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Attachment Criterion of the Diffuse Phase Particles in the Dispersive

System , to th~ collision surface in the quasi-elastic Rebound and Rolling

Cases.

by

“itold ~utowski
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1. Introduction

In the &~crk (1 ) the criterion was introduced , for the particles

attachment (or separation) to the surface streamlined by the dispersive

system ( aerosol or hydrosol). The collisions between particles anu the

streeml iried surface are due tc various n echanisrrs like for example ,

diffusion In the c~se of small ( Brownian ) partIcles and velocities ,

Inertial dpflectinn from the stream in the case of heavier particles

or hioher ve t ocity, adhesion of the particles sufficiently close to the

surface , orav itetional or electrostatic deflection from the stream ( in

the case of external electrical field). The streamlined surface than play.

the role of separator between the dispersed and dispersing phase. The

particle will be aepararted if it collioaa with the mentioned surface and

if tne achasion force is greater than the reaction force. It is more

convenient to use the energies instead of the force.. The adhesion energy

is obtainecs by multipl~ ing ~~ .-both aides of the Deryagin eque ’ity by

the displacement corresponding to the stats of particle separation (I.).
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2.

Such a state exists for the particle moving along the surface , ana for the

separation in the direction norm~il to this surface , the displacement

corresponds to the d4 stence at which one c~r Igricre the adhesion forces

( molec u lar , electrostatic). Therefore , fcr the criterion , the following

ratio is uced (1.):

/ - 

(1)

where E~ — aohesion energy, Er 
— reaction energy. irs this case the

Ninelastic u case was considered , ie. the separation due only to the

translational motion of the particle along the surface caused by the

fluid viscosity. irs this case E~= 1L~~ ~~~ where
,,
U.0 is the staic

friction coefficient between the particle and the surface, and LA is the
adhesion energy, equal to the product 

~
5r’ where A is the adhesion energy

on the unit of the contact surface ( specific adhesion energy), 5r
the actual contact surface ( particle contact with the colliding surface).
It wøg further assumed that 5r =T0 5k where is the contact coefficient
(~~(l ), and 5k — the kinetic ( envelope) particle surface . The

linear measure of this surface is (2) the kinetic particle dimension

— (S~ / 4J ,)~ , where 4.l
~ 

is the eauivalent shape coefficient of the

particle kinetic surface. Furthermore , the fluid gives the particle j
the energy Er mu~

2/ 2, where m is the particle mass , ~~ the mean particle
velocity Ut the distance from the surface along which the particle

travels. The mass of the porous particl e can be expressed by (2) :

m — 
~ç yr where c’ç is the density , — the particle volume ( excluding

the pores, except the closed pores included in ), which linear

measure is the static volume size, .qua~ u — (~Jç / I~Jy) , whe r4is the

coefficient ~f equivalent particle volume ~~~~.

According to the author ’s latest studies (2), the relat ions

between the quantities ~~ a~ and the aynemic quantity a are as follows

• .~



— mIf / (I — fi ,j) ’~’ e.~nd ~

wh ere~~~~cienctes the particle porosity.

In these formulas the so called kinetic shape coefficient ,~~0 used

irs (1), was amm ited , which is approximatel y equal to I for not too

elongated or dIsc—l~ ke particles , end is the motion coefficient. The

tr ’nsition from the geometrical quantities a,, Uk) to the dynamic one ,

is justified on the fact that the determination mathods, this quantity

ana the particle distribution v.a. the dynamic quantity, known also

as the sdi~S5t*ti.fla1 , are best known ano widely used; and the

approximate method for determination of)~~ as the mean porosity of

the particle set , is presently being developed (2).

Taking into account the given relations , ano the fact that4~,4.~, = 6

(for the effective sphere , hexagon , or cylinder with the diameter equal

to the height) one ob tains f rom th, equation (1):

(2)

whers~f~ 
= l2J~~~/~/T. 

