
ABSTRACTS 

EXPERIMENTAL RESEARCH ON THE THERMAL 

CONDUCTIVITY OF n-HEPTANE 

Yu. L. Rastorguev and V. V. Pugach UDC 536.222 

The thermal conductivity of paraffin hydrocarbons, especially n-heptane at high pressures ,  has been 
little studied. Data are given in the l i terature about the thermal conductivity of n-heptane at p ressures  up 
to 50 MN/m 2 [1-2]. 

The present work gives the results of experimental research  on the thermal conductivity of n-heptane 
at pressures  up to 150 MN/m 2 and in the temperature range 20-180~ The measurements were carr ied out 
by a method of coaxial cylinders on an apparatus described in [3]. The maximum relative e r ro r  of measure-  
ment of the thermal conductivity was ~-1.6%. 

In the experiments n-heptane of the quality "standard" (p~0 = 0.6838; n~ = 1.3877) was used. The ther-  
mal conductivity was measured isothermally over the range ,'~20-30 MN/m~.~ The experimental data obtained 
are  tabulated. Analysis of the experimental data obtained showed that with increases of temperature the in- 
fluence of p r e s s u r e  on the thermal conductivity increases,  as a result  of which the temperature coefficient 
of the thermal conductivity of n-heptane decreases and tends towards 0. This circumstance makes it pos- 
sible to find theoretically the approximate pressure  at which the temperature coefficient of the thermal con- 
ductivity of n-heptane changes its sign. In the work the temperature dependences of (OX/Op)~P were deter-  
mined for that region of pressures  (0.098-50 MN/m 2) in which the effect of p ressure  is greatest .  The data 
derived from [1-2] are given for comparison. The nature of the variation (OX/3p)~P with increase in tem- 
perature is approximately the same for all investigators; with increase of temperature the pressure  effect 
increases,  but the influence of the temperature on the pressure  effect according to the data of [1] is less 
than in the present  work and in [2]. The art icle also gives graphs which reflect  these relationships. As a 
result  of treatment of the experimental material we have obtained an interpolation equation for the thermal 
conductivity of n-heptane 

, { ~.t = ~ 20-- [ - ~ / ,  

where 

~p,2o = ~'~o + 0.0533 In ( i + P ) 
10!,45 ' 

( ~" lCP = (210--O.5p + 101'7~176176 .10-~. 
~t ]p 

The discrepancies between the experimental data and the calculated data do not exceed the experimental 
e r r o r s .  

The problems of the influence of radiation on heat t ransfer  by molecular thermal conductivity are also 
discussed in the work. The article also gives smoothed data in tabulated form. 
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R E S E A R C H  ON T H E  T H E R M A L  C O N D U C T I V I T Y  

O F  C A S T  C E R A M I C S  IN R E L A T I O N  T O  I T S  

S T R U C T U R E  A N D  T E M P E R A T U R E  

I .  I .  B y k o v  a n d  F .  F o L e z h e n i n  UDC 536.21 

R e s e a r c h  is c a r r i e d  out on the coeff ic ient  of t h e r m a l  conduct iv i ty  of four  kinds of c a s t  c e r a m i c s  of 
d i f ferent  c h e m i c a l  and m i ne ra l  compos i t i on  (Table  1), which a r e  c h a r a c t e r i z e d  by  the p r e d o m i n a n c e  of f o r -  
mat ions  of monocl in ie  py roxene  of va ry ing  compos i t i on  in c o a l e s c e n c e  with the v i t r eous  phase .  

Inves t iga t ions  in the t e m p e r a t u r e  range  200-1000~ w e r e  c a r r i e d  out on a spec ia l  v a c u u m  appara tus  
with a s e p a r a t e  c i rcu i t  fo r  supply of the hea t e r  by  us ing  t h e r m o c o u p l e s  in a s p e c i m e n  of d i a m e t e r  25 m m  
and height  150 m m  for  s t e a d y - s t a t e  s y s t e m s  by means  of init ial  heat ing in s t a g e s .  

