
CHAPTER 15

A Possible Method for the Sampling of
Saharan Dust

B. STH~

ABSTRACT

M""t ....p~nl ...thods lor susPended particles in ...bient >ir u..d 'O<\1y are
de1iJrled IQI the urban envir"" ..en' and it> p<>t1ibl. r.lat.d bealth offee". They are
de>ilned lor .....urin. concentn,ion. botwonn 10 .nd 100 llllm' pa"icl. si...
below :011&. modera'e wind .peed and a time ..-Ie of O,S '0 24 hours, Tbe <!Ita
oblained with ..""t 01 thes' .. .,bod. are uselul if the conditio'" do r>ot differ too
much fro.. those described. In the ea.. of the probl.....i<: erosion of Sahuan duo'.
mos' of 'h. oriton mentioned abo.e WOIlld probably not be fulfdled: The con.
"ntntioo. or. lik.ly to be mu,b I\iJlter ..bere 'he erooioo occun. 'he pa"iel. ".e.
up '0 .... tal hundred> of micron•• tb. wind >pond biah and 'h. tim • ..-I.lonl.r (.t
I.." fQl p"aetical ...oon.~ If on. wan" to de'er..ine the real "".. of pub:l..
....pended in air ;n 'his e... or collect a ..p......,"'i'·...mple, no other aoIution
i..m'dia,.ly pre..n,. iuelf than iookinetic ....pli~ ~ at Ie." fo' ,h. I..... pa"iol••.

This paper will d.ocribe .ueh ...ethod ..hich Jw bo.n developed" IVI.-·
B..ially ,h pIer comi", of a ....11 cylinder "bieh i. open at both ..d•.

Duri"l ..mpli"l i" is ori.nted p"all.l '0 the flowltnes. Th. fluid is.llOo,.d ,e
p", ;1Olcine,iC111y throuah a no»l. u the fronl end of ,be c)1mder by .... '" of its
Own inerti1. Th. p.rtiel.. ". ,h"'aed .nd d.pooited on th. cylinder wall. Th.
cylinder SCto ••• ooUectl"l e'.mode in an electro.tah' precipitator and it> weifhl
is d".rmined before and .fter the ....plio •. Th. COllection officiency ..... found to be
above 90'il> fo' moot particl... The ..mpler is b.ttery-op......d .nd ito 'otal "'eilb' is
2.3 q.

IS.! !I>TROOUCT10N

Aerosol> emitted to or p.....nt in amoitn, alr lTe mostly char.c,erized Oy ,h.ir
concen'ra'ion$. Co_quently, most ,echniqu<$ for pmplin. and ",""""men" of
p"ticl.. ar. d.si&J'led to det.mune roncen"a'i"",. tn many C"". howe..,. con.
contration, a.. not of primo! in,er<$'- When delemUllin, emissi"", from " ..ko•

• 5..'edi'" W..., .nd Air Pollution R''''''t<h laboratOl)',



"" S<UummDUft

'.nl~..orl or ·diff~..· $OUTc<'$ ouch .. It<>eky.nh. 'Old...tc., the prim< inwes, i.

Ih. nux of pwic;I... i.e. the amount of p;:aniele! trwponed throup. muin ....
during a celliin period of lime. In suoh c.... lh. m". ""'''UrO"",,,t of the flux
may ~ ad.."..,..,,,, compared to con••ntionallechniqutS Ihol use in.truments {or
the d".rminalion of !>orh concontt.tion and flow ",Iocity.

15.2 CE/I;ERAL DESCRIPTION

111< .."'pI., consis'l basically of I nMllo.• oyhndri.cal <011"";1\1 .Iect,ode, an
<minion electrode.• flow ..~ulltor•• shIft, Illd • tush _oI,.go generator. (Figu,..
15.l and 15.2).

