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ever, for relative estimates over a small interval of
temperatures and pressures we can let Ly = const.
For water, the required experimental data near the
critical point are givenin[4, 3]. Wechoosethree values
for the temperature: T = 365° C, Ty= 372° C, and

T; = 373° C (Typ = 374.15° C). From (14) we obtain
13/Ty = 2.8, T3/7( = 27, without allowing for differences
in the volume of the vapor phase. From [3], we have
75 = 1.5 hr; therefore, 74 = 3 min. The last quantity
is less than the time required to verify that the tem-
perature is constant and to measure the pressure with
a piston manometer.

In this type of experiment it is quite important that
the substance be pure. Impurities not only change the
slope of the condensation line but, near the critical
point, they will also result in a slow drop in pressure
to the equilibrium value with a different and probably
much greater relaxation time than for the pure sub-
stance. This is due to very strong retardation in the
diffusion impurity molecule near the critical point (5, 6].

At low pressures, where (1) is valid, we can find
144 and estimate the relaxation time (14). Allowing for
the fact that i = J;/m and equating the flows in (1) and
{7}, we obtain

(15)

1/2
Ly=ua ( mT ) "
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For water at 100° C we have 7 = 1.25 - 1072 sec for
@ = 0.5 and V" = 100 cm?.

NOTATION

i is the molecular evaporation rate; p is the pres-
sure; ¢ is the condensation coefficient; m is the mass
of a molecule; k is the Boltzmann constant; M is the
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mass of the substance; V is the volume; v is the
specific volume; p is the density; T is the temperature;
U is the internal energy; u is the chemical potential
per unit mass; J; and J, are the mass and energy flows;
Ur = U" + [(p"/T" . p‘/T')/(l/T" - l/T')] VAR

H is the enthalpy; h = H/M; I = h" — h' is the specific
heat of the phase transition; AT = T — Tg; Ap = p — pPg;
vy = —v(8p/8v) is the reciprocal of iosthermic com-
pressibility (the elasticity coefficient); t is the time;

7 is the relaxation time. Quantities with one prime
pertain to a liquid and those with double primes to a
vapor. Quantities with the subscript s refer to the
saturation line. Differentiation with respect to time

is denoted by a dot.
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It is shown that for pulsed thermal loads on the boundary between a
solid and liquid helium most of the heat transfer takes place to the
liquid helium; consequently, such transfer mainly depends on the
helium temperature, The phenomena accompanying this process
are discussed.

When studying phenomena occurring in metals and
semiconductors due to low-duration current pulses,
we encounter a number of cases in which the Joule
heat liberated determines the kinetics of the processes
observed, particularly at liquid-helium temperatures.
However, an analysis of thermal balance forthepulsed
mode with large specific heat loads for precisely this
temperature range was previously lacking inthe litera-

ture. Given such a state for film superconductors on

a dielectric backing, the solutiontothe problem essen-
tially reduces to determiningthe effective heattransfer
in the steady-state mode by using average values for
the corresponding quantities. Calculations of such a
type also lead to the conclusion that it is not necessary
to allow for heat transfer directly from the film tothe
helium since the thermal conductivity of helium is
much lower than that of the backings used [1].

In several articles [2, 3], only non-steady-state pro-
cesses in a backing are considered, and heat transfer
to helium is allowed for by means of parameters char-
acteristic of the steady-state mode at low thermal loads.
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Data have recently been obtained indicating that
heat transfer to liquid helium increases considerably
for large specific heat loads (~1 W/ cm?, even in the
steady-state mode, and becomes comparable withheat
transfer to the backing [4]. As will be shown below,
allowance for the effect of helium makes a consider-
able contribution to the thermal balance of the pulsed
system.,

§I. Consider the thermal balance for a specimen in
the form of a film on a dielectric backing and bathed
in liquid helium. If the passage of a current pulse
through the film liberates a quantity of heat gt and
heats the film to some temperature T, the temperature
in the surrounding space will rise simultaneously;
here the dimension a of the heated region gradually
increases. This increase during time t is given by
a; ~ (x4!/% ina backing with thermal diffusivity y, and
by ag ~ (X2t)1/2 inhelium. Since y; > yy, thena; > ay
i.e., the volume of helium heated by the thermal pulse
is less than the volume of the backing heated within
the same time. However, the specific heat of helium
is very high in comparison with that of the backings
used [5]; therefore, the amount of heat given off to the
helium during the time t is also considerable. If dur-
ing the time the pulse acts the region ¢ is much smaller
than the film width d (@ < d), we can use the solution
to the one-dimensional problem of heat propagation
from a source with the power q at the boundary a = 0
into a medium with thermal conductivity w (without
allowing for the specific heat of the specimen and the
thermal resistance at the boundaries) [6]:

