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The main cooling system of Japan Sodium-cooled Fast Reactor (JSFR) consists of two loops
to reduce the plant construction cost. In the design of JSFR, sodium coolant velocity is beyond
9m/s in the primary hot leg pipe with large-diameter (1.3m). The maximum Reynolds number in
the piping reaches 4.2x10”. The hot leg pipe having a 90 degree elbow with curvature ratio of
r/D=1.0, so-called “short elbow”, which enables a compact reactor vessel. In sodium cooled fast
reactors, the system pressure is so low that thickness of pipings in the cooling system is thinner than
that in LWRs. Under such a system condition in the cooling system, the flow-induced vibration
(FIV) is concerned at the short elbow. The evaluation of the structural integrity of pipings in JSFR
should be conducted based on a mechanistic approach of FIV at the elbow. It is significant to
obtain the knowledge of the fluctuation intensity and spectra of velocity and pressure fluctuations in
order to grasp the mechanism of the FIV. In this study, water experiments were conducted. Two
types of 1/8 scaled elbows with different curvature ratio, r/D=1.0, 1.5, were used to investigate the
influence of curvature on velocity fluctuation at the elbow. The velocity fields in the elbows were
measured using a high speed PIV method. Unsteady behavior of secondary flow at the elbow
outlet and separation flow at the inner wall of elbow were observed in the two types of elbows. It
was found that the growth of secondary flow correlated with the flow fluctuation near the inside wall

of the elbow.

Keywords: Elbow, Secondary Flow, Flow Separation, Curvature Ratio, Flow-Induced

Vibration
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oDz &b, ZoLE, R A )V XHIT Re=42x10" 128 L 5. F7=, PR
a7 MET 572012, Ay L ZEEO—EICHiERE /D=1.0 (r: #hi=:5, D :
BLER) O a— b AR NEAESH TS, &l T, BKEICkS, T hUv
DRHEHBM ONDRE L HIREOZENKE L, MOEERIREREV. Lo T, &M~
OBMTEZ T 2720121, BEORETES T2 ENZEE LV, Y 7 AidK
(ZHEARTHAEAE N2, B E s EIR N OE T K 12T RIEIIR. £ D7z
W, BEOHEEZHLS THIENAETHY, Ky M TEEOREITTEDRFHIE
WT 159mm e EEFEN TV A, ISFR ZFHIBWTIET MU o AR O K O £EE 12
EIE TS Z &b, Ya— b AREEFL ARy ML JEUERD Re 3 Z
NETORBREBZDEMEE 2> TWA. ZTDW, @A JIVAEOEETIZBW
THEHRNO R OREE CBiphEREEI A A L, BlE ROREMICHEE 525 2 LRk
WZ L BHERTHZENEETH S, JISFR ORE OREMEZBIET 57-0120%, LA
J IV A$E Re=4.2x10" Titl Z 2 REMRE) 23 K2 JE I E-CIRIE I C B 2 A R A $2R 975 2
ERMETHDH. LnL, LA VA Re=4.2x10" IZB W CHREIER 21TV, T—X %
BET 52 LITEFICHRETH S, Lo T, MEERNATRER LA /L X OHEFHIZE
WTEENTREZ > TWAREIHRHSZH L MNICT 5 2 L T, MEEIRIESHD A 1 =X A
AR L, MERIICIS L A VX TCOBSR M 20BN H 5. RIS, B
b REN XA N ORI DO ELIIC K - Thl & 2 S D BEEN O FEFIZB AR /) &
RVREETS. Lo, HERERIESO A B = XL ERAT 572012, BENOTEIZ
BEdE), oS, TOMBMER EIRD & OBREEETZLERSHS. L, =
VRN OFENE, B CA U S AL #hn 0 Ik -» TEL D R 59 59k

* JIS M ClE, = ARHhRER y LEEED Ok, R r/D=1.0 DL D% 3 — b T)LR & FE,
R v/D=1.5 Db D% 1 7T LR & RS,
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I%, LDV % FWCHISR L 1/D=2.8 DX RINDFEH A & BRI /A 2 JIE L=, 1
FRIIAKTHY, LA IV XHIE, Re=500, 1093, 4.3x10* &, WEDHFZEDH TIdlt
BT LA/ V XBHE TR AAT - T 5. ZUEGIE, BRI A O C st
1/D=2.0 DO~ RNORTEEE AR - ZENGREE AT, BLE Wi O RT3 A0 -
EEBNGREES3AT OPE ZATVY, N2 FNOTREREEIZ DWW CHEMIZR SR A 1T > T\ b fE
RIS TRIG L Lz LA IV XHUT Re=6x10° TH D, LinL, LETHMNLE
WEDHFETH > TNDER R LTV RIZBW T, AOHRBEERS N Z - T
W, Ehwz, TVRNOIEE R TEMERELAVEIEZ B 60 5 L CEERRIK
HIEE & ZIRGEN D AT T DM TGS IZ DWW TEMRET ST,

A 5T, LDV Z2 W TR EL 1/D=0.55, 1, 2 D= /L RN OFRIE AT & 258504y
HOREZEFIT> TS, EEIFRIRIZATHY, LA /L 2$ Re=5x10", 5x10° TRER%
T2 T 5. R, tDITIENAESE) & 2 OEEBTRED/RT — 2T h VO BRI
DWCHH L, BN E s & Bl N CHAS L L7 UOe B (R harovr
B St) EEESROUE LT REHEB) O /R T — 27 MVEEOBRIT LA IV ZEUTHKAF
9, St=0.5 TE—7 ZFFO L) BEARMAEZLH LTS, A 5 OREBRCIE,
K 1/D=0.55, 1 THEEN IV, /D=2 TIHRFEIIE Z 572 o7z LB RTN D, F
Bt & RN O BEAERIZ OV TIEE L STV RW, Shiraishi &IP3, YukhE Az
£ D EMER 72 TV AR NIRILOBLEZITIN 2, TRSIIREN D A J1 = X LRI & » CTEZE R/
BENOENEEZRE L T D, ZARTHEL /D=1.0 DY 3 — b= LREHW, L
A ) VA% Re=8.0x10°, FiiIX 9.2m/s £ CTHIEL T\ 5. 6 1E, HIBEK S EROBE
ARGy, RS ST IRV ENEBIRRA L T D EFE L T 22038, FIBfkEEE B o
BHEINOIETE T 7R REN A T = X N+ (BT 2 72 0O O R 72 3 BE /AR 13 E L C
AT AN

