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Overview

* Main goals of this summary
— learn trends
— make note of outliers
— perform statistical analysis
 Many participants did not complete their

study by the deadline, so corrections &
additions will no doubt be coming



Participants

ID Code Type Grid Turb Other
002.1 FUN3D uns D SA

002.2 CFL3D str A SA

003.1 Overflow ovr E SA Incl trans
003.2 Overflow ovr E SA-RC

003.3 Overflow ovr E SA-QCR2000 | Incl trans
004 CFD++ uns B+nc |SA-RC

005.1 HIFUN uns A SA

005.2 HIFUN uns B SA

006 FUN3D uns D SA-RC

007.1 CFLOW uns C SA

007.2 UG3 uns C SA

008 CRUNCH |uns D SST

009 Overflow ovr E SA

010.1 CFD++ uns A+C SA
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Participants

ID Code Type Grid Turb Other
010.2 CFD++ uns A SST

010.3 CFD++ uns A K-e-Rt

011.1 NSMB str A SA

011.2 NSMB str A SA-Edwards

012 PowerFlow | Ib nc LBM-VLES C3 only
013 UPACS str A SA-noft2-R

014 UNICORN |uns nc SGS Adapt, C2b
015.1 CFX uns B (nobrk) | SST/GRET Incl trans
015.2 FLUENT uns B (nobrk) | SST/GRET Incl trans
016 ELSA ovr E SA

017 COBRA str nc SA

018 VULCAN | str A Wilcox1988 case4: SST
020 Overflow ovr E SA-noft2-RC

021 TAU uns B SA Incl C3
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Participants

ID Code Type Grid Turb Other
022 PHASTA uns nc SA

023 NSU3D uns D SA

024.1 EDGE uns B EARSM

024.2 EDGE uns B SA

025 NSU3D uns nc Wilcox1988

026 MFLOW str A SA Incl C3
028 FLUENT uns A+B SA-RC

029 XFLOW Ib nc WMLES

str=structured

uns=unstructured A,B,C,D,E = committee grids

ovr=overset (str) nc=non-committee grid created by participant
|Ib=Ilattice boltzmann
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Summary
* Grid type:

— 13 structured/overset
— 21 unstructured
— 2 Lattice-Boltzmann
e Grids:
— 11 used A, 8 used B, 3 used C, 4 used D, 6 used E
— 7 made their own

e Turbulence models:

— 25 used SA or variant

— 4 used SST or variant
— 4 other RANS
— 3 scale-resolving type



Cases

Case 1

— Re=15.1 M, fully turbulent, no brackets
Case 2

— a) Re=1.35 M, fully turbulent, w brackets
— b) Re=15.1 M, fully turbulent, w brackets
— ¢) Re=1.35 M, transitional w brackets
Case 3

— a) Re=1.35 M, w brackets+bundles

— b) Re=15.1 M, w brackets+bundles

Case 4

— Turbulence model 2-D verification study



Case 4 Turb model verification

i Close-up of Bump

0.08 |-

adiabatic solid wall

0.06 -

0.04

002 symmetry

0.021-  start of plate at x=0 end of plate at x=1.5
I T T YR EEENE BTN BN SNSRI BRI
0 0.2 0.4 0.6 XO.8 1 1.2 1.4 1.6

This case also used in DPW-5 (see AIAA-2013-0046)
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Case 4 Turb model verification

SA model
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Very small difference between 007.1 result and
TMR website; during talk, it was noted that BCs

need to be corrected and results resubmitted
HiLiftPW-2, San Diego, 6/2013
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Accurate min distance is
particularly important for SA model

Minimum distance to nearest wall

Green length is correct
Red lengths are inaccurate

field point

/ \ lid wall

this location may lie
BETWEEN grid points

Note: depending on the code, the field
point may be at a grid point or a cell center

Minimum distance to nearest wall

Green length is correct
Red lengths are inaccurate
Pink length is incorrect

field point

/

\

this location may lie
BETWEEN grid points

solid wall

Note: depending on the code, the field
point may be at a grid point or a cell center

HiLiftPW-2, San Diego, 6/2013
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DLR F11 EUROLIFT landing configuration

HiLiftPW-2, San Diego, 6/2013




Case 1, Lift curve

Case 1 {no brackets) using coarse grid Case 1 (no brackets) using medium grid
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Case 1, Drag polar

Case 1 {no brackets)

using coarse grid

Case 1 (no brackets)

using medium grid
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Case 1, Moment polar

Case 1 {no brackets)

using coarse grid

Case 1 {no brackets)

using medium grid
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Case 1 Lift curve with variation, M

3.5

Case 1 (lno bracklets)

using medium grid
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HiLiftPW-2, San Diego, 6/2013

Those above exp lift curve reported very small
variations; those below reported larger variations
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Case 1 Drag polar with variation, M

using medium grid
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Case 1 Moment polar with variation, M
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Case 1 Grid convergence, AoA=7

read
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Case 1 Grid convergence, AOA
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Case 1 Grid convergence, AoA=18.5
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Case 1 Grid convergence, AoA=20
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Case 1 Grid convergence, AoA=21
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Case 1 Grid convergence, AoA=22.4

HiLiftPW-2, San Diego, 6/2013
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Case 1 Iterative convergence, AOA=7/

2.1 — 002.1 case1 FT medium ALPHA=7 no tracks — 002.1 case1 FT medium ALPHA=7 no tracks
—— 002.2 case1 FT medium ALPHA=7 no tracks 1 03 — —— 002.2 case1 FT medium ALPHA=7 no tracks
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Case 1 Iterative convergence, AOA=7/

2.1 ———— 006 case1 FT medium ALPHA=7 no tracks
— 007.1 case1 FT medium ALPHA=7 no fracks
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Case 1 Iterative convergence, AOA=7/

010.2 case1 FT medium ALPHA=7 no tracks — 010.2 case1 FT medium ALPHA=7 no tracks
——— 010.3 case1 FT medium ALPHA=7 no tracks 12 010.3 case1 FT medium ALPHA=7 no tracks
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Case 1 Iterative convergence, AOA=7/

016 case1 FT medium ALPHA=7 no tracks
020 case1 FT medium ALPHA=7 no tracks 4
022 case1 FT medium ALPHA=7 no tracks 10
023 casel1 FT medium ALPHA=7 no tracks
024.1 case1 FT medium ALPHA=7 no tracks 2
024.2 case1 FT medium ALPHA=7 no tracks 10

2.1

2.05

016 case1 FT medium ALPHA=7 no tracks
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10 ———— 024.1 case1 FT medium ALPHA=7 no tracks
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GREEN (022) — time accurate
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Case 1 Iterative convergence, A0OA=16

