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Abstract

In the framework of the MEGAPIE experiment we analysed the fluid-dynamic behaviour of the central part of the apparatus, that is the manifold, in order to avoid too high velocities and pressure drops, so reducing problems related to cavitation and corrosion damage. The fluid is the liquid Lead-Bismuth Eutectic. Flow rates and temperatures are characteristic of the operating conditions.

We found that pressure drops are very small compared to the static pressure so that no cavitation is expected. Maximum velocities are well below the prescribed limiting values.
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Introduction

The MEGAwatt Pilot Experiment (MEGAPIE) [1] is a compact Accelerator Driven System (ADS) based on the spallation of a proton beam on liquid Lead-Bismuth Eutectic (LBE). A general skech of the Megapie is shown in Figure 1. About 650 kW of thermal power have to be removed through a bunch of 12 pin-coolers. The LBE flowing out of the coolers is gathered in a region called Manifold, which divides the flow in two annular flow streams. The main one directly flows down to the spallation region, the second one rises up to a bypass pump. 

In this work, we present a CFD analysis on the Manifold region in order to estimate the pressure losses and to assess the flow velocity field, in order to avoid corrosion and cavitation problems. 
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Figure 1: Megapie sketch

1 Geometrical Description

The geometry has been created in STEP format elaborated with the Catia CAD software by Subatech. While it has been possible to read the file with the I-DEAS CAD software [ 4], it has not be possible to construct our geometrical model directly from this file. The main reason is that the Subatech model is concentrated on the solid parts, while we are interested at the "fluid" part which is some kind of background image of the solid part having no internal representation in the solid model. Nevertheless, the detailed information contained in the solid model has been essential for the geometry construction.

The geometrical model is shown in Figure 2. Only half of the real geometry as been simulated, having considered the housing of the by-pass tube. Otherwise, only one fourth of the domain would have been enough.

The main geometrical parameters are given in Table 1.
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Figure 2: geometrical model of  the Megapie manifold. The six red annulus are the outlet on the heat-exchanger pins.

Parameter (symbol)
Value 

Height (H)
40 cm

Maximum width
37.4 cm

Pin internal radius
27 mm

Pin channel width
4 mm

Rising channel internal radius
64 mm

Rising channel width
2 mm

Down-coming channel internal radius
64 mm

Down-coming channel width
24 mm

Table 1: main geometrical parameters.

2 Physical Description

2.1 Global parameters

The volume flow rate is 4 l/s of LBE at 240 oC for a mass flow rate of 41.6 kg/s and an inlet velocity of 0.46 m/s. The geometry and the flow configuration are too complicated to give a global meaningful Reynolds number. By the way, the Reynolds number based on the inlet velocity and the pin channel width is about 18 000.

2.2 Physical properties

The physical properties of the LBE at 240 oC are given in Table 2.


Material
Temperature
Density
Molecular viscosity

LBE
240 oC
10409 kg/m3
2.03 10-3 kg/m/s

Table 2: LBE physical properties

3 Computational Model

3.1 Computational domain and mesh

The computational mesh is shown in Figure 3. It is a mixed structured-unstructured grid of 237841 cells (see Table 3) made with the Ideas software. The structured part is made of hexahedral cells while the unstructured part is made of tetrahedral cells. Interfaces are "quasi conform" in the sense that each non-matching  hexahedral cell face is exactly matched by two tetrahedral cell faces. The handling of  the non-matching region is down at Pro-Star level [ 3].

Cell number
Vertex number
Couple number

237,861
134,159
6575

Table 3: Mesh characteristics
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Figure 3: mesh of the computational domain

3.2 Numerical schemes and turbulence models

We used StarCD MARS TVD scheme for the momentum equations and UD for the turbulence variables.

We use Chen's variant of the k-e turbulence model with wall functions.

3.3 Boundary conditions

The boundary conditions are shown in Figure 4. A uniform velocity vin=0.459 m/s is assigned to each inlet, resulting from the splitting of the total flow rate of 4 l/s among the 12 heat exchanger pins.
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Figure 4: computational domain boundary conditions (BC): inlet is in red (with yellow arrows), outlet in green (two outlets), symmetry is in blue. Wall BC was assigned to the remaining boundaries. 

4 Calculation Strategy

We want to control the velocity and the pressure for different values of the flow split between the two outlets, as shown in Table 4. 

Case
Volume flow 

rate [l / s]
Inlet mean 

velocity [m/s]
Inlet

temperature [oC]
Lower outlet flow  split
Upper outlet flow split

a
4
0.459
240
0.90
0.1

b
4
0.459
240
0.95
0.05

Table 4: list of calculations

5 Results

5.1 Presentation of results

The main results are reported in Table 5. The pressure and velocity fields are shown is Figure 5 and Figure 6 for both cases. Being an incompressible and isothermal simulation, the gravity in not taken into account for the pressure field.

Case
Maximum pressure variation [Pa]
Maximum velocity [m/s]

a
4440
0.67 (by-pass riser)

b
2140
0.54 (pin)

Table 5: main results
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Figure 5: pressure field in case a on the left and case b on the right. The minimum is reached in the bypass flow channel but is only few thousands Pascal below the maximum pressure in the domain.
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Figure 6: velocity field, case a on the left and case b on the right.

6 Discussion

The manifold region is about one meter below the LBE free surface. This mean that the static pressure is about 2 Bar. Being the dynamic pressure variation only few thousands of Pascal, there is no risk of cavitation phenomena. Moreover, the highest depressurisation is obtained at the bottom of the rising annular secondary outlet for a flow split of 0.1 in this outlet. This corresponds to a mass flow rate of 4 kg/s while the effective by-pass flow is expected to be no more than 2.5 kg/s.

To avoid velocity induced corrosion, it is required to avoid flow velocities above 1.5 m/s. Here again, the maximum velocity is 0.67 m/s, as before in the by-pass flow riser, and is therefore well below the constraints.

The numerical solution does not converge perfectly. Nevertheless the results are always similar with small variations in the magnitude and extension of the various vortices and stagnation points (see Figure 7). It is quite possible that the physical solution is not perfectly stationary, the vortices exchanging energy on a time scale greater than the cutting induced by the turbulence model. This aspect ought to be of little relevance for the objectives of these simulations.
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Figure 7: zoom on the velocity fields, case a
7 Conclusions

We have done the numerical fluid-dynamical simulation on a geometrically simplified version of the Megapie manifold to check for eventual risks of cavitation or velocity induced corrosion. The values obtained are far bellow the critical ones.  It seems therefore useless to pursue the investigation on a more complete geometry.
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