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Objective

Investigate the use of a “Production Navier-Stokes Analysis
System” for CFD Drag Prediction

-Major interest is in the prediction of drag increments

-Use “standard” processes as much as possible
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User input
Geometry lofts

Forces/moments :
Section characteristi¢s
Detailed flow field -

ZEUS/CFL3D

Driver for Surface Grid Generation, Volume Grid Generation,
Navier-Stokes Analysis, and Post-processing

Volume grid input

Surface grid

Surface grids
Connedctivity file

generation

AGPS

Volume grid
generation

Advancing
Front method

Volume drid
Connectivity file

<4—Post-processing® _
Flow solution
Tecplot Grid files
Ensight
GV
Pegasus/TGS
Tinoco

Navier-Stokes
analysis

User input

CFL3D
TLNS3D
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CFL3D - Thin Layer Navier-Stokes Code

Developed at NASA Langley (Jim Thomas, Kyle Anderson, Bob
Biedron, Chris Rumsey, & ...)

Finite volume

Upwind biased and central difference

Multigrid and mesh sequencing for acceleration

Multiblock with 1-1 blocking, patched grid, and overlap-grid

Numerous turbulence models
— Spalart-Almaras SA Model
— Menter’'s k-0 SST Model

Time accurate with dual-time stepping
Runs efficiently on parallel machines through MPI

Limited comparisons also made with:

— TLNS3D - Thin Layer Navier-Stokes Code
— TRANAIR - Full Potential + Coupled Boundary Layer

Tinoco

@_ﬂﬂffﬁa



>

GAIAA.

Applied Aerodynamics TC

Orlando, Florida, June 2003

2"d CFD Drag Prediction Workshop

Typical Wing-Body Grid - 3.9 Mil

Wing K-plane
H-Grid

4 257x37 blocks
+ 1 65x41 block
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Typical Wing-Body-Nacelle-Pylon Grid — 6.2 Million Cells
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F6 Wing- Body Lift and Pltchlng Moment

°:f§ TLNS3D SST Mode!

CFL3D SA Model

ﬂfl CFL3D SA Mode | HEk I

N CFL3D SST Mode! |

| 3.0mcells,

F6 Test Data f:
| solidsym §

" MACH=0.75 ) ¢ 5?#'35 CFL3D SST Mode!

Al'l Turbulent
CFL3D SA Model
CFL3D SST Model
TLNS3D SST Model

TRANAIR ? ‘@¥ | F6 Test Data

;5”_”””_:1””_m ”b'””m”'ﬂ
Angle of Attack

2 ~0.08 -0.12 -0.16 -0.20 -0.24
CM_P - Pitching Moment
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'F6 Wing-Body

/ Cp's at Wrong Y-value

1ol

=0.6}

-0.6}

0.4 0.6
XIGC X0C

Y=140

o | 0.2
0.2

| F6 Wing-Body Configuration

[ y=108 I MACH
symbols test CL=0.498, a=0.

CFL3D CL=0.563, a=0.

--------- CFL3D CL=0.50, a=-0.

49
49
04

-
I 0.2 0.4 0.6
XIC X0C
¥=194 I

0.75
0

Match Angle of Attack
6 Match CL

CL Match

-0.6

0.2

0.6f

1.0

0.6}

Wing Cp’s — Match O or CL?

Test

Y=221 I

TP CL AOA

Onera S2MA 273  0.498 0.490
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0.8

ms—;

0.34

F6 Wing-Body

F6 Wing-Body -
MaCh - 0.75 R HE

: Total
| Wing-Bady

Only

Test Cata Point

WB 273
AOA=0.49
CL=0.4984

O - F6 Test Data
: CFL3D - Match AOA
| ==—=—= CFL3D - Match CL |

b H
Angle-of-Attack

Wlng Cp’s — Match (O or CL?

Tinoco

Wing pressure
agreement raises
question about lift
force.

