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Abstract

Direct evaporative air cooler has been developed to enhance the cooling effectiveness in hot and low relative humidity region. The evap-
oration area of the conventional evaporator was increased and tested in Baghdad city (N33.3, E44.4). The present study aims to evaluate
the developed evaporative air cooler under the direct effect of the solar irradiance and dry-bulb temperatures variation. For test condi-
tions with low relative humidity range 10 to 15 percent, it is found that inlet dry-bulb temperature of the air could be cooled lower than
wet-bulb temperature. The cooling effectiveness tends to rise when inlet dry-bulb temperatures increase between 26.3°C to 44.7°C. In-
versely, the cooling effectiveness tends to reduce when the solar irradiance affects between 268 W/m2 to 636 W/m2. Moreover, the cool-
ing effectiveness of the developed evaporative air cooler in shade is higher than that in sunny places of Baghdad by 10%. The energy
savings by using the developed evaporative air cooler are 80% and 84% in sunny and shade places, respectively, when compared to an
identical vapor compression air conditioning unit. In conclusion, it was found that increasing the area of evaporation is an efficient meth-

od to increase cooling effectiveness, while solar irradiance has the opposite effect.
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1. Introduction

Water liquid changing to water vapor, especially near the surface,
when the molecules have adequate kinetic energy to escape repre-
sents an evaporation phenomenon. The kinetic energy is propor-
tional to the temperature of the molecules. Hence, the evaporation
increases when the temperature increases. Therefore, the rate of
water vapor added to the air depends on the molecules temperature
rises [1].

Accordingly, direct evaporative cooling, DEC, uses a wetted pad
to cool the air. In the extremely dry air, the evaporative air cooler
can be significantly dropped temperatures through the phase
change of water to water vapor, which cools air by less energy
consumption than the compression refrigeration system. Low con-
sumption of energy is obtained when the DEC process operates at
a constant wet-bulb temperature (approximately constant enthal-
py). The underlying principle of DEC is ambient air heat extrac-
tion, which converts to latent heat associated with the evaporation
of water. Thence, supply air leaves at low air temperature with
high humidity.

A novel coupled system for decreasing temperature of air condi-
tioning below the wet-bulb temperature of surrounding has been
developed by Heidarinejad et al. [2]. A ground piping circuit pro-
vides pre-dropping of air temperature; subsequently, air tempera-
ture cools below its wet-bulb by applying DEC unit. Assisted
simulation results revealed comfort conditions of a hybrid system
up to higher than 100%. Jain [3] developed and tested two-stage
evaporative cooling storage of vegetables. The developed cooler
could provide necessary comfort conditions even though outside
humidity is higher. The two-stage cooler was found to provide 20
% better cooling than a single stage cooler. Sodha et al. [4]
evolved DEC unit for space cooling in various climates in the

condition of the floor area. Obtained results show a reduction in
the discomfort of space cooling by 90%. Lin et al. [5] modeled
mathematically and experimentally the DEC system under differ-
ent conditions. The evaporative air cooler utilized a pre-
dehumidifier to improve effectiveness with the condition of ambi-
ent humidity. The dehumidification improvement ranged from 70—
135 % whereas the effectiveness reaches to 1.25. Camargoa et al.
[6] investigated the cooling performance of the DEC system and
determined the convection heat transfer coefficient.

Performance of evaporative air cooler increased when using po-
rous ceramic materials as wetted pads for air conditioning units.
Boukhanouf et al. [7] presented a computational model validated
by measurements for wetted ceramic cooler; while Ibrahim et al.
[8] and Gomez et al. [9] investigated the performance of porous
ceramic evaporators experimentally. Obtained results show that
the evaporative cooler with porous ceramic has high thermal per-
formance in terms of low temperatures of supplying air. Ndukwu
and Manuwa [10] reviewed the DEC systems by means of; de-
signs of an evaporative cooler, technologies utilize in DEC sys-
tems that improve the performance, and analyses of parameters of
evaporative cooler such as air flow, a thickness of pads, and the
effectiveness.

The DEC system revealed by Elmetenani et al. [11], Whaley et al.
[12], and El-Awad [13] benefited from solar radiation. Perfor-
mance of the evaporative air cooler for different operating months
has simulated by using TRNSYS environment [11]. Integrated
evaporative cooling systems with a heating process that utilizes
the solar energy were studied [12], [13]. The integration systems
have used for heating/cooling processes.

