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We p re sen t  the theory  behind the method of complex de te rmina t ion  of the the rmophys ica l  c h a r -  
a c t e r i s t i c s ,  based  on solution of the heat -conduct ion p rob lem for  a flat  b i c a t o r i m e t e r  under 
conditions of a r egu la r  t h e r m a l  r eg i me  of the 2nd kind. 

The method of de te rmin ing  the t h e r m a l  conductivity and heat  capaci ty  of nonmetal l ic  sheet  ma te r i a l s  
[1], a development  of the work  by E ie rmann  et al. [2] and Yagfarov [3], involves the heating - at a constant 
ra te  - of a packet  of the sheet  m a t e r i a l s  being invest igated,  with a plate of known heat  capaci ty  inse r ted  
between the sheets .  Unlike [2], the method proposed  by the authors  is complex and does not suffer  f rom 
cer ta in  of the diff icul t ies  encountered in [3], i . e . ,  the need to ensure  an identical flow of heat  to the two 
spec imens  being heated  s imul taneously .  

Let  us examine the analyt ical  solution of the p rob lem.  

The t e m p e r a t u r e  dis t r ibut ion in the t es t  spec imen  and in a control  s tandard (Fig. 1) is found f rom 
a solution of the following di f ferent ia l  equations: 

Oh (xi, x) O~t~ (x.  ~) 
Ox = a l  dx~ , 0 ../xt .~ 6t; (1) 

Otz (xv ~c) 02tz (x 2, ~) 
= a  z , O < x z < 6  z (2 )  

Or Ox~ 

for  the following boundary and initial  conditions: 

ti (0, T) = to + b*; (3) 

Otz(62' x) =0; (4) 
Ox2 

h (xi, O) = tz(x v O) = to = const (5) 

and the joining conditions for  the heat  flows and t e m p e r a t u r e s  at the point of contact:  

Oh (6~, z) = Xz OQ(O, z______~), (6) 
Oxi Ox2 

tl(6i, .r t2(O ' ,~). (7) 

The solution of the p rob lem is sought in the fo rm of the sum of two solutions 

t, (xv ~) ----- ho + 6if,where i = 1, 2. (8) 

The f i r s t  solution co r r e sponds  to a quas i s teady  reg ime;  the second solution enables  us to account for 
the effect  of the initial t e m p e r a t u r e  dis tr ibut ion.  

T rans l a t ed  f rom Inzhene rno-F iz i chesk i i  Zhurnal ,  Vol. 16, No. 3, pp. 516-520, March,  1969. Or ig -  
inal a r t i c le  submit ted  Apri l  25, 1968. 
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Fig. 2. Elect r ica l  c i rcui t  of the installation. 

The solution corresponding to the quasisteady regime has the form 

b x 2 . + c u x ~ +  + b ~ .  (9) t i c  ~ ~ ~ �9 C2i 

The coefficients eli and e2i are  found f rom the conditions by means of which we account for the heat 
ba lance ,and also from Eqs. (3) and (7). 

Having used (9) to calculate the tempera ture  differences between the surfaces  of the test  specimen and 
its center  (xl = 6~/2) and turning to the delay t imes  At = b a y ,  we derived a formula  for the determinat ion 
of the specific heat capacity C and for the coefficient of thermal  conductivity X: 

C = 4C2yz62(A't:i--2A'~2) (10) 
t 

~h61 (4hxz-- ATI) 

~ =  Czy~Sz6t . (11) 
4Axa-- A~ l 

Calculating-the t empera tu re  differences exclusively between the surfaces  of the specimen,  we find the 
formula  for the determinat ion of X: 

~. = q~C~y~62 " 6i , (12) 

where 

r  I Ctyl~} l 
2 C2%62 " 

A s imi la r  formula  was derived in [4]. 

If we do not know the heat capacity of the specimen,  we can use this formula  if we satisfy the r e l a -  
tionship 

Ciyi6 i << C~y~6~, 

since in this case ~ ~ 1. 

This condition is achieved through proper  select ion of specimen and control thicknesses.  

The solution by means of which we make provis ion for the effect of the initial t empera ture  d is t r ibu-  
tion is sought in the form 

363 



~ t , = ~ A ~ e x p ( - - ~ n x )  sin l ~  xt 
. - ,  v V, ' (13) 

n=!  u C/2 

These  equations sa t i s fy  conditions (1), (2), (4), and tl(0 , "r) = 0. 

