Available online at www.sciencedirect.com ”
ScienceDirect JURN ﬂ

ELSEVIER European Journal of Mechanics B/Fluids 27 (2008) 346-360

Short crested wave—current forces around a large vertical
circular cylinder

Yongjun Jian *>*, Jiemin Zhan *"¢, Qingyong Zhu **

4 Ocean Engineering Research Center, School of Engineering, Zhongshan University, Guangzhou, 510275, China
b Guangdong Province Key Laboratory of Coastal Ocean Engineering, Zhongshan University, Guangzhou, 510275, China
¢ Department of Applied Mechanics and Engineering, Zhongshan University, Guangzhou, 510275, China

Received 2 January 2007; received in revised form 8 August 2007; accepted 8 August 2007
Available online 14 August 2007

Abstract

An analytical solution for the diffraction of short crested incident wave along positive x-axis direction on a large circular cylinder
with uniform current is derived. The important influences of currents on wave frequency, water run-up, wave force, inertia and
drag coefficients on the cylinder profiles are investigated for short-crested incident wave. Based on the numerical results, we find
wave frequency of short crested wave system is affected by incident angle and the strength of the currents. The wave frequency
increases or decreases with increasing current speed following or opposing wave propagating direction. It shows that the effects
of current speeds, current directions on water run-up on the circular cylinder with different radius for different wave numbers are
very conspicuous when the incident wave changes from long crested plane waves to short-crested waves. With the increase of
current speed, the water run-up on the cylinder becomes more and more high, and will exceed that of long crested plane wave
and short crested wave case without currents even though the current speed is small. The total wave loads, inertia coefficient and
drag coefficient exerted on a cylinder with currents would be larger compared to the wave loads exerted pure short-crested waves.
Therefore, ocean engineers should consider the short crested wave—current load on marine constructs carefully.
© 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Vertical circular cylinders are used in many oceanographic applications such as buoys, drilling rigs and instru-
mentation platforms for their simplicity in construction. Ocean wave are the dominant form of hydrodynamic loading
generally encountered in the offshore environment. The wave forces exerted on slender bodies due to regular waves
is generally evaluated based on the formulation proposed by Morison et al. [1]. The Morison equation was formu-
lated with the assumption that the presence of the object did not affect the characteristics of the incident wave field.
However, this formulation fails to predict the wave induced forces on large diameter structures where the effects of
the scattering of waves from the structure are predominant and a diffraction theory must be employed to compute the
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forces exerted on the structure by the scattered waves. The determination of wave forces on large offshore structures is
quite complex mainly because of the scattering of the waves in the vicinity of the structure. Furthermore, the presence
of an ocean current may drastically alter the wave conditions. Although the effects of wave—current interaction are
more dramatic for strong currents, it has been found that even the relatively weak currents of the open ocean exert an
appreciable influence on the properties of gravity waves, causing changes in the wavelength, amplitude, direction of
propagation and energy density spectrum.

MacCamy and Fuchs [2] arrived at a closed form solution to evaluate the dynamic pressures, forces and moments on
a single large vertical circular cylinder subjected to linear plane waves being diffracted around a large vertical cylinder.
Their results have been proved both by experiments [3,4] and numerical models [5,6]. However, the co-existence of
waves and currents is a common feature of most marine environments. The Morison formula has been used by Tung
and Huang [7] to determine the effect of wave—current interactions on the fluid force exerted on cylindrical elements
which are small relative to the incident waves. Watanabe [8] investigated the effect of wave—current interactions on
the fluid loading of large offshore structures by extending the conventional diffraction theory approach to include the
changes in the incident and scattered wave fields caused by the presence of a steady current.

