Int. J. Heat Mass Transfer.
Printed in Great Britain

Vol. 27. No. 7, pp. 979- 986, 1984

0017-9310/84 $3.00 + 0.00
Pergamon Press Ltd.

REFLECTION OF SOUND AT AN INTERFACE, TAKING INTO
ACCOUNT MASS AND HEAT TRANSPORT ACROSS IT

W. MaIER and L. MEINHOLD-HEERLEIN
Institut fiir Physik der Johannes Gutenberg-Universitit, 6500 Mainz, Federal Republic of Germany

{Received 26 January 1983)

Abstract— With the aid of an equation which was derived by Meinhold-Heerlein in 1973, five boundary

conditions are given for a two-phase system. These boundary conditions include the two of classical acoustics,

namely, steadiness of pressure and of the normal component of particle velocity across the interface. They

permit a calculation of coefficients of reflection and transmission which obtain the classical acoustic

coefficients as leading terms. Moreover, three transformation coefficients are given, describing the movement

of the interface and the propagation of heat waves in the liquid and vapour. The time-averaged energy
dissipation is calculated.

NOMENCLATURE

A dimensionless amplitude of the pressure wave
A, A, A, dimensionless amplitude of the incident,
reflected, and transmitted sound wave

a thermal diffusivity, 4/pec,

a, ratio of densities, p,o/p10

a, ratio of sound velocities, ¢,/

B dimensionless amplitude of the particle
velocity

C dimensionless amplitude of the heat wave

C,, C, dimensionless amplitude of the heat wave in
the vapour and the liquid

¢ sound velocity

¢y specific heat at constant pressure

D,, D, acoustic coefficients of reflection and
transmission

h specific enthalpy

J¥, g, Jand9  fluxes of i, energy, mass, and heat

k wave number of sound wave

L, heat of condensation

Lgg, Leas Lygs, Luae  Onsager coefficients

Lz Lyus—hgoluu

Lyy  Lgg—hyo(Lgy+ Lygg) + hioLaem

m mass flux

r,  mass flux in first approximation

14

P symbol for the interface
pressure

P modified Prandtl number
v

s

5 specific entropy
T temperature
time
specific internal energy
particle velocity
W, transformation coefficients of the heat wave
in the vapour and the liquid

t
u

8

W dimensionless amplitude of the movement of
P
Z transformation coefficient of the movement
of P.
Greek symbols
o, volume expansion coefficient

T [poflpoe®)] [ — D/, To)]

Y ratio of specific heats

] unit tensor

£ parameter of expansion

{ bulk viscosity

# shear viscosity

K wave number of heat wave
A heat conductivity

I chemical potential

I Navier—Stokes stress tensor
dn/dT vapour—pressure curve

D mass density

¥  source density in the bulk
Ty surface production of ¥

¥ general field function

T surface density of ¥

w circular frequency.

Subscripts and superscripts

vapour

imaginary part (as second index)
liquid

real part (as second index)

state of equilibrium

deviation from equilibrium

time average.

(R i -]

1. INTRODUCTION

THE scoPE of this paper is to give an estimate of the
dissipation of energy occurring during the incidence of
asound wave on an interface P. It is assumed that there
is mass and energy transport across P caused by
condensation and evaporation. To that end there will
be needed some coefficients which describe reflection
and transmission of sound waves at P and their
transformation into heat waves. Therefore, in Section 2,
equations will be provided which describe the
propagation of sound and heat waves in two-phase
systems. In Section 3, five surface conditions will be
derived with the aid of a general balance equation for
interfaces, among them the two classical® ones, namely,

* Classical in the sense of the treatise on the problem by
Rayleigh [1].
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continuity of pressure and of the normal component of
the velocity across P.

By means of the above-mentioned five surface
conditions, acoustic coefficients will be evaluated in
Section 4. Section 5, finally, contains the calculation of
the time-averaged energy dissipation for a two-phase
system consisting of pure water and its vapour.

