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ABSTRACT.

In this research, an experimental and numerical comparative study has been conducted on two systems:
conventional heat pump=(ASHPR) 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 collector-evaporator and
radiant heat loss to the night sky.
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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«“Inirecent 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, althoughsit accounts for
approximately 15% of it in developed countries. Heat
pumps are the most suitable technolagy 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, 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 (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 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).
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Figure 1. a. Cycle (ASHP) b. Cycle (DX-SAHP)

3. Results and» Discussion

The thermal performance of two systems, a
conventional heat_pump water heater (SAHP) and a
direct expansion solarsheat pump water heater (DX-
SAHP), has®beensnumerically coded and simulated
using Python ssoftware. 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 scenario§. under different environmental
conditions, sunny day,“eloudy<day, clear night, and
cloudy night, have been analyzed experimentally and
numerically to make a comparison betweensthese 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 selar 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 temperatures of the (DX-SAHP) system
remains more than 5°C .higher than that of the
convective (ASHP) system.

Figure 2. Clear day results

A numerical study has been conducted under cloudy:
day conditions where the solar radiation intensity is.less
than 40 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.

Figure 3. Overcast day results

In Overcast night conditions, the solar radiation
intensity value is zero and the ambient temperature is
18°C. Since the 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.

Figure 4. Overcast night results

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 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.

Figure’5. Clear night, results

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.

(1) 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.

(2) 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.

(3) 4n 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 isdow, leading to
high collector-evaporator _heat loss and poor
system performance.

(4) 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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2 Domestic hot water (DHW)

3 air source heat pump (ASHP)

4 direct expansion solar-assisted heat pump (DX-SAHP)
5 System coefficient of performance (COP)
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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 2: System testresults (DX-SAHP)
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Fig.4. Flowchart of research steps
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Table 3: Validation of results
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Fig.6. Overcast day results

sl 39y @l # S5 &)

! Overcast Day

VO



Sl o byl -F-Y-Y

Jols o Slae &5 Slnil 1 el Gogeaabis 450 VA Laie (slos 5 o i yps (b Do lade g pl cob bl o
Sl oy 0SSl s 5l S pas 38ae o i Joilnlel wxly 3 4 lnlyl SIS (hen Ol >
by s ST s s (glad 45 amo s ol ¥ b il o0 o0l Lt V S o o5 jshailes el Jgane
sl (Jone (> ey 580 ,R s Sl 508 55 s bl (g90,55

COP - Overcast Night TO - Overcast Night

6 3 16
‘il ASHP' « ASHP
“mg® .
et « DX-SAHP « DX-SAHP
§ oy 14 4 TR B
g secvon ot
5 & | be esesssssssasutetesessEsuRsssates sassesessssare
» " -
500, W I —— -
"~. oae bo 12 Jemsnnansnsmenues
Sinzie \
.
4 Y
"_!'; 'L . o 10
o = b
.‘ ‘:..‘ - g
) g, £
o3 — = g 2tegtey o o 8
[s] | . ey et e 3
ea P ®
J ) ®
\ 5
Q
@
o 6
24
4
14
‘ 2,
0 T T + 0 T T T T
30 35 40 45 50 55 30 35 40 45 50 55
Water Temp (°C) Water Temp (°C)

srlost @bty o

Fig.7. Overcastinight results

Glo s Lyl ps —F-Y—F

5l lsl szSIS i (glo,8 GO ol iy sl s o] Jolae (glos 8,080z g @l ey 45 T blo (i Lyl 4o
OLis A S 53 @l 818 e blacl (003 )55 (515 moy 550,80 it Shos alS o8 BB b lenT o
5SSk 2505 @ et blal sondyo3 ()l ey 0SS s 0 Sl g igremy o sles oS Se s
Sled izmen 53 ,Shoe oo @l Sl Gloe el 226 0T Glensl 2 3T 4 el Jpesa 5o cemy 55 Kol s
2B g Blo ol bl o g pl cd lulpl g 59, bulpd b dglie ;0 o5 8,5 ame i (A PG g8 00St00ls (L) u5es
b peiitans blasl (008,93 () ooy 50 50T it (Slilos sl yial)l pis ol ity S5 5 oot b Glugs
ol 5l o gl il

' Overcast Night
2 Clear Night

\#



. ~ COP - Clear Night T0 - Clear Night
R |« ASHF . ASHP

= DX-SAHP = DX-SAHP

7.5

5.0 1

Evaporating Temp (*C)

2.5 1

0.0

30 35 20 a5 50 55
Water Temp (°C}

V0o 8,Shas ooy —F-Y-0
Gayen Sih cey Se Kl s 90 5 g30e Jue

s Ambient Temp
W inlet Water Temp

s

Temperature (°C)

