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TAl DPW-WING 1 AND WING 2 (TEST CASES)

O Configuration : Wing alone comparisons

O DPW-Wingl (baseline) and DPW-Wing2 (simple
optimization)

O For all cases, Reynolds No. = 5x106 (Based on cref =

197.556 mm), free-stream Temperature 580R ( 322.22
Kelvin)

O Drag polar at Mach=0.76, alpha=-1, 0, 0.5, 1, 1.5, 2, 2.5, 3
(medium grid)
O Reference Geometry:

Sref = 290322 mm2 = 450 in2
cref =197.556 mm = 7.778 in b = 1524 mm = 60 in

AR = 8.0
Mom. Center = (154.245,0.0,0.0) Relative to wing root l.e.
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!M DPW-WING 1 AND WING 2 (GEOMETRIES)

GEOMETRICAL COMPARISON OF WING 1 AND WING 2
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BOEING W1& W2 MESH (8 BLOCKS)

MEDIUM GRID
8 BLOCKS
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193*%49* 73=690361
97*73*121=856801
97*73*121=856801
65*73*%121=574145
65*73*%121=574145
81*97* 33=259281
49*%33* 73=118041
65*33*%121=259545

Total = 4189120
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!Ai THE FLOW SOLVER : XFLLOW_SVPMB

O Structured Finite Volume, explicit formulation

O Euler/NS (Algebraic Turbulence model : Baldwin-
Lomax)

O Jameson’s Upwind-biased Symmetric Limited Positive
Scheme

O Parallel-Multiblock (MPI with mpich-1.2.4)
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS
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YAl

COMPUTATIONS-SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE

(8 BLOCKS AND TOTAL 4189120 NODEYS);
CFL = 1.0 NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS
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!Ai COMPUTATIONS-SYSTEM

REQUIREMENTS

FOR MEDIUM GRID SIZE

(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS

~15,000 ; RAM ~240 MB

(at each node); WALL CLOCK TIME ~30 HOURS
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS

WING-1 AOB= 1.5 DEG WING-2 ADA= 1.5 DEG
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS
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TRl compuTATIONS.SYSTEM REQUIREMENTS

FOR MEDIUM GRID SIZE
(8 BLOCKS AND TOTAL 4189120 NODEYS);

O CFL =1.0; NUMBER OF ITERATIONS ~15,000 ; RAM ~240 MB
(at each node); WALL CLOCK TIME ~30 HOURS

WING-2 AOA= 2,5 DEG
U5E FELEL WING-1 ADA= 2,5 DEG LOG RElsolonunL
100 ¢ - , : : ,

10

1

0.1
0,01

:\
0,001 |-} - o

0,0001 i 0,0001
o 5000 10000 15000 20000 25000 30000 0 20 L Lo 20000 25000

ITERATION ITERATION

JUNE 3-4 2006 ATAA DPW III 6
TAI-FLIGHT SCIENCES



YAl RESULTS ( WING 1 & 2 SKIN FRICTION)
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! RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS
MACH=0.76 ALPHA =-1.0 DEG
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WING 2 - SKIN FRICTION COEFFICIENTS
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! RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS WING 2 - SKIN FRICTION COEFFICIENTS )
MACH=0.76 ALPHA =0.0 DEG Q MACH =0.76 ALPHA =0.0 DEG Q
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! RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS
MACH =0.76 ALPHA =0.5 DEG

N~
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WING 2 - SKIN FRICTION COEFFICIENTS
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! RESULTS ( WING 1 & 2 SKIN FRICTION)

JUNE 3-4 2006
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WING 1 - SKIN FRICTION COEFFICIENTS WING 2 - SKIN FRICTION COEFFICIENTS B
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RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS
MACH =0.76 ALPHA =1.5 DEG
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!M RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS
MACH =0.76 ALPHA =2.0 DEG

N~

WING 2 - SKIN FRICTION COEFFICIENTS
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YAl

RESULTS ( WING 1 & 2 SKIN FRICTION)

WING 1 - SKIN FRICTION COEFFICIENTS WING 2 - SKIN FRICTION COEFFICIENTS
MACH =0.76 ALPHA =2.5 DEG MACH =0.76 ALPHA =2.5 DEG
o G
ASESA R ASES L
AoE b A9E b =0.814 5.977E-05
4 856E-05
3.736E-05
s p 4.300E-06 ey 3 7456 06
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!Ai RESULTS ( WING 1 & 2 SURFACE PRESSURE)
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RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =-1.0 DEG é
X

Cp

1.032
0912
0792
0672
0552
0432
0312
0.182
y/BO2 = 0.945 0072
-0.048

-0.168
=0.814 -0288
0408
0528
-0.648
-0.768
-0.888

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =-1.0 DEG

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

Cp

1.030
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0787
0665
0544
0422
0301
0179
0058
-0.064
-0.185
-0.307
0428
-0.550
0671
-0.793
-0814
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YAl

RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =0.0 DEG é
X

Cp

1016
0.889
0762
0635
0508
0.381
0253
0.126
y/BO2 = 0.945 -0.001
-0.128

-0.255
=0.814 02382
-0.509
0636
-0.763
-0.890
-1.017

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =0.0 DEG

g,\p y/BO2 =0.945

0 y/BO2 =10.814

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.016
0886
0756
0626
0497
0367
0237
0107

-0.022
-0.152
-0.282
041
-0.541
0671
-0.801
-0.930
-1.060
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YAl

RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =0.5 DEG é
X

Cp

1.010
0.880
0749
0618
0488
0357
0227
0.086
y/BO2 = 0.945 -0034
-0.165

-0.285
=0.814 0426
-0.557
-0.687
-0.818
-0.948
-1.079

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =0.5 DEG

g,\‘g y/BO2 =0.945

0 y/BO2 =10.814

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.010
0876

0743
0609
0476
0342
0208
0075
-0.059
-0.192
-0.326
-0459
-0.593
0726
-0.860
-0.994
-1.127
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RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =1.0 DEG é
X

Cp

1011
0.876
0741
0607
0472
0338
0203

! 0.068
g ! y/BO2 =0.945 -0.066
-0.201
» -0.336

05 =0.814 0470
-0.605
-0.740
-0.874
-1.009
-1.143

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =1.0 DEG

g,\‘g y/BO2 =0.945

0 y/BO2 =10.814

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.005
0869

0732
0596
0459
0323
0.186
0.050
-0.086
-0.223
-0.359
-0496
-0.632
-0.769
-0.905
-1.041
-1.178
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RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =1.5 DEG é
X

Cp

1011
0873
0735
0597
0459
0322
0.184
0.046
g ! y/BO2 =0.945 -0092
-0.230
‘ L 0367
05 0.814 0505
-0.643
-0.781
-0.919
-1.056
-1.194

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =1.5 DEG

&0 ‘ y/BOZ = 0.945

05 ; VB2 = 0.814

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.006
0866

0726
0587
0447
0307
0.168
0028
011
-0.251
-0.391
-0.530
-0.670
-0.810
-0.949
-1.089
-1.229
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YAl

RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =2.0 DEG é

Cp

1011
03871
0731
0591
0451
031
0171
0.032

8 408 i y/BO2 =0.945 -0.108
-0.248
B -0.388

05 i g =0.814 0528
3 -0.668

-0.808
-0.947
-1.087
-1.227

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =2.0 DEG

g,\‘g y/BO2 =0.945

05 “ \ y/BO2 = 0.814

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.004
0863

0721
0579
0438
0296
0.155
0013
-0.128
-0.270
0411
-0.553
-0.695
-0.836
-0.978
-1.119
-1.261
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RESULTS ( WING 1 & 2 SURFACE PRESSURE)

WING 1 - PRESSURE COEFFICIENTS
MACH =0.76 ALPHA =2.5 DEG

Upper (-Cp)
Lower (-Cp)

y/BO2=0.026

WING 2 - PRESSURE COEFFICIENTS
é MACH =0.76 ALPHA =2.5 DEG

Cp

1.011
0.869
0727
0586
0444
0302
0.160
0019
y/BO2 = 0.945 0123 &0
-0.265
-0407
0.814 0548 0o
-0.690
-0.832
-0.974
-1.115
-1.257 085

y/BO2=0.289
Upper (-Cp)

Lower (-Cp) WBO2 =0.157

y/BO2=0.026

Cp

1.007
0863

0719
0574
0430
0286
0.142
-0.002
-0.146
-0.291
0435
-0.579
0723
-0.867
-1.012
-1.156
-1.300
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DETAILED FLOW ANALYSIS
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!Ai DETAILED FLOW ANALYSIS

STREAMLINES AT 0.328 of HALF SPAN STREAMLINES AT 0.328 of HALF SPAN

CONTOURS OF CONTOURS OF
P-TOT/FREESTREAM P-TOT P-TOT/FREESTREAM P-TOT

DPW-WING 1 - - DPW-WING 2 - -

MACH = 0.76, ALPHA 0.5 DEG ptot: 0.38 0.48 0.58 0.68 0.78 0.88 0.98 MACH = 0.76, ALPHA 0.5 DEG ptot: 0.38 0.48 0.58 0.68 0.78 0.88 0.98

Streamlines and Total Pressure Contours
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!M DETAILED FLOW ANALYSIS

