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ABSTRACT

I n this paper, an experimental study of the thermal performance for Isgaighir conditioning

system was carried out, bovestigatesystem aitability for the hot climate in IragThe system

consists ofvapor compressionunit combined with evacuated tube solar collector and liquid
storage tank. A thregay valvewas instakkd after the compressor to control the direction flow

of the refrigerant, either tthe storagetank or directly tothe condenser The performance
parameters were collected by data logger to display and record in the computer by using
LabVIEW software. The results show that the average coeffiofgmérformance of hybrid solar

air conditioningsystem (R=1) was about 2.42 to 2.77 and the average power consumption was
about1lt o 1. 12 kW when the ambient temperature \
coefficient of performance of conventional system (R=0) was about 3.23 and the pmrage
consumption was abotk W when t he ambient tempeltebber e wa
concludel thatthe use of the hybridolarsystem in Iraq with its current foroould not be saved

electricity.

Key Words: hybrid systemevacu#ed tubes collectogaporcompression cycle
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1. INTRODUCTION

A considerableincrease in the global electricity demand and depletion of fossil fuel
resources have increased the needtlierdevelopmentof ecafriendly and energefficient
technologies,Desideri, et al., 2009 The consumption of electricity in Iraq is higher than
production, and the air conditioning demand has increased rapidly in the recentweains
represents globally aboub% of total building energy consumption due to the demand of higher
comfort conditions inside buildingsAl-Abidi, et al., 22 Hence a solar hybrid air
conditioning systenseens to be the solutiorto electricity leak. Compared with conventional
energy, solar energy has many advantages, such as inexhaustibility, cleandeseapness.

Ha and Vakiloroaya, 2012 enhanced the performancedirect expansion air conditioner when
combined with a vacuum solar collector tisinstalled after the compressor.bi-pass line was
proposed together with a thregy proportional controlalve so the refrigerant flow rates
controled and then theoptimum refrigerant temperature enteritigge condenseis estimate.
Vakiloroayaet, al., 2012analyzed the performance of a new sa@lssisted air conditioner to
achieve energy saving. A flat collector storage system was equipped with the evaporader to ra
the superheat temperature entering the compressoy. shmved that the compressor can be
turned off longeland thugreduce th@owerconsumption. The systemas promising for saving
average monthlglectricity by up to 40% Abd, et al., 2013 studiedexperimentallythe thermal
performance of hybrid solar assisted air conditioning system with and without water in the
storage tank They noticed that theefrigerant temperature and pressure leaving the solar
collector were decreaseand the average thermal efficiency Viaisly acceptableVakiloroaya,

et al., 2013 developed a hybrid solar air conditioning system by proposing a new discharge
bypass line together with an inline solenoid valvintweasehe subcoolingof the refrigerant at
partial loads, the solenoid valve installed after the compresssio regulatethe mass flow rate

of the refrigerant. This development is promising between 25 and 43% of monthly electricity can
be saved on averagkbid and Jassim, 2015investigated an experimental study of the thermal
performance of air conditioning system combined with a solar colledteprototype consisted

of three diferent process fluid loops: agonditioning loop, collector loop, and cooling tower
loop. The bypass installed after compressas to control the flow rate of the refrigerant
Resultsshowed that the compresgeower consumptionwas decreased from 1.2 kW at solar
radiation 572 W/rAto 0.9 kWat solaradiation 725 W/rf this led toincreag in COP from 2.49

to 2.72 Theaverage energy saving of power consumption is between 23% anK8&d%r et

al., 2016 introducel their studyof performance analysis of solar hybrid air conditioning system
which consists of R410@aporcompression refrigeti@n cycle cascaded with solar driverhe
average coefficient of performance was about .ZThg objective of present work is to study the
performance of the hybrid solar aionditioner system witthe aid of bypass line witthethree

way actuatowvalveto overcome insufficient solar radiation in a day in Iraq (hot zone).
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2. EXPERIMENTAL WORK

The rig consists of sen main components which areatary compressorair-cooled
condenseran expansiondevice (capillary tube), direct expansion evaporator, vacuum solar
collector, storage tankand threeway control valve and test roorkig. land Fig. 2 show a
schematidblock diagramand a photof the systemrespectively

2.1 Compressor
Hermetic rotarycompressor model (RS208VCDC) Mitsubishi electric with 3.5 kW cooling
capacity and using R22 as a working fluid.

2.2 Condenser (Outdoor Unit)

Finned and tube condenser with two rows and 20 tubes per row, the length of each row is
75 cm, and the outer tulbgameter is 9.57 mm, the output power of condenser fan is 20 W.

