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EFFICIENCY OF FOG-TYPE DUST COLIECTORS

AT LOW DUST LOADINGS

SUMMARY

An ihveétigation was made. of the effsctiveness of the fog-fype
@@Bt'cbllsctof at low dust loadings. The dust used was Georgia Kaslin
'claysaaa the impiﬁger'msthodfﬁas used for solleoting s;mpies at the -
doildéibr“iﬁlst'dhd discharge. The samples were evaluated by using-a
Beokman typoe B spectrophotometer. This'provad toibé & fast and,gcqqutgﬁ
method for determining the ooncentratlona of the samples.

The perforMance;of ‘the colleotor was obaarved at variouﬁ rates of
é;%'flgwfqu dust Iﬁadings.,_Theuﬁatef.ﬁresSﬁfe iﬁdlratﬁ of fldﬁ’wara
held constant. : | |

Tﬁa doiiéotion érfiéienoy'réachéd 2 ﬁ;ximum at air flow rates of
betwaen 450 and 500 cubic feet per mlnute for the three ranges of low dast.‘

Jloadinga used. ‘Thiz led to 'the conclusion that ‘the opt;mum air flow rate ’
_'depends on the phyaioal gize of the ocolleotor and that the collector muﬂt
bo dosigned for requlred a1r flow rates.

The effect of dust loading ‘on the collection efflolency ‘was sllght
' @;oept for the.very low dust_loadings. Fbr loadings of fram one grain_per
§Ubiélrﬁﬁfito'fivé grains pé; cubio fddt the'effioienﬁy“wus7;imééﬁfcdﬁ; '




CHAPTER I
INTRODUCTION . | .

The aﬁpliéatinn of w;ter a# ; means of separatlng dust from air
is perhaps the oldest’ of ‘the many methods used at the present time.
As early as 1713,1 a British patent was issued for a wet dust oontrol
devidéi'.ﬁbt mathods have always found great favor-ln'industry and
possess many 1nharent advantages over other methods devised in recemt
yﬁgrs. Howaver, they were never: regarded as’ complately ;atlsfactory
due fo rglat;vely 1ow afficienclea of colleetion—obtainabla; Uptil
the advent of the high pressure mozzle which permitted better combact
between ‘#he__‘_s}and”paftio-lés' and the water droplet, wet methcag gould
paig'bgufégérdédfaé'aatisfaétdff for the removal of large, easily wétiéd
é%ﬁgrialﬁ;ff?he high:pf§§;gre épraig c&paﬁig'df'pfﬁducing 8 finé,ffdga
iiké miét'hasrfédicaily éhahged 6@iuidﬁs regaraiﬁg the efficiénciea Of
wat methods and we f1nd in modern industry an increasing applicatlon of '
wet collactors for handling dlffioult dust’ oontrol ‘problems. _

| _”Ihgye gre_mgnyrimpprtant applications of wet methods iﬁ'ih&dstry.

11@€¥ are to bé-fdund'eifénéii§1y in the mining'fiéld for suppresaing
J‘..;\l.ti's;"_l:”?r.‘od'qced by drilling operations, But by Par the largest applica-
'tion $ppéar§ to Be'in handling problems.assooiéted with explosives manu.-

facture, 1n tha grindlng of magn931um and to L considerable extent in

e

: 1, P¢ Drinkar and T, Hatch, Industrlal Dusts. New Ybrk: HcGraw-'




handling highly dangerous dusts produced in namufacture of componénts
containing beryllium._ In general, wet methods may be d1v1ded into three
‘broad claases.-_These are, (a) pulling dustfladen a1r-through a contaiuer
of ﬁatef; (b} peSSihg'dueﬂ;laden air th?ough-a tower packed_wiﬁh many ir-
.ragﬁler pié&éﬁ?which«aro’kbpt,wet,'aha (e)-passingidust-ladeh air.fhroeghf
high or low pressure sprays. | | | H

ngh prassure sPray or fog-type ¢ollectors are manufactured 1u the
.Uhitéd Stetesfwhere they are-advertiaod ag ﬂFog-Filters”xz' ihe'manufae-
turer clains high efficiencies faf'the'colléct;on of fine partioulste
qatfer'df less'fheh.ténieierone'in siee'and that the filter is lase_eoet;
.1? fban'ﬁég houseé or electrostatic ?rGEibifa£ors of oOmpa}able effioil.
. eﬁcy; | |

'ObJ_ct of inveat159t1on - The obJect of this inveetigatlon was to deter-

mine the effectzveneas of hxgh pressure Spray in fog-typa eqllectors by
determlning to what extent varying the air flow and dust loadlng affects
the collect1on effielencles in a small colleotor.

