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Abstract

The authors propose to solve the integral equation of a planing plate ordinate
instead of the one of the plate inclination. This method enables us to treat wider
class of the pressure distribution which does not always satisfy Kutta-Joukowski
condition, for example, eigen-function of the integral equation of the plate inclina-
tion, which is verified te be the influence function of splash. The solutions are
obtained and verified to agree well with the preceding results. This boundary
value problem may be deduced from the variational principle of an integral which
becomes Lagrangean of the system in its stationary point.

1. Introduction

In airplane wing theory, A.H. Flax introduced a variational method to solve the
boundary value problem and showed that it was a systematic means of obtaining various.
approximate solutions.'”’ However, F. Ursell and G. N. Ward showed that this method
was applicable only for the linearized theory.'" There is the other way to construct a.
variational method for such. problems which the one of the authors proposed. This method.
may be applied to the problems of bodies having various shapes and not limited to the:
linear boundary value problem'’ and moreover permits us to ohtain eigen-solutions which.
do not satisfy with Kutta-Joukowski condition at tail end. The authors try to apply this.
variational method to the two-dimensional hydroplaning problem and calculate solutions.
numerically. In way of these calculations and formulations, they find from the reverse.
flow relations that the eigen function so obtained is the influence function of splash.

2. Direct Flow'' ™

Let us consider a water flow around a planing plate of infinite breadth on the surface:
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of infinitely deep water flow as shown
in Figure 1. As well known, this
water flow is described approximate-
ly by the velocity potential of some

pressure distribution over the water R = I'tm . X
surface. The condition of water sur- \—/
face is v
, 7 .
1}Lr_r_lu Re{ (E& -Hr) f(z)}=,l,i.rilo(§a%_r¢) Fig. 1. Co-ordinate system.
_[—#x) for |x| <1}
_{ 0 for |x/>1 2.1)

where the co-ordinate system is normalized so the half-length of the plate as to be unit
and the velocity to be unit, then y=g//U" and the pressure to be pU?p(x), (¢ the water
density and g the gravity constant).

f(z) means the complex velocity potential, ¢ the velocity potential, ¢ the stream
function and z=x-+iy.

They are expressed as follows;

fay=p+ip=— Sl_lp(E)S{r(z—ende 2.2)
where
Stra)=lim | —E ok
(ra)= plrfo. SD m (2.3)

The problem to be solved is to determine the pressure distribution p(x) for given planing
plate shape. This boundary condition can be written down in two ways, namely,

#(x, 0)=—n(x), }
e _ a;[, _dy for [x]<1 (2.5}
and Y {y=s 0% [y=0 oOx

where »{x) means the ordinate of planing plate.
Putting each condition into (2.2) and its derivative, we obtain two integral equations;

=1 S’_lp(e)s,mx—ende @.5)

anx)_ 1 [ 1 -
WG e (26)

where
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Selyx}+iS.(yx)=S(rx) 2.7)

In the former equation, the kernel has logarithmic singularity at origin, so that it may
have unique solution and the latter is a singular equation and not uniquely determined,
so that the Kutta-Joukowski condition should be added to have a unique solution. From
this consideration it may be clear that the eigen solution in the latter case will be the
solution for n{x)=constant of the former case.

3. Reversed Flow'''"

Let us consider the water flow reversed the stream direction against the direct flow
around the same planing plate and call it the reversed flow.
The water surface condition is the same as of the direct flow, namely,

. d . Naa_[—plx) for |x|<1
.]ﬂRe(dz“T)f(")_{ 0 for Ix|>1} B.1)

and the complex velocity potential is written as

For=—; | pe)Stra—enae | @2

where
Syay=1im { " 33
rai=im | e

and sign ~ over the letter means the reversed flow quantity. The kernel S has the
wave train on the positive side of the x-axis and differs from the direct flow kernel S
only by the wave term as follows;

Sr2)=8(y2)—2nie”""* (3.4)
and that they are adjoint with each other in the following sense
$*ra)=8(-r2) (3.5)

where S* means the complex conjugate value of S.
The boundary condition is now

J(x: 0)=17(x)
or 08| __%| __o (3.6)
ay y=0 ax y=0 ax

and the integral equation is

o 2)= —% Sl_lﬁ(e)S‘,{r(x— &) de | 3.7)
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or

[~3)

