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Investigation on Wave-Wave Interactions
By

Chen Yang-Yih

ABSTRACT

For describing the characteristics and the mechanism of
the resultant waves-motion system due to the interaction
between two arbitrary trains of free-surface progressive
gravity waves in water of any uniform depth, the obstruction
of so-called secular term occuired in the previous investiga-
tions has effectively been avoided in this paper. In suitably
taking account of the nonlinear essences of original waves
trains and the effects resulted from their interactions, the
mechanism of the resultant waves-motion system has clearly
been stated, and an available perturbation expansion proce-
dure with an appropriate differentiation transformation by
chain rule has also been developped to analyse it. So, all
the governing equations required for solving the solution of
the resultant waves-motion system are directly and systemati-
cally formulafed in a more obvious form orderly. From the
entire expansion to the flow field, the obtained third-order
approximation solution is theoretically verified to be valid
under the checks of two special cases as the resultant waves-
motion system is degenerated into a simple free-surface pro-
gressive gravity waves train and the standing waves, respec-

tively. The mechanism relative to the nonlinear interactions



between two free-surface progressive graVitYSWaVéé trains has
also been clearly demonstrated in the relation among the
essential characteristics of the original waves trains, i.e.
the amplitude and the wavelength of each one(or say the indi-
vidual wave-steepnesses), and their intersecting angle for
the case in any uniform watef depth, such as the resultant
surface elevation, pressure in field, and the variation of
frequency of each waves train after their interaction in
which the possibility of so-called frequency reversal feature
is also interpreted. As to the special case ' of the short-
crested waves motion, which 1is produced by the intersection
of two free-surface progressive gravity waves trains having
same properties, it is also described by degenerating the
general waves-motion system considered into it, and its cha-
racteristics in whole flow field are also apparently exposed
consequently. The phenomenon so-called resonance ' which may
occur in the resultant waves;motion system is more definitely-
proved in the analysis of present paper too, and extend it to
the case of finite water depth from deep water in the pre-
vious investigations. To express the validities and adequ-
acies of the theoretical results obtained in this paper, the
experimental studies on the  interactions between two free-
surface progressive gravity waves trains are carried out in a
large scale basin. The spatial and temporal distributions of
surface elevation and pressure in the resultant waves-motion
system are detected by wave gagues and pressure transducers,
respectively. From the comparisons of the theoretical results
and the experimental measurements, the good agreements be-
tween them reveal that the analytical formulation developped
in this paper can sufficiently describe the resultant waves-

motion system considered in the present topic.
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Fig. 1 Definition sketch for two wave-trains interaction in uniform
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Fig. 2 In the waves system produced by the interaction of two progressive
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INCIDENT WAVE 1 INCIDENT WAVE 2

ENTERACTIBN

SUPERPASITIBN INT. -SUP. DIFFERENCE

HE—FIPREBY (incident waves 1) 38 ZFIZRE B (incident waves 2)

kid = 4.0 (FHHEKIR) ked = 1.0 (FHEHAKER)
kya,= 0.2 (i&iﬁg&ﬁag) keag= 0.2 (JEIRLBEE)

BB RA6=01-0 = 10°

INTERACTION = —_Ji5IX it IEE M3 E/ERMER
SUPERPOSITION= —jft%|EHsit @i
INT.-SUP. DIFFERENCE = (INTERACTION)-(SUPERPOSITION)

i 5-10a
Fig. 5-10a
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INETDENT WAVE 1 INCIDENT WAVE 2

INTERACTION

SUPERPBSITION INT.~SUP. DIFFERENCE

% —FIR Y] (incident waves 1)  FFIZREFKF] (incident waves 2)

kid = 4.0 (FEEKIZE) ked = 1.0 (FHEKZR)
kia;= 0.2 (JBREHE) kza.= 0.2 (JBRRFE)

:‘B’i?ﬂ?@ﬂ&'ﬁ 6=01-09 = 30°

INTERACTION = 5 e84 IriEXERRMER

SUPERPOSITION= 5B B
INT.-SUP. DIFFERENCE = (INTERACTION)-(SUPERPOSITION)

B 5-10b
Fig. 5-10b
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INCIDENT WRVE 1 INCIDENT WAVE 2

INTERACTIGN

SUPERPBSITION . INT. -SUP. DIFFERENCE

B —FIRBBF (incident waves 1)  # FISKEEF (incident waves 2 )

kid = 4.0 (FEHAR) ked = 1.0 (FH$$ARE
kia:;= 0.2 (FHRRHE) kea,= 0.2 (i&iﬁi&&)

ZBFIRE KA O0=0,-0 = 60°

INTERRCTION = —R5IsC &84 JEgie s B,
SUPERPOSITION= ;8% Bt B hn X
INT.-SUP. DIFFERENCE = (INTERACTION) - ( SUPERPOSITION)

B 5-10c
Fig. 5-10c
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fNCIDENT WAVE 1 INCIDENT WAVE 2

INTERACTION

BYPERPBSITION ‘ INT. -SUP. DIFFERENCE

B —FIR I F (incident waves 1) B FIFKIEFIKYI (incident waves 2)

kid = 4.0 (FA¥AZR) ked = 1.0 (FHEIZKER)

k,a,= 0.2 (i&iﬁg&ﬁg) kpaz= 0.2 (i&iﬂ%ﬂg)
CRFIR RIS 00 1-6 o= 90° | |
INTERACTION = iR5I3CEr# IR MR BRI SR

SUPERPOSITION= — i %I B N
INT.-SUP. DIFFERENCE = (INTERACTION)-(SUPERPOSITION)

& 5-10d
Fig. 5-10d
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INCIDENT WRVE 1 INCIDENT WRVE 2

