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Experimental Investigations of Solar
Assisted Airconditioning System using
AlL,O./ Water Nanofluid
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ABSTRACT

Air conditioning and refrigeration system consume more than 70% of the entire electricity usagein a household.
Theseresultsin an increasein dectricity demand on summer days. Hence, additional sourcesof el ectricity generation
system such asfossil fuel and nuclear energy required to run these systems efficiently on hot summer days, which
may increase theair pallution and global warming. In thispaper, the solar spiral flow thermal collector isdevel oped
and integrated with theair conditioning system to reduce the power consumption of the compressor. Thework done
by the compressor is decreased using solar thermal collectors for heating the refrigerant R-134a contained in a
doubl e pipe arrangement with the nanofluid circulated in the outer tube. Therefrigerantstemperatureincreasesdue
to the thermal conductivity property possessed by the Al O /water nanofluid which comprises of nanoparticles
having a s zelessthan 50nm dispersed in abase fluid of water. During thisstudy, atmospherictemperature, thefluid
temperature at the collector and the temperature at compressor were measured to investigate the COP of the system.
Finaly, theresult showsthat the satisfactory improvement of COP of the system by circulating Al O, /water nancofluid
compared with water.

Keywords: Solar thermal collector, AlLO /water nanofluid, Coefficient of performance (COP), Refrigerant R-134a,
Thermal conductivity.

I. INTRODUCTION

Due to rapid the depletion of fuels, increasing demand for energy and the environmental effects, a
development of energy efficient air-conditioning system has received more attention among the researchers.
In the conventional air-conditioning system, the temperature and humidity is maintained by circulating
refrigerants through compressor, expansion valve, evaporator, and condenser. In this method, more energy
isrequired to reheat and dehumidify therefrigerants. To overcomethis problem, researcherswere developed
hybrid air-conditioning systems by including an external heater to heat the refrigerant. Various techniques
and components such as flat plate and tube heat exchangers were used for this purpose [1]. Because of
electrical energy demand, many researchers showed their interest on the solar-assisted air-conditioning
system. Among these, The air conditioning system is powered by various sources of energy in which the
PV pand cooling method is comparatively not cost effective method. There are two alternative ways to
overcome this issue, to effectively cooling the air conditioning system by increasing the heat transfer
characteristics of the refrigerant or increase the refrigerant temperature by an externa source of heat
generation.

During last decades many research articles were published related to solar-assisted air-conditioning
systems. Dai et a. [2] developed a mathematical model to predict the performance of developed air-
conditioning system which congists of open absorption system and vapor compression system. They observed
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that the required electrical power was reduced about 43% compared to the conventional air-conditioning
system. Chen et al. [3] and Yamaguchi et a. [4] developed and analyzed the performance of hybrid air
conditioning system. The performance and operating cost of the hybrid air condition system were analyzed
by Capozzoli et al. [5]. These researchers were used conventional heat transfer fluid such as water to
absorb the heat from the refrigerant. But the conventional heat transfer fluids possess less heat transfer
coefficient. Because of this reason, a nanoparticle dispersed fluid has been used as a heat transfer fluidsin
modern hybrid air-conditioning systems. The first nanoparticle dispersed fluid was prepared and named as
“Nanofluid” by Choi [6]. Over the past few decade, many researchers were carried out their research to
investigate the thermal properties of different nanofluids [7-16]. Among other nanoparticles Al203
nanoparticles are having highthermal conductivity and cheap. So that in thisresearch theAl203 nanoparticles
are used to prepare the nanofluid.

As in the studies mentioned above, various techniques were used to improve the performance of the
hybrid air-conditioning system. In thiswork the natural source is utilized to enhance the temperature of the
refrigerant R-134aby circulating Al O /water inthe double pipe heat exchanger thereby reducesthe electricity
consumption of the compressor.

II. NANOFLUID PREPARATION

Two glass beakers have been taken for preparation of nanofluid. The smaller glass beaker will have the
solution, and the bigger beaker is meant to surround the solution with ice. For a single batch of nanofluid,
measure 2wt% of Al,O, nanoparticle with a spatula and place it on a butter paper and keep it on the
weighing scale to accurately measure its weight. Mix the particles with a glass mixer rod in the ionized
water. Before switching on the ultrasonic sonicator, clean the probe of the sonicator to avoid any involvement
of foreign particles. Set the sonicator for 15 cycles 50% for atime limit of 1 hour. During the process, the
ultrasonicator produces high-frequency ultrasound wave to disperse the nanoparticle into a base fluid.
Finally, the SEM image is taken to study the dispersion characteristics of nanoparticle into the base fluid.
Fig 1.showsthe SEM image of the prepared nanofluid before and after sonication. It is absorbed that the
particles are uniformly dispersed without agglomeration.

