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Abstract

Rhvt A Ranque Hilsch Vortex Tube Is A Unique Thermo-Fluidic And Indisputable Device For The Purpose
Of The Production Of The Hot And The Cold Temperatures Without Any Mechanical Aid. This Method
Which Is Quiet Old In The Industry For The Application Of Centrifugal Swirling Of Two Fluids For The
Purpose Of Separation Based On Density. This Method Of Cooling Utilizes Compressed Air To Be Injected
Into A Turbulent Fixed Size Of Orifice Tube With Predefines Lengths And Diameters. In This Paper, An
Attempt Is Being Made To Collect The Relevant And Proven Data From The Literature Surveys In Order
To Collect The Suitable Dimensions For The Purpose Of Designing A New Efficiently Smaller Combined
With Unique Features. Some Of The Reasons Attributed For This Kind Of Phenomenon Of Energy
Separation Is Drop In The Temperature Due To The Sudden Expansion, Centrifugal Effect, Secondary
Circulation And Friction. The Vortex Tube Could Be Used For The Purpose Of Spot Cooling Of Any Area
And Machine Cooling Of A Moving Equipment Using An Industrial Compressed Air As The Source. The
Use Of Compressed Air Makes The Device Less Susceptible For Breakdown Due To The Fact Being No
Moving Parts Used In This System. There Is Also No Proven Facts Of Any Existence Of The Chemical
Reactions Within The Vortex Tube.

Introduction

Ranque Hilsch Vortex Tube (Rhvt) Takes In The Compressed Air From The Air Compressor And Releases
Hot Air From One End And The Cold End From The Other End. Generally Any Fluid Dynamics Takes
Place Due To The Law Of Conservation Of Mass, Law Of Conservation Of Energy And Law Of
Conservation Of Momentum.

In-Working, A Controlled Valve At Hot Air Exit Side (As Shown In The Fig-1) Is Positioned Inside The
Tube Away From The Injection Point And Having The Dimensions Smaller Is Preferred Which Also Plays
Key Role In The Functioning Of The Vortex Tube.
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Fig-1 Explaining The Functioning Of The Vortex Tube Using A Simple Cut View

Procedure Of Working Of A Vortex Tube Is As Explained Below:

@) Enter The Compressed Air Into The Nozzle.

(b) The Expanding Air With A High Velocity Creates A Vortex Flow Or A Spiral Flow And Thus
Develops A Centrifugal Flow.

(©) The Rotating Air Is Forced Down Through The Hot Tube And Thus Develops A Pressure Gradient.
(d) Control Valve Is Partly Closed Allowing For The Reversed Axial Flow From Higher Pressure
Region.

(e) Closing Of The Control Valve Is Responsible For The Cooling Of The Air Below The Inlet
Temperature.

4] Air Flow In The Forward Direction Gets Heated Up And The Air Flow In The Backward Direction
Gets Cooled Up.

Constraints Required For Designing Of The Vortex Tube:

@) Length Of The Vortex Tube (c) Type And Number Of Nozzles

(b) Vortex Tube Diameter (d) Cold End Diameter

Important Points To Remember While Designing A Vortex Tube:

@ The Length But Within The Limits Should Be Larger Than The Diameter Of The Vortex Tube.
(b) The Lesser The Diameter Of The Tube, The More Would Be The Temperature Separation.

(©) The Nozzle Flow Should Be Tangential Into The Vortex Tube.

(d) The Smaller The Cold Orifice, The Higher Would Be The Yield For The Energy Separation.

(e) Instead Of Placing A Tangential Nozzle In The Cylinder, A Vortex Generator Could Be The Best
Alternative.

Description Of The Important Components Of The Vortex Tube:
@ Vortex Chamber (c) Cold End Tube
(b) Hot End Tube (d) Control Valve

Vortex Chamber Is The Place Where A Vortex Flow Is Created When The Inlet Nozzle Is Placed
Tangentially. A Hot End Tube Is A Simple Tube With One End Of Which Is Fitted To The Vertex Chamber
And Another End Is Fitted To The Control Valve. A Cold End Tube Is A Simple Tube With One End Of
Which Is Connected To The Vortex Chamber And Another End Is Set Free. A Control Valve Is A Gate
Valve With One End Of Which Is Connected To The Hot Tube. There Are A Number Of Literature
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Available On Vortex Tube And All Of Them Tend To Talk About The Design Aspects For The Use Of
Machine Cooling Only And Not For Application Of Spot Cooling For Human Comfort. This Research Is
Novel Because, It Challenges The Design Of Vortex Tube To Be More Compact And User Friendly For
Human Comfort Application. The Object Of This Research Is To Collect All The Information Available In
Literature On The Dimensions And Compute A More Efficient And Compact Design For The Use Of Spot
Cooling Application For Human Comfort. During The Progress Of This Research It Also Tries To Answer
And Present Solution For A Pressing Question For The Need Of Alternative Refrigerants Which Is
Sustainable And Eco-Friendly To Be Used In The Industry For The Purpose Of Cooling A Building. That
Is Air As A Future Natural Refrigerant.

