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Abstract: In this study, we proposed and experimentally investigated a novel solar-assisted heat
pump (SAHP) system integrated with a dual-purpose solar collector (DPSC). The DPSC is a solar
collector designed to produce both heated air and hot water, and the proposed configuration of
the SAHP utilizes both heated air and water simultaneously to improve the performance of the
heat pump. The experiment was conducted under natural weather conditions on a clear day. The
performance of the proposed system was evaluated and compared to that of a conventional air-type
SAHP system. The results showed that the coefficient of performance (COP) of the proposed system,
which takes into account the performance of the DPSC, heat pump, and the power consumption
of both the blower and pump, was 3.14. In contrast, the system COP of the SAHP operated as
conventional air-type SAHP was 2.33. This finding clearly demonstrated that the proposed SAHP
performed better than the traditional SAHP mode. Additionally, the results of this research are useful
as fundamental data related to SAHP combined with DPSC.

Keywords: solar energy; dual-purpose solar collector; solar-assisted heat pump; water heating; experiment

1. Introduction

In response to global warming, environmental concerns, and energy resource con-
straints, concerted efforts are being made to utilize renewable energy sources. Buildings, in
particular, account for approximately 40% of global energy consumption, making it imper-
ative to focus on reducing this significant share [1]. Solar energy is an abundant energy
source that can reduce the consumption of primary energy resources such as fossil fuels.
A solar collector is a device that produces heat energy from solar energy, and is divided
into liquid type and air type depending on the working fluid. However, solar collectors
have disadvantages. The thermal efficiency of liquid-type solar collectors decreases when
the inlet water temperature increases. Additionally, air-type solar collectors exhibit low
thermal efficiency and lack the capability to store heat. A dual-purpose solar collector
(DPSC) has been proposed to address these limitations. The DPSC provides higher thermal
performance than conventional solar collectors by allowing air to recover heat loss at the
absorber. Moreover, it can heat either air or water individually, making it applicable in
various fields.

Assari et al. [2] developed and analyzed numerical models of DPSC featuring air chan-
nels with various geometrical configurations, utilizing the e-NTU method. Their research
indicated that DPSCs with rectangular fins had better heat transfer performance than DP-
SCs without fins. Additionally, it was demonstrated that heat not obtained by water could
be effectively recovered via air instead of dissipating to the ambient. Mohajer et al. [3]
investigated the performance of a food dryer that included a DPSC. This system uses
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heated air to dry the food and stored hot water for domestic purposes. The study revealed
that integrating DPSC with a drying system could reduce installation costs and space
requirements by 50% compared to the drying system using traditional air or water solar
collectors. Nematollahi et al. [4] investigated the thermal performance of a DPSC equipped
with a triangular fin at different airflow rates. The results demonstrated that the DPSC was
more efficient than a single-purpose solar collector (SPSC). This study further revealed that
maintaining the inflow-water temperature at a low value enhanced the DPSC’s efficiency.
Zhang et al. [5] investigated the thermal performance of DPSC according to individual or
simultaneous operation of working fluids based on the mathematical model. Their research
showed that the average thermal efficiency was 51.3% and 51.4% when the air or water
heated individually, while the efficiency reached 73.4% when the air and water heated
simultaneously. Hu et al. [6] evaluated a roof-type DPSC with wave design, comparing
it with different types of roof DPSC. The proposed DPSC exhibited up to 65.3% lower
thermal loss compared to other solar collectors. They indicated that the roof DPSC could
serve as a foundational reference for the design and application of building-integrated solar
collectors. Hao et al. [7] conducted experimental and numerical studies on the DPSC for
agricultural drying. They demonstrated superior thermal efficiency under conditions that
simultaneously heated both air and water compared to heating only air or water. They
emphasized that this approach could maximize solar energy utilization and improve the
quality of the dried products. Jinwei et al. [8] conducted an experimental and mathematical
study on the passive heating of buildings integrated with DPSC. They highlighted that the
thermal efficiency of the DPSC was 44.3%, which is superior to that of traditional passive
solar air collectors. Additionally, they revealed that heating the air through the DPSC can
reduce heating loads and decrease power consumption. Pathak et al. [9,10] conducted
an experimental study on SPSC and DPSC with corrugated plates to analyze their perfor-
mances with various flow rates of the working fluid. They found that the performance
of DPSC with corrugated plates improved by 16.74% compared to single-purpose solar
collectors. Shemelin and Matuska et al. [11] presented three alternative system configura-
tions to analyze potential applications of DPSC for buildings and compared annual energy
production under different weather conditions. As a result, when air and water were heated
simultaneously, production was confirmed to be up to 30% higher compared to conven-
tional solar domestic water heating systems. Additionally, they revealed that combining a
DPSC system with heat recovery can reduce potential heat consumption. Somwanshi and
Sarkar [12] presented a novel DPSC design with a built-in storage tank and developed its
mathematical model. Based on this mathematical model, the heat collection performance
was compared and analyzed according to air flow rate. As a result, the maximum and
average thermal efficiencies were found to be 82.81% and 76%, respectively, which is higher
than SPSC. Excluding this research, various studies related to DPSC were investigated
through review papers [13].

