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Transmission loss of a
muffler

Actran Student Edition Tutorial



Workshop description



Introduction

« This workshop demonstrates Actran capabilities to model an expansion chamber (simple muffler) and calculate its
transmission loss

» The objectives of this workshop are the following:
* Get introduced to muffler transmission loss
* Use 2D geometry to model axi symmetric 3D problem
« Distinguish plane wave duct propagation and non plane wave propagation

» Software version
* Actran 2021.1 Student Edition

3 | hexagonmi.com (‘ ‘ HEXAGON



Workshop description

» Through this workshop, we will model an expansion chamber using 2D axisymmetric modeling technique and calculate
its transmission loss

» The muffler is modeled in 2D
» Afinite fluid component is defined

« Muffler inlet and outlet are modeled by modal ducts
* Modal basis components are defined

Acoustic fluid

Modal duct

Modal duct

Symmetry axis
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Transmission loss of muffler

* Incident wave is partially transmitted and partially reflected by the muffler

Incident wave Transmitted wave
[I— —)

4—
Reflected wave

» The Transmission Loss (TL) is the ratio between the incident power and transmitted power

Wtransmitted

W
TL = 101091()( incident )

* Acoustic anechoic condition is applied
» at outlet for the transmitted wave
» at inlet for the reflected wave
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Analytical solution

« For an expansion chamber, the analytical TL can be calculated using the equation

m2—1 2
1+ ( sin kl)
2m

* m.: Cross section area ratio between expansion chamber and inlet (outlet) tube (0.15/0.05)2=9
» [: length of expansion part of the chamber = 0.35 mm
* k:wave number = 2nf /c

TL =10log

« This analytical solution is calculated with the assumption
of plane wave propagation in the muffler
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Workshop pre-processing
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Start ActranVI

« Start ActranVi.
» Shortcut is available through the Windows Start Menu

l FFT

Actran [Student_Edition_2021.1]
Ac

ActranV| [Student_Edition_2021.1]

PLTViewer [Student_Edition_2021.1]

(Windows Start Menu)
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Set the working directory

Select the
workshop
Input

directory as
the working
directory

« The working directory is
the project directory
where all ActranVI
related files are output

The working directory path should not
contain any space or special character
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Home Mesh Analysis Run
[~ Load Actran 2021 Project Ctri+0
B Save Actran 2021 Project Ctri+5
B Save as new Actran 2021 Project

4 Load Session...
4 Load Recent Session b
4 Save Session..

~{ Impert Analysis

7 Impert Recent Analysis

&) 'mport Mesh

&) 'mport Recent Mesh

- v | T v

+ Export Image...

[~ Set Working Directory... I

Settings

{4 Clear All Ctri+N
Idle Mode

3 Exit Actranwi

ActranVl d
Working directory: ;I C:\Users\...\Current_Workshop\input D:EI

OK || Cancel |




Create the mesh

10

Create an edge (1D structured mesh)

Analysis Run Results Tools Vi

F, PR ™
y < Al
F T © @ @
Edit Edge Surface Wolume Transform

Make sure it is selected

- ‘ Topeologies
~ §j *TOPOLOGY 1

- Mesh
A 1D
13 Structured_mes h.l.linear.l_.._l
- i Doma
O~ W1

¥y Partitions
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@l structured mesh ¥

=~ Dptions

Corner position

0 0 0

Rotation angle

V] 0] V]

Dimension

0.05 i) i)
4

Subdivisiens
9 g :

=~ Preview

O«

4 Save

| New topology ~ |-Create PIDs I 6
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Create the mesh

« Extrude it with a thickness -0.7 (minus is for an extrusion in the right direction)

W

Impert
Recent
-

Analysis Run Results Tools View

> =
& NFF ﬁ B =
e - K1 1%
" _ <> N
& BDF
Import Creation Edit Edge Surface | Wolume | Transform Expor
M Mesk
S . . . . . =]
Mesh Meshing Tool{ & Radiation
- ‘ Topologies — “olume mesh
~ @i *TOPOLOGY 1
4 Mesh & Layers
~ @ Domains
& Revolve
» 8 Al

* Remove the PIDs Extrude_side skin (1D)
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~ @ Topologies
~ @4 *TOPOLOGY 1

- Mes h
b 2D
- 1D

- LINEAR

b @ Structured _mesh.1.linear.1...
b @ Extrude top skin.3.linear.1.0.0

b # Extrude side skin.4.line...

