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() Ileochroisn, in minerals that show selective nimorption of light,
) Crystal form, .
1) Clenvage,

(%) Refmetive indices and relief.

(%) Birefringence,  Numeriral value.

(7) lsotropy or unisotropy. Extinction (complete, parallel, or
mnclined).

(R) Optical chinracter of the minerl.

(9) Optieal elongation of prineipal zones.

(1t} Optieal orientation of minerul.

(11) Value of optic axiul angle,

(12} Twinning. )

(13) Inclusions.

(14) Alterntion products. A

No one of the precading eriterin alone is sulficient to determine a
minerul, although one eriterion may be cnough to distinguish it from
sino other mineral with which it is associated. Somo mincruls enn
Jes identified by determining three or four oplical properties, others
require more for conclusive determination.

The methods of determining the optical properties require a famil-
iarity with the dificult principles of aptics and a special luboratory
triining in petrography.  The reader who desires further inflormatinn
about the detailed technique of the petrmeraplic identification of
minernls is referred to the standacd warks on optical mineralogy, such
na Rosenbuseh’s Mikroskopische Physiographic der Petregzraplhisch
Wichtizen Mineralien, volume 1, part 1, revised by Willing; Rock
Minerals, by J. P. Iddings; Manual of Petrographic Methods, by
A. Johannsen: or Dana's Textbook of Minerulogy, fourth edition,
hy W, E, Ford. For n comprehensive description of the immersion
method of studving minerals, the reader is referred to The Micro-
sevpic Determination of the Nonopaque Minerals, by E. 8. Larsen.

-

Quantitative determination

An casy and satisfactory way to determine the percentage of any
mineral in a yock section is by the Rosiwal methiod. This methad
ronsin(s in measuring the linesr intercepts of a given mineral along
nwmnerous parallel lincs.  Tho ratio between the sum of all the inter-

_ repls of quarts to tho length of the measured traverso gives the per-
rentazo of quartz, beeause, as can be shown mathematically, the
linvui futercepts are proportional to volumes. Tho mensurement is
earricd out by the uso of a serew micromeler ocular or & meehanical
stmee,  The Roxiwal methad can bo applied both to rock sections
atd to rock powders examined by the immersion method.
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DETERMINATION OF QUARTZ IN DUSTS

Tt s eomparati cely eaay for tha petrographer to apply the methods
deserilusd above in making o quantitative determination of quartz in
thin seetions of rocks or in rock powders, but in duxts where the indis

vidunl particls are of the order of magnitude of 0.005 nun (5 wicrons).
in dianmeter petrograplic examination of the material smust be supple-

mented by other meihods, heeause the miniauim gmin size that can

be canebirively identified usidor the pelrographic microscope is about
0.010 :um (10 micrans) in diametor.

The results of quantitative dust analysia can only be conclusive
when sovers! metlinds ars used on the rame material, therehy checking
one amuinst the oiher; and e aceuraey of the final result depends
fargely on tho skill and expericnen of the analyst, beenuse ench samplo
to be analyzed presents an individual problen,

The generul qucthod that has been found Lighly satisfaetory is a
combined chemical and petrographic procedure by which all the con-
stituents other than quartz are eliminated fruin thoe material. The
aceurncy of any mcthod of quantitative estimate is much greater -

-whero the estimate is applied to two eonstituents than where many
constituents are present. Therofore, by concentrating the quartz
a Jrrge factor of error in quantitative d 'termination is climinated.
I the dust is.chietiy composed of quartz, the elimination of forvign
constituents is pot difficult.  1{ the quartz is in emaolicr amount. than
the other constituents, a cleun concentration may be moro diffienlt.
Dut a selisfactory quantitative estiinate can always be made on 8
moderately clean guartz coneentrate, beeause the mineral present in
marked excesa eats be much mare nccumtclv deten:uncd than the
other constiineats.

For the fine dusta whaose individual particles cannot be satisfactorily
determined chemical methods are necessary i order to remove the
constitucnts other than quartz.  Various methods arc used dependent
upon 1he compuosition of the dust, but the first step in the analyss is
to examine a small portion of the x.mtcml under the peu'ogmpluc
microscope.

Treliminary petroyraphic examination of the dust”

It is a colnman practice to cito the percentage of siliea in the chemi-
cal aualysis of o dust us a measure of the quartz preaent.  The erm.
neous nature of this conclusion has been already emphasized. The |

. only value of the cliemical analyxis to tho dust analyst is based upon

the fact thut the amount of silies Jocked up in llxo various rilirnto
minerals in the dust can be caleulated from the pereentages of bases
(K:0, Na.0, CnQ, etc.) that aro shown by the siwlysis. The per-
ecntage of silira that remanins after all the hases in the various silieate
materials have been satislied should represent the free silica present.
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Thix method of computation is useless, however, unless the mineeal
cumpasitien of the dust has been determined petrographicnlly.  For
example, in potassinm feldspar, which is o conunon eunstituent of all
granites, overy wolvenle of potash is combined with 6 mnoleenles of
silivn, 10 the ooly minerals in tho dust are quartz and potassimm
feldspar, obviously the silics left over after the potash in the analysis
i= eompuird ng feldspar will be an sccurate measurs of the quarts
present.  But if, ns 33 often true, the dust is mads up of several
potazsizmu-hearing minerals, such as potassium feldspar, biotite, and
muzcovite, it is impoxsible to compute how mueh silica is required to
sulisfy the potash, beeaunse neither the relative proportions of the
various minerls ara known nor are their compositions kinown.  Meost
rik-forming silicate minersls have wido runges in their chemical
composition.

As the chemical analysiz of a dust ean only serve as a rough gide
to the possible simount of quartz present, it cannot be too strongly
emphesized that a earcful petrographie examination is an indispene
rablo =rerequisite to the quantitative determination of quartz in o
dust sample,  For although it may be impossilile to makoe an accurato
quantitative determination of extremely minutoe individual grmins by
petrographic methods, it has proved possible in all the samples so far
examined to obtain a clear idea of the general compeasition of the
dust hy a petrographic examination. The analytical method hest
siited 1o tho individun] samplo can then be selected.  For exnmplo,
il the dust shows under the microscope o Jangre admixture of organic
material, a preliminary sample should he ignited and the residuc
again exumined under the microscope in order to decide on the further
procedure.  If tho dust shows a large amount of metsllic mineral,
freo iran nny be extructed by a magnet or the sample may bo heated
with hydrochlorie acid to remove the iron oxide and such metallic

" particles ns bruss shaviugs from brass-works dust.  Duat from marhle

works containing chiclly particles of carbonate minerals should be
heatod with hydrochloric acid to dissolve the carbunate, and tho
rexislue shonld then be examined with the petrographic microscope.
The most diflicult problem is the separation of quartz in rock or
mineral dusts that eontain siliente minemlis, such as granite, slate,
or nashestos dust.  The procedure employed to sepamto the quartz
in vuch meaterinl depends upon the fact that cold hydrofluosilicic
acid, USIF,, will in time decouipose the silicuic mineruls but will
not attack quartz,
Chemical examination of the dust

Mter the preliminary potnwmphu- exnmination i.hc pmcedum in

the chemicn] separation of gquartz is as follows:
g T
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Grinding~In order to fucilitate the nction of the hydrolluosilicic
avid the material i3 ground to pras a 150-mesh sieve, thus insuring
uniforniity of size and a large surface for (reatment,

Weighing.~=1t is thien weighed in a platintum erucible.  About half
u gram makes a convenient amount (o work with. .

Jgnitiva.<=1{ the preliminary microscopic examination indicates the
prezenco of any ongunic material, the platinum crucible and its con-
tents aco carcfully heated to white heat for 30 minntes to burn off
the organic tsatier, 1tis then cooled. Dusts that nro strongly con.
taminated with oil are digested for 3 minutes with other, then filtered,
und ignited for hull an hour to an bour,

sdrochisric sl treatment

1f the preluninary exomination shows tho presence of carbonate
minerals, hy:Lacldoric acid is added to the contents of the platinum
cruciklo and (he crucible is gently heated. Thoe coutents of the
crucible are filtered, washed, and the filter paper and precipitatoe are
ignited in the suwe platinum crucible, which is then allowed to cool.

Hycrofiuvsilicie =rid trentment :

After these operntions hydrofluesilicic acid in moderate excess s
added to the material in the platinum crucible, If tho coniposition
of the dust is such that the ignition and hydrochloric-ncid treatment
are unnecessary, the hydrofluosilicic acid is added to the substance
to be analyzed immediately after the first weizhing. The crucibio
is varelully covered snd set awzy in o place whero the temperature
is reasonably constant and not nhove room temperature. Care must

" be exercised not to miss the temperature during the hydrofluosilicie

acid treatment, because hydmﬂuo:xlxczc acid (11.5iF,) decomposes on
heating into silicun tetrafluoride (SiF,) and hydrofluesic acid (IIT),
which will readily attack the free silica, It is left for & time that
ranged in different specimens from 24 to 48 or even 72 hours.

It iz then carefully decanted into an ashiess filter paper and the
crucible is thoroughly waslied onto the filter paper.  The precipitate
is washied until the wash water gives no precipitate in a clear misture
of ‘dilute KCl with 95 pereent aleohol.  The precipitate ia dried, ig-
nited in the platinum crucible, and weighed, and the percentage loss
in weight noted:

*The hydrofluosilicic arid treatinent is repcntcd until the wex;,ht. of
the residue renuum unchianged.

Alicroscopic mmimuon of residuo

A siall px)rlmn of the residue is then examined under t,he petro-
graphic miecroscope.  If minerals other than quartz are present, the
amount of quartz in the residue ean be estimated with a reasonable
dogree of accurucy. If quariz is the only mincral indicated by the
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o wnpie examiua tion, the pereentage of quariz in the sample ean’
twe endentated dirceily from the weight of the residue.

velutilization of residuo with bydenlluarie acid

A cheels on the micrezcopic determination of quartz is given hy
vadutilizing the residue with hydroflueric aeid in the platinum crucible.
Freo silica volatilizes completely with hydrolluorie acid.  Combined
siliea in silicate minerls volatilizes with hydoflunrie acid, but alter
the treniment o re<idue remaing made up of the bases that were in
evnbination in the silicates. ¥ no residue is loft after the hydro-
tnorization, the nuferial was all quartz.

RATE OF DECOMPOAITION OF QUARTZ ON PUHOLONGED TREATMENT WITU
HYDROrLUOZILICIC ACID

As the rate of dreomposition was found to differ cousiderahly in
dilferent silicates, a control test was run on pure quartz in order to
determine the errur introduced into quautiiative analysea by pro-
lotezed treatment of quartz with 11,8iF, at mom temperuture during
analyses of dusts that contzin refractory silicates requiring s week or
mor s to decompase,

Tho following table shows the results of a test on 0.500 gm of pure
quartz sround to pass 2 150-mesh sereen:

Tawey 16,~Quartz
[Orizine! walzhi Lekare treituwnt with LS w=0.9 o)

—— 'h o}

Lasofier | Tereemt weidit

) day In

Tiwe in duys tratem | hosin | 1T
. Gy | e | el
weizht

Bean - a.gis 2y am
e N Y L&
" N 7.3 LR
r Jon .6 1
n 7 i [t

§ Averear0? jorcent pur day it rate of lass by orivionl weizet.

By using the above factor of error it is possible to computo at the
eml of an analysis the maximuin possible Joss in weight of yuartz
wrigginally present, thus obtaining a1 maximum fizsure for quartz,

1t ix apparent from the preceding dizenssion that each dust presents
individual problems in regard to the purifieation of the sumple to be
anslyzed, the wethods of eliminating the varivus mineral constituents,
vle.  Therefore, the beat procedure in analyzing a given dust must
be selevtend after the minerals and other constituents muking up the
dust have been identificd; consequently it is impoxsiblo to set forth
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any one tochnigque that will apply to all dusts regurdless of their

cumpsition,

In the following table a fow resulis are presented on the determina-

tion of quartz in indusirial dnsta:
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dusts regardivss of ther

-sented on the determing.

Y. THE APPLICATION OF DUST DUETERMINATIONS TO PRACTICAL

rions tndusirial Jusin
PROBLEMS

Dust determinations in ndustry serve & three-fold  purposa.
First, thoy enable ono to evaluate the extent of the hazard; this is
aceomplished by obtaining occupational dust exposures, which
disclose the dust-creating tasks.  Second, if elinical studies sre mnde,
dust counts suay indicate the permissible amounis of dust which may
ho breatied with fmpunity, Third, dast determinations ars used in
an attempt to control the dust hazard; this is performed by testing the
efficiency of any deviees which tay bave been introduced for the sup-

. pression of dust in {hose processes which have been revealed by inves-
tization to he hazardous. .

Perevolavy
of quarng
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DETERMINATION OF THE EXTENT OF THE DUST NAZARD

Attention bax already been called lo the three propertics of & dust
which determino its capacity to produce injury,  1laving established
- . the compoesition and size of a dust the anly important item remaining

. for rtudy is the quantity of dust in the air. Privr to evalusting the

) ; quantity of dust in the industrial stmosphere, howover, certain

preliminary steps, such as those outlined in section 1, are essential.
¥or the sake of emphasis these steps arc briefly reviewed.

The investigator should first becoma thoroughly familiar with the
industry being studied. 'This is.boxt accomplished by conducting a

- ; sanitary survey and occupational study of cnch workroum (46).
* ‘ { . Thosanitary survey of workrooms in any plant yiclds definito informa-
- tion conceruing the presence and extent of various health hazards and
" often serves us o guide in cstablishing which Luzirds require further
study in the form of nctual quauntitative anslyses. In other words,
the sanitary survey may well be regarded as & listing of the facilities
afforded the workers while in the industrial environment. The
_ oceupational study permits one to learn of the activities' involved
< and tho particulur huzands associated with each oceupation, Such
an analysis abw shows the number of persons in each oceupation,
. which gives an ides of the impurtance of cach hazan! from the view-
puing of tho numbers invalved.  In the case of a dusty industry, the
mecupational study shows (1) the dusty oceupations, (2) the number
of persous in cach occupation, and (3) the various activities and the
tima devoted to each activity in any ono particular occupation.
Al this informution is ewsential in the preventive progrum which

. : (63)
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should fal'ow, and experience has proved that only by such o system-
alic and careful study can dust determinations be of any real value

in the control of the industrinl dust hazard. Perhups a typical
e':amp)c of such a sludy muy scrve to clarily f urthcr the methodology
involved.

Tanwe 18~0Ocoupaiionnl elnsification of grauile quarriers

.\‘-’.umlwr ' }':nbﬂ'
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Table 1S shows the various occupations in a granite quarry and
tho number of workers employed in eanch occupation, and that
drillrrs are the only persons using pneuriatic tools, devices known to
produce considerable quantities of dust. In other words, 3S percent
ol tho quarty personnel are shown to be exnosed to dust of a poten-
tally dengerous size and quality. The occupational analysis at
once indicates that the dust investization should especially concern
itscll with drillers in an effort to control the dust exposure of these
workers,

Tho naxt step in this study involves the determination of the

- occuputional dust exposure. Table 19 shows tho results of such a

study.
TanLe 19.~Occupational dust erpoaure of granile guurricrs

Dumt owtnls in miltions of particles
. o | Nugznber mm ot of 3ir '
Oomipmiivg m
tma | Weizhunl

average AMinitanm | Masigus

ot ANt GHBCTS (IRITE Bk v o vom avmrrres ) n 8 ‘e
phime ek it [ b 3%y L3 o
All wtier wathrrs AS [ %) m?

1t is upparent from the results shown in this 1able that the drillers
are cxposed to high dust concentrations, especially the Leyner and
jach-hammer drillers working in the quarry hole. IFrom 'a further
analysis of the vecupational dust exposure of drillers it 13 possible to
deterwsive which activities are resporwible for the dust associnled
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with this oceupation, For exnmple, experience has taught us that
the vacious operations comprising the processes of most dusty occu-
pations are usaally associated with dissbnilar dust exposures.  For
thia renson it is essential to estimate the wwount of time spent in
wach activity in any one occupntion and to determine the dust expo-
were for ench activity in that eccupation. Tuble 20 shows the
results of such a dilferential dust study in the cnse of a JLeyner

dhiiller,
Tawits .—Summary of dust espusuré of "Leyner deillers in o granile quarry

Aversee
douxt exr
pasure in | Number of w
Mallions af | buaies spuepg! 207100 S0
Actisity rces | n e | ihon
. vl Jt cubiwe
um:: srivity (b tah, {8250
ar (m)
twillipe. ... . L -8 4 L&
" driils.. [ ¥ ] 1 %)
Wastebiites Jdeills. ve- 80 2 nme
Newarliing, —— &0 2 L3
B s Wil boslecs crvemee]  LOHaD h =
Total .- el 4 LG
11502 partichelenres in milians per exibic st .
i——R AL " = 1454 milliva reattichs per cuhic Gmd. .

1t will be scen from table 20 that a Leyner driller has five different
dust exposures. A differential analysis, such as the one presented in
tuble 20, yiclds several valuable findings. First, it enables one to
ubtain s troo avernge dust exposure for workers engaged in the
veenpation of Leyner drilling.  (In this case the weirbted average
is 144.4 as contrasted with 213.4 illion particlez per cubic foot
found during drilling operations only.) Second, it enables one to
determine which activity, or activities, coutribute the most to the

“rare Qfmp,".- Avarriery :
: dust hazard. In this instznee it is quite evident that the practice of
R L SR i1 i uf tetictes blowing off loles by means of inserting o compressed air line into each
) il . holois attended with an exceedingly zreat amount of dust; and though
e | Weirtenq | Minizun : it is an activity lusting but 13 minutes of the S-bour working day, it
ll i iz ono which is responsiblc for 23 percent of the total dust exposure,
4 g 23] Lew 1t is evidont tlmt' 2% percent of the If-_\"n_cr drﬂ!cx:’s dust.. exposure
— Wy H zad may be at once climinated by the prohibition of this practics. And
d a3 ot a7 lastly, such an analysis indicates the necessity for devoting all one’s
. . eiforis to the removal of dust during the drilling process, since this
% this table thay the drillers activity accounts for 74 pereent of the total dust exposure, although
a8, espeeially the Loyner and a Leyner driller spends but ene-half of the working day at his drill.
arry bole. From o further So far wo huve dealt with an industry in which the workers, as a
410 of drillers it is powsiblo to rule, do not changa their occupntion.  Often one encounters workers
~ible for the dust associnted who have had several occupativns, cither in the same indusiry or in
LIEZARY Of il
CHLLEGE OF PHYCICILS
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savern! differout Linds of establishments. If the werker has been
employed in various accupulions in the industey under investization,
it is n simple matter to determine his total dust exposure duringhis
entive trade Jife in that industry.  This iy important from the views
point of correlnting a worker’s dust oxposure and his clinical condition.
A typical exwnple of such o case will suffice to clarify this point.

Tanes 21.=—Tulul vecupational dusl exposure of an anthraeils coal wourker

o
- . .Ymhez' of mmg?l_im M‘Muh-d
Oarupatin . yeurs ruillions | partic
el Jof prartichen | Years
Cifalion | par “::bu [T

. Blate plcler 2 o "
Paseier, 3 3 142
Mtz dmvar, ol 3 b n
i -1
Bacting for 4 0 o

Teuri. . » ™

QJNnmmndEmwmmnw_u Qions of ictes par swbie het..

In the above table the worker’s occupatious are srranged in the
order of employment, the last one being his present oceupation. It
is obvious that had one considered this last oceupation only the dust
exposurs for this individual would not have yickied a true state of
aflairs, nor would it have been possible to corrclute this duat exposure
with the man’s elinical pictuse. In the above techuie correet weight
is given to the number of years spent in each oceupation and the dust
exposure associated with eachh occupation. Only by such an analysis
i it po=sible to arrive at a fair estimate of a worker’s dust exposure
and hix proper designation. That onc is justified in resorting to ruch
an anulysis is evidenced by the fact that results obtained with this
technic yield axcellent correlations with the clinico-rventgenological |

" studics conducted on anthracite coal miners, ..

APPLICATION OF DUST COUNTS TO CLINICAL BTUDIES

Earlicr in this chapter it was pointed out that one of the purposes
of dust investizations is the determination of the threshold dose for
any onoe particular dust, so that permisaible amounts of this dust may
bo known and efforts to suppress the dust to this limit may be made.
Such evaluations are sometimes made possible fmrstudies in which in
addition to the ocenputional dust exposure one nlso obtains clinical,
morbidity, and mortality data on 2 large group of workers over a
peried of time, One such study was made in conucction with an
investization of the health of granite cutters.  Tablo 3, shown earlier
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in =ection I, is repeated at this time tv show the aceupational dust
exposure of a group of these workers,

Tany: Se=Lunking the corions aceupaiions in the grawilesentting indusiry according
{o dunt cx posire

Thart ecrernt in millinn of
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It was found pessible to diviie these granite cutters into four
groups, depending upon the aveiage exposure in tenus of the amount
of dust in the air, when econsidering the clinical picture associnted
with these workers. Fignre 24 shiows the annual frequency of abe
sences from tnberculosis and tha annual death rate from this discasa
nmong the men in the four groups,

In group A, which inchuded hand-poeumatie tool operators and in
whicis the exposure averaged shout 590 million particles per cubie

- foot of air, it was found that practicully 100 percent developed an
established silicosis within 10 years from tho time of heginning em-
ployment. Also, in this group the highest rate was found for cascs
disgnosed on physical examination as having activo tuberculosia,

" - Furthermore, o definite relation’ was established between length of
sorvice in tho industry and the prevalence of tuberculosis. All of
the statistical dzta obtained indicnted delinitely that hand-pneumatic
tool aperators in these plants suffered from an oceupational hazard.

In group B were included those workers other than hand-pneumatic’
tool aperators who were also exposed 10 snore than the averagoe plant

. dustiness, Taking the group as a whole, the aversso dust concene
-tration was ncarly 45 million particles per cubic foot of uir. This
group showed the znme reflection of a dust hazard as proup A. _

In zroup C, conisiing of Lthose occupational groups exposed to the

~ avernge plant dustiness (nbont 20 illion pacticlex per cubic foot
of air), silicosis developed much more slowly than in the groups just
disensacd and thero appearcd to he very little excess in the ruto for
tubereulosiz, with no tendeney for un inerease aceonding to length of
service.  Analysis of occuputional mortality over a period of 23 years,
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however, fndientad that somo of the occupations in this group may
have beon expewind to o real dust hazard,

Group 1) was made up of those occupations in which the dustinesy
was lews than that of the avernze plant atmosphers.  The averaga
expasure for the group was Jeas thun 10 million particles per cubic
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foot of uir. Although a certain amount of silicosis waas found even
in this group, thern was no indication of serious results, e even when
- - the workers Iind been empluyes] for many years,

From the results of this study it was found practicable Lo suggrst & .

tentutivo standard for the upper limit of allowable dustiness between

10 and 20 million particles per cubic foot of air for workers exposed

PUSTY ¢

Phe
prineip
])\‘-h‘ri]
and ol

* micethod
e
fuch pr
am' th
or nol |
ment in
deterini
ing Jeve
with o«
tion of

. criloria

Ment
cullers (
enganal
Jems (hisee
from =ih-
eranite -
sy o1
otber [odl
dust en
cutling i
al Is s
fonsd, prree:
ellicieney
dhuxt. dete
Intable s
el tinge
exfidippusl

Tanug 20

ey ———

- -
V1 ponpas; 100
LR NV 1y )
BRI
Y TRy -

10 dust resulting from granite éutting, U e iedpie
MNOT L
) oo LT
N Ui -
i . 1
THIS DOCUMENT WAS NOT A RECORD OF .
-PPG INDUSTRIES, INC. DID NOT COME FROM !

IT'S FILES AND CANNOT BE AUTHENTICATED
BY PRG INDUSTRIES, INC.

I ORI

R




up may

Justiness
avermge

«¢ cubic

-..)

E.P"

—anl

-
-’.0

e,

-d even
1 when

st o

-lween

Xpused

-

R LAY L N N

69

WUSET COUNTE AS CRITERIA IN THE CONTROL OF TIIE DUST AZARD

Tha seetions which will follow discuss in same detail the various
pineiples and anethoda invelved in the control of industrial dust.
I hseriptions arc presented on the correet design, air-flow requirements,
sl other pertinent datn dealing with the control of dust by wet
methods, mechanicul enclosure, exbaust ventilation, and personal
respiratory protection, One of tho hmportant factors in the use of
sueh protective eqguipment is the proper maintenande of these devices
aml the testing of their eflicieney in an eflort to determinio whether

~or not tho dust is actually being ciiminated by the particular equip-

mrnt. i use.  Such efficiency tests resolve themselves in making dust
detenninations in order to dotermine the dust content at the breath-
iwg level of the worker operating a dust-creating machine cquipped
with a dust-removal device. A few exnnples of the practical applica-
tion of cfficiency studies may serve to indicate the value of such
eriferia in the present problem.

