
ABSTRACTS 

H E A T  AND MASS T R A N S F E R  IN A B I N A R Y  T U R B U L E N T  

B O U N D A R Y  L A Y E R  D U R I N G  T H E  F O R C I N G  OF G A S E S  

T H R O U G H  A V E R T I C A L  P O R O U S  S U R F A C E  UNDER 

C O N D I T I O N S  OF N A T U R A L  C O N V E C T I O N  

P .  M. B r d l i k  a n d I .  S.  M o l c h a d s k i i *  UDC 532.517.2:536.25 

An approximate analytical solution of heat and mass t ransfer  is given for a binary turbulent boundary 
layer  developing during natural convection at a vertical surface.  

An attempt is made directly to calculate the parameters  of permeabili ty as a function of the tangential 
s t ress  and heat flux according to an equation obtained for forced flow. 

An analysis of the solution is presented with the aim of determining the contribution of the various 
physical parameters to heat transfer during the forcing of helium and air. 

The solution obtained is compared with a solution achieved earlier by one of the authors, where the 
permeability factor was calculated indirectly through the thickness of the boundary layer and the charac- 
teristic velocity. 

Data are presented on an experimental study on the forcing of CO 2 and He through a vertical porous 
surface under conditions of natural convection. The experimental results are in good agreement with the 
analytical solution obtained. 

A determination is made of the limits at which there develops an inversion effect associated with a 
change in the direction of the velocity in the viscous sublayer of the turbulent boundary layer during the 
forcing of CO 2 through a heated vertical surface. 

E F F E C T  OF R A D I A T I O N  ON H E A T  T R A N S F E R  

C I R C U L A R  CROSS S E C T I O N  

D. A.  N u s u p b e k o v a ,  Z .  B .  S a k i p o v ,  
a n d  Ao A .  S u k h o n o s o v $  

IN T UBE S OF 

UDC 536.333 

The steady flow of a viscous liquid with constant physical properties in a circular channel, in the 
presence of radiative heat exchange, is examined in the article. If the liquid is diathermal the effect of 
heat transfer by radiation on the convective heat exchange appears through the boundary conditions [i]. 

*Scientific-Research Institute of Structural Physics,  Moscow. Translated from Inzhenerno-Fizi-  
cheskii Zhurnal, Vol.21, No. 6, p. 1110, December, 1971. Original article submitted November 24, 1970; 
abstract  submitted May 5, 1971. 

tKazakh Scientific-Research Institute of Energet ics ,  Alma-Ata. Translated from Inzhenerno-Fizi-  
cheskii Zhurnal, Vol.21, No. 6, pp . l l l 0 -11 i2 ,December ,  1971. Original art icle submitted October 3, 1969; 
abstract submitted April 17, 1971. 

�9 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 [I/est I7th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1577 



It is a s sumed  that the radiative heat t r ans fe r  takes place only in the plane of each c ros s  section,  i .e. ,  
the heat genera ted  in the channel walls in a given section is given off by radiation only in that section.  The 
e r r o r  result ing f rom such an assumption will be smal le r ,  the sma l l e r  the relat ive width of the channel and 
the variat ion in wall t empera tu re  along the length of the channel in compar ison  to its mean value. 

In such a formulat ion the problem under examination r educes to  an integral  energy equation [1] 

OT , ar 

with following boundary condit ions:  
OT ) qlrl ~ 4 4 R ~ -  ~=R, = - ~ -  + ~ - - -  (T, - -  V2), 

(R O~-R) R=I-- q~r2L a~ (T~--T]), (2) 

(a,)~=R, ' , =  o, t- ~ - I . 

81~ e 83 

Having integrated Eq.  (1)twice within the l imits f rom R 1 = r l / r2  to R, taking into account the boundary con-  

ditions (2), we obtain 
R R R 

i * A I  WxR`dR  ̀ ii[ qlrl oel?isrl 4 4 �9 - - ~ -  + - - i - -  ( r , - % )  t 
T__T1 = R, d- : ( a t )  

R, (1-[---~-)R` ~, 1+--~- R 
dR. (3) 

If the difference in wall t empera tu re s  T1-T2  is smal l  in compar ison with T 1 and T 2 then as an approxima-  

tion we can take 
T 4 - T  4 ~ 4T~,(T 1-T2), 

dR,, 

where T w = {1/2) (T 1 + T2), and we wri te  Eq. (3) in the form 

R R R 

O--1--R~ R~' (l+ff~-~rrr)  R RI' (1+ ~ PrrPr )R 
(4) 

where 
(T -- T1) 

0-- qlrl + qr 
Thus,  the determinat ion of the t empera tu re  field comes down to a calculation of the integrals  in Eq.  

(4). Moreover ,  we can obtain integral  equations for the heat-exchange coefficients at the inner and outer 
wails of the ehannel a 1 and a2. In the absence of radiant t r ans fe r  (r = 0) these equations convert  into the 
well-known equations for convective heat exchange in tubes of e i rcu la r  c ro s s  section [2]. 

The laminar  movement of a dia thermal  gas in a c i rcu la r  channel is examined as a specific example.  

NOTATION 

r is the flow radius of the tube; 
r 1 is the inner radius of the tube; 
r 2 is the outer radius of the tube; 
deq = 2{r2-r l )  is the equivalent d iameter ;  
R = r / r  2 is the dimensionless  radius of the tube; 
R 1 = r l / r  2 is a geomet r ica l  pa rame te r ;  
l is the cbnnnel length; 
w x is the velocity of liquid; 
w is the average velocity of the liquid; 
W x = wx/r~ is the dimensionless  velocity of the liquid; 
T is the liquid tempera ture ;  
T1, T 2 are  the t empera tu res  of the inner and outer walls; 
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qi, q2 
q2i = q2/ql  
Fi, F2 
~i, 
gre 
cr 0 = 4 . 9 . 1 0  -8 k c a l / m  2 ~ . d e g  

a 1 = q l / ( T 1 - T ) , a 2  = q 2 / ( T 2 - T )  
l 

UT 

a T 
P r  = u /o~ 

Pr T = v T / a  T 

is the calorimetric average of the liquid temperature; 
are the heat flux densities at the inner and outer walls; 
is the ratio of heat fluxes; 
are the areas of the inner and outer walls; 
are the emittance of the inner and outer walls; 
is the reduced emittance; 
is the Stefan-Boltzmann constant: 
are heat-exchange coefficients at the inner and outer walls; 
is the heat-conduction coefficient; 
is the coefficient of turbulent transfer of the amount of movement; 
is the coefficient of turbulent heat transfer; 
is the Prandtl number; 
is the turbulent Prandtl number. 
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D E S I G N  O F  T H E R M A L  

C R Y O G E N I C  V A C U U M  

L .  N .  B o l g a r o v  

INSULATING 

CHAMBERS 

SHIELDS FOR 

UDC 536.3:621.528.1  

A zonal method based on the calculation of the averaged characteristics of radiant heat transfer is 
used for a calculation of the basic parameters of chevron shields for cryogenic vacuum chambers: the 
transmission capacity a and the transmission coefficient of thermal radiation 7. 

The plane problem of radiant heat transfer to an element of an optically opaque chevron shield (Fig. 
1) consisting of the edge surfaces Fb, Fe, Fd, and Fe, the entrance surface Fa, and the exhaust surface F h 
is examined with a derivation of the equations. For a more precise calculation the surfaces F a and F h are 
divided into m identical sections, designated as F k and Fi, while the surfaces Fb, Fc, Fd, and F e are divided 
into n sections, designated as Fl,  Fp, Fq, and F r.  

a The calculating equations obtained have the form 

~] = ~iI~ n~' 
r~ 

111 ~ Z (~hi , 
~ p  k=i i=I 

~ u  As a result of E q. (2) 

~ % ~ Fd 1 Eint. sh 

F i g .  1 

(1) 

(2) 

i ~ l  l ,  p ,  q, r ~ l  I l p q r 

(3) 

Here ~ki is the mean allowed angular coefficient of radiation from 
the surface F k to the surface Fi; @ij is the mean allowed angular coef- 
ficient of radiation to the surface Fj (j = l, p, q, r) from the surface 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 21, No. 6, pp. 1112-1113, December, 1971. 
Original article submitted January 25, 1971; abstract submitted April 29, 1971. 
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Fi; E r e s . a  is the resul tant  radiat ion flux density of the surface Fa;  E in t . sh  is the in ternal  radiat ion flux 
density of the shield.  

