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Modification of CFD Surface Mesh Based on Model Deformation Measurement”
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Hiroyuki KATO", Kazuyuki NAKAKITA", Shigeya WATANABE ™" and Manabu HISHIDA™

Abstruct

Modification approach of a computational fluid dynamics (CFD) surface mesh are examined using measurement
data of wind tunnel model deformation. Model deformation measurements (MDM) were successfully made at Japan
aerospace exploration agency (JAXA) using stereo photogrammetry with markers. The model’s deformation was then
approximated using a deformation law which is identified by a few parameters with markers attached on the wind tunnel
model. In this paper, the approach is used to rearrange the CFD surface mesh of a CFD model to conform its configura-
tion with that of the wind tunnel test model. We duplicate the deformed configuration of the wind tunnel model using
three deformation laws and examine the resulting CFD models. A high-fidelity RANS simulation of the DLR-F6 FX2B
wind tunnel model is then performed considering the static deformation of the model and the effct of model deformation
on the aerodynamic characteristics are also explored by performing the CFD simulation for the deformed configuration as

well as the original (non-deformed) configuration.

Keywords: static aeroelasticity, wind-tunnel model deformation, transonic flow simulation.
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Fig. 1: Flowchart for correction of wind Fig. 2: Flowchart for correction of wind
tunnel model motion. tunnel model deformation.
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Fig. 3: Coordinates of model for calculating motion parameters and deformation parameters.
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Fig. 4: Schematic illustration of marker positions.
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Table 1: Freestream conditions.

Angle of attack ~ Total Total t t
Case Mach Number  Chord Reynolds number figle of atiac 0ta’ pressure ot temperature

[Deg] [kPa] (K]
1 0.75 1.5 X 10° 3 100 322
2 0.75 1.5 X 10° 2 100 322
3 0.75 1.5 X 10° -1 100 322
4 0.75 1.5 X 10° 0 100 322
5 0.75 1.5 X 10° 1 100 322

311 ERETEEEL EDOIRE

ENENOERET VOB ZITIANS, BREMERETIRICERTREARTA—FTHHERT
F Vi BT (X, Vs 20) DRERICB LIETH 8% 221 XAV THRIAET 5. £72, MAFICI Case 5 D
TR E2 AWz, Z 2Tl BIRNTENAE (Position-1), & b BARMIZIT VN~ —h — DRk~ — I — L&
(Position-2) 35 X ML #% = o 7 (L Hii#% (Position-3) @ 3 DDOALE CTRFf L7z, £z, n EiXEFBOKIEML L
WATIZR D L9k E LT,

ETNENDOETEET Vi ARBME CATEEZEHA LZBEO~— T —0-bihaElks L LY &% Fig. 5
BLO6IIRT. Icbh&E DL, %X I ERRE LR MR & LESEEIE, 3y —20n56
RESHENLTLED. £/, RUVEZERLD L, BBATRRIEIC EEFUR A 3E LS A IS 0R/ N, %
B U 7 LERTRICHEE LB IITB R L T 5. RIS, BoNfEDE~ESL Table 2 (TRT. 2
ZTEL, KRR TREND LIS, AFIERIC L VR SN EBE O~ —h—(iEx, LR LV BS L~—
H—NLE X & DD L2 /L L EREE L EFR L.

€ = 11X — X712 = /Ctn = X7 + Ot = X + (= X3 24)

Table 2 KV, HBERMANCH DHlfR~— I — 2B FHFEA L LI2GE0, ROBRENDRNI ERDbMND.
INDHORBERIZESNT, LBEOFHEIZOWTIIERET VBMSEE Z ik b RBICH DA% MO~— —
MEERETD. 5%, SESEARBRIRRICEAT S 2 L 25 2 858, BT VAN E L ER /T A —
HLELT, oRT A=K LRAKRICHET 2V ERNH DL EEZBND.

312 ZTEEFILOHE

WIZ, BERGETINDOZYYERMIEAZLIT . 221 T, XYZ BTV, Z44 EFND 3 ODOFTF /LA L
TH NIRRT 2RO R R & 422 Fig. 71ORT. 22 TIRASLT SOOI ENMEE 10 4512
LTHRRLTND., EOET BN THERINC Y RETREZ R L TWD. BB E & &AIZEHE
THIHIL, REBFEEECLYEGEONZmbAEELIVORLY BO ARV FaSMgE, ~—0—0F

Table 2: Error between marker position estimated by deformation models and that measured in wind tunnel test.

