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Abstract - The Ranque-Hilsch vortex tube has been used for many decades in various engineering applications. Because of its compact design and little maintenance requirements, it is very popular in heating and cooling processes. Despite its simple geometry, the mechanism that produces the temperature separation inside the tube is fairly complicated. A number of observations and theories have been explored by different investigators concerning this phenomenon. This report goes over some of the major conclusions found from experimental and numerical studies since the vortex tube's invention. One of these studies showed that acoustic streaming caused by vortex whistle plays a large part in the Ranque-Hilsch effect. In addition, thermal and kinetic energy considerations have been used to explain temperature separation. There have also been plenty of numerical analyses that confirm earlier experiments. One fact still remains, however. There is no unifying theory that explains the temperature separation phenomenon inside the vortex tube. In this study, the past investigations of the design criteria of vortex tubes were overviewed and the detailed information was presented on the design of them. Vortex tube were classified and the type of them was described. All criteria of vortex tubes were given in detail using experimental and theoretical results from the past until now. Finally, the criteria on the design of them are summarized.

1. Introduction 
The Ranque-Hilsch’ vortex tube has been used for many decades in various engineering applications. Because of its compact design and little maintenance requirements, it is very popular in heating and cooling processes. Despite its simple geometry, the mechanism that produces the temperature separation inside the tube is fairly complicated. A number of observations and theories have been explored by different investigators concerning this phenomenon. This report goes over some of the major conclusions found from experimental and numerical studies since the vortex tube's invention. One of these studies showed that acoustic streaming caused by vortex whistle plays a large part in the Ranque-Hilsch effect. Vortex  tube were classified and the type of them was described. All criteria of vortex tubes were given in detail using experimental and theoretical results from the past until now. Finally, the criteria on the design of them are summarized.



There is no unifying theory that explains the temperature separation phenomenon inside the vortex tube. In this study, the past investigations of the design criteria of vortex tubes were overviewed and the detailed information was presented on the design of them.

1.1 Problem Definition
[bookmark: _Hlk126610072]
· There are many electronics components which cannot be cooled by using liquid. Also refrigeration and air conditioning of whole machinery or factory is inefficient so here vortex tube is best option.
· For cooling of tooltip coolant is traditionally used but along with cooling it also washes the oil used for lubrication of bed of lathe. This reduces the life of lathe machine.
· Because of liquid coolant CNC need to enclosed in one chamber also because of opaqueness of coolant one cannot see the tool path.
· Refrigeration by other means requires electricity, harmful refrigerant compressor and many complex instruments also it takes time for cooling effect.

1.2 Objective

While making the project following points should be covered as much as possible
· It should have no moving parts, maintenance free, high reliability 
· Its output should be easily controllable 
· It should give constant temperature 
· It should not consume any electricity or RF interference 
· It should be intrinsically safe 
· It should not use any refrigerant or chemicals 
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1.3  Scope
This study was motivated by a need to develop an optimized geometry, material and manufacturing procedure which will improve performance of the vortex tube and reduce the manufacturing cost due to the high volume production of this component. This study concerned with the identifying the various geometrical parameter which affect the performance of the vortex tube.The above mentioned Vortex tube techniques are used in a variety of practical applications in the field of              engineering. According to suitability of applications and other factors like cost, COP and geometry for the system   required appropriate technique is used. One such typical application is spot cooling, which is the area of interest for research over the years.So, we have decided to concentrate on one of the active technique of vortex tube i.e., use of different L/D ratio and other geometrical parameter because they promote better cooling effect.

1.4 Background

The vortex tube was invented in 1933 by French physicist Georges J. Ranque. German physicist Rudolf Hilsch improved the design and published a widely read paper in 1947 on the device, which he called a Wirbelrohr (literally, whirl pipe).The vortex tube was used to separate gas mixtures, oxygen and nitrogen, carbon dioxide and helium, carbon dioxide and air in 1967 by Linderstrom-Lang. Vortex tubes also seem to work with liquids to some extent, as demonstrated by Hsueh and 
Swenson in a laboratory experiment where free body rotation                                          occurs from the core and a thick boundary layer at the wall. Air is separated causing a cooler air stream coming out the exhaust                       hoping to chill as a refrigerator.In 1988 R.T.Balmer applied liquid water as the working medium. It was found that when the inlet pressure is high, for instance 20-50 bar, the heat energy                      separation process exists in incompressible (liquids) vortex flow as well. Note that this separation is only due to heating; there is no longer cooling observed since cooling requires                                            compressibility of the working fluid.
Vortex tube is a simple energy separating device which is compact, simple to produce and to operate. Although intensive research has been carried out in many countries over the years, the mechanism producing the temperature separation phenomenon as a gas or vapour passes through a Ranque-Hilsch vortex tube is not yet fully understood. Numerical simulation of 3D compressible turbulent flow was made using FLUENT software. 

