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Abstract 

Vortex tube injected with tangential pressurized gas results in formation of free vortex as peripheral 

warm stream and a forced vortex as inner cold stream. In this work an effort is made that the forced vortex 

drives back again by design alterations results in development of one more forced vortex flow. Thus the 

modified vortex tube is named as dual forced flow vortex tube (DFFVT). In this paper, energy separation 

effect in a dual forced flow vortex tube is analyzed. A CFD model was used to estimate the flow fields and 

correlated temperature separation within the modified vortex tube. Fluid properties like temperature, 

pressure are evaluated for flow behavior within the tube. The analysis is carried for different L/D ratio and 

found that L/D=11is optimum in achieving higher temperature drops. Simulations are also carried for 

variable cold mass fractions and their principal effects on temperature drop are compared.  

 

Keywords: Forced vortex flow, temperature separation, cold fraction, L/D ratio, stagnation point. 

 



European International Journal of Science and Technology               ISSN: 2304-9693         www.eijst.org.uk 

 

 

48 

1. Introduction: 

A vortex tube is a device that generates separate flows of cold and hot gases from a source of compressed 

air. The vortex tube is made of a cylindrical chamber in which gas is injected tangentially through a nozzle; 

a swirling flow is created inside the vortex chamber. The gas layers closer to the axis become cooler than the 

inlet and peripheral layers become hotter. A free vortex and forced vortex are formed in the vortex tube due 

to tangential entry. A free vortex is produced as the peripheral warm stream and a forced vortex is produced 

as the inner cold stream. The flow pattern is schematically shown in fig.  

The vortex tube was invented by Ranque in 1933 and then improved by Hilsch in 1947. N.pourmahmoud et 

al [1] used a CFD model to study the velocity, pressure and temperature inside a vortex tube.Unger and 

Frohlingsdorf  [2] used a CFX two dimensional code to simulate separation phenomenon. Behera et al[3] 

simulated a vortex tube with turbulence model k-є (RNG) and with star CD code to study about utilized 

nozzle and its effect on assimilating separation phenomenon. T. Farouk, B.Farouk [4] had reported the 

development of a LES model using subgrid scale stress model for simulating temperature separation and 

flow phenomenon in a counter flow vortex tube. Aljuwayhel et al [5] studied the mechanism of flow and 

energy separation inside the vortex tube using renormalization group(RNG) k-є and standard k-є models. 

They used a two dimensional axisymmetric model along with the effects of the rotational velocity and 

reported that RNG k-є model predicts better the function of the vortex tube. Eiamsa-ard et al [6] 

experimentally studied the effect of the nozzle numbers on the performance of vortex tube. Pongjet and 

smith[7] investigated the vortex thermal separation in a vortex tube refrigerator, using two different tubes, 

insulated and non insulated. Ons Tlili May[8] investigated the effect of cold end orifice in the temperature 

separation of vortex tube using CFD. Abdolreza [9] studied the effect of length to diameter ratio and 

stagnation point on the performance of vortex tube using CFD. Y.T.Wu [10] had made experimental study 

on the performance of vortex tube with innovative modifications of new intake nozzle, hot end pipe diffuser. 

Upendra Behera [11] investigated the flow behaviour and energy separation in vortex tube. Nader 

Pourmahmoud [12] studied on energy separation and flow field behaviour of a vortex tube by utilizing 

helical nozzles. B. Ahlborn[13] simulated and analyzed numerically the flow and thermal field of parallel 

flow vortex tube. Secondary zone model is found at the core region near the inlet to the middle of the vortex 

tube. Promvonge [14] applied an algebraic Reynolds stress model (ASM) for the simulation of a  strongly 

swirling flow in a vortex tube and found that the use of ASM results in more accurate prediction than the k–

ε model. H.M.Skye[15] compared the performance of vortex tube by CFD analysis with experimental 

measurements. S.H.Azizi[16] carried turbulent simulation in Vortex tuebe and found that cooling efficiency 

is higher at low cold fraction and heating efficiency is higher at higher cold fraction. Also found the flow 

inside the pipe is due to pressure drag. Nader Pourmahmoud [17] carried an investigation on the effect of 

inlet gas temperature change on the fluid flow characteristics and energy separation phenomenon inside a 

counter-flow vortex tube and found that temperature separation improves with increase o inlet temperature. 

Jiří Linhart[18] carried numerical analysis on vortex tube and found that cold fraction, pressure and length to 

diameter ratio are important factors that effect the performance of the vortex tube.  