Mention bas alrendy-been madoe of the study of the henlth of granite
cutters (2) Ly which it was possible to demenstrate that those persons
emmged for mauy years in tasks nssociated with a dust exposure of
less than 10 million particles per cubic foot of air were not sulfering
{rwin silicosis or tuberculosis, the diseases most prevalent among these
granile cutters. It was also possibls to demonstrute that among
these granite cutters the incidenco of silicosis and tubereulosis, all
other factors being equal, was dircetly proportienal o the degree of
dust cxsposure. The solution of the dust problem in the granite-
cutting industry therefure, resolved jtself in the removal of the dust
at its source, to an amount Jess {han 10 million particles per cubic
foot, preferably by eshaust ventilation devices (47). Studies of the
clliciency of such dust-removal devices have been made, using the
dust determination at the worker’s brtv:l(hmg zone as u final eriterion.

~Intable22a comparison of air dustiness is presented hetween granite-

cutling plants using exbaust ventilation devxccs and thoss not

_ etquipped with such protection.

Tasrs 22 ~=Comparison of .aimos ic dust comditions betiween lxo groups of
granuesculling planis
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It 33 upparent from the results presented in table 22 that in plant rola
X the exhanst deviees in use with pncumnatic toul opertions needod wtnl
attention, since the dust concentrations associated with these opera- In s

{ions were slighily higher than tho prescribed standand. On tho
vther hand, the ventilation system in plant Y was appareotly func.
tioning satisfuctorily at the time thess studies wero conducted.

In studying the degreo of exhaust ventilation necessary to keep the
dust at the workirr’s Lreathing level to an amount less than 30 anillion
particles per cubic foot, the dust determination method again proved
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very useful. Fxgu}n 25 presents the results of o study of the relation
between the degren of air velocity at exbaust duets and the amount of
: dust inhaled by granite cutters using various pucunatic tools. 1tis
.. appurent from this fizure that by mnintaining an exhaust veloeity
h of 1,500 lincar feet per minute at the fuee of the dust-removal houd
of the typ. investizated in the present study, the dust concentrition
at {he worker’s breathing zone will bo Jess than 10 million particles
per culiic foot. .o
Again, in studying tho efliviency of sand-binzt helmets used in the
protection of men working invide sand-blust roonss, it was fouud that a -
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: . rich protective devices, it was necessary o obtain dust samples from
vor she inside tho helmet while varving the air volume, at the samo timo
‘-)m'm” ' o maintaining the dust concentration in the zand-blast roomn (outside
;2;:.'.,;,"'_'““‘ m——— the belmet) constant. Figurc 26 shows the results of such a study
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nind clearly indicates that the pasitive supply of 6 cubic feet of duat-
free air per minute will proteet o worker under the eperating cone
ditions now in practice in saml-blast rooms. The ultimate eriterion
of pruteetion, however, §s the result of dust determinations of tho air
witlin the helmet; that is, the aie actually breathed by the worker
and nol the volune of air supplicl.  Figures 27 and 28 show tho
arrungement of the dust sanpling deviees used in determining tho
degreo of protection afforded & worker by such pratective equipent.
1t is apparent from the few practiea] applications shown in this
diacussion that the dust detremination method offers o reud eriterion
far delormining the effectiveness of the various dust-control measures
which are treated in the sections to {ollow. ’

it [ I
A OLES

.
|~
. - ‘ ) "7 fiaune 28.—-As

P )

| BB 0020039 |

NOT A RECORD OF

| BE AUTHENTICATED
DUSTRIES, INC.

2533




of A=ubie feet of duy..
dev e operuling o,
T it ertieriog

i’rmlﬁuus of the ajr Tt
z ol by the worker v By D
3 27 ond 28 show (L. % , N T
:d in detormining the : - R R ES
- . 4 k i
prolective equipuen, : ‘
igati ns shown in this
1 {Ters o read eriteriog
dust-contrul measures .
Feo i = - — . g j
[ : L
i‘:
1 .
[0 K
)
; e 3
- ' - - .
A al o W oW '
! : .l 1 -
] - L i-.
' H
! 3 . 4
; T
“ .~ )
}; L} - - -' “
, TESTING THE EFFECTIVENESS OF
. FIGUNE 28, —ASSEMELY OF ApmamaTuS ROR TEETH .
- g ., o T
S S . A P -l———— ‘-\
ot b b S
BB 0020040 1
‘ _—--ﬁ""“*_-d‘:

THIS Lu.vee § WAS BOT 5 RECO.D Ur

PPG INDUSTRIES, INC. DID NOT COME FROM

IT’S FILES AND CANNOT BE AUTHENTICATED 2534
BY PPG INDUSTRIES, INC.




A e m = -
. . ol Ao

YL GENERAL DUST.CONTRIOL METHODS

The prevention of occupational diseass huzards is chicfly an eagi-
esiter problem.  Until recently, very little definite information was

awwilitble and scarcely any attempt was made to develop control -

sacthinds,  In an age of prugress, during which production and
o clanizelion wer'e uppernst considerations in industry, compara-
invedy Jittle thought was given to the health bazards associated with
iem, Tho serious consequences of the neglect to provide adequate
{: vilitiea Jor prevention huve grown, until at the present time, their
et hins become o vital concern to industry. There is; morcover, o
sealization that compensation for the oceupational diseases is ounly a
mattee of time, and that, as in the cuse of accidents, a preventive
prvoram must be worked out.  Just as tho cost of insurance under
warhien’s compensation acts are in & large measure based upon
avident exprerienee, so alzo will the cost »f earing for those suffering
fron 1he dizenses of occupation be determined by their relative
freyqeney.  The formation and developruent of a preventive program
ut this time is of utmost importance,

It must be realized that the benefits of even the most extensive
przrain of controlling dusts are not always immediately realized.
Thix is particularly truc of the fibrosis-producing dusts, whose effects
are nat evidenced except after » Jong period of time. Thus, occasional
disabilities are Jikely to occur smongst workers exposed prior to
initisting a preventive program, On the other hand, the control of
toxie dusts contuining lend or cadmium msay produce beneficial

renulls ju o comparatively short time.
Nut all the mnethods in use for controlling dusts are success{ul

The choice of any method depends chicfly upon its efficiency in
tmlacing a given bazard and upon its adaptability. A lugo per-
; renlnzo of redvetion in dust concentration achicved by o certain
. stevire dovs not neccasarily imply that it is eficient, sinea the measure
‘ wl suverss attained depends upon the ability of the device to reduce
ssicentrations helow the threshiold or sale Emit. A method of con-
trof also cannot he said {0 be completely suceessful which interferes
with the process or which hinders the worker in the performunce of

bt dutios, : ’
Tho chief methwds of controlling industrinl dust hazards are (1)
f-ulmaimtiun of mnondust-producing or harmless substances, (2)
1 wlutiou of dugty processes, (3) wetling dust ab source, amd (4) loeal
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(‘ exhiauat veniilation applied at point of dust gencration. All these the aul
mathods bave laen used and have achieved considerable success in hatehem

many instanees.

A pra
With regnnl to the first method of controlling dust—nnmely, Jimiting
substitution of nondust-producing or harmless substances—thero is minimar
onls' Limitl applicution. In certain ecases subatances have been may bo
replaced by others kuown to be lexs hurmiul, suels os in the ease of implics 1
parling compounds applied on foundry molds, Pure ailica wna for- with pro
merly widoly used ; but recently this has given wny to other compounds . The i
which urc noninjurious 1o Lenlth. Considering that the chief dust . solree—i
exposure of fToundry molders is from the application of parting coin- about the
pounds (49), the substitution of 2 nansilien-coutaining compound has gpiting it
. climinated n serivus occupational diseass hazard. Again, in the caso wetiing, -
of ahrasive cleaning, sand Lias to o lurge measure given way to metal _ Th follin
shot. Tho imprevement obtuined by such substitution is clearly . roek-drilli
shuwn hy the dust counts given in the following data, taken from a . Dunt eonc
report on abrusive cleauing (48):° . Dust conr
" Dustconceatrution in sand-blast room using sand sbrasive, 960 willion particles Whilo ¢}
per cubic foot. - meverul dri
Jhusl coneentration in zand-blast room using melsl abrasive, 1585 illion content, th.
partizics per cubie fuot. give. Inv
© 1o improvement as shown by theso figures is remarkable, znd it is drilling wl
.. . possibla that with the clezning of custings preliminary to blasting wet metho |
with metal shot, the dust concentration might be further reduced. That wet

The second method of controlling an industrial dust hazard cousists

118 second L " by a study
of izsoluting the dusty process. This method poascsses many possi-

" ghows an ai
bilities, but unfortunately is not widely used. The theory under- brought on
lying isolation is to coneentrate the dust sources to one Joeality or to . Tl .--'
o singlo closcd space.  In this way, a minimum number of employces - T ﬁm'"'“"h_;
are cxposed to dust. At the present time, many foundries, during Ticcently :
shoke-out, expose workers who normally are engaged in occupations ‘ccat‘l f¢
with Jow dust concentrations. Thus, moklers in & particular foundry web nieth f .
may be exposed to o dust concentration of 3 million particles per . m““ al 2
cubic foot undcr norual occupational conditions, but when shake-out ™ °°’:lud“1-

. operations aro carried on closs by their exposure may be increased to i ater under
more than 50 million. The sume condition” exists when annealing an lﬁ““’":
flasks containing ground sing are canptied in malleable iron foundries, wushe ﬁ‘:‘i‘
frequently cxposing grinders and tumbling barrel atiendants at work : fﬁ?&h I“.f
close hy. . i
Perbaps the best examplo of isulstion of o dusty process is the ‘°';,*3x',“=“"-"-l{
*abrasive cleaning room.  This completely encloses o very hazardous enhiiity of thi
process ond exposes only the blaster who is generully eyuipped with - castings f"‘"“{
: a protectivo helmet. The room is also exhmusted which further m?:l"'ll” fac s
asaists in reducing the duxt concenteution. Processes which aro n“l HH "“- 1"1':
izolated require guod ventilution. Other exaniples of bwlation are velopment, the
" 1 BB ooz0uz )
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e mfonatie tumiable for abrusive eleaning, tumbling burrels, and
Latehemisigg rooms that are found in some pottery extablishments,

A practice which has lately guined wido use in foundries consists in
lhunitiog the shake-out operations to o single night shift when a
miniimnm nmaber of warkers are employed.  While such methods
may be deseribed as Bsolation, they are not exacelly so, sinco isolation
splies that dusty operations shall be carried on in sepurate quarters
with provision for exhaust ventilation,

e third dust contrl method—namely, wetting at the dust
vonne—ia genemlly empluyed in rock drilling. Water is sprayed
alwel the hale being drilled, thus preventing the dust generated froin
seiting juto the nir. Considerable suceess has been achieved by
wettinee, which is perhaps the oldest dust-control method known.
The following dust counts exhibit the succows attained in an actual
rwh=drilling operntion (30). .

et comreentration with water spray 11.2 million particies per cubie foot,

It cuncuntration without water spray G14.5 inillion particles per cubie fuot.

While tho reduction has been considerable, it is still possible when
severnl drilla are working simultaneously on rock high in free siica
enntent, that the concentration of dust produced may becomoe excos.
sive, In view of a inure pusitive method of controlling dust in rock
diilling, which will be deseribed later, it i3 sufficient to point out that
wet mothods actually reduce the concentration of dust.

That wet methods are not positive methods of control is borne out
by » study of wet grinding in 8 Connecticut ax factory (51), which
shows an nbnormally high death rate from tuberculosis presumably
brought on by dust exposure.  The data follow:

Tuolwrculimin death rate (male), State of Convecticnt, 1.7 per 100,000.

Tubercilosis deuth rate (grinders), ax factory employecs, 19.0 per 100,600,

Recontly there bas been developed a combination of isolation and
wet methods for controlling foundry shake-out dusts. This method
runsista of a larme room similar to a sand-blast room in which the
frly custings (generzlly with cope and drag removed) ars placed.
Water under high pressure is then dirceted against these eastings by
an operator outside the rovin until the molding sand and cores are
washed awny, In order to fucilitato cleaning, the castings aro some-

times placed on a slowly revolving table. The sludys is collected in
# suitable hopper and tho water druined off and recirculated. Un-
fortunately, there is a lack of published data relative to tho appli-
eability of this type of hydrmulic cloaning to all the various forms of
enxtings found in industry, but it is ebvious that this method of dust
eontrul is Jar superior to many other methods now in use.  While the
method at presont hias only Jimited uso and is in the proeess of de-
velupinent, thero can be o question that the problem of controlling
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the dust formed at foundry shake-onts, which has always been ox-
tremely difficutt to sttain, will gradually be an accomplished {act.

With resand to the fourth methoad of controlling dusix, it may be
agid that of the various meehanics! methods devised, none hag such

* wide application as exhaust ventilation, Exhaust sysicms are de-
sigued to utilize the dircetional forees of air currents at the dust
source and to convey the dust captured to a suitable collecting place,

An exhaust system may briefly be divided into four distinet parts:
(1) The honds used to capture the dust, (2) the duct system to convey
the air flow and dust collected by the hood, (3) the dust-collecting
equiptuent, and (4) the fan and wwlive power,

- Hoodd assume & wide variety of shapes depending on the manner
of dust production. In some cases they enmpletely enclose the dusty
process, a3 in rock drilling, whilo iu others they utilize the direetivnal
eficets of o dust producing source, being placed so that the iszuing
dust is thrown iuto it. Upon houds which are correctly designed
.depends a great deul of the suceess of exlwmuat methods in controlling
duss sources, .

The duct system consists of an outlay of duet work so pruportioned
that its various branclies hand e the neeessary velusue of air required
by the hoods. The syatem conveys the dust collected and hence
every part of it musxt maintain velocitics which will trausport the
largest particles which enter it. .

Dusi~collecting equipment, where used, is desizned to capture and
to restrain the dust edllocted by the hwods.  Cyclones and cutl: flters
arn frequently used and, in eases where high efficiencies of sepmration
are oblained, recirculation may bo practiced.

The fan and motor serve to muintain the air flows through the
hoods aund duct systems.  Their size is dependent upon the voluine of
air handled and the total resistauce of the system. Tho type of
material to be eonveved ofien determines the type of fan blade and
bhowsing which muxt be usnd.

In the subsequent scctions, the chief appBeations of exhaust venti-
Istion are deseribodl, giving the results of rezearches in granite eutting
and rock drilling and the status of cxhaust venlilation with respect
to grimling, polishing and buffing wheels, foundry shake-outs, and
abrasive cleaning. Becouso methods of exhaust ventilation vury
witlely even in identical industries, and because pertinent data per-
taining to them are suenger, tho fullowing sections will be deveted to
dizeussing the underlying principles of this ;method of eontrol.
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. 14 is cleur thatall the air entering tho opening MUAL pass through
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whivh muy he eonsidered small in comparison. I the amount of air
flowing be represented by @, then the velocity along the surfaco of the
sphere will Lo given by the equation Ve=Q/:1 where A is the surfuco
of thegphere, The value of A i, howover, from clementury geomotry
cqual to dxr,  llence, _
e g0l
| Ve T80 (1)
The relation indientes, therefore, that the veloeity at any point ou the
surfuce of the sphere is proportionsl to the volume flowing and
inversely proporiional to the squure of the distunces from the opening.

VELOCITT CONTOURS AND ETLEAM LINIS OF nOODS

I the actual distribution of velocities be ascertained and draven for

a cireular opening in o diametrieal plane they would be of the shape

indicated in figure 50.2 Tho curves marked 2, 3, C, ete., are known

s equal velocity curves, that is, every point on

tho curve represents a constant velocity. The

curves 1, 2, 3, ete., druwn so as to be perpendiculor

at the pointa of intersection with tho velocity

contours, are cslled stream lines, or lines whose

tangent at any pointindicates the direction of air

flow. Obviously, the total flow between f{wo

such curves iz constant, the converzence of the

Piocex Pl 1n dect CUrves indicating an increased velocity towand

Sveh e iy thoe opening, . L. ,

- _~From.ihe symmetry of a eircular opening 3t is

easily scen that tho velocity conditivns shown in figzure 30 are the

same in suy other dinmetrical plane.  Conscequently, the rotation of

tho planc about thoe axis will gencrate surfuces of cqual veloeity and

tubulur shecets of flow. Thus the velocity and strenmeling distribne

tions in o single radial plane of a circulur opeuing represent the veloe-

ity conditions existing throughout thesphere of influencoof theopening.

The determination of velocity conditions in cuses of perfect syw-

metry, as in the casa of tho circular opening deseribed, is simple.

For rectangulnr openings, bowever, the procedure would be intricate

and practienlly immpossible of representation in two-dimensional

figures. A fair approximation of conditions ix, however, deducible

if the contours bo mapped in two radial planes perpendicular to the

sides as shoan in figure 31.  In the case of square openings the con-
tours in cxch of tho plancs aro identical, ;

FRINCIPLE OF SIAMILARITY OF VELOCITY CONTOURS

It can bo shown fur o cirenlar openingr that whatever its wize or
volume of liow, the velocity contours and strenu Jines aro always of

3 The sirtlinl of devvieping the velority charasteristrs of 2 hend bs given In enctime IX. . 3
' '\;r\“‘?fﬂ‘ - l '
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Theso facts have heen experimentally

e geReT a2).
i B o led to s} hoods (33); they aro envered

S {33 e {he surflare . ,..h-rmim-cl and uay he extend o \

' 5" ':‘-;"‘-: -.'l L‘:"l.i;‘ﬂ.;?:fl:lc:- lt\- the following theorem: The positions u,.( the nlmtg:’:»nnl?ol:‘l‘::yf‘;‘;

. clementary: geametry any kool when the contwurs ore r{l"“-"*‘d in terms of tll hood: ths
o° 1he hual opewing are purcly functions of the shape of e o e

3 ( cnlisitrs are ddenticul for aimilar kol shapes when suc

3 1)

s

@/

FaoRE n—vmumwlmmu:mmmmm
rrduced fo the same base of compa
1 inches outward along the axis of an

same value must oceur for o 12-inch diameter opening o

ol G inches, : . -

That tho abuve principls h
romfuning, since the velocity
plage trough a whole quadmnt. lluwc:'er,
uf two openings the principle doss hold (53).

-
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Reclangulur hunds are designated as wimilar if the ratio - f their Jrostin.
sides is the same. Two reetangular hoods, therefore, will have e
similur velocity charucteristics provided the mdial planes are mapped

in correspondiug units and if the velocities are expressed as per- i
centages of the veloeity at the opening, Y miny
The prinetple of similarity offers a powerful tool for research, for il
large hoods may be fstidd in model form and their charncteristics - conln
deduced. 1t is a basic principle in ph

applying to all hoods, reduving wictern
them to their simplest terms, cutlu

VELOCITY CUARACTERISTICS OF
COMMON OPENINGS

The velocity contours and stream

lines for the usnal openings found
Pmrre SI.MMSIM velocity cov® in pmcﬁco ars shown in ﬁgum
fouss have boen delerminad or seeisssular boods. 9936, Thus, provided the re-
gion of influencoe for all round openings is mapped in the conrdinate
units corresponding to fizure 32 the velocity contours will all be
identical and will be expressed in pereent of the average velocity in
the plane of tho opening. The same is true for the various shaped
rectangulor hoods

. where the short side ad
of each iz divided into
eight units, and the .

o long side in the same

. / [
! - . .
untts in proportion to :
' itslength. An open- Q j§’B—LJ\ W
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direction of tho air movement at a point 4inclics nutwanl and 5 inches
upward in tho radial plaue perpendicular to the short side of a 4- by
&-inch hood handling 610 cubie foet por minute, The ratio of sides
is onc-half and expressing the coordinates of tho puint on tho basis
that there aro 8 units of length on the short side the coondinates of
- the point in question arc 8 units outwand of tho axis and 4 units
upward, as shown by the circlo in fgure 35, The velocity at this

the veloei
of flare in
which anre
surfaee of
contour i
the shan
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o th;\ Falin o ut is approximately 12¥ pereent of the velocity at the opening. T
=~ therefors, o . . . (0% 144
.dial p!m;:-: ;"_: :’ ' v, tho velueity at the opening being 58 2550 foet per
are esphsenm} , ‘wate, Hho velocity at the point must he 0.125X25S0=360 feet por

.t Theso culeulations assume that tho flow in the region of
2qenen i not growsly impeded by an obatruction.  Otherwiso the
«tonrs ore altered and must be redetermined with the obatruction
- plaee, It may be said, however, that if the obstruction is con-
erabldy stialler in eross-sectional area than the surface area of the
siours pussing through it, the velocity distributions as shown in
.

2l tool for 4 oL TRT
3d their clurerns
1t is o basie et
o all fwwnls, Py,
2ir simplost teri.,

CHARACTERIATY & . -‘

JMON OpEIINGK ‘ " ““.
Aty contonrs am uy, - | A "’"“

# usual openings f,. | ‘ \‘ ‘
- are shown in [y,
us, provided (e .

nped in the coonliy,.-
Y contours will al ;.

the averze velueiy o
for the varinus shzpe ! e
-ﬁ °
{
i
~ L !
N DTN -l :
A DA rd Von 45 Th=Vebowity oomtours bor & Suw opening.  Cottuucs e ezpremed o pwreratagus of the velocity
= \ N~ \ b . o st L oponing.
w%‘/‘ \ L : Yim fizzures are not suhstantinlly altered.  The farther the obstruction
et : 4 # renoved from an opening the Jess is tho error involved. .
{ | leet of shape on the distribution of velocity contonrs
v ; * :
: -:::::sw — It 1y reasonably boe supposed that the amount and the degree of
19 31rrmnl 20 urcratages ol v flarimz of o hood has eonsiderable effect on the distribution of the
: v hwity contours, If, however, it is assumed that tho distribution
3 outward and J inciw~ ol thew across two openings of the samo size and shupe.are similar,
16 short side of a $- by Uw velneity contours are substantinlty the sume, although the degree
te.  The ratio of sides of lf:m: in cach differs.  The main portivus of the sphere of influence
the point on the twsis vhieh arn affceted lin behind the, edie of the opening, tho boundary
side the coundinafes of “laee of the flarcd portion being the chief variable. The velocity
[ the axie aml 4 unirs tentone glistribution, therefore, may be snid to be dependent upon
The velocity at this e shapo of (he opening only, “provided tho distribution of fluw
~
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[ R acrors it does vot vary greatly with the degree of flare.  As a nintter

of experiment it has been found that over a very wide ruuge the s
dezree of flare nlters the distribution of flow nemss an opening only '
slizhtly (52). llenco a 5- by 10-inch opening with a 12-inch flure
to 2 J-inch diameter duet zives the samo contour distribution forward
of an opening as one with an S-inch flare (say) to a S-inch dizumeter
duct. In fuct, were the opening but the end of a 5- by 10-inch duct,
the velocity contour distribution would difier only slizhtly. Since,

as a rule, most hoods are gradually flared in order to reduce entrunce A P
losses, it is practical when dewling with contour distributiows, to N

~ -

\m\\& BRI

Fnest B—\erci:

L JEPURI

PURE 3Ha=Valedls couteuars for & rectanguler opening whose rasio of vides is 3 to & Contours are
axpreiind &5 paroontaoes of Lise velocity st the opehing. :

. express the overnll shape of the hood in terins of the shaye or form ) . E

- LU S

of its opening-—that is, in terms of the side rutio.

