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Abstract - The objective of this paper is to
demonstrate an experimental investigation of a wate
desalination system using solar energy that applies
the humidification and dehumidification principle. A
prototype/test rig was designed, fabricated and
assembled in order to study the effect of water flo
rate and the humidifier inlet water temperature
against desalinated water productivity. The system
consists of a spray type with no packing bed
humidifier, a copper coiled Dehumidifier, a flat plate
solar water heater, an air blower, a water pump, a
water flow meter, a water tank, three thermocouples
and four gate water valves. The system is based on a
open waterclosed air cycle.

A new approach is used such that the humidifier,
dehumidifier and the connecting duct between them
are made of Poly Vinyl Chloride (PVC) pipes; which
makes the system lighter in weight, doesn't need
insulation unlike metal sheets and anti-rust.

The effect of operating parameters on the system
characteristics has been controlled, measured and
investigated. It was found that the hot inlet water
temperature to the humidifier has a significant
impact on the water productivity; they are relativey
proportional, thus, the more the hot inlet water
temperature increases, the more the water
productivity increases. It was also found that Safie
water flow rate has an impact on the water
productivity but inversely proportional.

Keywords: Solar energy; Humidification;
Dehumidification; Water; Desalination

[. INTRODUCTION

Water scarcity has become a fast growing major
global challenge, which is mainly linked to climate
change One third of the world’s population already
live in areas of moderate to high water crisist tha
is, around 1.5 billion people suffer from the laafk
ready access to drinking water, with 80 countries
suffering from water scarcityWater use has yet to
adapt to the realities of arc much action that @oul

be taken in water conservation and water re-use.

The health of river systems is threatened by oeerus
and pollution. Rivers are often no longer able to
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provide the volumes of purified water needed with
the increasing impact of pests and disea®éih

the introduction of powerful pumping (from deep
underground) and piping (across long distances),
groundwater aquifers are increasingly being
depleted well beyond sustainable recovery levels;
this also has lead in many cases to brackish water
with high concentrations of dangerous minerals and
resulting in health problems as well. Desalination
has become a major new source of fresh water,
tapping into the vast reserves of seawater and
brackish water. It is especially useful where water
conservation and water re-use either have limited
potential or face major problems of
implementation.

[I. DESALINATION PROCESSES

Desalination of seawater or brackish water is
generally performed by either of two main
processes; by evaporation of water or by use of a
membrane to separate fresh water from a
concentrate. In the phasechange or thermal
processes, the distillation of seawater is achieved
by utilizing a thermal energy source. The thermal
energy source might be obtained from a
conventional fossil-fuel, nuclear, or from a
renewable resource, like solar energy or geothermal
energy. In the membrane processes, electricity is
used either for driving high pressure pumps or for
establishing electric fields to separate the idie
most important commercial desalination processes
based on thermal energy are multistage flash (MSF)
distillation, multiple effect distillation (MED) ah
vapor compression (VC), in which compression
may be accomplished thermally (TVC) or
mechanically (MVC) [2].

Fortunately, there are many parts of the world
that have exploitable renewable sources of energy
that could be used to drive desalination processes.
Thus, desalination processes by using solar
radiation; solar desalination processes are
promising alternatives that can partially support
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human needs for fresh water, using an
environmentally friendly energy source. This would
be especially important for tribes or small groups
inhabiting remote areas.

Solar desalination requires an efficient method
of evaporation and condensation at relatively low
temperatures. Therefore, the most promising
development in solar desalination to enhance
productivity efficiency is the wuse of the
humidification and dehumidification principle.
Combining the principle of humidification-
dehumidification with solar desalination appears to
be the best method of water desalination with solar
energy.

Hence, solar desalination offers is considered to
be an ecological solution that uses renewable
energy efficiently.

I HUMIDIFICATION DEHUMIDIFICATION
PRINCIPLE

The Humidification Dehumidification (HDH)
process is similar to the natural hydrological

process where the sun heats the ocean, and then the

water in the ocean evaporates to form clouds.
Finally, the clouds are condensed and water is
obtained as rainfall. The HDH process tends to
replicate this natural hydrological cycle.

