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Fig. 1. Density variation of eDPD with temperature at dif-

ferent pressure level.
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Fig. 2. Variation of thermal expansion coefficient of eDPD

system with temperature.
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Fig. 4. Temperature clouds of natural convection under different Rayleigh numbers simulated by eDPD: (a) Ra = 1600; (b) Ra =

1800; (c) Ra = 2000; (d) Ra = 4000.

180203-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) 3B =% R Acta Phys. Sin.

Vol. 72, No. 18 (2023)

180203

_10_".\ 3

Bl 5 eDPD BRUAS ] 5 A BT F AR I B0 L K k[

(b) g

(a) Ra = 1600; (b) Ra = 1800; (c¢) Ra = 2000; (d) Ra = 4000

Fig. 5. Natural convection velocity vectors at different Rayleigh numbers by eDPD simulations: (a) Ra = 1600; (b) Ra = 1800;

(¢) Ra = 2000; (d) Ra = 4000.
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Fig. 6. eDPD simulation of the temperature cloud of natur-

al convection in the square cavity when Ra is 3100.
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Fig. 7. Comparison of natural convection temperature iso-

therms in the square cavity simulated by eDPD and FVM
at 3100 of Ra.
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Fig. 8. Comparison of natural convection temperature iso-

therms in the square cavity simulated by eDPD and FVM
at 7300 of Ra.
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Fig. 9. Comparison of natural convection velocity profile in the square cavity simulated by eDPD and FVM when Ra is 7300:

(a) Variation curve of Vyalong Y-direction at X = 0.5; (b) variation curve of Vyalong Y-direction at X = 1.5; (c) variation curve

of Vy along the Y-direction at X = 0.3; (d) variation curve of Vy along the Y-direction at X = 1.0.
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Fig. 10. Schematic diagram of the concentric ring model.
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Fig. 11. Comparison of natural convection isotherms of eDPD and FVM simulation for concentric rings at different Ra: (a) Ra =
1000; (b) Ra = 4100; (¢) Ra = 7200; (d) Ra = 10400.
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Fig. 12. Comparison of eDPD and FVM eccentric circular natural convection isotherms: (a) Ra = 4100; (b) Ra = 10400.
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Abstract

Energy conservation dissipative particle dynamics (eDPD) is a mesoscale numerical simulation method of
studying the heat transport process. In previous studies, when the Boussinesq assumption was introduced into
the eDPD system to study the natural convection, the system was generally considered to be incompressible,
and the effect of the thermal expansion of the eDPD system itself on the simulation results was often neglected,
which would cause errors in the simulation. In the present study, the thermal expansion characteristic of the
eDPD system is first investigated, and the thermal expansion coefficient 3 of the eDPD system is obtained by
eDPD simulation. Then, based on the thermal expansion characteristic of the eDPD system itself, the natural
convection is simulated with different values of Rayleigh number Ra and different geometries, specifically,
square cavity, concentric rings, and eccentric rings, and reasonable temperature and velocity fields are obtained,
and they are in agreement with the simulated results by the finite volume method (FVM). The error between
the eDPD simulation, in which the natural convection is driven by thermal expansion of the eDPD system
itself, and FVM simulated result is considerably smaller than the errors observed in previous studies where
Boussinesq assumption was directly adopted to simulate natural convection phenomena while neglecting the
thermal expansion effect of eDPD system. It is shown that the effect of the eDPD system’s own thermal
expansion characteristic needs to be considered when introducing the Boussinesq assumption in the eDPD

system, and further, the calculation of the Ra number is modified in this paper.

Keywords: energy conservation dissipative particle dynamics, Boussinesq hypothesis, natural convection,

thermal expansion
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