In fact, most wind-generated waves in oceans are much better modeled by short-crested waves than by plane
waves, and short-crested waves have many different properties compared to a long-crested plane waves. Hsu et al. [9]
calculated a third order short-crested wave solution in non-dimensional form using an expansion parameter related to
the ratio of the waveheight to the wavelength of the incident wave, including the standing wave limit. Silvester [10]
considered the influence of oblique short-crested wave reflection on breakwater. In real oceanic environments, the
short crested wave fields ordinary are coupled with currents. Recently, Huang and Jia [11] studied the patterns of
capillary gravity short crested waves with uniform current. They obtained second order approximate solutions and
gave some results for the wave profiles with and without currents. Zhu [12] carried out the study on the diffraction
of short-crested waves on a circular cylinder and found that wave loads induced by short-crested waves on a circular
cylinder are always less than those induced by plane waves with the same total wave number. Thus from the safety
point of view, the wave loading formula derived from a plane incident wave may will serve as a good engineering
design criterion.

However, no-one seems to have discussed, to the authors’ knowledge, the impact of the short-crested waves with a
steady uniform current on a large vertical cylinder. One can conjecture that the induced pressure distribution around
the cylinder will be different from that induced by pure plane waves and pure short-crested waves due to the presence
of a uniform current. It is not clear whether or not the total wave loads exerted on a cylinder would be larger or smaller
compared to the wave loads exerted by plane wave—current interactions and pure short-crested waves when the uniform
current presents. These problems have a significant influence on the dynamics response of offshore structures and are
expected to play an important role in the evaluation of fatigue damage in ocean engineering.

The purpose of this study is mainly to extend Zhu’s theory [12] about the diffraction of short-crested waves around
a circular cylinder to include the effect of a uniform current for different incident angles. Based on the new solution,
the dispersion relation, wave run-up on the cylinder, wave force, inertia coefficient and drag coefficient for different
current speeds and incident angles will be examined, which will provide a guide in design of marine structure.

2. Formulation and solution of short crested wave—current forces on a vertical circular cylinder

We consider a train of monochromatic short crested waves of frequency, w, propagating in the direction of the
positive x-axis with a steady uniform current Uy at an angle § relative to the incident wave direction in an ocean
with uniform depth, %, and a fixed vertical circular cylinder of radius, a, which is placed on the floor of the ocean as
shown in Fig. 1. We define the right-hand coordinate system O—xyz (or cylindrical coordinate system O-r8z) so that
the origin is placed at the center of circular cylinder on the undisturbed free surface and z points upwards. The fluid
is assumed inviscid, incompressible and the motion is irrotational. Therefore, there exists a total velocity potential
function @, which can be divided into three parts, named as pure current velocity potential ¢.(r, 6, z,t), incident
short-crested wave velocity potential ¢; (r, 6, z, t), and scattered velocity potential ¢;(r, 0, z, ).

In cylindrical coordinate system, the total velocity potential @ satisfies the Laplace equation
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Fig. 1. Definition sketch of short-crested wave—current system around a vertical circular cylinder.

subject to linearized free surface boundary conditions
od  dn -

— =—14Uy-V =0, 2.2
oz ar oY E 2.2)
oL -
§+U0~V<D+gn=0 z=0. (2.3)

Wall condition of the cylinder and sea floor boundary condition are
0P
— =0 r=a, 2.4)
ar
oD
— =0 z=-h, (2.5)
0z

where l70 = (|l70|cos B, |l70| sin 8) are the uniform current components in x- and y-axis directions respectively,
n(r,0,1) is the water surface elevation, g is gravitational acceleration, r, 6, and z are the cylindrical coordinates, ¢
is the time, and V denotes gradient operator in x—y or r—6 plane. The free surface conditions (2.2) and (2.3) have
been linearized for small amplitude, simple harmonic waves and uniform currents.

2.1. Boundary value problem for current only

Following to Ref. [8], the boundary value problem of the flow with a current around a circular cylinder in an incom-
pressible, inviscid fluid and irrotational motion is investigated in this section. The current is assumed to be uniform at
infinity with a velocity profile that is constant with depth, and has an angle g relative to the wave propagating direction
in positive x-axis. The velocity potential for the current ¢.(r, 8, z, t) must satisfy the following differential equation
and boundary conditions
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e (r,0) — |Uglrcos(® — ) r — o0, @2.11)

where ¢.(r, 6, t) is the free surface near cylinder for current only, pau is atmosphere pressure at the free surface and
is supposed to be zero. Similarly, the boundary conditions (2.7) and (2.8) have been linearized. The last condition is
deduced as the followings. When r — o0, the velocity potential of uniform current can be expressed as

be(r,0) — |Up|cos B - x + |Uplsin B -y = |Up| cos B - r cos@ + |Up| sin B - r sin = |Uy|r cos(@ — B).

