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ABSTRACT

Vortex tube is a simple device which can separate room temperature compressed gas into the
cold and hot flow. The performance of vortex tube is mainly affected by its geometrical parameters.
In this study, the parameters are focused on cold outlet diameter and hot tube length. The objective
of this study is to investigate the effect the cold outlet diameter and hot tube length in the range of 4-
5mm and 175-194 mm, respectively, when the inner diameter of vortex tube is 10 mm. The numerical
investigation was carried using SIMFLOW 2.1 to predict the performance of vortex tube. The results
show that 4 mm cold outlet diameter and 175 mm hot tube length is the optimum parameter for 10
mm inner tube diameter of the vortex tube.
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INTRODUCTION

The vortex tube is a simple cooling device which can separate a room temperature pressurized
gas into two different temperature of flow, cold flow, and hot flow. It is small and has no moving
part. Therefore, no maintenance is needed. Figure 1 shows a schematic drawing and flow pattern of
a vortex tube. A vortex tube consists of one or more inlet nozzles, a cold exit, a hot exit, a vortex
chamber, a control valve, and a hot tube. The working principles of the vortex tube are as follows.
Pressured gas is tangentially injected into the vortex chamber through the inlet nozzles to create a
strong swirl flow. Then, the strong swirl flow is expanded and cooled at the center of the vortex
chamber, while a higher temperature of flow is created at the peripheral of the tube. This phenomenon
is known as temperature separation phenomenon. Then, the flow moves towards the hot exit at the
other end of the tube and the peripheral flow leaves the tube through the hot exit as hot flow. Flow at
the center of the tube will counter-flow, and exit through the cold exit near the inlet nozzle as cold
flow. The control valve at the hot exit is used to control the mass flow rate of hot flow by the gap
created between the control valve and the inner side of the tube. This gap is controlled when the
control valve is moved inwards or outwards the tube.

Vortex tube was created by Ranque in 1933 [1]. Then, he patented vortex tube in 1934 [2].
For more than 10 years, vortex tube was not gaining any attention until a German physicist, Hilsch
studied the performance of this cooling device in 1947 [3]. Some of the investigations on the
performance of vortex tubes are briefly mentioned below. Saidi et. al. [4] used a thermodynamics
model for investigating vortex tube energy separation via exergy analysis, which is a new approach.
Dutta et al. [5] used a three dimensional Computational Fluid Model (CFD) to investigate the energy
and species separation phenomenon inside vortex tube. In their work, compressed air at a normal
atmospheric temperature and the cryogenic temperature is used as the working fluid. They found that
the energy and species separation is better at normal atmospheric temperature. Behera et al. [6]
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conducted a numerical and experimental study to determine the optimum geometrical parameters for
vortex tube. Later in 2008 [7], they developed a three dimensional numerical model to analyze the
flow pattern and energy separation mechanism inside the tube. They reported that a free vortex region
exists inside the tube. Secchiaroli et al. [8] conducted a numerical simulation of the internal flow
vortex tube by both RANS (Reynolds-averaged Navier-Stokes equations) and LES (Large eddy
simulation, mathematical modelling of turbulence) technique. They concluded that the numerical
simulation is accurate to predict the cooling performance of vortex tube.

In this study, a numerical simulation using SIMFLOW ver. 2.2 is conducted to study the
effects of tube length and cold outlet diameter to the performance of the vortex tube cooling device.
The pressure and temperature distribution in the vortex chamber near inlet nozzle is also plotted to
clarify the existence of temperature separation phenomenon inside vortex tube.

Inlet

Hot flow

Figure 1. Flow pattern inside vortex tube.

MATHEMATICAL MODELS

Modelling

Open source CAD software, FreeCAD ver. 0.15 is used to create a model of vortex tube as
shown in Figure 2. From the figure, vortex tube model is cut into blocks with 6 surfaces to perform
hexahedral meshing. In this study, the effect of length and cold outlet diameter is to be determined.
Therefore, three different length of the tube (L=175, 186, and 194 mm), and cold outlet diameter
(d=4, 4.6, and 5 mm) is selected. Two nozzle number with an area of 2x2 mm is chosen throughout
the simulation. The inner diameter, D for this model is 10 mm. Therefore, the length to inner diameter
ratio (L/D) and cold outlet diameter to inner diameter ratio (d/D) is L/D = 17.5,18.6,19.4 and d/D =
0.4,0.46, 0.5, respectively. In this study, 6 models are created.

Meshing

Hexahedral meshing for vortex tube model is performed by an open source meshing software,
Salome 7.7.1 as shown in Figure 3. Before hexahedral mesh is chosen, vortex tube model is meshed
with tetrahedron mesh. After some trials, tetrahedral mesh failed to perform the simulation. Therefore,
the more stable hexahedral mesh is selected. To perform hexahedral meshing, the model is needed to
be cut into blocks with 6 surfaces as mentioned in the previous section. The nodes for all 6 models is
about 99,000 nodes.
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Figure 2. Vortex tube model created with FreeCAD ver. 0.15
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Figure 3. Computational mesh of vortex tube

Turbulence Modelling

Vortex tube uses compressed gas. Therefore, a relatively high Reynolds Number region,
turbulent flow is expected. SimFlow ver 2.2 is used to perform the numerical simulation. This
simulation software is based on open source OpenFOAM software (Linux platform), and works on
Windows platform. It also comes with a user friendly interface, where users need no longer to type
in the codes, but can select it from the menu. It’s free licensed can be used for mesh with less than
100,000 nodes. In this study, mesh with approximately 99,000 nodes is used.

