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» Remeshing + 6DOF
» OverSet Mesh + 6DOF




Remeshing



Remeshing Method - Introduction

* The remeshing method makes it possible to simulate problems with large
relative motion of boundaries

v Cells and faces are remeshed when skewness or size exceeds specified limits

v" The number of nodes and their connectivity changes as cells/faces are added or
deleted

* Available for:;

v tri & tet meshes (with or without prism layers)
(i.e. for both 2D and 3D)

* Remeshing and smoothing are typically
used together

v Produces better quality mesh
v Allows larger time steps
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Remeshing

* To enable the Remeshing method

Activate Dynamic Mesh
— Select Remeshing under Mesh Methods
— Click on settings

* Remeshing tab

- Select Method

e Local cell/ Local Face
— View “mesh scale info”
— Select parameters

* A good starting point for the
length scales are
0.4L,,,1.4L_

min’
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Remeshing

* Size Remeshing Interval
— Size Remesh Interval (SRI) controls how frequently cells are marked for remeshing based
on the cell size.
* If SRlis large, then remeshing interval is dominated by skewness.
* |f SRlis small, then remeshing interval is strongly affected by both cell size and skewness.

* Setting SRI to 1 is often necessary for larger time steps

— It is common that the time step size is limited by the remeshing rather then the flow solution

Size Remeshing Interval = 10 Size Remeshing Interval = 1
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Overset Meshing
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- HHNBESES
- EESMBIAREITH
« RIFBREE , (BARIFBRIEX
- ZiEdfEh aant TR/ AR RO R R
KRIRYEZ /1T (wall, symmetry, ...)
- RXEEMBDRTZFNIM /KM RIHZ
— IRPIIEIERERI X 18]

© ERDFREEMIE  FARRRIX Wall intersections
- ER TR (IR ) not permissible
Wall overlap Keep y+ similar
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Background mesh
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Collar grids
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EENESE

* Read all related meshes into fluent
* Set the overset boundary condition
* Create the interface

v Select background and component meshes
* Define grid priorities if needed

v' define/overset-interfaces/grid-priorities
* Initialize to intersect the interface

v" Or use TUI command to intersect the interface without
initializing the flow field (activate expert options first)
define/overset-interfaces/intersect

* An overset interface will automatically be
created during initialization if an overset BC
is defined but no interface

7. User interface 5non-conformal interfacesZSbk, &/ FH 7 fag N5t v] CLALER BT A SR 36 40
« AFEERER
o HIKN E S X
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B EMRZISA®EINIEE @ R18.0

- EDEIBEKEEES (Planar 2D & 3D)
- BREEKMESE (Planar 2D & 3D)

* Laminar, standard k-epsilon & standard k-omega , k-omega SST
 Compressible flows, heat transfer
* Volume of Fluid (VOF)

* Dynamic and sliding meshes with the first-order transient
formulation

*  SFluent3ZFAYFTIE MR ERTHRBERRE

@E:ﬁ . polyhedra, hexcore and cutcell meshes

- SMfEEENFES
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Coupled 6 DOF (Degree of freedom)



Introduction

* The motion of the parts have been explicitly defined

* The motion is known at the start of the simulation,
— Due perhaps, to parts that are mechanically driven

* However in some cases the motion of the body is driven by the forces exerted by the fluid
— Therefore the motion is dependent on the flow solution

— This can be solved in Fluent using the "6 Degree of Freedom" option

* The 6 DOF solver computes the trajectory of the object with respect of the
— Aerodynamic forces/moments calculated
— Additional external or internal forces
* Gravity
* Thrust

* Ejector

* Motion and flow field are thus coupled = coupled motion
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6DOF — Principle
—
—

* 6DOF Parameter settings are done in 2 steps

— Dynamic Mesh panel = optins x
In-Cylinder Six DOF Implicit Update Contact Detection
. . . —
* Provides Gravitational forces Six DOF Properties
* Initial conditions
— CG location & orientation
— CGlinear & angular velocity
- U D F/G U | CreatefEdit... | Delete Delete Al
Gravitational Acceleration
Y Mass ¥ (mfs2) |0 Y o(mnfs2) |0
[ wyrite Motion History
* Momentum Of inertia ) o i:CIh:—::’\TST:stIDVermesh,’bomb,’backgroud
° FI Cancel | | Help
uent computes

— Aerodynamic forces and moments + New CG location and orientation
* The translational acceleration is computed from the overall force balance
— integrate to calculate the translational velocity.

