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Introduction

UCK' obtained the solution for the steady potential flow

past a slender ship in shallow water using the method of
matched asymptotic expansions. Lea and Feldman? extended
this solution into the transcritical (depth Froude number in
the neighborhood of unity) range, but their solution is valid
for the restrictive geometry of depth of O(e?/?) where € is the
slenderness parameter. It is the purpose of this Note to
demonstrate that the solution of Ref. 2 can be made ap-
plicable to the geometry considered by Tuck,' i.e., depth of
O(e), if it is recast with the slenderness parameter as the
perturbation parameter.

Problem Formulation

Consider the steady potential flow of a uniform stream of
speed U past a rigid slender ship in shallow water of depth ¢A.
A Cartesian coordinate system is introduced with its origin in
the undisturbed free surface with x in the streamwise direction
and z positive upwards. The ship hull is given by z=¢f(x,y)
and the free surface by z=7(x,y) where ¢ is a measure of the
ratio of beam or draft to ship length (which is O (1)).

The velocity is taken as UV (x+ @) where ¢ is the per-
turbation potential and satisfies Laplace’s equation.
Kinematic boundary conditions on the free surface and
bottom and a dynamic condition of constant pressure on the
free surface are satisfied by ¢. The solution technique of Lea
and Feldman® will be used with the slenderness parameter
(instead of the depth) as the perturbation parameter. The
ordering of terms is motivated by a study of the correspon-
ding transonic airfoil problem (see Ashley and Landahi®).

Since ¢ is an appropriate scale in the vertical direction, the
coordinate Z=z/¢ will be used. The Froude number F'is given
by

F?=U?(ghe) "' =1+¢*°K 1))
where g is the gravitational acceleration and K is a constant.

Outer Problem
The appropriate far field transverse variable is

y=e'ly @)

The perturbation potential and free-surface elevation are
expanded in perturbation series as

=226 " (x,5,2) (3a)

!

~ Received Dec. 13, 1976.
Index category: Hydrodynamics.
*Associate Professor of Aerospace Engineering. Member AIAA.

These Notes cannot exceed 6 manuscript pages and 3 figures;
Style requirements are

and

=€l € (%) (3b)
I

Following Lea and Feldman,’ the differential equation for
¢ ) (x,y) is obtained as

oL (364 + K1 —0{'=0 )
The inner expansion of this cuter solution is

" ~eP oD (x,0) + 1919, D (x,0+) +...] ()

Inner Problem
The appropriate near field transverse variable is

Y=y/¢ 6)
The velocity potential has the expansion
p=¢" )+l D+ M

where ® (/) is a function of x only and ® (¥’ satisfies Laplace’s
equation in the crossflow plane with a nonzero normal
derivative on the hull. It has an outer expansion of

G~ (@D (x)+US (x)191/2h] +... 8

where €¢°S(x) is the wetted cross-sectional area of the huil.
Matching of the inner and outer expansions (see Van Dyke?)
yields

U (x)=0'"(x,0) (9a)
and
6. (x,04)=US" (x)/2h (9b)

To obtain the lowest-order pressure distribution, vertical
force, and pitching moment on the ship we need to solve the
differential equation (4) with the hull boundary condition
(9b). This is the identical problem solved by Lea and Feld-
man® and results are presented in their paper. In conclusion,
their solution for the steady transcritical flow past a slender
ship in shallow water has been shown to be applicable when
the beam, draft, and water depth are of comparable
magnitude.
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