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Analysis of civil aircraft aerodynamic characteristics with
powered effects based on CFD/CSD method

NIE Xueyuan, LLIU Zhongyu, HUANG Chengde, YANG Guowei

(Key Laboratory for Mechanics in Fluid Solid Coupling Systems,
Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Fluid structure coupling method based on three dimensional Reynolds average Navi-
er-Stockes (RANS) equations and static equation was used for study on aerodynamic characteristics
of the civil aircraft with powered effects. Firstly, numerical calculation was adopted to simulate the
boundary condition of the fan-inlet and jet-exhaust and analyze the flow field of the turbine powered
simulator. The numerical results agreed well with those from the wind tunnel experiment. Further-
more, the research on the performance of the aerodynamic characteristics of the aircraft with pow-
ered nacelle and with flow-through nacelle was conducted through computational fluid dynamics
(CFD)/computational structure dynamics (CSD) approach. The numerical results indicate that the
aerodynamic performances such as lift coefficient, drag coefficient, aerodynamic loads and pressure
center location based on powered nacelles differ obviously from flow-through ones. Elastic effect can
increase the differences so that it can make lift-drag ratio decrease by approximately 12. 6%, lift co-
efficient decrease by 8. 9%, and pressure center location move backwards. The numerical example

showed that the aerodynamic loads close to the nacelles were influenced notably by powered effects

YR B 2016-11-10
BELWH :HRERBRES (11672303) s FREHARDIE LB (2014AA110501)
TEE R BB 1978 —) 4, BYBRAF ST 61 1 L BF R 7 1) S K AT 28 X 3 Pk . E-mail : niexueyuan@imech. ac. cn

SRR EFE X h £, BB, 5. CFD/CSD J7 i 40 7 8h 1 a0 xf RLAR sh etk 2w [T Mot as 8h 1 2% 4. 2017,32(7) : 1631~
1638. NIE Xueyuan, LIU Zhongyu, HUANG Chengde, et al. Analysis of civil aircraft aerodynamic characteristics with
powered effects based on CFD/CSD method[]]. Journal of Aerospace Power,2017,32(7):1631-1638.



1632 o= 9 o R

LRV

while those far from the nacelles were affected mainly by the elastic effects. Consequently, it is nec-

essary to consider the elastic effects when analyzing civil aircraft aerodynamic characteristics.
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computational fluid dynamics/computational structure dynamics;

flow-through effects; civil aircraft
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Table 1 Two calculation conditions in this paper

Mljlg r}/lfr Rpf ch Rh Rct
1 0.4973 1.3428 0.9213 1.1086 0.6119
2 0.5174 1.4601 1.3113 1.1463 0.5944
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Table 2 Inlet-outlet parameters of engine

fE mWA/m iR/ (kg/s)  MIE/K MJE/kPa
iz | 9.130 758. 48 249.15  47.18
K 4,554 715. 45 183.37  71.03

5 0.414 43. 82 749.61  75.85
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Table 3 Aerodynamic data of the whole aircraft

7 G C/Cy C.
W44 38 S, 0.4167 9.8371 1.5822
W44 3 1 0.3821 15.1672 1.5035

M A S 0.3921 8.12534 1.6311
s R B 0.3489 13.2543 1.5838
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Table 4 Pressure center location of the whole aircraft

NN X. Y., Z.
W {438 <, 3.1091 0.5496 —0.0093
Wil 4 3] 75 3.1656 —0.2411 —0.9306
RPE A 3.3922 —0.3148 0. 0002
Wt Bl ) 3.1996 —0.2190 —0.9223
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