2.85

2.8

2.7

2.65

2.6

2.55

002.1 case1 FT meduim ALPHA=16 no tracks
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004 casel1 FT medium ALPHA=16 no tracks
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Case 1 Iterative convergence, A0OA=16

2.85 006 case1 FT meduim ALPHA=16 no tracks
007.1 case1 FT meduim ALPHA=16 no tracks
— 007.2 case1 FT meduim ALPHA=16 no tracks
2.8 —— 009 casel1 FT medium ALPHA=16 no tracks
010.1 case1 FT medium ALPHA=16 no tracks
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Case 1 Iterative convergence, A0OA=16

010.2 case1 FT medium ALPHA=16 no tracks
——— 010.3 case1 FT medium ALPHA=16 no tracks
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Case 1 Iterative convergence, A0OA=16

2.85

2.8

2.7

2.65

2.6

2.55

020 case1 FT medium ALPHA=16 no tracks
022 case1 FT meduim ALPHA=16 no tracks
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Iterative convergence summary
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o
d

-0.02 F——= N —
0.04F -
. E 004 \l 2'05: delta CL = 0.01
-0.06 i (not incIudirE results with [
0.08k | | significant oscillatory behavior) er
- 005.2 _
_0.11111111111111111111111111111 1_95_
o [
1.9F N \
As a guess, a final slope of +-0.02 might yield an 1.85] \ >
iterative error on the order of CL=0.01 : \ _4\\_0
HiLiftPW-2, San Diego, 6/2013 18— fE05 2805  GE05
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Case 1 Iterative convergence, AoA=20

002.1 case1 FT medium ALPHA=20 no tracks - OPTIONAL
002.2 case1 FT medium ALPHA=20 no tracks - OPTIONAL
004 case1 FT medium ALPHA=20 no tracks - OPTIONAL

o
ol

27— —02 04 06 08 1

normalized iterations

Fall
S

Il

HiLiftPW-2, San Diego, 6/2013

006 case1 FT medium ALPHA=20 no tracks - OPTIONAL
007.1 case1 FT medium ALPHA=20 no tracks - OPTIONAL
007.2 case1 FT medium ALPHA=20 no tracks - OPTIONAL
009 case1 FT medium ALPHA=20 no tracks

P il g b0 o i bt N
, e A
[ ————
1 | 1 0-2 L L 1 0.4 L 1 1 0.6 1 1 1 0.8 1 | | 1

normalized iterations
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Case 1 Iterative convergence

* Some of the results for Case 1 may not have
been converged sufficiently

— 4 of 35 cases at AoA=7 and 16 are suspect

— Most participants did not report iterative
convergence for higher (optional) AoA’s

* About half of participants’ residuals “hang”



Case 1 Velocity, AoA=7, 1B1

AN

|57 L QN N N [ M RS N FRR) [7IS N DNN X N G UL R TR FEA DO B FEN ESR SN [ XE) NER BN TR P PR R RN

»
S

~
=
A—
oF
o

0.8

HiLiftPW-2, San Diego, 6/2013

1
u/Uinf

12

Note: All vel results on
medium grids except
021, which only
provided fine
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Case 1 Velocity, AoA=7, 1B2

of
10}
20}
E 003.1 & 003.2
30}
40}
— 1.2 1.4 16 1.8
u/Uinf

HiLiftPW-2, San Diego, 6/2013

OVERFLOW files had issue
with Tecplot’s interpolation
postprocessing. This affected
003.1 and 003.2. Problem
was overcome in 020 using
Fieldview.

In remaining vel figures, 003.1
and 003.2 not plotted.
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Case 1 Velocity, AoA=7, 1C1

>

10F

10} 7
-20 : /
30 F

i g
O it | 022

40}

08 1 12 14 18
u/Uinf

HiLiftPW-2, San Diego, 6/2013 37




Case 1 Velocity, AoA=7, 1D1

|
i /
R

IO.81 |

HiLiftPW-2, San Diego, 6/2013

| 1 | |

EVEE
u/Uinf

11.4I ] |

>
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Case 1 Velocity, AoA=7, 2B1

>

10
0
| Artifact
=== 18 2
u/Uinf

HiLiftPW-2, San Diego, 6/2013 39



Case 1 Velocity, AoA=7, 2B2

>

10

0

=== 18 2
u/Uinf

HiLiftPW-2, San Diego, 6/2013 40



Case 1 Velocity, AoA=7, 2D1

>

125 13 135 14 145 15 155
u/Uinf

HiLiftPW-2, San Diego, 6/2013 41



Case 1 Velocity, AoA=7, 2E1

HiLiftPW-2, San Diego, 6/2013

0
Annauhozz/
-10/
&
022
 ——
06 08 1 12z 14
u/Uinf

>
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Case 1 Velocity, AoA=7, 2E2

T2

Ry 2
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u/Uinf

0.6

o
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Case 1 Velocity, AoA=7, 3E1

>

20

10

0

06 08 1 12 14 18
u/Uinf

HiLiftPW-2, San Diego, 6/2013 44



Case 1 Velocity, AoA=7, 3E2

>

10

\\

: 0071 é

L /
=
//‘é?

(@)
> M T AZS TR

—
10 ==
3 titact in 022
O L 10.2l | |0.4 IO.6I | I0.8| | - 1 | | I1.2| )
u/Uinf
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Grid type effect on velocity, AoA=7, 2D1

>

(ignoring 003.1,003.2)

15

- bold: structured grids

10

13 135 14 145 15 155
u/Uinf
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Grid type effect on velocity, AoA=7, 2D1

(ignoring 003.1,003.2) /
15
- bold: unstructured gri*s
10
I 007.1 (grid Q)
[ 022 (nc '
5 e
= \\
0

13 135 14 145 15 155
u/Uinf

HiLiftPW-2, San Diego, 6/2013 47



Grid type effect on velocity, AoA=7, 2D1

(ignoring 003.1,003.2)

>

15

| (FINE)

" bold: unstructured grjds

10

Most FINE unstructured
grids still do not resolve
wake

nc)

1.3 135 1.4
u/Uinf

HiLiftPW-2, San Diego, 6/2013

]i.45|| | I1.5I | I‘Il.55
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Grid type effect on velocity, AoA=7, 3E1

(ignoring 003.1,003.2,009)

25 \\ ) 1
20 ' bold: structured grids

)

>

10
R —
e | —
5
II' | | | | | | | | | | | | | | |
0.6 0.8 1 1.2 1.4
u/Uinf
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Grid type effect on velocity, AoA=7, 3E1

(ignoring 003.1,003.2,009)

>

25

20 bold: unstructured grids

15

10

O-6I | I0-81 | | 1 | | 11.21 | I1.4I | |
u/Uinf
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Comparison of grid cuts over flap, y=979.596

Fine grids

L TSN = R
i

N

N

PRSI S =N
S A DS
fm&"ﬁi’im;ﬂ; i AN
A5 S iy
%yﬁ?,’#; N ?‘x N Y

127
N

‘g\"‘ %
=\
QA

X

XS IPEZ
AV
K a‘:!‘.'

