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Abstract.Air conditioning plays a significant role to maintain a cool atmosphere in warm conditions, However,
the power consumed by themachine is higher. The commercial prevailing cooling systems are required to operate
ventilation and cooling systems in buildings and in turn consumes more power. These systems apart from
consuming electricity it also adds to the CO2 emissions to our environment. These energy consumption and CO2

emissions can be decreased by the assistance of energy effective frameworks to the prevailing air conditioning
system. The study was conducted on a package unit of 414.2 kW by measuring the relative humidity, dry bulb,
and wet bulb temperature to investigate the effect of indirect evaporative cooling on the systems COP. Also, the
modelling of the package unit was done using Creo software and the analysis was carried out using ANSYS
considering the flow and thermal analysis for different components of the package units. From this analysis it can
be observed that by implementing the adiabatic cooling in package unit it is possible to save energy
consumption. From the results it can be concluded that energy efficiency was more and the return on investment
is high. Also, coefficient of performance of this machine is high and consumes less electricity and the expected
energy savings is 20%.
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1 Introduction

A package unit is an HVAC (Heating ventilation and air
conditioning unit) which has all the air conditioning
components in a single housing. In these package unit
systems, the compressor, cooling coil, air handling unit and
air filter are all contained within the same enclosure. The
capacity of the package unit normally ranges from 5 to 110
tons. This type of package unit is perfectly suitable for
warehouses, huge halls, schools, mosques, and other heavy-
duty applications. As the capacity of package unit
increases, the load consumption of the package unit
increases. Therefore, implementing an adiabatic cooling
system in an aging or working package unit would result in
drop of energy consumption of the unit without affecting
the original cooling capacity. Based on the package unit in
case of HVAC system, literature review has been performed
and presented as follows.

Porumb et al. [1] have studied and reviewed indirect
evaporative cooling technology to know the importance of
these systems in future technologies due to its low energy
consumption and high efficiency and wide range of
applications. They reviewed the theory and working
principles of these systems. They concluded that these
achidananda@manipaldubai.com