A matter of considernble importance is tho velocity distribution
over the hood opening. For tho purpose of simplilving enleulations,
it hos been asaumed in doveloping the contours in figures 32-36,
thai tho velociiy distribution over the opening is uniform, Such

. an assumption is not corrvet, as muay be judged from sn exnmination
of the fizurcs thewmselves, which show the 100 pereent contour 1o b
somowhat displaced from the opuning. 1n other words, tho figures
show a higher velocity than the average over the eentral portions of
tho opening. The situation is somewhat like the phenomenon oc.
curring when a fluitl flows through a pipe which, breennse of viscosity, Frtmg .= Vel 17 «
gives a higzher velocity at the axis than loward the edges. The effect '
in the cuse of hoods docs not however, arise from similar considera-
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4
tions. In hood openings it is necessary to contend with an edpo over. vek
effect.  Air entering from behind the hood is forced to turn abruptly b i; '
into it, thus crealing o stationary vortex whiel restricts tho effective " A .i' ’,
arcs to o valus Joxs than the actoal. At the corner of o rectungular wit} :::;""
hood, the effect may be considered as intensified.  Experimental data vol;t:":' ¢
tend to show that the effective area is reduced in proportion to the rdinl :_:;'
pecimeter of the opening. :m_"‘: Y 'l
Tho edgo efieet may be considerably redueed by the use of a flange whicl ', ':,
placed around the edge and Iying in the planc of tho opening. A ;i:slnl" ¢:
fiange epproxunaicly 3 inches in width is suflicient for hoods up to . M '
R . ' 4
) 7 T
S
7’“"\ \? p S
’ /"‘ ) /K 4K \~ ,§:é
12868 ' g,
RNA AN s 2 3
SONNIT § -
. é S
2 ¢ ) o k ~
JA \J/\ \ T)i , S : N
o~ : LA~ :
. \ \ \ %- ' g’r‘t
arewsk | T 3 : S 3
oPrYING | g;f‘l_ \ \-ﬁ = ;S 5 § L
g#da)v,‘:grvr%m?-ﬂ o) |7 § i 2
Y,
| Lo
—ﬁ.‘ . ‘l L 1 A H
UIITS OUTIVERD FROM COLIVING ! ¢
F0oRT B Velority cantonrs and siretm lives n a radial planme of & fanrmd cineutur spewiog.  Contaury
e aspresed o8 prresntaseys of the veincity &t 4w ofwrtins.,
3 square fect in area. The flange tends to-cut off the flow from the The point v«
region behind the opening which is {requently uscless and is ndvan- the opening.
- tageous in two respects: First, it increases the effectiveness of tho in no din-ui
hood in the forward regions, and second, it reduces tho cnerzy con- An analysi-
suraption of the hood. In figure 37 the velocity contours and stream by the equut
lines of a flanged circular opening are shown and may be contrasted
for the sako of clrarness with the charueteristies for the same opening
in figme 32,
AXYAL VELOCITIES where ¥ is the
. . - ' veloeity at th
The representation of acrodynamic chamaeteristics of exhaust hoods AT couslan (<
- - . My
by means of velucity contours oifers a fairly simple weans of com-
paring graphically various types of hoods. The determination of
contour lities, howoever, involves considerable time amd labor, More-
o KRGO OF ¢ e ey
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over, velocity euntouns do not lend themselves to mathematieal
analysis,

A simpler and mors direet menns of comparison of clementary hnods
without obstruction to the opening may be had by tho analysis of
velorities along the projected axis of openings,  Sinee exhauat hoods
wnlinarily draw dust from the area dircetly in front, tho ehief factor
woverning the cflicienries is.the distribution of air flow in this region
which may he expressed in terms of the axial-velocity curves, A
series of eurves for xeveral circular openings are shown in figure 38.
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FIGTRE 28.em. L2kl velucity crrves for seversd einubis epvaiocs

4]

The point velovitics nre expressed as percentages of the velocity at
the opening.  As muy be scen, the axialvelocity curves are limited”

in ono direction and are almoest hyperbolic in shape.
An annlysis of the data has shown that the curves may be defined

Iy the equation (32). .
77y =2 @
where 1is tha puing veloeity expressed as 8 percentago of the averago

velocity at the opening, 2 the distance from the opening, and m and »
are constants.  When tho [unction £(37) has the form )
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NOTE:

. qnlmmuimg the value of & given in this vqua(mI Q"Hne "vncml
equation (3), we abtain finally {or square and reetangular openings

l+0-.m (1 )-.,m] {18 ~tm

r==the distanee outward along the axis measured in inches.
~l==tho arca af the opening in vquare inches.

ra=the ratio of sides (less ‘than unity).
Y= the percont velocity at the opening found at the pomt. T,

Y .
To—y 00553 5

whers

Thes, the center line velocity curves may be defined cnmplctol_\' in
terms of the geometric shape and size of the suction openings.

The exponents of .1 aud z in the generul eyuation are cluse to 1 and
2, mtpecti\'c!_v. This suggests that the true form of the generul
cquation may be j()')-b’;l:r' The following simplo formula is
suitabla for quiek and approximate mmpututxons for openings usually

found in practice:

Fauatien (C) may also bo written so as to give ti:e velocity at
s point along the axis dircelly in terms of the air flow Q, since
Y= VT %100 where Vo is tho average velocity at the opening and

Q== 17, 4 beinyg the avea of the vpening, Thus
0.1
_ _ Verfoid M
| Jt ia interesting to note that this equation for values of #* which are
. very large in comparison with 0.1.] gives the relation .
@®

V.qu .

‘which is identienl to equation (1) dedvced fromn clementary considera-
tions, with tha exeeption of a larger constant in the presentinstance.

The nomograph of fizure 41 hus been prepured and gives tho value

of Y when z and A1 are known. To uso this nomogmph a ruler is

. connected beiwsen the values of 2 aud 4L given, aud the value of Y’

read off at the inferscction with the middle seale.  Tho liie drawn

in the fimure eenueets a valuo of 2 of 10 units with an aren of 150

squnre uniis, giving at the interection with the middle seule o valuo

of ) equal to 15 perecent.  In other words, the \-vloﬂty at u distnneo

of 10 units from au opening 150 uuits square is 15 pereent of tho

velocity ut the opening.
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‘Tanty 2L=Vrlcily chanan along aze of hands of ;-"vrinur. #sizry wilh enncdan! air
Jow nf 1,000 enluc fevt per minntem=ictrrmincd from formula (7)

Averase
oty intumcs satward along silyer

Armelapwning . iy iy
/ wr“l:o’ln- & inclers { 12inchws | 16 inrhen | 21 inches | 30 inchex
1 opryen [ Lom o) n a e 159
= apiare et . Sy F 3 = 41 s 13
§ ~eproere (e 4 154 i I3 L8 LY ]
& mprrre fon 167 e ] Tt ns e
®prm feet 123 2 x5 1 by ] 12
W L rresas canmer st e o hn [ d oh 31 0 Ls
eanrt ore Lowl . wams by AN b asc mns3 1

Relotion betwoon opening aren and velocity pradient
ln table 2¢ are given the velecities of various sized openings along

this table sugpest that

fe squaro openings of
vanoug sizes ars shown in fimiro 42,

" the hood axis wheu the volume of flow is hicld constant. Thae data of

very littlo improve- %0 M:_'Q.Gﬁi’f ” -
ment in eficioney can -,,-32.:7 = gs/axt

be gained by increas- 4 o — 4
ing the open ares of ’

the hood, although [ 20—
the average velocity ., _| ¥l - w
at the opening vaorics go..\ . 18
inverscly as the aren S =4 ) » =3
amd conscquently de- g;_ \ 3 &
erouses s the arcn of Red \§\“" ”.:§
the opening increases. § | 7xl i i
lHwwever, thers are s-’ - ' § 'h’\ "g
two advantages of 2 § & b \ ol b
lares hood: Fimt, the Al c-§ '
entrucclossislowered g y L bo oa L%
by reducing the veloe- 3-‘- S e ) ‘ N .
ftirn at ihe oponing, - 3 - : St }.3’:
mul second, the zone - § >y :
of influcnco is greatly 2o v *.
il.wnmsed in tho re- L o0

pwons forward of the i ]

) opening.  Rolutive ¥ Sl
coiitours having a -
value of approximate- _ . bt E
I 14 foet per minnte r,mu I 1 b the determisatioa ol ashil ,,‘?;:a

1t will be noted that tho contour

ewrreaponding to tho apening 20 square feet in aren envelopes a much
laeer aren forwand of the opening, The total surfaco developed by
The contour s the same ju cach case, howover, sinco the total Jlow, Q,

i runsigut (Q=s V1),
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Tha chief disadvnutnen of 2 large opening for dust collection lies in
the Jow rate of chnngeuf air speed from the peint st which the hood is
desired to funclion Lo its opening.  In tho eculleetion of dusts, it is
highly desirable to have a high rute of change inasmuch as a dust must

{i

‘41
AL O

=}

may be ey
cach of whi.
ratio] 1 (o x;
comneefey] iy,

not ouly bo arrested at its orizin but also conveyed into the hood and siderah] i
to n colleeting system. On the other hand, lurge hoods work successe f the :-:.H‘ '

. . _ L
lt is hot jLE

ship botwipn
hood oOpening
practico the
length of flare.

g of Hood's

FISTEE f2=Hetuhe pamitiin: of 11 fovt Twr nuioute cvirily rontesms by 2 eascnat 100 of sir e of
1070 qubic let Jor minie izl oDenines 4, 3, A0 0 scare fewl, in e

fully in the collection of fumes which require Jow velocities for their
control and may thercfors be Laadled with a lower consumption of
power. 1t will bo shown later that in practice the zones of influence
for most hoods are impeded by obstructions, and that it then becomes
necessary to altor the treatment of the problem of veloeity distribu-
tion. lluwever; tho factors-te bold in mind in any bood installation
: are the size of tho opening and its
"'ﬂ : location with respeet to the region
L

at which it is expected to operate.

LXLATION BETWEEN SZE OF JNOODS
. AND CONXECTING DUCTS

Tho distribution of air flow over
the hood opening should be as uni-
formy na possiblc. This cannot be
secured when the ratio of tho area
of the hood opening to the connecting duct arca is large, uniexs the
length of the transition picee is incrensed to accommodate the chango
in aic speed from seetion to section,  Otherwise, the movement of the
air will all bo coneentmited nt the conter of the hood opening, nnd the
hood will fail to function properly.  Unless there is an even distribu-
tion of air flow nenws the opening, there is Littlo sense in nuintaining
thoe full-sizo homd. y

Thero are ;many inatances where a high ratio hetwoon the size of thoe
opening and the connecting duct is nevesanry, and yet o Jong flaro
cannot bo wiod bocsuso of luck of space.  1n such cases, the hood

/
N N/

| I — ]
Fuiure (o= Aethal of mudelivifing buze el

Fxenz =t amuren i
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may ho do-.-c.i,r:nml so that it is divided into several hoods, edee to edre
.-.-w'h of which is independent of the other, A larwo ho:)d \l:'ilh a sﬁlc;
ratin of 1 to 3, for exmuple, may be divided into thrro squaro openings

.r!mnn-tod in tho manner indicaled in figuro 43, thus effccting nl co;-
ritlerable xaving in headrooin over that oceupied by a transition picco

+ of the cammon type,

Itispat passible (o formulate a definito rule to govern the relations
ship hetween the ratio of the areas of tho connecting duct and the
l.wd‘o;n-m'nv aal the diwros and length of tho flare. In mnodern
praetics the mitiv is "mv'm.“)' taken as 1 to 16 at & maximum, and the

- length of flarc as three tinies the dismeter of the conueeting duct.

mu.-.,
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DETERAMINATION OF mocxn' comm Fon courom HOODS

Whon hoods aro subdivided in the munner indicated abovo,
volocfty'distribuﬁon is not changed materially from that given tll;;
the singlo Jarge opening. Tho conlour distributions for two squaro
hwods placed edge to cdgo may be combined vectorially at their inter-
weclions as shown in figure 4¢4. Frum tho resultant velocities and
dircetions of tho air movement thus obtuined, a new sot of velocity
contours may bo drawn, This has been done in ficure 45, whero tho
wolid !mo.? indicate the contours obtained by the principlo of velocity
combination and the dotted lines ropresent tho distribution for 2

singlo opening whoso side ratio is 1 to 2. Tho proximity of corre- -

;qumld-ing ?m‘uour values indieates that the subdivision of a largo
wadd into mu?gu-mlcnt. wnits of smaller dimensions docs not alter tho
original veloeity distribution of 2 hood.

* rrm s e -

avin

—ﬂ_ﬂ—-“-

l BB 0020057 |

gY PPG INDUSTR!ES INC.

w

2551




© e . - B
- ™ Sm—— = i w — e . e s

NOT - .
'\:1.,/3”__ , v Ty

V2

) . This method cf combining s¢|\|nrpws;"c“d§é‘b edge, may ho . -
employed in cstablishing the velodty contours { r any side rtio T
although the method is laberious. It may also be applicd to the

* & =

"t

e

,T ""':l—-]-——
1 1 1 ! ] 1 o i 1 | L .
1z Qo & L J * £ o' P4 * 3 [ 4 ~ <z

SUOLVET ~ O YTOURS FOR DIVELE OPEIYING : .
BRONETY LUVES + CONTOURS FOR, OPEITI VG WITH SIOE /TI0 1108 o

Facvas £, ~Compurkan of velacily distribution for dnuble epesing vith enntours ter & slugle sresing of

. the suyme shape 23d sie, Cootours of dorrble opening eaknited « in e 4L \
. : . . study of arrangoments in which the velocily distribution is not ';
£ . uniform, such as tho double hoods recommended for the control of “
. _ fumes by somo State codes. In figure 46 aro shown tho velucily ,'
‘ _contours for two squaro openings, edgo to edge, ono of which is ol
. i

m-h\'mmd-mmumaMdmm-dm. Conteury by
wuwmmthmhmuﬂlmmhm - an
. '

handling twice as much air as tho other. As may b&_ scon, thero is
considerablo distorfion althoish it is not diflicull to show thal thern

is a slight reinforcement.  Studics of this xort suggest that double
bouds do not posscss marked advantages over tho well-designed single

hood.

TV iy ——

P ) - - :
{ . { BB 0020058 |

.THIS DOCUMENT WAS NOT A RECORD OF

PPG INDUSTRIES, INC. DID NOT COME FROM
IT'S FILES AND CANNOT BE AUTHENTICATED
BY PPG INDUSTRIES, INC. .

2ES2




% edge o edge, may 1.
fours for any shin .,
v alzo be applicd o 1.

LDGE
A

St

ey -ariW—— ¥

93

.. ....11"? CONTOURS OF JIOONS WITI APECLAL MOUNDARY CONDITIONS

e metlod of compounding velocily contours ean bo adapted so
1 the resultant contours hold for openings with special boundaries
15 Jowls aro rarly used without some form of olwtruction,
- wee beogsneededd pither by extended plunes or deviees placdd elose to the
picneraf the opening.  Consequently, if contours for spoci.xl cunditions

1 I developed from those known for simple openings, considerable
e .nmmhun may bo goined of much practical value. Four specinl
causs are discussed bdo“ which indicato tho general procedure for
Jeveloping conlours for any shapo of hood under similar conditions.
The method, while approximate, nevertheless ns indieated above,
«ves results which are surprisingly aceurate,

Tho procedure ju determining boundariea under certain conditions
i+ hased on the principlo that a solid boundary may be substituted
fur any free stream surfaco or for al.y stream plane of symnetry.
In llm respect, the problem is nn.nlom\u to tho method of itages
w-ml in capacitances ealculations in electricul theory. ln fuct, the

— A I N B B lundury cases discussed below are distinetly “image” problmns.
. ¢ ¥ w & Cuxe J—Injinite plune pcrpendiculur to aris of hood ot & giren
7¥e

dianee from the Oprmng.
: N0 RRIVO /7
. ;:fﬁmh.::;im_, This condition is obtzined in the manner sloown in ﬁgure 47. The
Alng calei 1wl 21 ferre i vehuweity chareteristica of two square openings lying along the same

svis havo been combined in the manncr deseribed and the velocity
distribution truced. Since no flow can take place across the stream
plano of symmetry, this plane may be replaced by a solid boundary.,
Comsequently, the hood drawn in dash lines may be removed without
sltering thoe flow into tho huod. (The hood and contours removed
may, n3 shown ahove, be regurded as images)) -

Tho velocity contours are the samo for all similarly shaped hoods
bwated above an infinite plane 5o lotig as their relative distanco above
the plano remiaing the sama.  In the particular case shownin figure 47,
the julinite plane is located at o distance cqual to one-fourth the
letnzth of one of tho hoad edges.  Thus, for an opening 4 feet square,
the distanco is 1 foot. At other distances, new contours must be
fosrtenl,

Caxe J]. -—Inﬁmte plauc at ¢ mrrn crule to the plam' of the hood
wpening. ’

This condition is encmmtcrcd in prm-tncu when o hood s pluccd at
an angle w0 o large surface.  An extremb cane is given in figure 43

selocity distribution it net
mmended for the contral of
46 arc sbown the velosity
¢ to edge, ons of which is

T MOCOS .

wnnlren i arfhation of fiaw,  Conimms sie

vh | mpree funt in ova), .
) ﬂlrro the cddeza of & square howd is shown touching o plano 8t an angle
ior. As may bo seen, ther i of 43°,  The resultant contours are developed from the distributions

1ob diflienlt to show that thene
this sert stenrest that donhie
s e the welladisigmed singede

of two square openings tilted at 90° to cach other with corresponding
nilres fonching,  As in tho provious cass, sines no flow takes plues
wims the stremmn phae of symmetry, a solid boundary nay b
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inserted without altering the conditions of flow. The removal of the

“imago-hood” shown by the broken lines consequently will not

change tho velocity chameteristics of the other. The method may

bo duplicated for hoads at any angle to a plane (except small angles)

and for cunditions where the edge of the hiood does not touch the

plane,
" For the case given in figure 48 one may draw conclusions similar
to those given for the previous caxe, namely, that the contours aro

VELOCIT Y CONT RS
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- s | oo areriee
&
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Pevue (2.~Vclodly coutours for 3 square hnod leciiad at & ditasse sl to ane-faurth the jength of
orn of the shies above an infoize plune. cmglmme;.nu-lnmotunmuth

opesing.
tho samo for all square hoods at an angle of 45° to an infinite plano,
+ . one of whoso edges meets the plane. Tho length of the hood edgo
. may bo used to determine the relative loeations of the contours.
Case J1I.~Infinite plane parallcl to the aris of & hood and touching
- one of its rdgea. . ‘

Since the flow in an upper quadrant of a symmetricnl hood is the
same os that of the Jower, it Sollows that both halves niny be separated
by n solid boundury without affecting the contour distribution in
either. This implies, for example, that the contours for a square

v - opening drawn in a quadrmnt plane may represent the velocity dis-
tribution of an opening with a ratio of sides equal to one-half with
*an infnite plane attached to the Jonger side amd purallel to the hood

axXis,

L} R w # omen &
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Huods included in cnso III have a vory practical application,
e previally it exhausting fumes from tanks through Jateral openings
end slust genorated by granite-culting machines (35).  Figuro 49
“ows the velocity distribution obtained in & quadrant planc per-
pe-ndicular to the long edges of n rectangular opening with a side

-

VELOCITY £ONTOWRS

H
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K rem—— ;
H
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ot & dLitance ental 1o aneduath the jenrth o
exgwemad A Pereeatares of the velacity af (k-
zlo of 43° t an infinito plane

The length of the hood edue
Joeations of the contours,

the aris of a hood and touehing

t fa symmetrienl hood ia the
¢ both halves 1y be separnted
v the contour distribution in
hat the contours for a squate
uay represent tha velocity oi -
of sides equal to one-hall with
¢ side and paralle]l to the Iues!

- - de———

1t B SV ghimlLy w0ORLOOTS O & TS opeRiny at an ancie to aninfinite niamm, Cmnw
26 puiveainges of the velouity st U epesing.

futio equal to one-hall. However, sinco we are concemed with the
drtribution of contours abovo an infnite plane as shown in tho
frure, tho opening must bo regurded as having a side ratio equal
o wie-fourth.

Cusr JV . —Lood with infinile plane surrounding it and with a plane
svrelied to dln aris,

This eavo is & combination of tho simple-flunged hood and enso 111
nml. is represcnted for o cireular opening by the region marked “A”
W lrrure 50, Thia cose, however, has only a limited application in
mlintry and need not bo discussed in detail.
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SUMMARY OF FACTORS ASSOCIATLID WITH THE DESICN OF LOCAL EXNIAUST
10003

The important factons diseussed in the forezving nay ba summarized
in the following rules of design:
1. Consiztent with the required efficiency of dust collection and :
aperntion of the muchine, the hood should be so shaped and located
as 10 opervtoe with a minimum air velocity requirement. From a
study of the characteristivs of operation and dnst production of the
process, the proper location of the hood opening, its shape, and the
plcing of buflles to interrupt o discharge of the dust should be

determined.

2, Locato the hood as closely ss possible to the point of dust
i  pencrution.
. 3. Chooso a bood having s uniform velocity econtourover the area
;  of dust production.
: 4. Choose u houd hiaving a maximum ratio of flow from effective to
¢ incflzctivo arcas.
? b
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YIIL DCSIGN OF LOCAL EXHAUST STSTEMS

General remerks.—A knovwledge of the faciors governing the design
of cxhoust svstems is important. Installations for controlling dust
have failed in the past, beeauso fundamental principles wero not con-
sidered in their design.  In many plants it was eustomary to regurd
exhaust systems ns necessary evils, preseribed by “blower jJaws”
and heeause such systems yiclded no visible return, but rather-added
to tha cost of operation and maintenance, no attention was paid to
them. Yinslow 2nd Greeuburg (56) have aptly stated the situati n
in the following words:

Tho engineering journals carry elaborate secounts of the design of ventilating
appatatus; but, once fnstalled, we hear pothing about them If they work welly
whereas if they fail, the result is usally 2 nming econdemuation of the whle
practizo of fan ventitation, withont any serious attempt to discover the cxa’
souree of tho diflicuity,

Tho following paragraphs arc intended to point out the genoral
considerations which enter into the design of exhaust systems. They
atiempt to ilustrato the few simple principles of design which aro

within the grasp of most engineess and the methods of their applica-

tion. For the sake of clenrness, it will be necesvary to begin with a
disenssion - of -simple facts and grudually to show how these are
utilized in actual problems.

STATIC AND VELOCITY PRYSSTUNES

Itis ﬁr:t necessary to begin with the Jaws governing the movement
of air in ducts. These laws aro similar to those pertaining to the
flow of other fluids aud are, in fact, borrowed directly from hydrody-
namics. The primary difference between grseous and Jiguid flow is
that ane is o compressible fluid, markedly affected by temperature,
while the other is considcred pmectically incompressiblo with »
fairly constant speeific volumne over o wide range of temperatures.
In actual air-flow computations the fuctor of compressibility is dis-
regarded, and exeept for temperature corrections, the laws governing
the flow of air are identical to thowe for water.

In a duet system the flow of air is maintained by virtue of a prow
sure supplicd by the fan. This pressure may be positive or negative
depending on whether the duct is connected 10 the exhauat or suetion
sides of the fan. Tho total pressure at sny point in & duet haa twe
companents which are designated ax veloeity head and static hend.
The furmer is the pressure nvyuired to producs tho velocity, aml the

(08) ————
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tie movitee air in the duet,

Sinen the velocity pressurs depends cutirely upon the veloeity of
flow, any chango in velurity either fruom an enlargement or contre~
tintr ol the duet, eruses a corrnsponding inerease or deerease of static
heasl, Theoretically, the static and veloeity heads avo interchangeablo
In practice, however, a changu of veloeity is not exactly compeusated
by an equivelent chasge of static head, inasmuch ns an enlargemoent

“ur raluction of & duct is accompanied by certain energy Josscs.

Tha movement of air in 8 duct entails u Joxs of static pressure,
This loms 32 primeanily due to the friction of the fluid to resist motion,
A changze in the motion as n boending of the air through an elbow or a
chango in duet sizo alro causes n loss of static pressure through eddy
effects set up.  Thoe pressure difference betwern any two points in a

duct indicates the lorses sustained in moving the air over the distance

Ietwoen them,
RELATION '‘BETWEEN VELOCITY AND VELOCITY READ

It is obvious that between velocity and pressure someo relation must
esist. It is sliown in textbooks of physies, that if water emoerges
trom ant orifico near the bottom of a tank, that the water velacity at
the puint of issue can be detennined from the following relationship

(9)

wher ¢ is tho velocity in feet per sceond, B/, the height of the water
level above the orifies, and g is the constant of gravitation, equal to

"oy 4]
[LE -

The relation between the velocity of air flow and velocity licad is
nlw griven by equation (9). - In tho case of water, the equation merely
rapreecs the fact that a water column of height equal to A%, represents
« pressre which is proportional.to the square of the velucity. The
*sme interpretation applies to air, where now, however, the pressure
ereate] by an air column of height A, is proportional to the square of
the pip velocity,

Fur convenience in air-flow measurements, the term A; of the above
*speation 33 generally expresaed in inches of water, Thus to convert b’
1 devb of nie Lo A, in inchies of water, we have that

density of \mu‘rx A
density of air ’

Iy

b the density of air is taken ns 0.0749 pounds per enbie foot and water
¢ L pounds per cabie foot at 70° I, then

624
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Thua, the height of un aie columnat 70°F, equivalent to one inch
of water is 69.4 feel. -

Substituting in equation (9) we then obtain
f'

09.4A e

-

Therefore, if the velocity is expressed in feet per minute
V = 4009-/%; ' (10)

E¥FECT OF TEMIERATUUR

It was mentioned in o previous paragraph that air is affeeted by
termperature changes, contracting in volume when cooled and
expunding when heated. If it is assumed that expansion or contruc-
tion is pruportional to the absulute temperature,* T thea the following

T. proportion is true -
[

or if ke ia desired, T, Te, and &y being known
. -7' )
k?-ﬁhl

Thus, given the height-of eir column J; corresponding to an absolute
temperature T3, the height of air colutun for any other temperntune is
at once determined.

