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Abstract   
  
The frictional properties of railway brake elements can be regulated with different methods of controlling their surface 
temperatures. The known method of improving of frictional interaction in the system "pad - disk" or "pad - wheel", 
which is implemented by supply of compressed air from the brake line to cool the tribological contact, does not provide 
efficient convective heat transfer as supplied air has not been cooled. One of the promising methods of temperature 
stabilization is supplying cooled air to the contacting surfaces. The article provides analysis of the possibility of using 
vortex tube structures for control of railway brake frictional pairs. Usage the temperature separation effect can improve 
the conditions of friction in railway brakes tribosystem. The gas separation effect is environmentally friendly and 
available for implementation on railway transport. The article presents overview of gas separation constructions and 
their features. Experimental studies created opportunity to develop semi-empirical mathematical models for the 
calculation of Rankque-Hilsch tubes.  
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1. Introduction 

 
From the analysis of theoretical and experimental studies of tribological contact, it was found that to achieve 

consistently high adhesion qualities of tribological units, it is not enough to regulate only the mechanical component  
[1, 2]. The question of the influence of thermal processes on the stabilization of the friction coefficient has not been 
fully investigated. It was found that when the temperature in the metal contact reaches from 200 to 400°C, the strength 
properties of the surface layers change. Therefore, it is proposed to control the clutch of the tribological system disc-
brake pad and wheel-brake-rail by controlling the local mechanical and temperature components depending on the 
conditions of frictional contact. 

Experimental studies determin ng the effect of stabilization of temperature processes on the output parameters of 
the brake were carried out on a laboratory bench [3, 4]. The stand is designed to test various brake circuits and control 
their output parameters.  

 
2. Research Results 

 
Presentation of the main material of the study. The essence of the energy separation effect is that the compressed 

gas in a swirling flow is divided into two streams, one of which comes out as a cooled stream from the diaphragm, and 
the other - in the form of a hot stream - from the cross section of the throttle. The schematic design of the device by 
means of which the specified effect is realized, - a Rankque-Hilsch vortex tube presented in Figs. 1 and 2.  

 

 
Fig. 1 Rankque-Hilsch vortex tube scheme: 1  cylindrical tube; 2  tangential nozzle; 3 – snail; 4  diaphragm with 

axial hole; 5  throttle 
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The designs differ, in particular, in the shape of the nozzle through which compressed air is supplied to the pipe, 

and the size of its vortex chamber, measured in calibers. 
The constructions proposed by Hilsch [4] have one nozzle entrance, in the cross section of which there is a 

circle, and a rectangular entrance snail. Thus, a space is formed at the nozzle section, which contributes to the formation 
of turbulence. 

Martynivsky and Alekseev [5], offer a way to solve this problem, which is to use a tangential-tray nozzle inlet. 
This model eliminated the turbulence zone and improved the operation of the gas separator, but the nozzle inlet became 
more difficult to perform. The best length of the vortex zone for such structures is 50 calibers. 

The design feature of the product [6] has a cross section of the nozzle entrance in the shape of a rectangle, as 
well as the entrance snail has a similar shape. The Archimedean spiral is used in the construction of the snail. This helps 
to eliminate the zone of turbulence on the nozzle section, keeping the design uncomplicated by additional elements. 
Another difference is the reduction of the vortex chamber to 9 calibers along, which is possible due to the directing 
crosspiece, which has four blades, is located in front of the hot flow throttle and limits the vortex zone. The addition of 
these differences allowed to improve the vortex tube and reduce its size. 

The vortex tube [7] has 4 (or 6) conical nozzle inlets and a length of a cylindrical vortex zone of 33 calibers. 
 

 
 

Fig. 2 General view of the vortex tube 
 

In his work, Hills introduced the values and criteria that are still essential for constructing the characteristics of a 
vortex tube. 