I[I1. EXPERIMENTAL SETUP

Air conditioning systems uses a closed loop cycle. The compressor is typicaly used to pressurize the
refrigerant (R134a) to allow the cycle to process. Alternatively, an external heat source such as a solar
thermal collector used to capture the direct solar energy and impart the heat to the heat transferring fluid
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Figure 1. SEM Image of Prepared ALO_/water nanofluid (a) Before sonication (b) After sonication
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(Al,Owater).The heated fluid transfers the thermal energy to the refrigerant (R134a) through a double
pipe heat exchange thusincreases the temperature and thereby increasesthe pressure of the refrigerant. The
more heat the refrigerant is exposed to, the more time the compressor remains shut off due to the continued
increasesin temperature of therefrigerant, therefore reducing the run time of the compressor and eventually
reducing power consumption. The solar air conditioning system has a spiral flow solar thermal collector
installed adjacent to the compressor, which is used to generate the heat in the working fluid and transfer it
into the refrigerant before it passing into the compressor. During this process, gradually, the pressure within
the circulating refrigerant will increase and therefore increases the ahility of the system to maintain the
desired temperature. Contrary to this, dueto the solar thermal collector system, therefrigerant continuesto
be pressurized from the heat being imparted into it and therefore the compressor will remain off considerably
longer and saves the power consumption by the compressor. The systematic diagram and Specification of
the air-conditioning system is shown in Fig. 2 and Table 1 respectively.

Tablel
Specificationsof air conditioning system
Type \bltage Frequency Kcal/Hr Watt Btuw/Hr Power Consumption Refrigerant
LBP 220 50 92 107 365 96 R134a
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Figure 2: Schematic diagram of experimental setup

As such, the solar air conditioning system is shown in Fig. 3.consumes less electricity and, in tandem
with the solar thermal collector cycle, optimizes energy savings and reduces running costs. Hence, the
system saves the maximum power consumed by the home air-conditioning system.

The spiral flow thermal collector design arrangement is shown in Fig3. The copper tube diameter is
10mm, and the length is 30m sheet metal is used as a frame, and the copper tube is made as a spiral flow
design which consists of 9 loops. The heat transfer fluid enters into the inlet of the tube and then the fluid
gets heated due to solar radiation.
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Figure 3: a. spiral flow cail b. Thermal insulation material c. Anti -reflection glass on top d. Air conditioning unit

The heated fluid fromthe outlet of thethermal collector isbeing used and transferred into the refrigerant.
On the top, the anti-reflection glass was placed to absorb more incidents solar rays to increase the heat to
the working fluid (AL,O /water).Finally; the poly urethane material is used asathermal insulator to minimize
the heat loss.

V. RESULTSAND DISCUSSION

The performance of the air conditioning system depends on the heat transfer capacity of the working fluid.
R-134a refrigerant is used in the common home air conditioning system as a heat transfer medium. This
refrigerants heat transfer capacity is not much good, and hence it increases the power consumption of the
compressor. Due to this limitation, the refrigerant passes through the copper pipe which is surrounded by
another copper tubethat carriesthe (AL,O /water nanofluid) heat transfer fluid. Thethermal collector absorbs
and converts solar radiation into useful heat energy, where Al203 nanofluid was circulated through double
pipe heat exchanger to enhance the temperature of refrigerant before it entersinto the compressor and thus
reduces the power consumption of compressor.

(A) Analysis of solar thermal collector

The output temperature was measured and analyzed by circulating water and Al203/water nanofluid at
different flow ratesfor 5 days. Depending upon on the readings taken, the optimum flow rate was found to
be 60L/hr asit possesses the maximum heat transfer rate at an angle of inclination of 25° of the collector in
the south direction. Fig 4. Showsthe relationship of the collector outlet temperaturesat varioustimeintervals.
It is clearly seen that the nanofluid of 2 wt % exhibits better heat transfer capacity as compared with water.

