Muffler Acoustics-Application to Automotive Exhaust Noise Control
Prof. Akhilesh Mimani
Department of Mechanical Engineering
Indian Institute of Technology, Kanpur

Lecture - 40
MATLAB Demonstration for Fully and Partially Perforated CTR

Welcome to lecture 5 of week 8. So, this is the final lecture for this week and all the
momentum that we have been building to finally demonstrate the MATLAB results the
MATLAB plots some simulation in MATLAB for the CTR; that is what we are going to
do in this lecture. So, before we do that. Let us just very briefly review what we had done

in the last thing.

So, this, these were the slides for the last class. You know you see these equations,
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Where, X is your vector which was written in this manner and we found out that once we
do B inverse A and what we have calling this as matrix C. Now, we had purposely recast
them. These equations in a manner which is basically rearranging writing the momentum
equation first, then the continuity equation in the duct one on the airway, then your

momentum equation two and the continuous equation two. So, with this arrangement M
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C; M; C,, you know we what we get is basically, leads to the form where we have your
B matrix in the in this form. So, this gives you if you set M, is 0, then it we get by the

identity matrix and we need not invert it.
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You can just simply I times this is just your variable state vector. Now, if M is non-zero
then, it is good idea to inverse the matrix invert the matrix and multiply, it with A. So,
pre multiplied with [A] so, to get [C]. Now, what we can do is that basically, we just
need to invoke the function expm [-C][T]. So, I have just shown the derivation only just

discussed it is derivation in a little bit detail in the last class.

So, basically what happens is that

{X} = expm ([C10){9}
Where ¢ is a constant you know phi is your set of constant

¢
¢ =1%

4

which are to be determined from the boundary conditions. Basically, relating things

upstream and downstream.
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So, now what are those? Basically,

ﬁ1~\
ipogolhf = expm ([C0){$}
2
PoCOﬁZ

x=0

let me call this matrix well. For now, I am just writing this guy as like this and at x is

equal to 0 you know I just have to put 0 to get the phi thing.

So, e to the power expm to the power 0; that is that will just give me I matrix remember,
the definitions that we had. We had the definitions e exponential to the power A is your |
plus A plus A square by 2 factorial plus A cube by 3 factorial and so on. So, we here, we

are just getting what? 0, 0 matrix you know.

( ﬁ1~ \
ipog(;Ulf = = expm (0){¢}
poCol,

x=0

So, we just get we can replace expm by

P
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x=0

So, I times identity times which is the 4 cross 4 and this 4 cross 1 here, we just get back

your ¢ vector.
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So, phi constant; so, phi constant is nothing, but your state vector or the variable vector
at x = 0. So, remember your perforated section something like this you know. So, this
was the sections z = 0 and this was z = L. So, this constant can then, be your state vectors
at x is equal to 0 ok. We will put all these guy here, is not it and then,

P1 \

{X} = expm ([C]x) 4p0€031 } inv (.)

x=0

( D1 ) ( P

CoU CoU
Po “0Y1 = expm {[C]L} Po “oY1
P2 D2
PoCoU, PoColU;

x=1L x=0

Now, if you go back to our figure this was x is equal to L. So, at this point this was X is

equal to L

(1)
expm {—[C]L} ipoqulf

251~ \
_ {Po€0U1}
P2

x=0

So, this is x is equal to L. Now, in transfer matrices we usually relate things that are
upstream to that at the downstream. So, what we can do from this guy from this equation
is that, if we were to multiply both sides by to e the power minus CL that is expm that is

what we can do is that you know expm minus.

We just put a minus sign and multiply this thing L being the length you know L is the

this length, is not it? So, once we do that and
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P1 \ P1

PoCol, _ &xpm {=[CIL} ] poC,U,
P2 [T'] D2
PoColz/ , _, pPoColUz/ .,
upstream variable upstream variable

Now, this will be equal to what expm, exp minus CL multiplied by expm in whole of C
into L that is that becomes expm to the power 0 or that is your identity matrix. So, this
will then become your identity times that is simply your p thing p; ¢; [ mean pl at x is

equal to 0 ok. So, then here, basically, that is what; that is what we have.

So, now, writing this in a more you know more arranged manner this we can write this as
expm. So, all we need to do to solve this thing of course, perforates now, one thing I
want to note here, is that just provide some general information that perforates has been
around since a lot of time ok, perforates have been around since almost like last 30-40

years.

This it becomes an integral component of all mufflers, but computation cheap
computational power is there only since the past 15-20 years or so. Now, in lot of
packages you have inbuilt commands for example, MATLAB which I have associated
with the course. We just use this command expm and minus C which is a C matrix which

is really you are A B inverse A.

And this entire matrix what we can do is that we can call this matrix as let say, [T]l. So,
and another thing that just calculate this guy and invert this. So, rather than inversion,
you would rather rely on you know suppose, if we calculated this matrix expm {[C][ L]}
and try to invert that matrix using the command inv something like this or this is the

matrix.

So, you could have done that, but a more clever technique is just use expm {-[C][ L]}
and let us denote this as [T]'. So, upstream variable this is your upstream variable and
this is your downstream variables. So, we have related upstream and downstream
variables. Now, how do we; how do we go about using this information; that is what we

have to see.
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Now, having denoted this matrix as T;, we probably would want to reshuffle a few
things, because we just trying to follow the convention available in the literature
regarding plane wave analysis of concentric or well perforated mufflers. So, as a result
what we would like to do is basically, if we just reshuffle the matrix in the sense that you

know let me just sort of rub this guy.

ﬁ1~\ T’11 T,12 T,13 T’14 ( ﬁl~
{pOCOUl} _ T’y o o e Ty {P0C0U1}

P T'sq o oo oo T'ay B
prCOUZJ x=0 T'41 T'1z Tz T'ag tpocoﬁzj x=L

And write it something like thisT';; T'y, T'13 T'14. So, this will become like this
ok. Now, if we were to just reshuffle this by putting p; in the second row and getting this
guy here. Similarly, p, at the downstream will be here, this will be here. So, this will be
followed by some sort of a; some sort of a rearrangement of the equations; that is your

rows as well as some of the columns. So, if you were to do it.

( P1 ) [T Tz Tz T'a]( P1_
pPoColUy _ T'3y T'sp T'zz T'aa| JpoCoU;

i P2 f T'21 T'az T'az T'oa i P2 j
poCol, =0 T'y1 T'az T'y3 T44J poCols x=L

(T]

Let see how the final thing or the form that will be amenable to application of boundary
conditions would look like. So, here this is looking like this. So, this would be T';; and
this would clearly be T';5. So, this no this is a fairly easy thing so, here since we are

moving P, in the second; in the second spot and p,CoU; in the third spot in the column.

We would basically reshuffle this guy comes here this guy comes here. So, as a result
what we would really have is, T';, T';3 and nothing will happen to this thing.
Similarly, this will become T',5 and T',, T',, and I am so, sorry my mistake this will
become T'33 and 32 34, because remember we have just interchanged this thing here,
this thing comes here, this row entire row and we are just shuffling across the different

columns. So, this is irelia T'33 will come in the in this place and so on.