Although the vortex tube effect was known for decades and intensive research had been carried out , the 

mechanism of temperature separation is not fully understood yet .Thus much of the design and development 

of vortex tubes have been based on empirical correlations leaving much scope for optimization of critical 

parameters. 

As an energy re-distribution tool having, relatively simple geometry, no moving mechanical parts and no 

need for absolute sealing, the vortex tube is an attractive instrument for inventors and designers.   

Till today analyzing the physical behavior within the vortex tube is a challenging task in both theoretical and 

experimental researches. Recently using CFD analysis the primary principles for energy separation within 
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vortex tube was explaining. The dimensional properties and working conditions can govern the flow pattern 

within the tube. But among all those, cold fraction is a specific case, that influence the performance of the 

tube as it is the deciding factor of flow properties like pressure and velocity throughout the tube.  

 In the present work an innovative modification is implemented through which the cold air is made to strike 

back again results in one more forced vortex flow as shown in fig. Thus obtained vortex tube consists of two 

forced vortex flow known as dual forced flow vortex tube (DFFVT). This paper presents analysis of flow 

behavior and energy separation in modified vortex tube using a three dimensional CFD mode. Thus the 

present investigation, therefore, tends to explore the effects of cold fractions on temperature drop and also 

the flow properties like pressure and temperature within the tube was analyzed. 

 

2. Innovative Modification 

The schematic diagram of modified vortex tube is shown in fig 1. The conical valve at hot end is replaced by 

hollow conical valve. The orifice at cold end is added with a conical control valve. 

In the Vortex tube (DFFVT) the air enters tangentially through the nozzle attains spiral flow towards 

one end which is blocked and reversed by hollow conical valve, controls the pressure in the system. The 

reversed axial flow is forced to flow by forward vortex flow, moves towards the conical valve at the 

opposite end which is again converges to the centre core and travels back as forced flow through the inner 

core of hollow conical valve. Thus the modified vortex tube consists of dual forced vortex flow, is known as 

Dual forced flow vortex tube. In this Dual forced flow vortex tube energy separation takes place at two 

levels: one between free vortex flow and forced vortex flow-I, the other between forced vortex flow-I and 

forced vortex flow-II.  

 

 
Fig 1: Schematic diagram of flow pattern in DFFVT 

 

3. Numerical Modelling: 

A three dimensional numerical model of DFFVT is developed using ANSYS-CFX. The program has the 

provision for solving compressible and turbulent flows. The compressible turbulent flows in the tube are 

governed by the conservation of mass, momentum and energy equations given as follows.  
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Since we assumed the working fluid is an ideal gas, then the compressibility effect must be imposed so that: 

P=ρRT 

The turbulence kinetic energy (k) and the rate of dissipation (ε) are got from the equations: 
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In these equations, Gk, Gb, and YM correspond to the generation of turbulence kinetic energy due to the mean 

velocity gradients, the generation of turbulence kinetic energy due to buoyancy, and the contribution of the 

fluctuating dilatation in compressible turbulence to the overall dissipation rate, respectively. C1ε and C2ε are 

constants. σk and σε are the turbulent Prandtl numbers (Pr) for k and ε, also. The turbulent (or eddy) 

viscosity, µt, is computed as: 

�, = �+;
!�
6  

where Cµ is a constant. The model constants C1ε, C2ε, Cµ, σk, and σε have the following default values: C1ε 

= 1.44, C2ε = 1.92, Cµ = 0.09, σk = 1.0, and σε = 1.3. 

A compressible form of the Navier-Stokes equation collectively with the standard k-ε model by second order 

upwind for momentum and turbulence equations and the quick numerical schemes for energy equation has 

been used to simulate the phenomenon of flow pattern and temperature separation in a vortex tube .The 

pressure and temperature data procured from the experiments are supplied as input for the investigation. 

 

4. Geometry & Boundary conditions: 

The compressed gas enters the tube tangentially at high velocity through nozzle. A hollow conical valve at 

the end of tube is used to control hot outlet and adjust the pressure and temperature. The remaining air flows 

through conical valve near nozzle, controls the flow and the converged air exits through hole of hollow 

conical valve.  

 

4.1 The boundary conditions are as follows: 

(i) Stagnation boundary condition at the inlet is specified with total pressure of 0.5422MPa (6 Bar 

Gauge pressure)(abs) and total temperature of 298
0
 K.  

(ii) The cold exit-II and inlet static pressure were specified according to experimental measurements. 