The  expe r imen ta l  data  w e r e  t r e a t e d  by  a method of l eas t  squa re s  with a v iew to obtaining a funct ional  
re la t ionsh ip  in the t e m p e r a t u r e  r ange  200-1000~ in the f o r m  

~ = a + b t ,  

where  the va lues  a and b r e s p e c t i v e l y  fo r  the fol lowing cas t  m a t e r i a l s  a re :  b a s a l t - h o r n b l e n d i t e  0.88 and 
3.88 �9 10 -4, d iabase  1.09 and 1 .55 .10  -4, g r a r A t e -  s lag  1.12 and 3 . 5 . 1 0  -4, and w o l l a s t o n i t e - p y r o x e n e  0.9 and 
5.5 �9 10 -4. The  devia t ion of the expe r imen ta l  data  f r o m  the va lues  de r ived  f r o m  the equat ions  is 10-12%. 

T A B L E  1. Chemica l  and Minera l  Compos i t ion  of the Inves t iga ted  Mate r i a l  

No. 
Cast 

mineral 

Basalt 

- h o m b l e n -  

dite 

Diabase 

Granite 
- slag 

Wollastonite 
t -  pyroxene 

Content of the 
�9 charge, wt. % 

Basalt, 90. Horny 
blendite, 10. 
Chromite 2(above 

�9 100%, .2 

Diabase, 100. . 
Chromite '(above, 
100%), 2 

Granite, 45, 
Blast furnace 
slag 55. Chrome 

- magnesite 
(above 100%), 3 
Blast furnace I 
sl;ag, 50. Perov-[ 
skite eoncen- ,~ 
trate 25. Quartz~] 
sand, 25. ] 

SiC2 

47,2 

49,4 

44,5 

A],~O~ 

12,5 

11,0 

8,7 

Fe~Oa 

6,2 

8,1 

1,0 

Chemical composition, mass % 

24,5 

30, I 47,1 2,6 1,3 

FeO TiO~ 

7,1 1,5 

7,( 2,5 

2,t - -  

1 , 3  8.6 

CaO MgO 

9,1 83 

8,4 65 

8,9 

6,7 

MnO 

0,4 

1,5 

Cry03 

1,2 

0,6 

4,9 

R~O 

2,5 

2,5 

4,5 

1,2 

Phase and mineral 
composition of the 
casting, 

Monoclinic pyroxene of augitic 
composition fn coalescence 
with glass, 80%; magnetite, 3-5 
% free glass, 15%; separate 
grains of chromite. 

Monoclinic pyroxene of augitic 
composition in coalescence with 
glass, 60-65%; magnetite, 15-20 
%; free glass, 15-20%; separate�9 
grains of chromite. 

/Monoclinic pyroxene of diopside 
-jadeite composition, 60-70 %; 
free glass, 30-40%; grains of 
chromite, up to 5%. 

Fibrous formation of wollastonite 
60-65 %; skeleton formations 
of monoelinic pyroxene,, 30%; 
separate star-shaped formations 
of wollastonite; free glass, 5-10o/0 

Inst i tute of Cas t ing  P r o b l e m s ,  A c a d e m y  of Sc iences  of the Ukra in ian  SSR, Kievo 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  Zhurnal ,  Vol~ 19, No. 2, pp.  347-349,  Augus t ,  1970. Original  a r t i c l e  submi t ted  June 
18, 1969; r e v i s i o n  submi t ted  M a r c h  23, 1970. 

�9 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1042 



The t h e r m a l  conductivity of cas t  c e r a m i c s  at no rma l  t e m p e r a t u r e  is 0.9-1 W / r e .  deg and 1o2-1.5 W 
/ m . d e g  at 900-1000~ 

In the case  of m a t e r i a l s  1 and 2 which contain an inc reased  quantity of f e r r i c  oxides,  the t he rma l  con-  
ductivity is 10-15% lower  than in the low f e r rous  m a t e r i a l s  3 and 4. This  is a ssoc ia ted  with the more  com-  
plex s t ruc tu re  of the f e r rous  m a t e r i a l s ,  in which together  with pyroxene of augitic composi t ion,  there  is 
p resen t  a cons iderable  quantity of magnet i te  (up to 20%). The c r y s t a l s  of magnet i te  intensively d i spe r se  
t h e r m a l  waves  and as a r e su l t  the total  t he r ma l  conductivity of the cas t  ma te r i a l  is reduced.  Moreover  the 
moaocl inic  pyroxene of augitic composi t ion  has a m o r e  complex crys ta l l ine  la t t ice  than pyroxene  of diop- 
side composi t ion.  I somorphous  fixed d isp lacement  of ions of Ca 2+, Mg 2+ and par t i a l ly  of Si 4+ by ions of 
Fe 2+ in the diopside la t t ice  p rom o t e s  the fo rmat ion  of additional cen te rs  of d i spers ion  of t he rma l  e las t ic  
waves ,  which leads to the reduct ion of the the rma l  conductivity of the cas t  m a t e r i a l s .  The ave rage  a tomic 
weight of the pa r t i c l e s  which f o r m  the pyroxene  of the diopside composi t ion a r e  somewhat  s m a l l e r  than 
those of the c ry s t a l s  of pyroxene  of the augitic type,  which is a lso  conducive to i nc rea se  of the t he rma l  con-  
ductivity- of m a t e r i a l s  3 and 4. 

