How do hydrodynamic conditions in spiral wound membrane elements translate into shear forces effective for fouling control at membrane surface?
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[bookmark: _GoBack]Feed spacers are commonly used in commercially available spiral wound membrane elements to create turbulence at the vicinity of membrane surface to minimize formation of concentration polarization and fouling rate. However, turbulence induced by the spacers results in energy dissipation and pressure loss in the spiral wound membrane elements which should be compensated. This energy compensation translates into higher energy demand and higher operational costs. The turbulence intensity, energy dissipation rate, pressure loss and fouling rates are proved to be functions of spacer design and geometry. These are more specifically functions of spacer thickness, distance between filaments in a spacer, the angle between filaments and spacer orientation in relation to the direction of the flow. An effective spacer for a spiral wound element must provide a high mass transfer rate away from the membrane surface toward the bulk to reduce the wall concentration while maintaining a low-pressure loss along the element.
 For determining an optimum spacer geometry, one should take into consideration the effects of feed flow pressure drop which affects energy dissipations and energy requirements, mass transfer rates of foulants away and toward membrane which affect concentration polarization and fouling rate, and shear forces at the membrane surface, which affect membrane fouling rate.

In the present study, shear force induced at the membrane surface in a spiral wound configurations was measured using electrochemical diffusion method (EDM). Effect of feed spacer geometry on the shear forces induced at membrane surface was investigated. It was demonstrated at the same feed flow rate thicker feed spacers result in lower magnitude of shear forces at the membrane surface with higher variation of shear force magnitude. With an increase in feed flow rates the efficiency of feed spacers in terms of fouling control decreased; demonstrating that there is an optimum feed flow rate for each spacer above which increasing the feed flow rates does not result in higher fouling control efficiency. Knowing the magnitude and variation of shear forces induced at membrane surface under different hydrodynamic conditions will minimize the time and effort for running pilot testing to find the efficiency of feed spacer in terms of energy requirements for fouling control.
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