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Design and Performance Analysis for 3 MW Waste Pressure Steam
Turbine Using 2D and 3D Numerical Simulation
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In this study, the design of an axial steam turbine that is installed for a using waste pressure. Airfoils and flow fields are
designed based on 1D and 2D meridional plane design techniques. The 3D geometry of the steam turbine is designed
considering the 1D and 2D design parameters. The turbine is designed with an average radius of 287 mm and rotates at
8,300 re v/min. The inlet boundary condition of the steam turbine was applied in consideration of the installation condition of
the waste pressure turbine. When analyzing the results of the numerical simulation, the performance of the steam turbine is
predicted with an output of 3.5 MW and isentropic efficiency of 88.4%. The choked flow in the nozzle throat and the flow
separation in the suction side on the blades are predicted numerically, and it is expected to be a study to determine the
cause of the reduction in efficiency of the steam turbine.
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Table 1 Profiles of vane and blade

Parameter Vane Blade
Inlet angle [°] 10.7 -18.7
Outlet angle [°] 68.2 -67.5
Chord length [m] 0.0522 0.0261
Camber length [m] 0.0528 0.0374
Stagger angle [°] 62.6 -18.4
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Table 2 Boundary conditions

Boundary conditions Value
Inlet Total pressure [bar] 17.2
Total temperature [K] 477
Outlet Static pressure [bar] 0.1
Rotational speed [rev/min] 8,300
Interface Mixing plane

Table 3 Design parameters of steam turbine

Hub Shroud Rotational
Number . .
e radius radius speed
of airfoil .
[mm] [mm] [rev/min]
) Vane 56 274 299 -
st
Blade 85 273 301 8,300
Vane 56 274 299 -
2nd
Blade 85 273 301 8,300
Vane 56 254 320 -
3rd
Blade 85 253 322 8,300
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Fig. 5 Total pressure comparison between meridional and 3-D
analysis
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Fig. 6 Total pressure distribution on the mid-span
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Fig. 7 (a) Mach number distribution, and (b) Streamline on the mid-
span
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