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1 INTRODUCTION

The upper plenum of the internals of PWR, the steam generator bundle,
the nuclear reactor core, may be schematically represented by a beam
bundle immersed in a fluid.

The dynamical study of such a system needs to take into account fluid
structure interaction. A refined modelisation at the scale of the
tubes can be used but leads to a very important size of problem diffi-
cult to solve even on the biggest computers.

The homogeneization method allows to have an approximation of the
fluid structure interaction for the global behaviour of the bundle. It
consists in replacing the heterogeneous physical medium (tubes and
fluid) by an equivalent homogeneous medium whose characteristics are
determined from the resolution of a set of problems on the elementary
cell.

The aim of this paper is to present the main steps of the determina-
tion of this equivalent medium in the case of small displacements
(acoustic behaviour of the fluid) and in using displacement variables
for both fluid and tubes. Then some precisions about the implementa-
tion of this method in computer codes will be given.

2 GENERAL DESCRIPTION OF THE METHOD

Let us describe the main assumptions which have been made for the
modelisations of the system (a detailed presentation of the method is
in ref. [2]).

The physical (heterogeneous) medium is periodic and composed by a
great number of regularly spaced tubes immersed in fluid, i.e. the
size of an elementary cell, containing -one tube and surrounding fluid,
is small in front of the macroscopic size of the medium. Let call €
the length characterizing the periodicity of the medium (& is the
length of the elementary cell which by translation generates the
physical medium).

Let call U a variable of the physical medium. (velocity, disglacement,
pressure,...), this variable is approximated by a function U~ defined
on an homogeneous medium, and such that (Ut » U, when € + 0), i.e. u®
converges to the exact solution when the physical medium contains a
very great number of elementary cells.
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The principle of the homogeneization method is to research for each
variable an asymptotic expansion in increasing powers of € [1].

ué(x) = u°(x,y) + € U1(x,y) + €2 U2(x,y) + +.. where y =.§

x is the macroscopic variable and y the microscopic one; the new func-
tions U'(x,y) are periodic with respect to the microscopic variable y,
with a period equal to 1. Such functions are called locally periodic.
¥ and y can be considered as independent variables.

To postulate such two scales expansion is equivélent to consider that
the function U'(x,y) is the superposition of a mean field described by
the macroscopic function x and of a local periodic perturbation
described by the microscopic variable. Moreover we suppose that the
macroscopic variation at the scale of the elementary cell is small.

3 BASIC EQUATIONS OF THE PHYSICAL MEDIUM

The equations of the medium will be established with general case (3D)
and we consider one tube in each elementary cell. We suppose that the
bundle is parallel to the x4 axis (Fig. 1) and that the tube motion is
orthogonal to this axis (the tubes are supposed to be identic).

Let call p, , the mean density of the fluid, (at rest), p the fluctuation
of density V the velocity of the fluid, S the displacement of the
tubes and 0;. the fluctuation of stress in the fluid.

The linearizéd equations for small displacements are the following:

— >
* fluid mass conservation: %E + po div V=0 in Qo (£fluid domain
t surrounding the

V. d0. . tubes) (1)
. i _ ij N
* fluid momentum conservation: po-BE— =3 in Q4 (2)
*3
* dynamic equation of the tubes m S, + k S, = (-0; .n.)dL for each
o & yvg 13 ke o (3)

m and k are respectively the mass and the stiffness of the tubes.
-5
> > .
* boundary conditions on the tubes: V.n = S;.n on each tube Yy (4)
* stresses in the fluid (acoustic behaviour): c.j = —pczéi. (5)
where ¢ is the sound velocity in the fluid and %ij Kronecker symbol.

4 EQUATION OF THE HOMOGENEOUS MEDIUM

4.1 Asymptotic expansion

> > = > > =
We approximate the variables p, V, S, ¢ by the variables pE, VE, Se, Ue'
solution of eg. (1) to (5) which will be asymptotically expanded in
the same way as described in paragraph 2.
In order to calculate the mean ‘value, i.e. the first term of expansion
(€°), which represents the mean evolution of the variable, we need to
consider asymptotic expansion with 3 terms (2, €', 52), to have
enough equations.
The asymptotic expansions are introduced in the basic equations (1) to
(5) and in each equation the terms corresponding to the same power of
€ will be identified.
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4.2 Problem on the unit cell

The first term of this expansion of eq. 1 and 2 means that at the
scale of the unit cell, the flow is incompressible or which is the
same the wavelength of the macroscopic phenomena is great in front of
the dimension of the cell and so the first term of the expansion of
density, Por which represents the mean fluctuation of density is
independent of the microscopic variable. The second term of expansion
of these equations gives, using the expressions of stresses in the
fluid (5):

-> ->

op

=+ Po (aivy Vo + divy Vq)= 0 in y' fluid domain  (6-1)

_ ov_. dp, dp , in the unit cell

po ol = "C2 __2 + _l) in y (6-2)
ot Oy Oy;

These two equations describe respectively the acoustic and inertial
behaviour of the fluid. As we are mainly interested by the global
behaviour, we will take the mean value in the unit cell of these
equations which will give the macoscopic equations of the homogeneous
medium. +

We see in eq. 6-2 that in order to calculate V, we need to have an
expression of Pq+ This term is very important because it creates the
difference between the homogeneous medium and a classical fluid
medium.

