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Renewable energy used for refrigeration applications has become essential very recently 
due to the fossil fuel crisis and the global warming problem. Moreover, using photovoltaic 
PV to generate electricity than using inverters and energy storage represents a high-cost 
process. This study aims to investigate the opportunity of using PV output directly to 
operate a refrigeration system. The absorption refrigeration system uses heat as an energy 
source for the generator that drives the system. Moreover, the absorption refrigeration 
system doesn't have a compressor but a generator. As a result, the novel aspect of this 
study is the use of PV electricity's DC output to power the heater that provides the needed 
heat for the generator without the use of an inverter that provides AC electricity. The 
essential very difference here is that the compressor needs a consistent and steady 
electric supply. However, using DC electricity for heating is not very restricted if the 
voltage fluctuates a bit. A 580 W PV was used to power a refrigerator with a capacity of 
70 liters. During several tests, the freezer of the fridge reached -26 C and the cabin 
temperature was around 10 C. This finding was similar to the performance of this fridge 
on a conventional heater. 
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1. Introduction 
 

Solar energy is the most sustainable and cost-free way to manage the world's energy [1]. 
Moreover, the need for energy and its usage for cooling is growing as technology advances. Since the 
world population grows rapidly, thermal load loads increase increases, and living standards rise. In a 
world of increasing scarcity of primary energy. Furthermore, air-conditioning systems may be 
responsible for 60% to 80% of the energy consumed in commercial and public buildings [2]. 
Meanwhile, according to the BP statistical analysis of world energy (2017), fossil-based fuels account 
for the vast bulk of global energy use (85.5%) [3]. It is critical to seek alternatives to traditional energy 
sources [4]. Energy usage is directly related to economic growth and population. HVAC consumes 10-
20% of the total energy usage in wealthy nations [5], and Solar energy is one of the most essential 
renewable energy sources. More specifically, because it is more commonly available via photovoltaic 
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(PV) arrays and can be transformed into heat or mechanical energy with fair efficiency, it has been 
highlighted as a practical renewable energy source [4]. The recent global warming trend is escalating, 
with alarming alternative cooling methods being investigated to reduce the detrimental emissions of 
current systems [6]. Solar irradiation is a potential renewable energy source that can provide a large 
portion of human energy demand demands in a sustainable and viable manner [7, 8]. Solar-assisted 
cooling systems were discovered to save 40-50% of primary energy at a cost of 0.07€/kW [9]. Cooling 
systems can be classified based on the kind of input energy (for example, electrical or mechanical 
effort, solar, geothermal, or waste heat) or the processes connected with the thermodynamic cycle 
(e.g. vapour compression, adsorption, or absorption) [10]. A novel correlation is created to estimate 
the Coefficient of performance (COP) of single-effect VAR systems under different operating 
conditions. For the first time, the proposed correlation incorporates fluid characteristics such as 
absorbent and refrigerant boiling points [10]. Further classification can be formed based on cycle 
design, working fluid, or sorption medium. Absorption refrigeration is the most popular type of 
thermally driven system in the literature and on the market, with a wide range of cooling capabilities 
and cycle configurations. Finally, the pure refrigerant is condensed before being delivered as a liquid 
for evaporation, completing the cycle [7]. No moving components exist, and the refrigerating device 
operates according to Dalton's Law [11]. Absorption chillers and heat pumps are essential in energy 
efficiency and greenhouse gas reduction since they may be powered by waste heat or renewable 
energy. As a result, user confidence in these systems must be strengthened by increasing the volume 
and quality of operational data in real-world applications [12]. An absorption refrigerator employs a 
heat source (e.g., the sun, kerosene-fueled flame, waste heat from factories, or district heating 
systems) to power the cooling system. LiBr and NH3 are the two most commonly employed cycles in 
absorption (of ammonia and hydrogen). Water is now the absorbent, and NH3 is the refrigerant in 
an NH3 absorption system [13]. studied a double-stage absorption system using NH3/water and solar 
energy as the supply with nominal refrigeration power at 2 kW. The authors found a mean system 
COP at 0.21, while the maximum value at 0.25 [8]. The diffusion-absorption refrigeration cycle, often 
known as the DAR cycle, is an emerging field of research. The system's Coefficient of performance 
(COP) has been measured to fall somewhere between 0.12 to 0.26. Throughout the trials, the heat 
input to the DAR generator is maintained at a temperature ranging from 175-215 degrees Celsius. 30 
percent is the mass concentration of ammonia in the working fluid combination [14]. The cycle runs 
at a single pressure level and employs three working fluids: a refrigerant, an absorbent, and an 
auxiliary gas utilized in the system to equalize pressure [15]. Ammonia, water, and hydrogen as inert 
gas are the most frequent working fluids. Helium was offered as a hydrogen alternative and 
experimented on an NH3-H2O DAR with helium as an auxiliary gas [16]. They also created a 
mathematical model to estimate the best operating parameters for optimal performance. They 
discovered that the mass transfer rates in the evaporator and absorber significantly impacted the 
system performance. The machine's COP was discovered to range between 0.09 and 0.15 [17]. Thai 
researchers have found that a configuration with partial subcooling had the highest COP. Different 
system configurations were investigated so that the performance coefficient was about 50% while 
keeping the cooling capacity constant [18]. Solar refrigeration may be produced in two ways: cycles 
with heat input and cycles with a photovoltaic. Heat-driven systems are typically used for air 
conditioning. Only absorption systems generate temperatures below zero degrees Fahrenheit for 
refrigeration applications. Some mathematical models predict a maximum COP of roughly 0.15 for 
such cycles, whereas practical observations indicate that COP coefficients can be improved up to 0.2 
[19,20]. Nonetheless, the availability of free solar energy resources and vast unused land is quite 
promising when considering this strategy. In addition, permanent electricity in Iraq has existed for 
around thirty years, and no short-term remedy is anticipated. Consequently, this technology may aid 
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in reducing industrial and large buildings’ reliance on grid power [21 22]. Malaysia's government has 
implemented policies to reduce electricity use by 20.7% of families using a refrigerator daily to 
encourage customers to use energy more wisely, as energy sustainability is essential for economic 
growth [23]. Developing nations must switch to renewable energy sources to secure energy security 
[24]. The relevance of developing solar-powered technology and boosting the usage of renewable 
energy sources is crucial for achieving these goals [25]. It may directly employ renewable energy 
resources or develop more appropriate energy sources [26]. 

