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1. Introduction

Wear of the steam generator (SG) tubes affects the
performance of nuclear power plants. Generally, the
problem is caused by excessive flow-induced vibration
(FIV). In analyzing the FIV, many researchers have
used a uniform added mass coefficient for all of the SG
tubes. However, the outermost SG tubes have more
structural problems than inside tubes. The purpose of
this study is to find out the added mass coefficients of
each tube in a cylindrical shell.

2. Methods and Results
2.1 Formulation of added mass coefficients

The fluid is assumed to be incompressible, inviscid
and irrotational; thus, the potential flow theory is
applied. The cylinders are assumed to be infinitely long
and their axes are parallel to one another; i.e., the two
dimensional problem is solved [1]. Laplace’s equation
can be used to accurately describe the behavior of fluid
potential. The velocity potential is expressed in terms of
a series with unknown coefficients [2, 3]. Unknown
expansion coefficients of the series formulation are
determined by matrix inversion of a truncated set of
infinite equations obtained by imposing the prescribed
boundary conditions. These coefficients are then used to
calculate fluid pressure and hydrodynamic forces acting
on each cylinder.

Motions of a group of J circular cylinders vibration
in an ideal incompressible fluid are considered, as
shown in Fig. 1. The axes of the cylinders are
perpendicular to the x - y plane. The hydrodynamic

force acting i -cylinder can be written as follow.
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Where, bracket [ ] denotes the added mass matrix.
Briefly, Eq. (1) can be written F, =m_X,. Let R be the

radius of cylinder i . The added mass is proportional to
cross-section area of cylinder. The added mass
coefficients can be combined into a single added mass
matrix m,; .
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Considering the motion of a group of J circular
cylinders in a outer cylindrical shell. A added mass
matrix associated with the motion of cylinder & due to
the acceleration of cylinder /, assuming all other
cylinders are stationary, can be written.
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(b) View of SG tubes and outer cylinder
Fig. 1 Schematic diagram for tube bundle

In Eq. (3), added mass coefficients can be written as
Eq. 4). «a,, B,, o,, and 7, are self-added mass
coefficients, which are proportional to the
hydrodynamic force acting on cylinder i due to its own
acceleration, while the others are mutual-added mass
coefficients, ~which are proportional to the
hydrodynamic force acting on a cylinder due to the
acceleration of another cylinder.

Because of a general SG tube behavior on in-plane or
out-of-plane mode, actually o, and 7, are in no use.

Then o, and S, are similar at inside SG tubes, but
different at outermost tubes.
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2.2 Numerical results

Assuming that 169 tubes are in a fluid-containing
cylindrical shell, added mass coefficients according to
gap changes between outermost tubes and cylindrical
shell are considered. Let G be the difference between

the radius of cylindrical shell (R,) and the center
location of outermost tube along x -direction (x,) as

shown in Fig. 1.
Fig. 2 shows the added mass coefficients as G

changes (p/d =1.33). All added mass coefficients are
decreased  with
coefficients (¢, , f,) of central tubes do not differ
significantly with increasing G/ p. On the other hand

increasing G/ p. Added mass

added mass coefficients of outermost tubes differ more.
It is required to use the specific added mass coefficient
according to mode shape.
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Fig. 2 Added mass coefficients for p/d =1.33

Relative error are listed in Table 1 according to G/ p

in order to compare added mass coefficients of the
central tube with those of the outermost tube. Relative
error can be expressed as follows:
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As G/ p is increased, relative error is increased.
When G/p has very large value, &,

respectively 15.7 % and 21.3 %. It shows that the added
mass coefficient is asymptotically converged to the
value of the tube array in a free fluid field.

and &, are

Table 1 Relative errors according to G/ p

G/p 1 2 3 4 5 6 00
g 129 | 149 | 154 | 155 | 15.6 | 15.6 | 15.7
&, 13.7 | 189 | 20.2 | 20.7 | 209 | 21.0 | 21.3

3. Conclusions

As potential flow theory is assumed, a numerical
study was performed to analyze the distribution of
added mass coefficients of SG tubes, which are
arranged for triangular type, according to gap changes
between outermost tubes and cylindrical shell. The
following conclusions are obtained.

From the study of 169 cylinders in a fluid-containing
cylindrical shell, it is seen that all added mass
coefficients are decreased with increasing G/ p, which

is gap between outermost tubes and cylindrical shell.
Relative errors between central tube and outermost tube
are generally converged with increasing G/ p . Besides,

added mass coefficients of the central tube are equal in
x and y directions. But the outermost tube has

different added mass coefficients in x and y directions.
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