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NUMERICAL SIMULATION OF WAVE RUN-UP OF

PILES OF FIXED PLATFORM

ABSTRACT

To an offshore platform, wave run-up along the pile is a common phenomenon. Researching
into the wave run-up of piles of the platform can provide important references to determine the
required air gap when designing a platform. In this paper, wave run-up of piles of a fixed platform
is investigated through numerical simulation. All the work is based on the open source code
OpenFOAM. The Finite Volume Method is applied to discretize the governing equations to solve
them numerically, and the free surface is tracked by the Volume of Fluid method. To develop a
numerical wave tank, a piston is added to generate the wave, and a damping zone is set to avoid
the wave reflection at the right end of the tank. First of all, the numerical method is validated to be
feasible by conducting a series of wave generation tests in a 2D numerical wave tank. On that
basis, the wave run-up of periodic waves along a cylinder is simulated in a 3D numerical wave
tank. The computation results of wave run-up height are in good agreement with experimental data.
The wave forces acting on the cylinder are also calculated. What’s more, the simulation on the
wave run-up of solitary waves along a cylinder is carried out as well. By implementing the mesh
convergence tests, authentic results of the wave run-up height of different incident waves with
diverse wave height along a cylinder and wave forces acting on the cylinder are obtained, and the
variation pattern of these data is analyzed.

Key words: periodic wave, solitary wave, wave run-up, numerical simulation, OpenFOAM



SR IEPS:

Shanghalsao Tong Universty EEEE T AR SR B

BB LB ettt 1
IR N e =i TN 1
1.2 JETF OPENFOAM......ooovieiiteeee ettt sttt 1
RIS 2

Rl [k N OE Y N oy Ly OIS 3
p B k1 TP 3
2.2 BUE TV oottt 3

R R 1= U 3
2. 2.2 VIR TE R IR oo 6
2.2.3 EHHIZRITALTE ..ot 6
D o= 1 T 7

BB BB AKIBIETRAEIIL oot 8
O [ 2 L FO TP 8
3.2 BB IET ST BEFE TR oottt 8

RIR E L (B =) 5% 52 NP 8
RN G 1= RI2 D525 NN 9
3.3 THETETIRIR oottt 9
30301 THUEIX B E oo 10
30302 BFTAIZE A ettt 13
3.3 3 BB T oot 15
3. 3.4 BEIVEE INGE oo 17
B ZREE NG oottt 21

VR = YEECE K S S B BB AU ..o, 22
A1 INTZEBZGE et 22
B.2 BRIBAETIAN T oottt 23
4.3 4.22m 5 R T S A T I 5 T e 24

4301 EIRME IR oo 25
4. 3.2 BRI GEUEREANGE FEELIR oo, 28
4.3.3 JESTGEE AT AR FTHIZR oot 31
4.4 7.99m VR 5 PR R S A T IR 5 T e 32
B4 T BEIRTE IR oot 33
4. 4.2 BRI GEUEREINGE FELIR oo, 37
4.4.3 JEFTGEEDATFIEIR TTHIZL oo 38
B TREEIINGE oot 39

FhE S AEEE AT B AN oo 40
5.1 ARAZIE G IEVEFEIL oottt 40
5.2 TRIGHETL N oottt 40
5.3 FHAEEADL ..ttt 41

T T O 057 OO 41

B 3 2 R B E R oot e e et e et r e s ererer e e eneees 42



YFERAAY

Shanghal Jiao Tong University B 5 T & ST A R TR RO B B AL
5.3.3 VS IRAE R P TR TC B ELER oot en e ee e e 45

