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Abstract: Cooling sector is dominating by vapor compression cooling sector which uses refrigerant which are
harmful to environment. The solar ejector cooling system is alternative for vapor compression cycle which uses
solar energy to give heat to the generator, which is a viable method for heat generation. The solar ejector cooling
system not only fulfills cooling requirement but also helps in energy conservation and protection of
environment. It reduces the generator work and decrease the throttling losses. Maintenance requirement and
cost is low for ejector cooling system .In this paper, theoretically study is done on enhancement of the
performance of solar ejector cooling system. Various system configuration are presented with detailed design.
This system still needed a lot of research work to make it alternative for vapor compression cycle based cooling
system completely.
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I.

INTRODUCTION

Now a days, Air cooling systems in the world are dominated by vapor compression machines, which
consumes more electricity and gives high load during summer season. Solar cooling systems are classified into
two parts, solar electricity driven and solar thermally driven processes.[1] Most commonly used in solar
electricity driven is vapor compression based cooling system, driven by a photovoltaic system(PV). These are
used for small application and requires low maintenance[2], But PV solar cooling system is only limited to
daytime. Whereas in solar thermally driven cooling system, the solar collector produces heat which is converted
into mechanical power required to compress the refrigerant.Ejectors can be classified into two types one is
constant pressure mixing ejector and another is constant area mixing ejector[3]. In constant pressure mixing
ejector, the incoming flow in the mixing chamber from nozzle and evaporator is equal[4,5]. And mixing starts
with constant pressure. In constant area mixing ejector, the incoming flow in the mixing chamber from nozzle
and the evaporator is happen at constant area section[6,7]. Solar ejector cooling system can be an alternative for
cooling system as it can produce 5-10°C evaporator temperature from low grade energy input[8]. However,
disadvantage of this system is that it has moderate C.O.P(Coefficient of Performance)[9,10]. For high C.O.P
pilot scale steam ejector with generator temperature of 200°C is used[11]. Constant pressure mixing ejector
gives better performance than constant area mixing ejector because of generation of high compression ratio for
the same C.O.P[12]. Supersonic ejector can give better result than normal ejector as it reduces the shock from
the ejector[13]. An experimental investigation found that ejector-to throat area ratio is also a main parameter in
design of ejector[14]. A variable geometry ejector is used to counter with unstable heat source[15]. A special
consideration is taken to avoid the formation of liquid droplet so superheated of the refrigerant are done. In
some studies it is found that in transferring of heat water has some great advantages in solar ejector cooling
system[16,17,18]. And its low cost and safety use make water good alternative as a working fluid in the ejector
system[19]. Environment-friendly refrigerant become the hot topic in ejector cooling system[20].
On the basis of cooling system, vapor compression system are same as of ejector cooling system but the
only difference ejector cooling system use generator with an ejector. The simple solar ejector cooling system
consists three loop, solar loop which provides heat to the generator shown in fig 1. in generator the working
fluid become vapor of high temperature end high pressure vapor. Then it enters into ejector where it pass
through nozzle the high pressure vapor accelerates. At the end of nozzle the pressure of vapor decreases as its
velocity increases. Due to low pressure at the end of nozzle than the evaporator, it draws vapor from the
evaporator and mixed with primary flow in mixing chamber in ejector. The mixture from the mixing chamber
enter into diffuses where its pressure become high and this high pressure and high temperature vapor refrigerant
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enters into condenser and in condenser vapor refrigerant is converted into liquid refrigerant by giving heat to the
surrounding. Some part of liquid pump to the generator and remaining part enter into evaporator through
expansion value. In expansion value, the pressure of refrigerant decreases and this refrigerant enters the
evaporator and in evaporator the heat is taken from space where cooling is required and liquid refrigerant is
converted into vapor and enters to the ejector.

Fig 1
Design of Ejector
There are three main parts of each ejector; a nozzle, a mixing chamber and a diffuser shown in fig 2.
The nozzle has geometry of converging venture whereas geometry of the diffuser is diverging venture. The
ejector, fluid properties and stream flow rates dimensions explain the ejector capacity and performance[21]. The
operation parameters are generator temperature(Tg), evaporator temperature (Te) and condenser temperature
(Tc) Sankarlal and Mani [22] study says that by increasing the value of Tg; the COP increases. If condenser
pressure is below the critical back pressure. Then COP will be constant and if condenser pressure is more than
critical back pressure then he entrainment ratio and COP will decreases. The COP of solar ejector cooling
increases with increase in Te. Pridaswes and Landquist [23]concluded that for higher efficiency high
temperature solar collectors hot needed. Huang et al. [24] concluded that single glazed collector is best suited
for solar collector.
The design factor which have most influence on performance of solar ejector refrigerant is working
fluid.

