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ABSTRACT

Ejector refrigeration is a thermally driven techogly which utilizes low grade thermal energy for dgeration.
This paper experimentally investigates the perforoeaanalysis of ejector refrigeration system withORA as
refrigerant. The ejector refrigeration system usathaust emission of automobile as thermal enemgpraviding
heat to refrigerant in the generator. Effect offelient operating parameters on the performanceysfesn has been
investigated. The result shows that system usigR4s refrigerant can be used in the ejector gefration system
for area ratio 7.84. Cooling capacity of the systereases with increase in evaporator temperaamd generator
temperature.
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Nomenclature

T. Evaporator temperaturi€

Ty Generator temperatuf€

A Area ratio=A/A;

T. Condenser temperatuf€,

W, Mechanical pump input energy, kW

me Mass flow rate given to evaporator,kgy.s
my Mass flow rate given to generator,ky.s
Ah. Enthalpy difference between exit and inlet siflevaporator, kJ.k§
Q. Cooling capacity, kW =gi\h,

Qg Total heat input to the generator, kW

u Entrainment ratiomd/m,

Subscripts

c Condenser

e Evaporator

g Generator

m  Mixing chamber
t Throat

INTRODUCTION

The demand of energy is increasing day-by- day.nmieet the demands of energy new techniques are being
developed. Ejector refrigeration system can beetriby the low grade thermal energy such as sokrmggnwaste
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industrial heat and geothermal energy where as €dional vapour compression refrigeration systens with the
help of high grade mechanical energy and electecargy. Ejector refrigeration system in its cotrphase of
development has a coefficient of performance very than vapour compression systems but helps imgdhe
energy. Keenan J.H., Neumann E.P. and LustwerknFL950[1] conducted an investigation of ejectosige by
analysis and experiment. A one- dimensional methfaahalysis of ejector was presented. The anabmisidered
mixing of primary and secondary streams at congta@ssure and mixing of streams at constant areathe
analytical condition considered, better performaniciined when constant pressure mixing is emploged D.W.
in 1999[2] did comparative study of the performarafean ejector refrigeration cycle operating witarious
refrigerants The results show that steam jet systeave very low coefficient of performance valud® system
using R152a as refrigerant has better performa@eazzini G. and Rocchetti A. in 2002[3] investightthe
numerical optimisation of a two-stage ejector gafration plant. A simulation program numericallyasshes the
maximum coefficient of performance at given extérimdet fluid temperatures as a function of masswi,
dimensions and temperature differences in the dvazdtangersAlexis G.K. and Rogdakis E.D. in 2003[4] presents
a paper on a verification study of steam- ejecédrigeration model. The model takes into accouet ghocking
phenomena and assumes that the mixing procesg ofvthstreams, motive and secondary stream, tdkee pith
constant pressure and the conservation of fluid emdom in effect. Selvaraju A. and Mani A. in 2(8}4did the
analysis of an ejector with environment friendlffrigerants. Comparison of performance of the systeith
environment friendly refrigerants (R134a, R152a9®2R600a and R717) is made. Among the workingddlui
considered, the system with R134a gives betteropadnce. Sankarlal T. and Mani A. in 2006f@nducted
experimental studies on an ammonia ejector refuigmm system. The results showed that entrainmegid and
coefficient of performance of the system increasth wncreasing generator and evaporator temperatarel
decrease with increasing condenser temperature.

Alam S. in 2006[7] proposed a model for utilizinghaust heat to run automobile air-conditioner. EHmalysis
shows that the maximum amount of useful heat availm the exhaust gas is about 6 KJ/sec and tloaianof heat
required for generator is 3.02 KJ/s&utterworth M.D. and Sheer T.J. in 2007[8] stadiégh-pressure water as
the driving fluid in an ejector refrigeration systethe purpose of which was to chill water. ElbebBd Hrnjak P. in
2008[9] presented a review paper which gives amvise of historical and recent developments regaychir-
conditioning and refrigeration systems that usetejs. Kashyap S. in 2011[10] conducted a simutatiagram on
the basis of one dimensional mathematical modelnalysis the performance of ejector refrigeratigole with
working fluid R410a and also compared with perfoncgof R134a. A performance comparison is madeaoiows
operating condition and ejector geometry. The tesshowed that performance of R134a is better Rét0a. Jain
A., Agrawal S. K. and Pachorkar P. in 2012[1¥kctibed the exergy analysis of the solar-driveectef
refrigeration system. The largest portion of thergy is lost in the solar collector followed by thgector, the
generator, the condenser, the evaporator and ffeneion valve.

