po/p; c = const ~- 25.2; and 

the values of A for various liquids and gases are tabulated. 

In dimensionless form Eqs. (I) become 

h'§ (• z~'=--rh; h (0) = l, u (1) -- O, (2) 

and in th i s  way  de f ine  the  c r i t e r i a l  p r o c e s s  n u m b e r s  Re  0 and ~. S y s t e m  (2) can  be  i n t e g r a t e d  in q u a d r a -  
t u r e s  only  in the e x t r e m e  c a s e s  of v e r y  s m a l l  o r  v e r y  l a r g e  v a l u e s  of the p ipe  r e s i s t a n c e  coe f f i c i en t ;  in 
the  g e n e r a l  c a s e  i t  can  on ly  be  i n t e g r a t e d  n u m e r i c a l l y  on a c o m p u t e r .  The  r e s u l t s  of s u c h  a c o m p u t e r -  
a i d e d  n u m e r i c a l  i n t e g r a t i o n  a r e  shown in F i g .  1 fo r  a t y p i c a l  va lue  Re0/~  = 5. 

It fo l lows  f r o m  an  a n a l y s i s  of s y s t e m  (2) tha t  u(x) d e c r e a s e s  e v e r y w h e r e  m o n o t o n i c a l l y  whi le  func-  
t ion  h(x) has  a m a x i m u m  (hi) a t  x = 1, i n c r e a s e s  m o n o t o n i c a l l y  when u 0 < ~r/~b (i. e . ,  a t  Re 0 s m a l l e r  than  
s o m e  Re~),  and  a l s o  h a s  a m i n i m u m  when u 0 > ~r/~b (at x c o r r e s p o n d i n g  to u / h  = ~ r / r  

The  func t ion  hi(Re0) a t  Re0/@ = c o a s t  h a s  a m i n i m u m  equa l  to un i ty  a t  Re  0 - 0 and a m a x i m u m  at 
Re = Re~,  th i s  m a x i m u m  i n c r e a s i n g  with  h i g h e r  Re0/@ v a l u e s .  F u n c t i o n  u0(Re0) is  z e r o  at  Re 0 = 0 and 
then i n c r e a s e s  a s y m p t o t i c a l l y  a p p r o a c h i n g  a l i m i t  which  b e c o m e s  h i g h e r  with h i g h e r  Re0/~ v a l u e s .  

When Re 0 < Re~,  the v a l u e s  of the m o n o t o n i c a l l y  i n c r e a s i n g  funct ion  h(x) i n c r e a s e  a s  Re 0 i n c r e a s e s  
and @ d e c r e a s e s .  When Re 0 -> Re~,  h(x) has  a m i n i m u m  which  d e c r e a s e s  ( t oge the r  wi th  a l l  v a l u e s  of h(x)) 

O r i g i n a l  a r t i c l e  s u b m i t t e d  F e b r u a r y  22, 1971; a b s t r a c t  s u b m i t t e d  A u g u s t  10, 1971, 
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k 
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h 

Fig. I. Dimensionless ex- 

cess pressure h and axial 

velocity u as functions of 

the dimensionless pipe length 

coordinate x, at various val- 

ues of the Reynolds number 

Re o (Reo/~b = 5). 

and shif ts  toward  the r igh t  as Re 0 and ~b i n c r e a s e ;  m o r e o v e r ,  the m a x i m u m  h i b e c o m e s  l e s s  peaked.  
v a l u e s  of func t ion  u(x) i n c r e a s e  as  ~ d e c r e a s e s  (more  r ap id ly  at  h ighe r  Re 0 values)  and e s s e n t i a l l y  in -  
c r e a s e  as  Re 0 i n c r e a s e s .  

The 

TEMPERATURE FIELDS IN MULTILAYER 

SEMITRANSLUCENT COATINGS HEATED BY 

RADIATION PULSES 

V. V. F r o l o v  UDC 532.526.011:536.24 

The transient one-dimensional heat conduction problem is analyzed for the case of a multilayer sys- 

tem, taking into account distributed absorption of heat froman external radiant source. The absorption 

process is assumed linear. Reflections and concentrated absorption at the interlayer boundaries are also 

taken into account. As an example, the temperature distribution problem is solved numerically for a two- 

layer protective coating. The external heat load on the coating is represented in terms of a triangular 

pulse of a given total energy content, and the intrinsic radiation from the surface of the outer layer is also 

accounted for. 

The problem is solved numerically for pulses 60, 20, and i0 sec wi~e. The total energy in a pulse 

corresponds to actual intensities of radiant thermal fluxes passing into the atmosphere, assuming the 

passage occurs within about i0 sec. 

The numerical solution to the heat conduction problem is obtained by the implicit scheme; the bound- 

ary-value equations at each step are solved by combining a reduction to the Cauchy problem with the sweep 
method. Moreover, the fundamental system of solutions is presented in the form of piecewise-eontinuous 

functions. The quantity of heat absorbed,, as a function of time, is plotted on curves for various values of 
the absorptivity and for various pulse widths. Furthermore, instantaneous temperature distributions in 

the layers of semitranslucent and fully opaque systems at various instants of time are shown too. 

N. E. Zhukovskii Central Institute of Aerohydrodynamics, Moscow. Original article submitted 
January 15, 1971; abstract submitted October 28, 1971. 
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The resul ts  obtained here indicate that, d is regarding the bulk absorption of radiant energy by the 
sys tem,  the e r r o r s  in the calculated tempera ture  distribution or quantity of heat can be quite appreciable 
even at high values of the absorptivity,  and that this inaccuracy becomes  g rea te r  with shor ter  pulse widths. 
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