HatigsE REPOATS

ET Wit iR eiEs N N ER 2%
A, KKA

(

Stewart!"! ,

Dornf!

[5]

[6]

, 300072)

BE: AT RAMKELEFTREHE AN EGS> A RAK, AL LT 845 ) EERK
Faf BRARR LA T QA AR, THA TR LSRN HRITT iR, £ REH, EKER
LM RN, AT ML LNEHE NS A TG KE SR L HRAXITF4L4RE
P B KIEE R RIE RN RN, AT oM AN AN AR ABAHERTAT
g IR A BB AL ) . R S B TR B AR S R R RS L ) E A A M R e T R A K
L

KRR AN, MR A, Ee A

mE S %S P731.22; 0353.2; TVI39.2 XEkFRIRAD: A X E 42 1000-3096(2012)08-0064-06

Louguet-Higgins ,
Mellort®! o

, Bowen™, Van [10] ,

Louguet-Higgins Zhang™! N-S

[12] [13]

[13]

Borekci® ’

1 O E R

Dolata :2010-12-07 ; : 2012-05-31

: (50279029)
, : (1980-),

Phillipst” . : 15133109651, E-mail: wxzjinan@163.com;

Nobuokal®

64

, ) , E-mail:
ghzhang@tju.edu.cn

/2012 / 36 [/ 8



HRRE REORTS

L

hS)

x-y )
c u;(j=1,2 x y )
w P, o
_ nH cosh[k(z +h)]
kT sinh(kh)
3n’H(H ( j cosh[2k(z + h)]
8kT sinh® (kh)

sinCk,x; —oD+

sin2(k,x, —on (1)

¢ = 2T tanh(kh) o)
27

1= 57 tanh(in) (3)
2n
) _ﬁ nH cosh[k(z + h)]
77k | T sinh(kh)
3n2H( jcosh[Zk(z-i—h)] c0s2(kx —on)b,j=1, 2 (4)
417 (L) sinh*(kh) o
i sinh[k(z + h)]
T sinh(kh)
3n H( j5|nh[2k(z+h)]
AT \ L sinh* (kh)
o 1 cosh[k(z + h)]
F=-rg Tre cosh(kh)
3, H(Ej 1 {cosh[Zk(z+h)] 1}
sinh(2kh) | sinh?(kh) 3

cos( k,x;, —ot)+

sin( kx; —ot) +

in2( k;x; — ot) (5)

cos(k,x; —ot)+

sinh?[k(z + )] 6)

T
cos2(k.x; —ot)—— pgH| —
(ki —ot) = P& (Lj sinh(2kh)

o (X:Laxz,t) = ECOS(kixi —o't)+

nH cosh(kh)[cosh(2kh) + 2]
8 (L) sinh®(kh)
=K| k , k=Cky, k) =Ck,, k),
ke kK k x g , kix;
v kX =k + kX

cos2(kx; —ot) (7)

z=1,(29, %, %5,2) (20 )

d
w(zo,xl,xz,t):d—tnz(zo,xl,xz,t) (8)
(5) (8. _

n,(20, %, %,,1) = 2, EMCOS(kixi—O't)+

2 sinh(kh)
3751-1( ]smh[Zk(er h)] cos2(kx; —ot) (9)
16 sinh* (kh) o

(1) 10(xp,x,,1) 9 7 |20:0

1o (X1, X7,1) 772|20:0
: (D) 10 m, 0.5 m; (2)
10 m, 3m, 6s 1 x
1 2 no(xl’xZ’t)’ 772|ZO:0
: (O ) :
: ©) .|,
0.3

h=10m H=05m T=6s

it 8]/s

3
2L h=10m H=3m T=6s
1
0

3
i TA]/s
1 1 2
Fig. 1 Water surface comparison between water surface one

and two

2 ATt ER RS
R 77 ¥ =

-

1, Z
“

~h
Ty
Ty =Ty + T + Ty = P2 =22 )3y, (17=12) (1D)
A
S Kronecker v Tp= jpu u;dz

—-h

g

z n
Ty, = [ P.oydz, Ty = [P.oydz;
—h S

Marine Sciences / Vol. 36, No. 8/ 2012 65



66

B3RS REPOATS

kik;  pn®H? {z+h sinh[2k(z+h)]}

k% 2T?sinh?(kh) 4k
kk;  pr*H?  3nH? sinh[2k(z +h)]
k% 2T%sinh?(kh) 64L  sinh®(kh)
kk; 9 pnH* 1 {z+h+sinh[2k(z+h)]}
k? 16 T2I% sinh®(kh)(kh) 16k