- @ Domains (.§ 1 Expand all
» WAL - & Collapse all
¥y Partitions
% Materials

= Import results

| gl o [

W@ Extrude X

=~ Options

~ Normals

Compute method

| vertex

Baffle

0

Layers

(®) Total thickness:

|-0.7

Number of Layers: | 70 2|

Preview

o 0]

¥ Hide input mesh

- Save

5 |.Create PIDs |
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Create the chamber cavity mesh

* Create a structured mesh
e
ﬁ @ NFF

i BDF

Import  Import
Recent  New @ cap
- -

Analysis Run Results Tools Vi @ Structured mesh X . M

!;9',(. e il /"’i‘: B
5},@ @ @' l\:j =~ Options
Corner nosition

0.05 0.2 1]

Edit Edge Surface Wolume Transform

Mesh Rotation angle

op - ‘ To 0 0 0
L 1 L : Dimension e
*® h @ Ellipsoid 01 0.35 0
:g ' - # Points Subdivisions
) b 10 35 0
 Select all your PIDs a « Preview
O cii - (holo) G} o
~ Sawve

[*ToPOLOGY 1 ~ | | @ Create PIDs

(‘ HEXAGON

12 | hexagonmi.com




Create the mesh

* Merge the adjacent nodes

Run Results Tools Vi . Merge nodes X e X
A S :

> (@} d B ~ Options
@ l\!/' .

Distance

Impert  Import Creation Edge Surface Welume Transform

Recent New
& EW g CaD

(0001

- - - - -
Mesh ., Delete Nodes merged: 36

N . ; Elements deleted: 0

®% ~ & Topologies . split _

* L =

o® ~ @} *TOPOLOGY “ Move/Con - Preview

L T Mesh | ¥ Merge nodes

.ﬁ ' dy ., Reinterpolate tive |. |

- . I —

Hide input mesh

+~ Save

v Replace input PIDs a

Nodes at the interface of the
NSTE extruded mesh and the structured | e eaeeeaaneeat
mesh will be merged ‘
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Muffler volume domain definition

~ @} Topelogies
- @3 *TOPOLOGY 1
- Mesh

* Create a domain for the first 2D element set v 20

- LINEAR

 Rename it muffler_volume ' # Merge_nodes_str Fxpand =l
- hd 1D Collapse all
- LINEAR
. b @ Merge nodes Structured - Remove
* Add the second 2D element set to the muffler_volume domain » '@ Merge nodes Extrude fop| & 'MPOrt results
- # Domains i
» WAL %2 Auto create domain
ﬁ Partitions 7] Check for duplicated nodes

#® Merge_nodes Extrude surfaces X IO 4
e|muﬁ‘|er_vnlume| I i3]

=~ PlIDs

v| 0D [¥| 1D (V| 2D [¥| 3D | [Enter text to match | % &

#i Merge nodes Structured mesh.S.linear.1.0.0
v # Merge_nodes_Extrude surface.g.linear.2.0.0

. Merge nodes Extrude top skin.7.linear.1.0.0
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# Merge nodes Structured mesh.8.linear.2.0.0
o o o




Create the domains

Analysis Run Results Tools Wiew Help

RN e e @ | @

i&j BOF
Creation Edit Edge Surface Volume Transform Export All
& cAD Meshes All Domains
* Rename the domains like so: Meshing Tools Export Domains

* Merge_nodes_Extrude_top_skin — outlet
* Merge _nodes_Structured _mesh — inlet

[ —— . e

- ‘ Topologies | | Merge_nodes_Extrude_top_skin? X . MW
~ @} *TOPOLOGY 1
4 Mesh
~ @ Domains

» WAL

v 0D v 1D v 2D v 3D ||E|'|tE|' text to match || _ e
4 i muffler_volume # Merge_nodes_Structured_mesh 5 linear.1.0.0
k i Merge nodes Extrude top skin? X2 # Merge nodes Extrude surface 6 linear.2.0.0

J ‘i’ Merge_nodes_Structured_mesh5
r-l L e A A

| # Merge_nodes_Extrude_top_skin.7.linear.1.0.0
# Merge nodes Structured mesh.8. linear.2.0.0