This study aims to evaluate the chance of using solar energy for operating the refrigeration 
system for home use. The absorption refrigeration system using an energy source as heat would be 
invested to use photovoltaic (PV) to generate the direct electricity (DC) to operate the heater. The 
main advantage of using PV is to run the DC heater directly without using additional equipment to 
convert DC to AC electricity. Finally, this suggestion may help decrease the initial cost of the solar 
systems that generate the heat demanded to operate the refrigeration or air conditioning system. 
Figure 1 shows the absorption refrigeration cycle while Figure 2 shows the solar absorbtion 
refrigeration system. 
 

 

 

 

Fig. 1. A absorption refrigeration cycle  Fig. 2. Solar absorption refrigeration system 

 
2. Description of Conventional Absorption Refrigeration System (ARS) And Solar - Assisted 

 
View the basic ARS block diagram and components.  The working fluid in the system chosen is 

H2O-NH3. Moreover, H2O-NH3 does not harm the environment in the same way that other 
commercial refrigerants do, and it does not crystallize below 0°C like Libr-H2O. The heater is part of 
the system. The heater is a resistance load that can operate in both AC and DC without any design 
modifications, and the electrical power for the system will be provided by a 450 W solar PV panel. 
Solar energy is accessible all year round in a place like Iraq, so there is not much need for other 
additional energy. 

