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Abstract –Air conditioning is one of the indispensable conditions of well-being in human life, so 
the face of this research to provide this basic necessity in remote areas and in desert places far 
from power grids. To achieve this goal, solar air conditioning has been adopted, where the 
compressor was replaced by an ejector, a parabolic trough solar collector coupled with a thermal 
generator and a small pump; this means that the solar air conditioner does not need a huge 
amount of electrical energy to operate. This paper is studding the optical and thermal efficiency of 
the solar collector used as a solar thermal generator, refrigeration subsystem performance 
(COPejc) and system thermal ratio of the studied air conditioner, where the cooling load is 
estimated at 18 kW. This work has allowed to acquire very important knowledge about R718 
ejector solar air conditioners. Bouzaréah was chosen as the region to conduct this numerical 
study on June 11th, 2018. Regarding performance of the studied air conditioning subsystem 
(COPejc) is 0.6235. As for the PTC solar reflector subsystem, its mean optical performance is 
75.74 % and its mean thermal performance is 65.01 %. Regarding the overall performance of the 
studied air conditioner, its mean value is 0.407. 
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I. Introduction 

The role of renewable energies in industry and in 

human life is considerable. Solar energy is the most 

important source of energy and is available in significant 

quantities in most regions of the globe [1, 2]. Use of solar 

thermal energy in sunny countries such as Algeria is an 

effective way to overcome energy shortages, especially 

in rural areas where it is sometimes difficult and 

expensive to provide them with a conventional electricity 

grid [1, 3, 4]. In addition, Algeria is a country where the 

solar energy potential received daily on a horizontal 

surface of 1 m² is around 5 kWh over most of the 

national territory, where this lighting must be used in an 

intelligent and sustainable way to be able to meet the 

qualitative and quantitative needs of energies such as the 

production of electricity, heating, air conditioning, etc. 

[1, 4]. Therefore, it is important to exploit this natural 

and cleaner resource in the field of cold production 

especially in the solar-driven ejector air conditioning 

system because of its simplicity of design and 

implementation. 

 

 

 

Due to the increasing cost of energy and the reduction 

of its sources, a solar-driven ejector air conditioning 

system using low or medium temperature heat rejection 

or a free solar energy have become in recent years an 

interesting subject of study [5-7]. 

Among the machines that are currently used in the 

field of air conditioning, the a solar-driven ejector air 

conditioner on the one hand, because of the air 

conditioning and cooling required in buildings that exist 

in industrial fields (Oil and gas processing centers, etc.) 

and the availability of thermal resources either of solar 

origin in developing countries, or from low-temperature 

thermal discharges in industrialized countries, and 

secondly, thermodynamicists encourage the study of 

refrigeration production systems directly using solar 

energy [8-13]. The means by which this operation is 

carried out is the use of ejector refrigeration machines, 

also called thermodynamic machines with three 

temperature sources in which the hot source can be 

powered by the solar energy or by heat discharges, the 

cold source is produced at the cold source, i.e. the 
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evaporator and the residual heat from the condenser 

transferred to the ambient medium constitutes the third 

source. The ejector solar air conditioner is a very 

effective solution in rural areas and in desert industrial 

complexes because it has simple assembly and it has an 

acceptable performance [14-16]. For these reasons, this 

air conditioning technology is more attractive than 

conventional air conditioners technology because it is 

less expensive. 

In this work, an ejector air conditioner coupled with a 

water parabolic trough collector was studied at 

Bouzaréah region in June 11th, 2018. The studied air 

conditioner does not contain a gas compressor which is 

the main consumer of electricity. In addition, the studied 

system uses clean, environmentally friendly refrigerant 

and does not cause any gaseous emissions that threaten 

the ozone layer. 

II. Ejector air conditioning subsystem 

The operating mode of the studied machine is 

presented in the form of equations using the 

thermodynamic laws such as mass and energy 

conservation and the impulse conservation to determine 

the system thermal characteristics. The refrigerant R718 

plays a key role in improving the performance of the 

studied system. Fig. 1 represents a longitudinal section of 

a typical ejector.  

 
Figure 1.  Illustrative schematization of a typical ejector [17]. 