The solution to uniform flow over a circular cylinder is

2
- a

¢>C=|U0|<r+ 7) cos(6 — B). (2.12)

Substitution of the ¢, into the free surface condition (2.8) gives
Tl [, , 2a°
Ge(r,0,t) =—h+ ——| 1+ — —2cos2(6 — p) (2.13)
2g r
which indicates that the water level at the cylinder surface remains approximately horizontal for weak currents where
- 2gh
\Uo|? < & (2.14)

3—2cos2(0 —pB)’

The solution ¢.(r, 6, t) then approximately satisfies the surface condition given by (2.7).
2.2. Boundary value problem for short-crested waves and currents

For short-crested incident waves traveling in the positive x-direction, the velocity potential can be expressed as
igA coshk(z+ h)
w* coshkh

by using the real part of the solution, in which A is the amplitude of the incident waves, i is imaginary number unit,
* is incident wave angular frequency in still water relative to a frame of reference moving with the current Uy, k,
and ky are the wave number in the x- and y-direction respectively, and k is the total wave number which satisfies

i =

exp[i (kyx — a)t)] cos(kyy) (2.15)

K =ki +k;. (2.16)
Elimination of n from (2.2) and (2.3) produces the combined free surface boundary condition
- 2 AP
—4+Uy-V) ®4+g—=0. (2.17)
ot 9z

Substituting the incident velocity potential ¢; into (2.17), the dispersion relation for short-crested waves on currents
can be derived by applying separation of variables to the differential equation and boundary conditions

(0 —k - Up)? = »** = gk tanh kh (2.18)

where k = (k, ky) are the wave number components in x- and y-axis directions respectively, k =  /kZ + kf, and the

relative angular frequency in (2.15) is w* = w — k- 170 =w-— k|l}0| cos(@ — B).

From the formula of (2.15) associated with incident waves, we can see that the short-crested waves are propagating
in x-axis direction, and varies periodically in y-axis direction. In cylindrical coordinates, the incident wave potential
(2.15) can be written as

igAcoshk(z+h) _;,., o .
¢ =— — Te7'® Z emi™ Iy (kyr) cosmo Z enJon(kyr) cos2n6
w* coshkh = =

igA coshk(z+h) e w— .
= r;)r;)smsnime (k) Jon (kyr)[cos(m +2n)8 + cos(m — 2n)0Je ™!, (2.19)
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where J,, (.) is mth order Bessel function of the first kind and ¢, is the Newmann’s symbol, &g = 1 and ¢,, = 2 for
m>1.

Substituting the total velocity potential @ = ¢ + ¢; + ¢ into (2.1)—(2.5), applying the expressions of ¢, in (2.12)
and ¢; in (2.19), the governing equation and boundary conditions for the scattered waves can be written as
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Moreover, the scattered waves must satisfy the Sommerfeld radiation condition at infinity
a
lim Vkr<— - ik)q&s =0. (2.24)
kr—o0 ar

In fact, the second term on the right-hand side of (2.22) equals to zero on r = a. Similar to the method of Zhu [12],
the solution for the scattered waves can be expressed by first satisfying (2.20) and boundary conditions (2.21), (2.23)
as

_igAcoshk(z +h) o—iot
"~ 2w*  coshkh

Z Z Emni"™ [ Amn Hyn 420 (kr) cos(m + 2n)0)
m=0n=0

+ Buun Him—2n) (kr) cos(m — 2n)6], (2.25)

s

where A, and B,,, are arbitrary constants which can be determined by wall boundary condition (2.22), H,;, 2, (kr)
and H);,_2,(kr) are the Hankel functions of the first kind that represent outgoing waves. Using the characteristics of
Hankel function when kr — oo