2T (a, 1) =

Ve @
_Oj l/n(t—ar)q(r‘)exf)( P )dr. (1)

At the boundary (of the film), the temperature (for q =
= const) is given by

4 S
G 7 2
% ‘S l/‘n(t~T)q * V nxc,p e
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If at the time t = t;, the film temperature T(0,t) =
= Ty(0,1)); this means that the part q; of heat is ab-
sorbed by the backing and the part q, is given off to
the liquid helium, and

9> _ - /,/— M2 Cp, O
[ I/ %y Cpy O1

If we compare the heat transfer to liquid helium
with the heat transfer from the specimen to the glass
backing for temperatures of 4.2-2.19° K, we will
always have g, > qq, i.e., heat transfer mainly occurs
to the helium. Thus, for a temperature of 3.5° K the
heat transfer to liquid helium is five times greater
than the heat transfer to the glass backing. Allowance
for thermal resistance at the film-backing and film-
helium boundaries naturally leads to a certain change
in relation (3); however, at present, it is difficult to
perform an exact quantitative calculation since there

(3)
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are no data on the coefficient of heat transfertohelium
in the pulsed mode and on this coefficient's dependence
on the specific thermal power. Nevertheless, on the
basis of the data of [4], we can expectthat(3)will apply
for films deposited on a glass backing and for specific
thermal loads g > 1 W/em? (when the thermal resist-
ance of the film-helium and film~backing boundaries
are comparable); however, the film will be much hotter
[6].

In making a precise calculation of thermal balance
we should allow for the specific heat of the film, the
heat of evaporation of helium, and the high helium
density near the film [7]. If this is done, we see that,
in the pulsed mode, specimens immersed in liquid
helium are cooled much more intensely but that heat
transfer depends on temperature.

The maximum decrease in heat transfer to helium
and, consequently, the greatest degree of overheating
of the specimens should be expected in the 2.5° K tem-
perature range.

§II. Since overheating of the specimens is accom-
panied by heating of the helium layer near the speci-
men, "thermal waves" appear [6] and sound is gen-
erated {9]; this occurs because of the high expansion
coefficient of helium under the action of thermalshock
[8]. For the high specific thermal loads associated
with the new heat-transfer mechanisms and accom-
panied by mass transport [4], we can expect intense
bathing of the specimen surface by cold layers of
helium even during the time the thermal pulse acts.
With the existence of a shock wave and boiling of the
helium this can lead to a decline in the helium tem-
perature near the film. At the end of the pulse, the
temperature of the helium layer, and of the specimen
as well, can even be lower than the bath temperature.

The relaxation processes in this case, as for over-
heating, are determined by the properties ofthe helium
since gy > qy and y, < y;. Evidently, it is just the type
of relaxation processes in helium that affect the mea-
surement of critical currents when we study the break-
down of superconductivity in film specimens by current
pulses of different shape and duration [9—11}. The most
pronounced effect of heat transfer to helium will be
observed in the helium A-transition region. Upon a
further drop in temperature, heat transfer to helium
is considerably reduced owing to the Kapitsa tempera~
ture discontinuity [6]. We can expect that the process
considered of heat transfer to liquid helium will also
affect the nature of thermal instability when measur-
ing critical currents by the attenuation in a coil [12].

§ITI. Experiments on tin films in liquid helium con-
firm that this method of analyzing heat transfer to a
fluid in the pulse mode is justified*. The change in
specimen temperature is nonmonotonic, depending
on the pulse thermal power.

When heat transfer takes place primarily from the
specimen to the helium, the helium boils; this can be

*A detailed treatment of the experimental results
will be published in a separate article.
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seen with a microscope. For the range studied of
pulse powers, the heat liberation {up to 15 W/cm?
observed when the helium boils fixes the configura~
tion of the temperature field at the end of the pulse.
The helium boils on the entire surface of the specimen
even when the total amount of heat liberated in the
pulse is 30 erg/cm?. This fact can be used in studying
the kinetics of processes accompaniedbythe liberation
of heat over almost any time range (current pulses of
nanosecond duration were used in the experiments),

if the object to be studied is bathed with the liquid.
This method can be recommended for revealing in-
homogenities of current distribution in metals and
semiconductors, for studying the intermediate state
during the breakdown of superconductivity by a current,
for tracing the kinetics of heat liberation during metal
and alloy deformation, etc.

With this method, high resolution in determining
temperature and heat liberation distributions is
achieved since the size of the bubbles of boiling liquid
is a few microns.

NOTATION

T is the temperature; t is the time; q is the specific
power; a is the dimension of the heated area; d is the
film width; y is the thermal diffusivity of the medium;
w is the thermal conductivity of the medium; Cp is the
specific heat of the medium;p is the density of the
medium. The subscript 1 denotes the backing param-
eters and the subscript 2 liquid helium.
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