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ABSTRACT

Several papers deal with membrane distillation of seawater and mainly focus on the choice
of membranes and comparison of this technique with other desalination techniques, but
there are very few studies that quantitatively estimate the potential of this technology
coupled with solar energy. The objective of this work is to develop a model describing the
operation of a desalination membrane powered by solar energy. This model determines the
performance of the unit over time and for any day of the year. This model is established
from the balance equations of mass and heat on the different units (membrane, exchanger,
condenser, and field of solar collectors). The model is used to evaluate the evolution of the
distillate flow rate and temperature changes for different flows. The model also allows to
estimate the productivity of the unit during the year. The simulation of the operation of the
unit shows that the daily production of distilled water is between 63 and 188 kg/m2 for the
days of 21 December and 21 June.
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1. Introduction

Tunisia is located on the southern rim of the Medi-
terranean basin. Like its neighbor countries, it is
confronted by a problem of fresh water shortage [1]. In
fact, it has very limited water resources and has a high
degree of salinity, aggravated by a large spatial and
temporal disparity between southern and northern
parts, and fluctuations from one year to another [2].

Tunisia has mobilized a large proportion of its
water resources (surface and underground waters)
using dams, transport aqueducts, small lakes, deep
wells, and desalination plants. For big cities and
large-scale agglomeration, the problem of fresh water
is currently resolved. In remote rural communities,
the problem of drinking water remains unresolved.

Desalination using solar energy coupled with mem-
brane technology is considered an attractive alternative
to the production of drinking water especially in rural
and arid areas. On the other hand, Tunisia offers great*Corresponding author.
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opportunities for the development of solar applications
through the exploitation of solar energy. And because
of its geographical location, Tunisia has one of the high-
est solar radiations in the world [3].

The crisis of drinking water announced for the
coming years raises the interest of rapid development
of desalination technologies cheaper, simpler, more
robust, more reliable, and less energy intensive and
environmentally friendly. In this context and as part
of the European project MEDINA (Membrane-Based
Desalination: An Integrated Approach, Project No:
036997), we have designed and realized a membrane
distillation (MD) unit coupled with solar energy. The
installation is completely autonomous; indeed, the
only energy source is the sun. The electrical energy
required to operate the plant is produced by means of
a field of photovoltaic cells with a peak power of
2.1 kW. The heating of seawater is provided by a field
of flat solar collectors with a total area of 70m2.

MD is a hybrid of thermal distillation and mem-
brane processes. This process employs a hydrophobic
microporous membrane to support a vapor–liquid
interface. Generally, the transport mechanism of MD
can be summarized in the following steps:

• Evaporation of water at the warm feed side of
the membrane.

• Migration of water vapor through the nonwett-
ed pores.

• Condensation of water vapor transported at the
permeate side of the membrane.

Regarding the vacuum membrane distillation
(VMD), the vapor is withdrawn by applying a
vacuum on the permeate side. The permeate-side
pressure is lower than the saturation pressure of the
evaporating species and the condensation of the per-
meate takes place outside the module. The diffusion
of the vapor through the membrane pores is made
according to a Knudsen mechanism [4,5]. Permeate
condensation takes place outside the module, inside a
condenser, or a trap containing liquid nitrogen.

The MD technique holds important advantages
with regard to the implementation of solar-driven
stand-alone operating desalination systems [6–8]. The
most important advantages are:

• The operating temperature of the MD process is in
the range of 60–80˚C. This is a temperature level at
which thermal solar collectors perform well.

• Chemical feed water pretreatment is not necessary.
• Intermittent operation of the module is possible.
• Contrary to RO, no damage occurs if

membranes dry out [9].

• System efficiency and high product water qual-
ity are almost independent from the salinity of
the feed water.

2. Principle of functioning

The choice of unit design and dimensions of its
components is the result of work carried out in the
project MEDINA. These studies allowed to compare
the performance of different configurations (mem-
brane module integrated within the absorber, module
separated from the solar collector …) and to design
the various organs of the plant chosen [10,11].

