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Abstract. The original solution for hot end pipe rectifier takes into account the experimental results of 
V.I.Metenin, S.A.Piralisvili, A.V.Moraskinim, V.A.Vîsocinim. Rectifier control valve equipped with articulated 
ball execute a oscillation movement. This causes a pulsating radial motion maintenance and even an increase in 
its kinetic energy for hot mass fraction. Extensive studies have been carried out on hot end pipe rectifier of vortex 
tubes for developing vortex tube technology.  
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1. INTRODUCTION 

The Vortex Tube (VT) system is a device that 
generates separate flows of cold and hot gases 
from a single compressed air. The vortex tube was 
invented by Ranque in 1933 and then improved by 
Hilsch in 1947. 

Vortex tube is a simple device, with nozzles, 
vortex chamber, separating cold plate, hot valve, 
hot and cold end without any moving parts. 

The compressed gaseous fluid expands in the 
nozzles, then enters vortex tube tangentially with 
high speed; the inlet gas splits in low pressure hot 
and cold temperature streams: the peripheral gas, 
has a higher temperature than the initial gas, while 
the other, the central flow, has a lower tempera-
ture. 

The vortical airflow, which is moving towards 
the hot end, later is forced back by a plug that is 
placed at the hot end of the tube. The plug adjusts 
the balance of the amount of the air that is allowed 
to escape peripherally, which is hot and the amount 
that is forced back to escape from the centre of the 
tube, which is cold. The temperature drop between 
the hot and cold air. 

The flow inside the vortex tube can be de-
scribed as a rotating vortical flow, which moves 
like a spring-shaped vortex track. 

The kinetic energy decrement makes the diffe-
rential element at larger radius generate distortion 
and the fluid there gains energy, so the fluid flow 
no longer have the character of free vortex flows. It 
is the basic mechanism the inner fluid transferring 
energy to outer fluid. Because of energy transfer, 

the total temperature of outer fluid decreased and 
the inner increased. 

It was early recognized that both transport of 
heat by conduction and transport of kinetic energy 
by friction might contribute to the energy separa-
tion represented by the net temperature difference 
detected between the outgoing streams. It was also 
early recognized that without turbulence in the 
tube there would not be sufficient time for any 
appreciable separation to take place. 

2. EXPERIMENTAL APPARATUS 

A reliable test rig has been designed and con-
structed to investigate the effect of geometrical 
parameters i.e. diameter length and shape of hot 
end pipe rectifier of vortex tube. Experiment setup 
and the main dimensions of the vortex tube which 
was specially designed for this experiment are shown 
in Figure 1. The tube was positioned horizontally, 
with a large tank of compressed air. Internal pressure 
set to 6 bar was used as the source of the working 
material. 

A pressure regulator was placed before the inlet 
nozzle, which was used to control the input pressure 
of the air and maintain constant input pressure. 

Vortex tubes have been designed and fabricated 
by incorporating the optimized geometrical parame-
ters like the inlet nozzle profile (conical), number 
of nozzles (4), cold end diameter (dc), length to 
diameter (L/D) ratio, hot gas fraction. 

Thermo-physical parameters which have been 
designated and studied are inlet gas pressure, type 
of gas and cold gas mass ratio of inlet gas. The 
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effects of these parameters on the cold temperature 
difference and efficiency are discussed and presented. 

 

 
 

Fig. 1. Schematic diagram of the experimental apparatus  
and measuring devices. 

 

 
 

Fig. 2. Hot end pipe rectifier. 
 

Several nozzles structures were placed in the 
vortex chamber to generate different vortex angles. 
Then, series of experiments were done in order to 
investigate the relationship between the hot end 
shape and the performance of the vortex tube. The 
replaceable plugs were fixed at the hot end and 
cold air nozzle diameter was kept constant during 
the experiment. 

Hot end pipe rectifier was designed to increase 
the temperature drop between the hot and cold air. 
The detail of the design was shown in Figures 2 
and 3. 

 

 
 

Fig. 3. Hot end pipe rectifier. 

The assembly with hot end pipe rectifier can be 
seen in Figure 4. 

 

 
 

Fig. 4. The assembly with hot end pipe rectifier. 

 
 

Fig. 5. Mach number distribution. 
 

To assess the vortex tube effectiveness we use 
thermal efficiency. It is defined as a ratio of 
cooling rate Tr to isentropic cooling rate Ts. This 
can be writen as fallow: 
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where: bpp /*
0  is the degree of air relaxation 

in vortex tube; *
0p  – compressed air pressure; bp  – 

atmosphere pressure; *
0T  – compressed air tem-

perature; k – adiabatic index. 
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A contrast experiment between a vortex tube 
with stable rectifier and another vibrating rectified 
was carried out and results were shown in Figures 6 
and 7.  

 

 
 

Fig. 6. Performance of Vortex Tube  
with stable control system (A). 

 
In Figure 6 are presented the experimental results, 

obtained on VT with stable control system. Analy-
tical results that can be expressed by the relation: 
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For oscillating control system results are pre-
sented in Figure 7. 

 

 
 

Fig. 7. Performance of Vortex Tube  
with oscillating control system (B). 

 
Compared with classic control system, oscillating 

control system cause a 1.1% drop in temperature for 

cold fraction (0.9 degrees for optimum refrigerant 
system) 
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Furthermore, we can see that the function 

max,/ rr TT   obtained in the theoretical analysis is 

confirmed by previous experimental research. It 
can be used to determine the cold fraction 
temperature for geometric similarity VT. 

An interesting advancement can been seen 
easily from Table 1, i.e. the cooling effect of the 
second is up to 0.0111 greater than that with 
classic control system, and the heating effect 
becomes a little better too. 

To support this statement, are given the cumu-
lated results, for relative fraction cold temperature. 

3. CONCLUSIONS 

Three new kind of rectifier was installed at the 
end of the outlet of vortex tube, used for reducing 
friction loss of air flow energy, which can improve 
the performance of vortex tube. The experiment 
results indicated that: these modifications can 
improve the performance of vortex tube. 

The experimental data which is gained from the 
experiment with the conventional vortex tube tell 
us that: the friction loss of airflow energy is 
notable and this energy loss is responsible for the 
result that the conventional vortex tube has poor 
coefficient of performance; the rectifier can also 
reduce the viscosity loss and residual speed loss. 

The vibrating flat rectifier plays important role 
in both the temperature separation and the vortex 
tube performance. He gives better temperature 
difference, both temperature drop at cold end and 
temperature rise at hot end. It also gives better 
performance on the heating efficiency of the vortex 
tube, and better cooling efficiency except for lower 
values of input pressure: 

1) tube wall temperature increases with cooler 
air fraction  except when  = 1; 

2) an increase of  cause a redistribution of 
maximum temperature from inlet to rear areas. 

 
Table 1 

 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

A 0.9000 0.9815 0.9977 0.9657 0.8785 0.7692 0.6292 0.4615 0.2385 

B 0.9111 0.9818 0.9999 0.9575 0.8864 0.7727 0.6432 0.4773 0.2498 
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For vibrating flat rectifier the better perfor-
mance of the vortex tube can be seen at higher 
input pressure and the highest efficiency can be 
found when the input pressure is around 6 bars. 
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