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Connect cell zones by interpolating cell data in
overlapping regions

v"  Different from standard non-conformal (face zone) interfaces

Sufficient mesh overlap is important

Enables:
v" Structured mesh around individual parts
v' Part swapping

v" Moving cell zones without having to use re-meshing or smoothing B

Note:

v" Poorly designed meshes can lead to an invalid overset interface

v" The data interpolation between cell zones is not conservative and can lead
to decreased accuracy compared to a similar conformal grid

v Well designed meshes should however give good results

August 31, 2016 ANSYS UGM 2016

Independently generated prism grids around
spheres overlap each other and the Cartesian
background grid.

Picture courtesy of POINTWISE
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*  Anoverset interface needs to have: B =Y
v" At least one background & one component mesh
v' Each component mesh needs to have an overset BC
. . T lavi
* Theinterface can be setup in the Ul )\Wx LIS N/
AR Vs P h
N Bl
4 @ Setup [ Create/Edit Overset Interfaces =) Overset BC L = Wall ﬁC S
E General Overset Interface
> BY Models oi0
[ & Materials (] Background Zones  [1/1] [=) [E) [E] component Zones  [1/1] HEE Ea'UkETUU'ﬂ'd'ﬂTES
> (3 Cell Zone Conditions o0 Wwid_background
[ lt Boundary Conditions
[l Oversetinterfaces )
! Dynamic Mesh
9 Reference Values "Ii @
v “Dead cells”: cells that fall outside of the domain < bl -
v’ “Solve cells”: where flow equations are solved \
. “Donor cells”: subset of solve cells, sending data to:
v’ “Receptor cells”: cells receiving interpolated data
/
N\ /]
N ’
b P
Solve cells
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* There is no limit to the number of cell zones that can DA AN
participate in an overset interface

Overset BC’s

v" Regarding the participating cell zones:

. Background zones: /
- Cannot have an overset BC /

- Must be conformal to other background zones
- Can have non-conformal interfaces to zones that are not included in

the overset interface

*  Component zones: SN
- Must overlay background zones
- Need an overset BC near where they connect to other zones
- Cannot be part of a non-conformal interface

e All cell types supported by Fluent are supported with

Overset meshing
(including poly)

* Compatible with mesh adaption

Solve cells
(including Donors)

6 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016 : i
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A case can have multiple overset interfaces

v" But, a cell zone can only participate in one interface

v" Defining multiple interfaces rather then one large interface

can improve efficiency (if topology allows)

Remember that non-conformal interfaces
aren’t supported

v' Except for connecting a background mesh to a cell zone that

are not included in the overset interface

v' Conformal background and component meshes are used in
the example to the right

© 2016 ANSYS, Inc. August 31, 2016
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Multiple background and
component meshes
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Not allowed!
* The Overset technique has an important — e
| | 1 |
topological constrain = ISk
AL XX XA XKLL/
v Physical boundaries (e.g. walls, inlets, outlets symmetries etc.) A\ (AC ’X\)‘ 7
are not allowed to intersect with each other NS SN
* Physical boundaries are allowed to overlap
v" A wall boundary can be coincident with an other wall boundary
v" The coincident boundaries cannot cross or penetrate
v This is a powerful feature that allows you to build a continuous
body from overlapping meshes
b bl Allowed! e b
TR s uning
\,q I K % 1
+ H T -
:? rtap —- :?: Solve cells as
m - T+ mn

Sear S == y/; 7 }’ -~ = RN
© 2016 ANSYS, Inc. August31,2016 "i /%// 1SYS UGM \\
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Allowed!
* Collar mesh —k ‘
|
v For cases where intersecting physical boundaries cannot be -)r- 17:
‘\ 1 = A"
avoided (not allowed) \\) Qg i QQ L/
v' An additional component mesh that “bridges” the g '\7\_; Walls\
~ f——a
intersecting physical boundaries L T
% \Overset
v Creates a case with overlapping boundaries (allowed) i BC
! -

fles (coupled walls)

—

h in bac
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* Interface initialization includes:

v

v" Hole cutting
e Cells outside of the computational domain marked as dead cells
v" Overlap minimization
* Minimize the “active” mesh overlap
v Donor search

* Finding valid solve cell donors for each receptor

10 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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*  Hole Cutting

v

v
v

Seed cells are identified in regions that are cut by physical boundaries (wall, intel, outlet, etc.) and that are determined to lie outside of
the flow domain

All dead cells are then identified by “flood filling” from the seed cells to physical boundaries

The result of this hole cutting is a valid overset mesh with maximum mesh overlap

*  Overlap Minimization

v

<N X X

The maximum overlap can be minimized by changing cell status:
solve cells changed to receptors and unnecessary receptors changed to dead

The interface position seek a an area where the meshes are comparable in size
Works best if the component mesh is fine near the walls and increases away from the walls
No minimization will occur if the meshes have uniform and almost identical mesh size

Can be disabled in the TUI
define/overset-interfaces/options/minimize-overlap?

