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Free Surface

Robust and general enough method (Volume-Of-Fluid) to simulate a moving interface between immiscible fluids
with densities ratio up to 104,

Two fluid mixture

Gas - Liquid, Liquid — Liquid

Gas — Non-Newtonian (ADVANCED module)
Incompressible solver only (valid for Mach < 0.3)

Many drops, bubbles or complex topology of free
surface lead to large mesh for accurate representation
of the surface

Surface tension is not modelled
No Boundary Layer model on free surface
No condensation, evaporation, cavitation

No rotation

© 2017 Mentor , a Siemens Business, Company Confidential 4
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Free Surface - Applications

Sloshing Filling/Evacuation Jet/Open water

GG Torque (X) 1

‘E 10000.000 Time=0s
£ 0

Z. -10000.000 _

& ™-59000,008 Time=0s

o -40000.000

2. -50000.000

S _6000 ).000 #

2 0 3.333 10.000 20.000

Physical time [s]
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Free Surface - Validations

A Siemens Business

4

Goal Name Unit Value [Reference| Error,% | Value |Reference| Error,% Goal Name Unit Value Reference| Error, %
Fountain Height (VOF) [m] 0,477 0,459 3,95 0,834 0,815 2,32 . N
Fountain Height (Velocity) [m] 0,478 0,459 4,20 0,835 0,815 2,44 Jet lift helght [m] 0,6303249 0,612 2,95
Jet width of flight [m] 1,4176308 1,414 0,26

Time=0s Time=0g

Bl

0,43

4 agegree 60 degree agegree e FIoEFD

Goal Name Unit Value |Reference| Error,% Value [Reference| Error,% Value [Reference| Error,% 041 1 oo  —theory 0o 0o 0o
SG Normal Force 1 [N] 7,068 7,072 0,05 8,672 8,661 0,13 9,688 9,659 0,29 1 o 0 o
SG Normal Force (X) 1 [N] 4,989 5,001 0,25 7,502 7,501 0,02 9,360 9,330 0,32 030 y
SG Normal Force (Y) 1 [N] -5,007 -5,000 0,15 -4,349 -4,330 0,45 -2,498 -2,500 0,08 1
SG Force 1 [IN] | 7,068 7,072 005 | 8672 | 8661 013 | 968 | 9659 | o020 | 5]
SG Force (X) 1 [N] 4,989 5,001 0,25 7,502 7,501 0,02 9,360 9,330 0,32 T om ]
SG Force (Y) 1 [N] -5,007 -5,000 0,15 -4,349 -4,330 0,45 -2,498 -2,500 0,08 3
SG Torque (2) 1 [N*m]| 0,357 0,354 0,88 0,252 0,250 1,00 0,133 0,129 2,71 Sont
V top jet (Vij) [m/s] | 1,00212 | 1,00000 0,21 1,00315 | 1,00000 0,31 0,99600 | 1,00000 [ 0,40 -
V bottom jet (Vbj) [m/s] | 0,96735 | 1,00000 3,27 0,97739 | 1,00000 2,26 0,98165 | 1,00000 1,83 1
B top jet (Btj) [m] | 0,08528 | 0,08535 0,07 0,07471 | 0,07500 0,29 0,06274 | 0,06294 | 0,20 S —
B bottom jet (Bbj) [m] 0,01433 | 0,01465 0,32 0,02403 | 0,02500 0,97 0,03841 | 0,03706 1,35 0 ! 2 3T,.me's ¢ > e ’
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-ree Surface - Validations

Time=0¢

a5

O Experimental Data
—e—FIOEFD 40x22 (dit=0.01 s)
4 —e—FIOEFD 80x44 (dt=0.015)
—e—FIOEFD 80x44 (dit=0.005 s)

f feartesian) [m]
Global Coordinate System
1

3 1 2
* Marked on the figure fangg,gf ratio error is 5%.

Time=0g
Time=0s

Water level around the cylinder

*7 O Benchmark
Ideal Water Real Water . T
T N
........... o o ]
Coanda effect ’ 2 ' ,,,Om ' ? ? bl
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-
-

Molecular formulga - - - — — — — — —— o

C2Hs(OH)
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Combustion

Possibility to set Fuel or Oxidizer as a molecular formula (such as C2H8N?2).

You can choose to set input Temperature as Temperature of initial components or Temperature of combustion
products.

Enginferlng Database l@ ﬁ [ 4 €, prca” Wio\€ Gnio Shru chu=R
|file Edit View Units Help ' b rwuls ormulsa

TSI kLl £EX'1 P23 ALY F'ERXERY IV4E |

Database tree: Hems | itern Pmpgmja.s. Formula
£ @ Cities - o
-9 Contact Electrical Resistanc Eroperty.
+ @ Contect Thermal Resistancs [hadizar =
# 8 Custorn -Visualization Paras - !
5% Fans [ Formula
E E ::';;Ts Sinks N53.31014 48A0.4 Thermodynamic Parameters ~
e, Materials J RS 101325 Pa -
- #% Combustible Modures 7 5 3 0 Clear =
# Fre-Defined . initi
3 User Defined 1l @ Temperature of initial component
#- % Compressible Liquids 4 5 & . Backspace _ )
i< Gases e s ’ [ ) Temperature of combustion product
i & Liquids 1 2 ||l 3 ||E

T z005°C

Al
)

+- % Mon-Mewtonian Liquids -

- J

L] 111} b

|| Pressure potential

New Combustible Mixture
|| Refer to the origin
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diagram: throttle  J=T coeff. vs. temperature gas: CO; N; Hy He
inlet pressure (MPa) 55 outlet pressure (MPa) |} & 0.01
inlet temperature (K) £ 290.

o
Poyt = 0.01 MPa
. =
Lot = 2315 K
o

The throttling process is commonly exploited in thermal machines such as generators, air conditioners, heat pumps, and liquefiers.

© 2017 Mentor , a Siemens Business, Company Confidential 10
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Extended Real Gas Properties

NIST Database with extended properties of Real Gases is included (available for Advanced license).