K

\Vi Av//AVEA sqy/ v;!“
e g,v'séx\v%‘%%i@%
\V,vr‘ ,/1{!1%},/».

NELSAN

SEYORZS Svse gy i T S o
R SRR S

NN
Y =/
ol

ASTAVAY S

R

5

N
=

AP QP;‘:"!
LN
: ﬂgb \A‘A A,

SN
J/SHF

HiLiftH

YA\
AYENR N

RN

S
NV,
i)

A

7 >
N
NN

5
W)
N

S

S

2\
AN

=]

o
NSO
R

N

Yy

SN
N

]
BRI
a

TS

%y

A
“4 N\

TR

4
VST
54%17 S

<k

T\ E
A
A
P
R
AL
WINZ

7
R/
B

3
Z

2
DX PRk
AN S

y Y\
A
SR SR

PRI )7:1‘;”\
WAy AT

AV ﬁ
34/
NS

7
V=

Nl
P Y =)

!

51




Case 2 Reynolds number effect

35¢

Case 2 (Re effect)

Vi

f

L

| ] S ]|

—O—— low Re exp
———— high Re exp

i SN [ D |

) I

| N

HiLiftPW-2, San Diego, 6/2013

5

10

alpha, deg

15

20

25
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Case 2 Reynolds number effect

Including
Case 2 (Re effect) brackets

35(

low Re exp

ill 5 f o high Re exp

0.5-5||||0||||5| Ll |10| Ll |15| |||20| |||25

alpha, deg

HiLiftPW-2, San Diego, 6/2013 53



Case 2 Reynolds number effect

Including
brackets

35¢

Case 2 (high Re only)
3.5
// \?}% 25:
\&% r
O 2
1.5}
o high Re exp 1 B
5| Ll !10| Ll |15| [ |20| (I |25 05-
alpha, deg

HiLiftPW-2, San Diego, 6/2013

Case 2 (low Re only)

//mﬁ »
,; 1
O low Re exp
5IIIIIIII5IIII1OIIII15III|20III|25
alpha, deg

Collectively, how well is CFD capturing the stall breaks?
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Comparison to EUROLIFT

e EUROLIFT (AIAA-2003-3794) looked at slightly
different DLR F11 configuration (take-off)

— Low Re only (1.34 million)

— Grid sizes of order 3 million points

=
"

/<— '\ -

AC,(n-1)=0.05 Aty 0t7
L - -
L M =0.174 M =0.174
&+~ AC,(n-1)=0.08 Re = 1.34 x 10° Re = 1.34x 10°

—a—— LSWT exper. compl. model - LSWT exper. compl. model

- = = = CASA, EMENS, k - g model (not in av.) - - = = Alenia, UNS3D, k - R, model
—————— CIRA, ZEN, k - » model I DLR, TAU, SAE model

FOI, EDGE, EARSM model

BLR:FLOWSK, B.-A. modal — ——— INTA, FLUENT, high Re. No. model
———— DLR, FLOWer-Chimera, S. - A. model ———— INTA, FLUENT, S. - A. model

= ONERA, elsA,k-Imodel | s NLR, TAU, k - ® model

) ] ) ] | ! ) ] ] | ) ] I ) | ] I ] ) J . L L L ] L L L L | | | I I | I ) I I J
5 10 15 20 o 25 5 10 15 20 o 25




Case 2b adaptive result at high Re

Adaptive grid result (014)

35¢

.
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~
)
; f g
1.5 ff

.-51 Olll15111110111115111120111125
alpha, deg
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Case 2b adaptive result at high Re

Adaptive grid result (014)

3.5
3f
: &'\cess“s"“'s“"s%s_ ....... ' »V:;
I "\‘\4-@‘“ Cal .?o
2.5} =
- _;\4 - o%
5 I
O 2r \
! refinement
1.5}
1 : f * high Re exp
05 —I I — I I I I T [ R L]
- 0 5 10 15 20 25

alpha, deg

HiLiftPW-2, San Diego, 6/2013



Case 2 Reynolds number effect

Case 2 (Re effect)

35¢

i ESY I R |

L

—O—— low Re exp
——— high Re exp

i SN [ D |

) I

| N

0.1

HiLiftPW-2, San Diego, 6/2013

0.4

0.5

0.6
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Case 2 Reynolds number effect

Case 2 (Re effect)

3.5

i m] low Re exp
1 5 o high Re exp

0.501 L 10-1| Ll |0-2| [ |0.31 - |0.4| L |0-5| Ll |O6

HiLiftPW-2, San Diego, 6/2013



Case 2b adaptive result at high Re

Adaptive grid result (014)
3.5¢
3t
i .~‘°‘ X I 0,
2.5 £ %0
5 v P
p 5 s o8
I vz
g 2f —
E refinement
1.5}
] o high Re exp
0'50 0.1 0.2 0.3 0.4 0.5 0.6
CD

HiLiftPW-2, San Diego, 6/2013



Case 2 Reynolds number effect

Case 2 (Re effect)

35¢

|
i K \3\1

I —O—— low Re exp
1 ——— high Re exp

HiLiftPW-2, San Diego, 6/2013



Case 2 Reynolds number effect

Case 2 (Re effect)
3.5
3t v
: o R
- R o0
25t 8
b <> @
g 2

F ] low Re exp
1 o high Re exp
[ "3
050"z 04 06 08
CM

HiLiftPW-2, San Diego, 6/2013
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Case 2b adaptive result at high Re

Adaptive grid result (014)

3.5

high Re exp

HiLiftPW-2, San Diego, 6/2013

(refinement not
provided)

63



Case 2a (low Re w brackets), AoA=7, 1D1

40

-50

10}

—®— exp

CFD

A

20}

Artifagt in 022

="

HiLiftPW-2, San Diego, 6/2013

0.8

1

u/Uinf

Not plotting 003.1, 003.2
(known incorrect post-
processing)

Note: including 015.1 and
015.2 results, even though
they ran with no brackets
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Case 2a (low Re w brackets), AoA=18.5, 1D1