[2 2 2n) — 1
Hyyon(kr) =~ | —expyi kr—M Ty,
kr 4
2 2lm —2n| —1
Hipn (k) ~ | = exp{ [kr—%]n},

the expression (2.25) still satisfies the Sommerfeld radiation condition (2.24). By substituting short-crested incident
wave potential ¢; of (2.19) and scattered wave potential ¢ of (2.25) into side wall boundary condition on the circular
cylinder (2.22), the coefficients A,,;,, and B,,, can be represented by

ke I (kxa) Jop (kya) + ky Jy (kya)J;, (kya)

- , (2.26)
" kH), .5, (ka)

ke d), (k@) an(kya) + ky T (kea) J3, (kya) 027
" kH,, oy (ka) ’ .

where the primes denote the differentiation of the Bessel function, J, (s), or the Hankel function, H, (s), with respect
to their argument s. Thus the total velocity potential @ can be easily expressed as the sum of the short-crested incident
potential ¢; (r, 0, z, t), scattered potential ¢, (r, 8, z, t) and pure current potential ¢, (7, 6)

2
d = _igA w —iwt Z Zsmgnl Qi (r,0) + 1Uo| (l’ + )003(9 -B) (2.28)

" 2w* coshkh —=

in which the function Q,,, (r, 0) is defined as
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Omn(r,0) = [Jm(er)JZVL(kyr) — AmnHmon (kr)] cos(m + 2n)0
+ [ Cear) Jon (k) — By Him 20 (k)] cos(m — 2m)8. (2.29)

Now we have obtained the analytical expressions of total field short crested wave velocity potential with uniform
currents. In the followings, the total free surface displacement 7, the total horizontal force Fy on the cylinder, the
inertia coefficient Cy and drag coefficient Cp will be discussed.

3. Dynamic loading of the cylinder due to short crested waves and currents

Applying total velocity potential (2.28), the free surface wave elevation can be obtained from the linearized dy-
namic surface condition as

190 AO it e -
n=-—-———- = ﬁe Zzgmgnl Omn(r,0). (3.1
z=0 m=0n=0

g ot

The dynamic pressure exerted on the cylinder can be determined from the linearized Bernoulli’s equation

0D ,ogAa)coshk(Z—i-h) _
,0,2)=—p— fot 0 3.2
p@ 0,0 =—p-— =" mZOI;)emen Qmn(a.0). (32)

The total force, per unit length in the direction of wave propagation, is

2
dF,
=—a [ p(a,0,z)cosfdb. 3.3)
dz
0

Thus the total horizontal force on the cylinder, F,, which can be computed by integrating the expression of (3.3) with
respect to z,

0 2 0
dF, pgaAw coshk(z+h) it
F, = 3 de=- // o io 2;),12(:)&”8”1 Qmn(a,0)cosb dzdo. (3.4
—h 0 —h o

Substituting expression Q,,, (a, ) from (2.29) into (3.4), due to the orthogonality of cosines, the final expression of
F consists of a single term, which was obtained from the first term in Q,,,(a, 8) with m = 1, and n = 0, and a single
summation resulted from the second term in Q,,,(a,0) withm =2n+ 1 and m =2n — 1,

2w pg Awah tanh kh

Fo=———r R Ky k@), (3.5)
where
o
R(kx,ky,k,a)=i|:R0(kx,ky,k,a)+ZRn(kx,ky,k,a):| (3.6)
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and
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Rotks. ky. k. a) = J1 (kya) Jo(kya) — ) Hy (ka), 3.7)
Ry (ky, kya k,a) = i* {[JZn-H (kx a)JZn(kya) — Bou+1,n Hi (ka)] [J2n—1(kxa)~]2n (kya) — Boy—1,nHi (ka)]}
(3.8)

The total moment about an axis parallel to y passing though the bottom of the cylinder is

2npgAwah? khsinhkh — coshkh +1 _.
X gp = — TPELwAl” KRS COMIN T L =i Rk, ey K, ). (3.9)
w* (kh)? coshkh
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Fig. 2. Variation of angular frequency w with wave number ratio ky/ky for different incident angle 8 and current strength (k = 1.257 m~ !,
h=5m).

