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Prism Meshing

Inflation layers
* To better simulate boundary layer effects

* Mesh orthogonal to surface with faces perpendicular to
boundary layer flow direction

Procedure
* Set Global Prism Parameters
* Select Parts to grow layers from
— Typically wall boundaries and holes
* Set Local Parameters for each part
— Local overrides global
— Zero or blank entries will defer to global settings
* Run mesher
— From existing mesh
* Extrude into tetra/hexa mesh
* Extrude from surface tri mesh, then fill volumes
— Run automatically during Volume Mesh creation

© 2014 ANSYS, Inc. September 22, 2014 2 Release 15.0



NWSSH Prism - Global Parameters

teszh

Global Prism Parameters
* Growth law

— exponential: height = h(r)™?) [nis layer #]

height = h(1+(n-1)(r-1))
— wb-exponential: height = h*exp((r-1)(n-1))
* |Initial height of first layer — (h) in formulae above
— Auto calculated if not specified
— Based on factor of edge length of base triangle/quad

— Height determined so that top layer volume is slightly
less than that of tetra/hex just above it

* Number of layers (n)

— linear:

* Height ratio (r) — multiplied by 1st layer to determine 2" layer
* Total height - of all layers
* Usually specify 3 of the above 4 parameters

— Compute params will calculate the remaining parameter tht?:t
eig

(total height usually the calculated parameter)
* Or specify only Height ratio and Number of layers for auto

i
calculation of initial height (initial height and total height zero)

* Individual height/ratio/layers set on surfaces and curves will

override these global defaults if set
© 2014 ANSYS, Inc. September 22, 2014 3
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Global Mesh Setup

Global Mezh Parameters

e

Global Prizm Settings

Growth law | exponential j

Initial height [0.008

Height ratio |1.35

L

Mumber aof layers | G

Tatal height [0

Compute params

Other global parameters

explained later

Height
ratio (r)

Release 15.0



Growth Law Comparison

* The growth rate of Wb-exponential is slightly greater than
exponential

* The growth rate of exponential is much greater than linear

Linear Exponential Whb-Exponential

© 2014 ANSYS, Inc. September 22, 2014 4 Release 15.0



Setting Prism Parameters on Surface Parts

Mezh

Prism extrusion areas defined by the parts _
QWA
* Mesh > Part Mesh Setup

* Toggle on Prism for parts where inflation layers are desired

— Surface mesh (tri/quad) gets extruded into prisms
* Set Height, Height Ratio, Num Layers

— Will use global defaults if not set or zero
Applying these
settings causes
these parameters to

’D Part Mesh Setup

park ¢ prizm hexa-core max Zize height height ratio num layers tetra zize ratio
FAIRING B 0 0 0 0 0 be applied to each
FARFIELD [ 0 0 n 1] 1] . -
S SELAEE = ; ; - 5 5 |n_d|\{|dual surface
INLET N 0 0 0 0 0 within each part
OUTLET [ 0 0 n 1] 1]
Svh b | 0 0 n 1] 1] _ _
| WING N 0 I 0 | 0 0 0 o If Apply inflation
4 k
¥ Show size params using&ab-f-aebl-) NS / param eters to

curves is toggled

[T &pply inflation pararmeters bo curves G

[ Remove inflation parameters from curdes on y th ey Wi I | al SO b e

Highlighted parts have at least one blank field becausze not all entities in that part have identical parameters. S et on eac h curve
ooty | Dismise | within each part
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Setting Prism Parameters on Volume Parts

F'DPrism Parts Data

() 1 part ¢ prism |

Norm.ally toggle prism on only for parts that | — a Only one

contain surfaces (becomes surface mesh) e ~— volume part

. VOL2 C selected
® Can also toggle on prism for parts that | TALLST v
: i . | WALLGZ B /
contain material points (becomes volume e

mesh)

