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Abstract The vortex tube is very simple thermo-fluidic 

apparatus which generates low temperature and high tem-

perature air streams. The inlet fluid is tangentially com-

pressed into the inlet nozzles of vortex tube. The purpose 

of the submitted research is to discuss the thermal charac-

teristics of vortex tube with aluminum material by chang-

ing some of working parameters which include pressure of 

the entry air and cold mass ratio. The values of inlet air 

pressure include (4, 6, 8, 10 bar) as well as the values of 

cold mass ratio includes values from 0.4 to 0.9 by incre-

ment of 0.1. In the present investigation the vortex tube is 

manufactured from aluminum material and the entire gen-

erator is made of polymer material which allow more 

lightness in weight of construction of vortex tube. The 

experimental outputs reveal that at 20 
o
C of inlet air tem-

perate with 10 bar inlet air pressure the optimum hot air 

temperature reached 125 
o
C and the optimum cold air 

temperature maintained -14 
o
C at the same operation con-

ditions.  Moreover, the results of the present study were 

compared with previous published research work. Conse-

quently, the outcomes of this study exhibited that the vor-

tex tube with aluminum material enhanced the hot tem-

perature separation by 70 % as well as more highly cold 

temperature separation closely to other empirical outputs. 
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Nomenclature 

∆𝑇 temperature drop (
o
C) 

𝐶𝑝 specific heat at constant pressure (kJ/kg K) 

CR cold mass ratio (--) 

𝐷 vortex tube inner diameter (mm) 

𝐿 tube length (mm) 

 

 

𝑚̇ mass flow rate (kg/s) 

𝑃 inlet pressure (bar) 

𝑅 gas constant (kJ/kg K) 

𝑇 temperature (℃) 

  

Subscript 

 

a atmosphere 

c cold air 

h hot air 

i inlet air 

  

Abbreviations 

COP Coefficient of Performance (--) 

RHVT Ranque-Hilsch Vortex Tube 

VT Vortex Tube 

 

1 Introduction

 

 
The Ranque-Hilsch vortex tube (RHVT) is a mechani-

cal equipment that could be used in cooling applications or 

in heating application; as it could separate the inlet com-

pressed gas into two different temperature streams one is 

hot and the second stream is cold . The phenomenon of 

temperature separation was firstly discovered by French 

physicist engineer Georges Ranque in 1933 [1, 2]. Ac-

cordingly, practical and theoretical researches were con-

tinued with the purpose of enhancing the efficiency of the 

vortex tube (VT) by German engineer Rudolf Hilsch [3]. 

Generally, there are two different designs of RHVT; the 

major type is known as counter-flow form and the second 

is known as uni-flow form. Figs. 1a and b, respectively 

are shown the two constructions in details [4]. 

The counter-flow VT has one inlet and two exits at 

the opposite directions, while the uni-flow type has one 

inlet and two exits at only one end. Generally, the coun-

ter-flow VT is characterized by high efficiency in temper-

ature separation compared to uni-flow type, because in the 

uni- flow type it is noted that the hot flow is exposed to 

mix with the cold flow at the near exits of two streams; so, 

there is no doubt that it affects negatively on its efficiency.
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In the recent years, there are several explanations 

were published to investigate the performance of the VT. 

Westley [5] optimized the main design format of the VT 

and worked on changing some of operating and geometric 

parameters which achieved maximum values of cold tem-

perature difference. Takahama et al [6-9] performed ex-

periments and reported some of formulas which described 

the energy separation of VT and its relationship with the 

geometry of VT as they checked in details the geometry of 

the VT and study how effect number of inlet nozzles on 

the vortex performance. Valipour et al. [10-11] indicated 

to the effect of main physical properties of inlet fluid of 

VT such as its pressure, its temperature and the humidity 

percent which loaded in air. Additionally, they indicated to 

the effect of the geometric properties of VT on the cooling 

performance such as VT inner diameter and tube length, 

dimensions of access nozzle and diameter of the cold end. 

