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Development and precision validation of static aeroelastic
computational module on flow solver TRIP
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(1. State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China;

2. Com putational Aerodynamics Institute of China Aerodynamics Research and Development Center . Mianyang 621000, China)

Abstract: A static aeroelastic computational module is developed on the flow solver TRIP.
Firstly, the frame, main component units and coupling strategy of the static aeroelastic
computational module are introduced briefly. Then numerical methods used in the component
units are described in detail. Finally, the static aeroelastic computational module is tested and
validated through three cases: high respect-ratio wing, DLR-F6 wing-body model and
HIRENASD wing model. The computational results of high respect-ratio wing show that flexible
matrix method, modal superposition method and finite element method can have same
deformation results when the structure modes are selected properly. The result consistency of
DLR-F6 or HIRENASD model among different solvers demonstrates that the static aeroelastic
computational module has adopted a correct algorithm procedure. The results consistency of
DLR-F6 or HIRENASD model between computations and tests shows that the present static
aeroelastic computational module has a good prediction precision.

Keywords: TRIP; static aeroelasticity; flexibility matrix; weak coupling; HIRENASD;
DLR-F6
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Fig.1 Sketch of static computational aeroelasticity module
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Fig. 3 Deformation results of high respect-ratio wing

3.2 DLR-F6 #E B S gh o &I

DLR-F6 278 F i b i it 1y — KRR iz
B ALAR AL, 75 22 )38 R TF J8 T AN ] 2 8 1) XU 3 56
HA 5 M 50 505 . 45 56 DLR-F6 A7 i 141 ] LA
S SCHRI17]. AR R DLR-F6 (93 5 41 &k #
RUFF JRKG BE U0, 8] 4 45 1 T i 4 B 10 A0 % L A% 40
FNFNA FROTHE A,

NS

S
(a) Shape and grid

4 DLR-F6 5ME FItg A S HRTEE
Fig. 4 Shape, grid topology and FEM model of DLR-F6

W Ma $0H 0. 75, 3 T WK 3h 5% K
FWH Re 7y 3.0X10° , BLA £ 2 — 3°~1. 5°, K 3t
W g SRR B MR G E Y ILE g /E 2 2. 0X
1077, B 54l TZitAESH &N DLRF6 3 5
A RBETILIE AR T R ) o M 25 . B Test R

/

(b) Finite element model

T NASA 1) NTF KU ) G 2 07 i D0 5 14 AL 38 AR
JE, TAU } DLR B35 il AR ¥ .

-
[ @ Test

| & TAU
[ — Present

W

dy/mm

S [ S S S B
01 02 03 04 05 06 07 08 09 1.0
n

B 5 DLRF6 #EREEHER
Fig. S Deformation results of DLR-F6 model

ATLVE A EF I RZECT 5 Test . TAU
AL Present 15 5] (19 245 ff A2 T2 25 S A8 A5 I8 43 A Al it
B F B A — B0, R WA SR 3 M T BB R
TOIE S R ELELA A A i AR TR FOORG BE
i T DLR-F6 J2& 52 {4 4 & #50 AU , ofe i 1) 3 R 3F A K
DALt F <l 2 i 5 | R 1 B3 e RS T AR R AN B
2959 6. 5mmCPEHEJE R 585. 6 mm) .

3.3 HIRENASD £ 2535 zh 38 4 )

HIRENASD J& W 3¢ T. K 3% 11 1) — 2% 8L AU 52 4y
BLHLIL SN E L 76 R 5 75 s XU ETW JF e T K &k
55,4 & HIRENASD #8114 3 40 2 50T L2 2% SCRik
(187, A T 7 ok B 1 31 552 %o L3 9 3 1) 52 i), DXL
gy HIRENASD #LE A AL 2% T — MEHLE , A3
KA B ML B AN E T e f S sh st 4L, & 6
Zyih 7 HIRENASD HLE B AL SME | B 30 b AT
FROTHIAY I ia 3 1 58 A DA S0 3l 3 il 25 1L
AePW BYE M I T 845 3], y ICEM 3 4 i i) 2
et B W% AN 6 Ca) 5 4 BIR IC ) 1 52 24 SRS in 7 Bl
5 RV EREm T b, g 6(b),

T

(b) Finite element model

(a) Shape and grid

6 HIRENASD M | W 4% #0 $h Fn A IR ST BY
Fig. 6 Shape, grid topology and FEM model of HIRENASD

WA R Ma 80K 0. 80, 5 T8 % K11
UL Re 9 1. 4 X107 LRI A o Oy 3°, ORI HL R ¢
SRR R AR R E A HAE o/ E S 4. 7X1077,

B 7 5 TS BRI AR Y R ) 4y
fgE B, LIE H 35 Test . TAU FIAS X Present 154
FWPLEZILEE R+ 4.