Durinl .."'pI"". ,h. axi. of ,h. cylinder is oriented PIr.Utl to 1M flow line. by
I YaM and lh. fluid is oIlo....d 10 pass isolJ.f'ltlio.lly IhrouV. the Mule by me.n, of
ill ""'" inerti•. The pu'id.. 'r< ch.~.d and «>U«l.d on til< inn., cylinder ....n
d\lt (0 .1«I'OSI.lic [ore... Th. cylinder i:I ....iih.d before and aft'r the wnplinl to
determine lh. panicl. rna... 11>< panid.. may also he ...lyK<! by ~lItmkal or
physical mean•.

15.2.1 Nonie

Several differenl inlea m.y boo uxd.
FiJOt. lilt cylinder ..... ""'d without >Ily no<z1e. This m.k.. it possible 10

<no ..u... very low p.nide flux. bul lht <oIlocli"" effl<;'ncy m.y doer.... si,.
n,f",,,,,lly wilh inc,.tiinB flow velocity.

&condo three si""l., now.. wilh differenl mlel d"mem..... re mad. of leflon
(FiBu" 15.2). "The di'm<le" dt"",n were 5.0. 8.2. and 11.2 mm, Bivina "1'I',ox·
imatdy 25, \0, lIld 5 lim.. ,ed""tion In flow velocily re,p'''lively from nozzle
inlet 10 ooUe<:tion or"..

I.' ""'"....,.,,,,
F'l"re IS.! Sk.tch of p.>rtid. umpt"



.',.-...".

281

_ . '00 _

~icU" 15.2 CtOSH«lionofsampl"

llrird.• 'p"''''1 5 10m ·.xpan'ion<onlraClion· nozzl< was construcl<d to bt ....d
in lhose c.... wb<fl 'h< coU'c,i"" .fflci<floy obl.in.,. wilh tho o,din.ry 5 10m
n<>UI. is signif",.nlly ,.duc.d d... 10 lurbul.nc•. Th. nonl. lli""' inil"U}' a
"duoIi"" in flow ..locilY of ,0 limos ju.1 •• Ih. Olh., noIm. bUI il.1so oonsim
of a con"""lion seclion wilh an ar•• ro!lo of 2 ' I wb.r. 'h< 'urbulenc< is
.mo<>lh.d oul b.fo« lhe ",mpl. <m.n lho cyhndrkal pa".

MOil' of 'h< '0$11 and m..SUrenl<n" d""'ribed in Ihis p'p"r ....,. c.oni.d out ";lh
lho n"'mal 5 10m nozzk.

15.2.2 CoUoc'inl.locl'o<!o

Th. coR,,"ns .I<elro<!< con..." of a 150 mm 'cid·proof ....1 c;-lind.. wilh an
inn., dianl.lor of 2S mm and a w.igh, of 14, &. Insid. il m.y I>t co..rod ",ilh an
aluminIUm fo~. Th. foil. used w.igh sround 3 I and may ••siIy I>t foMe<! and
,1",«1 wi'h lh< porlicl.. <oll<e'ed on it.

15,2.3 Emission ..... rod.

Th. up of ,h••mission <1«1100< i. 1000'ed 20 mm from lho fmol <fld of Ih.
<)'!ind" •• .tlown in Fi&m. 15.2.

15.2.4 flow "'......0.

A cross seclion Oflho flow 'qub'nr is sI>own in Figu,. 15.1. II is mad. of I.non
10 Ji.. a rood insublion and ,<sl'llnee 10 I.mponstur<. I" "or .nd is "I"'nde<! in
ord.. 10 inc"... lho now v.locily on lhe ""Isid. and provid. an "I", ...-..;uum ""
lh. in,id•. This i' n«....ry in ord., '0 achie>'< i",kin'lic sampling Ih'oU&h the
now. inl.1. Wilhoul lhis "pin""" and a nozzle 'ho f,iclion 1,..... on Ih. iruid.
would low., Ih. flow ,.1.lhrough lh. oylind" ""'I'ing in ,ub·isolun'lic sampUnl.
II'h.n nozzlo< a" used lh. sampl. flow is .bov. Ihot of Isokrn..k samplml if no
eXira flow remi<lioo;s m.do, furoro," In .~ch.nge.ble pbl. ";lh fnur hoI•• i.
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Fi""e 15.3 e.ne'Y current_volt.,e
cllaroOlorinlc' for lUsh roh.,_ oupply
workin' on ..mpl<f

p1~d just bofo,. the expansion >l !he ,.l/ end. The dillltl<le .. of lhe hoi... Ofe
mol<hed wilh tho ""pecd.. nouJe.ln order '0 obllin isokin.lic wnplin..