11 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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e @Grid Priorities
v Grid priorities gives some control over the overlap minimization

v' Meshes with higher grid priority are favored during the minimization

e Donor Search

v' The final step of the overset mesh connectivity is to search for valid solve cells (donors) to each receptor
cell

v" There must be four or more cells in the overlap for both meshes to ensure successful donor search

mesh continues —p
wall solve solve ‘ solve solva ‘ receptor ‘ dead
(donor)
solve
dead receptor solve solve {donor) wall
-a— mesh continues

12 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Overset cell type, background mesh

TN

Pressure inlet
Pressure Outlet

Overset cell type, component mesh
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v It is not always easy to generate meshes that avoids problems during overset initialization

v When problems occur, it’s often required to generate new meshes after analyzing the failure

v Always list the interface information with increased verbosity to get a good report of the interface
. Debug hole cutting failure (entire cell zones are filled with dead cells):

- Incorrect seed cells? Turn on expert tools and use define/overset-interfaces/debug-hole-cut (with flood filling disabled) to identify problematic seed cells. Seed cells should NOT be
in the fluid region.

- Leakage at overlapping physical boundaries? Use define/overset-interfaces/debug-hole-cut (with flood filling) to mark the flood filled dead cells
. Debug donor search failure (Orphan cells being reported during initialization)
- Mark the orphan cells with define/overset-interfaces/mark-cells

- The reason for orphans cells are often insufficient mesh overlap or large difference in mesh sizes

r 1 mesh continues —pm-
wall solve receptor dead

dead receptor solve wall

-4— mesh continues

14 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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. Read all related meshes into fluent

*  Set the overset boundary condition T

. Create the interface

v' Select background and component meshes

*  Define grid priorities if needed —

v' define/overset-interfaces/qgrid-priorities ‘ T
* Initialize to intersect the interface _—
4 up
v" Oruse TUl command to intersect the interface without _ EEE Ef;::s'
initializing the flow field (activate expert options first) - & Materials
- @ Cell Zone Conditions
define/overset-interfaces/intersect . Bounda,mnd;m

i * Overset Interfaces (] Background Zonas  [1/1] E| [=] component Zones

*  Anoverset interface will automatically be created during initii 5 2erever  —m EE—
interface

Create | | Delete | | Delete Al \E‘ Close | | Help

w)
[m)

15 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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* Receptor and Donor cell sizes should be comparable to minimize
interpolation error and to create a valid overset interface

- Disparate cell sizes may create orphan cells

- Use manual mesh adaption or refinement to reduce the mesh mismatch

“No orphan cells” “No orphan cells”

DEmD

/fdefine/overset-interfaces> mark

1 1 1
/define/overset-interfaces> mark-cells /define/overset-interfaces> mark-cells I as 1 cor 4 han dead
Available marks: (solve receptor donor orphan dead) Available marks: (solve receptor donor orphan dead) vallable marks: (solve receptor donor orphan dead)

Enter mark [sclve] crphan Enter mark [solve] orphan Enter mark [solwve] orphan

Zone specific marks? [no] Zone specific marks? [no] Zone specific marks? [no]

Marked 8 orphan cells in register overset-orphan-cells-r(. Marked 0 orphan cells in register overaet—orphan-cells-r0. Marked 0 orphan cells in register overset-crphan-cella-r0

8mm/2mm Marked orphan cell adapted manually 4mm/2mm




* Must have minimum of four cells in the gap to create valid
overset mesh interface

—  Higher number of cells in the gap is recommended to ensure

robust coupling between meshes

Must have minimum 4 cells in each mesh in this gap

Less than 4 cells in each mesh
can result in creation of

Orphan cells ANSYS
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 |tis recommended to start transient simulations from a

converged steady-state solution

* In case of start up issue with steady-state cases, it is

recommended to ramp-up to the final boundary conditions

* While using automatic time-step calculation for the pseudo-
transient method, it is recommended to use the user-defined

length scale option

Note:
Principal Axes is the default partitioning method for overset meshing

19 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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. When using moving meshes 3, select time step size ~ moving the smallest cell (in the overset interface) one cell length per time step
v If the time step is too large, dead cells will directly turn into solve cells without first being a receptor. This information is printed in the TUI:
Updating solution at time level H... done.

