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Design method for wake-adapted optimal contra-rotating
propellers via neural network surrogate model and
genetic algorithm
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Abstract: A design method for wake-adapted contra-rotating propellers (CRPs) with optimal circulation
distribution was presented based on the vortex lattice model in lifting surface theory. The implicit relations of
propeller thrust and torque with the radial circulation distributions of CRPs were modelled via neural
network, where the input data for training of the neural network were yielded from an in-house vortex-lattice
code. Subject to the requirements for total thrust and torque-balance, a genetic algorithm was employed to
optimize the radial circulation distributions of the forward and aft propellers to maximize the total efficiency.
Taking the optimal radial circulation distributions and a prescribed chordwise distribution of circulation as the
objective, the camber surface geometries and pitch distributions of the forward and aft propellers were

designed. Numerical example was presented with the CRPs for a high-speed underwater vehicle, and the
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design results were then validated in self-propulsion simulation by solving the unsteady RANS equations.
While the efficiency and torque-balance of the designed CRPs are slightly improved against the prototype, the
minimum pressure values on blade surfaces are significantly increased, which is favorable for retarding the
inception of cavitation.

Key words: contra-rotating propellers; wake-adapted; optimal circulation distribution; neural network;

genetic algorithm; vortex lattice method
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Fig.2 Initial distributions of pitch and maximum camber of sample CRPs
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Tab.2 Influence of number of vortex lattices on hydrodynamic performance of prototype CRPs
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Tab.3 Comparison of hydrodynamic performance of designed and prototype CRPs

PO 1 K 10K o Kra 10Kz Kot " Koa! Kogp~1
JR AL VLM 0.1512 0.4992 0.1538 0.4793 0.3050 0.7891 -4.0%
B3 VLM 0.1474 0.4854 0.1566 0.4853 0.3040 0.7928 0.0%
Wi BPNN 0.1476 0.4862 0.1574 0.4862 0.3050 0.7940 0.0%
3.3 HEWIE

K FHAEE # RANS 7k 0B 12 F R RIS 47 5 RUBE A AU, ek i b H{E 55 kno JARE X
R, MM SR Z2 22/ N TR0 1% B, DA RIR S AALRE . iE 9(a) Fis, AMUHH S 5%
B TRV A TR AR A, AR A BE 40501 R 16Dy F15.3 Ly, 3 A T SR A7 A e 3 A B M 1.8 Ly, P i AT
K Ly=4600 m, 47 H BEHAE Dy=534 mo Q0 9(b) Fiw, R EAR M 2D . K H2.1D: HY R AT T
IR E s = A7, Hoh D i 54 S A2 T i T30 60 B AR BRHAC 0 8 1k 35k, wP R0 RN e A TR
ASF IR TER IR, 730 S0 5 AR 1k 5 3 = A3 R B D AR R S5 R BT B K, AR AR
O3 R 7S AR ZE R BTG L. AHAR DI 2 (]38 A0 38 A e T4 A3 o TR BT 3200 7, JL
HRHT L JE TR BROTE S i 292k 1400 T3 R 1200 J7

e 25L, ﬂ ‘
16D, ||t 1 = ‘
ZE_X \J .

(a)
B9 FIALITA S

Fig.9 Computational domain for self-propulsion simulation
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Tab.4 Comparison of hydrodynamic performances of designed and prototype CRPs
based on unsteady RANS simulations of self-propulsion

n(r/s) Krr 10K or Kra 10Koa Kor 7 Koa! Kgi—1
J B3 38.25 0.1467 0.4876 0.1629 0.5024 0.3096 0.7906 3.0%
Bt 38.18 0.1488 0.4899 0.1636 0.5037 0.3124 0.7961 2.8%

4 & it

ASCHNL T — PRSI AR AT X 2 T B D5k . B R B AL S X
JE R [ IR AT HEAT UL B R PR A, o i rP e o 28 R 2 A B B R BT AR iR I 2R
A AR BREG SR 5 ASRAEP A I R 5218 S 4er 730 A7 D A b 23 iR A R, 115, Jm 2K
AT o LA K R U TR 52 ], 558 T ARG I ik Bl A5k, Il R RANS A
AR 2 T BT A AER . EREHET:

(I HREA SRR B 7 15 RE O A S8 T TR e AR B 7 A 0 e 3BT T, B 3 ], S IR 2EAH L, B
RCRMAT . 5 ANV S A P Tt

(2) ST AR 22 [ 25 A QB R BB A5 25 T . 5 SR B EL R, ELYE RE SN HE 45 s 7EAR 1m) B A 23
iy SR A= A S WA N R7 N DR P v S w28 W Sy & iy T i N B

SMORE, A SCHR I AR R B BT 7 i HAT B0 (ROR HE TR, 4545 RANS J7 ikt A7k
RETIUR AT SA0, Al — 2P P S e R B R
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