Following Mei [13], the inertia coefficient Cys and drag coefficient Cp per unit height for the short-crested waves
with current can be introduced, which are relate to the added mass and damping coefficient in the restoring forces on
a body in forced radiation. For a unit horizontal slice of the cylinder, we have

Re(dF,/dz) = pra*(CydU/dt + wCpU) (3.10)

where U is the velocity of the incident short-crested wave at » = 0 in the absence of the cylinder. Following Zhu [12],
without the constant term pg Ae ™'’ coshk(z + h)/ coshkh, total force per unit height can be expressed as

dF, coshk(z+h) _; 2
A= e | = gk.a®\/C3, + C3. 3.11
dz /[pg coshkh ¢ hd +Ch 1D

Thus the inertia coefficient Cp; and drag coefficient Cp for the short-crested waves are defined as

dF, coshk(z+h) _; 2
:—I A— Lwt k
Cu m{ dz /|:,og coshkh - ]}/(na o).
dF, coshk(z+h) _;
C =R A 7 Lot 2k ,
b e{ dz /[pg coshkh ”/(”“ )
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Fig. 3. Variation of angular frequency w with incident angle B of the current for different current strength and wave number components ky, ky,
(k=1257m™ !, h=5m).

where Im[ f (x)] and Re[ f(x)] represent imaginary and real parts of the function f. After some simplification, the

inertia coefficient Cj; and drag coefficient Cp can be written as
2w 2w

kyaw*

Cu= Im[ R (ky, ky, k, a)], Cp= - Re[R(ky, ky, k,a)]. (3.12)

raw*
4. Computational results and discussion
4.1. The dispersion relation with uniform currents

Dispersion relation is an important relation in the calculation of wave properties. Fig. 2 illustrates the dimensional
angular frequency w as a function of wave number ratio k,/k, for different incident angle 8 and current speed |Up|
using the dispersion relation (2.18). Fig. 2 indicates that the wave frequency increases as current speed increases
following positive x-axis direction for a fixed wave number k£ = 1.257 m~! (see Fig. 2 (a), (b) and (c)). However, the
wave frequency decreases as current speed increases opposing x-axis direction (see Fig. 2 (d)).

For a fixed wave number k = 1.257 m~!, Fig. 3 gives the variation of angular frequency w with incident angle
of the current for different current strength and wave number components ky, ky in x- and y-directions. It is known
that the currents have no effect on the frequency for plane waves when the current incident angle is 90 degrees from
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Fig. 4. Short-crested wave run-up of a circular cylinder with radius a = 1.0 m (left) and a = 2.0 m (right) respectively for different current speed
(B=0,h=5m).
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Fig. 4. (Continued.)

the wave propagation direction. Similarly, for the short-crested wave in Fig. 3, when the current incident angle is 90
degrees from the wave propagation direction, for example, « — 8 = 7 /2 (where « is the wave propagation direction),
the currents have no effect on wave frequency. It still can be seen from Fig. 3 (a)—(d) that as the incident waves
gradually become short-crested, the frequency peaks and valleys change periodically. These peaks and valleys are
related to the conditions « — 8 =0 and o — 8 = 7 respectively. This can be easily seen from the dispersion relation
(2.18). Physically, the frequency peaks and valleys describe the situation when current incident angle parallels and
inverses to the direction of the wave propagating respectively.

4.2. The wave run-up of a cylinder with uniform currents

Concerning to the numerical techniques, since the above analytical expressions were given in terms of infinite
sums, they were truncated at some finite order in our computation for the following results. In fact, we let both m and
n equal to 5, because all the results when m and n are larger than 5 will convergence and stable.

A series of numerical experiments at a fixed time are shown in Fig. 4 to investigate the dimensionless run-up n/A of
short-crested waves on a bottom-mounted vertical circular cylinder against variable 6 /7 with and without currents for
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Fig. 5. The variation of the short-crested wave run-up on a circular cylinder versus 0 /7 with radius a = 1.0 m (left) a = 2.0 m (right) respectively
for different current speed (8 = /6, h =5 m).



