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Abstract: To address the issues of uneven temperature distribution and structural deformation in self-impact seals
under extreme high—speed, high—pressure conditions caused by thermal and mechanical loads, this study
systematically analyzes their thermal-mechanical coupling characteristics and designs a novel cooling structure for
the stationary ring side of the seal. By establishing a thermal—fluid—solid coupled model and conducting numerical

simulations using ANSYS Workbench, the temperature distribution and deformation patterns of the seal ring under
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varying rotational speeds and inlet pressures were investigated. Comparative analysis was performed on the
maximum temperature and deformation before and after cooling. The results indicate that rotational speed is the
dominant factor affecting temperature distribution; as speed increases, the high—temperature zone shifts from the
low—pressure outlet side to the point of maximum radial displacement of the rotating ring. The total thermo-—
mechanical deformation increases significantly with rising speed, with the proportion of mechanical deformation
rising as speed increases, though thermal deformation remains dominant. Inlet pressure has a minor effect on
temperature distribution and deformation. The designed cooling structure demonstrated significant effectiveness in
reducing temperature and suppressing deformation, lowering the local maximum temperature of the sealing ring by
56.6% and reducing the maximum deformation by 14.7%, thereby meeting the thermal performance design
requirements for self—=impact seals. This research provides theoretical foundations and engineering references for
thermal management design in self-impact seals, contributing to enhanced thermal stability and operational

reliability of sealing systems.

Keywords: self-impact seal; thermal-mechanical coupling; cooling structure; thermal—fluid-solid coupling;

temperature distribution; deformation
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Fig.1 Schematic diagram of a stacked self~impac seal and its

stationary ring—side cooling structure
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Table 1 Basic parameters of the self-impact seal

2 Bl
H AR d/mm 75
2B h/mm 0.3
B AR r/mm 2.25
W [/mm 5.5
SRS I h/mm 2
Sy al(”) 48
A BT, /(°C) 50
AT P /MPa 2-30
ARSI P /MPa 0.1
53 N/(rpm) 10000-60000
BEA T =5
HREZ 6

R2 EBHARWMESH

Table 2 Physical parameters of the sealing medium

S8 HufE

I pl(kg-m™) 1.225
AR C/I kg K™) 1006.43
FRRBAJW -m™ - K) 0.0242

il /(kg-m™+s™") 1.7894x107°
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Fig.2 Self-impact sealing mesh partitioning and boundary conditions for non—cooled structures
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Fig.3 Self-impact sealing mesh partitioning and boundary conditions with cooling structure
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Table 3 Physical parameters of sealing ring materials
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Fig.4 Grid independence verification
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Fig.5 Temperature distribution map of the self~=impact seal structure
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Fig.6 Thermal deformation distribution contour map of the self-impact seal structure

[ —=— A
35 —A— MR E LY

KK &s/um
N
(=}

0
10000 20000 30000 40000 50000 60000
EEn/rpm

7 OR[RIER A 00T 85 B PR B R AR T kB 2 3k 1 72 Ak
2 (n=10000-50000 rpm )

Fig.7 Variation of maximum deformation of sealing ring with

rotational speed under different load conditions(n=10000—
50000 rpm)

ey it BB T O B 5 Bl R T ) 4k 2k T 3 30
MPa, it £ AR W8 22 , 2k 7 22

Bt A S A A L, A R T % % st B e e Ui
JEE BRI ] S 50555 5 3K o T R ) T e s
i AR e SR R 8 S v e L P O DS i

120

—e— Pj=2MPa
—A— P{=3MPa
——P{=4MPa
—e— Pj=5MPa

110 ¢

¢ 100}

L2y
Bt R P T
[{e]
o
-

30000 40000 50000

E#n/rpm
K18 N[4S B 14 5 S LS (n=10000-50000 rpm)
Fig.8 Maximum temperature of the sealing ring at different

rotational speeds(n=10000-50000 rpm)

