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Investigating the Problems of Ship Propulsion on a Supercomputer

FlowVision - general purpose CFD code

Main application areas

« Fluid-structure-interaction

» External & internal aerodynamic
* Turbo machinery

* Multi-phase flows

» Aerodynamic shape optimization
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FlowVision key features

* Fully automatic generation of a mesh with local dynamic adaptation

* Resolution of boundary layers, no restricted by the surface complexity
« Simulating strong fluid-structure interaction

« Simulating multiphase fluid motion with contact surfaces

A wide range of physical models (turbulence, mass transport, chemistry, burning,
dispersed phase)

« Calculations on modern supercomputers with heterogeneous parallelism (> 10 000
cores,> 100 min cells)
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Subgrid Geometry Resolution is key point of FV technolgies

| * Rectangular initial non-uniform

/\I\J ’ # mesh

— « Shape imported as facet B-rep
\ (STL, WRL)

volume from initial mesh

T) « Boolean subtraction of object

Finite-volume approach is
used to approximate » Cell is arbitrary polyhedron
equations on this mesh
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Local Dynamic Mesh Adaptation

to raise simulation accuracy by resolving high gradients of flow variables
to save computer resources using fine meshes in places where they are need
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Dynamic adaptation near surfaces Dynamic adaptation due to a velocity gradient
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Resolving boundary layer by prismatic mesh

Creating special chimera (overset) mesh near surface to take into account thin viscosity
boundary layers to simulate accurately drag force
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High performance computing

« Distributed-memory computer model
« Shared memory

* Automatic domain decomposition
 MPI architecture

Formula-1 simulation on a cluster
Cluster: 16 nodes, 4 cores/node, 2GB memory, 1.4GHz frequency, Myrinet

Domain decomposition onto several
Solver Scalability processors

—|deal acceleration
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SLAE solving - Multigrid solver + Krylov-based solver GMRES

AMG GMRES
Benchmark M219, flow in cavern, 5.5 min cells robast >
Using AST solver — acceleration in 2 times
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Client-Server Architecture

* Windows user can work on Linux cluster without knowing Linux OS

» Several users can simultaneously work with one FlowVision solver and
share simulation results
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Parallel visualization

Data processing needed for visualizing results (building color contours, isolines, plots, isosurfaces, ...)
may take long time when it is performed on one processor. FlowVision provides parallel
postprocessing:

* Required computations are performed on several processors

 Minimum data volume is collected on the client machine

PC computer Cluster

Metadata collection
Transmission of Parallel generation of

Graphical Metadata Graphical Metadata

Graphical Metadata is a «feedstock»
for drawing objects in post-processor

Advantages of parallel visualization:
* Number of cells may be arbitrarily big
* Visualization is fast

N
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Advanced VOF method

High accuracy is achieved by solving the governing equations in the “free surface” cells.

VOF (Volume Of Fluid) variable is the fraction of a cell occupied by fluid 1
VOF=1 means that the cell contains only fluid 1
VOF=0 means that the cell contains only fluid 2
0<VOF<1 means that the cell contains the interface between fluid 1 and fluid 2 (“free surface” cell)

Free surface in a cell is reconstructed using SGGR method



Advanced VOF method

FlowVision is capable to simulate ship drag force with high accuracy (< 3%)
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Results of solving 2 problem on NRC by Kurchatov
supercomputer:

- azimuthal thrust
- water flow around ship hull

* The supercomputer has total processing power of 123
TFLOPS (14 place in Russian Top50 —2016)

* utilizes standard Beowulf-like architecture: server-grade
computational nodes and parallel file system are linked
together using low-latency InfiniBand fabric.

* The concrete parallel file system type is Lustre and it is
used for input and output data placement, as well as for
scratch storage during computations.
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Simulation of Marine Propeller

Distribution of y+ values on the propeller blade:
on the left — main grid only; on the right — main
grid and OBL

Azimuthing thruster (model in towing tank)

[ =i— « Good grid convergence was achieved

i with total number of main grid cells
2.05 M and 0.95 M of OBL grid cells.
Simulation runs were carried out in
model scale with constant number of
revolutions 25 rpm and various inlet
velocities.
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Propeller Simulation - the Main Results
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Open water curves of AT and CFD results

— thrust, moment and efficiency
coefficients Ky, K5 and n,
correspondently versus advance
coefficient J

TKpbITas KOH(epeHLus

Experimental and CFD open water curves of AT
(as a single complex) are very close.
Characteristics of the components do not
converge so well. But it can be explained by
differences between experimental and CFD
methods of subdivision AT’s forces into
components.
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Simulation of Hull Flow
Hull lines of the KCS

L

Computational domain and main grid

*The KRISO Container Ship (KCS) is a well-
known benchmark case for which
measurements have been made in Korea and

Japan
Visualization of the ship wave system (wave pattern): *Towing test of the fixed full-scale bare hull
top — improved grid; was simulated at speed of 24 knots (Fr = 0.26)

bottom — grid with adaptation box
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Hull Flow Simulation - the Main Results

