Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 57(5) (2025) 589-610
DOI: 10.22060/mej.2025.24414.7866

Comparative Feasibility Study of Two Direct Expansion Solar Water Heater Heat

Pump Systems in Rasht Climate
Vahid Rezaee'* ™, Abouzar Taghizadeh?, Mojtaba Masoumnezhad!

' Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran
2Department of Electrical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

Review History:

Received: Jul. 17, 2025
Revised: Aug. 20, 2025
Accepted: Sep. 18, 2025
Available Online: Sep. 20, 2025

ABSTRACT: In this research, an experimental and numerical comparative study has been conducted
on two systems: conventional heat pump (ASHP) and direct expansion solar water heater heat pump
(DX-SAHP) for the potential of hot water production. The system (DX-SAHP) consists of a flat plate
solar collector as an evaporator, a rotary hermetic compressor with R134a refrigerant, a capillary tube
as an expansion valve, and a submerged finned spiral condenser and a 100-liter water storage tank. The
simulation results were used to achieve optimal system design and determine the appropriate strategy
for four operating conditions: sunny day, cloudy day, clear night, and cloudy night. The simulation
results were used to achieve optimal system design and determine the appropriate strategy for four
operating conditions: sunny day, cloudy day, clear night, and cloudy night. The performance of both
systems has been investigated experimentally and numerically. The effects of operating conditions (air
temperature, water temperature, solar radiation intensity, etc.) have been analyzed and a comparison of
performance under different operating conditions between the two systems has been made. The results
show that under sunny day conditions, the coefficient of performance (COP) of the (DX-SAHP) system
is significantly higher than that of (ASHP). Under cloudy day conditions, the coefficient of performance
of both systems is almost the same, and under night conditions, especially under clear night conditions,
(DX-SAHP) shows poor performance due to poor performance of convective heat exchange of solar
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collector-evaporator and radiant heat loss to the night sky.

1- Introduction

Today, global policies are moving towards a more
sustainable system with more responsible use of energy. In
2014, the European Union set targets for reducing greenhouse
gas emissions and improving energy efficiency by 40% and
27% respectively by 2030. Currently, the building sector
accounts for approximately 40% of annual greenhouse
gas emissions and approximately 27% of final energy
consumption. Therefore, reducing energy consumption and
improving technologies used in this sector are essential to
achieve the 2030 goals. In recent years, many efforts have
been made to reduce energy consumption in buildings. The
main measures have focused on reducing heating demand
and improving the technologies used for heating and cooling
purposes. However, little attention has been paid to reducing
the energy demand related to domestic hot water production,
although it accounts for approximately 15% of it in developed
countries. Heat pumps are the most suitable technology
for achieving high efficiency and using medium and low
temperature water streams as a heat source [1-2].

By studying the background of the research conducted,
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it is necessary and essential to conduct a comprehensive
and complete study of Iran’s climate in this area. In the
present study, the performance of two systems (ASHP)
and (DX-SAHP) under different operating conditions will
be investigated experimentally and numerically to make
a comparison between these two systems. The innovation
and objectives of the research are that the components of
the heat pump system use a capillary tube as an expansion
valve, a submerged finned tube condenser in a 40-liter
tank, where the heated water enters a 100-liter storage
tank. The main capabilities of the device are to provide hot
water for consumption and heating throughout the year, as
well as cooling. The innovation of this design, in addition
to the use of capillary tubes, is in the condenser waste heat
section, which uses the heat output from the condenser of
the compression refrigeration cycle to heat the city water
entering the condenser exchanger for use in sanitary and
washing purposes.

2- Methodology
Figure 1 shows the schematic diagram of the (ASHP) and
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Fig. 1. a. Cycle (ASHP) b. Cycle (DX-SAHP)

(DX-SAHP) systems. Both systems operate according to a
simple mechanical refrigeration cycle. The only difference is
that the DX-SAHP system uses a solar collector to replace the
evaporator, so solar energy can be used as a heat source in the
heat pump. The system consists of a flat plate solar collector
as an evaporator, a hot water storage tank, an immersion heat
exchanger as a condenser, a capillary tube (expansion valve),
and a small hermetic refrigeration compressor. To begin with,
the refrigerant from the condenser is fed directly into the
evaporator-solar collector through a capillary tube, where it
is evaporated by radiant solar energy. The ambient air acts as
an additional heat source or sink, depending on whether the
refrigerant temperature is higher or lower than the ambient
temperature. The evaporated refrigerant passes through the
compressor and the high temperature vapor is finally pumped
to the condenser where it is condensed. The energy rejected
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by the condenser is transferred through a refrigerant-to-water
heat exchanger immersed in a hot water storage tank to help
meet the load requirements (hot water applications).

