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Effect of Vanes Angles on the Flow
around Fuel Rods and the Induced
Vibrations by Analyzing Solid-Fluid
Interaction

Mansour Talebi!, Siamak Nabati?

1. Introduction

In a nuclear fuel assembly, mixing vanes are thin
solid components which are attached to the grid
spacer. These vanes would increase heat transfer
from the fuel wall. The force induced by flow may
expose the vanes to excessive stress and bending,
which in turn, impairs the mixing vanes. In order to
improve the heat transfer rate and decrease the
vibrational forces, vanes are usually positioned at a
certain angle regarding the flow axis.

This study investigates fluid flow and
displacement of vanes in three angles of 65, 70, and
75 degrees for a specific geometry using the fluid-
solid interaction method. First, the fluid flow is
solved using a Finite Volume Method (FVM) solver
and the forces exposed by the flow to the vanes are
estimated. Next, the displacement of the vanes due
to the applied forces is calculated by the Finite
Element Method (FEM).

2. Statement of the Problem

The geometry is similar to flow around a fuel rod of
the VVVE-1000 reactor fuel assembly. The fuel rod
is surrounded by a grid spacer and vanes attached to
it in the middle.

The simulation for the vanes is done for three
angles (65, 70, and 75 degrees). The bottom border
of each vane is considered as a fixed plate (Figure
1).

The walls that are directly in contact with the
fluid and receive the fluid pressure force are
considered as plates as well. These plates are
referred to as solid-fluid interface plates (Figure 2).

Angle 65 Angle 70 Angle 75
Figure 1. Mixing vanes and fuel rod in different angles

The governing equations, that is, the equations of
continuity, momentum, and energy are solved by
Fluent solver. To simulate the turbulent flow, the k-
¢ model is used.

The governing equations for two separate regions
of solid and fluid are coupled and solved
respectively using the finite elemental and
computational fluid dynamics solver in ANSYS
Workbench. First, the pressure field is calculated,
then the pressure distribution on the surfaces is
transferred to Ansys mechanical section. In this
case, the boundary surfaces are under pressure.
Then the displacement is calculated by the finite
element solver. After the displacement is
calculated, the geometry changes and the meshing
is done again automatically. The new mesh
attributes are passed to Fluent, and the pressure field

and velocity are resolved for the new geometry.

arid

Boundary
of fuel

..u.,n.
and mixing vanes

Boundary of spacer

wwgr
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2 Coolant flow
=
g
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Boundary

Spacer grid

Mixing vanes

Inflow

Figure 2. Geometry and boundary conditions

3. Results

In the numerical simulation, the mesh study was
examined in terms of computation time and
accuracy of results to settle the most appropriate
number of mesh points. Also, the results were
compared with the references (experimental and
numerical results) and were in good agreement. The
results obtained in several areas are:

Effect of vane angle on overall pressure loss
The highest-pressure loss occurs at the angle of 65°

at about 12 kPa, at 70° at about 11.1 kPa, and at 75°
at about 10 kPa. As the vane angle enlarges, the
maximum pressure loss decreases. When the vane
angle widens from 65 to 70 degrees, a 6% decrease
in the maximum pressure loss occurs; and the angle
increasing from 70 to 75 degrees brings about a 5%
decrease in the maximum pressure loss.
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Vibration of the vanes

The results show that not all three vanes vibrate
together. This is due to the random nature of the
flow. Moreover, the vanes differ in the amount of
displacement. The greatest pressure difference
occurs at points close to the grid spacer, where the
vane is wider. The pressure difference below and
above the vane decreases as one approaches the tips,
so that the pressure difference at the vane tip is
nearly zero.

Fluid flow

After passing through the grid spacer and vanes, the
velocity profile changes so that high-velocity and
low-velocity zones arise (Figure 11). These zones
remain in place until the end of the figure. The
vanes seem to affect the velocity changes caused by
the grid spacer. At an angle of 65 degrees the effect
of grid spacer and vanes on the amount of velocity
is at its most (Figure 3).

‘b )‘l ‘_i s 4 1-]"“ ]

75 degree 70 degree 65 degree

Figure 3. Velocity contour

Vibrating results

It can be said that the initial collision of the fluid
displaces the vanes impressively but then they only
get turbulent in the same state they are. This initial
displacement also depends on the angle of the
vanes. So that the displacement is about 12
micrometers in an angle of 65 degrees, about 9
micrometers in 70 degrees and about 6 micrometers
in 75 degrees. After the vanes reach the final
displacement, they fluctuate slightly due to pressure
changes and turbulence. These changes are mostly
due to the similarity between the frequency of
vibration changes and the normal frequency of the
vane. The changes in accelerations and velocities
are very small and mostly due to small oscillations
of the vanes.

The analysis of Power Spectral Density

The vane displacement data at each time step can be
used to analyze Power Spectral Density. The results
of such analysis were obtained for the vanes with
three angles of 65, 70, and 75 degrees. For each
vane, the oscillation amplitude and the ratio of
amplitude to frequency are observed. At rest and
where there is low-frequency vibration, the
displacement magnitude is almost maximal. With

an increase in frequency, the displacement
decreases. This reduction occurs more drastically
for vanes in a 75° angle. Results show that the
energy or power is initially high but decreases as the
frequency increases. The points where sharp
changes are observed, are close to the
intensification points. However, at angles 65° and
70° there are lots of these points with low energy.
As a result, they do not cause any problems.
However, at a frequency of 25 Hz the vane with an
angle of 75 degrees experiences a sharp change
indicating an intensification with significant energy
(Figure 4).

4. Conclusion

Fluid-solid interaction simulation was performed
for the grid spacers of the VVER-1000 nuclear fuel
assembly with mixing vanes at 65°, 70°, and 75 °
angles.

Since coupling between fluid and solid was
successful, the mesh displacement data and the data
related to the forces created by the fluid were
respectively transferred to the fluid flow solver and
the structural solver.
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Figure 4. Power spectral density for displacement
of 75-degree vane

Mesh and time-step independence was performed.
Dynamic meshing was also successful. Simulation
for angles less than 65° led the vanes to collide with
the fuel rod wall and for angles greater than 75° led
to collisions with other vanes; so, the results were
erroneous. The following results were obtained:

1. The maximum pressure drop occurs when the

vanes are at an angle of 65°, 70°, or 75°. The

amount is about 12 kPa, about 11.1 kPa, and
about 10 kPa, respectively.

2. Longitudinal pressure drops due to retaining

grid spacers and mixing vanes corresponding

angles of 65°, 70°, or 75° are about 400 kPa /m,
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310 kPa /m, and 260 kPa /m respectively. As a
result, the most optimal state is when the vane is
ata 75° angle.

3. Not all the vanes in the geometry with a 65°
angle vibrate simultaneously. There is a delay
phase.

4. Not all the vanes have equal displacement. This
is due to the oscillating movement of the vanes.
However, the root mean square of vibration of the
vanes will vary slightly.

5. As the flow rises and approaches the tip of the
vanes, the pressure difference below and above
the vanes reaches its minimum. At the vane tip,
where the width lowers, the pressure difference
tends to zero.

6. The magnitude of these pressure forces
depends on the velocity of the fluid, the amount
of turbulence and the angle of the vanes, and is on
the scale of 104 Pa. The maximum pressure is
applied to the vanes in the 65° geometry.

7. The results of the present study can have
important applications in the design and
construction of nuclear fuel assemblies and their
grid spacers.
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