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BOOK I

FunagmentAls and Limitations of Cyclone Dusting, by P. Rosin, ZI Jammler and
7%, intelman, 4resccri

Thoroetic_ fundarmental,. Degree, or. dust deposit end grain dimension curve.

4 1Ideal cyclone du'qtingpoeue Dependence of the calculateud d Ozre at aposit

on entering velocity, viauosity of the carrying as ds fnnss and vain-

i-_ metric weight, cyclone construction measureneunt and dust rotatiJon nullicr 111

~. ~-.the cyclcne; disturbance effects Grain compositLion of the -separated and

P-1ped-s -Cwoec.n~to in ser,1es oz ID parallel. Degre)of qeeIi ty0

The'yloethe noet Izaportant rep esentativo off t al nrugal force

sapal ,=5' i's Widely digtribuAtad thae ot h varioug rnhno industry,

W ~Constrzc-tive ainpolicity, inc xpmnstve, 11tiitec2 use of &pace, limited -tten'dance

0 ad nixep requireMento , high oprative safety represent it prof itably, The

Oyci don -heforao alo plays agreet part in, the fieold of- ua duet, ins the

staek--and interior duating of brow coal-brickette faotozrlesi i sprtr

wnda duet roanvicg installeions of bituminous coal pro jectse in drying and

,iting inatallatioaa; it romnramst a. Rev field of aeplicationa In smoke gas

dust removal. Snrpri.-iogly, the knowledge orf thia mathrd of elimination hardly

corresponds to its greeat field of appliCationt despite the fact that a fewL.

formulations of a cyclone theory have already 'been published, Thereforr ,

uienttli a mos st dtermine whether the often unsatisfactory

ay~ lnne dagra* of depcit is ccuptro'led by natur. laws or whether it is capable

V of improvemenat, for *nampls' by more c arefial analysisQ of the lawes of aern-

dyn- rinn, Tha dea ainpmmat of thsrmod, eamie mechanisms was groetly incre asedQ N_AJ

JI



by the Loot that the tbermodynama-c industry surce(.dcd Li establishing ide-AlI

methods, vhiCh outlined the naturally imposed boundaries -)f the techn'cal

* proceae3, with the help of which it became po~sible to establish the relationw-

ship between fact and possible fact, by using data on thermic, thermodynamic-

-rates of output, Si-milar abstracts are still completely lackins i the field

gg o dust removal athcds, A iant attempt is made hnere to determine thej lmita

of cyclone dust removing rates as controlled by natural laws, and to recognize _-

these of limited aize aaaordiACg to the type and importance of their influence.

Nearly two years ago, the state coail conuisal accorded us such a project of

cyvlone theory research, Whc lovas to al& ify the rolation between CYQIIa 

power eOasamptIAoa and dsposic rate sand agnatructivse and ind2ustrial Cnditions.

_ ~The lain of a cyalone 'theory ap-W-dats are mainly confined to

Cala~'UnLlthe sepgrstxsu creed @9 a oingle c alone wall pmricU. C 2 We Must

tharafure flind the bri4Ee 2sadizg to the clalation of the rats of d.ust

ftt. 1) T, Rosin espanded on the data from thezrati3 resoar-li in the lecture
"B3euuaariea of Cyclone Dust LemovalO during the Meutig on light aghes

-. -. questlace orgAnized 'by the coal, idat sectiarn ofthstiraloioj
mion n a Foii t~ W rlin, These tests Ad their Jn.-

£1 -one on the dust chamber wee tor tsr treated by F.. fleecier on
1-5 May 1931 in Gottingen, in his work ItAarodjznmark Problems in the
Dust Removal Tehhoive% The research on the aeatrilugal force
aeparator theery with hes roeac datsaon cyclone power consumption
a&d depos&t rate will appearin zetai in book form0  Wet hu Dlr.
Zug. Koaycer,, Dresden for suggeatio'aa.

