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Study on the performance of steam methane reforming membrane
reactor driven by solar energy

Liu Zongxin', Wang Jingyu', Shen Leilei?, Wang Lei', Ji Changfa'
(1.College of Energy Engineering, Xi‘an University of Science and Technology, Xi‘an 710054, China; 2.College of
Architecture and Civil Engineering, Xi“an University of Science and Technology, Xi‘an 710054, China)

Abstract; Steam methane reforming membrane reactor removes hydrogen through a hydrogen —
selective permeation membrane, which can promote the forward movement of the reaction, improve
methane conversion rate with reduced reaction temperature, and achieve thermochemical storage
under medium—temperature of trough solar collector. However, the characteristics of multi-physical
field coupling in the reactor are complex, and the influence of operating parameters on the
performance of the reactor needs to be further investigated. The steam methane steam reforming
reaction in the membrane reactor driven by solar at mid temperature was taken as the research
object in this paper. The multi —physics coupling model of fluid flow, heat/mass transfer and
chemical reactions in the reactor was established by using ANSYS FLUENT, and the effects of the
key operating parameters (i.e., inlet mass flow rate, temperature, reaction pressure, water —to—
carbon ratio and permeation pressure) on the reactor chemical and thermodynamic performances
were studied. The results show that the methane conversion rate and energy efficiency are
negatively correlated with the inlet flow rate. The conversion rate of methane is positively
correlated with reaction temperature. The energy efficiency first increases and then decreases with
the increase of temperature, existing a peak value. When the inlet flow rate is low, the methane
conversion rate and energy efficiency increase with the increase of the reaction pressure, while the
methane conversion rate and energy efficiency decrease with the increase of reaction pressure
when the inlet flow rate is high. The increase of the water to carbon ratio can significantly improve
the chemical reaction performance but reduce the energy efficiency. The lower the pressure on the
permeation side, the better the reactor performance. The research results are of great significance
for high—grade solar thermal utilization.

Keywords: steam methane reforming; membrane reactor; thermochemical energy storage; multi—

physics coupling
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