— For interior surface mesh, this defines the
allowable volumes for extrusion

— Selecting no volume parts has the same result
as selecting all volume parts

» Prism Parts Data Jokd -
part ¢ prism height height ratio num layers I | 'b P rls m P a rts D a t a
GEOM I a a i} :
INTERIDR, v Y] 13 B part < prism
LT v | GECIM B
WiOL2 I~
WwialLS1 v 0.01 1.3 3 | INTERIOR £
WALLS2 H 0 0 ] | VOL1 [
< [ YOLZ u
Iv Show size params using scale factar | w51 v
Highlighted parts have at least one blank field because not all entities in that part | WiaLLS2 I
have identical parameters.
Apply | Diizmizs |
Both or no volume

parts selected

© 2014 ANSYS, Inc. September 22, 2014 6 Release 15.0



hezh

o)

Setting Prism Parameters on Surfaces

| e Mesh > Surface Mesh Setup
Py @

e You can specify different local height and ratio

[Surface Mesh SEtupi
Surface MES/SEmp

SUIIEG% IFB_45I]_1. @ o

Maximum szize II]

Height |0.2

Height ratio |1

Mum. of layers |3

lapp] Lol

Tetra width |0

Tetra size ratio II]

Min size limit |0

M ax deviation II]

Mesh type |NONE

KIjK]

Mesh method |NONE
[ Bemesh zelected surfaces

Blank surfaces with params |

Apply | (1] .4 | Dismiss|

Collisions occurred when the
height was 0.4 on all surfaces

on any selected surface without moving the
surface to a new part (num. layers ignored)

e Usually set height and/or ratio smaller on
specific surfaces to avoid collision

Height = 0.2

No collisions after setting he

to 0.2 on selected surfaces
© 2014 ANSYS, Inc. September 22, 2014 7 Release 15.0



WSS Run Prism

Can run separately
* Mesh > Compute Mesh > Prism Mesh

Complite Mesh

Compute Mesh '@
* The Select Parts for Prism Layer button pops up the same i -
menu as the Part Mesh Setup, except non-prism related 0@
columns aren’t displayed [ %Prism Parts Data LITE3| | Prism Mesh
part 4 prigm height height ratia i layers I | Input
y InPUt i INiégrgH Il; D.Dm 1.03 g Select Mesh |Existing Mesh j
WOLT Iv
) EXiSting MeSh I w\;;ul_t; :; om 3 8
. |J WhLLS2 u 0| 0 J
B From F’Ie (Saves memory by nOt I¥ Show size params using scale factor - Select Parts tor Pri&m@
Ioading mesh) E;%Tﬁj@:ﬁ;?ﬁiga;;;;leaﬂ onejanlrfleld bec?senot all entities in that part ¥ Load mesh after cgmple[ign j
° ° 4 Eompute| 0k Dizmizs |
Or run automatically linked into volume mesh N - '
ompute Eg
* Toggle on Create Prism Layers when tetra meshing Computs -
* Not advisable if this is the first mesh for a particular
eometr Yolume Mesh
g y Mesh Type |Tetra.n"Mi:<ed ﬂ
* Must be confident about setup parameters and sizing —

Tetra/Mixed Mesh

* Running prism separately allows you to smooth and error- ;e eted [fobust Dcteee) 7]
check the tri or tetra mesh first.

I” Create Hexa-Core J
-

Compute | Dismiss |
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AWSSE Input as Surface or Volume Mesh

* Input can be a surface mesh or volume mesh ...

— Surface mesh @1‘
* Must be a closed boundary mesh J

— Verify with mesh error checks %
o)

* Must specify a New volume part in
global prism meshing parameters ‘1'

» Use tetra filling methods after: giobaiMesh setup

— Delaunay Prism element part controls
— Advancing Front &
— Ansys TGrid siepat [ A%y Dela_unay
— Volume mesh oopa [ AN ‘i, fill
— Moves and reconnects tetras | Bitde nto rghen fegin