 
2.1 Objective 

 
The main objective of this project is to integrate solar photovoltaic energy into the Absorption 

Refrigeration System (ARS) directly without the use of a power converter that provides alternating 
current, which leads to a significant reduction in costs and the elimination of maintenance costs as 
well and to benefit from the lack of effect of voltage fluctuation on the heater that was designed for 
operating the system. Other objectives include calculating and comparing COP for solar ARS cycles 
and conventional ARS, as well as analyzing the temperature connection between the generator, 
evaporator, and other components. 
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3. Methodology 
 

Figure 3 shows A diagram of (ARS) for ammonia and water, indicating the various components. 
The liquid solution with a high concentration of refrigerant is brought to the top of the bubble pump 
by heating it in the generator (1-2), generating vapor bubbles that climb higher. The liquid solution 
(3) travels downward in the outer shell of the bubble pump in the direction of the absorber, while 
the saturated vapor mixture (4) travels upward in the direction of the rectifier. The liquid and vapor 
phases are separated at the very top of the bubble pump. The rectifier's job is to remove any traces 
of water that may still be present in the vapor mixture via partial condensation. The liquid condensate 
emerges at the bottom of the rectifier (5). At the same time, the near-pure vapor refrigerant travels 
upwards to be condensed, causing heat to be released into the surrounding environment (6–7). The 
liquid refrigerant that is discharged from the condenser is precooled in the gas heat exchanger before 
it is allowed to proceed to the evaporator (7-9). (Specifically, hydrogen in this example). The 
phenomenon known as the refrigeration effect is caused by introducing the refrigerant into the 
hydrogen environment, which reduces the partial pressure of the substance and the subsequent 
occurrence of evaporation at low temperatures (9,10). After that, the vapor of the refrigerant is 
mixed with the inert gas, and this mixture is sent via the absorber. Within the absorber, the 
refrigerant vapor (10) is absorbed into the weak solution (8), which results in the release of heat and 
the production of a solution rich in refrigerant, which is then collected in the reservoir. This process 
is repeated (11). Since it is less dense than the refrigerant, the inert gas can rise to the top of the gas 
heat exchanger and then return to the evaporator. 
 

  
(a) (b) 

Fig. 3. A schematic view of (a) the ARS system and (b) its refrigerator 
 
3.1 Experimental Apparatus 
 

Refrigeration based on photovoltaic (PV)-assisted aqueous ammonia absorption technology. As 
shown in Figure 1, during the experiments described in this paper, it was charged with a water-
ammonia solution with a total mass concentration of thirty percent and hydrogen pressurized to 22 
bar, according to the required by the default specifications provided by the manufacturer. It includes 
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a schematic representation of the SAR system. as shown in Figure 2 and a snapshot of the main parts 
of the system. As shown in Figure 4 and Figure 5, in addition to a schematic diagram of the 
components of the refrigerator, as shown in Figure 3. were used by the photovoltaic panel nominal 
power (+5w/-0w) Pump 580 W & Short circuit current Isc.13.55A with open circuit 
voltage.VOC,53.56V & Current at maximum power, Impp,12.92A & Voltage at maximum power, 
Vmpp, 44.88 V to drive the absorption cooling system with a capacity of 70 liters directly as shown in 
Figure 6. A DC heater designed and manufactured by us was used in the laboratory, with a length of 
20 cm and a diameter of 12 mm. The outer cover of the heater is made of stainless steel, with a 
resistance wire with a diameter of 1.5 mm in the middle, where the resistance of the wire depends 
on 1 Ω per meter with a capacity of 48 volts and 450 watts. The total resistance of the heater is 5 Ω 
as shown in Figure 6, It is placed inside the generator next to the AC-powered heater. Thus, 
converting photovoltaic energy into heat energy directly drives S.SAR. This design was adapted to 
specifically target solar cooling applications in different climatic conditions (sunny, cloudy, dusty), in 
addition to that an inorganic thermal insulator of ceramic wool was used to isolate the generator 
from the inside to isolate it from the ambient temperature and not be affected by it, according to HP 
specifications 1260, with a density of (kg/m^3) with a thickness of 50 mm. Regather Ceramic Fiber is 
used between 750°C - 1430°C. Weave technology produces. Ceramic fibres consist of three basic 
elements; silica, alumina, and zirconium, a heat-insulating material for high temperatures. Some 
typical applications are industrial furnaces, boilers, stacks, places encountering high temperatures, 
kilns, reusable insulation for steam and gas turbines, lining for field steam generators, thermal 
reactor insulation, pressure and fire protection in cryogenic vessels. , which reflects positively on the 
system's response speed to work in less than 30 minutes, as shown in Figure 7, and electrical 
connections with a thickness of 2 * 6 mm were used, which were used for direct connection from the 
specified power source pv to the DC heater. A cycle separator was used to separate PV power from 
the refrigerator as needed or when converting from a DC system to an AC system to drive the 
refrigerator. To prepare for the four experiments, we connected 8 TPM-10 temperature sensors to 
each part of the system so that we could obtain accurate readings. At what locations were the 
temperature sensors placed in the freezer and refrigerator, the inlet and outlet of the condenser and 
absorber, the outlet of the mains, the inlet of the generator, and the eighth sensor that was used to 
monitor the temperature in the room in addition, a thermometer was used at the generator outlet 
so that the temperature could be monitored. In addition to using a meter to read the voltage, a meter 
was used to measure the DC, as shown in Figure 8. Figure 9 shows ceramic wool thermal in thermal 
insulator. Table 1 shows the Comparison between DC. ARS & AC.ARS for absorption refrigeration 
system. 
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Fig. 4. A picture clip of the 
absorptive refrigeration system 
that was tested showing the 
rectifier and the condenser 

