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ABSTRACT 

The vortex tube is a simple and eco 

friendly device generates both hot and 

cold air simultaneously as its two ends 

using a source of pressurized air.  The 

compressed air is enters tangentially 

through   nozzle with high velocity expands 

and form a swirl motion.  During   this 

flow pattern energy transfer takes place 

resulting in formation of hot and cold 

streams at its two ends.  

Separating cold and hot streams by using 

vortex tube can be used for various 

industrial applications, where hot air and 

cold air is required simultaneously. the 

vortex tube parameters like material , 

lengths  inlet and exit plays key roles to 

achieving maximum proficiency the 

present investigation is carried out  for  

two  different  material ( copper and brass 

) at different lengths and pressures . 

Key words: vortex tube, pressure, tube 

lengths, cop of vortex tube.  

1. INTRODUCTION 

The vortex tube, also known as the Ranque-

Hilsch vortex tube (RHVT) is a device which 

generates separated flows of cold and hot 

gases from a single compressed gas source. 

The vortex tube was invented quite by 

accident in 1931 by George Ranque, a French 

physics student, while experimenting with a 

vortex-type pump that he had developed, and 

then he noticed warm air exhausting from one 

end, and cold air from the other. Ranque soon 

forgot about his pump and started a small firm  

 

to exploit the commercial potential for this 

strange device that produced hot and cold air 

with no moving parts. However, it soon failed 

and the vortex tube slipped into obscurity until 

1945 when Rudolph Hilsch, a German 

physicist, published a widely read scientific 

paper on the device. 

Much earlier, the great nineteenth century 

physicist, James Clerk Maxwell postulated 

that since heat involves the movement of 

molecules, we might someday be able to get 

hot and cold air from the same device with the 

help of a "friendly little demon" who would 

sort out and separate  the hot and cold 

molecules of air. 

Thus, the vortex tube has been variously 

known as the "Ranque Vortex Tube", the 

"Hilsch Tube", the "Ranque-Hilsch Tube", and 

"Maxwell’s Demon". By any name, it has in 

recent years gained acceptance as a simple, 

reliable and low cost answer to a wide variety 

of industrial spot cooling problems.When 

high-pressure gas is tangentially injected into 

the vortex chamber via the inlet nozzle, a 

swirling flow is created inside the vortex 

chamber. In the vortex chamber, part of the 

gas exists via the cold exhaust directly, and 

another part called as free vortex swirls to the 

hot end, where it reverses by the control valve 

creating a forced vortex moving from the hot 

end to the cold end. Heat transfer takes place 

between the free end and the forced vortices 

there by producing two streams, one hot 

stream and the other is cold stream at its ends. 

WORKING 

A compressed air is passed through the nozzle 

as shown in figure. Here air expands and 
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acquires high velocity due to particular shape 

of the nozzle. A vortex flow is created in the 

chamber and air travels in spiral motion along 

the periphery of the hot side. Then, the 

rotating air is forced down the inner walls of 

the hot tube at speeds reaching 1,000,000 rpm.  

The control valve restricts this flow. When the 

pressure of the air near the valve is made more 

than the outside by partly closing the valve, a 

reversed axial flow through the core of the hot 

side starts from high-pressure region. During 

this process, energy transfer takes place 

between reversed 

stream and forward 

stream and therefore 

air stream through the core gets cooled below 

the inlet temperature of the air in the vortex 

tube while the air stream in forward direction 

gets heated. The cold stream is escaped 

through the diaphragms hole into the cold side, 

while hot stream is passed through the opening 

of the control valve. By controlling the 

opening of the valve, the quantity of the cold 

air and its temperature can be varied.  

 

 

 

 

 

 

 

 

 

Fig: 1 Sectional view of Vortex tube. 

The theoretical explanation given by various 

research workers differs from each other 

though they have tried to explain as to how 

does the pumping of heat from low to high 

temperature takes place in the absence of a 

mechanical device giving a flow of the core of 

cold air and the hot air around the periphery. 

When the compressed air expands through the 

nozzle the swirl motion is created. This has 

been tested experimentally by injecting smoke. 

The testing was also carried out using oil, 

which gave trace of helical path on the tube-

wall with increasing pitch towards the hot end. 

The helix angle indicated that the axial 

component of the velocity is much less than 

the tangential component for almost the entire 

length of the tube. 

 

Fig: 1.2 Energy separation of counter flow vortex tube. 
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The air moves as a free vortex from the nozzle 

plane towards the valve end. As it reaches near 

the valve, the kinetic energy is converted into 

the pressure energy giving a point of 

stagnation. But the stagnation pressure is 

higher than the pressure in the nozzle plane; 

thereby the reversal in flow takes place. This 

reversed flow comes in contact with the 

forward moving free vortex, which causes the 

reversed vortex flow to rotate with it. During 

the process of forced vortex flow the energy is 

supplied from the outer moving layer.  

