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SOUND-ABSORPTION CHARACTERISTICS OF INDIAN
MATERIALS: PART 1l

By S. CHATTERJELE anp N, DUTT

ABSTRACT. This paper is a continuation of a previous one hy the anthors [Chatterjec
and Dutt (1044)] and presents a theoretical investigation of the sound-absorption characteristics
ol rigid porous materials based on the treatment given by Lord Rayleigh, The nature of
variation of sound-absorption coeflicient with angles of incidence as well os frequencies of sound
wave incident on rigid porous surfaces of various characteristics has been studied, The
condition of total absorption Lias also been incorporated. The absorption coeflicient of a sample
of jute sufuce has been calculated theoretically from the dimensions und propertics of the
sample and a comparison has bean made with the results obtained experimentally.

INTRODUCTTION

Sound waves striking on a piane surface forming the boundary between
two different media are generally divided into reflected and transmitted portions,
the amplitudes of which depend on the relative physical properties of {he two
media. If the houndary presents an unbroken solid or liquid surface, the
amplitude of the reflected beam will predominate and only a minor portion of
the energy will be foundin the transmitted portion. 1f the surface is the
boundary between air and a porous material a portion of the incident sound
wave wouid penetrate into the pores of the second medium. Assuming the
pores to be capillary channels there will be degradation of sound cnergy due
to the viscous action ol the air inside the pores. “I'hus in the case of porous
bodies the amplitude of the reflected beam will be smaller due to the process of
absorption. '

The equation showing the relation between the absorption cocfflcient at
any angle of incidence for a sound of definite frequency on a porous surface
with pores of definite radius and a definite ratio between unperforated and
perforated area and the kinematic viscosity of gas in the pores and ratio of sp.
heats of the gas has been shown in Paper I to be as follows :

SM {(2M*+1)+ ¥/ 4M*+1 } cos 0
I],o' -

: . (1)
{(2M*+ 2M cos 0+ 1) + ¥/ 4M*+1}*

Varialion o) lbsorption with Angle of Incidence

A graphicai piot showing the relalion between ay, ¢ and M is given in
Fig. 1. The factor M involves not only the characteristics of the surface but
also the effect of different frequency of the sound wave. As the angle increases
from normal incidence value (#=0°), the ahsoiption increases slowiy, at first,
and then more rapidly, it passes thiough a maximum value of unity and finally
drops down rapidly to zero at the grazing incidence (8=go®),



36 S. Chatterjee and N. Dutt

o S \,\’ "

o /

-t \
(L \

o2 M= 16 \

Mz 31

M=64
EENEE)
1

”n -t

o 15 30° 45" 6o’ 75° 90’
60—

NG, 1

The Case of Total bsorption
From Fig. 1. it is noted that for a particular value of M there is always
some angle of incidence € at which the absorption is complete.  This optimum
value of 6 is found as follows -

< I+2)cosf—y
Since ag=71— $(~ &)

|1+ g) cos 645 [Paper 1, 1oc. ¢it.]

ap will be unity when the terms nside the bracket reduce to zero,
i.e. (1+g) cos—r=o
or cos =x/1+g,
Substituting the value of \ . [Paper I, loc. cit.]

2M?2 i
Cos 0 = _("1\4_ + I),’,i]-vl\/_ -+ ]\.I_t.l . " . (2)

.2 (cosi0+ TV o5
From (2) onc gets M = (©98" 8+ 1) 2 v (cos®+ 1) =§ cos' ,

4 cos 6 (3)

For any value of 6, it is seen that corresponding to the positive and the
negative signs preceding the term under the root, M wil] have two values at
which the absorption would be unity,

When the term under the root sign becomes zero, M shall have only one
value given by .

M= cos®0+1
4 cos 0
and the value of the augle 6 for which there is only ome value of M at which
absorption is unity is given as follows :

(cos®8+1)'~8cos6=0; o cosb=cigrs; o #=65°31,
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For the angle of incidence 65° 31/, the numerical value of M at which unity
absorption takes place is given by

2
ar_ costd+y T
M= o .A-]/x/z =0.707.

4 cos®f
Fig. 2 shows the variation of the values of icos® + 1)*—8 cos*@ with 6.
It is noted from the curve that
+1 b only for angles of incidence

/ greater than 65 31" the term

75° 9l under the 1oot sign in equation

(3) is positive, and conscquently

there will be two real values of

M at which the absorption will

attain  unity. For angles of

incidence 6 less than 65°31/

Fig. 2 the term (cos*0+1)*—8 cos*6

becomes negative and conse-

quently M becomes a complex term, but from the definition, M is real and

condition of unity absorption has hcen deduced by taking M to be real,

So for any angle 6 less than 65°31" absorption can never attain unity value,

but it attains a peak valuc lower than unity for a particular value of M which

can be determined by differentiating the expression (1) indicating the relation
betwceen ay and M and equating the result Lo zero.

