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 Membrane distillation (MD) systems are temperature driven processes used for wastewater treatment; however, they are not commonly utilized P“ntmdt<T T
In industrial scale due to their drawbacks such a temperature polarization [1]. | s o

 Filament spacers, used both for structural maintenance and for flow mixing promotion purposes within the MD units, can enhance the mass ™™ ot {of
and heat transfer, which finally will result in reduction of concentration and temperature polarization [2]. " i .

 Here, 3D printed spacers have been used in a MD system to study their impact on MD performance through experimental analyses, and on Feed in NI+ > Feed out

temperature polarization through CFD analysis. Fig. 1. Schematic of direct contact membrane

distillation (DCMD).
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Structure design | The permeate flux of the membranes with and without spacers are
) Table. 1: Dimensions of the membrane module. iInvestigated and the results are shown in Fig. 5.
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s Standard Case 45°, -45° 2.5,2.5 15  Permeate flux increased by 53% for 10-hour experiment by
Geometry adding the spacers, while the rejection remained above 99%.
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channels with a double layer filament spacers. L., 2D
* The filaments have an angle of 45° degree to the Fig. 2. Schematic of membrane distillation modules with spacers %12
incoming flow inside the channels. (side view). g
 The CAD files of the spacers, were 3D printed using g 4
Fused Deposition Modeling (FDM) method. & 3 —~
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* A hex-dominant meshing tool called
snappyHexMesh was used to generate a 3D mesh.

* Overall number of hexahedra cells: 4,000,000

Simulation paramaters

Fig. 6. Temperature polarization index with and without spacers.

« Temperature polarization (TP) refers to a phenomenon where the
temperature of the bulk feed solution is different from that at the

* CFD software: OpenFOAM membrane surface. Lower TP is a good indicator of the better
* CFD Solver: chtMultiRegionFoam, steady-state performance of the membrane, and based on the results adding
» Turbulence Modeling: RAS k-¢ Fig. 3. Picture of the 3D printed spacer. spacers has improved TP of the membrane.

« Simulation Time: 10 s
e DeltaT: 0.001 s
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* The results of the CFD in OpenFOAM is visualized using paraview tool implemented in OpenFOAM.
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* |nitial feed and permeate
0 el : :
temperature were 60 °C + The thermal distribution in the presence of spacers is more stable
o .
| o2 e ‘. and 30 °C, respectively. along the membrane module for both permeate and feed flows
- BN ©  Both experiments were which can be attributed to the turbulence created by the spacers
performed for 10 hours. and lower temperature polarization index. The fluctuations in the

thermal distribution along the membrane module are due to the
contact between two layers of spacers in those regions.

Fig. 4. Front side of the MD unit (left), and back side of the MD unit (right).

FOLLOWING WORKS

* Investigation on the impact of 3D printed spacers in the membrane distillation system for a real industrial wastewater.

* Developing an ongoing CFD model using OpenFOAM to study the hydrodynamic impact of addition of different configqurations of spacers in the MD system.
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