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Improvement of dispersion and shoaling property of a set of
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Abstract: The linear dispersion and shoaling coefficients of a set of high-order Boussinesq-type equations are optimized, which
significantly improves the linear dispersion and linear shoaling performance of the original equations. The sum of error squares between
the phase velocity of the high-order Boussinesq-type equations and the linear wave phase velocity is minimized to optimize the dispersion
coefficients of the equation for kh=6.28, with k as the wave number and & as the water depth. The shoaling coefficients are determined
according to the linear shoaling analysis. The linear dispersion and shoaling performance of the Boussinessq-type equations with
different sets of coefficients is presented. A numerical model with a time difference format of mixed fourth-order Adam-Bashforth-
Moulton is constructed based on non-staggered grid. The numerical model is applied to simulate the wave propagation and evolution on
the submerged breakwater, and the simulation results using the optimized coefficients proposed by present work are in much better
agreement with the experimental data.

Key words: Boussinesq-type equations;linear dispersion;linear shoaling; numerical model

PORTENT 5 X A 518 S R 1 7 3l 1 B N R 2 — W 9030 52 PR | 1 2 T A8 4 1Y)
i, DIRAEHRIZ hid B vh N Z B e 23 7 AR AT SR RO SRS . Boussinesq ! FERF5Y K i
shif s T — 4R AELME Boussinesq FE; Peregrinemi e T aE TR IR 288 —4E Boussinesq J7
T2 ; Abbott % KW Peregrine J7 RS T 4k Boussinesq J5 R iH AR BF5E T e O N BOR G #1550
Witting"*' £ %} £ 81 Boussinesq J7 FEAFFE Y BL , #2 H T Boussinesq B 7 B A3E FHYE R, Madsen %50 #2577
B oS FE Y Boussinesq JiFE  FRZIE 2R 5 FR A — @K 1 BT B AX BN FESLbrrh 53] 1 —E 1)
BT MG V225 E RBT Boussinesq By B EAT oGl iE— 2B T O RRAOSE VG L, RN
KB WIFRE T Boussinesq U7 FE R R IR . 3k5845 " 4538 T Boussinesq B 7 2 (1 B K J& 5

EETE . EEKAKPEIESE (51879033) ;2020 4B [ THIH 4-BIHTHE4: (3502220206069 )

EE R . RIRMA (1979—) 55 P i, 28 G0 3l ) Kl 7 BB SE . E-mail : zwzhang@ live. cn

BIEIEE: XL(1983—) 5, 20, 1t FENSHEERE TR IS, E-mail : liubijin@ zju. edu. cn

SIS skikfls, Xnsh, 48EF], 45, ¥5E Boussinesq AUKIN 2 L BHVETAMERERY ML) ] . PB4 ( I SARIERR) ,2022,50(2) :3744.
ZHANG Zhenwei, LIU Bijin,ZOU Zhili, et al. Improvement of dispersion and shoaling property of a set of high-order Boussinesq-type
equations[ J]. Journal of Hohai University ( Natural Sciences) ,2022,50(2) :37-44.



38 WK E el (AR RS R ) 55 50 &

P 107 PR3 30 6 00, 42 11 T Boussinesq %8 7 2 W] BE A9 B A% S U5 ), PR SCAENY XS 19672018 4F
Boussinesq B 77 R BRI FEHEAT 1 2538 , #F Boussinesq B 7 Rt — 20 73 A /K-F- Z4EFN = 4E R O, X144
éﬂ%[m R A U2 Boussinesq PRIV ST T SR AR Ik 30l 1 52 A 9% i A FA) 7K Y 3ok R R ) e , AR STV
BAUTH R 25 R 5 1 ) 2 25 R AT B AR AT

