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Why transient simulations can be important .
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99% of nature is transient (and asymmetric)

Source: Wildix Blog

Transient Response Steady-State

« Slow/marginal Changes i ’
— Temperature change over the day
— Constant water stream z S—
— Ildling computer processor 3
— White noise

« Fast/big Changes T wmes
. |\/|0V|ng Fan |n the room Source: Electrical Engineering Community
— Filling of the tank o} ransient signal

— Fan cooling the processor
— Noise frequency

|4— T —b| time

Source: National Instruments
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https://blog.wildix.com/three-new-important-trunk-options/
http://engineering.electrical-equipment.org/panel-building/time-domain-analysis-of-control-systems.html
http://www.ni.com/white-paper/4339/en/
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Why transient simulations can be important

Karman Vortex Street
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Why transient simulations can be important

Drag Coefficient
1

Average of the drag
coefficient between

iteration 700-800
_ Eos I\
« Transient CD=0.766 5 ~N e tes o ot
° Steady State CD=0.670 ? ——Re 1e5 [Master]
& 0,4 \/

0,2 J
0 -

0 200 400 600 800 1000

Iterations [ ]
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Why transient simulations can be important
PG Static Pressure x=3m

..........................

. 101327
Static pressure between ;
iteration 700-800 at x=3m |
101326
: / - Re 1e5 ss [Master]
—_ R ——Re 1e5 [Master]
Average: £ 10135
: g : M ek e ot e T P VT
* Transient Pg=101324.9 Pa 2 : N
- Steady State Pg=101323.5Pa £ I W\ /\
'g 101324 _ V J ’ H—
Amplitude: i U l \
« Transient P;=0.868 Pa 101323 |
. Steady State P;=0.058 Pa 3 “ U I} U U I U U
101322 -

0 200 400 600 800 1000
Iterations [ ]
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Why transient simulations can be important
PG Static Pressure y=1m

.........................

. 101324,5
Static pressure between ——Re 165 55 [Mastel]
iteration 700-800 at y=1m 01324 —Re 1e5 [Master]
101323,5
Average:

* Transient Ps=101322.7 Pa
« Steady State P;=101323.0 Pa

Static Pressure [Pa]

101323 //
Amplitude: o \/ V
* Transient Pg=0.817 Pa

101322

« Steady State P=0.534 Pa

101321,5

0 200 400 600 800 1000
Iterations [ ]
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What physics require transient simulations in FIoEF

- Condensation/Evaporation/icing

- Water absorption in solids

- Sliding Mesh

- Fast Fourier Transformation (FFT) Noise Prediction
- Free Surface Flow

Sound Amplitude

0 0,2 0,4 0,6 0,8
' Frequency [Hz]
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What are the important settings for transient simulations

Wizard - Analysis Type ? >
WI Z ard & G e n e ral S ettl n g S Analysis type Consider closed cavities @
(®) Internal Exclude cavities without flow conditions
i) Extemal Erzlude internal space
 Activation of transient simulation — nyeioal Features Valus
Heat conduction in solids |:|
0 . » - — D
» Defining the total physical time = Time_depender
=P Total analysis time 18
—t Output time step 0=
. . . Gravity |:|
» Defining the result file interval — Rotation 0
Free surface ]
Dependency... @

< Back || Mext > || Cancel || Help |

© 2017 Mentor , a Siemens Business, Company Confidential 10
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What are the important settings for transient simulations

Calculation Control Options ? >
Calculation Control Options Frihing efnenent Sobving Saving
p Parameter Criteria “alue ~
[= Finish Conditions
Criterion to stop One satisfied
« Defining the total physical time o L Coboonvaperce o nformlin ol
[] terations
. ] L . e [] Travels
 Potentially deactivate other finishing " [T B o me
. . . . . Refinements
criteria if a project is changed from steady
state to transient and if not otherwise O e e -
I GG Force () 1 [auto] v
req ul red PG Static Pressure x=3m “
PG Total Pressure x=3m
. . . . PG Static Pressure x=4m manual
 Potentially activate goal value criteria T
PG Static Pressure x=5m o
PG Total Pressure x=5m [auta] z
PG Static Pressure x=6m [auto] z
PG Total Pressure x=5m [auto] E
PG Static Pressure x=Tm [auta] z
PG Total Pressure x=Tm [auto] ; -