JEE BT b T (LT I g O A A T 5 X
Ui HLCEASICR | A28 AH L 24, S5 B0 e T A e
G2 o RV, AN ) T8 A g i DX 03 A AR —
B, Rt BB Sk 7 B RS, Ul A T T %o iR R
Yy ) R i 32 2RO TR W (B B b 3, I AR ek
AR A Y B

60 1 1
10000 20000



XX I www.hgxb.com.cn + 9.
35 45 —
—e—P,=2MPa ig """ - e n:50000rpFn
s A Pi=3MPa 45' A I I
[ ——P,=4MPa 0l _—®— n=40000rpm
g | —*—r=sme R
@ 25 5 45
e B 50f —e—n=30000rpm
X 2 00006 . . o
P > 15 feeeee . g . g ¢
520 ﬁ P e
=S ® 30F —&— n=20000rpm
] S
15 45
30F —&— n=10000rpm
10l . . . , 15fegeee—7e "o ¢
10000 20000 30000 40000 50000 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
% Hn/rpm AHEJjP/MPa
B9 R[A) T % 3 B o R AR T HE (n=10000-50000 El11 AFEAOESTHEFR &R & (P,=2-30
rpm) MPa)

Fig.9 Maximum deformation of the sealing ring at different

rotational speeds(n=10000-50000 rpm)

120F —&— n=50000rpm
WNf ettt b————
60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
120 —e— n=40000rpm
o 9
SO B P S
£ 120
2 90 —— n=30000rpm
Flg 60 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ifé 120 F 2 2 2
of —A— n=20000rpm
60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
120 F . . =
ol 7 —e— n=10000rpm
60 1 1 1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
A HEJIP/MPa

10 RIFA TR ST 85 B BRAG I 25T (P,=2-30 MPa)
Fig.10 Maximum temperature of the sealing ring at different

inlet pressures(P,=2-30 MPa)

BITL45 0 T R a5 T A by % H e A A
A JETT(2-30 MPa) T #f5 KA TE it A2 Ak i 26, 48
RTINS EEHRBIA LB BiE A DR
F1 2 MPa 3 2 30 MPa, % 3 25 1 e KARTE (2
MG G, HRRAIGIRA R . 2 AR
JRR R A T % 2 B PR R S R A5, S 3K
b2 S ARt Y S N i W A A
AT i 7 % 45 F A8 T 19 5 7 A1 A 3 Ay T S 3
FIPASTERN . R, A TR 3 3R % B PR AR HE Y
TR E, 7E TR T b nl o 4 e s A v
G5t AR ASTE
3.5 REHEHHRSW
35.1 AEpaiE k& E AT E12 A AFEA N
JE 71 (2-10 MPa) T ¥ 1 7 J5 % & 3 78 10000-
50000 rpm % 7 X [8] 9 5 e i B2 A8 Ak . fR IETRT R, 72
PSR X 25 B PR A AR IR SO 2, LR IR e B

Fig.11 Maximum deformation of the sealing ring under

different inlet pressures(P, =2-30 MPa)

T e S 3 9 R - A % Ml 10000 rpm B, F
T B B YA FIHT 120.3 “CRE % 52.2 °C, BRI 56.6%;
TERG 3 20000 rpm B, 55 g Wk B2 R 2 2RI 115.6 °C
K51 56.3 °C., [ A 51.3% ; 785533 30000 rpm i},
104.8 ‘CF% 3] 65.4 °C, [ W 37.6% ; TE % 1 24 40000
rpm B, H1 90.5 “CF& 5] 76.4 °C, [ 08 15.6% ; 18 55 33
50000 rpm i, H1 94.2 CRE1 89.2 °C, F¥1E N 5.3%

Y HN2EF 1 R TR AL ) R T A0 o S % R
Z ) () RS e, VA EIIK LA 1.2 mi/s TR0 I 28 30
V2 4 38 3, 3 Ao 3 R TR P A R PR S A
R BT 5 A w7 A I T B A I R
EREAR, [RIAT, v2 11 E 5 % B E A 7 A HAR
F5 1 mm (] B4 55 305 X ek 0 A RE S B 3G R 4
R HIA T, b S B BRI AT 280000 o) S v ik
R PEA

