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In this paper, a comprehensive numerical analysis of a bladeless Tesla microturbine is 
presented. Various studies on the effects of Tesla design parameters have shown 
promising results. However, the limitations associated with the inherent nozzle design 
have often highlighted the low efficiency of the turbine. Therefore, the study was 
carried out using computational fluid dynamics (CFD) to demonstrate the efficiency of 
the turbine as a function of the performance of different openings of the inlet nozzles, 
i.e., as 1-opening and individual pitot tube opening. In this work, a validation study was 
performed with the existing manuscript before further investigating the effects of the 
different openings of the inlet nozzles. The results show that the configuration of 4 
inlets with 4 openings (4i4o) results in higher velocity and pressure distribution 
compared to 4 inlets with 1 opening (4i1o). Consequently, 4i4o obtained a higher 
torque value compared to 4i1o with a difference of 10%. Hence, the thrust and 
efficiency values for the 4i40 were 33.69% and 34.30%, respectively, higher compared 
to the 4i1o. The performance of the Tesla turbine with the specified optimal 
configuration increased very significantly compared to the previous research studies. 
It can be concluded that the introduction of the functional theory of the ‘pitot-tube’, 
which considers the gaps individually by having a separate inlet for each of them, had 
a great impact on the performance of Tesla turbine. 
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1. Introduction 
 

Renewable energies are sources of clean, inexhaustible and increasingly competitive energy. 
Compared to other growing consumption of primary fossil fuels and massive discharge of pollutants, 
hydroelectric power is one of the types of renewable energy, which the energy cleanly obtained from 
rivers or other freshwater currents that able to meet energy enlarging demand. Hence, energy 
shortfall and environmental destruction need to be taken into consideration. These consequences 
may significantly affect those rural areas, which demand energy electrification. And for these valid 
reasons, the awareness of using water turbine generator energy sources has captivated researchers 
around in recent years [1–6]. However, the available water turbine generator highlighted the 
disadvantage of the turbine blade may harm the ecology of aqua animals in the river. Due to its 
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features, Tesla bladeless turbine is an external generator system that is a powerful candidate for 
converting both potential and kinetic energies of the river to electrical power. The turbine consists 
of a set of stacked discs, as opposed to the blades in a conventional turbine. However, according to 
some research on Tesla bladeless turbine, the optimum efficiency obtained is only about 30-40%. 
Therefore, this research is conducted to increase the performance of energy efficiency in the 
bladeless Tesla turbine generator. 

Tesla turbine is meant to replace the piston engine in generating power at that time in 1906. But 
it went sideways as the idea and technology itself were ahead of that particular time. Other than the 
turbine, the bladeless turbine can also be used as a pump or compressor which has been 
implemented in the medical field such as a blood transfusion pump [7]. In the first patent, Nikola 
Tesla introduced his basic bladeless design configuration as a pump or compressor. In the second 
patent, Tesla modified the basic compressor design and converted it to a turbine where the turbine 
was able to achieve 90% of efficiency, as Nikola Tesla claimed. 

Tesla turbine consists of a shaft and multiple discs with a casing to contain the flow inside. It was 
meant to replace conventional turbines in generating power from these few components only. This 
is only possible to work based on the fundamental of fluid properties: adhesion and viscosity. 
Adhesion is the tendency of different molecules to stick to each other due to attractive forces. 
Cohesion is the tendency of similar molecules to stay together due to intermolecular attraction, as 
depicted in Figure 1. Other than that, viscosity also plays a vital role in rotating the disc. It is due to 
the resistance of a substance to flow, which in this case is air. When these two properties work 
together, they transfer energy from the fluid to the shaft, causing it to spin. 

