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Mist eliminators

Each type of gerossl will be captured by a distingg device,
Therefore, there are many types of mist elimirators, each
one specifically designed and bailt far best performance in
A CRITAIN (FOCess

in this artiche, Clark Solutions will anefyse the
Maxibdes® o commonly used type of miss eliminates: This
mitst efimanates & composed of @ series of geometrcally
knittad lapem of metal, glass, plastec. ar 2 combiretan of
these materials, which ane laid one abowe the ather in g
certain path that will makimiss the number of targets foe
perticle collection, while minkmizsing pressue drog and
fawouring collected liquid drainage.

The= wire mesh pad mist aliminator is the standard
segarator for & wicke range of apoliarkem = specific mesh,
crim, layout, rumber of lasers as well as a broad arge of
rrateialy will fir each pracess and eonditions

Theese davices e the main chaloe when droplets are
mechanecally genersted since this type of entrainment
contairs drapler sige detributicns from few 1o dozens of
miciometers.

‘Wine mesh pad rnist eliminators are often the fost
de-artminment devices to-be considesed as they will
operate with nearly 100% efficency ina broad particle size

Hechanicsl
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Figura 1. Mist sources arsd their respective particle siees

spectrum at a mimmal energy cost — unbess fouling s a
FrENAry COnCern o exfrernely Fine rist is present {less
than 2 jam)

Collection mechanism

rechanical mist slimination can be achiened through
thvee mapar collection meckanisms: direet inTerception,
imertial impaction and Brownian diffusion.

This article will facuy sslely o mertial impaction,
wahich B the main meecharism for the Maxibiesh wire mash
mist eliminatos

Inertial impaction accus when a gas stresm carrying
liqudd particles passes through an obstacle. Whila, the gas
will deviabe from the interference, particles above the
ireertia Threshold will be projecred From the gas flow and
impact an the obstacle, inertal impactian presents as a
praccunced increade in the gas velotity as the liguid to
gas dersity ratio increases and as target gets smalber
[i.e the gas trajectory change s steep to avoid the
irterfenence)

Thes Formal defiretion within the collection mechanism
car be at Tenes hard o viscalee, As the collection of
enitrained dropkets @ a mist eliminarar s semilas to the
collection of projected waliva or snesze sercwoly in 2 face
miarsk, & comparison of the Twe technedogies can help
explain the science behind wire mesh mist efiminatan

Aerosol collection efficiency estimation
The current global pandemic, COWVID-19, & creating masse
chaflerge toevery day life all oeer the wiorld, inan effors
to combat the wirus, the World Health Ceganzation
[WWHO) has rel=ssed recommendations for countries and
Irsdividuals on how to wast face masks in a safe marmer!

A5 a disclasmes. this article does not intend to offer
real efficiency of Taoe masks, but anly llusirane o of
many mechanisms with which they operate.

The pperatirg mechanizm all face maslks 18, in much
aspects the same as mest ediminators. To reasly lhasrate
haas mmist eliminators operate, this article presents a

camgarizan bo halp provide an understanding
and thearetical analysis which mare tangible
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purticle diamedter (jam)

ta the reader.

Both wire mist ediminatoss and face masks
are an enfanglemant of fine filaments offening
abutacles to the liguid Cavied aver by e gas
phase turning aerosols inmto cleaner gas
[Figure 2.

The Fallawirg catcelaniomm consider soma
simplifications jootton wires considered with
carstant digmerer and equally spaced) and
standardised tests must be undertaken 1o
e=qaluete efficiency.

Typecal mist sounces thatr mist eliminators
ericounter are displayed in Figure |, alongside
thuir respective particle sige, fearwhile the
distribution of sneeze particles encounterod
by face masis is shown in Figure 1.

Heweawir, gach mist eliminaror applicarion
wies different strategies: wire mesh mist

Figure 1. Bimodal distribution messured in experiment (23 snestes of

j[x} II.'hleEI.T.J.J
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elimmators have o bess superficial area bat
thicker pads, while face masks hawe more
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superficial area but are usually thinoer [normally teo
lapers of Fabric) dFigure 3],

There are dozens of different carrelations to calculage
miesh pad mist sdimanators efficiercy. Faor the Maxikiesh,
Clask Solutions employgs a prapriarary methed, bt o
calculate the efficliency of face masks, this arncle will =e
Langruir and Blodgerts cormelatice for & sirghe wire
efficiency® in addstion to the Carpenter ard Othmer
correlation to convert 4 single wire to the mesh-pad
afficieny”

Thez first step required to calculate a face mask’s
efficiency is ta corsider the flow parameten, known as
‘Stode's numbsr (5rk)

|pL- pG) x (09 % ¥,

o ST e o
Wiith

W oL - Ligusd density

B o5 — dendity

u Q- particle dizmeter,

B - gas welocity,

. - pas eSSty

L] I:l* — wire diameter

Atbar which, the Langmuir and Blodgett correlation i
apn e

<05 + 95 x SEK1TME
E = 2k
g DLEZE = Sef!1eH

Where E_ i4 the single-wire rermoval ¢Ticiency
Einally. the averall mesh pad efficiency i calculated
=g the Carpenter and QOthener correlation:

E

= TR EETAE, (3

whare,

B - totdd removal efficiency for a droplet of
diameter DF,

B 5 - pad specific surface area.