YR N N =TT 46

B N TS L G B oo r et 48
B et ettt ettt ettt ettt et et e e enann 48

LT 5= RS STSREORR 48

BB R oottt ettt ettt et ettt ettt e et et e ettt et et et et erenas 49



B FEFS

T shanghal a0 Tong niversty EEEE T AR SR B

B i

11 IREMRE R RIAR

21 LR e e, B TV 2wl 2, AR REUR 0 75 SR bl bl k. 283
WA, i BRI 75K TG PRk S AR L) 700 A
S R T 0 AR R M AR AT A, RS R R B WU, B NA TSR
JRIENHTIE T o 1RGP O L IR 4%
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R R, WSS BRI, KA U G5 e 2 BT [A) B TET— 5 i XA — P AR
ME SCAT DA S PRI AR/ B R 7R EE . an SRt R — AT & IR
SIS 73 B, X B R 5 T I SR R I AR AR, (SEAS IR AN 23T 2 FAR R,
PARUEBEANIEET G 1 22 ey 2 AT 2 ek N SUBRAE R IE I~ & A2 P, FF PR 118 %
A, PMRIEZL B

IERA IR IC moeh i & Wit A Wb B S, Lk, BN 2 225
HIF 2 LA A 7K Tt K 560 e 5 A A0 1) £ B 0 3 — B G AT T R N BRI 98 . Nielsen
S N JE B VR AN R A LRI SO S R i 7 R EMRALATS, R T —LuE
F R HE . Weihua Mo AR« g5 A5 B %7 (two-step projection finite
volume scheme) 7> BIXF AN I 5 = 44l -K AL S A A B4R R4 T T BUE AL, IF
FI R AAAFRE (Volume Of Fluid, f&#% 8 VOF) it3t [ IR AR, 13545 5 SRR
BRI . AL J. Martin®a5 )\ SR AT LR [F] O BRR T VR K . KBRS A F (7 A
BIRTC I R AT 7T, 8 5 ase 8 AT R, R T BRI AL . Bjarne
BUchmannt™46 \ 72 I 458 4 2 37— AN =4 il ek, 82 7 B aR K s ——
P A = H B AR . Nitin Repalle™ &8 A A AT o 14 55 VI 5 NS 5 2
(Reynolds-Averaged Navier—Stokes, %7~ RANS)&E L | —A Spar “F- & [EAFAERY, @i 5
WHARLLEL, 537 R —EUN 4

1.2 >F OpenFOAM

MBS BEAL I A7 BEXHIRAR IR S BT 7L, & T it B A3 /1% (Computational Fluid
Dynamics, fii#f8 CFD) Hiils. St ZHEkE, CEAANPATRITH T2 HEAM
M50 71 CFD %A, OpenFOAM (Open Field Operation And Manipulation) 2 1) 5
2 F5 o ANV T S AR OB TRC ey ] A gE AT B AL, By LA 06 S 0 A 1 B
e,

5 K25 CFD #E (A& 441 ANSYS A& Hi b ik 4 5 9 1 Fluent) AS[E 52,
OpenFOAM & —/MFIEIT) CFD b6, X — s M ZFRH 1) Open BIFTE t, A/ mI LAy
G M7 HL B 7 3 0 R R B R A (AR AT 4 6 T IR IR et HURARTS T B 4
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Fiik, OpenFOAM A AER BRI TIRE, 1 HIFAE @ T H el CFD #ff. OpenFOAM
A DS i BEEEAER ), By TR RN, TR RIS S A sh A, B RN 1A 7
5 PR 2 5 ) R i

OpenFOAM & —AN5E 4 C++4w 5 [ TH A0 ¥ CFD 2K, RARMBATHATH I B
(0 7 VEAE A R R sk 3 77 R BRAACRA B A, Dl S ok LU I 1 s S 22 THT PR A% C L
11 CD-adapco 2 &4 Hi 1) CCM+AE RRIKI 2 THIAR MRS ), DRI ] DLARER & A4 1K T LT AN, SCHE
KEIHATIHE S, B4h, OpenFOAM it HA LL R DhfE Ml i .

