ISSN 1971-680X

Vol. 7 N. 2
April 2013
I I l -
Contents:
Tuning Effect in Particle Masses, Nuclear Data and Standard Model Parameters 135
by Sergey I. Sukhoruchkin, Dmitry S. Sukhoruchkin, Maria S. Sukhoruchkina
Retrieval of 24-Hour Aerosol Optical Depths from Mie Lidar Data at Phimai, Thailand 150
by Siriluk Ruangrungrote, Pichet Limsuwan, Arunge Intasorn
A New Molecular 5:3 Compressor Cell Based on Benzene Rings 157
by Fatemeh Khosravi, Keivan Navi
Golden Section with Trigonometric Function and Pell-Bhaskara Equation 162
by Carlos Figueroa, Martin Molinar, Carlos Robles
Calculation of Vibrational - Rotational Energies for Four Hydrogen Halides HF, 170
HCI, HBr and HI
by Rafah Abdul Hadi
Analytical Study of the Forced Harmonic Oscillator with Time Dependent Parameters 174
by Means of the Invariant Dynamical Linear Operator
by C. Qotni, A. L. Marrakehi, S. Sayouri, Y. Achkar
Surface Modifications of High Density Polymethylmethacrylate by SF¢ Plasma 181
by Khalaf Ibrahim Khaleel, Awatif Sabir Jasim, Mohamad Abdul Kareem Ahmed, Subodh Srivastava, Y. K. Vijay
Alignment Nanofibers Conducting Polymer (PAni.CSA/PEQ) Preparation 185

by Electrospinning Technique
by Tariq J. Alwan, Kareema M. Ziadan, Kadhum K. Kadhum

Enhancement of Junction Behavior of ZnO/a-SiH/Polymer Thin Films for Organic Solar Cells 194
by Farah T. M. Noori, Salma M. Shaban, Raad M. S. Al-Haddad

Parametric Muffler 198
by V. V. Arabadzhi

High Energy Gravitons 205
by R. J. Slobodrian

Study of Nonlinear Optical Properties of Methylene Blue Dye Doped Polystyrene Thin Flim 207
by Employing Z- Scan Technique
by Eman Mohi Alwaan

(continued on outside back cover)

QW

Praise Nwtl\:, Prize

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved



International Review of Physics
(IREPHY)

Managing Editor:

Santolo Meo

Department of Electrical Engineering
FEDERICO Il University

21 Claudio - 180125 Naples, Italy
santolo@unina.it

Editorial Board:

Vladimir M. Agranovich (US.A) University of Texas at Dallas — Nano Tech. Institute
Anastasios Anastasiadis (Greece) National Observatory of Athens

Jean-Pierre Badiali (France) Université Pierre et Marie Curie

Marcia C. Barbosa (Brasil) Universidade Federal do Rio Grande do Sul

Israel Felner (Israel) The Hebrew University - Racah Institute of Physics

Peter Hanggi (Germany) University of Augsburg - Institute of Physics

Hans Herrmann (Brasil) Universidade Federal do Ceara - Departamento de Fisica
Joshua Jortner (Israel) Tel Aviv University — School of Chemistry

Vladimir G. Kadyshevsky (Russia) Joint Institute for Nuclear Research

Yuri Kozitsky (Poland) Maria Curie-Sklodowska University, Lublin

Bo Lehnert (Sweden) Royal Institute of Technology- Alfvén Laboratory

Jukka Maalampi (Finland) Department of Physics - University of Jyvéskyla

Tito Mendonga (Portugal) IPFN, Instituto Superior Técnico

Risto M. Nieminen (Finland) Helsinki University of Technology — Dep. of Eng. Physics
Dorin Poenaru (Romania) H. H. National Institute of Physics & Nuclear Engineering
Rajeev Kumar Puri (India) Panjab University

Kestutis Pyragas (Lithuania) Semiconductor Physics Institute

Antoni Rogalski (Poland) Military University of Technology - Institute of App. Physics
Padma K. Shukla (Germany) Universitaet Bochum - Fakultaet fuer Physik und Astronomie
Gowind Swarup (India) National Centre for Radio Astrophysics