T=280...1250 K Joule—-Thomson effect describes the temperature
Water change of a rea/ gas when it is forced through a porous
Pmax=44 MPa plug while kept insulated so that no heat is exchanged
; ] with the environment.
Engineering GnEe, Gl v
DataBase =70.65...
" : Methane
(Modified Redlich Pmax=9.2 MPa
Kwong equation)
+18
substances

Real Gases

T=273.16...2000 K
Pmax=1000 MPa

71134
191009
160898
130740
1008

NIST REFPROP Methane T=90.69...625 K e
DataBase Pmax=1000 MPa Relative error in Joule-Thomson Coefficient calculation:
EDB NIST REFPROP
Water 2,49% 1%
Methane 18,11% 1.21%

substances

© 2017 Mentor , a Siemens Business, Company Confidential 11
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Sector Periodicity

Sector periodicity allows to decrease mesh size in case of sector periodic tasks (nozzle guide vanes
for example). Periodic boundary can be plane.

m Single periodic domain only
= Not supported:

a

L O 0 0 O

Porous Media

High Mach Number

Radiation

Rotating is local region (Averaging)
Cavitation

Fluid Film, Sorption.
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Noise Estimation: Fast Fourier Transform

Fast Fourier Transform allows to convert a time signal to the complex frequency domain.
A parameter oscillation (e.g. Pressure) can be represented as Sound Pressure Level [dB]-Frequency plot.

s | & @ X
Pressure Sound Pressure Level
101800.00 ~— 120.00
= PG Static Pressure 1 [ = PG Static Pressure 1
101600.00 3 = 110.00
— [+1]
o 101400,03—“\- & 100.00
— " -
@ 101200.00 - 2 90.00
% 101000.00 2 80.00 ®
&
& 100800.00 70.00
100600.00 . . 60.00 - -
0 0,001 0.003 0.005 0.007 0.009 0 2000.0000 4000,0000 7000.0000
Physical time [s] 9 @ Frequency [Hz] Q4 @
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FIOEFD TeraLED Interface

Import non-linear LED characteristics from TeraLED as a raw table instead of coefficients of linearity

(sensitivities).
Property:
L uminous flog P
gujt;E:t & csag Im Luminous flux

0.492 A --"'"'.l—_
0.7 A 52.89
0.8 A

v 50.45
Current: 015 A \

48.01
Temperature Lurniriows us ~ K
A5, 335 Im 45.57

25312 K 54,7925 Im
2TIIZK 5452125 Im 4313

29812 K 54,25 Im \
S312K 53.7075 Im 40.59233.12 29312 35312 41 .::2
312K 537075 Im 1
F3T12K 52,6225 Im ERPEENS

Impart fram T3Ster TeraLED...

© 2017 Mentor , a Siemens Business, Company Confidential 18
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Radiation Pattern and Spectrum for LED

Radiation pattern (power dependency on angle) and spectrum are added to the definition of LED
Thermal-Optical compact model.

Adding radiation pattern and spectrum automatically enables radiation source on LED’s top surface.

onononon

[T tem Properties I
Froperty | “alue | =
M arne Mesw LED <
Cornments _l \/\
Thermal resiztance Two resigtar model LI \
Junction to bottom, Rib 1 KA \
Junction to top ] ‘ - r ~- r ‘
| | I | I |
Temperature dependence T emperature table ;I i i 1/ \ i i
Voltage [T able] | N
F adiant fus (T able) | : ', P :
Lurnirious Flus [T able) _I i i / i i \ i i
= Radiation properties 3 3 i’ i 3 \ i 3
> ------ R adiation zpectrum [T able] _I f Y N \\: ‘
b R adiation pattern [Table) _I 1 i /:’ i :\ i
NN
| W/ 1 |
J T LN
50 500
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Transmission Curve

Possibility to add transmission curve instead of absorption curve as a radiation characteristic for semi-
transparent solid materials.

8

£ || y— Theoretical Reflection Losg
| v A i =l Radiation properties

- vy ' >EI Set absorption properties as Abzorphion coefficient J
E M - e Ahsorption coefficient (Table] J
;[ 60 - Refactive index Table] J
g S0 |
_é 40 1 T [ Radiation properties
S 30 HaA =—— In | | >E| Set absorption properties as Transmizzion j
= 2 | - e Trangmigzion (Table]
L T — : —i

2 ‘ L (1 r) | | - Reference thickness 1 mm J

e l { N l | | - e Ahgorption coefficient cut-off 1 1 mim )

0o1 015 02 03 04 o‘7 1.0 20 30 4050 - Rehactive inde [Tabk] B

Wavelength (microns)

Transmission curve
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Improved Ray Visualization

A Siemens Business

You can now display rays between two selected surfaces, including those which go through a selected semi-
transparent surface.

4 )

'Rays 1 M‘

Filter by Numberand Type =

i =) [y 1 L6

B 5% ;I. i
a Filter by Number and Type—————— = Filter by Number and Type———— =
4 Solar
# b1 5% = ] e [T =]
O Thermal & i
= Solar 4 Solar
[ Environment " O Thermal

9 Filter by Starting Faces
% |Lens.1/FIoEFD

I Environnent O Environment

S Filter by Stafting Faces
{2 | Lens.1/FIQEFD

ﬂl

4 Filter by Starting Faces

(2 |D66_Lens.1/D66_FIOEFD

=)

Faces of lens

< Show backward

I |

-

& Filter by Faces Reached ———

NP Facel02/Pad.1/PartBody/Receptor

S Show backward

[ Show backward

|
9 Filter by Faces Reached ————

0 Facel02/Pad.1/PartBody/Receptor

s

O Filter by Faces Reached

Screen face ,
@

¢| 1 | 3

o AR 1 3
< Show forward | o “—‘ = |
[ Show forward — —
Crop Faces Rays Reach O
Appearance Crop FacesRaysReach————— = Show forward
ol . Appearance . Crop Faces Rays Reach e
= ILlnes with Arrows '] S
- = [Lines with Arrows VI Appearance
b I(:"(:'OO5 m » |00005 m = lLines with Arrows ']
P =
X |2 =i X[z =| ¥, [00005m =]
= S L~ 2 X[ g
Sl — o b—[ 7 e
CropRegion % CropRegion ¥ & — Iﬂ—ﬁ
CropRegionm——— ~

| @ Apply | @ Cancel |  Preview | | 3 Apply | S Cancel |  Preview |
L J

u Apply I < Cancel l Preview |
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Film Thickness Import

Film thickness mapping - Import film thickness as a table of points. Used for transferring results of film
condensation to other simulation.