INTERRCTI@N

SUPERPESITION : INT.-SUP. DIFFERENCE

SB—FIZRIBF] (incident waves 1) %5 FIMEIHF| (incident waves 2)

kid = 4.0 (FEEAZE) ked = 1.0 (FEHAZE)
k;a;= 0.2 (?&?\Egéﬁg) keaz= 0.2 (i&?"ﬁg&ﬂg)

TIRFI B 0=0 -0 o= 135°

INTERACTION = —iR5Isc @4 e T B 4t
SUPERPOSITION= %I et @i
INT.~SUP. DIFFERENCE = (INTERACTION)-(SUPERPOSITION)

& 5-10e
Fig. 5-10e
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INCIDENT WAVE 1 INCIDENT WRVE 2

INTERACTIBN

BYRERPBSITIEN INT.-SUP. DIFFERENCE

#E—FIRE K] (incident waves 1)  HEFIFHF(incident waves 2)

kid = 4.0 (FHEAZE) ked = 1.0 (FE¥FAER)
kia;= 0.2 (7&?&9&%5’2) kea,= 0.2 ((&{ﬁ%fﬂg)

BB BT 0=6 1-0 .= 180°
INTERACTION = 5 BT HAE RIS R
SUPERPOSITION= i 5l L4 @n ,
INT.-SUP. DIFFERENCE = (INTERACTION)-(SUPERPOSITION)

) 5-10f
Fig. 5-10f
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PR RM LRSS BEAE » M EE S L Fuchs (11952 ) ZHEMNE
ABTHEIRSERORS HREMRNE » XEES EERXM A EER KT
PREAXALFETE | AMEESEEN—FE  HEEYERKNER » £S5
SEEVHERELAHSEREERELROTA » HIEAME SRR EPmH—H
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DR S 2 B > H SR SR EAIZE R NG A R o SRR A A IR B R
» EEEELUE SRR AR » A 0 % B TR P AT AT > DR
AR BEERE R » 55 7 i £ 277 15 0 AEAT #R K B2 53 2 2 R b BB — §iT Y I 47
Mifg4 » R TXHHsu et al (1979 ) BEZHBHGK 3 EMHUX LR RAR
0 A TR RS T SRIATELE - MR oberts ( 1983 ) Z B{ERS R 2 RN E £ 5
SBALEEE — X T S B SLIRIE I o B » MILEIIRAT » RIS ATREE Sl o £ 0
BB A B R AR mﬁFﬂmm(l%S)ﬁVIhuetM(
1979 ) BT 82 B EERE R HOBLL o | ,

HE RABRTNE » SR EHREZSBREENIERES » DREAEHA
AR EREEE  SERMRNESD ; 58 REREBHES T GEEAgRE
— 40 BB HE B P — BT REE MR R R AT MK » N » Ritisid » BEEEN—
BER > B A S BE 0 BT HE I F R AL FIRBE RIS RE > Bl AR A0 B B R 3 19 R B
WFl > MREEE—E AR » BELRE— W FIRE R » it TR RS
401 > 45 % 0 U B B S 4 R AT 5 B RS o FUARAS BT RS B B B R 2 — i BT

o Bt » MRS5S B MBS AW B AL T AR R Bl E e B MR Y
BB B B S M o 5 o B S R A AT o g » A SO L R U8 A2 S o B
RAEHESEENTER 2R LEZ R > 38515 % P U B IS MR IR B
sl MIEREAEEAER ; R BH RGBSR > FHTTBOM KBRS W
A7 A — HBMIES -

(2)#.:—%4&4}!)& ﬁf] # &

R=E2M S » BB d ZEXEE - BEMEET 2 RN 3 b i # AEE
EHB ST ST R Y I B Rk > A 6 AT n > A2 A % B ( short crested
waves ) ¥ o B WE RH  RE 6+ » RBEA=ZEZM TR EAREREREREE
ke » e x —y FEERRTG®E LK P o Wz $EER x—y F A [ R
IE - EHBEBELRT » TE B E2ME RN EG AR5 » i Ea
WE @ E ( wave-number vector )gﬁ,-ﬁ} EﬁifR » ELy #h Y A A 5 9 Bk o
—afla ; RH s RIS ZETES ARG 0=r—2a » RE6 FIR °

[ 6 Bl i B B R - WE RN REESGE DRI AR » BE—HHETE
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BENZEVRANEG » BERABGIEEFITRAASE ( incident

o Ry,
o3° % .
R Y fefj
.660" ( Cey, Z
Q‘\C\ Q wa ,
7\%&‘@‘ / VGS_) Y
ZA
\a 7N\
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c
| . | l — d
|
. Id.\
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I poNe ] TITTTTTTTTIITTTTTITTIT T
Ca)Plane CbdElevation

B 6 SRR RER

Fig. 6 Definition sketch for short-crested waves system.
waves ) » T Kr XA mREEe2 R ( completely reflected waves ) o
N> ERBERT » SFERN—BE » B AHEFIRBERER (B x & ) 5
» HIERF Y B BY R E R AR B L » WM HBETINEFLE » RABCRE—FiIEED
WIS ; Mk LERERGEBR — T2 AR BRI TR E28 6 E—IEH
WEEo Lk 1k | = [Ke | =27 /L ; LEZHAIZES -

MEMHERBFIZEHNE RN » EEL —HEHEE ( velocity

potential ) ¢. » FEHT EEHWEEFEBHBHHARN THEE BEHS B AR
ZN)
09, 99, 29,
0x oy 0z
HEREBEE P =¢. (x,Y, 2z, t )FAWMELaplace’s equation TiHB % I
BERBHERERHEX » A

2s _ 0P, 03°¢, 0%¢,
Vig.=— 5+ 5y T agr =0 (6.2)

V.=V, =( Y=(Ue , Ve , W) 6.1)
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“'§ﬂﬁéﬁﬁﬁﬁgﬁﬁﬁﬁaméﬁﬁ#ﬁ
WPV x 8 1 (R BB

v,:%_o »  y=0 (6.3)

