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A small scale steam jet ejector experimental setup was designed and manufactured. This ejector setup
consists of an open loop configuration and the boiler operate in the temperature range of Tb¼ 85–140 �C.
The typical evaporator liquid temperatures range from Te¼ 5 �C to 10 �C while the typical water-cooled
condenser pressure ranges from Pc¼ 1.70 kPa to 5.63 kPa (Tc¼ 15–35 �C). The boiler is powered by two
4 kW electric elements while a 3 kW electric element simulates the cooling load in the evaporator. The
electric elements are controlled by means of variacs.
Primary nozzles with throat diameters of 2.5 mm, 3.0 mm and 3.5 mm are tested while the secondary
ejector throat diameter remains unchanged at 18 mm. These primary nozzles allow the boiler to operate
in the temperature range of Tb¼ 85–110 �C. When the nozzle throat diameter is increased, the minimum
boiler temperature decreases. A primary nozzle with a 3.5 mm throat diameter was tested at a boiler
temperature of Tb¼ 95 �C, an evaporator temperature of Te¼ 10 �C and a critical condenser pressure of
Pcrit¼ 2.67 kPa (22.6 �C). The system’s COP is 0.253.
In a case study the experimental data of a solar powered steam jet ejector air conditioner is in-
vestigated. Solar powered steam ejector air conditioning systems are technical and economical viable
when compared to conventional vapour compression air conditioners. Such a system can either
utilise flat plate or evacuated tube solar thermal collectors depending on the type of solar energy
available.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The aim of this research is to investigate the possibility to run
a steam jet ejector on boiler temperatures below 100 �C. If this can
be achieved, conventional solar flat plate or evacuated tube water
heaters can be used to power a steam jet ejector to produce
refrigeration or cooling.

Small scale jet ejectors that operate on a boiler temperatures
range of 120–140 �C are well documented in Refs. [1–3]. Steam
ejectors that operate at boiler temperatures below 110 �C are,
however, not well documented. The aim of this research was to
investigate the operation of an ejector at boiler temperatures in the
range of Tb¼ 95–105 �C.
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2. The steam jet cycle

A steam jet refrigerator was first developed by Le Blanc and
Parson as early as 1900 [4]. It experienced great popularity during
the early 1930s for air conditioning systems of large buildings [5].
The system was replaced with the more favourable vapour com-
pression system. The latter system was superior in its coefficient of
performance (COP), flexibility and compactness in manufacturing
and operation [6].

The steam ejector cycle is similar to the conventional vapour
compression cycle except that the compressor is replaced by
a liquid feed pump, boiler and ejector-pump. In brief, liquid
refrigerant is vaporised at a high pressure in a boiler and fed to an
ejector where it entrains a low pressure vapour originating from
the evaporator. This combined flow is then compressed to an
intermediate pressure equal to that of the condenser. This cycle has
recently drawn renewed attention due to its simplicity of con-
struction, ruggedness and few or no moving parts.

Fig. 1 presents a schematic of the conventional ejector
refrigeration cycle. The cycle typically consists of the boiler, the
ejector, the condenser and the evaporator.

Referring to Fig. 1, the liquid refrigerant boils in the boiler at
a high pressure and temperature due to the application of heat. This
high-pressure refrigerant vapour passes through line 1 and enters
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Nomenclature

AT nozzle area ratio [dimensionless]
At nozzle throat area [m2]
AR ejector throat ration [dimensionless]
Csc solar collector constant [W/�C m2]
d diameter [mm]
G solar irradiation [W/m�2]
h specific heat [kJ/kg]
m mass flow rate [kg/s]
P pressure/electric power [Pa]/[W]
Pc* critical condenser pressure [Pa]
Q heat [J]
Rm entrainment ratio [dimensionless]
s entropy [kJ/kg K]
T temperature [�C]
V volume [m3]

W work [J]

Greek symbols
h efficiency [%]
r density [kg/m3]

Subscripts
a ambient
b boiler
c, cond condenser
d diffuser
e, evap evaporator
f fluid
g gas (vapour)
m mixing chamber/mean
t throat
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the primary nozzle of the ejector compressor. A typical ejector
cross-section with pressure and velocity profiles is shown in Fig. 2.
The primary stream accelerates and expands through a conver-
gent–divergent (de Laval) nozzle to produce a supersonic flow
(typically Mach number above 2), which creates a low pressure
region. This partial vacuum created by the supersonic primary flow
entrains refrigerant vapour from the evaporator through momen-
tum transfer in line 2. The evaporator pressure falls and boiling of
the refrigerant in the evaporator occurs at a low pressure and
consequently at a low temperature.

