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Attachment Criterion of the Diffuse Phase Particles in the Dispersive
System, to the collision surfece in the guasi-elastic Rebound and Rolling
Cases.
by
'itold Sutowski
| Abstract ;:

; A stable aitachment or separation eriterion has besn dstermined for
ol.“”h““ﬂ“hh”dﬁ“dhw
rubound after @ streamlined obutacle wﬂhlon.moﬂut!oa ia - to
previoualy on the assumption of particle sliding dislocation on the surfsce collision caused

B e oot b bk & ool sagh losrad.

1. Introouction

In the work (1) the criterion was introduced, for the particles
attachment (or sepasration) to the surfece streamlined by the dispersive
system ( aeroso)l or hydrosol). The collisicns between particles and the
streamlined surfece are due tc verious mechanisms like for example,
diffusion in the cese of smal)l ( Brownian ) paerticles and velocities,
inertia) deflection from the stream in the case of heavier particles
or higher ve'ocity, adhesion of the particles sufficiently clase to the
surface, cravitational or electrostatic deflection from the stream ( in
the case of external electrical field). The streamlined surface then plays
the role of separator between the dispersed and dispersing phese. The
particle will be separarted if it collices with the mentioned surfece and
if tne achesion force is grester than the reaction force. It is more
convenient to use the energies insteed of the forces. The asdhesion energy
is obtained by multiplying «&=~both sides of the Deryagin equa'ity by

the displacement corresponding to the state of particle separaticn 1.).




2.

Such a state exists for the particle movino along the surface, ana for the
separation in the direction normal toc this surface, the displacement
corresponds to the distance at which one cen igncre the adhesion forces

( molecular, electrostatic). Therefore, fcr the criterion, the following

ratio is used (1.):

4 (1)

where Ep - achesion energy, Er - reaction energy. In this case the
*inelastic" case was considered, ie. the separation due aonly to the

translational motion of the particle along the surface caused by the
? =

fluid viscasity. In this case Ep }LQ ?HA' where'/xo is the staic

friction coefficient between the particle and the surface, and EA is the
adhesion energy, equal to the product Asr. where A is the adhesion energy

on the unit of the contact surface ( specific adhesion energy), Sr -

the actual contact surfece ( particle contact with the colliding surface).

It was further assumed that Sr :f’o Sk , Wwhere 7{0 is the contact coefficient
(fd<1 ), and Sk - the kinetic ( envelope) particle surface . The

linear mezsure of this surfece is (2) the kinetic particle dimension

a8 = (Sk /‘+’,)k , where q/s is the equivalent shape coefficient of the
particle kinetic surface. Furthermore, the fluid gives the particle

the energy Er = mupz/ 2, where m is the particle mass, up the mean particle

velocity at the cistance a_ from the surface along which the particle

k
travels. The mass of the porous particle can be expressed by (2) :

m = Ff VF , where Ey is the density, VF - the particle volume ( excluding
the pores, except the closed pores included in f* 5 mhi? linear
measure is the static volume size, equa' s _ = (V{/\P') y uhcre‘fy, is the
coefficient of equivalent particle volume q‘. :

According to the author's latest studies (2), the relations

between the quantities a, , e,  and the dynamic quantity a are as follows




o = alfL =g ond &= &8,

whure}g denotes the particle porosity.

In these formulas thke so celled kinetic shape cuefficient,'xo used
in (1), was ommited, which is approximately equal to 1 for not too
elongated or disc-?ﬁke particles, and ¥ is the motion coefficient. The
tronsition from the geometrical! quantities a,, 'k) to the dynamic one,
is justified on the fact that the determination msthods}r this quantity
ana the particle distribution v.s. the dynamic quantity, known also
as the Sedimemtatienal , 8re best known and widely used; and the
approximate method for determinaticon of‘}{f, as the mean porosity of
the particle set, is presently being developed (2).

