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This research investigates the thermal performance of storage materials in a
hot tank designed to extend the operation time of a 1.5-ton water ammonia
absorption cooling system. Thermal energy is supplied by concentric
parabolic solar collectors, which heat the absorption cycle generator during
periods of sufficient solar radiation. When the water temperature exceeds the

system’s operating threshold, the additional heat accumulates in the hot tank.

It is later used to drive the generator during periods of low solar availability,
such as in the afternoon or after sunset. The system is designed to provide air
conditioning for a room; its load was calculated hourly. The suitable size of
the storage tank and the corresponding collector area were determined based
on simulations of the absorption system to achieve an optimal coefficient of
performance (COP). The collector area was increased after the addition of
paraffin phase change material (PCM) to enhance system performance, and a
temperature control strategy was implemented to prevent the water in the hot
storage tank from reaching the boiling point. This was achieved by
incorporating a specific percentage of paraffin, a PCM, with a melting point
of 85°C. The size of the hot storage tank containing both water and a
specified proportion of paraffin, in addition to the solar collector area, was
optimized to maximize the tank temperature. These parameters were entered
into the energy balance model as input data to ensure the effective operation
of the absorption system under optimal conditions. A comprehensive system
simulation was conducted by deriving and simplifying the heat balance
equations for the hybrid hot storage tank, the solar collector, and the
absorption system. The simulation aimed to identify the optimal wax ratio of
5% to 20% to maximize system performance. The optimal paraffin ratio was
found to be 10% of the tank volume, which enabled an additional 4 hours of
operation and extended the system’s uptime to its maximum potential.
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1. INTRODUCTION

Population growth increases demand for conventional energy, primarily driven by industries,
transportation, and other applications worldwide [1]-[3]. Traditional compression cycle air conditioners,
which consume large amounts of energy, further increase electricity consumption during the summer,
especially at midday [4]. Solar energy can be used as a solution to address these issues and alleviate the strain
on electricity systems that rely on traditional fossil fuels [5]. Numerous studies have been conducted on new
designs incorporating solar energy to produce thermal energy for operating absorption systems, such as air-
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conditioning systems [6], [7]. Parabolic trough solar collectors, which drive absorption cooling systems, are
more suitable for long-term air conditioning because they utilize daylight solar intensity to produce thermal
energy [8]. However, this method becomes ineffective on cloudy or dusty days or at night. To address this
issue, the system incorporates a thermal storage tank to extend nighttime operation of the absorption system
and to store surplus heat during the day for continuous operation as long as possible [8]. A cold storage tank
can also be used to store excess cooling capacity, further extending the cooling unit’s operating hours at night
[9], [10]. Another study examined the thermal analysis of hot and cold storage materials for a two-ton
capacity lithium bromide aqueous solution absorption cycle refrigeration system. Five fluids were tested to
determine the best substitutes for the hot and cold tanks. The optimal hot tank size was found to be 0.55 cubic
meters, while the cold tank’s optimal size was 1.5 cubic meters. Additionally, the optimal area of the
concentrating solar collector is 11.7 square meters to increase operating hours. The ideal fluid identified is
glycerol, which enhances operating hours and withstands high temperatures with the same tank volume and
collector area [11].

Thermal storage tanks have advanced from basic water reservoirs to sophisticated thermal batteries
composed of specialized materials. Yang et al. [12] demonstrated that well-designed storage tanks can
increase absorption system run times by 8-10 hours for cooling load management. However, as noted in the
meta-analysis by Mishra et. al. [13], conventional water-based storage is plagued by large temperature
fluctuations that hinder absorption cycle efficiency. The generator unit, which requires stable heat input to
maintain a constant coefficient of performance (COP), is most affected by these fluctuations. Recent
developments by Lee et al. [14] showed that stratified storage setups with multiple temperature zones can
enhance performance by 25-30%. Meanwhile, Chekifi and Boukraa [15] computational fluid dynamics study
indicated that cylindrical tanks with 2:1 height-to-diameter ratios minimize thermal mixing losses. These
advances pave the way for the inclusion of phase change material (PCM), which can further improve storage
performance by providing isothermal conditions throughout charging and discharging operations. Phase
change materials, particularly paraffin-based ones, have revolutionized thermal energy storage for cooling
applications. Aiswarya et al. [16] comprehensive materials review identified paraffin PCM with melting
points between 82-88 °C as the most suited for absorption systems, offering the best trade-off between
energy density (170 kJ/kg) and thermal stability. A recent study by Mohan et al. [17] demonstrated that nano-
enhanced paraffin composites can achieve thermal conductivities of 0.45 W/m-K, an increase of 125%
compared to conventional formulations.