B e RADIATION AND FILM CONDENSATION - new bc

wd

i \MC RADIATION AND FILM CONDENSATION - new be.1 Film Conditicn >

=l Input Data

Computational Domain Selection

) Fluid Subdomains 7 ) |Faced4765/CloseSurface.2/Bod A
Faced4840/CloseSurface.2/Bod
Faced0945/CloseSurface.2/Baod
Faced2132/CloseSurface.2/B
<

=z Solid Materi

&%= & Boundary Conditions

Film Conditions 4 > T |

Film Condition 1 Film Parameters ———————|

B Dependency ? >

Dependency type:
F(= y 2] - table ~

Heat Sources Ve, S Wettability

Ny Table of values:

R T
5 SRR s ,;;;,5, Dependency Waluesw  Waluesy  Valuesz  Valuesfixyz) A
s ¢ Radiation Sources ; . 017343445 005003205 0.0810465€ 677759626 micic
-2 | EDs A 01783792 004587857 0.0731433% B.ESET87E4 micic
3 /A8 ; 7 4 017826050 004542800 0.07171548 403493747 micic

Mesh 017825328 004138754 006649156 346282543 micic
01782081 004587857 007382652 B10ET06FE micic
017817215 004400341 0.0701386€ 84070933 micron
017811932 004095865 0.06437484 332173316 micic
017805170 004138754 006712666 757273444 micic
017788177 0.0395341C 0.0628735: 3.61735631 micic
017786552 0.04244459E 0.0671266E 9.23809508 micic
017775707 0.0434733 0.06792675 3.09093093 micic
017767648 0.0467730E 0.0738265: 846947959 micrc v

3 —
Goals Gl h 01782563 005067074 0.08263086 0.067252607 mict

Results (r_000000.fld, 0 s)

Impart File... | [] Show all BE71 points

Preview points

Cancel Help
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EDA Bridge: Import Power List

Create CSV file with power map: [ComponentName;Power].
Import it into EDA bridge (or you can change power manually).

r ~ _
(81| e M| 2 o o e —
m Fle View Tools Options Help
File P u 6@ = @ = 3'“ * . ¥ B | File Edit View Tools Options Help ) ~ -
2 - ] t .
LF] . @ B @ R ImportDA  Fteng | Tenserto  Viewfom  Viewom ? 5]
_] ] A = o, Fle Options. FlokFD Top Bottom i
- ® corporate Su—— 1 Import EDA  Import Power Filtering Transferto  Export Power
G- i ' ' ! i
e Font | Alignment| Number |* ﬂ “Sur E Im F"C'l't F‘DWEI’ File List Options FIOEFD List
M M M @ dielectic_1 H i Power
Clipboard T ;:ﬂi_z LI st | @ Us [B000051029U5, BOOI  2.5W
= = plane 3
B3 - (= I~ - @ U6 [B000055417U6, BOODI 2.6 W
A | s = — Sl i : Ug [B000022477U8, BODI 2.8W
- = sgals . . U9 [B000022477U9, BODI  29W
3 [FID1 I_l.. Zg:l’“;-s e Toese quam liil ol | L _JURN B ow
|| 2 [FD2 2 I P il o o L durdi ow
5 FID3 3 4 Power and Ground Nets : A : —
i : T 2 i GND Famses i @ ui4| ow
- T 1 o g i @ uis| 18U15,80  OW
Ul vl L LG [ Ju21 (8000055402021, EEPRIR T
8 |13 13 unvp T ®
|| 9 a 14 e i st U22 [B000055545U22, B 2.22W
10 120 12 s . ! 7 @ U23 [BO00DS5391U23, B 223 W
11 121 121 o 5 y I : @ Us2 (8000027655052, B0 252 W
B USVREF g > i 5 v1 ow
12 122 1.22 ggos.xv 9 ks . . [LCCTTTUTTT TR :m
13 )23 1.23 . i = =5 R Y2 22, BOOC ow
14 J25 1.25 i s - Al @ 13 (BO000S3482Y3, BOIC  3.3W
= . N N i TR e @
15 L5 0.5 F : - [T L ¥4 [B000051591Y4, BOOC 34 W
s 255 i :
16 L6 0.6 T LT T T T T LT TR T T PR » 5=\ Power and Ground Nets
17 MP1 1 Hiiin o dinme: ¢ | HNEIT o it o i |
18 |Q3 3 = : i Wi . ‘ Component | Thermal | Thermal Territory
19 (U2 2.2 i iigis I Component Details
20 (U3 2.3 i
21 u4 2.4 | Reference Designator U2l
22 U5 25 Package Name B0D00S540
23 |Ue 2.6 = —
d M Part Number B00005540
24 U7 2.7 S
25 ug 28 = ‘ e M Board side Bottom
Severity Message
26 U9 2.9 Layer Detaits 83 X Location 39.4 mm
27 U1 221 Name spal1 i —— 2o
28 |U22 2.22 il s 0380
an i Conductor Details B | 7 Offset 0mm
M4 v ] resistors[]4 [n] »[] e — -
M ss5% | :
ugll AT d
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Smarter Analysis for

the Design Engineer

EDA Bridge: Material Properties for Layers

Copper content is calculated for layers.
Material for dielectric can be: FR4, FR4(24% Fibre) or Polyamide.

Menior

A Siemens Business

\\\\\\

Layer Details !
Mame top

Thickness 1.00774 Oz

Dielectric Material |FRa v
Conducting Material [Copper "]
% Cover 71.48322

© 2017 Mentor

, @ Siemens Business, Company Confidential 25



Smarter Analysis for ‘ : MGI'IIDI“”

the Design Engineer

A Siemens Business

Simulation Conference 2017

EDA Bridge: Material Properties for Components

Component can be defined as a solid material or 2Resistor.

