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Numerical Analysis of Fully Three-Dimensional

Flow in Transonic Turbine Cascades

Masahiko KOYA and Susumu KOTAKE

ABSTRACT

In order to calculate higher subsonic or transonic flows in highly three-dimen-
sionally twisted turbine blade cascades, the finite volume integral method of solving
the governing equations is implemented for the treatment of boundary conditions and

the discretization scheme.

The scheme developed here reduces the discretization error associated with the dis-
torted grid configuration of highly three-dimensional blades. With the developed method,
flows in three typical turbine blade cascades have been calculated.

The present scheme can be applied to a fully three-dimensional flow through

complete turbine stages.
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% 1 Dimensional and flow data of the blade row.
Case 1 Case 2 Case 3
hub 118.3 T1.4 33.9
chord (mm) mean 122.9 81.3. 34.0
tip 123.0 83.6 35.6
S hub 21.1 10.9 8.4
. mean 20.6 11.6 7.7
thickness (mm) tip 20.7 13.3 6.4
hub 1.96 . 1.20 1.22
chord/pitch mean 1.69 1.29 1.13
tip 1.47 1.25 1.1
hub 38.0 53.0 33.5
Staﬁgefde ) mean 51.0 540 37.8
ang g tip 39.5 49.6 44,0
) inlet T Y 69.0 45.0
span height (mm) o7 120.4 44.0 45.0
inlet total pressure (N/m%)  2.17x10° 9.36x10° 6.30x10°
inlet total temperature (K) 900.0 1300.0 1150.0
inlet tangential ggzn 8'8 8'3 32‘8
flow angle (deg) ¢/ 0.0 0.0 31.0
inlet radial 2Z:n 8'8 13'8 8‘8
flow angle (deg) S ) : :
tip 0.0 -10.9 0.0
5 5 5
. hub 1.55x10 5.05x10 4.27x10
Oggizﬁrzt?gj;z) mean 1.62x10° 5.01x107  4.06x107
P tip 1.75%10 5. 3Lx10 4.18x10
inlet mach number 0.35 0.21 0.35
outlet mach number 0.65 1.05 0.82
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STATIC PRESSURE
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STATIC PRESSURE

Velocity vector diagram at 47 % span height

Pressure distributions on blade surface
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MIN =147.2 x 103 Njp2
MAX = 221.8 x 103 N/p2

MIN =152.4 x10° Njd
MAX = 202.4 x10% N/p2

MIN = 163.6 x10° N/m2
MAX = 177.5 %107 N/m2

7% SPAN HEIGHT

47 SPAN HEIGHT
(a) CASE 1

93° SPAN HEIGHT

|
MIN=472.7 x103 N/m?

MIN=457.8 x10%° N/m?
MAX = 974.9 x103 N/m2

MIN=496.1x10% N/m?
MAX =958-7 x10% N/m?2

MAX=634.4x10° N/m? |

7 SPAN HEIGHT 47° SPAN HEIGHT

(b) CASE 2

93°% SPAN HEIGHT

2
MIN = 414.6 x10° N/p2 MIN = 404-9 x 10° Nf2)
MAX = 648.2 x10° N/p2

MAX = 466-7 x 103 N/m2

MAX = 624-0 x103 Njp21
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(c) CASE 3

&5 Pressure contours in the radial surface
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MAX = 202 x10° N2 MAX = 186x10° N/m2 MAX = 174 x10° N/m?
MIN = 154 x103 N2 MIN = 149 x 103 N/n2 MIN = 154 x 103 N/m?
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MIN =493.6x10% N/m?
X/ca= 1.28

MAX = 845.8x10° N/m?
MIN = 464-8x10° N/m?
X/ca= 0.90

(¢) CASE 3

Pressure contours in the axial surface
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