IS.Vi Hip voIlll,e,.n<ntlClr

Th. hip VIlllllgo Im.1I1er is ban.ry..,ptraled and consists of an oscilla'or_.
transform., &lid. VIlItIS' mullipU.r. Th. output of lhe ....,.1110' is l/ound 12 kV
Il 4.5 V inpul \'Oll'go. Th. bW'ry Curr.nl q, funclion ofb>ll'ry VIllugo to Ihown
in F!pt. 15.3 and indic.t .. tho formation of I ,,"bl. co,on. dis<:horl' in lh.
wnplt,.

IS.3 PERFORMANCE

15.3.1 Flow d11f1cleriSlics

11>< lIow ....locity in tilt nozzl. lip and outside !h. ",mpl., ..... dmrmlned by
m"f1$ of • hOl·wi .. 'n.mom.l... n.. sampl., _. ploced in I wind tunll<l and
""loci!}" meaouf<1T1.nlO ...... mad••11 wind Ip«d YlryinS from 0.7 10 11.2 mil.

Tho ...ulu &lYen in Tlbl. 15.1 show thol lh. devio.tion. from isom'li< samplin,
oondiliOfll gonelllly Ofe IfTlID bUl oughl 10 b. <OfIoid...d wh.n ..mplinl i. corri.d
OUlil low flow rat" Or Wilhoul' noule.

15.3.2 CoIlecDOnoffid.11C}"

The <x>Doction .mcimq w.. d.t.rmin.d uperimenlOlly I, • fUll<lion of va'ious



TABLE Il.l Rlti" or Flow Vel""ity Bot,,·o<. Sample
at Now. [nlet and Main Flow

Rel..i•• Sompl. flow Velocity
Main flow
ver""i1y , 'm 3.2 mOl 11 2 mOl Without
(mi') nonl. 00.... noulo noul.

0' 1.0~ 0% 0.95 0,79,, 1.01 '.00 LOI 0.85
W 1.03 O~ 1.01 0."
>.< '00 0.99 1.02 0.".., IOJ 1.01 1.02 0.95

11.2 '00 0,99 1.03 ,~

puamele ... The experim",ullsel-<Jp C<>1\si.ted either of:

(I) 1M ..mpl." I m",_ • dry gas meIer lI\d • pump, or
(l» Ihe "011'1" .• Royco 220 ligll '<altOlinl pulicl< count.. lI\d • pump.

'"

IS.3.}.l PlutH'silt

Tahle 15.21/1""" the 'Hults obtlined by usinll RoyeD panicle C<>IInW when
dettrmininllhe concenlrahoo of diff.'..... p..titl. Ii.. d ' p,""'" in • rOOm
.'m",pMr. before and after the sampl«. The sampl<r use<! without. noult
and with I now ,..,Iocily of 1 mi•. The pmid. number cOlI<enlfllion, We" low,
around 1000/1 in the 0.3-0.4 j,IJTI 'mgt lI\d 10-20/1 in 'he 3.4_6.6 j,IJTI rlJlgt.

TABLE I S.2 Coll«';"n £fficiency of Sampler for Oiff...nt Pu'ido
Si., C1..... at Dmoren, Bouory Currenli

Lotn SlomphnK ,fficiency (~)

~ui...l.nt
~rticl. B."o'l' current (rnA)
di.motor
(I'm) , • " " ,..
0.3_0,4 73.7 83.1 93.7 97.6 99.0
0.4-06 12.9 8U ~., 97.S 98.7
0.6_1.0 75.6 86.1 96.0 98.0 992
1.0-1.8 77.6 92.2 %., 99.3 '00
L8~J4 78.7 92.4 99.7 '00 '00
3,4-6,6 78.2 92.9 98.7 '00 '00
6.6-IJ 88.3 (80.0) '00 '00 '00
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I5.J,2.2 G>nunmrtbn

