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Zusammenfassung

Im Folgenden wird der Einsatz eines dünnen Flüssigkeits-
films in der Auslassregion einer Scheibenläuferturbine be-
schrieben. Die zunehmenden Relativgeschwindigkeiten 
am Auslass, die durch die Expansion des Arbeitsmediums 
bei gleichzeitiger Verminderung des durchströmten Quer-
schnittes hervorgerufen wird, führen zu einer Reduktion der 
Turbineneffizienz und einem höheren Treibstoffverbrauch. 
Um dies zu unterbinden, soll ein Teil des gasförmigen Ar-
beitsmediums kondensiert werden, indem sich ein lamina-
rer, dünner Flüssigkeitsfilm bildet. In dem Flüssigkeitsfilm 
treten höhere Scherkräfte auf, die die Kraftübertragung 
verbessern. Durch die großen Unterschiede der spezifischen 
Volumina in der Gas- und Flüssigphase reduziert sich durch 
die Kondensation der Gasvolumenstrom und somit die Re-
lativgeschwindigkeiten, was zu einer höheren Turbineneffi-
zienz führt. 

Abstract

This article deals with the development of a laminar thin 
film at the outlet area of a disk turbine. The increasing 
relative velocities at the outlet -caused by the expansion 
of the working fluid and the reduction of the cross- sec-
tion area- are reducing the turbine efficiency, resulting 
in a lower power output and a higher fuel consumption. 
To overcome this, a certain amount of the working fluid 
shall condensate at the disk wall propagating a laminar 
thin film. Within the liquid film higher shear forces will be 
transported and therefore the power transfer to the disk 
optimized. Furthermore, and most important, due to the 
differences in the specific volume between the liquid and 
the gaseous phase, the volume flow of the gaseous phase 
is reduced and therefore the relative velocities are effec-
tively reduced, resulting in a higher turbine efficiency.

1. Introduction

Since 2008 the Tesla turbine is a con-
stant research topic at the Technical 
University of applied Sciences Wildau 
with the aim to improve the turbine 
efficiency, starting with the determi-
nation of the velocity field inside of 
the Tesla turbine (Lisker 2009) over 
various investigations to componentry 
(Holz 2014), and numerous computa-
tional simulations (Meller 2013). The 
aim is to improve the turbine efficien-
cy, which resulted in the development 
of a test rig and a turbine Tesla stream 
turbine prototype (Lisker et al. 2015). 
The more recent idea to improve the 
turbine efficiency is the idea to apply 
condensation at the outlet region to 
prevent high tangential and radial ve-
locities, which arise due to continuity 
reasons. 
The Tesla turbine is due to its uncon-
ventional way to produce power a 
unique turbine. Invented by Nicola 
Tesla in 1909 (Tesla 1911), the tur-

bine was never a commercial success 
and is regarded as a “lost invention” 
today. Although the fail as a commer-
cial product, the Tesla turbine has 
stayed an object of academic research 
throughout the last decades due to its 
simplicity, low production costs and 
unique flow field. The Turbine con-
sists of several disks, which are plane 
parallel arranged on a shaft. The gap 
between these disks is depending on 
the working fluid which enters the gap 
at the outer perimeter with a high tan-
gential velocity. Then the fluid contin-
ues its way in a nearly spiral pathway 
to the exit, located at the centre of the 
disks. Due to frictional forces, caused 
by the viscosity of the working fluid, 
the rotor starts spinning and torque is 
produced. In Fig. 1 left, a Tesla turbine 
model is displayed. However, the con-
tinuous expansion of the working fluid 
in the gap element and the decreasing 
of the cross section whilst increasing 
the specific volume of the working 
fluid, leads to an increase in the tan-

gential and radial velocities at the out-
let region, causing high energetic loss-
es. Nevertheless, the unconventional 
build-up of the turbine has a lot of ad-
vantages. It is resistant against particles 
enclosed in the working fluid stream as 
long as the particle diameter is small-
er than the gap width. The turbine can 
easily be adjusted to different working 
fluids and conditions by simply chang-
ing the gap width. On the downside 
of this turbine is the limited amount of 
enthalpy depletion. Like all radial tur-
bines, the maximum enthalpy deple-
tion is determined by the diameter of 
the turbine rotor which is dependent 
on the rotational speed and the maxi-
mum tensile strain of the used material. 
If this threshold is reached, the working 
fluid has to leave the turbine for further 
expansion into another turbine. 
Due to the high surface area in con-
tact with the working fluid and the 
ability to handle particle laden flows, 
the turbine is predestined for the use 
as a heat exchanger. There are two 