~ @i Topologies

- 1*T’DP‘DL’DG‘|"] Extrude_top_skin7 ® Merge_nodes_Structured_meshs X |4 b .. »
] Mesh linlet | &
- ‘i‘ Domains
N ' A“_] =~ PlDs

W 0D & 10 & 2D v 3D ||E|'|tE|' text to match

| &% & &

» #® muffler_volume
b @ outlet
K ‘a Merge nodes Structured meshs I

¥4 Partitions # Merge_nodes_Extrude_top_skin.7.linear.1.0.0 ‘ HEXAGON
; # Merge nodes Structured mesh. 8 linear.2.0.0

V| # Merge_nodes_Structured_mesh.5 linear.1.0.0




Set the model dimension to 2D

» Set the dimension of the model to 2D (to apply later the axi-symmetry)

# TOPOLOGY mesh muffernff3 X B

|TOPOLOGY mesh_muffer nff |3 B3]

Unit System | m -kg -5 (S} « | &= Y

» Topology Definition

- -1 z
0 ~ @i *TOPOLOGY 1 %
b Mesh

- ‘i Domains

» WAL

» & muffler_volume

k i outlet Model Dimension
ap= ;| C——

Mesh Tolerance
|Default - 0.0001 m

File
Ci\Usersigaetan.jacqueminiscratch_33652\000\apf_vth8y3ty tmp\1&6_nff

Farmat
MFF

@

* More...

(‘ HEXAGON
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Create the Actran analysis

TE Direct Frequency Response 1 3 e

|Direct Frequency Response [ @
Unit System | m-kg -5 (51} = | gj e

~ Frequency

Frequencies s w=

Progression  Fregs list Freq Start Step/Number Freq End
1[unEsR || | He | ez He| | Hz

Freguencies from file + -

Format File Freq output  Min freq Max freq QDB step nb
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Add a Direct
Frequency

Response
analysis
(DFR)

 ADFR is computation
procedure which provides the
response of an acoustic,
vibro-acoustic or aero-
acoustic system to a specific
excitation in physical
coordinates
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Specify the frequency range of interest

Set the | -
computed  This analysis is

g performed from
frequencies In 10 Hz to 2000 Hz, with

« Maximum frequency (smallest the ana'}’S'S a step of 10 Hz
wavelength) is driven by the largest properties
element length

» For linear elements, 8 elements per .,
wavelength can be used (rule of thumb)

* Mesh largest element length is 10 mm o Drectaueney Response 1 X - X
- maximum frequency is 4250 Hz

The acoustic fluctuations

must be captured

|Direct Frequency Response | @

Unit System | m - kg - s (51} = | Gj {}
f C = Frequency
max — A . 340 Frequencies ofs =
min foo = — 4250 Hz - -
A 8x0.01 1/LNEAR = || | Hz[10.0 |Hz|10.0 |Hz[2000.0] | Hz
mmn
L = 22— 0.01m

8
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Axi-symmetry definition

» The Actran model is a 2D axi symmetric model. This should be defined in the Direct Frequency Analysis properties
» Set the Axisymmetry Order to 0. This specifies a constant solution with varied azimuthal angle in the duct cross

section

» By default, the Y axis is always the axis of revolution,
The mesh of axisymmetric problems must be located in the
right half (X > 0) of the XY plane.
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| Direct Frequency Response 1 X

. X

Direct Frequency Response @

Unit Systermn | m - kg - s (51} = i_:_';g 0
=~ Frequency

Frequencies ofs e

Progression  Fregs list Freq Start Step/Number Freq End
1|| LINEAR - Hz|10.0 Hz|10.0 Hz|2000.0 Hz

Frequencies from file offs =

Format File Freq output Min freq Max freq ODB step nk

» Multiple Load Capability

Multiple Load

Q

»~ (Axi)symmetry 9
Axisymmetry Orde -

Order type i Order start Order end
1|usT = ||[[0]

©

-

v

|
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Create a Finite Fluid component (1)

