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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 4.2x107.  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 

+Technology Development Department, Oarai Research and Development Center 
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2 Particle Image Velocimetry : PIV
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5.4x105283.0High velocity case

1.8x105281.0Low velocity case
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5.4x105283.0High velocity case

1.8x105281.0Low velocity case
Short-elbow

Re number [-]
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[ºC]
Mean flow velocity, 

Um[m/s]Case name

Table.1 Experimental conditions.

Fig.1 Schematic view of primary cooling system of the JSFR[1][2].
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Fig.2 Schematic of the experimental test loop.

Fig.3 Comparison of positions between mesh in pipe and captured image.
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Fig.5 Schematic diagram of PIV method.

Fig.4 Deformation rate at cross-section of the pipe.
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Fig.6 The position of measurements.
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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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Fig.8 Behavior of separation bubble (Short-elbow/High velocity case).

*The center line corresponds to ‘elbow outlet’. The white circle corresponds to  the eddy.
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Fig.11-1 Time-averaged velocity 
fields near the inside wall (Short-
elbow/Low velocity case).

Fig.11-2 Time-averaged velocity 
fields near the inside wall (Long-
elbow/Low velocity case).

Fig.11-3 Time-averaged velocity 
fields near the inside wall (Short-
elbow/High velocity case).

Fig.11-4 Time-averaged velocity 
fields near the inside wall (Long-
elbow/High velocity case).
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Fig.13-1 Contour of the velocity 
fluctuation intensity in x-direction 
(Short-elbow/Low velocity case).

Fig.13-2 Contour of the velocity 
fluctuation intensity in x-direction 
(Long-elbow/Low velocity case).

Fig.13-3 Contour of the velocity 
fluctuation intensity in x-direction 
(Short-elbow/High velocity case).

Fig.13-4 Contour of the velocity 
fluctuation intensity in x-direction 
(Long-elbow/High velocity case).
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Fig.15-1 Time averaged velocity field in the cross section of the pipe 
(Short-elbow/Low velocity case).

Fig.15-2 Time averaged velocity field in the cross section of the pipe 
(Long-elbow/Low velocity case).

Fig.15-3 Time averaged velocity field in the cross section of the pipe 
(Short-elbow/High velocity case).

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

Fig.17-4 Contour of the velocity fluctuation 
intensities in y-direction and z-direction 
(Long-elbow/High velocity case).
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ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 

Ci 1 Ci=3.7×1010Bq

R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy

rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T

1 =1 fm=10-15m

1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa

atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J

IT 4.184J

µ  1 µ =1µm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

 
(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI  
  

a amount concentration

substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg

A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI 
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, ,
Gy J/kg m2 s-2

, , 
, 

Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 

bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa

=0.1nm=100pm=10-10m

M=1852m

b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s

Np

  

dB       

SI SI

m

kg

s

A

K

mol

cd

SI 
SI 

SI 

erg 1 erg=10-7 J

dyn 1 dyn=10-5N

P 1 P=1 dyn s cm-2=0.1Pa s

St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx

Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb

G 1 G =1Mx cm-2 =10-4T

Oe 1 Oe   (103/4 )A m-1

CGS



この印刷物は再生紙を使用しています




