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ABSTRACT 

In this research, an ejector was designed and manufactured from brass metal as part of a cooling system 

operating with steam the type of the primary nozzle is converge diverge, at operating conditions: 

1- The pressure and temperature of the boiler 6.85 bar, 365 K respectively.  

2- The pressure and temperature of the condenser 1.9 bar, 430c. respectively. 

3- The pressure and temperature in the evaporator 0.53 bar, 70c.  

The ejector was   manufactured from a number of interconnected parts to give the final shape. The 

performance of the ejector was analyzed theoretically using the equations of continuity, momentum and 

energy, and through operating conditions change and the examination, it was reached:-. 

a- The mixing ratio increases with the increase of the primary pressure. 

b - The mixing ratio decreases with increasing suction pressure. 

c- The mixing ratio increases to a certain value and then decreases with increasing discharge pressure. 
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INTRODUCTION 

A refrigeration system using an ejector is an interesting system because of its environmentally friendly 

operating characteristics. Low-grade thermal energy can be used to drive this system. An the ejector can 

convert low heat energy obtained from solar energy or rejected heat from many factories or any heating 

processes to useful refrigeration, thereby the electrical energy consumption would be reduced for air 

conditioning and refrigeration systems. An ejector system also allows the use of water, which is the most 

environmentally friendly substance, as a working fluid in the system. Researchers are still trying to improve 

the ejector cooling system, investigating the effect of operating conditions on system performance, and 

attempting to improve the geometric design of the ejector. Ejector refrigerators were applied to make a 

vacuum in train braking systems since the 19th century. Ejectors have also been used to remove 

incondensable vapors from condensers. In 1930, ejectors were used in air conditioning in trains and buildings 

[1, 2] fig.1 show the part of steam jet refrigeration system. 
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Figure 1. Steam Jet Refrigeration System 

EJECTOR WORKING PRINCIPLES 

Ejectors are simple devices used for pumping of a secondary fluid by means of a primary jet. An ejector 

essentially consists of a driving nozzle, a mixing tube, and a diffuser Fig.2. The nozzle directs a high-speed 

jet into the mixing tube. The jet entrains secondary fluid, which enters the mixing tube through the annular 

region around the primary nozzle. The two streams mix in the mixing tube and the momentum is transferred 

from the primary to the secondary fluid. The combined flow is decelerated in the diffuser to the discharge 

pressure and velocity. The suction stream is pumped through the mixing tube by means of the momentum of 

the driving jet. The value of the ejector lies in its simplicity and absence of moving parts.  

Ejectors have found their use in a variety of applications, some of which are [3, 6]: 

1. Engine space cooling 

2. Cooling of exhaust gases 

3. Infrared signature suppression 

4. Thrust augmentation 

5. Noise reduction 

6. Refrigeration 

7. Pumping of hazardous fluids etc. 

 

Figure 2. Schematic diagram of an ejector 
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PERFORMANCE OF AN EJECTOR 

The performance of an ejector can be measured by a number of dependent parameters e.g. pumping ratio, 

pressure rise and Mixing etc. The independent variables, which affect the ejector performance, can be divided 

into two classes: 

i. Flow parameters 

ii. Geometry parameters 

Flow Parameters 

Reynolds number  

Reynolds number (Re) is the ratio of inertia force of a fluid stream to the viscous forces. Mathematically Re 

is defined as: 

Re= 
ρUD

𝜇
                                                                                                                                                                (1) 

Where U is the velocity, ρ is the density, μ is the dynamic viscosity and D is a characteristic length showing 

the size of the object in the flow. Re is very important parameter for entrainment and mixing of the jets. The 

lower Re jets (Laminar jets) have poor entrainment and mixing with respect to turbulent jets. The mixing of 

the jet increases with the Re up to a certain limit after which it becomes independent of the Reynolds number. 

Ricou and Spalding [9] reported that the entrainment of jet becomes independent of Re after Re = 2.5 x 104 

based on the nozzle diameter. Vyas and Kar [10] mentioned that the entrainment of the ejector becomes 

independent of Re after Re = 2 x 104. [3,7] 

Mach Number 

Mach number is the ratio of flow velocity to the speed of sound in the same fluid. 

Ma= 
𝑈

𝑐
 = 

𝑈

√𝑘𝑅𝑇
                                                                                                                                                    (2)      

Where c is the speed of sound in the same medium, k is the ratio of specific heats, R is the gas constant and 

T is the temperature in absolute scale. Ma is the tendency of the flow to compress as it encounters a solid 

body. Total pressure (Po) of the flow is affected by the Ma. If the flow is compressible the flow properties 

evaluated by the incompressible flow theory will have error. 

The difference between the measured and evaluated (by the incompressible flow theory) total pressure 

increases with the Ma. At Ma = 0.3 the incompressible flow theory estimates 2% less total pressure than the 

measured value which will cause a 1% difference in the velocity. Flow with a Ma ≤ 0.3 is often considered 

incompressible in engineering practice. 