However, solar collectors such as DPSCs have the temperature level is low for space
heating or supplying hot water to buildings. Therefore, many studies have been con-
ducted on heat pumps combined with solar collectors, known as solar-assisted heat pumps
(SAHPs). SAHP systems utilize heated air or water as a heat source for the evaporation of
refrigerant. Consequently, the evaporation temperature of the heat pump rises, resulting in
a higher coefficient of performance (COP).

Comakli et al. [14] performed fundamental research on improving the performance of
heat pump systems using solar energy as an auxiliary heat source and proved an increase
in heat pump performance. Li et al. [15] conducted energy and exergy analyses of an SAHP.
Their findings revealed that the energy consumption for heating and cooling was signifi-
cantly reduced by incorporating solar thermal energy as an auxiliary heat source in heat
pump systems. Dikici et al. [16] performed experimental studies to analyze the energy and
exergy performance of an SAHP system. Their findings indicated a decrease in exergy loss
at an evaporator by the solar energy could enhance the COP of a heat pump. Wang et al. [17]
demonstrated that the SAHP can operate in multiple energy-saving modes, including air
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conditioning, space heating, and domestic hot water production, with seamless mode
transitions. The experimental results indicate that the system can provide hot water with
less electricity than solar water heaters on cloudy days. Additionally, it outperformed con-
ventional residential heat pumps during the cold winter season. Fernandez-Seara et al. [18]
conducted an experimental study to assess the performance of an SAHP for water heating
under zero irradiation conditions. The system had a COP of 3.22 when the temperature
differential between water and ambient air was 15 °C, confirming its efficiency in heating
water even in the absence of solar radiation. Liu et al. [19] explored a solar-air composite
heat source SAHP and designed a dual heat source composite heat exchanger capable of
utilizing solar hot water and ambient air separately or simultaneously. System performance
was analyzed with various working fluids and ambient air temperatures. The results
demonstrated that the heat gain and the COP were more than 50% higher than those of a
conventional air source heat pump system, particularly under low ambient air tempera-
tures. Hematian et al. [20] utilized an SAHP system to heat a semi-solar greenhouse and
assessed the internal temperature variations with various operating conditions. The study
found that increased irradiation and ambient temperature improved both the collection
efficiency and system COP. Conversely, higher condensing temperatures and compressor
velocities were found to negatively affect the COP. Singh et al. [21] proposed an SAHP dryer
and investigated the effects of incident solar irradiance on the energy, exergy, economic,
and exergoeconomic performance of the proposed system. Their findings revealed that
despite the higher costs associated with additional system components, the SAHP dryer
was recommended due to its lower energy consumption and superior drying performance.
Sharaborova et al. [22] investigated the dynamic characteristics of an SAHP by integrating
ejector technology to improve the heat pump performance. According to this study, includ-
ing an ejector significantly improves the system performance by optimizing the refrigerant
cycle. Choi and Choi [23,24] experimentally investigated the impact of an air-type PVT
with a triangular obstacle on the performance of a heat pump. Additionally, based on the
verified results and the energy balance equation, they established a mathematical model
to analyze the performance under various parameters. As a result, the proposed heat
pump showed up to a 13.28% higher COP compared to an air-source heat pump (ASHP).
Their research confirmed the feasibility of an SAHP combined with PVTAH. Wu et al. [25]
conducted a study on a heat pump system using solar and air sources. To evaluate the
heating performance and economic benefits of the system, they compared and analyzed
it with an air-source heat pump and a solar-electric auxiliary heating system. As a result,
both the heating COP and economic benefits were superior. They revealed that this system
could expand the feasibility of utilization in high-cold regions.

