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Abstract- This In present study a mathematical model is developed for single phase Ejector Refrigeration System. The
model is then used to determine the performance of natural refrigerants R717 and Propane. The ejector cycle of cooling
is very much suitable for the applications where large amount of low-grade heat is released in the environment while
refrigeration may also be required in the same application, as it is often the case in the chemical and food processing
plants and automobiles. Under such circumstances, non-mechanical, thermally activated ejector machines may represent
an excellent mean of heat recovery for cooling. As in coming time the refrigerants having ozone depletion potential and
global warming potential will be completely phased out, then the natural refrigerants will have scope of their use in
place of present refrigerants. On the basis of above, in present study the analysis of Propane and Ammonia (R717) is
carried out.

For validation of the mathematical/theoretical model, the performance for R11 was simulated on the computer
program by varying the evaporator temperature from 277 to 289K, the boiler temperature from 336K to 358K, the
condensing temperature from 298 to 303K and by choosing the area ratios (Ar) 4.0, 5.76 and 7.84. The theoretical
performance computed using the model has compared with that of experimental data available in the literature.

Index Terms—Refrigerent, Ejector,propane,. (Key words)

I. Introduction

I. At present most of the conventional cooling and
refrigeration systems are based on mechanical
vapour compression system. These vapour
compression cycles are working on the high-grade
mechanical and electrical energy. The high-grade
mechanical and electrical energy is generated most
of the time by the combustion of fossil fuels and thus
contributes to an increase in greenhouse gases and
generation of air pollutants. The excessive use of
fossil fuel for energy requirement to operate such
processes can lead to problem of ozone layer
depletion and global warming due to greenhouse
effect.

The products of combustion have adverse effects on
human health and the environment. In past few years
the effect of global warming have been seen in
various areas, like the reduction in the ice cap of
glaciers, changes in the temperature patterns of most
of the cities of world, rise in the sea level. The
frequent appearance of the cyclones in the coastal
regions is also having relation with global warming.
The high-grade energy is also directly adding more
heat to the global warming as most of the energy

used in various systems is at last dissipated into the
environment, in form of heat.

Environmental considerations and the need for
efficient use of available energy demand the
development of the alternate rocesses, which are
based on the use of low-grade energy. These
alternate processes adopt entrainment and
compression of low-pressure vapour to higher
pressures suitable for different systems. In these
systems the compression process takes place in
absorption, adsorption, chemical or jet ejector
vapour compression cycles. Jet ejectors have the
simplest configuration among various vapour
compression cycles. In contrast to other processes,
ejectors are formed of a single unit connected to
tubing of motive, entrained and mixture streams. The
ejectors also do not have valves, rotors or other
moving parts and not has mechanical losses. The
ejectors are also available commercially in various
sizes and for different applications. Jet ejectors have
lower capital and maintenance cost than the other
configurations.

The jet ejector cycle also has the drawback as
ejectors are designed to operate at a single optimum
point. Deviation from this optimum point results in
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deterioration of the ejector performance. The
ejectors also have very low thermal efficiency.

The ejector cycle of cooling is very much suitable
for the applications where large amounts of low-
grade heat are released in the environment while
refrigeration may also be required in the same
application, as it is often the case in the chemical and
food processing plants and automobiles. Under such
circumstances, non-mechanical, thermally activated
ejector machines may represent an excellent mean of
heat recovery for cooling. Ejector-based heat pumps
and refrigerators have been known for a long time,
but their potential has not been fully exploited and
despite their relatively low efficiency, they remain
very attractive mainly because of their simplicity and
reduced overall cost. In the last few years, there has
been a renewed interest in this technology to be used
on its own or in combination cycles with other
technologies such as absorption or mechanical
compression. The various applications of jet ejectors
include refrigeration, air conditioning, removal of
non-condensable gases, transport of solids and gas
recovery. The function of the jet ejector differs
considerably in these processes. For example, in
refrigeration and air conditioning cycles, the ejector
compresses the entrained vapour to higher pressure,
which allows for condensation at a higher
temperature. Also, the ejector entrainment process
sustains the low pressure on the evaporator side,
which allows evaporation at low temperature. As a
result, the cold evaporator fluid can be used for
refrigeration and cooling functions. As for the
removal of non-condensable gases in heat transfer
units, the ejector entrainment process prevents their
accumulation within condenser or evaporator. The
presence of non-condensable gases in heat exchange
units reduces the heat transfer efficiency and
increases the condensation temperature because of
their low thermal conductivity. Also, the presence of
these gases enhances corrosion reactions. However,
the ejector cycle for cooling and refrigeration has
lower efficiency than the Mechanical Vapour
Compression units, but their merits are manifested
upon the use of low-grade energy that has limited
effect on the environment and lower cooling and
heating unit cost.