(iii) The hot outlet and cold exit-I are assumed as pressure outlet boundary. The hot exit and cold 

exit-I static pressures are adjusted in a way to vary the cold mass fractions. Pressure at hot outlet 

& cold end-I are kept higher than cold exit-II to reduce flow through hot & cold end-I exits.  

(iv) zero gradient of temperature at both hot and cold outlet; 

(v) No slip and adiabatic conditions at the wall. 

 

4.2 Physical Parameters of the model. 

The physical model of modified vortex tube is shown in fig 2. In this numerical simulation the radius of the 

vortex tubes fixed at 12 mm for all models, and the length is set in a suitable range to investigate the 

performance for different L/D ratios’, say 11 to 40 with 6 straight nozzles. The inlet nozzle diameter is set to 

3mm. The cold exit-I and hot exits are axial orifices with opening diameters of 6mm and 9mm, respectively 

(Opening area are varied with conical controlled plugs to reduce the flow through). The cold Exit-II is set to 

a diameter of 3mm (Area is 7.0685mm
2
). So following analysis is made for specific vortex tube with six 

numbers of straight nozzles and various L/D ratios. 
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Fig 2: CFD model of the modified vortex tube 

 

5. Results and discussions: 

CFD analysis has been carried to examine the profile of temperature, pressures. Radial profile properties at 

various axial locations are also plotted. The axial distance is considered from nozzle end to hollow cone end. 

The temperature gradient is shown in fig 3. The axial (centerline) temperature varies asymptotically from 

nozzle end to hallow cone end and a like manner is set up in the region of middle core, which decrease 

against hallow cone to solid cone end and at near the wall, temperatures increases in the direction of hallow 

cone end starting from nozzle end by virtue of diffusion of energy to the stagnant zone [13] and to end with 

generate hot zone close to the wall at hallow cone exit and medium cool at cold end-I and higher cold region 

at cold end-II. 

The transmission of energy is effectual in the second half of the pipe against the cold end-II where the 

second forced vortex flow can be maintained and also somehow substantial level of temperature separation 

is experiential in the remaining part(first half) of pipe towards the cold end-I. Among these two segments it 

is recognized that a quick development and back flow of air field arise that make stronger the occurrence of 

stagnation point and in-turn the growth of secondary flow [13]. The radial pressure gradient at the core 

noticed to be little, close to the solid cone which affirms the elevated energy separation in the region close to 

hollow conical valve. Whereas the same at the middle core, the radial pressure gradient is tiny at hallow 

conical valve which represents that the energy separation is widespread near the solid conical valve. Thus it 

is inspected that energy transfer is powerful nearby hallow conical end at the core. Where as it is remarkable 

at the solid conical end at the middle core, which consequences in effectual drop in temperature of air 

particles escaping through the both ends cold end-I and end-II. But the higher temperature drop of air 

passing through the cold end-II exists chiefly in the zone of middle part of the pipe within stagnation point 

and the cold end-II exit. 

Expansion of air in the axial way against solid cone end at middle core and towards the hollow cone at the 

core through the cold end-II is also expected to generate cooling effect but at lower rate.  
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Fig 3: Temperature profile within DFFVT 

 

5.1 Temperature gradient along radial direction at different axial locations 

The temperature gradient along radial direction for different axial positions is shown in fig 4. At the core, 

the temperature is small and rises with advancement of radial location r/R. So it evidently represents the cold 

air against the core whereas the same is hot near the wall. It is seen that temperature near the core is low and 

near the wall it is high for higher dimensionless axial position from nozzle end. 

 

 
Fig 4: Radial profile of temperature for different axial positions 

 

The temperature variation along radial direction for different L/D and different Z/L is shown in fig 5(a) to 

5(d). The temperature rises with advancement of radial distance for all considered Z/L positions [14]. The 

maximum total temperature was obtained near the periphery of the tube at all axial locations. Also it is 

observed that at higher Z/L, temperature at the core is smaller than that of the temperature at the core for 

lower Z/L. This shows that temperature drop at the core is higher near end-II than that of at end-I.  

It is observed that at the core, for all axial positions the temperature is lower than the inlet temperature 

shows the cold air together at the end-I & end-II. But also it is identified that the minimum temperature at 



European International Journal of Science and Technology                      Vol. 4 No. 8                 October, 2015 

 

 

53 

the core increases with axial location 0 to 0.4 and again decreases thereafter. This trend strengthens the 

existence of stagnation point. The minimum temperature at the core for L/D=11 is 281.3
0
, 292.2

0
, 272.48

0
 & 

258.2
0
K for the axial positions Z/L=0.2,0.4,0.6 & 0.8. From this it is clear that minimum temperature close 

to the core increases with axial position up to Z/L=0.4 and later decreases thereafter up to the hollow cone of 

end-II.  This shows the occurrence of stagnation point and further growth of secondary flow.  

