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MODELING

• Modeling Process[6], [10]

• Results Observations
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MODELING – KEY POINT 1

• Choice of IDFT sampling rate 𝛾𝑠 and sampling points number 𝑁

➢ Target of the NFD model: calculate spatial responses for wide frequency range

➢ Key point: for each frequency input, choosing proper 𝛾𝑠 and 𝑁 to ensure accurate IDFT 

results over a large enough spatial span for observation
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MODELING – KEY POINT 1

• Choice of IDFT sampling rate 𝛾𝑠 and sampling points number 𝑁

➢ Target of the NFD model: calculate spatial responses for wide frequency range

➢ Key point: for each frequency input, choosing proper 𝛾𝑠 and 𝑁 to ensure accurate IDFT 

results over a large enough spatial span for observation

• Step 1: evaluate the wave number domain response of the panel
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MODELING – KEY POINT 1

• Choice of IDFT sampling rate 𝛾𝑠 and sampling points number 𝑁

➢ Target of the NFD model: calculate spatial responses for wide frequency range

➢ Key point: for each frequency input, choosing proper 𝛾𝑠 and 𝑁 to ensure accurate IDFT 

results over a large enough spatial span for observation

• Step 2: decide a proper cutoff level to avoid windowing/truncation effect



SAPEM 2017, Le Mans, France
6

MODELING – KEY POINT 1

• Choice of IDFT sampling rate 𝛾𝑠 and sampling points number 𝑁

➢ Target of the NFD model: calculate spatial responses for wide frequency range

➢ Key point: for each frequency input, choosing proper 𝛾𝑠 and 𝑁 to ensure accurate IDFT 

results over a large enough spatial span for observation
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• Step 3: find the proper sampling rate 𝛾𝑠 for each input frequency

• 𝑁 should 

be large 

enough to 

avoid bias

At certain 

frequency
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MODELING – KEY POINT 1

• Choice of IDFT sampling rate 𝛾𝑠 and sampling points number 𝑁

➢ Target of the NFD model: calculate spatial responses for wide frequency range

➢ Key point: for each frequency input, choosing proper 𝛾𝑠 and 𝑁 to ensure accurate IDFT 

results over a large enough spatial span for observation

• Step 4: identify the critical frequency 𝑓𝑐

𝑓𝑐

Speed of 

sound

Subsonic 

components

Supersonic

components
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MODELING – KEY POINT 2

• Fibrous Medium Airflow Resistivity Prediction[7]

SEM of the target fibrous medium Fibrous medium micro-CT scanning

Micro-CT scanned fiber radii distribution of the fibrous medium 

7

Fiber 1
Fiber 2
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MODELING – KEY POINT 2

• Fibrous Medium Airflow Resistivity Prediction[7]

In
p

u
ts

Fiber mean radii: 𝒓𝟏, 𝒓𝟐, 

distribution parameters

Fiber bulk density: 𝝆𝒃

Component weight fractions: 𝑿𝟏, 𝑿𝟐

Solid material densities: 𝝆𝟏, 𝝆𝟐

Solidity: 

𝑪 = 𝑿𝟏

𝝆𝒃
𝝆𝟏

+ 𝑿𝟐

𝝆𝒃
𝝆𝟐

Fiber mean spacing: 

𝒃𝟐 =
𝝅

𝑪

(σ𝒑=𝟏
𝒋

𝒏𝟏,𝒑𝒓𝟏,𝒑
𝟐 + σ𝒒=𝟏

𝒌 𝒏𝟐,𝒒𝒓𝟐,𝒒
𝟐 )

(σ𝒑=𝟏
𝒋

𝒏𝟏,𝒑 + σ𝒒=𝟏
𝒌 𝒏𝟐,𝒒)

2

1

3

Output Airflow Resistivity: 𝝈 =
𝟒𝝅𝜼

𝒃𝟐[𝟎.𝟔𝟒𝟎 𝐥𝐧
𝟏

𝑪
+𝑪−𝟎.𝟕𝟑𝟕]

➢ Step 3: 𝝈 calculation base on 𝑪 and 𝒃𝟐

➢ Step 1: 𝑪 calculation based on 𝝆𝒃, 𝑿𝟏, 𝑿𝟐, 𝝆𝟏, 𝝆𝟐

➢ Step 2: 𝒃𝟐 calculation based on 𝒓𝟏, 𝒓𝟐, distribution parameters and 𝑪


