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Abstract. The design, numerical simulation, manufacturing, and physical experimentation of Tesla's bladeless centripetal turbine for electrical power 
production are the topics of this research project. The turbine generates rotational motion in the discs by directing pressurized air and water 
tangentially across parallel smooth disc surfaces. The fluid speed parameter at the nozzle inlet determines the power generated. To ensure optimal 
mechanical design parameters, SolidWorks design software, fluid dynamics concepts, and machine element design were employed. The numerical 
simulation software ANSYS CFX was used. The numerical and qualitative findings of the models and physical experiments coincided well. The study 
revealed that the power production and turbine efficiency were regulated by the input sources and blade size. Variations in the fluid composition 
between the discs may additionally have an impact on the outcomes. The researchers investigated the connection between input fluid pressure and 
turbine efficiency, as well as the number of discs and turbine power. The prototype could generate 76.52 W of electricity at 50 bar pressure and 
1.01e+05 Reynolds number. The operation was efficiently simulated using CFD, with only a 9.3% difference between experimental and simulated 
results. Overall, this research provides an in-depth assessment of Tesla's bladeless centripetal turbine. It verifies the design and numerical simulation 
methodologies used, as well as identifies the essential aspects impacting turbine performance and efficiency. The findings contribute to a better 
understanding of the turbine's behavior and give ideas for improving its performance. 
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1. Introduction 

Wind is one of renewable energy forms that has been paid 
attention to recently because it is considered as clean and green 
energy with non-carbon emissions (Marih et al., 2020)(Nguyen 
et al., 2021)(Hassoine et al., 2022). Thus, studies on wind turbine 
are taken the great interest (Sang et al., 2017) Shoukat et al., 
2021). In contrast to conventional turbines that depended on 
fluid impinging on curved blades, Nikola Tesla revolutionized 
the field by exploiting the boundary layer effect of fluid on flat, 
circular discs to generate mechanical rotary power (Talluri et al., 
2018). Tesla was given a patent for his innovative concept and 
mechanism, which became known as the Tesla Turbine, his 
patent emphasized the significance of gradual changes in fluid 
speed and direction to maximize turbomachine efficiency 
(Manfrida et al., 2018). Due to this slow energy transfer method, 
Tesla claimed a phenomenal efficiency of approximately 95%. 
An extensive study was conducted, inspired by Tesla's physics, 
to build Tesla turbines that offered optimal performance and 
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economic viability (Qi et al., 2019). This section looks into 
Tesla's initial design, following contributions by numerous 
researchers, and the underlying theory. Leeman (Leaman, 1950) 
built a turbine with a central exhaust using 126 mm diameter 
discs and with a maximum inlet pressure of 85 psi. The 
maximum speed reached was over 9,000 rpm, with an efficiency 
of 8.24%. The researchers investigated the effects based on 
several surface textures of discs and reported that smooth discs 
perform marginally superior than rough discs. The turbine had 
126 mm diameter discs with a maximum inlet pressure of 85 psi. 
It reached speeds of more than 9,000 rpm while maintaining an 
efficiency of 8.24%. Leeman's design diverged slightly from 
Tesla's original proposal, featuring a central cavity for exhaust 
delivery and a slotted shaft to facilitate exhaust flow. He also 
investigated the effect of different surface textures on disc 
performance, determining that smooth discs had a modest edge 
over rough discs. This study is an important step forward in 
turbine development since it demonstrated Tesla's visionary 
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boundary layer notion and subsequent advances by researchers. 
The use of flat discs instead of standard blades brings up new 
opportunities for improving turbine efficiency and performance. 
These studies' findings establish the groundwork for additional 
investigation and breakthroughs in Tesla turbine design, with 
the potential to revolutionize the area of fluid engineering 
(Alanne and Cao, 2019; Alonso and Silva, 2022). 

Talluri et al. (Talluri et al., 2018) investigated Tesla turbine 
architecture for Organic Rankine Cycle (ORC) usage in small-
micro power generation. The Tesla turbine, a bladeless viscous 
turbine concept proposed by Nikola Tesla, has resurfaced due 
to its suitability for low-cost components in small-scale systems 
such as ORC. The study used an optimization method and a 
novel rotor model to evaluate three turbine layouts of varying 
sizes. With N-hexane fluid, the Tesla turbine obtained a total-to-
static efficiency of 64%. Talluri et al. (Talluri et al., 2020) 
examined the efficiency and dependability of the Tesla turbine 
in miniature power generation with ORC. They evaluated the 
turbine functioning with R1233zd(E) experimentally, accounting 
for the blockage effect generated by disc edges, which resulted 
in flow deviation and performance losses. With a peak net 
power output of 371 W, a peak shaft efficiency of 9.62%, and a 
maximum adiabatic efficiency of 30%, the results proved the 
possibility of using Tesla turbines in ORC applications. The 
findings help to better understand and enhance turbine design 
for ORC, especially in the setting of micro power generation that 
has low inlet temperature and expansion ratios. Huynh et al. 
(Huynh et al., 2021) examined the efficacy of a hybrid energy 
harvesting system that integrated a Tesla turbine design, 
triboelectric nanogenerators (TENGs), and an electromagnetic 
generator (EMG). TENG-EMG (T3-E) optimized Tesla turbine 
displayed high output voltage-current and prolonged running 
time. TENG and EMG achieved peak outputs of 312.5 V/82 A 
and 4.2 V/3.3 mA, correspondingly, with operation durations of 
20 s and 38 s. Having outputs of 332 V/3.5 mA and operation 
times of 20 s for voltage and 40 s for current, the hybrid system 
considerably improved performance. These findings meet the 
energy requirements of portable electric loads, and practical 
uses such as LED lighting and IoT wireless sensor operation 
have been proven. This hybrid generator idea has a lot of 
possibilities for capturing biomechanical energy. Another study 
by Ciappi et al. (Ciappi et al., 2019) investigated the efficiency 
prediction and flow properties of a Tesla turbine working with 
organic fluids using a 2D in-house code and computational fluid 
dynamics (CFD) modeling in another study. Various working 
fluids (R404a, R134a, and R245fa) were studied, and a small-
scale prototype demonstrated good rotor efficiency (69% at 
3000 rpm). The CFD calculations and in-house code agreed 
perfectly. Furthermore, fluid dynamics within the channel have 
been studied using absolute and relative flow route lines, 
revealing fundamental flow phenomena. This analysis and 
comparison will help to gain a greater understanding of the 
Tesla turbine's performance in low-power applications with 
various organic fluids. 