Also at one side of stagnation point against hollow cone, the drop in temperature is higher than that of 

temperature drop at the other side of stagnation point towards end-I. The tendency is not so powerful at 

higher radial distance as the backflow at the stagnation terminate towards the periphery from core. So the 

radial profile of temperature from the zone of forced vortex to the free vortex at the periphery represents 

increase in temperature throughout the tube length. As seen from the results the model with L/D = 11 gives 

maximum temperature drops at end-II & end-I and also maximum temperature rise at hot exit. 

It is known that temperature at the core increasing with increase of L/D. Near the solid cone the 

minimum temperature achieved is 281.3
0
, 294.39

0
, 295.12

0
 & 296.02

0
K for respective L/D=11, 21.3, 32.2 & 

40.7. Whereas the same at the core near hollow cone (all the way through cold end-II) is 258.2
0
, 276.3

0
, 

287.6
0
 & 294.5

0
K for L/D= 11, 21.3, 32.2 & 40.7. Therefore the tube with L/D=11 is the optimum in 

achieving efficient performance of the tube [15, 9]. 

At higher radial position(r/R) towards the hot exit, the temperature declines with increase of L/D. 

The highest temperature at the periphery close to the hollow cone is 324.7
0
, 316.45

0
, 309.84

0
 & 304.69

0
K 

for L/D= 11, 21.3, 32.2 & 40.7. Thus it is identified that L/D=11 attains the maximum hot temperature of 

324.7K, minimum cold temperature of 281.3K at end-I and minimum cold temperature of 258.2K at end-II. 

L/D affects more on cold temperature rather than on the hot temperature. 

It is experiential that temperature rises radial outwards but it can be seen that total temperature have 

a tendency to turn down yet again close to the wall because of drop of velocity due to the no slip boundary 

situation at the tube wall [18]. The expected temperature gradients are an outcome of the kinetic energy 

division in the tube. The fluid at the core of the vortex tube has very low kinetic energy due to the lower 

swirl fluid velocity at the central zone of the tube [20].  

It shows peripheral flow to be warmer and core flows towards the cold end-I and cold end-II are colder 

relative to inlet temperature equals to 298 K, giving maximum hot gas temperature of 324.7 K at hot end and 

minimum cold gas temperatures of 281.3 K and 258.2K at cold end-I & cold end-II. 

 

 
Fig 5(a) 
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Fig 5(b) 

 
Fig 5(c)  

 
Fig 5(d) 

Fig 5: Radial profile of temperature for different L/D ratio at axial position  

(a) Z/L= 0.2 (b) Z/L= 0.4 (c) Z/L = 0.6 (d) Z/L = 0.8 

 

5.2 Pressure gradient along radial direction at different axial locations 

Fig 6 shows the variation of pressure with respect to radial distance at different cross sections. The 

results represent subjective conformity with past published outcomes [17, 15].The pressure at the periphery 

diminishes from inlet to hot end. Also it is identified that pressure decreases from hot end to cold end-I at 

the middle central whereas again fashion reverses in the core with fall of pressure from end-I to end-II. 
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It is observed that pressure increases with advance of radial distance represents that pressure is 

increasing from the zone of cold-II to hot zone(through cold-I zone). Also the pressure is low for lower z /L 

represents that flow terminates near the cold end-I and at the same time it is found higher pressure zones for 

higher z/L  shows the progress of secondary flow. 

Majority of the expansion occurs inside the nozzle. In hot stream, pressure reduces towards hot exit and in 

cold streams I and II, pressure reduces towards cold exit. After flow reversal from cold end-I, fluid expand 

to atmospheric pressure at cold exit-II. Also it is observed that most of the pressure drop is taking place in 

hot stream and cold stream-I and therefore need to maintain certain significant minimum cold fraction-II, 

otherwise the flow through end-II cannot be sustained.  

It is observed from the fig that near the core, lower Z/L is having higher pressures and higher Z/L is 

having lower pressures. Thus it resembles that flow is taking place from cold end-I to cold end-II. Whereas 

at moderate radial distance, the trend reverses which shows that air flow proceeds to flow from hot end to 

cold end-I. Also again near the wall trend reverses that lower Z/L is having higher pressures and higher Z/L 

is having lower pressure which resembles that flow takes place from inlet to hot end. 

