
A B S T R A C T S  

TEMPERATURE FIELD IN STUDDED SCREENS 

OF VAPOR GENERATOR 

A.L. Bychkovskii and A. L. Lubny-Gertsyk UDC 536.212:621.1'81.61 

By approx imat ing  the packing in the vic ini ty  of a stud of rad ius  r s by a cy l ind r i ca l  l a y e r  of rad ius  R 
the compl ica ted  field of t e m p e r a t u r e s  in the s tuds ts(x , r) and the packing tp(x, r) sa t i s fy ing  the Laplace  
equat ion can be wr i t t en  in the f o r m  of hype rbo l i c  s ine funct ions (sh(Kx)) and B e s s e l  funct ions of the f i r s t  
(J(Kr)) and second  (Y(Kr)) kind. In tegra t ing  the g iven t e m p e r a t u r e  field with r e s p e c t  to  the rad ius  r we ob-  
t a in  an e x p r e s s i o n  for the a v e r a g e  t e m p e r a t u r e s  th rough  the c r o s s  sec t ion  of the stud ts(x ) and the packing 
tp(x) (in e x c e s s  of the wall  t e m p e r a t u r e  of the tube -fw): 

Co sh K - - ~  ~- Cish K--~ 
~-(~), ~(~)=to I -  -~o �9 (1) 

l 
sh K - -  

R 

The - s ign pe r t a in s  to t's(x) when C O = 1, while the + s ign pe r t a ins  to t-p(X). 

H e r e  the c h a r a c t e r i s t i c  value K is d e t e r m i n e d  as the roo t  of the equat ion 

J1 (K) 
A (p) 4 (p) - ~ Y0 (p) r ,  

; p = K - ~ ,  (2) 
~s 4 (P) J1 (g) A (p) - y--~) Y~ (p) 

where  ~p and Xs a r e  the h e a t - c o n d u c t i o n c o e f f i e i e n t s  of the packing and stud.  The  n u m b e r s  K can a lso  be 
d e t e r m i n e d  f r o m  a n o m o g r a m .  

The e x p r e s s i o n s  for  the a ve r a ge  concen t ra t ions  of heat  f luxes at the stud Ks(x) and the packing Ko(x) 
and the hea t  flux q ave raged  ove r  the en t i r e  c r o s s  sec t ion  have an analogous  f o r m :  

l - - x  
I~0K_~ / . chK R 

R sh K t-(- 
k s (x) = ~ (x) ~ ~ !  . R (3) 

q Zp 1 -t- Ci 

~p(x)= ~ (x )=  1 -  ~(s (x)(-~-)~ 
q , _  (__~_/~ , (4) 

%~(I "-I- C~) to, Wire 2 (5) 
q-- l 

In the e x p r e s s i o n s  (1) and (3)-(5) the field f o r m  t0, the ra t io  of field f o r m s  0 = t l / t0 ,  and the c a l -  
cu la ted  complexes  C have the fol lowing va lues :  

- - t~  t w - - t i  O~ ks --%p(l + C  0 (6) 

Co ~'s rs ( rs ~ 2 (~ss_--1~ 
--Zp R~--rs 2 ; c l -  ; (7) \ ~ 1. \Zp ] 
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F i g .  1. R e l a t i v e  p o s i t i o n  of i s o t h e r -  

m a l  s u r f a c e  ( A / l )  as  a func t ion  of 
the r a t i o  of t h e r m a l  conduc t ion  c o e f -  

f i c i e n t s  of pack ing  and s tud  ( k p / k s ) ,  
the r a d i i  of the s tud and pack ing  (r  s 
/ R ) ,  and the he igh t  of the s tud  (H). 

F o r  r s / R :  I) 0.556; II) 0.455; III) 
0 .400.  Dashed  l i n e s :  H = 24; s o l i d  
l i n e s :  H = 12. 

7 . i  

/ 

h 
sh K - -  

~ , A~ + oqc~; c~- ~ (8) C s :  l t ~ -  o I 
sh K - -  

R 

H e r e t  o is  the  s e l e c t e d  a v e r a g e  t e m p e r a t u r e  of the  s tudded  

s u r f a c e  c o r r e s p o n d i n g  to the  f ixed  t e m p e r a t u r e  tf  of the f l a m e  
o r  to the t h e r m a l  f lux q; c~ is  the c o e f f i c i e n t  of r a d i a n t  h e a t  
t r a n s p o r t ,  p r o p o r t i o n a l  to the cube of the a b s o l u t e  t e m p e r a -  
t u r e t ~  t i i s  the t e m p e r a t u r e  of the m e d i u m  f lowing th rough  the 
tube.  

S ince  the e x p r e s s i o n  ob ta ined  for  f ind ing  the d i s t a n c e  of 
the i s o t h e r m a l  s u r f a c e  f r o m  the b a s e  of the tube (A) and the 
top of a s tud  (l) i s  s o m e w h a t  c u m b e r s o m e  we a r e  l i m i t e d  to 
p r e s e n t i n g  the r e l a t i v e  p o s i t i o n  of th is  s u r f a c e  in  F ig .  1. 

F r o m  (1) one can  ob ta in  an e x p r e s s i o n  fo r  the  a v e r a g e  
e x c e s s  t e m p e r a t u r e s  at the c h a r a c t e r i s t i c  ( ca l cu l a t ed )  po in t s  
at  the top of the s tud ~o) and pack ing  ~o),  the  s t e m  of the s tud  
7~A , p ~A ( ts)  , and the wa i l  o v e r  the pack ing  l a y e r  ( tp) :  

+0(ClC0--1) ~CsKsq~s-,wherel.02<C s <1.12, (9) 

] -?p = to 1+ +o (clco + Co) ~= CpK~,q H '* ~--,  .wherel.0 < Cp < 1.25, (10) 

aA =t~O +c~)c~ ~ 9.1o-oq (K2-1 ,1  t, ts (11) 

--A --A Co - -  C1 
t p = Q  1 +C~ (12) 

The  f i e ld  of l oca l  e x c e s s  t e m p e r a t u r e s  on the o u t e r  wa l l  s u r f a c e  i s  

~A w (r)= (13) 

r s 

The c a l c u l a t i o n  of m u l t i p l e  v a r i a n t s  on a c o m p u t e r  d e m o n s t r a t e d  the p o s s i b i l i t y  of d e s e r i b i n g  the c o n -  
e e n t r a t i o n  of hea t  f luxes  in the s t e m  of a s tud  (Ks&) by the func t ion  I~s = f(Xs/Xp,  r s / R  , H / R ) ,  the n o m o -  
g r a m  of which  is  b a s e d  on the n o r m a t i v e  me thod  of c a l c u l a t i n g  the t e m p e r a t u r e s  of the  s tudded  he a t i ng  
s e r e e n s  of v a p o r  b o i l e r s .  

S i m p l i f i e d  equa t ions ,  t r a n s f o r m e d  f r o m  the e x a c t  e x p r e s s i o n  (1) to the f o r m  of a , f l a t "  wa l l  equa l  in 
t h i c k n e s s  to the s tud  he igh t  H, r e d u c e  to the r i g h t - h a n d  p a r t  of E q s .  (9)-(11) .  C a l c u l a t i o n s  f r o m  the s i r e -  
p l i f i e d  equa t ions  l e ad  to r e s u l t s  in  c l o s e  a g r e e m e n t  wi th  e x p e r i m e n t .  

*In e n g i n e e r i n g  c a l c u l a t i o n s  the  e x p e r i m e n t a l  v a l u e s  of the con tac t  r e s i s t a n c e  1 / K  s ~ 1 �9 10 -3 W / m  2- ~ 
shou ld  be i n t r o d u c e d :  
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C R Y S T A L L I Z A T I O N  O F  A L L O Y S  

E .  A.  I o d k o  a n d  E .  N.  T r y n k i n a  UDC 669.18;51 

A solution has been found for the problem of two-phase zone formation during crysta l l izat ion of solids 
of ext remely  simple shape (plates, cylinders,  and spheres),  taking into account the heating of the melt  in 
the liquid ,nuc leus . "  

The problem was solved in the ,quasimonophasic" approximation, using the concept of the "sol id-  
c rys t a l  f ract ion,  (1) per unit melt  volume. The heat and mass  t ransfer  equations were supplemented with 
t e rms  corresponding to the heat and mass  sources  within the two-phase zone. These sources  are  pro-  
port ional  to the change in the so l id -c rys ta l  fraction l with time at a point with the coordinate n. The rule 
for the change in the interface between the diphasic zone and the solid shell is assumed to be known (and 
given): n = e(F0). It is determined by the conditions at the outer surface of the casting. The coordinate 
of the interface between the diphasic zone and the liquid "nucleus, " the tempera ture  and concentrat ion 
fields in the liquid nucleus and diphasic zone, and the so l id -c rys ta l  f ract ion l in the diphasic zone were 
calculated in a computer .  It was found that an increase  in the initial heat ing of the melt or  the solidifica- 
tion rate produces a decrease  in the width of the diphasic zone (Fig. 1). With all other conditions equal, 
the latter reaches  its grea tes t  extent in spherical  castings andits  smal les t  in flat cast ings.  This is ob- 
viously due to different ra tes  of heat removal  f rom the heated "nucleus" in these two cases .  An increase  
in the initial carbon content of the melt also markedly increases  the width of the diphasie zone. 

It was also found that the so l id-crys ta l  fraction (/), represented as a function of the relative coordi -  
nate 

is vir tually independent of time: 

[.y (Fo) -- n ] 
l (F o, tl) ~ 1 [e (Fo) -- ~(Fo) ] " 

0.16 

0.08 

0.2 

.'A /I rs, 
//)J;,  V! 

0.4 0.6 f-e 

Fig. 1. Width of diphasic zone 6 as a 
function of thickness of solidifying layer  
1 -  e for initial impurity concentrat ion 
C 0 = 0 . 1 .  1) K = l . 5 ,  t i=13 ,2 -10~ '4 ;2 )  
1.5 and 0.66.10 -4 respect ively;  3) 0.75 
and 13.2.10-4;  4) 0.75 and 0.66" 10 -4. 
The solid lines represent  a sphere and 
the dash lines a plate. 