Note 2) ?crdczreruthor, Wfirkungoaese von Stzidbsichiern cr4 Staubabscheidern,

kmaftbaoheidar, Glale LW at md. Ud,. 10 (1929) S.233 Fr". prockatq
Olazers An W& M06 (1929) C.e3 3d. .~ 2C (i A 5 .38 u.-,
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removal of LAAo id"$4, pz azi InteA' On n

Zalso in its analytic. equation, This ideal. process is charaoterized by the1

Ifolloving bzpothesev . The o£tokes Law is valid for the previcus grain vol1o

T~nparicl conngi~deAk npnres4  The dust in the enteriag cross section

i0F is aqually d~stributed throughout the entire cross section both in density att.

fineness. Tho partioles do not influence one another in tiz~i novements.

Ra Whrltit ottre partialIQ"a!read- depeoall-e uao -~awf c&nt

take place0 flurtn the entire possible separation path the gas ray is0 kept

at the waldth and hagbt established through the right angles eitry cross section.

Rtation free f.Low act* witbin the separation pati. A1 simple assumption lill be

established for coarse of the velanity profile over the tAcith of the entrance

eras saaetkon/ This veleoiiy profile is always the 3ame for the height of

the cntranue erase seation. It in ma!,at iaed fnr the eatirfi possible sparationl

*p pth.The ear-ryi foroan may be lgnored0  Let all fluctuation of these a la
A due tW practiaa] situations3

sseulta/be called '9 tr;afunctions,

I ___ Thal deazfation %-Ill be as4 follows:

r Tohe gr:±nissgreat ata oat pat0efoaVe yln xmi

D2h yI a*aa esr~o n
a h culIltaeiitnc rm;h8ccoewl C

Not Te alit pr:Zle te dea pocnsshtid b dfledasa

nay'-- paraball murface___ asalse vrtebsi rs ettn oa

to ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -ruani oml.caaatwt h zsofardnmcF

despt-athe'acttha th calulaion becma arycokoi td i



h Tha enturance cro.-s sect"on height in m

YDust volume weight in A

6Dust ooantanlus~ irtnit+yinP

r. Th e gas vsosityj in crgS/

U Circulation of the dust patiale i the cyclone

Cf--(x) 31 -h--to'-&s "= a~t given -up--by thecy oyune or, a

a nri traie in

R3 w~p(z) The oame for the dust Ae~&JW in the cyclonen in %

V~)The =&m for dust aich s2capod from the oyalono in%

4 C~~G102l6,t0iof a the ratio of. dust eltaI natIon

Frna the formulatlon, thbat untIe similar vseight c i-roe tanceg 1 he flow

raaistana forces Iu the carrying gAs ani the par~tle 45cape force W.are sel

in ne noter nd ecuingthat-, "he velocity ovmr t ontir cross neotlon

&f the bfultigilast pry be -not constant &Dd a q 1. to the ir4owing

wifl be lout In a vamrtisal direction to thbe latterg~xpi h releation ___

dw Ag Thl-S r(



The cyclone theories formulated up-to-~date have not succeeded in calculating,

separation velocity and its- graphic representation, 17e were able to establish

the relationshin between'Q separation velocity and r-ate off deposit by" using, the

grnuaz z z zaacer~1: ( graph) ofth du;;st to tlo a' si : : 0I

othsgehfryasadhvimotcaseap been able to draw its analyti2

By separa-ting the wariablea and by 'Intogration~ and with czare to replace

t EQ withr 2 a, iraeg (i), we have.-I

~ ;replacing t 1"'

C and nD/
'ovn or xv we obtalm, the gra:i diaensioa of the ahIlest particlea vchih St11U.

travelS towards the wall froa distance a, as

Xi, - (2)0

41 hese c-onsidarations apply to single particles of a given gra2 .n dtmanzion,

Actually the nvaterial to be deposited usually consists of an uninterruptLed

bond, in which all grain sizas are represzented arranged according to' a law

of distribatIon tr-ow a lowest to a hi.ghest valuea. This relationship 1

illustrated by Lbsg curve, whiah gives the reslations zip betrveen the total

deposit 11 and thetfIltearmash ith (grain dimanstsenj -

hrR



So as to paes from the laws controliling the single particle to tho.x. f the

total dust, let us consider a differential gas volume of size h ds dl at

distance a from the cyclone wall at the ;4omrent of penetration into the cyclone,