(1) SCREF P MR vl 8 T8 Sadn 5 12 7

(2)  AILLE A KB P

(3)  BEULFA% BA H LT 18 BE S5 s

(4 LRAEBM, MigZEE%

(5)  FHFPRAER) T HAE, AFE5F ODE >RffE#:. ChemKIN #2145,

(6) EAMARHERT R, LRZMMEED, a2 MK N OpenFOAM

AT DAALER [ A 2

1.3 FENENE

A BNV T R RN OpenFOAM, X AN A VR I 1t R BN B AR ) R TR TE s B
GOHAT T HUEBAL, FREE) T TeA & A AT A ERR 1. X, BEEET S
A T A S — R ) A, ER X ARG 25 R . A SO R BN A AT 4 9 A
TIUANER Y
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Tt 77 REEAT B SR A it FH B 16— L 55 7 v

B EENG T AR K G R A B BRI, FEIE S HUE S M)
WHESHATIE, 537 —HAXEARE, 7T LA T 5 22 1) = 4EEUE Kt B

TEEEDUE, M4y R =4k, W =48 E A3 25008 4.22m A1 7.99m (1) Fl
JE SR s A B PR TE S B Rk AT 1 AR, IF SEEAGAIGAS BRI S BT 1 L, &
1337 R B 1) e 73 5 3 B 43 A MR F T A B IR 7T

FHEAHT 10m. 15m. 20m F1 25m PUFHAS RIS L v AL e &y, %F
B3 R v TR 7K A B 7 ) R RTR O T B

NN FIR TR B4, FEMIUA TR a8 TARET TR,
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BB R ) B A AR, B B ) T e AN B TR SR R o T e, R AR 2 T
HIOTRE N T RERMEIX LR I e, BTG AL A — S8 Bl i Oy R AT AL B . AR B R R
S ST B IR A i R Y (R ) 05 R B BB 7 253X PR R HEAT 4

2.1 #2H571=

FAE IR K 7K TR I8 3 1) R B B KRN 25 S BRI [RIZS B0 5, T8 < A il
B JBE DK EEA A AR TR, BTSRRI, WA RGE . X
TIRFE— AN BT HORS PRI A SR PR i R, R AR R L & P o ISV T AR
mzhEr R, BT FR:

V.G=0 (2-1)

—a(gtu)+V(pJH):—Vp+V-(/NU)+pg+ES (2-2)

HA, 4. py pe us GO RIFIRTAREERE BB TR 77 B kit 2 5081 77 s
F3%7R [ BRI 3K 0 Y SR 12 B, SO0 PR P S W R R 22, UK S
Wb, TR AL B AL A, B Rl H R T R IA A

F, = ox(X)ii (2-3)

Hrp, oK R, Forn B i A mAR R, VR Ao m
AR R R FmAb i, B

k(X)=V-n (2-4)

R TS 2RI S (LRI i 3 BT
T, A TAR SR T 2.

2.2 BUERIE

AT TR SRR I 1) R O R X T IR RE— AN AR LR M I Ry O FE AL
BUAE I B SRR BN, — RO UL AR XN, Bt LAIE H 2 R B — S5 {8 i) 7
FEHEAT AL FE DA BIBE SR A . T DR AS S B i — Lo 5l 5 kAT 48

2.2.1 JTFEEHL

NoF TAE SR AR AN BT L (w7 RS, BEAE R AT AR (2, T PTALEE a f e
S0 e, G0 IR B B AT A, TR b ik 7R ELd i B 7 e R A IR
fr 8 PR AR B MR AR AR AR AN EE, T, — 2 T e R A 2 AR 2 . BT
SR A AFGT 15 B (AR T FRAT B e A B AR AR R AR, 30 i A s v SRk LAt B AR AR . 7
TR A R HL, A B — AR R S T SR i T A PR R, IR IR
BB AR B, A A R AN AT AR I 1R R AR A T i

SN ZERRE, CEF4 T % WA IR 2 2% (Finite Difference Method, fii 7 FDM),
FH G (Finite Element Method, f&i#%Jy FEM) 145 FR4AF1E (Finite Volume Method, {4
PR FVMD 2 M 7. i A BRARRE T G A RS 5 TR, Ref3
HEMYEER, VAT HEACE RS EZ A, 75 CFD HAHE ZMMNA, AE &+
e i FH F) OpenFOAM s i 56 T4 BRAAAR 19400 S 1

