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The sa tu ra t ion  p r e s s u r e  of  s t r a t i f i ed  oi ls  and the p r e s s u r e  of the onset  of  condensat ion of s t ra t i f i ed  
ga se s  a r e  the  ma in  p a r a m e t e r s  cha rac t e r i z ing  the t h e r m o d y n a m i c  s ta te  of  a s t ra t i f i ed  fluid. The exact  de-  
t e rmina t i on  of  t he se  p r e s s u r e s  i s  n e c e s s a r y  fo r  the se lect ion of the  m e a n s  and the conditions of exploitation 
of  oil and ga s - condens a t e  fields.  

The  exis t ing methods  of de te rmin ing  the phase  t r ans i t ions  (vo lumet r i c  and u l t rason ic  for  the boiling 
points  and v isua l  for  the dew points) a r e  not re l iab le  enough. 

In th is  connect ion methods  a r e  p ropos ed  for  de te rmin ing  the m o m e n t  of onset  of  gas  l ibera t ion  f rom a 
liquid fil l ing a po rous  med ium using the  m e a s u r e m e n t  of  the d i f fe rence  in poten t ia l s  at the ends of a sample  
of  the po rous  medium.  The  potent ia l  d i f fe rence  a r i s e s  in a porous  med ium under  the influence of e l e c t ro -  
k inet ic  e f fec ts  during the f i l t ra t ion of a l iquid through it. The e l ec t r i c a l  r e s i s t a n c e  of the med ium i n c r e a s e s  
sharp ly  at the mom en t  of  fo rmat ion  of the f i r s t  gas  bubbles ,  which causes  the s a m e  sharp  change in the po-  
tent ia l  d i f ference.  The  p ropos ed  method  was  t e s t e d  on p r o p a n e - h e p t a n e  and p r o p a n e - b e n z i n e  mix tu res .  The 
sa tura t ion  p r e s s u r e  obtained using the potent ia l  d i f fe rence  was  c o m p a r e d  with the sa tura t ion  p r e s s u r e  d e t e r -  
mined  for  the s a m e  m i x t u r e s  under  the s ame  conditions by the u l t rason ic  method. Complete ag reement  in the 
va lues  of  t he se  p r e s s u r e s  was  obtained. 

The  u l t r a son ic  method is  p ropos ed  for  the  de te rmina t ion  of the dew point of a gas  both in the bulk phase  
and in a porous  medium.  Pu l sed  o r  continuous u l t rason ic  osc i l la t ions  p a s s  through the ve s se l  containing the 
gas  and a r e  r e c e i v e d  at an osc i l log raph  through an ampl i f ie r .  At the m o m e n t  of  the  appearance  of  a finely 
d i s p e r s e d  m i s t  not v i s ib le  to the eye,  which i n c r e a s e d  the u l t r a son ic  conductance,  a sharp  change was  ob- 
s e r v e d  in the ampl i tude of the u l t r a son ic  osc i l la t ions  r ece ived  at the osc i l lograph.  The  de terminat ion  using 
u l t rasound p r e c e d e s  the  v isua l  de te rmina t ion  of the appea rance  of the  f i r s t  liquid drops.  

Ins tead  of the u l t rason ic  method for  the de te rmina t ion  of the  dew point of gases  in a porous  medium it 
i s  p r o p o s e d  to use  the method of  m e a s u r e m e n t  of the potent ia l  d i f ference  at the ends of  an insula ted and 
mo i s t ened  po rous  med ium fil led with a gas.  The  p rec ip i t a t ion  of drops  of the liquid which has condensed and 
the fo rmat ion  of a hydroca rbon  f i lm lead to an i n c r e a s e  in the  e l ec t r i ca l  r e s i s t a n c e  of the porous  sample  and 

Fig. 1. T i m e  va r i a t ion  in t e m p e r a t u r e  and ampli tude 
5 t. of  pu l sed  u l t r a son ic  osc i l la t ions  for  p ropane  at a p r e s -  

u o < o n s t o  o n  
/ ~ ~ i  ~ a sation; Ih  cooling ceases ,  boil ing of liquid; I Ih  f i r s t  

3 ! ~ drops),  a, mV; ~', min;  t ,  ~ 
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a decrease in the potential difference.. The proposed methods of determination of dew points were tested on 

propane. 

The results of the determination of the dew-point temperature of a gas placed in a glass vessel using 
the ultrasonic method are presented in Fig. i. 

The results obtained indicate the sufficient reliability of the methods described. 

Dep. 2521-75, June 2, 1975. 
Original article submitted March 15, 1973. 

EXPERIMENTAL STUDIES OF COEFFICIENTS OF 

THERMAL CONDUCTIVITY OF VARIOUS GRAPHITIC 

CARBON MATERIALS UNDER VACUUM CONDITIONS 

N. V. Biryukova, G. V. Klepikova, 
and N. V. Komarovskaya 

UDC 536.21 

Graphitic carbon materials were studied in the form of wadding and felt obtained from spun, staple, 
viscose fiber with a diameter of 12-14 # (No. 3200) and 10-12 # (No. 6000}. An experimental determination 
was made of the dependences of the effective and radiant thermal-conductivity coefficients of graphitic carbon 
felts of different brands and VV-66-95 graphitic carbon wadding on the average temperature of the layer by 
the steady-state ~slab ~ method in the range of temperatures T = 300-600~ with a pressure P ~19-4-I0 -5 
mm Hg and a bulk density of 80 kg/m 3 of the samples. 