The quantities 1Lt0 and~~,are unknown ( irs fact

undeterminable’), therefore , I4.I~ 
needs to be treatea as the empirLcal

conutFint. The quentityf for the non elongated or non cisc particles is

on th~ average O.9u3 (2).

Considering the phenomenon in the fluid boundary layer at the

callioirsg surface, the nonetutic layer inc the stresn mixing phenomen on

in the streamlined syetum , the expr e~uion wa~obteined determining the

cri terion u1,~ in the cases of isminar end turbulent flows. For the

problem considered here , the form of for the second cas. is of
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interest, and is given by

4
(3)

where u is th~ fluid velocity near the streamlinsa elements and

— 12p,G././J;

C0 is the constant resulting from the assumption u~ = C~ U..(l). The

velocity u is determined (3,1.) by

m IAir

where H~ is the hycirodynamic coefficient , obtainea from the velocity

fluid equation for the flow around the object , and u0 the velocity far

away from the object. for example, for the system of high porosity

fibers o.9) the hyorodynamic coefficient of I4appel — I~uwabara is

used (3)

1’ — —sJ~~p+,-- e,*I,s -- O (G~

where i—~~ is the so called system packing degree, the the constant

C is equal to 0.5 according to Happel end 0.75 according to Kuwabara.

For the flow around the cylind~Yet the low Reynolds number ( Re’ 0.5)

Lamb hydrodynamic coefficient H~ — 2.002 — in Re is used (3.’..5).

—•-—---- —.— —~ - — — ~~
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5.

The liquid flow velocity in the porous system can be replaced by the

measurable inflow velocity w , which is the ratio of the volume flow

intensit~ to th~ perpenoicular cross section surface.

I..= .z .

The criterion (3) after the substitution of the hydrodynemic factor

will become

A
p •— 

~~~~~ :. .. . 7

The particle moving along the surface can be separated because the

boundary layer separates or because of its instability due to the

turbulenees along the surface or at the edges or sharp corners.

The latest studies (6,7) show , that in the case of particle

adhasion to the thin fioers, the aohasion forces are so strong that the

particle separation cannot be attributed to the motion or tubulence of

gas, Accorcingly, the authors (6) introduced the hypothesis of the

elastic particle rebound. The adhesion ( or separation) criterion for

this case, which is not limited to fibers , is the goal of this work.

In addition , the case will be considered in which the particle rolls along

the colliding surface.

in the mode l s used for the derivation of the adhesion criterion ,

both in (1)  and jr this work , the surface deformation at this collision

was Ignored. Inclusion of those deformations would increase the value

of the contact coefficient. The contact coefficient ~~ wou ld incr..ae

end the particle energy at the collision ( io. the reaction energy) would

decrease. This probism of the influence of ceformation on the particle

adhesion was ~tu~ieG in (b), in order to explain the increase in the

number of trapped particles above certain velocit y, celle d the second 

-•••—--• ________ 
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cri tical velocity .

In the work (o) the axpr€ssion for the particle energy in the

collision with deformation was derived , and the expression for the

penetration depth for the spherical particle. This penetration would

cause the increase of the contact surface, thus the increase in the

contact coefficient. Undoubtedly, the value of this coefficient would 4U4/d.€LJ
..t.

~fset2Lawr rtJ 6~ .t.’ze, ~~~~~~~~~~~ . ~~+~~,zA~~J
depend on the partic le type and the colliding surface4to mUch grea er

degree than for the p1 astic cieform~tion . The exchanged energy corresponding

to the reac tion energy is (8)

N, =

where m0 is the mass of the aeformea surface elemnet. One can s~e that

for no deformation ( m0= o ) or for smal l deforrration (ns
0 <~~ m),

this energy can be accepted in the primary form as derived by the author.

As it follows from the ciscussioris and the results given in (8) and

(9), the second critical velocity, above which the particle adhesion

increases, and attributed by the authors of (8) to the deform ation at the

col l ision, is very l arge as compared to the velocities used for the

ph~~e separation in the dispersed systerts. According to the experimental

reaul ts in (S)’4$. deformation takes place for the decreasing particle

sizes at decreasing velocities , starting for the perticlq of’ the

order I — 2 at several rn/eec for the collisions

In the case of solia materials , for which the hardness exceed 
____

• times the hardness of p~raff in (b), these velocities will be much higher .

they reach several huncirec m/se(j~ On the other hand , if the collid ing

surface is ths liquid , the mechanical deformation can be only temporary ,

asia the contact surface and at the name time the contact co.fficiarst 1ia 