The t r ansmis s ion  capaci ty  ~ is also de termined f rom Eq.  (2) ; in this case it is assumed that the ex-  
haust gases  do not condense on the shield sur faces  (the coefficient of ref lec t ion of its sur faces  is R = 1), 
while the conditions of in terac t ion  of the molecular  fluxes f rom the sur faces  of the shield a re  identical to 
the conditions for  radiant heat t r a n s f e r .  

Calculating equations are  p re sen ted  for  the angular coefficients of radiant  heat t r ans fe r  between the 
surface  e lements  of the shield which a re  n e c e s s a r y  for computing the allowed angular coefficients ~ki and 
~i].  Calculations were  made on a computer  to determine the t r ansmiss ion  capacity ~ and the coefficient  
of t r ansmis s ion  of the rma l  radiat ion ~?l as a function of the coefficient  of ref lect ion of the shield R and its 
geomet r i ca l  dimensions ( ra t io  of edge length to spacing b/a and angle between edges ~) .  The resu l t s  of the 
calculat ion a re  p re sen ted  in the form of graphs of ~ l (b /a ,  7, R) and ~ (b/a ,  7) .  

T E M P E R A T U R E  F I E L D  OF M E A S U R I N G  C O M P A R T M E N T  

IN H E A T E D  F I L A M E N T  M E T H O D  

E .  V .  K o v a l ' s k i i  a n d  Y u .  L .  R a s t o r g u e v  UDC 536.2.08 

In an exper imenta l  de terminat ion  of the coefficient of thermal  conductivity of gases  and liquids by the 
heated f i lament method it is assumed that the outer  r es i s t ance  t h e rm o m e te r  measu re s  the t empera tu re  of 
the outer sur face  of the glass capi l la ry .  

In rea l i ty  the the rma l  r e s i s t ance  will be lower in the zones of contact of the t h e rm o m e te r  coils with 
the capi l la ry  than where it is not in contact .  Th e re fo r e ,  the t empera tu re  f ield will not be uniform along the 
length of the measur ing  compar tment  and the t empera tu re  measu red  by the r e s i s t ance  t h e rm o m e te r  ~will 
differ  from the average  t empe ra tu r e  at the outer  surface  of the capi l la ry .  
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Fig.  1. Diagram of measur ing compar tment :  
1) platinum heating fi lament;  2) platinum 
fi lament of outer  r es i s t ance  t he rmomete r ;  
3) glass capi l lary;  4) thermosta t ic  block. 
Solid l ine: t empera tu re  in sect ion 0 -  0; dash 
and dot l ine: average t empera tu re ;  dashed 
line: computed t empera tu re .  

Groznyy Pe t ro leum Inst i tute.  T rans la t ed  f rom Inzhenerno-Fiz icheski i  Zhurnal,  Vol.21,  No. 6, pp. 
1113-1114, December ,  1971. Original a r t ic le  submit ted October 26, 1970; abs t rac t  submitted May 5, 1971. 
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For a quantitative estimate of the effect of nonuniformity of the temperature field on the accuracy 
of determining the coefficient of thermal conductivity the problem of the temperature distribution in the 
measuring compartment in the heated filament method was solved on a computer by the grid method. 

In solving the problem the following assumptions were made: i) the outer thermometer is wound on 
the capillary not in the form of a spiral but in the form of rings with a spacing l; 2) the temperature of the 
inner resistance thermometer filament is constant and equal to t I (Fig. i); 3) the temperature of the auto- 
clave wall is also constant and equal to t2; 4) the temperature field is symmetrical with respect to the axis 
of the measuring compartment; 5) the heat in the layer between the measuring compartment and the auto- 
clave is transferred by thermal conduction; 6) the thermal conduction coefficients of the medium being 
studied kl, the glass capillary k2, and the platinum ~ do not depend on the temperature; 7) there is no heat 

flux through the sections 0- 0 and I- I (Fig. i), i.e., -k (at/az) I ~=0 = 0 and -k (at/az) I ~=i/2 = o. 

The plane problem of thermal conduction obtained taking into account the different thermal conduc- 

tion coefficients and the curvature was solved by the grid method with steps of 0.02 mmo 

The calculations showed that, as a result of distortion of the temperature field, the platinum filament 
of the outer resistance thermometer has a lower temperature than the average temperature of the outer 
surface of the capillary. The nonuniformity of the temperature field decreases at the capillary wall, which 
leads to a more uniform temperature distribution in the measuring space. Graphs of the temperature vari- 
ation along the radius of the measuring compartment, and the actual and computed temperature drops At a 
and zkt c are shown in Fig. i. Since At a < &tc, the experimental values of the thermal-conduction coefficient 
obtained are too low. The error in determining the thermal-conduction coefficient depends on the dimen- 
sions of the measuring compartment, the spacing of the outer resistance thermometer winding, and the 
thermal-conduction coefficient of the medium being studied. The error grows with an increase in the ther- 
mal-conduction coefficient of the substance studied and decreases with an increase in the diameter of the 
capillary. 

For a measuring compartment with dimensions r I = 0.05 ram, r 2 = 0.47 ram, r 3 = 0.85 ram, r 4 = 6.21 
ram, and I = 1.36 mm the error in a calculation of the thermal-conduction coefficient without taking into 
account the nonuniformity of its temperature field is 0.8% for air, 1.3% for toluene, and 1.9% for water. 

DETERMINATION OF HEAT RELEASE FUNCTION IN 

COMBUSTION CHAMBERS WITH TRANSIENT 

FUEL SUPPLY 

Yu. V~ Seleznev UDC 536.14 

From the point of view of energet ics  a heat re lease  function can be represen ted  in the fo rm of a de-  
layed function of the fuel supply which is the potential c a r r i e r  of the energy of heat r e l ea se :  

= ~ (~-- ~i). (1) 

During the per iod T i the breakup of the fuel s t r eam into individual drops,  the format ion and develop- 
ment of the fuel plume, the heating and vaporizing of the individual drops,  the diffusion of the vapors  and 
format ion of the burning mixture ,  and finally the burning p roces s  i tseK take place,  It should be noted that 
not all the heat introduced with the fuel is used in the combustion chamber .  Par t  of the heat is lost because 
of heat exchange and f rom blowout through combustion chamber  leakage.  These losses  can be expressed  
through a supplemental per iod A~" i of the delay argument ,  causing an equivalent decrease  in the heat r e -  
lease  function. The nature of the function ~'i = fff) can be expressed  through the initial pa r ame te r s  and 

Kharlkov Institute of Radioelectronics. Translated from lazhenerno-Fizicheskii Zhurnal, Vol.21, 
No. 6, pp. 1114-1115, December, 1971. Original article submitted November 2, 1970; abstract submitted 
March 22, 1971. 
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boundary condit ions.  The boundary conditions are  determined by the pa rame te r s  of the fuel-supply sys tem,  
the phys icochemica l  p a r a m e t e r s  of the fuel, and the tempera ture  of the surrounding walls.  The  initial con-  
ditions a re  determined by the g a s - t h e r m o d y n a m i c  pa ramete r s  of the a i r  and the geometr ica l  pa rame te r s  
of the fuel plumes at the moment of initial combustion.  

The following general ized equation of relat ive heat re lease  is obtained for diesel combustion cham-  

b e r s :  
= ~/7- m sin 2~X~l , (2) 

where 

Ha I1~ nn q~n)] 
~l 5= ~i~'-(~i~ ) "~- ~in [1 --expFld(qOio -- (3) 

represents the relative heat release for a linear fuel supply function. 

