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Chapter 15

AIR POLLUTION

Sources of Air Pollution, Effects of Air Pollution on Health, Pul-

monary Effects, Occlusion of Solar Radiation, Industrial Air

Pollution, Abatement of Atmospheric Pollution, Smoke Abate-
ment, Dust and (?inder Abatement

HIS chapter considers the hygienic aspects of atmospheric pollution

and the methods by which this pollution may be lessened. Infor-
mation concerning the cleaning of air brought into buildings for ventilat-
ing purposes will be found in Chapter 16, and a discussion of the exhaust-
ing of dusts and toxic gases from factories and industrial plants is con-
sidered in Chapter 21,

The impurities which contribute to atmospheric pollution include
carbon from the combustion of fuels, particles of earth, sand, ash, rubber
tires, leather, animal excretion, stone, wood, rust, paper, threads of
cotton, wool, and silk, bits of animal and vegetable matter, and pollen.
Microscopic examination of the impurities in city air shows that a large
percentage of the particles are carbon. (See Fig. 1, Chapter 16, for size
of impurities in air.).

Dust, Fumes, Smoke

The most conspicuous sources of atmospheric pollution may be
arhitrarily classified according to the size of the particles as dusts, fumes,
and smoke. Dusts are particles of solid matter varying from 1.0 to 150
microns in size. Fumes include particles resulting from chemical pro-
cessing, combustion, explosion, and distillation, ranging from 0.1 to 1.0
micron in size, Smoke is composed of fine soot or carbon particles, less
than 0.1 micron in size, which result from incomplete combustion of
carbonaceous materials, such as coal, oil, tar, and tobacco. In addition to
carbon and soot, smoke contains unconsumed hydrocarbon gases, sulphur
dioxide, sulphufic acid, carbon monoxide, and other industrial gases
capable of injuring property, vegetation, and health.

The lines of demarcation in these three classifications are neither sharp
nor positive, but the distinction is descriptive of the nature and origin of
the particles, and their physical action. Dusts settle without appreciable
agglomeration, fumes tend to aggregate, smoke to diffuse. Particles
larger than one micron will eventually settle out by gravitation; particles
smaller will remain in suspension as permanent impurities unless they
agglomerate to sizes larger than one micron.
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Fly-Ash, Cinders - - g

The term fly-ash is usually applied to the extremely small particles o
ash, and the term cinder to the larger particles of coke and ash which are
discharged with the gases of combustion from burning coal.

AIR POLLUTION AND HEALTH

Many kinds of dusts and gases are capable of producing pathological
changes which may cause ill health. The harmful effects depend largely
upon the chemical and physical nature of the impurities, and the con-
centration, length of time, and conditions under which they are breathed.
Dust particles must be minute in size to be inhaled at all, although fairly
large particles may gain access to the upper air passages.

The human body possesses remarkable filtering media for protecting
the lungs. Small hairs which line the nasal passages, and a multitude of
microscopic hairs, called cilig, in the epithelial lining in the bronchial -
tubes intercept many of the dust particles before they reach the lungs.

The constant inhalation of dusts in city air irritates the mucous mem- ;
branes of the nose, throat, and lungs, and eventually may produce dis- }
comfort and a series of minor respiratory disorders. The pigmented lung
of the city dweller is an example of the pathological change produced over
a period of years. This condition may be of no clinical importance, but '
an exaggeration of it in the coal miner resuits in anthracosis or dark spots
on the lung due to the presence of pigment in the lymph channels which
impairs the functioning of the lung cells under stress.

Effects of Solids .

Bronchitis is the chief condition associated with exposure to thick dust,
and follows upon inhalation of practically any kind of insoluble and non-
colloidal dust. Atmospheric dust in itself cannot be blamed for causing
tuberculosis, but it appears to have a marked influence in aggravating the
disease once it has started. There is, however, quite reliable evidence
that carbon pigment, one of the atmospheric dusts, tends to wall off local
tuberculosis rather than to further its spread.

The sulphurous fumes and tarry matter in smoke are probably more
dangerous than the carbon. In foggy weather the accumulation of these ~
substances in the lower strata may be such as to cause irritation of the
eyes, nose, and respiratory passages, leading to asthmatic breathing and
bronchitis and, in extreme cases, to death. The Meuse Valley fog
disaster will probably become a classic example in the history of gaseous
air pollution. Released in a rare combination of atmospheric calm and
dense fog, it is believed that sulphur dioxide and other toxic gases from
the industrial region of the valley caused 63 sudden deaths, and injuries
to several hundred persons. Physical examination showed difficult
breathing, rapid pulse, cyanosis, cardiac dilation, and a redness and
infammation of the mucosa of the nose, mouth, throat, trachea, and
bronchi. .

Carbon monoxide from automobiles and from chimney gases con-
stitutes another important source of aerial pollution in busy cities.
During heavy traffic hours and under atmospheric conditions favorable to
concentration, the air of congested streets is found to contain enough CO
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to menace {he health of those exposed over a period of several hours,
particularly il their activities call for deep and rapid breathing. In open
air under ordinary conditions the concentration of CO in city air is
helieved to be insufficient to affect the average city dweller or pedestrian.

QOcclusion of Solar Radiation

The loss of light, particularly the occlusion of solar ultra-violet light
due to sruoke and soot, is beginning to be recognized as a health problem
in many industrial cities, Measurements of solar radiation in Baltimore!
by actinic methods show that the ultra-violet light in the country was
50 per cent greater than in the city. In New York City? a loss as great as
50 per cent in visible light was found by the photo-electric cell method.

The effect of air pollution on the health of city dwellers is difficult to
determine, owing to the slowness of its manifestations. The aesthetic and
ecanomic abjections to air pollution are so definite, and the effect of air-
horne pallen can be shown so readily as the cause of hay fever and other
allergic diseases, that means and expenses of prevention or elimination of
this pallution have seemed justifiable to the public.

AIR POLLUTION IN INDUSTRY

In many industrial processes, sufficient amounts of dusts, fumes, and
vapors are liberated to be injurious to the health of workers. Some dusts
are poisonous (lead, mercury, arsenic, manganese, and cadmium) and
some act as irritants (silica, steel, iron, and granite). Certain dusts may
produce catarrhal conditions and increase susceptibility to such diseases
as bronchitis, pneumonia, and tuberculosis. Silicious dust is especially
harmful because it has a direct damaging action upon the tissue of the
lungs, but organic dusts, both animal and vegetable (hair, pollen, textile,
and fiber), do not seem to affect the lungs at all, although they may cause
considerable discomfort in the upper respiratory passages to persons
sensitive to them.

Industrial gases and fumes act specifically upon the mucous mem-
branes, the lungs, blood, skin, and eyes. Some extremely poisonous gases
act after very short exposures. Among these are carbon monoxide,
hydrogen sulphide, ammonia, chlorine, bromine, arsine, and cyanogen.

The industrial processes which liberate harmful substances are too
manifold and the effects too diverse to be considered here, where dis-
cussion is limited to the commonest and most serious with which the
ventilating engineer may be confronted, namely, carbon monoxide, lead,
and silica. For a more thorough treatise on the subject reference should
be made to books by Hamilton?, Rosenaut, and Henderson and Haggard®.

Carbon Monoxide Poisoning

Carbon monoxide is 2 common form of poisonous industrial gas, met
with in mines, foundries, coke-oven sheds, garages, and houses. Its action

Efects of Almaspheric Pollution upon lncidence of Solar Ultra-Violet Light. by J. H. Shrader, M. H.
Coblentz and ¥. A Kotft (A merican Journal of Public Health, p. 7. Vol. 19, 1929),
tSeudies in 1llumination. by J. E. fves (U S Public Healtk Service Bulletin No. 197, 1930).
Hadustaal Poisons in the United States. by Alice Hamilton.
Preventive Medicine and Hygiene. by Milton J Rosenau
sNaxious Gases. by V. Henderson and H Haggard.
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is due to the fact that the combining power of carbon monoxide with the

haemoglobin of the red blood corpuscles is about 300 times greater than.

that of oxygen. Since the resulting stable combination destroys the
power of the haemoglobin to unite with oxygen in the lungs and to supply
it to the tissues, the effects are due to lack of oxygen, and the symptoms

are those of anoxemia, namely, dizziness, headaches, sleepiness, fatigue, - , .

and, in extreme cases, paralysis and death. The dangerous saturation
level of the blood with carbon monoxide is about 50 per cent. Even as
little as 0.07 per cent in the air will render, in half an hour, one quarter of
the red corpuscles incapable of uniting with oxygen. One to two parts
per 10,000 parts of air is set as a safe limit of pollution which may be
breathed for a long time without producing perceptible symptoms.

Silicosis .
Silicosis is a chronic disease of the lungs which results from the local
physio-chemical action of hydrated silica upon the pulmonary tissue,

causing progressive lymphatic fibrosis, and rendering the tissue-suscep-
tible to tuberculosis. The disease is slow in evolution, requiring usually a

number of years of exposure. It occurs principally among granite

workers, sand blasters, metal miners, metal polishers, potters, and mill-
stone workers.

Lead Poisoning

Lead poisoning is the most insidious and most common of all industrial
diseases. It occurs principally among lead workers and smelters, lead
miners, potters, painters, typesetters, stereotypers, plumbers, and
workers with glass, gold and silver. Lead, in practically all forms, is a
cumulative poison which is absorbed by way of the blood stream, chiefly
from the respiratory tract, but also from the digestive tract and from the
skin. The effect may be either an acute or chronic poisoning. The
principal symptoms are colic, constipation, anemia, headache, anorexia, a
bluish line along the edges of the gums, rheumatic pains, and, in extreme
conditions, paralysis, blindness, insanity, and death. -

It has been found® that 2 mg per day is the smallest dose, by inhalation,
which in the course of years may result in lead poisoning. Regular
inhalation during the usual working hours of air containing less than
0.2 mg of lead per cubic meter does not seem to produce serious lead
poisoning in individuals of representative industrial groups”. .

Prevention

The prevention of industrial hazards from dusts and poisonous gases is
largely a ventilation problem consisting of keeping the impurities in air
down to a safe concentration. As yet there are no generally accepted
standards on which to base the design of the ventilation .equipment.
Approximate data on the toxicity of various gases and fumes met with in
industrial establishments are given in Table 1. Column §, giving the
maximum allowable concentrations for prolonged exposures, was com-
piled from experiments in which most exposures lasted not more than a

] ead Polsoning, by Thomas Morrison Legge (Journal Royal Society Arts, 1929, Vol. 77, p. 1023).
rWhat is 2 Dangerous Quantity of Lead Dust in Air, by C. M. Salls (Industriol Hytienc Bulletin, New
Yotk State Department of Labor, 1925).
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week, and it is reasonable to assume that over more prolonged exposures
such concentrations would cause pernicious effects.

