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ABSTRACT

Smart device adaptations of traditional products have become necessary in our technological age to improve
operational excellence along with user comfort. A typical conventional air cooler receives its smart functionalities
through adding regular air conditioning components to create an advanced cooler model [3]. You can boost
standard air cooler operation and capability through addition of a compressor and evaporator alongside a
condenser component [2]. The basic functioning of an air cooler depends on water to evaporate and generate cold
air. The natural cooling method of air coolers proves ineffective in moist environments whereas air conditioners
benefit from complex cooling capabilities. The design of an air cooler becomes a hybrid unit when you implement
crucial air conditioning system elements such as compressor and condenser alongside the evaporator. The
integration of smart features becomes possible along with improved efficiency while the system adds automated
temperature control to the range of available energy optimization options.
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1. INTRODUCTION

Indoor comfort alongside sustainable practices depends on essential air-cooling technologies because of intensifying
global warming alongside rising energy requirements and the need for improved cooling efficiency. Modern living
depends heavily on effective energy-efficient cooling systems because of hotter seasons and worsening extreme
weather patterns [1]. The market requires cooling systems with combined benefits of air conditioners and air coolers
due to their independent advantages and overall performance limitations. The research targets the developing
requirement by building an advanced air cooler platform which combines air conditioning components into a
versatile hybrid system that performs efficient cooling operations. The integrated system achieves sustainability as
the central focus of this project. The proposed design actively works to decrease environmental impacts by using
energy-efficient methods that control greenhouse gas emissions which traditional air conditioning methods create.
The project supports worldwide initiatives to decrease carbon emissions through its energy-efficient solution which
advances sustainable solutions for indoor climate management. The main project objective for “Design and
Development of Air Cooler with Integrated Air Conditioning” combines separate cooling technologies to build a
multifunctional energy-efficient cooling system. The air cooler component base its cooling operation on evaporative
cooling that extracts heat from the environment by evaporating water. Less energy consumption stands as the main
advantage over conventional air conditioning systems during this process. The energy efficiency of air conditioning
systems stands lower than traditional air conditioners because these systems implement refrigeration principles for
precise temperature management while draining substantial power usage. The project aims to combine these two
systems because it wishes to leverage their capabilities for delivering efficient and cost-effective adaptable indoor
climate control. This integrated system provides the major benefit of high energy efficiency. The amount of
electricity needed to operate air coolers remains low since their cooling process requires very little electrical input.
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Air conditioners remain effective but they consume substantial energy since they need power to operate refrigeration
cycles together with compressors [6]. The hybrid system cuts power usage by using air coolers but will activate air
conditioning only during essential conditions which maximize operational efficiency [3]. The purpose of this work
is to establish a combined system which operates as a dual-function unit that functions as an air cooler in dry
circumstances and functions as an air conditioning system in elevated humidity conditions. Advanced control
systems within the combined system will enable automatic selection between cooling functions based on
temperature and humidity measurements in the environment. The linked system enables automated sensor
monitoring to enhance energy efficiency alongside maintaining thermal comfort within the space [8].

2. KEY OBJECTIVES

The performance enhancement objectives of a domestic air cooler through refrigeration cycle implementation
consist of the following points:

A) The construction of an experimental setup demands changing a domestic air cooler with a refrigeration system.
B) The observations of COP changes when a compressor provides cooling conditions will be studied.

C) To fabricate the experimental set up by modifying the domestic air cooler with refrigerator.

D) To reduce size and component as compared to air conditioner.

3. LITERATURE SURVEY

3.1 A. Safaria et.al. (2011) [1], The researchers conducted their study on the widespread super cooling challenge
that exists within Phase Change Materials (AIR COOLER). Super cooled AIR COOLERs demonstrate thermos-
physical behavior which leads to difficulties when used in thermal storage systems. Supercooled liquid and its solid
state are shown in Figure 4. Super cooled liquids offer dependable alternative materials that should be considered in
direct application scenarios such as refrigeration systems and air conditioning networks. Industrial implementation
of super cooled AIR Coolers depends on adjustments to current energy systems and the outcome of heating and
cooling demand evaluations. Operations in remote areas with unreliable energy sources improve the financial
prospects of these systems during their functioning.

