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Solid Meshing
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Volume Meshing
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Volume Meshing

Mach-aligned hex elements

Tet core block
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FFD Boxes

[chiptl CAE Help

Execute...
4 ,i Groups (4) Type Re-Execute Ctrl+E
ffd-wingnacelle-1.2,1.2,1.2-5,3,3 Domain Begin Journaling...

fid-centernacelle-1.1,1.3,1. 3-5,3,3 Diomain A

o _ Append to Journal...
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Native SUZ Support
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Shape Design in SU?

2 Today’s webinar is
based on SU2 V3.1. See
http://su2.stanford.edu
for much more
information!

The Open-Source CFD Code

Open-source suite for CFD, shape design, + much more
SU? is also capable of multi-physics calculations
Industry-standard numerical methods on unstructured grids
Object-oriented C++ modules and Python scripts

Once a baseline geometry/mesh is available, SU2 can be used for
analyzing performance, evaluating sensitivities, and automatic
shape design
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Optimal Shape Design Loop
Aptimizer

> Bump functions,

- - -

T o FFD control points
> Linear Elasticity
Eguations
,r—' > Finite Volume,
o Unstructured CFD solver
> Finite Volume,
Unstructured Adjoint solver
- Converged? P f * ; J *
SLSQP Optimizer j
(Pythion / SciPy)
T vector of design variables Tive Mavw Opan-Source CFD Code

5 u,. J objective/constraint function(s) P InT\v I >E®




Shape Design in SU?

« There are a lot of moving parts in the design loop...

« However, SUZ provides everything you need for design

« Configure each module within a single config file (.cfg)
« With everything in place, call shape_optimization.py
« Python automates the shape design loop for you

$ shape optimization.py —-f LM-1021.cfg -p 96

|

|

‘“f specifies
config filename

‘-p’ specifies number of
procs for parallel jobs
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Shape Design in SU?

« Python orchestrates the automatic shape design loop
« Can easily adapt a config file from an existing case

« For the complex supersonic configuration, we will pose a
realistic shape optimization problem:
— Minimize drag (this objective drives the optimizer)
— Decrease the pitching moment by 25%
— Maintain 95% of the original lift
— Maintain 90% of the original maximum thicknesses at 5 wing sections

— It can be difficult to reduce drag given a good starting configuration
based on supersonic theory

— Our problem will trim the aircraft by changing the wing shape

So, what do you need to know in order to set up your
own shape design problems?
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Geometry Parameterization

R

Parameterize by a Free-Form Deformation (FFD) approach
Technique has origins in the computer graphics industry

Encapsulate geometry in a bounding box and create a mapping
between the FFD control points and the mesh surface nodes

FFD control points become the design variables (DVs) with the
surface inheriting a smooth deformation

FFD variables are now available in both 2D & 3D with SU2 V3.1
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Geometry Parameterization

Set up FFD boxes at bottom of
the SU? native mesh file

The new script for Pointwise can
generate this information

Initialize the mapping for the

FFD box by running SU2_MDC
once with option DV_KIND=

FFD_SETTING

After completion, a new copy of
the mesh with all FFD
information is written to disk

Use this new mesh for shape
optimization

SU

FFD box specification for our LM 1021 problem

FFD_NBOX= 1
FFD_NLEVEL= 1
FFD_TAG=

FFD_LEVEL= @
FFD_DEGREE_I= 5
FFD_DEGREE_J= 6
FFD_DEGREE_K= 1
FFD_PARENTS= @
FFD_CHILDREN= @
FFD_CORNER_POINTS= 8
.502544  -0.044427
.352456  -0.044427
.503809 -0.107234
.53585  -0.107234
.502544  -0.044427
.352456  -0.044427
.503809 -0.107234
.53585  -0.107234
FFD_CONTROL_POINTS= @
FFD_SURFACE_POINTS= @

000083

. 0488

. 0488

. 06271
06271
.06534
. 06534
. 06828
. 06828

000083
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Geometry Parameterization

FFD box for redesigning the Lockheed Martin 1021 configuration

264 FFD Control Point Variables
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W N

z:. 0.05 0.35 0.65 0.95

Mesh Deformation

W N

z:. 0.05 0.35 0.65 0.95

Need robust mesh deformation technique...

Treat the mesh as an elastic solid with non-uniform stiffness

ty equations on the mesh for the nodal

ici

Solve the linear elast

SU

displacements using the movement of the boundaries as input
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Mesh Deformation

% GRID DEFORMATION PARAMETERS %
%

% Number of smoothing iterations for FEA mesh deformation

DEFORM_LINEAR_ITER= 500

%

% Number of nonlinear deformation iterations (surface deformation increments)
DEFORM_MNOMLINEAR_ITER= 1

%

% Print the residuals during mesh deformation to the console (YES, NO)
DEFORM_CONSOLE_OQUTPUT= YES

%

% Factor to multiply smallest cell volume for deform tolerance (©.801 default)
DEFORM_TOL_ FACTOR = B.881

%

% Type of element stiffness imposed for FEA mesh deformation (INVERSE_VOLUME,

% WALL_DISTANCE, CONSTANT_STIFFNESS)

DEFORM_STIFFNESS_TYPE=g INVERSE_VOLUME

N Controls type of cell stiffness.

