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! Capture

2 Volume of fluid (VOF)
3 Level set

4 Track

5 Sharp

¢ Marker and cell (MAC)
7 Front tracking

8 Interface tracking (IT)
® interTrackFoam

19 pressure Implicit Method for Pressure Linked Equations (PIMPLE)
1 Muzaferija and Peric
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2 Patankar

3 Schnieder and Karimian
4 Darwish

5 Header file
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I Gauss linear

2 Gauss gamma VDC

3 Gauss linear corrected
4 Finite volume

5 Finite area
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! Mid-point rule

2 Space conservation law (SCL)
3 Segregated

4 Rhie and Chow
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! Swept volume
2 Header file
3 createFileds



volVector4Field pU

(
IOobject

( llpU n ,
runTime.timeName (),
mesh,

IOobject::NO READ,
IOobject::NO WRITE

)l
mésh,
dimensionedVector4 ("zero",dimless, vectord: :zero)

)i
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fvBlockMatrix<vector4> UpEgn (Up) ;
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' Right hand side (RHS)
2 Assemble

3 faMesh

4 Finite area

5 Sharp

% Track
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! Control points



freeSurface interface (mesh, rho, U, p, phi);
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interface.updatéBoundaryConditions () ;

| ->%updateVelocity () ;

|-> updatePressured) ;
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vectorField nGradU =
tangentialSurfaceTensionFokrce/ (muFluidA () .value () + VSMALL)
- nA*fac::div(Us()) () -dnternalField()
- (fac::grad(Us()) () .internalField () &nk) ;
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p -= cleanInterfaceSurfTension () .value () *K;
p —= 2.0*muFluidA () .value () *fac::div(Us()) () .internalField() ;
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scalarField sweptVolCorr = ]
interfacePhi
- fvc::meshPhi (rho(),U()) () .boundaryField() [aPatchID() ];
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scalarField deltaH =
sweptVolCorr/ (Sf* (Nf & facesDisplacementDir()));
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pointField displacement = pointDisplacement (deltaH) ;
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Figure 1: The algorithm used in two-phase flow solvers with the interface-tracking method:
a) default solver, b) coupled solver
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Table 2: The boundary conditions for ramp test case
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Table 3: Comparison of results for different spatial and temporal grids

Bslasys Slehie e Sl el NP RWI A1 ahie 35 ce pus S
ofee OIOVE o N OINY Ve e
oy SbY$ ey e BIOVA Ve o Ve

!'Slip

A



S a0 e ol NENTEU RV P ahie 55 ey S 4
N DIOVY el ofe O/OYY Ve o
BN BIBVY ey 0 blany Vo0

R OOV Yo o0
e AR fe 00-

S Byt e Wit K0Sy i eSs o5 5o b (6351 giiige ssalie YU Joged 5 JS5 51 45 shalen
O oSl plaa 1) S eolgiling 5 caslio aSl () pl il co Qo yo < VP e 4y ST el oLl plade jo aS b logel
bloads 43,8 a0 v, ) 3 olpiinn Sley a8 5 Ve o

A W LVA] 3yl Cews 4 Sl g0 4 GleT o 1) 29,5 adaie o S sf;1 b alold ol ojlail a5 5a axg3
DAL S 8 b 390 ol § axiaSTogd (o3 s Sl coaiosls dnwgs Sl zulis loo ol (glaunlio

|

[

|
T

9 g 81590 (Camly (S 0,8 as) sabosls drwgs JSlo g (S5 (Sin L) (p 3 i Sl (o 0151 b (o9l o dunns Lo 1 ST
ol S
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solver (red line), right) Muzaferija and Peric [15]
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Figure 7: The surface moving process until reaching the final position in the flow over the ramp
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Figure 8: Comparison of the convergence behavior for the ramp test case in terms of time
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Figure 9: Comparison of the convergence behavior for the ramp test case in‘terms of iteration numbers
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Figure 10: The domain and boundaries for the hydrofoil test case
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Table 4: The boundary conditions for hydrofoil test case

bl o5 > HLas s i
ol jlode Se Hhal,S g S olgo
=33 o ObslS ol lade 6599
=33 So Okl o Okl &z
b i b e el ol S 5T el
Ol O ool e g sl sloelgns