In medium-head conditions, the turbine's greater working 
speed makes it more practical to link the turbine shaft directly 
to the generator, removing the requirement for a gearbox 
system (Pandey et al., 2014)(Dzida et al., 2009)(Świrydczuk, 
2013). It was found that the rectangular nozzle shape 
advantageously enables flow contact with the whole set of discs. 
The rectangular nozzle design advantageously provides flow 
contact with the full set of discs, which occurs at different places 
during entry and departure from the casing (Galindo et al., 
2021). For a basic design, efficiencies can vary from 65% to 80%, 
while more complicated systems can achieve efficiencies of up 
to 85%. Peirs et al.  (Peirs et al., 2003) concentrated on a 10 mm 

diameter rotor disc turbine, signifying an important milestone in 
the creation of a micro-generator that uses fuel to generate 
electricity. This turbine reached a power output of 28 W with an 
efficiency of 18% while operating at an amazing speed of 
160,000 rpm. Herrault et al. (Herrault et al., 2010) employed the 
silicon-packed permanent magnet micro-generators. The 
advantage of silicon packaging is the fine control of shape and 
dimensions during batch production. This has resulted in high 
speed and hence ultimate compactness of the device. The 
research on the Tesla turbine was enriched by several 
researchers in the recent past (Qi et al., 2023; Rusin et al., 2019; 
Song et al., 2018, 2017; Zuber et al., 2019). Deam et al. (Deam et 
al., 2008) proved that small-scale viscous turbines outperform 
conventional bladed turbines.  Hoya and Guha (Hoya and Guha, 
2009) employed a novel design with slight adjustments around 
the input nozzle. The turbine efficiency grew with angular speed 
until it reached a maximum pressure of 140W. At this stage, 
accounting for frictional torque inside the system, they reached 
a 25% efficiency at an input pressure of 3.8 bar. Their 
investigation revealed the possibility of increasing efficiency by 
minimizing nozzle losses. Guha and Smiley (Guha and Smiley, 
2010) replaced the standard nozzle-inlet assembly with a 
redesigned plenum chamber input nozzle, which resulted in 
better turbine performance by a 40-50 reduction in total 
pressure loss and improved jet uniformity, resulting in uniform 
inlet conditions for all discs passes. Furthermore, Tesla turbines 
are appropriate expanders for the ORC. Ho-Yan (Ho-Yan, 2011)  
reported that Tesla turbine designs are better suited for high-
head applications but provide poor power densities based on 
Rice's idealized model. These research efforts contribute to the 
continued investigation and optimization of Tesla turbine 
designs, providing insights into improving efficiency, lowering 
losses, and broadening their use in other energy systems. 
Sengupta et al. (Sengupta and Guha, 2016) employed nano-fluid 
for the Tesla turbine's 100m distant discs, namely a dilute 
solution of Ferro-particles in water. Their research found that 
raising the volume percentage of nanoparticles from 0.00 to 0.05 
might result in a 30% increase in power output. Rusin et al. 
(Rusin et al., 2018) used the ANSYS CFX 18 commercial code to 
simulate a 73mm Tesla turbine with three distinct turbulence 
models: RNG k-ε, k-ω SST, and SAS. Using a denser mesh and 
a lower temporal step for the SAS turbulence model allowed for 
greater analysis of minor vortex components and unsteadiness. 
When compared to the RNG k- and k- SST turbulence models, 
the exact mesh produced the maximum unit power. Zuber et al. 
(Zuber et al., 2019) identified two major constraints influencing 
Tesla turbine efficiency. For starters, the inefficiency of the 
nozzle design has a substantial influence on total efficiency, 
necessitating more concentrated research in this area. Second, 
while high disc spinning speeds improve turbine efficiency, they 
offer issues in terms of disc warping at such RPMs. One 
proposed option is to use high-priced advanced raw material 
sheets for the turbine discs, albeit this will increase the 
equipment cost. These novel ideas in Tesla turbine research 
provide new opportunities for improving performance and 
tackling efficiency challenges. Additional research and 
optimizations in nozzle design and material choices have the 
potential to significantly enhance total turbine efficiency. 

The purpose of this study work is to fill many gaps in the 
literature while contributing to the discipline of turbine design 
and performance. The relevance of material selection for 
turbine primary parts, such as the casing, inlet nozzle, annular 
discs, and shaft, is one significant element investigated in this 
paper. The relationship that exists between the turbine's intake 
and output characteristics is explored using computational and 
experimental investigations, with a focus on the connection 
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between inlet fluid pressure and turbine efficiency, and also the 
effect of the number of discs on turbine power. Another 
noteworthy part of the research is the investigation of the effect 
of input size and blade size on power generation and machine 
efficiency. This research provides important insights into the 
best design choices for turbine components. To analyze and 
enhance turbine performance, the study employs traditional 
design approaches such as SolidWorks and fluid mechanics 
theory, as well as CFD simulations and practical 
experimentation. The application of CFD simulation findings to 
improve turbine efficiency through design changes is a notable 
novelty in this work. The study investigates possible 
enhancements in turbine performance based on CFD 
calculations and then validates these gains with rig tests of the 
revised components using a prototype Tesla turbine. In 
addition, the study emphasizes the use of air that is compressed 
as the working fluid, paving the path for further research into the 
implementation of the prototype Tesla turbine in harvesting 
wind energy for the generation of electricity. 