* corresponding author

WISSENSCHAFTLICHE BEITRÄGE 2017
21. Jahrgang (2017) 
ISSN: 0949-8214

Wiss Beitr TH Wildau 21:71–76
doi: 10.15771/0949-8214_2017_9

Februar 2017

71THWildau 
Wissenschaftliche Beiträge 2017

A
N

G
EW

A
N

D
T

E 
B

IO
W

IS
SE

N
SC

H
A

FT
EN

IN
FO

R
M

A
T

IK
 /

 T
EL

EM
A

T
IK

O
P

T
IS

C
H

E 
T

EC
H

N
O

LO
G

IE
N

 /
 P

H
O

T
O

N
IK

P
R

O
D

U
K

T
IO

N
 U

N
D

 M
A

T
ER

IA
L

M
A

N
A

G
EM

EN
T

 U
N

D
 R

EC
H

T



possible applications. In the first appli-
cation case, the turbine can be oper-
ated as high temperature gas turbine, 
which cools the hot gas down to a 
temperature level which most bladed 
turbines are capable of so the limited 
enthalpy depletion is not an issue an-
ymore. The second application is the 
utilization as condensation turbine be-
hind the main turbine. Here the work-
ing fluid can condense which reduces 
the size of the condenser and therefore 
increases the cycle efficiency. With-
in bladed turbines condensation is 
highly unwanted, due to the damage 
water particles or particles in general 
do to turbine blades. But the advan-
tage of an opportunity to condense in 
a turbine is vast. The pressure can be 
lowered, the condenser itself can be 
smaller and the efficiency of the cycle 
will be increased. Therefore, a con-
densation stage benefits the cycle. By 
cooling the disks in the outlet area, the 
temperature and the specific volume 
of the working fluid as well as the ener-
getic losses can be reduced. If the tem-
perature at the outlet region is below 
the saturation temperature, condensa-
tion takes place. Hereby the gaseous 
working fluid changes its state and be-
comes liquid. The advantage is a much 
lower specific volume and thus leads 
to lower tangential and radial veloci-
ties. For example, the specific volume 
of steam at the saturation pressure 
of 1 bar is 1,694 m³ kg-1 whereas the 
specific volume of water at the same 
pressure is 0,001 m³ kg-1, which is 1694 
times lower than the specific volume 
of steam. 

2.  The flow field inside of a Tesla 
turbine gap

In the following the flow field inside 
of a Tesla turbine is explained. As de-
picted in Fig. 1 right, the course of 
the Tesla turbine are the increasing 
relative velocities towards the out-
let. The reason is the reduction of the 
cross- sectional area. To overcome this 
part of the gaseous working fluid shall 
condense which leads to a reduction 
of the tangential and radial velocities. 
In the following a model is present-
ed for the determination of the radial 
and tangential velocities. This model is 
only valid for a laminar flow, which can 
be easily adjusted by the gap width.

2.1 Velocity field

The determination of the velocity field is essential for all calculations regarding 
design of a Tesla turbine. Especially the relative velocity between the disk and the 
fluid stream are important for heat transfer calculations and the determination of 
the propagation of the fluid film. For the determination of the velocity field it is as-
sumed that the flow is laminar and the velocity profile has a parabolic shape. The 
laminar condition can be adjusted by the width of the gap b and the correctness 
of a parabolic velocity profile has been proven by Guha and Sengupta (2013). The 
velocities for a laminar flow are derived from the continuity and the momentum 
equations. A detailed derivation was presented by Lisker (2013). 
The radial velocity is in a Tesla turbine is determined by the ratio of the fluid mass 
flow and the cross- section area as shown in equation 1.

 (1)

Here b is the width of the gap,  the radius,  the mass flow and  the density 
of the used working fluid. From equation 1 it becomes immediately apparent, that 
with a reduction of the cross- section area  the radial velocity increases. The 
tangential velocity is the sum of the disk velocity  and the relative velocity  
The later one can be determined according to equation 2.