For existing diesels the combustion chamber criteria which can be determined depend on the con- 
struction parameters of the chamber and the fuel apparatus and on the gas-thermodynamic parameters of 
the air charge. 

The criterion H a characterizes the heat loss due to heat exchange and blowout through piston ring 
leakage, II c how fully the fuel injected into the combustion chamber is used which depends on the condition 
of the sprayer, II d the initial reaction rate, depending on the fuel, the volume of the plumes, and the dura- 
tion of the injection (the heat re lease  rate grows with an increase  in lid), and R n the turbulent diffusiontime 
of the a i r  charge into the burning zone (the heat re lease  rate dec reases  with increase  in lIn)~ [I n decreases  
with an inc rease  in the coefficient of air  surplus and the rate  of movement  of the air  charge .  

Fo r  existing undivided diesel  combustion chambers  H a = 0.008-0.028, II c = (0.9-1.0)~in , lid = 8-28, 
II n = 1.1-2.3, and m = 0-0 .1 .  

NOTATION 

T 

Tio 

(7 

Win 
Ha, IIc, lid, lin 
m 

is the running time from the moment of fuel injection; 
is the delay period of self-ignition (induction period); 
is the delay period of heat release; 
is the time function of the relative fuel supply; 
are the relative values of the parameters r, ~i0, ~-i reduced to the period of the work- 
ing stroke of the diesel; 
is the reduced fuel injection time; 
are empirical dimensionless parameters characterizing the combustion chamber; 
is a characteristic of the fuel-supply system. 
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INDUCTION ACCELERATION OF CONDUCTORS 

AND OF PLASMA 

P .  M .  K o l e s n i k o v ,  N~ S .  K o l e s n i k o v a ,  
a n d  I .  B .  G a v r t s  

UDC 538.323;533.9 

The paper presents a study of transient electromagnetic processes and the acceleration of a plasma 
in a pulsed accelerator with inductive coupling of the plasma and the primary circuit. 

As a mathematical model we consider the transient processes in the primary electrical circuit, con- 
sisting of a stationary coil, in which a capacitor bank is discharged through a resistance and an inductance. 
A current is induced in a movable coil, which is coaxial with the stationary coil, during the current dis- 
charge; its action with the currents in the primary circuit leads to the acceleration of the movable coil. 
The fundamental equations that describe the induction acceleration of a single coil and the transient pro- 
cesses in the accelerator circuit, in dimensionless form, are 

d.y _ q I < / ! ~ 1  y [ _  .~-, ~, ~ (1) 

- -  K 2 

d r  d r  

- - - < P I  ( 3 )  
dT 

, , ] 
_ _ ,  _ - - k t K - - ~ _ E  , - ~ = o ,  (4) 

d r  aT t L ~, k , 

where  y is the path  t r a v e r s e d  by  the p l a s m a  being a c c e l e r a t e d ;  y~ is the ve loc i ty  of the p l a s m a ;  r  is the 
c u r r e n t  in the p r i m a r y  c i r c u i t ;  Ca' is the c u r r e n t  in the movab le  c i r cu i t ;  r is the vol tage a c r o s s  the wind-  
ings of the  c a p a c i t o r ;  K and E a r e  el l ipt ic  i n t eg ra l s  of the f i r s t  kind and of the second  kind, r e s p e c t i v e l y ;  
k is t he i r  modu lus ;  and r is the t i m e .  The  quant i t ies  q,  a t ,  az, aa, at ,  as, a l ,  ~2 a r e  d i m e n s i o n l e s s  p a r a m -  
e t e r s .  

The  s y s t e m  of equat ions  (1)- (4) was  so lved  n u m e r i c a l l y  fo r  r e p e a t e d l y  va ry ing  values  of the p a r a m -  
e t e r s  with the ini t ia l  condi t ions-  f o r  T = 0, we have r = r = Y' = 0; q~l = 1; y = 0.1. 

As  a r e s u l t  of the inves t iga t ion  of the s y s t e m  of equat ions  (1)-(4) we e s t ab l i sh  that ,  in induct ion a c -  
c e l e r a t o r s ,  the p l a s m a  ve loc i t i e s  a t ta in  m a x i m u m  values  in a s h o r t e r  t ime ,  the value of the p a r a m e t e r  q 
has a weake r  effect  on the r e l a t i ve  va r i a t ion  of the ve loc i ty  c o m p a r e d  with the usua l  e l e c t r o d e  a c c e l e r a t o r ,  
and the va r i a t ion  in ve loc i ty  r ap id ly  a t ta ins  i ts  m a x i m u m  value (Fig. 1). In F ig .  1 the n u m e r a l s  on the c u r v e s  
c o r r e s p o n d  to  the values  of the p a r a m e t e r s :  a 1 = a 3 = a 4 = 0.5; ~1 = e~2 = 0.1; 1) q = 1, a 2 = 0; 2) q = 4, a 2 = 0; 
3) q = 1, a z = 0; 4) q = 1, a 2 = 1;  5) q = 4, a 2 = 1; 6) q = 10, a 2 = 1.0. 

On the cu rve  of the va r i a t ion  of the d i s c h a r g e  c u r r e n t  in the 
, p r i m a r y  c i r cu i t  n e a r  the c u r r e n t  m a x i m u m  a dip a p p e a r s .  This  is 

0,6[ 13 i c h a r a c t e r i s t i c  f o r  m a n y  e x p e r i m e n t a l  dev ices ;  the dip ind ica tes  that  
t he re  is an induct ion  i n t e r ac t i on  in the a c c e l e r a t o r s .  The  d i s c h a r g e  

o,#~ currents in the movable circuit are comparable in magnitude with 
the discharge currents in the primary circuit. 

a,2[ ~ /  ~ z 3 ~ 5 6 It  is shown that  us ing  such  a s c h e m e  we can  d e s c r i b e  and mode l  
o* ' z v the  a c c e l e r a t i o n  s t r a t i f i ed  on s e p a r a t e  p l a s m o i d s ,  i n t e r ac t i ng  with 

each  o ther  a c c o r d i n g  to an induct ion method ,  and an e s t i m a t e  is made  
F ig .  1 of the  effect  of the mot ion  of one p l a s m o i d  on the o t h e r s ,  and on the 

en t i r e  s y s t e m .  

Ins t i tu te  of Heat  and Mass  E x c h a n g e ,  A c a d e m y  of Sc iences  of the B e l o r u s s i a n  SSR, Minsk.  T r a n s l a t e d ~  
f r o m  I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol .21 ,  No. 6, pp .  1115-1116,  D e c e m b e r ,  1971. Or ig ina l  a r t i c l e  s u b -  
mi t t ed  J a n u a r y  13, 1971; a b s t r a c t  submi t t ed  May 20, 1971. 
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A C C E L E R A T I O N  OF A P L A S M A  I N  A C O A X I A L  

A C C E L E R A T O R  W I T H  A N  O P T I M A L  I N D U C T I V E  

E N E R G Y  A C C U M U L A T O R  

P .  M .  K o l e s n i k o v ,  N .  S .  K o l e s n i k o v a ,  
a n d  I .  B .  G a v r i s  

UDC 538.323:533.9 

The pape r  cons ide r s  the combined opera t ion  of a coaxial  p l a s m a  a c c e l e r a t o r  and an induction energy  
accumula to r  with a f e r romagne t i c  co re  for  minimum energy  losses  in the induction accumula to r ,  when the 
cu r r en t  source  ens u re s  the following law of cu r ren t  var ia t ion  [1]: 