%3 7 4k 50 7
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PEHIARRAL Y, XFERAR S —H RO, Ho R Aot 2 A% s BRI AR & . 9T K
PEHIAFRIOAR Sy, AR E TR A B (L AE RS RURI AR AR . ARGy XS U 2K
A BRARFRE & T IBUR S P ks AR LR ERE, A IRAFE)E TR A R
PRI AAIF) B8 BT V25 o

TS & — A YEBRASH -4 A B AR A B o AR, WS R T R
A
%+V-(pﬁ¢) =V-(TVg)+S (2-5)

Hor, pREE, i) WRR, wRMERE, M2l X8R S . J5
2 (2-5) Jil S8 — DU S8, WA HOABRS T, 205 USRI AL
— TR WO, A7 158 IOV T2l 7 R P e BRI, R HS ) SRS

SR _E TR A BRAAFUESE A BB, 75 2 AT R 7 o Vr 2 A Xtk X LA
el 2-1 o v S Do A Al T A 28
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& 2-1 B RRETRERITHE M S H AR

W HR SR 2RI A R THE T A, RN SEER T RS BRI SR M 2 40 B R U B s B b s (1)
RS A AR I VYA /N T RS A R, s R o SRR, RRZRAL R T F AR A m, JF HAa %
HIARFR AR S T — A X TEPAORIT AP, 23RS E. W, SN RER
52 HAMZR VU BAAEDUAN AT AL, /NS ev wa s AT n SRERIRIEHIARFRAR B
i ST, 5T O N AR R R Rz B BER R R . B, R BRI R
A EI 7T R PO LRI P Ax 1Ay 73 MR RIS HUATRE x 5 y T m Bz, 4
fHAV = Ax X Ay, W5 PR E. W, SHFIN BN S HIEEE 23 A H (%) e~ (6x)w~ (8y) M
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(Y)n K.
WAEXS TFE (2-5) MIBHIMATR P ARFMEAV AR [R] B: t 3 t+At EARSy, 15:

R

=[], V-@vgvdt+ [ [ sdvdt

TR RFBFEXNTFE (2-6) KDoA B
X T BRI, e nT LAY AL P AR B I {Hdp R RN HIAR P EA RS
{H, THBEp e a Bt 2] t+At FOF &, MR (2-6) BTN 22N

i UL, BT R pp R ¢ N ZIATE G, M dp Rt + AtiFZIAE K
B, ANERSE, MEKT Lhat + At, J5HRRAH R RZRTNE,

XEFIRI SRR R AR AL iR AT AL e, BUEAER RISV Y, I
TS AT LAERIR AZ AR LM b £

S=S. +S.¢, (2-8)

Horpr, Scie Wy, Spit S HHGARAHIHILLAE P i HIREE.
X, TR (2-6) R ARy

t+At t+At t+At
L LV sdvdt = jt (Se +Spého) LV dvdt = L (ScAV +S,4,AV)dt  (2-9)
AF R, TLMES Gauss BUS &L, A AR RSy, T/

[,V oo
_ ItHAt[(/ou¢A)e —(pugAh),, +(pvpA), — (pvgA), Jdt (2-10)
_ LuAt[(,OU)e A, —(pu), A +(PV), Ad, — (V) Ag. Lot

s A SRR P R AR S A 1 T UL
XFYEON, SRS BRI FERTTE, P Gauss BUREEE, KRR AN TR 77
RIS, b3t BRI, A TG A e 2, W45

jt”“ [ V- (rvp)dvdt

T 2 g e
t+At_ P — P b — Ay S — Pp Po — s
I mAGR, A T ), A ), }

PUERR T (2-6) il E S IRIRIER, HAMNE T EM LT 7 TAE:
e, XU (2-10) I ERIGE, FRESINRRE R RS, B SRR
Ry LA (2-11) B —REs

59 AERRIIL, 3BTRS 5|\ Rt B . bt [ godt = goAt .
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XEE, R (2-6) ELRIAEN:
aP¢P = aw@v +aE¢E +as¢s +a’N¢N +b (2-12)

B9 < o s e W N 1 5270 e S O € 1 i I (VA7 30 e TP SR Bl D S
aw~ ag~ agMlay BT LERHR T 51 & ks e e .

