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   Abstract  

 

The vortex tube, also known as the Ranque-Hilsch vortex tube, is a mechanical device that separates a compressed gas into hot 

and cold streams. The air emerging from the "hot" end can reach temperatures of 200 °C, and the air emerging from the "cold end" 

can reach -50 °C. It has no moving parts. This study is aimed towards presenting the CFD analysis of vortex tube carried out to 

gain an understanding about influence of different inlet shapes on its performance are compared and analyzed while other 

geometrical parameters are held constant. The energy separation has been observed for five different inlet shapes and air as working 

fluid. 
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I. INTRODUCTION 

Ranque–Hilsch vortex tube (RHVT) simply called as Vortex tube, is a device which generates simultaneously cold and hot gases 

using compressed gas or air as a source. The vortex tube was invented by a French physics student George Ranque by accident in 

1931, while experimenting with a vortex-type pump delivering cold and hot air streams simultaneously from its ends. Ranque 

started a small firm exploiting commercial potential of the device he developed having no moving parts. The vortex tube slipped 

in However, it soon failed and the vortex tube slipped into shade until 1945 when a German physicist Rudolph Hilsch, a scientific 

paper on the characteristics of the vortex tube. Since then vortex tube is considered as the “Ranque Vortex Tube”, the “Hilsch 

Tube”, and the “Ranque–Hilsch Tube”. Because of its compactness, easy maintenance and low cost vortex tube got acceptance by 

industrial applications like spot cooling, cooling jackets, and chamber air cooling etc. When the a compressed gas or air inducted 

into the vortex tube through an inlet nozzle mostly a tangential nozzle a vortex flow is created inside the vortex called as free 

vortex moving towards the other end, and some portion of this leaves through the opening and other got deflected by the control 

valve developing a forced vortex moving at the central axis of the vortex tube and leaves the vortex tube through opposite end. 

Heat exchange will occur between the two streams where the free vortex looses heat and forced vortex gains heat. One outlet 

emerges as a hot air from the periphery of the tube farther from the inlet which termed as hot end and the other outlet emerges as 

a cold air from a center of the tube near the inlet which termed as cold end. This phenomenon is referred to as temperature separation 

effect. 

II. METHODOLOGY 

A. Computational Fluid Dynamics 

This project is purely working on computational fluid dynamics, ie, the validation and analysis is carried out in the CFD softwares. 

The geometry of the vortex tube is taken from the previous journals and also the validation is done with the same. The computations 

are performed using the Ansys 16.2 software. Numerical computations are performed to understand the nature of flow field and 

the explanation for temperature separation. Steady-state Roe solver and second order upwind schemes for the continuity, 

momentum and energy equations are employed. To account for the turbulent flow, Reynolds stress model is used where six 

Reynolds averaged equations are solved at a time. Sutherland model is applied to find the viscosity of air under ideal gas conditions. 

Air is used as a standard working fluid where ideal gas assumption is used for modeling the compressible flow. Table 1 shows the 

values of the geometrical parameters of the vortex tube. Fig 1 shows the geometry of the vortex tube. 
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Table 1: Geometrical parameters of the vortex tube 

Parameter Value 

Diameter of vortex tube (D) 0.019m 

Diameter of cold end (d) 0.007m 

Length of vortex tube (L) 0.090m 

Semi- cone angle (α) 25° 

 
Fig. 1: Geometry of the vortex tube showing 

B. Governing Equations 

For the flow considered in this study, the conservation equations for mass and momentum and energy are solved. 

1) Mass Conservation Equation 

The equation for conservation of mass, or continuity equation, can be written as follows: 

 

where ρ is the density and  is the velocity vector. 

2) Momentum conservation Equation 

The conservation of momentum in an inertial (non-accelerating) reference frame is described by 

 

where p is the static pressure,  is the stress tensor (described below), and  is the gravitational body force. The stress tensor  

 is given by 

 
where μ is the molecular viscosity, I is the unit tensor, and the second term on the right hand side is the effect of volume dilation. 

