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The essence of the method consis ts  in comparing the heating curves  of the test  liquids and a s tandard 
liquid. The method was f i r s t  proposed by Osmond for  investigating internal t ransformat ions  in solids [1]o 
Later  on, it was used by Turovskii  and Bartenev [2] to investigate the specific heat of metals.  In the Tur-  
o f s k i i - B a r t e n e v  apparatus two samples,  of exactely the same size and shape, of the investigated and 
s tandard (of known specific heat) metals with a blackened surface were cooled under identical conditions 
(in the open air).  The dependence of the tempera tures  of both specimens on time was recorded,  and the 
specific heat of the test  specimen C 1 was found f rom the formula 

G2 (dr / d~)~ 
c~ = (~ ~ (1) 

Here,  C 2 and G 2 are  the specific heat and weight of the s tandard 
mater ia l ,  G 1 is the weight of the test  specimen, t is temperature ,  ~- time, 
and dt/d~- are  the corresponding cooling ra tes .  

Subsequently, the method of regular  heating and cooling was used 
by a number of authors to investigate the thermal  conductivity of metals 
[3]. 

Our measuring apparatus was designed on the basis  of the following 
considerat ions .  By analyzing the solution of the problem for a spherical  
isotropie specimen, whose density, specific heat, and thermal  eonductibity 
do not depend on temperature ,  with a constant inward-di rec ted  heat flux 
at the surface it is possible to est imate the time start ing f rom which the 
tempera ture  field in the specimen may be assumed to be quasistat ionary.  
For  this time the Four ie r  number 

Fig. 1 

a~o F = ~ >~ 0.5 (2) 

The maximum temperature  drop between the center  of the sphere 
and its surface is 

R ~ dt 
At = 6a ~ (3) 

Here a is the thermal  diffusivity and R the radius of the sphere.  

The tempera ture  averaged over  volume (reference temperature)  is 

R ~ dt 
<t> = t-- ~0a dr (4) 

where t is the temperature  at the surface of the specimen.  

Novosibirsk.  Transla ted f rom Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki,  VOlo 11, No. 2, 
pp. 174-176 ,  March-Apri l ,  1970. Original ar t icle  submitted May 30, 1969. 

�9 1972 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. 

360 



d200 

27a0 - -  

/300 [ ~  0 ~o 80 720 

Fig. 2 

ZIG 

f. 1! 

1.00 

I 

kJ/kg.deg 
I 
I 

l / 
f 

~1o ~o 

Fig. 3 

&o 
~o o 

a 

~5~ ~70 

Assigning a satisfactory heating rate of the order of 6-10 deg/h, we make the necessary estimates. 

For a sphere with a radius of 30 mm filled with water T 0 ~ 0.9 hr, At ~ I~ The thermal diffusivity of 

Freons is 3-4 times less than that of water, and correspondingly we have T O ~3 hr, At ~ 3.5~ 

Clearly, the results are unsatisfactory. Good results are obtained for a sphere with a radius of i0 

ram. The time ~'0 is then reduced to 10-20 rain, and the temperature drop At to tenths of a degree. 

In this case, however, the relationship between the specific heats of the calorimeter and the liquid 

filling it sharply deteriorates. 

Nonetheless, the same result for "r 0 and At is obtained if we consider not a liquid-filled sphere, but 

a spherical layer between two coaxial spherical shells. In this case it is even possible to reduce the 

thickness of the layer to 5 mm, while retaining a favorable relationship between the specific heats of the 

calorimeter and the test liquid. 

The experimental calorimetric system is illustrated in Fig. I. The inner 2 and outer i calorimeter 

shells are made of IKhI8N8T stainless steel 0.3 mm thick, the corresponding diameters being 50 and 60 

ram. The exterior shell 3 is made of copper 4 mm thick. The air gap is I0 n~im wide. A stainless-steel 
capillary 4, 1 mm in diameter, connects the calorimeter with the filling system and a vacuum pump~ A 

constant pressure is maintained by a thermocompressor. The entire calorimetric system is attached to 
the cover of the constant-temperature chamber 5. 

The ends of chromel-alumel thermoeouples 6, made of 0.3-ram wire, are attached to shell I. These 

ends are inserted in thin sleeves (5 = 0.2 ram) to ensure reliable contact with the surface of the sphere. 

One thermocouple forms part of a differential thermocouple, whose other end is imbedded in the exterior 

shell 3o The other thermoeouple is used to measure the temperature at the calorimeter surface. 

Estimates of the Biot number of the heat receiver in different regimes give values on the interval 

B ~ 0.003-0.03. This makes it possible to measure the temperature of the exterior shell at one point. 

The reference temperature is determined by introducing a correction in accordance with Eq. (4). 

As a result of heating a temperature difference, which is subsequently kept constant, is created 

between the copper shell 3 and shell 2 of the calorimeter; a R-306 potentiometer is used for monitoring 
purposes, but at this stage regulation is manual, with a galvanometer serving as null detector. 