2. 2. 2 MLIHIE L 71l A

NS T A AR BRAR AR ST 4 ) D7 A ) B O RR R, AR T T
RISl v 8, BT A B IR  BO FR AT AR AN BE LR . 5% 2.1 T g il 7
2, BRI, SEAAMUEESEME R (2-1) o, WENBIAESHE TR (2-2) o,
FES AR ARG FEORE RN, R B T ah ' R, i %
BRI LB BRI R . TR RS, B R S E RS, XA SR
SRAGASAF A A

NT fRPSEA A, R T WM, B RS Ui (coupled method) Al
3B AL (segregated method). FA UL AR, [RIBS SR A S8 it il 7 fE 2, R
SR SN LR X FOTVEBIR AT, (R B AR — AN KT B2 R R, &
BRER KBNS TR (A, AL N, o Ui i T A BECR AR AR, T2
JIGFF M B SR AR S AR SRR FR AL, FTUARCR R Ry, MR R T 12 A . OpenFOAM
R T B AT R PISO (Pressure Implicit with Splitting of Operators) 3%, =& &
JE IR o B NS PISO BE i —Le i B /- 21

PISO %% Issa T 1986 fEHR I, e FL R4 x5 % AT R sl BRI £ 7, e kAE
SE W IS B A5 2] T2 M. PISO HR R — BT, BB IE R ik sk
fife B — I 2 RS P B £, B St T — AN oA 1 T B2 B AL, SRRt AH . (%) e ) RO B AE
SRJEHEE TR IEIE, SR AR, Bk, Hitsp s By,

(1 . R E B E— 2 AR B0 T adap*, KRGS ESHBUTE, /5314

T I 220 ()3 FE Spu Fv ™

(2) HFE—EIED: EXEIMEIE Y, ®EEBEMEY . v/, KRFEEIEETTRE, 2K

Ep" MR E EW, v REf @ + )R + v ES i, [RSBIEE

El"]p**\ wH Ry,

(3) BB ABIED: BT E—0, @ L ZRIEJMEIEEp", R IRIEIMEIE TR,

BHp", BHMmEEILE IKBIERE 13-

P =p T +p"=p +p+p" (2-13)

idp* e, AR HIE AR IR R St flo

T NG IS P S TE S 15 2 IR FE S AR 7737 ©406 RS BE 22K, W] MR NWIHE AN
Nz

2.2.3 H A

72 2.1 TR R, HUE IR K R K T 20 i) & T AR PR IR R, A G
B — s R . FREEE CFD MR RE, AMTEEHEH T — e b2 5 fi [ )
MEUE i . # IR ACEE B BT 7 AN ], AT DI 28 7 v 43 S ST B RV Cinterface
Tracking Method) A5 #E9% CInterface Capturing Method) Pk, H, OpenFOAM
I VOF (Volume Of Fluid) VA& T F i fevE b B i) 2 77762 —. T VOF
J7 A A2

VOF J73k I BARD IR s se L~ MARR D BBR 5 Fo I SO T3 A ik —
(k) FELEM A, B F=1; Widt TA A (35D fEEM A, WEF=0. X, T

%6 7 4t 50 T
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— AN H TR UL, F AT EME AR IZ .70 PR A — B 4 (0 B R K PR
A DARIARAR 7 BeR 5 F RN BN N PR SRLAR K 0 AT 5 L«

=1, XA A SR AR —
F{=0, XA P AR AR — (2-14)
€(0,1), W% N AL B S
F o228 (0] S T R R A L R TR T R
§E+mVF:0 (2-15)
ot

W RMZT R, WAt B R A T AL Ty, BE A e A E .