B T - pad thickneas,

For thes analysis, water droplats and ambient ai ane
consdered. Far thes, the liguid density is 1000 kgs/m', Gas
iz esientially air a1 ambient conditsons, which
congequently mplies a gas dersity of 11 kg /m” and gas
wizcosity of G0z cf,

Accarding T the Fosod and Agricuiture Qrganizasion ol
the United Mations, cotton fibre dameters arverage
typically range Fram T 1a 32 pmt Therefore. i this case
the O was sebocted s 30 g, This is a conserative
assumption, smce the higher the diameter, the lower the
specific surface are and consequently Sower effaciendy

& pas velocity caloulation demands certain
assumptiors, such ss;

B Condimion of breath: rest,

Figure 3. Laft: One of MaxiMash wires p:rl'l:nm.ﬂ.ql'.t a
cotton Fabric woven pattern.

Wire Diameter { : :

Space belween 4— -
wires f T

Figure 4. Region to define specific suface area,

inbates per minute: 20

Exhiales por minume: 20"

Tirne far ane breathe 1.5 seconda

Tidal walume for esch breath: 05 litres?

Volumetrc flownate of aach brearh 1.2 mtohr

These assumpisons hayve been bazed on an averags
Paaimsan at rest, Moar all |l.|l'lg wihime s used nhen:.-rearhing
and ghee tidal volume & the alr velume irhaled ard eshaled

at mach breath. Volumetric Howrate iz cafculated dividing
tidal wolume by beeath rate

[ Secords ]

E0 T
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——nt T [ Seconds ] )

Breaths Lo
n ety

Minige
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g [—==
Ereath

Ligres m
G [Ec:-:nds] bAriite h

Breath

The awerage welosity of beaath is caloulated with
anather extemation cansidenng the mask s When 2
baiman |5 ar rest. nob all of the mask’s superficial area ls
umed, 5o a dlameter slightly larger than the nose
i estimeted. The slrast srbiteary value selected i 40 mm,
which rasules in 1260 mm® arpa and anaverage valacity of
0T mss,

= & (43 ]|

= 1260 [mm]
4
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Table 1. lmpact “mw Finally. pad thecimess 15
Parameter Unit | Base scenaris | Scenarko I | Scenario § | Scemanio 4 | Scenario 5 comesdered a5 a doubile e
Wire dameter pm 10 1o a0 * 10 of fabric, which equates 1o
Specific purface ama | mPAm* | 306 500 558400 155 140 204 300 306 500 +By
Tharefore, raw all
Fabulc layany. z L b ! A ] pamameters required to
Pad thickress um 44 ] 40 Gl i calculate the apgrosimate
Collection efficency | % TR EEw | BN poal%- | ELosw efficlency of a fare mask
u“.i-l:ll..l'l'lp-i‘tlul.‘{l_!l_ Fawe been sither besn
calculated o estimared
Table Lﬂrﬁiwﬂ Using equations 1 1 3, it s possibls to calculat= o
Base seamasit | Seanariol | Sesmarie) | Sesmasio 4 | Seenariss o0 /ECHOn ;]'rf“-"ﬂrf-:l' for a specified F'="i':|'f diameter.
K = hoeaayar, nalyseng Flgura J it s possible b
ik dimatit ) Srillier h'!' ol Sama conclude the mask only nesds ta collact particles
Spzihc sirfacs Langes Srnaller Lare Same |i.||at'h1 tham 50 i
aréa
Pl thickresd | Same Sarme Larget Siralber (W0 - 1T} x D005 x D27 o oy
Stk = =
Culh_:ctlmm Bt Wi Bt ter W W e OO0 x OODa0G
effiiency
Table 3. Product comparison :
0005 + (S 5 RE1IE
Base madel - 431 | Medel 470 Model 326 | Medel 531 [ = = F0TIH im
Surbace ares | 46% e o moee | 9% Lass 06261 « 1845
Humber of lavers | 7% mors AT e 40 Leas
Service Figh mist cortent | Fine perticles | Vacous mist: = |- T W00 0000 4 99 L i, TS 2|
A twen when samining this oversimpl fied analysis. it is
1l [— ] Clear that the oerall efficiersy of face masks & bagh
a i Thez meogt impartant aspect of this analysis is the
] -y £ 7l impact of surtecs ares and pad theckneis. since thoze are
1260 {rvn’] tha srratagies for particle sollection used in Industrial

This average velocity calculation & similar ta
the calculstions used irosndustrial cases. The process
has 3 valumatric flewrate and the vessel a specified
diameter. The averagpe velocity is calculsted by
dividing the valumetric fowrate by the cross-sectional
area.

