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Cavitation Flow and Cooling Mechanism in Mechanical Seals with Double
Row Reverse Step

MA Xuehong" LI Congcong
College of Petrochemical Engineering, L.anzhou University of Technology, L.anzhou, 730050

Abstract: The thermal-hydrodynamic lubrication ( THD) numerical model of mechanical seals with
double row reverse Rayleigh steps was established by the CFD method, and the THD characteristics and
cavitation flow laws were investigated. The results indicate that large-scale cavitation occurs in the double
row reverse Rayleigh step, forming a low-temperature region, which has a significant cooling effect on the
liquid film end face and sealing ring. It may be seen from the changes in speed, pressure, and groove depth
that larger cavitation areas are correlated with high-speed , low-pressure and shallow grooves. The level of
cavitation cooling depends on the cavitation area, and on the cavitation intensity. Temperature valleys and
peaks are formed at the rupture and reformation boundaries of the liquid film in the groove, and vortex flow
is formed under the combined action of pressure flow and shear flow. The edge position of the vortex corre-
sponds well with the position of cavitation regeneration and the end of the high-temperature zone. The for-
mation of large-area cavitation effect in the reverse step groove also leads to good suction effect in the seal,
greatly reducing the seal leakage rate.

Key words: mechanical seal; double row reverse step; cavitation; viscous heat; vortex; cooling
mechanism
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Fig.1 Geometric structure of double row Rayleigh step

mechanical seal
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Fig.2 Computational Domain Model
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Fig.4 Model correctness verification
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fraction distribution at different rotational speeds
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Fig.13 The influence of ORRS main groove depth on

sealing performance

D) XUF S 1) B M) 6 25 A v SHLER g - 24

B H DA e A R T AR S A A JBE Pl R A R A

MR AR A DT AR X FERR R 2 40T

X L2 08 23 A 5 O 2 s A I i BE A WL
- 2272 -

3 2 [ s AL RO B, X 300X AR XL PN A Ak DL B
AN FRRER 7= Az v AR T v, 7 R DX B A 2 A7
BB AR 46 K 7E DR B FEAIT 12 K

2) XU Fi M) 5 By B 1) Al rh 3801 B 16 5 3 8
I AE R 1T BT A R R AR X
H = 007 B 5 B R 4 gt iy 56 &, BE A
5 A DX Ry VS e 28 R T R O B A
Sk VWA A A S . R T E Y 1 2 B
o A DY A= T R DA

3) Wil 5 I T 3 KL XU R ) Al e s Ak i
IR 23 A v EIAE FH 38 a8, 5] s 235 Ak Jil I 307 34
5, AT A B9 /0 25 B 0 Y, 24 5 0 8000
r/min B, kU 8 G R D R E EE 29 65.3 %6 5 Bifi
AR S 5K 25 A AR D AR TR XOR E T
Th AN FIF 25 A v A s Bif 45 P9 R 1 3 A1) 65 B = A A
TR 1 D9 i 2 Ak T B D (R ZS AR
R X XA B P AR R AN [ Y
TR A L A IR B 41,3 K IO B R B
9K, XRMHRM TR HEE., &L, &l AL
JE AR AT 25 4k 1 BUE K HZS R J B KRR
AH R 23 AR T AR L 3 55 23 AR B AR G

SE

[1] WANG Y. WU JH. XU L. Influence of Turbulent
Cavitating Flow on Performance Characteristics of
Spiral Groove Liquid Film Seal[ J]. Proceedings of
the Institution of Mechanical Engineers, Part J: Jour-
nal of Engineering Tribology, 2022, 236(1):70-79.

[2] LIZ. YIN X. YUE J. et al. Effects of Operating
Conditions on Cavitation Induction of Spiral Groove
Liquid-Film Seal (SG-LFS)[J]. Industrial Lubrica-
tion and Tribology, 2020, 72(10):1267-1275.

[3] PASCOVICIM D. PREDESCU A. CICONE T,
et al. Experimental Evidence of Cavitational Effects
in a Rayleigh Step Slider[J]. Proceedings of the In-
stitution of Mechanical Engineers, Part J: Journal of
Engineering Tribology, 2011, 225(6):527-537.

(4] e, |AEss, TR, 5. H90 G B -0 o

WE LIS TR AT V], B2 . 2016, 36
(5):585-591.
MA Xuezhong, MENG Xiangkai, WANG Yuming,
et al. Mechanism and Performance of End Face Seal
of Rayleigh Steps and Annular Grooves[J]. Tribolo-
gy, 2016, 36(5):585-591.

[5] XIE J, MA C, BAI S. Thermo-distortion Charac-
teristics of Spiral Groove Gas Face Seal at High
Temperature[ J]. Numerical Heat Transfer. Part B:
Fundamentals, 2020, 77(3):242-256.



I B 1] 65

[ UL 2% f 25 AR T 3 5 8 F L Bl —— S 24

=

2 I

[6]

7]

L8]

9]

[10]

[11]

[12]

[13]

[14]

5K JE R R I T AL AR R i VA AN BFSEL D ] AT
M HTVT Tk K2, 2021,

ZHANG Xiaohan. Study on Turbulent Effect of Liq-
uid Film Lubricated Mechanical Seals [ D]. Hang-
Zhou: Zhejiang University of Technology, 2021.
Hpep b BT L M e S AF . e R BIL B ) i 1
i - PR A G BB Y DR S B R AT ST LT
{3 5 % &, 2025,50(2):1-10.