- T T L I o e e e T S - T — —
@ 120 (B000052245)20,B0C 12W Typical ChipAray - L Y125 [B000055560)25, BOGEESILR) -
@ 21 (000052244)21, B0C 121 W Typical Connector
@ )22 (8000052245122, B0 1.22 W | Typical Electrolytic Capacitor M Component | Thermal | Thermal Territory |
@ 232 (8000038340)23, BoC 122w | 1ypical FCCBGA S B
. Typical FC PBGA i Thermal Details =4
@ 124 [CCOM_AA_HPI24, C OW | 1ypical LQFP ;
@ EEN P 1.25 W | Typical MicroBGA i Model Type [ZResistor =
Typical MQFP 1
Thermal | Thermal Territory pical Plastic Package 1 | Power 125W
) Typical PLCC = i
Thermal Details Typical QFN | t Max. T junction 90 degC
Typical SOIC_SOP_SO ;
s Typical SSOP | Max. T case 75 degC
Power Typical TEGA | )
Typical TQFP | Resistance J8 LiK/wW
Max. T junction Typical TSOP '
Max. T Case Typical TSSOP - Resistance j;c 3.1 K/W
Material Typical Plastic Package =
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EDA Bridge: Material Properties for Components

After importing the corresponding Material and Boundary Conditions (Heat Sources, Network Assembly,
Radiative Surfaces) are automatically created.

n CATIA V5 - [EDAnew.CATProduct]

] start Edit I Tools Window Help
4l -"_\r;

| = appy Bscan W[5 2 % ([P EEE) + 22 B ~ | @ ZIOF 4

Components Materials Volume Sources  Printed CircuitBoa Two-Resistor Components LEDs + | Property Value
-=% Bxplicit Thermal Teritories. 1 Name Copper 5 Solid Material 1
@ Pant FR4 = [ Material Copper5
o @ part2 Density 8960 kg/m"3
=% B000021584D2_B000021884_Simple.1 Typical Plastic Package 12w Specific heat (Table)
o @ Partl 1 Typical Plastic Package 12w Conducivity type Isotropic
=% B000021348D3_B000021843_Simple.1 Typical Plastic Package 13W Thermal conductivity (Table)
o @ Partl 1 Typical Plastic Package 13W Electical conductivity Conductar
=% FIDUCIALFID1_FIDUCIAL_Simple.1 Typical Plastic Package 1w Resistivity (Table)
o @ Partl 1 Typical Plastic Package W Radiation properiies ]
=% FIDUCIALFID2_FIDUCIAL Simple 1 Typical Plastic Package 2W Metting temparature =]
o @ Partl 1 Typical Plastic Package 2w -
< B i - - - e
18- Component Explorer

NEgg i 2 e @B e wuHenaq 2680 60686

| Select an object or a command

© 2017 Mentor , a Siemens Business, Company Confidential
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EDA Bridge: Thermal Territory

Thermal Territory is ability to explicitly model only a selected area under a component.

File Edit View Tools Options Help € -
-]
d
Import EDA  Import Power | Filtering Transfer o Export Power
File List Options List

| =) Powe - e@——a1

4. ows
@ UL (5014, 740C00S0P]  OW
L Ju2 oip1a, 7a0cmzor L)
= Power and Ground Nets
| Component | Thermal | Thermal Territory

Thermal Territory Details

ComponentTemitory  [enabied v

Inflation Size 243428 mm

Depth To Layer LYR_2 -|

Severity Message

27.31753, 33.42586 (mm)
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Edit from Component Explorer

m Create/edit sources, 2R, LED, PCB and materials from the table.
m Display total power applied.

Bsen B x||H Y% B D@ YouX
Component | Material | Volume Source | Printed Circuit Board =
Total power: 33w Property Value
= W epic pe Name VS Heat 1
- @ EPIC PCB-1 Solid Material 1 = Heat generation rate 1 W
® PC104 ISA Connector-1 Solid Material 1
% PC104 PCI Connector-1 Solid Material 1
® SODIMM Connector-1 Solid Material 1
= SODIMM-1
® SODIMM PCB-1 457n PCR
® ram chip-1 Steel (Mild) (Default Solid Material)
® ram chip-3 Defauit Solid Material (Steel (Mid))
® ram chip4 Default Solid Material (Steel (Mid)) —
_ ® ram chip-5 Default Solid Material (Steel (Mid))
o @y Heatsink-5 Copper 5w
- @ CPU Heat Pipe-1 Default Solid Material (Steel (Mild))
- @y Northbridge Heat Pipe-1 Default Solid Material (Steel (Mild))
I @) Case-1 Defavit Solid Material (Steel (Mild)) I _Iﬂ
4 k
Scan completed.
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Feature Goals for LED, 2R, Network Assembly. Display Junction T.

m Create Goals for the nodes of compact models (LED, 2R, NA) in definition dialog.
m Select a node (Junction, Bottom, or Top) to display as Temperature (Active Node).

¥ Selection
@ Face<?9> ShMALLBGACASE-2379

[ |SMALLBGACASE-2379
BGAI52P3500-3500H150-BK-399

w Component

- PEGAFC_21x21rmm

Elm Two-Resistor Components

------ {#} Two-Resistor Component-SmallBGA
------ {4} Two-Resistor Component-BigBGA
-8 Printed Circuit Boards

Surface Plot 1 X

¥ \essage
ﬂ Fesults are currently not loaded

w Selection
7 |Face<2053>%C5_COM_BOARD-CAD

[] Use all faces

- PEGAFC_23x23mm < Ty
PBGAFC_2?x27mm

- PBGAFC_25x28mm ) Contours

- PBGAFC_31:31mm E| B % Two-Resistor Component-SmallBGA Temperature (Case) & 1solines

- PBGAFC_32_Bx32_5mm i ) &

R PEGAFC_35x35mm NN (N ® Two-Resistor Component-5mallBGA Temperature {(Junction) 22 | Vectors

