NUMERICAL STUDY OF NORMAL PRESSURE DISTRIBUTION IN ENTRANCE PIPE FLOW^∗

K. SHIMOMUKAI^† AND H. KANDA^‡

Abstract. This paper deals with the computation of pipe flow in the entrance region. The pressure distribution and flow characteristics, particularly the effect of vorticity in the vicinity of the wall, are analyzed for Reynolds numbers (Re) ranging from 500 to 10000. The pressure gradient in the normal or radial direction is caused by the normal component of the curl of vorticity, which decreases as Re increases. It is found, for the first time, that the pressure gradient along the normal direction near the pipe inlet is negative, i.e., the pressure at the wall is lower than that at the central core for Re ≤ 5000. This result is beyond the scope of the boundary-layer assumption and contrary to the consequence of Bernoulli’s law.

Key words. computational fluid dynamics, numerical analysis

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

∗Received September 24, 2007. Accepted for publication November 5, 2007. Published online on March 26, 2008. Recommended by F. Stenger.

† Department of Visualization, SGI Japan, Ltd., Yebisu Garden Place Tower 31F, 4-20-3 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).