0y
HE LEH%#B’\%K?%EPEW{B‘Z?JQ%EU:E%%IE}ME %HﬂﬁA*%’E’JW{&F—%ﬁ(
BRI B % ) B R MR - T X B i bﬁauﬁﬁﬁﬁ?ﬁﬂ@%ﬁ%#ﬁ%ﬁﬁﬁ ED@%‘
mmm%mnﬁﬁm%mﬁ@m E&E%ﬁ?‘“ﬁ&%ﬁ#wﬁmﬁ@é@+ﬁr{m B
R SERARE A ERE TREE 2R HNER o £ %é&&@b%@%%@m
o {E R B T B FI T BT R 2 B Rz — 4 IR o

OEESE

wa_a¢ =0 ’ z=—d (6.4)
0z
OfFEBEFHEESERE > &
(@EBER GG o

av¢‘s__d‘77s_'a77s a¢s,a77s “a¢s avs . [
0z - dt B dt + ox 0x + dy dy ’ 2—7]% v(6'_5)

OBHEREN (BREREETZEMRAEL)
39, 1 a9 06, 0. .
T+g09+5[(a—x) (-—-—) (8—2) 1=0"> Z—Us“

(6.6)

ERA D =00(x, Y, 1) BEEEEBRAEAS » ¢ SEAMLE > t SRR ;
VR > R B B SR D I SRR R € T (IR ) B ATE
B, th s U1 AT LAY o

50 R X —y R I L AR » L » B o KR
Bsa % W I B R 2 RB I » A —DEMEARS

Jnf”m(x,y,t)d&l-—i)d&l-i):o 6.7)
HEX = ix+jy FREX -y FHE LML ERR - 1 (2.7) Rk S DRk
S EKE K, - XB ke + X 2 ED YA o
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5B E A A B A B P2 B Y S T 5 RO 2 B B R 2 R R
» SEMNTHWR (6.2) E (6. D RZFABHABATHRBREMMS. Ry, %
» REBESIFERIE SR e R R 2 A BTS00 X ERER o 4 sk
WTARE RO - ARHEBRBZZRCORBERE - FHECHEHERIRR
SR P AE R L B BE B0 B SUARSE @ M DR SR TSh R AR AT
BR AR - I TEOL ; S0 8 R W EB R R ERT S (LR 51
AR BT 2 B B R 2 — 5 IS » 3008 5 T 18 A £ P R EE B FU AR @ A
2 BB RO B AL SR AR B2 o FU A B R I BDRT » AT AT ©

6-2 35 Ik 50 5 % % H R

AT A , B 50 A B B B 1 SV A A o 45 B BT B S A R BT IR O B B R
o —HE > Rt HEDRERREBEERAAHFTENERRL RN ERED
Wi RN R E MRS c Bih» $RZRTF o

(D42 £ ik = s ig

LTS SEREA N » SRS R BB DI S8 > ER WK AETIE L
TSRS 2 A 1 P > 12 ER AR FOFTT 2 22 £ I 51 58 BT B2 B B e oS R H
DB RREDT ; ENYE_E AT AR A (5.27) 3 (5.30) R ZSWA B AR B
AR AV A 2 0 0 % o WULARET » & TR b BT 18 b 46 26 BB D SR » RS 2
~ 5 BT B 0% B o £ 490 B A8 2 0 FUARAS W RE B BB R » SR AL BT
BB RS HEHERT o | |

4 Ki=K, » kn=Ks B (B kr=k: » ke =k, BERAT)  (6.8)
FIES 1K, |=1Ks [=|Ki|=|Ka|=kyi=k,=k=27/L (6.9
R | a,=a=a » 0,=0;=0 (6.10)
kB Gum O=r—2a » a=(x—0)/2 (6.11)
B4 | m=sina@ » N=COSX (6.12)

5o BRNEEBHBEKBAR  TENRMBERERERMBERBERKE » % HEL

» AJBUE
€, =€, =0 (6.13)
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PRI, » 724G 2 05 D B R AU RS F » BUARAZ EH0 W9 2R I BT 3k 71 1 ARED & A #67

S, HS, » IS HHRE (BRE6 Fm » XHA (6.8) ~(6.13)K)

— v -4 . 6 , .
S;=k,; - X—0,t=k, (xcos ——ysin— )—o,t
, o | .2 2_‘ l
=k (xsina—ycosa )—ot=mkx—nky—ogt
-— s : 0 B 0 : .
S, =k, - X—0,t =k, (xcos §'+ys1n—2— )—0o,t

=k (xsina+ycosa)—oat :mkx—|—‘nky‘—ot‘

(6.14)

e ERX s (5.27) F (5.30) RFiR 2 SEA T RA N RIEE NI HIELERT
BRZEBRKMBRER SR ﬂmﬁ%éﬁﬁﬁﬁE%Zﬁmﬁ EEZWKE

T Hep AR S 28 > LR

| K1 +K: | =(k? +2k,k,cosf+kZ )%
=(2k?z—2k%cos2a)'/? =2ksina=2mk

| K, —K. | =(k? —2k,k,cos0+ki )2
:(2kz—i—2k20032a)‘/Z—chosd—znk

l2k1+k [=(C4k? +4k, kzcos0+k2 ) L/2

=(5k?—4k2cos2a )=k (1+8sin*a )'/?

—(14+8m2)Vek =]k, +2k, |

| 9K, — kK, | = (4k? —4k,k,cosf+kZ )/?

