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Why transient simulations can be important

99% of nature is transient (and asymmetric)

• Slow/marginal Changes
– Temperature change over the day

– Constant water stream

– Idling computer processor

– White noise

• Fast/big Changes
– Moving Fan in the room

– Filling of the tank

– Fan cooling the processor

– Noise frequency

Source: Wildix Blog

Source: Electrical Engineering Community

Source: National Instruments

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

y=1m

x=3m
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Why transient simulations can be important

Average of the drag

coefficient between

iteration 700-800

• Transient CD=0.766

• Steady State CD=0.670
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Why transient simulations can be important

Static pressure between

iteration 700-800 at x=3m

Average:
• Transient PS=101324.9 Pa

• Steady State PS=101323.5 Pa

Amplitude:
• Transient PS=0.868 Pa

• Steady State PS=0.058 Pa
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Why transient simulations can be important

Static pressure between

iteration 700-800 at y=1m

Average:
• Transient PS=101322.7 Pa

• Steady State PS=101323.0 Pa

Amplitude:
• Transient PS=0.817 Pa

• Steady State PS=0.534 Pa
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What physics require transient simulations in FloEFD

• Condensation/Evaporation/Icing

• Water absorption in solids

• Sliding Mesh

• Fast Fourier Transformation (FFT) Noise Prediction

• Free Surface Flow
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What are the important settings for transient simulations

Wizard & General Settings

• Activation of transient simulation

• Defining the total physical time

• Defining the result file interval
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Calculation Control Options

• Defining the total physical time

• Potentially deactivate other finishing

criteria if a project is changed from steady

state to transient and if not otherwise

required

• Potentially activate goal value criteria

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

(radiation and flow calculation)

What are the important settings for transient simulations
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Calculation Control Options

• Defining the result file interval

• Potentially activate the Transient Explorer,

select the parameters to be saved and

the interval

13

What are the important settings for transient simulations
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Transient boundary conditions

• Using the “Dependency”

• Defining F(time), F(txyz) or 

Formula Definition (with t as the 

variable)

• Use “Periodic” for repeating 

conditions

14

What are the important settings for transient simulations
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What are the important settings for transient simulations

1

2

3
4

Cylinder 1 Cylinder 3 Cylinder 4

1 2 34Order:

T = 0.48 s
t = 0.0001 s

=> 4800 Iterations

Exhaust Gas

Fresh Air

Cycle = 0.04 s (400 Iterations)
Full Results 100 Files => 11.5 GB

(every 4th iteration)
Transient Explorer => 2.22 GB

(every iteration, 8 parameters)

Cylinder 2
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Transient 

boundary 

conditions

• Heat source, 

Radiation 

source, LED & 

Fan “Toggle” 

condition

• Transient 

values

16

What are the important settings for transient simulations
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What are the important settings for transient simulations

Other “Toggle” options

• Time or goal controlled devices

• Heaters

• Irons

• Ovens

• CPU Fans

• A/C fans
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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.
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Manual Definition of Time Step

Calculation Control Options &
Engineering Database

Boundary Conditions

Wizard &
General Settings
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Manual Definition of Time Step
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Manual Definition of Time Step

Text

• First level
– Second level
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Manual Definition of Time Step

Linear Joint Constant Joint Exponential Joint Logistic Joint
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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 in 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
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Nested Iteration Solver

Pressure(Mass)

Classical (Old)

t = x

t = x + Dt

Momentum

Energy

dAbs & dRel

dAbs & dRel

dAbs & dRel

Nested

t = x

t = x + Dt

dAbs & dRel

10*dAbs or dRel

10*dAbs or dRel

Residuals Ok? N = 25?
No

YESYES

No

Pressure(Mass)

Momentum

Energy
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Nested Iteration Solver

4.5 s = 450 Iterations = 20250 min
=> 14 DAYS

~45 min/Iteration at
0.01 s manual time step

~1.5 min/Iteration at
0.005 s manual time step

4.5 s = 900 Iterations = 1350 min
=> 22.5 hours



© 2017 Mentor , a Siemens  Business, Company Confidential 26

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

t=800s
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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
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Flow Freezing Strategy
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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

• Manipulate and right-click

the timeline options

• Possible for Surface, Cut, XY

and Goal plot
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Fast Fourier Transformation

• Transient Static Pressure

• Point Goals

• Human Hearing range

20 - 20,000 Hz

(peak here: 0.02 Hz)

30

Get freaky with post processing
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Get freaky with post processing
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Get freaky with post processing



© 2017 Mentor , a Siemens  Business, Company Confidential 34

Get freaky with post processing



© 2017 Mentor , a Siemens  Business, Company Confidential 35
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Get freaky with post processing
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Get freaky with post processing
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Get freaky with post processing
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Thank you!