- PBGAFC_37_Rx37_6mm

- PBGAFC_40x40rmm o = | Streamlines
PBGAFC_35x35mm [Pre-Defined] - HH Mesh

Create/Edit... p—
~ Source B | Temperature (Active Node) '+ | EJ
Q 0w el £ 0 & R
w Displayed Temperature
T : } Options
& Temperature (Junction) -
} Crop Region
-
Parameter Us = + X
Temperature (Case)
Temperature (Junction) u
Temperature (Board) O =
v || X

A Siemens Business

|Temperature (Active Node)‘59.1 °C ‘
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Usability: Preprocessing

m “Don’t ask me again” for reset mesh and reset computational domain
m Full Template: all data is now saved in template E— -
m Rebuild Error don’t block boundary condition creating | r
m Toggle to set periodic (cycling) time dependence e e g
m Display used cores in Monitor and logs incl. for Linux
m BC name is displayed in the caption of dialog
m TEC driving current as a function of Goal o
m Display linked condition in the main project tree ,
m Dynamic Viscosity is added into point goal ddid _
- |n|et Mass FIUX in]g:iar??metryofthe model or project settings have been changed. Do you want to reset the computational
["] Remember my choice and don't ask me again (can [ Yes §| No | \
be changed later in Options).
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Usability: Postprocessing

m Logarithmic scale for contours and vectors

m Horizontal legend
m  Min Max callouts on plot optionally with coordinates

NX H 9-o + i @ - @Wndow-= NX 10 - FIGEFD Simulation - [0OMAIN_ASSEMBLY.prt] SIEMENS _ O X
Analysis  Application ~ Curve  Developer Render Tools View Assemblies Flow Analysis Find a Co i P EAB_ X
~ Wizard B me: o4& =, i Check Geometry o
= S N N % ¢ "8 ¥ H ‘e 2]
0 New {5 Engineering Datcbase Vectors -~
eral Boundary Global Global Local Run Batch ‘Calculation Load/Unload Cut Geometry Probe Save Export FIoEFD Help  Online

Geny
) . o >
By Clone Project gersings % Condition~ Goals® ~ Mesh Mesh+ Run Control Options ~ M Plot~ . * Imager @ Createlids Results Topics~  Support~ e
Project . Insert © Mesh - Solve - Results - Tools - Help - - a
Menu - | No Selection Fiiter  + | | Entire Assembly e e R e REOBE-&-@-w- .
B .
FotfD o T Yelacity -

W

& Projects L
= e 00MAIN_ASSEMBLY 150.00152.10 154.20 156.30 158.40 16050 162.60 164.70 166.80168.90 171.00 173.10175.20 177.30179.40 181.50 183.60 185.70 187.80 189.90 192.00 0.00z
£2 Project(1) . m

XE—F fo}

[r]
(TT T HSNNNNENNENSINENNENNEEEL [ [ 11

O £ Project(2) Temperature (Solid) [°C]
B £ Project(3)
[=3)
i -
TR e 5 Al nonzm =
-8 Cut Plots
& | La e [Surface Plot1 Maximum | e T e eeen

Temperature {Solid)|187.83°C

X (cartesian) 0015 m
TF 0 =]

¥ (cartesian) 0016 m

=} O Surface Plots

[ W Surface Plot 1

.4 Surface Plo Edit Definition..

Temperature (Solid)|44.04 °C

& ITsosurfaces X (cartesian) 0003 m

;\’? Flow Trajectori :lei;j:rand hide ' (cartesian) 0018 m Z {cartesian) 0.003 m I—j |
5 parnce SIS clone Z (cartesian) 0023 m
@ v e Logarithmic scale

Volume Param  hjige plot Minimum g

e XY Plots Hide Plot Maximum
#, Goal Plots o

#1 Report Animation...
®a Animations Save As... x
D& Export Results I

Copy to Project...
Properties...

& [Fixed Color V] @

WE s> e &
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Usability: Postprocessing

Isosurface: number of values in a range

Cut plots: Orient the plot parallel to the screen
Parameters: Specific and Absolute Humidity
Parameters: Custom Gradient parameter

~Pd RAVTR, =

< r

VEBuR/ & -~

¢ Isosurfaces

v X W .

Parameter

Menlor

A Siemens Business

Y [Temp erature (Solid)

Definition
() Manual
(@) Automatic

Value
£, 455741976 °C

-

Y 12112783°C
L

# 10

Database tree:

‘ ltems Iltem Properties | Formula ‘

- Cities
| -4 Pra-Definer

4@ User Definad
:—3 Contact Electrical Resistances
ﬁ Contact Thernal Resistances
élQ Custom - Visualization Pararmet
‘ =8 User Defined

[+ led lighting.sldasm
-agr Fans
=

:4, baterials

-- Perforated Plates
(- % Porous Media

. Frinted Circuit Boards
-;T,-_ Radiation Patiermns

--d. Fadiation Specira
--D:ﬂ Radiative Sudaces

Component:

Formula -

Eormula:

[Chccseparameter '] [ Backspace I [ Clear

[E0 9 e e e [
ol (o ot o i
FR P ENES 10 g gmay [ gmar
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FIOEFDView

Standalone F:R;E;E: viewer to explore FIOEFD results optionally including original CAD geometry.