~~~~~~~~~~~~~ - _•-• -~~~~~~ — •—~~~~-- •~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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determined by the meniscus height on the particle which is dependent

on the liquid wetting angle.

The use of th~ velocities less then a few rn/sec in thi phase

separation process, is due to the fact that the higher velocities would

require higher energies to overcome the hydraulic resistance, which is

connected with the problem economics , and also because at the higher

velocities the particle separation would take place , an d thus the decrease in

• process efficiency. One has to point out that the very small particles ,
•due to’

smallar than ipm also completely edhere/ - the causes other than the

deformation , namel y due to the high values of the specific adhesion energy

A , which is proportional to l/r~ ( r — the particle raoius). In other

words , the particles could in general undergo the complete achesion even

without the oeformati.n. The diffficulties in separation of such particles

(5) era caused by the difficulty in the collision itself with the stream-

lined obstacle due to the inertia , trepping or gravitation , and the

diffusion takes place for the particles smaller then 0.3 — Q.5p~m . From

the experiments end discussions in (8) and (9) it fcflowe that the increase

of velocity to above the second critical velocity should increase the
bsc**s. ~

effectiveness of the separation process , especially/ with the increase

of velocity the effectiveness of inertial collisions also increases. It

applies only to the particle collisions with the given surface, that is

to the covering mono-’leyer. However , in the practically appliac phase

separation processes, the surface coating is multilayered , therefore , after

the ahcrt time the collision surface becomes atructurally the particle

layer . In this case the specific adhesion energy , which for the mutual

psrticls auh~sion in the layer ia called the specific autoadhesion

energy , is considerably reduced as compared with the adhesion to the

solid etete surface (10). The exception are the collietone of wettable

• 
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particles with the fluid , that is, the particles for which the wetting

angle with the given fluid is less than 900(11), and which are wetted

by the fluid after the collisIon .

it follows then frow these retrarks , that it is justified to neglect

the deformation phenomenon in the models used for the determination of

the adhesion criterion of the ~er ticles to the collision surface in

phaa~ separa tion processes , anu this does not introduce any essential

aiscrepencies.

2. Derivation cf the Adhesion Criterion of Particles to the Collision

Surface for the Case of Rebound

This problem wi’l be studied under the assumption of ideal elastic

co 1lision without the sliding . Ignori ng the sliding is justif1e~ in this

case , since if et the l ack ~f’ rebound the adhesion force is by assumption

so stronq ,tP’at it does not allow for the partic l e motion , there should

not be an~ sliding at th~ col1isicn but at the most the rebound. In

the instant of collision , hoL ever , the adhesion force is acting and if

it is cor~parable with the p~rticle im~ac t forc e, it brakes th~ particle.

This is why th~ term “qudsi—Sl*atic - rebounu ” is used . The achesion force

is the factor causing c~rtein “naflela~ticity ” , and it is relativEly large

for the particles of the oruer of several tens of pm (10). When the

particle collides with the stationery surface , this phenomenon can be

considsred as a collision with the wel l , and If the colliding surface

element moves with the velocity u , that phenomenon can be similarly

treated. tile are not interested in the direction of motion of the

•bst~~ t4i~ slamami, , or in the change of its kinetic energy , so in this

case the relative velocity between the partic le end the surface element

should be used for the collision velocity.

