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Introduction 

The Vortex Tube can be used in many industrial 

applications such as cooling equipment of CNC machines, 

refrigerators, cooling suits, heating process, etc[3]. Since it has 

no moving parts [1] ; it does not break or wear and therefore it 

requires little maintenance[1,2]. A Ranque-Hilch vortex tube 

(RHVT) is a device that splits the compressed air into two 

streams, one hot and cold temperature streams [3,4]. The 

schematic diagram of vortex tube is shown in the figure 1.1 

 

Figure 1. Schematic diagram of Vortex tube 

Although vortex tube effect was known for decades, most of 

the authors studied its effects using metal vortex studied the 

application of Taguchi method in assessing maximum 

temperature gradient for the Ranque-Hilch counter flow vortex 

tube performance . This paper presents experimental results of 

effect of different parameters influencing vortex tube fabricated 

with Delrin material. 

Experimental setup 

  The vortex tube assembly is as shown in the figure 2 and 

the arrangement of the experimental system of a vortex tube is 

shown in the figure3. The system consists of a vortex tube 

chamber with the tangential inlet nozzle or vortex generator, 

cold orifice plate, cone shaped valve, thermocouple, inlet valve 

and air compressor respectively. During the test, the compressed 

air was discharged from an air compressor through the pressure 

gauge with the help of a control valve before entering the RHVT 

at a given inlet pressure. Inside the RHVT, the air is separated 

into two streams with low and high temperatures. The cold air 

leaves the RHVT through the cold orifice plate installed near the 

inlet nozzles, whereas the hot air escaped at the end of the hot 

tube equipped with the cone shaped valve. The temperatures are 

noted by using digital thermometer. 
 

Figure 2. Vortex tube assembly 

The aim of the experiment is to study the variation of 

temperature at cold end with respect to various working and 

geometrical parameters and determination of its suitability to air 

conditioning applications and planning experimentation on it. 
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ABSTRACT 

In this paper Taguchi method is applied for determining the effect of process parameters on 

vortex tube made of Delrin material. An Experimental work is carried out to analyze the 

performance of vortex tube with five controllable input parameters namely diameter of the 

orifices, diameter of the nozzles, length of hot tube, tube diameter and inlet pressure. Cold 

temperature is considered as output parameter. The various parameters like S/N analysis, 

ANOVA and Optimal Cold Temperature were carried out in order to determine the effects 

of process parameters and optimal factor settings. 
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Figure 3. Vortex tube experimental setup 

The parts i.e., inlet tube, main body (flange), cold tube, hot 

tube, nozzle, diaphragm and control valve are fitted one by one. 

The compressor is studied and the Pressures are maintained. The 

settled vortex tube is placed on the table and the outlet of the 

compressor is attached to the inlet of the apparatus. First the 

compressor is maintained at a pressure of 2 bars and the air is 

allowed to pass through the inlet and we have to wait for 5 

minutes. After this the thermometers are placed at both the ends 

and the readings are noted. The temperature of inlet air is also 

noted down using a digital thermometer.Then the compressor 

pressure is increased to 3 bars and the readings are taken in a 

similar manner. The procedure is followed up to 4 bars. The 

readings are tabulated as shown. After taking the readings with 

all the diaphragms, the hot tube is changed which as different 

Lengths. The experiment is carried out in a similar manner for 

all hot tubes.  

Assumptions 

 Mass flow rate of air entering into compressor is equal to 

mass flow rate of air entering in to the vortex tube maintaining 

at constant pressure in receiver tank. 

 Assuming no losses i.e. inlet mass flow rate of air is equal to 

the summation of mass flow rate of cold air, and mass flow rate 

of hot air. 

 Constant pressure is maintained in each experimental trail. 

 There is no interaction effect of parameters on temperature. 

 There are no noise factors present while performing 

experiment. 

Parameter selection and their levels 

For the present experimental work the five process 

parameters each at three levels have been considered. It is 

desirable to have three minimum levels of process parameters to 

reflect the true behaviour of output parameter of study. The 

process parameters are renamed as factors and they are given in 

the adjacent column. The levels of the individual process 

parameters are given in Table 1. 

