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Numerical Investigation of Direct Contact Membrane Distillation
(DCMD) Process for Desalination System
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Abstract : In this study, a numerical simulation program was developed to evaluate the performance of a direct
contact membrane distillation (DCMD) process, which can produce fresh water from various types of saline
solutions, including seawater, wastewater, and chemical solutions. To develop the simulation program, heat and
mass transfer equations were employed to consider the water vapor transportation through the membrane, while
mass, momentum, and energy balance equations were used to model the fluid flow within the module channels
with water vapor transportation. An in-house code was developed using Fortran in Intel Visual Studio to create
the numerical simulation program, with calculations performed utilizing Broyden’s method. To verify the accuracy
of the developed program, it was compared with existing literature data, showing good agreement within a
maximum error of 3%. The average permeate flux was calculated by varying the feed and permeate temperatures
and flow rates. The numerical results revealed that the average permeate flux was more sensitive to changes in
the feed temperature and flow rate than to those of the permeate side. When the feed temperature increased from
40°C to 90°C, the average permeate flux exponentially increased from 0.95 kg/m?h to 24.83 kg/m?h.

Key Words : Seawater Desalination, Direct Contact Membrane Distillation, Heat and Mass Transfer,
Hydrophobic Membrane
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Hydrophobic
Membrane

Fig. 1 Schematic of heat and mass transfer through
hydrophobic membrane in DCMD Process
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Fig. 2 Schematic of hydrophobic hollow fiber membrane module for DCMD process

dpf o3l , Table 1 Properties of hollow fiber module”
N d, ’ b Hollow fiber membrane module
» Length of fibers (L, m) 0.34
o’ 4JXTNd, -
E:fm 12) Shell diameter (ds, m) 0.03
Number of fibers (N, -) 3000
Ao CET” o Inner diameter of fibers (d;, mm) 0.3
& w(d®— Nd*) (13) Membrane thickness (8 , # m) 0.15
Packing density (%) 60
§ i 5 W R Seof A= Thermal conductivity of membrane 0.25
(Wm'K™") ‘
70) = 75, 0(0) = v/, 2] (0) = 2, . ., P(L) = P° (14) Pore diameter (1 m) 0.2
Porosity (%) 75
1) =1 0(0) =2, 2", ,(0)=0,P0)=P" (15)
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Library function
-Thermal physical properties
of seawater and pure water
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Input parameter for membrane

l

Input boundary condition for feed and permeate sides
Feedside: TS, Pf xf vf from Eq. (14)
Permeate side : .7, P 1,5 v,F from Eq.(15)

v

-Mass transfer coefficient.

Compute simultaneously
the feed variables, T P% x ¥, from Bqs. (7) - (10)
the permeate variables, T P¥, 5%, 1%, from Eqs. (11) - (13)

Eqs.(5) the heat transfer rates, 0%, @, 0", from Egs. (1) - (3)
-Heat transfer coefficient, and the permeate flux, Jz), from Eqs. (6)
Eqs.(1>-(3) l
Check the convergence criteria, |[S™* —§"| < 1076
Yes
No
Reportresults
where, § is any variable (0F ¢, @, T%, PF, af +F, T,
Stop P2 2 v%) at all points and n is the iteration level.
Fig. 3 Solution procedure
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Fig. 5 Influence of distilled water temperature on
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Fig. 6 Spacial variation of temperatures according to
the module length with 0.472 m/s and 0.332
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