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to phase change material and photovoltaic thermal collector is carried out. The governing equations of
problem are obtained by writing energy balance for different components of the system. The goal of
governing equations solution is the calculation of glass cover temperature, absorber temperature, saline
water temperature, phase change material temperature, freshwater productivity and the useful heat gain
of photovoltaic thermal collector. Also, the output electrical power of photovoltaic module is calculated

by four parameters current-voltage model. Present study numerical results are in good agreement with  Keywords:

experimental data. The system performance evaluation is carried out from the viewpoint of freshwater '\ pe basin solar still
productivity and energy efficiency for the sample winter and summer day of Zahedan. Results show that
the freshwater productivity increases to 10.6% by increasing of mass flow rate from 0.001 to 0.01 kg/s.
Increase of saline water mass of basin from 20 to 30 kg decreases the freshwater productivity to 4.8%
during the day. On the other hand, it increases the freshwater productivity to 7.43% during the night.

The energy efficiency is 37.5% less on winter day than summer day. The freshwater production cost is

Energy analysis
Economic analysis
Photovoltaic thermal collector

Phase change material

obtained 0.0314 $/1.m2.

1- Introduction

In recent years, the scarcity of fresh water has become one
the main challenges faced for the continuation of human life.
Drinking water resources constitute about three percent of
the total volume of water on Earth, and ocean water cannot
be utilized directly due to its salt content of about 3.5 percent
[1]. Therefore, people need to find ways of providing drinking
water to overcome this problem. In countries like Iran, use of
solar energy for distillation of salty seawater can be a suitable
method for producing fresh water. Al-harahsheh et al. [2]
studied the experimental performance of a double slope basin
solar still connected to a conventional solar energy collector.
They used a series of cylindrical blocks containing a Phase
Change Materials (PCM) for this solar still. Their system
could produce about 4300 mL/m2.day. Forty percent of this
fresh water was produced during the night by the phase change
material.

The innovation in the present research was the concurrent
use of phase change materials and PhotoVoltaic Thermal
(PV/T) collector in a double slope basin solar still, something
that was not carried in previous research [1-4]. The PV/T
collector helped improve fresh water production during
sunlight hours through preheating the salt water, and the PCM
allowed fresh water production during the night. However,
the thermo-economic analysis of the hybrid system was not
carried out.

2- Governing Equations of the System
A hybrid system was employed in this study consisting of
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a double slope basin solar still together with PMC and a PV/T
collector, and fresh water was produced day and night due to
of the presence of the PMC. Fig. 1 presents a general view of
the studied system. Energy balance equations were written
for the various components of the system to analyze energy
and the performance of the solar still together with the PMC
and the PV/T collector. Analysis of these equations yielded a
nonlinear system of ordinary differential equations to find the
various temperatures of system components. Since the energy
source for the system was solar energy during the day and the
PCM at night, energy equations were written for the charge and
discharge states. Energy balance for the western glass, the water
in the basin, the absorber plate, and the PCM in the charge state
are presented below, respectively [1-4]:

agGswAg + hW—gwAb (TW - Tgw) = hc,gw—a Ag (Tgw - T; )
i Ay (T =T )+ o Ay (T, = T, ) (D
drT,,
+Mgcg Tiw
TgaWGsAb + hc,b—WAb (7;7 - TW) + Qc
=hW—gwAb(TW _Tw)—l_hW—geAb(TW _Tge) (2)
dT,
+M,,c, —~
w=w dt
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Fig. 1. Double slope basin solar still equipped with PCM and
PV/T collector

Table 1. Validation results of the present research

Parameter E(l;;(;r
Temperature of the water in the basin 6.8
Temperature of the glass condenser 7.32
Temperature of the collector cell 3.8
Temperature of the outflow from the 31
collector ’
TgTWabGsAb = hc,b—WAb (];J - TW)
3)
kpey dT, (
+ A (T, = Tpey )+ Mc,
PCM
k k.
PCM _ Mg
Ab(];; _TPCM) =" Ab (TPCM _]:1)
PCM ins
“)
dT,
PCM
+M, w o
dt

The rate of evaporation energy related to the solar still and the
mass of fresh water produced by the system are obtained from
the following equations.

qlev :heva(Tw_E) (5)
7., At

m, =4== (6)
hfg
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Fig. 2. Average daily energy efficiency based on changes in PCM
and water masses

The energy efficiency the PV/T solar still is defined as the
ratio of the desirable output energy to the net energy entering
the system.