Equation (10) may be written

VKT

where K is a constant varying with temperature. This constant,
following tho method outlined in this and the preceding paragmph
bas been ealculated in table 25. . .

Taute 28.~Vulnes of air density, height of air column, and K in formult,
Ve KX, jur tarious air temperatures

Densiey of | Cobuae of { o-. - Densiry ot | Colomn of | 4. .
L T—— Bir (sl sif SRl Ly “h"‘."“\ T i (ptanwis) mir erpnal ta “‘.‘l".'“‘ .
jor culds | ) boeh .. RURTMUNS | oot cutne | 1 inch Lo
1D () | VokNE Wot) | THO thewt) | V' Rabe
1y
E - ol S o “we AP P - .00, R ) -
oyl e e vl | FS mmunst D T m -
7 ol L N w3 F R B SO L wed
gl R | S Nw 3 |f Lot Xo...... - =% w2
] -
¢ Alowiiste lrwipw b the tews at slvahae zere, plus Ue slarrsml (emapemiury; tad

b} 2, where :& the slverved lrnperature degtves J.
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Problem: Calenlate the height of air colwun and the air density
+ 4° ., giver: tho corresponding data at 70°,
solution:

A _450.06+04
8030 359.6+70

hm72.5

To ealenlnte the deasity, wo have, sincs & is inversely proportionul

1 the density 4
D 459.6470
0.0749  430.6-94

© D=0.0717

EQUATION OF FLOW

The volume of air flow may be directly obtained in terms of tho cross
«rtinnal area of the duet. If Q represents the volume of air flowing
in cubia feot por minute at an average velocity equal to V" and a is

the area of tho duct in square feet
QmaV=4009a+R, (1)

If the diameter of the duct is expressed in inches, a==0.0055d?

amd -
Qu22.9 &<k, a2)

In tho caso of a duct of varying sections of ureas equal to g,0’, 4"’
e, with constant flow,

Q=aV'ma’ f" =g’ T e=ete, (13)

wlhem the T7s correapond to the velocitics in the various sections.

Il the velocity is known in ono section, it can then be determined for
suy section provided that tho arcas of both sections aro known. Thus,
d V', o and a’ aro known, the velocity in the Intter scction is simply

V’—g-, Vor T”-s;-, \'

*herw of aud @’ are corresponding dinmeters in inches or feéot,  When
*is rxprrased in inches, the corresponding areas in cither sq.m.rc inches
“r Miunro !ect. may be obtained from table 26,
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THAXSIOET VELOCITIES

The desiim of un exhaw:t system deponds upon the magnitude of
tho air velocities roquined for transporiing the dust collected by the
hood, and upon an estimation of tho loswes incurred by fluid friction
and edily effects.  1f tho velocitics chiosen are too low, there is danger
of clogying the system with settled dust, whilo if too high, the friction
Josses may bo so prohibitive as to bring the cost of operation {o an
unreasomable fienre.  Great caro should therefore be exercised in the
choice of velocitics to be maintained.

-
TARLE 27.~Air specds in ducis ncecanary e conrey rariows smuterials
Ale veloritio
Materiat [[ X s
.-t Oratn dgt...... ... . - som
i i
m dum....h » :z
m-—'ﬂm i 4
. Yalues of transpart velocities aro mengér.  Data Jor some dusts
which have bean found practical are given in table 27, but whother
_they are the most ceonomical eannot he stated.  No data regurding
the size of the particles or their churacteristics are available, and in
all probability the figurs reprevent the velocities in aceard with
existing practice.  When, however, the maximum xize and density
. 7 8B 00 20068 1
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. A o particln to bo conveyed is known, the following IurmuhL;M howi-

~»otal and vertieal transport are wseful (57). For horizontul t.!ucts ’

’, —
V0,000 i e ) (14)
atd for verticul ducts .
T 13,300 ;ha**" : (142)

shera 1735 the air veloeily in feet por minute, & is the specific gm\:iry
of the particles and § is the diameter in inches of the largest particle

100200
30000
SOV00 ] C o
el
10020 =
3000
//
2000 4
g oo <
2 /|
<4 £
8 100 |4
« /
) %
8 /
. =0 [
] an
E s /’
S »
-
3
-] /
- 0.3 7
m -
s

§E 888 838 3345 ¢+
e 66 ¢ °° “rxorraricirs - mrmmes
. Frouns SL~Alr velanitios requited t0 1ML prarthiles of quorts (spcilie gravity 263,

|
2.0
8.0
10,0
8.0
86.0
100.0

t+ be eonveyed. The velocities determined by the above equations
are minimum and should be incrensed approximately 10 percent to
tiluv earo of ottling which is likely to ocenr at clhowy or enlzrpements.
For fine pacticles of dust=that is, thoso which obey Stolies’ law——
#11ln i known of tho velocitics required Lo convey them.  The curve
i fhenre 51 tuken from data given by Martin (38) gives the velocities
“lich annat b exermled in trunsporting particles of quartz (sm2.65)
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from 10 microns (in the range of Stokeyw’ law) to 10 inches in dian;.
eter. The values in the extrome rauges aro extrapoluted.

Determination of duct diameter

Then the volume of air required by 8 hood to control dust at 5
given source is Jmown, and when the velocity of trunsport has by
fixed, the size of duct required is at once determined from the equa.
tion of fluw (equation (12))

QuaVm220 &V
where d is the dinmeter of the duct expressed in inches. From this

relationship, wo obtain
d-o.eos\/g ’ (13)

the sizo of dnet required to-maintain a velocity of v feot per migute
when a volume of Q cubic feet per minuto of air flows.

EXERGY LOSSES IN A DUCY STSTEM

The ecsleulations involved in the design of an exhaust system
depend upon the enerzy losses incurred at tho hood, and varion«
portions of the eystem, tho latter including the losses due to fluid
resistance, albows, transitions (enlargements or reductions of the
duct) and collecting devices. For each duct of tho system, tho lowes
must be carefully estimated in order that a fan which will maintain
the air flows required may be chosen.

It is well known that when water flows in o pipe, the presun
diminishes in the direction of the opening. This loss of “head”
indicates o loss of energy.  The samo is true for sir flowing in o duet.
There is o docrease in static head toward the opening (that is, il {he
flow is toward the opening) und this decrease is due to loss in friction.
The nature of theso losscs are discussed in the following paragrapie.

Hoed entrance losscs

The entrance losses depend almost entirely upon the structure of
the hood. It has been found  that flaced hoods without serinm
obstruction close to the opening have losscs equal to about 50 percrm
of ths velocity hend in the connecting duct. In the cano of plain
duct ends, however, without any flaring, the lossces aro greatly in-
ercased duo to the excesaivo spin of tho incoming air from regive-
behind the edgo of the opening. The losses for duct ends mu
thercfore bo taken as equal to the velocity hicad.

Loss in sirsight ducts

Tho moveinent of 3 fluid in a duct gives riso to [friction e+t

These hrsses nre made up by the xtatic head so that in a duet of giver

# Ungrahlindied data: J, AL 1,

etk o o mm
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w) to 10 juches in diem 1t h aml uniform diameter, the losa is represenied by the difference
= extrupolatidd. of statie pressure between the ends of the section. In the churt of
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The Jomies given in the alove fizure are for wleove-fitied ducts ]
nuturally include the Josses at Lhe conncctions due Lo eddy efiver.
An accurate formula fur longths of duct of less than 10 fnet is give,
by Lees’ equation (38) based on conditions at 70° F.¢

r2 *
A',-o.o‘?(o.oaaw(%g% X107 - (1

where 4} represents the loss per foot of duet. .

Example: Air is flowing in a smooth G-inch diamoter duct at a m.
of 4,500 feet por minute, Celeulate by Lees’ formule the loss jn &
feot of duct and compare with thae result obtained frum the chart,

Solution: _ '

, (V)= (4,500 X 6)*>*
0.35 (log 4,500-log 6) =035 (3.65324-0.77S2)
=]1,5510
antilog 1.5510m35.57 B :

- e

Henee, per foot of length, we have

: L;—%—’x-:,anom,soox (o.ooos+g;.'-%'7" X 10~

| =0.04" }1,0 -
' : For a length of 8 feet, therefore, the loss is
8X0.04=0.32" H,0 . .
-From the chart the resistance is found to be 6.3 per 100 feot, ur
_ 050" 110 for » length of 8 fect.

Loss at cibows

The loss of head at-clbows may be expressed in terms of the velocity
head. The following data, taken from A, S. I1. V., I, Guido (59) ma)
be used in determining tho loss for elbows of various eenter line radii.

Tawtss 28~=Lous of kcod dus ie bends

Lams in
[ m-"

oo : Raulil by puevont of dawt Siusnpter of
. . BY bnl

1
=ruy

¢ Furumsthe ban koo ety verimd from (. U 3. alts 4o hsat, prasnl, sosmtd tmits. -

- -

bl S s R ke S IR i e YR Sy wy S - e 3
o s s g D A S ik W SO G
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‘= aloeve-fitied duets atn} Loas duo to sudden transition
ins due to eddy eflivis © Tho lims due to sudden enlarzement or contraetion in a duct may
~se than 10 feet is given be computed from St. Venant's formuln (60)
T 70° K8 s
homo.061 (LT an
. )xm-' (1) _
where V7, iz the velocity in the smaller duct and 17 that in the larger.
. Values of the loss A, in inches of water for various differences Vi~V
2 diameter duct &t a rate are gi\-(\n m fizire 53.
28’ formula the Jost jn & When the enlansement or eontraciion is gradual, the loascs are
-tained from the chart, greatly redueed and jany be taken as approximately 10 perccut of
tho loss obtained by the above equation. -
gy :
.35324-0.7757) ) HORSEPOWER NEQUIRED
; The work done by a fan is equivuler ¢ to raising the weight of the
air handled per minute 1o a height equal to the resistanco against

5d

in

R 1L

> be 6.3”” per 100 feot, or : .

v

sed in terms-of the velncity ?
. H.V. E. Guilo (39) may —AJ

£ varioua center line radii. ax PSS 7 TR SITION
e A;.cg

b

F o0 3P a7 e a3 &3

Tl . . oonc 53 =Lovs of oot at ealupemnent s In daets,

which it must be delivered, expressad in foet of air. If, therelore,
tho yesistaneo i3 expressed in inches of water, it must be multiplicd
by 09.4 which represemis the eqquivalont of 1 inch of water expreswd
m foet of air at 70° F.  For other temperatures the equivalent may
be abiained from tablo 25, I A represents the tolal resistunce ngainsg
which the airmuas flow in inches of watee and 12 represents tho densit y

of the zir, the work dune 117 is

WemQlzh

———
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. where 232 the height of & eolumn of nir equal to 1 inch of water., At
T0°, D=0075 und 2wa9.4d, henee Wa0.32 Q. The hurscpower is
innediately determinel h} dividing by 33,000

Hormsepower=0.000158 QA (18)
DUCT COMPUTATIONS i

* When the volume of air flow and the sizes of the ducts have boen
daterminel, swd when the general plan of layout has beon drawn, it
then bheesmes neces<ary (o caleulale the Jusses or the totsl resistunce
agninst which tho fun must work. Without such information, there
ean be no assurance that & fan will supply an adequate air flow or
any method of determining the horsepower thut the fan will require,

The: totul resistasice, ns has been pointed out in the previous para- wes
[ 4 A ' Ll I.-
59 ) , et
. T : i
- - N
000 &d. puc; L
" "o
1.
foor
. ——— "t
. i -
Facnn $o-Laywt ol simsple duct Gaieen. o be o
graphs, consists of the Jusses incurred ut entrance, elbows and transi- :, '”‘
. tions, and those due to tuid {detion in struight ducts, The resistance e
. . of cullectors (sce see. X), if they form part of the system, are also e s
" additive. The total Jomics, therelore, expressed in inches of wuter b »
(sormotimes omnces per aquare inch) are for the whole system from sl
) tho puint of air entrunce furthest removed from the fan to the puint
of dischurge. In rating a fan it is then only nccessary to state the Pow e 4o
valume of air it nsust handlo and the {utal resistance agninst which it Ja
- must deliver, The horsepower requirmd nmiay be ealeulated by the Load.
method outlined above. It is powsible, huwever, to obtuin tho honw- T
power aml specad required for a given typeof fun from the manufue- 1o
turers’ cutaloms, wo g
- APPLICATION OF LORS DATA S
The following problem demonstrates the application of the above ” ':
data and formule: Y
Given z simgzlo duet connected (o an exhaust fan aa shown i figury L
&4, determine the resistanee which the fun must overcomo when 1,000 '
...—""'60 20 ‘é‘_l
-""'-- -
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e fert per minmte of wir is handied by the f‘:ﬁU'f‘uLc tho loss nt
sranane s 30 pereent of the veloeity head.

n..- solution mmay be arrunged as followss

Pl etvmseseetivial area of the S-inch dinmeter duet in squnrn feot
. P fahle 26, 0.349, hence the velueity in the duct raust be
1 L 0.310=2,865 feet per minute (equation (13)). For the

o ineh dizmeter duet, the eroas-soctional aren is 0.7585 square feet,
mu-v a veloeity of 1,274 feet per minute. The velocity head is,
wteforn, sulwututmw for V' in cquation h,=V34000%=a2865%
i 1003 10002:0.51 inch 11,0, We are now in pusition to
. enprrte the Iosses in the ducet system as follows:

1. The loss at eutrance i= 0.50X0.51 = 0.26 inch 11.0.

2, The hoss in an S-inch dizimeter duet with on air velocity equal to
v feel per minute obtzined from figure 52 is found to be 2.1
b 110 per 100 fect of duct, approximately. For o length of 40
fivt, therefore, the duet friction loss is 0.4X2.1=0.54 inch H.O.

1. The lose at the elbow with radius of curvature equal to the
durt diawicter is given in table 28 and is 26 pereent of the velocity
bead—0.260.51%0.13 inch 11,0,

4. The hrs ot the enlugement enn be obtained imm the curve of
tn e &3 where (V= 132)%1,000m2,865~1,271/1,0002=1.59,

Hener, the Joss at enlarpement i 0.16 ineh 11,0,

A l'umll.\-, we must ostimate the loss in 10 fect of 10-inch diameter
el Lgvinge a veloeity of air flaw of 1,274 fect per minute. This is
ol 1> b approximately 0.33 inch H.,0 per 100 feet of duct, or
# a2 ineh J1,0 Jor a length of 10 feet.

. The ndstanee which the fan mnst overcome is the sum of the
b e in the duct system from the point of entrance to the poiat
v lwre the duet eonnects the fan, or 0.26 inch 11,0, loss at entranee;
wsd il 110, Joss in 40 feet of S-inch dinmeter duct; 0.13 inch
10O, ke at elbow; 0.16-inch H.0 loss at culargement; 0.03 inch
HO, bea in 3O fect of 10-inch dinmeter duct; total, 1.42 inches II,O
ke i the whole system and resistance which fan must overcome in
Lamlling 1,000 cubic feot of air. -
Lunn pomputations In o branch .sysiem .

tn a multiplo branch systen the duects must bo proportioned to
Fanlie mdequately the air flows required foreach hood. The problem
¢ Aeswever, slightly complicated when the velocities are fixed in order
that thwt inaterials coliceted by the hoads may be transported.  TWhilo
" 5 urssibile 10 htve velacitics greater than the Jower limit required,

i« ot man] practice to excoed them by a very large amount in view

llm iverensed Josaes which are incurred.  The fullowing problem

s trales the procedurt involved for a fixed lay-out.

taven 2 duct Iny-out as shown in figuro 53 with air flows at ench-

! eslindicated, Calenlate the wizes of the duets and the horsepower

D ——— ]
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required, ussuming that o veleeity of not less than 3,600 feob per
minuto must be maintained in cach duet and that the entmoee himss

w are equal to one-half of the velacity liead in the respective ducts,
ok Avaume g cullertor Joss beyond tho fan of 2 inches 1O,
u Following the generul procedure given in the previ us problem, ami
beginuing with the hood 4, we may arrunge the computations s
" follows:

Step 1.~Since the duet velocities are fixed at 3,600 feet per minute,
we have that the aren-of the duct A2 is

‘ Arcn 48w, /Ve300,3,600m0.084 squnre fect

From table 26, the duet whirh approximates this aren has n.di:m:ntvr
of 4 inches. The velocity head is from equation (10). A,=3,600X

8
L

Iouns Sh~=layait of braoch systrm.

3,600/4,009¢4,000m=0.51 inch 11,0, This value of tho velocity heud
applics 10 all parts of the system,
Cousidering now the Jusses in the duct AB, we have—
1. Loss at entrances=0.50%0.8120.41 inch 11,0.
. 2. Loss in $-inch dinmeter duct at air velocity of 3,600 foet pr
: minute is 6.8 jorhes 11,0 (figure 52), per 100 feet, or 0.47X0.8=35.1
inches 11,0 for 43 feot, ‘
3. T= sdbow loas ix, from (able 28, 0.26 /i,= 026 X081 s=(1.2] inch
dal resistance in the duct AR for a flow of 300 cubie fiv
i, therefore, the sum of tho Josses 0.4143,140.21= 1.

L
datn &
‘ti\"‘“ Co [

5, deternu. _i - 5320077 .’.
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e
ralue of the velocity hend
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" be computed as before.

- anee of the branch A2,
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This value represents the static at 27 and henee the resistance of

. the braneh A’ must, also bo equal to the losses enleulated in the

branch 8. Otherwiso the static head at B will have two values,
which is impossible,

- Step 8~The area of the duet A’ is found as in the provious step.
Aren o1 D= (0,./3,600=(50,3,6002=0.18 square foot which corresponds
to a duct dizmeter of approximately 5.5 inches.” The losses may now

1. The entrance loss at A’ is 0.50X0.81 =0.41 inch 1J.0.

2, The fiiction loss in 8 3.5-inch diameter duct with an air velocity
of 3,600 Jvct per winute iz found to bo 4.5 inches I1.0 per 100 fect
of duct, or 0.55X4.5=2.5 inches JT.O fur & length of 535 fect.

3. The elbow loss for o bend equal to 200 percent of the duct
dinmotor i3 0.34 4, or 0.14){0.81=0.11 inch H.O.

4. The total resistance £1’ to 1B is, therefore,

0.4142.5-+0.11=2.8 inches IT,0.

The resistance of tho branch A’D is scen to be less thon the resist-
Since the fan must maintain the same static
at the puint B Jor both Lranches, it is obvious that if the Juryer value
is to be kept, the air flow in the branch 4’2 will be increased. The
slternative is to cut down the dismeter of A’ B so-that thia resistance ia
equal to the branch .12, or to increase the diameter of AB. The
latter, however, is not desiruble since it tends to cut down the air
velocity which is fixed at o lower limit of 3,600 feet per minute. In
tho present case, although tho resistance is less than in AB, the in-
erease in flow in A’J2 can he shown {o be only slightly greater than the
0650 cubic feot required by tholiood. ‘Tho appruximation to the actual
amwount of air handled at 1’ with a static of 3.7 inches I1.0 at B can

bo mado as follows: Assume that the branch A’B handled 700 cubic-

feot per minute. The oir velocity in the 5.3-inch diameter duct will
then be 700/0.18==3,500 feet per minute, which corresponds to a
velocity hiead of 0,94 inch 11,0, )

Procecding as ubovo in determining the various losses, wo find
loxs at entrances0.47 inch 11.0; friction lossax2.92 inches; elbow
Josssx0.13 ineh; total Joss 23 3m3.52 juches, which eorresponds clusely
to the lors in the duct A7, Thus n voluine of air flow corresponding
to nstatic hend at B is approximately 700 cubie feet perminute.  More
aceurately the flow is found to be 710 cubic feet per minute, but f r
praetical ealeulations T00 cubie feet per minute is sulficiently accurate.

Slep 8—At the point J3, thera must be a travsition L0 a duet which

" will acconunadate o flow of 3004-7004 1,000 cubic feet per minute
at » veloeity of 3,600 feot per minnte.  The aren of the new duct will |

Pt P i e o et 7 Bl T ol Pt T S T A T T o=

e

e
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‘ be, therefore, 1,000/3,600=0.278 =quare foot, or a duct which ix
: 7% inchesin dinmeter.  Theloss in friction in such o duct is 3.5 iuches
11:0 per 100 feet or 0,15X3.5m0.53 inch H,0 for a lenth of 15 Joot.

The Juss at enlargement is, of course, nil by St. Venant’s equation,

: Dua to the angle at which the flow from A3 enters, the Joss is usually

‘. taken as 10 percent of the velocity head, or 0.08 inch 11.0. ’

. Tho total luss L8’ is consequently 0.53-k0.0S=0,61 inch I11.0,

This must ho added to the valueof the static at I’ and hience gives the
stalic to be maintained at 2 that is 3.7-+0.61=4.31 inches 11.0.

Step 4—A4s in the case of tho branch AJ}, the Josses sustained in
the duet 477 must equal the static caleulated at I, or 4.31 inchcu
11,0. - The prou\luru is identical to the preceding steps.

The duct area is 700/3,600%=0.19 square foot which corresponds {o o
duet diametee of G inches,  The loas caleulations are then:

1. The entrance losa=0.81X0.30m=0.41 inch 1.0,

2. Tho loas due to duct resistance for o 6-inch diameter duct with
air velocity of 3,600 fect per minute is found ta be 4.5 inches 11,0 per
100 fect of duct or 0.85X4.5%3.6 inches for » duct 85 feet in longth,

3. Tho clbow loss=0.14¢0.51 =0,11 inches }I.0. )

4. Heneo the totallossin /1”0 15 0.4143.6+0,11=4.1 inches H<),
Sinco this is practically equal to tho static caleulated at the puint B’,
no corrections need be applied.

Step 6. —~There remains now to calculate the loss from B’ to '/ and
the static at the point B’ which will indicate the total resistancs
the system and the suction which the fan must maintain in order that
the air flows and velocities in the various parts, Sinee we must have
an cnlarguinent ot B’, we may 8t once celculats the aren of the duct !

" B'B* to n.econuuodate an air voloclty of 3,600 feet per minute. The .
total volume of fluw in this duct is obnously' the sum of the flows of i
o . - the various branches, or 1,700 cubic feet per minute. Hence area ;
. C - T BB ==1,700/3,000m=0.47 square fcet, equivalent to o duct diameter
. " of 9.5 inches (approximately). The losses in BB are—

1. The duct resistance loss-which is found from figure 52 to be 2.7 -
inches per 100 fect or 0.15 X 2.7=0.41 inch H:0 for a length of 15 feet.

2. The loss at transition is agnin taken, becausc of the branch duet
A”D’, as 10 percent of the velocity head, or 0.08 inch H,O0.