Boussinesq A7 F2 IS HUR A AT R EEOC R SN BIS A HC R Y Pade BITS 0, M5
i RS AT AR B AR R S R, X O £ X Madsen 2510 HE H A —ZH DU B Boussinesq &I 7 R, 7
B O S BUBREA [ AT LS e 75 R Y LIRS B2, o (07 R A 32 5 e M B AR 8 B 7 JC R ORI kb= 15
MR 2207 232 fli /N AR AL GRS, THR R BT — 5 i AT LD I 28 s (8 IS P S L 5 () i F I
Boussinesq 87 R85 Ve RECE BT AT 1AL, AL RS8R 48 s T BRI G ; S MR B IS S8
FR) 75 A5 o A A i R v A R AR X 3 4H 35 44 Y Boussinesq B FE O gRAT TRk, AR T
DI RERY AR RMERE . Simarro %517 X —88 28 B Boussinesq BRI 7 #2022 HEAT T B AL, BEULAL IS O #E
Pl T LM IR R 2% TR PR REAR B T

SCHR[ 11 ] Boussinesq # J7 F2 /& HA PR O HIOR B 97K —4E 7R | 7 B dse i 25 18] S 808 =B, X EUE
TR EDRAXT AR, HAT, TR L &) A2 B Boussinesq B 5 27| B 1155 g 1 A9 #2555, DU By
Boussinesq B RO AR SR TR RN H . 59— J7 T, A X SCk[ 11 ] Boussinesq B RSB
AERIAR DTS, 33 B T 4t vy SCR [ 11 ] rp Oy B s /K R R i O 4 I 07 R i 3 /K R LY 3 ik
PEAE SR & O FEARADL 3T B K 02 Bl RS B2 . AR SCHE TE IR IROK IR kh = 6. 28 254 T 4 SClk [ 11 ] h
Boussinesq # J7 F FAH U RE 5 SR A R B2 22 (1R 221 7 B+ Z Fildse/ N PAOC AR 5 B8 G 2 88, i I AR A A8
AT Tl AR S EL, IT 0t TR 800 T B HORVS W MERE B 52, I 8 it BUE B AU T 3R iR iz
BRI R I UEZ T A AR
1 Boussinesq 7K F R HEEEE
1.1 Boussinesq 7K F &

SCHRL 11 ] H Y Boussinesq B R 7E BB R B A S 4 A5 2 S 5000 78 e 3 AR B K T3
W I ZEBHREHE SR 2, PIZH TS A 6 MrE S, WIS SEORE, SRl E a 5KEF
P a RN

u=a-auh Vi - au’hVQha) - bu'h* V'V - bu'h V'V (h'it) (1)
Hrp w =kh
BATRBT .
n, +V(h+n)i] =a, V- [(h+n)R* V(V-@)] +a, V- [(h+0)hV(V- (hit))] +

b
e VI Ve (]
b, 2 2 N
Ve VIR, BV ()] | (2)

i +(a-V)i+gVn+G=(q —%)hz V(V-&,) + (a, +%)h V[V- (ha,)] +

e h> V[V (@, +gVn)] +¢, V[V- (hu, + gh®> Vn) ] (3)

d=h+n a=a, +a, b=b,+0, c=c¢ +¢

3

G:V%%Z[(V-a)z - (1 +3a)a - V- @ —%cvz(a ca) ]} o+
%Vnd[ (Vew)> —a- V) -Vnd V- i, - %(2/1 +n)nV(V-a,)
Kok SRR R KR sa b e ATREESE W RFRKOKE s HIETE TR 5 d 0 RIKER
SR A R ELAG A e ) € ORI 2 VR A P i, SCHR [ 11 ] 3 185 5 PR € B 6 R 5 461 Stokes (R E R AY
Padé DU i T — 35005 2 @ ECSEL, W5 A SRR LR 1S 21 28 S8, & S8 (a, ,a,,b, ,by ¢, ,0,) =



552 14 iKIRAG, 55 B Boussinesq BYZK i Jy B A HUFI AR ¥R ML AR A A M 39

(-0.0067,-0.0220,-0.0017,0.0005,0.0393,0.0613), XEUE"FFE T /NS H Boussinesq K5 T2 131
BRI NSNS EOT IR TR L BORAL RG2S BUE Y , ZEHO T R T TR oS S EURE N (a, ,a,,b,,
b, ¢, ,¢,) = (=0. 006645 873, -0. 022, -0. 001 691,0. 000 547 ,0. 039291 ,0. 061 3) , 5 3CHR[ 11 14 L, SCHk
(16 ] PR B EUR R T Z A R0E . SEFHRRBIA, X 5 3Gk 16 ] H Luth %7 FER 1 S
Hoe—5

