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A PARAMETRIC STUDY OF CONICAL FRUSTUM GEOMETRY FOR IMPROVEMENT
OF COOLING PERFORMANCE OF VORTEX TUBE

H.B. Koo, LY. Park, D.Y. Sohn and Y.H. Choi’
Department of Mechanical Engineering, Ajou University

Vortex tube is a thermal static device that separates compressed air into hot and cold streams. In general, the
cooling efficiency of vortex tubes is lower than that of traditional air conditioning equipment and vortex tubes are
mainly used for industrial spot cooling applications because of their quick responses. In this study, conical frustums
are employed in the nozzle chamber to improve the cooling performance. Conical frustums can be used to decrease
the ineffective mass fraction that directly passes through the cold exit without energy separation. The shape
optimization of conical frustums has been performed using full factorial design. It is found that the height of
frustums has the largest main effects on the cooling performance. Computational results show that the cooling
performance can be increased by about 10% within the considered range of the design parameters. This is because
the ineffective mass fraction toward the cold exit is decreased by about 20%.
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Fig. 2 Ineffective flow of vortex tube
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Fig. 3 Axial cross-section of vortex tube[mm)|
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< Inlet diameter = 16 mm

Nozzle height = 2.5 mm
Nozzle mner diameter = 30 mm
Nozzle outer diameter = 45 mm
Chamber diameter = 50 mm

Fig. 4 Radial cross-section of nozzle chamber
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Fig. 5 Computational grid for a vortex tube(Grids near the nozzle
chamber are depicted in this figure)
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Table 1 Boundary conditions

Inlet Total pressure : 0.8 bar
Total temperature : 297.15 K
Cold outlet Atmospheric pressure
Hot outlet Target mass flow condition for a= 0.7
Wall Adiabatic_condition
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Fig. 6 Grid dependency test for the present work
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Fig. 7 Location of a conical frustum in the nozzle chamber
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Table 2 Two-level full factorial design
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Fig. 9 Total temperature, static temperature and velocity magnitude
contours and streamline at axial cross-section for case 0
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Table 3 Computational results of temperature difference and

cooling performance
Case AT, (K) P (W)
0 7.52 96.10
1 8.27 106.04
2 7.52 92.68
3 6.32 75.17
4 8.12 105.54
5 8.18 106.31
6 8.12 100.82
7 8.27 105.91
8 7.42 91.90

Table 4 Comparison of ineffective mass fraction(3) and total

pressure
Case lnefif': ccttll :lf( /I}r;ass Total pressure(kPa)

0 0.40 73.90

1 0.31 70.21

2 0.27 61.61

3 0.26 50.81

4 0.31 68.35

5 0.32 68.83

6 0.28 67.28

7 0.30 69.47

8 0.27 61.61
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Fig. 10 1st DOE analysis results
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Note

This paper is a revised version of the paper presented at the
KSCFE 2015 Spring Annual meeting, Jeju, May 14-15, 2015.
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