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Leon John Sivian

Born in Russia, 

immigrated to the 

United States as a 

child

Earned a degree 

in Electrical 

Engineering from 

Cornell University 

Worked at Bell Labs for 30 

years

Briefly interrupted by stints at 

Missouri State College 

And the Navy Radio and Sound 

Laboratory at the University of 

California
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Leon John Sivian

Born in Russia, 

immigrated to the 

United States as a 

child

Earned a degree 

in Electrical 

Engineering from 

Cornell University 

Worked at Bell Labs for 30 

years
One of the founding members of the 

Acoustical Society of America
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Paper Outline
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Paper Outline

Part A: Non-Vibratile Linings
• Three cases of linings

• Transmission through duct of finite length

• Measured and computed values of the 

attenuation constant 

• Effect of superimposed DC air flow 

Part B: Vibratile Linings
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The Problem and Sivian’s Assumptions

Absorptive Lining

Infinite Duct
Plane Wave

Uniform Pressure 

over a cross-

sectional area
Neglect effects of viscosity and 

heat conductivity
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1D Propagation: Transmission Line Model 

Pressure at Duct 

Outlet

Pl

Lining Surface 

Impedance

Z

Air Stiffness

(compressibility)

S

Pressure at Duct 

Inlet

P0

Air Mass 

Reactance

M M
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1D Propagation: Transmission Line Model 

Lining Surface 

Impedance

𝑧 = 𝑟 + 𝑖𝜔𝑚 − 𝑖𝑠/𝜔

r 

resistance

m 

mass 

reactance

s 

stiffness
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Propagation Constant and Impedance of the 
System

Shunt Admittance, 

z2

Series Impedance, 

z1

𝑃𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡: Γ =
𝑧1

𝑧2
= 𝑖kM = 𝛼 + 𝑖𝛽 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒: 𝑧𝑐 = 𝑧1𝑧2 =

𝜌𝑐

𝐴𝑀
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Propagation Constant and Impedance of the 
System

𝑃𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡: Γ =
𝑧1

𝑧2
= 𝑖kM = 𝛼 + 𝑖𝛽 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒: 𝑧𝑐 = 𝑧1𝑧2 =

𝜌𝑐

𝐴𝑀

Not the same M!

(it’s frustrating, I 

know!)
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Propagation Constant Breakdown

𝑃𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡: Γ =
𝑧1

𝑧2
= 𝑖kM = 𝛼 + 𝑖𝛽

Attenuation per unit length

of an infinite duct or duct 

terminated in its characteristic 

impedance

𝛼
Wavenumber

𝜷 =
𝝎

𝒄𝟏
=

𝟐𝝅𝒇

𝒔𝒐𝒖𝒏𝒅 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒊𝒏 𝒕𝒉𝒆 𝒅𝒖𝒄𝒕

𝛽
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Dimensionless Constants

Ratio of lining 

stiffness to air 

stiffness

𝜎 =
s

sa
Relates lining 

resistance to 

frequency and air 

stiffness

Used as a non-

dimensional proxy for 

frequency in plots

q =
𝜔r

sa
Relates lining mass 

reactance to air 

stiffness and 

resistance

𝜇 =
msa

r2

Relates q to the 

wavenumber (k)

h =
q

k
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Part A: Non-Vibratile Linings
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Infinite Duct
Plane Wave

The Problem and Sivian’s Assumptions

Non-Vibratile Lining

(Local Reaction)

Sound only propagates 

normally to the liner 

surface

Any axial propagation is 

negligible

Vibratile Lining 

(Extended Reaction)

Sound can propagate 

axially through the liner 

(along the duct axis)
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Infinite Duct
Plane Wave

The Problem and Sivian’s Assumptions
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Non-Vibratile Lining

(Local Reaction)

Sound only propagates 

normally to the liner 

surface

Any axial propagation is 

negligible



Case 1.1: Constant 
Resistance
Example Liner

Wire mesh over hard wall, no 
air cavity

Surface Impedance
𝑧 = 𝑟

Auxiliary Impedance 
Function

𝑀2 = 1 −
𝑖

𝑞
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Case 1.2: Constant 
Resistance and 

Stiffness
Example Liner

Wire mesh over air cavity

Surface Impedance

𝑧 = 𝑟 −
𝑖𝑠

𝜔
Auxiliary Impedance 

Function

𝑀2 = 1 +
1

𝜎 + 𝑖𝑞
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Case 1.2: Constant 
Resistance and 

Stiffness
Example Liner

Wire mesh over air cavity

Surface Impedance

𝑧 = 𝑟 −
𝑖𝑠

𝜔
Auxiliary Impedance 

Function

𝑀2 = 1 +
1

𝜎 + 𝑖𝑞
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Case 1.3: Constant 
Resistance and Mass 