Taking into account the given relations, anc the fact that\};&"s 6
(fox' the effective sphere, hexagon, or cylinder with the diameter equa!

to the height) one cbtesins from the equation (1):

a4 = »

b =Wy o= (3)
" a1 -8,

where \'}o = 12/;\0&/\4—. The quantities )A,, anuiare unknown ( in fact
undeterminable), therefore, QJO needs toc be treated as the empirical
constant. The quantity.Ffor the non elongated or non cisc particles is
on the average 0.903 (2).

Consigering the phenomenon in the fluid boundary layer at the
colliaing surface, the nonstatic layer sna the stresn mixing phenomenon
in the streamlined system, the expression wliobtalnud determining the
criterion up‘in the ceses of laminer end turbulent flows. For the

problem considered here, the form of Bp‘ for the second cese is of




interest, and is given by

v 4 '
N St

where u is the fluig velocity near the streamlined elements and

v = 13p, 80/ f; ;

Co is the constant resulting from the assumption up =Cg W(l). The

velocity u is determined (3,4) by

* = "".;.!:v : (4)
k : :

where H* is the hydrodynamic coefficient, cbtaineo from the velocity

fluid equation for the flow aroung the object, and ug the velocity far

away from the cbject. For example, for the system of high porosity
fipers {k) 0.9) the hyarodynamic coefficient of Happel - Kuwabara is

usea (3)

H = —08Inp+p—-038p~0, (8)

where ’(g l-fk is the sc called system packing degree, the the constant
C is equal to 0.5 according to Happel and 0.75 according to Kuwabara.

For the flow around the cﬁlinddi'at the low Reynolds number ( Re< 0.5) ' :

.Z*Q’th. Lamb hydrodynamic coefficient H* = 2.002 - 1n Re is used (3.5.5).
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The liquid flow velocity in the porous system can be replaced by the
measurable inflow velocity Q, which is the ratio of the volume flow
intensity to the perpenogicular cross section surface.

w
e ®
The criterion (3) after the substitution of the hydrodynamic factor
will become
o o3 v 4
b B, " o @
The particle moving along the surface can be separated becsuse the
boundary layer separetes or because of its instability due to the
turbulences alcng the surface or at the edges or sharp corners.

The latest studies (6,7) show, that in the case of particle
adhesion to the thin fipers, the achesion forces are sc stronﬁ that the
particle separation cannot be sttributed to the motion or tubulence of
gas, Accorcingly, the authors (6) introduced the hypothesis of the
elastic particle rebound. The adhesion ( or seperation) criterion for
this case, which is not limited to fibers, is the gcal of this work.

In addition, the case wil) be ccnsidered in which the particle rolls along
the colliding surfece.

In the mcdels used for the derivation of the adhesion criterion,
both in (1) and ir this work, the surface deformation at this cocllision
was ignored. Inclusion of those deformations would increase the value

of the contact ccefficient. The contact coefficient }; would incrgase

and the particle energy at the collision ( ie. the reaction energy) would
decrease. This problem of the influence of ceformation on the particle
adhesion was stucied in (b), in order to explain the increase in the

number of trapped particles above certein velocity, called the second

LSy T———
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critical velocity.

In the work (9) the expression for the particle energy in the
collision with deformation was derived, ana the expression for the
penetration depth for the spherical psrticle. This penetration would

cause the incresse of the contact surface, thus the incresse in the .
LDLort =

contect coefficient. Undoubtedly, the valye of this coefficient would ace
sapeclally [¥] on the dyrimrrice, Srardrecaa’ 7&0 Colle [ et

depend on the particle type and the colliding surfacs(tu much greater

degree than for the plastic defcrmétion. The exchanged energy corresponding

to the reaction energy is (8)