Under these conditions the transfer of heat through a layer of graphitie carbon materials is accom- 
plished by two forms of heat transfer - radiation and conduction. The conductive component, which increases 
with an increase in the bulk density of the material, becomes negligibly small when the latter is very loose 
and one can then assume that the heat transfer proceeds only by radiation. The effective thermal-conductivity 
coefficient takes into account the combined heat transfer by radiation and conduction. 

In the report it is shown experimentally that the radiant thermal conduction of loose graphitie carbon 
materials, like that of other loosely filamentary thermal insulators (siliceous and basaltic thermal insulators, 
fiberglass}, with allowance for the boundary surfaces is directly proportional to the cube of the average tem- 
perature of the layer and decreases with an increase in the degree of dispersion (with a decrease in the fila- 
ment diameter). 

A comparison of the temperature dependences of the effective thermal conductivity coefficients of 
graphitie carbon felts made of the same starting filament but with different thermal processing temperatures, 
with the same thermal processing temperature but different diameters of the starting filament, felts for 
which the specific surface of the filaments is increased by activation (an increase in the number of pores), 
and unactivated felts showed that any means of increasing the specific surface of the filaments leads to im- 
provement in the thermal insulating properties of graphitic carbon felts. 

R is shown experimentally that the radiant thermal conduction of graphitic carbon wadding has the low- 
est value in comparison with other loosely filamentary thermal insulators (siliceous and basaltic thermal in- 
sulators, fiberglass} of the same or  higher degree of dispersion. 

Dep. 2533-75, June 25, 1975. 
Original article submitted January 27, 1975. 
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E F F E C T  O F  G A S  T E M P E R A T U R E  ON I T S  D E N S I T Y  

I N  A C L O S E D  V O L U M E  

A.  V.  K o n d r a t o v  a n d  A.  A.  P o t a p e n k o  UDC 536.422.4 

We cons ide r  two vo lumes  of gas  I and II with dens i t ies  Pt, P2 and t e m p e r a t u r e s  T1, Tz. These  vo lumes  
a r e  connected by two one-way  channels  with conductances  U1 f r o m  I to II and U 2 f r o m  II to I. It i s  a s s u m e d  
that  the  law of  t h e r m o m o l e c u l a r  flow i s  sat isf ied.  Assuming  that  the t e m p e r a t u r e  of  the gas  in volume II i s  
the s a m e  as that  of  the inner  su r f ace  of i t s  conta iner ,  we fo rmula te  the d i f ferent ia l  f o rm of the m a s s - b a l a n c e  
equation desc r ib ing  the exchange of gas  be tween  vo lumes  I and II: 

Vdp2 = U l P l d r  - -  U2p2d'~, (1 )  

where  volume I i s  a s s u m e d  infini tely l a rge  and vo lume II i s  denoted by V; �9 i s  the t ime.  We a s sume  that  the  
r a t e  of d e c r e a s e  of  the t e m p e r a t u r e  T2 i s  p ropor t iona l  to the d i f fe rence  T '  9 - T z ,  where  T~ is  the t e m p e r a -  
t u r e  of  the gas  in volume II at the  ins tant  condensat ion begins ,  and the coefficient  of p ropor t iona l i ty  m T  i s  
the cooling r a t e  defined by  the  equat ion 

r (2) 
lIl T __ CT ' 

where  CT i s  the heat  capaci ty  of  the  conta iner  of vo lume II, S i s  the a r e a  of  i t s  ou te r  sur face ,  and cz T is  the 
h e a t - t r a n s f e r  coeff icient  at the ou t e r  su r face  of vo lume II. Introducing into Eq. (1) the notation 

ui p2 (~) 
~n = - - ,  y (T) - 

v p~ 

T2 T2o--T'~ 
kl =-- - - ,  k2 

T1 T2 

we obtain a f i r s t - o r d e r  l i nea r  d i f ferent ia l  equation whose  solution is  

x t 

y (x) = [m J" exp (m S "~/ki-l-kzexp(--mT-~) dct 'i d[--Yo] "< 
0 0 

.f 

  -k2oxo --mT,  d,) 
0 

w h e r e  Y0 = y(0) and Tz0 = Tz(0). We denote by r * the value of the  a rgument  r at which the solution y(~') t akes  
on the value Yl = ( 1 / ~ 1 )  - 6, w h e r e  5 i s  a pos i t ive  constant  sa t i s fying the  inequal i ty  5~'~1 < 1, and we denote 
by  r ~  the  lower  l imi t  of  7 *. Af te r  some s imple  t r a n s f o r m a t i o n s  we obtain the express ion  

1 

, 1 I n  ~--Yo 
r l  -- m f ' ~ - x  " 1 

The va lues  of  7 * for  all  c a s e s  of  p r a c t i c a l  i n t e r e s t  w e r e  obtained on a BESM_4 computer  using the 
Adams  method  with au tomat ic  step select ion.  The r e su l t s  of  the calculat ion show that  a min imum t ightness  
of  c losed volume II (m = 1 / m i n )  e n s u r e s  the r ap id  e s t ab l i shment  of  the equi l ibr ium density within it  if  cool-  
ing i s  rap id  enough. F o r  a c losed  volume II with a negligible exchange of gas  with volume I (m = 10-4/min) 
the effect  of  t h e r m a l  i ne r t i a  during the e s t ab l i shmen t  of dynamic equi l ibr ium is  sharp ly  decreased .  With an 
i n c r e a s e  in t h e r m a l  i ne r t i a  (roT - -0)  t he r e  i s  an i n c r e a s e  in the e g r e s s  t i m e  at condensat ion t e m p e r a t u r e  
conditions which lengthens the t i m e  r equ i r ed  to e s t ab l i sh  the equi l ibr ium densi ty of  the  gas  remain ing  in vo l -  
ume  II. Fo r  " ins tan taneous"  cooling a f t e r  outgass ing  the sea led  conta iner  of volume II and the evacuat ion of 
p a r t  of the res idua l  gas  f r o m  it, it i s  poss ib l e  to obtain a density P2 (7) which, up to the  beginning of conden- 
sat ion,  will  be  s e v e r a l  t i m e s  lower  than that  outs ide it. 

