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Abstract: Current methods for measuring sound absorption coefficient and sound transmission loss of acoustic materials and 

treatments are time-consuming and expensive. To overcome this limitation, normal incidence sound absorption and transmission 

loss measurement technique using a flow resistivity tube were developed. Unfortunately, this equipment is equally expensive. 

This project is an effort made to develop a cost-effective flow resistivity tube for wider use especially for educational use in 

developing countries. A flow resistivity tube capable of measuring absorption coefficient and flow resistivity is designed and built 

under a budget suitable for educational institutions in developing countries. The design, development, and fabrication of the 

low-cost flow resistivity tube along with measurement results demonstrating its accuracy is presented. Using a calibrated acoustic 

sample, data obtained from the low-cost flow resistivity tube were compared with those from a standard commercial tube with 

encouraging results. A parametric study was conducted showing the effects of various parameters on the accuracy of the 

measured results. These include tube material, tube dimensions. Based on these, design options were generated to meet the cost 

and functionality targets pre-assigned. A list of suggested parts and price is also included for anyone interested to custom-build 

the tube. 
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I. INTRODUCTION 

The frequency range for human hearing, commonly referred to as audio frequencies, is typically cited as approximately 20 Hz 20 

KHz. While sensitivity to particular frequencies can be affected by a number of conditions, including age and physical condition, 

the most important frequencies for understanding speech are typically in the range 500 to 2048 Hz. Materials and structures that can 

absorb or attenuate frequencies in this range are important tools in managing the acoustic environment for the health, safety, and 

comfort of people exposed to noisy environments. In both fixed and rotary wing aircraft, the move toward lighter structures has 

resulted in an increase in structural vibration and interior noise. Engine and gearbox noise can be transmitted into the aircraft cabin 

through sound and vibration energy propagating through the structure itself and through air to the fuselage walls. In order to address 

these problems, a basic understanding of the phenomena of noise, materials used for its suppression, and the characterization of 

those materials in order to predict their acoustic performance is necessary. Vibration damping and acoustic absorption occur through 

different mechanisms. Vibration damping occurs when acoustic energy is transmitted directly from contact between two solids. 

Acoustic absorption occurs when acoustic energy is transmitted through the air and interacts with a solid structure. The morphology 

of the material is a critical aspect in how it interacts with the air. A material that performs well as a vibration damping material will 

not necessarily be a good acoustic absorber. This paper will focus on acoustic absorption rather than vibration damping. 

II. PHYSICS OF SOUND WAVE INTERACTION 

While electromagnetic radiation does not require a medium to travel through, the sound is a disturbance in the medium itself, and 

is, therefore, classified as a mechanical wave. Acoustic energy repetitively displaces air through a mechanism that causes a periodic 

change in air pressure. A pressure wave is a region of pressure change moving through a medium. For a pure tone, these pressure 
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waves can be characterized by their frequency (time between pressure maxima) and amplitude (intensity of the pressure change); 

they will have a repeating pattern in time. Pressure waves travel through the air at the speed of sound, which is related to the 

frequency and wavelength (length of a single cycle) through the equation: 

 

III. CONCEPT OF DELANY BAZLEY MODEL 

The measurement of air flow through a material is a physical property useful in evaluating its performance as an acoustic absorber. 

The following equations describe quantities useful in characterizing such flow. The specific flow resistance is one of the properties 

that determines both the sound absorbing and sound transmitting properties of a material. It measures how easily air can enter a 

porous structure, as well as the resistance that flow meets within the structure. Flow resistivity is independent of the area or thickness 

of the tested material flow resistance requires a measurement of the flow rate through the sample and the pressure drop across it. 

Standards using a unidirectional, open-tube technique and a bidirectional technique that uses a piston to force air through the sample 

in alternating directions have both been defined. In the open-tube techniques, the air flow through the sample is either measured 

with a flow element or controlled with a mass flow controller; the pressure across the sample is measured directly. The flow 

resistance is measured at several flow rates. The intent is to maintain laminar flow through the sample, with the upper limit of the 

air velocity being set when the flow through the sample begins to transition to turbulent flow. 

 
Fig.2.1. The sample for sound absorption.  

For a number of applications using homogeneous fiber and open cell foam products, flow resistance information can be sufficient 

to characterize acoustic performance. Flow resistivity and porosity can be used in empirical laws to calculate the flow resistivity 

and wavenumber of the material. These quantities then completely specify the acoustic properties of the material. Absorbers need 

to be about a minimum of a tenth of a wavelength thick to significantly absorb incident sound, and about a quarter of a wavelength 

to absorb all sound. Significant absorption occurs furthest from the backing surface of an absorber. Low-frequency absorption 

usually increases with the thickness of the porous absorber. 

 
Fig.2.2 Delany Bazley Model. 

 

Some materials may not exhibit the same behavior for all frequencies of sound that they encounter. Flow resistance, since it is 

measured with a steady, laminar flow of air, does not provide any direct information about the frequency dependent behavior of the 

sample. The frequency dependent characteristics of a material are generally obtained from an experimental measurement of its 

acoustic flow resistivity. The flow resistivity is analogous to electrical resistance as a DC (non-frequency dependent) property and 

the acoustic flow resistivity is analogous to electrical flow resistivity as an AC (frequency dependent) property. 
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IV. EXPERIMENTAL TEST 

Atmospheric Pressure: 0.95 bar (In Satara) = 0.95x102kPa 

Gas constant of Air = 287 J/kg.K 

Atmospheric Air Temperature = 32oC = 273+32 = 305 K 

Now,  

Acc to Ideal Gas Equation i.e. 

