
ABSTRACTS OF PAPERS DEPOSITED AT VINITI 

H E A T  T R A N S F E R  O F  A R O M A T I C  H Y D R O C A R B O N S  IN A 

D O W N W A R D  F L O W  A T  S U P E R C R I T I C A L  P R E S S U R E  

G. I .  I s a e v  a n d  F .  I.  K a l b a l i e v  UDC 536.24 

This paper gives the results of experimental heat-transfer investigations on a downward flow of liquid at 

supercritical pressure. 

The heatltransfer media used were toluene and benzene, which have the following critical parameters, 

respectively: Pcr = 4.2358 MPa, tcr = 320.8~ and Pcr = 4.942 MPa, tcr = 289.45~ 

Plots of t w = f(q) obtained for a turbulent flow of toluene and benzene from the readings of thermocouples 
located at approximately the same distance from the tube entrance and with ~ = 1.416 show that, when t w < tm, 
t w increases linearly with increase in heat flux density (Fig. la, b). When tw of the investigated substances 
reaches tm the behavior of the temperature curve changes. As the heat flux density increases, the wall tem- 
perature remains approximately constant (tw varies around tin). At large values of q there is an increase in 

tw. 

*All-Unlon Institute of Sclentific-Technica[ Information. 
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F i g .  1. R e l a t i o n s  t w = f(q) and {x = f(tw) in c a s e  of a down-  
w a r d  f low of  to luene  and b e n z e n e  with  ~r = 1.416 fo r  pw = 3440 and 

i n  
2040 kg / (m 2. s e c ) ,  r e s p e c t i v e l y ,  t L = 25~ a) t o l u e n e ,  x /d  = 
35; b) b e n z e n e ,  x /d  = 33.3;  c) t o luene ;  1) x/d  = 19.3; 2) 65.0; 
d) benzene ;  1) x /d  = 19.0; 2) 62.0; e) t o l u e n e ,  x /d  = 81.7; b e n -  
z e n e ,  x /d  = 76.2. 

T r a n s l a t e d  f r o m  I n z h e n e r n o - F i z i c h e s k i i  Z h u r n a l ,  Vol .  36, No. 4,  pp.  742-755 ,  A p r i l ,  1979. 
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In experiments  with turbulent downward flow of toluene and benzene an improvement  in heat t ransfer  is 
obtained when t w ~ t m and q/pw ~ 0.6.103 J/kg. Plots of t w = f(q), obtained f rom readings of two the rmo-  
couples located at a distance of x/d ~ 19 and x/d ~ 63 f rom the tube entrance and with 7r = 1.416 indicate that 
in the case of a turbulent downward f lowof liquid in a round tube the hea t - t r ans fe r  coefficient in any par t  of the 
flow is improved when t w ~ t m (Fig. l c ,  d). 

Plots of ~ = f(tw) for a turbulent downward flow of toluene and benzene (Fig. l e ,  f) show that when tw < 
t m the relation ~ = f(tw) is the same as in the case of ordinary convective heat t r ans fe r ,  and when t w ~ t  m the 
heat t r ans fe r  coefficient increases  sharply with increase  in heat flux density. The hea t - t r ans fe r  coefficient 
has a maximum value at point B. An analysis  of the experimental  data indicates that the above results  are 
valid for tubes of any c ross  section. 

t w is 
t~ is 
p is 

Pcr  is 
tc r  is the 
q is the 
~v is the 

tm 

a~ 

c~ C 

N O T A T I O N  

the wall t empera ture ,  ~ 
the liquid tempera ture  at tube entrance,  ~ 
the p r e s s u r e ,  MPa; 
the cr i t ica l  p r e s s u r e ,  MPa; 

cr i t ical  t empera tu res ,  ~ 
heat flux density,  W/m2; 
mass  velocity,  kg/(m 2 �9 sec);  

is the pseudocri t ical  tempera ture  ( temperature corresponding to maximum specific heat 
when p > P c r ) ,  ~ 
is the hea t - t r ans fe r  coefficient in normal  conditions, W/(m 2. ~ 
is the maximum value of heat t ransfer  coefficient in improved regime near pseudocri t lcal  
t empera ture ,  W/(m 2- ~ 
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E F F E C T  OF N O N U N I F O R M I T Y  OF H E A T  F L U X  

D I S T R I B U T I O N  ON C H A R A C T E R I S T I C S  OF AN 

A N I S O T R O P I C  T H E R M O E L E M E N T  

S. V.  D u b o v s k o i ,  N .  S. K i r p a c h ,  
a n d  S. I .  N a g o r n y i  

D E N S I T Y  

UDC 621.382.2 

Heat flux t ransducers  often operate in conditions where the heat flux being measured  is distributed non- 
uniformly over  the receiving area of the t ransducer .  The relation between the t ransducer ,  s ignaland the mean 
integral heat flux is usually based on the assumption that nonuniformity of the heat flux distribution has little 
effect. The nonuniformity of the heat flow density,  however ,  leads to a di rect  e r r o r  of measurement .  In the 
case of a posi t ion-sensi t ive  t ransducer  the effect of nonuniformity on the t ransducer  signal is of decisive im-  
portance.  

In this paper  the effect  of nonuniformity of the heat flux density on the thermo--emf of an isotropic the r -  
moelement  is analyzed. 