The primary and secondary streams mix in the mixing chamber
and enter a normally choked (sonic flow conditions at the throat)
secondary converging–diverging nozzle. The flow expands in the
diffuser part of this nozzle through a thermodynamic shock pro-
cess. This shock wave causes a sudden rise in the static pressure and
Fig. 1. Ejecto
its location varies with the condenser backpressure. The flow
emerges from the shock wave with subsonic velocity and is com-
pressed in the diffuser to the saturation pressure of the condenser.

From the diffuser exit, the mixed flow is fed directly to the
condenser through line 3 where it is cooled and condensed. The
condensate is returned to the evaporator via an expansion valve in
line 6 and to the boiler through a feed pump in line 4. A full
description of ejector principles and performance including
industrial applications is available [8].

Fig. 3 presents a general thermodynamic analysis for the ejector
cycle. Different working fluids can be used in an ejector cycle, e.g.
halocarbon compounds such as CFCs, HCFCs and HFCs [10], as well
as butane, ammonium and water [11].

Water is by far the most environmentally friendly fluid. Using
water as working fluid the evaporator temperature typically varies
r cycle.



Fig. 2. Typical ejector cross-section and pressure and velocity profiles [redrawn after 7].
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in the range 5–15 �C depending on the application. Typical con-
denser temperatures vary in the range 15–40 �C depending on the
condenser type (wet or dry cooled), cooling water temperature and
ambient conditions. In practical systems, the boiler temperature
should be above 80 �C [2]. COP values for the cycle typically vary in
the range of 0.1–0.6 depending on the operating conditions.
3. Description of experimental setup

A photo and accompanying schematic drawing of the experi-
mental setup is included in Figs. 4 and 5, respectively.

The design of the experimental setup was done with the aid of
published work [2,10] as well as previous work done at Stellen-
bosch University [9]. The aim of the design was to keep the system
Fig. 3. General steam ejector T–s
as simple as possible and use off-the-shelf components whenever
feasible.

In reference to Figs. 4 and 5 the test facility consists of four
principal components: an 8 kW electrical steam boiler (A), a 3 kW
evaporator (B), a water-cooled condenser (C) and an ejector
assembly (D).
3.1. The boiler (A)

The boiler was manufactured from a 150 mm ID stainless steel
pipe 1250 mm in length and 2 mm wall thickness. The bottom and
top ends of the pipe were fitted with bolted stainless steel flanges
8 mm in thickness as well as viton o-rings. Two 4 kW electric
elements, a thermocouple, two thermostats and a drain valve were
mounted on the bottom flange. The top flange is fitted with a vari-
able pressure relief valve, an analogue pressure gauge (F), a steam
pipe, a ball valve (E), a thermocouple and a drain valve. The boiler
was insulated with 25 mm fibre wool insulation and aluminium
cladding was used.

The boiler water level is measured by means of a sight glass. The
sight glass was manufactured from a 12 mm OD and 2 mm wall
thickness glass tube. The boiler has a total volume of 22.1 l and the
useable volume available between the top of the electric elements
and the top of the sight glass is 15.2 l. The boiler was designed to
operate at Tb¼ 80–140 �C and the corresponding pressure span of
Pb z 45–360 kPa. At the maximum steam flow of 13.5 kg/h (8 kW
boiler electric energy input and Tb¼ 140 �C) the boiler can produce
steam for more than an hour. Steam leaves the boiler through
a 40 mm ID, 2 mm wall thickness pipe and ball valve (E). The boiler
was hydrostatically tested up to 400 kPa before it was fitted.
3.2. The evaporator (B)

The evaporator was manufactured from a 150 mm ID stainless
steel pipe 600 mm in length and 2 mm wall thickness. The bottom
end was welded closed and fitted with a 3 kW electric element and
a thermocouple. The top end of the evaporator has bolted stainless
diagram [redrawn after 9].