penAccess article distributed under the terms of the CreativeCom
which permits unrestricted use, distribution, and reproduction
systems are environmentally friendly and less global
warming impact and are suitable for different applications
in commercial, industrial as well as residential centers.
Basediya et al. [2] has studied the evaporative cooling
system for the storage of vegetables. They studied the use
of evaporative cooling systems in horticultural produce in
tropical and subtropical countries because of efficient and
economical cooling. They concluded that evaporative
cooling can be used for preservation of vegetables and
fruits for short term after harvest, also can be used to
increase the relative humidity which is essential for
freshness of vegetables and fruits. Jafari et al. [3] has
studied the evaporative cooling system for engine thermal
management in case of automotive applications. They
studied evaporative cooling system to identify the short
comings and the questions arising to use this technology in
automobileapplications.Theyconcludedthat thechallenges
such as modes of heat transfer, physics of vapor formation
during vibrations in case of automobiles, established heat
transfer and heat flux predictive capability needs to be
accounted for use of these systems in automobile applica-
tions. Sibanda et al. [4] have studied the indirect air cooling
along with the evaporative cooling in tomato fruit for
temporary storage under the conditions of hot and
humidity. They measured the temperature and RH (Using
psychometric unit) hourly during a period of 28 days.
They concluded that storage temperaturewas lowerwhereas
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the RH was higher as compared to the ambient condition.
They also concluded that indirect air cooling along with
evaporative cooling can provide optimum storage con-
ditions and can be considered as low-cost technology for
storage of fruits and vegetables in hot and humid areas.
Ramzan et al. [5] energy efficiency through condensate
evaporative cooling. They used honeycomb wet pad which
uses evaporative cooling to decrease the temperature of
the surrounding and they showed the performance
efficiency using experimental method. They concluded
that condensate assisted evaporative cooling has shown
improvement in the cooling capacity and reduction in
power consumption. Yang et al. [6] has studied the spray
evaporative cooling system in case of air-cooled chilled
condenser. They used a new gas-liquid two phase swirl
nozzle which is characterized by high atomization
quality and low power consumption by combining spray
evaporative cooling system with air cooled chiller. They
concluded that the power consumed by the compressor is
less as well as COP (Coefficient of performance) increased
due to spray evaporative cooling system. Yan et al. [7] has
studied the evaporative cooling system considering the sea
water and fresh water. They used sea water with different
concentrations and fresh tap water for the study and
developed the correlation between of heat transfer
coefficient with sea and fresh water. They concluded that
using sea water for evaporative cooling have significant
benefits for cooling in coastal areas. Abaranji et al. [8] has
studied the evaporative cooling system by considering a
porous material ability for water storage medium
eliminating the pump and the sump by considering
different RH conditions. They measured the cooling
capacity, effectiveness, and water evaporation rate to
study the performance of the developed evaporative
system. They concluded that porous material considering
vermicompost could be used as an energy efficient to
replace pad-pump-sump used in conventional evaporative
cooling systems. Sawant et al. [9] has studied the
evaporative cooling to study the condenser pressure to
evaluate the energy efficiency performance. They devel-
oped a novel system to study evaporative cooling on the
condenser side and they concluded that evaporative
cooling considering honeycomb structured cellulose
bonded pads can be used to enhance the performance of
this system. Jain and Hindoliya [10] has studied the
vapor compression refrigeration-based air conditioning
commonly used in offices and commercial buildings. They
evaluated analytically the energy saving potential
using evaporative cooling system. They concluded that
indirect evaporative cooling can be used for thermal
comfort in case of offices and building with less energy
savings. Raza et al. [11] has studied evaporative cooling
system to study the performance in case of agricultural
storage and livestock air-conditioning applications. They
conducted the experimental study for climatic conditions
and the data was collected ever hour and daily basis. They
concluded that hybrid evaporative cooling systems can be
developed for a wide range of applications. Noor et al. [12]
has studied evaporative cooling systems for buildings air
conditioning systems. They studied the seven AC different
configurations for building considering cooling capacity,
system performance, energy savings etc. They concluded
that hybrid evaporative cooling is the best optimum
configuration in termsof energy savings.Fromthis literature
review it is observed that most of the work was based on
reducing the energy consumption, increasing the cooling
capacity and effectiveness of the system. So, in this research
paper an attempt has been made to study adiabatic air
conditioning package system and to study energy saving if
adiabatic system is included in package unit.
2 Methodology

The 3D design of the package unit was modelled using
CREO and thermal analysis of the components have been
done using ANSYS software.

3 Designing of the package unit components

To study the adiabatic process in package unit, the
components such as nozzle, membrane, nozzle panel, fog
pump, filtration system and control valve have been
designed using Creo software and the details is as follows.

3.1 Nozzle components

The nozzle is an important component in the package unit
and is essential to the misting system in reducing the
temperaturearoundthecondensercoil.Thenozzle selected is
a small droplet size dense misting nozzle taking into
consideration humidification level, fog type, fog pattern,
design features and spray characteristics. Humidifying
systems typically require a little amount of spray. The
amountofwater requiredtoraise thehumiditydependsupon
the ambient humidity level, the rate at which the local air is
exchanged with the surrounding environment and depends
upon ventilation (temperature of the room and evaporation
rates) and air flow. To achieve swift humidification from a
spray nozzle one needs to keep the droplet size as small as
possible and to distribute the water over a wide area. This
will help the small droplets evaporate into the air as quickly
as possible raising the humidity level.