I = A (sh at + b ch aO, (1) 

where  I is the cu r r en t  of the charge  eycle ;  A, a,  and b a r e  constants ;  and t is the t ime .  In this ease  the 
equations descr ib ing  the t r ans ien t  p r o c e s s e s  in the c i rcui t s  and the acce le ra t ion  of the p l a s m a  with account 
of m a s s - t r a n s p o r t  p r o c e s s e s ,  in d imens ion less  va r i ab l e s ,  take the fo rm 

dy~ (2) 
d~  = qcp' ~ ' 

dy (3) 
dT 

d~t _ _+ 71~ t _ 7e~ t2 @ 73q ~'' @ 7~lqD, [ __ 75P' 8 @ 76Y', (4) 
dT 

d~' (5) 
(1 @y) ~ @ y'q/-~-p~'- ~ c h  ~ - - c ~  s h T  = 0 ,  

where  y is the path t r a v e r s e d  by the p l a s m a  of m a s s  # to be acce le ra t ed ;  y '  is the veloci ty  of the p l a sma ;  
1- is the t ime ;  9 '  is the d ischarge  cur ren t ;  and q, o~,/3, T1, T2, T3, T4, Ts, T6 a r e  d imens ion less  p a r a m e t e r s  of 
the s y s t e m .  Equat ions  (2)-(3) a r e  the law of mot ion of the p l a s m a  under  the act ion of m a g n e t i c - p r e s s u r e  
fo rces ;  Equat ion (4) desc r ibes  the kinet ics  of the m a s s - t r a n s f e r  p r o c e s s e s  in the p l a sma ,  taMng account of d i f -  
fusion of p a r t i c l e s ,  two-pa r t i c l e  and t h r e e - p a r t i c l e  recombina t ion  of p l a s m a ,  anode and cathode sput ter ing,  
and the drag  of the neut ra l  gas  [2 ]; E quation (5) is the second Kirchhoff law for  a charge - d ischarge c i rcu i t .  

The s y s t e m  (2)-(5) was solved numer i ca l ly  for  the var iab le  quanti t ies that appea r  in i ts  p a r a m e t e r s  
and the ini t ial  condit ions:  for  ~" = 0 we have y = y~ = 9'  = 0, /~ = 1. 

Resul t s  of the numer i ca l  invest igat ion show that an induction energy  accumula to r  having an opt imal  
law of cu r ren t  var ia t ion  in the charging  c i rcui t  both substant ia l ly  changes the c h a r a c t e r  of the t r ans ien t  
p r o c e s s e s  in the a c c u m u l a t o r - a c c e l e r a t o r  sy s t em,  and a lso  improves  the c h a r a c t e r i s t i c s  of the p l a s m a  
being acce l e ra t ed ;  it can ensure  an i nc rea se  in the veloci ty  of the p l a s m a  of s e v e r a l  o rde r s  of magnitude 
in c o m p a r i s o n  with the s ame  a c c e l e r a t o r ,  but having a nonoptimal  law of var ia t ion  in the charging c i rcui t  
[3]. In the f igures  cu rves  a r e  p r e sen t ed  for  the var ia t ion  of y, y ' ,  and ~0' as functions of the p a r a m e t e r s  
of the sys tem and of the t i m e .  A calculat ion of the t r ans ien t  p r o c e s s e s  in an a c c e l e r a t o r  with an induction 
accumula to r  is p re sen ted ,  and the c h a r a c t e r i s t i c s  of the a c c e l e r a t o r s  being inves t igated a re  compared .  
The effect  of m a s s - t r a n s p o r t  p r o c e s s e s  on the c h a r a c t e r i s t i c s  of the p l a s m a  being acce l e r a t ed  is  inves t i -  
gated; it is  shown that  these  p r o c e s s e s  have a cons iderable  effect .  

1. 

2. 
3. 
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T H E  T H E O R Y  OF H E A T  

P O O L  B O I L I N G  

A .  A .  V o l o s h k o  

T R A N S F E R  IN NUCLEATE 

UDC 536.423.1 

An analyt ical  method for  calculat ing the beat  flux densi ty  f rom a heating su r face  is desc r ibed  on the 
bas i s  of a t heo re t i ca l  and expe r imen ta l  s tudy of the phys ica l  c h a r a c t e r i s t i c s  of nucleate  boil ing.  The m e t h -  
od is  based  on the equation 

n td 3 np (rp" + c~p'c'6r), (1) q = - u  

in which the f i r s t  t e r m  r e p r e s e n t s  the heat flux densi ty  a s soc ia t ed  with phase  convers ion  and the second 
t e r m  co r r e sponds  to the heat  flux densi ty  spent in heating the liquid t r a n s p o r t e d  by vapor  bubbles  f rom the 
wall  boundary  l aye r  into the ma in  volume.  

In the calcula t ion of the h e a t - t r a n s f e r  r a t e  a re la t ion  p roposed  by Labuntsov [1] is used  to e s t ima te  
the densi ty  of act ive  vapor iza t ion  cen t e r s ,  and an exp re s s ion  der ived  in [2] is used to de te rmine  the a v e r -  
age volumetr ic  veloci ty  of the vapor  phase  r e l e a sed  f rom one cen te r .  In d imens ion less  fo rm the equation 
appea r s  as fol lows:  

) 20~ __ Kt2Ja 2 (1 + c,n " - ~  Ja . (2) Nu, = ~ CoO1 1/2c? (0) \ 

From E q. (2) we obtain 

5T 20n C C l/- for Cm ~ -  Ja << 1 Nu, : -~-  0 z .  2q) (0) KPJa ~, (3) 

5T 20n 5T 
for cm --ST- Ja >> 1 Nu. = - ~ -  C o C~cm ~ ]S 2q9 (0) Kt2da 3 (4) 

Equat ions (3) and (4) show that the power  exponent of the Jakob number  Ja  changes  in genera l ,  depend-  
ing on the values  of Ja ,  which in turn  depends s ignif icant ly  on the sa tura t ion  p r e s s u r e .  The c r i t e r i o n  Ja  is 
a m e a s u r e  of the ra t io  between the quantity of heat spent in heating unit volume of the liquid and the volu-  
m e t r i c  heat  of vapor iza t ion .  Equations (3) and (4) t h e r e f o r e  re f l ec t  the dominant influence of e i ther  of the 
two indicated t e r m s  of the total  heat flux densi ty .  

We have c o m p a r e d  the e r i t e r i a i  equation (2) with the r e su l t s  of voluminous expe r imen ta l  s tudies for  
a wide range of the control l ing p a r a m e t e r s .  We obtained s a t i s f ac to ry  quali tat ive and quanti tat ive a g r e e -  
ment .  

Nu, -~- (V--p")g ; 

J a  = 
O~ 

q 

pV, p. 
G 

r 

c t 

AT = T w - T s ;  
T w 
T s 
o~ = T f - T s ;  
Tf  

(rP") 2 1 /  
p'c'oTs~ [ ( p '  -- p")g 

(p'eIAT)/p"r; 

NOTATION 

is the h e a t - t r a n s f e r  coeff icient ;  
is the heat  flux densi ty;  
is the t h e r m a l  conductivi ty of the liquid; 
a r e  the densi t ies  of the liquid and vapor;  
is the coeff icient  of sur face  tension;  
is the latent  beat of vapor iza t ion;  
is the specif ic  heat  of the liquid; 

is the wall  t e m p e r a t u r e  of the heating sur face ;  
is the sa tu ra t ion  t e m p e r a t u r e ;  

is the t e m p e r a t u r e  of the liquid in the wall l aye r ;  

Technical Institute of Fishing and Fisheries, Astrakhan V. Translated from Inzhenerno-Fizicheskii 
Zhurnal, Vol. 21, No. 6, p. 1118, December, 1971. Original article submitted December 29, 1970; abstract 
submitted March 4, 1971. 
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g 
do 
nF 
f 
0 

CO, CI, cm 

is the acceleration of gravity; 
is the bubble breakoff diameter; 
is the density of active vaporization centers; 
is the bubble breakoff frequency; 
is the extremal macroscopic wetting angle; 
is a function of the limiting angle; 
are numerical coefficients. 

1. 
2. 

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

D. A. Labuntsov, Izv. Akad. Nauk SSSR, Otd. Tekh. Nauk, Energetika i Transport,  No. 1 (1963). 
A. A. Voloshko and A. V. Vurgaft, Inzh.-Fiz. Zh., 19, No. 1 (1970). 