Fig. 4. The ejector experimental setup.

Fig. 5. Schematic of the experimental setup.
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steel flanges and an o-ring and is fitted with a thermocouple as well
as a mercury manometer (G). The water content is measured with
a sight glass similar to that of the boiler. The total volume of the
evaporator is 10.6 l and the useable volume between the top of the
electric element and the top of the sight glass is 4.1 l.

Water vapour flows from the evaporator to the ejector through
a stainless steel pipe and elbow both 100 mm ID. The connection
between the evaporator pipe and ejector is done with a 100 mm ID
stainless steel union. A connection pipe with a large diameter was
chosen due to the high specific volume of steam at low tempera-
tures (147.1 m3/kg at 5 �C and 77.9 m3/kg at 15 �C versus 1.67 m3/kg
at 100 �C). A large diameter pipe is necessary to secure a low vapour
velocity. With the evaporator operating at maximum electric input
of 3 kW and at an evaporator temperature of 5 �C the steam velocity
in the 100 mm ID pipe is calculated to be 22.6 m/s.

The evaporator vapour and liquid temperatures are measured
with separate thermocouples. The pressure within the evaporator
is determined by means of the steam tables as well as with the
mercury manometer (G). A difference between these two
pressures mentioned indicates the presence of air in the evapo-
rator. The evaporator is insulated with 10 mm thick Armaflex
insulation.
The electric element simulates the evaporator cooling load. This
element is controlled with a variac.
3.3. The condenser (C)

A boiler unit from a previous experimental setup was modified
to be used as a condenser. A 150 mm diameter Perspex pipe
800 mm long and with 3 mm wall thickness is fitted with stainless
steel flanges. Silicone was used to secure an airtight joint between
the Perspex and endplates. The top plate is fitted with a thermo-
couple and an analogue pressure gauge. This plate also connects to
the bottom of the ejector through a 40 mm stainless steel pipe and
union as can be seen in Fig. 4. The bottom plate has a drain valve,
thermocouple and a cooling water inlet and outlet.

Inside the condenser is a copper cooling coil. This coil was
manufactured from 15 mm OD plain copper pipe and wound in two
spirals. The outer spiral has an OD of 120 mm and the inner spiral
has an OD of 85 mm. Fifteen metres of copper pipe were used and
the wounded coil is approximately 700 mm long.

The temperature inside the condenser is controlled by the
cooling water flow rate. The minimum temperature in the con-
denser is limited by the temperature of the cooling water. The total
volume of the condenser is 14.1 l without the cooling coil. The
volume of the condenser with the cooling coil fitted is 11.5 l. The
cooling water inlet and outlet pipes are both fitted with
thermocouples.

A receiver tank (H) with a capacity of 8 l is connected to the
outlet of the condenser. This tank serves as a reservoir for the
condensate.
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3.4. The ejector (D)

The outer body in which the nozzle is situated is made from
a standard 100 mm ID, 2 mm wall thickness stainless steel T-piece.
Two 100 mm ID unions connect the T-piece to the boiler and the
evaporator. A 1/200 valve is located near the top of the T-piece which
is used along with the vacuum pump to remove air from the
system.

A flange and o-ring connect the T-piece to the secondary nozzle.
The secondary nozzle is manufactured from a solid piece of PVC
150 mm in diameter and 325 mm in length (Fig. 6). This nozzle has
a throat length of 40 mm and is 18 mm in diameter. The secondary
nozzle throat is a critical dimension in the proper operation of the
system. The secondary nozzle profile was obtained from published
data [1].

The primary nozzle and spacers are manufactured from brass
and viton o-rings are used. The spacers and nozzle screw into
a flange that is connected to the T-piece. There are six spacers
(40 mm, 45 mm, 50 mm, 60 mm, 70 mm, 80 mm length). By using
different combinations of spacers, the nozzle position can vary
relative to the flange they screw into with 5 mm intervals. Table 1
lists the dimensions of the different nozzles.