__________
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Fig Is. shows the distribution af’ forces during the elastic collision ,

ignoring the adhesion force. The impact force is distributed into normal

force ~~ which gives the reaction force — FW , and the tangential force

F .  The resultant force F of F~ and F forms the angle with the normal

direction which equal to the collision angle 4 (, and is equal in size to 9:’

the co’lision force F~.

In Fig lo. th~ cistribution of forc~s is 3hown wh en the adhesion

force F
1 is taken into account (quasi—elastic collision). In this case

asia F(F2. For the case of i — F~ I, due to the fact that
the adhesion force has no reaction , F 0 and the particle will not

rebound but will remain at the surface , along which it may move .

in the case of cuasi elastic particle rebound , it is natural to

adopt as the adhesion or separation criterion , the ratio F~ / ~~ or

/ where is the adhesion energy corresponding to the force

and — the reaction energy corres. oncing to the force F,~. Therefore

—

Since LA — A S ,  
~w 

Ez cos(p (Fig. I )
~ and . mu~

2/2. then from

th~ anologcius consideration cne obtains:

A .
(5)

—

where + ~ — l21~, / coa
~~JT

Making thi oravious assumption (1) up C,, ~tand introducing the hydrodynamic

fact r H , according to the expression (1.), one obtains

($1,

L~~ .. •
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10.

where
4~ 

— i2~~ / - cos ’~ . This criterion ie analogous to the

one obtained in (1) and given in expression (7).

In criterion (10) there is no static friction coefficient but

there is the cosine of the Incident angle , value of which is different

for different stream lines . The angle can be averaged , but because of

the unknown ve1ues for r, and C0, which are certain types of 
average values ,

the ~ualitV 4~ hes to be treated In practice as an empirical constant , and

the averaging of the .
~
ng1e ’eis not useful .

if there is no rebound , but there is some translational movBment

of the particle , then tha criterion (10) changes into criterion (7) by

rep1acin~~~by4~anL~ reverse.

~. Problem of the Particle Rolling on the Collision Surface.

The aohesion criterion in work (1) were derived as if the particle

moveu along the collision surface in translational motion ( taking into

account the atatic friction ccefficient )A0). But in m~ny cases the particle

rollin~ is possible and quite probable. This is due to both the particle

shape and their ve1ccitv distribution along the particle surface which

causes their angular momentum . flne ca~ shot1’ that for the case of

part icle ro’lIng, the considerations lead to the simil ar type of criteria

as derived in (1) and cited in this work . For the rolling ( without the

slip, ena about the center of the mess ) the reaction energy is equal to

4 .~~~ 
_

where I is the particle moment of inertia ,~~~’- the angular velocity,~~’~1 
—

the translational velocity. Using w * )1
~

/ r , and I — 
~~, 

mr 2 where r is

the particl e size correspondin g to its effective radius , — the

numerical coefficient of the moment of inertia , end considering (I) for

_ _ _ _ _ _ _ _ _

— ‘~~~ - -~~ - — _~~ -~~ _~~_ _ . _s _. AS A - • • — ._:_I_._____ 
- --



‘
~~~~~~~~~~~~~ ‘~~

_‘
~~~~~

11.

the turbulent flow ( instabilities of the boundary layer , vortices or

stream mixing )~.e~~~] — one obtairies the analogous expression for the

reaction energy

*1, tk~(I k.) I2 )~~s’ or 1,

where k1(i—Ac0 —k .

The value of the coefficient I’S0 depends on the particle shape end if

it is “hollow ” or solid , thus to a certain degree on its porosity. For

ex~ np1e, for a sphere = 2/5, for the solid sphere of the radius r1, the

moment of iner tia I ~ ( 2/5 ) m r~ , end for the ho1 low sohere with the outsi de

radius and ingid~ radius the moment of inertia is :

I = (2/6)as(r~ — r ) / (, — y ) .

For the solid cy 1 inder of’ radius the moment of inertia about its axis

is ~ = ~~ m~~~
2, and fcr the hollow cylinder with the outside radius r, and

inaice radius r2 it is equal to

tnua )S — )~.

