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aunch, Ascent, and Vehicle Aerodynamics Framewor

WWW.NAS.NASA.GOV/LAVA/

Guide  Unstructured User Guide  C: Jser Guide  Contact U

LAVA CFD

A suite of flexible and scalable
CFD solvers

Go to Gallery

AR
P OPP0000060060606060600600009
DD 0000000000600 000000009
QOGO OO 0000606060606 060660000 90

N

= SEESSESSSEe=sEs

e o0

3
*
*
*
®
3
*
*

*
@
@
*
[o
C
@
@
o



http://www.nas.nasa.gov/LAVA/

Application Focus @/

Iteration = 0
Drag Reduction = 0.00% C, =0.500 AoA = 2.653 deg
Optimality = 2.20e-01 C, = 0.02806 Tail Incidence = -0.285 deg

Feasibility = 5.10¢-06 C,, =-5.07¢-06

MDAO

Database Generation - Aeroelastics

[X-59] - Aero Shape Optimization

[CRM Shock Removal]

Flaps
Ailerons
Stabilators
T-tail
Rudder

z
XJ
Y

BN e

C, -1 -08-06-04-02 0 0.2 04 06 08 1

Rotating Blades

Hybrid RANS-LES
[SR7-SRV]

IDPWS8 Buffet WG]

Cp - Cpys

0.1000
0.0818

0.0636

0.0455
0.0273
0.0091
-0.0091
-0.0273
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-0.1000




Development Motivation

<0Old Grid Preparation New-=>

/Alter DCF cutter\

offsets, grids

Set grid retraction
priorities

Guess at orphan
causes

A

\ /

[

DCF Hole Cutters

Many ‘manual’ decisions

&

v

|

l

Grid Preprocessing

Block-to-Block capture

J

Connectivity

Pre-hole cut needed

l

l

Connectivity
Set fluid domain knowledge

l

USURP

Only L1, K1 surfaces

]

Overlapper

General & immersed surfaces

J

N\
1-72
hours

!

|
/ Debug output \

Add explicit
cutters

Set grid retraction
priorities

Connectivity

settings for

\ common issues /

A

!

-
0-20
minutes
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Perspective

You have a grid you want to run with LAVA Curvilinear
But

You need to get through connectivity

Takeaways

Recommended grid topologies / strategies
How to assess a geometry = use connectivity’s options.
Debugging strategies

|dentifying orphan causes/fixes



Grid Terminology

Block Computational
stencil
N .
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All cells should have We can ‘walk’ the stencil
positive Jacobians and volumes to get local information
(e.g. fluxes)



Grid Terminology

Partial
Boundary Conditions

Boundary Conditions

Periodic BC Periodic BC
Inflow Inflow Slip Wall BC
5¢ Wall BC e
a Wall BC |\ Wall BC
Slip Wall BC\\ Thermal
Wall BC




Grid Terminology

Inflow
BC

Nodal-application of
Boundary Conditions

Slip Wall BC

Periodic BC
Slip Wall BC
Isothermal
Wall BC Wall BC Wall BC
Slip Wall Bc\\lsothermal
Wall BC

*

Wall BC

&

BC Priority | High |

Fringe 4
Subsonic Outflow
Wall-Model Wall
|Isothermal Wall
Adiabatic (Regular) Wall
Slip Wall
Inflow/Outflow
Riemann

Inflow
periodic LOW



Grid Terminology

Fringe (Overset) BCs




Grid Terminology

Fringe (Overset) BCs
From Holes
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Grid Terminology

Fringe (Overset) BCs

From Holes
/ ~ ¢
y -
: : XN X
Required DQUAL of 1: Y, X Points of Overlap:
Can't interpolate from cells ——1 Need 5, prefer 7
with fringe nodes / ’
/
/ I \N-__—’ NN NN NN
Fringe Donor Orphan

Node Cell Node
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Grid Terminology
Block-to-Blocks
Periodic BC Periodic BC Periodic BC
Inflow B2B B2B
BC
Wall BC Wall BC Wall BC

!

Cluster
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Grid Terminology
Block-to-Block ‘Fringes’
N N
Periodic BC Periodic BC Periodic BC
Inflow B2B B2B
BC
Wall BC Wall BC Wall BC

\/

(Still solving the PDEs at B2Bs)
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Grid Terminology

Partial Block-to-Blocks

Periodic BC FereeleBe | Periodic BC
Periodic BC
Inflow Wall BC
BC B2 B2Bs
Wall BC
Wall BC Wall BC

If a block side is not fringe,
it must be entirely covered with BCs and/or B2Bs.
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lllegal Grid Topologies

Collapsed Axes Same-Side B2Bs Spooning B2Bs

B2B b

o
e

Poorly posed PDEs, Stencil walks into another block
Potential negative Jacobians must be unique
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Recommended Grid Topologies

