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Thermal-mechanical Deformation Characteristics of High Parameter CO,
Mixed Gases Dry Gas Seals under Turbulence Lubrication with
a Two-way Coupling Model
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Abstract: To address the challenges of prominent real gas effect, turbulence effect and end-face
thermal-mechanical deformations of CO, mixed gases DGS under high-speed and high-pressure operating
conditionss a two-way thermal-mechanical deformation model of CO, mixed gases DGS was constructed
considering turbulence and real gas effects. The model was solved using combined finite difference and fi-
nite element methods, and the thermal-mechanical deformation behavior of CO, mixed gases DGS was ana-
lyzed. The influences of turbulence effect on sealing clearance inclinations were discussed under different
operating conditions. The results show that turbulence effect decreases the equilibrium film thickness and
increases the temperatures of gas film and sealing ring. The impacts of turbulence effect on mechanics de-
formation of sealing end faces are negligible. At low rotational speed, the turbulence effect reduces the
thermal-mechanical deformations of sealing end faces, whereas the opposite occurs at high rotational
speed. At high inlet pressure, the turbulence effect effectively increases converging gaps between sealing
end faces. At low inlet temperature. the turbulence effect effectively inhibits the formation of divergent
gaps between sealing end faces.

Key words: dry gas seal (DGS) ; CO, mixed gas; thermal-mechanical deformation; turbulence ef-
fect; inclination
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Fig.1 Schematic diagram of spiral groove dry gas

seal structure
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Fig.2 Schematic diagram of thermal-mechanical

boundary conditions of dry gas seal
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Tab 1 Verification of rationality for thermal-

mechanical deformation calculation program
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Tab.2 Structural parameters and material properties

of seal rings
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Fig.5 Distributions of pressure field and temperature

field under laminar flow model
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field under turbulent flow model
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Fig.7 Influence of turbulence effect on thermal-

mechanical deformations of sealing end face
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Fig.8 The variation law of gas film temperature distribution with rotational speed in laminar and turbulent

flow models
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Tab.3 The variation of sealing end face inclination with

rotational speed in laminar and turbulent flow models

B n/(remin” D) 10 000 | 20 000 | 30 000 | 40 000 | 50 000

IR I A5 |JE| —9.66 |—10.92|—11.75(—13.63|—13.90

TBAHE Ag/10°° |y | —9.74 [—12.18|—15.18|—15.08|—12.27

HFF G 5 |JEW| 11.97 | 10.65 | 8.44 | 535 | 1.38

WIAHE Ag/10° [ 11.97 | 10.65 | 8.43 | 5.36 | 1.40

wmE T E 2] 2.31 | —0.27 | —3.30 | —8.28 |—12.52

WiARHE Ag/10° || 2.23 | —1.53 | —6.75| —9.72 |—10.86

W ER S T Ry 3AEC |V | —6.88 | —0.05 | 10.09 | 21.31 | 36.25

TR Ag/10°° [y | —6.41| 5.17 | 20.33 | 43.42 | 68.42

B R |JEE | —3.29 | —0.24 | 5.91 | 13.66 | 23.83

TR Ag/10°° || —3.08 | 2.36 | 11.76 | 26.50 | 43.83

R A R | —10.17] -0.29 | 16.00 | 34.97 | 60.08

R Ag /107 g | —9.49 | 7.53 | 32.09 | 69.92 [112.24

WHEWMT AT | 2| —7.85] —0.55 | 12.69 | 26.69 | 47.56

SR

Ag/10°°  |WE|—7.25| 6.00 | 25.34 | 60.20 |101.38

T % 5 it I 094 AR A} 2 48 8 i 4 K, HL 38 Hl £7
HAR R IEAE . X — AR fb R B L e o T e B, %% g
THT 1) FA AR T il %85 8 iy 18 [ B DA & 3 78 A Sl ol 8
R, IZ G R TR T B 5 R T, RO
(4t Tk X I S VR SR s i m B g (L IE 8) . T
B DU AR s A7 i, 5 B ] B 1A B
IR SARL 58 v o 0 T 0 5 5 S 3R A A A L B Ay L A
2 i A5 I B o 2 PR I 5 B0 B 1P R
RV B B . O B AR o e i as AT I % (]
Bt H 0 A g S I R A v T A A 9 B IR N AR
Qb Y BE S e s TR TR T B0 i T T RS L S8R )
Bt o b Ah o R ) ST T TR TR 1 A A 8
BN B = T I VO S ) B 5/ 1 2 B i
T80 Yo AR ) Il 5 B A — A A L TR Ut
FEE 25 AL ASE TR it DA A TR 174 %85 s iy T 2% T Bl
JINB BT TR B,k — B4 3 W T T N RE DR
/0N Jt ity TR A FAAR T 2 T o A0 288 e o 1 TP AR &
MO B A LR, TR H DR & s is T,
it AL AU N 2 4 R A MSE I L T R B DAY IO i A AR
(18 %% kit 1T 2 T ) A %) WAL S5 78 i) it 3 2 B i
DL K INE 2 8 A B s oy 1T A A AR R
a3ty 1 T A K B OSSO TR B . i S R o
Tt i 10 AN DB A5 2] 55 Ak il A5 3 0SS Y ) AR
83 T2 AR T O P AR Y (1 B )
PN