THERMODYNAMIC ANALYSIS
A system analysis of ejector refrigeration system is
carried out in the present study. Governing equations

based on the balance of mass, momentum and
energy are derived for components of the system.

Schematic diagram of Ejector refrigeration system

.

Schematic diagram of Ejector showing various
sections

”.

Ejector refrigeration system on T-S diagram
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)

Ejector refrigeration system on P-H diagram

Construction and operation principle of jet
ejectors Although the construction and operation
principle of jet ejectors is very simple, the following
sections provide a brief summary of the major
features of ejectors. This is necessary in order to
follow the discussion and analysis that follow. The
conventional jet ejector has three main parts: the
nozzle; the suction chamber; and the diffuser. The
nozzle and the diffuser have the geometry of
converging/ diverging venturi. The diameters and
lengths of various parts forming the nozzle, the
diffuser and the suction chamber, together with the
stream flow rate and properties, define the ejector
capacity and performance. The ejector capacity is
defined in terms of the flow rates of the motive
steam and the entrained vapour. The sum of the
motive and entrained vapour mass flow rates gives
the mass flow rate of the compressed vapour. As for
the ejector performance, it is defined in terms of
entrainment, expansion and compression ratios. The
entrainment ratio is the flow rate of the entrained
vapour divided by the flow rate of the motive steam.
As for the expansion ratio, it is defined as the ratio of
the motive steam pressure to the entrained vapour
pressure. The compression ratio gives the pressure
ratio of the compressed vapour to the entrained
vapour. The COP of the system can give the overall
performance of the ejector system. The effect of
various system parameters on COP is studied with
the refrigerants R717 and Propane.

Analysis of the ejector

 The ejector under consideration is shown in
the above Figure. The motive flow from the
condenser enters the ejector at a relatively high
pressure and zero velocity, i.e. stagnation condition
corresponding to state (0) and expands to a pressure

at state (1). The secondary flow from the evaporator
is then induced into the ejector by the low-pressure
flow at its nozzle exit. Both fluids mix together in the
mixing chamber section. The mixed flow at the end
of the mixing duct state is discharged into a diffuser,
and then the diffused flow exits from the ejector to
the condenser. To simplify this analysis

The following assumptions are made in this study:

 The refrigerant was at all times in
thermodynamic quasi-equilibrium.

 Characteristics and velocities were constant over
cross section (one-dimensional model of flow).

 All fluid characteristics are uniform over the
cross section after complete mixing at the exit of
the mixing tube.

 There is no external heat transfer.

 Mixing occurs at constant pressure in the
ejector-mixing region with the assumption that
the fluid momentum is conserved.

 The system is in thermodynamic equilibrium.
All flow processes are analyzed based on their
average velocities and temperatures.

 One-dimensional steady state flow of saturated
vapor.

 Losses in the mixing chamber are represented by
a friction factor; the losses in the primary nozzle,
secondary nozzle and the diffuser are taken into
account by assuming respective sub-component
efficiencies.

 At the entrance of the cylindrical mixing tube,
the suction fluid velocity reaches the speed of
sound (choking condition)

Thermodynamic analysis of the ejector
In present study a mathematical model is developed
for single phase Ejector Refrigeration. The model
then used to determine the performance of Natural
refrigerants R717 and Propane.

The condition of the fluid at various sections of
ejector

 Boiler side entry: - Tb; Vb=0 and

Pb, Hb, Sb, is for saturated vapour at Tb

 Evaporator side entry: - Te; Ve=0    and

Pe, He, Se, is for saturated vapour at Te
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Exit of primary nozzle: -
Primary fluid: - Pp3, Vp3, Hp3

(After expansion through nozzle)

Suction fluid: - Ps3, Vs3, Hs3

After suction, applying chocking condition)

After mixing in mixing tube: - Pm, Vm, Hm

After normal shock: - Py, Vy, Hy

Exit of diffuser: - Pd, Vd, Hd

Applying chocking condition for suction flow at
entry of mixing chamber, i.e. point ‘3’
Critical pressure ratio

1
1
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As per the assumptions the exit pressure of nozzle is
uniform

Ps3=Pp3 (3)

Calculation of suction flow velocity at entry to the
mixing chamber

Enthalpy after isentropic expansion

Hs3i=H(Ps3,Se) (4)