Previous studies comprised the developments and incorporated
processes that carried out on DEC systems. The developments
were implemented to increase the cooling performance by using
various wetted pads and hybrid systems, while incorporated pro-
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cesses with the solar energy were carried out by heat exchangers.
However, it is evident that the literature has a lack of experimental
verifies of solar radiation effect on evaporative air cooler effec-
tiveness and evaporation area changing.

Therefore, the present study aims to evaluate the evaporative air
cooler under new investigation with/without increasing the evapo-
ration area and with/without the direct effect of the solar irradi-
ance.

2. Experimental work

An experimental development was carried out on a conventional
evaporative air cooler to enhance thermal process has. Experi-
ments are relying on measurements of the thermal process. Hence,
cooling effectiveness for the evaporative air cooler has evaluated.
Measurements implemented during the months of March, April
and May / 2017 in Baghdad city (latitude N33.3, longitude E44.4
and altitude 34 m). Parameters observed during the tests are inlet
dry-bulb temperature Tan,i and relative humidity RH;i, outlet dry-
bulb temperature Tano and relative humidity RHo, outlet airspeed
Vo and the solar irradiance I.

Fig. 1 depicts schematic of the conventional evaporative air cooler
with main parts. The centrifugal fan pulls air through wetted pads
located on three aspects of the unit. The conventional evaporative
air cooler adopted in present work has external dimensions of (67
x 67 x 80) cm?, and each evaporative pad has the dimensions of
(58 x 43) cm? with wooden fiber padding, Fig. 2.

Water Distribution System =

Electric Motor

Centrifugal Fan

Evaporative Pads B

Water Recirculating Pump

Water Tank

Water Overflow ™

Float Valve Water Level
Fig. 1: Schematic of Conventional Evaporative Air Cooler [14].

In order to analyze the effectiveness of the evaporative air cooler,
development has implemented to the conventional air cooler. In-
creasing area of evaporation is the main development in the pre-
sent study. Instead of the side of the centrifugal fan; fourth evapo-
rative pad was used. When the developed air cooler tested as a
conventional cooler, this fourth pad changed by an alternative
plate. Moreover, a propeller fan was installed at the top of the new
unit to supply cold air through a hole of 40 cm in diameter, as
shown in Fig. 2. In low humidity areas, such as present study,
adding water vapor to the air will produce a realistic cooling.
Therefore, two water recirculating pumps have used to dripping
enough water for four evaporative pads.

Outlet Cold
Air

Propeller Fan

Inlet Ambient
Air

Fig. 2: Developed Evaporative Air Cooler.
The devices utilized in gathering measurements are (1) digital
thermo-hygrometer to measure dry-bulb temperature and relative
humidity of air, (2) anemometer to measure speed of air, (3) solar
meter to measure the solar irradiance. The tests procedure of the
evaporative air cooler includes four cases; developed / conven-
tional evaporator in shade palace and developed / conventional
evaporator under direct effect of the solar irradiance. For each
case, inlet parameters to air cooler were measured before outlet
parameters when steady state conditions approach. The evapora-
tive padding was kept continuously saturated to obtain the steady
conditions over test time. The systematic method for measure-
ments included, experimental test start in shade place, and then the
evaporative air cooler test under direct effect of the solar radiation.
The solar radiation falling on two aspects (pads) in each test. The
same procedure repeated for the conventional air cooler. The solar
meter utilizes to measure the solar irradiance by setting it perpen-
dicularly to the aspect that facing the sun. Therefore, the intensity
of received irradiance is depending on the solar altitude angle at
the hour and date of measurement. During the tests months, the
cases of the evaporative air cooler with different ambient air tem-
peratures have measured in the period of 12 pm to 1 pm, peak
time, where ambient air temperatures range between 26.3°C to
44.7°C. Furthermore, the tests cases with different solar irradiance
have measured in the period of 7 am to 1 pm, where the solar irra-
diance ranges between 268 W/m? to 636 W/m?. The obtained
measurements will be analyzed to compare the cooling efficiency
for the conventional and the developed evaporators.

