23 6 Vol.23 No.6
2008 6 Journal of Aerospace Power June 2008

: 1000- 8055(2008) 061047 07

X F, B
( ) 100083)

6% 140% 2
28

: V231 3 A

Modification design and flowfield analysis of a centrifugal
turbine stage with discrete nozzles

LIU Jing, SHAN/Peng

(School of Jet Propulsion, Beijing University of Aeronautics

and Astronautics, Beijing 100083, China)

Abstract: For an air turbine with-high loading, low rotational speed and greater torque
output single stage startup, aerodymamic analysis of prototype and aerodynamic modification
design were conducted for\achieving a more powerful shaft-power output. This turbine em-
ployed a centrifugal flow path, discretenozzles and an impactive rotor. T he flowfield analy-
sis indicates that, this turbine has a very high loading coefficient, rather than a high adiabat-
ic efficiency. A technical package was adopted in the modification design of increasing mass
flow with almost-the same turbine inlet total pressure. The flowfield simulation indicates
that, when the rotor s diameter is reduced to 94% of the original turbine, the power output
of the modified turbine is about 2 times and 2. 8 times of the original one at both the rotation-

al speed of 100% and 140% of the original one.

Key words: aerospace propulsion system; discrete turbine nozzles; centrifugal turbine;

flowfield numerical simulation; frozen rotor method
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Fig. 1 Principle relative Mach number distribution

at half span of the prototype rotor blade
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Table 1 Compare of overall and I- Dimensional gas dynamic design results with that of CFD validation

/(kgls) 0.265 0.265 0. 515 0. 515
/ (kW) 4.803 9..446 10.581
/(N* m) 9.174 10. 476 18. 042 20.210
0.28 0.3346 0.27 0.3210
2.38 2.557°5 2./45 2. 687
12. 478 10613 14.290 11.915
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Fig. 2 CFD grids of prototype turbine
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Fig. 3 Streamlines at half-span of the prototype
4

turbine blade
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Fig. 5 Blade numbering and pressure and suction surface static pressure distributions

of four rotor blades of the prototype turbine rotor
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