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B - BTSSR, A AETER RN &
£, PNS. TLNS # IVM-SNS J#241E) DPNS
F AR AR S A .

TR (1.2) ~ (1.4) PREHELNTMS

F O(Re~30-3-n0)) B PERISMESIR, NS
4 (1.1) ~ (1.5) B ABHER (VL)NS Jfa4] 624

8p 0O a
-2 - = 11.
S+ 5o (ew) + 5 (pv) = 0 (11.1)
Ou du du 198p 1 8, Ou
(11.2)
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H P B PRI T R BT DI U A B P O AR DT A,
A SHMETRE RN ERT.
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(L5) WHPEIE, W& 7 MR S5
6 AR
MIEMB AL, KiG PPNS AL
(X — T I PE 855 PR RO AR B 5 A0 5
B4 [26]

v .
Ay = — /\5,6,7 =1,
u

03 =0, 05=0, I=uv/u
. 2vB. 2. (7
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SIGNIFICANCE AND USE OF BASIC EQUATION SYSTEM
GOVERNING HIGH REYNOLDS (Re) NUMBER FLOWS
AND DIFFUSION-PARABOLIZED NAVIER-STOKES
(DPNS) EQUATIONS

GAO Zhi

Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China

Abstract In the times of the rapid development of computer art, one wonders whether it is necessary or not to
consider simplified Navier-Stokes (NS) equations in numerical simulations of high Reynolds number flows over
bodies. This problem is examined in this paper. (1) Any high Re number flow over bodies consists of three basic
flows: the flow with convection-dominant in all spatial directions, the flow with convection-diffusion competition
in all directions and the flow with convection-dominant in part directions and convection-diffusion competition
in part directions, which is called the interacting shear flow; the features of the three basic flows are different;
their simplest conservation equations, i.e. the Euler equations, Navier-Stokes (NS) equations and diffusion-
parabolized(DP) NS equations, have different mathematical characteristics; there is a great disparity in domains
of the three basic flows and the domains of NS equations are very small. Therefore, adopting Euler-DPNS-NS
equation system to analyze and compute high Re number flows over bodies is a logical approach. There exists a
mutual examined-complemented relationship of this approach with the usual one of adopting only NS equations.
Both the momentum-, energy- and mass- exchanges between fluid and fluid, fluid and environment(such as solid
wall) and flow evolution from laminar to turbulence take place mainly in the interacting shear flows, which and
its simplest conservation equations-DPNS equations are fundamental. The interacting shear flow is exactly a flow
with an approximate main-stream direction. The DPNS equations were presented by the author in 1967(2:15],
(2) There are several simplified NS equations similar to DPNS equations, such as parabolized (P)NS (3,22]
thin-layer (TL)NS[323 and viscous-layer (VL)NS equations®24l . As to these simplified NS equations, their
development, historical contribution to computational fluid dynamics, mathematical characteristics, applications
and mutual relations are discussed. (3) The relationship between the interacting shear flows-DPNS equations
and non-interacting shear flows-boundary layer equations is also examined. The necessity of studying further

the interacting shear flows and DPNS equations are emphasized.

Keywords fluid mechanics, high Reynolds (Re) number flows, interacting shear flows, Navier-Stokes (NS)
equations, diffusion-parabolized (DP) NS equations

- 438 -


http://www.cqvip.com

