5539 B4 1 * B % o R Vol.39  No.1
20214 1 A ADVANCES IN MARINE SCIENCE January, 2021

i

HRiE X

&

2 ve £ AL ok R 5T v A Y BUE R

%5“%%1’29—/%4\7%’1’2%9%%?1’29% %,1,2

(1. RIEPET R @ TR, 7 KiE 116024; 2. ¥R MEHE TAREFESSLKE, 27 KE 116024)

W EAENRFHABMEXFART BREIZRAEXGFIANHRDER . ERREGNEEYEE., AR
NEREKZBHEEE KRG LIRF RN EEABEENE B HELRABHERALTR. IRBHE AR E N,
MAREARAERFAEEZT K. LA OpenFOAM BB EN B REXRE LWEF . FHRBREZINFARTE L,
WHETAERBEAEFATHREAY ERBRNEH LA FERERAERL, FREREA . EHRAP T EH R
AEERMIFERAZHBEEAEHRAR AR TR HEARE R AL ERNABYEEFRABET IR,
A A AT HRIG R AN E S ERRGEMA T RS R,

KR MR AR AT N A R B K 5 3R 5 OpenFOAM

hESES TVI3L.2 ECARIRES A NERS:1671-6647(2021)01-0158-09
doi:10.3969/j.issn.1671-6647.2021.01.016

S| : MU HR, MA X Z, MAO Y J, et al. Numerical study of radiation stress on the submerged bars by regu-
lar wave[ ] ]. Advances in Marine Science, 2021, 39(1): 158-166. ¥ 4, L /NFF, T E, &£ I 0 )% %48 5
B Ao Bl A R D], A A 3R, 2021, 39(1): 158-166.

I SR B W) 2 Longuest-Higgins F1 Stewart™ 3t £ 45 7 3& FHF 355 08008 ok 580 568 00 A7 18 10
A A, TRV R PR AL Rz 3 b i T K IR B A2 T S B0 T PR AR T B L iR, DT 5 | A
IO7 3 B SR ZU RS A N ) AR A T R A T L TR UK Cset-up) VTR IBUK (set-down) A 45 B2 52 0, L 2
AT % TR AR iR B 9K 5 /1. Longuest-Higgins F1 Stewart ™ TA S I VR 57 51157 7 69 3% hioks 42 i 3k # b 3
AR s Symonds S5 HE ST T 5 ) 7 R v A SN T B2 30 TR B DR AT ARY L A Ay R R v IR TR A R A
T 5 205 | 6 46 S 07 ) 78 B[] B 225 ] Y ek 728 7= AR T AR IR 5 Kostense™ 5 1 by 36 UE 1 260 I8 A 10k YR A 1
B8l BRI RIR P AR R BRI . I, S 1 SR b 1 SR A S ) X — IR AR L AR 2 AR A i A B
BT BO0E AN S S0 A DL T Bt AT 8 S 0 0 i E 5 . X F R K I Graham™ 4t H A BR 28 43 1% 1 55 48 5 0
5 B 5 S 4 T R LI R P £ 3 B 5 VIR S I g K TR R A A Y 43 A R O 4 T A
U 1) £ 110 5 L 7 0 Rk 35 Xia S0 B T SR g e 1) 0 T ) R SO B 2 R R R R A iR Y
S 55 BEUE B T RBEAL (0 o B M 5 Stive A1 Wind ™ I FH 9250 H0H | 8 Jk 2 1 A T ST ARUSR A5 T L D T 3 ) T
e H S G I ) W AR AR R 7 08 A R S 4 HOC R Y Boussinesq J7 B S T A48T 005 S 0 1 1H 5
N F R GE R S I ) X BIRIG WK A S, SRNT 3AR E S E  BR Ty i S LA R AT B VR A P TR A Y TR A R
B AETE A — 5 TR Y 2R AR B AN 22 2T A, DR o530 i A5 4 107 1 25 R AR 22 0K