3.2 Amrit Om Nayak et al. (2011) [2], The team discovered that phase-change materials comprise substances using
their latent heat storage capacity to absorb then release big energy quantities throughout the process of melting and
solidification at specific temperatures. Engine coolant is cooled through three different arrangements of AIR
COOLER with Paraffin wax and sodium acetate tri-hydrate alongside phenolphthalein. Heat absorption rates in AIR
COOLER materials slow down in a progressive manner when following the coolant water from its entry point to its
exit point.

3.3 Rezaur Rahman et al. (2013) [3], They researched how a phase change material linked to the evaporator of a
domestic refrigerator provided better performance results. An increase of 55-60% in conventional refrigerator
coefficient of performance resulted from employing water as the AIR COOLER. A performance increase through
this method applies to Single evaporator refrigeration system. The compressor operates less frequently because AIR
COOLER capsules use energy latent heat as the primary energy source. The food quality improves when the
refrigerator turns on and off less frequently during a specific time of operation. The combination of AIR COOLER
cuts operating cost over P.C.M. because it raises the C.O.P. ratio in this case. The installation of AIR COOLER
results in lengthening the compressor off-time at low thermal conditions but produces shorter off-time with
increased thermal loads. When AIR COOLER comes into use it stabilizes the temperature inside the cabinet.

3.4 Gang Tan et al (2015) [4], The thermoelectric cooling system with phase change material (AIR COOLER)
functions effectively for space cooling by utilizing night-time storage of cold thermal energy as it reduces
thermoelectric module temperatures during daytime cooling operations. The experimental setup of the prototype
thermoelectric cooling system appears in Figure 7 which shows its schematic diagram. The cooling power output
together with COP and cost serve as crucial elements when selecting thermoelectric modules (TEM) from market
products and night-time accumulated heat dissipation leads to AIR COOLER volume determination with nighttime
weather evaluation required to guarantee full AIR COOLER discharge.
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3.5 Niccolo Aste et al. (2017) [5], The researchers determined that food preservation stands as one of the
overlooked fundamental aspects of food security in humanitarian situations. There exist only limited food
preservation practices which work for raw and cooked items because of insufficient technologies and limited power
supply capabilities as well as financial constraints. Food preservation in power grid inaccessible areas takes either
passive or active forms regarding whether grid electricity or fuel is used to operate refrigeration systems. Present
off-grid active refrigeration technologies have high potential in commercial solutions but their current applications
require additional development. Vapor-compression solar refrigeration operates as one of the best solutions for
solar energy areas because it delivers the most effective and affordable performance. The absorption technology
with fuel power continues to provide optimal results when performance reliability depends on the availability of
non-programmable energy resources including solar and wind power provided consistent fuel supply can be
maintained. Given its specifications thermoelectric technology provides an ideal solution to maintain tropical fruits
and vegetables which succumb to chilling injury under temperate climates and serves well for mobile applications.

3.6 Diana Enescu et al (2017) [6], Research results indicate that Figure 8 demonstrates thermoelectric cooling
works effectively as a cooling technology which offers several advantageous properties including refrigerant and
mechanical vibration reduction and mobile operation and flexible application and minimal noise production plus
universal position capability and precise temperature management. The research delved into electrical functionality
of a TER hooked up to the power grid in micro grid applications that work well for humanitarian situations. The
researchers developed a sustainable power solution for the TER which connects to photovoltaic energy generation
while integrating an electric storage component. Engineers conducted both sizing and simulation operations in
respect to this solution. - This study provides applicable solutions for controlling local energy systems used in
temporary humanitarian camps.

3.7 Zhongbao Liu et al (2017) [7], Confirmed that, the air-cooled frost-free household refrigerators have been
popular in the market for large capacity and frost-free compartment(s)The vast power consumed with defrosting the
evaporator prevents the widely application of such refrigerators. In this study, a new method of thermal storage
defrosting system integrated with bypass cycle has been proposed. The four types of different AIR COOLERs are
tested, the operation modes of the whole system is proposed, and the structure design and optimization of the heat
storage exchangers are also carried out. And the experimental study is performed with various defrosting techniques.
Experimental results in the highest efficiency rise is roughly half of the speed of the original defrosting mode
electric heater. The defrosting system of the thermal storage can also effectively save the defrosting power
consumption of 71% compared to the original defrosting mode of the electric heater.

