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Abstract 
In this paper, models were applied to 

investigate the parameters that affect membrane 
fouling. Osmotic pressure across the membrane, 
salt concentration at the surface of the membrane, 
solute mass transfer coefficient, effective 
coefficient diffusion of water, and concentration 
polarization factor were the main parameters that 
calculated in this simulation. Sodium chloride 
was assumed the only salt existed in the feed flux. 
In addition, changing the applied pressure versus 
increasing the salt concentration in the feed flux 
and their effect on the water permeation 
coefficient was investigated. The results 
confirmed that concentration polarization gives a 
good indication about the formation of the fouling 
layer at the membrane surface and consequently 
permeate decline. 
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1. Introduction 

 Reverse osmosis (RO) membrane processes 
are among the most important water treatment 
technologies. This technology is widely used 
around the world particularly in the regains where 
the surface waters are scarcely available such as 
the islands and the peninsulas. RO can help meet 
future drinking water demands through 
desalination of seawater and brackish water. In 
addition, RO membranes are used for many 
purposes such as water recycling and resource 
recovery [1]. The main idea of the RO process is 
to separate the product water (permeate) from the 
salts in the source water by using high pressure 
driven through the membrane to overcome the 
natural osmotic pressure. This process leads to 
transporting the permeate (desalinated water) 
through the membrane leaving the minerals in the 
feed side of the membrane [2]. The major 
problem that faces the efficient operation of RO 
system is fouling which can cause a deterioration 
of the quality and quantity of the desalinated 
water and result in high cost of water treatment 
[3]. Fouling of the membrane is the accumulation 
of the materials on its surface or in its pores. 
These materials cannot be removed by using 
backwashing or backflushing processes [4]. 
Fouling may happen due to microbial growth 

(biofilms), particulate materials, dissolved organic 
matters, inorganic materials such as calcium 
sulfate and calcium carbonate, suspended 
particles such as aluminum and iron silicates, or 
colloidal particles such as clays and flocs [5-7]. 
RO membrane maybe classified as a non-porous 
membrane; therefore, the major fouling 
mechanism that can be considered in RO models 
is the surface fouling of the membrane [8, 9]. 

 Many models and simulation methods for 
the performance of the RO processes have been 
developed and proposed. These models, which in 
general have the same basic equations, consider 
several elements in the RO membrane system 
such as the applied pressures, cross-flow velocity, 
solute-diffusion, concentration polarization, flux, 
rejection, recovery, fouling, and silt density index 
(SDI) [10,11].  Hessami et al [12], for example, 
developed a mathematical model for the RO 
process based on an assumption of the solution-
diffusion equation and validate it by using a 
computer software produced by RO membrane 
manufacturer. Their results revealed that the 
performance of the membrane was about the same 
for the output of the model and the computer 
software. Furthermore, Jamal et al [11] proposed 
a simulation model to reduce fouling by 
controlling the concentration polarization of the 
membrane. They reported that the concentration 
of the feed and the product, rejection, and flux 
predicted by the model was almost consistent 
with experimental data.  

In this study, Microsoft Excel was used to 
develop a simulation of a single stage seawater 
reverse osmosis unit with spiral-wound modules. 
The main focus of this analysis addressed the 
phenomenon of concentration which impacts all 
RO membrane fouling processes. The effect of 
using different values of applied pressure in the 
system was investigated. In addition, increasing 
the concentration of the salt, sodium chloride in 
this simulation, and its effect on membrane 
fouling and consequently on the water permeation 
was addressed. The assumptions stated in the 
simulation based on mathematical models 
developed by Avlonitis et al [13], Geraldes et al 
[10] and Hoek et al [1]. 

 
2. Modeling of RO System 

Avlonitis et al [13], Geraldes et al [10] and 
Hoek et al [1] developed and proposed 
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mathematical models for the RO systems based 
on the assumption that the spiral wound modules 
have flat feed channels because the radius of the 
module is much bigger than the thickness of the 
feed channels. The width, length, and height of 
the channel are W, L, and h, respectively as 
shown in Figure (1). In addition, the pressure loss 
in the permeate channels was negligible [10]. 