Misting or fog pattern spray nozzles generate fine
atomization of water, which is effective at increasing
humidity levels. Even at typical ambient temperatures, the
little water droplets created by these nozzles can evaporate
quickly, increasing the amount of water present in the air.
Under most general atmospheric environmental condi-
tions, only a relatively small amount of water is required to
evaporate and effectively increase the relative humidity.
For fine atomization to occur we require atomization nozzle
which will produce water droplets sizes between 20 and 30
microns. The spray nozzle modelled for the analysis is as
shown in Figure 1.
3.2 Membrane panel

BY 70M is a polyurethane alloy cell material installed in an
anodized aluminum case that makes up the membrane.
The membrane is placed close to the condensing unit.



Fig. 1. Creo model of small droplet size dense mist nozzle.
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Membrane is with filtering panel for condenser (coil) shield.
Adiabatic membrane safeguards the condenser from direct
contact with water, mist, dirt, and direct sunlight thus
protecting the condenser and increasing theheat exchanging
efficiency (refer Fig. 2) of the compressor. Condenser coil
protection is very vital since this provides long service.

3.3 Nozzle panel component

Thenozzle panel ismade of stainless steel andaluminumalloy
of the finest quality. The fine water spraying components are
released through a stainless-steel nozzle routing that is
inserted in a high resistance anodized aluminum housing. It
wascreated tomake installationandmaintenanceas simpleas
possible.Thenozzle is fastened to the casingusing fasteners to
ensure a securefit on any air conditioning unit and is as shown
inFigure 3. The other components of the package unit such as
fog pump, filtration system and control valve have been
designed using Creo software.
4 Results and discussion

The analysis of the components was performed using the
ANSYS software [13–15]. The nozzle has been designed
considering 316 Brass material and the flow analysis has
been performed. The corresponding meshing of the nozzle,
the inlet and outlet boundary conditions and the flow
analysis is as shown in Figure 4. From this analysis it can be
understood that the streamline traces of the fine dense
small droplet size can be achieved with amaximumvelocity
of 8.787e001m/s.

The analysis of the nozzle panel considering the
material as highest-grade stainless steel and aluminum
alloy along with the meshing, boundary conditions and
analysis is as shown in Figure 5. From this analysis it is
stated that the maximum velocity of the droplet in nozzle
panel achieved is 1.148e001.

Figure 6 shows the meshing of membrane panel and the
temperature applied and the corresponding steady
state thermal analysis. This membrane panel is used to
separate the ambient temperature and condenser coil
temperature and to protect the coil from direct contact
with water particles. From this analysis the maximum
temperature encountered is 49.365 degree maximum
centigrade which is an ambient temperature and the
minimum of 35 degree centigrade in condenser coil is
achieved. From the heat flux analysis, it is observed that
the maximum heat flux is 0.000663W/mm2 and the
minimum of 4.0865e-6W/mm2 is observed.



Fig. 2. Membrane panel.
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4.1 Package unit design

PACV-D series 54125-D [16] package unit were used for the
design which produces 117 tons of refrigeration and is
perfect for warehouses, large halls, schools, mosques, or
anywhere a heavy-duty unit with a semi-hermetic
compressor is required.
4.2 Package unit design features

The 54125 PACV-D package is a self-contained package air
conditioner that is exceptionally durable, heavy-duty,
long-life, and energy efficient.