Table 1. Process Parameters and their Levels 

Factors 

 

Parameters Levels 

L1 L2 L3 

A Length of the tube 120 150 180 

B Inner diameter of the tube 11 14 17 

C Orifice diameter 5 6.5 8 

D Nozzle diameter 11 14 17 

E Pressure 2 3 4 

Experimental results 

The Vortex tube experiments were conducted to study the 

effect of process parameters over the output response 

characteristic. The experimental results for temperature are 

given in Table 2. Totally 27 experiments were conducted using 

Taguchi experimental design methodology and each experiment 

was simply repeated two times and the average is calculated for 

obtaining S/N values. In the present study all the designs, plots 

and analysis have been carried out using Minitab statistical 

software. 

Table 2. Taguchi's L27 Standard Orthogonal Array 

Column 

No. 

1 2 3 4 5 Average 

Response 

(Temperature 

°K) 

S/N Ratio 

Trail 

No. 

A B C D E 

1 120 11 5 11 2 278.0 -48.8809 

2 120 11 5 11 3 270.0 -48.6273 

3 120 11 5 11 4 270.0 -48.6273 

4 120 14 6.5 14 2 287.0 -49.1576 

5 120 14 6.5 14 3 285.5 -49.1121 

6 120 14 6.5 14 4 285.0 -49.0969 

7 120 17 8 17 2 288.0 -49.1878 

8 120 17 8 17 3 288.0 -49.1878 

9 120 17 8 17 4 283.0 -49.0357 

10 150 11 6.5 17 2 273.0 -48.7233 

11 150 11 6.5 17 3 271.0 -48.6594 

12 150 11 6.5 17 4 269.0 -48.5950 

13 150 14 8 11 2 286.0 -49.1273 

14 150 14 8 11 3 283.0 -49.0357 

15 150 14 8 11 4 282.0 -49.0050 

16 150 17 5 14 2 291.0 -49.2779 

17 150 17 5 14 3 289.0 -49.2180 

18 150 17 5 14 4 286.0 -49.1273 

19 180 11 8 14 2 278.0 -48.8809 

20 180 11 8 14 3 277.0 -48.8496 

21 180 11 8 14 4 276.0 -48.8182 

22 180 14 5 17 2 291.0 -49.2779 

23 180 14 5 17 3 287.0 -49.1576 

24 180 14 5 17 4 287.0 -49.1576 

25 180 17 6.5 11 2 282.0 -49.0050 

26 180 17 6.5 11 3 281.0 -48.9741 

27 180 17 6.5 11 4 280.0 -48.9432 

Analysis of Results 

The Vortex tube experiments were conducted by using the 

parametric approach of the Taguchi’s method. The effects of 

individual vortex tube process parameters, on the selected 

quality characteristic –cold temperature, have been studied. The 

average value and S/N ratio of the response characteristic for 

each variable at different levels were calculated from 

experimental data. The response curves (main effects) are used 

for examining the parametric effects on the response 

characteristic. The analysis of variance (ANOVA) is carried out 

to identify the significant variables and to quantify their effects 

on the response characteristic. The most favourable values 

(optimal settings) of process variables in terms of mean response 

characteristic are established by analyzing the response curves 

and the ANOVA tables.  

Main effect plots for means 

Main effects plots show how each factor affects the 

response characteristic. A main effect is present when each level 

of the factor affects the characteristic in the same way and the 

characteristic average is the same across all factor levels. When 

the line is not horizontal (parallel to the x-axis), then there is a 

main effect present. Different levels of the factor affect the 

characteristic differently. The greater the difference in the 

vertical position of the plotted points (the more the line is not 

parallel to the X-axis), the greater the magnitude of the main 

effect. 
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Figure 4. Effects of Process Parameters on Temperature 

For the figure 4, the main effects plot for the means is shown. 