2. DISPERSION OF SOUND AND TEMPERATURE WAVES

In this section we will consider a thermohydro-
dynamic system X which is not subjected to external
forces and consists of two phases and one component,
e.g. water and its vapour. X is divided into two partial
systems Z, and Z, by an interface P which is infinitely
extended in the x—y plane. Across P.thereis supposed to
take place mass and energy transport;; Z,and %, haveto
conduct sound and heat waves, furthermore, both
systems have to be built up in such a way that there is at
least one finite volume element in the interior of each
partial system which is not intersected by P. Thus,
balance equations for mass, linear momentum, energy,
and entropy hold in the interior of either of the two
systems. These equations are either written in the form

dy

pg HdivIy =, (1)

or

0 o) +div (pyv 4+ J¥) = g¥.
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Here p denotes the mass density, ¥ an arbitrary field
quantity (r,t) which is split into a part which is
constant with respect to thelocal vector r and time t and
a small deviation from it which depends on place and
time

i, 1) = Yo+, 1), )

J¥ denotes the flux density of  and ¢* the source
density of .

Let there be a sound wave, represented by its
amplitude A;, which is impinging on P out of the gas (cf.
Fig. 1). The sound wave will be partially reflected (with
A,) and partially transmitted (with A4,); furthermore,
there will take place condensation and evaporation in
time with the sound wave, which makes (a) P oscillating
around its position of rest at z = 0 and (b) Z, and X,
generating heat waves with the amplitudes C, and C,
caused by setting free heat of evaporation. Equations
describing the above-mentioned problem are:

(1) the balance of mass (M)

0

mp+&V@ﬂ=0; @
(2) the balance of linear momentum (/)
d
pd—: +divil =0, (5)

with I, the dyadic flux of linear momentum, given as

- 2 . ,
(?t( @) II = po+ 11" = p6—2y délf v—{ div v §;
z - Axis
partial system Zg with field quantities lbg
incident
sound wave,
Amplitude A;
reflected
sound wave,
Amplitude A, generated
heat wave,
- Amplitude Cq
n
—L—Z:\;V——————-—————-——-—-
move -
ment of
——2z=0 P Arnp}i— finterface P system I
. tude w
—z=-wW | — e -
transmitted generated
sound wave, heat wave,
Amplitude A, Amplitude C,
partial system Zl with field quantities q;l

FiG. 1. £, and Z, together with the types of waves in question.
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(3) the balance of entropy (S}

d Jé T 1_.
pS +div o = I grad  — TT*igrad v, (6
with the heat flux J = — A grad T where 4 denotes the
thermal conductivity.

An equation which will be needed not in this chapter
but in the following ones is

{4} the balance of energy (E)

(2 )+ divaT-v+d9 =0 7)
Pa\7 v ( = 0, (

with the kinetic energy v?/2 and the internal energy u.
Equation {7) is noted for the sake of completeness in
Table 1;it shows the field quantities used, ¥, their flux
densities, J¥, and their source densities, ¢¥.

Linearizing p, p, s, and T according to equation (3)
(which means that the incident sound wave must not
have a great amplitude A;) yields, together with the
linearized equations of state

P &

p :Z‘EP“%POTa (8)
X Cp m

§= 25y 7, 9)
Pnp To (

a homogeneous system of differential equations

y 8 ov T

e — — g, — =0 1
poct 8t Oz gy ’ (10)
l op ;o (43 0%t
op ii_(ﬁmﬁmo, (11)
polz 1 po 0%
ap aT . 8T
prT()E; “‘POC‘,E? +/L€;2~ = {, {12)

Equations (10){12) show the advantage of calculating
only perpendicular incidence of the sound wave on P.
Oblique incidence would require a set of at least nine
differential equations because of the three components
of the velocity [transition of equation (5) to equation
(11)] and the propagation of the viscous waves in both
media and the surface waves along the interface. The
transformation from perpendicular incidence to
oblique incidence is not trivial.
Making an ansatz of the treatment for p, v, and T

