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ABSTRACT 
 

This paper represents the experimentation of the Vortex Tube Refrigeration system.  Vortex tube also is known as Ranque-

Hilsch Vortex tube. A Vortex Tube is a Mechanical Device, which generates cold and hot streams from a single injection of 

pressurized gas. Without any moving parts or chemical reaction within the tube, the intersecting phenomenon of energy 

separation results only from fluid dynamic effects. The Control valve is a screw located at the hot end and cold end with thread 

on it which is used to restrict the flow of air due to which the small forced vortex takes place after stagnation point and free 

vortex getaway through the hot end as hot air and cold end as cold air. At the other end, a small orifice plate is located to 

further reduce the temperature Drop. The 2.5 HP compressors are used for experimentation for low pressures. Also, for higher 

pressures, it is difficult with a low capacity compressor to get accurate results. For this purpose, a model has been developed 

using experimental data to predict the results for the pressure range of 1to 6 bar. We have attached the Thermo-electric 

module to the system to generate electricity without affecting the efficiency of the system. 
 

Keywords— Vortex Tube, Design of vortex tube, Thermoelectric module 

1. INTRODUCTION 
The Ranque-Hilsch vortex tube is a simple mechanical device for producing cold without any moving part. It is a device which 

generates free vortex (hot stream) & forced vortex (cold stream) at both the end from a single compressed air by means of a 

nozzle. The Ranque-Hilsch vortex tube is a simple mechanical device for producing cold without any moving part. It is a device 

which generates free vortex (hot stream) & forced vortex (cold stream) at both the end from a single compressed air by means of a 

nozzle. 

 
Fig. 1: Vortex Tube 
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 The vortex tube was first discovered by Ranque a metallurgist and physicist who were granted a French patent for the device in 

1932, and a United States patent in 1934. The vortex tube phenomenon was encountered by the French physics student Ranque 

while he was experimentally working with vortex tube pump in 1928. Later in 1945, Hilsch conducted an experiment on vortex 

tube that focused on the thermal performance with different inlet pressure and different geometrical parameters. 

 

In recent years, it was known that vortex tube is a low cost and an effective solution for many cooling problems. The separation 

mechanism inside the vortex tube was not completely understood until today. The ability to obtain either hot or cold flow streams 

using compressed gas allowed the use of vortex tube in many engineering applications such as cooling of electronics, cooling of 

food, cooling of firemen’s suit and cooling of machinery during operation. Despite its small capacity, the RHVT is very useful for 

certain thermal management applications because of its simplicity, compactness, light weight, robustness, reliability, low 

maintenance cost and safety. The RHVT can be classified into two types, the counter-flow RHVT and the uni-flow RHVT. In the 

counterflow, RHVT type the cold flow move in the opposite direction with respect to the hot stream, while in the second type, the 

hot and cold streams flow in the same direction. In general, the counter-flow RHVT is recommended over the uni-flow RHVT for 

its efficient energy separation. 

 
Fig. 1: Mechanism of vortex tube 

 

The improvements in the functioning of the vortex tube have been brought by attaching a thermoelectric module to the system. A 

thermoelectric (TE) module, also called a thermoelectric cooler or Peltier cooler is a semiconductor-based electronic component 

that functions as a small heat pump, moving heat from one side of the device to the other. Thermoelectric modules are also 

sometimes used to generate electricity by using a temperature differential between the two sides of the module and hence this 

reading is shown in the multimeter. 

 

1.2 Nomenclature  

 

Specific Heat of air (Cp) Kj/KgK 

Mass Flow Rate (M)  Kg/Sec 

Temperature(T) °C 

Temperature Difference(ΔT) °C 

Static Temperature Drop(Tc) °C 

Relative Temperature Drop (ΔTrel) °C 

Cold Mass Fraction (μ) - 

Cooling or Heating Rate (Q) Kj/sec 

Velocity (V) m/sec 

Actual work was done by the Compressor (W) Kw 

Adiabatic Efficiency of Vortex Tube (ῃad) % 

 

 

1.3 To find 

 

Intel temperature (i) 

Cold end temperature (c) 

Hot end temperature (h) 

 

2. EXPERIMENTAL METHODOLOGY 
The experiment consisted of 2.5 HP compressor, two pressure gauges to give accurate reading of pressure at hot and cold ends, 

two rot meters used to show mass flow rate, two flow control valves which is used to control the flow of air, Vortex tube, three 

thermocouples which shows the temperature of air at inlet, cold, hot ends which are displayed on digital temperature 

indicator(DTI), Thermoelectric module is used to generate electricity by means of temperature difference and shows current 

generated by temperature difference in multimeter.  
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Fig. 3: Experimental methodology 

 

 
Fig. 4: Design of vortex tube in CATIA Software 

 

 

 

 

 

 

 

 

 

 

2.1 Analysis 

Vortex tube performance is estimated by the following critical terms: 

Temperature drop at the cold end is the temperature difference between the inlet temperature and cold end temperature. 

ΔTc = (Ti -Tc) 

Where Ti is the inlet temperature and Tc is the cold end temperature drop at the hot end is the temperature difference between hot 

end temperature and inlet temperature. Where This the temperature at hot end and Ti is the inlet 

 

Temperature 

ΔTh = (Th -Ti) 

The cooling effect is the amount of cooling encountered at particular instance which is denoted by Qc 

Qc= mc Cp (Ti-Tc) 

The heating effect is the amount of heating encountered at the hot end at a particular instance which is denoted by Qh. 