BT OpenFOAM ™ BRA: I 5 AR Fe 2 7 B0 7K R DU S 480 38t TR A A DX 0 3 1 8L 8 — S B T AT 1Y 32
B, AT DA 20 WF 52 56 T B 0N D VR A S 7 B R A A A B AR A AR L A RO A R T

Wo#s B #1:2020-03-22
FENVIE : [E SRR H - W IR R A AL T 5 O 22 AP A HR (2017YFC1404205) 5 v S w5 A B AR BLBF L 55 2% B¢
By —— R 15 1K 3 1 K ¥ RS 5 W 9E (DUT18ZD214)
TEHER N ISR 994, &, L gE A, £ SR IR U7 5. E-mail: haoran.mu@qq.com
* BAEMEE /N Q1977—) B BIWRSE 0, 1, 32 B s TE R 35 AR IR 5 T 5. E-mail: maxzh@dlut.edu.cn
(CEAESE WD



13 RAUT R L 45 TR SR T L U308 A B 2 T3 1) B F 5 159

OpenFOAM H{F BEAT A B i 5296 0k 1 I KO8 D7 326 368 50 RI i 7 =X AT 58 1 5 2 4B 2 1) ik
P AR AL, T 9IS I8 A TS R ) R TR BB B R BRI 5 BHE 445 BT OpenFOAM R4 K i 1 48 77
WP S 9K B JIPHERE L T 20 1 AT S 3 5 0 1 2 AR L 45 ke A RE B L SR AR Bk T I T Open-
FOAM A5 UL 917 e 78 15 Tk T 1) 4% 1%, 508 4 1 %0 BB DX N S0 0 B O 3 5 52 6, 445 SR X L R B 5 SR R 97
FIFB G FIF OpenFOAM BRI U 3pt 75 P e 1 B B0 A2 T8, B UL 25 2R 5 S 25 R AW &5 B il 1
REH PR L B TR B PR R M AR AR 15 B

ARSI OpenFOAM B AR ALY P IR 70 98 3 T2 T B0 4% 38 B0 , 70 2R A7 S JER 7K R 2k A 02 ) 5 (L AL
OUFIN PSS TR D 304 VIR ) 0 P B B A I T T 1 R A R S TR S L AT R0 T T R OB T A% 9 e
AR ADLBIE 5T 7 1 JE At b X 680 SF 7 3 72 A B8 A i B G 5 TR 8 DK B 52 T O 8 T 0 ORI TP IR
AR VI ESE RN e A A VPSS

1 Hs AL

1.1 =HFE

ARICR T OpenFOAM 144 A9 38 A B waves2Foam ™ ™ JF B IR IR B BUEE L, LR RS
R RIRAEFRFR s o J I AR AR ), y J5ia o e m, = J5 a9 i KR i 98 B 1), 35 T R 0] 46
TR 32 Bl e s, Tl O R

Veu=0, (D
Jou
P +Ve(ou Qu)=—Vp+VepuVu—ge+xVo+f,, (2)
f.=ox Va, 3
Va
n—7| val’ €]
k=—Ven, (5

KD ~K G, o HIREG A E L su NIRARREIE Y5 ¢ NI 0 BB R K e 9 E T JE
x NOPEREf, A MKREAIK T 0 KT REG « 0 A BRI n B ALk s o K
IRES /A0 8

XA p R AL ARYE VOF 356 2 Fh i AR AR — FhiR 4 i 1A, 52 804 A B 0 A 50 T BB 7 51 A
HH R

1 WA
alx ) =40 <a <1 KRG . (6)
0 A

TESR AR 22O R RIR AWK R B E o AT AR E E o) M SREE 0, RoR 3 T BEVE R AL 0 W] IR B
PER B o PR RENE BB e, RFR

p=ap, + (1 —a)p,, 7
p=au; + U0 —adu, ()
R o 3 2 i is 7 F
Da  da
Dy — 3, TV Caw) =0, 2

fEGEH) VOF 1 B A2 HEAT by 2R T8 B9 JE A AR 1 T F 30, IR Weller '™ 51 AT #UAMIY A TR
24 TR 52 BEXF 1 rb K T ARG Aff A X9 mT AR Dy

d
%+v- (au) + Ve [a(1 —a)u,] =0, (10)