Hugo Thienpont (Belgium) Vrije Universiteit Brussel

Sergey Vladimirov (Australia) University of Sydney - School of Physics

Christian Von Ferber (U.K) Coventry University - Applied Mathematics Research Centre
Miki Wadati (Japan) University of Tokyo - Department of Physics

Xin-Nian Wang (US.A) Lawrence Berkeley National Laboratory

The International Review of Physics (IREPHY) is a publication of the Praise Worthy Prize S.r.l..
The Review is published bimonthly, appearing on the last day of February, April, June, August, October, December.

Published and Printed in Italy by Praise Worthy Prize S.r.l., Naples, April 30, 2013.
Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved.

This journal and the individual contributions contained in it are protected under copyright by Praise Worthy Prize S.r.l. and
the following terms and conditions apply to their use:

Single photocopies of single articles may be made for personal use as allowed by national copyright laws.

Permission of the Publisher and payment of a fee is required for all other photocopying, including multiple or systematic
copying, copying for advertising or promotional purposes, resale and all forms of document delivery. Permission may be
sought directly from Praise Worthy Prize S.r.l. at the e-mail address:

administration@praiseworthyprize.com

Permission of the Publisher is required to store or use electronically any material contained in this journal, including any article
or part of an article. Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without prior written
permission of the Publisher. E-mail address permission request:

administration@praiseworthyprize.com

Responsibility for the contents rests upon the authors and not upon the Praise Worthy Prize S.r.l..

Statement and opinions expressed in the articles and communications are those of the individual contributors and not the
statements and opinions of Praise Worthy Prize S.r.l.. Praise Worthy Prize S.r.l. assumes no responsibility or liability for
any damage or injury to persons or property arising out of the use of any materials, instructions, methods or ideas contained
herein.

Praise Worthy Prize S.r.l. expressly disclaims any implied warranties of merchantability or fitness for a particular purpose. If
expert assistance is required, the service of a competent professional person should be sought.



W2
o o o

Praise Nwthj Prize

International Review of Physics (LRE.PHY.), Vol. 7, N. 2
ISSN 1971-680X April 2013

Parametric Muffler

V. V. Arabadzhi

Abstract — This paper represents the alternative approach in designing of acoustical mufflers
and alternative analytical model of parametric acoustical device. The suggested approach (and
device model) provides passing onward of gas flow and reflection back of the acoustical waves,
due to very fast temporal modulation of muffler parameters. Using concrete example, it is shown,
that parametric muffler can have less wave-gabarits, less energy losses of engine, and less
acoustical power at output, than in traditional muffler. Copyright © 2013 Praise Worthy Prize

S.r.l. - All rights reserved.
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Nomenclature

= Quality factor of muffler

a Residual relative sound power

B Wave dimension of muffler

4 Wideband characteristic of muffler

£ Relative energy losses of muffler

A Wavelength of sound to be damped

D Geometrical dimension of muffler

®,,;,  Low border of sound suppression frequency
range

®,,,, Upper border of sound suppression frequency
range

Wy Rotary power of engine
m

Losses of engine rotary power for sound
suppression

R Sound power without muffler

R Sound power with muffler

A,B Hard tubes (pipes, waveguides)

h Cross-sectional width of tubes 4, B
C Fast switch (gate, bolt) of tubes

w Walls of tubes A R B

L Length of tubes

T Temporal period of switching

"
4

Velocity of flow on the output of engine

Velocity inside the tubes A , B

Vy Velocity of switching bolts in 2D version of
parametric muffler
fo Rotating frequency of rotary switch in 3D

version of parametric muffler
Teff Temporal scale of effusion

I. Introduction

Let us consider the following problem. Inside the rigid
tube gas moves (with velocity — much less than sound