–
 Compressors: The PACV-D series uses reciprocating
compressors that are fully accessible and semi-hermetic.
An oil sight glass, suction and discharge service valves,
and a crankcase heater are included. All the compressors
are refrigerant gas cooled and have an oil pressure
lubrication system installed. An oil screen protects the oil
pump in either direction, or a valve allows for the
installation of an oil pressure gauge.
–
 Condenser coils: To guarantee optimal heat transfer,
condenser coils are made of seamless copper tubes
mechanically connected to aluminum fins. Other con-
denser fin materials, such as Copper fins, Electro tinned
Copper Fins, Copper finned coils with electro-tinned
after manufacture, Precoated Aluminum fins, and Aeris
Guard Coil Coating, are available for varied application
requirements.
–
 Condenser fans: Electric motors directly drive propel-
ler-style condenser fans with aluminum alloy blades.
Motors are Totally Enclosed Air Over (TEAO) six poles
with class ‘F’ insulation and minimum IP55 protection.
–
 Evaporator coils: To ensure optimal heat transfer,
evaporator coils are made of seamless copper tubes
mechanically connected to aluminum fins. Under water,
air pressure of 300 psig (2067 kPa) is used to test all
evaporator coils for leakage. The DX evaporator coils
come with seamless copper tube headers. Other condens-
er fin materials, such as Copper fins, Electro tinned
Copper Fins, Copper finned coils with electro-tinned
after manufacture, Precoated Aluminum fins, and Aeris
Guard Coil Coating, are available for varied application
requirements.
–
 Evaporator Fan Drives: are double inlet, double
width centrifugal fans with forward curved impellers that
ensure efficiency and silent operation. All fans are
statically dynamically balanced, with adjustable pitch
pulleys standard on belt-driven motors up to 11 kW.
Fixed pitch pulleys are standard on motors over 11 kW.
–
 Refrigerant Circuit: The refrigerant circuit of the
54125 PACV-D series includes a sight glass, filter drier,
thermostatic expansion valve, solenoid valve, shut-off
valve, and a full operating charge of R-134a in each
circuit as standard.
–
 Filter Section: Filter Sections of the 54125 PACV-D
series can be configured with a variety of filter sections
and filters to suit the most stringent needs. The machine
includes a bag filter section that may hold 15”, 21”, or 30”



Fig. 3. Nozzle panel.
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deep bag filters with the necessary efficiencies. Filter
portions are equipped with latches to allow for easy
removal and maintenance.
–
 Electrical Control Panel: The control panel enclosure
for the device is made of thick gauge sheet steel with a
baked phosphatized powder coat finish. According to
IEC 529 requirements, the enclosure complies with IP54.
For easy access and security, a hinged access door with a
key-fastener is provided. The panel is factory wired to
NEC430 & 440 standards, is labeled, and tagged, and has
220V/240V controls.
–
 Casing/Structure:Casing is made to be easy to handle
and install at a minimal cost. Factory constructed and
installed on a firm foundation, the PACV-D Air Cooled
Packaged Units. The unit casing of PACV-D Packaged
units is made of zinc coated galvanized steel sheets that
are phosphatized and baked after an electrostatic powder
coat of approximately 60 microns, according to JIS-G
3302 and ASTM A653. Water cannot penetrate the
PACV-D series packaged air conditioner interior since
the complete casing panels are engineered to be leak
proof. Vinyl gasketing was used to seal the evaporator
area.
4.3 Designing of adiabatic precooling system
components

The designed industrial standard package unit PACV-D
series 54125-D used for adiabatic precooling system was
designed using Creo software which would ensure the
efficient working of the package unit and the corresponding
views of the package unit have been shown in Figure 7.
4.4 Energy analysis

To conduct energy efficiency analysis for the unit SKM
PACV-Dseries 54125-DPackagedAirConditioners,weneed
to calculate the energy consumed before implementing the
adiabatic systemandafter implementing adiabatic systemto
calculate the energy savings. Table 1 shows the package unit
specifications andwas based on the following conditions.The
capacity figures are based on an air-dry bulb temperature of
80 °F (26.7 °C) and the capacity includes gross capacity,
which excludes the heat generated by the evaporator fan
motor. The shaded values in the Table 1 represents
condenser entering air temperatures of 120 °F (49 °C).



Fig. 4. Meshing, inlet and outlet boundary condition and flow analysis of nozzle.

Fig. 5. Meshing, boundary conditions and analysis of nozzle panel.
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Fig. 7. Adiabatic system in package unit, wire frame modelling, left and top view.

Fig. 6. Meshing of membrane panel, temperature, steady state thermal and heat flux analysis.
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Table 1. Specifications from the package unit catalog.

Table 2. Efficiency parameters after incorporating adiabatic system.

