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Analysis for Influence of Turbine Aerodynamic Design
on Free-Running Speed of Air Turbine Starter
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Abstract: In order to control the air turbine starter free—running operation and reduce the adverse impact of
high free running speed on safe operation of the air turbine starter, the influence analysis of the aerodynamic de-
sign to the value of free—running speed was carried out. An aerodynamic design method of reducing free running
speed by controlling flow incidence angle is proposed and four main factors affecting the incidence angle were
identified, which include blade structure angle, degree of reaction, load coefficient and flow coefficient. Results
show that the incidence angle has a significant effect on the free-running speed. The negative incidence angle at
peak power speed can be effectively improved by selecting appropriate turbine aerodynamic design parameters,
and the incidence loss at larger speed can be enhanced, thus reducing turbine free running speed value. Further,
the engine test results prove that using the design method proposed in this paper, the peak power speed value of

the optimized turbine is reduced by 21.7% on the premise that the peak power is basically unchanged, and the es-
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timated free-running speed value can be reduced by nearly 20%.

Key words: Air turbine starter; Turbine; Aerodynamic design; Incidence angle; Free—running speed
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Fig. 1 Work schematic diagram of the ATS turbine
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Fig. 2 Velocity triangles for a turbine stage
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Table 1 Geometric and aerodynamic parameters

Parameter Value
N, 46
blt 1.69

B/ 42.0
B,/(°) 34.0
B,/(%) 29.0

T 1.0
D, /b 0.186
p/MPa 0.482
T/K 427
T 4.52

\)
Bui o

\

Fig.3 Schematic diagram of the f,,
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incidence angle with different rotation speed
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Table 2 Free-running speed value of different £,
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Table 3 Geometric parameters of different throat area

rotor blades

Parameter Case 1 Case 2 Case 3

Throat area A/mm” 24.07 22.01 19.90
B,/ () 32 29 26
B, /(%) 42 42 42
By /(7) 37 34 31
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blade angle
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Fig. 11 Aerodynamic calculation results of different turbine
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Fig. 12 Comparison of power-speed characteristic
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Table 4 Design parameters of different schemes

Parameter Plan 1 Plan 2 Plan 3
u,/(m/s) 260.20 260.20 267.01
Vane blade height/mm 14.50 11.00 10.75
Rotor blade height/mm 16.00 13.50 13.20
Loading coefficient 1.90 1.90 1.80
Flow coefficient 0.62 0.80 0.79
Energy reaction 0.39 0.39 0.39
Vane Rotor
— Plan1 — Plan2 ——Plan3

Fig. 13 Comparison of the flow path
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Fig. 14 Comparison of power-speed characteristic under

different flow path
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Fig. 15 Comparison of the engine test data and CFD results
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