g a
FIOEFD_example_KJ66.efdscene - FIOEFDView EE
7 €% 1_11 Rear rotor-1 - P =
%:ﬁiﬁiﬁjﬁkem & 3.2 Ring-1 427388 POLEED-O-®-(@
G cpu (cPU EJ---% 7 Rear support ring mount-1 L ggé ﬁg
@ Retention Mechanism (Retent ) [ .
@ Attach Clip (Attach Clip.1) i 5.1 Combustion chamber-1 320.569
@ Copper Core (Copper Core.1) % 6 Cover-1 - 284.959
@ Heat Sink (Heat Sink.1) % 8 Nozzle cover-1 - 248348
@ Fan Attach (Fan Attach.1) % Patchi-1 i ﬂg Igg
i - R - :
B e Il @ Ppatcna-1 | - 14251 !
59 < i Il | 6% sconel Ly
9 u O
&1, Goal Plots -G Patch2-1 - 35 F8O |
R Goal Plot 1 Il - Patch4-1 - 0.079
Flow Trajectories {l % Patch5-1 Velocity [mis]
ow Trajectories 1 % Patch8-1
ow Trajectories 2 % alchs- Cut Plot 8 contours
(-5 Fuel_inlet-1 e
| @ patch71 - 1000.00 |
330.00 i R
242 ' 2 % Egl;:LIaII 1
325.25 . E
32367 (& Far_field-1
e e
318.92 e
SE e I @ Cut Plots
315.75 I -Q\P Cut Plot 8
314.17 ;
31258 -K)\’ Cut Plot 7
a0 9{) Surface Plots
Temperature [K]
[ 0 Surface Plot 5
Flow Trajectories 1 . R
}(::\L;E/v P_lrcurta 29 Lol Flow Trajectories Ternperature (Fluid) [K]
d f : Flow Trajectories 1 |1 Temperature [K]
- Flow Trajectaries 1
. o . | 1] m [ » Surface Plot 5 contours Cut Flot 7: contours
L ¥
L L C =
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Transferred HTC

Heat Transfer Coefficient can be transferred from other results (fld) file, or set of files
(in case of transient simulation).

Average temperature of the Internal body N2 during lht -~ =
60000 H m - X Dependency ? “
’ H H -
Flight trajectory - . e
- Transferred - me dependent v
i H (®)EIOEFD project
" i
i N 1 (O Results fle (*id)
. . Teble of resuls fotransfer:
Valuet  FIOEFD Project Results File (*.fld)
L 0.1 Project 1 3337\Ready To Run\1\r_003850.fld
F - = | = - T 1 L L : ) 0.5 Project 2 3337\Ready To Run\2\r_000720.fld
- 0.8 Project3  115\3354\Ball Valve\1\r_000030.f1d .

Time=36.0s
Flight Mach number along trajectory
9
. M
7
6 OK Cancel Help
5
4
3
2
N ts
o
(] 5 10 15 20 25 30 35 a0
3000 Total temperature along trajectory 700
2500 To, K 641
582
2000 523
1500 165
1000 106
347
0 268
o t, S Temperature (Solid) [K]
o 5 10 15 20 25 30 s a0 s R
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APIl: Now You Can Create Conditions

Possibility to add heat sources and solid material to a component by name or pre-selection (also available for
face conditions like mass flow rate, electrical current), delete condition using APl (VBA, VBS, C++).

@| Hd9-c-od = —- -API_D(AMPLE_FLOEFDN)(.xIsm - Microsoft Excel ‘ ‘ ‘ l_‘_‘g-:' (=]
Home Insert Page Layout Formulas Data Review View Developer @ e o @ 23
= M ocut - i | = _ - =] == [ Z AutoSum -
Calibri - 11 - A A = = B =" Wrap Text General - i_:;l‘ Ifl- 9 ™| fﬁ
0. =] S B B = 6
Paste . B 7 U- | i~  ®d.-A. E = =| i = @ Merge & Center - $ - 9 . 0 50 Conditional Formatas  Cell Insert Delete Format . Sort & Find &
 Format Painter - - S g ’ ol Formatting ~ Table = Styles ~ - M &2 Clear Filter ~ Select ~
Clipboard (F] Font (F] Alignment [} Number (F] Styles Cells Editing
F6 - (- | v
A C D E F G =
Component Name Heat Source [W] Heat Source [W] Heat Source [W] B
Launch
FIoEFD ]
1
2 Add sources for parts with Yel low List all sources Change to Yellow values
3 enclosure-1 1|VS Heat Generation Rate 1 1
4 linlet lid-1 2|VS Heat Generation Rate 2 2 -
5 outlet lid-1 3|VS Heat Generation Rate 3 3
outlet lid-2 1|VS Heat Generation Rate 4 4
7 outlet lid-3 2|VS Heat Generation Rate 5 5
Il 8 |screwhole lid-1 3|VS Heat Generation Rate 6 6
9 screwhole lid-2 3|VS Heat Generation Rate 7 7
10 screwhole lid-3 3|VS Heat Generation Rate 8 8 =
4 4 » »| GENERAL | HEAT SOURCES / MATERIALS %3 4] i | » 1]
Ready | = | ||E| 85% @—U-'—® g
L
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Own Boolean Kernel is designed to automatically heal geometry and significantly speedup CAD geometry
extraction.

m The current procedure is based on CAD Boolean
operations which are slow and not parallelized
(use 1 core).

m  The new Geometry Handling procedure assumes
creating solid and fluid bodies using topology
information by means of FIOEFD internal
mathematical kernel = FIoEFD Boolean
operations.

m As a result the preparation process can be shared
among many cores.

m  The new algorithm will coexist with the current
version for a few years.
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Improved Geometry Handling

Activated for the project as Improved Geometry Handling.

Can be activated in Check Geometry for diagnostic.

=2 PROJECT

: Run...
=-& Input

Mew Parametric Study...

Improved Geometry Handling
Automatic Rebuild

Rebuild

Show Global Coordinate System

Clone Project...

Create Template...
Delete Project...

Open Project Directory
Show Basic Mesh
Customize Tree..