Osmotic pressure occurs due to the 
difference in the solute concentration between the 
feed and the permeate channels.  In the RO 
process, a pressure larger than the osmotic 
pressure to first stop and then reverse the flow of 
water is applied. The difference between the 
applied pressure and the osmotic pressure is the 
net driving force [14, 15]. 

Net Driving Force =  (∆𝑷𝑷 − ∆𝝅𝝅°)                (1) 
Where ΔP = difference in the applied 

pressure; and Δπo = difference in osmotic 
pressure. 

According to the assumptions of 
incompressible and ideal solution behavior, the 
equation of the osmotic pressure, π˚ in dilute 
solutions can be derived by using the 
concentration and temperature of the solution. In 

addition, for the high concentrated solution, 
osmotic pressure coefficient, Øc, which is related 
to the nature and the concentration of the 
substance (solute) is considered in Eq. (2) [16, 
17]. 
𝜋𝜋° = ∅𝑐𝑐

𝑛𝑛
𝑉𝑉𝑚𝑚
𝑅𝑅𝑅𝑅                                              (2) 

Where, Øc = osmotic pressure coefficient 
(for seawater, it ranges from 0.85 to 0.95) [17]; n 
= number of moles of solute; Vm = molar volume 
of water; R= universal gas constant (0.083145 
bar/mole.K); and T= absolute temperature 
(T◦C+273).  

Using Eq. (3) which was developed by 
Geraldes et al [10], water flux rate or solvent 
permeate flux, 𝐹𝐹𝑤𝑤𝑜𝑜, can be calculated as follows: 

𝐹𝐹𝑤𝑤𝑜𝑜 =  𝑊𝑊𝑝𝑝�𝑃𝑃 − 𝜋𝜋𝑚𝑚+𝜋𝜋𝑝𝑝�                          (3) 
Where Wp = water permeability coefficient, 

which considers temperature and the 
characteristics of the membrane and the solute; P 
= applied pressure; πm = osmotic pressure in the 
feed channel; and πp = osmotic pressure in the 
permeate channel. 

 

 
Figure 1: Diagram of the flat channels of spiral wound module. 

 
However, Eq. (4) [16] was used to find the 

solvent permeate flux through the membrane, 𝐹𝐹𝑤𝑤𝑜𝑜 
in this study. 

𝐹𝐹𝑤𝑤𝑜𝑜 =  
𝐷𝐷𝑙𝑙,𝑤𝑤
𝑜𝑜 𝐶𝐶𝑤𝑤𝑉𝑉𝑚𝑚
𝑅𝑅𝑅𝑅𝛿𝛿𝑚𝑚

(∆𝑃𝑃 − ∆𝜋𝜋°)                   (4) 
Where 𝐷𝐷𝑙𝑙,𝑤𝑤𝑜𝑜 = effective diffusion coefficient 

of water through the membrane; 𝐶𝐶𝑤𝑤= water 
concentration in the membrane which is provided 
by the manufacturer; and 𝛿𝛿𝑚𝑚= membrane 
thickness. Eq. (4) indicates that the solvent 
permeate flux, 𝐹𝐹𝑤𝑤𝑜𝑜 and the thickness of the 
membrane, 𝛿𝛿𝑚𝑚 are clearly correlated.  In other 
words, solvent permeate flux decreases by 
increasing membrane thickness [16]. 