INCEPTION OF FORCED-CIRCULATION NUCLEATE 

BOILING OF A LIQUID 

V. A .  C h e r n o b a i  UDC 536.423.1 

An analytical solution is given for the problem of determining the appropriate conditions for the in- 
ception of forced-circulation nucleate boiling. 

A solution scheme is investigated for determining the bubble apex temperature and the temperature 
gradient as a function of the apex coordinate; the scheme is analogous to one proposed by M. V. Aleksan- 
drov. In the present study, however, another equation is used for the temperature field and the tempera- 
tare gradient in the liquid, and a different technique is used to account for convective heat transfer and its 
relationship with the hydrodynamics of forced circulation. These modifications make it possible to deduce 
equations that can readily be solved for any of the variables characterizing the conditions for the inception 
of nucleate boiling: qib, Tiwb-Ts, ATib, and PWib. 

The final solution is tested by processing of the author's and other researchers '  experimental data 
for water, ethylene glycol, ethyl alcohol, and butyl alcohol. The deviation of the experimental data does not 
exceed *15%. 

The results of a comparison of the solution for qib and Tiwb-T s with the calculated relations recom- 
mended by other authors show that the relations proposed in the article well describe the conditions for the 
inception of nucleate boiling of a liquid in the case of forced circulation. 

N O T A T I O N  

q 
T 
P 
W 

is the heat f luxdensi ty ;  
is the temperature; 
is the dens i t y . f  the liquid; 
is the ve loc i ty . f  the liquid. 

S u b s c r i p t s  a n d  S u p e r s c r i p t s  

ib denotes inception of boiling; 
w denotes the wall; 
s denotes saturation; 
uh denotes underheating. 

Kiev Polytechnic Institute. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 21, No. 6, p. 1119, 
December, 1971. Original article submitted December 17, 1970; abstract submitted April 5, 1971. 
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TEMPERATURE FIELDS AND STRESSES IN JOINED PLATES 

HAVING DIFFERENT HEAT-EXCHANGE COEFFICIENTS 

Yu. M. Kolyano and L. A o Gavur* UDC 539.377 

A sys tem of two i sotropic semiinfini te  plates of uniform mate r i a l  butt- joined using a thin in ters t i t ia l  
l aye r  having internal  t he rma l  r e s i s t ance  is examined in the work.  Heat exchange takes place through the 
sur face  z = • of the system with the external  medium according to Newton's law. The t em p e ra tu r e s  of the 
media  flowing over  each plate and the coefficients  of heat exchange with the la te ra l  sur faces  of the plates 
a re  different  and constant .  The initial t empera tu re  tin is a s sumed  to be constant .  A solution of the bound- 
a ry  problem for  the system under examination is obtained using a Laplace t rans format ion  with r e spec t  to 
t ime .  The t empera tu re  field is p resen ted  for  the case  when the t empera tu re  of the externa l  medium is the 
same eve rywhere .  In pa r t i cu la r ,  when the the rma i  res i s t ance  of the in ters t i t ia l  l aye r  is equal to zero  the 
t em pe r a tu r e  field takes the form 

1 
T i : t e - ~  (tin-- te)ex p (-- a• (~-~-T t -~ , ~ (tin-- ~) 

xexpt--a• exp a ( • 2 1 5 1 6 2  4ca(,--{) " I Z ~ - ~ )  
0 

where  ~- is the t ime;  t e is the t empera tu re  of the external  medium; ~i  = ~ ,  a i ,  X, and a are  coefficients  
of heat exchange,  t he rma l  conduction, and the rma l  diffusion; and 26 is the thickness of the p la tes .  

Numer ica l  calculat ions of the t empera tu re  field and t empera tu re  s t r e s s e s  at the junction boundary 
of the pla tes  are  p resen ted  for  the la t te r  case .  In this connection it is assumed that the Blot number  Bi 1 
is equal to unity at the surface  of the lower plate ,  while for  the surface  of the upper plate the Blot numbers  
a re  taken as Bi 2 = 0, 0.1, 0.5, and 1. 

NONSTATIONARY HEATING OF A LAMINAR 

STRUCTURE WITH A CURRENT 

I. A. Zhvantya and G. A. Tkhor t UDC 536.2 

The question of nonsta t ionary heating of nonuniform media  has been widely d iscussed  in the l i t e r a -  
tu re  [1, 2], but l i t t le  attention has been paid to cu r ren t  sy s t em s .  As is known, the Pe l t i e r  effect occurs  
when a cu r ren t  flows through the contact between two mate r ia l s  in the p resence  of a ma te r i a l  with a t h e r -  
mal  e lec t romot ive  force  different  f rom zero ,  while Joule and Thompson heat is evolved in the volume of 
the ma te r i a l s  (we shall  r e s t r i c t  the examination to isotropic  bodies) .  

The boundary problem of nonsta t ionary the rma l  conduction for  a l aminar  s t ruc tu re  with a cur ren t  is 
solved f i r s t  in the a r t i c l e .  The solution is found by a method developed by A. Datsev [3]. A system of in-  
t egra l  equations of Vol te r ra ' s  second tdnd which always has a solution is obtained for  the contact  t e m p e r a -  
t u re s  of the neighboring l aye r s .  Knowing these solutions,  the s p a t i a l - t e m p o r a l  t em p e ra tu r e  distr ibution 
is easy  to find in the form of quadra tures .  The solution of the s ta t ionary  problem is found as a pa r t i cu la r  
case  (asymptotic).  

*Phys icomechanica l  Insti tute,  Academy of Sciences of the Ukrainian SSR, L 'vov.  Trans la t ed  f rom 
Inzhenerno-Fiz iches ld i  Zhurnal,  Voi .21,  No. 6, pp. 1119-1120, December ,  1971. Original a r t i c le  submitted 
August 14, 1970; abs t rac t  submitted Apri l  7, 1971. 

~Trans la ted  from Inzhenerno-Fiz iches td i  Zhurnai,  Vol.21,  No. 6, p. 1120, December ,  1971. Original 
a r t ic le  submit ted December  28, 1970; abs t rac t  submitted Apri l  19, 1971. 

1587 



1 ~  

2. 
3. 

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

G. Cars low and D. Jaege r ,  The rma l  Conduction of Solid Bodies [in Russian],  Nauka, Moscow (1964). 
A. V.  Lykov, Theory  of The rma l  Conduction [in Russian],  Vysshaya Shkola, Moscow (1967). 
A. Datsev, Dokl. Akad. Nauk SSSR, 5._.66, 355 (1947). 

C O O L I N G  A N D  H E A T I N G  OF F L A T  S T E E L  B A R S  

N.  I .  Y a l o v o i ,  L .  V.  S u d o p l a t o v ,  
a n d  N.  Y u .  T a i t s  

UDC 669.18-41o065 

The t empera tu re  field of a s teel  bar  before it is put into the heating oven depends on a multitude of 
p r io r  f ac to r s ,  pr incipal  amongst  which are  the duration of standing in the mold and of cooling in the air  of 
the ba r s .  

In the ar t ic le  an attempt is made to obtain a general  analytical solution incorporat ing all the thermal  
p roces se s  taking place af ter  the flat bar  fully solidifies - cooling in the mold and in the air  and heating 
under the ro l le r  - since in pract ice  these p roces se s  are  organical ly  re la ted to one another.  In this case 
we assume that the bar  is fully solidified while in the mold (consequently, the more  complicated case of the 
air  cooling and oven heating of a bar  with a liquid core is excluded f rom the examination). We also assume 
that :  

a) the bar  consis ts  of an unbounded plate; 

b) the t empera tu re  distribution through a section of the bar  conforms to a l inear function at the m o -  
ment  of its full solidification (this is taken as the s tar t ing moment for  our problem);  

c) heat exchange between the surface of the bar  and the medium surrounding it takes place according 
to Newton's law, where the heat-exchange coefficient and the t empera tu re  of the surrounding me-  
dium are  known functions of the t ime;  

d) the thermophysica l  proper t ies  of the bar  mater ia l  a re  constant .  