The current research investigates the operation of a solar-powered absorption refrigeration system
with a paraffin storage tank. The proportion of paraffin to water (5—20%) is optimized for maximum energy
storage, tank temperature at 85 °C, and extends the operating hours during low sun input. The COP is also
compared under varying ambient conditions, justifying experimental and theoretical findings.
Results confirm that thermal buffering of paraffin optimizes the availability of the system after peak sun
hours. Practical uses are envisioned in high-solar regions like Tikrit, Iraq. The study confirms PCM use
for effective, sustainable cooling, and proposes future development with the application of hybrid or
composite PCMs.

2. METHOD

The cooling system consists of three main parts: a concentric parabolic collector, an absorption
system (using ammonia and water solution), and a wax-lined (parafine PCM) in hot water storage tank.
Figure 1 shows a schematic diagram of the system. Solar energy is collected by the concentric parabolic
collector and used to heat the generator of the absorption cycle [18]. Excess thermal energy is stored in a hot
water tank, the inner wall lined with a wax layer occupying 10% of the tank's volume. This wax melts at
85 °C, helping to maintain the tank temperature at that level. In the afternoon, hot water from the storage tank
is supplied to the absorption chiller. When solar radiation decreases, the stored thermal energy maintained at
or above 85 °C is used to boil ammonia vapor from the ammonia—water solution in the generator for as long
as possible. In the absorption cycle, the generated ammonia vapor condenses at high pressure in the
condenser. Then, it moves to the evaporator through the expansion valve, where it evaporates at low pressure.
In the evaporator, the refrigerant absorbs heat directly from the conditioned space [19], meeting the cooling
load. The resulting low-pressure saturated ammonia vapor is absorbed by water, forming an ammonia-rich
solution in the absorbent vessel. This solution is then pumped across a heat exchanger and returned to the
generator, allowing the absorption cycle to continue as long as sufficient heat is available to drive the
generator [3].
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Figure 1. System diagram and schematic of the absorption cycle

The temperatures of each system component were measured hourly and recorded using a data
logger. These measurements included the water temperatures entering and exiting the solar collector, the hot
storage tank, the heat exchanger connected to the absorption cycle generator, the absorption vessel, the
condenser, and the evaporator, as well as the ambient temperature and solar radiation intensity. Using these
data, the system's operating hours were determined, and the absorption cycle performance factor was
calculated for each hour of operation. Several tests were conducted during the summer months of May
through August, with the most extreme conditions, such as solar radiation intensity and outdoor ambient
temperatures, occurring in the first week of August (July 21, 2024). These data were used as inputs to study
key system design parameters, including the hot tank size for optimal solar collector area and the paraffin
ratio in the hot tank, based on the heat balance of the system.

The following assumptions were applied in simulating the components of the solar absorption
cooling system and a hot storage tank:

— Fluid properties are constant, and the absorber tube flow is steady and uniform.

— Axial (longitudinal) conductive heat transfer along the tube of the absorber is neglected.

— Heat loss through connecting tubes is negligible.

— The generator and condenser operate at equal pressure; the evaporator and absorber also share equal
pressure.

— The fluid exiting the generator is assumed to be saturated, the liquid leaving the condenser is saturated,
and the vapor leaving the evaporator is saturated.

— The solution leaving the generator is considered at the boiling point, and the solution exiting the absorber
is saturated.

