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Abstract: The hybrid design of Cooling and air-conditioning establishes the main consumers of
building energy in areas branded by hot and cold climatic circumstances. The examined design
includes six unit components: compressor, shell-and-tube heat exchanger, expansion valve, a
coil-and-tank, a vacuum collector, and a solar power. Several experiments were conducted by
methodically changing important working limits to measure their effect on the thermal
presentation of the hybrid design system. The inspected limits comprised cooling discharge (2, 3,
4, and 5 L/min), temperature (14, 12, 10, and 8 °C), refrigerant mass rate (70, 50, and 30 kg/h),
tank temperature (80, 75, and 70 °C), and solar light intensity under the meteorological
conditions of Muthanna in Iragi. The results exposed that the design's presentation declines with
an increase in temperature from 8 °C to 14 °C, the coefficient of performance (COP) lower from
2.8 to 1.98, accompanied by an increase in consumption of compressor power from 650 W to
980 W. Also, the thermal performance of the design was found to be markedly affected by the
cooling water discharge. An improvement in discharge led to a consistent development in the
COP. When the cooling discharge increased from 2 L/min to 6 L/min, the COP improved from
2.6 to 3.2, though consumption of compressor power reduced from 1050 W to 670 W.

Keywords: power energy, renewable energy systems, thermal collectors, solar energy,
evacuated solar collector.

1. Introduction

construction signifies one of the main power-consuming sectors internationally, needful
considerable quantities of energy for its process. Together, buildings explanation for about 40%
of the world’s total yearly energy consumption, chiefly for illumination, heating, cooling, and
air-conditioning. In the new year, the ideas of maintainable systems and building have gained
substantial fame within the building manufacturing[1] . Engineers progressively know that
through brainy system plans, it is likely to meaningfully reduce power consumption and alleviate
the ecological footprint of structures [2] .Sustainably designed structures that assimilate
renewable energy schemes strive to function with negligible need for non-renewable energy
sources [3]. This method efficiently decreases ecological influences throughout the structure
development. It is projected that about 1.74 x 1017 watts of solar energy strikes the Earth’s outer
sky, around 30% is copied back into space, though the remaining 70% is absorbed by the Earth’s
oceans, land surfaces, and impressive mechanisms [4]. So, the total solar power engrossed by the
atmosphere, oceans, and landmass is about 3.85 x 102* (j/yr), with 2.8 x 10** J engrossed by
terrestrial and sea schemes .According to BP’s global energy report [5] , total universal power
consumption in 2008 was assessed at 4.74 x 10%° J, with more than 80% resulting from fossil
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fuel combustion. This comparison designates that the solar power absorbed yearly by the land
and sea is 5900 times greater than the total global power consumption in 2007. In detail, the solar
energy engrossed by the Ground in just one hour generates the total quantity of energy expended
globally within a complete year, underlining the huge potential of solar power as a clean,
sustainable alternative to fossil fuels[6].Rising ecological anxieties, attached with incessant
progressions in study and technical novelty, have considerably increased global interest in solar-
assisted air-conditioning (SAC) designs. Many protest projects worldwide have long-established
the technical adulthood and working dependability of SAC designs [7]. Though no pilot-scale
applications of such designs have been led in Iraq to date. Associated with traditional air-
conditioning processes, solar-assisted designs offer multiple compensations solar-assisted air [8].
They decrease dependence on grid electricity, lower working costs, and minimize greenhouse
gas emissions. Besides, SAC designs exhibit peak presentation during the summer period—
exactly when cooling demands are uppermost—thus contributing to the discount of electrical
peak loads related to conventional grid-dependent cooling designs [9].Widespread assignment of
SAC systems has the conceivable to meaningfully reduce grid-based electricity consumption
and, concurrently, decrease capital spending associated with power generation and distribution
infrastructure. Thermally driven solar air-conditioning skills offer an extra advantage: in areas
where cooling is obligatory seasonally, the same designs can be applied for domestic hot water
production or other thermal requests [10]. Though the intermittent nature of solar radiation has
limited customer adoption, such disadvantages can be alleviated through the addition of
supplementary designs powered by conservative fuels or through thermal inclusion [11] .So, the
design of the hybrid design must be prudently enhanced to achieve user supplies while exploiting
power competence and ecological aids [12]. In spite of the many compensations of SAC designs
over conservative air-conditioning systems, numerous mechanical, financial, and policy-
associated barriers last to obstruct their large-scale placement[13]. Though solutions to practical
tests are being industrialized, the financial viability and supportive policy frameworks continue
to be vital for enabling marketplace expansion [14]. A thorough review of the global marketplace
route reveals important potential for the large-scale acceptance of SAC skills, eased by improved
design competence, increased public consciousness, and promising governmental rules [15]. The
rising interest in solar-based cooling requests has made a wide body of literature encompassing
experimental presentation analyses, design demonstrations, and real-world case studies of
successful application [16].Amongst the numerous system configurations, combined solar air-
conditioning designs have gained specific attention because of their ecological compensations
and reduced power consumption compared to conservative designs [17]. These combined
designs utilize solar thermal energy as a supplementary heat source to support the vapor
compression refrigeration procedure, thus lessening the overall electrical power demand
[18].The present work aims to examine the effect of key working limits—for instance, room
temperature, solar energy intensity, and cooling load—on the COP, cooling capacity, and energy
consumption of a vapor compression refrigeration design. The work includes the systems and
building of a solar-assisted vapor compression refrigeration new setup, shadowed by a complete
assessment of its thermal performance.