 Fig. 5. A picture clip of the 
absorption refrigeration system that 
was tested, showing the absorber, 
the receiver, and the generator 

 

 

 

 
Fig. 6. DC heater, 48 V, 450W  Fig. 7. Photovoltaic panel, nominal power 580W 
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Fig. 8. The thermal sensor panel connected to 
the refrigerator parts 

 Fig. 9. Ceramic wool thermal in thermal 
insulator 

 
Table 1 
Comparison between DC. ARS & AC.ARS for 
absorption refrigeration system 
Name AC ARS  DC ARS Unit 

Voltage 220 –240 20-48 V 

Current 1.4 8 A 
Capacity 70 70 L 
Condenser type Finned type Finned type - 
Dimension (l ∗ b ∗ h) - - - 

Insulation - - - 

Working Fluid H2O-NH3 H2O-NH3 - 

 
4. SAR System Thermodynamic Model 
 

A straightforward thermodynamic model of the DAR cycle is used here to perform an analysis of 
the experimental findings. This model has been extensively cited in recent literature on DAR systems 
and has the potential to be applied to a diverse collection of DAR system configurations as a result of 
the straightforward character of the system's component submodels and the relative simplicity with 
which it can be put into practice., A. Najjaran, et al. [8] This section contains a description of the basic 
energy balance equations. In addition to the states that have been defined and their respective 
shown in Figure 1 
 
Q̇gen − Q̇loss = ṁ3h3 + ṁ4 − ṁ1h1                 (1) 

 
The energy balance for the rectifier is given by Eq. (2). Qrect is the heat rejected to the 

surroundings by the partial condensation of the vapor mixture's water portion. Between the 
incoming vapor mixture (State 4) and the departing condensate, vapor-liquid equilibrium is 
postulated (State 5). State 6 is near pure ammonia on its way to the condenser. 
 
