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The s ingular i t ies  of the advancement  of i so the rms  in composi te  bodies  a r e  considered,  and 
the i r  appl icat ion in the rmophys ica l  p r ac t i ce  is shown. 

Composite bodies are used extensively in engineering and in thermophysical practice. In the last 
case they are used to determine the heat conductivity A by the method of regular mode bicalorimeters 
(plane, cylindrical, ball) and also in instruments for the dynamical determination of the thermophysical 
properties of bodies [I, 2]. Usually the A built up on the shell case or the ;~ and a of the core are hence 
investigated. 

The mentioned methods of determining a and a are based theoretically on a whole series of assump- 
tions, and factors distorting the result sometimes arise in their practical utilization, among which is, for 
example, the looseness of the shell fit on the core. This forces the researcher to introduce intermediate 
media (grease) and to take account of their effect. 

This paper is aimed at establishing the regularity of constant temperature-front advancement | 
= idem in composite bodies and at showing the possibility of their utilization. 

To do this, let us first turn to an analysis of the Lykov solution [3] about the symmetry temperature 
field of a three-composite plate (a plane bicalorimeter), which is described by the dependence 
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for  a core  (enclosed body) under  boundary conditions of the I or III Mnd in the r egu la r  s tage ,  

Taking the logar i thm and different ia t ing (1) with r e spec t  to r for  r = idem in sequence yields a fo r -  
mula to compute the d i sp lacement  veloci ty  of the constant t e m p e r a t u r e  front [4], 

[ ' X O(l~---X).] = P~ Is c{g (~tlK~-l/2 ) . (2) 
L 0r j| l~ ~, 

Analysis of (2) shows that the displacement velocity of the isotherm O = idem in composite bodies 
depends on both their geometry (/|, 12) and on the thermophysical properties of the core and shell in the 
general case. For fixed body geometries and properties the velocity vo in the steady thermal kinetics 
stage is determined just by the coordinate x of the point under consideration and by the boundary conditions. 

If a characteristic equation for 0 -< #I -< ~/2, in the form 

( ) ( ) ,;(x/e,a c=p=caPl BiP'I 1+ ll lg .Pl ~ Ka 1/2 = 1 - -  BiP--L lq- tgpa_Kff= .qPlc=p= {g~x tg ~tx l~  K[1/~ , (3) 

is added to the dependence (2), then the combined solution of the s y s t e m  (2)-(3) for known l i ,  l 2, u l ,  el, 
%, Pi, 02, Bi ,and  the calculated v@ p e r m i t s  de te rmina t ion  of the t e m p e r a t u r e  conductivity of the shell  a2~ 

Let  us note that the veloci ty  v| is calculated by di f ferent ia t ion  of the behav ior  of the exper imenta l  
curve  T = idem at the point x of the core  in the coordinates  (l 1 - -  x) - -  r ,  and the fact of regu la r iza t ion  of 

S. Ordzhonikdize Ufim Aviation Institute. Translated from Inzhenerno-Fizieheskii Zhurnal, Vol. 
28, No. I, pp. 132-135, January, 1975. Original article submitted May 5, 1974. 

I stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. K 10011. No part of this publication may be reproduced, 

recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00. 

99 



the the rmal  mode is established by the equidistance of the path of the line sections for different T = idem 
(O = idem) in the coordinates  mentioned [4]. 

It is easy to show that the sys t em of equations needed to compute a 2 in the case of a cylindrical  bi-  
c a lo r ime te r  by acting analogously to the above and by using the solution in [3], is 

R1 J1 ~1 

. 1 1  
JJ 

0.<. lal ..< 2.4048. 

For  a ball b iea lo r imete r ,  the known solutions [3] a re  presented just for Bi = ~.  Then considering K~i/2 
[(R2/tl0 -- 1] i r ra t ional ,  we have 

ve = [ O(R~--r) = ~a~ (6) 

a~ ]~  ( R ~ - - ~ c t g ~ - - ~ [ )  R ~ ' r  

The select ion of the quantity gl in (2)- (7) is subject to the condition v| < ~ for x / l l  > 0 and r /R t  > 0 
[4]. 

As is seen f rom (2)-(7), the determinat ion of the quantity a 2 is not associa ted  with any constraints  
on the c o r e - -  shell pa i r  and has a r igorous  foundation. 

