2023 10t OKUCC

2| 0FF APEC House, S+

October 20, 2023 I

Multiple Reference Frame 7|
KP505 Z 23 2{2| %=

=)
®Xie SNUTT
%@ [ ¥ Seoul National University
7“4))-4 N Towing Tank




Seoul National University
Towing Tank

ek
.@v\«vvwmﬂ
L3
i b=
Y

@)

=

o

—

™

ol

o

~

o

~

>

o)

o

©

@)




_2_
October 20, 2023 10th OKUCC

Y, = |HRY . ) .
JRITH 7 Seoul Natl_onal University
S Towing Tank



R
—1
=
X
=
10
1

JR=E R T
- D™ E0| statort 3| ™ E QI RotorE T+
- 7|FEo| mzHe| =TI 2HAlof HlsH FHH|HO|E H A5 H50| =
- X2 HeEo HaX =X EAS MESHY, Mgl ds2 it = ET
7t 2HSHA = £ US
- S|HEO| 25 DALS QS| TRHAE MY ol 43

Duct

< Installation for the self-propulsion test*> <Pump-jet propeller model>
*Ahn, J. W., Seol, H. S., Jung, H. S., & Park, Y. H. (2022). Study of the Self-Propulsion Test and Analysis for a Pumpjet Propulsor in LCT . £33
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- M scale®| Propeller Open Water Test =23 A| MRF(Multiple Reference
Frame) 7| 21 AL
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Fig. 7. Propeller A, model-scale test data vs. CFD predictions. Fig. 11. CFD results for K variation in the wake.

Fig. 10. Contour plots of nominal axial velocity (axial velocity normalized with V) with vectors for transverse velocities at propeller plane in ship-scale (left) and model-scale
(right)

Andersson, J., Gustafsson, R., Johansson, R., & Bensow, R. E. (2022). Propeller—hull interaction beyond the

propulsive factors—A case study on the performance of different propeller designs. Ocean Engineering \\‘;’!‘f ":}i:, N UTT
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= Continuity & Navier-Stokes equation
- Continuity equation
- HY=E FS(p = const.)M A continuity equation

6ui

axi

- Navier-Stokes equation
- HIY=YE FS(p = const.)Ml A Navier-Stokes equation

au]' auiuj _ 1 ap 1 aTij

ot ox; pox; p Ox;

» Newtonian 7 A 7S (Al 80| Qe ME SH2 7A BH=tE0f HH)

Ow O 2 (0U) s 5 Kronecker delt
U axj axi 3‘[,1. ax] ij ij * ronecker adelta
= 0 (* continuity eqn.)

. H|2t=M Newtonian &
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= RANS (Reynolds averaged Navier-Stokes) equation

- SEM3 R Q52 BAREY| 98 7| HO2 R HES Reynolds T A

=l 8 2= =9

1 t0+6t 1 t0+6t U = ﬁ + ul ;
U:; = — u:dt 7 — — dt Lt , l % il
l 6 tO l p 6 to p p — p + p 7
- RANS equation

ou; om;u; | duju; 10p 0 (ou; 0y
+ = ——=—+V +

Jt d0x; d0x; p 0x; 0x; \0x; 0Jx;

= Reynolds stess

« RANS 2 Al A0 LIEFLE= Reynolds stress 22 F3}17| 213l Boussinesq

o
approximation &£
du; 0u;u; 10dp 0 (ou; OJu; 2 0k
_J, v _ " L J1_Z "5,
at 0x; p 0x; T+v) 0x; <8xj axi> 30x; Y

« RANS H& D EHIZ = 2 equations 22 & SHLEQl k — w SST 22 AFE
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SIMPLE (semi-implicit method for

pressure linked equations) Al € & 12|52l Merged PISO-SIMPLE €11 2| &
AHE
- HYSFE FH e HEY & oA 7|3
- H[AZE AX(collocated mesh)E AtE S &2 L/ lSt= checker board 24fS
Sl 43817| 23l Rhie-Chow treatment & &
Initialization
(a) colocated (b) Staggered v
¢ Update time
v
Calculate Momentum eqn. <
v
Calculate Pressure poisson eqgn. <
v
U Magnitude Update flux and pressure with

under—relaxation

Corrector
loop

v
A_/———* o Update velocity

]
loop

v

A

Pressure

Calculate turbulent transport eqn.

1T v
; I"l. Calculate VOF transport eqn.
: v
-9- End @g '{:3:, NUTT
% ;,{1[‘; [ ¥ Seoul National University
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MRF(Multiple Reference Frame) 7|
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- XS 7|
- Time discretization scheme
« Euler
- Spatial discretization scheme

» Gradient scheme: Linear
» Divergence scheme: Second-order upwind

- Pressure-velocity coupling
* Merged PISO and SIMPLE Algorithm

« 3A =202 Of2ff &0 Z2|oH] LIELH

Inlet Dirichlet Neumann
Outlet Neumann Neumann
freeSream symmetry symmetry
Shaft No slip Neumann
Side Periodic Periodic

<Boundary conditions for Outer domain of KP505 POW test>
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Inner Neumann Neumann

MRFSide Periodic Periodic
Hub No slip Neumann
Blades No slip Neumann

<Boundary conditions for MRFZone of KP505 POW test>
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- X|BHA 7|
- Time discretization scheme
« Euler
- Spatial discretization scheme