B, = wmiu)[2(m+m,),

where m is the mass of the deformed surface elemnet. One can s=e that
for no deformation ( mg= o ) or for small deformation (mo <& m),
this energy cen be accepted in the primary form as derived by the suthor.
As it follows fraom the ciscussions 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 deformation at the
collision, is very large as compared to the velocities used for the
phase separation 1n‘the dispersed systems. According to the experimental
results in (B)fi::{é:formatinn takes place for the decreasing particle
sizes at decreasing velocities, starting for the perticle uf‘tr'\e‘.J
order 1 - 2 pm at several m/sec for the collisions with .~€4é§?%«1n¢’ak
In the case of solia materials, for which the hardness exceed v sev l__don\,
times tne hardness of paraffin (b), these velocities will be much higher,
they reach several hunared m/al£7Zan the other hand, if the colliding

surface is the liquid, the mechanical deformation can be only temporery,

ano the contact surface and at the same time the contact coefficient,is

I3
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determined by the meniscus height on the particle which is dependent
on the liquid wetting angle.

The use of the velocities less than a few m/sec in the 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, and thus the decrease in
process efficiency. One has to point out that the very small particles,
smaller than 1);m also completely adher%j?‘ hothe causes other than the
geformztion, namely due to the high values of the specific adhesion energy
A, which is proporticnal to 1/r2 ( r - the particle ragius). In other
words, the particles could in general undergo the complete achesion even
without the ceformaticn. The diffficulties in separation of such particles
(5) &re caused by the cifficulty in the collision itself with the stream-
lined obstacle due to the inertis, trepping or gravitation, and the
diffusion takes place for the particles smaller than 0.3 - 0.5);m. From
the experiments and discussions in (&) and (9) it fcllows that the increase
of velocity tc above the second critical velocity should increase the

bscause
effectiveness of the separation process, especia1ly// with the increase
of velocity the effectiveness of inertial collisions aiso increases. It
applies only to the particle collisions with the given surface, that is
to the covering mono-layer. However, in the practically appliea phase
separation processes, the surface coating is multilayered, therefore, after
the shcrt time the collision surface becomes structuraslly the particle
layer. 1In this case the specific adhesion energy, which for the mutual
particle achesion in the layer is celled the specific autoadhesion

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

so0lid state surface (10). The exception are the collisions of wettable

N —




particles with the fluid, that is, the particles for which the wetting
angle with the given fluid is less than 90©° (11), and which are wetted
bv the fluid after the collisicn.

It follows then frem these remarks, that it is justified to neglect
the deformation phenomenon in the models used fcr the determination of
the adhesion criterion cf the particles to the collision surface in
phas:s separation processes, and this does not introduce any essen£1a1

discrepencies.

2. Derivation cf the Adhesion Criterion of Particles to the Collision
Surface for the Case of Rebound

This problem wi’) be studied under the assumption of ideal elastic
collisicn without the slicing. Tagnoring the sliding is justifiea in this
case, since if at the lack of rebound the adhesicn force is by assumption
so stronq'that it does not allow for the particle motion, there should
not be any sliding at th: collision but at the most the rebound. In
the instant of collision, houever, the acghesion force is acting and if
it is comparable with the pasrticle impact force, it brakes the particle.
This is why the term "gquasi-elastie reboung" is used. The achesion force
is the facter causing certein "nonelasticity", and it is relatively large
for the particles of the orcer cf several tens of /Am (10). when the
particle collides with the stationary surface, this phenomencn can be
considered as a collision with the wall, and if the colliding surface
element moves with the velocity v, that phenomenon can be similarly
treated. Ue are not interested in the direction of motion of the
obstruetion elemeat , or in the change of its kinetic enmergy, so in this

case the relative velecity between the particle and the surface element

should te used for the collision velocity.




Fig la. shows the distribution of forces during the elastic collision,

ignoring the adhesion force. The impact force is distributed into normal
force F“, which gives the reacticon force - Fﬂ, and the tangential farce

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

direction which equal to the collision angle Y' and is equal in size to 99

the collisicn force Fz.

In Fig lo. the oistribution of forces is shown when the achesion
force F‘ is taken into account (quasi-elastic collision). 1In this case
x<\o anag F(Fz. For the case of F‘>/ i - Fd I, due to the fact that
the adhesion force has no reaction, Fﬂ = 0 and the particle will naot
rebound but will remein at the surface, alang which it masy move.

