NOTATION

is the equilibrium boiling temperature;
is the conductivity;

is the thermal activity coefficient;

Pe is the volumetric heat capacity.

®m >
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MEA'SUEDEMENT OF THERMAL DIFFUSIVITY OF
MASSIVE METALLIC SPECIMENS BY THE
PULSE METHOD

L. D. Zagrebin, V. E, Zinov'ev, UDC 536,212
and V, A, BSipailov

A pulse method for measuring the thermal diffusivity of semi-infinite specimens is described.
Results of thermal-diffusivity measurements on iron and tin are presented,

The present authors have previously described a pulse method of measuring the thermal diffusivity of
metals [L, 2] useful for specimens of hemispherical form. For thin plane-parallel plates the well-known
method presented by Parker et al, [3-5] is usually used, However, in many cases creation of specimens with
such geometry is difficult, and it is of great interest to consider the possibility of using the pulse method for
measurement of the thermal diffusivity of specimens of the simplest form — a semi-infinite mass, Use of
powerful point-laser sources permits a quite simple solution of this problem in principle.

The general solution of the thermal-conductivity differential equation
oT (x, y, 2, T)
ot
for —o<x,y, <®, 0<z <o, and T > 0 with initial
=0, T(x, ¥, 2, 7) =0

=ay T (x, ¥, 2, T) 1)

and boundary —_— . S :

T (o, y, 2, 1) =T (x, 00, 2, ) =T (x, y, oo, 1) =0,

0T (=0, Y, 2, T) _ oT (x, o0, 2, T) _ oT (x, y, oo, T} —0
O0x dy dz

conditions for an instantaneous heat source at a point (X, v1, 2z1) on the surface of a semi-infinite-mass
specimen is given by the function [6, 7]

. - 9 (> — ) (g —y)®+ (2 —2)? 9
T(x ¢, 2, T X1, Yo 24) = ———————8 (nar)a’zc,,p exp [ = . (2)
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cheskii Zhurnal, Vol, 35, No. 3, pp. 450-454, September, 1978. Original article submitted September 5, 1977.

1054 0022-0841/78/3503-1054$07.50 ©1979 Plenum Publishing Corporation



&z ~

0%
4 /

g5

0 % » 26 &
Fig, 1 Fig. 2

Fig. 1, Dimensionless temperature # versus dimensionless time £ for an instanta-
neous source,

Fig., 2. Block diagram of apparatus: 1) specimen; 2) thermocouple; 3) Al,O; thermal
insulation layer; PD-1) photodiode with amplifier,

If the instantaneous heat source q; is located at the point with coordinates (0, 0, 0) and the initial moment
7o = 0, then at a point with coordinates (x, 0, 0) at time T Eq. (2) will have the form

o Xz
T(x, 1) = ——""5—— exp |— . 3)
) 8 (mav) % p P ( 4av )
At a distance x from the source, Eq. (3) reaches a maximum at the time
T = x%6a, 4)
while its maximum value is equal to
T ()man = 0.147 — B (5)

Cppx

Inasmuch as the maximum of this function is diffuse, it will be more convenient to reckon the time 7 corre-
sponding to attainment of one half of the maximum value T(x)max/2 = T(X, T1/). In this case, Eq. (3) transforms
to the transcendental equation

exp © = 4.880%?, (6)
where

o = x%4avy), (N
the solution of which on a Minsk-32 computer gives

a = 0.073x2/7y 5. ©)

It is often more convenient to use a graphical solution of Eq. (3). Since we need to know the temperature
distribution at a distance ! from the instantaneous source along the surface, then for graphical solution of
Eq. (3) in the dimensionless coordinates

&= n%v/l?, 6= 4c,pl*T/ng,

it is useful to expand Eq. (3) in a Fourier series over the interval from —I to +I. Then for sufficiently large !
in the integrals which appear, the integration limits can be taken as infinite, In this case we obtain the tem-
perature distribution at the point I,
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or in the dimensionless variables & and 0

n=o0o

[1 23 - vrew (-nzg)] : (10)

n=1

o=

3
The graph of Eq. (10) established by solving Eq. (10) on a Minsk-32 computer is shown in Fig. 1. We note that
use of Eq.(8) and Fig. 1gives adequate results for a,

A block diagram of the apparatus realizing this method is depicted in Fig, 2. The light flux of the SU-1
laser with duration 1073 sec and energy of 1 J is focused on a spot 0.1 mm in diameter on the surface of the
mass specimen. The delay of the temperature signal is recorded by a thin copper—Constantan thermo-
couple (electrode diameter 50 um) welded to the specimen surface by the laser beam. The thermocouple is
insulated above by an Al,0; layer ~2 mm thick. Because of the large difference in the thermal diffusivities
of the insulator and metal, the effect of the former on the measured quantity can be neglected.