3. Performance analysis

Air conditioning process for an occupied space is relying on occu-
pants comfort. The thermal comfort zone for the human being is a
consequence of surrounding air temperature and water vapor that
saturated the air. Wherefore, a computational program of psy-
chrometric processes was utilized to analyze experimental out-
comes. A psychrometric program has thermodynamic properties
of moist air at steady pressure. The basic measured parameters are
dry-bulb temperature Tap and relative humidity RH. Therefore,
wet-bulb temperature Tws, specific enthalpy h, specific volume v,
and absolute humidity W can be determined. Wherefore, when dry
and wet air temperatures identify, the cooling effectiveness € can
be estimated. The cooling effectiveness (or saturation efficiency)
is the difference of dry air temperatures between inlet and outlet to
the difference between dry and wet air temperatures of inlet air
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flow. The effectiveness of evaporative air cooler describes in
equation (1).

Tapi—T

€= db,i db,o (1)
Tab,i=Twb,i

Where:

€ = cooling effectiveness (%)

Tabi = entering dry-bulb air temperature (°C)

Tdb,o = leaving dry-bulb air temperature (°C)

Twb,i = entering wet-bulb air temperature (°C)

Most DEC systems can lower the dry air temperature to the wet-
bulb temperature. Others DEC systems can reduce the dry air
temperature less than the wet-bulb temperature. The cooling effec-
tiveness drops very little over time because of changes in sur-
rounding air temperature and humidity ratio. The cooling effec-
tiveness is the index used to assess the performance of DEC sys-
tems. In order to determine the evaporative cooler effectiveness;
mean outlet air velocity utilizes is 4.3 m/s, which equates volumet-
ric flow of outlet air of 0.54 m%s (32 CMM), and operational at-
mospheric pressure is 100.917 kPa (elevation 34m), which repre-
sents Baghdad location. Furthermore, the psychrometric program
can be used to compute sensible and latent energy, which transfers
during the cooling process. The current study focused on latent
energy computed by the program. The latent energy of moisture
added to air can be determined by equation (2) [15]. The latent
energy is the index used to estimate the vaporization process with-
in the evaporative air cooler. When the volumetric air flow is con-
stant, latent energy depends on rising in absolute humidity.

Latent Energy = V X p X hgg X (W, — W}) (2)

Where:

V = volumetric flow of outlet air (m?3/s)

p = density of air at Tan,i (kg/m®)

htg = latent heat of vaporization at Tap,i (kJ/kg)

W, = absolute humidity at Tano (g/kg dry air)

Wi = absolute humidity at Tab,i (g/kg dry air)

Evaporative air coolers have valued for their reduced energy con-
sumption in comparison to compression refrigeration systems. The
cooling capacity of the direct evaporative air cooler has deter-
mined by equation (3). Discussions of the cooling effectiveness,
latent energy and the energy savings for the developed evaporative
air cooler are elaborate in the next section.

Q=VxpxCpx (Tapi — Tan,o) ©)

Where: Q = the cooling capacity (kW)
Cp = specific heat capacity of air at Tap,i (kd/kg.K)

4. Results and discussions

In this study, measurements and data analyzing were utilized to
deduce outcomes. Measured dry-bulb and wet-bulb temperatures
have examined at inlet and outlet air flow of the evaporative cool-
er. It is to highlight the cooling effectiveness that changes with
dry-bulb temperatures and the solar irradiance. The change in
latent energy with different dry-bulb temperatures and the solar
irradiance have revealed. Furthermore, the uncertainty of meas-
urements was achieved to improve the experiment.

4.1. Results of temperatures

Measurements of dry-bulb and wet-bulb temperatures at in-
let/outlet air flow to/from the evaporative air cooler have shown in
Figs. 3 and 4. Air temperatures elaborated for the cases of devel-
oped/conventional evaporative air cooler in sunny/shaded places.
Figure 3 shows outlet dry-bulb temperatures behavior for different
inlet dry-bulb temperatures. Figure 4 shows outlet wet-bulb tem-

peratures behavior for different inlet wet-bulb temperatures. Outlet
dry and wet air temperatures tend to rise for all cases when inlet
dry-bulb and wet-bulb temperatures increase. Results of outlet dry
and wet air temperatures of the evaporative air cooler in shade are
lower than that in sunny places, as well temperatures of the devel-
oped air cooler are lower than that the conventional air cooler.
High temperatures date back to the solar irradiance effect on inlet
air. Results were demonstrated dry-bulb temperature drops by the
range of 6-12°C, 3-11°C, 4.1-10.8°C, and 4-10°C for the cases of
shaded developed, sunny developed, shaded conventional, and
sunny conventional respectively. Simultaneously, wet-bulb tem-
perature drops by 1-4°C, 0-3°C, 0.6-3.7°C, and 0.5-2.5°C for the
same respectively cases. Consequently, outlet wet air temperatures
drop less than the inlet, which means more cooling occurs when
water evaporates.
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Fig. 3: Measured Dry-Bulb Air Temperatures for Outlet versus Inlet.