Donetsk State Universi ty.  Original ar t icle  submitted January  20, 1971; abs t rac t  submitted April 20, 
1971. 
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DIFFUSIVE PARTICLE PRECIPITATION 

INLET SEGMENT OF A TUBE* 

S. O. Lekhtmakher, N. M. Polev, 
L. S. Ruzer, and S. A. Stoyanova 

IN T HE 

UDC 533.15 

The convective-diffusion equation has been solved for the case of cylindrical  symmetry ,  taking into 
account the influence of the p rocess  by which a parabolic velocity profile is established with a uniform 
velocity distribution at the input. Since there are no expressions that would be valid over the entire in ter -  
val, we used formulas  obtained for the longitudinal velocity component by solving the Ossian equation and 
the modified Schiller method. The t r ansver se  component of the velocity was found f rom the medium-  
compress ib i l i ty  condition. 

The problem was p rogrammed for computation in a Bt~SM-4 computer .  The following values were 
selected for the Schmidt number:  1) Sc =10; 2) Sc = 2.206; 3) Se = 0.9. 

For  air  (~ = 0.15 cm2/sec) ,  this corresponds  to diffusion constants D of 0.015, 0.068, and 0.167 cm 2 
/ s e c .  The resul ts  of the calculation showed that even for Sc = 0.9, the "inlet effect ,  did not exceed ~10%. 
As applied to aerosol particles suspended in air, this means that the influence of the inlet section is slight. 

METHODS UTILIZING TWO TEMPERATURE--TIME INTERVALSf 

V. S. Vol'kenshtein UDC 536.2.083 

We will consider  a sys tem of solids composed of p lane-paral le l  plates and a semibounded cylinder  
(heat sink). Different methods utilizing two t e m p e r a t u r e - t i m e  intervals  correspond to different compos i -  
tions for the bodies compris ing this sys tem.  Two variants  of the f i rs t  method [1] are based on the tem-  
pera ture  field of one plate and the heat sink. Two variants  of the second method correspond to the tem-  
pera ture  field of the three-component system consisting of two plates and the heat sink. The third method 
is based on the temperature field of a system composed of the heat sink and three plates, two of which are 
metallic. The existence of interrelated methods makes it possible to investigate solids, liquids, powders, 

fabrics, and so forth with a single measurement procedure and the same apparatus. 

Measurement of thermophysical characteristics by any of the methods in this group reduces to estab- 
lishment of two time intervals A~- I and A~" 2 corresponding to two given changes in the galvanometer read- 

ings AN t = N I- N 2 and AN 2 = N I- N 3 for an instrument connected into the circuit of a differential thermo- 
couple. The thermophysical characteristics measured by any method of this group are calculated from 
the same formulas: a = h2/4pATi; X = be~ra = (bh/2L)(~h), where b and L are two characteristics of the heat 

sink, found in calibrating it. The dimensionless parameters p and e or p and (~h) are taken from the work- 
ing tables, which are compiled beforehand from the appropriate temperature-field equations [2] for fixed 

values of NI/No, N2/No, and N3/No; h is the thickness of the layer of material under investigation. 

1. 

LITERATURE CITED 

V. S. Vol'kenshtein, Transactions of the First Conference on Heat and Mass Transfer [in Russian], 
Vol. I, Izd. AN BSSR, Minsk (1962), p. 65. 

*Original ar t ic le  submitted September 29, 1970; abs t rac t  submitted July 2, 1971. 
~LensovetLeningrad Technological Institute. Original ar t ic le  submitted May 28, 1970; abs t rac t  sub- 

mitted May 3, 1971. 
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CALCULATION OF TRANSIENT PROCESSES OF 

VAPOR (GAS) FLOW IN A SYSTEM 

OF VESSELS 

B, A. Arkad'ev, S. A. Dizenko, 
and V. S. Nemirov 

UDC 621.165-501.22 

The problem of gas overflow and the filling of gas vesse l s  has a very  important  pract ica l  significance, 
in par t icu lar  for  calculations of the dynamic variat ion in the number of ro tor  revolutions during the sudden 
closing of tubing valves owing to a drop in the 10ad. The solution is complicated by variabil i ty of the hy-  
draulic res is tances ,  by removal  f rom the vapor (gas) of par t  of the energy, and by other effects.  

If the volume of the line joining two vesse ls  is negligibly smal l  the flow of vapor between them at each 
instant can be found f rom stat ionary state  equations. It is convenient to consider  the flow into the vessel  
under considerat ion as positive and flow out of it as negative. In cases  when the vapor is moist  some mois -  
ture can collect in the vessel ,  part  of which evaporates upon a drop in the p res su re  and must be taken into 
account in the flow rate balance. 

in order  to determine the state of the vapor in the vesse l  it is necessa ry  to know any two parameters ,  
for example the enthalpy and the specific volume , which can be determined as a function of the time on the 
basis of the laws of mass  and energy conservation.  In a line joining two vesse l s  the energy at the output 
can differ f rom the energy a t  the input owing to removal  (supply) of par t  of the energy, depending on the 
variable efficiency coefficient.  

On the basis presented sys tems  of equations are obtained for finding the principal  pa ramete r s  for an 
ideal gas, a superheated vapor, and a moist vapor.  Since in all three cases  the sys tems  are  essential ly 
nonlinear it is expedient to solve them using a computer,  although it is feasible to solve them "by hand."  

The method worked out was used for the determinat ion of the time var iat ion in the quantity and effi- 
ciency of the vapor enclosed within the cavity of the turbine sys tem following the closing of the regulating 
valves .  The loss in revolutions of this turbine calculated f rom the data obtained is 10.8% (324 rpm) and 
dif fers  f rom the r e su l t  obtained in a turbine test  for  a drop in the load by 5 rpm, which can serve  as in- 
d i rec t  confirmation of the acceptability of the proposed method. 

A calculation of the loss in revolutions of the same turbine by a method used previously gives 18.2% 
(546 rpm). Since the permiss ib le  loss is limited by the requirements  of durability of the rotating compo- 
nents and the adjustment of the automatic safety devices comes to 11-12%, the increase  in the calculated 
value of the loss can serve as a basis for taking construct ive measures  for its reduction, which leads to an 
unjustifiable complication and increase  in cost  of the turbine. Therefore  the proposed method allows not 
only a more  exact calculation of the dynamic loss in revolutions but in a number of cases  (including the one 
under consideration) a simplified turbine construction.  

J 

Original ar t ic le  submitted October 30, 1969; abs t rac t  submitted June 25, 1971. 
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A X I A L L Y  SYMMETRIC STATIONARY HEAT-CONDUCTION 

PROBLEM WITH MIXED TEMPERATURE CONDITIONS 

V, N. G r e b e n s h c h i k o v  UDC 536.21 

The problem is considered of determining the temperature  on the half-space boundary z = 0 using the 
cylindrical  coordinates r, ~, z. The half -space is considered to be uniform and isotopic as regards  its 
thermal  proper t ies .  It is assumed that the thermal  charac te r i s t i cs  of the mater ia l  are independent of tem- 
pera ture .  At the point (z = h, r = 0) a s ta t ionaryheat  source is located with intensity Q. Convective heat 
exchange takes place with the surrounding medium within the circle  of radius R (in accordance with New- 
ton's  law). A specified tempera ture  is maintained outside the c i rc le  of radius R. The axially symmet r i c  
p rob lemis  solved. It is assumed that the temperature  function satisfies the heat-conduction equation. 

The solution of this mixed problem for a hal f -space is f i rs t  reduced to the solving of a pair  of inte- 
gra l  equations and this in turn is reduced to the solving of a Fredholm integral  equation of the second kind 
for the auxil iary function G(s): 

1 

G(s)-- , G(t) ln s--t 
0 

where a and k are  the heat-conduction and the heat-exchange coefficients respect ively .  

The distr ibution law of tempera ture  inside the c i rc le  of radius R is expressed in t e rms  of the auxi- 
l iary function G(s) as follows: 

1 
T(r )~  ~ S G(s) ds 

r/R 

To solve the integral  equation the kernel  is replaced by a degenerate one; to this end the kernel  is 
expanded into a se r i e s  of Chebyshev polynomials,  

s+t E 1 In s--t = 4 ~ - ~  T2~-1 (s) T2~_~ (t). 
n~l 

If the r ight-hand side of the equation can be expanded into a ser ies  of Chebyshevpolynomials  thenthe 
solution of the integral  equation can also be sought as a ser ies  of Chebyshev polynomials,  

(s)=~ 6nr~n_i (s) 

The coefficients G n of the series can be determined from the infinite system of algebraic equations 

2~--! E Gn-[- ~k Gh(Onh=~n ( n= l ,  2, 3 . . .), 
n~l 

where 

(2n--1)2@(2k--1)2 1 
Onh= (n--1/2)[4 (n--k)~--lJ [4 (n+k--1)2--1] " 

The sys tem has a regular i ty  pa rame te r  given by 

8cr 2 (2n--I)2--1 
nk (2n--1)(4n--3)(4n--l) ' 

therefore  for k > 0.85 o~R the sys tem is regular ,  otherwise it is only quasiregular .  For  an approximate 
solution the infinite sys tem is cut off. 

An example is given to show the calculations involved and also to show that in prac t ice  it suffices to 
retain only three t e rms  of the se r ies  expansion of the kernel .  

Saratov Polytechnic Inslitute. Original article submitted July 14, 1969; abstract submitted June 24, 
1971. 

115 



T E M P E R A T U R E  E F F E C T  O F  H10 

ON T H E  A B S O R B I N G  W A L L  O F  

A R E C T A N G U L A R  W A V E G U I D E *  

WAVE 

N.  I .  K r a v c h e n k o ,  V.  M. V o l k o v ,  
V.  D.  K u k u s h ,  a n d  L .  A.  D i d y k  

UDC 621.317.08:621.372.8 

In o rder  to measure  high and superhigh levels of the t ransmit ted microwave power the method of ab- 
sorbing walls is the most  acceptable since it enables us to reduce the measurement  of the conditions of energy 
t rans fe r  inside the waveguide to the measurement  of effects accompanying the t ransfer  outside it with guar -  
antee of homogeneity of the waveguide t ract .  

