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NASA Trap Wing OVERFLOW Analysis Al

Flow Solver and Computing Platform CFD High Lift Prediction Workshop

OVERFLOW MPI version 2.1ad — Default Setup for High Lift Studies
» Roe upwind differencing

Spalart-Allmaras (SA) turbulence model — version “fv3”

full Navier-Stokes

low-Mach preconditioning

steady state

YV V V VYV V

all cases run from scratch (i.e., freestream initial condition)

Parallel Processing on a PC Cluster

» Linux 64bit operating system with 1968 CPUs on 578 nodes

» 120 2.6GHz Opteron dual core nodes with 8GB of RAM

* 80 3.0GHz Xeon dual dual-core nodes with 12GB of RAM

o 112 2.2GHz Opteron dual quad-core nodes with 16GB of RAM
» Config 1 medium grid (25 million points) run on 24 processors

» 18.7 seconds per iteration

* Full convergence reached after 5000 iterations

* Roughly 26 hours of wall clock time needed per case
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NASA Trap Wing OVERFLOW Analysis

Grid Information for “Str-Overset-A-v3”

Structured Overset Grid Systems
» 34 zones for Bracket-Off (28 surface abutting)
» 62 zones for Bracket-On (56 surface abutting)

Config 1 and Config 8 (body-slat-wing-flap)

o/3 c Constant | Growth
_ _ 1/N“°x 10 : .

Grid Points 15t Cell Size y Cells Rate
Coarse 10,653,004 2.07 .00017 in .87 2 1.25
Medium 24,965,818 1.17 .00013 in .66 3 1.18

Fine 83,302,438 0.52 .00009 in 44 4 1.12

Extra-Fine | 281,560,012 0.23 .00006 in .29 6 1.08
Config 1 (body-slat-wing-flap-brackets)
Constant | Growth
_ _ 1/N?B x 10° _ .

Grid Points 15t Cell Size y Cells Rate

Medium 58,175,676 0.67 .00013 in .66 3 1.18
AIAA HiLiftPW-1 Chicago, IL June 2010 Slide 4 of 40
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NASA Trap Wing OVERFLOW Analysis A

A I B
Convergence Hlstorles _ Llft CFD High Lift Prediction Workshop
OVERFLOW Convergence Histories - Lift
. . . . o= 34°
> Config 1 Medium Grid Solutions 3065 AC, = +/- 0.0001
> Slat/Flap Brackets Off ol
> Fully Turbulent, Free Air =
> RN = 4.3 million, Mach = 0.2
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NASA Trap Wing OVERFLOW Analysis A

A Iy B
Convergence H Istorles _ Drag CFD High Lift Prediction Workshop
OVERFLOW Convergence Histories - Drag
: . : . 0.805 o= 34°
> Config 1 Medium Grid Solutions 1 ac,=+-0.0002
> Slat/Flap Brackets Off ‘
> Fully Turbulent, Free Air Ry
> RN = 4.3 million, Mach = 0.2 0802
0.9 : : : : 0-801,066 70100 10200 70300 70400 10500 70600 10700
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
|terat|0n 032866 5160 5200 5300 5400 5500 5600 5700

@Eﬂflﬂﬂ ' AIAA HiLiftPW-1 Chicago, IL June 2010 Slide 6 of 40



NASA Trap Wing OVERFLOW Analysis
Convergence Histories — Pitching Moment
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OVERFLOW Convergence Histories - Pitching Moment

> Config 1 Medium Grid Solutions
> Slat/Flap Brackets Off

> Fully Turbulent, Free Air

> RN = 4.3 million, Mach = 0.2
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NASA Trap Wing OVERFLOW Analysis Al

Convergence Histories — Comparison Tables CFD High Lift Prediction Workshop

Config 1 Force and Moment Plus/Minus “Error Band”