Hence the s t ruc tu re  of cas t  c e r a m i c s  and the composi t ion of the main m a t e r i a l - f o r m i n g  mine ra l ,  mono-  
clinic pyroxene ,  influences the t he rm a l  conductivity of the cas t  m a t e r i a l .  
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G R O W T H  OF A V A P O R  B U B B L E  IN A T U B E  

L .  M .  G e r b e r ,  A .  M.  K o s e v i c h ,  
S.  M .  A n d o n ' e v ,  V .  I .  K a r a s ' ,  
a n d  V .  A .  B a r a n n i k  

UDC 536.423.1 

The mechan i sms  of the growth of a vapor  bubble inside a tube are  of in teres t  in connection with the 
effect of the s t ruc tu re  of the flow on the condition of its movement  round a c i rcula t ion sys t em,  i .e. ,  on the 
occur rence  of pulsat ions of speed.  

A condition of the growth of a vapor  bubble is the p r e sence  of an internal  excess  p r e s s u r e ,  and con-  
sequently,  the p r e sence  of a ce r ta in  superheat ing of the liquid in compar i son  with the sa tura t ion  t e m p e r a -  
tu re .  The growth of the bubble takes place  owing to the evapora t ion  of the liquid through its wall .  

The growth of the bubble in a la rge  volume,  when evaporat ion goes through displacing boundar ies ,  
was invest igated previous ly .  In this case  the ra te  of growth of the bubble d e c r e a s e s  with t ime.  

The growth of the vapor  cavity in a tube with mois tened wal ls ,  when the bubble covers  the whole c ross  
sect ion of the tube, is different in pr inciple .  In this case  the increase  of its volume takes place a l ready not 
by means of d isp lacement  of the whole sur face  through which the evapora t ion  takes p lace ,  but as a resu l t  of 
movement  of only the ends of the vapor  lock. At the same t ime evaporat ion takes place  over  the whole s u r -  
face of the bubble, including the side walls which a re  mois tened by liquid. In the case  of such a p roces s  as 
distinct f r o m  the case  of a l a rge  volume,  as the bubble grows the re la t ionship between the a r e a  of the s u r -  
face of evaporat ion and the a r e a  of the displacing boundary of the bubble inc reases ,  which is explained by the 
continuous inc rease  of the speed of growth of the vapor  cavi ty .  

In this work  the descr ibed  p roce s s  was invest igated theore t ica l ly  and exper imenta l ly .  

In theoret ica l  analysis  the un i formi ty  of the vapor ,  the incompress ib i l i ty  of the liquid and the equil ib-  
r i u m  of the phases  on the v a p o r - l i q u i d  boundary were  a s sumed .  This  enabled the equations of hydrody-  
namics  and the rma l  equi l ibr ium to be wr i t ten  and solved together  approximate ly  for  low superheat ing.  An 
equation which desc r ibes  the var ia t ion  of the length of the bubble with t ime was obtained: 

dl 2Z, l IT1 -- T~ P~:HTh d211 
dt pLRo~ 9L ~-~ j = O, 

the solution of which, descr ib ing  the initial s tage of the p r o c e s s ,  has  the fo rm 

l(t)=l(O)exp[ 4 ( T ~ - T h ) ~  ~ t , 

where  l(t) is the length of the vapor  bubble; R 0 is the radius  of the tube; d is the thickness  of the l ayer  of 
liquid near  the wall; p is the density of the vapor;  Pl is the densi ty of the liquid; A is the t he rma l  conduc-  
tivity; L is the specif ic  heat of vapor  formation;  v is the v iscosi ty ;  T 1 is the t e m p e r a t u r e  of superheated  
liquid; T k is the t e m p e r a t u r e  of the phase  t ransformat ion;  K is the cha rac t e r i s t i c  constant  (K ~ 1). 