352 AXWABERXEHNEA W EIGE
150 =O = n=10000rpm4 £ ij—@— n=10000rpm?4 & J5
140 F =4 = n=20000rpm &) 7iij—#= n=20000rpmi4 % 5
== n=30000rpm# I i —@— n=30000rpm> j5
130 - Nn=40000rpm4 %1 fij~@— n=40000rpm- &1 J5
O = n=50000rpm4 £ §ij~@— n=50000rpm?4 &) J5
o 120 ’O’——O_——_’g
=110
L
i 100
IE 90
ﬂ;& 80}
70F
60
50 ]
2 4 6 8 10
ANHEH Pi/MPa

12 AFEAE RT3 T & HIHTG B i B (P=2-10 MPa)
Fig.12 Maximum temperatures before and after cooling at

different inlet pressures(P=2-10 MPa)



0 T

¥

FXXE

R 2 B PR R EE , S 25 4 T P PR AT 5 A i 454
A . m & 13 7] 0L, 7E 10000 rpm 10 MPa T T,
RHFE A KRB R 13.6 pm, BHFHEE
11.6 wm, fiz KB IE 0] 1K 14.7% , 28 T B 1 s /> 55
U5 F I B R B T 3 35 A Bk BN . AR RIS
# (10000-30000 rpm) T, # AL 7E AT o &
S, EIRT AR TR () 15 A AR FH RE 05 A R AT
AT i 5 B A e R T i, AR T o LGB N T v
HIXE AR T I T BB ), BOFE = R R VR Y
1) R e A T i/ 5 (ELY2 24T R . 35 B AR AR ik 5 |2
AR T o3 it , G il 4% 8 ) IR %) 78 Ak, ol B PR 3ot A
T RE MR RT & LA RE  IZR S ER
HPVIR S DX [ 6 45 1) 25 B AR I | R B R e 1 L
ELiRTR E N

45
=O= n=10000rpm# I fij—@= n=10000rpm 5
a0} =/\= n=20000rpm I jij A n=20000rpm4 £
~>= n=30000rpmy4 )1 i —— n=30000rpm4 4 j5
== n=40000rpm#> £ {ii—~@— n=40000rpm% 415
g 35} —O- n=50000rpm# &) §j~@— n=50000rpmy4 5
> e-e-@--¢g-=--=-=@
mg 30}
E\.:\
325' E"):_—:('”i—u———g ————— g
B¥ 20F o o A o e e e e = -
ol dal liali 3
v v v v v z
15F & L= D=L = = A== = = =
A=A =4
—eo——o0—0o —0—@
10f
2 4 6 8 10
AN JE FIP/MPa
K13 AR E T TR EITNG KRR it (P=2-10
MPa)

Fig.13 Maximum deformation before and after cooling at

different inlet pressures(P=2-10 MPa)

3.6 AIEMELIZIT

T 32 1 A ¥4 0 45 ) A L S B s R R, H
1 mm F4 38 T8 8] B 5 5 2% A0 5 A 255 o TOKS B 42
TR R A ER . 7E 40000 rpm LA AYAREE 3 T
rh, G R VA FN AR ) 1 AR UR YR 9% R/ [E) B

25 A8 JFr o R 118 1 i AR 5 T 20 M R L BRI T
BN o R, 55 A8 O UE i A SR w3
X EE R AT AL, LSS IR BOROR i T AT R
AR 5 i) 2 D) %) 1 il AT B T 2 ) A o

BT L2 MRS A S 2% &, WAL v
G IE 14 s . S5IRESHAE L, T AL a5 10 P4
4 1) 38 8 55 %% I % (] BE AN AR K38 T SR 1
mm #1158 £ 1.2 mm, I @405 ERES MR A, iR
T B R 1 AR