3. Tho resistance B'B” is, therefore, 0.41+0.0S=0.49 inch X.0.
Tho total resistancs to the point B*’ is the sum of the resistancee to B’
plus thoe loss in I’ /3" or 4.14-0.49=4.59 inches IO, This is also
tho static at B’ and the suction which the fay must 1naintain to
handlo the air flows and velocities in the system,

Sinco the fan inust also overcome a collector reaistancs of 2 inchea
11,0, the total reaistanco of the system including tho enllector is 4.59
inches-2.0 inches or 6.59 inches 11,0, The horsepower requined by

[
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I1.0.
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2 the ares of the duet
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the fan is, thersfore, from equation (18), 0.000158X1700X06.59= 1,77

horsepower,
Wea may reenpitulate in the following table:

Ttk 2= Summary o reaulin, branch syairm

‘ Valtne i
Iet alrliew .hw:- 1iewivtroee
€ whly brel '
F Wn- nrbery
Plae™ | tnckes | ‘N0
KT/ - [ : (J av
L A Y 0 83 A7
[ . m—— .. . 1, n Ty 0 A6l
. - A . oot f e S—— ey [ L)
Wi, . \iramme—— 1. | Y]

_.'fou.—rualm which fu st dellyver Spunal, G5 inches LD,  Macsepower requine) by e,

Enlarzoments at branch connections

The above problem illustmtes the need of rather extended com-
putations in proporioning a sy<tem, 1t is also quite clear that the
sizes of ducts must be carcfully determined if proper velocitics and
air flows are to be muintained in the system. In the enlculations
given, 1o allowanee wus made for fnture connectivn or disturbanees in
air flow which might occur in ca<c one duet or more was cut out of
e, Under such ciccumstances the svstem should be Inyed out with
all praballe connevtions to be made, and the duct sizes camputed on
this Lasis, remembering at oll fimes that velocitis in the ducts
should with one or more hoods out never gut below the limiting trans-
port velocitica.

1t is necessary to point out that some States require that when a
branch Jduet enters & main, the area of the main duet shall bo increased
from 10 to 25 pereent of the combined areas of both. This rule must
b followed, althuugh it is actually not required in a uoll-daﬂgncd
seaiem.  Exeess onlarmements n: .t.umlly call for larger air volumes
through the hoods in order that adequate velocities may exist.

an'mut. RULES YOR CONSTRUCTING EXHAUST STSTEMS

The followiny general rules should he olmerved i in tho construction
of an exhaust syvstem:

1. The main trouks end branch pipes should e stenight, steongly
supported, and with the desd euds cupped Lo permnib inspection and
“lenning wheh neessary,  All hraneh pipes should join tho main at
an acnto angle, the junction bweing at the sido or top and never at
the battom of the main,

2, Clean-out ports having suitablo eovers shonkd be placed in the
main amd broneh pipes st every part of the system ean bo casily
resehed in ease the system clos,

Yoy A
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3. Elbows should bo made utJenst two gazos henvier thau straight

pipo of the rame diznmeter to cunhio tham to withstund the additionad
wear enused by changing the direction of flow.  They should profer-
ably havon throat rdiusof at Jeaxst 3% times tho diuncterof the pipe.

4. Every pipe should bo kept apen and unobstructed throughout its
entire length, and no fixed sereen should bo placed in it.

&. The pussing of pipes through fire walls should boe avoided where-
cver possible,

G. All permancnd cireular joinis should be lnp-jointed, riveted, and
soldered, und alt Jongitudingd joints oither grooved and locked or

- nveled and sulderml.  Every change in pipe size should ho made

-

-

with un eceentric taper flat on tha bottom, the,taper to bo at lenst

5 inches long for cuch inch ehange in diumcter.

.- - T
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i dincterud e IX. FUTAUST VENTILATION IN PRACTICE
~struetesd thowsehi s
saced init. Tho methods of dust prevention vary widely cven when idontical
zoukd be avoiided wi. aperations aro involved. Each pbmt in conirolling its dust haznrds
«ouetully applics surh methods as it finds best fitted to its particular
lap-jaluted, ivets], y-out. Iconomic and mechanical factors aro alsn important con-
zrooved and Ineled .- <lerations which result in a diversity of type and construction_of
¢ size should bw » preventive equipment.  Thus, with few exeeptions, information with
“hetzperto beat ! wtrd 1o tho performauce of various equipmeut is confusing and .
wer. " senders & comprehensive treatment of proventive methods diflicult to

secomplisl. At the same Lime, it must be streased that extensive
liciency data are lacking. This lack may.bo partially attributed
in the reasons stated above, but it cspecially is duo to the fael that
methods of testing control equipment as described in section V have
it been genernlly usod.  This present section, them{ore, sitempts
wly Lo supply iuformution regarding the control of dust in operations
shich aro widely used and for which some data are available,

EXTAUST VENTILATION IN THE GRANITE INDUSTRY

The introduction of pneumatic eutting tools has done much to
ereano tho soverity of dust exposure in the industries using them.
This has been the case in the granito industry where band pneunutic
bels and pneumatic surfacing machines com.nb.xtc the maximum
C duxt enncentrations,
»e o Referonco fo tablo 3 shows that the pnoumaue tools create the
warisum amount of dust,
"ieumatic hand tools in the granite mdu*try are used for practi- - . ..
* iy ull detail work. Tho tools employed vary in cize depending on ’
the type of work done. They are guided by hand over the stope sur-
bm and usunlly demand close attention of the operator whoso breathe
- level ranges from 6 to 15 inches above the tool. Under such con-
«  “wionsitis dilficult to control dust without causing somo iutorference
< the work performed. _
The surfacing inuchine is used only for bringinz tiic rough stone to
"« e surtace,  The touls used in this machine are lngger than the
"l pneumatic typo. They aro graded in size s0 28 to bring the
= surfaco to any degres of stnoothneas, The tools are driven by
*- o0 pnoumatic hammer attached to a horizontal heam which swings
“i & vertical culumn which may be mised or lowered to acrvme
“loln stoncs of various sizes. ‘The machine is heavily built and

it
-’ (115)
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In operation the hammer and tool of the surfucing machine me
guided over the stona by an operstor.  The amount of dust generuti
varivs with the 1ype of hammer and tool employed; the coneentia.
tion heing n maximum for o four-point tool, decrrusing with ti,.
fineness of eut,

It is obvious from the farcgoing discussion that the control of dij
gepernted by the hand puevinatic toal 2nd surfacing machines muy
be flexible.  In the furmer, beenuso the worker must cut on stanex iy
vertical and angular positions, 1t is extremely difficult to sceure adie.
quate control ot all timnes. The general method used consists of o,
neeting a flexible hoss to the exhaust system and placing the howd i,
a position offering the least encumbrance to the worker. As may I
judged, however, the sucerss of the method depends upon the care
with which the worker places the hood; if it is too far from the worl;
being done, it elearly cannot funetion properly. With surfacin.
machines, on tho other hand, the hoods were formerly placed on the
stone and beenuse of the inconvenienco incurred, frequently were not
moved althougzh the tool would he operating at a considerable dis
tance from them. The exbaust system consequently failed to fuse.
tion efliciently because i was not properly utilized. .

The manner of testing pncumatic cutting tools has been indicntri
in section V. Tho results obtained by Bloomfield (47) in comparin-
the dust concentrations in plants with and without local exhaus
systems have shown that, for ordinary operations, cfiective control of
the dust zvnerated can be achieved when the exhaust velocities at
the hood were kept ahove 1,500 feet per minute.

The basie fundumentals of hood design presented in part VII aw

. useful in pssisting the cngineer to estimate a priori the probable per- -

== formaice of ‘on exhasust system. This has been done to a certain

exstent in tho ense of granite cutting. Thus, Hatch, Drinker, and

Choate (35) applying the methods given in tho above chupter werr

enabled to deduce the fnct that, regardiess of hood shape, appmsic

mately 200 feet per minute are required about the surfucing tool in

order to reduce tho dust concentration at the worker’s breathing levid

{0 an estimated sale limit-of 10 million particles per eubic foot. Tl

. same investicutors anslyzed the characteristica of a Janpre variety o
: _ boods connected near the pneumatic surfacing tool until one wae
dovised which adequately controlled the dust generated with a mini-

. mum amount af hindranens to the work and with Jow cost of aperation.

‘ Theo hood finully designel by theso investigators is shown in figure S

' It comprises o rectangular opening with a semicireular barriert i —

tho scattering of particles, With the tool in position within thi

barrier, & mintmum Jow of about 320 cubie fect of air per minnte i

required (o keep the dust concentration below 10 million particles o

cubic fout under normal condilivns of operution, ‘Thoe hood is mount!

L e L —
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on o carriazo holding the cutting tool and connceted hy means of a
flesible duct 1o on exhaust system.  In this way, the hood constantly
embraces the cuttiseg toul as it moves over the stone surfaee.

It i3 intereating to point oug that the study of various hoods naed in
sranite entling made by Iateh of al., shows that a velocity at the
vpening which will sontrul the dust generuted is nppmxin.mto!y 1,500
feet por minute, or the amount specified by Bloomticld in his study

above referred to.
CONTIOL OF ROST IN POCR DRILLING

Tn onler to enpe with the dust produced in rock drilling, particul.arl,\'
in foundation and tontel work, speeial dust trmps hinve been devisal,

"

/‘;x,pp A

2

3
/
*3

s

‘ﬁ-“‘-‘u

3

U
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T0URE I ~Chamctoristios uf tacd 2an] ko grnitesnriscing wechiss.

Ins furm theso traps dro similar to the Hay (61) trap with the exception
that; wherens the lateer utilizes the suction formed by an ejector con-
tvted] o the drill exhaunst, tho new devices are conneeted to powerful
ehatist funs, -

Thee exeential requirements of o dust trap have beon deseribed by
Hateh oy his coworkers in a series of articles pertaining to the contrul
“f dual in yock drilling (G2, 63, and 50). Figuro 57 shows the type

w teap investimted by the above workers in connection with down-

watel Jeillinge operntions in foundation work. | The drill is inserted
11 » hole at tho top and the cahansg is applied at the 2-inch con-
Fectiog imdieatml,  About GO cubic fuet of air per minuto are required
e maintain o Jow dust coneentmtion, the air passing along the uncven

gl e -
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‘ surface of the rock and through the drill hole, thus making s
' traps  ‘The dust collected passes. through the exhmust duets y,

separator amd bag filter of high efficiency. In actual operuting,
. convenient Digw .
V_z_:-;/u POSIT70r7 hanst system i< ;
. . stalled with a ..

. ber of suaniful.!.

-\ ) ) trap connection-
The air flon .

G0 cubic oot |
MISECOMmECT/O/Y inute nccusa.

)
: 4 ropresents a4 s
; = suction at tho

O SUPr A s of only 0.8 inel, .

Ficuns &.~Keiley trap e rock drilling, \mtor.. HOP'(:\ "
there is conzidiza!

: loss of prossurs in $ho hose connecting the trap with the exhaust
fold. Tho suclion required at the manifolda for hoses of van.
lengths hiave been determined and are presented in the table Ind.

Tante 30,—Siatic suction at manifold required for various lengtha o) S-inck 2.
hose with air flow of GU cubic feet, per minule

: Statle
. - m"
. Longth of bave it at Lennth of hum

i

[~

v . (inches .
; 110 nu:

-t 28] T8 %
s b, 7.0 | 100 Geut

In any doesizn, therefore, it is necessary to provide adequate suri.
at the manifold to take eare of the longest length [ hoge to be u.
1t is further important to sllocate the wanifulds at the most ads.

T " taweous points to tnke cars of tho progress of drilling operations.
v For vertienl or horizontal drilling, Hateh has deseribed sp.

adapters for placing the trap in any pasition (30), (fig, 58). V-
such eircumstances air flows of tho order of 200 cubic feet per mir:
have been recommended to keep the dust conecntration helew
million particles per cubis foot.

The proper disposal of eollected dust is also important. T
particularly true in tunneling and consequently provision mu-
made to colleet the dust efficiently in order to render the tunn: .
safe Lo breathe, 1t is further necessary that auy collecting de-
used should be easily moved and compact.

In colleeting the dust conveyed by the exhanst syatem, a coll
was cluployed which consisted of two stages (03)-~u prefi

prp————— P YL L
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qlimentation chamboer and eloth serven filtess, In the former,
the dust was Wown into o bell-sbaped entrunce where part of tha dust

wins (hrown out by inertial forve,  Tho air then passed theough o
haflle nrmugement at Jow velovity causing further scparation and
theneo to the cdoth serrena,  The Siltering was conductad ot a rate
of 3 enbie feet per squars fuot of filter surfoce, The total filter
ares was 1,000 square foet and the complete collector unit was eapablo
of handling the dust from o maxinum of G0 drills, ‘The amount of

dust variod from 1.5 to 4 tous per day, giving an overall collecting
cffiviency of 99.7 pereent.

The use of tho trup was =
inerease the speed of drilling from 11 to
operativn was estimated at 32.21 per dayvorl

¢ l4anl

hown by Halch and his associates to
21 pereent, while the cost of
.03 peresnt of the cost

.
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. Mose Comneclron
2o Exharsl System
Frorns sS=2lodtfied Keliey teap tor drilling vertioal reck burs.

of removing & cubic yard of atone (63). In view of the inereasnd rate
at which drilling con be done with a trap for ouly s slightly zreater
meet per cubic ¥ard removed, it may bo scen that not only are hyyienic
conditions improved, but the speed of drilling bas been increased at

wnly "a slight additionul cost.
CUNTROL OF DUST FROM GRINDING, POLISHING, AXD BUFFING WIEELS

Exhaust systoms for grinding, polishing, and buffing wheels vary
widely in design. In the caso of grinding, the hoods used serve not
only o provide s means for eapturing the dust, but also act to protect
the worker-in case the wheel bursts.  Fur the provention of aceidents

dum 10 the bursting of bigdh-speed grinding wheels a special codo cover-

ime tho requirements of hood construction has been written (G4).
With resund to polishing amd bufling wheels, which must bo adapted
too handling intricate parts, the Loods used gssume 2 wide varicty of
shapes, .
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*Lhee chief diflienity (o bo uvercome in grinding wheels is the out-
wand sweep of nir,-n fan actien, due (o thoe revolving wheel,  “This

A T ulleet is very sarked with high speed and rowgh wheels, and is s
- strong that in nemy instances it s sulliciont to counteract tho normal
inward flow of air,  Tho samo offect exists with polizhing and bufling

. wheels, but to o lesa warkesd degres

Practioslly all induatrial Stutes have codes rzrulating the construe-
tion and duct ennnvetions for grinding, polishing, and bulling whenls,
They alan regulato tha aic required for wheels of \'urious sizes in torms
of xtalin suction in the connecting duct. Theso cvdes, however,
porsgess no uniformity a3 may Lo seen feom citations taken from (h
existing eodes for Wisconsin and New York, as folluws:

The Wiscvnusin code roquires that~—

Qu all grinding, buling, and polishing whevls, the suctiun at thw cotnection
Lo tha houd must be sutlicient {o displace o columan of waler in a Ustube, § ivcls,

The New Tork code reads: _
" Bufticient statio suction shall be suaintained in every branch pipe within 1 fuol

of tiwe hownt to produee o diference of level of at losst 2 ioches of water bttween
tho two aides of a U-shaped tube,

The rcqum:monts designated by Stato codes must bo followed.
Typical size conneetions Ior zrinding and bulling wheels required in
many States are given in mhle 3l.

TasLy 31.—~Size of conacclivun fur grinding and bufing wheels

L]
P i
ter
INewmgtot of whevls grimiing | Lo
i
. * SApwre
L Geimlinn: Imehes Jackes
' Goiarzi o bees, ok e 1 ine thiek, -] L
. T= 1o denis, fErinive, e avet 13 Inetiet thick, Q 5
Vi b Malrt, fbiuaiop, foos 0000 2 it tiiei ot 4,
os 1 demd neh. Inclasite, But over 3 iartms thick v [}
B 1 23 ineB, Inersdve, i over 4 ineles thy K b &
5= 10 Wfrrdl, iudusive, aot over § thick, a2 . B
Snch ar letx, nnt aver | ineh thick.... ” ng
. 7= to Liiarh, thedtsnive, amg over v;tmuaﬂ- 57 4
- i B to W {andurive, oot over 26 e vk, » i
. . 13+ U Mitardy, inotiive, tudk aver 3 [ries thick 1 3
* ’ 1= (e 2lvineh, Judusive, sk aver & itretemt thek = ]
2T~ 4o Tpituch, Incitisive, a0Vt 5 iactne thick M ?

Table 82 shows the amount of air handled by grinding wheel hoois
with conncctions of various sizea. The effect of suction is cleady
indieated. Thus, a duct conneetion 3 juches in dinmeter with 2-inch
static-xuction Landles only 0.63 tho amount of air as when supplied
with S-inch suetion. In other words, the volumo is proporti ual te

- )
tho mtiv of the square rusta of the static suction ( %-0.63)- At
tho sume time, Lho increased static implics a higher velocity and »

- .
f
{
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wlmequently preater resistance in tho duct connection.  YWith 2-inch
action on o 3-inch dinmeter connection, the air velocily is 4,012 fect
per minute whily with G-inch suction it is 6,354 fect per minutoe; if
the renistanee iy assumed to vary as the square of tho velocity, the
pistance in the case of the higher velvcity is approximately 232 tinies
that at the Jower. Obviously, good design would eall for 2 lurger
Jduet counection in the latter instance in order to offset tho increased

Jimsses,

On the othier hand, since a 5-inch suction must be maintained

in accordanee with some State codes, the volume 13 increased with 2
larger duct connection and any guin thus obtained is nulliied. For
example, a suction of 5 inches in a 3-inch diameter duct conuection

i« equivalent (o 197 cubic feet per minute; in a 4-inch diameter duct,
the volutmo of flow woild Le equivalent to a suction of 2} inches,

It is clear, therefore, that tho veatilativn performance of hoods (at
feast for tho purpose of eflicient design) should bo based on the air
volumes handled and not upon a rigid suction standard. These
volumes, of course, should be c¢stablished by experiment as the imost
effective for controlling the dust generated. Theso in turn should
{ako into aceount the quality, size and speed of the wheel used, tho
typo of hood with which it is fitted and the character of the work done.

Tasty 32.—Cubic fect of air hcndlfd‘p:h minuis through arcrage grinding whecl

{Pamd en resiriction omllicient of 0.71)
C e - * = e Siption af Lhsont—iaches water page
1atanter of coonwotiog duck
1 171 2 o4 3 4 )
3 iactey [ -] N ;] . un w =) -
2y inches. 97 1n 1 133 i~ 19 218
3 vtom prl b1 ) w = 0w =3 n
Iy iochond 1 o2 Sy - = ™0 424
1 i o ot 331 E- 4 «r a8
O IR i . eerererersii— and ni 411 - 4 a7 [= 8 e~ } - -
Y- >3 <78 " S i T w3 T =" 53 -
#imriam [t [ -] “ =l "e Luz L=

"~ At tho prosent timo, little data aro svailablo with regard to the

smount of dust generated with und without ventilution. ln table 33
ar given o number of results taken frum o reeent Russian publica-
thm.! No data reearding the speed of the wheels are available; how-

ever, tho cffect of ventilation is clearly in ovidence.

In passing, it is interesting to noto that although codes regulating
tho desigm and construction of grinding wheel hoods are perhaps the
whlewt specific legislativn relating to tho control of industriul dust in
this country, no basie data pertaining to their actual requirements

have ever heen obtained.

“
_ Aneramut, A, O, sl Gurwitech, B. L The Ventilation of imbtatrial Ratnbiisbments, vol. ¥, an. 6,
Vi Vortibahim Eouipenent wf links rrial Paate xmd its Kifertive Operation.  {Werks of the Letningptsd
'l. innie uf the Governtimol wiel 1'vismtive of Lalwr) roeo-
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Tancy Si—Dust eollccting efficiencirz of grinding and polishing wheels.
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FOUNDRY SHARE-OUT EXIIAUSTS

Ono of the secrious occupational disense hazards cncountered

in industry is the dust arising from [vundry shake-outs. Few
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Thoves M~Lateral extamt al faondry shakeent.

installations have heen generully successful. The problem in this
cuno i3 to have available means for elimiaating the dust during shuke-
out of molds containing [resh castings.  The usual process employed
is to knock the flusks containing the mold and castings with sledgo
hammers to pry them lovse.  Insome instances, this is done in places
known as shake-out dwmnps, but more often it is dono wherever the
casting bappens to be.  Large custings containing considerablo hard
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core Work, present serjous difficulties and frequently cannot be brought

ander the control of an exhaust saystom.
contact with the dusty atmosphero as to cause serions exposure.

The worker is in such close

In addition, this type of work is not genernlly isolated, and gives
e Lo a vory general exposure which may involve all workers emnployed

in the foundry,

Two sysiems of exhaust hiave been emploved to cope with the
problem. These muy be ronghly deseribed as the lateral and the
combined lateraul und dovwen-druil svstom.  In the first type of system,
air is drawn through a grill near which the castings are placed (fig.
50). ‘The hulk of the molding sund passes into & hopper which is
generally equipped with o conveyor, Lut as anay bo cxpected, cone
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. Ywouss & Comhinm e niud downennd exirwet al Sumdry shokwat,
siderablo sand as well as dust enters tho ventilating duets ‘which
seriously burdens the eollecting devices.and cause considernble wear
«on all parts.  Tho methoed iz, however, desimble where smnall castings
. are {0 ba shuken out and when no Jange accunmulation of malding sand
is peritted. The second methad, shown in figure G0 consists of a
similar grating and hopper for placing the casting but utilizes down-
wanl as well as Jaternl eshanat,
Thero are no sct air flows which have heen dotermined for cither
type of control. A determination nuule of one typo of luteral exhaust
5 by 7 feet in area which eamo flush with the edge of the grating hud
a velocity of approxinately 350 foet per minnte in the plane of its
This was in 8 brasa fomulry whore the castings were stnall,

opening,
Tho contrul, however, was excellent,
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A fault of all such large exhanst systems, partieularly in foundry
practice, is the exposure of the workers to detrimental deafis. T
is particularly 1rue in winter when the men are first subjected to 1)
heat from their castings which cause sweating and then are subjoeetiyg
to a cold air movement at the shakeout. As a rule, foundries g
scldom heated in winter, and this consideration is one of extrenw
importance.  On the other hand, the advantuges are beneficial; un
exhansted shake-out tends to Joenlize a dangerous operation and at t)..
aame tino gives protection to all those exposed to the dust which i
generated. i
-+ Another difTiculty which is conunon to the grate system of shal.e.
outs is the rapid accumulation of molding sand. Ilard cores awmd
chunks often fail to pass through the grating ov the rate { dumpin--
esceuds the capacity of tho hopper and conveyor to remove the samd.
This is a strong arpument against the use of & downward-druft
systemn in mony foundriea which is not casily overcome.

It iz extremely doubtful that any niethod of loenl exhaust ventila-
tion can be used for castings of extremely large size. Tho core work
frequently cacountered in such castings ia so closely bound with rwls
that it is niecessary to resort to jack hammers {o remove then.
Moreover, the difficultics of retnoving the castings and placing them
on the grate aro prolibitive, In such cases other mothods must lw

sy used for tho prutection of the worker.

)

DUST CONTROL FOR ADBRASIVE CLEANING EQUIPMENT®

Abrasive blasting equipment may be-roughly divided into four
typcs—namely, rooms, barrels, tables, and cabincts. These four
i ~ different types of equipment moy be classified more simply I
L. - _ stating that rooms aro used for the cleaning of large castings, wheres:
L N tho other three types of apparatus are used to handle material of
i .. o amall sizo in large quantities. . .
Riast cleaning rooms o
Blast cleaning rooms, are as o rule, constructed of heavy mets!
plate and tho most commoanly used gize is 10 by 10 by 8 feet. In the
more madern {ype of rooms air is allowed o enter through the crilin:
. : and is exhausted through metal ducts on the sides of the ronm at the
s * floor Jevel. The material to be clenned is brought into the .
.either on & revolviag table or by cars or monorail.  When tho dooe
of tho workrvom are clused, the aoperator in order to proteet himseli
from tho impact of the abmsive and also to provent inhalation «f
excessive dust, places a respiralor or cluth over his noso and mouti .
and some form of o ennvas helmet over his head. In some ease.
positive-air prssure helets aro used. Theso are provided with ¢

’ # Unpusblindonsd casn 2. . 18,
® - o | 1 BB_00200911
THIS DOCUMENT WAS NOT A REQO_RD OF s e 8
PPG INDUSTRIES, INC. DID NOT COME FROM .

IT'S FILES AND CANNOT BE AUTHENTICATED
BY PPG INDUSTRIES, INC. . . o




partienlardy in fonn ry
strimental drafis, This
1e first subjocted to gy,
: and then are subjiet..,)
.-h & rule, foundries g,
-tion is ne of extreme
tages are beneficiul; un
Jus oneration aned ot fe
:ed to the dust which j«

grale system of slwie.
wnd. Hard cores angd
or tha rate of dumiping
“or tu Temove the sand,
of a domnwanl-dmfx.
vercome, -
i local exhaust mmla-
esize. Tho coro work
losely bound with reds
1ers to remove them.
ings and placing them
ther methods musl. he

G lm:xrm:::-r '

aly divided into four
2abinets. These fnur
Jed more simply Ly
arge castings, whereas
Q .handle material of

eted of heavy metal
10 by 8 feot.” In the
e through the ceiling
es [the rvom at the
wight into the rvow,
il.* When the doors
er to proteet himself
wrevent inhalation of
his nose amd mouth
ad. In some euses,
are providsd with »

|-Hi\1 ro' .

