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Abstract 

The vortex tube is a mechanical device without moving parts accomplished of generating hot and cold air flow 

from compressed air. In this study show that the use of a vortex tube improves the cooling performance of the 

vortex tube. A numerical investigation has been carried out to study the effect of the use of vortex tubes and to 

find the temperature separation of hot and cold air. The results have been predicted by using computational fluid 

dynamic software which the energy separation effect inside the tube also has been created using the standard 

model RNG turbulence model. Firstly, the work has been done with the adjacent test of the grid to get good and 

accurate simulation results. A comparison of the present results and the work of available literature has been 

validated and a good quantitative and reliable agreement has been found between the simulation results.. 
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1. Introduction 

The vortex tube (VT) is a device that produces varying flows of hot and cold gases from one source of compressed 

gas. The vortex tube was invented quite by accident in 1933 by George Ranque and later developed by Hilsch 

(1947). In memory of their contribution the Vortex tube is also known as Ranque-Hilsch Vortex Tube (RHVT). 

It contains the parts: inlet nozzle, vortex chamber, cold-end orifice, hot-end control valve and tube. The working 

principle of the VT is as shown in Figure 1.1. The compressed fluid is introduced tangentially into the vortex tube 

through the tube, due to the cylindrical structure of the tube and, depending on its pressure and inlet velocity, at 

high speeds the vortex conducts a circular motion within the tube. The pressure difference between the tube walls 

is less than the speed at the center of the tube due to the effect of wall friction. As a result, the fluid in the central 

region transfers energy to the fluid in the tube wall. The cold fluid leaves the moving tube against the direction of 
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the main flow after a pause point, while the warm fluid leaves the tube in the main direction. RHVT is widely 

used for cooling and heat 

 

Figure 1. Common air separator of RHVT 

2. Problem Statement 

Mostly, for simplify the process and calculation time, the 2-D vortex model were used by various literature. Due 

to 2-D model, most of parameters and equations is neglected, therefore, overcome this issue, 3-D model analysis 

has been done, which are provides the appropriate result. In present work the 3-D model and analysis has been 

done. For geometric modeling, meshes and simulations of models have been performed by Creo 3.0 and Ansys 

Fluent 16.2 software, respectively.  

 

3. Methodology 

In this chapter, the methodology of the present work is presented. The government equations used for analysis are 

the continuity equation, the momentum equation and the energy equation along with the state equation of an ideal 

gas and these equations are solved by the CFD Ansys fluent software. The equation of motion of vortex tube has 

been solved using FEV tool (ANSYS- Fluent) as the equation of motion for a vortex tube is difficult to visualize 

therefore some FEV tool is the only solution method for analyzing thermo physical characteristics of vortex tube. 

 

Figure 2. 3-D model of a vortex tube with inlet and exit conditions 

 

 

Figure Error! No text of specified style in document..1 3-D model of a vortex tube with 
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4. Results & Discussions 

In this chapter, detailed discussions about the thermal effect and flow effect field characteristics of vortex tube 

with different nozzle inlet shape, number of nozzles, and axial angle have been presented. For 3-D space, a 3-D 

model and for viscous models a k-ԑ (2 equa.), simulation has been required at a steady-state time-dependency with 

RNG turbulence model with a standard-wall-function condition has been considered for present models. 

 

4.1 Grid Independence Study 

In present work, the grid independence study has been carried out with varying the size of meshing or number of 

elements. After grid impendency test it has been found that the beyond the 58648 elements, results are nearly or 

same. The grid impendency test is provide the less effort and time to achieved the results.. 

 

Figure 3. Grid independence test on cold and hot end temperature 

4.2 Validation Numerical Analysis 

The current CFD results as shown in Figure 4 are same or nearly with the experimentally and CFD results available 

from Sky et al. [2], Farooq and Farooq [3] and Thackeray et al. [15] for recognition. Figure 4 It is clearly demon-

strated that the results of the present or proposed CFD work are in good agreement with the results available from 

Sky et al. [2] That is the CFD result of Skye et al. [2] For the separation of cold and hot temperatures (cold and 

hot temperature differences) and reliable with Farooq and Farooq's CFD results [3] and Thakar et al [15] this 

implies that the simulation method used in this work Despite the use of the RNG turbulence model, Wajib and 

Farooq [3] and Thackeray et al [15] are reasonable. 
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Figure 4. Comparison of experimental [2] and CFD [3] [15] results from present hot temperature separation 

 

 

Figure 5. Variation of cooling power separation (cooling capacity) over different shaped and angle inlet nozzle 

for 6 inlet nozzles (N=2, 4 and 6) 

Figure 5 depicted that the cold temperature vs. cold temperature fraction in the vortex tube is represented to 

analyze the effect of the magnitude of the axial angle on the overall performance of the vortex tube. 
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5. Conclusions 

In present work, the temperature difference or separation show inside the vortex tube has been studied with the 

help of CFD (as a predictive tool). The model has been created in Creo and then the study of meshing of a three-

dimensional model has been done. Several parameters such as number of inlet nozzles, shape and axial angle, 

which can affect the performance of the vortex tube. Firstly, the work has been done the grid impendency test for 

good and near to accurate simulation results. Then, the work has been validated and compared the present results 

from available literature i.e. Skye et al. [2], Farouk and Farouk [3] and Thakare et al. [15] and found good quan-

titative and reliable agreement among the results from the simulation. Also, the work has been optimized design 

for improve the thermal characteristics of vortex tubes. 
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