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2, THE EQUATIONS OF MOVZIEZNTS FOR DUST PARTICLES ) 7 —~>\
8, 7The laws of resistsnce, .

P

Yor the movenment of & partiole of dust under the influence of any
arbitrery power or for the resistance of a partiole held fact furing

a given speed, the proper equations may de appiied, Jor the esistance

¥ (kg.) of a dody, faoing the ourrent with 1ts svrface ¥ {2 3) we have

AR

the squation:
W = oql, (1)

The pressure of the &ust is in this equatica q (kg/n8) ané reprosonts

T 7 TR I T

a funotion of the spsed of the surrent v (n/s) and of she spesific
mvity‘(am (xg/mS) of the air carriur with an acesleraticn «f
gravity, -

' g 9.8, m/se0?

XL (3)

PRSP EE U SR

The nuxber of resistance ¢ whioh has no dimsnsion and deperds upon
the speed, the viscosity of the air (Gaszihigkeis?) end tho dimension of L
the dust partiole 0 has always the same value for similar eurrenmts, A
sinilarity of curments is present if the Reynold's figure R has the saze o
value, Yor this reason, o is properly appiied, depending upon R according
to the equation R @ .-';- . In this equation 4 {a) signifies suy (s)
characteristic measursment of the body of resisiance; for example,
diometer or length and v (n‘/o) the kinstio vlncout; Bt air,

The figure ¢ of resistance 1o sufficiontly kuowa for s large nusder
of forme of dodles and for a wide ares of R, thus for example, for _ :
hullets by the tests made by Alles, aom.ad.. 1iebater and by $he walues

. biT
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fouwl 1a G3ttingen, Thers 1s also & zumdber of values aveilable for

siroular flat aised, n,nolr those of Sohmidel snd of the Experixental
Institute of GSttingen, The valuss known for other foras of dodles,
Bowevey, 1ie in & reals of R, which 1s cut of $he question for Abe
novemsnt of duss, |

cmﬂun_ %o otha‘appuostim, Mnby R 1s very large, values
¢€ 2 e7¢ sonsidered for the movement of dush whieh are smeller then
20 and frequently eonsideredly smaller on aceocust of the size of the
duat Mid.u. A relatively equal relatica my dDe assumed for this
realn withont a grea$ error, thus, the valwe for mim ecrresponds

Soe =2 | : o {e)
R : .

This tm s hcn in the technique of dust fa a 'ummo
Weazing Shar $he Stckes! law, by which tbe Velosity of gravitatica is, -
saleulated, o )
© Tater an extension has been indtoated by Oseen samely

oo o4 S (s)
R

Stokes' ldw, howover, is the dase of the following saleulations as

1% 18 sufficieontly exaed, hndtnc ) {) rohuvoli siaple oquttqu of move-

nents,

| n&iinuon of the equations of movemsnts and
application of analogical mechanies,

Yertieal invasion info an equidistant area of gurraats, Le$ ws look

at £iret e aréa’of surrent with equidistant and streight currest lines
sal with 4he veloeity of w, ageording %o fig, 8, '.At s starting point
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of the docordinates a duss granule of epherical shape and a diameser
of 4 18 shot 1nto this ares at the veloaity of v, and at the time of
t =0, DBy the veloaity w, a dsfleotion and acceleration of the dust
partiole takes place in the direstion of the posisive y-axis; while
- the resistance of the air retards the movenment ia the direstion of x,
Under these two influences, there s a contimuously arched cowrse for
| the dust particle, The mnu;nti in the dir“tton of the i axes
| may be eonsidered firet 1ndividully and then overlapptug ene ancther,
Tor $30 417eotion of X Whe formuls -mdv @ W 4% may Ve appiied, (s)
In this foruula, B stands for the mass of the Zust partiele asd ¥ for
the air reststence, o | ,

From equatioas (1), (8), (3) end (4) wo cbtain We qv (7)
whereby ~ a=6r7Ty _(8)
In %25 fornula r (m) 46°the radius of the dall and » (kg o/aP)

‘he viscosity of the air or dust carrier, After ons integrasion,
She eomponents of velooity in the direstion of x are obtained

vy » vge" IY . - (9)

Acoordingly, a decrease in the velooity from ths origisal value

v towards sero sakes place,
In order t0 asoertain the sourse in the direstion of x as a
funation of the time nndcr. the prevailing condisions of limitation another