Jaruwongwittaya T. and Chen G. in 2012[12] presarpiaper on application of two stage ejector cgofiystem in
a bus. The aim was to investigate the feasibilftymplementing a two stage ejector cooling systanaibus. The
results indicate that the application of a two stegector cooling system to replace the vapour cesgion system
in a bus is a suitable alternative. Conventioeéligeration system in automobile can run with kiedp of engine
power but gives extra load to engine. The additidnrefrigeration system in automobile cause highesl
consumption and increases the impact on the enmvieon due to the increasing amounts of exhaust ami$som
the internal combustion engines. Mostly reseahws done a lot of work on improving the perfance of
vapour compression systems(VCS) by reducing thieciugsumption or installing system which does maiude a
compressor, such as the absorption system, adsorpgstem and ejector cooling system. Althoughdl®sstems
have drawback of low coefficient of performance thdir advantages are that they do not need angpfram the
engine. Consequently, not only the fuel consumpigoreduced but also the exhaust emissions areeedwhich
are the main cause for global warming. Such systesmshelp to improve the global warming situationich at
present is a leading environmental problem. Thetejestructure is characterised by the area rajowhich is
defined as the cross-section area of the constaatsection of mixing chamber of ejector, jAlivided by that of
the primary nozzle throat (A

Singh K. [13] has described that all the heat pceduby the combustion of fuel in engine cylindenas converted
into useful power at the crankshaft. The heat wisatonverted into useful work at the crankshatGspercent, loss
to the cylinder walls is 30 percent, loss in exh@ases is 35 percent and loss in friction is l@ed.
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Exhaust emission is emitted as a result of the cmtidn of fuels such as natural gas, petrol, digss| fuel oil or

coal. According to the type of engine, it is disgje into the atmosphere through a pipe. Performafiejector
refrigeration system driven by exhaust emissioautbmobile with refrigerant R404A is analysed iis thaper. The
performance of the refrigerant R404A is investigats evaporator temperature (®9t018.9C), condenser
temperature (42°€ to 47.6C) and generator temperature G8o 64C).

MATERIALS AND METHODS

The schematic diagram of experimental set-up has Baown in fig.1 and the ejector used in the systeshown
in fig. 2.
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Fig.1 Experimental setup of the ejector refrigeraton system
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Fig.2 Ejector diagram

2.1 Description of Experimental Setup

The experimental set up consists of a generatapaator, condenser, ejector, capillary tube, eutating pump,
and measuring devices. The thermal energy (€quired for vaporising the refrigerant in thengeator is taken
from the exhaust emission of automobile. The gtyvamti refrigerant entering into ejector from thengeator and
evaporator is measured with the help of Rotam€&aantities of refrigerant from generator and evafmrare used
for determining entrainment ratio. Pump used insygtem gets power (Vthe battery of automobile. The Bourdon
tube pressure gauges within +0.3 bar accuracy aeal in the experimental setup to measure the preessu
Temperature indicator with +0.1 °C accuracy is usedmeasure the temperature at the outlet and iflet
components.
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2.2 Description of Experimental procedure

The refrigerant enters into the generator whicimé@inted over the silencer. Diesel engine exhaustisected via
exhaust pipe to the silencer which is also calledfler. The normal operating temperature rangexbfest gases is
from 200C to 500C in diesel engine. To attain temperature in theegator required for vaporising the refrigerant,
it is mounted over the silencer. Engine is madeuto for half an hour, exhaust gases coming froenditencer
provide thermal energy to the generator for att@jrthe required temperature. Refrigerant is mad®te through
the Rota meter and then goes to condenser vieogjéattrainment ratio (W) is the ratio of mass flmate given to
evaporator () to the mass flow rate given to generatog)(and it is one of the important parameters of tejec
refrigeration system. Refrigerant is divided on tesis of entrainment ratio by adjusting the needliee from
where one part of the refrigerant goes to the gagaemwith the help of pump and the other part gaeshe
evaporator. Refrigerant from evaporator is suck#&d the ejector and then two streams one coming ftioe
generator and other from the evaporator mix indbestant area section(mixing chamber) of the ejesmtal then
through the diffuser of ejector to recover the poes. The refrigerant goes to the condenser wiefrigerant
condenses and again same procedure is repeatédigicg the entrainment ratio.