Check Geometry x
w State

=) BASELINEAMALYSIS

------ 1 VCS_COM_BOARD-C2
------ 1 _PD30-G286_»2-L102W
------ 1 _PDS0O-G28_XX-L102W
------ 1 _PSXS3-T3_HP-LB1WEZ
...... ] SPST

------ 1 _PDSO-G16_FX-L110W
------ 1 _PZXC-P16_XM-L165W
------ 1 BGASGOP4250X4250H2
------ 1 BIGBGACASE

i >

NEESNENEEEEE

- [1 SS0P14_S76_2X5 3
Apply to Project
w Analysis Type

[] Exclude cavities without flow conditions
[] Exclude internal space

» (Ciotions

[+ iimproved geometry handling

D LIEdLE T O 2 d”lpllﬂ

[] Advanced materials check
Create solid body assembly
Create fluid body assembly

Check
Show Fluid Volume
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Better Diagnostic and auto Healing, Speed up

m  CAD Boolean: Successful geometry check but stopped at preparing

vk B |9 B E += @ X
Results Invalid Contacts Display -
Status: SUCCESSFUL. Problems detected and fixed Al lz‘ Ol
Invalid contacts resolved: 20 Zerohickness curve/line 0{Resolved) I} H
Analysis type: Intemal Zerothickness curve/line 1{Resclved) Il
Fluid volume: 1299.35985 /™3 Zerothickness curve/line 2(Resolved) I}
Solid volume: 6410015913 Zerothickness curve/line 3{Resolved) I}

Zerothickness curve/line 4(Resolved) [0

Zerothickness curve/ine 5(Resolved) [0

Zem+thickness curve/line 6(Resolved) [ Z
Check completed

m FIoEFD Boolean: Detected problem geometry

vcheek B | B & =@ X

Results

Status: SUCCESSFUL. Geometry is OK

Preparation failed: 6 TRUCK SUPPLY DUCT EMND PLATE-1/Fillet2 {no solid geometry)
Preparation failed: 8 TRUCK SUPPLY DUCT EMD PLATE-3/Fillet2 {no solid geometry)
Analysis type: Intemal

Fluid volume: 03

Check completed

m Customer example: 7 hours (FIOEFD Boolean) compared to 72+ hours (CAD Boolean)
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Microsoft HPC Job Scheduler

m The new Use Microsoft Windows Job Scheduler mode to manage calculations on the server.
m HPC Scheduler automatically distributes tasks to computer nodes of the HPC.

%, Remote Solver Setup x|

Parameter Value Client

Directory for temporary remote solver files  \\hpc-head\share\SolverTemp
Part 30951
. .
Maximum number of cores per calculation a8
File View Actons Optons Go Help
T
Run mode L Back () Forward Filter: [Ovner < [Submit time < [Project name = Search: [Job nar
Head Node e R Tl e e ML
Head node HPC-HEAD = [=] Job Management All Jobs (31)
Uzer name HPC-EFD\administrator L] B All Jobs JobID | Job Name | state | Owner | Progress
: : Configuring 54 FIoEFD [HPCEF... Queved HPC-EFD Adminstrator 0%
License server 1717 @licserver Active 53 FoEFD [HPC-EF . Queusd HPC-EFD\Administrator 0%
Solver netwark path -head'Share \WPP\FloEFD \FloEFD FE17\binle. .. Finished 2 FIoEFD [PC-EF. . Queued HPC-EFD Administrator 0%
pa Vhec s ' \F 7pinle Failed 51 FIoEFD [HPC-EF...  Queusd HPC-EFD\Admiristrator 0%
Canceled 50 FIoEFD [HPC-EF...  Queusd HPC-EFD\Admiristrator 0%
o My Jobs 49 FIoEFD [HPC-EF... Queusd HPC-EFD\Admiristrator 0%
Configuri 4 FIEFD [HPCEF... Running HPC-EFDN\Admiristrator 0%
\ P " 47 FIoEFD [HPCEF... Running HPC-EFDM\Adminstrator 0%
I \ \ N i 4% FIoEFD [HPCEF... Running HPC-EFDAAdminstrator 0%
OK Cancel | AN \ N ”":d"“' 5 FIoEFD [HPCEF... Finished HPC-EFD 100%
=] 1= \ (=} Fail 9 FoEFD [HPCEF... Finished HPC-EFD! 100%
E ; o o o NS S :’ B o S ; Canceled 43 FloEFD [HPC-EF... Finished HPC-EFD\Administrator 100% E——
] o \\|—] o — o Bl By Job Template 2 FIoEFD [HPC-EF... Finished HPC-EFD\Admiristrator 1007 Em—
- NS = \ ' = : = Default a1 FIEFD [HPC-EF.. Finished HPC-EFD\Admiristrator 1007 I—
3 Batch Run [ 8 [ N— -~ WN— ~ N— ~ Cluerun Cammande an FAEER ILDAEE  Eimiehad gy anner
\ o ) =) 3 o
ST | | t 1 ‘3 L) M s N— o == ° == o
Frojects Mesh Solve New Close Monitor Fun At Use Coefs]  Status
gt @ % ® O Pechead 085 ol Compute Node Compute Node Compute Node
1 ball valve.sidasm
Praject 1 [ defaul ] 0O @ B @ hpohead 3095 [use al]
- Praject 3 [ default] [} (=] B | hpc-head: 3095 [use al]
------- Project 112) | default | =] hpehead3095 (useal]  Caloulstion
Project 1(4) | default ] =] hpohead 3095 [useal]  Caleulation.
Praject 1(5) [ default ] | hpohead 3095 [wseal]  Caleulation..
Praject 1(8) [ default ] o hpohead 3095 [useal]  Caleulation..
Project 1(7) [ default ] (=] hpc-head: 3095 [use al] Calculatior...
-~ Project 1(8) [ default ] =] hpohesd3095 [usesl]  Queusd
Project 1(9) [ default | | hpohesd3095 [usesl]  Queusd
- Project 2 bl flsted | [ ] =] hpehead: 3095 [use al]

[ Close CAD
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Remote Solver Queueing

m Possibility to define a queue of calculations on FIOEFD server.

m  Restrict maximum number of server’s cores used per a calculation. Restrict total number of server’s
cores to be used by FIoOEFD. Additional analysis tasks will be put into a queue for later calculation.

