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This paper presents an experimental investigation of two incline solar water desalination (ISWD) systems. 
One design uses spray jets for spraying water onto the absorber plate, while the other uses a longitudinal 
slot for getting the inlet water on the absorber plate.  The fi rst ever ISWD system constructed and tested 
by Aybar et al (2005) used the longitudinal slot with a maximum daily production of 2.995 kg/m2 day. 
The Aybar et al design produced 3.4 kg/m2-day while the new design produced 6.41 kg/m2-day for wick 
on absorber plate system day during the hottest months in Famagusta (July-August 2010). Also tested 
was the infl uence of porous media (wire mesh), wick on the absorber plate. The effect of number of 
spray jets used in the system on the daily productivity and effi ciency of the systems were also investigated.
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INTRODUCTION

Potable water no longer runs from household taps in 
Northern Cyprus (N. Cyprus) for two decades now. The 
municipalities’ water, distributed to households, indicate 
the total dissolved salts (TDS) of around 2000ppm. This 
water is no good for drinking or cooking. Over the 
years, the shortage in rainfall in Cyprus and excessive 
exploration of water in the aquifers has led to seawa-
ter intrusion. The seawater intrusions have increased 
the total dissolved salts in the available aquifers. Each 
household is expected to provide its potable water. N. 
Cyprus mainly relies on rain to provide freshwater for 
various sectors. Increasing fresh water shortage is a 
serious concern in N. Cyprus, which is,like many other 
places, suffering from an ongoing shortage of water.  
Currently at the global level, reverse osmosis (RO) 
technology is employed to desalinate seawater for the 
domestic and commercial (mainly hotels) usage.  This 
technology is energy intensive and has adverse effect 
on the environment. The common RO plants use fos-
sil fuel as the primary energy. N. Cyprus has no oil or 
gas reserves and is very dependent on imported energy 
mainly in the form of oil and petroleum products. Also, 
the high cost of electrical energy (i.e., 0.20 €/kWh) in N. 
Cyprus makes RO choice unattractive. Fossil fuels are 
not a good choice for desalination in N. Cyprus as the 
fuel prices are almost continuously increasing. High and 
uncertain increase in fuel costs makes energy intensive 
desalination techniques unattractive. Moreover, the use 
of conventional energy sources to drive these technolo-
gies has a negative impact on the environment. This is 
a shortcoming that led to advances in solar desalination 
innovations. Solar energy is the free, abundant and en-
vironmentally friendly energy source. Many authors1–4 
have attempted a Comprehensive review of desalination 
and solar desalination. In addition, a number of works 
ranging from experimental to analytical investigations 
have been studied on different solar stills with fi ndings 
available in literature5–12. The fi rst Inclined solar water 
desalination system (ISWD) in N. Cyprus was designed 
and tested in 2005 by Aybar et al and the fi ndings were 
recorded13. Unlike the solar still system the ISWD feed 

water runs down on the solar absorber plate and the 
system produce fresh water and hot water simultane-
ously. In 2006, Aybar simulated the system using actual 
deviations of solar intensity and environment temperature 
during a typical summer day in North Cyprus. Accord-
ing to the simulation, the system can generate 3.5–5.4 
kg (per m2 absorber plate area) distilled water during 
a day (i.e., 7 am till 7 pm) with the maximum reached 
hot water production of 60oC, and the average water 
temperature was about 40oC14. 

N. Cyprus, an Eastern Mediterranean island, has rela-
tively high rates of solar insolation throughout a year. 
Summer days are rather warm and prolonged and the 
winter is mild; the daily average sunny periods range 
from 5.5 to 12.5 hrs through the seasons13. The daily 
average global radiation, drops to its minimum, 2.3 
kWh/m2, in December and January. The maximum daily 
average global radiation is around 8.1 kWh/m2 in July 
and August. The annual average of daily sunny periods 
and daily global radiation is about 9 hrs and 5 kWh/m2, 
respectively15. Therefore, solar or solar assisted desalina-
tion will be a good choice for N. Cyprus.

