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proved environment by control of some or all of the space
conditions of temperature, humidity, air motion, and air
purity (dust, fume and vapor removail). Such systems can
also provide needed make-up air and, by proper design, heat
recovery and conservation. To provide the best yield on the
investment, the systems must be effective, should be usable
throughout the year, and must provide as much control of
space conditions as practicable. This requires a high order of
design technique and experience. General ventilation may be
provided by the following methoda:

1. Natursl supply and natural exhaust.

2. Natursal i::rply and mechanical exhaust,

3. Mechan supply and natural eshaust.

4. Mechanical supply and exhaust.

Properly designed and applied, each of these systems will
give good results. Some of the factars that must be idered
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The quantity  must include all internal heat from syl
sources as equipment, process, lights, occupancy, and solq,
and roof transmission gains,

Ventilation is often expressed as cfm per square foot. This
relationship also fails to evaluate the actual heat relief pr.
vided by a system, but it does give a relationship which i
independent of building height. This is a more rationa} ap.
proach because, with the same internal load, the same amount
of ventilation air, properly applied to the work zone with
_Adequnte velocity, will provide the desired heat relief quite
independently of the ceiling height of the space, with few
exceptions. Ventilation rates of 13§ to 3 cfm per sq ft have
been found to give good results in many plants having internal
loads of 100 to 125 Btu per sq ft. A rate of 2 ¢fm per sq ft is
common in many such plants.

Iy the -

in the selection and design are:
1. No supply system is lete without a i ing ex-
haust system, nor can any exﬁnustvsystem be effective without

specific provision for the make-up air.

2. Simple general ventilation systems are not eatisfactory for
most work areas unless the climste is cool, and the intemnal heat
loads, work loads, and worker population are low. -

3. To provide effective general ventilation for heat relief by
either natural or mechanical supply, the air must be delivered to
the work zones with appreciable air motion as described under
Local Relief, and sufficient exhaust must be provided to remove
the l‘xent Liberated in]etbe space. In laddiﬁon to the heat relief
supply systems, supplementary supply air may be required for
this purpose (see the section Roof Ventilators),

4. Natural ventilation is best applied to high narrow buildings
bn.vmgesuﬂiue.ut heat load to create convective air flow, Care
must be taken to avoid dead air spaces at the center of the build-
ing. See Chapter 24 of the 1961 Guine Axp Data Boox.

5. Mechanical ventilation must be used to supply air to wide
low bulldmis, particularly where there is insutficient localized

> fol atural exhaust

convective force available. N may be suitable for
such and in many cases will be adequate. -
6. Supply air and exhaust air are nof interch ble in

Freq Q! of the fume and dust exhayst
systems for make-up air will set the supply air rates. These
may range up to 5 or 6 cfm per sq ft and in rare cases, over 15
cfm‘ per sq ft. For high rates two types of systems may be
desirable: (1) to provide the low level distribution and velocity
essential for heat relief in the work zones, and (2) & simple
system with minimum distribution, such that make-up ai
may be provided without disturbance at hoods and process,

Roof Ventilators

Rm_i ventilators are basically heat escape ports located in
the high section of a building and properly enclosed for

weather-tightness. Stack-draft effect plus some wind indue.

t_ion are the motive forees for several common designs of con-
tinuous ventilators and round ventilators. The latter can be
eqxupp_ed with fan barrel and motor, thus permitting gravity
operation, or motorized high capacity operation, at will.
Two other main designs are available: one is the low-type
vept:latox which consists essentially of a stack fan with a

=ﬂmﬁv'v_q. Supply air ean be delivered where it is wanted at
ty, and humidity. Exhaust systems

must be used to eapture heat and fumes at the source.

Air Requirements for Adequate Ventilation

The ruls-of-thumb criteria for ventilation such as air change
rate, temperature rise and ¢fm per square foot are meaningless
for providing effective heat relief unless the specific rate is
established by means of successful existing systems, similar in
all pertin pects to the p d installation. These cri-
teria, properly interpreted, do serve as guides and checks of
the ventilation design. X

High air change rates in the upper levels of a building will
not provide relief at the lower work sones. Such ventilation
may even entrain hot ceiling air and drive it to the floor, actu-
ally creating an aggravated working condition.