1.5 
Methodology of vortex Tube

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 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 Tubes.
[image: Vortex tube]









                                                     Vortex tube



1. Counter flow
1. Uni-flow
Both of these are currently in use in the industry. The more popular is the 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 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. 
.
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                                                  Counter Flow Vortex Tube

[image: ]
                                        Uni-Flow Vortex Tube

1.6 Theory of Vortex Tube
Theoretical explanation is given by various papers in different way. They have tried to explain as how does the pumping of heat from compressed air temp to high temperature takes place in absence of a mechanical device. When compressed air is passing through the nozzle in the vortex chamber inside the chamber high velocity swirl motion is created The air moves as a free vortex from the nozzle plane towards the valve end. As it 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 forward moving free vortex, which causes the reversed vortex flow to rotate with it. Heat exchange takes place between these two flows.

1.7 Temperature Separation

The vortex tube creates two vortices forced and free. The free vortex fluid particle is moves towards the center of vortex and the angular velocity is fast at the center. In forced vortex particle velocity is directly proportional to the radius of the center vortex and is slower at that placed. 







In vortex tube outer vortex is free and the inner vortex is forced .The rotational motion of the forced vortex is controlled by free vortex. 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. 
[image: ]

1.8 Humidity Effect 
The vortex tube does not separate humidity in between the hot and cold air its remains same as that compressed or input air. The dew point of the air is higher than the temperature then the moisture will condense or freeze. When temperatures are below freezing, the condensation is in the form of snow. This snow has a sticky quality from oil vapour and will eventually collect and block air passages. For continuous operation at low temperatures, use an air dryer or inject an antifreeze mist into the input air. When selecting a dryer, do not use chemical desiccant dyers such as silica gel or molecular sieve types. They tend to heat the compressed air and cause refrigeration losses
1.9 [bookmark: _Hlk126712412]Refrigeration:

Refrigeration is the science of the producing and maintaining temperatures below that of the surrounding atmosphere. This means the removing of heat from a substance to be cooled. Heat always passes downhill from a warm body to a cooler one, until both bodies are at the same temperature. Not only perishables today many human work spaces in offices and factory building are air-conditioned and a refrigeration unit is the heart of the system.
Before the advent of mechanical refrigeration water was kept cool by storing it in semi porous jugs so that the water could seep through and evaporate. The evaporation carried away heat and cooled the water. This system was used by the Egyptian and by Indians in the south west. Natural ice from lakes and rivers was often cut during winter and stored in caves, straw-lined pits, and later in sawdust insulated building to be used as required. The Romans carried pack trains of snow from Alps to Rome for cooling the emperor’s drinks.
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Though these methods of cooling all make used of natural                                                                                                                                                                                   For example, a sheet of small vortices flows from the trailing                            edge of the wing or propeller of an airplane when the wing is developing lift or the propeller is developing thrust. In less than                                        one wing chord downstream of the trailing edge of the wing these small vortices merge to form a single vortex. If viewed from the tail of the airplane, looking forward in the direction of flight, there is one wingtip vortex trailing from the left-hand wing and circulating clockwise, and another wingtip vortex trailing from the right-hindwing and circulating anti-clockwise. The result is a region of downwash behind the wing, between the pair of wingtip vortices. These two wingtip vortices do not merge because they are circulating in opposite directions.
 phenomena, they were used to maintain a lower temperature in                           a space or product and may properly be called refrigeration. In simple refrigeration means the cooling or removal of heat from a system. The equipment employed to maintain system at a low temperature is termed as refrigeration system and the system which is kept at lower temperature is called refrigerated system. Refrigeration is generally produced in one on the following three ways 
1. By melting of a solid, 
2. By sublimation of a solid and 
3. By evaporation of a liquid.
Most of the commercial refrigeration is produced by the evaporation of a liquid called refrigerant. Mechanical refrigeration depends upon the evaporation of liquid refrigerant and its circuit includes the equipment’s naming evaporator, compressor, condenser, expansion valve. It is used for preservation of food, manufacture of ice, solid carbon-dioxide and control of air temperature and humidity in the air conditioning system.

