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Japan Sodium-cooled Fast Reactor (JSFR) has been investigated in the fast reactor cycle technology
development project to establish the nuclear fuel cycle. In the design concept of JSFR, two-loop cooling
system and a compact reactor vessel are employed to achieve the economical improvement. However,
these innovative designs lead to the increase of coolant velocity in the reactor. As the results, strong
sub-surface vortices can be generated at the H/L intake. These strong sub-surface vortices may cause the
cavitation (vortex cavitation). Therefore, the evaluation of vortex cavitation is one of significant issues in
reactor design for its structural integrity.

In Japam Atomic Energy Agency, a preliminary evaluation of vortex cavitation has been performed
based on 1/10 scaled water model test. However, the influences of physical properties on occurrences of
vortex cavitation must be clarified, since the coolant in real reactor is sodium at 550 °C, while water is used
in the experiment. Especially, the kinematic viscosity, v of sodium at 550 °C is three times smaller than
that in water at 20 °C. The aim of this study is to clarify the influence of fluid viscosity.

In the present study, fundamental water experiments were performed in the cylindrical tank geometry to
simplify the phenomena. In the experiments, the water temperature was varied from 10 °C to 80°C to
change v. The occurrences behavior of vortex caviation was evaluated quantitatively by the combination
of visualization measurement and image analysis. The experimental results show that there was little
dependence of v on the occurrence of vortex cavitation under the small v conditions, while the influence of

vwas relatively obvious under the large v conditions.
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METHRIUEREOX vy T —va UIREEIRD Z D, IRTENRRAE LT 2D 2 ERG0n
Do T, 80CHOLMETIL, FEICIL S TITIFRIT N E > TS, ZDZ Enn, BkEREK
ISHEGHI/ NS WERETIE, F¥ BT — ¥ 3 UM o — B TOFMENIZIEFRTHDH LV x D,
%®\w%@%#%ﬁék\ﬁﬁﬁwﬁ%ﬁm%#?u\ELﬁ@@%é%%kﬁﬁ%ﬂéﬁ\
35mis AHAT-HIZD NG, MEEZZESETHRERT fﬁiw&&é*kﬁ%#éo¢@
Db, BRI TR WHIZOWTH —ELL EOEH T, BHITHICR D Z LR gk
Too T72bb, HitkB XOWHOEEIZOWT, LINDO@EY _E@f%éo

O BERMEARE VIR E WD WA T ) 2V OSEEIFH Vi D3NS WRAETIE, oz M T A —X
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@ VBNV Vi PREWSRETIE, vERIR V, ORI KB PiloI AR Z o—
IZTERED,
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U’D
= constant 5.1
v-AP
LG5 DITpUYAP~1/c & RApED DT
UD 1
— +— =constant (5-2)
Vv O

7% UDWIZDOWTIE Re B E[AIFED/RT A—=F ThH D0, EERSICEHD LT A =2 ThHD
ZEn, BHER TRMTIUSE O T A BAHBR ORI fEEH9] & FERIC R TIRUT) & B X,
o TINCFF O X 5 BB LET &

— = constant (5.3)

