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Prediction of flow field and hydrodynamic forces around a ship with
steady drift angles using an unstructured grid based RANS solver
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Viscous flow simulation around ships for manoeuvrability prediction has become one of the highly sought-after
issues nowadays among the ship hydrodynamic researchers. Among many of the flow simulation techniques,
RANS equation based flow solver has been proven to provide reasonably accurate predictions of results in ship
resistance and propulsion fields. In case of ship manoeuvring, the applicability of RANS solver is yet to be
firmly established in terms of predicting detail pressure and velocity distribution around the ship. For the
established RANS solvers, the wake distribution at the propeller plane has been considered to be the most
difficult quantity to predict accurately. The orientation and number of grid elements around the propeller
plane dictate the solution accuracy for wake calculation. Mostly these factors are controlled by the turbulence
model that has been used in the solver. The organization and implementation of different algorithms in a
RANS solver depend upon three factors, i.e., grid topology, the complexity of the flow and the order of accuracy
needed in the solution. Only through the manipulation of these algorithms the accuracy of solution can be
achieved. Since the source codes of the commercial solvers are not available for public, the author in this thesis
developed a RANS based flow solver for the prediction of flow field and hydrodynamic forces acting on a ship
moving with steady drift angles. An unstructured grid system has been used in these simulations because it is
easy to generate as compared to the structured grid. Although there are some inherent problems related to the
discretization scheme concerning unstructured grid, recent advancements in the slope limiting algorithm
prescribed the usage of unstructured grid in RANS solver to be much more efficient than before. On the above
premises, this thesis investigates the following aspects related to the developement of a RANS solver for ship
manoeuvring simulation:

a) For various drift angles of the moving ship, wake distribution and hydrodynamic forces are being calculated
using the developed RANS solver. The effect of grid orientation at the propeller plane and usage of different
turbulence models on the wake distribution have been thoroughly investigated. The dependency of the solution
on grid types has been reduced through the developement of the solver for unstructured grid on the framework of
finite volume method. Substantially lower number of grids have been used in the simulations along with
several wall function models.

b) Verification and validation of the code are needed to evaluate the modelling errors involved with the solver.

A standard procedure for this purpose has been used, which is based on Richardson Extrapolation technique.

The main conclusions of the study are:

1) The calculated values of hydrodynamic forces and moment acting on the drifting ship show a reasonable
accuracy in their determination through the usage of the developed RANS solver. An average error of
5-8% has been observed in the simulated data as compared to the experimental one. A slope limiter
algorithm has been implemented in discretization of the diffusion term of the Navier-Stokes equation to
maintain second order of accuracy and boundedness in the solutions.

2) Three different grid sizes have been used to carry out the verification and validation study on the
resistances acting on ships in straight ahead motion. Through the validation process it was concluded
that modelling of the RANS simulation code was appropriate as long as the wave making resistance
doesn't become significant. As the solver is still to be included with a free surface simulation algorithm,
the validation of the code is justified as long as the Froude number of the ship remains around or below
the value of 0.2.

3) The dependency of the code on the grid size to simulate the wake distribution has been thoroughly
examined. For different drift angles, it has been found that larger amount of grid element distribution
around the propeller plane predicts comparatively better the wake distribution. The missing details of

vortices in the simulation cannot be recovered even if the grid sizes are increased.

4) The above mentioned drawback in the simulated result can be due to the usage of two equation
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turbulence models in the solver. Since turbulence models are highly empirical in their nature of
formulation, the near wall behaviour has been investigated using two different turbulence models.
Usage of different wall function models has shown some imbalance in the determination of turbulence
kinetic energy production and dissipation near the wall. These results got reflected in the simulated
data for wake distribution, where the outline of the distribution has been predicted fairly well with

occasional missing of subtle vortices.

5) An adaptive wall function, minimizing the grid dependency of the near wall turbulent flow behaviour,
has been utilized to simulate the wake using a structured grid for straight ahead motion of the ship. In
this method, the inclusion of laminarization effect and pressure gradient term in the viscous sub-layer
has produced much better result in the determination of energy dissipation rate, which in turn shows
significant improvement in the wake prediction at the propeller plane.

Real time simulation of different ship manoeuvring requires accurate determination of the total forces and
moment acting on the ship hull. For these purposes, RANS simulations as carried out in this thesis not only
provides the reasonable approximation of hydrodynamic forces acting on the hull, but also provides the details of
the bow and stern vortices shed during steady drifting manoeuvres. These data may provide an insight into the
way the viscous lift and drag forces get generated along the hull. The simulated wake distribution, although is
missing some details at the propeller plane, the average wake fraction may get well predicted from these
simulated data. Therefore, through the extension of this solver for moving grid simulation and consideration of
rudder and simplified propeller model may provide the means to numerically predict the motion behaviour of
actual manoeuvring ship.