In the art icle  we consider  questions of the r igorous solution of the problem according to the de ter -  
mination of the temperature  on the absorbing wall, and also the time Paramete r s  , enabling us to c a r r y  out 
optimal designing of probes of the t ransmit ted microwave power. 

On the example of the principal type of water in a rectangular  waveguide we find the dissipative func- 
tion for an absorbing wall, and account of the scat ter ing of an e lectromagnet ic  wave enabled us to form the 
thermal-conduct ivi ty  equation with inhomogeneous boundary conditions, which physical ly signify the 
equality of the tempera tures  over the pe r imete r  of the absorbing wall and the waveguide and the convection 
f rom the lateral  boundaries of the absorbing wall. The solution of the thermal-conduct ivi ty  equation is 
sought in the form of the sum of a s tat ionary and a nonstationary tempera ture  field by the c lass ical  Four ier  
method in t e rms  of opera tors .  

As a result  of the r igorous solution we obtain that the s tat ionary field is represented in the fo rm of 
alternating ser ies ,  investigated on an M-20 digital computer,  and the nonstationary field is represented 
in the form of a collection of damped thermal  waves. The curves of the s tat ionary and nonstat ionary t em-  
pera tures  on the outer surface of the absorbing wall agree well with experiment.  We present  the time 
constant, the sensitivity, and a suitable length of the absorbing wall, which are  necessa ry  for  development 
of optimal probes  for measur ing  the t ransmit ted microwave power.  

S O L I D I F I C A T I O N  OF AN I N F I N I T E  P L A T E  

IN A M O L D ~  

]~. A .  I o d k o  a n d  D.  M. M a k s i m e n k o  UDC 669-154:620.746.6.001.24 

A method is presented for a numerical  solution of the problem of the solidification of a flat ingot in 
the mold based on a combination of an analytical solution of the inverse problem of solidification [1] and a 
f ini te-difference approximation of the heat conduction equation for the wall of the mold. In this case it is 
possible to real ize  a sys tem of calculation which is stable even in the absence of solidification of the initial 
moment  of a layer  when the usual methods of calculation are unstable [2]. 

The solution of  the inverse problem of solidification, writ ten in the form of a ser ies  [1] 

Aj (Fo) 
tl= ~ ~ (n-~);, (1) 

1=0 

*I~ar 'kovIns t i tu te  of Radio Elec t ronics .  Original ar t ic le  submitted September 10, 1970 ; abst ract  
submitted January  19, 1971. 

*Original ar t ic le  submitted March 25, 1970; abs t rac t  submitted October  15, 1970. 
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w h e r e  ~ i s  the c o o r d i n a t e ,  

s e n t e d  in the f o r m  

w h e r e  

Fo i s  the t i m e ,  and ~(Fo) i s  the  c o o r d i n a t e  of the s o l i d i f i c a t i o n  f ron t ,  i s  r e p r e -  

a~ 

t l~  X Divi' 
]=0 

R dS ~ 
Do=l; D I = - - - -  �9 - - - - q ~ S ;  

2 d Fo 

1 {S ~ dD i 1 dS ~ 
Di+2= (j+l)(]+2) ~ + 2 -  [(1+1) Di+ 1 -  ]DI] -d-~o j " 

H e r e  S = 1 - ~  and v = ( ~ ? - 0 / S .  An e x p l i c i t  f i n i t e - d i f f e r e n c e  a p p r o x i m a t i o n  i s  u sed  to c a l c u l a t e  the t e m -  
p e r a t u r e  t 2 a t  the wal l  of the  mo ld .  

A c a l c u l a t i n g  p r o g r a m  was  run  on a M i n s k - 2 2  c o m p u t e r  in a c c o r d a n c e  with  th i s  s y s t e m  and the k i n e -  
t i c s  w e r e  c a l c u l a t e d  fo r  the s o l i d i f i c a t i o n  of an in f in i t e  p l a t e  in con tac t  with w a l l s  hav ing  d i f f e r e n t  t h e r m o -  
p h y s i c a l  p r o p e r t i e s  and t h i c k n e s s ,  among  them for  c a s t  i r o n  and f i r e c l a y  wa l l s ,  f o r  a f i l l i ng  of c o k e - f i r e -  
c l a y  m i x t u r e ,  and fo r  a wa l l  m a d e  of t h e r m a l l y  i n su l a t i ng  t i l e .  

1 ,  

2. 

L I T E R A T U R E  C I T E D  
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L I N E A R I Z A T I O N  O F  A N O N S T A T I O N A R Y  H E A T - T R A N S F E R  

P R O B L E M  B Y  A P E R T U R B A T I O N  T E C H N I Q U E  

V .  L .  C h u m a k o v  UDC 536 .24  

A p r o c e d u r e  fo r  the a p p r o x i m a t e  s o l u t i o n  of the n o n s t a t i o n a r y  h e a t - c o n d u c t i o n  equa t ion  with n o n l i n e a r  
b o u n d a r y  cond i t i ons  i s  i l l u s t r a t e d  by  t r e a t i n g  the p r o b l e m  of the h e a t i n g  (cooling)  of s o l i d s  by  r a d i a t i o n  and 
c o n v e c t i o n  s i m u l t a n e o u s l y  fo r  a c o n s t a n t  a m b i e n t  t e m p e r a t u r e .  The  g i s t  of the me thod  i s  the  fo l lowing .  

F o r  the  b o u n d a r y  cond i t ion  

(grad 0)11 = Bi (1--0i])+Sk (!--OK) (1) 

the p a r a m e t r i c  func t ion  @(Oil, q) i s  i n t r o d u c e d  with the l i n e a r i z a t i o n  p a r a m e t e r  q and the p e r t u r b a t i o n  
p a r a m e t e r  e: 

(grad O)r I -- Bi z (q) [1 -}- eO (Oil , q) --  0~i ], (2) 

w h e r e  the equ iva l en t  r e l a t i v e  h e a t - t r a n s f e r  coe f f i c i en t  i s  

Bix=Sk (l+p~q), p=Bi/Sk. 

The  p a r a m e t e r  e m e a s u r e s  the s i z e  of the n p e r t u r b i n g "  n o n l i n e a r  c o m p l e x  

O n --  0 ~ - -  q ( l--  Orl ) 
(~ (O K , q) -- l + p + q  

in c o m p a r i s o n  with  un i ty .  F o r  e = 1, cond i t ion  (2) is  i d e n t i c a l  with (1), and fo r  e = 0 we have  the ~ u n p e r -  
t u r b e d "  l i n e a r  cond i t i on  in  the  f o r m  of a b o u n d a r y  cond i t ion  of the t h i rd  k ind .  The  p a r a m e t e r  q shou ld  be 

I n s t i t u t e  of T e c h n i c a l  T h e r m o p h y s i c s ,  A c a d e m y  of S c i e n c e s  of the U k r a i n i a n  SSR, K iev .  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  17, 1970; a b s t r a c t  s u b m i t t e d  M a r c h  25, 1971. 
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chosen in such a way as to minimize the effect of the function ~ on the solution of the problem. It is con- 
venient to take q as the mean value of the polynomial (0 + @2 + | 

The f i rs t  step (zero approximation) in the solution of the original problem is to find | the solution 
of the l inearized problem (e = 0). Subsequent approximations | (m = 1, 2 . . . .  ) are  constructed by the 
small  pa ramete r  method. 

In the recur ren t  sequence of s imi la r  l inear boundary value problems for | the expressions for the 
pa ramet r i c  functions 

1 (Om-lO tl 
~m=~[On~ Om . . . . .  On~-l]-- (m--l).~ \08m-l/ On =On0 

~=0 

are considered as variable ambient tempera tures  which permit  the solution for | (m = 1, 2 , . . . . )  by 
Duhamel'  s theorem. 

Comparison of reference  data for a wide range of Sk values with numerical  solutions shows that the 
proposed method is accurate  enough for engineering purposes .  In all the examples considered the e r r o r  in 
the f i rs t  approximation does not exceed 1-1.5%. The p r e s e n c e  of a convective heat flux (p > 0) increases  
the  accuracy  of the determination of the temperature  distribution. 

The general i ty  of the nonlinear problem to which the proposed method is applicable is limited by the 
requirement  that the l inearized form of the problem have a solution. 

S O L U T I O N  OF G E N E R A L  N O N L I N E A R  P R O B L E M  

OF U N S T E A D Y  H E A T  C O N D U C T I O N  BY 

S M A L L - P A R A M E T E  R M E T H O D  

L .  A.  K o z d o b a  a n d  V. L .  C h u m a k o v  UDC 536.21 

In the general  nonlinear problem the dependence of the thermophysical  charac te r i s t i c s  of mater ia ls  
on the tempera ture  of the internal and external heat sources  is taken into account. Three different non- 
l ineari t ies  can be taken into account, even if they are  considerable,  provided that one adopts suitably 
selected perturbat ion functions for (% r 

The solution of the nonlinear problem is sought in the form of a function f[0m(FO), 0] which r e p r o -  
duces the nonlinearity of the boundary condition (0 is dimensionless temperature ;  m denotes the medium). 
The heat-conduction coefficient (L) and the volume specific heat (C) are  given by 

of of 
c (o) = [a~ + ~ (O)l ~0- ' L (O)=[a~+ ~ (0)] ~ , 

where al, a 2 are  approximation coefficients which can be determined by using the conservat ion condition 
of the weighted-mean values of L and C within a specified range of t empera tu res ;  e is the perturbation 
p a r a m e t e r  (0 - e -< 1). 