Temperature rise has no bearing on heat relief. A rise of 50
or 60 F deg can be tolerated easily, particularly in spaces with
high ceilings. Even a low temperature rise of 5 to 10 F deg
may be inadequate to provide relief in hot weather, and such
low limits of temperature rise require huge volumes of air.
A well designed tilation system will maintain the work
vone within 1 to 3 F deg of the supply air temperature with

d; the ot}ler contains a stack fan with a split butter-
8y closure that is floated to open position by the disch

Control of the.Industrial Environment

ot som 3 e ahtained

said that efficient tor op is g y obtal
when difference in elevation between the average air inlet
jevel and the roof ventilation is not less than 30 {t and the
exit temperature is 25 F deg above the prevailing outdoor
temperature. See Chapter 24 of the 1861 Guioe Axp Dara
Boox. Under these conditions and with a wind velocity of 5
mpb, the ventilator throat’ velocity will be about 375 fpm.
1t will thus remove 10,000 Btu (per hr) (sq ft of throat area):
25 deg X 1.08 X 375 cfm =~ 10,000 Btu

Tg ipsure this level of performance it is essential that suf-
ficient low-level openings be provided for the i ning air;

245

that no attempt is made to maintain relief conditions in the
upper levels of the building.

Local Area or Spot Cooling Ventilation: In buildings where
only a few small work areas or relatively few work stations
are required, it would be impracticable and wasteful to at-
tempt to treat the eomplete building foor area_ In such coces
relief may be provided by these methods:

1. Provide a complete enclosure around the worker with

ilation in order to maintain cooler working condi-
tions. This may be in the form of a control room, small shelter
mﬂ:, or ventilated crane cab. In effect, this is “localised” gen-

otherwise the gravity ventilator becomes starved for air and
capacity falls off. The manufacturers recommend 250 fpm to
450 fpm inlet velocity. Lack of adequate inlet area is the
most common eause of failure of -gravity-type roof ventila-
tors. A positive supply of air to insure direct ventilation
around the hot equi may -y within buildi

of considerable area where the external wall inlets are remote
from the equipment.

A decision between gravity and mechanical ventitators
may be difficult to reach. The electrical power required for
fan operation may be a deterring factor but this is offset by
the advantage of constant ventilation capacity given by fan
operation. Mechanical ventilators will function better with
small inlets because they can create the pressure differential
necessary for flow. However, it should be kept in mind that

. most roof fans lose capacity rapidly as the negative pressure

exceeds 0.10 in. of water. High negative pressures are un-
desirable in buildings in any case because of door infiltration
and other problems, and care shauld be taken in sizing the
inlets. Preferably the inlet losses should be under 0.05 in.- of

* water. In many cases there is justification for a mechanical

system for make-up air which will positively supply sir to the
work zone. .
Consideration should be given to the use of fusible link

air stream and is self-closing. Both employ minimum enclo-
sures and have little or no gravity capacity. '

. Various types of roof ventilators may be listed in-diminish-
ing order of temperature differential and heat-removal ca-
pacity. Next to chimneys and stacks, the continuous ventila-
tion itor is most effective for al of sub ial and
concentrated heat loads. This may be in the form of an ele-
vated length of roof ridge with extended overhang and me

" rain louvers. Such structures are commonly employed over

open hearth furnaces and soaking pit buildings but, in prac-

tice they give uncertain performance. A more efficient type

isa d, watertight constructed of noncot-
rasive metals or protected metals. Its capacity increases with
wind velocity and it can be readily closed in winter to con-
serve building heat. Both types have tremendous capacity
and are limited oaly by roof area and proper relation of low-
level air inlets. .

Next in capacity are the (1) round gravity or windband
ventilator, (2) round gravity type with fan and motor added,
(3) low-hood powered ventilator, and (4) vertical upblast
powered ventilator. Popular modifications of these include

less air and o higher aversge temperature rise. The t
ture rise may be estimated by the following jon:

the rotary type and the turbine ventilator.
Mi pacity il of the gravity type are ap-

H
1.08a1

q= ®@

where

Ig = air supply, cubic feet per minute,
= heat to be removed from space, Btu per hour.
At = temperature rise of the air, Fahrenheit degrees,

licable to h with light heat loads, and to manu-
facturing areas having high roofs and light loads. Non-
mechanical ventilators are desired here because the wide
spacing makes electrical wiring and maintenance of fans and
motors a matter of concern,

eamlin must be able to operate
effectively in the absence of mechanical power. While it is
difficult to predict performance accurately, it can safely be

B el
* possible changes in process design have been fully utilized to

dampers in the roof ilators or in roof trunk ducts in order
to provide under-the-roof heat release in case of fire.