However, previous studies on SAHP systems have limitations, as they are combined
with only single-purpose solar collectors. Furthermore, there is little research on heating and
cooling systems integrated with DPSC. This is what motivates us to conduct the research.

Therefore, in this study, we proposed an SAHP system combined with a DPSC and
experimentally evaluated. DPSC can produce heated air and water simultaneously or
individually. Heated air increases the evaporation temperature, improving system perfor-
mance. Additionally, hot water contributes to reducing the heat required by the condenser.
The objective of this research is to confirm the feasibility of the proposed system. Thus,
this study fabricated an SAHP system combined with a DPSC and conducted experiments
under real weather conditions. Additionally, to evaluate the performance improvement of
a system using DPSC, the traditional SAHP using heated air is evaluated and compared
with the performance of the proposed system.

2. Experimental Apparatus and Methods
2.1. Experimental Apparatus
2.1.1. Dual-Purpose Solar Collector

Figure 1 presents the schematic diagram of the proposed system’s DPSC. The DPSC
is a modified version of the conventional liquid-type solar collector and consists of glass,
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(a) Isometric exploded view

an absorber plate, fin supporters, insulator, and casing. There is a stagnant air layer
between the absorber plate and the glass, which prevents heat loss to the top. Solar energy
transmitted through the glass reaches the absorber plate and is converted into thermal
energy. Beneath the absorber plate, there is a water tube and an air channel, where air and
water can be heated simultaneously or individually. In simultaneous heating mode, both
the water tube and air channels are open. However, if the operating mode is air heating, air
flows through the air channels while the water tube is closed at the inlet and outlet. This
system can also heat only the water by closing the inlet and outlet of the air channels. Fin
supporters are installed in the air channel to improve the heat transfer area and prevent
sagging of the absorber plate and water tube. The insulator is installed at the sides and
bottom of the air channel to reduce heat loss from the DPSC to the surroundings. More
detailed specifications of the DPSC are provided in Table 1.

Hot water | " \//X
outlet

Supporter fin
Insulator

Casng | Cold air | g Wy | Cold water

inlet inlet

(b) Isometric assembly view
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(c) Front view
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(d) Side view

Figure 1. Schematic view of the DPSC.

Table 1. The dimensions of the DPSC.

Parameter Specification
Size of the DPSC (L x W x H) 1980 mm x 982 mm x 100 mm
Area of an absorber plate 1.91 m?
Distance between glass and absorber plate 20 mm
Absorber plate thickness 0.7 mm (copper plate)
Outer diameter of water pipe 12.7 mm
Inner diameter of water pipe 10 mm
Number of pipes 9ea
Height of the airflow path 70 mm
Width of each airflow path 960 mm
Fin height 70 mm
Fin thickness 2mm
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2.1.2. Heat Pump

The heat pump system consists of a compressor, condenser, capillary tube, and
evaporator. The refrigerant compressed in the compressor enters the condenser as high-
temperature and high-pressure vapor. In the condenser, the refrigerant vapor exchanges
heat with the water preheated by the DPSC, and the refrigerant enters the capillary tube
in a subcooled state after releasing heat to the water. At this time, the water that has
absorbed heat from the refrigerant flows into the thermal storage tank. The subcooled
refrigerant undergoes a throttling process in the capillary tube, entering the evaporator as
a low-temperature and low-pressure liquid. The evaporator is a fin-tube heat exchanger
where the refrigerant liquid exchanges heat with the air heated by the DPSC. The refrigerant,
having acquired heat from the heated air, is drawn into the compressor as a superheated vapor.
The refrigerant is R410A, and the compressor (Rechi, 39A172A, Taiwan) is used in the proposed
system. More detailed specification of the heat pump’s components is listed in Table 2.

Table 2. Specification of the heat pump components.

Item Specification Value
Compressor Model name 39A172A
Input power 695 W
Condenser Type Plate heat exchanger
Number of the plate 20 ea
Size (W x H x L) 77 mm X 207 mm X 55 mm
Evaporator Type Fin-tube heat exchanger
Size (W x H x L) 230 mm x 210 mm x 20 mm

2.1.3. Solar-Assisted Heat Pump Combined with DPSC

Figure 2 shows a schematic diagram and an actual view of the proposed SAHP. The
system consists of a DPSC, heat pump, and thermal storage tank. The proposed SAHP
system aims to improve the heating performance. The heated air from the DPSC is supplied
to the evaporator in the SAHP, increasing the evaporation temperature. In addition, the
preheated water flows through the condenser into the thermal storage tank.