L h, TOTEND, KTIEIEEWIATL ) ZIVITEEDWAA TR TR & B AR AR W TCE
BAICEMET 24 L LT, BRICEEREZEA L CGHMEEZTT 9, BRTHERIINGCHICL > TE
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Z 2T Ve VEBE BRI A 24 1B R O X FEERIE Ch 0 L A 18° (KFESrE=3: 1)LV,
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T2, KM542120 L oD 2 W TR L 2RI A~ > TR, ~ y IR E R OCE BR
(). o2 L0, KR A O —AZxt L TRTIEERE D 7 —1L T = R TR
T, ~ v RO ST TR E OB R(YE=02)TH Y . /INSUVEERIT <0.6x10HTiE, @i
FAEDBERPIFBEROBIMIAENF ¥ BT — 3 UERELHNT 2B TEL LTS, L, K
VBB > 0.6x10HY D&M TIE, B EZ o B TRIETE 5, T ORI, EERITHEEFHEN
RELIRDDRNED NS L R DIE EREL D72, K515 LIX5.1.6 (IR THER L —FHT 55
HBrihot, Thbb, ERo@®, QOMEEICHOWT, IMae/"TF A =2 L L TEALEHTX %
ZLngimnolz, B KRB T [H—D V, TIEFAHINT Ve BN E 72572054 KD
CHNEL 725, Thbb, MR, o~DERFERA LN L H~E S EEZBND, Lo
T, A% BRI DHMEREURAFTEIC DD CORBRFERICOWTIE, TME ol L 2 EHECEMER
ICHATE %, £7o. R C THXBNTIEFIMAFEAE LIS KRD A D =X LIZHONTR, K
DAZ sy RIZED | EERBTHD LD & L, BN E 2 bihvd, REIZTE X ol &7
THQDo—HDEIMA~DBERED A = AL E LTI vOD E 7213 v, OBINC K 2 s 0%
ERELILOHINENE Z BN DD, FHEHICOWTIEASHOMETH 5,
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LT, PIFEE=R(Yield Fraction:YF)ZH AL, ¥ T —a VOMUNTA—FTHDH, F
YET—va MR ol DR E LTRSS Z LT, KiEORBEICONWTRE EITo 72, O
fa k. LUT OfEEwAMS b,

1) KSR X OVEESME TR Y BT — 3 VORAEICE 2D R, TOEY Th D,

Vo ERRIMERR BN R E W WA R ) KV OSEEJGR Vi D8N S WERIE T, o RN T X — 4
& LTRIESE . v Vi OHINIAE > THXTAVICIR T AR A LT < 2 D,

Vo VB REOD, Vi, BREWEETIE, vEZIR Y, ORI I 5T, i oRAERRE oK
IZTERED,

2) Wi Z AT D hERlt 255 % Z & T TP ANICRAE LIS <D, — T, vl
L OV, DB E T OFEAIRDU G- 2 D508 T, R&E L R DMMR R b7z,

3) BELAE 5 X T RR T, PRI RIS E LI KD, —H T, ERREHOTHEE &
[FARICIR RO AEITKT Ly vB X OV OZAE RO RAIRIIC G 2 DB, K&l
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# 3.1 PBRGMEE)
% Case 44 IR E[C] JieiE [m/s] [+ 7J[MPa]
CaseAl 10 5.0-6.25 0.1-0.6
CaseA2 20 45-5.75 0.1-0.6
CaseA3 30 3.75-5.25 0.1-08
CaseA4 40 3.5-45 0.1-0.6
% A
CaseAS 50 3.0-4.0 0.1-0.6
CaseA6 60 3.0-4.0 0.1-0.6
CaseA7 70 3.0-4.0 0.1-0.6
CaseA8 80 2.75-4.0 0.1-0.6
CaseBl 10 10.0-11.0 0.17-0.65
CaseB2 20 8.0-11.0 0.1-0.65
A% B CaseB3 30 6.5-9.0 0.17-0.65
CaseB4 50 525-8.0 0.1-0.65
CaseB5 80 40-55 0.1 -0.65
CaseCl 20 9.5-12.5 0.17-0.6
K% C CaseC2 50 7.5-10.0 02-0.6
CaseC3 80 55-8.0 0.2-0.6
#32 KT MU U LOYMEE
KR kG A SRE B
[C] [ X 10°m?/s] [KPa] [ X 10°kg/m’]
10 1.31 12 1.0
20 1.00 2.3 1.0
30 0.80 42 1.0
40 0.66 7.4 0.99
50 0.55 12.3 0.99
60 0.48 19.9 0.98
70 0.41 312 0.98
80 0.37 475 0.97
550(Na) 0.27 1.3 0.82