~N
=

10

WYl 5,5 hos 4 S

Fig.9. Annual performance

\Y



Ll st il ommt 05 i 39 8 it | 0elon 8,5kt b alale (sjlott ol Vo S5
00 L) - IS5 Bllao) adsl lod 5l s o giloannd (nl 5o w000 Lis Jsans (Il oy 050 Sl s 5 oo
alale o,8lae oo (1Kl a5 20 oo lid bl Conl oad 43§ a5 (o ailjy, Sldes Ladd g 048 o0 6,5 o Kl ax o
Sy Sl sy SR s 51 VL Jlu Job plad 5 (it Blacsl gandiygn (Sl e 0SS s
Fyora ) oy SRl ps el Gl Lo sles 85 Gloj e b )3 pgat a4 ileoe (Bl (800
ol el ol Jds el giaz gy BB e blodl i yon (Sl ooy 05e,Rel s Cge ap 00 0Lt gind 3 )Slae
S Sl i @l g SRl VL Sl Jgene (5512 comy (S0 S0l pis p3us glos Vb Lo los Ll il 5o oS
&5 51 At (Slod 058010 3525 j5meaS 5 (sled (Vb a> S oS Ll Sl e bladl (600255 ()l ey
pom e il oy OS] s s glod a5 oy ol Lame slos Laulyd ;0 a5 Jlo o el sgaze i (g0 0>
BB jsb 1) 5 sled Wlgico (G855 Gl uriine blassl gardy95 )l camy 00 T s sl el by
IRt PFESY

Monthly Avg COP

ASHP
DX-SAHP

cop
S

4

PS4
]
. 1

Month

COP s,Sloc e JSois

10 12

Fig.10. COP performance

S S Azt -0
s 9 i bl (ol o3 (551 ooy (K05l i dslie 390 50 00 5 (2,28 aslllas (Eagi ! 5o

AR 0 ul.u.\) C.il.u RO PR ‘al.?u‘ w)).e,.u @‘9@5 u—‘ Ja.;‘).w o i G‘a...?u Ja.:‘r....a 5O gﬁm ‘5»)|J.> ] u&o)is]
:aS

Olsie & b (slsn 5l o0 5 oy 5l e peiie blasdl gard )93 (55> ooy (50, s (BT 55, daiTL5 ,070))
blocdl a5z (5512 ooy (50, pis «Jgare ()l sy 0SSl e b dlie 50 08 o eolitulile S aie
00 6 5YL o Slos o pb laie pudino

YA



s 0 LS Lol mie (lsie a0 1) aome (6l9a s blusl (600t yo5 51> cams 050 50T s s 2l 59, Ll s 50 (V)
@55 4 5 peiiens blasil Gundysr (Sl ey (Se)R et 0 Slas w0aiSTyy U s 4 a5 Jl 0 058 e
58I =, S5l 5 e Sl glnlgl axly (B pen &l Jols o Slee 4z STl Jsere )l ey 0K, ST e

Lol Gy 5>

s Bl S8 505 )1 ooy 50 S0 s ((Jgome () oy 050, pitanns b aunlie o oot Ll 0 ()
oo Ll 0 018 3525 Rl el g Blo b Ll g e BB Sl &5 (b po ams e LS ) Ghend 0 Shes adien
o 551 lsl — 98T Gl (slo,S BT azeis 50 5 a0 S S50 ssb 4 Ty lewsl Jolae (slos l idgy 9925 s
omb Sleml olas los (Bl s Lyl o a5 Jb jo aws oo SralS 1) puiiese bludl saudi o> Gl ey 556,501

Dgdion phams ipnd 8 Slac g 5l gl - giSIS 05 (sl )T MW 4 ke g s

c;.’.)‘)"’ oy u.ia/,fj RO S Slos cu o dilals u,..ial...a Jlo Job yo oS a3 o obis ¥l gilwancds Jdow g a5 (V)
(Sl Blo o, Lulps 0 jogas 4 dilbee (Bb Jgere () ooy (S0l pitacs 51 YL prittee blacl gud )55

090 ety Al 3B J.AL..; as JS.....: solazs| ‘_J.Alm e g La;m.;iYT J..J.?u P MW) J.Abu oJ..gT Olaass LS‘)f
piians blucsl Gau 55 () crey G50, it b Jsene (5o rey 050, pitacn alie w0 8 g il pr iS5
D9 o gy By egh G 0

,‘,S}Lc w,@ﬁ -5

S5l e

W g eS (§39,9 58 VVwm
Kj/Kg . Jusi hy

Kg/s om o m

Sl pide

- oleadly n
oeF )

el \%
oYl

gz bl *

'4



&y g be =Y

[1] E. Hervés-Blasco, E. Navarro-Peris, J.M. Corberan, Closing the residential energy loop: Grey-
water heat recovery system for domestic hot water production based on heat pumps, Energy and
Buildings,216 (2020) 109962.