3.5. Other components

A 40 mm ID, 2 mm wall thickness stainless steel pipe connects
the boiler and ejector assembly. This pipe is tilted at an angle of 15�

with respect to the horizon. Condensate that forms inside this pipe
can run back to the boiler (Fig. 4). This pipe is covered with 10 mm
thick Armaflex insulation.

A data logger connected to a personal computer is used to log
the temperatures from the T-type thermocouples. The voltage to
each electric element is also recorded.

Notice that the test facility has no pump between the condenser
and boiler and no expansion valve between the condenser and
evaporator. Such a system is termed an open loop system.

3.6. The experimental test procedure

Experiments are executed in batches. Before each test run the
boiler and evaporator are filled with municipal tap water up to
a predetermined level near the top of the sight glass. The boiler
valve is closed and air is evacuated from the boiler by using a water-
jet vacuum pump connected to the top of the boiler. The next step is
to switch the boiler electric elements on.

While the boiler heats up to its operating temperature, the
vacuum pump is used to evacuate air from the rest of the system.
Notice that the steam pipe, ejector assembly, evaporator and
condenser are all connected to each other without any valves.
Fig. 6. Secondary n
The vacuum pump is connected to the top of the ejector T-piece.
When the boiler is at its operating temperature the boiler valve is
opened. This allows the connection pipe between the boiler and
ejector to be heated. It also serves to drives out the air still
trapped in the connection pipe. The boiler valve is only opened
for about 5 s at a time. The boiler valve is opened and closed for
a few times while the vacuum pump is running. This is done
until the air is removed from the connection pipe and the rest of
the system.

Next, the boiler valve is closed and the boiler water level
is refilled to the predetermined level. The boiler is reheated to its
operating temperature. The cooling water to the condenser is
turned on and the data logger is switched on. To start a test run, the
boiler valve is opened. An immediate rise in condenser pressure is
observed while the evaporator temperature falls rapidly. The boiler
and evaporator temperatures are controlled with a variac. The
thermostat on each boiler element acts as an over-temperature and
thus an over-pressure protection. The boiler and evaporator mass
flow rate is determined by measuring the total amount of liquid
that was converted into steam over the entire time interval of the
test run.
4. Results and discussions

4.1. Ejector performance

The thermodynamic performance of a steam ejector is evaluated
by the coefficient of performance (COP). This is the ratio of the
evaporator heat load and the sum of the boiler energy input and
pump work. The COP is calculated as follows:

COP ¼
_Qevap

_Qboiler þ _Wpump
z

_Qevap
_Qboiler

(1)

The pump work can be omitted since it is typically less than 1%
of the boiler heat input [1].

For a closed loop cycle, the COP can also be calculated as

COP ¼ Rm
hg�evap � hf�cond

hg�boiler � hf�cond
(2)

where Rm represents the entrainment ratio defined as

Rm ¼
_me
_mb

(3)

For an open loop cycle, as described in this paper, the COP can be
calculated as
ozzle profile.



Table 1
Primary nozzle geometries

Nozzle number Geometries [mm]

A B C D E AT
a AR

b

1 1.5 6 69.25 8 25.75 16 144.0
2 1.75 7 65 8 30 16 105.8
3 2 8 60.7 8 34.3 16 81.0
4 2.5 8 60.7 8 34.3 16 51.8
5 2.5 10 42.85 8 52.15 16 51.8
6 3 12 51.5 8 43.5 16 36.0
7 3.5 14 60 8 35 16 26.4

dt-secondary¼ 18.0 mm.
a AT¼AreaB/AreaA.
b AR¼ At-secondary/At-primary.
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COP ¼ Rm
hg�evap � hf�evap

hg�boiler � hf�boiler
(4)

From Eqs. 2 and 4 it can be expected that the open loop COP
would be higher than the closed loop COP. This is mainly due to the
additional heat energy required in the closed loop system to heat
up the condensate returned to the boiler to the boiler temperature.
For a boiler temperature of Tb¼ 100 �C, a condenser temperature of
Tc¼ 25 �C and an evaporator temperature of Te¼ 10 �C, the ratio of
an open loop COP to a closed loop COP is 1.168.