.._ The_p;gh preesure spray o: fog-typa cellactqr; a form of which
'%ﬁia;e;ceheefhee-e}th infthis-thesis;zisje releti?ely:néw;deQéieﬁmenf‘ie'
jlﬁheffiéid of mechanical dust collection.’ As yet, it has not attained ex-
{tenaiiejepﬁlieatien and has reeeived eely 1imitee disdugsidn in eng;neer-

ing lifefaﬁurei Therefere"nq design data or performance ehaﬁecterietios
for fog-type ceileciers eited in.engineefihg texts or handbooks or any

. mention of this type or collection equipmert, -

2. The R. C. Mahon Company, Detroit 34, Michigan. .




Wffh increasing emphasis being placed on air pollution it becomes':

necassary to develop equipment that will give high efficiencie& with

‘light loaainga and to dets
.Wlth thesp same light loac
daterminefthe éffectivenaa

“loadings.

Sur&ey-offlitérature'- The

tha performanca of high P

1931,5 albrecht dlscussed

'appliad hls flndlngs to filber filters.'

rmine the effectlveness of exiatxng collectorq
ings. This investigation was undertaken to

s of the fog-type collector with light dust

re is little published information regarding
essure sPray or fog-type collsctora. In
the depoaition of dust on cylindera and

He showed that vary*small

part1clesido not deposit &t 211 on the cylindric surface but are taken

around thg'muchflérger.cd

extended this work and sha

cylinﬁersi Sell describes

~ on simple bodias and evaluates the results.

eotor by the air flow. Leter in 1931,% Sel1 .
wad axperlmentally the deposition of dust on
a simple method for v1sua1izing deposition

Both of thaae authora con- |

sidered oqu 1nart1a as the primary mechanism of collection with appli~-

cation to large particles

‘gain theorstical informati
'in the micron and submiero

and collectors and assumed potential flow to
On . Ranz,® in 1951, ahdwﬁd'that-fofﬁpafticléa_ '

n ranges of size and for colleéﬁdts'applidd

. 3. F. Albrecht., "T
. From Flowing Air and Its A

‘Physikalische Zeitschrift,
Domotor, Uhiversity of Ill

o 4.;W 8611, ™ Dust
ters™, Forichung Auf Dem Gel

heoretical Investigation of Dust Dapoaltion
bplication te the Theory of the Dust Filter™,
32 (1931). 48-56 Translation by P, J. t
inois (1951).. )

3reoip1tation on Simple Bodies and in A:r Fil-
biete Des Ingenieurwesens fusgabe B, 2 (1931)

Nr. 247 T_hnslation by P. 7. Domotor, Uhlvers1ty of [1linois (1951)

5,fW. B. Ranz, "The
and Spherical Collectors",

Impaction of Aerosol Particles on Cylindrical
Technical Report No. 3 Engzneer1ng Experiment

'Station Uhiversity of Illinois (1951).




to the mioron range of sizs, interception, alectrostatlo attraction, and
random molecular motion are important meohaniams of - collection, ag wall
és'inéf%ia; Ranz analyzed the imﬁ&étion”of small ph%tidlesadn cylindri-
oal’ and Spherlcal collectors in terms of’these forces which affect the’
_“motlon of a part1cla and cause 1t to wove from an ‘aerosol onto a coilec~
ting surfads., |
| Rodébush presented a general discussion on the filtration of asro=
sols in%igéb.s His;diécuééion”do@bfsAdiréct ihﬁerégpfion;’effédfs:of
Stokes's law deposition, inertial effect, ahd diffasion of suall parte
icles and deals primarily with Pilters made up of fibers.

