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Abstract— Jet ejectors are popular in the chemical process 

industries because of their simplicity and high reliability. 

They are widely used to generate vacuums with capacity 

ranges from very small to enormous. Due to their simplicity, 

constant-pressure jet ejectors that are properly designed for 

a given situation are very forgiving of errors in estimated 

quantities and of operational upsets. Additionally, they are 

easily changed to give the exact results required. The 

purpose of this project is to optimize the geometry of steam 

jet ejector used for refrigeration application in chemical 

plant. Exhaustive survey has been conducted on the 

influence of geometrical parameters on the efficiency of the 

ejector as well as critical flow parameters to improve the 

overall performance. The use of computational dynamics 

has been widely adopted by researchers to improve the 

performance of jet ejector. CFD provides detail insights on 

the flow characteristics, which allows accurately optimizing 

the ejector geometry. Since the ejector requires single point 

design for specific applications, using computer simulations 

early in the design process will significantly the requirement 

of prototyping trials. Utilizing the benefits the CFD offers, 

the dimensions of the ejector system has been measured, 

which will be further utilized to develop a computational 

domain and perform numerical iterations to obtain fluid 

flow characteristics. The results obtained through CFD 

analysis will be used to optimize the geometry of the ejector, 

to achieve better efficiency by reducing pressure drop across 

the ejector geometry. 
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I. INTRODUCTION 

Jet ejectors are popular in the chemical process industries 

because of their simplicity and high reliability. They are 

widely used to generate vacuums with capacity ranges from 

very small to enormous. Due to their simplicity, constant-

pressure jet ejectors that are properly designed for a given 

situation are very forgiving of errors in estimated quantities 

and of operational upsets. Additionally, they are easily 

changed to give the exact results required. The purpose of 

this project is to optimize the geometry of steam jet ejector 

used for refrigeration application in chemical plant. 

Exhaustive survey has been conducted on the influence of 

geometrical parameters on the efficiency of the ejector as 

well as critical flow parameters to improve the overall 

performance. The use of computational dynamics has been 

widely adopted by researchers to improve the performance 

of jet ejector. CFD provides detail insights on the flow 

characteristics, which allows accurately optimizing the 

ejector geometry. Since the ejector requires single point 

design for specific applications, using computer simulations 

early in the design process will significantly reduce the 

requirement of prototyping trials. Utilizing the benefits the 

CFD offers, the dimensions of the ejector system has been 

measured, which will be further utilized to develop a 

computational domain and perform numerical iterations to 

obtain fluid flow characteristics. The results obtained 

through CFD analysis will be used to optimize the geometry 

of the ejector, to achieve better efficiency by reducing 

pressure drop across the ejector geometry. 

II. LITERATURE REVIEW 

The ejector is widely known as a no-moving-part pump 

device or a non-mechanical compressor, requiring no 

maintenance and no lubrication. An ejector refrigeration 

system employs an ejector to fulfill the function of a 

compressor. The system can be driven by low-grade thermal 

energy and enables the reduction of mechanical work 

requirement, which makes it particularly attractive in this 

energy-conscious era. Numerous theoretical and 

experimental studies have been conducted to comprehend 

the mechanisms of the ejector working processes and 

characteristics of the system performance. Results from 

these studies have generally confirmed a mechanical energy 

saving, low running cost, as well as an environmentally 

friendly concept. 

Natthawut Ruangtrakoon et al the CFD technique 

was employed to investigate the effect of the primary nozzle 

geometries on the performance of an ejector used in the 

steam jet refrigeration cycle. In all cases, only one fixed 

geometry mixing chamber together with eight different 

primary nozzles was investigated numerically using the 

commercial CFD package. The use of the CFD technique 

was divided into two main parts; creating a physical model 

(calculation domain) and solving the set of mathematical 

equations. The physical model was created and divided as 

grid elements using a commercial software package, Gambit 

2.3. 

Szabolcs Varga et al. considered in their work, 

three geometrical factors – the area ratio between the nozzle 

and constant area section (rA), nozzle exit position (NXP) 

and constant area section length (Lm) to study the influence 

of geometrical factors on steam jet ejector performance. The 

theoretical analysis was carried out by a CFD model of a 

steam ejector using FLUENT. The results indicated the 

existence of an optimal area ratio, depending on operating 

conditions.They described that the fluid flow in the ejector 

is typically compressible and turbulent. In the present case, 

the only reasonable simplifying assumption that could be 

made was axi-symmetry. The functional relationship 

between the three major unknown variables – temperature 

(T ), pressure ( p) and velocity vector (v) – describing 

compressible flow of isotropic Newtonian fluids, is given by 

the conservation of energy, momentum and continuity 

equations, in the form of a set of partial differential 

equations (PDEs). 
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Rusly et al. modelled several ejector designs using 