{L+cosh[2k(z+ M)} +

(12)

2

1 2 2 pgH 1.
T.,=— he—z°)0,; + —=———1k h ——smh 2k n];o; 13
2 2/Dg( z%) i " Bsinh 2k (z+h) [2k(z+h)] ¢ 6, (13)

pgH? sinh?[k(z +h)] s +9pgn2H2( j sinh?[2k(z + h)] 5. (14)
L

T sinh2kh 7 1024 sinh® ki v

i

_kik;  pr®H? {z+h+sinh[2k(z+h)]}+
k% 2T%sinh® ki | 2 Ak

kik;  pn*H?  3nH? sinh[2k(z+h)]
k% 2T%sinh?kh 64L  sinh® ki

kik;  pn*H?  3nH? sinh[2k(z + h)]
k% 2T%sinh?kh 64L  sinh® ki

1 pgH?
16 sinh? (kh)

pghi’ sinh[k(z+h)] ;. 9pgn’H’ [EJZ sinh?[2k( z + )
16 sinh?(kn) 7 1024 L sinh®kn) Y

[L+cosh[2k(z + h)] +

[1+cosh[2k(z + h)] +

[2k(z + h) —sinh 2k(z + h)]5; +

(15)
(15) :
_kik; prPH?  1+cosh[2k(z + h)] . kik; 9pn®* H*2 + cosh[2k(z + h)] .
Y k2 27%sinh? kh 2 k? 1281272 sinh® kh

kik ; 3pm®H* cosh[2k(z + k)] + cosh[4k(z + h)] kng2 sinh[2k( z + h)]

k 64LT? sinh® kh 16 sinh?(kh) 7

kpgH? 9%k pgn’H? (HJZ sinh[4k( z + )]
EPET 11 cosh 2k(z + h)]5, + kil 5, (i 16
gsinh 20 (2 + )16, 512 \ L) sint®(kh) © (.j=12) (9

X,y , z

x a,

xx

prPH?  1+cosh[2k(z +h)] cos? 9,0754H4%2 +cosh[2k(z + h)]
2T%sinh? kh 2 1281272 sinh® kh
3pn H* cosh[2k(z + h)] + cosh[4k(z + h)]% cos? kpgH? sinh[2k(z+ h)]

o+
64LT sinh® kh 16 sinh? (kh)

k,_z)gHZ f1—cosh Zk(z+h)]+9kpg7[ HZ[ j sinh[4k( z + h)] (17)
8sinh 2kh 512 L sinh® (kh)
__ pr°H’ 1+cosh[2k(z+/) 2 9p1r4H4%2+cosh[2k(z+h)]}
' 21%sinh? kh 2 1281272 sinh® kh
3pnH *{cosh[2k(z + h)] + cosh[4k(z + h)]é kpgH? sinh[2k( z+ )]
64LT? sinh® kh fa 16 sinh? (kh) ’

2 2172
@i[l_cosh 2k(z + )]+ QkpgnH ( ) smh[4k( zZ+ h)] (18)
8sinh 2kh 512 L sinh® (ki)

CS(Z+

sm o+

/2012 / 36 [/ 8



HRRE REORTS

9pn* H*{2+ cosh[2k(z + h)]} .