In the case of pussi elastic particle rebound, it is natural to
adopt as the adhesion or sepsration criterion, the ratioc F_/ F“ or

A

&/ EN' where £, is the adhesion energy corresponding to the force F

A A A’

and E" - the reaction energy corres:. oncing to the force Fﬂ. Therefore

0: = == (‘, a

Since E‘ = ASr, E~= Ez cos(p(Fig. l1 ), anc Ez = mup2/2, then from
the anologous consideration cne obtains:
A !
‘.-'.--——- P ]
- oulo V14, : -

where 4«. = 12%, / coa?ﬁ .

U
Msking the previous sssumption (1) u_= Cn M and introducing the hydrodynamic

p
fact ' r H*, according toc the expression (4), cne cbtains :

: 4
%~ e Vi-p' (10

e e cc—

AT PR B S AT St e

e




10.

where 4@ = 123; / Cozjz:; . cns\P. This criterion is analogous to the
one obtained in (1) and given in expression (7).

In criterion (10) there is no static friction caefficient‘nd but
there is the cosine of the incident angle, value of which is different
for different stream lines. The EHQIE\P can be averaged, but because of
the unknown values fcrz; and Co' which are certain types of average values,
the uua11tvkh_has tc be treated in practice as an empirical constant, and
the averaging of the ang]e‘fis not useful.

If there is no rebound, but there is some translaticnal movement
of the particle, then the criterion (10) changes into criterion (7) by

U
replacing4,by anu reverse.

5. Problem cof the Particle Rolling on the Collision Surfasce.

The adhesion criterion in work (1) were derived as if the particle
moved along the collision surface in translational motion ( taking into
account the 'etatic frictiaon ccefficient‘rc). But in many cases the particle
rollino is possible and cuite probable. This is due to both the particle
shape and their velocity distribution along the particle surface which
causes their angular momentum. One car show that for the case of
particle rolling, the considerations lead to the similar type of criteria
as derived in (1) anc citea in this work. For the rolling ( without the

slip, ana about the center of the mass ) the reaction energy is equal to
B, < w2 = w3 + loa,

where I is the particle moment of inertia ;uf- the angular veloclty,/pl -

the translaticnal velocity. Using w = )! / r,and I = h mr2 where r is

the particle size corresponding to its effective radius, ko - the

numerical coefficient of the moment of inertia, snd considering (1) for
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the turbulent flow ( instebilities of the boundary layer, vortices or
u
stream mixing ),H;] = klﬁz one obtaines the analogous expression for the

reaction energy

B = B RBIN o B, = (h)me,

s w v
where kl(l-KO) k.

The value of the coefficient ko depends on the particle shape and if
it is "hollow" or solid, thus to a certain degree on its porosity. For

example, for a sphere ko = 2/5, for the solid sphere of the radius Iy the

moment of inertia I = ( 2/5 ) m r?. and for the hollow sphere with the outside

radius 1, and inside radius Pz the moment of inertie is :

>
1 = (2/6)ym(r} — r})/(r] - 7)).

For the solid cy'inder of radius Y] the moment of inertia about its axis
is I = (%) qv;;é, and for the hollow cylinger with the outside radius r, andg
insice radius T, it is equal to

1 =Q12)m(r}i+n),

thus ku = k.

If we adopt the hollow body model for the porous perticles, with the
equivelent shapeof sphere or cylinder with the diameter equal to its height,
that ie the model in which 811 the pores are lurped intoc one equivalent
volume with the radius r2, then the given moments of inertia can be
expressed as functions of the outside diesmeter r, and the particle porosity.

Since in this case for the hollow sphere = r23 /r13 and for the hollow

- i e s At

e e A S B S
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K where 8, is the kinetic

particle size as explained abcve, one obtains for the nollow sphere

cylinder f°- r22/ r,z , then using 2 r, =8

I =01 ﬂ.{(l"”)““"o)’
ang for the hollow cylinder

1 = (1/8)ma}(1~3,),

E A
For the solid sphere I = 0.1 makz, and for the solid cylinder I = ( 1/8)“"°~k.

