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Study of Energy Separation Mechanism in Vortex Tube by CFD
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Abstract

The “energy separation phenomenon” through a vortex tube has been a long-standing mechanical
engineering problem whose operational principle is not yet known. In order to find the operational principle
of the vortex tube, CFD analysis of the flow field in the vortex tube has been carried out. It was found that the
energy separation mechanism in the vortex tube consists of basically two major thermodynamic-fluid
mechanical processes. One is the isentropic expansion process at the inlet nozzle, during which the gas
temperature is nearly isentropically cooled. Second process is the viscous dissipation heating due to the high
level of turbulence in both flow passages toward cold gas exit as well as the hot gas exit of the vortex tube.
Since the amount of such a viscous heating is different between the two passages, the gas temperature at the
cold exit is much lower than that at the hot exit.
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Fig. 2 Calculation domain of vortex tube

Table 1 Dimension of a vortex tube
Tube diameter (D) 12 mm

Tube length (L) 120 mm
Nozzle number (n) 6

Inlet area (A)) 8.02x10°m*
Cold end diameter (dc) 7 mm

Cold end area (A, 3.85x10° m?
Hot end area (Ay) 1.81x10° m?
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Isentropic expansion process
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Fig. 4 Schematic isentropic expansion process into the
vortex tube chamber through the nozzle
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Fig. 5 (a) Mach number distribution, (b) Temperature
distribution in vortex chamber
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Fig. 6 Total temperature distribution in axial direction of
vortex tube at @ = 0.5
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Fig. 9 Tangential velocity profile at z/L=0.005 (at the
vortex chamber very near the cold exit)

Fig. 10 Schematic tangential velocity at the vortex
chamber very near the cold exit
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Fig. 11 Variation of C, in tangential cold exit velocity
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Fig. 13 Radial profiles z/L=0.35, 0.73, 0.95 in vortex tube of « = 0.5
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