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In recent years, the development or the adequate 

statistical description of stochastic systems ha$ constantly 

been in the focus or scientific attention, because of its 

outstanding importance for a number of physical applications 

such as turbulence, heterogeneous flovs and materials, ran

dom noises, etc. It was Wiener [1] vho adapted to the case 

o~ random f'unctions the idea oC Volterra concerning the rep

resenting a f'unctional in series vith respect to a. given 

function. Since Wiener employed the Gaussia.n random vhite 

noise as a basis function, the Hermite polynomials emerged 

in the aeries and the method vas named "Wiener-Hermite ex

pansion" (see for details [21). The Wienet-Hermite method 

has been applied to a variete of stochastic problems and has 

proved to be a poverfull tool for attacking them. 

However, the very essence of this method the em-
ployment of Gaussian vhite noise as a basis function - makes 

the Wiener-Hermite expansion not quite fitted to the sto

chastic systems Vith dilute random nonhomogeties because the 

Cauaaianity implies a very dense population of very small 

nonho,"ocenities. Naturally, this is not th• case in most of 

stochastic physical ay.sftems since their nonhomoi;enity appro,. 

imates ususally the Poisson random function. Poisson function 

has been intrnduco~ into ~iener aeries in [Jj , where the 

name "Poiaaon-Wioner c,xpn1111.ion" hns been coined. The out

standine role played by the lntter in modelling of physical 

systems, however, hna boo11 only r~contly rovolled in [4,5) 
whffro tho roc1uirorl tochniquo for uttncking I he nonlinear 
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-1.e. the ene·emble average. ·or density is just the 80-ealled 

suspension mean density. Turning to the Vfflocity ensemble· 

average one obtains 
tJO • 

<s> ... ➔ S'rr~ ~ .., ~ .. ➔ • ... ~ (u)= lfo+Q JJK(:.r.-5)ci'J=l'd+C(i,(-v;)+U-C)rr: 
-~ ~ 

where ~ denotes th• averaga velocity in the parti~l• an-.'. tr' 
- the average· of the diturbaucr :fi!'ld outside the po.rticlu. 

The latter. can be apeci.fied only at·ter ~olving the problorr. ,. 
for kernel K • It is to be inent1onod that ensemblo Rve:•age 

( V > of velocity coincides vi th the so-called mean-vol.ume 

velocity of suspension. 

The following average properties oT Poisson func

tions ar• needed for ~urther,manipulation~ 

<'.{ell> = 1 
( 6) 

2 
<.!t~>fcrJ> .. r5Ct-1-s2.)+r 
<K14 )f<iz.) fc~~> = raCf,-L)oCr.-f;)+ tl8Cr,-oocfi"b)tfi~-~:'\J ~ f 

(for details see [J,4,5]). Making use of the a.bov• properties 

one obtains the following equation of continuity 

It i~ well eeen that because of drop relative motion there 

arises a sourse· term for the average continuum. Here one 

h ld b th t <j ' [ J e ou e avere a v, is not a mean-mase velocity 6 • 

In the same manner an averaged syst•~ of equations 

is derived .from the set of Navi•r-Stokes equationsa .., . 
~<\~tr)+ k[t(f1-fo)(¼-'10)] _ 

( 8) + V • { <pXtrX~> +.2.(~-fb)c.(v>(V.-°?o) + <p>i }ff K2cf)oPf} 
• V. {f<o V U--o + ~~)Jo)C ~ i1o+ yt.y1.)r !~~cf) K(f)cf'; J 

It i,s easily aoen, that all the additional tera\s to the equa~ 

tiona of pure li9uid are of ord•~ or o(C) or o( X ). An amaz

ing feature of (8) i,s tho ~qqition~l term with a time deriv• 

ative occurring due to the particulate phase relative motion. 

The set of equations (7) and (8) can be closed mak

ing uae of the last of equalitioa (6). In order not to ~om

pl.ieate muo,h the calculations I only the slow relative motion 
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problems haa boen devoloped. 
' The most important feature of Poiaeon-Wiener expan

sion is that each higher-order ·term contribute• to the aver

age characteriatica a quantity which 1• of order of the re

spective power of the• concentration of nonhomogenitiee. Thie 

means that a truncation of the 11eri•11 at a aertain degree 

for■e an aey~ptotic expansion vith .respect to th• concentra-, 
tion. Nothing 11kt that is knovn for Wiener-Hermite expan

e.ion. In th~ present abort note an application of Poisson

Wiener method to the case of dilute 11u11pensions ie outlined 

retaining all the terms of first-degree order vith respect 

to concentration, i.e. the hydrodynamic fields are developed 

in truncated Poisson-Viener aeries (11- [SJ) aa folJnv-• -
{ 1) .<p C 4>o+JSS11<i-fJf<i>dl{ +ocrt), 

-oO .. 
vhere <t • \T, p, p •/'- and , 
(2) h c~-?) :r 

inside the particle 
outside the particle 

ia the so-called characteristic: .runetion of particle (drop). 

In prvaent note only a auspenaion of spherical particles of 

unitorai radius ia considered. Stochasticity comes thro~gh 

the random positions of thee• particles, vhich volume is 

"° (:,) Y=Jff h(¾-?)cJl? _.,. 
1.nd the volume fraction (concentration) of th•• particulate 

phaee ie C • ~V • The other quantities can be specified as 
tollovs1 

Vo, Po• Po•}'o - eontinuoua-phase velocity, donsity, pres•ure 
&nd viscosity, 

- velocity of the center of particle, density 
and viscosity of fluid in drops • ... .. ~ 

Reepectively, K (:x.-g) and e (~-E) are the velocity end 

preeeure tielde created by th• presence of ·a eingle partiole 

in the tlov of the· c.ontinuous phase. Main obJe~t of the pre

eent note ia to ol..dine the· vay of specifying these functions. 

It 1• obvious that 
00 

(4) <.P) = Po +-(P1-fq}¥ J{!h(g)d3
??! fo1' (~-fi,)fV-: fo-t(f't-foJC ~ 
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of' particle• will be considered, i.e. the non..1.1.t.avau· ana non

steady ter■• in NaTier-Stokea equations will be omitted. 

What ia obtained by multiplying equations or Naviei 

Stoke• by the quantity f(O)-t and taking the ensemble aver-

aging 

(9) 
~~. ~ v1 r • '( <l-1',)h<i) .. v!.{ fi'•+ ~1,>h<l>] '} it J 
O(t}• ttiu-J K , 

which is nothing else but the governing system or equations 

ror a single-particle slow motion in an unbounded f'luid, if' 
.'!'9 

only I< is thought or as a ve1oc:ity f'ield created by the 

suspended particle. Solution of' this problem is known (7) , 
i.e. the problem can be closed and the unknown quantities in 

(7) and (8) can be identif'ied. 

In conclusion it should be stressed thet the equa-· 
2 . 

tions obtained are valid only if' C (( 1 and only if' the 

lenght scale of' the particle motion (namely, its radius a.) 

is much smaller than the lenght scale def'ined by the velocity 

gradient bf' the averaged f'low. Under these asaumptions the 

Poisson-Wiener expansion f'orms a rigorous in asymptotic sence 

baais under the statistical theory or dilute suspensions. 
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