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A pure oxygen combustion technology is crucial in Carbon Capture and Storage (CCS) technology especially in
capturing of CO,, where CCS will reduce 9 GtCO, by 2050, which is 19% of the total CO, reduction amount. To
make pure oxygen combustion feasible, a regenerative system is required to enhance the efficiency of pure oxygen
combustion system. However, an existing air combustion technology is not directly applicable due to the absence of
nitrogen that occupies the 78% of air. This study, therefore, investigates the heat and fluid flow in a regenerative
system for pure oxygen combustion by using commercial CFD software, FLUENT. Our regenerative system is
composed of aluminium packed spheres. The effect of the amount of packed spheres in regenerator and the effect of
presence or absence of a bypass of exhaust gas are investigated. The more thermal mass in regenerator makes the
steady-state time longer and temperature variation between heating and regenerating cycle smaller. In the case of
absence of bypass, the regenerator saturates because of enthalpy imbalance between exhaust gas and oxygen. We
find that 40% of exhaust gas is to be bypassed to prevent the saturation of regenerator.

Key Words : 59 4 A]AEl(Regenerative combustion system), < Al(Regenerator), 413 Z(Industrial furnace),
<=2F2=912~(Pure oxygen combustion), 4’\HTXJ]°35L(CFD)
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Fig. 1 A drawing of regenerative system (Units are millimeters)
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Fig. 2 Schematic diagram of regenerative system with explanation
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Table 1 Inlet mass flow rates and temperatures for
heating/generating process

0, : 86 Nm®/hr at 300 K
CH, : 43 Nm®/hr at 300 K
CO, : 43 Nm*/hr at 1473 K
H,0 : 86 Nm®/hr at 1473 K

Generating Process

Heating Process
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Fig. 3 Three dimensional grid
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Fig. 4 Explanation of simulation cases for different volume
of packed spheres
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Fig. 5 Average porous media temperature changes for 4 cases
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Table 2 Simulation cases with different volume of packed
spheres and bypass rate of exhaust gas

Volume of Bypass Rate of
Case Name Packed Spheres Exhaust Gas
Porous 1 2/3 40 %
Porous 2 1 40%
Porous 3 4/3 40 %
Saturated 1 0%
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Fig. 6 Temperature changes for 4 different cases at (a) top plane
and (b) bottom plane of porous media
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Fig. 7 Temperature changes for 4 different cases at outlet of
lower nozzle
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Fig. 9 Temperature contours at symmetric plane at steady-state at
20 second intervals including both heating and generating
processes. The (a), (b) and (c) correspond to the
simulation cases of Porous 1, Porous 2, and Porous 3 in
Table 2, respectively
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