PIZ. I (4.l signifies the vertical depth to the i-mne level). The contained

dllot T01=6 is

dq h ds dl £

A.l ainse roeater than the value Xmiri calculated in J_ (2 rr im-tirtsd ..

dq h da Il "xnin
100

h as di~ !xin)
100

Ths rate of depouit for the volumo elemen: considered, or for the infinitely

-- h& lcq' h da at diotv&a a from the ayclone wall is calaulated as

aa

The total sat, of deI it arrived at fre this partial rate 0i deposit

tiho ah in tionle of ah total width of the entrance cross section: __

Groi sctiog. of the cyclone entrance

h Height of the entrance cross section

i 7idth of the entrance cross section

a Particle distance from the cyclone wall

4
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Fig. 2

~raniorczn scz tonof therLof

pa:tIele deposit,

giD 3m; v -Z2up's; y 120(0 kz/YT;

,83 10~ kg s12? u

-- 4 IExamle: nganted, rate off particle deposit, for 6:0,_

From a QlOV in diagram I draw a hcrizontal (line a) to the curve, a

perpandicular, line from here (line b) to the grain size grraph in dingramr II
and then bcarizontally t--.warda diagraSm 11l (line c) to- the poit bf crossing

with the perpendicular (lize d) from s. Q, The ordinates of this point

ofcrossing giv the diared rate ox particle deposit.

The p -ssupoaion for, evaluation of these rel.ations is that the eurve

actually anists graphically. wliereby the gra in rang" under the Xr, 100 filter

mash width (60 u) is to be divided into at least three, or bwktr four £raotio is
by _ai Pitea~~easrn -l-l h-~wt rht7iya, to_-
be deposited gpain vAte 3  qualified by value a s e ntered in square I of

iL Fig. 2, from which one may calet nmi.n according to Eq (a) for t he reations
on hand; the entire curve af the dust tr be depotited isaentered in Bur I
using the ordinate axis of the xmij-@urvs as a basis. The size of a is again

JIM entered on a -trae axis in, square 1111 The two -s-axes are now divided into
aepctively appropriate sections, o-dinates are constructetsebet

eI e, hs bsc

A.. ..



.X lino a, from !cre £Q.IAUY.rie .3z -

line b, aid from bore on line c to the bisection of the c............. 2 ....

d in aquare 111. in rate of particle deposit curve a i:4 .... .

j ~i throug eb mMe ef k-- caruio ettal itof &ustrcm l
0aiv finlly obtained by surfaoe meas, ing i thb ;aa iur his cr:iv

by the ntraac& @rores section i The rs e of deposit fTor the give- ex tmple

- -o a hin--I ~=i.tl 1amnts to 10Q5, drops to 90,6; for such A layer

2 cam fro the wall; at 20 cm diztanco It drops t 73) and at 50 am distance

to 6,'4,the total deposit amounts to 73'7$'

7TIhe cures of both groad ard natural dusts, suh ns light ashes, may

be expressed by the expoaont-function:

where b ead a are oaanta, i hi fase, the relation for the rate of dust

A4 z a0

Uwa too, the i tegration follows graphically.

- Dimeions iafluenoing the rate of dust removal

The dimensions obtained in Eq, (5) influencing the rate of dust removal m.

be tnolded in swoh as that of the carrier gas (in blowing velocity v, vizoosity n),

I}

,I;
. .. ,I. ; .. .. ... . .



