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Introduction to CMHL

LB EKEINFERFTPL (CMHL) BIZF 20065, CMHLIAR O BimEiF R EiR
THUEN. B, SRICNRRGSNTR, WEFARRNE, BENHTHRBSESFIETEXNHFENT
HEETTERR, SHETERHNEERR, LIRSHRMN, SRS, REEs. BFRN=EFAF
RS CFDEUBREINN AR, CMHLIARHFOIARFRFRERIMFEARICI 00K, FIE+SMERIIE
HBRORARESIE, HE-TZMEAREEIEN, SANGERERINEERIN. $IMMRSIEF RS
MMERMIIRITER, CMHLIARFOBERA THMRSEF IIKNNZEESTERHPERE, 81F:
AR S iEF T2k aN N F K AEREna0e-FOAM-SITU, [RB BERBIREN KRR viv-FOAM-SITU, RBFXFER
RBE R AZERVIm-FOAM-SITU, 8 EZFH XA KAEZEFFOWT-UALM-SITU, REEUIUILKARESOPTShip-SITU,
IKINFIZTORIERLF K FERRMLParticl-SITU, FREFEERFEIRIMPSFEM-SITUE, +REHRK, CMHLEAFHL

BRET—AMNFREE, BRfEEEIMAFREIIA, MIHRE24A,

The Computational Marine Hydrodynamics Laboratory (CMHL) of Shanghai Jiao Tong University (SJTU) was
established in 2006. CMHL is devoted to do the research of state-of-the-art, high fidelity and next generation CFD
methods, to do the development of integrated CFD solvers for marine structures design under the framework of
digitization, refinement, intelligence and system synthesis, as well as to do the applications of efficient and reliable CFD
investigations on advanced and innovated ship, marine structures, ROV, offshore renewable energy, etc. CMHL has
published more than 500 academic research papers, and has more than 20 patents and software registered certificates in
recent five years, many members have won important awards at home and abroad. The research achievements have been
closely followed and highly recognized by domestic and foreign counterparts. CMHL owns high performance computing
(HPC) clusters and independent server room, and has developed the integrated CFD solver system, aiming at improving
the virtual design for new concept of marine structures. The solver system includes CFD solver for marine
hydrodynamics, naoe-FOAM-SJTU, fluid-structure interaction solver for vortex-induced vibration of deep-sea risers,
viv-FOAM-SJTU, CFD solver for vortex-induced motions of floating platforms, vim-FOAM-SJTU, aero-hydrodynamic
solver for floating offshore wind turbines, FOWT-UALM-SJTU, solver for ship hull optimization, OPTShip-SITU,
meshless particle CFD solver for marine hydrodynamics, MLParticle-SJTU, FSI solver based on meshless particle and
finite element method, MPSFEM-SJTU, etc. In recent years, a lot of talents were trained and graduated from CMHL.

Currently there are 17 doctoral students and 24 master students at CMHL.
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Leader of CMHL: Professor Decheng WAN

PERHIE, LBRXEAFMISFSENIESRER, B14ES
f, HEIKIZERZMITEEZR, B8RS FEERERT )5
12, EBREAESERR, LIEMMNEEATEA, EEBEIATES
REE, HEPHEHLHFIATITRINIGESE, EEStrathclyde KEFFRERZIR,
KiEE T RKFFHRIAHIR., EBRBAFRERARERARKRRREK, i
RAEESHRRESEIRK, MEITEKNNFEHFRHC(CMHL)FEE,

BERFIRFERR SRS EEIREKDNNZE, TERIEKDZE
HNEMIBICRENA, MRS EFIESEKEHARSH A, EFCFDA
B S EEmmakit, S SSe s EaYKaiDMeEiR, 8
FEEFRAXEEBe ot B LR R =B NMERED T, 7K
TRKSBSHEREDZES T, AEREIRDFIFEE RSN, FFE
MRIREE. WRIEE. ERAL, AIINRBEERER. FRi1EsR
N, SR, LAREEMEoverset gridfzAR, FTRIIESPHFIMPS/5iA&, =itaE
FTHESGPURAZ, BAFILNS004E, HASCIHIEMFEIS0RE,
BEHRHF A 7S EF TR EE BRI KR4 FE Fnaoce-FOAM-
SITUFIMLParticle-SITU, SREZRIMAZ(FNI6IN, FHRARZERBAR
FESIFH, ER3IFA. LIEPESHAMRMBEIFEIURA. HEREL |
RESEZMERRIHREA, 20175FF12014FMIRIR LiSRBAFTOP 1 %EERFTICIESEIN,; 201653k £
BT RIS BB A ARSI, 201 6Ty HSRBmASE —REUT; 20165E, 20134,
2010 = IRMITF N EBB AL FTHM.

HalBFERS S5kt TIEFS(SOPEIESZER. ISOPEKMNEERESTERE. BAZRESZER(TPO),
EfREIERKHESINITTOMEZERESER, EfFEHHCFDEMIESERSER, 2KEATENEFSESE
B, BEKAISTKEESFRATIEZEMRESIZERSER, EERRRGIREIESEKEFEERATIAHER, F
EEMIREFSMANFEFAZRACDFAHEARK, PEEFFSEFEFFRVERESETR, FENFEFRIT
BEHhFBNERSHBHERERNATWARR, LismiihsS e IBESRIIEVFAZRSEFE, LB
NEZLEE, LIEHRERZSBESSEISEK. BFENEPRSE (Ocean Engineering) , {Applied Ocean
Research) , {Journal of Ocean and Wind Energy) , {Journal of Shipping and Ocean Engineering) , {International
Journal of Naval Architecture and Ocean Engineering)) , {Journal of Marine Science Research and Oceanography)) s

{Current Trends in Oceanography and Marine Sciences) fRZE, LAKNSTMEMRZYE (Journal of Hydrodynamics) (B3
#%), {(Journal of Ocean Engineering and Science) (BIEZR), (KN EARSHE) FTHRS), (FFIE) |
CHERRAZ) |, (FERRAEEARY , {J3FZ=T) , (Journal of Marine Science and Applications) JRZ=,

Prof. Decheng Wan received his Ph.D from Shanghai Jiao Tong University (SJTU), China in 1994. He became a
lecturer of Shanghai University in 1994, and was promoted to be an associate professor of Shanghai University in 1996.
After successively worked as a research fellow of the Royal Society at University College London, UK, a senior research
fellow at National University of Singapore, and a Wissenschaftliche Angestellter at Dortmund University, Germany, he
returned to Shanghai and was appointed as a full professor of Shanghai Jiao Tong University in 2006. He was selected as a
distinguished professor of Shanghai Eastern Scholar in 2008, and promoted as a chair professor of Chang Jiang Scholar of
China in 2014, and distinguished professor of Shanghai Jiao Tong University in 2015. Currently, Prof. Wan is Vice Director
of Office of Research Management, Acting Director of Office of Advanced Technology Research, Head of Computational
Marine Hydrodynamics Laboratory at SITU.

Prof. Wan’s research interest is mainly on Computational Marine Hydrodynamics, Simulation Based Design for
Offshore and Polar Structures, Renewable Energy in Deep Sea, numerical marine basin, nonlinear wave theory, wave loads
on structures, numerical analysis of riser vortex-induced vibration (VIV) and platform vortex-induced motion (VIM), fluid-
structure interaction, offshore wind turbine and other offshore renewable resources, meshless method , as well as high
performance computation on complex ship and ocean engineering flows, etc. In these areas, he has published over 500
papers and carried out more than 30 projects on marine hydrodynamics and computational hydrodynamics.

Prof. Wan is Board of Directors and Chair of International Hydrodynamic Committee (IHC) of International Society of
Offshore and Polar Engineering (ISOPE), Member of Advisor Committee of International Towing Tank Conference (ITTC),
Member of Energy Saving Method Specialist Committee and CFD Specialist Committee of International Towing Tank
Conference (ITTC), Member of Steering Committee of CFD Workshops in Ship Hydrodynamics, Standing Council Member
of Association of Global Chinese Computational Mechanics, Member of External Advisory Committee (EAC) of the
Department of Ocean Systems Engineering (OSE) of Korea Advanced Institute of Science and Technology (KAIST).

Prof. Wan is associate editor of Journal of Hydrodynamics, Journal of Ocean Science and Engineering, as well as
member of editorial board of Ocean Engineering, Applied Ocean Research, Journal of Ocean and Wind Energy, Journal of
Shipping and Ocean Engineering, International Journal of Naval Architecture and Ocean Engineering, Journal of Ship
Mechanics, Journal of Marine Science and Applications, Journal of China Ship Research as well as Journal of Chinese
Quarterly of Mechanics.
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Team Members
HRIEE
¥+ 15 O fAfRTEKEIHNE
’r;ﬁ,j;_:,g E}Eﬁﬂg‘%ﬁ O AERACEE(ER
O RRAAEARERH
Jianhua WANG Research Fields

Ph.D. O Computational fluid dynamics
Research Associate O Ship hull-propeller-rudder interaction

O Ship maneuvering in waves
RIS

FREBFEBTFENERATERNHZE, BETESMEEARRGREEE RS, KRPINRREMNE)
HERMELSENHAR, F255K T LBRBEAZCMHLARH LS/ MRS S TREITEKS 2R EN
FERI(E. ARMNESS T ZIMMKENIMEETRNESIE. TREETELRSIMIRSEFIEXKa0
FUHNRRIERRRI, FHETRRE, ERRFARICI30RRE.
Research achievements

Dr. Jianhua Wang is mainly engaged in the research of CFD study of ship hull-propeller-rudder interaction and ship
maneuvering in waves based on overset grid method. Dr. Wang was one of the main developers of the in-house CFD

solvers in CMHL of SJTU. In addition, he has participated in several projects related to ship hydrodynamics. He has
attended and given many presentations at international conferences, such as SNH, IWWWFB, ISOPE, etc. He has

published more than 30 journal and conference papers.

WSS
gmﬂ% O it &ERANNZE S A S B F 504
B+ T IKENARIREA RN A

O PREIZKIHASARERE

Y . %— ~ '_'_'-t:I-E \.
Lu ZOU E ?ﬁ@ﬁ}-ﬂ'— HEEEXDHT
esearch Fields
Ph.D. O Application of CFD methods in ship and ocean
Lecturer

engineering problems

O Ship maneuvering in restricted waters

EliAER O Uncertainty quantification in CFD simulations

SEE LM LBNFFZLBTFTMRERSEIERE. FEENTIEFZSMANFZARZRSBRIMEZAD
B, EERRDENTERKNNZ T AR S EF SN NEIRRFRINA, F5aIEMREIKISEAREERA
MR, BEHEMHEEENSTFLIENET —RIARAR. BEFTERBARNFEEETFHRFEES
FmE, HMEAROARSET TEEEVEKTEIHEMFRR, B LBHHFFLMBTETFFZER,
Research achievements

Dr. ZOU is currently the deputy director of Youth Affairs Committee in Shanghai Society of Theoretical and
Applied Mechanics, the secretary of Ship Maneuverability Group of Academic Committee on Ship Mechanics, the
Chinese Society of Naval Architects and Marine Engineers. Her main research interests include ship maneuvering and
navigation in restricted waters, uncertainty quantification in numerical simulations, etc. She has presided over projects
supported by the National Natural Science Foundation of China, and participated as a core member in the innovation
specific project of numerical tank funded by the Ministry of Industry and Information Technology.
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Team Members

CMHLHOHBEMETFETMRE40S R, HPFELIMREN 208, ITRELERBXRE. KEETX
FEFEAMERLELRSK, FERILEMRMENFIARLMNEIFEES . CMHLFOCAMREAMNERTFE
MEKEZRN S, SEFEMBEEWMERAER, SMERISKEEZRRN, BIBEERAMNBERFEX
Fub AR BE, NCMHLHFOEANMAREEH+E, BTN REEMEHBMRA, T zmdl TXE.
IT. EfF T,

CMHL center has more than 50 master students and doctoral studentss, among which about 20 doctoral candidates.
They come from Shanghai Jiao Tong University, Dalian University of Technology and other famous universities, and
have practical and comprehensive scientific research ability and outstanding innovation ability. CMHL center also
provides the research team with abundant high-level communication opportunity, including visit to famous enterprises
and research institutions, high-level academic conference, and invitation of well-known experts and scholars around the
world to CMHL center. Each year, more than ten students graduate from CMHL center. They not only go to famous
research institutes in ship and ocean engineering, but also work in wind power, IT, finance and other industries.