- (:].—|—8n2 )l/zkzlfl—z—l_(\z|

* S, +S:=2mkx—20¢t » S,—S,=—2nky >

2SS, +S,=3mkx—nky—30¢t » 2S,—S,=mkx—3nky— ot »
S,+2S,=3mkx+nky—36t 5 S;,—2S,=—mkx—3nky+ot ',

B 2 (5.27) 8 (5.28) X A& WHERFE B AL

= (5k?®+4k?cos2a )V? :k(1+80032a)‘/2

NIt N

(6.15)

(6.16)

» Hl

(5.8) ~ (5.20c—f) 8 (5.26a—h) RehE » REERIRMCLBEEBEYT »

7R ATHEE B 8 3 T i 16 B
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An~=0s 00 =06 =g, » o=gktanhkd 6.17)

g7k —300°+4m? g7k’
Jo Oy

Ayt =a? (-

)/ (40, —2mgktanh 2mkd )

(6.18)

1
tnt=gk?asg, { 3 (—9tanh~*kd - 60tanh-2kd + 35—-6tanh?kd )

+ %m’ (9 tanh~*kd—tanh-2kd+4 ) -m? tanh-?kd

+ (1—tanh?’kd+8 m? —10m tanh kd - tanh 2mkd ) (4m? —1

—3 tanh?kd ) tanh-'kd+ ( 4 tanhkd —2 mtanh 2mkd ) }
= M7 (6.19)

P~ =gk%adg, { % (—3tanh~‘kd+5—2tanh?kd )

+ %mz (3tanh~*kd -5 tanh~2kd+2 )+ m*tanh~2kd }

==y (6.20)

Bl a0t =kZa? {%( 3tanh~*kd+4 tanh-2kd -5+ 20 tanh?kd )

+m? ( tanh-2kd—1 ) — m* tanh"kd—% (1—2m?

—3 tanh?kd ) (4m?—-]1—-3 tanh?kd ) tanh—'kd
/ (4 tanh kd —2m tanh 2mkd ) } = £ (6.21)

Caot® :ékza‘”’ (27 tanh~°kd —9tanh~*kd+9tanh-2kd—3 )

=o' (6.22)

1
Cu*=k*a® { o (3tanh™*kd+2]1 tanh~*kd—9+6tanh’kd)

— %mz (3tanh~*kd+3)—(m?—tanh?kd
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—3mtanhkd s tanh 2mkd.) ( 4m?—1—3 tanh*kd ) tanh™'kd:

“+ (-4 tanh kd — 2 mtanh 2mkd Y+3( —é— (— 9t5nir 3kd-

—60tanh-'kd+35tanhkd — 6 tanh®*kd )Jr%m2 ( 9tanh~3*kd

" tanh-'kd 44 tanhkd y—m*tanh~'kd+ ( 1+8m? —tanh?kd
—10mtanh kd- tanh 2mkd ) ( 4m?—1- 3 tanh?kd )
/ (4 tanhkd —2mtanh 2mkd ) )/ ( 9tanhkd
—(1+8m*)¥* tanh (1+8m* ) kd) ) =Cu*  (6.23)

1
Ca=ka’ { & (9tanh~*kd—8+2tanh*kd )+ S (1-2m?)

(tanh=*kd+1 )+ ( % (—3tanh~*kd+5 tanhkd

-—Ztanhakd)+;m (3tanh 3kd—5 tanh~ lkd+2tanhkd)

+ m*tanh ™ Ikd ]/[tanhkd (1+8n )‘/Ztanh(1+8nz )!2kd )}
=12 - (6.24)

F > SERBEARN - IS LW BB TR BE=RA X
(6.8) F (6.24) RFRZEE W HEN FROGARNRZ (5.27) F (5.30) Arhiiik
B> mi$%¢W%;mﬁ%%@m¢m@§WWEﬁ%smm%kxﬁimm
52 2 AR 2 5 B RS e AR BT » 7 W et B BB e S — Ry
BB T2 5 AR ST - WAL » e e P 5 0 T RO 6.2 D ) S > 3L
BRSO B ; DGR 0 H Y REE [ ERY o E S £ (FI B ot (2 A B —
FIMTERE » REE R PHRILR B 7 » BRSBTS MOER ; ZRH
LTS » HABSRWEINELE CHBFERGELT I —W IR K250 HRG
S e R AR > R A B SR B8 B 52 2R 0 B S B I A 5
RO A BRI o B T U U B B T B AR A 2 A (O > BRI S A
HHERENERTEAS R » FOULHS SH I AR IS AU TR B AR > EH=REAK > 0T ©

(A) 832 5 37, | | .

—160~



HRWERNE LR RS BERFEERAEES » RAKBRI=0. ~ 7=
Ne ~ 0=0,=0: > BETH (6.8) F (6.24) XA A (5.27) F (5.30) Rk
Ny =

_ 2ag cosh k(d+1z)
T g, cosh kd

sin ( mkx—at ) cosnky

.

3 cosh2k(d+1z)

— 2 1 _—
+ 1 ato, SInhkd sin2 (mkx—ot ) cos2nky

_l azg .2t +at (4mz—1—3tahh2kd)tanh‘1kd
2 sinhzkd ° 4 tanhkd — 2mtanh 2mkd

. cosh 2mk (d+z )
cosh 2mkd

sin 2( mkx—ot )

1
+§ka3oo (9tanh-"kd+5tanh-*kd —53tanh—%*kd

cosh 3k(d+z)

cosh 3kd sin 3 (mkx—ot ) cos 3nky

+39tan~'kd)

+ka3oo { ( % (—9tanh-*kd—60tanh-2kd+ 35— 6tanh?kd )

+m? (9tanh~*kd—tanh-2kd+4 )—2 m*tanh~2kd
+(1+8m? ~tanh?kd—-10mtanhkd - tanh 2mkd )

