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CHAPTER 28

r
JPoiiulion

Classification of Air Impurities, Dust Concentrations, Air 
Pollution and Health, Occlusion of Solar Radiation, Smoke 
and Air Pollution Abatement, Dust and Cinders, Nature's 

Dust Catcher

THE particulate 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 silks, 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.

CLASSIFICATION OF AIR IMPURITIES
The most conspicuous sources of atmospheric pollution may be 

classified in various ways, as dusts, fumes and smoke. In Fig. 1, the 
classification is by particle size, but recent practice favors differentiation 
by method of formation. Thus, dusts are composed of particles produced 
by disintegration of larger material, as by crushing or grinding, whereas 
fumes are produced by condensation, and smoke consists of the finer 
carbon particles resulting from incomplete combustion. Similarly, mists 
are formed by the breaking up of liquids and fogs by condensation of 
vapors. There is as yet, however, no general agreement on these terms.

Dusts tend to settle without agglomeration, fumes to aggregate and 
smoke to diffuse. Particles which approach the common bacteria in 
size—from 1 to 10 microns—are difficult to remove from air and are apt 
to remain in suspension unless they can be agglomerated by artificial 
means. The term fly-ash is applied to solid ashy material, usually finely 
divided, that is a constituent of the effluent gases from coal-fired furnaces. 
Cinders denote the larger solid constituents which may be entrained by 
furnace gases.

Particles larger than 10 microns are unlikely to remain suspended in 
air currents of moderate strength, but settle out by gravity at speeds 
dependent upon the shape, size and specific gravity of the particle and 
upon the wind velocity. These larger particles are of major interest to 
the engineer in the solution of nuisance problems; on the other hand, it is 
mainly the smaller particles that are of hygienic significance. A notable 
exception to this size limitation in the latter case is the common hay-fever 
producing pollen such as that from ragweed. Pollen grains may be any­
thing from fragments 15 microns or less in diameter to whole pollens 25 
microns or more in size.
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CHAPTER 40

<3^ndu6triai ddxhctudt St^dlemd

Classification of Systems, Hood Design Principles, Require­
ments for Suction and Velocity, Duct System Design, Col­
lectors, Resistance of System, Efficiency of Exhaust Systems, 

Types of Fans, Protection Against Corrosion

IN many industries some type of exhaust system designed to collect and 
remove dusts and fumes is essential to the efficiency, economy, and 

safety of operation. General design information is included in this 
chapter which is intended to relate primarily to industrial exhaust 
systems,

CLASSIFICATION OF SYSTEMS
In general there are two basic layouts of exhaust systems, the central 

and the multiple unit system. In the central system a fan is located near 
the center of operations with a piping system radiating to the various 
machines to be served. In the multiple unit system, which is sometimes 
employed w-here the machines to be served are widely scattered, or where 
the operations are apt to be independent or intermittent, small individual 
exhaust fans are located at the center of the machine groups or at each 
machine. The unit arrangement has the advantage of flexibility.

Exhaust systems are also classified by the means employed to collect 
the material. The dust or refuse may be collected and controlled by 
enclosing hoods or open hoods with positive inward air movement or by 
exhausting the general air of the room. With some classes of machinery 
it is not feasible to hood the machines closely 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, meriting 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 and should 
be placed so that the operator is in no case in the path of the exhausted 
material. When the hood must be placed at some distance above the 
machine it should be large enough to cover a large area as diffusion is 
usually quite rapid.

Some consideration should be given to the natural movement of the 
fumes. For those that are lighter than air, the hood may be over or above
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the machine; and where a heavy vapor, or dust-laden air at ordinary 
temperature is to be removed, horizontal or floor connections are some­
times preferable. In many cases there are convection currents and other 
atmospheric disturbances in the work room which should be given con­
sideration. These disturbances diminish the tendency of dusts and fumes 
to settle from the room air because of their density.

In another class of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, the removal of some dust from 
tiie 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 tffie 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 cunent of clean air is drawn across the work in such a manner as to 
carry the dust or fume away from the operator and out of the work space. 
Another method of accomplishing the control of this type of installation 
is the dilution method. In this case sufficient clean air is introduced 
generally into the work space to dilute the contamination to a safe level.