% Visualize the deformation (NO, YES) yp

VISUALIZE_DEFORMATION= NO Smaller cells or those near walls

% . « .

% Divide elemetns into triangles and tetrahedra will be m(_)re rigid under

DIVIDE_ELEMENTS= YES deformation (preserves mesh
quality).

Mesh deformation options in SU% V3.1.
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Flow & Adjoint Problem Setup

Unstructured meshes with
median-dual control volumes
(vertex-based)

Finite Volume Method with
second-order schemes

For the supersonic problem,
we’ll focus on JST spatial
integration (centered) with
implicit time integration
Similar schemes for integrating
the flow and adjoint equations
(adjoint scheme is non-
conservative)
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Optimization Problem

Lastly, define your optimization problem in the config file

Choose an objective, constraints (including geometric), and
specify your design variables

Full specifications can be found in config_template.cfg
Scaling factor helps optimizer take appropriate first step

% Optimization objective function with scaling factor

% ex= Objective x Scale

OPT_OBJECTIVE= DRAG * ©.01

%

% Optimization constraint functions with scaling factors, separated by semic
olons

% ex= (Objective = Value ) % Scale, use '>',6'<', '=
OPT_CONSTRAINT= (MOMENT_Y < ©0.0135919515) * ©0.01; (LIFT > ©.13212308464) %x @
.01; (MAX_THICKNESS_SEC1 > ©.0035208432) % 0.01; (MAX_THICKNESS_SEC2 > 0.002
7518184) * 0.01; (MAX_THICKNESS_SEC3 > 0.0020452032) * 0.01; (MAX_THICKNESS_
SEC4 > 0.0013014216) * 0.01; (MAX_THICKNESS_SEC5 > 0.00052060608) * 0.01

%

% Optimization design variables, separated by semicolons

DEFINITION_DV= ( 7, 1.0 | aircraft | @, 0, 1, 0, 0.0, 0.0, 1.0 ); ( 7, 1.0 |

aircraft | @, 1, 1, 0, 9.0, 0.0, 1.0 ); ...
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Shape Design in SU?

$ shape optimization.py —-f LM-1021.cfg -p 96
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Optimization Results

Shock-aligned hex cells can
help maintain accuracy and
reduce cost for boom
predictions when
extracting off-body
pressure signatures.

. 1.59 1.59 1.60 1.60 1.60 1.60 1.61 1.61
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Optimization Results

.

Surface Sensitivity (Drag): -0.0005 -0.0002 0.0001 0.0004

The Continuous Adjoint in
SU? provides surface
sensitivities: a measure of
the change in the objective
function at each node due
to small perturbations in
the local normal direction.
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Objective & Flow Constraints
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Optimizer iteration

Optimizer iteration
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The final design (optimizer iteration 8) satisfies C_ and C,,, constraints with a
smaller C, coefficient (3 drag counts less than the baseline value).
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Geometric Constraints

0.01
—————— Section 1 (y=-0.0404m)
0.009 | | ———— Section 2 (y=-0.0582m)
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Optimizer iteration

However, there is an
inadmissible increase in
the maximum thickness
of section 2 at iteration 4
(a new geometrical
constraint is required).

SU

Z(m)

Z(m)

Z(m)
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Optimization Results
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Optimization Results

T~ Optimized X

a V h

Lower Surface
Original
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Optimization Results

Original - Grey
Optimized - Green
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We’ve Only Scratched the Surface...

Promising results, but this is just the first design iteration
Add more geometric constraints to the wing sections
Consider angle of attack during optimization

Adjust FFD design variables (easy w/ Pointwise script):
— Change the shape or move the FFD box around on wing
— Add more FFD control points
— Hold some FFD control point variables fixed near inboard sections
— Try the FFD camber or FFD thickness design variables
— Add more FFD boxes to other locations (nacelles?)
— Insert nested FFD boxes for finer control (local to leading edge?)

Once a design is finalized, SU2_MDC can export .stl files of
the geometry to reintegrate with CAD/manufacturing
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Thank-you for attending our webinar

The grid files and scripts used in this webinar as well as the
recorded video of the webinar will be available on our web sites
tomorrow.

We would like to acknowledge the NASA N+2 Supersonic
Program and the Lockheed Martin Corporation.

www.pointwise.com/webinar
http://su2.stanford.edu/training.html

If you have any questions about Pointwise, please email Travis
Carrigan at webinar@pointwise.com.

If you have any questions about SU?, please email Tom
Economon at economon@stanford.edu.
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