Given as Percent Total

Medium Grid a=13°
o AC, | ACy | ACy grid AC, | ACp | ACy,
13° .03 .05 .06 coarse 01 .03 .02
21° .02 .03 .03 medium .03 .05 .06
28° .03 .07 19 fine .06 13 .16
34° 01 .04 10 extra-fine | 1.01 | 1.45 | 1.33
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NASA Trap Wing OVERFLOW Analysis

Config 1 Residuals

A
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» Slat/Flap Brackets Off body
» Fully Turbulent, Free Air slat
: ——a—— glat_tecap1
> o= 13° wing_tipcap5
flap
» Higher alpha solutions have flap_tipcap2
similar residuals “—— Outer_box
2 2 2 -
— 0 Medium Grid 0 Fine Grid -~ Bl Extra-Fine Grid
D) )
T T
c L o
5 2F G -
E 1 S
2 il M, e - -4
VI | N Q¥
= & =
o -6_ o -
o | o \
~1 48 - "y -
I T s -9
_10_ 1 ! I L Il I L 1 I 10 L 1 I ! ! I ! L I _10 Ll L I L L1 I | - I L1 I L1 I | - - | I
0 2000 4000 6000 0 2000 4000 6000 0 2000 4000 6000 8000 10000 12000
Iteration lteration Iteration
AIAA HiLiftPW-1 Chicago, IL June 2010 Slide 9 of 40
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NASA Trap Wing OVERFLOW Analysis | A
Config 1 Turbulence Model Residuals CFD High Lift Prediction Workshop

Log 10 (L2 norm of RHS)

> Slat/Flap Brackets Off glc;iy
» Fully Turbulent, Free Air ———oa—— slat_tecap1
_ : _ ———————— wing_collar
> RN = 4.3 mil, Mach = 0.2 wing_tipcap5
» o = 13° —  flap
flap_tipcap2
——=a—— outer_box

6 6 6
Medium Grid i Fine Grid i Extra-Fine Grid

» r

1 15 L,
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NASA Trap Wing OVERFLOW Analysis ) -

Just a Reminder ...

>
:
>

21
o
B

When comparing CFD with wind tunnel
data, remember the following.

e Brackets
e Transition
e Walls

e Aeroelastics

@Eﬂflﬂﬂ AIAA HiLiftPW-1 Chicago, IL June 2010
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NASA Trap Wing OVERFLOW Analysis | ATA A
Results CFD High Lift Prediction Workshop
est Case 1

Grid Convergence Study
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Test Case 1 — Grid Convergence Study

Config 1: Total Lift at o = 13°

ATA

/4 — 3
CFD High Lift Prediction Workshop

[

2.08
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2.04

2.00
1.98

1.96

1 .940‘ :
@_ﬂﬂfﬂvs*

coarse

Trap Wing Config 1 OVERFLOW Results: Total Lift

Mach = 0.2, R, = 4.3 million, o = 13°

|
|
rll

202 =\

III]II

i t/ NASA LaRC 14x22 Test 518
T ] | | ! : E

$A Turﬁulencd Modelf i I
. Full Navier-Stokes | |

Lift Coefficient !

:CL dr;ops by 06 (~’3:,%) gioingi

fromifine to extra-fine grid

O

Bubble Size

Fliap SOE Sepalrationi

0.2

0.4

0.6

1.0 1.2 1.4 1.6 1.8
1N x 10°

AIAA HiLiftPW-1

2.0

2

extra-fine

» Extra-fine grid solution represents a severe break
in the grid convergence plot.
 Extent of inboard flap separation may be related.
» Extrapolating from medium and fine grid Cs gives
2.023 at the continuum, ~1% less than experiment.

Flap SOB Separation Bubble AY (% semi-span)

Z » Flap TE separation is reduced with grid refinement.