Assumptions of constancy of the physical  proper t ies  of the thermoelement  and the negligibility of the 
thermal  effects of eddy currents  on the temperature  distr ibution,  substantiated in [1, 4], reduce the problem 
to separate  determination of the fields of temperature  and e lec t rochemical  potential. The corresponding 
bot:ndary-value problems are  solved by the method of finite integral  t ransforms .  The solution gives an ex-  
press ion for the t ransducer  t he rmo-emf  in the following fo rm:  

L 

E = ~ ( a n  - -  e D  ( T  (L,  ~ - -  r (0 ,  y ) )  - -  1~ -0~ dx + r  (L,  y )  - -  ~ o  (0 ,  ~). 
�9 Y 
o 
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The obtained fo rmu la s  can be used to de te rmine  the t h e r m o - e m f  for  any relat ion q(x) between the heat flux 
densi ty and the coordina te ,  but d i r ec t  calculat ion f r o m  them is uneconomical .  In view of th is ,  calculat ions 
were  made for  the spec ia l  case  

0, [ < x  
q ( x ) =  I, ~ x  " 

This  r e su l t ,  in conjunction with the superposi t ion  pr inc ip le ,  can be used to evaluate  the t h e r m o - e m f  of 
the t he rmoe lemen t  for  any function q(x). 

An ana lys i s  of the solution showed that the t he rmoe lemen t  t h e r m o - e m f  is l inear ly  re la ted  to the i r r a -  
diated a rea  in a wide range and, hence ,  an an iso t ropic  t he rmoe lemen t  can be used as a t r a n s d u c e r  for  the 
boundary of an i r rad ia ted  region. 

1. 

2 .  

3. 
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M E A S U R E M E N T  O F  S U R F A C E  T E M P E R A T U R E  F I E L D S  

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

B.  G. A b r a m o v i c h ,  S. A .  I I ' i n a ,  
V.  V.  M a t v e e v ,  I. M. R a t n e r ,  
and  Z.  P .  S h u l ' m a n  

UDC 536.522.3 

T e m p e r a t u r e  de te rmina t ion  by means  of the rmoind ica to r s  is based on the change in the s ta te  of these 
m a t e r i a l s  at  specif ic  t e m p e r a t u r e s .  The m e a s u r e m e n t  of t e m p e r a t u r e  f ields is a m o r e  complex p rob lem that  
r equ i r e s  a s tandard  method of p lacement  of the se t  of the rmoind ica to r s  on the invest igated sur face .  

The proposed  method of p lacement  of the rmoind ica to rs  is essen t ia l ly  as follows. The expected  t e m -  
pe ra tu re  range  T m a  x - Tmin  is divided into t e m p e r a t u r e  in terva ls  AT by a se t  of t he rmoind lca to r s ,  which 
gives a t e m p e r a t u r e  e r r o r  �9 = AT/2. 

Since the se t  of the rmoind ica to r s  placed on the sur face  occupies  a cer ta in  a rea  the re  is a spat ia l  e r r o r  
L. The min imum spat ia l  e r r o r  co r responds  to the min imum d i ame te r  l of the thermoindica tor  spots  and p o s -  
sibly to the i r  c lose r  a r r angemen t .  The re la t ion between the spat ia l  e r r o r  and the shape of the spots is ana ly-  
zed. 

Fo r  spots  in the f o r m  of squares  of side l the se t  of the rmoind ica to r s  is a r r anged  in a square  of side L. 
Since the square  includes all  the the rmoind ica to r s  of the se t ,  i ts  side is 

V L = l 1 /  r ~ x  - -  T m i n  T m a x  - -  T r a i n  
a T  + I = I 2o --I- 1. p ,  

When the number  of the rmoind ica to rs  is l a rge  the re la t ion between the spat ia l  and t e m p e r a t u r e  e r r o r s  
can be put in the fo rm of an e r r o r  re la t ion  

L ~ a  : 1 ~ { Tmax--Tml n 
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The proposed  method gives the m o s t  accura te  resu l t s  when the t e m p e r a t u r e  gradient  VT sa t i s f ies  the 
condition VT -< AT/L.  If the condition is not sa t i s f ied ,  some i so the rms  a re  absent  and the de terminat ion  of 
the t e m p e r a t u r e  field is l e s s  accura te .  A repea t  expe r imen t ,  reducing the t e m p e r a t u r e  range for  each of the 
squa re s ,  can signif icantly reduce the spat ia l  e r r o r  and inc rease  the accuracy  of m e a s u r e m e n t .  

Dep.No.  3756-78. (Received March  31, 1978; a b s t r a c t  
rece ived  July 31, 1978.) 

TEMPERATURE DEPENDENCE OF THERMAL CONDUCTIVITY 

O F  P R O U S T I T E  IN S O L I D  A N D  L I Q U I D  S T A T E S  

I .  V .  N i k o l a e v ,  V .  I~. D i s t a n o v ,  UDC 53.096:536.21/'22:549.354.11 
a n d  A.  A .  G o d o v i k o v  

This  p a p e r  gives an account  o f  the technique and resu l t s  of m e a s u r e m e n t  of the t he rma l  conductivity of 
p rous t i t e ,  AgsAsS 3, in the t e m p e r a t u r e  r ange  250-650~ 

In prev ious  invest igat ions  [1, 2] the t h e r m a l  conductivity of  prous t i te  was de te rmined  only at  r oom t e m -  
p e r a t u r e .  Since prous t i t e  decomposes  and in te rac t s  with a tmosphe r i c  oxygen when it is hea ted ,  the mos t  
suitable method of m e a s u r i n g  the t he rm a l  conductivity is the "tube method" [3]. The idea of this method con-  
s i s t s  in the use of a t h r e e - l a y e r e d  cyl indrical  wall  model  on the assumpt ion  that the i so the rmic  su r faces  of the 
heat  f ield a r e  a lso  cyl indrical  and coaxial  with this  t h r e e - l a y e r e d  " tube ."  