Q̇rect = ṁ5h5 + ṁ6h6 − ṁ4h4.                 (2) 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 106, Issue 1 (2023) 116-135 

 

123 
 

The energy balance for the condenser is given by Eq. (3). The heat rejected to the surroundings 
by the condensation of the ammonia refrigerant (and any leftover water portion) at the system 
condensation pressure is denoted by Q ˙_"cond " 
 
Q̇cond = ṁ6(h7 − h6)                   (3) 
 

The liquid refrigerant flow rate entering the evaporator is considered the same as that exiting the 
condenser, ṁ6 = ṁ7 =ṁ9. The energy balance for the evaporator in Eq. (4) takes into account both 
the precooling and evaporation processes, as well as the mass flows of refrigerant and inert gas (IG). 
The partial pressure and mass percentages of refrigerant and inert gas are 
 
Q̇evap = ṁ9(h10 − h7) + ṁig(h10,ig − h8,ig)                (4) 

 
Calculated from the saturated vapor temperature at the evaporator output (State 10). In the 

absorber energy balance Eq. (5). The reservoir introduces refrigerant vapor mixed with inert gas from 
the bottom (State 10), while the reservoir introduces the weak solution from the top (State 8), the 
refrigerant absorbs into the weak solution, releasing heat into the surrounding environment (Cabs). 
and the remaining inert gas escapes at the absorber's top. It is assumed that the inert gas departs at 
the same temperature as the supplied weak solution, T8 = T8, ig, 
 
Q̇abs = ṁ11h11 − ṁ10h10 − ṁ8h8 + ṁig(h8,ig − h10,ig)              (5) 

 
The energy balance for the liquid solution heat exchanger is given by Equation (6). Thermal energy 

is transmitted from the outer annulus's refrigerant-weak solution to the inner tube's refrigerant-rich 
solution. The model assumes no heat losses to the 
 
ṁ3h3 + ṁ5h5 − ṁ8h8 = ṁ1(h1 − h11)                (6) 
 

The empirical functions of Patek and Klomfar are used to calculate the molar concentrations and 
specific enthalpies of the environment. ammonia-water combination under vapor-liquid equilibrium 
circumstances in Eq. (1)-(6). Finally, the coefficient of performance (COP) in Eq. (7) is the ratio of 
cooling output power at the evaporator to the heat input at the generator 
 

COP =
Q̇evap 

Q̇gen 
.                   (7) 

 
4.1 Results and Discussion 

 
Experimental measurements of four different experiments to operate an ARS solar absorption 

cooling system directly using a PV panel and a DC heater are plotted over the studied range of 
temperature input rates in the parts of the system. 

 
4.1.1 The first experiment 

 
In partly cloudy weather with little dust as shown in Figure 15. The output data was recorded 

every 4 minutes. For the parts of the system whose data are shown in the figures and curves below, 
for each part independently as shown in Figure 9, 10, 11, 12, 13, 14, and 15, from this (first), the 
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temperature of the cooled space was maintained at 32 °C ± 1 °C. for 4 hours. It is possible to compare 
the decrease in the temperature in the evaporator of the system with the increase in the temperature 
entered in the generator as shown in Figure 16 through a DC heater that operates with a capacity of 
450 watts. The new and distinctive thing in this experiment is that the fluctuation of the DC voltage 
as a result of clouds and dust does not affect It significantly affects the work of the heater, which 
supplies the generator with thermal energy, and thus does not affect the work of the refrigerator 
much. The ARS solar system can be operated in different weather conditions, as shown in a three-
dimensional way in Figure 17. It is noted that the temperature decreases and increases as a result of 
the fluctuation of the voltage difference as a result of clouds and dust at higher values of temperature 
in the generator, and this corresponds to the operating conditions in which the generator is delivered 
The maximum flow rate of ammonia gas vapor from the rectifier to the condenser, at values above 
Qgen. Which a DC system's evaporator and generator temperatures do not limit the specific cooling 
outputs that can be achieved. at low values of Qgen. Figure 16 depicts a temporal comparison of the 
evaporator and generator temperatures in a DC system. During the operation of the system, the 
generator temperature gradually rises. The evaporator temperature drops as the generator 
temperature rises. When the generator temperature reached 50 °C, the evaporator temperature 
began to drop. The fridge took less than 20 minutes to start cooling. When the generator 
temperature reaches the optimum level, the lowest evaporator temperature of 16.4 °C was obtained 
in this experiment during approximately 4 hours in partly cloudy and dusty weather. Through this 
experiment, it was concluded that if the experiment takes a longer time, the temperature in the 
evaporator decreases. The generator temperature rises, which we proved in the subsequent 
experiments. The first experiment took place on September 21, for a period between 9:15 am and 
1:15 pm. Figure 18 shows a comparison between the generator temperature and evaporator 
temperature during 232 minutes. 
 