Dep. 2535-75, Ju ly  23, 1975. 
Original a r t i c l e  submi t ted  J anua ry  13, 1975. 
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S T E A D Y  T E M P E R A T U R E  D I S T R I B U T I O N  O F  A 

S Y S T E M  O F  B O D I E S  W I T H  I N T E R N A L  E N E R G Y  

S O U R C E S  

G. N.  D u l t n e v ,  A. Y u .  P o t y a g a i l o ,  
a n d  S. V. T i k h o n o v  

UDC 536.24 

The distribution of mean  surface  t empera tu re s  is investigated in a sys tem of bodies with internal en- 
ergy sources .  It is  assumed that the t empera tu re  distributions of all bodies a re  uniform, the thermal  bonds 
have no heat capacity, and the thermophysica l  and hea t - t r ans fe r  coefficients are  temperature- independent .  
Mathematically,  the problem reduces to solving a set of  N l inear  algebraic  equations formulated in accor  z 
dance with the law of conservat ion of energy:  

' Pl = (a,r + (h~ + .  �9 �9 a l N )  0 1  - -  ~1202 - -  o1~0~ . . . . .  (~)Nt~N. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1) 
",ON : - -  O'NlO1 - -  fiN202 . . . . .  ON, N--I~}N--I  "4-(0Nr ~7 0 N l - ~  " " " + ( I N .  N-- l  ) ~  N,  

where  4i = ti - te is the amount by which the t empera tu re  of the i - th  body exceeds that of the surrounding 
medium, Pi is  the strength of the i - th  internal energy source,  ~ic is the the rmal  conductivity between the 
i - th  body and the surrounding medium, and (rij = aji is the thermal  conductivity between the i - th  and j - th  
bodies of the sys tem (i, j = 1, 2 . . . .  ,N; i ~-j). 

An exact analytic solution of such a sys tem is very  cumbersome and a numerical  solution is special  and 
frequently inadequate. We therefore  consider  an approximate analytic method of solution based on the p r inc i -  
ple of local  action. A certain j - th  body is singled out f rom the sys tem and the deviations of the thermal  con- 
ductivities among the remaining N - 1 bodies f rom some level are  considered as perturbat ions.  By the pr in-  
ciple of local action any per turbat ion has only a local effect. Using this pr inciple  we can calculate the t em-  
pera tu re  of the j - th  body by ignoring the deviations of the the rmal  conductivities among the remaining bodies 
f rom some average level and ascr ibing to this level a value determined by o ther  considerations.  The s im-  
plest  solution is  obtained by assuming that all N - 1 bodies are  connected to one another by infinitely large 
the rmal  bonds, i .e. ,  

~ = ~in= oo (k, l -  1,2 . . . . .  N; k ~ l r j). (2) 

This means physical ly  that all N - 1 bodies are  lumped together  into a single so-ca l led  effective body 
E with some unknown tempera tu re  tE, i .e. ,  di = ~E (i = 1, 2 , . . . ,  N; i ~ j ). It follows mathematical ly  f rom (2) 
that the sys tem of N equations (1) reduces  to a set of two equations of the form 

where  

P j  = (ajE + ojc)Oj - -  ajEOE, 

PE -- ( ~  ~ 

(3) 

N N N 

i@] i~]  i~-j 

whose solution is tr ivial .  Setting j = 1, 2 , . . . ,  N we findin succession the approximate t empera tu res  of all 
the bodies of  the system. The method was fur ther  just if ied by a stat is t ical  e r r o r  analysis. It was shown that 
for  fixed ra t ios  of the p a r a m e t e r s  the method is not in e r r o r  by more  than 15%. 

Dep. 2530-75, July 24, 1975. 
Original ar t ic le  submitted November  22, 1974. 
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I G N I T I O N  O F  R E A C T I V E  G A S E S  B Y  AN 

D I S C H A R G E  

A.  M. G r i s h i n  a n d  E .  E .  Z e l e n s k i i  

E L E C T R I C  

UDC 536.46 

Suppose a r e ac t i ve  gas  l i es  be tween two p l a n e - p a r a l l e l  e l ec t rodes  of  infinite extent having a constant  
t e m p e r a t u r e  To. At the s ta r t ing  t i m e  a vol tage pulse  exceeding the b reakdown vol tage is  supplied to the  e l ec -  
t r odes ,  as a r e su l t  of  which the b reakdown of the  gas  o c c u r s  and the  energy  s to red  in the externa l  c i rcui t  i s  
r e l ea sed .  As expe r imen t  [1] shows, ignit ion o c c u r s  in the  sy s t em when the amount of energy  is  above some  
c r i t i ca l  value Emin. It  i s  a s s u m e d  that  the r eac t ing  m i x t u r e  i s  b ina ry ,  and the m a s s  fo rces ,  v i scous  energy  
diss ipat ion,  the rmobarod i f fus ion ,  and the  diffusional t he rmoef fee t  a r e  not taken into account. The t ime  de-  
pendence  of  the  p o w e r  of  the  e l e c t r i c  d i scha rge  i s  a s s igned  in the f o r m  of  some  function taken f r o m  e x p e r i -  
men t  [2]. 