The theore t i ca l  fo rmula  fo r  the t h e r m a l  conductivity of p rous t i t e  has the f o r m  

P ln(d3/d, ) ~,~ = L ~  = k~ - -  
2:~h Atla -- (Atl~ -~- Atn0 " 

where  ks = 1/(1 + 0.5dl/h) i s  a coefficient  that takes  into account the sca t t e r ing  of hea t  through the tube ends;  
Atl4 = tl - t4 is the t e m p e r a t u r e  drop between the inner and outer  walls  of the t h r e e - l a y e r e d  tube; Ati2 and 
At34 are  the t e m p e r a t u r e  drops  on the 1st  and 3rd wal ls ;  d 3 and d 2 a r e  the in ternal  d i ame te r s  of the 3rd and 
2nd wal l s ,  P is the total  heat  s ca t t e r ed  by the hea te r .  The 1st  and 3rd walls  of the t h r e e - l a y e r e d  tube a r e  
made of fused qua r t z ,  whose t h e r m a l  conductivity has  been well  invest igated and can be taken as a s tandard 
[4], then 

AQ~--~ At3~ ksP In d~d~ 
2~h~, dxd a 

where h is the tube height (the ra t io  h :dma x should be more  than 4:1).  

The  prous t i t e  tube is contained in an evacuated  cavity fo rmed  by the cyl indrical  opt ica l -quar tz  wells .  
The inner  quar tz  tube contains a min ia tu re  e l ec t r i c  hea te r .  To  even out the t e m p e r a t u r e s  ove r  the height of 
the invest igated spec imen  and fo r  re l iab le  t h e r m a l  contact  the space between the wal ls  is fi l led with fused tin. 
The m e a s u r e m e n t  cell  was  s i tuated in a dry  ni t rogen a tmosphe re .  The initial p rous t i t e ,  submerged  in the 
appa ra tu s ,  contained about 0.4-0.5% AgzAsS 6 (billingsleyite) and AgAsS 2 (amithite) as impur i t i es .  

An invest igat ion of the t e m p e r a t u r e  dependence of the t he rma l  conductivity of prous t i te  provided a s e r i e s  
of curves  k p r  = f(t) for  the solid phase  and a curve for  the me l t  (Fig. 1). The m a x i m u m  spread  of the e x p e r i -  
menta l  points f r o m  the envelope for  each curve did not exceed +8% with the absolute e r r o r  of the method equal  
to 14.7~ The d i f fe rence  between the curves  k p r  = f(t) a t  the s t a r t  of the t e m p e r a t u r e  range  of m e a s u r e m e n t  
did not exceed  20%, inc reased  with inc rease  in t e m p e r a t u r e ,  and nea r  the mel t ing  point reached a value of 40-  
50%. Such a la rge  d i f ference  is probably  due to the ef fec t  of the s t ruc tu re  of the polycrys ta l l ine  ingot fo rmed  
by spontaneous c rys ta l l i za t ion  f r o m  a supercooled  mel t .  The obtained values of the t h e r m a l  conductivity of 
p rous t i t e  a re  close to the expe r imen ta l  data of o ther  authors .  A considerat ion of the spec t r a l  t r a n s m i s s i o n  of 
prous t i te  can be used  to calculate  the cor rec t ions  for  radia t ive  heat  t r an s f e r  (curves 1' and 2').  The the rma l  
conductivity curve for  the solid phase has a m a x i m u m  at a t e m p e r a t u r e  of approx imate ly  457~ and the curve 
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Fig. 1. T e m p e r a t u r e  dependence of t he rma l  conductivity of 
p rous t l t e :  1) Solid phase;  1') solid phase  with cor rec t ion  for  
rad ia t ive  heat  t r ans f e r ;  2) liquid phase; 2') liquid phase  with c o r -  
rect ion for  radia t ive  heat t r ans fe r ;  3) f rom da taof  [1]; 4) [2]; 5) 
calculation. ~t. 102, W. em - l ' d e g - 1 ;  t ,  ~ 

for the melt has two maxima in the investigated temperature range: at 457~ and at 600-605~ The presence 
of the maxima is probably due to structural changes according in the solid phase in the premelting state and 
in the me l t  i tself .  

1o 

2. 
3. 

4. 
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P O R O U S  C O O L I N G  O F  A P O L Y G O N A L  S Y M M E T R I C  

W E D G E  W I T H  AN I N C I S I O N  

V.  V.  S h i t o v  UDC 532.526.2 

One of the m o s t  impor tan t  cha rac t e r i s t i c s  of the heat  t r a n s f e r  accompanying  porous  cooling is the t e m -  
pe ra tu re  field in the f i l t ra t ion region. The a im of the work  was to obtain an analyt ical  solution of the p r e s s u r e  
and t e m p e r a t u r e  fields in a polygonal porous  wedge with an incision in the case of power - law f i l t ra t ion of the 
incompress ib l e  fluid. 