In this research work to improve the effi ciency/daily 
productivity of the solar desalination systems, this work 
intends to present the fi ndings of two ISWDs systems. 
One of the systems is the ISWD tested by Aybar at al. 
(2005), which is set as the control system, while the 
other system includes spray jets and thicker absorber 
plate to improve the effi ciency and daily production. 
The two systems performances were analyzed perform-
ing the experiments under the same weather condition. 
Effects of wick (natural cotton) on absorber plate and 
porous media on absorber plate on the performance of 
the ISWD were also carried out. Also, the work studied 
the effects of variation in the jets number.

EXPERIMENTAL SET UP AND INSTRUMENTATION

In order to measure the effects of the spray jet on the 
incline solar water desalination system effectively, two 
ISWD systems were constructed. The two systems con-
currently investigated under the same climatic condition 
of Famagusta for daily performance and productivity. 
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Figure 1. Schematic diagram of the inclined solar water distil-
lation; System A

ISWD System “A”- Control System
The system tagged system “A” was the first ever 

ISWD system as designed and constructed by Aybar et 
al (2005)13. This system is set as the control system to 
measure and analyze the effects of various inclusions in 
the new design. The schematic diagrams of the system 
“A” is as shown in Figure 1. The system has an inclined 
absorber plate (transmissivity of about 0.88) of 0.2 mm 
thickness and a 3 mm top glass glazing cover. Glass 
glazing, which also acts as the condenser, is parallel to 
the absorber plate. The overall size of the system is 1 m 
x 1 m x 0.2 m. The surface area of the absorber plate 
is 1m x1m and the distance between the absorber plate 
and the glazing is 0.2 m. The absorber plate was painted 
with matt black to increase the surface absorptivity 
(absorptivity of 0.96 and emissivity of 0.08). The sides 
and the bottoms of the system were constructed from 
stainless sheet metal for better resistance to corrosion. 
The system bottom and the sides were insulated by the 
2 cm thick Styrofoam. The system was inclined to an 
angle of 30o for optimal utility of the 1m2 surfaces (solar 
radiation incidence) of the plates13. The incline angles 
also allow water fl ow through the whole length and width 
of each surface. For the inlet water, the system uses a 
longitudinal pipe of 0.8m with 8 slots of 2 mm diameter 
holes at 0.1m apart from each on the longitudinal pipe. 
As shown below, the water spread was not uniform in 
this system. The distribution of the inlet water from the 
longitudinal slots onto the metal absorber plate was not 
even over the width but fl ow in a stream wise. Aybar et 
al (2005) also recorded this shortcoming. K-type thermo-
couples were attached to various points on the system 
to measure the system inlet water temperature, system 
exit water temperature, the absorber plate temperature, 
cover glass surface temperature, air temperature within 
the system (cavity air temperature), and the ambient air 
temperature. The temperature readings were recorded 
by  the ten-channel Digital thermometer (MDSSi8 Series 
digital, Omega) ±0.5oC accuracy. A calibration test on 
the thermocouple shows accuracy reading of ±0.15oC. 
The solar radiation was measured using the Eppley Ra-
diometer Pyranometer (PSP) coupled to a solar radiation 
meter model HHMiA digital, Omega 0.25% basic dc 
accuracy and a resolution of ±0.5 ranging from a value 
of 0–2800Wm-2. The experiment was performed between 
July and August 2010 under the climatic condition of 
Famagusta, Northern Cyprus (35°11′N 33°22′E). Based 
on the previous study by Hikmet et al13,14, the inlet 

water mass fl ow rate of about 120 ml/min was reported 
as optimum for the system. The water inlet fl ow rate of 
about 120 ml/min was used in this study13. The experi-
ment duration was between 8:00 am to 5:00 pm.