" e atemization of liquids has long besn of imberest to ine
veatigators and because of the W1de field of applicatlon, B number of
papers have appaarad on*the subjects of spraya and spr;y nozzlea.

Iﬁ’1931;7 Castleman Shéhéd'ﬁﬁaﬁwdfﬁp:size decreases wdﬁh inoreasw
ing air*kﬁééd’iﬁ'd”%éﬁturi'throaﬁ; "He 'found that a relative velocity
of 390 fedt per seoond produced & ‘miniinin mean droplet size of six mi-
ofons‘ana'thaf'félocifiés'dbové this speed did"nat”changs'the ize dis-
tribution apprecisbly. |

iéﬂnéfbﬁg inveééigé%éd;s in 1939, tha performance of spray tow-

efs for gﬁé’aﬁsdﬁﬁfiohsz He found that’ the free fall of liquid spray

6. W. H. Rodebush, Handbook on: Asrosols. thhxngton, D C.. Aton-
ic Energy Commlssion, 1950. pp. 117=1227"

.7+ R, A Castleman, Jr.. "The.Meschanism of. the Atomization of
Liquids s, Us8.. 8. Natlonal Bureau ef Standards Journal of Research &
(1931)+ 369-376.

. &. H. F. Johnstone.,“&baorptiou of Gases by Liquid Droplets”
-Induatrlal and Enginesring ‘Chemistry, 31 (1939) 993-1001,




ﬁgéiﬁofé effeé%f@%‘than_wétted surfac€a and reportad-rééuifb:with drop-
Yot sizes down to ‘wbout 50 micfoms. In 1949, % ho extended his work
’to cover the smaller droplets and the applioations of theaa small
droplets'to dust co'lle'otion° Possible effects that would be produoed
' byfdtomiiiﬁg“11Quids:wéré-méﬁtioned and thess included Browaian motion
_ énd'élaotfostafio effeots,
'Eane;1° iﬁ 1851, reported results or'a-serieé of sxpériméhté

on shattering of 1liguid droplets with air blasts. His data indichte
that & velocity of about 78 t6 115 feet per second ‘i required o
shatter a 50 micron droplét} Sonic and super§onic féiodi%ies failed
to reduce ‘the mass medisn siza bélow 15 microns. Although ﬁane does
not give the size disffibutioﬁ;-it is probable that a' large peroentage
of the droplets are of ths auhmlcron size,

. Anopther group of invastigators have ghown 1nterast-1n phy31ca1
' propértles of drops. Of these investigators, Arabadji,ll in 1949, was
abls to arrive &t an equation which desoribes the change assooiabed
" with emall polar liquid drops. This change, howsver, will vary depends
i’hg upon the content of certain salts and acids and may be less than

or of opposite sign from that of the pure liquid.

9, H, F. Johnatone and W, H, Roberts.;"Dep031tlon of Aercsol
Particles from Moving Gas Streems", Industrial and Engineering Chemis-
try, 41, (1949). 2417-2423. '

- 10. W. R. Lanse, “Shatter of Drops in Streams of Alr“ Industrial
and Engineering Chemistry, 43 (1851). 1312-1317. T

11. V. T. Arabadji. "The Electrolyzation of Liquids During Their
Dispersal Atomization", Kolloid Zhurnal, 7 (1949). 209-210,




In 1951, Elman and Jolinstons describe collsction efficiencies
for the venturi scrubber in terms of the specific area of drops pro-
duced in the venturi throat {square feet-of dfops perlcubic foot of
gas). They showed that the mechanism of impaction'become; prodominant
when the particle diameter is much asbove 0.1 mioron and the impaqtion'
efficiéncy_ﬁén be incraaséd for any given particls size by iﬁcréasing
the gas velocity and deoréasing the sige of the impacting oﬁject; in
this case the water droplets.

Hudson,13 in 1949, presented some information about the collec-
tion of dusts, mists, fumea and .odora by the use of high pressure water
apray or fog. He tells of the evolution of tha "Fog Filter , explains
its operations, and gives collection efficiencies for some inatallations,
Hgd#on'in&icates the factors for collection in the "Fog Filter™ are
" @ high degree of wetting and centrigugal action on thﬁ wotted parti-

clas a.'

