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Study on fluid-solid-thermal coupling leakage characteristics of graphite
seal and formula construction
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Abstract: The fluid-solid-thermal multi-physics coupling theory of graphite seal was analyzed, and
a numerical solution model of graphite seal fluid-solid-thermal multi-physics coupling considering the
deformation of graphite ring was established. On the basis of verifying the accuracy of the model, carbon
graphite and antimony-impregnated graphite materials were studied. The flow field characteristics, the
structural mechanical characteristics and leakage characteristics of the graphite seal at different pressure
ratios and temperatures were compared and analyzed. The leakage of the graphite ring before and after the
deformation was compared and analyzed, and based on the traditional circumferential graphite seal leakage
formula, a theoretical formula for graphite seal leakage considering the deformation of the graphite ring
was constructed. Results showed that the established graphite seal fluid-solid-thermal multi-physics

coupling model considered the deformation of the graphite ring, and can accurately calculate the leakage
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flow characteristics and mechanical characteristics. The fluid entered the shallow groove under the action

of the circumferential shear flow, and formed a local high pressure area by extrusion in the shallow groove.

The deformation of the graphite ring on the high pressure side was obvious, of which the carbon-graphite

material deformed significantly under the action of high pressure ratio, and the antimony impregnated

material deformed significantly under the action of high temperature. When the temperature was 400 K

and the pressure ratio was 2—4, the deformation of the carbon-graphite sealing ring was reduced by

12.99% on average compared with the antimony-impregnated material, and the seal leakage was reduced

by 6.89% compared with the antimony-impregnated graphite material. The constructed leakage theoretical

formula can accurately calculate the leakage considering the deformation of the graphite ring, thus

providing a theoretical basis for the analysis of the leakage characteristics of the graphite seal.

Keywords: graphite seal; multi-physics coupling; leakage characteristics;

structural mechanics char acteristics; formula construction
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Fig. 1 Schematic diagram of graphite seal fluid-solid-thermal

multiphysics coupling
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multiphysics coupling calculation
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Table 1 Graphite ring material properties
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Table 3 Comparison results of graphite seal leakage rate
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