After  subst i tut ion of (13) and (14) into (8), and af ter  using (6) and (7), we find the c h a r a c t e r i s t i c  equa-  
t ion for  the de te rmina t ion  of Pn: 

1 
8i F a ,  *;z Y a2 

The coeff icients  An and Bn a re  found in the s a m e  way as  in [5]. 

This  solution enables  us to de t e rmine  the the rmophys ica l  c h a r a c t e r i s t i c s  of the ma te r i a l  of the outside 
l aye r  of a b icomponent  body when the volume heat  capaci ty  of the ma te r i a l  making up the inside l aye r  is 
known. No l imi ta t ions  a re  imposed  in this case  on the re la t ionship  between the coeff icients  of the t h e rma l  
conductivi t ies of the l a y e r s .  

In the p rac t i ca l  r ea l i za t ion  of the method in connection with the study of m a t e r i a l s  exhibiting low t h e r -  
mal  conductivity,  to e l iminate  the t e m p e r a t u r e  d i f fe rence  within the control  s tandard it is advisable  to use 
a meta l  as the s tandard  ma te r i a l .  This  makes  it poss ib le  to choose a s tandard whose heat capaci ty  is known 
for  a wide range  of t e m p e r a t u r e s .  

Fo rmu la s  (13) and (14) enable us to evaluate the t ime  for  the onset  of the quas is teady reg ime .  If the 
ma t e r i a l  of the f i r s t  plate is a heat  insula tor ,  and if the ma t e r i a l  of the second plate is a meta l  - and if 
the i r  th icknesses  a r e  c o m m e n s u r a t e  - the t ime  is found f rom the conditions for the regu la r i za t ion  of the 
t e m p e r a t u r e  field in the insula tor  ( formula  (13)). For  this case ,  the t ime for  the onset  of the quasis teady 
r e g i m e  can be evaluated by the extent to which the following epxres s ion  approaches  zero :  

& t t x = 8 , -  &i[x=o _ ~t~[x=~, (16) 
= t to l~=8 ,  - -  t~olx=0 A t ,  

This  exp res s ion  has been  der ived  on the ba s i s  of (8) and r e p r e s e n t s  the ra t io  of the two components  
of the overa l l  t e m p e r a t u r e  d i f ference  - the nonsteady and the quas is teady components .  

It is obvious that  when 0 < ~- < ~,  1 > ~ - -  0. 

The n u m e r a t o r  In (16) is de te rmined  f rom (13). Ser ies  (13) converges  rapidly ,  which follows f rom the 
solution of the c h a r a c t e r i s t i c  equation (15). 
p r e sen t  exp res s ion  (16) in the fo rm 

where  

and/~I is found f r o m  (15). 

Limit ing ou r se lves  to the f i r s t  t e r m  of s e r i e s  (13), we can 

= k exp (--  ~i~), (17) 

Having specif ied the accu racy  for  the de te rmina t ion  of the quas is teady r e g i m e  at 0.5%, we find exp 
(-/,iv) - 0.005 or  Fo >- 5 . 3 / x  2, where  x = ~ The calculat ions which were  p e r f o r m e d  for  the heat  in-  
s u l a t o r - m e t a l  s y s t e m ,  given c o m m e n s u r a t e  th icknesses  of the l a y e r s  (53 ~ 262) show that ~ ~ 1. 

To invest igate  the t he rmophys i ca l  p r o p e r t i e s  of nonmeta l l ic  ma te r i a l s  by the method desc r ibed  he re ,  
we developed an instal la t ion which is based  on two flat  hea t e r s  be tween which a b i c a l o r i m e t e r  is positioned; 
the b i c a l o r i m e t e r  is made up of the spec imens  being tes ted  and of a c a l o r i m e t r i c  device (Fig. 2). 

In connection with the need to m e a s u r e  t e m p e r a t u r e s  when x 1 = 61/2, we use two identical  f iat  spec imens  
of th ickness  d t. The th ickness  of the c a l o r i m e t r i c  device is d 2. Thus ,  61 = 2d i and 62 = d2/2 , and the work -  
ing fo rmulas  a s sum e  the fo rm 
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C = C2u (~Ti "-- 2•T2) (10') 
"vidi (4a~2 - -  A~) 

~ = C2~2d2di (11') 
4A~ z - -  AT l " 

The test  specimens are  disks 90 mm in d iameter ,  with a thickness of d 1 = 1-3 ram. 

The ca lor imet r ic  device is made of M-1 grade copper and it consists  of a core  surrounded by a p r o -  
tective ring. The core is a disk that is 67 mm in d iameter ,  and its thickness d 2 is 6 ram. The p ro t ec -  
tive r ing has an inside d iameter  of 70 ram, and the outside diameter  is 90 ram. The core is held in pos i -  
tion by means of 3 thin ceramic  tubes. 