As well, they studied how the cooling performance could 

be affected with angle of bending of hot tube. Singh et al 

[12] examined experimentally the action of change the 

cold mass ratio, nozzle design, as well as the ratios of 

length to diameter of the tube on the cooling performance 

of VT. It was concluded that the design of nozzle had 

more effect on the splitting temperature of VT and when 

the ratio of the tube length to its diameter (L/D) is in-

creased by about 45-55% had unnoticeable effect on the 

thermal performance. Behera et al [13] optimized the 

temperature difference of hot flow and cold flow based on 

the ratios of length to diameter of the VT. Attalla et al [14] 

investigated experimentally the influence of inlet nozzles 

number contains in the vortex generator on the perfor-

mance of VT. The results indicated that the generators 

which have 3, 4 and 6 nozzles produced highest perfor-

mance. Kaya et al [15] studied empirically the impact of 

design properties of the entire generator of VT such as 

nozzles number and generator material. It was found that 

the best generator which provided the maximum energy 

separation which has six nozzles and made of aluminum 

material in the case of two parallel connected configura-

tion of vortex tubes  

From the above literature review, it is clear that the 

splitting temperature separation and the performance of a 

VT are obviously linked to changing the operation and 

design parameters. So that many companies starting com-

peting in production models of vortex tubes with different 

technical specification that make them more efficient. The 

previous studies were focused to modify the heating and 

cooling performance of the VT by changing its geometric 

dimensions as well as the type of material. So, the current 

study is dedicated to examine the main characteristics of 

the counter-flow VT manufactured from aluminum mate-

rial and the entire generator made from polymer material 

which allowed also more lightness in weight of the VT 

construction. In the current implementation, the thermal 

performance of the RHVT under different operating pa-

rameters such as the inlet air pressure (𝑃𝑖  = 4, 6, 8, and 10) 

bar with varying the cold mass ratio (𝐶𝑅 = 0.4 to 0.9) is 

investigated.  

 

Fig. 1. Basic operation of VT (a) counter-flow (b) 

uni-flow. 

2 Experimental system and steps of experiments 

The real picture of the examined VT model of 

RZJ-W025 is shown in Fig. 2. The construction of the 

vortex system contains mainly from vortex chamber (𝐷 = 

30 mm), hot tube (𝐿ℎ= 113 mm, 𝑑ℎ=13mm) and a swirl 

generator insert into the vortex chamber is made from the 

polymer material, its diameter having the same value of 

inner diameter of the vortex chamber. In the current study, 

theVT is manufactured from aluminum material which 

distinguished it light in weight about 400 grams and ther-

mal conductivity of aluminum is about 247 W/m K which 

provides a greater opportunity to transfer heat between 

vortices of air during its motion without occurring any 

dissipation of energy. Meanwhile, the entire generator is 

made from a polymer material which allows also more 

lightness in weight of construction of the VT. Furthermore, 

the polymer material has a very low-density property 

about 1173 kg/m
3
 so that the operation of air rotation after 

entering the vortex chamber becomes faster as it can rotate 

faster due to its low weight and consequently temperature 

separation is better performed. 

The experimental set-up consists of an air compres-

sor (10 bar, 0.167 m
3
/min and 7.5/10 kW/Hp), air surge 

tank, filter to remove impurities from air, dehumidifier 
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device, pressure measurement device of Danfoss - Model: 

AKS-33, temperature measurement device of RTD – 

Model: TX251, digital flow meter of Model: LUGY-15 

and vortex tube as illustrated in Fig. 3.

Fig. 2. Real photograph of the examined vortex tube 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      1. Air compressor. 2. Surge tank. 3. Valve of pressure regulator. 4. Filter.  5. Dehumidification device. 6. 

Pressure measurement device. 7. RTD unit. 8. Digital flow meter. 9. RHVT. 10. Hot control valve. 

 

Fig. 3. Schematic graph of the test rig. 