So, this will become T',; T',3 T',, and it will be something like this ok. So, all these
thing will be there and P, poCy I am so, sorry ok at x is equal to L this is the vector here.

Once, we have this sort of an arrangement of the transfer matrix and let us call this
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entire, this entire guy as the T matrix ok. So, there was a reason why I called this as T,

this is simply the T matrix. So, we can write this entire thing as T times this thing.

P1— D2

=d

PoCoU”

Now, going back to our E-CTR configuration extended concentric tube resonator or just
CTR with so, it is also name as E - CTR. E - CTR means Extended Concentric Tube

Resonator so; that means, with neck extensions at the inlet and outlet.

So, once we have got this kind of a thing, it is a will be a good idea to have a look at the
boundary condition. So, let me go back to this figure. At this particular boundary, you
have a rigid plate you can also have a yielding plate, but for simplicity, because nothing

is rigid really.

We just assume the normal velocity to be 0. So, that our analysis becomes bit simple, but
in principle you can have you know a coupled or one way coupled system, meaning that
the you can have sort of a non-yielding walls. So, here one needs to go to structural
acoustics concepts here, at this interface the normal velocity or the basically, the normal
velocity of the fluid is equal to the normal velocity the time rate of displacement normal

to the plane of the plate.

And your plate itself is governed by may be your Kershaw equation. It could be a thin or
thick circular plate with a concentric hole in at the middle and then, your other condition
is a pressure condition which acts like a loading condition and this will radiate noise

outside in the far field.
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And similarly, here, but maybe we can those are still advanced topics and we probably
would not be bothered about that, but my purpose of introducing this was that in real life
imposing this rigid condition is only an approximation, because plates can sort of vibrate

they will yield no matter how thick you make them.

So, but for our purpose, we will introduce a rigid ball boundary condition there as a
result what will happen. Actually, let me go back to this place at this particular place you

know a and this is b,

Pa
poColUa

= + jcot kyla

Assuming that this is la and this is Ib ok. So, here the velocity is; obviously, looking into
the cavity, but if we have to really change its sign. So, here we have to put a minus sign.

So, this will become plus. Similarly, at this point the point b

Pb )
oCoUb = —jcot kylb

The velocity direction of velocity is not a problem we just have 1b ok. So, now, with
these conditions, we are good to proceed ahead and let us get back to these equations.

What we will do is that now, putting those boundary conditions.

p2(0) .

— = —jpoCy cotkyla
—7,(0) JPolo 0 ]
P2 (L) .

— = —jp,C, tkolb
7,(L) JPolo COLKy

So, we will have these boundary conditions. Now, after a lot of manipulations remember,
we are dealing with the system with certain with the boundary conditions mentioned

here; these ones.

So, we need to somehow incorporate these boundary conditions in this equation. We had
already done that in probably lecture 3, I recommend and then, we kind of slightly
digressed and moved on to different things probably perforated impedance expressions
and all that. But now, once we incorporate these boundary conditions and simplify those

for those equations that we discussed in the last in week lecture 3 I believe of this week.
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What we will get is basically, the following transfer matrix between the points [ will if |
call this point as you know 1 and this as point 2 just in the pipe just outside the perforate.

So, we would get

p1(0) [Ta Tb] p1(L)

PoCoU1(0) T, Tal (poColi(L)
So, we will get something like this ok. Where T a is given by
Ta :T11+A1 Az, Tb :T13 +A2 Bl

Ty this particular element. So, I am just writing down the equations and we need to
introduce a few more variables which you can which basically, come from the previous

lecture 3. Once you simplify these things, you will be able to get it.
TC :T31+A1 Bz, Td :T33+Bl BZ
So, what are A; A, B; B, what are those. So, A; is nothing, but your another variable

— (X1T21 - T41) B — (X1T23 - T43)
F ! F,

Ay
Ay =Ty + X3Thy By =Tsp + XT3,
Fy =Ty + XoTyy — Xq =Toy — X1X5T54

So, what is. So, we know now, A 1 A2 B F 1 is known everything is known. Only thing

that is not known is
X, = —jtankgyla

X, = —jtankylb

M
2010g7

1
20 l0g10§9
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something like this ok. So, this is basically, your inverse of once you kind of. I mean this
tan terms comes from these boundary conditions once we invert these things and you
will get to know that. So, once you know the four pole parameters the transmission loss

can be easily evaluated in terms of these expression.

- frarsoels?
4 frangel

frangel=4

L] Signa=93igma ]

So, 1 guess now is the time to jump on to MATLAB and we have already written the
code for that. So, here are some of the codes let me go through this only in a very
sustained manner the code. So, frequency ranges the first and lower and upper bounds

are 5 hertz and 2000 hertz you can choose whatever values you want.

But make sure that you are well within the plane wave range and this is more than plane
wave region just for the continuity sake the. So, the results will not be accurate up to this
range much before that, but just for argument sake, I have taken 2000 hertz and porosity

you can change you can put its like 30 percent.
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1 function [] -Illhﬂiiitﬂh_lﬂﬂﬂjiﬂtlchf

2= Eic

3

4= frangel=5;

K frangel=2000;

L] ERRRRARANARRERRUARRARERAARERRARAARERERRANAN

r sigud=30:
8= sigma=sigmasl0d;

-]

- th=3/1000;

- dh=3/ 10002

- EERREAEREERAAEEAER TR AR AR ERR AR EREERARY
-

A= fmfrangel:1:franged;

5 = nlwsize(f); nenl(l,2);

.= cli=343.1302:

7 (1111

- k= (2*pisf) /ol

L] EERARAAARRAARERERRARAARARARAL ALY

i

[ my=0.1:

2

3= D2=150/1000: WW% Diaseter of the chasher

And th dy. so, this is the thickness of the perforate holes. And now, these are the

parameters. So, you have 100 mm of annular area; 50 mm on each side. So, that will

make up your entire 150 mm length is 400 mm. These are some of the values.

i =
5_
‘_

] =

:_.-
‘-
5-
g =
7 =
i =

1-
:-
y =
4 =
5_

f=frangel:1:frangel;

nl=gize(f): a=nl{l.2):
cO=343.1302;

LELE

kQ= (2pivf) fc0:
ARERARARARAAAARAR AR AR AR AR

mged.1;

D2=150/1000: %%% Diameter
D1 =30/1000: %%% Perforart
L o= 400/1000; A%% Chambe
la=200/1000; W% Ext
1b=100/[000; AR Exter
1 perf = L -{latlb);

RRRRRREREEARRE AR AR AR AR AR AR AR R AR R AR R AR R AR

for i=l:n
Tl{i})=transmission loss(D1,D2.1 perf.la,lb, k0(i),th,dh, sigma,.ng);
end

Eigure(2)

plot(f,TLl,ch)

So, I would choose. Let us say; let us begin with 200; that is your 0.5 times this thing and

this is your 1 4. So, let us keep like this. Now, perforated length is the difference of the

extension length and this one. And actually, what [ would do is that really put this as 0

initially.
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And similarly, this also 0 so, we really have a CTR with no extensions. And this function

calls in the transmission loss file that is basically nothing, but thing to compute the value.

