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KINETIC ANALYSIS OF THE FLOW PAST A FLAT PLATE AT
MODERATE REYNOLDS NUMBERS™

FAN Jing' WU Chenxi SUN Quanhua JIANG Jianzhen

Key Laboratory for High Temperature Gas Dynamics, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100090, China

Abstract An analytical solution given by Y.H. Kuo in 1953 for the incompressible flow past a flat plate
at moderate Reynolds numbers was a classical work of boundary layer theory. Many researchers, based on
experimental data given respectively by Janour and Schaaf and Sherman, made an assessment of Kuo's formula
and carried out follow-up studies for determining the drag coefficient around a flat plate. Kinetic analyses in
the present paper show that the experimental data of Schaaf & Sherman in low subsonic situations (0.16 <
M < 0.21) is not suitable to serve as a standard to assess an incompressible theory when the Reynolds number
(Re) ranges from 1 to 10, because the corresponding Knudsen numbers under the experimental conditions are
about between 0.03 and 0.3, indicating significant rarefied gas effects, while other experimental data satisfying
the incompressible assumption support Kuo’s formula. When rarefied gas effects are taken into account, the
drag coefficient around a flat plate in low-speed or subsonic situations may be expressed as Cp = Cp x
Cp,rm/(Cp.c+ Cp pum), where Cp . and Cp ru are the theoretical solutions at continuum and free molecular
limits, respectively. Kuo’s solution for the velocity distribution past a flat plate is in qualitative agreement with
the numerical results given by the information preservation (IP) method based on kinetic theory, with some
difference occurring at the leading edge where rarefied gas effects become significant. Compared with Blasius

solution to the velocity distribution, Kuo’s correction becomes important when Re < 100.

Keywords flow past a flat plate, Kuo’s solution, rarefied gas effects, kinetic analysis, IP method
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