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The f irs t  and fifth variations proposed by L. A. Somenov are  discussed, for determining the 
thermophysical character is t ics  of materials under quasi steady-state conditions. An im- 
proved calculation procedure by these alternatives is proposed and data are presented which 
have been obtained from tests using this procedure.  

During tests of materials  by Prof.  L.  A. Semenov's method, the possibility arose for introducing 
additions to the proposed procedure for determining the thermophysical coefficients which will permit  
simplification in carrying out the experiments and calculations. 

The experimental equipment (Fig. 1) comprises a thermostat  into which four plate samples with 
thickness R are  stacked one on the other. The two central plates with fixed proximity are considered as 
an "unbounded wafer" with thickness 2R heated from two sides by a thermal flux of uniform density and 
for constant time, which is generated by plane electrical  heating elements positioned between the edges 
of the samples. The gap formed between the central plates has no effect on the conduct of the experiment, 
as the thermal flux at the center of the unbounded wafer is zero for the stated conditions. The edges of the 
plates are  thermally insulated at the outer face, which permits any nonuniformity of distribution of the 
thermal flow between the samples to be almost completely eliminated. By arranging thermocouples at 
specified points the nature of the change of temperature with t ime at these points is determined by a galvano- 
meter  during the experiment. Before starting the experiment, the samples are thermostated with the 
positioned heaters and thermocouples. 

A most detailed description of the experimental apparatus and the proposed methods of testing (five 
variations) is given in [1] by L. A. Semenov. 
esting variations (the f irs t  and fifth). 
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Fig. 1. Diagram of equipment for c a r r y -  
ing out investigations by L. A. Semenov's 
method. 

We shall concern ourselves here with two of the most inter-  

Fi rs t  Variation. During the experiment to determine 
the thermophysical character is t ics ,  it is necessary to use two 
thermocouples: one to determine the value of the temperature 
difference At at the surface and in the center of the sample 
under test  when quasisteady-state conditions are  researched 
and which is then substituted in the formula for determining 
the coefficient of thermal conductivity k; the other :tomeasure 
the linear change of temperature at a chosen point of the plate, 
which makes it possible to determine the rate of rise of tem- 
perature t '  from which the specific heat C is found. 

However, to obtain the value of the specific heat C and 
the temperature conductivity coefficient a, it is possible to use 
only the f irs t  thermocouple for determining X. 

With double-sided heating of the plate, the temperature 
difference at stated points at any instant will be determined 
by the expression 
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Fig. 2. Graph of the dependence of 0(R ' r ) - 0 ( 0 ,  r ) /K i  and 0(0.sR, r) 
/K iFo  on Fo. 

Fig. 3. Dependence of the rat io of the t empera tu re  d i f ferences  
a (R-0 )  and ~(R-0.5R) on the Fo number for  k = 2.0. 

0(R'*)--0(~ =0,5 --  Z '~-~n4 exp (-- l*~2 Fo), (1) 
n = 1 , 3 , 5  . . . .  

where  
~n ~ hal 

It is obvious that the quantity 0(R ' r ) -O(o ,  r) /Ki depends only on Fo (Fig. 2) f rom the o ther  side. 

O(n,-,:) - -  0(0,~) h t j ~  ( 2 )  

Ki qR 
By making the corresponding substi tutions of the t empera tu re  d i f fe rence /x t  r over  defined intervals  of 

t ime &r, we de te rmine  X [1] by the final value of At and by the known value of ~, having chosen an a r b i t r a r y  
value of At r (near  the s t a r t  of the experiment)  and by formula  (2) we find the quantity 0(R ' r ) -0(0 ,  r) /Ki for  
a given instant r .  We obtain the value of Fo f rom the graph (Fig. 2) corresponding to this same t ime,  a f te r  
which the t empera tu re  conductivity coefficient  is given by the express ion 

a -- Fo R ~ (3) 
T 

and the specif ic  heat by the formula  

C -  ~ (4) 
a7 

Thus, the additional thermocouple  is not n ece s sa ry  and hence the t ime of the exper iment  is shortened 
and, as the exper iment  shows, the accu racy  of the resul t  obtained is a lmost  unchanged. 

The second possibi l i ty  of finding the thermophysical  cha rac te r i s t i c s  using only the second t h e rm0-  
couple (with the cold junction at constant tempera ture)  is also of in teres t  for  this variation.  As is wel l -  
known, the specif ic  heat  C is de termined  f rom the data of this thermocouple .  

In finding C, we consider  the possibi l i ty  of determining X and a by setting the hot junction of the 
thermocouple  at the point x /R  = 0.5. The change of t empera tu re  at the point x /R  = 0.5 is subject  to the law 

0(o,sR,z) 
Ki 

: :Fo 1 ~ ' ~  -% 2 . . . . .  (--1) 2 . ~ -  exp (--p,~ Fo). (5) 
24 , ~  

n=2 ,4 ,6  . . . .  