Updating overset interface o-if.

WARNING: 451 overset dead->solve cells in interface o-if.

. | iter continuity =x-velocity y-velocity =z-wvelocity k epsilon surf-mon-1 surf-mon-2 time/iter
240 4.6721e-03 3.6292e-05 5.0243e-05 3.3826e-05 8.3157e-04 6.9187e-04 1.1554e+01 1.211%e+01 0:00:39 10
241 1.9478e-01 1.362%=-03 1.4206e-03 1.3155e-03 1.2627e+00 3.7917e+00 1.2844e+01 1.3364e+01 0:00:32 g
242 9.1586e-02 8.3932e-04 9.6232e-04 7.8482e-04 6.70%e-02 5.763%e-02 1.2908e+01 1.3428e+01 0:00:2 8
243 4.4753e-02 4.0263e-04 4.3435e-04 3.8380e-04 3.9938e-03 2.1586e-03 1.2532e+01 1.3072e+01 0:00:25 T
244 2.4027e-02 2.7077e-04 2.8110e-04 2.5905e-04 1.0110e-03 1.6787e-03 1.2196e+01 1.274%e=+01 0:00:22 &
245 1.7354e-02 1.9456e-04 2.054%e-04 1.7716e-04 E.8818e-04 1.4884e-03 1.2000e+01 1.2561le+01 0:00:18 5

v The transient moving mesh simulation wont stop due to orphans. Make sure that the solution
looks reasonable for that time step
Updating solution at time level H... done.
Updating overset interface o-if.
hARNING: 1 overset orphan cells in interface o-if.
WARNING: 863 overset dead->solve cells in interface o-if.
iter continuity x-velocity y-wvelocity =z-velocity k epsilon surf-mon-1 surf-mon-2 time/iter

560 2.077le-04 1.9173e-06 4.9007e-06 2.1088e-06 1.9535e-04 1.3638e-04 1.1476e+01 1.2025e+01 0:00:32 10

20 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Overset interfaces cannot contain solid cell zones

Component meshes cannot be connected to a non-conformal
interface

Background meshes cannot have non-conformal interfaces
between them if they are part of the same overset interface

Component zones cannot have periodic boundary conditions
Background zones cannot have overset boundaries

Component mesh boundaries cannot overlap with coupled
walls

Overset meshing is not compatible with remeshing or layering
(dynamic mesh)

August 31, 2016 ANSYS UGM 2016
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 Transient & Steady State Solvers with heat transfer
* Coupled solver (including pseudo transient method)
 Laminar, standard k-epsilon & standard k-omega

e Volume of Fluid (VOF)

* Standard initialization

* Moving Mesh is supported as Peta Feature

Refer Documentation Section for More Details :

5.5.6. Overset Meshing Limitations and Compatibilities

August 31, 2016 ANSYS UGM 2016
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: Non-Conformal Interface in Reference Case
' . Overset Boundary in Overset Case

 Comparison between:
Wind (24 m/s)

v/ Stationary overset mesh case Waves
Water (0 m/s)

v Stationary MDM case with mesh interfaces

e Almost the same mesh in the two

cases - ' \\—

This tet-zone does not
v Not an ideal mesh for overset exist in the overset case

Overset cell typesr.

nman ~rkAn ~risa~ N ('\l'\l:.-

solve

receptor

Background mesh (hex) Component mesh (tet) Overset BC

25 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Forces in x-direction vs time Forces in y-direction vs time

Forces in z-direction vs time

5.0 5.0
4.6 4.6
4.2 4.2
3.8 3.8
3.4 3.4
3.0 3.0
2.6 2.6
2.2 2.2
1.8 1.8
1.4 1.4
1.0 1.0