Much is known concerning the physiological and pathological effects
induced by various types and concentrations of atmospheric pollutants.
In the absence of an accepted standard for safe breathing, and because of
the slow, cumulative effects of certain kinds of air contaminants, the
best procedure is the periodic medical examination of individuals, and the

TasLe L. Toxicity or GASES AND FUMES IN PARTS PER 10,000 PARTS OF AIra
Maxinou Max Maxiuon
Varon on G Rypour | Cotemmunion | Gouctramiron | AUoTIRLE
¥ 1ol Hom ros 1 Hoem Exrosure
]
Carbon monoxide . ........ i 40 15-20 10 1
Carbon dioxide... .... .1 800-1000 O o,
Hydrocyanic acid. 30 114 P b%3
AMMONIA.. e coreecrcarerener o] 50100 25 3 1
Hydrochloric acid gas ... 10-20 s b Yo
Chlorine .. oo et coeenn 10 15 o0
Hydrofluoric acid gas ....... 2 e 3
Sulphur dioxide .... 4-5 lo-1 Mo
Hydrogen sulphide.. 10-30 5-7 1
Carbon bisulphide..c.eeref e 11 b4
Phosphene ........... 20 4-6
Arsine.......... 214 1 B e .
Phosgene........ Over Y A 00
Nitrous fumes.... 215715 1-1% | .
Benzene................ 190 31-47 116-3
Toluene and xylene 190 | ... 3147 | .
Aniline o] eerenee | e 1-11% }?o
Nitrobenzene.....ccovevceeccd v | e Koo 00
Petrol.. ......cooecennn. 243 100220 | ... veenes
Carbon tetrachloride.. 480 240 40 16
Chloroform............... 250 140 50 2
Tetrachlorethane 78 | e b 114
Trichlorethylene.. 370 | e e e
Methyl chloride.... 1500--3000 200400 70 §-10
Methyl bromide... - 200400 20-40 10 2
Lead vapora . cceeieced] e | e | eeeeees 5-6

(See Noxious Gases, 1927.) Data revised

20riginal data complled by ¥. Henderson and H. Haggaxd. g oo e L s Jeviaed
ases and Fumes, Institule istry o

. by T. M. Legge. (See Lessons Learned from Indusirial
Britain and Ireland. London, 1930.)

routine measurement and study of the concentration and the physical and
chemical characteristics of the dusts to which those individuals are

exposed.

ABATEMiBNT OF SMOKE AND AIR POLLUTION

Successful abatement of atmospheric pollution requires the combined
efforts of the combustion engineer, the public health officer, and the
public itself. The complete electrification of industry and railroads, and
the separation of industrial and residential communities would aid
materially in the effective solution of the problem. -

In the large cities where the nuisance from smoke, dust and cinders is
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the most serious, limited areas obtain some relief by the usé
heating. The boilers in these plants are of large size designed¥
ated to burn the fuel without smoke, and some of them are equip
dust catching devices. The gases of combustion are usually discha
a much higher level than is possible in the case of buildings that-
their own boiler plants, . -

In general, time, temperature and turbulence are the essential req
ments for smokeless combustion. Anything that can be done to inc
any one of these factors will reduce the quantity of smoke discharg
Especial care must be taken in hand-firing bituminous coals. .
Chapter 27.) .

Checker or alternate firing, in which the fuel is fired alternately ‘on
separate parts of the grate, maintains a higher furnace temperature andj
thereby decreases the amount of smoke. . -

Coking and firing, in which the fuel is first fired close to the firing door
and the coke pushed back into the furnace just before firing again, pro- -
duces the same effect. The volatiles as they are distilled thus have to
pass over the hot fuel bed where they will be burned if they are mixed with
sufficient air and are not cooled too quickly by the heat-absorbing surfaces
of the boiler.

Steam or compressed asr jels, admitted over the fire, create turbulence
in the furnace and bring the volatiles of the fuel more quickly into contact
with the air required for combustion. These jets are especially helpful
for the first few minutes after each firing. Frequent firings of small
charges shorten the smoking period and reduce the density. Thinner
fuel beds on the grate increase the effective combustion space in. the
furnace, supply more air for combustion, and ate sometimes effectivein - -
reducing the smoke emitted, but care should be taken that holes are not )
formed in the fire. A lower volatile coal or a higher gravity oil always
produces less smoke than a high volatile coal or low gravity oil used in
the same furnace and fired in the same manner.

The installation of more modern or better designed fuel burning equip-
ment, or a change in the construction of the furnace, will often reduce
smoke. The installation of a Dutch oven which will increase the furnace
volume and raise the furnace temperature often produces satisfactory
results.

In the case of new installations, the problem of smoke abatement can
be solved by the selection of the proper fuel-burning equipment and
furnace design for the particular fuel to be burned and by the proper
operation of that equipment. Constant vigilance is necessary to make
certain that the equipment is properly operated. In old installations the
solution of the problem presents many difficulties, and a considerable
investment in special apparatus is necessary.

Legislative measures at the present time are largely concerned with the
smoke discharged from the chimneys of boiler plants. Practically all of
the ordinances limit the number of minutes in any one hour that smoke of
a specified density, as measured by comparison with a Ringelmann Chart
(Chapter 43), may be discharged.

These ordinances do not cover the smoke discharged at low levels by
automobiles, and, although they have been instrumental in reducing the
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smoke emitted by boiler plants, they have, in many instances, increased
the output of chimney dust and cinders due to the use of more excess air
and to greater turbulence in the furnaces.

Legislative measures in general have not as yet covered the noxious
gases, such as sulphur dioxide and sulphuric acid mist, which are dis-
charged .with the gases of combustion. Where high sulphur coals are
burned, these sulphur gases present a serious problem.

DUST AND CINDERS

The impurities in the air other than smoke come from so many sources
that they are difficult to control. Only those which are produced in
large quantities at a comparatively few points, such as the dust, cinders
and fly-ash discharged to the atmosphere along with the gases of com-
bustion from burning solid fuel, can be readily controlled.

Dusts and cinders in flue gas may be caught by various devices on the
market, such as fabric filters, dust traps, settling chambers, centrifugal
separators, electrical precipitators, and gas scrubbers, described in later
paragraphs. i

The cinder particles are usually larger in size than the dust particles;
they are gray or black in color, and are abrasive. Being of a larger size,
the range within which they may annoy is limited.

The dust particles are usually extremely fine; they are light gray or
yellow in color, and are not as abrasive as cinder particles. Being ex-
tremely fine, they are readily distributed over a large area by air currents.

The nuisance created by the solid particles in the air is dependent on
the size and physical characteristics of the individual particles. The
difficulty of catching the dust and cinder particles is principally a function
of the size and specific gravity of the particles.

Lower rates of combustion per square foot of grate area will reduce the
quantity of solid matter discharged from the chimney with the gases of
combustion. The burning of coke, coking coal, and sized coal from which
the extremely fine coal has been removed will not as a general rule produce
as much dust and cinders as will result from the burning of non-coking
coals and slack coal when they are burned on a grate. o

Modern boiler installations are usually designed for high capacity .per
square foot of ground area because siuch designs give the lowest cost of
construction per unit of capacity. Designs of this type discharge a
large quantity of dust and cinders with the gases of combustion, and if

pollution of the atmosphere is to be prevented, some type of catcher must
be installed.

Dust and Cinder Catchers®
The various types of dust and cinder catchers available today can be
divided into six general classes:

1. Settling chambers.
2. Dust and cinder traps.
3. Centrifugal separators.

*See Smoke and Dust Abatement, by M. D. Engle (A.S.H.V.E. TRANSACTIONS, Vol. 37, 1931).
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4. Electrostatic precipitators.
5. Gas scrubbers.
8. Fabric filters.

The selection of the proper type of catcher calls for a careful stiidy'of
the material to be caught and the draft and space available.: Aft&
installation, constant vigilance is necessary to keep the catchers in prope
working condition if satisfactory operation is to be obtained. UKEEL |

If possible, the dust or cinder catcher should be installed on the inlet?
side of the induced draft fans because the dust and cinders in the gases
seriously erode the wheels of the fans, the inlet connectioris and the
scrolls, Where the induced draft fans operate at high tip speeds and no™
catchers are installed, it is not uncommon for the fans to require major®
repairs within one year and complete replacement within five years. -5

Settling Chambers :

Probably the oldest form of dust catcher is the settling chamber, -
which generally consists of a large-sized, gas-tight space into which the
dust-laden gases are discharged before being delivered to.the chimney.
The velocity of the gas should be reduced to a point where the larger and
heavier particles will be precipitated by gravity. For good operation, the
velocity of the gas should be reduced to a maximum of 2 fps. The bottoms
of the chambers should be provided with dump plates through which the
collected dust can be removed. Because these chambers are not effective
in removing the finer dust particles they have been practically superseded
by smaller and less costly devices.

Traps, Catchers, Precipitators

Various types of traps have been devised. In general they all depend
upon breaking the gas up into thin strata and subjecting those thin
strata to several abrupt changes in direction. The dust is thrown out
of the gas stream into specially shaped pockets, or impinged against a
roughened surface. The trapping pockets are drained into a hop
below with a small quantity of gas and the dust settles out by gravity due
to the low velocity in the hopper. In the roughened surface type, various 2
sections of the trap are closed off at intervals by means of dampers and
the dust is shaken off the roughened surface into a hopper below.

These devices work very well in catching large size dust and cinders and
trap much of the fine dust. They have been used most extensively on
stoker-fired installations. They have the advantages of low pressure
drop, relatively small space requirements, and low first cost.

Centrifugal catchers obtain separation by projecting the particles
tangentially out of the gas stream. The effectiveness of this type of’
catcher varies directly as the specific weight of the dust and as the square
of the tangential velocity, and inversely as the radius of rotation.

Electrostatic precipitators are used for catching fine dust. These
precipitators consist of dust-tight chambers in which are suspended rein-
forced concrete slabs on about 10-in. centers, Between the slabs are
suspended bare metal rods. High-voltage undirectional current is
applied to the reinforcing rods in the concrete slabs acting as positive
electrodes, the bare rods acting as negative electrodes. The dust-laden
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gas flows horizontally through the precipitator and the dust particies
migrate toward the concrete slabs to which they adhere and then fall or
are scraped off into the dust hoppers below.

