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Abstract: In this study, the influence of mass flow rate on the isentropic efficiency of the steam turbine nozzle stage is
investigated. A realistic three-dimensional numerical model, which is based on the compressible Navier-Stokes
equations, is developed for the steam phase. The comprehensive conservation laws and a kinetic model for steam are
investigated. With two different models for the three-dimensional geometry of the nozzle stage, the pressure and
temperature distributions, velocity, Mach number. and Markov energy loss coefficient are calculated. A maximum
efficiency of 96.66% is found at a mass flow rate of 0.9 kg/s in model A. In model B, a maximum efficiency of
97.32% is found at a rate of 1.6 kg/s. It is determined that the isentropic nozzle efficiency increases as the Markov
energy loss coefficient decreases through a nearly linear relationship.
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Table 1 Geometric dimension
(mm) Model A Model B
Pitch 36.23 33.8
Axial chord(C,y) 30.6 39.8
Blade thickness 15 45
Chord length 48.23 52.8

Table 2 Analysis condition of numerical simulation

553 (Steam)
Model A: 0.1 ~1.0

Inlet total temperature (K)

Mass flow rate (kg/s) Model B 0.6 ~ 1.7
Outlet pressure (MPa) 0.6
Wall No slip condition
Turbulent intensity (%) 5
. Real-gas-soave-redlich-
Density (kg/m’) & kwong
Specific heat (J/kg-s) Polynomial
Viscosity (kg/m-s) Polynomial
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Fig. 1 Schematic diagram of nozzle stage
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Fig. 2 (a) Pressure, (b) Temperature, (¢) Mach number distribution of Model A
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Fig. 3 (a) Pressure, (b) Temperature, (¢) Mach number distribution of Model B
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