Pv=mRT 

(m/v)=ρ_a=[P/(R*T)] 

Density of air (ρa) = [Atm air Press/(R*Temperature of air)] kg/m3 

       = [(0.95*102)/(0.287*305)] 

       = 1.0853 kg/m3 

Density of Water = ρw = 1000 kg/m3 

Diameter of Pipe/ Sample: 

   D = 2.48” = 63 cm = 0.063 m 

Cross-section Area of Pipe or the Sample 

      Area=(π/4)*D^2 

   = (π/4)*(0.06)2 

   = 2.827x10-3 m2 

 

a) Sample of Spun Polypropylene Fibre (Scotch Brite) 

Sample Thickness = 16mm = 0.016 m 

Manometric Reading 

  Pitot tube Manometer (x) = 2.4 cm = 0.024 m 

  Differential Manometer at Sample (h) = 15.5 cm = 0.155 m 

H=x*[(ρ_w/ρ_a )-1] 

          = 0.024*[(1000/1.08)-1]  

         H = 22.198 m 

The velocity of Air: 

V= √(2*g*H) 

           V = √(2*9.81*22.198) 

                = 20.869 m/s 

Discharge of Air:  

    Q = A*V ….According to Continuity Equation 

        = 2.827*10-3* 20.869 

    Q = 0.05899 m3/sec 
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Now,     Rf= (Δp/Q) 

Rs = (Rf*A) 

r_f  = (Rs/t) 

Where,Rf= flow resistance (Pa•s/m3) 

Δp= pressure difference across the test sample (Pa) 

Q= volumetric flow rate through material (m3/s) 

Rs= specific flow resistance (Pa•s/m) 

A = cross-sectional area of material perpendicular to flow (m2) 

rf= flow resistivity (Pa•s/m2) 

      t= thickness of material (m) 

 Rf = [(ρ*g*h)/Q] 

        = [(1000*9.81*0.155)/0.05899] 

        = 25776.4 Pa.s/m3 

 

Rs = Rf*A 

      = 25776.4 * 2.827x10-3 

 = 72.8699 Pa.s/m 

 rf=Rs/t 

      = 72.8699/0.016 

       = 4554.37 Pa.s/m2 

b)  Matlab Program for Sponge Polypropylene Fibre (Scotch). 

% M. E. Delany and E. N. Bazley,  

% Acoustical properties of fibrous absorbent materials, 

close all 

clearall 

f = [0:1000:8000]; 

omega = 2*pi*f; 

rho_0_50 = 1.0853;          % [Kg.m-3] density at rest of air at 32C, 1atm 

c_0   = 342.2;          % [m.s-1] speed of sound in air at 32C, 1atm 

sigma_50 = 4554;        % [N.s.m-4] static air flow resistivity of material 

h    = 0.016           % [m] thickness of material 

%%%%% 

%%%%% Compute variable X and print frequency 

%%%%% limits of validity for the two models  

%%%%% 
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X_50 = f/sigma_50; 

f_min_50 = 0.01*sigma_50; 

f_max_50 = 1.00*sigma_50; 

%%%%% 

%%%%% Delany and Bazley model 

%%%%% (NB: gamma = alpha + j beta = j k ) 

%%%%% 

Z= rho_0_50*c_0*( 1 + 9.08*(X_50*1000).^(-0.75) ... 

                     - i*11.9*(X_50*1000).^(-0.73) );  

k= omega/c_0 .* (-i) .* ( 10.3*(X_50*1000).^(-0.59) ... 

                                + i* ( 1 + 10.8*(X_50*1000).^(-0.70) ) ); 

%%%%% 

%%%%% Compute sound absorption coefficient using the two models  

%%%%% for a sample of thickness d backed by a rigid  

%%%%% and impervious wall under at room temperature 

%%%%% and pressure conditions  

%%%%% 

Z_50 = -j.*Z./tan(k*h); 

alpha= 1 - ( abs( (Z_50-rho_0_50*c_0)./(Z_50+rho_0_50*c_0) ) ).^2 

plot(f,alpha) 

xlabel('frequency') 

ylabel('sound absorption coefficient') 

legend('f,alpha') 

title(' Graph between Sound Absorption Coeffiicient Vs Frequency') 
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c) RESULT 

 

Photograph 4.1. Sponge Polypropylene Fibre (Scotch). 

 

Graph 4.2. Frequency vs. Sound absorption coefficient for Sponge Polypropylene Fibre (Scotch). 

CONCLUSION 

 A low-cost tube intended primarily for educational use was designed and built using standard parts whenever possible. The objective 

was to develop an apparatus to demonstrate the measurement of sound absorption coefficient and flow resistivity to college 

engineering students at a minimum cost. The resistivity tube includes a source tube containing a blower, sample holder, and other 

necessary termination to conduct both absorption and TL experiments. A laptop was used instead of expensive data acquisition 

systems to acquire data and tabulate results from the low-cost resistivity tube agree well with those obtained from a commercial 

flow resistivity tube for calibrated samples. 

Frequency Absorption Coefficient 

0 Na 

1000 0.1824 

2000 0.3295 

3000 0.4584 

4000 0.5644 

5000 0.6415 

6000 0.6898 

7000 0.7142 

8000 0.7291 
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