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Estimation of Static Load Applied on Steam Generator Tubes
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(Received 16 FEB 2011, Accepted 21 FEB 2011)

ABSTRACT

If a plugged tube in a steam generator is broken, it may damage nearby intact tubes. To prevent this damage, it
is recommended that a stabilizer is installed into the plugged tube. However, the installation cost of a stabilizer is
very high. So studies are required to determine the conditions on which the installation is necessary. For this
purpose static loads and dynamic loads applied on a tube should be known to estimate the residual strength and
remaining fatigue and wear life of a plugged tube. Two-dimensional and three-dimensional computational fluid
dynamics (CFD) analyses are performed to obtain the drag coefficient for cross flow to a tube. Using the obtained
drag coefficient, the static load can be estimated and the residual strength of a plugged tube can be calculated. An
inclined flow problem is also analyzed and the vertical and horizontal forces are obtained and discussed.

Key Words : Steam generator tube(57]%47] &), Drag coefficient(3 2 A7), Computational fluid dynamics

(A28}, Drag force(33)
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A =sectional area (mz)

Cp =drag coefficient

D =outer diameter of a pipe (m)

Fp =drag force (N)

p =pressure (N/mz)

R. =Reynolds number

V' =fluid velocity (mv/s)

Vi =horizontal component of fluid velocity (m/s)
V, =vertical component of fluid velocity (m/s)
g =angle in Fig. 4 (degrees)

m =viscosity (kg/m-s)

r =density (kg/m’)
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Fig. 1 Schematic of a stabilizer
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Table 1 Used options in CFD analysis

Variable Option
Time step 0.01 sec
Viscous model Standard k-epsilon
Pressure-velocity coupling Simple
Pressure Standard
Momentum Second order upwind

Turbulent kinetic energy Second order upwind

Turbulent dissipation rate Second order upwind
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Table 2 Results for inclined flow when R.=44,240

% Normal force |Horizontal force | Cp for normal
(Degrees) (N/m) (N/m) force

0 38.19 0.000 0.861

15 35.98 0.08 0.811

30 31.80 0.18 0.717

45 24.67 0.35 0.556

60 14.21 0.53 0.320

75 4.617 0.73 0.104

Table 3 Calculated normal forces from V,

6 Normal force | Normal force from ¥, | Error
(Degrees), (N/m) (N/m) (%)
0 38.19 38.19 0
15 35.98 35.65 0.9
30 31.80 28.65 9.9
45 24.67 19.10 22.6
60 14.21 9.55 32.8
75 4.617 2.56 4.6

Table 4 Results for inclined flow when R.=21,000

% Normal force |Horizontal force | Cp for normal
(Degrees) (N/m) (N/m) force

0 3.882 0.000 0.873

15 3.663 0.012 0.824

30 3.240 0.028 0.729

45 2.505 0.046 0.564

60 1.445 0.067 0.325

75 0.4761 0.089 0.107
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