Now actual enthalpy after expansion considering
losses

)( 33 iseses HHHH   (5)

)(**2 33 isess HHV   (6)

Calculation of mass flow rate of suction fluid

Area of flow of suction fluid at point ‘3’
As3=(Am-Ap3) (7)

Density of suction fluid at point ‘3’
),( 333 sss HP  (8)

333 ** ssss VAm  (9)

 Calculation of velocity of primary fluid at exit of
nozzle

Enthalpy after isentropic expansion

Hp3i=H (Pp3, Sb) (10)

Now actual enthalpy after expansion considering
losses

)(* 33 ipbpep HHHH   (11)

)(**2 33 ipbpp HHV   (12)

 Calculation of mass flow rate of primary fluid

Density of primary fluid at point ‘3’
),( 333 ppp HP  (13)

333 ** pppp VAm  (14)

Calculation of entrainment ratio and total
mass flow rate

p

s

m
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1 (15)

psm mmm   (16)

 Now calculation of condition after mixing in the
mixing chamber

Applying momentum balance on the fluids entering
the mixing chamber

Pressure rise after mixing= momentum before
mixing – momentum after mixing
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(17) Rearranging the above equation using (15)
and (16)
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Applying energy balance on the fluids entering the
mixing chamber

Stagnation enthalpy after mixing= Stagnation
enthalpy before mixing
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Rearranging the above equations using (15)
and (16)
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Density of fluid after mixing

),( HmPmm   (21)

Mass flow rate after mixing

AmVmmmm ** (22)
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 Initial value of ‘Pm’ is assumed equal to Ps3, and
then by iteration actual value of ‘Pm’ calculated,
which satisfies the mass balance i.e.

spmm mmm   (23)

Mach No of flow after mixing

),( mmsound

m
a HPV

V
M  (24)

 Calculation for the condition of fluid after shock
in the mixing chamber, If Mach no. of fluid in the
mixing chamber Ma is more than 1

From continuity equation

yymm VV **   (25)

From momentum equation
22 ** yymmmy VVPP   (26)

From energy equation

2

22
ym

my

VV
HH


 (27)

Pressure ratio across shock
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 The condition of fluid at the end of mixing
chamber, If Mach no. of fluid in the mixing chamber
Ma is less than 1

Hy=Hm (29)
Py=Pm (30)

Vy=Vm (31)

my   (32)

 The condition of fluid at the exit of diffuser

dd

m
d VA

m
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 22* dmdmdi VVHH   (34)

 Assuming constant pressure mixing and
neglecting velocity of the fluid at the diffuser exit,
the entrainment ratio can be deduced as
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 Neglecting the pump work, the COP is defined
as the ratio of refrigerating effect to the heat supplied
to the boiler

b

e

Q
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COP
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The input parameters taken for computation

S
no.

a) Parameter Ejector1
Ejector
2

Ejector
3

1 Area Ratio Ar. 7.84 5.76 4.00
2 Primary

nozzle
throat dia.

dt 0.5 0.8 1

3 Exit dia.of
primary
nozzle

dp 0.8 1.3 1.7

4 Dia. of
mixing

chamber

dm 1.4 1.9 2

5 Length of
mixing

chamber

Lm 14 19 20

6 Exit dia.of
diffuser

Ld 11.5 16.2 17.2

7 Mixing
nozzle
length

Lx 0 0 0

8 Angle of
diffuser

 3o 3o 3o

9 Angle of
mixing
nozzle

B 0o 0o 0o
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The efficiencies of the Ejector:
Primary nozzle Efficiency =95%

Suction Nozzle Efficiency =95%

Diffuser Efficiency:=95%

The refrigerants taken for study:
For validation of the program calculations: -

R11

For performance analysis: -R717 and Propane

The temperature parameters for study:
Boiler temperatures: - Tb = 333K, 343K, and 353K,

Condenser temperatures: - Tc =298K to 313K in
steps of 5K

Evaporator temperatures: - Te =268K to 278K in
steps of 1K

For validation of the mathematical / theoretical
model, the performance for R11 was simulated on
the computer program by varying the evaporator
temperature from 277 to 289K, the boiler
temperature from 336K to 358K, the condensing
temperature from 298 to 303K and by choosing the
area ratios (Ar) 4.0, 5.76 and 7.84. The theoretical
performance computed using the model is compared
with that of experimental data available in the work
of Cizungu et al. (2001).