If the total temperature and pressure of the incoming compressed gas entering the nozzle is denoted by T1* and 
p1*, the cooled flow by Tc* and pc*, and the hot flow - by Th* and ph*, the cooling effect of the cooled flow can be 
expressed as follows: 
 
 * *

1c ct T T  (1) 
 
and the effect of heating the hot stream 
 
 *

1
* TTt hh . (2) 

 
With the total second weight flow of compressed air G, the flow of cooled flow Gc and hot flow Gh, the relative 

weight flow  (or weight fraction) of the cooled flow will be: 
 

 G
Gc  (3) 

 
and the relative weight flow of the hot stream is determined in the flow equation 
 
 hc GGG , (4) 

 
whence after division by G we receive: 
 

 1
G
Gh . (5) 

 
Starting with Hilsch, the characteristics of the vortex tube were built in the form ct f . 
Fig. 3 shows a typical view of the characteristics of the insulated vortex tube at a given size, parameters T1* and 

P1*, at the inlet and pressure pc* in the cooled stream. 
As it can be seen from the characteristics, with increasing from zero the weight fraction of the cooled flow 

sharply increases the effect of its cooling and reaches a maximum at   0.25. With a further increase in , the cooling 
effect decreases and disappears at  = 1, ie when the throttle of the hot end of the pipe is completely closed and the 
entire flow exits through the diaphragm hole. 

The heating of the hot stream, increasing with increasing , reaches a maximum value at , close to 1, and then 
drops sharply to zero when  approaches unity. If the cooling effect is known ct  cooled flow, it is easy to calculate 
the heating effect ht  hot flow, because in the absence of heat exchange with the environment, the energy emanating 
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from the vortex tube flows is equal to the energy of the input stream. 

 

 
 

Fig. 3 Characteristics of heat-insulated vortex tube 
 
In the theory of the vortex effect, the pressure level does not play a role in the operation of the vortex tube, but 

the viscosity of the gas affects the rate of its flow from the nozzle to the friction against the walls and the process of 
vortex interaction. 

 

 
Fig. 4 The effect of cooled flow pressure 

 
Experimental studies show that a decrease in the overall pressure level while maintaining a constant degree of 

expansion leads to some decrease in temperature efficiency. This decrease is similar to the decrease in the efficiency of 
the aircraft compressor with increasing altitude and is about 1% for each kilometer of "altitude". The correction was 
tested to altitudes of about 13 km, to a cooled flow pressure of 1.67 MPa. 

Fig. 4 shows a curve of relative temperature efficiency depending on the absolute pressure of the cooled flow. 
Here  is the temperature efficiency taking into account the correction for the pressure level of the cooled flow. This 
curve can be approximated with sufficient accuracy by a polynomial of the second degree, based on experimental data: 
 
 20.8325 0.2697 0.103p p . (6) 
 

The polynomial approximation can be used to describe values that alternately increase and decrease. It is 
advisable to use it to analyze a large data set of unstable magnitude. Polynomial approximations have a limitation: they 
cannot be applied outside the range of parameters in which they are obtained. Due to the fact that the calculations were 
performed for the absolute pressure and the coefficient determined in the range from 0 to 1, this condition is met. 

The use of the effect of thermal separation of gases to control the cooling of friction surfaces is proposed in [8]. 
The method is to supply a cooled fraction of air during braking for thermoregulation of surfaces in the brake contact. An 
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improved method of improving the interaction conditions of the friction elements of the disc brake will stabilize the 
coefficient of adhesion of the friction surfaces of the friction elements. 
 
3. Conclusions  

 
The use of the energy separation effect is a promising direction for improving the efficiency of interaction of 

friction surfaces of railway brakes. The choice of optimal designs and geometric parameters of vortex tubes is carried 
out by conducting physical experiments. Along with physical experiments, the choice of optimal geometric parameters 
can be carried out using mathematical modeling in modern packages of computational hydrodynamics. The authors 
propose to use the effect of thermal separation of gases to control the cooling of friction surfaces. During braking, a 
cooled fraction of air is supplied to the brake contact to thermoregulate the surfaces. The improved method of 
improving the interaction conditions of the friction elements of the disc brake, which was proposed, will stabilize the 
coefficient of adhesion of the friction surfaces of the friction elements, and accordingly ensure better safety of railway 
transport and improve its environmental friendliness. 
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