2.3 Evaporator (Indoor Unit)

Direct expansion evaporator with one row and 26 tubes per row, the lerigdraiv is 65
cm and outer tube diameter is 7.6 mm.

2.4 Evacuated Tubes Collector

The evacuated tubes solar collector consists of 10 tubes, each tube has 45 cm length and
consists of two glass tubemd theouter diameter atheinnertube is 3.7 cmThe outer diameter
of the outertube is 4.7 cm. fie space between inner and outer tubes is evacuated, the inner and
outer tubes are domed at one €Rde nnertubeis made up of Borosilicate type material which
has excellent characteristics of lightrtsparency (> 92% and 2mm thicK)he surface ofthe
inner tube is coated witlthe selectivesurface to be an absorber surfatbe bottom side of
evacuated tubes is made uptted aluminum plate, and the upper side of evacuated tubes passes
through the storage tank.

2.5 Storage Tank with Heat Exchanger

A horizontal cylindrical tank with 20 cm outer diameter and 80 cmtleripe tank is
insulated with 2 cnthickness of foam to prevent the heat loss due to convection, the gagacit
the tank and collector &8 liter. A filling water pipe with 12.5 mmdiameter passethrough the
tank from the upper side to fill thellectorand the tank with distilled vier. A spiral copper coil
with 9.57 mmouter diameters immersed inside the tank where the refrigefflows insideit.
The solar collector absorbs the solar energy and heats the water in the evacuated tubes, the hot
water flows towards the storage tank naturally duthéalifferencein densities. So the water in
the storage tank is heatedntinwusly by the solar collectoiThe storage tank witta coiledtube
is used as heatexchanger (source) to increase refrigetantgerature

2.6 Three-Way Valve

A threeway control valve model (LPAX403BO9CPC3L0-64) is installed after the
compressor to regulate the flow direction of the refrigerant either to the condenser or to the
storage tank.

2.7 Test Room

A sandwich panel room was constructed to represent the conditioning Spaee.
dimensions of the room a@x2x2 m The evaporator was installed inside the room, while the
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compressor, condenser, capillary tubleeeway control valve, vacuum solar collectcand
storage tank were installed outside the room. The aim of constructing this room is to control the
indoor conditions, also this room protects the electronic devices (like data acquisition and
computer) from outdoor conditions anmmfovides the appropriateoperatng conditiors. Two
electrical heaters with 1000 Wachwas installed inside the room to simulate thermal load to
prevent very low tempature and then stop the system.

3. MEASURING DEVICES AND DATA LOGGING

The parameters data the pesent workwere displayed and recorded automatically as
listedin Table 1
Negativethermal coefficienthermistor(NTC) is used to measure the temperattiie,operatig
temperature range of NTC4 0 t o . Fig23&andEidC 4 show the NTCGandits fixing on the
tube surface, respectivelA pressure transducer (Danfoss) is used to measure refrigerant
pressure, power supply 24 V DC, error 1a¥td 1/3 inchmale thread. fie operating pressure
range of pressure transaua@t the suction line (P1) &sto 1(bar and its output signal is 0 to 5 V
while the operating pressirange of (P2, P6, P8)@sto 50bar and the output signal is 0 to 10
V. The gasflow meter is installed at the suction line to measure refrigerant flow rate. The flow
meter model is X-LWGQ-15AMC4, DN 15male threadthe power supply is 24V DC, the
analogoutput signalis4 to 20 mA DCin addition to pulse screen displahe operating flow
range isl.5 to 5 ni/hr, theerroris 2.5 % Solar power meter (TES 1333R) is used to meabere
total solar radiation (beam, diffe and reflected) iW/n?, it is orientel to the south and inclined
by  @ithéhe horizon (same asa solar collector). Potential transformer (PT) and current
transformer (CT) were used to measure the voltage andntuof the system respectively,
national insrument (NI) data acquisition, 3rt, and inputpower 1230V DC, 50 Wis used to
record and display datm the computer.

4. TEST PROCEDURES

All tests were carried out in Baghd@dtitude angle is 33.3) on September 2016. The
solar collector wa®riented to thesouthandtilted ( bb)y  ®ith ¢he horizonto get optimum
solar radiationDuffie, and Beckman, 2013 A metal frame was manufactured to achieve this
purpose. The system was charged with R22.

Foreach test, the following procedures were followed:

1 The solar collector and the storage tank were filled with distilled water.
The evacuated tubes were cleaned.
The systenwas turredon.
The computer and control programasturnedon.
Set the opening valvatio, either fully opened to the solar collector and its storage tank
(R=1) or fully opened to the condenser with bypass lireecasmventionakystem (R=0).
Solar radiation intensity was measured each half hour.
Record all the parameter data (listed able 1) inthe computerby data logger every two
minutes.