If e = 1 the expressions (1) take fully into account the actual laws for L(0), C(0). In the complete 
ar t ic le  the s m a l l - p a r a m e t e r  method was app l i ed  in the case in which the solution is known in the f i rs t  
approximation either of another nonlinear or  of a l inea r  equation with variable or  constant coefficients for 
the unsteady problem. Compared with numerical  solution an example of heating a plate by convection and 

(1) 

Institute of Technical  Thermophysics ,  Academy of Sciences of the Ukrainian SSR, Kiev. Original 
ar t ic le  submitted April 24, 1970; abs t rac t  submitted May 10, 1971. 
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radiation simultaneously has shown that after  only two approximations the maximal e r r o r  does not exceed 
2%. The thermal  charac te r i s t i c s  of the mater ia l  and the nonlinear boundary condition depend essential ly 
on tempera ture ;  it was, therefore,  not possible to apply the standard sma l l -pa r ame te r  procedure .  

APPLICATION OF THE SMALL-PARAMETER METHOD TO 

THE SOLUTION OF THE HEAT-CONDUCTION PROBLEM 

WITH TEMPERATURE-DEPENDENT HEAT SOURCES 

L .  A.  K o z d o b a  a n d  V. L .  C h u m a k o v  UDC 536.21 

A procedure  was given for solving the nonlinear problem of unsteady heat conduction in the case in 
which the heat sources  were distr ibuted uniformly by volume and their specific thermal  capacity (w) was a 
function of time and depended strongly on the tempera ture .  

One represents  w in the form of a product, 

w[,~, T(x, "~)1=[3 (~)W(T), (1) 

where W(T) is approximated within the given temperature  range by a f i r s t -degree  polynomial 

Pa (T)=Wo-~W*T" (2) 

The coefficients W0, W 1 can be determined by using any method of function approximation (say, the 
method of least squares) .  

If w is written in the form 

w=[~ (~) [P1 (T)-~ecp (T)], (3) 

then go(T) is the per turbat ion function and e is the perturbat ion pa rame te r  (0 --< e -< 1). For  e = 1 the ex- 
press ion  (2) reproduces  exactly the given w and for e = 0 the function w is approximated by the l inear func- 
tion (2). 

Subsequently, the standard procedure  of the sma l l -pa r ame te r  method is applied; then the solution in 
the zero  approximation is in fact the solution of a l inear problem with a uniformly distr ibuted source whose 
thermal  capacity depends on tempera ture  and also in an a rb i t r a ry  manner on t ime. 

The pre l iminary  approximation w(T) enables one to employ the sma l l -pa r ame te r  method to solve non- 
l inear problems with an essent ial  nonl inear i ty  in w(T). 

To i l lustrate our considerat ions an example was provided of heating a plate by the Joule effect with 
constant voltage of the voltage source,  

w (T)= 
1 q- a ( T - - ' T i )  ' 

where c% /3, T i are g iveneons tan t s .  

A compar ison  with the numerical  solution has shown that the e r r o r  of the solution with two approxi-  
mations does not exceed 1-2%. A linear approximation of w(T) or a l inearizat ion of w by means of its 
mean- in tegra l  value resul ts  in e r r o r s  of 11 and 32% respect ively.  

Institute of Technical  Thermophysics ,  Academy of Sciences of the Ukrainian SSR, Kiev. Original 
ar t ic le  submitted March 23, 1970; abs t rac t  submitted May 10, 1971. 
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W O R K  OF S T I R R I N G  A L I Q U I D  W I T H  GAS B U B B L E S *  

E .  S. G e s k i n  UDC 532.529.5 

The rate of heat and mass  t ransfer  during the ascent of gas bubbles through a liquid can be evaluated 
by the displacement work, i.e., the work of s t i r r ing the liquid. The work put in for generat ing a gas bubble 
and then expanding it during injection is expended inovercoming the a tmospheric  p ressure ,  in displacing 
the liquid, i.e., in increasing its own potential energy, and  in increasing the kinetic energy of the liquid. 
The last two components of the work will be lost on s t i r r ing  the liquid. The increment  of potential energy 
is equal to the work of Archimedes  forces,  which determine the ascent  of a bubble, and this energy is also 
lost on s t i r r ing .  The total work of s t i r r ing  Ain an isothermal  sys tem is determined by the relation 

PoOh7 A= 26RT In ~ + iV, 

where G is the gas mass ,  T is the sys tem temperature,  h is the depth at which a cavity is formed, y is the 
specific gravity of the liquid, P0 is the a tmospheric  p ressure ,  R is the gas constant , and W is the incre -  
ment of kinetic energy in the liquid due to expansion of the gas.  

The derived formula is a refinement of already known formulas  which are based either on the work of 
expansion or  on the work of Archimedes forces  alone and which, therefore,  yield resul ts  too low by one 
half. 

The value of A can be used for estimating the rate of heat and mass  t ransfer  in the liquid during the 
ascent  of bubbles, which is very  important in the evaluation of many technologies.  

As an i l lustration of such est imates,  a compar ison is made between the s t i r r ing  rate with an asso-  
ciated gas and with an unassociated gas in a liquid; fur thermore ,  the interaction between a gaseous oxidizer 
jet and the hearth of a steelmaking furnace is also analyzed. The total work of s t i r r ing  the hearth with such 
a jet is much grea te r  than the initial kinetic energy of the jet and, therefore,  most  of the work of s t i r r ing  
comes f rom the thermal  energy of the oxidation reaction. 

OPTIMUM CONTROL OF 

HOLLOW CYLINDER~ 

C O O L I N G  OF A 

D.  V .  M a l ' t s e v  UDC 536.24 

A hollow cylinder of inner radius 1 and outer radius l is examined in the ar t ic le .  The cylinder is un- 
der  the influence of an axially symmet r i ca l  tempera ture  field T(r,  t) which does not vary  in the c i r cum-  
ferential  and axial directions but is an a rb i t ra ry  function of the radius r and the time t. 

The cylinder has a null initial temperature  and at the time t = 0 heat exchange begins at the inner and 
outer cylindrical  surfaces  with the media which have the tempera tures  Tl(t ) and T2(t), respect ively .  

The end sections of the cylinder are  fastened securely .  The radial s t r e s se s  are  assumed to be equal 
to zero  at its inner and outer surfaces .  

Deformation of the cylinder can be controlled by creat ing a suitable p rog ram of cooling the outer 
cylindrical  surface.  

*MetallurgavtomatikaUl'  yanovskState Pedagogical Institute, Dnepropetrovsk.  Original ar t icle  sub- 
mitted October 14, 1970; abs t rac t  submitted January 19, 1971. 

$OdessaEngineer ing-Construct ionInst i tu te .  Original ar t icle  submitted April 1, 1970; abst ract  sub- 
mitted February  23, 1971. 
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The radial component of the deformation is designated as err  (r, t), while we take as the safe possible 
deformat ion  in this direct ion er* r = const, so that err(r ,  t) _< e*r. The p rogram of cooling (control function) 
T2(t ) must  be determined in such a way that the functional 

l 

[err - ~rr (r,  : = j" , o] 
1 

which characterizes the deviation of the deformation across the thickness of the cylinder from the given 
e~r , is minimum by the time top. 

THEOREM. In order that the functional J reach a minimum for the control T 2 = Tff and the function 
err(r, Fo) corresponding to it, it is necessary that the function T2(Fo ) satisfy the equation 

I 

J rr--err(r, Fo)[ q'2 (r)rdr=O, (1) 
1 

T2(Fo ) being an a rb i t r a ry  discre te-cont inuous function. 

As a result  of the solution of the stated problem it is shown that the most  favorable conditions for a 
cyl inder  will be conditions where the outer surface of the cylinder is cooled according to the function 

T~(Fo)=[AFo+T~(O)] exp [--ay~Fo] . (2) 

The constant A is determined f rom Eq. (1) upon substitution of (2) into it and depends on the geo-  
met r ica l  and thermophysical  pa r ame te r s  of the cylinder, and on the initial t empera ture  and thermal  state 
of both the inner and outer cooled surfaces .  

IMPURITY-ATOM DISTRIBUTION IN A 

SEMICONDUCTOR DURING DIFFUSION 

INTO A SLIT IN A MASKING FILM 

Yu. F. Blinov and D. A. Sechenov UDC 539.219.3:539.293.001.24 

One of the major stages in the fabrication of semiconductor devices and integrated circuits is local 
diffusion of impurities into the semiconductor through a window in a protective mask on its surface. 

This article considers the impurity-atom distribution in a semiconductor during diffusion from a 
constant source into a window in a masking film. Since the fmpurity-atom distribution in the center of 
the slit is described with high accuracy by the supplemental error function when the slit is sufficiently wide, 
this makes it possible to consider the solution to the composite boundary problem at the semiplane for the 
diffusion equation. 

Use of the V i n e r - K o p f  method permi ts  the composite boundary conditions at the semiconductor  su r -  
face to be reduced to homogeneous conditions of type I or II. Using the Laplace t r ans fo rm and the Four ie r  
sine and cosine t ransforms,  a solution to the problem at hand is then found in explicit fo rm.  

Analysis of the expressions obtained shows that they are valid when the slit width is W -> 8q-D-t, where 
D is the diffusion constant and t is the time. This article gives graphs representing the impurity-atom 
distribution functions both in the vicinity of the slit and in the region under the masking film. The results 
obtained can be used for calculation of the eleetrophysical characteristics of diffusion layers and elements 
of integrated semiconductor circuits, as well as for solution of a number of thermal-conductivity problems. 

Taganrog Radiotechnical Institute. Original ar t ic le  submitted October 26, 1970; abs t rac t  submitted 
Februa ry  10, 1971. 
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I M P U R I T Y - A T O M  D I S T R I B U T I O N  D U R I N G  L O C A L  

D I F F U S I O N  F R O M  A C O N S T A N T  S O U R C E  I N T O  

A N A R R O W  S L I T *  

Y u .  F .  B l i n o v  a n d  D.  A.  S e c h e n o v  UDC 539.219.3:539.293.001.24 

This art icle  considers  the impur i ty-a tom distribution in a semiconductor  during local diffusion f rom 
a constant source into a nar row slit.  The slit is considered nar row when its width is W < 8~'D-}, where D 
is the diffusion constant and t is the time. 

