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ABSTRACT Details of a heat pump assisted solar water
heating system, is briefly described. Refrigeramt:igromising
of Fluorocarbons and Chlorofluorocarbons have kgamerally
used as the working fluid. But due to its ozone elémh effect
and high Global warming potential, they have besgiaced by
synthetic refrigerants such as R22, R134 etc. Tta¢ pamp
utilizing such refrigerants has shown to attaircafhcies (COP)
of the order only about 2 to 3. In this paper aerapt has been
made to find out the reasons for such low effidesi@and the
possibility of using C® (R744) as the working fluid in heat
pump assisted solar water heating systems.i€@ne of the few
natural refrigerants which is neither flammable awod toxic. It
is commonly obtainable and does not affect the ajlob
environment like other refrigerants. A few changgebe made in
the experimental set up to improve the performasfcine heat
pump are discussed.
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1. Introduction

In order to improve COP of the heat pump and dcpla
the fossil energy resource, idea of combining tleath
pump and solar energy in mutual beneficial wayshiegen

utilized in the region that experience freezingditans.
Among the working fluids, the most widely used and
conveniently available is water. One of the maiasons

is that working liquid freezes very rapidly in tloeld
locations within the connecting tubes of the solater
heating system. Furthermore, water has low air
thermodynamic cycle efficiency. Other working flsjd
such as silicon oil and ammonia also are commosédu
However, silicon has high viscosity and is difficub
handle, and ammonia is extremely toxic. A receuatst
reported CQ (R-744) which is an environmentally safe
working fluid can be used to energize ground someat
pump [16].

This paper is intended to analyze and discuss the
thermodynamic aspects of G@s the working fluid for
heat pump assisted solar water heating systems. To
develop a reliable and efficient heat pump assistddr
heating system, a few modifications are suggested t
enable them perform in solar adverse regions vath |
ambient temperature and low solar radiation intgnsi

2. System description

The HPSWH consists of an evacuated solar collext@n
evaporator, hot water storage tank with an imme st
exchanger as condenser, thermostatic expansion aaly
a small refrigeration compressor.

proposed and developed by several researchers. Many

theoretical and experimental studies have beerrtegpm

past 30 years. The solar collector is the hearsadr
water heating system. During the last two decades,
number of researchers have worked on developing new
and more efficient solar collector designs. Apaotf the
collector structure and absorptive coating, severalks
have been carried out to study the influence deddht
working fluids on collector performance. Solar wate
heating is a mature technology with several rediabl
designs; however, these designs cannot be effictive

Figure 1 shows the schematic of a simple HP systdma.
refrigerant in the solar collector is evaporatedirmident
solar energy. The ambient air acts as an additibaat
source or sink, depending on whether the refrigeran
temperature is higher or lower than that of ambidie
vaporized refrigerant passes through the compreasolr
finally the high temperature vapor is pumped inte t
condenser where it gets condensed. The energytedjec
by the condenser contributes to load requiremewntutih

a refrigerant-to-water heat exchanger immersethénhiot
water storage tank.
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Fig.2. Heat pump cycle on a p-h diagram [8]

The process undergone by the refrigerant durindfithe
cycle of event can be represented by an idealizat h
pump cycle as shown in Fig. 2. Stage 1-2 represents
compressing the refrigerant at low pressure and
temperature, to State 2 represents superheated aapo
condensing pressure. From here working fluid entiees
condenser of tube-type cooling coil and leavessitsab
cooled liquid at the state 3. The condensing afgefant

is achieved by rejecting its heat to the cold watethe
storage tank, and the warm water from the tank lman
used for hot water application. The sub cooledgefant
from the condenser is then pumped to the solaecolt
through an exhaust valve which is represented ate st
points 3-4. With the incident solar radiation, the
refrigerant again boils off in the collector tubadathe
resultant superheated vapors leaves the colletktat 1.
Similar set of events keep occurring and the watdehe
storage tank gets heated to the required temperatur

Figure 3 shows the schematic of the commonly used a
source HP assisted SWH system. The solar collectdr
heat pump are integrated together as a systemvdrétin
summer and winter modes. In summer, the thermabgne
collected by the solar collector heats the refagerclose

to its supercritical state. The natural connecfieev of
the refrigerant will be induced by the: (a) heatimgcess
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Fig.3. Schematic diagram of the HPSWH

via solar radiation and (b) cooling process assalteof
heat exchanging with water in the water-tank.