Chicago, IL June 2010 Slide 13 of 40



Test Case 1 — Grid Convergence Study

Config 1 and Config 8: Total Lift at o = 13°

Trap Wing OVERFLOW Results: Total Lift

Mach = 0.2, Ry, = 4.3 million, o = 13°
2.10 ; :

: SA Turbulence Model ! ' |
i . Full Navier-Stokes | i I
T S S T S S
1] e e SRR I
: T conign |
DY SN o N O U S SO SO SO N O
°T ASA LaRC 14x22 Test 513 ! |
_I B 1 1 I I ] 1 I
o i : : . : : : :
PPN NS 70 S SN N NN N S S S S
' — L | i
1) EEEEE P R S RR— U, M —— R o
- :Conflg
7| SN G SO SRR RN U N S O -
1-7%_0I | | ' 1 | | I [ 1 I | ] ' | 1 | I l 1 | i 1 | I 1 1 | I [ | | ' | 1 ' | ]

02 04 06 08 10 12 14 16 18 20 22
1/N** x 10° _
» Config 8 extra-fine grid solution shows a similar break

in lift but the inboard flap separation is relatively small.

» The drop in lift at a = 13° going from the fine grid
to the extra-fine grid does not appear to be driven
by inboard flap separation.
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Test Case 1 — Grid Convergence Study A

i Y
. . _ 0 . ) -
Sectlon C| Com parlson at o= 13 CFD High Lift Prediction Workshop
Config 1 Config 8
24— 24—
22 22
2.0 F 20
1.8 18F
1.6 - 18k
141 14F
O 1.2F O 1.2F
1.0F 1.0
- Fine Grid, Slat - Fine Grid, Slat
— E ——o—— Fine Grid, Wing 0.8 E ——o—— Fine Grid, Wing
06 ——=—— Fine Grid, Flap 0.6 = ——=—— Fine Grid, Flap
il ---a---  Extra-Fine Grid, Slat il ---a---  Extra-Fine Grid, Slat
04 L -m=0=-- Extra-Fine Grid, Wing 0.4 -==0--- Extra-Fine Grid, Wing
A it Extra-Fine Grid, Flap T it Extra-Fine Grid, Flap
02F 0.2
00:|III|IIII|I|Il|lIIJ[|I|I|IIII|I|II]IIII|JI|I| 00:|III|IIII|I|Il|lIIJ[|I|I|IIII|I|II]IIII|JI|I|
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Y (inches) Y (inches)

» The extra-fine grid solution has reduced loading across the entire semi-span for all three
elements.
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Test Case 1 — Grid Convergence Study |JAFA,

COnﬁg 1: Total Lift at o = 28° CFD High Lift Prediction Workshop

[

coarse

Trap Wing Config 1 OVERFLOW Results: Total Lift

o Mach = 0.2, R, = 4.3 million, o = 28° extra-fine
' ' SA Turbulence Model '
- ! i Full Navier-Stokes '
30 :‘/‘N‘A“S‘A‘L‘aéc14x22"|"el:s‘t‘5:lé AAAAAAA :L ............... ‘:. ................
2_9.:_ .............. E .iﬂe. ,E SN, USSR
P TSR (. . NS S N
2.7 - --------------------------------------------------------------------------------------------------
QO 26 e e end
25F ot} C.drops by .72 (~25%) going ...
B ! from finé to extra-fine grid . . .
) S R 3 e A Jnbiaietk > Extra-fine grid solution represents an extremely
: large break in the grid convergence plot.
P R . o ,
. ; { ; 5 5 * Surface streamlines show main wing flow separation
Y I - b T SR P becsm sy (early stall).
21; ' 5 P . T » The coarse, medium, and fine grid C, agrees
o0 R o 2 30 very well with test data.
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Test Case 1 — Grid Convergence Study ATAA
Config 1 Lift Curve Comparison — Grid Effect CFD High Lif Prediction Workshop

Trap Wing Config 1 Lift Curve

Mach =
9@ T—rogsssrmpees e e e e e e T e R e e
30 -1 —*— LaRC 14x22
|| =---o--- OVERFLOW, Medium
28 |—- O OVERFLOW, Coarse
= o OVERFLOW, Fine
26 b—- A OVERFLOW, Extra-Fine