Manuscript received and revised March 2013, accepted April 2013

speed) simultaneously with propagation of longitudinal
acoustical wave. We need create some device (muffler),
which would ensure gas movement and would block the
propagation of acoustical waves. To estimate the quality
of muffler we will use quality factor of the form:

E=1/(a+B+e+y) (1)

where a =(B / Fy)<<1-characterizes effectiveness of
sound suppression ( A -sound power on muffler’s output,
Fy-sound power on muffler’s input), S = (D / A) <1

characterizes muffler’s wave dimension (A, D -
characteristic wavelength of suppressed acoustical
waves, and linear dimension of muffler respectively),

V=0 / (a)maJr — O ) <<1 characterizes wide of fre-

quency range of suppression of acoustical waves ( ®,,,,

and are the maximum and minimum frequencies of
sound suppression), & =W, /W, <<1 characterizes ratio
power W, (taken for sound suppression) and W, (power
of engine). Really we need to maximize factor =.

The most obvious solution is concluded in absorption
of the sound resonator Helmholtz [1]. This approach en-
sures effective sound suppression (o <<1), but have a
narrow frequency range of absorption (¥ >>1), and re-
quires large wave dimensions ( 8 >>1) with very small
energy losses (& <<1).

Summarizing we can have Z <<1. Today, the most
broad spreading has got the solution in the form of re-
flecting filter ([2]-[5], without absorption in the simplest
formulation): long waves are reflecting atperforated hard
wall, but gas flow passes via a lot of small holes in this
wall. Muffler’s linear dimension D , diameter 7 of hole,
and minimal distance ¢ between holes are connected by
relations / << ¢ << D < A . Reduction of the hole's diame-

ter ¢ plus increase of ratio ¢/ ¢ >>1 are leading to re-

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved
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duction of factor « . But above things (plus reduction
factor () are leading to the growth of expenses ¢ of

energy of the engine, which is pushing the gas through
perforated surface.

At present "drum-like" version [6] of the muffler is re-
searched intensively. This version uses the conversion of
quick acoustical waves (to be damped) into slow waves
of bending in fine flexible steel foil membrane with their
absorption (conversion into heat).

This approach is characterized by practically zero en-
ergy expenses (& <<1) and small wave dimensions of
muffler ( 8 <<1). But, due to the resonance-like (or mul-

tiresonance) nature of absorption, there are difficulties
with providing of y <<1 (or of broadband suppression of

sound).
The methods of adaptive active control [7] are used
also, and they give € <<1, f <<1. But this approach

meets difficulties, connected with broadband self-
excitation of active system.

We shall notice, that all above approaches are founded
on devices with parameters, which are not assumed as
temporal variables. Reduction of the factor obstructs the
getting of at least one of aims «a <<1, y<<1, ¢<<I1,
and, as a consequence, - difficulty to get Z>>1 in the
system with parameters, which are constant at time. Be-
low we will show alternative path to = <<1, by using
quick commutation of muffler’s parameters in time.

I1.

Let’s consider two parallel closely spaced identical

tubes A and B (with length L and thin rigid walls)
both connected to some input tube (with acoustical
waves with velocity ¢ and gas flow with velocity

Principle of Parametric Muffler

V <<c) and output tube via controlled switches C
(gates, bolts...).

We will mean while that switching time scale is ex-
tremely small (7 — 0, really we need 7 <<L/c). Let’s
assume that in the temporal interval 0 <¢#<T switches
of tube A are opened (we denote this as 4=1), but

switches of tube B are closed (we denote this as B=0).
In this interval sound and flow are passing though

tube A and are closed in the tube B . In the next interval
T <t <2T switches of tube 4 becomes closed (4=0),

but switches of tube B becomes opened (B=1) ... and
so on with period T :

2

where J(7)=1 if t>0, J(¢)=0 if 1<0. We must

note, that at any moment ¢ one of two tubes Aor B is
opened for acoustical waves and gas flows.