3.8 Wen-long Chenga et al. (2017) [8], They has found that, the heat exchange performance of evaporators and
condensers would access to the working efficiency of household fridge. In order to improve the heat transfer of the
condensers and evaporators, a new dual energy storage (DES) refrigerator which has the function of heat storage
condenser (HSC) and cold storage evaporator (CSE)is proposed. Diagram in Figure 9 is a schematic diagram of
cold storage evaporator with AIR COOLER. The performance comparison of three new type of energy storage
refrigerators are carried out by establishing the dynamic simulation model of HSC refrigerator, CSE refrigerator and
DES refrigerator. From the simulation results obtained, the DES refrigerator gives a higher balanced operational
cycle and also have the more higher evaporation pressure and temperature compared to HSC refrigerator and CSE
refrigerator. The DES refrigerator. owns the optimal coefficient of heat transfer and operating performance. During
the whole cycle time, the DES refrigerator can realize continue heat/cold rejection from condenser or evaporator
coil.

4. METHODOLOGY

A) Study of different Research paper.

B) Framing of project setup (line diagram of the model fig-1).
C) Dimensioning of frame, Specification of components fig-2.
D) Selection of components.

E) Assembling Of different components.
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F) Results & discussion about the error in the
conceptual model.

5. ASSESSMENT AND PLANNING

A) Examine the present air cooler by analyzing its dimensions together with airflow system and water distribution
methods. The areas which integrate air conditioning components need identification.

B) Fabricate the structure according to the dimensions of component. The selection process chooses suitable
compressor-evaporator-condenser units according to the air cooler dimensions together with defined cooling
requirements. You should pick a sensor designed to measure temperatures which will help control cooling
operations.

C) Integration of Components: The framework of the air cooler requires modification to fit the new components into
place. The design implementation requires either custom-made components or modifications to integrate air
conditioning parts into the air cooler structure [3].

D) Compressor Installation: Install the compressor in a suitable location within or near the air cooler unit. Secure all
components by linking them to the condenser and evaporator units.

E) The evaporator and condenser must have an efficient placement setup for heat transfer purposes. Follow the
guidelines of standard refrigeration circuits to connect the components.

F) The installation of the temperature sensor requires a purposeful placement to achieve accurate indoor temperature
measurement. The sensor must have connections to the automated control system for adjusting operations.

G) Connect the all component together with the help of proper connecting wires, also tests the connections

After assembling all components together and connecting the all Electronic components the final test is carried
out.[6]

TCU

Basic Refrigeration Cycle
Evaporation line

Air cooler Refrigeration unit

Fig -1: Components integration.
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Fig-2: CAD design.

6. SOME DETAILS ABOUT COMPONENTS
6.1 Evaporator Coil

Mode of heat transfer- Free convection and conduction.

Linear length of coil or tube= 14.5 feet= 8.79 meter

Turns= 12 turns

Internal and external diameter of the tube= 5mm and 6mm or 0.00525m and 0.00635m respectively.

6.2 Condenser Coil

Mode of heat transfer= Free convection

inner length of the coil=9.14m

Internal and external diameter of the tube= 3.23 mm and 4.23 mm or 0.003m and 0.004m respectively.
Material of the tube-copper tube.

Turns: 21 turns.

6.3 Compressor

Compressor: LG MA 42LFJG 1PH 220-240V, 50HZ
Compressor Capacity: 0.5 Ton hermetically sealed
Motion Type: Reciprocating Type

Weight: 1.2Kg.

6.4 Temperature Controller HW-3001

HW-3001 120V Digital Temperature Controller Module W/ Display and NTC Temp Sensor. The HW-3001 Mini
thermostat Temperature controller functions as a cost-effective 120V Temperature controller which provides 7-
segment display interface together with 2 switch buttons for temperature and parameter control. An NTC thermistor
temperature sensing operates within 0.1 C accuracy range of accuracy.

6.5 Expansion valve
Filter fitted with an expansion valve.

6.6 Electric motor

50W power supply

body Material: Mild Steel
Winding Material: Aluminium.
Speed:2800rpm.

26249 Www.ijariie.com 2229



Vol-11 Issue-1 2025 IJARIIE-ISSN(O)-2395-4396

7. CONCLUSION & EXPECTED OUTCOME

Use of air cooler with integration of air conditioning are more beneficial as compared to traditional air conditioning
or cooler, with the help of this integration we can increase the coefficient of performance (COP) by 18-20% more
than traditional approach, also we can improve the efficiency of cooler by using an smart controlling devices like
temperature control unit, we can expect more outcome as compared to conventional air coolers.
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