.12, F. 00 Ekamn and Hn F Johnstone. "Collection of Aerosols in
a Venturi Scrubber", Industrial and Engirisering Chemistry, 43 {1851).
13568=-12363.

; 13. D. G. Hudson. The Principle of the Fog Filter Uhpubliéhed
Paper presented at the Tenth Ammual ﬂaefing of the American Industrial
Hyglene Association, 1949, ' '




CEAPTER II
MECHANISM OF COLLECTION

U'Tfhé.ﬁéﬁﬂahism oftcﬁllecfion in the fog-type dust‘célledtor de-
pends bﬁ several factors. These are wetting of.the small particles,
centrifugal action, combined effects of the wetting and centrifugal
action, ﬁnd random impaction. .

The wetting of the particles is_more'easily.accumplishad when
the water drbpleté are of small size such Qs in water fog. Thess small
water droplets wet a non-water soluble particle more readily than a
large water droplet.
| : Sm@ll‘part161as with diameters of less than 10 midrons are diffi-
oult to.collect in a cyclone collector because these small.pérticles.do
not have enougﬁ mass to be centrifuged out of the air. A wetted small
perticle would have mors mess than a non-wetted one and small water drop-
lets in the ordér of magnitude of 10 microns have the ability of wetting
these small éarticlesa The fog~type collector takes advantage of this
by_c&mbiniﬁg a’é&clone aotion with the wetting ebility of small wﬁter-
droplets. Wbttingldf the small particles not only gives them greater
mass but causes agglomeration of the'ﬁarticleso These agglomerates are
mnore readily coIlecfad by the oentrifugal action.

The small water droplets ape'generatéd in thg'fog-type collactor
by §assing water through nozzles at high pressiures. These nozzles are

arranged to discharge st & common angle and this action rotates the air




‘mass in the collector about the axis of the collector at a high angﬁlar
velocity. The air stream enters the collector nesrly tangantiélly and
this increa#es the angular velocity. A sketch of ﬁhé collector is shown
in Figure 2. It is now possible to throw the small wetted particles to
the wall of the collector whers tha& tecome part of the liquid effluent
draining to the base of tha collector,

Ho doubt rendom impaction plays a large part in the mechanism.of
collection in the fog~typs collector. When the diameters of the collect-
ing water.dropiets and the small dust particles are of the same ofdér of
magnitude, there_is greater cﬁancé,for impaction. If tﬁe\duét particles
wére.small end the water dfopiefs large, the small dust partioles would
be carried .around the large water droplets by the air and there would be
very little impaction.

Efficiency - It is well to introduce at this point a criterion of compar-
ison of the performance of dust collectors. Perhaps, the best compari-
son of various types of dissimilar collection equipmént is found in the
simple ratio of the weight of dust collected by the apparatus to the
total waight of dust imput. Common usage in dealing with performance

of collectors in general appears to justify the arbitrary choice of the

definition of efficiency of the following form.

E="2
Lé!
~where:'ﬁé = woight of dust collected,

W = weight of dust imput.
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The ratic WZ/WI wiil be called collection efficiency in this -
~ thesis. | : '

Perhaps later after the detailed mschani}sms of collection at
‘play iﬁ such a unit as this are understood, a definition of afficien.c'y

. more consistent with thess mechanisms would pr_esumably'raauit.
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CHAPTER III
APPARATUS

‘Air was induced by & Buffalo Forge Company paddls-wheél type fan
‘through a 30-inch verticles seotioh%of a?iooh-diamete; duct, a 90-degree
elbow and 18 feet of horizontal 8-inch diameter duct. |

" The dust feeder was located ot th.entrance of the vertiool duct.
This arrﬁhéement permitted'lightédﬁoéﬁloédo of small pﬁrtiolés gifice
heavy particles and oggiomorates dropped-oﬁt of the air stream in the -
iertioal'seotion of duct. The 31 diamster mixing length prior to tho
1n1tia1 sampllng point was considered sufficient "to give adequate mix-
ing of the dust and air before sampling. : | | :