Sl=|pi/4)*(D1=2):

S2=|pi/4)*({D1~2); Y2ucO/52

@ D W B s R A W R
[ i

L
i

So, this is nothing new in this code. This always has to be used. But, main thing is your
transfer matrix. So, this is the key thing. So, it takes in the inner diameter, outer diameter
length la Ib frequency value; that is your wave number at that frequency thickness and

diameter holes porosity and the grazing flow value. So, computes the pipe area.

And now, they are different perforated impedance expression, that is why I reviewed it
initially. So, this was for the stationary medium and it is given in Salamat’s paper in by
the book by Munjal and also Melling has suggested the use of 0.85, but it would not
make too much of difference and he suggested use of 0.06 rather than 0.006.

So, it would not make too much of a difference for a stationary medium. This is only this
expression is only for a stationary medium. For a grazing flow medium; this is the one,

but which is given in the Rao and Munjal’s paper published a long time back; found out
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experimentally using an impedance tube test set up. And this is yet another expression

for a perforate.

1 wsction [Tf] =transafer satrix(Dl,D2,L,la,1b, k0, th,dh, sigea,ng) -_.
|

3= =3gTii=1)

4- C=343.1382

5 1

[ Spipe= (pird)*D1*2:

-]

5

-]

Li

L3

13 = zeta = perforate_ :F’-!"_.\.'.:'E-_-'!’.]_EF'.F!('-::, - sigma h, db B3 {10=-8) 2 =g
L4

5 AR R R R A AR AR R

1]

r A=zeros (4,400

L&

L9

4]

E.

O s R WA R b R R G

@

You know use rather more you know in the modern times with the one given in the book
or the paper by El Nady and others. So, here we can have grazing flow and bias flow
happening concurrently. So, we do not have a bias flow really. So, we just set the bias

flow value to be 0 and put mg some value.
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fE= T, 1I=TL(4,1]; T4, 2J=t1(4,3]: T4, 31=t1(4,21: TIL,AJ=Ti(4,. 40}
E7 EREERAR LRI AR AR AR AR AR R A AR AR LR R AR LR R R R AR
1]

5 Xl=-j*caniki*la); X2 = j*tan{k0*lb);

Ll

i Fl = T(4,2) + X2°T{4,4) - X1*{ Ti2,2) + X2T(2,4) ):

2

3= Al = (X1°'T(2,1) - T(4,1))/Fl: Bl = (X1'T(2,3) - TU4,3))/F1;

L]

Fs - A2 = T(1,2) + X2°T(1,4); B2 = T(3,2) + X2°T(3.4);

1 ARERRARARARRA AR R LR AR AR RN AR AR AR AR R AR AR AR
7= ral T(L,1)+#(Al*A2); Tb = T(l,]) + (B1*A2);

]

»- Tc = T(3,1) +{(Al*B2): Td = T(3,3) +(B1*B2):

0 BRRAARARRAARARRRAAARARRAARARRRNRRARRRANRRRRARRRRARARARAA NN RRAAR AR
Bl

- TI(1.1)=Ta: TE(1,2)=Th* (c0/3pipe) ;

3

4= T2, 1)=Tc (Spipe/cl): TE(2,2)=Td:

5

€

T

']

So, these are all commented things you do not have to worry about that. These are the A
matrix written in a certain manner. So, [ would not go through all the details, but these
are basically of the form that you know pertains to your I guess the ones that we

discussed here, is not it? Somewhere, something along these lines ok.

So, Aj,2 and A, | and all that. So, and this is your eye matrix; that is identity matrix. And
only when you have non-zero mean flow non-zero grazing mean flow; you define these
things and C is equal to B slash A when this is 0 when this is not 0 and simply use C is
equal to a which I have commented out. And this is the guy what I was talking about

expm minus C L.

5 - Bil,2)wmg:

6 - Bi2,1l)==ag;

7~ C=B\A:

] L] A

§ AR AR AR R R AR R R R AR AR R A kY

2

1= Ti= expm(-CrL) ;|

2

3~ Tl 1)=T1(l,1); Til.2)=T1(1,3): T(l.30=TLil,2}: TIl.40=TLl(l.4);
i - T(2,10»T1(3,1); TI2.2)=T1(3,3); TI2.3=T1(3,2); TI2,40=TL(3,4);
5 - T3, 1)=T1(2,1); TUI.2)=T1(2,3): TII.N=T1(2.2): TII 4)=TL(2.4):
6 - T =714, 1) T4, 2)=T1(4,3); T4, 0=T1{4,2); T4, 4)=T1(4,4):
7 PR AR AR AR AR R A AR A R R AR AR R R R R R R R R R R AR AR b
% T

y - Kl=-j*can(k0*la); X2 = j can(k0*lb):

0

1= F1 = T(4,2) + X2*T(4,4) - X1*( T(2,2) + X2*T(2.4) ):

r

3= Al = (X1*Ti2,1) = Ti4. 1)) /FL; Bl = (X1*T42,3) - T{4,3))/F1:

4

5 - A2 = T{1,2) + X2*1(1.4); B2 = T(3,2) + X2*T(3,4);

1 R AR AR AR AR AR AR AR AR AR R AR AR AR R RN AR R AR ARG
7 = ThA m TIL1LIAT*A2Y:  Th m Ti1. 1) + (A1%A2):

@ m
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And then, you re-shuffle or rearrange the matrices. This is the [T;] matrix; I was just
talking about this is the [T] matrix and then, these are your these are kind of your
boundary conditions which comes from the boundary condition. They are themselves are
not the boundary conditions, but they arise these terms, because of the implementation of

boundary condition due to the neck extension.

So, when la and Ib are both 0, X; and X are tending to 0 they are 0 and as a result, all
these terms will go away and this term will go away this term will also go away this term
and this term. The resulting expression will be much more simplified expression and we
will get a concentric tube resonator without extensions as the one the case that we are

about to discuss.

Then once we get Ta Tb Tc Td parameters these are really four pole parameters and now,
we convert this in terms of mass velocity by simple multiplication by characteristic
impedance and division of this thing by this thing. So, this is fairly simple standard
procedure. Main thing is these rather complicated expressions which kind of can be

nightmarish if you were to do it by hand calculation.

