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ABSTRACT In this study, the optical properties, heat transfer capabilities and chemical reaction performance of a methane thermal
decomposition reactor using solar heat as a heat source were numerically analyzed on the basis of the cavity shape. The optical
properties were analyzed using TracePro, a Monte Carlo ray tracing-based program, and the heat transfer analysis was performed
using Fluent, a CFD program. An indirect heating tubular reactor was rotated at a constant speed to prevent damage by the heat source
in the solar furnace. The inside of the reactor was filled with a porous catalyst for methane decomposition, and the outside was
insulated to reduce heat loss. The performance of the reactor, based on cavity shape, was calculated when solar heat was concentrated
on the reactor surface and methane was supplied into the reactor in an environment with a solar irradiance of 700 W/m®, a wind speed
of 1 m/s, and an outdoor temperature of 25°C. Thus, it was confirmed that the heat loss of the full-cavity model decreased to 13% and
the methane conversion rate increased by 33.5% when compared to the semi-cavity model.

Key words Methane(H| §}), Decomposition(-3}]), Reactor(¥+-3-7]), Cavity shape(7}] B] €] & A}), Numerical simulation(= %] A] &
] o] A1), Optical property(°33+ € 4), Hydrogen(5=2>), Chemical reaction(Z}3} B1-2)

Nomenclature Fi: view factor

) H°: standard enthalpy, kJ/mol
A :area, m
ko : pre-exponential factor, s

k

E.: activation energy, kJ/mol
: rate constant, !

4

1) Ph.D. Candidate, Department of Mechanical Engineering, Inha : heat transfer rate, W

Q
University q : heat flux, W/m®
2) Research Student, Renewable Heat Integration Laboratory, Korea R - J/ke-K
Institute of Energy Research + gas constant, Jkg-
T

3) Principal Technician, Renewable Heat Integration Laboratory, : temperature, K

Korea Institute of Energy Research ¢ :emissivity
4) Principal Researcher, Renewable Heat Integration Laboratory, N : efficiency
S-Connect
5) Principal Researcher, Renewable Heat Integration Laboratory, p :reflectivity
Korea Institute of Energy Research o : Stefan-Boltzmann constant, W/m”-K*
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AC :activated carbon

CB : carbon black

CFD : computational fluid dynamics
DNI : direct normal irradiance

S2S : surface to surface
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Fig. 5. Difference of activation energy by catalyst

Table 1. Properties of BP—2000

ltem Value

Surface area (m”/g) 1,500
Pre—exponential factor,k, (sfl) 43X 10°

Activation energy, E. (kJ/mol) 235.9
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Table 2, Thermal amount at the reactor surface according
to the focal distance
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Table 3. Thermal amount according to location

Distance from focus Total power Peak flux

(mm) (kW) (kwW/m?)

70 20.4 1,720.6

100 17.2 865.5

130 14.4 527.3
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Table 4. Heat loss according to cavity shape

Thermal amount (kW)
Item
Semi—cavity Full—cavity
Radiation heat loss 9.33 9.44
Convection heat loss 8.15 5.85
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Fig. 10. Temperature distribution by distance in reactor
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