Home Mesh Analysis Run Results Tools View

¢ wo (e v % ﬁ ﬁ 1 vis # acousticl X e M
Str Finite Fluid 4 ti 1 —
Load Export SetAs Materials  Impaort Structure Porous * ks |acoustic | |'| @
Fields Analysis  Active Material L8 e .
- b bl » Component Definition
Load Configuration Materials
- . *Material
[ - ‘ Topologies ﬁ Infinite Fluid | = | LJ t
(A ~ @} *TOPOLOGY_mesh.nff 1 £ PML '
P, »  Mesh ## Adaptive PML lpwer Evaluation o
. -
: : T W:LTIFE ¥ Automatic Far Field v
- 1
oH b @ Structured mesh.1.linear.2.( % Exterior acoustic = Thermodynamics & Flow
- - . ;5 |4 Modal Duct
. . 100 |4 Medal Duct Wzard « More. ..
Add a Flnlte F|UId £ Modal Acoustic
Component £ Rigid Perforated Shell ~ Domain Assignment
v| 0D [v| 1D [V| 2D (V| 3D ||Enter text to match | % & &

~ @i *TOPOLOGY_mesh.nff 1

muffler_velume g
inlet

# outlet

Set up the Finite Fluid

component domain

(‘ HEXAGON
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Create a Finite Fluid component (2)

« Add a Fluid Material

« Leave the values by default :
e ¢ =340m/s
e p=1.225kg/m3

Define a

NEVEEIR{]]
air

£ acoustic 1 @ fludl X oos

Fluid Material < || fluid [[1 # B

'n' acoustic 1 X

Unit System | m - kg -5 (51} « | g;j {}

Finite Fluid « | |acoustic [[1 &

+ Fluid Properties

o Sound Speed
» Component Definition

|Default - 340.0

*Material

Power Evaluation

Fluid Density
|Default - 1.225

& Fluid Material

| ~ || @ Perfect Gas Material ~ Damping
i Water Material

Damping
+* Thermodynamics & Flow |Default - 0.0 |

= Aerodynamic Fluid Properties

Close both property WlndOWS * Viscothermal Fluid Properties

(material & component)

* Used In
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Modal ducts components

« For in duct propagation problems, acoustic wave can be seen as a mathematical superposition of duct modes

* In Actran, such an analytical representation is used in order to specify non-reflecting BC as well as to inject energy
through a given system assuming a connection to semi-infinite ducts

« Two types of modes can be defined:

« Constrained: allows injecting energy in the system and must be defined in the +1 direction (see further slides) if the
first axis points inside the system

* Free : allows representing a non-reflecting BC and must be defined in the -1 direction (see further slides) if the first
axis points inside the system (+1 otherwise)
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Power quantities of duct modes

* In the PLT result, a duct modal basis contains two power quantities
 Incident power: power along the positive direction (indicated by the thick arrow) of the duct mode

» Reflected power: power opposite to the positive direction

:[I-——'—
1] |11 —=T1TT7"1
|
- ettt |
ettt 1111
BE AT
| 1 At
| |4
ettt
| 1. L1 ™1
I =1
et T
W |4 ¢ m
| 11" B
=111 | L b1
I L P G oy e e
— et
S .,
i —
I W e
I . FEE
- I . e Sy oy
1T
0 . - S
- | 1] A——
| | 11 T
H L]J—I—D—Lm :

' _ Qutlet

Inlet
(‘ HEXAGON
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Create a Modal Duct Component for the Inlet

24

Add a modal duct component

Incident wave is injected through this inlet
modal duct component

Reflected wave should be free to go through
the inlet modal duct component

Incident wave

I

[ —
Reflected wave
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GE | W

Import MNew Mew Materials Import
ﬁ.nal",rs is ﬁ.nal",rs is Utilit'; . Material
Analysis Materials
## -~ @ Topologies
L - @ *TOPOLOGY_mesh.nff 1
l b 3 Mesh
.l ~ ‘# Domains
(. - WAL
oH b @ Structured mesh.1.li
oG b @ subelements 2 line
R b @ subelements 3 linear.1.0.0
oH b #® muffler_velume
[ 7= b # inlet
Transmitted wave
)
R

@
QR

Tools View

& O
s
Structure Porous

Results

£F Finite Fluid

& Infinite Fluid

£ PML

£ Adaptive PML

£ Automatic Far Field

Exterior acoustic

£ Modal Duct Wizard
£ Modal Acoustic
## Rigid Perforated Shell
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& modal duct2 X e M