Fig 2
Performance Enhancement of Ejector Cooling System
To enhance the performance of solar ejector cooling system, the conditions of ejector is to be
improved. But ejector only designed for particular conditions, it does not perform on other condition. So a
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parallel array of ejector with different dimension is placed shown in fig 3. The selection of ejector from parallel
array of ejector is done by condenser pressure.

Fig 3
A solar ejector cooling system with booster can be used to enhance the performance of simple solar
ejector system shown in fig 4. Booster increases the pressure of vapor after evaporator. Inter cooler are placed
between the booster and ejector, which helps to increases the mass flow rates so that more vapor can be sucked
into ejector and it maintains the intermediate pressure. This results increases the COP and 60% decrease in solar
collector area.[25]

Fig 4
A solar ejector vapor compression cascades system is shown in fig 5. In this condenser work as evaporator for
ejector system, by doing this COP of cycle is increased and low evaporator temperature can be achieved. [26,27]

Fig 5
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A combined ejector absorption system is shown in fig 6 it is divided into two parts, one is ejector
system another is absorption cooling system in this ejector is used to decrease the pressure of refrigerant while
entering into absorber[28,29]. This arrangement helps to achieve low temperature at evaporator which increases
the COP of system.

Fig 6
An ejector cooling system shown in fig 7 with regenerator is used to decrease the work of generator
and help to suck more vapor in the ejector. By reducing the generator work COP of system is increased.[30]

Fig 7
A bi-ejector cooling system is shown in Fig 8. One ejector is placed between evaporator and condenser,
it helps to suck vapor from evaporator and second ejector is used to pump the refrigerant from condenser to
generator it reduces the work of generator and produce low temperature in evaporates, COP of this system is
higher than the conventional ejector cooling system[31].
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Fig 8

CONCLUSION
This paper presented some alteration in solar ejector cooling system to enhance the performance of
conventional ejector cooling system. There are various system configuration for ejector-cooling system which
can increase the COP and performance of ejector cooling system. By using adjustable ejector, we can modify
the system as per condition. Introducing booster after evaporator can increase the mass flow rate of vapor
flowing into the ejector, which produces low possible evaporator temperature. Booster can be placed before
generator to decrease the generator work. A jet pump can also be placed before generator to increase the
temperature of working fluid before entering into the generator.

REFERENCES
[1].
[2].
[3].
[4].
[5].
[6].

[7].
[8].
[9].
[10].
[11].
[12].
[13].
[14].

[15].

Henning HM. Solar assisted air conditioning of buildings—an overview .Appl Therm
Eng2007;27:1734–49.
Kim DS, Infante Ferreira CA. Solar refrigeration options—a state-of-the-art review. Int J Refrig
2008,31:3–15.
Keenan H, Neumann EP, Lustwerk F. An investigation of ejector design by analysis and
experiment. ASME J Appl Mech Trans 1950;72:299-309.
Huang BJ, Chang JM, Petrenko VA, Zhuk KB. A solar ejector cooling system using refrigerant R141b.
Sol Energy 1998;64:223-6.
Huang B, Chang J, Wang C, Petrenko V. A 1D analysis of ejector performance. Int J Refrig
1999;22:354-64.
Boumaraf L, Lallemand A. Modeling of an ejector refrigerating system operating in dimensioning and
off-dimensioning conditions with the working fluids R142b and R600a. Appl Therm Eng 2009;29:26574.
Elakhdar M, Nehdi E, Kairouani L, Tounsi N. Simulation of an ejector used in refrigeration systems.
Int J Refrig 2011;34:1657-67.
Vidal H, Colle S, Pereira GdS. Modelling and hourly simulation of a solar ejector cooling system. Appl
Therm Eng 2006;26:663-72.
Allouhi A, Kousksou T, Jamil A, Bruel P, Mourad Y, Zeraouli Y. Solar driven cooling systems: an
updated review. Renew Sustain Energy Rev 2015;44:159-81.
Kim DS, Infante Ferreira CA. Solar refrigeration options – a state-of-the-art review. Int J Refrig
2008:31:3-15.
Balaras CA, Grossman G, Henning H-M, Infante Ferreira CA, Podesser E, Wang L, et al. Solar air
conditioning in Europe—an overview. Renew Sustain Energy Rev 2007
Bourhan tashtoush, Aiman Alshare, Saja Al-Rifai, Performance study of ejector cooling cycle at critical
mode under superheated primary flow. Energy conversion and management 94(2015) 300-310
Chandra Vineet V, Ahmed MR. Experimental and computational studies on a steam jet refrigeration
system with constant area and variable area ejectors. Energy Convers Manage 2014;79:907–14
Yapici, R., Ersoya, H.K., Aktoprakoglu, A., Halkaci, H.S., Yigit, O., 2008. Experimental determination
of the optimum performance of ejector refrigeration system depending on ejector area ratio. Int. J.
Refrig. 31, 1183–1189.
Sun, D.W., 1996. Variable geometry ejectors and their applications in ejector refrigeration systems.
Energy 21, 919–929.

