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% Three Main Topics

« Getting up to speed with SU?
— Configuring a RANS simulation
« Advanced Analysis Topics
— Steady flows with moving walls
— Unsteady flows with fixed geometry
— Unsteady flows on dynamic meshes
» Getting started with optimal shape design

— Setting up a 2-D airfoil optimization
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% Getting up to Speed with SU?
b,

» Best way to get going? User Tutorials!

en0o User's Tutorials - Stanford University Unstructured (SU2) - ADL Software Documentation

[« > ][] [2) X adi.stanford.edu
Pac o Quick Start Tutorial

=)o)

s

e Tutorial 1-BumpinaChannel
e Tutorial 2 - Inviscid ONERA M6

oo @ Tutorial 3 -Laminar Flat Plate
e Tutorial4 - Laminar Cylinder ‘
B TutorialS Turbulent Flat Plate el

e Tutorial 10- ngh Speed Plasma

e Tutorial 11 - Inviscid Supersonic Wedge

e Tutorial 13 - Adaptive Mesh Refinement

e Tutorial 14 - Task-Based Design Evaluation
e Tutorial 15-Turbulent NACA 4414 SST



g? Getting up to Speed with SU?
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<
The workflow for RANS...

o Pre pa e geometry & meSh MESH_FILENAME= mesh_ONERAM6_turb_hexa.su2
Read grid file information

beforehand. hree Sinensionsl problen, L om0 ahost pointe.
“boundar zr;ents in index © (Marker = FARFIELD).

e Choose appropriate physics. i aem b et e e,
e Set proper conditions for a / '|'

. . . )
viscous simulation. -' |

¢ Select numerical methods: - .
e Convective terms U

e\/iscous terms |
eTime Integration
e Multi-grid L//

®Run the analysis.
® Post-process the results.
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(%sz Getting up to Speed with SU?

o P re pa re geo met r‘y & mes h a) Store the gas constants and freestream

temperature, then calculate the speed of

beforehand. sound.

b) Calculate and store the freestream velocity

® Choose a pp ropriate physiCS. from the Mach number & AoA/sideslip angles.

c) Compute the freestream viscosity from

PS Set p ro pe r con d |t| ons fO r a Sutherland's law and the supplied freestream

temperature.
: : . d) Use the definition of the Reynolds number to
VISCOUS Simu Iatl on. find the freestream density from the supplied
Reynolds information, freestream velocity, and

® Se | ect nume rica | m eth Od S: freestream viscosity from step 3.

. e) Calculate the freestream pressure using the
@ CO nvective terms perfect gas law with the freestream

® VI scous terms temperature, specific gas constant, and
freestream density from step 4.
elime Integration f) Perform any required non-dim.
. H | ® O O _— . \_ioineraim — vim — 86x - g
e Multi-grid 0 S
% ng;ii:é_tj:;:;:o;.;or converting the grid to meters
' R u n t h e a n a |yS I S ° : Write a new mesh converted to meters (NO, YES)

WRITE_CONVERTED_MESH = NO

® Post-process the results.
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g? Advanced Analysis Topics

[~

* New “Dynamic Mesh” config options

* Unified approach for:
— Moving walls & rotating frame (steady)
— Rigidly transforming meshes (unsteady)
— Dynamically deforming meshes (unsteady)

% DYNAMIC MESH DEFINITION %
%

% Dynamic mesh simulation (NO, YES)

GRID_MOVEMENT= NO

%

% Type of dynamic mesh (NONE, RIGID_MOTION, DEFORMING, ROTATING_FRAME,

% MOVING_WALL, FLUID_STRUCTURE, AEROELASTIC, ELASTICITY,
% EXTERNAL)

GRID_MOVEMENT_KIND= DEFORMING

%

% Motion mach number (non-dimensional). Used for initializing a viscous flow
% with the Reynolds number and for computing force coeffs. with dynamic meshes.
MACH_MOTION= 0.8
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%a Moving Walls: Lid-driven Cavity
3 u=33179 mis

. Select MOVING_WALL ==
* Input the name of the moving 08

marker(s)
« Enter the translation rate for i |

marker(s) " | 65x65 mesh

% —————————————————————— DYNAMIC MESH DEFINITION

%

% Dynamic mesh simulation (NO, YES)

GRID_MOVEMENT= YES

%

% Type of dynamic mesh (NONE, RIGID_MOTION, DEFORMING
% MOVING_WALL, FLUID_STRUCTURE,
% EXTERNAL)

GRID_MOVEMENT_KIND=

%

% Motion mach number (non-dimensional). Used for initializing a viscous flow

% with the Reynolds number and for computing force coeffs. with dynamic meshes.
MACH_MOTION=

%

% Moving wall boundary marker(s) (NONE = no

MARKER_MOVING=

%

% Translational velocity (m/s) in the x, y, & z directions

TRANSLATION_RATE_X=

TRANSLATION RATE Y=

TRANSLATION_RATE_Z=
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% Moving Walls: Lid-driven Cavity

X-Velocity: -9.32356 -094866 742624 158011 24.176

Re=1,000
Uniform Grid 601x601

05 0.75
X

Erturk, Corke, and Gokcol (2005), "Numerical

Solutions of 2-D Steady Incompressible Driven Cavity

Flow at High Reynolds Numbers", International Journal 8
for Numerical Methods in Fluids, Vol. 48, pp. 747-774.




