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Development of a High Accuracy Pure Upwind Difference Scheme
Ji Ryong Cho

In devising a numerical approximation for the convective spatial transport of a fluid
mechanical quantity, it is noted that-tfie convective motion of a scalar quantity occurs in
one-way, or from upstream to’ downstream.  This consideration leads to a new scheme
termed a pure upwind difference scheme (PUDS) in which an estimated value for a fluid
mechanical quantity at a control surface is not influenced from downstream values. The
formal accuracy of the proposed scheme is third order accurate. Two typical
benchmark problems of a wall-driven fluid flow in a square cavity and a
buoyancy-driven natural convection in a tall cavity are computed to evaluate performance
of the proposed method.  For comparison, the widely used simple upwind scheme,
power-law scheme, and QUICK methods are also considered. Computation results are
encouraging: the proposed PUDS sensitized to the convection direction produces the least
numerical diffusion among tested convection schemes, and, notable improvements in
Although the

formal accuracy of PUDS and QUICK are the same, the accuracy difference of

representing recirculation of fluid stream and spatial change of a scalar.

approximately a single order is observed from the revealed results.

Key Words: {3 A& (Convection Scheme), 4=*] &4 Numerical Diffusion)
FuHFA) § 2 A (Convection Direction Constraint), =447 XM (Pure

Upwind Difference Scheme), #3711 €)(Wall-Driven Cavity), A Q5
(Natural Convection)
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