Thermal

Heat pump storage tank

Blower

Complessol

Flow  pump

Capmary tube

Thermal
Condenser storage
tank

meter
e

(a) Schematic diagram (b) Actual view

Figure 2. Schematic diagram of the proposed SAHP system.

2.2. Experimental Procedure

Figure 3 illustrates the two different operation modes of the proposed system. In
both modes A and B, the heated air is directed to the heat pump evaporator. However,
in Mode B (1—+2—3—4), the water flows through the DPSC to the condenser, whereas
in Mode A (1—2'—4), the water flows directly to the condenser. The experiments were
conducted on different days for each mode from 10:00 to 14:00. The air and water flow rates
were 0.05 kg/s and 0.0635 kg /s, respectively. A pyranometer was used to measure the solar
radiation. The temperatures were measured by T-type thermocouples. Air velocity and
water flow rate were obtained by the anemometer and flowmeter, respectively. A power
meter was used to measure the power consumption of the compressor, pump, and blower.
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Additionally, all of the measured data were recorded by a data logger. Table 3 summarizes
the experimental conditions, and the specifications of the measurement instruments are
listed in Table 4.

Refigerant ®

— Water & Compressor
o

[

§ Evaporator
@ Thermal
Blower Condenser "‘X storage
H @, ) tank
Flow  pump
Cu®<mb ......... meter
apillary tube n@u

(a) Mode A

Refiigerant ©)
= Water

@

G

Compressor
&
&
r S
Air &5
L2

Evaporator

% Thermal

Blower Condenser storage

H " tank
SO, SO @ Flow  pump N
Capillary tube 2 'T(‘é)e; @
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(b) Mode B

Figure 3. Comparative operating mode of the proposed SAHP.

Table 3. Experimental conditions.

Operating Mode Mode A Mode B
Date (Day/Month/Year) 10/02/2024 11/02/2024
Time (hh:mm) 10:00~14:00
Air mass flowrate (kg/s) 0.0635 0.0609
water flow rate (kg/s) 0.05 0.05
Initial thermal storage tank temperature (°C) 10.42 13.89
Hot water tank capacity (L) 150
Table 4. Specification on measurement instruments.
Instrument Model Range Accuracy Uncertainty
MS-802 2 2 o
Pyranometer (EKO instrument, MS-802, Tokyo, Japan) 0~4000 W/m +10 W/m +2%
Thermocouple T-type —270~370 °C +1°C +0.75%
Kanomax 6531-2G o
Anemometer (Kanomax Japan Inc., 6531-2G, Suita, Japan) 0.01~30 m/s +0.6 m/s +2%
. GMP . . o
Turbine flow sensor (Nuritech, GMP, Siheung, Republic of Korea) 3.8~38 L/min 4+0.4 L/min +1%
Powermeter PW3336 3 W~100 kW +0.05 W +0.1%
(Hioki, PW3336, Nagano, Japan) ' e
Data logeer Agilent 34972A ) ) )
88 (keysight, 34972A, Santa Rosa, CA, USA)
2.3. Performance Indices
The heat gain of the air and water from the DPSC is calculated by [26]
Qw = mzucp,zu(Tw,out - Tw,in) (1)

Q.= man,a(Ta,out - Tu,in)
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Thus, the total heat gain of the DPSC can be defined as [26]
Qppsc = Quw + Qa (3)

Thermal efficiency is the ratio of the heat gain of the working fluids to the solar
radiation. Therefore, the thermal efficiency was calculated by [10]

_ Qu

v =25 4)
~ Qa
Na = AG (5)

The total thermal efficiency of DPSC is calculated by [10]

_ QDPSC _ Qw + Qu
IDPSC = —4 = = ~ A G (6)

The heat obtained from the heat pump condenser can be considered as the water
circulating through the condenser. Thus, the heat gain of the condenser is calculated by [23]

Qcond = meP,w(Tcond,w,out - Tcond,w,in) (7)

The heat gain of the proposed system is the sum of the heat obtained by the condenser
and DPSC. Therefore, the total heat gain of the proposed system can be defined as

sts = Qcond + Qw (8)
The COP of the heat pump system is calculated by [23]
Qcond
COPyp = — 9
2 = Woomp ©)