624 = A8 E %35 &
0 Tes 5 % X #:
¢ TAU
30} — Present [1] Mouton S, Sant Y, Lyonnet M. Predication of the aerodynamic
E 20 effect of model deformation during transonic wind tunnel tests
S [J]. International Journal of Engineering Systems Modelling
10l and Simulation, 2013, 5(1-3): 44-56.
(2] Fhi, SRAESE, XB/NNI, &, XU RS B i v A8 T X 03l ) 3%
0 . Z T A SN AR S BT A W AW AR A AR AFFEL]]. 2R s Ak, 2013, 31(3): 294-300.
0 01 02 03 0405 06 07 08 09 1.0 [3] Owens L R, Wahls R A, Rivers S M. Off-design Reynolds
" number effects for a supersonic transport[ J]. Journal of Ari-
7 HIRENASD #L B % i A7 % & 5 5 fo craft, 2005, 42(6); 1427- 441,
Fig.7 Spanwise bending of HIRENASD wing [4] Levy DW. Laflin K R, Tinoco E N, et al. Summary of data
from the fifth computational fluid dynamics drag prediction
Bl 8 45 ith T HIRENASD HL 3 Ji ] A %) 7 & 5 workshop[JJ. Journal of Aircraft, 2014, 51(4); 1194-1213.
%{F 0.95 Hj‘ E{Jﬁ%ﬂﬁ}iﬁ%ﬁﬁj\jﬁ ,m‘uﬁt{j ’%JEH [5] Heeg ], Chwalowski P, Florance ] P, et al. Overview of the
) N NN A v aeroelastic predication workshop[ R]. AIAA 2013-0783, 2013.
RITESTIE ( VE50 19 ) 38 5003 A 15 g 2 R Z TR A7 [6] MM, E i, W, 4. RASTE CHLAC T 5 AT 80005 40 7 Jr
3 Y 25 S SR B S R S TSRS B W R ) B[], PR E . AR, 2012, 42(10): 1137-1147.
ABAO SRR E i — B T AR S (7] e, Bugte, . 3T CFD/CSD/CAA FBA IS < 8h i ik
5 LAY A AE BE AR B AR T Y N . 5B, 3, 5) .
R B G ﬁ/szkﬁ BB P BT, BB S 3REE, 2013, 40(5)
P I (8] #oH. BEGR. BHO. %, 5T 8 20 00K R 3% AL
® Test Lower TR, AL AR R4, 2014, 40(12) : 1666-
-1.0 —— Present Rigid 1671.
55 — Present Elastic [9] Spalart P R, Allmaras S R. A one-equation turbulence model
ot ' for aerodynamic flows[ R]. AIAA-92-0439, 1992.
0 [10] Menter F R. Two-equation eddy-viscosity turbulence models
for engineering application[ J]. AIAA Journal, 1994, 32(8):
05 1598-1605.
10 e [11] Fiz¥, T, sk M. DPW I HL3 AR B 41 A (ot 0 %%
0 01 02 03 0405 06 07 08 09 10 BOULTD. 253 2240, 2011, 29(3) ¢ 264-269.
§ [12] Figdh. M. FAAT. DPWL R/ 5/ AL A U0 B
8 HIRENASD B EENRZH S (1=0.95) WLT]. RS2, 2013, 31(6) : 739-744.
Fig.8 Pressure coefficient distribution of [13] Ritter M. Static and forced motion aeroelastic simulations of the
HIRENASD wing section (7=0. 95) HIRENASD wind tunnel model[R]. AIAA 2012-1633, 2012.
[14] Rendall T C S, Allen C B. Unified fluid — structure interpola-
tion and mesh motion using radial basis functions[ ]J]. Interna-
4 g:t -L/E tional Journal for Numerical Methods in Engineering, 2008,
74 1519-1559.
ASCHE TRIP B IE Al R B T 8 SN B THH (150 ahe, W/hWI, T8, 4. RBE_TFT 451 8 i A 76 R
R B, 3 3 a0 ) T 4 R S B AT T 0, WA b R L], TR 4, 2014, 31(10) . 228-
233.
W R IR A Bl i i S A BUNARS L . ) [y gnm, i, £oeo%, %, 9678 9 S B0 Delaunay
A, T2 455 SR 2 B XU A T80 4% ) e AR T 6 R 1 BR800y el 59 30 RS A (0. WS4l 2014, 35(3) . 727-735.
%ﬁﬁ%% ﬁgz[]ﬁ’m%?ﬁ%iuiigﬁﬁy%@ﬁﬁ${jﬂgi [17] Burner A W, Goad W K, Massey E A, et al. Wind deforma-
tion measurements of the DLR-F6 transport configuration in the
*W_, 3 national transonic facilitylR]. AIAA 2008-6921, 2008.
[18] Ritter M, Hassan D. Assesment of the ONERA/DLR numeri-

Bt A SO B T IR 5K AR BRI O IR B A
/N AN B0 35 Bly L 75 e s R

cal aeroelastics predication capabilities on the HIRENASD con-
figuration[ R]. IFASD-2011-109, 2011.