Analytic solution of the two-dimensional diffusion equation when the diffusant concentrat ion in the 
slit region is given and the amount of impurity outside the diffusant s t r eam is zero  (a masking film on the 
surface of the semiconductor) involves considerable mathematical  difficulties. 

Analysis of the charac te r i s t i c s  of the impurity distr ibution near  the edge of the masking film with a 
slit width W >> 8~fDt made it possible to reduce the composite boundary problem to a homogeneous problem 
with approximate boundary conditions of type I, for which an analytic solution was found with the Laplace 
t rans form and the Four ier  sine t r ans form.  The diffusion-equation solutions obtained were shown to be 
suitable for descript ion of the impur i ty-a tom distribution during diffusion f rom a constant source into a 
slit of width W _> 0.4~-D-t. At smal le r  slit widths, the impuri ty distribution in the semiconductor  c o r -  
responds to diffusion f rom a cylindrical  source located at the surface of the semiconductor .  

The resul ts  obtained can be used for calculation of the e lectrophysical  charac te r i s t i c s  of diffusion 
layers  and elements of integrated semiconductor  c i rcui ts .  

EFFECT OF TEMPERATURE PROFILE IN A 

PERMEABLE THERMOELECTRIC 

REFRIGERATING BATTERY ON 

ITS ENERGETIC CHARACTERISTICS~ 

G. K. Kotyrlo and G. M. Shchegolev UDC 536.12 

T h e  principal efforts in improving the efficiency of thermoelect r ic  devices are  directed toward the 
d iscovery  of new thermoelec t r ic  mater ia ls  and toward improving the technology of manufacturing thermo-  
elements .  

A new kind of effect on the energetic efficiency of thermoelec t r ic  devices is examined in the ar t ic le .  
Its essence consists  in the fact that the supply (or removal) of the bulk of the heat to the mater ia l  of the 
thermoelement  branches is accomplished not through the surface of the junctions but within the branches,  
which are  made permeable  to the cooling substance or heat c a r r i e r  (coolant) in the case when the thermo-  
element is operated as a genera tor  of energy.  

Because the inner heat-exchange surface of permeable  thermoelements  can be ext remely  developed, 

*TaganrogRadiotechnicalInst i tute .  Original ar t icle  submitted October 26, 1970; abs t rac t  submitted 
February  10, 1971. 

Ins t i tu teofTechniealThermophysics ,  Academy of Sciences of the Ukrainian SSR, Kiev. Original 
ar t ic le  submitted December  9, 1969; abs t rac t  submitted May 25, 1971. 
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heat exchange between the circulating liquid (gas) and the solid material takes place at small temperature 

differences, i.e., almost reversibly. 

Having examined the temperature curves in the material of monolithic and permeable branches, the 

properties of such thermoelements are easy to represent. The temperature profiles in both eases have a 
nonlinear nature. The temperature gradients at the junctions, and therefore the amount of heat leaving the 
hot junctions and entering the cold junctions as a result of the thermal conduction of the material of the 
branches, will differ. 

In the case of monolithic thermoelements the distortion of the temperature curve is caused by the 
liberation of Joule heat, and the temperature gradients increase in the direction from the hot junctions to 
the cold. In permeable thermoelements, owing to the supply of heat from the cooling substance to the ma- 
terial of the branches, the temperature curve is even more distorted within the volume of the thermoele- 
ment and the amount of heat entering the cold junctions due to thermal conduction is increased in compari- 
son with monolithic thermoelements. Having written the expression for the cooling coefficient in the form 

e = Oph-- ~ --  W 
W 

one can see that the greater the angle c~ (the angle formed by the tangent to the temperature curve and the 
axis normal to the surface of the hot junction), the greater the cooling coefficient. In this expression Qph 
is the Peltier heat liberated at the hot junctions and W is the applied power. Thus, a ventilated cooling 
thermoelement will be more economical than one which is not ventilated, other things being equal. 

In order to conduct a quantitative analysis of the operation of permeable thermoelements a method 
was developed for their calculation, on the basis of which it is assumed that the cooling substance enters 
the thermoelement from the side of the hot junctions, the temperature of which is maintained equal to the 
initial temperature of the coolant. The removal of heat from the coolant takes place within the thermo- 
elements, while the Peltier effect at the cold junctions is compensated for only by the heat arriving there 

by means of the thermal conduction of the material. 

The calculations which were conducted for a permable thermoelement and its comparison with a mono- 
lithic thermoelement showed the advantages of a ventilated thermoelectric refrigerator with respect to 
energetic indices in application to several cooling systems. 

E F F E C T  O F  R A D I A T I O N  A N D  O F  A T E M P E R A T U R E  

J U M P  O N  T H E  C O O L I N G  O F  A T H I N  W I R E  I N  

A G A S  L A Y E R  

A .  S .  U m a n s k i i  a n d  Y u .  A .  G o r s h k o v  UDC 536.12:23 

The  a r t i c l e  d e a l s  with the t r a n s i e n t  p r o b l e m  of coo l ing  in the  c a s e  of a th in  rod  (wire)  p l a c e d  c o -  
a x i a l l y  i n s i d e  a g a s - f i l l e d  c y l i n d e r ;  the b o u n d a r y  cond i t i ons  s t i p u l a t e  a t e m p e r a t u r e  j u m p  at  the  r o d  s u r -  
f a ce  (a s o - c a l l e d  Knudsen  jump)  and a r a d i a t i v e  h e a t  t r a n s f e r  f r o m  the rod  to the c y l i n d e r  wa l l .  

An e x a c t  so lu t i on  to the  p r o b l e m  is  ob ta ined  and the e f f ec t s  of the t e m p e r a t u r e  j u m p  at  the  g a s - w a l l  
b o u n d a r y  as  wel l  a s  of the r a d i a t i o n  on the c h a r a c t e r i s t i c  coo l ing  t i m e  of the s y s t e m  a r e  a n a l y z e d .  

A p p r o x i m a t e  a n a l y t i c a l  e x p r e s s i o n s  a r e  ob ta ined  fo r  the c h a r a c t e r i s t i c  t i m e s  of the  s y s t e m  (within an 
a c c u r a c y  down to the  t e r m s  of s e c o n d - o r d e r  s m a l l n e s s ) :  

0 A(/) x ~  x i + A(i) , ~rad ~ ju " 

Ins t i t u t e  of High T e m p e r a t u r e s ,  A c a d e m y  of S c i e n c e s  of the USSR, M osc ow .  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  16, 1970; a b s t r a c t  s u b m i t t e d  June  14, 1971. 
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Here x~ ~-(3/4 + i)~r[1-(~r2/25)(3 + 4i)(C1/C2-1)y2]; i = 1,2 . . . .  are  the eigenvalues of the problem without 
considerat ion of the radiation and the temperature  jump; 

A(I) .~ 8~'~T~ 8R.., 
raa ~ R l l n  37~R1; 

3 4 [ C1 ]2 1 8R~ 
hi. D = - - n a K j u  R1 - - l n - -  

ju 4' -~J R~ 37~R~' 

where T O is the absolute temperature of the outer surface of the system, R 1 and R 2 are the radii of the rod 
and of the cylinder respectively, CI/C 2 is the ratio of the volume specific heats of the rod material and 

the gas, and Kju is a constant which determines the magnitude of the Knudsen temperature jump and 
which depends on the coefficient of thermal aecomodation as well as on the thermophysieal parameters of 
the system - it is defined as for steady-state conditions. The correction for the temperature jump con- 
tains, besides the parameters which determine the magnitude of the steady-state temperature jump, also 
the ratio of volume specific heats of the rod material and the gas. 

RATE OF BLASTING ON A SOLID PARTICLE 

IN A PULSATING GAS STREAM 

V. S. Severyanin and S. G. Ushakov UDC 533.6:662.61 

One method of intensifying the burning of a solid or  a liquid fuel is by the use of so-cal led pulsating- 
combustion chambers .  As of now, however, the aerodynamic process  conditions under which fuel par t i -  
cles burn in a pulsating s t r eam are still not quite well understood. 

The art icle  presents  an analysis of the equation of motion for  a spherical  solid part icle  not subjected 
to external forces  in a one-dimensional  gas s t r eam going through forced sinusoidal pulsations, and a solu- 
tion to this equation obtained with the aid of a digital computer  is shown. Among the dimensionless  pa r am-  
e ters  var ied here  over wide ranges are  not only the physical  part icle and gas constants but also the r e f e r -  
red par t ic le  diameter  as well as the amplitude of the s t r eam velocity and the frequency of pulsations.  Also 
the adequate parameters ,  namely the initial part icle velocity and the constant component of the s t r eam 
velocity, are  analyzed by a variat ion of the initial conditions. 

On the basis of the calculated formula  for the dimensionless  rate of blasting on a par t ic le  as a func- 
tion of t ime the ampl i tude-phase  charac te r i s t i cs  of part icle  vibrations are plotted versus  the governing 
pa r ame te r s .  

Even for sufficiently fine par t ic les  (30-50 ~) within the r a n g e  of moderate  acoustic frequencies cha r -  
ac ter is t ic  of pulsat ing-combust ion chambers  (180-300 Hz), the pulsations of the s t r eam velocity are  uti-  
lized 70-80% when the continuous blast on the par t ic les  is negligible. The phase shift (during s teady-s ta te  
pulsations of the part icles)  is determined uniquely by the gain pa ramete r  B = 3up /4w p25z ,  increasing as 
the part icle  size 5 and the gas pulsation frequency w decrease  (p and Pl are the kinematic v iscos i ty  and the 
density of the gas respect ively;  P2 is the part icle density). On the basis of the calculated resul ts ,  the fol- 
lowing formula is proposed for determining the effective rate of blasting on a part icle  with a pulsating 
s t r eam in a p rocess  of duration ~-: 

UOZ 
Wef t = w ~ +]#~ '  

where w = w 0 + Vav ; w0 is the initial velocity of a part icle,  Vav is t h e  constant component of the gas velocity, 
is the damping coefficient for the initial velocity (eaaracter iz ing the duration of the transient),  v 0 is the 

amplitude of the gas velocity, and z is the relative amplitude of the blast rate.  

