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Multiple precision MDO strategy for turbine blade
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Abstract: Based on kinds of different precise analysis methods on the turbine design,
the multiple precision strategy was put forward in order to balance the cost and the precision
on turbine MDQO. This strategy studied the variable complexity method (VCM) which was
improved by the two-point scale function, the new updating technology and three kinds of
precise models including the fluid-solid closely couple analysis, the fluid-solid-thermal loose-
ly couple analysis and the approximate equation. The strategy solves the difficulty of disci-
plinary decoupling and coordination by the collaborative optimization (CO) strategy. Final-
ly, using 9 high precision fluid-solid coupling analysis, the new strategy can finish the tur-

bine MDO with acceptable performance.
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Fig. 1 Process of multiple precision variable complexity method
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Fig. 3 Collabrative optimization strategy based on multiple precision analysis
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Y, = {dxtip 9 Oshroud % Ochamfer % Oblade * Ocontact }
Y, = {m;, T} 19
90° N Py !
ZE'#H\‘J’L 0 Y U_L Table 1 Optimization parameters of shrouded blade
WL T f
8.58 mm X={X1.X:)
x, /mm 1.8 1. 88 2.2
x5 /mm 12 12. 28 14
xe /mm 11 11. 00 13
%, a7 /mm 1.4 1.58 2
— o X,  xy/mm  1.25  1.25  1.55
) o o s X,
wril D e »lhe g x /mm 3.4 3. 77 4.5
4-R0.8mm 1 10 /mm 3 3.27 3.6
J | TR
[y # A7 4t 21, /mm 2.5 2.56 3.1
7 _
AR x /() 57 62.07 67
R3.5mm % J
7 D, /mm 40 44.5 50
% x D, /mm 30 32.5 40
¥ L
x, I
’ o =-$ 27 mom . X, D, /mm 20 22.5 30
WA —6.58 —5.58 —4.58
! v /() —23 —22 —21
Fig.4 Parametric model of serrated shroud R
7 /() —55.6 —54.6 —53.6
2
Table 2 Constraints on shrouded blade
Y=1Y,.Y,}
dyip /1 0.0035 0.01
Oamond/MPa 435,024 645. 5
v Gehamier/ MPa 270,78 516. 4
- 1
0 Obiade / MPa 593. 141 697.0
Fig. 5 Parameters of a cascade
Geonaet / MPa 80. 10 173.0
32 m/ (kg/s) 107.36 [102.5,112.5]
Yg : 5
DZ125 , T/K 1214. 86 1273.5
75%0
60' ; . Qo
0000
s JF(X) =W, /9(X) + W, « m(X)/m,(X)
) m(X) = m (X) +m, (XD
1273.5K; m;  [102.5,112.5]kg/s.
mo (X)) = myo (X) 4+ my (XD
0.01 m.
20)
’ Y = {Yl Y, } ’ X0 X0
sm
Y LY, 7
, my (XD
» Y, ,
’ 1 92 H Wl
(19). 2
w, s 0.7 0. 3.
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sote @ =duy—0.01<0
g2 = Ouwous — 645.5 <L 0
83 = Gebamfer — 916.4 <O

3
Table 3 Parameters before and after optimization

of shrouded blade

2D X={X,X;} /%
g’l ~— Oblade — 697- O < O
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@5 = G — 173.0 < 0 ri/mmo L8 LS ’
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X e [X'.x"] z;/mm 1.58 1.6 1.27
6 CO X xg/mm  1.25  1.33 6.4
1
xy/mm 3.77 3.75 —0.53
g =1,.7)
gritt Z10/mm 3.27 3.23 —1.22
zi/mm  2.56 2.52 —1.56
€
, e =10"". 212/ (%) 62.07 62 —0.11
D, 44.5 40. 4 —9.21
RS, Wi 2R D, 32.5  31.23 —3.91
find X\, X..Y
min FIX)=W/n (X)+W.m (X)/m, Dz3 22.5 21.33 —5.2
st Ji=(X-X (XX )'+X,-X,)(X,-X,)"+ X _
X i Zhe : —5.58 —5.59 —0.18
-Y)¥,-Y)'< e 2 ”
J =X X)X -X ) HY Y)Y -Y) = o 7 —22 —21.71 —1.32
¥ l 1 b —54.6 —54.28  —0.86
FRELHHE N TRm e N
ML ALTE find X,,¥>
find X,.X2.¥ min J =(X-X)(X,-X,)" + 4

min JIZ{XI'—X])(X:—XI)T+
(X -X )X -X)'+
(¥Y-Y)¥-Y)"

st g,=d,~0.01=<0

¥, -Y)([¥;-Y)'
st g =m e |78.5,80.5]
g,=T-1273.5<0

Table 4 Result before and after optimization of

shrouded blade

with 17 (X))
B T o -645.5=0 (X)
2 4= Ot 10-4=<0
2,70, -097.0=0
B5= T oot~ 173.0=0
with m (X)
6 CO

Fig. 6 Shrouded blade multidisciplimary design
optimization algorithm structure

based on CO strategy

3.3

Y={Y,.Y,} /%

dywip/MPa  0.0035 0.00295 —15.71
Gumowd/ MPa 435,024 450. 3 3.51

Gehamier/ MPa 270,125 295. 364 9.25

Y, Obete/MPa  593.141 575.364  —3.00
Geomeer/MPa 80,1019 105.673  31.92
m;/(kg/s) 107.363 106.825  —0.50

Y, T/K 1234.86 1187.75  —1.3

/%
m(X)/g  203.27 189.7 —6.68

7(XD 0.874964 0.92353 5.55

F(X) 1.100  1.0379 —5.65
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