
The 11th International Topical Meeting on Nuclear Reactor Thermal-Hydraulics (NURETH-11) Log Number: 405 
Popes Palace Conference Center, Avignon, France, October 2-6, 2005.  

LARGE EDDY SIMULATION OF FLOW ACROSS IN-LINE TUBE 
BUNDLES 

Sofiane,  Benhamadouche1 
Electricité de France R&D, MFTT, 6 quai Watier, 78400 Chatou, France. 

sofiane.benhamadouche@edf.fr 

Dominique, Laurence, Nicolas, Jarrin 
UMIST, MAME Dept, G. Begg Bldg, Sackville St. PO box 88, Manchester M601QD, UK 

Electricité de France R&D, MFTT, 6 quai Watier, 78400 Chatou, France. 
dominique.laurence@umist.ac.uk, nicojarrin@yahoo.fr 

ABSTRACT 

Previously, Benhamadouche and Laurence (2003) produced very good results for the flow in a 
staggered tube bundle, using Large Eddy Simulation with EDF in-house finite volume code 
code_Saturne (Archambeau et al. (2004)). The discretisation is based on a collocated arrangement for 
unstructured grids. A second order scheme in space and time is used with a standard Smagorinsky 
model. All the wall boundary cells are in the viscous layer, thus, no wall function is applied.  The same 
numerical scheme is tested on a square in-line tube bundle with P/D=1,44 and Re=70 000 (P is the 
vertical and horizontal tube spacing, D is the diameter of a tube and the Reynolds number is based on 
the gap velocity). The tube bundle is assumed infinite; periodic conditions are used in the three 
directions with an imposed flow rate. The dimensions of the computational domain have to be chosen 
(the computational cell, see figure 1 and the 3D elevation Lz). Three computations are carried out (see 
table 1). Case 1 (1 200 000 cells) gives a non-symmetrical mean solution that impacts the tubes 
alternatively on the top and the bottom depending on the considered column (see figure 2). Case 2 
gives the same behavior with fewer tubes. Case 3 gives a different solution in which the flow impacts 
the tubes on the same way whatever the column of the tubes (see figure 3). Note that the solution in 
also non-symmetrical in this case. A comparison of the total mean drag and lift coefficients and their 
rms values is given in table 2. The qualitative behavior is good for both cases; the rms value of the 
drag is between 30% to 50% lower than the rms value of the lift. However, Case 3 results are more 
realistic as the mean of the lift is almost zero and the other values are of the order of magnitude of the 
ones obtained for other tube bundles (P/D=1,75 in Chen (1987)). One can conclude that the elevation 
in the third direction has a more important effect then the domain size and can impact seriously the 
results. This is due to strong correlations in the third direction. The non-symmetrical solution is a 
behavior that may occur as reported in Chen (1987). To confirm the influence of the elevation in the 
third direction, other calculations using a cell of two tubes are carried out with P/D=1,75 and Re=20 
000 respectively with Lz=D, Lz=2D and Lz=5D (1 700 000 cells). The mean solution is always 
symmetrical (see figure 4) but the influence of the elevation is confirmed when one compares the drag 
and lift coefficients and their rms values with experimental data available in Chen (1987). The data for 
Lz=5D are not available yet. The values of drag and lift coefficients rms values are too high with Lz=D 
and closer to experimental value with Lz=2D but still far. 
 

Computation Computational domain Lz 
Case 1 Four tubes D 

Case 2  Two tubes D 
Case 3 Two tubes 2D 
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