If we adopt the hollow body model for the porous particles , with the

equivalent shaptof sphere or cylinoer with the diameter equal to its height ,

that is the model in which all the pores are lun.ped into one equivalent

volume wit h the radius r2, then the given moments of inertia can be

expressed as functions of the outside diameter r 1 and the particle porosity.

Since in th is case for the hollow ephere~~~~r2~ /r1
3 and for the hollow 

——- —~~~~~~~~~~~~ - — . --~~ - - ~~~~~~~~~~~~~~~~~ ~~~~~~ ————-—•~ -~~ - - -- 4
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12.

cvlindarfa. r2
2/ r.~

2 
, then using 2 r 1 — ak where k is th e k inetic

particle size as expl ained above , one obtains for the fl~ilow sphere

j

anu for the hollow cylinder

j

For th~ solia sphere I — 0.1 mak
2, anc for the so]id cylinder I — ( l/B) W~o~~.

In these relations one can rap !ac~ the kinetic values with the

dynamic values a using the relation from work (2) as given here. But the

model would be far from the reality. It appears that it would be more

correct to adopt the mode 1 of’ rolling porous particle as a body with the

uniforml y distributed mass with a density equal to the apparent density

expressed as the ratio of’ the mess to the kinetic volume , that is the

vo1 ume of’ the particle material and th~ pores. In such a case ( r1 — r —
a~/ 2) one can write in general

1 = -O ,2I~k,(1—~.)ai4 ,

ano as previou s ly ,one obtains

a, —

• The adhesion energy in the case of rol1ing is

X, i., $1,/r -

wherefr1is the rolling friction coefficient, which hes the dimension of

l engt h . After the similar operations , one obtaina the fo llowing adhesion

criterion fo r the rolling particle in ~he turbulent flaw 

—-- —---— — —--- --- ______ 
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(11)
(L - ft . k,(L—p ~fla~.is’,,I

(1—p,

wh re t
~~

= l2)&~~~ / k~T’
Substitluting the near flow velocit y u with the flow velocity away

from the onstructlcn u0 using the expression (L ,) ,  and the kinetic particle

dimension ak with a dynamic dimension a , one obtains

• - 
~~ 

— - - - (i2)(I ,, ~ ~ a~i4~,[l-4- k.( t — f t ~)3 ’

where z l2~~ , 4 k 1
2 
. •

In the case of~~aminar and static boundary layerA and assuming the

translationa l par ticle mo tion , the adhesion criterion including the hydro—

dynamic factor is (1.) :

a; ~~~~ — ; -- ,
.- -(13)

where (4/
r

u l.b )t ~~
’
~ /4.. dy namic f lu i d v iscosit y, h — streait length , —

fluid density. Similarly, for the rolling particle one obtains

- ~~~~~~~~~~~~~~ /

where L— 
~~~~~ ~0,.ç k12 .

The value of coefficient k~ depends on the equivalent particle

shape assumption . For the sphere — 2/5 end the cylinder Ic0 — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~- -~~~~~~~- * -—~~~~~~~~~~ ~~~~ -~~~~— --
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According to the adopted model , these relations apply to the porous

part icles , assuming that the pores are uniformly distributed in the part~c1e

vol ume. Nonuniformity in pores distribution lowers the model accuracy,

In pr actice , especia1ly in the phase separation devices , the flow is

generally with the turbulent bounDary layer. Therefore , the main application

will have the criterion (7) ( for the translational motion ) and (12) ( the

rolling motion). For the case of particle rebound only the criterion (10)

can be appuieo .

4. Application of the Derived Criterion

For the single particle the following relation holds :if G*~(l~ then

the rebound takes olace or the particle translation , how ever if I

there i~ no rebound or partic le translation .