WXEBEEOHRNDEER

IR OHEEICE L CMAE D OREERED Y 2 2 b—v 3 VIFEVBELER 2L TV D, WL oh Dy
I al—va VFEEDH B, RANS (Reynolds Averaged Navier—Stokes) FERUZES  EIEE TV EA W ZFE (RANS
V=) 13T TIMRIETIEEO A F TR RRE TER TE S Z L0 Dh o TS, MAREREHEICE L T,
ZOBWRMEIZONWTIE, AR Y OFEH LEESFHOHEICE L TIXEL 45 LITE 272V, RANS Y A= 28BN T
13, FuSSEICRT R MEE Y Ofh) 2UNICEERHEETIABEETH S, ZORDITIE, Tr
SEEDY OHEKRTFOWMKEEBETORBEICKRESFET S, £, RANS YAA—THVLA TV SETET Vb
EEThHD, 29 LEERICLY, RUHT, ROLNWAEENELND, TRO Y AN—TREEOY —Za— F)
AESNTOARVNDT, TORBEEED B IZODMMAVRRN TE RN, Z07Rd, R T, EFRFWA TE
TR < BRREIR S 2 HEET B RANS YA N— % B LRAR L TV 5, BRI TIL, S 51T, TOAERMELBAYMHE
REERT & LTHBERTERAL TS, Lol ZORBERTICITOMBILR X — ALV ShOBEED
REREDS B B 28, O ESMEIR (slope limiting) 7 T) XAEEATAZ LIk D, ZThEERLTWS,

A IR D R 2 b —3 3 VIZET 5 RANS YA R—DBIRIZBI LT, UTO X 5 RAICOVTHREZ
Mz T35,
A) BIFE L7 RANS YAAN—ZAWT, Bx OFHMIAT ZECBIMOME L RENOHEET> TS, 7rXJ7ET
DEF DTG L EFRE TNV ORI RIETHBIOVWTHRE L TS, BTFDOF A THRIZE X DHEEROT
Bl OEBAEREEE BV EEERFE RV Y VAR —DREETo TS, £, BEEHREAVT, BFEEER
WL LTWD,
B) Y ANR—DEFMEBEZTMET B0, U F ¥ — FY UIMFRICE S  SIERIRRZEMAT & £ 7 VREEMAT 21T -
W3, '

BONREMILUTOBY THD,

1) BAF Shfz RANS YU N—IZ XV 5B Sh i ORIl < SIENI+0 R BEEL R o Tnb, EREL OV
RN 5~8% Th B, T E= R h—2 2AFBRADILBEDHEBALICE L T2 RA—4 —DRER L OH LR
St DEFHEIRT VT Y R AZBALTNS,

2) EEFOMMOBEHOBERIEDD 3 MEOKEX SOHFEBRTEE->THEL WS, EXEHRREEZHRI T
NTY XARBAINTE LT, BEIEROBERSEE I TV RV ZOERENNEE TRVWEEDHHE (71—
F¥k GREORERELZE L ZERTE) 0.2 0TF) THEARBINZYAANA—EIZYUTHS LERLTVS,

3) AT E X BHEKTFORE SOFEBERFN L TVE, RMADEVCL D TR ETOMRSME D E
CHEETHEDICHFARBOBRFABETHEZEEZRFLTWS, LEL, #HEBTHEEZHEMNL TLRiFO 7R
NS ETOMHFICHRN B BEERICER TS Z L3 TETwen,

4) FROYAAR—DRE, BFEETFNMCEB LEZTVWS, ELRITZOEROHER L, BERIITKRD 5 Z & 238
LnE®, 200FKEFMCONT, B TOREOEBHOVTHEL TW5B, Eo BEREE AV TRAL
TR, HROEHEN = RN F—DAER L BEMLTOBBRENT VAL TORNILERLTNS, ZhbORER
1. REREARICESVTRERST TV A, MIAWBOERERN TREBEBLREZOSMIIFRTE TS,

5) BEMETOEFTOEENCB VT, ZORTRFEEZR/MNIT 2BISE OB & SR FICHEA L T, BEEP0
MRS ERE LTS, ZOJE L BIREHER & AERIRIC R T 2 EABEMEMEKT 5 Z L1 &) =R X35
Ry HESHBETETRY ., TOMBR, Tu T ETORBAHOHEEICHRY OREARLN TS,

S BIT, IHOBKEES OHEE X BIERENZEOFEE BV TIT ) 201X, EEOEBFOMEIE L ik Nz
ERICRD ZHERDH D, BIFOMIUCONTIL, FRIC TR LIZRANS Y UN—DFHTH Y, MERICRET
BEOEMICAOVTORRDEX TS, THIZEo T, MEICH HEHESH & BFES CE L TOMRBELNT
W5, HEISNE 7T ETOERSHITEMICIERERDH D OO, EHERIT OV TR ESHEETE TN S,
LiztioT, ARXCHRESNILYAA—F ELICRR S, BIETORMA LR LOMELSheTrTF0%E
FUEBAT B LICEY, BIEEET OMMOEB FHEHICES Y —vE LTHIRF SRS,

PE® XS, AR, 5k, EROFECBEOERE b &2 LIHEERIC X 2 FIEB .0 TH - reiniihie
T AOREICH LT, 4%, e 25 AEEOEVEERENFIC L5 FEOFEREII SOV THRFLEZLDOTSH
D, FuXFECOERSTOHE, FHPOMEIE RIEHOHEERLE DMREEL TS,

o TARIRELHRIE LTHES S b0 LBDH S,





