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SYNOPSIS
The  effect  of  fixed  reference  pressure  location  for  unsteady-laminar  flow  in  spacer  filled  channels  was  examined
numerically. Direct numerical simulation  (DNS) was performed for flow in a channel containing an array of cylindrical
spacers for three reference pressure locations at Reyolds numbers of Re = 100 and Re = 500. The fixed reference pressure
locations were upstream at the inlet, in the centre of the channel, and downstream in the wake of the final cylinder. At Re =
100, reference pressure location affects the solution only through a phase shift in the velocity and pressure signals.  At Re =
500,  upstream  flow is significantly damped when pressure is  fixed in  the centre of  the channel,  providing a different
solution. This indicates that the use of periodic boundary conditions for this flow regime is either infeasible or restricted to
very low Reynolds numbers.
INTRODUCTION
Reverse osmosis (RO) is a filtration process used to separate molecules in a solution through the use of a membrane. RO
membrane modules are used in applications such as desalination, water treatment, and the dairy industry.  In spiral-wound
membrane modules, an array of spacers is added between adjacent membranes to create flow channels,  enhancing mass
transfer by inducing turbulence. The design of spacers aims to optimize the tradeoff between mass transfer enhancement and
pressure drop,  as   higher pressure drops increase operational  cost.   In  desalination applications,  flow is turbulent  and
Schmidt numbers are in the range of 600-700 [1].  For DNS, high Schmidt numbers and turbulent flow create very small
concentration and flow structures,  requiring mesh resolutions to be extremely high. One method to  remedy this issue is
through the use of periodic boundary conditions, which allow the computational domain to be simplified to a “unit cell” for
repeating geometries. It has been reported that after five periodic modules, the transient solution asymptotically approaches
the correct solution [2]. Computational fluid dynamics (CFD) codes require the value of the pressure to be known for at
least one cell in order to be solvable. This raises concerns when using a periodic domain because fixing the pressure close to
a spacer element could provide a different solution than if the pressure is fixed far upstream in a non-periodic domain. The
motivation for this work is to determine if a periodic formulation is valid for the unsteady-laminar flow regime.
METHOD AND RESULTS
DNS was performed using the open-source CFD package OpenFOAM. The 2-dimensional computational domain consisted
of six periodic modules and an inlet and outlet region on an unstructured grid. Second-order central differencing was used
for the convective term, and time was advanced using the Crank-Nicholson scheme. Pressure-velocity coupling was solved
using the PISO algorithm, and the fixed pressure location was varied.
The results show that  at  Re = 100, there is  not  much difference between the upstream, centre,  and downstream fixed
pressure locations.  The pressure and velocity fields have identical characteristics, with the only difference being that the
signals are offset by a small phase shift depending on where the pressure is fixed. However, for Re = 500 the velocity field
is drastically impacted when the pressure is fixed in the centre of the channel. The second panel of Figure 1 shows that
when the pressure is fixed in the centre of the channel, the oscillating flow in the wake of the upstream cylinders becomes
damped. For the upstream and downstream fixed pressure locations, the flow appears to be less affected. This indicates that
as  the  flow  becomes  more  unsteady,  the  effect  of  where  pressure  is  fixed  becomes  an
important factor in the solution. These results suggest that the proper use of periodic boundary
conditions for this flow regime is  severely restricted.

Figure 1:  Instantaneous streamwise velocity comparison for same point in time for Re=500 at different fixed pressure locations. Top panel:
pressure is fixed at inlet. Middle panel: pressure is fixed in the centre of the channel. Bottom panel: Pressure is fixed three diameters behind final
cylinder.

CONCLUSIONS AND FUTURE WORK
Further  analysis  must  be  undertaken  to  fully  rule  out  whether  periodic  boundary  conditions  can  be  employed  for
unsteady-laminar flow and under what constraints. This includes spectral analysis and grid independence results. Once a
suitable  approach  is  determined,  DNS will  be  performed for  varying  Schmidt  numbers  and  spacer  geometries  in  the
unsteady-laminar to turbulent regime.
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