CMHLFE R
Members of CMHL

CMHLA IR &SN
Communication activities of CMHL
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Research Directions of CMHL

LB AEMBH EXKMNNERRHO (CMHL) (MBS RFRITEEN. BEK. BRUNR
GEFENER, BEFARNE, BOTHRESEFIRTE/KNNZNAHEER EHR, SHETEREGN
BEAR, LIRSHRRA, SFRE. R8s, SFRRITEF LT AHSMCFDERERAIS AR,

Computational Marine Hydrodynamics Lab (CMHL) is devoted to do the research of state-of-the-art, high fidelity
and next generation CFD methods, to do the development of integrated CFD solvers for marine structures design under
the framework of digitization, refinement, intelligence and system synthesis, as well as to do the applications of efficient

and reliable CFD investigations on advanced and innovated ship, marine structures, ROV, offshore renewable energy, etc.

L8R ARCMHLEIAIAER S
Research Directions of CMHL at SJTU
SEREEUETT R TIEAR
Advanced and High Performance CFD Methods for Marine Hydrodynamics
[ SEHCFDERZ } [ mrEEmESE [ SRR ] ([ BEEsERS® ] [ TR RIS ]

' N Complex 6DoF Motion System witt . : 7
State-of-the-art CFD Methods Dynamic Overset Grid Methods | omp OI([i)cr:rch\'(:wil\ol"l‘odﬁgcm i | Detached Eddy Simulations Turbulence Transition Models

ESCFDF AR ERWERTE | ENRS A ETETROR ([ GPUFHTILERA SHMIREFTRA
High Fidelity CFD Methods (_ Multi-resolution Particle Methods | { Dynamic Load Balancing GPU Computing Many-core Computing

[ T—RCFDFSAR } EERE RIS A [ TR F T ] SHHIETTRES J[ SIEESHEARIE ]

Next-generaﬁon CFD Methods Adaptive Cariestian Methods Meshless Particle Methods Multi Numerical Methods Coupling Multi-System Interactions Computing
4

T RSN FTERG B EHA

Development of Integrated In-House CFD Solvers for Marine Hydrodynamics
[ EFOpenFOAMFAMIRATFE ] [ TR R ] [ RS SRR J

Software Development based on OpenFOAM Development of Meshless Particle Method Solvers Development of Hull Form Optimization Softwares

Development of Graphic User Interfaces Cross Platform Software Integration Techniques CFD Development based on Artificial Intelligence

[ RPREFERA } [ BT AERRA ] [ BT A TEICFDEATTR ]

MRS EF LIRS MRECFDT AR R AR

Applications of Efficient and Reliable CFD Analysis Tools on Marine Hydrodynamics

[ REARTFE4MIE / Naval Architecture }
s N N ~ N\

SRR D SORTR SRRSO SN TSRS TR FRR_CIRATRF TR
Resistance and Wave-making Prediction Breaking Bow Waves of High-speed Ships Sea-keeping and Wave Added Resistance in Rough Sea Green Water and Slamming

\ J \ /0 J J

R —— N ( BT N ( At N\ ( WmkEEEFER )

RN RER BRI TR ETNMIBISEE SR BT CFDARALEYR S IEREMI o oL Pronaller-Rodd

Prediction of Energy Saving Devices Hull Form Optimization based on Potential Theory Multi-objective Optimization for Ship Hull by CFD Ship H”I'{;mlpf_ er-Rudder

J U Y, L nteraction Y,

pevyp— G e L = e W N QTS =2 el R N Q7 X0

.. . - R Self-propulsion and Maneuvering in Calm Water Prediction of Underwater Vehicle Hydrodynamic Prediction of Multi-hulls
Simulations of Captive Ship Model Tests B e N N - .
L J and Waves of Free Running Ship ) L Performances Y, \__Hydrodynamics Performances
[ HFE TR / Ocean Engineering }
N\ N\ 5 = N\
. S " NN e T SHRASS SR A\ . -
B SEER R S AR | TRIRG SR ST IR
. . B . Coupled Numerical Analysis of Mooring System and L .
Wave Generation and Absorption Extreme Waves and Nonlinear Wave Loads Floati - Liquid Tank Sloshing
L ) _ oating Structures )

whsavEaTR | [0 mesEREEasw | [ wevRvammemer | [ SoweEnfEE )

Coupling of Viscous and Potential Flow Vortex-Induced Vibrations of Risers Vortex-Induced Motions of Floating Platforms Interactions between multiple
J/ - J

_ floating structures )
e = N\ N\ N\ N\
HRACHS SASrEy y N N - N
ERARHLNCAVERIREL MPS-FEMFEEATZ SRFHFPSORAH MR KITETIS
Motion Response of LNG with Liquid . ) L . . . . . . . B .
Fluid-Structure Interaction based on MPS-FEM Simulation of S]nole.po]nt Moormg FPSO Water-entry-exit Problems
. Tanks J \ J U = J
{ TS EHTREIRANU / Offshore Renewable Energy ]
e Fm X N\ Ry A N\ N 3
RARXHRIEREN] FRRHBS T R REEEEE]
Numerical Simulations of Wakes flows Numerical Modeling of Wind-Wave-Current v GG = i Simulations of Wave Energy
I . . X . B . . Coupled Aero-Hydro-Mooring Analysis Method B
\___of Wind Turbines and Wind Farms )  \_Interactions for Floating Offshore Wind Turbines ) N J L Converter )
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Computational Resources of CMHL

EERE BT BRI DERR P OB R CPU+GPUAR IS IS et T SRR S . SERFE
AIHABIETI R, HERCPUTRI08E, GPUTR2E, I0TrR4E, EETME, Bt {fg, CPUH
EiXR24328%, FHEBESI/9630TB, 2HRNVIDIA K40 GPU, 48RNVIDIA P100 GPU, TisZ/BfFERTIKLAKME
FDR 56Gbps InfiniBandM4ESIREEK, HSEEENSMBEN, SAHEN. BEITEZELURKIIZEUPS,

The high performance computing (HPC) cluster of computational marine hydrodynamics laboratory (CMHL) at
Shanghai Jiao Tong University is heterogeneous high performance computing system composed of CPU and GPU. The
HPC cluster now has 118 nodes, including 108 CPU nodes, 2 GPU nodes, 4 10 nodes, 2 management nodes and 2 high
performance workstations. The total number of CPU cores is 2432, and the storage size is 630TB. Two NVIDIA K40
GPU and four NVIDIA P100 GPU are used. The nodes are inter-connected by Gigabit Ethernet and FDR 56Gbps
InfiniBand high-speed network. The HPC server room is equipped with dynamic environmental monitoring system, gas

fire control system, precision air conditioner and high power uninterrupted power supply (UPS).

T T

<<l

EtagT Ry ThEE e TSR SRR

HPC cluster Computing nodes  Precision air conditioner UPS Gas fire control cabinet
BE-EA N TR B i
Device Name Specifications Number
CPU: 2 XIntel Xeon E5520 (4 Cores, 2.26GHz) 16
Mem: 24GB (2GB X 12) DDR3 1066MHz
CPU CPU: 2 XIntel Xeon E5-2680 v2 (10 Cores, 2.80GHz) 34
Node Mem: 64GB (8GB X 8) DDR3 1866MHz
CPU: 2 XIntel Xeon Gold 5120 (14 Cores, 2.20GHz) 58
Mem: 128GB (16GB X 8) DDR4 2666MHz
CPU: 2 XIntel Xeon E5-2680 v2 (10 Cores, 2.80GHz)
Mem: 64GB (8GB X 8) DDR3 1866MHz 1
GPU GPU: 2 X NVIDIA Tesla K40
Node CPU: 2 XIntel Xeon E5-2650 v4 (14 Cores, 2.20GHz)
Mem: 128GB (16GB X 8) DDR4 2400MHz 1
GPU: 4 XNVIDIA Tesla P100
CPU: 2 XIntel Xeon E5520 (4 Cores, 2.26GHz) 1
Management Mem: 24GB (2GB X 12) DDR3 1066MHz
Node CPU: 1 XIntel Xeon E5-2640 v4 (10 Cores, 2.40GHz) 1
Mem: 64GB (16GB X4) DDR4 2400MHz
CPU: 2 XIntel Xeon E5520 (4 Cores, 2.26GHz) 1
Mem: 24GB (2GB X 12) DDR3 1066MHz
10 Node CPU: 2 XIntel Xeon E5-2609 v2 (4 Cores, 2.50GHz) 1
Mem: 48GB (8GB X4 + 4GB X 4) DDR3 1600MHz
CPU: 2 XIntel Xeon E5-2690 v4 (14 Cores, 2.60GHz) )
Mem: 128G (16GB X 8) DDR4 2666MHz
High Performance CPU: 2 XIntel Xeon E5-2677 (14 Cores, 3.2GHz)
Workstation Mem: 256GB (32GB X 8) DDR4 2400MHz 2
Video Card: NVIDIA Quadro M6000 24GB
Parallel Storage IBM Storwize V3700 150TB 1
Dell PowerVault MD3460 480TB
Precision Air Conditioner Envicool XR040 40KW 600mm(W)*1000mm(D)*2000mm(H) 4
Inverter compressor EC fans
UPS Schneider G3HT40K 40K VA 500mm(W)*860mm(D)*1300(H) 1
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In-house Softwares

EBRBAEMSITEKEAFERRHL (CMHL) SRS EF TSNS IRITEX, BE
MR TS EFLIEKINZEEETERHLERS, 815 MHRSEFIREKNNEXKFEEEnace-FOAM-
SITU, RBMERHIRENKAEESviv-FOAM-SITU, REFXFERIRBIEIKESEvim-FOAM-SITU, B8LZER
RALKABEFOWT-UALM-SITU, RELEALSRARBEOPTShip-SITU, 7KEJ15 T RIHEHL T4 KAREE ML Particl-
SITU, #mEFEEKAESEEMPSFEM-SITUS,

The Computational Marine Hydrodynamics Lab (CMHL) has developed the integrated CFD solver system, aiming
at improving the virtual design for new concept of marine structures. The solver system includes CFD solver for marine
hydrodynamics, naoe-FOAM-SJTU, fluid-structure interaction solver for vortex-induced vibration of deep-sea risers,
viv-FOAM-SJTU, CFD solver for vortex-induced motions of floating platforms, vim-FOAM-SJTU, aero-hydrodynamic
solver for floating offshore wind turbines, FOWT-UALM-SJTU, solver for ship hull optimization, OPTShip-SJTU,
meshless particle CFD solver for marine hydrodynamics, MLParticle-SJTU, FSI solver based on meshless particle and
finite element method, MPSFEM-SJTU, etc.