3- Results and Discussion

The thermal performance of two systems, a conventional
heat pump water heater (SAHP) and a direct expansion solar
heat pump water heater (DX-SAHP), has been numerically
coded and simulated using Python software. The main focus of
the comparison is based on the COP performance coefficient
criterion in different environmental conditions during the day
and different months of the year. Four scenarios under different
environmental conditions, sunny day, cloudy day, clear night,
and cloudy night, have been analyzed experimentally and
numerically to make a comparison between these two systems.
In each scenario, ambient temperature, solar radiation, and
evaporator temperature difference are defined for the system.
The inlet water temperature is defined in the range of 30 to 55
degrees Celsius with 100 consecutive values, which makes the
simulation more accurate. The performance of both systems
has been investigated experimentally and numerically. For
each scenario, two graphs are drawn: COP versus hot water
temperature and evaporation temperature versus hot water
temperature. The numerical results in Figure 2 show that
under sunny day conditions, with hot water temperatures
ranging from 30°C to 55°C, the (DX-SAHP) system has a
higher average COP than the conventional (ASHP) system.
Figure 2 shows that the COP of the (DX-SAHP) system
decreases faster than that of the conventional (ASHP) system.
As shown in Figure 2, with a solar radiation intensity of 300
W/m2 and an ambient temperature of 25°C, when the water
temperature increases from 30°C to 55°C, the evaporation
temperature of the (DX-SAHP) system remains more than
5°C higher than that of the convective (ASHP) system.

A numerical study has been conducted under cloudy day
conditions where the solar radiation intensity is less than 40
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Fig. 4. Overcast night results

watts/m2 and the air temperature is 20 degrees Celsius. As
shown in Figure 3, the performance coefficient of the (DX-
SAHP) system is very close to that of the (ASHP) system. It
can be inferred that even under cloudy day conditions, due
to the effect of scattered radiation, the performance of the
system is still as good as or even slightly better than that of
the conventional (ASHP) system. As shown in Figure 3, the
evaporation temperature of the (DX SAHP) system is still
higher than that of the (ASHP) system.

In Overcast night conditions, the solar radiation intensity
value is zero and the ambient temperature is 18°C. Since the
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collector-evaporator convective heat exchange performance
is not as good as that of the evaporator unit, the system
performance coefficient is lower than that of the conventional
(ASHP) system, as shown in Figure 4. Figure 3 shows that the
evaporation temperature of the (DX-SAHP) system is also
lower than that of the (ASHP) system.

In clear night conditions where there is no cloud cover, the
equivalent sky temperature is low, so the radiant heat loss from
the collector/evaporator to the sky has a significant impact
on reducing the performance of the system (DX-SAHP). The
results in Figure 5 show that the evaporation temperature
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Fig. 5. Clear night results

as well as the COP of the (DX-SAHP) system are clearly
much lower than that of the conventional (ASHP) system,
on which the influence of sky radiation is negligible. It can
be concluded from the results of COP as well as evaporation
temperature (shown in Figure 5) that compared to daytime
and cloudy night conditions, in clear night conditions without
the influence of solar radiation fluctuation and cloud cover
movement, the change in system operating parameters (DX-
SAHP) with increasing water temperature is more stable.

4- Conclusions

In this research, an experimental and numerical study
has been conducted to compare the DX-SAHP system and
the conventional ASHP system in different environmental
conditions under the climatic conditions of Rasht city. The
results show that.

Under sunny conditions, the DX-SAHP system uses both
the sun and the ambient air as heat sources. Compared with
the conventional ASHP system, the DX-SAHP system has a
higher COP value.

In cloudy day conditions, the (DX-SAHP) system takes
the ambient air as the main heat source. While due to scattered
radiation, the performance of the (DX-SAHP) system is still
as good as that of the conventional (ASHP) system, although
the convective heat exchange performance of the evaporator
unit is much better than that of the evaporator-solar collector.

In night conditions, compared to the (ASHP) system, the
(DX-SAHP) system always shows poor performance. While
there is a significant difference between clear night conditions
and cloudy night conditions. Under cloudy night conditions,
the presence of cloud cover effectively improves the sky
equivalent temperature, thereby reducing the radiant heat
loss of the collector-evaporator system (DX-SAHP). While
under clear night conditions, the sky equivalent temperature
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is low, leading to high collector-evaporator heat loss and poor
system performance.

Annual simulation analysis shows that throughout the
year, the monthly average COP of the (DX-SAHP) system
remains higher than that of the conventional (ASHP) system.
Especially in the conditions of a clear winter day, when the
ambient temperature is low, the advantage of the (DX-SAHP)
system becomes more significant.
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Fig. 1. a. Cycle (ASHP) b. Cycle (DX-SAHP)
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Fig. 2. P-h diagram of the heat pump cycle
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Fig. 3. Details of the system component layout
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Table 1. System test results (ASHP)
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Table 3. Validation of results
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3. Clear Night
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