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Background : Metacomp Technologies

A Founded in 1994
i A Key staff members are pioneers in CFD research
s A CFD++ IS 7th generatlon CFD software by founder, each one state-

O A Aoy,

4 ﬁi |

Al

acomp Technologies



\

)
\
\
\
\ \

)

014 Metacomp Technologies

s oot pnatnd et b b pttn) oo ) )

:"Jd;%wg]g 1echnologLesy,



| b r ~H ! il o - ‘A . - d v
Metacomp i echnologiess, L T e :
y B - T

ot ) et 24 5 et

CFD++ Capabillities

External Aerodynamics

Underhood flows

m\ . CFD++ is a comprehensive software suite that includes a
N ey I Nna Ok 02t S0GA2y 2F (G22f4 |
& j EAUE effectiveness

A \yl = .

=

Exhaust ga@filtration

2./
V

“6DOF/movindodies Propulsion

AExternal and Internal flows
ASliding/Moving/Overset Meshes
ARotating Machinery
A6DOF/Moving Bodies

e i AConjugate Heat Transfer
High and low- APorous Media Modeling
Speeccombustion  AHighSpeed and LoBpeed Reacting flows
AVlulti-Speed Problems
ASupercritical Fluids
ADispersed Phase Models (particles and droplets)
AMlultiphase Mixture Models

APhase Change Modeling (evaporation/condensatit

Unsteady flow with
Hybrid RANS/LES Wind energyc terrain verification AFree Surfaces and Fronts (flames, shocks, etc.)
ARadiation Heat Transfer
AUnique Propeller and Helicopter Blade Model

© 2014 Metacomp Technologies
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CFD++ Numerical Features

¢ Coupled density or pressure-based
solvers

¢ Realizable physical, mathematical &
numerical models

¢ Agglomeration (algebraic) multi-grid
accelerated solver for fast convergence
to steady state

¢ Multi-dimensional TVD framework for
truly 2"d order accuracy on all meshes

¢ Up to fourth order accuracy (temporal) in
explicit mode

¢ Second order accuracy in time in implicit
mode

¢ Specialized low-diffusion schemes for
transient phenomena

© 2014 Metacomp Technologies



\ " g
rl.g:*'.u.u; J’a-mu DgLES W o & "t -

Bapek Covoutad orupBity 5

A Simulation of steady and unsteady flows over
complex geometries including bodies in
relative motion

A For transient simulations, cutting, blanking
and interpolation operations can all be
performed within CFD++ at every time step

Includes an integrated rigid-body dynamics
(RBD) capability with a six-degree-of-freedom
(6DOF) module

letacomp Technologies
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o imad T
Why Overset?

A Complex geometries
A Relative motion
A Design Optimization

S—

Overset Block
For the Propellers

© 2014 Metacomp Technologies
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CFD++ Key Attributes

V Internal unstructured bookkeeping

V Allows for all cell types within same grid
V Multiple blocks OK (structured and unstructured)

V Walll distance free turbulence models
V Allows for transient computation with grid blanking

- © 2014 Metacomp Technologies
-
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Overset Process N CFD++

Concatenation of grids
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Overset Process iIn CFD++

Concatenation of grids
Cutting and Blanking

i
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Overset Process |nCFD++

V/ Concatenation of grids
V Cutting and Blanking

V Application of Boundary Conditions and Grid
Motion
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VV Same multidimensiondkeastsquares interpolation everywhere
V Very intuitive geometric approach
V Flexibility via sequential cutting (reduces number of overlap cells)
V Fully integrated
V Cutting can be performed (if necessary) completely within the run
V Coupled with Rigid Body Motion and 6DOF computation
\V/ Perfect conservation via flustitching

EyK = T X Y
kom Metacomp Technologies
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Overset Blanklng Procedure

Val NJAYy3 OStta AYGiSNESOGAYSI
Blankingcells enclosed by the layer af O dzii a@i$iéndiva £
boundaries

wSUlFAY 2N y23G NBGIFAY aOdzi

N

Cutter Boundary
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OversetBInklng procedure

F NJ Ay 3 «teduBigely madhing téiadjacent cells
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OversetBInklng Procedure

SUl Ayk. f I ¢3dditbradzouadar® Seatedafter
Itting (overset/patched)

l...ll. :
IIII L
III



Sequentlal Cuttlng

v Allows multiple sequential cuts of varying types,
retain options, live BC/celllesignations
v adzf AL S awlylaéoSk OK d
procedure)

v AllowsABC created by cuttingjto subsequently act
as cutter

v Useful for complex overlapping geometries, robust
cutting procedures for evolving transient solutions,
3+ overlappingoodies

N © 2014 Metacomp Technologies
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Sequetial Cutting
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2.4448e+02
1.8211e+02

1.1975e+02

5.7379e+01

-4.9892e+00

-6.7357e+01
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1.7434e+00
1.5017e+00

