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Abstract

The supercritical carbon dioxide (sCO:) labyrinth sealing technology is a critical technology re-
lated to the efficient and stable operation of rotating machinery in the sCO, advanced power sys-
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tem. In order to study the flow characteristics of sCO; in the see-through labyrinth seal, Fluent was
used in this paper to simulate seals in the experiment. The experimental operating conditions in-
clude the supercritical to the gas phase of CO, totaling 18 sets. The influence of different turbu-
lence models on the calculation was evaluated by the experimental data, and then the flow field
and energy conversion process in the seal were analyzed. The results show that the numerical
model in this paper is capable of simulating the flow process of sCO; through the seal. Among the
three turbulence models studied, the results of the RNG k-& model agree best with the experimen-
tal data, with a maximum error of about 21.71% and an average error of about 7.43%.
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Figure 1. Schematic diagram of the see-through labyrinth seal
E 1. BEEREH/LAEEREE
Table 1. Geometry parameters and thermodynamic parameters
=L UAsHSRISH
JURIZE (AL mm) TS5
Hitkish 5 . NP HETT Hi
wEw)  hE() B ArEk(c) - -
EAMPa)  BEK)  JEA(MPa)  IREK)
8.3 379.05 7.02 355.25
8.3 349.55 6.91 334.25
8.3 318.65 7.44 311.65
8.3 316.65 6.22 299.85
—5 1.0347 0.4391 2.9362 0.2588
8.3 317.35 5.17 293.05
7.5 317.85 5.74 304.75
10.8 319.15 7.87 307.45
14.06 321.05 12.7 318.95
8.3 318.05 7.05 307.85
-5 1.0339 0.4840 2.9659 0.3868
8.3 317.05 7.6 311.65
8.3 319.45 7.46 313.55
=5 1.0257 0.1763 2.9802 0.2396
8.3 317.35 6.51 304.55
8.3 318.75 7.46 313.15
= 1.0099 0.7564 2.9903 0.2392
8.3 319.75 5.96 302.15
8.3 317.85 7.52 312.55
Fins 1.0136 0.4821 0.9827 0.2409
8.3 317.55 6.34 303.45
. 8.3 316.05 7.34 310.15
NG 1.0336 0.4934 1.9400 0.2449
8.3 317.25 6.09 301.45
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Figure 2. Grid sensitivity analysis
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Figure 3. Computational mesh of seal 1 (0.75 million)
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Figure 4. Errors of different turbulence model
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Figure 5. Results of RNG k-& model and experiment
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Figure 6. Results of different turbulence model
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Table 2. Calculation results of numerical works

#2 BEHEER

i S s kg/(s*mm?)

£ 71(MPa) HEFE(K) £ 71(MPa) B (K) SEE HAEHE B2
8.3 379.05 7.02 355.25 0.007928 0.009281 17.07%
8.3 349,55 6.91 334.25 0.008762 0.010665 21.71%
8.3 318.65 7.44 311.65 0.009013 0.010124 12.33%

. 8.3 316.65 6.22 299.85 0.013352 0.01427 6.87%
7 8.3 317.35 5.17 293.05 0.015772 0.015649 0.78%
75 317.85 5.74 304.75 0.011474 0.01194 4.06%

10.8 319.15 7.87 307.45 0.023282 0.024003 3.10%
14.06 321.05 12.7 318.95 0.017733 0.020332 14.66%

e 8.3 318.05 7.05 307.85 0.013119 0.013082 0.29%
-7 8.3 317.05 7.6 311.65 0.010767 0.010446 2.97%
. 8.3 319.45 7.46 313.55 0.010971 0.010568 3.68%
=7 8.3 317.35 6.51 304.55 0.016231 0.014262 12.14%
. 8.3 318.75 7.46 313.15 0.009643 0.010201 5.78%
o 8.3 319.75 5.96 302.15 0.015339 0.014774 3.68%
B 8.3 317.85 7.52 31255 0.012045 0.0133 10.42%
s 8.3 317.55 6.34 303.45 0.018623 0.018016 3.26%
e 8.3 316.05 7.34 310.15 0.011909 0.012568 5.53%
e 8.3 317.25 6.09 301.45 0.017271 0.016341 5.38%
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Figure 7. Pressure field of seal 1 (P;, = 8.3 MPa, Py = 7.44 MPa, T;, = 318.65 K)
B 7. Z5 1 WEH % (P, = 8.3 MPa, Py = 7.44 MPa, T;, = 318.65 K)
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Figure 8. Velocity field of seal 1 (P, = 8.3 MPa, Py = 7.44 MPa, T;, = 318.65 K)
& 8. ZE 1 HUIRE 9% (Pi, = 8.3 MPa, Py = 7.44 MPa, Tj, = 318.65 K)
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Figure 9. Stream line plot of seal 1 (P;, = 8.3 MPa, P, = 7.44 MPa, T;, = 318.65 K)
& 9. BE 1 BURZ(Pi, = 8.3 MPa, Py, = 7.44 MPa, T, = 318.65 K)
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