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Cavitation erosion, which possibly occurs on the surfaces of fluid machineries and components
contacting flowing liquid and causes sponge-like damage on the material surface, is important
problem, since it may become the cause of performance deduction, life shortening, noise, vibration of
mechanical components and moreover failure of machine.

Research on cavitation erosion in liquid metal is very important to confirm the safety of fast
breeder reactor using sodium coolant and to avoid serious damage of the target vessel of spallation
neutron source containing liquid-mercury.

But the research on cavitation erosion in liquid metal has been hardly performed because of its
specialty in comparison with that in water.

In this study, a cavitation erosion test apparatus was developed to carry out the erosion tests in low-temperature
liquid metals. Cavitation erosion tests were carried out in liquid lead-bismuth alloy and in deionized water. We
discuss the effect of liquid parameters and temperature effects on the erosion rate. We reach to the following

conclusions.

- The erosion rate was evaluated in terms of a relative temperature which was defined as the
percentage between freezing and boiling points. At 14 C relative temperature, the erosion rate is

10 times in lead-bismuth alloy, and 2 to 5 times in sodium, compared with that in deionized water.

This work has been performed in JAEA as a joint research with Fukui University
*1  Fukui University

*2  Imasen Electric Industrial (Graduate student university of Fukui )

+1  LWR Long-Term Reliability Research Unit, Nuclear Safety Research Center

+2 Monju Development Department, Fast Breeder Reactor Research and Development Center
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+ At 14°C relative temperature, the erosion rate can be evaluated in terms of the following

parameter.
1

(l/PLCL +1/Pscs)\/io_L_

Where p is the material density and c is the velocity of sound, L and S denote liquid and solid.

- In the relative temperature between 14 and 30°C, the temperature dependence on the erosion rate
is due to the increase in vapor pressure.

Keywords: Cavitation Erosion, Iron and Steel, Flow Velocity, Cavitation Number
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#1 4 CARZALSLEDOLEEES

(mass%)
Bi Pb Sn Cd
Pb-Bi 50 26.7 13.3 10
K2 - EATZEEOYIRN K OB

Freezing Point [ C] 68.4
Boiling Point [ C] 460
Density at 20°C [/ cm’] 9.38
Tensile strength [g / cm’] 421
Brinell hardness 9.20
Conductance [%pure copper] 4.00
Specific heat (fluid) [cal / g/ C] 0.04
Specific heat (vapor) [cal / g / C] 0.04
Fusion linear thermal [cal / g / C] 6.67
Coefficient of linear expansion [1/ C] 0.22x10
120
100 Cooling curve|
80 B l |

o | | “’\
40 |

20

0
0 20 40 60 80 100
Time min

2 SREROBAH

.4.



Temperature [°C]
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i 100
- g S
- ; 1 60
- 1 40
@
B Temperature 1 20
= = = Ratio of mass
0
0 20 40 60 80 100

Time [min]

M3 BRI BE R

#3 BEBNEORREN

Sample weight [mg] 22.5
Range [uV] +50
Temp.Range [mV] 50
Temp.Rate [°C/min] 10
Gas N, [ml/min] 50
Chart speed [mm/min] 5

Ratio of mass [%]
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F4  REBFr OLEES

(mass%)
C Si Mn P S Ni Cr
SUS304 | 0.05 | 033 ] 1.76 | 0.36 | 0.22 | 8.49 | 18.18
5 AERA OBMEE
Tensile strength [ MPa] HB HV
672 180 189
M10
T__.:__r A
2-3%1)
N 5 o
I A N
R _j_._l\r._._L,_ _.([____
) L] Y o
! | T
: ~
: Y Y Y
D16 .
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Ultrasonic Magnetostrictive
generator oscillator
\ | / Cooling coil
| .
Voltmeter i =
] Amplifying horn

| Dial gauge
' /1 Acrylic plate
Test specimen ~ | / P
\ ‘% Mantle heater
| — ..
Test liquid
M
Temperature T JI
cor?tro ler | a7
\ ————— || | — Gc?ollng coil
Stainless—steel
- _— beaker
\\ S /4‘/