The  m a t h e m a t i c s  of the p r o b l e m  come down to the solution of the following equations:  

~ = - 0 ~  Ox" Ot 3 PO~-x PP"O~x ' (I) 

OT Op 0 ! OT, ( E 
pcp Ot -- c)t ~ P-~'X (~'P'~x) +pcqkoexp - -  -~-~-] .+ W (t), (2) 

Oc 0 ' o Oc'~ / E "., 
-- d x  ~p'D (3) ~ x )  - -  cko exp [.-- ~- - ) .  

Ot \ 

__ l - - c ,  

with the boundary  and ini t ial  condit ions 

u]x=o ~ u!x=x. = O. ult=o :: O, T[.:=o - TIx=x. = To, Tlt=o = To. (5) 

O~x x~o Oc I : ~ 1  . . . .  ~ 0, c: t~o = c0, p~t=o - p 0  ( 6 )  

Y 
H e r e  t i s  the  t ime ,  p i s  the density,  u i s  the veloci ty ,  x = f pdy is  the Lagrang ian  coordinate ,  y is  the spa -  

0 
t ia l  coordinate ,  ~, X, and D a re  the coeff ic ients  of phys ica l  v i scos i ty ,  t h e r m a l  conductivity,  and diffusion, 
r e spec t ive ly ,  T i s  the t e m p e r a t u r e ,  p i s  the p r e s s u r e ,  Cp i s  the heat  capaci ty ,  c is  the m a s s  concentra t ion 
of reagent ,  q i s  the ca lor i f ic  effect  of  the reac t ion ,  k0 is  the preexponent ,  E i s  the act ivat ion energy,  R i s  
the un ive r sa l  gas  constant ,  Ms and M2 a r e  the m o l e c u l a r  weights  of  reagent  and product ,  x .  = p0L, L is  the 
length of the  d i scha rge  gap, P0 and co a r e  the ini t ial  density and concentra t ion,  and W(t} is  the power  of the 

e l ec t r i c  d i scharge .  

The  i t e r a t ion - in t e rpo la t ion  method [3] was  used  to solve the  boundary  p r o b l e m  (i)-(6) and for  s impl ic i ty  
it was  a s s u m e d  that  ~, k, and pD a r e  p ropor t iona l  to ~ and that  M1 = M2. The  s p a c e - t i m e  dis t r ibut ions  of  
p, u, T,  c, and p fo r  the ignition mad nonignition modes  a r e  obtained as a r e su l t  of the calculat ions.  It  is  
shown that  a gradual  i n c r e a s e  in Emin  i s  o b s e r v e d  with a d e c r e a s e  in L and that  a sharp  r i s e  in the  min i -  
m u m  ignit ion ene rgy  o c c u r s  at some  L. This  d is tance  i s  evidently c lose  to the quenching dis tance fo r  p lane  
e l ec t rodes  [1] and the  r i s e  in Emi n i s  connected with an i n c r e a s e  in heat  t r a n s f e r  to the e lec t rodes .  An in-  
c r e a s e  in the d i scha rge  t i m e  td, s t a r t ing  with a ce r t a in  value~ also leads to an i n c r e a s e  in Emin. This  resul t  
i s  explained b y  the  fact that  i f  the  t i m e  of  ene rgy  r e l e a s e  of  the d i scharge  exceeds  the t ime  of fo rmat ion  of the 
m i n i m u m  nucleus  of  the f l ame  fo r  which i ts  s table  p ropaga t ion  i s  poss ib le  [1], then because  of the p r e s e n c e  
of l a r g e r  t e m p e r a t u r e  g rad ien t s  in th is  case  t he r e  i s  cons iderable  heat  r e m o v a l  f rom the reac t ion  zone and 
nonproduct ive expendi ture  of energy.  The r e su l t s  obtained agree  with the wel l -known exper imen ta l  data of [1]. 

1 .  
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Dep. 2529-75, July  28, 1975. 
Original  a r t i c l e  submit ted  July  17, 1974. 

NUMERICAL CALCULATION OF ELECTRODE 

EVAPORATION IN HIGH-CURRENT PULSE 

DISCHARGES 

A. A. Kislitsyn and A. V. Morar UDC 621.375.82.537.52 

Pu l se  c u r r e n t s  flow in a plane e lec t rode  and, as a resu l t ,  mel t ing  and evapora t ion  of the e lec t rode  oc -  
cur. A dependence of  the ve loc i ty  of the evapora t ion  front and the e lec t rode  t e m p e r a t u r e  on the pulse  p a r a m e -  
t e r s  i s  sought. Both Joule  heat ing in the depth of the e lec t rode  and the p r e s e n c e  of a mol ten  l aye r  in front of 
the moving  evapora t ion  front a r e  taken  into account. A closed sys t em of equations of heat  conduction, evapo-  
ra t ion kinet ics ,  and e n e r g y b a l a n c e  on the evapora t ion  and mel t ing  f ronts  is  solved by a numer i ca l  method,  
using a computer .  Calculat ions a r e  c a r r i e d  out for  copper ,  tungsten,  molybdenum,  and a luminum in the range  
of cu r ren t  dens i t ies  f rom 104 to 108 A / c m  2. 

Dep. 2525-75, May 30, 1975. 
Original  a r t i c l e  submi t ted  August 15, 1973. 

