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Metal Foam

Ligament

Micro structure of metal foaml!

Closed cell metal foam(@!

* Porosity (&) = Pore Volume * Permeability (K)

Total Volume

 Pore density :- Pores per inch (PPI) * Ligaments or strut thickness

[a] https://www.ifam.fraunhofer.de/content/dam/ifam/en/documents/dd/Infobl%C3%A4tter/open_cell_metal _foams_fraunhofer_ifam_dresden.pdf
[b] http://www.wikiwand.com/en/Aluminium foam sandwich
[c] http://jsetceramics.blogspot.com/2014/09/applications-of-alumina-ceramic-foam.html 3



http://www.wikiwand.com/en/Aluminium_foam_sandwich

Literature (Boomsma et al. 2002)

» Effects of Compression and Pore Size Variations on Permeability and inertia coefficient

(a) Aluminum foam block (92% porous, 10 PPI, 6.9 mm pore diameter) (b) magnified view of a uncompressed Al foam
(c) Compressed by a factor of four (76.1% porosity) (d) magnified view of compressed foam

K. Boomsma, D. Poulikakos, “The Effects of Compression and Pore Size Variations on the Liquid Flow Characteristics in Metal Foams”, ASME, Journal of
\ Fluids Engineering, Vol. 124, March 2002.
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Literature Boomsma et al, 2002
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[Literature Boomsma et al. 2002]
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060 {2 PR ment |- ] 0,048
20 PPI-Fi :
Foam Pore Porosity | Permiability Inertia 050 bl % 20 PPI—E:periment ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 0.020
dia. (K x 10719) | coefficient 5 40 PPLEsperiment i , :
(mm) AP/L [ 1 AP
[bar/m] 0.30 f { 0.024 [bar]
10 PPI 6.9 92.1 3529 120 [ ]
0.20 | 1 0.016
20PPI | 3.6 92.0 1089 239 0.10 | 1 0.008
0.00 L : 0.000
40 PPI 2.3 92.8 712 362
Pressure-drop versus fluid flow velocity for the
three uncompressed metal foams.
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[ Objectives of present work ] 070 | _
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Pressure-drop versus fluid flow velocity for

1 Parameters of the study the three uncompressed metal foams.

* Foam geometry :- Uncompressed Al foam (10, 20 and 40 PPI)
* Range of the velocity :- 0.01 to 0.40 m/s (Re,, = 668 to 7456)
* Working fluid :- Water (@ 20 °C)
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[Geometry and boundary conditions]
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2D geometry for Simulation




Pressure (pa)

[Meshing (Grid independence study)]
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[File structure for Porous material in openFoamJ

—__
—

Case

| S

constant

!_\—

system

2D Channel flow
o] U
transport turbulence

Properties Properties

5 8 B B

blockMesh  fsolutions fvSchemes  controlDict
Dict 10
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[File structure for Porous material in openFoamJ

—__
—

Case

| S

constant

!_\—

system

2D Channel flow with
porous material

5 B

p U
transport turbulence Porosity

Properties Properties  Properties

5 8 B B

blockMesh fvSolutions fvSchemes  controlDict
Dict

=

topoSetDict
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[ “porosityProperties”file ]

porosityl

{
type DarcyForchheimer;
cellione porouszone;

d (1.485e7 -1000 -1000);
Ff (724 0 9);

coordinateSystem

{
origin (8 @ 8);
el (18 8);
a2 (10 0);

0 0 op
ébﬁ

Eﬂﬂm0+%550m0=———+#——+5}

1
S =-— (,u D;; + EP|HH|FU) U

1
Si= —(MD+ §P|Ujj|F)Hf
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[ “porosityProperties”file ]

] Pressure drop in porous material

Darcy equation ATP - ﬁu
i i AP u
Darcy-Forchheimer equation —_ — 4, 1 pCu?
r k'"P
D = l F=2C

|
Si = —(,uD+ Eplujle

Boomsma et al.

