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ABSTRACT

Turbo-machine applications have a several alternatives, each of which emanates to help build the world of power.
One of these ideas is ‘The Tesla turbine’, which is also referred to as a bladeless turbine or friction turbine. A
turbine is a machine that transforms rotational energy from a fluid that is picked up by a rotor system into usable
work or energy. The principle of Tesla turbine comes from two main rudiments of physics: Adhesion and Viscosity,
instead of the conventional energy transfer mechanism in traditional turbines. It is referred to as a bladeless turbine
because it uses the boundary layer effect and not a fluid impinging upon the blades as in a conventional turbine. In
this Analysis by the means of changing mass flow rate and proper design of bladeless rotor the efficiency is to be
calculated and the analysis of viscous fluid that can be transferred is to be measured. The Turbo machine will also
be analyzed as a turbine for a viscous fluid transfer and will be compared with the previous cfd analysis.
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1 INTRODUCTION

Ludwig Prandtl the German Engineer on August 12, 1904 first introduced the boundary layer concept. The fluid
flow equation was simplified by dividing the flow field into two areas: Dominated by viscosity, one inside the
boundary layer and hence the majority of drag is created which will be experienced by the boundary layer. Another
will be outside from this boundary layer, neglecting the viscosity effects on the solution. By this there will be
significant simplification of the Navier-Stokes equation for closed form solution for the flows in both the areas.
Within the boundary layer heat transfer from a body and to a body also takes place which will again simplified the
flow field equation outside the boundary layer. Normal to the surface direction pressure distribution throughout the
boundary layer remains constant and is the same in as the surface itself.
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Figure 1.1 Boundary Layer concept
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The thickness of the velocity boundary layer is normally defined as the distance from the solid body at which the
viscous flow velocity is 99% of the free stream velocity (the surface velocity of an inviscid flow). Displacement
Thickness is an alternative definition stating that the boundary layer represents a deficit in mass flow compared to
inviscid flow with slip at the wall. It is the distance by which the wall would have to be displaced in the inviscid
case to give the same total mass flow as the viscous case. The no-slip condition requires the flow velocity at the
surface of a solid object be zero and the fluid temperature be equal to the temperature of the surface. The flow

1.1  TESLA TURBINE

The first bladeless turbine was designed and manufactured by a Serbian engineer and well known inventor Nicola
Tesla in 1913, by turbine also known as a friction turbine. The boundary layer flow which produces the viscous
effect is used to run this unusual turbo device. In our general classical bladed turbines, the viscous effects are the
reason for the efficiency loss of this typical turbines therefore it is the undesirable source while opposite of this
phenomena these viscous effects are the main driver enabling the rotational movement of the rotor. A set of n
number of thin disks is attached with a shaft which is perpendicular to its axis of a revolution; “n” numbers of set
depends on the size and design. According to the theory the individual each disk must be as thin as possible. The
smaller the gap between the “n” number of disks and the distance between one another the higher will be rotation.
The highest value of efficiency according to Rice [18] is achievable when the gap is approximately equal to the
double boundary layer thickness. Therefore, with respect to the flow conditions and physical properties of the
working fluid the gaps between the disks should be maintain. The technology of manufacture, material strength and
its assembly has the impact on the thickness of the disks and the gap between them is also limited.
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Figure 1.2Parts of the Tesla Turbine

2 CONSTRUCTION AND WORKING PRINCIPLE

The closely spaced disks, in Tesla Turbine are propelling by using the viscosity and adhesion of a moving medium.
From the periphery the fluid enters the inner space between the disks and through the central holes located near the
axles exists shown in the figure 2.1. To couple inertia forces there are no constraints or obstacles as in traditional
turbines. The fluid entering tangentially at perpendicular to the axis of rotor at the periphery, it transfers momentum
to the disks, during this process. If considering ideal conditions, then between the tangential velocity of the fluid
entering the disk and the tip velocity of the rotating disk and the tip velocity of the rotating disk there will be no
slippage at the nozzle exit. The efficiency of energy transfer is largely is governed by the following:
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e From the nozzle the smoothness of the medium flow to the disks.
e The bearing effectiveness for reducing the friction los and
e  For the transfer of the momentum the size of the active area.
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Figure 2.1Construction of Tesla Turbine [13]

