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Abstract
This study focuses on the experimental
and numerical investigations on a com-
mercial Ranque-Hilsch vortex tube.
Ranque-Hilsch vortex tubes have many
applications in industry and production
as they can generate a very cold flow
just from pressurized air .e.g. machine
tool cooling. Main objective of this stu-
dy is the energy separation in the flow
field which results in a temperature drop
on the cold exit of the tube. This was in-
vestigated experimentally by measuring
the outlet temperature on the cold exit
and the pressure drop on the flow re-
strictor valve on the hot exit. At a pressu-
re drop of 0.5 bar the vortex tube
showed the best performance by
reaching a cold exit temperature of –
16.7 °C. The Inlet flow was pressurised
air at 20 °C and 6 bar.

The numerical analysis was carried out
by full 3D steady state CFD-simulation
using the commercial software ANSYS
CFX 11.0. The three dimensional model
represented a 120° sector of the tube
using periodic boundary conditions. A
comparison between different turbu-
lence models (k – ε, RNG k – ε, k – ω,
SST) was carried out. The classic k – ε
two layer turbulence model showed the
best results compared to the experiment.
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3.3 Numerical and experimental
analysis on flow behavior and
energy separation in a commer-
cial Ranque-Hilsch vortex tube

The energy separation and the drop in
cold exit temperature are highest when
the viscous work term is included into the
energy equation. These effects of inclu-
ding the viscous work term into the ener-
gy separation have also been investigated.

Introduction
The flow rotating around any axis is
called a vortex. Ranque-Hilsch vortex
tubes separate a compressed fluid into
two streams, one hot and the other one
cold. The vortex motion is created by
tangential injection of the compressed
fluid into a scroll chamber, creating a
strong circular flow field. In a counter-
flow vortex tube like the one investiga-
ted here a fraction of the feed gas exits
as cold through the central zone at one
end of the tube. The balance fraction of
flow exits as hot peripheral stream at the
other end of the tube.This effect was first
observed by Ranque [1] in 1933 and
later investigated by Hilsch [2] in 1947.

In the meantime many theories postula-
ted to explain the temperature separati-
on[3, 4].
Several numerical investigations by
using commercial CFD Codes have
been performed more recently in order
to understand the flow behaviour and
the energy separation mechanism [5-7].

Experimental Analysis
The experimental setup is shown in Fi-
gure 3.3-1. On the left side is the hot exit
with the throttle valve, on the right side
the cold exit. By adjusting the throttle
valve the massflow fraction can be con-
trolled. The cold exit temperature is
highly sensitive to the throttle valve set-
ting on the hot exit. In order to set a
comprehensive boundary condition for
the CFD simulation the pressure before
the throttle valve was measured. On the
right is the cold exit where the exit tem-
perature was measured by a Pt100 resi-
stance thermometer.

Fig. 3.3-1: The
vortex tube installed
in the laboratory
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The inlet was connected to pressurized
air supply at a constant relative pressure
of 6 bar.

At a relative back pressure of 0.5 bar be-
fore the throttle valve the temperature se-
paration was highest seeing the cold exit
temperature dropping down to -16.7 °C.

CFD-Simulation
A three-dimensional numerical model of
the Ranque-Hilsch Vortex tube was del-
veloped using the commercial CFD Soft-
ware ANSYS CFX 11.0. The solving was
performed in parallel computing on two
CPUs. The fluid model represented com-
pressible air as ideal gas. Specific heat,
thermal conductivity and dynamic visco-
sity were considered to be constant. In
order to reduce computational effort the
fluid domain was designed as a 120°
sector of the tube as it has three tangenti-
al injectors into the scroll chamber as
can be seen in Figure 3.3-3. The bounda-
ry conditions where set to a constant in-
let massflow and pressure boundary
conditions on both the cold and hot exit.
The throttle valve on the hot exit was not
modelled but represented by a pressure
boundary condition set to 0.5 bar static
relative as measured experimentally. The
Cold exit pressure boundary condition
was set to 0 bar static relative pressure.
The reference pressure was 1 bar. To esti-
mate the fluid temperature the equation
of total energy was solved for every run
once with viscous work included and
once without considering the viscous
work. A tetrahedral mesh with prism
boundary layer mesh and refinement
near the walls consisting of 5 million
elements was used for the analysis. In
total 4 different turbulence models mo-
dels (k – ε, RNG k – ε, k – ω, SST) were
tested.

Results
Figure 3.3-2 shows the results from the
CFD Simulation compared to the experi-
mental measurement. The cold exit tem-
perature is significantly lower when the
viscous work term is included into the
energy equation. For a better understan-
ding of the energy separation mecha-
nism a streamline that exits on the cold
exit was created (Figure 3.3-3). The ef-
fect of radial energy transfer from the
inner region to the outer region can be
seen from Figure 3.3-4 which shows the
temperature along the streamline. After
the air enters the scroll chamber it is tra-

veling in the peripheral area towards the
hot exit on the right. The streamline re-
aches a stagnation point where the flow
approaches the inner zone and changes
direction to exit through the centre to-
wards the cold exit on the left.When the
gas is traveling in the peripheral zone
towards the stagnation point it heats up.
The viscous work due to the strong shear
stress in the near wall region contributes
to this heat up. When the fluid travels
back to the cold exit in the centre zone
of the vortex it is hotter than the outer
regions. This counterflow results in an
radial energy transfer from the inner re-
gion to the outer region. Figure 3.3-4
also shows an slight increase of the fluid
temperature when the air expands in the
diffuser on the cold exit.

A mesh sensitivity study showed better
results with the finer mesh in place. Inital
simulations with a much coarser mesh
didn’t see such low temperature on the
cold exit. Remarkable is also the fact,
that the simulation became highly unsta-
ble and aborted unless an initial conditi-
on in form of a constant rotation of the
fluid along the main axis was introduced.
The simulation has seen a significant ef-
fect of the viscous work on the cold exit
temperature. The classic k – εmodel sho-
wed the best result in good agreement
with the experimental analysis.
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