 

As shown in Figures 2(a-b), the model of the ejector 

air conditioner subsystem is based on the refrigerant 

thermodynamic states in each operating point, as this 

subsystem has two closed loops [18, 19]: 

 The driving loop (7-1-2-3-4-5-6-7);  

 The refrigerating loops (7-8-9-5-6-7). 

 

 

 

 

 

 

 

a) Air conditioning loop 

 
b) (p-h) enthalpy diagram 

 
Figure 2.  Operating loops of an ejector air conditioner: a) air 

conditioning loop, b) (p-h) enthalpy diagram. 

II.1. Driving loop (DL) 

In the driving loop, the energy supplied to the 

generator is used to evaporate a portion of the refrigerant 

which represents the driving fluid (primary), which is at 

high pressure (from state 1 to state 4), then passes 

through the ejector where it is mixed with the other part 

of the refrigerant which represents the fluid entrained 

(secondary), coming from the evaporator and where also 

performs a pressure recovery (from state 4 to state 6). 

Then, all of the refrigerant passes through the condenser 

where it is condensed to the liquid state (from state 6 to 

state 7). This liquid will be pumped (pressure increase) to 

the generator and thus completes the cycle (from state 7 

to state 1). 

II.2. Cooling loop (CL) 

In the refrigeration cycle, part of the refrigerant in 

the liquid state which represents the entrained fluid 

(secondary) passes through an expansion valve to bring it 

to a state of low pressure (from state 7 to state 8). The 

refrigerant subsequently enters the evaporator where it 

produces by evaporating the desired cold « 18 kW » 

(from state 8 to state 9). The refrigerant is mixed with the 

other part (the driving fluid) in the ejector where it is 

compressed (from state 9 to state 6) and the mixture 
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passes through the condenser where it is condensed to the 

liquid state and complete thus the cycle (from state 6 to 

state 7). 

These two Loops (DL and CL) illustrate the 

thermodynamic working principle of the ejector air 

conditioner. 

In order for the ejector conditioning subsystem to 

work well, the condenser critical condition (PC = critical 

pressure) must be achieved. The pressure at the ejector 

outlet « Diffuser » (P6) is less than or equal to the 

condenser critical pressure (P6 ≤ PC). In this study, a 

constant pressure mixing ejector (CPM ejector) has been 

used, as the ejector neck outlet is in the suction chamber 

before the fixed chamber, the primary and secondary 

flows are mixed in the chamber aspiration at this 

pressure. The pressure of the mixing streams remains 

constant along the chamber from the ejector neck outlet 

to the inlet of the constant surface section. Therefore, 

CPM ejector has better efficiency than the rest of the 

ejector.  

For optimal understanding of the ejector working 

principle, it is advisable to familiarize yourself with the 

gas-dynamic lessons and a good understanding of the 

working principle of convergent-divergent pipes [19-22]. 

According to Figures 2(a-b), the energy balance at 

the mixing point inside the ejector is given by [19-21] : 

9e3g5eg .hm.hm)hm(m   (1) 

As for the isentropic efficiency of the ejector 

nozzle, it is given by [19-21] : 
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Regarding diffuser isentropic efficiency, it can be 

calculated as follow [19-21] : 
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Concerning mass ratio (drive ratio), is given by 

[18-21]: 
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As for the isentropic ejector efficiency, it can be 

calculated by [19-21] : 

DN.ηηλ   (5) 

Regarding subsystem compression ratio, it is 

defined as follow [18-21]: 

e
c
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As for the ejector air conditioning subsystem 

performance, it is the ratio between the cooling capacity 

“Qe, (W)” and the required heat input “Qg, (W)” to the 

ejector [18-21, 23] : 
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Where “h (J/kg)” refers to the Enthalpy, “mg, (kg/s)” is 

the R718 mass flow rate into the generator and “me, 

(kg/s)” is the R718 mass flow rate into the evaporator. 

The thermodynamic analysis of ejector air 

conditioning subsystem loops was carried out with the 

Engineering Equation Solver (EES). 