Performance of Different fluids.
The corresponding temperatures are Tb = 340K, and
Tc = 303K, for fig. 4.1 and Tb = 351.5K, and Tc =
303K for fig. 6b. Since the condensing temperature
Tc is fixed, the evaporator temperature Te is the
variable (Te=273 to 283K for fig. 4.1 and Te=273.5
to 286.5K for fig.4.2). It can be seen that the
simulated performance of the model agrees well with
the experimental performance in the range of the
operating conditions and ejector geometry
considered. Fig. 4.4 shows the variation of COP of
the ejector refrigeration system with boiler
temperature. The COP of the system is computed
corresponding to the experimental performance of
ejector configuration of Ar= 4.0, 5.76 and 7.84 at Tc
= 300.7K, and Te=281.8K; the respective boiler
temperatures are Tb=336K, 347K and 357.5K. It can
be observed that the theoretical COP of the
simulated model agrees fairly well with the
experimental data from the literature mentioned
above. Fig. 4.4 depicts the variation of COP with the

evaporator temperature for the given conditions of
Tb=353K, Tc=302K and Ar=5.76. It can be seen that
the COP increases as the evaporator temperature
increases. The computed COP of the model agrees
well with the experimental COP from the data in
literature mentioned above.

Fig. 4.5 shows the variation of COP with
compression ratio for Ar=4.0 and boiler temperature
Tb=333K and similarly fig. 4.6 shows for Boiler
temperature Tb=343K, for R717.  The corresponding
evaporator and condenser temperatures are varied as,
Te= 268 to 278K, and Tc = 298 to 313K. It can be
seen from the figures that the simulated performance
of the program developed under study is agrees well
with the reference performance in the range of the
operating conditions and ejector geometry.

So from the above validations the program
developed for the heat operated ejector refrigeration
system is giving result that are agreeing fairly well
with the reference data available in the literature. So
this program can be used for study the performance
of such ejector refrigeration system with the various
refrigerant fluids or the refrigerants under study i.e.
R717 and Propane.

Calculations for R717 and Propane
The calculations of the performance of R717 and
Propane have been made taking the following
operating temperatures:

 Boiler temperatures:Tb = 333K, 343K, and
353K,

 Condenser temperatures: Tc = 298K to
313K in step of 5K

 Evaporator temperatures: Te =268K to 278K
in step of 1K

The performance analysis of the heat operated
ejector refrigeration system is given here under

RESULT DISCUSSION WITH AMMONIA
II. Performance of R717 with Ejector of Ar=4.0

For boiler temperature Tb=333K the COP of the
system is varying from 0.06 to 0.34 for Tc= 298K
and 0.01 to 0.14 for Tc=303, as shown in fig. 10 and
11. At these parameters the COP increases with
increase in evaporator temperature or compression
ratio. For condenser temperature 303K the COP
values are low as given above, and if the condenser
temperature further increased, COP becomes zero.
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At Tb=343K the COP of the system,
at Tc=298K is 0.11 to 0.41, at Tc=303K is 0.01 to
0.22. The effect of condenser and evaporator
temperature on the COP is same as above. At this
boiler temperature the COP is not zero up-to
Tc=308K, but have values lower then 0.1. The COP
of the system at the boiler temperature Tb=353K,
Tc=298K is 0.15 to 0.48, at Tc=303K is 0.5 to 0.26,
and at Tc=308K is less than 0.13, with higher
condenser temperatures Tc=313K the COP is zero.

III. Performance of R717 with Ejector of Ar=5.76

For boiler temperature Tb=333K the COP of the
system, at Tc=298K is 0.03 to 0.28 and at Tc=303K
is less then 0.1. At these parameters the COP
increases with increase in evaporator temperature or
compression ratio. For condenser temperature
Tc=308K and more the COP becomes zero.

At Tb=343K the fig. 20 and 21
indicates that the COP of the system, at Tc=298K is
0.08 to 0.36 and at Tc=303K is 0.01 to 0.16. At this
boiler temperature the COP is zero at Tc=308K. The
COP of the system with the boiler temperature
Tb=353K, at Tc=298K is 0.13 to 0.44 and at
Tc=303K is 0.03 to 0.24 but at higher condenser
temperatures (Tc = 308K and 313K) the COP is not
more then 0.1.

IV. Performance of R717 with Ejector of Ar=7.84

For boiler temperature Tb=333K the COP of the
system, at Tc=298K is 0.02 to 0.27 and at Tc=303K
is less then 0.1. For condenser temperature Tc=308K
and 313K the COP becomes zero.