From Eqs. (3) and (4), water permeability 
coefficient, 𝑊𝑊𝑝𝑝, can be found according to the 
following equation: 

𝑊𝑊𝑝𝑝 =
𝐷𝐷𝑙𝑙,𝑤𝑤
𝑜𝑜 𝐶𝐶𝑤𝑤𝑉𝑉𝑚𝑚
𝑅𝑅𝑅𝑅𝛿𝛿𝑚𝑚

                         (5) 

Eq. (6) estimates solute flux through the 
membrane, 𝐹𝐹𝑖𝑖𝑜𝑜, which is occurred due to the high 
solute concentration difference across the 
membrane [1, 10, 13, 18]. 

𝐹𝐹𝑖𝑖𝑜𝑜 =  𝐾𝐾𝑝𝑝�𝐶𝐶𝑚𝑚 − 𝐶𝐶𝑝𝑝�                   (6) 
Where Cm = solute concentration in the feed 

side; Cp = solute concentration in the permeate 
side; Kp = solute permeability of the membrane 
which can be calculated from Eq. (7) [18]. 

𝐾𝐾𝑝𝑝 =  
𝐷𝐷𝑙𝑙,𝑖𝑖
𝑜𝑜 𝐾𝐾𝑑𝑑
𝛿𝛿𝑚𝑚

                                       (7) 
In Eq. (7), 𝐷𝐷𝑙𝑙,𝑖𝑖𝑜𝑜  = effective diffusion 

coefficient of solute through the membrane; and 
𝐾𝐾𝑑𝑑 = solute distribution coefficient which is 
usually constant for each membrane by the 
manufacturer. Thus, Eq. (6) can be written in 
terms of concentration of the solutions, 𝐶𝐶𝑖𝑖 on 
either side of the membrane [16]. 

𝐹𝐹𝑖𝑖𝑜𝑜 =  
𝐷𝐷𝑙𝑙,𝑖𝑖
𝑜𝑜 𝐾𝐾𝑑𝑑∆𝐶𝐶𝑖𝑖
𝛿𝛿𝑚𝑚

= 𝐾𝐾𝑝𝑝∆𝐶𝐶𝑖𝑖                             (8) 
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In addition, solvent permeate flux and solute 
flux through the membrane can be found by the 
formula; 

𝐹𝐹𝑤𝑤𝑜𝑜 =  𝑄𝑄𝑝𝑝𝜌𝜌𝑤𝑤
𝐴𝐴𝑚𝑚

  𝑜𝑜𝑜𝑜   𝐹𝐹𝑖𝑖𝑜𝑜 =  𝑄𝑄𝑝𝑝𝐶𝐶𝑝𝑝
𝐴𝐴𝑚𝑚

                      (9) 
Where 𝑄𝑄𝑝𝑝 = volumetric flow rate of the 

permeate; 𝐴𝐴𝑚𝑚 = cross section area of the 
membrane; and 𝜌𝜌𝑤𝑤 = water density. 

Solute rejection, 𝑅𝑅𝑖𝑖°, defined in Eq. (10), is 
the difference of the solute concentrations 
between the feed channel and permeate channel 
[11].  

𝑅𝑅𝑖𝑖° = �1 + 𝐾𝐾𝑝𝑝𝐶𝐶𝑤𝑤𝑝𝑝
𝑊𝑊𝑝𝑝(∆𝑃𝑃−∆𝜋𝜋°)

�
−1

                         (10) 

Where 𝐶𝐶𝑤𝑤𝑝𝑝 = concentration of water in the 
permeate. 

The accumulation of the rejected solute or 
salt on the membrane surface in the feed side 
results in higher concentration of the solute than 
the one in the feed channel (solution bulk). This 
leads to the concentration polarization phenomena 
which is an indicator for the membrane fouling. 
Concentration polarization factor, CP, can be 
calculated from Eq. (11) [1, 16]. 