Gas Scrubbers

Wet scrubbers have been used for many years for removing dust from
gases. A number of different types of scrubbers are now being built for
removing dust from boiler flue gases. One type depends upon saturating
the gas and washing the dust out of suspension by a spray of water. For
best results with this type, the water should be atomized into as fine a
spray as possible.

Another type depends upon splitting the gas into thin strata and
subjecting these strata to a number of abrupt changes in direction,

. throwing the dust against the wet surfaces. The main problem in develop-

ing a satisfactory wet dust catcher is to find suitable materials of con-
struction that will resist the corrosive action of the wash water for a
reasonable length of time.

Fabric Filters

Filters of many kinds have been used with variable success. The
filter bags are made of cotton, wool or asbestos fabric. The fabrics used
in these filters do not withstand the temperatures at which gases are
usually discharged from the boilers, and hence the gases must be cooled by
some means. Surface coolers or water sprays can be used for reducing the
gas temperatures.

One of the serious objections to all of these dust catchers is the relatively
high cost of installation and maintenance, and the space required for
installation.

Disposal of Dust and Cinders

Even after the dust and cinders have been caught, the disposal of the
material caught presents a serious problem. The cinders discharged with
the gases from stoker-fired boilers are usually very high in carbon and -
contain from 50 to 80 per cent as much heat per pound as the coal which
is being burned. It is possible, and usually economical, to burn these
cinders. They cannot be satisfactorily mixed with the coal in the stoker

. hopper but they can be blown into the furnace over the stoker fuel bed

and burned satisfactorily. If a sufficient quantity of cinders is caught, a
small unit pulverizer can be installed to prepare them for burning over
the stoker fuel bed. The same pulverizer can be used for coal at times of
peak load and will materially increase the capacity of the fuel-burning
equipment for the boiler to which it is connected.

No satisfactory market has been developed for the dust caught from
pulverized coal installations, but the possibilities are being investigated
and it seems likely that in the future this material will have a market
value that will go a long way toward paying the fixed charges on the cost
of catching it.

_ The distribution of dust in the gas entering and leaving the dust and
cinder catchers is not uniform and is different in practically every in-
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stallation, and varies widely with changes in furnace conditions. In
order to obtain a representative sample it is necessary to traverse the
inlet and outlet of the catcher with a sampling tube which faces into the
gas flow. The velocity of the gas into the sampling tube must be the
same as the velocity of the gas in the duct at the instant the sample is
taken. The swirls and eddy currents in the ducts make it dificult to
obtain consistent readings, but if the test is conducted by some one of
experience, an indication of the approximate efficiency can be obtained.

Nature’s Dust Catcher )

Nature has provided means for catching solid particles in the air and
depositing them upon the earth. A dust particle forms the nucleus for
each rain drop and the rain picks up dust as it falls from the clouds to the
earth. In fact, without dust in the air to-form the nuclei for rain drops it
wfould never rain, and the earth would be continually enveloped in a cloud
of vapor.

PROBLEMS IN PRACTICE

1 @ Classify the detrimental aspecfs of air pollution as it effects large industrial
communities.

Air pollution may be classified (¢) medical, as it affects the physiological functions of
people; (b) botanical, as it affects vegetation, trees, plants, shrubs and flowers; and (¢)
physical, as it affects the discolorization and deterioration of buildings, and the nuisance
of soiled interior furnishings, clothes, merchandise, etc.

2 @ Distingunish between dusts, fumes, and smokes.

Solid particles ranging in size from 1.0 micron to 150 microns are called dusts (micron =
Msi000 in). -

Particles resulting from sundry chemical reactions and ranging from 0.1 to 1.0 micron in
size are called fumes.

Carbon parcticles less than 0.1 micron in size which generally arise from the incomplete
combustion of such materials as coal, oil, or tobacco are called smokes.

3 ® What are some of the more important physical properties of these various
groups of foreign bodies which are of importance in ventilation?

In slowly moving air, dusts tend to settle out by gravity without agglomerating to form
larger particles; fumes have the tendency to form larger particles which will settle when
they attain the size of approximately 1.0 micron; while smokes tend to diffuse and remain
in the air as permanent impurities.

4 @ Why is atmospheric pollution an important engineering problem?

a. Certain impurities, when present in too great concentrations, cause ill health or even
death.
b. High concentrations of solids occlude solar radiations.

¢. Some materials cause permanent injury to parts of buildings, as sulphur fumes corrode
exposed metal.

d. Extra cleaning expense is incurred in dusty localities.
¢. Internal combustion engines are damaged by abrasive dusts.

5 @ How may the hazards of dust-producing industrial operations best be
curtailed?

By providing mechanical exhaust ventilation sufficient to keep dust concentration at 2
safe level (see Table 1) and then removing foreign badies to reduce the pollution of out-
side air.
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6 ® How may the pollution of the atmosphere be lessencd?

By compelling industrial plants to install dust catching and smoke controlling devices.
In many cities the domestic heating plant is one of the most serious offenders, but these
plants are too small to justify the tnstallation of dust catchers. Public education in
improved firing methods would be of considerable help in this field.

7 @ Compare the dry and wet types of dust catchers.

The dry types are very effective in removing the larger dust particles but the smaller
particles generally pass through other kinds than the electric precipitator. The dry
thes also require considerable space and therefore sometimes introduce resistance to
the flow of air. The wet types are effective in removing some of the smaller dusts and the
water-soluble gases. The principal disadvantage of the washer is its short life caused
by the corrosive action of the wash water.

8 ® What size particles are detrimental to bealth?

While fairly large particles may enter the upper air passages, those found in the lungs
are seldom more than 10 microns in size, and comparatively few of them are more than
5 microns. It is agreed that particles between 4 and 2 microns may be harmful; some
authorities place the upper limit at about 5 microns, and some incline to extend the

fower limit to 0.1 of a micron. .

9 @ Is the shape of the particle of any significance?

Hard particles with sharp cotners or edges have a cutting effect on the delicate mucous
membranes of the upper resgiratory tract which may lower the resistance of the nose and
throat to acute infections. This is aggravated by the irritating effects of some chemical
compounds which may be taken in with the air and which act to reduce resistance.

10 @ What are the principal meteorological effects of smoke and dust?.

a. The reduction in the amount of light received. Measurements have shown that
visible light may be as much as 50 per cent less intense in a smoky section of a city than
in a section that is free from smoke. Ultra-violet light is reduced as much or more, and
in some cases is cut out entirely for a time.

b. Smoke and dust aid in the formation and prolongation of fogs. City fogs accumulate
smoke and become darker in color and very objectionable. e sun requires a longer
time to disperse them, and when the water is evaporated, there is a rain of smoke and
soot particles that have been entrained.

11 @ Why has not smoke abatement been more effective? .

Because communities have not been made sufficiently aware of the possibilities of
burning high volatile fuels smokelessly and of separating cinder and ash from the stack
gases to a degree that will prevent a nuisance.

12 @ Is the abatement of dust and cinders important?

Yes. Only a small percentage of the solid emission from stacks is smoke, in the accepted
popular sense; the remainder is fly-ash and cinders. While black smoke is disagreeable
and its tarry matter and carbon garticles soil anything with which they come in contact,
the cinders and some of the ash are hard and destructive. They also, together with
dusts from industrial processes, make up the hard, sharp, irritating, air-borne solids
that are breathed by individuals not working in a dusty mill or factory.

13 ® Are air-borne ngurltles causative factors in hay fever, bronchial asthma,
and allergic disorders

Yes. Recent medical investigations indicate that 80 per cent of seasonal hay fever and
40 per cent of bronchial asthma are caused by air-borne pollens, tree dusts, and other
allergic irritants.

14 @ Name some essential requirements for the smokeless combustion of fuels.

Time, temperature, and turbulence. A study of these factors is usually of value in
overcoming a smoke nuisance.
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i 15 e What is the Ringelmann Chart Method of comp‘arins smoke d . A

¢ See Chapter 43. The Ringelmann Chart consists of four cards ruled with lines b; )
different degrees of blackness, These cards, together with a white card and a black one?
are hung in a horizontal row 50 ft from the observer. At this distance the lines becom
invisible and the cards appear to be different shades of gray, ranging from white to black,
The observer, by matching the cards against the shades of smoke coming from a stack, is
able to estimate the blackness of the smoke as compared with the chart, '




Chapter 16

AIR CLEANING DEVICES

Requirements of an Air Cleaner, Types, Air Washers and Scrubbers,
Viscous Type Filters, Dry Air Filters, Air Filter Installations

HE removal of impurities from air brought into a building for

ventilating or air conditioning purposes is the function of any air
cleaning or filtering device. These impurities include carbon (soot) from
the incomplete combustion of fuels burned in furnaces and automobile
engines, particles of earth, sand, ash, automobile tires, leather, animal
excretion, stone, wood, rust and paper, threads of cotton, wool and silk,
bits of animal and vegetable matter, bacteria and pollen. Microscopic
examination shows that the character of the impurities varies with the
locality, but as a rule carbon forms the greater part of them while the
total is somewhat proportional to the state of industrial activity and the
wind intensity. Additional information on sources of air pollution will
be found in Chapter 15.

Observations have shown that practically all atmospheric impurities
are less than 5 microns in size. (One micron equals 0.001 millimeter or
approximately 0.00004 in.) The size and composition of each individual
particle determines its buoyancy and consequently the length of time it
will remain in suspension. The chart, Fig. 1, shows graphically the sizes
of impurities found in the air, and other related data.

To estimate the probable dust load for air filter installations, the
following approximate averages of atmospheric dust concentration may
be used (7000 grains equal 1 1b):

Rural and suburban districts 0.2 to 0.4 grains per 1000 cu ft
Metropolitan districts... 0.4 to 0.8 grains per 1000 cu ft
Industrial districts............. 0.8 to 1.5 grains per 1000 cu ft

REQUIREMENTS OF AN AIR CLEANER
To fulfill the essential requirements of clean air, an air cleaner should:

1. Be efficient in the-removal of harmful and objectionable impurities in the air, such
as dust, dirt, pollens, bacteria.

2. Beefficient over a considerable range of air velocities,

3. Have a low frictional resistance to air flow; that is, the pressure drop across the
filter, measured in inches of water, should be as low as possible.

