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The Influence of Ranque-Hilsch Effect and Joule-Thomson Effect
to Energy Separation in a Vortex Tube
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ABSTRACT: Energy separation characteristic occurring in a counterflow vortex tube was
studied experimentally, where air, COz and R22 were used as working fluids. The
experiments were carried out with pressure ratio from 3 to 8 and cold mass fraction(y) from
0.1 to 0.9. As results, Ranque-Hilsch effect showed different results from adiabatic expansion
process. Temperature difference in vortex tube outlet was affected by Joule-Thomson effect
as well as Ranque-Hilsch effect. The more effective the energy separation was, the more
increased the entropy in the cold oulet of vortex tube was.
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@ inverter ® filter dryer @ expension valve

@ motor ® vortex tube @ evaporator
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@ oil separator condenser @ data acquisition
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Fig. 1 Schematic diagram of experimental

setup.
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Table 1 Dimension of vortex tube and nozzle
(unit : mm)

cold nozzle
tube | tube nozzle | nozzle
. end ) area
diameter length| .. |number|diameter] .
orifice ratio
5.6 112 | 2.07 4 05 10.032

Table 2 Experimental condition and parameter

Press.
Inlet temp.[Inlet press. . . .
) (MPa) ratio |Working fluid
(Pi/Pc)
70 0.8 3 ~ 8 |Air, CO R22
compressed
air in
vortex generation hot air
cold air Nozzle out
out .S
<= TOTTN R IR IR =
tube\wall
vortex generation control valve
chamber

Fig. 2 Schematic diagram of vortex tube.
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Fig. 3 Schematic diagram of Ranque-Hilsch
process.
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Fig. 4 Enthalpy difference between cold and
hot outlet as function of cold mass
fraction(y), (Pin/P.=5).
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Fig. 5 Hot side temperature distribution as a
function of cold mass fraction(y) for
R22 at vortex tube, (Pi/Pc=6).
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Fig. 6 Diagram of throttling process for each
working fluid.
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Fig. 8 Entropy increase as a function of
pressure ratio for working fluids
(Pn=0.8 MPa, Tin=707C).
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