>

Of
- | —m— exp /
i CFD
'1 0 I / }
20}
Artitact in 022 / /
30}

40}
/ 024.1
-50 : /
.| | | 0.5 | | | | 1 | | | | 1.5 |
u/Uinf
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Case 2a (low Re w brackets), AoA=7, 2D1

>

ol AN
s
' A\

o5 W\
ol A
=T

o )

I - > Only 009, 020, and 022 show
) pe— - e noticeable slat wake
S TR T PO T T e -009 Str-Overset (E)
1.2 126 1.3 135 14 145 1.5 1556 1.6 -020 Str-Overset (E)
u/Uinf -022 Uns (nc)
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Case 2a (low Re w brackets), AoA=18.5, 2D1

08 1

HiLiftPW-2, San Diego, 6/2013

2 14
u/Uinf

.6

>

Only 009, 020, and 022 show
noticeable slat wake
-009 Str-Overset (E)
-020 Str-Overset (E)
-022 Uns (nc)
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Case 2a (low Re w brackets), AoA=7, 2E1

>

30} |
I —®— exp \
i CFD

20} \

10}

of = 7}/

- Artifact in 022
E /

| il m/

10 — £

20}

1 12 14 16
u/Uinf
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Case 2a (low Re w brackets), AoA=18.5, 2E1

>

30}
I —— exp
- CFD
20}
10F

10}

20 Artlfa ct |n 0 22

0 02 04 06 08 1 12 14
u/Uinf
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Case 2a (low Re w brackets), AoA=7, 3E1

>

40

—®— exp
CFD

30

004 06 08 1 12 14 16
u/Uinf

HiLiftPW-2, San Diego, 6/2013 70




Case 2a (low Re w brackets), AoA=18.5, 3E1

3 Only 009, 020, and 022 show
) — Artifact in 022 noticeable slat wake
T o o -009 Str-Overset (E)
0.5 1 1.5 -020 Str-Overset (E)
u/Uinf -022 Uns (nc)

HiLiftPW-2, San Diego, 6/2013 71



Case 2 Transition effect

3.5

Case 2 (transition effect)

| FE R — 1

blue
orar|

- no trang
ge - trans

ition
tion

| oy ) |

L

§ DY I K] |

) I |

! ] I R |

—O—— low Re exp

i ESAN I RN |

) I

L

HiLiftPW-2, San Diego, 6/2013

5

10

alpha, deg

15

20

25

003.1: transition had little
effect over most of curve,
increased CLmax

015.1 and 015.2:
transition generally
lowered CL and Clmax
(note: run without
brackets)
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Case 2 Transition effect

Case 2 (transition effect)

3.5
i blug - no 1ranﬁxition
- orarjge - transjtion
3 -
251 T
- i & X
O 2 i / : b
15}

/ —O—— low Re exp

0.5_I |- | I | | ] S S | L I | (N N ] |

HiLiftPW-2, San Diego, 6/2013



Case 2 Transition effect

Case 2 (transition effect)

35¢

blue - no
orange -

transition
iransition

HiLiftPW-2, San Diego, 6/2013
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Case 3 Bundle effect

Case 3 (bundle effect)

3
2.5
- E
o -
L —{J— lowReexp
o / —_— 23‘ c':::;ap(low Ae) medium w tracks+bundies
7 ———— 012 case3b (hl Re) medium w trackss+bundies
1 .5 1 4 1 1 1 1 1 1 | 1 1 1 E| 1 1 1
5 10 19 20
alpha, deg
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Case 3 Bundle effect

Case 3 (bundle effect)

—{J— lowReexp
—<—— high Re exp

— o= (21 case2a (low Re) FT medium w tracks

— o= 021 case2b (hl Re) FT medium wtracks
——i— (21 case3a (low Re) medium w tracks+bundles
—— (21 case3b (hl Re) medium w tracks+bundies

1.5 ! L l 1 I I I I [ I I I I I I |
S 10 15 20
alpha, deg

HiLiftPW-2, San Diego, 6/2013
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Case 3 Bundle effect

Case 3 (bundle effect)

2.5

—{J— lowReexp
—<o—— high Re exp

— o= (26 case2a (low Re) FT medium w tracks

— o= (26 case2b (hl Re) FT medium wtracks
—— (126 case3a (low Re) medium w tracks+bundles
e (126 case3b (hl Ae) medium w tracks+bundles

1,5 - 1 J 1 1 1l il il 1 :y 1 J il 1 1 il
5 10 15 20
alpha, deg

HiLiftPW-2, San Diego, 6/2013



Surface pressure coefficients, AOA=7

<

slat89
main96

flap96

HiLiftPW-2, San Diego, 6/2013



Cps at AoA=7, slat89

L] high Re exp a7, slat89 L] high Re exp a7, slat89 L] high Re exp a7, slat89 L] high Re exp a7, slat89
85 A lowReexp 002.2 high no brk, C 350 A lowReexp 85 A lowReexp
~E 002.1, high no brk, C I 002.2, high no brk, M ~E 003.1 high no brk, C ~E 003.2 high no brk, C
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BF 0021, high no brk, F -3 ; 3F 0031, high no brk, F BF o 0032 low+brk,M
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Cps at AoA=7, slat89

] high Re exp a7, slat89 L] high Re exp a7, slatg89 n high Re exp a7, slatg89 L] high Re exp a7, slat89
A low Re exp A low Re exp | A low Re exp A low Re exp
3.5 . 022, high no brk, C 3.5 F 023, high no brk, C 35 o 024.1, high no brk, C 024.2, high no brk, C
b + 022, highnobrk, M E 023, high no brk, M E 024.1, high no brk, M 024.2, high no brk, M
3F - 022highnobrk,F 3 023, high no brk, F 3H 024.1, high no brk, F 024.2, low + brk, M
F o 022,low+brk,M F o 023,low+brk, M ! 024.1, low + brk, M 024.2, high + brk, M
2.5 o 022, high + brk, M 25 o 023, high + brk, M 2.5 o 024.1, high + brk, M F
2f . 2k 2f 2F
5k 15 1.5k 15}
b O LI Lodlnb & qE S TR I ’\—ﬁmﬂﬂﬁm -
AE ST L e o - g 0 stemagy — o -l F S . L o u; o - g T T oo
5F . 05F -0.5F éé 05F—
EooE e : 0 of oF
L[ R S Ry 4 O - E -
05— 05 05F 0.5
1E 1 1E 1F
1‘5:\ L L L L L L L L L L L L 1-5:\ L L L I L L L L L L L 15: L L L L L L L L L L L L L 1‘5:\ L L L L L L L L L L L
1760 1770 1780 1790 1760 1770 1780 1790 1760 1770 1780 1790 1760 1770 1780 1790
X X X X
u 25295"' :,; ::Z b a7, slat89 : IhiQhRRe exp a7, slat89
; i s _ low Re exp
SF 025, high no brk, M 35 026, high no brk, C
F 025, high + brk, M, grid1 af 026, high no brk, M
3F 025, high + brk, M, grid2 3 026, high no brk, F
F F 026, low + brk, M
5F 25 F o 026, high + brk, M
2F 2k
1.5F 15
A S g
0.5 j 0.5
i Al A °
05— 05
1} 1
85— 760 1770 1780 1790 ° 1760 ‘1770X 1780 1790
X