 

As indicated in the above Fig. 3, the compressor 

supplies the compressed air with 167 liters per minute of 

flow rate at 10 bar of pressure. The air pressure during the 

experiments are adjusted with different values between 4 

bar and 10 bar with 2 bar increment, then it passes gradu-

ally through the air filter, the dehumidification device, 

then passes via pressure measurement device as the pres-

sure of the air is checked to ensure from the value of 

pressure which have been already adjusted by pressure 

regulator valve. Hence, the compressed air is inserted into 

the VT and permeates into the inlet nozzles where it is 

rotated with very high speed and as a result of some phys-

ical effects the air is split into the high temperature air 

stream and low temperature air stream. The cold flow 
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leaves through the focal core of vortex polymer generator 

but the hot flow leaves at the opposite exit of the other end 

of VT. During the current study, the cold mass ratio is 

changed from 0.4 to 0.9 with an increment of 0.1 and 

those values could be controlled by opening the hot rotary 

valve gradually at the extremity part of the hot tube. All 

temperature measurements at inlet and both exits of VT 

were measured by thermocouples by RTD units with a 

precision of ±0.1 °C. Also, the inlet air flow was cali-

brated by the digital flow meter device with an accuracy 

of ±0.1 %. For each measurement step, the time required 

to record the results of the pressure and temperature to 

reach at the steady state operation is about 5 minutes. In 

this study, the experiments were performed at approxi-

mately room temperature of 20
o
C. 

3 Data reduction 

In this section, there are some of important terminologies 

that should be mentioned to discuss the thermal perfor-

mance of the counter-flow VT. 

3.1 Cold mass ratio (CR) 

The cold mass ratio (𝐶𝑅) is considered the main 

parameter which gives an indication of energy separation 

of the vortex tube. The cold mass ratio is the percentage of 

the mass flow rate of the input compressed air that es-

caped from the cold orifice end of the VT. It can be calcu-

lated from dividing the value of output of cold mass flow 

rate by the value of the input air mass flow rate. The hot 

rotary valve which is located at the extremity part of the 

hot tube can adjust the amount of cold mass ratio. There-

fore, the cold mass ratio (𝐶𝑅) is in the range of 0≤ CR ≤ 1. 

The cold mass ratio can be defined as follows: 

 

𝐶𝑅 =
𝑚𝑐̇

𝑚𝑖̇
                     (1) 

 

where 𝑚𝑐̇  is the cold flow mass flow rate and 𝑚𝑖̇  is the 

inlet flow mass flow rate. 

3.2 Cold air temperature difference (∆𝑇𝑐) 

The cold air temperature difference (∆𝑇𝑐) gives an 

indication of the temperature division inside the VT. It can 

be calculated by subtracting the cold air temperature from 

the inlet air temperature: 

∆𝑇𝑐 = 𝑇𝑖 −  𝑇𝑐                 (2) 

where 𝑇𝑖 is the temperature of the inlet air and  𝑇𝑐 is the 

temperature of the cold air. 

3.3 Hot air temperature difference (∆𝑇ℎ) 

The hot air temperature difference (∆𝑇ℎ) is calculated 

by subtracting the inlet air temperature from the hot air 

temperature: 

 

∆𝑇ℎ = 𝑇ℎ −  𝑇𝑖                   (3) 

 

where 𝑇ℎ is the temperature of the hot air. 

 

In general, the thermal performance of the VT could 

be expressed by subtracting the value of cold temperature 

from the value of hot temperature and is symbolized by 

(∆𝑇) which known as the splitting air temperature or the 

thermal performance as follows [16]: 

 

∆𝑇 = 𝑇ℎ − 𝑇𝑐                      (4) 

3.4 Coefficient of performance (𝐶𝑂𝑃) 

The coefficient of performance (𝐶𝑂𝑃𝑅) of the VT can 

be defined by taking into account that the VT could be 

dealing as a refrigerator device or dealing as a heater/heat 

pump which can be obtained as follows [17]: 

 

𝐶𝑂𝑃𝑅 =
𝑚̇𝑐

𝑚̇𝑖

𝑐𝑝(𝑇𝑖−𝑇𝑐)

R 𝑇𝑖 ln (𝑃𝑖 𝑃𝑎𝑡𝑚)⁄
               (5) 

 

𝐶𝑂𝑃𝐻𝑃 =
𝑚̇ℎ

𝑚̇𝑖

𝑐𝑝(𝑇ℎ−𝑇𝑖)

R 𝑇𝑖 ln (𝑃𝑖 𝑃𝑎𝑡𝑚)⁄
               (6) 

 

Where 𝐶𝑝 the specific heat of air and (R) is the general gas 

constant. 

