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Desalination stands out as a prominent method for obtaining
this study revolves around a dehumidifier-dehumidi
framework, exploring two distinct modes: on
incorporating solar collectors.Optimal conditi
incoming salt water flow rate of 1 L/min,
Subsequently, in these optimal operating,eg

converting heat to water evap
With panels connected, the de!
the humidifier tower exhlblted

ter from saltwater sources. The focus of
ithin a closed air-open water desalination
gration with solar collectors and the other

e output gain ratio (GOR), indicating the efficiency of
out connecting panels and 0.48 when panels were integrated.
achieved a peak fresh water production of 2.04 L/hr. Notably,

ing not only increased fresh water output but also a noteworthy reduction in
sources. This innovative approach aligns with the global pursuit of sustainable
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1. INTRODUCTION

In the first decades of the 21st centur
become one of the most important
industrial growth and population e
have intensified the demand for
and agricultural needs as wi
guantities of food (Lall et al
of pollution of rivers
sewage disposal has b
2017).

ue to industrial waste and
added to other problems (Bose et al.

ese problems is desalination (Abdullah

et al., 2023; Luberti
Rajaseenivasan, 2017).

& Capocelli, 2023; Srithar &

The basis of the operation of an (HDH) desalination system is
the exchange of heat and mass transfer between the flow of
humid saline water in different components of the system, to
extract moisture from the air to establish saline airflow in the
desalination system that requires an external source (Chehayeb
et al., 2014). The thermal energy input to the HDH system can
be supplied from solar energy. Photovoltaic-Thermal (PVT)
type solar collectors are obtained from a combination of a
conventional solar collector and a photovoltaic module (Herez
et al., 2020). These collectors, while providing the necessary

One Way to over

GarcCia-Rodriguez, 2002; Kadhom, 2023).
e recently developed process of producing
impure or saline water. Different types of
desalinatign- methods have been proposed and developed by
researchers that can be classified into membrane-based or heat-
based methods (Fang, 2022; Srija et al., 2022; Xue et al., 2023).
One of the heat-based methods of desalination is
Humidification—Dehumidification (HDH), which has recently
attracted researchers' attention extremely (Easa et al., 2024; Lai
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input heat to the HDH system, can provide some of the
electrical power required to establish the flow of saline water
and air in the system. In the PVT collector, the photovoltaic
panel is cooled by the fluid, which prevents the drop in
efficiency at high temperatures as well as preheating the inlet
fluid to the humidifier tower. On the other hand, due to the
combination of photovoltaic modules and solar collector in an
integrated system, the optimal installation space can also be
utilized (Hosseini & Sarhaddi, 2017).
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Numerous theoretical and experimental studies have been
performed to evaluate the performance of HDH systems and
PVT collectors. Mortezapour et al. experimentally tested a solar
humidifier-dehumidifier equipped with a PVT collector
(Mortezapour et al., 2018). The evaluation of the proposed
system was conducted at three levels of both air velocity and
saline water flow through the photovoltaic absorber plate. The
results showed that the highest evaporator efficiency was about
88%, the highest condenser efficiency was about 61%, and the
maximum fresh water produced was about 4.8 L/day. Arabi and
Reddy numerically examined the effect of using various gases
such as air, hydrogen, helium, neon, nitrogen, oxygen, argon,
and carbon dioxide as the operating fluid on the performance of
an HDH system (Arabi & Reddy, 2003). The results of their
study show that in terms of heat transfer, hydrogen and helium
gases, and in the case of mass transfer, argon gases and carbon
dioxide have better performance compared to the air. Finally,
they proposed carbon dioxide as a carrier gas in the HDH
system. Narayan et al. conducted a comprehensive study of
different types of solar desalination systems and showed that
solar desalination based on the humidifier-dehumidifier process
is the best technique of solar desalination due to its high energy
efficiency (Narayan, Shargawy, et al., 2010). Hermosillo et al.
studied the performance of an HDH system experimentally and
numerically (Hermosillo et al., 2012). The humidifier unit of
their system consists of a cellulosic substrate through which
saline water flows and provides a considerable level of
evaporation, and the dehumidifier unit is a liquid-gas heat
exchanger in which the wasted thermal energy is recovered
from the condensation of water vapor in humid air to preheat
the incoming saline water. The thermal energy require
initiate the system is supplied by an electric heater. The
investigated the effect of some performance parameters to
achieve better heat recovery in the system. In 2015/ F
al. theoretically and experimentally investigated /2
system connected to a vacuum tube solar collector d
al., 2015). Their results showed that the use