S5 48 T AL BT S Ve ADVRCR X L 3R 4 TR L 7R
30000 rpm % 3 T8 &, %F 1 AT AR AT e 45 44 1 2
10 MPa A 11 5 98 [l 9 9 di e T 5 e RAR TR
GEIL R, T L5 Vo H G5 0T JRy i S v M A )
T RCRAT Ay i 35, o v ek B 6 1 T v A 4
F AR 223476 S CUAW, LT T30 A de e YL
AT %5 B4 o i PR 00l ML, BB A8 A RI0HE 4 Jmg
w5 | K A BT AR T B 5 (ELTRT AR S48 %)
% BN ARTE B I RO SS  HR KAR T 3 R v
HNLERE G AT D8N, 3% T2 B 05 R T 25 il 25 A T 2 1
A0 i T B AL SR/ NIRTT B, R TTTH 58 1 % #4
TR ARTE Ve . 28 BTad , Ak fa 2 204
FOAEIE YRR AR T M B T 554 R, B E T T
I ATATPE I T REAR T 3 A |, T3S T % AR T 4%
TS SRAARG L LA s 38 S v i o A O 77 SR B T
TN 5.

4 % #

ASCLLZ B R A b BB BTN 4, i
SR 2 B SR, RGRTE T AR5
S AN E A B )T % 20 IR S A B B
F ARSI, R T RN S04 b ) el A5
FEANTRCR, FEEBWE

F4 RHBBERITLE

Table 4 Comparison of results before and after cooling

ATURS P/MPa ¥ HIRT R EEC. VoIS BRI %kwfﬂiﬁﬁgiﬁ BHIRTR KA /) WG KA =/ ﬁ%%ﬁfﬂfﬁﬁﬁﬁﬁ
' 40 pm pm IE 2/
2 73.3 64.7 65.5 18.98 17.51 18.43
3 88.9 65.1 65.8 19.04 17.56 18.45
4 91.5 65.0 66.7 19.13 17.63 18.47
5 101.1 64.8 66.4 19.19 17.70 18.53
7 102.0 65.1 66.2 19.32 17.77 18.58
10 104.8 65.4 66.8 19.63 17.85 18.61




www.hgxb.com.cn <11 -

5 XX
?@‘iﬂf;}ﬁ)\rl }‘%‘}iﬂ?’]‘ﬁﬁﬂjﬂ
A\ LI J—ﬁﬁ—
(C D ( |
S\
RN —‘f"—(c'""" WSANNN fREH R

&

K14 s % AEi s gk
Fig.14  Simplified Cooling Structure Schematic Diagram

(1) %% B R B 37 52 U SO 7 I i 3 T 42
Tia) i) 71 32 384 114) XUE A7 R AIE 5 il DX I v T
TLIE M, L BB TS B R A A W . TR
AN 1T 30000 rpm F, ey ik X AR TR AR T H
A 5 247 3 3 30000 rpm I 5 TR KB WL RS 2 )
W K FR A o fe e il B B 5 T e 2 58 R S T
MY AR Ak #4345, 78 40000 rpm B ik 2 2 /M 78.2 °C, 7E
60000 rpm Ff F+ 2 112 “Co A H 360 B 5 43 A
TE A M TS , 5075 | A ek 3 s 1 ) /N 38 3

(2) % BT 35 5 1 B i Ak v o — 3, &2
BRAR (5] [ A1 3 14l i) AR X FR 0 A RRAE B K AR T
XA A 5 ERE T XEEE . A ZE R
B Th i R, AL 10000 rpm 4 13.08 wm %
A1 2 60000 rpm I Y 40.94 pm; J1 725 (5 B
1) L f57) Bifi 7 T e 1 38 R, 60000rpm B (5 B 38
29.9% HIETEAN b £ % . AH RS2
S/, £ D) T 2T B e rh, iF
— LR ATE R B H A DI TR E,

(3) Fr i T 0 i B 000 ¥4 20 45 4 v 800K W 2
£ 10000 rpm ,2—-10 MPa T-I R , & H)Ji5 fie e T &
i1k 56.6% ; 7E 10000 rpm . 10 MPa T F , i KAETE
T 13.6 wm [FZE 11.6 wm, BN 14.7%. %5 H)
S5 RG 1AV A 3 I A e TR AR P X, R A O
WO PR 35 U0 5 A v 7 AR B B AR S e IR
FRER . AT A T V% A0 45 F0) 7 38 B AR AR T8 41 i g
ST, BT T Tl A g gk |, iE
FH TR 8 T8 42 B2 SR A AR L LA ) 38 S e iRy
FEF RN TR 5