The' olean air stream was discharged through a 10-foot horizontal
”run of ‘8-tnch - d1amoter duot aftar passing through = 90-degree albow.~'
The air was metered by a thin plate ‘érifice and a U-tube manometer. A
by-pass system oonsist1ng of two 3winoh diameter posltlve shut~off slido
dampera was used to regulate the airlflow through the oolleotor.--The-air
wiis dlsoharged outside the building.~ A~skotoh of the test sgtzup*@ﬁﬁaars
.in Figure 1. | e

SRR

‘The fog-typa oollector - The colleotor was of ahoat steol oonstruc-'”f

'tlon with a diamater of 3 feet and a helght of 4 feet., Five rows of
31x nozzles aach wore spaoed throughout tha height of fhe oollaotor

in a parallel horlzontal planea to diaoharga at & common angle of -




. : B - Orifice ' ‘
AN D | E—— —|ren {uotor | -
T N 4 | - | N
Inlet % ' ' Outlet Se=: i ~— _
~ Tube : ' Tube \ : _
Dust - [H—H Manometer
Feeder |\ -
Collector .
: [ Rotameter
High To Water S
— Pressure .o sner up_ply
Figure 1
I | | |
Georgia Institute of Technology.
School of Mechanical Engineering
- SKETCH OF TEST SET-UP
c. R. Kernan, Jr. . June 1952 R -
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approximately 45 degrees concurrentlwitﬁ'rotation of air ;n the collector.
John Bean number 2% herd center nozzles wers used. A valve on each row
of nozzles provided shut-off control of the water flow to the nozzles.
’A_p?essure gage with a range of zero to 500 podnds per square inch was’
: instglled on the piping for the valves.
| The 8-inch dismeter air entrance duct was arranged tangential te
the outer casing at the top of tﬁe collector and at a downwa?d angle
from the liorizontal. The 8-inch diameter air discharge duct was arranged
congentric to the outer casing and extendba down into the collector for
a distence of 40 inches ending in a bell shaped opening.

‘At the base of the collector was a large rectangular tank filled
with water whisch Qérved 8s & water seal and receptacle for the solids re-
moved from the air. A small condensate pump was used to maintain ocon=
stant a level of liquid in the tank. A sketch of the collector is shown
in Figure 2. | _

High pressure water pump - A Vickers variable delivery piston type pwmp

with handwheel control was usedlto provide the water at pressures

' necessary to éenerate the fog in the collector. This pump wes con~
nected between the city water supply and the cbllecﬁor with 8/4-inch
diamster steel pipe. A shut off valve and rotameter were installed on
the inle't.'piping° A bypass valve and a_ptéssure relief valve were in-
stalled on the high pressure discharge piping between the pump and the
collector., .

Dust. feed - A Jeffrey Traylor electric vivrator dust feeder was used.
——— . _

Dust flow rate was controlled by regulating the srea of dischargs from




" Banks of
Nozzles

'.‘
i — ——— e — . ——
-t e e e e e ———
Tank
. < .
kY

“ B C e

Georglia Institute of Technology
- School of Mechanical Engineering
SKETCH OF FOG-TYPE DUST COLLECTOR .-
. Co Re Kernan, Jr. June 1952 = .
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'th; hopper. ﬁust was fed into the air stream from a vibrating 'tray.
‘Sampling - A Willson impinger puﬁp, an all glass impinger end a pitot sam-
pling tube wer; used to collsct the samples at both_;oilecior inlet and
 -dis6harge. The sampling tubss, which were made from $-inch diameter
-_coppef tubing, were located one foot upstream from the collector and five.
foet upstream from the orificén ‘Sampling at duct center line was used

at both sampling locations.,

| | The samples were transferred to small glass jars and later

analysed with a Beckman type B spectrophotomster.
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CHAPTER IV
PROCEDURE

Method of test - The fan was aterted and the by-pass dampers adJusted to

give the required air flow for the run. The dust feeder was then turned
on and adJueted to the desired feed rate. It was then turned off until
the beginning of eech runo' | ’ \

The high pressure pum;:ies:fheﬁ stafted. The.wetee flow and |
pressure were regulated by‘meene of the handwheel eontrol on the pump,
and using a rotametef as an ind;eator by controll1ng the number of banks
of nozzles, The small condenaate pump was then started to prevent over=
flow of the tank. The water flow and pressura were held constant through-
out &11 of a series of runs. It was neeeasery to adjust the air flow
after starting the pump since the tangentlal spray discharge will in it~
self act as an air mover .