 
 

2. Methodology  

2.1 Design principal and consideration  

The design ideas and concerns for the bladeless turbine 
based on Tesla's cohesion-type invention are given in this 
section. The impinging action of fluid, slow energy transfer, and 
the requirement for changes in fluid speed and direction are all 
discussed (Ernnie Illyani Basri et al., 2023). The design concepts 
form the basis for creating an efficient and effective turbine 
system. Based on a detailed literature survey (Aghagoli and 
Sorin, 2020; Ciappi et al., 2019; Manfrida and Talluri, 2019; 
Renuke et al., 2019), it was evidenced, that the overall efficiency 
of the Tesla turbine lies in the range of 6-12%. Further based on 
different parameters study, it was noticed that the power output 
and hence the overall efficiency is affected by the variation in 
some parameters. Based on a non-conventional concept which 
is a bladeless turbomachine, the Tesla turbine is not yet 
developed for any commercial application. Since the turbine‘s 
efficiency is very much less; it is not yet developed to its full 
extent. In the present work, a prototype of a Tesla turbine is built 
with increased efficiency by increasing the number of roto discs. 
Further, the turbine's performance is studied under various test 
conditions, and potential applications of this bladeless 
turbomachine are explored (Ciappi et al., 2019)(Placco and 
Guimarães, 2020)(Ferrando et al., 2021).  

Based on the physics of fluid dynamics, theoretical 
calculations, and Solid Works software, mechanical design and 
drawings of relevant components of the turbine were carried out 
as per flow domain Figure 1. With the initial availability of 
modeling of the turbine as input, CFD simulation is carried out 
by ANSYS software to improve the turbine's output 
performance. The CFD process for the present work can be 
described assuming the model's major characteristics being the 
assumptions of genuine compressible fluid characteristics and 
constant viscous and laminar flow. The equations for Navier-
Stokes in cylindrical coordinates can be reduced using these 
assumptions (Eq. (1) to Eq. (5)). In comparison, body forces were 
considered to be insignificant to viscous flow: 

(1/𝑟)  ∗  𝜕(𝑟𝑢_𝑟)/𝜕𝑟 + (1/𝑟)  ∗  𝜕𝑢_𝜃/𝜕𝜃 +  𝜕𝑢_𝑧/𝜕𝑧 =  0  (1)                                                                       

The equations for momentum: 

𝜕𝑢_𝑟/𝜕𝑡 + (𝑢_𝑟 ∗  𝜕𝑢_𝑟/𝜕𝑟 +  (𝑢_𝜃/𝑟)  ∗  𝜕𝑢_𝑟/𝜕𝜃 +
 (𝑢_𝑧/𝑟)  ∗  𝜕𝑢_𝑟/𝜕𝑧 =  −(1/𝜌)  ∗  𝜕𝑝/𝜕𝑟 + (𝜈/𝑟^2)  ∗
 (𝜕/𝜕𝑟)(𝑟^2 ∗  𝜕𝑢_𝑟/𝜕𝑟)  + (𝜈/𝑟^2)  ∗  (𝜕^2𝑢_𝑟/𝜕𝜃^2)  +
 (𝜕^2𝑢_𝑟/𝜕𝑧^2)             (2) 
(1/𝑟)  ∗  𝜕𝑢_𝜃/𝜕𝑡 + (𝑢_𝑟 ∗  𝜕𝑢_𝜃/𝜕𝑟 + (𝑢_𝜃/𝑟)  ∗  𝜕𝑢_𝜃/𝜕𝜃 

+ (𝑢_𝑧/𝑟)  ∗  𝜕𝑢_𝜃/𝜕𝑧 
=  −(1/𝜌)  ∗  (1/𝑟)  ∗  𝜕𝑝/𝜕𝜃 + (𝜈/𝑟^2)  
∗  (𝜕/𝜕𝑟)(𝑟^2 ∗  𝜕𝑢_𝜃/𝜕𝑟)  + (𝜈/𝑟^2)  
∗  (𝜕^2𝑢_𝜃/𝜕𝜃^2)  + (𝜕^2𝑢_𝜃/𝜕𝑧^2)  
− (𝑢_𝑟^2/𝑟) 

   (3) 
𝜕𝑢_𝑧/𝜕𝑡 + (𝑢_𝑟 ∗  𝜕𝑢_𝑧/𝜕𝑟 + (𝑢_𝜃/𝑟)  ∗  𝜕𝑢_𝑧/𝜕𝜃 

+ (𝑢_𝑧/𝑟)  ∗  𝜕𝑢_𝑧/𝜕𝑧 
=  −(1/𝜌)  ∗  𝜕𝑝/𝜕𝑧 +  (𝜈/𝑟^2)  
∗  (𝜕/𝜕𝑟)(𝑟^2 ∗  𝜕𝑢_𝑧/𝜕𝑟)  + (𝜈/𝑟^2)  
∗  (𝜕^2𝑢_𝑧/𝜕𝜃^2)  +  (𝜕^2𝑢_𝑧/𝜕𝑧^2) 

                                                                                        (4) 
 

The equations for energy are: 
 

𝜕𝑇/𝜕𝑡 +  (𝑢_𝑟 ∗  𝜕𝑇/𝜕𝑟 + (𝑢_𝜃/𝑟)  ∗  𝜕𝑇/𝜕𝜃 +  𝑢_𝑧 ∗
 𝜕𝑇/𝜕𝑧 =  𝛼 ∗  [(1/𝑟)  ∗  𝜕/𝜕𝑟 (𝑟 ∗  𝜕𝑇/𝜕𝑟)  +  (1/𝑟^2)  ∗
 𝜕^2𝑇/𝜕𝜃^2 +  𝜕^2𝑇/𝜕𝑧^2]  +  𝑄                                   (5) 