preheating by the solar collector before nteri@midifier
unit can enhance the production of freshiWate about 22
L/day and diminish energy consumpti y about $0.06
per liter of freshwater production. et al. studied the
economics of a solar ventilation sy nnected to the HDH
desalination system (Elattar/€tDal.
freshwater production rat'ng dpacity, electricity
consumption, economie® ine and” combined system
performance coefficgnt ander different designs and

performance para esults revealed that compared to

dehumidifiers. In the present study, for the first time, the
connection of PVT collectors to the HDH system has been
utilized to preheat the saline water and also to provide the
necessary electrical power to flow the airflow inside the
combined system. Meanwhile, the use of moving packing
distinguishes this device from that of previous studies
(Elhenawy et al., 2023; Naeini et al., 2023). The present study
is based on an experimental method, and a desalination system
with known dimensional specifications was made and then
tested. Parametric studies and the effect of different design and

performance parameters on system efficiency are some of the
items that have been studied.

2. MATERIALS AND METHODS/EXPERIMENTAL

Figure 1 depicts a schematic view of the system connected to
PVT collectors and its components. The system's operation
involves the initial entry of saline water with low temperature
into the plate heat exchanger (element number 1 in Figure 1).
By absorbing the heat of incoming fresh water, the §aline water
undergoes a slight preheating. Subsequently, th%ted
saline water flows into the set of PVT collg ent
number 2 in Figure 1), where its tempeggature j @ elevated
before being directed to the heater (element number.3'in Figure
1). Controlled by the thermostat settin N’[(e mperature
is raised to the desired level.

The heated saline water is the oducedinto the humidifier
tower through the nozzle (element number 4 in Figure 1), where
it is sprayed onto s within the tower.
Simultaneously, air is int from the tower's bottom by a
fan (element numb i re 1). Within the humidifier
tower, heat exc ass transfer occur, leading to an

increase in the

e humidifier tower to the dehumidifier tower. In the
humidifier tower, fresh water is sprayed onto the packings at
a low temperature. As the temperature decreases, some of the
humidity is removed. The collected humidity, along with water
sprayed on the packings, enters the fresh water tank (element
number 7 in Figure 1). Notably, fresh water circulates
continuously within the dehumidifier tower.

In order to analyze the equations governing this system, it is
assumed that the system operates in steady-state and steady-
flow conditions. Both parts of the humidifier tower and the
dehumidifier towers are thermal insulators, and the air pressure
is equal to the ambient pressure of Yazd city. The geographical
and climatic conditions of the test site (Yazd) are given in Table
1.

Table 1. The geographical and climatic conditions of the test site
(‘Yazd)

Height average
Longitude latitude above sea  solar flux ambient
level temperature

31.8974°N 54.3569°E 1216 m  870W/m? 14°C

The equation of energy and mass conservation in the humidifier
part is as follows:

Mgy, + MgaWein = Mpy + MgaWar 1)
rhswhsw,t + rhdahaL,in = My, hyy + rhdaha,t 2

Also, the equation of energy and mass conservation in the
dehumidifier part is as follows:

MgaWq, = Mgy + Mgy W out (3)
r.nfwhfw,t + rhdaha,t = r.nfwhfw,b + Ihdaha,out + gy haw (4)
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Figure 1. . Schematic view of a water-desalination system with

The heat energy required to heat the water can also

calculated as follows: @
®)
(6)

To evaluate the performance of t salination system,
the output ratio (GOR) para S ed as the ratio of the
latent heat of vaporization ofithe praduc ater to the total

heat given to the syste fo Dehghani et al., 2020):

Qin = Ihswcp,sw(Tsw,t - Tsw,b)

Qout = meCp,fW(TfW,b - wa,t)

Mgwhyg _ htg
GOR Qin Tsw,t_Tsw,b) - Cp,swATsw (7)
The re ) is the ratio of the mass flow rate of the

he mass flow rate of the feed water and is

w7 100 (%) (8)

To obtain the conditions in the humidifier and dehumidifier, the
effectiveness of these parts should be evaluated. In fact, the
effective parameter compares the transferred actual heat energy
with the ideal heat energy from each flow and is defined as the
change in the actual enthalpy rate to the maximum possible
enthalpy rate change. The effective parameter is defined as
follows (Narayan, Mistry, et al., 2010):
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The greatest possible change in enthalpy occurs when the
device gives too much time and contact surface to the incoming
currents to transfer mass and heat. The effectiveness of the
dehumidifier and dehumidifier is determined by the following
equations (Narayan, Mistry, et al., 2010):