5 WhEBH*vET—va VIEANBKE
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140 |
130
120

110

Temperature °C

1 Volume of test liquid: 0.35 L
‘ Total amplitude: 50 x m

80 | f t
0 2 4 6 8

Exposure time min
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Electromagnetic valve

spout
Water pipe
| ]
Tube

Thermo couple /
| 4 Drain
Test liquid —L—— =

v
Temperature control
¥ Copper pipe
——
- Y,
Temperature
controller
O (o)
P
Ot vpe ©
&< 0o O~dmA O
_— -0 ;? o 0
o o-
™o Q0 o O_EI Thern|10
SSR —— couple
&1 12v g O
l 41mA
AAA Q
Electromagnetic OMRON
valve E5EN

Circuit diagram
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X 13 1%, RERATOREIIRE 25°C D A1 & ¥ A H R 150C D - €A < AHTH 100mg
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L CHjsm lIEE AR AHAE LU, 2 O BL O BHTHICRWE S 2 W T— R ICERE T 5,—4.150C
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MEREBRE P COEERERD? 55572 MDERmax ¢ REBRIREOMBREH 14 1IR3 T, 14 &
Bk iz 10C 5 40CHOHHPH CTHEREE D LA & & ¢ MDERmax XEMAICHEML, 72
- CARAFTIR75CHS 150CHO&PAT, 4 V3K X b b 208 CHEBMICEINT 446
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Relative temperature

Testtemperature — Freezing point 100 (1)
= - . . . X T
Boiling point— Freezing point

B 15 |3 MDERmax # HIAHRE CEHE L2 D TH 5B, MPIZIE, KO - C AV AR R
A F 2RI DAER DT A2, Thiruvengadam 5@ & Young HODF k1) 7 AR OFERE D ¢
TRL7Z0 F M) A DOWEE*3E 6 1257 T o
Thiruvengadam 5®i% 400°F (204°C) @ 1) 7 2th T SUS316 O#RERF (BEE 1/2 1 v F
(12.7mm)) CEEBRAEEMBREZE TV LD T, AFFEORES BEAEICHE L C MDERmax %
RKD7zo S HITHRER S 1 SUS316 DIEAHEAT SUS304 D 155 THA I L ARELTWLO
DT, ZOBEREE VT SUS304 DfEICHE L7, —77. Young 5®i% Co 244 1605 ®
AR (EE 14.3mm) 2HWT 3BEDEEDF MY 7 AR CHRLVIEFHOXF Y V5 —2 a v
BAFIR T 1T o TV 545, SUS316 DHMERF & AV /23R 427CHF P I AHHDOATH b,
Z D#EFR % Thiruvengadam & DIE(REF v T SUS316 ® MDERmax #4283 1.5 TR L <,
SUS304 DAERITHE L7zo R 713, Co AL L605 DR % SUS304 1B L7-bDTh 5,
15 DA F U ARHIKRAIL, RIFFEDFER KU PlessetWODFER 2 BAET 5 L 50CHHETY — 2
a2 RTUROMBIZ LD, 72, F M) T A5 TH Young S DFEED S FEDIITEO M#I 2
b EWGHD, SHITHIREN UCOBETRKT AL, F Y 4o MDERmax 13 A
I VBRI DR 2~5 £, 8 - A AT 10 51k 5o KD B =E MDERmax
DImBEMAFEZ 7R L CTH ) \MDERmax 1 4 Y ZHKH T 0.15 x m/M-C,F M 7 55T 0.59
pm/h - C, 8- EXAYAHRT 3 1pumh - CL i b, WEERETIEA A 38 HAKIH~T 1CY
720 DEABROENENIFEFICRKENZ L5 D 5,
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-@- Pb-Bi 150°C
. —&-Pb-Bi 100°C
600 o pb-Bi 75°C |
| —o—Deionized water 40°C
- —— Deionized water 25°C

500 \ —&— Deionized water 10°C |

I
o
;_é@ég’e M |
2 4 6 8 10
Exposure time h
10 HERA =K
| -#&- Pb-Bi 150°C L
. —&— Pb-Bi 100°C ‘
 —e-Pb-Bi 75°C |
i f‘\ . —6—Deionized water 40°C
% ~ —B~ Deionized water 25°C ‘
\ ' —o—Deionized water 10°C |
]
2 4 6 8 10

Exposure time h

11 MDERCFEEAGR S HEE) H
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(@)WIR25°CD A F 755k d (10h) (b) T iR150°C DPh-Bith (5h)

12 B RETE

=

= ~
\ ol yvrvf\f‘\fﬁl/"\ NM]/'\M M P‘W\hmm.
Vd\/ WV \/ J \!
\)
W25 C D A 7 > 22k i (9h)
o
\ W\w | i My 4}\ Ly 1 | I ,' f ) /\ U\Mﬁ ‘
(IR ] i

