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Comparison of Cavitation Erosion Properties of the Materials Used in Rocket
Turbopump by Cavitating Jet Method *
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ABSTRACT

To compare the cavitation erosion properties, the typical materials used in the rocket engine

turbopump were tested by cavitating water jet method. Generally, the solid materials of inducer or

impeller have high erosion resistance, but the silver plating used in the inducer liner is much lower

one. The addition agents can improve the erosion resistance of silver plating, which was about ten

times higher than normal silver plating. Furthermore, we tried an experiment with cavitating liquid

nitrogen jet. The specimen of pure aluminum was slightly damaged by cavitating liquid nitrogen jet

after ten minutes test. It indicated possibility of cryogenic cavitation erosion test.
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Table 1 Test specimens

Vickers

Material Hardness Remarks
Solid

SUS304 200 Stainless steel
Ti-6A1-4V 340 Titanium alloy
Ni Alloy 718 443 Ni-base superalloy
A286 350 Fe-base superalloy
A356 75 Cast Aluminum Alloy
A1050BD-H14 41 Pure Aluminum
C1100BD-H 92 %) Pure Copper
C3604 107 Free-cutting brass

Plating (Base material : SUS304)

Silver (Ag) plating 60

Silver (Ag) plating 132 Addition agents :
with addition agents Selenium, Antimony

Gold (Au) plating -

Nickel(Ni) plating 190

Chromium (Cr) 260

plating
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Fig.1 Erosion test apparatus by cavitating water jet

BNEATVWDHRTRS NS, INSOEREDOTZ OR
FRHIZEEM B LAY FMEBRCTH S, HOME
(Ni Alloy 718, Ti-6Al-4V., Z—w IV A v Fix L) TIIEE
BNETLZY 7RO N LEANEA TR NP R
AT NN TSN, RNE S M
(A1050BD-H14, A356. R A v FH7E) TIIH R E
THEENEATNS,

51Z. NiAlloy 718 & A356 3 X TR A v FH D
R ERT . Ni Alloy 718 1390zt LU TIEIERFRN T
BZHEAL TS A, ASS6 TIRIENFR TARYE IR
LTWa, Ay FMTIEPRIFICEEREL DED LR
HMAMASNDN, Zw TV Ay FRRMAAEMA
A FDLSIRBEN A Y FHTIENi Alloy 718 &[H U
LI REMBIRERL ., PRER A OMRHZZERLED
ERDIIMHRI NN T,
Fig.2 Behavior of cavitating jet onto the test specimen FrETF—a VERICK DGO 2 O
BRHOBENVEHEIICX 5 ZENXRNTH O, I/

This document is provided by JAXA.



BB SRS e S8

A356 (1h)

A1050BD-H14 (0.5h)

TR ZE WSS R TE RS 7E B OB}

JAXA-RM-10-017

&

Ni Alloy 718 (56h) A286 (36h)

—

-

C3604 (3h)

C1100BD-H (2h)

Fig.3 Eroded surfaces of test specimens (solid materials)
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Fig.4 Eroded surfaces of test specimens (plated materials)
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Fig.5 Comparison of eroded surface profiles
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Fig.6 Volume loss curves

0%y bR 2 TR O BERRE O i 5

Ti-6AI-4V
e Ni plating N ]
L 1o HPEHE - sus304 \\ 3
£ i = & NjAlloy 718
< ©3604 Lo
g 10 A356 B, 2
C
3 §2e A286
w <
e 1 s o Ag plating with
S e addition agents
8 g C1100BD-H
W 01 s PR Ag plating
A1050BD-H14
0.01
10 100 1000

Vickers hardness Hv

Fig.7 Relation between Hv and erosion resistance
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Fig.8 Test apparatus of cavitating liquid nitrogen jet

(a) Pretest of LN; jet (b) Before the LNs jet test  (c) During the LN jet test
Fig.9 Cavitating liquid nitrogen jet