OPTIMIZATION OF TEMPERATURE 

MEDIUM CONTAINING CAVITIES 

S T R E S S E S  I N  

V. M. Mirsalimov UDC539.374 

In designing cer ta in  types  of fuel e lement ,  i t  i s  n e c e s s a r y  to ca lcula te  the t e m p e r a t u r e  s t r e s s e s  in con- 
t inuous med ia  containing cyl indr ica l  channels  with pa ra l l e l  axes. In o r d e r  to p reven t  s t r e s s  concent ra t ions ,  
i t  i s  of  i n t e r e s t  to de t e rmine  f o r m s  of cyl indr ica l  channels which have no sect ions  pa r t i cu l a r l y  suscept ib le  to 
b r i t t l e  f r a c t u r e  o r  p l a s t i c  deformat ion.  We inves t iga te  the opt imal  fo rm of  a channel when the intensi ty of  heat 
l ibera t ion  q i s  uni form o v e r  the en t i re  vo lume of the med ium and the med ium can expand f ree ly ,  and when 
the s y s t e m  is  in equi l ibr ium and heat  i s  r em o ved  through c o n s t a n t - t e m p e r a t u r e  channel sur faces .  The  op-  
t ima l  fo rm of the channels  mus t  sa t i s fy  the condition that  t he r e  a r e  no s t r e s s  concentra t ions  on the channel 
su r faces  o r  that  the p la s t i c  region f o r m s  o v e r  all the channel su r faces  at once. 

It i s  a s s u m e d  that  the channels  l ie at the points  of  a square  gr id,  that  the m a x i m u m  t e m p e r a t u r e  drop 
in the med ium is  smal l ,  and that  the p r o p e r t i e s  of  the m a t e r i a l  a re  constant o v e r  th is  t e m p e r a t u r e  range. 
The med ium i s  a s s um ed  to be  sufficiently l a rge  so that  throughout the med ium the s t r e s s - s t a t e  p ic tu re  is  
ident ical  o v e r  all sec t ions  pe rpend icu la r  to the axis of  the cyl indr ical  channels. 

Under these  assumpt ions ,  we have the following ma thema t i ca l  p rob lem.  Consider  a square  la t t ice  hay-  
ing unknown cu rv i l i nea r  a p e r t u r e s  with cen te r s  at the points  

Pmn=tn~176 (m, n==:O, - I, +2, . . .) ,  
~: t  ~ 2 ,  co.~ ~ 2i. 

We denote by  Lmn the contour  of  the ape r t u r e  with center  at the point P m n  and by Dz, the region outside the 
contour  Lmn. 

On the unknown contour  Lmn,  the boundary  conditions a r e  

T (x, y) = T O = const ,  ( 1 )  
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an = --p, Tn~ = 0, as = a. = const. (2) 

In the case of an e las t ic  body, the value (r. = const must  be determined in the course  of solution. For  
e las toplas t ic  ma te r i a l s ,  the re la t ion at  = a .  is  the condition imposed  on the development of the plas t ic  zone, 
i .e . ,  it  coincides with the requi rement  that the p las t ic  region, at the moment  of i ts  appearance,  should encom- 
pass  at once the whole of the aper ture  contour and not pas s  into the depth of the medium. In this  case,  a ,  has  
a specified value. 

The t empe ra tu r e  T(x, y) in the region D z is  obtained by solving the heat-conduction equation 

q (3) ~r (x, y) + ~-  = 0. 

The s t r e s s e s  in the medium may be  expressed  by two analytic functions of the complex var iable  z = x + iy:  

Ox -}- gy = 8ReO (z) -- s E T  (x, y) (z-= x - -  iy), 

o r  _ (4) 
ay - -  ax q- 2i*Cxy = 4 [zO" (z) + V (z)] -- aEJ  ~z  dz. 

It i s  required  to find f rom the boundary conditions in Eqs. (1) and (2) the form of the aper ture  Lmn and the 
s t r e s s  s tate  in a medium containing cavities.  

Hence, it i s  poss ib le  to find the form of the cyl indrical  channels that ensures  maximum strength for 
severa l  types  of n u c l e a r - r e a c t o r  fuel element. 

Dep. 3080-75, June 18, 1975. 
Original  a r t ic le  submitted January  27, 1975. 

V A R I A T I O N A L  S O L U T I O N  O F  B O U N D A R Y  

P R O B L E M S  F O R  H E A T  A N D  M A S S  T R A N S F E R  

D. M. Y a n b u l a t o v  a n d  N. M. T s i r e l ' m a n  UDC 536.24 

A sys tem of equations of  heat and m a s s  t r a n s f e r  is  solved by means  of L. Ya. Ainol ' s  variat ional  p r in -  
ciple, toge ther  with L. V. Kautorovich ' s  method, for the region bounded by a p iecewise-smooth  surface,  at 
each point of  which the t em pe ra tu r e  T and m a s s - t r a n s f e r  potential  0 o r  the densit ies of the heat and m a s s  
fluxes are  specified as a flmction of  t ime for  a rb i t r a ry  initial distr ibution of T and 0 in the region. 

The reduced specific heat of the ma te r i a l  and the i so thermal  bulk capacity and the coefficients of heat 
and m a s s  conduction a re  assumed  to be known functions of  the coordinates  of the region, while the powers  of 
the sources  (sinks} of bulk heat and m a s s  l iberat ion are  once again functions of  t ime. 

Fo r  the one-dimensional  case (plates,  cyl inders ,  spheres}, the form of the n- th  approximation to the 
solution of this  p rob lem is  presented ,  together  with the sys tem of Euler  equations neces sa ry  to derive it. 

Dep. 2534-75, July 28, 1975. 
Original  ar t ic le  submit ted Februa ry  4, 1975. 

