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Design, development, and performance evaluation of a budget-ice cubes as the sole cooling
medium centered cooler: The study focused on design, fabrication, and thermal
performance analysis of low-cost cooling apparatus using ice cubes as the sole cooling
medium. It is developed with locally available materials in order to provide a sustainable
and low-cost solution, particularly for air conditioning of places where no utility can be
employed. The setup also phoenix contains a basic heat exchanger: Cooling via the passage
of coolant through a coil nested inside a tank of ice. Experiments were performed to record
the feed-in temperature difference and verify it with the corresponding numerical model
established in OpenModelica (OM). The highest drop in temperature was achieved with a

design good match between simulated and experimental data. Visually, the results prove that ice-
based cooling can be considered as two redesigned cisterns, which constitute an energy-
efficient and a low investment solution for housing.
1. INTRODUCTION exchangers, an important factor in the industrial heat-transfer

Energy has been considered a generally recognized first
pillar of modern development. The search for sustainable
pathways is, nonetheless, further motivated by higher
dependence upon conventional energy sources, rising world
demands, and worsening environmental issues. These
endeavors range from providing new energy sources to
maintaining energy-efficient and eco-friendly future systems.

Cooling is simply considered as taking away heat from
some substance or space so that the temperature being
maintained is below that of the surroundings. Considerable
energy is needed for such action, as it works against the flow
of heat as described by the second law of thermodynamics.
Such an energy-demanding process further accelerates the
advent of fossil fuel depletion and the increase in greenhouse
gas emissions [1-3].

Throughout history, the development of cooling and
refrigeration technologies has been driven by several key
factors, including efficiency, cost, reliability, safety, durability,
and environmental impact. Over time, the importance of these
factors has increased, leading to significant research efforts
focused on improving the efficiency and cleanliness of cooling
systems. In particular, the past years have seen technological
advancements aimed at enhancing safety, reducing energy
consumption, minimizing negative environmental effects, and
improving the sustainability of cooling technologies [4].

Considerable literature has discussed and reviewed various
properties of condensers in thermal systems, covering their
various designs and materials of manufacture. One study
investigated the performance of shell-and-tube heat
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process, using Kern's method. Exergy and advanced exergy
analyses were applied to evaluate a segmentally baffled water-
to-water system installation for inefficiencies and corrective
actions. The results indicated exergy destruction of 684.6 kW,
with 97.5% being classified as endogenous and avoidable, thus
showing an enormous potential for performance enhancement
by modifying design, configuration, flow rates, and material
selection. Conversely, it was deemed that the exergy
destruction associated with the pumps was inevitable and thus
design changes in that area would have little benefit [5-7].

In particular, further investigation has introduced a vertical-
tube indirect evaporative cooler (VTIEC) with inner-grooved
tubes to improve water-film formation and system
performance. Experimental results indicate that the grooved
surfaces improve film distribution and cooling efficiency. On
the other hand, when the working air has low enthalpy, a very
substantial increase in cooling capacity contributes to better
thermal performance.

Among the conditions tested, a velocity ratio of 1.52
(produced to working air) resulted in the best performance.
The cooling capacity rose with the produced air velocity up to
4.05 m/s, although higher velocities led to a decrease in
coefficient of performance (COP). The system reached a peak
cooling capacity of 307.74 W/m?2, achieved a wet-bulb
efficiency of 81.7%, and a COP of 44.97, demonstrating its
potential for use in building cooling applications [8-12]. Many
articles present an analytical solution to determine the outlet
temperatures of hot and cold fluids in a shell and tube heat
exchanger using efficiency, effectiveness (e-NTU), and
irreversibility concepts. The system features cold nanofluid (a
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50% ethylene glycol-water mixture with CuO nanoparticles)
in the shell and hot water in the tube. Nanoparticle volume
fractions range from 0.1 to 0.5, with nanofluid flow rates
between 0.0331 and 0.0568 kg/s and hot fluid flow rates of
0.0568 and 0.5 kg/s [13-17]. These studies investigated the
energy conservation through building energy efficiency,
which is a global priority. Four key aspects contribute to this:
passive building design aimed at nearly zero energy use before
construction, use of low-energy materials during construction,
energy-efficient equipment to reduce operational energy, and
integration of renewable energy technologies. This paper
briefly discusses these elements, highlighting their economic
and environmental impacts. Passive design strategies offer
heating, cooling, and daylighting benefits, while renewable
systems like solar water heating and photovoltaic
electrification further enhance sustainability [18-21]. In this
study, we presented one of the methods used to reduce the
energy used in cooling in remote areas where the energy
needed to operate the cooling devices is scarce. Ice cubes were
used to increase the efficiency of the condenser and make it
operate with less energy.