 

 
Fig. 1. Illustration of adhesion and 
cohesion of molecules 

 
In specific, the breakdown of the process is as follows: 

 
i. As the flow passes through the disc, the adhesive force causes the fluid molecules just 

above the surface to stick onto the disc surface. 
ii. The molecules above those at the disc surface slowed down when they collided with the 

molecules sticking on the surface due to cohesive forces. These molecules slowed down 
the molecules above them.  

iii. As farther away from the disc surface, the fewer collision affected by the disc. This 
resulted in a thin film called a boundary layer that is forming over the surface. 

iv. At the same time, viscous forces cause the molecules to resist separation, which then 
generated the pulling forces to be transmitted to the disc. Therefore, the disc started to 
rotate following the flow direction.  

Then propelling fluid accelerated rapidly in spiral behaviour along the disc surfaces until it 
reached the designated exit. As the fluid flows in the natural path of least resistance, it is free from 
the constraint and disruptive forces which may be caused by the vanes or blades, where it 
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experienced gradual changes in both velocity and direction. This means that more energy is 
transferred to the turbine which resulted in greater efficiency as the loss is small. 

The power output of a bladeless turbine is determined by its mechanical power output or 
rotational speed. Centrifugal force is the driving factor for a disc to spin and create work. Referring 
to Figure 2, the centrifugal power is affected through the rotation of the rotor between the discs to 
provide its long spiral track. With the mechanical load off from the turbine, higher speed shows 
greater centrifugal power. Otherwise, the mechanical load grows leading to a drop in the speed, a 
low flow of centrifugal power, and a change in acceleration of the liquid track which turns more into 
the centre. This consequently enhances a bigger flow capacity through the mechanism. 

 

 
Fig. 2. Nikola Tesla turbine configuration 

  
Even though the conventional turbines have been taking over the high power output niche as it 

has a great advantage over huge payload and high power density, the Tesla turbine is more efficient 
for the application of low output. It offers flexibility in the design option with low manufacturing cost, 
reduces vibration and hence improves safety. Although many investigations have been carried out in 
terms of experimental studies [8–22] and numerical/analytical studies [11, 14, 23–28], the result is 
still far from Tesla’s achievement. This is mostly due to the losses issue that needs to be accounted 
for designing and testing the turbine. Several parameters contributed to obtaining maximum 
efficiencies such as inlet and outlet geometry, arrangement of inlet and outlet, disc geometry and 
surface state, spacing between two discs and others. 

In the year 1952, Armstrong [17] conducted an experimental study on the different nozzles; 
diverging nozzle and straight nozzle. The result showed that the diverging nozzle produced about 
one-third more horsepower than the straight nozzle for the case of the same pressure drop. In the 
numerical study by Jędrzejewski et al., [26], the efficiency decreased directly as the number of nozzles 
and nozzle angle increased. In a further study, Sengupta et al.,[29] conducted a theoretical study on 
the inlet flow conditions of a three-dimensional (3D) fluid dynamics of the rotating flow. The results 
showed that the flow condition was within the casing, particularly the gap between casing and disk 
that contributed to obtaining optimum efficiency. Moreover, as the nozzle number increased leading 
to efficiency increased with decreasing the operable range speed, however, the non-axisymmetry 
condition decayed faster [30]. It can be concluded that the efficiency showed a significant reduction 
of more than four nozzles introduced [15, 31, 32]. In addition, the velocity losses at the inlet section 
might not be significant for a certain rotational speed, otherwise, this consequence might due to 
other factors [33]. 

Rice [24] pointed out that Tesla turbine nozzles are “necessarily long and inefficient”. Peshlakai 
et al., [20] revealed that the slight changes in the nozzle geometry directly impacted the power 
produced by the turbine even though the rotor efficiency stayed relatively high. Recently, Sengupta 
[30] carried out a computational investigation regarding the nozzle effect through a various number 
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of nozzle inlets. However, for one type of design with the optimum number of nozzles, the efficiency 
obtained is only about 30-40%, which is still far beyond the claimed by Tesla with 90%. A recent study 
by Rusin et al., [34] highlighted that the turbine efficiency has proven to surpass 20% by eliminating 
the impact of lateral gaps between the discs and the casing of a bladeless microturbine. In both 
studies of experimental and numerical, the result of efficiency was highly sensitive to the change in 
mass flow rate based on the efficiency of the individual gap to be around 14% to 24% and the lateral 
gaps of 1% to 4% between the rotor and the casing. Thus, overall turbine efficiency of almost 50% of 
total throufigfighput flew through those gaps. 