The unit was installed in the village of orphaned
children (SOS MAHRES). This is a set of houses
located close to the city of Mahres in the region of
Sfax. This is a nongovernmental social, care, and
foster care of children without family support. It was
created in 1949 to improve the living conditions of
children in distress. There are currently 13 family
houses, a playground, a kids club, shops and services,
and domestic appliances. The capacity is 104 children:
8 children per family home.

Fig. 1 shows the desalination plant and various
instrumentation and control regulation.

The main components of desalination plant are:

• A membrane module: (UMP 3247 R) with 806
fibers (PVDF) with an internal diameter of
1.4mm. This module has a length of 1.129m
and offers a total area of 4m2.

• Field of solar collector (seven rows and five col-
lectors in series, total area: 70m2).

• Field of solar photovoltaic modules (16 mod-
ules, peak power: 2.1 kW).
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Fig. 1. Design of the solar VMD desalination plant.
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• Flow pump ensuring the supply of seawater
(Flow up to 2,500 l/h, power: 1 kW).

• Circulator pump circulates the coolant in the
collector field (power: 0.5 kW).

• Peristaltic pump used for the recovery the distil-
late product (power: 0.5 kW).

• Plate heat exchanger with 27 titanium plates
and offering an exchange area of 1.08m2 (maxi-
mal power of heat exchange: 26 kW).

• Condenser used for the condensation of the
steam produced.

• Instrumentation and control regulation.
• Mixing tank (volume: 80 L).
• Tank of fresh water production (volume: 2m3).

In the proposed flow sheet (Fig. 1), the coolant
fluid out of the field of solar collectors is routed to the
heat exchanger to provide heat to the seawater at the
inlet of membrane module.

The temperature of seawater at the outlet of the
heat exchanger should not exceed 75˚C for the struc-
ture of membranes cannot resist high temperatures
that can cause an alteration of their mechanical
strength.

The salinity of the supply of the membrane is
controlled by a conductivity meter placed at the inlet
of the membrane module. The salinity must not
exceed a maximum permitted level in order to limit
membrane fouling. If the maximum level of salinity
is not exceeded, retentate exiting the membrane mod-
ule is sent to the exchanger and is mixed with an
addition of preheated seawater. If the maximum level
is exceeded, the retentate will be rejected and rete-
nate feeding the membrane module is made from the
mixing tank.

The amount of vapor produced supplies the
condenser. After condensation, a peristaltic pump
mounted downstream of the condenser ensures the
delivery of production of desalinated water. The
condensation of vapor produced preheats the flow
of seawater supplementary. A level switch installed
on the tank controls the flow of seawater supple-
mentary through a solenoid valve. The flow of
seawater to the input of the condenser is of the
order of 3,000 l/h.

3. Modeling

With the aim to simulate the operation of the
unit, a model describing the functioning of the com-
ponents, including the solar collector, heat exchanger
plate, and the membrane module unit, has been
developed.

3.1. Dynamic modeling of the solar collector

The most important element in the solar collector
is the absorber plate. The energy release is captured
by passing a heat transfer fluid in a tube in contact
with the metal surface (Fig. 2).

The solar radiation reaches the absorber after
passing through the glass. This incident solar
energy absorbed is not entirely transmitted to the
fluid, because a part of it is dissipated as heat loss
from the absorber and the glass, on the one hand,
and the glass and the ambient medium on the
other.

It is assumed that the flow is divided equally into
seven cascades, each with five collectors and the tem-
perature at the output of a collector is the same as at
the entrance to his successor without considering
losses in the conduits.

The two-temperature model was adopted. This
model considers that the temperature of the absorber
and the fluid are different at every point, it is
assumed that the fluid velocity is uniform [12].

The energy balance on the absorber and the cool-
ant flowing through the tube in contact with the
absorbing surface leads to the following system of
equations.