NSO EHOC R FRIBT Stokes LANEAHOCR I Padé MUK IE T FRIE 50510

2 2 1+ (c+a+bla)kh’ + (ac + be/a) kh'
w =gk'h 5 Z (4)
1+ (13 +a+c+b/a)kh” + (b/3a + b + be/a)kh
w’ = gk, *h[1 +1/9 (ksh)2 + 1/945 (ksh)4] [1+4/9 (ksh)z + 1/63 (ksh)4]_l (5)

Hrp k. A Stokes Z&MEP AL,

SRFUSCHRL 20 1 17 A SHOTRG GRUESROGIATIOR . MF 105, peiesn )
MRAAGAR T 5 A (R, MR T 205 kb (ORISR B voa - FIEUZEC -/
kh=6. 28 W LU 7 F2 % M ROK B oK B9 MR PR B e k<628 103 !/

c/cs

o E R SRR FE 2 W0 05 Bt 2 A, herr P
PIFFE (a,b,c)= (-0.02449462,-0.0007642,0.095389) .|

B 1 AR 2 50n TG IR A 3 BE (e, M Stokes Ze PRI AH B B, ¢ hy 099 i
Boussinesq Y 2 AOFIEEE ) Xtk , K1 AI 0L, kh=6. 28 B, o b= kh

B SCHR[ 11 ] 2SR 16 ] B2 (R 220514 0. 069% 5. 21% Fl M1 EERAEEE R
3.09% . IR, DL A S E0RT DA R b B e e YR A 8B A A ADIRG 2 Fig.1 Non-dimensional wave phase

1.2 ERMERES T celerity comparisons
BWETTREMARLANET (R, ) F0 A, I, —HE 75 AT 5 A
n, +hym,, +hi, + AR i, +h G+ AR, +y,hn,) =0 (6)
2, + AR, +g(n, = ch’n,.) + hh(Mi, - 2(26¢)gn,) =0 (7)
Hrp v, == b/a A== (a +b/a) A, == (3a +5b/a + 2a, + 2b,/a)

Y, :—2(A+bi) Ay =— (%+a+c) A, == (1 + 2a, +4c,)

FIHI Schaffer SFHEFERY Ik &
n=A(x)expli(wt — kx) ] u=U(x)(1 +ioch, )expli(wt — kx) ] (8)
A () PR U () HEIRIE ;0 IR o HFIEHIE BNV E S50, #H3(8) A (6) Al
(7) It 53 B IERFI R, AT A5G R =X
h(U, + okh U) +v,h*(20kA, + wk A) + Ah*( = 3K U, - 3kk,U - ok’h,U) +

h(U = MRU + y,0khA) = 0 (9)
WA — khU — y,Rwk?A + A, FRU = 0 (10)
—woh,U + A,wh®(2kU, + kU + ok’h U) + gA, + 3cgh’ (KA, + kk A) +
hh_(4¢,gk*A + A,wkU) = 0 (11)
oU — L ,ok’h’U - gkA — cgk’h*A =0 (12)

K (10) A C12) FEAEIEF MR 52 A R0 U M RBUEREAT 5108 0, AT RS RIS S 807 B 1Y (A0
F. MiJa M (9) M (1) AR B AR A B 1) R, H Stokes eI 1R RE S S SEOT BN
ZEN0 Z 6. 28 B3, i B 25 B/ NI E AR VR AR B, B AT LU RIS SO 6 124 (a, L a,, b, ,b,,
¢,,¢,)=(0.00360538,-0.0281,-0.0007643,0.0,0.029389,0.0660) , L&VEAS 1 (4 3 72 AT LS F SCik
[21,27], kh=6.28 I, B b S8R S HIS (AR 2E 0 0. 008 4, K SCHR[ 11 ]/ TEKIES .

