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The Organic Rankine Cycle (ORC) power plant is a widely adopted technology
for electricity generation from waste heat sources, with the turbine being a critical
component that converts the working fluid's energy into electrical power. However,
conventional turbines are expensive. This study aims to investigate the application of
the Tesla turbine, which features a simpler structure, lower cost, and comparable
performance to traditional turbines. The objective of this thesis is to design the optimal
size and operating conditions of a Tesla turbine within an ORC system to maximize net
power output. A numerical model was developed using MATLAB and NIST REFPROP,
based on a heat source at 120 °C and a heat sink at 30 °C. The model was validated
against data from the literature, showing a maximum deviation of 15% for the ORC
model and 10% for the Tesla turbine, which are within acceptable limits. The analysis
revealed that key parameters influencing the performance and power output of the
Tesla turbine include the disk spacing, pressure ratio, and rotational speed, each having
an optimal value that yields the highest performance. Furthermore, the study of the
effect of the turbine inlet steam quality showed that lower steam quality leads to
higher power output, with isentropic efficiency ranging from 70.1% to 74.8%. The
highest efficiency was achieved when the working fluid was in a saturated vapor state.
In addition, the high valve yield high tesla turbine isentropic efficiency. However, the
highest turbine efficiency does not necessarily correspond to the highest net power
output of the power plant. The study found that the system using saturated liquid as
the working fluid before entering the turbine (TLC system) achieved the highest net

power output of 12.91 kW and the best economic performance, with a Levelized Cost



of Electricity (LCOE) of 64 €/MWh (2.24 TH.B/kWh), Net Present Value (NPV) of 61 x103
€ (2.14 million THB), Payback Period (d-PbP) of 8.29 years, and Internal Rate of Return
(IRR) of 13.9%, based on an initial investment of 71x103 € (2.45 million THB). For
environmentally friendly alternatives to R245fa, the R1336mzz(2)/R1234ze(E) zeotropic
mixture with a mass ratio of 0.25/0.75 was identified as a promising option. It offers a
low Global Warming Potential (GWP = 0) and delivers an LCOE of 62.26 €/MWh (2.18
THB/KWh), NPV of 54 x103 € (1.89 million THB), PbP of 9.4 years, and IRR of 11.9%,
with an initial investment of 82.01x103 € (2.87 million THB). Moreover, the comparison
with various cycles indicates that using a Tesla turbine can reduce the complexity of
the Kalina cycle system by up to 30 % . The TLC system using the
R1336mzz(Z)/R1234ze(E) mixture at a 0.25/0.75 mass ratio is also found to be the
most economically viable and provide maximum net power option with The
condenser and evaporator pressures are 0.69 MPa and 2.67 MPa, respectively, with a
working fluid mass flow rate of 3.33 kg/s. The optimal Tesla turbine has an outer and
inner rotor diameter of 400 mm and 65.5 mm, respectively, and a disk spacing of 1
mm. The rotor speed of the Tesla turbine must be 4,500 RPM, with a pressure ratio of
0.75. The Tesla turbine achieves an efficiency of 74%. Therefore, this thesis proposes
a practical approach for integrating Tesla turbines into ORC systems under various
turbine inlet steam qualities, along with design and working fluid selection guidelines

to enhance efficiency and economic viability of renewable energy power plants.
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