4. Have a large dust-holding capacity ‘without excessive increase of tesistance, or
have ability to operate so as to keep the resistance constant automatically.

5. Be easy to clean and handle, or clean itself automatically.

6. Leave the air passing through the cleaner free from entrained moisture or chargmg
liquids used in the cleaner.
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The A.S.H.V.E. Standard Code for Testing and Rating Air Cleaning
Devices Used in General Ventilating Work?! explains how such devices are
rated by (1) capacity in cubic feet of air handled per minute, (2) resistance
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in inches of water at rated capacity, (3) dust arfestance, the percentage
relationship expressing dust removal efficiency at rated capacity, (4)
reconditioning power, the energy necessary to operate the mechanism of

tAdopted 1934 by A.S.H.V.E. See Chapter 44.
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an automatic air cleaning device, and (5) dust holding capacity, the
amount by weight of standard dust which a non-automatic air cleaning
device will retain before reconditioning is necessary.

TYPES OF AIR CLEANERS

q According to the Code, the following four classifications are given the
evices:

Class A, Automatic Type: In general all air cleaning devices which use power to
apt%matically recondition the filter medium and maintain a non-varying resistance to
air flow.

Class B. Low Resistance Non-Automalic Type: Air cleaning devices for warm air
furnaces, unit ventilating machines and similar apparatus and installations in which a
maximum of not more than 0.18 in. water gage is available to move air through the air
cleaning device.

Class C. Medium Resistance Non-Aulomatic Type: Air cleaning devices for s?:stems
in which a maximum of not more than 0.5 in. water gage is available to move air through
the air cleaning device.

Class D. High Resistance Non-Automatic Type: Air cleaning devices for the air
intake of compressars, internal combustion engines, and the like, where a pressure of
1.0 in. or more water gage is available to move air through the air cleaning device.

Air cleaners may be also classified as follows:

1. According to principle of air cleaning.

a. Air washers.
b. Viscous air filters.
(1) Unit type.
(2) Automatic type.
¢. Dry air filters,

2. Aécording to application.

a. For central fan gystems of ventilation and air conditioning. Filters of the
automatic or semi-automatic type are usually recommended and are installed
in a central plenum chamber.

b. For unit ventilators. Filters of viscous unit or dry type, installed at inlet of
individual units.

¢. For window installations. Self-contained units consisting of fan and filter,
usually dry type, adapted to be placed in the ordinary window.

d. For warm-air furnaces. Unit type viscous or dry filters placed in small plenum
chamber of warm-air house heating systems.

e. For compressors and Diesel engines. Unit type viscous or dry filters, installed at
air intake of compressors and Diesel engines.
£

For compressed air lines. Unit type viscous or dry filters.

With the growing congestion of large cities and an industrial growth
throughout the entire country, the percentages of foreign material in the
air, such as soot or carbon, which are unaffected by an air washer type of
air cleaner, have increased. This has brought about the development of

the viscous and dry type air filters which are part of many ventilating and
air conditioning systems.

AIR WASHERS AND SCRUBBERS

Information on air washers will be found in Chapter 11.
Scrubbers have not been used very extensively in the past for cleaning
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¥,

air for ventilating purposes. However, new types have been developed
which appear to have possibilities for cases where the air to be cleaned is™
extremely dirty or where a higher degree of cleanliness is desired than can ™%
- be obtained with an air washer. G-

l"
« X

YISCOUS TYPE FILTERS

The principle of air cleaning used in viscous filters is that of adhesive
tmpingement. Dust and dirt in the air, especially soot and carbons, are
trapped and retained by successive impingements on coated surfaces.
While the arrangements of filtering miedia and the kind of materials used
are almost unlimited, there are certain rather definite requirements for a
practical commercial filter. ’ :

Investigations in this country and abroad demonstrate that the first
impingement of dust laden air on a viscous coated surface removes about
60 per cent of the dust, the next impingement takes 60 per cent of what
then remains—that is, 24 per cent—and the next impingement removes
9.6 per cent. To secure maximum efficiency, it is necessary to divide the
air into innumerable fine streams, as the more intimately and freely the
air is brought into contact with the viscous-coated media the better will
be the cleaning.

The binding liquid used with viscous filters should have the following
properties:

R s <

1. Its surface tension should be such as to produce a homogeneous film-like coating
on the filter medium.

2. The viscosity should vary only slightly with normal changes of temperature.

3. It should be germicidal in its action to prevent the development of mold spores
and bacteria on the filter media.

4. The liquid should flow freely at low temperatures.
5. Evaporation should not exceed 1 per cent.

8. It should be fireproof.

7. It should be odorless.

Yiscous Unit Filters

In the unit type viscous filter, the filtering media are arranged in units
of convenient size to facilitate installation, maintenance, and cleaning.
Each unit consists of an interchangeable cell or replaceable filter pad and
a substantial frame which may be bolted to the frames of other like units
to form a partition between the source of dusty air and the fan inlet.
The necessary washing, draining, and recharging equipment should be
installed near each group of unit filters, with hot water and sewer con-
nections provided.

To secure greater dust holding capacity and a practically constant
resistance and air volume, the filter media are usually placed in the
direction of air flow, with progressively finer filter densities determined
by the percentage of dust impinged. This arrangement provides relatively
large spaces for the collection of dirt in the front of the filter where the
bulk of the dust is taken out without undue increase in resistance, while
at the back of the filter the openings are smaller to secure high efficiency
in the removal of the finer dust particles.

The resistance of a well-designed unit filter of the adhesive impinge-
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ment type usually depends upon the velocity at which the air is handled
and upon whether the unit is clean or dirty. The cleaning efficiency of
the unit is usually highest after it has accumulated a certain portion of its
maximum load of dirt because some dust collected in the cell acts as an
efficient medium for the further seizing of solids from the air. By periodi-
cally cleaning a predetermined number of cells, the resistance and capacity
of a built-up filter may be held at any desired figure. The frequency of
cleaning any unit filter installation depends upon the dust concentration
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of air being cleaned, and on the amount of dirt which can be accumulated
in the filter medium without causing excessive resistance. (Figs. 2,3 and 4.)

Filters consisting of inexpensive {frames of cardboard or similar material
filled with viscous-coated glass wool or steel wool are available. Because
of their construction these units may be discarded when dirty and replaced
with new units at relatively little expense. They are used in general
ventilation work and with warm air furnaces and other installations where
first cost and low resistance to air flow are essential. The operating
characteristics of these units conform in general with those of the rigid
frame type.

Viscous Automatic Filters

The principle of air cleaning used in the viscous automatic filters is
the same as in the unit filters. The removal of the accumulated dust,

303




AwnmericaN Society of Heating and VentiLATiNg Encinesrs Gume, 1936

however, is done automatically instead of by hand. The automatic clean-
ing and recoating of these filters is based on the principle that the viscous
fluid itself will perform the cleaning function, thereby. eliminating a sepa-
rate washing agent. The dust collected by the filter thus is deposited
finally in the bottom of the viscous fluid reservoir from which it may. be
removed by different methods, depending on the design of the filter.

There are three general types of automatic filters, They are differentiated
from each other according to the process of self-cleaning and renewing
of the viscous coating used by each type, as follows: .

1. The filter medium has the form of an endless curtain suspended vertically, with its
lower portion submerged in a viscous fluid reservoir. The curtain rotates slowly through
this bath, thus performing the cleaning and recoating of the filter medium,

2. The filter screen is arranged in the form of shelves or cylinders, and the viscous
fluid is flushed through all parts of the medium in a direction opposite to the air flow,

3. The filter medium is arranged vertically and is stationary. The viscous fluid is
flushed from above over the medium, while the air flow is stopped. .
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The washing and renewing process in automatic filters usually is inter-
mittent. It is accomplished by an electric motor or by other motive
power and is controlled by manual or by automatic timing devices. The
operating cycle is of a predetermined frequency and should be so timed
as to insure a constant static pressure drop across the filter. The customary
resistance to air flow is 34-in. water gage at an air velocity of 500 fpm,
measured at the filter entrance. Automatic viscous filters are made up in
units which are delivered either fully assembled or in parts to be assem-
bled at the point of installation.

DRY AIR FILTERS .

Dry air filters, in which dust is impinged upon or filtered through
screens made of felt, cloth, or cellulose, are available in various types.
These filters require no adhesive liquid, but depend on the straining or
screening action of the filtering medium. Because of the close texture
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of the filtering media used in most of the dry filters, the surface velocity,
or velocity of the air entering the media, ranges between 10 and 50 fpm,
depending on the nature and texture of the fabric. This necessitates a
relatively large screen surface, and the filter media are usually arranged
in the form of pockets to bring the frontal area within customary space
requirements.

As in viscous unit filters, an average constant resistance and air volume
may be obtained by periodic reconditioning or renewal of the filter
screens, Since some materials suitable for dry filtering media are affected
considerably by moisture which tends to cause a rapid increase in resis-
tance, they should be treated or processed to minimize the effect of
changes in humidity.

Filters using felt and similar materials as filter media depend upon
vacuum cleaning for reconditioning. A special nozzle, operated from a
portable or stationary vacuum cleaner, is shaped to reach all parts of the
filter pockets. Permanent filter media should be capable of withstanding
repeated vacuum cleanings without loss in dust removal efficiency.
While most dry filters are cleaned by replacing an inexpensive filter sheet,
the useful life of these sheets often may be lengthened by vibrating or
vacuum cleaning.

INSTALLATION METHODS

The published performance data for all air filters are based on straight
through unrestricted air flow. Filters should be installed so that the face
area'is at right angles to the air flow whenever possible. Eddy currents
and dead air spaces should be avoided and air should be distributed
uniformly over the entire filter surface, using baffles or diffusers if neces-
sary.

The most important requirements of a satisfactory and efficiently
operating air filter installation are:

1. The filter must be of ample size for the amount of air it is expected to handle. An
overload of 10 to 156 per cent is regarded as the maximum allowable. When air volume is
subject to increase, a larger filter should be installed.

2. The filter must be suited to the operating conditions, such as deﬁree of air clean-
liness required, amount of dust in the enterinF air, type of duty, allowable pressure drop,
operating temperatures, and maintenance facilities.

3. The filter type should be the most economical for the specific application. The
first cost of the installation should be balanced against depreciation as well as expense
and convenience of maintenance.

_The following recommendations apply to filters and washers installed
with central fan systems:

. L. Duct connections to and from the filter should change size or shape gradually to
insure even air distribution over the entire filter area.