3.1.1. Absorber

qaccumulated;Ab ¼ qabsorbed � qlost � qused
qAbdVAb CpAb

@TAbðz;tÞ
@t

¼ asEðtÞlAbdz�UlAbdzðTAb � TambÞ
�hFddSðTAb � TFdÞ

8<
:

ð1Þ

3.1.2. Coolant

qaccumulated;Fd ¼ qinput � qoutput þ qused
qFddVFd CpFd

@TFdðz;tÞ
@t

¼ QvqFdCpFdðTFdðz; tÞ � TrefÞ
�QvqFdCpFdðTFdðzþ dz; tÞ � TrefÞ þ hFddSðTAb � TFdÞ

8<
:

ð2Þ

qused: heat flow exchanged by convection between the
absorber plate and the fluid.
dVAb: elementary volume of the absorber

dVAb ¼ SAb dz ð3Þ

dVFd: elementary volume of the coolant

dVFd ¼ Stube;int dz ð4Þ

SAb: area of heat accumulation
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SAb ¼ p
4

ðd2ex � d2inÞ þ lAbe ð5Þ

Stube,int: tube inner area

Stube;int ¼ p
4
d2in ð6Þ

dS: elementary surface of the absorber

dS ¼ p din dz ð7Þ

Qv: flow rate flowing through a tube

Qv ¼ Stube;intvFd ð8Þ

Finally, relations 1 and 2 can be rewritten as:

where fðtÞrepresents the function : fðtÞ ¼ asEðtÞ
U

þ Tamb

ð11Þ

This model will determine the temperature of the
coolant at the exit of solar collector.

3.2. Dynamic modeling of the plate heat exchanger

An energy balance under transient conditions for
each fluid is established. The terms of conduction in
the fluid, the work of pressure forces, and viscous
dissipation effects are neglected. In our case, it is
necessary to solve a system of equations describing

the evolution of the temperature in the compartments
between the 27 plates of the exchanger as well as the
plates themselves.

Fig. 3 helps to clarify this provision. The difficulty
of solving the problem is particularly thermal cou-
pling between the two fluids. In addition, there are no
boundary conditions on both sides of the plate; we
have just the inlet temperatures of the two fluids that
vary over time depending on the solar flux.

The problem comes down to writing the balances
in n compartments. The energy balance applied to the
different compartments is given by:

Hot fluid : ðqFddVCpÞHi

dTHi

dt

¼ _mHiCpHi �dTHi

dx

� �
� hHidSðTwi � THiÞ

� hHidSðTp i�1;i � THiÞ ð12Þ

For the first compartment (i= 1), energy exchange
between the top wall and the fluid is zero.

@TAbðz; tÞ
@t

¼ 1

qAbSAb CpAb

½hFdpdinðTFd � TAbÞ þUlAbðfðtÞ � TAbÞ� ð9Þ
@TFdðz; tÞ

@t
¼ vFd

@TFdðz; tÞ
@z

þ hFd

qFd CpFd
din
4

ðTAb � TFdÞ ð10Þ

8>><
>>:

Fig. 3. Simplified scheme of the heat exchanger. FHi: hot
fluid flowing through a compartment i. FCi: cold fluid
flowing through a compartment i. Twi,Twi,i + 1: wall
temperature in the same block and wall temperature
between two successive blocks.

Fig. 2. Schema of the absorber.
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Cold fluid : ðqdVCpÞCi
dTCi

dt

¼ _mCiCpCi �dTCi

dx

� �
� hCidSðTCi � TwiÞ

� hCidSðTCi � Twi;iþ1Þ

For the last compartment (i= n), the exchange of
energy between bottom wall and the fluid is zero.With
qFd, the density of the fluid and hC and hF are, respec-
tively, the exchange coefficients side cold fluid and
hot fluid side.

