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Numerical validations and grid independence
Modular program verification is a commonly used method in large-scale computing. This appendix will gradually verify the numerical performance of the present algorithm.

Firstly, the cross-plane electronic heat conduction in a thin Au metal film is simulated with thickness L. The temperatures at both ends of the film are fixed with TL = T0 + ΔT, TR = T0 - ΔT, respectively, where ΔT << T0. Isothermal boundary condition is applied for both ends of the film. The electronic band structure of the Au material is treated using the free electron approximation model. Specific electronic property parameters and energy band structures of the Au materials can be found in our previous paper[6] as well as the numerical discretizations. The initial chemical potential of the entire computational domain is all at the Fermi level EF = 5.51 eV. Numerical results predicted by the present scheme are compared with the Monte Carlo solutions[68] at different film thickness, as shown in Figure 7. The profiles showed that the present scheme can accurately capture different-sized electronic heat conduction phenomena under the temperature gradients.

Secondly, the in-plane electron transport in Au materials is simulated under temperature gradient or electric field force. Diffusely reflecting adiabatic or insulating boundary conditions are adopted for both the upper and lower boundaries, and periodic boundary conditions are used for left and right boundaries. The distance between the upper and lower boundaries is H. When a constant and very small temperature gradient is applied in the left-right direction, the system temperature increase is not significant, and the chemical potential inside is approximately the Fermi energy level. A parabolic-like heat flux distribution will be generated in the vertical direction of the temperature gradient and an analytical solution can be obtained for this electronic thermal transport process. Similarly, when a constant and very small electric filed force is applied in the left-right direction, the system temperature increase is not significant. A parabolic-like electronic current distribution will be generated in the vertical direction of the electric field force and an analytical solution can be obtained for this electron transport process[6,69,70]. It can be found that the numerical results predicted by the present scheme are in excellent agreement with the analytical solutions at different H in Figure 8.

Thirdly, grid independence validation is conducted for graphene Corbino disk under the electric field, as shown in Figure 2(a), where Nα, NB and M are the number of discrete solid angle, energy bands and spatial cells in each direction. When mathstart  mathend or mathstart  mathend, ‘Less mesh’: Nα = 20, NB = 20, M = 200, Nk = 10, ‘More mesh’: Nα = 40, NB = 40, M = 300, Nk = 15. When mathstart  mathend or mathstart  mathend, ‘Less mesh’: Nα = 40, NB = 40, M = 200, Nk = 10, ‘More mesh’: Nα = 80, NB = 96, M = 300, Nk = 15. It can be found that the present numerical discretizations of the phase space are acceptable to ensure the numerical simulation accuracy.
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Figure 7. (a) Steady-state temperature spatial distributions, where x* = x/L and T* = (T -TR)/(TL - TR) are the normalized coordinate and temperature, respectively; (b) Size effects of cross-plane electron thermal transport in Au films, where κeff = q L/(TL - TR). ‘MC’ is the data obtained from reference[68] and ‘Present’ is the present results.
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Figure 8. (a) Spatial distributions of the effective thermal conductivity under the temperature gradient; (b) Spatial distributions of the effective electric conductivity under the electric filed force. ‘Analytical’ is the analytical solutions obtained from previous papers[6,69,70] and ‘Present’ is the present results κeff = q/(dT/dx), σeff = j/(E), y* = y/H is the normalized coordinate.
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Figure 9. All introduction are the same as Figure 2, where lines ares the ‘Less mesh’, and symbols are ‘More mesh’.
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