» (4m?*—1—3tanh?kd ) tanh-'kd

2tanhkd —mtanh 2mkd )/ ( 9tanh kd

2\V1/2
_( 1+8m2)1/2tanh(1+8m2)l/zkd] }COSh(l-l—Sm ) k(d+z)

cosh (1+8m?)v2kd

X sin3(mkx —agt ) cosnky+ka%a, { ( ;II (—3tanh~*kd+5

—2tanh?’kd )+2m* tanh-2kd+m? ( 3tanh-*kd—5tanh-2kd
+2))/(tanhkd —( 1+8n% )*?tanh (1+8n2)¥%2kd )}

y cosh (1+8n?)v%2k (d+z)
cosh (1+8n2 )v2kd

sin ( mkx —ot ) cos 3nky (6.25)
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7, = 2a cos ( mkx —ot )cosnky}% ( 3tanh—*kd — tanh—'kd ) |
x ka? cos 2( mkx—ot ) cosany-;—% ((1—-2m? ) tanh™'kd

+ tanh kd ) ka? cosznky+% {(1—2m? )tanh 'kd + 3 tanhkd

8m? — 2 —6tanh?kd

ka? kx — ot
* 5 tanh kd— mtanh 2mkd } ka*cos2(mkx—ot )

+ { % ( 3tanh“kd+4tanh“2kd—5+20 tanh?kd )

+2m? ( tanh~2kd—1 ) —2m* tanh~2kd— (1 —2m? —3tanh?kd )

( 4m?—1—3tanh?kd ) tanh—'kd
4 tanhkd —2mtanh 2mkd

} k?a® cos (mkx—ot )
x cosnky-+ { i ( 3tanh-*kd +21 tanh 2kd -9+ 6 tanh?kd )

—;mz( tanh-*kd+1 )— (m? —tanh?kd —3mtanhkd- tanh 2 mkd )

(4m?—1—3tanh?kd ) tanh~'kd
2 tanh kd —mtanh 2mkd

+3'[i(—9tanh-3kd

—60tanh~*kd +35tanh kd — 6tanh®kd )+ m? ( 9tanh~*kd
—tanh~'kd+ 4tanhkd )—2m*tanh *kd+ (1+8m?—tanh?kd

4m? —1 — 3 tanh?kd

—10m tanh kd« tanh 2mkd) 2 tanh kd — mtanh 2mkd J

/(9tanhkd—(1+8m?)¥?tanh ( 1+8m?)'/?kd J }

x k?a®cos 3(mkx—ot ) cosnky+{ i ( 3tanh~*kd+9tanh~?kd

—~5+2tanh?kd )——gm2 ( tanh™*kd+1 )+ —}1— (—3tanh~*kd

+5tanh kd—2tanh3kd )+m? ( 3tanh~*kd—5tanh~'kd
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+2tanhkd )+ 2m*tanh~tkd ) / ( tanhkd
—(1+8n? )1/2 tanh (1 +8n? Y/2kd J } k?a*cos (mkx—oat)
x cos 3nky : (6.26)

g =0, +{L( gtanh-*kd — 14tanh-2kd—7 +4tanh?kd )
16

+m? ( tanh~2kd+2 ).—m‘ tanh"kd+% (4m?—]1—3tanh?kd )

x tanh~'kd ( 4m? —1 + tanh?kd — 2mtanh kd * tanh 2mkd )

/ (4tanhkd —2mtanh 2mkd ) } k?a?0, (6.27)

HEXFrRZ 2R EENRARGERS » REEK+ » L GTRNE £

KEBWBERE  BREEEFBEZHRER » BERRLHRARETZ - SHELMH
B ERRXIE 5§

e=2e=2ka » X=kx , Y=ky » z=kz > d=kd > tT=0ot
$.=(k*/8)/*¢, » T.=kn, s w=0a/ (gk )V ,
®o® = tanh kd » ®,? = tanh mkd

(6.28)

At > (6.25) Z (6.27) RN (6-28) RZEMRKLTHETRS (B )

= _ . _, cosh(d+z) . - - -1, -
O = cw, osh T smm (mx—t ) cosny gs (we?®—wo )1

1, . cosh 2(d+z) . S _
+ Ie e? (w, Wo ) cosh 21 sin 2(Amx t ) cos2ny

2 __ -3 __
+L52(1+0)m4) (4m? 1) we? —3we
16 (1+oa')—Mon? /o

y cosh 2m ( d+z )
cosh 2md

sin2 ( mX—7T )+ € (9we ™ +5 we°

256
cosh3 (d+z)

-5 —5 -1 - : 7 _ T =
3w ®+ 39w ') cosh 3d sin 3( mx—T1 ) cos 3ny
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1 ) . (-
+% e {( " (=30 " +5 w20 )+m? (3we™" 50 +2wo)
+2miawe? )/ (we?—(1+8n? )2 tanh (1+8n2)V2d )}
cosh (1+8n? )‘/2 (H+E)
cosh (1+8n? yvzd

sin (mX—71 ) cos 3ny
1 1 _ _
-|-g e? { 1 (=9wo " —60we™?® +35we—6ws® )+m? (Ywe™ " —wo™®

1
+ 4w, )—2m4w0‘3+5 ((1+8m?—we* ) (1+ws')

(4m? —1 ) we™® —3we .
(1+w.') —me, /o’ /9w

- 20 maw 02(!)1'112 j

cosh( 1+8m?)'/? (d+z)
cosh(1+8mz2 )2 d
X sin 3( mX—T ) cosny (6.29)

—(1+8m?)'/? tanh (1+8m? yi/z d)

7,=¢e cos (mx—t) cosn§+% €2 (3w ®—wo?)cos2(mX—1 )cos2ny

+% e2 ((1—2m? ) we ?+w? ) cos2n7+é e2{(1—2m? )we?

+3wi+ (14wt ) (4m?>—1)we?—3wo® J /([ (1+wa.')