B2 AR ZEOHEAR B ASERAE EE . IR 2 AT UL AR S H0s 1 B VB BETE kh 2 0 ~ 6. 28 HYS
WS HES AR RTS8 A2 SO0 R AR VAR RE A 52 ), 1 FH AN [R) S 8O T 2tk I 7 R 1
PAEFEZ B . B LR R 19 1 600, B IR K KR 10 m, 55— KT 0. 5 m, P IR JE I N 3. 581 s, ASTIk N



40 WK E el (AR RS R ) 55 50 &

0. 1 m,kh=3.14 0.407, BN, Zo4i B AA AUAEZPEDT, 25 R0 R 0. 05 m, BRI 2P de=0. 055,81 3 -
RAESEL SCHRL 16 ] SECRISCER[ 11 1 500 TS 5, i B 3 a0, P b S804 0 25 F fcdig | LUk O2 Sk
[16 ] 80, FRUCRSCHR[ 11 ] 388, 350 MZR M AR VR A BBy TRIE B T Ak S 80T DL S A S UL YR AL 42 3

03, — fhiBk — fRfbs% —— HISH - SCH165%
——- MRk 0.08
0.2+ - SCHR[111B5L 0.06 | T TR R
I ey
ool 0.04 § ' f
w O E oo f) |l
& & oA
o OFy i}
|
-0.14 -0.02¢ YA
-0.041 Y oob oo u Y
o2 -0.06 — vy ¥
0 1 2 3 4 5 6 7 500 520 540 560 580 600
koh x/m
B2 FRESEMNTEGERE B3 HRERE MR
Fig.2 Linear shoaling gradient for different paramerers Fig.3 Wave shoaling along the slope

T AT SR AT SRR — BRI S B Stokes U5 B BT
e, FIFH Madsen 2610 45t 19 07 ik iE— 2B 5 58 BB R
n =A,cos0 + £A,cos20 u="Ucosl + eU,cos26 (13)
il 0=w t — kx
A A, AP — BRI U, Uy 510 — B A
KR (13) FASR (1) B (2) JMHF & (— B TIEE, DU T LAA 3 — B B R — s Bl

(2) (2)

my, my, A, _ ﬁ F, (14)
m® || h|F
21 2 2 2

Hrp
m? = 2wl 1 +4%(kh)2] m® =— 2kh[1 + 4(a +%> (2] m == 2gk[ 1 + 4¢ (kh)?]

mY =2w[1 +4(a+1/3 +¢) (kh)?*] F, =go[1 + (a +4b/a) (kh)*]

o S 2 I+ % (kh)>
F2=2kh[1+(2a+4c—g)(kh)] y_1+(a+i)(kh)2
a
HaC(14) AR A, .
A2 (2) _ (2)
i)
ALY Stokes —BrAkLe i — Witk R o
A5 = (A2 /4R kheoth(kh) [3coth*(kh) - 1] (16) | e
(&1 4 SRS SO RPN R S RO B B it e, A4 o) - SCHR1615 5
AT DAL SO BB A AT M . Kennedy S0 i 5 R 5, 0%
SRACE T R P BRI — A X K RSO R R AT A2 1 BAE < 6l
MR 22 BE A AH X K TR A 3G g PR AR K ARSI T O R R 0.5}
AR S5 P T R, A Mt r R R e e B, 40T 2 3 2 s 6
BT LA el Sk S A B A B “
1.3 #HEHE B4 HEMZHEREES ZH
INSETT FESR T I 1] 22 434 PU By Adams-Bashforth-Moulton 1R2 Stokes iK1 b {E

Rt 122 A ot 2 SR SO SO RS HEA TR A, TR R 3 fyy 8- Ratto of sccond order hammonie
Adams-Bashforth 7 f[ﬁ 1:% ﬁi + %ﬁ iﬁ%ﬂ :Et ':F' /Biﬁ ik F}'Z E/‘ﬁ”ﬂ ﬂi {ﬁ ’ R s ?FIJ wave amplitude to second order stokes
JH 4 By Adams-Moulton B[R] 25 A% 2 3530y A5 i T R 38 88 PR TE AR

wave amplitude of equation



52 1 iKIRAG, 55 B Boussinesq BYZK i Jy B A HUFI AR ¥R ML AR A A M 41

275 RS T A S TR 2 M) AR 22 /N T2 T 0. 000 1 1, 36 AR 1E 5 A6 JE 1 AR 1k 45 00) R ARG 1 (.
TR A IAAE Sy 722 12 B4 3 SO AR, FOT 4% (B RRAS TE (L A A R 28043 51 B 0. 05 ~ 0.1 F1°0.95 ~0. 90, AT A
AW EKIE, WA I FEBE AU SR PN 0 re AR DR, DR 7 A B S AR R 06
WS ML 7 B — B8, 5 AN TR0 A it R A S 1A 2 A A )90 2 S WS TR L L 2 g ) 7
2 8 f