)
3 Remate Solver Setup - u u
Mt 4 A& Maximum simultaneous runs:
Parameter Value
. Projects Mesh Sclve MNew Close Monitor Run At Use CPU(s) Status...
Directory for temporary remote solver files C:\Users\alexey\AppData\Local\Temp', All projects 0 rufkharitw7:30¢ [TEPRET
Port 30951 = epic pe.catproduct
Maximum number of cores per calculation i PROJECTT 0 rufkharitw7.30 [use all] Calculation..
) . ~ PROJECT2 ] ruf-kharitw7:30¢ [use all] Calculation...
I Run mode Put caleulations in queue - PROJECT 3 0 ruf-kharitw7:30¢ [use all Queued
Total cores 2 . PROJECT4 ¢ & ruf-kharitw7:30¢ [use all] Queued

=

ﬂFIoEFD Calculation Manager
= o A e

i ———
Calculations | computers

@ New calculation i

O Continue calculation Server Model Project User Path State Use Core(s)
e T e ruf-kharit-w7  epic pc.catpr... PROJECT 2 [... MGC\alexey E:\work\Mee... Running 1
Run at[ruf—kharitfw7'30951 . ID @Al ruf-kharit-w7  epic pc.catpr... PROJECT 1[... MGC\alexey E:\work\Mee... Running 1

- ruf-kharit-w7 epic pc.catpr...  PROJECT 3 [... MGC\alexey E:\work\Mee... Queued 1

Use E - ]CC"G(S) ruf-kharit-w7  epic pc.catpr... PROJECT 4 [... MGC\alexey E:\work\Mee... Queued 1

Resuli[use all] [g the calculation
’; Loaq E Batch Results...
— | Open Monitor | ’ Close ] I Help

Run Close J Help ]
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Calculation Manager

m The Calculation Manager was enhanced to view and control solving and queued FIOEFD projects on any
configured Remote Solver.

m  Normal users can only terminate their tasks. A FIoEFD Administrator (a user added to the global domain group
“‘FloEFDAdministrators”) can Open the Solver Monitor, Terminate any project or Adjust the position of queued
projects.

ﬂ FloEFD Calculation Manager E@g

Calculations | Computers
F |
: = g
Server Model Project User Path State Use Core = ﬂ FloEFD Calculation Manager =
def-beast-wx assembly.sldasm Inlet Fan(1) [defa... DEF-MO... C:\Usersiloc... Running 8 Calculations| Computers
def-beast-wx assembly.sldasm Inlet Fan(2) [defa... DEF-MO... C:\Users\loc... Running 8
= Inlet Fan(3) [defa... C:\Users\loc... Queued 8 i T State Memory (GB) F—

ge:—zeast— e In:et Fan(4) [je:a... DEF-MO... C.\Users‘\:oc... Queue: ] This computsr  Gonnected 12 4
def—beast— Inlet Fan(5) [defa... DEF-MO... C.\Users‘\loc... Queued ] localhost Connected 12 4
def—beast— Move Up Inlet Fan(&) [defa... DEF-MO... C.\Users‘\loc... Queued 8 def-monster-w? Connected 128 24

ef-heast- e Cars Inlet Fan(7) [defa... DEF-MO... C\Usersiloc... Queue ] il def-beast-wi Connected 512 56
def-beast-w b r Project [Default] MGC\aho... C:\Users\aho... Queued ] =
def-monster-w? assembly.sldasm Inlet Fan(9) [defa... DEF-MO... C:\Usersiloc... Running 8
def-monster-w? assembly.sldasm Inlet Fan(8) [defa... DEF-MO... C:\Usersiloc... Running 8
def-monster-w? Opt-Example.CATProduct  Project [Default MGC\aho... C:\Users\aho... Runnin 8 ]

4 P ject [ ] o \ . g L er.. Delete Computer Close H Help
def-monster-w? assembly.sldasm Inlet Fan(10) [def... DEF-MO... C\Usersiloc... Queued ] o s B
<« | 1l | P
| Open Monitor | l Close l l Help
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Damping for goal dependency in steady-state

m Damping factor for goal dependent parameters to avoid oscillations or relaxation of an extreme change of
dependent parameters in steady-state.

m  Damping: the actual value of the goal is replaced by the value averaged on the ¥ of analysis interval
(4 * Ta = Analysis itnterval specified for Goal convergence, by default Ta = 0.125 Travel).

al l
f 0 + fl ET f ort; <Tg
fi= 'T
f , fort; =T,
ngh Fluctuatlons on Ths Jeep 520MCA - Step 3.CATProduct [HB Operation - 90 C [Default]]
= Dependency type 160
[Figoal)-1ekle -
Dependent on goal. 140 -+ | | | | |
g [Av Temperature LB Base-NTC -
Table of values | - e
= falue falue 'l w V -
ase Y .
. .48 ° » [ \ Z 10
E.v. .45 ° ¥ 571 \ §
I ) ,V “D 4.28 \l -E'an
E —— Tt e 0 ° . “ E —— AV Temperature Ad
10.93 SESE 10213
uuuuuuuuuu
a0
= [ Darmping
5] 4] “::..,” b= o] L2 i oK. I l p— ] l Help ] 200 400 600 800 ‘.E.:i:,“ 1200 1400 1600 1800 2000
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Scalability (shared memory)

Scalability is the ratio of calculation time to the time obtained with only one core.
The chart shows average and maximum scalability obtained from a number of cases.

200 10,00
' - Maxim Scalability
Scalability (Average) vs Number of Cores 696 9,00
7,00 ,
6,54
8,00
6,00
7,00
5,00
6,00
M Version 15.0
4,00 500
Vesrion 16.0
300 ® Version 17.0 4,00 -
2,00 " Version 17.1 3,00 -
2,00 -
1,00 -
1,00 -
0,00 - # Cores
2 4 8 12 16 20 0,00

Scalability = Average scalability for a number of cases representing FIOEFD capabilities (excl. High Mach Number flow)
1 core calculation uses Intel Turbo BOOST technology which can automatically run the processor core faster
than the noted frequency.
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29241 = 1/.1
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FIoEFD 17.1 80,00
70,00 . _ ;
m Membrane 60,00 Hperimen
= Improved solver scalability 000 —FloErD
40,00
m GIF Animation: select transparent color 30,00
m  Mirror Results for Sector Periodicity 2000
10,00
m FloEFDView: Support Section View 0,00
. 0 10000 20000 30000 40000 50000
B Support 4K monitors
m |sosurface in Transient Explorer (cool for Free Surface)
m Free surface parameter for plots e
= Uniformity Index Goal ) P |
u Creo 4.0 support ____TOREyy =
m Siemens NX12 support e a
e
. Mass Flow Rate |2.35 kg/!
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