For a plate separating the two fluids in the same
compartment (Tpi):

ðqplatedVCpplateÞi
dTwi

dt
¼ hCidSðTCi � TwiÞ

� hHidSðTwi � THiÞ ð14Þ

For a plate between two compartment Tpi,i + 1:

ðqplatedVCpplateÞi;iþ1

dTwi;iþ1

dt

¼ hHiþ1dSðTwi;iþ1 � THiþ1Þ � hCidSðTCi � Twi;iþ1Þ ð15Þ

Thus our case, the exchanger consists of 27 plates
(m= 27) corresponding to 14 compartments (n= (m+ 1)/
2= 14). The resulting model has 55 equations (4n� 1).

3.3. Dynamic modeling of hollow fiber membrane

To establish a model that determinates the temper-
ature of the retentate and the vapor produced and the
flow of permeate and retentate, we propose to
perform a heat and matter balance on an elementary
volume dV. For a given fiber, when the feed liquid
flows through the elementary volume dV, a quantity
of water evaporates and thus the flow of water to be
treated decreases and the water temperature varies.
So, there is a simultaneous transfer of mass and heat.
The module configuration studied is internal–external:
the feed fluid flows inside the fibers. Depression is
applied to the outside of the fibers and the permeate
flow is directed from inside the fibers out. Fig. 4
illustrates an element of volume in the fiber mem-
brane module.

For the calculation of energy balance, the following
assumptions were taken into account:

• The radial propagation of heat is negligible and,
therefore, all fibers will be at the same tempera-
ture for the same side z.

• The transfer of water molecules in the gas phase
through the pores of the membrane by the
Knudsen diffusion mechanism [13,14].

• The coefficient of permeability of the membrane
km (Knudsen permeability) is a function of tem-
perature at the interface of the membrane (Ti)
and can be expressed as follows [15]:

km ¼ km0 T
0;5
i ð16Þ

• The saturated vapor pressure Ps can be
expressed using the equation of Antoine [16]. Ps

is in Pa and the temperature Tz is in Kelvin.

Ps ¼ exp A1 � A2

Tz � A3

� �
with A1 ¼ 23:1964

A2 ¼ 3816:44 A3 ¼ 46:13

ð17Þ

The flux density of water vapor through the inter-
nal interface membrane-water (kg s�1m�2) is described
by the following equation:

Jv ¼ km½Ps � Pvacuum� ð18Þ

The balance under transient conditions applied to
a fiber in a volume element dV can be written as fol-
lows:

_mfeed;zCplðTz � TrefÞ ¼ _mfeed;zþdzCplðTzþdz � TrefÞ
þ ð _mfeed;z � _mfeed;zþdzÞLv

þ qldVCpl
dðTz � TrefÞ

dt
ð19Þ

By performing a mass balance, the distillate flow
rate produced between z and z+ dz is:

d _mdist ¼ Jv dS ¼ Jv ðnfib p dfib dzÞ ð20Þ
Given that d _mdist;z ¼ �d _mfeed;z we can write:

Fig. 4. Volume element of a hollow fiber.
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d _mfeed

dz
¼ �nfib p dfib Jv ð21Þ

With Jv ¼ km0 T
�0:5
z exp A1 � A2

Tz � A3

� �
� Pvacuum

� �

ð22Þ
With nfib is the number of fibers, dfib is the diameter of

a fiber, dz is the element of length, and dS is the elemen-
tary surface of the membrane relative to the volume dV.

By combining the two balance equations, the final
equation describing the evolution of the temperature
of the retentate over time and space is obtained:

dTz

dt
¼ �vfeed

dTz

dz
� 4Jv
ql dfibCpl

½CplðTref � TzÞ þ Lv� ð23Þ

vfeed represents the velocity of seawater:

vfeed ¼ _mfeed

ql nfib
p d2

fib

4

� � ð24Þ

Solving the differential equation will determine the
amount of distillate produced and the temperature of
the liquid to each element of fiber length and thus the
temperature at the exit of the membrane module.