—————————————————————————————————————————————————

'+ 1 | Extra-fine grid data may represent a b
R e = e e . SRS e
. | second solution at the two alphas analyzed. P

» Currently running o = 13° further

0.8 [—--d--mbomesdei e Wl try restarting to get to 28° S e
0.6 | | | | | ‘ | I | I | ' | ' | ' | ' | ' | ' ] ' | | | ' | l | ' | | | | | I

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
o (deg)
@Eﬂflﬂﬂ | AIAA HiLiftPW-1 Chicago, IL June 2010 Slide 17 of 40




Test Case 1 — Grid Convergence Study

Config 1: Total Drag & Pitching Moment

A

/4
CFD High Lift Prediction Workshop

N
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Trap Wing Config 1 OVERFLOW Results: Total Drag

0.345 " - - -
) | i SA Turbulence Model )
| Full N.avier~$ltokes

:098 "_H____F_ﬂ NASA LaRC 14x22 Test 513 TR

[ ] 1 | ) ; | :
B A :

0.325

Mach = 0.2, R,, = 4.3 million, & = 13°

I 550 éou néts

W PN FEW P W I Sl I I

0.31%_0

Trap Wing Config 1 OVERFLOW Results: Total Pitching Mom

[ L
0.2 0.4 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.
1/N*® x 10°

Mach = 0.2, R, = 4.3 million, & = 13°

0.470

-0.475 =

SA Turbulence Model
| Full Navier-Stokes

-0.485 SN T

T

g s ez ncdy

-0.500 |

-0.505 |-

i ﬁ NASA LaRC 14x22 Test 513
| ] I I i ]

TR ISP WA WP PP WOrll U O T

-0.5!00_'0

@aﬂflﬂa |

02 04 06 08 1.0 12 14 16 18 20
1/N*® x 10°

2,

AIAA HiLiftPW-1

) L ] [ IFSTOE AR B
0'4%.0 02 04 085 08

Trap Wing Config 1 OVERFLOW Results: Total Drag

Drag

070 Mach = 0.2, R, = 4.3 million, o = 28°
’ ' SA Turbulence Model
| Full Navier-Stokes i
; ! ! -

0'66 SRS S PO

0.64 |-

0.60 |-

NASA LaRC 14x22 Test 513

I 200 couéntsé

Coarse, medium, and fine grid
drag levels agree reasonably
well with experiment.

» At 13°, grid-converged
drag is under-predicted by
about 45 counts (~1.3%).

» At 28°, grid-converged
drag is under-predicted by
about 50 counts (~0.8%).

The extra-fine grid data
breaks away from the linear
trend indicating asymptotic

' Loy o B B B5a 3 | B i
0'560.0 0.6 0.8 1.2 1.4 1.6 1.8 2.0

1.0
1/IN*® x 10°

22 grid convergence is not

achieved.

Trap Wing Config 1 OVERFLOW Results: Total Pitching Moment

Mach = 0.2, R,, = 4.3 million, & = 28°

-0.26
i SA Turbulence Model
| Full Navier-Stokes
0.28 - A h !
-0.30 -
-0.32 |-
0.34 |-

'NASA LaRC 14x22 Test 513

i WP P WOl LI WO T

Pitching Moment

Coarse, medium, and fine grid
pitching moment data is not
linear at 13°.

The extra-fine grid pitch break
Is nose-up for both alphas.

* At 13°, nose-up break
most likely driven by
reduced C,.

» At 28°, nose-up break
caused by outboard wing
separation.