* The angular acceleration is computed from the overall moment balance

— integrate to calculate the angular velocity
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6DOF - UDF

* To specify custom properties to a moving object, use the following macro

— DEFINE_SDOF_PROPERTIES (names, properties, dt, time, dtime)

SDOF_MASS  /* mass */

SDOF_LOAD_LOCAL, /* boolean */

SDOF _IXX, /* moment of inertia */ SDOF_LOAD_F X, /* external force */
SDOF _1YY, /* moment of inertia */ SDOF _LOAD F Y, /* external force */
SDOF 17z, /* moment of inertia */ SDOF _LOAD_F Z, /* external force */

SDOF _IXY, /* product of inertia */ SDOF_LOAD _
SDOF _IXZ, /* product of inertia */ SDOF_LOAD_M

/* external moment */

X
_Y, /* external moment */

SDOF _1YZ, /* product of inertia */ SDOF _LOAD M Z, /* external moment */

SDOF_ZERO_TRANS_X,
SDOF_ZERO_TRANS._Y,
SDOF_ZERO_TRANS_Z,

SDOF_ZERO_ROT X,
SDOF_ZERO_ROT Y,
SDOF_ZERO_ROT Z,

SDOF_SYMMETRY_X,
SDOF_SYMMETRY_Y,
SDOF_SYMMETRY_Z,

21 © 2017 ANSYS, Inc. August 3, 2017

/* boolean, suppress translation in x-direction */
/* boolean, suppress translation in y-direction */
/* boolean, suppress translation in z-direction */

/* boolean, suppress rotation around x-axis */
/* boolean, suppress rotation around y-axis */
/* boolean, suppress rotation around z-axis */

/* normal vector of symmetry plane for half model */
/* normal vector of symmetry plane for half model */

/* normal vector of symmetry plane for half model */ ANSYS

ANSYS UGM 2017
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6DOF — UDF example

* 6DOF UDF example case with ejector forces & momentum included

© 2017 ANSYS, Inc.

August 3, 2017

Properties of the delta_missile

forces & moments depend on the current time

Additional forces & moments load

Removal of forces & moments load

ANSYS UGM 2017




6DOF — GUI

—
—

In-Cylinder

Options

Sk DOF Implicit Update

*

Ciyg.act Detection

Six DOF Properties
BODY

Create/Edit... Delete Delete Al

Gravitational Acceleration

X {mj:|0 ¥ (myft|-9.80 Z (my:|0

L] wirite Motion History
File Mame

|E:\rrrywurk\clie nth014\high-atack\fluent |

[ ok | |{Bncel| |Heb|

Six DOF Properties >
BODY
Mass (kg) One DOF Translatio
100 lD One DOF Rotation
One DOF
Direction
X Y Z
1 |E |E |
Center of Rotation
X (m) ¥ (m) Z (mj
1 1 1
Spring
Preload (n} Constant (n/m)
0 o |
[] Constrained

Reference Point
Location {m) Minimum (m) Maximurm (m)
] ] ]

Inertia Tensar
o (kg-m2) Iyy (kg-m2) Izz (kg-m2)

] 0 ]
Loy (kg-m2) Iez (kg-m2) Iyz (kg-m2)
] 0 ]

[ Create | |Doﬁe| |Heb|




6DOF — GUI

Six DOF Properties >
BODY |
Moment of Inertia (kg-m One DOF Translation
0 One DOF Rotation
One DOF
Axis
b £
1 |E |E |
Center of Rotation
X (m) ¥ (m) Z(m)
1 IE |E |
Spring
Preload (n-m)}  Constant (n-m/rad}
0 o |
[] Constrained
Reference Angle
Value (deg) Minimum (deg) Maximum (deg)
] 0 ]

Inertia Tensor

Dok (ka-m2) Iyy (kg-m2) Izz (kg-m2)
a ] 0

Iy (kg-m2) Dz (kg-m2) Iyz (kg-m2)
a ] 0

Dynamic Mesh Zones

Fone Names

Dynarmic Mesh Zones

| bwal ~

Type

() Stationary

(® Rigid Body

() Deforming

() User-Defined
() system Coupling

Motion Attributes Geometry Definition Meshing Options

Solver Options

Six DOF UDF/Properties
BODY

Relative Motion
[1on

Relative Zone

Center of Gravity Location

X (m) |0 |
Y (m) [0 |
Z (m)|o |

Center of Gravity Velocity

V_X (mfs) |0 |
V_Y (ms) |0 |
V_Z (mfs) |0 |

Orientation Calculator..

St DOF
On
[] Passive

Rigid Body Qrientation

Theta (deg) |0 |
Axis_X |0 |
|
|

Axis_Y |0
Axis_Z |0

Rigid Body Angular Velocity

Omega_X (rad/s) |EI |
Omega_Y (rad/s) |U |
Omega_Z (rad/s) |U |

Create Help

Draw | | Delete All | | Delete

Close | | Help
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Workflow for a 6DOF case

¢ Reiie HeoRRUSHDF

— DEFINE_SDOF_PROPERTIES (names, properties, dt, time, dtime)
— Set upThe flow case

* Compile & Load the UDF

. Resq Bun till convergence (if required)

* Switchvtbdiiansieat solver [ ]

* Runtjll conVﬁrancegiﬁ?g“r‘{,%‘?h method(s)

Choose the right’'Dyn
Switch to transient solver

Emﬁwtf?é\hﬁh?:ﬁlﬁ%c mesh method(s)