_md ¼
Z L

0

nfib p dfibkm0 T
�0;5
z exp A1 � A2

Tz � A3

� �
� Pvacuum

� �
dz

ð25Þ

3.4. Resolution method

There are several ways to solve a system of partial
differential equations nonlinear. In our case, the
regressive method of finite differences was used. The
method consists in discrediting the equations in order
to have a matrix that contains the terms of the system.
This matrix is solved by the iterative method of Gauss
Seidel. Three simulation programs were developed on
the calculation software MATLAB.

4. Experimental validation and model runs

The models developed describe the operation of
the collector field, the plate heat exchanger, and the
membrane module. The results mainly concern the
variation of different temperatures over time and
space, and the daily production of distillate.

4.1. Experimental validation

The experimental validation is an essential step for
evaluating the performance of the model and its

exploitation. To test the validity and quantify varia-
tion between model and experiment, we calculated
the average error and the mean temperature differ-
ence, why we used the following two equations:

Average error : Eraverage ¼ 1

nt

Xnt
i¼1

jTexp;i � Tmod;ij
Texp;i

ð26Þ

Average temperature difference :

DT ¼ 1

nt

Xnt
i¼1

jTexp;i � Tmod;ij ð27Þ

The comparison between the experimental temper-
ature profiles and those obtained by simulation for
several days shows that the three established models
describe well the experiment. In effect, the calculated
deviation of the tests performed on the heat exchanger
does not exceed 8.2% and the average difference in
temperature is 4˚C.

As an example, Figs. 5 and 6 present a comparison
of model results (fields of solar collectors and heat
exchanger) and the experimental results:

The temperature profiles of the coolant and the
feed water are relatively smooth. These temperatures
depend only on the measured solar flux, the feed flow
rate, and the coolant flow rate. These flow rates are
maintained constant and the 9 June was a sunny day
(the solar flux was regular).

It is noted that the temperature of the seawater at
the outlet of the heat exchanger is close to the maxi-
mum allowable temperature of the membrane (75˚C).

Fig. 5. Comparison of experimental and calculated
temperatures at the outlet of the solar collector fields. Day:
9 June 2011, flow of coolant _mcoolant = 770 kg/h, flow of cold
fluid _mfeed = 1,200 kg/h.
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A system for regulating the inlet temperature is cru-
cial for the protection of the membrane. Such a system
will be used to control the flow rate of seawater sup-
plementary and the retentate flow rate rejected.

Regarding the heat exchanger, the difference is
about 3.2% for the temperatures of hot fluid and does
not exceed 1% for the cold fluid temperatures.

Fig. 7 shows an example of comparison between
the variations of distillate flow rate determined
experimentally and calculated by the model. The
simulation results are obtained using as input the real
data measured experimentally. These data are the
water temperature at the inlet of the module, the feed
flow rate, and the vacuum pressure.

Experimentally, it is very difficult to maintain a con-
stant vacuum pressure along the manipulation, indeed
the pressure varies between 10,000 and 15,000Pa. Fluc-
tuations in the vacuum pressure have led to a not
smooth profile of the permeate flow rate. The quantity
of permeate produced depends on the temperature of
the fluid feeding the membrane (Eq. (22)). Indeed, the
increase in the temperature allows, on the one hand, to
improve the permeability (Eq. (16)) and secondly, to
increase the pressure gradient on either side of the
membrane (Eqs. (17) and (18)). The temperature of sea-
water at the inlet of membrane evolves along the time
following the solar flux. The production begins when
the required level of temperature is reached and also
follows the evolution of the solar flux. Maximum per-
meate flow rates are obtained in the middle of the day:
this is the period for which we have the maximum radi-
ation levels and, therefore, the highest temperature at
the inlet of the membrane module.