This energy supply is insignificant compared 

to pumping of energy from the core to the 

outer layer due to turbulent mixing in the 

centrifugal flow fields. As a result there is a 

flow of cold core surrounded by a hot 

concentric flow field. However, the pumping 

of energy from low to high temperature is still 

not uniquely proved though the flow fields for 

cold core and hot annular region have been 

well investigated. 

TEMPERATURE SEPARATION 

EFFECT 

The Vortex Tube Creates two types of 

vortices: free and forced. In a free vortex (like 

a whirlpool) the angular velocity of a fluid 

particle increases as it moves toward the 

Center of the vortex-that is, the closer a 

particle of fluid is to the center of a vortex, the 

faster it rotates. In a forced vortex, the velocity 

is directly, proportional to the radius of the 

vortex-the closer the center, the slower the 

velocity.  

In a vortex tube, the outer (hot) air stream is a 

free vortex. The inner (cold) air stream is a 

forced vortex. The rotational movement of the 

forced vortex is controlled by the free vortex 

(hot air stream). The turbulence of both the hot 

and cold air streams causes the layers to be 

locked together in a single, rotational mass. 

The inner air stream flows through the hollow 

core of the outer air stream at a slower velocity 

than the outer air stream. Since the energy is 

proportional to the square of the velocity, the 

cold air stream loses its energy by heat 

transfer. This allows energy to flow from the 

inner air stream to the outer air stream as heat 

creating a cold inner air stream. 

PRESENT WORK 

 The effect of material on 

performance of vortex tube.  

 The effect of pressure, length 

variation on the performance 

of copper and brass vortex 

tube.  

2. EXPERIMENTAL SETUP 

 FABRICATION OF VORTEX TUBE             

The vortex tube consists of the following 

components: 
 Main body 

 Cold tube 

  Hot tube 

 Control valve 

  Diaphragms 

 Nozzle cum chamber 

 

 MAIN BODY 

Using the 45mm diameter and length 60mm. 

internal threats of 14 TPI are cut throughout 

the length. Figure towards the hot tube side 

right hand thread is cut and towards cold tube 

left hand thread is cut. 

To provide inlet connection, 18mm hole is 

drilled and bored to a diameter of 21mm and 

14 TPI (Threads per Inch) threads are cut. In 

order to facilitate convenient holding of inlet 

tube, shaping is done around the 20mm 

diameter meter of the main body. 
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Fig. No. 2.1 main body 

 

 COLD TUBE 

Using material of length of 56mm and 25mm 

diameter meter. 14 TPI threads are cut on the 

outer periphery of the tube to a length of 25 

mm, which is connected to main body. Then 8 

mm diameter meter hole is drilled throughout 

and bored. After this internal taper turning is 

done towards the part fixed to main body with 

small diameter 14mm and big diameter meter 

21mm to the entire length. 

 

  

Fig. No.2.2 cold tube 

  HOT TUBE 

The hot tube is the main component of vortex 

tube in which the total energy transfer 

phenomenon is expected to take place. In our 

present experiment various length of hot tubes 

are used and the performance is calculated. 

The various length are 180mm, 165mm, 

130mm, 48mm and internal diameter of 

16.5mm 14 TPI are made on either side length 

of 20mm. 

 

 

Fig No.2.3 Hot tube 
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Control Valve 

The Importance Of Control Valve Lies In 

Building Up A Pressure, Which Causes Flow 

Through A Diaphragm. There Will Be A 

Stagnation Zone Should Not Disturb The Flow 

Pattern In Chamber Extension. Hence The Hot 

Tube Is Inserted Between The Extension And 

The Valve. 

 

In Long Tube 

The Vortex 

Motion 

Almost 

Ceases By 

The Time Air Reaches The Valve. For A Short 

Tube Vortex Proceeds Past The Valve Almost 

Undistributed, If The Needle Valve Is Set 

Along The Axis. The Globe Valve Creates 

The Turbulence And Mixing. This Is The 

Reason Because Of Which We Use The 

Control Valve Perpendicular To The Hot Tube 

Axis. 

 

 

Fig No. 2.5 control valve 

  

DIAPHRAGMS 

 A diaphragm is the most important part to be 

manufactured in the vortex tubes. It is 

manufactured by using copper and brass 

material. The material of size 9mm thickness 

and 25mm diameter. A 8mm diameter hole is 

drilled and bored. 

 

 

Fig no. 2.6 diaphragm 

 

NOZZLE  The nozzle  is the key element of the vortex 

tube which is responsible for tangential entry 

of the air stream. In this present experiment 
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nozzle having specifications of outer diameter 

25mm and a center hole of 16mm is made and 

tangential hole is drill at the top for air entry 

into  nozzle.  