Tﬁe sampling‘iﬁbes were ihse;ied in the ducts and eoﬁneefed to the
impingers after steady flow wag obtainedq |

The air flow and water flow and pressure wore rechecked during the
runs. -

Wwith everything in order, the duat feeder ‘was placed in operetion
and ‘the twe impinger pumps were started szmultaneously and tlmed with a
stopwetdhe

R

At the end of;the-fun,'fiveﬁﬁihﬁtee for the first two series of
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runs and three minutes for fhellastjtwn, impinger pusps and the dust
fesder were stopped; the high pressurs water pump was shut down; and
the fan stopped ~ in that order.

'Sampliﬁg proceduras as given in an information circular of tﬁe
Uhited Statés Department of the Interior - Bursau of Mines were:used,14
with the exception of isokinetic conditions. The time of sampling was
the same as the length of the run. Ths samples wefe rewoved from the
iﬁpiﬂgers and stored in glass sample jars to await evaluation in the
laboratory. Sampling tubes were cleaned by biowing them out with com-
preésed air after e#ch run to prevent any dust remaining in the tubes
being collected in the next'sampls,‘ |

'This.prooedure was repeated for each run. Four serles of tests
waré made with four runs to a series making a total of sixteen runs.

A test was mads at éOO, 400, 600 and 750 cubic feet per minute while
the dust loading was varied for each rusm in the series.

. ¢
Evaluation of samples - Since a pure dust was fed into the system and

the samples were mixtures of only water and Gaérgia Keolin clay of
known size distribution, the spectrophotometric method could be used
for determining the concentrations of the samples.

Several solutions of different know concentrations were prepared
and"cbmpared with distilled water in a Beckman type B spectrophotometer.

Measurements of optical density were made. The resulting values of op-

14. C. E, Brown and H. H. Schrenk. "A Tachnique for the Uss of ths
Impinger Method"™, Infoimation Circular 7026 United States Department of
the Interior - Bureau of Mines. (1938).
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tical déngity'ware plotta& ggainst the faspective known concentrations
to obtain.a ¢alibretion ogrve fdr.tha dust used. This curve was used
to evaluate unknown ooncaé&rationa'of the sampleg taken.

Thé_samples wafe cdhparad with distilled water and the optical
density of_each.was_recori%d; The concentrations of the samples ware
obtaihéd from the calihraﬁﬁon curve., For example, a sample with an
optical dénaity of 0.56 wn%ld have a concentration of 0.61 grams of
dust per liter of water. This gives a dust loﬁding of 3.14 grains
of dust per cubic foot of air.

The calibration cur¥e is shown in Figure 3.
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CHAPTER V
DISCUSSION OF RESULTS

Data for.the fog-type dust collector were taken in order to de-
termine the effect of certain varisbles on the efficiency of the col=-
leotion, Thess factors wers by no means the onl} ones thought to af-
fect the collection. However, the.numbar of variables that could be
inv_eéfigé.tad was limited by the time available and the scope of a work
5f this kind. The factors seleoted for ﬁtudy were air flow and light

. dust loads. - '

"$ﬁd air flow was held conatant for each series of rums. An at-
tempt wés made to have the same dust loading for correspending runs'Bf
each series. This was very nesrly imp;ssihla ag it was difficult to con-
trol the rate of dusflfeéd abcurafely with the dust feeding afréngement'
usad, |

The diffisulty in setting the dust loadings at desired values made
it necessary to arbitrarily set up three réngéa'Of loadings to evaluate
the data. The range of zero to one grain of dust per cubio foot of air
flow is called the low r.ange of dust loadings, whereas the rsnges of one
%o two and two to six grains of dust per. subic foot of air flow are call‘ed:
middle range and high range fespectivély; fhesé'ranges are designated IR,
MR and HR;.réspectivély; to bdtfar illustrate the curves. All three
ranges fali'wéll within the region of light dust loads for collectors.