The Significance Of This Research Work Is So Unique For The Industry Because The Use Of Cfc (Choloro
Floro Carbon) And Hfc (Hydro Floro Carbon) Refrigerants Are Harming The Environment And It Is
Effecting The Odp (Ozone Depletion Potential) And Gwp (Global Warming Potential), There Are A Need
To Have An Eco-Friendly Refrigerant Alternative For Our Cooling Needs, This Research Will Provide The
Answer To Have The Use Of Air As A Refrigerant By Designing An Efficient Rhvt Tubes Applicable For
Such Application.

Literature Review

In Investigation, The Paper[1],Considered The Energy Separation In A Vortex Tube With A New Screw
Type Flow Swirler, Thermocouple Methods And The Effects Of The Inlet Pressure On The Separation. In
Conclusion, It Was Observed That Increasing The Inlet Pressure Increases The Flow Temperature And
Thus The Separation Process Increases Concluding That The Energy Separation Occurs In A Screw Vortex
Generator.

In Investigation, The Paper[2], Dincer Et.Al.(2010) And Attal Ketal(2017) Investigated With The Usage
Of The Temperature Vortex Generator, Effects Of The Number Of The Nozzles W.R.T. The Size And The
Location. Eiamsa-Ard (2010) Proposed For A Snail Form Of The Design For The Generator.Li
Et.Al.(2015) Investigated On The Measurements Of The Temperature W.R.T.The Temperature
Distribution. Xue Et.Al. (2012) Investigated On The Measurements Of The Pressure.Rafiee & Sadeghiazad
(2020) Investigated On The Effects Of The Velocity Distributions. Polihronov & Straatman (2012)
Investigated On The Temperature Drop Which Was Found To Be Adiabatic Expansion Process.

In Conclusion, Various Observation That Were Scientifically Proven Could Speak About The Hidden
Mechanism Behind The Functioning Of The Vortex Tube Could Be Explained Properly.

In Investigation, The Paper [3], Focused On The Effects Of Pressure Magnitude, Pressure Drop And
Pressure Ratio Between The Inlet And Cold Outlet. Kirmaci Investigated On The Effect Of The Number
Of Nozzles As Well As The Effect Of Using Oxygen Gas — Oxygen Gas Achieved Higher Temperature
Drop Due To The Increased Exergy Efficiency Of Oxygen. Celik Et.Al.,Kendil & Abdelghany Investigated
On The Effects Of The Orifice Diameter. Markal Et.Al. Investigated On The Effects Of The Tip Angle Of
The Hot Exit Plug On The Temperature Separation.
In Conclusion, The Process Was Considered As A Polytrophic Process. From Both Of The Observations
Above, Aspect Ratio Of 15 Percent Was Preferred. Tip Angle Of 30-Deg Was Preferred.
The Key Considerations During The Design Of Rhvt Tubes As Per The Earlier Research Is Listed Below:
(A) Geometrical Parameters
a. Tube Length: The Length Of The Vortex Tube Has A Significant Impact On Performance.
A Tube Of Either Design That Is Efficient Should Be Many Times Longer Than Its
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Diameter. The Best L/D Is Determined By Geometrical And Operational Factors. As The
Length Of The Vortex Tube Approaches A Critical Length, The Magnitude Of The Energy
Separation Increases; However, As The Vortex Tube Length Increases Further, The
Magnitude Of The Energy Separation Decreases. L/D Has No Effect On Performance
Beyond L/D > 45

b. Tube Diameter: In Experimental Rhvt Studies, Vortex Tube Diameters Ranging From 4.4
Mm To 800 Mm Have Been Used. The Diameters Of The Vortex Tubes Used For Gas
Liquefaction And Separation Can Be Much Larger. Vortex Tubes With Smaller Diameters
Provide Better Temperature Separation Than Those With Larger Diameters. Due To The
Small Diameter Of The Vortex Tube, Kinetic Energy Diffusion Is Low, Resulting In Low
Temperature Separation. Lower Overall Tangential Velocities Both In The Core And In
The Periphery Region Would Result In Low Diffusion Of Mean Kinetic Energy And Also
Low Temperature If The Tube Diameter Was Very Large.