2 Properties of vortex Vortices display some special properties
The fluid pressure in a vortex is lowest in the center where the speed is greatest, and rises progressively with distance from the center. This is in accordance with Bernoulli's Principle. The core of a vortex in air is sometimes visible because of a plume of water vapour caused by condensation in the low pressure of the core. The spout of a tornado is a classic and frightening example of the visible core of a vortex. A dust devil is also the core of a vortex, made visible by the dust drawn upwards by the turbulent flow of air from ground level into the low pressure core.







The core of every vortex can be considered to contain a vortex line, and every particle in the vortex can be considered to be circulating around the vortex line. Vortex lines start and end at the boundary of the fluid, but they do not start or end in the fluid. (See Helmholtz's theorems.) Vortices readily deflect and attach themselves to a solid surface. For example, a vortex usually forms ahead of the propeller disk or jet engine of a slow-moving airplane. One end of the vortex line is attached to the propeller disk or jet engine, but when the airplane is taxiing the other end of the vortex line readily attaches itself to the ground rather than end in midair. The vortex can suck water and small stones into the core and then into the propeller disk or jet engine.
.Two or more vortices that are approximately parallel and circulating in the same direction will quickly merge to form a single vortex. The circulation of the merged vortex will equal the sum of the circulations of the constituent vortices.For example, a sheet of small vortices flows from the trailing edge of the wing or propeller of an airplane when the wing is developing lift or the propeller is developing thrust. In less than one wing chord downstream of the trailing edge of the wing these small vortices merge to form a single vortex. If viewed from the tail of the airplane, looking forward in the direction of flight, there is one wingtip vortex trailing from the left-hand wing and circulating clockwise, and another wingtip vortex trailing from the right-handwing and circulating anti-clockwise
The result is a region of downwash behind the wing, between the pair of wingtip vortices. These two wingtip vortices do not merge because they are circulating in opposite directions.
Vortices contain a lot of energy in the circular motion of the fluid. In an ideal fluid this energy can never be dissipated and the vortex would persist forever. However, real fluids exhibit viscosity and this dissipates energy very slowly from the core of the vortex. (Rankine vortex). It is only through dissipation of a vortex due to viscosity that a vortex line can end in the fluid, rather than at the boundary of the fluid. For example, the wingtip vortices from an airplane dissipate slowly and linger in the atmosphere long after the airplane has passed. This is a hazard to other aircraft and is known as wake turbulence

[bookmark: _Hlk131589145]2.1 Application and future scope 
[bookmark: _Hlk131589160]Applications

The vortex tube has a number of features that make it attractive for industrial and small capacity applications. Based on the specialty and uniqueness of vortex tube few specific applications of vortex tube are described.







[bookmark: _Hlk131591169]1. Air suits
Air cooled suits are used by the operators entering the vessels, tanks and pits where I tis dangerous due to concentration of toxic vapors, fumes or dust. Workers working in coal mines and foundries commonly use it. It is not always economical to condition the hot place like foundries, where the heat load is considerably large. Presently the largest single use is cooling unit for protective clothing and helmets for jobs such as sand blasting, welding & handling toxic materials. Simply connecting a vortex tube to and airline and attaching it to the suit can cool these garments & helmets. The air in the air suit is supplied to the mask and the top half of the suit to maintain normal body temperature. The air supply to the suit can be cooled or warmed by the vortex tube. The supply of the air can be adjusted quickly and easily. The safety and comfort provided by such a suit can avoid fatigue resulting from unpleasant conditions. This is an ideal application of vortex tube where lightness, compactness and simplicity are of prime importance.

2. Aviation
The cabin of high-speed gas turbine powered air places are cooled with the use of boot strap air cycle. The vortex tube can also be used for the same purpose with less efficiency, as more air would have to be bled off from the compressor at high pressure as compared with boot strap cycle for the same cooling capacity. The use of vortex tube would result in overall reduction in weight, which is of prime importance. The use of vortex tube in military aircraft may have marked advantage overall other systems as the small cockpit to be cooled.

3. Cooling of gas turbine rotor blades
Research is going on from last 25 years to find out effective and efficient method for cooling the gas turbine rotor blades. The cooling of blades by passing the air through no. of radial holes provided for the purpose, successfully using as turbines, used for air craft and marine purposes. The cycle efficiency and specific output both can be improved with the same quantity of air but at lower temperature which can be made available with the help of vortex tube. The compressed air can be bled from the main compressor.

