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THE APPLICATION OF HIGH RESOLUTION FINITE DIFFERENCE

SCHEME IN DIRECT NUMERICAL SIMULATION
OF TURBULENT FLOW

MA Liang-Dong LI Zeng-Yao TAO Wen-Quan

(State Key Laboratory of Multiphase Flow in Power Engineering, School of Energy & Power Engineering,
Xi’an Jiaotong University, Xi’an 710049, China)

Abstract A direct numerical simulation of a fully developed turbulent flow and heat transfer in a
square duct is studied based on high resolution finite difference scheme. The flow and temperature
fields are obtained at a turbulent Reynolds number of 400 based on the mean friction velocity and
the hydraulic diameter, and the Prandtl number (Pr) of 0.71. Two kinds of point-stencil method are
used for the spatial derivatives of the pressure Poisson equation, i.e. the second-order and fourth-
order central difference, respectively. The results show that satisfactory solutions can be obtained
in the present DNS simulation with coarse grids compared with the method of second-order central
difference. And the solutions from the two kinds of point-stencil method for pressure Poisson equation

are consistent with the second-order central difference being more economical in saving computation
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HH) 2nd-order 2nd-order Higher-order-2p Higher-order JCER (5]

[T % 1283 2563 1283 1283 -

Ue 18.94 20.04 19.90 19.77 20.0

Umean 14.59 15.24 15.50 15.35 15.5
Ct cal 9.39x1073 8.61x1073 8.32x 1073 8.64x1073 -

WS Re % 5838 6096 6199 6138 6200

Cf exp = 0.073Re0-2517] 8.38x1073 8.26x1073 8.23x1073 8.24x1073 8.23x1073

EEERBARXHREE € 12% 4.2% 1.2% 2.9% -
Nu 7.48 7.11 6.81 6.77 -




