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BASIC STUDIES ON THE FINITE AMPLITUDE
STANDING WAVES (1)

——Validity for Non-linear Free Surface Boundary Conditions of
Approximate Solutions by the Perturbation Method—

By Yoshito TsucHIYA and Masataka YAMAGUCHI

Synopsis

This paper deals with finding of the limiting validity conditions for non-linear free
surface boundary . conditions of the finite amplitude standing wave theories including
progressive wave ones derived by the perturbation method. Free surface boundary con-
dition errors for validity of the wave theories are described in detail, based on the results
of numerical computation of the errors for various kinds of wave characteristics expressed
by dimensionless parameters. Graphs expressing the decreasing“ regions, estimated ap-
proximately, of the errors by the successive approximation are provided respectively for
both the theories.
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kp/pg=—ky+ (2/8) (wo™2—wo?) — {e? sinh? k(h+ »)/2 sinh 2kh}
+ [e+ (£/64) (9w~ — 54 2w0*) {cosh 3k (h+ y)/cosh 3kh}
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+62wy™4—31) {cosh k(h+ y)/cosh kh} — (1+3we*) (27wy™12 — 66w, s
—139w~%) {cosh 3k(h+ ¥)/cosh 3kh} —48(w,* ‘

—wo7?) {sinh k(h+ y)sinh 2k(h+y)/(sinh kh cosh 2kh)} ]cosBat--~-‘---:--'(24)
—7, BERCHL T, ,
L=(gT?/2n)tanh kh {1+ (1/64)e2 (9w =8 — 12wy™4 —3 —2w*)} 2 (25)
THY, FHE e LOBRIARTELORS, L
kH =¢e+ (1/256)e3(27wy 12+ 27wy 8+ 96wy~  — 63+ 11wg* +6wp8)  weevveremrveneseiriinnnnn. (26)

I, B EH, buy bis, by, bss, Bis, Bar BLU Pus i kA @’—j“x_ bh-BIf, TH5,
4) HAXELUR (BHOR)
B LT, ,
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F1o, HEEBLE ORI, 1R LB IRELMOBELELTHD, Tivbh,
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+ (2 Agg+¢ Az cosh 2k(h+ )sin 2k(x - ct)
+ (63 Ass+e5Ass) cosh 3k(h+ y)sin 3k(x—ct)
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45455 cosh 5k(h+y)sin SR(X—CE) »rovverermmenenniiiiiitiiiii 33
THEZbh, FRANTOERERMI-2>EFDISHLbINS,
#/c=(eAp+etAig+e3Ass)cosh k(h+ y)cos k(x—ct)
+2(2Agz+e* Azg)cosh 2k(h+ y)cos 2k(x—ct)
+3(e8 Ass+e°Ass)cosh 3k(h+ ¥)cos 3k(x—ct)
+4¢*Ayq cosh 4k(h+ y)cos 4k(x—cb)
+565 Ass cosh BE(B+ 3008 BE(Z—CL) »+eerrereerermsmnmronmimssarenisnissnnsaseninsnns &)
v/c=(eA+e3A+e5A,5)sinh k(h+ y)sin k(x—ct)
+2(e2Agz+e*Az)sinh 2k(h+ y)sin 2k(x—cb)
+3(e Agg + €5 Ags)sinh 3k(h+ y)sin 3k(x—ct)
+4¢* Ay sinh 4k(h+ y)sin 4k(x—ct)

+565 455 sinh 5E(A+ P)Sin BE(X—CE) -oeveerresrriininiiii e (35)
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rH/h= {€+53338+55<Ba5+355)}/(h/L) ......................................................... €1))
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B =C(1 420 F4Cs) wrveverreerereroronmiiitiiiiie ittt e s (38)

C?=gtanh kk oo ettt et e s e e e e s aas s e rerraaeas 39
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LR, 282 PGHMR, 23 GELMS LOE 4 WGELIRE VD I RDIT IV kL, BERIIF 1K
I LU 2 RE e LT,

T P P SR O SR U PR N (40)
THY, FIREIVE 4 GCELMBTR LTI,

BOE=Co2(1+201)  worerereerrsmrerusssmnesisrssiss st st st s ebens ceerensiennn (41)
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ThEibhb, Fi, #1REUECN LTI,
3 O PO PN 42
TH5b,

3. MAFGOEEM

(1) KETOHE
HERIREEEROMAIINE Lc X d e, FERRcL EE50¥D, FFRRLHTHSHHRRETOD kine-
matic 74kffE dynamic FEIIEECHRINT, PRCEREHRERL TS, £2C, ThboiL
R A« DREEEL T, LROBERFHOBELHEAL, ThoX &L CAEPEYRDLH LRI, E
REBOBEUIHBEIRTOBENE I NERANLS, & T, HAFKETO kinematic #4ff& dynamic
&M, KRTELDIRD, Thbb, y=7 KEWT
D=09/08FU(B/BE) +reevrrerereriee s 43)
0G/0t+ (1/2) (24 U2) £ @R=0 rreeererirrinnieninii it 44
Bio, EAROBAKE, BOEcTHE X bICBHT AEER X ThbbTy, BBRERLSh, KA
TELBRhD, Tibb, y=7 KEWT,
I/BX =0/ (U—€) eorerermrermreiiniineiiend et e e et e anene s e ns 45)
/2D {(B= 212 4 gn=K coervereesrminiii e e (46)
¥z, kinematic & HEDHEEY o L L, Fi- dynamic HLH0BEEY o (ETHOBARIIFIE
he BIT &) &35L, LROIMATRFT2EDLSRGLbhD, EHECHLT,