𝐶𝐶𝑃𝑃 = 𝐶𝐶𝑖𝑖𝑚𝑚
𝐶𝐶𝑖𝑖𝑖𝑖,𝑀𝑀

= 1.333𝑒𝑒𝑒𝑒𝑒𝑒 �
�𝐹𝐹𝑤𝑤

𝑜𝑜
𝜌𝜌𝑙𝑙� �

0.75VF
�2
𝑓𝑓
� 𝑆𝑆𝑆𝑆2 3� �    (11) 

Where 𝐶𝐶𝑖𝑖𝑚𝑚= solute concentration at the 
membrane surface; 𝐶𝐶𝑖𝑖𝑐𝑐,𝑀𝑀 = solute concentration in 
the feed channel; VF = average velocity in the feed 
channel;  𝜌𝜌𝑙𝑙 = solution density in the feed 
channel; and 𝑓𝑓 = Fanning friction factor which is 
equal to (16/Re) in the round tube and (14.227/Re) 
in the square channel. Re = Reynolds number 
which can be found by Eq. (12). Sc = Schmidt 
number which can be calculated by Eq. (13) [10]. 

𝑅𝑅𝑒𝑒 = 𝜌𝜌𝑙𝑙𝑉𝑉𝐹𝐹𝑑𝑑𝐻𝐻
𝜇𝜇

                                          (12) 

𝑆𝑆𝑆𝑆 = 𝜇𝜇
𝜌𝜌𝑙𝑙𝐷𝐷𝑙𝑙,𝑖𝑖

𝑜𝑜                                               (13) 

In the last two equations, µ = dynamic 
viscosity of the solution in the feed channel and 
dH = the feed spacer equivalent diameter.  

 
3. Results and Discussions 
The previous equations were used to 

simulate a model of spiral-wound reverse osmosis 
membrane system by using Microsoft Excel. The 
parameters used in this simulation are listed in 
Table (1). Some of the parameters in Table (1) 
were assumed according to the specifications of 
the membrane module which are determined by 
the manufacturers. For example, feed spacer 
height, feed spacer equivalent diameter, 
membrane length and membrane width were 
determined according to the properties of the 
Module FilmTec SW30HR-380a [10]. One leaf of 
RO membrane was assumed in this simulation; 
therefore, both volumetric flow rate in the feed 
and the permeate channels were assumed to be 
low. Other parameters were determined according 
to the typical values (osmotic pressure coefficient, 
Øc, for example was assumed to be 0.92) [17] or 
by using the equations which were mentioned in 
section 2.  Since RO membrane is better in 
rejecting divalent ions than monovalent ions and 
sodium chloride is a common measurement 
standard [12], the feed solution was assumed to 
have sodium chloride only. This assumption 
seems to be reasonable because the concentration 
of the sodium chloride in the sea water is very 
high compared to the other elements [2]. 

 
Table 1: Parameter values for model simulation. 

 
 

In this simulation, first, the effect of 
increasing sodium chloride concentration (1000 - 
30000 mg/L) on the osmotic pressure across the 
membrane was investigated according to Eq. (2). 
The results revealed, as shown in Figure (2), that 
the difference in osmotic pressure increased from 
0.766 to 22.987 bar. The total increase of the 
osmotic pressure was about 97%. Owing to the 
increase of osmotic pressure across the 

membrane, the net driving force for permeate 
through the membrane is decreased. Thus, more 
driving pressure needs to be applied to balance 
the deficit. 

In addition, as a result of increased solute, 
the salt concentration at the surface of the 
membrane, according to Eq. (6), increased from 
0.98 to 29.98 mg/cm3 as illustrated in Figure (3) 
and hence increasing membrane fouling which 
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can decline the product by reducing the available 
filtration area. 

In terms of solute mass transfer coefficient, 
𝐷𝐷𝑙𝑙,𝑖𝑖𝑜𝑜 , and effective coefficient diffusion of water 
through the membrane, 𝐷𝐷𝑙𝑙,𝑤𝑤𝑜𝑜 , both coefficients are 
increased by changing the concentration of the 
sodium chloride to high values. Figure (4) 
displays that range of the variation of solute mass 
transfer coefficient is larger than the range of the 
effective coefficient diffusion of water. 