At Tb=343K the COP of the system,
at Tc=298K is 0.07 to 0.36 and at Tc=303K is 0.01
to 0.16. The COP is zero at Tc=308K and 313K. At
boiler temperature Tb=353K the COP of the system,
at Tc=298K is 0.13 to 0.42 and at Tc=303 is 0.02 to
0.22, but at higher condenser temperatures (Tc >
308K) the COP is not more then 0.1.

So from the above discussion it can
be concluded that, for a particular boiler temperature
the COP decreases with increase in condenser
temperature. Also for a particular boiler temperature
the COP of the system is high at Ar=4.0, then COP at
Ar=5.76, and minimum at Ar=7.84 keeping all other
parameters same as elaborated in figs. 4.7, 4.8, 4.9,

and 4.12. These figures show the comparison of COP
with ejectors refrigeration system of different area
ratio with R717. These figures show that the COP is
higher for Ar=4.0, keeping all other parameters same,
and the COP at Ar=5.76 is at second number, and
with a little difference COP at Ar= 7.84 is minimum.
The magnitude of the difference is about 50% at
maximum and about 10% at minimum, depending on
evaporator temperature.

The effect of condenser temperature
Tc and Tb on the COP is shown in the fig. 4.10 and
4.11. This indicates that the COP reduces very
rapidly with increase in the Tc, as there is
approximately 20% decrease in COP with 1K rise in
Tc. This means, the COP of the ejector refrigeration
system is very sensitive to the change in condenser
temperature. The COP increases with the increase in
the boiler temperature Tb, the COP rise is about 5%
to 7% with 1K rise in Tb.

RESULT DISCUSSION WITH PROPANE
Performance of Propane with Ejector of Ar=4.0

For boiler temperature Tb=333K the COP of the
system is varying from 0.08 to 0.37. For condenser
temperature Tc=303K the COP values are varying
from 0.001 to 0.18. The COP values are less than
0.05 for Tc=308K and if the condenser temperature
further increased, COP becomes zero.

At Tb=343K the COP of the system, at
Tc=298K is 0.12 to 0.42, at Tc=303K is 0.025 to
0.225, and at Tc=308K less then 0.1. At boiler
temperature Tb=353K the COP of the system, at
Tc=298K is 0.14 to 0.45, at Tc=303K is 0.05 to 0.26,
at Tc=308K is 0.01 to 0.13 but have values lower
then 0.05 at TC=313.

V. Performance of Propane with Ejector of Ar=5.76

For boiler temperature Tb=333K the COP of the
system, at Tc=298K is 0.07 to 0.38, at Tc=303K is
0.01 to 0.18, and less than 0.1 at Tc=308K.

At Tb=343K indicates that the COP
of the system, at Tc=298K is 0.12 to 0.41, at
Tc=303K is 0.02 to 0.22 and less then 0.01 at
Tc=308K . The COP of the system at boiler
temperature Tb=353K, at Tc=298K is 0.14 to 0.43,
at Tc=303K is 0.05 to 0.25, at Tc=308K it is 0.01 to
0.12 but at Tc=313K the COP is less than 0.05.
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VI. Performance of Propane with Ejector of Ar=7.84

For boiler temperature Tb=333K the COP of the
system, at Tc=298K is 0.1 to 0.57, at Tc=303K is
0.005 to 0.31, and at Tc=308K is 0.02 to 0.14. If the
condenser temperature further increased, COP
becomes zero.

At Tb=343K indicates that the COP
of the system, at Tc=298K is 0.13 to 0.47, at
Tc=303K is 0.04 to 0.27, and at Tc=308K is 0.001 to
0.13. At boiler temperature Tb=353K, the COP of
the system, at Tc=298K is 0.15 to 0.47, at Tc=303K
is 0.06 to 0.27, at Tc=308K is 0.001 to 0.14, and at
Tc=313K is less than 0.05.

So from the above discussion it can
be concluded that, for a particular boiler temperature
the COP decreases with increase in condenser
temperature.  Also for a particular boiler temperature
the COP of the system is high at Ar=7.84, then COP
at Ar=4.0, and minimum at Ar=5.76 keeping all
other parameters same as elaborated in figs. 4.13,
4.14, 4.15, and 4.18. These figures show the
comparison of COP with ejectors refrigeration
system of different area ratio with Propane. These
figures show that the COP is higher for Ar=7.84,
keeping all other parameters same, and the COP at
Ar=4.0 is at second number, and difference COP at
Ar=5.76 is minimum. So for the ejector systems
working with Propane, the Ar=7.84 is superior than
other ara ratios considered for analysis.