HOOD DESIGN PRINCIPLES
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. When 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. The fan speed must be sufficient to maintain the estimated suction 
and air velocities in the system. In general, the most important require­
ments of an efficient exhaust and collecting system are1:

1, Hoods, ducts, fans, motors and collectors should be of adequate size and type.
2, The air velocities should be sufficient to control and convey the materials collected.
3. The hoods and ducts should be placed so as not to interfere with the operation of a 

machine or any working part.
4. The system should do the required work with a minimum power consumption.

1 Koi more detailed requirements refer to Fundamentals Relating to the Design and Operation of Exhaust 
Systems. Z9-193fi (Amertean Standards Association). Industrial Code Bulletin Nos. 10 and 12 (New York 
Stale Labor Department). Principles of Exhaust Hood Design, by J. M. DallaValle (U. 5. Public Health 
Service. 19391.
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5 When inflammable 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.

7. The design of an exhaust system should afford easy access to parts for inspection 
arid care.

REQUIREMENTS FOR SUCTION AND VELOCITY
The removal of this! or waste by means of an exhaust hood requires a 

movement of air at the point of origin sufficient to carry it into a collecting 
system. The air velocities necessary to accomplish this depend upon the 
physical properties of the material to be eliminated and the direction and 
speed with which it is thrown off. If the dust to be removed is already 
in motion, as is the case with high-speed grinding wheels, the hood must 
be installed in the path of the particles so that a minimum air volume 
may be used effectively. It is always desirable to design and locate a 
hood so that the volume of air necessary to produce results is as small as 
possible. This will reduce the size of equipment and power required by 
the system and also the heating load requirements in the winter.

Air Flow from Static Readings
The static suction at the throat of a hood is frequently used in practice 

as a measure of the effectiveness of control. Where the hood coefficient 
is known the volume of air flow through any hood may be determined 
ftom the equation :

0 = 4005//I V'"A( (1)
U'hi'i c

(l = volume of air flow, cubic feet per minute.
A = <ucm of connecting duel, square feet.
h, - -t.ilic suction measured 3 diameters from throat of hood, inches of water.
/ - orifice or restriction coefficient which varies from 0.6 to 0.9 depending on the 

shape of the. hood.

An average value of /is 0.71. although for a well-shaped opening a value 
of 0.S may be used The factor / is determined from the equation:

wiiote lu is the velocity head in the connecting duct.
The sialic station is not a good measure of the effectiveness of a hood 

unless the area of the opening and the location of the operation with 
re.-peet to the hood are known. This is clearly indicated by Equation 3 
w Inch shows that the velocity at any point along the axis varies approxi­
mately inversely gk the square of the distance. However, this formula 
coupled with Equation 1 should serve (o indicate the velocity conditions 
to be expected when operations are conducted external to the hood 
opening.
Design Based on Total Air Flow

Where the foregoing factors are not known, the usual method of 
designing an exhaust svstem w to base the air flow through the system on
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Table 1. Rates of Flow Through Branch Pipes Woodworking Machines

Pipe Diameter. In. Air Volume, Cfm

3 1 200
4 ! 350
5 550
6 soo
7 • l 1100
8 i 1400

Table 2. Branch Pipe Size for Woodworking Machine Hoods

Type of Machine

Size. In.
No. OF 

Branches

Minimum Diameter. In.

Min. Max. Bottom
Branch

Top
Branch Others

Self feed table saw 2 5 4

Other single saws 18
18 1

1
4

. 5
Saws with Dado Head 1 5

Band saws 2
3

2
3
6

2
2
2

4
5
5

4
4
5

Disc sanders
18
26
32
38

18
28
32
38
48

1
1
2
2
3

4
5
4
5
5

4
4
4 4

Triple drum sanders 30
36
42

30
36
42
48

1
1
1

7
8
9

10

Single drum sanders:
(aiea in sq in.) 350

700
1400

350
700

1400
2800

1 43

5
6
7

Horizontal belt sanders 9
9

14
2 1 5 ! 4
2 | 6 j 4

Veiiica! belt sanders
! 6

6 : 9
9 ■ 14

1 1 4 ;1 1 5 '
1 | 6 |

Jointers 8
S

20
1
1

4
5

Single planers 20
26

20
26
36

1
1
1

5
r>
7

Tenoner 2 5 5

a Not over 10 in, diameter.
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Table 3. Rates of Plow Through Branch Pipes Grinding and Buffing Wheels