25

o

20

.E m N f

3

C n 0%

2 [ PN

20 -

B

=

w5

5 5 10 15 20 25
(o] Inlet Wet-Bulb Temperature (°C)

Shaded Developed X Sunny Developed

M Sunny Conventional Shaded Conventional

Fig. 4: Measured Wet-Bulb Air Temperatures for Outlet versus Inlet.

For the developed evaporative air cooler, average dry-bulb tem-
peratures drop is 8.1°C and 10.3°C for sunny and shade places,
respectively. Consequently, estimated cooling capacity is 5.28 kW
and 6.72 kW for the sunny/shaded cases, respectively. In order to
compare, for a specific zone, the power consumption of the devel-
oped evaporative air cooler with the identical vapor compression
air conditioning unit. The power consumption of the vapor com-
pression air conditioning unit to produce these cooling capacities
are 2.4 kW and 3.0 kW in sunny and shade places respectively,
compared with only 0.48 kW for the developed evaporative air
cooler. Therefore, the energy savings of the developed evaporative
cooler are 80% and 84% in sunny and shade places, respectively.
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4.2. Results of the cooling effectiveness

Results of the cooling effectiveness are shown in Figs. 5, 6, and 7.
The cooling effectiveness has elaborated for the cases of devel-
oped/conventional evaporative air cooler in sunny/shaded places.
Figure 5 shows the cooling effectiveness behavior for different
inlet dry-bulb temperatures and the mean solar incidence is 320
W/m2. The cooling effectiveness tends to rise for all cases when
inlet dry-bulb temperatures increase between 26.3°C to 44.7°C.
These results are corresponding to the results obtained by Ca-
margo et al. [6], which comments on that “more cooling is neces-
sary to propitiate thermal comfort when the temperatures are high-
er“. Significant results of the effectiveness revealed in Fig. 5. The
effectiveness of developed air cooler in shade is higher than in
sunny places, and the effectiveness of the sunny developed is
higher than the sunny conventional. The results tendency deduced
for the cooling effectiveness distribution shown in Fig. 5 with the
coefficient of correlation R2=0.83, 0.84, and 0.81 for the cases
shaded developed, shaded conventional, and sunny conventional,
respectively. An experimental relationship predicts the perfor-
mance behavior for the case of the developed evaporator with
direct solar effect, R?=0.86, was obtained. Hence, a polynomial
equation of an experimental relationship can describe in equation
(4), which is capable of predicting the cooling effectiveness at any
dry-bulb temperature input the evaporative cooler under the tests
conditions.

€ = —0.0422(Tay;)” + 3.892(Tqp;) — 41.229 For Tani=
26.3°C t0 44.7°C 4)

In order to compare the cooling effectiveness results for different
inlet dry-bulb temperatures, an average cooling effectiveness for
all cases are shown in Fig. 6. The effectiveness of the developed
air cooler in shade is higher than the sunny developed air cooler
by 10% due to the effect of the solar irradiance. While in shade,
the effectiveness of the developed air cooler is higher than the
conventional air cooler by 8% due to the development of increas-
ing the evaporation area. For direct solar assays, the effectiveness
of the developed air cooler is higher than the conventional by
about 4% due to the reduction in the speed of drawn air through
the pads, which increases the liaison time between the air and the
wetted padding then decreases outlet dry-bulb temperature. Hence,
reducing the cooling effectiveness, when air flow speed increases,
is corresponding to the results obtained by Camargo et al. [6]. The
evaporative air cooler has tested in low relative humidity site,
Baghdad. Therefore, the results of the cooling effectiveness shown
in Figs. 5 and 6 obtained via experiments with inlet relative hu-
midity in the range of 10 to 15 percent.
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Results of solar irradiance effect on the effectiveness of developed
and conventional evaporative air cooler shown in Fig. 7. The re-
sults show the reduction in the cooling effectiveness when the
solar irradiance increases between 268 W/m? to 636 W/m?. The
effectiveness of the developed air cooler is higher than the con-
ventional due to lowering speed of the drawn air through the pads.
Experimental relationships deduced for the cooling effectiveness
behavior shown in Fig. 7 with R>=0.83 and 0.89 for the developed
and conventional air cooler, respectively. A polynomial equation
for the developed evaporator can describe in equation (5), which is
capable of predicting the cooling effectiveness for different solar
irradiance incidence on the developed evaporator.