Reactance
Example Liner

Perforate plate over hard 
wall, no air cavity

Surface Impedance
𝑧 = 𝑟 + 𝑖𝜔𝑚

Auxiliary Impedance 
Function

𝑀2 = 1 +
1

𝑞 + 𝑖𝑞2
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Duct Transmission and 
Experimental Comparisons
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Duct of Finite Length and Open Termination

Open to air, 

with infinite 

baffle, zl

Zl

Sound Source

P0

Pressure at Duct 

Outlet

Pl
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Duct of Finite Length and Open Termination

22

Rock-wool lining, 1” thick with 

rigid wall outside

Search Microphone



Calculations vs. Experimental Results

Calculated P1/P0 

Attenuation (dB/ft) 

With D.C flow 

speeds up to 

2,100 ft/min, the 

acoustic 

attenuation was 

found to be 

within 5% of the 

no-flow cases at 

500 and 1000 Hz
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Part B: Vibratile Linings
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Infinite Duct
Plane Wave

The Problem and Sivian’s Assumptions

Vibratile Lining 

(Extended Reaction)

Sound can propagate 

axially through the liner 

(along the duct axis)
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Propagating Waves

“Mostly Air-Borne” 

Wave

Wall Propagation 

Constant

“Mostly Structure-

Borne” Wave
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As the frequency 
increases, the coupling 
between the two waves 
decreases and the waves 

become almost 
completely fluid-borne 

and structure-borne
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In a no dissipation case, 
we see that no 

propagation occurs in the 
structure-borne wave 

until the cuton frequency
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A Historical Perspective of 
Liners in Grazing Flow
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1937 vs. Present Day Differences and Similarities

30

What is 

considered 

common 

knowledge?

• Sivian doesn’t 

explicitly define all 

variables used

• Lack of citations of 

other work

Effects of Cut-

on Modes

 
• Limits frequency 

range to when half 

the wavelength is 

greater than the 

diameter of the 

tube cross-section 

(0.5𝜆 >  2a)

• Discusses what 

sounds like a (0,1) 

duct mode

Measurement 

Similarities

• Plane wave 

• Measure pressure 

along the duct axis 

to find the 

propagation 

constant

• Surface impedance 

is still the “state of 

the art”

Vibratile and 

Non-Vibratile 

vs. Local and 

Extended 

Reaction



Study Extended Reaction (Vibratile) Linings

31

Mitigating grazing flow impedance eduction errors in additively manufactured porous liners 
presented by Kara Hardy, Friday (tomorrow) 10:40 AM, Melbourne

Bulk Absorbers 

(Extended Reacting) [6]
Extended reacting absorbers violate 

the locally reacting assumption  that 

grazing flow impedance eduction 

uses, making them un-engineer-able 

[7-9]

Traditional absorbers 

behave like quarter-

wavelength resonators, 

attenuating a very small 

band of frequencies

Bulk absorbers tend to 

have a more broadband 

response, better for 

current aircraft engine 

acoustic environments 
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  z = r + i 𝜔 m   − i s / 𝜔


  P r o p a g a t i o n   C o n s t a n t : Γ =      z 1   z 2 = i kM = 𝛼 + i 𝛽


  C h a r a c t e r i s t i c   I m p e d a n c e :  z c =    z 1  z 2 =   𝜌 c  A M


  P r o p a g a t i o n   C o n s t a n t : Γ =      z 1   z 2 = i kM = 𝛼 + i 𝛽


  C h a r a c t e r i s t i c   I m p e d a n c e :  z c =    z 1  z 2 =   𝜌 c  A M


  P r o p a g a t i o n   C o n s t a n t : Γ =      z 1   z 2 = i kM = 𝛼 + i 𝛽


  𝛼


  𝜷 =    𝝎   𝒄 𝟏 =   𝟐 𝝅 𝒇  𝒔 𝒐 𝒖 𝒏 𝒅   𝒗 𝒆 𝒍 𝒐 𝒄 𝒊 𝒕 𝒚   𝒊 𝒏   𝒕 𝒉 𝒆   𝒅 𝒖 𝒄 𝒕


  𝛽


  𝜎 =  s   s a


  q =   𝜔 r   s a


  𝜇 =   m  s a   r 2


  h =  q k


  z = r


   M 2 = 1 −  i q


  z = r −   i s 𝜔


   M 2 = 1 +  1  𝜎 + i q


  z = r −   i s 𝜔


   M 2 = 1 +  1  𝜎 + i q


  z = r + i 𝜔 m


   M 2 = 1 +  1  q + i  q 2
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