4. Laboratory sample cooler
Cooled air from the vortex tube is circulated inside a rectangular box and the temperature inside is maintained below atmosphere.
A sample, which is to be cooled, is kept in this box for specific time. This type of cooler is very much useful in laboratories and research institutes.
 









[bookmark: _Hlk131591491]5. Shrink fitting
Shrink fitting usually require refrigeration for a short period. Most factories have compressed air circuits and vortex tube could be connected at numerous points in the circuits where itis required.

6. Cutting tools
Many vortex tubes are used to cool machine operations over a small area, e.g. many tubes are used to cool machine operations like drilling, milling, turning, etc. As a rule, those materials which are difficult to machine are poor conductors of heat. Therefore, in machining operations heat does not readily flow away from machining site and the tool overheat, causing excessive tool wears. Even a few degrees of tool cooling by vortex tube can increase the tool life, improves surface finish and allows higher cutting speeds. Some materials are best cut without any lubrication.

7. Cooling of gas turbine rotor blades
The research is going on from last 25 years to find out effective and efficient method for cooling the gas turbine rotor blades. The cooling of blades by passing the air through no. of radial holes provided for the purpose, successfully used in gas turbines, used for aircraft and marine purposes. The cycle efficiency and specific output both can be improved with the same quantity of air but at lower temperature which can be made available with the help of vortex tube. The compressed air can be bled from the main compressor.

8. Spot cooling
The use of vortex tube is more beneficial for spot cooling. This is generally used in supersonic aircraft because of saving in weight, saving in space and simplicity of construction and control.
) Vortex tubes are extremely small and as it produce hot as well as cold air. It 
may be of use in industries where both are simultaneously required. 
2) Temperature as low as –500C can be obtained without any difficulty, so it is 
very much useful in industries for spot cooling of electronic components. 
3) It is commonly used for body cooling of the workers in mines. 











      2.2 Future Scope 

1. There are industrial applications that result in unused pressurized gases. Using vortex tube energy separation may be a method to recover waste pressure energy from high and low pressure sources.
1. The Uranium Enrichment Corporation of South Africa. Ltd., (UCOR), developed the process, operating a facility of Pelindaba (known as the 'Y' plant) to produce hundreds of kilograms of HEU. Helicon vortex separation process: It is an aerodynamic uranium enrichment process designed around a device called a vortex tube. This method was designed and used in South Africa for producing reactor fuel with uranium-235 content of around 3-5%, and 80-93% enriched uranium for use in nuclear weapons. Aerodynamics enrichment processes require large amount of electricity and are not generally considered economically competitive because of high energy consumption and substantial requirements for removal of waste heat. Hence scope is for future development in this case.
1. The simplicity of this apparatus has been alluring to many research workers. The mechanism of this experiment is still obscured. Vortex tube has the potential to be utilized in a compact and separation system that can extract and liquefies oxygen for many purposes including on board propellant generation for rocket vehicles.
1. The first and fore most important quality of any research or development is its eco- friendly nature, by the virtue of which it fulfils our basic needs without any harm to the nature. The commonly used cooling systems use the gas and liquids which either deplete the ozone layer or contribute in the global warming in the same as CO2 does. Many analysts identify carbon-dioxide capture and separation as a major road block in efforts to cost efficiency mitigates greenhouse gas emissions via sequestration. Thus, vortex tube can be used for any type of spot cooling or spot heating application.
1. Scientists have proposed using Vortex tubes to make ice in third-world countries. Although the technique is inefficient, they expressed hope that vortex tubes could yield helpful results in areas where using electricity to create ice is not an option.
1. Over the years, different theories have attempted to explain this effect without achieving any universal agreement. 












 2.3   Conclusion 
Here we conclude that after completing and testing of vortex tube it is use full for spot cooling and heating application. In future vortex tube can replace the coolant (cutting fluid) which is costly as compared to compressed air and we will use it for various operations like milling operation, grinding operation, vacuum forming, for cooling plastic tanks, electronic component and workers in mines. A simple model of the vortex tube is described that captures the physics related to one possible operating mechanism. The model is shown to faithfully reproduce a limited set of data if two empirical parameters are adjusted. The semi-empirical model is subsequently used to evaluate the potential performance benefit associated with replacing the throttling valve in a refrigeration system with an appropriately optimized vortex tube
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