N N = — AN Y S : :"Tf > — [=] \
RARESi8F T Ka hFKhRes 3 EFTUXLK RS
CFD Solver for Marine Hydrodynamics Aero-hydrodynamic Solver for Floating
naoe-FOAM-SJTU Offshore Wind Turbines FOWT-UALM-SJTU )

POETGE =N )

REBUILIL KRS B ﬁaﬁﬂ?li$1*ﬁ FSI Solver Based on Meshless
Ship Hull Optimization 7J(Ejjjj ?—éﬁé‘i’)\"#ﬂﬁﬁ%éﬁ Particle and Finite Element
Solver OPTShip-SJTU Integrated CFD Solver System Method MPSFEM-SJTU )

\_
REFANERRBIE KRS R EREIRIKARES
CFD Solver for Vortex-Induced Motions of Fluid-Structure Interaction Solver for Vortex-Induced
Floating Platforms vim-FOAM-SJTU Vibrations of Deep-sea Risers viv-FOAM-SJTU
ToRERI TR K ARES

Meshless Particle CFD Solver for Marine
Hydrodynamics MLParticle-SJTU

tR&EIPA

Research team




CMH COMPUTATIONAL MARINE HYDRODYNAMICS LAB
SHANGHAI JIAO TONG UNIVERSITY

ARRAS iEF TIE/KEN /I FKAERR naoe-FOAM-SITU
CFD Solver for Marine Hydrodynamics naoe-FOAM-SJTU

FIREAR R S TR BA N AEE, CMHLIARFIOFFR T E T OpenFOAMAIKF#EEnaoe-FOAM-SITU,
KRB/ \EHEEMER, RARS. EEMSERNHEERMER, 7T EUESMIEFIRE T
NS F SIS FMEPN BRSNS, KFERAIIAIN R TTURMRAEEXKIESD, TR, RREEREME
BEROTUR, KARSRFTARTAMEHTIHE, FACMHLEESORISHFT, T T7MmmEs, KRS EM
YIIREERIEIUMG .

CMHL developed naoe-FOAM-SJTU solver based on the open source platform OpenFOAM to solve typical
hydrodynamic problems of ship and marine engineering. The solver is mainly consist of a 6DOF motion module, a
mooring system module, a 3D numerical wave tank module and a dynamic overset grid module. It can be used to simulate
the large and complex motion of ships and marine structures in various sea environment. In addition, the developed
numerical wave tank module can be used to generate typical regular and irregular waves. The solver has been successfully
applied to the prediction of ship resistance, seakeeping, propulsion and maneuverability. With the support of CMHL
Supercomputing Center, the solver can carry out large-scale parallel computations to simulate the detailed flows such as

turbulence structure and breaking waves.

1+ ¢+ 4

OpenFOAM 6DoF Motion Numerical Wave Tank Mooring System
Wave w Static Dynamic
w Damping Amnalysis Analysis
Model Model of Bodies Layer
!A
PI Turning Zigzag
Control Circle Maneuver ping
 — s, V.S LY
A FmEESiReEtE
ARARR#7 1= izl

Fixed RPS

Prediction of Ship Resistance Simulation of Planar Motion Mechanism
B AaER KPR RS B BN ARSI B AR HEFRHEIRE A LANE HRSAEARRE A TR

IWRERRRAOTR, AT Bk EIs oL,  PITEETME, NTRERA S AREA R
The prediction of Ship resistance includes the KRN SEUE.

simulation of wave pattern, boundary layer distribution ) The lgteral force and momet}t of the ship ugder
and wake field. The prediction error is less than 5%. different drift angles can be determined by the numerical

oblique towing test, then corresponding hydrodynamic
derivatives are obtained according to the mathematical
model of maneuverability.

(Present work] /) e

yiL

| e L,
r semn soms

sy 208 92938 2012 o

o5

[ g

ARORS RSN 3006 VS, il

. . 0N
Comparison of wave pattern measurement VS. calculation o e —— : . = gy
- - % ’ s Present Work =13 3 15 4 N
) s R EE
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Comparison of oblique towing results Measurement VS. Calculation
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Numerical simulation of boundary layer distribution The wake under zero drift angle The wake under 20 degree drift angle
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Applications of naoe-FOAM-SJTU in Prediction of Ship Performance

FHESSIOT, BEZHEN, FRIDHEDN
HIFFEPEANAETRYE, R HEEEZNSRNR.

With the increase of the drift angle, the distribution of
wake shows obvious asymmetry, accompanied by a
strong vortex shedding.

(e) A=10 M p=12

FEIEA TRIELIE PRI R RIS

Structure of ship boundary layer in oblique towing test under

different drift angles

HSL RN EERN RS EARBRES
| ERR%IEE), ARG FRIZKSIFE. 1R
BEAERENEL, aISARMEIRIGET LD HfkiE
. EEENNE.

The numerical simulation of dynamic captive ship
model test is used to study the hydrodynamic
characteristics of moving ship under the oscillating motion
of different freedom. According to the freedoms of motion,
dynamic captive ship model test can be divided into pure
swag test, pure yaw test, and so on.

ftEHEMEENL

SEPRIEAEIENL

Numerical simulation of pure yaw ~ Numerical simulation of pure sway
Hydrodynamic ., EFD  Error
derivative
¥, 3.39¢2  3.75e-2 -9.82%
N, 411e3  471e3 -12.6%
¥, 48lc2  5.85c-2 -17.8%
Y 0.271 0.304  -10.6%
N 507¢2  535¢2 -5.27%
N,/ 21602 2.6%-2 -19.6%

IKENHSEEUE VS. L5a

Comparison of hydrodynamic derivatives Calculation VS. Measurement

i == B N
W, KA RESRIE L VS, S (: GORNE T URES)

Comparison of the lateral and vertical hydrodynamic force and yaw moment

(left: pure yaw, right: pure sway) Calculation VS. Measurement

G AE i A R

Prediction of Seakeeping performance
RRRAMmT KRR O RIS RMMRIEE, Kigss
ROERIER, ATEILESMANEAIZHARNIA,

The key point of seakeeping problem is wave
generation and ship motions. The wave generation module
in the solver can generate high order regular waves and
irregular waves.

REATERSRPETN

Wave-making of ship in the wave

[= Foos
1.4 v Fr=0.138 1

— CaseT8H7.5
12 = 60 caseTIH10
10 s0 caseTI4HE
caseT14HT 5

= 40, caseT14H9
T
' fol
04 2 ‘

0.0 L 10

02 03 04 05 06 07 08 08 uﬂ\{ \._~ it . . y .
Freauency (Hz)

FRERK MM IERIEE — FRIKK TNEDNESMIEE
The first harmonic amplitude ~ High order harmonic amplitude of added
of pitch in different wave length resistance in different wave length

ak=0.025

0 jak
o
>

waveLength/ship

REABTERRPE sl AR

Vorticity distribution around the hull in waves

YNERERTHZ

Time history of pitch angle

E%ﬂlm}?lﬁ}_ %

Time history of heave amplitude

FIRPHERBFERSR
The tail slamming in
a oblique wave

FERPIRRAVESIF LTS
The radiation and diffraction of waves in
a oblique wave
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Application of naoe-FOAM-SJTU for Free Running Ship

BITSINESMIEELR, naoe-FOAM-SITURERR AN AT SRS RMINEENTE, FEIRTEOpenFOAM
e ET T RRICEMEANEREERI. RF[ESPUTHEE, TLASSIURERANE AR ZUAEH, K
R ERIEERIIRIN AT EKIIRRPAIMIE. EGRE. ZRZRNLIN B BRI A )R

naoe-FOAM-SJTU can be used to simulate complex motion of ship hull-propeller-rudder system through
implementing overset grid. The solver is for the first time ever to accomplish the simulation of free running ship in
OpenFOAM. Combined with overset grids, the PI controller is applied to realize the self-propulsion control of propeller

and rudder. The solver has been successfully applied to self-propulsion, course-keeping, zigzag maneuver and turning
circle maneuver in both calm water and regular waves.

Hull Grid

fkiEEEEEMEhE

Overset grid distribution around ship hull, propellers and rudders

RARTERRKPRIBAR RARTERGRPRIB M

Self-propulsion in calm water Self-propulsion in waves
MNTFEM, KES[TLUSHIUREMSR, Bl FEERESRPIISRER, JLASSHGRIR LT
1EEBRA-R-AEEEER. RURGRHEAREER, SEoimiztlss, RIS
The self-propulsion point can be accurately AR RSB,
predicted and the interaction of hull-propeller-rudder can Self-propulsion in waves can be directly simulated

be well resolved.

combining with wave tank module. Meanwhile, free
running ship in waves under course keeping control can
also be s1mulated through a headlng control module.

7%
NS
Self-propulsion in calm water ~ Interaction between tail vortex and rudder

ARAATER K FRBGIRAN

BhERERSHCAIEEER

Ship maneuvering in calm water T e ' — srerr—
KRS ET 1T B BIRY Z 2R AN B B L RIS ERIRPAONRARL R —A,&,EHHHJ-% R
EjJE’JE%f&{E*EH’)\ #Iﬁﬁﬁ%ﬁiﬁﬁﬁ —M\_ Eﬂ%%ﬁ%ﬂ\ C?urie-keeplng 1n=waves Vortical structures in a wave period
RafE7SBEEEHLAN KN, RARTEIRRAAYIRM
The present solver can be used to directly simulate standard Sh]p maneuvering in waves
zigzag and turning circle maneuvers. The main parameters of NP 241[ 1518 NS scha
g and 1 ! . RIT RO ZIRNEEE, EILVERTURER
Seaﬁep regrlzi)égtv 6DoF motions and };Vdrodvnamlc forces can be BEISES R S R A OIS, Tosd
H e /EZEEPE’Jﬁ“ﬁEIIEIE’é*EM, AJ_JLHﬁ?EHjIEI%Bq: &,
§ ) Iat*g%&ﬁ_ i)b%o
£ The wave effects on main parameters of zigzag
i maneuver as well as hydrodynamic forces acting on

— propeller and rudder can be accurately predicted. The speed
. ZRARYNETN e L,USZﬁn.F]%E’J""’{JG loss and drift of turning trajectory can be observed through
Zigzag maneuver in calm water Variation of the yaw and the rudder angle X K X . .

" the present simulation of turning circle maneuver in waves.

cFo
EFD

E0 5
X (m)

EfnEEE IEE?EJLJ'LTX?I:K IRRPRZAARMIEEN

S DI
Turning circle maneuver in calm water Trajectory comparison of turning circle Zigzag maneuver in waves Wakes behind the ship propeller
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Applications of naoe-FOAM-SJTU in High Resolution Simulations

= (i HES B e 2

Turbulence structure of submarine sail
FMALESESHBREITEDE, BHbiEERES

FEREEFIREEID, TR TIRERRE.
LES and other high-precision calculation methods

are used to accurately capture the vortex structure and

surface pressure distribution around the submarine and

predict the noise intensity.

150 300

EREEREERERAEIEN D
Vortex structure and surface
pressure distribution of submarine

KCSHERRTREL
Simulation of bow wave breaking of KCS

KRS S, YRR DMRER IR,
RRRZEFFHOpenFOAMARYSHSE VOFREL, TR T
SIRK CSRERIREIRHBRIE,

The mechanism of wave breaking is complex, which
greatly influences the ship resistance. High resolution
VOF scheme in OpenFOAM is used to predict the bow
wave breaking of high-speed KCS.

