a5 BT T pES
202347 H

Haiyang Xuebao

2 e Vol. 45 No.7

July 2023

ZEIE, JERY, e, S5 PCRIEIAE AR L HOY BBl IR ). VR AEHR, 2023, 45(7): 90-101, doi:10.12284/hyxb2023080
Li Xiaohan, Qu Ke, Yang Yuanping, et al. Study on the hydrodynamics of undular tidal bore over the uneven seabed[J]. Haiyang Xuebao, 2023,

45(7): 90-101, doi:10.12284/hyxb2023080

BN BT LRk B AR

Fow', BERVY, TR, Ea

(L RKYDBET R KR 53088 TR 240, W8 K70 4101145 2. Wiy 4 /K FAT D58 Be, @071 AN 310017; 3. I B2 i 7Kk 2R
BRHEASBEENEEEALRE, B/ KU 410114; 4 KPR 5K ERIMAESLRE, Mm &Y

410114)

WE: AXKAFE#ELHAEAE (NHWAVE) IR T HCRAMAL MY EWEFRER LR, &
HEESEWNITE TR, REAT T R 5w Z A AR A B3 X BOR R B K B R R .
WHERKW, B#E L8 ol AR BORBRA R T LAk h AR wEF, T &K
BEXBRBAAGARFERHEAD . ROV HFEETSRBAFT LD FE A, 5l RBEERAKM
HRIZL R, PR R TR MR L ER i, AR EREZR SRR, AR
HEERRPHERHENY ALY . SR BT KR, HETERHZRAN, XEEELHKETH
HEERERER AXHERREGTEAARERAAELT MW LW B ETAEL NS EE
SO, HECR BT B SRR NIRRT R L ATFEHRET R FRIE.

KR BORE A R R ERA; HEEY

hESES . TVI39.2; P753 XEIRE: A

1 5%

TR 2B A R W Y T T P Y — R R A
4 0 7 2 ik R 4 02, R B Y RN R B A
SeR I T K BRI A OB, [R] BE I A2 I AR O ik A
KGR, A T R R [, R
PR R A (0 S O T 2 X T R /N, R — R
AT ) T HE R A AR BRI S, RR O ORI, A
FERERSAE T, J ml T T B A0 B8 30 V3 ) — i 1 i
T T R O, S Sk B KR KRR, &
A= R, T R 1) A A A ZKVR, kA VR T

R E A 450 Lb il A7 7E R O, Hod LR
V] R VLT 0 Y A g B R T I B A R e

%5 H #3: 2022-05-03; &7 H #8: 2023-02-03,

XERHS: 0253-4193(2023)07-0090—12

DX P A 7KL 23 SR AR ik, st 2 e AR R, T
0 X S 9 7K S 0 22 A R T R U . TR
5] 10 DX N 9 0 2R R A R
SO T AR N AN A . A SeAEok, [ PN S A = 25 06 1 1
8 2R SR 8 R LA T R T R RS AR I AT
FE BRI RO 0 BRIS HT  ) BRA A g
PSR EL AN 0 S5 07 3 o AR XA 090 5 1 S 0
DTN 2 RARTIE AR ER TR VAT L3t WL i TR X R (T
SRS T S BE R A AR 5K, U SR T i
IR Sk BE R R AR AR R e A, SRRD 1 9 T BE FEE UL
Y PR HE o i 2 25 U A S o 5 WL B X BRI
T 90 A A AR AT 20 AT o Yeh 1 Mok i 1 K
WG I 5T 1 T R T 3 Y 3 Bl R B G S K BR A 22

BEL£B: #1114 [ R R 3 4 (LY22E090007); #7148 1] F I 2 5 5 52 56 % JF 03 4 (ZIHE21009); [ 5 9% K 24 A ) 35 ik 1 k31 %

(202210536016); #5224 A QB AL I 23R (2491); K V0 B TR 2 Hed e A 52 100 H (XIG22098).