BN E T Vi FH B AT & AR ¢ (EEYRITIREE)
Position-1 B FTRAL 7.245x 107
Position-2  fREMEI OHIFE~ — 71 —frE 6.615x 1074
Position-3 ¥ U RN E 1.130x 1072
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——Position-3
-0.01 -2
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Fig. 5: Obtained wing deflection in deformation Fig. 6: Obtained wing twist change in deformation
coordinates. coordinates.

FER & 4EIC Fig. 8 BEX W Fig9 1O T, HbARICELTIE, CoETALFIT—# 2R HHL TN S.
—J, AUV EZWLD L, 721 FT AV E XYZ BT VORMICENE CTHRAT 0.07deg DZENAETTND. Fiz,
ZAA BT NERD L, 2TOr—AZELT, FHIlT— 2 2R bR HBHLTWDHA, Case-1 X° Case-3 DHE
S A R D &, BHT — 2 HZREICHIL LD L5670 — =2 a— L TLESTWDHHSRH
B. 744 ETVIEERIZA LY BOSAEFBLITE 5708, FHHRRZER ENRASTZGEAIC L BEICHI L TL
FIHT, Z44 ETNVEEAT LRI, FHIRREZBETILERS DL LEZEZHNLD.

Table 3 ICAFEIC LV GO~ — D —BR&EFHIICLVEON o~y — W EME L ORELTRT. 22
T, AFRETCHON Y= —OfE (ALY &E) LEHIILE~—h—E (ALY &E) LDED L2 /
Wb FEREE LTc, 221 ®T NV E XYZ ETNVERKRT S L, TmbAhE&OiiE, Ly &OHERIC XYZ £
TNDFEWNSL, x, y, z BHMOENZZBETHZ LT, LVFHAEISESE, ZRERE L<HFHT
XL V0D, Z44 ETNVERD L, EbAEICEA LT 221 EF VL ERRERN, AU EOMET
RbH/NESLRoTS. Lo, @BROZHEAGEEITH 2 BEBUFHIEALE TORRENNS L 2D X )i
PLENTWDEEZONDT-D, BRLIZEBY, 244 EF A EZHEMT HBICITEE L EE L FiE4
THULERDD.

Table 3: Error between marker position estimated by deformation models and that measured in wind tunnel test.

Case 7‘:??%@%&?‘% € Ly %@%ﬁ%
X 107 (IR T ) X 107? [deg]
Z21-model ~ XYZ-model  Z44-model | Z21-model XYZ-model Z44-model
1 5.00 3.64 4.89 7.70 4.50 3.20
2 4.72 3.93 4.59 9.80 8.00 3.30
3 4.50 3.90 4.28 12.3 1.15 3.00
4 4.54 3.94 4.41 7.70 6.20 3.00
5 6.62 4.84 6.47 9.20 6.70 4.10
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Gray : Original configuration
Blue : Deformed configuration (Z21-model)
Red : Deformed confiuration (XYZ-model)
Green : Deformed configuration (Z44-model) v
Zoom up view of wing tip
Fig. 7: Obtained wing twist change in deformation coordinates.
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Fig. 8: Obtained wing bending in deformation coordinates.
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Fig. 9: Obtained wing twist change in deformation coordinates.
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Fig. 10: Computational mesh for RANS simulation Fig. 11: Obtained pressure coefficient distributions
over DLR-F6 FX2B wind tunnel model. of Case 5 for original (non-deformed)
configuration.
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Table 4: Obtained aerodynamic coefficient of Case 5.

CL CD CD,pres CD, fric CcM
e 0.5545 0.0320 — — -0.1111
IR 0.5902 0.0356 0.0217 0.0139 -0.1261
721 0.5767 0.0348 0.0208 0.0140 -0.1227
XYZ 0.5726 0.0346 0.0206 0.0140 -0.1204
744 0.5739 0.0347 0.0207 0.0140 -0.1218
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FORDFONTZ. ZOZ &b, KFEZEMNT 22 LT, BRI LY BE2 CFD fifith 2 Ehid 5 Z &
WHREL Tp o Tz, — T, 3FEBOERET N OREERF LIL 25, BIMOEMEBEET L LITLD
ZNFETORE REFEIR SN h -7, FmREEEUET V2 HWEEAICEMOET L LD b
FRICESHERMBONIZZ b b, RUYRITERZHEXNTHLT 2LERH DL LEZLND. Lo
LEkZHEAEZ WD Z & TR Y B2 EARHEL TWAEAAH Y, ZHIC L 2R b RIZZEL L
TR LB A OGN DT, A%, FHIRGEZ BB LRI 2D 5.
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Fig. 12: Obtained pressure coefficient (Cp) profiles of Case 5.
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Fig. 13: Obtained aerodynamic coefficients.
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Fig. 14: Obtained drag polar curve.

Fig. 15: Spanwise loading profiles of Case 5.
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