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Mission-driven aerodynamic optimization method for tiltrotor blades
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Abstract: To address the significant contradiction between the optimal blade shapes of tiltrotor
aircraft in hover and cruise modes, a mission scenario-driven aerodynamic optimization design method for
tiltrotor blades was developed. This approach comprehensively considered the total energy consumption
across different mission scenarios to ensure overall improvements in flight performance and efficiency. By
incorporating typical mission phases including vertical takeoff, cruise, and hover and their respective
durations, the method transformed the multi-point multi-objective optimization problem into a single-
objective optimization problem with the total energy consumption of the entire mission scenario as the
objective. The shape differences of the optimized blades under cruise and hover-focused mission scenarios
were analyzed. Results indicated that the developed method achieved high aerodynamic performance of
tiltrotor blades across multiple operating conditions, with optimization time reduced by 69.67% compared

with multi-objective optimization.
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results with experimental data'' in cruise mode
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results with experimental data®! in hover modes

2 {nEkiEERM LT

b iR IR A F 5 & 1 s
Jay K AL BT A SurroOpt™, X #HLAR 7Y %
A J& Kriging A& 5 242 0 22 B 2 Al 2R H expected
improvement( EI)*®'| minimizing surrogate prediction
(MSP) B/ A5 i v DU, DR AR R ASE 3 7 Fe 10 o 1)
FERE
AR SCARURG T 3 2 i 1 T EOR AN TR s 22
3, 24208 2.9 m, BAERAE T R 0 km, R
B Z N 0 m/s, e 7 FE D 730~770 r/min, $7 7]
Thover220 600 N; IR T 25 B2 0.1 km, it i
J& 88.9 m/s, e W i [l 400~450 t/min, $i7 /)
.. .>1800N.
2.1 iFERERMZ A% BRSs MKt
HECR AT TR W L H bR ik
$ %5 (surrogate-based multi objective optimization al-
gorithm, SBMO) ! JF % fig 3 R M iy £ i 2 H
PR T . A SO e 3 22 2 H bR ik
AR AN A 3 s o Horh AR R A AR 1 2
TEA AL B vh, R AME B € J5 , 75 1 2 B 1Y
e R L 3 3 R 2 R A O3 S R R IR S
AR ST 8PSy 755K, 315 B2 R ek
P A A ST ) 75 2 1) 2 B D SR R (A
Petb B, 18] B 24 o 85 R A R AR S 461
IHL T, DAL IR R ) E A A TR
min P
min Py
St. Teise =1 800N
Thover =20 600 N (D

20250271-3



e P a1t

Z AR iR

N

L

v v v
[ CFD3R A28 ] [ CFDsR fif2¢ ] [ CFDsR fia8 ] Lo > AEHEEF A
I I I

/
<::> S

N
L
[ A
O R
- Fhb | [T
AR £ = & 1[
| [ ZAwmam ]
B
v v v r_____,'\ }
(croskmers | ( croskmems | [ crDkmm )| > BTk

[ I I ____]//

&
ek
£

777777777777777 mE R - -

ENTrr

PGS

A

NIS
y A 4

N
I

min Py,

T .ise= 1800 N

cruise =

min Py,
Thover =20600 N

3 BRI IR
Fig. 3 Optimization flowchart considering blade pitch variation
K T RHHLTT, PRI, T A5 cruise R i percube sampling, LHS) i 5 15 11 77 ¥ £ HL 40 4,
RZS, hover FR BAFIRAS R FH“EI+MSP” (8 21 45 JF A7 a5 i 0, fe RAEA
) B B A TR S 7 filRE ¥ (Latin hy- SR 600 4 o SR UK R B XA TLART A1

20250271-4



%11

ARB LA AT 55 S UKl B % e 32 v 3 e A B ik

BT SR, I8 7 A BT AR, AR AR AL
IR INE SRR SN S IR g SR A AN
£ S NN AN 8 SNE NS NP S T HN
SERALE

PLALHERT 21 h36 min, HLALHCS Dy an &l 4 Fie
N, ITE L HARE AL Pareto BV 19 B 3 . HHBELA
K 8 i 1k FF ML (1 4 S AR SME 9 2, 2350

