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Modeling of thermal gradient effect on reverse osmosis process
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ABSTRACT: In the present study modeling and formulation of the thermal gradient effect on reverse
osmosis process for evaluation treated water penetration and water production are studied. Modeling
is done by MATLAB using the Solution-Diffusion model. At present work, the effect of two different
parameters (temperature difference gradient and salt concentration) on different parameters is studied.
Studying important parameters for temperature-driven reverse osmosis shows the direct effect of the
temperature difference between the permeate-water part and the saline water part on different parameters.
On temperature-driven reverse osmosis, the temperature difference between the permeate-water part
and the saline-water part acts as a driving force. The penetration rate at each salt concentration rises
by increasing the temperature difference between the permeate-water part and the saline-water part.
The variations of different parameters versus temperature differences for two different saline water part
concentrations (1 gr/lit and 0.35 gr/lit) are presented. For 1 gr/lit salt concentration and 1.5, 2.5, and
10.8 °C temperature difference between the permeate-water part and saline-water part, treated water
penetrations are obtained 0.9, 0.9545, and 1.3118 1/m2.h.bar respectively. Also, for 0.35 gr/lit salt
concentration and 1.5 and 9.3 °C temperature difference between the permeate-water part and saline-
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water part, treated water penetrations are obtained at 0.917 and 1.167 I/m2.h.bar respectively.

1- Introduction

Problems related to water sources such as pollution, lack
of purified water sources, and increasing water consumption
have caused great problems in societies [1]. Desalination
processes require energy. Due to the difference in energy
costs, different countries use different sweetening methods
[2]. Currently, reverse osmosis is one of the important
methods to perform the sweetening process. In this method,
purified water is produced from sea water or other polluted
water sources.

Desalination methods are divided based on two important
factors. These two factors are energy sources and the type
of desalinating process. Energy sources include thermal,
mechanical, electrical and chemical energy.

Osmosis is a process in which the purified water is
separated from the impure solution after passing through the
membrane [3]. The osmotic process depends on three factors:
pressure, temperature, and concentration.

In the temperature reverse osmosis process, the
temperature difference between the purified water and the
salt water is used. By creating a temperature difference, a
driving force is created.

The principle that states the use of a small temperature
difference to create permeation properties along a membrane
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has been studied by Lee et al. [4] Lee and colleagues have
expressed this principle with permeation properties.

The osmotic process depends on three factors: temperature,
pressure and chemical potential. In Figure 1, it shows the
three states that occur in the osmotic process.

2- Methodology

To compare the results of experiments and modeling,
proper modeling should be done considering the effective
parameters of the system. In this research work, the
modeling of the temperature reverse osmosis process is
presented. The models that express the performance of
reverse osmosis membranes are very important for the
design of reverse osmosis processes. There are many
mechanical and mathematical models to model the reverse
osmosis process [5].

These models are divided into the following three
categories:

- Irreversible thermodynamic models (such as Codem -
Katchalski and Spiegler Codem models)

- Non-porous or homogeneous models (such as solution-
permeation models)

- Models based on pore dimensions (such as fine pore
model, capillary flow gradual absorption model, surface
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Fig. 1. Membrane systems based on the temperature

gradient stimulus against systems based on the pressure

difference stimulus[9] (a) forward osmosis, (b) osmotic
equilibrium, (c) reverse osmosis

force pore flow model)

The solution-diffusion model is widely used to model
the mass transfer process in reverse osmosis, dialysis, gas
permeation and evaporation systems. In the solution-diffusion
model, diffusion is considered.

In the present research work, the aim is to model the
performance of a spiral type membrane in the reverse osmosis
process. To simplify the modeling of pre-treatment, post-
treatment and multi-membrane systems are not considered.