In the HDH process, evaporation takes place by
the mixing of hot water with dry air in the
humidification chamber, and then passed to the
dehumidification chamber, where a condenser is
used to obtain fresh water.

One advantage of the HDH process is that it is
seen as the most promising desalination technology
compatible with renewable energy systems,
especially solar energy. In the HDH system, the
humidified air flows in a circuit driven by natural
or forced convection between dehumidification
chamber and the humidification chamber. The air is
distributed on a wetted media and then moves in
either co-current or counter-current flow to theé ho
feed (seawater) through the humidification chamber
and becomes saturated. In the dehumidification
chamber, water vapor from the humid air condenses
on a heat exchanger. The distillate runs down the
heat exchanger and collected in a basin. The teat o
condensation is mainly transferred to the cold
seawater feed flowing through the heat exchanger.
Thus, the temperature of the fee denser rises. This
feed can be discharged or further heated in a solar
collector or by waste heat [2].

The HDH process can be classified according to
cycle configuration, flow mechanism and heat
transfer medium (Figure 1). They are generally
classified into the closed water open air (CWOA),
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closed air open water (CAOW) and Open Air Open
Water (OAOW) Systems.

In CAOW, the air is circulated between the
humidification chamber and the dehumidification
chamber in a closed loop while the water is not re-
circulated through the dehumidification chamber
but rather discharged or partially re-circulated in
the humidification chamber to recover heat., this
cycle configuration is associated with the need of
large amounts of cooling water which at same time
serve as the hot feed. Almost in all related redear
works, the CAOW configuration is adopted [3,4].

In CWOA, the water is circulated in a closed
loop and only make up water is added while the air
is discharged to the ambient. The water is usually
heated is such systems. It is used to emphasize
recycling the brine through the system to ensure a
high utilization of the salty water for freshwater
production. Thus the system requires less cooling
water. Very few literature based on this cycle
configuration have been reported. One
disadvantage of the CWOA is that the temperature
of cooling water at the dehumidification chamber
rapidly increases. This limits the dehumidification
of the humid air resulting in a reduced water
production compared to the CAOW system.

IV TEST RIG/IPROTOTYPE AND
EXPERIMENTAL SETUP

An Open Water Closed Air (OWCA)
Humidification and Dehumidification System is
used which consists of the following (Figure 2 and
Picture 1):

i. A spray type humidifier with no packing
bed was fabricated and assembled. It consists of a
160 mm diameter and 1 m long Polyvinyl Chloride
(PVC) pipe-as the body-and two locally
manufactured sprayers with nozzle diameter of 0.5
mm. The whole made for the sprayers was fixed
with thermal silicon to prevent leakage, a PVC
elbow at the top of the pipe to connect with the
Dehumidifier, a PVC T-Connector at the bottom to
connect with the Air Blower and to drain the brine
water.

i. A Dehumidifier which consists of a
Copper coil with 140 mm diameter and 650 mm
long, tubes of 12.7 mm diameter and total length of
15 m that are added inside a PVC pipe of 160 mm
Diameter and 1 m long, with same connection parts
as the Humidifier (elbow at the top and T-
Connector at the bottom).

ii. An Air Blower of 0.5 Horse-Power and
2850 RPM is used to circulate air in the closed
cycle. It is connected to the Humidifier with a 110
mm flexible duct connecter and connected to the
Dehumidifier through a 160 mm PVC pipe.
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iv. A Water Pump of 0.5 Horse-Power and
2850 RPM is used to
circulate the water through the system.

v.  Keywords: Solar energy; Humidification;
Dehumidification; Water;

vi. Desalination

vi. A Flat Plate Solar Water Heater was
designed and fabricated with frame dimensions
1400 mm x 800 mm and copper tubes with 25.4
mm Diameter and 12 m long, adjusted to be put

with  30° inclination angel with 155° SE
orientation.
vii. A water tank is placed next to the test rig,

1 m diameter and 1.5
m length.

vii. Three thermocouples were placed to
measure water temperatures before the coppe
tubes in the dehumidifier, before the solar water
heater, and after the solar water heater (befare th
Humidifier).

vii. A water flow meter is added before the
water pump to measure
the water flow rate.

ix. Four gate water valves to control and

adjust water flow rate were put between the water
tank and the Water flow meter, between the water
pump and the Dehumidifier, between the solar
water heater and the Dehumidifier, and between
solar water heater and the Humidifier.
The humidifier, dehumidifier and the connecting
duct between them are made of Poly Vinyl
Chloride (PVC) pipes; which makes the system
more light in weight, doesn't need insulation
unlike metal sheets and anti-rust.