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved
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Fig. 1. Concept of parametric muffler: spatial-temporal diagrams of one
wave inverter, formed by pair of tubes A s B . Each picture represents
instant (on the moments ¢, +¢,, ) distributions of gas flow (left side)

and wave field (right side)

Now let’s look at wave propagation and flow redistri-
bution in the pair of tubes A and B more thoroughly
(see Fig. 1, where running acoustical wave is represented
by a sequence of wave elements (like “wavelets”), which
are denoted by sequence of arrows). Left part of each
moment picture in Fig. 1 represents the gas flow, right
part represents wave propagation. We suppose, that:

T=L/c 3)

(¢ =330 m/s is the sound speed in air at normal condi-

tions and inside the pipes A and B ). which are denoted
by sequence of arrows). Left part of each moment picture
in Fig. 1 represents the gas flow, right part represents
wave propagation. Let’s assume, that at one initial mo-
ment ¢ =—-A (where A=T7/6, see Fig. 1) for 4=0,
B =1 we have some pictures of current flow distribution
(picture on the left) and wave propagation (picture on the
right) inside A (on the left) and in the tube B (on the
right). We assume also, that input of the tube pair is lo-
cated at the top and output is located a down.

On the moment #, =0 all wavelets inside A (marked
by arrows) have become directed to output. On the other
hand, the opened tube B have become completely filled
by “wavelets”, directed to the output. On the moment
t3=0+0 (or #;=0+7, where 7 —0) due to the
switches C we obtain 4 =1 , B=0 (with corresponding
redistribution of gas flow). Wavelets, being closed before
in 4 , begin go out of A n direction of system input (to

the top), but new wavelets begin to fill A (arrows, di-
rected adown). The sequence of pictures, corresponding
the moments #,=A, t; =2A, t, =3A, t; =4A, t3 =5A,

ty = 6A , illustrates the wavelets propagation.

International Review of Physics, Vol. 7, N. 2
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This means: a) step by step inversion of wavelet group
inside the closed tube B ; b) coming out from A (to the
top) of wavelets being closed in A during the interval
ty <
wavelets, coming from top. On the moment 7, =T,

t<ty; c) filling step by step of opened tube A by

wavelet group inside tube B becomes completely in-
versed and the opened tube A becomes completely filled
by wavelet group from the top.

On the next moment #,, =7 +0 (analogously to the

moment #; ) due to switches C we obtain values 4=0,

B =1, which mean the change of gas flow and the
processes of wave propagation on interval £, <t <t,,

processes, analogous to the ones, during the interval
ty <t <ts. So we see, that all acoustical perturbations of

the view

(p(xict) 4

(where x - is the coordinate along the pipes A , B see
Fig. 1) are fully reflected back from pair of tubes A, B,
controlled by C, as was described above (symmetrically
for incident waves, arriving to both ends of pipes A,

B ). Periodical redistributions of gas flow are accompa-

nied by radiation of acoustical waves, concentrated on

frequencies:
o=22rm/T ( m=

+1,£2,..) (5)

causing some losses of engine power. We indicate that

switch C (here and hereinafter) does not do some me-
chanical work with acoustic waves (does not radiate and
does not absorb their). The waves radiated are receiving
energy from the source (the engine), which is pushing
flow of the gas via muffler. Below we will call this de-
vice by "wave-inverter" and value T by "period of wave
inversion" or "period of switching". We note also, that
we assumed linear and only one-dimensional wave

propagation (4) within tubes A, B.

I11.

Now we will consider the some modification (see Fig.
2) of the above model of parametric muffler (with clear
implementation of switching): initially univariate acous-
tic falling field and initially univariate flow of the gas

2D-Version of Parametric Muffler

push through system of infinite quantity of strips W
(fixed walls with width L and thickness % ), located

periodically (with spatial period A >> % ). Strips W are
parallel to each other, rigid and fixed rigidly (in relation

to acoustical waves in air). Any pair of adjacent strips /4
means walls of waveguide (above described as tubes A,
B inFig. 1).