Geometry Parameters 

An introduction to a number of ejector geometry parameters is provided in this section. 

 

Figure 3. Ejector geometry parameters 
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Area Ratio 

Figure 3 shows the different geometry parameters of an ejector. The size of the mixing tube with respect to 

the nozzle is given by area ratio Am/An or diameter ratio Dm/Dn. The area ratio controls the pumping of the 

ejector if other parameters are held constant. Studies are available, in the published literature, on the ejectors 

of area ratio as high as 1,100.  

Ejector Length 

The length (Lm) of the ejector plays an important role in the mixing and pressure rise of the ejector. 

Depending upon the flow and other geometry parameters there is an optimum length of the ejector. Below 

the optimum length the two streams do not completely mix with each other and above this length the 

efficiency starts decreasing due to friction losses. The static pressure increases along the length of the mixing 

tube. The exit static pressure of the ejector is nearly atmospheric so the longer mixing tube will produce 

higher pressure rise provided the length does not exceed the optimum length. The length of the ejector is 

often non- dimensionalized by the mixing tube diameter or nozzle diameter.  

Standoff 

Standoff (s) is the axial distance between the exit of the nozzle and the inlet section of the mixing tube. A 

number of studies are available in the literature, which shows a marked effect of standoff on the ejector 

performance. Standoff is normalized by the mixing tube diameter as s/Dm. An ejector with larger standoff 

will have a longer mixing length for the same length of the mixing tube. The mixing length of an ejector is 

the distance between the exit section of the nozzle and the exit of the ejector. The overall weight of the ejector 

can be reduced by increasing the standoff and decreasing the mixing tube length so that the mixing length 

remains constant. However increasing the standoff increases the pressure at the exit of the nozzle and 

ultimately causes the nozzle to discharge at atmospheric pressure hence reducing the pressure rise of the 

ejector.[3] 

EJECTOR PERFORMANCE ANALYSIS 

Figure 4 shows a sketch of ejector based on [3, 4]. The applicable equations are provided by Huang et al [3, 

4] as follows: 

• Primary flow (active gas) through nozzle: The HP (active) gas is accelerated to sonic velocity in the throat 

of the ejector inlet nozzle [4, 5, 6] 

ṁP =
𝑃𝑔𝐴𝑡

√𝑇𝑔
× √

𝛾

𝑅
(

2

𝛾+1
)

𝛾+1

𝛾−1
 √𝜂𝑃                                                                                                                             (3) 

• Pressure and Mach number at nozzle exit plane (depends on area at exit of throat) 

(
𝐴𝑃1

𝐴𝑡
)

2

=
1

𝑀𝑃1
2 [

2

𝛾+1
(1 +

(𝛾−1)

2
𝑀𝑃1

2 )]

𝛾+1

𝛾−1
                                                                                                             (4) 
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Figure 4. Sketch of ejector 

Pg

PP1
= (1 +

γ−1

2
MP1

2 )
(

γ

γ−1
)

                                                                                                                                    (5) 

Equation 5, however, does not account of the isentropic efficiency. Therefore the following adjustment is 

made: 

η=
(

𝑃2
𝑃1

)
(

𝛾−1
𝛾 )

(
𝑃2
𝑃1

)
(

𝑛−1
𝑛

)
                                                                                                                                                         (6) 

Secondary flow (passive gas) through nozzle: 

𝑃𝑒

𝑃𝑠𝑦
= (1 +

(𝛾−1)

2
𝑀𝑠𝑦

2 )
(

𝛾

𝛾−1
)

                                                                                                                                (7) 

The pressure at cross section y-y is required to be lower than that of the passive gas, to ensure sufficient 

passive gas flow. As the design entrainment ratio increases, the design area for passive gas flow will be 

increased. Nevertheless, passive gas velocity will be required to increase, thus the pressure at y-y will be 

required to decrease. The following equations describe the mixing process downstream of the nozzle: 

• Momentum balance 

Φm[ṁ𝑃𝑉𝑃𝑦 + ṁ𝑠𝑉𝑠𝑦] = (ṁ𝑃 + ṁ𝑠)𝑉𝑚                                                                                                                       (8)  

• Energy balance 

ṁ𝑃 (𝐶𝑃,𝑃𝑦𝑇𝑃𝑦 +
𝑉𝑃𝑦

2

2
) + ṁ𝑠 (𝐶𝑃,𝑠𝑦𝑇𝑠𝑦 +

𝑉𝑠𝑦
2

2
) = (ṁ𝑝 + ṁ𝑠) (𝐶𝑃,𝑚𝑇𝑚 +

𝑉𝑚
2

2
)                                                    (9) 