.  
Based on the simulation results, mechanical design 

specifications are modified and finalized (Thomazoni et al., 
2022)(Mohammadpour et al., 2021)(Arun et al., 2021). 
Continuing the simulation, boundary conditions were applied 
for finalized design to evaluate various parameters in 
conformance with the design (Yogesh Babu et al., 2020). The 

 
Fig 1. Tesla turbine flow domain 



M. Sivaramakrishnaiah et al Int. J. Renew. Energy Dev 2024, 13(1), 110-121 

| 113 

ISSN: 2252-4940/© 2024. The Author(s). Published by CBIORE 

turbine output is computed as per the design requirements. A 
comparison study of theoretical, physical, and numerical 
experimental values was carried out to evaluate the percentage 
error as per the selected parameters. The sequential steps 
adopted in the present work;  mechanical design of parts by 
theoretical calculations and Solid software, material selection 
for each part, procurement of readily available parts, 
manufacturing and fabrication processes, assembly of parts, 
testing of the turbine, CFD simulations of blades and nozzles in 
ANSYS 18.0, data collection and analysis, calculations, results 
and discussions, and conclusion.. 

2.2 Material selection 

The casing and intake nozzle of the bladeless turbine was 
made out of 7075 Al, an aerospace-grade Aluminum alloy. This 
alloy has a high strength-to-weight ratio and outstanding 
strength similar to many sheets of steel, making it perfect for 
aeronautical applications (LI et al., 2023; Mandaloi et al., 2022). 
It also has high fatigue strength and moderate machinability. 
While it has better corrosion resistance than the 2000 Al alloys, 
it may have poorer corrosion resistance than some other 
aluminum alloys. However, due to its increased cost, its use is 
limited (la Monaca et al., 2021; Siengchin, 2023). To endure the 
extreme pressure and temperature conditions within the 
turbine, SS316 sheets were chosen as the material for the 
annular disc bundle (Srinivasan and Ananth, 2022)(Pineau and 
Antolovich, 2015). SS316 is a stainless-steel alloy known for its 
high corrosion resistance, even in harsh settings (Le et al., 2018). 
In some case, aluminum oxide could be considered as the 
suitable material because they have high corrosion resistance 
(Abid et al., 2023). This substance maintains the discs' durability 
and lifetime throughout turbine operation. 

The shaft, which bears the static stresses, necessitates the 
use of a material of remarkable strength. EN 24 steel was used 
for this purpose. EN24 steel is high-tensile alloy steel with 
excellent wear resistance qualities that are often used in 
applications requiring high strength and toughness (Khanna et 

al., 2021; Patil et al., 2022). It is used for high-strength shafts, 
gears, connecting rods, punches, and dies in a variety of 
industries. Table 1 displays the specifics of 7075 Al, SS316, and 
EN 24, emphasizing their unique qualities pertinent to turbine 
design. The use of these materials assures the structural 
integrity of the turbine. The use of these materials maintains the 
structural integrity, efficiency, and dependability of the turbine 
under rigorous working circumstances.  

 
2.3 Fabrication and assembly 

The bladeless turbine is made up of vital components such 
as rotating discs, casing, shaft, and nozzle, all of which play 
important roles in its functioning. The materials for these main 
components were carefully chosen to fulfill the demanding 
standards and produce the required turbine performance. To 
ensure the turbine's best performance and lifetime, materials 
with exceptional mechanical attributes such as high strength, 
durability, and corrosion resistance were obtained. Extensive 
study and testing were carried out to find appropriate materials 
for each component depending on its unique roles and 
operating circumstances. To endure the rotating pressures and 
high temperatures created during operation, the discs, for 
example, required materials with great tensile strength and heat 
resistance (Kumar et al., 2023; Wang et al., 2021).  Similarly, 
materials with high structural integrity and dimensional stability 
were required for the casing and shaft. After identifying the 
proper materials, modern machining techniques were used to 
form the components according to the design parameters. To 
obtain the needed dimensions, tolerances, and surface finishes, 
precision machining operations such as turning, milling, and 
drilling were used (Elsayed and Farghaly, 2022). The use of 
computer-aided design (CAD) tools, such as SolidWorks, 
assisted in the generation of precise models and designs, 
ensuring the technical specifications of the mechanical 
components were satisfied. 

Aside from the primary components, other auxiliary 
elements were required for the whole turbine system to be 

Table 1 

Particulars of 7075 Aluminium alloy, 316 Stainless Steel and EN 24 Steel 

Particulars 7075 Aluminium Alloy 316 Stainless Steel EN 24 Steel 

Compositions 

90% Al, 5.6–6.1% Zn, 2.1–2.5% 

Mg, 1.2–1.6% Cu, and less than 

0.5% of Si, Fe, Mn, Ti, Cr, and 

other metals 

16.0-18.0%Cr, 10.0-14.0% Ni, 

2.00 -3.00 % Mo, 0.00-0.045% 

P, max 0.08% C, max 2.0 % 

Mn, max 0.75% Si, max 0.03 

% S, and max 0.10 % N 

0.36-0.44% of C, 0.1-0.35% Si, 

0.45-0.7% Mn, 1-1.4% Cr, 0.2-

0.35% Mo, 1.3-1.7% Ni, max 

0.04% S, and max 0.035% P 

Density (kg/m3) 2810 8000 7850 

Young’s modulus (GPa) 75 193 120 

Thermal conductivity, (W/mK) 23.2 16.3 32 

Tensile strength (N/mm²) 276 515 680 

 

 

Table 2 
Various technical specifications and parameters of Tesla turbine parts 

No Parts Specifications/Parameters Dimension 

1a 

Rotary annular discs 

Outer radius (Ro) 24 × 10−3 m 
1b Inner radius (Ri) 2 × 10−3 m 
1c Mean radius (Rm) 13× 10−3 m 
1d Mean circumference(S) 81.68× 10−3 m 
1e Thickness (t) 0.35× 10−3 m 
1f Number of discs (nd) 15 
1g Spacing between each disc (h) 0.15× 10−3 m 
1h Number of exhaust holes(nh) 10 
2a 

Shaft 
Radius (Ri) 2× 10−3 m 

2b Length (L) 120× 10−3 m 
3 Nozzle Inlet Area (A) 75× 10−6𝑚2 
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assembled. Components such as the pump, coolant supply tank, 
intercooler, bearings, clamps, bolts, washers, and spacers were 
supplied. These parts have been collected owing to their tiny 
sizes or complex patterns from specialized sources having the 
necessary competence in producing them. 