_19_




JAEA-Research 2012-005

#* 33 FHS

IR [second] 600
P 7Y T Hz] 30
R ACEL -] 18000
F1 I fE Sk [ mm)
45X48
Horizontal X Vertical
fiF 4% £ [mm/Pixel ] 0.2

#3.4 T—HIERT AT AEE

B -200~500 C (&1t 15 v v FoyfiRae)
AD ZHigs - LY J£77 BIE: 1~5V PE&E : -0.1~1 MPa
it BIFL*
B
7]

3.1x10° °C
AD ZEH#3s - SrfReE(/)) | £ 6.7x10°MPa
T 0.9x10m’/h
ITHES 500Hz

n—/ A7 )L H— J£77 1Hz

it = 500Hz

B EHIRE D AD ZHaE - Lo VIE, A A UIRERHNT 0~150m’/h, V7R EEHT 0~30m’/h F
771%-30~30m’/h TH %,
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At=33.3(ms) Case# | th% ;’EUE(°C) 5ﬁ5$(m/s) J:T:jJ(MPa)

EEF':FJ%_&._ CaseA2

t=0.0(ms) t=33.3(ms) t=66.7(ms) t=100.0(ms) t=133.3(ms)

X4.1.1 ZHEARICER(ARA)

At=33.3(ms) Case% K% 5&;#@0) FE(m/is) | EAH(MPa)

;&EF':F‘J%E CaseB2 10.0 0.45

t=0.0(ms) t=33.3(ms) t=66.7(ms) t=100.0(ms) t=133.3(ms)

X4.1.2 BHHiEFIRIEER (A RB)

At=33.3(ms) Case% %% 5&;#@0) FRIE(m/s) J:T:jJ(MPa)

J&EF':H%E CaseC1 12.5

t=0.0(ms) t=33.3(ms) t=66.7(ms) t=100.0(ms) t=133.3(ms)

X4.1.3 ZRHiEAIRILER({ARC)
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2000
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e |7
IS
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w
"é 1000 | / Vortex
3 i A
= i [ \
> .
Z 500 f|!
1
i
i
0 I
0 20 40 60 80 100
Maximum Luminance Difference (-)
B4.2.6 Lyt paxPERNT S L5 F DB
150 . éﬁﬂa e Case# CaseA2
® A[R1EiE
®% A
5 S (mis) 5.0
3 50
[£ 51 (MPa) 0.2
o(-) 16.1
05 10 20 30 40 50 60 Y.F.(-) 0.59
Time (s)
(@) Laer maxPEFHEIZAE

T=11.87(s) T=11.90(s T=14.30(s) T=17.13(s) T=17.16(s)

(b) EHBO AL ER

X4.2.7 ZHiEDERAE
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T
(a) V=4.5(m/s)

~

T
(b) V=5.75(m/s)
(1) EEHEH

T
(a) V=4.5(m/s)

T
(b) V=5.75(m/s)
(2) EENEH

T +At

T+ At

T + At

T + At

(a)

(b)

HERT—X A2 A2
BE(C) 20 20
( f‘ﬁfr&lﬁi) 1.00 1.00
IR (m/s) 45 5.75
£ A (MPa) 0.2 0.2
o(-) 19.75 12.09
Y.F.(-) 0.02 1.00

f : LdeLMaXﬁ§§X&ﬁ67D—A

(@)

(b)

HEBRT—R A2 A2
RE(C) 20 20
( iﬁ%ﬁ;gs) 1.00 1.00
FRaE(m/s) 45 5.75
£ H(MPa) 0.6 0.6
o(-) 59.56 36.43
Y.F.(-) 0.004 0.98

T . Ldef_Maxb‘\Hsii&t;éjl/_A

X5.1.1 REZ/NFA—FLI-AIRIEBREHER DO LLE (R RA, S HIEEY)
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At 33.3 (ms)

(@) (b)