1
1
1
1

= =4

5. PARAMETERS CALCULATIONS

The power consumption of the system can be calculated by the following equation:
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0 g w O Q)
And the cooling capacity of the evaporator is expressed as:
0 a Qw Qu 2

While the coefficient of performance of the system is calculated by:

3)

ovoL

6. RESULTS AND DISCUSSIONS

Many experimental tests were carried out on the system to study its thermal performance
and compare itvith the conventionalsystem, just three testwe discussedn this paper as
samples to other testnd eachiest is studied withifiour characteristic parametersfaiowing:

6.1 Rdrigerant Temperature

Fig. 4 represents the-p diagram fortest 1 at 12:30 PM, where the refrigerant
temperature washown along the cycle as well as other parameters.

Fig.s 5a, 5b, and 5c representhe refrigeranttemperature dive positions with time, where the

X-axis represents time in minutes and thaxgsrepresentemperature in degree centigrade.

From these figuresf 6 s tleeltr@naition period waskenabout16 minutesuntil the system
reacheghe stability. The averagefrigerant temperature inlet the compres§d)fvas 10. 8 e
at first 170 minutesthenit droppedto 4.1 Gvith low room temperaturelue to insufficent

thermal loadnside the roomFig. 5a Whilethe average values of Tlere9 . 8 anmFig.. 4 e C
5b andbc, respectively.

The refrigerantoutlet temperaturefrom the compressorT@) has approximately the same
behaviorin each test but with some difference in values, where T2 increased with time until the
system reached the steady st@#ter 16 minutes) then itslightly fluctuatedwith time. The
values of T2 is consideradlativelyhigh due tathe low isentropicefficiency ofthe compressor

and high ambient temperatuiiéhe average value @2 is aboutl 0 0 Cifi Figg 58 and9 7 .C7 e
in Fig. 5b. While averager2is8 9 .C9n Fig. 5¢ which is lesghan the othedue tolow ambient
temperature.

It is important toobserve that the refrigerant temperature inlet the conden8eis($till below

T2 which may be caused lifie reverse action irthe storagetank (decrease the refrigerant
temperature instead of increaseluie tolosing a part of its sensible heat to the water) as shown
in Fig. S5aandFig. 5b. T6 depends on two parameters, a@dthreeway valve ratioR (0 or 1)

and itdeterminé the degree ofubcooing in the condenser, therefore it can be used as a control
variablesignal to optimize théhreeway valve opening.

The refrigerant temperature inlet and outlet the evaporator (T7 and T8) have thieebawvier
in all figures and they slightly fluctuated with time
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6.2 Air and Water Temperature

Fig.s 6a, 6b and 6¢c represent air and water temperature with time, willeeex-axis
represerd time recordedand the y-axis represents the inlet and outlet air temperatfr¢he
condenser anedvaporatoand water temperature in the storage tank.

The water temperature in tlstorage tankTw) increased with time due tocreagsin solar
radiation intensityat approximagly first 160 minutes then it approximatelybecameconstant
with time due taheatbalancing between the solar radiation &od gas refrigerant (outlet from

thecompressgt Twrangedd r om 56 . 1 Hgo6a®@m2d 4f redCm i €5 Fi§.6h o 9 2.

The air temperature inléd the condenserT(air cond. in) IS Very close to ambient temperature (T
amb) and they can be considered identiedhile the air temperature outlet the condenséraf
cond. out) depend on air temperature inlet the condenseir&nd

The air temperature inlet the evaporaf®raf evap in) IS Very close taoom temperatureT(room)

andit can be considered identicdlhe average air temperature difference across the evaporator
ranged f r o mandtRe.flictudting inletcagd@utlet temperattgteis to internal load
(heater) inside the test room as showRim 6a

6.3 Refrigerant Pressure andFlow Rate

The refrigerant pressure and volumetric flow rate iitie arerepresergdin Fig. 7a 7b,
and 7c. The pressurd®l, P2, PGand P8 increasednd decreased with time according to the
ambient temperaturd he aveage values of P1, P2, P&hdP8 are (4.8, 20.1, 19.5 and 6.1 bar)
respectivelylt is noticed that P6 islghtly below P2 due tohe pressure loss across the storage
tank also there is pressuredrop across the evaporats shown irFig. 4.

The flow rate(6 ) slightly oscillatedwith time for first 174 minutes, then increaseatlieto the
increag in thetemperaturalifference of air and refrigerant inlet the evaporator as showigin

7a. The average flow rate B43 n¥/hr, and it slightly fluctuated with tim®3.5m%hr as shown

in Fig. 7b. The refrigerant flow rate plays an important role in the evaporator cooling capacity.
The cooling capacityQe) rangedfrom 2364 to 3290 WO0.67 to 0.93 TIRasshownin Fig. 8a
later.