From a manufacturing standpoint a most attractive feature of the Tesla turbine is its simplicity. The parts from the
Tesla Turbine can be taken apart easily as assembly is very simple, as shown in figure. 2.2. The Tesla turbine
designed by its use of flat, fixed and co-rotating disks equally spaced along the rotor shaft which can be seen in
figure. 2.2. There is a metal casing by which the rotor is housed which contains the exhaust ports as well as inlet
nozzle.

Inlet Nozzle

Figure 2.2Entire Tesla turbine assembly showing the rotor blades, housing, inlet nozzle and exhaust Ruler
(cm) added for approximate size scale

The fluid velocity is significantly increased when a fluid is introduced through the nozzle and towards the outer edge
of the disks it is ejected tangentially. The result in momentum exchange from the fluid to the disks is by the
viscosity of the high speed fluid and no slip condition along disk surface power output and shaft torque.
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Figure 2.3Schematic of fluid flow through the Tesla turbine All major turbine components are shown and the

actual rotor-housing clearance given [15]

As can be seen in Figure 2.3, there is nothing complicated about the way a Tesla turbine works. The fact that the
fluid flows parallel to the turbine disks gives this design a distinct advantage over traditional bladed turbine;
abrasive particulates or even water droplets can be present in the working fluid without risking direct impacts which
could cause additional wear and damage to the disks. Its ability to utilize a variety of fluids without damaging the
blades and its extremely low manufacturing cost warrant a renewed interest in the design.

3 EXPERIMENTAL SETUP

This contains details of the experimental setup, scheme of instrumentations and experimental procedures. The
description and specification of various instruments and components are described in this chapter. The specification
equipment’s used in the experimental setup are given in the later section.
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Figure 3.1 Schematic Diagram of Tesla Turbine Setup
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PROCEDURE

1. The water is collected into the tank.

2. The pump will then take water from the tank for supplying to the turbine it will pass through the valve
which is manually operated.

3. Closing and opening of the valve will give us the different readings.

4. From the orifice using u-tube manometer the velocity and mass flow rate will be measured.

5. Then water will pass through the turbine will it will give the rotation to the disc and using the stroboscope
the RPM will be measured.

6. Finally the dynamometer is attached to this which will produce the current in volt which will be measured
by the voltmeter.

3.1  Experimental setup and Equipment’s that is used

1. Pump And Motor

Figure 3.3 Pump and motor for operating Machine

Power Range(HP) 0.25 HP(Single Phase Self Priming)

Speed 2850 rpm,50 Hz
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Versions 230 V,50 Hz(Single Phase)
Types Of Duty S1(Continuous)

Class of Insulation F/B

Maximum Liquid Temperature 35°C

2. U-TUBE MANOMETER

UBAAREANEUR
Eilesrany
| W

Figure 3.4 U tube Manometer for pressure difference

Body Solid clear crystalc body
Subdivision 1M.MW.C

Connection House nozzle of PP

Scale Black Anodized Aluminium Scale
Metering Tube Finished glass coat

Range 250-0-250

3. DYNAMOMETER
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Figure 3.5 Dynamometer for generating electricity

Item Weight 159 ¢
Product Weight 14.9*10.1*8.5 cm
Item model number NTL-12VDCM
Weight 160 Grams
Colour Silver

4. ORIFICE
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Figure 3.6 Orifice

Diameter at inlet of orifice=0.028 m

Diameter at outlet of orifice plate=0.014 m

Area at inlet of orifice =6.157x10* m?

Area at outlet of orifice=1.539x10" m?