LOCAL RELIEF

_Genernl .
The basic principle of effective local relief is that the air
must be delivered directly to the work zone with sufficient air
motion to provide cooling at the worker by means of convec-
tion and sweat evaporation. In most cases the objective is to
diti

e differing only in the conditions of air tempera-
ture, humidity, and motion required.

2. Surround the worker with a relatively cool ntmosphm
a direct supply of air introduced at a low level over a
area of the plant. In such cases we are not concerned with the
temperature at higher levels in the space 50 long as adjacent
structures do not become hot and thus return radiant heat into
the work space.

3. Direct a high-velocity air stream at the worker to increase

" the evaporative cooling effect. This method, commonly called

¢t cooling will in rate varying of Method 2, de-
g&ding l:x,:m &e nouomrg:er of emplnye:: i‘:?dm distribution of
the work stations.

Method Number 1, in the form of & work station enclosure,
is the most desirable b it permits plete control of
the environment. The second method is effective in large
areas with many work stations, such as machine shops and
assembly lines. The last method is used to provide spot cool-
ing in large spaces where scattered work stations and lo-
calized sources of heat make it highly impracticable to main-
tain & tolerabl - th hout the buildi ]

. Physiological Aspects of System Design

Two different situations in respect to heat load are encoun-
tered: (1) where radiant heat sources are not important, and
(2) where radiant heal sources are important. These two
gituations must be treated differently in-design.

Where Radiant Heat is Not Important. Where no impor-
tant sources of radiant heat are located within or close to
the work area, it is only necessary to introduce the relief air
into the work space in such 8 way as to displace the hot air
and thus surround the worker with an acceptable atmosphere
with regard to temperature and air motion. .

Where Radiant Heat i Important. Where important
sources of radiant heat are present and cannot be entirely

lled by radiation shielding, the air supplied for relief

provide ble or tolerable working ral

than complete comfort. In each case the methods described

for local relief are based on the assumption that exhaust
e Froey hields - insulation. and

minimize the heat loads. In addition, the supply air must not
be blown on hot equipment nor through the layer of hot
ceiling air before reaching the work zones. In the latter case
fuge volumes of hot air will be entrained and brought down to
the worker.

Methods of Providing Relief

Two types of local ventilation are used:
General Ventilation: This might be termed low level or dis-
ventilation because the supply air is delivered at the

must provide greatly i d heat 1 by v
and sweat evaporation in order to offset the radiation load:
In cases where the radiant load canpot be offset, intermittent
work periods may be necessary, thus emphasizing the great
need for all practical shielding to reduce the load. In other
cases, the supply air temperature may be reduced by re-
frigeration or evaporative cooling to a level st which the
worker can maintain body heat bal R pr R
strain. .
Regardless of the heat source or load, if the temperature of
the relief air exceeds skin temperature, a convective load is
then added to any existing radiative load, and these, together
with the metabolic heat, must be removed by sweat evapora-
tion cooling. Additional air velocity over the worker simply
i the tive load, making the working coundition

8-12 ft level (10 ft is the most frequently used) and disp
e.warm air rising from equipment, lights and occupants.

The internn) heat is picked up as the supply air leaves the

work zone, and the work zone may be maintained within s few

less tolerable. While increased velocity will also increase
sweat evaporation, a critical point is reached when the con-
vective addition will exceed the removal of heat by sweat

poration. At low velocities, below the critical point, maxi-

of the supply air p wi latively low
supply air volumes, Such Jow level systens should be applied

mum cooling may not occur because of incomplete sweat
ion.3¢ Again it becomes clear that the use of cool air.

%o large work areas having high, uniform worker pop
It should be noted that these systems are local in the sense

is very important for bigh heat level conditions. This is the