KRNSO BEEBAY B X W S AEAE BT IR (A 16 12 2 A TBUE R, JF 500 i & 25 SR AT T
S, 25 T RIS BN 25 5

Luth %5Vl Ohyama 28 2350047 T BRIV 1 D IR RE A AR, i i B LK 5. % 1 K Luth
ARSI RN Ohyama 452 300 19 A IR B2 BB 5 P as AR B 0. 025 m, B[R] A5 KB 0. 005 s, B{i
PEIRKAE 55 m,

iy

LA 1 v TR 7
o1 LRI A ! 2.7 ! L5 1| 0.7 ! 2.1 !
N ORI 17
~0.3| HEEHL N e |s Ny IQ

X , , X , =
04 05 10 15 20 25 30 | 29 A
(a) Luth®HR56010 & (b) ()hayama"f‘]{ﬁclﬁﬁ%ﬁﬁ

E5 Luth £ Ohyama £ E (B (L.m)
Fig.5 Experiments setup of Luth et al. and Ohyama et al. ( Unit:m)

SR 2t (261 3P A K N
6 FIE 7 43514 Luth %:‘F ﬁt%@ﬁﬁﬁ‘% %1 Luth Z) %8 Ohyama DI EE R

A T T iR 5 SRR RO X L . P P 6 AT 4 Table 1 Wave conditions for experiment of

AT LIE ,M x=2.0m F| x=14.5 m,>KH] 3 HZ Luth et al. and experiment of Ohyama et al.
é&l_rﬁj%%uﬁgﬁﬁﬂ%%?ﬂ]mj(’{ﬂM x=15 7 m "LI\‘%Z %WJ {EZIE'}/YH J%Jﬁﬂ/s e u
2, RH 3 HSHO A A 20 03w T e A0 22 51 b PG00 220,05 067
WISk, RAACAS SRR T Y e oo Lot 00t e
- L P bt - L #fl(2)  0.05 1.341  0.05  1.299
ﬁfﬁ?ﬁ'ﬁ([lﬂ /;f[%ﬂ“%/n%o \mﬁﬁjcrﬁk[lﬂ Ohyama % b8 #01(4) 0,05 ol 005 0.76
RO AW EE R R 2%, X — S AT UM v =17. 3 m HHI(6)  0.05 2,683 0.05  0.555

) x=21.0m P HFFE A5 E ok, R Ve WURIERIES R o MR GBS R,
Zead RS A R TRV K A BIRE I Bl BRI R A 1 P OB, D T B ) o FR R 2t IR 2 FIE S TR G, 4505 R 1) (4
PEREEEE | W0 AT DA% Ay v b Mgl 12 045 A B0 0t A0 7 8 T 0 R 2 T P e 2 U P A o iy e A 000 YR AE
B, E x=19. 0 m &b SRAASCHACSEO TR A 25 5 B S 45 6 dcie , LU0 SR A Sk
(16 R AYEE SR, R A SCHR 11 ] S0 AR 2 10 ik i T s e 22

K7 4 Luth 225G (o) BOTHELE R, B 7 /8, H x=2.0m ¥ x=19.0m, X 3 ABHIE
(R 45 A I 4 25 ), 32 PR I 8 ) R A e B R A . BRSOk [ 11 ] S 800 o ik A 22, Sk
[16 | S5 BRI R ASCAL S 501 Boussinesq 2 7 Fi (4 (8 BE e i o 4 SR B P IR 2 05 (w =
14.5m £ x=19.0m) , R HASCH] 11 ] 28015325 1 500045 51 22 Bk, R SR AL S 505 k[ 16 ]
SHOT R 25 AR ZE AR N SR TSR A SCS R0 o = 125 R S5 R AT B 5 i r