4.2. Boiler temperature and primary nozzle throat diameter

No published data on primary nozzle throat diameters and
ejector profiles could be found for experimental systems that
operate below 110 �C. In order to find the nozzle throat diameter
Fig. 7. COP versus boiler temperature for different primary nozzles (Pc� 2.0 kPa,
Tc� 18.3 �C, Te¼ 10 �C, NXP¼�5 mm).
that corresponds to an optimum boiler temperatures in the range
Tb¼ 95–105 �C and evaporator temperatures of Te¼ 10 �C, primary
nozzles with different throat sizes were tested for a constant sec-
ondary nozzle throat diameter of 18 mm. Since a 2 mm diameter
primary nozzle operated at a Tb¼ 130 �C, primary nozzles with
throat diameters of 2.5 mm, 3.0 mm and 3.5 mm were tested. The
results of these experiments are included in Fig. 7. The specifica-
tions of each nozzle are listed in Table 1.

It can be observed from Fig. 7 that an optimum COP can be
achieved at a 90 �C boiler temperature using primary nozzle 7. The
reduced boiler temperature is at the expense of the COP. During the
experiment, the condenser pressure was not allowed to drop below
2.0 kPa (18.3 �C). As the boiler temperature decreases, the critical
condenser pressure increases correspondingly. The reason for the
sudden drop in COP as the boiler temperature decreases is due to
the critical condenser pressure that falls below the threshold value
of 2.0 kPa.
Fig. 8. COP versus boiler temperature for different primary nozzles (Pc� 2.34 kPa,
Tc� 20 �C, Te¼ 10 �C, NXP¼�5 mm).



Fig. 9. Primary nozzle exit position.
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In an additional experiment, Pc was limited to 2.34 kPa (20 �C).
The result of increasing the condenser threshold pressure is an
increase of the optimum boiler temperature and a decrease in COP
(Fig. 8). It is therefore advantageous to have a condenser pressure as
low as possible.
4.3. Primary nozzle exit position

The primary nozzle exit position (NXP) is defined as the dis-
tance from the primary nozzle exit to the bell-mouth inlet of the
mixing chamber. NXP is measured in mm and is positive when the
primary nozzle exit is down-stream of the mixing chamber inlet
(Fig. 9).

The effect of the primary nozzle position on the system
performance is given in Figs. 10 and 11. It is clear from Fig. 10 that
NXP¼�5 mm is the optimum operating point for nozzle 7. If the
primary nozzle is too far upstream from the bell-mouth inlet, the
COP drops. In a similar manner, the COP drops if NXP is too large
(primary nozzle inside the secondary nozzle).
4.4. Comparing experimental results and the theoretical model

The theoretical model published by Eames et al. [6] was entered
into an Excel spread sheet. The theoretical model is used to predict
a critical condenser pressure by using the boiler and evaporator
temperatures as well as entrainment ratio values.
Fig. 10. The effect of primary nozzle exit position on system performance for nozzle 7.
In this paper, three different theoretical models are used. Each
model has different values for the primary nozzle efficiency hp, the
diffuser efficiency hd and the mixing chamber efficiency hm. The
efficiency values for ‘‘theory one’’ are hp ¼ 0:85, hd ¼ 0:85 and
hm ¼ 0:95 as suggested by Eames et al. [6]. The values for ‘‘theory
two’’ are hp ¼ 0:8, hd ¼ 0:8 and hm ¼ 0:8 and for ‘‘theory three’’
they are hp ¼ 0:75, hd ¼ 0:75 and hm ¼ 0:75.

The effect of hd is relatively small on the critical condenser
pressure. A 10% change in hd only has a 0.2% effect on Pc. hm has
the largest influence on Pc. A 10% change in hm changes Pc by
14.1%. A 10% change in hp has a 3.4% effect on Pc. It is clear from
this information that the mixing efficiency between the primary
and secondary streams hm dominates the performance of the
ejector.

In Fig. 12 a comparison is presented between the experimental
results of Eames et al. [10] and the three theoretical models.

