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DYNANIC CHARACTERISTICS OF HETEROGENEOUS MEDTIA
IN VIBRATIONAL AND WAVE PROCESSES
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ABSTRACT
The complex mechanic systems involving & gr;at quantity of
the sume type elements, in particular, the rod systems <flowed
around by the one- or two-phase flow are considered ag the two-
or three-phase heterogeneous media with certain ‘effective proper-
t;es. Some recommendations for calculating efiective propertiea
and determining those on a base of the dynamic characteristics of

various heterogeneous systems are given.
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Cores, heat exclaagers and steam generators of tﬁe nuclear
power piants are the complex mechanic systems involving a great
quantity of the same type elements flowed around by the one~ oxr
two;phaée flow. In order to determine the dynemic charactexris-
tics of such the systems subjected to vibrational and acoustic
influences it is reasonable to consider these ones as.the elas~-

tic shells or tanks fiiled with the heterogeneous media with

gsome effective dynamic properties - the vibration density p’ and

the vibration viscosity ﬁﬁ . The first results of this approach
have been reported at the previous meeting of Zpecialists im

1977 .[1] .

This paper presents the main results of developing the me-.

.thods. for predicting the dynamic characteristics of complex sys~—

tems that have been received in the recent years. The models of
systems can be differed depending on the properties of the sys-
kem elements being a dispersed phase and the properties o; & con-
tinuous 1liquid phase. In the tube-and-shell heat exchangers
and the heat generating cassettes the continuous phase is a coo-
lant and the dispersed phase is the elastic tubes and rods tigh-
tened at the ends. The eiementary model of heterogeneous media
of au;h a type is the Newtonian liquid involving ellastically
tightened inclusions - the dipole type osciilators.

The two-phase bubble or dispersed media moving in the chan-
nels oxr flowing around some components of the power generating
equipment construétions are heterogeneous media with the freely
auspended, but in a common casgse, elastically deformed inclusions -
the osciliators of monopoie and quadrupole types.

The most important dynamic characteristics of the ﬁystems.

such as the natural vibration frequences WWJ and the dynamic
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response factors of a resonance Q are expressed by the for-
mulae of the same type as in [é]-

Wy =0o [1+—9_(%):_).\£] ,/2 | (0

Q= (2)
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where /7 , Wo are the mass and qaturgl'frequency of the empty
reservoir having the voiume ‘, » iESpectiQelJ.

In heterogeneous media under the vibrational and acoustic
influences the processes of dynamic interactionq between the
continuous phase and the inclusions are occured that are un;
usual to homogeneous media. The consideration of this interac-
tion resuits in the effective dynamic propertieé of heteroge-
peous media, such as effective condensability, effective density
and transmitting viscosity. In a common case these eiffective pro-
pertirs depend on elasticity, density and viscosity of the phases,
but the heterogenecus media themsolves'are.the inertial-visco~
elastic ones. For the class of heterogeneous media with elasti-
cally tightened inciusions the effective density and transmitting
viscosity are expreased by the dispersion relations [3]:
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dere 9 is the density of liquid, A==§V@) is the relative

density of inclusious, Y is the fuctor of udded masses, =
9a0U- @) (4+8)
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ration frequency of inclusions.

is the relaxalion iime, o is ihe nelural vib-

In particular, such tne heterogeneous media one can attri-
bute to a system of rods with a radius Q aud a liquid volume
fraction (P. (Fig.1).

y In the asymptotic cases cerresﬁonding to different phase
property combinations the formuiaa (3), (4), vhen W,=0 ,
describe the effective dinamic propoerties of disperscd media
with free non-deformed inclusions. So, for exerple, the hete-

rogeneous medium formed by the liquid with low viscosity and

Amhssless inclugions can serve aa the model of a two-phase bubble

mji~ture ‘when the frequencies of influencies are essentially smal-
ler as compared to the natural frequencies of bubble oscillations.
In this case (4]:
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where @ is the bubble radius, O =/2Wly is the thickness of a.

boundary leyer on thsir gurface- (it is supposed that S<«ca), |
The other as&mptotic case, when the denaity of inclusions

is essentially larger then the density of a contiquous phase

can correspond to the gas-or-steam dropping medla. From the Pigs.