71 S 15(6)[——-1-+r§.{r(x—$)}:| & | (3.8)

Er —-1 x—§
where
§=8,+irS, (3.9)
Comparing (3.7) with (2.5) and remembering the adjoint relation (3.5} we have
PA=—f~2) I rR=r—)
and p)y=p(—x) i px)=—n—2) }

This duality is the fundamental property between the direct and reversed flow. The
most important and basic properties between both flows are following integral identities
called as the reversed flow theorem

(3.10)

Sl lpl(x)ns(x)dx= — Sl_lﬁs(x)m(x)dx (3.11)
and

' 3 gy " a2t

S_l.bl(x) % dx-—g_lpz(x) e dx (3.12)

for p,, fr corresponding boundary value #, 7 respectively. p, and p, must vanish at tail
end in the latter integral but not neccesary in the former,

4. Variational Principle’®''**

By the method of A. H. Flax, introducing the integral

1

7=\ w+dlar-{" | swnes. o D

-1 J—

where
S.’(rx)=—lx +7r8drx) ,
taking its variation with regard to  and making use of the reciprocity (3.12), we have
aj=§‘_15;;dx(.g—:_ l_lps.'de) 4.2)

Then, the boundary value problem (2.6) is equivalent to the variational one of J. Here
each of # and § must vanish at each tail end because otherwise the integral does not
exist,

The integral J is closely related to the linearized momentum integral and its station-
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ary value is the pressure drag, so that this method is only applicable to very thin bodies.
The other way is to make use of the reciprocity (3.11). For this aim, introducing
the integral
1 - 1 L
1=\ w—sepmmar+{* " seap@soe—endzs 4.3)
-1 -1 Ja
and taking the variation, we have

6I=—§1_165dx{12(x) - S’_lps;de} (4.4)

which is equivalent to the equation (2.5).

In this form there is no difficulty of the existence of the integral or non applicability
to thick body. To understand the dynamical meaning of I, let us consider its stationary
value, then by making use of the water surface conditions (2.1) and (3.1), we have

n=—{" poar={" Gu—rear={" 6o,z 4.5)

e

and by Green’s theorem it becomes

=\ { porpazdy—r S" s (4.6)

The first term of the right hand side is the kinetic energy of the disturbed flow and the
second term is the potential energy and hoth are infinite but the difference, Lagrangean
or kinetic potential,’®’ is finite because they are equal each other in the regular wave
train. .

Thus it becomes clear that the proposed method is founded on the stationary property
of Lagrangean, so that it may be applied to the wider classes of the problem than Flax’s
method except non-linear problems of free surface. )

5. Relations between Various Solutions

Before entering numerical calculations, let us obtain some mutual relations between
solutions deduced from the formulas (3.10), (3.11) and (3.12).

Firstly, since all boundary conditions may be represented by Fourier series, let the
solutions of (2.5) and (3.7} for 5,=cosnf be

1 oo
Px)=—"— 3 Aun"cosmb .
sin ’:o X=—cos# (5.1)
Bny=—2 A" cos mf
sin § m=o

then, by (3.11), we have adjoint relations
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A°0=_A'on
A,.“:—Z,Ka" » onll:__A"“O » for n#ol (5‘2)
AS=—A" for n, m+0

and that by (3.10)

Amﬂz(_l)"}!l‘flﬁ'“ﬂ , ) (5.3)
so that

An’=2—1)"A4," for m#0 } 5.4)

AL=(-1"""A4,* for m, n#0

Secondly, let corresponding solutions satisfying Kutta-Joukowski condition to these be

pe(x)= E a,,. cos mf

&
3111 5.5)
p,‘(x)—-——l—-—a’z:_: G COS mé
Their boundary conditions are
a _ _ ., sinng
ax’?’(x)— V(%)= sin ¢ (5.6)
and Kutta-Joukowski condition means
an,.":o and z: (—1)"Gn"=0 (5.7)
By the same way as the above, we have
- am,=(_1)n+u+1&mu 5.8)
and
7 aptl= E agt, etc. (5.9

2ﬂ+1 p=0 * 2m +1 #=0

remembering the identity

1 n/3
%ﬁ— Eﬂs, en—1 €08 (B—2u—1)

where
6=1, &=2 for n>0

Thirdly, since p, and P, differs only with a constant in boundary values, we may write

