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Complex band structure of two-dimensional thermal wave crystals

We investigate the complex band structure of temperature oscillations in a two-dimensional thermal wave crystal. We use the CattaneoVernotte heat model to describe the
thermal properties. We apply the plane wave method to calculate the complex band structure of a square lattice composed of an infinite array of square bars. We find that a

complete band gap exists across the first Brillouin zone, where temperature oscillations are forbidden. This has potential applications in thermal management, thermal cloaking,
and other areas.
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El modelo de Cattaneo-Vernotte

The Cattaneo-Vernotte (CV) heat-conduction model proposes a mod-
ification to the Fourier law as follows: [25,26]
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where g is the heat flux, « is the thermal conductivity, r is a time-lag,
and T is the temperature. The energy conservation equation in absence
of heat sources is given by [25,26]

i d
eqx,t} = —pcﬁETEx-t]- (2)

where p is the mass density and ¢, is the specific heat at constant
pressure. We combine Eqs. (1) and (2) to obtain [8]
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where I} = x/(pec,) is the thermal diffusivity. This diferential equation
describes wave-like heat transport according to the CV model [25,26].
The solutions are propagating waves of temperature with a damping
term given by the term aT /fdr.
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Solution of the wave equation in the frequency domain

For a harmonic thermal wave, the Fourier transform allows switch-
ing from the time domain into the frequency domain. The Fourier
transform for the temperature and heat flux are [27]
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In the frequency domain, Egs. (1) and (2) are
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Combining Eqs. (6) and (7) we obtain a Helmholtz equation in the
form
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where we have introduced a wave vector in the form
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The parameter v is the speed of propagation of the thermal wave

s fats (10)
pTC,

The general solution of Eq. (8) is
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On the right side we have two solutions, the first and second terms are
waves propagating to the right and left, respectively [27]. The heat flux
can be obtained by combining Eqgs. (6) and (11) to obtain

gx,w) = Z (tte'"™* — " e™7¥), (12)
where we have introduced the thermal impedance
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TABLE 1 Material constants [42]

UL International Journal of Heat and Mass Transfer Component materiala Stratum-like (Layer A) Dermis-like (Layer B)
o Volume 121, June 2018, Pages 215-222 Thermal conductivity (W/(m-K)) K, =0.235 K, =0.445
Specific heat (J/(kg-K)) c,, =3600 c, =3300
Density (kg/m’) p, =1500 p, =1116
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Complex band structure of thermal wave crystals: The plane-wave method

C. A. Romero-Ramos®, M. B. Manzanares-Martinez?, D. Soto-Puebla® and J. Manzanares-Martinez®
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Germanium-Based Temperonic Crystal
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