5. MULTIMETER

Figure 3.7Multimeter for measuring volt and current
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Brand Name Digital Multimeter Box
EAN 0740812318220

Item Weight 150 grams

LED (2 red, 2 green, 2 yellow)
Resistors 1k, 47k

6. STROBOSCOPE

Figure 3.8Stroboscope for measuring RPM

Brand Name DT-315A Stroboscope

Design durable properties and battery-powered motor

Features internal power supply and portable structure

Battery rechargeable internal batteries or AC line-power switched

3.2  Experimental Reading Calculation

Dh=17.5cm =0.175m ... H =12.6x0.175= 2.205m

33,v29H  (6.157x10~ *)(1.539x10~ *)./2(9.81)(2.205)

Qi =

\/alz - ag J(6.157x10~%)2 — (1.539x 10~ 4)2
 (9.47x10™ 8),/2(9.81)(2.205)
B 0.000596
3
—10.4x10~ 4 M
secC
3
AxR 0.1x0.12 _am
2 - = —6x10~ 41
)QaCt t 20 * sec
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3)Cd =

Qact  16x10~ %

Quh

4m=pxQ=0.6

104x10~ 4

=0.576

5P =V x1 =9.5%x1.69=16.126watts

6)1.P =

H 1000x 6x10*%x9.81x 4.60
gH

1000

Oo.P

7n =——x100
)7 1.P

1000

- wxlooz 59%

= 0.027kw

Table 3.1 Result Table

SR. Pressure Rise Of Time Discharge Mass Power (%) (%)
difference | water level | taken for flow rate
NO R(cm) R t(sec) m? (Watt) CFD
(cm) —
sec @
sec
1 17.5 12 20 6x107* 0.6 16.14 59 70
2 16.4 11.2 20 5.6x107 0.56 15.18 60 66
3 14 10.8 20 5.4x107 0.54 14 55 62
4 12 10 20 5x107* 0.5 12.5 53 58
5 10 8.5 20 4.2%x107* 0.42 11 55 54
6 8.3 7.9 20 3.9x10™ 0.39 9 47.37 50
7 6.5 6.8 20 3.4x10™ 0.34 7 43.75 46

4 RESULT AND DISCUSSION

After the experimental reading and the CFD analysis the comparison between the results of both the approach is
carried out. So the evaluation can be done. The fig-4.1 and the fig-4.2 are showing the results for the Torque and
Power output with respect to the Mass flow rate
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Figure 4.1 Power output respected to Mass Flow rate
— Efficiency Experimental
= Efficiency CFD
75
70

65 > s

=
S =
.;. 60 / ——
Oi
E zz /é
S A
= 45 —_—
S—
= 40
35
30
0.003 0.004 0.005 0.006 0.007

Inlet Velocity[m/s]

Figure 4.2 Efficiency with respected Inlet velocity

It was found out that the due to the pressure loss in the pipe of the experiment setup and the various others factor
effecting the flow of the fluid is reason of loss of torque and the power output yet it is sufficient for providing the
work to the generator. Though there are some improvement yet can be done for improving the output.

5 CONCLUSIONS

It is worth mentioning that the Tesla turbo machinery as a turbine especially fits into those instances where
compacted unities are required for generating electrical power are required as in the case of isolated areas. It should
be noticed that, as a unique source of rotating motion of this type, Tesla machines can run under a very wide
spectrum of not only fuels but also fluids in general.

Tesla-type turbo machinery probably cannot prove competitive in an application in which more conventional
machines have adequate efficiency and performance. Thus, it cannot be expected to displace conventional water
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turbines or gas turbines. Tesla-type turbo machinery can be considered as source of standard in applications in
which conventional machines are inadequate. This includes applications for small shaft power, or the use of very
viscous fluid or non-Newtonian fluids. It is an advantage that multiple-disk turbo machines can operate with
abrasive two-phase flow mixtures with less erosion of material from the rotor.

In general, it has been found that the efficiency of the rotor can be very high, at least equal to that achieved by
conventional rotors. With the increase in the velocity of the fluid and the decrease in pressure shows the increase in
the efficiency of the turbine. Mass flow rate plays the important part in it. The CFD and Experimental readings
shows the minor difference providing the losses in the turbine.

