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Presentation overview

• Open-cell metal foam, heat exchanger 

• Geometry and governing equations

• Numerical results

• Conclusions



• Open-cell metal foams (or metal sponge) can be used
to enhance heat transfer in many applications, such
as cryogenic heat exchanger, compact heat sinks and
heat exchanger.

• They are characterized by a cellular structure
represented by a metal (or a metal alloy) and
connected gas voids inside.

• Due to their intrinsic high porosity and large specific
surface area, these materials are considered to have
very promising properties to improve efficiency and
minimize the required weight and volume of novel
industrial heat exchangers.

• In this work, we use COMSOL Multiphysics® 6.2 to
study fluid flow and heat transfer processes through a
open-cell foam heat exchanger prototype.
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Open-cell metal foam, compact heat exchanger  
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Geometry of the open-cell foam heat exchanger

cooling air 
flow
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Magnitude Value
Length  L 230 mm
Width W 101.6 mm
Height  H 50.8 mm
Wall thickness t 5 mm
Inner diameter Da of air inlet 
and outlet

21.54 mm

Inner diameter of the copper 
tubes for the water crossflow

4.35 mm

Copper sponge width w 101.6 mm
Copper sponge height h 50.8 mm
Copper sponge thickness s 12.7 mm

hot water 
flow

end sections of the heat exchanger

copper tubes for the water flow 

dimensions in mm
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Open-cell metal foam sandwiched to three copper tubes 
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Magnitude Value
Copper alloy C10100
Pore density (pores per 
linear inch)

40

Relative density RD 10%
Specific heat 0.385 J/(g K)
Porosity 𝜀𝑝 90%

Specific surface area 𝑆𝑏 24 in2/ in3

Total thermal 
conductivity

13.2 W/ (m K)

Permeability 1.6 x10-7 m2

Interstitial heat transfer 
coefficient ℎ𝑠𝑓

140 W/ (m2 K) copper foam

cooling air 
flow hot water 

flow

compact heat exchanger reduced by symmetry

copper tubes for the water flow 
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Governing equations of the model
Heat transferred from a laminar, incompressible stream of 
hot water to a laminar, compressible flow of cold air.

Steady state compressible fluid flow and heat transfer 
through the 3D  heat exchanger section (Mass and Linear 
Momentum Conservation; Thermal Energy Conservation). 
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Copper foam modelled as a porous medium with non-
Darcian flow and in LTNE conditions.

Brinkman equations 

𝑞𝑠𝑓 𝑇𝑠 − 𝑇𝑓

𝑞𝑠𝑓 𝑇𝑓 − 𝑇𝑠

COMSOL Multiphysics® 6.2: Heat Transfer and CFD modules
Conjugate Heat Transfer physics interface 

additional source term (LTNE) 

for fluid thermal energy conservation

for solid thermal energy conservation
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Boundary conditions
Boundary conditions for the fluid flow:
• a total flow rate of 1.893 L/min for water (inlet velocity Uin,w = 0.708 

m/s in each tube)
• a flow rate of 23.408 L/min for the cooling air (inlet velocity Uin,a= 

1.071 m/s) 
• at the outlets, a null gauge pressure
• boundary condition of no slip on the solid walls 
• conditions of symmetry on the central longitudinal y-z plane of the 

device 

Boundary conditions for the heat transfer:
• at the inlet, temperature Tin,a of 300 K for the air inflow and 

temperature Tin,w of 312 K for the water inflow 
• at the outlets                    for both fluids (q is the heat flux and n is the 

normal direction)
• local thermal non-equilibrium boundary condition is used for the walls 

adjacent to the porous foam domain
• conditions of symmetry on the central longitudinal y-z plane of the 

device 
• no thermal resistance is considered between the copper tubes and 

the porous medium
• conditions of thermal insulation on the rest of the surfaces  

at the outlets, 
0=− • qn

b) at the outlets, 
0=− • qn

0=− • qn
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Solution with COMSOL Multiphysics 6.2

• free tetrahedral mesh in the air inlet and outlet sections, porous medium, and in the cylindrical tubes
• rest of the device is divided in structured quadrilateral elements
• boundary layers on the solid walls, using default values of the software

Parameter Size 

maximum element 
size 

3.94 mm 
2.75 mm  (tubes)

minimum element 
size

0.744 mm 
0.298 mm (tubes)
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the number of degrees of freedom is approximately 6.7x105 plus 6x104 internal DOFs 
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Numerical results: temperature and velocity 
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velocity magnitude (m/s) and velocity arrows on the longitudinal 
central y-z plane

temperature iso-surfaces (K) in the heat exchanger

air temperature increases
through the open-cell foams
up to a value close to 312 K

water temperature 
doesn’t show a significant 
variation

two main recirculating streams between 
the central air jet and the solid walls 
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temperature (K) and velocity arrows on the longitudinal central y-z 
plane (heat exchanger with 6 tubes for the water flow)

temperature (K) along the longitudinal y axis of the heat 
exchanger, with 6 tubes for the water flow

a second series of three cylindrical tubes for the water flow added, but maintaining the same flow rate

Numerical results: temperature and velocity arrows 

hot water flow

cooling air flow

again, water 
temperature 
doesn’t show a 
significant variation

air temperature increases
through the open-cell
foams up to a value close
to 312 K



11

Numerical results of temperature 

COMSOL CONFERENCE 2024 FLORENCE 23/10/2024

temperature (K) on the longitudinal central z-y plane (heat 
exchanger with 6 tubes for air-air heat transfer)

replacing water with air at the same inlet temperature of 312 K

temperature (K) along the z axis of the first central tube (heat 
exchanger with 6 tubes for air-air heat transfer)

air temperature along the axis 
of the first central tube  
decreases  until the 
asymptotic value of 300 K

cooling air flow

hot air flow
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Numerical results of temperature
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replacing water with air at the same inlet temperature of 312 K

cooling air flow

hot air flow

along the two central tubes, 
the hot air temperature 
decreases at outlets until 
300 K, approximately

cold air temperature increase of 1 ℃ approximately, a much 
lesser value than 11 ℃ , as computed before for the heat 
exchanger with water as hot fluid
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Numerical results of temperature
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with three nude copper tubes for the water flow, without the open-cell foam

According to the computational results, the energy transfer of the exchanger was enhanced using a 
copper sponge (high porosity and large specific surface area) 

nude copper tubes for the water flow, without foam 

hot water flow

cooling air flow

air temperature difference between the
inlet and the outlet is approximately 3 ℃
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Conclusions

• It has been developed a computational model of the fluid flow and heat transfer in a 3D
prototype of an open-cell foam heat exchanger.

• The numerical findings of the simulations show that the energy transfer of the exchanger is
enhanced owing to the copper sponge's high porosity and large specific surface area.

• Despite of the improved heat transfer experimented by the cooling air, the reduction of the
hot water temperature is low, also constrained by the short tube length, therefore requiring
some improvements of the device (introduction of coils, narrow channels, etc.).

• The results, also confirmed by experimental work, show that the computational model
developed with COMSOL Multiphysics® is effective for modelling the conjugate heat transfer
process of this compact device.

COMSOL CONFERENCE 2024 FLORENCE 23/10/2024
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