 (2)

Here  is the angular velocity of the disk, the outer radius,  the tangential 
velocity at the inlet and  the friction coefficient for a laminar flow which stores 
information’s about the viscosity and the radial velocity. The later one is of great 
importance. High viscous fluids are known to work best with the turbine. On the 
other hand, higher viscous working fluids can lead to a power transmission loss, 
due to the lack of energy transfer inside of the fluid and the resulting non-adap-
tion of velocity changes (Lisker 2013). Due to the information’s stored inside of 
that factor, changes in the radial velocity do affect the tangential velocity and vice 
versa. For the heat transfer determination, the absolute velocity c will be used to 
calculate the heat transferred. In the following Fig. 2 the normalised velocities are 
shown. The yellow line represents the relative tangential velocity ct and the grey 
one the radial velocity cr. It can be seen that the velocities are rising towards the 
outlet at the centre of the disk. The higher the relative velocities compared to the 
disk velocity (blue line) the greater the efficiency losses. The ideal relative tangen-

Fig. 1) Left: model of a Tesla turbine, Right: flow field inside of a Tesla turbine
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tial velocity would be just over the disk velocity (red dashed line), applying just 
enough drag that the system rotates with the load.
From the equations above some important statements regarding the operation 
and the performance of the turbine can be made. One can see from the radial 
velocity, that the impact of the mass flow is vast. A low mass flow rate reinforces 
the impact of the tangential velocity and the pathway of a fluid particle/element 
inside the gap becomes spiral shaped (Fig. 1 right). Within this mode of operation 
most of the kinetic energy of the working fluid is transferred to the disks. The tur-
bine operates at its ideal state. A high mass flow rate leads to an increasing radial 
velocity and the tangential velocity cannot develop properly. At this point the 
fluid goes straight to the outlet and no momentum transfer in tangential direction 
takes place. The turbine is flooded with the working fluid and stops the operation.

3  A simplified model for the develop-
ment of a thin film in a Tesla turbine

In the following a new, simplified 
model for the establishment of a liquid 
thin film on a rotating disk is present-
ed. The fluid film shall be very thin and 
present at the outlet region of the tur-
bine so that a laminar film can be ex-
pected to develop. As mentioned be-
fore, the reason for film condensation 
is the reduction of the relative veloci-
ties towards the outlet by condensing 
the gaseous phase and decreasing the 
volume flow. The first closed theory on 
film condensation was presented by 
Nusselt (Stephan 1988). He calculated 
the thickness and the heat transfer in a 
water film on vertical plate under the 
influence of gravity. His findings were 
remarkable and showed a good agree-
ment with experimental results. Later 
on these models have been refined 
and transferred to tubular and turbu-
lent flows (Rose 1999). A similar model 
with condensation on a rotating plate 
was presented by Beckett, but here 
the flow of the working fluid goes 
from the centre to the outer perimeter 
(Beckett et al. 1973) which does not fit 
the flow field inside of the turbine.
However, in a Tesla turbine the fluid 
film flow in radial direction is gov-
erned by balance between the cen-
trifugal forces and the applied surface 
drag from the gaseous working fluid. 
If the drag forces of the gas flow are 
higher than the centrifugal forces, the 
fluid film is pushed towards the outlet. 
If the centrifugal influence dominates 
the film starts spreading all over the 
disc. For the application in a Tesla tur-
bine the fluid film has to be very thin 
due to the gap width. Otherwise the 
turbine can be clogged by the fluid 
film. To determine the film thickness, 
a force balance according to Fig. 3 has 
to be drawn. 
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Fig. 2) Normalised velocities in a Tesla Turbine over the normalised radius. One is the outer perimeter and 0.3 
the outlet.

Fig. 3) Model of the Fluid film system
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With the assumption of a parabolic the velocity profile in the film can be deter-
mined with the following equation.

 (4)

Here r is the radius,  the rotational speed of the disk,  the density of the liquid 
film,  the dynamic viscosity of the film,  the film thicknesses an  the inter-
facial velocity. The velocity in the film can be depicted into the centrifugal force 
(1. Term of equation 4) and the interphase velocity  at the phase boundary be-
tween the fluid and the gas flow. 
The velocity profile of the gas flow can be determined with equation 5. Here  
is the radial velocity gained from equation 1 b the gap width and  is the 
velocity of the gas phase at the interface to the fluid film.