160 o R % o R 39 &

A s Dl AT R4 A i T B A 2R B Y R S T s A T 4 Ik S T O X A
A 2w B A R 3

1.2 BHNEAARK

BEAE FH S T AR K A AR 1) 5 sl O A% R YA VR 25 B U YR T R ) e K e Sk D TR AR A R T
Longest-Higgins il Stewart™™ 45t (97K & Jy [ 48 500 1 (S, 158 LKk

s“.:jv (p +pu2>dz—J” g ( — 2)dz, (1)
—h —h

A s w BB o TT R8s h UK p K R 50 NP RDK TSR s p N EUE
Xt T (R D8 A I T B 2 AT g e
S.. =E@n —%), 12

1 2kh
n=—(1++ k

2 26k Zkh)° (13

2 BIRIGE

2.1 EREIE

W 155 A T T AU IS 7K R e 2 P 3 A A 40 OB AL 00 A < 8 0.02 ms A4 2 s KR 1 m, 3153

1 30 m, & 1.1 mo, BB AR FiF 9 F1S i 2% 52 B 6 mo A8 5l X H 0  BERRLTH BRI 30 s, SR FH A 2l i 355

AR W) I BRI 2E K Ar=0.02 s, #EAIR A Casel,Case2 Fl Case3 = A [6) K /NEY R A% 1% B

R EAT BB AT EARRIA% RT3 1, AR AR RS R S % Fe an &l 1 B . il 1B AT L, Casel AR REE
®1 FAEIRTHMERT

Table 1 Sensitivity analysis of grid size

LT 5 I3 1) B A% RS /m T H 5 1] A% R SF /m SRR/ T
Casel 0.030 0.010 11.00
Case2 0.015 0.005 44.00
Case3 0.012 0.004 68.75

0.02 N
— R R — Casel Case2 — Case3
0.011 —~
g L
g \
-0.01
()13 mi H 447
_0'02 1 | 1 1 1 1 1 1 1
20 21 22 23 24 t2/5 26 27 28 29 30
S
0.02
— BT 55 R — Casel Case2 — Case3
0.01-
g
= 0
-0.01-
—-0.02 1 I 1 1 1 1 1 (lb)l7 m?éﬁﬁﬁjﬁ
20 21 22 23 24 25 26 27 28 29 30

t/s
1 AS[R] A RS i i A2 b 5 0% i if x L

Fig.1 Comparison diagram of wave surface between experimental results and numerical simulation with different grid size
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Numerical Study of Radiation Stress on the Submerged Bars
by Regular Wave

MU Hao-ran"?, MA Xiao-zhou'?, MAO Yan-jun'?, GAO Xiang'*
(1. Faculty of Infrastructure Engineering » Dalian University of Technology . Dalian 116024, China;
2. The State Key Laboratory of Coastal and Offshore Engineering » Dalian 116024, China)

Abstract: In the study of nearshore wave, the radiation stress is an important physical quantity which is an
excess momentum flow caused by waves. As waves transfer from deep water to shallow water, the nonlin-
earity of wave increases gradually and waves are deformed or even broken. This will cause strong shift in
radiation stress and make significant contributions to the generation of infragravity wave. In this paper,
OpenFOAM is used to fine simulate the propagation of waves on the submerged bars. In the case of break-
ing waves, the detailed flow field information of wave motion is obtained. Besides, the radiation stress and
the wave set-up and set-down on the submerged bars terrain are calculated. Numerical results show that
the radiation stress value is quite sensitive to the wave amplitude shift at the flat bottom before the sub-
merged bars. When the wave is completely broken, the value of radiation stress increases at the back sub-
merged-bars slope and then it tends to level off at the flat bottom behind the submerged bars. The effect of
variation trend of radiation stress along the way on the wave set-up and set-down is in good agreement with
the wave set-up and set-down equation.

Key words: wave radiation stress; wave set-up and set-down; submerged bars; OpenFOAM
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