Modal duct definition at the inlet (1) —  rosda T e

+» Component Definition

*Subtvpe
*Material
(2 ] Or— =R
|Cnmpute center and propagation axis ||Cnmpute Cros5s GXes |
Create a- MOdaI |Cnmpute geometrical parameters ||Flever5e propagation axis |
Duct (arbitrary) *Center
component

*Axes

#Surface

Set the PropertieS |

-~ Domain Assignment

material and scope
as indicated

v| 0D [v] 1D [v] 2D [¥] 3D ||Enter text to match | % & @

~ @ *TOPOLOGY_mesh.nff 1

W A
i~ il -
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'n' modal_duct 2 X :‘T Direct Frequency Response 1

Modal Duct « | modal_duct [|2 & &

Modal duct definition at the inlet (2)

« Component Definition

*Subtype
| Arbitrary - |

*Material

'@ fluid 1 - | B &

|Compute center and propagation axis | Compute cross axes |

Define the center, axes and

|Compute geometrical parameters || Reverse propagation axis |
SR At e B A e s R e PR

surface of the modal duct
component manually as shown

*Center
0 0 m

*Axes
0

1

*Surface
|0.007854 m?

+~ Modes Definition

Activate the
visualization to check

ualization

v | Visualization Active

@

the resulting modal
duct definition

Scaling Factor
0.05 |
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Modal duct definition at the inlet (3)

Create incident * Propagating towards the
Inside of the muffler
plane mode

- direction =1

O oll ° Vaves propagating
towards the outside of

the model

condition for
reflected wave > direction = -1
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ﬂjﬂqh|... b4

'ﬁ' modal_duct 2 X [[* Direct Freguency Response 1

Modal Duct = | |medal_duct [l 2 %] @
e

« Component Definition

*Subtype
| Arbitrary - |

#Material

| @ fluid 1 * |5

| Compute center and propagation axis || Compute cross axes |

|Cnmpute geometrical parameters | | Reverse propagation axis |

*Center
0 i] m

Hhwes
W]
1

*Surface
|D.007854 m?

» Modes Definition

Modes o ==

Dir.  Order Order F Ran F Min F Max Format [ value
i1 = o |o | |Defa... | Hz|Defa... | Hz| Amplitude = |1 | Pa
2|-1=|o  |o | |Defa... | Hz|Defa... | Hz| Free - || [ -

" HEXAGON




. . . - 4 modal_duct 3 X s M
Modal duct definition at the outlet (1) N ST w8

« Component Definition

*Subtype
0 Arbitrary - |
e *Material

L —

|Cnmpute center and propagation axis ||Cnmpute Cross axes |

Create a. MOdaI |I:|::mpute geometrical parameters”ﬂeverse propagation axis|
Duct (arbitrary) “Center
component ™
*hxes
*Surface
| -
Set the properties ::::::_::::_:::::::::::::::::::::::::::::::
material and scope * Domain Assignment
W 0D | 10 W) 2D ¥ 3D ||E|'|tE|' text to match || o e

as indicated

~ @ *TOPOLOGY_mesh.nff 1

-

i muffler_velume

s
(3 e

(‘ HEXAGON
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Modal duct definition at the outlet (2)

Define the center, axes and

surface of the modal duct
component manually as shown

& modal duct3 X wee B

Modal Duct « ||modal_duct [13 2 &
FY

=~ Component Definition [

#Subtype

| Arbitrary - |

#Material

| & fluid 1 A=

|C|::urr|pute center and propagation axis ||Cnmpute CroSS axes |

|Cnmpute geometrical parameters ||Reverse propagation axis |

*Center
v] 0.7 m

*Axes

0
9 l

#Surface

|0.007854 m?

* Modes Definition

~ Visualization

9 s ualization Active

Scaling Factor

@

Activate the

visualization to check e |
the resulting modal
duct definition

8
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Modal duct definition at the outlet (3) B modalducts X o

Modal Duct = | |modal_duct [13 [%] @
F.