60pm

iR 150 C O Pb-Biti(1h)
3.5mm

13 A F X ZZHIK R & Ph-Birf OEEARE IR (L & A E#100mg)
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100
- ®Pb-Bi

80 s [J Deionized water
. L
\
=
3 60
x
£
o 40
LLl
0
=

20

0
0 50 100 150 200

Temperature °C

14 A F »3Z#okd & Ph-Bit 0 fE & MDERmax? 4%

100 @ Pb-Bi
® Sodium (Thiruvengadam)
. A Sodium (Young)
E O Deionized water
e
X
:
LL
s
0 ) 1
0 20 40 60 80 100
Freezing point Relative temperature °C (relative) Boiling point

15 A 4 »asHokd & Ph-Bi R AR & MDERmax O %
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F6 T HM)TLAOYHEE

Atomic number 11
Atomic mass 22.9898
Freezing point [ C ] 97.82
Boiling point L CJ 831.4
Melting latent heat [kJ/kg] 113.07
Evaporation latent heat ka/kgj 3869

#7 Young b DEERFE R DHEMDERmax

. Temperature [°C]
|
Material 1= 02 (13.5) | 427 (42) | 649 (70.3)
L605 111 25.6 43
SUS304 131" 29.9 5.0

() shows relative temperature.

* obtained by calculation.
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3.2 EEAMEICKITTHRAEE BB

Fy YT —¥a rOFEERRE BT AWEROERIITBEOB T FHUE LG LTBY, #
KOS, B, #E, ML EPRLZME, FY VT — ¥ 3 Y RIEORE REARE IS EY
HEEZHbNA, %2 T Florschuetz 50|z iof%&%ﬂf’*}ﬁﬁ%ﬂﬁiﬁ%%ﬁﬁ'%’v ¥y —v
9 NT A —% Beff * FITELE LT, Beffi3 ¥ vy €7 — ¥ a YV EEBRICB T 2 BUEE D
bEDIBTOBRNFNEF Y ETF—2 a NI A= THY, PTOLHICEKEIND,

? V!
Bey = pLC AT | K, pL] < (2)
p,L R, \ 4P
ZZT, pr. EOEE (kg/md), CL:KDOEE (mis) AT ZALC X 2 8aERET (K).
ov. BROFEE (kg/md), L HEOEH (k). K HEOREEER (Wm - K), Ro: Al

EEOMPE (m). AP ATIHE) WEDKET (Pa) TH b,

Garcia & Hammitt@ld Beff=1000 % 3R & L, Beff>1000 TIiZEME., BefiK1000 TiX
BBEITRLE 25 2 L AHME L TWA, K16 i3 Hammitt 5 255 L72AEESBE T O log Beff &
REOMBRTH L, MAEBRECIRBSINEZTPABE LR T, ZRUNOEE CIHER TR
ThHb, Lo T, M 15 OHFRE 40CLL T D MDERmax X, #HALE CIXERZERIZL2d D
& LUTHGET L7z, BHEREICB T 2K & LT Rayleigh-Plesset D 5325, 120 #f# < & (V
F 151, [UEBEROBEERE V (m/s) BUTFTOL)ICEINS,

3
v [2(.-P) (Rj _ +_zz_(&)3 @)
3 P R Rop, \ R

2T, VIRGBERHOBEEE (m/s), P.. WAEOHILE (Pa), P, | ROETE (Pa), R:
SABFEOBREME (m), »  REED (Nm) Tho, —F, 7+ —INr<ILBET pidk
ATHZLNS 13,

P =" 1 C @)
+
/0 LC L /0 sC s
ZIZT, ps. CslIENENERDOFEE (kg/md), F#E (m/s), VIXWAEDOHEE (m/s) 2FET,