'§‘ l"ac

= A exp(i(kz—wt)), (13)

= B exp(i(kz—wt)), (14)

; = C exp(i(kz ~wt)), {15)

0

one gets a biquadratic equation to determine the wave
number k with four solutions k{ and k¥

def ig? y—1
Ry Rl E A Y 1
=k [+2(1+ Pr)]’ (16}
ky det s_4 (o 1+18( 1)<1 1
i+ ° T "y\a 2V pr) |

{17

Here &? denotes a parameter of the expansion

o2 dcf 43m+{w
o 2
subject to the condition &> < 1 (this is a restriction to
the sound frequency),

gfcpr,'(fif?a +C/11l

P ,
r 7

a Prandtl number which is modified by an additional
bulk viscosity, a is the thermal diffusivity

A
pOCp ’
and k¥ is the wave number of the sound wave, while x *
is the wave number associated with the thermal wave.

The following solutions of equations (10)(12) describe
the propagation of sound and heat wavesinX_and X;:

a=

(1) in the vapour

gﬁ = [Ai exp(—1i k2)+ A, exp(i k,2)
o

—17,8; (I«é)C exp(— (I—I)KZ)]

x exp(—iwt), (18)
v

. 1 _ L‘?_ B 7e—1 .
E— = l: " <1 3 <1 Pr, )) (4 exp(—1i ky2)
i)zcgz)‘J

(19)

—A, exp(i kz))—

N2} \/P

x exp(—1i wt),

Table 1. ¢, J¥ and o¥

Balance equation for ¥ J¥ Fad

Mass (M) 1 0 0

Linear momentum (J) " v I 0

Energy (E) 5 +u TIev+J¢ 0

Entropy (S) s il J4 grad 1 }»HV‘“:grad v
T T T
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T igl .
?: = [Fg<1 - T:) (A; exp(—1 k,2)

g

+ A, exp(i kz))+C, exp(—(1 —i)xgz)] exp(—i wt) ;

(20)
(2) in the liquid
DL 4 exp(—i kiz) exp(—i 1), 21)
0
ﬂ=I: 5 A, exp(—1 kz)
€ Proci
P 1000 e (1 =) [ exp(—i wr), (22
& —1i)Kz) | exp(—
\/2 \/ Pr, 1 €Xp Ky p(—iw
1
7= [T4, exp(—1 kz)+C, exp (1 —1i)xz)]
o)
x exp(—iwt); (23)
(3) the movement of P is described by
Cﬁ =W exp(—i wi). 24)

B
To reduce the dimensions of the foregoing equations, a
factor I" was introduced by the definition
def py y—1
p0C2 ap’I;) '

which is provided with the appropriate index g or 1.

Taking a system consisting of pure water and its
vapour between 0 and 100°C, &7 takes values between
1072 and 107 ° (calculated for a sound frequency of
1000 Hz); &2 is thus in the order of magnitude of the
acoustic approximation. To be consistent in the
following calculations & has to be omitted, while ¢ has
to be considered (g2 ~ 1077).

3. BOUNDARY CONDITIONS IN TWO-PHASE SYSTEMS

In 1973 one of us published a general balance
equation for an interface between two media which are
in contact by mass and energy transfer [3]. With the
help of this equation, boundary conditions for the
system under discussion are derived. The above-
mentioned equation gives a relation between the field
quantities y and the flux densities J¥ which are defined
in the bulk of the two partial systems X, and Z, and the
source density 7, of  on the interface

fid ”J'gp)" + o (V] —w)— p i (vg —w)

—dy+2Hwy, +1,=0. (25)

The additional terms ¥y, %y, and H denote the surface
density of ¢, its temporal variation and the mean
curvature of P, respectively. The superscript n denotes
taking the component normal to P of J¥ and v.
Making some assumptions about the system under
discussion, equation (25) is simplified slightly:
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(a) P is infinitely extended and plane which means
that

H=0.
(b) X has no surface tension which leads to

XE=0, XS=07

X‘EZO’ XSZO

(c) Thereisnoaccumulation of mass on P. Thisleads
to

Im = 0, =0,
v =0, %1 =0.
(d) Thereis no production of any field quantity on P
except that of the entropy s; furthermore, there are no
external forces acting on £ which leads to

tmw=0; 1,=0; 1;=0;

but
g # 0.