From the research study, the findings show that over the years, a lot of people have been 
investigating the performance of the Tesla turbine to achieve Tesla’s expected efficiency of 90%. The 
trends of the studies and investigation are summarized in Figure 3. 

 

 
Fig. 3. Research trends on parameters investigated 

 
Referring to Figure 3, it is noted that the important parameters in the Tesla turbine are 

investigated from 2008 to 2019. Those are flow condition of the fluid, inlet and outlet design of the 
turbine, disc design and condition or surface state, rotor size and geometry and clearance between 
casing and disc periphery or outer edge. From observation, most of the studies focused on the disc 
design and condition effects on the turbine performance, followed by inlet and outlet design and the 
other three parameters for equal times. 

A major drawback of Tesla turbine design is the inlet loss. Fluid loses momentum as it experienced 
sudden expansion at the inlet-rotor junction. Although some research has been done on the effect 
of nozzles, the investigation was limited to one type of nozzle design, number as well as arrangement 
of nozzles around the casing. Every design has its limitation due to inconsistent manufacturing 
processes and internal losses contributed by the components. Therefore, a comparison of several 
designs of the nozzle is crucial. Furthermore, it is proven that the inlet nozzle plays a vital role in 
obtaining axis-symmetry conditions for the fluid flow in order to achieve maximum efficiency. 
Therefore, in this study, different types of inlet openings are investigated to determine the best 
performance of the Tesla turbine. Computational Fluid Dynamics (CFD) analysis with a multi-
reference frame technique is applied throughout this study and the results of fluid flow behaviour in 
terms of velocity, pressure, torque, thrust, and power are compared in order to determine the best 
performance of Tesla turbine subjected to different inlet nozzle opening. 
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The paper is organized as follows: The first section presents the introduction of Tesla, and the 
second section highlights the methodology to conduct the numerical analysis. The results and 
discussions are in the third section and the final sections discuss the conclusion of the topic. 
 
2. Methodology  
2.1 Components Geometry and Dimensions 
 

In this study, the design of a 3D model of the Tesla microturbine is prepared with the aid of the 
Computer-Aided Design (CAD) software of SolidWorks 2019. For the thin disc, the thickness is 
precisely 0.30 mm, with outer and inner diameters of 50.00 mm and 26.40 mm, respectively.  
Meanwhile, the casing has an outer and inner diameter of 50.40 mm and 26.4 mm with a thickness 
of 2.1 mm, respectively. The details specification of the important components such as the thin disc, 
casing or wall domain and its inlet, as in Table 1. 
 

Table 1 
Components used for validation purposes 

Components Parameter Dimensions (mm) 

Thin disc Outer diameter  
Inner diameter  
Thickness  

50.0 
26.4 
0.3 

Casing Outer diameter  
Inner diameter  
Thickness 

50.4 
26.4 
2.1 

Inlet Width 
Thickness 

2.0 
2.1 

 
2.2 Inlet Design 
 

In this study, two types of inlet openings which are 1-opening and 4-openings are introduced at 
the nozzle of the turbine design. The objective of introducing a 4-openings inlet nozzle is to direct the 
flow moving into the disc gaps individually in order to produce sufficient energy to rotate the disc 
and lead to higher torque. Table 2 shows the detailed view of the inlet with 1-opening and 4-
openings. Meanwhile, Figures 4 and 5 show the Tesla micro-turbine of 4-inlets-1-opening (4i1o) and 
4-inlets-4-openings (4i4o), respectively. 
 

