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Workshop Statistics

» 28 data entries from 17 organizations
— 7 North America
— 7 Europe
— 3 Asia

» Grid types
— 17 Unstructured
— 11 Structured

e Turbulence Models
— 18 Spalart-Allmaras (all variations)
— 7 Menter SST k-omega
— 1 EARSM (Explicit Algebraic Reynolds Stress Model)
— 1 SSG/LLR-omega (Reynolds Stress Model)
— 1 Realizable k- epsilon
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DPW4 Data Submittal Summary

Symbol Key|Legend Entry Company Code Grid Type Grid Generator |Turb Model
A CFS_NSMB CFS NSMB Multiblock/Structured ICEM Hexa SST k-w
B DLR_TAU_Centaur DLR TAU Unstr/Hybrid Centaur S-A
C DLR_TAU_Solar_SAO DLR TAU Unstr/Hybrid Solar S-A
D FOI_Unstr FOI EDGE Unstr/Hybrid Solar EARSM
E IIS_HIFUN_Unstr s HIFUN Unstr/Hybrid Gambit/Tgrid S-A
F JAXA_TAS hybrid JAXA TAS Unstr/Hybrid TAS_ Mesh S-A mod
G JAXA_TAS_HEX JAXA TAS Unstr Mostly Hex HexaGrid S-A
H JAXA_UPACS JAXA UPACS Multiblock/Structured Gridgen S-A mod
I LARC_FUN3D NASA LaRC FUN3D Unstr/Hybrid VGRID/NASA S-A
J Cessna_NSU3D_Cessna Cessna NSU3D Unstr/Hybrid VGRID/Cessna S-A
K Cessna_NSU3D_NASA Cessna NSU3D Unstr/Hybrid VGRID/NASA S-A
L Boeing_CFL3D_FSA Boeing Seattle CFL3D Multiblock/Structured Zeus S-A
M Boeing_CFL3D_FSST Boeing Seattle CFL3D Multiblock/Structured Zeus SST k-w
N Boeing_CFL3D_TSA Boeing Seattle CFL3D Multiblock/Structured Zeus S-A
(0] Boeing_CFL3D_TSST Boeing Seattle CFL3D Multiblock/Structured Zeus SST k-w
P Boeing_OVERFLOW Boeing HB OVERFLOW Overset MADCAP/HYPGEN |[S-A
R ANSYS ANSYS Fleunt Multiblock/Structured ICEM Hexa SST k-w
S DLR_TAU_Solar_RSM DLR TAU Unstr/Hybrid Solar SSG/LRR
T DLR_TAU_Solar_SST DLR TAU Unstr/Hybrid Solar SST k-w
U ZeusNumerix_HLLC ZeusNumerix HLLC Multiblock/Structured Gridz S-A
\% Airbus_elsA Airbus elsA Multiblock/Structured ICEM Hexa SST k-w
W Metacomp_CFD++_ke Metacomp CFD++ Unstr/Hybrid MIME k-epsilon
X Metacomp_CFD++_SA Metacomp CFD++ Unstr/Hybrid MIME S-A
Y ONERA ONERA elsA Multiblock/Structured Zeus S-A
z UofWy_NSU3D_NASA U Wyoming NSU3D Unstr/Hybrid VGRID/NASA S-A
2 Boeing_BCFD_SA Boeing St. Louis BCFD Unstr/Hybrid AFLR S-A
3 Boeing_BCFD_SST Boeing St. Louis BCFD Unstr/Hybrid AFLR SST k-w
4 Numeca Numeca Fine/Hexa Unstr/Hex Hexpress S-A
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« Case la: Grid Convergence Study
— Mach = 0.85, CL = 0.500 (£0.001)
— Tail Incidence angle= 0°

— Coarse, Medium, Fine, Extra-Fine Grids (Extra-Fine grid
IS optional)
— Chord Reynolds Number: Re=5M
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Total Drag - Grid Convergence — All Solutions

CRM Wing-Body-Horizental Tall, hsD
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Total Drag - Grid Convergence — All Solutions
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Drag Components - Grid Convergence — Unstructured Grids

CRM Wing-Body-Harizontal Tail, hs0
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Drag Components - Grid Convergence — Structured Grids

CRM Wing-Body-Harizontal Tail, hs0
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Drag Components - Grid Convergence — Structured Grids

CRM Wing-Body-Harizontal Tail, hs0
Hach=0.85, CL=0.50
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Pressure Drag - Grid Convergence — All Solutions