Pl x)=anPo(x)+ Pn(x)}

i o o (5.10)
Dl x)=dn Po(2)+ Pyl x)

where a, and &, must be determined by the conditions (5.7), namely,
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= — E A" g: Amo
- =0 3} (5.11)
&u=_ﬂ§°(_1)mgm"/ﬂ§° (_l)mgmu

and that by the adjoint relation (5.3}, we know

&n=(_1)“an

(5.12)
Making use of this value, when we know the former solution we may obtain the latter
solution as follows;

am“—_"auAmo -+ Ama

(5.13)
Since the surface elevation corresponding p,(x) is 5=a,+-cosnd, the coefficient a, is the
weighted mean elevation, that is,

1 dx
:l'l.' S_l(a’“-l- COS”@)‘/—I_?-—Q’“

Another equality may be deduced by making use of both reciprocities (3.11) and
(3.12) as

_51 Pu(x)dx= Sl p,vldngl j;lv,.dngl ﬁg(x)(a,.-}-cos nd)dx (5.14)
—1 -l —1 = -
from which we have

anhy’=— Sl Pivadx+ Sl ﬁo(x)(g ) v.dx+1)dx
Tl -1 -1

(5.14)
which permits us to calculate a, if we know By{x) and h
Fourthly, let us obtain the representation of the following value
Tp= éo(_l)mam“
~ {5.15)
Fn= Eu&m":(_l)”-lan

which is necessary to estimate the splash resistance as seen in the following paragraph.
It is also written as

a,.=2uE=ua;‘,= '-2-%" Bimi1

{5.16)
because of the condition (5.7).
Then, in the same way as the above, we obtain successively
PP S I ¢! sin (2m+1)8
2 —-‘1“1_1.11 an’"—il—!:& T _,p“(x) sin # a9

163
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i
= —-]’;— ’1’;1_1.\'.1“ E-ﬂ'tlfl-i _lp,v,,.ﬂdx

=—-l lim —1' Sl ﬁgmq.lvndx
T moo 200 +1 -1

:—l lim (—%-'-"-11— ' ﬁ.,v,,dx+ ' ﬁlm+lvadx)
T omoe \2m+1 J_; 2m+1 ) |

The second term of the last line tends to zero, but the first term tends to

iy Skl i, Oewyy 0y
] a1 A

(5.17)

by making use of (5.14).
Thus we have finally
&y 1
Pyx)v(x)dx (5.18)

O =
KAno -1

which permit us to calculate ¢, when we know ﬁo and ¢, which is the value for the flat
plate.

Fifthly and lastly, let us consider the solutions for p=cos yx and sinyx and write

P.,(x):L f} Ay’ cos mé

31;1 g m:o (5.19)
P(x)=—— % An"cosmf
sin # m=0
Corresponding results satisfying Kutta-Joukowski condition. may be written as
PolBy=—1 T az? cos mB=at, ,Po()+P.. () (5.20)
Sin & m=0
Since
e"t= E:n eni™Ja(7) cOS 1
where J, means Bessel function, we have clearly
A= T, el =1 ARTuslr)
' (5.21)

Adt=—2 % (—1" AR onsly)

and corresponding equations for a¥'.
This means that these solutions can be calculated from all p, or P, solutions. We
call these diffraction potentials in the following.
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6. Lift, Moment and Drag®""

The lift L, moment M and pressure drag D acting on the planing plate are given as
follows;

L 1
wpU’lchZ _I‘p(x)dx (601)
M _~ _[
pU’l’"—c"_ _P(x)xdx (6.2)
and
D, [ a7
pUzI_CD,...Squ(x)—axdx 6.3)

‘The drag is composed of two parts, that is, the wave-making and splash,
D,=D,+D, (6.4)

“The wave drag is proportional to the square of the amplitude of the regular wave train
and given as

pD[}’,I=C.,=riF(r)]’ 6.5)
where
frr)=g‘_1p<x)e‘“dx (6.6)

On the other hand, the splash drag is given as

e

6.7
where

o= (-1’ (6.8)
when

-1 &
Plx)= Sind Ea a, cos nd

Applying the reversed flow theorem (3.12), we have Munk’s theorem for lift and moment
as

=l 5y 97
Ci=—{ fitn) Tla 6.9)
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Cu= % g Ful) —dx (6.10)
In the same way, applying (3.11), we have similar results as

Cr=— Sl 113'.,(:\:)77(.9:).:!:4: (6.11)

Cy= S Px)p(n)dx (6.12)
-1

These formulas enable us to calculate the lift and moment of the planing plate of
arbitrary shape if we know only the pressure distribution of a flat plate.
Similarly, since we have for splash drag from (5.18)

o= 97
= S B2 6.13)

we need only B,. For wave drag, since we have
Fpy=1 } S 4. (x)+u>.(x)} 1 4y = —S {B+iBpa)de (6.14)

we need only the diffraction potential.