The signal from the thermocouple is amplified by a preamplifier with gain of ~100 (Fig. 3), with output
fed to an S1-17 pulse oscilloscope, the delayed display of which is friggered by the reflected laser pulse from
the photodiode PD-1, Figure 4 shows an example of an oscillogram obtained from the oscilloscope screendur-
ing study of the thermal diffusivity of tin at I = 3.05 mm at room temperature. The high resolving power ob-
tained with a material with high thermal diffusivity is evident, For metals with lower a values, T increases,
which leads to increased accuracy in its determination, Table 1 presents results of thermal-diffusivity mea-
surements on tin (0,001% impurities) and "Armeco" iron (impurities: C, 0.015%; Si, 0.18%; Mn, 0.17%; S 0.025%;
P, 0,006%). Comparison of the present data with the most reliable reference data available indicates that there
is satisfactory agreement within the limits of experimental error,

Analysis of errors in the proposed methoa swws that at medium temperatures the major error sources
are those connected with the inaccuracy in coordinate determination of ~2% (achieved by use of an MBS-3 mi-
croscope and manipulator which allowed distinguishing between the laser heating cavity and the point of thermo-
couple attachment) and the time error of ~2%.

At room temperature in the given case Bi = 0.02 (see, for example, [3]) and the contribution to total
error from heat transfer by radiation does not exceed 1%, although with increase in temperature it will be
necessary to consider the effect of this error source individually.

TABLE 1. Measurements of Thermal Diffusivity a (m?%/
sec) of Armco Iron and Tin

Material Present study l (31 141
Fe 0,17 (9)-10-% 0,18-10-¢ 0,19-10-4
Sn 0,29 (5).107¢ 0,31-10—1 0,39-10—4%
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Thus, the total error in determination of the thermal-diffusivity coefficient by the proposed method does
not exceed 5-7%, which is comparable to the uncertainties of the methods usually employed for studied of speci-
mens which are often difficult or practically impossible to prepare, for example, in the case of aggressive
liquid metals.

NOTATION
T is the temperature;
q is the pulse energy, J;
cp is the specific heat, J/kg-°K;
p is the density, kg/m®;
a is the thermal diffusivity, m%/sec;
l is the thermocouple coordinate;
T is the time;
Ti/2 is the time at which temperature signal at point I reaches one half its maximum value.
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THERMISTOR EFFECT IN SWITCHING IN
VANADIUM DIOXIDE

V. M. Bondarenko and A. A, Alekseyunas UDC 537.311,33

The switching effect in vanadium dioxide is inferpreted in terms of a critical temperature on
the basis of the temperature dependence of the conductivity for semiconducting VO,.

It has several times been suggested [1-3] that the temperature dependence of the switching current or
voltage for vanadium dioxide is due fo change in the mode of switching with the environmental temperature.
It has been claimed [1] that the switching in VO, occurs on account of the thermistor effect in the range from
223 to 283°K, whereas a semiconductor —metal phase transition occurs at environmental temperatures above
283°K (following [1], we speak in what follows of the thermistor model and the transition model). However,
these two models give qualitative agreement between theory and experiment only for certain ranges in the
environmental temperature, while the temperature dependence of the switching current or voltage is not de-
scribed by either of the models for the range 273-314°K,

We have measured the temperature dependence of the switching current and voltage for the range from
160 to 341°K for single-crystal vanadium dioxide; the results are explained via the transition model with a
critical temperature on the basis of the temperature dependence of the conductivity of VO, in the semiconduct-
ing state, We have also measured the specific resistance of VO, as a function of temperature,

Curves 1 in parts a and b of Fig, 1 show the switching current and voltage as functions of environmental
temperature for single-crystal VO,; the transition model with a critical temperature has been used [1-3] on
the assumption that the conductivity is constant in the metallic state and in the semiconductor state. However,
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zhenerno-Fizicheskii Zhurnal, Vol. 35, No. 3, pp. 455-458, September, 1978, Original artidle submitted July 25,
1977,

0022-0841/78/3503-1057$07,.50 © 1979 Plenum Publishing Corporation 1057