>
Prism extrudes

into existing

tetras
© 2014 ANSYS, Inc. September 22, 2014 9 Release 15.0




WSEH Smooth Tetra/Prism Transition e
i I ,——
Global Mesh Setup @ Leave initial height as “0” gIOba"y“‘ ,bpmmem = prizm | hexa-core | max size) | height
T — - / and locally (total height also zero) LEADTeeoGE | o |[ o
T * Thi the initial height to float i SUCTION N : g
%Q@ﬁ ortlfe:il(‘)sfesdchTI:e"ilolﬁlrie c:an;): " JTF‘A'L'NG—EDGE i \gsl_”,
Global Prism Settings between the last prism and adjacent tetra.
e ORI SRS
Height ratio [1.2 Aéj)‘iw@%:é ’% Initial ‘M%?A é:% Initial
Nurtber of lapers [5 = W"'Qﬁ@ég nitia &““”GA\\N\\\‘& height = 0
el by 3| | S PSRE height SEANARIRNL: neight =
el | NN \\V*‘i\\\\\i\ﬂlli specified -»Q‘ﬁﬂﬂ\\\\\\\“\}‘ N
i )ébﬁvgﬁg i SIS
i marching direction <’ ‘b‘%“ <fr ";A‘ﬁ‘}!ﬁﬂ’ﬁ"‘» v
o bir pr:;m -::alil:_l,I W é%‘@ké‘ : §%1’:§%}£{§%g§%%
Ortho weight |EI25— }A‘}A‘Mﬁ; ‘a@;’g&g&t%‘g‘
Filet ratin [050 | & (, %@%E?@ ‘ |
Max height over base | S 4 f _ <
Prism height limit factor [ V} i "’,’r%ﬂh““\\
Ratiomubipher [ | (‘ Q«"A‘» |
Apply ”TI Dizmizs | (k\ ‘\\\\\%?‘gm

© 2014 ANSYS, Inc.
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Prism — Global Parameters Continued

Global Mesh Setup '@
Quality co ntrOI Options Global Mesh Parameters -
—  Fix marching direction %@z : ﬂ‘

* Maintains normal from surface
® (Can cause intersections with other mesh

— Min prism quality Global Mesh Setup I D
* Either re-smooth directionally or cap/replace with pyramids if | I Fi marching diection o
quality not met (minimum allowed = 1x10-6) Mirt prism quality [0.0001
- OI’thO Weight Ortho weight | 0.50
Fillet ratio {0.50
* Weighting factor for node movement from 0 - improving Mas pism angle 175
triangle quality, to 1 - improving prism orthogonality Mk height over base [
—_ Fillet ratio Prizrn height lirnit factar
N R atio multiplier

— Max prism angle
— Max height over base > See next slides

— Prism height limit factor
— Ratio multiplier (m)
* For varying exponential growth: height = h(r)"1) (m)(-1)

© 2014 ANSYS, Inc. September 22, 2014 11 Release 15.0



Global Mesh Parameters

: . . . €M ¢ ﬁ%-., o
AU Prism Options — Max Prism Angle et s
Min prism quality W
If the Max Prism Angle is not met within a given prism, the prism Ohoweight [050
layers will end and be capped off with pyramids in those locations Fillet ratio [0.1
Allowable range is 135° to 180° depriam engle 130

hdax height over base |_
Only higher quality prisms are allowed to form similar to using a high min prism
quality. However, the pyramids on the sides are usually of lower quality

Running prism along adjacent surfaces until it can end at a smaller angle will avoid
pyramids, but total element count will be greater

© 2014 ANSYS, Inc. September 22, 2014

N\/\/\/\/@A TN A NN A AN A
7 VALY - _ 0 . _ o
. K. Max prism angle = 140 Max prism angle = 180
This may be better | AT | | |
Pyramids i
| ‘- l

A high (up to 180°) Max Prism
Angle keeps the prism layers
connected around tight bends.