c. Diameter/Area Of Inlet Nozzles: In General, Increasing The Nozzle Diameter Improves
Performance. The Ideal Nozzle Diameter Is Around 0.25 Dvt.

d. Type And Number Of Intake Nozzles: The Inlet Nozzles Should Be Designed So That
The Flow Enters The Vortex Tube Tangentially For Maximum Temperature Drop.
Temperature Separation Increases As The Number Of Inlet Nozzles Increases. To Achieve
High Tangential Velocities Near The Orifice, The Inlet Nozzle Should Be Placed As Close
To The Orifice As Possible.

e. Cold Orifice: Using A Small Cold Orifice (Dc/D = 0.2, 0.3, And 0.4) Fields Higher
Backpressure While A Large Cold Orifice (Dc/D = 0.6, 0.7, 0.8, And 0.9) Allows High
Tangential Velocities Into The Cold Tube, Resulting In Lower Thermal/Energy Separation
In The Tube. Dimensionless Cold Orifice Diameter Should Be In The Range Of
0.4\Dc/D\0.6 For Optimum Results. When Compared To Other Orifice Configurations
Such As Eccentric Orifices, Diaphragm Nozzles, And Diaphragms With Cross Sections
Other Than Cylindrical Configurations, Coaxial Orifices Have A Greater Temperature
Separation.

f.  Hot Flow Control Valve: In The Rhvt, The Hot-End Plug Is Not A Critical Component.
The Ideal Angle For The Cone-Shaped Control Valve Is Around 50 Degrees Celsius.

g. Tube Geometry: The Separation Process In Vortex Tubes Used For Gas Separation Is
Aided By Tapering The Vortex Tube. There Is An Optimal Conical Angle In Divergent
Vortex Tubes, And This Angle Is Very Small. The Rhvt's Performance Is Improved By
Rounding Off The Tube Entrance. The System's Performance Is Better With The Muffler
Than It Is Without It.

(B) Mass Flows: The Temperature Of The Cold And Hot Fractions Differs Significantly. A Vortex
Tube With A Minimum Cold Flow Temperature Design Produces Higher Temperature Drops,
Whereas A Vortex Tube With A Maximum Cooling Capacity Design Produces More Cold Fraction
And Higher Adiabatic Efficiency. Maximum Effect Of Cooling Is Achieved When A Rhvt
Operates At 60% To 70% Cold Fraction. Minimum Cold Temperature Occurs When A Rhvt
Operates At 30% Of Cold Fraction.

Important Definitions Considered In This Paper-
1. Temperature Separation: It Is The Difference Between The Hot And Cold Exit Temperatures.
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2. Cold Exit Temperature Drop: It Is The Temperature Difference Between The Inlet Stream And The Cold
Exit.

3. Tube Aspect Ratio: It Is The Ratio Between The Length And The Diameter Of The Main Hose.

4. The Minimum Temperature Can Be Achieved With An Opening Of 100% Cold End And 0% Hot End
Opening.[21]

Objectives & Steps Involved

The Purpose Of This Work Is To Explore The Various Components Requirements From The Various
Literatures That Are Available And To Make A Software Model Using Unigraphics. The Steps Of This
Research Is Described Below In Fig-2.

And Also To Propose Some Of The Analysis Requirements That Could Be Carried Out To Analyze The
Model Parameters In The Future Papers.

Collecting Extracting Modeling Revalidate

Information data from the new the new

on the RHVT the previous Design Design
Research

Fig-2 Steps Involved In This Research

To Discuss About The Various Formulae That Are Required To Do The Calculations. And Also To Suggest
The Online Calculators Are Essentially Might Be Helpful For Any Of The Future Designers, Analyzers
And Manufacturers.

Methodology

The Methodology Of This Work Has Been Divided Into Two Parts. One Part Is To Make A Study On The
Existing Designs From The Literature Reviews And Second Part Is To Frame The Design Specifications
For The New Design From The Simplified, Specified, Standardized And Diversified Observations And
Transform It In A Working Model.

Existing Designs From The Literature Reviews:
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Fig-3.A Vortex Chamber Design[1]
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Fig-3.B Complete Vortex Tube Schematic[1]
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Fig-4 Sample Design From The Literature Survey

Proposed Designs For The New Model
In The Proposed Design, The Parts That Are Required To Be Included Are Cold End Tube, Inlet Tangential

Nozzle, Vortex Chamber, Hot End Tube, British Standard Gate Valve, M16 Thread And Nuts.

