ZERUEFAGRF T B A# 7 G HEER

x|, Eas, FER
(LEEZEXRF FHIBREARTLEIRT HMELFERALLAFR
B BAE RETLREHR A P, i 200240,
Q2. PEMMSEETERIHRR, EFBAETREAESLTRE, L1 200011

B =
BT AR SRR E TR R AN, < T K S PMMA B K B K — ERITTCH
FHHE . K FOpenFOAMF BARD 4k, RAHHFBEA, HAVOFFERRE HERE, Hk
BRANSH BB S KE, FAATOAETE, BABENEHNE. BLREENERER—
RIEAE — U T RARS KRG, HRFAME AT A TR KA. AHRAy EERR4AT
HE .

KR kA %K%, naoe-FOAM-SITU k2
0 31 &

MITTCIHRE L ERHRUERE, BEEDPMMIRE NGB RREE AWK & EYd,
BT EBIRAM . =M, WEVE TR RN R B G T R A AN Bk
Ak, TERIK. HRAKFBESIKEEF mREE B AR,

Tumeck!"Z ] CFX #AHRTSL T KVLCC2 M3EAT BT, AHUURIZIRE S I #8552 300 H R H 4R .
Sakamoto™ 4 i URANS J7 kMl 7 /K F XA # A M Zh B S N M BTS2 B0 AR 5. %
SIMMAN2008 &% F, Stern” 483 T £ MAHREA MR Tk, RS H T IFMKSH DES ALk
FHER BT W, A HPET FLUENT %M KR, FRAMEREA, BT PMM
R#. HEIEREEGHTNER T, f FLUENT SRASEERL T SRS AK b a3 Rg,
2" XA FLUENT, 58/ 7 # 7K 28 PMM iR 56 58 ). vE 5 52 U200 B & B MR B AT T KCS
RER B AHERE. BRSNS EERL, HEERBRAE.

A 3R naoe-FOAM-SITU AR FI MK A EMAESE 0.1Hz. WIEY 0.4m
M4 %127), F VOF FiaREE &, KA RANS SRS HEHE, H AT
HEE, RBEMGKNBAKPEsEE, HETTHELE.

EXRXES, EARMENBEHIRE,. KESNEE, NAHEESHE. IMBEANE
BMIERARSE, HIRNBEMEEARARES. MgRE. MELARSE, #—3S8H%
ARG RURME Z MR . BENSCHITRE.

1 HFRE

1.1 =HFHE
AT E4E RANS HRUWF:
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vu=20 (D

apU

S0tV (p(U = Up)U) = —Vpy — g xVp + V. (1, VU) + (VU). Vg + f5 +f5 (2)

R, U FREEY: Ug BAMKRT SREE; prp-pgx BaslEN%, BREDEERKEN
B3, pRRFAHKETRAKREHE, ¢ RRBEHMER: peff = p(v+ vIRTHESN SR
%, HowRREHHERY, vt RFREER: FERED FoRRBEERIND. f EHHERER
BRI B fo R F T X VR . #5077 7R A PISO iAW # TR AR . KA
Rhie A1 Chow 32 H i) IR ik PUR B G A8 it BRI T 2 7 CRAE R A AR A5 B T T #ERY
R
12 VOF A%

&K R AT R4 VOF . 7R BLAE4 N A, BB IS TSR, X
Fhib B R A R A BB I EY B, U RS R A T . VOF s i e XN

S+ V(U= Ug)e] + V. [U,(1 ~ 0da] = 0 (3)

Hih, o RS, RMASRITHRENT G RARL, LENT 01 Z[H:

a=0 Gotal .
a=1 7K (4
0<a<l1 FH

1.3 BEAE

RANS 7 #( 1 #1 2)%1 VOF 812 5 BGR 3)#R A AR AR BT B8, WHEEEBES—R
FI/NATE, HERSE BEMEMERTTHO, BREL SO EREN TSR THME. &5
HRIE Gauss Hif, 0 TREMEAR I LAV ATTEN ARG . AR BRI E RIEE
ik, AR () FRIRRICRA M TVD A R&M:, ¥ HuURA .02, VOF TR
FH Van Leer 35871k, B IRITUR A — W)l 5 1E 757
1.4 AEHREFE