— The expansion valve operates under adiabatic conditions (no heat exchange with the surroundings).

— The actual useful heat gained from the parabolic collector, Qyf, can be calculated as (1) [20].

A
QUsf = AApeFR [Hrea — ﬁ:; U, (Tw; — TAmp)] (D

Where Ag;, is the external absorber tube area, A,y is the absorber area, Ty; is the inlet water temperature,
the heat removal factor (F), U, is the overall heat loss coefficient in the glass tube, Ty, is the ambient

temperature, and Hpg:, is the achievement of solar energy in the collector absorption tube, which can be
defined as (2) [20].

Hptrq = IpyTapy @)

Where [, is the solar intensity, T is the transmittance of the absorber tube, a is the absorbance, p is the
reflectiveness, and y is the objection coefficient of the absorber tube [20].

An energy balance on the unstratified tank in the charging mode is given by (3). Similarly, an
energy balance on the unstratified tank in the discharging mode is given by (4).

dT .

My, Cpw) —dtSSTT + Pser = [Qusy — G, — (UsrAst) (Tst,01a — Tamp] 3)
dT .

My, Cpw) —dtSSTT — Py = [QUsf = G, — (UstAst) Tst.01a — TAmp] 4
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Where Py, is the storage power, Cpy, is the specific heat capacity of water, My, is the mass of water, Usy is
the thermal overall heat transfer coefficient of the hot storage tank, G, is the absorption cycle generator load,
Agr is the surface area of the storage tank, and Tgr o4 is the old hot tank temperature before Atgy time step.
In paraffin PCM, the general equation for the power accumulated during charging and discharging is
defined as (5) [21]. This represents the power variation during the charging and discharging processes.

p. = Mpcy [CPpem X (Tm=Ti—ch)+hs+Cppeym X (Tf—ch=Tm)]
str 3600 x Atcy

(6))

Where Cppcy is the specific heat capacity of paraffin PCM, Mpcy is the mass of paraffin PCM, hy is the
latent heat of PCM, T, is the melting temperature of paraffin, T;_., is the temperature of paraffin at initial of
charging period, Atgy is the time step, and Tr_.p, is the temperature of paraffin at the end of the charging
period. The new hot tank temperature Tsr ye,, after Atgr time step in charging mod is defined as (6) [13].

At .
TST,New = TST,Old + (Mwﬁ [QUsf - Pstr - GL - (USTAST)(TST,Old - TAmp] (6)

The new hot tank temperature Tgr ye,, after Atgr time step in the discharging mod is defined as (7) [22].

At .
Tsrnew = Tsr01a + m [Quss + Pser — G, — (UstAst) (Tsr,01a — Tamp @)

Where Tgr )4 is the old hot storage tank temperature before time step 1 hour.

The energy balance of the generator can be described as (8) [23]. Here, m; 4 is the mass flow rate of
the working fluid (ammonia), mg s is the mass flow rate of ammonia at saturation condition, h; 4 is the
ammonia enthalpy, and h 4 is the ammonia enthalpy at the saturation condition.

Q4 = my ahy 4 + Mg asshs ass — M7,a5h7 45 (®
For the condenser, the energy balance is expressed by (9) [24].

Qc = mj ghy g — M3 4hy ) )
For the expansion valve, the energy balance is expressed by (10).

hya = h3a (10)
For the evaporator, the energy balance is expressed by (11) [25].

Qe = My ahy s — M3 ahs3 (11)
For the pump solution, the energy balance is expressed by (12) [25].

Wy = Mg ashe as — Ms ashs as (12)
For the absorber, the energy balance is expressed by (13) [26].

Qaps = Myahy s + Mg asshio,ass = Ms ashs ws (13)
The final energy balance is obtained as (14).

Qg + Qe = Qc + Qaps (14)
For heat exchanger, the energy balance is expressed by (15).