Runs w brackets tend to do better

Re effect qualitatively captured

Some results show more grid-dependence

017 used shifted geometry (for all)
-they were notified and this
will be corrected for final data
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Cps at AoA=7, slat89 (example)

HiLiftPW

=
A

high Re exp
low Re exp

020 high no brk, C
020, high no brk, M
020, high no brk, F
020, high no brk, XF

020, low + brk, M

020, high + brk, M

a7, slat89

(o — e

rrrrgprrrryrrrryrrrrgprrrryprrrryprr ey rrrrypr T Ty rred

|

l

1760

1770
X

1780

82



Cps at AoA=7, main96

: :'lithRe exp a7, main96 L n:)uzhzﬂ:_ e:P N a7, main96 : :’lighnﬂe exp a7, main96 : :’lishﬂﬁe exp a7, main96
| ow Re exp _| .2 high no brk, low Re exp ~ ow Re exp
7 F 002.1, high no brk, C 7 F 002.2, high no brk, M 003.1 high no brk, C 003.2 high no brk, C
" F ggg:, :!g: no :rt lFA g F 002.2, high no brk, F g M — ggg.}, :!g: no zrt IFA " I ggg.:, :ligh n: "l(zr: M
-6 H .1, high no brl -6 -6 .1, high no brl -6 H o .2, low + brk,
F ° 002.1, low + brk, M F L o 003.1, low + brk, M L ° 003.2, high + brk, M
5H ] 0021, high + brk, M 5f i o 0031, high + brk, M i
4F 4F \ 4 4
3 é s O \ \ o | o |
2F 2F ﬁx / 2 2H
R b - b — ] | i Sl e e e T
F Flm + +
of — of DN opt 0
1F 1F — ¥ —
1850 1900 1950 1850 1900 1950 1850 1900 1950 1850 1900
X X X
L] g:&hh'_iehﬂpbrk & a7, main96 L] m,%hfﬁ»e:.p brk, a7, main96 : :'lighnﬂe exp a7, main96 L] g:’%hh'?:he:gbrk & a7, main96
_ igh no brk, | . .1, high no brl low Re exp 7 i 3
7 F 004, high no brk, M 7 F . 005.1, high no brk, M [ . 005.2 high no brk, C 7 F 006, high no brk, M
I 004, high no brk, F F - 005.1, high no brk, F . 005.2, high no brk, M I 008, high no brk, F
6F 6 -6 H o 005.2, low + brk, M 0 6F
5F -5F - -5F
4 4 -4h
-3F o -3H = o a -3F
AN s 1 I N
i 2f
4L & w a1 T ' 1k
s . t oh = T s . nt /
; ; - L :
1k 1F 1F
1850 1900 1950 1850 1900 1950 1850 1900 . 1950 1850 1900 % 1950
L] high Re exp a7, main96 L] high Re exp a7, main96 L] high Re exp a7, main96 L high Re exp a7, main96
Tl 007.1 high no brk, C e 007.2 hlgh no brk, C Fre— A low H_e exp _ A low R.e exp
F 007.1, high no brk, M F 007.2, high no brk, M F 008 high no brk, C [ 009 high ro brk, C
5 F 007.1, high no brk, F 6 F 007.2, high no brk, F 6 F —_— gg, :!g: :: :x, IFA 6 gg, ::g: :: z::, ::ﬂ
- - O 5 | s O d J
r F F o 008, |°f., +brk, M L 009, high no brk, XF
E E E o 008, high + brk, M | o 009, low + brk, M
5 - -5 . -5 - o 009, high + brk, M
af af :
N i 5 |
i o o f | S
MR 2y 2
-1 | ] J AF —m Af
ok s - " / 0 H" - n® / 0 '@m
1k 1F 1F
1850 1900 1950 1850 1900 1950 1850 1900 1950




-6

high Re exp
low Re exp

010.1 high no brk, C
010.1, high no brk, M
010.1, high no brk, F
| 010.1, high + brk, M

cwsspml

a7, main96

4

-2

CE THU SR

Lo

18
[ ] high Re exp a7, main96
7 011.2 high no brk, C
F 011.2, high no brk, M
F 011.2, high no brk, F
-6
-5F
af
LY
2f .
af /
Flm
of = = C
1F
1850 1900 1950
X
[ ] high Re exp a7, main96
70— . 017 high no brk, C
F . 017, high no brk, M
F . 017, high no brk, F
-6
-5F
|
-
-3 F
-2 f—_:"_-%n.p'
.1f : Ty T :".
. }
of » L >
1F
1850 1900 1950

Cps at AoOA

[ ] high Re exp a7, main96
70 . 010.2 high no brk, C
F . 010.2, high no brk, M
F . 010.2, high no brk, F
BF
-5F
4l
3H
Qn' i'. .
Fot 1
-2 :—_—-".-.,A.__ N ¥
F S s
_1 - P e l% >
- .| d
0 E.\_—--—" PP PP ——————r:
1F
1850 1900 1950
[ ] high Re exp a7, main96
7 013 high no brk, C
F 013, high no brk, M
F 013, high no brk, F
BF
-5F
af
o '3 :
o F
-2H
4 f g |
i )
oF £
1F
1850 1900 1950
[ ] high Re exp a7, main96
7 018 high no brk, C
-6F
-5F
af
o '3 :
o f \'
2F
-1 -
oHf e
F L
1F
1850 1900 1950

=/, main96

[ ] high Re exp a7, main96
74 . 010.3 high no brk, C
F . 010.3, high no brk, M
F . 010.3, high no brk, F
-6
5F
e
-4 H
3:_ i
o - ]
i |
2K li‘l"’ - .j
- - .
r Sram epree o e svaspmm— .
- n® J
—— i
1900 1950
[ ] high Re exp a7, main96
A low Re exp
015.1 high no brk, C
i 015.1, high no brk, M
-6 H o 015.1, low no brk, M note:nobrackets run
L o 015.1, high no brk, M
-4
o
-2
oli2
1850 1900 1950
X
] high Re exp a7, main96
Fre A low Re exp
3 020 high no brk, C
E 020, high no brk, M
-6 020, high no brk, F
F 020, high no brk, XF
sF o 020, low + brk, M
F o 020, high + brk, M
4F 5
o '3 :
2F
-1 :
0F
1F
1850 1950