A function of the bar  t empera tu re ,  which was found using an integral  L a p l a c e - C a r s o n  t ransformat ion ,  
is wri t ten in the following form : 

where 

Fo 

v (X, Fo) = .f Bi (t) [re (t) -- V x = l ]  ~ 1  (Fo - -  t ,  X )  d t  - -  Av o [q~2 (Fo, X) -- ~ (Fo, X)] q- Av o (1 -- X), 
0 

co 

q)l (Fo, X) -- t @ 2 ~.~ (-- 1) k exp (-- n 2 k  2 Fo) cos Jt/gX; 

k=l  

cos a k X  , 
X ~ ~-~ exp (-- zc~k~Fo) 

__1 - - X q - '  - - 2  % (Fo, X) = Fo + 3 ~-  ~ n~-k 2 
k~ l  

cos a k X  , 
1 X 2 ~ exp (-- ~2k2 Fo) 

q~s (Fo, X)= Fo--~-  §  - - 2 ~  (--1) k ~k~ 
k=l 

v(X, Fo) i s  the dimensionless  t empera tu re  function; X is a relat ive coordinate;  Bi(Fo) is the Blot number;  

(1~ 

Fo is the Four i e r  number;  Vm(FO ) is the dimensionless tempera ture  of the surrounding medium; Av0 is the 
initial t empera tu re  drop a c r o s s  the section of the ba r .  

M. I. Arseniehev  Dneprodzerzhinsk Industrial  Insti tute.  Trans la ted  from Inzhenerno-Fiz icheskt i  
Zhurnal,  Volo21, No.6,  pp. 1120-1121, December ,  1971. Original ar t ic le  submitted May 7, 1970; abs t rac t  
submitted F e b r u a r y  22, 1971. 
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The unknown function Vx= 1 which enters  into Eq. (1) must  be determined from an integral  Vol te r ra  
equation of the second kind, which can be obtained if we set X = 1 in Eq. (1). 

NONSTEADY TE MPERATURE FIELD OF A BODY WHEN 

THE THERMAL-CONDUCTIVITY COEFFICIENT OF THE 

MATERIALS IS A FUNCTION OF TEMPERATURE 

O. T .  I I ' c h e n k o  a n d  L .  I .  S h i f a n  UDC 536.21 

The problem considered is that of the t empera tu re  field in a solid body for boundary conditions that 
va ry  with t ime, when the thermal-conduct iv i ty  coefficient of the mater ia l  is a function of the tempera ture  
of the body, and the variat ion of the thermal-di f fus ivi ty  coefficient is such that we can assume that it is 
equal to the average value over the entire range of variat ion.  

Applying a Kirchhoff t ransformat ion  to the original sys tem of equations in the case of a l inear  t e m -  
pera ture  dependence for  the thermal-conduct iv i ty  coefficient,  we obtain 

O~(x, "r) -2  02r (x, "~) (1) 

where 

r 0)=0, 

o~ (o, "0 
~0 7  

ax 

,0~(1,  -0 = B i ( T ) { V  ,r t [ ] 2r n ] 
b (r Cn) (r -- Cn) ax a (r -- Cn) + + 2 

(2) 

(3) 

d [ l} "' 1 -L 2 r  r~ + 2,~ ( i ,  ~:) , 
_ 1 b ( r  cn)  (% Cn) b ( r  Cn) -- 

~, x)~T(~, "0+ bT2(x' "0 ; a 2 ~_ ~ ( T )  
a v - -  - -  ; 2 C (T)  7 ( r )  

r (x, ~) = r (~' ~) -- r . 
Cs (-r) - -  Cn 

We assume a solution of Eq. (1) with boundary conditions (2)-(4) by the method discussed in [1, 2] by 
means of success ive  approximations of the nonlinear boundary condition (4). 

As a zeroth  approximation we assume a l inear boundary condition, when Bicondff) = Bi if). In p rob -  
lems with T c if) = T max = const ,  the zeroth approximation of condition (4) has the form 

C 

o ~  (1, r  _ Bi ('0 [1 - - -~  (1, ,)1. (5) &- 

The method discussed is i l lustrated by examples of the solution of problems with boundary conditions 
that a re  both constant and variable with t ime.  The resul ts  of the calculation are  compared  with the data of 
e lect romodel tng on a gr id  according to the method of Libman.  

Polytechnieal  Insti tute,  Khar 'kov.  Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal,  Vol. 21, No. 6, 
pp. 1121-1122, December, 1971. Original article submitted August 4, 1970; abstract submitted March 31, 
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PROGRESSION OF THE CRYSTALLIZATION FRONT 

DURING CONVECTIVE COOLING 

Y u .  S .  P o s t o l ' n i k  UDC 536.248.2 

The p rob lem of the p rog re s s ion  of the c rys ta l l iza t ion  front is solved approximately  by the method 
of averaging functional co r r ec t i ons .  

The paper  der ives  an express ion  which defines the position of the crys ta l l iza t ion  f ront / (T)  during 
solidif icat ion of a plate (m = 0), a cyl inder  (In = 1), or a sphere  (In = 2): 

T 
H* (1) [1 + 13 i (l) 5- ~z (l)] -- Ka Ko ' 

(1) 

where 

2+Bi i [1__20--m+Bi , ) ( i - - / ) l+m--( l+m)Bi l (1- -  l) ] 
H* (1) -- 2 (1 + m) Bi i (1 --m) (2 + Bil) ; 

[~i(l) - 2(2+Bi~)[2m+(l+m)Bi~13KoBi 3H*(l) ( [ 1 2 ~ l n ( l +  ~ ) ]  

Bill t3rnBi] I a) 6 [(1 + m) Bi T -- (1+ 2m) Bii--2rn] Bii/2 --4 [(1 + 2rn) Bi i -- m] :~ a 

+ 12 (2 + Bii) [2m + (1 + m) Bil] 

8 [(I --m) (3 + Bil)--3 (1 -- m + Bii) (1 --l) 2+m + (2 + m) Bi 1 (1 --/)a] 
62 (/) = 9(2+ m) Po [(1-- m) (2+ Bii) --2 (1-- m + Bil) (1 --/)i+m + (1 + m) Bi 1 (1-- I)~] ; 

(2) 

(3) 

(4) 

Ka ae a# qcY~ (5) ; "r~ R~ --Fo; Ko~- 
ai 7icl (Tc.- Tin) 

qc r (t) 
P o = - - -  l ( ~ ) = - - ;  

c~ (T O -- T c) ' R 

qc is the latent heat of crys ta l l iza t ion;  a v is the thermal  diffusivity; Yv is the density; c v is the specific heat; 
To, Tc ,  T m are  the initial ,  the crys ta l l iza t ion ,  and the ambient t empera tu re ,  respect ive ly ;  r(t) is the thick-  
ness  of the so l id i f ied  l aye r ;  2R is the p la te  th i ckness  or  the cy l inde r  (sphere) d i a m e t e r ;  the subsc r ip t  v = 1 
r e f e r s  to the sol id  (frozen) phase  and s u b s c r i p t  v = 2 r e f e r s  to the l iquid (wet) phase .  

The addi t ive  t e r m s  ill(l) (3) and f12(/) (4) appear ing  in Eq .  (1) account  fo r  the ac tua l  heat  in the sol id  
phase  and the ini t ia l  supe rhea t  in the l iquid phase ,  r e s p e c t i v e l y .  

F o r  l f f c  = 1), f r o m  E q s .  (1) and (2) we get  the fol lowing f o r m u l a  de t e rmin ing  the t ime  r c of comple te  

c r y s t a l l i z a t i o n :  

2+Bii  Ka Ko [I + l~i (1) + [3~ (1)]. (6) 
I:c~ 2 (1 + m) Bi i 

The s t r u c t u r e  of E q s .  (1) and (6) c o n f i r m s  the val id i ty  of the r e c o m m e n d e d  p r o c e d u r e  fo r  taking into 
accoun t  the heat  conten ts  of the l iquid and the sol id  phase  by m e a n s  of c o r r e s p o n d i n g  i n c r e a s e s  in the la tent  

heat  of c r y s t a l l i z a t i o n .  