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved
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equidistantly spaced parallel fixed rigid walls; c -system of
commutating hard strips (bolts, gates...), which are shifting
horizontally to the right with constant speed V5

Besides this (Fig. 2), the above construction includes
two identical plane systems of infinite quantity of

parallel strips c (bolts, gates..
2H , width H , and thickness d . Strips C are rigid in

relation to acoustical waves in air too. Strips C (analog

.) with spatial period

of switches C in Fig. 1) are separated from strips w
(analog of tubes A, B in Fig. 1) by narrow slot of width

d

directing (Fig. 2). In this version of muffler the switching
time is:

and run at the speed Vj strictly along vertical

T=h/V, (6)

and period of switching (period of wave inversion) can
be formulated as:

T=H/Vy=L/c (7

We  will that slot width d

d e =7.3% 107> m of the free run of the molecules of the

suppose, length

air (at normal conditions) and minimal technologically
achievable roughness d,,., ~2x10*m of steel surface

[9], thickness d of bolts C are connected by relations:

®)

dypy <<d <d << d frce

Below we will call this system of parallel strips by
"block of wave-inverters /" (or I=wUcC ). One can

represent the gas pressure p; on input (x=0) of I and

gas pressure p, on the output (x=L) of I as the fol-

x,t) = ﬁ(x,t)+ﬁ(x)

where: p(x,t) - acoustical pressure, spatially averaged

lowing:

p( )

along the plane "x" (horizontal plane, which is perpen-

International Review of Physics, Vol. 7, N. 2
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dicular to the vertical axis "x"); p(x,t) denote oscilla-

tory component of the value p(x,7) with energy, con-

centrated on frequencies (instead (5)):

o=X2xm/T (m=i1,i2,...) (10)

ﬁ(x) =< p(x,t) > denotes temporally averaged value
(we note, that < ﬁ(x,t) >=0). To push gas through I,
we must ensure difference p(0)—p(L)>0 between
constant components of input and output pressures (the
graph ﬁ(x) of constant pressure is represented in Fig.
2). Relation (8) forms the effusion flow (via narrow slot
of width d << d Jree ) With characteristic time scale 7, .
The last means time, during which any initial pressure
distribution p(x,7) relaxes to the static distribution

p(x).

ﬁ(O)—f)(L) is ensured by engine power losses and is

The mechanical work of pressure difference

used for exceeding of viscous resistance and for produc-
ing of commutative acoustical waves on the frequencies

(10). Gas pressures, being averaged at time ( p; = p(0)

at x=0 and p; = p(L) at x=L), are identical on both

surfaces (external and internal) of each running bolt C,

due to effusion via narrow slots of width d .

So we can formulate the frequency range of sound
suppression (reflection of all perturbations of the view
(4) and, simultaneously, passing of gas flow):

Oy <O < Dy an
where:

Opiy >> 270/ Typp (12)
(the condition, which allows to neglect effusion):

Opaze >> 27/ T (13)

On the other hand, muffler misses through itself
waves on the frequencies:

|a)| <2r /Teff

(14)

|o|>27 /7 (15)
It is easy to see, that we can achieve wideband sound
suppression (o, << ® or y <<1) by the choice of

min max >

parameters A, L, d , 7 . Frequencies (14) can be
interpreted as temporal changes of engine’s acceleration
regime ("treadle of the gas"). The condition of univariate
(4) wave propagation (illustrated in Fig. 1) within the

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved
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tubes of wave-inverters block / (Fig. 2) can be
formulate as:

h<<L, h<<A

‘min T << T

(16)

A

‘min

reflected by muffler. Now we can see, that gas flow (with

=2rc/

o 1S least length of acoustical wave to be

velocity V << c¢) is passing through system I=wuc,
due to pressure difference p, —p, >0 on very low fre-
quencies |co| <27 /7,y . On the other hand, the acoustical

waves, concentrated on the frequencies (12), are reflect-
ing by the system of wave-inverters I=wUcC.

IV. 3D-Version of Parametric Muffler

Below we will consider 3D rotary analog (with finite
dimensions) of the above mentioned spatlally perlodlcal

infinite 2D structure of wave-invertors I = ¥’ U C.