Following theoretical computations and analyses 
performed with SolidWorks software, a comprehensive table 
was created to provide an overview of the mechanical 
component technical specifications and features, as given in 
Table 2. This may be used to assess the critical specifications, 
parameters, and performance indicators of the turbine's 
mechanical components while providing a thorough 
understanding of the design and manufacturing parts. Precision 
machining methods and careful procurement of auxiliary parts 
all contribute to the bladeless turbine's successful production. 
These methods ensure that all of the turbine's components are 
in functioning order (Balicki et al., 2015). Precision machining 
methods and careful sourcing of auxiliary parts all contribute to 
the bladeless turbine's successful production. These approaches 
ensure that the turbine's components are sturdy, trustworthy, 
and capable of withstanding harsh environments. The 
combination of theoretical calculations, powerful software 
analysis, and practical production procedures provides a solid 
foundation for the turbine's future experimental assessment and 
validation. 

In this part, we go through the significance of each 
component and its role in the Tesla bladeless turbine. As the 
driving component, the annular discs effectively replace the 
usual blades or buckets seen in classic turbines. These discs are 
organized in a sequence with uniform spacing and are firmly 
attached to the turbine shaft's middle part. The high-velocity 
fluid, discharged tangentially from the input nozzle cut in the 
casing, impinges on the parallel surfaces of the discs. This 
impinging movement causes the discs to rotate, which causes 
the turbine shaft to rotate. This bundle of annular discs, as 
shown in Figure 2a, is designed to resist the whole load during 
turbine operation, guaranteeing smooth and efficient power 
output. The diameter of the discs was limited to 50mm due to 
cost restrictions and an exhaustive academic review. A total of 
15 annular discs were made from SS 316 sheets, each having 10 

exhaust holes drilled with a vertical milling center machine. 
Additionally, 0.15mm thick spacers were punched from the 
same SS 316 sheets. A precision grinding procedure was used 
to obtain the shaft's surface polish, assuring excellent 
performance and minimizing friction. 

The turbine's overall casing is made up of three separate 
components. To begin, the center casing, which includes an 
entrance nozzle, encloses the bundle of annular discs. The hubs 
on either side, which hold the bearings and accommodate the 
10 exhaust holes, are the other two components. All of these 
components are made of the AL 7075 alloy, which is known for 
its high strength-to-weight ratio and corrosion resistance. Figure 
1b shows how the center casing with the carved intake nozzle 
was skillfully created utilizing CNC lathe technology. Following 
the machining process, the housing for the bearing hubs was 
anodized, as shown in Figure 2c, to increase durability and 
protect the bearing hubs. Following the machining process, the 
case for the bearing hubs was anodized, as shown in Figure 2c, 
to increase durability and protect against environmental 
influences. We maintain the integrity and performance of the 
Tesla bladeless turbine by methodically developing and 
producing these components with the highest accuracy and 
using appropriate materials. The described components work 
together to capture the fluid's impinging impact, efficiently 
converting its energy to rotational motion, and eventually 
creating power. The mix of high-quality materials, innovative 
manufacturing processes, and attention to detail in the design 
process all contribute to the turbine system's overall efficacy 
and dependability. 

3. Assembly and testing of Tesla Turbine  

The discs and spacers were mounted onto the shaft of the 
bladeless turbine during the assembling process. As shown in 
Figure 3a, this assembly was then firmly fastened within the 
center shell using bearing hubs and the required bolts and nuts. 
The turbine assembly, together with other components and a 
cooling system, was put on a solid wooden test rack to allow 
testing and assessment, as shown in Figure 3b. The shaft outside 
the casing was attached to the shaft of a D.C. generator to 

 

 
(a) 

 
(b) 

 
( c) 

Fig 1. Assembly (a) 48 mm diameter disc assembled; (b) Casing with inlet nozzle; (c) Anodized casing with exhaust holes 
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capture the mechanical spinning power supplied by the turbine. 
This connection allowed rotational energy to be transferred 
from the turbine to the generator. Following the assembling and 
connection steps, the bladeless turbine was put through a 
battery of tests using compressed air at various pressures. 
Several inputs and outputs were methodically measured and 
computed throughout these test sessions. The major goal was 
to calculate the electrical power provided by the turbine via the 
associated generator. 

The extensive testing method revealed important 
information about the turbine's performance and efficiency. 
Rotational speed, fluid pressure, temperature differentials, and 
power production were all meticulously monitored and 
analyzed. The acquired data aided in determining the overall 
efficacy of the turbine and allowed for further development and 
optimization of the system. The study team learned a lot about 
the turbine's operational features and performance by 
undertaking these exhaustive tests and measurements. The 
electrical power output was a critical criterion for determining 
the turbine's ability to generate energy. The test findings were 
critical in confirming the design ideas, numerical simulations, 
and manufacturing procedures used during the development 
process.                           