The experimental results of Eames et al. [10] show that the COP
is on average 60% lower than the entrainment value. This differ-
ence is due to the unwanted heat losses from the boiler and heat
gains to the evaporator from the environment. The entrainment
ratio compares well to theory one and on average only differ
by 3.5%.

Since the theory does not make provision for the primary nozzle
exit position, the best COP values obtained for nozzle 7 were used
to compare to the theory. The best COP results were obtained at
NXP¼�5 mm. Nozzle 7 with Te¼ 10 �C and Tb¼ 95–105 �C was
compared to the three different theory scenarios in Fig. 13.
Fig. 11. The effect of primary nozzle exit position on system performance for nozzle 7.



Fig. 12. COP and entrainment ratio compared to three theoretical models: Te¼ 10 �C,
AR¼ 81, and NXP¼ 26 mm [10].

Fig. 14. Comparison of different published data for Tb¼ 95–140 �C and Tc¼ 10 �C.

A.J. Meyer et al. / Renewable Energy 34 (2009) 297–306304
As expected and can be seen from Fig. 13, the COP and
entrainment ratio differs. The COP differs in the range of 85.3–99.1%
in comparison with the entrainment ratio. This value is consider-
ably higher than the value recorded by Eames et al. [10] of 60%. The
main reasons for this could be that the apparatus used in this thesis
was reasonably well insulated and was operated at lower boiler
temperatures.

The experimental COP values compare the best with theoretical
model three. The entrainment ratio compares on average within
39.4% with comparison to theoretical model one, within 14.8% with
comparison to theoretical model two and within 10.4% with com-
parison to theoretical model three.

The apparatus used by Eames et al. [10] used a water circulation
pump and spray nozzle system in the evaporator. The lack of such
a system in the apparatus that was tested could be the reason for
the large deviation from theoretical model one. Another reason
could be the lower boiler to condenser pressure ratio at which the
tests were conducted which can lead to higher inefficiencies that
will reduce the system performance.
4.5. Comparison to published data

Fig. 14 and Table 2 present the experimental results of various
authors. These differ due to the differences in equipment, primary
nozzle exit position and area ratios. Note that E2, E3 and E6
represent COP values and E1, E4 and E5 represent entrainment
ratios.

The purpose of this comparison is to form a general idea of work
done until present on steam jet ejectors. From Fig. 14, it could be
concluded that higher COP and lower Tcrit values would be expected
Fig. 13. COP and entrainment ratio compared to three theoretical models: Tb¼ 95–
105 �C, Te¼ 10 �C, and AR¼ 26.5.
from the experiments. The AR value for E5, however, is significant
lower than E1–E4.
5. Solar energy

5.1. General

The use of solar energy for the boiler of a jet ejector system is not
a novel idea and can be tracked back to the 1960s [12,13]. Various
articles have been published suggesting different working fluids for
a solar powered ejector refrigerator, e.g. R113 [14], R134a [15,16],
R141b [17,18], ammonia [19], water, methanol and ethanol [20]. It
can be noticed from the dates of these articles that there is
a renewed focus worldwide into solar powered ejector re-
frigeration and cooling.
5.2. Solar collectors

The type of solar radiation (percentage of direct and diffused
sunlight) of each location would determine the type of solar col-
lector that can be used. Evacuated tube collectors are the superior
choice compared to flat plate solar collectors in terms of diffused
solar radiation conditions. The operating temperatures of these
collectors are listed in Table 3.

In a study, Huang et al. [23] compared three different solar
collectors as listed in Table 4.

The efficiency of each collector is given by

hsc ¼ 0:8� Csc
Tm � Ta

G
(6.1)

where Tm is the mean fluid temperature in the panel [�C], Ta is the
ambient temperature [�C], G is the solar irradiance [W/m2], and Csc

is the collector constant [W/�C m2] (Refer to Table 4).
Table 2
Comparison of different published data

Data series Authora Measured data System AR NXP [mm] Te [�C]

E1 1 Rm Closed 81 – 10
E2 2 COP Closed 90 26.16 10
E3 3 COP Closed 81 26 10
E4 4 Rm Closed 90 26.16 10
E5 5 Rm Open 36 16 10
E6 6 COP Open 81 25 10

a (1) Sun (1996) [27], (2) Chunnanond and Aphornratana [3,7], (3) Aphornratana
and Eames [1], (4) Eames et al. [6,10], (5) author – nozzle 7, and (6) author – nozzle 3.