When the hypothesis  of constancy of the the rmophys ica l  p rope r t i e s  of a porous  b o d y - c o o l a n t  s y s t e m  in 
the considered t e m p e r a t u r e  range  is adopted only the effect  of motion of the coolant on the t e m p e r a t u r e  field 
is considered and the r e v e r s e  effect  can be neglected,  i .e . ,  the dynamic  and the rma l  p rob l ems  can be solved 
separa te ly .  

The p rob lem of power - law f i l t ra t ion of an incompress ib le  fluid in a wedge-shaped  porous  body with an 
incision is reduced in Chaplygin coordinates  to a mixed boundary-value  p rob lem for  the Helmholtz  equation 
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02Q § 0~Q n'- q = 0, (1) 
0~ ~ 0~ 2 4 (n + 1) 

where Q is a function of p r e s s u r e ;  7, 13, are  Chaplygin var iables ;  and n is the degree of f i l trat ion (when n = 0 
fi l tration is linear).  The fi l tration region in the indicated coordinates is represented by an infinite s tr ip with 
a longitudinal incision; in view of the symmet ry  of the problem only the upper half of the s t r ip ,  where the func- 
tion Q i s  o n e - s h e e t e d ,  i s  c o n s i d e r e d .  

The analytical  solution, obtained by using the general ized integral  Four ie r  t r ans fo rm and the W i e n e r -  
Hopf method, makes it possible to construct  the p r e s s u r e  field and to consider the energy equation, which con-  
tains the p re s su re  as an independent var iable :  

aP ~ -  + ~ -  + ~  0e = ~  (2) 

Here P is the p r e s su re ;  ~, the s t r eam function, T ,  the tempera ture ,  n = vn~/a; v ,  the f i l t rat ion rate;  la, the 
dynamic viscosi ty  coefficient;  c~, the permeabil i ty  coefficient; Cp, the specific heat of the coolant; and )~ef, 
the effective thermal  conductivity. 

The additional assumption of l ineari ty of fi l tration allows the conversion of (2) to a Helmholtz equation 
for  the tempera ture .  If the impermeable  boundary of the po rous  body does not conduct heat,  the fi l tration 
region in coordinates P = P and ~ = - ~ / a  is an infinite s tr ip on whose boundaries the values of the sought 
function are  known. An analytical solution of the indicated problem is obtained for the case where t empera -  
ture and p r e s s u r e  a re  constant on the coolant entrance sur face ,  the p ressu re  is constant on the exit surface ,  
and the tempera ture  is a known function of the coordinates.  Conversion to physical  coordinates is effected by 
relat ions given in the paper .  

Dep.No. 3746-78. (Recieved June 1, 1977; abs t rac t  
received May 10, 1978.) 

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

S E M I T R A N S P A R E N T  L I G H T - S C A T T E R I N G  

M A T E R I A L S  

V.  A .  T o v s t o n o g  UDC536.3 

The extensive use of semi t ransparen t  mater ia l s  in various branches of engineering is arousing more  and 
more  interes t  in the problem of determinat ion of the optical proper t ies  of such mater ia ls .  This paper des -  
cr ibes  how the optical proper t ies  of l ight -sca t te r ing  mater ia ls  can be determined by a method based on the 
solution of the radiation t ranspor t  equation by the method of moments.  

1. Radiative t r ans fe r  is considered in a plane l ayer  of sca t ter ing medium bounded by surfaces  with a rb i -  
t r a ry  laws of reflection and t ransmiss ion  of radiation. The method of moments [1] is used to obtain relations 
connecting the photometr ic  charac te r i s t i cs  of the layer  - the reflection coefficient R and t ransmiss ion  coeffi-  
cient T with the values of the optical constants Of the mater ia l  - the absorption coefficient and the specific 
sca t ter ing coefficient T = a/~t 

R=~(~,7) ,  T=V(~, ~). (1) 

Relations (1) are  regarded as a sys tem of equations for n and T for  known (experimentaIly determined) 
photometr ic  charac ter iza t ion  of the specimens and solutions of it in a two- or f ou r - t e rm  approximation are ob- 
tained by the method of moments .  

2. The e r r o r s  of the method of determining the optical constants are  determined by t rea tment  of the r e -  
suits of accurate  calculations:  The initial data are  exact  values of R and T for p resc r ibed  To and T O = n0h(1 + 
Y0), where h is the l ayer  thickness,  and the expounded method is used to determine the value of T and T' = 
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�9 th(1 + ~,) and the errors ey = ($-Y0)/Y0, aT = (v, -T~)v~ in a wide range of variation of Y0 and r b. The investi- 
gations show that the use of the four-term approximation of the method of moments in the region ], > 2 gives 
an error not exceeding 5%. 

3. The role of boundary reflection is investigated by the example of determination of the optical con- 
stants of a scattering material with specularly reflecting (according to the Fresnel formulas) boundaries. It is 
shown that in the range of probable values of the refractive index of solid materials (n = 1.4-1.8) the optical 
constants can differ by a factor of more than 2-5 from the corresponding values obtained with no correction for 

the effect of boundary reflection. 