Data-Collection And Data-Interpretation
Available Results

Below Are Some Results From The Researches Summarized In Table-1

-]

Table-1: Experimental Results Conducted By Other Researchers.

N |
e Main Tube

T

Plug

A

Sno | Reference Inlet Length Of | Vt Dia | Vt Inlet | Cold Drop In | Raise In
Pressure | Vt(Mm) (Mm) Dia Mass Cold Hot
(Bar) (Mm) Flow Outlet Outlet
Fraction | Temp K | Temp K
1. Hilsch[23] 7.1 230 4.6 11 0.23 45 13
2. Scheper[24] 2.02 914 38.1 6.35 0.26 11.7 3.9
3. Scheller & | 6.18 1092 25.4 - 0.506 23 15.6
Brown[25]
4. Stephan Et | 6.08 352 17.6 4.1 0.3 38 18
Al[26]
5. Promovonge 4.56 720 16 2.0 0.38 18 8
& Eiamsa-Ard
[27]
6. Hamoudi  Et | 5.07 100 2 0.8 0.57 18.5 11
Al[28]
7. Eiamsa-Ard Et | 4.05 720 16 2.0 0.3 17 4
Al [29]
8. Im & Yu[30] |2.02 280 20 8.1 0.5 17 12
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9. K Kiran | 4.0 175 13
Kumar [31]

8 0.23 12 25

The Design Details Of This Research Has Been Considered As Mentioned Below:

Height Of Inlet: 27mm Xi.
Inlet Nozzle Inner Diameter (Mm)=15.8 Mm

Intlet Nozzle Outer Diameter (Mm)=21.36 Mm Xii.
Vortex Chamber Inner Diameter (Mm)= 45.85

Mm Xiii.
Vortex Chamber Outer Diameter (Mm)= 54 Mm
Length Of Vortex Chamber : 57mm Xiv.

Hot End Tube Inner Diameter (Mm)=19 Mm  xv.
Hot End Tube Outer Diameter (Mm)=25.45 Mm xvi.
Hot End Tube Length (Mm)= 174.5 Mm XVil.
Cold End Tube Inner Diameter (Mm)= Beginninguviii.
9.5 Mm And At The End: 14.99 Mm (Conical) xix.

Cold End Tube Outer Diameter (Mm)= At The
End : 19.40 Mm

Cold End Tube Length (Mm)= It Is Vortex White
Plastic Tube (47mm Length)

Total Length Of The Tube: 282.70 Mm (With Out
The Hot End Cap)

Hot End Cap Inner Dia: 12.5 Mm

Hot End Outer Dia: 17.30 Mm

Length Of Hot End Cap: 38.25 Mm

Threaded Portion Of Hot End Cap: 17mm

With One Neoprene O Ring Washer

4 Slots In Hot End Cap: 6 Mm Each

Data-Analysis And Data-Validation
(A) The Data-Analysis Could Be Carried-Out With The Below Mentioned:
Units Of Specific Heat Of Air (Cp) In Kj/Kgk ; Mass Flow Rate (M) In Kg/Sec; Temperature(T) In °C
; Temperature Difference(.T) In°C ;Static Temperature Drop(Tc) In °C ;Relative Temperature Drop (.Trel)
In°C ;Cold Mass Fraction (4) -Constant; Cooling Or Heating Rate (Q) In Kj/Sec; Velocity (V) In M/Sec;
Actual Work Was Done By The Compressor (W) In Kw; Adiabatic Efficiency Of Vortex Tube ((LAd) In %.
(B) The Important Formulae To Be Considered For The Performance Of The Vortex Tube Are As
Mentioned Below [21]:
Temperature Drop At The Cold End Is The Temperature Difference Between The Inlet Temperature And
Cold End Temperature-.Tc = (Ti -Tc) Where Ti Is The Inlet Temperature And Tc Is The Cold End
Temperature Drop At The Hot End Is The Temperature Difference Between Hot End Temperature And
Inlet Temperature Where This The Temperature At Hot End And Ti Is The Inlet Temperature Th = (Th -
Ti);The Cooling Effect Is The Amount Of Cooling Encountered At Particular Instance Which Is Denoted
By Qc,Qc= Mc Cp (Ti-Tc);The Heating Effect Is The Amount Of Heating Encountered At The Hot End At
A Particular Instance Which Is Denoted By Qh,Qh= Mh Cp (Th-Ti);Actual Work Done By The Compressor
Can Be Estimated By The Following Relation, W = (N/N-1) X P1v1l X [(P2/P1) (N-1/N) -1],Where P1 Is
The Atmospheric Pressure Inlet To The Compressor And P2 Is The Outlet Gauge Pressure. The Coefficient
Of Performance Is The Ratio Of Cooling Effect To Actual Work Done By The Compressor, Cop =Qc/W.
(C) The Data-Validation Could Be Carried-Out With The Below Mentioned:
Https://Www.Trelleborg.Com/En/Seals/Resources/Design-Support-And-Engineering-Tools/Fluid-
Mechanics-Calculator
Https://Www.Ajdesigner.Com/Index_Fluid_Mechanics.Php
Https://Www.Engineeringtoolbox.Com/Fluid-Mechanics-T_21.Html
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Http://Educypedia.Karadimov.Info/Education/Mechanicsjava.Htm
Https://Www.Engineersedge.Com/Calculators.Htm