Qe = Mg as5(hg ass = hoass) = M7 as(h7 a5 — he as) (15)

The COP of the absorption system is expressed by (16) [26].

cop= Z— (16)
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The experimental part of this study investigates the performance of an absorption cooling system by
incorporating paraffin into the lining of the hot storage tank to stabilize the tank temperature at the paraffin's
melting point. Paraffin, having the properties shown in Table 1, with an optimum volume to water storage
tank ratio of 10%, is used as a filler to enhance thermal storage stability, based on a mathematical model that
applies thermal equilibrium principles. The system consists of parabolic trough solar collectors, a hot storage
tank, and the absorption system, as shown in Figure 1. The charging process of warming the hot storage tank
is shown in Figure 2(a), while Figure 2(b) illustrates energy discharge from the hot storage tank.

Thermometers are installed to measure temperatures at various locations, including inside the tank,
within the paraffin, on the tank wall, and across components of the absorption system such as the generator,
condenser, evaporator, and absorber. A thermometer is also positioned to measure the temperature of the
fluid exiting the heat exchanger between the generator and the absorber. Environmental parameters such as
ambient temperature, wind velocity, and solar radiation are recorded using sensors connected to a data
logger, which transmits the data to a computer for hourly logging. The cooling load of the room, which varies
throughout the day depending on ambient conditions, is also calculated, representing the cooling capacity of
the absorption system. This experimental data enables the hourly calculation of the absorption cycle’s COP
during actual operation. Additionally, the experimental study evaluates the operating time of the absorption
system depending on the hot storage tank, with and without PCM paraffin, as shown in Table 1. The actual
operating hours are then compared with the theoretical values derived from heat balance equations. The COP
is calculated for each operating hour using experimental data and theoretical models to assess the level of
agreement and identify any deviations between them.

Collecters
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Check
Valve

Hot
Storage Tank

Figure 2. Schematic of the hot storage tank during (a) charging and (b) discharging modes

Table 1. Simulation results

No.  Ciriteria ot the most important data  Typical values
1 Melting area 82-85°C
2 Heat storage capacity 170 kJ/kg
3 Specific heating capacity 2 kJ/(kg'K)
4 Density solid 0.88 kg/L
5 Density liquid 0.77 kg/L
6 Heat conductivity (both phases) 0.2 W/(m-K)
7 Volume expansion 12.5%
8 Flash point <200 °C
9 Max. operation temperature 100 °C

3.  RESULTS AND DISCUSSION

Figure 3 illustrates the daily variation in dry bulb ambient temperature and solar radiation in the
study area, Tikrit City, located in central Iraq, on July 21, 2024, during the summer season. Significant
fluctuations in dry bulb temperature are observed from sunrise to sunset, particularly between 9:00 a.m. and
4:00 p.m., with peak temperatures occurring approximately two hours after noon. The figure also shows the
hourly variation in solar radiation on the same day. Solar radiation intensity increases after sunrise, peaks
around midday, and gradually declines toward sunset. The maximum solar radiation is recorded near noon,
typically preceding the peak dry bulb temperature by about two hours. Solar radiation remains minimal or
absent during the early morning and nighttime hours. These climatic conditions, characterized by high
ambient temperatures [27], [28] and intense solar radiation, are favorable for the operation of solar-driven
absorption cooling systems, which rely on thermal energy from the sun. As a result, such systems are
particularly effective and well-suited for providing cooling in this region.
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Figures 4 to 7 illustrate the variation of measured water temperature over time in a one-cubic-meter
hot water tank and an equivalent 10-square-meter parabolic concentric collector areca used for air
conditioning a room with an absorption system. The room's cooling load varies hourly depending on
environmental conditions throughout the day. Each figure includes two curves, one with and one without
Prarafine PCM, corresponding to different PCM volume percentages ranging from 5% to 20%. Figure 3
shows that the temperature of the water containing 5% paraffin remains lower than that of the water without
paraffin during the daytime, especially when solar radiation is at its peak. This behaviour occurs because the
paraffin absorbs heat until it reaches its melting point, which remains constant while storing energy as latent
heat. The paraffin continues to absorb heat at a constant temperature of 85 °C for approximately two hours,
without disrupting the operating conditions of the absorption system. Once fully melted, the PCM remains
liquid and stores the excess heat as sensible heat. After sunset, the temperature drops to saturation and stays
there for an additional three hours, enabling the absorption system to continue operating under suitable
thermal conditions.

