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Abstract: Effect of drift current on the first stage of wave generation by wind is studied theore-
tically. The viewpoint is similar to the one described by Phillips (1957) except that drift current

is considered. It is found that inclusion of the effect of the drift current modifies significantly the

results obtained by Phillips,particularly the resonance condition and wave spectrum.
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INTRODUCTION

On a calm surface of water at rest, a sudden
blow of wind produces strong drift current near
the air-water interface and waves on the surf-
ace. In wind-wave tunnel where the fetch is
limited, the surface is divided generally into
three zones with fetch value increasing when
statistically stationary state is reached; the first
zone where there is only drift current, the
second one where waves develope in narrow
streaks and the last one where streaks meet one
another to form rodinary three dimensional
waves (Choi 1977). Since at first only drift cur-
rent is developed at the lower fetch value and
then followed by the formation of waves as
fetch increases, it seems that the drift current
may have an important effect on the wave

formation.
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Until now many authors(e.g., Kawaii 1979,
Valenzuela 1976, Stern and Adam 1973) have
paid considerable attention to the drift current
in explaining the physical mechanism of wind-
wave generation, particularly in the viewpoint
of the hydrodynamic instability of air and water
flows. In this paper, an attempt is made to gain
an information on the role of the drift current
in the first stage of wave generation by wind
from the viewpoint of Phillips’ resonance mec-
hanism. The primary objective of this paper is
to see the differences between the results derived
by Phillips (1957), particularly the resonance
condition and the wave spectrum of initial stage
of wave generation by wind, and those obtained
when the drift current is considered. For mat-
hematical simplicity the drift current is assumed

to decrease linearly with depth.

FORMULATION OF THE PROBLEM
Schematic representation of the physical sit-
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uation is given in Figure 1. Fluid is assumed
to beincompressible and is of a layer of finite
depth d. Viscous effect will be neglected under
the assumption that Reynolds number concerned
is sufficiently large. Wave motions are taken to
be two dimensional. Positive z is in the direc-
tion of wind and positive y is normal to it and
upwards direction. Basic governing equations
are the continuity and the momentum equations.
The physical quantities concerned such as vel-
ocity and pressure are decomposed into the mean
value and the fluctuating one associated with
the wave motion. The basic equations are line-
arized by traditional scheme.

The continuity equation becomes
CL LA €3]
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where # and v are z and y component of fluc-

tuating velocity, respectively. The momentum

equations can be put as
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where U, p and p are the mean drift current
in z direction, the fluctuating pressure term and
the density of water, respectively. Equation (1)
enables us to use the stream function @ defined
by
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Since in this paper the aim is to see the

effect of the drift current on the generation of
wind waves, surface pressure and tangential
stress fluctnations acting on the surface must
be considered. In the following analysis the
notation employed by Phillips (1977) will be
used for convenience. The Fourier component
of the surface pressure and the shear stress
variations are

driv=(di (k)Y +dmw(k, ) (4

d2=d? k)> +dr(h, £) (5)
where {du) and {df) represent terms correlated

with wave form. dw and dv are randomly var-

ying component arising from the turbulent wind,
and % and ¢ are wave number and time, respe-
ctively. The first terms on the right-hand side
of equations (4) and (5) can be put as
{dwy=(u,+ip) pc*kd A (6)
{dty = (va+ip,) pc?kd A (N
where dA is the amplitude of an wave compo-
nent, v;,v,, p;, and g, are coupling coefficients
and ¢ is the phase velocity of waves with wave
number 2, Thus normal stress can be put equal
to the sum of surface pressure and tangential
stress advanced in phase by n/2. The Fourier
component of p in turbulent wind acting on
the surface is
p=(+ip) pcthdA+dw’ (k, t) €)]
where v=p,+v,, p=g+p, and dw'=dw+idr.
When the normal stress » of equation (8) is
considered, the equations governing the surface
elevationcan be obtained form equations (1),
(2) and (3) together with kinematic boundary

condition at the surface
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where 7 is the surface elevation. 7 is related to
dA by Fourier-Stieltjes integral

7= LdA(k, £) et

Following the same procedure described by
Choi (1982), one obtains
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+»c2k2+zpc2k2} dA=—-—£dw’ (10)