Pipe Oiameter, In Air Volume, Cfm

3
4
5
6 
7

225
400
600
900

1200

rates of flow through each hood which have been found by experience to 
provide adequate control. For woodworking systems the rates of flow- 
given in Table 1, calculated on the basis of a branch velocity of 4000 
fpm, are adequate for control. Using these air flow rates, Table 2 gives 
the size of pipe connections to be used with the more common wood­
working machines. Properly designed grinding and buffing wheel hoods 
have been found to be adequately controlled when the rates of air flow- 
given in Table 3, calculated on the basis of a branch velocity of 4500 
fpm, are used. Table 4 gives the minimum branch pipe sizes to be used 
on the more common sizes of grinding and buffing wheels.

In some stales grinding, polishing and buffing wheels are subject to 
regulation by codes. (See Standards Chapter 48.) The static suction 
requirements, which range from 1)4 to 5 in. water displacement in a 
(7-tube, must be followed in such states 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 counter­
acting useful inward draft. This tendency may be diminished by locating 
the connecting duct so as to create an air flow of not less than 200 fpm 
past the lower edge of the wheel.
Controlling Air Velocities

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

Tam f. 4. Branch Pipe Sizes for Grinding and Buffing Hoods

TvpfcO* WHDi.

Grinding

Disc Grinding

Ruffing Polishing and 
Scratch Urtn-hing

WHfeEL 5(/Jv 
Diameter. In. Maximum

! vMir, Max. Width
In.

Area * Sq In. <
, 9 7 ~ 30 ;
i 9 18 3 175 j
• 18 24 4 300
' 24 30 5 500
| 30 36 6 700 \
• 20 300 i

20 30 *•* !
1 8 2 so ;
i 8 16 3 150
1 16 24 4 300 1
. 24 30 1 0 600 1

Branch Pipe 
1 Minimum Diameter, 

In.

zy
4
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than 200 fpm at the point of origin. For granite dust generated by 
pneumatic devices, velocities from 150 to 200 fpm, depending on the type 
of hood used, are recommended as sufficient for safe control1. Con­
sidering the character of the industry, air velocities of this order may be 
extended to similar dusty operations. The method for approximately 
determining these velocities in terms of the velocity at the hood opening 
is given in Equation 3.

No set rule can be given regarding the shape of a hood for a particular 
operation, but it is well to remember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Where 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for 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 
design these hoods with a removable hopper at the base to capture the 
heavy dust and articles dropped by the operator. Such provisions are of 
assistance in keeping the ducts clear. Air volumes used to control many 
dust discharges may often be reduced by effective baffling or partial 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood.

Axial Velocity Formula for Hoods
When the normal flow of air into a hood is unobstructed, Equation 3 

may be used to determine the air velocity at any point along the axis*:

Y - o-1 Q
+ 0.1 A

where
f = velocity at point, feet per minute.
Q = volume of air handled, cubic feet per minute. 
x = distance along axis, feet.

A = area of opening, square feet.

(3)

Velocity Contours
It is possible by use of a specially constructed Pitot tube4 to map 

contouis of equal velocity in any axial plane located in the field of in­
fluence. It has been found that the positions of these contours for any 
hood can be expressed as percentages of the velocity at the hood opening 
and are purely functions of the shape of the hood5.

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

‘Control of the Silicosis Hazard in the Hard Rock Industries. I. A Laboratory Study of the Design of 
Dust Control Systems for Use with Pneumatic Granite Cutting Tools, by Theodore Hatch* Philip Drinker 
and Sarah P Choate. <Journal of Industrial Hytienc, Vol. XII, No. 3. March, 1930).

‘The Control of Industrial Dust, by J. M. DallaValte (Mechanical Entinecrint, Vol. 55, No. 10, October, 
1933).

‘Studies in the Desien of Local Exhaust Hoods, by J. M. DallaValie and Theodore Hatch (A£.M.E. 
Transactions, Vol 54. L932).