2. Experimental
2.1 Instrumentation and Measurements

The equipment was outfitted with the required instrumentation to assess the prototype's
performance in several scenarios. A schematic diagram of the device that shows where the
instrumentation is located within the prototype. Variations in the temperature and flow rate of
cooling water, heating water, refrigerant, electrical voltage and power, ambient temperature, and
solar intensity were all detected by a variety of monitoring equipment.
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2.2 Solar Radiation Intensity

The Ministry of Industry and Minerals' department of research and industrial development
provided the ambient temperature and solar intensity data for Al Muthanna City, which is two to
three kilometers distant from the collector.

2.3 The solar system design

The solar system design contains the evaporator, collector loop, and compressor. The evaporator
is made up of a 2 m, 5/8-inch-diameter copper coil flooded in a 25-liter water tank that is 25 cm
in diameter and 35 cm in height. The piping diagram of the prototype design, which comprises
all of the system's installed arrangement, is shown in Figure 1, where each of the three loops has
a clear label with R-24 as the working fluid, the air conditioning loop is associated in series with
the cooling tower loop, and the charge loop. The evaporator bent into a spiral coil, filling the
whole height of the galvanized steel tank to maximize heat exchange. A ball valve is installed as
a safety device to prevent the tank from overflowing. The tank is insulated to reduce heat loss to
the environment, preserving the temperature of the water for use. In a typical solar heating
system, the collector loop transfers heat from the solar collectors to the balance of the system.
The experimental solar heating loop is composed of an evacuated tube solar collector, a
circulating water pump, and a heat exchanger. In the present study, the evacuated tube solar
collector comprises fourteen (14) borosilicate glass tubes, each with a total length of 180 cm,
supplying heated water to a horizontal storage tank with a capacity of 50 liters. The circulation of
water within the collector operates through natural convection, wherein the heated water ascends
through the tubes and is continuously replaced by cooler water from below. The hot water
generated accumulates in the storage tank, ensuring a continuous supply for the system.

The collector assembly is mounted on a steel support structure that allows for flexible adjustment
of the tilt and azimuth angles (p, y) to accommodate various geographic locations. For standard
operation, the collector tilt angle (P) is set to 45° from the horizontal, while the azimuth angle (y)
is set to 0°, corresponding to a south-facing orientation suitable for sites located in the Northern
Hemisphere.Each evacuated tube consists of two concentric borosilicate glass cylinders fused at
the top and hermetically sealed at the bottom to create a vacuum layer between them. The outer
glass tube has an external diameter of 4.8 cm and a length of 150 cm, while the inner (absorber)
tube has an internal diameter of 3.6 cm and an effective length of approximately 150 cm,
accounting for a 6 cm deduction corresponding to the tank wall thickness. Each tube holds
approximately 2.5 liters of water, and both the inner and outer walls have a thickness of 0.14
cm.The inner tube, which contains the working fluid (water), is externally coated with a dark
nitrite aluminum layer characterized by high absorptivity and thermal conductivity. This
selective coating enhances the absorption of incident solar radiation and facilitates efficient heat
transfer to the water inside. The evacuated annular space between the two glass walls functions
as an effective thermal insulator, minimizing heat losses by suppressing both convective and
conductive mechanisms. Consequently, the absorbed solar energy is retained within the system,
reducing radiative losses to the surroundings through the greenhouse effect. The entire evacuated
tube assembly is supported at its lower edge by a horizontal spring-mounted holder containing a
barium getter, which maintains the vacuum integrity within the tubes and ensures long-term
thermal performance stability.

