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Evaluation of computational error in DPD simulation of countering-Poiseuille flow
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The dissipative particle dynamics (DPD) method is one of coarse-grained particle simulation methods in which each
DPD particle is considered to represent a number of actual molecules. This study focuses on evaluating the
computational error of the DPD simulations under flow conditions which has not been well studied yet. In this study,
countering-Poiseuille flows are generated in a rectangular computational domain by applying body forces to DPD

particles. The computational error is estimated by using kinetic and configurational temperatures which are based on
kinetic and potential energies of the domain. The results in this study lead to the following main findings: The
computational error in stationary situations is significantly influenced by the shape of weight function of the dissipative
force; The error under countering-Poiseuille flow conditions is influenced by the body force applied to DPD particles

and the influence becomes larger as time increment is smaller.
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Fig. 1: Schematic of the computational domain under the countering-
Poiseuille flow driven by a body force fex Where the turquoise circles
represent DPD particles.
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Fig. 2: Kinetic temperature error as a function of A¢ for different s values
in stationary situations.
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Fig. 3: Configurational temperature error as a function of A¢ for different s
values in stationary situations.
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Fig. 4: Radial distribution function for different s values when 4¢=0.1
in stationary situations.
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Fig. 5: Kinetic temperature error as a function of A ¢ for different fox: values
in the countering-Poiseuille flow situations.
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Fig. 6: Configurational temperature error as a function of A¢ for
different fex; values in the countering-Poiseuille flow situations.
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Fig. 7: Radial distribution function for different fox: values when A¢ =
0.01 in the countering-Poiseuille flow situations.
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Fig. 8: Radial distribution function for different fex: values when A#=0.1
in the countering-Poiseuille flow situations.
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Fig. 9: Velocity profile for different body forces integrated by the MV
scheme when A7 = 0.1 (the least-square-fitted curves are shown with
magenta color).

Table 1: Viscosity estimated from the countering-Poiseuille simulations
for different body forces and time increments.

Integ. At
Scheme “ 0.005 0.01 0.02 0.05 0.1
0.05 1070 1061 1074 1105 1303
MV 0.1 1068 1079 1084 1125 1293

0.2 1.085 1.089 1.096 1.121 1311

0.05 1.074 1.072 1.083 1.098 1.137
Ruth 0.1 1.062 1.078 1.070 1.086 1.145
0.2 1.085 1.091 1.090 1.096 1.144
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