These claims lead to five surface conditions which are
derived from equations (4)«7). Three surface con-
ditions are contributed by the balance of mass, linear
momentum, and energy, while the balance of entropy
yields two surface conditions because of the linear
independence of mass and energy fluxes.

The balance of mass yields [by setting in the
appropriate i and J¥ from Table 1 in equation (25)]

Pty W) = piv,— W) (26)
Linearizing equation (26) leads to
Pgo(Ug —w) = polv,—w). 27
Defining the mass flux across P
Ty = 1= p (v, —w), (28)

and substituting equation (28) in equation (25) one gets
[together with conditions (a)«{(d)] a very simple form of
equation (25)

3 — I+, ~

v)+1,=0. (29)

For vanishing mass flux m, equation (26) is the first of
the two classical boundary conditions, v, = v;.

It is to be stressed that only in the case of entropy
balance one obtains 7, # 0. The balance of linear
momentum yields (already in linearized form)

é
Dy— (43, + ) % (vg—w) = P (30)
The asymmetric form of equation (30) is explained by
the fact that the derivative (0/8z) (v;—w) on the RHS of
equation (30) yields terms of the order of & ; to remain
consistent in the approximation these terms have to be
omitted. Equation (30) is the second of the classical
boundary conditions, if the viscosities are neglected.
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The balance of energy yields

T
Jeg=—4 %;1 +rr'lI:hl+(1/2)(v,—w)z

0
L ((4/3m+L) = (v, —W)], (31a)
4 Oz

with the specific enthalpy h. In equation (31a), the LHS
has been defined as the flux of energy across P

T,
7. ~hyt +m[hg+(1/2)(ug—w)2

L ((4/3m,+ ) g (ug—w)]. (31b)
Pe 0z

Linearizing equations (31a) and (31b) yields

T, o, .
ASFZ'—‘ —zla—z‘ = i, Lo, (32)

with the heat of condensation L, the enthalpy h[h =
(p/p)+u], and the linearized mass flux

. def
my = ng(Ug—W)
(the subscript 1 denotes that 1, is a first-order quantity).

The next boundary condition is due to the balance of
entropy

. Jg i
Ts = rils, )+ - o (33)

From this equation, the conjugated forces of the fluxes
Jy and Jg, X, and X can be obtained. Thus

1 1 5
Xy = A{— 7[u+ E(v—w)

1 b
——((@/3m+0) (- W)]}, (34a)
I 0z

with the chemical potential 4 and

1
Xp=A {—T—}, (34b)
because of the validity of the relation
ts =y Xn+JpX ;. 35)

The notation A{y/} indicates that the difference of the
field quantities , ¥, — ¥, has to be taken. Fluxes and
their conjugated forces are (according to Onsager)
combined as follows

Ju = Ly Xy + Ly X, (36a)

Jg = Lpy Xy + Lgg Xy (36b)

The relation Ly = Lg,, must hold.
In linearized form the two boundary conditions read
[after comparing equations (28) and (31b) with

equations (36a) and (36b) with the X ,, and X ginserted]

_ Lyml(1—a,) [dn _

Pgoltg—W) 5=
B0t Topgo

dT 1 pg

d L,[T T
+((4/3)ng+5g)é;(vg—vv)]— T—‘:[}i - ?(‘)] (37a)

67; _ Li(1—a)fdr o
T T Topgo ar P
8 LT T
+((4/3),+ cg)g(vg—w)]— —;—Z[FZ — ?’]. (37b)
0 (4]