er=[Y/ R/g (0—00/08 =0 (30/32)} /Y ghlyan =++eesessvssssmssmsmssaninsinsisiiiee, @D
eo=L[{kn+ (k/2) (@/3E) + (k/28) (UE+ VD)) /BRI yan «-+orerereesemrmemrcnneninnneniiinians 48
ThHh, FREFECHLT, ‘
o= [Cv/e)(e/v/ gh)+ (e/v/ gh)@n/32) [L— (U/€)} Jyan = ovorereremssssemmciniincnnnnn, (49)
e’ =[(1/2)(e/y/ gh)* {(u/c)*+ (v/c)2—2(u/ )+ B+ RED) [kRYyan  «ooooeeeeeveceeees (50)

ThHbH, LT, b LERMIKEICKITS kinematic 7rdffds XU dynamic g dZRaBRLT
WAHRELIE, YR e=a=0 CETHEDOL X o/='=0) LABIITFTHB, LictiaT, HREIEEH
Y OEHMIE LU Stokes WOHBMY (U7) B IV (48) RBBWik (49) LV (50) RRALT,
EDBEORTIXYHBTHILIRLY, Lo L FELWERMNLATHEIEMB S ENTES, &
T, KEEHOEEXOE¥DO LS LUORTHAET S Liet%, Ticbd, Dean®itich T, kine-
matic 3 LU dynamic 7&fROWTERER, BHECR LTI,

(EDr=(e)maz— (E)min *rereereesssrmonmmemmimeiiniiiiiiii s eeeen(51)

(E)r="C()maz—(E2)min =w+erwrerevosioniisimnniiiiiiiiiitisieiise et seeeene (52)
k L, if:@ﬁ&pcﬁ LVCQI,

CED =6 )maz—(6)min +orrrererrimriinimtiiiiiiiii s ~:(53)

(E{)R-_— (ez')mal*—. (ez')m"‘ [STTTTT. resesnaenvenes reeseeureresaetaeseitiisacrieriittrtrtntanasonsnss (54)

L5, Fh, (BD), (52), (83) ¥ LU° (54) REIXHID criterion & LT, root-mean-square i3
% Simpson’s rule numerical approximation ##f-T52, $7/cbb, EED G, 62), G3) Kk
v (54) REAIGLT, EERENLT,

(Eor=y/eF= ,/ [:}r':;s AGDtam1+4Ce n+ ()%} 1/ BAL—1)} oo (55)
Eon=y/ai=y/L T (amrtaetnt (b )/ BOI-D) o (58)
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Fig. 1 Variations of free surface boundary condition errors. for validity of
finite amplitude standing wave theory, _defined by. &, and ¥, and
wave profiles. ’
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(b

Fig- 1 Variations of free surface boundary condition errors for validity of
finite amplitude standing wave theory, defined by & and e, and
wave profiles.
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Fig. 1 Variations of free surface boundary condition errors for validity of
finite amplitude standing wave theory, defined by &, and e, and
wave profiles.
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ST TV g/h & h/H DfEix—Fe LT HEXTTD5, (25) X0 B1) K&xAWMTHLE, &KX
DEBETiE5,

TV g/h=2z/1V khtanh kR {1+ (1/64)e?(9wy 8 — 12007t —3 —2awp*)} ] «+veveeevrreeeens 6
SHIESTLT, 8 15T RS YO8 2 E U@ o541, < oBRIKATSL bR,
TV g/h=21/V EREEIR BR «oovveeeeseinessrnincein st (60)

ChBOXREPEG, KBRMILT TV g/h & WH Ofix 52T, @) IV 48 RThLbIh
Boe FXV e RHEL, /T XdB{be UTRLALOMN Fig. 1 THoH, Hrb, ARTE 15610
fi, TASSITE 2 UORUIR, FEEIE 3UCEUEAY RL, Flo—HSRIE 4 REUEE AT, ML b
FDZ LR B, :

(i)' Fig. 1 (a) kK iud, MOTLEXEDDCON, H2RELRLIRY TR AHOMREORE

15—

I ! o T
X o i X Pl
I r=0 || y ‘ _ -0 / f _
! ho-a2s ] ' | =25
‘oﬁ‘ i I ‘/ 1.0 | /’
"\\l . o/ E | /;
(E. )R .\‘\“ ; ’ / ( a)R ,\ - -
' /17 b | /
v " 4 /
0.5 ‘:\ \\ , - // y 0.5 \\:\‘ g -
\ J N _ 1, \\\.\J / P —~
™ e i \ e B
e S= 3| \ — T —
0 —— o = | T[T R U
4 6 10 /g 20 40 60 %4 6 810 20 40 60
A e
(2)
1.5] 1.5 T
: X_ ! X_
| L= | e |
[ hoos h i
1 " ! | w2
|,°"’l I ]. H T
'\ / | /
(Elg : | Bk | :
oof| / s \‘ /,/
\ " | /
N L ! %
T — 1 1 A =11
0 AN = O\_s._.._.‘ e
4 6 10 NEs 20 46 60 46 10 1]g 20 40 60
(3) (4)

(a)

Fig. 2 Variations of free surface boundary condition errors for validity of
finite amplitude standing wave theory,defined by (E)r, (E2)r, (Es)r
and (E,)z with parameter of TV g/h.
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