ISWD System “B”
The ISWD system “B” is the new design with spray 

jets instead of the use of 0.8m longitudinal pipe for 
the inlet water. The system is of 1 m x 1 m x 0.4 m. 
The schematic diagram of the system “B” is shown in 
Figure 2. Like the system “A” it consists of an inclined 
absorber plate, a cover glass glazing and a cavity, well 
insulated from the bottom and sides. The absorber plate 
thickness is 0.4mm (for high storage). Glass glazing of 
3 mm was also used in system “B”. The cover glass 
(transmissivity of about 0.88) is parallel to the absorber 
plate. The system absorber plate is a galvanized steel of 
0.4 cm thick with 1m2 surface area. The absorber plate 
was matt black painted to enhance the surface absorp-
tivity (absorptivity of 0.96 and emissivity of 0.08). The 
sides and the bottom of the system were constructed 
from stainless sheet metal for better resistance to cor-
rosion (same goes for system “A”). The bottoms and 
the sides were insulated by the 2.5 cm thick Styrofoam.  
The angle of inclination was also 30o for optimal utility 
of the 1m2 surfaces (solar radiation incidence) of the 
plates according to Aybar et al13. The inlet water was 
sprayed for 60 seconds at 15 minutes intervals onto the 
absorber plate (i.e 4 minutes of spray in one hour).  
The diaphragm pump used for the system consumed 
about 0.1kW/h of electricity and produce 0.7MPa pres-
sure. The use of the diaphragm pump for 4 minutes in 
an hour means the system energy consumption is very 
small. The water falling onto the metal absorber plate 
through the pressurized jets was evenly distributed over 
the width and length of the absorber plate. To optimize 
the heat from the absorber plate a test with wick on the 
absorber plate and wire mesh on absorber plate were 
investigated. The introduction of the spray jets was to 
overcome the unevenly distribution of the inlet water on 
the absorber plate. A drawback was reported in the work 
of Aybar et al (2005). Some of the water sprayed on the 
absorber plate evaporated (after gaining heat energy) 
and condensed under the glass. The condensate fl owing 
into a condensate channel was extracted from the cavity 
by a small pipe that extrude from the condensate chan-
nel to a plastic water collector outside the systems. The 
remaining water (hot) was collected through an exit and 
re-fed to the feed water tank placed near the ISDWs. 

Figure 2. Schematic diagram of the inclined solar water distil-
lation; System B
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The increase in the feed water temperature increases 
the effi ciency of the system. The thermocouples were 
fi xed both at the inner and outer parts of the systems 
to read various temperatures such as the absorber plate 
temperature, the ambient air temperature, the inner 
glass surface temperature, air temperature within the 
system, feed water inlet and outlet temperatures, cavity 
air temperature. The duration of the experiments was 
same as that of system “A”. In addition, the  inlet water 
mass fl ow rate of 120 ml/min was used as reported as 
the optimum for the system by Aybar et al. 

INCLINED SOLAR WATER DESALINATION EFFI-
CIENCY

An instantaneous effi ciency (ηi) of inclined solar water 
desalination is defi ned as the ratio of the energy used 
for water production to the total solar radiation rate 
given by:

 (1)
 (2)

Where Qev is the evaporative heat transfer (W), mev is  
the distilled water production rate (kg/m2h), Ab is the 
absorber plate area (m2), H is the total solar radiation 
on the ISWD surface (W/m2). 

ISWD daily effi ciency, ηd, is obtained by summing up 
the hourly condensate production multiplied by the latent 
heat of vaporization (L), and divided by the daily average 
solar radiation over the solar still area and calculated 
from the following equation:

 (3)
Where t is the time (h), L is the latent heat of vapori-

zation (kJ/kg), mev is the mass of distillate per hour (kg/
Sec). The daily effi ciency of the ISWDs is presented in 
the following section.