.Hls " u I TRLTIS

Xl
‘i%

125 NC

sunply of fresh air obtained outsido the blust cleaning room and
deiivered under pressure to the helmet. It is also neeesaary for the
worker to wear heavy gloves to protect his hands from the impact of
the abrasive, and at times Lie wears canvas legrings and shoes pro-
vided with nwtal toe capa as protection fur his legs and feet.  With
the blust huse in hand, he directs the abrasive stream agninst the
surince of the work, tho hose being of sullicient length to allow him
freedom of movement =0 that he may dircet tho blast ng:uust any
part of the work.
_ To provide the abrasive jeiL a pressurc tank, known as the *“hoso
raachine™, s used., This, or a similar picee of apparsatus, is the
fundamental unit of all room blast cleaning equipment. In this

machine the compressed air und the abrasive are combined and dis-

charged together from a single nozzle’ or a group of nozzles in the
form of the abrasive blast.

After the abrasive has onen served its purpose it is returned througsh
% proper scparafor to the hose machino for re-use. This abrasive
handling is accomplished by ono of several systems, depending on the
typo of instullation. With the mechanical lift system, the abrasive
falls through openings in the floor to a hopper below, whera itis picked
tp by & spirnl conveyor and carried (o tho huot of a belt-and-buckot
clevator, which in tum raises it to tho scparator. Tho sepamtors are
a combination .of screcus and air exhaust, by means ol which the
beavier particles are separated and tho lighter materiul is drawn off
by suction, The clean; sliarp abrasive for re-use is delivered to o
storage bin, from which tho liose machine i3 automatzmlly refilled.

Tho rejocted material and refuse is acowmulated in a separnts bin
" provided wilth a spout for unloadmgs. :

In somo installations it is necessary to have a solid room flocr, in

* which cass tho operator at intcrvals, shovels tho used abrasive into a

bopper from which it is rnised by o belt-and-bucket elevator to an
overbead scparator. This system is k.nown as the “mnnma.nunl"
type.
Wheroe it is practicable and desirable to Jocato tba hose madnno in
a hin beneath the room no abrasive handling system is neceasary
sinco tho spent abrasive is allowed to fall by gravity through a hopper
to tho heso machine below it. This type is known as tho “gravity
W‘m' ”

In tho pneumatic lift system, the nbmstvo, after possing through
the floor perforations, falls into the air current of a pnoumatic lift,

which ruises it by suction to tho separator.
Practically all hlast eleaning rooms now in use have provisions for

ventilation. 1n some of the moro modem installations, tho exhaut.

air, afler pawsing through dust arrestors whers it is cleaned, is

v
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delivered back into {he workroom in onder to save its heat content and
to provide ventilation.

The correet amount of ventilation required in abragive cleaning
room< has not been determined,  Older types utilize from 2 to 5 air
chanrges per minute, while the more recent types wso from § o 12
and saetimes as hizh az 20 air changes per minute, From a number
of ohservations mnde in recent types of abrasive cleaning rooms it
appeara that aiz movenents ot the breathing level bear no relation-
ship to the duit concentrations fouud. For example, a high dust
count of 251 million particles per cubic foot was obtained with a
velocity of 74 fect per minute at the breathing level, whereas o
velocity of 75 fect per minuto was associated with 171 million particles
per cubice foot, and a velocity of 77 feet per minute with a dust enunt
of 43.8 million particlex. In all tivae cases metallic grit was used
as tho abrasive, The vanation in counts with practically the same
air moveinents in the shrasive eleaning rooms may bo aseribed tn
dilferences in nozzle pressure, to the cleanliness of the cnsun"s, and
to the rate at which the work i3 being done,

The above results 1aay be eontmsml with n velocity of 6S feet per
minute iz an abmsiva cleaning room using sand, and yicldiag a high
dust connt of 620 millian particles per cubic foot. From such data,
it would natumlly appear that when pwre than eight air changes per
minute ars provided, the abrasive used plays an important part in

" the dust coneentration to be expected, and is apparently much more

important than the amount of ventilntion provided.

Tho low value of 45.8 million purticles per eubic foot cited in a
previous paragraph, was fmind for an abrasive room of modern con-
struction with 12 air changes per minute, It is cloar, therefore, that
in spite of the best equipment aviiluble, it is casential that other
mothoda (personal respirtory protection deviees) bo nsed to prevent
expusure of the bluster to mther high dust concentrations,

Tha conduct of work in abrasive cleuning rooms may contribute a
eonsiderablo quota of dust 1o the general amasphero of the plant in
which the room is xitunted. Nuturally the dust introduced. by this
means may have an mqmrtant bearing on the health of workers not
spc‘ﬂﬁmll\r enmend in abrasivo blasting occupnhom. Thoe need for
maintaining abmsive rooms in good condition ix cvinced from an
analysis ol' data which show that with averago equipment, workers
in tho gzeneral air of a plant in which nbrasive eleuning is done may be
exporrd Lo coneentrafions which may run as hish as 20 million particles
per enlae foot durine hl:wlin-;, while when no hlasting is done, the
avernze concenfration is porally below 4 million particles. The

modern {y e of ahbeasive eleaning rooam ix, on the other hand, so con-

sineted that unles it i poordy mminiained no dust cin ]m-n-uhly

escupe, Ohviousdy, dusteticcht and well-maintained abrmdyve elisnime
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Dlast cleaning barrels

Blaat eleaning hirrels are often confused with the “tumbling mill”
or barrel as a mothod of cleaning. The principles on whirh theso
methods dopend sro entirely diffierent. In the “tumbling barrel”
cleaning is accomplished by the abrusivn of the objects to be cleaned
seeainst exch othdr vr amninst a given abrasive which is dumped into
the barrel, wherens in the blast c-lomung barrel the eleaning is accom-
plished by the abmsive blaxt, the rotation of the barrel serving merely

"t bring the wmetal objects vader the nbrusive binst streams. v urious

tynes of blast clouning burrels are in use. Ju general, o blast cleaning
barrel conaists of & drum made of heavy sheet plate, mounted as a
rule on trunnions and eapalle of rotating, A rather commnon type
now in uso consists of a properly fashioned, movablo series of plates
d:iven by a chnin drive, and so srrunged that the work is constandy
carricd on this endless beli. '

Thero are various types of blast cleaning barrels, all of them dzﬂcr-
ing in the method of ‘abrusive bandling and reclamation. Tho threo
most comnon ahrusive handling methods in blast cleuning barrel
Datallations are the suctivn, pressure, and gravity types.

Somo blust cleaniog barrels are provided with a eompleto outer
housing which cnclu=es the barrel while in operution. During loading
the door of such a housing ia opencd, the barrel door is then opencd

and the materinl to be cleuned is placed in the barrel. Doth duors are

then closed and the air jots st into operution. Such a housing may
bo, and often is, provided with exhaust ventilation. In muny cases
the barrel is not provided with a complete outer housing.

As 2 rulo the use of abruxive bloat eleaning barrels coustitutes o
suall portion of tho chain of processes in the courso of tho manufac.
ture of cortain articles. For this reuson barrcls are usually located
in ono portion of the plant or foundry whern the moterinl to be blasted
s made. In other words, burrels are not generully scgregated from
ulher dusty procosses. Thus, it is neeexsary to bear in mind that
adjoining processes muny possibly contribule a certain amount of dust
to tho atmosphere in which thoe attendunt works.

" The advantayo of housing is clearly demonstrnted in tho folloning
data abtained from a scries of dust counts mado on various equip-

mont in use: )
Miian puriicive

- e ewbic foat
Rarrel wdng metal alwdeo amd hoed. .. : 62
—ranean 232

Harrel wnite ramd abirasive amd houmal
Rarndt waing metal abrnsive arnd not bomu) o o cevnscsrneea 240

Barn:d pxing sand abrusive sl nol houmde e cccocarecnieee 350

Jvn‘ﬂ»To purudu of the duat - -
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.openings in the barrel structure. Such openings are provided v g -

Blast leaning rotary tables

" the under surface mny be blasted. Tho abrasive is, as o rule, deliv-

128

Tha discrepaicy in connts for metal and sawcd abrasives in baen),
which are housed is due to dewizn factors in the equipinent studivg,
llowever, it is evident from the data prosented that unhoused bapyel,
are productive of rather high concentrations of duat.

In the hundiiny of fresh castings, especially while Jonding the barped,
considerablo dust is evolved. Tho dust, thus formed may be riduee]
somewhat by the u=e of chain-hoist loading skips and & cortain desre
of care on the partof tho barrel attendant. During the uuleadine.
operation, similar care should be exercised so as to provent the di..
sciination of dust from tho abmsive admixed with the eastings. 1,
most important source of atmospheric pollution however, in contwer.
tion with blast clenning barrels is that dust which emerges fram (e

small extent by poor design and to o greater extent by poor muainte.
nanco of equipment.

For certain types of work, it has been found cfficacious to uso the
rotnting blast cleaning table methed. Theso tables are of a heavy
metal, subatantinl type of construction; are circular in shape and of
an averago dianicter of 6 or 7 feet, mnounted usually about 3 fet
above tho floor lovel and rotating at & speed of 1.5 revolutions per
miuute. The tablo is divided into two balves by meuns of a serie«
of flexille, split rubber curtaing, Ono side of the table is completely
enclosed, and is provided with three or moro traveling pozzles fur
dirccting the abrasive onto the work lying on the surfacs of the talil»
below. At tho other hall of the table is stationed a worker, wheme
function is to remove tho finished objects, to replenish the supply
of work to be done, and to turn over theobjects on the table so0 that A

cred aguinst the objects at an air pressure of 60 or more pounds tv
the squars inch. With such tables ihe abrasive reclamation is
accomplished by cither suction, gravity, or pressure methods.

With refcronce to abrasive clenning {ables, tho remurks made in -
conncetion with abrasive cleaning rooms apply to a large extent. o
IWell constructed and maintained tables permit littlo dust to cacape. ot
For exmmnple, o poorly maintained table, using metal abrasive, gave b,
dust counts of approximatcly 42 million particles per cubic foot ol

air in the gencral air close by, whereas another tahle of good construe- ' ey
tion, ming sand, gave dust concentrations helow 3 miilion particles e
Theso rexults so eleardy emphasize the importance of proper eare aml : _—
construction of abrasive cleaning oquipment that they should be g s
carcfully noted. . RN
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nBiast cleaning cabinels

For spccx.:l kinds of work, whero it is necossary to elean rmall

ubjrels using air pressures of 60 pounds or mare, the blust clenning
eabinet finds much use. DBlast cleaning cubinets are of steel plute
construction ususlly approximately § by 3 and 7 feet in height.
They are, as a rule, provided with a single nozzle through which
the abrasive matenal is foreed by means of air presure. In the
front of the cabinct, there is usually provided » window of heavy plate
gluss, tUrough which the opeeator may view the work in progress.
Also in front of the cabinet there are band holes through which the
worker places his hauds and arms in order to manipulate the work.
The mazterial to be cleancd is placed insido the cabinet through a
hinged door, located at the front or side of the cubinet. The operator
then {urns on tho abrasive jet by means of a2 foot treadle. The
worker exposes all surfaces of tho object to be cleaned to tho action
of the jot and removes the piece on completion of this task. As a
rule, most eabinets of this type arc provided with an exhaust system
for tho removul of the fine dust created in the blusting process. The
abrasive reclomation ciuployved with cabinets is either of the suction
or pressure {ype.

It is possible 1o conduct abrasive cleaning in properly designed
and weli-maintained cabinets with a low dust exposure. It is neces-
sury, however, to point out the important part pluyed in dust control
by proper operation of equipment. In many cabinet installs ations,
the hiand holes are provided with gnuntlets and a scparulo opening
is furnished by which work may be introduced and removed. Such
an installation would be considered axcellent from the point of view

" of preventing the pollution of tho atmosphere by dust. On the other

hand, where gnuntlets or curtrins are not provided for the restriction
of the hand holc openings, it becomes possible {for dust to be deflected
from the inside of the cabinet through theze holes, and contaminato
the workroom air. Hund holes, therelore, should he as snuall in sizo
as compuiible with tho tasks to be perforined, and suitable exhaust
ventilation (5-10 air chunges per minute) should be provided, in
order to minimize the possibility of dust being foreed outward through
the band holen. )

Antomatic blast cleaning equipment

-~ In the blaxt cleaning of eertain Jargo objects ordinarily conducted

in rooms, it has been found convenient and desimble to conduct the
cleaning operations without the intervention of & worker for the
manipulation of tho object to be cleancd.  Usunlly this is aceom-
plished by what is known as automatic blast cleaning cquipment,
Tho work is placed on a belt conveyor by o “loader”, the work puss-

ing through the blusting chamber or room whero it is cleaned by the- -
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£ ubraxive gtrentn. The matenal cinerges in the cleaned state on 11
emllens belt ab the exit side of the rovm where it is removed by 5

- ) worker.

Automatic abrasive cleaning cquipment obviously provides ay,
exeellent means for clenaning certain articles too Inrge t bo handiwl
by tablo or harrel cquipment.  }ero aguin, however, the importaiue.
of proper desizn and upkeep of this type of equipment niust L.
stressed in order to prevent excessivo dust exposure of the opemitor,,

. llousingd should bo of sufficient length and baflled a0 as to prevem
the cgress of dust. Thus, it has been found that old autonutie
equipinent without proper curo may expose tho operator to cven. .
eentrutious of approximately 90 million partivies per cubie [out wi

- air, while newer types of cyuipment reduce the dust concentration
to about § million particles.

Tumbling barrels

Tumbling barrels are frequently the soures of hizhh dust conecen.

trations. As a general rule, State codes provido that such apparsetus

_shall ho exhinusted and that a stated suction shall bo maintainel at

the duet connection. Most of the modern equipment is now »
constructed that there is littlo opportunity for the dust to cscupe. |

e © Thus in comparing the new with the old typc barrels, the former
. guvo rise to a dust concentration in the gencral plant air of 2.7 mil

lion particles per cubic foot, while tho latter averaged 34 million

particles.  As may bo expected, however, the care given the cyuip-

o ment is an important factor in its performance. .

. : : HOUSEKXEEPING

Good housckeeping is an immportant aid in reducing dust conern-
trations, The dust collected on floors, benches, raftors, cte., shoublil
be removed at frequent intervals.  Either wet sweeping or vacuum
cleuning should be uscd. Good housckeeping not only serves (o
removo sources which contribute to tho gencral dustiness £ a ploni,
but nlso adds an jmportaut psycholomical factor. A clean workplaee
not ouly tends to keep clean, but frequeatly compels somo mothed
of control to be applicd to thosn sources which ars dusticst.

AIR VELOCITY REQUIREMENTS FOR 1IOODS

Tho required air velocity at a dust source is detenmined by tiw
charucteristics of dust production and operation of tho proees.
The friction on the surfaces of the particles ereutd hy the movim:
air must bo sufficient o overcomo the foree with which tho pur-
ticles are thrown ofl. This foree s o function of the sizo, shaje,
and weight of the particles and their speed of truvel, Heavy par- -
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tirles require a higher air velocity than light onex, and tho air speed
increases with the velocity of the dust purticles.

In muny instances, the machine throws off the dust in a well-
defined direction.  This fuct should be utilized in shaping and locat-
ing tho houd, since it has an important lmnn, on tho strength of
the air stream required. It is well illustrated in the application of
exhaust hooda to high-speed grinding wheels.

The uso of partial cr complete enclosure of the point of dust gen-
eration ‘ofivrs nn cffective menns of reducing the air velocity require-

" ment. The speed of travel of the dust particles may be reduced
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and their divection changed by the proper location of baflles or
housing, This plm'so of iood design is limited chiefly to proccsses
that do not require closc attention of the operator or delicato ma-
nipulation. The trap for use with rock-drills is an mmplo of
completo enclosure and the npphcahén of partial enclosure is illus.
trated by tho hood used on granite surfacing iuachines. Many
exnmples of partial and cormplete enclosure are found in the wood-
working industry.

The characteristics of operation of the dusty process must be
carefully studied and every possible step taken to reduco tho air
velocity reqaited to capture the dust.” In geneml no other phaso
of hood design will give as great a saving in operating cost as re-
duction in the m;uircd air speed.

RATE OF AIRFLOW REQUIRED

_ The air velocity at a given point in the zone of influence of a suc-
tion opening is o function of the rate of airllow through the opening,
but also of the direction and distance from the opening, and tho
shape and size of the exhaust hood loence, the mte of airflow
through the hood, necessary to produce the rcquxred nir velocity
»¢ the point of dust genemtion, depends upon the size, shape, and
location of tho hood, as well as the characteristics of dust produe.
tion. It follows, therefore, that somo kuowledno of the acrodynamic
eharacteriatics of suction openings is necessary to tho proper choien of
hoads if economic desien is to be obtained. The airflow character-
istics diacussed in section VIT are important in this connection,

The rupidly decreasing center-line velocity curves presented in
figrure 38 show clearly the need for locuting the hood as closely as
possiblo to the point of dust goneration, This is a general rule, and
i applicuble to oll conditions, It is important to note, however, that
the rate of decrenso of velocity with distance from the hood deereasea
with an increase in area of the opening.  Morvover, the contour lines
beeome more flattened ns indiezted in figure 42, Thess facts paoing
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tho further advantamo of reducing the power consumption by lowering

“excreised in choosing 8 hood to give a high ratio of distribution in
" effective to ineffective arcas. In this connection, the use of flanged
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the entranee pressure Joss,

Tho area of dust production must also be considered in choosing
tho sizo of the hood opening, For o concentrated point of dust .
generation, n flut velocity confour is not as neeessary as for more
extensive areas of dust generation, In all cases, the object is to ob.
tain a uniform air velocity over the region of dust production, and
the lowest possible flow from areas of no dustiness, the so-called
incflective arcas,  In other wowrds, the mtio of effective to ineffective
flow ghould be made as high' a3 possible. Sinee the distribution of
flow in the zonoe of influence of suction openings is intimately asso-
ciated with the size and shape of the opening, great esro must be

openings is often -advantageous. Tho use of flanged exhaust hoods
on hamnd pmeumatic granite carving tools (55), in placo of unflanged
openings, demonstrates the suving in power consumption possible,
For this process an air velocity of 200 fect per minute at the tool is
required, Operating conditions demand that the hood be at leust
§ inches from tho tool, At this diztance, tho required air velocity is
obtained by a flow of 300 cubic feet per minute through a ree-
tangular opening 3 by 6 inches in dimension. The addition of a
3-inch flange around the opening reduces the rate of air flow to 200
cubio feot per minute, o saving of 33} pearcent. Sinco the pressure
loss at entranee is alto reduced, the power consumption is lowered by
more than a thind. Wherever conditions permit their use, tho .
installation of flanges is recommended,
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Tessary ax fur X, DUST COLLECTION AND DISrOSAL
the objoeet is ... .
uat production, . INTROVUCTION .
:iness, the s As o genernl rule, the material colleeted and transported by an
-CELTE 0 inelle ¢ eshaust system yiclds no ceonomic return,  Nevertheless, its proper
' f“"f ‘liﬂ"“""i--h- Jispsmatl B8 an item of considernble inqmrtnncc for three reasons:
3 1 antimately . (1) To prevent reentranee of dust-lnden air into a building thus-con-
grest care e | - taminating working places, (2) to avoid public ‘nuisances, and (3)
o of distributium , lv conserve, eepccmlh' in winter, warm indoor air for recirculation.
1, the use of flar.. : The mothods in use for the colléction and disposal of dusts are by
nged exhanst .. dirret dischorge to the atmosphere through suitable ports or stacks,
1 place .‘ unibe . hy separators or eyelones, by cloth Aliers or sc.eens, and by eleetrieal
nsumption pe- il precipitation. Of these methoda the first three aro most eommonly
ninute at the ded. uwd. Eleetrieal precipitation is usually employed where the mzterinl
18 h°°d be at . - to bic collected has some value, such as the recovery of potash dust in :
wir-? air veloeisy s coment plant,  1tia al<o used in the abaterent of nuisances caused
4 ouzh n 4. by large power plants burning powdered coal, tho ash of which must
‘addition «f . be discharged through the stack. Boenuss of their limited use os
3 [air flow o2 . riflectors of dusts found in most industries, no further description
Since the pre-u:. of them will hero be given. .
aption is lowennl |- .
amit their use, b Direet elimination of dust to atmosphere
: Unless the dust-laden sir colleeted by the ovhnust system can be
» . diminated through a stack of considerable height, it is undesirable
to exhavst directly to the atmosphere. In some States, codea prevent
direct discharge. Such methods, if practiced, may with strong con-
- tmry winds cause the dust to be swept back into the plant or to
" adjoining buildings and cause a general nuisanée, -
Dmposal through stacks, if sufficiently tall, has been found adequate
wd §s resoricd o in many catablishments. The suceess achieved by
this method is due to tlc dilution ntunned by the scattering of
particles over & wide area. -
Uyclane separators ' .
A cyclone consists of two concentrie eylinders, the outer fitted to
3 conical hopper and conneeted tangentislly to the exhaust duct
of the fan (fiz. 61). The inner exlinder fitz purtinily into the hopper
and discharges upwand (o the atmosphere.  The air foreed tangentially .
betwoen the eviinder ix eated o mtate at a high speed and forees - O )
the dust purticks towand the outer shell by eentrifigeal action. Tha e
(s . _i-é%-oozglog_l b
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duat reachime the outer evlinder continues to spin and (o dmp grul- '
ually iute (lm hopper, the clean nir passing through the oponing pro= .
vided by the inner eyiimder., l;
Bocaunse of their stmplicity amd freedom Irom eare, cyclones aure -
very wiiely used,  Unfortunately, however, many eyclones have -
been instafled without due attention 1o their capacitics, As a result .
they frequently do not function effectively and are disenrded. '
The efficiency of a eyelone depends upon its size and the volumne -
air handlel.  Whiten (03) has obtained a2 number of interesting . :"
| eurves relutive to the enllection -
. v~ OUTLET  ofliviencivs and resistances of vari- co :':
ous eyclones using precipitated 4 ..
’?’ r -nshy as o dust. These eurves ar); ::-'1
shown in figure 62 and as will be o
6_] noticed, Jow resistance indicates a
comparatively low collection effi- :
cincy. Whiton has also shown .
that dust concentration docs not : }
materially affcet percentage re- : 3
covery. : t
. Jt will be noticed in figure 62 ; :
that the smaller the cyelone the v
more. eflicient 8 scparator it be- ‘Q
FICURE Gl e omtiu et e5vinns. comea.  In recent years, this fact f $
y g , " hasheen used in the design of small ' v
. eycloucs connected in parallel.  These multicyelones have the advan- ‘ %
taze of being flexible. They cun be operated st their maximum - "
efficiencies regardicss of varying air flows since units are ecasily added :
.o or shut off u:3 required. . heldd
T Various manufacturers have designed special eyelones which havo ; '
’ relatively high cfliciencies. In choosing a erclone, for a pamculnr : teny
operntion, tln-rcmre, eliicicncy sad cost ol operation slmuld rwuvo oy p"":“
earcful consideration. T
’ .« Whentheair velocity in the fan discharge duct is known, the follcm- . Lol
ing equation is uscful in computing the resistance Joss through the - . ::;:':
. cyclone: v\ : ba he
l.—0.0l-‘!(m) (19) ; Bawe |
’ oxide
whero V is the veloeity in feet per minute in the fan discharge duet and T oneeti
. A, is the prossurs drop through the cyclone in inches of water, The ' bz o
- above formula ia vm average which applies to the common cyelones pende
in wso. Whennver possnblc, it is best to secure the nmnul‘m.i.un.m Jrom .
figures for varivus flows. : B o
I'm;m-mh the air exhausied from a exelone iz nw-m‘nluml without - '_ of the
Lurther cleaning.  This is paesible under cortain comditions, but for oo 1
. Rt !
) . J BB 002010777
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toxie dusta or such duxts with small particlesize, for which the offi-

cieney of a evclone ixJow, the air leaving it shonld be earefully onnlyzed

by methods described in chuptors 2 and 3 before recireulation.
CLOTH VILTERS

Cloth filters are used whero the produet collected is valuable, or
whero clean air i3 desired for yecirculation.  Thoe materials used for
filterine mediutus vary considerably,  High efficiencies are claimed
for both muslin and waol. Eaeh manufacturer of filter equipment
recommends that which is hest adapted for the collection of o par-
tienlur produst. It 3%, however, mportant to remember that eloth
filters do not withxtand tempoeratures over 200° ¥, and arc casily
acted upon by caustic and acid sulmtances.  Wet materials also are
not casily collected without overloading the system and it should be

20 £ r - - -
7% erkLomE ’
s % g % cozl. ]
t’p. £ 4Ere £rshs, /m Xcoit
“: ¥ @ /J'-""'
s' & / T c ¥ Kool
“ -
i ge A
s b: / DY CIT FEIE
ey
1 “w 3 /
¢ A ST cre £rrsrs —
:\: ¢ . -/ - "
[ SO0 eSO G, “RIDD T ZROC

. S A AL I~ ES /7T
Fyouns 6L~ yrioos claracteriziio.