The operation of the prototype is as follows:
The pump circulates water from the saline water
tank through the copper pipes in the dehumidifier,
and then through the flat plate water solar heater,
and then through the sprayers into the humidifier.
The water flow rate is measured with the water
flow meter. The water temperature is measured
through three different points (before the copper
coil, after the copper coil and after the solartbga
The air blower circulates the humid air through the
cycle. The fresh water is collected in a flask unde
the dehumidifier. The brine is collected in a flask
under the humidifier.

The purpose of the experiment is to produce fresh
water out of
the saline water by using solar desalination with
Humidification and Dehumidification  while
measuring, controlling and recording some
parameters such as the water flow rate and the
water temperatures (Figure 2 and Picture 1).

V RESULTS AND DISCUSSIONS

The system was tested and operated on several
different days within the times between 10:00 am
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and 2:00 pm, where the solar intensity is most
strong and effective. However, those days were in
winter/spring season and it was operated in a
relatively low range of temperatures. Regardless,
saline water flow rate, desalinated water
productivity, saline water temperature, temperature
before the solar heater and temperature after the
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solar heater were measured and recorded. Saline
water flow rate was controlled by the gate water
valves, and the experiment was done with two
different flow rates; temperatures and water
productivity were measured accordingly.

The graphs below (Figures 3-7) show the
measured values and recordings; they show the
relation between the hot inlet water to the
humidifier (T in °C against water productivity in
kg/h. The graphs were created based on results
taken on several different days of experiments that
were done during the months of March, April and
May 2015 [21-24]. The air ambient temperatures
were 17 °C, 21 °C, 25 °C, 29 °C and 33 °C. The
saline water flow rate was controlled and measured
to be 0.0055 L/S and 0.0025 L/S.

The effect of operating parameters on the
system characteristics has been controlled,
measured and investigated.

It was found that the hot inlet water to the
humidifier has a significant impact on the water
productivity.

- With the increase of hot inlet water
temperature from 32 °C to 38 °C whilgpwas
17°C, the water productivity increased by 50%
(from 0.2 kg/h to 0.3 kg/h) while saline water flow
rate was 0.0055 L/S. Almost the same ratio was
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recorded while saline water flow rate was 0.0025
L/S (Figure 3).

- With the increase of hot inlet water
temperature from 34 °C to 41 °C whilg,fwas 21
°C, the water productivity increased by 60% (from
0.23 kg/h to 0.37 kg/h) while saline water flowerat
was 0.0055
Figure : Effect of hot inlet water temperature
against water productivity at,J, =29°C.
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Figure : Effect of hot inlet water temperature against water productivity at
Tamp =33TC.

Research Water Saline Water

name Productivity Thot Flow Rate

Nawaysetet al. 0.325 kg/hr 71-78 °C  Not given

[8.9]

Kabeel A. E.

and Emad M.  1.356 kg/hr Not given 4.5 kg/s

(17]

Ameretal.[18] 5.8 kg/hr 50-85 °C 0.0856-0.2772

kgls

Nafeyetal.[6] 0.43 kg/hr | 25.94- 0.005-0.045
36.75°C | kg/s

Hermosilloet 1.45 kg/hr 68.9-44.6 0.012-0.023

al.[19] °C kgls

Yamali and 1.1 kg/hr | 35.5-50 °C0.085-0.115

Solmus [14] kgls

Yuan G and 1.79 kg/hr 38-92 °C  Not given

Zhang H. [20]

Dai Y.J. an( 1.8kg/hr 65-85 °C  0.0378 kg/s

Zhang H.F

[21]