So, I avoided doing that and used a little bit of computer algebra and some known
literature to verify things. So, this I would suggest that you please practice it in your free
time and using the long hand manner. Now, one more thing before we go into parametric
studies, because from now onward, we spend a few minutes to do some parametric

studies. So, this is the perforate impedance file.

i -
2

3

4

= =
& =
7

e

=]

LO

&

L2

L3

La

LS

LE

L7

Le

== £ int = 1-1.47*poro~0.5+0.47%poro~1.5;

RO — del re = 0.-2*dh+200*dh~2+16000*dh~3:>

L

= mul = 2.179*mu;
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= K = sgrt{(-1j=*(k0*c) /nu) ;
- Kl = sgrt(-1j* (k0O*c) /nul);

— B = besselj(l. (0.5*K*dh)):
- J1l_kd = besselj (1, (kO*dh)):
= Bl = besselj (0, (0.5*K*dh)) ;
= F mau = 1-(4*B/ (K*dh*B1)):

= besselj (1, (0.5*K1*dh) )
= B3 = besselj (0, (0.5*K1*dh))

= 1-(4*B2/ (K1*dh*B3)) -

= rel = (1j*k0/ (poro*Cd))* ((tw/F mul)+(del re*f int/F mu)):
= rel = real(rel):
= re2 = (1/poro)*(1-(2*J1_ kd/ (k0*dh))):

0.3*mg/poro:
= reg = 1.15*mb/ (poro*Cd) ;

— rtheta = reallrelire?+relired) -

AJO B WNEHFOoOWDSOOBWNHEO WD NSo W0
|
L]
]
4
=

(11

- rel = (1lj*k0/ (poro*Ccd)) * ((tw/F mul)+(del re*f int/F mu)):
- rel = real (rel):

= re2 = (1/poro)*(1-(2*J1_kd/ (kO*dh))):

= re3 = 0.3*mg/poro:

- re4d = 1.15*mb/ (poro*cd) ;

= theta = :eal(re1+132+re;+r54):

— im = (1j*k0/(poro*Cd))*((tw/F_mul)+(0.5*dh*f int/F mu)):
= khi = imag(im);

= xeta = theta+lj*khi;

Ap N WNHFOWDOD SN WNHEOWYWOSS

(113

Which I have written sort of separately; so, this is your rather complicated thing that I
have shown you about. So, one needs to be have little bit of practice with programming.
So, that will be useful. This can be done in Fortran or you know there are so, many

things Octave or Python or something like that whatever you are comfortable with and.

So, basically these are this file basically takes in all the parameters and at the end, it
gives you the zeta parameter that is your perforate impedance. So, porosity mu kinematic
viscosity and all these things are sort of well computed. Now, once we have these things
all, we need to do is basically invoke this function ch really means what color you would
want to plot with. So, let us see what happens and we can keep changing the value. So, I

have set mean flow to 0.1.
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4- frangels5;
5= frange2=2000;
€ PRI AL AR S A AR AR 104
7= sigma=30;
8- sigma=sigma/100;
9
LR th=3/1000:
i1 - dh=3/1000:
L2 ERREARRERARRARRARERAARRRRRARRRRRR ARG
L3
14 - f=frangel:1:frange2;
bS5 - nl=size(f); n=nl(1,2);
L6 ~ cO=343.1382;
L7 TNk
jo — kO=(2*pi*f) /cO;
€ FERERAREARRRRRRARARALLRRBANRRIAY
v}
1- | mg=0}
¥
3= D2=150/1000:; %3%% Diameter of the chamber...
Eq =~ D1 =50/1000; %%% Perforated duct diameter...
5= L = 400/1000; %%% Chamber length
65— la=0/1000: 1% Extended-inlet length
T - Vet 1A/N - 288 Twramdad aslas 1amash
1 function [] ~[HENINETTUREEE o seior "
= i “TITIRLGN s patien)”
2 tic oy i
Help on “Mansmerson lods plosion)”  F1
3
e Cir=
4— | frangel=5; ooy Iy CisC
e - Pave ey
] frange2=2000; e i
6  BRRBRHLRLALRRRRLRBHAHRRLRELLS 2
T - g j_g'manj 0;: Lomment Cir-R
; : Unétmmend CirleT
B—  sigma=sigma/100; e P
9 Ewnbhuate Current Secton 1« Erer
10— th=3/1000; Tt Section Bresks Aiound Selection
11— dh=3/1000 7 '
= = -
g functon Srower mineFL
2 SESRLRLLLHHLRLELAHLALLHLRHERRY  rncoam CarleF1
i3 Code Foldeng |
Scnpen '
naA = f=Franmnlssl:Ffrancnd-= L
e ’_ L]

But we can put it to 0. So, let us do some transmission loss parametric studies.

Faew 10 MATLAB? Seve resources for (efing Started.
>> transmission_loss plot('k') 1
Elapsed time is 10.675742 seconds.

Jx>> |

So, what we do is we just click this function and with the parameter set, what we will do

is that. Let us plot with black color. It should basically get as the transmission loss.
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You see the maximum transmission loss is about it follows the dome and trough pattern
you know; exactly what you have for a simple expansion chamber, but do not be be-
fooled by do not just go with the fact that, well this is looking just like a simple

expansion chamber. So, what is the use why to do this algebra?

I have already told you the reasons why we should must use a perforated thing and use
do some extra work in you know deriving the equation then, you know getting the proper
perforate impedance expressions and all that. Although, we with this thing we would just
get this thing. We will soon see how the extensions can dramatically affect the
performance can enhance the performance exactly, like we saw for the you know

extensions without any perforate.

So, the; however, I must point out that the transmission loss performance of a E-CTR;
that is Extended Concentric Tube Resonator will be quite different in terms of tuning of
the length compared to a simple expansion chamber with neck extensions, for the simple
reason that perforate impedance has a major, major role to play. And you notice the
slide, the transmission loss is not identically 0. Although, it tends to that. Practically it is

0, but there are troughs that are lifted.
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Now, expansion reach this maximum transmission loss you know. Some of the
assignments that you would have solved, you can easily figure out that the maximum

transmission loss for something
X, = —jtankyla

XZ =_]tank0lb
201 M
og 2

So, this for the m is your area ratio ok. So, this would become 3 square that is 9. So, this

will become 4.5.

20 109104.5
N
hatm 10 MATLAB" St seiomarces Bor [ Soriend
>> transmission loss plot('k')
Elapsed time is 10.675742 seconds.
>> 20*1ogl0(4.5)

ans =

13.0643

S>> |
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And if we ask MATLAB to help us with the computation, we will get log 10 4.5 so,

13.06 for a simple expansion chamber.

b D,I T
AN D

And what are we getting here? We are getting 13.27 very very close to that you know.
Because of the perforate impedance, it has certain value. So, basically this will these
troughs, these domes will keep on has an increasing sort of a trend and what we will do

is that.

New to MATLAB? See resources for Getting Started,
>> transmission loss plot('k')
Elapsed time is 10.675742 seconds.
>> 20*1ogl0(4.5)

ans =
13.0643

>> hold on
f.‘l; >> transmission loss plot('k')

We will hold on to this figure we will hold on and have some fun with it.
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6_
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a_

1_

FHEEELELLHHHLBEHEHHLLHLDHHHHRH5L%S
mg=0.05;

D2=150/1000; %%% Diameter of the chamber...

D1 =50/1000; %%% Perforated duct diameter...

L = 400/1000; %%% Chamber length

1a=0/1000; %%% Extended-inlet length
1b=0/1000; %%% Extended-oulet length...

1l perf = L -(latlb);

A RN SR AR ARSI L LA LSS SRR L L EETHHSYY!

for i=1:n

Let us do some parametric studies. Let us put some mean flow 0.05 ok.

Wew 1o MATLAB? See resounces for Getling Stared,
>> transmission loss plot('k')
Elapsed time is 10.675742 seconds.
>> 20*1ogl0(4.5)

ans =
13.0643
>> hold on

>> transmission loss plot('r'")
Elapsed time is 1.356270 seconds.