+  Plane Wave +  Plane Wave ~
9r +  Zhu's theory 9 +  Zhu's theory ”"
al UD=U,2m/s al UD=D.2m/s l' |

--------- UD=D,Am/s .-HHWUO=D.4m/s /r\ i
7 = =-U,=06mss 7Tl = =-u,=08mis / \\ ,'f'
sl —===U,=08ms gl ===U,=08ms / I

Y. Jian et al. / European Journal of Mechanics B/Fluids 27 (2008) 346-360

357

=1.937 m™!
g T T T 8 T T T T T T
+  Plane Wave +  Plane Wave

7k ¢ Zhu's theory 7R ¢ Zhu's theary |
= [ U =02mfs | ]

\\ UD 0.2m/s 1 I\\ h mis !
--------- U =0.4mfs \ i v U= 04mifs |
BF y 0 A 6L ! \‘ 0 HE
N Y | Y= 0smis | I 1) oA —=:-U,=0Bmis l'i’
FA 4 ———U,=08m/s | \ /] L RN - - ———U,=08mss || 1]
5 'y / 0 \ F A 5 .!l '” \_ \ Ny - 0 i

0 01 02 03 04 05 06 07 08 08 1

(e ky =0m~ !, ky=2.236 m™!

Fig. 5. (Continued.)

different radius of the cylinder. The direction of a current is assumed following incident short-crested wave direction.
The left- and right-hand sides of Fig. 4 are corresponding to radius of 1 m and 2 m cylinder respectively.

From Fig. 4 it is seen that the location of the maximum run-up on the cylinder is at the front of the cylinder. In-
creasing the current speed results in an increase in the run-up on the cylinder. For fixed total wave number 1.414 m™!,
when the wave number in x-axis direction decreases (for example, the incident wave changes from long crested plane
waves to short-crested waves), the wave amplitude decreases and diffraction effects become more and more pro-
nounced. When k, becomes zero and ky = k, the amplitude of the waves on the front side of the cylinder reduced to
a minimum. Under this circumstance, the incident short-crested wave gives a standing wave in y-direction, and thus
the water run-up is symmetric in 6 direction in Fig. 4 (e) for different current strength. A minimum amplitude (for
example, the valley of water run-up) exists between the two extremes of k; = k and k, = k. The reason is maybe that
in this 0 location, Q,, (r, 6) in (2.29) attains minimum value. Furthermore, by comparing the results of 1 m cylinder
radius with those of 2 m cylinder radius, we find that the water run-up on the front of the cylinder increases as the
increase of radius of the cylinder.

Similar to Fig. 4, Fig. 5 illustrates the water run-up on a cylinder when the total wave number is equal to 2.236 m ",
incident angle of the current is equal to 77 /6. It can be noted from Fig. 5 that the water run-up in the case of large wave
number with different currents is smaller than that in small wave number case in Fig. 4.

Moreover, it can still be proved from Figs. 4 and 5 that the run-up of short-crested wave without current is smaller
than that of long crested plane wave as in Ref. [12]. It is, however, very interesting to note that when the current
presents, the run-up with even small current speeds will exceed the corresponding run-up for pure short crested wave
both on the front of the cylinder and many other locations in 6 direction.
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Fig. 6. The variation of the total horizontal short-crested wave force on a circular cylinder versus the ka for different current speed and cylinder
radius (8 =m/6, h =5 m).

4.3. The short-crested wave force on a cylinder with uniform currents

Fig. 6 illustrates the variation of the total horizontal short-crested wave force on a circular cylinder versus the ka
with different currents speed for different radius of the cylinder. In Fig. 6, regardless of the values of current speed
and radius of the cylinder, the wave force attains a maximum at low frequency, then decays gradually. The wave force
increases obviously as the increase of current speed. Moreover, the larger of the radius of the cylinder, the larger of
the wave force is.