(B) Analysisof Solar Air Conditioning System

The COP (Coefficient of Performance) of theair conditioning systemwas analyzed inthissection. Refrigerant
R-134aistheworking fluid in the ideal vapor-compression refrigeration cycle. The refrigerant temperatures
at various stages of the cycle were measured, and their respective pressure-enthalpy values were found by
using the R-134atables. The COP is calculated by the formula:

H, - H,

cop=—2-"1
H,—H, &)
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Where, H, is the enthalpy before evaporator H, is the enthalpy before compressor H,, is the enthalpy
after compressor

3 *
L]
70 .
[} & water 25
60 ,J -
—_— <> hd
3 [} B Nanofluid 2 * :
-~ s0 2wit%%
5 u? N
2 o
g a0 _-__. + QO i5 !
=
£ 30 * 1 : 3 Py
@
2 *
.g 20 0.5 ' *
5 ‘ *
g
= 10 0
o
° 10 11 12 13 14 15
o Ic [=] o 'o c') c.: Time(Hours)
= = S S S S S
o =1 3 o o <t w
= = o @ A a
®nofluid @water ®nanofluid
Time(min)
Figure 4: Collector outlet temperature Vstime Figure 5: Coefficient of performance (COP) V_ Time

From Fig. 5, it is observed that the COP value changes with respect to time and environmental factors
such as atmospheric temperature, the wind, humidity, etc. The COP calculated by using nanofluid has a
higher value than the COP calculated by using water as heat exchanging fluid in the solar assisted air
conditioning system.

(C) Power Consumption of Compressor

The running time of the compressor wastaken for 4 hours starting from 10:00 to 14:00 with the usage of no
fluid, water and nanofluid in the double pipe heat exchanger and their average run timeisin Fig.6 a,b. and
7 respectively below to depict the overal efficiency of the double pipe heat exchanger. With these values,
the power consumed by the compressor is calculated. When no fluid was flowing through the double pipe,
the normal air conditioning cycle was operated and the running time (OFF time) increased into 14.3 min as
shown in Fig. 6 a. The atmospheric temperature on that day was measured as 36°C.

When water was flowing through the double pipe, the normal air conditioning cycle was operated and
the running time (OFF time) increased into 9.5 minas shown in Fig 6 b. When nanofluid was flowing
through the double pipe, the normal air conditioning cycle was operated and the running time (OFF time)
increases 10.5 as shown Fig. 7. The atmospheric temperature on that day was 38°C.
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a.Run time of the compressor at normal operating condition b. Run time of the compressor by ciurculating water

Figure 6: a. Run time of compressor at normal operating condition b. By circulating water
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Figure 7. Run time of compressor by circulating Al,O_/water nanofluid

From the Fig 7.the average time has been calculated, and the values have been given in Table 2.

Table2
Compressor runstime for water and Al,O_/water nanofluid
Sno. Atmospheric Temperature Fluid ON Time(mins) OFF Time(mins)
1 36°C No fluid 2.58 5.59
2. 40°C Water 135 4.627
3. 38°C Nanofluid 134 5.705

It is clearly noticed by using nanofluid as the heat transferring fluid in the double pipe heat exchanger
proves to be the most efficient in reducing the average OFF time of the compressor to roughly 1 minute
lesser than normal working operation.

CONCLUSIONS

In this work, the performance of the hybrid air-conditioning system was analyzed by circulating the Al,O./
water in the double pipe heat exchanger thereby reduces the electricity consumption of the compressor. The
conclusions of this research work were summarized as follows.

1. Solar thermal collector absorbs solar radiation and convertsit into heat energy, and that heat energy
is utilized for increasing the temperature of R-134a refrigerant by the exchange in the double pipe
which increasesthe compressor’s OFF time by an average of 1 minute more thanthe normal operating
condition.

2. ALQO, nanofluid was prepared using ultrasonic probe sonicator. 2wt% of the AlLO, nanoparticles
was suspended inthe base fluid-water. By the varioustestscarried out with the solar thermal collector,
the optimum flow rate was chosen as 60L/hr which was used during the operation of the solar
assisted air conditioning system.
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3. The COP of the system has been enhanced by circulating 2wt% Al O, nanofluid, and the results
were compared with the COP calculated by using water which was found to be 3-4% higher on an
average.

