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EFFICIENCY CONDITIONS FOR THE VORTEX TUBE APPLYING IN AIRCRAFT
EQUIPMENT COOLING

The problem of heating of the electronic on-board elements of aircraft systems appeared with
the advent of electronic equipment. The efficiency of the electronic equipment is low, only a few
percent of the total energy supplied to it from the power source is used for signal processing. The
rest of the energy is released as waste heat. One of the main factors limiting the size reduction
tendency of the electronical equipment casing (computers, radios, cellular equipment) is the
temperature at the operational mode. A large number of electronic components require additional
heat removal (cooling), which leads to an increase in the weight and dimensions of the product,
which is unacceptable in aviation.

The complex design solutions aimed at reducing the temperature of the radio equipment
require significant expenses. During the development of the design of the radio equipment, the cost
of development of the cooling subsystems should be kept as low as possible.

With waste heat emission in range of 0.2 – 1 W/cm2 the cooling fans are used. At the same
time, it is mentioned that there is the possibility of use of the vortex tube (Ranque tube) to increase
the intensity of the heat sink. The advantages of this device are its simplicity, small size and the
possibility of significantly reducing the cooling air temperature. The main drawback is the low
efficiency. At the same time there are no recommendations for the effective use of a vortex effect in
the aviation in literature sources.

In this paper the approach to assessing the comparative power consumptions while cooling the
flat surface located in a sealed compartment is being developed. An air flow of axial flow fan and
the  air  flow  from  the  cold  zone  of  the  vortex  tube  are  being  compared.  In  the  first  case,  the  air
supplied to the cooling chamber has a temperature and the power consumed by the fan. In the
second case, the air  is compressed by the compressor and a portion of it having a lower temperature
is supplied for cooling. The bases of calculation are given according to the heat transfer coefficient
in the boundary layer on a flat plate, which allows establishing a connection between the
temperatures of the incoming flow and the wall with the air flow rate in the boundary layer.
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The analysis allowed determining the conditions under which the use of the vortex tube is
energetically more favorable than the traditional fan. One such condition is the temperature of the
cooled surface have to be less then 40° C when the ambient temperature in the compartment is 20° C.
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