•Veloutv Characteristics of Hoods under Suction, by J. M. DallaValie (A.S.H.V.E. Transactions, 
W 38. 1032. p 387;
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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.

Low Velocity Systems
On multiple installations of the same operation it is often possible to 

institute a great saving in power cost by designing an exhaust system

Fig. 1. Velocity Contours for a Rectangular Opening with a Side Ratio of 
One-Half. Contours are Expressed as Percentages of the 

Velocity at the Opening

using low velocities in the main ducts. Such a system for use in grinding 
and shaping porcelain has been described®. In these operations, the 
separate machines are grouped around a central plenum chamber and 
exhausted by means of a low pressure fan connected to the plenum. In 
this case a .power saving of over 90 per cent was obtained. A similar 
design technique has been described7 for use in ventilating plating tanks.
Large Open Hoods

Large hoods, such as may be used for electroplating and pickling tanks, 
should be sub-divided so the area of the connecting duct is not less than

•Low Velocity Exhaust Systems, by Theodore Hatch (Heating and Ventilating, October, 1940, p. 27). 
’Tank Ventilating Power Costa Cut by Low Velocity Systems, by William B. Harris (Heating and 

Ventilating, July. 1942. p. 42).
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one-fifteenth of the open area of the hood. Frequently, it will be found 
necessary to branch the main duct in order to obtain a uniform distri­
bution of flow. Canopy hoods should extend 6 in. laterally from the tank 
for every 12 in. elevation, and wherever possible they should have side 
and rear aprons so as to prevent short circuiting of air from spaces not 
directly over the vats or tanks. In most cases, hoods of this type take 
advantage of the natural tendency of the vapors to riset and air velocities 
may be kept low. Cross drafts from open doors or windows disturb the 
rise of the vapors and therefore provision must be made for them. The 
air velocities required also depend upon the character of the vapors given 
off, cyanide fumes, for example, requiring an air velocity of approxi­
mately 75 fpm on the surface of the tank and acid and steam vapors 
requiring velocities as low as 25 to 50 fpm. The total volume of air flow 
necessary to obtain these velocities may be approximately determined 
from the equation:

Q = 1.4 PDV (4)

where
Q = total volume of air handled by hood, cubic feet per minute.
P = perimeter of the tank, feet.
D = distance between tank and hood opening, feet.
! ' = air velocity desired along edges and surface of tank, feet per minute.

Lateral Exhaust Systems
The lateral exhaust method, as developed for chromium plating*, is 

applicable in many instances in preference to the canopy type hoods. 
The method makes use of drawing air and fumes laterally across the top 
of vats or tanks into slotted ducts at the top and extending fully along 
one or more sides of the tanks. The slots are 1 in. wide and for effective 
ventilation a 2000 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 8 in. below the top of the tanks.

It has also been determined that a similar control may be used for tanks 
wider than 3 ft when the same velocity (2000 fpm) is maintained through 
a slot which is increased yi in. for every foot of width greater than 3 ft. 
When these slots must be extended more than 6 ft in length some method 
of spreading the flow is necessary to provide even air flow distribution 
through the entire slot length. This can be accomplished by tapering the 
slot, which incidentally will add to the resistance of the system. A more 
economical approach is to place properly spaced vanes in the side ducts, 
or to branch the side ducts9.

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

‘Health Hazards in Chromium Plating, by J. J. Bloomfield and William Blum (U. 5. PubtU Health 
Report. Voi. 43. No. 26. September 7. 1928).

•New Data for Practical Design of Ventilation for Electroplating, by W. P. Battista, Theodore Hatch 
and Leonard Grecnburg {Healing, Piping and Air Conditioning, February. 1941. p. 81). Ventilation of 
Plating Tanks, by Allen D. Brandt (Heating, Piping and Air Conditioning. July. 1941. p. 434).
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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 

t 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 well below 100 parts per million in the breathing zone of 
the worker. Spray booth vapors are dangerous to the health of the 
worker and care should be taken to minimize exposure to them.