—m(@n/ @) )} cos2<m§—?>+é es %(3w0‘8+4wo“

—5+4+20w,! )+2m2(w0—4—1 )—2m40)0_4—z (1~2mz—3(1)04 )

(4m?*—1)wo " —3

‘cos mx—1t )cosny
(1+(!)m4)—‘m(£)m2/0)02 } ( ) Y

X (1+wa')

1 : 3
—r%s2 { 1 (3w *+21w, ™ —9+ 6w, )—Em2 (wo ®+1)

1 . . ., (4mi—1)we*—3
—5 (M =) (1+e." ) —6maden ) s ) —man o7
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+( 1 (m900° ~60we?+ 35w —6we® )+3M2 (9w ® —w,™ 2 ‘

+4wd )—6m‘w? )/ (9w~ (1+8m? )¥?2 tanh(1+8m?)/2d)
3

+3 (C1+8m? —wet ) (1+0.')—20molw.? ) [ (4m? —1)w,

—3®o* J/ (9@' —( 1+8m? )¥* tanh ( 1+8m,)"2d )
/(1+w')—m(wu /@ )?] }cos 3(mX—T ) cosny

1 1
+ 2@ 17 (B0t 905 =54 2m )~ Imt (ot e 1)

1
+ 1 (—300 °+5w®—2we® )+m? (3w *— 5w 2+ 2 we? )
+2m*w,? )/ (w2 —(1+8n%)/2tanh (1+8n? )‘/z d)}

x cos (mx—t ) cos 3ny+

558 €2 (270" —9wo *+ 9w, *—3)

X cos 3(mX—Tt ) cos3ny (6.30)

1 1
w:wo+z e? {E (9w " =140 —T7Two+4we® )+m? (w3 +2w, )

1
—m‘wo‘3+§ ((4m?~1 4w ) (1+wa' ) —4mwlw,’ )

(4m? —1 ) ws®*—3 w,
(1+wa' ) —mws? /o’

} (6.31)

(B) A %% 15 9L

HAES A A BB B RN B — AR T - 2 KB ROEIRER %R
R » MR PP BRZEME (Ry > 0% ) ZHNE - HUEnWEEEEEE, &
FTHEN—HE  HEERKENE—FRNERS 2 aiEn s B84 ; RE
A B B — 7 B BT 52 5 0% S R BE TR M HER » BUSE AR RO FIAEE 4 © Rtk » KB R
s AR oL 16 P02 48 E B B O B R 1 » BB AHEE T4 SIS IS T 7R
BT FH - BREZ » BB EH Z B BN SR » BT U85 A S B 71 8% 5 5
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FI s IR BRI SR A ER TAE o UL » 4 1] LU ks R B
( unit step function ) 3IAFUEREY » KB HFERNE o |
% o
55 U(m)Z{O,m:1 ’ m=sina , 0 <a <90° (6.32)
1, 0<m1,

REEREH (5.27) F (5.30) RFTRZ S A L /8 5 38 W F AR G R
BRSOV BELRB R > SR EERREREI G S% » LR EMEHELIERT
A o 2 » BLL(6.8) E (6.24) NG EWEMGRAAA » F R LU (7R B
BU(m) WEIABTFENZ - Hit > \IERSEKD » B3B8 8T 7B IR —
MEENEVREE 2 TR2RATMERZELBWED » KSR (EL=H) B

6 = ag coshk(d+z)

sin (mkx—nky—oat )

O, - cosh kd
3 cosh 2k(d+z) . ;
—l—gazoo Sinhikd sin 2(mkx—nky-—oat )

_1 ﬂ—y—l ka*o, (9tanh™’kd+5tanh~5kd
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Fig. Frequency effect function f, of short-crested waves relative to water
depth d/L and incident wave angle q.
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Fig. 8a In deep water, the frequency of short-crested waves as a function
of_ the wave steepness square of fixed incident wave angle ¢, and
the comparison with higher-order numerical calculation result.
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6 =45° (intersection angle),

d =50cm(water depth),

T,=T,=1.20sec(incident wave period 1 & 2)
Hy=9.57cm(incident wave height 1)
Hgz=2.84cm(incident wave height 2)
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6 =45° (intersection angle), T,=T;=0.8sec(incident wave period)

d =60cm(water depth), H,=H,=7.32cm(incident wave height)
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Fig. 10 The comparison of theoretical and experimental free-surface

elevation resulted from the interaction between two progres-
sive gravity waves trains.
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0 =45° (intersection angle),
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0 =45° (intersection angle),
d =60cm(water depth),
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0 =45° (intersection angle),
d =60cm(water depth),

T,=T.=1.60sec(incident wave period)
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20

CH 1

—— theory
. experiment

—20
1378

14768

20

—an

—20
1376

1476

1876

234

—20

237



20
10
o k e i e T
.................. . e Tt
—10
—20 1 1 il ! 1 1 ) L 1 1 1 1 H 1 1 1 ] 1
74 171 271

& 10-6
—209 —
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6 =45° (intersection angle),
d =60cm(water depth),
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H,=Hg=13.07cm(incident wave height)
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@ =45° (intersection angle), T,=T¢=1.60sec(incident wave period 1 & 2)
d =60cm(water depth), H,=12.50cm(incident wave height 1)

Hg=3.99cm(incident wave height 2)
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6 =45° (intersection angle),
d =60cm(water depth),

T,=T.=2.00sec(incident wave period 1 & 2)
H,=7.25cm(incident wave height 1)
By=3.28cm(incident wave height 2)
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H,=14.86cm(incident wave height 1)
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g =45° (intersection angle), T,=T,=2.40sec(incident wave period 1 & 2)

d =60cm(water depth),

H,=7.47cm(incident wave height 1)
Hg=3.52cm({incident wave height 2)
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6 =45° (intersection angle),

T,=T.=2.40sec(incident wave period 1 & 2)
d =60cm(water depth),

H,=13.39am(incident wave height 1)

Hg=3.34cm(incident wave height 2)