Approximately 35 IIli of a uk powder, "ith amau mtdian partklt diamew of
2,5 JJm ('ITX uk pol<'dor·)...... di.persed in an Ii' meam and fed into the S mm
MUle inlet "' concent ..tk>n. varyin, f'om 231nJ!m' '0 IS JIm'. The flow
velocity Wis 2S mi. and th. b.ll.t}' current ..... SO mAo

Th. conec'ion .ffx;:i.rocy ..... de,.rmlned by ,h. fIl,er me'hod. :"0 correla'ion
between concentration and coDection effICiency"... fouM, The 'esults lhowtd a
coflection .fflCierocy be'..... n 93.81l1d 97.9%.

/5313 f'Ww.tIodty

Ullin, a ban.1)' eUrrenl of SO rnA and S mm noule, lhe coU.ction ,mci,ncy wll
de1trmin.d with ITX 10k powder dispe ...d in a ";nd 'unneL 11te cOnectiOll
,m,'ency wa. 88.7. 91.8. 99J% at 22 9. 16.6. and 10,4 m/•. re,pe<ti..ly.

15.3.1,4 A",,,,,nt ofcollecud ""'/trW

VaryUtllh. sarnpltn, lime. and keepin, the concentlllion conUam Ihe collect·
ion efficiency was determined .. a f"""t;on of ,he amoun' of ITX lak powder on
lhe collecting .I,ctrod,. The ,null'. liven in Tabl. I S.3 indic .., a door..';n,
coUec';on .fflCiency wi'h an incr'..in, amOunl of talo. A. laic .. OIl' of the moot
,a.uy d"persed powd.n ,tdispen;on of tak partide, may be Ih, majOI cau" of ,he
decre"ina coDOOlion effICiency. Th.re .... IWo [hingo tho' indiocat' ,hi•. Finl ,h.
coU...ioo efficiency incre.... when an ',xpan.iO<l---CO<ltrac1ion· nozzl... used '0
.upp,e.. turbulence (Table IS.3}- Secood. wilen "mplio, more oticky dust. web as
'he fume. from an .Iectnc arc $leel coo""'r. a m""h hi8/l,r coll,ction efflCi"'ey
...-iIi be obtlined (Tabl, IS.4}-

TABLE 153 Influence of Electrode Depooits on Coll«tion Efridencr

Amount of
collected Battery Fluid Collection
,", curreo, I'oule ..Iocity efficiency
(m.l (rnA) tl'pe fm/.l ..,
" '" normal. I mm " 96-3

Ia,9 '" normal. I mm " 95.5
406 '" normal. I mm " 88.6
79.6 '" normal. S mm " 72.9
27. 7 ,," normal. I mm " 97.9
690 "" normal. S mm " 78.4
840 '00 normal. 5 mm " 80.8
33.7 '" ox pansioo-con 'Rclion, , mm " 98.2

1037 '" •xp.nsion-co nlra, 'ion, , mm " ""2lS.7 '" expansion- co ntrIC tinn. , mm 11.7 %.,



A P=iNe ,\fethod for the s.""plu'l o{$IJh""'" DuJI '"
TABLE IS.4 CoIIOCUoD Eltk,.ncy Qblaln.d f"'''' Musurem""u of [):iff.rent
Types of l'aJticl..

G.. odoc:i,y ,- B.nO<)" ArnauD' of Collocliotl
,,~ ftian>tl<f ~~, Typo of _'.d .frlCl.....,
(-..) (IIIml 4111"'1

_..
_'lme) '".. H '" R...·, " .... " I

..
_ I.-oil_......