Table 2 
Specification of the inlet for further simulation 
Inlet 1-opening 4-openings 

Thin disc 

 
Inlet with 1-opening 

 
Inlet with 4-openings 

Dimensions   

Width (mm) 
Thickness (mm) 

2.0 
2.1 

2.0 
0.3 (each) 
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Fig. 4. Pitot of 4-inlets-1-opening (4i1o) 

 

 
Fig. 5. Pitot of 4-inlets-4-opening (4i4o) 

 
2.3 Computational Fluid Dynamics (CFD) Analysis 
2.3.1 Theory of CFD 
 

Computational Fluid Dynamics (CFD) is the simulation of fluid-based systems using modelling and 
numerical methods (discretization methods, solvers, numerical parameters, grid generations, etc). In 
order to solve the fluid flow problem, the physical properties of fluid must be known and then 
relevant mathematical equations which best described the physical properties are also included. For 
CFD, the governing equation used is Navier-Stokes. It is based on the conservation law of the physical 
properties of the fluid. The principle of conservational law is the change of properties, for example, 
mass, energy, and momentum, subjected to input and output.  

For example, the change of mass in the object is as follows: 
  

𝑑𝑀

𝑑𝑡
= 𝑚𝑖𝑛̇ − 𝑚𝑜𝑢𝑡̇ = 0                                                                                                                                       (1) 

                               
𝑚𝑖𝑛̇ = 𝑚𝑜𝑢𝑡̇                                                                                                                                                            (2) 
                     

Navier-Stokes equation is obtained by applying the mass (continuity equation), momentum 
(momentum equation) and boundary conditions in terms of relative velocities; 𝑈𝑟 = 𝑉𝑟;  𝑈𝑧 =
𝑉𝑧;  𝑈𝜃 = (𝑉𝑟 + Ω𝑟). Based on a few assumptions in Ref. [35], the simplified conservation equations 
are as follows: 
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Continuity equation:  
 
𝜕𝑉𝑟

𝜕𝑟
+

𝑉𝑟

𝑟
= 0                                                                                                                                                          (3) 

                  
θ-Momentum equation:  
 

𝑉𝑟

𝜕𝑉𝜃

𝜕𝑟
+

𝑉𝑟𝑉𝜃

𝑟
+ 2Ω𝑉𝑟 = 𝑣

𝜕2𝑉𝜃

𝜕𝑧2
                                                                                                                      (4) 

      
r–Momentum equation:  
 

𝑉𝑟

𝜕𝑉𝑟

𝜕𝑟
− Ω2𝑟 − 2Ω𝑉𝜃 −

𝑉𝜃
2

𝑟
= −

1

𝜌

𝑑𝑝

𝑑𝑟
+ 𝑣

𝜕2𝑉𝑟

𝜕𝑧2
                                                                                           (5) 

         
z–Momentum equation: 
 
𝜕𝑃

𝜕𝑧
= 0                                                                                                                                                                    (6) 

                         
Boundary condition:  
 
𝑎𝑡 𝑟 = 𝑟2    �̅�𝑟 =  �̅�𝑟2     �̅�𝜃 =  �̅�𝜃2                                                                                                                     (7) 
        
𝑎𝑡 𝑧 = 0, 𝑏   �̅�𝑟 =  0     �̅�𝜃 =  0                                                                                                                          (8) 
                

𝑎𝑡 𝑧 =
𝑏

2
    

𝜕𝑉𝑟

𝜕𝑧
=  

𝜕𝑉𝜃

𝜕𝑧
= 0                                                                                                                                (9) 

        
The schematic diagram for the mathematic solution is in Figure 6. 

 

 
Fig. 6. The schematic diagram for the mathematic 
solution [35] 
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2.3.2 Mesh discretization 
 

Element size is developed accordingly for 1 million elements of each design in Figure 7. The 
optimum number of elements is obtained from the mesh dependency check of the Tesla micro-
turbine. The meshing is required to capture proximity and curvature for more accurate data 
processing. 

 

 
Fig. 7. Mesh element layout 

 
Figure 8 shows the mesh dependency graph of average velocity versus the number of elements. 