‘integration 1s yequireds x .% v 6. s ') (10)

or o xe .'%. (v Ajv,) (10«)

-

N
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The value for the 11#% of x may be caloulated from this and which
for $ =00 o y,-o x“_.‘_&_'o . .‘ :(Il)
: : s .
A% the FresImy spesd v, or the vu-uod iznvasion, the &ust

particle preceeds in the ur»tion of x for ths most about this ulunoo;
because the energy of invasion is exbausted by the air resistance, The
value of Xgo ¢nters the osloulations later and may be designated as the
extend cf duohunon %0 the signification of which.we shall refura to
yepors zave in detall,

S8ixilay omumum say de employed also for the lmotioa of y.
The 4&ust partiele cntoriu at the sero point of the system of eoordimtes
is ‘apond at onss %0 the velooity of he air wo by whish 1% is acoelerated
vp %0 the same vdu. Also in thie oase, she formmla as in equation (6)
zay de uplmﬂ, mrcby. the relative velooisy bom pnrthh and air
" 418 eenclusive, * w a(we=vy (12)

The 4ifferential oq;auou for the movemsnt reads therefores
S SESRETSI . Sy : (13)

Ve = 4 a
The integration shows the Velcaity Yy 13 the direstios ef the

ordimtes, " - w <1. . .-!- ') | ‘1‘)
mto“u f's&o—'&; s
This equation means $hat mu-%ho-imuu of in pu'tioh

-

ccodmtionf s place in the direction ol y , which uedmuon lasts
uwtil vy = Vo Theoretically this will take place afber -.oonlumbly
long $ime} praciically, however, in a relatively shors tgu.
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Another integration produces the wvalucs of y depending upos- tho

- 7 =% E-% G‘.%'“):] | (19)

¥ith the aforessld equaticns, the positicn and the velooity of
the dust particle may de asosrtainsd for each tims period, The adsolute

¢ LBAN
spesd s ébtuud by ths geometric gautton of the two components Ad:

Yp = VY" . "' : ' {18)

AfSey the iatvoduetion of the extens of deseleration (Bremsweg), the

coerdinates x and ¥y eres |
x-:“éoo'% ') | (19)

.' - Yoo E&t- Q'i’_‘ -1)] | (10)

AUt nwve
In technical prodlems of the movemsnt of M u-cmrot onrronu,
o-tikn dornnly “-aﬁ ’u.«uf. m.v(,(..-u [J.(u\«u.,.(. /
-1t ru'oly -hmm- as naioatod 12 21g, 8, The formulae therefore ocall

. ror a gensrelizstion,

Generalization of the fundamental egquations, The area of ths ourrent
with the speed of w, is assumed 0 be sgain equidistant and straight
fig. 3. The inaline of the lines of the current to the axis ; corresponds
to the angle df } whereas, the dust partiele invades at an angls /3
o : i &AM»'L
fnoline with velosity v, at the starting point of the coordinates, After ¢

& Av
[ tuw alnhtiou, tho equations of the-movement for Yee

velooity axd ﬁ- uruuon th 4 are as follows:
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vE =w cos o((-o-*t) * v, 6085 . * (19)
YY) =w, sin q@-o.%‘) * v, stng oH ot (20)

5 B Ak § @ ‘.' G- = 9]* Bvo cosg -.'i'*)(zz?

| 7 ».%'; i o [*'t- 6'.-{‘)]":"0.1 1.'"&9 (22)

The adsolute fival velooity 1s in this case

ve -/\]v' ev?s . ' (23)
furtherscre, the insline of the course of the &ust partiole towards
’
the 5 axte s 8¢5 = 22 (24)

5 goint by poivf

The aforesaid equationsperait o gniform’esloulation of the
courses of dust perticles in nuu%ﬁmn under the presumption
of sufficiently small m,»uu for whielr she current %e %0 de
’ooutum:;ntmno and persllel,

Certain premmptions lave t0 de made in Shese .ulouhum with
r;nrl %0 the dust particle, its diqntor, 1%s specitie mvt‘.tn and also
%0 the veloeity of the air swrreat and its viscosity, n--:w oL

factors of influsnce are contained, howsver, xnrtmly in the.