Rans k-e model is selected as the turbulence model. The solver used for this simulation is
steady-state rhoSimplecFoam.
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Boundary Conditions

The pressure, temperature and turbulence intensity for inlet is modelled as fixed value of 0.4
MPa, 300 K, and 5%, respectively. The walls of the system is a non-slip boundary condition. The
cold and hot outlets are modelled as Inlet-Outlet with a temperature of 300 K. The pressure at the
cold outlet is set at atmospheric pressure (0.1 MPa). The pressure at the hot outlet is varied to control
the mass flow rate at the cold and hot outlet.

MAIN RESULTS

Temperature separation inside vortex tube is mainly happened in vortex chamber near the
inlet nozzle. Therefore, in this research, the pressure and temperature at a cross sectional area
near the inlet nozzle is plotted from the simulation results.

The performance of vortex tube is mainly based on the cold outlet temperature. To study
the effects of length and cold outlet diameter, the pressure and temperature at a cross sectional
area of the cold exit is derived from the simulation results.

Effects of Length of Tube

Figure 4 (a) and (b) show the pressure and temperature at a cross sectional area of tube
near the inlet nozzle, respectively. For Figure 4 (a), the horizontal axis is pressure, P in Pascal
and the vertical axis is the distance from the center of the tube to the tube’s wall. For Figure 4
(b), the horizontal axis is temperature, T in Kelvin, and the vertical axis is same as Figure 4 (a).
L175, L186, and L194 in Figure 4 represents the length of the tube, which is L=175, 186, and
194 mm, respectively.

From Figure 4 (a), it can be understood that the pressure gradient for all length is identical.
The lowest pressure is at the center of the tube. This is due to the vortex flow near the inlet is a
force vortex. Therefore, the radial velocity at the center of the vortex is 0, which results the lowest
pressure. The highest pressure is as expected to be near the wall. L186 and L194 show almost
similar results, and L175 have the highest pressure distribution.

From Figure 4 (b), the lowest temperature is at the center of the tube (292 K). This is due
to sudden expansion of compressed gas. It should be noted that inlet temperature is 300 K, and
the temperature of the flow near the wall is almost 40 K greater than the inlet. Therefore, the
temperature separation of vortex tube is observed from this simulation. The temperature
distribution for L175, L184, and L196 is almost similar to each other. Form the pressure
distribution at Figure 4 (a), L175 is expected to have a higher temperature distribution. The other
factors may affect the results, and further investigation is needed.

Figure 5 (a) and (b) show the pressure and temperature at a cross sectional area of tube
near the inlet nozzle, respectively. The horizontal and vertical axis is same as Figure 4. From
Figure 5 (a), the pressure gradient for all length is similar. From the pressure distribution, it is
clear that the flow was changed to laminar flow at the cold exit. The pressure distribution of L175
is the lowest and L194 is the highest. From Figure 5 (b), the lowest temperature distribution is
L175. This is due to the pressure at L174 is the lowest among other lengths. Therefore, we can
conclude that the length of L=175 mm is the optimum length for vortex tube.

Effects of Cold Outlet Diameter

Figure 6 (a) and (b) show the pressure and temperature at a cross sectional area of the tube
near the cold outlet, respectively. The label d4, d4.6 and d5 represents the cold outlet diameter,
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d=4, 4.6, and 5 mm, respectively. From Figure 6, d4 has the smallest distance from the center,
and d5 has the longest distance from the center. From Figure 6 (a), the pressure distribution
increases when the diameter decrease. It can be seen from Figure 6 (b) that the lowest temperature
at the center of the tube is obtained when the diameter is 4 mm. Therefore, it can be concluded
that optimum diameter for cold outlet diameter is 4 mm. Also, a further study on smaller diameter
of the cold outlet is suggested.
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Figure 4. (a) Pressure distribution near inlet at L=175, 184, and 196 mm, (b)
Temperature distribution near inlet at L=175, 184, and 196 mm.
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Figure 5. (a) Pressure distribution near cold outlet at L=175, 184, and 196 mm,
(b) Temperature distribution near cold outlet at L=175, 184, and 196 mm.
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Figure 6. (a) Pressure distribution near cold outlet at d=4, 4.6, and 5 mm,
(b) Temperature distribution near cold outlet at d=4, 4.6, and 5 mm.

CONCLUSION

A numerical simulation is conducted to clarify the effects of tube length and cold outlet
diameter to the performance of the vortex tube cooling device using SIMFLOW ver. 2.2. The
temperature separation phenomenon is verified from the pressure and temperature distribution
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near the inlet nozzle where the phenomenon is occurred. From the pressure and temperature
distribution at the cold exit, it is clarified that the optimum length and cold outlet diameter for 10
mm inner tube of vortex tube is 175 mm and 4 mm, respectively. Further investigation is
suggested due to the possibility of lower value as the optimum value.
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