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Abstract

Sealing technology is a key technology related to the efficient, safe, and reliable operation of ro-
tating machinery in supercritical carbon dioxidenuclear power systems. In order to reduce the
seal leakage, the characteristics of the supercritical carbon dioxide see-through labyrinth seals are
studied numerically. Firstly, a nondimensional leakage rate is used to describe the leakage cha-
racteristics of the seal. Then, the influence of the upstream and downstream conditions and the
geometrical parameters on the seals’ leakage is studied. The results show that the thermodynamic
parameters such as temperature and pressure have little influence on the nondimensional leakage
rate. Reducing the sealing clearance, increasing the cavity length and decreasing the tooth width can
improve the sealing leakage performance. The effect of tooth height on seal leakage is nonlinear, and
there is an optimal value, which appears when the ratio of tooth height to cavity length is about 0.13.
Increasing the number of teeth can also reduce the sealing leakage, but this didn’t be reflected in the
nondimensional leakage rate. The calculation results show that the dimensionless leakage rate in
this paper can accurately reflect the relationship between seal geometry and leakage. In addition to
the methods of reducing the seal leakage by the traditional labyrinth seal, for the compact super-
critical carbon dioxide labyrinth seal, optimizing the structure of the seal cavity and adjusting the
tooth height can also effectively reduce the seal leakage.
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Figure 1. Calculation model and mesh
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Figure 2. Mesh independence
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Figure 3. The effect of inlet pressure and pressure ratios on
seal leakage by numerical calculation (73, = 318.01 K)
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Figure 4. The effect of inlet temperature on seal leakage by
experiment (P;, ~ 8.3 MPa, Pr~ 0.84)
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Figure 5. The effect of seal clearance on leakage
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Figure 6. The effect of cavity length on leakage
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Figure 7. The streamlines of seals with different cavity length
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Figure 8. The effect of tooth height on leakage
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Figure 9. The streamlines of seals with different tooth height
9. PRGBS TEHIREL

DOI: 10.12677/nst.2023.113032

311

REE SRR


https://doi.org/10.12677/nst.2023.113032

Efe 4%
1.6
2.4+
1.4
«n
B3 —
=423 3
B 1.2.§
2.2+ L1.0
—=— Leakage rate
—— iy
2.1 T T T T T 0.8
00 04 08 1.2 1.6 2.0

FH Ui %, mm

Figure 10. The effect of tooth width on leakage
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Figure 11. The streamlines of seals with different tooth widths
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Figure 12. The effect of tooth number on leakage
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Figure 13. The effect of /// on leakage
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