Once the operator has acquired a certain skill, the zero drift does not exceed 0.05~ at a tempera- 
ture difference of 6-12~ 

The experiment consists in recording the heating curves of the empty calorimeter and the calorim- 

eter filled with the calibration liquid (water) and the test liquid. The liquid is heated continuously up 

to the saturation line. The formula for the specific heat of the test liquid C 2 takes the form 

v2 t" / t (  - -  i v2 ~,' ~'~" 
C~Cz vl t ' t t z ' - - ' t '  C ~ : C l  v l  "~z'--T' (5)  

H e r e ,  C 1 i s  the s p e c i f i c  hea t  of the c a l i b r a t i o n  l iquid ,  v 2 and  v~ a r e  the s p e c i f i c  v o l u m e s  of the t e s t  
and  c a l i b r a t i o n  l i q u i d s ,  t '  i s  the e m p t y  c a l o r i m e t e r  hea t ing  r a t e ,  t '  1 and t '  2 a r e  the hea t ing  r a t e s  for  the 
c a l o r i m e t e r  f i l l e d  wi th  the c a l i b r a t i o n  and t e s t  l i qu ids ,  m} a r e  the r e c i p r o c a l s  of the hea t ing  r a t e s .  
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The experimental  t(z)~ tl(~), and t2(J curves ,  r ecorded  at a temperature  difference between the 
ca lo r ime te r  and the shell of the order  of 6~ are presented in Fig. 2. The time was measured co r r ec t  
to 0.2-0.3 sec with a stopwatch. The thermocouple emf was measured  with the R-306 potentiometer  as 
the galvanometer  light spot passed  through zero .  

In view of the considerable difference between the heating ra tes  of the empty and the liquid-filled 
ca lo r ime te r ,  the temperature  measurements  are affected by dynamic distortions~ Their influence on the 
accuracy  of determination of the specific heat is slight only at commensurable  heating ra tes  of the empty 
and l iqu id- f i l ledca lor imeters .  A rough est imate  of the constant of thermal  inert ia of the heat r ece ive r s  
makes it possible to establ ish an upper limit for the heating rate difference such as to ensure an accuracy  
of • 5% in determining the specific heat. This limit is roughly equal to 60-80 deg/h when suitable c o r r e c -  
tions are introduced. 

However, it should be taken into account that as the specific heat of the ca lor imeter  decreases  there 
is a considerable reduction of the relative e r r o r  that it introduces into the result ,  as follows f rom an 
analysis  of the calculation formula .  

The relat ive e r r o r s  of the heating ra tes  are calculated f rom the formulas 

t~ '  - -  t l "  t"  t '  
5 t '  - -  ( t '  - -  t { )  ( t '  - -  t.. ') A t ' ,  5 t j '  --: h '  ( t '  - -  h ' )  A t { ,  5 t~ '  = t~' ( t '  - -  Q ' )  Atz '  (6) 

In determining the reference  tempera ture  without introducing a cor rec t ion ,  in accordance with Eq. 
(4) the maximum possible e r r o r  is less than 0.1% in view of the weak temperature  dependence. On the 
other hand, given two calibrat ion liquids, it is general ly  possible to eliminate the specific heat of the 
ca lo r ime te r  f rom the calculation formula .  It then becomes unnecessary  to r eco rd  the heating curve of the 
empty ca lo r ime te r .  In this case ,  we employ the formula 

c~ --~,--; ~ (~" - ~') - ~ (~' - ~') (7) 

Here, T' 1 are  the rec ip roca l s  of the heating rates;  the subscripts  1 and 2 relate to the two calibration 
liquids, and the subscr ipt  3 to the tes t  liquid. 

We used the apparatus descr ibed above to measure  the specific heat of Freon 21 on the saturation line 
up to p r e s s u r e s  of 11 bar .  The measurements  were made at two different tempera ture  differences between 
the shell and the ca lo r imete r :  ~ 6 and 12~ The heating ra tes  were determined directely in #V/sec. Data 
on the density of Freon 21 on the saturat ion line were taken f rom [4]. The resul ts  of the measurements  are 
presented  in Fig. 3, where 3 represen t s  the ser ies  of points obtained at a temperature  drop ~ 12~ 4 those 
obtained at ~ 6~ The same figure also includes the experimental  data obtained by Benning on the t empera-  
ture interval  f r o m - 1 2 o l  to 55.2~ and by the Leningrad Technical Institute of the Refr igerat ion Industry 
(LTIKhP) on the interval  f rom - 6 4  to 59~ The accuracy  of the LTIKhP data is es t imated by the authors 
at �9 1%. 

As may be seen f rom Fig. 3, there is sa t is factory agreement  between our resul ts  and the ea r l i e r  
data. The maximum deviation in the region of overlap does not exceed 0.6%. After corre la t ing  the resul ts  
we obtained an empir ica l  express ion for the specific heat (in kJ/kg.deg) on the saturation line as a function 
of temperature  (~ 

Gp = i.0342 -~ 3.4i9.10 -a t J- 9.578.10-~t ~ (8) 

for the temperature  interval 34-90~ 

The maximum deviation f rom the curve was 0.7%, the mean-square  e r r o r  0.28%~ 

The e r r o r  of the resul ts  obtained, allowing for the calibration e r r o r  and possible systematic  e r r o r s ,  
does not exceed • The chief contribution to the e r r o r  is introduced in differentiating the time depen- 
dence of the tempera ture  during heating. It should be kept in mind, however, that these curves  are quite 
smooth (the scat ter  does not exceed 0.01-0.02%) and very  well reproducible .  Thus, in four repeat  measure -  
ments of the specific heat of Freon 21 we recorded  the same t2( j dependence. The maximum deviation of 
the heating time for a constant temperature  difference of the order  of 30~ was less than =~ 0~ with- 
out co r rec t ions .  
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Thus, the method is characterized by the simplicity of the apparatus and the experimental technique, 
as well as by its speed and the accuracy of the results. 
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