NUMERICAL STUDY OF NORMAL PRESSURE DISTRIBUTION IN ENTRANCE FLOW BETWEEN PARALLEL PLATES, I. FINITE DIFFERENCE CALCULATIONS^∗

KENSHU SHIMOMUKAI,^† AND HIDESADA KANDA^‡

Abstract. This paper deals with the computation of flow between two parallel plates, including the pressure distribution in the entrance region. There are few implicit solutions available for the pressure distribution in the normal or y-direction of such flows. The pressure distribution in the y-direction is thus computed for the first time for flow between parallel plates. The minimum critical Reynolds number for laminar-turbulent transition is known to be in the range from 1300 to 1400, and we have thus focused our finite difference computations of the pressure gradient in the y-direction at Reynolds numbers (Re) between 100 and 5000. Our results have enabled us to conclude that a large difference in pressure between the wall and the centerline exists near the inlet for a low Re and decreased as Re increased. The pressure at the wall is lower than that in the central core for Re ≤ 5000 , indicating that the pressure distribution is contrary to Bernoulli’s law across parallel plates, although the law does not apply to viscous flow.

Key words. computational fluid dynamics, numerical analysis.

AMS subject classifications. 15A15, 15A09, 15A23

∗Received December 24, 2004. Accepted for publication January 17, 2006. Recommended by F. Stenger. †SGI Japan, Ltd., Yebisu Garden Place Tower 31F, 4-20-1 Ebisu Shibuya-ku, Tokyo 150-6031 Japan, (shimomukai@sgi.co.jp).

‡Department of Computer Science, University of Aizu, Aizu-Wakamatsu, Fukushima 965-8580, Japan, (kanda@u-aizu.ac.jp).