The results showed that the solute mass 
transfer coefficient increased from 3.63 × 10-4 to 
6.62 × 10-4 m/sec, while the effective coefficient 
diffusion of water increased from 1.42 × 10-4 to   
2.58 × 10-4 m/sec. The results indicated   that both 
solvent and solute coefficients, which are mostly 
provided by the manufacturer, are not constant 
when the concentration of the feed water is 
dramatically increased. As previously mentioned, 
by increasing the osmotic pressure, more netting 
driving pressure needs to be applied which results 
in  pushing  more solute and solvent through the  
membrane . The increase of the solute inside the 
membrane may result in changing its properties or 
will lead to a deterioration of the permeate quality 
[19]. 

Concentration polarization has an important 
role in enhancing membrane osmotic pressure and 
surface fouling [20]. Concentration polarization 
factor (CP) was calculated by using Eq. (11) and, 
then, plotted versus the variation of salt 
permeation coefficient as illustrated in Figure (5). 
According to Figure (5), concentration 
polarization factor increased by increasing salt 
permeation coefficient (Kp) as a consequence of 
changing sodium chloride concentration. The 

increase in salt permeation coefficient from 9.28 
× 10-5 to 5.59 × 10-5 m/sec resulted in a dramatic 
increase in concentration polarization factor from 
1.594 to 1.722 which accounts to about 88%. The 
rapid growth in the CP reflected the increase in 
the concentration of sodium chloride from 5000 
to 30000 mg/L. This indicated that the 
concentration polarization at low solute 
concentrations is not significantly affected. In 
other words, concentration polarization may not 
be the only predominant role of membrane 
fouling in the RO system when low salt 
concentration water is used as a feed water such 
as brackish water. However, at high solute 
concentration, concentration polarization is still as 
a major character of membrane surface fouling. 
Finally, changing the applied pressure versus 
increasing the salt concentration in the feed flux 
and their effect on the water permeation 
coefficient was investigated in this simulation by 
using Eq. (5). Figure (6) displays that water 
permeation coefficient significantly varies with 
applied pressure from 30 to 50 bars in the high 
concentration of sodium chloride. The range of 
this coefficient is limited in the range of 0.004 to 
0.01 when the applied pressure is more than 60 
bars. The high water permeation coefficient 
(larger than 0.01) for the low applied pressure, 
which falls in the range of 30 to 50 bars, 
attributed to the increase of the product. At higher 
applied pressure (more than 50 bars), water 
permeation coefficient was kept lower than 0.01. 
High pressure enhances the built up of the salt on 
the membrane surface and consequently decreases 
salt rejection and permeate flux as reported by 
[19]. 

 

 
Figure 2: Osmotic pressure across the membrane versus sodium chloride concentration. 
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Figure 3: Salt concentration at the surface of the membrane versus sodium chloride concentration. 

 
Figure 4: Variation of solute mass transfer coefficient and effective coefficient diffusion of water versus 
sodium chloride concentration. 

 
Figure 5: Variation of concentration polarization factor versus salt permeation coefficient. 
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Figure 6: Variation of water permeation versus changing both of applied pressure and concentration of 
sodium chloride. 

 
4. Conclusion 

The aim of this study was to investigate the 
parameters that affect membrane fouling by using 
mathematical models. The results showed that the 
osmotic pressure across the membrane is 
significantly influenced by increasing the 
concentration of the solute in the feed flux. In 
addition, the results confirmed that concentration 
polarization provides a good indication about the 
formation of the fouling layer at the membrane 
surface and consequently permeate decline.  
Moreover, both solute and water diffusion 
coefficients through membrane were affected by 
changing the solute concentration in the feed 
channel.  This indicates   that these coefficients, 
which are mostly provided by the manufacturer, 
may be varied when the concentration of the feed 
water is dramatically increased. Finally, for high 
pressure, water permeation coefficient is slightly 
increased by increasing the solute concentration. 
However, at lower applied pressure, the change in 
the water permeation coefficient was obvious. It 
is recommended to experimentally study the 
effect of varying both the applied pressure and the 
solute concentration on the permeate flux and the 
salt rejection in the same ranges done in this 
study. 