BREEIRE

Vortex structure of submarine sail

KCSHRAERE
Bow vorticity of KCS

KCSHRRERRAEI

Bow wave breaking of KCS

BRI
Wave slamming

RRFFEEARRAYAREMENFE. KAESERRY
Tl 7 TEARBRE N AUARAE IRFNBRRT D,

Wave slamming has nonlinear characteristic. The
solver accurately predicts the shipping green water and
slamming forces in extreme conditions.

RfEBRET R EED
Instantaneous pressure of bow
wave slamming

R IR

Shipping green water

EFERMESE

Wake equalizing duct(WED)
HAMESEGRERIERARIIINE, KiE

ax ] LSRR ER RGN, XNSEKNIMREM

RIS E DT,

11

Wake equalizing duct(WED) effectively improve
the uniformity the propeller inflow. The solver can finely
capture the stern vortex structure and apply accurate
numerical analysis on the hydrodynamic performance of
the duct. ==z

wEHMM=SERERED
s Vortex field in the stern with WED
R ETRNESE
Pre-Shrouded Vanes(PSV)

AIE Flhe SAC LEBIER NI, HUEER
WM R EMRIMENT REMIEEREEIRK
RIRHEAER.

Pre-Shrouded Vanes(PSV) can improve uniformity
of the propeller inflow, directly shown by the streamline
field of numerical simulation, where the energy loss of
the propeller wake is reduced.

&

RRERZ7

Streamlines at stern

[

iR RS
Hybrid CRP podded propulsor
AR HEH 2R 2 BB BF A s AN B RAYRED

27, @idnaoe-FOAM-SITUITE, HLAEZERME
HEHERAIERL £, EERHTH—SMIK.
Podded propulsor features good mobility and low
vibration noise. Further optimization can be done based
on the common type through naoe-FOAM-SJTU solver.

Q iso-surfaces of normal hybrid CRP podded propulsor

oL 2
Contra-rotating propellers(CRPs)

XJFEAR R e ) 1E R A R AME SR b R 4B Ak,
KR o] LIEMAVTR EH R A A T ETHAER L.

Contra-rotating propellers(CRPs) consist of two
conventional propellers which rotate coaxially in reverse
direction and the present solver can predict variation of
unbalanced moment.

I

S

P 1000~
L.
-
F['r

Pressure contours at different moments

FRRZEDFEL
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The Application of naoe-FOAM-SJTU in Ocean Engineering

EBRBAFECMHLAFR R ORETHIREEOpenFOAM¥ & LB XA TIMAS 8T TIERERIRKEE
R, SN BHEEIESMRRNFIVEMZRAR SRR, AT BERGHESEF TIEKaHFREAICFD

KfEEEnaoe-FOAM-SITU, BILARSEF TREHRIH]

[SUHITDHT.

CMHL Research Institute of Shanghai Jiao Tong University develops the CFD solver for marine hydrodynamics,

naoe-FOAM-SJTU, based on the open source platform OpenFOAM, which includes numerical wave tank module, 6DOF

motion module for naval structures, and mooring system module. The solver can analyze focused problems in ocean

engineering.

LBERRKIS BRI
Wave-generation simulation in numerical wave tank
naoe-FOAM-SITUKR=SRIEBEIERIER, B
S MBI, GRS A B IR ERERIE
IR ANTVEEIER. £ SYIRESTIOY &
By, AILASEEEIRH RIFAIKIRIAE.
naoe-FOAM-SJTU solver can establish three
dimensional numerical wave tanks using numerical
wave tank module. Numerical wave generation
methods include piston wave generation method and
boundary condition input method. The generated wave
pattern is in good agreement with experiment results,
which provides reliable wave condition for numerical

research.

HRSESN: FHR  ERSEER: BT
Piston wave generation: regular Piston wave generation :
waves freak waves

MABESEK: ZEA BMAXHEER: =48

HR3EZ [ETARIA

Boundary condition input
method: three dimensional
oblique regular wave

Boundary condition input
method: irregular waves

RRARTERRPAYIEENERL
Simulation of ship motion in waves

FEEKERPHN/NERERRSIERER, X
fRERTTLAXIFPSO., HiRABLNGRATEIRIRPAYIES]
'F“:)RL"*EM B LRI AR EIREFRIFE ISR,

WETH&#ETUJ&JF—% )

Combined with 6DOF module and numerical
wave tank module, the solver can simulate the motion
of FPSO and LNG carriers in waves. Strongly
nonlinear phenomenon such as green-water effect can

be simulated well, and the instantaneous flow field can

be described clearly.

TARMLNGIEIER FIE  SRLNGRAEIERER

TN THIEERENL
Motion of LNG carrier with liquid Numerical simulation of LNG with
tank in the head waves sloshing tank

RRFRISI7TSHARREERR R IRORPEILNGERR EIRIENL
1EH
Green-water effect simulation Green-water effect simulation
for S175 ship for LNG
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The Application of naoe-FOAM-SJTU in Ocean Engineering

BN SRR FETRR
Wave load prediction for fixed structures
naoe-FOAM-SITUX iR F) FAH = 4 8B Kithi&
R, ATLABMERINRIUK. ISk, RUGK. AFEN
KUK RERERR LR EIMIERER, LR
KRIESFFEEI, FIXORIREATH T EFRIE,
naoe-FOAM-SJTU solver is capable to simulate the
interaction between structures and waves, such as dam
break wave, isolated wave, regular wave, irregular wave
and focusing wave based on the three dimensional
numerical wave tank module. The wave run-up and
slimming problems can also be solved. Wave loads can be
predicted accurately during the simulation.

TR ERAREAE AR ISz T ESAHERRIES
AR SKREETHR
Wave load prediction of dam

break wave slamming on a
Square column

Wave run-up and wave loads
prediction of multi-column
in isolated wave

FR3EE T SHEAE RO RIEE
SiRRHEATHR

RENPFPSOtR/EEE
BREATTE

Wave run-up and wave loads Wave loads calculation on

prediction of double columns in FPSO benchmark model in
regular waves

focusing wave

RS FR TEEX FAREiR

Wave load prediction of fixed platform under
wave-current combinations

iR T F NSV RRPANEH I R
Motion response prediction for floating structures
with mooring system in waves

KRFSFERERER, NEREIEHERIIZRA
RORIR, IIRFNEMMES KRG THIEZ
SHUBNL, FIHERESEY) LRIRIR AR 5 i
TR,

The solver takes the advantage of 6DOF module,
numerical wave tank module and mooring system module
to predict the motion of floating structures under complex
wave conditions. The wave loads and mooring forces of

structures can be predicted accurately.

i

B RZRIAFPSOTERIRHAY FIUBk- B AR
=R BERSR

Motion simulation of Single

Floating Wharf - Catenary
point mooring FPSO in waves

mooring coupling system

Radiation

REDANINAEEXTE  SIFBEXNFEERUER
FERRFRNEE BRI RTHE
Motion of Semi-submersible Motion prediction for 981 semi-

Platform of the DeepCwind submersible platform in irregular
Floating Wind Turbine in waves waves

[ o———

A
'&. / i \,
7

{ :1‘ i

gtz izk+FEN B AR HFLNGE SIS
Fa EENIARARIY
Semi-submersible platform in

shallow water with submerged
terrain near island

Motion prediction of single
point mooring FLNG in side-by-
side condition
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Ship Hull Optimization Solver OPTShip-SJTU

EBRERFCMHLAR OB EFR T IREAMIRT TROPTShip-SITUKAERS, HERGERRMZ(FN. X
fREREEAN T ARBL S HMEIR . IKENIMEREITAEIRIR, IEMREAIUMARIR, SEEL T AAEURIBEMAIRTT. KRR TN
MATRER (BiETRIEDMEE) MERCRITIARZEIR (SE TR, BAOSHRGEMES) M
BRIt

The OPTShip-SJTU solver, developed by CMHL of SJTU, is a self-developed tool for the ship hull form optimization
design, which has obtained national software copyright. It integrates a hull form modification module, a hydrodynamic
performance evaluation module, a surrogate module and an optimization module, which can achieve the ship hull form
optimization design automatically. It has been successfully applied to the single-objective optimization of ship hull form for
reducing resistance at a given speed and the multi-objective optimization of ship hull form such as reducing drag at a range of

speeds, a comprehensive optimization of ship drag and wake performance at the disk.

OPT Ship-SJTU

Surrogate model
construction

Design of experiment
o, esponse surface model

>
H ] Ba R
H h ] : ]
i s andmesh fimedon(fy)
: : s g Kriging model
: I S g Propulsive performance :
DD -

ma Scakeeping performance Artificial neural network

Hydrodynamic performance
evaluation

Hull form
modification

Optimization

Shifting method g 5
Sequential quadratic
programming

'l

s L ackenby method

Relationship h§ g Genetic algorithm

H

:

P New hidl ;

H

\between dv.and foys

Particle swarm
: algorithm

ISR Radial basis function
: EGO algorithm

Design variables (dv.) and cors traimss

‘ Optimal results feedback
OPTShip-SITUKARSSE AIESE
Framework diagram of OPTShip-SJTU

RAEL TR E MBI IRITROER R KB —, BT R ATRE D RIIEHI SRR AT sEARYZR #R=SE), LAGRIE
BEBEEIEMFRIME. BRnxERCENGER: 8%, RREREUIE RBF), BHEEM L (FFD), NURBSJI
=%,

Ship hull modification module is the basis and key technology of ship hull optimization design. It uses a few transformation
parameters to get the design space as large as possible, which ensures to obtain better ship hull. At present, there are several
methods available, such as shifting method, radial basis Function (RBF) method, free-form deformation (FFD) method, NURBS

method and so on.

S[=EReS AP RS T =T
Deformation by FFD method

14

NURBSSRBF/SiAEEEHIERG
Deformation by NURBS+RBF method
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Applications of Ship Hull Optimization Solver OPTShip-SJTU

AT FEF B BTG AEMAKOMEE, MEETENNEK, #&ES, FRELHFEIEFHEK, BTE
HXIRTHERIT A PEREBHENFME, BEEDFTEEXNDME, BRETUSAIEMEIT RS
SKENIMERERIAR R MNMAERIMRE,, TR o B AT B e E— AR BLRO7KEh O 14 RE.

During the optimization process, the hydrodynamic performance of numerous new ship hulls should be evaluated, while
numerical evaluation costs long time and high expense. In consideration of practical project period requirement, enough new ship
hulls are selected in design space by design of experiments, then numerical method is applied to calculate hydrodynamic
performance, and approximate technique is employed to build the approximate relationship between ship transformation
parameters and hydrodynamic performance, which is called approximate model. During the optimization process, approximate
model can be directly employed to evaluate the hydrodynamic performance of any new ship hull.