7. Calculations

If we try to solve the boundary value problem by expanding % and p in Fourier
series and applying the variational principle, the obtained equations are mnot other than
the one of the usual Fourier expansion method. In another word, the method to solve
by expanding into orthogonal series is justified by the variational principles in this case,
so that the error in the drag or Lagrangean may be the least.

Preliminary calculations are carried out by Flax’s method for a flat plate, putting
pxy=a,' tan #/2 and making use of Miller’s table,’’ The results are very good for small
v and given in Table 10 compared with other author’s results.

Now, it may be convenient for calculation to decompose » into odd and even part,
because numbers of the unknown of the system of linear equation reduce to half. Hence,
standing ¢ or s on the shouider for the even or odd part respectively, we may write the
equatioﬁ (2.5) as

P m=— Sl PESAr(x—E)de—F*(r) cos yx _
o @.1)
=1 reSua-ou+Fosinr

where
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E o =cos kx
S(rx)=P.V. So o, (7.2)
and
F+Fm=|" o ipe s 7.3)

These equations may be decomposed once more, if we put

p:(x)=zf"(x)+F'(r)ﬁ°(x)} 7.4
P(x)=p"(x)~-F(r)p"(x)
we have four equations as follows;
=1 | PoSie-od, jmcors (7.5)
cos _i 1 'E"' —
Solving these equations, determining F° and F*® by (7.3) as
Fi(n=(F+&"F)/(1+7%")
PO P50 @n
where
F°+5F’=S‘ (B + B dx
- (7.8)

1 .
P +ipg"=\ (p°+p"e"dx
—1

and adding them in (7.4), we have finally the solutions. The actual calculations are
carried out by expanding the above equations into Fourier series as

1

P (x)_m E Bincos2ms , p(x)= ey 25 am+1 COS (2m1-1)8 (7.9)

and
1 - 1
Bew=cis T Aiwcos2mb, Fi=— & Afu,cos@mtle  (710)

for values
=cosnf, n=0,1,2 3.

The necessary coefficients

Con=P.y. [ LB By (7.10)
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or

Csn.am=

Lad 3 x x_
% S S Sfr{cos 8—cos ) cos 2nb-cos 2mIdads
) ¢ Jo

wt xrx_.
C,.+1,nm+1=—(~_-—]'-)r: S S Selr{cos #—cos §) cos (Zrn+1)4 cos (2m+1)9d6d9 (7.12)
T

o J0

" and shown in Table 1. The number of

the unknown in this case are two, and to solve them is very easy and the results are
shown in Table 2 and 3.
After obtaining these coefficients, putting them into (7.8), we may obtain

are calculated numerically from Miller’s table

1 _ 1
F=n ’E (—l)mBm]m(T) , F=—n -Z:_u ("l)mBam-l-l]anI(r) (7.13)
Table 1. Coefficient Cy,m
r Coo Co,2=Cs,0 ~ Ce.a Cia C1,3=Cs Cs,s

0.05 3.0435 0.0080 0.2544 0.5233 0.0015 0.1685
0.1 2.2770 0.0170 0.2590 0.5489 0.0031 0.1704
0.2 1.4296 0.0357 0.2690 0.6026 0.0067 0.1744
0.5 0.0643 0.0759 0.3077 0.7450 0.0223 0.1886
1.0 —1.0471 0.0124 0.4048 0.7101 0.0644 0.2197
2.0 —0,8882 —0.5148 0.5264 —0.0426 0.0658 0.3376

Table 2. Coefficient A"

ro Ap AP Ay A Al Ay Az A
0.05 0.3286 0.0104 0.0052 1.9660 0.9555 0.0083 0.0083 2.8537
0.1 0.4394 0.0289 0.0144 1.9318 0.9111 0.0164 0.0164 2.9343
0.2 0.7018 0.0931 0.0466 1.8653 0.8301 0.0318 0.0318 2.8683
0.5 21,9184 5.4043 2.7022 2.2911 0.6736 0.0797 0.0797 2.6603
1.0 —0.9547 | —0.0293 —0.0146 1.2347 0.6656 0.1950 0.1950 2.3330
2.0 —0.7185 0.7027 0.3514 0.6062 | —9.0251 |—1.7579 |(—1.7579 1.1386