— e _
P5 —— theory
.+« experiment
20 b
o
a0l - e e
z = +3.5cm (position)
—a2ol 1 1 1 1 e 1 ! 1 I R 1 1 ] 1
»BB 188 288
20 ’——--— — e -
10 — - — —
° L1 0 S
—20 - _ — _ L
i
z = - 1.5am (position)
—~=o | ) L H 1 1 1 1 1 | i L 1 1 ] I
‘EE 188 =288
20 . . -
10 — —_ —_—
[=] —_—
10 . - e
—mo bl L L il _l
87 187 ea7”
Zo - - e e — e -
P8 ‘
10 b i i
NG
o L
i
z = -16.5cm(position)
—=molo 1 1. L 1 i 1 1 L 1 [ J 1 L __ 1 1
28 188 2es8

B 11-9
—302—



e

z = -26.5cm(position)
wemo bl ] ! 1 J 1 1 1 L 1 1 1 1 i
e8 188 =288

z = -36.5cm(position)
—zolo bl L L 1 1 1 1 i ! L
aa 188 2ase

20 . s e e e e e e e o e e an e ;1

A O feem e em e e [ [,

|

!

z = +5.0cm (position)

—2o0l_ 1 1 1 1 ] 1 1 1 1 i 1 1 1 1 1 1 1 1 I
sa isa . 298

—210 Soee - R

[ T S

Zz =3 0.0cm (position)
- | t J

_goL_,,_,_l_ Lol TR S A1 1

b 1 L 1l H 1 1
198 2ea

i 11~9
—303—




20 -

10 I —
o - /_
— A O b e — —_— . [
z = -5.0cm (position)
—=z0 L 1 I L ] ) 1 | 1 1 1 L 1 1 I
j=F=] 198 228
20 e - _
P 14
10 |
o b - N
— 410 ——
z = =15.0cm(position)
—zol.. I I 1 1 1 1 1 L 1 1 { ] I 1 1 J
e 197 207
BO e e
P 15
10

z = =25.0cm(position)
—=mo .. ] L 1 1 ] L | 1 I 1 Il 1 ! 1 1
27 197 297
P 16

—10

z = =35.0cm(position)

ol L |

1

I WU (N S TR SN |

197

[E11-9
—~304—

297



6=45° (intersection angle), T,=T;=0.8sec(incident wave period 1 & 2)
d =50cm(water depth), H;=6.95cm(incident wave height 1)
Hg=3.0lam(incident wave height 2)
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6 =45° (intersection angle),
d =50cm(water depth),

T,=T¢=1.20sec(incident wave period 1 & 2)
H,=6.28cm(incident wave height 1)

Hg=2.56cm(incident wave height 2)
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0 =45° (intersection angle),
d =50cm(water depth),

T,=Te=1.20sec(incident wave period 1 & 2)
H,=9.88cm(incident wave height 1)
Hy=3.20cm(incident wave height 2)
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@ =45° (intersection angle),

d =50cm(water depth),

T,=T,=1.60sec(incident wave period 1 & 2)
H;=7.63an(incident wave height 1)
Hg=3.38cm(incident wave height 2)

10 —_ N e — = e e e - JURS—— . A e et 4 P 1 e bt + g
P5 — theory
... experiment
s - - — - - e e e - — [ R
N
-5 S — e e = — —_— — — —— Ly —— e — s = — S S—
Z = +3.5cm (position)
SRS VUV UL RO FUUUS WU SNNRUVEN SRS SO JNP SO NEUON PR SO NS NS UL NI S SR S
<7 147 247

z =~ 1.5cm (position)
RIS U NN AUSRES U NS SN WS SR | 1 l iy 1 1 1 ! t 1 1 Lo
47 147 247
10
P 7
=
o
—E
Z = -6.5am (position)
—-10 L ! S B | | 1 { L 1 L ! L L L 1 1 ! ! IS
P d 147 247
10 e
P8
=3

—-10 1

- ] 1 1
a7

1

z = =11.5cm(position)

TS

| L 1 L
147

B&11-13

247

—314—



120

P9

z = -21.5cm(position)
_1°L..<|,_ ! J PR 1 L1 1 ! 1 1 1 1 1 1 [ i [ R,
P 10

it

z = -31.5cm(position)
RPN S RS SN IR U | 1 1 1 | 1 1 1 L 1 L 1 1 1
P 11
z = +5.0cm (position)
—aobl._..L 1 1 : IR O | 1 | | 1 1 1 L 1 Ji 1 1
2O [ e - e - - -
P 12 W
T :
|
- Lo N . - - . 4
z =40.0cm (position)
—acl | AR RN SRS AU RN R IO

AU W WUNSI DR SN B SO
450

E11-13
—316—



AQ e e e

z = =5.0cn (position)

(8 1 1 1 J L 1 i

120

1650 250

P 14

z = -10.0cm(position)

i 1 { i I

[ B 1 1] 1 1 | 1

148 249

2z = ~20.0cm(position)

1 ! { i t 1 1 i L ! 1

A QD ot e e e e e e e e e

150 280

z = =30,0cm(position)

[ RUD WS IS W SSNSNUED SN DY NN | Lomed

E11-13
—316—



0 =45° (intersection angle),
d =50cm(water depth),

T,=T.=1.60sec(incident wave period 1 & 2)
H;=12.94cm(incident wave height 1)
Hy=3.23cm(incident wave height 2)

L g G S OO

-_— thecry
«++ experiment

e

SN DU P

SO S

e L

= +3.5cm (pos.xtl.on)

SO SR } L 1 1 L 1 1 1 1 1
127

L

217

[ e

z = - 1.5cm (pos.l.tlm)
S S| i l I 1 N L

5 SRR S M N
217

B T USRI NN SR WY ESNUY DN WU SR SN SR S SN SN M 1

= -6.5cm (position)