—#IC, EROBFES VT L ARBEROFTEA D E—F U AL DL REVAD Q) 1ZMT
NDEYTEKENS, '

p=p0,C,V <o - (5)
IhE The4 &{&ﬁw @i%zﬁ-:lj'?“ TEEA Y E—F VA prCu it L CHREBI B I8+ 5 =
ENHBEEINTWE W ([F4725M8), 2070, HEEBIZBVWTLTES V- ¥ A CHE
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RHEEEEHR L7z, K17 1XFES ¥ —% VX pLCL & MDERmax ODEHTH 5, *HITT U
v F LTWBZDMOTEL Wilson & 9 3 FoleATFF v, TFNVTNIA=N XYLV, T
V=N, TV, IFL ) a—)v, =y v, WEfbRE. BRItk F Ly, T
EFRNVLDRERTH A, KEDT— ¥ 1L Garcia & Hammitt O LRGP S5 L7z F P T4
DT — FIIPERDAERAEITAE Ly F5REABAICHEML T a2, 8 - EXTARKED L9
12 pLCL 3% L A REWRARSE DA IIEHTE v,

§ - CARZARKIPD L9 BRAESE TR, A Y E—F VR pCLiTK E Wz TR AHER
B SUS304 DEEA VY — ¥y ALABEC L ETFEEN, 4) XNEFHTHLEND S,
72, (38) RNTIY WORIHDGHIC pL B 5o L72DSo T, R, BEEROEE R EEFEE
BEZ BT A= ELTIRAROBY &2 b,

1

(1+1]\/7L .- - (8)

»~.C psCy

18 (X, MXHEE 14CIEBIF 5 (6) £ MDERmax DBHRTH 5, ESIIFIBIHEH LT
BAOE—F AR (6) DEEZWMY T LI DTHDL, SONTA—=F 2 fHiHT S &
MDERmax B MK ETIZIZEMTERTE, BEEEFIIX 6) O/3F A =712k o TEH
TE&HZ bbb,

.19.



90 T

40 |

30

log Beff

10

-10 -

100

80

60

40

MDERmax ¢ m/h

20

20 |

JAEA-Research 2008-080

== = = Ph-Bij
N e = == | ithium

e Sodium

& m mem e
N\ Mercury

| @Pb-Bi

0

B 17

200 400 600 800 1000

Temperature °C
16 WEEE T D Ber & IREDEIFR®

Sodium(Thiruvengadam)
A Sodium(Young)
1 Deionised water
O Mercury(Hammitt)
X Other liquid

5000 10000 15000 20000

Acoustics impedance 0,C_ g/mm’s

BEA Y~ ¥ A prCrL k. MDERmax O {%
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T 1 11

& Pb-Bi

-4 Sodium(Young)
1 Deionised water
'O Mercury(Hammitt)

Sodium(Thiruvengadam)

X Other liquid
; ]
10 100 1000
1 1 3
[PLCL psCS jJP—L (>< 10 )

18 3(6) & MDERmax O {3

& 8 AR YAE & R 6)DfE

. acoustic acoustic I S
Liquid Denstt3y velocity impedance ( lc + IC)\/B: M[DER/TEX
[ke/m’] [m/s] [e/mm’s] SRR
Pb—-Bi 9380 1693 15880 117.8 64.33
Sodium 891 2440 2175 69.0 13.1
Sodium 891 2440 2175 69.0 291
Deionised water 998 1486 1483 45.0 6.55
Mercury 13546 1451.4 19660 114.0 33.6
SUS304(specimen) 7800 5188 40466 __—
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3.3 EAHEE ORI RIS THAR 022

WREGE & A 4 v RBPRCOEREEOBRBERITFEDOENEZERT L7720, Fy¥T—Tav
BEEIEET L RER IOV TRET Lz, BT-& LTk, RER. MR, ffAREL
ENRZTOND, - YA ADYWHEIZBD TH LW, 44 ke F b)Y a0l
MEAE (5 TR L 72,

BI191EF MU 7 A LKDEEN EMXHBEDOBBRERLZODTH b, MR & b AR
JEDS EDSBICONTERMEREN VWA T 5. (8) RICBWTEERS y NS WG, KISEEH O
BEEE VMET LB IIVNS 2D BEHEESKT T PEEINL, L2 L, Kif%
DIREERIEE L T OMENTH L DT, KEENEID F VIREERFEICEEL VWLV LE
AbNb,

B 2013 MU 7L LKROKEE EMAFREDOBMREZR LIS DTH L, F M) 7 ADKEIZA F
YEHIRE ) BN E W0, MOBEBITWEEZONDL, T, - CAYAEETORHE
DIBETHMEDZALIC X o THRERF OIREPRIBIZAL T 2 hERE T o 7205, L AEERN L%
Molze Lo T, HEOEEBIINEIVIDEEbn, (143 2M),

