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Sloshing Response of a Reactor Tank with Internals
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Abstract

The sloshing response of t. large reactor tank with in-tank compo-
nents is presented. The study indicates that the presence of the i n -
ternal components can signif icantly change the dynamic characteristics
of the sloshing motion. The sloshing frequency of a tank with inter-
nals is considerably higher than that of a tank without internal. The
higher sloshing frequency reduces the sloshing wave height on the
free-surface but increases the dynamic pressure in the f l u i d .

Introduction

A large commercial size breeder reactor tank contains a huge
amount of l iquid sodium as reactor coolant. Due to the presence of
large free-surface area, the l iquid sodium wi l l participate in the
sloshing motion under seismic disturbances. Of interest in the re-
actor design is the magnitude of the hydrodynamic pressure acting on
the internal components and the maximum wave height of the free-
surface. In the current practice, however, the hydrodynamic pressures
and maximum wave height are s t i l l determined from a simple mechanical
model [1] which was developed for calculating the dynamic response of
a liquid-storage tank with no in-tank component.

In this paper, we present the results of a study performed on the
sloshing response of a reactor tank with the presence of many in-tank
components. The objective of the study is to investigate the effects
of the internal components on the sloshing response.

Numerical Modelling

Sloshing response of a simple reactor tank without internal com-
ponent has been studied in detail [2 ,3 ] , In this paper, we wi l l de-
scribe the sloshing response of a reactor tank with many in-tank com-
ponents subjected to horizontal seismic excitat ion. The mathematical
model used in the study is shown in Fig. 1 which represents the f lu id
in the upper part of the reactor tank which wi l l participate in
sloshing. The f lu id in the lower part of the tank is completely
trapped; i t does not participate in sloshing motion and therefore is
omitted. The component at the center of the tank represents an upper
internal structure (UIS); the other six off-center components repre-
sent three intermediate heat exchangers (IHXs) and three pumps, which
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wi l l normally appear in a large pool type of reactor. The tank and
components are assumed to be r i g i d . The f lu id is simulated with
displacement-based continuum elements. Only linear sloshing is con-
sidered. The input motion is at the tank base, which is a 10 s accel-
eration time history having a maximum acceleration of 1 g. After
10 s, the seismic motion is terminated. Since sloshing is a long-
duration motion, the transient time history analysis of sloshing
motion is carried out to 50 s.

For comparison purpose, a similar analysis is also performed on a
reactor tank which has a UIS but no off-center component. The mathe-
matical model of that reactor is shown in Fig. 2.

Treatment of Free-Surface Wave

The treatment of free-surface wave effects is br ief ly described
herein. For small free-surface movement, i .e . linear sloshing, the
surface wave effects can be approximated by a perturbation method on
the body force term b of the f l u i d , i .e .

b = bQ + b1 (1 )

where bQ is the body force per unit original volume and b
1 is the

fluctuation of the body force per unit volume about the "undeformed
free surface", b1 is expressed as

b1 = uAF (2)

where = g is the specific weight of the f l u i d , g is the gravity ac-
celeration, Ap is the area, of the free surface and u is the free-
surface vertical displacement about the "undeformed free surface". I f
the i n i t i a l motion of the f lu id is quiescent, the body force term of
b0 in Eq. 1 is balanced by the i n i t i a l hydrostatic pressure p0; hence,
p0 and b0 cancel each other. The perturbation term b' is then equal
to b. In the f i n i te element formulation, the pertubation body force
b1 is included exp l ic i t l y as an external pressure load acting on the
free surface. The external pressure or the perturbation pressure is
equal to u. The perturbation body force acting on an individual ele-
ment is then assembled together with the external force vector for
sloshing analysis. This technique has been used very effect ively in
studying the small free-surface movement in reactor tanks.

Results and Conclusions

.The computed free-surface wave patterns of these two cases at
instant of t = 15 s are shown in Figs. 3 and 4. As can be seen, the
sloshing wave height of the tank with UIS ^nly (see Fig. 3) has a cos
distr ibut ion in the circumferential direction of the tank. The c i r -
cumferential wave patterns of the tank with UIS and other components
(see Fig. 4) i s , however, quite di f ferent. I t no longer has a cos
distr ibut ion in the circumferential direction of the tank. Because of
the presence of internal components, the free surface exhibits many
peaks, i .e . up-and-down wave patterns when the coolant sloshes. This
is clearly demonstrated in Fig. 4. Also, the presence of the internal
components i .e . IHXs and pumps affects the sloshing freouency s i gn i f i -
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cantly. The fundamental sloshing frequency of the tank with and with-
out IHXs and pumps are 0.90 Hz and 0.28 Hz, respectively. They can be
observed from Figs. 5 and 6 which show the free-surface wave height
history at the fluid-tank interface at =0° for the two cases
studied. Because of the difference in sloshing frequency, the maximum
sloshing wave height is changed considerably. The maximum wave height
at the fluid-tank interface in the case of a reactor with IHXs and
pumps is 28 i n . whereas in the case of a reactor without IHXs and
pumps the wave height is 68 i n . The presence of internal components
also affects the hydrodynamic pressure of sloshing. The maximum hy-
drodynamic pressure in the case of a reactor with IHXs and pumps is
about 7.6 psi whereas for a reactor without IHXs and pumps, i t i s 6.0
ps i . I t should be remembered that the IHXs and pumps in the analysis
are assumed to be r i g i d . I f they were treated as f lexible structures,
the difference in hydrodynamic pressures between the two cases would
be signif icant ly larger because of f luid-structure interactions.

In conclusion, the presence of IHXs and pumps in a reactor tank
can signif icantly al ter the dynamic characteristics of the sloshing
motion. The fundamental sloshing frequency is considerably i n -
creased. As a result , the free-surface wave height is reduced, but
the hydrodynamic pressure is increased.
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Figure 1 . Mathematical Model
of a Reactor Tank
and Internal Com-
ponents

Figure 3. Free-Surface Wave
at t = 15 s (w i th -
out IHXs and Pumps)

*<>,,

Figure 2. Mathematical Model
of a Reactor Tank

P
Figure 4. Free-Surface Wave

at t = 15 s (wi th
the Presence of
IHXs and Pumps)
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Figure 5. Free-Surface Wave
Height History (with
IHXs and Pumps)
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Figure 6. Free-Surface Wave
Height History
(without IHXs and
Pumps)
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