Swhetii@Nsthe 6 DOF

— vetlBgfed Rigid properties in Fluent 6DOF GUI

Set the gravitational acceleration
define Rigid properties .
* Set the appropriate Dynamic Mesh Zones

¢ Samecsasalfile
$ PradsuiaiBsRotition

Even if it is a coupled motion (see tips later)
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Workflow for a 6DOF case

Read the mesh,
— Create overset mesh compute domain

— Set up the flow case

* Run till convergence (if required) [ ]

Switch to transient solver

Switch ON the 6 DOF
— Settings
* defined Rigid properties in Fluent 6DOF GUI

* define Rigid Move attributes in dynamic zones

Save case file

Preview mesh motion

26 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017
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Case 1 - Airdrop

* The object is not in contact with any external boundary

* The fluid domain is composed of 2 fluid zones
— One prism cells
* Moves with the falling object (to better follow up forces & y+)
* Define as arigid body
— One triangle

* Does correspond to the deforming zone

— Smoothing method

— Remeshing method

= Local cell

28 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017



Case 1 — Airdrop

*  The 6DOF UDF

*  Select the meshing method
- Nefine the appiopriete arameiers
*  Select 6 DOF Solver

- Define the gravitational acceleration

i




Case 1 — Airdrop

* 2 Dynamic Mesh Zone to define ©
— The wall (store)
* Rigid body

e Six DOF UDF + option ON

* Center of gravity location & orientation

— The prism cells (fluid-bl)
Rigid body

Six DOF UDF
— Option ON

= Insure store displacement
- Passive activated O

= To not take flow efforts into count

Center of gravity location & orientation

30 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017



Case 1 — Mesh Motion

* Preview mesh motion
— Wise to preview the mesh motion before performing the calculations

— Start without initializing,

* Object simply drops
under the influence of
gravity and/or external
forces

31 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017



Case 1 — Animation

* Figure shows pressure contours

— Freestream Mach number of 0.8

* The store goes forward at the start due to ejector force

As the flow is taken into count, therefore it
does affect the motion of the store, which

drifts to the right.




Case2 : ISENERIZMEUEIENI. BEEKiT=S

t=0.00 sec

t=0.20 sec

t=0.35sec

t =0.45 sec

t =0.50 sec
Initial overset interface

33 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017



Case2 : Result




Case3 : 2D58FLHBE ST

Q Mg &IgE
- 5E#5IRIE ( non-

conformal interface ) 11545

ELERSR

Pressure based coupled solver
SSTk-omega
Noble-Abel real gas

- SHRERIMNIEFEMEI:
p=3000 atm, and T=2700K
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Case3 : Result

Projectile position history

0.25 T T
Regular mesh +
Overset mesh 1
Overset mesh 2 —
0_2 ............................................................................
-50.15 .............................................................................
st
o)
[}
o
=
wl R T e P I . . . .
° Projectile velocity history
0.05 ................................................
0 . . . . i 120k N i A N 1 (RO O AR L]
0 0.0002  0.0004 0.0006 0.0008 0.C . : : : : : :

Flowtime, [s] i7 : : : : : . :
Z 00k 7 RN ST b TN N B S
- Orphans , dead cellsHIREHE g . .......... .......... .......... .......... _ ......... ..........
BTSRRI 77 £l 1 TSP TR S | IO

- B F{Emuzzle breaks{{F{E whi _________ _________ __________ __________ _____ _ _________ __________
orphans#lldead cel SERIE
ﬂl‘-jﬂ 20 ........ ......... ......... .......... .......... ..... N R ngaP mESh . .+. . d

Qversgt mesh 1

; ovefset mesh 2 —
1000 1200 1400 1600

0 200 400 BO0 800
36 © 2017 ANSYS, Inc. August 3, 2017 Time steps



Cased : 2D¥SLIEE) 53
0 Mg &IRE

Pressure outlet

L
- PBNS & DBNS E
- SST k-omega g
- Noble-Abel real gas Challenges: £
0-gap case
T-junction discharge Pressure outlet
—_—

Un-avoidable Orphans

Background mesh




Case4d : Result, SifkEd

PBCS

DBNS
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Cased : Result, SiiFEd

DBNS

© 2017 ANSYS, Inc.

August 3, 2017
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Max Mach Number

0 500 1000

1500 Z000 2500 3000
Timesteps

3500 4000 4500




by AnhTuan Le

Caseb5 : ULA Stage Separation

Free Stream Mach = 3.0 (Note: DBNS is not supported for Overset Mesh at R17.0)

MDM Mesh

Quarter symmetry, hybrid mesh with
inflation, 6M cells

Overset Mesh

Quarter symmetry, hexahedral mesh with
inflation, 1.67M cells

<—— Remeshed zone
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Case5 : ULA Stage Separation

Mesh at 1.0s:
Original mesh quality preserved in
overset mesh
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Caseb5 : ULA Stage Separation

Overset Mesh Solution MDM (Remeshing) Solution

* No Mesh Degradation in Overset Mesh and it
preserves quality of Shock Capture
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