Table 3. Coefficient B,

r By B, 2 B,
0.05 0.3284 —0.0478 0.0091 —0.0004
0.1 0.4383 -0.0910 0.0240 —0.0015
0.2 0.6943 —0.1652 0.0736 —0.0054
0.5 20.4044 —0.3260 4,9315 --0.0250
1.0 —-0.7272 —0.5782 —0.2860 —0.0803
. 2.0 —0.4088 9.9566 -0.2704 2.3213
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and

—;ﬂ=n' éo(—l)"‘ﬁ;:.fzm(l’) ] F;n=0

_ _ . _ (7.14)
F;s+1=0 y Flap=—n 'Eo (—1)“24;:?1]:»“(?’)
and they are shown in Table 4 and 5.
Putting these value into (7.7), we may obtain
Fi,— -t s e PF
1t7e 1+e'e (7.15)
Fiy= 2 . Flan

1+¢a¢l L M= 1+¢B¢I

shown in Table 6.
Lastly, we have the expansion coefficients of P,(x) in the form (5.1) by (7.4) as

A=A+ FiBim, Alpy=—F3Bimn } (7.16)

A:;+1=F;u+1-§2ﬂ ’ A§:++11=-Z::;§-11—F;u+1§2m+1
which are shown in Table 7.

Then, calculating a, by (5.11), we may obtain a," shown in Table 9 by (5.13). The
results are compared with other author’s results in Table 10 and Figure 2 and seen agree-
ment to be good. Finally, Figure 3 shows the curves of Py(x) which is the eigen function
of the equation (2.6) and the influence function of splash in the sense of (6.13). We may

Table 4. Coefficient Fa® and Fpr Table 5. Coefficient g¢ and g*
7 Fy Fy Py Fy T S;’ ;'

0.05 1.0316 0.0144 —0.0750 —0.0006 0.05 1.0301 0.0038
0.1 1.3768 0.0376 —0.1429 —0.0024 0.1 1.3733 0.0143
0.2 2.1813 0.1156 —0.2595 —0.0084 0.2 2.1584 0.0516
0.5 64.1023 7.7466 -—0.5120 —0.0393 0.5 59.6840 0.2479
1.0 —2.2844 —0.4808 —0.9082 —0.1262 1.0 —1.6448 0.7944
2.0 —1.2843 —0.4248 15.6398 3.7466 - 2.0 0.0122 7 —17.0995

Table 6. Coefficient Flp0 and Fy*

T Fe Fye Fy Fye Fy e Fy Fg
0.05 1.0277 | —0.0770 0.0143 | —0.0006 | —0.0039 | —0.0747 | —0.0001 | -0.0006
0.1 1.3504 | —0.1925 0.0369 | —0.0032 | —0.0193 | —0.1402 | —0.0005 | —0.0023
0.2 1.9626 | —0.5039 0.1040 | —0.0164 | —0.1013 | —0.2335 | —0.0054 | —0.0075
0.5 4.0584 --1.9347 0.4904 | —0.1484 | —=1.0060 | —0.0324 | —0.1216 | —0.0025
1.0 7.4519 | —4.8730 1.5687 | —0.6769 | —5.91%4 2,9626 | —1.2461 0.4115
2.0 —1.6233 0.2414 | —0.5369 0.0578 |-27.7570 19.7673 | —9.1806 4.7354
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Table 7. Coefficient A4

t Ag® At Agt As? Aot At Ast Agl
0.05 0.3273 0.0491 0.0103 0.0004 | —0.0245 0.9519 | —0.0007 0.0076
0.1 0.4309 0.1229 0.0284 0.0020 | —0.0614 0.8936 | —0.0034 0.0161
0.2 (.6314 0.3242 0.0857 0.0105 | —0.1621 0.7469 | —0.0172 0.0291
0.5 1.3910 1.3229 0.4430 0.1015 | —0.6614 0.0429 | —0.1599 0.0314
1.0 3.3497 4.3084 1.6636 0.5985 | —2.1543 | —2.1518 | —0.8473 | —0.1964
2.0 10.6289 16.1623 8.2000 3.7681 | -—8.0812 (—11.4284 | —5.3457 | —2.3182

