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* DLR-F6 Configurations

Aircraft Company

Configuration

Grid
Class

Tetrahedra

Surface
Triangles

Boundary layer
cells

No. of cell
layers across
wing t.e.

DLR-F6 Wing
Body

Medium

6,483,682

78,540

z0 = 0.03868 mm
(y+=150)
8 layers

8

DLR-F6 Wing
Body + FX2B
fairing

Coarse

3,142,285

z0 = 0.03868 mm
(y+=150)
8 layers

Medium

6,284,018

z0 = 0.03868 mm
(y+=150)
8 layers

11,521,175

136,710

z0 = 0.03868 mm
(y+=150)
8 layers
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* Vgrid grid generator (Shahyar Pirzadeh et al; NASA Langley)
— Unstructured tetrahedra, using advancing front method
— Element size distribution controlled through field source distributions
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« USM3Dns flow solver (Neal Frink et al: NASA Langley)
— Cell centered, unstructured tetrahedra
— Implict time stepping
— Spalart Allmaras turbulence model, with wall functions
— Special boundary conditions on blunt wing trailing edges.
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- DLR-F6 + Wing Body

ATAA DPW-3 (Drag Prediction Workshop), June 2006 . DLRF6 Wing Body, wihout FX2B Farmg
DLR-F6 Wing Body, without FX2B Farmg Mach=0.75, Re = § miltion, CL = 0.5, alpha = -0.1183
Sref = 145400 mm2, cref = 141.2 mm, b/2 = 585.647 mm.

Medium Grid: Tetrahedra = 6,483,682; Surface Triangles = 78,540
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- DLR-F6 + Wing Body

Intermediate_Gi ing_le | 30 May 2006 | Unstructured GRID e \ N
VA |-/ ATAA DPW-3 (Drag Prediction Workshop), June 2006 \ B AIAA DPW-3 (Drag Prediction Workshop), June 2006

_DLR-F6 Wing Body, without FX2B Farrmg
=141.2 mm

Medium Grid

Tetrahedra = 6,483,682
Triangles = 78,540

AIAA DPW-3 (Drag Prediction Workshop), Tune 2006
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* DLR-F6 + Wing Body (Medium Grid)

ATAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body. without FX2B Farmg
Sref = 145400 mm2, cref = 141.2 mm, b/2 = 585.647 mm.
Medium Grid: Tetrahedra = 6,483,682; Surface Triangles = 78 540

ATAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing_Body. without FX2B Farrmg
Sref = 145400 mm2, cref = 141.2 mm, b/2 = 585.647 mm.
Medium Grid: Tetrahedra = 6,483,682; Surface Triangles = 78 540

Mach = 0.75, Re = 5 million, CL.= 0.5, CD=0. pha = +0.013629

Original Code + Limiter Original Code; No Limiter

BUB

EYE_B

EYE_W

226.68

238.383

234.11

BUB

EYE_B

EYE_W

-87.57

-66.429

-73.259

222.528

238.968

PEONZS

-5.469

-7.801

-9.16

-82.114

-66.705

-72.295

-3.724

-7.326

-9.677
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* DLR-F6 + Wing Body (Medium Grid)

ATAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing-Body. without FX2B Farrmg
Sref = 145400 mm?2, cref = 141.2 mm, b/2 = 585.647 mm.
Medium Grid: Tetrahedra = 6,483 ,682; Surface Triangles = 78,540

AIAA DPW-3 (Drag Prediction Workshop), June 2006

DLR-F6 Wing Body. without FX2B Farmg
Sref = 145400 mm2, cref = 141.2 mm, b/2 = 585.647 mm.