Function Kriging, sample size = 38 Function Kriging, sample size = 38

SERREREL SR BRI LY
Comparison of function and approximate model
S60RRAZRAARAL
Optimization design with large deformation of S60 hull
KA 2% B X S60 At 7 7 A A B T B9 XK PR 3
(Fr=0.25%0Fr=0.316)#{72 BixICIRIt. ARELERHR
RFINURBSEAFFDRITTEXT M AER, XiKE
DERABRELHE, MUKBRASBREER
%, REBIMMUMREXKEBD RS BIREE
25.83%, 14.06%. B EEAFIMHAMENERE

ss8

bbbbbdboonanse
sBBAEERERRRRE -
SEeaaEaEaResE -

[ _BRRRCH

£58

RALBIEEREIEIIE (£ Fr=0.25; f: Fr=0.316)

SRR EN SRS RT AR B LSRRG B B Comparison of free surface wave patterns
EXKEEERERN. HUREEDSRESS. (Left: Fr=0.25; Right: Fr=0.316)

The solver can achieve the multi-objective
optimization of S60 hull for minimum wave-making TR SN nitial
resistance at the speeds of Fr=0.25 and Fr=0.316. In ship TR BN Optimal

hull modification module, we combine NURBS and - —
Pressure: -100.0 -37.5 250 875 150.0 2125 2750 337.5 400.0

FFD to transform the hull. Potential flow theory is

applied to calculate wave-making resistance and multi-

;"‘_‘— :—.‘.—‘ :’ \\;/ 141
objective genetic algorithm is employed to do the R W= Initial
v W, Optimal
optimization. The wave-making resistance coefficients 7 e AR N P
of optimal hulls has reduced by 25.83% and 14.06% at el NP

Pressure: -200.0 -112.5 -25.0 625 150.0 237.5 325.0 4125 500.0
two speeds. Through the comparison of wave pattern
RABIEHMAED S XILE (L Fr=0.25; T: Fr=0.316)
Comparison of ship’s pressure distribution
reduced, and the pressure distribution is more uniform. (Up: Fr=0.25 ; Down: Fr=0.316)

and pressure distribution, the wave height has obviously

15
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Applications of Ship Hull Optimization Solver OPTShip-SJTU
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- -+ Optimized hull
— Initial hull
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S6ORRELALIL RSB ATESI I LU E] S6ORRELAILRIE AR ARSI LRI LLE]

Comparison of body lines Comparison of buttocks

KCSHEXSRBED B BRIt
Single-objective optimization design of wave drag for KCS hull

KRR XIKCSARATIRPES (Fr=0.26) #HTRBIRMUIRIT, ARBISRHRRAFRIEN B AL EX I MRIHAIEK
EfEHTERMNBERER, XKBEAXRABRELCHE, MUKERXRAREMEERZE. REERIMMMELKKIES
BREPE(T40.09%, KIIERAZLEIERELIFES 64%. BEBEMMAHAEAMMIKSS AL BIUARRIE
NENRSFE, MmPUERSEFE. MAENEEITUEHEERMREXEDEBREMEE, BEIMMBEDSER
N, ENDHERES,

The solver achieves the single-objective optimization of KCS hull for the minimum wave-making resistance at the speed of
Fr=0.26. In ship hull modification module, shifting method and FFD method are applied to modify the fore part of the hull and
bulbous bow globally and locally. Potential flow theory is utilized to calculate wave-making resistance and single-objective
genetic algorithm to solve this optimization problem. The wave-making resistance coefficient of optimal hull reduces by 40.09%.
Through verification by CFD, the total drag decreases by 8.64%. Through the comparison of wave elevation along the hull, the
wave height at front shoulder and middle of the optimal hull decreases obviously. As shown in the pressure distribution figure, in
both high and low pressure regions, the pressure values have obviously decreased, and the pressure gradient along the whole hull

becomes smaller, thus the pressure distribution is more uniform.

0.04 - Omm‘u‘ 0 10
q ,* - ’ -- Optimal

002 0.05 — Initial

00 0.00

=0.02 _0 05

oo -0.10

~0.08 —0.06 ~0.04 —0.0Z 0.00 002 004 006 0.08 T-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
KCSREBUAVRIEAR ARSI XTIt E KCSREBUAIVRIEAR A BI LRI LLE
Comparison of body lines Comparison of buttocks

Wave Elevation along KCS B - —~
— <
= optimal |

initial
£ Pressure: 4000 317.1 2342 1512 -683 146 975 1804 2633 346.2 429.2 5121 5950

T e

optimal Presswe -4000 3171 2342 -151.2 683 146 075 1804 2633 3462 4292 5121 5950
KCSRREYRA RIS AR ST L E KCSARBMAMRIGARMAE D S XItLE
Comparison of wave height around hull Comparison of ship’s pressure distribution
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Applications of Ship Hull Optimization Solver OPTShip-SJTU

DTMB5415 200 Bt

Multi-objective optimization design of total drag for DTMB 5415 hull

KERSEAIXIDTMBS415RETE=MmE T
MNSMENRHITZ BIMAIRT. RAEAEHRE
2 73 & B EERER, EFRANSTTEK
RS, HKERAZ BRRERE.
BREIRFILICREY, SRR, MARE
ENMSLEERT AR BRI S E X 3/
. WEIFZSStLERT LAB B erIteE L
RN

The solver can achieve the multi-objective
optimization of DTMB 5415 hull for the
minimum total drag at three speeds. FFD
method is utilized to modify the bulbous bow
locally. Total drag is evaluated by RANS
method, and multi-objective genetic algorithm
is employed to solve optimization. Series of
optimal hulls are obtained with reduced total
drags at three speeds. Through the comparison
of pressure on bulbous bow, we can see that
both high and low pressure region are smaller.
Through the comparison of free surface wave
pattern , we know the waves in bow and stern
decrease.

KCSRRS DB FRGS MR

- Optimal

o006l — Jfnitial

0.02

0.00

—0.02
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=

v

08 5s =56 —o0pT —60Z 00 002 00 006 O

AR SR AMESI I LU E

Comparison of body Lines

1541

Initial

Optimal

ARSIk EERILLE

Comparisons of pressure on bulbous bow

Comprehensive optimization design of drag and wake performance for KCS hull

KRBT X KCSAREMIEFr=0.26 FAY
BIEEAMERERIETS BIRGENNIR
It. CARBLS PR IBR(ES.62%, FEARIMERE
WE2.8%., WNEERRFNAARENEHEE
SERXIEL AT LA SRR, AR
BEADXN LA LB BRI EDZ /N,
MR LT LAE B EEGRE T
EYS, HmteEELT.

The solver can also achieve the
comprehensive optimization of KCS hull for
minimum total resistance and best wake
performance at the speed of Fr=0.26. The
optimal hull has a drag reduction of 3.62% and
wake performance improvement of 2.8%.
Through the comparison of wave patterns, the
wave height of the optimal hull is reduced.
Both high and low pressure region are smaller.
The velocity field at the propeller disk becomes
more uniform, so the wake performance is

improved.

[ ———— Tnitial

Optimal ]

AR SR AMESI ST LU E

Comparison of body lines

Initial

-1

Optimal

P (Pa)

0 1 2
e 'ﬂz
2.

ACRIEREABIE D D FXILLEl
Comparison of pressure distributions
on bulbous bow
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Optimal pareto set
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2 KIS 5K & 1EeEKAFeE FOWT-UALM-SJTU

Aero-hydrodynamic Solver for Floating Offshore Wind Turbines
FOWT-UALM-SJTU

LEEREARZCMHLIAR P OETIFRESEEIERE, TR 7 FXANISEHSKEM 8 S KERFOWT-UALM-
SITU, FER1ETERREZEEN, 1% KESRE S OpenFOAMIERN., HEHIERE. HHEERIMMHER, ATSCRYXHS
NIMRERNTFEIKENIMRERI BRI, LINB EXMN S SKeBE s IMRENTR. RETREESSIBES DRSS X
MinERRaIRIESENE.

CMHL of SITU has developed the FOWT-UALM-SJTU solver to achieve fully coupled aero-hydrodynamic simulations of
floating offshore wind turbines (FOWTs) based on the unsteady actuator line model (UALM). FOWT-UALM-SJTU solver
consists of four main modules: OpenFOAM interface, interpolation database, calculation module and output module. The
numerical simulations of aecrodynamics of wind turbines and the hydrodynamics of platforms can be achieved, and the coupled
aero-hydrodynamics of offshore wind turbines can also be predicted. In addition, this solver is also capable of aerodynamic

simulations for large wind farms with multiple wind turbines.

s 2 OpenFOAM nterface Turbine properties dictionary

s 4 Acrodynamic data of 2D airfoil
Emmmmmmma  [nterpolation database e e

FOWT-UALM-SITU —> Attack angle module

semmmmmmm 4 Cal culation module

—> Motion module

—> Volume force module

—> Pitch angle module

—> Actuator el ement module

——p Flow information

—> Output module

FOWT-UALM-SITUKARSEEAHELR
Basic Frame of the FOWT-UALM-SJTU Solver

e & Actuator el ement information

HERINSENIEREERERM

Numerical simulations of a single wind turbine

ISR B AR D ERN SR ESERNINAT B, STEURSITTERER, AR ERISENETE
HERUWER, WOOR TEERNSHERAITHRIREES %A,

The basic idea of the unsteady actuator line model is to replace the blades of the wind turbine with a series of actuator points
withstanding body forces. So this method is well suited for aerodynamics and wake studies while keeping the computing costs at a
reasonable level. And the error of aerodynamic loads prediction is within 5%.
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different tip speed ratios Numerical simulation of the single wind turbine based on “Blind Test 1”
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FRNINSE). KEIRES R

Numerical Simulations for Coupled Aero-hydrodynamics of FOWTs

HRISENIEREEERM

Numerical simulations of a single wind turbine

B TR O R B E L 75 A2 AIRE AL BX N
EEREAIGRARSEM, TSI EINESNA SRR
R, HMXRARANRFE TR SEHFER SRE
T TR

By generating random velocity series that satisfies the
continuity equation at inlet boundary, the turbulent inflow
can be simulated. Then simulations for complicated
aerodynamics and wake characteristics of the wind turbine

under turbulent inflow condition can be achieved.

T RN TRAETRGE

Vortex structure of wind turbine under turbulent inflow

s T %
MR P ERIEE =E
Wind velocity counters in vertical plane under turbulent inflow
XA EE TR ARSIt sEHTEER E,
BINEIN T NEIS XN E R ST, BRITX
MAARSSSEN SR, URERNEREN.,
Furthermore, this method can also simulate the
unsteady aerodynamic characteristics of wind turbine under
the periodic motions. Unsteady aerodynamic loads and
complex vortex structure due to the motion of wind turbine
are successfully visualized.

YNEEE R LEIRESH
Vortex structure of wind turbine with pitch motion
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BB RIS AT B A

Time history curves of aerodynamic loads with pitch motion
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SPaKENIEEETRIR

Hydrodynamic simulations of platforms

HFnaoe-FOAM-SITU, KfESERIMERESEED.
FHNWISEFSAEEFRITEH TR, TURSEF
ERTSZAKEN IR,

naoe-FOAM-SJTU solver can simulate the interaction
between the waves and fixed/floating support platform, and

the hydrodynamic loads acting on the support platforms are

also available.

FFaKaNMRETR
Hydrodynamic prediction of
floating platform

BEENFaKaottaeTR
Hydrodynamic prediction of
fixed platform

FRMINSED-2KED 8 S EEREM
Coupled aero-hydrodynamic simulations of FOWTs

FOWT-UALM-SITUKERSEH 7 iZF XA R FRIS
- KNEMEHERM, AIXNARFNZFANAIAIESE
NABRGH TEETR, FXFBEFI. BHINFZIUXAN
RS Z R AR T T 8EREHL.