M. I . A r s e n i c h e v  D n e p r o d z e r z h i n s k l n d u s t r i a l  Ins t i tu te .  T r a n s l a t e d  f r o m  I n z h e n e r n o - F i z i c h e s k i i  Zhurna[i" 
Vol.  21, No. 6, pp.  1122-1123,  D e c e m b e r ,  1971. Or ig ina l  a r t i c l e  submi t t ed  D e c e m b e r  8, 1970; a b s t r a c t  submi t t ed  

March  10, 1971. 
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For practical use, all relations are represented in the form of graphs which facilitate calculations 
with any values of parameters Ka, Ko, i~o, and Bi I. The procedure for graphical solutionis illustrated on 
a specific numerical example. 

It is noted that disregarding the heat contents of the solid and the liquid phase may result in large 
errors (46% in the illustrative example). 

DIFFUSION IN BINARY SYSTEMS IN A NONUNIFORM 

MAGNETIC FIELD 

L. S. Atroshchenko, S. M. Voronina, UDC 538.4 
and V. N. Panasenko 

The diffusion p r o c e s s  is inves t iga ted  in a b inary  mix ture  the components  of which have different  m a g -  
netic suscep t ib i l i t i e s .  The magnet ic  suscept ib i l i ty  of one component  is g r e a t e r  than that  of the o ther .  Dif-  
fusion takes  p lace  in a c losed volume in a nonuniform magnet ic  field,  br inging about a red i s t r ibu t ion  of the 
components  in the mix tu re .  

We cons ider  the plane p r o b l e m ,  where  the nonuniformity  of the magnet ic  field is  d i rec ted  along the 
x ax i s .  Chemica l  reac t ions  do not take place  between the components ,  and there  a re  no sou rces  or  sinks 
in the volume.  The diffusivity and magnet ic  suscept ib i l i ty  a r e  constant .  

It is a s s u m e d  that at the ini t ial  t ime  the components  a re  uni formly  d is t r ibuted  throughout the ent i re  
vo lume.  Upon appl icat ion of the field,  which is a max imum at the coordinate  origin,  the components  b e -  
come red i s t r ibu ted  in the volume with the p a s sage  of t ime .  

When dynamic equi l ibr ium is reached ,  the concent ra t ion  at tains a constant  value in the s t e ady - s t a t e  
concentra t ion  prof i le  at the concent ra t ion  l imi t s .  

The p r o b l e m  is inves t igated for  the case  in which the magnet ic  field s t rength  is  desc r ibed  by the 
function 

In the solution of the p rob lem the eigenvalues  and eigenfunctions a r e  de te rmined .  A table  of e igen-  
values  is given.  

The solution of the p r o b l e m  cons i s t s  of two t e r m s ,  one of which desc r ibe s  the concentra t ion  prof i le  
in the in te r io r  volume when dynamic equi l ibr ium is reached ,  while the other  de sc r ibe s  the t ime  var ia t ion  
of the concentra t ion  field.  

A n u m e r i c a l  calcula t ion is c a r r i e d  out for  a b inary  mix tu re  having definite phys ica l  p r o p e r t i e s  ~ The 
concentra t ion  prof i le  of the mix tu re  components  as a function of the magnet ic  field s t rength  is  obtained. 
The domain of appl icabi l i ty  of the resul t ing  fo rmu la s  is de te rmined .  A p rocedu re  is given for  the approx i -  
ma te  calcula t ion of the concent ra t ion  prof i le  outside the domain of appl icabi l i ty  of the f o r m u l a s .  

Donets State Univers i ty .  T r a n s l a t e d  f r o m  Inzhene rno-F iz i chesk i i  Zhurnal ,  Vol .21,  No. 6, pp.  1123- 
1124, D e c e m b e r ,  1971. Original  a r t i c l e  submi t ted  July  3, 1970; a b s t r a c t  submit ted  Apr i l  29, 1971. 
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D I S P E R S E  COMPOSITION OF D R O P L E T S  F O R M E D  

T H E  D I S I N T E G R A T I O N  OF A J E T  

V.  B .  L e m b e r s k i i  a n d  M. B .  F e r b e r  

IN 

UDC 532.522 

The size distr ibutions of droplets are  determined on the basis of the analogy between a sys tem of 
droplets  and a gas or a re  descr ibed by empir ica l  equations. Neither approach takes the jet disintegration 
p roces s  into account.  On the other hand, observations of the disintegration of jets show that the jet becomes 
detached at locations of wave separat ion.  There fore ,  the size distribution of the droplets  is charac te r i zed  
by wave growth on the sur face  of the jet.  Inasmuch as the amplitude variat ion is determined by the growth 
rate  a ,  it is n e c e s s a r y  to associa te  with the probabili ty density function W for the format ion of a droplet 
of d iameter  6 the corresponding coefficient ~ for the given diameter .  

In the e lementa ry  case  of ax i symmetr ic  per turbat ions the dependence of the density function on the 
coefficient e has the form 

{ a  ~ (6)IN for 6 ~ 6o, 
W = (1) 

0 for 6 < 8o, 

G 

where 60 = 1.68d is the minimum droplet diameter, and N = .i ~ (6)d6 is a normalization factor. 
0 

Substituting the formula for ~2 (~) [i] into E q. (1), we obtain 

1 2 2 ~  1--22,2 for 6 >~ 6 o, 
= (2) 

0 for 6<6  o, 

where d is the d iameter  of the jet .  

In the case  of atomization the density function W is represented  as follows: 

a (6)/N1 for~ 5mi n.<~ 6 -.< 6max, 
w = (3 )  

0 for ~ < ~mln, 6 > 6max, 

~max 

i 
8min 

where N 1 = a (5)d5 is a normal izat ion factor ;  5mi n = (B/pWe)i/3; 5max = (B/3)i/~d are  the minimum 

and maximum droplet d iameters ;  and B is an empir ica l  coefficient.  

Descr ibing the dependence a (5) by an express ion derived in [2], we find 

( B(d/6)a ~---) B (d/6) a A W = N 1 , Re .... [We .for 6mi n ..~< 6 .~/. 6ma x, 

0 for" 6 < 8ram , 6 > 6ma x. 

where A = ~/0hre/Re2 ) B2(d/6)~- B (d/5) s + oWe; We = (ptuZd)/2a is the Weber number;  Re = p t u d / 2 # l  is the 

(4) 

a k o,s_[ 

fO"W If"~ 

20 4,o ~o 80 

Fig o 1. Probabi l i ty  density function W versus  
diameter  5 of the drops formed,  a) Histogram 
based on authors T experimental  data; 5, ram; 
solid curve calculated according to Eq.  (2); b) 
based on data of [2]; 6,~; solid curve ca lcu-  
lated according to Eq.  (4); W, mm -1. 

Trans la t ed  f rom Inzhenerno-Fiz icheski i  Zhurnal, Vol. 21, No. 6, pp. 1124-1125, December,  1971. 
Original ar t ic le  submitted F e b r u a r y  16, 1971; abs t rac t  submitted Apri l  13, 1971. 
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Reynolds  number ;  p = P2/Pi; P2 is the densi ty of the liquid; P2 is the density of the surrounding medium; # is 
the liquid exit  flow velocity;  a is the coeff icient  of su r face  tension;  and #l is the dynamic v iscos i ty  coeff ic ient .  

