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50 fpm for light actlvlty in a fixed position, and partlcu.l&rly
when the individual is seated at a desk or bench. The maxi-
mum velocity around the worker should not exceed 200 fpm
for continuous exposure. With o high work level and inter-

(relief stations), velocities of 1000 to 2000
fpm have been used successfully. Great care must be exercised
in using such high velocities, however, to avoid the undesirable
effecta of air at high temperature.

Ordinarily the temperature of the air supplied to the
worker for convective cooling should be about 80 ¥. Evapo-
rative cooling ventilation systems will usually provide this.
Preferably, the air should be directed to the front and .torso
of the body. Impingement on the back of the head, neck,
and shoulders zhould be minimized. The supplied air may
require tempering in winter to raise it to an acceptable
temperature. However, in areas of high heat load, the tem-
perature of the air supplied during the winter may have to
be lower than room temperature to provide adequate relief
for the worker.

People vary oonsxdembly in their tolerance to air mohon,
temperature, and humidity, and this tol varies with
the season. It is essential, therefore that the air supply out—
let.e for most local relief
in & ion, and permit in ou'.let velocity. A level
of air motion which feels comfortable and refreshing in hot

r may feel di ble and drafty in the winter.

Types and Design Requirements of Systems

The supply air can be provided by local man-cooling fans;
by outdoor air introduced directly or aiter dehumidification
or cooling (evaporative or mechanical) ; and by binati
of outdoor and recirculated air exther direct or after con-
ditioning, as required.

Local man-cooling fans should be used with caution other
than in fight heat-load areas where the ambient temperature
is below the skin temperature. In particular, where there is
an elevated ambient temperature with or without high radi-
ation load, the high velocity may add considerably to the
convective heat load and thus seriously increase the demand
for sweating and evaporative cooling.

A relief system employing outdoor air is to be preferred
over man-coolers and will provide excellent relief in many
industrial areas. However, when the outdoor air temperature

ds the akin the direct supply of outdoor
air iz obvi duced in ch a system is
properly used only in geographical areas where the periods of
hot westher are of short duration.

In geographic areas where outdoor humidities do not
exceed 50 percent relative humidity at high daytime tem-
peratures an evaporative cooling system offers greater relief
for the worker in that the discharge air temperature can be
lowered (within five degrees of the wet-bulb temperature)
to obtain adequate convective body cooling. The sensible heat
gain by the discharge air (through mixing) in a properly
designed system will be sufficient to reduce the relative hu-
midity (and vapor pressure) of the supply air and thus per-
mit the necessary evaporative loss from the worker’s skin,
Generally the supply of evaporatively cooled air should not
exceed 20 to 50 percent of the total ventilation through the
building. So limited, the relative humidity will be kept low
enough to avoid distress to the workers and rusting of equip-
ment under most weather conditions in the United States.
For information on the design of evaporative cooling systems,
see References 5 and 6 and Chapter 41.
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An air supply with mechanical refrigeration offers the
greatest relief. Such systems are expensive in first cost and
this has retarded their use. However, air supply with me-
chanical refrigeration is finding greatly increased use in pre-
cision work and testing areas, in areas requiring constant
ambient conditions for product uniformity or control, and
where the increased efficiency of the worker is reflected in a
reasonable return on the investment.

1t is essential that the outdoor air, (with or without cool-
ing) be brought as directly as feasible to the proximity of the
work station. Impingement upon hot equipment or mixing
with hot ambient air should be minimized. Supply ducts
passing through hot areas shouid be insulated. The use of
aluminum ducts will minimize heat gain from radiant sources.
For large work areas provided with a high rate of ventilation
the local relief can best be obtained by locating the gutlets

. as close to the floor as possible, consistent with the work and

structural interferences.

Design of Outlets for Local Relief

In the design of ouﬂefs for loca.l relief it 13 of great im-
portance to the veloc-
ity, discharge volume, and oontml oi du'ectzon The influence
of these items will be discussed in the paragraphs which
follow.

Location. The outlets should be kept as close to the worker
as possible in order to minimize mixing with the warmer
air in the space. In most areas the outlets can and should be
brought down to the 7-ft level. Outleta at floor level can be
used with success in many cases.

Discharge Velocity. The discharge velocity may be as high
as necessary to obtain the desired velocity at the work
station, as outlined above. Qutlet velocities of 3000 to 4000
fpm may be necessary for remotely located outlets. Velocities
of 1000 to 2000 fpm are the most frequently used for low
outlets (at the 7-ft level). When the supply air is cooled,

the velocity through an outiet directly at or over the worker

must be k6p'. low (around 50 fpm). It should be kept in mind
that these are for conditions of max-
imum heat load. For more moderate weather and ambient
conditions the workers will desire to reduce the velocities.
Outlet dampers for velocity control (in the direction of the
worker) should always be provided. The control must be
designed so as not to reduce the ventilation for the space.

Discharge Volume. The outlet volume required will vary
widely, depending upon whether the system is designed to
prowde lughly lomhzed cpot cooling or is to provide general

izeable work area. G il

to 2000 cfm per - station wﬂl be adequate for moderate loads
and 3000 cfm per station for higher loads such as at hot
metal furnace stations. With remate outlets large air volumes
are required to insure adequate relief because of the mixing
of the supply air with the warmer surrounding air through
which it i8 projected. The air stream from a large outlet will
maintain an appreciable core of au' at the oniginal supply
from the outlet.
Small outlets and slot outlet.s have smal.l cores which are
rapidly dissipated In amall encl or
semi-enclosures (shields agamst radiant beat, for instance)

perforated panel supply ouﬂem are very effective for me-

h cooled 1 of their low induction
characteristics, For further information on outlet design and
the throw and induction characteristics, see Chapter 20.