2. Sufficient space should be provided in front as well as behind the filter to make it
accessible for inspection and service. A distance of two feet may be regarded as the
minimum.

3. Access doors of convenient size should be provided in the sheet metal coanections
leading to and from the filters.

4. All doors on the clean air side should be lined with felt to prevent infiltration of

:. unclean air. All connections and seams of the sheet metal ducts on the clean air side

should be as air-tight as possible.
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8. Electric lights should be installed in the chamber in front of and behind the air fiter 8

- 8, Air washers should, whenever possible, be installed between the temperin, f
heating coils to protect them from extreme cold in winter time. Fring ands
7. Filters installed close to air inlet should be protected from the weather by suit:

able louvers, in front of which a large mesh wire screen should be provided.

8. Filters should have permanent indicators to give a warning when the filter re-
sistance reaches too high a value.
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PROBLEMS IN PRACTICE ) &

1 ® Assume a fan and duct system which handled 10,000 cfm through clean 4

filters with a system resistance of 0.8 in. of water and that after the filters have
become dirty the system resistance increases to 1.0 in. of water, and that the I
fan speed remains unchanged. Is there any way of predicting the volume of
air delivered after the filter becomes dirty? ¥

Yes. 1f the performance curves for the particular make of fan are available, the new
volume m%}s be determined from the resistance pressure curve. (Figs. 1, 2, 3 and 4,
Chapter 17.

2 ® What are the advantages of viscous filters?

The principal advantage of the viscous filter is its large dust holding capacity. The dust
accumulation is distributed through the depth of the filtering medium rather than upon

the surface as in the dry types, which makes it possible for viscous filters to handle -
heavy dust concentrations without excessive resistance. Since its efficiency and resis-

tance are based on maximum air velocities of from 300 to 500 fpm through the flter,

the viscous filter consumes the minimum amount of space for a given air'volume.

3 ® What are the advantages of dry filtera?

Dry filters are more efficient in the removal of fine dust particles from the air, and some
types will eliminate even as much as 60 per cent of the smoke particles. Dry filters also
are easily and conveniently maintained by vacuum cleaning, vibrating, or renewing the
filtering medium. °

4 @ If an air washer is used for cooling and humidity control in an air con-
ditioning system, is a filter needed?

An air filter is desirable in conjunction with an air washer because of the large amount of
soot in the air which, due to its greasy and amorphous nature, is not readily trapped in
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an air washer. Filters should be placed between the washer and the air intake so that
all the dirt will be collected at one point to simplifly maintenance and to protect all the
equipment in the system.

5 ® Is an air filter necded with an extended surface type heat exchanger? :

An air filter is essential with an extended surface heat exchanger in order to maintain its i
efficiency, for without this protection dust particles will adhere to the exposed surfaces,
and gradually build up a deposit to the point where the efficiency will be impaired and the
resistance increased by cestricting the air passage.

6 ® What is the proper location of a filter in relation to the fan?

A filter will operate equally well whether placed on the suction or discharge side of the
fan. [t has become standard practice, however, to locate the filter on the fan inlet side
because there it has: (1) simpler duct connections, (2) reduced static pressure losses,
(3) more even air distribution over the entire filter area. Where an exceptionally high
efficiency in dust removal must be maintained, it is often advisable to place the filter on
the discharge side of the fan so there can be no infiltration of unclean air.

7 ® What instruments and apparatus are required for determining the pollen
concentration in air by means of the settling method?

A microscope with a field of known area and a glass slide coated with a viscous material.

8 @ Describe the procedure for determining the pollen concentration in air by
means of the settling method.

A glass slide coated with a viscous material is placed for a period of 24 hours it a hori-
zontal position in the atmosphere to be tested. The slide is then removed and placed
under the microscope, and pollen counts are made of approximately 25 fields over the
area of the glass slide. Having determined the count over a definite area, as for example,
1 sq cm, and finding the settling rate of the average particles from the chart, Fig. 1, the
concenttation in parts per cubic yard can be calculated.

9 ® The resistance to air flow of a unit air filter is found to be 0.4 in. of water.
The volume of air passing through the filter is 1000 cfm at a velocity of 200 fpm.
What would be the filter area required in order to reduce the pressure drop
across the filter from 0.4 in. of water to 0.16 in. of water?

Referring to Fig. 3: The resistance is substantially proportional to the square of the
velocity, or

7 v
R, Vit
04 _ 200
0.16 Vi
Vit = 16,000
Vi = 128.5 fpm
Q@ =4V
- 1000 = 126.5 4
- 1000
A= 1365 = 791 sq ft

The filter area would be increased from 5 sq ft to 7.91 sq ft.

10 @ A ventilating system complete with filters has a fan which, when operating
.. at 400 rpm and delivering air at 1 in. of water total static pressure, requires an
> input of 3 horsepower. After the system operates for a time, the pressure drop
across the filter caused by the clogging action of the collected dust and dirt
-increases from 0.1 in. of water to 0.4 in. of water. To maintain the original
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rate of air delivery with the increased gtatic pressure, at what speedl . :
fan be run and what horsepower will be reqnil;ed? ? e

E
Static pressure after clogging of filter = 1 + (0.4 — 0.1) = 1.3 in. of watéf

The static pressure varies as the square of the fan speed. Therefore, if X is th f
. after the static pressure increases: .

~

AL 4

The horsepower varies as the cube of the fan speed. Therefore, if'Y is the home/r :
after the static pressure increases: 4

3 400
Y = 4.44 horsepower.

To maintain the original rate of air delivery with the increased static pressure,.the fan K
speed must be increased from 400 to 4568 rpm, and the horsepower from 3 to 4.44. -
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Chapter 21

INDUSTRIAL EXHAUST SYSTEMS

Classification of Systems, General Rules for Design, Suction

and Velocity Requirements, Hoods, Design of Duct Systems,

Collectors, Resistunce of Systems, Efficiency of Exhaust Systems,
Selection of Fans and Motors

OME type of exhaust and collecting system is necessary in almost every

industry and the present chapter attempts to give general information
relating to the design of factory cxhaust systems in order that efficient
and economical control of dusts and fumes may be achieved.

CLASSIFICATION OF SYSTEMS

There are two general arrangements, the central and the group systems.
1n the central system a single or double fan is located near the center of
the shop with a piping system radiating to the various machines to be
served. In the group system, which is sometimes employed where the
machines to be served are widely scattered, small individual exhaust fans
are located at the center of the machine groups. The group arrangement
has the advantage of flexibility.

Exhaust systems are also classified by the means employed to collect
dust or other material handled. The dust or refuse may be collected and

- controlled by enclosing hoods, open hoods, inward air leakage, or by
exhausting the general air of the room.

With some classes of machinery it is not feasible to closely hood the
machines and in these cases open hoods over or adjacent to the machines
are provided to collect as much as possible of the dust and fumes. This
class includes such machines as rubber mills, package filling machinery,
sand blast, crushers, forges, pickling tanks, melting furnaces, and the
unloading points of various types of conveyors.

The open hoods should be placed as close to the source of dust or fumes
as possible, with due regard to the movements of the operator. When the
hood must be placed at some distance above the machine it should be
large enough to encompass an area of considerable extent as diffusion is
usually quite rapid.

Consideration must also be given to the natural movement of the
fumes. For those that are lighter than air the hood should be over or
above the machine and where a heavy vapor or dust-laden air at ordinary
temperature is to be removed, horizontal or floor connections are required.

it is attempted to remove heavy dust such as lead oxides by an over-
head hood the conditions may be worse than if no exhaust were used at
all, owing to the rising air current carrying the dust up through the
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breathing zones. The objective to keep in mind in all cases is to take
advantage of the natural tendency of the material to move upward or
downward.

In another class of operation the main objective is to prevent the escape
of dust into the surrounding atmosphere, the removal of somé dust from
the machine or enclosure being merely incidental. The dust-creating
apparatus is enclosed within a housing which is made as tight as prac-
ticable, and sufficient suction is applied to the enclosure to maintain an
inward air leakage, thus preventing escape of the dust. While the exhaust
system is required to handle only the air which leaks in through the
crevices and openings in the enclosure, yet in many installations leakages
are very high and great care is required to obtain satisfactory results
with a system of this kind. The inward-leakage principle is utilized for

. controlling dust in the operating of tumbling barrels, grinding, screening,
elevating, and similar processes. .

Certain dust and fume producing operations are best carried on by
isolating the process in a separate compartment or room and. then apply-
ing general ventilation to this space. The compartment or room in which
the work is performed should be as small as is consistent with convenience
in handling the work. The ventilating system should be designed so
that a strong current of clean air is drawn across the operator, and away
from him toward the work, where the dust is picked up and carried
from the room.

GENERAL RULES FOR DESIGN

The first step in the design of an exhaust system is to determine the
number and size of the hoods and their connections. No general rules,
however, can be given since hood and duct dimensions are determined by
the characteristics of the operations to which they are applied. Wheén a
tentative decision regarding the set-up has been made, it is then necessary
to obtain the suction and air velocities required to effect control. At this
point the designer must rely upon the prevailing practice and on such
physical data relating to hoods, duct systems and collectors as are avail-
able. Finally, in choosing the fan, the area of the intake should be equal
to or greater than the sum of the areas of the branch ducts. The speed, of
course, must be sufficient to maintain the estimated suction and air
velocities in the system. [n general, the most important requirements of
an efficient exhaust and collecting systern are as follows!:

L. Hoods, ducts, fans and collectors should be of adequate size.
2. The air velocities should be sufficient to control and convey the materials collected.

3. The hoods and ducts should not interfere with the operation of a machine or any
working part.

4. The system should do the required work with 2 minimum power consumption.

5. When infammable dusts and fumes are conveyed, the piping should be provided
with an automatic damper in passing through a fire-wall.

6. Ducts and all metal parts should be grounded to-reduce the danger of dust ex-
plosions by static electricity.

(’;’. The design of an exhaust system should afford easy access to parts for inspection
and care.

tFor more detailed requirements see Safe Practice Pamphlets Nos. 32 and 37. published by the National
Safety Council, Chicago.