COP EER SEER

3.20 11.1 11.1
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4.5 Energy efficiency ratio (EER)

Energy Efficiency Ratio (EER) stands for Energy
Efficiency Ratio. Divide the BTU (British
Thermal Units) rating by the wattage to get the
EER rating for an air conditioner. In general, an EER
of 8 or greater is considered energy efficient; however,
when comparing two models, the one with the greater
EER, regardless of whether it is over 8, is more energy
efficient.

EER ¼ Btu0s=Watts
Cooling capacity ¼ 461:1 kW
1Ton ¼ 3:51 kW
Cooling capacity ¼ 131:1TR
1TR ¼ 12000Btu
Btu ¼ 131:1 � 12000
EER ¼ 1;574;400=141200 ¼ 11:1:

4.6 Seasonal energy efficiency ratio

The seasonal energy efficiency ratio is frequently used to
rate the efficiency of air conditioners (SEER). The cooling
output during a normal cooling season is divided by the
total electric energy intake during the same period to
determine the SEER rating of a unit. The SEER rating of a
unit indicates how energy efficient it is. The SEER is the
ratio of cooling energy consumed in watt-hours to cooling
energy consumed in British thermal units (BTUs). In the
following section, the coefficient of performance (COP), a
more universal unit-less measure of efficiency, is explained.

SEER=((BTU/h)/W=1,574,400/141200=11.1.
4.7 Coefficient of performance (COP)

The Coefficient of Performance (COP) is a measurement of
howefficientaheatpumporair conditioner isat transmitting
heat compared to the amount of electricity it consumes.

COP ¼ Cooling capacity=power input ¼ 461:1=141:2
¼ 3:20:

Table 2 shows the efficiency parameters considering
COP, EER and SEER after incorporating adiabatic system.

4.8 Energy and capital consumption

From the Table 1 considering the total capacity, sensible
capacity, and power input for 45.1-degree centigrade
ambient temperature before installation of adiabatic
precooling system and 35-degree centigrade ambient
temperature after installation of adiabatic precooling
system to calculate energy efficiency analysis. This package
unit can run on 25% to 100% capacity depending upon the
load. In this analysis we have considered the package unit
running at 100% capacity. The corresponding cooling
capacity estimated hours and Energy savings in case of
package units can be observed in Table 3.



Table 3. Cooling capacity, estimated hours and expected energy savings of package unit.

Cooling
capacity
(Q/kW)

Condenser unit to
be cooled
(Units)

Estimated
hours /day
(Hrs)

Days of
operation per
month

Months of AC
operation
per year

Cost of
electricity
kWh(AED)

Expected energy
savings
(%)

414. 2 4 15 30 8 0.4 20
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4.9 Energy efficiency and capital consumption without
an adiabatic system at ambient temperature
of 46.1-degree centigrade

From the Table 1, the power consumed by SKM PACV-D
series 54125-D packaged air conditioners per hour at
46.1-degree centigrade is 159.6 kW/h. Therefore, energy
consumed per day is equal to power consumed per hour
multiplied by estimated hours to operation per day
considering 15 will be equal to 2394 kW/h. The energy
consumed per month is equal to power consumed per hour
multiplied by estimated hours to operation per day
multiplied by days of operation per month (30 days) is
equal to 71 820 kW/h. The energy consumed per year
considering 8months will be equal to 574 200 kW/h. So, the
cost of electricity per day (0.45 AED per kWh) will be equal
to 1077.3 AED and similarly the cost of electricity per
month and year will be 32 319 AED and 258 390 AED.