3- Validation

Since no comprehensive research was found to exactly match
the present one, the validation process took place in the two
stages shown in Table 1. The first stage was validation of the
code written for the PV/T collector through comparison with
data related to the testing setup of the PV/T collector located
at the Mechanical Engineering Department of University of
Sistan and Baluchestan. The second stage was validation of the
code written for the double slope basin solar still employing the
experimental data reported by Tiwari et al. [4].

Table 1 indicates the simulation results matched previous
empirical data well.

4- Results

Fig. 2 shows the average daily energy efficiency based on
changes in PCM and water masses.

As shown in Fig. 2, the average daily energy efficiency
improved with increases in water mass and also improved
with increases in PCM mass.

The present study used the economic analysis performed
by Fath et al. [5]. The estimated cost of the machine (the price
of dollar at Tomans 4200) was 337 dollars. According to the
mentioned economic analysis, the production cost per unit
area was 0.0314 dollar per liter of produced fresh water.

5- Conclusions

Main conclusions of the present study are as follows:

*Numerical simulation results in the present study for
the double slope basin solar still, and for the PV/T collector
connected to it, are in good agreement with those of previous
experimental research.

Increases in the mass of salt water inside the basin at first
reduced but then increased the daily energy efficiency of the
system. However, the daily energy efficiency improved on
average.

*The performed economic analysis and its comparison
with those of similar studies show that the suggested system
is a cost-effective one and, in addition to producing water,
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generates electricity.
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Table 1. Atmospheric, operating and design parameters of photovoltaic thermal collector
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Table 2. Design parameters of the basin type double slope solar still
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Fig. 3. Experimental and simulated data of solar radiation intensity

versus the experiment time
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Fig. 5. Different temperatures of the photovoltaic thermal collector

versus the experiment time
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Fig. 2. Picture of the photovoltaic thermal collector setup at Depart-
ment of Mechanical Engineering in University of Sistan and Bal-
uchestan
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Fig. 6. Daily changes in solar radiation on (a) 6 July and (b) 23 December
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Fig. 7. Effects of changes in mass flow rate of the saline water on the fresh water production on (a) 6 July and (b) 23 December
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Fig. 8. Effects of the number of photovoltaic thermal collectors on the fresh water production in (a) 6 July and (b) 23 December
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Fig. 9. Changes in the saline water mass into the basin on fresh water production on (a) 6 July and (b) 23 December

09 <l e Ol 295 e canlie A JSE > & psbilen

ilo 53 ol e Gal3al g 5y 53 O Mg (e alS el asg
Yo kg il Ol oy il b 500 50 a8 (o yabods 39i5 oo j9yailus clel
2 Jy Mo Sl YIAY 723935 )3 55y 33 Ol g5 i Yo kg &
b S g lise IS ooy g wbige GRIEIVIFY 7 3905y Cu
ORIl e Gl Ao (1903 se5el e GRIBIL jeals

Ads50 s (5 (50 b o s 092 ppin] o] e

o 015 )313)5 (555 2 Sy (B b &Sl S &y lio
e 2 ] 5 liee izman 9 0) Jlgl8 el il &y
5 Conl 320 s T 55 o o yola S sl ol b Al e o8
o olod lime) ) s (sl bl 015)9la,S Sl S g 0
o o wgllae polie ()5 a3 LA IS 50 bl e 0kipglsS
2 4 095 4950l o Sl sy 4 02iygla)S i g 5930