Subsequently the growth of the vapor  bubble is slowed down because  of the additional p r e s s u r e  d e t e r -  
mined by the iner t ia  of the liquid. Fo r  sufficiently grea t  lengths of t ime,  the re la t ionship between the ra te  
of growth of the bubble and the t ime is approximate ly  quadra t ic .  

By using h igh-speed cinephotography,  the p roce s s  of the growth of the vapor  lock in a ve r t i ca l  g lass  
tube was invest igated for  different  cases  of superheat ing.  

Gor 'k i i  State Univers i ty ,  Khar 'kov .  Trans la t ed  f r o m  Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 19, No. 2, 
pp. 350-351, August, 1970. Original  a r t ic le  submit ted December  12, 1969; rev i s ion  submit ted Apri l  10, 1970. 
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The experiments carr ied out concerned the exponential nature of the growth of the length of the bubble 
and the quadratic law relationship between the index of the exponent and the superheating. Comparison of 
theoretical and experimental results shows that the expressions obtained give a good description of the pro-  
cess of growth of the vapor lock actually taking place in the tube. 

The peculiarity of boiling in tubes explains the sharp discharges of liquid observed in practice in the 
case of bubbling in thin tubes and certain forms of pulsation of the speed of movement of the liquid in the 
case of circulation through closed circuits.  
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S T A T I C  AND D Y N A M I C  C H A R A C T E R I S T I C S  O F  

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

A H O T - F I L M  

S.  A .  D r o z d o v ,  N.  V.  P e t ' k i n ,  UDC 533.608 
a n d  V.  F .  S a l o k h i n  

In this paper  the static and dynamic cha rac te r i s t i c s  a re  calculated theore t ica l ly  for  a hot f i lm anemo-  
me te r  with insulating coating, when operated both at constant t empera tu re  and at constant cu r ren t .  An ex-  
p ress ion  is obtained for  the sensi t ivi ty e of the f i lm in stat ic measurement s ,  as a function of the thickness 
6 of the insulating coating: 

e (Bi)/e (0) = (1 -1- Bi) -3/2, 

where  Bi = (~6/~) ,  ~ is the the rmal  conductivity of the coating; and ~ is the hea t - t r ans fe r  coefficient ave r -  
aged over  the sensi t ive element  surface ,  and proport ional  to the square root  of the speed of the oncoming 
s t r eam.  

The f requency response  of the fi lm has been calculated for  both modes of operat ion with small  f luc-  
tuations of the hea t - t r ans fe r  coefficient a .  At high f requency the amplitude charac te r i s t i c  has the form: 

a) at constant t empera tu re  

R(u = (1 + Bi) / I ch27--sin2? + BiSh2y + sin2y , ~.~sh~-}-sin~? ]1/2 

b) at constant cur ren t  

R (~}) = (Bi exp {-- ?})/(Bi 2 + 2? Bi -b 2?2) '/2. 

Analysis of these expressions shows that constant temperature operation of the film yields a frequency 
range two orders greater than does constant current operation. For the constant temperature mode the 
relation between the top limit f of the frequency range and the coating thickness is 

f~ .5  ~. 

In addition, we examined the effect of the iner t ia  of the the rmal  boundary layer  fo rmed  on the sens i -  
tive element ,  and found that even for  an ideal fluid, it l imits  the f requency range of measurable  flow f luctua-  
t ions.  

The following notation is used: a is the dfffusivity of the die lectr ic  coating; w is the c i r cu la r  f requency 
of fluctuations; y = 6 r  is a dimensionless  frequency; and R is the amplitude cha rac te r i s t i c .  

Trans la ted  f rom Inzhenerno-Fizicheski i  Zhurnal, Vol~ 19, No. 2, p. 352, August, 1970. Original a r t ic le  
submitted September 19, 1969; rev is ion  submitted April  7, 1970. 
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I N F L U E N C E  OF T H E  I N I T I A L  C O N D I T I O N S  ON T H E  

T E M P E R A T U R E  F I E L D  OF AN I N F I N I T E  P L A T E  F O R  

D I F F E R E N T  L A W S  O F  V A R I A T I O N  OF T H E  

T E M P E R A T U R E  O F  T H E  M E D I U M  

S.  L .  K l e i n b e r g  a n d  G.  I .  K h u t s k i i  UDC 536.2.01 

Using the example of an infinite plate, an investigation was conducted into the effect of the initial con- 
ditions on the tempera ture  field of an element for var ious laws of variat ion of the tempera ture  of the medi-  
um, i.e., the l inear and exponential laws, and also for thermal  shock. 

