FmFEAR HS1LEE S 10 M
- 128 - SURFACE TECHNOLOGY 2022 4 10 A

R ke R GY Y iR gt

ERK', RIF', OB, RFEE", AN°, @K’

N ARBT A MRRNZSTR2%5R, AB 030024; 2.8RTWAKS sesBSN IHRAE
SUSERS TIZtHRGIN, S 230009; 3 KN @REIMERRET LB XKAKBES
HIERAARERIHZE, 1IN 310012; 4PERNERTEMRRAS TRARN PRES
RIS BRAER NI FTRSHIPRAERINE, L THK 315201)

BE: KoL LAFE . WRAES., WiRBFERE, %7 2p A TS TR, W THREE/ELR
WA A, AT E FE L, FRAALRIFMPEHA LS éhh,AV%ﬁAAﬁ#%&H%w,
WA RSB E BT AR R G PP AR BB F R, MR T Z4RIE R Fo 2 AL
FmMNBT A B GOHFHEE. RBRE. MRAERFERBESHREEETIRATH YR, FEitc
T AT AR A B T ARG 00 S AP AT sh, e FE . MORSE M I MOLAARRAL., LFEHRAE, BFE
AN RImE AR &*,&%Tﬁﬂﬁ%? BARS AR E AR AR A, b, AABEERETRE
Kol H0 BHALRREZ LR E I HEA KRR T ETEASSEADTHRAAR TN 48, Ay
R B AR R e R e *kkiiﬂ?i*/fiﬁi EREART HENAEE+B BT HE, ZMT =00 HRRE,
KT ERGEFTH,;, BFEARRREEINE FLEARS M AT T A B LR, 1045300 RE R,
AR 0, BN RS LT RBR G ARG E TR ETREZ,

KEBIR: SheE; =ik bRk IR MwmBE; R E

hESES: TG174 XEAHARIRED: A XEHS: 1001-3660(2022)10-0128-15

DOI: 10.16490/j.cnki.issn.1001-3660.2022.10.013

Research Progress on Cavitation Erosion Damage and
Protection of Titanium Alloy

LEI Chen-qing', YUAN Shuo', LIN Nai-ming', WU Yu-cheng"?, FU Li*, MA Guan-shui *

(1. College of Material Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. National-Local Joint Engineering Research Centre of Nonferrous Metals and Processing Technology, Hefei University
of Technology, Hefei 230009, China; 3. Key Laboratory of Research on Hydraulic and Hydro-Power Equipment Surface

K EE: 2021-09-23; EITHHEE: 2021-11-02

Received: 2021-09-23; Revised: 2021-11-02

EETH: x4 KAKEESEE D IREBAHRTETE LT IFAIRM (2021SLKL009 ); b ARG EHMHHE & LB T/ I B iEEH
HEBPHARE LR T FHRA (2021K03)

Fund: Open Fund of Key Laboratory of Research on Hydraulic and Hydro-Power Equipment Surface Engineering Technology of Zhejiang

Province (2021SLKL009); Open Fund of Key Laboratory of Marine Materials and Related Technologies of Chinese Academy of Sciences/
Zhejiang Key Laboratory of Marine Materials and Protective Technologies (2021K03)

EEE N : FRK (1997—), *, #Mid, TZHRHFI AL AEMHEADEK,

Biography: LEI Chen-qing (1997 ), Female, Master, Research focus: surface modification of the metallic materials.

BIHAIEE: #79 (1981—) , W, B3R, RS aAL AR A BRR,

Corresponding author: LIN Na1 -ming (1981-), Male, Doctor, Associate professor, Research focus: surface modification of the metallic materials.
BWAEE: X248 (1962—), F, ¥+, #&k, TRART @ AL EMH.

Corresponding author: WU Yu-cheng (1962-), Male, Doctor, Professor, Research focus: metallic materials.

Bl : FTRAK, &I, RN, F. KO TP AL a2t &[T, R @EAK, 2022, 51(10): 128-142.

LEI Chen-qing, YUAN Shuo, LIN Nai-ming, et al. Research Progress on Cavitation Erosion Damage and Protection of Titanium Alloy[J].
Surface Technology, 2022, 51(10): 128-142.



Bs51E oM TR, % BRa Gz it L B b i e ok e 129 -

Engineering Technology of Zhejiang Province, Standard & Quality Control Research Institute of Ministry of Water Resources,
Hangzhou 310012, China; 4. Key Laboratory of Marine Materials and Related Technologies of Chinese Academy of
Sciences/Zhejiang Key Laboratory of Marine Materials and Protective Technologies, Ningbo Institute of Materials
Technology and Engineering, Chinese Academy of Sciences, Zhejiang Ningbo 315201, China)

ABSTRACT: Titanium alloy has been widely used in various engineering fields due to the low density, high specific strength
and good corrosion resistance. However, low surface hardness and poor wear resistance could result in cavitation erosion
damage of titanium alloy in fluid components, reducing the service life of titanium alloy components. Therefore, it is important
to investigate the cavitation erosion damage behavior of titanium alloy and develop proper protection strategy. The mechanism
and theoretical model of cavitation erosion were firstly introduced. The effects of mechanical properties, surface status, media
and solution temperature on the cavitation erosion behavior of titanium alloy were expounded in detail. Various response
measures against cavitation erosion damage of titanium alloy were discussed, such as heat treatment, laser surface texture, laser
gas nitriding, thermo-chemical treatment, ion implantation, addition of corrosion inhibitors, etc. The specific reasons for
improving the cavitation erosion resistance of titanium alloy by corresponding technologies were summarized. Heat treatment
technology could improve the cavitation erosion resistance of titanium alloy by regulating the microstructure of titanium alloy.
Laser gas nitriding process formed a hard TiN film on the surface of titanium alloy to resist the impact of cavitation bubble
collapse. Thermo-chemical treatment could generate a dense ceramic layer + solid solution diffusion layer on the surface of
titanium alloy to alleviate the collapse energy of cavitation bubble and prolong the incubation period of cavitation erosion
erosion. Ion implantation depending on the solid solution strengthening and dislocation increment strengthening of ions on the
surface of titanium alloy reduced the cavitation erosion damage. Finally, the development direction of cavitation erosion damage
and protection of titanium alloy were prospected.

KEY WORDS: titanium alloy; cavitation erosion; shock wave; microjet; affecting factor; damage protection
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Fig.1 Existence form of cavitation nucleus!'"!: a) single microbubbles or micro air masses; b) microbubbles
attached solid particles; c) microbubbles in microcracks on solid sidewall surface
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Fig.2 Mechanism of shock wave action”): a) cavitation

bubble began to collapse; b) cavitation bubble collapse;
¢) cavitation bubble regeneration; d) rebound of
regenerated cavitation bubble
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Tab.1 Model parameters and corresponding physical meaning

Parameters Corresponding physical meaning Parameters Corresponding physical meaning
P, Pressure in the liquid at infinity Ry Initial bubble radius
Py Initial pressure of vapor/gas mixture in the bubble o Surface tension of the liquid
R Bubble radius at any instant of time u Viscosity of the liquid
) . Expansion/Compression index, 1 for isothermal,

p Density of the liquid Y 1.44 for adiabatic
Py Instantaneous pressure in the bubble c Velocity of sound
Py Vapor pressure of the liquid H Enthalpy of liquid

s ol = -
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Initial bubble

Collapsing
bubble
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[25,41].

Fig.4 Mechanism of microjet action : a) collapse of cavitation bubble adjacent to a solid
surface; b) collapse of hemispherical cavitation bubble attached to a solid surface
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