www.irjes.com

5 | Page

Study on Performance Enhancement of Solar Ejector Cooling System
[16]. Ma X, Zhang W, Omer SA, Riffat SB. Experimental investigation of a novel steam ejector refrigerator
suitable for solar energy applications. Appl Therm Eng 2010;30:1320–5.
[17]. Chen X, Omer S, Worall M, Riffat S. Recent developments in ejector refrigeration technologies.
Renew Sustain Energy Rev 2013;19:629–51.
[18]. Pollerberg C, Ali AH, Dotsch C. Experimental study on the performance of a solar driven steam jet
ejector chiller. Energy Convers Manage 2008;49:3318–25.
[19]. Y. Allouche, C. Bouden, S. Varga, A CFD analysis of the flow structure inside a steam ejector to
identify the suitable experimental operating conditions for a solar-driven refrigeration system, Int. J.
Refrig. 39 (2014) 186–195.
[20]. Park KJ, Seo T, Jung D. Performance of alternative refrigerants for residential air-conditioning
applications. Appl Energy 2007;84:985–91.
[21]. Abdulateef JM, Sopian K, Alghoul MA, Sulaiman MY. Review on solar-driven ejector refrigeration
technologies. Renewable Sustainable Energy Rev 2009, 13:1338–49.
[22]. Sankarlal T, Mani A. Experimental investigations on ejector refrigeration system with ammonia.
Renewable Energy 2007;32:1403–13.
[23]. Pridasawas W, Lundqvist P. An exergy analysis of a solar-driven ejector refrigeration system. Sol
Energy 2004;76:369–79.
[24]. Huang BJ, Chang JM, Petrenko VA, Zhuk KB. A solar ejector cooling system using refrigerant R141b.
Sol Energy 1998;64:223–6.
[25]. Arbel A, Sokolov M. Revisiting solar-powered ejector air conditioner––the greener the better. Sol
Energy 2004;77:57–66.
[26]. Sun DW. Solar powered combined ejector-vapor compression cycle for air conditioning and
refrigeration. Energy Convers Manage 1997;38:479–91.
[27]. Vidal H, Colle S, Pereira GDS. Modelling and hourly simulation of a solar ejector cooling system.
Appl Therm Eng 2006;26:663–72.
[28]. Wang J., Dai Y., Zhang T., Ma S. Parametric analysis for a new combined power and ejector–
absorption refrigeration cycle. Energy 2009;34:1587–1593.
[29]. Abdulateef J.M., Sopian K., Alghoul M.A., Baharuddin A. Performance of combined solar ejectorabsorption refrigeration system. In: Proc. World Renew. Energy Conf.; 2007
[30]. Yu J, Li Y. A theoretical study of a novel regenerative ejector refrigeration cycle. Int J Refrig
2007;30:464–70.
[31]. Shen S, Qu X, Zhang B, Riffat S, Gillott M. Study of a gas–liquid ejector and its application to a solarpowered bi-ejector refrigeration system. Appl Therm Eng 2005:2891–902.

*Rohit phogat. "Study on Performance Enhancement of Solar Ejector Cooling System."
International Refereed Journal of Engineering and Science (IRJES) 6.8 (2017): 01-06.

www.irjes.com

6 | Page