In winter, when the surface temperature of the rsola
collector is considerably lower than the desired
temperature, the compressed loop will be engagbd. T
vaporized refrigerant passes through the compreasor
finally the high temperature vapour is pumped itite
condenser where it gets condensed. The energytedjec
by the condenser contributes to load requiremeimts (
water applications) through a refrigerant-to wakerat
exchanger immersed in the hot water storage tank.

Air source heat pump uses outside temperature lesag
source or sink. One of the challenges of the air@heat
pump is that its performance is very low, when ambi
temperature is low. The working fluid would freezery
rapidly within the connecting tube of solar wateating
system [10] [11]. Hence low ambient winter tempearas
remain the key limiting factor in utilizing solanergy in
such solar adverse regions. As the temperaturs, file
heating output of low temperature optimized heanpsi
declines, so do their efficiencies too. At tempamt
below 8° C, air source heat pump can attain COP only
about 2.2-2.8. Hence, research is being focused in
improving the performance of heat pump when being
operated in very low source temperature.
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3.1 CO, asaworking Fluid Fig.4. COP-Chart [8]

To overcome the “freezing problem”, GAR744) can be Tablel Environmentgl benefits Qf GQComparison of
used as a working fluid which has significant adages. : Refrigerant profess [2]

CO, is a non-freezing, non-volatile, non-flammable, non Eiﬂ?gaﬂt Eima E'OMA ﬁg’:c’n'a Cv%s
corrosive, low cost, and non-toxic medium [3]. dted not Substance

need to be recovered or reclaimed when repairing or [ ODP (ozone | O 0 0 0
disposing of equipment but can be exhausted inéo th depletion

atmosphere with negligible impact. Moreover, uitil gc\’ltveg“a') 300 3560 s I
CO, as a working fluid will ensure higher heat tramsfe (global

Though CQ has a minimal effect on the global warming war ming

potential, it is a natural refrigerant having nopamt on potential)

the ozone depletion potential [Table 1]. Compacedther Critical 101.1° 7n.re 132.2° 31.1°
working fluid, the thermodynamic and transport gdies point 407 Mpa | 373 Mpa | 11.3Mpa | 737
of CO, seem to be favorable in terms of heat transfer and ' ' ' Mpa
pressure drop [11]. Its volumetric refrigeratiorpaaity is TriplePoint | -103° -100° -77.8° -56.6°
3-10 times higher than CFC, HCFC and HFC refrigexan

Carbon dioxide was among the first fluid used in :00040Mpa/ .0028Mpa ﬁogo ',312
refrigeration system, and its use remained sigaifiantil Flammable | No No YES NF:)
the introduction of CFC refrigerants in 1930’s [0, or explosive

can be exhausted into atmosphere with negligibleath Toxic No No Yes No

Leaks in a C® system do not present the safety or

environmental hazard of the other refrigerantswed as » . ) ) _
being environmentally benign, carbon dioxide’s [N the_ s_upercrltlcal region certain properties Imé_tflwd
thermophysical properties make it one of the most are similar to values of the vapor region while esth
promising natural refrigerants for water heating ather properties are closer to values of the liquid ragiBor
applications requiring a high temperature increa3ee instance, the density of the supercritical fluiccieser to
property of CQ which distinguishes it from other  that of a liquid while the viscosity is more likeat of a
refrigerants is its low critical point i.e. 32.C at 73.7 bar ~ vapor. Unlike the liquid-vapor phase transitiorgréhis no
[Fig.4]. Carbon dioxide’s low J; is one of the reason that ~ Mixing of phases during transition from vapor to

its use was surpasses by other refrigerants [TidblEhe supercritical or liquid to supercritical [7]. Fuethmore in
transcritical cycle take advantage of &Olow critical the supercritical region and at the phase tramsifio
point by intentionally operating in the supercaficegion property variation will have no discontinuities. ighis
during heat rejection [3]. The transcritical cyallow CO, different from the property change that occurs f& t
to deliver higher temperature with improved COP. liquid-vapor phase transition. Property change for
Another important distinction between g¢@nd other su_percrmca! CQis gradual an continuous except near the
refrigerants is the operating pressure. Both stibatiand critical point where substantial changes in the

transcritical heat pump systems using ,CGperate at  thermophysical properties occur even for small gearin
much higher pressures than heat pump systems usingt€mperature and pressure. The region where sudt rap
conventional refrigerants. In a heat pump systeme, t change in properties takes place is known as theugo-
compressor increases the refrigerant pressureder do critical region.” The pseudo critical region haprassure
increase the heat rejection temperature. A heappusing dependent temperature,.Tis defined as the temperature
CO, typically has a lower pressure ratio than an armleg &t which the specific heat capacity reaches maxirfam
system using a synthetic refrigerant. given pressure.
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Fig.5. Variation of specifieat for CQ[3]