» Component Definition

*Subtype
| Arbitrary - |

#Material

| @ fluid 1 * | E v

|Cempute center and prepagation axis || Compute cross axes |

Create

ane_qhoic « Waves propagating towards
condition for the outside of the model i~
transm|tted 9 dlI‘ECtIOn — +1 2 Compute geometrical parameters m

wave e

0
1

|Cnmpute geometrical parameters ||Fl.everse propagation axis |

*Surface
|o.007854 m?

~ Modes Definition

Modes o ==
1“1 ~[o (o | [Defa... | Hz[Defa... | He| Free v || ||
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Post-processing parameters

Home Mesh Run Resul
Create an q3 0 B € ® %

O ut ut F R F Import New MNe w Materials Import Aroustics
p Analysis  Analysis  Utility Material
- v -

Loadcases v

[]
|

HH Fields -
Tables

- o More

1

Various

s e e

Analysis Materials

t

Home Mesh Run Result!
Create an H 008 ¢ o
O u t p ut m ap ﬁ:rrg‘i:s:ts Anzizis Uh'iieﬂry Materials E&-&:gl Acoustics

Outputs
", Storage Element

- e el - -
- ..

Analysis Materials [F Output Map

b2 Output FRF X

. X
~ Main Output File
Qutput Filename
|auTD =4
+ Additional Output Options
IF outputMap1l X - X

|Output Map Il1
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+ Main Output File

*Qutput Format

[nFF MRS
Results Filename

|auTO B |
+ Postpro Component Definition

Step

|Default - 1 | O
Output Request

| I E
= Additional Output Options

« Domain Assignment

v] 00 (V] 1D [V| 2D [V 3D | |Enter text to match | &% & &

~ @i *TOPOLOGY_mesh.nff 1

v # muffler_velume




Check the analysis

- Analysis
- Direct Frequency Response 1
A @ Components
~ # acoustic 1
- i’ Scope
#® muffler_volume

" Density

The Analysis setup is now S Pressure

‘%, Speed of Socund
Complete i\::; T::‘uperature
% Velocity
& fluid 1
- ¥ modal_duct 2
- i‘ SCcope
& inlet
are available and editable on ' Modes
the data tree panel + % modal duct 3
- i‘ Scope
'@ outlet

3 Propagating Modes

i@ fluid 1
Check if the data tree is & Connectors

4 Boundary Conditions

identical to the one shown B Loadcases

* i PostProcessing
b Qutput FRF
~ [T Output Map 1
- i‘ Scope

#® muffler_volume
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All the parts of the Analysis




Launch the Actran analysis in ActranVI

Launch the computation

Check the log showing
the computation progress
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[5] Actranvi x

. Conscle

@ Infos

.l ¥ Runs

1

me Mesh Analysis m Results Tools View Help
Export Run
Analysis
-
Export and Run
& 1 Done
Clearing all topologies, analyses, materials and tables {time: 00s, total: 05s, mem: 161[162]MB) -
done { Clearing all topologies, analyses, materials and tables ) {time: 00s, total: 05s, mem: 161[162]MB)
. done { Post-run sequence. } {time: 00s, total: 05s, mem: 161[162]MB)
Writing run report {time: 00s, total: 055, mem: 163[163]MB)
Local resources:
total physical memory B65373MB
total disk space
- current directory 931GE
- scratch directory 931GE
Resources usage:
free disk space
- current directory J59GE
- scratch directory 759GB
free physical memory 53986MB
peak process memory 163ME
The generated report file is stored in the 'C:\\Users\\gaetan.jacquemin\\OneDrive - Hexagon\\Documents\\Material update ULB\\temp muffler\
‘report.DFRdfr.ed 1019180750' directory
. done ( Writing run report ) (time: 00s, total: @55, mem: 175[186]1MB)
Fnd of computational job lTue Oct 19 18:07:57 2021
" cqueminiOnebrive - Hexagon\Documents\Material update ULB\temp muffler\DFRdfr.ed_1019180758.edat]"
-

e 3 [ [Map

| ﬂ Close tab | | LjLDQ | | ElTrace | | ﬁﬂepnr‘t | | QGIDbal info |

(‘ HEXAGON




Post-processing in the
PLTViewer



Open PLTViewer and import results

Home Mesh Analysis Run m
o ® s | Rg 1 : |freq  +||1610 ¥ |
I@- o - *

Load seID:ll v|
Import \Visualization Properties Cutplane —
Results

Tools View Help

I I Play

Animation
E Stop

WaterfallViewer WorkflowManager

Postprocessing Results Selection Animation Utilities

Open

PLTViewer

% Load Session

Load Recent Session files .. 3

Save Session

>
o
=

Open PLT file

1
= Open Text file

Import the *.plt
computation
result file

The different

outputs are
displayed
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Plot the Transmission Loss (TL)