(%a L)
15.0 T T T T T T T T T T T LI— T T T T T T
[ & 1E: Spalart Allvoaras
i - w 1E: Manter .
10.0 — O 2E: k= 7
| = 2E: k-5 1
< sof g - E EAsM : Cr- 10° Cro - 10° Cr - 10°
O RS, ARS .
E s 0E 4o - ©| & pEs ?
s O e o ] EFD 2.107% 1.377 0.729
E nnﬂﬁ 8@*’3} Elf-:b S no -y = < G
= .oF & . a CFD 2.140 1377 0.762
= 5 ]
L Fea|
“10.0 :—ﬁ- * ; Error —1.57% - —4.53%
_]_j__n : ' L M 1 N N M 1 M M N 1 M M N 1 N N M 1 N N N i
0 4 g 12 16 20 24

Grid points (M)

Error level can be assessed against a
background of the results of the Gothenburg
2010 workshop, where 33 groups
participated and computed one or more of
the 18 test cases. The mean error for the
towing cases in the fixed condition was
below 2% of C:.
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Scalability check FlowVision and the Supercomputer
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F de - virtual towing tank “VOBIa”
ree coae - virtual towing tan a

Open code, solver - FlowVision

[N BupTyaneHelid oneimoesi Baccein 7 W

MapameTpel MOAENK MapaMeTphl cpeabl MapaMeTphl pac4eTa

MeomeTpuA Kopnyca cyaHa 1.mesh

Ocagka

Ocanka (M) 7

AnddepeT (rpagyco) 1

YpoBeHb XMUAOKOCTH

CropocTb Bykopost (yaner) |20
MNonoswenne ANCKa BAHTA

[1ocKoCTb cH MMETPUN Nonaerme Lesrpa o X (1) |0

MonoseHre weHtpano Z (M) |0

Radius {m) 0

[] cummeTpua oTHooTenEHE AMaMETPansHot NNOCKOCTH
BrkounTe cTeneHu ceoboab

Ceofioaa No BCAbITHID

Ceoboaa no andiepesty

Bogousmewenne (1) 1000

MOMEHT MHEDLIM OTHOCUTENBHO LEHTPAE TAMECTH (T™MZ) |1
MoNoMWEHHE LLEHT DA TAMECTH

MoX (M) |0 MoZM) 0

J11CK BUHTa

MonoMeRNe LEHTPa BpaueHns

MoX(m) |0 MoZM) |0

s [omen ]




F de - virtual towing tank “VOBIa”
ree coae - virtual towing tan a

5] BupTyankHblii onbiTosslii Gacceiin ? X

MapaMeTphl MoAEnM MapaMeTphl cpeas MapaMeTpel pacyeTa

Tun Boabl Mopckan "

Ocagka

PacyeTHan TemnepaTypa soael | 4

YpOBEHb XUOKOCTU

[MNOCKOCTb CUMMETPUNU

(x| BupTyankHeiid oneiToseii Gacceiin

MapameTpbl Mogent  apameTpol cpeabl  [MapamMeTpel pacdeTa

Ocagka

YpoBeHb XNaKocTu

Moy

Mo Z (rnybuHa)

R R

Mo Z (BuicoTa)
[1ocKocTb cun MMETPUN

Mesh quality 1

BpeMA MOAENMPOBaEHWA B NPONNLIEHEIX BpeMeHax |1

[INCK BUHTaA
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VOBIa - for internet, architecture
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Start page of iVOBIa

BupTyanbHbIA ONbITOBLIA 6accerH

Cospanue YucneHHoOW mogenu obTekaHusA CyAHa C y4eToM BOﬂHDOEpﬂdOBﬂHMH M naMuHapHo-‘rypSyneHTHoro nepexoga e norpaHA4MHOM Croe Ha KOopnyce cygHa
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Project list of iVOBIa
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Parameters specification

@ QopMynupoBKa 3aaa4M (ctabunbHans chopMa, npeaBapTenbHbIA BAPUAaHT)
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[£= BupTyanchbli GacceiH HazeaHnne 3aga4n
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Parameters specification-2

4 Coclwetine Agmunnctpatopy
CKOpOCTL OykcHpoBkn 10

[ysnos] OBazamensHo CTeneHu ceoGoObl
0 npoekTe WCMONb30BEATh HET
MapameTpbl cpeabl
B0QOoUINEWEHAE [T] 0
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A1
Y 1
Z(rnybuua) 1
Z(Beicota) 1

CTeneHs TOYHOCTH 1T w
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MCMONb3yeMbIX
NpOLECCOPOB:

Please choose a category to put data into:

Janyckn>>3a0aun PEWaESMBIS © NOMOLWEBIS NaKeTa =~ sk
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Before run on Supercomputer

BupTtyanbHbIA ONbITOBbIA DaccenH

A HosocTw

[ BupTyantHbiil Gacceiin
Brinonhiaembie 45 1
234341
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& Ookymentayna
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Ofcypenna 0
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Checking problem status (after run)
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Investigating the Problems of Ship Propulsion on a Supercomputer
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Investigating the Problems of Ship Propulsion on a Supercomputer

Results

NMPOCMOTP pe3ynLTaToE CYETa sadaHMsa
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Investigating the Problems of Ship Propulsion on a Supercomputer

Conclusion

« Using virtual towel tank we want to give to maritime engineers and designers simple way how to
estimate propulsion characteristics of their developed or modified ship with high accuracy

« Internet virtual towel tank gives to engineers also an access to supercomputer power — easy and
fast to solve complex maritime problems.
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