[2] J. Fernandez-Seara, C. Pifieiro, J.A. Dopazo, F. Fernandes, P.X. Sousa, Experimental analysis of
a direct expansion. solar assisted heat pump with integral storage tank for domestic water heating
under-zero solarradiation conditions, Energy Conversion and Management, 59 (2012) 1-8.

[3] X. Kong; P. Sun, S. Dong, K. Jiang, Y. Li, Experimental performance analysis of a direct-
expansion solar-assistedyheat pump water heater with R134a in summer, International Journal of
Refrigeration; 91 (2018) 12-109.

[4] W.M. Duarte, TuF+Paulino, S.G. Tavares, A.A. Maia, L. Machado, Feasibility of solar-
geothermal hybrid source heat pump for producing domestic hot water in hot climates, International
Journal of Refrigeration, 124 (2021) 184-196.

[5] X. Kong, Y. Yang; M. Zhang, Y. Li, J. Li, Experimental investigation on a direct-expansion
solar-assisted heat pump water, heater using R290 with micro-channel heat transfer technology
during the winter period, InternationalJournal of Refrigeration, 113 (2020) 38-48.

[6] W.M. Duarte, T.F. Paulino, JJ. Pabon, S. Sawalha, L. Machado, Refrigerants selection for a
direct expansion solar assisted<heat pump for domestic hot water, Solar Energy, 184 (2019) 527-
538.

[7] M. Masiukiewicz, M. Tanczuk, S. Anweiler;’G. Streckien¢, S. Boldyryev, Long-term climate-
based sizing and economic assessment of air-water heat pumps for residential heating, Applied
thermal engineering, 258 (2025) 124627.

[8] J.Y. Lee, T. Yim, Energy and flow demand-analysis of domestic hot water in an apartment
complex using a smart meter, Energy, 229 (2021) 120678.

[9] F. Velasco, M. Haddouche, F. 1llan-Gémez, J. Gareia-Cascales, Experimental characterization
of the coupling and heating performance of a CO2 water-to-water heat pump and a water storage
tank for domestic hot water production system, Energy and Buildings, 265 (2022) 112085.

[10] W. Xu, C. Liu, A. Li, J. Li, B. Qiao, Feasibility @nd performance study on hybrid air source
heat pump system for ultra-low energy building in severe cold region of China, Renewable Energy,
146 (2020) 2124-2133.

[11] S. Bhadra, A. Mwesigye, Influence of control strategy on the.energetic performance of an air
source heat pump coupled with a solar air collector for domestic hot water in a cold climate,
Renewable Energy, 244 (2025) 122682.

[12] A. Anastas, A. Mwesigye, Investigation of a Photovoltaic Thermal-Direct Expansion Solar-
Assisted Heat Pump (PVT-DXSAHP) Collector with Different Photovaltaic Characteristics in Cold
Climates, American Journal of Undergraduate Research, 22(1) (2025).

[13] V. Rezaee, A. Taghizadeh, Evaluating the impact of environmental indicators on thermal
comfort for different climates of Iran using the PMV model, Amirkabir Journal of Mechanical
Engineering, 57(1) (2025) (in persian).

[14] A. Moreno-Rodriguez, A. Gonzélez-Gil, M. Izquierdo, N. Garcia-Hernando, Theoretical model
and experimental validation of a direct-expansion solar assisted heat pump for domestic hot.water
applications, Energy, 45(1) (2012) 704-715.

[15] X. Kong, D. Zhang, Y. Li, Q. Yang, Thermal performance analysis of a direct-expansion/solar-
assisted heat pump water heater, Energy, 36(12) (2011) 6830-6838.

[16] Y. Kuang, K. Sumathy, R. Wang, Study on a direct-expansion solar-assisted heat pump water
heating system, International journal of energy research, 27(5) (2003) 531-548.



[17] H. Safarzarzadeh, S. Fathollahi, Simulation Study on the Thermal Performance of a direct-
expansion solar-assisted heat pump for water heating in Kermanshah climate, Modares Mechanical
Engineering, 15(12) (2016) 232-242. (in persian)

[28] X.*Sun, Y. Dai, V. Novakovic, J. Wu, R. Wang, Performance comparison of direct expansion
solar-assisted heat pump and conventional air source heat pump for domestic hot water, Energy
Procedia, 70 (2015) 394-401.

A



Comparative feasibility study of two direct expansion
solar water heater heat pump systems in Rasht climate

Vahid Rezaee'*, Abouzar Taghizadeh?, Mojtaba Masoumnezhad?

13 Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran
2 Department of Electrical Engineering, Technical and Vocational University (TVU), Tehran, Iran
*Vrezaee @ tvu.ac.ir

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 exchangef solar collector-evaporator and
radiant heat loss to the night sky.

KEYWORDS
Thermodynamic analysis, heat pump, domestic hot water, solar energy, coefficient of
performance.
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