 
Nomenclature 
QF 

Volumetric flow rate in the feed channel 
(cm3/sec) 

Ci 
Solute concentration in the feed channel 
(mg/L) 

Qp 
Volumetric flow rate in the product channel 
(cm3/sec) 

Cp 
Solute concentration in the feed channel 
(mg/L) 

Φc Osmotic pressure coefficient (Dimensionless) 
n Number of mole of the solute 
Vm Molar volume of water (L) 
R Universal gas constant (L.bar/mole.K) 
T Absolute temperature (T◦C+273) = (oK) 

MW Molecular weight of the solute (Sodium 
Chloride) (mg/mole) 

ρl 
Density of liquid (seawater density, 35% 
salinity) (g/cm3) 

ΔP Difference in the driving pressure cross the 
membrane (bar) 

Fw 
Solvent permeate flux through membrane 
(g/cm2.sec) 

A Section area of the membrane (cm2) 
δm Thickness of membrane (cm) 
δw Membrane width (cm) 
h Feed channel height (cm)  
Wspacer Feed spacer width (cm) 
Lspacer Effective feed spacer length (cm) 
dH Feed spacer equivalent diameter (cm) 
VF Average velocity in the feed channel (cm/sec) 

μ Dynamic viscosity of the solution in the feed 
channel (mg/cm.sec) 

υ Viscosity of the solution in the feed channel 
(cm2/sec) 

 
References 
[1]  Hoek, E. M. V., Allred, J., Knoell, T. and 
Jeong, B. H. (2008). “Modeling the effects of 
fouling on full-scale reverse osmosis processes.” 
Journal of Membrane Science, 314, 33–49. 
[2]  Cotruvo, J., Voutchkov, N., Fawell, J., 
Payment, P., Cunliffe, D., and Lattemann, S. 
(2010). Desalination technology: health and 
environmental impacts, International Water 
Association (IWA) Publishing, London, UK. 
[3]  Tran, T., Bolto, B., and Gray, S. (2007). 
“An autopsy study of a fouled reverse osmosis 
membrane element used in a brackish water 
treatment plant.” Water Res. 41, 3915. 
[4]  American Water Works Association 
(AWWA). (2005). “Committee Report: Recent 
advances and research needs in membrane 
fouling” Journal of American Water Works 
Association (AWWA), 97(8), 79-89. 
[5]  Malaeb, L. and Ayoub, G. M. (2011). 
“Reverse osmosis technology for water treatment: 
State of the art review.”  Desalination, 267, 1 -8. 
[6]  Kucera, J. (2010). “Reverse osmosis 
industrial applications and processes.” John Wiley 

869 
 



NJES Vol.20, No.4, 2017                                               Sachit, pp.864-870 
 

and Sons, Inc. Hoboken, New Jersey and 
Scrivener, LLC, Salem, Massachusetts. 
[7]  Tran, T., Bolto, B., Gray, S., Hoang, M. 
and Ostarcevic, E. (2007). “An autopsy study of a 
fouled reverse osmosis membrane element used in 
a brackish water treatment plant.”  Water 
Research, 41, 3915–3923. 
[8]  Greenlee, L. F., Lawler, D. F., Freeman, B. 
D. Marrot, B.  and Moulin, P. (2009) “Reverse 
osmosis desalination: Water sources, technology, 
and today’s challenges.” Water Res., 43, 2317–
2348. 
[9]  Amiri, M.C. and Samiei, M. (2007). 
“Enhancing permeate flux in a RO plant by 
controlling membrane fouling.” Desalination 207, 
361–369. 
[10]  Geraldes, V., Pereira, N. E. and de Pinho, 
M. N. (2005). “Simulation and optimization of 
medium-sized seawater reverse osmosis processes 
with spiral-wound modules” Ind. Eng. Chem. 
Res. 44, 1897-1905. 
[11]  Jamal, K., Khan, M. A., and Kamil, M. 
(2004). “Mathematical modeling of reverse 
osmosis systems.” Desalination, 160 (29-42). 
[12]  Hessami, M. A., Hall, N. and Robb, A. 
(2009). “An overview of reverse osmosis water 
desalination and the solution diffusion 
mathematical model.” ASME International 
Mechanical Engineering Congress and 
Exposition, IMECE 2009-1559, November 13-19, 
Lake Buena Vista, Florida, USA P67-75. 
[13]  Avlonitis, S., Hanbury, W. T. and 
Boudinar, B. M. (1993). “Spiral Wound Modules 