— Set this to 180 to prevent

\
Release 15.0



Prism Options — Max Height Over Base

— Restricts prism aspect ratio _I_
— Prism layers stop growing in regions where prism aspect Height
ratio would exceed specified value (h)
® Number of prism layers would not be preserved locally I
— Mesh is made conformal with pyramids at prism B(is)e
boundaries
. . A h/b
— Acceptable values vary widely (typically 0.5 — 8) Largest height over
smallest base length
[ VAVAWAWAN
Pyramids

I
r_>

il
|
|

|
f == ‘:
Max Height Over Base not set Max Height Over Base = 1.0

|
L9

Release 15.0
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Prism Options — Prism Height Limit Factor

— Restricts prism aspect ratio
® Prism height will not expand once this factor is met

— Uses the same height over base factor as the previous
metric except prism layers are not capped off with

pyramids ce
— Preserves the specified number of prism layers ()
*~
— “Pulls in” the prism layers to reduce heights >

-

Height
(h)

1

h/b

. i | ) I Largest height over
— Will fail if sizes of adjacent elements differ by more than  smallest base length

a factor of 2
— Acceptable values vary widely (typically 0.5 — 8)

\
|
|
1

|
1

]

| 1 I
L X L

Limit factor not set Limit factor = 0.5

© 2014 ANSYS, Inc. September 22, 2014 14
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WSSl Prism Options - Smoothing  cervesnsew ?
Global Mezh Parameters -
* Smooths inflation layers during prism
creation
— Number of surface smoothing steps
Global Mesh Setup \ 4 &

* Prepares tri’s for best prism quality

* Set surface/volume steps to O if only extruding
one layer or if tri/tetra mesh is already smoothed

&S
— Triangle quality type sk | S
&S

New volume part |

* Laplace typically best for eventual prism quality Top part |

* Other types may be better when marching [~ Extrude into orphan region
directions condense at inside corners

Smoothing Options
— Max directional smoothing steps Number of surface [¢ z

. . smoothing steps
* These are the most important smoothing
iterations done during prism generation

Triangle quality type |insc:rihed_ratiuj

MNumber of volume

 Redefines extrusion direction based on initial smoothing steps |10 £
prism quality Max directional smoothing |12 fl
- t b
* internally calculated for each layer Fi > op®
irst layer smoothing |1 il
— First layer smoothing steps steps
* Used for the first layer only when “Fix marching Advanced Prism Meshing Parameters |

direction” is on

Read a Prism Parameters File |

Apply Ok Dismiss ‘

© 2014 ANSYS, Inc. September 22, 2014 15 Release 15.0



Smoothing a Tetra/Prism Mesh Afterward

After generating prisms: Edit Mesh > Smooth Mesh Globally

T L O

— Prisms are smoothed during prism generation

Edit Mesh ]

. @

— The tetras and tri’s adjacent to the last prism layer will be worse

1. First smooth only the tetras and tris (Up to value = 0.3)
® Set PENTA_6 and PYRA_5 to Freeze
® Don’t want to modify the prism layers at this point

2. Once tetra and tri elements are as smooth as possible, smooth
all elements

® Set PENTA_6 and PYRA_5 back to Smooth
* Decrease the Up to value (= 0.1) so as not to distort prism elements

too much

0.05 quality target minimum if pyramids exist, 0.2 if none

© 2014 ANSYS, Inc.

September 22, 2014

The prisms get
compromised a bit when

everything is on smooth
16

1St
step

2nd
step

{Smooth Mesh Globally [keyp = Etrl-q]|
Smooth Elements Globally

Quality

Smoothing iterations |5 ﬁ

Up to value |I]_2
Criterion |l§luality i

Smooth Mesh Type

Smooth Freeze Float
TETRA_ 4 & " -
TEL_3 o " -
P
PENTA_E ( f?) -
e
QAD_4 (¥ - -
_g—
FvREaA_S - < (¥ ’ -
Smooth Mesh Type
Srﬂonth Freeze Float
TETRA_4 . " -
TRI_3 c " -
FEMTA_E | & - -
QAD_4 i* - -
FvREa_S i) - -
Release 15.0



WSSl Prism Parameters File 9

Global Mezh Parameters "

* Read a Prism Parameters File

— To set all prism values from a prism
settings file (*.prism_params)