I1.0. 12 14 16 18 20 I

1IN x 10°
Chicago, IL June 2010
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at o = 13°, 77 = .17  cF° HanLift rediction Workshop

Trap Wing Config1 Pressure Comparison —————— coarse C_=2.013
——— medium C =2.021
LaRC 14x22 vs OVERFLOW — T C =2.022

extra-fine C =18862
0 LaRC 14x22 C =2.047

RN, ,,c = 4.3 million, Mach = 0.2, o= 13°

Medium Grid ) = - - -5
Solution Shown R -

=7

S iy

0;5 (M15 20 25 30 35 40 j{}

L X (inches)
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at o = 13°, 77 = .65  crorian ift rediction workshop

Trap Wing Config1 Pressure Comparison ——— coarse C_=2.013
_— di C =2.021
LaRC 14x22 vs OVERFLOW e ca202

extra-fine C =1.962
0O LaRC 14x22 C, =2.047

RN, = 4.3 million, Mach = 0.2, o= 13°

Medium Grid n-.98 I
Solution Shown n=95 - m=.65
c
1 P =.85

75

X (inches)
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at o = 13°, ;7 = .95  crorian ift rediction workshop

Trap Wing Config1 Pressure Comparison ——— coarse C_=2.013
_— di C =2.021
LaRC 14x22 vs OVERFLOW e ca202

extra-fine C =1.962

i o
RNy\c = 4.3 million, Mach=0.2, o.=13 O LaBE S 0 <A

Medium Grid n=.98 e 5
Solution Shown n=.95 j m=.95

C
1p =.85

X (inches)
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at o = 13°, ;7 = .98  crorian ift rediction workshop

Trap Wing Config1 Pressure Comparison ——— coarse C_=2.013
_— di C =2.021
LaRC 14x22 vs OVERFLOW e ca202

extra-fine C =1.962
0O LaRC 14x22 C, =2.047

RN, = 4.3 million, Mach = 0.2, o= 13°

Medium Grid mn=.98

Solution Shown n=.95 i n= 98 0o )
C I oo
1 P =.85 a4l s]
al
§ 2|
aF
: (u} ;
0 F———++—
o
n=.17 i
oL

X (inches)
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at Flap Forward Spagf® et predeton virkanop

Trap Wing Config1 Pressure Comparison coarse C =2013
————— medium C, =2.021
LaRC 14x22 vs OVERFLOW S—— C =2.022
- illi — — 1R° extra-fine C =1.964
RNyjac = 4.3 million, Mach=0.2, oo.=13 O LaRC14x22 ©, =2.047
g W Flap Forward Span
~ o
Cp s .
1 35
B [m]
3.0
825
20k
15k
_10_IIIIIIIIIIIIIIIIllllllllllrllllllllIIIIIIIIII
"0 10 20 30 40 50 60 70 80 90

Y (inches)
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Test Case 1 — Grid Convergence Study Al

Config 1: Pressure Comparison at Flap Aft Span GFD High Lift Prediction Warkshop

Trap Wing Config1 Pressure Comparison coarse C_=2013
————— medium C =2.021
LaRC 14x22 vs OVERFLOW — fine G =2:022
- illi — — {10 extra-fine C =1.964
RNy\c = 4.3 million, Mach=0.2, o.=13 O LG G a0y
Medium Grid 20
Solution Shown Flap Aft Span
Cp 3
1
15
1.0
o
o |
0.5
00|
05 IIIIIIIIIIIIIIIIIlllllllllrllllllllllIIIIIIII
0 10 20 30 40 50 60 70 80 90

Y (inches)
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NASA Trap Wing OVERFLOW Analysis |ATA A

Skln Frlctlon for Conflg 8’ o= 130 CFD High Lift Prediction Workshop

>
-

Fine Grid

0.014
g.012
0.010
0.008
0.006
0.004
0.002
0.000

Extra-Fine Grid
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NASA Trap Wing OVERFLOW Analysis
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ReSU|tS CFD High Lift Prediction Worksho

Test Case 2
Flap Deflection Prediction Study
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Test Case 2 — Flap Deflection Prediction Study @JAYAA
Drag Comparison: C, vs Cpand C, vs Cp-C,%/7AR

!|||>

CFD High Lift Prediction Workshop

Trap Wing Drag Polar
Mach 0 2, Fu[ly Turbulem Medmm Grid (25 OM pomts) No Brackels

o e B Rl bttty Seatihasnasipubtin b, b bt 4.5 ot et
400
3.0 -----1-1 ——e—— LaRC 14x22, Config 1 |-4-------F-mmm-tommmmmd oo coboe oo =g ---f-
——e—— LaRC 14x22, Config 8 /
-im:-O-= OVERFLOW, Config 1 4
s i ~--g--— OVERFLOW, Config8 | 1"~~~ 77771777

2.6

2.4

22

2.0

1.8

1.6

1.4

1.2
015 020 025 030 035 040 045 050

Co

055 060 065 070 075 0.80

By removing idealized induced drag, a more detailed
polar comparison can be made.