The COP of the proposed system is the total ratio of heat gain to power consumption
and it is calculated by [25]
o sts

COPys = - (10)
sys

3. Results and Discussions
3.1. Weather Conditions

Figure 4 shows the irradiation and ambient temperature for operating modes. Mode A
exhibited values ranging from 777.15 W/ m? to 1008.82 W/m?, with a mean daily irradiation
0f 932.93 W/m?2. Irradiation values for Mode B varied from 765.94 W/m? to 1018.48 W/m?,
with an average of 956.43 W/m?. The ambient air temperature for Mode A ranged between
4.99 °C and 10.38 °C, while for Mode B it varied between 4.29 °C and 9.81 °C, with daily
averages of 7.83 °C and 7.14 °C, respectively. These data confirm that the experiments were
performed under comparable environmental conditions.

1200 30

Trradiation (Mode A) 0 Irradiation (Mode B)
- Ambient (Mode A) @~ Ambient (Mode B)

1000 4 00000000000000 L as
| o o %5-6 S _
& e 2
£ 300 4 220 5
3 ° g
‘% 600 15 %
Rl L
51 -
'_g 400 | ﬁﬂﬁﬂ g 10 E
’ gggouaaEeTEl E

B e o e
200 ?HHHE EH Ls
04 0

10:00 11:00 12:00 13:00 14:00
Time (hh:mm)

Figure 4. Variation in solar irradiation and ambient temperature.
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3.2. Performance of DPSC
3.2.1. Working Fluid Temperature at DPSC

Figure 5a presents the variation in air temperature at the DPSC. The inlet air temper-
ature matched the ambient air temperature. Mode A exhibited outlet air temperatures
ranging from 18.65 °C to 27.63 °C, corresponding to an air temperature increase of 13.66 °C
to 19.71 °C. In contrast, Mode B, which simultaneously heats air and water, recorded outlet
air temperatures from 11.10 °C to 22.13 °C, with a temperature increase from 6.81 °C to
13.21 °C. This is because energy is distributed between the air and water. Figure 5b shows
the water temperature circulating through the DPSC when heating both air and water.
The initial water outlet temperature from the DPSC was 13.55 °C, reaching approximately
42.39 °C by the end of the experiment. The temperature difference between the inlet and
outlet water ranged from 0.19 °C to 2.23 °C. In addition, the water temperature difference
decreases with increasing inlet water temperature because the heat loss at the collector
increases with rising water inlet temperature.

50

—©—DPSC_air_in (Mode A} —@—DPSC_air_in (Mode B)
45 - & ~DPSC_air_out (Mode A) - A -DPSC_air_out (Mode B)
e DPSC_air_dT (Mode A) M DPSC_air_dT (Mode B)

Temperature (°C)

10-00 11-00 12:00 1300 14:00
Time (hh:mm)

(a) Air temperature

—@—DPSC_w_in(ModeB) -4 DPSC_w_out(ModeB) -~ DPSC_w_dT (Mode B)

Temperature (°C)
82w

15 4
C

10

‘; -*.IIIII‘-II..II.......

10:00 1100 12:00 1300 1400
Time (hh:mm)

(b) Water temperature

Figure 5. Variation in working fluid temperature at DPSC.
3.2.2. Heat Gain of Fluids

Figure 6 shows the heat gain according to the operation mode. Mode A exhibited
heat gains for air between 836.90 W and 1207.93 W. In contrast, in Mode B, the heat gain
for air increases from 435.24 W to 844.41 W, while for water it decreases from 427.45 W
to 42.65 W. During the operation, the heat gain of water decreased due to the continuous
increase in the inlet water temperature. Conversely, the heat gain of air increased with the
rising inlet water temperature. This is because the air obtained heat not only from solar
irradiance but also from the heated water. Consequently, the total heat gain in Mode B
ranged from 762.70 W to 1072.14 W, which was lower compared to Mode A. This is because
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the increase in inlet water temperature generally leads to higher heat loss from the collector
to the ambient environment.

1400

W Air (Mode A) BAir (Mode B) BWater (Mode B)
1200

1000
800

600

Heat gain (W)

400

10:00 10:30 11:00 11:30 12:00 12:30 13:00 1330 14:00
Time (hh:mm)

Figure 6. Variation in heat gain at DPSC.