o —i—Ambient Temperature N 100 o
o | —@—SolarRadiation £ 90 | A’A:‘.‘.
2 5 oowl Vs Caa A*A:N‘A\
8 = o 70 | s —\-~“‘Ax_“
[ 2 5 A / m
o = = 60 F Ay A L
E 5 F A,k
5 5 g so ® A
E § £ 40 f \.\.‘I\
Q & & 30 b
=] 2 20 N
£ %] —m—Water Only —A— Water with PCM
< 10
123456 7 8 9101112131415161718192021222324 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (Hour) Daily Hours
Figure 3. The variation in temperature and solar radiation Figure 4. The temperature variation of water
intensity throughout the day with and without 5% PCM throughout the day

Figure 5 shows that the temperature of the water containing 10% paraffin remains lower than that of
the water without paraffin during the daytime. The PCM paraffin absorbs heat until it reaches its melting
point, which remains constant while storing energy as latent heat. This operation does not interfere with the
working conditions of the absorption system. Once the paraffin completely melts, the PCM remains solid if
there isn't enough heat to continue with further phase change. It stores excess heat as sensible heat when solar
intensity decreases before sunset. At sunset, the temperature reaches a saturation point and remains there for
a few hours, allowing the absorption system to operate under optimal thermal conditions. Figure 6 shows that
the temperature of the water containing 15% paraffin remains lower than that of the water without paraffin
during the day. The PCM paraffin absorbs heat until it reaches its melting point of 85 °C. At this point, the
temperature stabilizes as the paraffin stores energy as latent heat. This heat absorption process does not affect
the operating conditions of the absorption system. Once the paraffin is fully melted, the PCM remains solid
when the available heat isn't enough to cause further phase change. It stores extra heat as sensible heat as
solar irradiance diminishes approaching sunset. The temperature stays steady at approximately 85 °C for
nearly three hours, which is enough to keep the absorption system running during this period.
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Figure 7 shows that the water containing 20% paraffin remains lower than the water without
paraffin during the day, as the increased paraffin content requires more heat to raise its temperature. The
PCM paraffin absorbs heat until its melting point of 85°C. Due to the greater amount of paraffin, additional
heat and time are needed for the temperature to stabilize as the paraffin stores energy in the form of latent
heat. This heat absorption process affects the operation of the absorption system during daylight hours. Since
the available heat is insufficient to complete the phase change, the PCM remains solid and stores excess heat
as sensible heat as solar intensity decreases toward sunset. The temperature stabilizes at around 85 °C for less
than three hours, which is insufficient for sustained system operation during that period. Additionally, the
system may not reach the desired temperature during the early daylight hours. This behaviour enhances the
performance of the solar collectors by extending their effective operating range and preventing the water
from reaching its boiling point around midday.

Figures 811 illustrate the relationship between the number of operational hours at a water
temperature (83—85 °C), suitable for absorption cycle operation, and the temperature in a 1-cubic-meter hot
water tank. The energy balance was calculated using a real cooling load that varies with ambient conditions
and a 10-square-meter parabolic concentric collector supplying the absorption system. These figures include
statistical bars representing the system’s operating temperature, both with and without PCM, for PCM
volume fractions ranging from 5% to 20%. Figure 8 shows that during the early morning hours, the hot
storage tank maintains water at 85 °C for a shorter duration in the tank containing 5% paraffin than in the
tank without paraffin. The onset of the optimal operating temperature is delayed by approximately one hour;
however, this period extends by several additional hours in the afternoon. This behavior is due to paraffin,
which acts as a PCM. The PCM absorbs heat until it reaches its melting point, storing energy as latent heat
while maintaining a constant temperature of 85 °C. It continues to absorb heat at this temperature for some
time, then remains in a liquid state and stores additional energy as sensible heat, without disrupting the
operation of the absorption cooling system. As solar radiation decreases and the temperature drops in the
afternoon, the PCM starts to solidify at its melting point. This phase transition helps sustain the system’s
operation at the optimal temperature of 85 °C for approximately two additional hours.