V

* % that of the material on hand (Firneness4 given in b and n, CiitCit.t

and that of construetion (cyclone D cross ....... ee..... entra: c.,c.cV ,

width i, cirulate.on value U) The influential d ....... not Inclzuu.-. 10

Nqo (5), such as dust contents are to be n th e conug-e t f f "n'u

0. ds wurbnc.. tFrcn tac corfist .jtticiu ol %- t ;-I .. z oi tp

dimensions conditioning the rate of dust re..oval buiid a co: we a.l

o6!1l La able to list a small part of our calculation and re-- irch ,

In-blowing velocity

The rate of dust removal aci;ordlig t Fig. 3 for 20Y coal dust deposit

on filter NMr 70 is A% for 5 m/s inblaovin vo 66.5/ for 15 m/s

73.5% for 25 ml/; 78.5% for aD m/. The rapidly mouLting curve flattens out

in proportion to the in-blowing velocity. Therefore, little can ha won above

25 m/s evon in theory, especially when one considers the mounting pressure

requirement (preasure lossL But the rise of in-blowing ve increases

the danger of g sti in up of tho just deposited dust more than proportionally;

ao that actually the curve levels off much more rapidly than indicstd in the

--- theoryyec-Fig; - Vzich aen tiad~a a i 0dmm Ooss section cyclone

model, It might evcn occur that the curve sinks as a resuJl of this die-

turbance The values of suspended ash (in air) of identical fineness are

from 6 to 8% higher because of the greater specific weight caused by the

contents of combustible materials

Viscosit2

The inf luence of soke oas visaosity is lirited within the emperture

interval of 150 to 35 0 considered for suspended ash deposit, The rste of

dust removal i this case drops from 77.5 to 75%& with 20 M/s in-blowing

9
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i4 vel.ocity, suspended ash oft y z2200 kg/zr and otheor condiitionls equal to tha3(o

given albove3 Each boiler ch arges with the boiler load as wiell as Ylith

blowiag veloaity and temperatuxre of the heat gases durinig suspenlded ash

deposits through a single aycPlone3 The rate of dust removal should rise when

lfactcd by tae first and Call with the second, wnhen the load is inareased

-and all other conditions remain eual. Theinlzfth ow g tcng

veloclty is greater t.hgn t-hat of the rising tenporature, chiefly beause the

eatering Veloolty riges such more than prkport"'onsaely odung to two reasons,

greater soal onemptiew and highar ezbauot"gas temperature. rur ahermore

the anekpended a&h partielw will become larger w-'hiabie odI oes

ino aPig0 ' 5 t of inplo cendrial terouise with 2 rn Ln- In'wOng vlocity

;~li aa 5 ysn btginpabt i t 20% dej osit On filte r 70, 76 5$ with i;5%/Nr3

0 m tL-)y awe M41~ wAn 83,5% %all fmr browna o~al du9at). Thu finenessfi irflux

theeore drops aith growing inm'blowing veiccoity3,

Total rate of dust removal far a Cyclone of

3 m in diem3, deppedir& an the in-blowirg

weolecity and the duzt Lneuazz for -in entr ae

cross section breadth oc 0.5 mn afA a (20C

caryin ge ioult 'Within thea Cyclo,31



Fig. 4

Total rate of dust removal for a 400 mm

cyclone depending on in-blowing vlocity.

Fig. 5

Rate of deposit depending on fineness in-

blowing velocity from 1 to 4 carrying gas

circuits within the cyclone.

D u 3 m; i a 0.5 m; y 1200 kg/' 3 ; t = 200

Fig. 6

Rate of deposit depending on specific weight

(weight by volume) D -3m; i 0.5 ,i; U 1;

v a 20 m/s; t 200

IIE



Fig. 7

Rate of deposit for a 3 m in diam. cyclone

depending on the entrance cross section width

and the in-blowing velocity.

Fig. 8 and 9

Influence of the cyclone cross measurement.

v= 20 m/s; U = 1; t = 200; 27% deposit on

filter Nr. 70

Fig. 8

Entrance cross section width is constant.

Fig. 9

Relation of the entrance cross section i

to the constant cyclone cross measurement.

The influx of greater fineness can again be theoreticqlly levelled off

by increasing the in-blowing velocity.. But it soon finds its practical limit,

as the danger of disturbing the deposited dust rises from two causes: growing

in-blowing velocity and additional fineness.