900
X

B high Re exp
011.1 high no brk, C

a7, main96

7 Fl 011.1, high no brk, M
6
sk
4f
8 |
2}
ik — \
0 E™ - n® }1
: 7
1F
1850 1900 1950
[ ] high Re exp a7, main96
7| = 016 highnobr,M
6F
sk
4f
£
LN |
2F R
E' ..----...._..--. e an—
B - . /'
F'm
1k
1850 1900 1950
[ ] high Re exp a7, main96
~ A low Re exp
021, high no brk, F
+ o 021,low+brk, M
6 o 021, high+brk, M
2 f\\
-2 I / )
| T
0 2 '
1850 1900 950



Cps at AoA=7, main96

L] high Re exp a7, main96 L] high Re exp a7, main96 L] high Re exp a7, main96 L] high Re exp a7, main96
A low Re exp 7 — A low Re exp A low Re exp i A low Re exp
. 022, high no brk, C r 023, high no brk, C 024.1, high no brk, C 024.2, high no brk, C
. 022, high no brk, M r — 023, highno brk, M B 024.1, high no brk, M i 024.2, high no brk, M
. 022, high no brk, F -6 — —— 023, high no brk, F -6 024.1, high no brk, F -6 ] 024.2, low + brk, M
o 022, low + brk, M r 023, low + brk, M L o 024.1, low + brk, M L o 024.2, high + brk, M
o 022, high + brk, M 5E 023, high + brk, M | 0 024.1, high + brk, M |
-4 H -4 -4
2 a -3F o o
(&) I (&) i (&) I
o 2k 2
et b 3
g 4 [ A =
i I )
o PR e B s oy 0 F 0 I
1F i
. £ . R P . L . . . L P P . -
1900 1850 1900 1950 1850 1900 1950 1850 1900 1950
X X X
u high Re exp a7, main96 u high Re exp a7, main96 L] high Re exp a7, main96
025, high no brk, C 7 — A low Re exp 7 A low Re exp
025, high no brk, M F 026, high no brk, C F 029, high no brk, C
o 025, high + brk, M, grid1 [ | ——— 026, high no brk, M [ | ——— 029, high no brk, M
. 025, high + brk, M, grid2 -6 |-—| ——— 026, high nobrk, F 6 F— 029, high no brk, F
b 026, low + brk, M . o 029, low + brk, M
sE 026, high + brk, M 5E o 029, high + brk, M
4Ff -4
o -3H a -3F
o F o 3
2F 2K
> = -1 : + :D T s
1 [ 1 [a
. T L. . R — £
1900 1950 1850 1900 1950 1850

900 7950
X

Runs w brackets tend to do better (rear)
Less Re effect
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HiLiftF

Cps at AoA=7, main96 (example)

E high Re exp a7, main96
7 A low Re exp
B 026, high no brk, C
- 026, high no brk, M
-6 | 026, high no brk, F
E . 026, low + brk, M
B o 026, high + brk, M
-4 |
o -3
2F
-1k
OF
1F
1850 1900 1930

86



Cps at AoA=7, flap15

| ] high Re exp a7, flap15 | | high Re exp a7, flap15 n high Re exp a7, flap15 | ] high Re exp a7, flap15
4~ A lowReexp 4 002.2 high no brk, C 4 A lowReexp 4~ A lowReexp
[ 002.1, high no brk, C [ 002.2, high no brk, M 003.1 high no brk, C 003.2 high no brk, C
H 002.1, high no brk, M + 002.2, high no brk, F 003.1, high no brk, M | 003.2, high no brk, M
I 002.1, high no brk, F I 003.1, high no brk, F o 003.2, low + brk, M
3H o 002.1, low + brk, M 3f o 003.1, low + brk, M | o 003.2, high + brk, M
[ o 002.1, high + brk, M [ 0 003.1, high + brk, M
[ A AN
2 AN 2 Ny 2 Aa
I - [ . + - A
X i S - S J
b By, AN of -~ i
:g e :# r—a i g
P MW i /_—.-”’_./ hooggoanat™]
1 ol 1o
1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640
X X X X
L] high Re exp a7, flap15 L] high Re exp ‘ a7, flap15 L] high Re exp a7, flap15 L] high Re exp a7, flap15
Al 004 high no brk, C 4 . 005.1, high no brk, C 4 A low Re exp Al 006 high no brk, C
[ 004, high no brk, M [ . 005.1, high no brk, M . 005.2 high no brk, C [ 006, high no brk, M
- 004, high no brk, F + - 005.1, high no brk, F . 005.2, high no brk, M - 008, high no brk, F
I I o 005.2, low + brk, M I
Rl Rl
B [ N B [
p [ \ o o ] o P [ \
5
I \'\ 0 I \
: 1 \ e -, B "“"”WH@»% I 1 —~E
0 0
[ l Fe » —— [ l
I | —— I |l oan e I | —
r | r - B o et I | et
1f - 1f 1f o
1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640
X X X X
®  highReexp a7, flap15 m  highReexp a7, flap15 m  highReexp a7, flapi5 W high Reexp a7, flap15
4 007.1 high no brk, C P 4 007.2 high no brk, C P 4 A lowReexp P P :;’0'9' :F e M P
[ 007.1, high no brk, M [ 007.2, high no brk, M 008 high no brk, C 009, ,.:f h':::, bﬂ: M
5 007.1, high no brk, F b 007.2, high no brk, F ———— 008, high no brk, M | 000, high nobF

: 008, high no brk, F
-3 -3 sl = o008 low+brk,m |

009, high no brk, XF
o 009, low + brk, M
o 009, high + brk, M

o 008, high + brk, M

2 A 2 2

BN IR T oa

T,

IR 1 T o

° -_,// 07 lf-/

1 1 .