Ural Branch Dzerzhinskii  All-Union Scient i f ic-Research Thermotechnical  Institute, Chelyabinsk. 
Original ar t icle  submitted February  19, 1971; abst ract  submitted July 16, 1971. 
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ON T H E  R O L E  O F  A D S O R B E D  GAS D U R I N G  B O I L I N G  

Y u .  G.  E r s h o v  a n d  V. I .  K h r e n o v  UDC 536.423.1:66.046.7 

For  the purpose of studying the effect of adsorbed gas on the boiling process ,  exper iments  were p e r -  
formed in filling cavit ies held in a liquid for a long time and after a short  boiling period.  Conical capil-  
la r ies  fused at one end, 0.24-10.0 rnm long and with an orifice diameter  0.004-0.18 rnm, were used as test  
models .  The tests  were per formed with distilled water, t r ans fo rmer  oil, and 20~c NaC1 solution. It is to 
be noted that this range of capi l lary orif ice d iameters  covers  the actual cavities on metall ic  surfaces  where 
heat t ransfer  occurs .  

An analysis of the experimental  data leads to the following conclusions:  

1) as the d iameter  of a capi l lary becomes smaller ,  the capi l lary fills up fas ter  (the relat ive fill 
height h / d  increases) ;  

2) the smal le r  the surface tension of the liquid and, thus, the better  the wettability is, the sooner  
will the capi l lary  be filled with the liquid; 

3) the magnitude of the d iameter  affects the rate of filling par t icu lar ly  s trongly within the range up to 
50 p ;  

4) the column height as well as the rate of r is ing are affected by the length of a capi l lary  at a constant 
orif ice d iameter  or, which is equivalent, by its conicity d/l: the obtained data have shown that the 
rate at which a liquid fills capi l lar ies  of the same diameter  is direct ly proport ional  to their eoni- 
city, at least  within the range of angles f rom 0.08' to 8~ ' .  

It ought to be mentioned that one important  cha rac te r i s t i c ' o f  conical cavities, which dist inguishes 
them from cylindrical  ones, is that the fo rmer  are  necessa r i ly  filled with liquid at a wetting angle 0 = 90 ~ 
Since in a conical cavity there can be no equilibrium between the trapped gas and the liquid, hence any dis-  
placement  of the interphase boundary resul ts  in a smal le r  curvature  radius of the meniscus  and thus, in 
turn, an increase  of the p re s su re  above it as well as of the diffusion rate and in a fur ther  d i sp lacement  of 
the interphase boundary. In the case of long (several  cent imeters)  cylindrical  capi l lar ies ,  on the other 
hand, such an equil ibrium between phases is possible because of the saturat ion of the liquid in a capi l lary 
with air .  

All this is valid for liquids which wet a solid surface,  i.e., form with it an angle 0 < 90 ~ Surface 
- l i qu id  combinations with an angle 0 > 90 ~ are  extremely ra re  in pract ice .  One may hypothesize that 
there exist no solicl sur faces  which are  not wettable by a liquid (at least by a boiling liquid), because such 
sur faces  are  to some extent oxidized by the liquid (produce a chemical compound with it) and oxidized s u r -  
faces are wettable. The difference, evidently, lies only in the degree of wettability, i.e.,  in the rate at 
which an adsorbed gas is removed by diffusion, by dissolution, or by the format ion of surface  oxides in 
the presence  of that gas .  

In this way, an adsorbed gas trapped in a cavity by a liquid at the heating surface can only at the ve ry  
beginning serve  as a nucleus of vapor formation during boiling. Since this gas can easi ly be removed by 
var ious  methods (artificial cavitation, holding the hea t - t r ans fe r  surface in the liquid for a long time, sub- 
jecting the solid surface to high p ressure ,  or, finally, br ief  boiling) and, therefore,  one may assume 
that the main source  of vapor format ion on a solid surface is the appearance of a gas phase when this su r -  
face interacts  with the liquid. 

V. I. Lenin Power Institute, Ivanovo. Original ar t ic le  submitted October 26, 1970; abs t rac t  sub-  
mitted June 15, 1971. 
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CALCULATING THE LUMINOSITY CHARACTERISTICS 

OF LIGHT SCATTERING MEDIA. I 

K. S. Adzerikho and V. P. Nekrasov UDC 536.3:536.52 

The ar t ic le  deals  with an analys is  of the effects  which the optical  p r o p e r t i e s  of a l ayer  (optical th ick-  
ness ,  quantum survival  probabil i ty,  d i spers ion  iud ica t r ices ,  s ize dis tr ibut ion of par t ic les )  and which the 
boundary conditions have on the luminosi ty of tes t  objects  when this luminosi ty is calculated by var ious  
methods .  A compar i son  of the numer ica l  resu l t s  obtained for  the emis s iv i ty  of a plane l a y e r  by var ious  
methods of calculat ion is  useful in es tabl ishing the applicabi l i ty  range of each method and in choosing the 
mos t  sui table one for  any given p rac t i ca l  case .  

When in terpre t ing  exper imenta l  data in t e r m s  of a ce r t a in  re la t ion  involving the emiss iv i ty  of a light 
sca t t e r ing  layer ,  it is c o m m o n t o i n t r o d u c e  a number  of s e m i e m p i r i c a l  co r r ec t ions .  This  is, evidently, 
because  the effect  of one or  another  p a r a m e t e r  is not accounted for  when the luminosi ty of a light sca t t e r ing  
medium is analyzed. In this a r t i c le  the p rob lem concerning the luminosity of light sca t t e r ing  media  is 
t rea ted  r igorous ly  in the S c h w a r z s c h i l d - S c h u s t e r  approximation,  consider ing the optical  c h a r a c t e r i s t i c s  
of the med ium as well as the boundary conditions. The following express ion  is taken as the indicatr ix  of 
the radiat ion s ca t t e r  into a volume element:  

p(lz, ,u ' )=a+2(l-  a)8(,u--lz'), 

where  5 is  the delta function, o~ = 2fl, fl is the hemisphe r i ca l  backsca t t e r  factor ,  and ~ = cos 0. Such a r e -  
p resen ta t ion  desc r ibes  quali tat ively the p r o c e s s  of radia t ion  sca t t e r  at pa r t i c l e s  whose s ize  is comparab le  
to or l a rge r  than the wavelength, while, at the s ame  t ime,  it r educes  the or iginal  equation to an equation 
of radia t ion  t r a n s m i s s i o n  with a spher ica l  radia t ion indicatr ix .  For  optical  th icknesses  ~-0 -- 5 the e m i s s i -  
vity of a light sca t t e r ing  layer  depends cons iderably  on the p a r a m e t e r  fl, which de t e rmines  the elongation 
of the s ca t t e r  indicatr ix .  A study of this re la t ion  makes  it  poss ib le  to es tabl i sh  the cha rac t e r i s t i c  d imen-  
sions of pa r t i c l e s  in a med ium at known quantum survival  probabi l i t ies  and radia t ion wavelengths .  

The solution, in the Schwarzsch i ld -Schus te r  approximation,  to the equation of radia t ion t r a n s m i s s i o n  
through a med ium with uni formly  dis t r ibuted radia t ion sources  is  used h e r e  fo r  de termining  the angular  

0.8 [ ~ ~  

0.6 

0.4 ~][// 

o.2 fll~]~///e 
0 

Fig. I. 

z ~ ,~ T o 

Nomogram for  de termining 
the hemi sphe r i c a l  emiss iv i ty  of a 
finite light sca t t e r ing  l aye r .  

dis t r ibut ion of luminosi ty  in the l a y e r .  In the case  of a s e m i -  
infinite medium,  the angular  dis t r ibut ion of emi s s iv i t y  is defined 
r a t h e r  s imply  by the following express ion :  

a (,a) = (I + 2a)(k + 2~t) -~, 

where k [1 + 2fl~,/(1-X)]l/2 andS=  o ' / ( ~  + ~)is  thequantum s u r -  
vival  probabi l i ty .  A compar i son  of specif ic  calculat ions accord -  
ing to this fo rmula  with the exact  solution to the equation of r ad i a -  
tion t r a n s m i s s i o n  indicates that this fo rmula  is v e r y  accura te .  
I ts  validi ty for  the case  of smal l  optical  th icknesses  is demon-  
s t r a t ed  in P a r t  II of this a r t i c le .  

A thorough analys is  of the emiss iv i ty  of a light sca t t e r ing  
layer ,  as a function of the optical  p r o p e r t i e s  of the medium, has 
made  it poss ib le  to cons t ruc t  a nomogram convenient  fo r  prac t ica l  
de terminat ions  of the hemisphe r i ca l  emi s s iv i t y  for  l a y e r s  of 
finite optical th ickness  (Fig. 1). I t  is worthwhile to use  this 
nomogram for  de termining  the spec t ra l  emi s s iv i t y  cha r a c t e r i s t i c  
of a l a y e r  and, thus to reduce  cons ide rab ly the  amount of c o m -  
putation effor t .  

Insti tute of Physics ,  Academy of Sciences of the Be lo rus s i an  SSR, Minsk. Original  a r t i c le  sub-  
mit ted July 7, 1970; abs t r ac t  submit ted January  27, 1971. 
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CALCULATING THE LUMINOSITY CHARACTERISTICS 

OF LIGHT SCATTERING MEDIA. II* 

K. S. Adzerikho and V. P. Nekrasov UDC 536.3:536.52 

In o rde r  to conf i rm the val idi ty  of the r e su l t s  obtained in the f i r s t  pa r t  of this ar t ic le ,  the solution to 
the equation of radia t ion  t r a n s m i s s i o n  is analyzed for  the case  of a med ium with un i formly  d is t r ibuted  
sources  and consider ing s ca t t e r  by single re f lec t ions .  A compar i son  of numer i ca l  r e su l t s  according  to 
the fo rmula  obtained he re  at 70 = 0.05 with those based on re la t ions  in P a r t  I indicates that the la t te r  a re  
val id .  It appears ,  f u r t he rmore ,  that, within a 5% e r r o r ,  the normal  emis s iv i ty  under single ref lec t ions  
m a y  be calcula ted up to l -- 2 f lh / (1 -k  + 2fl~)-- 0 .6 inclus ive  (fl is the hemi sphe r i ca l  b a c k s c a t t e r  f ac to r  and 

is the quantum surv iva l  probabi l i ty) .  As ~ d e c r e a s e s ,  the validi ty range of calculat ions based on single 
re f lec t ions  widens.  

