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ABSTRACT

In this study, the aim is to design and analyze a single stage
subsonic radial inflow turbine for the Organic Rankine Cycle
system established in Boğaziçi University Renewable Energy
Technologies Laboratory, by using R245fa and R134a as the
working fluids. Complete design process of the ORC turbine, from
preliminary design to 3D blade design stage, is presented. Design
point of the turbine are determined according to the cycle
limitations and by comparing the maximum Mach number,
rotational speed and mass flow rate parameters as a result of
detailed preliminary turbine design and basic cycle analysis.
Results of the streamline and CFD analysis of the designed turbine
are compared and discussed from the point of Mach number
distribution, turbine efficiency and power output. Results show
that the two analyses give similar efficiencies, power outputs and
Mach number distributions. Finally, the performance charts of the
designed turbine are generated for both R245fa and R134a.
Streamline analyses results show that the maximum total to static
isentropic turbine efficiency and power output are 87.5 % and
3.97 kW respectively when the turbine efficiency is the objective
function.
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Rankine Cycle is a conventional thermodynamic cycle for
converting heat into mechanical energy. For a low temperature
sources such as geothermal, solar, biomass or waste heat, steam
is not the most efficient way to transfer heat. Therefore, while
converting thermal energy into mechanical energy at low
temperatures (from 40 C to 350 C) organic fluids which has a low
boiling points are used. Fluid properties are one of the most
important parameters during the turbine design process. It affects
both efficiency of the turbine and cycle.
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Shape of the stator and rotor are optimized by changing
geometric and kinematic parameters to reach the maximum
efficiency at the design point by using AxStream 3D Blade Design
Tool. Flow chart used during the 3-D blade design process is
presented in the following figure.

Stator and rotor blade curvatures are optimized to generate an
efficient flow path by investigating CFD result. Final turbine 3-D
model, theta angle and thickness distribution of the rotor blades
are presented below.

Streamline Analysis and CFD analysis are the two main calculation
methods in this study.

Performance maps of the turbine are generated according to
streamline calculation results. Therefore, comparison beween
streamline and cfd results are performed. In the following figure
Mach number distribution according to CFD and Streamline
results are presented.

TURBINE PERFORMANCE MAP

In conclusion, a small scale turbine design is performed and
explained from preliminary design stage to CFD analyses. Design
point is selected to obtain a subsonic flow regime in the turbine.
Performance analysis results give that the maximum total to static
efficiency is 87.5 % at design point and the power output is 3.97
kW when the turbine efficiency is the objective function