» LaRC data show cross-over C, to be at 1.5, above
which Config 8 has higher drag

» OVERFLOW C, cross-overis at 2.4

» Larger difference seen in Config 8 polar

@Eﬂflﬂﬂ ' AIAA HiLiftPW-1 Chicago, IL

“Idealized” Drag Polar

1 e T —
2.8
2.6 ___________________________
2.4 ]
29 _____J:__'Z ______________________________________
] l ——e—— LaRC 14x22, Config 1
— - o~ - - OVERFLOW, Config 1 | !
1.8F----V¢---- +---{ —e—— LaRC 14x22, Config 8 |-!
| — -0~ -- OVERFLOW, Config 8 |
S 1.6

0.2
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11
C,-C:/mAR
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CFD High Lift Prediction Workshop

Trap Wing Drag Polar
0.2, Fully Turbulent, Medium Grid (25.0M points), No Brackets

Mach

Test Case 2 — Flap Deflection Prediction Study @

Drag Comparison: Cp Vs «
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CFD High Lift Prediction Workshop
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CFD High Lift Prediction Workshop

Test Case 2 — Flap Deflection Prediction Study @

Pitching Moment Comparison: Cy, VS «

Trap Wing Pitching Moment
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Test Case 2 — Flap Deflection Prediction Study @JAXAA.
Minimum Pressure Comparison: Config 1 CFD High Lift Prediction Workshop
Trap Wing Config 1 OVERFLOW Results
RN = 4.3 million, Mach = 0.2, Medium Grid, No Brackets
Wing Flap
-26: __________________ -26: __________________
:22 E i;22 s alpha=6

of- s

-16 -16 - alpha = 34

- - alpha = 35

ol 141 14 alpha = 36

o - £zl &£ a2k alpha = 37

(@) s O i — — — — 0.7 vacuum

8 8
6 6

4 <

2k L2 —

0 0

0 01 0203 04 050607 0809 1.0 11 001 02 03 04 0506 0.7 08 09 10 11 2.0 0.1 0.2 0.3 04 05 06 0.7 0.8 09 1.0 1.1
Semi-Span (Y/b/2) Semi-Span (Y/b/2) Semi-Span (Y/b/2)

Using J. P. Mayer’s 0.7 vacuum (M?, C, = -1) presented by A.M.O. Smith*

» Slat suction pressure reaches 0.7 vacuum (C, = -25) at 36° < a. < 37°

» Critical semi-span stationisn = 0.8

» Stall appears to be driven by the slat = slat stalls first followed by wing

*Smith, A. M. O., “High Lift Aerodynamics”, 37t Wright Borthers Lecture, Vol. 12 No. 6, JOA, June 1975
@Eﬂflﬂﬂ ' AIAA HiLiftPW-1 Chicago, IL June 2010 Slide 32 of 40



>
B
>

NASA Trap Wing OVERFLOW Analysis
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ReSU|tS CFD High Lift Prediction Worksho

Test Case 3
Slat and Flap Support Effects Study
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Test Case 3 — Support Effects Study |AJTA A
Conflg 1 BraCket G”dS* CFD High Lift Prediction Workshop
” 4 Flap Brackets 6 Slat Brackets

Medium Grid Sizes
» Bracket-off = 25.0 million

 Bracket-off with refined c-mesh grids = 47.0 million

» Bracket-on with refined c-mesh grids = 58.2 million

* Bracket grids built by Leonel Serrano and Neal Harrison
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Test Case 3 — Support Effects Study
Drag and Pitching Moment Comparison

