Thermal Contact Domain Resistance: Overall Solid Helium 4 Kapitza Resistance

S.W.K. Yuan
Research and Development Division
Lockheed Missiles and Space Co.
Palo Alto, CA 94304

T.H.X. Frederking
Department of Chemical Engineering
University of California
ios Angeles, CA 30024

Thomas C. Chuang
DuPont Xerox Imaging Co.
Lionville, PA 19353

ABSTRACT

The thermal contact resistance found by Kapitza in
superfluid Helium-4 (He II), is now known to be a spectal
case within a large “family” of contact resistances. Many
puzzles arising in the early development of a data base for
heat exchanger surface sizing have been a challenge to
various researchers. In the present work progress in the
1980’s is assessed with the specific goal of evaluation of the
overall phonon transmission coefficient (g ) associated with
solid-liquid Helium-4 Kapitza resistance. This evaluation
includes intermediate and high heat flux ranges, and a
major emphasis is on Cu-surfaces of heat exchangers,
preferably used as superconducting stabilizers in magnets
and other devices. It is found that fluid dynamic effects,
induced by geometric arrangements, may have an
influence, however the "base values” of ¢ are maintained in
a rather narrow range of ¢, compared to the possible total
g-range known for impurity domains and passivated
gurface domains.

NOMENCLATURE
a constant
A Helmbheltz free energy
A, surface area
tp Debye speed
¢y longitudinal sound speed
[ transverse sound speed
C specific heat
fq enhancement factor
h Planck’s constant
hy black body heat transfer coefficient
hy heat transfer coefficient
h, Kapitza conductance
H enthalpy

kg Boltzmann’s constant
N number of atoms

Na Avogadro’s number

q heat flux density

Q heat rate

S entropy

T temperature

19 internal energy

Vo molar volume and atomic volume respectively
Vv volume

Greek symbols

P density

P fraction of reflection

g heat transfer constant

o Debye temperature
Vq cut-off frequency
€ overall transmission coefficient

Subscripts

B black body

T reflection

ref reference value

sat saturation condition

1. INTRODUCTION

Among various thermal contact resistances, the low
temperature Kapitza resistance (KR) between solids and
liguid helium plays a special role. It has become an
important parameter of superconducting devices and
magnet stability. The original meaning of a well-defined
KR definition for differences in temperature AT << T has
been extended to include overall thermal conductance
values (overall Kapitza heat transfer coefficients) even for
large temperature differences.



radiation extended to large temperature differences:
second, the recent work reported for copper and similar'
behaving systems is studied for large energy transmission:
rates using the Challis transmission coefficient. In the:
next section {Sec. 3) the data of recent work are inspected:
from the point of view of the transmission coefficient’
concept.

Ideal Black System. According to a simplified picture for
longitudinal sound quanta (longitudinal. compressional
phonons), there is the foilowing energy picture for thermal
energy impinging on an interface between medium 1 and
medium 2, The energy of unity striking is in part reflected
{fraction p ) and in part transmitted (fraction ¢ ): (1 = Pl
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Figurel. Enhancement factor f_ vs. temperature

difference.