1.2599e+00

1.0182e+00

7.7641e-01

5.3466e-01



Case L. Store Separatlon W|th Fl
Deployment

V Multiple body 6DOF
V Thrust from exhaust
V Prescribed motion RBD
V Sequential cutting

© 2014 Metacomp Technologies
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Case 1: Steps

Steady State:

1. Concatenate Grids
2. Cutting/Blanking
3. Flow Specifications

Transient:

1. Grid Motion /6DOF
2. Flow Specifications

- ©2014 Metacomp Technologies
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Case 1: Concatenate Grlds

File Gnd Wizards Edit Setup Topology HNumerics Physicg Tools xecute Help
18| GRID| 2= | wmm| REF| A | 0| 20 sYs | PLOT| —— -
Bl oo ® =85 &) 20 IC| BC com orrs| <[ iy Concatenate using =

Subdirectories

Background/Airfolil J L

Fins
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 1 Cuttlng/BIanklng

File Grid Wizards Edit §etup Sequent|a| Cutt|ng Help
rﬁ ?::g ﬁ@—l — i'E; ?’\ f,%& TIC BC conm] OPTS| © o] | @] 3 B =] T Ki-; \/ H Ay II =

Remove Store Grid

Remove Fin Grids

Remove Background Gri

Original Grid
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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2% E e
Case 1. Cuttlng/BIanklng

File Gnd Wizards Edit Setup( Topology) Hume S . . Help
. s equential Cuttin

r_l1 GRID| /3y | wmm| REF ."’-_ e cl BC q _ =—=g K Aol s 'J.‘ II -

3+ | == R & coMM] OPTS T ' ' ‘-

INFO

Live: Airfoll

Cutter: Store Zonal

Blank: Background Group Rank 1 Grid

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 1: Cuttlng/BIanklng

File Grid Wizards Edit §etup Sequent|a| Cutt|ng Help
 y ?::g E’;'. - i'E; p f,%& .. C| BC o ors " 1 &S] & 3 AR =] 1 Ki-,‘ \/ H Ay II =

Cutter: All Walls

h@SNI I L

Retain
Rank 2 Grid
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 1: Flow Specifications

File Gnd] Wizards |Edit Setup

Topology ~t4tmerics Physics Tools Execute
i 2= RS/ &) 4l ﬁ m e B & A | B 5] B A/ [

1€1aComp i eCNOLOGLES B, | '_7 "w,‘

Help

Aerodynamic
Wizard Boundary
Conditions

Steady State Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies



Case 1: Boundary Condltlons

Farfield: Inflow/Outflow BC

© 2014 Metacomp Technologies



Case 1: Boundary Condltlons

Adiabatic, Viscous Wall
Functions

© 2014 Metacomp Technologies



Case 1: Boundary Condltlons

Exhaust: Time dependent
Mass Flow Rate, Temp.

© 2014 Metacomp Technologies



Case 1: Boundary Condltlons

Overset/Patched
Zonal

Overset/PatchedZonals

© 2014 Metacomp Technologies



Case 1: Flow Specifications

File Gndf Wizards |Edit Setup Topology ~idtmerics Physics Tools Execute Help
GRID| ‘e R : PLOT K -
le INFD| & | el m OPTS @ & I ‘ﬁ. ale| Hy \i-.' \/ ﬁﬁk II e

Aerodynamic
Wizard Boundary
Conditions

Steady State Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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File Gnd Wizards Edit Setup |(Topology ) Numerics Physics Tools Execute Help

P 3o R =] B 6 g1 Nrelee 3 o H B 3 E A x| B 5| v Bl & N[

Rigid Body
Motion

6DOF: Store + Fins

File-based

_ Translation: Fins
Transient Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 1: Flow Specifications

File Gnd Edit Setup {Topology | Numerics Physics Tpa xecute Help
18| GRID| N R A ] R - S¥s | PLOT = K -
rﬂ INFD| & | el BC COMM| OPTS ' ‘ﬁ. ale| Hy \i-.' \/ ﬁﬁk II e

Transient Rigid Body
Wizard Motion Numerics
Wizard

1€1aComp i eCNOLOGLES B, | '_7 "w,‘

Transient Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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] Case 1: Store Separatlon with F
Deployment
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Case 2: 2D Ball Drop

V 6DOF

V Volume of Fluid

V Buoyancy

V Cutting and Blanking

- © 2014 Metacomp Technologies
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Ball Drop:

Concatenate Grids
Cutting/Blanking
Grid Motion (6 DOF)
Flow Specifications

o

© 2014 Metacomp Technologies
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Case 2: Concatenate Grids

File Gnd Wizards Edit Setup Topology HNumerics Physicg Tools xecute Help
18| GRID| 2= | wmm| REF| A | 0| 20 sYs | PLOT| —— -
¥l wro| N wm| KW O] 4 IC| BC com orrs| <[ iy Concatenate using =