Prior to entering the diffuser, the mixed gas velocity reduces to less than sonic velocity, consequently a shock 

wave is generated. The pressure ratio and Mach number of the gas downstream of the shock wave are 

calculated as follows: 
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𝑃𝑠

𝑃𝑚
= 1 +

2𝛾

𝛾+1
(𝑀𝑚

2 − 1)                                                                                                                                      (10) 

𝑀3
2 =

1+
(𝛾−1)

2
𝑀𝑚

2

𝛾𝑀𝑚
2 −

𝛾−1

2

                                                                                                                                                  (11) 

The pressure increase across subsonic diffuser can then be calculated by: 

𝑃𝑐

𝑃3
~ (1 +

(𝛾−1)

2
𝑀3

2)
(

𝛾

𝛾−1
)

                                                                                                                                   (12) 

𝜙𝑚 = 𝑎1 − (𝑎2 ×
𝐴3

𝐴𝑡
)                                                                                                                                         (13) 

DESIGN PARAMETERS 

Design parameters for supersonic air ejector 

The length of the diverge part of the primary nozzle 

The length of the diverge part must be determined in such a way as to ensure that the amount of primary fluid 

moves through it with the least possible losses in the flow. This length can be found after determining the 

diffraction angle. It was found that the best performance of the primary trumpet when Ɵ is equal to 7. 

The length of the constant area mixing section 

The length of the constant area mixing section, It is preferred that the length of the constant area mixing 

section be 3-5 times the diameter of nozzle. 

Diffuser length 

The length of the diffuser is determined by determining the angle of diffraction. When the angle of diffuser 

less the diffuser becomes long, which leads to an increase in losses caused by friction and that the ideal value 

of the angle is from 6-8 degrees [8]. 

THE EJECTOR MANUFACTURE 

 

Figure 5. Scheme of the ejector 



Design ejector and it performance for air conditioning application  

 
 

389 
 

Table 1. Dimension of the ejectors 

 Primary  I Ejector main body 

Throat diameter, DPNT(mm) 5 Inlet section diameter, Devap(mm) 60 

Exit diameter, DPNX(mm) 7.2 Length of convergent, Lconv(mm) 86 

Convergent angle,  19.5 Convergent angle,  14 

Divergent angle, 7 Primary nozzle postion, NXP (mm) 16 

Length of convergent, Lpcony(mm) 17 Mixing section diameter, Dmix(mm) 16 

Length of divergent, Lpdif(mm) 9 Length of mixing section, Lmix(mm) 80 

Nozzle internal diameter, DPin(mm) 18 Outlet section diameter, Dcond(mm) 25 

Nozzle external diameter, DPNW 25 Length of divergent, Ldif(mm) 250 

(mm)  Divergent angle,  3.5 

CONCLUSIONS 

The practical results have shown: 

1. The mixing ratio and the efficiency of the ejector increase with an increase in the suction pressure and 

primary pressure as shown in the fig.6 and fig.7. 

2. The mixing ratio and the efficiency of the ejector decrease by increasing the discharge pressure as shown 

in the fig.8. 

 

 

Figure 6. Relation primary pressure with mixing ratio and efficiency 

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

450 500 550 600 650 700 750

η

m.r            

P (Kpa)



Design ejector and it performance for air conditioning application  

 
 

390 
 

 

Figure 7. Relation suction pressure with mixing ratio and efficiency 

 

 

 

Figure 8. Relation discharge pressure with mixing ratio and efficiency 

REFERENCES  

[1] B. Elhub, and M.A.A. Aziz, “Review of ejector design parameters and geometry for refrigeration and air 

conditioning application”, Computer Applications in Environmental Sciences and Renewable Energy, Pp. 

54-66, 2014.  

[2] C. Kanjanapon, and S. Aphornratana, “Ejectors: applications in refrigeration technology”, Renewable and 

sustainable energy reviews, Vol. 8, No. 2, Pp. 129-155, 2004. 

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

42 44 46 48 50 52 54 56 58 60

η

m.r

P(Kpa)

Chart Title

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

140 150 160 170 180 190

η

m.r  

P (Kpa)



Design ejector and it performance for air conditioning application  

 
 

391 
 

[3] Maqsood, Asim, “A study of subsonic air-air ejectors with short bent mixing tubes”, Diss. 2008. 

[4] B.J. Huang, et al. "A 1-D analysis of ejector performance", International journal of refrigeration, Vol. 

22, No. 5, Pp. 354-364, 1999. 

[5] Dandachi, Jaber, “Steam air ejector performance and its dimensional parameters”, Diss. Loughborough 

University, 1990. 

[6] M.A. Saad, “Compressible Fluid Flow”, Prentice-Hall, Inc, 1985. 

[7] Fox, W. Robert, and A.T. M. Donald, “Introduction to fluid mechanics”, 1985.  

[8] Q. Jihad, “Design and manufacture of an ejector as part of a cooling system”, 1992.    

 