RIS, BIRERTE p, DBBIIOWVWTER L, MAAREIRERECEETLAIZI LN
FCICHEENTVE W, HAHRE 14 CTOEAAKREL 1 & L, #HEE 14~30C E Tofy
MAELRE DI HHE LTI L 72,10 21 12F F U 7 A & KOARXRIANZEEE & AHXHEE O BIfR 2 7R
T o BIMERIE LIRE DR 16 206 | BrEFFEOAEEE TS &, BHNARE p, L HIHRE
tOBERITARTEZ NS (M54 2),

log p,=a+ct < (D)

ZZTa cl3BBTH L, €D, MHMBMBESTIELSRE LTEHRLZODT, ST L
DIAE I A A X ZHKIIAK) 5RETH Do Z ORRIIE 15 OMEREFFELTBY | HERED
IBEEARAF IR OBMBREICL 23D EZER DN L,
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Relative temperature °C
20 UYL EKOMAHRE &R R
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1000
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21 F MU L EIKROARHREE & xR SUE O Bk
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S
i
]

AFFECIX, BRISESHOF YT — a VEARBEEZREL, $ EATADWAKE
B & A o U ARHOR R TR R AT, B I RIS TR o BB R ORI D
WTORRET L 2o BREFIEOR R L LT, TROBELZE,

(1) WHhEREAICERD D 160°C ¥ TR 2D VIR DR E Z L 72,
(2) HBRREE 2B L OB 2 B TER LAFRE CRESE L LI L2 L 25, Mt

REDT14CIZBIT A8 - YA ANOERMEEIXA 4 VKPR TH 108, 7MY
7 AHRTIEH 2~5 1 TH b,

(3) WATESHIC L ABAEBEOBELRIT L2 2 A, AOHMEED 14CoE X, kX0
NG A—=FIZEVEHMETE 5,

1

EeEAT

~.C. psCs

o CRBEOTEERTEHRT, T L, S REEHEIRTEFEEERT,

(4) MxHEE 14~30CIC BT L IFAERBEREINOBEKGFEIL., MAROBERAZREOMEINC X %
bDOTH 5D,
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(DECS

[f8% 11 FERSD £ ER L 72F@OBE - iR (Rayleigh-Plesset M /5#23(12)

(5% 2] Willson 512 & K4 72 AR BT 5 SRERAS
[k 3] O FAF—VICLBHlE

[f4% 4] Cox DEEFER;

(45 Shissseen
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6% 1] REENEER L -REOHRE - fitE (Rayleigh-Plesset O A #512)

SIOBE R
Rit+SRg=F"Fe @AY
2 P
. 2y ‘ . 3. 2y P—P,
=P, - 2L %fLA RR+-R=-"L - =
= R +2 PR P
R=V - - - (A2)
LBk

ji o @'R_dV_dVdR _dv g
dt> dt dR dt  dR

(A2), (A3) A% (A1) RIRATHE

RVgX 3Vz 2y P -P,
dR 2 PR P

=0

3y 2 B R i RVAV =0 e (A)
2 PR p

| |
=P -Q &35

9Q _odP
R oV _V-3Vv_ 2

Q RV R

2
- |——dR
=e I R — eZIOgR — R2

I (A1) RoOBHFEBETH B, (A1) RICR* ZHhFH L

P,
(21{ vigR_B P Rz)dR R*VAV =0
p P

2 _ 3
d[1R3V2 JROP P R—]:o
2 P p 3

1

_R3v2 + 7R2 _Pv -Pw Bi
2

p p 3

=C,
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i 2P P 2y 2€,
T 3p PR R’®

R=R,N&&V=0%t5nT

2P, -P.) 2 2C P, -P_
—ﬁ—~—7=--—; nCy=— R} +7R?
3p R, Ry 3p p

P,-P -
avio2BcP) 27 2 (R P pa 7
3p PR R? 3p p

=£(£’v_~1’_w)[1_R_3]_ 2 (g*_R2)

3p R’ pR* ’

_ 3
_2p.-P,) 5%4 +- 2 (R2 _R?)
3p R PR’

R<<R, &9 1iE

2 ( oo ) 0 ’ 0 ?
P=pcV = ____I P, _R —- 27 _R C
pc pc\/3 {( ) 1}+ . (A7)

Elebe 1272L clIEFEHTH S,

-30.