6 ACKNOWLEDGEMENT

Dreams never turn into reality unless a lot of efforts and hard work is put into it. And no effort ever bears fruit in
the absence of the support and guidance. It takes a lot of efforts to make your way to the goal and having someone
to guide you and help you is always a blessing. | would like to take this opportunity to thank a few who were closely
involved in the completion of this endeavor.

| take this opportunity to express my profound gratitude and deep regards to my supervisor and Assistant professor
in Mechanical Engineering Department Mr. Tejendra B. Patel for their exemplary guidance, monitoring and
constant encouragement throughout the course of this report. The blessings, help and guidance given by him time to
time shall carry me a long way in the journey of life on which | are about to embark.

| also take this opportunity to express deep sense of gratitude to my father Mr. Manek F Variava for their cordial
support, valuable information and guidance, which helped us in completing this task through various stages.

Finally, | express our gratitude to all other members who are involved either directly for the completion of this
project.

6. REFERENCES

[1].Raunak Jung Pandey, Sanam Pudasaini, SauravDhakal, Rangeet Ballav Uprety, Dr. Hari Prasad Neopane
“Design and Computational Analysis of 1 kW Tesla Turbine” International Journal of Scientific and Research
Publications, Volume 4, Issue 11, November 2014 1 ISSN 2250-3153

[2].Vedavalli G. Krishnanl, Zohora Igball and Michel M. Maharbizl “A micro tesla turbine for power generation
from low pressure heads and evaporation driven flows” University of California Berkeley, CA., US

[3].Raunak Jung Pandey, Sanam Pudasaini, SauravDhakal, Rangeet Ballav Uprety, Dr. Hari Prasad Neopane
“Design and Computational Analysis of 1 kW Tesla Turbine” International Journal of Scientific and Research
Publications, Volume 4, Issue 11, November 2014 1 ISSN 2250-3153

[4]. Sayantan Sengupta and Abhijit Guha “A theory of Tesla disc turbines” Proc I MechE Part A: J Power and
Energy 226(5) 650-663

[5]. Aaron Peshlakai “Challenging the Versatility of the Tesla Turbine: Working Fluid Variations and Turbine”

[6].G P Hoya and A Guha “The design of a test rig and study of the performance and efficiency of a Tesla disc
turbine” Aerospace Engineering Department, University of Bristol, University Walk, Bristol, UK DOI:
10.1243/09576509JPE664

[7].Vedavalli G. Krishnan “Design and Fabrication of cm-scale Tesla Turbines” Electrical Engineering and
Computer Sciences University of California at Berkeley Technical Report No.UCB/EECS2015161

4690 Www.ijariie.com 3680



Vol-3 Issue-2 2017 IJARIIE-ISSN(O)-2395-4396

[8].Romanin Vincent D. “Theory and Performance of Tesla Turbines”

[9].Valentin lIzraelev, Weiss, Fritz, Raymond, Eric G. Paterson, Alan Snyder, Richard B. Medvitz, Joshua Cysyk,
Walter E. Pae, Dennis Hicks, Branka Lukic, and Gerson Rosenberg “A Passively-Suspended Tesla Pump Left
Ventricular Assist Device” PMCID: PMC2789418 NIHMSID: NIHMS151779

[10].Valentin M.lzraelev“Magnetically driven rotor for blood pump”

[11].Harikishan Gupta E., Shyam P. Kodali “Design and Operation of Tesla Turbo machine - A state of the art
review” International Journal of Advanced Transport Phenomena Vol. 02, No. 01, Jan-Dec 2013

[12].Piotr Lampart Lukasz Jedrzejewski “Investigations of aerodynamics of tesla bladeless micro turbines” journal
of theoretical and applied mechanics 49, 2, pp. 477-499, Warsaw 2011

[13].Tamir Ali Emran “Tesla turbine torque modeling for construction of a dynamometer and turbine” University of
north texas May 2011

[14]Matej Podergajs “The Tesla Turbine” University of Ljubljana Faculty of Mathematics and Physics