The water in the basin at the bottom of the tower was kept at (120 mm) level height constant
using a system of a controlling float valve connected to the make—up water tank (upper tank ) of
( 400 mm ) diameter and ( 850 mm) height.The tower basin also has a drain pipe (44 mm)
diameter to drain the overflow water to the drain tank (lower tank) of (400 mm) diameter and
(850 mm) height.A 2.54 cm copper tube having nine nozzles was used to distribute the water
over the water distributor basin, which was made of a (2 mm) thick Perspex colorless plate with
(15 % 6) number of holes. These holes are of (1.5 mm) diameter, designed in such a way that the
drops of water are evenly dispersed over the packing.
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Figure 1: The diagram of the hybrid design

3. Results and discussion
3.1 The heat transfer rate

The heat transfer rates through both the evaporator and the condenser were calculated. The heat
transferred through the evaporator and the condenser was also measured by the energy gained by
the refrigerant [19]. Heat transfer through both the evaporator and condenser was calculated, and
Is shown in Equations (1) and (2):

Qc =m, (hy — hy) €Y
Qe =1y (hy — hy ) (2)

Where m,. is the mass flow rate of the refrigerant, and h;through h, Signify the enthalpies at the
consistent points through the air conditioning loop [20].

3.2 The calculation of COP

When examining the air conditioning system, one of the most crucial factors is the system's
COP. It explains how much heat is extracted from cooled water relative to the compressor's real
power usage[21]. Equation (3) below displays the formula used to get the air conditioner's COP :

Qe 3)

comp
Where Q. and W, It is envisioned based on the power increased by the refrigerant and the real
electrical power consumption of the compressor, respectively [22].

To find out how well the system worked under different circumstances, a variety of experiments
were run. Two types of tests were run: constant flow rate of water in the cooling tower, and
constant evaporator water load temperature tests [23]. Different storage tank temperatures and
refrigeration flow rates were used for the two types. The cooling tower's constant water flow
rate, which corresponds to the condenser tests' constant water flow rate, was operated at 3 liters
per minute [24].

and at five different load temperatures (14, 12, 10, 9, and 8 °C). The constant load temperature
tests, which also mean constant water temperature in the evaporator tank, were also run at 12 °C,
and at four different water flow rates in the cooling tower (2.5 I/min, 3.5 I/min, 4.5 I/min, and 6
I/min) [20].

3.3 The Effect of Evaporator Water Temperature

The effect of evaporator water temperature variation on the evaporator and condenser heat
transfer rates. These tests were run at a constant water condenser flow rate, mr = (70, 50, and 30)

COP =
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kg/hr and storage tank water temperatures = (80, 75, and 70) °C. The influence of evaporator
water temperature (load temperature) on the evaporator cooling capacity is presented in Figures
2, 3, and 4 [25]. The information obviously designates that the all-out cooling capacity is reached
at a temperature of 14 °C. As the load temperature increases, the consistent temperature also
increases, subsequent in a notable improvement in cooling capacity—from an average of about
1700 W to 2800 W. This development can be credited to the higher enthalpy change and the
augmented inlet vapor density under elevated temperature circumstances [26]. Figures 5-7
further prove that the condenser heat transfer rate of the air-conditioning system exhibits a
relative upsurge with the evaporating temperature. This conduct rises from the enhanced
evaporator heat transfer rate, which elevates the refrigerant temperature at the condenser input.
So, the enthalpy change across the condenser upsurges, thus supplementing the overall
condenser heat transfer rate. As the evaporating temperature upsurges from 8 °C to 14 °C, the
condenser heat transfer rate consistently rises from an average of 2100 W to 3700 W[27].
Conversely, at lower temperatures, a deterioration in cooling capacity is experiential—
commonly. Under these circumstances, inadequate refrigerant flow limits the heat absorption
within the evaporator, lessening the local heat transfer coefficient and, so, plummeting the
overall cooling performance of the scheme [28].

3.05
—#— 20 0C

— 750C
3 700C

295

2.9

2.85

Evaporator Heat transfer (kW)

2.8
7 8 9 10 11 12 13 14 15

Evaporator water Temperature(°C)

Figure 2: change of heat transfer rates with water temperature at 70 kg/hr
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Figure 3: change of heat transfer rates with water temperature at 50 kg/hr
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Figure 4: change of heat transfer rates with water temperature at 30 kg/hr
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Figure 5: change of condenser rates with tank temperature at 70 kg/hr

3.35

—4+—800C
——750C
—a&—700C

33

3.25

3.2

3.15

31
3

7 8 9 10 11 12 13 14 15

Condenser Heat transfer (kW)

Evaporator water Temperature(°C)