Control of the Industrial Environment

Conirol of Direction. With very few exceptions, direc-
tional outlets are necessary in order to maintain ventilation
or make-up air to the space even when thé workers do not
wish to have the air directed into their work zones. In this
way, the air can be directed down in the summer when it is
needed, and.up in the winter for ventilation, heating, and
make-up purposes. It will be possible, too, to direct the air
toward one or another work station as needed. From the
production standpoint, directional control may be necessary
to direct the relief ventilation 50 as not to disturb the product
or upset the performance of local exhaust hoods.

Types of Outlets for Local Relief

A few of the different types of outlets are shown in Fig. 3.
In most cases, volume control is kighly desirable. Directional-
izing and damper control should be designed for easy ad-
justment from the floor by chain, sash cord, or pole. Where

ROUND-COULD HAVE
UMY sLiR JOINT HERE

™

Y 2N
) ouT
v

[\

iLtp 5O
b a

.f\ - -y

NAVY. TYPE "€ MODIFIED.

ODIRECTIONAL VERTICALLY:

OIRECTIONAL HORIZ,
ROOF SUPLY
oaMPER AN

g MOTORIZED f—\—\
oanecns Dy N
P omT
=N OPERATED
FROM FLOOR €

b )// NN
DIRECTIONAL

\GANG LOWVERS,

DFFUSER-~
- CHAIM OR POLE OPER-
ouTLer  ATED FAOM FLOGR

s

SUMMER -WINTER
DIRECTIONAL VERTICALLY FOR. MAKE -UP AIR

Fg. 3....Directional Ouﬂets for Spot Cooling

& constant total volume of supply ma.ke—up 2ir must be
Maintained, an outlet similar to £ will permit volume adjust-
tment to the work zone without reducing the total air supply
to the building area. A double deflection grille is available
with gang-operated, horizontal face bars (ammu- to D) to
accomplish the desired objective by directing the air down to
the work gone or toward the . Such a grille could be
instalied on outlet F. Outlets 4, B and C could be used
without dampers for these appli ve
means of supplying summer relief air is shown in G. Easxly-
adjusted diffusers, which will provide a flat or down-blast
air discharge pattern, are available.

Where overhead i are not ible b of
structural interferences or other dxfﬁculty outlets near the
floor may be used. These may be in the form of grilles located

n7

in pilasters, control panels, tables, equipment, or in the fioor
itself. Such outlets have been quite successful in welding and
foundry areas and at the work locations in kitchens,

CONTROL OF ENVIRONMENTAL GASES AND
VAPORS, DUSTS, AND FUMES
In general, the systems for the control of these atmos-
pheric contaminants in industrial plants will be of three
- types:
L . Local ezhaust qn'.uvru will be mdwar::dwhere the con-

by low or imperceptible air motion, or where the oont.s.mmmt
dust, mist, or fume requiring a capture velocity exceeding

isa
25 fpm. of this ype:fntem discussed in Chapter 52,
dml.lnoc further treated in this chapter, ! P

sjystem employmg the dilution method will usua.[ly be
d points

di .. e o h

the area.
3. Combmahon of local ezhaust and dilution methods is often
ce well di d exhaust or re-
moving fmm the space that partion of the contaminstion losd
which is susceptible to such treatment, will often reduce greatly
- the air volumes required for dilution purposes. The choice of
the type of mystem should be mede on the basis of economic

mparisons.

Design of Dilution Systems

The first step in the design of a system employing the
dilution method is' to determine as exactly as possible the
nature and extent of the contaminating load. This will often
be difficult, and may require const.rucmn of pilot pmdueuon
models. ben, h , the ired data will be
from production murds showmg the weight or volume rate
of loss of the contamumtmg agent to the atmosphere, or it
may be esti d from parallel of ions in other plants, or
by applying experienced engineering judgment. However ob-
tained, the determination of the nature and ma.gmtude of the
contaminating losd is an indispensable step in the proper
desngn of the corrective system. Desigrs based on number
of air changes per hour, or otber rule-of-thumb methods, are
hopelessly madeq\me and lead mther to unsuccessful opera-
tion or to and ily high cost of installati

1. Guua and Vapors. Once havmg established the nature and

f'.h load, it is rarely necessary to
agents from the atmosphere.
For cases mvolvmg dxﬁus:ble “For or gns conm:nmama, maxi-

mum

tered gases and vapors have been wtabhshed and thae data

are Hb\zh]ted in C}mpter 7. Froim'.hthue data, and t.be prevxously
te of o

the volume of air required {o dilute the additi w t.ol rabl

level can be calculated by the equation: on 10 & tolersbie

Q, X 106 -
A — (RAC) ®

Q=
where

= quantity of air circulated, cubic feet per minute.
Q- = rate of generation of contaminant, cubic feet per
minute.

MAC) = i Howabl

pp: by vol-

ume.
(8AC) = concentration in supply sir, ppm by volume.

‘The rate of ion of the ¥ vapor will ofien
be available as a weight or volume of hqj evapomuad into
the space per unit time. These may be converted to the units
of Equation 9 by applying the principle that a pound-mol of 8