3.2.3. Thermal Efficiency

Figure 7 presents the thermal efficiency of the DPSC for different operating modes.
The experimental results showed that the daily average thermal efficiencies for Mode A
and Mode B were 62.96% and 56.32%, respectively. At 13:30, solar irradiation suddenly
decreases, causing large variations in thermal efficiency on both the air and water sides.
However, throughout the entire operation, the thermal efficiency of the air tends to increase
continuously, while that of the water continuously decreases. These results confirm that
heating only air in the DPSC results in higher thermal efficiency compared to simultane-
ously heating air and water. This is because the increase in inlet water temperature leads to
greater heat loss to the surroundings. Additionally, in Mode B, the thermal efficiency on the

air side increased consistently because the air gained heat from both the solar irradiance
and the inlet water.

-3 DPSC_total (Mode A) -8 DPSC_total (Mode B)

—@—DPSC_air (Mode B) —A& -DPSC_water (Mode B)

g =
_g-8-g-8-g-88 B-g.g g B-0-8.g..a..,
o..g

a.
e il B

Thermal efficiency (-)

0+ T T T 1
10:00 1100 12:00 13:00 1400
Time (hh:mm)

Figure 7. Variation in thermal efficiency at DPSC.

3.3. Performance of the SAHP
3.3.1. Heating Capacity

Figure 8a shows the variation in the water temperature at the condenser. Mode A
exhibited a temperature difference between the condenser inlet and outlet of about 5.22 °C.
Conversely, Mode B remained approximately at 4.59 °C, which 0.63 °C is lower than Mode
A. Figure 8b shows the heat gain in the condenser of a heat pump. Mode A heat gain
ranged from 1000.44 W to 1230.61 W, while Mode B’s heat gain ranged from 893.04 W to
1127.16 W. The daily average heat gains were 1078.13 W and 946.62 W, respectively. This
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difference occurs because the inlet water temperature at the condenser is much higher in
Mode B due to the preheating of water by the DPSC.

—&—Cond_w_in (Mode &) —@—Cond_w_in (Mode B)
"] -4 -Cond w_out (Mode A) - & -Cond_w_out (Mode B}

8- Cond_w_dT (Mode A) - Cond_w_dT (Mode B)

Temperature (°C)

o

?:::i:::ﬁ:::E:::E::::E::::ﬂ::::H:::ﬂ:::E:.:B:::i::::iI:!:if'fi===i:::i:::i::::iff==i’“i‘"l._"!_"_.___
-

10:00 1100 1200 1300 14:00
Time (hh:mm)

(a) Water temperature at the condenser

ECond_w (Mode A) B Cond_w (Mode B)

=
=2

Heat gain (W)

10:00 1030 11:00 1130 12:00 1230 13:00 1330 14:00
Time (hh:mm)

(b) Heat gain in a condenser of a heat pump

Figure 8. Variation in temperature and heat gain of a heat pump.

Figure 9 illustrates the total heat acquired by the water in the proposed system under
different modes. Mode A shows the heat gain only from the condenser of the heat pump.
However, Mode B includes heat gain from both the heat pump and the DPSC. Thus, the
total heat gain in Mode B ranges from 1034.90 W to 1363.03 W. The average total heat
gain in Mode B is approximately 16.66% higher compared to Mode A. This confirms that
preheating water improves heating performance, despite a reduction in the heat gain from
the condenser of the heat pump.

m Cond_w (Mode A) H Cond_w (Mode B) ODPSC_w (Mode B)

Heat gain (W)

10:00 1030 11:00 1130 12:00 1230 13:00 1330 14:00
Time (hh:mm)

Figure 9. Variation in total heat gain of the proposed system.
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Figure 10 shows the temperature change in the heat storage tank based on the operation
method. Mode A starts with an initial water tank temperature of 10.42 °C, rising to 40.29 °C,
an increase of 29.87 °C. Mode B begins at 13.89 °C and rises to 44.39 °C, resulting in a total
increase of 30.50 °C. These results demonstrate that the SAHP system, utilizing both heated
water and air, performs better than the system using only heated air.
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Figure 10. Variation in thermal storage tank temperature.

Figure 11 presents hourly heat gain from the SAHP combined with DPSC and the
water in the thermal storage tank. The minimum and maximum errors between the heat
gain obtained from the SAHP in Mode B and the water in the thermal storage tank were
observed to be 3.46% and 8.95% with an average value of 6.62%. Based on this heat balance,
the obtained data are considered reliable.
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Figure 11. Heat gain per hour from SAHP and thermal storage tank.

