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Membrane distillation (MD) using porous hydrophobic membranes finds applications in various areas such as desalination of seawater, industrial wastewater treatment, and pharmaceutical separation of mixtures. In this study, a direct contact membrane distillation (DCMD) module with commercially available polytetrafluoroethylene (PTFE) membranes (GE-Osmonics/0.22m and MS-3010/0.45m) is investigated with a multiscale approach. A 2D macroscopic, multiphysics model considering the conservation of species, momentum, and energy has been developed in the present study to gain an understanding of the processes in such a DCMD system. Instead of empirical correlations, this study uses a microscopic model to determine the effective transport properties, including effective mass diffusivity and thermal conductivity. The flowchart of workflow, the graphical representation of the multiscale approach used in the present study, is shown in Fig. 1. As illustrated in Fig. 1, a stochastic numerical reconstruction method is first developed to generate virtual membranes based on the membrane's pore size, fiber orientation distributions and the structure data of membranes presented by the manufacturers. To compute the transport properties subsequently needed in the macroscopic model, a finite volume operator in AVIZO and a finite volume solver in OpenFOAM, are employed to perform pore-scale simulations on the reconstructed geometries.
For virtual reconstructed GE-Osmonics/0.22m PTFE membrane, the effective thermal conductivity and the effective mass diffusivity in through plane direction are determined 0.0582W/mK and 1.07e-5 m2/s, respectively, while these transport properties are calculated 0.0571W/mK and 1.13e-5 m2/s for virtual reconstructed MS-3010/0.45m PTFE membrane. It shows a good agreement between the simulation results and published data as well as empirical relations. 
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Fig. 1. Workflow flowchart of the multiscale approach.

With the objective to understand the effect of transport properties computed by microscopic methods in macroscopic modeling, simulation results of the present study in relation to the experimental data with previous studies are compared and realized that the average error of flux of distillate water is reduced from 10.5% and 6% found in previous studies to 7.9% and 5.3% calculated in the present study for feed inlet temperatures of 333.15 and 313.15, respectively. 
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Fig. 2. Comparison of flux of distillate water for experimental and predicted responses by Hwang et al. and present model for different feed inlet temperatures and inlet velocities (permeate inlet temperature of 293 K, NaCl mass fraction of 1%, GE-Osmonics/0.22m).

Furthermore, comparing two stochastically reconstructed membranes, GE-Osmonics/0.22m and MS-3010/0.45m, show that the average amount of produced freshwater in the DCMD module with MS-3010/0.45m is 24% more than produced freshwater in the DCMD module with GE-Osmonics/0.22m. 
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Fig. 3. Comparison of flux of distillate water for two stochastically reconstructed membranes, GE-Osmonics/0.22m and MS-3010/0.45m, for different inlet velocities (Feed inlet temperature of 333.15K permeate inlet temperature of 293K, NaCl mass fraction of 1%, Countercurrent flat sheet).
References
1.  Harandi, H.B., et al., Performance optimization of a multi stage flash desalination unit with thermal vapor compression using genetic algorithm. Applied Thermal Engineering, 2017. 123: p. 1106-1119.
2. Khayet, M., T. Matsuura, and J. Mengual, Porous hydrophobic/hydrophilic composite membranes: Estimation of the hydrophobic-layer thickness. Journal of Membrane Science, 2005. 266(1-2): p. 68-79.
3. Hwang, H.J., et al., Direct contact membrane distillation (DCMD): Experimental study on the commercial PTFE membrane and modeling. Journal of Membrane Science, 2011. 371(1-2): p. 90-98.
4. Winter, D., J. Koschikowski, and S. Ripperger, Desalination using membrane distillation: Flux enhancement by feed water deaeration on spiral-wound modules. Journal of Membrane Science, 2012. 423-424: p. 215-224.
5. Kyle J. Lange, Pang-Chieh Sui, Ned Djilalia, Pore Scale Simulation of Transport and Electrochemical Reactions in Reconstructed PEMFC Catalyst Layers. Journal of The Electrochemical Society, 2010. 
6. S. Simaafrookhteh, M. Shakeri, M. Baniassadi, and A.A. Sahraei, Microstructure reconstruction and characterization of the porous GDLs for PEMFC based on fibers orientation distribution. Fuel Cells, 2018. 18(2): p. 160-172.
7. S.S. Afrookhteh, J. Jamali, M. Shakeri, and M. Baniassadi, Stochastic reconstruction of carbon fiber paper gas diffusion layers of PEFCs: A comparative study. Energy Equipment and Systems, 2018. 6(1): p. 51-59.
8. L. Zhu, W. Yang, L. Xiao, H. Zhang, X. Gao, and P.-C. Sui, Stochastically Modeled Gas Diffusion Layers: Effects of Binder and Polytetrafluoroethylene on Effective Gas Diffusivity. Journal of the Electrochemical Society, 2021
9. K.J. Lange, P.-C. Sui, and N. Djilali, Pore scale modeling of a proton exchange membrane fuel cell catalyst layer: Effects of water vapor and temperature. Journal of Power Sources, 2011. 196(6): p. 3195-3203.
4

image3.tiff
Distillate Flux (L/m.hr)

40

35

30

25

20

—@®— MS-3010/0.45um T;=333.15
——=&—— GE-Osmonics/0.22um T,=333.15

10

0.1

02 02 04 05 06
Inlet Velocity (m/s)




image1.tiff
SEMimage Sliced reconstructed model 3D reconstructed model

x x x e ——®— Effective Thermal Conductivty el
iy |
n Pore ize Distibution, um
o H s
o0z o 326 3 oosns I 14000
w2 ) £ o
T — 05 20 H s 2 e
o W, Mo H o
é 2000
§

Eftectve Mass iy ()
Amount

vas v v ™

oman ize uri)

Macroscopic model Effective transport properties (By Psm) Poresize distribution




image2.tiff
Distillate Flux (L/m.hr)

20

10

[]
—

Experimental T;=333.15K
Present simulation T =333.15K

~ — —A— - Hwang etal. model T,=333.15K
Experimental T;=313.15K

Present simulation T,=313.15K
Hwang et al. model T, =313.15K

A
————
——

02 04
Inlet Velocity (m/s)

05

06