Differentiating equation (1)

i;; ={(2M2+ 2M cos 0+ 1) + ¥ 4M* +1}?2
[#

L ) i
0° 5° 30° q5°

o——.—

(cos?8+1)2—§ cos?8

. 16M3
8 cos 6{(2M2+1) + ¥ 4M*+1}+8M cos #{4M + .:_—:,:]‘
. 2N 4M* -+

8M cos 0{2M?+1) + ¥/ 4M* + 1} x 2{(2MZ+2M cos 0+ 1) £ ¥ 4M* + 1}
]61\13 l/
4M+2cos + ———
24 4M*+1
{(2M2+2M cos 0+1) £ ¥ 4M* +1}4,
This reduces to

dss 6 4 cos 041 22w gl H 18 (gMe+nyx TOL <O
=4 = cos f+1+2 14 = T
Y, 8cosb|g 4 vaM4+1

4M*=2M cos 6 F 2M cos 9#'&’—1‘-4—’ 1 F -

16M° i_m_gy_‘f___] /
VaMA+1  veMA+r ]/ -

is |
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Putting deo =0 one finds

dM
8cosb|aM? cos 04 142y gM*+14+(4ME+ 1)+ EQB_!__CES* -
vAM*4 41
B YU M4
4M*—2M cos 6F 2M cos 64/ 4M*+ 1 F ?1(_71\_/] F— M = |=o0
VAM*+1 V4M*+1
. o o 20aM'+ M2+
or (2M%=1)<2M cos 0—(2M2+ 1) F 4M, FaMZ+4a) F(zM?+1)+
VMY + 1
2M cos 0 (_2Mz___-_l-_1)\ —0
VT
or (2M2--1)=0.
AN M= 1 =0.707.

“

Thus for angles of incidence lower than 65°31' absorption coeflicient attains
a peak valuc for a value of M = 1/4/2 at which absorption just attains unity
at the critical angle of incidence of 65°31’.

Varation of Absorplion with the vaiuce of M

In order 1o examine the nature of absorption for different values of M, a
graph has been plotied to indicate the relation of absorpticn and M. Hete one
finds a family of curves for different angles of incidence.  Since the values of M
extend over a very large range it was thought fit to plot the values of M on a
logarithim scale. This is shown in Fig. 3.
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The Fig. 3 shows that the absorption factor e, is related t(; the value of M
such that for the same angle of incidence there are two values of M at whicl:
equal values of absorption is attained and these two valucs are syminetrical with
respect to the value of M at which peak absorption is found.

_Taking M;=My/n and Mg=nM, and substituting the value of My as
1/ ¥ 2 one finds for M,

8M M,? «/-M‘M'_
—Sz<_*)t o ‘0

n
ay=-—-

a 2 o T - 2
{(:’.Mi’.,—+2—]—\£"—c056‘+1)-_k_ /,‘_’1.1‘,\‘1"4 +xl
n® n A nt |\
and for Mg

{(2n®Mo? + 20M¢ cost +1) & Van'Mo* +1)2

_ 8uMo{(2n®Mo?+ 1)+ ¥ 4n*Mo? + 1} cos 6

Both these expressions reduce to

av 2n{(n2+1)+ x/-r_:"‘-l_-l. }cos b
{(n2+ N 2 ncos f+1) ¥4/n4+.17 32

'he peak value of absorption is found to be at M, for angles of incidence Jess
{han that of the critical value of 6, i.c., 65°31'.

For angles higher than that of the critical value of 8 the peak values are
attained for two other values of M. In these cascs, a depression of absorption is
shown at M, value. As the angle of incidence increases the peaks are separated
further apart and the depression is more marked. At the grazing incidence the
entire range of value for M reduces to zero.

It may be pointed out in this connection that when the dissipation is
negligible one would get a simplificd expression for total absorption as bas been
shown by Rayleigh (1920).

In this case taking amplitude of reflection to be B one gets

B=-1_ o 1

———— . 2 e

B+1 o+o’ cosf

and then the condition of unity absorption, t.¢.,
B=o

gives cos 0=——(£—~ =,
c+o! 1+g

A graphical plot of ag=1 — B2 for different values of 6 and g is given in Fig. 4.

This shows that even for notmal incidence one would get total absorption
which is not realised in practice. Paris (1927) from the consideration of
acoustic impedance has shown that under no condition one would-get maximam
absorption at normal incidence. ’
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Variation of ag with Frequency of Sound Wave and Physical Properlics
of the Sample

‘I'he general equation (1) does not give a direct relation between o, and
frequency of the sound wave f. A direct relation between «4 and f,can be
obtained as follows : ]

We have - M=20+gvv_ S ., say,

v 2nf v f
where S is the factor depending on the surface condition of the sample.

” A i~
Therefore = :_(.Lté”m_“{_"l )
ra 2w
Substituting the values of v and vy for air we have

S=o'36ﬂ.
T

Thus S depends only on the nature of the surface of the sample that is on
porosity and radius of the pores, and is constant for a particular sample. Let 8
be termed the ‘Surface factor’ of the sample.