2. NUMERICAL SIMULATION

The vapor compression refrigeration (VCC) system
operates on the principle of using fluid properties—
specifically, the pressure-dependent boiling temperature and
the latent heat of phase change—to transfer heat from a low-
temperature region to a high-temperature region [22].

In this cycle, as shown in Figure 1:

(1) The refrigerant boils at a low pressure, absorbing heat
from the low-temperature space.

(2) It is then compressed to a higher pressure, raising its
boiling point.

(3) At this high pressure, the refrigerant condenses into a
liquid, releasing heat to the higher temperature space.

This core principle applies across a wide range of
refrigeration and air conditioning applications—from small
room air conditioners to large-capacity chillers.

Compressor (Wark in)

Condenser

(o)

Evaporator

—————

Expansion
Valve '

Low Pressure Shde

High Pressure side

Figure 1. Main components of the vapor compression cycle

(23]
The VCC system consists of the following components:
Compressor — process isentropic compression in the
COmMpIessor.

Condenser — process constant pressure heat dissipation,
with a temperature range from 0 to 45 °C.

Heat exchanger — heat transfer process.

Expansion valve — process isenthalpic throttling process in
an expansion device.

Evaporator — process constant pressure heat extraction, the
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temperature ranges from 0 to -15 °C.

To implement the system using a simulation program
coolpack and OpenModelica, as shown in Figure 2, connection
editor software, and the modeling of (compressor, condenser,

expansion valve, heat exchanger, evaporator). It was
formulated by the EES program.
NN
Compressor
Compressor E .
Xpansion
] ® Valve
\ Evaporator
| Cooling
- — - NN &

Figure 2. Vapour compression system schematic by
OpenModelica software

Modeling of a simple vapour compression system. These
detailed assumptions enhance the reproducibility of the model
and ensure accurate heat transfer calculations. The total heat
transfer (Q) was calculated using [11]:

Q=m-c-AT (D
where,

Q: total heat transfer (J)

m: mass of the coolant (kg)

c: specific heat capacity of the coolant (J/kg-K)

AT: temperature difference between the coolant and the
environment (°C)

The work input to the compressor can be determined as
follows:

VVcomp=m'C'AT (2)

Given data:

m=150kg

c=4186 J/kg-K

Winput = 2,000,000 J (measured experimentally)

The COP of the vapor-compression system is defined as the
ratio of the refrigeration effect to the work done by the
compressor, and it can be calculated as:

COP = qcooling (3)

Winput

where,
COP: coefficient of performance (dimensionless)
cooting: cooling capacity or refrigeration effect (J)
Winput: compressor work input (J)

The system was created using a simulation program
OpenModelica as shown in Figure 2. The system consisted of
a compressor, condenser, heat exchanger, expansion valve,
and evaporator using R22 as a refrigerant. All the temperatures
and pressures at the inlet and outlet were calculated to
calculate the system’s COP. The type of refrigerant was added
to the simulation program through a coolpack program that
contains all the types of refrigerants that are used. The cooling
process was modeled using thermodynamic equations to
predict heat transfer efficiency and system performance. Initial



conditions assumed include a steady ambient temperature of
25 °C, a constant coolant flow rate, and insulation to minimize
external heat exchange. Boundary conditions were set to
ensure the ice cube temperature remains constant at -15 °C
during operation, while the external heat load varies based on
experimental parameters.

3. EXPERIMENTAL WORK
3.1 System ring

The proposed cooling system is designed based on
integrating local techniques with simple engineering
principles to achieve high efficiency at minimal cost. Figure 3
shows the flow chart of the system. The system comprises two
main components: the freezing unit and the cooling unit. The
experiment was conducted in one of the government
departments in Baghdad, Iraq, in the spring of March. The
experiment started from 12:00 PM to 6:00 PM, when the
ambient temperature reached 30 °C.

