DETERMINATION OF THE THERMOPHYSICAL
CHARACTERISTICS OF MATERIALS BY
L. A, SEMENOV'S METHOD

N. I. Zhukov UDC 5386.21

The first and fifth variations proposed by L. A, Somenov are discussed, for determining the
thermophysical characteristics 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 time at these points is determined byagalvano-
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. We shall concern ourselves here with two of the most inter-
esting variations (the first and fifth),

First Variation, During the experiment to determine
the thermophysical characteristics, 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 A; the other tomeasure
@ the linear change of temperature at a chosen point of the plate,
= o~ which makes it possible to determine the rate of rise of tem-

; perature t' from which the specific heat C is found. ’

ALY ALALLLARAANALS

[] [‘T
I
xg = However, to obtain the value of the specific heat C and

the temperature conductivity coefficient a, it is possible to use
only the first thermocouple for determining A,

Fig. 1, Diagram of equipment for carry- With double-sided heating of the plate, the temperature

ing out investigations by L. A, Semenov's difference at stated points at any instant will be determined
method, by the expression
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Fig. 2. Graph of the dependence of 6(g )0, 7)/Ki and 6y sR, )
/KiFo on Fo,

Fig. 3. Dependence of the ratio of the temperature differences
o(R—-0) and a(R—0.5R) on the Fo number for k = 2.0.

@

WB‘R-“QG—“’"’ =0,5 — E % exp (— W, Fo), 1)
n=13.5, ... "
where
W, = A,
It is obvious that the quantity (R N =00 T)/Ki depends only on Fo (Fig. 2) from the other side.
8k —80.m _ Afh (2)
Ki gR

By making the corresponding substitutions of the temperature difference At over defined intervals of
time A7, we determine A [1] by the final value of At and by the known value of A, having chosen an arbitrary
value of At (near the start of the experiment) and by formula (2) we find the quantity 6(R, 10, 7/Ki for
a given instant 7. We obtain the value of Fo from the graph (Fig. 2) corresponding to this same time, after
which the temperature conductivity coefficient is given by the expression

a = FO R2 , (3)
T
and the specific heat by the formula
c=2> )
ay

Thus, the additional thermocouple is not necessary and hence the time of the experiment is shortened
and, as the experiment shows, the accuracy of the result obtained is almost unchanged.

The second possibility of finding the thermophysical characteristics using only the second thermo-
couple (with the cold junction at constant temperature) is also of interest for this variation, As is well-
known, the specific heat C is determined from the data of this thermocouple,

In finding C, we consider the possibility of determining A and a by setting the hot junction of the
thermocouple at the point x/R = 0.5. The change of temperature at the point x/R = 0.5 is subject to the law

@

- R

U S N S \}W (—1? 2 exp (—u? Fo). (5)

Ki 2 uz .
n=2,4,6, ...
We divide both parts of expression (5) by Fo
80,55, 1 [ ! 3\ T 2 2 ] (6)
2 =~V Fo e —1 —— exp (— p2 Fo)

Ki Fo Fo | 24 et 1) [ Pt

n=24,6,...
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TABLE 1. Comparative Results of Determining the Thermophysical
Characteristics of Gypsum

Thermophysical characteristics

Method of investigation keal . _keal ager, T
"m-h.deg| ' kg-deg "h
Method proposed by L. A. 0,360 0,275 0,119
Semenov
First variation |Use of a differential thermo- 0,362 0,274 0,120
couple
Use of thermocouple with con- 0,358 0,270 0,120
stant temperature of cold
| _junction
Method proposed by L, A, 0,362 0,273 0,120
Semenov
Fifth variation Use of generalized numerical 0,362 0,273 0,120
procedure '
and we expand the left hand part
Bosry  _ [tosry — 41 RCy . )

KiFo gt

Obviously, by taking any value of (4 ;R, 7)—ty from the experiment corresponding to the instant 7,
we can determine expression (7) which, on the basis of Eq. (6) is a function only of Fo,

From the graph (Fig. 2) showing the function 6 0.5R, 7 /KiFo = f(Fo), we find the value of Fo corres-
ponding to the time 7 and then we determine a by formula (3% The coefficient of thermal conductivity A is

A = aCy. (8)

Fifth Alternative. TIn the proposed form, this alternative has many drawbacks: first of all, a formula
is used in it which simplifies the calculations only at small values of Fo; secondly, the numerical part is
too complicated for determining the ratios of the temperature difference at two points during a finite instant
of time and thirdly, in order to determine the required characteristics for each experiment it is necessary
to construct a graph of the functions Aty = f(74) and At, = f(k7,), which considerably comphcates the calcula~
tions and gives an extremely cumbersome method.

The solution of this problem can be simplified considerably.
In order to determine the temperature differences At; and Aty at the instants 7y and k7|, we can write
on the bagis of Eq, (1) and (2)

o= Qb —O0kny _ HRe) — bk _ ¥ (Fo,) (9)
- - ).
Br,1) — B0, try — Lo

Figure 3 gives the graph of this function for cases of measurement of temperature differences t(R 7
—t(o, n and (R, 7)—t(.5, 1) When k =2.0. It can be seen from what has been said above that, using the
readmgs of only one thermocouple giving the temperature difference at the stated points, the value of Fo,
can be found easily and then, from expression (3) we can find a; knowing Fo; we determine the quantity
G(R, 7) —bo, ') /Ki from the graph (Fig. 2), from which we obtain A, and we obtain C from formula (4).

In order to obtain greater accuracy of the results, the functions plotted in Fig. 2 and 3 are tabulated
and this facilitates the work considerably.

Using this method, experiments which showed the excellent results were carried out in the structural
physics laboratory of the Rostov-on-Don Engineering-Construction Institute. Gypsum samples with dimen-
sions 250 X 250 x 40 mm were tested; this dimensional ratio permits samples with thickness 2R to be ac-
cepted for the unbounded plate, as no disturbance of the one~-dimensionality of the temperature field is
observed throughout the entire experiment, This situation is substantiated theoretically and experimentally
1, 21.
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Table 1 shows the comparative results of determining the thermophysical characteristics of gypsum,
tested by different methods. It can be seen from the table that all the results obtained are in good agreement;
in the fifth variation there is no deviation on the whole, as a numerical procedure is not involved, and these
same data are processed in generalized form.

NOTATION
e(x, ) is the relative temperature at point x at the instant 7
Ki is the Kirpichev's criferion;
Fo is the Fourier number;

n is the number of terms of series;
q is the specific thermal flux, kcal/m?.h;
R is the half-thickness of plate, m;
Y is the volume weight of material, kg/m?,
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