3
R

held in mind that if flter units are subjected to places whera the air '

tempernturs is low, tho warmn air colleeted niny be chilled to tho dew-
point and eauso tho filicr to become wotted.

A filter unit cousists of a closed compartment with nther cloth
sereens or bags so pluced that the dust-laden air must pass through
them. Filtors may be operated cither on the psitive or negativo
wido of & fan.  Cloth sereens whether under suction or pressure must.
bo housed whilo bags need only bo housed when placed under suction.
Bag filters operated under positive pressure, such as are used for zine
oxido and flour dust collection must hoe well collared at the duct con~
neetion in order {o reduco lmkagﬂ_l and to support the wright of the
bage and the dust colleeted _upon it. Dag flicrs of thia typo are sus.
|u-ndnl vertically , ranging in size from 410 40 inches in dinmeter and

drom 5 1o 20 feet in longth,
Beeauas the process of filtratinn gradually increases the rexistance
of the xystem due to the nccunmlation of m.nh-rml ot the filter suclace,

pli-—i1] --u—-—lﬂ
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it in nrcessary to shinke or tap the usits at definite intorvals. This : G4 il
. iz nrmmplwlml mechanically by clock armungement, or by hand. ! typi
Terry (64) has seconuvended the uso of a manometer device whereby : then
filters suay automaticslly bo shakeu when the Jimiting resistanco sot

by (he munufacturer is reached.  Targe filier bags of the typo de- ) [
seribesd ubove aro mounted in batteries in speedal buildings and are ¢ - ¥
shaken down manuslly by tapping with long sticks. : :

In order to prevent overloading, a eyclone or separntor is used {o : %
climinate tho coarser and heavier dusts.  Some filters opernting under ; Y
nesative pressure are so constructed as to produco 2 eveloning effect ' %
befure the dust Jaden air enters the filter. Preliminary scparstors R
reduee the lood on the Llier surface, { g

Tho dust collestel by filter units is removed from the hoppers 2 N
perialically or coutinuously by means of screw conveyors.

Tho amount of fillering suclace necessary vuries with the type of
material collected and the type of filter surfuce used. Wool has a i Frevenc
very Juw resistance while some muslins, depending on their wenve, H
may offer conziderablo obstruetion to the flow. Table 34 gives tho . velocit
resistane: of some cloths in comwmon use. bl;.'-l"‘f

10
Tawre J.—Rerinlance of varions filier materials to the fivm of air Frsista
produc
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A higsh concentration of dust naturally requires more filter surface : §
in enler ta keep the reaistance of the systemn low and to avoid frequent - S ’r
suwhime of thw units. Similady, materials which pack easily require K i
Linw rurfuces,  Tho usunl filter rates cnployed in practice ranga from . R°
st hialf tn 10 cubic foel per square foot per minute. Iligher rates o

: ¢ -2 bet usenl where filtets are shaken at frequent intervals and where

Yiemadint i not cobiesive in charucter. . Parze &

. e Wl timenesistaneo curves for fiyash are shown in fizure 63 . under w
et Yer opeeated under suction. “The filtration rale for cach . than (v

1 #t 10 cubic feet per minute per square faot of filter give dJit
vifeet of various dust conecutmtions is clearly indieated. aarv in i
ury comditions found in practice, fans operate at con-° The rate
lenee an inervase in filter resistanes is compensated Lanns -
the valumo of air flow. The curves shown in fizuro ' T U nFnin
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G4 illustrate tho relation between resistanes and ﬁ!lmﬁon. o in a
typical instaliation duo to o dropping fan characteristic. Itis obvious,

therefore, that filter cloths should Le rapped or shaken before the
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aquare (ool per wionte).

velocitics in the various ducts arc reduced to n point where they no
longer can convey tho dust particles.  (Seo see. VITL)

The curves of figura 63 serve lo illustrato the relation between
resistance and filtration rates st various tines. The curves are

produced from data obtained from an experimental unit using a
: constant rate of fced (425

greins flyash per minute).’
Thus, when the rate of air
o fowisl0 enbic fect per min-
¥ uto per squars foot of filter
g surface, the dust concentra-

2 & tion is approsimately 5.4

grains per cubic foot. At
intervals of 5, 10, 15, 20,
;2 and 25 minutes, therefore,
5 the corresponding resistances

are 0.9, 1.45, 2.15, 2.85, and
= 3.55 inches of water gage,

yespectively. Thesna values,
. it must be remembered,
. apply only to tho.conditions
woder which the curves were determined. Obhviously, dusts other

than flyash of the type used in obtaining the abovo fizures would
imentation is neces-

" giva different resulte. Much preliminary expenmel
sary in Landling materials whese filtering propertics are unknown.
Tho muto of resistunce build-up, as has been stated, dotermines in o

lanre measurs the type of fan necessary to mevh the requiremonts of

thn xystem.
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- Filters, when nnt overloaded, are very efficient, and it ia possiblo tn
revireulute the filtered air. Jn this way, the winter heat Josses in o
building nornully due to exhausting asir outdoors may be Jowered,
frequently to & point where the operation costs may balance thoso due
to hieat Jossrs, Ilere ngain, however, it is necessary to cheek npon the
eflicicncy of filtrution by means of dust counls,

MAINTENANCE OF DUST COLLECTING BYSTEMS

Dust eollecfing systems shionld be inspected at definite intervala,
Abrasive materiala cauze considerable wear in elbows and ducts con-
nected to the collector and these should be repaired as soon as detected.

DUST CONCLIITINIIGIGORNS PER CASIC FooT 23]
; g T i T F 71
G

s, p ~
; ” K
3 3
3.3 / e e E
# '; ? 3
§ /4//‘/// st

" : o r
B e T ERIRRTIONY RRTES CU BT RER LI PR SQFT LILTER
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Cloth filters often becoms wetted and mold with non-use, or clss break
with continued shaking. Tears in the filter medium should be ro-
paired os soon s possiblc in arder to provent the air from bypassing
other units connected to it, or as in- the caso of somo systems, over-
Jeading the unimpaired filters, Compurtmcnts containing filters

- should also be inspected for leaks.
Due to the vortex furmed in cyclones thoe cone-shaped hoppers are
- continuully under negutive pressure. Consequently, if they are
- opencd, the dust collected in them will bo drawn upward and either
pass through the exhaust or clse circululo continuously, thus reducing
the efliciency of the'systenm. It is thereforo important to avoid leak-
ages.  ‘The usual mothod of collection for some types of single units
i» to connect the eyelone hopper with a duct leading™to an air-tight

.
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Tu such o devies tho suction will he Jow and will nob

compuriment.
interfere with tho removal of tho dust collocted while the cyclone is in

operation,
\Vhen bhot substances aro convoyed to a filter collector there is

danger of sctting it on fire. Asa method of avoiding such sn occur-
ronce, o preliminary coarso sereen should bo used. Otherwise, itis
necessary to Tementher in cuso of firo to first shut off the fun or blast
mato. The use of o sprinkler systent in the filtor compartment in

»

ial fire buzards caused by hot substances exist, is

pinnts where potent
guod practice.
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XL MEASUREMENT OF AIR FLOW

In Tart V it was pointed out thal the efficiency of dust conteaf ;.
best mcasured with duxt countz,  Thoe methods of nir-flow micumy, .
ment, on the other haud, assist the engineer in checking upon the
haust systom from the acrodynamic viewpoint., It sssists Liy, ;.
guging the velocitics which may bo required for the transport of -
tuin substances and it gives him a powerful method in estitnatinge (1.,
smwechaunical efficiency of a system. 1o tho present section, it will 1.
shown how tho air velocities and voluniex necessury to effcct conte
may be mensurgd. Not all the wethods for mensuring air flow a4

8
~
B ST NOLES
>
) ) Fwoas 06—Tiet tube. .
included but only those which are most widoly usod and ave thoervfim
most practical, -

THE ETANDAKD PITOT TUBE

Air velocity is measured by means of a pitot tubo sliown schemati-
. cally in fizuro G6. 'This instrument consists of two independent cou-
ecntric tubes bent into an L. In use, tho tubo is insorted into n duet
] and dirceted along tho axis so thut it points upstremin, The twe
. terminals /1’ and B’ are conneeted to o suiiable gage nad tho defleve -
tion observed is a2 mensure of tho specd with which tho air is movimy.
T . : (140)

-
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Tho theory of measurement of this sitpple devico is briefly as fol-
lws: The poinl A1 measures the total prewsure within the duct which
ennsizts of a dynamic or tmpulsive pressure mud a stutic pressure
(we. VI11). The Jormer is accurately measured only when the tubo
i pointed upstream, hut the Intter is a pressure which at a given peint
i+ the sumo regundios of direction,  1f therefore, the total pressure be
desoted by 17, the voloeity pressure by A, and the static pressure by
k,, then the pressuro measured at A is Umsh, k4, depending on
whether the duel is under positive or negativo pressure.

Obviously, since tha velucity pressure can only be measured in o
direction upstream, it cannot possibly exert any effect at I where thio
holes are perpeadicular to the fiuw, Hence, at B only the static
pressure £, can kave any influsnce.  Since also, the two concentric
tubes are independent and are connected by menns of a U-tubo con-
taining fluid, it follows that tho deflection olserved is equal to
b2k, h, or simply A, tho velocily pressure. DBy using equation
(10), h, may be dircctly converied in terms of velocity.

Va24000E, (10)

Information regarding the desizn of pitot tubes has been given by
Ower, (67),who has shown that the static holes should be at least 10
dinreelers removed from the dynumi: opening.  Ower has also shown
the effect of yawing and tuming of the tube in making mensurements.

When the volume of air flow ix desired from the pitot reading, o
eurrection factor must be applied to obtain the average velocity of
flow. The moveinent of airin n duct is not uniform, but is highest
al the axis. Tho avernge velocity is genemlly tuken as 0.8 tho axial
velocity measured by the pitot. Consequently, multiplying through
the right hand side of equation (12) by this fuctor, we obtain

Q=18.38Yk, . - . (20)

whero d, of course, is expressoed in inches. - |

For sunplifying czleulutions, the nomograph given in figure 67 bas
been prepared.  To find Q, it is merely necessary to lny the ruler on
{lio valuo of  and conncet it to tho observed pitot reading 4. Tho

. point where the line drawn between the velues of  and &, taken and

tho intersection of the Q-lino indicutes tho volumo of air flowing.
The Lne drawn in the fi;re conneeta the point representing a dinineter
of 5 iinches with the ulmerved pitot reading of 1.4 juches.  The intor-
section with Q xhows that a voluie of 540 cubic feet per minute flows

T T
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it the ducl,
valuc of 5339.5 cubic feet per minute,

Simale pitot

Aetual mmpuluhnn by equation (20) above gives ]

In event a pitot tube cannot bz socured, the velocity head may be
nmensured by deilling o sinall hole in the duct, say three-sixteenths
inch in dinmeifer, aud inserting into it an L-shaped one-cighth inch

- AR do

0 =
IYOMOGRLFY
. Qe=B35d\h, -
20 = -
~a000
| y
2 J : A;
°13 ‘ =
: =§ woo % / -
. \ Qa / -
- Q > "
N o -
B L
P !
13 3
N, L o 2
SR |1 ar
PR E
L= - . : ol
b #=q 5 '
Q0 =i

VELOCITY HERDWICNES 7,0

Forac o= Notegraph fur compuiing velume of sir Dew ki teto of duct diaseter snd pltet comling. ©

¢ oopfuer tubsing, firure 68, tho outer end of which may bo conaccted toa
tiatmaneler, This gives tho total pressure, The tubo may thea bo

e et

wil o nipple with a rubber bushing ulmest flush with one

in the holo 08 shown in I of the figure.  1f no leaks oceur
igg the pressure recorded by tho manometer will be the
T almolute difference observed between tho readings

the veueity head,
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BPECIAL PITOT FOU MEASURING POINT VELOCITIFS '
One af the dillicultics of the onlinary pitot is the fact that the
hr:u.l may le tial and Static presures are not measured st jdentienl points,
eestxteently, .m-u-quomly in recions where (he air movement changes m]mﬂy as
sehith inel, .t an opening under suction, the onlinary -
pitut eatnot be used.  For such conditiong, "m'”“"’m
- a tube of the type shown in fizure 69 umy
3 i used. This tulse consists of o thin brass ’ wronsre ’
z inder approsimately oneweighil inch in
- Jiamoter with two independent eompari- l
] wie-tls elosed at one end. Two snuall holes
- 472 inch in dimvetor are drilled ot its mid-
L) section and a poinier s fastened vear the m‘:':f'-.u-smm-u::w
e opent end in the direetion of the hwle.  For pemmrme :
~A8 messurement of duet velocities the tube is inserted diametrically
y = § through the duet with the pointer directed along the axis, The read- -
33 i 0 taken are 2 messure of the velocity hend.  They are much
33 =TT
by t Qp 280
\ ~
£ 60 Gﬂ?'ﬂa/s:hhe
2 N\ | o=
N g 4
& . _\ R
: g \.
. ) -8 . N
i ; 2-20 et N
» g f
I ' £-90 N
y ' 5 60 - \
- N
§ -2 8
, : N
M el "6 ™ @ © e W0 R0 K0 0 W
onneeted to g Angls of Turning (Degrees)
may then be Froows 8 ~Spurial pitat kor metawine pius velook e,
i ! 7] ) . -
li:ﬂl:‘n‘;.:: i:‘_":"" larger than those obtained for an onlinaey pitot, Tanging from about
v will b ”‘": L6 Lo 1.75 times as great depending npon tho veloﬂty mensured,
 the readi " For measnring velocitics near 2 hiood, the tubo requins a spﬂ-ml .
K mnantingg, The tube ia turncd at the point where the velocity is
desirvad ungil a maximum reading is obtained on a nsnometer. 1 a
culibration with an ondingry pitot has been nade, this reading may be |
. LT T -... A S ——— ——— - . T““u- N
- ) BB 00
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: prtel direetly and thc velocits d
‘ eotver ; ity detrrmined by equatio '
5\ C e pulwe is very sensitive Lo the direction of fluw and C?In ln'- "‘Mi;r

ST Dy ator within ::13° of are as may be scen frum the charaeter

lm“' s tu the ficure GY. Deeauso of the comparative smallness of T.
e ol the Im-(. | _lnft it does not obatruct the flow of air, the ins,.
e i enpuble of giving nccurnte readings at a point. "

"MM“‘“"““ of veluelty “‘“’"

) e 1 ial tube described in the above p.l.mgmph may bo nael .
|.,.-rmmm-' ‘vgomy contours (52). The tubo requires a spesi;
“"“m 2 :\nt 1 may be moved \‘crhcnlly and lmnzonmllv e
g .l.- m: c.lpoml.: with respect to the axis [ the homd. T4,
comrdit itens 0t which readings are sude is indicated in figure 70 h),

5" P
4’§E
b g4
2% 2
-
-t
V23 es678 & 2
Inches from Hood $
A =
S
> w
5
Y 3 & i
P 2a
"/'].-f— )Y 'ﬁ
.--"'"_ 12345678 =
- e - lndmfnmihod
C

e A 1aken -with the tube lmnzontally outwnrd fro
. Rc‘ﬂ“l‘:: ¥ ivach level ahovo the centerline. The data so btam?d ta!x:
. ' ;:hp:“ l“‘“" sashownin B of tho ﬁgurc, the ordinates representing the
e o '\.'!ncxtv at the opening und the abweissae tho distanee
e (h R From thess curves the velocity contours may In
P For ncz:mnplc, to determine the contours of velocitin:
mm\'ﬂ" o 40 : ‘a l 70 p?-ccnt of the averago velocity at the face of
e .vp\'t‘-":‘ 2 \l\-: ue; of the abscissae corresponding to the inter-
e -+l for the various velocity curves, as in B and plotind
ﬂ'r "“51‘ \‘00- . .

s in TUR. ANEMOMRETER

e 12 . ,-:- scameter is a direet reading instrument.  When it i
inen? o Al ﬂm vanes turn and actuste a calibrated tacham-

.
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~ T
ermine] by equation (10}, eter. A stop waleh must bie used in conneetion with this instrumnent,
a1 of flow aml ean he used as since the reading of the tachometer dial mervly indicates the lincar -~
seen from the charerieristie feet of air travel, :

smprarztive smallness of the Ancmomaters require ealibration at froquent intervals. Thoy aro
~t the flow of air, the instrue not relinble at low air velocities, although special forins (67) have been
developed which are very sensitive, Vane anemomo-
ters ennniot be used in duet work, but are useful in mak-
ing quick velocity traverses over largs hood openings.

=8 st a poiat

» parazraph mnay be used in

qa tuhe requires o specin AIR TELLOCTTY LEASUREMENTS DY MEANS OF THE
ally and Jwrizontaliy and . KATA THERMOMETIR

“he axi . The : L .

e :]m..\u 0{ .u";. 3‘:’:‘1.‘.0 (4) . The kata thermoneter was originally devised for the
= hshicatedd 1 hgud 24, : measurement of b"dy comfort (GS). Itﬂ iﬁ, hm%"c\'(‘r,

highly sensitive to air movements and can be used for
velocity determinations. The instrument is essentially
o thermometer with o }arge bulb filled with red-colored
slevhol and two graduation lines on the stem marked
05 and 100, fizure 71. Then uscd to measure velocis
tics in air below 93° 1%, the thermometer is inserted in
warm water (about 150° F.) and the fluid allowed to
riso half way up the safety bulb at the top. The large
bulb is then quickly dried and held at the paint where
tho air velocity is to bomensured. The time, inseconds,
taken for tho aleohol to drop between the markings is
ohserved; the averuge of 2 or 8 such readings is con-
" widered sufficient to insure accuracy.
: Tho time ¢ is then divided into the factor F marked
. e near the top of the kata by the munufecturer, that is,
L e * . IlmF[8, where H is called the cooling or warming
_incity eontosss, ) ‘ power. For temperstures below 05°, I is positive.
} When the temperature is above 100° F., the kata
= ntally wtward k‘“:dt we thermometer is immersed in cold water aud the timo for
Tho data zo cbtained £ - the Jiquid to risc from 95 to 100 is"noted, Srst taking
2 ordinatcs wpm‘;;'- .{: . earo of course that the bulb is earcfully dried. X is
- “‘01;‘;:“‘“:"3:““; m:;alw then obtained in the same manner as previously, with the exception
-J': cun{o o of velocitics ""'f' it iz now ro,.-raf-dvd as negative, .
o Yagdou and Dokoff (G9) were unable to develop reliable formulace

RO
Fioven M.~Kals thermometer,

“mage ""‘“"{'y at the f;:co f'r' for dstermining velocitics with the kata thermometer which wonld
-orrespunding to the 11:1“:3 lwdil over a wide runge of air conditions. The kata is inaccurate
curves, as in D and plot when wsed between 8§5° and 110° F., beeause thess temperatures
. °  mrenear ita cooling mogo and sir movements have littlo effeet. The

n : alwvn jnvestimators therefore have propared o chart (fig. 72) from
< instrument. When it & - which the air velocities e be determined.  In order to determine

tuate a calibruted tachon- vebwily, fulluw the curve correspunding to the given dry bulb teme
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perature to the vulue of I7 (rqual to F/0), and rend off the velocity
- : veriically on the horizontal seale.  The following problem illustratea
the use of the chart:

Proflem ~The litme taken by the Lignid in a rod kata thermonieter to fatl from
the 100 fo the 95 markings ou the stem i 53 scconds.  The air temperature
while taking the reaclivg bs GG* F., and the {aetor eupraved on 4hw stem i €77,
Culeulate the air velovity, : .

Suiution—The cwoting power JT ix, lallowing the proccdure outlined shove,
473/53e=9, If naw the temnperatuno curve carresponding to 6G* is followed untit

x

B

CML{HS PONER
\

9

>~
O
v

8

WARMINNG PONER

o0

. ) m&"""’.")&. - L w30 208 L.
o C AR by i reaT PR TatnyTE
FooRs T-~Lry Lata chart lur soeptiting air velocilios.

it intorueetls the 2/dine curresponding (o 9, we find that the velocity read off on
the alweiumo Is apprusimataly 340 foot per minute.
" Tho prineiplo of the instrument is based on tempemture difference
and air motion. Esxcept in the temperature range above noted,. the
“kata is very nceumte; for obtaining readings fromn §5° to 110°F., »
specinl high temperature kata (blue kata) has been developed.

. Kata thermometers are very sensitive to radiant energy sourees,

To avoid personal errom the observer shoukd hold the kata nt som

distanes Irom himsell while muking observations, '
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PETERMINATION OF AIR FLOW DY MEASUREMENT OF STATIC AT ¥ OD

Fur simple nnd approximale computation of air flow, the static
srrssure ab the thrunt of 2 hood or opening obtained as deseribed for
« duet above can be used, The furmule for determining the air

wlume i3 then ,
. Q=4000ufvh,; (21)

whero / is & factor called a restrictivn cocflicient and A, tho static at
the throat, This factor varies considerably (59) from 0.63 for
sistructed or small openings to 23 high as 0.94 for shaped openings,
A zoudd value for must homls encountered in practico is 0.71 although
values of 0.83 are not too hizh.

If it is assumed that the static &, at the throat is proportional to
tha velocity bend i, an assumption which is closely in accord with
esperiment, then f can be obtained from the formuls (59)

YENTURI AND ORIFICH MEASUREMENTS

The venturl meler
For continuous mcasurement of large volumes of air flow, the
venturi meter shown in figure 73 is useful. Tho meter consists of a

LR SURE TR S
Sn’
: =TT T
L e i
‘JD——-I 7% 0

. Tevst 73.=\"catorl meter.

" mmverging and diverging duct connected by 8 narrow collar. The

wial dimensions followed aro given in tho figure. The converging
tubo is coned to one-third of a pipe diameter in a total distanco of
2 pipe diameters. The diverging tube has a length of 7} duct
dizineters in order to minimize the losscs due to a reduction in air
. welocity and at tho ssme timne to prevent cddying. '

The principle of the device ia based on the fact that, neglecting
lwges, the veloeity head and the static heads at A and B are mutunlly
amvertible. In other words, the total head 7/ is preserved. Thus,
v have : . .

Hewb, +hy m=be, +hy,

A manometer conneeted to .4 and /3 will, thesefore, registor tho difTer-
Moo h.‘—h.'. llenco

Ln“'—"n.ﬁk l'-'h" . (23)
T bW e o R S gl * r— - - : ——— “
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‘i . But h,‘-.-(mw) and h (ww) by equation (10). Also by the
erquation of flow, V", ..1_.-:T » ¢}y where ..1,‘ und <1p ure thoe duct areas

ab L aud B, respectively, vo thut 7'.- i 2 V. Substituting in cqua-
tion (22) and ealling }a. -h, -h

“ (i) - ~(s0s) = (4 )(.f "")
, @&

whero d,, is tho duct dimmeter at .4 and d, tho dmnmtor at B. Hooce

i
VP2 )
A ' '
The voleme of air handled is, therefore .

Q=Y. A‘_mm Y
2;1-1

Thus @ is determined in terms of the manometer difference observed
and known constants of the instrument. Some Juss, however, does
take pluce between A and I; n more accurate relationship is

3889 AuE )
dlds'—1

where & factor 0.97 has been multiplied lulo tho right side of the
equation to compensato for the loss of head due to \'clocxty chunge.

Orllices -

Shnrp-edgcd and bcll-shuped orifices arv often used for measuring
air flows, Orifico measurcients depend on a principle similar to the
venturi (58). The pressure Jilferenco between thoe upstream and
downstream sides of tho orificu 2re observed and a forinla identical
to cquation (24) above is used, Because, howover, energy lesses ars
Inrge when an orifice s used, the multiplying factor is appruxtmately
0.0, which is much smaller than the value used for the venturi,

Orifico measureinents are not generally used in dust-collecting 8ys-
tens heeauso they act as obstructions and as a result frequently give
inaccurnto readings.

