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Abstract

Modifications of steady current due to surface gravity wave were
investigated experimentally and numerically. The experimental results
are then used to estimate the form of current profiles in order to
calcglate the combined flow kinematics. Favorable agreements were
found.

Experiment and Theory

The experiments were carried out in a wave tank of 14.5 m long, 30
cm wide, and 55 cm deep. The bottom of the flume were covered with
triangular strip roughnesses of 4 mm high and 4 cm spacing. The
particle velocity was measured in between roughnesses by an LDV.

By assuming the flow to be

incompressible, the usual bound- ZT c -
ary value problem is formulated N\ Mean water level
for a rotational wave-current = n
fields satisfies Eq. 1 —
a 2¥ 32? = Current D
X * °Z =4Q (1) profile
where (u, w) are (3%/23z,-3y/3x) : Bottoms EHW

The problem is solved in a
frame of refference moving with
the wave celerity (see Fig.1l)
with the following boundary

Fig. 1 Definition sketch

conditions: 2(om) 2 (aom)
10’ 10!
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v(x,n) = Q. z = n(x) (3) 10 ;. otd
1 dwy2, 1 )2 -
(ax) * 3 (az) * gn =R (4) 10'4 10’4
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OIL?IaX =0 (6) 101 o : Cur. alone 1ot
’04 e : Waye-cur. lo_, ,
The stream function is written o 10 20 -20 -10 [}

as: vlcavs) S(e's)

¥ = Bo(z-2Zo)+%c+Puir+Pur (7)
(a) Fol. flow (b) Opp. flow
where wc, wyir, and gpur are the

stream functions representing (D=0.30 m, =0 08 w, (D=0.30 m, i=0.10 m,
) =1.3, Ue=0.12 T=1.3, Uc=0.14 m/s)

the steady current, irrotation T ©s m/s)

and rotational parts of wave Fig. 2 Period-averaged velocity

respectively.

In order to predict the combined flow kinematics, an accurated form
of steady current profiles are neccesary. The present experimental
results in term of the period—averaged, velocity for following and
opposing flows are shown in Figs. 2(a) and 2(b). It can be seen that
modifications of the steady current due to the wave are strongly
depended on the flow direction, i.e. the mean velocity gradient near
the water surface is decreased for the following flow while it 1is
increased in the case of opposing flow.

The momentum equation representing the steady current is written
as:
1 9P¢ ? Te
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Integrating Eq. 8 with the application of linearly time-invarying
eddy viscosity approach and the boundary conditions, i.e. us = 0 and
ucq4 at the bottom and the water surface yields:

_ Usglu.d _g_ _ Usolt. ol D Z-Z
Ue = KU y¢ 1n Zo +(ucd Ku-uc ) DEVA (9)
With the modifications at the water surface
the following form of steady current are dves o
assumed: uel = 70284 (¢
_ UWeclu.gl z (Z=%Za)
Ue e o In 2 Aled (T, (10) B T
where ( + : Fol. flow, - : Opp. flow)

: Present study
: van Doorn(1881)
: Kemp and Simons

(1981,1983) v
-3 [ 3

AUc 4 is the velocity reduction and
increasing at the water surface for the
following and opposing flows respectively. i
For the fTirst approximation, it is related
experimentally to the strength of wave and
current (Uo/Uc) as shown in Fig. 3 in which Fig. 3 Auce
the propotional constant was obtained from
the best fit with the experiments.

The stream function for steady currentis derived from Eq. 10 as:

2
yo = zallesl (zinZ-4z,) = Au a(oﬁj—h“”z 220,52 (11)

The stream function for the wave 1s represented by truncated
fourier series as:

. =<

- n B, sinhjk(z-zs)cosjkx . Kk gn _ B g
iR = jZ coshjkD v %R = “GY3Z] Kj,coshjkp Fi (12)
Result discussion , 2 (cmm) £ (cm)

The solutions are obtained by
Newton-Ralpson method. Figs. 2(a)
and 2(b) show the period-averaged
velocity for following and opposing
flows. The corresponding particle
velocities wunder wave crest(fol.
flow) and wave trough(opp. flow)are
also shown in Figs. 4(a) and 4(b).
The predictions by the present

models agree fairly well with the [ 25 50
experiments. However, a maximum < (ca/s) ,
overestimate of 25%(fol. flow) )and <u> (/)
og 20? (opp. flow)fne%§ t?f over-
shooting zones are found. These are a) Fol. flow
mainly caused by the assumption of (a) (crest) (b) ?Egougi?w
11n§arly time-invarying eddy vis-
cosity. Fig. 4 Horizontal particle velocity
Notations
Bo, Bi .. Bn = Unknown constants for particular wave
n = Water surface elevation, U = Depth-averaged current velocity
Zs = Roughness height, Uy = Max1mum wave velocity from linear theory
Q = Vorticity, D = Mean water depth, Q and R = Constants
L = Wave length, k = Wave number, w = Angular frequency
Tc, U.c = shear stress and shear velocity for steady current
Ke = xu-uc(g = , Uewo = maximum combined shear velocity)
Rjo = 2( Ker2§;, + Kelas,o) Eio = 2(J0zZo/Ko )72, & = 2(jwz/Ko)172
F; = &; (Ker” ~Ke1 jo-Kel” ,Kerg,o)cosjkx
- & (Ker~” JKer jo+Kei’ §;Keif;o)sinjkx
+ Ejo(Kei” joKergjo—KerfgloKeiéjo)cosjkx
+ Ejo(Kei“&joKeifjotKer  §joKergjo)sinjkx

(Ker and Kei are Kelvin functions)
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