The analysis conducted showed that since for exponential variat ion of the tempera ture  of the medium 
and under conditions of thermal  shock, as a rule,  the maximum temperature  drops are  formed at the stage 
of the i r regular  p rocess ,  the initial distribution of tempera ture  in the element has considerable influence 
on their magnitude and the moment of their  occur rence .  Hence this influence is determined to a cons ider -  
able extent by the level of intensification of the p roces s .  

aOmm~ 
aBmax 

;2 

8 

# 

o / 

o,2 

0,4 

] oo 

F~ mclx 

~0 n2Q• 

I 

0,2 

0 
! 3 4, Pd 9 2 3 4, Pd 3 

Fig. i Fig. 2 

Fig. 1. Influence of the Predvoditelev number on the relative 
magnitude of the maximum temperature drops A0*ax/A0max 
for various Biot criteria. A0max is the maximum temperature 
drop over the thickness of the plate in the case of uniform ini- 
tial conditions, A0ma x is the same in the case of parabolic 
initial conditions. 

Fig. 2. Influence of the Predvoditelev number on the relative 
time Fo*ax/FOma X for various Blot numbers. Foma x is the 
dimensionless time at which the maximum temperature drop 
sets in over the thickness of the plate in the case of uniform 

, 
initial conditions, FOma x is that for parabolic initial condi- 
tions. 

Krzhizhanovskii  Branch of the Power Institute, Minsk. Transla ted f rom Inzhenerno-Fizicheski i  Zhur-  
hal, Vol. 19, No. 2, pp. 353-354, August, 1970. Original ar t icle  submitted Februa ry  20, 1969; revision sub-  
mitted March 15, 1970. 
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Thus ,  for  example ,  for  an exponential  var ia t ion  of the t e m p e r a t u r e s  with inc rease  of the Blot and 
Predvodi te lev  numbers ,  there is a dec rease  in the influence of the initial condition on the re la t ive  magnitude 
of the max imum t e m p e r a t u r e  drops  A0~nax/A0ma x (Fig. 1), and an inc rease  in the influence on the re la t ive  
t ime F o m a x / F o m a  x of their  occu r rence  (Fig. 2). 

For  t he rma l  shock, as in the case  of exponential va r ia t ion  of the t e m p e r a t u r e  of the medium,  the m a x i -  
mum t e m p e r a t u r e  drops  depend essent ia l ly  on the initial t e m p e r a t u r e  d i f fe rences .  Hence with increase  of 
the initial t e m p e r a t u r e  drop,  the max imum t e m p e r a t u r e  d i f ferences  inc rease  in absolute magnitude and they 
set  in at an e a r l i e r  s tage of the p r o c e s s  (at low Fo numbers ) .  

As is a l ready  known, in the case  of a l inear  law of va r ia t ion  of the t e m p e r a t u r e  of the medium,  the 
m a x i m u m  the rmal  drops occur  at the s tage of the quas i s t eady-s t a t e  sy s t em.  On the s t rength of this the 
initial conditions influence only the moment  of occur rence  of max imum t e m p e r a t u r e  d i f fe rences ,  while the 
magnitude of these d i f ferences  is de te rmined  in an identical manner  by the Predvodi te lev  number .  

By using the solution of the equation of the rma l  conductivity for  a l inear  law of var ia t ion  of the t e m -  
pe ra tu re  of the medium and an initial ass ignment  of the t e m p e r a t u r e  as a ce r ta in  function of the coordinate 
of the body, the following equation was obtained in this work:  

0 (~, Fo) = Pd m Fo - -  1 + ~ -  + ~ -  [(Pdm - -  Pdm_~) 

n = I  

4-. (Pdm_ t - -  Pdm_~) exp (--~t~Fo~,r~_x) 1 cos ~,~ exp (--~Fo), 

F%,m_~ _ a ('c m - -  x,~_~) 
R~ 

The derived equation can be r ecommended  for  calculat ion of the t e m p e r a t u r e  field of mas s ive  c o m -  
ponents in the case  of a r b i t r a r y  va r ia t ion  of the t e m p e r a t u r e  of the medium using a p iecewise  l inear  approx i -  
mat ion of the t e m p e r a t u r e  cu rve .  
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N O N S T A T I O N A R Y  T E M P E R A T U R E  F I E L D  IN A 