& 8 & Ohyama 25" 6% 10 FH e A 45 R SR Ie 45 A% H . H Ohyama 25/ 556 9 A S B R
B 3 20 AR S A — B, B BE S B — 2, b B (2) M aEtESEuR R, B8 AT 3 FiRE
ORI S 5 IR R AU B AL 8 T T R T s SR SRR 25 SR X He . B 8 T LA XA (2) AR S ik
SIS R T2 B AL TR ST [ 11 T FISCHR[ 16 | S50 H 45 5, 165 SR B AL 3 HE%L
U5 T TR 25 R R, SR I SCBR 11 ] 800318 245 5 S50 R & NS I AR A AR S, RT3 5
TREY, BEE IR T I TR B S, R 3 B B0 i 25 5 22 I 228/, B0 (6)3 SR
IR TR A 25 /N X — AR S IR R U A AR, RIVBE 25 3 06 0 0 € B S A, SR 3 4
SR TR SR 2208 N



42 IORGIPNE S S QI S D) 55 50 %

o BE — MAESE — R[] — SCER16]

0.03 0.03
0.02 0.02 .
E 001} i 7 . £ 001 )
= 0 n:f\ 2 sc A \ 9 & 0 o %
-0.01 R h > -0.01
I T S S 2 3 4 "% 2 3 I2 3 4
t/s t/s t/s ) tls
(a)x=20m (b)x=40m (¢)x=52m (d) x=10.5m
0.03
0.02
= 001 i ’ of
s 0 ) /
-0.01 ;
~0.0% i 8 5 4 2 3 1 2 3 4
t/s t/s ts tfs
(e)x=125m (f)x=135m (g) x=145m (h) x=157m
0.03
0.02 i
£ 001 A n A
" Ok WA AN
~0.01 v VRS © g
-0.02 . ; . . .
0 1 2 3 1 % 3 4
t/s t/s t/s
(i)x=173m (j) x=19.0m (k) x=21.0m (1) x=23.0m
E6 RERENMEELLE R SRBBIRI L (Luth 27 X6 (a) )
Fig. 6 Comparisons between the computed results and experimental data at different locations
(Luth et al. ! experiment example(a) )
o Bl — RESBL — Gk — SCiEk[16]
0.04 0.04
2 o 0.02 0.02
9 A s 0 = 0
2 -0.02 -0.02
-0.04 004 P -0.04 e
0 05 1.0 15 20 25 0 05 10 15 20 25 0 05 1.0 15 20 25
t/s ts ts
(a) x=20m (b) x=4.0m (¢)x=52m
0.04
A\ A 0.02
/ \\ / \\‘ ) g
\ /N = 0 9
\ ./ A\ ./ ~ v .
< ~ -0.02
P 004l . -0.04 e
05 1.0 15 20 25 0 05 10 15 20 25 0 05 10 15 20 25
tls t/s tls
(d) x=10.5m (e)x=125m (f)x=135m
0.04 0.04 0.04
0.02 A 0.02
L 002 E N\ A /s
= 0 s 07/ \ J \ / s 0
—002} -0.02 4 & -0.02
~0.04 . . . . . -0.04 . . y . , | . . . . - -0.04 . . : : ]
70 05 10 15 20 25 0 05 10 15 20 25 0 05 10 15 20 25 0 05 10 15 20 25
t/s t/s t/s t/s
(g) x=145m (h) x=157m (i) x=17.3m (j) x=19.0m

E7 ARRSHERDSERSRGEIENITEL (Luth £ K18 E () )
Fig.7 Comparisons between the computed results and experimental data at different locations

(Luth et al. *) experiment example( c) )



52 1 iKIRAG, 55 B Boussinesq BYZK i Jy B A HUFI AR ¥R ML AR A A M 43

o Bl — RSB — SCRRI] — SCER(16]

t/s t/s t/s
(d) #fl (4) 55 (e) Bl (6) 35 (f) 54 (6) 5%
B8 FREIREAEERLIL R SRS HIEHIXTLL (Ohyama % iR 1f)

Fig.8 Comparisons between the computed results and experimental data at different locations
1.