4. The application of the derived method is illustrated by data for the optical properties of STEF-20 glass 
textolite, and their accuracy is confirmed by comparison of results of experiments and theoretical calculations 
of heat transfer in STEF-20 heated by the radiant flux from a DKSTV-15000 source with a known emission spec- 

trum. 
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T E M P E R A T U R E  F I E L D S  IN A S Y S T E M  O F  T H I N ,  

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

C O N T A C T I N G  C Y L I N D R I C A L  W A L L S  

A.  A .  B e r e z o v s k i i  a n d  L .  M. B e r e z o v s k a y a  UDC 517.946.9 

This  pape r  cons iders  the p rob lem of de terminat ion  of the t e m p e r a t u r e  field in a s y s t e m  of two thin cyl in-  
dr ica l  walls  separa ted  by a d ia thermic  medium and in par t ia l  contact along the 0 axis  in n equa l ly - spaced  r e -  
gions (Fig. 1). The sur face  0 = R1 r ece ives  a heat  flux q that  is uni form with r e s p e c t  to r On the sur face  0 = 
R4 heat t r an s f e r  occurs  in accordance  with Newton 's  law, and in the d ia thermic  cavity between the walls  and 
contacts radia t ive  heat  t r a n s f e r  occurs .  

An accura te  t r ea tmen t  entai ls  considerat ion of the boundary-value  p rob lem for  the two-dimensional  s teady 
heat-conduct ion equation with discontinuous t he rma l  conductivity k and nonlocal nonlinear coupling conditions 
ref lec t ing  radia t ive  heat  t r a n s f e r .  

q 

P 

Fig. 1. Hea t - t r ansmi t t i ng  s y s t e m  of 
two par t ia l ly  contacting cyl indr ical  
walls .  
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An analys is  of the the rmophys ica l  p r o c e s s  in such a hea t - t r ansmi t t i ng  sy s t em allowed considerable  s i m -  
plif icat ion of the p rob lem and convers ion  to a considera t ion  of the field of the average  (with r e spec t  to p) t e m -  
p e r a t u r e s  of the cyl indr ical  walls  51@) and 53(q~). F o r  the l a t t e r  a s y s t e m  of nonlinear boundary-value  p rob l ems  
was obtained for  o rd ina ry  di f ferent ia l  equations with discontinuous coefficients and containing the specia l ly  in- 
t roduced equivalent  t he rm a l  conductivity 

~'o (u,. ua) = R2R:,eao In R, u~ ((p) ---u~ (q)) 
R : 3  § R : I  (1 - -  ~.) R2 u'a (q)) - - u l  (q~) 

where  e 1 and e 3 a re  absorpt ion  coeff ic ients ;  a = 5 .67.10 -8 W/m 2" K 4 is the S t e f an -Bo l t zmann  constant.  

An analys is  of the range of var ia t ion  of k0(~l, 53) allowed l inear iza t ion  of the obtained s y s t e m  in the r e -  
gion of low and modera te  t e m p e r a t u r e s .  The solutions of the l inear ized  p rob lems  a re  given in explici t  f o r m  
and a re  i l lus t ra ted  by graphs  of numer i ca l  calculat ions of control  examples .  

Dep. No. 3759-78. (Received Decem ber  28, 1977, a b s t r a c t  
r ece ived  September  25, 1978.) 

T E M P E R A T U R E  F I E L D S  IN S P A C E  W I T H  

A S Y M M E T R I C  C A V I T Y  

V.  N .  D o g o t a r '  a n d  M. P .  L e n y u k  UDC 517.946 

The p rob lem of the s t ruc tu re  of the t rue (dynamic) t e m p e r a t u r e  fields in a homogeneous i so t ropic  space 
with a s y m m e t r i c  cavity reduces  ma themat ica l ly  to the solution in the region 

D=[0, t,lXf~={(t, r), O<~t<t l ,  R ~ r <  ~}  

of the equation [1] 

with initial boundary conditions 

2 02T, 20T ( c32T " 2~z-~-I 0T ) 
b~ -~-b~-Z-- 0 :  =:( t ,  ~) r 0r (1) 

c3T t = 0  TIt=o = ~, (r), ~ = ~ (r), 

0 )]T,r=R=h (1--[J,Tr ~-t )%(t), 

lira (ra-f-1/~-T) = O. 

(2) 

(3) 

Here  b~ = Wr2, b~ = a - l ,  /3 k (k = 1, 2) a r e  the coefficients of connectivity of the boundary conditions. The 
other  quanti t ies  in p rob lem (1)-(3) a re  as usual i l l .  

With natura l  l imi ta t ions  on the data of the p rob lem it is shown that  the s t ruc tu re  of the sought t e m p e r a -  
ture  field in the region D is given by the function 

T(r, O=.I .I ~(r' p,t--~):(p, z)p2~+~dpdz + ~(r, p, O[b~%(p)+b~%(p)lp~+~dp-b 
o R R (4) 

t 

0 R 

An analys is  of W and e led to the need to consider  smal l  t and to obtain a formula  sui table for  engineer ing ca l -  
culation of t e m p e r a t u r e s  in this case.  P a r a m e t e r s  h ,  91, /32, and T r provide a means  of separa t ing  the dyna-  
mic  and quas i s ta t ie  f i r  "" 0) t e m p e r a t u r e  f ields in the considered space  with the a s s ignment  on the cavity 
boundary of any of the conditions of kind I (h - -  ~, f12 = 0, /~1 = 1), I!  (81 = 0, /]2 = 1), o r  III (BI =/32 = 1). 
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As an example ,  t e m p e r a t u r e  f ields resu l t ing  f r o m  an instantaneous " t he rma l  shock" on the cavi ty  bound- 
a r y  were  ~ves t iga t ed .  