Ice Cube Stores Cold Energy
l
Cooling Pipes Transfers Coolant
|
Heat Exchanger Exchanges Heat
|
Fan Distributes Air

Figure 3. Vapour compression system flow chart by
OpenModelica software

3.2 Freezing suction

(1) Freezing Tank: A thermally insulated tank with a
capacity of 300 liters and cooling coils for better heat
exchange while producing ice cubes at -15 degrees Celsius.

(2) Pulley and Condenser: A 2-ton compressor using R22
refrigerant is simulating effective freezing.

(3) In Operation: Water freezes for 10 hours for the making
of a 150-liter-sized cube of ice with the attainment of a steady
temperature of -15 °C, as shown in Figure 4.

Figure 4. The cold room in a vapor compression system
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3.3 Cooling suction

Cooling pipes: Embedded in the ice cube, there is a flow of
that specialized coolant having a freezing point of -50 °C.

Circulating Pump: The circulating pump continuously
moves the coolant between the ice cube and the cooling
chamber, as shown in Figure 5.

*Power: (30 watts)

*Voltage: 115V, single phase

Coolant: To ensure continuous operation, a refrigerant that
does not freeze down to -50 °C is selected.

Evaporator: The assembly, as shown in Figure 6, is
composed of tubing through which the cool fluid passes, and
a fan that enhances heat transfer between the block evaporator
and test chamber.

Heat Exchanger and Fan: Facilitate heat transfer from the
coolant to the air surrounding it, reducing the temperature in
the room by the indoor split unit, as shown in Figure 7.

Operation: Over six hours, the system reduced the test
chamber’s temperature from 22 °C to 18 °C.

Figure 5. Circulating pump

Figure 7. Indoor split unit

3.4 Heat transfer model

The heat transfer model assumes the following coolant
properties and environmental conditions to ensure clarity and
reproducibility:

Coolant properties as shown in Figure 8:

Specific heat capacity: 4186 J/Kg'K (based on water
properties).

Density: 1000 kg/m?.



Thermal conductivity: 0.6 W/m-K.
Initial temperature: -15 °C that recorded by digital
temperature measurement as shown in Figure 9.

Figure 9. Digital temperature measurement

Environmental conditions:

*Ambient temperature: 25 °C.

*No significant heat losses to the surroundings due to
insulation.

*Constant pressure of the system at 1 atm.

Assumptions:

*The specific heat capacity of the coolant remains constant
across the operational temperature range.

*The system is well-insulated to minimize heat losses to the
surroundings.

+Steady-state operation is assumed for each time interval.

The basic requirement of a system's efficiency is assumed:

*The input work supplied to the system components is
measured as a constant, with no variation in the records during
the time of measurement.

*The heating effect is the total heat being absorbed by the
coolant from the start to the end during operational hours.

3.5 Research approach and innovation

The proposed cooling system was thus assessed on the basis
of dual methodologies, i.e., theoretical simulations and
experimental validation. It is to be made clear that applying
such methodology in cooling system research is, per se, no
innovation. The novelty of this work lies in the design of the
cooling system, the thermal and dynamic performance
enhancement using simulation and experimental results, and
the use of an accurate simulation model along with advanced
analytical tools for the efficiency evaluation of the cooling
system, which together delineate this work from the previous
works in the area.
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4. RESULTS AND DISCUSSION

The system effectively reduced temperature levels in the
controlled environment with stability and reliability in cooling
performance. Major findings are:

4.1 Cooling performance

In the course of six hours, a reduction of 4 °C in the test
chamber was achieved by the system.
Efficiency was sustained with various external temperatures.

4.2 Energy efficiency

For such a system, the COP tells us how much work gets
output by it per unit energy input.

4.3 Sustainability

There are sustainable resources that local and economical
designs contribute to in environmental and economic
sustainability. The system serves to reduce energy
consumption and also maintain conditions of comfort within
the space. The system consisted of two steps. The first step is
freezing. Here, a heat exchanger of the type shell and tube is
used to freeze the ice cube to a temperature of -15 °C. The
second step is the cooling; it has a pump, condenser, and
evaporator, which reduced the room temperature from 25 °C
to 18 °C. This system was theoretically composed from a
simulation program, OpenModelica, and CoolPack. In the
program, the system was created, and all required components
were added. A heat exchanger was integrated to facilitate the
freezing of ice cubes, and a pump system was established to
circulate the working fluid between the chamber and the tank
containing the ice cubes. The inlet and outlet temperatures at
each point were fixed to monitor temperature variations over
a 360-minute period for the first day, and the same procedure
was repeated for the second day.

