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Solver: FUN3D v 12.1

Full Navier-Stokes, unstructured, node-centered

Spalart-Allmaras (SA) turbulence model

Roe’s flux difference splitting

All solutions executed from scratch

USM3D was also used, but to a limited extent. This
will be addressed in a later slide.
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Grids: DPW supplied unstructured-hybrid

« Utilized Common L1 - L5 hybrid grids

Level |Refinement |Y+ # of Nodes |# of Tets # of Prisms
1|Tiny 2.00 2,204,089 2,555,904 425,984
2|Coarse 1.33 660,177 8,626,176 1,437,696
3|Medium 1.00 5,196,193 20,766,720 3,301,376
4|Fine 0.67| 17,441,905 69,728,256 11,261,952
5|Extra Fine 0.50| 41,231,169 166,133,760 26,411,008

« Converted files to stream format (.b8).

Additional grids were generated using VGRID, but have
limited commonality. This will be addressed in a later slide.
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Typical FUN3D Convergence

converged within 4000
) iterations
000000 — \
oourezs | > final value +/- 0.2 counts
3 915 ::_____‘--
last 2000 iterations
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Test Case 1: Grid Study

Level 1 - Level 5 grids
Mach = 0.85, CL = 0.5
S, = 297,360 in? (half model)
Ry=5X105C, = 275.8in.

T, =559.67°R (100°F)
X, = 1325.90 in., Z,, = 177.95 in.
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Grid Study: Section C

uts
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Grid Study: Section Cuts

Most notable difference b/t grids: upper surface
shock definition (as seen in DPW IV)
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Grid Study: Drag
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What Determines TE Separation?

<

Reversed flow in
the volume?

(u = -0.001 iso-surface)

Lifting surface
vectors?

(cfx,cfy,cfz )

Constant-Y slice
through wing TE
Converging skin
friction lines?

(cfx,cfy,cfz )
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Grid Study: Wing TE Separation

Dx/c (% local chord)
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-0.5

Wing TE Separation

Mach = 0.85, Rn = 5.0 million, CL = 0.5

Y.
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Grid Study: SOB Separation
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] Y|
LEVEL = 1 ‘

|

FS bubble |BL bubble BL eye
1 N/A N/A N/A N/A
2 1444 1 127.3 1456.7 124.9
3 1439.7 127.8 1455.2 124.7
4 1426.2 128.9 1452.3 125.0
5 1422.2 129.1 1452.7 125.2
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Test Case 2: Buffet Study

Level 3 grid
Mach = 0.85
a = [2.5, 2.75, 3.0, 3.25, 3.5, 3.75, 4.0]
S, = 297,360 in? (half model)
Ry =5 X108 C,=275.8in.

T, =559.67°R (100°F)
X, = 1325.90 in., Z,., = 177.95 in.
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Buffet Study: TE Separation

B -

Wing TE Separation

Mach = 0.85, Rn = 5.0 million
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Buffet Study: SOB Separation

_ | Su increase
in separation
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Cp, = 0.0001 = 1 count

ad=2.75 d=3.00
Cp=302.3 cts ’Cg C,=333.6 cts ,@L\ Cp=331.9 cts ,&
[ o s
More gradual
growth
d=3.50 d=3.75
Cp=359.4 cts /Eéz\ Cp=388.9 cts /%Z\ Cp=420.5 cts Ji[\
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Buffet Study: Drag
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Buffet Study: Lift
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Alternate Solver and Grid Study

Level 3 + 2 custom grids
USM3D and FUN3D
Mach 0.85
Complete alpha sweep for USM3D
S, = 297,360 in? (half model)
Ry=5X10¢, C, =275.8 in.
T,.s = 559.67°R (100°F)

X, = 1325.90 in., Z,, = 177.95 in.
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Alternate Solver and Grids

« Solver: USM3D
— Full Navier-Stokes, tetrahedral, cell-centered
— SA turbulence model

Designation Code Y+ # of Nodes |# of Tets # of Prisms

Common L3 FUN3D 1.00 5,196,193 20,766,720 3,301,376
Custom Grid 1 |{USM3D 2.00 69,266,094 0
Custom Grid 2 |FUN3D 1.00 14,579,511 0
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Alternate Study: Grids

Slide 21

A

FUN3D with DPW grid
node-centered
Y+=1

8 points acrc;ss wing TE

N
.

<

| K] >

USM3D with user grid
cell-centered
Y+=2
4 cells across wing TE

USM3D with user grid 2
node-centered
Y+=1
9 points across wing TE
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Alternate Study: Drag

0.0550 T
00530 |
0.0510 ——————————————————————————————————————————————————————————————————————— -
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Alternate Study: Cp

USM3D with custom grid 1
cell-centered
Y+=2

FUN3D with DPW grid
node-centered

5,196\,(1+9§ :lodes 69,266,094 cells
8 points across wing TE ] 4 cells across wing TE

7

FUN3D with custom grid 2
node-centered
Y+r=1
14,579,511 nodes o/
9 points across wing TE /
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Alternate Study: Surface Stream Lines

FUN3D with custom grid 2
node-centered

USM3D with custom grid 1

- = [
FUN3D with DPW grid cell-centered

node-centered

Y+=1 Y+ =2 Ye=1
5,196,193 nodes 69,266,094 cells 14,579,511 no
8 points across wi 4 cells across wing TE ; 9 points across w
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Conclusions

« Massive SOB Separation seen in the Buffet Study seems to be
due to an interaction between FUN3D and the L3 common-
hybrid grid.

* Possible issue with tangential mesh density at the upper
wing/fuselage intersection.

« Possible issue with SOB separation bubble interacting with the
shock on the upper surface of the wing.

* Further investigation is, of course, required to understand this
interaction

« Further investigation is also needed into the wake resolution
for all three meshes in the Alternate Study.
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USM3D Convergence: Custom Grid 1

_ Residuals hung, only dropping 2 orders-of-
s magnitude. However, drag converged nicely. This
| ehavior with the residuals is not typical of
05 USM3D. A small/local anomaly in the mesh might
be preventing the residuals from dropping, while
allowing the overall flow to converge.
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FUN3D Convergence: Custom Gri
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Steady CFD

iscontinuity in flow
behavior

d=2.75 d=3.00
Cp=302.3 cts ,C& C,=333.6 cts ,@& Cp=331.9 cts ,@&
p— p—

d=3.50
Cp=359.4 cts

d=3.75
Cp,=388.9 cts z Cp=420.5 cts z

e
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Alternate Study: Grids

FUNS3D with DPW grid USM3D with custom grid 1 FUN3D with custom grid 2
node-centered cell;;:enlgred nod%-cen:ered
= + = + =
5196193 nodes 69,266,094 cells 14,579,511 nodes
8 oir’1ts e;cross wina TE 4 cells across wing TE 9 points across wing TE
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Grid Study: TE Separation

L1 stream traces
travel through the

wing surface

Section Cut8 | |
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Poor visualization with
Tecplot. Can tweak
stream line integration
parameters to eliminate
this behavior.
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