 (5)

Within the system the no- slip condition applies, meaning that no slip between 
the wall, the fluid film and the gas phase occurs. This allows a momentum transfer 
between the single phases (wall - film and film - gas). Concluding from the no slip 
condition, it is apparent, that the velocity at the interfacial boundaries are equal. 
Therefore, on can substitute  with  in equation 5. Within equation 4 
and 5 the interfacial velocity and the film thickness  are unknown. Under the 
assumption that both fluids are Newtonian fluids, the force balance at the phase 
boundary applies to

 (6)

Solving equation 6 leads to the interfacial velocity .

 (7)

Combining equation 7 and equation 4 the velocity profile w(y) of the fluid film 
can be determined. Further simplifications especially neglecting terms of higher 
order, lead to the velocity profile following profile.

 (8)

With the velocity profile, the mass flow rate of the liquid film, the film thickness 
can be determined by the energy equation, which is in this case a comparison 
between the heat available at condensation temperature and the heat conducted 
(equation 9)

 (9)

Here  is the enthalpy of vaporization and  is the thermal conductivity of 
the film. Rearranging and integrating of equation 9 leads to the final film thickness 
(equation 10).

 (10)

Here Pr is the Prandl number for the liq-
uid film and  is the Reynolds num-
ber. The later one will be low due to 

the thickness of the film. For the deter-
mination of the film thickness the de-
nominator is of importance. Here the 

velocity between the fluid film and the 
gas flow is present. If  
then the centrifugal forces are domi-
nating and the film is pushed towards 
the inlet. Therefore, the other way 
around is preferred. From the theory 
above, we expect the film thickness to 
be in the range of 10 -50 µm.

4. Results

For the calculation, it is assumed that 
the turbine is operated with steam/
water at a steady state and condens-
ing takes place at the outlet region. 
The pressure in that region is 0,1 MPa 
and the condensation temperature is 
373,15 K. From that on, the thermos 
physical properties of steam and wa-
ter can be calculated. The turbine op-
erates at 750 rpm and the length of the 
film is assumed with 0,2 m. The reason 
for choosing a steam/ water system are 
mostly utilisation reasons. For the fol-
lowing verification and testing of the 
presented model, the turbine test rig 
at the Technical University of Applied 
Sciences in Wildau, which is operated 
with water/steam, shall be used. 
In the following picture left, the cal-
culated film thickness for different ro-
tation rates of the disk are presented. 
As one can see the film thickness is 
generally in the expected range. With 
a mass flow of 0.0018 kg/s of steam, a 
disk rotation rate of 750 rpm and an 
initial radial velocity of 35 m/s a fluid 
film thickness of 26 µm was achieved. 
Furthermore, the influence of the ro-
tation rate is shown. Higher rota-
tional rates do have an impact on the 
centrifugal forces, who pushes the 
mass of the film towards the inlet. The 
progression of the curve is bulgier at 
the start of the film resulting in a high-
er resistance for the gas flow.
From Fig. 4 left, one can further see 
that the film thickness decreases to-
wards the outlet, which is caused by 
the increasing radial velocity. A high-
er radial velocity increases the drag 
on the film surface and therefore the 
film velocity increases which results in 
a thinner film. In Fig. 4 right, the in-
terfacial velocity  is presented for 
different mass flows. As mentioned 
above the interfacial velocity is of 
importance. A positive velocity indi-
cates that the fluid film will develop 
and stay on the disk, since the drag 
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force applied by the radial velocity of 
the working fluid is higher than the 
centrifugal force induced by the disk 
rotation. A negative interfacial veloc-
ity shows that the centrifugal forces 
dominate and the film streams in the 
opposite direction. The grey line indi-
cates a high mass flow, resulting into 
a high interfacial velocity, causing ef-
ficiency losses. The orange line repre-
sents an optimised interfacial velocity. 
The yellow line represents a negative 
interfacial velocity meaning that here 
the mass flow is too low to produce 
the necessary drag forces and estab-
lish a liquid film. Concluding one can 
say that the turbine operates best with 
low mass flow rates. Therefore, an op-

timum has to be found for the estab-
lishment of a liquid thin film. 
One goal of the fluid film is to reduce 
the radial velocities towards the outlet, 
since they account for efficiency loss-
es. Per equation 1 the velocity is de-
pendent on the mass flow of the work-
ing fluid and the cross- section area. 
By condensing the gaseous working 
fluid it states changes from gaseous 
to liquid, resulting in a lower specific 
volume and this results in a mass flow 
reduction of the gaseous phase. In Fig. 
5 left, the reduction of the mass flow 
of the gaseous working fluid is shown. 
The red line indicates the mass flow 
without condensation and the blue 
line the mass flow with condensation. 