() 7EJa et o v W 1 S Ah B X HI 2540 1Y
Wt 505 AT, H AR ST AN ELR F I Y BRI AL
T RETC AT AT BOk) 9 B R AR GS AT RS E R R R )

PE— 2 A A5 BRI X, £ 71 ) o i R
VNSRRI

S0

C, TR LEERE  J(kg - K)
dyod, —53 R TR S R85, m
E——B MBS, Pa
Soofof —3 0 % J\zjﬁ‘fﬂiﬁ’ﬂﬁ{ﬁﬁﬁﬂj} ,N/m’
&S R D5 )
g, — 53 B IRAR S E R R W
S, ——TARAERI, W/m’®
T,, T.—3 W A 5 [ A ek A 3R, K
T, —— AR SR 300 K
t—INt[A] s
u v w— 5wy 2 JT I B Ay m
14 TR AY R R, m/s
V.V V—3 5 x y 2 7 ] E R EE S hE m/s
o, —— B EFR PR P IR 2R A K
3R x—z x—y =z - TH Y B BY
A%
£.,&, 8.~ 5N x oy 2 77 ] L IE W AR
A A, =55 LA 5 B AR (9 4 PR B, W(m - K)

n

YV Veo T

v, R RHTA R
P A kg/m’
0,0,0, —— G3 R x oy 2 O3 T B IE R T,
Pa
7,7, G3 R A S BRI R T, Pa
TT.T, T O3 A x=z x—y y—z T TN A B
N7, Pa
TR
f—if i
s—EE&
S 2% 30k

[1]  Huang W, Feng G, He H L, et al. Development of an ultra—high—
pressure rotary combined dynamic seal and experimental study on
its sealing performance in deep energy mining conditions|J].
Petroleum Science, 2022, 19(3): 1305-1321.

2] EEM, X, X%, A AR AN RS B TR RS IUIR 5
B[] MRS S % E, 2011, 31(02): 29-33.

Wang Y M, Liu W, Liu Y, et al. Current research and developing
trends on non—contacting mechanical seals[J]. Hydraulics
Pneumatics & Seals, 2011, 31(02): 29-33.

3] AR, EEW, 82, 5 BEEOR IR S LGS )

JEA S 5 E, 2009, 29(04): 4-11.
Peng X D, Wang Y M, Huang X, et al. State—of—the-art and future
development of sealing technology[J]. Hydraulics Pneumatics &
Seals, 2009, 29(04): 4-11.

(4] WREE, PhOLH . A IR A S TR B LR B B T G A A



s 12 T % iR 5 XX

[J1. BE4E A4, 2019, 39(3): 259-268. Hu X F, Wang J, Liu M L, et al. Research of anisotropic flow heat

Chen Q, Sun J J. Analysis of self-cleaning for self-pumping transfer and thermal deformation of finger seals[J]. Journal of

hydrodynamic and hydrostatic mechanical seallJ]. Tribology, Ordnance Equipment Engineering, 2024, 45(08): 248-258.

2019, 39(3): 259-268. (6] XUMAZE, T 5524, TRAE . i U IR e Al T % B -
[51 FRBKHR, 5Kk, MR H Ik U B0 I S — S AL - RS S A BT]. AL, 2025, 53(03): 69-78.

B - B PR A [J]. T H AL TR 4R, 2021, 41(13): Liu Y H, Ding X X, Ding J H. Heat—fluid-solid coupling analysis

4576-4585. of ultra—high speed micro—textured spiral groove dry gas seal[J].

Du Q W, Zhang D, Xie Y H. Effect of aeries dry gas seal on the Fluid Machinery, 2025, 53(03): 69-78.

aerodynamic performance of a supercritical carbon dioxide axial— [17] W&, AR, FR b, 45 . ml R s mg ) % B 1R S A B

inflow turbine[J]. Proceedings of the Chinese Society of Electrical BB AT MARIEBFSEL). HLHL TR, 2025, 42(04): 667-676.