From eguations (1, 2, 3 and 5) we obtain the expression of P, function
of p,s S, and xj(y) solution of a problem on unit cell:

P

dp, e
P1 (x,y) = = %3(y) [-&—‘j’ +§ $31 + pp (x) (M

where xj(y) is solution of:

Laplacian operator with respect to
y Xariable
yj.jt unit vector of the elementary cell

X5 = 0 in y*

2 .&

4 > > .
= yjen on Y

Jg* %y @@ =0
xj periodic (period=1)

|
|
|
|
| (8)
]

I

Xs represents the gﬁessure field in the unit cell when the tube is
displaced in the j direction. 3
1

P
As it can be seen in eq. 6~2 we only need to know ———- , the determina-

dy

~ i
tion of p,(x) will notabe necessary if we are only interested in the
calculation of f, and So.

4.3 Equations of the equivalent medium

First let use the expression of p; (eg. 7), in the equations descri-
bing the fluid motion (6-1 and 6-2) and in the dynamical equation of
the tubes (eq. 4). Then after applying the mean value operator

v 1

(. = iE7 fy*' dQ, |yl area of the unit cell) to these equations, we get
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the macroscopic equations of the equivalent medium:

>
oy, _ "
5{2 + po div Vo = 0 in Qg (homogeneized domaine) (10-1)
&, b0
. a. Ny
Po 621 = B;%i + po Fi in &y (10-2)
J > =
prd - vy -1 N
Mg + ks© = ~|y]| Po F + lyl BA™' divo in Q (10-3)
where d >

* Po and %; are the mean value on the unit cell of Po and Vo (as Po is

[y
independent of y, P, = Po lyl* (Iyl* is the area of the fluid domain

Iyl
in the unit cell).
n N 2 05
* G4 = = Po c < % with a4 = f{* (51] + Fy-l—') aQ
Iyl 3
5 5. 2y,
*F; = _r:fT tB-o- Bij SOJ with 81] = g % an.

* A (resp. B) tensor of component aij (resp. Bij). These tensors are
symmetric.

*M="_T anda K =X T, T unit tensor.
€2 82

The equations 10-1 to 10-3 describe complete&y the behaviour of the
o >

homogeneous medium through the variable Por Vo' s°.

The equation (10-2), which is similar to a momentum conservation
equation, describes the inertial behaviour of this homogeneized fluid.
This behaviour is mainly effected by the local perturbation on the
unit cell (ai- and Bi-) which creates the coupling between the fluid
displacement and the tube displacement. On the contrary the equation
10-1 which describes the acoustic behaviour of the homogeneized fluid
is not affected by the local perturbation and we find a classical mass
conservation equation.

This homogeneousnmedium, which integrates the tubes, has an anisotropic
stress tensor (T). This anisotropy is only due to the tubes, even

if they are fixed. Moreover when the tubes are movable, their motion
creates, on the homogeneous fluid, volume forces (%) which act like a
source for the fluid motion. Symmetrically in the equation (10-3) des-
cribing the dynamic behaviour of :the tubes, the macroscopic motionqpf
the homogeneous: fluid creates forces on ‘the tube (term: div 0)
and the motion of the tube creates, due to the fluid, a force which is
characteristic of an effect of added mass (local effect).

5 IMPLEMENTATION OF THE HOMOGENEOUS MEDIUM IN A COMPUTER CODE

The formulation of the homogeneous medium, presented in this paper,
has been used to create a new finite element in the code PLEXUS of the
CEASEMT system. PLEXUS treats the fast dynamic problem in using an
explicit method of integration: nevertheless to keep its interest the
explicit algorithm needs to havé a diagonal mass matrix M or at least a
semi-consistent one (i.e. matrix where the coupled DOF belong to the
same node). This second solution has been applied in our case.
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6 APPLICATION

We present here the macroscopic characterisation of the equivalent
medium corresponding to a usual bundle geometry: circular tubes
{radius R) in a square arrangement (pitch €). In this case the tensors
A and B are diagonal and moreover @,q = 0,, = & and B11 = 322 = B.

The calculation of a and B need the determination of function,
(eg.9), which has been performed with the code CASTEM 2000 (Ref. [5]).
An example of the evolution of function ¥; on the elementary cell is
presented (Fig. 2)(R/& = 0,35). The evolution of & and B which repre-
sent the macroscopic properties of the homogeneized bundle, are )
plotted, function of the ratio R/, on Fig. 3. We can notice that when
the tubes become small in front of the size of the cell (i.e. R/e*0) «
tends to 1 and B to 0, and the homogeneous medium tends to the classi-
cal isotropic fluid.

7 CONCLUSION

The homogeneized method presented in this paper allows to calculate
the tube bundle behaviour, in taking into account the fluid structure
interaction. The method will be applied to the modelisation of the
plenum of the upper internals during a depressurisation. As it is made
for the fluid equations, we can eliminate the: fluid velocity variables
in the homogeneous formulation in order to have a formulation using
pressure variables for the fluid and displacement variables for the
tubes. This new formulation and application of this method to LMFBR
core are presented in ref. [4].

This formulation, with only one tube in the elementary cell, is well
adapted to study the bundle global motion or, at least, the motions
with small variations from one tube to its neighbour. In order to
study motions where two adjacent tubes have opposite phase displace-
ment a generalization of the method may be proposed where we consider
several tubes in the unit cell.
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Figure 2 - Function Xj
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Figure 3 - Macroscopic properties of the homogeneous medium -
Evolution of coefficients of and j.
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