REFERENCES

[1] Me, L., Dai,Y.J, A technical review on the use of liquid desiccant dehumidification for air-conditioning application.
Renew. Sust. Energy Rev. 12 (3), 2008, 662—689.

[2] Dai,Y.,Wang, R., Zhang, H., Yu, J., Useof liquid desi ccant cooling to improve the performance of vapor compression air
conditioning. Appl. Therm. Eng. 21 (12), 2001, 1185-1202.

[3] Chen,Y.,Yin,Y., Zhang, X., Performance analysisof a hybrid air-conditi oning system dehumidified by liquid desiccant
with low temperature and | ow concentration. Energy Build. 77, 2014, 91-102.

[4] Yamaguchi, S., Jeong, J., Saito, K., Miyauchi, H., Harada, M., Hybrid liquid desiccant air-conditioning system: experiments
and simulations. Appl. Therm. Eng. 31 (17-18), 2011, 3741-3747.

[5] Capozzdli,A., Mazzd, P, Minichiello, ., Palma, D., Hybrid HVAC systemswith chemical dehumidification for supermarket
applications. Appl. Therm. Eng. 26 (8-9), 2006, 795-805

[6] Choi SUS, Enhancingtherma conductivity of fluids with nanoparticles, developmentsand applications of non-Newtonian
flows,FED-V0l.231/MD- Val. 66,ASME,NewYork,p.99-105.

[7] PrakashV, Diwan RK, Niyogi UK, Characterization of synthesized of copper sized nanopowdersand their usein nanofluids
for enhancement of thermal conductivity, Indian journal of pure and applied physics, 2015, 53, 753-758.

[8] Sahooli M, Sabbaghi S, Investigation of thermal propertiesof CuO nanaparticles on the ethylene glycol-water mixture,
Materials Letters, 2013, 93, 254257

[9] MinSheng Liu, Mark ChingCheng Lin and ChiChuan Wang, Enhancementsof thermal conductivitieswith Cu, CuO, and
carbon nanotube nanofluids and application of MWNT/water nanofluid on awater chiller system, Nanoscal e Research
Letters, 2011, 6:297, http://www.nanoscal ered ett.com/content/6/1/297

[10] Soumen Jana, Amin Sal ehi-Khajin, Wei-Hong Zhong, Enhancement of fluid thermal conductivity by theaddition of single
and hybrid nano-additives, Thermo chimicaActa, 2007, 462, 45-55

[11] Munkhbayar B, Riyad Tanshen MD, Jinseong Jeoun, Hanshik Chung, Hyomin Jeong, Surfactant-free dispersion of silver
nanoparticlesinto MWCN T-aqueous nanofluids prepared by one-sep technique and their thermal characterigtics, Ceramics
International, 2013, 39(6), 64156425

[12] Syam Sundar L, Antonio C. M. Sousa, Mangj Kumar Singh, Enhanced heat transfer and friction factor of MWCNT—
Fe,O,/water hybrid nanofluids. I nternational Communication Heat Mass Transfer, 2014, 52, 73-83.

[13] Abdolbagi Mohammed Khdher, Nor Azwadi Che Sidik, Wan Azmi Wan Hamzah, Rizalman Mamat, An experimental
determination of thermal conductivity and electrical conductivity of bio glycol based Al,O, nanofluids and devel opment
of new correlation, International Communicationsin Heat and Mass Transfer, 2016, 73, 75-83.

[14] Irnie Zakaria, Azmi WH, Mohamed WANW, Rizalman Mamat, Najafi G, Experimental Investigation of Thermal
Conductivity and Electrical Conductivity of AlLO, Nanofluid in Water - Ethylene Glycol Mixture for Proton Exchange
Membrane Fuel Cell Application, International Communicationsin Heat and Mass Transfer, 2015, 61, 61-68.

[15] Abdalbagi M.Kh, AzmiaWH, Rizalman Mamata, SharmaKV, Ngjafi G, Experimental investigation of thermal conductivity
and electrical conductivity of Bio Glycol-water mixture based Al O,nanofluid, Applied Thermal Engineering, 2016, 102,
932-941.

[16] Suresh S, Venkitarg) KP, Selvakumar P, Chandrasekar M, Effect of Al,O,—~Cu/water hybrid nanofluid in heat transfer,
Experimental Thermal and Fluid Science, 2012, 38, 54-60.