In these relaticne cne can replace the kinetic values 8, with the
dynamic values 8 using the relation from werk (2) as given here. But the
mocde)l would be far from the reality. It appears that it would be more
correct to adopt the mode! of rolling porous pzrticle as a body with the
uniformly distributed mass with a density equal to the apparent density
eL. expressed as the ratioc of the mass toc the kinetic volume, that is the

volume of the particle material and the pores. In such acase (r, =T =

1
aK/ 2) one can write in general

1= .'”&lu "’c).."

anc es previously,one obtains

¥, = (B[ + R0 A me'.

The adhesion energy in the cese of rolling is

K, mABr - B, A, |e,
where i is the rolling friction coefficient, which has the dimension of

length. After the similar operetions, one obtains the following adhesion

criterion for the rolling particle in c¢he turbulent flow
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4
@ =y, ——— oo 1
S TSIy PP “).

g 2
where () = l?fl\g,/ kIJT -
Substitiuting the neer flow velocity u with the flow velocity away
from the onstructicn Ug using the expression (4), and the kinetic particle

dimension 8, with a dynamic dimension a, cne obtains

4 (12)

«°* - Hl"v;' .zu-:v‘l‘[-l. _'Tk.(l:-ﬂc)]’

»

" 2
where 4,’ ’12}“1/*“1 : 8('“'\ ‘.'i’t"érl.)

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

translational particle motion, the adhesion criterion including the hydro-

dynamic factor is (4) :

. ¥ | .
@5 - sy as)

"“:01;;’;:—’:: y

|
where wf’ 1.8 }405’./}«- dynamic fluid viscosity, h - stream length, P-

fluid density. Similarly, for the rolling particle one obtains

a, - sl

b L '
el +k(1-4)]" / -

The value of coefficient ko depends on the equivalent particle

shape assumption. For the sphere ‘40 = 2/5 snd the cylinder ko =% .
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According to the adopted model, these relations apply to the porous

particles, assuming that the pores are uniformly distributed in the particle
) volume. Nonuniformity in pores distribution lowers the model accuracy, ;
In practice, especially in the phase separation devices, the flow is
generally with the turbulent bounaary layer. Therefore, the main application
will have the criterion (7) ( for the translational motion ) and (12) ( the
rolling moticn). For the case of particle rebound only the criterion (10)

can be applied.

4. Application of the Derived Criterion

For the single particle the following relation holds :_if G.d<l' then

the rebound takes place or the perticle translation, however if G‘p:} |
there is no rebcund or particle translation.
For the rartic'e sssembly, if the achesion probability after the collision

is denoted by

" (18)

particles h
where Np - the number of particles remeining on the surfece after Nz“nm“ﬂ it

L
Ny number of colli@ing particles. If we introduce the normalizing factor

‘hp. and use the relation
N <
Ne /N, = &, @(GY)

one cen write (1, 2) : i

" 4 “N”,m) din ‘.v"(a:’< l' ‘m
| din oy, p(G)) > 1.
The more uetaileu discussion on epplicstion of ) and 'i in the theory

e e e et et - S ——— —— .
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of phass separation of the dispersed system are given in (12).

T TTIITIII————,

UZNACZENIA - S8YMBOLS : :