III. Solar collector subsystem 

The family of linear solar concentrators includes 

two types, the first is the linear Fresnel reflectors (LFRs) 

[24-27] and the second is the parabolic trough collectors 

(PTCs) [28-30]. The operating principle of a parabolic 

trough collectors (PTC) lies in its parabolic mirror in the 

form of a half cylinder, where this mirror can be rotated 

following the path of the sun to constantly redirect and 

focus the beam radiation “DNI, (W/m²)” towards an 

receiver  tube where the working fluid passes to gain 

heat. 

One of the most important objectives of this part 

of the study is to determine the change in heat loss 

coefficient “UL, (W/m².K)” that helps to determine the 

heat loss amount around the studied solar reflector. Table 

1 and Table 2 show the geometric and optical parameters 

of the studied PTC. 

 
Table 1 . PTC geometric parameters 

Geometric characteristics Value (mm) 

Outside diameter of the absorber (Do) 22 

Inner diameter of the absorber (Di) 20 

Outer diameter of the window (DG,o) 26 

Inside diameter of the glass (DG,i) 23.5 

Mirror length (L) 12270 

Mirror width (l) 1200 

 

The studied system is installed in the North 

Algeria, exactly in the research center of Bouzaréah in 

the geometrical coordinates are 36° 47’ 24 "North, 3° 01’ 

04" East, its altitude is 230 m and its surface is 22 km². 



 Mokhtar Ghodbane et al. 

IJECA-ISSN: 2543-3717. June 2020                                                                                                                         Page 17 
 

 
Table 2 . PTC optical parameters. 

Parameters Value 

Overall average optical error 03 mrad 

Mirror reflectivity (ρm) 0.85 

Glass tube transmissivity () 0.945 

Receiver tube absorptivity (α) 0.90 

Receiver tube Emissivity (A) 0.12 

Glass tube emissivity (V) 0.935 

 

Heat exchange occurs between the working fluid 

(water), the receiver tube and the glass tube. A 

calculation program in Engineering Equation Solver has 

been developed to make the necessary calculations 

according to the following hypotheses: 

 The heat transfer fluid is incompressible; 

 The ambient temperature around the studied PTC is 

uniform; 

 The effect of the receiver tube shadow on the mirror is 

negligible; 

 The solar flux at the receiver tube is evenly distributed; 

 The glass tube is considered opaque to infrared 

radiation; 

 The conduction exchanges in the receiver and glass 

tube are negligible; 

 The water mass flow into receiver tube is 0.015 kg/s; 

 The water inlet temperature “Ti, (K)” is 298.15 K. 

 

The amount of useful energy “Qgain, (W)” that the 

working fluid acquires from the absorption tube can be 

estimated as follows [31, 32]: 

  ambirLaoprgain TTAUA DNI ηFQ   (8) 

With "Aa, (m²)" is the PTC opening area, "Ar, (m²)" is the 

receiver tube surface, "Tamb, (K) "is the ambient air 

temperature and “Fr” is the heat dissipation factor.  

As for the PTC optical performance, it can be 

expressed by [33-35]: 

)K(ρα= mopt    (9) 

With “K()” shows the correction coefficient of 

incidence angle modifier [35, 36]. 

Regarding overall heat loss coefficient "UL, 

(W/m².K)", it is given as follows [19, 31, 32] : 
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With "AG, (m²)" is the glass tube area, "hw, (W/m².K)" is 

the wind convection coefficient, "hr,ca, (W/m².K)" is the 

radiative exchange coefficient between the glass and the 

ambient air and "hr,ra, (W/m².K)" is the radiative 

exchange coefficient between the absorber and the glass. 

Regarding working fluid temperature “To, (K)” at 

the absorber tube exit, it is given by [19, 32, 37]: 
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As for the PTC thermal performance, it is given 

by: 
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The thermal behavior of the studied solar reflector 

was attributed using EES, which was used as a 

programming language. 

IV. Results and discussion 

As shown in Figure 3, the ejector solar air 

conditioning machine is a system that has three sources 

of heat (a hot source corresponding to the motive heat 

supplied to the system, a cold source corresponding to 

the cold production and an intermediate source that 

allows the connection between the hot and cold sources).  

 
Figure 3.  Solar ejector air conditioner for balance analysis 

 
The ejector solar air conditioner is similar to the 

conventional compression air conditioning system except 

that a pump, a steam generator and an ejector replace the 

compressor. The beam radiation transformed by the PTC 

reflector to thermal energy is used to generate a high 

temperature and pressure steam in the generator (primary 

fluid) that expands in the primary nozzle of the ejector. 