4. Results and discussion 

4.1 Experimental Results and Discussion  

Table 3 provides an in-depth review of the system's 
performance at various input pressure circumstances that range 
from 10 to 50 bar. This investigation provides unique insights 
into the relationship between intake pressure and multiple 
performance parameters. A key characteristic is the continuous 
increase in disc angular velocity as incoming pressure increases. 
The angular velocity at 10 bar is 1130.97 rad/sec, but at 50 bar 
it soars to 2638.93 rad/sec. This increasing angular velocity 
indicates the turbine's ability to spin faster when confronted with 

increased input pressures. This effect is caused by increased 
fluid momentum and kinetic energy, causing the turbine to spin 
faster. At the same time, the fluid's exit velocity shows a 
matching growth pattern. The exit velocity increases from 27.14 
m/s to 63.33 m/s as the input pressure increases from 10 to 50 
bar. This significant acceleration of the outgoing fluid is linked 
directly to the turbine's improved performance at greater 
pressures. The turbine effectively transforms the energy of the 
fluid that enters into kinetic energy, pushing it at a higher 
velocity as it departs. 

The system's torque increases consistently, rising from 
0.0067 Nm at 10 pressures to 0.029 Nm at 50 bar. This 
expansion is a direct result of the turbine's increasing rotational 
force at greater input pressures. This higher torque output is due 
to the increased angular velocity combined with the increased 
fluid momentum. The system's power output, both thermal and 
electrical, has risen noticeably. At 10 pressure, the electrical 
output power surges from 9.52 Watts to 76.52 Watts at 50 bar. 
This noticeable increase is due to the increased torque and 
angular velocity at greater pressures. It emphasizes the system's 
ability to transform mechanical energy into usable electrical 
power. In contrast, as the inlet pressure rises, so does the input 
power needed to keep the system running. The input power, 
which varies from 207.6 Watts at 10 bar to 1069.8 Watts at 50 
bar, is proportional to the increased performance levels 
obtained at higher pressures. The rise in input power reflects the 
energy required to keep the turbine's speed of rotation and fluid 
acceleration elevated.  

Efficiency, a critical statistic, stays pretty consistent in the 
4.58% to 7.15% range. While it varies slightly, it is clear that the 
system grows more efficient at greater inlet pressures. The 
turbine's capacity to harness and convert a bigger amount of the 
incoming fluid's energy into useable mechanical and electrical 
power contributes to this rise in efficiency. In conclusion, 
differences in performance measures under different intake 
pressure levels may be related to the turbine's responsiveness 

 
(a) 

 
(b) 

Fig 3. (a) Tesla Turbine Assembly; (b) - Turbine set onto a test rig 

 

Table 3 
Results during experimental and simulation testing  

Inlet 
Pressure, 

bar 

Experimental/ 
Simulation 

Angular 
Velocity of 

Disc, rad/sec 

Torque, 
Nm 

Output 
Power, W 

Input 
Power, W 

Efficiency, 
% 

Variation, 
% 

10 Experimental 1130.97 0.0067 9.52 207.6 4.58 16.16 
Simulation  1265 0.0067 9.58 180.07 5.32 

20 Experimental 1507.96 0.011 16.90 323.7 5.22 13.60 
Simulation  1551.25 0.011 16.99 286.51 5.93 

30 Experimental 1884.95 0.018 33.92 581.4 5.83 7.03 
Simulation  2019.58 0.018 34.94 559.63 6.24 

40 Experimental 2261.94 0.022 49.76 773.9 6.43 7.93 
Simulation  2354.25 0.022 53.35 768.76 6.94 

50 Experimental 2638.93 0.029 76.52 1069.8 7.15 10.35 
Simulation  2757.41 0.029 78.57 995.52 7.89 
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to changes in fluid momentum, kinetic energy, and flow 
regimes. Increased intake pressures improve angular velocity, 
exit speed, torque, and power output, but at the expense of more 
input power. These findings highlight the turbine's versatility 
and potential for applications where efficiency optimization is 
critical, even if increased energy input is required. 

4.2 CFD simulation results and discussion 

The primary components of the Tesla turbine were designed 
using a combination of theoretical calculations and SolidWorks 
software. These calculations and software techniques made it 
possible to precisely design critical turbine parts. Meshed 
models of the components were subjected to fluid simulation 
using ANSYS Computational Fluid Dynamics (CFD) to validate 
and optimize these designs. The CFD simulations offered 
important insights into the fluid behavior within the turbine, 
allowing for design changes to boost its efficiency. Initially, the 
rotary discs were constructed using technical specifications 
obtained from theoretical calculations and SolidWorks software. 
These designs were then used to construct inlet and outlet 
pieces in ANSYS ICEM software. The component's auto-sized 
mesh was produced and saved in ICEM format. The meshed 
model was then imported into the CFD code's pre-processor 
module, where the necessary boundary conditions for the intake 
and outflow were implemented. Moving to the CFD code's 
solver module, the solution was initialized, and the coupled 
transport equations were solved iteratively until a predefined 
convergence criterion was met. This method allowed for the 
precise prediction of fluid flow behavior and turbine 
performance. Finally, the simulation results were visualized and 
analyzed in the post-processor module. Flow field parameters 
such as pressures, velocities, and densities were investigated at 
various nodes in the flow domain. These findings provided 
important insights into the turbine's functioning, suggesting 
places where design changes could improve efficiency as 
demonstrated by the predecessors (Chen et al., 2022, 2021b; 
Gohil and Saini, 2022; Yadav and Bhagoria, 2013). The 
predecessors worked on optimized defector design to enhance 
the performance of wind turbines. The investigators established 
hydropower instability for small hydro turbines at part load and 
cavitation erosion at overload operating conditions (Gohil and 
Saini, 2022). The latter researchers narrowed down the 
turbulence model for best results in fluid flow and heat transfer 
simulations (Yadav and Bhagoria, 2013). The redesign of turbine 
components was facilitated by utilizing the flow field parameters 
derived by CFD simulation, resulting in increased turbine 
efficiency and performance optimization.  

In the above-mentioned equations, u_r, u_θ, and u_z 
denotes the components of velocity in radial, azimuthal, and 
axial directions, correspondingly. p represents pressure, v is the 
kinematic viscosity, ρ denotes density, T is used for 
temperature, α denotes thermal diffusivity, and Q is any sink or 

heat source. These equations, along with appropriate boundary 
conditions, can be used to simulate the flow through a turbine 
in cylindrical coordinates. 