The |28t twio paramssbers remsning to be deferminsd
are specific surfeoe ares and pad thickness

Far the former, a small regicn of theee wertical
filaments and theee horizental filamenss will be
considered, and are illustrated in Figure 4

Thes volume and superbcisl ares sre caloutsted using
the following equatiors:

Wi = (1 ¢ wire diameter + 3 r space Between wingsl ¥

wire diamether)
]
5:.-;:|ilrl"l.|_'.'.-:|l arsd = 7 ¢ wile digrnerer 8|3 E wive digmares
v 3 Space Betwren wines)
e

wae diameter was alieady selected as 20 pm, and the
space between wires i assumed ta be 0.5 pm® Lsing
equagtion: Fand 8, a specific area of 306 503 m?Afm? i
calculatod

18 | WORLD FERTILIZER | SEFIERBER 2020

scenanos [Tabla 7],

Tahle 1 comrgares quantitatively the bise scenario,
shioam im equations 1 to 1, with Four additeonal scenanca
tearmechile, Table 2 compates guslitatively

g Tabsle 7 reweals, higher specific surface aneas or pad
thickness owerall provide a better collection efficiency.

arison
Againet the backomop of COVID-I% discussions of the mast
effective numbss of layérs and face mask material are
common These parameters correspond conversations of
pad thickress and specific furface oes o omist eliminaters,
vwehich are main aspects fo aerossd collection efficiency
Drhirirg whether a mesk will beof aneor two layers.and if
the matarial will Be cotton o polyester are crucial to
effectiveness. Defining thickness and pad compasitions are
IFEarLant parametens i Massbdesh apolicarions as wel|

In an industrial ersimanmant. wire specific surface area
iz mcreased using & knit method. kMecibesh products offer
] rarl.ﬂe-;}i different knit patrerns, wirh filzments spaced
furthear apart ar closer together depending on process
dermarids. As this artiche has caleulated, decreasing space
ket wires incraases superfical area. which increaszes
the overall sHaciency of particle collection Also. a mesh
can bhe coeknltred with materials such a5 {nbreglas-',_ Thiis
material’s filaments partially occupies volds between
irrrtinl e, which alis contributes o specific surflace
area.
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Relax,

it’s Venti.

Hegarding pad thickress, Maxkiesh models usoally
I & ik Ol 6o which could be sdapred dependag on
ey soecificatrans, In Tabke 3, the 41 moded s used as
5 base case for compansan

Thez 421 wezdal is recommended 19 high midt contants
although it requires &n incressed sueface area. no
shgnificant change i the number of layers i necesaary

Type 126 applicatian is best weed for fine particles
Sirce the main goal ivhigh collecton efficiency. the
reguired sirface area 5 almost the double and more lavers
nzad to be emplayed.

firslly, model 937 iy used For more viscous Beuid
soreioek. This way the mist eliminator must bamare aps=an
than the stardard 431, which carresponds to l=ss surbsce
area and radier of |lders since I'-""_.|_||||":g 5 A AP Tant
aspect

Theede are gudt & lew ol the svailabie Magibiech models
Gom st co-knirted wirh different marerials whick
substantially ncreases surface sren. others hoave a
comgasiticn of sectiors with dfferent surface afess and
number of layers to mcreases mist el minator gas capacity

The deg.lul'. of e eliminaiors eormickEry danlar
aspacts discussed i thiv article, fluld pecparties mist ba
specified. calcutated. or estimated Gas velocity is
caltularad by The walumetiic Flowrate ard The
cross-sectional area {for caorditions of wel| distribured gas
Iow) Cince these calcwlaticns have been made, the
corrgct mesdol can b gacly selocted ta calbect che
required partiche diameter, whilst offering the lowest
e e rop

Conclusion
By contentualising particle collection through a
comparison af face mask design this artcle bas aimed 1o
explainy o mnT el imingiors wark vith an nertial
impaction mechanizm, which parameters are relevant and
b they contnbute to rmist alimination design and
QpsEraran

These results displayed for face mask showld not ke
constried.as Fectual, sance o Lot of simpldicators were
made Motwithszanding scenario comparison i an
irfenssting perspechve on profection evaluation WE
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