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Experimental setup for expansion of compressed air
in a vortex tube by Ranque & Hilsch.
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Thermal Separation Effect in a Vortex Tube
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Thermal Separation Effect, Dependence on Tube Length
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Inlet Nozzles for Air Expansion in a Vortex Tube*
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*Merz,H.:Experimental Investigation of the Air Expansion Process in a Vortex-Tube
Using Different Types of Inlet Nozzles, IFT, U-Siegen, 1995.
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Inlet Nozzles for Air Expansion in a Vortex Tube*
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*Merz,H.:Experimental Investigation of the Air Expansion Process in a Vortex-Tube
Using Different Types of Inlet Nozzles, IFT, U-Siegen, 1995.
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Effect of Heat Transfer

From the Vortex Tube

Expansion of Dry Air
p(0)=5.98 bar
p* =0.98 bar
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Vortex Tube Gas Expansion Process
Thermodynamic Model

Mass balance

Mg = Me+ My Q (1)
( <
Mass flow ‘
: Zy
Energy balance
h, 1{10 =h¢ I‘I.lC-I-hH lle+Q (2)

h = h + w2/2
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Entropy Balance, Stationary States

.... Specific entropy of incoming fluid

.... Specific entropy of merged outgoing fluid flows

L DAy i
Equations of state d

h; =h(Ti9pi) *Si=S(Tispi) ,1=0,C,H (4,5)

e *
Known quantities : mg, mc, Ty, po, Pc =Py =P

Unknown quantities : T, Ty ... (2, 3)



Vortex Tube Process: Entropy Production, Heat Release
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Numerical Simulation of the VT-Process
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2-D Flow , Expansion of dry air. Distribution of temperature and pressure
Ref.: H. Frohlingsdorf, PHD, University of Bochum, 2001.
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Claudé Gas Cooling Process

W Q
\L A
m T ’pO m T4’po
A
1 2 \ 3 4
TA
Po
Improvement:
Substitute the
Expansion Valve
T* by a Vortex Tube
Ts h,=h;
S
>



E/12

Gas Cooling Process using a Vortex Tube
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Compression energy
savings: (3-10)%




Cooling Vortex Tube* for non-adiabatic expansion

of gases and vapors ( IFT USI, 1995)
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*Patent DE 4345 137 A1, 1993
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Non-adiabatic Expansion of Compressed Liquids
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Thermo-Valve*: Non-adiabatic Expansion of
Compressed Liquids (R22, CO2 etc.)

Vortex tube Heat exchanger
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