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A Numerical Analysis of Steady Lifting Surface Problems
by Proposal of Green Function Considering Wave Generation
Caused by Vortex System (2 nd Report)

—An Evaluation on Components of the Drag Force—

by Tsutomu Hori, Member

Summary

In this paper, components of the drag force which acts on the hydrofoil are evaluated by momentum
theorem taking account of the wave generation and the trailing vortices. Then, it is possible to
compute the total drag without the interference of induced drag and wave-making resistance as far as
vortex model has normal image system which satisfies the rigid wall conditions at the free surface.

Also, it was shown that the lifting line approximation for calculating wave-making resistance is not
valid in the case of low speed by using of wave amplitude functions of lifting surface. And, asymptotic
behavior of wave pattern generated by vortex system at the high speed is analyzed. As a result, low
field is represented by inverse image system and above-mentioned approximation is useful for the

limiting case of high speed.
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Fig.1 Coordinate system and control surface applying the momentum theorem around hydrofoil
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Fig.2 Drag forces of rectangular wing with A=2 versus Froude’s number for the various submerged depth
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Fig.4 Components of drag Cp of rectangular wing
with A=2 versus Froude’s number in the case of
f=0.25
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Fig.5 Components of the down-wash o, averaged
over span on the trailing vortex at far-down-
stream for the rectangular wing with A=2
versus Froude’s number in the case of f=0.25
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Fig.6 Dependency of some spanwise distributions upon the Froude’s number for the rectangular wing with A=2
in the case of f=0.25 [(a) circulation I, (b) down-wash w:, (¢) profile induced drag —I'w:]
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Fig.7 Share of wave-making resistance Cp, relative to the total drag Cp for the various submerged depth

on rectangular wings [(a) A=2, (b) A=6]

Fig.8 Bird’s-eye view of Wave pattern at the high
speed for the rectangular wing with 4=2 in
the case of f=0.25[(a) F,=5, (b) Fr=00]
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Fig.9 Wave contours at the high speed for the
rectangular wing with Z1=2 in the case of
f=0.25 [upper : F,=S5, lower: F,=0]
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Fig.10 Wave profiles at the high speed in comparison between F,=1 and F,=o0 for the rectangular wing
with A=2 in the case of #=0.25 [(a) Longitudinal cut, (b) Transverse cut]
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Fig.11 Error due to the approximation of lifting line on the calculating wave - making resistance Cp, of
lifting surface for the various submerged depth in the case of rectangular wings [(a) A=2, (b) A=6]

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

AT LSk WY — BIME BA L f E R O BUHEE (20 2) 135

|Ao)| (B F, =05
2.0

|A@6)] @F =1
L5
1.0
05

ol N - 2 0.0 [ et - R .
-90 60 30 0 30 60 920 -90 -60 -30 0 30 60 920
APPIO%.F ine gq%J Lifting Surface AP e Line aqgg Lifting Surface

Fig. 12 Wave amplitude functions |A(8)| of the rectangular wing with A1=2 in comparison between lifting surfaée
and lifting line for the various submerged depth [(a) F,=1, (b) F,=0.5]
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