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Abstract: Due to the curse of dimensionality, it is difficult to perform high-dimensional optimiza-
tion of turbomachinery with current surrogate-based optimization algorithm. To address the problem, a
dynamic aggregation global optimization algorithm, which adaptively clarifies the variable interac-
tions, was proposed. The proposed algorithm obtains the information on interactions between de-
sign variables without consuming additional samples. Based on this information, the high-dimen-
sional problem is decomposed into multiple low-dimensional problems for efficient optimization.
In addition, such information also serves as the basis for subsequent knowledge mining. After
finishing the test on a 30-dimensional mathematical benchmark problem., the proposed algorithm
is used for optimization and design space knowledge mining of the Rotor 37 compressor blade with
28 design variables. After optimization, the isentropic efficiency of Rotor 37 blade is increased by

1.69% at design condition; the aerodynamic performance of optimized design at off-design condi-
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tions is also improved. While obtaining the optimal solution, the proposed algorithm also reveals

the interactions among variables in the design space of Rotor 37 blades, and knowledge mining

and CFD verification are further carried out based on the variable interactions revealed. It shows

that, the fine tuning of the profile near the separation line will effectively reduce the interactions

between the shock waves and boundary layer, thus improving the aerodynamic performance of the

transonic blade. Therefore, the applicability and effectiveness of the proposed algorithm in opti-

mization of expensive high-dimensional turbomachinery design are well demonstrated.

Keywords: turbomachinery; surrogate-based optimization; axial flow compressor; optimization

design; data mining
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Fig. 1 DA-EGO interaction analysis process
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Fig. 3 Comparison of average convergence curves
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Bl 3B RAG, Bz 220,
X7 911 } N {lg s X165 s X224 s ’1'20} ﬂ] {1'28 s Lo s 1o s g s
xo1 s FEE 4 R LT E AT R . H LIRS,
DA-EGO F.3 i 151 19 722 i 20 5 % 152 O HE i
N XA T R OR s AR T PCE (9 — PR S50 P
Gy AT T AR B AR 1A A T IRDE RoR, b IR i R
NN R IR 45 A8 22 BAE FH G R 5R 55 .

WA 4 B, LL 1500 MREARVE N L &4,
DA-EGO B ik s 2 R 22 i 1 5 (g sy
27y b Xy s aay ) B xag s 20 s 21005 5 M FET PCE
PR — U AR 3 T AL A T3] /0 52 ) 7 TR 52
YER S iz s b Az san b o Axs szis s {xes s b 55 S
HHEAOR Z 85 3R 0 A8 8 3 4L W0 {2y g o {aa0 s )
A HE—0 YR 3 000 MNEEASHE &R SR,
DA-EGO 3 Ak 5¢ 42 IE 8 19 U5 28 (7) vh BT 7 72 4
L HAEHA A T PCE 19— R M BUSME: 23 7 5
RARERTCIE N {2y s ) Adsg s ) G AL HAE
HAA .

PLE DR B AH LG T — U U 2 Hr O v
DA-EGO B3 2k F 14 2l 25 22 5. 43 #r 9w AE 55 Jin
HEA B ) 5t ] RS T 2% ] 2% A2 T S AR G &

3 R A LA Bt K R i

FIH DA-EGO 5.3k . A& SCXF Rotor 37 I i i
T RAL S En A2 4 L DLk — 20 30 Uk pr 42 i
125 1Y TE A M A R .

3.1 [EIEER

AL R Fe DL B A, e iR B
Fe 52 RS E ML RO (T R A RS PR
Bl F R AL B 4 i 7 A s, HL R 2 Bl

http: // zkxb. xjtu. edu. cn

e AR BE R H ALY P A B T B A R K Y M
JESS L AR AR 10 X G R A 58 R L0 BN 1 TR
ML B Rotor 37,3 M i NASA Glenn H1.0 )
Reid fil Moore # i1 I 58 B> .

PEAC BT 1 B AR 2 d5e KAk 55 0 205 [ I L
PR I IE 2 B 1 A5 Y o U i S B A
AR 7 R AU

max fop (Xgee) = max 7, (Xges) /P (Xges)

js t. 0.98m(x, ) << mxg) << 1. 02m(x.p)
0.98e(x o) << e(xges) << 1. 02e(xyep)
(8

s e RARFFRIRCER 5 p (xae) AT BREL m K78
LA e RN BRI ; TR des RORBIHE s T A5 ref
RRSHA.

AR SCHETF AR 247 B B AR Sk il AR X it
J T B N B S AT S Hf i AL, B R AR A
K5 Brs . B4, I 024,252,502 .75%0,100 %
- v T AL R R AT 2 0k, HE b B T A W T
TEHE 5 Al 4 ) S AT SO . R TR 58 A Y
10 280 & B 5 BT AR 2 50 BB FE A% 4o xd 2
25 () B R AT LG JF 3 H 2 A Al 1) 58 i) SR 1
Al o ) X S ) FR S R AT R R, 7ESE AL Eik
FH T 2R 5 23 () B & 2R W VR R I, R FH 552 1k 2B
=2 UG AL, BT BIRSEUE T B AR RS
M At 28 AT AR L A N AR R E AR
FlanER 2 i, o o R Bl ) 5% 1 I 7 B mT
P A0 AT A FELRA ) K TR /N R R

sl g5
) 514 -
PR3
T 2
Pl

Kl 5 Rotor 37 M eS8 Tk m B
Fig. 5 Optimization parameterization method of Rotor 37

blade

3.2 itEER

A SCARARAE FH (A TSR Y g 0 1 1 i R RS
Mk WSS IRk 3T E ., 3R A
Rotor 37 MAHCEIT S8, 76 fa e i fb b ik & ik 1
R AR S AN ZE 3 TR, A AR AR R il e
BEE H OFEH4 75 R 115 kPa ARAE2




o457 4 VEHLRE 55 R JH 20 25 28 5AE 437 19 v 48 LAROE AR 530 12 TF 5 145
K2 RHEERAS5ER
Table 2 Definition and range of design variables
P& X A A 75 4t 3 Rl
- TR TAT ) 1o - % B 5 ) [—10%cu s 10 Y e ]
i Jia) 48 T ] 1 T R B x [—15%cax s 15 Y cur ]
I T Tl o P S M S x5 [—10%cu 210 Y e ]
I T g A TR A A 1 RS Bl B Ty 2Ty 5 T14 5 L1 5 Ty [—0.6%cu 0. 6%cq ]
A [a) W e AT 2 ) 2 B8 Sl R X5 s T10 » T15 + Ta + T35 [—1.2%cw»1.2%c0 ]
I [R] g ATR  oh a 3 B Bl R T s X115 T1g 5 T2 2 T2 [—1.5%cus1.5%0cu ]
AN T o A A 4 RS Bl X751z 2 X171 T2z s Xt [—1.2%cu» 1. 2% c0c ]
A [R] g ATR 4 oh  5 B Sl R Ty s X155 T1g 1 X2 » Tog [—0.6%cu 0. 6% cux ]

% 3 Rotor 37 UiThE T A%

Table 3 Geometry and design condition parameters
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