T Ae? A Ag? Ag? Agd A At Ay?
0.05 0.0052 0.0007 1.9660 0.0000 | —0.0002 0.0083 0.0000 2.8537
0.1 0.0142 0.0034 1.9318 0.0001 | —0.0010 0.0161 | —0,0001 2.9343
0.2 0.0428 0.0172 1.8649 0.0006 | —0,0053 0.0281 | —0.0006 2.8682
0.5 0.2215 0.1599 1.6916 0.0123 | —0.0507 0.0314 | ~0.0123 2.6566
1.0 0.8915 0.9059 1.5911 0.1260 | —0.2092 | —0.1964 | —0.1177 2.2787
2.0 4.1045 5.3457 3.0889 1.2463 | —1.9359 | —2.3336 | —1.2806 1.0044

Table 8. Coefficient ax

T oo a1 &z 241

0.05 -1.0000 —2.4132 —5.0931 —7.3918
0.1 —1.0000 —1.4460 —3.3366 —5.0481
0.2 —1.0000 —0.5673 —1.8305 —2.749%0
0.5 —1.0000 0.2293 -0.6400 —0.8056
1.0 —1.0000 0.5393 —0.3543 —0.1679
2.0 —1.0000 0.7009 —0,3556 0.1173

Table 9. Coefficient g,

7 ot a! ag! st @* a? ozt ag®
0.05 ~0.8144 0.8334 | —0.0256 0.0067 | —1.6619 | —0.2493 1.9133 | —0.0021
0.1 —0.6846 0.7158 | —0.0444 0.0131 | —1.4237 | —0.4066 1.8371 | —0.0067
0.2 —0.5203 0.5630 | —0.0658 0.0231 | —1.1130 | —0.5763 1.7081 | —0.0187
0.5 —0.3425 0.3462 | --0.0583 0.0536 | —0.8887 | —0.6867 1.4080 | —0.0527
1.0 —0.3479 0.1717 0.0499 0.1264 | —0.2052 | —0.6024 1,0017 | --0.0860
2.0 —0.6312 | —0.0999 0.4082 0.3229 0.3251 | —0.4014 0.1699 | —0.0936

T ao® @ azt a’
0.05 —2.4197 | —0.3545 | —0.0764 2.8506
0.1 —2,1765 | --0.6042 { —0.1434 2.9241
0.2 —1.7411 | —0.8621 | —0.2360 2.8393
0.5 —1.1713 | —1.0343 §| —0.3692 2.5748
1.0 —0.8616 | —-0.9196 | —0.3970 2.1782
2.0 —0,6896 | —4.2287 | —0.3181 1.4462
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Table 10. Comparison with other Methods
By 1 term .
Flax's Method By Squire
r —agt =l —agt arl —ag! ast
0.05 0.8144 0.7840 0.8084 0.0370 0.0126
0.1 0.6840 0.6762 0.7152 0.0614 0.0224
0.2 0.5201 0.5112 (.5643 0.0912 0.0383
0.5 0.3375 0.3335 0,3513 0.1003 0.0825
1.0 0.4050 0.3428 0.1703 —0.0029 0.1695
2.0 —0.2604 0.6514 —0.1122 —0.3680 0.3956
By Maruo
r oyt at az aat
0.1 . 0.6829 —0.7163 0.0447 —0.0163
0.2 0.5185 --0.5640 0.0660 —0.0284
0.3 0.4248 —0.4683 0.0734 -0,0399
0.4 0.3704 —0.4005 0.0704 -—0.0520
0.5 0.3392 --0.3479 0.0605 —0.0849

PRESENT METHOD ——
MARUO
SQUIRE
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Fig. 2. Comparison with other
author's results.
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Fig. 3. Influence function for splash Pox).
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imagine easily the relation between the shape
of plate and the splash from this figure.

8. Conclusion

Many works have been done about the
problem of the hydro-planing and there is
hardly anything left. We try to reconstruct
here the boundary wvalue problem on the
basis of wvariational principles.

The conclusions are summerized as fol-
lows;

1) The integral equation may be written
in two ways. The one represents the ordi-

nate of planing plate and the other its in-
clination.

2) Al preceding works treat with the equation of inclination. Flax’s variational
principle may be applied to it and the stationary value of the integral to be considered
is the drag. The pressure distribution must satisfy Kutta- Joukowski condition.

3) The proposed method may be applied to the integral equation for the plate ordi-
nate instead of the inclination and the integral to be extremized is Lagrangean. The
pressure distribution may not always satisfy Kutta-Joukowski condition, namely, this
method contains wider class of the pressure distribution than the former.

4) The eigen function of the integral equation for plate inclination is calculated by
the latter method and it is found that this eigen function is also the influence function -
of splash.

5) The numerical calculations are carried out and found to be in good agreement
with the preceding resuits.
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