Original Code; No limiter Modified Code; No limiter

BUB

EYE_B

EYE_W

222.528

238.968

ZEHRIZS

BUB

EYE_B

EYE_W

-82.114

-66.705

-72.295

224.785

238.878

236.891

-3.724

-7.326

-9.677

-76.465

-66.697

-70.147

-4.279

-7.364
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* DLR-F6 + Wing Body (Medium Grid)

DLR-F6 + Wing Body Original Code
AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5, alpha = -0.118 +
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations

Limiter

——Y--87.85m|:
——Y=-139.87 "
——Y =-194.53 m:
=Y =-221.56 M
—OY =-240.37 1)
-300.09 m |
-373.19m
-496.02 -
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* DLR-F6 + Wing Body (Medium Grid)

DLR-F6 + Wing Body Modified Code
AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5, alpha = -0.101313
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations

No Limiter

Y =-87.85m| |
Y =-139.87m"
——Y =-194.53 m :
——Y =-221.56m
—o—Y = -240.37 |
——Y =-300.09 nj
Y =-373.19m
-496.02 '
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* DLR-F6 + Wing Body (Medium Grid)

DLR-F6 + Wing Body Comparisons of

AIAA Drag Prediction Workshop - 3 (June 3-4, 2006) :
Mach = 0.75, Re = 5 million, CL = 0.5 COde Varlants

Pressure Coefficient (Cp) vs. x/c at Y = -194.53

—+—Y =-194.53 ; Mod; alpha = -0.1013

—+—Y = -194.53; Org; alpha = +0.0136

—=—"Y = -194.53; Org + Limiter; alpha = -
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* DLR-F6 + Wing Body (Medium Grid)

CD (Total)

0.0295

Aircraft Company

Comparisons of Code Variants

“‘Modified” Version is preferred to “Original”
. Limiter is not preferred

DPW-3
DLR-F6 + Wing Body

Mach = 0.75, CL = 0.5, Re = 5.0 €6,
CD (Total) vs. Ncells*(-2/3)

0.0290 +
0.0285
0.0280 +
0.0275
0.0270
0.0265
0.0260 +

0.0255

e Modif (4000)
—=— Original (4000)
—a— Original + Limiter| "

0.0250
0.0E+00

1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
Ncells”(-2/3)

-0.uz
-0.04
-0.06 -
-0.08 -
-0.10
-0.12
-0.14

-0.16

DPW-3
DLR-F6 + Wing Body
Mach = 0.75, CL = 0.5, Re = 5.0 €6,
Alpha vs. Ncells*(-2/3)
0.04

—e— Modif (4000)
—= Original (4000)
0.00 — —a— Original + Limiter

0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05

0.02

Ncells?(-2/3)
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* DLR-F6 + Wing Body (Medium
Grid)

CM (Total)

Comparisons of Code Variants

“‘Modified” Version is preferred to “Original
. Limiter is not preferred

DPW-3
DLR-F6 + Wing Body

Mach = 0.75, CL = 0.5, Re = 5.0 €6,
CM (Total) vs. Ncells*(-2/3)

-0.1000
-0.100u

0.0E+00 2.0E+06 4.0E+06 6.0E+06 8.0E+06 1.0E+07 1.2E+07

-0.1100

-0.1150
-0.1200
-0.1250
-0.1300
-0.1350
-0.1400
-0.1450

-0.1500
Ncells*(-2/3)

Aircraft Company
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), Tune 2006
DLR-F6 Wing Body AIAA DPW-3 (Drag Prediction Workshop), Tune 2006 AIAA DPW-3 (Drag Prediction Workshop), June 2006
) mm2, cref = 141 7mm & DLR-F6 Wing Body, with FX2B Faming

5400 mm2, cr

Tets =11,521,17
Triangles = 136,710
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* DLR-F6 + Wing Body + FX2B Fairing

ATAA DFPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body
Sref= 145400 mm?2, ¢
Coarse Grid : Tetrahedra= 2

Tets = 3,142,28
Triangles = 59,660
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), Tune 2006

Medium

Tets = 6,284,01

Triangles = 80,522
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body, with FX2B Faming
5400 2

Sref= 00 mm2, cre 41.2 mm, b2 = $85.647 mm.