Figure 9 shows that during the pre-afternoon period, the water temperature in the heated storage
tank remains around 85 °C for more hours in the tank containing 10% paraffin compared to the tank with
water only. This is due to the properties of paraffin as a PCM. The PCM is heated until it melts at its melting
point, where the energy is stored as latent heat, maintaining a constant temperature of 85 °C. When fully
melted and when solar radiation decreases, causing the water temperature to fall in the afternoon, the PCM
begins to solidify at its melting point. This phase transition releases the trapped latent heat, helping to keep
the hot storage tank at the required 85 °C for about four hours longer.
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Figure 7. The temperature variation of water with and without 20% PCM throughout the day
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Figure 8. The water temperature variations with and without 5% PCM and the operating hours of the
absorption system throughout the day
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Figure 10 shows that during the pre-afternoon hours, the storage tank with 15% paraffin content
maintains a water temperature of 85 °C and does not exceed it. Unlike water-only tanks, the PCM absorbs
excess heat from the solar collectors during its phase transition from solid to liquid. The PCM absorbs heat
until it reaches its melting point, storing the energy as latent heat while maintaining a constant temperature of
85 °C. Once fully melted, and as solar irradiance decreases in the afternoon, the PCM begins to solidify at its
melting point. This phase transition releases the stored latent heat, allowing the heated storage tank to
maintain the optimal temperature of 85 °C for approximately three additional hours. However, increasing the
PCM content above 15% did not significantly improve heat storage, indicating that the additional paraffin
had little effect on the total amount of heat stored. Figure 11 shows that during the pre-noon hours, the heated
storage tank maintains a water temperature of 85 °C for a shorter period in the tank containing 20% paraffin,
compared to the tank containing 15% paraffin and the tank without paraffin. This is because the additional
paraffin requires more heat to heat it to its melting temperature. The PCM continues to absorb heat until it
reaches its melting point, storing the energy as latent heat while maintaining a constant temperature of 85 °C.
However, as solar irradiance decreases, the PCM begins to solidify at its melting point, allowing the system
to maintain the optimal temperature of 85 °C for the same period. However, increasing the PCM content
above 20% did not improve heat storage, indicating that the additional paraffin did not affect the total amount
of heat stored.
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Figure 9. Daytime operating time of the absorption system and water temperature changes with and without
10% PCM
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Figure 10. The operating hours of the absorption system throughout the day and the water temperature
variations with and without 15% PCM
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Figure 12 shows the operating hours of a hot tank containing different PCM concentrations.
Typically, the water tank not only maintains a temperature of 85 °C, but also exceeds it and may even reach
the boiling point of water. Meanwhile, a tank with 5% PCM maintains a temperature below the boiling point
of water. The most extended system runtime is observed at 10% PCM. Although the onset of optimal
operating temperature is delayed by about an hour before noon, the system continues to operate for several
additional hours after sunset. After the PCM concentration exceeds 10%, 15 %, and 20%, operating hours
decrease; this decrease is attributed to the increased heat required to melt the additional paraffin, which
exceeds the current design capacity of the collector. While increasing the collector area may address this
limitation, it results in a trade-off between extended operating hours, collector size, and PCM ratio content.
The goal is to determine an optimal design that meets the required cooling capacity based on the room's
cooling load. The phase change material absorbs heat until it reaches its melting point, storing it as latent heat
while maintaining a constant temperature of 85 °C. This process prevents the hot tank from overheating
during the afternoon when solar radiation intensity increases. Once the PCM is completely melted, the energy
is stored as sensible heat without affecting the absorption cooling system's operation, as long as it does not
exceed the boiling point of water. As solar radiation decreases and ambient temperatures drop in the
afternoon, the PCM begins to solidify at its melting point. During this phase transition, the stored latent heat
is released, helping to maintain the system's optimal operating temperature of 85 °C. This extends the cooling
system's operation for several hours into the evening, even after sunset.
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Figure 12. The variation in operating hours for different PCM ratio