SR W—

216

118

T

z = -11. 5c:n(pos.1tmn)

PR S - |

RS [T SR R R
1168

B11-14
—317—

PSSR PP SN AR

218



—40

20

El s I —

z = =21.5cm(position)

RSN GRS NSV SHUUNS REUISNY AU SR RGNS USRS DU [P AUUUY SRS S

116

216

10 b

20 b

z = -31.5cm(position)

1416

™

~aclo L

—molo._ 1 1. ! H 1

—410

—20

18

L

z = +5.0cm (position) -

L I3 1 i 1 L 1

118

P 12

N S 1 1 1 L

z =+ 0.0cm (position)

| 1 | i L I

118

B1li-1a
—318—

218



P 13

20 -

z = =5.0cm (

1 1 1 J

position)

1 H

118

2418

R T = 2 S

Lo 1. 1

118

Lo

z = -10.0cm(position)

S NN

P 15
1C e — - _——— - — - - —_ l

2 = -20.0cm(position

~z2o bl 1 — bbb L1 1 1 1 1 L I 1 .
[ P 16 -
P _ _ {

z = -30.0cm(position) .

~aol .1 R N D N RS TR | 1 1 ] [ |

E11-14
—-319—



6 =45° (intersection angle), T,=Tg=2.00sec(incident wave period 1 & 2)
d =50cm(water depth), H,=6.83cm(incident wave height 1)
Hg=2.80cm(incident wave height 2)
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6 =45° (intersection angle),

d =50cm(water depth),

20

H,=12.88cm(incident wave height 1)
He=3.3lam(incident wave height 2)

T,=T,=2.00sec(incident wave period 1 & 2)
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©=45° (intersection angle), T,=Ty=2.40sec(incident wave period 1 & 2)
d =50cm(water depth), H,=6.94cm(incident wave height 1)
Hg=3.l6cm(incident wave height 2)
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@ =45° (intersection angle), T,=Tz=2.40sec(incident wave period 1 & 2)

d =50cm(water depth),

H,=11.18cm(incident wave height 1)

Hy=3.62cm(incident wave height 2)
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§ =45° (intersection angle), T;=T,=l.20sec(incident wave period 1 & 2)
d =40cm(water depth),

H,=7.36cm(incident wave height 1)

Hg=3.20cm(incident wave height 2)
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0 =45° (intersection angle),
d =40cm(water depth),

T,=T,=1.20sec(incident wave period 1 & 2)
H,;=10.27cm(incident wave height 1)
Hg=3.2lcm(incident wave height 2)
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6 =45° (intersection angle),

d =40cm(water depth
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T1=T¢#1.605ec(incident wave period 1 & 2)
H,=6.87cm(incident wave height 1)
Hy=3.96cm(incident wave height 2)
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0 =45° (intersection angle),

T,=T.=1.60sec(incident wave period 1 & 2)
d =40cm(water depth),

H,=11.35cm(incident wave height 1)
Hg=3.40cm(incident wave height 2)
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6 =45° (intersection angle),
d =40cm(water depth),

T,=T¢=2.00sec(incident wave period 1 & 2)
Hy=6.48cm(incident wave height 1)
He=3.59cm(incident wave height 2)
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§=45° (intersection angle), T,=T.=2.00sec(incident wave period 1 & 2)

d =40cm(water depth),

H,=11.56cm(incident wave height 1)
Hg=3.93cm(incident wave height 2)
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0 =45° (intersection angle),

d =40cm(water depth),

T,=T;=2.40sec(incident wave period 1 & 2)
H,=6.82cm(incident wave height 1)
Hez=3.l4cm(incident wave height 2)

) P5 — theory
..+ experiment
z = +3.5cm (position)
~10 L | 1 1 1 i T DO SRR A SO S R L 1 1 Lo

-
z = -1.5cm (position)
—aobe 1 1 1 1 1 1 ] USSR ISR NSO S VSR INUUUNS SRS SN SO
&7 187 267
1¢Q -
r
P 7

i

i
|
T
]

s —
z = -6.5cm (position) J
P I 1 I 1 | F I S 1 1 I FTR S | 1 ! L 1 -
(= 187 =267
10
=
[ J S ‘
=
| I
| z = -11.5cm(position) .
—2c bl .. | A 1 — S l_,..,.,_I._,,,._J.._._,,.J____._JV,,.,_....L, (R SRR SR DU SR | PR ,L,;,,.J_.,.,A,J
[=}-] 168 =68

Bi1-25
—350—



P9

= ~16.5cm

(position)
I 1 1

1687

i

_—

S SRS PESOUSN RO SN —

287

10

267

z= -21.5q(position)
R I | 1 SN T TRV [ R SRR S l.__.l.._._.‘L..___l [ B | ! L LA
P 1l
z = +5.0cm (position).
—so bl 1y _ 1 1 I 1 1 1 | a1 1 L 3 | 1 1 ) 1
s7 187 287

—aole 1 a1 S

se

]

z =40.0cm (position)

I

TR N T

1

168

B11-25
—351 —

Lol

-
268



10

P 13

—320

z = -5.0cm (position)
! 1 |

1 1

10

188

268

P 14

—10

Z

~10.0cn(position)

PSSR SRS AN A DO S

S SR N—

p 15

— 10
[=%=]

10

SOOI R | S —

z

S S

-15.0cm(position)

1 |

1 J. 1 e L !

—_ L
168

=268

—3i0Q
sa8

o .

zZ= -20.0an‘(position)

ORI SR,

USSR I N
168

B11-25 "
—352—

ed s L

RSN U [N DU MR

[=1=1-)




@ =45° (intersection angle),
d =40cm(water depth),

T,=T.=2.40sec(incident wave period 1 & 2)
H,=9.80cm(incident wave height 1)
Hg=4.29cm(incident wave height 2)
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