% Data Vector
@| = repioee | (s =

‘ = |=] PltSet 1 [Direct Freguency Response_2019.05.06-14 24 48 plt]

DOMAIN
Acousticl [acoustic]

I nse rt th e e [1ata Vector e » I‘;E;AII;E:S;L
PLTViewer TL LT | = revece Lo = :

Bl Inc_Power [iP] [101]
f t' AMPLITUDE — [0 Loadcase Lis
unC |On — [E| Rad_Power [rP] [101]
— B Surface [srf] [101]
= 3 [outlet_duct ]
Functions -
- & [101]
Label

—NE Inc_Power [iP] [101]

17 Loadcpse Lis

— [ Rad_Pbwer [rP] [101]
— & Surfade [srf] [101]
MODE

Drag & drop the | X data: Frequency range f
output quantities * Incident power: Inlet Inc_Power
« Transmitted power: Outlet Inc_Power

* Dail Vector

|4§- nsert || W Reace ||BLANK -

drop data

Y Dall Vector

| Falpsert | | ™ Replace | |TL, Transmission Loss (dB) b
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Comparison with analytical solution

« For an expansion chamber, the analytical TL can be calculated using the equation

m2—1 2
1+ ( sin kl)
2m

* m.: Cross section area ratio between expansion chamber and inlet (outlet) tube (0.15/0.05)2=9
» [: length of expansion part of the chamber = 0.35 mm
* k:wave number = 2nf /c

TL =10log

« This analytical solution is calculated with the assumption X
of plane wave propagation in the muffler

» The analytical solution has been calculated and is available
in the file TL_analytical.txt
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Comparison with analytical solution

38

Plot the analytical solution

Open the results file: File menu — Open text file — chose file “TL_analytical.txt
Add a new Function: Function 2

In Function 2, choose “BLANK” for Y Data vector

Click “Replace” under Y Data vector

Drag and drop the “col002” vector for the Y Data vector

Plot the analytical curve

Adjust the curves parameters to plot the analytical solution with a dashed red line
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Comparison with analytical solution

« Comparing Actran result with analytical solution:
» Below about 1200Hz, there is a good correlation

» Above this frequency, non plane wave starts to appear (see color maps on next page), and the analytical solution
assuming plane wave is not suitable anymore

Transmission Loss of the Muffler

— Actran Solution
40(| --- Analytical solution (with plane wave assumption)

W
o

Transmission Loss [dB]
N
o

=
(=]

500 1000 1500 v
Frequency [Hz] <« HEXAGON
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Import the pressure results mesh

Analysis Run Results

ﬁ ,;?,:% < ‘8} @1

=

=

£

< Import Creation Edit Edge Surface WVolume
n Recent

-

—

L1}

\Ac] Actran 2021

Go back to ActranVI

™% MFF - Native Femtown Format Directory

Load the output *.nff

file containing the
maps
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Display pressure results

Home Mesh Analysis Run Results Tools View

@ TIL s Result type: - -

S

Loadcase I1D: -

Import | Visualization | Properties Cutplane

Postprocessing Results Selection

® visualization X - X

Display the m—
Real Part of — '
the pressure e ~

| Real Part - |

== Clear
= Apply
% Clear All

Select the -
980 Hz 7 ﬁ:::; = ® = [Resutipe [fea -

> — =

Import Mesh Import  Visualization Properties Cutplane
requency Recent . gopz | Resuis
- -

Mesh Postprocessing Results Selecti

Mesh Analysis Run Results Tools View Help Output Ma

Loadcase -

1000
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Display pressure results

* From the Display Results tab, visualize the real part of the pressure at different frequencies

Muffler Tra nslmissicm Loss

— Actran solution
-~ Analytical solution (with plane wave assumption)

500 1000 1500 2000
Frequency (Hz}

Frequency: 980Hz 1310Hz 1390Hz

T
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