Here dn/d T denotes the Clausius—Clapeyron equation
dn L,
daT To(l/pgo“l/P]o)’
where a,, the ratio of the densities of the liquid and its
vapour (a, < 1, but not negligible in the case of our
calculations), and L,, and L,, are abbreviations for

the somewhat lengthy combinations of Onsager co-
efficients

def
Ly, = Ley— thLMM7

def
Ljy = Lgg—hyo(Lgy + Lygg) + hgoLMM-

Neglecting the movement of P and the viscosities in
equations (37a) and (37b), the Onsager coefficients used
here and the coefficients Lpp, Ly, Lpr, and Lyp used in
ref. (2] are connected as follows

L. — To(Lgg—hgolLgy + Lygg) + hgoLMM)
r (1—a,)(LyyLer—LewLyg)

_ cgPoToLum
Vg(LMMLEE ~ LgyLygg) ’

Lrr

Low —— Pg0Cs To(Lage — heoLgar)
T Vg(l - ap) (LaemLer— LepmLoye) ’
Lyp = (1—a,)Lpr.
The factors Lpy and L, are not symmetric, they differ

by a factor (1 —a,). However, the reciprocity relation of
Onsager must hold.

4, ACOUSTIC COEFFICIENTS

Inserting equations (18)}+24) in the boundary
conditions, equations (27), (30), (32),(37a) and (37b) one
gets (for z =0) an inhomogeneous system of five
equations to determine the five unknown acoustic
coefficients D,, D, W, W, and Z. These acoustic
coefficients are the amplitudes of the reflected,
transmitted, and transformed waves, related to the
amplitude of the incident sound wave

A A C
D =2t D, ==, W, =%,
T4 tA4, o4

C .

w==", z=2

A A,
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The coefficients of reflection and transmission of the
sound wave are

1—aya 1—i
D, = o ~fe_pm) (38
‘ 1+a,,ac( 2 \/P ) (382)

D=—2 (1412 & _pw)  (38p)
‘T lvae\ 2 \/P '

For the sake of simplicity of the calculations (all

calculations had to be done by hand) only correction

terms of the order of magnitude of ¢, are considered.

The correction terms are [the superscript (1) means the

first-order correction term of D,, etc.]

T 1
D(l) 2'}’g(1_a ) pO rg dn Cpg 0 _
7}, daT L, l—a,
1
X ———
@7 (1—aZad)

Po dn \ [cpTp 1
DV =yl —a)( B0 —r, )~
e = a‘”(ro ”dT)( L, 1-a

1
X [@naT)(1 +aa)

Neglecting the heat conduction in the vapour, one gets
the classical acoustic coefficients D, and D, [1, 4].

The transformation coefficients W, and W are
formed like D, and D, which means that they consist of
one zero-order and one first-order term in &, (and
several other terms of higher order in ¢, which are
omitted here for the above-mentioned reasons) but for
the sake of brevity only the zero-order term will be
noted

(38¢c)

(38d)

_ 2(po/ To) = T'(dm/dT))
W = —aman taa) (3%2)
~ Apo/To) = T'\(dm/dT))
W= (dn/dT)(1+a,a) (390)
2a,a,
Z=— % (39¢)

At first sight it seems to be astonishing that the zero-
order term of W, does not vanish if 4, is set to zero. Buta
closer examination of the governing equations reveals
that the heat wave in the vapour is suppressed for
Ag — 0. The transition 4, — 0 produces &, — oo which
means that in equations (18) and (19) the heat wave in
the gas is damped out. Furthermore, only four
boundary conditions can be deduced, for the balance of
entropy yields only one boundary condition because of
the linear dependence of J,, and J.
The boundary condition for 4, — 0 is

LMM(I—ap)
Prolvg—W) = ————
08 Toﬂgo

~

drm ~
x [di,;Tl — P (43, + Cg)aiz(vg~ W)J, (40)

which means that only one Onsager coefficient remains
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to be determined and that there is no possibility of
calculating W,. The omission of the heat wavein the gas
while preserving the old boundary conditions as done
in ref. [2] is doubtful.

