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ABSTRACT

The streamline curvature method is essentially used for the design procedure of multi-stage axial
turbines. Moreover, by using this method, it is possible to consider the turbine loss characteristics for
real operating conditions at an early design stage. However, there is not enough relevant research in
South Korea to support this. In the present study, the streamline curvature method and the empirical
equation for calculating the mixing loss are employed to predict the performance of a multi-stage axial
turbine with leakage flows. The proposed method is applied to the prediction of the performance of a
five-stage axial turbine with leakage flows, as used for an industrial gas turbine of 86 MW in South
Korea. The calculation result is compared with 3D CFD data, and the advantages and limitations of
the streamline curvature method are described.
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C : absolute velocity
CFD : computational fluid dynamics
Cp : specific heat
h : enthalpy
: rothalpy
m : overall mass flow rate in the
annulus
M : Mach number
P : pressure
r : radius or specific heat ratio
T : radius of curvature
S : entropy
T : temperature
14 : relative velocity
0%t : angle between station and vertical
plane
¢ : angle between streamline and
horizontal plane
¢ : angle between main and coolant
flows
Subscript
2 : rotor inlet
: rotor outlet
a : axial
c : coolant
m : meridional or mixer
t : total
e : tangential
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At inlet boundary plane, number of
streamlines (N), select streamline
locations with equal annulus area

between then

Assumption of the initial value of the
tip Mach number

|

)
Calculate 7,,; from hub to tip using
inlet boundary conditions and
governing equations

Streamlines
l locations
Determine mass flow rate at each adjusted so that
streamline (M gt eqmiine) such streamline
contains portion
of overall mass

Determine overall mass flow rate

(Moverail predicted) flow rate
No Change in
the tip Mach
Yes number

I

|Ghoveratipredictea/N=1ii streamiine) |

Logic 1: < 0.0001
| |

Moverall predicted /N

|Ghoveratpreatctea—ritoverattactuad) |

Logic 2: | | < 0.0001

Moperall predicted

Fig. 1 Flow chart for the streamline curvature method.
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Fig. 2 Definition of coordinate.
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Table 1. Correlations for total pressure losses.
Correlation
Profile loss
Shock loss
Mixing loss

Secondary loss
Trailing edge loss

Tip clearance loss
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Table 2. Turbine stage characteristics.

Blade loading Cofflf?gent Reaction
1.961 0.864 0.354
1.693 0.808 0.337
1.625 0.858 0.354
1.458 0.887 0.450
1.283 0.862 0.433

R5

Leakage flow 1

N1

t
Leakage flow 2

J\ Leakage flow 3

Fig. 4 Geometry for the five—stage axial turbine.
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turbine without leakage flows.
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stage axial turbine without leakage flows.
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Table 3. Flow conditions for leakage flows in the
five—stage axial turbine.

Total
Fig. 8 Predicted total temperature distribution for the Leakage flows Mass(kf}g(ylsv) rate | temperature
K

five-stage axial turbine without leakage flows.

Leakage flow 1 3.1072 627.57
Leakage flow 2 3.0988 626.58

(Pa) Leakage flow 3 5.1453 626.58
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Fig. 9 Predicted total pressure distribution for the Fig. 10 Predicted total pressure distribution for the
five-stage axial turbine without leakage flows. five-stage axial turbine without leakage flows.
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Fig. 11 Predicted total-to—total efficiency for the

five-stage axial turbine with leakage flows.

Fig. 12 Predicted total temperature distribution for the
five-stage axial turbine with leakage flows.
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Fig. 13 Predicted total temperature distribution for the
five-stage axial turbine with leakage flows.
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