3) Energy Conservation Equation 

The energy equation is solved as shown in the following form: 

 
where keff is the effective conductivity (k + kt), where kt is the turbulent thermal conductivity, defined according to the turbulence 

model being used. The first two terms on the right-hand side of Equation (4) represent energy transfer due to conduction and 

viscous dissipation, respectively. 
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where        and Tref is 298.15 K. 

4) Ideal Gas Law for Compressible Flows 

For compressible flows, the gas law is as following: 

 
where, p is the relative or gauge pressure, Pop is the operating pressure, Mw is the molecular weight. 

5) Viscosity 

Sutherland's law with three coefficients has the form 

 
where, μ is the viscosity in kg/m-s, T is the static temperature in K, μref is the reference viscosity in kg/m-s, Tref is the reference 

temperature in K, S is the sutherland constant, an effective temperature in K. 

For air at specified temperatures and pressures, μref =1.716× 10-5 kg/m-s, Tref= 273.11 K, and S =110.56 K. 

6) Turbulence Modeling 

The exact transport equations for the transport of the Reynolds stresses, , is written as follows: 

 
where, DT,ij refers to turbulent diffusion, DL,ij refers to molecular diffusion, Pij refers to stress production, Gij refers to buoyancy 

production, φij refers to pressure strain, Eij refers to dissipation, Fij refers to production by system rotation. 

 
gi is the component of gravitational acceleration vector in ith direction 
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In general, when the turbulence kinetic energy is needed for modeling a specific term, it is obtained by taking the trace of the 

Reynolds stress tensor: 

 
A transport equation is solved for the turbulence kinetic energy in order to obtain boundary conditions for the Reynolds stresses. 

In this case, the following model equation is used: 

 
where, σk =0.82, turbulent Mach number, Mt = k0.5/a, a being the speed of sound. 

The scalar dissipation rate, ε, is computed with a model transport equation 

 
where σε = 1.0, Cε1 = 1.44, Cε2 = 1.92, Cε3 is evaluated as a function of the local flow direction relative to the gravitational vector. 

The turbulent viscosity, μt , is computed as 

 
where Cμ = 0.09. 

The RSM model requires boundary conditions for individual Reynolds stresses,  and for the turbulence dissipation rate, ε. 

These quantities can be input directly or derived from the turbulence intensity and characteristic length. 

C. Boundary Condition 

The boundary conditions for all the inlet cases are maintained at an air total pressure of 5 bar (gauge) while the pressure at hot exit 

is 1.2 bar (gauge) and cold exit is 1 bar (gauge). The cold outlet pressure can be varied because while employing different inlet 

shapes, there is a tendency for reversed flow at the cold end. It is due to the fact that during experiment we are adjusting the cold 

and hot valves for suitable mass flow rates. But in numerical simulation, a constant mass flow rate is applicable. The data is 

obtained from the previous journal papers which are used for validation purposes. The inlet total temperature is maintained at 303 

K as from the journal papers. The boundary conditions for the turbulent flow field terms are assigned by assuming the turbulent 

intensity within 5%. 

D. Assumptions 

The material of the vortex tube is assumed to be insulated. Thermal conductivity of the working fluid is assumed to be constant. 

The flow emanating from inlets for all cases are maintained constant as in the journal papers. Temperature separation refers to the 

total temperature difference between inlet and cold end. 

E. Grid Independence Study 

Table 2 shows the grid independency study results for different mesh sizes. The mesh size is considered from 0.1 million to 1.55 

million number of elements. The temperature separation between inlet and cold end does not vary significantly after a mesh size 

of 0.7 million number of elements. Hence the mesh size of 1.5 million elements is used for further cases. Several mesh 

configurations such as hybrid and hexagonal types are also tested and found to yield identical temperature separation. However, 

the result observed from these configurations are similar to that of tetragonal mesh. Hence the tetragonal type of mesh is adopted. 

