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Application of non-uniform ratioenal B-spline curve and knot
insertion algorithm to tur bine blade optimization

L IU Runze, ZHAN G Xiao-dong-,-AN Bai-tao , L IU Jian-jun

(Institute of Engineering Thermophystcs,
Chinese Academy of Sciences’; Beijing100190, China)

Abgtract; Normruniform rational B-spline (NURBS) curve and knot insertion algorithm
were used for parametric modeling of turbine blade profiles, in which actual physca meaning of
the parameters and flexihility of-profile regulation can be taken into account. Bended, twisted
and swept blades were succesg ully constructed by applying NURBS with adjustable number of
control points to stacking line modeling. An aerodynamic optimization platform for three-dimen-
sonal turbine blade has been developed, in which the parametric modeling, grid generation,
computational fluid dynamics analys s and multi-objective optimization based on desgn of expert
(DOE) and response surface method (RSM) method were integrated. After optimization, the
tota pressure loss of a sngle-row turbine cascade was reduced by 0. 57 % and the adiabatic efi-
cency of a snge stage turbine was increased by 0. 8 %.

Key words: turbine blade; non-uniform rational B-spline (NURBS) curve;
knot insertion algorithm; multi-objective aerodynamic optimization
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Table 1 Parameter at turbine design condition
/ K 288.15
/ Pa 101 325
! (kg s) 3.856
5 / (r/ min) 8081
Fig.5 Aerodynamic optimization process of axia turbine 1 Qg 76.08
3.44
Des gn ex- 0.886
pert , Doptimal
2
. Design expert Table2 Test turbine geometry
/cm 46.99 46.99
' , /cm 3.81 3.81
’ _ _ Ansys Turbogrid ! /cm 3.81 3.429
Three-dimensiona (3-D) 0.929 1.487
CFX11.0 , 1. 000 1.111
36 64
/cm 0.254 0. 1905

/cm 0.0635 0.0635
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Table 3 @id independence test

/10 / KW /(N - m) ! (kg/ 9)
20 0.2941 290. 14 342.86 0.882 3.843
40(1) 0.2957 290. 44 343.22 0.8871 3.842
40(2) 0.2957 290. 43 343.2 0.8869 3.842
60 0.2957 290. 43 343.2 0.8872 3.842
80 0.2978 290.2 342.93 0.8909 3.841
100 0.2959 290. 75 343.58 0.8866 3.840
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Table 4 Aerodynamic performance before and

after optimization

/ Pa

[ kKW

! %

/ (kg/ 9

29 954 31028
290. 44 290.34
88.7 89.5
3.842 3.907

1.036
0.9997
1.009

1.016




; NURBS

(7]

458 25
St
W 2) NURBS
: Navier-
3F
: Stokes (N-9)
2 ) ;
~ F
1+ ) ’
0 F L
0.56 %,
-t 0.8 %.
-20L Ly 1 sl Loy 1 1 |
-1 0 1 2 3 4 5 6
X
(a) PRAL AT 5 [1] Trigg M A,Tubby G R,Sheard A G. Automatic genetic
optimization approach to two-demensonal blade profile de-
i sgnfor steam turbines[J]. Journa of Turbomachinery,
1999,121:11-17.
/ /’x, [ 2] Cravero C,Satta A. A Navier-Stokes based strategy for the
L /
3 // / aerodynamic optimization of-a-turbine cascade us ng genet-
r / / ic algorithm[R]. ASME Turbo Expo. ,2001- GT-0508.
2f A | 3
. y F [3] , ) ,
R e ,’,/ [91. , 2007, 22 (9):
1+ 7 v/ X2
7 Il/ 1499-1504-
v /4
//I______ Initial profile SONGLiming, LI Jun, FEN'G Zhenping, et a. An off-
0F // —»—— Initial contrel point design method of turbine btade based on multiobjective op-
L Il Changed profile P .
!“{:'/r o~ PFanged comeal oot timization[J]. Journal of Aerospace Power , 2007 ,22(9) :
=] £ e DT 5y en ) e L ) 1499-1504-" (in Chinese)
1 2 3 4 2 6
x [4] : [M].
(b) Y& K ,2000.
16 ZHU Xinxiong. Modding technology of freeform curve
) ) ) ) ) and freeform surface[ M]. Begjing: Science Press, 2000.
Fig.16 Regulation of suction 'side of the-stator profile ' '
(in Chinese)
4 [5] Boehm W. Inserting new knots into B-spline curves[J].
CAD, 1980, 12(4) :87-111.
1) NURBS [6] Moffit T P, Szanca E M, Whitney W J. Design and cold

air test of sngle stage uncooled core turbine with high
work output[ R]. NASA TP-1680,1980.

Chen Bo, Yuan Xin. Advanced aerodynamic optimization
system for turbomachinery[J]. ASME Journa of Turbo-
machinery ,2008 , 130(2) :1005-1016.