At the outlet, the high speed primary fluid drives the 

secondary fluid from the evaporator. Then, the primary 

and secondary streams mix at constant pressure in the 
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mixing chamber. A first pressure increase due to the 

formation of a shock wave takes place in the mixing 

chamber followed by a second due to compression in the 

Diffuser. At the diffuser outlet, the mixture condenses in 

the condenser, as a part of the condensate passes into the 

evaporator through a throttle valve to produce the cooling 

effect while the rest of the refrigerant returns to the 

generator via a circulation pump. 

Regarding system thermal performance, it can be 

introduced as the product of the ejector air conditioning 

subsystem performance (COPejc) and the PTC thermal 

performance (ηth). As for the system thermal ratio, it is 

given by [18, 19, 23]: 

thejcCOPSTR .  (13) 

This work aims to determine the parameters that 

are affected on the performance of the studied system 

based on the operating conditions shown in Table 3, 

where the studied solar reflector is without storage tank 

and without auxiliary boiler. The simulation is executed 

under the following assumptions: 

 R718 is considered a perfect fluid with constant 

thermophysical parameters and its flow is 

stationary; 

 The kinetic energy of primary and secondary flows 

is negligible ; 

 The internal walls of the ejector are adiabatic ; 

 The outlet of the ejector is connected to the 

condenser. 

Table 3 . Operating conditions of the ejector solar air conditioner. 

Service operating conditions Value (K) 
Generator temperature (Tb) 393.15 
Condenser temperature (Tc) 308.15 
Evaporator temperature (Te) 288.15 

 
On June 11th, 2018 in Bouzaréah, Sun rises at 

05:28 and sets about 14 hours and 39 minutes later (at 

20:06), where the solar noon is at 12:47. As for the 

average air temperature, it varies from 289.15 to 301.15 

K, where the average hourly wind speed varies with a 

daily average of 3.61 m/s. Figure 4 illustrates the changes 

in beam radiation on June 11th, 2018 at Bouzaréah, 

Algeria.  

As shown in Figure 4, the maximum value of 

beam radiation is 1020.13 W/m² at 12:02, where its 

minimum value is 53.30 W/m² just before sunset and the 

mean beam radiation is 853 W/m². As it is noticed, the 

beam radiation quantity for the studied day is very 

considered, and it can be used for many uses such as air 

conditioning and seawater desalination in the region. 
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Figure 4.  Beam radiation assessment. 

 

Figure 5 shows the change in temperature of the 

working fluid “THTF, (K)”, the receiver tube “TAb, (K)” 

and the surrounding glass tube “TG, (K)”. From Figure 5, 

it observed that the mean working fluid temperature is 

431.15 K, i.e., the water has changed its nature from the 

liquid state to the vapor's intense heat in order to drive 

the ejector air conditioning subsystem by pumping this 

acquired heat to the generator, where it is noticed that the 

water is in a steam state from 08:00 until 17:00, meaning 

that the studied conditioner will work for nine hours 

continuously with solar energy without any interruption. 
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Figure 5.  Change in temperatures. 

 
As for the mean values of receiver tube and glass 

tube temperatures, they are 439.12 K and 404.39 K, 

respectively. In addition, it is observed from Figure 5 that 

the receiver tube and glass tube temperatures are high, 

however the values of the heat loss coefficient "UL, 

(W/m².K)" are acceptable as shown in Figure 6, and this 

is due to the emptying of the space between them from 

the air. 

 



 Mokhtar Ghodbane et al. 

IJECA-ISSN: 2543-3717. June 2020                                                                                                                         Page 19 
 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0
H

e
a

t 
lo

s
s
 c

o
e
ff

ic
ie

n
t

U
L

 (
W

/m
².

K
)

Time (Hour)  
Figure 6.  Assessment of overall heat loss coefficient vs. time. 

 
Regarding heat loss coefficient, it varies from 

3.70 to 6 W/m².K ant its mean value is 5.50 W/m².K. 