For all manipulations performed, the difference
between the flow rate of distillate obtained experimen-
tally and that estimated by the model is about 15%.
These relatively large differences between the experi-
ment and simulation are due to disturbances in the vac-
uum pressure applied. On the other hand, this
difference can be justified by the change in permeability
during the manipulation to the accumulation of salt on
the membrane surface, something that affects the poros-
ity of the membrane. The Knudsen permeability of the
membrane at 20˚C is 1.92� 10�6 smol0.5 kg�0,5m�1

which corresponds to km0 = 1.505� 10�8 sm�1 K�0,5.

4.2. Simulation of the operation of the installation

The global model is established by taking into
account the accumulation of matter and heat in the
tank. It is assumed that the condensation is complete.

4.2.1. Estimation the solar flux

The density of solar radiation received by the
collector field varies during the day according to a
sinusoidal law [17]:

EðtÞ ¼ Emax sin p
t� tsunrise

tsunset � tsunrise

� �
ð28Þ

Emax, maximum solar flux received by the collector
during the day; tsunrise, time corresponding to sunrise
for a given day; tsunset, time corresponding to sunset
for a given day.

Fig. 6. Temperature profile for the theoretical and
experimental cold fluid. Day: 9 June 2011, flow of coolant
_mcoolant = 770 kg/h, flow of cold fluid _mfeed = 1,200 kg/h.

Fig. 7. Variation of distillate flux against time Day: 9 June
2011, _mcoolant = 770 kg/h, _mfeed = 1,200 kg/h.
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Four typical days representing the four seasons of
the year were chosen: the equinoxes (21 March and 21
September) and solstices (21 June and 21 December).
Fig. 8 shows the variation of solar flux for the four
typical days of the year according to time.

4.2.2. Influence of the vacuum pressure, the feed flow
rate, and the inlet temperature

The global model developed allowed us to
perform a parametric study that quantifies the influ-
ence of different parameters. This study was useful in
selecting appropriate operating conditions. Among the
studied parameters, we include the influence of cool-
ant flow rate, the feed flow rate, and the level of
vacuum applied.

For example, Fig. 9 shows the effect of the vacuum
pressure applied to the flow rate of distillate collected.
It follows from the analysis of these curves that the
distillate flow rate gradually increases at the begin-
ning of the day, reaches its maximum around midday,
and decreases gradually toward the sunset: it, there-
fore, follows the solar flux. The permeate flow rate
increases with the increase of the pressure gradient
which is the driving force of the transfer. Work with
reduced pressures allows the evaporation of seawater
for relatively low temperatures; this makes us increase
the duration of production and especially earn in
terms of daily production. Indeed, production passes
from 48.6 kg at a vacuum pressure of 20,000 Pa to
116.5 kg at a pressure of 5,000 Pa.

Fig. 10 shows the evolution of the distillate flow
rate as a function of feed flow rate. These curves
show that the flow rate of distillate is influenced

by varying the feed flow rate. Distillate flux vary
from 81 to 98 kg/h/m2 for the feed rates 600 and
2,400 kg/h, which represents a gain of 21% of daily
production. This increase is due to the improve-
ment of the transfer of heat and mass in the mem-
brane following the increase of the flow rate of
seawater

The feed flow rate must be sufficient to limit mem-
brane fouling (vfeed[0:5 ms�1). On the other hand,
the choice of an optimal flow rate must result from a
technical and economic study taking into account the
cost of pumping and the influence of flow increases
about the longevity of membranes.

Fig. 8. Evolution of the solar flux based on a typical
year days.

Fig. 9. Variation of the distillate flow rate according to the
vacuum pressure. _mfeed = 1,200 kg/h, _mcoolant = 770 kg/h,
Day: 21 March.