And you hold on and plot with other color which is red.

16

2 AE00Qg
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So, in a fraction of a second, it did give us well 1.35 seconds to evaluate for the whole

frequency. Plane wave is very fast. So, it definitely does increase this thing and the

troughs also tend to increase the flow.

1-—

3-—
4_
5_
6_
71—
q-—

1-

Mew 1o MATLAB? See resources for Getting Started,
>> transmission_loss plot('k')
Elapsed time is 10.675742 seconds.
>> 20*1ogl0(4.5)

$-- 16-02-2021 15:03 —-% °
b bnghjnijn
%¥—— 1lo—02-2021 16:59 ——%
transmission loss p...
>1 20*1logl0(4.5)
-1 hold on )
E! transmission loss plot... nds.

al

M |

D2=150/1000;
D1 =50/1000;
L = 400/1000;
1a=0/1000; %%% Extended-inlet length
1b=0/1000; %%% Extended-oulet length...
1 perf = L -(la+lb);

%%% Diameter of the chamber...
Perforated duct diameter...

% Chamber length

C 00 0GC00000 0000000000000 000000000000000000G

And let us do one sort of 0.1. We can say you remember maximum Mach number that

we can have is about 0.1 5 or something like that.

MNew to MATLAB? See resources for Getling Stared.
Elapsed time is 10.675742 seconds.

>> 20*1ogl0(4.5)
ans =
13.0643
>> hold on
>> transmission_loss plot('r')

Elapsed time is 1.356270 seconds.

>> transmission loss plot('b'")
fr I
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So, this can be your blue color. So, this tends to increase and you have certain wiggles

here starts they start to show up.

ho $HELEEEEE0E0500855000900855500%

20

21— mg=0.15;

22

23— D2=150/1000; %%% Diameter of the chamber...
24— D1 =50/1000; %%% Perforated duct diameter...
B5— |L = 400/1000; %%% Chamber length

26— 1a=0/1000; %%% Extended-inlet length
R7— 1b=0/1000; %%% Extended-oulet length...
R8— |1 perf = L —(la+lb);

29 e e e
B0

Bl— [for i=1:n

_lje_hh MATLART Sew resources for Geting Stamed,
ans =

13.0643

>> hold on :
>> transmission loss plot('r')
Elapsed time is 1.356270 seconds.
>> transmission loss plot('b')
Elapsed time is 1.196289 seconds.
>> transmission loss plot('m')
Elapsed time is 1.159090 seconds.
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Let us do one more thing for 0.1 5 ok and then, let me use some other color magenta and

we see these peaks happening due to the mean flow at very low frequencies alright.

These are all characteristic of the mean flow thing. So, what I would suggest is that let

me close this figure.

na SN RN NN AN S

BE= [for i=1l:n

R0

21— mg=0;

22

23— D2=150/1000; %%% Diameter of the chamber...
24— |D1 =50/1000; %%% Perforated duct diameter...
25— L = 400/1000; %%% Chamber length

R6— 1a=0/1000; %%% Extended-inlet length
27— 1b=0/1000; *%% Extended-oulet length...
g8— |1 perf = L —(lat+lb);

29 L\':a..l-\-.-_-_-_.%l\'hi.;z_k\.:._.h_._f._.\._\.:).\ ..............
B0

3. 2229

And let us get back to our basic figure for the case when we have a 0 flow; that is a

stationary medium. Remember the code will work, because mean flow is already there,

S0, you just as a matter of setting things.

Reew t0 MATLABT See resources for Getiing Stared,
>> transmission_loss_plot('k')
Elapsed time is 1.346970 seconds.
>> hold on

Jx>> |
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Now, once we do that let us simply generate this figure which we will have generated

now, and hold on to it and now, play around with neck extensions.

19 BEREERHEEILHEERSLLARRLLRSRLRRREES

20

21— mg=0;

22

23— |D2=150/1000; %%% Diameter of the chamber...

g4— |D1 =50/1000; %%% Perforated duct diameter...
25— |L = 400/1000; %%% Chamber length

26— 1a=200/1000; 3%% Extended-inlet length

27— |1b=0/1000; %%% Extended-oulet length..

ge— |1 perf = L -(latlb);

29 EFEEEHESHERELHESHALLSLALH LS L ALL LT LLRLLHLLR RS
30

gl= [Cfor i=l:n

Now, let us do it in a step-by-step manner. So, what is half of 400? 200. So, 0.5 L the
other. So, extensions at the inlet, but there are no extensions at the outlet. Let see what

we get?

Niew to MATLAS? See resources for Gething Started. o
>> transmission loss pleot('k')
Elapsed time is 1.346970 seconds.
>> heold on
>> transmission loss plot('r')
Elapsed time is 1.085002 seconds.
>> grid minor

s>
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So, we will get this kind of a curve. That is a phenomenal increase we will do grid minor
to have a greater insight. Before we you know start putting in a extension of the outlet,
there are quite a few things I want to discuss. You know you see let us first put the data

tip ok. So, forget about the peak.

Peak can be anything peak theoretically, it is going to infinity. So, I do not really care
about the amount of attenuation that is produced. The frequency at which it it is
happening is important. We are we are doing the discrete frequency at 11 hertz so, 402.
Now, the resonance of this chamber is 343 divided by you know basically, Cy by Cy
divide by 21 Cy by 1 C; by 2 into Cy by 1.

Basically, when you equate k k naught 1 is equal to n pi you get the actual resonance. So,
1 is the complete length of the chamber including the extension. So, the first trough is
observed at the first resonance frequency of the whole chamber; that is at k f is equal to
Cy by 2 1. So, you know 343 divide by 800 if you do, because 1 is your this thing or ¢ 343
divided 0.8 if you do you will get about 428 or something like that ok.
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You will get 428 if I have to click this something like this 428. Now, we remember for
us extension concentric chamber with you know with extensions; you know with
extensions at the inlet and outlet; if we just had tube with 1 by 2 length. Theoretically, it

would have exactly tune the performance we saw that ok.

But then, the thing is does not really happen, because of end correction effects there were
some end corrections you would also have done some assignments related to that in the
last couple of weeks or so, but here we are we are deliberately choosing at / by 2 and
assuming only plane wave still they are able to tune the performance ok and that is really
because of the perforated impedance. So, that is one point I want to tell; that just by
looking at the configuration shown here, you would see that this is very much similar to

your extension.

ﬂ<§)

So, basically if [ were to use let me use the space here. So, theoretically, it is looking all
very much sort of similar to this one. So, this is sort of equivalent to your this

configuration, but because you have perforate, it plays a major major role and you have
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very different looking. Conceptually they are the same, but then you have quite different

results ok. So, we have this sort of a thing ok.

Now, we have the peaks here. So, what do we do with this? We have this thing here. So,
basically by 1 by 2 we cannot really just unit we have to do some kind of a tuning we
have to tune the length and anyways these are all based on plane wave model. So, this

will; obviously, fail.

There will be some high order mode generated at the interface between the inlet pipe at
the extensions and the annular cavity. There will be high order mode generated due to
the inductive effects of the evaluation modes, the effective length of the acoustic length
of the pipes will increase. So, in order to tune that we have to consider the geometrically

smaller length so, let me explain, but before we do that.