Engineering, 2021, 41(13): 4576-4585. Pan J, Zou G F, Su Z M, et al. Numerical analysis and limit
[6]  FAT, WEEEE, A —ng, 55 JE TR e i B 8 R4 frh o A condition study of temperature and deformation fields of high—

B RAFIE()). FE4EE 244k, 2023, 43(9): 975-985. speed bearing cavity magnetic seals[J]. Journal of Mechanical &

Wang Y, Xie X F, He Y M, et al. A new non—contact fluid seal Electrical Engineering, 2025, 42(04): 667-676.

technology based on tesla valve[J]. Tribology, 2023, 43(9): [18] Bai S, Chen Y, Yang J. Analysis of thermoelastic contact of gas—

975-985. lubricated rough sealing faces|J]. Materials, 2024, 17(14): 3600.
[7]  Wang Y, He Y M, Xie X F, et al. Design and simulation of a new [19] Wang S P, Ding X X, Ding J H, et al. Steady—state characteristics

near zero—wear non—contact self~impact seal based on the Tesla of spiral groove floating ring gas—film seal considering

valve structure[J]. Lubricants, 2023, 11(3): 102. temperature—viscosity  effect[J]. Journal of Applied Fluid
[8] AR RE, O, A, A5 U R VR VAR AR U Bl R Mechanics, 2023, 16(4): 891-904.

PE[J]. Hh EBLAE TR, 2022, 33(1): 45-53. [20]  FAT, 2808, ff—0g, 45 . [ vhily BRI A L L A

Cao S Z, Chang T, Hao M M, et al. Phase change flow ALBETTIF ST ()], PR 2 24 R (PP 3 30), 2025, 45(01): 110-123.

characteristics of double—row spiral groove liquid film seals[J]. Wang Y, Li M, He Y M, et al. Flow field evolution and structural

China Mechanical Engineering, 2022, 33(1): 45-53. optimization design of self-impact seals[]J]. Tribology, 2025, 45
[91 WA B, U, ABAI, 45 . XUH MG A VP S () A8 U Bl (01): 110-123.

PE(T]. R TR, 2022, 33(1): 45-53. (211 FAi, WE 2, fT—n5, 2 A bl 2 B G e e

Cao S 7, Chang T, HAO M M, et al. Phase change flow HLERRIER[I]. BE4ER 2424, 2023, 43(11): 1330-1340.

characteristics of double—row spiral groove liquid film seals|[J]. Wang Y, Huang Z X, He Y M, et al. Initially search on leakage

China Mechanical Engineering, 2022, 33(1): 45-53. characteristics and sealing mechanism of a new type self~impact
[10] ZRRFE, TS, F& A WS, % . % & sh3R 52 AR I (D LA 2 seal[J]. Tribology, 2023, 43(11): 1330~1340.

TEPERRII TN, PR AR (TP BE0), 2025, 45(05): 665-675. [22] SRV BRECWT, XSG, 45 A27E UL TR A ML i

Guo J D, Wang X P, Zhou Y P, et al. Considering the lubrication T L TH LB AR P ()], b 58 K 2 2 di, 2023, 57(08):

performance analysis of mechanical seals under the thermal 948-962.

deformation of the dynamic ring[J]. Tribology, 2025, 45(5): Zheng S M, Teng L. M, Zhao W ], et al. Study on temperature rise

665-675. and wear characteristics of mechanical seal face of deep—sea
[11]  FEokT, PATAL, # R A4, 45 R e 2 4 ok 7y 2 Bt 4 A8 equipment under alternating conditions[J]. Journal of Shanghai

JE X it Rtk B 52 [, MU T AR 2441, 2021, 57(03): 129-136. Jiaotong University, 2023, 57(8): 948-962.