-1 — encrgin wladciwa adbezji (energin przypadajgen na jednostkg powie-
rzchni styku), J/m?
specific adhesion onorgy (enorgy corrcsponding to a unit surfa- .
co urvis of contact)

a — dynamiczny wymniar czaatki (wymiar csyatki bedgoy funkejq joj pred-
hodei opadunin w plynic lepkim wedlug okredlonego prawa rucbu, np.
prawa Stokesa)
dynamic particlo dimonsion (particlo dimcnsion being a funeotion of
particle terminal velocity in a viscous fluid according to the deter-
mined luw of motion, for oxample Btobes'law)

a; — geometryczny kinetyczny wymiar csgstki (wymisr churaktorysujqey
kinetyezng, czyli obwicdniy powierschniy czgstki o dowoluym kestal-
civ | porowatogei) ° m
geometric kinetic particle dimonsion (dimonrion characterising o kine-
tic, i.e. an envoloping particle surfuce of any shape or porosity)

ay — growmeteycany statycany objetodciowy wymisnr csqutki (wymiar czqutki
charakteryzujgey objetudé materinlu cagutki o dowoluyw kestalcie
i porowatodéci, bes objotodei jej ew. poréw) m
geometric stutic volumetric particle dimcnsivn (particle dimeusion
churacterizing volumo of purticle solid of any shape or porosity, with-
out its porous volumo)

~ stula Happols-Kuwabary
0 Happel-Kuwabara coustant




.
lt‘,

n*

Ne

Re
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— wapblezynuik proporcjonalnodei
proportionulity coclliciont
— enorgin adhezji csystki do powiorschui zdersonia
onorgy ol particle adhesion to collision surface
— eucrgis roakeji pochodsgca od sily normalnej (energin odbicia csgatki)
reaction energy rosulting from normal force (energy of particle rebound)
— onergis praycsepnobei cagntki do powiorschui sdersenis
vuergy of particle adhosion to collision surface
— unergia roakeji dgiyen do odorwania csqstki po sderseniu
reuction oncrgy acting towurds particle detachment after collision
— wypadkowa sily normalnej i atycznej
resultant forco of normal and tangential foree
sila normslna przy zdoerecniu czqutki 3 powiorschuig zdorsenia
uormal force at purticle collinion with colliding surfuce
— wiln styczna prey zderzoniu czystki g powiorzchuig sdorzenis
tangontial forco ut purticle collision with colliding surfuce
— wapblezynnik ruchu
coclficiont of motion
— kryterium prayczopnodei (odrywu) csyutki od powiorschni sdorsenia
critorion of particle attachemont (detachment) to colliding surface
— dlugudé drogi oplywu powierzchni zderzenia prse: plyu (fasq ros-
praszujycn)
distance of fluid flow at colliding surface
— czyunik hydrodynamicsny (charskterysujeoy pole predkoéei prsy
oply wio)
bydrodynsmio factor (charwolerizing the volocity ficld of flow)
— moment bezwladnobei toczqeo) sig cagathi
inertial momentum of rolling particle
— licsbowy wepblesynnik momontu beswladnodei csqutki
coelficiont of inertial momentum of particle
— wepélesynnik proporcjonalnodei
proportionality coctficient
— mass czqstki
mass of particle
— liczba ceystok pozostujgcych na powiorschni po sdersoniu sig s nig
licsby oczastek N,
number of particles remaining at surfuce aftor oollision of N, particlos
~ liczba caystek zdorsujycych sig s dany powicrschniy
uumber of particles colliding with surfuco
— promiei caastki kulistej lub cylindrycsuej, lub sastopesy promies
czystki (promiei czastki o zastgpezym knstulcio kulistym ludb oylin-
drycznym)
rudius of spherical or cylindrical partiole, or oquivalont particlo radius
(purticle radius for equivalont wphoricul or oylindrics! sbhape)
— liczba Roynoldea oduniesions do wymisru (érednicy) oplywanego ele-
mentu
Reyaolds number rofferred to dimension (diametor) of elemeat flown
sround

L
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: Kr,vu-_rimu prlyo.lu»plm‘ri cagntek