It is recommended in the design of spray booths that the exhaust duct 
be located at the end of the booth opposite the opening. In front of this 
duct should be placed baffle plates which will cause a uniform air velocity 
distribution across the frontal area. The air volume should be sufficient 
to maintain a velocity of not less than 100 fpm over the open area of the 
booth (150 fpm is preferable where benzol or lead is present in the paint)

1 and the vapors should be discharged through a suitable stack to permit
dilution. It is good practice to pass the fumes or vapors through baffle 
type washers or scrubbers designed for efficient spray 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 
velocities should exceed 50 fpm when the window is opened to its maxi­
mum height.f
Kitchen Hoods

The length and width of kitchen hoods should be such as to extend 
beyond the extreme projection of the ranges, broilers, etc., over which 
they are installed. The minimum projection or overlap should be 12 in. 
Where space conditions permit, range hoods should be about 2 ft high so 
as to provide a reservoir to confine momentary bursts of smoke and 
steam until the exhaust system can evacuate the hood. As in the case 
of industrial hoods, range hoods should be located as low as possible to 
increase their effectiveness.

In general the amount of air to be exhausted from restaurant range 
hoods is at the rate of 100 fpm per square foot of face area. Thus, a hood 
4.5 ft wide by'30 ft long has a face area of 135 sq ft, which multiplied by 
100 fpm velocity results in a total air quantity to be exhausted of 13,500 
cfm. In some cases where the application is principally frying and where 
it is not practical to install a hood 2 ft high it is recommended that the face 
velocity be increased from 100 to 150 fpm, depending on peak load con­
ditions in the kitchen. Exhaust connections to range hoods should 
always be made at the top and back of hoods, and should be spaced pref-
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erably not more than 6 ft apart and be rectangular in shape with the 
long side parallel to the back of the hood. Exhaust openings into range 
hoods should be designed to maintain a velocity of 1500 to 1800 fpm.

An approved fire damper with fusible link should be (and is required 
by code in many states) installed in the main exhaust duct or branch 
adjacent to the range hood. Should there be more than one hood con­
nected to a common duct, then the branch duct to each hood should be 
provided with a fire damper. Access doors should be provided at the fire 
damper for purpose of inspection, cleaning or for renewal of fusible link. 
All exhaust piping to range hoods, commonly called grease ducts, should 
be provided with tight fitting cleanout doors of adequate size to permit 
easy removal of grease.

Hoods over steam tables should be of similar construction to range 
hoods. In determining the necessary amount of air to be exhausted it is 
considered good practice to design such hoods with a face velocity of 60 
to 70 fpm. Hoods over dishwashing machines are usually relatively small 
and generally 1500 to 2000 cfm per hood is allowed, which is equivalent 
to a velocity of approximately 100 fpm per square foot of face area. 
Range hoods in diet kitchens are constructed the same as restaurant range 
hoods but with less exhaust air per square foot of face area, depending 
upon the nature of the food cooked.

Hoods are not often used in private residences unless they are quite 
large and the consideration of expense is not important. For such 
residences the hoods should be designed on the same basis as diet kitchens. 
Most all residence kitchens can be effectively and economically venti­
lated by the installation of a built-in kitchen ventilator, which should be 
located in an outside wall and in close proximity to the kitchen range. 
It has been found that the capacity of the built-in kitchen ventilator 
should be at least 350 cfm regardless of the size of kitchen. This can be 
justified on the basis that the smaller the kitchen the more concentrated 
the heat will be thus requiring a more rapid rate of air change. Standard 
size built-in kitchen ventilators are generally available in three sizes, 
namely 350, 500 and 800 cfm. The proper size to use will depend on 
design conditions and available wall space.

DUCT SYSTEM DESIGN

In designing a duct system it is necessary to recognize a few funda­
mental principles (see also Chapter 32). Knowing the quantity of air 
required, the size of the duct may be computed from Equation 5:

A = (S)

where
A — cross-section area of duct, square feet.
Q = air quantity to be handled by the duct, cubic feet per minute.
V = velocity of air, feet per minute.

Air Velocities in Ducts
Where it is necessary to transport the particulate material collected in 

an exhaust system, minimum carrying velocities must be maintained in the
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Table 5. Gages of Metals for Exhaust System

Duct DtAMsm,
In.