FOWT-UALM-SJITU solver can achieve coupled aero-
hydrodynamic simulations of different FOWTs, and the
performance of wind turbine-floating platform-mooring
system can be predicted. The complicated wake interactions
between two FOWTs in both tandem and offset configurations
are also studied.

2(m)

>
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000

SparBYZZ X KNERFSE0-7K

HEIUFRIRFESE-K

B EUEREIL B EUEREIL
Fully coupled simulations for Fully coupled simulations for
spar type FOWTs semi-submersible FOWTs

\\‘ \ \
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BEEEIL

Fully coupled simulations for two

FOWTs in tandem configuration

BEEEl

Fully coupled simulations for two

FOWTs in offset configuration
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Z KX 817 SENTEREE

Numerical Simulations for Aerodynamics of Wind Farms

FOWT-UALM-SITUK SR B T HaEAEE, SLF
XHVEARRRER L THISERI, BEIRXHUXEZRY
ShEEHFE, Rt BREHRURSEREREET

FOWT-UALM-SJTU solver can simulate two wind
turbines with in-line and offset layouts, and predict the
aerodynamic loads, wake characteristics, vortex structure and

the complex wake interaction phenomenon.
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Mean wake velocity profile Mean turbulent stress profile

EFtraRIE "Blind Test2” EBFITNFXANEUBENL

Numerical simulation of the two in-line turbines
based on “Blind Test 2”

IR LR IREN
Vortex structure of two offset wind turbines

FOWT-UALM-SITUKf#28 A XL FHRAIRSHIZ X
TRIAHITHIERER, BRIEIHERXY RS iRt
%, sHFERpEYE, NESRRIPEIZXYERRT
HRHEE,

FOWT-UALM-SJTU solver can analyze the wake
development and wake interaction among wind turbines in
yaw condition. The wake deflection and wake curling can be
observed in the numerical simulation.

600 750 9.00 1050 1200 . e
Wll\l\u..,..m,m.}w .
TRARFEIXA LR LA

Vortex structure of two turbines in yaw

FOWT-UALM-SITUX 28 A XIPEFI 2 KL AELX,
I TEUERE, BIEIH X7 ERNEREE T
WK, ANGRRCHAERARER T SENSEEI,

This solver can also create a sound methodology for
performing the simulation of large wind farms and improve
understanding of the wake interaction, providing the

reasonable reference for wind farm layout optimization.

BEFITE RAUXIAE B
The instantaneous vortex structure of wind farms
E:_FFOWT—UALM—SJTU??%’:EEXYT%Lillgrund IXi
R TEERIL, ST AERNBZFERERTINT
NANBISESE.
With FOWT-UALM-SJTU

investigation has been executed based on the Lillgrund wind

solver, a numerical

farm layout to discuss the aerodynamic loads, complex wake

effects and significant wake interactions.
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Transient vorticity contour

HEERERE

Transient velocity contour
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SHISEHEDEHS

Time average aerodynamic thrust
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Time average aerodynamic power
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Numerical Simulations of FOWTs Based on the Overset Grid Technique

ETEEMERA, WERENNASEFIEEITEIERL, BEIEINEHIRABER, EMESTHHELLT X,
MAWRIPRZS, AT SEIXES FREES/ N AT RIS EIEAT TR %@nwﬂﬁﬁmHM$%uﬁﬁﬁmﬁﬁﬁE°ﬁw,
ETRf#eEnaoe-FOAM-SITU, ZEEEEMERASII T FXXAESHIS|-KEEBEEUEEREM.

The aerodynamics of full-scale wind turbines have been simulated based on the overset grid technique, which can provide
more specific flow information in more realistic working conditions. Aerodynamic performance of wind turbine with tower shadow
effects or shear wind effect are predicted. By combining overset grid technique and the in-house CFD hydrodynamic solver, naoe-

FOAM-SJTU, the fully coupled aero-hydrodynamic simulations of floating offshore wind turbines are achieved.

BRI MR IR T RN S ERETR FRMNFRRSEN-KehiE SHERY

Aerodynamics of wind tirbine with Tower Shadow Effect Coupled aero-hydrodynamic simulation of FOWTs

BIRERINTRE N ERIRGEN

Vortex structure of wind turbine with/without tower structure

BRiREHSEmmEaRt
Visualization of wake vortex structure and the free surface
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Aerodynamics of wind tirbine with Shear Wind Effect Thrust on wind turbine and motion of the support platform
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R BAL B iR iR al) T 4 o KA Es viv-FOAM-SJTU
Fluid-Structure Coupling Solver for Vortex-induced Vibration of
Deep-sea Risers viv-FOAM-SJTU

EBRBAFCMHLIARHOET OpenFOAM, EEREMEETIRE, BEFRTBTRIRREGRMELE

AT

AICFDKfERRViv-FOAM-SITU, ZKMERRHMIARR, REMSHERR, SRR =KERER, TXNFREES

#. TRMZEIE. FRENRNIEREESMERTIN FRMTE

ARENH A TEERR.

Based on OpenFOAM and combined with strip method, the CMHL of SJTU have developed the CFD solver viv-FOAM-
SJTU for predicting the vortex-induced vibration (VIV) of deep-sea flexible risers. The solver is composed of three modules,

including flow field module, fluid-structure coupling interpolation module and structure field module. The solver can simulate VIV

of flexible risers in various conditions, such as different structural parameters, different flow field profiles, platform motion effects

and coupling of two risers.

viv-FOAM-SJTU

Y
Fluid Field

Strip method
Y

Fluid-Structure Coupling
Interpolation

X - ]

Y
Structure Field

Structural
dynamics module
Y
=)

A y
Ji Displacement Natural
response frequency
Y
Frequency Modal
analysis analysis

viv-FOAM-SITUR 28 ELANIESS
Basic framework of viv-FOAM-SJTU solver

Bt FR R ERYR RN EE IR
VIV of a flexible riser in stepped flow

viv-FOAM-SITUREER RSB 86 it o S M BR ST B R RN
IRAMTERIGH T 7 EUER, ERTR 7 =M ENE
PRISESFRIAB IR,

Numerical simulations on the standard experiments of
VIV of a flexible riser in stepped flow have been conducted,
which accurately predict the dominant vibration mode and
displacement response of the flexible riser.

P IR "l
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Cross-flow |
B R R ST AR RN IR,
() IR
VIV of a flexible riser in stepped N Inj_lff
flow B ==E

Spatio-temporal displacement
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PSP R ERYiREIREN SN ERM

VIV of a flexible riser in uniform flow
viv-FOAM-SITUK RS eI RIS SR P ARHK AL SR

M ERREIRED. BEIEECIBIN, SZERIFIRESIGIN,

BartsaSiRkaiis.

The viv-FOAM-SJTU solver can simulate the vortex-
induced vibration of a flexible riser with different aspect ratios
in uniform flow. The dominant vibration mode of the riser
increases, with the increase of aspect ratio. And the multi-

mode vibration phenomenon occurs.
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VIV of a flexible riser in uniform L/D=1000
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Cross-flow In-line
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viv-FOAM-SJTURFSREF SN ER S PRI
Applications of viv-FOAM-SJTU Solver to Platform Motions
Effects and Coupling of Two Risers

RsZin R E YR RHRTN £ BRI FaERESH TRIELERRHIREN

VIV of a flexible riser in oscillatory flow VIV of a flexible riser under platform heave motions
viv-FOAM-SITUK R e8 A iM% P R B viv-FOAM-SITUK =8 Al RN S FS51z NS00

REIREERIMIRNEHE, MRERERE F4- TR ERREREIR R,

PiE-HL" 1R, The viv-FOAM-SJTU solver can simulate VIV
The viv-FOAM-SJTU solver can simulate the vortex responses of a flexible riser under platform heave motions.

shedding and vibration characteristics of a flexible riser in
oscillatory flow, the obvious “building up - locking in -
dying out” process of VIV is observed.
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o oscillatory flow iR IEN A E R EIRE £ EER

VIV of two flexible risers in stepped flow
viv-FOAM-SITUSRIRES T M i e R R B
ELKFET TR E LR IRED TR ERTREIRED.
The viv-FOAM-SJTU solver can simulate VIV of two

VIV of a flexible riser under platform horizontal flexible risers in stepped flow with different arrangements.

motions

viv-FOAM-SITUKZEE Al i I\ EINF 51558
BHMEEIEM S FRIEHET, M IERRER
.

The viv-FOAM-SJTU solver can simulate VIV of a
flexible riser under the combined surge and sway motions
of the platform, including the parabolic type and the “8”
type trajectories.

R BT, BHmE BYIIE(30°)

Trajectories of different nodes Tandem arrangement Staggered arrangement(30°)
SN’ > ]
PakFESFRE ] T ]
STEHTREIRE) S — _ §
VIV of a flexible riser . iy s
under platform HhmLLEy 874D B5 T E(60°) HHGEE
horizontal motions The parabolic type The “8” type Staggered arrangement(60°) Side-by-side arrangement
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MG Z A BB RARRE vim-FOAM-SJTU

CFD Solver for Vortex-lnduced Motions of Floating Offshore Platform
vim-FOAM-SJTU

LB AZE CMHLIAR FOEFFRIEBOpenFOAMF & EBEFF A 7 R BF\ P ERAIEs IR vim-
FOAM-SITU, KR RAOERIEI (DES) DAt ESEEHN TR B, SeM\BREz
NS R REMSRAKBGFFERENTR, ERTFE. Spar, FEBEIUMKDBEFIIAFN
YIRS LRI R R B AN TR .

CMHL of SJTU develops the CFD solver vim-FOAM-SITU based on open source platform OpenFOAM. The
solver utilizes detached-eddy simulation (DES) for modeling massively separated flows. By combining 6DOF module

and dynamic deforming mesh technique, it can simulate VIM of floating offshore platforms, including buoy, Spar, semi-

submersible and TLP.

Turbulence model l Deforming mesh § Moving boundary J Dynamic analysis
Lumped mass
Moving boundary mesh method Spring model | Catenary model

vim-FOAM-SITUKARESELAHELR
Framework for the CFD solver vim-FOAM-SITU

SR R
Flow over a bluff body
vim-FOAM-SITUR 8 £ B i SR i Il SR 25 .
(B AT R R LR 1 75 A B IS AR iR 5t 2 B “
EN=4IEREENN, REEHRHETRIRE% ¢
AR, y
The solver can capture finer turbulence structures "
and detached eddies in comparison with Reynolds-

Averaged methods. The error of predicted surface B~k EEEER ERIE=A UELEI’Jmuﬂ
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pressure coefficients is below 5%. v REDH
Instantaneous vorticity Z contour ~ Mean stream-wise velocity at
on a horizontal plane (z=0) three locations in the near wake

vim-FOAM-SITUK #2818 BJ LAXS £ STAEZ 451
BT TR L SRREUER.
The solver can also predict the flow over a fixed

multi-column structures, such as semi-submersible

RN s P NN — latform.
ERSGiUkTEERES ARKESHRESRRR

Flow over a cylinder — Vorticity Flow over a truncated cylinder —
contour on a slice Wake structures