In this detailed investigation, researchers explore a series of 
experiments done under varied operational settings to identify 
the turbine's performance characteristics. Table 3 highlights the 
core of five unique test scenarios, each aimed at evaluating the 
turbine's performance under certain parameters marked by 
nozzle output pressure (Po) and fluid intake velocity. The tests 
were rigorously carried out to meticulously evaluate numerous 
crucial performance indicators that provide an in-depth 
understanding of the Tesla turbine's potential. The angular 
velocity of the turbine disc is an important performance 
measure. In the initial test at an exit fluid velocity of 30.63 m/s, 
an angular velocity of 1265 rad/sec was reached, indicating the 
turbine's capacity to respond to the starting circumstances. 
However, what follows is a noteworthy growth. As we 
progressed through the tests, a steady increase in angular 
velocity was observed. The Tesla turbine achieved an angular 
velocity of 2757.41 rad/sec when the exit fluid velocity was 
68.57 m/s. This significant rise in angular velocity demonstrates 
the turbine's capacity to capture energy from high-velocity fluid 
flows and convert it to mechanical energy. The discharge rate is 
another critical element under evaluation. This statistic 
estimates the amount of fluid going through the turbine per unit 
of time, and its change across the tests is interesting. The initial 
discharge rate was 0.003 m3/s. However, when the operational 
conditions altered so did this measure. The discharge rate rose 
to 7.54 x 1013 m3/s at exit fluid velocity is 68.57 m/s. This 
significant rise in discharge rate corresponds to the higher fluid 
velocities and accompanying increases in angular velocity, 
validating the turbine's ability to handle bigger amounts of fluid 
successfully. The thermal and electrical output power supplied 
by the Tesla turbine is crucial. These numbers highlight the 
practical benefits of its mechanical energy conversion expertise. 
In the initial test, the turbine produced 10.99 Watts of thermal 
output power and 9.58 Watts of electrical output power. At 
higher exit velocities a substantial rise in both thermal and 
electrical output power was observed. At the peak exit velocity, 
the thermal output power reached 82.71 Watts, followed closely 
by electrical output power at 78.57 Watts. These findings 
highlight the Tesla turbine's potential as an efficient technique 
of transferring mechanical energy received from fluid flow into 
thermal and electrical power. Efficiency, which is often viewed 
as the defining feature of energy conversion machines, needs 
careful examination. It denotes the percentage of usable output 
energy to total input energy. The initial test efficiency was 
5.32%, indicating space for improvement. Nonetheless, the 
trajectory is certainly favorable. The efficiency statistic shows 
steady gains over the tests, with the most recent test having an 
efficiency of 7.89%. While these efficiency figures are low, they 
serve as encouraging indicators of the Tesla turbine's improving 

 

(a) 

 

(b) 
Fig 4. Contour at 0.6244 bar inlet condition for; (a) Velocity; (b) Pressure 
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ability to transform input energy into meaningful mechanical 
and electrical power.  

       The results reveal that the experimental efficiency is 
4.58% at 10 bar, whereas the modelling phase efficiency is 
5.32%. This suggests that there is a fluctuation of around 16.16% 
under these conditions. When the input pressure is raised to 20 
bar, both the experimental and simulation efficiencies increase, 
with the experimental reaching 5.22% and the simulation 
reaching 5.93%.  As we increase the input pressure to 30, 40, 
and 50 bar, this trend persists. Over this range, the simulation 
consistently outperforms the experimental phase, with variation 
percentages ranging from 7.03% to 10.35%. To summarize, the 
data clearly reveals that, given the stated settings, the simulation 
phase shows higher values ranging from 7.03% to 16.16%. 

The flow field parameters at the entry point of the rotating 
discs are established in this work by studying the nozzle outlet. 
Figure 4(a) depicts the flow field characteristics contour at 
0.6244 bar pressure and 284.07 K temperature, containing air-
fluid flowing across the system. The solver module of the CFD 
code is used to run the simulation, having the flow domain set 
to rotational. The contour option or the area average of the 
simulation's velocity may be directly computed to understand 
the velocity distribution over the whole domain. At discrete 
sites, various flow field parameters are calculated, allowing the 
gathering of numerical pressure and temperature 
measurements. Following this, those outlet values are 
implemented as the disc's new inlet conditions. The CFD 
simulation's post-processor module generates numerical values 
of pressure. The power and efficiency values are calculated 
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                             ( d) 

Fig 5. Vector plots at (a) 40; (b) 63; (c) 77; (d) 89 m/s of inlet velocity 
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                      Fig 6. 
Contour distribution pressure on the domain 
fluid with engine rotation; (a) 40 m/s; (b); 
63m/s; (c) 77m/s; (d) 89 m/s; (e) 100m/s 
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based on these results. The maximum pressure measured is 
0.686 bar, and the minimum pressure measured is 0.679 bar. As 
illustrated in Figure 4(b), the average pressure throughout the 
system has been determined to be 0.683 bar. 

For higher channel speed cases (40, 63, 77,89, and 100 m/s), 
there is an observable increase in the surface intensity transition 
along the range can be found in the power source region. The 
upsides of the surface intensity transition at the inlet of the 
nozzle hole in the recreation are lower than in the model as 
shown in Figure 5(a) vector plot represents the numerical data 
analytic model. A good agreement between the simulation and 
the analytic model shows the 40 m/s simulation case. It can be 
seen in Figure 5(b) that the velocity trend is the same as those 
shown in Figure 5(c&d). This disparity is related to the unequal 
speed distribution throughout the recreation's external 
perimeter and the place from where the data is collected. The 
tangential speed in the reconstruction was specifically lower 
than the initial intake speed. The tangential speed is altogether 
higher than the disc speed. Inside this stream channel, the 
speeds, as well as the mass and intensity stream, are 
concentrated and altogether higher than in different districts of 
the gap. The insightful model can't foresee the improvement of 
a stream channel and consequently, it neglects to anticipate the 
ascent of the temperature. 