5. DISSIPATION OF SOUND ENERGY

Todetermine the time-averaged sound energy which
is dissipated on P, the fluxes of sound energy arriving at
and departing from P are added up and averaged.
Taking into account the movement of P this method
yields instantaneously [4]

X = poy—w) — Pylvg—w). (41
Here, X denotes the amount of sound energy which is
dissipated on average.

Before inserting equations (18), (19), (21), (22), and
(24) into equation (41) it is to be considered that
nonlinear operations between harmonic waves require
a return from complex representation of the waves to
thereal one. Thus, the real parts are to be taken from the
amplitudes A4,, 4, C,, and W and from the time-
dependent parts of the exponential function [5]; the
position-dependent parts vanish for the calculations
are done for z = 0 in a rough approximation although
the movement of P is considered

X = Re{poA, exp(—i wt)}

X Re{

—Re{poA; exp(—i wt)+ pod, exp(—i wt)}

A, exp(—1i wt)—Wce exp(—lwt)}
P10

. ¢ .
x Re{— C—“Ai exp(—i wt)+ =2 A, exp(—i wt)
Ve Y

2

—2C, exp(—i wt)—vc, exp(~i wt)},

g\/z \/P

42)
with
exp(—i wt) = cos(wt)—1 sin (wt), (43a)
A=A, +i A4, (43b)
A =A,+i1 A, (43¢)
C, = Cee +i Cy, 43d)
w=w,+iw,. (43e)

Here, the second subscript denotes, respectively, the
real and imaginary part of the amplitudes (4; is
considered to be totally real). Taking the time-averaged
value one gets a factor of 1/2 only for those terms which
are of the order sin?(wt) or cos?(wt); mixed terms
vanish. Dividing X by (1/2) (p§A%/p,ec)» the connec-
tion with the above calculated acoustic coefficients is
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made

X
(1/2) (P3AY/pgocs)
- apat(thr + DtZA) + YgZi(Dri + Dti)

= 1—(D}.+ D},

P £
+ 7; \/;rg (W, + W) (1+D,,)

+(VVgl— I/Vgr)Dri:I +ngr(1 +Drr—Dlr)'

(44)

The second subscripts r and i denote the real and
imaginary parts of the acoustic coefficients, respect-
ively. In the case of classical acoustics only the
underlined (dashed line} coefficients exist (if the
movement of P is considered); taking their values from
equations (38) and (39c) and inserting them into

equation (44) one gets
[v_XmJ _ 1,<m>2
(1/2)(p%A;z/ngCg) class. 1 +apac
2 2 1—
—a,a, —2a,a,| 1———M
1+a,a, 1+a,a,

2
1+a,a,

) =0. (45)

This result was to be expected ; the energy dissipation in
the classical case is zero. For our case the calculation of
X yields (if only terms of the order of ¢, are taken into
account)

i)
- il
(1/2) (p(Z)Alz/ngCg) ¢ Prg
1- 2 1-
x [D;” 2(—M +2a,a, 2%
1+a,a, 1+a,a,
2 2 2
+DV 2a‘,ac<< ) - )
1+a,a, l1+a,a,

+ 2 (po/To)—Ty(dn/dT)
"1tae, (dudT)(1+aa) |

(46)

For a system consisting of water and its vapour and a
sound frequency of 1000 Hz, X is a purely temperature-
dependent quantity; Table 2 shows some numerical
values of X which are calculated with the help of
thermodynamic tables. Unfortunately, Table 2 could
not be verified because of a lack of measurements
published in the literature.

Table 2. Percentage dissipation of energy
dependent on T

T, Mean dissipation of energy
O V)

0 0.192
10 0.118
20 0.0841
30 0.0610
40 0.0449
50 0.0337
60 0.0256
70 0.0197
80 0.0153
90 0.0120

100 0.00914
6. SUMMARY

The balance equations for mass, linear momentum,
energy, and entropy yield a set of differential equations
which have solutions which describe the propagation of
sound and temperature waves in a two-phase system.
The above-mentioned equations also provide a set of
five boundary conditions with the help of a general
balance equation for interfaces. They permit a
calculation of acoustic coefficients taking into account
mass and energy transport across the interface. Finally,
the dissipation of energy on P is calculated.

