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Function verification of objects with heat sources

(a1) (a2) Schematic diagram of a multi-layer thermal dome usage scenario.

(a3) Dimension-less temperature on a chosen line.

Black hole-inspired metadevices have

been used to trap light and sound.

However, there are challenges in

trapping heat due to its diffusive,

directionless behavior.

Graded heat-conduction metadevices

can achieve thermal trapping, guiding

hot spots to diffuse towards the

center and leads to energy-efficient

thermal regulation. Energy-Efficient Thermal Regulation 
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Ⅰ Background

Thermal diffusion in different structures

Ⅲ Results
Experiments of thermal trapping

The hot spots are trapped (b,c, simulations; h,i, experiment) with the graded

metadevice. Under the rotational transformation, the hot spots are trapped

and rotated (e,f, simulations; j-k, experiment) with anisotropic metadevice.

Ⅳ Conclusions

We reveal blackhole-inspired thermal trapping with graded heat-

conduction metadevices. The underlying mechanism lies in the imitated

advection induced by graded thermal conductivities as a counterpart to

graded refractive indexes responsible for the effective momentum in

photonics.

The imitated advection

Experimental demonstration

Ⅱ Methods

Heat conduction in one dimension is

𝜌𝑐 𝑥 𝜕𝑡𝑇 − 𝜕𝑥 𝜅 𝑥 𝜕𝑥𝑇 = 0
When the thermal conductivity 𝜅, mass

density 𝜌 and heat capacity 𝐶 satisfy

𝜅~𝜅0𝑒
𝛼𝑥, 𝜌𝐶~𝜌0𝐶0𝑒

𝛼𝑥

Equation is equivalent to diffusion-

advection equation

𝜌0𝐶0𝜕𝑡𝑇 + 𝜌0𝐶0𝑣0𝜕𝑥𝑇 − 𝜕𝑥 𝜅0𝜕𝑥𝑇 = 0
yields a constant velocity of 𝑣0

𝑣0 = −𝛼(𝜅0/𝜌0𝐶0)

Asymmetry (e,f) indicates the imitated advection

Simulations of thermal trapping

Inspired by black holes, we guide the imitated advection to point

towards the center to realize thermal trapping. Hot spots are

almost stationary (a-c, homogeneous medium), centrally trapping

(e-f, normal graded) and rotational trapping (g-i, graded and

anisotropic)