Air expansion is being observed in radial as well as in axial direction and is observed that radial pressure 

gradient is higher than that of axial pressure gradient [2]. Majority drop in pressure takes place in the free 

vortex flow by reaching the hallow conical valve, and later the remaining drop takes place while travelling 

towards the cold end-I and the remaining pressure drop takes place in second forced vortex flow towards the 

cold end-II. Adjusting the opening of Hallow conical valve opening and solid conical valve opening can 

control the flow through the hot end and cold end-I which in turn the cold end-II flow rate. Thus the pressure 

at the end of free vortex and end of first forced vortex can be adjusted so as to maintain the flow 

continuation and further the development of second forced vortex flow. Rapid expansion can be attributed to 

energy separation occurring in the tube. The portion of air which rapidly expands discharges it sensible heat 

to its surrounding i.e. peripheral air approaching hallow cone, which causes heating of peripheral air and 

cooling of air at the moderate radial distance. The same trend takes place between flow towards cold end-I 

and cold end-II, which results in small increase in cold end-I temperature and higher temperature drop at 

cold end-II. 

 

 
Fig 6:  Pressure distribution along Radial distanceat different axial locations 

 

5.3 Effect of cold fractions on temperature separation through cold end-II: 

Figs. 7 (a) & (b) shows the variation of the cold mass fraction-II (µc2) against the cold air temperature 

reduction (Ti−Tc2) and the cooling efficiency-II, respectively. These outcomes are for the different hot 
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fractions ranging from 0.2 to 0.8. For all of the test runs, the cold air temperature decrement and the cooling 

efficiency noticeably increase with rise of cold mass fraction (µc2) in a range of 0.1 to 0.25 and reach the 

maximum value at the cold mass fraction ranging from 0.25 to 0.4. Above the cold mass fraction of 0.4, the 

cold air temperature reduction and the cooling efficiency decrease with increasing the cold mass fraction 

[16, 9] because the free air to escape through end-II enters the hot zone and disturbs the desired flow pattern. 

At the given cold mass fraction-II, the cold air temperature drop and the cooling efficiency increase with hot 

fraction from 0.21 to 0.4 and achieve the optimum and decreases there after beyond 0.4. Higher hot fraction 

results in decrease of temperature drop because the hot air is allowed to mix with the cold air in the core 

region and released with cold air through the cold orifice plate at end-II.  

In the range investigated, the maximum cold air temperature reductions at hot fractions of 0.35, 0.4, 0.5 & 

0.58 are 28.5 °C, 42.2 °C, 37.7 °C  33 °C and the cooling efficiencies at the corresponding conditions are 

35.1%, 51.8%, 46.3% & 38% respectively. Hot fraction 0.4 is the optimal in offering higher temperature 

drop and higher cooling efficiency. For 0.4 hot fraction the max temperature drop is 42.2
0
C and 40.3

0
C for 

0.27 and 0.39 cold fraction-II. So conclusively thinking about both quality and quantity point of view the 0.4 

hot fraction with 0.39 cold fraction-II is the recommendatory in acquiring the max temperature drop of 

40.3
o
C and the correspondent cooling efficiency is 49.51%. The results proposed that the solid cone valve 

and hollow cone valves should be regulated to permit the cold air through end-II at about 30 to 40% and hot 

fraction of about 40% of the total inlet air to leave the tube to achieve a high cooling efficiency. 

At lower hot fraction, higher cold fraction-II offers superior efficiency or else the flow at the core 

through cold end-II cannot be sustained. At higher hot fraction only little part of air is obtainable for 

development of forced vortex flow against nozzle end and thereby still less air is existing at the core to form 

second forced vortex flow results in low efficiency. 

 

Existence of secondary flow is the initiation of DFFVT. The development of secondary flow from the 

occurrence of stagnation point yields to a flow at the core towards the hot end, which results in decrease of 

hot end air temperature and also the flow pattern gets disturbed and thereby the performance of the tube 

declines. The existence of stagnation point towards the hot end of vortex tube also makes the stagnation 

point to extend towards the walls,[19] which disturbs the flow, whereas the development of stagnation point 

towards the end-I stretches the stagnation point radial to the core and pushes the same towards the end-I. 