'Ha,t_Ha,b st,t_'Hbr ) (10)
l;lldeala,t_l;la.b ! st,t_Hldealbr

Ha,t_‘Ha,b"'HdW ‘Hdw_wa,t ) (11)
a,t_Hldealu.,b+ Hdw ! l;lldealdw_l;lfw,t

&p = max(

& = max(H

In the above equations, air enthalpy is calculated using three
parameters: air temperature, relative humidity, and ambient
pressure in EES software. Meanwhile, the enthalpy of water is
determined by two parameters: water temperature and ambient
pressure. The ideal state of air enthalpy occurs when the
temperature of the air leaving the humidifier matches the
temperature of the saline water entering the tower, and its
relative humidity reaches 100%. Furthermore, the enthalpy of
water leaving each of the towers reaches an ideal state when the
water temperature equals the temperature of the air entering the
tower.

The heat efficiency of a plate heat exchanger is defined by the
following equations:

Q heating = Msw Cp ATheating (12)



Q cooling = Mfw Cp ATcooling (13)
7'] - Qheazing (14)

Q cooling

To calculate the efficiency of the water heater, the amount of
electric consumption of the heater must be calculated. The
following equation is employed to calculate the efficiency of
the heater (Dehghani et al., 2018):

Q mxCpXAT
N Heater =7, = V_il (15)

A sample was prepared for the experimental study of the HDH
desalination system. A moving packing was employed to
enhance the heat transfer surface. The height of the packings in
both the humidifier and dehumidifier towers is set at 1.25 m.
This dimension was determined through experimental trials,
comparing production levels at various packing heights, and
accounting for potential constraints in system construction.
Both the humidifier and dehumidifier towers utilize the same
type of packing, and the shear section in both units is identical.
In addition, a two-speed inter-channel fan with 120 W power,
2450 rpm motor speed, and an aeration volume of 720 m"3/hr
was utilized to generate airflow within the system. A damp
channel, adjustable from 0° to 90°, was employed to regulate
the airflow rate through the fan. Furthermore, the system

of water passing through the packings can be adjusted. The
saline water flow rate was varied within the range of 2-2.5
L/min, while the fresh water flow rate was adjusted between
0.5-3.5 L/min.

To monitor the system's conditions, humidity and air
temperature were measured at two points: before entering the
humidifier tower (point A) and before entering the dehumidifier
tower (point B). Additionally, the air velocity in the duct was
measured using a hot-air speedometer.

In this article, thermometers with an accuracy of +1°C,
flowmeters with an accuracy of £10~3 L/min, an ot wire
speedometer of +0.01 m/s were used. Additionally, imilar

ne

solar panels with dimensions of 25*660*1180 ters and
@ ows the
' 2d random

After complete construction 0 desalination system,
optimization tests and performance evaltation of the device
were initially performed in a r@efed space without connection
to PVT collectors, and thén ce was transferred out of
the workshop and conn PVT collectors. Figure 3(a)
shows a view of the”delice Wthe workshop space and Figure
3(b) shows a vieww, of device when connected to solar

steps of making the system. Specificatio
splash packing (pall ring) are shown i

incorporates pumps with a maximum head of 40 m and a flow collectors.
rate of 40 L/min. By incorporating a bypass route, the flow rate
Table 2. Specifications of used random splas ng (pall ring)
Packing Factor (%g void Surface area N Specification Diameter
(m™) (™) 3) (DxHx3)(mm) (mm)

239 0.89

1x25%25

Figure 2. a) Interior view of humidifier and dehumidifier towers, b) Nozzle installation location in towers. C) Inter-channel and damp channel fan
installed on the device, d) Water pumps for water circulation in the cycle, e) Construction of PVT collectors
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Figure 3. Desalination system (a) without and (b) with connection to PVT colleco

3. RESULTS AND DISCUSSION

To assess photovoltaic collectors, the experiment was
conducted on a desalination system in two modes: with a
collector and without a collector. Consequently, the results of
the experiments were categorized into two groups: data
pertaining to the unconnected state of PVT collectors and data
related to the connected state of PVT collectors to the
desalination system. In this research, the fresh water flow rate,
salt water flow rate, and circulating air flow rate (adjusted with
the help of damper adjustment) were regulated, and
remaining essential data were measured.