Fine Grid : Tetrahedra = 11,521,175; Surface triangles = 136,710

=11,521,17
= 136,710

Aircraft Company
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* DLR-F6 + Wing Body + FX2B Fairing

Tets =11,521,17
Triangles = 136,710
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body, with FX2B Faming

Sref= 145400 mm?Z, cref = 141.2 mm, b/2 = 585.647 mm.
Mach =075, Re= § million, CL= 0.5, CD = 0.027418, CM =-0.13442, alpha = 0.009468
Coarse Grid : Tetrahedra = 3,142,285; Surface triangles = §9,660

AIAA DPW-3 (Drag Prediction Workshop), June 2006
- F

OO OO OO0 OO

[ A |
OO OO0 OO O
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body, with FX2B Faming

Sref = 145400 mm2, cref = 141.2 mm, b/2 = 585.647 mm.
Mach=0.75, Re= 5 million, CL=0.5, CD= 0.026736, CM = -0.13671, alpha = 0.08757
Medium Grid : Tetrahedra = 6,284,018; Surface triangles = 80,522

AIAA DPW-3 (Drag Prediction Workshop), June 2006

OO OO OO O OO

| R A R A |
OO OO0 000
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* DLR-F6 + Wing Body + FX2B Fairing

AIAA DPW-3 (Drag Prediction Workshop), June 2006
DLR-F6 Wing Body, with FX2B Faming

Sref= 145400 mm?2, cref = 141.2 mm, b/2 = 585.647 mm.
Mach=0.75, Re = S million, CL = 0.5, CD = 0.026629, CM = -0.13708, alpha = 0.0675
Fine Grid : Tetrahedra= 11,521,175; Surface triangles = 136,710

AIAA DPW-3 (Drag Prediction Workshop), June 2006

08, alpha= 0.0675
6,710

OO OO OO O OO

| R A R A |
OO OO0 000

Lt d At St I

Tets =11,521,17
Triangles = 136,710
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* DLR-F6 + Wing Body + FX2B (Coarse Grid)

DLR-F6 + Wing Body + FX2B Fairing Wing Pressures

AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5, alpha = +0.06752
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations Coarse = 3,142,285 cells

—+—Y =-87.85mi"
Y =-139.87 "
—+—Y =-194.53 ]
oY =-221.56
—5—Y =-24037 m .
—+—Y = -300.09 n '

Y =-373.19m
Y =-496.02 nj |
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* DLR-F6 + Wing Body + FX2B (Medium Grid)

DLR-F6 + Wing Body + FX2B Fairing Wi ng Pressures

AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5, alpha = +0.08757
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations Medium = 6,284,018 cells

—+—Y=-87.85mi"
Y =-139.87 m"
——Y =-194.53 .
Y = -221.56
—o—Y = -240.37 |
-300.09 m '
-373.19 m
-496.02 |
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* DLR-F6 + Wing Body + FX2B (Fine Grid)

DLR-F6 + Wing Body + FX2B Fairing Wi ng Pressures

AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5, alpha = +0.06752
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations Fine = 11,521,175 cells

—+—Y =-87.85mi"
Y =-139.87 "
—+—Y=-194.53 m !
——Y =-221.56 )
—o—Y =-240.37 |
-300.09 m *
-373.19m
-496.02 m -
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* DLR-F6 + Wing Body + FX2B
DLR-F6 + Wing Body + FX2B Fairing Grid Converence

AIAA Drag Prediction Workshop - 3 (June 3-4, 2006)
Mach = 0.75, Re = 5 million, CL = 0.5
Pressure Coefficient (Cp) vs. x/c at various wing spanwise sations Coarse = 3,142,285 cells

Medium = 6,284,018 cells

Fine = 11,521,175 cells

—o—Y = -87.85 ; Fine Grid ‘
—#—Y =-194.53 ; Fine Gri¢ !
© Y =-87.85; Medium G| !