EXPERIMENTAL RESULTS AND DISCUSSION

System “A” vs. System “B”
The experimental work was performed between the 

month of July and August 2010 on different clear days 
under the climatic condition of North Cyprus. The 
experimental data presented in the following analysis 
are chosen from some clear sky days. Figure 3 show 
the hourly variation of the measured solar intensity I 
for system “A” and system “B”,  respectively. Figures 
3a and 3b show  close weather conditions for the days 
selected. Solar radiation reached the maximum value 
of 986 W/m2 (at 1:00PM). High solar radiation as seen 
in Figure 3 explained the high temperature distribution 
in the system “A” and “B”, there is a direct correlation 
between high solar radiation and ambient temperature. 
For comparison, the temperature profi les as depicted 
in Figures 4a and 3b follow the solar radiation curves 
as can be seen in Figures 3a and 3b. Figure 4 show the 
temperature distribution (glass temperature, cavity air 
temperature, absorber plate temperature and the ambi-
ent temperature) of the two systems. Fig. 4a shows that 

the temperature difference between the absorber plate 
and the cavity air within the early hour of the day were 
close compared with the wide temperature difference 
during the afternoon hours of the day. This was due 
to the thickness of the absorber plate in system “A”. It 
will be seen from Figure 4b that there is consistency in 
the temperature difference of the absorber plate and 
the cavity air temperature. The temperature difference 
between the cavity air and the cover glass (in this case 
the condenser) is a major factor for the production 
rate. This temperature differences as seen in Figure 4 
shows that the system “B” has a wider temperature dif-
ference than system “A”. The effect of thickness  of the 
absorber plate in system “B” is seen as the reason for 
the high temperature profi le in the system distribution 
as compared to the temperature distribution in system 
“A”. A higher temperature difference encourages more 
convection, which explains the huge difference in the daily 
production of the two systems. The maximum ambient 
temperature recorded was 36oC (at 1:00PM) for both 
systems. The temperature distribution of the systems 
increases with the time of the day, solar radiation and 
ambient temperature until around 1:00PM, afterwards, 
all the temperature decrease with the decrease in solar 
radiation and ambient temperature. Increase in the sys-

Figure 3. Hourly variation of solar intensity versus local time 
in (a) System “A” (b) System “B”
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tems temperatures with the increase in solar radiation 
and/or ambient temperature is as expected and agrees 
with the fi ndings of Aybar et al (2005). A high solar 
radiation and /or ambient temperature will improve the 
daily production of  the system. System “A” was exposed 
to the same weather conditions as system “B” but yielded 
a low daily production (3.25 kg/m2day) when compared 
to system “B” (5.46 kg/m2day). The huge variation in the 
daily production of system “A” and system “B” can only 

be explained due to the differences in the design. The 
inclusion of jets nozzle for spraying the inlet water and 
the thickness of the absorber plate plays a major role in 
the high productivity of system “B”. Figure 5 presented 
the variation in the hourly inlet and the exit temperature 
of the systems. The inlet water absorbs energy when it 
runs on the absorber plate. The energy that the water 
absorbed resulted into evaporation while the rest of the 
water runs out to the exit as hot water. The use of this 
hot water as part of the feed water improves the effi -
ciency and production. In Figure 5a, the exit water was 
not re-injected into the feed. The effect of re-injecting 
the exit water (hot water) into the feed water raises the 
temperature of the feed water signifi cantly as seen in 
Figure 5b. The high temperature feed water in system 
“B” infl uences the convective heat transfer coeffi cient 
that translated into high condensation in the system. 
Figure 6 shows the variation of water production rate 
for the systems. The production rate is higher for System 
“B” than for System “A”. In system “A” the maximum 
production rate reaches 0.67 kg/h around 1:00pm while 
the maximum production rate for System “B” reaches 
0.85kg/h around the same time. System “B” has accu-
mulated water production of 5.46 kg/m2day while system 
“A” has accumulated water production of 3.25 kg/m2day 
under the same climatic conditions.  The increase in 
the daily production of system “B” is attributed to the 
effi cient spread of the inlet water on the absorber plate 
surface. System “B” optimizes the heat energy on the 

Figure 4. A typical temperature distribution; (a) System “A”  (b) System “B”

Figure 5. Water inlet temperature and water exit temperature 
;(a) System “A” (b) System “B”

Figure 6. Variation of production rate of the systems
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spray jets the system produced more fresh water than 
hot water. Another thing noted was that the hot water 
produced by using two spay jets is hotter than that of 
four spray jets and that of four spray jet is hotter than 
that of six spray jets.  