For the particle assembly, if the adhesion probability after the collision

is denoted by

A, , (1$)

partial. .where — the number of particles remaining on the surf aci after l
~ ~~~~~~~ wits it

t~~number of calli0ing particles. If we introducE the normalizing factor

• 
~~ 

and use the relation

N 

~~~~ ~~~ (s; )

one can writ. C 1, 2) :

~1NJ,~~(I~~ ) dlii 
~~~~~~ < 1, (10)js

The more DetaiIai~ discussion on application of~~ and in the theory

_____ - ____________
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~t phase separation of the diapsrs.d system are given in (12).
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V Uapp.l.Kuwsbazs cuassisuil -

I

- 
~~~~~~~~~~ 
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352 W. (iu~u ,w~~i 
- 

—

S — wuup ólc& yuiuui k ~uruporcj nnalnoikl 
-

proportuuuahty oucfliciuut
R4 — enorgi a adlaoaj i esutsiki do powiersehul zd.rsenia 3

energy vi piu&iehi adhesion to collision surface
— eneng ia ruak ej i pocbodaitcs ad .ily oormaInej (energia udhiela a4stki) J

reaction esiargy rusultiuig from noruisl force (ceergy of particle rebouuud) —

H, — uuicngsue pr&ycsej iui sácl es~atkL do powioruehul sd.rs aia .7
• 

- auurgy of particle adhesion to collision surface —

H, — onergia renkcj i d4t14’ s do odorwsuii& cz stkl p0 adorsuidu .7
reactiou uui:rgy uo~t iusg towards particle detachment after collision - a, — -

1’ — wypadkowa uuily swruuualiuoj I stycguej N
ruo ultausi fore, of soursual asid tangential torus

FAr —- ads msunI ,usluua pray zdt rie,slu cxqis t lu i a powlorzcbui adorscoia N
~ormuual foacu at particle cullieiu,u with colliding surface

— aj liu aiye zIia j .ray zdersomuiu ezu.atki i powiuracbsui~ sdurauuia N
tiiuigouutial forco at part icle collision with colliding surf ace

I — ws~ui.lt sys usuik riuchu - 
11p1 —

eautI ficiom.t of uuuot loua
- • 

- -  k ryt e r iu us. pua y uzopis uiEc i (od ryw u) c;uiatki 04 powiorsebusi aderienis —

crut .i niu ,uu of partielo attscbeuaomsl (detachnuent) to colliding surface
k — dlugu~e drogi uuplywu powierzcbnl sdenseoia prses plysa (tss~ ros - -

Iumaaaa i~s~~) ID

• diataauieo of fluid flow at colliding surface — ;
J1 — caynuik Lydrodyniiwicaiiy (ebsrskterysuj~oy pole pr~dko4ci pr ay

uplywi t ) p —-
by dr odyuumiuu io factor (chsrsotenisiuig the velocity field of flow)

I — smu ouu seus t buzwlsdstoáei tuc&s1cej ui~ ca~.Lki kg mu
inertial nsomuuuntuua of ro lling particle

— licabowy wspókizynnik Imuonwui tu beawladmuodel ci~sIkl
coelficiont of Inertial nueu ,ieutunu of particle

— wspolcayuuaik properujouiaIuo~oI
proportionality coefficient

in — mess es~.Ik i
u,uass of paiticlo Pa

— liczbs czi stuk po*uatsij~cyoh us puwkinchnl p. sd.rieniu si~ • ,l~
licaby oj~iutek N,
ut ua mi ber of pailicks remain ing at surface ~ftor oolhsio~ .1 N, particles

N, — liczbs cz~stu k adorasj u~cyeh ss a danit powicraeknI~
uuum sbvr of particles colliding wit.ii surface

