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ABSTRACT

In the present study=modeling and formulation of thermal gradient effect on reverse osmosis process for
evaluation treated water penetration and water production are studied. modeling is done by MATLAB using
Solution-Diffusion model./At present'work the effect of two different parameters (temperature difference
gradient and salt concentration)‘on different parameters is studied. Studying on important parameters for
temperature driven reverse osmosis, shows'the direct effect of temperature difference between permeate-water
part and saline water part on different parameters. On temperature driven reverse osmosis, temperature
difference between permeate-water part and saline-water part acts as a driving force. penetration rate at each
salt concentration rises by increasing temperature difference between permeate-water part and saline-water
part. The variations of different parameters versus temperature difference for two different saline water part
concentrations (1 gr/lit and 0.35 gr/lit) are présented. For 1 gr/lit salt concentration and 1.5, 2.5 and 10.8 °C
temperature difference between permeate-water/part and saline-water part, treated water penetrations are
obtained 0.9, 0.9545 and 1.3118 I/m?2.h.bar respectivelys/Also, for.0:35 gr/lit salt concentration and 1.5 and 9.3 °C
temperature difference between permeate-water part*and saline-water part, treated water penetrations are
obtained 0.917 and 1.167 I/m?.h.bar respectively.
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1. Introduction 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

Problems related to water sources such as pollution,
lack of purified water sources and increasing water
consumption have caused great problems in societies [1].
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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 thesimpure 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 useds By. creating a temperature
difference, a drivingforce is created.

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

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

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 temperature reverse 0sSmMoSisS 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 0smosis 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
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.

Figure 2. Simplified Model of Spiral Wound Reverse
Osmosis

3. Results and Discussion

In Figure 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 andSalt water, the
driving force increases.
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Figure 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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Figure 3. Changes in the amount of water penetration per
concentration of one 0.35 gr/lit of salt water concentration
for different temperatures gradient

By examining the graphs related to the changes of
different parameters in the study of the effect of
temperature gradient on the reverse 0smosis 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 0smosis 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 osmosis process. To

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

The results of this research show that the solution-
permeation model has 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 on the reverse osmosis process. To
investigate this process, solution-permeation model has
been used.

The results of this research show that the solution-
permeation model has 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
partand 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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rreversible thermodynamics models
2 Kedem-Katchalsky

3 Spiegler-Kedem

4 Nonporous or homogeneous models
5 Pore models

¢ Solution-diffusion Model
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Table 1. Parameters and Coefficients on Modelling process

Hlado “>ly o
BAID g/mol se oy
VWAY-0- Mol/L S Jso
Foo pr XOxV T g/I NaCl S clale
YAxye } e o dgd5 oy
SYoxy e - s Kol Sghi gy
“IVYY cm Juls s |
V¥I5 cm Jussb
/0 cm Jus e
AYAEEEYAXY T - ;5 S <ol
yxy et - 2 Sen jaie

) oads aiai O g 98 Ol Caond o oo ST alisie jladie aw g V O] cliale gl 3985 a4 gy o @l ¥ Joax o

i S gl ools by oeslin Bllay i Jslme (g5ludie gl a5 59,5 oo ounlie ¥ Jsaz GleMbl Lulol gl sus

8yl [ ] g



(ol iz )I5) dghi-Jglono (g 3ludorn g [A] (2525 (5o 0010 13985 gu s (s Ao :¥ Jgur

(wolise sblos sl ¢ G/l cdate)

Table 2: Comparison between diffusion results: experimental data [9] and solution-diffusion
modeling (present research work)
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Table 3.The salinity of the treated waterfor a coneentration of one gram per liter
for differenttemperatures
yliio slalod BB (gl yid 1 055 S il (sl o Aniual Ol Lomd (5940 o3l3w0 ¥ Jourr

ool dhual O Caound (53 3l 0 G5l gloo XS
gr/lit (0 guands 4> )
°C
YD Vo
oY ¥ Y%
RANY Vo/A

AR



® O kT/k25
@ 18- ® ® CPT/CP25
c ®
% o
E 167 ®e
@
L J
S .,
o 14 -
O .o.
o L o
° B
:l-.) 1.2 [ .. D[_DE
7] C. oC
S Ceo no®
— L Pe=l
[ TR 0%ee
(%] I_\:'[_I %y
2! = o ELe ........
> osl DDEDED e
oo
DUDHD
i L L . . . . )
0.6
0 5 10 15 20 25 30 35 40