Figure 6: change of condenser rates with tank temperature at kg/hr

131 journal of Engineering, Mechanics and Architecture www. grnjournal.us



2.58
—— 80 0C

248 750C

2.38 /—""—’_" 700C

2.28
2.18
2.08
198
1.88
1.78

Condenser Heat transfer (kW)

1.68

1.58
7 8 9 10 11 12 13 14 15

Evaporator water Temperature(°C)

Figure 7: change of condenser rates with tank temperature at 30 kg/hr
3.4 The Effect of Power Consumption and COP

The difference in compressor power consumption with the water temperature and mass flow rate
system was investigated in Figures 8,9, and 10. The change in temperature from 8°C to 14°C,
while the water flow rate was adjusted to 70, 50, and 30 kg/h [29]. The results reveal a clear
dependence of compressor performance on both operating parameters. As the evaporator water
temperature increased, the compressor power consumption rose significantly from 650 W to
1050 W. This behavior is credited to the decrease in the cooling consequence at higher
evaporator temperatures, which requires the compressor to operate at higher load conditions to
maintain the desired cooling capacity [30]. At a fixed flow rate, increasing the evaporator water
temperature caused a noticeable increase in suction pressure, thereby raising the compressor
discharge pressure and overall energy consumption. Conversely, reducing the water flow rate led
to an improvement in the heat exchange process between the solar collector and the evaporator,
resulting in a slightly lower compressor load at lower flow rates [31]. Among the tested
conditions, the lowest power consumption was observed at 8°C and 30 kg/h, whereas the
maximum power consumption occurred at 14°C and 70 kg/h [32].
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Figure 8: Change of compressor power with Temperature at 70 kg/hr
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Figure 9: Change of compressor power with Temperature at 50 kg/hr
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Figure 10: Change of compressor power with Temperature at 30 kg/hr

The effect of cooling water discharge on the compressor power consumption of the hybrid
system was examined while maintaining the evaporator water temperature range between 8°C
and 14°C. The experimental results indicate that as the cooling water flow rate increased from 30
kg/h to 70 kg/h, as shown in Figures 11,12, and 13 . This increase is mainly attributed to the
enhanced heat transfer rate at higher flow rates, which elevates the evaporating pressure and
subsequently raises the compressor’s discharge pressure and workload [33].

At lower flow rates (30-50 kg/h), the system exhibited relatively stable operation with lower
compressor energy consumption, suggesting more favorable thermodynamic conditions for
efficient heat absorption from the evaporator [34] . However, at higher flow rates (above 50
kg/h), the compressor demand increased sharply, leading to a reduction in the overall coefficient
of presentation. The results emphasize that an optimal cooling flow rate exists, balancing
sufficient heat removal from the evaporator with minimal compressor energy input. Hence,
operating the system near the moderate flow range provides better energy efficiency and stable
cooling performance for solar-assisted air-conditioning applications [35].
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Figure 11: change of compressor power with cooling water discharge at 70 kg/hr
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Figure 13: change of compressor power with cooling water discharge at 30 kg/hr
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The difference in the coefficient of presentation (COP) with respect to changes in the flow rate
was investigated for the hybrid design system. The flow rate was adjusted from 30 kg/h to 70
kg/h, while the evaporator water temperature varied from 8°C to 14°C. The results demonstrate
that the COP decreases progressively with increasing cooling water flow rate. At lower flow
rates, the system achieved a higher COP due to more effective utilization of the solar thermal
input and reduced compressor work. As the flow rate increased, the compressor power demand
rose faster than the corresponding increase in cooling capacity, resulting in a net decline in COP
as shown in Figures 14,15, and 16 [36].

At the low mass flow rate of 30 kg/h, the system reached its all-out COP, indicating that the
refrigerant and evaporator water had sufficient time for efficient heat exchange. However, as the
flow rate increased to 50 kg/h and 70 kg/h, the COP values declined because the higher water
velocity reduced the temperature difference across the heat exchanger, thereby lowering the
overall thermal effectiveness.
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7. Conclusions

In conclusion, the hybrid of renewable energy sources into air conditioning designs signifies a
transformative step to attaining energy efficiency, conservation, sustainability, and reduced
reliance on fossil fuels. A detailed debate is given on the growth and process characteristics of
solar thermal energy-powered air conditioning and cooling design. The system's thermal
presentation is meaningfully wedged by the temperature of the evaporator water (load). A higher
load temperature increases the evaporation temperature, which increases the average cooling
capacity from 1500 W to 2900 W. Moreover, there is an upsurge in compressor power practice.
As a consequence of these influences, the COP designs dropped from 2.8 to 2 as the evaporation
temperature increased from 8 to 14 °C.
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