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The equation of fluid motion arcund a submerged body moving

In the direction of positive x axls with a constant velocity
U 1is

vtﬂ(XaYnt) = 0 (1)

where § is a function of time and point coordinates in the
moving frame,

The free-surface condition can be shown to be:
2 a* 25 ¢
S - +USE 43S0, g=o (2)

On the surface of the 1ifting surface we have tus flow condi-
ticns:

%ﬁ:— = Vo (x) 4 v(x) exp(ikt), (y= =f, \xleb) (3)

wnere v, (x) = =U@ 1ia the normal componant of the velooity of
the thin flat plate in a translaroty motion; and © 4is the mean
angle of attack. The normal vsicuity corresponding to the
oscillation of the wing with & irsquency k 1is reprssented

by v(x) exp(ikt) whare v(x) 1s “he normal component of the
amplitude dus %2 reotational oscillationse The mean pozition

of the plate Js taken to by at y = -f, 1,8, at distance of

| £l below the undisturbed position of the free aurface. The
chord of the plate is 2b.

The pressure inside the fluld is given by the expreaaion:
~Fy = ~ o L.
LALEREE Rk TRlTL

where p_ 18 the atmospheric pressure, and 4 1s the density
at infingty.

As the pressurs change p = p, must be continuous except when
crossing the plate, it follows thet %= further conditlion may
be taken in the form:



A finlte veloclity at the trailing edge implies an additional
condition:

#;- 1s finite, when y s, and x = «b . {s)

Now assuming the perturbed motion has reached a steady ntate.
we transform Equations (1) through (5) by letting

Plx,y,t) = B,(x,5) + F(x,3) exp(ikt) . (6)

- where @ (x,y) 1s the velocity potential corresponding vo &
steady motion of the fluid for a plate moving with a constant

_velocity U, and @) (x,y)exp(ikt) repressnts the velocity
potential of the diaturbod oscillatory motion eof the fluid.

The resuli of substituting (6) into the stovs sguatlicns ylélds:
LW .
. a.—_—ﬁ. a.d‘ =0 9
IxE 29‘ :
% = vo(x), when y - -f, 1<V
-g{! is finite, when y m -f, and x = «b f (7)

U!j%i- #;z .chvhen y=e=f, IxXi=Db

a—‘.
%«vr -gl-—a}—-_o) when y m O
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and for perturbed motion we obtain:

Tb 4 26 3

oxx T TgF =%
%ﬁg v(x), when y = =f, x2 b

%;; is finite when y= «f, and X w «b . : . > (8)

x.tfi, +U.,"§'.-o,' i‘non y = =, and \x\tb

B A e mnree

X

%Thq solution for g, as mentinned abovr,, corresponds to fh-
..8teady motion of a®fiuid around e £iat plate vhich is. moving
below the free surface at constant velocity. This soluticn 1s
-~ known; Kotchin in 1937 published a soluticn for this caac.
Theretore, we shall proceed to a discussion of the aolution for

¢1-

It e evident thet the conditions (8) imply rot only tho ‘usual
type of boundary conditionz but alsc conditions to be aatiafied
in the interior of the fluld. The soiution to sonditions (8}

is procesding along three dlroctions: {1) solution of ‘a single
pulsating source moving with a constant velocity below the free

. surface, This aslution will be adopted to the case of diatribution
‘of sources along the countour of the oscillatory plate. (2}
Transformation of coordinates with a view of reducing conditions
‘(8) to well-known sclutions such as an oscillating flat-plate
placed below the fres surface but with zero apeed of advance. -
‘This method haz not been completsly analyzad for all details,
but offers some possibllities, and (3) a head=on sprroach to

. satisfy mathematically all the conditions (8); this axroction has
not been serjously pursusd to date.

The study of single oscillating 2curce mentioned-above shows
that there exist three ranges of Ik for which the propagation
©f disturbances takes on distinct characters:

(a) x<$(2/U); two harmonic wave trains of different wave
length and speed propcgate to infinity on the downsiream aide
of moving source in addition to the local disturbances which
travel with source.

(b) g/4U<k<g/2U; two harmonic wave trains propsgate in
opposite directions with respect to the moving source, 1,.s,



oBe

ons wave propagates downstream to infinity, while the other .
wave propagates upstream tu infinity, in aé4ition to the local
disturbances traveling with the asourcs,

(e) k¥ g/2U; In this case no disturbances ars propagated in

~alther dirsction, and only local disturbances wilil be produced
which trevel wlth the ecurce.

Figure 1llustrating %he cocordinates employod in the above:.
discusaicn of conditions (7) and (8). P

4%

Free Surfeacs x
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