EE 7 220806 (2002—), W, INARA m L, E2 N FPEIR/K ) 15T . E-mail: 1xh202004330107@163.com

*EEES: R (1985 —), B, Berig = i
kqu@csust.edu.cn

BN, W, B ECR, EEOE W R L W R TR A TR . E-mail:


mailto:lxh202004330107@163.com
mailto:kqu@csust.edu.cn

7T MR AT ORI AL A b K Bl T BE S

91

5t o Treske!™ id i W 3R 12 49 OF 58 1 98 39 19 JE AL
B Miahr™ 75 55 3 38 K Al vp AR 1 BRI I, O
TE 53 B I BRI T O 7 i SR b LS T IR B TR A A
VRHEOHE o A K R A R0 38 2 7K RE 3 56 57 T 9 O
5 H AR T I R B R Sk A R O R &
Ui/ WA LK SRR/ TeT N B R 7R g SR 1 € 7 NN
T v LA KT T S A 4 R A SRR K i .
5 i A0 ) e S AR ML LG T R S TR Sk Y
BAER, BE kB KENIEAK,
NS L BN IE Rt TR T RE. T
L) S Y 1 R AR B R N W, O B
TR AR 00 B8 R 43 A1 DX S8 34 52 B AR RORE BE i PR A
I, I AR SR, FR(E B ALL 38 W A B 9 T I K B0 )
FEVE Y B B HOR T Be o AR R T SR i 0% Ik sl AR
T2 DL S DX ) AN [, 8 P 0 T ) S T SR
R3S RORCBE BB T B AL AN ROBE TR AL, R
R A5 70 3 MR T o A A 5 T 30 A 2B R T R O
T RR K BN IR, /N ROBE AR R R T8I 5 T 1)
Y B Be R AR DL S 5 A AR T R S R AR AR
o, R S50 3 S R SR AR PR RE AN BT A
B, HESL T 43T K BN R B T SRR R )
IR TR B U A AL, RGNS T IR
JEE 0 T K R RIS ) v R A DR 2R R IR RV U A R
PERYSZ A . Landrini 5529 5% J1] JC M A% kL 1 SPH J7 %
BOE 3BT 7 R I AR B L A% B RIRRE 4 1 AL R
fiE o BRULZ Ak, Li 5529 % A SPH YA BLHL T I/ 141 8 1
P30 i s ok A8, I FLA3 A 1 A% BRI Bl 25 T AR A
MR AR S50 30 2o BT AR APL A2 2% A 5t LK 3t o A, X6 [l
Sk K HE SR AEZEAT 1008 9T o di 2 BUfE
R [R] 9 45 °F 19 15t /K 2 32 31, Furuyama F1 Chan-
son® X JZ2 Yt 15t WU . 25 I 15 SR LA BT A 55 R R
TIE GO0 I s O S T R GERE ST AR

AR AT AN R FE TAE XS 1 6 DU 8 09 A i
e 75 R LA E B N, (R AT O W AR AR e T
AT AR R A DG Y B TR D WL,
YR U AT A8 A — R L oA TR Y
JE 728 DT 552 Wi 368 Y800 114) 42 496 v 722 ok A, [] EsF 9 ) S
X RSP R TR A AR SR AR IR I, — HLVR S T g
U LAl R 5 e T I R B 0 R AR RR E v, R EUR
BRI 32 B ) SO ARV S R TR T
FEELE 2 23 G B, M T B & A I B — iR
ORI T 0, PR A 0 3R GE S BRI 7R A2 Ak
o EAGRE AR R, SR PRI 80 T B K g s i T
R S VPR SRR AR . A SCR AR R

B AR R (NHWAVE) W58 1 IR 8 7 728 AL s e
A A A R, O M T e B L AT KR
R e R ISEN A

2 BEmER

21 E=HIFRE

NHWAVE [ 6l 7N T o Ltr R ZEL M
JrE MR, HApEIE R kN

a—D+aDqu@Jra—w—O (1)

or  dx By oo

oU 0OF 0G 0H
E+a+aiy+%—sh+sp+sr’ (2)

A, O E; x v, o B RIRARBRIY 34> T7 [m) 5 3l
HEREUCHU = (Du, Dv,Dw), F =(Duu + %gn2 + ghn, Duv, Duw),

1
G = (Duv,Dvv + Egnz +ghn,Dvu), H = (uw,vw,ww); u, v, w

RFex y, My 1) LA B o i of Qo A FR R Y
i 1) 340 5 ST i B IR T S AR TT R P Y 8h
JE 005 SAR SR i Ui L g 35 h s i 1K IR p Ron Tk
J15 p RARKEE; g Fm B . (2) P4 I
TN Pz :

Di
& 0x

Sh: gD% bl (3)
0y
0

_b (%+%E)
p \0x 00 0x

S - 2(%@%) (4)
! p \ 0y 0o Oy ’

1 0p

p oo

DST,‘
s.=| ps. |. (5)
DS..
22 imimiEE

RSO FHBR R Ke-e i 705 280 H 355 i U 86 7 AR
K, il o R an s R

%+V-(Duk)=v [D (v+ :—7) Vk] +D(P,+P,—¢),
(6)