e =—[7x1075(D2] + 0.0128(1) + 52.355 For | = 268
W/m? to 636 W/m? )

The reason for reducing the cooling effectiveness dates back to
lowering inlet dry-bulb and wet-bulb temperatures synchronized
with the solar irradiance increases, as shown in Fig. 8. Measure-
ments of the solar irradiance are depending on the solar altitude
angle; subsequently, high irradiance has measured at the early
time of the sunny day where the solar meter was adjusted perpen-
dicularly to the evaporative pad surface. Hence, irradiance de-
creases when time increase due to the solar altitude angle increas-
es. Simultaneously, surrounding dry-bulb and wet-bulb tempera-
tures increase when time increases. Consequently, high cooling
effectiveness obtained at low solar irradiance and vice versa.
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4.3. Results of latent energy

Results of latent energy of evaporation process for different inlet
dry-bulb temperature and solar irradiance are shown in Figs. 9 and
10. Results of latent energy elaborated for the cases of devel-
oped/conventional evaporative air cooler in sunny/shaded places.
Figure 9 shows results of latent energy behavior for different inlet
dry-bulb temperatures with the tendency of R?=0.83, 0.71, 0.89,
and 0.81 for the cases shaded developed, shaded conventional,
sunny developed, and sunny conventional, respectively. The re-
sults tend to rise for all cases when inlet dry-bulb temperatures
increase. Results of latent energy for the case of the developed
evaporator are lower than the conventional evaporator, and for the
case in shade place are lower than in a sunny place. Figure 10
shows the results of the solar irradiance effect on latent energy
growing; the results of latent energy of the conventional evapora-
tor, R2=0.90, are higher than the developed evaporator, R>=0.97.
Volumetric air flow and absolute humidity difference, shown in
equation (2), are the main parameters affecting the results of latent
energy. To understand the latent energy tendency for different dry-
bulb temperatures and solar irradiance; a steady volumetric air
flow rate of 0.54 m%s is divided through three aspects for the con-
ventional evaporator and four aspects for the developed evapora-
tor. Therefore, the speed of drawn air through three evaporative
pads is higher than that pulls through four pads, due to changing
inlet area, which leads to transport more moisture; i.e. increasing
humidity production carrying by air flow. Consequently, the cases
of latent energy behave to matching the cases that shown in Fig. 3
due to temperature effect on the evaporation. For the results
shown in Fig. 9, the solar irradiance received by two sides of the

evaporator in the sunny case, which produces more humidity due
to water evaporation by dry-bulb temperature and irradiance expo-
sure. Hence, differences in absolute humidity of the sunny devel-
oped evaporator are higher than that in the shade, which reflects
on the results of latent energy.
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4.4. Uncertainty in measurements

The purpose of uncertainty analysis for a set of measurements is to
determine the errors and to improve the experiment. The most
common way to describe the discrepancy between the measure-
ment and the true value of the quantity shows in equation (6) [16].

Measurement = true value £ uncertainty (6)

Random and systematic errors are the common types associated
with an uncertainty of measurements. Random errors can estimate
through statistical analysis. Hence, statistical analysis achieved for
parameters of air temperatures associated with the cooling effec-
tiveness for the developed evaporative air cooler exposed to the
sun. The outcome of error analysis for the selected parameters
shows in Table 1, where X represents the individual measurement.