The signs of Cys and Cp in Eq. (3.12) depend largely on the real and image parts of the expression R(k, ky, k, a)
in Eq. (3.6). Mclver and Evans [14] has related the added mass and damping to the energy of the fluid motion.
They found that the negative added mass and damping occur when the body is oscillating sufficiently close to the
free surface. The variation of the inertia coefficient Cj; and drag coefficient Cp on a circular cylinder versus the ka
with different current speeds for different radius of the cylinder is shown in Fig. 7. The conclusion can be drawn
from Fig. 7 that the inertia and drag coefficients increase obviously with the increase of current speed. It should be
noted that at certain intervals of ka, such as 1.8 < ka < 5, the damping coefficient on a cylinder is negative, which
probably means that an increase of the vibratory amplitude for circular cylinder to be expected in these intervals under
prescribed conditions due to interaction of the short-crested wave and oblique currents. Moreover, the sharp peak of
inertia coefficient in the curves displayed in Fig. 7 suggests that there is an approximate resonant motion at a low
frequency (or small ka). The resonance will occur when the denominator k H' (ka) of R(ky,ky,k,a) in Eq. (3.6)

tends to zero.
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Fig. 7. The variation of the inertia coefficient Cp; and drag coefficient Cp on a circular cylinder versus the ka for different current speed and

cylinder radius (8 =7/6, h =5 m).

5. Conclusions and discussion

In this study, a new analytical solution for the short crested waves with currents around a bottom-mounted large

circular cylinder was derived. Some numerical results of the new solution was obtained by comparing the results of
wave run-up on a cylinder with those of Zhu [12]. With the new solution, the important influences of currents on the
wave run-up, wave frequency, wave force, and inertia and drag coefficients have been demonstrated. Based on the
numerical results presented, the following conclusions can be drawn:

(1) Wave frequency of short crested wave system is affected by current incident angle and the strength of the currents.
The wave frequency increases as current speed increases following wave propagating direction for a fixed wave
number. However, the wave frequency decreases as current speed increases opposing x-axis direction.
With the increase of current speed, the water run-up on the cylinder becomes higher, which can be larger than
that of long crested plane wave and short crested wave case without currents even though the current speed is

(@)

3)

small.

The total wave loads, inertia coefficient and drag coefficient exerted on a cylinder with currents would be larger
compared to the wave loads exerted pure short-crested waves. For large marine construction, the influence of
currents is pronounced. Thus ocean engineers should consider the short crested wave—current load on marine

constructs carefully.
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An efficient boundary element method to calculate the wave loads induced by plane waves on vertical cylinders
were proposed (for example, Au and Brebbia [15]). Zhu and Moule [16] expended this approach to calculated the wave
loads, induced by short-crested incident waves, on a vertical cylinder of arbitrary cross-section. They found that for a
cylinder of elliptical cross-section, the wave loads induced by short-crested waves can be larger than those induced by
plane waves with the same total wave number. However, they did not consider the run-up and forces of short-crested
wave and current interaction on a cylinder. As we know, under steady current condition, the run-up is insignificant
and forces are absent within the frame of potential theory. However, superposition of moderate current and waves
leads to significant increase of wave run-up and forces. The reason is mainly that when water waves approaching a
uniform current at an angle, the wavelength, steepness and propagating direction of the waves will change due to the
refractive effects and the work being done by a steady uniform current against the radiation stress of the waves. The
amplification mechanism of run-up on a cylinder is that the amplitude of surface waves is affected by a nonlinear
interaction between the waves and the current.

we demonstrated the theoretical analysis based upon the potential flow, and did not consider the flow separation
and turbulence. In ocean engineering practices, however, the wave motion in upper ocean is strongly turbulent rather
than regular short-crested. Thus models based on the potential flow theory have limited applications. To represent the
physical situation more precisely, a large eddy simulation (LES) solver to Navier—Stokes equations with the appropri-
ate turbulence closure model is proposed by Lin and Li [17]. They studies the wave—current interaction with a vertical
square cylinder. Additional studies on the effect of short-crested wave or wave—current interaction on the fluid loading
of large offshore structures may be conducted by LES method in this fields for future research.
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