Figure 5 shows the temperature-dependent varidtion
specific heat for different pressures. The figunevss as
pressure increases the maximum specific heat oaturs
greater temperature. In addition, as pressurec@sers
beyond 8 MPa then the peak specific heat valuevied
[3], hence it will be beneficial to operate the teys at
critical region of CQto harness maximum energy.

Fig.6.Density variation for C@through the PC region [3]

The density change of G@& shown in Fig.6. The density
decreases rapidly through the PC region as temperat
increases. The thermophysical properties of sujieadr
carbon dioxide are quite distinct from those ofgiilzal
refrigerant.

3.2 Evacuated Tube Solar Collector

To further improve the HPSWH system’s performance a
evacuated solar collector can be redesigned to thait
specific system operation characteristiEsacuated tube
collectors can attain high temperatures very easihey
are best fit in the cold region. They can collezatheven if

it's freezing outside. Because of their greateridence
angle modifier, they keep absorbing solar energy
throughout the day. The tubes are made from low
emissivity borosilicate glass with a glass seal.e Th
selective coating enables the use of the solarggner
spectrum to generate heat. This produces greateméh

efficiency in bright sunshine but also gives hidficeency
in diffuse sunlight conditions. The header is mageof
copper which makes, it an outstanding heat traresfdris
corrosion resistance.

As compared to flat plate collectors, evacuatec tsilar
collectors have got greatly selective coating aaduum
insulation of the absorber element which allowsihe
have high heat extraction efficiency. The convetimd
conduction heat loss to outside be greatly redbesduse
of the vacuum that surrounds the outside of thee.tub
Therefore they have more efficiency compared ta fla
plate solar collector, mainly in colder regions.eyhare
highly used in residential applications, which regqu
higher temperature because of its lower heat Ibgst
cannot loss across a vacuum, which creates antieffec
isolation mechanism to have the heat inside thesub

3.3 Sratified storage tank

Along with the solar collector, the storage tankysla key
component in dictating the systems performancerdier

to improve the system performance of the conveation
system designs, a partitioned hot water storagk ian
introduced as one of the modification. An importaspect
of storage tank is stratification, which dependgtaninlet
design of the storage tank and other factors sscheat
conduction within the tank as well as side losgast jet
mixing, plume entrainment. As for inlet mixing aptlime
entrainment is concerned, an inlet distributor ffwdiand
variable design will positively improve the tempieire
stratification profile in the storage tank. Plume
entrainment often occurs in low-flow systems at -mid
afternoon when the availability of solar energyrdases.
As a result, water entering the tank from top Wwél cooler
than the water in the upper part of the tank produa
downward flowing plume. This can in turn reduce the
temperature in the upper significantly. One of si@ple
methods is to provide a light flexible hose to barmected
to the tank inlet. Due to buoyancy forces, theeiutf the
hose would automatically float to the correct depikat
loss through the wall and fluid is unavoidable, gt
influence can be reduced by keeping stratificatiod by
providing good insulation. The overall system
performance is significantly affected by the starag
temperature distribution; therefore stratificatismeeded
with in the storage tank in order to provide actaisolar
heating.

To maintain stratification, a simple new baffle el
technique was introduced by Davis and Bartera in519
[10]. Two solid baffle plates are placed near thieti of

the tank. The flow from the solar collector andnfréhe
load enters the tank through two inlet ports at-hegyht
and impinges on the plates where it gets diverted
vertically up or down depending on the difference
between the inlet and local tank fluid temperaturbe
collector return flow in-between the plates caratecat a
position with the temperature close to its own.efsure



the reliability of the system design, a proper ifehe
storage tank is also essential.

4. Conclusion

The above analysis shows that considerable motidita

can be made in the experimental set up to imprése i

efficiency. ldentifying the key operational paraerstto
achieve high thermal performance of the solar peatp
assisted solar water heating system. The assumpiioie
in the theory should suit the practical conditionheive a

clear picture of what is happening in the solar ewat

heater. This work, both experimental and theorktgin
progress.
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