Table 1: Random Error Analysis in Measurements of Sunny Developed
Evaporative Air Cooler

- . - Air tempera-  Values
Statistical Expression Equation s C)
Measurements average, x=L1yN Inlet dry- 35.875
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X bulb 6) Experimental relationships deduced for the case of the de-
Outlet dry- 27.813 veloped evaporator with direct solar effect. The relation-
bulb ships obtained indicate the behavior of the cooling effec-
erjlfbt wet- 16.775 tiveness when dry-bulb temperatures and the solar irradi-
Inlet dry- 650 ance changes.
_ bulb '
The standard deviation, ~ °N-1 = Outlet dry- 459 Nomenclature
ON-1 /ﬁzyﬂ(xi -%)?2 bulb '
Inlet wet- 3.37 Cp: specific heat capacity (kJ/kg.K)
f’r‘:l'et; . h: specific enthalpy (kJ/kg)
bulb y 24 htg: latent heat of vaporization at Ta,i (kJ/kg)
The standard error of g — ON-1 Outlet dry- 1.6 I.: solar 'rrad_'ance (W_/ m?)
the mean, S N bulb : Q: The cooling capacity (kW)
Inlet wet- 12 RHi: entering relative humidity (%)
bulb i RHo: leaving relative humidity (%)

Air temperature and relative humidity are measured by digital
thermo-hygrometer which has an accuracy of £0.1°C and +5% RH
of readings, respectively. Air velocity and the solar irradiance
measured by anemometers and solar meter which have an accura-
cy of +5% and +3% of readings, respectively. Therefore, the un-
certainty of the instruments involved with experiments is deter-
mined. Relative uncertainty associated with measurements for
sunny developed evaporative air cooler at Tabi = 37.2°C, RHi =
10%, V = 4.3m/s, and | = 293W/m? are shown in Table 2.

Table 2: Uncertainty Values Associated with the Measured Values

Expression Equation Parameters Uncertainty
Air Tem- o
perature UAAS

Relative Un- RU= Relative 0.5%

certainty, RU Uncertainty H_Umldlty_

' Measured Quantityl  Air Velocity —1.2m/s
Solar Irradi- 0.01W/m?
ance

5. Conclusions

An experimental study related to direct evaporative air cooler
affected by the solar irradiance was carried out in Baghdad city.
Increasing area of the evaporation implemented to the convention-
al air cooler. The cooling effectiveness of the devel-
oped/conventional evaporative air cooler in sunny/shaded places
was analyzed. Moreover, the energy savings and latent energy
analyzed, as well. The conclusions drawn from the results show
that:

1) Analyzing measurements of wet air temperatures indicate
that the cooling effectiveness obtained at low inlet relative
humidity ranges between 10 to 15 percent.

2) The results demonstrate dry-bulb and wet-bulb temperatures
drop in the range of 3-12°C and 0.5-4°C respectively for all
cases. Hence, low wet-bulb temperatures produced from the
evaporative cooler.

3) The cooling effectiveness, latent energy, and outlet air tem-
peratures tend to rise for all cases when inlet dry-bulb tem-
peratures increase between 26.3°C to 44.7°C. While the
cooling effectiveness results decrease when the solar irradi-
ance affects between 268 W/m? to 636 W/m2,

4) The cooling effectiveness of the developed air cooler in
shade is higher than that in sunny places with 10% due to
the direct effect of solar irradiance. While the effectiveness
of the developed evaporator is higher than the conventional
by about 5% with irradiance effect, and the reason dates
back to reducing the speed of the drawn air through the
pads.

5) The energy savings of the developed evaporative air cooler
are 80% and 84% in sunny and shade places, respectively,
when compared to the identical vapor compression air con-
ditioning unit.

Tab,i : entering dry-bulb air temperature (°C)
Tabo : leaving dry-bulb air temperature (°C)
Twb,i - entering wet-bulb air temperature (°C)
Vo: outlet air speed (m/s)

V: Volumetric flow of outlet air (m3/s)

v: specific volume (m¥/kg)

Wi: absolute humidity at Tab,i (9/kg dry air)
Wo: absolute humidity at Tab,o (g/kg dry air)
p: density of air at Tab,i (kg/m3)

€: cooling effectiveness (%)

References

[1] Silberberg, Martin A. “Chemistry: The molecular nature of matter
and change” 4" Ed., New York: McGraw-Hill, PP:431- 434,
(2006). ISBN 0-07-296439-1

[2] Heidarinejad, Ghassem, Vahid Khalajzadeh, and Shahram Delfani.
"Performance analysis of a ground-assisted direct evaporative cool-
ing air conditioner." Building and Environment 45.11 (2010): 2421-
2429. https://doi.org/10.1016/j.buildenv.2010.05.009.