<
=Y I
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What are the important settings for transient simulations
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Calculation Control Options

« Automatic/manual definition of time step —

» Potentially activating the Nested Iterations/
and possibly also automatic/manual definition

» Select time averaged results for specific /
parameters and time interval

« Potentially activate a freezing strategy

Calculation Contrel Options

Finishing Fefinement  Soling  Saving

ot

el
et

Parameter Walue gk
= Time Step Settings Cancel
=¥ Time step manual 18 ]

Mested iterations manual Help
L~ Maximum number of nested iterations 25
MNormalized mass residual 0.0015
MNormalized mementum residual 0.0002
Normalized energy residual 0.0008

= Additiocnal Parameters
_y Time Averaged
Parameters

[<]E]

Aweraging interval Full calculation
|:| Calculate Local Mean Age (LMA)
|:| Calculate Comfort Parameters
Results Processing Speed-up Data Newver

]

= Flow Freezing

(radiation and flow calculation)

» Freezing strategy Periodic
Start 0.25 Travels
Freezing pericd 20 terations
Mo freezing period 10 terations
Time step (Freezing) i manual | 1=
.................................................. Feset

]

© 2017 Mentor , a Siemens Business, Company Confidential
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What are the important settings for transient simulations

Calculation Centrel Options

? >
CaICUIation ContrOI O tions Finishing Refinement  Solving 5 aving
p Parameter Walue
[= Backup Files
[ Spave before refinement
» Defining the result file interval 1 oo backup every 100 traions
\ [= Full Resuls
. . . > [ Periodic : Physical time [s] [+]
 Potentially activate the Transient Explorer, Str 0
Period 18
select the parameters to be saved and [] Tabular ferations
the Inte rval \\aslelec'ted Parameters (Transient Explorer)
@ Periodic lterations
Start 0
Period 1
Parameters L]

1
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What are the important settings for transient simulations

Transient boundary conditions

{3 Outlet Volume Flow Cylinder 1

Selection

& Select Object (1)

0 X
A

-

T

Face1@MAINLID_id46 x_b-1

* Using the “Dependency”

‘Ef,x | Face Coordinate System |

Reference axis:| ¥ - |

» Defining F(time), F(txyz) or
Formula Definition (with t as the
variable)

Type

Inlet Mass Py

Inlet Mass Flu:

Inlet Volume Flow

‘ R .y . Inlet Velecity

» Use “Periodic” for repeating nket Mach Nurmber
— Cutlet 'v':C'LIn-'IE Flow

conditions e

Flow Parameters

Q | Dependency 3 P

© 2017 Mentor , a Siemens Business, Company Confidential 14
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What are the important settings for transient simulations

T =0.48s
t =0.0001s
=> 4800 Iterations

Fresh Air

. — Exhaust Gas

Cylinder 1 Cylinder 2
Valuesz i) Yalues i)
g153 M
67.94
54,35
40.76
27.18
13.59
i 5o =V \ _ T08
0.013 0.04 0.066 0.013 0.04 0.066
Valuet Waluet
1 Order: 1 4

© 2017 Mentor , a Siemens Business, Company Confidential
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Cycle = 0.04 s (400 Iterations)

Full Results 100 Files => 11.5 GB
(every 4t iteration)

Transient Explorer => 2.22 GB
(every iteration, 8 parameters)

Cylinder 3 Cylinder 4
Walues ] Waluesflt]
g5z e g153 M=
B7.94 G7.94
5435 54.35
0. TE 40,76
2718 2718
13.59 13.59
12e-12 z  Z2.2e-12 z
. 0.053 0.os .0 0.053 0.0g
0.013 0.0d 0.066 0.013 0.0d 0.066
Valust Valuet
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What are the important settings for transient simulations

Transient
boundary
conditions

 Heat source,
Radiation
source, LED &
Fan “Toggle”
condition

 Transient

€} Volume Source DX

Selection

Select Body (0}

M

@

.rﬁ’x | Global Coordinate System

Reference axis:| ¥

values

[] Create associated goals

-

Toggle A

NS

(@ | AwaysON £

Parameter A
% 9% "m

Cptions A

o e

B Dependency

Dependency type:

Fltime) - table

Table aof values:

Walue t
s
1=
5=
0=

Toggle
On
off
On

[ ] Periodic

a1}

(] | | Cancel | | Help |

O

i

Togale
— ]
s
533 BET T0.00
167 .00 8.33
Valust

© 2017 Mentor , a Siemens Business, Company Confidential
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What are the important settings for transient simulations

Other “Toggle” options

B ' Dependency ? >
Dependency type:
] . Flaoal) - table v
« Time or goal controlled devices | o ongost
° H eate I’S | S Bulk Ay Temperature [Fluid] Cylinder 1 — I
* lrons
O n () Switch OM when goal » contral value
°
Ve S (®) Switch OFF when goal >contral value
° C P U Fans () Switch OM when goal < contral value
° A/C fans () Switch OFF when goal < contral value Oh s Ch
ngu:ual value
Cantral value: Dead band: Control *
- value Dead
|-I2|:I . :| |1|:IK : \\ band
Goal |
"t
— Lt —
Ok | | Cancel | | Help | Resulting time delay

© 2017 Mentor , a Siemens Business, Company Confidential 17
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Manual Definition of Time Step

Important to note:

Automatic time step can be micro seconds

Classic solver uses 1 iteration per 1 time step
— For short physical times suggested (10s for instance)

Nester solver uses x iterations per 1 time step
— For long physical times suggested (10.000s for instance)

Physics needs to be resolved in time (not only space => mesh)
— Sudden jumps in a boundary condition need to be resolved for accurate resolution of it effect.

© 2017 Mentor , a Siemens Business, Company Confidential 18
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Manual Definition of Time Step

Calculation Control Options & Wizard &

Engineering Database General Settings
B ' Dependency 7 >
Calculation Control Cptions Dty W
Finishing Fefinement  Soling 5 aving Corsat -
Parameter Value Fltime] - table
- Fliteration) - table
=l Time Step Settings Farrmula Definition
Time step manual 1s El » Fe »
Mested terations manual
Boundary Conditions
| k. | | Cancel | | Help |

© 2017 Mentor , a Siemens Business, Company Confidential 19
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Manual Definition of Time Step
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7 Dependency ? *
Diependency type:
Fltime] - table |
Table of values:
Start Valug Type Definttion [ True scale
0= 0.001 & Linear Joint |~
0ls 0.005 & Linear Joint |~
01s 0.008 & | Linear Joint w L
) - - = Finish
5 0.01 & Linear Joint e o1
25 0.05= Linear Joint |~ Rell
3s 0.1s Linear Joint |+ el
10= 0.1 s Linear Joint o i
— 0.0s i
0.01
X
o
o]
o
o 0.003
E =l
[ o
0,005 ul
0.001 e+
a 0.01 0.1 1 2
Time (=)
[] Periodic
ok I | Cancel | | Help |
© 2017 Mentor , a Siemens Business, Company Confidential 20
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Manual Definition of Time Step

7 Dependency ? d
Dependency type:
Fltime] - table |
Table of values:
Start Value Type Definttion [ True scale
s 0.001 = Linear Joint A
0.0 = 0.005= Linear Joint e
01s 0.008 s i Linear Joint v
1s 0.01 = Linear Joint v Finish
28 0.05= Linear Joint A 0.1
is 0.1= Linear Joint A _'_
0= 0.1= Linear Joint e A
= i
£ 4
ﬁ- H
(1)
]
£ 0.05
'_
001
0.001
] 1 z 3 10
Time (s}
[] Perindic
QK. I | Cancel | | Help |

© 2017 Mentor , a Siemens Business, Company Confidential 21
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Manual Definition of Time Step

Linear Joint Constant Joint Exponential Joint Logistic Joint
0.1 1 0.1 0.1 0.1
2 00 2 005 I L 0 T 0,05
0.01 0.01 0.01 0.01
0.001 III.I:IEII_ 0.001 0.001
2 ] 1 2 3 3 ]
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Nested Iteration Solver

- Physical time of simulation is long (10.000 s for instance)
- Calculation with small time step can be very long
- Big time step should be used Iin this case to decrease the calculation time

- Transient solver with nested iterations allows increasing time step significantly

(up to 100 s or even more) without deterioration in accuracy.