The p rob l em  concerning the luminosi ty  of a light sca t t e r ing  medium of finite optical  th ickness  is also 
solved by the method of spher ica l  ha rmon ic s  in the P l - th  and P3-th approximat ion.  It is shown that for  
determining the constants in the solution one must use boundary conditions of the" Marshak kind. It is de- 
monstrated by way of specific calculations that in the pl-th approximation only the hemispherical emissivity 
can be calculated with a sufficiently high accuracy. The P3-th approximation improves the accuracy to 
almost twice as close (see Table I). As in the Pl-th approximation, the accuracy of calculations increases 
as the quantum survival probability becomes higher. The calculation of the normal emissivity of a layer 
in the P1-th and the P3-th approximation yields a 20-25% error, which indicates how slowly convergent the 
method of spherical harmonics is when used for calculating the angular distribution of radiation leaving a 
layer. Among the decisive advantages of the method of spherical harmonics is the feasibility of usIng it 
when the geometry of a medium is nonplanar. 

TABLE 1. Values of the Hemisphe r i ca l  Emiss iv i ty  for a Semiin-  
finite L a y e r  in the P3-th Approximat ion 

I 

(%) 

0,4 
0,847 
3,1 

0,5 
0,805 
2,8 

0.6 
O. 754 

2,7 

0,7 i 0.8 
0.690 0,605 
2,4 2,1 

0,9 
0,471 
1,9 

S T R E S S  

W I T H  A 

FIELD IN A WEDGE-SHAPED MASS 

CONCENTRATED INTERNAL FORCE~ 

R .  V.  T e d e e v  UDC 532.12 

The a r t i c le  deals  with the action of a ve r t i ca l  force  (P) and a hor izontal  force  (Q) concent ra ted  inside 
an infinitely long wedge with an a r b i t r a r y  angle and in a s ta te  of two-dimens ional  s t r a in  (Fig. 1). In po la r  
coordina tes  the s t r e s s  components  ( radial  ~r, tangential  (r0, and shear ing 7r0 ) and the d i sp lacement  c o m -  
ponents  (radial  ~ and tangential  ~?) a r e  e x p r e s s e d  as follows: 

~ %= 0,'~; ~ 0 = - - ~  " ' ~ ;  

*Institute of Physics ,  Academy of Sciences of the Be lo russ i an  SSR, Minsk. Original  a r t i c le  submit ted  
July 30, 1970; ab s t r ac t  submit ted  January  27, 1971. 

~ Ins t i tu teofGeophys ies ,  Academy of Sciences of the USSR, Moscow. Original  a r t i c le  submit ted Dec-  
e m b e r  22, 1970; ab s t r ac t  submit ted August 25, 1971. 

127 



% P 

g 

// J7 

F i g .  1 

o~ 1 1 [ _  (I - v) a o 1; o~ 2a [ 0 - , ) ~ , - , ~ o 1 ;  ~ + 1__ on 
-- r r " 08 -- 2G Vr~ 

1 o~ o n ~1 ! - - ,  

r O0 + Or r = ~ "%' 

w h e r e  G i s  the  s h e a r  m o d u l u s ,  v i s  the  P o i s s o n  r a t i o ,  and  �9 i s  an  a r b i t r a r y  b i h a r m o n i e  f u n c t i o n .  

In o r d e r  to s o l v e  the  p r o b l e m ,  t he  b i h a r m o n i e  f u n c t i o n  i s  pu t  in  t he  f o r m  

(1) 

45 = (r _ 450) + 45,. (2) 

H e r e  the  f u n c t i o n  

45k __ 450 ~ r ~ ~ [cos mp (a k ch m)~ + B e sh m~ + c k chm x cos 2)~ 4- C k sh m% 
0 

• sin 2 x ~ d k chm x sin 2 z + D k shm x cos 2X) + sin mp (b ~ shm x - -  A k chm z 

+c k shm x sin 2 2 - -  C/~ chm x cos 2~ -4- d k shm g cos 2;( + D k ch rn X sin 2X)] dm (3) 

i s  t he  K e l v i n  s o l u t i o n  f o r  a fo rce ,  a p p l i e d  w i t h i n  an  i n f i n i t e  p l a n e ,  w h i l e  the  f u n e t i o n  

45* = r 2 I [cos mp (a* ch m6 + /t* sh m6 + c* ch m6 cos 26 -4- C* sh m6 
0 

X sin 26 - -  d* ch m6 sin 26 + D* sh m6 cos 26) 4- sin m 9 (b* sh m6 - -  A* ch m6 

4- c* sh m6 sin 26 - -  C* ch m6 cos 26 4- d* sh m6 cos 26 + D* eh rn6 sin 26)] dm (4) 

r e p r e s e n t s  a n o t h e r  b / h a r m o n i c  f u n c t i o n  added  to  t h e  K e l v i n  s o l u t i o n  and e x t e n d s  t h e  s o l u t i o n  to  a w e d g e .  

T h e  f o l l o w i n g  d e s i g n a t i o n s  h a v e  b e e n  m a d e  in  (3) and  (4): 
r 

p=ln--L-; X = 0 + a ; ( - - z ~ X . ( . n ) ;  6 = 0 + 8 ,  

w h e r e  e i s  a n o n e s s e n t i a l  c o n s t a n t  a r b i t r a r i l y  c h o s e n ;  f o r  c o n v e n i e n c e ,  w e  l e t  e = -(~r + f l ) / 2 .  

I n s e r t i n g  t h e  v a l u e  of  t h e  b / h a r m o n i c  f u n c t i o n  ~b in to  (1) and p e r f o r m i n g  t h e  n e c e s s a r y  o p e r a -  

t i o n s ,  w e  o b t a i n  e x p r e s s i o n s  f o r  t h e  s t r e s s e s  and t h e  d i s p l a c e m e n t  c o m p o n e n t s .  T h e  a r b i t r a r y  c o n -  
s t a n t s  a k  A k, b k, B k, e k,  c k ,  d k ,  D k a r e  found  f r o m  t h e  K e l v i n  s o l u t i o n ,  bu t  t h e  a r b l t r a r y e o n s t a n t a  , A*,  

b*,  B* ,  c*,  C*,  d*,  D k ! a r e  found f r o m  the  b o u n d a r y  c o n d i t i o n s  a t  the  w e d g e  p l a n e s .  T h e  c a s e  i s  a n a l y z e d  

w h e r e  the  w e d g e  p l a n e s  a r e  f r e e  of  s t r e s s ,  i . e . ,  ~r 0 = 0 and r r 0  = 0 a t  0 = fl and 0 = zr. E q u a t i n g  s e p a r a t e l y  

to z e r o  the  c o s  m p  t e r m s  and the  s i n m p  t e r m s  in  t h e  i n t e g r a n d s  in  t he  e x p r e s s i o n s  f o r  t he  s t r e s s e s  g0 and 
r r 0  a t  0 =/3 and 0 --- 7r we  c o n s t r u c t  a s y s t e m  of e i g h t  e q u a t i o n s ,  t he  s o l u t i o n  of  w h i c h  y i e l d s  the  unknown  
a r b i t r a r y  c o n s t a n t s .  

A c c o r d i n g  to  t h e  f i n a l  s t r e s s  and d i s p l a c e m e n t  f o r m u l a s  i n c l u d i n g  t h e  a r b i t r a r y  c o n s t a n t s ,  t h e  s t r e s s e s  

v a n i s h  a t  i n f i n i t y .  T h e  s o l u t i o n  b a s e d  on t h e  b / h a r m o n i c  f u n c t i o n  �9 * i s  c o n v e r g e n t  f o r  a l l  p o i n t s  i n s i d e  t h e  
w e d g e .  T h e  c o n v e r g e n c e  b e c o m e s  s l o w e r  a s  t h e  po in t  of  f o r c e  a p p l i c a t i o n  a p p r o a c h e s  a w e d g w  p l a n e .  In  

o r d e r  to  i m p r o v e  t h e  c o n v e r g e n c e  then ,  one  m u s t  s u b t r a c t  t h e  a s3~np to t i c  v a l u e s  a t  m ~ co f r o m  t h e  i n t e -  

g r a n d s  in  t h e  f o r m u l a s  f o r  s t r e s s e s  and d i s p l a c e m e n t s ,  and t h e n  add t h e m  a f t e r  t h e y  h a v e  b e e n  e x p r e s s e d  

in  t e r m s  of  s i m p l e s t  f u n c t i o n s .  
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A CRITERION FOR EVALUATING THE EFFECT 