R B R R R S e § . . FEAFataltsng FENFEFLESRK
2 tdegrees) - [ EJ_ jj ﬁ :Fﬁﬁll%iiﬁ
EfEREEDREC, FBEJL:F_?EIHE%W =S
Pressure coefficient on the Flow over a infinite cylinder Surface pressure of flow over a  Vorticity contour of flow over a
surface of the cylinder — Wake structures fixed semi-submersible fixed semi-submersible
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vim-FOAM-SITUN - FZE#Spar E & imHEza)E
Applications of vim-FOAM-SJTU on VIM of buoy and Spar platform

iZ RimBIEEEY
VIM of buoys
vim-FOAM-SITUK =5 A 33 B iZ B TR RN
EaEUEEN. 2TAEIDR NZRRSRBIEENIEN
L, RIXSE SIS oRYZ B TR G sEUEER
o
The solver can predict VIM of tethered buoys and
analyze the motion characteristics induced by vortices. It
can release the rotational degree-of-freedom when

performing a simulation to the VIM of a tethered buoy..

o Time=68.9s

i
Flow
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Computational model of VIM  Surface pressure distribution
of a tethered buoy of VIM of a tethered buoy
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Spar ERiBiFIEEIEE
VIM of Spar platform
vim-FOAM-SITU K %28 7] Fi FSpar E &R BIE
IR, STFEEARBR FRRRIEEEN, &
TERREIRIEMARAYRGRIR. EheURAT AR ZEE
(KRR R AL,
The solver can predict VIM of Spar platform and

analyze motion response for various cases, such as

evaluating the VIM suppression effect of helical strakes.
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FRABhEMIAR SparF &i
3 ey h U5
VIM of Spar without helical
strakes — Motion trajectories
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VIM of Spar without helical strakes
— Vorticity contour on a slice
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VIM of Spar with helical strakes VIM of Spar with helical

— Vorticity contour on a slice
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Velocity contour on a slice for Spar with/without helical strakes
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vim-FOAM-SITURIAF ¢ #RFE

pehs b | [ E

Applications of vim-FOAM-SJTU on VIM of semi-submersible
platform

FEAEaiREiRi

VIM of seml-submerSIble

vim-FOAM-SJTUK 28 A LIRIL Z1E R 8 F
BRAE., BROTRRERER, RIS
M R FTHRIREFE 10%LAR

The solver can predict VIM of multi-column semi-
submersibles. The prediction error of drag forces is below
5%. And the error of VIM response is within 10%.
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Captured the “lock-in”
phenomenon

Drag force at different
reduced velocities
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The solver can perform VIM simulations under

different incident current angles and compare the motion

of platform and vortex shedding patterns.
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IRLEN KFEEmRER

VIM of semi-submersible at 45  VIM of semi-submersible at
degree current heading — Wake 45 degree current heading —
structures Vorticity contour on half-draft
plane
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VIM of semi-submersible at 45  VIM of semi-submersible at 45
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contour histories of transverse motion

p— =0

4SERRAILN NMEBES

OEERAT R TEERESs ERAALATHEEES
ﬂLﬂﬁﬂLﬂﬁFﬂ%

=R
VIM of semi-submersible at 0 VIM of semi-submersible at 0
degree current heading — Vorticity degree current heading — Time
contour histories of sway motion
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The solver can analyze the geometric effect of
column shape on VIM response of semi-submersibles
and explain the difference from the perspective of flow
field.
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vim-FOAM-SITUN R F X EFF SiRENSH ) E
Applications of vim-FOAM-SJTU on VIM of palred-column semi-
submersible platform
HEREBESIBNEEY
VIM of Paired-Column Semi-Submersible
vim-FOAM-SJTUSK i 881 5] X #r BL AR AE 2L ¢
BFaREaTEIL, DFTEIREIS AL,

The solver can predict the VIM response of a

_-—-—.

concept design Paired-Column Semi-Submersible (PC

P ( ae,ﬁﬁaoﬁxmﬁhgw\ SRR/ L0 SR
Semi) platform. ERLE iy

N\ N > 32 SR ST7 £ \—w:t == L3
. _D XA EETE;E”“'%E[EIE-FE,J' I%] VIM of PC Semi at 0 degree ~ VIM of PC Semi at 0 degree
EoamhmpAEtE, SANEFEEN2. SERAB THIZE current heading — Wake current heading — Vorticity
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Comparing the VIM response at different current
headings, it shows the VIM trajectories at 0 and 22.5
degree current headings are more regular than that at 45
degree current heading.
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The nominal transverse and yaw responses obtained Definition of column gap for Paired-Column Semi-Submersible

by the solver are in good agreement with model test.
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Mesh-less Particle Solver for Marine Hydrodynamics
MLParticle-SJTU

LB FECMHLAR P OET ORI+ ezlsiE, BEFAR T HESEF TIERMISR A
KEERRPHMLParticle-SITU, BIERIFRADKIEH. HERRKE. NEHEEEH. RS, SERES
RR, KRB SUHZEE. BREAFARDENEDBRSDERFRANFRERE, NS CPUFHT.
GPUF1T. BEBNFREDHRRFFINERA, MHTENZZEE, RARSTIHERR, seAMEINR
feRH. IRUUR. PMANK. K. MERRERRERNIEE). RRLER. SHEREERRIZIRIE—,

CMHL of SJTU developed an in-house solver MLParticle-SJITU based on improved MPS method, including
particle integral, numerical wave tank, 6-DOF motion, acceleration techniques and multiphase flow modules. By
modifying kernel function, free surface detection and source term of pressure Poisson equation, the improved MPS
method can suppress pressure oscillation effectively. And the calculation efficiency of solver is improved dramatically by
applying acceleration techniques such as multi-CPU parallel, GPU parallel, overlapping particle technique and multi-
resolution particle technique. Therefore, MLParticle-SJITU solver can simulate various violent flow problems including

liquid sloshing, dam-break flows, water entry, tidal wave, ship motion in waves, green water, multiphase flows, etc.

MLParticle-SJTU
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MLParticle-SJ TURAFEEEAMELE
. The framework of MLParticle-SITU solver

’

Liquid sloshing

MLParticle-SITUKMFRRAI AT RiBACRE, AFESERE. INGRIEAISEZIME TR, BRI HIRTER
e IRIRAYRAE 5% R TR

MLParticle-SJTU solver can simulate the liquid sloshing in different tanks, such as rectangular tanks, LNG tanks as

RS LNG/&AER:% HINEBRIRATRAESE % HTFRIRARIESRS
Liquid sloshing in Liquid sloshing in Liquid sloshing in tanks with Liquid sloshing in tanks with
rectangular tanks LNG tanks ring baffles cross-shape baffles
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Applications of MLParticle-SJTU to Dam-break Flows and Water
Entry Problems

i
Dam-break flows

IR B R ST F KB Tl BRI R B EEE
BN, MLParticle-SITUKfZR A ERIIRIUE =2 AR
RUTFERENIISR.

The MLParticle-SJTU solver can simulate the
violent impact phenomena in the process of dam-break
flows, which are of great importance to the prevention

and reduction of disaster in the downstream reservoir.

IR AT R

Dam-break flow impacting onto the wall

iRHUARRT RS

Dam-break flow impacting onto an obstacle

ML Particle-SITUR R AT R IR AR ISIANE
RRYTHIERE, BEERRMTURIRIURAIENART EIFLR
BIEE, ¥TRNREEEETERN.

ML Particle-SJTU solver can simulate the process of
the dam-break flow in the long and narrow channel, and
can accurately predict the arrival time and wave peak
value of the dam-break flow, which are of great

engineering significance to the dam-break problems.

T

PENK
Water entry problems
MLParticle-SITUK 28 Al &\ A BB EIARIN
KA, BRINKSEEHENRZIER, FaeHEs
TR ASZ B REFEEIANE SRS,
MLParticle-SJTU solver can simulate the water entry
problems of the objects with different section shapes, and
obtain the nonlinear deformation of the free surface
during the water entry process. Besides, the pressure and

motion of the objects can also be accurately predicted.

; |

TR NIK

Water entry of a wedge object

,

RRZLEIEAIK
Water entry of a ship section

NANEBEEIRR, KES[ET LSS
AR NKIEREHITIRRL, 152 BHE TaIEaIH
TSRS,

Appling the 6-DOF motion module, the solver can
also simulate the water entry of an object with an inclined
angle. The multi-DOF motion trajectory of the object

shows good agreement with the experimental data.

BRI

Dam-break flow in long and narrow channel
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Water entry of an inclined cylinder
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Applications of MLParticle-SJTU to Wave-structure Interaction Problems

iz pel MRS Hob 123
Tidal waves and wave run-up

MLParticle-SITUNRf#=S AT ‘&R E ISR,
A EBURILKRIBEIE 12 H HIRAYR RIS .
NASESRFS DR, EEJLASSIAX
N2 RESZRRENIEEAIENL,

MLParticle-SJTU solver can simulate the evolution
of tidal waves, as well as breaking waves in the process of
wave climbing. By applying overlapping particle
technique and multi-resolution particle technique, the

solver can simulate the large-scale complicated flow

problems.

BRI FR

Breaking tidal wave

IRGRTERIR_C B

Wave breaking on the slope

BRIEA T RIS
Wave-induced liquid sloshing

MLParticle-SITUK R ES A XI5 R -1 K- 5% iKY
MElERFITONT, EHLFRRINRIZRIREIAETS,
BRAYERE, RANBEHRRENENERES, SHESIH
THRABRER R I TIRAUEHESE,

ML Particle-SJTU solver can be used to analyze the
coupling effect of wave, floating body and sloshing wave.
And it can simulate the inside and outside flow field, the
spreading process of the waves, evolution of free surface
inside the tank, and provide useful data for safety
operation of ships with liquid tanks.

KR LTRSS %
Wave-induced liquid sloshing in the floating body
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RRAATEIRR LRYIEED
Ship motion in waves
MLParticle-SITUM B Z#IEIEK. HiK. 7<EH

Bizzhieg, AInEILN T IKRIFR T AEMERIZ
), BEKVLCCHEFIWigley.

With the help of numerical piston-type wavemaker,
MLParticle-SJTU solver can be used to simulate ship
motion in waves, such as the KVLCC and Wigley ships.

KVLCCRMEIRIR ERIIZEE]
Motion of KVLCC ship in waves

WigleyGEIRIR LRYIES]

Motion of Wigley ship in waves
R LR

Green water

Ak ERISRLERT, RRPTREXREAR LB
ERFEERREIR, MLParticle-SITUSKARSERIXFFPSO
RERVFRIR RIS TN, FHEHEIR LB RAT
SZRREEES.

When the green water occurs, the waves may cause
severe damage to the superstructure of ship. MLParticle-
SJTU solver can simulate the green water phenomena on
the FPSOs and accurately forecast the slamming pressure

acting on the superstructure.

R LR

Green water simulation
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Applications of MLParticle-SJTU to Multiphase Flows

Deformation of droplet
B N—RINBEFRELIETE, MLParticle-

SITUKMERRSLHL 7 E RS H R BRI,
Hep, BI5INEREKOER, BIN&EN T SHRKRE
TERESK I ER &R ﬁfo

Through introducing a series of interface treatments,
MLParticle-SJTU solver has realized the numerical
simulation of complex multiphase flows. Specially, a
surface tension model is introduced to simulate the
deformation of the square-droplet into a round shape

under the actio

of surface tension forc

0.26's t=0.62s t

kiR

Deformation of the square-droplet
=
_bl@.tﬂ'
Bubble rising

FFAMLParticle-SITUK RS IHAIELR, T&
PRBERAPIEFHIRE, HEeiFitisES 8%
AR RENRIZISTL.

The multiphase module of MLParticle-SJITU solver

can be used to simulate the rising process of bubbles in

0.82s t=5s

liquid, and the sharp morphological changes of interface

between bubbles and liquid can be well captured.