4 Experimental outputs and discussion 

In the current experimental study, the influence of air 

inlet pressure and cold mass ratio on the thermal perfor-

mance of the VT are studied to evaluate the main VT 

characteristics which distinguishes the examined model of 

VT with aluminum material.  

4.1 Air inlet pressure affection 
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The hot outlet temperatures (Th), and cold outlet tempera-

ture (Tc) as a function of air inlet pressure set at the inlet 

air temperature of about 20 
o
C are shown in Figs. 4 and 5. 

It was noted from Fig. 4 that the outlet hot temperature 

increases sharply with changing inlet air pressure by in-

crement of 2 bar for each step. While, the outlet cold tem-

perature decreases with changing inlet air pressure by in-

crement of 2 bar for each step as shown in Fig. 5. This 

energy separation occurred inside the VT by this way as a 

result of entering the compressed air to the RHVT with high 

pressure and with high velocity, resulting higher speed 

vortices and a momentum heat convection occurred from 

the central area of air vortices to the outer area of air vor-

tices. This phenomenon exhibits a better separation in 

temperature, leading to higher energy at the outer radius of 

the air vortex and a lower energy at the inner radius of the 

air vortex. 

 
Fig. 4. Hot outlet temperature as a function of inlet air 

pressure. 

 
 

Fig. 5. Cold outlet temperature as a function of inlet air 

pressure. 

4.2 Cold mass ratio affection 

Figures 6 and 7 illustrate the effects of the cold 

mass ratio (𝐶𝑅) on the hot and cold temperature differences 

(𝑇ℎ - 𝑇𝑖) and (𝑇𝑖 - 𝑇𝑐), respectively. These results are ob-

tained at four values of inlet air pressure 4, 6, 8 and 10 bar. 

The influence of cold mass ratio on the temperature dif-

ference of VT at various inlet air pressure was also inves-

tigated. It was noted from Fig. 6 when the cold mass ratio 

increases the hot temperature difference is increased di-

rectly. As the case of 𝐶𝐹=0 indicated that there is no cold 

flow is applied from the cold end side (with fully open of 

hot control valve), while the case of 𝐶𝐹=1 indicated that 

there is no hot flow is applied from the hot end side (with 

fully closed of hot control valve). The maximum hot tem-

perature difference is obtained as 100℃ with 10 bar inlet 

pressure and at 0.9 cold mass ratio.  

 

Otherwise, it is observed from Fig. 7 that when the 

cold mass ratio increases the cold temperature difference is 

decreased for various inlet pressure so that the highest cold 

temperature difference measured is 40℃  at the inlet 

pressure 10 bar and 0.4 cold mass fraction. Additionally, 

closing the hot rotary valve reduces the flow area of hot 

flow exit, the reversed flow rate toward the cold flow exit 

increases, so that the friction and heat contact between the 

layers of hot flow and cold flow were occurred. Therefore, 

the heating energy can be emitted from the hot gas stream 

to cold gas stream as the cold mass ratio increases, which 

cause a decrease in the cold temperature difference and the 

opposite of this explanation occurs with hot temperature 

difference. 

 

The VT is considered as a refrigerating or as a 

heating device, so that it is necessary to evaluate the outputs 

of   𝐶𝑂𝑃 . In following part, the 𝐶𝑂𝑃 outputs for both 

refrigerator and heat pump are obtained in Figs. 8 and 9 as 

the figures explain the influence of inlet air pressure as a 

function of cold mass ratio on 𝐶𝑂𝑃 values. The maximum 

𝐶𝑂𝑃 value in case of refrigerator was determined at 4 bar 

value of inlet air pressure and equals to 0.52, while the 

maximum 𝐶𝑂𝑃  value in case of heat pump was deter-

mined at 4 bar value of inlet pressure and equals to 0.35. In 

general, the COP of refrigerating and heating decreases as 

the inlet pressure is increased and the 𝐶𝑂𝑃 for cooling are 

rising with increasing of the cold mass ratio (𝐶𝑅) while 

𝐶𝑂𝑃 for heating are reducing with increasing of the cold 

mass ratio (𝐶𝑅). 
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Fig. 6. Hot temperature difference as a function of cold 

mass ratio at different inlet pressures. 