CAM Wing-Body-Horizontal Tail, h=0
Mach=0.85, CL=0.50
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Skin Friction Drag - Grid Convergence — All Solutions
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Pitching Moment - Grid Convergence — All Solutions

CAM Wing-Body-Horizontal Tail, h=0
Mach=0.85, CL=0.50
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Pitching Moment Components - Grid Convergence — Structured Grids

CRM Wing-Body-Horizental Tall, hsD
HMach=0.85, CL-0.50
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Pitching Moment Components - Grid Convergence — Unstructured Grids
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Side of Body Separation Reported
ID  Turb. Model
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Reported No Side of Body Separation

Turb. Model

SA
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Trailing Edge Separation — All Grids

1Al Grids

Length of Separation / Local Chord
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Trailing Edge Separation — Unstructured Grids

Length of Separation / Local Chord
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Trailing Edge Separation — Structured Grids
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Wing Pressure Distribution — Grid Convergence — WS2: WBL 133
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Wlng Pressure Distribution — Grid Convergence — WS13: WBL 978
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Wing Pressure Distribution — Medium Unstructured Grid

CRM Wing-Body-Horizental Tall, hsD
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Wing Pressure Distribution — Medium Unstructured Grid
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Wing Pressure Distribution — Medium Structured Grid

-1.0 P EF

Hach=0.85, CL=0.50

Ta g'.'.'.'. " ',1 PR ::::',::::}"""""""

= Etl=0-115. Y:133

Eet gt it

ssure Goaflicis

1
=
-]

Cp - Pra

0.4 EEEL i

020 040 0.60 0.80 00
X/C

CRM Wing-Body-Har Izontal Tall, MJ

Medlum Slze Structured Grids §
[ W513 - E1220.845, Y=975. |

1
o
(-]

1
L=
o

Cp - Fru?aure Coafficiont

e Bl e

ey U

a 0.29

0.40
X/C

0.80

0.0 1.00

Men Jum 15 2000 1§:11:38



=E 4th CFD Drag Prediction Workshop

San Antonio, Texas — June 2009

Wing Pressure Distribution — Medium Structured Grid

CRM Wing-Body-Harlizenial Tall, hsD
Heeh=0.85, CL=0.50

=04 s O FRFEFEE o PP P EEPv ) e P "ndlum SIZ' Struct"r.d Grld’

_'_":' L L L] Bl RG] ELtbL b Lk =5 JEXTEN FIH ETECT ECEH B ':.'_i L i._. : J.
| ws2 - Eta=0. 115 V= 133. 1 w13 - Eta=0. 846, Y=978.

Turbulcnel "Odtl

=-0.2 -0.7
&
L* ]
@ 0.1 -0.6

Cp - Prassure Cosfficient

Cp - Prassurs Co

1
=
=

0.2f

0,80 0.84 0.88 0.92 098 100 8.0 0.44 0.48 D.52 0.56 0.80
Xic XiC

Han Jun 15 2000 13:24:54



_ 4th CFD Drag Prediction Workshop

San Antonio, Texas — June 2009

Wing Pressure Distribution — Solar Unstructured Grid
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« Case 1b: Downwash Study
— Mach = 0.85

— Drag Polars for alpha = 0.0°, 1.0°, 1.5°, 2.0°, 2.5°, 3.0°,
4.0°

— Tall Incidence angles IH = -2°, 0°, +2°, and Tail off

— Medium grid

— Chord Reynolds Number: Re=5M

— Trimmed Drag Polar (CG at reference center) derived
from polars at IH = -2°, 0°, +2°

— Delta Drag Polar of tall off vs. tail on (i.e. WB vs. WBH
trimmed
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Lift vs. Angle of Attack — All Solutions —iH=-2, 0, 2 degrees

Zl Unatruciured Grids

=
en

=
.

I :| H | ::|::::!::::|::::!::::|::::!::::|:
2| Btruetured Grids

CL_TOT LIft

-]
[

0.2

Stabil i

zar Angle
Ik = -2 deg
Ik = 0 deg

1.00 2,00

3.400 4.00

Angle of Aftack

5.00

=
]

