
Author’s Accepted Manuscript

Feed flow patterns of combined Rayleigh-Bénard
convection and membrane permeation

T. Lohaus, N. Herkenhoff, R. Shankar, M.
Wessling

PII: S0376-7388(17)32856-9
DOI: https://doi.org/10.1016/j.memsci.2017.11.061
Reference: MEMSCI15757

To appear in: Journal of Membrane Science

Received date: 4 October 2017
Revised date: 23 November 2017
Accepted date: 25 November 2017

Cite this article as: T. Lohaus, N. Herkenhoff, R. Shankar and M. Wessling,
Feed flow patterns of combined Rayleigh-Bénard convection and membrane
p e r m e a t i o n , Journal of Membrane Science,
https://doi.org/10.1016/j.memsci.2017.11.061

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/memsci

http://www.elsevier.com/locate/memsci
https://doi.org/10.1016/j.memsci.2017.11.061
https://doi.org/10.1016/j.memsci.2017.11.061


Feed flow patterns of combined Rayleigh-Bénard convection and membrane
permeation

T. Lohausa, N. Herkenhoffa, R. Shankara, M. Wesslinga,b,∗

aRWTH Aachen University, Chemical Process Engineering, Turmstrasse 46, D-52064 Aachen, Germany
bDWI-Leibniz-Institute for Interactive Materials, RWTH Aachen University, Forckenbeckstrasse 50, D-52074 Aachen, Germany

Abstract

In micro- and nano-scale filtration processes, concentration polarization and fouling phenomena degrade the overall

performance of porous membranes. To reduce these phenomena we aim to induce hydrodynamic instabilities near

the membrane surface, which promote local turbulence in the vicinity of the membrane-solution interface. In this

work, we utilize thermal instabilities related to buoyancy-driven Rayleigh-Bénard convection by heating a novel

electrically conductive membrane. The heated membrane induces a local temperature gradient and thus a convective

flow perpendicular to the membrane. We investigate the evolution of the mixed convection flow patterns arising from

combining Rayleigh-Bénard convection with pressure-driven membrane permeation. The flow patterns are analyzed

experimentally by particle image velocimetry and computed with CFD simulations. We study the contribution of the

individual convection modes on the resulting mixed convection using the Richardson (Ri) number. By inducing natural

convection on the steady flow pattern from dead-end permeation, a large convective vortex forms with significant shear

velocities near the membrane surface. These shear velocities increase with increasing impact of natural convection.

The resulting shear flows show good potential in enhancing the mixing of the bulk and to enable convective mass

transport of accumulated solutes away from the membrane and thus reduce concentration polarization and membrane

fouling.
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1. Introduction

Concentration polarization and fouling phenomena degrade the overall performance of porous membranes through

decreasing the magnitude and quality of the permeate stream. Influencing the fluid mechanics in membrane filtration

can greatly improve the performance of the membrane [1]. A general strategy utilized to reduce concentration po-

larization and fouling is to manipulate the feed, for example by increasing the volumetric feed flow rate [2, 3], using

turbulence promoters [4, 5], and through pulsatile flows [6–8]. These techniques result in aggravated mixing of the so-

lution which in turn reduces the apparent thickness of the concentration boundary layer. An alternative technique is to
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