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Comparative study on steady performance and heating mode of supercritical
CO: hydrostatic-dynamic dry gas seal
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Abstract: For enhancing the film stiffness of supercritical CO2 (S-CO2) hydrodynamic dry gas seal and reducing
the additional power consumption due to the installation of heater in the seal inlet line, a new structure of S-CO,
hydrostatic-dynamic dry gas seal with the heating of the ring body at the back of the static ring is proposed. Based
on the conjugate heat transfer model, the pressure and temperature distribution of dry gas seal were simulated
utilizing commercial software Fluent. The steady-state performance and flow field distribution of S-CO;
hydrodynamic seal, hydrostatic seal and hydrostatic-dynamic seal were compared and analyzed, and the flow and
heat transfer characteristics and power consumption of S-CO, hydrostatic-dynamic dry gas seals under different
heating modes and heat temperatures were discussed. The results show that the film stiffness of the hydrostatic-
dynamic dry gas seal is improved more than doubled compared with the hydrodynamic dry gas seal, while the
leakage rate increased significantly by 35% at the same time. The power consumption under ring heating mode is
44% lower than that under direct gas heating mode, leading to better operating economy. It provides a hew idea for
the structure design and auxiliary system improvement of compressor dry gas seal in S-CO, power generation
system.
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Fig.1 Schematic diagram of supercritical CO2 hydrostatic-
dynamic dry gas seal and the heating mode
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Fig.2 Schematic diagram of surface structure and
parameter definition of hydrostatic-dynamic dry gas seal
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Fig.3 Grid meshing of solid domain and fluid domain of
hydrostatic-dynamic dry gas seal
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Fig.4 Thermal boundary condition for dry gas seals with
different heating modes
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Tab.1 Convective heat transfer coefficient of seal ring
thermal boundary under different heating temperatures

. R ARBU(W m2 KD
HE TIK — — —
AR F R b FA T

360 8203.13 2881.26 166.27
370 7737.82 2680.74 154.70
380 7387.74 2528.14 145.89
390 7113.64 2407.14 138.91
400 6 893.23 2308.52 133.22
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Tab.2 Initial parameters adopted in the numerical calculation
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Tab.3 Steady performance of supercritical CO2 dry gas
seals with three different structures

gE| ) aRRit) i ER ILat
5 71 FolkN 49.79 51.45 54.12
SHERIEE Ko/ (KN um?) 0.65 0.84 1.67
MRZE q/(gs?) 7.72 10.00 10.39
H TR Tow/K 323.03 318.84 320.93

MR BRI At 24
SR MR 8 R LR 6 A 3,
A0 2 B B B AR e T 20

http://rlfd.cbpt.cnki.net

WHPEK 2 K, X EZRRRA SIS EE
AR B IR G K. SIS R T R BAT
BRAERITERACR, shif kT s 1A R A
BUTHIE S T 35%. W R R s ks
I BURAAFIAHA FTRETERI RN, PR b
FAEAAR WU, DI a3k T,
TR A IE AR 2 LASR et R R, R
G URHGERT T AR IR A BB PR A E 1

TR B HIRR A TERE 55 % B W B A A SRS
FE B E A, IR AN o it AT vl BV
Moo BT OB AR B AR KN, IR BE 20 A
A TR LR PR . B 6. &7 AL 8 23
3 Mkt S-CO» BB IS U J13s . S AN P
Yo WIS ARG : BT HEN BB, R
PR IS RN 7 32 5, BT TR B I RAR AL IR
MR R X A b T ah SR E, S
FESAETAE X 1) R PG B s R ERELR . 1930
FLEITIN, o AR S FLEE AN IS 5 5
T B IR RS T

L T | T

p/MPaID 1.9 2.8 3.6 45 54 63 7.1 8.0
a) Zl) g k5

_,

NN
1.0 1.8 27 35 43 52 60 68 7.7
b) zl)

F H
p/MPa

e

/——\

L T | |
p/MPa
1.2 1.8 2.5 32 39 45 52 59 6.6 7.3
c) iR 2

B 63 MM TREHSRENSH
Fig.6 Gas pressure distribution of the three different
types of dry gas seals
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different types of dry gas seals
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Fig.8 Gas temperature distribution of the three different
types of dry gas seals
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Fig.9 Gas pressure and temperature distribution in
the radial direction of the three types of dry gas seals
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different heating modes and heating temperature
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Fig.12 Radial pressure differential distribution of seals
under different heating modes and heat temperature
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Fig.13 Inlet gas flow rate of seals under different heating
modes and heat temperature

& %Ep/(kgrm)

T | [ |
25.1 37.8 50.5 63.2 75.9 88.6 101.3 114.0 126.7 139.4
a) T,=360 K, S A4 jin #4




54 F YR A

2023 4F

W 1¥p/(kg'm )
253 38.0 50.6 63.3 76.0 88.6 101.3 113.9 126.6 139.3
b) 7,=360 K, ¥ {4 i #4

% Ep/(kg'm )
T | [T ] [T
26.0 35.2 443 53.5 62.6 71.8 80.9 90.1 99.2 108.4

¢) T,=400 K, “T 4 I #4

#Ep/(kgm ™)

BN | [T [ [T

26.9 38.8 50.8 62.7 74.6 86.6 98.5 110.5122.4 134.3
d) 7,=400 K, ¥ 4 Jii #4

E 14 FRMHAEXMDFERE TERNREES T
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Fig.15 Flow velocity distribution of sealing medium under
different heating modes and heating temperature
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