 
 

 

  

 
Fig. 7. Cold temperature difference as a function of cold 

mass ratio at different inlet pressures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 8.COPR as a function of cold mass ratio for 

𝑇𝑖=20℃ and 𝑃𝑖=4, 6, 8, 10 bar. 

Fig. 9. COPHP as a function of cold mass ratio for 𝑇𝑖=20℃ 

and 𝑃𝑖=4, 6, 8, 10 bar.

5 Comparison performance with some of previous 

researches 

By setting a comparison with some previous re-

searches which have been used vortex and have dimensions 

almost close to the proposed examined model dimensions 

of the VT. As indicated from Table 1 there are some of 

important variables which are collected from previous 

experimental studies until the current date. The table in-

cludes some effective parameters which have an influence 

on the temperature separation of vortex tubes such as tube 

diameter(𝐷), tube length(𝐿), optimum values of cold mass 

ratio(𝐶𝑅), and inlet pressure (𝑃𝑖). There are about 8 groups 

of experimental data are used in comparison with 

RZJ-W025 model of VT. It is important to take into con-

sideration that the experiments are performed by varying a 

number of operating or geometric parameters of VT and 

holding the other parameters are constant. For instance, 

cold mass ratio is varied by modifying the amount of 

opening or closing hot rotary valve position, also the length 

and diameter of VT could be constant or varied in other 
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investigations. Therefore, in the above table the optimum 

conditions of geometric dimensions of the VT and cold 

mass ratio are recorded.  

    Figures 10 and 11 showing the fluctuation of the 

difference respectively with respect to the inlet pressure. It 

was noted that the proposed model has more hot tempera-

ture separation better than the previous studies by 70% 

and the tested model have also high acceptable cold tem-

perature separation is more closing to the previous studies.

 

Table 1 Extraction of some experimental researches of vortex tubes. 

 

Ref  Year Author(s) 𝑫(mm) 𝑳(mm) 𝑷𝒊(bar) 𝑪𝑭𝒐𝒑𝒕 ∆𝑻𝒉,𝒎𝒂𝒙 (℃) ∆𝑻𝒄,𝒎𝒂𝒙(℃) 

[1] 1933 Ranque 12 N.A 7 N.A 38 32 

[18] 1956 Martynovskii and Alekseev 9 450 6 0.3 16.3 38 

[19] 1968 Vennos 41.3 1070 5.8 0.35 -1 13 

[13] 2005 Behera et al 12 120 5.4 0.38 26 23 

[20] 2008 Hamoudi et al 2 100 5 0.57 11.8 18.5 

[21,22] 2011 Dincer et al 9 135 7.3 0.2 30 N.A 

[23] 2014 Liu 10 120 6 0.9 13.5 22.5 

[14] 2017 Attalla et al 7.5 225 6 0.9 47 33 

Present study (model RZJ-W025) 30 145 8 0.9 80 32 

N.A: not available 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Ultimate hot temperature difference versus inlet pressure. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Ultimate cold temperature difference versus inlet pressure. 
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6 Conclusions 

Characterizing the main properties of RHVT which 

is manufactured from aluminum material   requires se-

ries of experiments to compare its performance with pre-

vious studies. The results of this paper are itemized below: 

 It is clear that the primary effect parameter on temper-

ature division in the VT is the inlet pressure. AS the 

maximum temperature separation could be recorded at 

extreme value of inlet pressures. 

 The cold mass ratio is another effective parameter 

which governing the performance of the temperature 

division in the VT. The maximum values of the hot and 

cold temperature differences are founded at cold ratio 

of 0.4 and 0.9, respectively. 

 The cooling and heating COP values of this VT were 

affected by the cold mass fraction and its maximum 

values are 0.52 and 0.35, respectively. 

 From comparison results of temperature separation 

with most actual vortex tubes which have been used in 

some of previous researches; it was found that the 

tested vortex tube model enhances the heating temper-

ature separation by 70% compared with other re-

searches.  
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