(Ohyama et al experiment )

3. %

a. JEARA T RS EL, P LA S R G 7E kh=6. 28 B AR SCIRAL S EL STk [ 11 ] SE0%
HR[ 16 1 S84 iR 2250 58 0.069% 5. 21% F13.09% , A WA SCARAL S50 B 42 T ASEO
FIEFE, SEO Boussinesq By R A S5 2 AR A, I L AE 45 th S8 2208 B R 8 1A I8, BTk
SHMACIG , M kh=6.28 B LSRR S FIRE R 22 0. 0084 K5 A TH#Em . Stk nit5
T RHASRAL S EU Boussinesq Y B AR VR VERESF 2 THE /. BB AT £ 81, AL S 80 —Bils
WA A G . B AR BE 14 e 5 X R A AR M A T e

b. KM 3 ASEE XY LR GBI AT T HHRAST , 45 R R ISR ARSI S50 T
S5 SRR O X L — 25U B SO0 O R (8 EORT AR Ve 1) EE L

SE L.

[ 1 ] BOUSSINESQ J. Théorie des ondes et des remous qui se propagent le long d’ un canal rectangulaire horizontal ,en communiquant
au liquide contenu dans ce canal des vitesses sensiblement pareilles de la surface au fond (theory of waves and disturbances
propagating along a rectangular horizontal channel, generating nearly uniform velocities from the surface to the bottom) [ J].
Journal de Mathématiques Pures et Appliquées (Série 2),1872,17.55-108.

[ 2 ] PEREGRINE D H. Long waves on a beach[ J]. Journal of Fluid Mechanics,1967,27(4) :815-827.

[ 3] ABBOTT M B,PETERSEN H M,SKOVGAARD O. On the numerical modelling of short waves in shallow water[ J]. Journal of
Hydraulic Research,1978,16(3) :173-204.

[ 4] WITTING J M. A unified model for the evolution nonlinear water waves[ J]. Journal of Computational Physics,1984,56(2) ;203-
236.

[ 5] MADSEN P A, MURRAY R, SOENSEN O R. A new form of the Boussinesq equations with improved linear dispersion
characteristics| J | . Coastal Engineering,1991,15(4) :371-388.

[ 6 ] NWOGU O. An alternative form of the Boussinesq equations for nearshore wave propagation[ J]. Journal of Waterway Port Coastal
and Ocean Engineering,1993,119.618-638.

[ 7 ] DHI. Mike21 Boussinesq wave module scientific documentation[ R ]. H@rsholm: DHI,2016.

[ 8 ] NWOGU O, DEMIRBILEK Z. Bouss-2d:a Boussinesq wave model for coastal regions and harbors[ R]. Washington D. C. ; US
Army Engineer Research and Development Center,2001.

[ 9] WEI G,KIRBY J T,GRILLI S T,et al. A fully nonlinear Boussinesq model for surface-waves 1. Highly nonlinear unsteady waves
[J]. Journal of Fluid Mechanics,1995,294 :71-92.

[10] MADSEN P A,SCHAFFER H A. Higher-order Boussinesq-type equations for surface gravity waves: derivation and analysis[ J].



44 WK E el (AR RS R ) 55 50 &

Philosophical Transactions of the Royal Society A:Mathematical,Physical and Engineering Sciences,1998,356:3123-3181.

[11] ARER]. S B Boussinesq 7K il Jy R At [T]. B Bb22 (B ARBE) ,1999,29 (1) :87-96. (ZOU Zhili. Improvement of
higher-order Boussinesq water wave equation| J|. Scientia Sinica( Technologica) ,1999,29(1) :87-96. (in Chinese) )

[12] 4F A, & 50 K 3 5 B Boussinesq /K 3 77 F2 [ J]. ¥ ¥ 2% 42, 2000,22 (4) :41-50. (ZOU Zhili. Higher-order Boussinesq
equations with strong currents[ J ]. Acta Oceanologica Sinica,2000,22(4) :41-50. (in Chinese) )

[13] LYNETT P,LIU P. A two-layer approach to wave modeling[ J ]. Proceedings of the Royal Society a Mathematical Physical and
Engineering Sciences,2004,460 :2637-2669.