gf Moving Walls: Spinning Cylinder

Re=200
« Select MOVING_WALL ag.ain Mach = 01
* Input the name of the rotating bty |
marker(s), center(s) or '
rotation, and rotation rate(s)

% —————————————————————— DYNAMIC MESH DEFINITION

%

% Dynamic mesh simulation (NO, YES)

GRID_MOVEMENT= YES

%

% Type of dynamic mesh (NONE, RIGID_MOTION, DEFORMING, R

% MOVING_WALL, FLUID_STRUCTURE, AE

GRID_MOVEMENT_KIND=

%

% Motion mach number (non-dimensional). Used for intitia 5 ’
% with the Reynolds number and for computing force coeffs. w1th dynamlc meshes
MACH_MOTION=

%

% Moving wall boundary marker(s) (NONE =
MARKER_MOVING=

%

% Coordinates of the motion origin
MOTION_ORIGIN X=

MOTION_ORIGIN Y=

MOTION_ORIGIN_ Z=

%

% Angular velocity vector (rad/s) about the motion origin
ROTATION_RATE_X

ROTATION_RATE.Y

ROTATION_RATE_Z
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Moving Walls: Spinning Cylinder

Mach: 0.02 0084 0.148 0212 0276 0.34 Pressure: 7.5 7.64 7.78 792 806 8.2

-1 -0.5 0 0.5 1 1.5 2 ) 0 2
X
Magnus Effect... X
Ci =9.961930

Cq = 0.093797 "



%a Unsteady RANS: Square Cylinder

[
- Dual time strategy (1st- or 2nd-order) | Re 2.2’000" T
: . : Mach = ();f1.5;4ff;5;
« Choose a physical time step using SSSSmAT - Lannian
UNST _TIMESTEP 05 e
« Set the maximum physical time with :
UNST_TIME ~ OB

« UNST_INT _ITER: maximum number

of pseudo-time steps s

* Regular convergence criteria apply for | e
converging each physical time step HHHT

UNSTEADY SIMULATION i ’ 0. 05 ! 1

Unsteady simulation (NO, TIME_STEPPING, DUAL_TIME_STEPPING-1ST_ORDER,
DUAL_TIME_STEPPING-2ND_ORDER, TIME_SPECTRAL)
NSTEADY_SIMULATION=

% Time Step for dual time stepping simulations (s)

UNST_TIMESTEP=

%

% Total Physical Time for dual time stepping simulations (s)
UNST_TIME=

% 2500 iterations

%

% Number of internal iterations (dual time method)

UNST _INT ITER=
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Unsteady RANS: Square Cylinder

Time-averaged Cq4 = 2.16 agrees well with similar results reported in laccarino, G., et al. "Reynolds averaged

simulation of unsteady separated flow." International Journal of Heat and Fluid Flow 24.2 (2003): 147-156.
12
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Unsteady Flow: Pitching NACA 64A010

e B
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» Set up dual-time strategy as before
« Use RIGID_MOTION option
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DYNAMIC MESH DEFINITION

N
VAVAY

y;

Dynamic mesh simulation (NO, YES) %
RID_MOVEMENT= YES \

>
VA AY
NOOKOS

A

% Type of mesh motion (NONE, FLUTTER, RIGID_MOTION, FLUID_S{%‘&
iRID_MOVEHENT_KIND— i\“»!&‘dﬂ
MACH_MOTION=

%

% Coordinates of the rigid motion origin

MOTION ORIGIN X=

MOTION_ORIGIN_ Y=

MOTION_ORIGIN Z=

%

% Pitching angular freq. (rad/s) about x, y, & z axes (RIGID_MOTION only)
PITCHING_OMEGA X=

PITCHING_OMEGA Y=

PITCHING_OMEGA_Z=

%

% Pitching amplitude (degrees) about x, y, & z axes (RIGID_MOTION only)
PITCHING_AMPL_X=

PITCHING_AMPL_Y=

PITCHING_AMPL_Z=
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Unsteady Flow: Pitching NACA 64A010

(Time-averaged drag functional)

Animation 14
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Pitching + Plunging NACA 0012

Plunging is also available... Mach = 0.3, Re = 1000  animation -
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(%1 Getting Started with Shape Design

J Geomery & Grid
!?ﬂﬁ_r}_‘rjrf Deformation
L. 4

277
L 'I'

Optimal

T Shape Design
Loo
P

Shape Optimization is a defining feature of SU?!

— How does one set up an optimization problem?
— How does one use Hicks-Henne bumps?

16
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[%@ Shape Design of a Rotating Airfoil

N o -

Pressure [Pa]: 65000 81666.7 98333.3 115000 131667

Animation
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Shape Design of a Rotating Airfoil

The shape design problem...

% Optimization objective function with scaling factor

%
% Optimization constraint functions with scaling factors, separated by semicolons

%
% Optimization design variables, separated by semicolons

Hicks-Henne Format: ( 1, Scale | Mark. List | Lower(0)/Upper(1) side, x_Loc )
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% Shape Design of a Rotating Airfoil

[~

DEMO