22 :
2= D2=150/1000; 3%% Diameter of the chamber...

24— D1 =50/1000; 5%% Perforated duct diameter...
25— L = 400/1000; %% Chamber length

26— 1la=200/1000; %%% Extended-inlet length

27— J_b=100|/1000; %% Extended-oulet length...
28— |1 perf = L —(la+lb);

29 5520 E%%5 AL ELRRRELS PR T TS T
30

81— [ for i=l:n

B2— Tl(i)=transmission loss(D1,D2,1 perf,la,lb,k0(i),
33— end

34— figure (2)

Let us also set this as 120 well 100; that is your 1 by fourth.

Neéw 1o MATLABT See resowunces for GEIhng Staned.
>> transmission_loss plot('k")
Elapsed time is 1.346970 seconds.
>> hold on
>> transmission loss plot('r')
Elapsed time is 1.085002 seconds.
>> grid minor

fk;} transmission loss plot('b")

And at least draw the curve obtain the curve. This is blue color.
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We see we have just readjusted the scale then, what we see. Now, is that your this peaks
this peak definitely, again happens at where it used to happen just when you have | by 2
and Ib 0. But now, when we have extensions at both inlet and outlet, you know 0.5 1 and
0.25 1, the performance kind of enhances in the at higher frequencies I mean beyond this

thing.

Although, we would still see a trough here, the trough is lifted significantly, but you
know another interesting thing is that even by choosing / by 4, we are not able to cancel
the second trough; what we vary able to cancel for a simple expansion chamber with
extension. So, these are definitely the doings of the perforate ok. So, let us have some

fun with it. What [ would do is that basically, get rid of the red curve ok
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And keep this thing intact and you know vary this thing. So, remember based on the
plane wave model, we are having the peak at this value at you know at this particular this

particular value ok. So, and this is happening slightly before the trough; that means,
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perforate the. What perforate is doing, is that it is trying to you know kind of; its effect is
to basically, increase the acoustic length. So, the resonance will occur a bit before. So, if

you were to add the geometric length that is if you were to I am sorry.

2

3-— D2=150/1000; %%% Diameter of the chamber...

4= D1 =50/1000; %%% Perforated duct diameter...

5— L = 400/1000; %%% Chamber length

6— la= (200-10) /1000; 3%% Extended-inlet length
7— |1b=100/1000; 3%% Extended-oulet length...

B— |1 perf = L —{la+lb):

9 b E R AR R AL R R R EE AR R R EREEE A AL AR A A EREE AR R A LR L
0

1— [Lfor i=1l:n

2= Tl (i)=transmission loss(Dl1,D2,1 perf,la,lb,k0(i),
3= |end

4= figure (2}

If you were to subtract or reduce the geometric length in such a manner that your net
length; your net acoustic length will be such that it cancels the trough, then we can sort

of uplift the thing. Let us reduce it by a small amount 10 let say 10.

Porw 10 MATLAB? Se¢ resources for Getting Stanmed
>> transmission loss plot('k')
Elapsed time is 1.346970 seconds.
>> hold on
>> transmission loss plot('r')
Elapsed time is 1.085002 seconds.
>> grid minor
>> transmission_ loss plot('b')
Elapsed time is 1.333800 seconds.
>> traanission_loss_plot('r')
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So, let us do it with the red colored plot and we will get this kind of a thing.

MNew to MATLAB? See resounces for Gaiting Started.

>> transmission loss plot('r')
Elapsed time is 0.900729 seconds.

jt}b transmissiﬂn_lﬂss_plot{'ﬂﬁ

So, it is there its approaching and then, if we were to you know let me use another color

or perhaps red only, but sort of get rid of this thing and put 15 here ok.

22

23—
24 —
5=
26—
et =
28 =
29

B0

Bl-—
B2 —
B3-—
B4 —

D2=150/1000; %%% Diameter of the chamber...

D1 =50/1000; %%% Perforated duct diameter...

L = 400/1000; %%% Chamber length
la=[200—15b/1000: %%% Extended-inlet length
1b=100/1000; %%% Extended-oulet length...

1 perf = L -(la+lb);

for i=1:n
Tl(i)=transmission los3(D1,D2,1 perf,la,lb,k0(i),
end

figure (2)

And it is almost nullified the trough ok. And if I were to maybe, takes a little bit more.

Say, 16 if I do.
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b2 -

23— D2=150/1000; %%% Diameter of the chamber...

24 — D1 =50/1000; %%% Perforated duct diameter...
25— L = 400/1000; %%% Chamber length

26— 1a={200—16|}/1000; %% Extended-inlet length
2 — 1b=100/1000; %%% Extended-oulet length...

28— 1 perf = L -(la+lb);

bao L s S E SIS L E LSS E L EEEEEHEHEEES %Y

Bo ‘
gt= [for i=l:n |
B2— Tl(i)=transmission loss(D1,D2,1 perf,la,lb, k0 (i) A
B3— 'end I
34 — figure(2)

Mew to MATLABT See resources for Getting Started,
>> transmission loss plot('r')
Elapsed time is 0.900729 seconds.
>> transmission loss plot('r')
Elapsed time is 0.903563 seconds.
>> transmission loss plot('r"')
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So, it is almost cancelled. So, basically what it means is that; it is possible to you know
account for the to tune the length tune the extension length in such a manner that really

your first peak attenuation peak to the resonator form at the inlet cancels as a trough.

And you see a dramatic increase you know this. If you come by this was only 13 now,
this is much more 18, 5 db attenuation and this was trough, you are getting more than 20
25 db at attenuation. So, this is a fantastic performance. Now, another thing that [ want to

point out is that; whatever extensions you are seeing.
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22 1
23— D2=150/1000; %%% Diameter of the chamber...

24 — D1 =50/1000; %%% Perforated duct diameter...

25— L = 400/1000; %%% Chamber length

26— la=(200-16) /1000; %%% Extended-inlet length
27 — 1b=(100-16) /1000; %%% Extended-oulet length..
g — l perf = L -(la+lb);

29 EEEEEEE SR RS LS EEEE LSS EEE T LSS LS L L H LSS EEEE%Y
30

3] — for i=1:n il
32— |Tl(i)=transmission loss(D1l,D2,1_ perf, la,lb, k0 (i) |
33 — end

34 — figure (2)

Corrections or tuning you are seeing at the inlet, will also hold for the outlet. It does not

plane wave kind of does not distinguish.

Mew 10 MATLABT See resources for GEITing SUared

>> transmission loss plot('r')
Elapsed time is 0.900729 seconds.
>> transmission_loss _plot('r")
Elapsed time is 0.903563 seconds.
>> transmission loss plot('r')
Elapsed time is 0.906085 seconds.
>> transmission_loss plot('r')

So, we can sort of demonstrate this thing well slightly more, but it is much better.
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22

23— D2=150/1000; %%% Diameter of the chamber...

P4— D1 =50/1000; %%% Perforated duct diameter...