(3}, (4) 1t follows that, when A>>1, WT>>1, W<<Wo .
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It ahould be noted that the effective dyanamic properties of

- heterogeneous media play a significant role not only in vibrati-~

onal processes determining dynamical characteristics of elastic
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giruclures being in contlact with these ones, but also in com-
pression viave istribution processes. It is pért;cularly impor-~
tant to take into consideration the disp.rsion deﬁenﬁencies of
effective density and trensmitting viscosity at the frequeqcies
beding close to the natural inclusion-oscillator frequencies.
Togetlier with the effective compressibility of heterogeneous me-
dia the effective density determines phase velosity, and the
transmitting viscosity determines the attenuation of compression
waves, '

Let us consider some céncrete equipments with the two.phaee
media and define the dynamic characteristics of these ones.

One of the most wide-spread components of power»enéineeriﬂg in~
stallations is the piping. The problems to secure a vibrating
reliability of these devices are ciosely counected with the de-
fining some dynamic characteristics of piping (natural Frequencies
and damping factors of vibration) with the purpose of building

up these ones from dangerous resonance regimes. A

Dynamic characteristics of the eléstic pfping with a two-~
piase flow are determined just as by its strustural parameters,
such ag stifnesyg , length mass, structural damping,
friction in framings and supports, so by time lag and damping ac
tion of a two-phase mixture (by effective mass and hydrodynamic
damping). .

I1f the two-phase flow has a bubble structure with the uniform
gas content of ¢P(r)-const through a piping section, then the
effective mass of a two-phase mixture (qn). and the hydrodynemic
daisping factor (Ez) per uhit length are defined by an effective
density of ? , an effective transmitting viscosity of }M and

an areca of piping profile of ]IR2

M=wp"R’ >  E=ap R’ (n

When substituting the relations of (5) into (1) and (2) we

obtain the dynamic characteristics of a piping.

The relations of (5) are checked experimentally [7] by
the method of forced vibrations of the tube with the tuoiPhase
bubble mixture. Prom the comparison of the rescnance (natural)
frequencies of the curved bibration of a tube and the damping
coefficient at filling tube with liquid and with the twe-phase
mixture there are obtained the values of effective dGensity and
effective transmitting viscosity at various gas contents, In the
Fig.1 and 2 are shown the cu}culatcd dependencics of (5) and the
experimentally obtained data. Often, the distribution of a gas

wvolume fraction throughout a piping profile iy non-uniform.

The very eigniticgqt non-uniformity can take place at the surface

boiling of liquid. Anoiher case with extremely non-uniform dist

tribution of a gas—or-stieam voluﬁe fraction is the snnular flow.
1= the intermediate case with step distributing a gas‘nontent

throughout a piping radius

b P:v)“: when o< r'<p,

), X ) * PA==
LA AN Y %, o2, > when R<r<R,

the effective mass and the hydrodynamic damping are expressed by
the relation [5]
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where the 9:*' P: and ;nf,,‘ﬂ*p of bubble media are determined in
accordance with a gas volume fraction ; and ¢, with the
equation (5).

From the expression (3), (4) there are followed various
extreme cases that have practical significance. In part%cular,
at ?z =1 and ¢, =0 the two-phase flow is an annular one. From
(8) it is followed that in this case the effective mass of the

two~phase mixture is equal to

R* ’
2 |-53 2 -9
= RA —_
M = srpk; = apR; T (10)
RZ

It is interesting to note that the effective mass’ of two-phase
mixtures at the bubble structure (see (7)) is smaller than at the
annular one at equal ¢ . On the contirary the hydrodynamic damping
of vibrating a piping with the annular two-phase flon-is found

to be smaller then with a bubble one (with equal ¢ ). In this

case from equation (9)is followed
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Thus, the effective mass of the two-phase mixture detgﬁining,

along with the mass of a piping and its stiffness the natural
frequencies of vibration is differed to some extent from a real
one.

How, consider the bundles of fuel rod assemblies or the tube
bundles of heat exchangers in the one-or-two phase flow of a
coolant. The dynamic characteristics of such systems depend, to
a large extent, on thne geomrtric shape of rods, their mutual ar-
rangement, the character of flowing around these bundles by the

medium and its inertial and viscous properties.