Agreement with wing
pressures when AOA
is matched tends to
indicate that wing lift

4/ (~0.476) must be

correctly predicted.
The body lift must be
greater than 5% of the
total lift (10-12% is
more typical) thereby
implying that the total
lift at that angle of
attack cannot be
~0.50 but should be

" closer to the

predicted amount!
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Wing-Body Grids

Course Grid 2.1 Million Cells
1st-cell size: y+ ~ 1.25
BL Max-growth rate: 1.4 ~ 1.55
BL Cells: 18

Medium Grid 3.9 Million Cells
1st-cell size: y+ ~ 1.0
BL Max-growth rate: 1.17 ~ 1.24
BL Cells: 36

Fine Grid 8.9 Million Cells
1st-cell size: y+ ~ 1.0
BL Max-growth rate: 1.17 ~ 1.24
BL Cells: 36

Finer Grid 13.2 Million Cells
1st-cell size: y+ ~ 0.8
BL Max-growth rate: 1.17 ~ 1.24
BL Cells: 36

 Grids are not successively refined.

Course Grid 2.1 Million Cells
2A&D
16

Body 48

<Y
®

004% b Wing 00E% b Tip

12 ﬂ 72 w1 25 &0

(221
T X
d

plus imbedded blunt trailing edge gr

Standard Grid 3.9 Million Cells

1 'D)
32

002% b Wing

a03% b Tip

495 y+ =1

0 50 — G
0:-1%:%_9 . :::': X

plus imbedded blunt trailing edge grid

Intermediate Fine Grid 8.9 Million Cells

24 120

plus imbedded blunt trailing edge grid
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CD-CLA2/(pi*AR)

CD-CLA2/(pi*AR)

F6 Wing-Body — Grid Convergence Study

'ﬂ Angle of Attack = 0.49 degrees I ) S

0.02044

All Turbulenl I

0.0202 4

Increased

| Grid Density

on

| Body Aft End

.”.;gﬁulilillilli.. é;”

Wing
Boundary Layer
Tripped at
10% upper
25% lower

0.0198

1.E-05

2, E 05

3.€—05
Grid

4.é-05 5‘EL05 6.5—05
1/NA(2/3)
I INnOCO

Standard grid on body

e —— A

Enhanced body grid

« Mach =0.75
* SA Turbulence Model — All Turbulent
 Grids are not successively refined.

« Each grid was independently
generated to meet target size while
maintaining emphasis on the wing.
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F6 Wing- Body Convergence Hlstory
| Angle of Attack I

Drag Prediction Workshop Il - F6 Wing-Body
Mach = 0.75, CL=0.50
8.9 Million Cells
3.9 Million Cells
2.1 Million Cells

800 900 1000 1100 1200 |1'?E% 1400 1500 1600 1700 1800
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F6 Wing-Body Wing Cp’s — Grid

Size Studies

.4

. CFD at wrong y

-0.6}

0 | 0.2 0.4

0.4 0.6 . 0.6 0 0.2 0.4 0.6 0.8
XIC X0C 0.2 XIC X0C 0.2l XIC XOG
0.8 - F6 Wing-Body Configuration MACH = 0.75 0.6 -
Y=87 ¥=221
symbols test GCL=0.498, a=0.490 -
i CFL3D  CL=0.559. a=0.49 Grid 2.1 All Turb. SA model Test TP CL ADA
1.0l CFL3D  CL=0.569, a=0.49 Grid 3.9M All Turb. SA model 1.0l Onera S2MA 273 0.490 0.490
- CFL3D  CL=0.560, a=0.49 Grid 8.9M All Turb. SA model
A TrTrTr T CFL3D  CL=0.567, A-0.49 Grid 13.2 M All Turb.SA mode! “tar

-0.6

=0.2}

0.6

1.0b 1.0t
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051
cL

0.4

0.3

Wing-Body Drag Polar

CFL3D - SA MODEL

DEL

CFD RESULTS SHIFTED
TO MATCH TEST AT CL=0.50

1

0 Counts

0.2

0.0

Mach=0.75
Al'l Turbulent, 3.9 Million Cells
Shift to Match Test
CFL3D - SST MODEL +15 counts
CFL3D - SA MODEL +10 counts
TLNS3D - SST MODEL +7 counts

0.0

18

U.l

02

0

0.028 0.030 0.034 0.036 0.038

CD

111oOCcO

0.022 0.024 0.026 0.032
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Wing-Body Polar Shape

CFL3D 54 Made

0.5

CL

0.4

0.3

0.2

0.0

0.6] | CFL3D 55T Model Il
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—
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=
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L1}
Lz
-

