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A Natural Language-Guided Agent for Local Mesh Refinement in CFD
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Abstract

This study presents a quality-driven remeshing agent linking natural-language requests to SALOME/SMESH. A local
Qwen LLM is confined to two decisions — interpreting user intent and selecting a remeshing strategy from a
measurement-grounded decision table — while deterministic Python code assembles, executes, and assesses the mesh.
Poor-quality elements are grouped into spatial clusters with measured element size, enabling targeted refinement that
leaves sound regions untouched. Deterministic guards (element budget, single-family changes, physical validity) and
mandatory user approval bound every modification. For a wing geometry, the agent produced a 1.4x10°-element hybrid
prism—tetrahedral mesh in 2 min 18 s and, within at most three autonomous cycles, reduced the defective-element rate by
43-55% while improving face non-orthogonality from 37.0-39.8° to 27.2-27.7°. All runs ran on a single 8 GB GPU.
Plans, quality reports, MED files, and execution traces are preserved, making the process transparent, reproducible, and

auditable.
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Fig. 2 Meshing results: before(left) and after(right)
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Table 1 Quality history of two autonomous runs

Run | Cyele | N(10%) | (8 | s | 04(%)
0 | 140 | 0617 | 111 | 37.0

A [TT [ 297 | 0354 | 0354 | 277
0 | 144 | 0563 | 1762 | 398

I | 287 | 0335 |0377| 283

B 2 365 | 0271 | 0348 | 272
3| 41 | 0253 | 0343 | 272
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Table 2 Refinement strategies compared on the
identical initial mesh (AN: element increase)

Strategy AN(%) | Rate(%) Sos 0y5(°)
Initial mesh - 0.617 L.111 | 37.0
Point +0.2 0.607 1.106 | 36.9
Sphere(tight) | +43.1 0.483 0.446 | 30.7
Shell +48.1 0.457 0.426 | 30.2
Sphere(Large) | +112.6 0.379 0.356 | 28.2
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