- The optimum time step is from 10 to 50 s depending on physical processes

and the total physical time

© 2017 Mentor , a Siemens Business, Company Confidential 23
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Nested Iteration Solver

Classical (Old)

Pressure(Mass) Y RNl Pressure(Mass)
Sabs & Bgel Momentum 10%3pps OF Bgel Momentum

Sabs & dRel 10*5pps OF Sgel w
No No

Residuals Ok? == N = 25? =———

YES YES |

t=x+ At t=x+AtT4_J

© 2017 Mentor , a Siemens Business, Company Confidential 24
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L/ Zieldarstellung 1 Lo =]
MName Current Yalue Progress Criterion Averaged Value

Nermalized Energy Residual 0.00170107 3.96067e-05 0.00143059
Mormalized Mass Residual 000460385 0.00127152 0.00454088
MNormalized Momentumn Residual 0.0034828 0.000158%48 0.003008%9

. Number of Mested Iterations 1 1 1

Absolute ScalefAuto Min,Auto Max]

reow

oo

—
|

~45 min/Iteration| at
0.01 s manual time step

[ - I - LR
[FER - N Ly =y I N ==

AT ]
-

)
=

4.5 = 450 Iterations = 20250 min
=> 14 DAYS

—
0w

—— —
[ 22 IN=r B

[y
-y

[
[¥%)

-
-]

H
wn

s = 900 Iterations = 1350 min
22.5 hours

-
=

I
\Y%

\ 4

v "‘ ~1.5 min/Iteration at
U \JM wﬁJ 0.005 s manual time step
“ Physical time [s]

= ML Moo= o0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 k1l
< >
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Time Averaging Plots

Time averaged plots

» Specify averaging interval in the Calculation
Control Options (CCO)

» Selecting the averaged parameter in
the plot settings/color bar

© 2017 Mentor , a Siemens Business, Company Confidential 26
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Flow Freezing Strategy
How and why flow freezing:

 Heat conduction inside solids without flow
consideration

 Heat transfer in the solid and into the fluid,
but fluid flow properties are frozen

* Freezing ray calculation for radiation to every
X iterations

» Solver speedup due to lower CPU use by the
solver on flow or radiation calculation

\

Calculation Control Options

Firizhing Fefinement Soling S aving

=
x

Fararmeter Walue A Ok
L] Time Averaged Cancel
L] Calculate Local Mean Age [LMA]
[] Calculate Comfort Parameters Help
L] Results Procezsing Speed-up Data
[=I' Flow Freezing
Freezing strateqy Perindic:
Start 100 & Physical tirme ...
Freezing period 10 [terations
Mo freezing period 10 [terations
Time step [Freezing) rmarnial ds E-I
[=I Radiation [Discrete Transfer]
Wiew factor resolution lewvel 3
> Freezing strategy Digabled
Salar ray tracing Backward y

Beszet...

© 2017 Mentor , a Siemens Business, Company Confidential
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—=Nested solver 1s 10 it

Temperature, °C

——Nested solver 0.5s 5it

==(Classic solver 0.2s _

CPU time = 17.8 hours _
—Classic solver 0.2s with freezing
CPU time = 7.3 hours _ x2.4 speedup

1

0 50 100 150 200 250 300
Physical time, s

© 2017 Mentor , a Siemens Business, Company Confidential 28
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Transient Explorer

Transient Explorer

» Specify the Transient Explorer
settings in the CCO

* Right-click on the result tree
or from the menu and load
Transient Explorer IR B

Results Insert Display Probes Screer @T I~

Capture™

= o.100000{ ko6 MET 8T R R TR R KN
=
S 07700000,

Ta = 1
S 0.7300000%!

% Load/Unload
G Load from File

« Manipulate and right-click '@ toss e e

6} Transient Explorer

the timeline options

2 ‘
2 069000001 |
w

i
600 633 667 700 733 767 800
Physical time [s]

ooy & Transient Explorer

&Go

|-'-|Ek EFT Enables quick transient data access for

 Possible for Surface, Cut, XY B e e
HEE_ Me
and Goal plot HE  Min/Max Table

&f Refinement Table
@ Default Reference Parameters

Press F1 for help.

