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Numerical Analysis for a Supersonic Turbine having
Square Section Nozzles
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ABSTRACT

Numerical analyses of a turbine redesigned to achieving the weight reduction by equipping square nozzles and the original
turbine have been conducted and the results have been compared. The results show that the turbine with square section nozzles
has more even flow distribution at the first row rotor inlet and less inactive areas but the loss induced by wake is increased.
Despite the wake loss, the newly designed turbine shows better performance than the original one. It has also been found that

the turbine performance can be improved by reshaping its stator and second row rotor.
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Fig. 2 Nozzle cross sectoin

(a) Circular nozzle (b) Square nozzle
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Fig. 3 Surface Grid

(a) Circular nozzle (b) Square nozzle
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Table 1 Turbine specific power and mass flow rate
Specific Power
- - Mass Flowrate
First row | Second row| Total
Circular Nozzle| 0.765 0.23 1.000 1.0000
Square Nozzle | 0.788 0.221 1.009 0.9772
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Fig. 4 Static pressure and temperature at each section
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Fig. 5 Relative mach number at each section
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(b)

Fig. 6 Mach contour at first row rotor inlet

(a) Circular nozzle (b) Square nozzle

—@— Circular nozzle
—H— Square nozzle

Nozzle Outlet Rotor Inlet

Fig. 8 Stagnation pressure loss between
nozzle and first row rotor
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Fig. 9 Entropy contour at midspan
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Fig. 11 Isentropic Mach number at Mean
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Fig. 13 Relative Mach contour at hub (Square nozzle)
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