8.

When the rod bundle is vibraling us a porous hulf-permeable
body in the one-phase liquid the liquid excrsts a certain inertial
and damping influence upon it, which is taken into considereation
when calculcting the natural frequencies and umplitude with the
help of an added mass and hydrodysamic damping coefficient, For
the hundle of a cylindrical shape with a radius R consisting of
the cylindrical rods with a radius Q@ and existiug in the one-
phase liquid confined by a cilindrical shell with a radius R. ,
the added mass and the hydrodynamic damping are cxpressed by the

equations [4, 5] :

1+R%g/Re

M=smpRe - 7R
f 1- R?*¢/RE

(12)
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where p end M are the density and viscosity of the liquid,

—
—
ek ==

¢ is the volume concentration of rods in the Bundle, F=V2Ww 1s
*he thicimess of a boundary layer when the bundle of rods is vib-
rating with frewuency W .

If the vibration of a rod bundle occur in the two-phase bubble
mixture with the bubbles whose radius In is considerably smaller
then the radius of the rods and the gaps between them, the two-~
phase mixture can be considered as a homogeneous medium with the
effective density given by (5): .

P*= ¢ ‘ll-l-adot
wheras the letter o< re-denotes the gas volume fraction.

Thus, the added mass of the two-phuse bubbbe mixtiure for the

rod tundle, as for the other bodies, wili be smiller than the ad-

ded masa of the one-thane liquid by (l—o()( J+2) times.
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Thia cosclunion is coniimmed by the experimenyal data of.Carlucbi
ls].
Tie hydrodynamic damping of bibrations of the rod bundle in
*he two-phase bubole mixture conditioned to a large extent by
dissipative losses at bubbles is expressed by the formula [4]:
9ax(I-RPYRE)
 as(I+R%g/R2) T o, (1vex)?

wiich 18 in satisfuctury accordance with the knovm experimental
data [8].

" Often Lthe bodies of heat exchangers or the cans of cgssettes
with fuel assemblies are ratner subjected to direct.vibration inf-
lucnces than the rod bundies and tubes, In this case for the dy-
nanzc characteristics prediction it is advantageous to consider
those ones us the elastic cans or reservoirs containing the homo-
geneous media as the one- or two-phase bubbie mixture with elas-
tic crlindrical inclusios, i.e. as tne two— or three—phase iner-
tial-elustic media. The effective density of such a three-phase
medium is expressed by the relation:

?**z ?:P:m 91 —oX 1__(._9
P +a2 1-

where ?: is the effective density of a bubble mixture,?Z“ is the

effective density of liquid with cylindrftal inclusions (rods).

0Ot should be noted that if the effective densities of +the
two-phasc media Pk and P:“ are described by some dispersion re-
ia'ions having spccial features at the appropriate inclusion reso-
anances (the bubblies and the rods), then - the effective density of
the three-phuse madia ?'*will have more complex dependence on vib=
ration influence frequencies. It foilows fyrom this tha* the vib-

ratory system (the reservoir or the shell) having one natural

10.

frequency, for example, when filied with the thwce-phuse hnomoge-
neous medium is become a three frequecy onc and ils aplitude-fre-
auency charactnristics will nave threc rcsonances, ‘The umplitudes
of these three resonances are determin2d both by the applied vib-
rational load and the hydrodynamic damping or the effective trans-
mitting viscosity of the tree-phase heterogencous medium. ‘Che lat-
ter, along with the effective density, cun be expressed trrough
the effective properties of the two—phase medias
; Bps 1+ 9
f“ f‘ T RB(2x)? 1-9
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The calculated and experimental [6] dependences of the
effective density and the effective transmitting viscosity
for the system of elastic rods in liquid et the volume fra-
ctions of P=0,536;0,63 and 0.749 or at the relative bundle
pitches of 0-X=al1.3; &-X=1.2; @-X=1.1.
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Pig.2 Tne dependcnce of the effecﬁiye properties of
the buble mixture on the gas content.
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Pig.3. The dynamic characteristics of the
rod bundle in the bubble mixture.
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- to the one-and-two phase medium.
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