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Transonic natural laminar flow nacelle-eptimization design

at high Reynolds number

CAO Fan, HU Xia03-ZHANG Meifang, TANG Zhili
(KeyLaboratory of-Unsteady Aerodynamics and.Flow Contfol of

Ministry of Industry and Information Technology, College of Aerospace Engineering,

Nanjing Univessity of Aeronautics.and Astronattics, Nanjing 210016, China)

Abstract: To solve the problem-of high-diménsional optimization design of laminar flow na-
celle with large bypass ratie"under_high Reynolds number, three datum planes of nacelle were ex-
tracted to realize the optimal desigh of axisymmetric natural laminar flow.A wide range of laminar
flow was obtained to reduce the surface friction resistance of the nacelle. An optimization system
for the natural laminar flow (NLF) nacelle was established in combination with class and shape
transformation (CST) parameterization, y-Re,, transition model and the genetic algorithm. It
showed the feasibility of establishing a three-dimensional NLF nacelle design method by optimiz-
ing the nacelle datum plane. Then, a three-dimensional non-axisymmetric NLF nacelle was con-
structed through the secondary development of CATIA, which solved the problem of efficiently
importing a large number of data points and surface generation after the datum plane optimization.

For the designed three-dimensional non-axisymmetric NLF nacelle, a transition sensitivity analy-

5 B # :2020-10-30

HEWHE - HEARFE 4 (NSFC-12032011,11772154) 5 th e i £ B A RHIF 4 351 % 4 (NP2020102) 5
VLI A S Bl e i TR B B IS H (PAPD)

TEF A W AL(1990—) B 1 A, B AT 2 2 A RHR L iR AT 5¢

ST WL, W15, 9K 5E 07,55 . m R AR B A AR R AR A B (). Uz 3 )24, 2021, 36(8) : 1729-1739. CAO Fan,
HU Xiao, ZHANG Meifang, et al. Transonic natural laminar flow nacelle optimization design at high Reynolds number[J].
Journal of Aerospace Power,2021,36(8):1729-1739.



1730 it =

VAR S

55 36 &

sis of the angle of attack, sideslip angle, incoming Mach number, and turbulence intensity near the

design point was conducted. The results showed that: under the condition of transonic speed, the

laminar flow range decreased with the increase of the angle of attack;the laminar flow range in-

creased with the increase of incoming Mach number;the sideslip angle and turbulence intensity

had little effect on the laminar {low range.

Key words: natural laminar flow nacelle; aerodynamic shape optimization;

CST parameterization; transition prediction; transition sensitivity analysis
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