2. 2. 4 THEFE

it LImEE T, DU AN R AR R B A 4

(1) TR MM WA &R0 T 264

(2) WIS

(3)  FFUE AT P T, SRR B0 18, B B AL &

(4) Y PISO VKRB B T, SRIGYATH D RS AL 713, 4
H AR

(5) FHMK, RIERE, BEEPIATE®E 3. 4. 5, HEREN RGN ZZ 10115,

2.3 REING

AT FENR CFD AW SO AR sl In] ) S A B AN T R80T T e B %
AT EEATTRE, BRI N 7RSI, MR R AT AN, AT L
FIERMBAETE, KREE A YRR - IR A4 1A BRARBNE B 0T R i
o TR PR BERUE RS, SO0 PISO BERHAT T /@ . N T B wiAiR i Bl
R, SRR VOF 5k sa s BT SR 7 réd .
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<
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BT THHEKMKRED

LB AP CFD R ATIO R o, KA B BRI . AR i
HEBCE R KRG L, 0 B R A s R (S U S5 T B R
B A A 55 T 2 MR LI

3.1 BUERIR /K

ACHRTB BRI AKKIG L T 3T E T8 T B SR A A 5
LA 9 X

XTSRS TR O, T M R G T YIS, o1 T34 TR 0K B 7T
—ELRCT R MR AR S SR AT, BB LA e P
AR B . KR, EPDE R A AT B W — ELAREDT IR 20
SRR M B . BN I A LRI BTN B, (AT (8
WOATT, I R RBORTEREG, RSB0 T LARAF e b RS 5 £ R R

AU R, TSI TR TR L SR 2 T TR
SRR, B EEPERE T SN D BB GO (0 P, LS
T BE LA SR 5 PR AR TL A RO T B

SRR E, BT A EORIOBS . 55— MR B R AP R
HAG, HERITNT . 700, BN 55—, TRSPER, AT 5 AT 2. R,
FIS (AR A 85, REHEATBORTE AR, R 7 AE HRUBRLIOR. 42855
A BUDKIIFAE 213, B AFAE—SEUR MR Holn, FHE s B A S e
(KRS WL B PR — A AT T2 7E DS, BRI AT RIS BARIIE,
RN 7 BRI LR 5 R EE R SUBTEE SR L. 72 AR ICoh Bkt E
DAY, DR T AR I T, BRI L SRk

3.2 BUEEK SIHBRR

A B IR 7Kt AR AR B — N AR SR G o P3G K I A A FH s AL,
T8 T 4 ) e YR LA AR 5 1) 7 a8 3l s sl /KA T2 5y, ) AU H T 75 B R AR L . SR
Aok, HEBIR KRR AT XA — T R SC LB IR L . b4, e K i AR A
WM RITH RS E, H LAH BRBIR AR AR ) SR AT B 7 IR . [, 48
AR /K A 75 B A L IR B B8 o 3 — 719 8t 3 B X B R R A S X R S 7 THD R B AR BB A —
e

3. 2. 1 HUEIEPALAR

H AT I T 2 ME i R, 1R AT A B S I, KB L4 A k2.,
YyEE & (physical wave generation) F1 A L% % Cartificial wave generation) . FTiE¥)# &% ,
R I B vk, AR O R R B U R 1 B IS AR s s, B i
BN s Ty N T3 38 U M B A AR 33 B H Sk i) BEAR b 3 87 2, S Bty A B K
B K R TEIESCE . B T3 U7 v pivis 3 5 RIS K R s L — 8L © 4
RIBFAA A, JF Ha] DRI Rk, BR8] 7Tz A .