The plots indicate the following:    

 Lowest points in the graphs show that the   Response    

(minimum cold temperature) could be  got    by the optimal    

factor settings at Pressure=4,    Orifice diameter=6.5, Inner   

diameter of tube=11,    Nozzle diameter=11, Length of the    

tube=150. 

 Nozzle diameter has the greatest effect on the  response. 

 From main effect plots optimal parameters are   

A2B1C2D1E3. 

Table 4. Analysis of Variance for Temperature 

Source DF Seq SS Adj ss adjMS F P 

Length of 

tube 

2 0.00484 0.00484 0.002421 1.23 0.318 

Diameter 

of tube 

2 0.84814 0.84813 0.424070 215.92 0.000 

Diameter 

of orifice 

2 0.07295 0.07295 0.036475 18.57 0.000 

Diameter 

of nozzle 

2 0.09648 0.09647 0.048239 24.56 0.000 

Pressure 2 0.07020 0.07020 0.035102 17.87 0.000 

Residual 

Error 

16 0.03142 0.03142 0.001964   

Total  26 1.12404     

DF - degrees of freedom, SS - sum of squares, MS – mean 

squares(Variance), F-ratio of variance of a source to variance of error, P 

< 0.05 - determines significance of a factor at 95% confidence level  

Table 5. Response Table for signal to noise ratios 

Level Length of 

tube 

Inner dia 

tube 

Orifice 

dia 

Nozzle 

dia 

Pressure 

1 

2 

3 

-48.99 

-49.01 

-48.97 

-48.74       

-49.13 

-49.11       

-49.04      

-48.92      

-49.01      

-48.91     

-49.06     

-49.00 

-49.06 

-48.98 

-48.93 

Delta 0.03       0.39         0.12        0.15       0.12 

Rank 5 1 4 2 3 

Selection of optimal parameters 

In order to study the significance of the process variables 

towards temperature, analysis of variance (ANOVA) was 

performed. From Table 4, it is clear that all the process 

parameters diameter of the tube, orifice diameter, nozzle 

diameter and pressure except length of the tube, significantly 

affect both the mean and the variation in the temperature values. 

The table 5 shows ranks based on delta statistics, which compare 

the relative magnitude of effects. The delta statistic is the highest 

minus the lowest average for each factor. Minitab assigns ranks 

based on delta values; rank 1 to the highest delta value, rank 2 to 

the second highest, and so on. The ranks indicate the relative 

importance of each factor to the response. The ranks and the 

delta values show that Inner diameter of tube  have the greatest 

effect on temperature and is followed by nozzle diameter, 

pressure, and orifice diameter in that order. 

Confirmation experiment 

In order to validate the results obtained, two confirmation 

experiments were conducted for the response characteristic 

(Temperature) at optimal levels of the process variables. The 

average values of the characteristic were obtained. The results 

are given in Table 6. The values of temperature obtained through 

confirmation experiments are within the 95% of confirmation 

experiment of response characteristic. It is to be pointed out that 

this predicted value is within the specified range of error. 

Table 6. Results of Confirmation Experiment 

Response Optimal set of 

parameters 

Predicted 

value(°C) 

Actual 

value(°C) 

Temperature A2B1C2 D1 E3 266.389 269 

Conclusions 

In this paper, effects of process parameters in deltrin vortex 

tube on cooling temperature were investigated through Taguchi 

method.  The experiments were planned as per Taguchi’s L27 

orthogonal array by considering parameters diameter of  the 

orifices, diameter of  the nozzles, length of hot tube, tube 

diameter  and  inlet pressure. The important conclusions from 

this work are summarized as follows. 

1. The most significant factor influencing cold temperature is 

Inner diameter of tube. 

2. The effects of the process parameters viz. Length of the tube, 

Inner diameter of vortex tube, Diameter of orifice, Inner 

diameter of nozzle and compressed air pressure on response 

characteristic viz.  Temperature was studied.  

3. The optimal sets of process parameters were obtained for 

Temperature using Taguchi’s design of experiment 

methodology.  
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