Therefore, energy separation is effective in a vortex tube with the existence of stagnation point nearer to the 

hot end, [9] but still improvisation can be possible through applying a provision for the passage for 

secondary flow through the opening of the hollow conical valve. Also by maintaining the operating 

conditions for development of secondary flow closer to the end-I results in sufficient time for effective 

temperature separation. 

The stagnation point occurs towards the hot end in case of higher hot fraction, which, does not give much 

scope for energy transfer. Lower hot fraction promotes the stagnation point to develop towards the end-I that 

further supports the development of secondary flow towards the end-II. Too much lower hot fraction does 

not yield effective drop in temperature because only a small quantity of air is available at the periphery to 

receive the energy from the core. Therefore, moderate hot fraction of 0.4 is the optimal in getting effective 

temperature separation.  

 

At lower hot fraction, ample air is not available at the periphery for energy transfer from the core, and at 

higher hot fraction, hot air mixes up with air through cold end-II results in an increase of temperature of cold 

air. Therefore, moderate value of 0.4 hot fraction results in effective performance. 
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Fig 7(a):  Effect of the cold fraction-II on the temperature drop at end-II for different hot fractions 

 

Fig 7(b): Effect of the cold fraction-II on the efficiency at end-II for different hot fractions 

 

5.4 Effect of cold fractions on temperature separation through cold end-I 

Fig 8 (a) & (b) shows the effect of cold fraction-I on temperature drop and cooling efficiency at end-I 

for different hot fractions. The temperature drop & efficiency rises with increase of cold fraction-I. Max 

temperature drop-I of 19.64
0
 is achieved at 0.45 cold fractions-I and 0.4 hot fraction. Highest efficiency of 

15.49%, 17.69%, 24.13%, 20.64%, 13.27%, 9.98%, 10.43%, 7.59% is obtained at hot fraction of 0.21, 0.35, 

0.4, 0.5, 0.57, 0.65 0.7 &0.79.At adequate cooling combination of 0.4 hot fraction with 0.39 cold fraction-II, 

a temperature drop of 10.8
0
 is attained at end-I. At lower cold fraction-I efficiency is low because sufficient 

air is available at core through cold end-II results in transfer of energy from second forced vortex flow 

(towards cold exit-II) to first forced vortex flow (towards cold exit-I). 
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Fig 8(a): Effect of cold fraction-I on temperature drop-I for different hot fractions 

 

 
Fig 8(b):  Effect of the cold fraction-I on the efficiency at end-I for different hot fractions 

 

Conclusions: 

With the modified vortex tube (DFFVT), the secondary flow from the stagnation point is made to leave by 

afford a way through the centre of conical valve at the hot end which results in development of one more 

forced vortex flow. Also to improve the process a conical valve is provided at the cold end (towards 

injection end). Thus the multi circulation because of secondary flow can be avoided and preferred swirling 

flow can be improvised. This results in further increase of temperature drop.  

To confirm the projected hypothesis, an obvious understanding of flow structure inside the pipe is necessary, 

which strengthen the projected flow structure. This applies particularly to both the regions close to the 

injection point in which sudden expansion is considered as the governing process, and the regions near the 

exits. The projected theory was validated by confirming through the study of flow properties within the pipe. 

Numerical simulations through computational fluid dynamics (CFD) were applied in this study in order to 

attain a detailed understanding of the changing of flow properties within the pipe. The pressure gradients 

inside the pipe ensured the reality of proposed flow field with in DFFVT.  
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Temperature drop together at end-I and end-II is effective at moderate hot fraction of 40%. Either too higher 

or lower cold fraction-II yields lower temperature drops through end-II.A maximum temperature drop of 

42.2
0
 is obtained through cold end-II at 0.27 cold fraction-II. Whereas the temperature drop at cold end-I 

increases with increase of cold fraction-I. A maximum temperature drop of 19.64
0
 is obtained through cold 

end-I at 0.45 cold fraction-I. 

Together at the ends I and II, the 39% of cold fraction through end-II with 21% of cold fraction through end-

I is the optimum combination for effective performance of the modified vortex tube. An effective 

temperature drop of 40.3
0
 through cold end-II with a temperature drop of 10.8

0
 through cold end-I is 

obtained at this optimum combination. 

L/D of 11 is the optimum in achieving higher temperature drops through cold end-I, cold end-II. Pressure 

profile strengthens the existence of stagnation point. The pressure near the periphery decreases from inlet 

nozzle to hot exit, whereas the same is higher in the second half of the tube rather than in the first half. And 

at the core the pressure decreases from nozzle end to cold end-II. 
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