Fig. 10. Variation of the distillate flow rate according to the
feed flow. Pvacuum = 10,000 Pa, _mcoolant = 770 kg/h, Day: 21
March.
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4.2.3. Estimation of productivity

The model describing the functioning of the collec-
tor field allows estimating the evolution of the tem-
perature of the coolant during the day. The model
describing the functioning of the plate heat exchanger
is used to determine the temperature of the water
feeding the membrane. The model describing the
behavior of hollow fiber membrane module was used
to evaluate, instantly and at each position, the steam
and retentate temperatures and the flow rate of distil-
late and estimate the daily production. As an example,
Fig. 11 presents the instantaneous variation of desali-
nated water production for the four typical days of
the year. The flow rate of the distillate gradually
increases at the beginning of the day and it decreases
gradually at the end of the day. Therefore, the pro-
duction reaches its maximum value for 21 June, it is
around 22 kgh�1m�2. The production is almost the
same for both days of the equinox; it is about
17 kg h�1m�2. For the 21 December (winter day), pro-
duction is 10 kgh�1m�2. Production varies in a
remarkable manner throughout the day due to the
variation of solar flux. The daily productivity is
between 63 and 188 kgm�2 for the days of 21 Decem-
ber and 21 June; this corresponds to average flow
rates from 8 to 14 kg h�1m�2 on the basis of the sunny
period of the day.

5. Conclusion

To develop a model describing the functioning of
the desalination plant membrane coupled with solar

energy, we developed three models for the three
essential components of the system: the field of solar
collectors, the membrane module, and the plate heat
exchanger. The models are based on balance equations
of mass and heat under transient conditions on the
three organs. The comparison of experimental tests
with those from the model showed the validity of the
established models. The largest differences are
observed for the model describing the functioning of
the membrane module. Variations in levels of vacuum
applied during manipulation and fluctuations of the
solar flux are the main source of these differences.

From these models, we developed calculation pro-
grams on the software MATLAB and this in order to
simulate and study the functioning of the unit. The
models developed are able to determine the evolution
of temperatures at each organ in any position and
over time and changes the flow rate of distillate dur-
ing the day. The model allows studying the influence
of various operating parameters such as flow rate of
feed, coolant flow rate, etc. The study shows that the
applied vacuum pressure is a key parameter; very
extensive levels of vacuum pressure can increase
considerably the flow rate of distillate product.

This model determines the performance of the unit
over time and for any day of the year. Simulations
proved that pilot plant is able to provide average per-
meate flow rate ranging from 8kgh�1m�2 for 21
December to 14 kgh�1m�2 for 21 June.

The models developed are very useful for control-
ling and regulating the installation. A system for regu-
lating the inlet temperature of the membrane module
is highly recommended for the maximum temperature
that can support the membrane (75˚C).

The prospects consist essentially in determining
the optimal operating conditions and to carry a ener-
getic study of the pilot. These conditions concern
mainly the flow rate of coolant and its regulation as a
function of solar radiation, the flow rate of seawater,
and the rejection rate of the retentate.

Symbols

Cp — heat capacity (J kg�1 C�1)

d — diameter (m)

E — solar flux density (Wm�2)

e — thickness of the absorber plate (m)

h — heat transfer coefficient (Wm�2 C�1)

Jv — flux density of water (kgm�2 s�1)

km — Knudsen permeability (sm�1)

Lv — latent heat of vaporization (J kg�1)

lA — width of the absorber plate (m)

_m — mass flow rate (kg h�1)

Fig. 11. Variation of the simulated flow rate of distillate vs.
time for different year days. Pvacuum= 5,000 Pa, _mcoolant =
770 kg/h, _mfeed = 1,200 kg/h.
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nfib — fiber number (�)

nt — total number of points (�)

P — pressure (Pa)

Qv — flow rate (m3h�1)

S — area (m2)

T — temperature (˚C)

t — time (s)

U — overall heat transfer coefficient (Wm�2 K�1)

v — velocity (m s�1)

z — distance (m)

Greek symbols

a — absorbance of collector (�)

q — density (kg�1m�3)

s — emissivity of collector (�)

Subscripts

Ab — absorber

amb — ambient

C — cold fluid

dist — distillate

exp — experimental

ex — external

Fd — coolant

fib — fibre

H — hot fluid

in — internal

mod — model

ref — reference

vac — vacuum

W — wall
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