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Abstract

Orbital data centers require lightweight, reliable thermal-management systems for rejecting computing heat in orbit. This
study presents an SDF-based conditional diffusion framework that generates three radiator flow-field families: single
serpentine, parallel straight-channel, and circular pin-fin. Design variables control channel count, width, bend radius,
header width, pin arrangement, and pin diameter, while fixed inlet, outlet, and boundaries preserve a common interface.
Generated SDFs are binarized and refined through topology-preserving post-processing. A validity pipeline evaluates
volume fraction, fluid and wall width limits, domain compliance, inlet-to-outlet connectivity, isolated regions by four-
neighbor breadth-first search, family constraints, post-processing fidelity, and novelty against training and accepted
samples. The workflow yields traceable, diffusion-ready geometries for CFD labeling, surrogate modeling, and fault-

response assessment of orbital data-center radiators.
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Fig. 1 Flowchart of the unified family-conditioned SDF
diffusion and geometry validation framework
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Fig. 2 Generated SDFs and binary flow-field geometries
for three conditioned design families
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Fig. 3 Representative accepted and rejected geometries
identified by family-specific validity gates
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