pr’H?  1+cosh[2k(z + h)] i

S, =8, =—F— n2a+ e sin2a +
Y AT%sinh® kh 2 256L°T* sinh® kh (19)
3pr® H*{cosh[2k(z + h)] + cosh[4k(z + h)]} .
- sin2a
128LT?sinh® kh
3 EF Ot E s E R S S '
2 S S ,
B A7 F 16 9 A AR - W
: S,y 2.2 N/m?,  -12.5m
1.3 N/m?% S, 0.4 N/m?,  -37.5m
, 0.9 N/m? S, -21.88m
+ 1.2 N/m? -31.25m S, 1.0 N/m?,
[14]
hlL<0.125 , x L Sy Su
.S, 22N/m% S
311.0 N/m? , S,y 0,
3.1 FRAREATHRIEHGEGS AP S 0
2m, 8s, 50 m( 32 AMRKERFATERHMEHAGEGHSH
hlL>0.5) , x , AR
Sxx Syy 2 y )
(1) 2m, 8s, 10 m; (2) 2m,
: Six 6, 5m;(3)  4m, 8, 10m
il l SXX
311 N/m?, N ,
1.1 N/m% S, : ; 3
Sy 312.9 N/m?>, -125 m ,
66.3 N/m’, -19.7 N/m¥( S..
); Sue 4.8 N/m?>, =375 m 2.2 S,
N/m?, -0.2 N/m? , S
3
0 P — - -98.0 N/m?,
-10 X -39.5 N/m® S,
g 20 0
% jg — o+ — ARSI, s, S. |
- -X- - PRYES,,
-50 s 1 L 1 L 1 L 1 L | L | L Syy2 ' 2 Syy
0 50 100 150 200 250 300 350 311.9 N/m?, S, 934.6 N/m~;
RS R F1/(N/m?) .50 m S,y
0 Caay
[ X 2.2 N/m?
-10 ){,x—"’
8 3 )
E =20 +
-0t x—’(X —+— SHESTS, ’ B
_4{] L o NV - 'S I 1 )
e BRwEs, s, 3 958.1 N/m?,
0.0 0.5 1.0 1.5 2.0 2.5 1 2443 N/mz. S
5 1/ (N/m?) ) ' »
1 341.8 N/m 3 ,
2 S S
Fig. 2 Vertical distribution of radiation stresses in deep ' o '
water
Marine Sciences / Vol. 36, No. 8/ 2012 67



e 0 e
r ¢;x+==’x = L ,N-’x’— -
2t o 2t o
L 4 L P
A P
= -4 |- ,x_fx— g -4 O
3 S — R | g | )k)‘/‘ —+— JRETENRILs,
= X ke, N “X-- ks,
I h=10m, H=2 m, T=8 s L h=10m, H=2 m, T=8 s
-10 L 1 L 1 L 1 L | L | 1 1 1 -10 L | " 1 L | L
300 400 500 600 700 800 900 1000 0 100 200 300 400
BRI /(N/m?) SR S1/(N/m?)
0 e 0 <
¥ - X
XKt ,_|>_</+
2t X7
E +
—— gt | % e
~ -4 QQ'
X e, I P --X-- iR,
X
h=5 m, H=2 m, T=6 - 0 m. T=
. | ' m, 1 m . —6—/:*’*. l . |h511-f,H21}1,T6§
600 1200 1800 2400 0 200 400 600 800
FHATRE F7/(N/m?) RS NE J1/(N/m?)
. 0 e
T o [ e
2~ ey i>$,+
[ e o) &
g 4T 4%& " £ Jﬂ‘)(}
g [ X —+— W, < ¢ —+— WETNr,
% 0T - iy ¢
N > LS i € -X- - i,
- | . F=10m, =4 m, =85 6 x> [ | =10m, H=4m, T8
10 1 " 1 " \ . . . .
1000 1500 2000 2500 3000 3500 4000 0 300 600 900 1200 1500
ST F7/(N/m?) $RET R /(N/m?)

3
Fig. 3 Vertical distribution of radiation stresses in intermediate water
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Abstract: The expressions for vertical distributions of radiation stresses were derived based on the second-order
Stokes waves theory. The vertical variation of radiation stresses in deep water and intermediate water were dis-
cussed and the vertical profiles of radiation stresses obtained basing on the second-order Stokes waves and linear
wave theory were compared. The results showed that when the nonlinear influence was not strong, the vertical pro-
files of radiation stresses were almost same between the second-order Stokes waves and the linear wave theory.
While when the water depth is relatively shallow and the nonlinear influence is quite strong, the vertical profiles of
radiation stresses based on the second-order Stokes waves is significantly stronger than that of the linear wave the-
ory near the water surface. The radiation stresses obtained based on the second-order Stokes can reflect the nonlin-
ear influence more reasonable than that of the linear wave theory.
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