1. 
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I N V E S T I G A T I O N  O F  T H E R M O E L A S T I C  F I E L D S  IN 

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

O F  H E A T  

K.  V .  L a k u s t a  UDC 539.377 

A p l ane -pa ra l l e l  e l a s t i c  homogeneous i so t ropic  l aye r  of finite thickness  m with s t r e s s - f r e e  boundar ies ,  
occupying the region 0 -< x -< m,  - ~  < y ,  z < ~ is considered.  Through the sur face  x = 0 of the l aye r  there  
occu r s  heat  exchange with the ex te rna l  med ium,  whose t e m p e r a t u r e  changes at the initial  instant  f r o m  T o to 
Tc ,  and subsequently r e m a i n s  (for simplicity} constant ,  while the su r face  x = m is mainta ined at  t e m p e r a t u r e  
T 0. When t = 0 the l aye r  t e m p e r a t u r e  is T o and the heating ra te  is a s sumed  equal  to zero .  

The s y s t e m  of di f ferent ia l  equations r ep resen t ing  the distr ibution of the t h e r m o e l a s t i c  f ie lds  ha the l aye r  
ha s ,  in the one-d imens iona l  formula t ion ,  the f o r m  

a~ox a~c~x 030 

a~ al ~ a f2 " 

with initial  conditions 

and boundary conditions 

6 x  (~ ,  f )  = O w h e n  ~, ~ -  0 a n d  ~ = go, 

where  @ is the d imens ion less  t e m p e r a t u r e ,  which is de te rmined  f r o m  the p rob l em 

a~o 80  a2o 
- -  + M ~ -  , a~2 a~ al ~ , 

o (L ~)f~:o = I ,  o (~, hl~=~o : o, 

ao (~, f) 
0 (~,  i )  - - -  = 0 w h , n  t = 0 .  af 

Here  @ = ( T - T o ) / ( T c - T 0 ) ;  a x = axx(1-2~) /Eot(Tc-To) ;  ~ = c l x / a ;  f = c2t/a; M = cl/eq; $0 = e lm/a ,  where  el is the 
veloci ty  of propagat ion of the e las t i c  wave;  Cq is the veloci ty  of heat  propagat ion;  #t, ~, a a r e ,  r e spec t ive ly ,  the 
Po i sson  ra t io ,  l inear  expansion coeff icient ,  and t h e r m a l  diffusivity;  E is Young 's  modulus;  ax,  $, and f a r e  the 
d imens ion less  no rma l  s t r e s s  t enso r  component ,  coordinate ,  and t ime.  

By rep lac ing  the de r iva t ives  with r e s p e c t  to the coordinate  and t ime  in the equations and conditions by 
the cor responding  d i f ference  ra t ios  a f in i te -d i f ference  analog of the s y s t e m  is obtained. 

The r e su l t s  of calculation of the s t r e s s  f ields and their  ana lys is  for  var ious  va lues  of M 2 a re  given. 

Dep.No.  3747-78. (Received Janua ry  17, 1978; ab s t r ac t  
r ece ived  July 10, 1978. 
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H E A T - C O N D U C T I O N  P R O B L E M  IN G E O M E T R I C A L L Y  

H E T E R O G E N E O U S  R O T A T I O N  S H E L L S  W I T H  

N O N I D E A L  T H E R M A L  C O N T A C T  IN T H E  

C O U P L I N G  Z O N E  

A.  M. M a k a r o v  a n d  V .  R .  R o m a n o v s k i i  UDC 536.24 

The investigation of problems of coupled heat transfer in composite regions has a bearing on actual 
problems of heat-conduction theory. Their solution requires the use of special methods that take into account 
the discontinuous nature of the differential operators and the existence of matching coladitions for the sought 
quantities characterizing the heat transfer of contiguous bodies. Problems of heat transfer in structures 
composed of a finite number of mutually nonintersecting geometrically homogeneous regions with discontinuity 
surfaces consisting of coordinate surfaces of the same family, each of which belongs only to adjacent regions, 
have been investigated fairly thoroughly in the literature. In this case the matching conditions for the sought 
functions are independent of the number and kind of contiguous surfaces, as, for instance, the condition of 
ideal contact for a multilayer region 

du( i** ) du(i) 
u( i +z ) -u (  l)-~O, p(l+,) _ _  p(i) = 0 ,  i =  1, N - -  1, 

~vi avl (1) 

where  p(i) are  prescr ibed  parameters ;  Pi is  the d irect ion of the normal  to the interface  of the media.  

o f  definite in te res t  for  p rac t i ca l  applicat ions a r e  p rob l ems  involving the investigation of heat-conduct ion 
equations with d~ferenUal  operators  writ ten in different coordinate surfaces  (geometr ica l ly  heterogeneous  r e -  
gions).  In this case  conditions (1-) undergo s o m e  changes  in correspondence  with the thermophys ica l  proper -  
t ies  of contact and shape of the contiguous reg ions ,  which  can be taken into account  phenomenolog ica l ly  in 
matching conditions of the f o r m  

n(I} dutXJ _n{i+l)u(l+~ ) , nti+l)__au(i+*) +~(1) ,  i =  1, N - - I  .?.~.{'~+ , , 5  ~ - - - V - ' "  T ,,~ ~,+, 
,v (2) 

rift) Ou(~) .d~=l~n(2',}lu(" T 2,2--~vt` ] =X- 

Here  ~(i) and • a re  p r e s c r i b e d  functions that  depend on the density of the heat sources  located at the junction; 
1 

nj,k (J' k = 1, 2) a r e  known constants  cha rac te r i z ing  the s t ruc tu ra l  and physical  contact p a r a m e t e r s .  