We divide both par ts  of express ion  (5) by Fo 

0(0,sR,,) . . . .  1 _. Fo 1 (--1) 2 
Ki Fo Fo ,_ 24 

n = 2 , 4 , 6  . . . .  

2 ] (6) 
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TABLE 1. Comparat ive Results of Determining the Thermophysical  
Charac te r i s t i cs  of Gypsum 

Method of investigation 

First variation 

Method proposed by L.A. 
Semenov 

Use of a differential thermo- 
couple 

Use of thermocouple with con.- 
stunt temperature of cold 

I junction 

Fifth variation 

Method proposed by L. A, 
Semenov 

Use of generalized numerical 
procedure 

Thermophysical characteristics 

keal kcal 

0.360 0.275 

0,362 0,274 

0,358 0,270 

rfl  2 
a. to', h 

0,119 

0.120 

0,362 0,273 

0,362 0,273 

0,120 

0,120 

0,120 

and we expand the left hand par t  

o(o,5~,~)  . = [ t (o , sz , , )  - - t e l  Re  Z ( 7 )  
Ki Fo q~ 

Obviously, by taking any value of t(0.sR, T)--t0 f rom the experiment  corresponding to the instant T, 
we can determine expression (7) which, on the basis of Eq. (6) is a function only of Fo. 

F rom the graph (Fig. 2) showing the function 0(0 ~R T~/KiF~ = f(Fo), we find the value of Fo c o r r e s -  
ponding to the t ime �9 and then we determine a by form'ula'(31. The coefficient of thermal  conductivity k is 

= aCv. (8) 

Fifth Alternative. In the proposed form,  this alternative has many drawbacks:  f i rs t  of all, a formula 
is used in it which simplifies the calculations only at small  values of Fo; secondly, the numerical  par t  is 
too complicated for  determining the rat ios of the tempera ture  difference at two points during a finite instant 
of t ime and thirdly,  in o rder  to determine the required charac te r i s t i cs  for  each experiment it is neces sa ry  
to construct  a graph of the functions At i = f( 7 l) and At 2 = f(kT1) , which considerably complicates  the ca lcula-  
tions and gives an ex t remely  cumbersome method. 

The solution of this problem can be simplified considerably.  

In o rder  to determine the tempera ture  differences At i and At z at the instants ~l and kTi, we can wri te  
on the basis  of Eq. (1) and (2) 

0(n k~,) - -  O(o,k~) t(R,k~,) --  t(o,k~,) (9) 
a = ' = = ~p (Fol). 

0(R,~D --  0(o,~0 t (R,~,)  - -  t O / q )  

Figure  3 gives the graph of this function for cases  of measurement  of tempera ture  differences t(R ' ~=) 
- t (0,  T) and t(R ' T)-t(0.5, T) when k = 2.0. It  can be seen f rom what has been said above that, using the 
readings of only one thermocouple giving the tempera ture  difference at the stated points, the value of Fot 
can be found easi ly and then, f rom expression (3) we can find a; knowing Fo 1 we determine the quantity 
0(R ' 71 ) -0(0  ' Tl)/Ki f rom the graph (Fig. 2), f rom which we obtain ~, and we obtain C f rom formula (4). 

In o rder  to obtain g rea t e r  accu racy  of the resul ts ,  the functions plotted in Fig. 2 and 3 are  tabulated 
and this facili tates the work considerably.  

Using this method, experiments which showed the excellent resul ts  were  ca r r i ed  out in the s t ructural  
physics  labora tory  of the Rostov-on-Don Engineering-Construct ion Institute. Gypsum samples with dimen-  
sions 250 • 250 • 40 mm were  tested; this dimensional rat io permits  samples with thickness 2R to be ac -  
cepted for the unbounded plate, as no disturbance of the one-dimensional i ty  of the tempera ture  field is 
observed throughout the entire experiment.  This situation is substantiated theoret ical ly  and experimental ly 
[1, 21. 
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Table  I shows the c o m p a r a t i v e  r e s u l t s  of de te rmin ing  the the rmophys ica l  c h a r a c t e r i s t i c s  of gypsum,  
t es ted  by di f ferent  methods.  I t  can be seen f rom the table that  all  the resu l t s  obtained a r e  in good agreement ;  
in the fifth var ia t ion  the re  is no deviation on the whole,  as a numer ica l  p rocedure  is not involved, and these  
s a m e  data a r e  p r o c e s s e d  in genera l i zed  form.  

e(x, T) 
Ki 
Fo 
n 

q 
R 

N O T A T I O N  

is the r e l a t ive  t e m p e r a t u r e  at point x at the instant  w, 
Is the Ki rp iehev ' s  c r i te r ion;  
ts the F o u r i e r  number;  
ts the num ber  of t e r m s  of s e r i e s ;  
Is the speci f ic  t he rma l  flux, k c a l / m  2 �9 h; 
is the ha l f - th ickness  of pla te ,  m; 
is the volume weight of m a t e r i a l ,  k g / m  2. 

1o 
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