1560 ' 1580 1600 1620 1640
X

580 ‘160)?' 7620 1640 1560 1580 ‘160)?‘ 7620 1640 1560 1580 ‘16(;(()‘ 7620 1640 1560



[ ] high Re exp a7, flap15
4 A low Re exp
. 010.1 high no brk, C
| + 0104, high no brk, M
+ 0104, high no brk, F
| = 0104, high + brk, M
2
[P B
" M e F:25 20
o0 Lot 2.2
: onddp =5 .la---aﬂ-x-..i.ili-_. =R
| b
1560 1580 1600 1620 1640
X
[ ] high Re exp a7, flap15
4 011.2 high no brk, C
r 011.2, high no brk, M
[ 011.2, high no brk, F
3
2F
i r'\\
- \\
0 i4
[ |
|
1 I l/
1560 1580 1600 1620 1640
X
L] high Re exp a7, flap15
L] - 017 high no brk, C
r = 017, high no brk, M
[ = 017, highnobrk, F
3
i '{l ",
[ misl - "'..
o :
(m F s bd
0 L ol
i PR b a5
= 7
1560 1580 620 1640

7600
X

Cps at AoA=7, flap15

[ ] high Re exp a7, flap15
4 . 010.2 high no brk, C
[ . 010.2, high no brk, M
3 . 010.2, high no brk, F
3
[ S,
Py L
LI L.
[ L [} & ] =
AH o
L s e
[ ‘ hw
OF " ]
[s e e
1 Limee== 1" e
1560 1580 1600 1620 1640
X
[ ] high Re exp ‘ a7, flap15
4 013 high no brk, C
[ 013, high no brk, M
I 013, high no brk, F
3
LN\

4
[~
n
n

N

-

[] \

0
[ _J/"‘___l—’-'/
1 L /
1560 1580 1600 1620 1640
X
L] high Re exp a7, flap15
4 —] D18highnohrk,c‘
3
2
af f\\{\.\
i . |
of ——
s [ |
| B
1 Ela—""
1560 1580 ‘160)?‘ 1620 1640

[ ] high Re exp a7, flap15
4 . 010.3 high no brk, C
L . 010.3, high no brk, M
L . 010.3, high no brk, F
3
pre)
2 e
[ & "ty
[ 7" . [ .
i e
A3
i i' B e, e
& i Y P
0
:! Mo e
SR P e
U i
1560 1580 1600 1620 1640
X
[ ] high Re exp a7, flap15
4 A low Re exp
note: no brackets run
-2 =
| "a |,
a u
I [ ]
a - a
0
]
L " &
| & .
1560 1580 1600 1620 1640
X
[ ] high Re exp a7, flap15
4— A low Re exp
L 020 high no brk, C
| — 020, high no brk, M
I | —— 020, high no brk, F
3 020, high no brk, XF
r o 020, low + brk, M
i o 020, high + brk, M
D] AN

%

-

1

1560

580 1600 1620
X

7640

[ ] high Re exp a7, flap15
4 011.1 high no brk, C
r 011.1, high no brk, M
3
2
N L™
; N [ ]
-1 K
o u [}
0 L ‘
?* — |
| —
1 e \/
1560 1580 1600 1620 1640
X
[ ] high Re exp a7, flap15
4~ * 018 highnobrM
3
DY
I _-' - "._.
[ = ."._
5 I ; 'l" .
H sl A
of: -
E |
[ = walnnnnns®
H . SPTLL .
o
1560 1580 1600 1620 1640
X
[ ] high Re exp a7, flap15
4 A low Re exp

o 021, low + brk, M
o 021, high + brk, M

021, high no brk, F

o

|orodp000o02]

1560

580 1600
X

620 1640



Cps at AoA=7, flap15

u high Re exp a7, flap15 [ high Re exp a7, flap15 [ ] high Re exp a7, flap15 u high Re exp a7, flap15
4 A low Re exp 4— A low Re exp 4 A low Re exp 4 A low Re exp
- . 022, high no brk, C “r 023, high no brk, C - 024.1, high no brk, C 024.2, high no brk, C
. 022, high no brk, M L 023, high no brk, M 024.1, high no brk, M i 024.2, high no brk, M
. 022, high no brk, F 3 023, high no brk, F 024.1, high no brk, F o 024.2, low + brk, M
= 022, low + brk, M 3k o 023, low + brk, M o 024.1, low + brk, M | o 024.2, high + brk, M
o 022, high + brk, M [ a 023, high + brk, M o 024.1, high + brk, M
-2 2f -2
i N :
o + o o I A
o 4L B (&) (&) | %:
F DSEEEBEH ]
H*]é I Bo0ooopogn % I %uggmqgmg@& o
0 E 0 0
] g 5, I | M
W-W“M = : b poapnei ] ——
L 1 L
1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640 1560 1580 1600 1620 1640
X X X X
L] g'zssh :e:XP o a7, flap15 : :'nighRRe exp a7, flap15
, high no brk, | ow Re exp
-4 025, high nobrk, M Ar 026, high no brk, C
o 025, high + brk, M, grid1 026, high no brk, M
025, high + brk, M, grid2 026, high no brk, F

a3k e 026, low + brk, M
I o 026, high + brk, M

N « TR

S r—

—

580 ‘160)(()' 7620 1640 1560 1580 ‘160)(()‘

| pBemsmsassese

1560 620 1640

This station difficult to capture
Peak tends to be too great w/o brackets
... too low with brackets
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Cps at AoA=7, flap15 (example)

HiLiftPW-Z

a
A

high Re exp

low Re exp

024.1, high no brk, C
024.1, high no brk, M
024.1, high no brk, F
0241, low + brk, M
024.1, high + brk, M

a7, flap15

|

| 1

|

1560

1600
X

1580

1620

1640
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Cps at AoA=7, flap96

007.1, high no brk, M
007.1, high no brk, F

™™™

007.2, high no brk, M
007.2, high no brk, F

008 high no brk, C

008, high no brk, M
008, high no brk, F
o 008, low + brk, M

o 008, high + brk, M

N\

[

—

RSN

[—
et

S i

©
P> L RRARS R RS RARES REARS REEEE RARAE REEEE R

||
\ M
——
. [] m
1970 H%?d 1990 2000

EODITOD 0w | Ogy @ DD mODErge

oY LRA BEAEE EEEE AR RS RARR RERAE RERRE RARE

1970 1980
X

009 high no brk, C
009, high no brk, M
009, high no brk, F
009, high no brk, XF
009, low + brk, M
009, high + brk, M