RERT—X A8 A8

BRE(°C) 80 80

R

> x 10omers) | 037 0.37
§ T+t RE(m/s) 2.75 4.0
5 (@) V=2'75(m’ s) EHMPa) | 0.2 0.2
K 5(-) 4158 | 19.29
Y.F.(-) 0.99 1.00

f : LdeLMaXﬁ§§X&ﬁ67D—A

~

— At T T + At
(b) V=4.0(m/s)
M IEEHEH

~

At=33.3 (ms)
X aldiBIEREST—R

(a) (b)

HERT—X A8 A8

BE(C) 80 80

> ( fﬁ%ﬁi) 0.37 0.37
% T-ar T T+ wEmis) | 275 4.0
5 (2) V=2.75(m/s) EAMPa) | 06 0.6
K 5(-) 14752 | 69.31
Y.F.(-) 0.00 0.02

T . Ldef_Maxb‘\Hsii&t;éjl/_A

~

—At T T +At
(b) V=4.0(m/s)
Q) BaEH&EH

X5.1.2 FFEZ/NNFA-RICLIEAIREBERGER DO LR (A RA B IESH)

T
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At=33.3 (ms)
ﬁ
(a) (b)
AER7—R A3 A5
BE(C) 30 50
IR
E (x 10em2ss) | 80 0.55
2 T-At T T+At FRiE(m/s) 4.0 4.0
§ (a) T=30(°C) EH(MPa) | 02 0.2
i o(-) 24.86 | 23.91
Y.F.() 0.08 1.00

f : Ldef_MaXb{HEixttéjl/_-L\

~

— At T T + At
(b) T=50(°C)
(1) EEAEH

~

At=33.3 (ms)

(a) (b)

HERT—X A3 A5

mE(°C) 30 50

AETERRE 0.80 0.55

; (% 10-8m2/s)
3 T-At T T+At FRIE(m/s) 4.0 4.0
% (a) T=30(°C) EH1(MPa) 0.6 0.6
©
5(-) 7477 | 7457
Y.F.(-) 0.003 | 0.10

Tt Loor pax DNBAEREDTL— L

~

— At T T+At

~

(b) T=50(°C)
(2 mENEH

X5.1.3 HIEFRBZE/NNSAZICLEARIELBREHER O LLBR(RRA SHIERY)
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At=33.3 (ms)
é
(a) (b)
RERT—X A5 A8
SBRE(C) 50 80
R
E iy | 055 | 037
2 T - T T+ar s (mls) 4.0 4.0
5 (a) T=50(°C) EHMPa) | 02 0.2
K () 2391 | 19.29
Y.F.() 100 | 1.00

f : LdeLMaXﬁ§§X&ﬁ67D—A

~

— At T T + At
(b) T=80(°C)
(1) EEHNEH

~

At=33.3 (ms)

(a) (b)

HER—R A5 A8

mE(°C) 50 80

R (R 0.55 0.37

; (% 108m2/s)
3 T-At T T +At FRIE(m/s) 4.0 4.0
% (a) T=50(C) E51(MPa) 0.6 0.6
©
o(-) 7457 | 69.31
Y.F.(-) 0.10 0.02

Tt Lyor pax DNBARERDTL— L

~

— At T f+At

~

(b) T=80(°C)
(2 mENEH

X5.1.4 HIEFRBZE/NFAZILEARCBREER O LB (IRRA B IESRHE)
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(3) CaseA3(T=30°C)
XA POLE 1 0 4.0m/s
A 3.75m/s
N O 3.63m/s
3 ® 3.5m/s
A 325m/s
A B 3.0m/s
- A
g
AO
—l—.—.J.—AJ—.—D-m.
0 20 40 60 80 100

Cavitation Factor ; o(-)

(5) CaseA5(T=50°C)
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(2) CaseA2(T=20°C)
RO 0 4.5mis
A 4.25m/s
O %o 04.0m/s
- A4 @ 3.75m/s
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B 3.5m/s
o)
A ©
L =N
= *- N
L+  m%pdligeasn
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(
X LMOERS—1 5 4.0m/s
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- AD ® 3.5m/s
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1 1 1 - A ?A
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