4.10 Energy efficiency and capital consumption with
an adiabatic system at ambient temperature
of 35-degree centigrade

From the Table 1, the power consumed by SKM PACV-D
series 54125-D packaged air conditioners per hour at
46.1-degree centigrade is 141.2 kW/h. Therefore, energy
consumed per day is equal to power consumed per hour
multiplied by estimated hours to operation per day
considering 15 will be equal to 2118 kW/h. The energy
consumed per month is equal to power consumed per hour
multiplied by estimated hours to operation per day
multiplied by days of operation per month (30 days) is
equal to 63 540 kW/h. The energy consumed per year
considering 8months will be equal to 508 320 kW/h. So, the
cost of electricity per day (0.45 AED per kWh) will be equal
to 953.1 AED and similarly the cost of electricity per month
and year will be 28 593 AED and 228 744 AED.

From the above discussion of energy efficiency and
capital consumption with and without an adiabatic
process. It is observed that the energy consumed, and
the cost of electricity is less in case of adiabatic system as
compared to without an adiabatic system. The calculations
show the relative advantage for the consumer who invested
in adiabatic cooling system in package unit.

4.11 Energy and capital savings

From Table 1 it is observed that the total cooling capacity
of package unit at 46.1 degree centigrade is 414.2 kW/h and
total cooling capacity at 35 degrees Celsius is 461.1 kW/h.
Therefore, energy conserved per hour in terms of total
cooling capacity is 46.9 kW/h. Similarly, power consumed
per hour at 46.1 degree centigrade and power consumed per
hour at 35 degrees centigrade is 159.6 and 141.2 kW/h.
Therefore, energy conserved per hour in terms of electric
current consumed is equal to 18.4 kW/h considering the
operation hours for one day as 15 hours. The energy saved
pee day will be equal to energy conserved per hour
multiplied by operation hours for one day in full load is
equal to 276 kW/h. Therefore, energy saved per month and
year will be equal to 8280 and 66 240 kW/h. The capital
savings per day is equal to energy saved per day multiplied
by cost of electricity per kW/h is equal to 124.2 AED.
Similarly, the capital savings per day for month and year
will be 3726 AED and 29 808 AED.
4.12 Return on investment analysis

The ratio of net income to investment is known as return on
investment (ROI). A high return on investment (ROI)
indicates that the investment’s benefits outweigh its cost.
ROI is a performance metric that is used to assess an
investment’s efficiency or to compare the efficiencies of
several distinct investments.

The cost of electricity per kWh is equal to 0.45 AED and
the cost per month is equal to energy saved per month
multiplied by cost of electricity per kWh which is equal to
3726 AED. The cost for a season (8 months) is equal to
29 808 AED.

The cost of water per liter is equal to 0.046 AED and
the water consumed in one month in imperial gallon is
equal to 36 835 IG and the water consumed in one season
in imperial gallon is 392 680 IG. So, the water
consumption per month and one season is equal to 1740
AED and 13 932 AED.

To calculate the efficiency improvements in terms of
COP (Coefficient of Performance) before and after
implementing the adiabatic cooling system. The ambient
temperature (in °F/°C), cooling capacity (in kW), power
(in kW) and COP for this the test results and the efficiency
improvement for air-cooled package unit illustrated in the
following Table 4. Note the power input mentioned is for
compressor only.
5 Conclusions

An industrial standard package unit (PACV-D series
54125-D) was considered for the study in this research
paper by considering the adiabatic system. Creo was used
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to perform flow and thermal analysis on the designed
components such as nozzle, membrane, and the nozzle
panel. Further, the entire package system was studied
with respect to energy saving and efficiency by consider-
ing adiabatic system based upon the set parameters. This
study was elaborated by the rate of return of investment
and the energy efficiency analysis was conducted to
improve the adaptability rate and remain as an option to
general consumer. The following conclusions can be drawn
from this research article.

–
 From the energy efficiency ratio, it can be concluded that
the energy efficiency is more than 11.1 which clearly
states that the system is more energy efficient and return
on investment is high.
–
 From the coefficient of performance point of view this
machine consumes less electricity.
–
 The Expected energy saving is 20% if the cost of
electricity is considered as 0.4 AED.
–
 From this research article it can be concluded that energy
efficiency increases if adiabatic cooling system is included
in the package unit.
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