ﬂ.f View Settings

© 2017 Mentor , a Siemens Business, Company Confidential 29
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Get freaky with post processing

i

[T

Sound Amplitude
A0.00
== PG Static Pressure V:'I m
== PG Static Pressure y:2m
L] - PG Static Pressure y:3m
Fast Fourier Transformation
o
=
= a0.004
-
101330 2
£
- - 101329 g 20.00]
e Transient Static Pressure :
r n I n I r U r 101328 c%
101327
10.004
101326
 Point Goals
IN |
D1UDD DZUDD DEUDD D4DDD DSDDD 0.6000 0.7000

« Human Hearing range Iﬁi?
20 - 20,000 Hz

Frequency [Hz]

1013189
[] == PG Static Pressure x=3m
eak here O 02 I 'IZ i — PG Static Pressure x=4m
] [] PG Static Pressure x=6m
101317 - PG Static Pressure x=5m
== PG Static Pressure x=¥m
101316 o
2
Prassure [Fa] g I~
CutPlot1: contours 2
=
£
< 2000]
2
=
=
o

10.004

0 01000 0.2000 0.3000 0.4000 05000 0.6000 0.7000
Frequency [Hz]
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Get freaky with post processing
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Get freaky with post processing
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Tempersture
.y - Cxanh?
. -
Time =277.812s
36 454
P 3405
<
b
a4
£ 22.554
i
- W
19.25 — — 3 s
i 20000 40003 60 27 (1K 100 °%C 120000
—argih o]
GG Dulke Ay Tampsroturs 0 kad) 1
22139 ' - o
' ergersiye ['Cl
1
»a] S Tlol 1 comurs
- ‘
- ]
2§ '
v '
3 ' - -
— 1
o220 Y
s “Yeriseawm [ 7y @ Ry 3T W e e
2 2J1n
n '
2310 :
'
206 -
J o sbaLw RN 290000 0oLy L5100

Pagzicalima 5|

MM s
"

a
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Get freaky with post processing

NIAR Reverse Engineering Lab (http://www.niar.wichita.edu/researchlabs/re_overview.asp)and
Mentor Graphics' CAD embedded 3D CFD software FloEFD

NIAR B GMBRIRE

{ NATIONAL INSTITUTE

' FOR AVIATION RESEARCH Mechanical Analysis
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Get freaky with post processing
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Get freaky with post processing

0.0700 y SG Mass Flow Rate Cyfinder 1
0.0686 - .
- 0.0671 B 002 ' \
0.0657 r-;E; -0.04 '
0.0643 3 -0.06 i
0.0629 C: -0.08
00614 8 -010§ "% "7 e R e o ey N
0.0600 v 012 A
0.0586 @ -0.14 :
0.0571 = .0,105 "
0.0557 359 0366 0.373 0380 0386 0393 0400
00543 FPhysical time [s)
00529
00514
0.0500 SG Mass Flow Rate Cyfinder 2
Mass Fraction of Exhaust example (not realf) ) s U'r—m-m
§ -0.02 ! 1o
= -004 ]
£ 006 !
x .008 '
2 010 !
v .012 '
2 014 '
= -0.106
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Physical time [s]
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0
T i 07, 16561
£ o0 '
£ 008 L
T .008 '
3 -010 ’
“ .012 '
8 014 !
= 0163
0358 0366 0373 0380 0386 0393 0400
Physical time [s]
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P
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1
g 004 '
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2 010 !
b .012 '
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Physical ime [s]

© 2017 Mentor , a Siemens Business, Company Confidential 37



Velocity [mis]

Smarter Analysis for
the Design Engineer

05
-002
-0.04
-0.08
-0.08
-0.10
-012
-014

Mass Flow Rate [kols]

Menlor

SG Mass Flow Rate Cvlinder 1
Ll
l
'
1
1
'
1
1
'
1

-016
0359

0-
-0.02
-004
-0.08
-noe
-010
-012
014

Mase Flow Rate [xgis)

0366 0373 0380 0386 0393 0400
Physicaltime [g]

SG Mass How Rate Cylinder 2

.016
0Pl

0

0386 0373 0380 0385 0393 0400
Physical time [s]

SG Mass Flow Rate Cylinder 3

-002
-0.04
-0.08
-0.08
010

-0.14

Mass Flow Rate [kafs]

0123 -~

R 21

0

0 366 0373 0.380 0386 0393 0.400
Physical time (3]

SG Mass Flows Rate Cylinder 4

-0.0%7
-004
-0.06
-n.oe
-010
-012

0373s

014

Mass Flow Rate [xgis)

MO 37T L 47e-10]

0P

0366 0373 0380 038 0393 0400
Physical time [s]
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Get freaky with post processing
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