25— L = 400/1000; %%% Chamber length

26— la=(200-16)/1000; %%% Extended-inlet length
By — ]_b=(100-14!)/1000; %%% Extended-oulet length..
28— |1 perf = L —(lat+lb);

29 R R R R R AR R R R R R R R R R R R R R R

30

Bl Cfor i=l:n |
32— Tl(i)=transmission loss(D1,D2,1 perf,la,1lb,k0 (i),
33— end

34— figure(2)

22

23— D2=150/1000; %%% Diameter of the chamber...

24— D1 =50/1000; %%% Perforated duct diameter...
25— L = 400/1000; %%% Chamber length

26 — la=(200-16) /1000; %%% Extended-inlet length
2] — lb=(100—15|) /1000; %%% Extended-oulet length..
28 — 1 perf = L -(la+lb);

29 AR AL AR AR LR AR R AR AR R R LR R E AR AR R AR AR SRR R R AR L
30

31— [for i=1:n

[2 — Tl (i)=transmission_ loss(D1,D2,1 perf,la,lb,k0(i),
33— end

34— figure(2)

So, if we were to; if we were to slightly modify it by taking 14. So, this was 16 just take

a bit less maybe, we can try with 15 as well.

Mew to MATLAB? See resources for Geiling Staried.

B transmissicn_'loss_plot ('r')
Elapsed time is 0.903563 seconds.
>> transmission_ loss plot('r')
Elapsed time is 0.906085 seconds.
>> transmission loss plot('r"')
Elapsed time is 0.879912 seconds.
>> transmission loss plot('r’)
Elapsed time is 0.870290 seconds.
>> tmansmission loss plot('r’')
Elapsed time is 0.938129 seconds.
>> transmission_ loss plot('r"')
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It would not be too different that is all I am saying. So, you are nearly there, but if you

make it like 15 so, this is all done by hit and trial or trial and error.
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So, if you have to do it 14 and do the calculations. So, you have nearly you know this the
attenuation here, due to the resonator formed at the outlet has almost nullified the trough.
So, basically what is happened is that, because of the perforate impedance, the exact

tuning.

If you choose / by 2, you know la is equal to / by 2, it does not really tune it based on the
plane wave theory you know. It is it kind of mismatches the trough. So, by choosing an
appropriate length, we can actually tune the performance and this happens by trial and

error, but then we have to wait and watch.

So, what happens is that; in the for experimental results, there will be full contribution by
the three-Dimensional modes ok. There will be evanescent waves that are generated at
the interface port chamber interface. So, the at the you know interface of the where the
perforated pipe starts and where the extension ends. So, at the interface, there will be

high order mode generated. So, all the tuning that we just talking about.

These are just based on the plane wave analysis, but one really has to do either a finite
element analysis of such perforated mufflers new based on things like advanced
techniques maybe, we can discuss it in a different course called numerical mode
matching or analytical mode matching where we find out the performance of such

mufflers incorporating three-Dimensional arm effects.

And then choosing the length in such a manner that the 1-D peak matches with a three-
Dimensional p peak and then, we can; we then we can do all those tuning business. So,
basically, what I am trying to say is that; the acoustic performance of a E-CTR will be
different from a expansion chamber with extensions and this and that is largely, because
of perforates. Now, we will keep these results aside and what we will do is that. Let me

make a simple change in the code.
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Zg— DI =5U7I00U;  %%% Pertforated duct diameter... ]
25— L = 400/1000; %%% Chamber length

26— la=(200-16) /1000; %%% Extended-inlet length
27— |1b=(100-14)/1000; %%% Extended-oulet length..
28— |1 perf = L -(la+lb);

29 E S LSS E S LS EE LB LT EEL LIS HLLLEELHLETLERELY
30

] = for i=1:n

32 — Tl(i)=transmission loss(D1,D2,1 perf,la,lb,k0(i),
33— end

34 — figure (1)

s |[plot (£,TI,ch)

36— grid minor
= toc
s = Ni=sizZe(r); n=nI(l,Z); =
L&— c0D=343.1382;
L7 kB L
ns — kO=(2*pi*f) /cO;
L9 HSHELESEELEEHEHSLTHEEEEELLEEHEEHEEEHEES
20
P1— mg=0.10|;
22
23— D2=150/1000; %%% Diameter of the chamber...
24— D1 =50/1000; %%% Perforated duct diameter...
25— L = 400/1000; %%% Chamber length
26— la={200-16) /1000; %%% Extended-inlet length
= l1b=(100-14) /1000; %%% Extended-oulet length..
8 — l perf = L —(la+lb); =

Let me use figure 1 and you know put a some; put some significant value of the mean

flow 0.1 say ok. So, it is hard to now start tuning the performance when you have flow.

Mew to MATLAB? See resources for GeiTing Staried.

'-'Elapsed time is 0.906085 seconds.
>> transmission loss plot('r')
Elapsed time is 0.879912 seconds.
>> transmission loss plot('"r'")
Elapsed time is 0.870290 seconds.
> transmission_loss_plot{'r')
Elapsed time is 0.938129 seconds.
>> transmission_ loss_plot('r')
Elapsed time is 0.863717 seconds.
>> transmission loss plot('r')

Elapsed time is 0.966524 seconds.
e S

Mew to MATLAB? See resources for Getuing Started. [

>> transmission loss plot('r')
Elapsed time is 1.313495 seconds.

S>> |
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T — D2=150/1000; %%% Diameter of the chamber. ..

4 — D1 =50/1000; %% Perforated duct diameter. ..

i L = 400/1000; %%% Chamber length

e — la=0; '*.H‘-.‘:I(.'A()(]—'Ii‘j)/'l(}l}[}; %% Extended—inlet le
o — lb=0; %% (100-14) /1000; %% Extended—oulet ler
a8 — 1 perf = I. —(la+lb);
EHLLLHLLLHLLLELLHLLELLLDHLL LS LEELLSELE L LSS L L LB LELSY

= for i=l1l:n

B — Tl{(i)=transmission_ loss(Dl1,D2,1 perf,la,lb,k0(i).
i — end

= Ifiguref{l) A |

So, but we will try to do something. So, I will initially, to begin with, put 0 here, and 0

here, and see what happens?

So, we get this. We already started getting these kind of things that we are seeing here.

N

®

®
T

N
T
P
L

Let me maximize the screen and I will do hold on.

Mew 1o MATLABT See resources for Geting Stared.
>> transmission_loss plot('r')
Elapsed time is 1.313495 seconds.
>> hold on
>> transmission_loss_plot('H'}
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T— mg=U_I07

2

2 D2=150/1000; %%% Diameter of the chamber...

4 — D1 =50/1000; %% Perforated duct diameter...

e L. = 400/1000; %%% Chamber length

&5— la=(200-16) /1000; %%% Extended—-inlet length
7= lb=(100-14) /1000; %%% Extended-oulet length..
i l perf = L —-(la+lb);

9 SHEEEL LS LELELLEHELLELLEHELLL LS LS L LT LLL LS LELEHRY
0

1= for i=1l:n

2 — Tl (i)=transmission loss(D1l,D2,1 perf,la,lb,k0(i),
= end

4 — figure(l)

And now, with the same value, [ will just uncomment it ok and see what happens.