Fig. 3 represents rotary muffler in its axial section. G
is input and output pipe-like hard detail with internal

radiuses 7, and R, (7,-radius of muffler’s input pipe,
Ty < Ez ). Details G are tightly pressed to the wave in-
verters block I with internal and external radiuses R,
and E > R?z. Cell-like transverse structure, formed by
walls Vf/,

radiuses

is concentrated between external and internal

R <E1 and R >R, respectively in the
waveguides block ¥ (Fig. 4). Cells (analogously to

waveguides A and B in Fig. 1 and Fig. 2) can be of
various form and dimensions (and unnecessary identical
to each other): square, hexagonal,...etc. For simplicity

we will consider square cells of ¥ ; h -dimension of cell,
I -thickness of cell’s walls W (h << h). Dimension &

should be sufficiently small (to meet the conditions (16))
and sufficiently large (to exclude too large energy losses

for pushing viscous gas through ‘I’) Rotary switch C
(with N, "petals", N, =4 in Fig. 5) is combined coaxi-

ally with waveguides block ¥ . Petals P (with thickness
d) have internal and external radiuses R, =R and

R1:

width d ) is spaced between petals P and block W .
Average gas pressure p; (exceeding output gas

—d (R >d > 0) respectively. Narrow slot (with

pressure p, < p; ) pushes gas flow through muffler (Fig.
3) with input (and output) velocity V;, and with velocity:
% :2r02/(EZ—E2)% 17)

within the pipes of waveguides block v, Only half of

total number N, = ﬂ(ﬁz —1’?2)/}12 of waveguides are

International Review of Physics, Vol. 7, N. 2
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opened at every moment of time. Angle width §0 of
petals and width 9, of gaps between adjacent petals are
equal at any numbers N, (Fig. 5):

9 =9, =n/N, (18)

In other words the combination /=¥ UC is the 3D

equivalent of above mentioned block of wave-inverters
with period:

T=L/c or T=9,/(2nfy) (19)

of switching (where f, is rotating frequency of rotary

switch C ) and with time of switching:

T <h/(27Rfy) (20)

Y
=
E
=
J =|
)

o %l
o
&
<

-
%W -
@D&

B, Vol R

Fig. 3. Axial cut of the muffler: G- “input-output” tubes,
¥ - block of waveguides, C - rotary switch

oy

Y

'R

=l

R, _h R, A,B

. %\ ~h
(1), LI

W

Fig. 4. Cell-like transverse structure of the waveguides block ¥ . Each
square cell represents acoustical waveguide A (or B ) with length L
and hard walls ¥/

The effusion time at condition (8) can be estimated
[10] roughly as:

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved
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Ty~ (12h3L)/(m?35) Q1)

where 0 =395.5 m/s — the most probable velocity of the
molecules of the air at normal conditions. By inserting
(21) and (20) (instead (6)) into (12), (13) we can obtain
the estimation of the frequency range (11) of sound
suppression for 3D parametric muffler.

Fig. 5. The construction of rotary switch ¢ , commutating gas flow

and acoustical waves. P -petals (bolts) with angle width §0 and gaps

between them with angle width §,

V. Technical Estimations

Now we will choose several concrete parameters of
parametric muffler (see Figs. 3-5): 7, =0.05m,

R=006m, R=016m, N,=2, L=02m,

h=0.005m, d =0.0001 m.
As a typical source of gas flow and sound we consider
an automotive 4-piston engine of internal combustion

with active volume 1.5x10°m?® and power
W, ~36750 W at the automotive velocity about 22.2 m/s

with frequency 46.7 Hz of the rotation of the gross of the

motor and frequency 186.8 Hz of explosive pulses of

engine, characteristic wavelength 4 =1.7 m of sound.
Also we get the estimations of volume expense

0.07m?>/s of gas and velocity Vy =8.9 m/s of gas flow
in the pipe of radius 7, velocity V; =2.02m/s of gas
flow inside pipes of waveguides block ¥ (Fig. 4) with
Much’s number ¥, /¢ =0.006 .