30 view 30 view
Contours of Z-Coordinate (mixture) (m) (Time=5.0000e-03) Contours of Z-Coordinate (mixture) (m) (Time=0.0000e+00)
ANSYS Fluent Release 17.0 (3d, dp, pbns, vof, sstkw, transient) ANSYS Fluent Release 17.0 (3d, dp. pbns, overset mesh, vof, sstkw, transient)
Reference Simulation, non overset Overset Simulation
(blue force curves) (red force curves)

26 © 2016 ANSYS, Inc. August 31, 2016
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Component mesh, bottle

Component mesh, wheel
(Not optimal mesh design.. A “halo mesh”
would be more suitable)
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2D {51X%HE

Pressure

Coupled solver default settings, standard k-eps
dt=0.005 (*~moving 3 minimum cell sizes per dt)

Velocity

5.00e+01
4.70e+01
4.40e+01
4.10e+01

3.80e+01

3.50e+01
3.200+01

<

2.90e+01
2.60e+01
2.30e+01
2.00e+01
1.70e+01
1.40e+01
1.10e+01

2.00

-4.00e+00

-7.00e+00
-1.00e+01

50Pa inlet

100es00 OPa outlet

05 (m)

6.00e+00
5.70e+00
5.40e+00
5.10e+00

3.90e+00
3.60e+00
3.30e+00
3.00e+00
2.70e+00
2.40e+00
2.10e+00

9.00e-01
6.00e-01

3.00e-01
0.00e+00 0 05 (m)

© 2016 ANSYS, Inc.
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3 Meshes:

— Background, bottle mesh & wheel ,mesh

* Reasonable mass conservation

e
W
N

N
RS
\\(\

AN
N

o

L
oy

(for being a coarse overset mesh)

Mass Flow rate VS Time

SN
RS

R
S
anw
[
o
R

0.14

0.12

0.1
—0 Pa outlet
——50 Pa Inlet
0.08
iy Yaay [ ]
0y L] T 77
AN
AN T
30 © 2016 ANSYS, Inc. August 31, 2016 o mwsvsueM0te ;_;.-"'/:
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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

31 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Mesh at 1.0s:
Original mesh quality preserved in
overset mesh

Mesh (Time=0.0000e+00)

V1111

32 © 2016 ANSYS, Inc. August 31, 2016 = § J//f////% m
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[esas  AFT Test Case : ULA Stage Separation

Overset Mesh Solution MDM (Remeshing) Solution
§.00e+02 Conury crecent :
. 30008203
7.50e+02 H 9.000e4+02
8.000e+02
7.00e+02 7.000e+02
6 50e+02 6.000e+02
5.000e+02
6.00e+02 4.0008+02
3.000e+02
5.50e+02 2.0009+02
1.000e+02
5.00e+02 .0,000e¢00
4 508+02 RS sEs)
. 4 00e+02
3.50e+02
3 00e+02 Time Value=0[s]
2 50e+02 I—»
‘ 2.00e+02 )
1.50e+02
1.00e+02
5.00e+01 * No Mesh Degradation in Overset Mesh and it
0.00e+00 preserves quality of Shock Capture
* Overset not currently supported by DBNS Solver
Contours of pressgrad (Time=0.0000e+00) (Iimited to Mach < 3)

* Overset not currently supported by CFD-Post

33 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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2D Tutorial on Store Separation
Tri/prism mesh with Re-meshing &
6DOF

2k cells

Overset Mesh Method
2D Quad Mesh with boundary layers
Mesh Density Studied :

* Coarse — 14K cells

*  Medium - 55K cells

* Fine—-113K cells
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Remeshing

Trajectory : Overset vs Non-overset

R17-remeshing
Overset-coarse-mesh-14K

Overset-55K-mesh

Overset

35 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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» Steady State Solution = Transient
* Material Properties :

/‘ N * Density = 830 kg/m3
Pressure Inlet * Viscosity = 0.00332 kg/m-s

0o e o ) Pressure Outlet
auge Total Pressure (101325 Pa)

0 S0 (mm)

Gear Rotational Speed
=100 rad/s

s

. , R i R |
Component grid Background grid Overset Mesh

36 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Steady State Solution

Resjdual
con*nu

»

X-Ve|0C|!
= K—Ve OClI!

- 1.03e+05

9.45e+04
8.61e+04
7.77e+04
6.94e+04
6.10e+04

-2.27e+04
-3.10e+04
-3.94e+04
-4.78e+04
-5.61e+04
-6.45e+04

37 © 2016 ANSYS, Inc.

