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Abstract 

 

A computational fluid dynamics (CFD) model is used to investigate the energy separation mechanism and flow phenomena 

within a counter-flow vortex tube. A vortex tube is a simple energy separating device which splits a compressed air stream into a 

cold and hot stream without any external energy supply or chemical reactions. The engine exhaust is given into a turbocharger 

and the compressed air from the compressor is given into the vortex tube. Model is completed using SolidWorks. Analysis is 

carried out in ANSYS. FLUENT is the software used to simulate fluid flow problems. It is generally used for computational 

Fluid Dynamics problems. It uses the finite-volume method to solve the governing equations for a fluid. It provides a wide field 

to solve problems. Numerical computations have been carried out to predict vortex tube flow. Variation of pressure and 

temperature inside vortex tube were studied. The obtained profiles indicate a hot peripheral flow and a reversing cold inner core 

flow. The results showed that temperature separation inside the vortex tube exists. Air taken from the cold outlet is used for 

refrigeration. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The vortex tube is a mechanical device that separates single compressed air stream into cold and hot streams. It consists of 

nozzle, vortex chamber, separating cold plate, hot valve, hot and cold end tube without any moving parts. In the vortex tube, 

when works, the compressed gaseous fluid expands in the nozzle, then enters vortex tube tangentially with high speed, by means 

of whirl, the inlet gas splits in low pressure hot and cold temperature streams, one of which, the peripheral gas, has a higher 

temperature than the initial gas, while the other, the central flow, has a lower temperature. Vortex tube has the following 

advantages compared to the other commercial refrigeration devices: simple, no moving parts, no electricity or chemicals, small 

and light weight, low cost, maintenance free, instant cold air, durable, temperature adjustable. Therefore, the vortex tube has 

application in heating gas, cooling gas, cleaning gas, drying gas, and separating gas mixtures, liquefying natural gas, when 

compactness, reliability and lower equipment cost are the main factors and the operating efficiency becomes less important.  

There are two types of the vortex tube. 

(1) Counter flow  

(2) Uni-flow.  

Both of these are currently in use in the industry. The more popular is the counter-flow vortex tube (Figure 1). 

 
Fig. 1: Counter-flow vortex tube 

 
The hot air that exits from the far side of the tube is controlled by the cone valve. The cold air exits through an orifice next to 

the inlet. On the other hand, the uni-flow vortex tube does not have its cold air orifice next to the inlet. Instead, the cold air 
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comes out through a concentrically located annular exit in the cold valve. This type of vortex tube is used in applications where 

space and equipment cost are of high importance. 

 
Fig. 2: Uniflow Vortex tube 

The mechanism for the uni-flow tube (Figure 2) is similar to the counter-flow tube. A radial temperature separation is still 

induced inside, but the efficiency of the uni-flow tube is generally less than that of the counter-flow tube. Although the vortex 

tube effect was known for decades and intensive experiments and correlative investigation had been carried out, the mechanism 

producing the temperature separation phenomenon as a gas or vapor passes through a vortex tube is not fully understood yet. 

Several different explanations for the temperature effects in the vortex tube have been offered.  

II. RESEARCH METHODOLOGY 

 
Fig. 3: Schematic of the proposed project 

In current scenario the air condition system is run by a part of engine power. In our methodology, we use exhaust power by using 

a vortex tube for making refrigeration effect. The above figure 3 is the schematic diagram of the proposed project. The engine 

exhaust is connected to a turbine which is coupled to a compressor. As the turbine rotates, compressor coupled to it rotate and air 

is drawn from outside .This compressed air is given to the inlet of a vortex tube. In vortex tube, the compressed air is entering 

tangentially through the nozzle near the cold end. The escape of gases through cold end is prevented by a diaphragm. Thus the 

air moves towards the hotter side. A throttle body is placed at the hot end to control the cold fraction. A part of air which is 

rippled back by the throttle body flows back through the core. During this reversed vortex flow energy is given to the outer 

vortex and thereby getting a cold stream of air at the core. 

From the values obtained from the journal a suitable vortex tube is modelled using SOLIDWORKS. A six inlet vortex tube is 

opted for the system. 

 
Fig. 4: Proposed 6 inlet vortex tube model 
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Table - 1 

Dimensional data for vortex tube 

Effective Length 300 mm 

Inlet Diameter 2 mm 

Total Diameter 10 mm 

Cold outlet Diameter 5 mm 

Number of Nozzles 6 

 

 
Fig. 5: The model designed in CATIA V5 

 
Fig. 6: Temperature to L/D ratio graph 

Figure 6 shows the graph that relates between temperature and L/D ratio. It was based on the experimental data from the 

journal “Experimental study and CFD analysis on Vortex tube by Kalal.M. 