STREAMLINES AT 0.328 of HALF SPAN STREAMLINES AT 0.328 of HALF SPAN

CONTOURS OF CONTOURS OF
P-TOT/FREESTREAM P-TOT P-TOT/FREESTREAM P-TOT

DPW-WING 1 - I DPW-WING 2 - I

MACH = 0.76, ALPHA 1.0 DEG ptot: 0.36 0.46 0.56 0.66 0.76 0.86 0.96 1.06 MACH = 0.76, ALPHA 1.0 DEG ptot: 0.36 0.46 0.56 0.66 0.76 0.86 0.96 1.06

Streamlines and Total Pressure Contours
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!M DETAILED FLOW ANALYSIS

STREAMLINES AT 0.328 of HALF SPAN STREAMLINES AT 0.328 of HALF SPAN

CONTOURS OF CONTOURS OF
P-TOT/FREESTREAM P-TOT P-TOT/FREESTREAM P-TOT

DPW-WING 1 - DPW-WING 2 -

MACH = 0.76, ALPHA 1.5 DEG ptot: 0.36 0.46 0.56 0.66 0.76 0.86 0.96 1.06 MACH = 0.76, ALPHA 1.5 DEG ptot: 0.36 0.46 0.56 0.66 0.76 0.86 0.96 1.06

Streamlines and Total Pressure Contours
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!M DETAILED FLOW ANALYSIS

STREAMLINES AT 0.328 of HALF SPAN STREAMLINES AT 0.328 of HALF SPAN

CONTOURS OF CONTOURS OF

P-TOT/FREESTREAM P-TOT P-TOT/FREESTREAM P-TOT

DPW-WING 1 - DPW-WING 2 -

MACH = 0.76, ALPHA 2.0 DEG ptot: 0.34 0.44 0.54 0.64 0.74 0.84 0.94 1.04 MACH = 0.76, ALPHA 2.0 DEG ptot: 0.34 0.44 0.54 0.64 0.74 0.84 0.94 1.04

Streamlines and Total Pressure Contours
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!M DETAILED FLOW ANALYSIS

STREAMLINES AT 0.328 of HALF SPAN STREAMLINES AT 0.328 of HALF SPAN

CONTOURS OF CONTOURS OF
P-TOT/FREESTREAM P-TOT P-TOT/FREESTREAM P-TOT

DPW-WING 1 - DPW-WING 2 -

MACH = 0.76, ALPHA 2.5 DEG ptot: 0.34 0.44 0.54 0.64 0.74 0.84 0.94 1.04 MACH = 0.76, ALPHA 2.5 DEG ptot: 0.34 0.44 0.54 0.64 0.74 0.84 0.94 1.04

Streamlines and Total Pressure Contours
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SURFACE STREAMLINES
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SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES WING 2 - SURFACE STREAMLINES
MACH =0.76 ALPHA =-1.0 DEG Q MACH =0.76 ALPHA =-1.0 DEG
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SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES WING 2 - SURFACE STREAMLINES
MACH = 0.76 ALPHA = 0.0 DEG Q MACH = 0.76 ALPHA = 0.0 DEG
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!M SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES ) WING 2 - SURFACE STREAMLINES
MACH = 0.76 ALPHA = 0.5 DEG Q MACH = 0.76 ALPHA = 0.5 DEG
\
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SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES
MACH =0.76 ALPHA=1.0 DEG

WING 2 - SURFACE STREAMLINES
é MACH =0.76 ALPHA=1.0 DEG

¢
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SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES
MACH =0.76 ALPHA =1.5 DEG

—

WING 2 - SURFACE STREAMLINES
MACH =0.76 ALPHA =1.5 DEG

o
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SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES
MACH =0.76 ALPHA =2.0 DEG

<

Z WING 2 - SURFACE STREAMLINES
Q MACH =0.76 ALPHA =2.0 DEG

S

JUNE 3-4 2006

ATAA DPW III
TAI-FLIGHT SCIENCES

10




YAl

SURFACE STREAMLINES

WING 1 - SURFACE STREAMLINES
MACH =0.76 ALPHA =2.5 DEG

Z WING 2 - SURFACE STREAMLINES
Q MACH =0.76 ALPHA =2.5 DEG

/.
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FORCE COEFFICIENTS
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“ FORCE COEFFICIENTS
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FORCE COEFFICIENTS

cb
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!Ai FORCE COEFFICIENTS

cb
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SKIN FRICTION METHODOLOGY

O Co

ordinate transformation

(x.y,2)=> (EM,C) orthogonal

O Calculation of Stress Tensor

(Surface mesh cell center)

O Calculation of Traction Force T

O  Surface shear force S

ou, ou, 0 2
T, =U Y +(Sl.j)\.ﬂ,)\.=——‘u
’ dx,  ox, 7ox, 3
I =7,;n,
S; =1, - (TJ”J )7/'
S, =8i+8,j+S8.k
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END OF THE PRESENTATION
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