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Inverse Design Calculations

for Turbomachinery Blades (Numerical Method)

Thanongsak Amphonkiat '  and Wanchai Asvapoositkul *

King Mongkut’s University of Technology Thonburi, Bangmod, Toongkru, Bangkok 10140

Abstract

The computational method of a three dimensional inverse design for turbomachinery
blades is presented. The solution is obtained by initiating blade shapes on which the flow field is
computed. This flow field is splited into two parts, circumferentially averaged and periodic
components. The blade shape is then determined by making fluid velocity vectors tangential to the
blade surface. The equations obtained to describe the fluid flow on blade surfaces show the
approximations involved in second order elliptic partial differential equations. These lead to a
correct solution of the blade shape in an iteration manner. The equations are solved mumerically

by using finite difference approximation.

The purpose of this study is to develop an inverse design calculation that is efficient,
accurate and simple to implement especially on a personal computer. Computational results on thin
blade profiles in a fixed or rotating cascade in an annular of constant inner and outer radius reveal
the necessity to update the calculation in three dimensional manner. The convergences of the

solutions are generally affected by the number of blades and hup-tip ratio.

! Graduate Student, Department of Mechanical Engineering.

? Assistant Professor, Department of Mechanical Engineering.
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éf'saﬂwoq@]ﬁm usasmIenwosluwe va9nai (turbine) laglnianualuumwiunu
q fveumaanaasluwe uaztmualn Vg, = 120 yu‘ﬁ'mmﬁLLazmaaamﬂﬁwLLﬂaﬂﬂ 90°
@M » 60°, wazfinnaaen » -60°) MEATIEI hub-tip = 0.60, Trazluuuiunwe ¢
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o o [ q’nd € 6 € A % %
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AMOATIRIN AR A8 AN (chord/radius)
! A
ANAIN
yulasvasluwa (blade wrap angle)
ANBAIIEIW hub-tip
T2UZARAATIIUTIMN NN BAWIANN g
o A
JeazIeil
z cylindrical coordinate
ANNSUAR L ULUILEUTBLY (circumferential)
o !
WINTUWILRBE (sawtooth)
< 6
AMUTIFNYTUVDIVBI 1A
= Qs a & =4 a %
ANUIIRNANTVBIVEI Mafisunuluwe
J =) L=
wuRwedluwe

60/ an a . . .
WINTUANIDDAALARAN (periodic delta function)
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f WonguaLnan

y mWanTunszuauuualansd
w AN UTIYY

W bound vorticity

A28n (superscript)
g dly a a
+ AULUVBINUR LUNG (upper surface)
g ! iﬂ‘y a L A ' dl s
- mumwaawumﬂuwa (lower surface) mammamlul,l,u’;mmama
U alurIuuaifsanda
@ v
M8 (subscript)
bl NAuRaslune

rg,z evhlulwiunur, g, z