JAEA-Research 2008-080

[f$4% 2] Willson 512 & 284 2 RIC BT 5 RBRER

f- 113 Wilson 5 23T o 7284 ZEF OB 2 WP BOBRWTH 5, ~NTF ¥, 7FN
ThaA—=V, RY¥y, TZV—=), T2V >y, TFLrF)a—y, k, =#Hrzsy >, mf
fbiR#E, “RAEZF LY, TUTRVLDERTH L, R - 1 134 ZHEOFTE L -5
VALBEEBRIBDETH D, WRDTEAL V- F VAT 5 ICoNTEERAE DB
BRI T 5 2 & 25h A

KL Tid MDERmax TH#E L T 5720 K - 10 E &R &% MDERmax (235 L7z,
KIFFE 12 BT Bk T MDERmax fE7% Wilson 5 DKFDFER L H—& LT, FihEL kb
ZE2RMPEDIE) S MDERmax B L2, & fI- 2 342 WETHRELLZLEZD
MDERmax DfETH %, KEDIK 18 IZH V72RO DD &b TRT,
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150
o)
£
»
2 100
w
S
=

50 |
M *
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0 L
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f+-1 Wilson H I X 284 2T OFES VE—F A LHBRAEDOEE 10
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A1 BARBEROEEA Y E-Y Y A LRI EW

liquid symbol| mass loss (mg) Oc (g/mzs)
Heptane A 7.09 782
Buty! alcohol B 10.44 976
Benzene C 11.49 1216
Anisole D 19.97 1333
Aniline E 30.37 1531
Water F 34.90 1436
Ethylene glycol G 57.63 1868
Trichloroethane H 25.15 1418
Carbon tetrachloride] J 27.21 1602
Ethylene dibromide K 60.46 1905
Bromoform L 163.74 2303

* fF-2 B4 AT O MDERmax #EH & X (6)E

conversion of MDERmax

liquid symbol (1t m/h) (lecL +pslcstbf
Heptane A 1.34 30
Butyl alcohol B 1.97 34
Benzene C 2.17 40
Anisole D 3.77 41
Aniline E 5.73 47
Water F 6.58 44
Ethylene glycol G 10.87 54
Trichloroethane H 4,74 36
Carbon tetrachloride J 5.13 38
Ethylene dibromide K 11.41 42
Bromoform L 30.89 41
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(%3] OFay—Vic X 2H%E

$ - CAYAEEP ORI X 2 BEND L 2 51, KB 2 RBRRICEBES L CHBREIT-
72 & FITIRENMRIBS AL L CwB EEZONL, Lo T, OTAT— V2l BREEDIRE) = — >~
CHUD T BBRF & SRR IR SR CERERR LT o o L SORBICHET 5 T AT HIR
BIBY O3 A 52 e (BRI 2R 2R DC-96A) & A Y u A a— 7 & HWCEHIl L7z, B 14-2 1%
O HT =V OBRFETH ) IREYR — 2 U CERE I LACEH I 2 STt 5 2 7
=V HV, Al O RS = DI o TREIFO O FAZEIIL, D1 A7 — VIdRiEt &
TWENC L B OFTAEMYBR L 720D A1) 720 0§ A — T X 0 EREE) O A8 S TR
L7zl %h . YRR — 7Tk, F VIR I~ 7 EOREETGREIEEO R KMESD S R/ME
FCOEBE)E OFTARICER L7z, RERHIIE - AT AAE4E Pb-Bi68 & A 4 »55Huk s Fv 7z,
T/, REBICRBESETICRAT TORBRE T o 72, £ - 3 RGP COLRBOEIIC X
LBUOTAHATHD, RBEBOBRBIRELIKE L LEICONTOTANRE RS, £ -4 13
Pb-Bi68 1 & 1 & ¥ HIKH CIREIEIE 50« m (2B 5 0T ADORERHETH S, Pb-Bi6s it
75°C. 100C, 150C & &2 - 72RETRET LTOOTAPEFELL 55, 1 4 VKRB O
Al Pb-Bi68 & KRAFDOOT AL TS EETIEV, LL, BEFNHLLEZEZ LN
Pb-Bi68 1T KAH DUV TALE LW b, A+ VY HAKPDOT— 5 ITRERETH L LER
bNbo o T, SRBITIREELICBV TS, WAROEMICB W TOMERKICEE S LR W

EEZLND,
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Specimen

(a) (b)
-2 T AT — T DRI
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£ -3 KRAFOERFOEILIC L LU A

