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2. CFD-GEOM
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Fig. 1 CFD-ACE+ line up for multiphysics simulation environ-
ments
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Fig. 2 CFD-GEOM

— Face splitting

— Hybrid pyramid/tetrahedral grid generation
— Prism grid generation & deformation

— Unstructured quad meshing capability

— Geometry & block sweeping capability

— Local block refinement

I 75 :
— Easy—to—Learn, Easy—to—Use GUI
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~ Imort of IGES geometry

- Intensive library of NURBS

— Automatic and efficlent 2D/3D unstructured
mesh generation

— Boundary layer resolution

~ Auto—Update of 3D multi block meshes

- Automatic “Dirty—Geometry”

BARE #Eg 54 ¢

— Complete multilevel undo/redo capabilities

—Block extrusion & revolution

— Elliptic smoothing process for face & block
of structured Grid

~Prism & pyramid meshing for hybrid
hexahedral/tetrahedral mesh system

~—Improved user control in generation of
tetrahedral meshing

-~ Scaling & mirroring

— Journaling file system by Python language

— Automatic & parametric grid generation by
stmulation manager

AM-E7FE A
— Quadrilateral, hexahedral, triangle, tetrahedral,
prism, polyhedral

3EEE dely ¥4
—-IGES, SAT, CIF, DXF, GDSIH, Mixed-U,
FAST~U, Nastran, PATRAN, Plot3D, STL,
DTF, CGNS &

3. CFD-VIEW

CFD-VIEW®= CFD-ACE+% B2 23 djolgl
vh 7lEr O TR A4 Sds fe A%
Fx27) (post—processoryolty.  User friendly st
GUIE #1897 flow visualizationo]t} data acqui—
sitionef} EEd = 7ojr}

Particle tracing
-~ Arrow movement animation 7}&
~ Ribbon, tube®Y #H 7t
—~ Trace® we} B9 plottingey} Edel 7k
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New input methods

n

=

— Spray file format
~ STL input & output
- VOF format

~ 28e) PLOT3D, FAST, XFG, AFG formats

& CFD-VIEW 20034 {mport 7+
A
— Object—Oriented interface
- Fast manippulation of large data

— Structured, unstructured, hybrid, polyhedral

data Sets

~ Interactive & transient point and line data

probes

~ Transient animation of liquid spray/particle

data
- Annotation/presentaion

~ Interactive animation and movie recording

— Seamless integration with CFDRC's
solvers
— Variety of output formats

EEEERRY!
Cuaios {rets
Fig. 4 Post-processing example (2)

flow
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. CFD-ACE
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— Flow : laminar flow

— Heat transfer
{forced & natural), conjugate heat transfer,
ice melting, solidification, moving solid

- Turbulence : turbulent flow (RANS & LES)

- Chemistry © pure mixing (iso—phase), homo—
geneous {gas phase) reaction, Heterog~
eneous (surface) reaction

conduction, convection

— User scalar © calculation of user defined
scalar transport

— Radiation : DOM, STS, MCM

— Cavitation : hydro—machine & devices

— Grid deformation : translation or rotation of
boundaries, implicit coupling deformation

— Stress © linear and non—linear deformation,
contact analysis, modal analysis

— Electric © electrostatic, DC or AC conduction

- Magnetic ! static, AC, DC+AC

— Spray | particle tracing, evaporation

— Free surface (VOF)

— Plasma : Inductively Coupled Plasmas (ICP),
Direct Current (DC), Capacitively Coupled
Plasmas (CCP)

— Two—Fluid: two—phase flow {no heat trans—
fer}, solid—gas, liquid—gas, lquid~liquid,
liquid—solid

— Kinetic time—dependent 4-D Fokker—
Planck (FP) equation solving

- Semi device : Drift—Diffusion (DD} and Hydro—

dynamic {(HD)

4.1 Flow module

CFD-ACE() solver?] #4o]
t}, CFD-ACEE &T#d  eag  SIMPLEC
(Semi—Implicit Method for Pressure—Linked
Equations Consistent) ¥3&8]5o2 AAsA ot

Flow moduled
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Fig. 5 CFD-ACE+ simulation of SEMATECH benchmark case
with radiative heating of a wafer via a guartz window
with water cooling

Fig. 6 APU combustor
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4.2 Heat transfer module
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4.3 Turbulence module

Turbulence model FH#7} ofd WdHH5S A
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Navier Stokes models) ¥ %t o}yl LES (Large
Eddy Simulation models) Zdo] Z3ev} V2003
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Tiree = 14 mip. Time = 5 min, Time = 18 min

Fig. 7 lce melting paterns

Fig. 8 LES predictions of premixed ropane-air combusion
backstep test case of Pitz
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RANS (with wall function)
— Standard k—epsilon model
— RNG k—epsilon model
— Kato—Lauder k—epsilon model
— Spalart—Allmaras model

RANS (without wall functions)
— Two layer k—epsilon model
— Chien
model

low Reynolds numuber k—epsilon
~ k—omega model
— k—omega Shear Stress Trasport(SST) model

— Menter Shear Stress Transport(SST) model

LES

— Smagorinsky model

— Germano's dynamic subgrid scale model
scale

— Menon's localized dynamic subgrid

model
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Fig. 9 Cavitation flow {pressure contour)

VRSO VOLUME FRACTION CONTOURS:

Fig. 10 Cavitation flow (cavitation region)
4.4 Cavitation module

Cavitationo|& AAFHE f-A4 f-FA FEAHQA
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4.5 Free surface (VOF) module

CFD—ACE+9)A free surface EELS Zd g
a9E ¥ F 7149 incompressible, immiscible

A ZEES AFS FANY 7193 e
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Fig. 11 Vane purmp (negative pressure) © (@) Incompressible
model 2000 pm) and (b) cavitation Model (2000 rpm)

Fig. 12 Free surface problem

9)9l9] immiscible fluid—fluid AAZE 2= F #
Aol AL 4 & 4 9ler, 3719 £3 o] 9
Tapt & F fAE xgsth F A AlolY free
surface®] X o a7 FAHI & $& T
I 9l= FolE sloshing problem, injection mold—

ing, capillary flow, coating, jetting $-°|th.
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