Al-Enezietal. 0.266 kg/hr 35-45°C  0.075 kg/s

[22]

Farid M., Al- 0.5 kg/hr 49-63 °C 0.060-0.12 kg/s

Hajaj A. [23]

Eslamimanesh

and °

Hatamipour 0.178 kg/hr 35-28 °C 3.3 kgls

[24]

Farsad S. and

Behzadmehr 2.7 kag/hr 15-25°C 0.4-1.4 kg/s

A. [25]

Faridet al. [26] 0.42 kg/hr 60-63 °C  Not given
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Fath H.EE.S. ar 0.45kg/hr = 40-60 °C0.0001-0.0003
Ghazy A. [7] kgls

Orfi etal. [27] 1.163 kg/hr Not given  0.08 kg/s
Al Sahali M.

and Ettouney = 2.9 kg/hr 60-90 °C 2'?23'0'007
H. [28] 9

Table 1: Previous Researches Values.
L/S. Almost the same ratio was recorded while
saline water flow rate was 0.0025 L/S (Figure 4).

- With the increase of hot inlet water
temperature from 43°C to 50°C while, | was
25°C, the water productivity increased by 31%
(from 0.38 kg/h to 0.5 kg/h) while saline water
flow rate was 0.0055 L/S. Almost the same ratio
was recorded while saline water flow rate was
0.0025 L/S (Figure 5).

- With the increase of hot inlet water
temperature from 47°C to 57°C while, | was
29°C, the water productivity increased by 25%
(from 0.43 kg/h to 0.54 kg/h) while saline water
flow rate was 0.0055 L/S. Almost the same ratio
was recorded while saline water flow rate was
0.0025 L/S (Figure 6).

- With the increase of hot inlet water
temperature from 49 °C to 59 °C whilg,jwas 33
°C, the water productivity increased by 21% (from
0.47 kg/h to 0.57 kg/h) while saline water flowerat
was 0.0055 L/S. Almost the same ratio was
recorded while saline water flow rate was 0.0025
L/S (Figure 7).

Generally, it was found that the hot inlet water
temperature to the humidifier has a significant
impact on the water productivity; they are
relatively proportional, thus, the more the hoetnl
water temperature increases, the more the water
productivity increases. It was also found that
Saline water flow rate has an impact on the water
productivity but inversely proportional (Table 1).

VI CONCLUSION

A Solar Water Desalination lab scale
experimental system using Humidification and
Dehumidification  principle  was  designed,
constructed, assembled and tested in the Faculty of
Engineering, Ain Shams University, Cairo, Egypt
(30° 354" N, 31° 16’ 47" E); to prove the concept
of this desalination technique and to study the
effect of inlet water to the Humidifier against
desalinated water productivity.

The system consists of a spray type with no
packing bed humidifier, a copper coiled shell and
tube Dehumidifier, a flat plate solar water heater,
an air blower, a water pump, a water flow meter, a
water tank, three thermocouples and four gate water
valves.
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It was found

productivity increased significantly with the

that the desalinated water

increase of the inlet water temperature to the

humidifier. A productivity of 0.59 kg/h was

achieved with hot inlet water temperature of 59°C
is

and ambient temperature of 33°C which
considered quite good productivity given the size o

the prototype, no packing in the humidifier, number

of sprayers, operating at low temperatures because

of the time of the year.

Some improvements are suggested in a future

work in order to develop industrial scale, longrer
production on fresh water such as but not limited t
the following:

. Packing bed to be included in the
humidifier to increase the humidity of the carried
air out of the humidifier

. More nozzles with smaller diameter to be
considered, also to increase humidity of the cdrrie
air out of the humidifier.

. Usage of water storage tank between the

solar water heater and the humidifier, in order to
maintain relatively constant high inlet temperature

to the humidifier as time is needed to increase

water temperature in the solar water heater.

. Separate cooling cycle can be used

through the copper coil in the dehumidifier to

increase the condensation rate of the desalinated

water. However, this has a disadvantage, thahés, t
preheating of water to the solar water heater tvell
lost.

. Air solar heater can be used as well, in

order to increase the air capacity of the carrying

water. This will increase the

humidity.

consequently
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