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Abstract— A Tesla turbine has a different approach in producing torque than a bladed turbine. Frictional 

forces applied by the working fluid onto a disk make the rotor spin and torque is produced. The advantage in 

such design is that, no object hinders the flow path of a fluid element and particle laden flows can be used to 

operate the turbine. Therefore, condensation within the turbine is possible. Condensation is necessary to 

reduce the rising fluid velocity towards the outlet which accounts for high energetic losses, and decrease the 

turbine efficiency. In this article, the utilization and maintaining of a thin liquid condensate film at the outlet 

of a Tesla turbine gap is investigated. Therefore, a developed analytic model is compared to a numeric 

simulation. The outcome of both, simulation and analytic solution is, that the film can be maintained if the 

radial gas velocity is sufficient.  
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I. INTRODUCTION 

A Tesla turbine has a different approach to produce torque than a conventional, bladed 

turbine. The torque is produced by frictional forces applied to a disk surface. Imagine a fluid 

that flows adjacent to a surface which is not fixed (i.e. it can move in any direction). The 

surface is dragged along with the flow due to the adhesion of the fluid on the surface. The 

resulting drag is depended on and the fluid viscosity. The same principle applies in a Tesla 

turbine where the surface is a disk which can rotate. In accordance to Tesla’s patent, the 

turbine consists of several disks, which are arranged plane parallel on a shaft. The gap 

between these disks,is dependent on the viscosity of the working fluid entering the gap with a 

high tangential velocity at the outer perimeter. The fluid continues its way on a spiralling path 

towards the outlet located at the centre of the disks. Due to frictional forces caused by the 

viscosity of the working fluid, the rotor starts spinning and atorque is produced[1]. Fig. 

1,shows the original drawing from the patent application of Tesla. It is possible to seethe 

rotor and the outlet in the centre of the disks. Furthermore, the original Tesla design has two 

inlet valves, allowing the turbine to rotate in different directions. The turbine was never a 

commercial success and isregarded as a “lost invention” nowadays. 
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II. LAMINAR THIN FILM CONDENSATION 

Hereafter, a simplified model for the forming of a thin liquid film on a rotating disk is 

presented. The laminarfluid film should be thin and present in the outlet area of the friction 

turbine. The thin liquid film at the outlet region is governed by the gas flow in radial direction 

and the centrifugal force opposing the gas flow. To prevent the spreading of the film across 

the disk, due to the rotation of it, the balance between the centrifugal force, catapulting the 

film towards the outer disk perimeter and the applied drag from the gaseous working fluid, 

pushing it towards the outlet,must be considered. If the drag force of the gas flow is higher 

than the centrifugal force, the fluid film is flushed towards the outlet. On the contrary, if the 

centrifugal force prevails, the film starts spreading all over the disc. For the application in a 

Tesla turbine the fluid film must be very thin due to the small gap width and the influence of 

the centrifugal force caused by the tangential velocity of the gas flow. Furthermore, if a thin 

film is used, it underlies the impact of the centrifugal force caused by the disk and not the gas 

flow due to the film thickness. If the film thickness is high, two cases are possible. Firstly, the 

centrifugal force dominates and droplets will be torn off the film or the film is disrupted and 

catapulted towards the gap inlet.Secondly, if the film thickness on both sides of the disk is in 

such range that the fluid films unite, the turbine clogs since no throughflow in the gap is 

present. The force balance of a fluid element in the liquid film at the liquid-gas phase 

interface is presented in equation 1. ���� = ����	
           (1) 

In this equation � is the shear stress on the fluid element coming from the gas flow, r is the 

radius, � is the rotation rate of the disk and ��is the density of the fluid film. The coupling 

of the gas flow and the liquid film is realized at the liquid-gas interface by equation 2. 

�� ������� = �
 ��������           (2) 

Here, w is the film velocity and cr is the gas velocity in radial direction. With the energy 

equation, the film thickness can be determined with equation 3. 

�(�) = � ���
�
������ (����
��(�)!"#
���)
�

         (3) 

In equation 3, Ja is the Jakob number, Pr the Prandtl number and Re the Reynolds number of 

the thin film. Within the brackets of the denominator of equation 3, the interface velocity $%  

is present. If the interface velocity is zero or higher the film is maintained or flushed towards 

the outlet of the gap at the centre of the disk. If the interface velocity is below zero, no drag is 

applied to the film, the centrifugal forces prevail and the film is thrown towards the outer disk 

perimeter. In the following figure, the film thickness is plotted for a rotation rate of 3000 rpm. 

The straight line indicates a rising interface velocity over the film length. Here, at the 

beginning, the interface velocity is low, allowing the formation of a bulge. At the end the 

interface velocity rises and thus, the film thickness decreases. The dashed, dotted and dashed-

dotted lines represents a constant interface velocity. Here, the film thickness rises towards the 

end due to the proportional lower interface velocity. 
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the 60 m s-1 simulation with the analytic model, right; contour plot of the 
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