Results
The Results Obtained For The Above Are As Mentioned Below From Fig.-5 To Fig-27.
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S

Fig-5 Cold End Side View, Fig-6 Tube Details
Where The Cold Air Comes Out Measurements
And The Intake Section

= /" 2.2
[ —
~ 57.3
[ -

Fig-8 Isometric View Of The Fig-9 Input Section, Which Acts Fig-10 Hot End Side View, Where
Tube With Col Air Exit And As Compressed Air Entry Into The Hold End Leaves The Rhvt Out
Entry Section The Rhvt Tube Of The Tube

T o
]

<

=
—

\\

~—

Fig-11 Input Section, Which Fig-12 Isometric View Of The Fig-13 Another View Of Input
Acts As An Intake For The Rhvt Input Section From The Top Section With Cold Air Outlet
Side View And Top View And Put Air Exit Is Seen
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Fig-14 Turbulator Front View, Side View And End Fig-15 Some More Views Of Turbulator
View

Fig-16 Cold End Detailed View
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Fig-18 Hot End Cap Details Fig-19 Hot End Cap With Threads

e

Fig-20 End Screw Cap Top And Side View Fig-21 Isometric Screw End Cap With Slot Hole To
Regulate The Exit Hot Air.
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Fig-22 A Complete Sectional View Of The Rhvt Tube Showing The Air Inlet, Air Out Let And Turbulator
Is Seen In An Assembled Section.

= A

[ P ‘ =
[l m’u
& SECTION A-A
Fig_—g3 A Top View Of The Rhvt Tube Fig-24 An Isometric View Of The Rhvt Tube
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Fig-26 Top View Of The Tube With Sections

Showing The Turbulator Section

e

"\
Fig-27: Exploded View Of The Vortex Tube
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Conclusion And Discussion

The Final Product Design Is Hence Made Ready For The Vortex Tube With All The Required Bill Of
Materials As Shown Above. The Design Is Revalidated From The Previously Work Done In Table-1, The
Diameter And Length Of The Newly Designed Tubes Are Very Close And In Tolerated Vales. Next Step
Is To Analyze This Design Using Ansys By Applying The Inlet And Exit Parameters And Check The
Results For Fine Tuning.

Now Since The Design Part Is Ready, The Parameters For The Purpose Of The Analysis Could Be Easily
Calculated Namely, Inlet Velocity (Vi) In M/S, Inlet Area(Ai=% D?) In Sgm,

Discharge At Inlet (Qi=Ai*Vi) In Cum/S,

Density At Inlet (p.zP/Rt) In Kg/Cum,

Mass Flow Rate At Inlet (M= Qi*P.) In Kg/S,

Mass Flow Rate At Cold End(M¢) In Kg/S For Various Kinds Of The Materials Namely, Stainless Steel,
Brass, Copper And Upvc.

Future Work

1. To Analyze The Complete Product Using An Ansys Software By Applying The Parameters.
2. To Calculate The Below Mentioned For The Prototype Produced.

Cold End Velocity (V:.)M/S,

Area Of The Cold End (Ac= E D?) Sqm,

Density Of Cold Air (Pc) Kg/Cum,

Discharge At The Cold End (Qc) Cum/S,

Mass Flow Rate Of The Cold End (M¢)Kg/S And

Cold Flow Mass Ratio =Mass Flow Rate At Cold End / Mass Flow Rate At Inlet (M¢/ M;)

3. The Future Work Would Be To Plan-Design-Develop-Manage Risks-Test-Produce-Release-Support By
Manufacturing A Prototype And Do A Field/Factory Setting For This Product.
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