Gags or Mstal

Dust Non-Corrosive Fumes,
Vapors and Gases

8 or less.................................... 20 24
9 to 18..................................... 18 22

18 to 30..................................... 16 20
30 or more..... ........... ............. . 14 18

ducts preceding the collector. It has been found that good design results 
when air velocities in horizontal runs are not less than 3000 fpm or not 
greater than 5000 fpm. When the dust being carried is organic and other 
than wood flour, or similar material, a velocity of 2500 fpm is adequate. 
The velocity in vertical piping should be increased 25 per cent over the 
minimum required for transport in horizontal ducts.

For duct systems wherein the air has no dust or solid load, a lower 
velocity is desirable, which may range from 1200 to 2000 fpm. In view 
of the fact that the horsepower required by a system depends directly 
on the resistance and the resistance is a function of the velocity, eco­
nomical design requires velocities of this magnitude.

The equal friction method is generally used for designing a duct system 
as this insures equal resistance to air flow in all branches throughout the 
system (see Chapter 32). Long main ducts do not generally provide the 
most economical layout. Where it is necessary to ventilate a large number 
of machines, or machines which are widely separated, it is desirable to 
locate the fan at approximately the center of the system. With this 
arrangement it is possible to choose a fan which will deliver the required 
air quantity against a lower resistance pressure, and this will generally 
result in a horsepower saving.

When a system carrying dust is designed with an oversize main duct to 
allow for future extension, the air velocity may be found to be too low to 
carry the dust, and serious plugging may occur. In this case it is desirable 
to install an orifice in the end of the pipe to allow for the lower air quantity.

Construction
The ducts leading from the hoods to the exhaust fan should be con­

structed of sheet metal not lighter than is shown in Table 5. The piping 
should be free from dents, fins and projections on which refuse might 
catch.

All permanent circular joints should be lap-jointed, riveted and sol­
dered, and all longitudinal joints either 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 flat on the bottom, the taper to be at least 4 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
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possible, strongly supported, and with the dead ends capped to permit 
inspection and cleaning. All branch pipes should join the main at an 
angle of not greater than 45 deg, the junction being at the side or top of 
the larger end of a transformation piece. Branch pipes should not Join 
the main pipes at points where the material from one branch would tend 
to enter the branch on the opposite side of the main.

Cleanout openings having suitable covers should be placed in the main 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed in 
the main suction pipe near the fan inlet, or a detachable section of pipe, 
held in place by lug bands, may be provided.

Elbows and hoods should be made at least two gages heavier than 
straight pipe of the same diameter, in order to enable them to withstand 
the additional wear caused by changing the direction of flow. Elbows 
should preferably have a throat radius of at least one and one-half times 
the diameter of the pipe.

Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of 
a trap at the junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. The passing of pipes through fire­
walls should be avoided wherever possible, and floor sweep connections 
should be so arranged that foreign material cannot be easily introduced 
into them.

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 good practice and is frequently done at the expense of a 
reduced air velocity, it is often done where future expansion of the exhaust 
system is contemplated.

Duct Resistance
The resistance to flow in any galvanized duct riveted and soldered at 

the joints may be obtained from Fig. 2, Chapter 32. 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 
be 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 times the dia-

Table 6. Loss Through 90-Deg Elbows

Elbow Center Line Radius in Per Cent 
of Pipe Diameter Loss in Per Cent of Velocity Head

50 75
100 26
150 17

200 to 300 14
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meter, the resistance is apparently 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 col­
lector. In this type 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 comparatively 
heavy 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 3.5 times the diameter 
of the fan discharge duct. When two or more separate ducts enter a 
cyclone, gates 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.

If a cyclone is used to collect light dusts such as buffing wheel dusts, 
feathers and lint, the exhaust vent should be large enough to permit an 
air velocity of 200 to 500 fpm. This will 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, 
multi-cyclones 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.

Dust 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 
should 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, and paper are commonly used as 
filtering mediums. When woolen cloths are employed, the filtering 
capacities vary from Yi 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 permitted 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 adjustment 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.
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For additional information on dust and cinders, see Chapter 29, 
Air Cleaning Devices.

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 1 
drop in the duct system.

The loss through the hoods is usually assumed to be equal to the suction 
maintained at the hoods. Where possible the resistance of the particular 
collector to be used should be ascertained from the manufacturer.

