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» Hybrid Atomistic-Continuum Simulations of Boiling (Mirco)

» The CPL Library (Ed)

» Running CPL library in ARCHERZ2, installation overview, using the modules (Gavin)
» Coupled OpenFOAM’s solvers (Mirco)

» LAMMPS and coupling with CPL (Ed)

» The coupled Couette flow case (Ed)

» The coupled boiling case (Gabriele)

» Demo on ARCHER?2 (Gabriele)




Hybrid Atomistic-Continuum Simulations of Boiling: Why?

Cooling using boiling flows

> Very high heat transfer rates O(MW/m?)
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[1] J. Park, PhD Thesis, EPFL, 2008. 3
[2] Paz et al., Exp Therm Fluid Sci 64 (2015) 114.



CPLIcoFoam

Transient solver for incompressible,

CPLIcoFoam.C

. . . 3z #include “fwCFD.H"
laminar flow of Newtonian fluids - #include "pisoControl.H"
34 #include "CPLSocketFOAM.H"
V * U - O 35
aU 36 = = = = = = = = = = = = = = = = = =
-
—+V-(UU)-V-(WWU) =-Vp 7
at 38 int main(int argc, char *argv[])
3AC r
== L
4a
y“ U= (U 0 O) 41 /{Check if coupled based on cpl/COUPLER.in input file
- wr» Y
42 bool coupled;
| 43 if (file exists({"./cpl/COUPLER.in"}) {
P AL 44 Info<< "Assuming coupled run as cpl/COUPLER.in exists\n™ << endl;
/ /‘/,‘/' /, 45 coupled=true;
A/ /
p 4 / 46 T oelze {
/ 4
y/ 47 Info<< "Assuming uncoupled run as cpl/COUPLER.in does not exist\n" << endl;
v v 43 coupled=false;
49 }
28
U= UMD c1
52 /{ Create a CPL object (not used if uncoupled)} and intialises MPI
: 53 CPLSocketFOAM CPL;
3 ® ® > g if )]
3 H soss Ux G4 i .‘CDUP:!.EI'?)F F
U _ O 55 CPL.initComms{argc, argv);




CPLIcoFoam

Transient solver for incompressible, _ — _ _
. . . 65 // MPI_Init is called somewhere in the PStream library
laminar flow of Newtonian fluids .
66 if (coupled)
67 CPL.initCFD(runTime, mesh);
V-U=20
68
aU 69 J/ KRR R R R X R B X R X K X K R K K K K F K X K B K X %
—+V-(UU)-V-(WWU) =-Vp 70
dt ,
71
72 J/ Initial communication to initialize domains
Va 73 if (coupled){
U= (UW' 010) 74 CPL.pack(u, p, nu, mesh, CPL.VEL);
— 75 CPL.send();
~ 4/'4/'1 7 76 CPL.recvVelocity();
/ A A AL 77 CPL.unpackvelocity(U, mesh);
1A d
p4 yi 78 [/ CPL.recvVelocityPressure();
/
// 79 // CPL.unpackvelocityPressure(U, p, mesh);
, /V /V 80 }
31
U=U 82 Info<< "\nStarting time loop\n" << endl;
MD 83 while (runTime.loop())
U=20




CPLIcoFoam

Transient solver for incompressible, 82 Info<< "\nStarting time loop\n" << endl;
laminar flow of Newtonian fluids 83 while (runTime.loop())
84 {
V-U=20 85
aU 86 if (coupled){
87 std::cout << "CPL.VEL is on " << std::endl;
E + V ) (UU) N V ) (VVU) = _Vp 38 CPL.pack(u, p, nu, mesh, CPL.VEL);
89 //CPL.pack(U, p, nu, mesh, CPL.STRESS);
9@ CPL.send();
Va 91 CPL.recvVelocity();
U= (UW' O'O) 92 CPL.unpackvelocity(U, mesh);
m—>- N 93 // CPL.recvVelocityPressure();
P 7 94 !/ CPL.unpackvelocityPressure(U, p, mesh);
A //‘j/‘/' '/, 9 }
P4 / 96
/, / 97 Info<< "Time = " << runTime.timeName() << nl << endl;
AV ARV .
99 #include "CourantNo.H"
1006
U= UMD 101 // Momentum predictor
182 |
183 fvvectorMatrix UEqgn
i : i Uy izi | fum: : ddt (v)
U=20 —




CPLinterFoamHardtPhaseChange

Solver for two incompressible, immiscible fluids using a VOF (volume of fluid) phase-fraction based interface capturing
approach, and Hardt and Wondra model [1,2] for phase change
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d(pU
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[1] S. Hardt and F. Wondra, J. Computational Physics 227 (2008) 5871. 1
[2] F. Municchi et al., Int J Heat Mass Transf 195 (2022) 123166.



