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 Accurate measurement of unsteady pressure fluctuations along a surface requires experimental set up 
with high spacing resolution and high frequency domain. Therefore, in recent decades extensive studies 
have been conducted on remote microphone approach. In this method, instead of using flash mounted 
sensors, they were installed remotely and connected to the model surface through one or several 
continuously connected tubes. Surface pressure fluctuations travel within the tubing in the form of 
sound waves and they are measured when passing over the remote pressure sensor, mounted 
perpendicular to the tubing. In the present study, an analytical solution of sound waves propagation 
inside the rigid tubes is used for modelling of the remote microphone system and to investigate the 
effects of its parameters on dynamic response. In order to verify the accuracy of proposed modeling, the 
dynamic response of a typical remote microphone has been obtained through experimental calibration. 
Comparing the analytical and experimental results indicates high accuracy of the analytical modeling. 
Results show that changes in tubing diameter lead to occurrence of resonance and creating harmonics in 
two frequency regions. The amplitude of low-frequency harmonics depends on the length of the 
damping duct and decreases with increasing of its length. Instead, the amplitude and frequency of high-
frequency harmonics depend on the length of the first tube and they decrease with the increase of first 
tube length. Also, increase of the first and second tube lengths leads to an increase in phase of dynamic 
response of the remote microphone system. 
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Fig. 1 Remote microphone system Schematic 
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Fig. 2 Two stages Calibration procedure of the remote microphone 
system, a) Determination of the response of the speaker, b) 
Determination of the response of the remote microphone system   

2  a (
b (  

Fig. 3 Experimental setup including white noise generation system, 
microphone’s power module, remote microphone system and data 
acquisition system  
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Fig. 4 Comparison of variation of (a) amplitude and (b) phase of 
predicted transfer function with experimental calibration results (L1= 
L2=10 cm, L3=5 m, D1=0.8 mm, D2= D3=2 mm)  

4 (a) (b) 
) L1= L2=10 cm, L3=5 m, D1=0.8 mm, D2= D3=2 mm   (  

Fig. 5 Variation of system‘s dynamic response amplitude with various 
second tube diameters (L1=30 cm, L2=10 cm, L3=3 m) 

5   
) L1=30 cm, L2=10 cm, L3=3 m(  

Fig. 6 Variation of system‘s dynamic response amplitude with various 
damping duct lengths (L1=30 cm, L2=10 cm, D1=1 mm, D2= D3=2 mm) 
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)L1=30 cm, L2=10 cm, D1=1 mm, D2= D3=2 mm(  
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Fig. 7 Variation of system‘s dynamic response (a) amplitude and (b) 
phase with various first tube lengths (L2=10 cm, L3=3 m, D1=1 mm, D2= 
D3=2 mm) 

7 (a) (b) 
) L2=10 cm, L3=3 m, D1=1 mm, D2= D3=2 mm(  

  

  
Fig. 8 Variation of system‘s dynamic response (a) amplitude and (b) 
phase with various second tube lengths (L1=30 cm, L3=3 m, D1=1 mm, 
D2= D3=2 mm) 

8 (a) (b)   
) L1=30 cm, L3=3 m, D1=1 mm, D2= D3=2 mm(  

       
   

7-   
 ) ms-1(  

,          )Jkg-1K-1(  
 ) m(  
  )Hz(  
 ) m-1(  

,  ) m(  
   

( ) ) kgm-1s-2(  
( ) ) kgm-1s-2(  

 ) m(  
   
 ) K(  

, ( )   
   ) ms-1(  
   ) ms-1(  

  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

        

  

162  13951610  

 ) m(  
   
   
 ) Jm-1s-1K-1(  
 ) kgm-1s-1(  
  )rad Hz(  
   

( ) ) kg2m-2s-4 Hz-1(  
 ) kgm-3(  
 ) rad(  
 ) m(  

  
a   
b  

  
m   

ref   

RM   
Sp   

8-  
  

 - 

+ + + + +
1

 

+
1
3 + +  

+ + + +
1

+  

+
1
3 + +  

  

+ + + + + = 0 

  
=  

  

+ + = +
1

+ +  

+ + +  

  

= 2 + + + +  

2
3 + +  

 
= ( , ) , = ( , )  
= 1 + ( , ) , = 1 + ( , )  

= 1 + ( , ) = 1 + ( , )  

u v p  T     .
) 2 (  

== ,, ==   

9-   
[1] S. Batill, J. Nebres, Data correction for pressure transmission lines using 

discrete time series models, International Congress on IEEE, pp. 295-303, 
1991.  