And also a tolerance of 0.05 mm is used in-order to reduce the skewness of the tetragonal mesh to 0.2. Due to less complexity in 

mesh and lower time requirements, the tetragonal mesh configuration is chosen. Fig 2 shows the mesh of the vortex tube. 
Table 2:  Grid independency test (inlet Rectangle, area = 6×2 mm, dc/D = 0.37, L/D = 4.7, D = 19 mm, Pi = 5 bar, gauge) 

SL NO ELEMENTS TEMPERATURE SEPARATION (K) 

1 100,000 17.3 

2 400,000 20.5 

3 700,000 22.07 

4 1,500,000 22.1 
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Fig. 2: Mesh of the vortex tube 

III. RESULTS AND DISCUSSION 

A. Validation 

The validation of this project is carried out with a previous journal paper by manimaran on computational analysis of vortex tube 

(1). The comparison of the results is plotted in Fig3. Table 3 shows the temperature separation of the vortex tube of the present 

study and previous journal paper. After examining, it is found that the temperature separation of the present study is lower than 

the validating paper. Also there is only 9.09% variation of the results is found. To explore the effect of inlet shape and inlet angle, 

CFD studies are extended towards understanding the flow features and the temperature separation. 

 
Fig. 3: Comparison of the radial distribution of Total Temperature at plane B of present study and journal case 

Table 3: Table showing the percentage variation of the temperature separation between the present study and journal case (inlet Rectangle, 

area = 6×2 mm, dc/D = 0.37, L/D = 4.7, D = 19 mm, Pi = 5 bar, gauge) 

 

B. Effect of Inlet Shape 

In this study, five different inlet shapes are used to compare the effect of inlet shape in the performance of vortex tube. The different 

inlet configuration used in the study is shown in Fig 4. The cross-sectional area of every inlet configuration is maintained constant 

ie, area of inlet is 8 mm2. The area is held constant so that the mass flow rate for all cases remain the same, since the upstream 

conditions are maintained same in all cases. The same mesh is used for further simulations for all remaining cases considered. 
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Fig. 4: Different inlet configurations used in the study 

From the previous journal papers and studies, it is observed that the most of the temperature separation in the vortex tube 

is significant near the inlet. This is carried out by shortening the length of the vortex tube whereas the temperature separation 

changes a little during this transition. This conclusion is arrived as the length of the vortex tube is shortened consequently to L/D 

= 4.7. The energy transfer due to swirling action becomes significant near the inlet. So our study is concentrated near the inlet of 

the vortex tube. Due to this reason, two sections, planes A and B are chosen for discussion and comparison purposes. The physical 

characteristics of the vortex tube is examined along the plane B and are comparison is carried out at that location. 

The radial distribution of total temperature at plane B for various inlet configurations are shown in Figure 5. The 

comparison indicates that the rectangular inlet shows better drop in total temperature at the core. The rectangular inlet has a 

temperature drop upto 276.8 K, while the circular inlet has a temperature drop of 284.9 K, which is the least. Elliptical and 

hexagonal inlets also shows better temperature drop of 279.7 K and 278 K respectively. Triangular inlet also has a lower 

temperature drop of 283.8 K. It is found that the overall trend in decrease of total temperature at the core is observed for all the 

inlet configurations.  

Likewise the radial distribution of static temperature at plane B for different inlet configurations is plotted in Figure 6. 

The static temperature is found to be maximum for the rectangular inlet. Since the flow is injected into the inlet at high pressure, 

the flow expands after the inlet, leading to the drop in static temperature. This occurs at a radial distance of 0.008 m from the axis. 

Hence the lowest static temperature is found only at this location in the vortex tube. Figure 7 shows the radial distribution of static 

pressure at plane B for various inlet shapes. The static pressure is found to be higher at the peripheral region and decreases towards 

the core. The static pressure is lowest at the core region. The lowest value is about 101325 Pa. The nature of curve is similar for 

all cases of inlet shapes. 

