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.|<. Introduction

i Ovide Pl Col ustaton > What are Methane-Direct Solid Oxide Fuel Cells? . _
' It is a type of solid oxide fuel Cells that converts methane directly
to electricity via internal reforming, without external reformers [2].  rrasi@azzz=

Fuel flow

Air flow

Grai . » Why is thermal uniformity optimization important?
radient porosity
~ anode Trapezoidal Bow-shaped It prevents thermal stress and material degradation caused by thermodynamic
microstuct re mismatch, ensuring long-term durability for Methane-Direct SOFCs [1].
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illustration [5]
- N . . Figure 1. Schematic of a SOFCs
: » What metrics are used to evaluate Thermal Uniformity? stack and a single SOFC
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ll » P / \ ( M lt I ) Gradient anode porosity varies the pore fraction of the anode
- ulti-scale thickness to control gas diffusion & reaction distribution [2].
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Typical schematic diagram of thermal management measures [4] : - N | Flow-channel Architecture: Three channel configurations
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thermal uniformity is evaluated [2]. route for thermal-uniformity improvement [5]. thermal uniformity [6]. N
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showing the best thermal uniformity. | reactions increase the AT by nearly 7 K [3]. ! .
Gradient porosity is feasible, but | > When temperature regulation is prioritized , specific | > System-level thermal management, particularly
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highly parameter-sensitive. i trapezoidal cross-sectional modifications can reduce | liquid cooling, can significantly suppress the stack-
x Current density decreases ! the temperature gradient by 24% at the expense of | level temperature gradients and maximum AT
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Figure 6. Temperature distribution at the inlet x-z cross-section downstream, Case 4 is hlghest. ' partlal electrical performance [3] d induced by direct internal reformlng (DIR) [4] /
Trade-off & Future Work
> Anode Porosity: Improvement from the Micro-level = Highly parameter-sensitive. » Methane-specific Focus: While existing literature predominantly addresses general
Case 1 shows the best thermal uniformity, with the lowest AT = 4.2 K. SOFCs, dedicated thermal management mechanisms tailored for methane-fueled
> Flow-channel: Transport enhanced = Performance vs. AT trade-off. Trapezoidal SOFCs are urgently required.

» Cross-scale Synergy: Transitioning from single-scale studies to deeply coupling

and bow-shaped improve current density by 15-16%, but increase local AT by nearl . .
P P i N y y anode porosity, flow-channel architecture, and system-level thermal management.

N . . o
7 K, and optimized trapezoidal channel can reduce temperature gradient by 24%. > Comprehensive Evaluation: Expanding beyond the sole metric of thermal

> System cooling: External complement > Achieves overoll improvement. Liquid uniformity to comprehensively incorporate long-term durability and manufacturing
cooling significantly reduces stack thermal gradients, lowering AT to 26 K. J cost assessments. j
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