14



Grized Canldd 5 O 00 bl Gl lawslae (> asels o3lail 5 S sloaSis s b il adsl oo Lael jalaie 4
rebans B Lol aSit oS Sgug b A ds 3o ¢ plate pay lodd duslie 35 [YY 5 VY] aolie 10 0o 5 so0e bt b mlbs
Sl as s Jolis s Z ol b oo 0g5 slaaSiis ailoads g alisee Jobo b aiols aus g )] Blbl 155 g 98 ! adatio
G)J.AJjLAwb) \e 30‘\ w);aowmfﬁwjﬁodjla&“)oﬁwkbb YAA- - 5J5J.u:/\\” ‘J}LAJVY"
Sloads FMleleasSs coaS a5l 5o ed pl Blbl >l caanS S opl b cenlie e (ol oad adei g8 ) S0
oals Job sliwl) )3 ek LialBIVA/BY 5 AUVE e a0 Bl ol a4y S0 aials g0 caials Job anlllas jslaie 4 pizxen
OimledN Y S cewlsais ol asels slyasl ¢ lal Jobo ls].o ols Sl g bgd ! BlLbl aml miloass ol b adly jo .loals
ol O3] hans (59, polie 8o ol 31 g aSits adlllae Cga alides aSd CuiS aw

0.2

0.2

T
[

02 0 02 04
[

I

SEiisisme st

33T w59 polie p ol 51 axlllao s Jr95 B ol rgliin onie by o350 A s V) IS5
Figure 11: Three spatial grids with different qualities@around the-airfoil to study their effect on the values on the
free-surface
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Figure 12: Three grids with different lengths to study the effect of domain length
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Figure 13: Comparison of results for three grids with different resolutions and also comparison of free-surface
waves with numerical and experimental results of [22, 23]
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Table 5:°Comparison of results between different grids with different qualities and also different domain lengths
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Figure 16: Comparison of pressure and velocity distributions for two default and developed solvers, left) one
diameter distance behind the airfoil, and right) at mid-width distance
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Figure 17: Waves formed on the free-surface of the fluid behind'the airfoil, black dots for the default solver and
red line for the developed solver
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Figure 18: Comparison of the convergence behavior for the hydrofoil test case in terms of time
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Figure 19: Comparison of the convergence behavior for the hydrofail test.case in terms of iteration numbers
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Figure 20: The domain, grid and boundaries of the flow inside the 3D tank
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Table 6: The boundary conditions for the 3D tank test case
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Table 7: Comparisontef results for different spatial grids for 3D tank test case
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Figure 22: Flow and pressure structure.indifferent areas of the 3D tank, right) velocity and left) pressure
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Figure 23: Comparison of the fluid surface position in two inclined planes as well as the velocity and pressure
distribution in the mid-line for two aforementioned solvers, right) free-surface, and left) velocity and pressure
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Figure 25: Comparison of the convergence behavior for the 3D tank test case in terms of time
0
10 10"
10"E i
« yo2f 107 -
ERd g
2 107k 10° =
G . 5
s 107F g Z
Z w0°k 5000 5005 5010 £
E o
s 3
= 10 3 -
107F :
0 5000 10000 15000 20000 07 | 5000 10000 _ 15000 20000
Iterations (Coupled solver) Iterations (PIMPLE solver)
107 - 10° —
W 10 B 10
107 10° 1o T
s 107F 10°¢ 3 10° 10°
= _ - = -
% 107 107 Z 107 107
5 10°k * s 10™ N ——
% ]O.? "So00 9005 9010 % P 0005 30010 30015 30020
5 107 5 10
[=® 10.(,_ =W 106
107 107
0 5000 10000 15000 20000 0 50000 100000
Iterations (Coupled solver) Iterations (PIMPLE solver),

5SS DI o Gz (3350 o3 iged (gl (Ko Hid ) s i Y5 S
Figure 26: Comparison of the convergence behavior for the 3D tank test case in terms of iteration numbers
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ABSTRACT

In the present study, the.implementation of a coupled implicit solver is presented for solving the free-surface
flows. The implementation of the coupled pressure and velocity along with the default interface tracking
algorithm has led to the creation of a solver equivalent to the basic foam-extend solver, which is called
interTrackFoam. All of the features of the foam-extend platform can still be used i.e. mesh motion and parallel
processing. Also, the libraries related to the block matrices available in foam-extend are used in the developed
solver. The block matrix system is utilized-as the basis of the coupled solver. The single-step solution of pressure
and velocity is known as one of the main differences'with the default solver. The ability of the developed solver
to solve various test cases including a three-dimensional tank, solving the free-surface flow around an airfoil, and
the flow passing over the ramp is demonstrated. The simultaneous solution capability has provided the possibility
of reducing the number of iterations or considering a relatively higher time step related to solving the flow field.
This aforementioned solver is the first step towards the velocity, pressure, temperature and species coupled solver

with heat and mass transfer capability.
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