The pape r  cons iders  the unsteady p rob lem of heat  conduction with the s t ruc tu re  of a space ,  fo rmed  by 
a region of var ia t ion  of independent va r i ab l e s ,  consis t ing of a composi te  a x i s y m m e t r i c  canonical f o r m  with a 
node consis t ing of a cyl indrical  shell  nonideaIly coupled with a x i s y m m e t r i c  pla tes  

~ UQ (1) ~2~)---- {(z, p, cP)~zE(O, a2), i = 1 ;  
i ~ ' 

pc(a,  a,), i = 2 ;  pC(0,  a), i = 3 ;  qDE(0, 2a)}. 

The p rob lem is solved by construct ing a finite integral  t r a n s f o r m  on a nonideally coupled geomet r ica l ly  h e t e r o -  
geneous branching complex.  Cha rac t e r i s t i c  fea tures  of determinat ion of this c lass  of integral  t r a n s f o r m s  are  
indicated. By the application of the operat ional  calculus generated by this t r a n s f o r m  the initial p rob lem for  the 
t r ans fo rman t  of the sought functions reduces  to integrat ion of a s imp le r  different ia l  equation. 

In tegra l  t r a n s f o r m s  on a geomet r i c  branching complex allow the considerat ion of theore t ica l  models  of a 
complex s t ruc tu re :  in the p resence  of a finite number  of nodes at each of which the matching conditions (2) c o r -  
respond to specif ic  the rmophys ica l  p r o c e s s e s ,  which in turn inc reases  the potential  of l inear  the rmoelas t i c t ty  
for  a descr ip t ion  of rea l  s t ruc tu ra l  e lements  and combinations of them. 
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T E M P E R A T U R E  F I E L D  O F  A S E M I I N F I N I T E  B O D Y  

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

C O N D I T I O N  O F  T H E  F I R S T  K I N D  

L. A. Brovkin UDC 669.536.24 

The  h e a t - c o n d u c t i o n  

0 x (0) ~ (1) ~o~ (o) o- ~ -  = ~, o--x- o-7 

with bounda ry  cond i t ions  

O(x,O)=O: 0(0, x)=O,~; O ( ~ , x ) = O .  (2) 

is  s o lved .  A f t e r  i n t r o d u c t i o n  of the B o l t z m a n n  and Ki rchof f  s u b s t i t u t i o n s  

0 

x f [ - t : % ~ - : '  r  X(O) dO 
0 

(3) 

Eq. (1) can be w r i t t e n  in the  f o r m  

d e  ~ dO'q b 

a (0) dE*" 
(4) 

The  r e l a t i o n  a(O) is  a p p r o x i m a t e d  by a r e l a t i o n  a(@), o r  a(@) is  ob ta ined  by d i r e c t  t r e a t m e n t  of the e x p e r i m e n t a l  
da ta .  T h e n ,  the  so lu t ion  of the equa t ion  

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

g ives  

d e  ~ dZq ~ 
- -  - -  (5)  

d~ aI q~(~)l d~' 

r162  ~ ( ~ )  = 0 (6) 

4,~ ~d~ / d ~ ,  

0 

(7) 

whe re  

a [r (DI 
0 

(8) 

We w r i t e  the  i n t e g r a n d  as  a p o w e r  s e r i e s  

a I~ (~)1 
n=0 

(9)  

and put  s e r i e s  (9) in (7). The  coe f f i c i en t s  k n a r e  found f r o m  the i den t i t y  a f t e r  s u b s t i t u t i o n  of the so lu t ion  (7) 
in (9). F o r  the c a s e  a(~) = 1 + b~ we have  k 0 = 0; k 1 = (1 + b ~ k ) - l ;  k 2 = gkl;  k 3 = gk2; k 4 = g ( k 3 - 1 / 6 k  2) and so  on,  
w h e r e  g = b ~ k Q - l ( 1  + b@k) -1. 
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The paper gives the f i r s t  11 values of the coefficients k n. In the calculations Q is taken as 1 in the f i r s t  
approximation,  the values of k n are  found, and Q is determined more  accurate ly  f rom (8). For  bodies with a 
weak relation a (@) one approximation is sufficient in engineering calculations. When b = 0 solution (7) becomes 
the known solution with constant coefficients. 

Dep.No. 3760-78. (Received December  15, 1977; abs t rac t  
received September 25, 1978.) 

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

IN A V E N T U R I  S C R U B B E R  

A.  Y u .  V a l ' d b e r g ,  G. O. K u t u z o v ,  
a n d  N.  G. B u l g a k o v a  

UDC 66.07.511.127/78 

The efficiency of a Venturi scrubber  for the trapping of par t ic les  more than 0.1/am in d iameter  is usu-  
ally calculated f rom the formula [1] 

~1 : 1 -- exp (-- Km Stkl/2), (1) 

where Stk = d~vgppCd/18~gd d is the Stokes number (inertial parameter ) ,  and the coefficient K depends on the 
path length of the drops is the active region of the Venturi tube and their  surface.  