HERR I I8 2 VBRI U 702 T B i T R — g i 07 X, AR J 3 SR K R PASR
SENKTREIZE, SRR S0 B K. ARkt s iel®, K%M d [
AR, — B R A R T R e RN O

% 8 T 4t 50 T
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n:%cos(kx—a)t) (3-1)

Horf, HORBGR kOB, wRBEFR x & B sh K-FArf%, sEF(a) ¢ 1 e 4L,
A g

x(t)= %sin ot (3-2)
XH, S FRREREBKEZ RN, B, ©5% 5 HAKE Jd FEE IR
A
2kd +sinh (2kd)
S=H : (3-3)
4sinh? (kd)

AR BV BT R R 2 45 AR 1IZ B33 E u(t), nTDOEE X785 x() ST I IE t 3R

SHAFE:
dx S
ut) = G 2 cos wt (3-4)

bR, TR (3-3) HARE B AR NG EAR K i sh i e, AR5
3 (3-4) T IR IS Bl B2 pR 8

3. 2. 2 BUHIHPE A

I ER R K P OE R F I O R T sl S B, SRR . 52k
o, BE PR KM P A X PR T B, A ANEE — R 1048 S 10 R A R

B PR sl N BE W BT 8, R AE BB A M B S 3 5B — R KR A BB v o (X )
(damping zone), XFRAECFILMESHEARRILZE (sponge layer). 44 8 S, A AR
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NUMERICAL SIMULATION OF WAVE RUN-UP OF
PILES OF FIXED PLATFORM

A platform is a large offshore structure which can provide production and living facilities for
activities such as drilling, oil extraction, oil production and consolidation on the sea. The most
common structure form of a platform is a tremendous deck supported by one or more huge piles.
When designing a platform, air gap is a very important factor which must be taken into account.
Air gap is the clearance between the bottom of the deck and the free surface of the sea, and it’s
determined by the maximum height to which the wave can run up along a pile. The reason why it
is so significant to obtain the required air gap is that the wave will hit the deck and then cause
damage to the whole platform if the air gap is not sufficient. On the other hand, if the air gap is too
large, the cost to construct the platform will increase. What’s worse, it may even bring down the
stability and security. For a long time, model tests were the most frequently used method to study
the phenomenon of wave run-up. Ever since the first one was invented in 1946, computers have
been developing rapidly, and numerical simulation was gradually introduced to solve fluid flow
problems. Having advantages of low cost and short time consumption over model tests, numerical
simulation is now playing a more and more important role in researching into plenty of these fluid
problems. In the present work, numerical methods will be adopted to simulate the wave run-up
phenomenon along a fixed vertical cylinder, which is the simplified model of wave run-up of one
pile of a fixed platform. All the work is based on OpenFOAM which runs on Linux operating
systems. OpenFOAM is very powerful and can solve many different types of fluid flow problems.
Furthermore, the source code of OpenFOAM is open to people all over the world, thus anyone can
download it from its official website and modify it to do his or her research freely.

In this paper, the basic theories and methods of numerical simulation are first introduced. The
governing equations are established with no consideration of the effects of energy dissipation. In
order to solve the governing equations numerically, the Finite Volume Method (FVM) is applied to
discretize them, and the commonly used PISO algorithm is employed to deal with the coupling
problem between the velocity and pressure in the fluid field. Because this is an air-water
two-phase flow problem, the free surface can never be ignored. Here, the Volume of Fluid method
is made use of to track the free surface.

With regard to the wave run-up problem, whether or not the wave with required wave height
and wave profile can be generated is a key factor. Wave is generated in a numerical wave tank,
which is the same as the model tests. To generate certain wave, a piston is used and it’s forced to
move under given horizontal velocity. Besides, a damping zone or sponge layer is placed in the
right side of the numerical wave tank. If there is no such a damping zone, when the wave
propagates to the wall of the tank, reflected wave will come into being and interfere with the
incident wave. In that case, proper wave cannot be generated.

In order to validate whether the numerical method is feasible or not, a series of wave
generation tests is conducted in a 2D numerical wave tank. Several parameters, which may have
effects on the wave profile, are investigated under the control variate method to get appropriate
values which can minimize the influence they will act on the results. The parameters include those
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in relation to the damping zone, time step and those affecting the total cell number.