finite volume CFD techniques to resolve the flow dynamics 

in the ejectors. The CFD results were validated with 

available experimental data. Flow field analyses and 

predictions of ejector performance outside the experimental 

range were also carried out. During validation, data from 

CFD predicted the entrainment ratios with greater accuracy 

on definite area ratios, although no shock was recorded in 

the ejector. Predictions outside the experimental range—at 

operating conditions in a combined ejector–vapour 

compression system—and flow conditions resulting from 

ejector geometry variations are discussed. It is found that the 

maximum entrainment ratio happens in the ejector just 

before a shock occurs and that the position of the nozzle is 

an important ejector design parameter.The ejector design for 

the combined ejector–vapour compression system was 

instigated from a one-dimensional analysis. The low 

generator temperature at 80 8C enabled heat utilisation from 

various cheap sources such as industrial waste heat, flue gas, 

automobile exhaust or solar energy, etc. It is well 

documented that high evaporating (or suction) temperature 

increases ejector performance. This is greatly compromised 

in a conventional ejector refrigeration system because the 

meaning of refrigerating or air conditioning diminishes with 

increasing evaporator temperature. In stark contrast, the 

combined system permits a much higher evaporating (or 

intercooler) temperature to absorb the condensation heat of 

the low-pressure compression cycle. In this study, 32 
0
C was 

selected as the ejector sub-cycle’s evaporating temperature, 

sufficiently high for the ejector to achieve high efficiency 

but low enough to allow the compression cycle to reject 

heat. The condensing temperature of the ejector sub-cycle at 

40 
0
C was chosen to be as low as practical for best system 

performance yet high enough to allow heat rejection to the 

sink. The constant-pressure-mixing one-dimensional model 

was developed for the analysis. The model analysed the 

ejector at critical-mode operation where the primary and 

secondary flows were both choked. 

III. SELECTION OF EJECTOR MODEL 

The ejector model has been selected from a steam jet 

refrigeration system developed for a chemical processing 

plant. The operating conditions and geometrical dimensions 

are described in the tableand figure below respectively: 

Sr. 

No. 
Particulars Unit Value 

1 Primary Fluid Suction Pressure TORR 25.0 

2 
Primary Fluid Suction 

Temperature 
0
C 41.43 

3 Suction Load (Air) Kg/hr 25.49 

4 Suction Load (Water Vapor) Kg/hr 56.05 

5 Motive Steam Pressure Kg/cm
2
 6.0 

6 Cooling Water Temperature 
0
C 32 

7 Primary Discharge Pressure TORR 175 

Table 1: Design Data 

 
Fig. 1: Dimensional parameters 

IV. EXPERIMENTAL DATA 

In order to evaluate the performance of the proposed ejector 

system for a steam jet refrigeration plant, performance tests 

were done by varying the suction load and suction pressure 

and keeping the motive and discharge pressure constant. 

Following results were obtained through the experiments. 

Motive 

Pressure 

(Pa) 

(Nozzle 

Inlet) 

Suction 

Load 

(Flow rate) 

(Kg/hr) 

Suction 

pressure (Pa) 

(Secondary 

Inlet) 

Discharge 

pressure (Pa) 

(Outlet) 

774725.35 0 1333.2237 23331.41475 

774725.35 32 2666.4474 23331.41475 

774725.35 64 2666.4474 23331.41475 

774725.35 
96 (design 

point) 
2666.4474 23331.41475 

774725.35 128 4799.60532 23331.41475 

Table 2: Experimental Results 

V. STEAM CONDITIONS 

Dryness fraction: 0.96 saturated steam 

Motive steam temp. 3700C 

Suction load temp. : 41.430C 

Discharge temp.: 2870C 

 
Fig. 2: Suction Pressure Vs Suction Load 

VI. GEOMETRY 

In order to perform CFD pressure drop analysis for the 

selected ejector, the fluid domain was developed using 

ANSYS DesignModeler. As shown in the figure, the domain 

neglects solid geometrical regions and considers only the 

region containing fluid. 



Steam Jet Ejector Performance Using Experimental Tests and Computational Fluid Dynamics – a Review 

 (IJSRD/Vol. 3/Issue 04/2015/100) 

 

 
All rights reserved by www.ijsrd.com 403 

 
Fig. 3: Ejector Fluid Domain 

A. Meshing 

 

 
Fig. 4: Meshing 

B. Boundary Conditions 

Boundary conditions were applied according to the 

experimental data to validate the results using CFD. 

 
Fig. 5: Boundary conditions 

VII. MATHEMATICAL MODEL 

For compressible flow simulation of the fluid and turbulence 

modeling, followingequations are used: 

A. Conservation of mass: 

 

B. Conservation of momentum: 

 

SST k-omega turbulence model with standard wall function 

is used forturbulence modeling. 

C. CFD Results 

1) Pressure Plot 

 

 
Fig. 6: Pressure Variations in Ejector Geometry 

2) Velocity Plot 

 

 
Fig. 7: Velocity Distribution 

3) Velocity Vector Plot 
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Fig. 8: Velocity vector plot 

VIII. CONCLUSION 

The results obtained through CFD analysis closely match 

with that of the experimental values obtained at suction load 

of 128Kg/hr. Thus, it is possible to consider CFD results as 

valid and further optimization can be done using the CFD 

approach to improve ejector performance. 
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