[15].M Usman Saeed Khan, Ehsan Ali, M Irfan Magsood and Haq Nawaz “Modern improved and effective design
of boundary layer turbine for robust control and efficient production of green energy”

[16].Tesla, N., 1913, “Turbine,” U.S. Patent No. 1,061,206.
[17].The Washington Post, 1912, “Powerful Engine a Mere Toy”, retrieved from ProQuest Historical Newspapers.
[18].Rice, W., 1991, “Tesla Turbo machinery”, Proc. IV International Nikola Tesla Symposium

[19].Guha, A., Smiley, B., 2009, “Experiment and analysis for an improved design of the inlet and nozzle in Tesla
disc turbines”, Proceedings of the Institution of Mechanical Engineers, Part A: Journal of Power and Energy,
224, pp. 261-277.

[20].Lemma, E., Deam, R.T., Toncich, D., Collins, R., 2008, “Characterization of a small viscous flow turbine”,
Experimental Thermal and Fluid Science, 33, pp. 96-105

[21].Tesla, N., 1913, “Fluid Propulsion,” U.S. Patent No. 1,061,142.
[22].Fuller, H. J., 2006, “Wind turbine for generation of electric power,” US Patent No. 7,695,242.

[23].Carey, V.P., 2010, “Assessment of Tesla Turbine Performance for Small Scale Solar Rankine Combined Heat
and Power Systems”, Journal of Engineering for Gas Turbines and Power, 132(12), pp.122301-1 — 122301-8

[24].Guha, A., Sengupta, S., 2012, “The fluid dynamics of the rotating flow in a Tesla disc turbine”. European
Journal of Mechanics B/Fluids, 37, pp. 112-123.

[25].Rice, W., Matsch, L., 1968, “An Asymptotic Solution for Laminar Flow of an Incompressible Fluid between
Rotating Disks”. Journal of Applied Mechanics, Series E 90, pp. 155-159.

[26].North, R.C., 1969, “An Investigation of the Tesla Turbine”. ProQuestLLC.University of Maryland.

[27].Cirincione, N., 2011, “Design, Construction and Commissioning of an Organic Rankine Cycle Waste Heat
Recovery System with a Tesla-Hybrid Turbine Expander”.ProQuestLLC.Colorado State University.

4690 Www.ijariie.com 3681


http://www.ncbi.nlm.nih.gov/pubmed/?term=Izraelev%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paterson%20EG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Snyder%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Medvitz%20RB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cysyk%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pae%20WE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lukic%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenberg%20G%5Bauth%5D
https://www.google.ch/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Valentin+M.+Izraelev%22

Vol-3 Issue-2 2017 IJARIIE-ISSN(O)-2395-4396

[28].Rice, W., 1963, “An Analytical and Experimental Investigation of Multiple Disk Pumps and Compressors”.
ASME Trans. J. Eng. Power, 85, pp. 191-198.

[29].Peshlakai, A., Papachristoforou, D., Anderson, A., Song, E.T., Thomas, T., 2010, “MAE 488/489 Project:
Renewable, Sustainable Energy Generator”. Arizona State University.

[30].Jcmiras.net, 2006, Typical Electric Generator Efficiency, from http://www.jcmiras.net/jcm/item/93/
[31].Cengel, Y.A., Boles, M.A., Thermodynamics Engineering Approach. New York: McGraw-Hill, 2008.

[32].Moran, M.J., Shapiro, H.N., Munson, B.R., DeWitt, D.P., Introduction to Thermal Systems Engineering:
Thermodynamics, Fluid Mechanics, and Heat Transfer. New Jersey: John Wiley & Sons, Inc, 2003.

[33].Panton, R.L., Incompressible Flow. New Jersey: John Wiley & Sons, Inc, 2009.
[34].Lee, T.W. Thermal and Flow Measurements. New York: CRC Press, 2008.
[35].Fluent Inc.: Fluent/UNS/Rampant. ,,User’s Guide”, 2000

[36].Fluent Inc.: Gambit. ,,User’s Guide”. 2000.

4690 Www.ijariie.com 3682


http://www.jcmiras.net/jcm/item/93/

