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EFFECT OF SWIRL FLOW GENERATED BY THE COMBINATION OF
PIPE ELEMENTS ON WALL THINNING PHENOMENA
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Flow accelerated corrosion (FAC) is the major pipe wall thinning phenomena in power plants. The management
of pipe wall thinning has been carried out to pipe elements such as elbow, orifice, etc. of the piping system in
power plants. In piping system, it is known that several pipe elements which are connected in series may
generate swirl flow. Therefore the arrangement of pipe elements is considered to affect thinning phenomena
seriously. So the behavior of this swirl flow is one of the major research targets to improve the accuracy of
simulation codes. In Mihama Unit3 pipe failure accident in 2004, it was pointed out the swirl flow caused by
the piping layout might influence the thinning rate behind orifice. This study focuses on the behavior of main
stream of swirl flow and reviews the effect to swirl number and turbulent kinetic energy distribution and the

relation to pipe wall thinning.
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2. 5eEEREA

Ctl: turbulent sensitivity coefficient

Ct2: turbulent intensity at straight pipe
[N-s-m2-s71]
[N-s-m™2-s71]

[m-s™]

Gy: angular momentum flux
Gz :axial momentum flux

k : mass transfer coefficient
kc :mass transfer coefficient of driftpart ~ [m - s71]
k- mass transfer coefficient of straight pipe [m - s™1]

RO : radius of pipe [m]

Sw : Swirl number [m™1]

T : geometry factor

U : velocity [m-s™1]
U circumferential velocity [m-s™1]
Uz: axial velocity [m-s™1]
Ur : frictional velocity [m-s™1]
Ure : effective friction velocity [m-s™1]



u’: turbulent velocity [m-s71]
y+ : non dimensional distance

z : distance from second piping element  [m]
[kg - m~*]

[m?-572]

o . density
v . kinematic viscosity
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Table 1 Analytical Result in Straight pipe

Re 5.02E+D6 1.00E+07 1.51E+07

Average fluid velocity 2 4 B
Fluid velocity 9. 26E-03 3,36E-02 7. 1TE-D2
Turbulent energy 5.13-06 §.29E-05 3.59E-04
Turbulent velocity 3.20E-03 1.12E-02 2.68E-02
Turbulent intensity 3.45E-01 3.33E-01 3.T4E-01
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Fig.3 Turbulent Kinetic Energy (Elbow-T-tube)
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Fig.5 Turbulent Kinetic Energy (T-tube-Elbow)
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Fig.6 Secondary Flow on 0.5D Point (T-tube-Elbow)
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Fig.7 Swirl Number in each Combination of Pipe Elements
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Table 2 Computational Condition

Mesh cross-section 20 thousand
Mesh total number 6 million
First mesh wall y+<1
Diameter(m) 0.5
Drawing ratio 0.6
| Average fluid velocity (m/s) 2
| (Developed turbulent velocity)
' Qutlet Condition Flow Distribution
| Wallsurface Rt
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Fig.8 Orifice Layout for Analysis
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