Over the length of the fluid more than 
50 % of the gaseous working fluid will 
condensate which has a significant ef-
fect on the radial velocity. As shown in 
Fig. 5 right, the radial velocity decreas-
es dramatically over the film length 
which shows that condensation at the 
outlet of a Tesla turbine decreases the 
velocity and therefore increases the 
turbine efficiency since the relative ve-
locity between the disk and the work-
ing fluid is effectively lowered. 
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Fig. 5) Left: Adapted mass flow of the working fluid due to condensation, Right: Change in radial velocity due to condensation.
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5 Discussion

With the presented model, the utilisa-
tion of a laminar thin film at the outlet 
of a Tesla turbine gap element could 
have been successfully modelled. 
From the model the thickness of the 
fluid film could have been calculated 
-maximum depth of 26 µm-, which was 
in the expected range. Furthermore, 
the impact of the rotational speed of 
the disk on the film thickness and the 
importance of the radial gas velocity 
have been shown. It can be concluded 
that a higher radial velocity benefits 
the development of a laminar thin film 
due to the higher drag forces applied 
to the film. On the contrary, higher ra-
dial velocities are leading to efficiency 
losses. Therefore, like all engineering 
tasks, it is to find an optimum between 
drag forces and film thickness. To es-
tablish the fluid film, condensate must 
be present, which is generated by sub 
cooling the disks in the outlet area. 
With the ability to condensate inside 
of a Tesla turbine, the volume flow of 
the gaseous working fluid can be de-
creased dramatically, since the dif-
ferences in specific volume between 
steam and water is in the range of 1: 
1640. Meaning that 1,64 m³ of steam 
at 0,1 MPa and 100 °C is an equivalent 
of 0,001m³ of water. Therefore, con-
densing has a big impact on lowering 
the specific volume and the radial and 
tangential velocity inside a Tesla tur-
bine gap element. Form the model 
presented the adapted radial velocity 
was calculated. Assuming that there is 
no impact on the film thickness. This 
is wrong in a certain way. Since the 
change in radial velocity affects the 
film thickness and the interfacial veloc-
ity. In the next iteration, this change 
will be implemented. In general, one 
can state that as long as the interfacial 
velocity is bigger than 0 m/s the drag 
applied to the film surface will push it 
towards the outlet. 
Furthermore, the presented model is 
only valid for a laminar flow under the 
assumption that the tangential veloci-
ty of the gaseous working fluid has no 
impact on the centrifugal forces. This 
could be assumed since the film is very 
thin. But nevertheless, the tangential 
velocity will have an impact on the flu-
id film. Wave formation could occur, 
and therefore droplets could be pulled 

out of the film, resulting in a lower 
mass flow and depending on the drop-
let size, it could be pushed towards 
the inlet. In a practical application, the 
flow in radial direction must be pres-
ent throughout the whole disk. This is 
not the case, since there are always mi-
nor changes in the radial velocity field 
(pressure drops from the nozzle, etc.). 
This has to be taken into account for 
the film design.

6 Outlook

With the presented model, the effects 
of film condensation in a disk turbine 
can be determined and described. By 
realising condensation inside of a disk 
turbine, the increasing velocities to-
wards the outlet can be overcome and 
significantly reduced. The practical us-
age of a condensing turbine is huge. 
With such turbines, the steam cycle 
efficiency can be increased due to the 
improved enthalpy drop. The steam 
expansion can be ridden far more in 
the wet steam area, resulting into low-
er turbine outlet pressures and bigger 
energy extraction. With this advan-
tage against conventional bladed tur-
bines, the Tesla turbine could over-
come its current winter sleep and face 
a future in industrial applications. At 
the moment, it is too early to predict 
an efficiency gain, since the theoreti-
cal model needs verification. But the 
results so far seem promising. There-
fore, the next step is to develop a Tesla 
condensation turbine and verify the 
model, which will take place at the 
Turbine test rig at the Technical Uni-
versity of Applied Sciences in Wildau. 
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