WE 1 FrR, FEFRAANNS B EEEEN, HXABMRRE, —MRABATR, —1
R R,

K1 MRS
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RERHZER s AR R P IR BRI n=(n 1,0 )= (x1, X0, x3,0.0,0), HUREAG . ¥, &
B R, Q. R AR RMNEHEBENAERETUR v=0v, v =@y, W, p, q, )TN, 5l
ABRTZSH, FERFAAARR T FIE B T LA B B3 AT 40 H 564k,
vi = ve =1, (5)
Ny =Jvin, = vy (6)
ﬁq:" Jl %ﬂ Jz ﬁ%‘]%]

cosBsiny  singsinBsiny + cosdpcosy  cos¢sindsiny — singsiny | (7)

cosfcosy  singsinbcosy — cosdsiny  cos¢sinfcosy + singsiny
Jh= [
—sinf sing cos¢cosd

0 cosd —sin¢ (8)

1 sindtand cosdtand
J2= [
0 singsecd cos¢sechd

F(X,Y,Z) = J{'F.M(K, M,N) = |;1M, »

AICHATHA RS E SR, ST x, A ER ML, TR

X, =—asinaf

V:.*Q =—awCcot (10)

v=X, =ae’ sinat
X, a AEGIRIE, o=2nf, fHIRGHE,
ATRABBIMN, BEEE, Fit, EXENERAT, ¢=y=0, p==0, p=r=0, K4

BN TR E
u=X/m—wq+x, (q%) — 2z, ()

v=Y/m

W =27/m+uq +7; (9% — X (—@) an
=0

q=1/1, {M - m[zg (i + wq) — xg (W — uq)]}

r=20

ERHAERT, THEME BT Fe HAHE Me, FIFARO), o LBRIMALITE R T
B F F R M, BIARAREIZZ 201 IS, BEMRLEERAEE v=(v,,v.)=(,
v, w,0,q,0), BEFALX(O)FB, TTUBBIKMAGT THHARLA BREE n =(n1, no)=(x, x,
X3,0,0,0).

1.5 BIMFHA

TERABMAARIS BN R TEIMMEIAR . HARAIZEINT, PR B MR SO, (8T
RS REETT R B A T . PR R B0 B AT LUES sRAR 4 B R a3 4™ B2 ) Laplace
TR E
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V.(yVUg) = 0 (12)

Hehy Ry #FE, FTHRUPOMNESLF 2 REEFT e, b TFAME:

v=3 (13)

] LA E BR AR MRS AL 1) Laplace 77 F2:
V.(yVXg) =0 (14)

Fork X R AL
2 HEEESME

2.1 fRtEJLE

HHEPTARBRE TR, HEERENE | Fix:
#1 MEERE

BH Bfr HfE

i Lyp m 4327

HMEB m 0.615

K T m 0.164

fEE v m/s 1.569

P BHEEE Kyy m 0.25L,,

B Fn - 0.24

EWH Re - 6.79¢6

B2 ML

22 HEIEAFEE

VHEEIME 2 FiR, UMKV ERR, =AFRTHN: —1.0L,, <x <4.0Ly,, —15L,, <y<
15Lps —1.0Ly, <z < 1.0Ly,. MR H OpenFOAM ) B4 MM %5 TR snappyHexMesh /=4,
KRR BT R AR MR E 3 B, Mg BRSO 1.83M
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e

(a) WIKEJR M (b) BRI H R A%

(¢) HAK2ERMK (d) BRI
B3 MRS REE
23 HEBHER
T AR I R S S SRR AR N 0.1Hz, IRGIRMEN 04m, WE 4 FixR, MEIITE
BARES, EHAEMEAET, BT THEKIRKPEER, TIXOBNAHESEREEY
B BT L3t o
lateral displacement in pure sway motion

0.50 ey e
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oo L \ J \
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-0.30 \ / /
-0.40 - AN

-0.50 L e e =

time(s)

splacement (m)

@
o
o
Ly

i
=

-

/
~—

Bla AiBGHIES)

24 FAKERFHEREH®EE

Bl 5 45 THKEHEA x=0.90L BHE & — NS ¥ME A TREEHTE, bTRKEiE
FEAKRIE LS HRL, XEAENA. B 5@ TR, £ vT=025 %], HImErmERE,
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HHAREBRKIB A E, ZEORES T AR, WTRERAMMBILZES, REFE, HARA
P AE S A L. B 5(c)fE vT=0.75 RZIMIAR EHF S5 HAHK.