 

 

 
Fig. 10. Evaporator temperature data  Fig. 11. Temperatures at the inlet of the generator 

   



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 106, Issue 1 (2023) 116-135 

 

125 
 

 

 

 
Fig. 12. Condenser inlet temperature  Fig. 13. Temperatures at the outlet of the 

condenser 
   

 

 

 
Fig. 14. Temperatures at the Fridge  Fig. 15. Temperatures at the rectifier 

   

 

 

 
Fig. 16. Ambient temperature of the system  Fig. 17. Comparison of generator 

temperature and room temperature around 
the refrigerator 
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Fig. 18. 3D models. A comparison between the generator 
temperature and evaporator temperature during 232 
minutes 

 
4.1.2 The second experiment 

 
In the second experiment of the same month, the room temperature was set to 25.6 ° C in clear 

weather, and after 156 minutes of operation, that is, after about two and a half hours from 10 am to 
12:30 pm. The temperature in the evaporator reached -19.4 ° C, using 580 W photovoltaic panels and 
a 450-watt heater to power the ARS solar system. The voltage and current data are also shown in 
Figure 19, which shows the operation of the refrigerator normally through a gradual decrease in 
voltage and current as a result of the high temperatures in the generator and from Figure 20 and 
Figure 21, we observe that the higher the temperatures in the generator, the lower the temperatures 
in the evaporator and refrigerator. Feeds the current heater Continuous generator with the 
necessary thermal energy. From Figure 22 and Figure 23, it is possible to observe the temperature 
input of the generator compared to the temperatures in the evaporator and other devices and its 
effect on the COP performance coefficient, we note that the higher the temperatures in the 
generator, the lower the temperatures in the evaporator and the impact on the performance 
coefficient and efficiency of the refrigerator. So, it was clear that the ambient temperatures of the 
cooling system using solar energy and the weather quality compared to the first experiment, the 
results do not vary much, this proves once again that voltage fluctuations due to Clouds or dust are 
no different. Significantly affect the performance of solar ARS. Output data is recorded every 4 
minutes. This experiment was conducted on September 26, 2022. In addition to the practical 
experiments, the second experiment was simulated using the EES program through the temperature 
data of refrigerator parts obtained from the practical experiment in the laboratory, as well as the 
average concentration of ammonia. In water estimated at 30% according to the specifications of the 
refrigerator manufacturer The temperature, pressure, and saturation temperature of all parts of the 
refrigerator were calculated. Figure 24 shows the output temperature of the generator and the 
temperature of the evaporator as well as the room temperature compared to the capacity of the 
generator. Figure 25 shows the effect of Q_ gen on the performance modulus (COP).  The mass flow 
rate of the refrigerator parts was calculated, as shown in Figure 26. Also, the generator input 
temperatures and low temperatures in the evaporator were compared in three dimensions, as shown 
in Figure 27. During 156 minutes, we observed the flow from the refrigerator in clear weather. It is 
possible to see the temperatures of the entire system parts in Figure 28. All the above calculations 
and comparisons were made based on the temperatures of each part. Independently. Grades Heat 
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various appliances such as freezer, refrigerator, condenser, absorption vessels, generator, and 
rectifier. And also, the voltage and current data as shown in Figure 29 to 39, 
 

 

 

 
Fig. 19. Comparison between the voltage 
and current of the DC heater during the 
operation of the ARS system 

 Fig. 20. Comparison of the temperatures of the 
generator, evaporator, condenser 
temperature, and rectifier, as well as room 
temperature through 15 

   

 

 

 
Fig. 21. Comparison of the temperatures of the 
generator, evaporator, condenser temperature, 
and rectifier, as well as room temperature 
through 15 