 

Fig No. 2.7 nozzle 

HOT END 

The materials of a diameter of 44mm and 

faced to a length of 53mm. The external 

threading of 14 TPI of the part that is 

attachable to main body is executed to the 

length of 18 mm, a hole with 37mm diameter 

to a depth of 33mm is drilled with an internal 

threading of 14 TPI to a length of 18mm at the 

control end side and three small holes one at 

center and two on each side of the center hole 

with 9mm diameter are drilled to facilitate the 

control valve and exit to hot air. 

 

 

Fig No.2.9 Hot end 

 VORTEX TUBE ASSEMBLY 

The inlet tube is fixed to the main body, 

nozzle is inserted into the main body such that 

both inlet tube and nozzle axis are same. 

Orifice is inserted into the main body from left 

side and cold tube is screwed behind the 

orifice into the main body. Hot tube is screwed 

into the main body from right side the control 

valve is inserted into the hot end from one side 

and at the same side other end of hot tube is 

fitted to it so that control valve is screwed into 

the internal threads of hot tube .    
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Fig No. 2.10 vortex tube assembly 

 

LENGTH (L1꞊180mm ) 
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LENGTH (L3꞊130mm) 

 

LENGTH (L4꞊48mm) 
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3. CONCLUSION  

The effect of the inlet pressure on the Cold 

temperature drop, hot temperature raise, and 

C.O.P of the Vortex tube are analyzed by a 

steady state condition experiment. The results 

obtained by this technique have led to the 

following conclusions. 

 The Cold drop temperature ∆Tc 

increases with increase in inlet air 

pressure.  

 The Hot temperature raise ∆Th 

increases with increase in inlet air 

pressure 

 The C.O.P of the vortex tube increases 

with increase in inlet pressure. 

 From the results obtained, it was 

found that the cop of the vortex tube is 

copper material is better that the brass. 

 From the results obtained, it was 

found that the decreasing in the length 

simultaneously decreasing cop of 

vortex tube. 

The graph drawn are showing the effect of 

increasing the inlet pressure with the 

temperature drop shows an increase trend i.e.  

From the above results, it is suggested to have 

Combination of 160 mm length at pressure 4 

kg f/cm2 of copper material have better 

performance of Vortex Tube. 

REFERENCES 

[1] Volkan Kırmacı, “Energy analysis and 

performance of a counter flow Ranque–

Hilsch vortex tube having various nozzle 

numbers at different inlet pressures of 

oxygen and air”, Elsevier journal, May 

2009. 

 

[2] Fikret Kocabas , “Modeling of heating 

and cooling performance of counter flow 

type vortex tube by using artificial neural 

network”, Elsevier Journal, February 2010. 

 

[3] K. Dincer, “Experimental 

investigation and energy analysis of the 

performance of a counter flow Ranque-

Hilsch vortex tube with regard to nozzle 

cross-section areas”, Elsevier Journal, 

April 2010. 

 

[4] PRABAKARAN.J, “Effect of 

Diameter of Orifice and Nozzle on the 

performance of Counter flow Vortex tube”, 

IJEST Journal, 2010. 

 

 

[5]  J. Prabakaran, “Effect of orifice and 

pressure of counter flow vortex tube”, 

IJST, April 2010. 

 

 

[6] Nader Pourmahmoud, “The effect of 

L/D ratio on the Temperature separation in 

the Counter flow Vortex tube”, IJRRAS 

Journal, January 2011. 

 

[7] Chengming Gao, “Experimental study 

on the Ranque-Hilsch Vortex Ttube”, PhD 

Thesis. 

 

[8] S.C Arora and S. Domkundwar, “A 

course in refrigeration and air 

conditioning”, Dhanapat Roy & Sons 

Publications. 

 

[9] www.ExAir.Com. 

 

[10] www.P.A. Hilton.com   

 

[11] www.Air Tx international.com 

 

BAIGRHAPIES:                                                                                                                                                                           

        

Student in M.Tech in Thermal sciences 

and energy systems , 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/


   

International Journal of Research 
Available at https://edupediapublications.org/journals 

e-ISSN: 2348-6848  

p-ISSN: 2348-795X  

Volume 04 Issue 09 

August 2017 

 

Available online:  https://edupediapublications.org/journals/index.php/IJR/  P a g e  | 1688    

G.Pulla reddy engineering 

college(autonomous), 

Kurnool, A.P, India. 

 

 Assistant professor  in Mechanical 

Engineering, 

G. Pulla reddy Engineering College 

(autonomous), 

Kurnool ,A.P, India. 

 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