[3] Jain, Dilip. "Development and testing of two-stage evaporative
cooler.” Building and Environment 42.7 (2007): 2549-2554.
https://doi.org/10.1016/j.buildenv.2006.07.034.

[4] Sodha, M. S., S. P. Singh, and R. L. Sawhney. "Evolution of design
patterns for direct evaporative coolers." Building and Environment
30.2 (1995): 287-291. https://doi.org/10.1016/0360-
1323(94)00034-P.

[5] Lin,J., Wang R. Z., Kumja M., Bui T. D., and Chue K. J. "Model-
ling and experimental investigation of the cross-flow dew point
evaporative cooler with and without dehumidification." Applied
Thermal Engineering 121 (2017): 1-13.
https://doi.org/10.1016/j.applthermaleng.2017.04.047.

[6] Camargo, Jose Rui, Carlos Daniel Ebinuma, and Jose Luz Silveira.
"Experimental performance of a direct evaporative cooler operating
during summer in a Brazilian city." International Journal of Refrig-
eration 28.7 (2005): 1124-1132.
https://doi.org/10.1016/j.ijrefrig.2004.12.011.

[7] Boukhanouf R., Ibrahim H. G., Alharbi A., and Kanzari M. "Inves-
tigation of an Evaporative cooler for building in hot and dry cli-
mates." Journal of clean energy technology 2.3 (2014).

[8] lbrahim, Elfatih, Li Shao, and Saffa B. Riffat. "Performance of po-
rous ceramic evaporators for building cooling application." Energy
and Buildings 35.9 (2003): 941-949. https://doi.org/10.1016/S0378-
7788(03)00019-7.

[9] Gomez, E. Velasco, Rey Marti'nez F. J., Varela Diez F., Molina
Leyva M. J., and Herrero Marti'n R. "Description and experimental
results of a semi-indirect ceramic evaporative cooler." International
Journal of Refrigeration 28.5 (2005): 654-662.
https://doi.org/10.1016/j.ijrefrig.2005.01.004.

[10] Ndukwu, M. C., and S. I. Manuwa. "Review of research and appli-
cation of evaporative cooling in preservation of fresh agricultural
produce.” International Journal of Agricultural and Biological En-
gineering 7.5 (2014): 85.

[11] Elmetenani S., Yousfi M. L., Merabeti L., Belgroun Z., and
Chikouche A. "Investigation of an evaporative air cooler using so-
lar energy under Algerian climate." Energy Procedia 6 (2011): 573-
582. https://doi.org/10.1016/j.egypro.2011.05.066.

[12] Whaley, D. M., W. Y. Saman, and A. T. Alemu. "Integrated Solar
Thermal System for Water and Space Heating, Dehumidification


http://www.wikidoc.org/index.php?title=International_Standard_Book_Number&action=edit&redlink=1
http://www.wikidoc.org/index.php/Special:BookSources/0-07-296439-1
https://doi.org/10.1016/j.buildenv.2010.05.009
https://doi.org/10.1016/j.buildenv.2006.07.034
https://doi.org/10.1016/0360-1323(94)00034-P
https://doi.org/10.1016/0360-1323(94)00034-P
https://doi.org/10.1016/j.applthermaleng.2017.04.047
https://doi.org/10.1016/j.ijrefrig.2004.12.011
https://doi.org/10.1016/S0378-7788(03)00019-7
https://doi.org/10.1016/S0378-7788(03)00019-7
https://doi.org/10.1016/j.ijrefrig.2005.01.004
https://doi.org/10.1016/j.egypro.2011.05.066

International Journal of Engineering & Technology 4791

and Cooling." Energy Procedia 57 (2014): 2590-2599.
https://doi.org/10.1016/j.egypro.2014.10.270.

[13] El-Awad, Mohamed M. "Feasibility of a solar-assisted winter air-
conditioning system using evaporative air-coolers." Journal
homepage: www. IJEE. IEEFoundation. Org 2.2 (2011): 277-286.

[14] Handbook, A. S. H. R. A. E. "Systems and Equipment." Chapter 19
(2000): 19-2.

[15] Handbook, A. S. H. R. A. E. "Fundamentals, ASHRAE." Atlanta,
Chapter 28 (2001): 28-13.

[16] I.G. Hughes and T. Hase, "Measurements and Their Uncertainties"
Oxford Univ. Press, 2010.


https://doi.org/10.1016/j.egypro.2014.10.270