Total amplitude [x m] | Strain [¢]
20 0.0022
30 0.0025
40 0.0028
50 0.0038
60 0.0042

-4 OTATF-VOWUEREE (£IRIE 50 m)

Temperature ['C] | Voltage magnitude [V] | Strain [¢]
Air 20 3.8 0.0038
Water 25 3.6 0.0036
75 3.8 0.0038
Pb-Bi68 100 3.8 0.0038
150 3.8 0.0038
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[f+8% 4] Cox DBIFR
Cox DRIFRA &L 1) B DRAALE LIREIIU T ORTERE NS,
C
LogP, = A——
T

Z 2T, Pv: fBfIZEAEPa). T BEX. A, C: ©H
RIEDOHAT 2 KOr V¥ V) HIEGEE t(C) TR T &

C__,_C 1

273+t - 273 t
I1+—
273

log Pv=A-

:A__C_(]__t_):A_ C + C t
273 273 273 273°

THb, EHITA CREHETHLDT, UTOMBRAIEINL,

log p,=a+ct
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[fF% 5] HhiRsekEH

“BARERTOXF YT —3 a VERICRIZTHRIE ST A — 5 D%
HAMEM S (AMR), 73% 7265 (2007-2), pp.120-126
(HABEM S O F] %15 CEE)
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BEERBPDOF vET—2 3 VBEICRIETIREING X — 2 DF/E

A B 1B K =,
i A )

HEXE =
/A EF -

Effect of liquid parameters on cavitation erosion in liquid metals

Shuji HATTORI*, Fumitaka INOUE, Katsumi WATASHI and
Takashi HASHIMOTO

*4 Department of Mechanical Engineering, University of Fukui,
3-9-1 Bunkyo, Fukui-shi, Fukui, 910-8507 Japan

A cavitation erosion vibratory apparatus was developed for low-temperature melting alloys. The
temperature can be changed from room temperature to 150°C. The erosion tests of SUS304 were carried

out in liquid lead-bismuth metal and in deionized water. The erosion rate was parameterized in terms of
a relative temperature defined as the percentage between freezing and boiling points. At 14°C relative
temperature, the erosion rate was 10 times in lead-bismuth, and 2 to 5 times in sodium, compared with
that in deionized water. The erosion rate can be evaluated as a function of material density and sound
velocity. Finally, the temperature dependence was discussed in terms of liquid vapor pressure.

Key Words:Cavitation Erosion, Iron and Steel, Cavitation, Liquid Metal
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Table 1 Chemical composition of lead-bismuth alloy ~ (mass%)

C Si | Mn P S Ni

Bi Pb Sn Cd
Pb-Bi 50 26.7 13.3 10
Table 2 Physical and mechanical properties of lead-bismuth alloy
Freezing Point [°C] 68.4
Boiling Point [°C] 460
Density 20°C [g/ cm’] 9.38
Tensile strength [g/ cm’] 421
Brinell hardness 9.20
Conductance [%pure copper ] 4.00
Specific heat (fluid) [cal/g/°C] 0.04
Specific heat (vapor) [cal/g/°C] 0.04
Fusion linear thermal [cal / g/ °C] 6.67
Coefficient of linear expansion 0.22x107

Table 3 Chemical composition of test material ~ (mass%)

Cr

SUS304[ 0.05]0.33]1.76 | 0.36] 0.22 | 8.49] 18.18

Table 4 Mechanical properties of test material

Tensile strength [ MPa] HB HV
672 180 189
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Fig.1 Vibratory apparatus
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Fig.2 Mass loss curves
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Table 5 MDERmax (un/h)

) Temperature [°C]
Material =62 1735) | 427 (42) | 649 (70.3)
1605 111 25.6 43
SUS304 13.1" 29.9 50"

( ) shows relative temperature.
% isobtained by calculation.

.42.
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Table 6 Physical properties of liquids
. acoustic acoustic 1
Liquid B(er}src% velocity | impedance ( ‘C %]J‘T M[DfnR/r::T X
g/m [m/s] [g/mzs] L. oL l.l
Pb-Bi 10209 1693 17284 120 64.33
Sodium 891 2440 2175 69 13.1
Sodium 891 2440 2175 69 29.1
Deionised water 998 1486 1483 45 6.55
Mercury 13546 1451.4 19660 114 33.6
SUS304(specimen) 7800 5188 40466

.48.
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