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Evaluation of Thermal Rectification at Interface of
Dissimilar Solids by Phonon Heat Transfer

Xin SUN, Shigeo KOTAKE,
Yasuyuki SUZUKI and Masafumi SENOO

Several investigators have found that heat transfer coefficient at the interface between two
dissimilar solids depends upon the direction of heat flow across the interface. Although many factors
that affect heat transfer across the interface are reasonably well understood, the directional depen-
dence of heat transfer coefficient, called thermal rectification has not yet been completely explained.
In this paper, we evaluate the thermal rectification from the result of linear response theory by
considering scattering and transmission of phonons across the interface, which depends on the
temperature of the interface. This model could explain the reported behavior of thermal rectification.
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Fig.1 Heat flow from solid A to solid B
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Fig.2 Heat flow from solid B to solid A
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Table 1 Thermal conductivity 2[W/(m™-K™)], den-
sity plg+cm™] and elastic constant Cu, Ci,
Cus (10Pa) used in this calculation

k 14 Cn G Cy
Al 238 270 108 620 283
Fe 782 7.87 230 135 117
Au 3153 1932 190 161 423
Ag 425 105 128 920 453
Si 1385 234 165 64 792

Table 2 Calculated defference of heat transfer
coefficient at the solid A — solid B contact
interface

Metal A Metal B AK (W/(m?- K))

Al Ag 7.6x108
Al Au -3.0x104
Al Si 8.2x104
Ie Ag -2.2x10°
Fe Au -1.8x10°
Ie Si -7.5x10%
Fe Al -1.2x10°%

Table 3 Defference of heat transfer coefficient between
Al — Fe and Fe — Al cases

Calculated(W/(m? - K ) Experimental!(W/ (m?. K))
1.2 x 10° 9.7 x 10%(12 M Pa)
7.4 x 103(10M Pa)
1.8 x 103(7M Pa)
1.3 x 103(5M Pa)
0.3 x 103(1M Pa)
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