0.5

E CFD Results Arbitrary Shifted
to Batter Match Tesi Data
at GL=0.50

Mach = 0.75
J.9 M Cells, A Turbulent

0,018 0.019

o . |
0.020 .02 a.022 0.023%
CD-CL*2/(pi+AR)

—————— CFL3D  5A Maodal 10
GFL3D 53T Model 15

B (Eeins ERtEERD,
O [ 6 Tort ara | @ | =o=r=+= TLNSZD SST Wadel 7
Bolid Sym | sessensans TRANAIR 11

0.4
.
8
L
0.3 &
»
[ ]
»
CFD Shifted to :
Match Tes! Data :
Counts e
Counts e
Counts 4 ]
o = —>| iq— 5 Counts
aunts T
»
L ]
g.a - —i -
o.018 d.014 0.020 0. 021 0.022
CO-CL*2/(pi+AR)
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0.0304

0.0300

0.0296

cD

Wing-Body Drag Rise

0.0292 |

CFD Results
Arbitrary Shifted
to Better Match

0.0288 -

0.0284

0.0280 |

| Test Data At Mach=0.75

F6 Test
Solid Sym

Data

0.80

Tinoco

CPITCHING MOMENT | T
-0.22 4= : Exee i btk

Sym O Test Data Shift to Match Drag
Test Data at M=0.75
+10 Counts
+15 Counts

+11 Counts

CFL3D SA Model
CFL3D SST Model
TRANAIR

0.76 0.

0.60 0.64 0.68 0.
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80
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Wing Pressure Distributions — Wing/Body/Nacelle/Pylon

cp

cP

=

o

-0.6

0.2t

-0.6}

0.6f

Solid symbols

F6 Wing-Body-Strut-Nacelle Configuration

test CL=0.498, a=1.003
CFL3D  CL=0.530, a=1.0 Tripped Match AOA
CFL3D CL=0.500, a=.009 Tripped Match CL

CFL3D CL=0.500, a=.378 All turbulent Match CL
Revised Wing-Pylon geometry/grid

-0.2|

Y=241 l

Match CL

Match AOA

-0.6

Y221 I
m Test TP CL ADA
Onera S2A 183  0.498 1.003 WBSN

Tinoco
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Why We Did Not Complete Grid Convergence Study
for Wing-Body-Nacelle-Pylon

Wing Pressures at Y=194
Inboard of Pylon

Increasing grid density
resulted in excessive
flow separation on the
i inboard side of the
nacelle moving the CFD
solution further away
from the experimental
data. Rather than
converging on the
“correct” solution with
increasing grid density
& our solution was

~ diverging. Grid
convergence was
meaningless for our
code in this case.

Test .Da.ta-

Medium Grid - 6.2M |

| Dense Grid - 9.0M |

0.4 x!cﬂ.ﬁ

Pylon Pressures - Inboard I

0.8

0.2

095 PresCoef -0.05

Tinoco (L ooesnve




Applied Aerodynamics TC
2"d CFD Drag Prediction Workshop

Orlando, Florida, June 2003

Wing and Pylon Pressures

‘Wing-Body-Nacelle-Pylon, M=0.75|

"Ning Pressures at Y=194 - Inboard of Pylon I

-1.6

-1.6 - N .
Angle-of-Attack = 0.79 | | Angle-of-Attack = 1.0 | Ang e-of-Attack = 1.7 |
-1.2 =-1.24
cP cp
-0.84} -0.894
K
-0.44F -0.4
0.0 0.0
0.4 - - - - 0.4 - - v
0.0 0.2 0.4 0.6 0.3 1.0 0.0 0.2 0.4 0.6 0.8 1.0
X/C
‘Pylon Pressures
1.2 1.2
-0.8 -0.8
=0.4- -0.4-
: ;,,../_ A
0.0 A 0.0
J tx\\\'s
— ~
| Qutboard I N
0.4 - - \\ - T 1 0.4 r
0 40 80 v 120 160 200 0 40
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Drag Polar - Wlng Body vs Wlng Body Nacelle-Ponn
Mach=0.75

.é;m?Ti WIng BOdY i ——

;' W|ng Tr|pped
|| 10%u, 25%!