- hinetycznu (obwiednis) powicrzchnia csystki o dowoluym ksstaloie

i porowaslosei

Kinotie (envelopo) particle surfaco with any shapo or porosity
reoosy wisto polo powicrschni styku ozyetki s powierschaig sderseanis
real surfuce arca of particle contaet with colliding surface

predkodé plynu w poblidu oplywwnoj powierschni sdersenis

velocity of fluid at colliding surface flown around

prodkodé plynu w dalekiej odlegloéol od oplywauej powierschal
velocity of fluid at fur distance from surface flown around

drednin predkodei osaetki na odloglodel «y od powierschani sdersenis -
(predkodé s juky osqutka prsomicescsalaby siq pod wplywem oply-
wijneego powicrschnig plynu prey przcwadse enorgii plynu nad energig
praycaopnodci) :
average particlo velocity at distance ay from eolliding surface (velocity
of particle motion under influence of fluid flowing arouad surfece st
superior fluid enorgy in compurison with adhesion euergy) g

- predhodc postopowogo ruchu toczgeoj sig osgatki

progrossive motion velocity of rolling pacticle

- statycznu objolodé ozystki o dowolnymn kestalcie i porowatodei (objotoés

matcrialu czpatki, 3 wykiuezeniom objgtoici ewentualnyoh poréw)
static volume of particle of with any shape and porosity (volume of
particlo waterial without porous volume)

predkoés doplywu plynu do systemu ciala porowatege
velocity of fluid flow to porous system

stopicn upakowania systeinu cislu porowstego
degreo of porous systom compactness

purowatodd czyutki (stosunck objgtoéei porow osgstki do jej objetodei
kinctycznoj, tzn. objgtodci ovgranicsonej kinetycsug osyli obwiedniy
powiorzohnig czastki; objgtods ta joat odpowiednikiom posornej objotodel
warstwy porowatej lub oials perowatoego)

particlo porosity (ratio of particle porous volume to its kinetic volume,
i.o. volume limited by kinetio envelopiug particle surface; this volume
is oquivalent 10 quusi-volume of purous layer or porous solid)

kinctyczna porowntoéé systemu (ciala) porowatego, tsn. stosunek abje-
todei porbw migdsy elemontami systemu porowatego (bes uwsgleduienia
poréw wewnytrs samych elementéw) do objetodel danego systemu, np.
wursiwy uasypowej, materislu witknistego itd.

kinotic porosity of porous vystem (solid), {.e. the ratio of porous volume
between the elcmonts of the porous system (without pores imside ele-
ments) to the systemn ypiume, for example: baak layer, fibrous material
ote. ;

kat odbicis czgstki od powierschni sdorsenia

angle of particle rebound from ocolliding wurface

czyunik normujycy

normalizing fuctor

prawdopodobiciistwo prsycsepienin csgetki do pewicrschai sdersenia
probability of particle attachment to oolliding surface
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= dynamicenn lopkodd plynu
dynamic viscosity of fluid

~ wepblcsynnik tarcia statycsnego wigdsy powierschnig osgatki | peo-
wicrschniy sdorsonis

coellicient of statie friction between particle surface sad colliding

surfuce

wapdlcsynuik turcia tocznego wigdsy Powierschuiq sdersenis, o tocsacy

si¢ po nisj caguthy

cooftivient of rolling friction between oolliding surface and rolling

pusticle

wepdlcaynnik styku

contact coofficient

gestodé plynu

fluid density

bezwagledna (materinlowa) gestodé ozgstki

abnilute (salid) particle donsity

- kat zderzenia (padania) czystki 3 powierschnig zderzenia
angle of collision (fall) of particle with colliding surface
wapblezynnik sustypezogo knstaltu kinotycanej (obwiedniej) powiersehni
czystki
coefficient of oquivalent shape of kinetie particle surface

= wepblezyunik zustopezego kaztaltu statycsnej objotodel cagutki
coefficicnt of equivalont shape fo static particle volumne

= Predkosd hytown toosycoj sig cepatki

angulur velocity of rolling particle

(a) ¥o¥ (b) ¥<¥

. . iole) with &
: _ : elagtic slipplcus collision of o owlid (a part
Fig. |. :utrilmlh n ol furcos in - o &u it inte asvewal (b) when mementam

chonge of coliiding suriess is squal
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