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Nonlinearity in Lift of Slender Bodies at Incidence

——Introduction of a New Vortex Layer Model—

by Kiyoshige Matsumura, Member Ichiro Tanaka, Member

Shun Sakuma, Member

Summary

Nonlinearity in normal (lateral) force for a slender body with small incidence to flow is
discussed by the asymptotic expansion method under the assumptions, 1>B>e>1//Ry and
(e/@ 12> B, where B is an angle of attack, e a slenderness parameter, and R, the Reynolds
number. The theory is developed utilizing a slender body theory technique. The near field
is composed of two vortex layers extending downstream infinitely in cross flow direction.
Kirchhoff’s dead water theory is applied to the cross flow with the inclusion of three—
dimensional effect which increases the velocity between the vortex layers in a lateral section.
The first term of the normal force coefficient is derived only from the near field consideration
and expressed by lateral drag coefficient of the Kirchhoff’s theory. The second term is derived
by considering the increase of lateral flow velocity by the effect of vortex layers in the vortex
field, which is a flow field existing between the near and far fields and consists of vortex
layers of finite extension. The second term of the coefficient is obtained analytically by
assuming the form of vortex layers and the strength of vorticity. The obtained results are
compared with experimental results.
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basic quantities
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Fig. 2 Perturbational illustration of Bollay's flow
model
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Fig.3 Flow configuration in near field
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Fig. 4 Calculated vortex layers of a flat plate
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