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Experimental and numerical (CFD) results, obtained for twelve different ladder-type spacer structures 
under different hydrodynamic conditions, were investigated in order to gain insight into the flow and 
mass transfer profiles inside the channels of membrane modules [1]. The CFD results were analysed in 
terms of  shear stress  and mass transfer at  the walls.  A modified friction factor was introduced to 
investigate the effect of the hydrodynamic conditions in the channel on the shear stress at the walls.

The  continuity,  momentum  and  mass  transport  equations  with  cyclic  inlet  and  outlet  boundary 
conditions  were  solved  with  the  open-source  OpenFOAM  CFD  software  package  [2].  The 
computational  grid was generated using OpenFOAM grid generation utilities.  The grid is  a block-
structured  hexahedral  grid  with  500,000  grid  points  (Fig. 1),  that  was  obtained  after  a  grid-
independence study at the highest Reynolds number investigated. The simulations were processed in 
parallel in a 8 node cluster (SuSE Linux 9.3, OpenFOAM 1.3, 1.9 GHz CPU, 512 MB RAM/CPU). The 
total simulation time for each case was always higher than 20 h. The CFD simulations were performed 
for water at 25ºC. The calculations were performed for Reynolds number values of 67, 112, 134, 224 
and 336 (Fig. 2).  A  Schmidt  number  of  600,  typical  of  a  dilute  solution  of  sodium  chloride,  was 
considered for the calculation of the concentration field.

Fig. 1 – Computational grid used for the calculations.
Fig. 2 – Time-averaged velocity profile (left) and 

Reynolds stress magnitude (right) for a vertical plane 
parallel to the flow direction.

The experimental  results showed that the transition between laminar and transitional  flow regime 
could be rigorously determined for the spacers under study. The excellent agreement between the CFD 
and experimental results suggests that the cyclic inlet and outlet boundary condition can be applied 
with high confidence. Additionally,  it  was found that the flow structure is determined for all  cases 
studied mainly by the transverse filaments. The presence of longitudinal filaments in the channel was 
shown to not significantly affect the flow structure. Finally, mass transfer results demonstrated that 
the  modified  friction  factor  could be  used for selecting  the  best  spacer  in terms of  mass transfer 
efficiency.
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