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 and 
Fig. 2, Chapter 32. 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.

Dusts and Mists*

Fumes Milligrams per
Cubic Meter

0.1 ’
1 Chlorodiphenyl............. ...................... .............. ......................

Lead or oxides of lead..................................................... -......
1.0
0.15
0.1
0.5
5.0

15.0

Dusts Million Particles per 
Cubic Footo

5
100
100

0.15«
6c

100
5

10
• Silica (less than 10 per cent free silicon-dioxide)........................ 100

Mists j Milligrams per
j Cubic Meter

0.1
_________1 5.01

aAdaotcd from Safe Concentrations of Certain Common Toxic Substances Used in Industry, by M. 
Bowditch, C. K. Drinker. P. Drinker. H. A. Haggard, and H. Hamilton (Journal of Industrial Hytiene and 
Toxicology* Vol, 22. No. 6. June, 1940). Industrial Code Bulletin No. 35 (New York State Labor Depart* 
ment). Study of Aabestosis In Asbestos Textile Industry (U. S. Public Health Bulletin No. 241. 1938). 
Chronic Manganese Poisoning in an Ore Crushing Mill (£/. 5. Public Health Bulletin No. 247, 1940). 

bDetermined by light field or equivalent technique.
^Milligrams per cubic meter.
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Table 8. Corrosion Resisting Materials for Exhaust Systems*

AClDb

MATERIAL
Kamo Chromic Hrotto-

CHLORIC
Hroao*
FLUORIC Nmuo Phos*

mottle.
BtrL-

Kiuitoua
8tJL“

rffURto

Merits Dil|Cono. DiL|Cone, DiLjConc. DU, jCone. DiL Coac. DiL | Cone. DU. jCone. DU.} Cone.

Aluminum.,,-. Good Fur Poor No Data Poor Good Poor Poor Poor

Magnesium and Alloy*___ No Data Good j Poor No Data Poor1 Good
j

No Data No Data No Data No Data

Lead and Lead-Coated___ Poor Good Poor Poor Poor Poor Good Good Poor

Moly Alloy (60 Ni—20Mo 
-20 Pe)________________ Good No Data Fur No Data Poor Poor No Data Good

Monel Metal,, Pair Poor Ftlrj Poor CrOOdd Fair Poor Fair Poor Good«{Poor

Bronze_____ Poor Good

Silicon Iron,.., Pur | Good No Data F»ir Poor Good Good No Data Good

Stainless Steele (18 Cr- 
SJWJw________ ....... Good Good Poor No Data Good Poor Good

PoocLood.

Enameled fltori-,,—-------- No Data No Data Good Poor Good Poor No Data Good

MzscsuAimooa

Aibeatos Comp Good except against strong adds and alkalies

Wood—
Rubber.

Plastics.

Some woods ere decomposed or softened faster than others.

Poor

la general plasties resist weak acids and are decomposed by concentrated add.

Poor

^Standard Practice Sheet No. 115 (Division of Industrial Hygiene, Nevr York State labor Department). 
bAcid mists in air are more corrosive than as liquid in storage tank. Galvanized iron not resistant to 

d.
cStainlese steel of (24 Cr—10 tfi) fairly resistant at low temperature for Hd and Hx POi. 
dUnder most conditions.
CAt room temperatures.

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 limits10.

Too much emphasis cannot be placed on the necessity of testing exhaust 
systems frequently by determining the concentration of atmospheric con­
tamination at the worker’s breathing level. Commonly accepted values 
of threshold limits for usual atmospheric contaminants, such as fumes, 
dusts and mists-are given in Table 7. Similar data covering gases and 
vapor will be found in Chapter 28.

TYPES OF FANS
Manufacturers generally provide special fans for the collection of 

various industrial wastes. These are available for the collection of coal

••Criteria for Industrial Exhaust Systems, by J. J. Bloomfield {A.S.H.V.E. Transactions, Vo!. 40, 
1934. p. 353).
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dust, wood shavings, wool, cotton and many other substances. 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.

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 
chemical corrosion. A list of the materials which may be used to resist 
the action of certain fumes is given in Table 8. Hoods andducts, 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.
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