The selection of copper as the standard mater ia l  is a consequence of its high thermal  conductivity and 
its thoroughly studied heat capacity.  

The side surface of the packet is surrounded by a thin-walled copper sc reen  with a heater .  The t em-  
pera ture  is regulated automatical ly to eliminate heat losses  through the ca lor imet r ic  device. 

The geometr ic  dimensions of the specimen and of the ca lor imet r ic  device were chosen on the basis  
of calculations and from an analysis  of the tempera ture  distribution in the sys tem,  bearing in mind the ex- 
change of heat between the side surface of the specimen and the screen,  proceeding from the condition of 
pe rmiss ib le  dis tor t ion of the tempera ture  field in the center  portion of the spec imen-s tandard  sys tem.  

Each heater  is made up of a copper r im to which a heating element of Nichrome foil is attached. To 
ensure  rel iable thermal  contacts,  the entire packet is tightened by means of a spr ing-opera ted  clamp to 
maintain constant p r e s s u r e  (to reduce the thermal  res i s tance  of the contacts,  the specimen surfaces  are  
also polished and lubricated).  

The l inear shape of the h e a t e r ' s  t empera tu re  curve during the course  of the experiment is achieved 
by means of a p rog rammed  device s imi lar  to the one descr ibed in [6]. The emf of thermoeouple 1, pos i -  
tioned in the immediate vicinity of the heating element,  is compared with the signal from the device which 
sets the l inearly varying e m f -  the rheochord.  After amplification, the unbalanced signal controls an induc- 
tion motor (I1VD connected to the shaft of an LATR-1 type labora tory  au to t ransformer .  

Two-posi t ion regulation is accomplished by means of a photorelay based on an M-195/1 galvanometer ,  
a polar ized RP-7  re lay,  and through use of an FD-3 photodiode as a photosensit ive pickup. The signal f rom 
the differential  thermocouple 2-3 is t ransmit ted  to the photorelay input; the junctions of the thermocouple 
are  embedded in the sc reen  and in the ca lo r imet r i c  device. 

A s imi lar  photorelay is also used to maintain heating symmet ry  for the principal heaters  (differ- 
ential thermocouple 4-5). The sc reen  heater  is connected to the output of the au to t rans former  of the l inea r -  
heating system. The regulator  res is tance  is connected in ser ies  to the heater  to set the power level and 
the ballast  res i s tance  which is bypassed on actuation of the relay.  The sys tem is so adjusted that with an 
open re lay  10% of the h e a t e r - s c r e e n  power is re leased at the ballast  r e s i s to r .  

To measure  the t empera tu res ,  we used C h r o m e l - A l u m e l  thermocouples .  Thermocouple 6 is mounted 
in the heater  r im,  and thermoeouple 8 is imbedded in the core of the ca lo r imet r i c  device. Thermocouple  7, 
record ing  the tempera ture  between the specimens,  is rolled to a thickness of 0.05 ram. 

The measurements  pe r fo rmed  during the course  of the experiment  reduced to the determinat ion of the 
delay t imes A~- l and A'r2, in analogy with [7]. 

The overall  e r r o r  of the method is est imated as approximately 10%. 

To tes t  the method on the installation described,  we per formed experiments  with a nonoriented poly-  
methyl methacryla te ,  and the resul t  f rom the experiments  yielded good agreement  with the data of [8]. 

The installation was used to determine the thermophysieal  charac te r i s t i c s  of numerous mater ia ls  in 
a t empera ture  range from 20-40~ When using low- tempera ture  thermostat ing devices,  we can expand 
the range of t empera ture  tests to the region of negative t empera tures .  Moreover ,  there  are  no basic l im-  
itations on expanding the a rea  of application for the method in the direct ion of high tempera tures .  
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NOTATION 

is the coefficient of thermal diffusivity; 
is the temperature;  
is the time; 
denote thickness; 
is the volume mass; 
is the heating rate; 
is the initial temperature; 
are the temperature delay times for the specimen and the joint with the calorimetr ic  plate 
relative to the temperature of the heater and to the temperature at the center of the specimen; 
is the coefficient of thermal activity; 
are the roots of the characterist ic  equation. 

S u b s c r i p t s  and  S u p e r s c r i p t s  

1 re fe r s  to the parameters  of the material being investigated; 
2 re fe rs  to the parameters  of the control-standard material. 

1. 

2o 

3. 

4o 

5. 
6. 
7. 
8. 
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