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Reverse Osmosis

 Experiments with a single leaf module having a leaf

length of 27’’ and width of 8.8’’ for different feed

pressures, concentrations and flow rates were

performed.

 Parameters using the data at the feed concentration

of 1000 ppm were estimated.

 𝐴 = 8.9759𝑥10−12𝑚/𝑃𝑎. 𝑠
 𝑃𝑚 = 7.0938𝑥10−8𝑚/𝑠
 𝑘𝑓𝑝 = 11942.6𝑃𝑎/𝑚2
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Conclusions

The rapid urbanization and industrial growth has

limited the access to fresh water which asks for an

improvisation in existing desalination technologies.

Membrane based separation processes are playing a

significant role in this regard. Reverse Osmosis (RO),

Pressure Retarded Osmosis (PRO) and Membrane

Distillation (MD) are the most widely used membrane

separation processes.

Results and Discussion

The three membrane processes are modelled using

gPROMS and validated with experimental or data from

literature. Some parameters were tuned for each process in

order to minimized the error between experimental and

computational data. These three processes can further be

incorporated in a flow chart, for efficient energy

generation.

 RO is a pressure-driven process used to separate

solute and solvent of the same order of molecular

size.

 High pressure is applied on the feed side of the

membrane to overcome the osmotic pressure and

cause transport of the solvent from feed to

permeate side.

 Out of various different types of configurations,

spiral wound membrane modules [1] are most

commonly used owing to their high surface-to

volume ratio and easy operation.

 Spiral-wound reverse osmosis system using the

three-parameter membrane transport model by

Spiegler-Kedem is presented. The volumetric flux

is given by:

𝐽𝑣 = 𝐴[∆𝑃 − 𝜎⍺ 𝐶𝑚 − 𝐶𝑝 ]

 The pressure drop in both the channels is based on

Darcy’s equation and given by:
𝑑𝑃𝑓

𝑑𝑥
= 𝑘𝑓𝑏𝜇𝑈𝑓

𝑛𝑓𝑏

𝑑𝑃𝑝

𝑑𝑥
= 𝑘𝑓𝑝𝜇𝑝𝑈𝑝

Reverse Osmosis

Membrane Distillation

Pressure retarded Osmosis
 PRO is an alternative source of renewable energy

which use the energy generated by differences in salt

concentrations between two fluids, commonly fresh

water and salt water.

 The objectives of the present work is to develop a

mathematical model for the design and analysis of a

spiral wound PRO module.

 The irreversible thermodynamic based three-

parameter SK membrane transport model [2] has

been used to describe the local mass transfer across

the active layer of the PRO membrane.

 The volume flux and solute flux are given by:

𝐽𝑣 = 𝐿𝑝 𝑏𝜎 𝐶𝑑𝑚 − 𝐶𝑓𝑚 − 𝑃𝑑 − 𝑃𝑓

𝐽𝑠 =
𝐽𝑣 1 − 𝜎 [𝐶𝑑𝑚 − exp 𝐹 𝐶𝑓𝑚]

exp 𝐹 − 1

Where, 𝐹 =
𝐽𝑣(1−𝜎)

𝐵

 MD is the thermally driven process during which

separation happens because of phase transition.

 The transmembrane temperature difference induces

a vapor pressure difference, which is the driving

force.

 Because of its low energy consumption and simple

maintenance, MD has become one of the cheapest

technologies for seawater desalination.

 Direct contact membrane distillation is the simplest

of all other configurations.

 DCMD with Knudsen based diffusion is modelled.

 The equation used to calculate trans-membrane mass

flux

 𝐽𝑣 =
𝑀𝐴

𝜏𝛿

𝑝𝐷𝐴𝐵

𝑅𝑇𝑚
ln

𝑝−𝑝𝑝𝑚

𝑝𝐷𝐴𝐵
+(

3

4𝑑
) 2𝜋𝑀𝐴/𝑅𝑇𝑚

𝑝−𝑝𝑓𝑚

𝑝𝐷𝐴𝐵
+(

3

4𝑑
) 2𝜋𝑀𝐴/𝑅𝑇𝑚

[3]

Pressure retarded Osmosis

 Mathematical model with membrane length of 0.3 m 

and width of 0.4 m used.

 Operating conditions: 𝑃𝑓𝑖𝑛 = 0.1𝑏𝑎𝑟

𝐶𝑓𝑖𝑛 = 500𝑝𝑝𝑚

 Membrane permeability and solute permeability are 

estimated.

 𝐿𝑝 = 1.82𝑥10−12𝑚/𝑃𝑎. 𝑠

 𝑃𝑚 = 1.62𝑥10−7𝑚/𝑠

Membrane Distillation

 Mathematical model with a membrane of length of 

0.9m and a thickness of 0.06mm used.

 Operating conditions: 𝑇ℎ𝑖𝑛 = 80℃ and 𝑇𝑐𝑖𝑛 = 20℃
𝐶ℎ𝑖𝑛 = 4160𝑝𝑝𝑚 and 𝐶𝑐𝑖𝑛= 22.7𝑝𝑝𝑚
𝑄ℎ = 𝑄𝑐 = 40𝐿𝑃𝐻

 Parameters like porosity and tortuosity are estimated.

 𝜀 = 0.8 and 𝜏 = 1.5

Fig1. Flux, permeate concentration and permeate

pressure distribution along X-Y domain for RO

Fig2. Flux, permeate concentration and permeate pressure

distribution along X-Y domain for PRO

Fig3. Hot side velocity and flux distribution along X-Y

domain for MD

Fig4. Modules of RO, PRO and MD


