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NUMERICAL ANALYSIS OF TWO-DIMENSIONAL COMPRESSIBLE FLOW

IN ULTRA-HIGHLY LOADED TURBINE CASCADE
-INFLUENCE OF EXIT MACH NUMBER FOR BLADE PROFILE-
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The objective of this study is to obtain the knowledge to apply an ultra-highly loaded turbine cascade (UHLTC) with
the turning angle of around 160 degrees to a practical gas turbine. In the present study, the two-dimensional flows in three
types of UHLTC, which are different in the maximum blade thickness, were analyzed numerically for the subsonic and
the supersonic exit Mach number conditions in order to clarify the influence of the blade profile itself on the shock

formation and the associated loss generation. The computed results clarified that the increase of the exit Mach number
intensified the shock wave on the suction surface around the blade trailing edge and consequently strengthened its
interaction with the boundary layer on the suction surface and reduced the outlet flow angle. The interaction of shock

wave with the boundary layer increased the profile loss by generating the boundary layer separation according to the

decrease of maximum blade thickness.
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Fig.1 Configuration of UHLTC

Tablel Specification of cascade

Design inlet flow angle : « [deg.] 80.0
Design outlet flow angle : § [deg.] 80.0
Axial chord length : C,, [mm] 6.57
Blade pitch : .5 [mm] 12.25

Table2 Boundary conditions

Absolute Inlet flow angle : 3, [deg.] 80.0

Inlet Total Pressure : P, [Pa] 101,325

Inlet Total Temperature : T, [K] 288

Exit Mach Number(Z/C,,=1.3) : M, 1.0 1.2 14

Qutlet Static Pressure : P,; [Pa] 50,175 35,325 | 23,725

Stagnation-to-Static Pressure Ratio : Py/P,; 2.02 2.87 4.27
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Fig.2 Streamwise distribution of Cy, (Original, Myy=1.2)
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Fig.3 Distribution of Mach number (Original, My,=1.2)
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Fig.4 Distribution of Cy, on blade surface (Original, M,=1.2)
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Fig.6 Distribution of Cy and streamline (Original, M,;=1.2)
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Fig.7 Streamwise distribution of Cpy, (Moy=1.2)
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Fig.8 Distribution of C,, on blade surface (Mqy=1.2)
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Fig.9 Distribution of Mach number on blade surface (Mo,:=1.2)
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Fig.14 Outlet flow angle (Z/C4=1.3, Mq,=1.2)
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Fig.15 Streamwise distribution of C,, (Original)
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Fig.17 Distribution of Mach number on blade surface (Original)
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,,,,,,,,,,

1|}

00 01 02 03 04 05 06 0.7 08 0.9 10

Z/Cq

(@) Moy=1.0 (b) Mg=1.4
Fig.19 Distribution of Cy (Original)

(8) Mou=1.0
Fig.20 Distribution of Cy and streamline (Original)

(b) Moy=1.4

85.0 10

84.0 mi2
83.0 ml4
82.0
81.0
80.0
79.0
78.0
770
76.0
75.0

0p[deg ]

08 09 10 11 12 13 14 15
MOU‘

Fig.21 Outlet flow angle (Original, Z/C,,=1.3)
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