= FXFE3] 201795 FA e =73 pp.881~888 2017 KSPE Spring Conference

9 2 A% ANE AT

Meanline analysis method for performance analysis of a
multi-stage axial turbine in choking region

Sangjo Kim*"

ABSTRACT

In general, the choking phenomenon occurs by flow acceleration for a turbine at high pressure ratio
condition. In choking condition, total pressure ratio increases without mass flow rate variation. It is
hard to predict choking characteristics by using conventional meanline analysis which used mass flow
inlet boundary condition. In the present study, the algorithm for predicting choking point is developed
to solve the problem. Moreover, performance estimation algorithm after choking is presented by
reflecting the flow behaviour of flow expansion at choked nozzle or rotor. The analysis results are

compared with 3D CFD analysis and experimental data to validate present method.
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m : Mass flow rate

n : Number of iteration
M, : Absolute Mach number
M, : Relative Mach number
M, : Mach number for Axial direction
F, : Total pressure

P : Static pressure

T : Total temperature

U : Rotating speed

V, : Tangential velocity

Y, : Total loss coefficient

a : Absolute flow angle

15 : Relative flow angle
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Fig. 1 Velocity diagram for a rotor
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Fig. 2 Algorithm for performance prediction of a turbine in a un-choked condition
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Fig. 4 Schematics of a 5-stage axial turbine

Table 1. Results comparison for 5-stage aixla turbine

Diff.
3D CFD 1D meanline o
(%)
mass
311.877 311.1828 -0.22%
flow rate
PR 11.9351 11.9351 0.00%
eff 0.9113 0.9364 2.76%
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Fig. 5 Total temperature distribution for a

5-stage axial turbine
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Fig. 6 Static temperature distribution for a

5-stage axial turbine
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Fig. 7 Total pressure distribution for a 5-stage

axial turbine
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Fig. 8 Static pressure distribution for a 5-stage

axial turbine
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Fig. 9 Schematics of a 4-stage axial turbine
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Fig. 10 Equivalent mass flow rate with axial

position for a 4-stage axial turbine
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