RESULTS AND DISCUSSION

The performance of the ejector refrigeration systdgth R404A as refrigerant using the thermalrggef exhaust
emission of the automobile is studied in this paddre effect of different operating parameters ba system
performance was studied. In the experiments, thges of the operation conditions were as followsiperator

temperature from 6°€ to 18.9C, condenser temperature from 4240 47.6C and generator temperature from
58°C to 64C.
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Fig .3 Effect of evaporator temperatureon cooling capacity

3.1. Effect of evaporator temperature ()

The graph shown in the Fig. 3 shows the effectvaperator temperature {jTon the cooling capacity of refrigerant
for different generator temperatures and fixed emsér temperature. The result shows that the gpolpacity of
refrigerant increases with increasing evaporatieiperature because irreversibility decreases withease in
evaporator temperature. The performance of theajéacreases with increased evaporator tempematoeeause
with the decrease in evaporator temperature, presguefrigerant coming from the generator decgsasore in the
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nozzle of ejector below the evaporator pressursuttk the refrigerant from the evaporator. With itherease in
evaporator temperature at fixed generator temperatud condenser temperature, the heat given teeftigerant in
the generator decreases and pump work requirecelteed the refrigerant from exit of condenser tdetnof
generator decreases. Increased entrainment rattaesof the main causes of increased cooling cgpatithe
system with increase in the evaporator temperditurigxed generator and condenser temperature.

3.2. Effect of generator temperature (T)

Fig.4 depicts the effect of generator temperatlige ¢n entrainment ratio for different evaporator pematures and
fixed condenser temperature. The entrainment Kftithe system with the refrigerant R404A increasith the
increasing generator temperature at given evapoaaitt condenser temperatures because as genemajmerature
increases temperature pressure of the refrigetsntircreases and when high pressure refrigeraeg gao nozzle
section of ejector pressure energy is converted kihetic energy which leads to the increase trfamment ratio.
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Fig.4 Effect of generator temperature on entrainmenratio

3.3. Effect of entrainment ratio (u)

The variation of cooling capacity with change irtramment ratio at given generator temperature @mtienser
temperature is shown by the Fig.5.Cooling capaaftyhe refrigerant increases with increase in émtnant ratio
because entrainment ratio is directly proportiottalmass flow rate given to evaporator. With theréase in
generator temperature, entrainment ratio also asa®
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Fig. 5 Effect of entrainment ratio on cooling capaity
CONCLUSION

The performance of ejector refrigeration systenvairiby exhaust emission of automobile with refrigegrR404A
was experimentally investigated. The results of élkperimental investigation show that cooling céyacf the

system increases with increase in evaporator teatyperand entrainment ratio. On the basis of rediHined it can
be concluded that entrainment ratio increases ttith increase in generator temperature. Ejectoigezition
system has used low grade thermal energy in tha fidrexhaust emission of automobile which saveslycésgel

used for running automobile.

REFERENCES

[1]Keenan J.H., Neumann E.P. and LustwerklBurnal of Applied Mechanic4950 299-309.

[2]Sun D.W.,Energy Conversion & Management 4®99 873-884.

[3]Grazzini G., Rocchetti Alnternational Journal of Refrigeration 22002 621-633

[4]Alexis G.K., Rogdakis E.DApplied Thermal Engineering 23{03 29-36.

[5]Selvaraju A., Mani A.Applied Thermal Engineering 22(04 827—-838.

[6]Sankarlal T., Mani A., “Experimental studies @m ammonia ejector refrigeration system”, Inteovadi
Communications in Heat and Mass Transfer&B¢ 224-230

[7]JAlam S., A Proposed Model for Utilizing Exhausteat to run Automobile Air-conditionefThe 29 Joint
International Conference on “Sustainable Energy &mvironment (SER00§ Bangkok, Thailand.

[8] Butterworth M.D., Sheer T.JApplied Thermal Engineering 22(07) 2145-2152

[9]Elbel S., Hrnjak P.International Refrigeration and Air Conditioning @ference at Purdue, July 14-12008
[10] Kashyap S.International Journal of Engineering Science andfrology 2011) ISSN: 0975-5462 2011
[11] Jain A., Agrawal S. K., Pachorkar FOSR Journal of Mechanical and Civil Engineerirg12, Volume 3, PP
30-36

[12] Jaruwongwittaya T., Chen GEnergy Procedia 142012 187 — 197.

[13] Singh K., Automobile engineering Vol.2 Standi&ublishers Distributors, Del2007.

237
Pelagia Research Library