%D[C.E(Pﬁczgm)—czga],
:Etl:':l’ th‘j?%?}ﬁiéﬁ:’%ﬁﬁ, O-k\ O-S\ ClE\ CZE\ Cu%?ﬁ“ﬁ?}ﬁ*ﬁ
&
X2, Hrhv=C,—, 0,=10,0,=13,C,, =144,
&g
G, =192, C, =0.09; k2 & L 24 19 I 3 3h e, k=

17 . . 0.751,1.5 . . .
EU'U’;Sz%Yn%Yﬁﬁﬁ&%,F - Ay K R

l )



92

MHEEd 4545

Ji5 Po. Py AR BT Y] 3 RIE T 5 VO WA B T o
X TR T BB NHWAVE 2503 19 3 40 1 A ] =

2 3CHR [30].
23 MREE

AR SC 0 A 0 A 38 B — 4 3 S My R R B
7 R T T WAL B A R S i R, A
/(I

c=Vo+ \/gh (h +ho)[2h, (8)

c=Vi+ /gh (h +hy) [2h,, (9)
A, R T AL HR T B 5 ho I Viod ) A T R AR AN
R 5 W ATV 43 550 A8 e K BRI i R Tk

3 FRERIEGHIE

30 BEIUEFEKFH S L EIET R

AT BT AR R AUE A A NHWAVE 27 — 485
B TR KRS, AR Liu %50 R Zhang 5502 Jr fif 14 5t 201
WK RS, BB AT T 15 30T 8 7K SF- Hb B R i Ak it
T AERRASTE K 8 12 B, RIS B s R S
Py 0 A5 20 A [ b VBT BRI T X e 56 E R
R S R W K 3h R RE ) o SEER KA K
18m, 5& 1 m, & | m, SEE MR &7 [, =8.37 m &b
TR U Y KA

TAERE KR B T A S B S A
A AR, THEOA E Ok R A O [ RE i B
FLORAG B WE 1R o xJ7 1) A WAL 4K 7 1), A%
K/INA dx = 0.02 m, zJ5 [n] R KR Ty ), 24l 73 20 )2 M)
5 h Gy 50 R i AR E R AR KR @b Bl S T
WK R Z L5 08 SIS B o AR SOOI FH A e 4SS 70 15
TE TS50 6 4 T 00, BRI SEE T an 2 1 i .
YRS 2= 1 X =

¢ NHWAVE 3155 (4915 0 55 S04 45 R 2547 17 X5
e, an il 2 o, i ad e b ol A BUE T S S e 4
REEARYE
3.2 MRS A EEEET

ATV T R0 I A R M T A% 9 T AR K

P U S A A

Fig. 1 Experimental layout of dam-break wave
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Table 1 Experimental setups
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Y1 0.4 0.04 0
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Yo 0.4 0.16 0.02
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Fig.2 Spatial distribution of water elevations recorded at different wave gauges
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Study on the hydrodynamics of undular tidal bore over the uneven seabed

Li Xiaohan', Qu Keb >4, Yang Yuanpingz, Wang Xu!

(1. School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China; 2. Zhejiang
Institute of Hydraulics & Estuary, Hangzhou 310017, China; 3. Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and
Restoration of Hunan Province, Changsha 410114, China; 4. Key Laboratory of Water-Sediment Sciences and Water Disaster Prevention of
Hunan Province, Changsha 410114, China)

Abstract: In this study, hydrodynamic characteristics of transformation and breaking processes of the undular tidal
bore on the uneven seabed have been numerically investigated by applying a nonhydrostatic numerical wave model
(NHWAVE). Effects of tidal bore height, initial water depth and bed slope on the hydrodynamics of tidal bore are
discussed in detail. Research findings indicates that the tidal bore height and initial water depth have significant
effects on the transformation and breaking processes of the undular tidal bore on the uneven seabed. However,
different bed slope on the undular tidal bore hydrodynamic characteristics of the influence of less. The existence of
bed slope can lead to a significant increase in the height of the undular tidal bore, causing dramatic changes in the
maximum water level along the range, and make the tidal bore propagation speed is reduced. The average speed of
water depth tends to increase with the tidal bore height, as well as the height difference between the upstream and
downstream tidal bore height. When increasing the water depth, the tidal difference between the upstream and
downstream tidal bore height decreases, and the surface velocity decreases monotonically with the average velocity
of water depth. The research findings drawn from this study can have certain reference significances for the accurate
understanding of the hydrodynamics of tidal bore on the uneven seabed. It provides a scientific basis for the engin-

eering design and safety assessment of wading buildings in the tidal river section.

Key words: undular tidal bore; uneven seabed; nonhydrostatic wave model; numerical simulation
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