As for the parameters of the damping zone, they are the length of the zone, the damping
coefficient and the mesh form of the zone. In general, the length had better be set long enough,
which should not less than one wave length. In hope of getting the best wave absorbing effect and
not causing much reflected wave, the damping coefficient should neither be too small nor too
large, which means two or more tests are necessary. Whether the mesh form of the damping zone
is set to be uniform or nonuniform or even one half of it is uniform while the other half
nonuniform does not have much influence on the results. But nonuniform mesh form is
recommended to cut down the total cell number.

The time step part consists of that of computation and output. The computation time step has
much to do with the total computation time. Theoretically, shorter the computation time step is,
more accurate the result will be, but the total computation time will correspondingly increase
sharply. Tests are carried out here to strike the right balance between result accuracy and time
consumption. Actually, the output time step does not influence the computation results. But if
there are more data to analyze, there is much more chance to capture the details such as the
maximum wave height. For this reason, the output time step is set shorter in the time range which
you are interested in, while longer at other time to balance the details and the time spent in
processing data.

The cell number per unit length in the wave height region is one of the factors which can
have great effects on the total cell number. Larger the value is, more cell number the whole model
will have, and more reliable the result will be, but more computation time will be spent. An
appropriate value is applied to strike the balance. The ratio of the cell number per unit length in
the wave height region to that in the wave length region is another important factor influencing the
total cell number. Larger cell ratio results in more cells. In fact, when the ratio is less than certain
value, the result remains virtually unchanged, so just like the first factor, a value neither too large
nor small is obtained.

With all the parameters optimized, the final result comes up in good agreement with the one
required. The wave profile is stable, and the wave crest is almost the same as the incident wave.
However, the wave trough is a bit smaller. This may be caused by the linear wave theory applied
to generate wave. To wave run-up problems, the wave crest is a more important parameter than the
wave trough. So it can be concluded that the numerical method is practical, and future tests can be
implemented.

With the consequence obtained above, a 3D numerical wave tank is set up, which is easily
transformed from a 2D tank by widening the width of the tank from one unit length to a larger
value. The wave generation test does not show much difference, so a cylinder is added in the wave
tank to simulate the wave run-up. A train of periodic waves with the wave height of 4.22 meters is
generated, and 12 probes are placed in specific positions according to the model tests performed
by Nielsen in 2003. The numerical simulation result shows a good agreement with the model tests,
but the maximum wave crest height detected in most probes is a bit smaller than the model test
value. If high order incident wave is generated, better results are sure to come out. In addition, the
wave force acted on the cylinder is calculated, together with the velocity and pressure field in the
vicinity of the cylinder. On account of no model test results of these parameters, they are only
listed and analyzed qualitatively. Similar simulation is performed with the wave height set to 7.99
meters. The results are analogical, but the nonlinear effect is bigger as the wave height is larger.
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The wave run-up phenomenon is also simulated with several trains of solitary waves with the
wave height ranging from 10 meters to 25 meters. As there are no such data from model tests, to
obtain authentic results, a series of mesh convergence tests is performed. More specifically, the
results of several models with different total cell numbers are compared. If the results remain
unchanged when the total cell number is larger than certain amount, it can be summarized that the
results is reliable. Two parameters which determine the total cell number are tested to verify their
influence on the results. They are the cell number per unit length in the wave height region and the
cell number ratio, which have been mentioned in previous paragraphs. The cell ratio seems have
greater impact on the results, so it is chosen to vary the total cell number with the cell ratio. The
results of different incident wave height are compared in terms of the maximum wave height in
the front probe and horizontal wave force acted on the cylinder. Moreover, the comparison among
the maximum wave height in several probes placed along the cylinder is also carried out, and a
few conclusions are made.

In conclusion, the comparison between the results of both numerical simulation and model
tests show the feasibility and reliability of numerical simulation of wave run-up along one cylinder.
The results of maximum wave height and wave forces can also be adopted to provide useful
guidance for designing a platform.
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