Prevent illegal topologies

Take advantage of B2Bs

Preparing for refinement
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Recommended Grid Topologies

Caps

Prevents grid collapse
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Recommended Grid Topologies

Collars
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Recommended Grid Topologies

Wings
/
ds max ds max
ds te == ! j,s te = \
— ==~ = »$ ds le 7 ::ar ¢ >
dote ds max np te dste ds max
(5-20)
| ds | %o
le 0.1 Caps and collars can follow same B2B strategy, le 0.1
max 3.0
B And could be B2B’ed with wing grids if grown together
te 0.1 te match te

edge ds 19



Recommended Grid Topologies

Tight internal geometry

"

J min
fringe

L min
L min wall wall
\
L min wall
v
L max wall
L min wall
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Recommended Grid Topologies

Sliding Mesh

21



Recommended Grid Topologies

Sliding Mesh
Uniform Circumfereqtial
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Recommended Grid Topologies @

Oct Far Field Generation

1) Provide triangulated surface

2) State nearbody dx size

3) State domain width

4) Combine with nearbody grid
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Recommended Grid Topologies

Immersing




Recommended Grid Topologies

Immersing
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Recommended Grid Topologies

Immersing
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Recommended Grid Topologies

Immersing
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Recommended Grid Topologies

Immersing
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Recommended Grid Topologies

Immersing
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Overlapper Panel Weight Generation

Wall Unit Area Weights

[ |

frac 0 0.10.20.304050.60.70.80.9 1

30



Overlapper Panel Weight Generation

Immersed Intersection Weights

frac 0.05 0.2 035 0.5 065 0.8 0.95

0.912782

Wetted
Cell Center
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Refinemen
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Getting Started

grid.x
grid.bc
plot3d

[fuse,wing, tail]
BCWallViscous
onbody

[symm]
BCSymmetryPlane

type BCfarfield
location : offbody

Input File

-otatingMesh:

[6-8,11-13,27-37]

immersedBoundaries:

immGeom_PYLON
tri
pylon

[pylon]
BCWallViscous
offBody

33
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Must state periodic conditions
Optionally disallow partial B2Bs

to ignore multiple point
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Connectivity

Manual

NASA WA/ ﬂ Q, Search

Home  Overview  Setup and Utilities  Curvilinear User Guide ~ Unstructured User Guide  Cartesian User Guide ~ ContactUs  NAS Homepage

i Connectivity

Introduction

Qui

YAML Input File Everything you need to know about understanding, running, and debugging overset connectivity
Output Variables can be found in the "LAVA Curvilinear Overset Grid Connectivity Manual". The latest version of the

File Formats manual can be downloaded below.

pyLAVA 1 /50 & @

pyLAVA
Requirements LAVA Curvilinear

Overset Grid Connectivity

ization YAML
Manual

Version 1.00

mergeGrids
interpolatator
refineTriangulation
Introduction
YAML Input File
Example YAML Files
Tutorials v

CRM Wing Body Steady RANS

ONERA OAT15A Hybrid RANS:
LES

Pi Next
< File Formats pyLAVA Description

https:/dev.lava-pages.nas.nasa.gov/lava_developer/lava_docs_production/curv_docs/connectivity/ 35
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Connectivity @

Pre-computed hole cut (assumed DQUAL of 1)

Panel
Welght
Calc

B2B
Capture

36



Connectivity @

Optimize

Pre-computed Raw Hole Cut (RHC) & —

[I} . =

B2B
Capture




Connectivity

Compute the RHC

==

B2B
Capture
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Connectivity @

Optimize

Define the RHC " Overlap
Initialw Surface
Grid J projection

T Explicit
B2B } ’[ Hole Cut}

Capture
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Connectivity @/

Optimize

Manually help computation of the RHC > —

Overlap
Initialw Surface
Grid J projection

T Explicit
B2B } ’[ Hole Cut}

Capture l

Implicit Hole Cut
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Connectivity

Required
All ‘paths’ Optional but Recommended

Optional
Issue Fixing
Initialw
Grid J

T

B2B
Capture
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Connectivity

Surface Projection

42



Connectivity

Surface Projection

e e - Average edge length
h,.., : Max Bezier height
feage - Edge factor (0.1)

f curv : Curvature factor (1.0)

Deviation: max(egye * feage » Pmax * feurv)

43



Connectivity

Donor Search

+
AN

.. PROJECT RED GRID
° ONTO BLUE GRID
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Connectivity

Donor Search

Viscous Stencil Repair Distance

a »
l »
A A ATA A A A A A A A A A
»
Ll
»
Ll
vVVvYVYIVY v v v v v v v v
A A A A A A A A A A A A A
»
»
»
»
Yy VvVvVYVYyYvVvY Y v v v v v v v v
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Connectivity