» Gradient scheme: Linear

 Divergence scheme: Second-order upwind
- Pressure-velocity coupling
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<Computational domain for MRFZone test>
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<Boundary conditions for MRFZone test>
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pimpleFoamOf| A 2] MRF

= Momentum egn= F &
- MRF.DDt(U)= addCoriolisE 4=

- addCoriolis= MRF T+ 0] 8 Z =] = cellOf Q x

1 0| A MRF.DDt(U)E

EE S

ﬁ)] I:I)IK-% El-é-H%

— 7
V- (igtiy) +0 x 1) = —?p + 7+ (veps (Va; + (V)T

// Solve the Momentum equation

MRF.correctBoundaryVvelocity(U);

tmp<fvVectorMatrix> tUEQn

fum: :ddt(U) + fvmridiv(phi, U)

+[MRF.DDt(U)

+ turbulence->divDevReff(U)

fvoptions(U)
)i

fvVectorMatrix& UEQn = tUEgn.ref();

UEqn.relax();

fvoptions.constrain(UEgn);

(pimple.momentumPredictor())

{

solve(UEgn == -fvc:

:grad(p));

fvoptions.correct(U);

UEqgn.H

October 20, 2023

Foam: : tmp<Foam: :volVectorField> Foam::MRFZoneList::DDt

(

)
{

<31

nst volVectorField& U

nst

tmp<volVectorField> tacceleration

(

volVectorField: :New

(

)
):

"MRFZoneList:acceleration",
U.mesh(),
dimensionedVector(U.dimensions()/dimTime, Zero)

volvectorField& acceleration = taccéleration.ref();

forAll (=t

X}
[1(1) JaddCoriolisfU, acceleration);

tacceleration;

MRFZonelList.C

~18-
10th OKUCC

yid Foam::MRFZone::addCoriolis

nst volVectorField& U,
volVectorField& ddtu

net
onst

(cellZoneID == -1)
{

}

nst labelList& cells = mesh .cellZones()[cellZoneID ];
vectorField& ddtUc = ddtU.primitiveFieldRef();

const vectorField& Uc = U;

nst vector Omega = ->0megal();

forAll(cells, 1)

label celli = cells[i];

ddtUc[celli] += (Omega ~ Uc[celli]);

MRFZone.
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pimpleFoamO{| A1 2| MRF

= MRF

- Pressure poIsson egn=
Qx7

= cyclicAMIO| M 1, = interpolate®
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O IT L
= T =

= =

volScalarField rAU(1.0/UEqn.A());
volVectorField HbyA(constrainHbyA(rAU*UEgn.H(),
surfaceScalarField phiHbyA

(

u, pl);

“phiHbyA",
fvc:: flux(HbyA)
+ MRF.zeroFilter(fvc:
|H

:interpolate(rAu)*fvc: :ddtCorr(U, phi, Uf))

[MRF_makeRelative (phiHbyA) ;|

(p.needReference())

fvc: :makeRelative(phiHbyA, U);
adjustPhi(phiHbyA, U, p);
fvc::makeAbsolute(phiHbyA, U);

pEqn.H

Foam: :MRFZone: :MRFZone
(

const word& name,
fvMesh& mesh,
dictionary& dict,
word& cellZoneName

cons
cor

e e W

NS

mesh_(mesh),

name (name),

coeffs (dict),

active (coeffs .lookupOrDefault(“active", true)),
cellZoneName (cellZoneName),

cellZoneID (),

L
—

excludedPatchNames
(
wordReList(coeffs

).

. lookuporDefault(“nonRotatingPatches”, wordReList()))

OT1gin _(COeTTs . LOORUpL origin 17,
axis (coeffs .lookup("axis")),
omega (Functionl<scalar>: :New(“omega",

MRFZone.C

coeffs_))

LS
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S

012 [If nonRotatingPatches= excludedPatchOf|

VO

id Foam:

= dF
S)—'I'I'E

:MRFZone: :makeRe

0=

—

ative(volVectorField& U) const

(cellZoneId == -1)

const volvectorField& C = mesh .C();
const vector Omega = t ->0meqgal();
const labelList& cells = mesh_.cellZones()[cellZoneID ];
forAll(cells, i)

label celli = cells[i];

Ulcelli] -= (Omega *~ (C[celli] - origin ));

// Included patches
volvectorField: :Boundary& Ubf = U.boundaryFieldRef();
forAll(includedFaces , patchi)

forAll(includedFaces [patchi], 1)

label patchFacei = includedFaces [patchi][i];
Ubf[patchi] [patchFacei] = Zero;

}

SECFE]
= O

T 0| M excludedPatch®| patchFaceOf A

// Excluded patches
forAll(excludedFaces , patchi)

{
forAll(excludedFaces [patchi], i)
{
label patchFacei = excludedFaces [patchi][i];
Ubf[patchi] [patchFacei] -=
(Omega
~ (C.boundaryField()[patchi) [patchFacei] - origin
}
}

)i

MRFZone.C
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» KRISO2| 28 A|H A} H| st Aap x

= \orticityS 0| 835}0 q criteriaS T A|S}

J=0.5 KT 10K_Q eta_0
EFD 0.285 0437 0.519
CFD 0.2875 0.4495 0.509
DIFF(%) |0.88 2.86 -1.93
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<KP505 POW model test data vs CFD>
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