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In recent years, the development of the adequate
statistical description of stochastic systema has constantly
been in the focus of scientifie attention, because of its
outstanding importance for a number of physical applications
such as turbulence, heterogeneous flows and materials, ran-
dom noises, etc, It was Wiener [1} who adapted to the case
of random functions the idea of Volterra concerning the rep-
resenting a functional in series with respect to a given
function. Since Wiener employed the Gaussian random white
noise as a basis function, the Hermite polynomials emergad
in the series and the method was named "Wiener-Hermite ex-
pansion" (see for details [2])+« The Wienet=Hermite method
has been applied to a variete of stochastic problems and has
proved to be a powerfull tool for attacking them,

However, the very essence of this method =~ the em-
ployment of Gaussian white noise as a basis function = makes
the Wiener-Hermite expansion not quite fitted to the sto=
chastic asystems with dilute ran&um nonhomogeties because the
Gaussianity implies a very dense population of very small
nonhomogenities. Naturally, this is not tha case in most ot
stochastic physical sysfgems since their nonhomopenity approsx-
imates ususally the Poisson random function, Poiason function
has been introduced into Wiener series in [3] , where the
name "Polsson=Wiener expanslon" has been coined, The out=
standing role played by the lntter in modelling of physiecal
systems, however, has been only racently reveliled in [h,j]

where the roquired tochnique forp attoncking the nonlinear
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1.0, the ensemble average of density is just the so-called
suspension mean density. Turning to the velocity ensemble

average one obtain:'
(5)  <(¥)= '1}9+ a' _fffl?(i’-g’)d"fz i+ Loy =15 )+ (1~ C)-ﬂt*f
-0

where if.‘; denotes the averags velocity in the particle an! 1?"
= the average of the diturbanecy ftald outside the particle,
The latter. can be specified only after solving the problem
for kernel K « It is to be mentioned thai ensemble ave-age
{‘U‘} of velocity coincides with the so=-called mean-volume
velocity of suspension.

The following average properties of Poisson func=-
tions are needed for further -manipulations

HE» =

(6)  LE)E)y = ¥8(E, -5+ g
GENHED > = P0G 808 G5+ ¥ [3E-E) 8- W Ba-2 )+

(for details see [3,4,5]). Making use of the above properties
one obtains the following equation of continuity

‘¢<P>
(1) - + div [¢pra]= ~div[(p-porc (F,-3,)]
It is well seen that because of drop relative motion there
arises a sourse term for the average continuum, Here one
should be awere that {?} is not a mean-mass velocity [6].

In the same manner an averaged system of equations
is derived from the set of Navier-Stokes equations:

M’ [Q(P‘l Fo)(v 3,,)]
(8) 4. {<P><w<i7> +2(p- fb)r:(u)(fr'-?)+<p>5JIIl<zfg)d‘?}
=V, { MoV Tt uopta)e OThs (s )y I.j’.r V@) RBHAE ]

It is easily seen that all the additional terms to the equa-
tions of pure liquid are of order of 0(C) or 0()Y ). An amaz=
ing feature of (B) is the additional term with a time derive
ative occurring due to the particulate phase relative motion,
The set of equations (7) and (8) can be closed mak-
ing use of the last of equalities (6), In order not to com-
plicate much the calculations, only the slow relative motion
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problems has been devoloped. .

' The most important feature of Poisson-Wiener expan-
sion is that each higher-order term contributes to the aver-
age characteristics a quantity whieh is of order of the re-
spective power of the econcentration of nonhomogenities. This
means that a truncation of the series at a sertain degree
forms an asymptotic expamsion with respect to the concentra-
tion. Nothing like that is known for Wiener-Hermite expan=
sion, In the present short note an application of Poisson-
Wiener method to the case of dilute suspensions is outlined
retaining all the terms of first-degree order with respect
to concentration, i.e. the hydrodynamic fields are developed
in truncated Poisson-Wiener series (see [5]) as follaw--

() $ed,+ I3 E-5#5HA% +00) ,
-0

vhere $ =i}, PsPypp and

- 1 inside the particle
(2) h{:"*;) o { 0 outside the particle

is the so-called characteristic funetion of particle (drop).
In present note only a suspension of spherical particles of
uniform radius is considered, Stochasticity comes thruﬁgh
the random positions of these particles, which volume is

() V= h@-rdE

and the volume fraction (concentration) of the particulate
phase is C = va. The other quantities can be specified as
follows:

ifu Po' Pe lﬂa = eontinuous-phase velocity, density, Pressure
and viscosity,

-
U:r'P'I' ,/uf = Velocity of the center of particle, density
and viscosity of fluid in drops.

=
Respectively, H(ﬁ‘z) and Pfi'-gj are the velocity end
pressure fields created by the presence of 'a single particle
in the flow of the continuous phase. Main objeet of the pre-

sent note is to ouline the way of specifying these functions,
It is obvious that

(b) PP P.-.~+(H-Polr.![?'ht£3d’?r Pot (f-PoyV= for(A-folc |,
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of particles will be considered, i.,e. the noniiuwwms and non=
steady terms in Navier-Stokes equations will be omitted.

What is obtained by multiplying equations of Navie:
Stokes by the quantity {{a]-[ and taking the ensemble aver-
aging is .

0= ¥%E + ¥ GiFOhE) 45 [Hot et @] % R}
(9) : R.
ﬂm- dm‘; !
which is nothing else but the governing system of equations
for a single=particle slow motion in an unbounded fluid, if
only T(. is thought of as a veloeity field created by the
suspended particle, Solution of this problem is known [?] ’
i,e. the problem can be closed and the unknown gquantities in
(7) and (8) can be identified. ,

In conclusion it should be stressed that the equa-
tions obtained are valid only if C2(£ 1 and only if the
lenght scale of the particle motion (namely, its radius Q.)
is much smaller than the langht scale defined by the velocity
gradient 6f the averaged flow. Under these assumptions the
Poisson-Wiener expansion forms a rigorous in asymptotic sence

basis under the statistical theory of dilute suspensions,
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