 
Fig. 5: Radial distribution of Total Temperature at plane B for different inlet configurations 
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- 
Fig. 6: Radial distribution of Static Temperature at plane B for different inlet configurations 

The radial distribution of velocity magnitude at plane B for all inlet configurations is shown in figure 8. From the plot it 

is clear that the velocity magnitude is maximum at peripheral layers and minimum at core layers. It is because the peripheral layer 

fluid has swirl motion and has to travel more distance to reach the hot end and hence needs more kinetic energy, while the core 

layer fluid has to travel less distance to reach the cold end and needs only less kinetic energy. This is one of the reason in transferring 

the energy from core layer fluid to peripheral layer fluid which leads in emerging hot fluid at one end and cold fluid at another 

end. 

 
Fig. 7: Radial distribution of Static Pressure at plane B for different inlet configurations 

 
Fig. 8:  Radial distribution of velocity magnitude at plane B for different inlet configurations 
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The axial distribution of the total temperature along the center line for all inlet configurations is shown in figure 9. From 

the plot, the total temperature is found to be increasing when we are moving from the inlet to the hot end. Although all inlet shapes 

have similar nature for the curves, rectangular inlet has better curve. It has the lower temperature value near the inlet. Elliptical 

and hexagonal inlet also have lower temperature similar to rectangle, but the elliptical inlet shows a rough nature in the curve. 

Circular and triangular inlet has much higher temperature value when compared to the others but shows a similar nature curve. 

 
Fig. 9: Axial distribution of Total Temperature along center line for different inlet configurations 

Table 4: Table showing the temperature separation and aspect ratio of various inlet configurations 

 
 The temperature separation of all inlet configurations is shown in the Table 4. It also shows the relation of the results with 

the aspect ratio of the inlet shape. The inlet aspect ratio is one of the deciding parameters to determine the fluid dynamic behavior 

in the vortex tube. As the flow splits into peripheral and core flow at the returning point, ie, at the hot end which is farther from 

the inlet, it is understood that two fluid layers are formed inside the vortex tube. The thickness of peripheral flow layers and core 

flow layers is decided mainly by the inlet aspect ratio while the other parameters like cone shape and angle, cold end orifice 

diameter and length of the vortex tube are maintained constant. The inlet area is also held constant (8 mm2) in this study. The 

highest temperature separation between inlet and cold end is found for aspect ratio 2 which is the rectangular one with a value of 

26.11 K. The lowest temperature separation is 18.1 K is found for aspect ratio 1 which is the circular inlet. From this, it is believed 

that inlet aspect ratio affects the performance of vortex tube significantly in such a way that inner core layers transfer their energy 

to outer peripheral layers. As the aspect ratio increases for all the inlet configurations, more stream lines get towards the core after 

the returning point from the periphery. This indicates that the energy transfer between the core and peripheral layers increases as 

the aspect ratio increases. 
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IV. CONCLUSION 

The Ranque-Hilsch vortex tube is simulated with CFD data are validated with the former journal results. The performance of the 

vortex tube with different inlet configurations like rectangle, circle, ellipse, hexagon and triangle are studied and the compared. 

The study is based on several flow characteristics like total and static temperature, static pressure, velocity magnitude and 

temperature at the center-line of the vortex tube. The performance of the vortex tube is mainly determined from the temperature 

separation, ie, the temperature difference between the inlet and the cold end. Of the various inlet configurations, the rectangular 

inlet has the better temperature while the inlet area is held constant. It is found that, when the inlet area is held constant, the 

rectangular inlet has higher aspect ratio which has higher temperature separation and circular inlet has lower temperature separation 

which has lower aspect ratio. So the temperature separation increase with increasing aspect ratio of inlet. Hence it is concluded 

that the rectangular inlet has better temperature separation when the inlet area is held constant. 
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