3.1. Results in conditions without connection of PVT
collectors to the desalination system

Firstly, to ascertain the appropriate air velocity in the
the fresh water flow, ranging from 0.5 to 3 L/mi he saline
water flow, ranging from 0.5 to 2 L/min, ar, e each
specified time interval, the angle of t hafinel damper is
adjusted, and the output is measured. % strates the
production rate at various flows and 0 open channel.
!@ as found to be 30°.

water production was

ing saline water and

The optimal angle for the channel
At this angle, the maximumgfre
achieved for different flow i
rotating fresh water. In this caSe, th

channel was 0.62 m/s. )
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Figure 4. Diagram of water production rate at different angles of
channel damper opening without connection to PVT solar collectors
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(b)

were conducted to determine the

and fresh water flow. For this

as fixed at an optimal 30°, and the

s set at 0.5 L/min. Subsequently, at

, the fresh water flow rate was adjusted

5, and 3 L/min, respectively, and the water
easured at one-hour intervals.

In the next step, experm
most suitable saline
purpose, the da
saline water

he equent steps, this experiment was replicated with
ater flow rates of 1, 1.5, and 2 L/min, and the results
eticulously recorded. The findings indicated that the
hest volume of fresh water production was achieved when
the saline water flow was 1 L/min, and the fresh water flow was
3 L/min. These test results are visually presented in Figure 5.
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Figure 5. Diagram of water production rate at different discharges of
saline water and fresh water, 30° angle of channel damper in case of
no connection to PVT solar collectors

Also, utilizing the data from experimental assays, a diagram
depicting the highest recovery ratio was constructed. The
diagram presented in Figure 6 indicates that the lower the inlet
saline flow rate, the higher the recovery ratio. At a flow rate of
0.5 L/min and a fresh water flow of 2 L/min, the highest
recovery ratio was achieved, amounting to 5.33%. Similarly,
the recovery ratio in the case of a saline water discharge of 1
L/min and a fresh water discharge of 3 L/min vyielding the
highest freshwater production in these discharges equaled
4.01%.



Figure 7 shows the gain output ratio (GOR) in different flows.
GOR is an indicator for measuring heat recovery in the system.
Equation (8) is used to calculate GOR. In Equation (8), the h_fg
value is considered to be 2266 J/Kg. Since in the experiments
performed, saline water was not available for use in the device,
municipal water was used and the value of Cp,sw for all
experiments was equal to 4.181 kj/kg.K The recovery ratio
(RR) calculated in the previous step was placed in Equation (8)
and the difference between the inlet saline temperature and the
saline water temperature before entering the dehumidifier
tower (AT, ) was also obtained through measurements
(Calculations are performed through EES software.).

The gain output ratio (GOR) is 0.78. Also, the highest GOR
occurred at 1 L/min saline water flow and 3 L/min fresh water
flow. GOR varies due to two parameters: recovery ratio (RR)
and temperature difference (AT, ). Increasing the fresh water
flow rate at a constant saline flow rate increases the GOR.
Increasing the temperature of the saline water entering the
humidifier tower and decreasing the temperature of the fresh
water entering the dehumidification tower also increases the
GOR because these two factors increase the RR.

Furthermore, the efficiency of the humidifier tower under
experimental conditions—specifically, with a saline water flow
of 1 L/min and a fresh water flow of 3 L/min, without
connection to PVT collectors—was calculated using Equations
(10) and (11). The obtained value for the dehumidifier tower
was 0.95, while for the humidifier tower, it was 0.4. Figure 8
compares the effectiveness of the dehumidifier tower and
humidifier tower under different water discharge rates.

The efficiency of the heat exchanger in the state witho
connection to the panel was 83.9% at a saline water flow of
L/min and a fresh water flow rate of 3 L/min. The incoming

saline water experienced a temperature increase .1 °C,
while the fresh water was cooled by a rotating 6 ° ese
conditions, the heat energy extracted from the fi r
during rotation was 1255.3 W, and the heat en t red
to the saline water was 1052.2 W.

To determine the efficiency of the watepfeater; measured
the current consumed by the heater, whie und tobe 9 A.

The heater efficiency under varigl e and fresh water

discharges is illustrated in Figuri 9.
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Figure 6. Recovery ratio at different discharges of saline water and
fresh water, damper angle 30° without connection to PVT solar
collectors
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The efficiency of the heater at a saline water flow rate of 1
L/min and a fresh water flow rate of 3 L/min, without
connection to PVT panels, was 45%. The amount of heat
delivered to the saline water at this stage was 891.94 W. The
results indicate that as the inflow of saline water increases, the
efficiency of the heater decreases.