Temperature difference °C

Sl BNl g1y youb ST caomnd yidlys 0,5 K ke (651 & Cile gl 33 <0 38 9 052 JUH 0 3 o ne Ol i 7 S

wglao

Fig. 6.Changes in the amount of'Mass Transfer & CP Coefficient per concentration of 1 gr/lit
of salt water concentration for different temperatures gradient

W

Solute permeability(l/m2.h.bar)

B, °
=1 mB_ L]
°
°
o
°
o
o
-
)
PRut>3”
oY
af
°
a
-
™
3
,_..
El

s 1 - 4 —
20 25 30 35 40

Temperature difference °C
lise glalos BT (gly yau Of Conmd yid 0,5 S Clile G131 a4 Jokxo 39 ¢yl o Ol yud ¥ S
Fig. 7.Changes in the amount of Solute permeability per concentration of 1 gr/lit of salt water
concentration for different temperatures gradient

%;QOMWQT:)#){QLBAQAM a0 UV 5 V0 lales B! 6l od a3 V0 cdale oV S ulal 5

] e cews a lim2hbar o> VNVEY gAY

\Y



w‘ﬁ‘bﬁdé;wodﬁmkﬁ u.!‘ U’“"LM"‘J" w‘ oh.\i.))f p.....u)J uBLa...o 6L®Lmb d)l..?‘ LS‘)")'"‘J)"f’)f ~/Y’(b M.LLLCLS‘)J
w‘}S‘uTJsﬁaw)oaJ)mLsB}.uu;‘wbﬁltJ.»L»@w‘ﬁ‘dﬂdjﬁ‘)wuijowmuiwﬁwudd){p‘

N\ 18
C
2
(&)
= 16
[«6)
3
(&)
o N4
<}
2
£ 12
[a)]
2 1
@
>
2
g 08
(&)
L2
>

06

04

b <

=

e DD,
°®
®
°
®
°®
@

5 10 15

Temperature difference °C

35 40

@yliin glalod S (sl y9 O Connd il 2 035 /Y8 B (o] 4 395 g b 3 4y 39Sums 0ol o Ol 1A JSCO
Fig. 8.Changes in the amount of viscosity and-diffusion coefficient per concentration of 0.35
gr/lit of salt water concentration for different temperatures gradient

ol oolo ULM.; Sglae slales s «5‘)‘.’ Jyw g_;‘ Cond ol lu)f aye clale 6‘}‘ & u_:—\ KYV:E u‘)...o Slyss A L
el 00 00l QLMAJ ¢ u,o}u..l.u 4> ,0 Yo ‘_gLa\) ) le.?be 9 \_;‘ .59.0.: U‘)""A Ao J}l?bo 9 u] .)9.94 L)‘)M e J&w o el

Wb G ol Pl daaigliie oo iol38l L aS 00,5 oo cdalin

33,5 o odalice el ous ools ylid Sgliae slales SWET (gl o O Cond 2l 1y 0,54/¥0 cdale ljl 4 ¢ ogudas a0

ol3dl o Jl oy Gl cadale el Db oy (oS Ll co ralS cale el Dby Gl Lo iuli8l L aS
Olas Slate slalos S sl 590 O Ceond 2y 05 +/¥0 e (gl 4y Jslows 395y 3 Sl AT S5 )3l (o0
.d)b 09.9.: w).cﬁwfub ‘OMM..Q.: uij)jﬂ’ u]wﬁwéb& J)L\>‘ w‘ﬁ‘géd;‘s‘oob\.{bw w‘ AW oolo

\'Y



357"

o A; ®
—_ °
= mA, [ ]
< 5L e
= @
= ~u
a )
] ®
= 25r o
~ @
> ®
= .o
..-E it ..
< e®
g o
= «®’
¥ [
e 15- ..o
5 °®
= o*®
= AN’
1-'..
|
05 ; : . ; i i N i
0 5 10 15 20 25 30 35 40