The average velocity of 9 ms-1 is estimated at around 1 million elements. Hence, 1 million mesh is 
chosen as the optimum number of elements to be used throughout the research work. 
 

 
Fig. 8. Mesh dependency check of average velocity versus 
number of elements 

 
2.4 Boundary Condition 
 

Boundary condition consists of flow inlet and out boundary, wall motion and casing. A detailed 
view is shown in Figure 9. 
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Fig. 9. Circumferential inlet 

 
In this study, the fluid is assumed to be steady-state, incompressible and laminar flow. Referring 

to Table 3, the mass flow inlet with a flow rate of 30e-5 kg/s and pressure outlet with 0 Pa are used 
in this simulation. The casing is selected as a stationary wall with the no-slip shear condition. While, 
the domain disk is selected as a moving wall with a rotational speed of 800 rad/s. The boundary 
conditions are set similar to the work by previous study [30], as in Table 3: 
 

Table 3 
Boundary Condition [30] 
Boundary condition Values 

Mass flow rate inlet 
Pressure outlet 
Fluid type 
Casing 
Domain 
Viscous model 
Residual error 

 30 e-5 kg/s 
0 Pascal 
Air, Ideal gas 
Stationary wall with no slip shear condition 
Moving wall with a rotational speed of 800 rad/s 
Laminar 
10-6 

                        
3. Results and Discussions 
3.1 Validation of 4-Inlets and 1-Gap Turbine 
 

This section discusses the results obtained from the validation study. The results of validation will 
be discussed from qualitative and quantitative perspectives in the following sub-sections.  
 
3.1.1 Qualitative results 
 

The qualitative analysis between the current study and the study by Sengupta [30] presented the 
results of pressure, radial and tangential velocities, as in Figure 10. 



CFD Letters 

Volume 15, Issue 7 (2023) 14-30 

23 
 

 
Fig. 10. Pressure, Radial and Tangential velocity 
contours of a single plane 

 
For pressure contours, the pattern obtained is almost similar, with the highest pressure at the 

inlet and it decreasing towards the outlet. Meanwhile, the radial velocity showed similar minimum 
and maximum velocities obtained in both respective outlets and inlets. The negative value described 
that the flow is exiting towards the outlet from the outer edge of the discs. However, the distribution 
pattern of radial velocity showed a slight difference between both current research and the 
manuscript by Sengupta [30]. Besides that, the tangential velocity distribution showed a similar 
pattern for both comparisons with the highest at the inlet and the lowest at the outlet.  
 
3.1.2 Quantitative results 
 

The results have also explained the comparison between the current study and the study by 
Sengupta [30] from a quantitative perspective. Figure 11 shows the relationship between disc 
thickness to gap ratio and radial velocity for three rotational speeds of 1000 rad/s, 1500 rad/s and 
2000 rad/s. 
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Fig. 11.  Radial velocity of the current study and the study by Sengupta [30] 

 
From Figure 11, it can be observed that the radial velocity showed high magnitude at the gap 

ratio z/b =1 and decreased the magnitude at the middle of the gap ratio, z/b = 4 and finally increased 
the radial velocity value toward the gap ratio, z/b=7. Moreover, the pattern of radial velocity at 
different gap ratios (z/b) showed a similar pattern at the beginning of the gap ratio and slightly 
different at the centre location comparing current research and the study by Sengupta [30] for 1000 
rad/s, 1500 rad/s and 2000 rad/s, respectively. It can be observed that the magnitude difference 
between current research and validated radial velocity showed the increment as the speed of 
rotation increased particularly at the same z/b ratio. The average percentage error of 1000 rad/s, 
1500 rad/s and 2000 rad/s were stated to be 24.40%, 18.27% and 17.55%, respectively. Mahjoob and 
Mani [36] clearly stated that the maximum error of CFD is 25%. Hence, this validation study is 
acceptable prior to further study on the analysis of the Tesla turbine. Then, for the subsequent 
analysis, the study can be further to understand the effect of pitot-tube to further optimize the 
performance of the turbine. 
 
