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Convergence analysis and application of the slip boundary conditions

CAO Wenbin, LI Hua, GAO Honghe
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; By replacing the typical no-slip boundary conditions with velocity slip and temperature jump boundary conditions, the predicting
accuracy of the CFD modeling is improved effectively for high altitudes flow in the slip regime. The numerical iterations usually suffer form
divergence when the Maxwell slip boundary conditions are implemented with very great number of grid points by the numerical method, which the
velocity slip and temperature jump are evaluated through explicit calculation of the velocity and temperature gradient terms. In the theoretical
analysis, it is shown that the explicit calculation of gradient terms displays the time advancement process of the Maxwell slip boundary conditions
similar to a Jacobian iteration scheme, hence it must satisfy the condition of convergence. In order to remove the limitation from the condition of
convergence, a numerical treatment which is convergent for arbitrary grid density was derived for the slip boundary conditions. Numerical tests were
calculated to demonstrate the validity of the derived method. A space shuttle model was studied numerically for hypersonic flow at high altitudes.
The results disagreement between the slip and no-slip conditions was compared and the influence of slip effects on vehicle aerodynamic
characteristics and aerothermodynamic properties was analyzed.
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Tab.1 Flow condition for 2D cylinder cases

REHS SRRE Kn R
(kg/m”)
Casel 0.002 1.408 x10~*
Case2 0.05 5.636 x10°°
R2 HEME

Tab.2 Computational grids

ki R RO

d(m)
' (JAIm x #21))
Grid 1 201 x 101 1x107?
Grid 2 201 x 101 5x107°
Grid 3 201 x 151 1x107°
Grid 4 201 x 201 5%x107*
Grid 5 201 x251 1x107*
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Tab.3  Application of the two methods on different grids
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Fig.3 Comparison of friction coefficient and heating coefficient
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