Temperature difference °C
Oglito slos GBS gl ygb OlCaond yid g 0,5 /WD Clale I3l & OF Sgii oyl o o puds A S
Fig. 9:Changes in the amount of water permeability per
concentration of 0:35 gr/lit of salt water concentration for
different temperatures gradient

16
o AfdAy
B./B
e - o P25 o
z " °
= [ J
> ..
: w
o 12+ ®
A [ ]
= o®
< [ ]
@ .'
] 1F *®
- 3
2 o®
< @
= U
0.8 - s®
L J
..
[ ]
1
..
06 - a®
e®
..
..
0'4 1 1 1 1 1 I 1 b}
0 5 10 15 20 25 30 35 40

Temperature difference °C

Ogliso (glalod BB 6y 5ot O Coomnd yid p3 0,5 +/VO cdile ol a3 Jodxo 9 OF 395 o 3ap Oy Ve IS

Fig. 10.Changes in the amount of water and salt permeability per concentration.of 0.35 gr/lit
of salt water concentration for different temperatures gradient

Q}wduuaqwswu,@ﬁri#mc,m;@jeungw@,&otﬂm IS 5 (V) 5 (W)l a5

T o s 4 ) s Gollas

\f



Gglaso slod BB Glp yd g o5 /YO cale 6l ol dvdad Ol Comnd Gog ol i Joo
Table 4.The salinity of the treated water for a concentration of 0.35 gr/lit for different

temperatu res
o dndual O Coound (65940 (3l o Sl slod XS
ol wps (ogmmdas 4z y3)
gr/lit oC
AN Vb
AR q/y
35
| < o kikyg
° e CP/CP,
2 & ‘
c | L]
Q2
0 e
% 25" ]
$) o
o ®
SR .
o ..
5 .
2 15 °e
@ °
—- [ ]
= e,
(%] ..
3 1r ®ee
ae
2 b ......
A LT T
0.5 : : y g > ' g :
0 5 10 15 20 25 30 35 40

Temperature difference °C
Slod BB (gl 59 ©f Conmd yid 3 0,5 /YD Clile (I3l A ELLE (ygmunliagdly < 36 9 o2 JUES ) b Gl o Sy 1) S
ugl.ﬂ.m
Fig. 11.Changes in the amount of Mass Transfer and CP_Coefficients per concentration of
0.35 gr/lit.pf salt water concentration forifferent temperatures gradient

T | Cl
mE &
4 ,___. »” o
=
—~_ <
=
>
[ 35 Y
2 .*
~° - ..
g - M
= °
=~ -
3‘ 25 - ..
= o®
= o
< e®
= 2 o
£ N
5 «*®
(=} 15 "
a®
S -
= L
= a®®
) e*
R 1T o®
Jl__‘ L} A ] A
o0 5 10 15 20 25 30 35 40

Temperature difference °C
Sgliio galods BB (6l y 1o o Coound yd p 5 +IV0 cdale gl ar Jokomo 3585 (4 oo ol s VY JSCS

VO



Fig. 12.Changes in the amount of Mass Solute permeability per concentration of 0.35 gr/lit of
salt water concentration for different temperatures gradient
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Modeling of thermal gradient effect on reverse
0SMOSIS process
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Department of Mechanical Engineering, University of Hormozgan, Bandar Abbas, Iran

ABSTRACT
In the present study“modeling and formulation of thermal gradient effect on reverse osmosis process for

evaluation treated water penetration and water production are studied. modeling is done by MATLAB using
Solution-Diffusion model. Studying on‘important parameters for temperature driven reverse osmosis, shows the
direct effect of temperature difference between permeate-water part and saline water part on different
parameters. On temperature driven reverse osmosis, temperature difference between permeate-water part and
saline-water part acts as a drivingsforce. penetration rate at each salt concentration rises by increasing
temperature difference between permeate-water part and saline-water part. The variations of different
parameters versus temperature difference 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
permeate-water part and saline-water part, treated water penetrations are obtained 0.9, 0.9545 and 1.3118
I/m2.h.bar respectively. Also, for 0.35 gr/lit salt concentration and 1.5 and 9.3 °C temperature difference between
permeate-water part and saline-water part, treated water penetrations are obtained 0.917 and 1.167 I/m?.h.bar
respectively.

KEYWORDS
Modelling, reverse osmosis, temperature difference, MATLAB program; solution-diffusion model.
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