372




(Crrgorre 20 Teisrrtar [anavsr Syars

SULCTION AND VELOCETY REQUIRENMENTS

The temoval of dust o w <re Ly means of an exhaust hood requires a
movement ol air at the pes ool orgin sufficient to carry it to a col-
lerting <vstens, The air celaciies necessarvy to accomplish this depend
upon the phvsical properties of the material to be eliminated and the

Tanue | Stize oF CONNLCTIIONS FOR Woon-WoRKING MACHINERY

DiamueteER OF
Tyer 7 MACHING CONNRCTIONS IN
INCHES

Corc i sawy 2o dam . e e i
Cirov'at saws, 1224 in, diam. . o . .
( frendar saws, 20404, dam. C e e .
Band saws, Ma-de undet 2 0, weele
Ban-f zaws, Made 230 ta wide
Rared zawne, hlade A fin, wide |
Rand ~aws, blude G300, wide . e
Rand saws. blade 5.6 in. wide .. P
Small motfeers it cean s B
Single cud tenoners . L s o
Double end tenoners .
Double end, douhle head tenoners., rern e e
Planers, matchers, moulders, sticker-, joiaters, ete,—
With knives, 6-1000 . .. . .
With knives, 1020 in. .. .
\With knives, 20-30 in.
Shapers, leht work.. ... e
Shapees beave woark o oL L
et arder, bell less thaa 6o, wie - L.
Reit gsaneder, bell 6210 . wide C e e
Belt sander, belt 10-14 in. wide . .. e
e gander, 3 in . P .
Dram sander, 30 in . e . . P
g sander, 36 in, . PR
Nrgm sapder, fsm, .. 0 L .
Disim sander, over §R40, e
Pee sander, M om, dam,
[he sander, 2636 in. diaa,,, N
Mize sinder, 3648 in. chiam, . P
Are o =ander L

O 00D e Db

p—

y—
WD ONMSION I

drrection and speed with which it i theown off. I the dust to be removed
-~ already in motion. as is the case with high-speed grinding wheels, the
loeed ghould be installed in (ke path of the particles so that a minimum
axt aolpue mav be used eHestively. 1t is always desirable to design and
focate a boad «o that the vesume of air necessary to produce results is as
sizall as pessilsg.

e statie stetion at the €+ - -0 a haad is frequently used in practice
as 4 mweasuee Af the elieetivero-o D cnat-al, This is of considerable v alue
wrere exhauet avstems adapled to particular operations have been
stavdapdzed by paactice. Thbdea Tand 2 present the duct sizes usually
en e T soandged wordd woseking miachinery and for grinding and
bufine wheels, Static pressures which n practice have been faund
PCressary G sontrol and canvey yarious materials, are given in Table 3.
It must he remembered, however, that the suction is merely a rough
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TABLE 2, SizB ov CONNECTIONS FOR GRINDING AND BurrinG WHEELS

GrinpiNG M";i by
DIAMETER OF WRHRELS s"‘t““ 0;"::?:3
In, Incuss
Grinding—
6 in. or less, not over 1 in. thick 19 3
7 in. to 9 in., inclusive, not over 114 in. thick...... © 43 3%
10 in. to 16 in., ¢ @« 2 in. * . 101 4
17 in. to 19 in., “ € & 3 in. Y .. 180 414
20 in. to 24 in., “ “ % 4 qn. *_L 302 5
25 in. to 30 in., “ “a B 5 in. Ll 472 8
Buffing—
6 in. or less, not over 1 in. thick 19 31
7 in. to 12 in., inclusive, not over 134 in, thick...... 57 4
13 in. to 16 in., “ @ 2 qn, ¢ .. 101 414
17 in. to 20 in., “ @« 3 in, * L 189 5
21 in. to 27 in., “ € & 4 qn, * .. 338 [}
27 in. to 33 in., ¢ “« % 5 in. % . 518 7

measure of the air volume handled and consequently of the air velocity at
the opening of the hood. The elimination of any dusty condition requires
added information concerning the shape, size and location of the hood
used with regard to the operation in question.

In some states grinding, polishing and buffing wheels are subject to
regulation by codes. The static suction requirements, which range from
1V3 to 5 in. water displacement in a U-tube, should be followed although
in several instances they may appear to be excessive. Frequently, in
these operations, a large part of the wheel must be exposed and the dust-
laden air within the hood is thrown outward by the centrifugal action of
the wheel, thus counteracting useful inward draft. This tendency may
be diminished by locating the connecting duct so as to create an atr flow
of not less than 200 fpm about the lower rim of the wheel.

Iixact determinations of hood control velocities are not available, but
it is safe to assume that for most dusty operations they should not be less

TasLE 3. SucTioN PrESSURES REQUIRED AT Hoobs

Sratic Svcrion i

Tire or InstarLation Incars or Warsr

Exhausting {rom grinding and buffing wheels.....coiee. 114-5
Exhausting from tumbling barrels . .. 2
Exhausting from wood-working machinery—light duty...._...... e 2
Exhausting from wood-working machinery—heavy duty 2-4°
Shoe machinery exhaust............ 2-3
Exhausting from rubber manufacturing processes.... oo earcreneanecaes 2
Flint grinding exhaust. 2
Exhausting from pottery processes. 2
l.ead dust and fume eXRaUSt. . .cweecerrorsrrersavereencs crevenen . 2-4
Fur and felt machinery exhaust 2-3
Exhausting from textile Machinery. . oo cieeeccnnies e 2-3-
Exhausting from elevating and crushing machinery.......... rrvevaerevtnacrns 2
Coaveyiang bulky and heavy materials.. .o s oo 3-5
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than 200 (Ha at the paint of origin,  For granite dust generated by
preumatic devices, Hateh ot al- give velocities from 150 to 200 {pm,
depending an the tvpe of haod used, as sufficient for safe controf. Con-
sidering the character of the industry. air velocities of this order may be
extended to similar dusly operations.  The method for approximately
determining these velocities m (erms of the velocity at the hood opening
is given below.,

HOODS

No set rule can be given regarding the shape of a hood for a particular
operation. hut it is well to remember that its essential function is to create
an adequate velocitv distribution. The fact that the zone of greatest
effectiveness does nat extend laterally from the edges of the opening may
frequently be utilized in estimating the size of hood required. Where
camplete enclosure of a dusty operation is contemplated, it is desirable to
leave enough free space to equal the area of the connecting duct. Hoods
far grinding, polishing and buffing should fit closely, but at the same time
should provide an easy means for changing the wheels. It is advisable to
desigh these hoods with a removable hopper at the base to capture the
heavy dusts and articles dropped hy the operator. Such provisions are of
assistance in keeping the ducts clear. Air volumes used to control many
dust discharges may often be reduced hy eflective baffling or partial
enclosure of an operation. This procedure is strongly urged where dusts
arc directed heynnd the zone of influence of the hood.

Axial Velocity Formula for Hoods

W hen the normal fow of ait into a hoad is unobstructed, the following
formula may be used to determine the air velocity at any point along
the avis,

0.1
¥

"=

‘..:03

- ¢))]
where

Vo= velocity at paint, {eet per niinute.
4w arca af enening, square feot,
Y e dhsbance atong axis, feet.

- enalune of ab handled, cubic feet per minute.

Velacity Contonurs

It i« peasihile by use of a speciallv constructed pitot-tubet to map
cartaurs of equal velacty s any axial plane located in the field of in-
Queree T bas heen faund (hai the pesitions of these contours for any
hoaet < av b evpressod as pereenlages of the veloeity at the hood opening
md e prarely functinns of the <hape of the hood®,

atek, Theadoare Drinker, Phdip a0d Chinate Satah P, Caontrol of the Siticosis Hazard in the Hard
fﬂck induct=es 1A Labaratary Study ~f the Design of Dust Conlrol Systems for Use with Pneumatic
vary'e Cotiag Tana  (Tournai of Tndustvial Hygiene, Vol X11, No 3, March, 1930)

" (’,3'5 e Cattre b af ferasttaai Dast, by Jo MO itaValle Sfechantcal Eugineersng. Vol. 55, No. 10. October,

Citegelies s Lre Degrgas Local Fehuast Hoaode by b M DaliaValle and 1 heodore Hatch (TRANSACTIONS
ATME V- g e

L Nalaay Characrersties of Hoods andet Suctaan, oy}
Vel ae (a3
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Further. the velocity contours are identical for similar hood shapes
when the hoods are reduced to the same basis of comparison. These facts
are applicable to all hood problems so that when the velocity contour
distribution is known, the air flow required can be determined. Fig. 1
shows the contour distribution in two axial planes perpendicular to the
sides of a rectangular hood with a side ratio of one-half, The distribu-
tion shown is identical for all openings with a similar side ratio provided
the mapping is as shown in the figure. The contours, of course, are
expressed as percentages of the velocity at the opening.

Fi6. 1. VeLocity CONTOURS FOR A RECTANGULAR OPENING WITH A SibE RATIO OF
Oxr-Hatr,. CON1OURS ARE EXPRESSED AS PERCENTAGES OF THE
VELOCITY AT THE OPENING

Air Flow from Static Readings

The volume of air flow through any hood may be determined from the
foilowing equation:

Q = 4005 fa v T L@
where

Q = volume of air How, cubic fcet per minute.

=
il

= ureq ol connecting duct, square feet.
I - stalic suction at throat of hood, inches of water.

f = onfice of restriction coefficient which varies from 0.6 to 0.4 depending on the
~hav ot the hoad.
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Vg vt of Q07T although Tor acwell-<haped opening a value
ot vsmny bheuseds The facton Cis determined o the equation:

e @)

Ill

whe e # e the vedaciiy head in the connecting duet.,

The tetm <delie suctron is nol a good measure of the effectivencss of a
heod yedess the avca of the apening and the location of the operation with
ceepe e the hood e known, Thiwis clearly indicated by Fquation 1
whed eows that the veladity at any point along the axis varies inversely
a= i areq af the openmg and the square of the distance. However, this
fortta coupled with Taguation 2 should serve Lo indicate the velocity
eandstiong (o be expecied when operations are conducted external to the
bl nenng

Large Open Hoods

Larce hoode, «ach as are used for clectroplating and pickling tanks,
shau | be auliehivided o the arca of the connecting duct is not less than
ane-tsiteenth of the open arca of the haood.  Frequently, it will be found
neceszary ta branch the main duct in order to obtain a uniform distri-
butic n of flow.  Caropy hoods should extend 6 in. laterally from the tank
for every [2-n. elevation, and wherever possible they should have side
and rear aprons 50 as to prevent short circuiting of air from spaces not
ditect's aver the vats or tanks. In most cases. hoods of this type take
advatage ol the natural tendeney of the vapors to rise, and air velocities
may Lo kepUlow. Cross dralts Tram open doors or windows disturb the
tiee o2 the vapors and therefare provision must be made for them. The
ar velacities required also depend upan the character of the vapors given
ot cumde fumes, (o example, requiring an air velocity of approxi-
mates 78 Ipmoon the surface of the tank and acid and steam vapors
tepneie Ve itics as low as 20 (o 50 fpm. The total volume of air flow
neec-~a'y fo bt these velodities may be approximately determined
fren e {oliowiig <stmple formula:

Q - 14DV 4)

where

{ = total volume of air handled hy hood, ¢lm.