Volume weight

If the rate of brown coal dust deposit attains 73.5%, suspended ash under

similar conditions as shown in Fig. 6 especially of equal fineness, reaches 80,

cement 82.5, barite 85.5% and iron filings 88.5%; the curve therefore keeps

getting flatter in proportion to growing volume weight y. The cyclone will

deposit this circuit of ow combustible contents suspended particles more

easily chan one of high suspended coke contents. Selective deposition acts



jZ against this fat, as the supended cokte prticles Are usually found in

eotner fractions. P urthermore suspended cinders often form lijht' hollow

aIo

spheres, difficult to daposit.

- Width of the entrance cross section,

The smaller the entrance cross section of a riven cyelone, the -maller

w1ill be the escape paths tU moasured, and the higher will be the rate of

dust re a, Y or example, the theoretical rate of dust deposit in Fig. 7,

given in 3 m cyclone cross measurement and 25 ryn In-blowing velocity, is 8-8

when the entrance cross section is 0.1 m wide, end drops to 69,5% for a 1 m

entranoe cross seecton width, tnfortunta2y the possible use of a narrow

entrance is limited in practice. For the cyclone load possibility drops with

deoreasing ross section width if the height of the croas section is not pro-

portionatey enlarged,, however this limitation of the flow soon reaches con-

atruetivo imts,

Cyclone diamat

If the atsolute width of the entranoe cross section were to bo kept
- san th f-stotiUl e subject to very slight change

-tin4 inareasin agaione diamaer,, Fig S. Suoh an onL-Wgament -taw is

impossible, as it would ra 1 e out a possible rise in cyclne load inarecee;

this however is the reason for diameter enlargement,

If the relation between entrance cross section width and the diameter

is kept constant - a magnification rule fallowed by a great number of firms

the rate of dust removal drops sharply with growing cyclone diameter, Fi, 9

however, as -tated above, this influx depends mainly on the growth of the

absoltt, width of the entranoo cres section.

1

:3

m Ii m mm m i m mi
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4.

Unfortunately the fact that small model cyclones yield higher rates of

deposit than large enterprises is often disregarded. The characteristic

cyclone procedures are very complicated, and this is not the place to discuss

them. However it should be pointed out that a gre:,t number of differences

between model and actual test stem from the narrow entrance cross section,

usual in such experimental cyclones. It is possible to review this section

with the help of Fig. 8, aid to compute such research vaLes approximately for

larger cyclones.

Circuit value

The above calculations were mostly conducted according to the simple

assumptions, that the actual deposition terminates with a single gas blast

circuit through the cyclone. The following figures drawn from Fig. 5, show

how much the deposition miy be improved by repeated circuits without stirring:

for example the dust removal rate of 25%/Nr. 70 brown coal dust at 20 m/s irt-

blowing vlocity is 72.5% for one circuit, it rises to 79.5% for two passages,

to 83.5% for 3 and finally to 85.5% for four passages. The curve keeps getting

flatter as the number of circuits increases, so that weight improvements are

not possible after 3 to 4 circuits. Fig. 5 further indicates that the in-

fluence of both in-blowing velocity and of fineness decreases in proportion

to increased numbers of circuits.

Disturbance influences

Disturbance influences, beyond calculation, overlap the developed theor-

etical calculating rules; with practically a single exception of dust contents

Sty..o ch'r the theoretical rate of dust removal, so that one has to

multiply it by a quality rate which completely reflects the thermodynamic work

2-4



-A,

r.atc 0f the stea0m engine. Stirring is a part of d~stu:tbaco inlaonctr

alrady present in the ponetrating gCa, increased by ,vall rictio the mish
* of the aotve gas blast upon the newly enterin ga! thE rictton bt. een

various blaet velocities, diasartion of the orijiaal velocity Loilo nd of

the blest neasurements, traring of pre-deposited particles from to cyclone

wel by stirring, eta. TZ fat we conduc-ted otr model tests wier aerodynamic

Coditions in an attempt to impro-a cyclone quality rate and energy con.eup-

tion, The results of these tests Can=t be given within the frame cf thijs

papler lYt it only be mentioed in connetion with these tests that they

also follow a- number of construction conditions which cannot be calculated,

sch as entrance arose sectia height, height of the cylindrical section,

cross aetion and pentratLon depth of the exhaust tube, further instel Is-

0 tions in their influnce on dust removal rate and pressure need.