A

/4
CFD High Lift Prediction Workshop

N
>

Trap Wing Drag Polar

P N Mach = 0.2, Fully Turbulent, Medium Grid
i ——e—— LaRC 14x22, Conlig 1 I oo
30 bonmo -—-O--- OVERFLOW,Config 1 |..__i . ... .i...._...l.._... oA ,,-" .....
| —=r-=- COVERFLOW, Config 1 + Brackets i
b T cnmmums___g l > Bracket_s increase drag by 50 to 200 counts
B ' ' ' ' ' : i ‘ depending on C_
o~ » Brackets drive pitching moment less negative
o (nose-up)
24 -
2.2
| | _ Trap Wing Pitching Moment
PR I35 Y Y PO P S— S S S S SR . s Mach = 0.2, Fully Turbulent, Medium Gri
i ; ; : : : : ; : : i Y
1.8 N T T Y N T N S T N T T T T O T S N A T | =
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 B
C 28 —
3 B
26 :—
24 [~
O_l 22 ;__ I,l“
2.0 :— l-!_ --
Y e ——=—— LaRC 14x22, Config 1 :l
B - === OVERFLOW, Config 1 : . i
i -—-cr-- OVERFLOW, Config1+Brackets | | 1 1
- | : -
14 :—
1I2:IIIIiII|IiIIIIillfl!‘llllillllillllil lliIIIIIIIIII.I
-0.10 -0.15 -0.20 -0.25 -0.30 -0.35 -0.40 -0.45 -0.50 -0.55 -0.60
CM
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Test Case 3 — Support Effects Study | ATA A

Skin Friction and Surface Streamline Comparison o tish it Prediction workshop

>
-

Brackets Off
o =28°
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Test Case 3 — Support Effects Study Al

Pressure Comparison at o = 280, n= 50% CFD High Lift Prediction Workshop

Trap Wing Config1 Pressure Comparison
medium C, =2.904

LaRC 14x22 vs OVERFLOW medium + brackets C,_=2.820
RN, = 4.3 million, Mach = 0.2, o = 28° 0 LACRER G-

Wing Upper Surface
Skin Friction
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

n=.50

=80
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NASA Trap Wing OVERFLOW Analysis
Conclusions

A

>
-

Test Case 1 — Grid Convergence Study

%
CFD High Lift Prediction Workshop

» The extra-fine grid produces solutions that appear to be in a different family than
the coarse, medium, and fine grid.

hysteresis may be the cause ... additional runs are being made

» The coarse, medium, and fine grid C, results are close to linear when plotted
against 1/N?® and agree reasonably well with test data.
» In general, pressures are in good agreement with test data.

wing and flap pressures at the tip are the exception

flap trailing-edge pressures predicted best by extra-fine grid

Test Case 2 — Flap Deflection Prediction Study

» Config 1 lift, drag, and pitching moment agree well with test data through stall.
C_max IS Over-predicted by 2%

» More discrepancy seen in the Config 8 force and moment data comparison.

Test Case 3 — Slat and Flap Support Effects Study

» Bracket-on results move away from test data indicating the bracket-off data is not
as good as it appears.
@aaflﬂa

» As with the extra-fine grid solutions, adding the supports leads to early stall.
AIAA HiLiftPW-1

Chicago, IL

June 2010
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NASA Trap Wing OVERFLOW Analysis | ATA A
Futu re Work CFD High Lift Prediction Workshop
» Hysteresis, extra-fine grid solutions
» Brackets
o Laminar flow
o Off-body grid refinement at tip
» SA with Rotational and Curvature Correction (SARC)
' I Flap Forward Span ’ 5 n=.98 S
351 _4:_ g 90
30 -3 _
8-2.5 :— 8 oL
20k
- r
s :
i oL
530
105962030 40 50 60 70 80 80

Y (inches) 1= X (inches)
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