If inert ial  precipitat ion of par t ic les  on a sphere in a potential flow is regarded as the main mechanism 
of dust trapping in a Venturi sc rubber  the efficiency for Stk > 0.1 can be est imated f rom the formula [2] 

11 = Stkz/(Stk %- 0,35)'. (2) 

The fractional  efficiency of a Venturi scrubber  for the trapping of polydisperse dust in the fer roal loy in- 
dustry with m ~ 2.2" 10 -3 m3/m 3 was investigated. 

The resul ts  of the experimental  investigations and theoret ical  calculations are  given in Fig. 1 in the form 
of a plot of the efficiency of dust trapping in a Venturi scrubber  against  Stk. Curve 1 is obtained f rom formula 
(2), curve 2 corresponds  to experimental  data, and curve 3 is obtained from formula (1) with K = 1.56 [3]. 

The data presented in Fig. 1 confirm that that an exploratory calculation of the efficiency of particle p r e -  
cipitation in a Venturi scrubber  can be based on the theoret ical  relat ions charac ter iz ing  their deposition on a 
sphere.  The increase  in the prac t ica l  efficiency of the apparatus when Stk < 20 can be attributed to the la rger  
number of deposition surfaces  (drops). Curve 3 indicates that the calculated values of the dust- t rapping effi-  
ciency are overes t imates  for the value of K recommended in [3]. 

The mathematical  t rea tment  of the experimental  data led to the empir ical  formula 

- 1 --0.15 Stk"24 (3) 

which can be used in the range 1 -< Stk -< 170 for calculation of the dust- t rapping efficiency in a Venturi s c rub -  
ber at relat ively high values of m (of the order  of 2 . 1 0  -3 m3/ma). 

At small values of m (up to 0 .6 .10  -3 m3/m 3) it is better to use formula (2). 

Fig. 1. 

i 

o,e , , ,il 

i i i t i 
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Trapping efficiency for  dust par t ic les  as function of Stokes 
number (the dots are the experimental data). 
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N O T A T I O N  

is the dus t - t r app ing  eff iciency;  
is the spec i f ic  spraying;  
is  the par t i c le  d i ame te r ;  
is the re la t ive  veloci ty  of gases  in throa t  of Ventur i  tube; 
is the densi ty of pa r t i c le ;  
is the Cunningham-Mi l l iken  correction; 
is the dynamic  v i scos i ty  of gases ;  
is the d rop  d i ame te r .  

1~ 

2. 
3. 
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V .  A.  K u z n e c h i k o v ,  a n d  L .  A .  S e r a f i m o v  

UDC 66.071.7.001.57 

The pape r  p roposes  a ma themat i ca l  model of hydrocarbon  absorpt ion that  takes  the kinetic re la t ions  into 
account.  Attention is concent ra ted  on a descr ip t ion  of the in terphase  t r a n s f e r  of m a t t e r  accompanied  by heat  
t r ans fe r .  The ma themat i ca l  model  is based on a sys t em of different ia l  equat ions,  including the equations of 
m a s s  t r a n s f e r  in the gas and liquid phases  for  mul t icomponent  m i x t u r e s ,  the equations of m a s s  balance,  heat  
balance for  the phase in te r face ,  phase  equi l ibr ium,  and heat  balance for  the two phases .  Integrat ion was p e r -  
fo rmed  by the Eu le r  method. F o r  calculation of a rea l  plate a sect ional  model  was used. 

The ma themat i ca l  model  was used to calculate the a b s o r b e r  in the Korobkovski i  g a s - p r o c e s s i n g  fac to ry  
(GPF) with 30 rea l  p la tes ,  whose investigation gave fa i r ly  full data on the ma te r i a l  balance and opera t ing  condi-  
t ions.  Cor rec t ions  were  made to the model.  

To de te rmine  the sui tabi l i ty of this model the resu l t s  were  compared  with r e su l t s  obtained by calculation 
for  rea l  and theore t ica l  p la tes .  The compar i son  showed that the accuracy  of the model  had no significant effect  
on the prof i le  of the gas and liquid flows over  the height of the column, but the prof i les  of the component  con-  
centra t ions  and the t e m p e r a t u r e s  for  the compared  models  differ  ve ry  appreciably .  

An analys is  of the t e m p e r a t u r e  changes over  the height of the column indicated that  the dry  gas leaving 
the appara tus  is supercooled.  This  leads to prec ip i ta t ion  of condensate in the outlet  gas pipes and the s e p a r a t -  
ing tank, which w a s  conf i rmed by opera t ing  data fo r  the industr ia l  a b s o r b e r  in the Korobkovski i  GPF.  

The supercool ing of the gas can be at t r ibuted to the fact  that when it in te rac ts  with the cold absorbent  at 
the top of the column the ra te  of heat  t r a n s f e r  is higher  than that of absorpt ion.  

Calculat ions based on the model  revea led  that the influx of cold moi s t  gas can cause supercool ing  of the 
absorbent  at  the bottom of the column and p romote  reduct ion of the methane content in the sa tu ra ted  absorbent .  
Such a change in methane concentrat ion ve ry  great ly  affects  the operat ion of the a b s o r p t i o n - s t e a m  column fo l -  
lowing the a b s o r b e r .  

Dep.No.  3758-78. (Received July 4, 1977; a b s t r a c t  
rece ived  June 12, 1978.) 
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