I N V E S T I G A T I O N  O F  R A P I D I T Y  

C H O I C E  O F  O P T I M A L  M E D I U M  

F I X I N G  O F  P A R T S  

V. M. G o r i s l a v e t s  

O F  M E L T I N G  A N D  

F O R  T H E R M A L  

UDC 536.421.1 

In the rma l  fixing, the par t  to be worked is  held in the des i red  posit ion as a resul t  of the hardening of a 
fixing medium. To t r a n s f e r  the pa r t  to a subsequent position, the fixing medium must  f i rs t  be metted. 
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Optimizat ion of  the t he rma l - f i x ing  p r o c e s s  r equ i r e s  a m in imum t ime  of mel t ing  and hardening of the 
fixing medium.  Because  of i t s  low mel t ing  point and lack of shr inkage,  WoodTs alloy was  chosen as the fixing 

med ium in the p re sen t  work.  

The  sy s t em was  hea ted  in te rna l ly  by means  of a cons tan t -power  e l ec t r i c  coil. (The fixing medium oc-  
cupied a mold  that  was  r igidly joined to the p l a t fo rm on which the p a r t  was  posit ioned.)  The switching-on of 
the h e a t e r  coincided with the beginning of the expe r imen t  and, at definite t i m e  in te rva l s ,  t e m p e r a t u r e  m e a s -  
u r e m e n t s  w e r e  m a d e  at va r ious  points  of  the mo ld  and the fixing medium.  

It was  found that ,  in the conditions of our  exper iment ,  the t ime  to spontaneous mel t ing  of Wood 's  alloy 
was  about 6 min. 

An analyt ical  inves t igat ion of the mel t ing  of a hollow cyl inder  heated  to the mel t ing  point (in p rac t i ce ,  
heat ing of the fixing med ium f rom the t e m p e r a t u r e  of  the ambient  a i r  to the mel t ing  point occu r s  only once 
in the ini t ial  mix tu re ,  and does not p lay  a l a rge  pa r t  in the opt imizat ion  of the  t he rma l - f i x ing  p rocess )  gave 
comple te ly  sa t i s f ac to ry  ag reemen t  with exper iment .  The p r o b l e m  was  solved in a s impl i f ied formula t ion  for  
an unbounded cyl inder ,  d i s rega rd ing  the hea t - r e t en t ion  of the mold  and the t h e r m a l  r e s i s t a n c e  of the co l lec tor  
wall.  Numer i ca l  solution on a Minsk-22 compute r  was  employed.  

Quite obviously,  a m o r e  powerful  e l ec t r i c a l  h e a t e r  would a c c e l e r a t e  the mel t ing  p r o c e s s .  In o r d e r  to 
d e c r e a s e  the heat  l o s s e s  in the surrounding medium,  it i s  des i rab le  to supply p r e h e a t e d  a i r  through a specia l  
channel. It i s  a lso expedient to reduce  the mold  th ickness  as much as poss ib le .  

Dep. 2528-75, July  28, 1975. 
Original  a r t i c l e  submi t ted  October  1, 1974. 

E S T I M A T I N G  E N E R G Y  I N  

O F  H E A T  C O N D U C T I O N  

V. N.  L a g u n  

N O N L I N E A R  P R O B L E M S  

UDC 517.951:536.2 

Let  a finite ene rgy  2~ 0 be r e l e a s e d  ins tantaneously ,  at some  init ial  momen t  of t ime ,  at the plane bound- 
a ry  of  two med ia  with different  t he rmophys i ca l  p rope r t i e s .  An approx imate  solution i s  obtained for  the d is -  
t r ibut ion of  ene rgy  in the two med ia  o v e r  t ime ,  when the ene rgy  t r a n s f e r  in each  medium is  regula ted  by a 
nonl inear  heat -conduct ion  equation. 

The  fo rmula ted  p r o b l e m  (a s y s t e m  of two pa r t i a l  d i f ferent ia l  equations with nonl inear  boundary condi- 
tions) i s  t r a n s f o r m e d  to a sys t em of in tegrodi f fe ren t ia l  equations.  Fo r  approx imate  solution of th is  sys t em,  
the t e m p e r a t u r e  in each  med ium is  wr i t t en  in the fo rm c h a r a c t e r i s t i c  for  se l f -model ing  solutions,  

x 
r (x, 0 - f (D g (t), ~ - -  (1) 

xf ( t )  ' 

where  t i s  t ime ;  x i s  a coordinate;  xf(t) i s  the coordinate  of  the front.  Th is  al lows the p r o b l e m  to be  r e -  
duced to the  solution of a single impl ic i t  o rd ina ry  different ia l  equation. 

Since the assumpt ion  in Eq. (1) i s  r a t h e r  coa r se ,  the scheme  outl ined can only be  used  to obtain rough 
e s t ima te s .  

Dep. 2522-75, Apri l  10, 1975. 
Original  a r t i c l e  submit ted  J anua ry  13, 1974. 
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P R O P E R T I E S  OF A FAMILY 

C U R V E S  

OF T E M P E R A T U R E  

Y u .  P .  K o t e l ' n i k o v  UDC536.12 

F r o m  an app rox ima te  solut ion [1] the  t e m p e r a t u r e  at an a r b i t r a r y  point of  a cyl indr ica l  wall  can  be  
wr i t t en  as  a function of the  t e m p e r a t u r e  of  i t s  sur face .  The  t e m p e r a t u r e  cu rves  0 = 0(7) f o r m  a fami ly  and 
the  coord ina tes  of  t h e i r  cen te r s  do not depend e i ther  on t i m e  o r  on the cu rva tu re  of  the cyl indr ica l  wall.  

The  p r e s e n t  p a p e r  g ives  analyt ic  e x p r e s s i o n s  fo r  the coordina tes  of  the cen te r s  of  the fami ly  and the 
coord ina tes  of  the points  o f  i n t e r sec t ion  of  the tangents  to the t e m p e r a t u r e  cu rves  cons t ruc ted  at an a r b i t r a r y  
c r o s s  sec t ion  of  the wall.  