- i ) . ) . ) . £ AEI0aa s

[\
/ \

B = /\
/ /

\

MNew 1o MATLAB? See resources for (efling Started
>> transmission_loss plot('r')
Elapsed time is 1.313495 seconds.
>> hold on
>> transmission_ loss plot('k")
Elapsed time is 0.978931 seconds.
>> grid on

Jx>> |

So, the performance definitely has increased. So, how about I do grid on and do this kind
of a business. So, we see the one effect of mean flow definitely is that it basically,
increases the trough. You know it increases the trough as we can see here, but it also you

know brings down the peak. So, all the peaks attenuation peaks that were happening that
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were occurring in these things; they have come down and the mismatch definitely is

there.

2580000

15

10r

(] 200 400 600 800 1000 1200 1400 1600 1800 2000

But, what I am saying is that attenuation is even at the lowest point, it is no it is fairly

significant 12 db or 12.5 db, but the peaks have come down. So, the mismatch is there. If

we were to you know sort of keep doing this iterations a few more time.

Zr=  mg=vu.107 o |

22

= D2=150/1000; %%% Diameter of the chamber...

24— D1 =50/1000; %%% Perforated duct diameter...

5= L = 400/1000; %%% Chamber length

26— la=(200—14|) /1000; %%% Extended-inlet length

27— 1b=(100-14)/1000; %%% Extended-oulet length..

28— 1l perf = 1L =(latlb);

29 T L e e et

30

31— for i=1l:n |

82— Tl(i)=transmission_loss(D1,D2,1 perf,la,lb,k0(i),

33— end '

B4—= figure(l) 2
e ——— S

>> transmission loss plot('r')
Elapsed time is 1.313495 seconds.
>> hold on

>> transmission loss plot("k')
Elapsed time is 0.978931 seconds.
>> grid on

>> transmission loss plot('k')
Elapsed time is 0.968385 seconds.

ﬁ}}
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So, this can be a little annoying for the people who do not really want to do this. Let us

put this as 14 and kind of go back to our figure and plot it again.

So, you know we would want this peak really to completely cancel out the trough for a
non-zero value. So, we what we can do is that; we can have a still higher value and do

this exercise.

I5= NI=S1Ze(I}; n=nl(l,Z]; =

Lée— c0=343.1382;

17 $5%%

N8—  kO=(2*pi*f)/c0;

na e e A A A A AR E Y
20

21— mg=0.15;

22

8= D2=150/1000; %%% Diameter of the chamber...

24— D1 =50/1000; %%% Perforated duct diameter...
P5— |L = 400/1000; %%% Chamber length

26— la=(200-14) /1000; %%% Extended-inlet length
27— 1b=(100-14) /1000; %%% Extended-oulet length..
RB— |1 perf = L -(la+lb);

So, I will say I will set the grazing flow value to 0.15.

TOI =507 I00U; %%% FPerrtforated duct diameter. .. ]
L = 400/1000; %% Chamber length

la=0; %%(200-14)/1000; %% Extended-inlet le
lb=0; %%(100-14) /1000; %%% Extended—-oulet ler

1 parf — L —(latib);

EEEEEEEEEDS

for i=1l:n
Tl(i)=transmission loss(D1,D2,1 perf,la,lb,kO0(i),
end

figure (1)

plot (£, T1l,ch)

grid minor

toc

And the extensions, extension length could be 0 to get a baseline case.

587



New to MATLAB? See resources for Getting Started,

>> transmission loss plot('r')
Elapsed time is 1.313495 seconds.
>> hold on

>> transmission loss plot('k"')
Elapsed time is 0.978931 seconds.
>> grid on

>> transmission_ loss plot('k"')
Elapsed time is 0.968385 seconds.
>> transmission loss plot('r')
Elapsed time is 1.104916 seconds.

fie>> |

4580090

And see what happens? We get start getting these wiggles or these peaks.

New 10 MATLAB? See resources for Getling Stared,

Elapsed time is 1.313495 seconds.
>> hold on

>> transmission_loss plot('k')
Elapsed time is 0.978931 seconds.
>> gxid on

>> transmission loss plot('k")
Elapsed time is 0.968385 seconds.
>> transmission loss plot('r')
Elapsed time is 1.104916 seconds.
>> hold on

>> transmission loss plot('k")
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I will put this hold on say put hold on and. I will sort of put this as 10 and 10 and see
what happens. These are all hit and trial really.

So, the peak is tending to this value, but what happens if we choose if we choose say

another values. Let say, if we choose a 5 or some 5, let say we choose 5 ok.
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And see what we are tending to get.

So, we are getting this kind of a thing. So, basically mean flow tends to reduce or

decrease the end correction kind of a thing.
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So, we are nearly there. So, basically, the point I am going to make is that the mean flow
definitely reduces that attenuation peaks that are present, but it still kind of tends to
produce you know it tends to produce some kind of increased attenuation at frequency

range where normally trough would occur.

So, basically what I was saying is that then, this mean flow will have only a small effect
on the end correction, but then in presence of mean flow, it is you know rather hard bit
difficult to tune the performance at least in the context of 1-Dimensional analysis. But
specially, when you have a large porosity like you know the ones that we have
considered, we have considered almost 30 percent porosity which is like you know

acoustically transparent as we can see from here; 30 percent porosity.

3

4- frangel=5;

= frange2=2000;

6 ...................................
71— sigma=30;

B— sigma=sigma/100;I

L0— th=3/1000;
11- dh=3/1000;

12

13

l4— f=frangel:1:frange2;

L5— nl=size(f); n=nl(1,2);

l6= c0=343.1382; S

So, for such a case end correction will be very small. End correction really is kind of
significant, when you have a very low porosity ok like something like less than 15
percent or things like that. And other thing that we also must note that impedance
perforate impedance is a function of many variables; which include you know, hole

diameter thickness and your mean flow of course.

So, they also have to be investigated and porosity of course. So, you know if we do it ah.
Systematically, if we were to do it, we can find out the generalized curve fit based on a
number of basically expressions for end corrections as function of all these parameters.

So, that will require a lot of you know trial and error to find out things.
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So, what I would suggest is that, we leave these things here and what we will do in the
next week that is week 9. We are really getting into the business end of the things and
seeing things what happens practically. For the first time in this week, we have
investigated. We just seen a glimpse of what mean flow can do in terms of very realistic

configuration.

This configuration has the lowest back pressure, because flow just goes through a
straight pipe. It has the least back pressure minimal. Now, what it could do is basically,
this sets the scene for analysis of more complicated mufflers like for example, cross flow
chambers. You know when you have the flow has to necessarily come out of the pipes
and your it has to go through the pipes and leave the chain from the other pipe and do all

the business.

And then, we have to there are different approaches; what we could do and then, we will
probably look at three pass mufflers; a bit more complicated and discuss things when
you have multi-path propagation multi different path the waves can take and how do we
do a network analysis of such a configuration. So, this probably will be the subject
matter of week 9 and possibly you know spilling over to week 10 and then, we will see

how we go with it so, till that time.

Thanks a lot.
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