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Numerical investigations on the coupled heat transfer characteristics of the
cooling system of a supercritical carbon dioxide axial turbine
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Abstract: A cooling system was designed for a supercritical carbon dioxide (S-CO,) axial turbine. The dry gas seal,
shaft and casing were cooled by extracting the low temperature S-CO> in the pipeline behind the compressor to
ensure that the dry gas seal operating temperature was below 200 °C. The flow and heat transfer characteristics of
the cooling system were analyzed using the coupled heat transfer method, and the temperature distributions of solid
domains such dry gas seal, shaft and casing of different cooling schemes were compared. The research shows that
the temperature drop of the shaft reaches 220.3 ‘C when theshaft cooling scheme is adopted, and the maximum
temperature of the dry gas seal is 229.1 °C. Further introduction of S-CO, with lower temperature and larger flow
rate to cool the casing can inhibit the heating effect of the high temperature mainstream at the turbine inlet. The
temperature drop of the shaft increases to 244.1 °C, and the maximum temperature of the dry gas seal decreases to
181.2 °C. Meanwhile, the reasonable temperature gradient of the cooled domains such as the dry gas seal, shaft and
casing is achieved. The cooling system designed in this paper provides a solution for the safe and reliable operation
of S-CO; axial turbines.
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Tab.1 Main geometrical parameters and operational
parameters of designed condition for S-COz turbine
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Fig.1 Dry gas seal structure of S-CO2 axial turbine
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Fig.2 Internal cooling system of S-CO: axial turbine
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Fig.3 Cooling passage structure of casing
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Fig.4 Three-dimensional computational model of cooling
system for the S-COz axial turbine

Bl 5 g T AR SRS, SR SR s Add
B AESE ML A, ATt 645 Ji. B 6 AT
I, 03 ] e 2 T A DAL S (X ) L Ak
AMIAHETE (SR UK ARG FREES IR R
R (XD . TR IR R
SRS, JEHSME 2 BN RE, RHAE
T P 2R 3 T V4 40 ) R 5 A [ A 4 03 18
SNRSE L S B4 B X IR FH 44 A% LA 42
TANANTT . FE R ITT EE B, WA S HOA
F 4697 Ji. BT T R R BRI ST R A
ST SR I A B T A

[El 5 S-CO 3137t 1 T E A 1T FARE W %
Fig.5 Computational grid of solid domains
of S-CO2 axial turbine

http://rlfd.cbpt.cnki.net

F 7R AE I S AR T A R G A A AR B AT AT 149

6 S-CO. FHiIE TR (gl 1+ H AR R
Fig.6 Computational model of fluid domains of S-CO: axial
turbine
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Tab.2 Temperature of main components of turbine cooling
path at different cooling plans

frE ToAH FRAAR SRS A LEE A
L 450.0 229.7 445.7 205.9
IR 450.0 207.3 4423 181.2
B D 427.8 300.6 4233 284.5
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Fig.23 Comparison of temperature distribution of dry gas seal
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