change in the heat exchange coefficient is taken into account because of the increase in the
gas volume and velocity. The integral obtained here has no exact analytic solution and is
determined by numerical methods. Also superposed on Fig. 1 is a curve which is the solu-

tion of the equation obtained with the variability of « taken into account. As is seen, tak-
ing account of the variability of « substantially smooths the nature of the dependence in the
second stage of the process by approximating it to that available during heat exchange through
a surface.

Therefore, the change in gas temperature during adiabatic evaporation is characterized
by two zones: the temperature is reduced more abruptly compared to the case of heat ex-
change through a surface in the first stage, while, on the other hand, the gas tempera-
ture is raised during evaporation in the second stage.

NOTATION

o, B, heat and mass exchange coefficients; t, tg, gas and fluid temperatures; x, Xg,
moisture content og the gas and saturation at tf; cgf, cyf, specific heats of the dry gas
and the vapor at tf; Gg, Gy, gas and vapor consumptions; F_ heat exchange surface; r, la-
tent heat of Yapor formation; A, = (cg - cgf)/(t - tg), Ay = (cV — cyf)/(t — tg), temper-
ature coefficients of the specific heat.
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HEATING CHARACTERISTIC OF IMPERFECT DIELECTRICS IN A TRAVELING
ELECTROMAGNETIC WAVE FIELD

Vd
L. E. Rikenglaz and V. A. Khominskii UDC 536.24:538.312

A new characteristic of a dielectric in an electromagnetic field, the rate of
adiabatic heating of the boundary of a semiinfinite dielectric bulk under normal
incidence by an electromagnetic wave, is proposed to describe the heating of di-
electrics whose parameters are temperature dependent.

At this time, heating of dielectrics in a traveling electromagnetic microwave field
is used more and more often in addition to the traditional method of heating imperfect di-
electrics in the field of a high-frequency capacitor in order to change some physical or
chemical characteristics of the material.

Performing the experiments and producing the appropriate apparatus required a prelim-
inary estimation of the rate of dielectric heating. As a rule, the tangent of the dielec-
tric loss angle (tand) or the loss factor (e" = e'tand) is used as the main characteristic
of the influence of the electromagnetic field on the dielectric. Meanwhile it is still im-
possible to determine the rate of dielectric heating in an electormagnetic field by means
of these quantities. The fact is that the electrical and thermophysical characteristics
depend on the temperature for the majority of the materials and therefore. they vary during
action. This latter results in the appearance of a number of competing processes during
the heating, which makes estimationof the magnitude of the heating rate difficult. Thus,
for instance, €', tandsand the specific heat ¢ grow during heating in a number of materi-
als. The increase in c¢' and tand results in a diminution in the depth of electromagnetic
field penetration h into the material and an increase in the heating rate of the dielec-~
tric layer adjacent to the air—dielectric interface. On the other hand, as ¢' increases,
the coefficient of reflection from this boundary increases, i.e., the quantity of electro-

G. V. Plekhanov Leningrad Mining Institute. Translated from Inzhenerno-Fizicheskii
Zhurnal, Vol. 37, No. 6, pp. 1101-1103, December, 1979. Original article submitted October
23, 1978.

1480 0022-0841/79/3706- 1480807.50 © 1980 Plenum Publishing Corporation



magnetic energy incident on the material diminishes, and, consequently, the heating vate is
reduced. The rise in the specific heat with temperature also results in a reduction of

the heating rate. All this shows that the heating characteristic cannot be based on only
the temperature dependences of &' and €", but should be a more complex combination of these
and the thermophysical quantities, whichalso depend on the temperature.

The single combination having the dimensionality of the heating rate which can be com-
posed from dimensional considerations is the quantity S/hcp, where S is the energy flux den—
sity, and p is the density of the substance.

Let us call

V= 2N, S/hcp &N
the characteristicrate of dielectric heatingin anelectromagnetic field. Here Ng= 1——](1 — V/ey/

(l+/E3|2 is the transfer factor of the electromagneticenergy ina semiinfinitedielectric undernor—
mal incidence of an electromagnetic wave. In the limit case of normal electromagnetic wave
incidence on a semiinfinite dielectric, this quantity will agree with the heating rate of

the boundary of a dielectric possessing constant electrical and thermophysical properties,

as well as with the heating rate of a dielectric for which the electrical and thermophysical
characteristics are arbitrary functions of the temperature, whichallows the use of the WKB
method to compute the electromagnetic field in a medium [1-3].

The use of the quantity Vr is especially convenient for analyzing the heating of dielec-
trics whose parameters depend on the temperature in the electromagnetic field since the deter-
mination of the electromagnetic field is related to solving an extremely complex system of
interrelated nonlinear integrodifferential equations of the electrical and temperature
fields. Let us illustrate this by the example of heating such media as frozen rock in an
electromagnetic field. At a temperature from —10 to —0°C, tand grows by almost an order
in frozen rock, while €' increases ' 2-3 times and the specific heat increases also byalmost
an order because of the ice-bound water phase transitions occurring in this range. Substitu-
tion of the experimental dependences of these quantities in (1) shows that the heating rate
does not increase with the temperature rise as should have been expected from an analysis
of the temperature dependence of the loss factor, but decreases. An exact computation of

the behavior of the temperature at the boundary, as well as the experiments performed,
verifies this.

Taking into account that there is no variance in the many practically interesting cases
in the microwave range, it is convenient to use a proportional quantity dependent only on the
dielectric parameters in place of the quantity Vgp: -

Vi,sp=Vr/Sky = 2N/ kohcp (2)

(where ko is the wave number of the electromagnetic wave in a vacuum), which we designate

the specific rate of dielectric heating in an electromagnetic field. The quantity VT, sp

is especially useful for comparing the heating of media with different electrical and thermo-
physical properties in an electromagnetic field.

In the case of heating of dielectrics with small losses (tané << 1), which is of practi-
cal importance, the expression for Vr gp can be simplified. Taking into account that

4V b e 9e
e ~ ———_—4,*_5, - _-”—v
we obtain (1—+]/8)' ot
Vo e’ (T)
T T MM+ VeEdE 3)
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