CPLinterFoamHardtPhaseChange

Solver for two incompressible, immiscible fluids using a ot [ ERnctude TP SockerrOR CPLinterFoamHardtPhaseChange.C
VOF (volume of fluid) phase-fraction based interface Pttt rtstrrieEirietar et ettt
capturing approach, and Hardt and Wondra model [1,2] >4
55 int main(int argc, char *argv[])
for phase change -
57 Info << "Hello, this is CPLinterFoamHardtPhaseChange from ~/demo/CPL..." << endl;
58 arglist::addNote
I CPL|nterF0amH rdtPhaseChangeI 5@ "Solver for two incomprezsible, iscthermal immiscible fluids™
I 61 " using VOF phase-fraction based interface capturing.in”
62 "With optional mesh motion and mesh topology changes including™
| 63 " adaptive re-meshing.”
I 7 bool coupled;
63 if (file_ewists{"./cpl/COUPLER.in"}) {
I (U; p; a; T) 69 Info<< "Assuming coupled run as cpl/COUPLER.in existsin™ << endl;

= (U, p, a, T)MD 7a _ coupled=true;

lse |

72 Info<< "Assuming uncoupled runm as cpl/COUPLER.in does not existin® << endl;
73 coupled=Tfalse;
76 Create a CPL object ot ed if uncoupled) and intialise PI

77 CPL5ocketFOAM CPL;

if (coupled)

ge CPL.initComms{argc, argv);

[1] S. Hardt and F. Wondra, J. Computational Physics 227 (2008) 5871. 8
[2] F. Municchi et al., Int J Heat Mass Transf 195 (2022) 123166.



CPLinterFoamHardtPhaseChange

Solver for two incompressible, immiscible fluids using a MPI_Init 1s called somewhere in the PStream library
. . . o8 if {coupled)
VOF (volume of fluid) phase-fraction based interface oL initerDrunTine. mech) .
capturing approach, and Hardt and Wondra model [1,2] 100
for phase change 101 if (1LTS)
183 ginclude "CourantMo.H"
____________ 184 ginclude "setInitialDeltaT.H"
: CPLinterFoamHardtPhaseChange| 105
I 1 Initial co ication to initialize domai
| 118 if (coupled){
| 111 CPL.packil, p, nu, mesh, CPL.VEL});
112 CPL.send
I (l],[),(l,?ﬂ) 113 CPL.recwWelocityPressure();
— (llyl)ycxyqﬂ)ﬂdl) 114 CPL.unpackVelocityVWOF (U, alphal, alphaz,
115 rhol, rho?,
116 T, mesh);
117
118
119 Info<< "\nStarting time loopin" << endl;
121 while (runTime.run(})
[1] S. Hardt and F. Wondra, J. Computational Physics 227 (2008) 5871. 9

[2] F. Municchi et al., Int J Heat Mass Transf 195 (2022) 123166.



Solver for two incompressible, immiscible fluids using a
VOF (volume of fluid) phase-fraction based interface
capturing approach, and Hardt and Wondra model [1,2]
for phase change

CPLinterFoamHardtPhaseChange |

(U,p,a,T)
— (:l’; ;),CX,'Tﬁ)A4l)

CPLinterFoamHardtPhaseChange

while (pimple.loop())

if (pimple.firstIter(} || moveMeshOuterCorrectors)

mesh.update();

if (mesh.changing())

Do not apply previous time-ste esh compreszio
1F the mesh topolosy changed
if the mesh topology changed
if (mesh.topoChanging(})
talphaPhilCorr@.clear();
h
if (coupled){
CPL.packi{U, p, nu, mesh, CPL.VEL);
CPL.packil, p, nu, mesh, CPL.STRESS);

CPL.send(};

CPL.recvelocityPressure();

CPL.unpackVelocityVOF({U, alphal, alpha2,
rhol, rho2,

T, mesh);

#include "alphaControls.H"

#include "alphaEgnsublycle.H"

mixture.correct( )3

[1] S. Hardt and F. Wondra, J. Computational Physics 227 (2008) 5871.
[2] F. Municchi et al., Int J Heat Mass Transf 195 (2022) 123166.
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