Temperature (and sound speed c¢) of gas is stabilized
by engine’s thermostat. A typical muffler gives energy
factor ¢ =W, /W, ~0.02 (where W, ~735 W represents

energy losses for silencing), wave gabarit factor
B =D/A=0.45, sound suppression factor (in power)

a ~0.05 . In accordance with above choice of parameters
we get period of switching T=L/c= 6.1x10™*s, time
T<32x107s,

T 2.4x10%s, the rotation frequency Jfo =412 Hz of

of switching is effusion  time

switch C (Fig. 5).

International Review of Physics, Vol. 7, N. 2
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This frequency is really achievable, if we take into ac-
count the maximum rotation frequency 2750 Hz,
achieved today in gas turbines [11], [12]. Below we will
obtain values « , E , 7, & (as analogs of values o , [,
y, € in (1) respectively, referring to traditional muffler)
for muftler with chosen above parameters and estimate
ratios a/a, B/B,7/y,E/¢c.

Taking into account (20), (21), (11)-(13), one can ob-
tain T <3.2x107° S, Toy ® 2.4%x10°s and, consequently,
y/y <<1l. Relation of gabarit factors is about
,E /P =0.4. In accordance with calculation data and

values V; and A, we obtain the pressure relaxation
(P1—Po)/ L ~5.0Pa/m per meter inside pipes of block
¥ (Fig. 4) with energy expenses W, ~5 W, energy fac-
tor & =W, /Wy ~107" .

The power of high frequency radiation (on the fre-
quencies (10), or about 3.1x10* Hz) we estimate as
W, ~(§/2)(pcV12), where S < (hNO /21?)(1?2 —Ez)

(S <1.83x107m?), that is to say W, <1.6 W. With
addition of energy expenses W, <40.3W for rotary
switth C we obtain & = (W, +W;+W,)/W, and
£ /& ~0.06. Factor of sound suppression for parametric
muffler is formed by three components & =, +a, + ;.
Relative suppression error (in power), due to Doppler’s
effect (in pipes of block ¥ ) is

ay = (22 (V /¢) (L/2) =2.5x107.
By addition component a, < (h/ E)z =1.7x107°
(caused by finite time 7 of switching) and component
- —\2
oy = [d /(271'/R):| =7.1x10" (caused by infiltration
of the sound
a@/o=09x107".
So, having a@/a<1, B/B<1, y/y<l, e/e<1,

we can expect some advantage with parametric muffler
in comparison with traditional one. In other words qual-

through slots), one can obtain

ity factor =1/ ((Y +h+E+ ;7) of parametric muffler
can exceed quality factor (1) of traditional muffler (or
Z > Z). Rotary switch C can be driven by small power
electromotor with stabilized rotation frequency f,. Now
a few words about thickness d of petals of switch C
and thickness & of walls W of the wave inverters block
. The values d and /% must be sufficiently large to
guarantee acerbity C and I to acoustical wave. On the

other hand, 4 and 4 must be sufficiently small to guar-
antee the small resistance to the moving of gas flow. Pair
"steel and air" allows such compromise (unlike the pair

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved

"steel and water"). We note, that parametric systems,
which were being suggested in this paper, are fully sym-
metrical for changes "input-output".

V1. Conclusion

An analysis of muffler alternative version has been
represented. Besides silencing of exhaust gases sound of
engine of internal combustion the above device can be
used in the ventilation ducts. Parametric muffler does not
absorb acoustical energy, but only reflects acoustical
waves and misses gas flow through itself.

Due to very fast commutation of parameters (based on
the contemporary level of technology) of acoustical
chain, its wave dimensions can be much less, than the
length of wave to be suppressed. Using concrete example
of traditional pair (piston engine)+(perforated muffler)
we showed, that parametric muffler version can provide
the superiority in sound suppression, in energy losses and
wave dimensions of muffler and frequency range of
sound suppression.
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