of a.gnmum. eo that the 1“:3:-;. a oharacteristie value fe-fitting-

into further caloulations,

C - Ldeeeosusfi

The extent of deceleration (Bremsweg), The eonceptive.deteraination.
18 given.alrasis by the equation 11, If the mass of ths Ddall And the index

-

of the logaritim s of Stokea® law are placed ascocrding %o equation 8,
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1% follows that with the apscific weight of the dust vis ‘W‘s’
» r2 vos | '
: - e (25)

The faotor { is soooralugio equation 11, the specific extensy

of decelsration x'g, , With reference to the ;nlocity vela/s,

ugmu an. air temperature of 20° O, and a spesifio weight of
1000 xg./n3 for she dust ball, the specific extent of deceleration

X0 18 represented in fig, 4 depeniing upon the diameter of the dall,
The veloasty of falling under $he {uflusnde of the fores of gravity

2 a apace fres from all currens may be put as & cbarscteristic velue

for the dust particle on its wqy to the extent ct.duolornuon or to

the specifio extent of deceleration in proportion, AOMM %0 |

Stokes' law, the velcoity of descend (f.iliu) Vgt

Vg~ mx - ' ‘ g (26)

a
The extent of deceleration consequently 18 X, = 1&! (27)

‘ In conrection with this, 1% chould be noted that the velcoity of
falling should be referred of course to those values, of which 1% is

he qusstion in a raised prodlem; in other words, $0 a definite viscosity
of the alr, %0, “f experimental valuss #ith regard %0 the velosity of
falling eod values of caloulation 4o ot agres, a re-saleulaticn

acoording to equation 88 has $0 Do made,

Tor & denmonstration ¢f the farmulae deduced for the vertical !
tavasion the existing velosities and cocrdinates of $he locality of e '
spherical granule of dush of 50 P Alemeter are saloulated for the values -

given depending upon the $ime and ere indicated ia £ig, 8. It i35 sem

e —. +
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that vy decrsases very z:cpmly towards the 0 value, whersas, the vy

¢ ‘caches the value w,, The eristing valuss of x and y are inoluded
1.  1s dfegran; the progression in the direstion of x centrifuges
to the value of limitation xpq . 7Y ma,

In arder to show the influense of the diamster of the dust ball
upon the sourse ?é She &ust, the respective sourses of the dust are
indfcated in $ig, 6, under the same conditicns, bud for the diemeters
of 40,30 and 60 p of the dush balls, The ltu-gtng svunts take place
2oro rapidly 4a partiocles of sraller diamsters, The diagram also
shows distinotly the values of tie extent of deceleration and the
approach of tho dust courses to the latter,

Coaseptive determination of ths relative degree of duss oluunrtion,

.m diegren 12 £ig, 7 shows the air currents on the windward side for
a oylinder of a & - diamster, furthermore, the dnn ourrents roa- & given
- dust partiels of dall shape and an assumed spec, gravity, eto, It is

ssen that only @ part of the arriving dust particles are hitting the

oynndcr, whersas, the other take tneir course oa the siles of the
;ynndcr. The eourss of the particles, 'Moh_ut the cylinder just
tangentially are 4designated as dorder courses, The distance of these
bordexr courses i from one another at a suffieient distance from the
oylinder, where they are still parallel to one ancther, and divided dy -
the diemster of the eylinder, shows the relative degree of dust elimination

L 2} -d .

The &spendence of & wpon the’ nrloua innnmuc Saotors \nn be
urnnunto& somewhat more iz detail in tho subaequent ehapier,
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Consideration of aralocy, The extent of &eceleration contairs

already all indapo:.:dcnt ohanges, excep? the extension of the protu‘:o
t0 de inveatigated, I¢ is cbvious, therefore, to dstermine the inlex
of a logarithn withous dimensipon in sush & way tha$ the charsoteristio
size of an ardbitrary profile is placed in propdrtion to i%, as for
chupl.o, the Alanster of an umusually long oylinder, the vm}th of a
Plate, the size of the opening in a catohing spparatus, etc,

Ascordingly, we have for  the formla: ' = __x:__o. (£9)

By a simple delidereation it mzy De ascertainsd that for a g!.vo?
profile the degres of dust elimimation dﬁm only upon this index, '
‘Por example, for two umnsually long oylinders of the dlambter &) and
4a which are present in areas of currents of the velocity of wy and
Vo the dsflection of the dust particles ds determined with the masses
B, end mg perpendicular to the direction of the current, Yor the first
oylinder we lave:

Z%%o; Tm con ks [% Yy - 6- B J’ ﬁm’ﬂg- " ‘1'.1) (sl

Asoordingly we have for the seocnd cylinder the seme formula but with
the indices two, A similerity may De expeated, if she following ecnditions
are fulfilled:

B L hidl “de 151" (s1)

Desides tha lines of the current have to have a similar course
for both eylinders, which is ocrrect on ’thd windvaxd sids for the

potential ourrsnt, . - L ’
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~oquals the formulas
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After further calculations we 2ind thas the only eondition for
the .sinilarity of ¢he ocurses of the dust particles the relations for l
_xg_o_ have to he equal, u other words, the index of the 1ogu-1thl o
detorniined according 4o the oqutton (29) must de the sune, .
If dhe independence u the omgnn from the vol.oo!.ty 1e 20 more

indicated, as for example, when the currents on the lee side have to

be tsken {nto oouumtioh then thers is a n-mn. factor present,
whish requires that the Reynold's figure, as referred to the profile,

Yoy v weely - : (s2)
The index of the logarithu a4 18 oonnestsd 6160 with the velosity

of'mnng, ‘uot_l.r as the extent of doolclmtton. Ia its most general .
form 4% may b written as gonmu/’ - W _ _ (3)

After the foregoing refleations 3t suffices 4o £ind out the dependence
of the relative degres of dust elinminati:n as per formula (28) from the

_1ndex of the logarithm acocrding %0 formula (33) for She dsposidion of

dust om $he windward side,

-

0, Investigation on the leposition of dust on thres forms of bodies,

1, Belection of forams, )
- The mturo iz opposition %o the uraoti_.oﬁ of the surTent has
besk the prinoipel point of view in our present investigation, The
following three forms of “bouu have bo.ou 1mn1qtod individually,
namely: a keircuh.r ‘eynndor‘ot 100 mn, diameter, & tunonrnll; placed
plate of even thickness (fig, 8) and o o?toh-wm (r1g. 9), ’
m;tomuorthonx:rom. umﬂq. 10 to 18 have been taken of

these forms with the .nppnn,m (21g: 1),
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8, Poﬂormneo of ealculatlons;

The piotures of the currents are used first for the determiration
of 11:}“ of the Seme velooity and of tho same inocline of the ourrontz;
(Figs, 18 to 18}, In order to obtain a satisfactory accurasy it ic
nccfuary 4G teke av small u’ poseible the existing intermedian spaces
for the individual oculculation of the courses of the &ust, It has
been found to be more sultadle to equalize the time intetvals, because
the sxprossions in p.u-onthuu {n the squations of moticn Bavs then
the ssns value, Arbitrary co'unu are caloulated the first for each
form of body, in order to obtain from thea the inclusion of ths courses
of 1imitation are represented in this way in the form of points for
different logarithus,

4, Extension of the results to currents of three dimensisns,

The scurse of she area of the current for the jotential curract is
sufficiently well known in connection with tin ball formation, thus,
the Telative degres of the slimination of dust may bde determined in
the sene wy aQ dependerce on the index of the logarithm as shown in

"f£ig. 19, The eurrent gnd the calaunlation of thecourses of she dust

has beon earried out in a plain which ocinoided with the prinoipal
direction of the eurrens, In this comnsotion the relative dsgres of

2
the elimimtion of dust results in o = —-z-!

The degrees of tha elimination of &ust are, of courss, lower than in
connection with the oylinder, If 1% is assumed jthat in the area of the

current of a d1sk in relatioa to that of an equally thick plate (fig, 20)

the same similarity exists as between the arsas of tha current of a ball

(ss)

-

"

S Ml il

RTINS Y 2 )



- EE—

sa PRI CUF e hgar e o e -

<t .

. *

and of & oylinder (fig, 19) a sloser indication as to the rslative
degres of dust-elimination 1s shown ip oomnecticn with a d1so and «
catohing cylinder, (fig. 21), In this sonnection the catohing
eylinder {s to bo iragined ;n lt;oh 8 vay that the transverssl cut
according to fig, 9 has formed the body, revolving around an axis
in the direction of the eurrest, -