 Fig. 22. simulation using the EES program for 
the value of COP through temperature and its 
effect on room temperature 
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Fig. 23. A comparison of the COP value, the 
generator entry temperature, and the 
condenser entry temperature, in addition to 
the temperatures in the absorption vessel, the 
room temperature 

 Fig. 24. A comparison of the COP value, the 
generator entry temperature, and the 
condenser entry temperature, in addition to the 
temperatures in the absorption vessel, and the 
room temperature 

   

 

 

 
Fig. 25. The effect of Q_gen on the coefficient of 
performance (COP) 

 Fig. 26. The mass flow rate of the system 
compared to the average concentration of 
ammonia in the water 

   

 

 

 
Fig. 27. 3 D model of input temperature in the 
generator and temperatures in the evaporator 
of the S.ARS solar absorption refrigerator 
during 156 minutes 

 Fig. 28. These curves represent the 
temperature data in all parts of the solar 
refrigerator 
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Fig. 29. Generator temperature entry data 
during 156 minutes of the second experiment 

 Fig. 30. Curve of generator output temperature 
data 

   

 

 

 
Fig. 31. Evaporator temperature data during 
156 minutes of the second experiment 

 Fig. 32. Room temperature data during the 
second experiment 

   

 

 

 
Fig. 33. Inlet condenser temperature data 
during 156 minutes of the second 
experiment 

 Fig. 34. Rectifier temperature data during 156 
minutes of the second experiment 
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Fig. 35. Condenser temperature output data 
after 156 minutes during the second 
experiment 

 Fig. 36. Fridge temperature data during 156 
minutes of the second experiment 

 

 

 
Fig. 37. data of the voltage consumed by the 
electric heater in the during 156 

 Fig. 38. DC data consumed by the refrigerator 
during 156 minutes 

   

 
Fig. 39. Absorber temperature curve after 156 minutes 
in the second experiment 
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In this experiment, the solar ARS was powered on November 19 from 8:30 am to November 20 
at 8:30 am with an electric source (AC) as Figure 40 shows, then the drive system was switched to 
(DC) from 8 30 a.m. from November 20 to 22 at 8:30 a.m. for the year 2022, as shown in Figure 41 
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and Figure 42. We also see in Figure 43 a three-dimensional model of the third experiment for a 
period of 3 days. On the first day of this experiment, after 178 minutes of work, we reached -19 inside 
the evaporator compared to the previous (second) experiment. This result was reached within 152 
using photovoltaic energy directly. Moreover, on the first day of this experiment also, a temperature 
of -27 °C was observed in the evaporator. And after converting the operating system to a solar 
photovoltaic source directly (DC), it was also observed that the refrigerator continues to work with 
the same efficiency, and -27 ° C was observed in the evaporator for more than 7 consecutive hours 
of our experiment on the second day. There is not much difference in the way both systems operate, 
and this allows the AC system to be interchangeable with the solar PV direct current (DC) system to 
drive the ARS absorption refrigeration system. Which leads to a significant reduction in the costs of 
energy production, storage and maintenance, and also helps to reduce emissions, environmental 
pollution and global warming, unlike compression cooling systems. The temperatures obtained in 
both AC and DC systems are sufficient for storing different types of food, in addition to storing 
vaccines and medicines that need to be stored at lower temperatures. Solar absorption cooling 
technology can be delivered to rural and remote areas where it is difficult to supply electric power 
grids. The use of DC electricity for heating is not restricted if the voltage fluctuates slightly due to 
draft or dust, unlike a compressor which needs a steady, stable electrical supply. In compressive 
systems. Figure 44 shows the temperature data are shown in the curves for three consecutive days 
of the third experiment, that is, during the 72 hours of continuously. 
 

