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1. INTRODUCTION

4. RESULTS AND DISCUSSION

Principle of space radiative cooling
 Heat generated by onboard instruments of space vehicles is dissipated to the low temperature
deep space by means of radiation heat transfer.
 Generic term used for such devices is “passive cryogenic radiators”. These operate in
temperature range of 60 – 300 K.1
 Large surface area and small size are the key requirements of cryogenic radiator surfaces.
How can metal foams be of use?
 Porosity of open-cell metal foams permits “deeper penetration” of incident radiation.2
 As a result, larger heat transfer surface area participates in radiative heat exchange.
 Light weight of metal foams is an added advantage making these an attractive choice as
extended heat transfer radiator surfaces.

If the foam is at temperature T, its
capacity to dissipate the radiative energy
to an enclosure at temperature Te (78 K) is,
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With the help of an analogy between
radiative and convective heat transfer, the
radiative energy can also be expressed as5,
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2. RAY TRACING SIMULATION

Radiation heat transfer coefficient (hr),
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T Foam temperature
A1 Foam geometric characteristics
F1e
ε1 Temperature-dependent emissivity
 Foam temperature measured experimentally.
 View factor ( 𝐹𝐹1𝑒𝑒 ≠ 1 ) and surface area
calculations
based
on
“simple-cubic”
structure model for metal foams. 4,6
 Emissivity of foam material (Al/Cu) taken
corresponding to its temperature.

 3D structures of actual metal foam samples have been obtained using in-house X-Ray micro-CT
facility. However, for preliminary ray tracing simulation, metal foams have been represented as
staggered cylinders.
 Commercial computational software “COMSOL Multiphysics” has been used for simulating
incident rays penetrating through staggered cylinders enclosed in an air domain.

Radiation heat transfer coefficient vs
foam temperature plots

 It is evident from the representative simulation that porous nature increases the participating
surface area. Furthermore, the incident radiation is subjected to multiple internal reflections and
absorptions as anticipated by previous researchers.2,3

Practical system showcasing the use of high
porosity open-cell metal foams as extended
heat transfer surfaces to provide cryogenic
radiative cooling.

3. EXPERIMENTAL TESTING
High porosity open-cell metal foam specifications
Metal foam
Material
Porosity
Pore density
Dimensions
(mm x mm x mm)
Set-up
Schematic

Al 10
Al 10#
Aluminium 6061
90.8 %
10 PPI
75 x 75 x 75 x 75 x
24.5
38.1

Cu 30
Copper
96.4 %
30 PPI
75 x 75 x
20.0

Actual
set-up

5. CONCLUSIONS
 High porosity open-cell metal foams seem a promising candidate to be employed for
cryogenic radiative cooling in space applications.
 In comparison to a solid cylinder of same weight, metal foam provides higher radiative
thermal conductance (ℎ𝑟𝑟 𝐴𝐴1 ) than that of the solid surface.
 Radiative heat transfer coefficient value can be useful in determining the cooling load that
can be taken by a high porosity open-cell metal foam when employed as extended heat
transfer surface in heat sink or heat exchanger.
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