L.iHe
UT=0%

(¢) YT=0.75 (d) ¥T=1.00
BlS  x=0.90L ] T Abid & | i B

2.5 BEMBAUERN LR

F2ME 6 AT EEMNANENKIITEER. NE2WUEH, BRI MRS Fy AR E N
55 Mz 43 B RE BRI 94.8%F1 14.8%, THENBE R AHEAS LR 021m, FHHEK S 1.30m,
A RS e RO B R N 2 T’ 9-10 1T i, ZE @A AAG_EIF 4.4mm, YA 0.053°;
HHOER AT 1.93mm, 0.119°. Bz, HESHEEHENEZEFRZHIREK.

R 2 BHEMAMERN T HEYSE

FiE Bt HiE o
A THE T BHALECS)
=abs(max)+abs(min)
Fy(N) 432 46.0 94.8
Mz(Nm) 8.9 60.0 14.8
Sinkage(mm) 4.4 1.93 228
Pitch(deg) 0.053 0.119 44.5
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(a) FEm A tbig

(c) JHAHE

(&) HiitLs
6 TEMBIAE T HZ ARG LR
2.6 RKFNERAK PR LR

BAKRBAR P ELGRIE 3 M 7 Fizn. AR 3 ATLURIL, KT G ) Fy MR H4E
Mz 73 3 2 R K H B 77.4%F0 132.8%. W3R 3 R 7 0] WL, 75 T3 K BHRAE 7% 4.4mm, 2045 0.053°;
EFHERKH AR T 2.0mm, HIH 0.050°, 82, BHEB/KPERYHEMKHE, BE30Z
MK,

#3

BKFIERAK P B B
HK %K
] : B
A TR =BK/EK (%)
=abs(max)-+abs(min)
Fy(N) 432 55.8 774
Mz(Nm) 8.9 6.7 132.8
Sinkage(mm) 44 2.0 220
Pitch(deg) 0.053 0.050 106
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(a) HH [ ) HU#E (b) #EE LA

(¢) JHITELER (d) 4tbie
B7  BHOKFIRAK T §32 RIS

M 6 FIE 7 11 o)fl O)ES a)Fl byE R AR LA LARER, o)t OB HIES AL 5, T a)
A DY EGIEE AN 10s, KRS, BAMMTERRME B RGN EREE s
BB, MFFHIAMMPIRIEEI R, BRI,

3 & 18

A SCF A naoe-FOAM-SITU SRFASHAT T HAKMEIK P TE, LLRFK P RIHIE T R2itE
BB, FEMAHE T OENER, EEXNHEEIOERTOARRKER, X THRGIEs)
WE, DAERNIE T AT, WKMEKTRERURIL, FEMNEKT MR EE, T7ERAK R
TEE; AUUERMARFEOK Pt BV, ARBUIRET AN ESBLAER. RLZAh, ERAKTHE
BB, KEREERREE.
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Simulation of Pure Sway Tests with Ship Speed and
Water Depth Effects

LIU Xiaojian'2, WANG Jianhua', WAN Decheng'
(1. Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, School of Naval Architecture, Ocean
and Civil Engineering, State Key Laboratory of Ocean Engineering , Shanghai Jiaotong University,
800 Dong Chuan Road, Shanghai, 200240,China;
2. National Key Laboratory ofScience and Technology on Water Jet Propulsion, Marine Design and Research Institute of
China,168 Zhong Shan Nan Yi Road, Shanghai, 200011,China )

Abstract
At present, a special attention is paid on simulation of Planar Motion Mechanism (PMM) tests as sway
tests. In this article, the sway tests were calculated by moving mesh based on naoeFOAM-SJTU solver,
where the forces and moments are obtained by the RANS equations, and sinkage and trim are solved by the
prescribed motion equation and free motion equations. The calculated results were compared each other,

and it is shown that ship velocity and water depth have important effect on the results.

Key words: shallow water; pure sway tests; OpenFOAM
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