Wi 2 T T v o VO A TR A 2 st i T AR A
RIEWMA, HYHAHEZERIEM. =
20 000 r/min B o J22 3 455 AU (% %5 35 o 18 4 ) B il

ARhEE Fb i B Y T 9 3T O, PR I J2 IR R A1 %8
] B B 2 AT RS . A L 2 AR A T B
AR BE 24178 i AR, Lt 2 o g A A 7R
(AT R 22 (E Wi k. I, TRE
VLA o e ol G2 A7 L BT 2 I AR R B AT R
T2 7 A A 25 v T 0 I AR
3.3.2 AJEEE O JE 2D T HR K M U R
R 98

BB 3 30 000 r/min, #EH R E K 420 K,
YEOE 1R 6~14 MPa, #F 58 A 6] 98 11 % 1 °F i
TN Ko 4 s v v AR T R, SRR R R &
R 5% F ) B0 R R R L e 85 Bl e AL
NE o ASCRE S NI T RE DR S 3k — RO A S 23
SRR RN . IR 9 Fron, B HE R
B R A AR Bl e A AT T DL
JIBE . 1 s o 48 R 5 | ) SR I ik R A i e 2
YER . AH R EE FT R R it 9055 280 1 <8 30 B =
=1t 1 4 N B A R S =R NI 1 S OV
B, AR B HE O ) B R it I RO X A
T 5 B0 SR B EAT T AN 5 B0 A
SRR BE T B R R AR A — 2 i 51k .

JZ T it D ABE 7R e % sty T (04 B E 1
JEJI AR AL A I 3R 4 TR . 3R 4 TN Bl F 1
JE 77 B B8 I, PR S IR (9% Bl A o T R 4% s i T8 Y
T3 7% % 35 fif %% 1) B by & wIOR AR SR e SR L R R
Ui 18] ) 748 B 40 fuf %% 8 (] it 5 WY . A [ O R
JITR S PR Y % SR 7R 2 70 A 45 5 DRI i 9 2880 i
Xof 4% 5 i 11 7 A8 T8 (4 5 WA 3L/

B 3 1 g (038 O 7R AR VR R T A
T ) A ST AS) B 3 T s . L R TR L Y
% st ity 1T R] B PR G S5O AR O K RO i A AR A
2% T v T B BRAD AR 2R BRSO . ORI TR
% B R ) A 2 s A %% s ] i Ak
14 RS T B A % B BR N AR A IR R A L A ik
S0 B G 2, RIS T e 50 o 1T TR B A SO ]
B o E R g B 8 e IR A AR A R R A L A
AR5 B0 bt TR B OB AT B . it U AR X
AR e B A IR R B AT — E A
35 A PN A8 AL D U R A R o AR T i A % i T
TE ML SRR TR B i T 4SS 78 1) %85 s i T A 380 f AR
JFE KT )2 A AL 35 3R W T O 80 7 3 K T B g
T B ARARTE . T B Pl B 2 1 R, i A AR
B AL B o TR A, LA T R AU
B 420 K., i A58 28 1) 285 5 A A1 e 42 5 o B
AR ZT] 8 %o O e AR 5 T 2 i AR A 3 3

- 143 -



hEHL T AR 37 B 2 13 2026 51 H

435.1
4342
4333
432.4
431.5
430.6

K

437.1
436.1
435.1
434.1
433.1
432.1

(d)p,=6 MPa(iiti)

inlet pressure in laminar and turbulent flow models

(e)p,=10 MPa(iifi ifit)
B9 BER.mRERPSERESHEEODENNTHRE
Fig. 9 The variation law of gas film temperature distribution with inlet pressure in laminar and turbulent flow models
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Tab.4 The variation of sealing end face inclination with
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Fig.10 The variation law of gas film temperature distribution with inlet temperature in laminar and turbulent
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Tab.5 The variation of sealing end face inclination with

inlet temperature in laminar and turbulent flow models
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