One major diffi culty encountered in this experiment is 
the loss of heat energy through the top glass; seasonal 
wiping of the glass surface with water minimized this 
problem. The replacement of the longitudinal tube used 
in system “A” with spray jets in System “B” improves 
the ISWD system by about 49.9%, the cost of using the 
spray jets (pump used) is about 0.2 $/day, which is very 
small compared with the improvement on the system.

CONCLUSIONS

In this paper, experimental investigations of the per-
formance of two ISWD systems were presented. The 
two systems were tested concurrently under the climatic 
condition of Famagusta, Northern Cyrus. The two systems 
were analyzed and compared in terms of performance, 
daily production and effi ciency. The variation of the 
production rate, cumulative production, glass tempera-
ture, absorber temperature and cavity air temperature 
are analyzed for system “A” and system “B”. The ex-
perimental results show that daily production increases 
with solar radiation and ambient temperature. System 
“B” with wick showed a better result than system “B”.  
System “B” with wire mesh shows poor performance 
when compared with system “B”. The effect of spray jets 
is very signifi cant on the daily performance of system 
B improving the system performance in terms of daily 
production by 40.5%. The effect of the number of spray 
jets on the daily performance of system B with wick was 
also signifi cant to the daily fresh water production. The 
cost of operating the spray jets is insignifi cant compared 
to the effect it has on the system. The daily production 
of  system A is given as 3.25 kg/m2 and with the daily 
effi ciency of 40.1% while the daily production of System 
“B” is given as 5.46, with daily effi ciency of 48.3%. The 
daily production of  system “B”, system “B” with wick 
and system “B” with wire mesh(as porous media) is 
given as 5.46, 6.41and 3.03 (kg/m2) and with the daily 
effi ciency of 48.3% , 50.3% and 32.6%, respectively. 
The use of porous media in System “B” did not work 

absorber plate surface due to the even distribution of 
the inlet water unlike system “A”, where the inlet water 
forms a stream pattern on the absorber plate and uses 
some of the heat energy. The daily effi ciency of the 
systems is 40.1 and 48.3, respectively. 

System “B” with wick and wire mesh
The inclusion of the wick shows better performance 

than using the bare absorber plate15–16; the only expla-
nation for this is that water easily runs through the 
absorber plate without the galvanized material holding 
the water, unlike the wick with the ability of soaking 
itself with the water. From Figure 7, the daily production 
of  system “B”, system “B” with wick and system “B” 
with wire mesh(as the porous media) is given as 5.46, 
6.41 and 3.03 (kg/m2) and with the daily effi ciency of 
48.3%, 50.3% and 32.6%, respectively. The wick material, 
natural cotton in this case, aid evenly the distribution 
of feed water for effi cient use of the absorb heat by the 
absorber plate. The combine effect of the wick and jets 
spray in system “B” effectively eliminates the problem 
of the unevenly feed water distribution as motioned by 
Aybar et al (2005) as one reason for low daily produc-
tion. The use of porous media in System “B” did not 
work as expected; the wire mesh application is limited 
to the solar air heater.  In order to optimize the spray 
jets position for best results, six spray jets were fi xed 
as shown in Figure 8. The area of the absorber plate 
was divided into 8 parts (0.25 m x 0.25 m each). Figure 
9 shows the variation of hourly production of system 
“B” different numbers of spray jets. The sequence of 
the number of jets tested on the system was 2, 4 and 
6 for optimum performance. This study is the fi rst to 
test the effect of spray jet on the solar desalination 
system. From Figure 9 it was discovered that two spray 
jets arranged at P1 and P11 performed best. When 4 
and 6 arrangements of spray jets were used the system 
produced more hot water than fresh water but with two 

Figure 7. Hourly production rate for System “B”, System “B” 
with Wick and System “B” with wire mesh

Figure 8. Spray jets positions on the absorber plate

Figure 9. Effects of spray jets number on daily production; 
System “B”
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as expected; the wire mesh application is limited to the 
solar air heater.
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