(a) Damaged surface of Al specimen (b) Expanded view

Fig.10 Eroded surfaces by cavitating liquid nitrogen jet

L. FREABRRE HSAFHENE) THd, £ B 1012 BB OREY IV B OBEARI 2R T, K
BRI L0 REIEL 7zo H I ABRENPRRETH S 72 RO K S72Y 27RO R L1352 0 PR ERICIREIR
OF v ETF—a VHBENRBRAICHERL RO F Y E DRSS, Uxr—F Ty MCK2HEEIIETHS, T
F—a VR L#E KENKRLINE LD, HRO READPKRGIETHOF ¥ ET— a VAR LEND
kB2 icBlR T L3 TERh > (K9 T.ZOHEGERFYET—2a K0Py MK 2EHE
©). MRENEZZ S NDN FHIIT DWW TII R 2 TR

This document is provided by JAXA.



FrETF—Ta VERIECE D0y RS T OBERRE O 7

BTH 2 AEBTRREELEDITFy ET—2 a3 VHEH
ZRASE, BRAICHERIED I LITHIIL . G,
BHERTOF v ET—a VEARBREZRBISE S0
I FREAZMEL CGABRFRRIC TF vy ET— 3
VAT 2R EEO HTRANBETH D,

5. ¥

o4y NARYFICHWS NS MR ERLICFY ES
—Ya UVEEREIC K BEERBRETVY., FrETF— 3
VEAREERSLE. 12T URFITHN
S5NAHMEHIRE T THBERENENTVWS, —F4, A
 FMIEFT S DN DITIEE RTINS, Bz m
A5 ZEICX D EREPINI0EHMU ., HEICHT 2
MitEaEsm RT3,

F7z, MCRER RS E 2 BYE L CRERERICE D
FrETF—a VERERETo R, BEEFRPOF ¥
EF—2a VRO EEMRL., HERE Y TS
ZMIIIHEEENRD SNz, EREMETIETHEAR
PEZIIST 2720113 2B ORENBETH DI,
MKIRRRICE D F vy ET— a VERRBRNEH nThE
ThHhdIENRINE,

i

Lk

AWFFE DR E TR U TR R E D IR IE R BRI
BEEZ<OMEZEE, BB A Y FHILHFTEL T
AL EOREETR, L HEERIC, ZRRITWHI
ZHEELE, ZTIEHOBEERLET,

SEH

1) Tsujimoto, Y., et al., Observations of oscillating cavi-
tation of an inducer, ASME J. Fluids Eng., 119(1997),
pp. 775-781.

2) Hattori, S., Ishikura, R. and Zhang, Q., Construction
of data base on cavitation erosion and analyses of
carbon steel data, Wear, 257, (2004), pp. 1023-1029.

3) MREB - AL, =& R— 212D < $58k B L IESkH
BlOF v EF—2 a VEARGIOMNT & kFMT— 5
Lok, HGmA, 74738 (2008-2), pp. 248-253.

4) TSJ G 001:2011, R> T DOF ¥ EF— a EBDT
W&, & — R iRt (2011).

5) ASTM G134-95, Standard test method for erosion of
solid materials by a cavitating liquid jet, Annual Book
of ASTM Standards, Vol.03.02 (1997), pp. 537-548.

6) fHIl - fit5 4, SEKPKEREDDOFYET—
3 USRI O IR T EBIEE, Bin B, 59-562(1993-6),
pp. 1919-19240.

This document is provided by JAXA.



	キャビテーション噴流法によるロケットポンプ材料の壊食特性の比較

	１． 緒言

	２． 供試材料

	３． 試験方法

	４．試験結果と考察

	4.1　キャビテーション噴流の挙動

	4.2　各供試材料の壊食状況と壊食特性

	4.3　液体窒素によるキャビテーション噴流実験


	５．結言

	謝辞

	参考文献