3.2 Study on the Effect of ‘Pitot-Tube’ 
 

This section discusses the results obtained from the study on the effect of pitot-tube. The results 
of introducing the ‘Pitot-tube’ concept at the inlet represent the different number of openings, 
namely as 4-inlets-with-4-openings (4i4o) and 4-inlets-with-1-openings (4i1o). The comparison 
results between the 4i10 and 4i4o will be discussed in terms of pressure distribution, velocity 
distribution, torque, thrust, power and efficiency in the following sub-sections.  
 
3.2.1 Different number of openings: pressure distribution 
 

The results of pressure contour and pressure magnitude of 4i1o and 4i4o are presented in Figures 
12 and 13. 
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Fig. 12.  Pressure contour of 4i1o and 4i4o 

 

 
Fig. 13.  Pressure magnitude of 4i1o and 4i4o at different plane sections 

 
Figure 12 shows that the pressure contour of 4i4o has a better pressure distribution than that of 

4i1o in which the high-pressure intensity occurred on the left side of the section plane and the low 
pressure on the right side of the section plane. The pressure magnitude of 4i4o was approximately 
twice as that of 4i1o for each plane section. For plane section 1, the pressure magnitude for 4i4o is 
reported to be 850.89 Pa, compared to 4i1o at 468.30 Pa. The pressure value increased in the middle 
of the disk domain, especially in plane sections 2 and plane 3, as shown in Figure 13. The pressure 
magnitude of 4i1o is reported as 492.60 Pa and 490.52 Pa for planes 2 and 3, respectively. 
Meanwhile, for 4i4o, the pressure magnitude for planes 2 and 3 is calculated as 902.28 Pa and 906.65 
Pa, respectively. For plane 4, the pressure magnitude of 4i4o is calculated to be 845.65 Pa, which is 
79.21% higher than the pressure magnitude of 4i4o.  
 From the qualitative and quantitative results of pressure distribution, the 4i4o produced higher 
pressure distribution than the 4i1o. The pressure distribution showed that 4i4o has a small 
distribution range between the lowest and highest pressure values compared to 4i1o. It has been 
proven that the introduction of 4-openings of the inlet nozzle has better and equal pressure 
distribution at each disk gap which produced better performance than 1-opening of the inlet nozzle. 
This is because the individual inlet produced better fluid flow distribution in between each disk gap 
and led to a better effect of pressure distribution. 
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3.2.2 Different number of openings: velocity distribution 
 
The results of velocity value and velocity contour of radial, axial, circumferential and magnitude 

for respective 4i1o and 4i4o are presented in Figures 14 and 15. 
 

 
Fig. 14.  Velocity magnitude of tangential, radial and axial velocity of 4i1o and 4i4o 

 

 
(a)                                                                                                     (b) 

Fig. 15. (a) radial and axial velocity contour (b) circumferential and magnitude velocity contour of 
4i1o and 4i4o 

 
In Figure 14, for the radial velocity, the maximum value of 4i1o is stated to be a higher value than 

4i4o for both planes 1 to 4 and reached its peak at plane 2 with 35.20 m/s and 19.59 m/s for 4i1o and 
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4i4o, respectively. However, the distribution of radial velocity for 4i4o showed a more equal 
distribution along the disk compared to 4i1o, as in Figure 15(a). A similar pattern is observed for the 
axial velocity distribution, with 4i4o giving a more uniform distribution along the disk compared to 
4i1o. The maximum axial velocity value of plane 2 also had the highest value of 15.72 m/s and 4.79 
m/s for 4i1o and 4i4o, respectively. 

For the circumferential velocity in Figure 14, the 4i4o had a higher maximum value compared to 
the 4i1o. Plane 2 showed the highest value of 60.53 m/s and 12.99 m/s 4i4o and 4i1o, respectively. 
On the other hand, qualitatively, the distribution of 4i4o had a high-intensity value with one-third of 
the disk compared to 4i1o, in which a lower intensity value of circumferential velocity is presented 
along the disk surface, as in Figure 15(b). 