— Written to the working directory every
time prism is run

Smoothing Options

. Number of surface f‘
B test.prism_params - WordPad Eg smoothing steps =
Fl= Edit Wiew Insert Format Help Triangle quality type |inscribed_ratiuj
o] Number of volume Y
D = E = E‘L - % smoothing steps |1I] E‘
Courier Mew v | |10 | |WWestem « B Z U Max directional smoothing |12 f‘
steps >
surface file temp prism0.tin L First laver smoothin
input file temp prism0.uns ¥ ste g |1 i‘
cutput file prism.uns p
1 tial . n
aw exponentia Advanced Prism Meshing Parameters |
layers 6
height 0.30000001 _ i |
ratioc 1.2 Read a Prism Parameters File
total height 2.978%801 -
n_processors 3
first layer smoothing steps 1 Apply | OK | Dismiss |
fillet 0.2
max_prism angle 180
triangle guality inscribed ratio
family VALVE height 0.3 ratio 1.2
family ELBOW SIDEl height 0.3 ratio 1.2
family ELBOW SIDEZ height 0.3 ratio 1.2 Typical prism parameters file
family ELBOW SIDEZ FILLER height 0.3 ratio 1.2
family FLUID 3z
For Help, press F1 M
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Checking for Problems

* Pyramids form where prism has problems

— Wherever prism layers stop forming, the sides are capped off with pyramids

R — Collisions are the most common cause, and can make prism.exe crash if
| Lines severe enough. Need to locally reduce heights, ratios, or num layers.

— Other common causes are the min prism quality or max prism angle is

violated, or a geometric formation cannot have continuous prisms (scissors
junction), or other problems.

* The first thing to do after the prism process is turn on only pyramids

* Inspect for what is wrong. View a cut plane through these regions

SN I
=
it

T
gy

Cut plane —
© 2014 ANSYS, Inc. September 22, 2014 18
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Splitting Prism Layers

I — If many prism layers are desired, it is faster, but
ﬁ@ A (F1 gg i {(K@;t? less robust — to create a few “fat” layers and then
split them with mesh editing
_ — Edit Mesh > Split Mesh > Split Prisms
Split Mesh '@

Solit * Fix ratio: The layer is split such that its resulting
P layers employ the given growth ratio (height is free

%@%% % variable to adjust)
* Fixinitial height: The layer is split such that its first
sub-layer is of the given height (ratio is free variable)

Prism Surface Parts E — Specify the number of layers to result from each
Prizm Yolume Parts E ... eXisting Iayer

Split Prisms — Can split specified or all existing layers

Method

* Fixratio ¢ Fix initial height

Prizm ratio |I].I]2

Mumber of layers |3 j‘

[ Split only specified layers '
Layer numbers [0.1,2...] |0

[~ Do not split attached pyramids

Apply | (1] 4 I Dismiss|
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Redistributing Prism Layers

Edit Mesh ]

P A__E < @@ Redistribute prism layers after splitting

* Edit Mesh > Move Nodes > Redistribute Prism Edge

Move Nodes P — Fix ratio: The initial height and subsequent layer heights
Move Nodes B will be adjusted to achieve this growth ratio
= =g — Fix initial height: The growth ratio is the variable that

will be adjusted to achieve this initial height
A%
— The total prism thickness remains fixed and layers are

X}{@ adjusted within this thickness

Redistribute Prism Edge

Split Prisms
Method

* Fixratio ¢ Fix initial heigh

Prizm ratio |l].E
r Redistribute locked prism ‘

elements

[~ Usze local parameters -

Apply | 0K | Dismiss|
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Workshops

® Workshop 5.1 — Waterjacket Section
— Setting prism parameters
— Prism into tetra mesh
— Inspecting pyramids
— Setting local heights
— Remesh to get rid of pyramids
— Redistribute prisms

® Workshop 5.2 — Wingbody

— Prism from surface mesh
— Initial height as zero

— Create a density region
— Delaunay fill

— Smoothing

— Hexa core fill
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