3.2. Results in connection of PVT collectors to the
desalination system

After conducting experiments under conditions without
connecting the desalination system to PVT collectors, we
identified the optimal saline flow rate of 1 L/min, the optimal
fresh water flow rate of 3 L/min, and the optimal damper angle
of 30° for maximizing fresh water production. These optimal
values were also applied when integrating PVT collectors into
the desalination system to assess their impact on the results. For
this purpose, the system was relocated from the workshop's
enclosed space to an open area. After adjusting the necessary
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settings, PVT collectors were connected to the system. An
experimental study was conducted on 11/18/2023 at this stage,
with data collected three times per hour and subsequently
averaged.

Figure 10 shows the production rate per hour. The maximum
production was obtained between 11:30 and 12:30, which was
equivalent to 2.04 Kkg/hr. Also, the production of the
desalination system was 13.25 L/day. The average production
was 1.89 kg/hr.

The graph of recovery ratio at different times of the day is
shown in Figure 11. The maximum RR value is 11:30 - 12:30
and is equal to 3.4%. The average RR at a flow rate of 1 L/min
of saline water and a flow rate of 3 L/min of fresh water and a
30-degree angle of the channel damper when connected to the
panel is equal to 3.15%.

The graph depicting the output ratio at various times of the day
isillustrated in Figure 12. The peak Gas-Oil Ratio (GOR) value
occurs between 10:30 and 11:30, reaching 0.51. The average
GOR, observed at a flow rate of 1 L/min for saline water and a
flow rate of 3 L/min for fresh water, with an open channel angle
of 30°, is recorded as 0.48.

The effectiveness of the humidifier tower and dehumidifier
tower is depicted in Figure 13. The humidifier tower
outperformed the dehumidifier tower, with an average
efficiency of 97% compared to the dehumidifier tower's
average efficiency of 40%. When connected to the panel, the
humidifier tower excelled because the solar collectors' heating
elevated the water temperature. Additionally, the dehumidifier
tower's performance was hindered by wind, resulting in pg
efficiency compared to the workshop space.

25
© 2F
&
d ‘\/./‘\.__._‘
2
s 15
3
®
z
R
-}
©
2
& o5}
0  : 5 1 A 1 L 1 1 1 L
8 9 10 11 12 13 14 15 16

Day hours

Figure 10. Diagram of V\Wjuction rate when connected to PVT
solar collectors \

4

35

Recovery ratio percentage, RR
w
T

2 . 1 1 . 1
8 10 12 14 16

Day hours
Figure 11. Percentage diagram of the system recovery ratio when

connected to PVT solar collectors.

0.7
0.65 |-
06
x© 0.51
g 055F \0.49\‘ ’ 048
.g 05 D\/B\B\M
[
= 045
2
3 04f
£
8 0.35
03}
0.25 |
1 1 1
b2g 10 12 14 16
Day hours
Figure 12. The graph of the output ratio opiaine en connected to
PVT solar collectors. .
8
:E 1r a- _,B———-El—___&___a
2 g--" it = i
3
2
S08 |
Eg Effectiveness of
-E e Humidifier
s —_—a Dehumidifier
So6f
o
0
2
c
g
Fo04t
£
w . 1 1 N 1
8 10 12 14 16
Day hours

. Effectiveness diagram of humidifier and
idifier towers when connected to PVT solar collectors.

owed in Figure 14, the efficiency of the heat exchanger
en connected to the panel was calculated to be 95.8% on
average. In the preheating stage, an average of 821.6 W of heat
energy is transferred to the water by the heat exchanger.
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Figure 14. Heat exchanger efficiency diagram when connected to
PVT solar collectors.

According to Equation (15), the efficiency of the heater per
hour was calculated and its diagram is drawn in Figure 15. The
average yield of the heater was 72%. During the heating phase
by the heater, an average of 1433.49 W of heat energy is
transferred to the water.
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By passing water through the pipes behind the panel at a flow
rate of 1 L/min, the water was preheated in the second stage,
positively impacting the panel's performance. This is because
reducing the working temperature of the photovoltaic cell
improves its electrical efficiency (Sahay et al., 2015). The
temperature differences observed at various times of the day are
presented in Table 3. Additionally, using a voltage and
amperage meter, the voltage reached 19.8 V, and the current
reached 4.65 A, resulting in a calculated power of 92.07 W.
This indicates a 14.87% increase in power produced by solar
collectors.