| ] high Re exp a7, flap96 | | high Re exp a7, flap96 n high Re exp a7, flap96 | ] high Re exp a7, flap96
| A low Re exp 8- 002.2 high no brk, C 8- A low Re exp 8- A low Re exp
o 002.1, high no brk, C F 002.2, high no brk, M 003.1 high no brk, C 003.2 high no brk, C
F 002.1, high no brk, M F 002.2, high no brk, F i 003.1, high no brk, M i 003.2, high no brk, M
H 002.1, high no brk, F -TH I 003.1, high no brk, F I o 003.2, low + brk, M
s o 002.1, low + brk, M F 3 o 003.1, low + brk, M 3 o 003.2, high + brk, M
- o 002.1, high + brk, M -6F -6 a 003.1, high + brk, M -6
: 5f A i I
A Y -4
f on. . f -\\Q on. on.
A 2of 2 e
F 2’ e g A E \. | A”Eagimﬁn
: i ok R
;444%5555E;;;;;;;??iir;;E;;fE;;“”W h: \:"i"""""' O . [ et i e
éO 1970 1980 1990 2000 1960 1970 1980 1990 2000 1960 1970 1980 1990 2000 1960 1970 1980 1990 2000
X X X X
L] high Re exp a7, flap96 L] high Re exp a7, flap96 L] high Re exp a7, flap96 L] high Re exp a7, flap96
| 004 high no brk, C 8 . 005.1, high no brk, C 8 A low Re exp 80— 006 high no brk, C
P 004, high no brk, M F . 005.1, high no brk, M . 005.2 high no brk, C F 0086, high no brk, M
o 004, high no brk, F F - 005.1, high no brk, F I . 005.2, high no brk, M o 008, high no brk, F
F 3 r o 005.2, low + bri, M T
: 5} = i 5f
s F Y ] s
: /\\\ A -4 A\ -4f A
F o F o b o 3 : o F
E O ,f i;ﬁ ~ o L O 3t ./ \\
i b T ! o /AN
. VA 2F 2 * e 2F l
3 . v V. ] o
g | = : : ZS&;% s . 4k AN
g 1 F b 1".“--*&.\:-‘_1-.-5-.5 | gﬁ o mﬂﬂﬂmmng'o&ammmﬁ ! F = ;—_—iﬁ
E E a E
g — = o - 0P - | OF I ——
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Cps at AoA=7, flap96
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7980
X

This station difficult to capture

More variation between results here

Runs w brackets tend to do better (esp lower surface)
Re effect qualitatively captured by some

Several results: massive separation
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Cps at AoA=7, flap96 (example)
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Transition effect at AoA=7

(Only one participant with readable Cp file at AoA=7)
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Results with brackets and bundles, AoA=7
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Surface pressure coefficients, AoA=20
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Cps at AoA=20, 54%

Trend with Re seen
Consistent results on main; more spread in CFD results on flap

a20, main54 a20, flap54
8r | | 4 |
£ : A low Re exp | A low Re exp
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Note: only a sampling of CFD solutions w brackets taken
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Results with brackets and bundles, AoA=20, 54%
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Cps at AoA=20, 75%

Trend with Re seen

Inconsistent results on main; some CFD shows massive separation

Considerable spread in CFD results on flap
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I I
A low Re exp
| high Re exp
low Re exp
high Re exp

a20, main75
8r 1 1
b A low Re exp
5 | high Re exp
B low Re exp
B F high Re exp
-5
4R
3 :
D b z
-1 \ <\:_§
of
; ; ot
1700 1750
X

HiLiftPW-2, San Diego, 6/2013

N

f N S i |

N S T — | Ll

1840

1850

X

1860 1870 1880

Note: only a sampling of CFD solutions w brackets taken
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Cps at AoA=20, 89%

Trend with Re seen

Considerable spread in CFD results, especially at low Re

a20, main89
-10 I
- A low Re exp
i | high Re exp
-8 i low Re exp
i high Re exp
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Results with brackets and bundles, AoA=20, 89%
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Force/moment statistics

* Used basic method from DPW (see AIAA
2010-4673)

e Limits a4+Ko
— U = median of sorted data
— o0 = sample standard deviation

— K =+/3 = coverage factor
» Coefficient of variation Cv =6/ i



Case 1 C, statistics, AoA=7/
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Scatter range decreases as grid is refined
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Case 1 C, statistics, AOA=7

COARSE MEDIUM FINE
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Case 1 C,, statistics, AOA=7
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Case 1 C, statistics, A0A=16

COARSE MEDIUM FINE
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Case 1 C, statistics, AOA=16
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Scatter range decreases then increases as grid is refined
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Case 1 C,, statistics, AOA=16
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Coefficient of variation summary (F)

cworhft Cv for drag

DPW II & 11l
DPW IV
HLPW1, a=13
HLPW1, a=28

Case 1,
Alpha=7

Case 1,
Alpha=16

HiLiftPW-2, San Diego, 6/2013
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Cv’'s somewhat higher than HiLiftPW-1
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Looking for trends, AoA=7

HiLiftPW-2, San Diego, 6/2013
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Looking for trends, AoA=16
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Case 2 (Re effect)

35¢

low Re exp
high Re exp

HiLiftPW-2, San Diego, 6/2013
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Case 2 Reynolds number effect

Including
brackets
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Case 2a/b C, statistics, AoA=7

Including
brackets
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Low Re lift predicted too low
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Case 2a/b C, statistics, A0A=16

Including
brackets
Low Re High Re
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Re levels and trend captured well
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Case 2a/b C, statistics, AoA=20

Including
brackets
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Re levels and trend captured well
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Case 2a/b C, statistics, AoA=21
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Collectively, CFD’s CL still
increasing (not capturing max CL)
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Case 2a/b C, statistics, A0A=7

Including
brackets
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Drag levels predicted well; not much change with Re
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Case 2a/b C statistics, AoA=16

Including
brackets
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Drag computed too high
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Case 2a/b C statistics, AoA=20

Including
brackets
Low Re High Re
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High Re drag computed too high
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Case 2a/b C, statistics, AoA=21

Including
brackets
Low Re High Re
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Case 2a/b C,, statistics, A0A=7

Including
brackets
Low Re High Re
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Moment computed reasonably
well; trend with Re followed
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Case 2a/b C,, statistics, AoA=16

Including
brackets
Low Re High Re
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Moment computed too negative
(pitch down)
HiLiftPW-2, San Diego, 6/2013 125



Case 2a/b C,, statistics, AoA=20

ID

HiLiftPW-2, San Diego, 6/2013

Including
brackets
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Case 2a/b C,,

statistics, AoA=21

HiLiftPW-2, San Diego, 6/2013

Including
brackets
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Summary

Only two participants submitted Case 4 turb model verification
— But one needs minor revision and the other was labeled incorrectly
— And a few other participants say they still plan to do it
— TBD

High lift grid-convergence trends: only so-so
— Coefficient of variations somewhat higher than previous workshops
— At AoA=16, scatter gets worse on fine grid

No definitive trends noted with turbulence model or grid type

Velocity profiles show that structured grids usually capture wakes
better

— Exceptions: Unstructured Grid C series and 022’s grid

Including brackets is clearly important when comparing to
experiment

Importance of transition not clearly established by the results
submitted to date

Iterative convergence an issue with some submitted results