The after-effects of the pressure conveyance in the liquid 
space of the turbine turn are displayed in Figure 6(a-d). The 
after-effect of the pressure conveyance in the liquid space shows 
how the tension contrast acquired in the liquid area depends on 
the degree colors tracked down in Figure 1 with varieties of 40, 
63, 77,89, and 100 m/s. The delta of the Tesla turbines was red. 
This shows that the best tension exists there. The delta was the 
initial segment of the stream. The liquid produces an underlying 
second to drive the plate of the Tesla turbine. 

The scientific model can't foresee the improvement of a 
stream channel and hence, it neglects to anticipate the ascent of 
the surface intensity motion towards the outlet. In Figure 7, a 
scalar plot of the temperature dissemination from the analysis is 
shown. True to form from the surface intensity transition, the 
temperature at the power source ascends because of the great 
speeds brought about by the stream channel (Chen et al., 2021a). 

When numerical simulation results are verified against the 
physical experimental results, there is good agreement between 
them both quantitatively and qualitatively, and the average error 
is 9.79%. From the data of the post-processor module of CFD 
simulation, all the designed results are computed and compared 
with the previous results. It was observed that the simulation 
results have higher quantitative values when compared with the 
theoretical results based on the physics of the turbine working. 
The difference in values between such two results for efficiency 
is illustrated in Figure 5. Such differences creep due to some 
assumptions and conditions made in the CFD simulation of any 
components. The outlet-conditioned quantities like the fluid exit 
velocity, the torque generated, output power, and efficiency 
vary with the air pressure which runs the turbine.  

 It was also observed that the electrical power output from 
the D.C. generator driven by the turbine varies directly with the 
number of rotary discs in the turbine. In this prototype turbine, 
15 rotary discs were used. As per the calculations, the power 
obtained from each disc adds to the overall power output of the 
turbine. Hence it was concluded that the more is - the number 
of rotary discs, the more power can be obtained from the 
turbine. 

 

5. Conclusions  

This study's findings have provided major insights and 
established a benchmark in understanding fluid flow within 
annular gaps, establishing their potential for mechanical and 
electrical power production applications. Bladeless Tesla 
turbines have far-reaching ramifications in different businesses 
involved in electrical power generation, notably in serving small 
communities as well as rural electrification projects, when 
compared to conventional turbines. Traditional turbines have 
long worked to reduce losses due to viscosity and the creation 
of boundary layers. The use of viscous characteristics and 
boundary layer phenomena in Tesla turbines, on the other hand, 
provides a revolutionary technique in rotating equipment, with 
benefits such as decreased or non-existent maintenance costs 
and simple and economical construction. The goal of this study 
was to maximize the efficiency of such turbines. Material 
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Fig 7. Contour plot at (a) 40; (b) 63; (c) 77; (d) 89 m/s condition for temperature 
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selection was critical in achieving efficient and sturdy turbine 
components at a low cost. The casing and intake nozzle was 
made of 7075 Al, the annular discs were made of SS316, and the 
shaft was made of EN24 steel. However, there were some 
limitations to the study. Due to financial constraints and the 
expensive expense of purchasing 316-grade stainless steel for 
the discs, the turbine size was limited to a micro-scale or 
prototype. As a result, the turbine diameter was limited to 48 
mm, and the prototype only had 15 discs. It is worth noting that 
increasing the number of rotational discs increases the power 
output of the turbine.  

Furthermore, the turbine used compressed air as its working 
fluid, necessitating the usage of an intercooler. Various parts 
were obtained, and a cooling system was installed to keep the 
casing cold during turbine operation. Tesla-type rotor discs are 
noted for their corrosion resistance, making them ideal for rural 
electrification applications where debris and abrasive two-phase 
flow are major issues in conventional hydropower generation. 
However, the low densities of present designs must be 
considered because they affect the shipping and maintenance of 
these units, particularly in distant and difficult regions where 
Pico hydro systems are often put. Tesla turbines offer the 
potential for Pico hydro applications, but further study is needed 
to improve their efficiency, reduce fabrication and maintenance 
costs per kilowatt of power generated, and improve their 
reliability. Furthermore, investigating the use of wind energy to 
power Tesla turbines for electricity production could be a fruitful 
route for future research. Overall, additional R&D efforts are 
required to improve the efficiency of bladeless turbines and 
make them more cost-effective for power generation.  

 
Nomenclature 

A Nozzle inlet area, m2 Rm Disc mean radius, m 
h Spacing between each 

disc, m 
Ro Disc outer radius, m 

L The shaft length, m S Disc mean 
circumference, m 

max Maximum t Disc thickness, m 
nd Number of discs T Total torque on ‘Nd’ 

discs, Nm 
nh Number of exhaust 

holes 
Tm Torque at mean radius, 

Nm 
p Fluid pressure at the 

inlet, Pa 
Vno Exit Velocity of fluid from 

discs, ms−1 
pinlet Fluid pressure at the 

nozzle inlet, Pa 
Visen Isentropic flow exit fluid 

velocity from the nozzle, 
ms−1 

PT Total Power from ‘nd’ 
discs, W 

Vact Actual flow exit fluid 
velocity from the nozzle, 
ms−1 

Pi Input Power, W v Specific volume, m3 kg-1 
Po Output Power, W ρinlet Fluid density at the 

nozzle inlet, kg m-3 
Q Inlet discharge, m3s−1 ω Angular Velocity of discs, 

rads−1 
Re Characteristic 

Reynolds number 
η Turbine Efficiency 

r Pressure ratio ηN Nozzle Efficiency 
Ri Disc inner radius/ or 

shaft radius, m 
γ Specific heats ratio of gas 
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