Qh= mh Cp (Th-Ti) 

Actual work done by the compressor can be estimated by the following relation, 

W = (n/n-1) x P1V1 x [(P2/P1) (n-1/n) -1] 

Where P1 is the atmospheric pressure inlet to the compressor and P2 is the outlet gauge pressure. 

 

The coefficient of performance is the ratio of cooling effect to actual work done by the compressor. 

COP =Qc/W 

                    

      

Vortex tube details Dimensions (mm) 

Vortex tube length 157.5 

Vortex tube Diameter 13 

Vortex tube Cold outlet diameter 12.5 

Vortex tube Hot outlet diameter 11 

Mixing generation Chamber 32 

Internal Vortex tube Diameter 10.5 
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2.2 Sample calculations 
Let’s consider the reading from the Table- A5 from the Appendix A section for 16.66 % valve opening of the control valve for 2 

bar pressure, so we have, the following readings under consideration for sample calculations.   

 

2.3 Readings 

The temperature of Air at Cold End Tc = 13.4 °C 

The temperature of Air at Hot End Th = 63.4 °C 

The temperature of Air at Inlet of Vortex Tube Ti = 25.3 °C 

The velocity of Air at Cold End Vc = 4.5 m/s 

The velocity of Air at Hot End Vh = 13.9 m/s 

The velocity of Air at Inlet of Vortex Tube Vi = 18.47 m/s 

For air, Gas Constant R = 287 J/KgK 

Specific Heat of Atmospheric Air =1.005 KJ/KgK 

Specific Heat of Air for 2 bar pressure = 1.008 KJ/KgK 

 

2.4 Calculations 

2.4.1 Density 

The density of cold Air =
𝑃

𝑅𝑇
=  

1.01325 × 105

287 × (16.6 + 273)
  

= 1.129 Kg/m3 

 

The density of hot air =
𝑃

𝑅𝑇
=

1.01325 × 105

287 × (30 + 273)
 

=1.165 kg/m3 

 

The density of air at the inlet of vortex tube =
𝑃

𝑅𝑇
=

1.01325 × 105

287 × (24.1 + 273)
 

=1.188 Kg/m3 

 

2.4.2 Area 

Area =
𝜋

4
× 𝐷𝑖2 =

𝜋

4
× 0.0572 = 2.551 × 10−3 𝑚2 

 

2.4.3 Temperature Difference (Δ𝑻) 

Temperature Difference at Cold End = Ti – Tc 

 = 24.1 – 16.66 

 = 7.5 °C 

 

Temperature Difference at Hot End = Th – Ti 

= 30-24.1 

= 5.9 °C 

 

2.4.4 Cooling and Heating Capacity (Qc and Qh) 

Cooling Capacity Qc = 𝑚𝑐 × 𝐶𝑝𝑐 × Δ𝑇𝑐 

 = 1.44× 10−3× 1.005 × 7.5 

 = 0.0108 KW 

 

Heating Capacity Qh = 𝑚ℎ × 𝐶𝑝ℎ × Δ𝑇ℎ 

  = 1.138× 10−3× 1.005 × 5.9 

  = 6.747× 10−3 KW 

 

 

2.4.5 Compressor Work (W) 

Now, the work of single acting reciprocating compressor for the isentropic process is given by, 

W =
𝛾

𝛾 − 1
× 𝑃1 × 𝑉1 × [(

𝑃2

𝑃1

)

𝛾
𝛾−1

− 1] 

=
1.4

1.4 − 1
× 1.01325 × 10−5 × 2.186 × 10−4 × [(

4.01325

1.01325
)

1.4
1.4−1

− 1] 

 

W =37.04 Watts = 0.03704 KW 

 

2.4.6 The coefficient of Performance (COP) 

COP =
𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑊𝑜𝑟𝑘 𝑂𝑓 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 
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 =
0.0108

0.03704
 

  = 0.29 

 

2.5 Graphs 

 

 

Series 1: 100% cold end open and 0% hot end open. 

Series 2: 75% cold end open and 0% hot end open. 

Series 3: 50% cold end open and 0% hot end open. 

Series 4: 25% cold end open and 0% hot end open. 

 

 

Series 1: 100% cold end open and 0% hot end open. 

Series 2: 75% cold end open and 0% hot end open. 

Series 3: 50% cold end open and 0% hot end open. 

Series 4: 25% cold end open and 0% hot end open. 

 

 

Series 1: 100% Hot end open and 0% cold end open. 

Series 2: 75% Hot end open and 0% cold end open. 

Series 3: 50% Hot end open and 0% cold end open. 

Series 4: 25% Hot end open and 0% cold end open. 
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Series 1: 100% Hot end open and 0% cold end open. 

Series 2: 75% Hot end open and 0% cold end open. 

Series 3: 50% Hot end open and 0% cold end open. 

Series 4: 25% Hot end open and 0% cold end open. 

 

3. RESULT AND DISCUSSION 
 The results show that the vortex cooling capacity and the vortex tube efficiency has increased when the thermoelectric module 

is used to extract heat from the hot tube section of the vortex tube. With the temperature difference across the thermoelectric 

module, the electrical power is generated as a secondary result. 

 The performance of the vortex tube refrigeration system shows different cold and hot end temperatures by controlling different 

openings of hot and cold end control valves. 

 The minimum temperature can be achieved with an opening of 100% cold end and 0% hot end opening. 

 

4. CONCLUSION 
 In vortex tube, the cold end and hot end temperature, as well as adiabatic efficiency, is more effective by inlet pressure and 

mass flow rate where maximum temperature drop is 9.3 degree Celsius. 

 Cooling and heating capacity is a function of mass flow rate as well as control valve opening. It is directly proportional to mass 

flow rate and temperature difference. 
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