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

S O L I D  

Y u .  V.  V i d i n  UDC 536.2.01 

This  paper  cons iders  a method for  de termining a lower l imit  for  the nonsta t ionary  s y m m e t r i c  t e m -  
p e r a t u r e  field desc r ibed  by the l inear  different ia l  equation of heat conduction. The boundary condition de-  
scr ib ing  the supply of heat to the body f r o m  the outside is given in the f o r m  

(grad 0)s = f ( ~ )  

We a s s u m e  that the function f is nonlinear with r e spec t  to the sur face  t e m p e r a t u r e  of the body, is 
monotonical ly  decreas ing ,  and has inverse  concavity to the 0-axis .  S imi lar  r equ i r emen t s  a re  sa t i s f ied ,  for  
example ,  by functions which express  rad ia t ive  or  compound heating f r o m  a fixed t e m p e r a t u r e  heat source .  

A lower l imit ing t e m p e r a t u r e  field can be es tabl i shed by use of the "sl iding" approximat ion method. 
The e s sence  of this method consis ts  in replac ing,  over  the t ime  interval  (0, Fo*) (where Fo* is the design 
value of the Four i e r  number  Fo for  which it is r equ i red  to find the t e m p e r a t u r e  distr ibution inside the body), 
the actual  va r ia t ion  of the function f by an approximate  l inear  var ia t ion ,  namely ,  f = a - b O .  Here  the coef-  
f icients  a and b depend on the su r face  t e m p e r a t u r e  0s* = 0 (1, Fo*) ,  which holds at the fixed instant Fo =Fo*.  
The coefficients  a and b can be de te rmined  by solving the s y s t e m  of a lgebraic  equations 

f(0;)  = a -  b g  (1) 

[ (00) = a - -  be 0 (2) 

Obviously,  the magnitudes of the quantit ies a and b will va ry  in pass ing f r o m  one t ime instant Fo~* to 
another  Fo~*. Consequently,  for  each fixed value of Fo* the approximat ing line ( a - b 0 )  will have a comple t e -  
ly definite angte of inclination to the 0-axis .  T h e r e f o r e  it is p roposed  to speak of this method as the " s l id -  
ing" approximat ion  method.  A genera l  solution of the given l inear  p rob lem may be found in A. V. Lykov ' s  
monograph on heat conduction.? 

Since, in accord  with the initial p r e m i s e ,  the line ( a - b 0 )  always l ies  somewhat  below the t rue  curve  
f,  the calculated t e m p e r a t u r e  field will always be less  than the actual  t e m p e r a t u r e  dis tr ibut ion.  For  the 
pa r t i cu l a r  case  in which the function f degenera tes  into a l inear  function, the l imit ing t e m p e r a t u r e  field and 
the actual  t e m p e r a t u r e  field will coincide.  

To find the t e m p e r a t u r e  at a given sect ion at the given t ime  instant Fo = Fo*, it is n e c e s s a r y  to have 
avai lable  the numer i ca l  values  of the coeff icients  a and b at this pa r t i cu la r  instant.  To de te rmine  these ,  
however ,  it is n e c e s s a r y  to know the su r face  t e m p e r a t u r e ,  which is,  as yet ,  unknown. To proceed ,  then, one 
f i r s t  draws the graph of the re la t ionship  Fo = q~(0s) by using the avai lable  He is le r  n o m o g r a m s ,  which yield 
for  a given Fo* the cor responding  t e m p e r a t u r e  0~, and then a and b may  be calculated.  Fo r  pure ly  r a d i a -  
t ive heating the l a rges t  depar tu re  between the l imit ing and the actual t e m p e r a t u r e s  does not exceed 8%. The 
p r e sence  of a convect ive component  d e c r e a s e s  this difference,  the more  so the g r e a t e r  the propor t ion  of 
this component  in the total  heat flow supplied to the body. 