.The effect of varying the air flow on the effioiency of collection
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was observed to be the faotor Of'greatér importan;é; ses Figure 4,
- These curves have dust loading as a parameter, each plot representing
the effect of air flow for a.partidula; range of dust loadings. Each
of the curves is concave downward with a meximum at some value-bétwéen
450 and 550 cubic fest per minute air flow. There appears to be no great
effect of &ir flow for the different renges of dust loadings as the a
ourvature does not differ greatly.

It was thought that the sffect of varying duét loads would be the
more important fabfor;_ As can be sesn from the plot of éfficiency'vsfSus
dust load'ing','. Figure 5, tha curve flafte'ris' out at a valus of 95 per cent
-and remains'féirly constant for the middle apd high raﬁge of du#t load-
ings. The effect was very pronounced in the low range as can bs seen
from the plot. | |

Figures 6 and 7 sre plots of dust loading versus air flow for .
the thrae ranges of dust loadings. The ranges of the dust loadings at
the inlet were used to identify the ranges at the cutlet and these are
designated LR, MR and HR on the curva;. This was done to obtain data
for the curves in Figure 4. .It'is'oh3§fvéd that no points appear at
200 cubic feet per mingte for the high range of dust loadings. This is
attribﬁtad toe difficulty encountered in reguigfing the dust feeder.

More runs would have been made to secure data for these points had

the high pressure water pump not failed.
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CHAPTER VI
CONCLUSIONS AND RECCHMMENDATIONS

Oonolusiﬁhs - If one considers the collection effiolency in the light of
the }esults obtained in this study, the following conclusion may be
drawn. The maximum collection efficiency occurred at an air flow of from
450 to 500:ou5ic'feetmbef mingﬁe. This seems to indicate that the geo-
metry of the fo.g-t"yp'e' dust ocollector is s factor that nma"_;‘, be considered
and the collector must'dperﬁtﬁ at its desigﬁed rate of air flow for peﬁk
efficiencies. 'Lacking‘défﬁ for cbmp;rison one might conclude from these
results of the effects of varying the air flow that for higher rates of
air flow, a larger collector would be required.

Since the effect of varying the dust loading produced essentially
; high constant effibienoy Of‘colleétion except in the low range of the
1ight dust loadings, one might conclude that the fog-type dust collector
is very effective for the 1ight dust loadings sncountered in air pollu-
tion control. The fog-type dust collector with an average collection
effiocienoy Ef 90 per ocent in the low range and 95 per cont in the middle
and hi-gh.'rangea compares most favor'ably'wli'th other types of equipment
used for ¢ollection at light dust loadings.

Recommendations - Only two of the many variables thought to affect the

effectiveniess of the fog-type ocollector have been investigated and

these results are not conclusive without further investigation. A trend
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has been extablishad and tha.racommendation:ia made that several of the
other variables be investigated to est;blish their individual effect.

The effect of hea@ier dust_loﬁdings on efficienocy must be ex=-
amined. Also, a higher capacity fan would be desirable to extend the
range of air flows. |

One of the controlling variables, and perhaps the most im-
portant; is the water pressure at the nozzles. This investigator was
limited to maintaining'a constant water pressure bacéuse of inadequate
equipment. The recommendation is made that a suit;ble high pressure
water pump and high pressure flow measuring device be obtained. The
affects of higher Qater pressures to produce smaller sp;éy drd?}etg
(which should be measured) and of increasing water flow rafes sﬁaulé
be examined.

Different dusts could be used in further investigations. In ehia
study the dust consisted of Georgia Keolin clay with a madian-?articlaﬁ
size of 5 microné as determined by the sedimentation lma'cl'u:v:lc.l5 The Siée
analysis was performed by the Micromeritics Laboratory at the Georgia
Institute of Technology. The size distribution oufve is shown in
Figdre 8. An entire thesis could be submitted on the effects of dusts
of varioué densities, size, settiing velocity, specific surface and.

so forth.