Wl 025431y (63 5 15 VD oy 93 ) oy ol Mg oo

VOFY



VA0+ B AT docio VAR Jlo & 0yl DY o3 ¢ pusS prol CSilSlo wrbies &yt

(m =-/-\kg/s,M  =Y-kg,M p,, =\0kg)

(m =-/-\kg/s,M  =vY-kg,M ,,, =t-kg)

55 T T
—e—N=|
—©—N=2

S0F

45F
40F

351

el (W)
=

8 9 10 11 12 13 14 15 16
Time of day (h)

[

Y (2 08 WO (Wl 595 sl s 1 (295 (Sl g jlade 1Y o JSS

Fig. 10. Output electrical power of the system on (a) 6 July and (b) 23 December
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Fig. 11. Changes in the daily energy efficiency of the system with changes in numbers of photovoltaic thermal collectors for (a) 6
July and (b) 23 December
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Fig. 12. Daily changes of energy efficiency in terms of the saline water mass in the basin for (a) 6 July and (b) 23 December
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Fig. 13. Average daily energy efficiency with the changes of PCM mass and saline water mass for (a) 6 July and (b) 23 December
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Table 3. Price of components for solar still system with photovoltaic thermal collector
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Table 4. Economic analysis of the present study and comparison with other solar still systems

pol> axlllao 9 oban s yoro VY] ol Sen g 350 aslg soladl sls yol b
[VE] oyl o

YV OFA A3 $ @) &S ale o a3
YYIV OFIA Y./8 $ S) (sl arloyw oy 1 +) (bliwl 33
Y. Y- Y. years ") oKwss yoe Job
ye Ve Ve ) (ONBEFSS
SNY SNY SNAY - P SURCINX. o FRUDTS
RS [V <[+ 1V - Wl yos U3 oy
va/fY SEIVY Y/ - $ Sl ol ase
-16AQ -/aay “YO- - aldls bliul ayse
N Vel V5 g o ;0 10) aldles Slyuass g (5,085 a3
(@l ol as s
FEIVE VT . $ Wlllo Sl an30) @ pe o lil 4 aldlo anjo
sblinl asa — (5)]0a55 5 jond aija +
CE[
Y4 f/ey NS I/m? s o dills, o
VEYY/O VOABIY YYAAN O /m? (¥F0 X ailyg, adgh) aldle oty
adsh) mhw axly lila aldle sae (55,0
Ay oY Vevery AYVIY kW .h/m? ol oyl ()b ol oyl X aldle
150 KW./L = Uil
@ 5o il 4 oud i O wille anjo
Sl SRR “1VAY $ ol anie) Ol i e mpe e e Sl
(Gl adgs  alle
SlaskS 2 (gl 4 oud o Of Wl 450
-/ ¥Y$ -+ PV -+ YAY $ Ol i s wyeyie ,o slil 4 caelos
($ldlo wsie 5551 2 aldlo Col asy50)
“[-YVF -+ ¥YA [+ Y\Y $/1 s ol il o ol @ saiales a e

VOYY



A5 eff
oS el
JUES; ev
aind g ol (s evW_g
S Al e
5 M gw
&le ns
sdipd 51 s olge PCM
bame 5 (B atndh rint r.ge_sky
S el g (BB Aled (adeld rge_gw
Lo 5 (i A (gubat rgw_shy
adnd g ol rdais nW.g
f Md g a9 sw
Srd Al 5 dh 5> se
Ay e sky
st o] w
(sf A g O] W_gw
&be

[1TV. Velmurugan, M. Gopalakrishnan, R. Raghu, K.
Srithar, Single basin solar still with fin for enhancing
productivity, Energy Conversion and Management,
49(10) (2008) 2602-2608.

[2] E. Delyannis, Historic background of desalination and
renewable energies, Solar Energy, 75(5) (2003) 357-366.

[3] A. El-Sebaii, A. Al-Ghamdi, F. Al-Hazmi, A.S. Faidah,
Thermal performance of a single basin solar still with
PCM as a storage medium, Applied Energy, 86(7-8)
(2009) 1187-1195.