Donor Search
4 4




Connectivity

Donor Search

qualfinal = (qualcey * priority) + igrid

Release cell quality: inverse volume

overset :
zoneSpecific:

zones : [1,9-22,29-40]
priority : 100.0

-+ (=

zones :  [2,3-8,23-28]
priority : 1000.0
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Connectivity

Overlap Optimization

*




Connectivity

Grid 2
Vol 2
Priority 10

Qual 5.3

Overlap Optimization

*

Grid 3
Vol 1
Priority 10

Qual 10.3

Grid 4
Vol 1
Priority 1

Qual 1.4

4'- Vol 1

Priority 1
Qual 1.5




ivity

Connect

Overlap Optimization
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Connectivity

Orphan Donor Search

) 4

TS S A S

lllegal donation node if:

Blanked
Fringe
Orphan

BC
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Connectivity

Grid 2
Vol 2
Priority 10

Qual 5.3

Orphan Donor Search

*

Grid 3
Vol 1
Priority 10

Qual 10.3

4'- Vol1

Priority 1
Qual 1.5

)

Grid 4
Vol 1
Priority 1

Qual 1.4




Connectivity

Implicit Hole Cut

Resolve the geometry with an octree

Divide computational domain between inside and outside the geometry

Remove hanging surfaces

Blank all grid inside / intersecting surface
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Connectivity

Implicit Hole Cut

Fluid
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Connectivity

Implicit Hole Cut

95



Connectivity

Implicit Hole Cut

empty 0 0.99
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Connectivity

Implicit Hole Cut

57



Connectivity

&

Implicit Hole Cut

.*.'
*y

Surface nodes: on wetted surface or floating

Volume nodes: in or out

Volume edges: intersecting remaining surface

58



Connectivity

Explicit Hole Cut

Manually defined, but very fast

Enforce symmetry conditions

Remove ambiguous surfaces which confuse implicit cut
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Connectivity

Explicit Hole Cut

...............................................................................................

..,.. ..... o .,.

_____ ,.,..,,..,,.

surFile

airfoil.i.tri

tri

[0.001]

' ‘ 60




Connectivity

Explicit Hole Cut

61



Connectivity

Explicit Hole Cut

overset :

explicitBlanking: explicitBlanking:

overset

writeExplicitCutters
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Domain and Geometry Considerations

Open Geometry

Symmetry

Periodic

- 2D

Open geometry
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Domain and Geometry Considerations

 Tunnel Flow
 ‘Appended’ Features

« Periodic Wedges

Internal / Cavity Flow

Inflow

outflow



Debugging Tools

You run connectivity and ...

Your surfaces have been blanked
(your surface isn'’t air-tight)
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Debugging Tools

Visually Check BCs and B2Bs

SY MMM
overset
wing

I

B28
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Debugging Tools

Check Open Geometry Enforcement

status z SES

.| Ht‘
] | 3
2
1
NN IIEENEENEEEEEEERERENENENEENEREEREEI \\I”hh\}‘l‘\\l

NI

I

[False, True, True, False,

overset

internalFlow : True

[tail_vent]
BCinflowsubsonic
onbody

[engine_1inflow]
BCoutflowsubsonic
onbody
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Debugging Tools

Assess Octree Flooding

floodlter

70
50
30
10
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Debugging Tools

You run connectivity and ...

Orphans exist
(grids being blanked when they shouldn't)
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Debugging Tools

Force Existence

xplicitJKL : [1,1,1,10,]

Debug Node
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Debugging Tools

Assess Orphan Interpolation

71



Debugging Tools

Orphans Outside Domain

names : [symm]
type BCSymmetryPlane

J.'J.a.1.'a.,.d.a. T = -
projectT lodes : =
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Debugging Tools

Orphans Near a B2B

sk connectivity
'bTol le-10
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Debugging

Orphans Near a Wall BC

Volume edges will be cut by geometry of surfaces they aren’t ‘related’ to

surfaceDeviation

0.0005
0.00035
0.0002
5E-05




Debugging

Orphans Near Sharp Corner

Having trouble with octree In/out raycast

overset

writelUncertainNodes

overset

rayExtensionMaxIter

DebugNode-ing a surface node
will write ‘surfaceRays.dat’ for viewing
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Impact on NASA Applications

MPI-enabled in case need to re-compute during simulation
(e.g. re-computation of connectivity during X-59 design optimization).

Single Rank Engineering Workstation Timings
(includes B2B extraction, connectivity, and panel weight generation)

mmm

X-59 5.87

R4 627 1127 128 16.78

CRM Immersed Ice 186 609 80 2.85

IRT 1615 795 125 22.4
Generally <300 ~50

CRM Ice




Upcoming Features

* Dynamic Connectivity.

» Aspect-ratio, solution-alignment, and immersed distance priorities.
« Refined re-distribution for residual reduction.

« Surface triangulation auto-quadding.

« Azimuthally non-uniform (spacing and width) sliding mesh wedges for
multi-stage turbomachinery analysis.

144
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