[2]  J.  R.  van  Ommen,  J.  C.  Schouten,  M.  L.  vander  Stappen,  C.  M.  van  den  
Bleek, Response characteristics of probe–transducer systems for pressure 
measurements in gas–solid fluidized beds: How to prevent pitfalls in 
dynamic pressure measurements, Powder Technology, Vol. 106, No. 3, pp. 
199-218, 1999.  

[3] D. Englund, W. Richards, The infinite line pressure probe, ISA Transactions, 
Vol. 24, No. 2, pp. 11-19, 1985.  

[4] S. Perennes, M. Roger, Aerodynamic noise of a two-dimensional wing with 
high-lift devices, AIAA paper, pp. 98-2338, 1998.  

[5] A. Garcia-Sagrado, T. Hynes, Wall-pressure sources near an airfoil trailing 
edge under separated laminar boundary layers, AIAA Journal, Vol. 49, No. 9, 
pp. 1841-1856, 2011.  

[6] M. Gruber, Airfoil noise reduction by edge treatments, PhD thesis, 
University of Southampton, 2012.  

[7]  H.  Yang,  D.  Sims-Williams,  L.  He,  Unsteady  pressure  measurement  with  
correction on tubing distortion, Unsteady Aerodynamics, Aeroacoustics and 
Aeroelasticity of Turbomachines, Springer Netherlands, pp. 521-529, 2006. 

[8] G. Kirchhoff, Ueber den Einfluss der Wärmeleitung in einem Gase auf die 
Schallbewegung, Annalen der Physik, Vol. 210, No. 6, pp. 177-193, 1868.  

[9] J. W. S. B. Rayleigh, The theory of sound, Second Edittion, pp. 319-326, 
London: Macmillan, 1896. 

[10] C. Zwikker, C. W. Kosten, Sound absorbing materials: Elsevier, 1949.  
[11] H. Tijdeman, On the propagation of sound waves in cylindrical tubes, 

Journal of Sound and Vibration, Vol. 39, No. 1, pp. 1-33, 1975.  
[12] H. Bergh, H. Tijdeman, Theoretical and experimental results for the dynamic 

response of pressure measuring systems, Report NLR-TR F.238, National 
Aero and Astronautical Research Institute, Amsterdam,1965.  

[13]  É.  Salze,  C.  Bailly,  O.  Marsden,  E.  Jondeau,  D.  Juvé,  An  experimental  
characterization of wall pressure wavevector-frequency spectra in the 
presence of pressure gradients, 20th AIAA/CEAS Aeroacoustics Conference, 
Atlanta, GA, 16-20 June 2014. 

[14] Q. Leclère, A. Pereira, A. Finez, P. Souchotte, Indirect calibration of a large 
microphone array for in-duct acoustic measurements, Journal of Sound and 
Vibration, Vol. 376, pp. 48-59, 2016.  

[15] F. J. Fahy, P. Gardonio, Sound and structural vibration: radiation, 
transmission and response: Second Edittion, pp. 282-315, London : 
Academic press, 2007.  

[16] J. S. Bendat, A. G. Piersol, Random data: analysis and measurement 
procedures, 3rd Edittion, pp. 300-352, New York: John Wiley & Sons, 2000.  

[17] A. Afshari, M. Azarpeyvand, A. A. Dehghan, M. Sz ke, Trailing Edge Noise 
Reduction Using Novel Surface Treatments, 22nd AIAA/CEAS Aeroacoustics 
Conference, Lyon, France, 30 May-1 June, 2016. 

www.SID.ir

www.sid.ir