Wang Y Q, Ban Z Y, Han L S, et al. Influence of structure [23] =i1H, TA4E, 558, 4. S—u)zﬁ%ﬂr%%iﬁ{ﬁlﬂ%é\%ﬂéim&

deformation on leakage characteristics in labyrinth seal inside the T R A RE M. TS 5 %5 ), 2025, 50(05): 9-19.

cryogenic internal-cooling spindle[J]. Journal of Mechanical Yuan T, Wang J W, Ma R, et al. Design and performance analysis

Engineering, 2021, 57(03): 129-136. of the impingement cooling structure of dry gas seal for S-CO,
[12] Theg b, H R EE . (R ML 2 408 1 0 3l 5 SR0R e P F 5 turbine[J]. Lubrication Engineering, 2025, 50(05): 9-19.

[J]. BEABEA 2RO 9E30), 2025, 46(12): 1-12. [24] Juip, Tk, B AN, A5 TR I A A BRI Y AT B

Ma X Z, Xiao X X. Characteristics of the stirring flow and thermal J1iR I PERERTE(T]. W 5 %8, 2015, 40(5): 72-78.

effect in high—-speed mechanical seals[]J]. Tribology, 2025, 46(12): Qu B, Ma N X, Huang Q S, et al. Research on lubrication

1-12. performance of tilting—pad thrust bearing based on fluid-structure
[13] M2 A, T vEA, ok T, 4% . MU B VA T A B0 R e v two—way coupling theory[J]. Lubrication Engineering, 2015, 40(5):

PEREAIZ BT S HLHL T AR, 2025, 42(06): 1024-1033. 72-78.

Shang X M, Feng Z H, Zhang K F, et al. Finite element simulation [25] VLG, VEARDY, SIE AR, &5 . AP R T BT Cqu:/ﬂ—}f‘?

of mechanical sealthermal deformation and its influence on PR 40 A AR A vk s s ()], A L Aa 4, 2021, 72(8): 4239-

lubrication performance[J]. Journal of Mechanical & Electrical 4254,

Engineering, 2025, 42(06): 1024-1033. Jiang P, Jiang J B, Peng X D, et al. Influence of heat transfer
[14] Ma C, Bai S. A heat transfer model for thermal distortions in high model on temperature and pressure distribution and steady state

speed spiral groove gas lubricated face seals[J]. Tribology performance of CO, dry gas seal under near critical condition[J].

International, 2025, 203: 110408. CIESC Journal, 2021, 72(8): 4239-4254.
[15] #AHUE, U6, XUELL, 55 . 45 I =45 ) -k it 3 pe A Vi [26] ThaAst ARTRIE . XU 1) 15 I BAUAR % ) 25 Ak i 3 15 12 2L

TERFTEN. Seas e s TRE2A3R, 2024, 45(08): 248-258.

FRIJ1. P EAL TR, 2025, 36(10): 2266-2273.



5 XX

www.hgxb.com.cn

.13 -

[27]

(28]

Ma X Z, Li C C. Cavitation flow and cooling mechanism in
step[J]. China
Mechanical Engineering, 2025, 36(10): 2266-2273.

Li S, Qian C, Zhao J, et al. Dry gas seal performance analysis

mechanical seals with double row reverse

using a hydrodynamic and hydrostatic pressure decoupling
method: Part 1[J]. Sealing Technology 2020, 2020(9): 4-9.

TS, XIMATE, TR, % BRI 5 7R R RE R R
B 07 3 BB IS, T 5 % B, 2025, 50(03): 58-67.

Huang Z Q, Liu B T, Wang M L, et al. Simulation and
experimental study on the influence of heat dissipation channel on
rotor Lubrication

the sealing performance of pumpl[J].

[29]

[30]

Engineering, 2025, 50(3): 58—-67.

Meng X K, Qiu Y J, Ma Y, et al. An investigation into the
thermos—elasto—hydrodynamic effect of notched mechanical seals
[JI. Nuclear Engineering and Technology, 2022, 54(6): 2173-
2187.

TRABEL, B 2, TRmk D, A5 BT RIS R T AU R RS
HlJ). T 5 %58, 2022, 47(09): 1-10.

Zhang W Z, Zhao ] J, Zhang X Z, et al. Fluid=structure coupling
analysis of a new spiral groove dry gas seal[J]. Lubrication
Engineering, 2022, 47(9): 1-10.