[ wing Tripped
| 10%, 25%

Tl T Al Turbulent I R
CL ; - ;.m.m:x:;f:f ST IEEERE

0.56 1

0.524

CFL3D Results for Both
0481 @ et [\ | Wing-Body and Wing-Body-Nacelle-Pylon
¢ Shifted by Amount for
Wing-Body Solutaon
to Match Test Data at CL=0.50
+15 Counts - All Turbulent
+23 Counts - Tripped BL

0.441

ﬁf Sym - Test Data I““” i

0.40 i i I R B ;.I_ig 5][[:2“ T
0.020 0.021 0.022 0.023 0.024 0.025 0.026 0.027 0.028 0.029 0.030 0.031

CDP = CD - CLA2/(pi*AR) (AR=9.5)
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Drag Rise - Wing-Body & Wing-Body-Nacelle-Pylon

0.032]

CD .Hﬁ”
0.0314

f%i 5 Counts f

0.030 "

0.0204

0.028 o

| CFL3D - Medium Grid
3.9 M Cells

0.027 HHH HH B H B HHH ZI

["Wing-Body _f?T”;4;;;;;;5;;;;m;43;”:;:

—

0.036 ]

* |

éé? Sym ©

CL=0.50 Wing-Body Drag § |

TRANA IR

Test Data CFD Shift to Match

Test Data at M=0.75
CFL3D SST Mode! +15 Counts
+11 Counts

'ﬁﬁfﬁ?G;LTﬁﬂf Wing—Body—NaCB|[e‘PY|0”

Test Data At Mach=0.75

CFD Results
Arbitrary Shifted

| CFD Results for Wing-Body-Nacelle-Pylon [
| Shifted by same amount necessary to '
match Wing-Body Data at Mach=0.75

to Better Match

0.030

F6 Test Data |

)

Solid Sym :

CFL3D - Medium Grid |
g 6.2 M Cells :

0.6

0.64

0.6

8 0
MACH

.72

0.76 0.80 0.60 0.64

Tinoco
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Delta Drag Polar Sweep Increment due to Nacelle/Pylon

Mach = 0.75
Delta = (F6 Wing/Body/Nacelle/Pylon) - (F6 Wing/Body)

[ pelta Angle- | sl ”ffff1 Delta Drag Ii? f| Delta Pitching Moment If
. d oi_Attack B -;::::: P e R P I ;:.':.::::.:::: s Sl (e S .:::::::::.'.:;

G.8

CFL3D w/SST Turbulenc

| TRANAIR

Test Dala ?
Solid S!l'l'ﬂ

. 0.2 ey B PP Sueuil B S Sl I Z'Z;ZZ"Z;Z'Z'ZZZZ'Z bl Beb 'ZZ'ZZZ'EZ'

0.2 SESE IS Fh '::I':: i H | E i [ E | : | ; i
0.0 0.4 0.8 0.000 0.002 0.004 0.006 0.008 0.010 0.04 0.00

Anale-of-Attack CD CM
Tinoco @_ﬂﬂffﬁ"’
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Delta Drag Rise Sweep Increment due to Nacelle/Pylon

Drag Rise CL-0.50
Delta = (F6 Wing/Body/NacelleiPylon) - (F6 Wing/Body)

1 Delta Angle-of-Attack ﬁ;":“

0.8

Angle-of-Attack
-

0.60 0.64 0.%8 0:72 D:?S 0.80

— ;; Test Data [
il - -0.08

| solid Sym [ s e e e
— Delta Pitching Moment Iﬁ"
' alEE CM [ S ] FEEE R e

-0.04

0.00 1

| Delta Drag I _ -

0.60 0.54 0.68 0.72 0.76 0.80 0.60 0.64 0.68

72 0.76 0.80
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Concluding Remarks
* A deceptively difficult case
*Miss-match between wing pressure distributions and indicated lift

*Flow separation pocket wing upper surface at side of body and on inboard side
of pylon on Wing/Body/Nacelle/Pylon configuration

» Good results for the Wing/Body configuration
*Minimal grid size sensitivity demonstrated

*Resulted from consistent gridding strategy

*Very important for drag increment prediction
* Disappointing results for Wing/Body/Nacelle/Pylon configuration
*Excessive sensitivity of CFL3D to flow separation on inboard side of pylon
*Better results with a lower order solver (TRANAIR)
You can get the “right” answers for the wrong reasons!!
*Did not complete grid convergence study

*Accurate prediction of difficult flow features is important not only for drag prediction
but also for flight stability and control prediction issues

*\We still have a lot more work to do!
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