(»d—+ikU *A—ik .
dt 0

with initial conditions
dA=0, dA=0 at t=0 (11

0 s . d
where ¢ )=dey and designates v and
r:% in which 7 is the surface tension of

water and g is the gravitational acecleration. &

is related to the stream function @ in terms of

Fourier-Stieltjes integral
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where a is the time dependent part of the

stream function. ¢ is found to satisfy
42U

(U-0) F—k $—¢ =0 (13)
where
—_1 1 da
T ik a dt
with boundary condition
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WATER
ANALYSIS

As pointed out in introduction, for mathem-
atical simplicity the drift current will be assu-
med to be decreasing linearly with depth:

(15)

Introducing equation (15) into equation (13),

one obtains
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whose solution satisfying boundary condition
14) is

¢=A sinh k(y+d)
where A is an arbitrary constant. After a little
manipulation equation (10) is found to be

jt +ikU, A
iP5 4 iU, da
+S (kg+ k%) dA +uc2k2dA
Cipcthd A= — %dw’ (18)
where

S=-sinh kd/(cosh &d-1)
It should be noted that, when the drift current

can be ignored and d goes to infinite, equation
(18) becomes exactly the same as one obtained
by Phillips.

When |v| and |g| are much smaller than
unity, equation (18) has a solution satisfying
the initial condition (11) in the form of

k
dAk )= ————— -
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where
2
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Equation (19) gives surface dislacement spect-
rum ¢
_ dA(k, )dA*(k, 1)
k)= : :
Pk, 1) 7k
—F 1 .
pz —-]:N Mt
N 2(1 1 N )
t t
. Y It
fﬂfo.Q (ko' —1'")
[erz(t—rll _erl(l—rl)j
[erl*('_'")—e"*“_'”’]d‘:"dr' (20)
where
1
’ -1 __.
Q (k’t)-‘ (27!)—2

[p@ wp(+r, bt evar Q1)

and “* means complex conjugate. When £))@
(k) and Nt)>1, where @(k) is the integral
time scale of the pressure components with wave
number K measured in the frame of reference
moving with convection velocity U.(k) of the
turbulent pressure pattern, the wave spectrum

(20) can be written as
2
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By defining wave number-frequency spectrum
II(k,n) as the Fourier transform of 2(k, £) with
respect to time £:

TG, m=-k [~ o pemar (23)

equation (22) can be written as
2

1 R sinhy 1;\4’ t
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It should be noted that the first term on the
right-hand side of equation (24) is the wave
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spectrum associated with the waves propagating
in the direction of the drift current, i.e. in the
direction of wind and the second one is the
spectrum of the waves travelling in the opposite
direction of wind. When ¢ is sufficiently small,
equation (24) becomes

_ mk? U,
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The wave number-frequency spectrum defined
in equation (23) is maximum for a=#U,, if
the turbulent pressure patterns were convected
rigidly in the direction of positive z with vel-
ocity Ue. Therefore, the wave spectrum ¢(k, £)

given in equation (25) has a maximum value
when either

U,

FU=RUy— -0 St N (26)
or

RO=tU,—-D0 5 N

is satisfied. For a wind blowing in the positive
z direction, condition (27) can not be satisfied.

It should be noted that when the drift current
is ignored and depth of fluid 4 becomes large,
the condition (26) becomes exactly the resona-
nce condition obtained by Phillips (1957) as.
expected.

DISCUSSION

Consideration of the drift current gives wave:
spectrum composed of two parts, corresponding
to the waves travelling in downwind and upw-
ind direction, respectively, which is not present
in Phillips’ case. Actually the upwind compon-
ent is expected to give negligible contriution to-
the total wave spectrum because the resonance
condition can not be satisfied. When the drift
current is neglected and the depth goes to infi-
nite, the wave spectrum in equation (23) bec-
omes one half of the wave spectrum obtained
by Phillips.

The resonance condition is changed in such
a way that the air flow as well as the drift
current has an effect on determining wave cha-
racteristics. Surface veloity U, is a certain fra-
ction of the wind velocity ranging from 2% to.
4% depending on the measurement. At present,
unfortunately no experimental data on wave
characteristics and the profile of drift current.
measured at the same time are available to
evaluate the results obtained in this paper. In
order to check the results of this this paper,
more precise measurement, particularly in the
generation stage of wind wave, is desirable.

In this paper the drift current is approximated
simply as a linear function of depth. For more
realistic resuts it is hopeful to use an analytical
form of the drift current fitted to measured
values, if possible.
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