Table 3
Typical operating temperatures of different solar collectors [21,22]

Type of collector Typical operating
temperature

Flat plate collector <70
High efficiency flat plate collector 60–120
Evacuated tube collector 60–130

Fig. 15. Efficiency comparison of three types of solar collectors with Tambient¼ 25 �C
and G¼ 900 W/m2.
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According to Fig. 15, the evacuated tube collectors are more ef-
ficient than flat plate solar collectors. Flat plate collectors, however,
are less expensive compared to evacuated tube collectors. Other
advantages of flat plate collectors are ease of installation, durability
and they can be produced locally with simple tools. This makes flat
plate collectors more attractive for developing countries. The dis-
advantage of flat plate collectors is that they take up more space
than evacuated tube collectors. Currently no concentrating collec-
tors, including evacuated tube collectors, are commercially pro-
duced in South Africa.
5.3. Economic viability of solar powered ejector systems

Nguyen et al. [24] compared their solar powered steam ejector
cooling system to a conventional vapour compression air condi-
tioner. The systems were compared over a period of 30 years, which
are the expected lifetime of a typical ejector cooling system. The
lifetime of a vapour compression system is estimated at 15 years.
The required start up capital calculations was based on a bank loan
at an annual interest rate of 6%. A 600-h per year running time is
assumed. It is further assumed that the ejector system has no
maintenance cost while two services per year are required for the
vapour compression system.

These authors concluded that, over the 30 years comparison
time, the ejector cooling system is slightly more expensive than the
vapour compression system. The payback period for an ejector
cooling system is approximately 33 years.

A similar economic analysis was performed as part of a pro-
posed solar powered ejector air conditioner for a hospital in
Mexico. The system would have a boiler temperature of 160 �C,
a condenser temperature of 30 �C and an evaporator tempera-
ture of 10 �C. The system would have a 13 kW cooling capacity.
Due to the high boiler temperatures the COP is predicted to be
0.62. The economic analysis predicted a payback period of 5
years [25,26].

In conclusion, the two case studies represented indicate that
a solar driven steam jet ejector air conditioning is economic feasi-
ble. In general, the viability of a solar powered ejector air condi-
tioner does depend on the location where the system is installed
which in turn determines the available sunlight, electricity cost and
equipment prices.
6. Conclusions

A working prototype of a steam jet ejector was manufactured
and successfully operated at boiler temperatures below 100 �C.
Table 4
Three different solar collectors [23]

Collector
type

Description Csc [W/�C m2]

A Low-cost specially designed single-glazed flat plate
collector with a selective surface

3.5

B A conventional single-glazed solar collector with
a selective surface

5.7

C A vacuum-tube solar collector with tube-in-sheet fin 2
From the work presented, it can be concluded that the steam jet
ejector is a practical viable system at boiler temperatures below
100 �C.

The theoretical model described accounted for the efficiencies of
the primary nozzle, mixing chamber and diffuser. Out of these three
efficiencies, the diffuser efficiency has the smallest contribution to
the system performance. The efficiency of the mixing chamber is
more dominant than the efficiencies of the primary nozzle and
diffuser. The theory lacks in defining the effect of variations in the
primary nozzle exit position.

From the experiments conducted, it can be concluded that
the parameters that govern the functioning of a steam jet ejector
are boiler temperature, evaporator temperature, critical con-
denser pressure, primary nozzle exit position and the primary
and secondary nozzle throat ratio AR. A condenser pressure
above the critical condenser pressure and the super heating of
the primary steam has a negligible or no effect on the system’s
operation.

Although ample work is published on solar powered ejectors
with various working fluids, very few data could be found on solar
powered steam ejectors. It is concluded from the case study that
was presented that solar powered steam jet air conditioning is
practical and economically viable when compared to conventional
vapour compression air conditioners.

The next step in the research would be to investigate the per-
formance of a closed loop system at similar boiler temperatures and
methods to produce the system economically.
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