7. ADDITIONAL REMARK

As we recently got to know, equations (16) and (17)
were found already by Epstein and Carhartin 1953 [6].
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REFLEXION’D’UNE ONDE SONORE A UNE SURFACE ENTRE DEUX PHASES EN
CONSIDERATION DU TRANSPORT DE LA MATIERE ET DE LA CHALEUR

Résumé— Des conditions aux limites pour un systéme hydrodynamique a deux phases sont établies a I'aide
d’une équation dérivée des principes généraux. Avec ces conditions on peut calculer les coefficients de réflexion
et de transmission d’une onde sonore et, de plus, les coefficients de transformation qui donnent les amplitudes
des ondes de chaleur se propageantes dans la vapeur et dans le liquide. La dissipation de I’énergie est calculée.

HMT 27:7-C



986

W. MAIER and L. MEINHOLD-HEERLEIN

REFLEXION VON SCHALLWELLEN AN EINER PHASE_NGRENZFLACHE UNTER
BERUCKSICHTIGUNG VON MASSEN- UND WARMETRANSPORT

Zusammenfassung —Mit Hilfe einer aus allgemeinen physikalischen Prinzipien abgeleiteten Gleichung
(Meinhold-Heerlein, 1973) werden Randbedingungen fiir ein Zweiphasensystem, das Schallwellen refiektiert,
erstellt, die unter anderem die beiden Randbedingungen der klassischen Akustik, namlich Stetigkeit des
Druckes und der Normalkomponente der Schallschnelle iber die Phasengrenzflache als Grenzfall enthalten.
Aus den o.a. Randbedingungen werden Reflexions- und Transmissionskoeffizienten berechnet, die als fiithrende
Terme die klassischen akustischen Koeffizienten enthalten. Dariiber hinaus werden 3 Transformations-
koeffizienten angegeben, die die Ausbreitung von Wérmewellen im Dampf- und Fliissigkeitshalbraum
sowie die Bewegung der Phasengrenzfidiche beschreiben. Die bei der Reflexion der Schallwelle auftretende
Energiedissipation wird (im zeitlichen Mittel) berechnet.

HCCJIIEAOBAHHUE OTPAXKEHUS 3BYKA OT 'PAHULbI PA3JIEJIA C YYETOM
TTPOUCXOANUX HA HEH NMPOLECCOB MACCO- U TEIJIOTIEPEHOCA

Annotauss—C NOMOIUBIO ypaBHEHHsA, NpeanoxeHHOro MaiinxonsaoM u Xeepsaitnom B 1973 rony,
BbIBEJICHO LATb [PAaHMYHBIX YCJIOBHH Ans AByxda3HOH cucTeMbl. OHHM BKJIHOYAIOT OBA TI'PAaHHYHBIX
YCJIOBMS KJIACCHYECKOH aKyCTHKM, a MMEHHO: MOCTOSHCTBO JAaBJICHUSN H HOPMAaJIbHOH KOMIIOHEHTHI
CKOPOCTH Ha rpaHHLIe pa3fieNa, YTO NO3BOJSET PacCUHHTATh KOIGhGHLUMEHTHI OTPAXEHHS W NPOIYCKaHMA,
B KOTOPbLIE B KaUECTBE OCHOBHBIX 4/JICHOB BXOIAT KJIACCHYECKHE aKycTH4eckHe KodpbuumenTol. Kpome
TOro, npuBeAcHbl TPH KO3(pHIMEHTa NpeoOpa3oBaHus, OMHCHIBAIOLIMX ABHKEHHE rPaHULbl pa3fena
W paCIpOCTPAaHCHHE TEIJIOBBIX BOJH B XHUAKOCTH M rnape. PaccunraHa ycpeiHEHHas BO BpEMEHH
JUCCHNALIHUS IHEPTHH.