P s persmeter of the tank, feet.

I = dhistsee hetween tank and hoad opeaing. feet.
iox s veec ty devred along edpes and surfaze of tank. fpm

Pateral Eahaust™Systems

Flo Ttesar exha s mothad, as develeped for chromium plating®, is
bl i many instanices o preterence Lo the canopy type hoods.
e wethad makes use of diawing air aad fumes laterally across the top
Al can o ki g slntted ducis af the rop and estending fullyv along
e e tiate siddes o the fetke, The <lafg are 2 10, wide and {or effective
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ventilation a 2,000 fpm exhaust air velocity at the slot face is advisable.
In addition, the duct should not be required to draw the air laterally for
a distance of more than 18 in. and the level of the solution should be kept
6 to & in. below the top of the tanks.

Flexible Exhaust Systems

The flexible exhaust tube method may be advantageously used for
removing dust or fumes. Flexible tubes having one end connected to an
exhaust system and a slotted hood attached to the other end may be
shaped at will to fit in with industrial processes without affecting the ease -
of operation. Efficient dust or fume removal may be had with use of
relatively small exhaust volumes. This type of system may be used on
swing grinders, portable grinding wheels, soldering operations, stone
cutting, rock drilling, etc.

Spray Booths

In the design of an efficient spray booth, it is essential to maintain an
even distribution of air flow through the opening and about the object
being sprayed. While in many instances spraying operations can be
performed mechanically in wholly enclosed booths, the volatile vapors
may reach injurious or explosive concentrations. At all times the con-
centrations of these vapors, and particularly those containing benzol,
should be kept below 100 parts per million. Spray booth vapors are
dangerous to the health of the worker and care should be taken to mini-
mize exposure to them. .

It is recommended in the design of spray booths that the exhaust duct
he located in a harizontal position slightly below the object sprayed.
Stagnant regians within the booth should be carefully avoided or should
be provided with exhaust. ‘The air volume should be sufficient to main-
tain a velocity of 150 to 200 fpm over the open area of the booth, and the
vapors may be discharged through a suitable stack to permit dilution, but
it is> better practice to pass the fumes or vapors through baffle type
washers o scrubbers designed {or efficient spray fume removal’,

Hoods for Chemical Laboratories

Hoods used in chemical laboratories are generally provided with
sliding windows which permit positive control of the fumes and vapors
evolved by the apparatus. Their design should offer easy access for the
installation of chemical equipment and should be well lighted. Air
velacities should exceed 50 fpm when the window is opened to its maxi-
mum height.

DUCT SYSTEM DESIGN

The duct system should be large enough to transport the fumes or
material without causing serious obstruction to the air flow. It is good
practice to proportion the ducts to obtain the desired velocities and
suction pressures at the hoods, although in many cases only an approxi-
mation.to an ideal design is possible. Many exhaust hoods, and par-

“Far A discassion -f spray booths, sce Special Balletin No. 16, Spray Paintingin Pennsylvania, Depart.
ment of U iher and tadustry, 1926, Hainsburg, Pa.
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ticularlv those used in buffing and polishing, are connected by short
branch pipes (o the main duct which renders proportioning impractical.

Couslruction

The ducts feading from the houds to the exhaust fan should be con-
structed of ~heet metal not lighter than is shown in Table 4. The piping
shauld be free fram dents, ins and projections on which refuse might
catch,

All permanent circular joints should be lap-jointed, riveted and sol-
dered, and all longitudinal joints cither grooved and locked or riveted
and soldered. Circular laps should be in the direction of the flow, and
piping installed out-of-doors should not have the longitudinal laps at the
bottom. Every change in pipe size should be made with an eccentric
taper fat on the bottom, the taper to be at least 5 in. long for each inch
change in diameter. All pipes passing through roofs should be equipped
with collars so arranged as to prevent water leaking into the building.

The main trunks and branch pipes should be as short and straight as
possible, strongly supported. and with the dead ends capped to permit
inspection and cieaning. Al branch pipes should join the main at an

Tantt 4 Gack s Snert Metan 10 88 Usep FOR Various Duct DIAMETERS

Duuerer or Doer Quar or Merar

0
|
i
¥
1

<in ot jese

e e s A 24
Qo Iyin e 22
(Q (125 . 20
i o mare L L L e e 18

acute angle, the junction being a( the side or top and never at the bottom
of the main  Branch pipes should not join the main pipes at points where
the material from e hranch would tend to enter the branch on the
appasite side of the main,

Cleannut opening having suitable covers should be placed in the main
and branch pipes <o that every part of the system can be easily reached in
case Lhe systety clogs. Lither a large cleanout door should be placed
in the main sucticn pipe near the fan inlet, or a detachable section of
pipe. held in place b teg bands, mav he previded.

Vibow o <hoeded Te nea be a® deast two gages heavier than straight pipe
af the same Jlar.cter, the Hetter to enahie them to withstand the addi-
torat wear canscd by banaog the ditection of iow. They should pref-
erably kave a thred radius of at least one ard ane-half times the diameter
of the ppe.

Frery pipe sheuld Lo kept cpen and unobstructed throughout its entire
lencth, and no fised soreen should be placed in it, although the use of
atrap at the juncbon « f the hnod and branch pipe is permissible, provided
it is not allowed - il up completely.

The passicg of pec through fire-walls should be avoided wherever
possible, and sween.un cenpections should be so arranged that foreign
matertal cannal e casily introduced into them.
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TabLE 5. AIr Speeps 1IN Ducts NecessAry 1o CoNvey VARIOUS MATERIALS

Marzrnn A Varocrrms
{rex}
Grain dust.. 2000
Wood chips and shavings.... 3000
Sawdust : 3 2000
Jute dust 2000
RUDDET QUSE enneeeeeecevvreeererennvernriessnsnsnrens 2000
Lint 1500
Metal dust (grindings) 2200
Lead dusts. 5000
Brass turnings (fine) 4000
Fine coal 4000

At the point of entrance of a branch pipe with the main duct, there
should be an increase in the latter equal to their sum. Some state codes
specify that the combined area be increased by 25 per cent. While this
is not always necessary and is frequently done at the expense of a reduced
air velocity, it is none the less advisable where future expansion of the
exhaust system is contemplated.

Air Velocities in Ducts

When the static suction has been fixed for a given hood, the air velocity
in the duct may be determined from Equation 2. Air velocities for
conveying a material should be moderate. Table 5 gives the velocities
generally employed for conveying various substances. Equations 5a and 5b
may be used as tests to determine the conveying efficiency of a system?.
Velocities determined from these formulae should be increased by at least
25 per cent since they represent the minimum at which a stated size and
density of material can be transported.

s

For vertical ducts: V = 13,300 T do.570 (52)

For horizontal ducts: vV = 6000 ;._i_l. do.3 (5b)
where ’

V = air velocity in duct, feet per minute.

s
d

Exemple 2. Granular material, the largest size of which is approximately 0.37 in. in
diameter, with a specific gravity of 1.40 is to be conveyed in a vertical pipe the velocity
of the air in which is 4100 fpm; find whether the material can be transported at this
velocity.

specific gravity of particles.
average diameter of largest particles conveyed, inches.

Substitute data in Equation 5a and multiply by 1.25:

v = 125 X 13,300 X ;—'E X 0.370.8

Antilog (0.57 X log 0.37) = 0.568; the required velocity is, therefore, 5500 fpm.

tDallaValle. J. M.: Dctermining M:cimum Air Velocities for Exhaust Systems. (AS.H.V.E. Jourpal
Section. {lcating, Piping and Afr Condiioning, Scptember, 1932).
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TasLe 6. Loss Throven 90-Dec Eneows

Ervow Centenr Live Resivs 1v Pen Crvt Loss v e Cenr or Vevoctrr iean
or Mpr. Disse-ten

|
I

50 { 75
[

100 26
150 17
200 to i) 14

Hence. the duct velocity must be increased either by speeding up the fan or decreasing
the diameter of the duct, or both.

Duct Resistance

The resistance to ow in any galvanized duct riveted and soldered at
the joints may be obitained from Fig. 3, Chapter 20. The pressure drop
through elbows depends upon the radius of the bend. For elbows whose
centerline radii vary from 50 to 300 per cent of pipe diameter, the loss may
he estimated from Table 6. It is sometimes convenient to express the
resistance of an elbow in terms of an equivalent length of duct of the same
diameter. Thus with a throat radius equal to the pipe diameter the
resistance is equivalent to a section of straight pipe approximately 10
diameters long, while with a throat diameter radius 114 times the dia-
meter, the resistance is about the same as that of seven diameters of
straight pipe.

COLLECTORS

The most common method of separating the dust and other materials
from the air is to pass the mixture through a centrifugal or cyclone
collector. In this tyvpe of collector the mixture of the air and material
is introduced on a tangent, near the cylindrical top of the collector, and
the whirling motion sets up a centrifugal action causing the compara-
tively heavv materials suspended in the air to be thrown against the side
of the separator, from which position they spiral down to the tail piece,
while the air escapes through the stack at the center of the collector.

The diameter of the cyclone should be at least 314 times the diameter
of the {an discharge duct. When two or more separate ducts enter a
cvclone, gales should be provided to prevent any back draft through a
system which may not be operating. Cyclones working in conjunction
with two or more fans should be designed to operate efficiently at two-
thirds capacity rating. The following formula is useful in computing the
loss through a cyclone when the velocity of the air in the fan discharge
duct is known: .

=013 (/) 6
he = 0. ( 100-0) ®)
witere

he
v

If

the pressure drop through the cyclone. inches of water.
the air velocity in the fan discharge duct, feet per minute.

[}

[

cyclone is used to collect light dusts such as buffing wheel dusts,
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feathers and lint, the exhaust vent should be large enough to permit an
air velocity of 200 to 500 fpm. This will, of course, require a cyclone of
larger dimensions than given for the foregoing general case.