1e+06

1e+04

1e+02

1e+00

1e-02
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- A

T T T

0 100 200 300 400 500 600 700 800 900 1000
lterations

0 50 (mm)
]

ANSYS UGM 2016

Mesh Motion

114000.0000 1.8450
112000.0000 | \ 18300
i \ 1.8350
110000.0000
i} 1.8300
108000.0000 1.8250 -
106000.0000 1.8200 )
Vertex Vertex ; -
Averagfg000.0000 | Average 18150 (
tafic Velocity 4100 -
Pressuti000.0000 Magnitudé
| 1.8050 ——
100000.0000
1.8000 4 i
98000.0000 1.7950
96000.0000 T 1.7900 T
2030020320203402036020380204002042020440204602041 20300203202034020360203802040020420204402046020480
Iteration Iteration

Convergence within time step
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solve/set/overset/high-order-pressure? no

—Inlet_mfl (kg, —outlet_mfl (kg/s mbalance (kg/s)

3.00
AN
W\N\f“’”ww\m A /ﬁ\/nﬂ Jm NNV
2.00 ML VAMAA,
vv\r,\j\ﬁ/\,v\, W/ VY w\_\

_ 1.00
= 0.00
S
3
=

-1.00

i W

3.00

0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005 0.0055 0.006
FLOW TIME (S)
solve/set/overset/high-order-pressure? yes
—Inlet_mfl (kg/s) —outlet_mfl (kg/s) Imbalance (kg/s
3.00
\N\A”‘f\N\A V! NAAANWINN AT
2.00 Wan
W/\’\/\/\/\/\/L/\/\/V\JM/MN

_ 1.00
= 0.00
)
g
=

-1.00

- M

-3.00

0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005 0.0055 0.006
FLOW TIME (S)

38 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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Collar Grid
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Steady state Results (Rotating Wall Boundary Condition)

193.40
1756.51
157.61
139.71
121.82
103.92
86.02

68.13

50.23

32.34

14.44

-3.46

-21:35
-39.25
6716
-75.04
-92.94
-110.84
= L2873
-146.63
-164.52

Overset (Collar grid) Solution

‘\f'%"; |

197.02
178.71
160.41
142.10
123.79
105.48
87.18

68.87

50.56

32.26

13.95

-4.36

-22:67
-40.97
-69.28
~771:69
-86.90
-114.20
= 1:82.51
-150.82
-169.12

Conventional Grid Solution

Static Pressure Contours on wall

IO CS]
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Transient Moving Mesh Overset (Collar Grid) Solution

Static Pressure Contours Velocity Contours

41 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016



=g EERE

FSI {F B

ANSYS HFE#HAXES

ONVERGENCE

Intersected Overset interface

Wall

gt

i

——

Overset BC
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Component Mesh, Smoothing

Surface Grid (Time=0.0000e+00) Sep 03, 2015 Contours of Velocity Magnitude (m/s) (Time=0.0000e+00) Sep 03, 2015
ANSYS Fluent Release 17.0 (3d, dp, pbns, dynamesh, overset mesh, ske, transient) ANSYS Fluent Release 17.0 (3d, dp, pbns, dynamesh, overset mesh, ske, transient)
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The Blades

Mesh Motion

0.000 0400 0.800 {m)
0.200 0.600 x-—i

Grid (Time=1.6900e-03) Aug 04, 2012
ANSYS Fluent Release 17.0 (3d, dp, pbns. oversel mesh, rke, fransient
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- Coupled solver default settings, standard k-eps
- Flow initialized from steady run

- Blade rotations 250rad/s

- dt=1e-5s (~0.15 degrees/time step)

0 15.748 31.496 (in) ]A X
I

7.874 23.622
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Water line for non-wavy flow, experimental data (red)
Refined mesh would likely increase the accuracy

02 0 02 04 06 08 1 12
X_Lpp (mixture)

1.14e-01

% Transient wavy flow with stationary hull
8.10e-02
6.99e-02
5.87e-02
4.76e-02
3.65e-02
2.53e-0

Contours of Z-Coordinate (mixture) (m) (Time=5.0000e-02) Aug 1B, 2015
ANSYS Fluent Release 17.0 (3d, dp, pbns, overset mesh, vof, sstkw, transient)
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