3.3.2. Power Consumption

Figure 12 shows the power consumption of the compressor, pump, and blower. The
average power consumption of the compressor is 458.23 W for Mode A and 470.53 W
for Mode B. This is because Mode A has a higher evaporating temperature and lower
condensing temperature than Mode B, as Mode A only uses heated air, leading to a reduced
compression ratio in the heat pump. After 12:00, Mode B exhibits small fluctuations in
power consumption due to changes in the evaporator inlet air temperature. However,
the power consumption tends to increase continuously throughout the entire experiment.
The difference in power consumption of the pump and blower remains insignificant. The
system’s daily average power consumption is 540.55 W for Mode A and 550.25 W for Mode
B. Therefore, to evaluate the performance of the proposed system, both the heat gain and

power consumption should be considered. Thus, in the next section, the COP of the heat
pump and system is discussed.
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Figure 12. Variation in the power consumption.

3.3.3. Coefficient of Performance

Figure 13 shows the heat gain in the condenser, power consumption of the compressor,
and COP of the heat pump. The heat gain and compressor power consumption increase
over time. The COP decreases from a maximum of 2.94 to a minimum of 2.02 in Mode
A, and from 2.61 to 1.78 in Mode B. These results indicate better heat pump performance
in Mode A. However, a comprehensive performance analysis of the proposed system
is necessary, considering not only the heat obtained from the DPSC but also the power
consumed by the pump and blower.
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Figure 13. Comparison of performance based on operation mode.

Figure 14 presents the total heat gain, total power consumption, and COP of the
system. Mode B shows a 16.66% higher total heat gain and a 1.89% higher total power
consumption compared to Mode A. Additionally, the COP of the proposed system reaches
a maximum of 2.40 and an average of 2.02 in Mode A, while Mode B shows a maximum of
3.14 and an average of 2.33. These results confirm that Mode B has a 14.42% higher system
COP compared to Mode A.
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Figure 14. Comparison of the SAHP system based on operation mode.
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4. Conclusions

In this study, a novel type of SAHP combined with the DPSC was proposed. The
experiments were performed under natural weather conditions. The proposed system was
also compared with the traditional SAHP mode that uses only heated air to evaluate the
influence of operating modes. The main conclusions are as follows:

(1) The thermal efficiency of the DPSC in Mode A and Mode B is 62.96% and 56.32%,
respectively. As the inlet water temperature increases, heat loss increases, resulting in a
decrease in thermal performance in Mode B.

(2) The daily average rate of heat gain in the condenser was 1078.13 W for Mode A and
1253.38 W for Mode B. In Mode B, the average heat gain for the DPSC and the condenser
was 306.75 W and 946.62 W, respectively, resulting in a heating performance that was
approximately 16.66% higher compared to Mode A.

(3) The power consumption of the compressor is 458.23 W in Mode A and 470.53 W
in Mode B. Additionally, the daily average power consumption of the proposed system,
including the pump and blower, is 540.55 W for Mode A and 550.25 W for Mode B,
representing an increase of about 1.8% in Mode B.

(4) The daily average COPpp is 2.39 in Mode A and 2.04 in Mode B, showing higher
performance in Mode A. However, the daily average COPsys is 2.02 and 2.33 in Mode
A and Mode B, respectively. Therefore, it was confirmed that using both air and water
simultaneously (Mode B) increases performance by 14.42% compared to using only air
(Mode A).

From the obtained results, it was clearly confirmed that the performance of the pro-
posed SAHP is better than the traditional SAHP mode. Therefore, the results of this study
are meaningful as basic data related to SAHP combined with DPSC.

However, this study was conducted under similar weather conditions instead of iden-
tical conditions. Hence, in future research, we plan to perform mathematical modeling of
the proposed system and evaluate its performance under various conditions, including dif-
ferent weather conditions and operating methods to reveal the performance improvement
of the system more accurately.
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Nomenclature

Symbols

A Area (m?)

cor Coefficient of performance (-)
Cp Specific heat (J/kg°C)

G Solar irradiation (W/m?)
m Mass flowrate (kg/s)

Q Heat transfer rate (W)

T Temperature (°C)

w Power consumption (W)
Greek symbols

7 Thermal efficiency (-)
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Subscripts

a Air

c Collector

cond Condenser

comp Compressor

DPSC Dual-purpose solar collector
HP Heat pump

sys System

w Water
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