The difference in the COP at different area
ratio is not prominent at Tb=353K (approximately
5% to 10%) but it increases at low boiler
temperatures. The difference is maximum at
Tb=333K (approximately 20% to 35%), as shown in
fig. 4.13, 4.14 and 4.15.

The effect of condenser temperature
Tc and Tb on the COP is shown in the fig. 4.16 and
4.17. This indicates that the COP reduces very
rapidly with increase in the Tc, as there is
approximately 20% decrease in COP with 1K rise in
Tc. This means, the COP of the ejector refrigeration
system is very sensitive to the change in condenser
temperature. The COP increases with the increase in
the boiler temperature Tb, the COP rise is about 5%
to 7% with 1K rise in Tb.

Performance Comparison of R717 and Propane
Comparison for Area Ratio Ar=4
The COP of the R717 is more then Propane, for
Tb=333K, Tc=303K (0.04 to 0.15 more, Fig. 4.20),

and for Tb=353K, Tc=298K (0.01 to 0.025 more,
fig. 4.23). For all other parameters the COP of
propane is more, but not having much difference and
it is almost same for Tb=343K, Tc=298K and
Tb=353K, Tc=303K (Fig. 4.21, 4.25). For this area
ratio the COP is not having much difference.

Comparison for Area Ratio Ar=5.76
The COP of propane is again more for the
combinations of Tb, Tc: 333K, 298K (0.05 to 0.1
more); 333K, 303K (0.06 to 0.08 more); 343K, 303K
(0.04 more); 353K, 308K (0.03 more), as given in
the fig.4.27, 4.28, 4.30 and 4.33. The COP is not
significant difference for Tb, Tc: (343K, 298K;
353K, 298K; 353K, 303K), as given in the fig.4.29,
4.31 and 4.32. The difference in COP of the
refrigerants is less for combination of high boiler
temperature and low condenser temperatures. For
low boiler temperatures and high condenser
temperatures the COP of propane difference is more.

Comparison for Area Ratio Ar=7.84
For this ejector configuration at Tb=353K and
Tc=298K (fig.4.38), the COP of propane is more
than R717 but difference is small (0.02 to 0.05). For
all other combinations of the parameters under study
the COP of Propane is higher then the R717 and
difference varies as, at Tb, Tc: 333K, 298K (0.08 to
0.3 more); 333K, 303K (0.1 to 0.2 more); 343K,
298K (0.05 to 0.1 more); 343K, 303K (0.05 to 0.1
more); 353K, 303K (0.04 to 0.05 more); 353K, 308K
(0.04 more), as shown in fig. 4.34, 4.35, 4.36,4.37,
4.39 and 4.40.

So from the comparative data it is evident that for
low area ratio the COP of Propane is more than
R717 but difference is small, the difference in
performance increases with increase in Area Ratio.
For all area ratios the COP of Propane is higher for
most of the combinations of parameter taken for
study.

CONCLUSIONS
In present work, the performance analysis of a heat
operated ejector refrigeration system is done with
natural refrigerants R717 and Propane. The
discussion and analysis of the obtained results permit
the following remarks:

 The COP of propane is higher than R-717
for same ejector and temperature parameters.
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 The COP of R-717 is high for area ratio
Ar=4.0, reduces at Ar=5.76 and Ar=7.84 by 0.03
to 0.05.  The COP at Ar=5.76 is more than
Ar=7.84 by 0.01.

 The COP of Propane is high for area ratio
Ar=7.84, reduces at Ar=5.76 and Ar=4.0 by 0.02
to 0.2.  The COP at Ar=4.0 is more than Ar=5.76
by 0.01.

 The COP for both, R717 and Propane is high
for higher boiler temperature and low condenser
temperatures.

 The COP for both, R717 and Propane with
ejector refrigeration system is very sensitive to
the change in condenser temperature

 The COP for both, R717 and Propane
reduces with increase in the boiler or heat source
temperature.

 For low area ratio the COP of Propane and
R717 is not having much difference but for high
area ratios the propane is better then R717.

In conclusion, the natural refrigerants Propane and
R717 can be used for refrigeration, by selecting
optimum or suitable ejector for the given conditions,
at the places where a lot of low-grade heat is
available in plenty amount. The ERS system
efficiencies are low compared to VCRS, but it will

have advantage over VCRS as it works on low-grade
heat in place of high-grade mechanical work
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