Figure 13 illustrates the variation in the COP over a day based on experimental and theoretical
results. The hourly coefficient of performance is calculated from experimental measurements taken when the
water temperature in the hot tank reaches 85 °C, which is the operating temperature needed for the absorption
system. The system uses a 1-cubic-meter hot tank, a 10-square-meter solar collector area, and contains 10%
paraffin. The number of operating hours is recorded, and after measuring the temperatures of the absorption
system components, the coefficient of performance is determined using (8) to (16). The theoretical
coefficient of performance is calculated under the same design and environmental conditions but based on a
thermal balance performed using (1) to (16). Generally, both curves begin at relatively high values before
noon and then decline, reaching their lowest point around 2:00 p.m., when ambient temperatures peak. The
COP values then rise again as the afternoon progresses. This trend is attributed to the absorption system using
ambient air to cool its condenser. As the ambient temperature increases, the temperature difference between
the condenser and the surrounding environment decreases, reducing the system's heat rejection capacity and
consequently lowering the COP. Conversely, heat rejection improves as the temperature difference increases
later in the day, resulting in a higher COP. The discrepancy between the theoretical and experimental results
is slight (less than 5%), indicating a high degree of accuracy in the thermal balance. This subtle difference is
expected and can be attributed to the precision of the measurement instruments and the assumptions made in
the theoretical thermal analysis.

Figure 14 displays the daily variation of the actual COP of the absorption refrigeration cycle. The
system begins at 10:00 a.m., operating with only the hot water tank, and at 11:00 a.m., it operates with a tank
containing 10% more paraffin. This delay is due to the additional time needed to heat the extra paraffin in the
tank. Although solar radiation intensifies toward midday, the functional COP decreases as the day advances.
This decline is caused by the rising ambient air temperature, which impacts the heat dissipation process in the
absorption system’s condenser. The system activates when the tank temperature reaches 85 °C, sufficient to
initiate the absorption refrigeration cycle generator. While the generator’s temperature remains relatively
stable, the actual COP varies with the paraffin and storage tank conditions. Changes in ambient temperature
throughout the day, especially in the afternoon, influence the condenser’s ability to release heat into the
environment. The inclusion of paraffin enhances the system’s thermal storage efficiency due to the properties
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of the PCM. The latent heat stored in the paraffin helps maintain the tank’s temperature near the phase
change point, allowing the system to operate for extended periods. This also expands the effective area of the
solar collector, which heats the hot water tank without reaching a boiling point. Consequently, the system can
operate until around 10:00 PM with the paraffin-enriched tank, compared to about 6:00 PM with the water
tank. Using paraffin markedly increases the heat storage capacity, enabling more consistent and extended
operation of the absorption refrigeration cycle with an improved coefficient of performance.
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Figure 13. Comparison between experimental and
theoretical COP

Figure 14. The variation in COP throughout the day
depends on the presence of a water storage tank, both
without and with 10% PCM

4. CONCLUSION

This study confirmed that adding a paraffin PCM (10% of tank volume) to a solar absorption
cooling system significantly improved thermal efficiency. The PCM maintained a steady 85 °C tank
temperature, preventing overheating during intense radiation and extending daily operation by 4 hours (total
11 hours) compared to water-only setups. Latent heat storage acted as a buffer by storing excess solar energy
during the day and releasing it after sunset, stabilizing the system. Experimental results validated the thermal
model, showing less than 5% variation in COP values and peak efficiency during cooler morning and
evening times. The analysis identified 10% PCM as optimal; lower percentages (5%) offered minimal
improvements, while higher percentages (15-20%) required more heat input. These findings support using
PCM in high-solar-latitude regions like Iraq, where it extends operation without larger collectors. The
research provides practical recommendations for deploying PCM-assisted cooling systems powered by
renewable energy. Future studies could explore hybrid PCM mixtures or incorporate cold storage to enhance
system performance further.
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