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Study of Reverse Design for an Axial Turbine Blade Profile

and Design Parameters for

Designing Blade Geometry
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ABSTRACT

For a given axial turbine blade, reverse design method is developed to improve blade efficiency, optimize
blade profile, or repair parts efc. In this process, design parameters for designing axial turbine blade are
induced. The induced design parameters are as follows; ellipse at leading edge, radius of trailing edge, axial
chord, tangential chord, wedge angle at the inlet, and unguided turning angle. Suction and pressure surfaces
of turbine blade are described by cubic polynomials. Two sample blades are chosen and their blade profiles
are measured at the mean radius. Values of design parameters for sample blades are obtained by the reverse
design method. Re-designed blade profiles using calculated design parameters are compared with the
measured data, and they show good agreement. So, the developed design method could be applied to design
general turbine blades. Various blade shapes are designed, and they show that designed blade profiles can be

adjusted by controlling design parameters.
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Table 1 Independent design parameters for blade design

Cx Axial chord
Ce Tangential chord
Euin , Elin Inlet upper and lower wedge angle
Rux , Ry Half of major axis and minor axis of
upper ellipse
Rix , Ry Half of major axis and minor axis of
lower ellipse
Bin, Box Inlet and exit blade angle
7 Unguided tuming angle
Ree Trailing edge radius
0,p Throat or pitch

ELLIPSE FOR
UPPER L.E

INLET UPPER
WEDGE ANGLE

THIRD ORDER
POLYNOMINAL

INLET
BLADE
ANGLE

INLET LOWER
WEDGE ANGLE

CIRCULAR
ELLIPSE FOR ARC
TANGENTIAL LOVER LE
CHORD

THIRD ORDER

POLYNOMINAL UNGUIDED

TURNING ANGLE

TRAILING EXIT
EDGE % \/ BLADE

RADIUS ANGLE

AXIAL CHORD

Fig. 1 Independent design parameters for blade profile
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Table 2 Values of design parameters induced by reverse
design method for sample blades [mm]

Design Input values for Input values for
parameters “Case 1 Case 2
Cx 99.04 26.30
G 42.13 951
Euin , Eln 0.19°, 794 9.45°
Rux , Ry 21.1, 9.4 0.74
Rx , Ry 11.36, 6.96 0.74
Bin, Box 46.02°, 62.43° 205 7, 54.09°
7 9.55° 325°
Ree 30 0.43
P 54.76 1433

(a) Case 1

{b) Case 2

Fig. 2 Reversed designed blade profiles using in a heavy-
duty gas turbine and a small gas turbine
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(©) Axial chord

{d) Length of throat

Fig. 3 Adjustable blade profiles downstream maximum thick- ness of blade by controlling design parameters
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(a) Inlet upper wedge angle

——- &, =5. 45°

— §,=795°
e €= 10.45°

(b) Inlet lower wedge angle

Fig. 4 Adjustable maximum thickness of blade by controlling inlet wedge angles
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——- R, =885
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— — R, =1005

(a) Major axis of upper ellipse

{b) Minor axis of upper ellipse

—_ Hlx =17.36
—  R,=11.36
e Ry, =736
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(c) Major axis of lower eliipse

{d) Minor axis of lower ellipse

Fig. 5 Adjustable blade profile upstream maximum thickness of blade by controling major or minor axis of ellipse
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