AHFFETIL, RBIRIEIREND A = XL E AT 58 B E LT, =/LROMNY
Ik o THELAFRENDORENEEB DA =X LEZHLMNITAHZ L2 HBE L, JSFR
—RFAR Y FLITEED 1/8 A7 —LOKKENTRREZIT 72, T/VREOREIT,
JISFR Ay F L EWE A SN D FEDY a— bR (1/D=1.0) &, &KW T
WE AT u v 7R (/D=1.5) Z8HH L2846 OHlifeEHc b 57— % 21535
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7esh 2 O AR 28T L7z, b EgEHE  (Particle Image Velocimetry : PIV)
Ze T, REE 0 e Cl 7 a1 BE 4 AT & B4R BT o IR GRAVITEE S0 AT DB 24T -
7z
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Dbz o, BESEIZB O TV RNOREMEE 2 52029 5 2 & 23, JSFR
THE I TV S Re=4.2x10" DI FHRINC 723 5. L L, BERARICH-5E LA
J OV ABIR TN A B & AN R E Y T, ORI ORIV Cgaa L2 &
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iToZ2 k& LT

# 1 ICEREM 2R, EBRST A X TEEWTIEEVEE U, T, KiiEr— 20
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Table.1 Experimental conditions.

Case name Mean JI:E’:; \//;Iocity, Temr[itzr]ature Re number []
Low velocity case 1.0 28 1.8x10°
Short-elbow
High velocity case 3.0 28 5.4x10°
Low velocity case 1.0 28 1.8x10°
Long-elbow
High velocity case 3.0 28 5.4x10°
“Cold_leg” “Hf)ttleg”
plpng pipimg
“Integrated [HX” | M -
(IHX/Pump) II I|||UHHH
1 IiI||H|||
[|i| |”||| I |||
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Reactor
vessel

Upper
plenum

s s |V l— -

Fig.1 Schematic view of primary cooling system of the JSFRI!I2]
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Fig.2 Schematic of the experimental test loop.
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Fig.3 Comparison of positions between mesh in pipe and captured image.



0.5

@ o e
\S) W N

Deformation rate [-]

e
—

JAEA-Research 2009-051

O : Short-elbow
A : Long-elbow

(@]

‘@ 1A

60 -40

Cross point on mesh [mm]

Ar, Ar,
> >

1
Cross-section paper

\ \ Pipe wall
-> 7’156 '}’:\
L o> e
Image of the camera
Ai,  Aij,
Deformation rate = Z—“
I

(v, = Ai, - Ar)

Fig.4 Deformation rate at cross-section of the pipe.
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Fig.5 Schematic diagram of PIV method.
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Fig.7-1 Stream line near the inside wall (Short-elbow/Low velocity case).
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Fig.7-2 Stream line near the inside wall (Long-elbow/Low velocity case).
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Fig.7-3 Stream line near the inside wall (Short-elbow/High velocity case).
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Fig.7-4 Stream line near the inside wall (Long-elbow/High velocity case).
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*The center line corresponds to ‘elbow outlet’. The white circle corresponds to the eddy.

Fig.8 Behavior of separation bubble (Short-elbow/High velocity case).

120 ‘ ‘
100 +~ — Low velocity case —
20 —— High velocity case

0 1 2 3 4 5
Time [s]

Fig. 9 Fluctuation of the separation bubble surface at A-line in Fig.7.
(Short-elbow/ High velocity and Low velocity case)
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Fig.10 Power spectrum densities of the fluctuation of the separation bubble surface.
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Fig.11-1 Time-averaged velocity
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Fig.11-2 Time-averaged velocity
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Fig.11-4 Time-averaged velocity
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elbow/High velocity case).
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Fig.12 Distribution of forward flow fraction at height of y/D=0.01 in the Short-elbow.
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fluctuation intensity in x-direction
(Long-elbow/High velocity case).
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Fig.14-1 Transverse distribution of velocity component in the streamwise direction in

the short-elbow.
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Fig.14-2 Transverse distribution of velocity component in the streamwise direction in

the long-elbow.
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Fig.15-2 Time averaged velocity field in the cross section of the pipe
(Long-elbow/Low velocity case).
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Fig.15-4 Time averaged velocity field in the cross section of the pipe
(Long-elbow/High velocity case). )
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Fig.16-1 Time-series velocity field in the cross-section of the pipe
(Short-elbow/High velocity case).

Fig.16-2 Time-series velocity field in the cross-section of the pipe
(Long-elbow/High velocity case).
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outside

Fig.17-1 Contour of the velocity fluctuation  Fig.17-2 Contour of the velocity fluctuation
intensities in y-direction and z-direction intensities in y-direction and z-direction
(Short-elbow/Low velocity case). (Long-elbow/Low velocity case).
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Fig.17-3 Contour of the velocity fluctuation  Fig.17-4 Contour of the velocity fluctuation
intensities in y-direction and z-direction intensities in y-direction and z-direction
(Short-elbow/High velocity case). (Long-elbow/High velocity case).
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