6.4 Power Consumption, Cooling Capacity, Solar Radiation Intensityand Coefficient of
Performance

The representation gbower consumption, evaporator cooling capacity, solar radiation
intensity and coef@ient of performancare depicted ifrig. 8a 8b, and8c.

The power consumption of th&ystemis varied with time according tahe variation in the
thermal load.

The solar radiation intensity increased with time until solar ntemaximum value is about
600 Wat noon.

The average value of CA® about3.23in Fig. 8c, while its average valueare 2.2 and 277 as
shown inFig. 8b and8c, respectivelylt is clear thatCOPIn Fig. 8c is higher tharCOPIn Fig.
8aand8b because athe higher cooling capacity and lower power consumption.
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7. CONCLUSIONS

1. AverageCOP of hybrid solar air conditionirgystemis less tharthe average COP of
theconventionakystemby 14 %

2. The areragepower consumption of hybrid solar air conditioning system is higher
thantheaveraggower consumption dhe conventionakystemby 10 %

3. In hybrid solar air conditioning system, the refrigerant temperature inlet to the
condenser is still less than the refrigerant tentpegaoutlet from the compresstinat
is mean the utilization of solaystem is useless in this study.
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NOMENCLATURE

COP = coefficient of performance, dimensionless.

Gr = solar radiation incident on the collector plane, W.
h8 = refrigerant enthalpy inlet the evaporator, kJ/kg.
h9 = refrigerant enthalpy outlet the evaporator,kJ/kg.

| = currentpasses througthe system, A

i
P1

refrigerant mass flow rate, kg/s.

refrigerant pressure inlet to compressor, bar.

P2 = refrigerant pressure outlet from compressor, bar.
P6 = refrigerant pressure inlet to condenser, bar.

P8 = refrigerant pressure inletégaporator, bar.

P cons = power consumption by the system, W.

Qe = cooling capacity ofheevaporatorW.

R = ratio oftheopeningvalve to the storage tank tioe openingvalve to condenser directly,
dimensionless.

T1 = refrigerant temperature inlettttecompressqr e C.

T2 = refrigerant temperature outlet frahecompressqgr e C.

T3 = refrigerant temperature inlettttestorage ank, e C.

T4 = refrigerant temperature outlet frahestorage ank, e C.

T5 = refrigerant temperature thebypasd i ne, e C.

T6 = refrigerant temperature inletfttecondenser e C.

T7 = refrigerant temperature outlet from conc
T8 = refrigerant temperature inlettteeevaporator e C.

T9 = refrigerant temperature outlet fraheevaporator e C.

T airevap in. = air temperature inlet ttheevaporator e C.

T airevap out = air temperature outlet frotheevaporator e C.

Tarcond.in= ai r temperature inlet to condenser, eC

Tarcondout= ai r temperature outl et from condenser,

Tawb= ambi ent dry bulb temperatur e, e C.
Troom= room temperatur e, e C.
Tw = water temperature ithethestorage ank, e C.
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V = voltage passes through the system,

6 = volumetric flow rate of refrigerant ithe suctionline, m*hr.

b cellectorslope angledegree.

« = latitude angle, degree.

Table 1.Measuringdata.

Journal of Engineering

No. | Parameters Notation

1 Refrigerant temperature before and after each compo| T1- T9

2 Refrigerant pressure before and aftercompressar P1, P2

3 Refrigerant pressure befotendenser and evaporator. | P6, P8

4 Refrigerant flow rate. 6

5 | Water temperature of the storage tank. Tw

6 Inlet and outlet air temperature of the condenser | T airevapin., T airevap out.,
evaporator. T air cond. in.T air cond. out.

7 | Ambientand room temperature. T amb., T room

8 | Voltage and current of the system. V, |

?: NTC thermistor , : pressure transducer :® : current transformer J—«\'_’I : Potential transformer
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P Tas Tas
T o ? *% To Py
L > ’ ‘- | T +
- L s "
(8) p ) Refrigerant (1) < §
Taa‘ (><)_‘_Ta7 Flow Meter > : leo—o \
8 v
2 (©
Troom ?——' q PC

Room ’

FiguBSehg&gmatic

bl ock
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Figure 2. Photo of the test rig.

Figure 3.Photo of NTC thermistor and fixing it on tube surfac
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Figure 5b. Refrigerant temperature with time for test (2)
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Figure 5¢cRefrigerant temperature with time for test (3).
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Figure 6a. Air and water temperature with time for test (1).
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Figure 6b. Air and water temperature with time for test (2).
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