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Thermal Phenomena of an N2O Catalyst Bed

for Hybrid Rockets Using a Porous Medium Approach
Woo-Jun You*, Soo-Jong Kim*, Jin-Kon Kim** and Seok Pil Jang**

ABSTRACT

In this study, fluid flow and thermal characteristics in a catalyst bed for nitrous
oxide catalytic decomposition which is introduced as a hybrid rocket ignition system
for small satellites were theoretically considered. To analyze the thermal phenomena of
the catalyst bed, a so-called porous medium approach has been opted for modeling
the honeycomb geometry of the catalyst bed. Using a Brinkman-extended Darcy model
for fluid flow and the one-equation model for heat transfer, the analytical solutions
for both velocity and temperature distributions in the catalyst bed are obtained and
compared with experimental data to validate the porous medium approach. Based on
the analytical solutions, parameters of engineering importance are identified to be the
porosity of the catalyst bed, effective volumetric ratio, the ratio of the radius of the
catalyst bed to the radius of a pore, heat flux generated by a heater, and pumping
power. Their effects on thermal phenomena of the catalyst bed are studied.
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Fig. 1. Schematic of N2O catalytic decom-
position in the catalyst bed[8]
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g. 3. Non-dimensional velocity profiles of the
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Fig. 4. Non-dimensional temperature profiles of
the radial direction in the catalyst bed
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Table 1. Experimental conditions of N2O
catalyst bed[8]
System radius (mm) 12
Catalyst bed length (mm) 60
Mass flow rate (g/sec) 0.073
Pore radius (mm) 0.108

N20 inlet temperature (C) 120
Thermal conductivity—fluid (W/m-K) 0.022
Thermal conductivity—solid (W/m-K) 40
0.478

Porosity
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Fig. 5. Axial temperature profile in the
catalyst bed
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