O Pareto
0.55 1~ AATIIREAS 1,
O RUTFFHgREA  ©
0.60 F
_ o
0.65F Y @
Ol
Zo0f Y
075k '
0.80 F
0.85F

09 08 07 06 05 04
N
(a) PRALHCETI R

Opt-1. Opt-2, Opt-3, Opt-4 F 7%, %748 & 7 [l
B4 Pt gy e AR e OE a2 1 R,
S K RS fa o A IR S TR o R oMM,
CHhgK, r HERMALE, B HHF; M. H Opt-1
SR ST A E R, (AR ERE K 22, Opt-4
B T RS AROR 1Y £ 5, Opt-2 241l Opt-3
A D) ST R A LA R B

09F B oy

0.80 |

081F E]) Opt-2

b= 0.82 %
S 9
o83t [O] Opt-3
(] Opt-4
0.84 1
0.85 E}a'ﬂ"
0 o o
086 , . L . .
-0.94 -0.92 —-0.90 —0.88 —0.86 —0.84
-n
(b) ParetoRij it

F 4 fifehes st £ g 2 AR Ao sion e B U e M SNE X R 7E Pareto FTHTHI(E

Fig. 4 Convergence history of multi-point multi-objective optimization for tiltrotor blades and the corresponding positions of selected

blade shapes on the Pareto front
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Fig. 5 Chord length and twist distributions of the multi-point multi-objective optimized blades
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Table 2 Aerodynamic characteristics of optimized rotor blades in hover mode (ROTNS)
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Table 3 Aerodynamic characteristics of optimized rotor blades in cruise mode (ROTNS)
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Fig. 6 Convergence curve of the objective function

(mission scenario 1)
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Table 5 Aerodynamic characteristics of the optimized blade
at different flight modes evaluated by ROTNS

(mission scenario 1)

Bl
S

ST MK A

RAf/(°) 42.43 11.43 11.43

9/ (t/min) 4122 751.0 723.0
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HE/(N-m) 42424 6297.7 5785.9

LHBTIRYI WY 183.1 495.2 438.1
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Table 6 Shaft power and total energy consumption of the
optimized blade across mission phases

(mission scenario 1)
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AEFE/(KW-h)  512.7 69.3 52.6 634.6

P/po

1.0898

1.0676

1.0455

1.0233

1.0011

0.9789

0.9567

0.9346

09124

(a) AR o) Bk 08902

K9 ﬁt%%‘é”ﬂv\%ﬂﬁﬂﬂﬁﬂ%@%*?%}iﬁilﬁl&iﬁ&
EFYs—
Fig. 9 Pressure contours and streamlines of the optimized blade
in cruise and hover modes (mission scenario 1)
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Table 8 Aerodynamic characteristics of the optimized blade

at different flight modes evaluated by ROTNS

(mission scenario 2)

Bl
St

A FHE € B

B A/(°) 41.84 9.83 9.83

7/ (t/min) 416.2 753.0 725.0
LN 1808.4 20603.2 19003.3
H14E/(N-m) 43193 6203.9 5704.6

IR AW 188.2 489.2 4331

B Y% 85.44 75.13 75.18

R MURMHAEZESMENMBINER SR
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Table 9 Shaft power and total energy consumption of the
optimized blade across mission phases

(mission scenario 2)
ZH WA mEEY EE
WTIZEAW 1882  489.2 433.1
fsf[E]/h 0.50 0.14 2.42

SABEFE/(kW-h)

FEFE/(KW-h)  94.1 68.5 1048.1 1210.7
y2
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1.0011
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Fig. 13 Pressure contours and streamlines of the optimized

blade in cruise and hover modes (mission scenario 2)
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