SBEF (RSISHE)

Bubble rising (without bubble breaking)

SBLF (BRISERE)
Bubble rising (with bubble breaking)
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Infl-REARREHE
Rayleigh-Taylor instability
InFl- R AR E R R IEIABERNRAET
FE/MRAZ LA —M R REAAREINSR.
*UH@MLPartlcle SITUKf#=RHZERER AT X1 Z ISR
HATEUBERR,

Rayleigh-Taylor instability is an interface instability
that occurs when a denser fluid is above a lighter one.
This phenomenon can be numerically simulated by using
the multiphasc module of ML Particle-SITU solver.

Tkl RIS
Rayleigh-Taylor instability
ZEARARIGRE S
Sloshing flows of the layered fluid

SHERRRIE RS Z ERRRIFRIR AR ST % T
Bl MK IZFETFPSOMRBFaFEFE
1 ERSEK D ERE, Mo BMEEEERM.

Multiphase module can also be used to simulate
sloshing flows of the layered fluid. This phenomenon
exists widely in the oil-water separators installed on

FPSOs and oil platforms, and has significant influence on

separation efficiency.

WERERIRE 7
Two-layer-liquid sloshing

..

=ERERINE %
Three-layer-liquid sloshing
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Applications of Acceleration Techniques of MLParticle-SJTU

ZDMBRIFEA

Multi-resolution particle technique

ZRPERFINERARBERSPHERAER
THFRIAR, TN 7ER/RRXEXKERIZAEIEL,
MR T HEHEPFEENNFHE, RETIHE
B, ZRARCHRIINAFT=4NKE>, RIRa
[,

Depending on the arrangement of particles with
different sizes in the flow field, multi-resolution particle
technology realizes a high resolution of particles in
important areas, so as to reduce the number of particles
necessary for numerical accuracy, and improve the
calculation efficiency. The technology has been applied to

the problems of 3D water entry and dam-break flow.

BT 20 PRI HRORRGRIGARFIMIARNK
Water entry and dam-break flow based on
multi-resolution particle technique

EERTFEAR

Overlapping particle technique

EENFINEARBAAREIRFERTED
naNXiE, mANRERN FhEERRERXIERY
XiE, BESMERERIERZTERENRER, R
ERdiaE,

Overlapping particle technology disperses the whole
calculation domain with coarse particles and distribute
extra fine particles in important areas. With overlapping
particle technique, the simulation time can be reduced

while calculation accuracy is ensured.

onless CPU time (%

Dimensi

BT EENFRARTHIESYRINAR
Dam-break flow with an obstacle based on
overlapping particle technique

ZCPUHITHRA
Multi-CPU parallel technique

ATRETENR, RYUMRSERRNTHE,
TR T RANESRETFETTERNS CPUFTINER
A, 168ZCPUF{TIMELLATLUXR] 1015,

In order to improve the calculation efficiency in
the multi-CPU

parallel acceleration technique is developed based on

large-scale complex flow problems,

dynamic load balancing. By using 16 CPU cores, the
speed-up ratio can reach 10 times compared with the

serial computing.

16

— Ideal speed-up
B— Present speed-up
;_ a
. p,
o
M ! ! N\vmbcl‘0(27!‘1*(‘\.‘.\\0!'.‘; .
ETZCPUFTHRARIRINR —— ARECPURZERRIINELL
Dam-break flow based on multi- Speed-up ratio with
CPU parallel technique different CPU cores
GPUFTHEIA
GPU parallel technique

EEGPUBRRABRSITRERTNEZRITERE
DR, KEFSSERAGPUFATINERIA, Kighd
BMPSTIEITENE, IHHEEIRE30E.

GPU owns numerous calculation units and high
floating-point computation ability. In MLParticle-SITU
solver, the GPU parallel acceleration technique 1is
developed and can increase calculation efficiency by 30

times compared with CPU computing.

BT GPUFTHRARTRIA
Dam-break flow based on GPU parallel technique

ETFGPUFTRARIRIE S HFEREAX

Liquid sloshing and water entry based on GPU parallel technique
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FSI Solver Based on Mesh-less Particle and Finite Element Method

MPSFEM-SJTU

LB AF CMHLIAR HOE B EFF RN MAEHIFERFRIMLParticle-SITURERL £, TEALRTHE
BRITIZRIESHIARBRIR N - B SR EEGRREGERER, A 7S e TERER SR FE-BIRTK
fREREHMPSFEM-SITU, 1Z3KfifEsREE 7 MPSTTAERIZIE ERaNRRR AL, LAURFEMITIATESEN
MNFMESFTHNETEYE, TNATMASEFIREFSMARERSERMASERE, FlaniRitnsE
MEHIRITEEIER. BMERERRIRS. KRSEMEEEYIRE B/ FRZRE,

CMHL of SJTU implemented the FEM module and interfacial interpolation module on the basis of MLParticle-
SJTU solver, to develop the fluid-structure interaction solver MPSFEM-SJTU. This solver combines advantages of MPS
method while dealing with the problems of violent flow and structural deformation with stabilities of FEM while coping
with the structural dynamic response. So it can be applied to the FSI problems in the field of naval architecture and ocean

engineering, such as the dam-break flows interacting with the elastic structures, liquid sloshing in an elastic tank and

wave-structure interaction.
! .
Stuctural Analysis

}
Fluid Analysis Module FSI Interpolation
(MLParticle-SITU) Module Module

Weight : Plate
P’m Funcfion i Beam Element Element
Element Generation
Rody Force Temn —_—
A
mproved Free ace Element-Particle Mapping Matrix Assembly Module

Detection

Load Interpolation Newmark-beta Time Integration

External Load Calculation
Solve PPE :

Pressure Gradient Displacement Solution (CG.
BiCGSTAB)

Particle Position Updating §& Displacement Interpolation Stress/Strain Analysis

MPSFEM-SITUKfiZ281EL2
The framework of MPSFEM-SJTU

N : A
iRIRERS
Dam-break fluid-structure interaction

HEZRINRN, SHYTRRrmEEENTHEZEEIR, MPSFEM-SITUKREEBEMRIFHARHIRIUR
SRR E(ER, SRR N BHEECI S NSRS R,
While encountering dam-break flow, the elastic structures may produce considerable deformation or damage. The

MPSFEM-SJTU solver can be employed to simulate the interaction between dam-break flows and the elastic structures.
The deformation of the elastic structure and evolution of free surface are in good agreement with those of the references.

"y

IR RO S e N

Dam-break flow interacting with elastic window Dam-break flow interacting with elastic obstacle
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Applications of MPSFEM-SJTU to Dam-break Flows and Liquid
Sloshing Fluid-structure Interaction Problems

FBZKEE, TR IR SRRz
BRIMBEIERRE. HEREEIERA, KIER
REULRERER—H, KF[ETLURIR
RS KIEMEENFFE(ER, BEIEREREE
RFEHE—E

By applying MPSFEM-SJTU solver, dam-break
flow interaction with elastic gate is simulated. Dynamic
responses of the structures and the evolution of water
level in the tank present an agreement with the
experiment. This solver can also simulate the dam-break
flow with elastic wall. The shape of free surface is

consistent with published data.

iR S IR
HE{ER
Dam-break flow interacting
with elastic gate

RIS
FPeE{FFR

Dam-break flow interacting
with elastic wall

E=SERIUARR M B IR RS, B
TR EEN=45E, 2B, FERT
EmTFREEER, RICEEERASEESER.

In study of three-dimensional dam-break flow
with elastic wall, the deformation of elastic wall
presents remarkable three-dimensional characteristics
of ellipsoid. Besides, the height of jet flow is slightly
lower due to the energy dissipation during the

deformation of the lateral wall.

iR S KB R RIAE E R ERTEIRERATTY

3-D dam-break flow with elastic wall
elastic wall

RRRHRERES
Liquid sloshing fluid-structure interaction

MPSFEM-SITUKfEESIART AR FEFEINAAC R

Ellipsoid deformation of

HPRURERE SRR, RAZKMFRR, SRIHRERE
MIRtRAVRESRS, SRIRMRRITR R S
ERTOUE, HHh, EET LM TRER S MERRRAY
R, REFRRZEERISNERF E SRR
S G A A e

MPSFEM-SJTU solver can also simulate the liquid
sloshing in an elastic tank. By applying the solver, the
liquid sloshing with bottom elastic baffle can be
simulated, and the obtained displacement at the tip of
baffle is in good agreement with the experiment. In
addition, the liquid sloshing with top elastic baffle, and
liquid sloshing in the tanks of low filling ratio and high

filling ratio can also be simulated.

THERER R FRARAY AR PRARAY
RARSE% RARSR%
Liquid sloshing with Liquid sloshing with

bottom elastic baffle top elastic baffle

(TR MR MET T SFTKERRGR AR TR &
Lateral impact in the tank of ~ Roof impact in the tank of high
low filling ratio filling ratio

AR TR =R R % R ER S HTEL
BRI, B2 T REREERZ KB E{FR
TrERRED. B, IARERIAEEE LRIME
FH kil BAEREITRR,

In the study of three-dimensional liquid sloshing,
sloshing flow in elastic tank under different excitations
is simulated using the MPSFEM-STJU solver. The
vibration and deformation of the elastic wall can be
clearly investigated under the periodic impact, and the
evolution of free surface on the wall such as climbing,

splashing and falling can also be obtained.
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Applications of MPSFEM-SJTU to Wave-structure Interaction Problems

=
=
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EHHR TR R R AR
Liquid sloshing with elastic Liquid sloshing with elastic
wall under sway excitation wall under roll excitation

ROERRERS
Wave-structure interaction
RYMFRRERE MRS EFIREFRE
WA, MPSFEM-SITUKMFESRTLARIF iR
IREP XS ESAIIRISINE. SRABMPSFEM-SITU
KiReS, RIS KT MARAYAT A0 FR AR
LR EER MRS, FLAERIEYEER
MEoMm, MNEXLhIENREE—EES
Interaction between wave and structure is a hot
issue in the field of naval architecture and ocean
engineering, MPSFEM-SJTU solver can simulate the
wave slamming onto the elastic structure well. By
applying the solver, the impact induced by solitary
wave slamming onto the flexible plate and the impact
induced by the green-water slamming onto the
superstructure can be simulated. The deformation of
the structure and the pressure distribution are of great

significance to the practical engineering problems.

INSZiReRR 7K TE3E AR

Solitary wave slamming onto the horizontal flexible plate

e ——
At ERAETE R E MR

Green water slamming onto the vertical flexible plate
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IZ KRR PRI TSRS = 47K AR
RIEFE, N ER. HEDEE. FEEHD
MARERE 7S TS A R SRS ERY
I, BEMNBARNZ TREOVBETNIED=
B, RIRTEEEEMHAR=4S1LE,

The
dimensional flexible plate can also be simulated using
the MPSFEM-SJTU solver. Some special characteristics
regarding evolutions of free surface, peak of uplift force,

solitary wave impacting onto a three-

distribution of impact pressures, velocity field of fluid
and dynamic responses of the structures are presented to
study the effects of flexibility of the structure.
Remarkable three-dimensional characteristics can be
seen by investigating the distribution of pressure and

displacement on the flexible plate.

t=1.72s

INSZIRRE =K oA

Solitary wave slamming onto a 3-D flexible plate

t=1.58s t=1.72s
AERNZ RSB =E

The displacement distribution on the flexible plate

t=1.72s

t=1.58s

FRRIZI TREESD=E

The pressure distribution on the flexible plate
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