Performance: An Analytical SolutionsPart II.” 
Desalination, 89, 227-246. 
[14]  Song, L., Hong, S., Hu, J. Y., Ong, S. L. 
and Ng, W. J. (2002). “Simulations of Full-Scale 
Reverse Osmosis Membrane Process.” Journal of 
Environmental Engineering, 128(10), 960-966. 
[15]  Viessman, W., Hammer, M. J., Perez, E. 
M., and Chadik, P. A. (2009). “Water supply and 
pollution control.” 8th Edition, Pearson 
Education, Inc. Upper Saddle River, NJ. 
[16] Weber, W. J. (1972). Physicochemical 
processes for water quality control, 1st Ed., 
Wiley, New York. Ch. 7. Membrane processes, 
p(307-362). 
[17]  Davis, M. L. (2011). “Water and 
wastewater engineering: design principles and 
practice.” McGraw-Hill Companies, Inc. New 
York, NY. 
[18]  Geise, G. M., Park, H. B., Sagle, A. C., 
Freeman, B. D., and McGrath, J. E. (2011). 
“Water permeability and water/salt selectivity 
tradeoff in polymers for desalination.” Journal of 
Membrane Science, 369, 130–138. 
[19]  Abbas, A. (2005). “Simulation and 
analysis of an industrial water desalination plant.” 
Chemical Engineering and Processing, 44, 999-
1004. 
[20]  Kim, S. and Hoek, E. M. V. (2005). 
“Modeling concentration polarization in reverse 
osmosis processes.” Desalination, 186, 111-128. 
 

 

تأثیر بعض المتغیرات على ترسیب الأملاح على الأغشیة باستخدام المعادلات الریاضیة 
  لنماذج تقنیة التناضح العكسي باستخدام الاغشیة

 
 داود عیسى ساجت

 البیئـةھندسة  قسم
 الجامعة المستنصریة

 
 الخلاصة

من قبل العدید من الباحثین. في ھذه ا  تم تطویر العدید من المعادلات الریاضیة التي تمثل تقنیة التناضح العكسي باستخدام الأغشیة 
الأغشیة. من ھذه العوامل الضغط  لدراسة تأثیر تغییر العناصر التي تؤثر على كفاءة عمل ھذه النماذج الریاضیة  بعض لدراسة ، تم استخدام

التناضحي عبر الغشاء، تركیز الأملاح على سطح الغشاء، معامل مرور الأملاح عبر الغشاء، معامل كفاءة عبور الماء خلال الغشاء ومعامل 
كذلك تم  .نظومة الأغشیةاستقطاب الأملاح على طرفي الغشاء. تم فرض كلورید الصودیوم ھو الملح الوحید الموجود في الماء الداخل الى م

ركیز دراسة تأثیر تغییر الضغط المسلط على الاغشیة مقابل زیادة تركیز الأملاح على إنتاجیة الغشاء من الماء المار. النتائج أظھرت تأثیر ت
  .الاستقطاب عالي على انسداد الاغشیة وبالتالي انخفاض الماء المار من خلال الغشاء
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