r — pnousuieml cauputks kulistej lu b cyliusdrycsnimj. bib ssat pcsy proaled
e~4stki (l ruuuicn cz4atki o zasti~pcsyssu kusatalc ie kulistym bib oylln. 

-

dry sanyui) mu
radius of ipheric id or cylindrical particle, or eMulyslest particle radius r(liurtiele radius for equivabmuit ephurleel or cylissdrtacl bspe) I.

Re — licgbs ltuyiuol daa odsiesiousa di, wymlaru (áradnley ) op1ywsac~o eli. P
uuatmit u I
Uuyaolds number reSIerred to dij sesmision (dIsaster ) .1 clsuseat flows 4

around

5 — -tn

a, c- ~~~~~~~~~~~~~~~~~~~ - • - - -
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- I iuiu-Iye zsuua (obwiudusia ) powk)r irbuuis ca~stki us dowoluynu kaatshei.
I p.iruwislolci us1
ki usolie (u su v eluqw) parti cle surface with any shape or porosity

-- u alIoaywistum inik’ tutiw~ ricbiii stybu uii stkt a powicracbsi~ c4.rsuai. mu •
- - 

~ alki) ,~ 

ri mal sum (ss ct art s of partic le con tact with eollidicg surf..
‘bound) - - pru~dkofé plym su w pobli*u uplywsnoj powiarsehul adarsests rn /s

velocity of flu id at colliding surface Ilowmi around - •

— pr~dko4d plyusu w dslekicj od1eglu~cl od oplyw.usj powlersolial a/s
velocity of fluid at far distance fro m surfac e flown ar ound

ollision — ~rodusisa isrcmlkoki os~sutkL usa odlegiu4ci “~ ad powiaruhal adersenis - - -
(p rçdkui&d a jak~ oa~usLka prsoniiessea t)aby •i~ pod wplyw ai oplj .
wi~Ji~ i g(m powii rzi bniç plyusu pray przewsdao enurgil plynu maa4 ~~~~~ 

‘ - I
N psayezopsuoáci)

aveungo parliclo velocity at dist nc. .a from colliding surf use. (velocity
uif particle m otion under isitluenco of fluid flowing around surface ciN superior fluid emuorgy lii eonsp*rl.oa with adhesion .uergy) •

— pr~ Ik~~ lws t~puwtigo rush’s toca~coj sl~ eaq$kl Ia/s
progrussivo umuot ion velocity of rolling pul let.

ellis - statyurzuuus olujqtoód oas stki o dowolnymn kaitsicie I porowatodei (obj~to46
tac o uuiateuislu caqstki, a wy kluejeuieni obj~tosis& esisluelsyok pordw) a5

gui- sutslic vol u,mm u of particl e of with any shap. and poroelty (volume of
am lma rt it le mua tu ria l witho ut porou s volume)

pr çdko ~d dop lywu ~stymiu do systemu cia1~ porowallsge mu/s
p rzy velocity of fluid flow to poro us system

- — sutopieñ upskow miuuia systeu.u u claM porowatego
degree of po,ouo syste ba oonspsctnees

k g iii ’ — lmurowaIoiu ~ czs1stki (stu.umse k obj4to4ci pouów ca~stki do j.j obj,$slc i
kiuset ycst s..j, tan . objçto.ki ogrsm micson.j kiuietycin~ ocyll obwIoOl~powiu r zohmsi ~ cijathi; olsjqtcdmS ta jest odpowioduii.sau poao,uej ab~~war at wy pa ruwstej lub ciiil* purowatogo)
particle porosity (ratio of particle porous volu me to Its kls.lI o v.m.~s,i.o. volume liuisited by kinetic e~velopiug particle sivtacs; Ibis veluis.

kg is equivakust to qumisi volum. of porous layer or peruse solid)
ISk — kiuse ty caumis porowusto~6 systemu (elaJa) perowstego. Isa. sio.ua.k obj .