Deposited ard escaped duct grain cnglomeration.

All grain sizes, which are above the minute grain dimension xi, which
still is being deposited within the interior edge of the entrance cross

grain dimension may be deasribed as the "ideal pore width" to quote an ex-

pression hRslda. it is achieved by pleing u i in equation .2). Grain

mise inferior to xi are only partly deposited ard therefore are partly in

the deposited mazs, partly in the pure gas. One therefore simply obtains the

filter deposit of a deposited mass on mesh larger than xi, by divIding the

respective deposit of the test mterial by the cyclone rate of dust removal

a' !, 100 (6).,

L
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One may obtain the curve for the deposited dust by filtocring ':p to p ro.;Jible

degree, as the ideal mesh opening iu usuall. U~low /O u, ond tho fieot filtcr

Nr. 100 has a meah opening of.60 u. The equation

R' :u iO i- 1 sf'(x)dx7

is derived for the deposit of the removed material in relationship xi, l;vhere

fn(x) means the grain distribution ourve achieved by differentiation of the

crossing curve and where s is obtained by solution of equation (2) for the

given values these days. The equation to be solved through calculations in

stages gives the value of material which escaped from the cyclone

Rif - 10 1(i-,)f(x)dx ()
I 1  .-a

Fig. 10 shows the curves of the test material and of two dust removal

materials for two separate fine dusts.

Fig. 10

Curve for dust with 20 and 45% deposit on

sieve Nr. 70 and the corresponding depnsited

and escaped dust. D = 3 m; i 0.5 m;

v 20 m/s; t 200; U 1



Series and panra2el cyclone h!.aLIZI

Tho-se graJn Conglomeration relationships may be useful in solvint; a

! q +%O % ;.'hih "tan aacura and over whiah oltlial opinion io divided.

It consista of wha.ther It la more pritable to cals-.cs in zoric
or in parallel so as to iniprove the rato of dust re:oval, Calculaticns for

brown coal dust of 27%/Nr0 70 show that by linking 2 identical cyaon-s, off

-hin d~n anwith aU.5 m wide entrance c ss sectIo, Iser s 7,,, is

deposited in the first and 8% in the second, or a total of 81J of material

is deposited, By parallel linkir of two cyclones with 25 cm wide entrance

cross sections 79.8 total dust was deposited. Despite the fact that the

rate of dust removal in a parallel circuit is slightly lower, The energy

consumption is rot as high as in series circults, and installation capital

and space are more Imited, as one can =ae cyclones of aller ammeter (for

example 1.5 oe fam o 3 a). In fact the perfeated total rat of deposit in

a aseries aircuit will ba a little higher than calculated, for the fLrit cyclone

decide whetler the improved deposit justifies a rise in capital out'ay, space

and energy consumption

?inal considerations

ihese investigations show that unfortunately certain nstural boundaries

exist for simple mechanical dust removers. The most canomn being the cylon.

The construction and indumtrial directions should attempt to approximate the

actual rates of dust deposit to those reached by calculatioas. rhq1ile wutil

17
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rently groping in the dark, we may now compare the real procojs to an ideal

process, similar to that of thermodynamnics, arrived at by careful calculation

and graph methods, drawing the naturmlly set limits of the height of cyclone

dust removal rate. By transposing the customs of thermodyna:mics, one may

describe the relationship between the actual rate o&fdust removal and the

ideal, as established by the t-rocedure above, as the cyclone degree of quality.

The question advanced by the lengthy investigations, which vill be answered

in another report, is how to draw full use from th cyclones' possibilities

within the limits prescribed by nature.

As it has been possible to establish the natural limits of cyclone dust

removal in this work, one should use necessary consido,'.ation in setting up

requirements of rates of dust removal, and only require higher quality and

more expensive duat removals when it is absolutely necessary.

2S9