[4] V. Dwivedi, G. Tiwari, Experimental validation of
thermal model of a double slope active solar still under
natural circulation mode, Desalination, 250(1) (2010)
49-55.

[5] M. Asbik, O. Ansari, A. Bah, N. Zari, A. Mimet, H.

El-Ghetany, Exergy analysis of solar desalination still

S e
JCIES WA
oiyglo S oye
oy 2l S el
ol
LS cutlsy o po
S o> b Dad
Ol Jlasl e po
Sl el
Ol e Jsb
O ol adg Jlade
£
T
olg
S S ol o Jil &5
ol
Lo
JCIE WA
g e
Ol wbed cu o i oy
oz blacdl o 0
oleaily
aiod o 4l
I
ey plitl ool
IS o2
Ao Jlsl -0de oo o

WP
Lo
oly i sbals
Lo 5 (5,0 aded olalr
boze g (258 4l olral>
aind g ol gl
PR
Jsbe
Colow

el

VOFA

Y o o —0

A (m?)
b (m)

C (kJ/kg.K)
E (W)
Fr
G (W/m?)
h (W/m?K)
k (W/m.K)
L (m)

m (kg)
M (kg)
m (kg/s)
P (W)
o)

q (W)
T(K)
X (m)

a
B (1/K)
n
0 (degree)
p (kg/m’)
o (J/m? kg)
T

at

ob W
cge a
c,gw a
ow g

cell
cond

conv



VA0+ B AT docio VAR Jlo & 0yl DY o3 ¢ pusS prol CSilSlo wrbies &yt

[10] J. Yazdanpanahi, F. Sarhaddi, M. Mahdavi Adeli,
Experimental investigation of exergy efficiency of a
solar photovoltaic thermal (PVT) water collector based

on exergy losses, Solar Energy, 118 (2015) 197-208.

[11]B.Y.H. Liu, R.C. Jordan, Daily insolation on surfaces
tilted towards equator, ASHRAE Transactions, 67 (1962)
526-541.

[12] H.E.S. Fath, M. El-Samanoudy, K. Fahmy, A.
Hassabou, Thermal-economic analysis and comparison
between pyramid-shaped and single-slope solar still

configurations, Desalination, 159(1) (2003) 69-79.

[13] M. Faegh, M.B. Shafii, Experimental investigation
of a solar still equipped with an external heat storage
system using phase change materials and heat pipes,

Desalination, 409 (2017) 128-135.

[14]  H. Jafari Mosleh, S. Jahangiri Mamouri, M. Shafii,
A. Hakim Sima, A new desalination system using a
combination of heat pipe, evacuated tube and parabolic
trough collector, Energy Conversion and Management,

99 (2015) 141-150.

IR

combined with heat storage system using phase change

material (PCM), Desalination, 381 (2016) 26-37.

[6] N. Rahbar, A. Gharaiian, S. Rashidi, Exergy and
economic analysis for a double slope solar still equipped
by thermoelectric heating modules-an experimental

investigation, Desalination, 420 (2017) 106-113.

[7] J. Yazdanpanahi, F. Sarhaddji, Irreversibility rates in a solar
photovoltaic/thermal water collector: An experimental

study, Heat Transfer Research, 48(8) (2017) 741-756.

[8] M. Al-harahsheh, M. Abu-Arabi, H. Mousa, Z. Alzghoul,
Solar desalination using solar still enhanced by external
solar collector and PCM, Applied Thermal Engineering,
128 (2018) 1030-1040.

[9] F. Sarhaddi, F. Farshchi Tabrizi, H.A. Zoori, S.A.H.S.
Mousavi, Comparative study of two weir type cascade
solar stills with and without PCM storage using
energy and exergy analysis, Energy Conversion and

Management, 133 (2017) 97-109.






	Blank Page - EN.pdf
	Blank Page - FA.pdf

