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ABSTRACT

Several reverse design methods are developed and applied to the suction or pressure surface for finding
design values of blade geometry for a given axial turbine blade. Re-designed blade profiles using shape
parameters are compared with measured blade data. Essential shape parameters for blade design are induced
by the procedure of reverse design for best fitting. Characteristics of shape parameters are evaluated through
the system design method and restriction conditions of structural stability or aerodynamic flow loss. Some of
shape parameters ie blade radius or exit blade angle etc, are classified to weakly adjustable shape para-
meters, otherwise strongly adjustable shape parameters which would be applied for controlling blade shape.
Average deviation values between the measured data and re-designed blade using shape parameters are
calculated for each design method. Comparing with the average deviation for a given blade geometry,
minimum shape parameters required to design a blade geometry are obtained.
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Table 1 Essential shape parameters for blade design

Shape Parameters

Blade Radius (R)

Axial and Tangential Chord {(cx, ct)

Unguided Turning Angle (&)

Inlet and Exit Blade Angle (Bin, Bou)

Upper and Lower Inlet Wedge Angle (&, €1)
Exit Wedge Angle (& on)

Leading and Trailing Edge Radius (1, Ite)

Major and Minor Axis of Upper and Lower Ellipse
at Leadlng Edge ( Ty Dy, T, 7 ly)

Number of Blades (N)*

Throat (o)

Peak Point on Suction Surface (sx, sy)

Peak Point on Pressure Surface (px, py)

Leading and Trailing Edge Turning Angle («, 1)
Turning Angle on Pressure Surface (¢)

Straight Section of Trailing Edge (d)

* 5 configuration parameters
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Table 2 Procedure of a suction surface design with controllable shape parameters

Method stepl step2 step3 stepd remark
Bin, D8, Dt3, O, . pt2—pt3, 3rd-order .
1 e ptl—pt2, circle [¢] polynomial [ & ] pt3—pt8, ellipse
Bin, D8, Dt3, O, . pt3—pt2, 3rd-order .
2 o ptS—>pt3, ellipse [ & wl polynomial [£] pt2—ptl, circle
3 B, D8, pt3, 0,| pt3—pt2, Sth-order pt2—ptl, 3rd-order pt3—pt8m, 3rd-order | good for blade thickness
€ up polynomial {pt11] polynomial { & ou] polynomial [ «1] control
Bin, pt8, D3, o, . pt3—pt2, Sth-order pt2—ptl, 3rd-order | good for blade thickness
4 4 pt—ptS, ellipse L&l polynomial [pt11] polynomial [ & ol control
B, pt8, pt3, o, . pt3—pt2, Sth-order pt2—ptl, 3rd~order | good for blade thickness
5 Euw § ptB=pi3, ellipse polynomial [pt11] polynomial [ & ou] control
Bin, I8, Dt3, O, . pt3—ptZ, 3rd-order .
6 - R !
cw Eon pt8—pt3, ellipse polynomial [£] pt2—ptl, circle
Bin, D8, D3, 0,| pt3—pt8m, 3rd-order | pt3—pt2, 3rd-order pt2—ptl, 3rd-order good for leading edge
7 . . . thickness on suction
Eup polynomial [ «] polynomial [¢] polynomial [ & ou surface
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Table 3 Procedure of a pressure surface design with controllable shape parameters

Method stepl step2 step3 stepd remark
1 Bin, D8, ptd, pt8—pt4, ptd—pt5, 3rd-order
£l ellipse polynomial [ & o)
9 Bin, D8, pt4, pt8—pt4, ptd—pt5, Sth-order
Elo, Eout ellipse polynomial [pt12]
B, D8, pt4, pt8—ptd, pt4d—ptl2, 3rd-order pt12—pth, 3rd-order .
3 Elo, Eout ellipse polynomial [-pt12] polynomial [+pt12] good for linear part control
4 Bin, pi8, pt4, pt3—pt4, pt4—ptl2, 3rd-order pt12m—pt5, 3rd-order
Elo, €out ellipse polynomial [pt12] polynomial [ ¢]
B, DI8, pt4, pt8—pt4, . ptd—ptl3m, Sth-order | good for structure control
5 €10, Eout ellipse pt5—pt13, linear polynomial [pt12, A] near trailing edge
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Fig. 2 Blade profiles along the radial direction. Circles are
measured points and lines show re-designed blade
profiles with shape parameters
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Table 4 Design values of shape parameters for re-designing a blade profile at Z=46 {unit=mm]