Using the approach descr ibed  above p re sen t s  an effective way of calculat ing the t e m p e r a t u r e  field 
when an essen t ia l  nonl inear i ty  is p resen t  in the boundary condit ions.  Moreover  the basic  idea of r e p r e s e n t -  
ing the function f on the in terval  (0, Fo*)  by the re la t ion  f = a - b O  remains  unchanged. However  the fo rmulas  

?A. V. Lykov, Analyt ical  Heat Diffusion Theory ,  Academic  P r e s s ,  New York (1968). 
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for finding a and b may be established by several  other concepts.  
in a special manner ,  a significant decrease  in the deviation between the true and calculated tempera ture  
fields can be achieved. Thus , i f  a and b are  determined by using Eq. (1) and the relat ion 

j" r (o) do = ~ (~ - b O )  do, 
Oo Oo 

the maximum relat ive e r r o r  in the tempera ture  in the case of radiative heat exchange for a plate is less  
than 4%. For  a cylinder and a sphere the accuracy  of the calculation is higher.  

If the selection of a and b is ca r r ied  out 

(3) 
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AN ANALYTIC ELECTRICAL SIMULATION METHOD 

FOR SOLVING ONE-DIMENSIONAL NONSTATIONARY 

HEAT-CONDUCTION PROBLEMS 

V. A. Dubrovnyi and E. I~ Zabokritskii UDC 681.142.334:536.21 

T h e r m a l  devices  can be s imula ted  by e lec t r i ca l  c i rcui ts  using e i ther  dis t r ibuted or concentra ted 
p a r a m e t e r s .  However ,  the phys ica l  s imu la t i on requ i r e s  a r e a l c i r c u i t  to be se t  up; the accu racy  of the c a l -  
culations depends on the accu racy  of the combinat ion of c i rcui t  e lements  and the m e a s u r e m e n t  of the r e -  
sulting quanti t ies .  

The authors  have worked out a specia l  case  of the e l ec t r i ca l - s imu la t i on  method: an analytic e l ec t r i ca l  
s imulat ion that does not r equ i re  the set t ing up of r ea l  models  and makes  poss ib le  the use  of the we l l -deve l -  
oped appara tus  of the theory  of l inear  e lec t r i c  c i rcui ts  for  the solution of compl ica ted  p rob l ems  of non- 
s ta t ionary  heat  conduction, espec ia l ly  for  mul t i l ayer  wal l s .  Although the method of analytic e l ec t r i ca l  s i m u -  
lat ion has been  used only for  solving one-d imens iona l  p r o b l e m s ,  it can also be used for  th ree -d imens iona l  
p r o b l e m s ,  

The a r t i c l e  desc r ibes  the bas i s  of the method,  gives examples  of the solution of nonsta t ionary  hea t -  
conduction p r o b l e m s  by the analys is  of T - shaped  equivalent c i rcui ts  with dis t r ibuted p a r a m e t e r s .  By using 
this method it is poss ib le  to de te rmine  the t e m p e r a t u r e  as a function of t ime for  the outer  su r faces  of each 
l aye r  of a plate  for  any boundary conditions,  including a s y m m e t r i c  boundary conditions.  If it is requi red  to 
de te rmine  the t e m p e r a t u r e  inside a l aye r  of the pla te ,  two equivalent c i rcu i t s ,  connected in s e r i e s ,  a re  se t  
up for  this l aye r .  

The analytic e l ec t r i ca l  s imulat ion method makes  it poss ib le  to obtain solutions in the f o r m  of Laplace  
t r a n s f o r m s .  The invers ions  to the or iginal  functions should be ca r r i ed  out in the usual  way. In some cases ,  
in fact ,  invers ion  is not requ i red  - for  example ,  in de termining  the t r a n s f e r  functions of automat ic  control  
systems. 

The article also shows, and gives the justification for, the possibility of considerably simplifying the 
calculations by replacing a plate with an equivalent circuit using concentrated parameters. Such a substitu- 
tion is possible in the analysis of a thermal process under steady-state conditions. However, in a number 
of cases with boundary conditions of the second and third kinds, such a substitution is possible from the very 
outset of the process. For cases in which the Biot criterion does not exceed 0.02, the error in the calcula- 
tions when this substitution is made will be no more than 1%. These conditions remain valid for a steel 
plate with a thickness of 90 mm or less and for an aluminum plate with a thickness of 418 mm or less in the 
examples considered. The calculations for multilayer walls can be carried out by using the analytic simula- 
tion method in such a way that some of the layers are replaced by equivalent circuits with distributed param- 
eters, and others by circuits with concentrated parameters. In addition, in order to find the temperature 
field in a particular layer within a multilayer wall, it is not necessary to solve the entire system of differen- 
tial equations set up for the entire wail. The method of analytic electrical simulation makes it possible to 
obtain a mapping of the temperature for the required layer in the simplest possible way. 
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