OF RADIATION ON THE TOTAL HEAT 

TRANSMISSION IN SEMITRANSLUCENT MEDIA 

A .  A .  M e n '  a n d  O .  A .  S e r g e e v  UDC 536.24 

An anaIys i s  is made  of me thods  publ ished in the technicaI  l i t e r a tu re  which a r e  used  fo r  e s t ima t ing  
the effect  of rad ia t ion  on the heat  t r a n s m i s s i o n  in m a t e r i a l s  where  rad ia t ion  is a s e c o n d a r y  m e c h a n i s m  of 
e n e r g y  t r a n s f e r  ( s e m i t r a n s l u c e n t  media) .  It is shown that the phenomenolog ica l  theory ,  which is being 
deve loped  now, h inges  on a s t r i ngen t  quanti tat ive c r i t e r i o n  fo r  c o m p a r i n g  v a r i o u s  app rox ima te  m o d e l s  
with one ano ther  and with the exac t  so lu t ions .  The t e m p e r a t u r e  drop  AT = T ~ - T  2 a c r o s s  a l a y e r  of s e m i -  
t r ans lucen t  m a t e r i a l  is p r o p o s e d  to s e r v e  as such a c r i t e r i o n .  This  quanti ty is usua l ly  found in the c o u r s e  
of de t e rmin ing  the t e m p e r a t u r e  f ield with a g iven total  ( radia t ive  and conductive) e n e r g y  flux Q and a fixed 
t e m p e r a t u r e  T~ at one of the l a y e r  bounda r i e s .  On the bas i s  of the c r i t e r ion ,  a c o m p a r i s o n  is made  be -  
ween the app rox ima te  ana ly t ica l  so lu t ions  to the p rob l em of r a d i a t i v e - c o n d u c t i v e  heat  t r a n s m i s s i o n  by 
L.  P .  Fil ippov,  by V. N. Adr ianov,  and by G. Pol tz ,  and the exact  c o m p u t e r  so lu t ion  of the in teg ra l  equa-  
t ion d e s c r i b i n g  the s t e a d y - s t a t e  t e m p e r a t u r e  d i s t r ibu t ion  in a s e m i t r a n s l u c e n t  p la te .  Fused  quar tz  has  
been  chosen  as the spec i f ic  m a t e r i a l  f o r  this s tudy.  T e m p e r a t u r e  T1 was v a r i e d  f r o m  400 to 1500~ The 
re f l ee t iv i ty  of the l a y e r  boundar i e s  was v a r i e d  f r o m  0 to 0.9. 

Some r e s u l t s  of the ca lcu la t ions  a re  shown in Table  1. We note, fo r  c o m p a r i s o n ,  that  without a c -  
count ing  for  r ad ia t ion  AT = 25~ fo r  H 1 and AT = 50~ fo r  H 2 unde r  the s a m e  condi t ions .  Evident ly ,  the 
va lues  fo r  AT obtained by those  few au thor s  a re  cons ide r ab ly  at v a r i a n c e .  F o r  a thin l a y e r  the Pol tz  so lu -  
t ion is v e r y  c lose  to the exact  one over  the en t i re  t e m p e r a t u r e  range .  As the l aye r  b e c o m e s  th icker ,  the 
e r r o r  of all app rox i m a t e  solut ions  i n c r e a s e s  rap id ly .  

TABLE 1. Magni tudes  of the T e m p e r a t u r e  Drops  (AT, ~ Obtained 
by the E x a c t  N u m e r i c a l  and by Approx ima te  Analyt ica l  Solut ions to 
the P r o b l e m  of Rad ia t ive -Conduc t ive  Heat  T r a n s m i s s i o n  

Thickness, mm H,=5 H~=30 

Temperature, ~ I500 1000 1500 1000 
Optical thickness 0,070 0,138 0,420 0,828 

Refleetivity of the I 
boundaries o o a,s 0,9 o I o,s 0,9 

Exact solution(comput -1 
er) ' 14, 05 

O. Poltz solution |3,9 
i L. P. Filippovsolution | 

(optically thin layer)j6,8 

V. N. Adrianov solution 7.3 

Rosseland soIution !0,23 

0,5 0,9 

8,7 17,8 
8,4 17,4 

13,2 23,3 

13,3 2t ,5 

0,23 0,23 

0 0,5 0,9 

o ol,5 81, 7 
9,8 15,5 :!0,8 

3720,3:,49 
4,71,9.71: 3,0 
1,4 1,41 1,4 

1,951 4 05 
1,78 3,10 

2,4 10,7 

3,9 I 7,3 

0,461 0,46 

0,3 
7,8 

1,0 

0,46 

6,7]11,2118,4 
6,41.10,0114,4 

6,2 29,8 -- 

12,8t17,8 23,8 

2,8 2,8 2,8 

Original  a r t i c le  submi t ted  July  20, 1970; a b s t r a c t  submi t ted  N o v e m b e r  16, 1970. 
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R A D I A T I V E  H E A T  T R A N S M I S S I O N  T H R O U G H  

L A Y E R  W I T H  A H I G H  C O N C E N T R A T I O N  

O F  P A R T I C L E S  

A 

Y u .  A .  P o p o v  UDC 536.3 

The ar t ic le  deals with the t ransmit t ivi ty  and the refleetivity of a layer  containing coarse  gray  par t i -  
c les .  Radiation impinging on the layer  surface is hemispher ical .  In this case, when the par t ic les  occupy 
a ve ry  small  fract ion of the total volume, T << 1, the solution can be expressed by moments  of the Ambar-  
tsumyanfunct ions oq, fli [1] tabulated in [2]. The following express ion has been obtained in [1] for the r e -  
flectivity: 

Ro (~,, %) = l + ~, (~oCZ~ -- ~o~) - 2~z~, (1) 

where k denotes the probabili ty of a photon surviving eolllision. The dispers ion indicatrix is s p h e r i c a l .  
For  the t ransmiss iv i ty  the author has derived the following expression:  

D 0 (~,, "to) = 2[il + ~, (~Zl~o -- %~). (2) 

The optical thickness of a layer  ~-0 of a homogeneous medium is the ratio of the actual layer  thickness to 
the free path length of a photon I. 

If one considers  that the par t ic les  at the layer  surface have flat boundaries coinciding with the bound- 
ary planes of the layer, then for  the mean values of R and D at any value of "/one may write: 

R (~,, 'V, %) = ~,~ + (1 -- 'v) Ro (~,, %), (3) 

D (~, ?, 1;0) = (1 - -  ~) D o (E, To). ( 4 )  

Account is taken here  of the radiation reflected by the par t ic les  at the layer  boundary, while the amount of 
radiation diffused in the interst i t ial  space between par t ic les  is descr ibed in t e rms  of conventional heat 
t r ansmiss ion  theory.  The mean free path length of photons depends on T. Considering that the par t ic les  
are  randomly distributed in the medium but cannot occupy space where other par t ic les  are  located, we have 

1-- I, 
= ~ ,  (5) 

, dO" 

where n o denotes the average number of par t ic les  per  unit volume and o" denotes the median c ross  sect ion 
of a par t ic le .  Equation (5) is proved here  by the method shown in [3]. 

1 .  

2. 
3 .  
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V. V. Sobolev, Study Course in Theoret ical  Astrophysics  [in Russian], Nauka (1967). 
Y. Soboyti, Astrophys.  J. Suppl., _7, No. 72 (1963). 
H. Haslam and H. C. Hottel, Trans .  Amer.  Soc. Mech. Engrs .  (1928). 

Polyteehnical Institute Kirov. Original ar t ic le  submitted September 1, 1970; abst ract  submitted 
October 3, 1970. 
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CALCULATION OF TRAJECTORIES OF MOTION 

OF PARTICLES IN CURVED CHANNELS 

D.  T .  K a r p u k h o v i c h  a n d  K. F .  I v a n o v  UDC 532.629+621.928.38 

Physical ly  the main point of the proposed calculation method consis ts  in the fact that the t r a jec to ry  of 
motion of  a par t ic le  can be divided into infinitesimally smal l  sections, which can be replaced by l inear seg-  
ments ,  for which the use of a differential equation of motion of the part icle  in vec tor  fo rm is valid [1]: 

dv 
= CF-~g-' (u --vp. m dt 

TO solve this equation we represent  it in the fo rm of project ions on the axis of the normal  coordinate sys-  
tem X, Y: 

dvx ~ v  Pg ju -- vj (u x - -  vx). 
m at -- In--via F -7  

The equations will also have a s imi lar  form along the Y axis. 

Cancelling the modulus of the relative velocity of part icle  motion l u - v l ,  ~nd expanding the value of 
the quantities m and F, having f i rs t  denoted the ratio 3 ~pg/4d2ps  by ~, we obtain a sys tem of equations, 
which can be solved if the velocity components of the motion of the flow u x and Uy are known. Taking this 
into account, the final solutions of the equations for the determination of the value of the project ion of the 
velocity vec tor  of the motion of a par t ic le  and the position coordinate of a par t ic le  on the X and Y axes will 
have the fo rm 

ber  

vx=Vxi+ai~ , t (ux l - -vx l ) ;  x=x i - l - t v~ i ;  

o~=%i : ,  c~iLt(%i--v~i); g = g i - [ - t % i .  

The value for the coefficient oq is taken f rom the appropriate table as a function of the Reynolds hum- 

Reai -- d V(uxl -- vx~) ~ + (ug~ -- %/)2. 

The calculation time interval between neighboring points of the t ra jec tory  t is taken equal to or less  
than the par t ic le  relaxation time r = d2os/18rOd . In this ease the inert ial  path of the par t ic le  cor responds  
to its assumed interval of motion. 

The t ra jec to r ies  are  constructed in a Car tes ian coordinate sys tem based on separa te  points whose 
coordinates  cor respond to the x and y values.  

The calculation method is i l lustrated by the example of an inertial  dust col lector  of helical  type. 
Calculation resul ts  are  compared with experiment.  

The proposed simplified method of calculating t ra jec tor ies  can be used for curved s t r e ams  with 
var ious  velocity distr ibution laws over  the c ross  section and a variable radius of curva ture .  

The regime of par t ic le  motion can va ry  over a ra ther  wide range of Reynolds numbers .  If it not 
n e c e s s a r y  to use a computer  for the numerical  solution of the differential equations in the given case.  

m, d, F 
V, I1 

Ps 

G/ 

NOTATION 

are respectively the mass, diameter, and area of the midsection of a particle; 

are  respect ively  the velocity vector  of the part icle  and of the gas flow; 
is the density of a solid par t ic le ;  
is the density of the gas flow; 
is the coefficient of aerodynamic drag of the par t ic le ;  
is the coefficient of kinematic viscosi ty  of the flow; 
is a coefficient.  

Yaros lavskaya Region Branch, Institute for Industrial  and Sanitary Gas Purif icat ion.  Original ar t icle  
submitted January 5, 1971; abs t rac t  submitted April 7, 1971. 
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