MA Xuezhong, CUI Yuanzhao, XIAO Xiaoxin,
et al. Cooling Characteristics and Sealing Perfor-
mance of the Inlet Groove-annular Groove Compos-
ite Channel in High Speed Mechanical Seals[ J]. Lu-
brication Engineering, 2025,50(2):1-10.

KU TRBKAH . BERE, 5 R T A%
HF 3 10U S BCE A LT ] ML T S iE . 2014
(11):150-154.

LIU Huanhuan, ZHANG Qiuxiang, LI Shuangxi,
et al. Numerical Simulation of End Face Flow Field
in T-groove Seal with Cryogenic Liquid Oxygen[J].
Machinery Design and Manufacture, 2014 (11) :
150-154.

ADJEMOUT M, BRUNETIERE N, BOUYER J.
Friction and Temperature Reduction in a Mechanical
Face Seal by a Surface Texturing: Comparison Be-
tween TEHD Simulations and Experiments[ J]. Tri-
bology Transactions, 2018, 61(6):1084-1093.
Hhog b AT A TR . R A LA %
i THT B T2 M B R AL LB 3 BT [T ]. R 548
A, 2024,56(6):293-302.

MA Xuezhong, ZHAO Jijun, ZHANG Weizheng.
Cooling Characteristics and Sealing Performance of
the Inlet Groove-annular Groove Composite Channel
in High Speed Mechanical Seals[ J]. Advanced Engi-
neering Sciences, 2024,56(6):293-302.

QIU Y, MENG X, LIANG Y, et al. Thermal Mix-
ing Effect and Heat Transfer in U-shaped Notch on
the Mechanical Seal Face[J]. Proceedings of the In-
stitution of Mechanical Engineers. Part J: Journal of
Engineering Tribology. 2021, 235(9):1924-1936.
MENG X. Viscosity Wedge Effect of Dimpled Sur-
faces Considering Cavitation Effect[ J]. Tribology In-
ternational, 2018, 122:58-66.
LIY. ZHANG Z, HE Y, et al.

nal Flow Field Characteristics of Straight-groove

Research on Inter-

Texture Using Three-dimensional Modeling[ J]. Lu-
bricants, 2023,11(8):338.

QIU M, BAILRY B N, STOLL R, et al. The Ac-
curacy of the Compressible Reynolds Equation for

Predicting the Local Pressure in Gas-lubricated Tex-

[15]

[16]

[17]

(18]

[19]

[20]

[21]

tured Parallel Slider Bearings[ J]. Tribology interna-
tional, 2014, 72.:83-89.
PRI e, A, Lo,
26 B 2 3t 3 i 1 B
67(10):4334-4343.
CHEN Huilong, WANG Bin, REN Kunteng, et al.

Influence of Cavitation Thermal Effect on Lubrica-

L S ALY X b AR
BT b T284k . 2016,

tion Properties of Upstream Pumping Mechanical
Seal [J]. CIESC Journal, 2016, 67 (10) . 4334-
4343.

CROSS A T, SADEGHI F, RATEICK Jr R G,
et al. Temperature Distribution in Pocketed Thrust
Washers[ J]. Tribology Transactions, 2015, 58(1):
31-43.

WANG J, LET L, LI1J, et al.

Flow Lubrication on Sealing Performance of Spiral

Effect of Two-phase

Groove Mechanical Seal under High Speed and Low
Temperature Conditions[J]. Advances in Mechani-
cal Engineering, 2024, 16(4):16878132241248154.
BRUNETIERE N. A Modified Turbulence Model
for Low Reynolds Numbers: Application to Hydro-
static Seals[ J]. Journal of Tribology— Transactions
of the ASME, 2005, 127(1):130-140.

QIU Y F, KHONSARI M M. Thermohydrody-
namic Groove Mechanical

Analysis  of Spiral

Face Seal for Liquid Applications [J]. Journal of
Tribology—Transactions of the ASME, 2012, 134
(2):021703.

Ui . HUBOR B S A O BB 5 07 TR S S
BEFE[ D], dbat. iR, 2011

LT Jinghao. Numerical Computing Method and Ex-
perimental Study for Cavitation in Mechanical Seals
[D]. Beijing: Tsinghua University, 2011.

ZHANG J, MENG Y. Direct Observation of Cavita-
tion Phenomenon and Hydrodynamic Lubrication
Analysis of Textured Surfaces[J]. Tribology Let
ters, 2012, 46:147-158.

(RE =HR)

EE®
FE 75 1] 2 i A B EOR 5 o e

com,

NG F & GAGES) B 199144 w3 i+, BF
E-mail: maxz222@163.

AR

EE’

R

WU I 1) & By RYBLAE 2 225 1037 3l 5 % JHLER

[J]. TP E MR TR 2025, 36(10):2266-2273.

MA Xuehong, LTI Congcong. Cavitation Flow and Cooling Mecha-

nism in Mechanical Seals with Double Row Reverse Step [J].
China Mechanical Engineering,2025,36(10):2266-2273.

2273