The calculat ions accord ing  to Eq.  (2) a re  c o m p a r e d  with the au thors '  own expe r imen ta l  data,  and those 
according to Eq.  (4) a re  c o m p a r e d  with the data of [2] on the a tomizat ion  of diesel  fuel (Fig. 1). The ana ly t i -  
cal  and expe r imen ta l  r e su l t s  exhibit good a g r e e m e n t .  

i. 
2. 
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GRAVITY DISCHARGE OF A LOOSE MATERIAL 

FROM A CLOSED CONTAINER 

V. E. Davids.n, A. P. Tolstopyat, 
and N. P. Fedorin 

UDC 532.529.5 

E x p e r i m e n t s  were  p e r f o r m e d  using a f lat  bin with t r a n s p a r e n t  walls and a slot through the bot tom.  
The slot width was b ~ 0.83f and the slot length var ied  within 0.15 -< b / a  < 4.0; f denotes the bin width and 
a,  b the r e s p e c t i v e  slot d imens ions .  Quar tz  sand was used  as the loose m a t e r i a l .  The flow ra te  of the 
loose  m a t e r i a l  was de te rmined  by record ing  i ts  dropping level  in the bin c inematograph ica l ly  and a lso  by 
the weighing method.  A c o m p a r i s o n  between K(5) f r o m  an open bin (1) and a c losed bin (2), where  K de-  
notes the d imens ion less  flow ra te  (per  sec) of the loose m a t e r i a l  and 5 denotes the reduced  d i ame te r  of the 
outlet hole in the bin bot tom [1], is shown in Fig.  1. The lower  d imens ion less  flow ra te  f r o m  the c losed bin 
is explained by a r a r e f a c t i o n  above the su r face  of loose  m a t e r i a l  due to the evacuat ion of the bin. The a c -  
companying p r e s s u r e  drop gene ra t e s  a coun te rcu r ren t  of a i r ,  which in turn r educes  the flew ra te  of the 
loose  m a t e r i a l .  The ve r t i ca l  dis t r ibut ion of a i r  p r e s s u r e  a c r o s s  the l aye r  of loose m a t e r i a l  during d i s -  
charge  f r o m t h e  c losed bin is shown in F i g . 2 .  As can be seen here ,  at H < 0.5 (~t = h /b  is the r e f e r r e d  
height of the layer)  the gage p r e s s u r e  ~ is ze ro ,  i .e . ,  a tmospher i c  p r e s s u r e  p r eva i l s  in the region below 
the dynamic concave su r face  of loose m a t e r i a l  and, consequent ly,  the hypothesis  p roposed  in [2] that there  
ex i s t s  a p r e s s u r e  gradient  in the space  below the concave su r face  has not been conf i rmed  by our expe r imen t .  
The  effect  of a d i scharge  hole on the p r e s s u r e  dis t r ibut ion in a l aye r  of loose m a t e r i a l  extends to the height 
H ~ 2 .  

Since the flow ra te  of loose m a t e r i a l  is lower f rom a c losed bin than f rom an open bin, we t r i ed  to r e -  
cover  the drop in the flow ra te  by injecting a i r  through the lid of the bin. The flow ra te  of a i r  n e c e s s a r y  

K 

0,6 

0,2 

F 
I o o ol I 

I 
~ ~ ~ \l 

i 
o IOO 200 300 

F i g . 1 .  Compar i son  between d imens ion less  
flow r a t e s  of loose ma te r i a l  f r o m  an open 
and a c losed bin: 1) open bin; 2) c losed bin; 
a) weighing method; b) c inematography .  

T h r e e - H u n d r e d - Y e a r s - o f - U n i o n - b e t w e e n - t h e - U k r a i n e , a n d _ R u s s i a  Dneprope t rovsk  State Univers i ty .  
T r a n s l a t e d  f r o m  Inzhene rno-F iz i chesk i i  Zhurnal ,  Vol. 21, No. 6, pp.  1125-1126, D e c e m b e r ,  1971. Original  
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Fig .2 .  P r e s s u r e  distr ibution in a l ayer  of 
loose mate r ia l :  1) 5 = 24; 2) 40; 3) 64; 4) 
79; 5) 95; 6) 111; 7) 127. The dashed line 
indicates the boundary of the region af -  
fected by the p resence  of the discharge 
hole. 

for  res to r ing  the flow ra te  of loose mate r ia l  is re la ted  to the la t te r  as follows: 

Gg_8-10-4G, 

where Gg is the flow ra te  of gas and G is the mass  flow ra te  of loose mate r ia l .  
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T H E  P H E N O M E N O N  

IN T H E  T R A N S I E N T  

V I S C O U S  F L U I D  

G .  G .  Z e l ' k i n  

OF HYDRAULIC INDUCTION 

FLOW OF AN INCOMPRESSIBLE 

UDC 532.5 

The method of t r an s f e r  cha r ac t e r i s t i c s  has been proposed in [1] and developed in [2, 3] for  studies 
of the t rans ien t  flow of incompress ib le  viscous fluids through hydro  sys tems  with long pipelines and local  
cons t r ic t ions ,  but it is evident that the resu l t s  of exper iments  cannot be adequately explained in the light 
of genera l ly  known physical  concepts .  

As the studies have shown, during a change in the flow ra te  of a liquid there  fo rms  (is induced) a 
t rans ien t  vortex ~b. The energy  spent on producing an induced vortex during any kind of change in the flow 
ra te  impedes thig change, i .e . ,  ApL v = - d ~ / d t ,  where ApL v denotes the loss of p r e s s u r e  head in the hydro 

All-Union Correspondence  Engineer ing-Design Insti tute,  Moscow. Trans la t ed  f rom Inzhenerno-  
Fiz icheski i  Zhurnal ,  Vol.21,  No. 6, pp. 1127-1128, December ,  1971. Original a r t ic le  submitted May 7, 
1970; abs t rac t  submitted October 29, 1970. 
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s y s t e m  on inducing the vor tex  ~.  The vor tex and the flow r a t e  of a liquid a re  r e l a t ed  by a s imple  p r o p o r -  
t ion: ~ = LvQ. Coefficient  L v will be cal led the vor t ica l  inductance.  

When the flow of a liquid is t r ans i en t ,  the iner t ia  of the liquid behaves  in an analogous manner  as the 
induced vor tex .  The ene rgy  spent on overcoming  the iner t i a  of a liquid during any kind of change in the 
flow ra te  impedes  this change,  i .e . ,  this ene rgy  is r eac t ive  in nature  - l ike the ene rgy  spent on inducing 
a vor tex .  The impedances  to flow due to iner t ia ,  t he r e fo re ,  as well  as the impedances  due to vor tex  induc-  
t ion, a r e  r eac t ive  hydraulic  impedances ,  and we will cal l  t hem hydraulic inductive r e a c t a n c e s  [4]; they may 
be c h a r a c t e r i z e d  by the hydraulic  inductance Lh, which is made up of the vor t ica l  inductance L v and the 
iner t ia l  inductance L i .  

As a unit of hydraul ic  inductance we have chosen the value at which a 1 kg / cm 2 (~10 ~ N/m 2) p r e s s u r e  
head is  lost  when the flow ra te  of a liquid under  t r ans ien t  conditions changes un i formly  by 1 m3/sec  p e r  
second.  This  unit has been cal led the king (ko4ffitsient induktsii  g idraul icheskoi  - hydraul ic  induction co-  
eff icient) .  

In addition to t:he hydraul ic  r e a c t a n e e s ,  the flow of an incompress ib l e  viscous fluid a lso  encounters  
impedances  due to f r ic t ion  fo rces  and eddies ,  and the energy  spent on overcoming  those is  conver ted  to 
heat .  These  impedances  have been cal led hydraul ic  r e s i s t a n c e s .  

The ra t io  of hydraulic r e a c t a n c e s  to hydraulic  r e s i s t a n c e s  de t e rmines  the length of the t r ans ien t  
pe r iod .  This  r a t io  is e x p r e s s e d  ma thema t i ca l ly  as t = Ln/Rh,  where  the quantity R h defines the hydraul ic  
r e s i s t a n c e s .  

The phenomenon of hydraul ic  induction which we have d i scovered  leads us now to a new equation which 
will fully desc r ibe  the p r o c e s s e s  occur r ing  during t r ans ien t s  in the flow of an i ncompres s ib l e  viscous  fluid 
through hydro  s y s t e m s  with long pipel ines  and local  cons t r i c t ions .  Unlike the well-known fundamental  equa-  
t ion for  the t r ans ien t  flow of an i ncompres s ib l e  viscous f luid, the new equation contains an additional t e r m  
which accounts  for  the ene rgy  los t  in inducing a vor tex .  

19 
2. 

3, 
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