H '" R•• ,".... .' ..
S"SO.IlOIII
aafl pulp IlilI
,""'"." f_O. H OX'_ H' .., E-_from

--~.m .......... H '" F.,O. • ,.... H '" ..-. " "........'ou•• H " Swp/lll. ill o.~OI "parucloo ...
•"'binI' air

Tho "mpl.r wu u.l.r lO"ed fOl' r.dlspofl.on by til< m,., method. The flow
volGCi,)" ..... 17.0 mi. II Ih. inl.t of tho S rI'lIl'I noul•. Th. unaunt of inilially
COlle<lOd ITX.tllc w'" 38.8 m,. Durin, 2 hOllll of <Xtr. "mplin, of dUlllf'<t lir tho
redi'p""ion "lIS 0.9 "'I corrOlpondin"o I decr.... in tho oollection .mdenoy of
2.4~. 'Thi, prove' thai I ...dispelllon ,.k.. pia",. but 'h. ,moun, of r.dl'porwd .. Ie
Ii I... thl/\ tha' Indicll.d by Tabl. 1S.3. A pouibl. OIUse iI tl>< pr...n", ."d
Ib.."". r.specti",ly of Wnu.lll!\OO\ll coll,,'ion of palIicl...

IJ.J,}.J Typno!--x.

Tho colloction .ffi=ncy ob'"lIIOd by Iho m,.. m.thod for diff.~nl IY,,"" of
..r<>&oI II 1110,." In Tibl. IS 4

IJJ.l.6 S.U6}'nMrmt

Tho blll'ry cuncnl 10 lIu: _ *"pIo .lectric. paramo,.. to de.mllInO.

Aecord". to tho """'lIf",,,,,", of .bllII8:h ooItIF ""'l1t"'.1 6 ....t DC ..put

IhouId Ii'" • IS tV DC <N'puL Tho bitt..,. 0IlJ'Im' 1111 f"""""" 0( the bon.ry
..... 10 sbowm;" F...... ISJ. 'I01lldI Rilicll. tho, In ",put 0'II/tqI0 01 ....... "'""
2..2S V io ...- '0 f""" • co.... in 'ho .....,u.. All .umplo of the influcac. 01
tho blttnycurro:n'" tho coIoel)e••flIc:leaty Is ....... in TJbIo 151
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15.3.38111<1)'1;f.

Bantry tife depend. mainly upon tbe CUfrtnl output and \he b.ant'Y lemper.
atu". At ,emperate", above 23·C ,he 1.5 V &rtc .kolm. MNI300 balleri..
,",'hidl .... ,. used in {hi> 'Iud}" could fun during approxim"'l)' 75 hou" bef"'. lh.
bltltry _uhage dropped from 4,5 V to 3 Y.

15.3,4 Procticol.-

In order [0 '"' ••."enol pictur< of [he ptrformonce of the sampler In prac:titll
f.. ld opemion., i\ was .....d 10 d.,ermiM the lOul porlicul'l' emission from a
v<ntUIlO' .,.".m .bo.. "•.., elec'nc lrc 11..1 furn."",_ 10 "mplt'" weI< built 'nd
wtd Umultanoow.ly <>n diff.,.n, ""OIUIO' drums. 5 mm oozzk.lnd an aluminium
foil ...er. used. The bantry tunent was comllnlly abo"" l40mA..,d lhe flow
..Iocity con'tantly below IS m/•.

M",. {han 35 sampln w.... taken. F'<>sili'.. experitnce was gained from lh.
m...ur..."..,lL The alummium fo~. made lhe wor~ !wIdy.s they could he folded
and .uily "ored .ft., ..mptin._ Sun.ltd rtin ",erm. did oot oum 10 influence til<
opr"lion ohhough the higlwohage ,ou'e< and ,h. sh.ft. ..... gelting w.t. The
...mplina eff><:itncy ..... 97 .S% .. determined with ,II< fd,e, method. til< ""OUn' of
coU.."ed porlicl.. bei"l" ltigh .. 389 fill. ViouolJy. il could be checked 'Iu' tbe
"",,,plina efficiency ..... normal by the sighl of the parlicle deposili "" each ...mple.
In .uch • cae 'h. roo, end of the foil o..y,t '0 be ..l.lli..ly f... f,om panicl.. ."d
the front end. e<pe<i.Uy the firsl <e1ltim<I'.......U co..",d. Although th..e w.s
f1'h.. int<nse vibroti""s from 'he fttU, the deposits on the foilt seemed '0 be
inU<I.