I 1154 m iii poMw uum i~day clennsustsml systemu porvwal.p (bce uwagl$nimds
por iSw wewu u4t r a sauu ycb lemn.ntdw ) do objetodel dasogo syst.aa, np.

tide’s war mstwy u*aypowoj, umatonalu wlóknistegs lid.
kiuuoti~ porosity of porous system (solid), 1... lb. raIls of porous volume
between thu elem ents of the porous system (wilkoul pores h eld. ole-
uuteuts ) to the syst.mn-~~mllsm., for .aamphs z bask layer, fibres. astoiW

yli.m. etc .
mu y — k41 odbioia csa1.Ikl oil puwasrs.hmI aderisuls des

01 particle rebound from eusIJidMug ssrfaes

I oN, — ciytmmsik uormuji~cySc. uuursssa hizing factor

owu 4 -- prswdopodobiou.lwo prsyeaemphada .a~.tks do puisreeb.I sdsnsuha
isrubabili t , of particle att.sehassl to .oIhldiag ssr6s.

S — sna ynlerla Chemicuma 1I~
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— dy smam u m i camma Im-phumic plyssim 
kg/rn-. -dynasmslu viscosity of fluid

— wspókzy ssssik tmircia statyc aumego sniçdsy powi.racb.Iq ce~sIbI $ p..wlc r g ck uuj j  adorseuis
ei*lliciommt i t  static frict ion butweea partIcle eur f. s.d ..11141.gsurfai ti

— wspdlcsyuis*j k turcia Iocasscgo mai~dsy powicrschu~ sderse.ls, •siq po mmiej ei~stk ~ acuuftsolc,st of rolling fri ction between colliding suffuses sod rolMugpai tich.
1, -- Wspóleaymmuik atyku -

Cuflf act couIljgjImjj,t
- - gçstoii l’1Y ‘lU kg/&f luid mb mmmsit y

- beiwzg l. elmums (m u mla te l i t i l u ws)  gçskmdd ozsetkl kg/ta3aluue , % mmtu laulmd) imart iele dm ’uusity
-- k 4m zde rzi muia (lmedamui~ czmpmtk i a powier$ehnj4 adergemaisamigle of ceuil isiumi (full) cm? particle with colliding surface

v. -- WPP6Ic&yu,,umk IasL~pc.zogo ksit~II.u kiee&yoan.j (obwiodniejj powiersebulci~atki
coe ffi~ie um ( cit .‘qiüvmahm mmt shape of kimsetie particle surface

- wm. ld.lcaymmumik zaetvpcae go Isitieltu st.atyuseej objctoael ca4stklcoefficient, of equi vmalemm ~ sLap. to static particl, volume
w -— pr çdk.. e k~ lam w mi tucaiIeeJj sic csqmtki • 

I/sangular ve locit y of rolling particle

N - -

F.

(a) t~~t li ’) t ( t

Pig i .  l)iitrdmutl ..si sul ls.tees lH ~ esIle ol~~~~~s ~ eIIisl ss~ .1 a i d  ~~~~~~~~~~~~~~~
s.d... I imagisM 
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- S DISTRIB~1rION LIST

DISTRIBIYFION DIRE CT TO RECIPIENT

ORGANIZATI ON ‘ 
- MICROFI CHE O R G A N I Z A T I O N ’ MI CR OF ICHE

A205 DMATC 1 E053 A F / I N A K A  1
A210 DMAAC - 2 

- E 017 A F / ~~x’ra—w I.
B344 DIA/RDS—3C - 8 E404 AED C 1
C01e 3 USAMIIA I - 

E 408  AF W L  1

C509 BALLISTIC RES LABS 1 E4 10 ADT C 1
C510 AIR MOBILITY R&D 1 E 413 ES D - 2

LAB/Pl O FTD
C513 PICATINNY AI~~ENAL 1 CCN 1
C535 AVIATION SYS COMD 1. ASD/FTD/NIcD 3

N I A/P I i S  1.
C591 F’STC 5 N I C D  2
c619 MIA RE DSTONE 3.
1)008 NISC 1
H300 USAICE ( USAREUR ) 1
P005 ERDA 1. -

P055 CIA/CI~~/ADD/SD ]. -

NAVORDSTA ( 50W - 1 . . 
-

-

NASA/KSI 1 
. 

-

AFIT/LD - 3. - 
. 

-

S 

- 

.

FTP-I D (RS ) T-0342-78
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