MAXOMETERS .
Water manometorn
Water manvmeters are uaed in conncction with pitot tubes and
“tie seadinga,  The simplest form consists of a vertieal U-tuba par-
* lillel' with water, fizure 74. When the tubo is connceted to o

. et TERRE e, v e .

‘ BB 0020115 |
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WORRUTD FOUTCN, the water colmnn will be displaced to an amount

Abe by Ui suflicient to bulance the forve acting upon it.  Thus, thedistanca Le-
> aro the duct ureny tween the water levels indicates the amount of pressuro exerted by
- stituting in equu. the fluid.  When vno end of the U-tube is conpcc-fml toanipple flnsh
' with the inner surfuce of a duct, the pressuro indicated by the diller-
ence in water Juvels is tho static head. When both cods are con-
-2"‘—:— 1) B ooy posy .
- o4 ‘ ‘ i
i~1) “
2cter at B, lence ]
(24)
. ‘ | ’
difference obxerved ' -
.ss, bowever, docs : 1
-ativosbip is - : =
cem o e S J
i \
right sido of the ' ! ) :
t velocity change, \y i
! 1
. A |
- e e ‘ ~
used for measuring : soppmgm ey B . —
ciple similar to the )
tho upstream and . - Feonr . B " S10€
a formula identical \ ' Frownn T4~V ortion) Dwamneter. .
-::- ;: :q?:-:;imnt:r : : tected to a pitot, the displacement indicdtes the velocity h?ad. A
or uml\,-lmmﬁ. y displncement of 1 inch of water corresponds to a eolumn of air equal
dust-collectineg syo- B to 69,4 feet, or to 0.58 ounces (0.030 pounds) per aquars inch.
sult f umﬂ; :'g\-o " To increase tho scnsitivity, the U-tubo may bo inclined. A ma-
sulb frequently gve nemeter which s mounted on a right-angfed wedge-shaped block with

a riwn of 1 inch for every 10 inches of tube length (fizure 75) has u
senslivity ton timoes 83 great as a vertical manometer. In other
wonly, & displacement of 10 inches in a sloping U-tube corresponds
tu o displacemaent of 1 inch in a-vertienl manometer.  U-tubes may

-

th pitot tubes and
vertical U-tuba par-

0 is cottneeter] Lo 8 - . .
e - T e L.
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also be slopesl o give sensitivitien twenly times as groat as vertie)
tuben, but such sensitivities do not gramntee uecurato reudines,

1u wsy o slopitge manometer shoulld always be carcfully levelml,
thren-point moeunting should be provided with at Jeust one poing
sdjustable for leveling purposes.

The Wahlen gage .

This imtrument is extremely sensitive and is used for the mensure.
ment of veloreitior rungityg from 300 to 4,000 feet per minute (70),
The gage is shown schematieally in figure 76 and cunsists of two lanw
bulles filled with ecvlored aleohol cunnected by an inverted U-tnle
conizining Kernsene,  The bulb £ is so conneeted to the U-tubwe that
it can I moved in a vertical direction by means of o vernier ealipens
mounted to o frumework, A stopeock is providetd near the bottum of

-

’ i 5 e = i S e e 8 .
. R N R B
@ ":--'-—';:—— - - r1 c‘

TOo»
Foxs T8 Sloplog manorceter.

.. -= the stem conncetion the of bulh 2F so that when pres<ures are applied

-

to the bulls the liquids will not be violently disturbed.  When ready
to usc an initial reading is tuken with both bulbs open, to the atmoes-
phere. by bringing tho meniscus at D to tho hwidine.- ‘Councetions

Tt *":’“'-:"" aro. thon: made and the stopeock opened slizhtly to aseertain the

dircction in which the Jiquids move, amd tho calipers turned untif the
meniscus at D is aguin on the hairline. The difference hetween this
reading and initinl rending of the vernier is the actusl displacement
in terms of tho heavier liquid. The reading wmay be converted to
inches of water by multiplving tho differencs by the specilic gravity
of tho alecohol.  Being a null method, the Wallden gusro hus a distinet
advantago over other formna of manumeters. Accurato readings,
however, depend upon o knowledge-of tho specific gravities of the

. aicolwl over the range of temperntuw's the instrument is to bo used
aud upon meintaining the instrument level at all times. Zero
readings should be taken frequently during experiments since the
meniseus at L tends to vary somewhat,
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The factors contributing to tho sensitivity of the instrument are
ensily derividd by observing tho deflrctiona of the liquids when the
pressure applied at A is greater than that at B. Obviously, tho
liquid coluiuns to the left of the axis of symmotry must balince .
those on the right, If pi aud pw represent the pressures at A and J3,
respectively, and if 8 denotes the specific gravity of the ulcghol and
& that of the kerosene, theu the deflection in the Detule, dj, is deter-

rreopol 2077 e deve [ wrber L
B3 TP - IR sS =T
avrosent  __  mreqC: A
‘ rea O Ay
Fwons 78 ~Wahlen pany.

. mined by equating ~t:lml'zme pressures to the left with thoss on _the
right, thusly - L .
| 1t B—d Y= (b d Ik’ = dp)oa+ (R - Dagem ps+(R-d )y — (h—d:ey
If we writo basg,—s: and pw== (p,—py) for convenience and collect terms
- 'd'-tqu gy—ds b ) .
Dut A,d.-A,d,-A,d;-.-a. constant, so that substitnting for d; and d;

{26)

e T
Higl-ag

From this relationship, we note that the sensitivity of the gags _do-
pends ehicfly on a Jow specific gravity differenco between the liquids,
102311 *rm S L :
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U, nnd on the rtio of the nrras of the large hulbs to the arca of the
D.ube. The enlargemont ut €, which acts as a reservoir for the ¢
keroaene, does not materiully affect the sensitivity.

The liquids nsed in the Walden guge should be allowed to stand in
tha presence of cach other in a stoppered bottlo for somo time.  This
permits the liguids to reach a stable conditinn and reduce the varia-
tion of tho meniscus at D duo to the solubility of kerosens in aleohiol,

COMIMAKRISON OF PEVICES YOR MEASCRING AR FLOW

In table 35 wro given the principle characteristics of tho devices
used for the measurement of air flow, It will be scen frow the
arrangement presented that both the standard pitot and special
pitot have accuracies dependent on the sensitivity of the manometer
used.  The pitot is the most practical deviee which has been developed
for measurizyg cir velocities in ducts and requires only moderate skill
in usc. The ancmometer, while being the simplest deviee to usc,
has Jimited application to air-flow mcasuremcms and frequently gxm
erroncous reudings,

: " >
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-Tha Lata thermometer is perlinps one of the most sensitivo inatry.
ments developed for smeasurineg Jow aie veloeities. It gives averngn
rewdings depending oun the perimd of timo required by the liquid to
passt between the mackings on its stem.  “Tho deviee, however, cannot
bo conveniently wsed for duet work avd must be kept free from
rudistion cilects.

Tho venturi und orifico are widely used for mensurement of air -
volumes. Sineco they form u part of the duct system, they give con.
tinuous readings.  Their eharactoristics have been determined and
are well known, »o that when they have been earefully coustructed,
no exteusive calibration is required.
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XIL PERSONAL RESPIRATORY PROTECTION

asurcment of air In some dusty occupntions tho mothods of controlling dust have
1, they RIVE Cote not been developed.  In fact, industrial operations, such ns removing
.detcmum\d anl iha cored from very large foundry enstings, sand-hlasting, hinndling
ully coastructed, of used storage battery plates, paiut chipping, and cadmiwn oxide

manufacture appear to offer no proctical means of adequately con-
trolling the dust generntal.  In sueh cases, it is therefors necessary
to furnish the worker with personnl respirutory protection devices in
order to prevent his exposurs to tho harmful cffects of tho dusts
present.  These deviers consist of various types of respirators, masks,
and helmets. - . '

It is important first of all to hold in mind the limited use of personal
protectior. devices. Decauso s worker cannot with comlort wear a
mask or 1 clmet continuously, such devices must be employed inter-
wittently. - As o consequence, their use is generally extended to those

. operstions where oll other methods Lavoe fuiled or supplementary to

. them, asin storage battery repair where tha exposure to small amounts

of Jead breathed is knovn 1o be detrimental to bealth. Respirators
and helmets are in  sense the last resort in dust protection.

TYI'ES OF RESPTRATOKY PROTECTION APPARATTS FOR IXDUSTRIAL DUST

Respiratory protection devices may bo divided into two general
. groups: (1) Reapirators or facopicces using filters, and (2) masks or
. " { helmets using positive pressurs, ' '
: The first group consists of many types, the simplest being perhaps
) _ a cheesecloth packing covering the nose and mouth and ticd to the .
buek of the neek. Other forms vary from what is generally called o
pig-snout typo to those consisting of faeepicees eonnceled to largo
lilter surfaces strapped about the waist. The pig-snout respirator
rnsiits of o metal body, usually aluminum, with a rubber.lined edge,
.shaped to fit the contour of tho fuce. It covers tho nose and mouth
and is gtrupped tizhtly to the buck of tho neck. A small eylindrical
. disk-like filter and n flutter valve jorm the cssential parts of the
deview, “T'he valvo is so arranged that it eloses on inspiration joreing
the air to pass through the flter piece. On expirntion, tho flutter
valvo opens, thus affording the expired air an ecasy exit, The so-
rulled Folger or Burrell filler is essentially a mask covering tho wholo

sty

fare. 1t ia mado of a pliable compurition with goerles and is ecome  eweew—eoea?T=Y
furtubly but tightly sirapped to the face to prc':‘om. lenknge. Tho 1_2.‘?.9939133_.‘.
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musk is connccled with a corrugated flexible tubo to a falt filter
steapped o the waist, In this way, & lurgy surfaco is provided for

" retdneing the brewthing resistance,

Tho filter mediums used in respirators of tho first group consist of
paper, paper fiber, spange, wool cloth, sod felt. Manufacturers of
various respisulors providoe the typo of material belioved best suited
to their designs, Respirntors aro so constructed that the fltor
medium may bo ensily replaced.  In uso, beeauso of tho small surface
given for filtration, tho medium nust be changed frequently; other-
wixa the rusistanen builds up, and breathing becomes difficult. The
flat Folger or Burrell type, which has been deseribed, has o longer

* periud of uscfuliess than tho ordinary pig-snout respirator and is
" eapablo of beinz eleaned. 1t is ouo of the most efficient of tho types

80 fur employed in industry for retaining veory fine suspeusoids (71)

EFPICIENCIES OF FILTER MEDIUMS TSED IN RESPIRATORS

Respirntors may be tested by several different methods, of whieh

two arc most commonly used. The first cousists of testing the filtering
medium iudependently of the respirator while the second consists of
tests mado with the facepiece imbedded in clay or soe similar pliable
substance. )

APPARATUS FOR DETERMINING EFFICIENCIES OF TILTER MEDIUMS

Tho usual methods of determining efficiencies are based upon
mcthods described in section V, that is, by use of the Impinger or

" electrical precipitator. A consideroblo number of published tests,

Lowover, are based upon the now obsnlete Pahner apparatus (11)
whose efficicney in terms of the present impinger is approximately 20
pereent (8).

A method whick is frequently used with tobaceo minoke and dust
suspensions is tho so-called *‘vyndall”™ meter. Tbis consists of an

arrangement (72), whereby the suspension to be estimated is paseed °

".. through a beam oflight. ‘The absorption and reflection of the beam on

the particles of dust wewkens it almost in direct proportion to the con-
centration of purticles present.  The readings inuy bo observed with
a photometer or photo~cleetric cell arrangement. In actunl tests, the
suspension {rom a dust ciamber which i3 to bo used in testing the
respirmtoris passed through the beam chamber and o reading obtained.
A second reading is olituined with the filtered air in the sanie manoer
and the efficiency determined by tho usual relation 100 minus tyndall
reading of {iltered air divided by the tyadull reading of the original
suspenasion. A8 g8 laborutory procodure the method iz simplo. und
vonvenient, . .
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The procedure in teatityg respirators cousists in setting up a dust or
tobaceo smoke cloud in a dust chamber nnd passing it at a fixed rate
throush 1 definito area of filter mediiim.  The urrangement used for
holding the filler is nlso provided with a meuna of determining the
resistance which is important in estimating tho life of tho respirator
filter. :

Resulta of Glicr tesix

Results of tests of various filter media have been published chiefly
by the Thited States Bureau of Mines (71) and by the Hurvard
Sehool of Public Jealth (73).  The data obtaitied from these research
lnborntories are given in tableg 3G, 37, and 38, J¢ will be seen that

. in proetically every ease tho -t - Y
;nﬁ:nent of tlao Ly pes eliiciencies aro low for sponge / o
suspensoids (71) filters and high for wool cloths. 5 7
Tha cflicicacies of induatrial
= mrnwrou.; rospirators against tobacco o /g“ . ‘z‘g
at methods, of which smoke ranre from 31033 per- O " [ ]
of testing the filtoringr cent. The Fnlgcr fiat type fil- §§g - 180
hie second consists of ter is most efficient, 87 percent. 3250 . gg
T some sunilar pliable Against silica dust, the ellicien- ¢ 551" 150
-¢ies are slightly hizher. In the ptao N J40
: e caso of the Burcau of Mines ~70L 430
T OER Niproaus . tests the eflicioncies ranged "an‘- 20
. . o from O to 70 pereent and in the S GO J0
©of ‘;? bused upon vxperiments of Barrato, Drin- §95_ 15
r fopubligoyeer ker, Finn, and Thomson (73)
dm u_P" ished tests, runging from 49 to 97 percent. A7
i apparatus (11) The higher efficiencies in the o _
Spprosimately 20- Istter experiments are probably NS TR SO O T B

&S M0 2 54 6

Size nMicrons

Fragan i7.~Slze fremamncios of digt pari oes i resples-
o Leets foptinres on Jralability sctn, alacied o
mm‘m.

due to the larger size of dust

mist the efliciencies given in
tablo 38 aro much higher than
thows for silicn, the sponge respirntor giving an efficiency of $4 porcent.

" “This inereaso is vndoubtedly due to the fact that lead mist is Jarge in

size and tends to settle rapidly. Darreto and his associates have also

demonatrated that respirators do not favor any particular size rangoe .

below ten microns, os may be seon in figure 77. The finer particles
appear to be filtered with practically the samo eflicicncies as the

lunger. .

With regard to resistance, it is Lo be noted that tobaceo smoko does

not increuso the resistance of the filters,  Silies dust, on tho other
banl, inereaces the resdstance to air flow, but xome materinls have
" rhiadng prupertica more marked than others.  Dense paper filters

sndd closely wouven muslin elog rapidly, while loose luxtures cloy slowly.
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With regard to the resistance of filters the following quotation taken
from a Buresu of Mines publieation (71) gives ssveral important

eiwlusions based on 2 large mumber of tests:

The resistance of the flters to the flow of alr through them is a highly important

farlor in the desirn of dust respiratam, heeause respirstors having o resistance

sienier than 4 inches of water when the rato of air fluw ix 83 liters per minutc are

aupmnetical.  They wilt not bé worn, even far short periocls, because they pocos-

wiale {oo 1ouch exertion in breathing. Rospirntors with resistances of 2 to 4

tariws sy be worn, but alter about half an hour the wearor must rust or cxert

Litws-if Jous. - The resistance of filters in dust respirators inlonded for continuous . K
L

~ working-use should nut éxceed 2 inches 6f water, and preferably should bo less - - , .

than 1 insh. Thosn limitations on the resistance of filters restrict filtering
vluwieneiod, 30 in & practicabla respirator it is necesvary to striko s bulanes botwoen

% filter resistanco aund the fillering cfliciency that may bo obtained.

Tha area of respiratar filters should be made as large ag is practicable, bocause

the increasod aron reduces tho rate of air flow per unit of aren and thereby tends
tw increass the filtering officiency and docrcases the resistance. )

POAITIVE PRESSURE MASKRS OR NELMETS

The second group of respirutory protection apparatus consists of

tuask4 or helmets with fresh air supply,  In these types, compreased
i from a dust-freo svureo is supplicd (o tho worker.  Positive pressure
merdha ga o rule aro constructed of light metal, shaped W tho contour
“f the fuee by speeial cushions, and supplicd with 2 small valve to
i~twmit the vilinted air to escape.  Tho air is bled into tho mask near

F
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the top and diverted across the frzgles to prevent fogsing and sensa-
tions precdveed by air jets. 1t is wecsory in using positive pressure

masks (v fasten the air supply hose to tho worker 80 as not to induce

a dmg on the mask,

Vaurious {ypes of positive pressure minsks are uvailable,  Some have
been degigned with B ht pumps vod maotors with cloth filters which
may be steapped about the waist.  In this way the worker need only
carry about with him an cleetric extension cord. Such devices are
capeeially adapted for opecations requiring freedom of movement,
which cannuot be attsined with 8 sG(f heavy compressed sir hose.

Pusitive preasure helinets are made of rubber, leather, or canvas.
They fit over the head and rest on the shoulders of the worker, They
are provided with lares protected windows which may be replaced.
Sullicient air is supplied 10 theso helmets to keep o constant flow of
eir Jeaking outward at tho shoulder contncts, thus preventing any

_ dust frem entering,
I'mvitive presauro helinets are used alimost entirely in abrasive clean-

ing roomss und serve a twofold purpose: (1) To furiish the worker .

with a clean supply of fresh air, aud (2) to protect his head and neck
from tho furce of rebuundiug sand or metal particles.

EFFICIEXCIES OF I'OSITIVE PRLSSURE DLVICES

Bloomficld and Greenburg have investigated the air requirernents
of helmets used in sand-biasting vnder normal working conditions (48).
Their studies were plunned with the purpose of obtaining samples of
- gir from iuside & helmet, when: (1) The quantity ef air supplied to
the helinet was varied while the dust enncentration in the room was
maintnined nt o8 constant a Javel aw possible, and (2) the dust con-
eentraticn in the room wes vasied while the quaniity of air supplied
to tke heimot was kept constant, this quantity beivg the optimum
as determined in (1) above. -
¢ - - Tho studics were conducted in an abrusive blasting reom in which
- fairly clean eastings were blasted with sand at o pressure of ranging
. from 53 to GO pounds. A modern reom, equipped with down-draft
‘ventilntion, wus used. An ordinary cloth-covered, fiber helmet was
employed connectesd in the mannershown in figure 27, section V. This
heimet was provided with a rectangular double screen about 4 by 2
inches in size, Jocated at a poivt directly in front of the worker’s eyes.

The outer screen was o course mesh while the inner one vns of 8 -

32-mesh xize. The dust concentsulivns were determined with the

. impinger appurntus, .
. . Thogeneral air of the blast cleaning room {the air in the room, but
ou:side the heimet), wus sumpled at & time correapunding with the
midpuint of a pair of helmet sunples by imeans of o second impinger
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(Seo fiz. 28 for assembly
details.) The operator was instructed to ennduct blasting in a
uniform manner so that operating conditions throughout the experi-

ments woulil be as constant as pousible.
In the firzt scries of samples, the helmet was tested with the double

screens in place, while in a second series, n glass eyeshicld was used.
Table 39 shows tho results of the two serics of tests.

Taore 30.—Dust coneeniratinn t bensatk helmet wilh air aupply of different volumes

IMitsuny of particies pwr cubic wot)
Voluow of air supply (c. £ m.) #
Dust in
Tosin A
[ ] 2 3 4 L ] s -
With Joulrle oye screen am 2.7 .4 a1 L3 Lo
Gluss wy @ ahinil [ ] [ [} 40 22¢ LI3
§ Esch averugs bared oa 2 mitiples. § Dast i gir supply 0.3 milise.

Bloomficld and Greenburg have assumed the inconsistencies of the

" first serics as being due to the fnct that the dust deflected from the

casting at a cousidernble velocity guined sccess to the helinet through
tha sereens, 1t is clear from the table, however, under the test con-
ditions of tho second series, that when 6 cubie feet of air per minuto
aro supplied to the helmet, the worker breathes an atmosphers con-
taining bui 0.3 million particles per eubic foot of air. In other words
under such conditions, practicully no blasting-room dust filters into
the helmet. This ropresents ideal protection for the worker,

In order to determine whether 6 cubic feet of air was sulficient

under. all conditions of work, nnother serics of samples were taken .

keeping a constant flow of air of 6 enbic feet per minute through the
helmet while the dust concentration in the rvom was varied by chang-
ing the amount of room ventilation.

YWith 4,000 million particles per cubic fout in the general air, there
were 3.1 illion particles within the helinet; with 3,000 thero was 1.0
within tho helmet; with 1,000 there wus 0.5.  In other words, the dust
concentration of the air beneath tho helmet during blasting remains
low when the air in the room contains as much as 1,000 million par-

ticlea per cubic fool and more. It is only when the dust concentration -

in tho yuom reaches the cnormously high figurs of 4,000 million par-
ticlea per cubic foot, that the air benenth the helmet was found to
eentain 82 much as 3.1 million particles per cubic foot. Such con-
ditions in practico arv rare and in fact inpossiblo to work under
beesuso of obsenured visibility. . .
It may therefors be concluded that a positive air supply of 6 cubic
feot of dust-freo air pee minute will proteet a worker under the opern-
ting conditions noy in practice in ubrusive cleaniug rovins if thoworker
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is suppliod with a helmet similar to that deseribed above. The finn
criterion, however, is the result of dust determinations of the ujr
within the helned, that i is, the air actuzlly breathed by the worker,
and not the volunsc of air supplicd.

EFFICIENCY ATANDARDS IN TESTING PERSONAL PRIOTECTION ArVARATUS

It is necessary to point out that Lests of personsl protection appnra.
fus should ulweys be enrried out agninst the dust to which theae de-
vices ary to bo used in practico under the most severe conditions which
ars likely to bo encountered.® Furthermore, in connection wiih
ratings given in percent, great care should be exercised that correct
interpretations be mada.  For example, s device which is 90 pereent
eficient, docs pot necessarily mean that-it is sufficient protection
ageinst dusts with hizh quartz content when thie concentration is of
the order of between 50 and 100 million particles per eubic foot.
Under such eircuinstances, with continued exposure, the worker is
likely to breathe dangerous ninounts of dust. Ratings, should there-
fore, be obtaived with regurd to the quantity of dust which actually
passes the respirnior or helmet under the conditions employed.

-

MALDNTENANKCE OF RESPIRATORY FROTECIIVE DEVICES

* Devices used to protect the worker should always be maintained in
good ordar. Frequently, in many industrics they are not properdy
cared for or maintsined in good condition, with a result that they o
Jouger function clliciently. It is important that periodie checks be
made of all respiratory protective devices, observing any physieal
defects which they imay have, and to retest them whenever any
doubt arises as to Lheir cffectivencss,

A necessary precaution in eonnection with posxu\c pressure masks
and helmots i to mako eertain that the air suppl,) is n.l“ ays from a

- . .
- aha -

clea.noyﬁlt.e;udsou:w. SRR CowL

OHDOIII‘G R!SPXMTORT PROTECTITVE DEVICES

The choics of respiratory protective devices depends upon a num-
ber of factors. As Jus been pointed out, their efliciencies must bo
rated in tarms of the dust actuully passing the respirator or helmet
under the conditions azainst which thoy will be used; there are, how-
over, other considerutions, equally important, which in 2 large mensure

. aro detersuined by the type of opcrution uuder which they must be
_employed. Thesa factors aro— .

1. Jightness.— Reapiratory protection apparutus ahould bo Jight and

- durebie, Heavy dovices are cumbersome and tho worker is prone to

avoid azing them,
PR —
10 €OR: tiom with stamiand reutine Lasts of i ters, are sahmdule 21, U. i, Soreee of Mmes
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mask is important. They should

— nirator or \
2. Fit—Tho it of & i) Otherwiso leaks will interfero

P, I 1T1 I PN
br;ﬁn?:g;m u}n:a‘?: y in every case be fitted to th:sl wearer,
aathed by the worker with the effective use of the device. 4 attemot Lo give clear and

v ' 3. Visthility.~=Nasks or hiclmets tfhoul attemp g ' to koo

cosy visibility to the w arker. The aic supply ‘!‘““ld ‘;uc‘:;? nso cﬁ

ZOTECTION APPARAT! .. the g!uss froin fnmﬂ'ﬂ'ing. Glasses should he emuly repln mn ¢
. ' prenkuge or pitting and should fit well.
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