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Computational Fluid Dynamics for Highly-Reaction-Type Supersonic
Turbine Cascades

ABSTRACT

bRFE R

SENOO Shigeki

A 2D computational technique for turbulent flows of supersonic turbine cascade was developed, in

particular grid generation method and inflow and outflow boundary conditions. The grid generation

technique uses multi-block structured grids and the orthogonality of the grid is good even for highly

staggered blades. The nonreflecting boundary conditions based on two-dimensional characteristic theory

can prevent non-physical reflection of a shock wave at the inlet and outlet boundaries. Computational

pressure distributions on transonic compressor agree well with the experimental results. The

computational method was applied to the supersonic turbine cascade of the last stage blade in a steam

turbine. Shock waves can be captured accurately and stably and spurious reflections of shock waves at

the boundaries can be avoided.

Key words : Turbine, Supersonic flow, Computational fluid dynamics, Grid generation, Boundary conditions
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Table 1 Inflow and outflow boundary conditions

Boundary conditions Axial positions
Case inflow outflow inlet outlet

1 normal normal 9.6 9.6

2 1D Riemann normal 9.6 9.6

3 2D characteristic 2D characteristic 9.6 9.6

4 normal normal 4.8 4.8

5 2D characteristic 2D characteristic 4.8 4.8

SICHER GO WK L zcase 1, 2, 3OEET
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G, AOEBTHOEERE S EREE LT LTE
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Velocity Density Ratio) (&, fHIEEE 5L o 5858 < fHl BE
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AVDR = P22 (9)
pl u]
RMTIX, WA Y NED10%2 b3 Il 2z 5 EAD

Table 2 Thermal boundary conditions

Parameters Unit| Case6 Case 7 Case 8
Blade type - DFVLR | DFVLR |ARL-SL19
Inlet Mach number - 1.03 1.10 1.58
Inlet flow angle deg| 148.5 148.5 147.5
Static pressure ratio - 1.47 1.57 212
AVDR - 1.14 1.15 0.99

(b) case 2 \
Fig .5

Iso-pressure contours
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Fig .6 Iso-pressure contours
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(a) case6 (DFVLR M;,=1.03)

(c) case8 (ARL-SL19 M;,=1.58)

Fig.7 Iso Mach number contours (increments 0.05)

1.6 Calculation
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(b) case7 (DFVLR M;,=1.1)

Fig.8 Pressure coefficient distributions on the blade surface

2.0 Calculation
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Fig.9 Isentropic Mach number distributions on the blade
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Table 3 Comparisons of loss coefficient and outlet flow angles

Parameters Unit Case6 | Case7 | Case 8
CFD| 4.3 6.5 14.6
Exp 6.1 8.4 144
CFD | 135.7 | 135.2 | 153.0
Exp 136 136 151.2

Loss coefficient | %

Outlet flow angle | deg
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