3- Results and Discussion

In Figures 3 and 4, the results of water penetration for a
concentration of one and 0.35 gr/lit for different temperature
differences are drawn. Based on this figure, it can be seen
that with the increase in the temperature difference between
the purified water and salt water, the driving force increases.
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Fig. 2. Simplified Model of Spiral Wound Reverse
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Fig. 3. Changes in the amount of water penetration per
concentration of one 1 gr/lit of salt water concentration
for different temperature gradient

By examining the graphs related to the changes of different
parameters in the study of the effect of temperature gradient
on the reverse osmosis process, we find that the increase in
concentration and temperature difference between the salt
water and the purified water has a direct effect on the increase
in the permeation rate of the purified water, the diffusion
coefficient, and the mass transfer coefficient. Therefore, we
find that the two factors of increasing the concentration of
the salt water part and the temperature gradient as the driving
force in performing the temperature reverse osmosis process
have a direct effect on increasing the parameters related to
infiltration and mass transfer. In any given concentration,
increasing the temperature difference between the purified
water and the salt water causes an increase in the parameters
related to the infiltration. As a result of the increase of filtered
water infiltration rate, the amount of salinity in the brackish
water part increases, and the amount of purified water in the
purified water part increases.

In this research work, the process of reverse osmosis under
the effect of temperature gradient has been investigated. In
the absence of pressure force, as a driving force, the effect
of two factors, the concentration of the salt water part and
the temperature difference between the purified water part
and the salt water part, has been investigated on the reverse
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Fig. 4. Changes in the amount of water penetration per
concentration of one 0.35 gr/lit of salt water concentra-
tion for different temperature gradient

osmosis process. To investigate this process, solution-
permeation model has been used.

The results of this research show that the solution-
permeation model is a suitable match for the reverse
osmosis process under the effect of temperature gradient.
The comparison between the modeling results and the
experimental data shows a good agreement between the
results.

4- Conclusions

In this research work, the process of reverse osmosis under
the effect of temperature gradient has been investigated. In
the absence of pressure force, as a driving force, the effect

of two factors, the concentration of the salt water part and
the temperature difference between the purified water part
and the salt water part, has been investigated in the reverse
osmosis process. To investigate this process, a solution-
permeation model has been used.

The results of this research show that the solution-
permeation model is a suitable match for the reverse
osmosis process under the effect of temperature gradient.
The comparison between the modeling results and the
experimental data shows a good agreement between the
results.

Considering these results, it is concluded that the increase
in temperature difference and salinity has a direct effect on the
penetration rate. It can be seen that in the absence of pressure
as a driving force, the infiltration rate at a given salinity level
increases with the increase in the temperature difference
between the purified water part and the salt water part.
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Fig. 1. Membrane systems based on the temperature gradient stimulus against systems based
on the pressure difference stimulus[9]. (a) forward osmosis, (b) osmotic equilibrium, (c¢)
reverse osmosis
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Fig. 2. Simplified Model of Spiral Membrane Reverse Osmosis System
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Table 1. Parameters and Coefficients on Modelling process
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Table 2. Comparison between diffusion results: experimental data [9] and solution-diffusion mod-
eling (present research work)
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Fig. 3. Changes in the amount of water penetration per concentration of one 1 gr/lit of salt
water concentration for different temperatures gradient
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Fig. 4. Changes in the amount of viscosity and diffusity coefficient per concentration of 1 gr/lit of
salt water concentration for different temperatures gradient

8 F
O AfA
e B/Byle
> 14r <
= ..;:D
= 20"
8 L o "
g 12 @l
E o®
o ]
=9 L]
= ..Q
CEE ®
[
E Che
= ®
= 08" «*°
D (—g
- D.
] e
= oge®
n0e®
06 _oge
oOee®
°®
04 i ) ‘ 3 ¢ } ; ;
0 5 10 15 20 25 30 35 40

Temperature difference °C

Wgliie (gLalod BWET (gl o o Coomnd yid 33 0,5 U ClAlE gl31 4 Jolomo 9 T Bgdd 1yl 3a0 ol punds O JSKW
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Table 3. The salinity of the treated water for a concentration of one gram per liter
for different temperatures
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Fig. 7. Changes in the amount of Solute permeability per concentration of 1 gr/lit of salt water concen-
tration for different temperatures gradient
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Fig. 8. Changes in the amount of viscosity and diffusion coefficient per concentration of 0.35 gr/lit of
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Table 4. The salinity of the treated water for a concentration of 0.35 gr/lit for different temperatures
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Fig. 11. Changes in the amount of Mass Transfer and CP Coefficients per concentration of 0.35 gr/lit
of salt water concentration for different temperatures gradient
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