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Fig.1 Indicial lift response to a step angle of attack and a

sharp-edge gust at Mach 0.11
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Fig.2 Lift responses with Kussner function to

one-minus-cosine and sinusoidal gusts at Mach 0.11
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Fig.2 Lift responses with Kussner function to one-minus-cosine and sinusoidal gusts at Mach 0.11 (continued)
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Table 1 Coeflicient comparisons of Kussner function-based ARMA model for different gust shapes

Analytical 1 1 — cos(27Z/10) 1 — cos(27F/50) sin(2m%/50)
solution
a1 —1.98880 ~1.98875 ~1.98860 —1.98870 21.98892
as 0.988 81 0.988 76 0.988873 0.98871 0.98894
b 3.518 3602 3.534 08e-2 3.510380e—2 3.539 29¢-2 3.49128e-2
by —3.51029e-2 —3.525 Y6e-2 —3.502 380e-2 —3.53111e-2 —3.483 33e~2
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Fig.3 Gust response comparisons calculated with direct CFD and Kussner function
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Fig.3 Gust response comparisons calculated with direct CFD and Kussner function (continued)
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Table 2 Coefficient comparisons of CFD-based ARMA model for different

gust shapes at Mach 0.11

1 1 — cos(27z/10) 1 — cos(2wZ /50) sin(27Z/50)
al —0.53930 —1.876 03 —1.99792 —1.99394
a2 —0.45527 0.87629 0.997 92 0.99394
bo 5.81140e-3 0.19927 —6.559 06e—4 —4.668 50e-4
by 2.338 18e-2 —0.198 02 6.598 29e—4 4.67963e—4

#* 3 BT CFD fE#MERME ARMA BENERSHBHAYRIEE (M =0.11)
Table 3 Fit parameter of CFD-based ARMA model for different gust shapes at Mach 0.11

n 1 1 — cos(27wZ/10) 1 — cos(2nz/50) sin(2nz/50) Average value 7
1 0.967 0.786 0.927 0.884 0.891
1 - cos(27/10)  0.970 0.954 0.960 0.963 0.962
1 — cos(2rZ/50)  0.988 0.925 0.981 0.962 0.964
sin(27%/50) 0.981 0.946 0.974 0.972 0.968
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Fig.4 Gust response comparisons calculated with direct CFD and ARMA model

ARMA BH R T4 gL e ¥ iiinat b
FR/NESHE I #E SRR AR, 2R X
PO N A BB A AT ERIUE. TERAE
SRS MEN Mo = 0.8, ap = 1°, Xt LHISE 4
FhEE IR By m B BT B 5T, LA k%K 0.8, Bofp 0°
HEF W IE ARG, M CFD HEEIIEER
WPz, LAEE—FpTt S wa et E A2 4 BBt AT S 500

HAEI) ARMA A 285 TR 4, RRE# CFD

5 ARMA

BRI HAGRUSMERYII TR 5 &

MEBROFEERKT Mo =011 X N{E, BE
FER R R JXU e 4L 5 28R R BB DS, T IE 7 R XL
FRICRERYE. M5 4T RE, BIFH ARMA #7
5 CFD E#iHHER I, #LFE, ARMA
U0 s 75 X [ 93 AT TR A R

#4 BT CFD m9&MEERAMME ARMA BIERSHPHALLR (Me = 0.8)
Table 4 Coeflicient comparisons of CFD-based ARMA model for

different gust shapes at Mach 0.8

1 1 — cos(27z/10) 1 — cos(27z/50) sin(27Z/50)
ay —0.893 46 —1.23145 —1.13616 —0.909 53
ag —0.104 24 0.23307 0.13782 —8.84641e-2
bo —3.826 76e-3 0.31942 0.55823 0.478275
by 1.60407e-2 -0.311 14 —0.55008 —0.46792
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Table 5 Fit parameter of CFD-based ARMA model for different gust shapes at Mach 0.8

n 1 1 — cos(2rz/10) 1 — cos(27z/50) sin(27/50) Average value 7
1 0.980 0.852 0.897 0.910 0.910
1 — cos(2m2/10) 0.958 0.910 0.942 0.925 0.934
1 — cos(2wz/50) 0.924 0.897 0.984 0.935 0.934
sin(2rZ/50) 0.964 0.925 0.945 0.979 0.953
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Fig.5 Gust response comparisons calculated with direct CFD and ARMA model at Mach 0.8
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Fig.6 Snapshots of pressure coefficients in response to one-minus-cosine gust of 50 chords at Mach 0.8
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GUST RESPONSE PREDICTION WITH CFD-BASED
REDUCED ORDER MODELING Y

Yang Guowei?» Wang Jikang
(LHD of Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract

frequency-domain, which is unsuitable for and the viscous and transonic flows. Since gust response for aircraft

Traditional gust responses are mainly analyzed based on linear aerodynamic load calculations in

design needs to be calculated for the many gust cases with various frequencies and shapes, direct CFD-based
gust response predictions are huge time-consuming. In the paper, a new gust response method is developed
based on CFD method coupled with ARMA reduced order model. CFD is only used once for a special gust to
identify coefficients of ARMA model. The computational efficiency of gust response analysis for any shaped gust
can be improved significantly based on the determined ARMA model compared with the direct CFD method.
To validate the new developed method, first, for NACA0012 airfoil at Mach number of 0.11, the gust responses
are analyzed through the comparisons of the results of CFD, ARMA model and an early incompressible analytic

resolution. Then, the method is also testified to be valid for transonic flows.

Key words CFD, gust response, ARMA reduced order model, system identification, least-square algorithm
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