The  r e s u l t s  obta ined  b roaden  the ava i lab le  concepts  of the laws of the n o r m a l  s tage of  heat  t r a n s f e r  [2] 
and the  c h a r a c t e r  of  the t e m p e r a t u r e  dis t r ibut ion in a wall ,  and can be employed,  in pa r t i cu l a r ,  to develop 
g raph ica l  methods  fo r  solving hea t -conduct ion  p r o b l e m s .  

1. 
2. 
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Dep. 2526-75, June  25, 1975. 
Or ig inal  a r t i c l e  submi t ted  Sep tember  17, 1974. 

BREAKUP OF A LIQUID IN STATIC CAPILLARY 

SY ST E MS 

L. A. Semenov and F. L. Popov'yan UDC 532.66 

The  gradual  drying up of a l iquid in a f inely divided s y s t e m  const i tut ing a mode l  of  contiguous sphe re s  
of  va r i ous  s i zes  i s  examined  neglect ing f i lm adsorpt ion.  

I f  all  the  p o r e s  a r e  f i l led with liquid, su r f ace  evapora t ion  leads  to dis tor t ion of  ou te r  menisc i .  One 
m e n i s c u s  i s  enough to lower  the  p r e s s u r e  in any s ize  sys tem.  

The  radi i  of  the  ou t e r  m e n i s c i  and, consequently,  the  p r e s s u r e  in the liquid phase  a re  de te rmined  by the 
s i zes  of  the l a r g e s t  s p h e r e s  at the surface .  

We cons ide r  the poss ib i l i ty  of  the  b reakup  of l iquid in individual cap i l l a r ies .  Calculation shows that  the 
liquid can b r e a k  up only in cap i l l a r i e s  having a di la ted port ion.  At the instant  of  b reakup  a bubble can be  
f o r m e d  h e r e  which under  ce r t a in  conditions wil l  be  stable.  An e x p r e s s i o n  i s  given for  the c r i t i ca l  rad ius  of  
th is  bubble. 

The  poss ib i l i t y  of  the  b reakup  of  l iquid in a finely divided s y s t e m  i s  examined on the b a s i s  of  re la t ions  
obtained fo r  individual  cap i l l a r i e s .  Here  b reakup  i s  poss ib l e  in voids  in which empty  bubbles  of  radius  p = nR 
can be  fo rmed ,  w h e r e  fo r  cubic packing  n > 0.73 and for  hexagonal  packing n > 0.414, .andwhere R is  the radius  
of  the sphe res .  In th is  case ,  as the bubble  grows,  t h e  cohes ive  f o r c e s  be tween  p a r t i c l e s  will  d e c r e a s e  and the 
absolute  p r e s s u r e  in the liquid will  i n c r e a s e .  

Af te r  the whole void i s  f r e e  of  wa te r ,  in te rna l  men i sc i  begi~ to fo rm between the sphe res  bounding the 
void. The  absolute  p r e s s u r e  in the liquid is  d e c r e a s e d  and breakup  begins  with the fo rmat ion  of empty  b u b b l e s  
in the space s  be tween  spheres .  The  p r e s e n c e  of  an in te rna l  void c e a s e s  to affect  the p r e s s u r e  in the liquid. 
Th i s  cavi ty  has  an effect  only on the  s t rength  of  the  whole sys t em,  v e r y  s i m i l a r  to the  effect  of  b l i s t e r s  in a 
solid. 

The empty  bubbles  f o r m e d  in the spaces  be tween  sphe re s  d e c r e a s e  the cohes ive  f o r c e s  between sphe re s  

248 



and, consequently, also the s trength of  the system. However, these bubbles cannot be considered as b l i s te rs ,  
since b r e a k ~  by a bubble and to continuous wate r  require  the same force. 

As the liquid dries up further, capillary contacts involve only a group of particles in the fo_~ of a ring. 
A liquid in a ring cannot break up with the formation of empty bubbles. 

Dep. 2531-75, June 23, 1975. 
Original ar t ic le  submitted November  25, 1971. 

EQUATION RELATING THE ADIABATIC SATURATION 

TEMPERATURE TO THE PARAMETERS OF MOIST AIR 

Y a .  S. O p m a n  UDC 621.036.7 

In cer ta in  cases  mathemat ica l  models  of heat-  mud m a s s - t r a n s f e r  devices contain the variable t emper -  
ature tw. 

In invest igating and optimizing such models  it is  neces sa ry  to have available the dependence of t w on 
the p a r a m e t e r s  charac te r iz ing  the state of the mois t  air :  the t empera tu re  t and the mois ture  content d. 

The value of tw as a function of t and d is uniquely determined graphical ly  f rom a t vs d diagram. 
However, it is  difficult to use graphics]  o r  d i sc re te ly  tabulated data in studying models  with a computer.  
There fore ,  in such cases  it is  expedient to have available an equation for  t w as a continuous function of t and 
d. 

To der ive an equation f(tw, t, d) = 0, the thermodynamic  equations of moist  a i r  were  f i rs t  used to de- 
r ive an express ion  for  the mois tu re  content of sa turated air  as a function of its t empera tu re  d s - d s (tw). 
The values of the coefficients in the equation relat ing the par t ia l  p r e s s u r e  of the vapor  and the t empera tu re  
of the mix ture  were  taken f rom data in [1, 2]. 