 

 

 
Fig. 40. Temperature data are shown in 
the curves on the first day of the third 
experiment, that is, during the first 24 
hours 

 Fig. 41. Temperature data are shown in the 
curves on the second day of the third 
experiment, during the second 24 hours 
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Fig. 42. Temperature data for the parts of 
the system from the third day of the third 
experiment, during the 24 hours 

 Fig. 43. A three-dimensional model for the 
third experiment during 3 day 

   

 
Fig. 44. The temperature data are shown in the curves 
for three consecutive days of the third experiment, 
that is, during the 72 hours of continuously 

 
4.1.4 Fourth experiment 

 
This experiment was conducted on December 17, 2022, from 8:38 am to the next day 10 pm 

continuously. The photovoltaic panel is set at an the angle of (30) degrees in terms of the intensity 
of solar radiation, using the temperature data shown in the curves for the experiment for a period of 
2246 minutes, equivalent to 37 hours, as in Figure 44. After (7) hours had passed, the temperature 
began to drop below zero degrees Celsius until it reached (-16) in the evaporator for the first day, as 
shown in Figure 45. A degree below zero Celsius is maintained until 6:30 in the evening, then the 
temperatures begin to rise gradually to a maximum of 8 degrees Celsius the next day at 8:30 in the 
morning, and then begin to decrease again as shown in Figure 46. Through these temperatures, food, 
food, medicines, vaccines, etc. can be preserved. Sub-zero temperatures can be kept by producing 
ice during the day and using it for cooling at night, or by using batteries to store energy during the 
day and use it at night. The temperatures of most parts of the refrigerator are measured using dual 
temperature sensors. Parameterization was taken every 2 minutes using an automated data logger. 
The experiment was repeated two days later, on December 20, 2022, but the angle was changed to 
an angle of 20 degrees, and the parameter was taken to take temperature measurements every (2) 
minutes for most parts of the system. We noticed that after the passage of (7) in the evaporator (-
24) for the first day, as shown in Figure 47, we can conclude that adjusting the PV at an angle (20) is 
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better than adjusting it at an angle (30), so through these experiments it is possible to reduce the 
percentage of consumption Electric energy (AC) by (50) % during daylight hours, relying on 
photovoltaic energy to directly operate cooling and refrigeration systems, and through the four 
experiments, it was shown that. Photovoltaic energy can be used through photovoltaic systems to 
operate absorption ice systems directly and eliminate the costs of parts used in converting power 
from direct current to alternating current, and maintenance costs also for 24 hours, which reduces 
harmful environmental effects and reduces global warming, and reduces. The costs of producing 
electrical energy are to a large extent consumed in the operation of refrigeration systems and 
compressive refrigeration systems. Figure 48 shows temperature data for system components in 
curves over 2700 minutes. within 45 hours. 
 

 

 

 
Fig. 45. Temperature data for system 
components for 2246 minutes 

 Fig. 46. Comparison of the temperatures of the 
components of the system during 1440 
minutes 

   

 

 

 
Fig. 47. Temperature data within 800 minutes 
for the second day within the last 13 hours 

 Fig. 48. Temperature data for system 
components in curves over 2700 minutes 
within 45 hours 

 
5. Conclusion 
 

The findings of this study are very interesting. Moreover, the investing of using renewable energy 
resources is very significant, especially with these fossil fuel resources crises. Furthermore, the 
consequences of using fossil fuel are global warming and environment pollution. Therefore, this 
outcome of this study could be summary as following 
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i. The possibility of significantly reducing material costs by dispensing with the use of 
transformers and storing energy through  

ii. the use of an electric heater that operates with a direct current system with the 
specifications that were designed to heat the generator by harnessing the output of 
photovoltaic energy directly to the drive the system, knowing that this system does not It 
contains no compressor, so no gases that pollute the environment and cause global 
warming are used. 

iii. To drive the system, compressive cooling systems that operate with alternating current 
are adhered to with a constant voltage; also, through experiments, it was discovered that 
adjusting the PV panel at an angle of 20 degrees gives the best results in the work of the 
system. During multiple tests, the refrigerator's evaporator temperature reached -26°C 
and the compartment temperature was around 10°C. 

iv. The performance of this refrigerator using the PV panel was similar to the performance of 
it with a conventional electric source (AC). 
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