-

Substituting — for M in equatioﬁ (1) we have
v f *
8s ([ 252 PO
o RIS E- 4: +1 cosf
vil\ £

(?% +-—2§:~ cos 6+ I)i 45t +1 ;2
vif o f?
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Simplifying

_ 88y [{(28%+1)+ v4S*+7®} cos 6
{(282+2S v [ cos 8+) + v 4S*+ [2}2
For nort;:al incidence 0 equals 0°, this reduces to

(4)

48V

- ap="" _—
282+ 28V [ +f
Eq. (4) gives a direct relation between absorption and surface condition of
the sample and frequency and angle of incidence of the sound wave.

The Nature of S

I'he minimum value of the ““Sur‘ace factor '* S, which a substance can
bave, occurs when the value of g of the substance is minimum and », the radius
of the pores, is maximum. It us assume the minimum value of g to be o.1,
i.c., when about ¢o% of the surfacc is perforated. (As the Rayleigh’s equation
was deduced with the assumiption that the pores were moderately small, less than
o'o25 cm. diameter, to allow complete dissipation of sound cnergy into heat
through viscous action in channels into which the sound waves penetrate), one
can accepl the maximum value of r to be about 0.012 em.  ‘I'he minimuimn value
of surface factor S comes near about 33.

When the porces are very small (say r=o0.001 cm.) and the area of the
unperforated surface is comparatively larger than that of the perforated surface
(say g=10), so that go% of the surface is unperforated, S has fairly large value
near about 4000,

In practice porous surface can be obtained having surface factor varying
from 33 to values more than 4o00.
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Fig. 5 (a, b, c, d and ¢) show the variation of a, with f, for substances
of diflcrent values of S at various angles of incidence. It is seen that for all
angles of incidence, substances having moderate values of S have a region of
maximum absorption within the audio frequency band. As the value of $
gradually increases the region of maximum absorption gradually shifts towards
higher frequency till it is beyond the audio frequency band. Thus substances
having high value of S show no seclective absorption within audio frequency
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band and their absorption simply goes on increasing with frequency.  lor a
particular value of S, the frequency at which maximum absorption takes place
is constant for all angles of incidence less than 65°31" and for angles greater
than 65°31' minima takes place at that frequency.

It is seen from the curves that in general the lower the value of S, the
greater is its absorbing Power. In other words the sound absorption coefficient
is higher when the diameter of pores lies within a certain prescribed limit and
the proportion of the perforated area of the surface is higher.
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EXPHERIMENTAL VERIFICATION

. 'T'he absorption cocfficients of some porous materials at different angles of
incidence and frequencics of sound wave have been experimentally determined
(See Paper 1). '

T'he variation of ahsoiption coefficient with 6 for one of these materials
(Jute surface) at different frequencies is shown in Fig, 6. ‘The nature of the
curve agrees with the curves theoretically deduced as shown in Fig. 1.
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In order to determine the absorption coeflicient of any sample from the
theoretical formula, a knowledge of the surface factor S of the sample is
’

essential. S involves the determination of ‘7 * the radius of the pores and ‘g
the 1atio of the unperforated to the perforated surface of the sample.

"I'he values of ‘1 "and ‘ g ' of the sample formed by jute fibres were found
from a microscopical study of the surface ; ‘ r’ was measured directly by means
of the miscroscope and the value of * ¢ * was calculated from a measurement of
the diameter of the bres and the number of ik es per unit area.  As the values
of ' r"and ‘ g ’ are slightly different at various portions of the surface a mean
of a large number of readings was taken.

'I'he average values of r and g for the jute sample were found to be
approximately Jor cm. and ‘1 respectively so that the surface factor of the jute
sample came out to be about 40. In order to compare the deductions of the
theoretical formula with the observational data the relation of the absorption
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cocfficient of jute sample at au anyic of incidence of 30" for various frequencies
has been coasidered. On plotting the data in Iig. 7 one finds that for lower
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values of frequencies there is a very fair degree of agreement between the
theoretical value and the experimental results. But for the higher frequencies
it is noted that the experimental curve of absorption is lower than the theoretical
one. Ifurther one finds that the maximum value of 0.88 is attained at 3000 c.p.s.
according to the theorctical calculations. ‘The experimental result, however,
shows the maximum at a much lower frequency, namely 512 c.p.s., and the peak
value of absorption is 0'83.

Such a divergence for higher frequencies requires an  explanation. It may
be remarked in this conncxion that our theorctical formula was deduced from
the consideration namely that the unperforated portion of the surface consists
of rigid elemenis indicating that energy incident on this portion is definitely
reflected at the solid boundary. But if these boundaries are of a resilient naturc
it is quite possible that some portion of energy is transmitted at this houndary
before they are reflected. TFor low frequencies this time clement does not play
a significant role, but for higher frequencies the yielding nature of the fibrc has
a tendency to absorh the incident ¢cnergy and the absorption will he afiected by
the reflected portion occurring after a dcfinite interval. In that case the
experimentally determined value of absorption will be lower for higher frequencies
and the peak value of absorption will attain for the value of frequency at
which the time lag factor is minimum. So absorption coefficient attains a

reduced value at a lower frequency.
'his aspect of the fibre regarding its yiclding nature requires a closer study.



46 S. Chatterjce and N. Duit

Here one may also expect certain variation between the Phases of the incident
and reflected waves due to yielding nature of the fibre.
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