A second express ion  for  d s in the form d s = d s (tw, t, d) was obtained by equating the enthalpies of 
moist  and sa turated a i r  during its adiabatic saturat ion by wate r  vapor. The values of the coefficients in the 
equations for  the specific heats of dry air  and water  vapor  were  taken f rom data in [3]. 

Equating the f i rs t  and second express ions  for  d, gives an implicit  equation for t w in t e r m s  of t and d: 

( 5116.1 
0.622 exp 13o7489 1~-~273] O,991+93.10-~t2+l.83td+31.10-st2d+2500d--O.991W 

/ 5116.1 \ -- 1.831wq_2500 1.033 -- exP i13 .7489- -~3  ) 

By using this equation, t, w can be found for  normal  ba rome t r i c  conditions and any values of the p a r a m e -  
t e r s  t and d determining the state of the mois t  air. 

io 
2. 
3. 
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E R N S T  M E T H O D  F O R  D R Y I N G  B U I L D I N G  W A L L S  

E.  V. G r i b a n o v a  a n d  O.  N.  G r i g o r o v  UDC 541.18:537 

We p r e s e n t  the  m a i n  r e s u l t s  of  inves t iga t ions  of va r ious  a spec t s  of the  cap i l l a ry  r i s e  of solut ions of 
e l ec t ro ly t e s  in po r ous  s y s t e m s ,  p e r f o r m e d  in connection with the p r o b l e m  of the i n c r e a s e d  m o i s t u r e  content 
of  building wal ls .  

Studies of the  poten t ia l s  a r i s ing  f rom the cap i l l a ry  r i s e  of a 10 .3 N solution of KC1 in quartz  powder  
d i aph ragms  ( f rac t ions  10-20, 20-50,  and 50-100 ~) and changes in the concentra t ion and composi t ion of the 
solution in the men i scus  region lead  to the conclusion that  the to ta l  i n c r e a s e  in the  concentra t ion of the solu-  
t ion and the change in compos i t i on  of the  e l ec t ro ly te  appear ing  as a resu l t  of  the in te rac t ion  with the sur face  
in the cap i l l a ry  r i s e  p r o c e s s  a r e  the  or ig in  of the concentra t ion  and diffusion poten t ia l s  and can be  explained 
by  the potent ia l  d i f fe rence  between the foundation and wal l s  of  a building, o b s e r v e d  by var ious  inves t iga tors .  
T h e  o b s e r v e d  changes give r i s e  to a fu r the r  e l e c t roosmo t i c  and c a p i l l a r y - o s m o t i c  t r a n s f e r  of the solution and 
thus  exer t  an apprec iab le  effect  on the k ine t ics  of  the r i s e  of a solution in a porous  body. 

Study of the in te rac t ion  of cap i l l a ry  r i s e  and e l e e t r o o s m o s i s  in porous  bodies  (quartz  powder  d iaphragms  
of va r ious  pa r t i c l e  s i zes  and c e r a m i c  diaphragms)  showed that  the e f fec t iveness  of  e l e c t roosmo t i c  action on 
cap i l l a ry  r i s e  in po rous  bodies  i s  g r e a t e r  than in single cap i l l a r i es .  

Expe r imen t s  on m a s o n r y  wal l s  on ce r t a in  objec ts  in Leningrad  in m o s t  c a se s  showed an apprec iab le  

d e c r e a s e  in m o i s t u r e  content a f t e r  grounding. 

Apparent ly ,  the  height of the cap i l l a ry  r i s e  of m o i s t u r e  in a wal l  above the groundwater  level  when 
t h e r e  is  no wa te rp roof ing  is  not l a rge  enough to account for  the high m o i s t u r e  content of the wall.  However ,  
the  gradual  buildup of sa l t s  in the men i scus  region leads  to an apprec iab le  cap i l l a ry  and e l ec t roosmot i c  
t r a n s f e r  of m o i s t u r e .  As a consequence  of t hese  effects ,  m a s o n r y  wal l s  b e c o m e  apprec iab ly  dampe r  with 
t ime.  Af ter  bui ldings have been  in use  for  many  y e a r s ,  the m o i s t u r e  level  can r each  the second s tory.  T h e r e -  
fore ,  as a ru le ,  a high m o i s t u r e  content of  wal l s  i s  o b s e r v e d  only in old buildings.  The grounding of the 
m a s o n r y  of a moi s t  wal l  as p r o p o s e d  by Erns t  for  drying by lower ing the diffusion potent ial  e l imina tes  the 
p r o c e s s  wMch adds to the  cap i l l a ry  e l e c t r o o s m o t i c  t r a n s f e r  of m o i s t u r e  and thus d e c r e a s e s  the m o i s t u r e  

content of the mas on ry .  

However ,  i f  as  a consequence of a high leve l  of  g roundwater  o r  constant  leakage  f rom wa te r  o r  sewage 
p ipes  the  height of  the  cap i l l a ry  r i s e  is  by i t s e l f  r a t h e r  l a rge  and is  the cause  of the high m o i s t u r e  content of 
the  wall ,  grounding cannot apprec iab ly  d iminish  the m o i s t u r e  content. Combatt ing capi l la ry  r i s e  in th is  case  
r e q u i r e s  a s t r o n g e r  e l e c t roos m o t i e  counterf low and this  can be  obtained only by applying an ex te rna l  e l ec t r i c  
f ield with an apprec iab le  potent ia l  gradient .  In such cases  it also appea r s  to be n e c e s s a r y  to r e s t o r e  the 
damaged  l a y e r  of wa te rp roof ing  in one way o r  another.  

Dep. 2527-75, July  29, 1975. 
Original  a r t i c l e  submi t ted  N o v e m b e r  11, 1974. 
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