—8— Coolant Temperature (°C)

40 —0— Temperature Inside Room (°C)
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Figure 10. Difference in coolant temperature and
temperature inside the room with time on the first day
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Figure 11. Difference in coolant temperature and
temperature inside the room with time on the second day



Figures 10 and 11 illustrate the recorded temperature
changes for both days. It can be observed that as the
temperature of the working fluid decreases, the chamber
temperature also drops — indicating a direct proportional
relationship between the two. Experimentally, when the
system is operated, the obtained results show close agreement
with the theoretical values, with an accuracy of approximately
89%. The deviation of about 11% is mainly attributed to
energy losses occurring through the pipes and the surrounding
environment.

Figure 12 cleared increase in the COP with time (min) until
reaching 360 min. The temperature inside the room become
18 °C the COP reached 11.5 on the first day and 11.2 on the
second day.

—8—COP (Day 1)
COP (Day 2)

0 100 200

Time (min)

300 400

Figure 12. Increase the coefficient of performance (COP)
with time in the first and second day
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Figure 13. Increase the Q cooling with time on the first and
second days
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Figure 14. Increase the energy consumption over time on the
first and second days

Figures 13 and 14 show the total heat transfer (Q) and
energy consumption with time on the first day. The Q cooling
increases until reaching 25000000 J at 360 min in the first day
a state of fluctuation was recorded from 0 to 200 min. while
on the second day, the readings are more stable. While we
noticed that the energy consumed increases with the increase
in time as a result of the pump working to circulate the coolant
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within the system.
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Figure 15. Percentage error (%) on the first and second day
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Figure 16. Comparison between the experimental and
theoretical temperatures in the Dayl and Day2

Figure 15 shows the percentage error (%) rate in the
practical readings obtained during the experiment period. At
the start of operation, the error rate is lower and increases with
the increase in the operation period the error rate reaches to
8%. Figure 16 illustrates the difference between the theoretical
and experimental temperatures inside the room during system
operation. The experimental temperature was recorded
through actual measurements inside the room while the system
was running, whereas the theoretical temperature was obtained
from a simulation using OpenModelica. The results show a
strong agreement between the theoretical and experimental
values, indicating the accuracy of the simulation model.

5. PRACTICAL CONSTRAINTS AND FUTURE WORK
5.1 Practical limitations

Ice cube-based cooling systems have several practical
difficulties which limit their efficiency and continuous
operation: The short duration between formation and melting
of ice limits the effective cooling time; meltwater handling
raises questions on contamination and performance reduction.
With regard to scalability, larger or industrial applications
would require much more storage, better insulation, and
automated ice replacement.

Other inefficiencies manifest as heat loss, uneven
temperature distribution, or dependence on ambient conditions,
which prevent on-site performance from matching theoretical
predictions.

5.2 Recommendations for future research

The future aspect of development is for the introduction of



concentric reinforcement to provide a better cooling period
and waste energy reduction with progressive insulation
upgrade, phase change materials (PCMs). And those
developments would turn into great efficiencies, cost
effectiveness, and sustainability itself as systems are
developed to automatically recycle melting water and use local
natural materials from their sources.

Thereby facilitating the construction of the system into a
more practical, scalable, and effective cooling option for
engineering applications.

6. CONCLUSION

The ice cube cooling system provides an affordable and
green approach compared to conventional ways of temperature
control. It was experimentally observed that an 18 °C
temperature decrease can be achieved, equivalent to of 11.5%
enhancement on operating performance conditions compared
with conventional ones. The effectiveness of cooling is
realized with locally available materials, making this system
more appropriate for use in rural or poor communities.
Although not confirmed, it is estimated that the system
consumes about 20% less energy than a similar capacity small-
scale vapor compression loop, implying its potential for
energy-saving operation.

Future studies should focus on:

*Investigating advanced thermal storage materials that can
be effective in prolonging the cooling duration.

Integrating renewable energy sources into the system for
improved energy savings.

*Testing the system wunder varying environmental
conditions and scaling up design optimization for bigger
applications.

The study therefore demonstrates that cost-effective and
energy-efficient cooling effects may be obtained through local
resource mobilization combined with innovative engineering
approaches to solve practical setbacks in sustainable
refrigeration.
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