_ 15, J. M. DallaValle, Micromeritics. Second Edition; New York:
Pitman Publishing Corporation, 1948. pp. 80-84.
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Of the various air contaminants only dust has been studied. The
effects of using mists, vapors, odors and smokes are yet to recaive

attention.
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METHOD OF HANDLING DATA.

| The samples were compared with distilled water inm the
spectrophotometer to-obtkiﬁ the optical den;ity of,égph;l The con-
 centrations of thelsamples in gramﬁ of dust per liter of water were
obtained from the calibration curve'dhown'in.?isﬁfe S{which was -
prepared as indiéated in Chapter IV, . | N
| The dust ioading'inlgrains of dust ﬁéf’&ubfc foot of air was
thén.caicuiated.by dividing the concentration by ths number of cubic
;
.feet of a1r pullod through the impingsr end,. then, multiplying by
 15 43 gra1ns per gram.
- The efficlencias were calculated on a waight basis as explained
in Chapter I1. This efficiency is the ratio of the weight of dust

collected to the total wa1ght of dust’ imput.
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'APPENDIX B
EXPERIMENTAL RESULTS




‘Number -

oo DO

RN

TABLE' I

‘Data and Raﬁuits'for'Fbg—Type:antkalleetor

Air Flow - 200 ft. /hin. .
Water Pressure - 400 1b./in.?
Whtor Flow ~ 7% gal /min.

Duration : Optical '

(minutes) Density »

Iniet

0.088 -
0.084
0,092

. 0,340

[d B

Outlet

0.011
0.012
0,011 .
0,020 -

Sample

- Consentration

(gmo/1)

0.056
0,082
0.090

. 0- 356 '

0.0100
0,0108
0.90100
1 0.0185

.35 .

Dust
Loading 3
{gr./f%.%)

0,173

0.254

0.278
1,10

0.0309
0,0334
0.0209
0.0572




TABLE I (Continued) -
- Data and Results for Fog-Type Dust Collector
Air Flow - 400 £t.3/min.

© Water Pressure - 400 1b. /in.
Water Flow - 73 gal./hin.

.

- ' Sampie -~ Dust .
Run - . Duration Optical Coﬁceﬂtratlon - Loading 3
Number (minutes) © Demsity (gmﬁ/l ) : (gr./Pt.7)
Inlet |
1 5 o.112 0.110 ~0.343
2 . 5 - 0,189 _ 0.193 0.597.
3 5 0.375 - - 0.356 S 1100
4 ' 5 0.642 0.696 g 2_.. 15
Outlet _
1 5 0.0130  0.0107 - - 0.0331
2 5 10,0145 0,0132 - 0.0408
3 5 0.0210 0.0194 " 0,0800

© 0.0305 0.0285 0.0882
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TABLE I (Continusd)
Data and Results for Fog-Type_Dusthollector
Air Flow - 600 ft.3/min.
Water Pressure - 400 1b./in.2
Water Flow - 73 gal./min.

‘Semple : Dust

Durstion - Optical Conoentration Loading - <
(minutes). Density {gm./1.) . (gr./t%.3)
Inlet
3 [0.211 10.215 1.14
3 0.521 . - 0.560 2.88
3 0.560 ~ 0.611 3,14
3 0.894 . 0.980 5,03
Cutlet -
3 0,012 . . 0,0110 10,0566
3 © 0,018 0,0185 - 0.0848
3 0,019 0.0175 : 0,0900
3

0.030 - 0.0280 1 0.144
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TABLE I (Continued)
Data and Results for Fog-Type Dust Collector
Air Flow - 750 ft;%ﬁmin;

Water Pressure - 400 Ih./ian
Water Flow - 7& gal./min.

, . _ Sample.
Duration Optilcal Concentration
{(minutes) Density {gm./1,)

| Iniet o
3 0.103 0.102
3 0.128 0.130
3 0.308 0.319
3 0, 672 0.730
Qutlet

3 0.0170 © 0.0155
3 0.0205 0.0190
3 0.0268 .  °~  0.0241
"3 0.0370° 0.0350

38

Dust
Loading

{gr. ft.a)

0.523
0. 667
1.64
3,75 .

0.0796
0.0976
0,124
0.180




TABLE II

Bfficiency Resulté
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Run 200 ft.5/min. 400 £t.%/min., 600 £t.%/min., 750 ft.3/min.
Number Series: Series Series Saries
1 82.2 90,4 95,0 84.8
2 86,8 95.2 97.1 85.4 - g
3 £88.8 94.5 97.2 92,5
4 95.0 96,0 97.3 95,2

NOTE: Dust loadings are given in Table I.