XA
T

- 27y - 82

Y

iz

Pa?a}ggi?ers (35) method (55) method (4,5) method (52) method (7,1) method (2,4) method
R) Z=46 1104.125 1104.125 1104.125 1104.125 1104.125 1104.125
Cx, Ct 102,95, 33.83 102.95, 33.83 102.95, 33.83 102.95, 33.83 102.95, 33.83 102.95, 33.83
¢ 13.22 13.22 13.22 13.22 1153 14.35
Bin, Bou 53.20, 61.59 53.20, 61.59 53.20, 61.59 53.20, 62.08 53.20, 62.36 53.20, 62.08
Eup, €l 0.29, 12.93 0.29, 12.93 1.94, 12.93 0.29, 12.93 045, 1252 1.95, 1293
€ out 5.03 5.03 503 455 4.27 455
Tiey Tte -, 200 -, 200 - 2.00 - 200 - 200 -, 2.00
Dux, Tuy - - 24.32, 9.29 2654, 9.33 24.32, 9.29 - - 26.54, 9.33
Tix, Ty 21.63, 824 21.63, 824 2163, 824 21.63, 824 23.69, 858 21.63, 8.24
N 97 97 97 97 97 97
0 30.25 30.25 30.25 30.25 30.25 30.25
Sx, Sy 387, 7137 R.75, 77.37 3857, 71.37 38.75, 71.37 - - T
Dx, Dy 3842, 4948 3842, 4948 3842, 4948 375, 49.48 - - 40.67, 49.48
K, A B4, 140 -, 140 -, 140 - - 46773, - - -
de 13.22 13.22 13.22 - - -
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Table 5 Characteristics of shape parameters for blade design

Shape Parameters Characteristics
Blade Radius (R) Weak
Axial and Tangential Chord (cx, ¢ Weak
Unguided turning Angle (&) Strong
Inlet Blade Angle (8n) Strong
Outlet Blade Angle (Box) Weak
Inlet Wedge Angle (euw, 1) Strong
Exit Wedge Angle (& as) Weak
Leading Edge Radius (ne) Strong
Trailing Edge Radius (rw) Weak

Major and Minor Axis of Ellipse

(7 ux, Tay, Dix, 7 ly) Strong
Number of Blades (N) Weak
Throat (o) Weak
Peak Point on Suction (s ,sy) Weak
Peak Point on Pressure (px, py) Weak
Tuming Angle (x, A) Strong
Turning Angle (o) Weak
Straight Section (dw) Weak
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Table 6 Numbers of shape parameters for chosen methods

Method| D85 Strong Weak 1 potal
variables variables variables
iny 2 o §777UX777U'y€u
LD Bin, B, s € up 14
Cx,Ct,0,T'te, € out Tix, Ty, €lo (8,6)
22) Bin, B o, 0w Tuy, € up Px,Dy 16
Cx,Cy0 e, € aut T Dy, €10 88)
(3’3) ﬂin, Bout, gv K, €w P, Py, T8m 19
CxCt0Tte, € out T 1y, € o seSylom | (1D
in, 8o & T Dy, € \Dyy
44 Bin, Bouty w, € up Dx,Dy 20
CoC60ie, € ot T, Ty, €lo SuSy ¢ fim | (612
55 Bin, B ot,Cx, 0w, Tuy € Px.Dy, 21
Ct.0.Tte, € out T, 7y, €lo Sx, Sy, A die,113m (8*13)
©D Bin, Boukx, {6 1w, € w 14
’ Ct,Oslte, € out N Ty €l (86)
(7 1) /gin, ﬂout,cx, §, Ky Eup T8m 14
’ Ct,0\Ite, € out Tix, Ty, €lo (7,7)
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