Y = -87.85; Coarse Gr '

= -194.53; Medium |

Y = -194.53; Coarse (
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* DLR-F6 + Wing Body + FX2B

Comparisons of Code Variants & Grid Convergence
- “Modified” version is preferred to “Original”
- Limiter is not preferred

DPW-3 DPW-3
DLR-F6 + Wing Body + FX2B DLR-F6 + Wing Body + FX2B
Mach = 0.75, CL = 0.5, Re = 5.0 6, Mach = 0.75, CL = 0.5, Re = 5.0 6,

CD (Total) vs. Ncells*(-2/3) Alpha vs. Ncells?(-2/3)
‘ ‘ 0.20 ‘ ‘ ‘

0.0295

: 1 3 —e— Modif (4000)
0.0290 ~ ; ; | = Original (4000)
0.0285 - : ; ; —a— Original + Limiter

0.18
0.16 ‘
! ! ! ‘ 014 | —e— Modif (4000)
0.0280 - —=— Original (4000)
| : : 1 0.12 4-- - -
0.0275 - . ; ; : - —a— Original + Limiter
‘ : : 0.10 3

0.08

: : o : 0.06 |
0.0260 1 : : 0.04 1

CD (Total)

0.0270 -

0.0265 -

0.0255 - 0.02

0.0250 : : : 1 0.00 : : : i
0.0E+00  1.0E-05 20E-05  3.0E-05 4.0E-05 5.0E-05 0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05

Ncells?(-2/3) Ncells*(-2/3)
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* DLR-F6 + Wing Body + FX2B

Comparisons of Code Variants & Grid Convergence
- “Modified” version is preferred to “Original”
- Limiter is not preferred

DPW-3
DLR-F6 + Wing Body + FX2B
Mach = 0.75, CL = 0.5, Re = 5.0 €6,
CM (Total) vs. Ncells”*(-2/3)

-0.100 :

0.0E+00 1.0E-05 2.0E-05
-0.100

-0.110
-0.115
-0.120
-0.125

CM (Total)

-0.130
-0.135
-0.140
-0.145

-0.150
Ncells”*(-2/3)
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* DLR-F6 + Wing Body + FX2B

DPW-3: DLR-F6 + Wing Body + FX2B Fairing
Sref = 0.1454 m2, cref = 141.2 mm, bref/2 = 585.647 mm
Minf = 0.75, Re = 5x10e6

vs. Alpha

--0.80-

-_—000
-4.0 -3.0 -2.0 -1.0
Alpha (deg)

DPW-3: DLR-F6 + Wing Body + FX2B Fairing
Sref =0.1454 m2, cref = 141.2 mm, bref/2 = 585.647 mm
Xref =157.9 mm, Yref 0.0 mm, Zref =-33.92 mm
Minf =0.75, Re = 5x10e6
CMvs.CL

—o— CM (Total)
‘| —o— M (Pressure)
— CM (Skin Friction)

DLR-F6 + Wing Body + FX2B Fairing
0.1454 m2, cref = 141.2 mm, bref/2 = 585.647 mm
Minf = 0.75, Re = 5x10e6
CDvs.CL

—0— CD (Total)

--|—o— CD (Pressure)

—~— CD (Skin Friction)

Aircraft Company
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e Conclusions
— Bubble detected for DLR-F6 + Wing Body
— No Bubble detected for DLR-F6 + Wing Body + FX2B
— Wing trailing edge separation detected with or without FX2B
— Results obtained under Industrial Conditions!

6/26/06 | Page 31




DPW - 3 Aircraft Company

* Further work
— Solution adaptive grid refinement using RefineMesh (NASA Langley)

Uses unique hole creation algorithm (Pirzadeh)

Generates high quality multilevel grid refinement for unstructured tetrahedra
Smooth transition between refinement levels

Improved estimation of wave drag

Useful in production environment, to reduce grid size & computation time

— Plot Skin Friction Coefficients
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* Thanks for your attention
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