For the magnitude velocity, it is observed that the velocity distribution of 4i4o produced a higher 
velocity contour on the left side of the disk than that of 4i1o, as shown in Figure 15(b). Meanwhile, 
the quantitative data in Figure 14 showed that the maximum magnitude velocity for 4i4o gives a 
higher value than 4i1o at each plane. The maximum magnitude velocity for 4i1o is stated to be 27.18 
m/s, 31.31 m/s, 32.97 m/s and 27.06 m/s for planes 1,2,3 and 4, respectively. On the other hand, for 
4i4o, the maximum magnitude velocity is stated to be 30.81 m/s, 44.79 m/s, 45.22 m/s and 35.86 
m/s for planes 1,2,3 and 4, respectively. 

Furthermore, Figure 16 showed the cross-section view of 4i1o and 4i4o. 
 

 
4i1o 

 
4i4o 

Fig. 16.  Cross-sectional view of velocity for 4i1o and 4i4o 

 
According to the quantitative and qualitative data of velocity distributions, it is proved that the 

existence of the individual inlet nozzle (4-openings) presented a uniform flow distribution at each 
disk gap compared to the 1-opening inlet nozzle. Due to this matter, the flow distribution for 4-
openings produced less disturbance and recirculation flow compared to 1-opening. This circumstance 
is demonstrated by the increased effect of adhesion and cohesion between each disk and fluid flow 
particle that lead to higher energy transferred from the fluid to the shaft. Hence, a higher spinning 
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speed is produced and leads to higher turbine performance. Moreover, the individual opening 
reduced the energy losses and dissipation compared to the 1-opening inlet nozzle. 
 
3.2.3 Different number of openings: torque, thrust, power output, and efficiency 
 

The results of torque, thrust, power output and efficiency for both respective designs of 4i1o and 
4i4o, as shown in Table 4. 

 
Table 4 
Torque, Thrust, Power Output and Efficiency of 4i1o and 4i4o 
Inlet type Torque at domain (J) Thrust, T (N) Power output (W) Efficiency, η (%) 

4i1o 2.97e-4 1.163e-3 2.49e-2 3.11 
4i4o 3.28e-3 1.55e-3 2.74e-1 34.30 

 
Referring to Table 4, the power input for both designs is stated to be 0.8 W. The obtained torque 

of pitot 4i1o indicated the value of 2.970e-4 J compared to 4i4o with 3.275e-3 J, which is calculated to 
be 10 times different. Meanwhile, 4i4o is stated to have a higher thrust magnitude of 1.55e-3 N 
compared to 4i1o of 1.163e-3 N with a percentage difference of 33.69%. Hence, the higher power 
output obtained by the 4i4o inlet is 10 folds higher than that of 4i1o of 2.74e-1W and 2.49e-2W, 
respectively. Moreover, the efficiency of 4i4o produced a higher value with 34.30% compared to the 
4i1o with 3.11%. Adding the openings on the inlet helps to produce more torque, thrust and power. 
The adjustment made is proven that helps in producing more power for the micro-turbine. 
 
4. Conclusions 
 

Based on the result obtained, these combinations of pitot 4i4o have proven to be effective in 
producing more torque and power of 10 times higher than the 4i1o. Hence, the thrust and efficiency 
values also showed 33.69% and 34.30%, respectively, which is higher for 4i4o compared to 4i1o. 
Moreover, the pressure and velocity distributions of 4i4o also produced higher values with more 
uniform distribution at each gap. This optimized the effect of cohesion and adhesion between the 
fluid particle and disk surface has the higher energy transferred at the shaft and reduced the energy 
losses and dissipation. It can be concluded that the introduction of the functional theory of ‘pitot-
tube’, which considers the gaps individually by having a separate inlet for each of them, had 
performed a great impact on the performance of Tesla turbine.  
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