Unlike conventional compression air conditioning 

systems, solar ejector air conditioners do not have a 

mechanical compressor, but they have an ejection 

thermal system (a solar thermal generator, a pump and a 

steam ejector). By numerical simulation, the ejector 

dimensions that correspond to the operating conditions of 

the air-conditioning system shown in Table 3 have been 

obtained. Table 4 shows the dimensions of primary 

nozzle throat diameter (Dt) and constant area section 

diameter (Dm)  which is characterized by the ejector 

under critical conditions (P4 ≤ Pc, where Pc = 5627 Pa) 

with the previous operating conditions and with a load 

cold equal to 18 kW. 

 
Table 4 . Dimensions of (Dt) and (Dm) under critical conditions 

Ejector critical 
condition  

(P4≤ Pc= 5627 Pa) 

Primary nozzle throat 
diameter (Dt) 

0.004009 m 

Constant area section 
diameter (Dm) 

0.04214 m 

 
Table 5 illustrates the drive ratio (ω) and ejector 

performance values of the studied air conditioning 

subsystem. 

Table 5 . The drive ratio (ω) and ejector performance (COPEJC) of 
the studied ejector subsystem. 

Ejector critical condition  
(P4≤ Pc= 5627 Pa) 

ω 0.8376 
COPejc 0.6235 

 
Regarding PTC optical performance, PTC thermal 

efficiency and system thermal ratio, they are shown in 

Figure 7. 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0.500

0.525

0.550

0.575

0.600

0.625

0.650

0.675

0.700

0.725

0.750

 Thermal efficiency

 Optical efficiency

 STR

Time (Hour)

P
T

C
 e

ff
ic

ie
n

c
ie

s

0.3850

0.3875

0.3900

0.3925

0.3950

0.3975

0.4000

0.4025

0.4050

0.4075

0.4100

0.4125

0.4150

 S
y
s

te
m

 t
h

e
rm

a
l 
ra

ti
o

 (
S

T
R

)

 

Figure 7.  Assessment of the system performances. 

 

As for the PTC optical performance, its mean 

value is 75.74 %, while the mean value of PTC thermal 

efficiency is 65.01 %. Concerning thermal system ratio, 

it varies from 0.39 to 0.411. The solar ejector air 

conditioner is a tri-thermal machine that allows using 

three temperature levels in order to produce cold from 

heat only. It is noticeable that the overall performance of 

the system (STR) is low, however this system is effective 

and sufficient for adapting, as it provides a cooling load 

of 18 kW for a period of nine hours a day without 

consuming any electricity except a very small amount to 

operate the pump. Generally, the system thermal ratio 

varies automatically according to the temperatures (Te), 

(Tc) and (Tb) of the ejector air conditioning subsystem, 

and is affected by the change in PTC thermal efficiency.  

V. Conclusion 

The ejector solar air conditioner uses the ejector 

as a static compressor, which the ejector uses the primary 

fluid vapor as driving energy. The ejector solar air 

conditioner has four main elements as follow generator, 

ejector, condenser and the evaporator. In addition, it 

consists of two loops; one is the driving loop and the 

other the cooling loop.  

This work has allowed acquiring very important 

knowledge about R718 ejector solar air conditioners. 

Bouzaréah was chosen as the region to conduct this 

numerical study on June 11th, 2018. Regarding 

performance of the studied air conditioning subsystem 

(COPejc) is 0.6235, as it is very sensitive to changes in 

condenser temperature (Tc), so to improve the 

performance of the machine it is necessary to increase 

the temperature of hot and cold sources (Tb and Te). As 

for the PTC solar reflector subsystem, its mean optical 

performance is 75.74 % and its mean thermal 

performance is 65.01 %. Regarding the system thermal 

ratio, its mean value is 0.407, knowing that the cooling 

load of the studied machine is 18 kW. 
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Finally, this type of solar air conditioner can be an 

ideal solution for providing luxury and air conditioning 

in residential complexes, institutional buildings, and at 

the living bases of workers in the hydrocarbon sector in 

southern Algeria. This technology is low cost and does 

not contain any negative effects on the environment, as it 

contributes to the development of sustainable technology. 

As prospective, the research team in the future 

will manufacture a prototype for this R718 ejector solar 

air, then conduct practical experiments on it in order to 

track its thermodynamic behavior and then improve its 

performance. 
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