Foam | K*10-10 (m?) | C(m1)
10 PPI 3529 120
20 PPI 1089 239
40 PPI 712 362
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[ “toposetDict” file ]

actions

(

Nnamea porouszone,

type cellSet; 0.08m

2m

action new;

source boxToCell; Inlet Porous

Inf . .
?mmmlwo domain domain

box (2 @ @) (2.88 8.0812 8.838);

¥

{ Box (minx miny minz)
name porouszone; (maxx maxy maxz)
type cell/oneSet;
action new;
source setTolellione;
sourcelnfo

1
¥

set porouszone;

Outlet
domain

14,
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[ Solving the case ]
 blockMesh
* topoSet
. Mesh Domain
* porousSimpleFoam solver
boundingBox: (@ @ @) (2.58 ©.012 ©.038)
nPoints: 1740806
nCells: 82840
nFaces: 335522
nInternalFaces: 161518
Meshing details
\ 15,
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[ Solving the case ]

° blockMesh Created cellSet porouszone
Applying source boxToCell
Adding cells with centre within boxes 1((2 @ @)
cellSet porouszone now size 1200
Created cellZoneSet porouszone
* tOPOSEt Applying source setToCellZone
Adding all cells from cellSet porouszone
cellZoneSet porouszone now size 1200

'
|
5\

2.08 ©.012 ©.038))

* porousSimpleFoam solver
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[ Solving the case ]
* blockMesh
* topoSet
* porousSimpleFoam solver ~ Steady-state solver for
P i " incompressible, turbulent flow
\ 17,
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[Results and Discussion ]
40 PPl AL foam (u = 0.04 m/s)
Velocity contour plot U Magnitude
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Pressure-drop versus fluid flow velocity for the three uncompressed metal foams. 19
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[ Conclusion ]

« The simulated results

experimental results

match well

with

the

20,




Thank You
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[ porousSimpleFoam solver J

* Steady-state solver for incompressible, turbulent flow

» applications/solvers/incompressible/simpleFoam/porousSimpleFoam

—> createZone.H
— Make
files
options
—> pEqn.H

—> porousSimpleFoam.C

— UEqn.H

— porousSimpleFoam.dep

22,
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[ porousSimpleFoam solver J

» Steady-state solver for incompressible, turbulent flow

» applications/solvers/incompressible/simpleFoam/porousSimpleFoam

—> createZone.H
— Make
files
options
—> pEqn.H

—> porousSimpleFoam.C

— UEqn.H

— porousSimpleFoam.dep
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[ uEqn.H ]

tmp<fvvectorMatrix> UEQn

fvm: :div(phi, U)
+ turbulence->divDevReff(U)

fvoptions(U)
);

mrfzones.addCoriolis(UEgQn());

UEgn() .relax();

tmp<volScalarField> trAu;
tmp<volTensorField> trTuU;

1f (pressureImplicitPorosity)

tmp<volTensorField> tTU = tensor(I)*UEgn() .A

pzZones.addResistance(UEqn(), tTu(Q));
trTu = inv(tTUQ);
trTu() .rename("rau");

fvoptions.constrain(UEqQn());
volvectorField gradp(fvc::grad(p));

for (int uUCorr=0; uCorr<nucCorr; UCorr++)

{
}

U.correctBoundaryConditions();

U= trtu() & (U~Egn() .H() - gradp);

fvoptions.correct(U);

o

{ :
pZones.addResistance (UEgQn()) ;
fvoptions.constrain(UEqQn());
solve(UEqQn() == -fvc::grad(p));
fvoptions.correct(U);
trAU = 1.0/UEqQn() .AQ);

. trAuU() .rename("rauv") ;

24,
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‘DarcyForchheimer.C
‘DarcyForchheimer.dep

[Porous media model]

* src/finiteVolume/cfdtools/general/porosityModels

DarcyForchheimer.H

DarcyForchheimerTemplates.C

forAll(cellzoneIds_, zoneI)

{

const labelList& cells =
mesh_.cel1zones()[cellzoneIds_[zoneI]];

forAll(cells, 1)

{

const label cellI = cells[i1];

(rho[cellI]*mag(ulcellI]))*F;

const tensor Cd = mulcellI]*D +

const scalar isoCd = tr(cd);

Udiag[cellI] += V[cellI]*isoCd;
Usource[cellI] -= V[cellI]*((cd - I*isoCd) & U[cellI]);

25,
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[Porous media model]

* src/finiteVolume/cfdtools/general/porosityModels

'hDﬂ“CFFDTCthh“ETIj adjustNegativeResistance(d);
‘DarcyForchheimer.dep D_.value().xx() = d.value().xQ);
_ D_.valueQ.yy( = d.value().yQ;
-DarcyForchheimer.H D_.value().zz() = d.value().zQ);
D_.value() = (E & D_ & E.T().value();

DarcyForchheimerTemplates.C

adjustNegativeResistance(f);

// leading 0.5 is from 1/2*rho
F_.value(Q) .xx() 0.5*f.value().x();
F_.value(Q.yy( = 0.5*f.value().yQ;
F_.value().zz() 0.5*f.value().z(Q;
F_.value() = (E & F_ & E.T()).value();