When a high collection efficiency is desired, or the material is very fine,
multicyclones may be used. These are merely small cyclones arranged in
parallel which utilize the principle of high centrifugal velocity to attain
separation. The capacities and characteristics of this type of separator
should be obtained from the manufacturers.

Cloth Filters

Filters are used when the material collected by an exhaust.system is
valuable or cannot be separated efficiently from the air with an ordinary
cyclone. They are also employed when it is desirable to recirculate the
air drawn from a room by the exhaust system, which otherwise might
entail considerable loss in heat. Bag filters which are properly housed
may be operated under suction. Bag houses used in the manufacture of
zinc oxide and other chemical products are operated on the positive
side of the fan.

Wool, cotton and asbestos cloths are commonly used as filtering
mediums. When woolen cloths are employed, the filtering capacities vary
from 14 to 10 cfm per square foot of filtering surface, depending on the
character of the material collected. The rates for cotton and asbestos
cloths are lower. The type of filter cloth and the rates of filtration
depend, of course, on the material to be collected and the fan capacity.
The time increase of resistance varies with the amount of material per-
mitted to build up on the surface of the filter and can be determined only
by experiment, The limits of the increase may be regulated by adjust-
ment of the shaking or cleaning mechanism. These limits may be
regulated further according to the capacity of the fan and the effective
performance of the hoods and the duct system.

For additional information on Dust and Cinders, see Chapter 15,
Air Poliution, p. 293. .

RESISTANCE OF SYSTEM

The maintained resistance of the exhaust system is composed of three
factors: (1) loss through the hoods, (2) collector drop, and (3) friction
drop in the pipes.

The loss through the hoods is usually assumed to be equal to the suction
maintained at the hoods. The collector drop in inches of water is given
approximately by Equation 6, but where possible the resistance of the
particular collector to be used should be ascertained from the manu-
facturer.

Friction drop in the pipes must be computed for each section where
there is a change in area or in velocity. Find the velocities in each section
of pipe starting with the branch most remote from the fan. The friction
drop for these sections can be determined by reference to Table 6. Total
friction loss in the piping system is the friction drop in the most remote
branch plus the drop in the various sections of the main, plus the drop
in the discharge pipe.
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EFFICIENCY OF EXHAUST SYSTEMS

The efficiency of an exhaust system depends upon its effectiveness in
reducing the concentration of dusts, fumes, vapors and gases below the
safe or threshold limits®,

Too much emphasis cannot be placed on the necessity of testing exhaust
systems frequentty by determining the concentration of atmospheric con-
tamination at the worker's breathing level. Commonly accepted values
of threshold limits for the usual gases and vapors are given in Table 7.

SELECTION OF FANS AND MOTORS

Manufacturers generally provide special fans for the collection of
various industrial wastes. These are available for the collection of coal
dust, wood shavings, wool, cotton and many other substances. For

Tapre 7. Turesuorp Livirs or CoMMON VApors AND GAses?

e urmn e e i st

| -
Lo MAxtMomM
. Seec. GRuv. IxrLanmante P LOGICAL A
h e e om 4 e = v i e e ia] .
Chlorine . . .. . ... | 2.486 I non-inflamm. irritant 0.35
Ozone. .. g 5.5 ! do do 0.80
H)l'dlrm,;enl chl:;ridc - }'307;6 ; (}0 go }88
Sulphur dioxide . 22038 | do o .
Carbon monexide . | 09071 1 i?‘Zé asphyxiant 100.(1)30
) . i ! C 3-n

Sé‘:‘,rgfee (USRS S B S anesci(l?letic 183?0
Methanol K 1.1 [ 7.5-26.5 do 100.0
Carbon tetrachloride : 4.3 { non inflamm. do 100.0

| . ‘

eTaken fram The Prevention of Occupational Dissases, by R. R, Savers and J. M. DallaValle (Me-
chartecal Fongrneering, Vol 37, No. §, Aprd, 1935)-

particular features concerning special fans, consult the Caflalog Data
Section of Tur Guine and manufacturers’ data. When substances
having an abrasive character are conveyed, the fan blades and housing
should be protected from wear. This may be accomplished by placing a
collector on the negative side of the fan or by lining the housing and
blades with rubber.

lf no future expansion of an exhaust system is contemplated, the fan
motor should be chosen to provide the calculated air volume. Should,
however, the exhaust system be required to handle more air in the
future, the motor should be adequate for the maximum load anticipated.
Further information regarding the choice of fans and motors is given in

Chapters 17 and 42.
PROTECTION AGAINST CORROSION

The removal of gases and fumes in many chemical plants requires that
metals used in the construction of the exhaust system be resistant to

193:(;.nleri.l for tndustrial Eaxtuust Systems, by J J Bloomfield (A.S.H.V.E, TraANsAcTIONS, Vol. 40,
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TABLE 8. MATERIALS To BE USED FOR THE PROTECTION or
Exgaust SysteMS AGAINST CORROSION®

Tyes or Foue Converzp ProtEcTIvE Mataaul 1o 3% Ussp

ChIorine. ... omueevermeecersereseed Rubber lining or chrome-nickel alloys

Hydrogen sulphide | Aluminum coated iron, aluminum, high chrome—nickelalloy'
i 1 Iron or steel

.| High chrome-nickel alloys

.| Rubber lining, chrome-nickel alloys

| Nickel-chrome alloys

Sulphurous gases.
Hydrochloric acid..
Nitrous gases...

sCondensed from data given by Chilton and Huey (Industriol and Engineering Chemistry, Vol. 24, 1933),

chemical corrosion. A list of the materials which may be used to resist
the action of certain fumes is given in Table 8. Hoods and ducts when
short, may frequently be constructed of wood and be quite effective.
Rubberized paints are available and may be applied as protective coatings
in handling such gases and fumes as chlorine and hydrochloric acid.

PROBLEMS IN PRACTICE

1 ® What determines the efficiency of an exhaust system?

It is dependent upon its effectiveness in reducing the concentration of dust, fumes,
vapors and gases below the safe or threshold limit.

2 @ Are state regulatory requirements as to suction applicable to all sorts of
dust collecting inatallations?

As a rule the regulations refer only to grinding wheel and buffing wheel systems.

3 ® What is the most common method of reducing total air volumes handled
in cases employing large hoods over apparatus covering a large area?

The use of the petticoats on large hoods which permits a comparatively high air velocity
at the rim of the hood and controllably small velocities in the center.

4 ® What other types of collectors are available for use in the place of cyclone
and filters when chemical and physical conditions obviate the possibility of the
use of them?

Devices such as scrubbers and contactors, using water or other contacting liquids, ant
electrical precipitators.

5 ® What is the most frequent error made in dust collector system design?

The omission of some means of putting into the workroom air having the proper charac
teristics to replace that which has been exhausted.

6 ® Are there available means for testing the performance of dust collectin
systems when they are required to meet high industrial hygienic standards

Yes. Such means are sct up by the United States Public Health Service and by th
Standard Code for Testing and Rating Air Cleaning Devices Used in General Vent
lation \Work. (Chapter 44).

7 ® Why is it nol permissible to connect up emery wheels and buffing wheels t
the same exhaust system?
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Emery wheels and buffing wheels should be handled by separate systems because of the
fire hazard. as it is possible for sparks from the emery wheels to ignite the lint and dust
. from the buffing wheels when both are carried through the same system.

8 @ Give an important characteristic of centrifugal type dust collectors which
should be given consideration when applying this type of collector to instal-
lations requiring high separating efficiencics.

The separating action of a cyclone or centrifugal type collector depends largely on
centrifugal force  Reducing the radius of air low increases the centrifugal force for a
wven velocity of flow. Accordingly, the smaller size units usually give higher separating
actors, and better results can sometimes be obtained by using a number of small col-
lectors instead of one large unit.

9 @ Mention some general suggestions relating to the design of efficient in-
dustrial exhaust systems.

o. Endeavor to obtain a maximum degree of effectiveness with a minimum volume of air,
by the use of well designed hoods closing in the sources of fumes or material to be removed
so located as to take advantage of the natural direction taken by the fumes or materials
when leaving their source.

b. Give particular care to the velocity of flow. The duct velocities for material con-
veying systems must be high enough to properly carry the material, but they should not

be higher than necessary because excessive velocities increase the pressure requirements
and result in a waste of power.

¢. Select the type of {an best suited to the job. For installations where stringy material
is handled do not use a fan wheel which has a shroud.

d. When handling the refuse from various machines, study the grouping and operating

cycles of the machines. Connecting a large number of machines into one system is
frequently very uneconomical.

e. Avoid unnecessary distances and bends in laying out the piping system.

10 ® The static pressure measured at the throat of a buffing wheel hood is 2 in.

and the velocity head measured with a Pitot tube is 1.6 in. Calculate the
restriction coefficient f.

From Equation 2, V = 4005 f v/ ht.
From the theory of air flow, V = 4005 \/ h.
Hence. V/ hy = f Ve
or
fe o B o2 A5 s
ST N T Y20 c

1He A taok, 4 ft by 8 ft, contains a Auid which gives off injurious vapors. A
large hood is located 30 in. above the top of the tank and extends slightly over
its edges. Assuming that a velocity of 60 fpm is required to adequately control
the vapors near the edges of the tank, calculate the air flow required.

Using Equation 4, P = 2 X 4 4+ 2 X 8 = 24 ft; D = 30 inches = 2.5(t: V = 60 fpm.

Hence, 0 = 1.4 X 24 X 2.5 X 60 = 5040 cfm.

’lghc Silica dust with a specific gravity of 2.65 is being conveyed in a duct system.
¢ ¢ velocity measured in a vertical portion of the system is found to be 2700
Pm. What is the maximum diameter particle transported at this velocity?
2.65

Using Equation 5a, 2700 = 13,300 X 3.65

X d0,510
from which )
. d = (0.2811.7% = 0.11 in.
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13 @ What important factors must be considered in the determination of
resistance for an exhaust system?

The maintained resistance of an exhaust system is composed of three factors,
él) loss through the hoods, (2) {riction drop through the pipe system, and (3)' c’:)?l':cetlg;
rop. )

14 @ What special materials may be used to resist chemical corrosion in »
system exhausting gases and fumes?

Various protective materials are available for exhaust systems depending largely u

the type of {umes conveyed. Nickel-chrome alloys, aluminum coated metals g\d{ubm
linings are extensively used. Also protective rubberized paints are available which may
be applied for conveying chlorine and hydrochloric acid fumes.
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