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Closed cell metal foam[a]
Open cell metal foam[b]

[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

Micro structure of metal foam[c]

• Porosity 𝜺 =
𝑷𝒐𝒓𝒆 𝑽𝒐𝒍𝒖𝒎𝒆

𝑻𝒐𝒕𝒂𝒍 𝑽𝒐𝒍𝒖𝒎𝒆

• Pore density :- Pores per inch (PPI)
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Metal Foam 

• Permeability (K)

• Ligaments or strut thickness

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


Literature (Boomsma et al. 2002) 
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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.

• 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



Literature Boomsma et al. 2002 
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Experimental apparatus used to measure the 
pressure drop of metal foam

Metal foam test housing cross-sectional view 
of the inlet, outlet, and foam positioning

Top view of the metal foam test housing



Literature Boomsma et al. 2002 
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Pressure-drop versus fluid flow velocity for the 
three uncompressed metal foams. 

Foam Pore 
dia. 
(dp) 

(mm)

Porosity Permiability 
(𝑲 × 𝟏𝟎−𝟏𝟎) 

(m2)

Inertia
coefficient 

(C) (m-1)

10 PPI 6.9 92.1 3529 120

20 PPI 3.6 92.0 1089 239

40 PPI 2.3 92.8 712 362



Objectives of present work
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 Replicate the results of the pressure drop in

the channel filled with porous metal foam

reported by Boomsam et al. using

opneFoam tool.

Pressure-drop versus fluid flow velocity for 
the three uncompressed metal foams. 

 Parameters of the study

• Foam geometry :- Uncompressed Al foam (10, 20 and 40 PPI)

• Range of the velocity :- 0.01 to 0.40 m/s (Redh = 668 to 7456)

• Working fluid :- Water (@ 𝟐𝟎 ℃)



Geometry and boundary conditions
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Metal foam test housing (a) cross-
sectional view (b) top view

(a)

(b)

𝑳𝒆

𝒅𝒉
= 𝟎. 𝟎𝟔 × 𝑹𝒆𝒅𝒉• Entrance length

80 mm

38 mm

12 mm

Water In

Water 

Out

𝒅𝒉 = 18.24

2m 0.08m 0.5m

uin

Inlet

domain 

Porous

domain 

Outlet

domain 

2D geometry for Simulation

0.012 m
Zero 
Pressure 
Gradient



Meshing (Grid independence study)
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Cell size  
0.61 mm Cell size  

1.33 mm

Variation of Total pressure with change in the total number of cells 
in radial and axial direction 

y

x



File structure for Porous material in openFoam

blockMesh
Dict

Case

0

constant

system

p U

transport 
Properties

turbulence 
Properties

fvSolutions fvSchemes controlDict

2D Channel flow
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File structure for Porous material in openFoam

blockMesh
Dict

Case

0

constant

system

p U

transport 
Properties

turbulence 
Properties

fvSolutions fvSchemes controlDict

2D Channel flow with 
porous material

Porosity 
Properties

topoSetDict
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“porosityProperties”file
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“porosityProperties”file

 Pressure drop in porous material

∆𝑷

𝑳
=

𝝁

𝑲
𝒖Darcy equation

Darcy-Forchheimer equation ∆𝑷

𝑳
=

𝝁

𝑲
𝒖 + 𝝆𝑪𝒖𝟐

𝑫 =
𝟏

𝑲
𝑭 = 𝟐𝑪

Boomsma et al.

Foam K*10-10 (m2) C (m-1)

10 PPI 3529 120

20 PPI 1089 239

40 PPI 712 362
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“toposetDict” file

2m 0.08m 0.5m

Inlet

domain 

Porous

domain 

Outlet

domain 

0.012 m

Box (minx   miny minz)
(maxx maxy maxz)
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Solving the case
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• porousSimpleFoam solver

• topoSet

• blockMesh

Meshing details 

Mesh Domain



Solving the case
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• porousSimpleFoam solver

• topoSet

• blockMesh



Solving the case
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• porousSimpleFoam solver

• topoSet

• blockMesh

Steady-state solver for 
incompressible, turbulent flow 



Results and Discussion
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Velocity contour plot 

Pressure contour plot 

40 PPI AL foam (u = 0.04 m/s)



Validation 

19Pressure-drop versus fluid flow velocity for the three uncompressed metal foams. 



Conclusion
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• The simulated results match well with the

experimental results



Thank You
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porousSimpleFoam solver
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• Steady-state solver for incompressible, turbulent flow 

• applications/solvers/incompressible/simpleFoam/porousSimpleFoam

createZone.H

Make

options

files

pEqn.H

porousSimpleFoam.C

porousSimpleFoam.dep

UEqn.H



porousSimpleFoam solver
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• Steady-state solver for incompressible, turbulent flow 

• applications/solvers/incompressible/simpleFoam/porousSimpleFoam

createZone.H

Make

options

files

pEqn.H

porousSimpleFoam.C

porousSimpleFoam.dep

UEqn.H



uEqn.H
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Porous media model
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• src/finiteVolume/cfdtools/general/porosityModels



Porous media model
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• src/finiteVolume/cfdtools/general/porosityModels