As observed in Table 3, at 12 and 13 noon, the highest
temperature difference occurred in saline water, with the
greatest amount of heat energy extracted from the panel
surface. On average, 225.97 W of heat energy is absorbed from
the panel's surface and transferred to saline water.

Table 3. Temperature difference created by water passing through

PVT panels
Data Created The amount of taken hea

collection temperature the panel surface and
hours (hr) | difference (°C) saline wate

9 0.8 58,07

10 3.1 1

11 3.7 5.

12 4.1

13 4.1 83.38

14 3.8 67.12

15 3.1 N 216.07

3.3. Comparison of\results in connection and non-

connection ¢ ti of PVT collectors to the
desalination system
Compatable para , in two modes connected to panel and

without\pa are presented in Table 4.

PVT co rs contribute 9.1% of the heat energy supplied to
ater. The power consumption of each system
Is detailed in Table 5. In this system, 2530 W of
electricity are consumed per hour. The heater stands as the
largest consumer, while the fan is the smallest. Given that the
output power of each panel is 92 W, and two PVT panels are
employed, the system can generate 184 W of electricity per
hour. The daily production of the panels amounts to 1288 W.
This electricity can sufficiently power the fresh water fan and
pump. Notably, the panels provide 7.3% of the required
electrical power for the system.

Table 4. Comparison of test results in two modes connected to
panel and without panel

Comparable parameters Without Connected to
panel the pane

RR (-) 4.01 3.15

GOR (-) 0.78 0.48

Effectiveness of humidifier 95% 97%

Effectiveness of dehumidifier 43% 40%

Heater efficiency 45% 2%

Heat exchanger efficiency 83.9 % 95.8%

Heat exchanger efficiency rate 24

Lit/h )

The average amount of heat energy

given to saline water in a heat 1052.5

exchanger (W)

Average amount of heat energy

given to saline water in the

collector (W)

Average amount of heat ener
given to saline water per heal
W)

Average amount of hea
given to saline water

1.94 1433.49

Vagg,1¢ 2481.06

each system component

current, | Voltage, | Power consumed
(4) (V) w)
0.2 220 44
0.6 220 132
1.7 220 374
eater 9 220 1980

4., Conclusion

In the present study, an HDH system connected to PVT
collectors was fabricated to evaluate its performance. The
effect of different performance and design parameters on the
produced fresh water rate was investigated. The main results
for the manufactured device are as follows:

*The optimal fresh water flow rate is 3 L/min and the optimal
saline water flow rate is 1 L/min.

*The maximum recovery ratio of the desalination system was
5.33%.

*The recovery ratio of the desalination system, in case of non-
connection of collectors, was 4.01%, and in case of connection
of collectors, it was 3.15%.

*The gain output ratio in the two modes of disconnection and
connection of collectors to the desalination system was 0.78
and 0.48, respectively.

*The maximum production in laboratory conditions was 2.4
L/hr. The peak production was achieved when the collectors
were connected to the desalination system from 11:30 to 12:30,
amounting to 2.04 L/hr. The performance of both heaters and
heat exchangers improved when the collectors were connected
to a desalination system. PVT collectors provided 9.1% of the
heat energy to saline water and 7.3% of the electrical power
required by the system, capable of supporting the fan and
freshwater pump.
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* The effectiveness of the humidifier improved in the outdoor
desalination test, but in the case of the dehumidifier, the
effectiveness decreased slightly.
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NOMENCLATURE
English symbols
" Specific heat capacity at constant pressure, kJf /kg. K
GOR  Gain output ratio (-)
H Enthalpy rate, kW
h Enthalpy, kJ/kg.K
HDH  Humidifier — Dehumidifier
| Electrical current, A
m Flow rate, L/min
PV Photovoltaic collector
PVT Photovoltaic-Thermal collector
QU Heat transfer rate, kW
RR Recovery ratio (-)

T Temperature in terms of °C
\Y/ Voltage, V
W Power, W
€ Effectiveness (-)
® Absolute humidity, kg (vapor)/kg (dry air).
A difference or change
Subtitle
a Air
b Bottom
br Brain water
Dehumidifier
da Dry air
dw Desalinated water
fw Fresh water
fg The enthalpy (entropy, etc) required for evaporation, (J/kg)
h Humidifier
in input
Max Maximum
out output
sw Seawater, Saline water
t Top
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