00 1.00 2.00 a.'no 4.00 5.00

Angle of Attack
Bur Jun 14 2008 10:46:17



4th CFD Drag Prediction Workshop

San Antonio, Texas — June 2009

Lift vs. Pitching Moment — All Solutions —iH=-2, 0, 2 degrees
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Lift vs. Pitching Moment — All Solutions —iH=-2, 0, 2 degrees
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Lift vs. Pitching Moment Components —iH=-2 degrees
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Lift vs. Drag — All Solutions —iH=-2, 0, 2 degrees
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Lift vs. Drag — All Solutions — iH= 0. degrees
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Lift vs. Pitching Moment — All Solutions —iH=0. degrees
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Lift vs. Drag — All Solutions —iH=0. degrees
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Drag and iH at Zero Pitching Moment — All Solutions

CRH Wing-Body-Horizontal Tail
Hach=0.85

0.7 PR FEEEETE ....I.... TH . TR il T I RN R
HHH HHEH S B S TR BT TEH e HEEH B HHEH

¥E Trimmed Polar :jg,*iﬁg fi iH to Trim

CL_TOT LIt

CL_TOT LIt

.3 é

mai

Turbulenee Bodal

0.1t

H H ::::,:::::"" -::::::::,::::I:::: ::::: 3 .: e ::::::::: n.n H Liis
g.016 0.018 0.020 g.022 0.024 0.026 2.028 g.030 -2.000 -1.000 6.000 1.000

CD-CL2/PA Stebilizer iH
Bur Jun 14 2008 10:19:17



_ 4th CFD Drag Prediction Workshop

San Antonio, Texas — June 2009

Drag and iH at Zero Pitching Moment — All Solutions
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CL_TOT Litt

Trim Drag and Drag at Zero Pitching Moment — All Solutions
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o« Case 2 (Optional) : Mach Sweep Study

— Drag Polars at:- Mach = 0.70, 0.75, 0.80, 0.83, 0.85,
0.86, 0.87

— Drag Rise curves at CL = 0.400, 0.450, 0.500 (x0.001 or
extracted from polars)

— Untrimmed, Tall Incidence angle, iIH =0°
— Medium grid
— Chord Reynolds Number: Re=5M
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Drag Rise — All Solutions
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« Case 3 (Optional) : Reynolds Number Study

— Mach = 0.85, CL = 0.500 (+0.001)
— Tail Incidence angle iIH = 0°

— Medium grid
— Chord Reynolds Numbers: Re=5M and Re=20M




| 4th CFD Drag Prediction Workshop

San Antonio, Texas — June 2009

Reynolds Number Increment — Grid Type
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Reynolds Number Increment — Turbulence Model
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Concluding Remarks

» Generally a successful effort in that a wide variety of submissions from
different organizations with diverse codes and methods. Lots of data!
Thanks to everyone for their efforts.

* More scatter from unstructured methods than from structured grid
methods. Suspect this is more due to grid than to code.

 The number of unstructured codes that provided results within the span
and accuracy of the structured grids have increased. Less outliers.

o Still a fair amount of scatter in the separation bubble, but the bubble itself
IS smaller on this configuration.

» A lot of scatter in the shock location at WS13 but tends to diminish with
increasing grid size.

» Most of the codes predict similar drag and pitching moment levels for iH=0
and iH=+2, whereas there is a larger variation for iH=-2. Suspect tail-after
body junction separation.

» Excessive nose down pitching moment at 4 degrees angle of attack
reported for a few solutions. Suspect this is related to excessive side-of-
body separation at this condition.
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Concluding Remarks

» Less scatter seen for trim drag and iH to trim than seen for absolute levels
of drag and pitching moment.

« Solutions at 4 degrees angle of attack showed a lot of scatter in pitching
moment indicating very different separation patterns.

« MDD is pretty well captured by all the codes that submitted Case 2. Similar
scatter levels as for Case 1b.

* Reynolds number increment predictions were very consistent. Correlated
better with turbulence model than with grid type.

» As with previous DPW's, there are no clear trends for turbulence model.
Clearly, SA and SST models dominate.
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Recommendations for Proposed Testing of CRM

Issues raised by DPW4 CFD analysis suggest the need for certain
(additional) wind tunnel testing.

« Current NTF plan is bare-bones.
 More tail angles at higher RN to get RN effect on tail and trim

 Repeat series at RN=20M & 5M and at Ames, RN=5M to better define
drag levels.

 Pressure sensitive paint at NTF on wing and H. Tail
 Various flow measurement devices at NASA Ames — consider adding

— UV or colored oil, especially for wing-body and tail-body juncture
flow. (different tail angles and at high angle of attack)

— Pressure sensitive paint on wing and tail.
 High angle of attack testing (3-6+ degrees by 0.25 deg.)
« Testing at ETW would provide useful comparisons between tunnels.
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Next Steps?
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