Subdirectories

Background
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 2: Cuttlng/BIanklng

Help

File Gnd Wizards Edit Setup( Topology

Sequential Cutting — R

C| BC| o orrs] 7 [ 5] @& 1 AA[ == F

3 GRID =) mmm| REF B i
Fl| mro| 2| == @ & 2

Remove Background Grid

Original Grid
Modes of Graphics Operation: W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01

[ Rotate W Translate W Zooim

Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

Viewpoint

© 2014 Metacomp Technologies
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Case 2: Cuttlng/BIanklng

File Grid Wizards Edit §etup Sequent|a| Cutt|ng Help
rﬂ ?::g %1 - i'E; p f,%& .. C| BC o ors " 1 &S] & 3 AR =] 1 Ki-,‘ \/ H Ay II =

Live: Top

Overlap:
Retain

Blank:
Background Cutter: Zonal
Group
Rank 1 Grid
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis W Outlines [ Hiding W Cross
Press F3 to toggle between rotftran/zoom and pick modes —- Current mode is: rotftran/zoom X = -2.5793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 2: Grid Motion

File Grid Wizards Edit Setup | Topology ) Numerics Physics Tools Execute Help

ol R = & S 4l BC ow o 7B @B & [l £ s B N v B A Y N =

Fluxstitching

Ball Group

2D Ball Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis [ Outlines [ Hiding W Cross
Press F3 to toggle between rotftranfzoom and pick modes --- Current mode is: rotftranfzoom ¥ =-2.0793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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‘Case 2: Flow Spemﬁcaﬂons

Short-cut Button Path
Dpology \Numerics Physics Tools Execute Help

o orrs| “H B & 1 A\ s H E‘i-;J‘H-&E

Equation Set
Definition

Fluid Properties
Initial Conditions

2D Ball Setup

Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis [ Outlines [ Hiding W Cross
Press F3 to toggle between rotftranfzoom and pick modes --- Current mode is: rotftranfzoom ¥ =-2.0793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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Case 2

Help

Ps \/‘HJ!E -

Equation Set

Definition Inflow/Out

Adiabatic, flow

Visc Walls

Fluid Properties
Initial Co Oversze(;[/nz?tched

Boundary
Conditions
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis [ Outlines [ Hiding W Cross
Press F3 to toggle between rotftranfzoom and pick modes --- Current mode is: rotftranfzoom ¥ =-2.0793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies



),,..a,.J JJ/ .r";JJJJ “” “',,‘; '-’”.‘

File Grid

1 GRID i
1| mro

Definition

Fluid Properties

Time Integration
Initial Conditions Turbulence

Initialization
Boundary
Conditions
Modes of Graphics Operation: [@ Rotate W Translate W Zooim W Axis [ Outlines [ Hiding W Cross
Press F3 to toggle between rotftranfzoom and pick modes --- Current mode is: rotftranfzoom ¥ =-2.0793e-01 Y = 7.8013e-01
Viewpoint Controls Lock Views Tum off BCs Print to File Toggle Background Boundary Manager | Lighting Control

© 2014 Metacomp Technologies
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More Examples
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Bullet Leavmg a GuBarrel

C To simulate the detonated propellant a
region of very high temperature and
pressure air was imposed behind the
bullet

Mach Number- N

C 2-D axisymmetric computation simulates
about 2.5e-4 s (when bullet reaches end of
domain, about 0.1 m from barrel exit) - grid
was 81,000 cells

C Propellant races ahead of bullet and exits Temperature
barrel at about 6.25e-5 s

C 1.5 hours on 2 CPUs, required 2500
global time-steps with 9900 total iterations

C Each animation frame is 2.5e-6 s

© 2014 Metacomp Technologies



g ol O T el < PO R

MeshMovement

Ball -valve example: mesh cutting with zonal connections

Flux stitching guarantees perfect conservation at zonal
boundaries!

© 2014 Metacomp Technologies
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Store Separation using CFD++

aera farce (N)

ume (s) %

Aerodynamic forces on store
© 2014 Metacomp Technologies

aera moment-CG (N-m)

ume (s) e

Aerodynamic moments on store
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F18 Fuel Tank Separatlon

Iram

{

1

C Localized cutting, zonal connection, force -
integration and localized 6DOF ‘

© 2014 Metacomp Technologies
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Active—\ F‘Io~w Control

oBoundary -motion with local mesh morphing
oSinusoidal time - (and space -) varying BC simulates membrane motion
oEjection of fluid through BL on upstroke

oSuction on downstroke => thinned downstream BL

© 2014 Metacomp Technologies
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GLG305 with 944 ice shape

22.5 min glaze ice / 944 ice shape

© 2014 Metacomp Technologies