It was found that the optimum condition for vortex tube was when the L/D ratio stays between 20 and 55. The temperature 

separation decreases for L/D ratio above 55 and below 20. 

 Analysis: A.

Inlet is given tangentially. Diaphragm prevents the escape of inlet air directly. Six inlets are given to sustain the vortex motion. 

Properties at the inlet are usually obtained from experimental data, analysis, or estimation. It is very rare that all the boundary 

conditions required are available from experiment. Quantities of primary importance here are the velocity components normal 

and tangential to the inlet. In axisymmetric flows, the swirl component must also be known. The counter flow vortex-tube type 

generally has an entrance block with an orifice and a control valve. Compressed gas enters the vortex tube tangentially through 

one or more nozzles. Most experiments provide inlet data such as pressure, temperature to and mass flow rate just before the 

nozzle. Unfortunately, they cannot be used as input data for computations which need the data at the nozzle exit stage. Little is 

known about the static pressure, temperature Tin, and velocity Vn, at the nozzle outlet. Those values may be obtained by 

extrapolation from their experimental profiles inside the tube to the nozzle exit location. Thus, this practice is adopted for the 

velocities; the total temperature at the nozzle exit is obtained by assuming an adiabatic nozzle, so that the total energy is 
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conserved throughout the nozzle. Note that the static pressure values inside the flow field are calculated relative to the value at a 

reference point, for which measurement is available. Density at the inlet is calculated from the continuity equation 

 Meshing: 1)

The partial differential equations that govern fluid flow and heat transfer are not usually amenable to analytical solutions, except 

for very simple cases. Therefore, in order to analyze fluid flow, flow domains are split into smaller sub domains (made up to 

geometric primitives like hexahedra and tetrahedra in 3D and quadrilaterals and triangles in 2D). The governing equations are 

then discretized and solved inside each of these subdomains. Typically one of the methods is used to solve the approximate 

version of the system of equations: finite volumes, finite elements, or finite differences. Care must be taken to ensure proper 

continuity of solution across the common interfaces between two subdomains, so that the approximate solutions inside various 

portions can be put together to give a complete picture of fluid flow in the entire domain. The subdomains are often called 

elements or cells, and the collection of all elements or cells is called a mesh or grid. The origin of the term mesh (or grid) goes 

back to early days of CFD when most analysis were 2D in nature. For 2D analyses, a domain split into elements resembles a wire 

mesh, hence the name. 
Table - 2 

Meshing Specifications of Vortex tube 

Sl. No Specifications 

1 Nodes 19223 

2 Elements 97609 

3 Type of mesher Triangular surface mesher. 

III. RESULT AND DISCUSSIONS 

 Temperature Plot: A.

 

 
Fig. 7: Temperature plot after analysis 

 
Fig. 8: Temperature contour at a plane 

The contours of the air stagnation temperature are shown at Figure 8. The area of minimal energy is around the tube axis near the 

inlet nozzles. The area of maximal gas energy is near the hot outlet ring. The radial differential of the stagnation temperature 

peaks at the inlet nozzles section. This physical picture is confirmed by the measurements of the stagnation temperature in 

counter flow vortex tubes. 
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 Pressure Plot: B.

 
Fig. 9: Pressure plot for the vortex tube 

 
Fig. 10: Pressure contour for the vortex tube 

According to the results of numerical simulations the following qualitative explanation of the Ranque-Hilsch effect seems to be 

reasonable. Expanding from inlet nozzle stream of compressed air transforms into highly intensive swirl flow with significant 

radial pressure gradient (data on pressure distribution are shown at Figure 10). The flow is turbulent, and turbulent eddies can 

travel in the tube cross-section to the center of tube as well as to the peripheral layers. Micro-volumes of fluid traveling from the 

central core of the vortex to its peripheral area with relatively higher pressure are compressed with corresponding heating. Fluid 

micro volumes moving to the center of the tube are expanding with cooling. The higher values of initial gas pressure will 

intensify all the processes responsible for energy exchange and increase the cooling ability of the vortex tube. Numerical analysis 

results are consistent with original experimental data of R.Hilsch for similar geometry vortex tube. 

IV. CONCLUSIONS 

In the light of the journals, the modeling of the vortex tube was conducted and based upon the analysis we reached at the 

conclusion that the system can be used as an ideal replacement for the conventional air conditioning unit in automobiles. The 

proposed system adheres to all conventional rules and is more economic than the normal automobile air conditioning unit. 

Through the proposed system we can reduce the engine load to a certain extend causing the engine to work at a better pace and 

performance than the normal engine.  

From the studies conducted we also plan to conduct a further study regarding the application of our technology in the practical 

air conditioning and radiator cooling unit. 
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