Now, let us turn  to an analysis  of the regular i t ies  of advancement  of the fronts O = idem in the pa r -  
t i cu la r  case when the core is surrounded by ei ther  a sufficiently thick shell with a rb i t r a ry  proper t ies ,  or 
by a shell whose t empera tu re  conductivity is known to be below the t empera tu re  conductivity of the core .  
For  brevi ty ,  let us call such a nucleus heat - insula ted .  

Then if  the t e r m  ~lK-~/2(x/12) becomes  a smal l  quantity (it is suffieient t ha t  t~lK-,1/2(x/12) <<- 0.42), 
then (2) for the core  of a plane b ica lo r ime te r  can be reduced to 

~1al Kgl/2 ~hal K-~1/2 
l~ L_ al 

vo  = ~ - ( 2 ' )  

tg DzK21/2 7-o D~KgZl~" 1-~ 

There  is no Pl in (2')and this indicates that the velocity vo  is now independent of ei ther  the shell 
p roper t i es  or  the the rmal  c i rcumstances  at  the b iea lo r ime te r  boundary, i . e . ,  on the quantity Bi. The 
la t te r  substantial ly simplif ies an exper iment  to de te rmine  the t empera tu re  conductivity a 1 of the core,  
whose magnitude it is not difficult to establ ish on the basis  of (2') for  a velocity vo  f irs t  calculated at the 
point x on the T = idem i so the rm in the regula r ized  kinetics domain. It is a lso c lear  that the need to p e r -  
fect the thermal  contact between the core  and the shell drops out he re .  

Starting f rom the fact that the Besse l  function of the f i rs t  kind for p l ( r / R l )  << 1 (the case of a heat-  
insulated cyl indrical  core) and v -> 0 can be represen ted  as 

' 
J~ ~a ~'~r(v +1)  2 ( F - - i s  the gamma function), 

we obtain the following re la t ionship:  

V O.=  2 a l  ( 4 ' )  
r 
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In a h e a t - i n s u l a t e d  ba l l  c o r e  we have  

v o = 3 al (69 
r 

According to our proofs [4], formulas (2'), (4'), (6') describe the rate of displacement of the iso- 
therm O = idem in the quasistation_ary mode for the corresponding noncomposite bodies. Hence, the 
boundary conditions of the I and Ill kind can be replaced in experimental practice by boundary conditions 
of the II kind by the method described here and by ma{ntenance of the contant heat flux density q = const, 
which is not subject to measurement, in the outer surface of the heat-insulated experimental bodies. 

In the regular thermal mode, when the time change in the temperature of the core is described by a 
simple exponential, taking account of the dependences (2'), (4'), (6') results in the deduction about the 
elliptical nature of the temperature distribution over the coordinate which holds for fixed r in the core of 
a plane bicalorimeter of the form 

o pl = fpl  (~h) 1 - -  ~ K ~  , 

and fo r  cy l i nd r i ca l  and ba l l  c o r e s ,  r e s p e c t i v e l y ,  

@cyl--/cyl(M1) 1 -- -~- \ RI ] ' 

_ /  2 

Oball : fball(/ll) V l - -  - -3-- ( -~1 ) " 

The  l a t t e r  should  be  t aken  into accoun t  in cons t ruc t i ng  the coo rd ina t e  funct ions  in a p p r o x i m a t e  m e t h -  
ods of so lv ing  the  c o r r e s p o n d i n g  h e a t - c o n d u c t i o n  p r o b l e m s  and c o m p u t a t i o n s ,  s ince  the e l l ip t ic  t e m p e r a -  
t u r e  d i s t r i b u t i o n  m a y  include the whole  c o r e .  Th i s  holds  fo r  #ltCat/2(l~/Z2) -< 0.42 in a p lane  b i c a l o r i m e t e r .  
Ana logous  e s t i m a t e s  can  be  m a d e  for  o the r  bod ies  a l so .  

9, T(x, T), TO, T c 

~I, 12, Ri, R2, x(r) 

T 

#i 
v| 
Ka 
Bi 

el, DI, a2, 02, P2 

NOTATION 

are the dimensionless and dimensional running temperature of the core, its 
initial temperature, and temperature of the surrounding medium; 
are the half-thickness of the plate-core and shell thickness, core radius and 
outer radius of a cylindrical (ball) bicalorimeter, running point of the core; 
is the time; 
are the temperature conduction, specific heat, and density of the core and shell; 
is the first root of the characteristic equations; 
is the velocity of the isotherm; 
is the criterion of the inertial properties of the core and shell; 
is the ]Mot number. 
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