[14] GOBBI M F,KIRBY J T,WEIL G. A fully nonlinear Boussinesq model for surface waves. Part 2. Extension to O(kh)*[J]. Journal
of Fluid Mechanics,2000,405 .181-210.

[15] MADSEN P A,BINGHAM H B,LIU H. A new Boussinesq method for fully nonlinear waves from shallow to deep water[ J].
Journal of Fluid Mechanics,2002,462 ;1-30.

[16] XU, HBY Boussinesq J7 FRIMFFT [ D]. K% : K HE T K 2% ,2006.

(177 5K38, Kk, P 2 | 45, Boussinesq AL BT )i 2 /K Bl 1 S B R o R JE [ 1], I8 4R , 2018 ,37 (5) 481493,

(ZHANG Yao, XIE Xin, TAO Aifeng et al. Review of Boussinesq phase-resolving coastal hydrodynamic model [ J]. Marine

Science Bulletin,2018,37(5) :481-493. (in Chinese) )

INER I, iz 5o B X R, %5 55T Boussinesq UK 7 B2 EHIS AN FHWF 5T A9ZER [ J ] i 244 ,2020,42(5) :1-11. (SUN

Jiawen, FANG Kezhao,LIU Zhonghbo, et al. A review on the theory and application of Boussinesq-type equations for water waves

[J]. Haiyang Xuebao,2020,42(5) :1-11. (in Chinese) )

XLy sRAR A, X, 55, HE T Boussinesq 7K A5 AL i1 S AR AL [ T ] ¥ 3 2% 4K, 2021,43 (3) :31-39. (LIU Bijin,

ZHANG Zhenwei, LIU Zhongbo et al. Simulating the evolution of a focused wave group by a Boussinesq-type model[ J]. Haiyang

Xuebao,2021,43(3) :31-39. (in Chinese) )

XL, PN SR, DU BT Boussinesq 7K J5 i (1P E B BC2E [ EB/OL]. [2010-11-19 . Jb5t: o E RH I8 SCFE 2K, 2010.

http : //www. paper. edu. cn/releasepaper/ content/201011-455.

XA, P o IR PR SR, 18— 25 DU B Boussinesq J7 AR A5 ¥ PERE [ 1], )19 ,2014,46 (4) :512-518. (LIU Zhongho,

FANG Kezhao, SUN Zhaochen. On shoaling property of a set of fourth dispersive Boussinesq model [ J ]. Chinese Journal of

Theoretical and Applied Mechanics,2014,46(4) ;:512-518. (in Chinese) )

[22] XL, b7 e B K. Boussinesq K7 BT IERE A It [ C /758 LI b R R () TR ARVHE 2. BT vh
R 7F T AR 27 23,2015 :256-262.

[23] SIMARRO G, ORFILA A, GALAN A. Linear shoaling in Boussinesq-type wave propagation models [ J]. Coastal Engineering,
2013,80:100-106.

[24] KENNEDY A,KIRBY J T. Boussinesq-type equations with improved nonlinear performance[ J]. Wave Motion,2001,33;225-
243.

[25] 4B5H]. & B Boussinesq K TR [J]. HEPLY E B (FARBH#),1997,27 (5) :460-473. (ZOU Zhili. Higher-order
Boussinesq water wave equation[ J ]. Scientia Sinica( Technologica) ,1997,27(5) :460-473. (in Chinese) )

[26] LUTH H R,KLOPMAN G,KITOU N. Kinematics of waves breaking partially on an offshore bar, LDV measurements of waves with
and without a net onshore current[ R]. Delft; Deft Hydraulics,1994.

[27] SCHAFFER H A ,MADSEN P A. Further enhancements of Boussinesq-type equations[ J ]. Coastal Engineering,1995,26(1-2) :1-
14.

[28] KENNEDY A B,KIRBY J T,CHEN Q, et al. Boussinesq-type equations with improved nonlinear performance[ J]. Wave Motion,
2001,33(3) ;225-243.

[29] OHYAMA T,KIOKA W,TADA A. Applicability of numerical models to nonlinear dispersive waves[ J]. Coastal Engineering,
1995,24(34) :297-313.

[18

[

[19

[

[20

[21

(WS B #.2021 -08 -05 ik BT



