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higher. These d.lﬁusers have found favor in high velocity
b tally higher static p
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over a 'idLrn.nge to_compensate for space load changm.ud

g at
l:"crfomtedA ceiling outlets have proven exceptionally
satisfactory in preventing drafts, particularly where air
changes are high and ceiling heights are low. ’

Exhaust and Retum Air Outlets

Exhauxtmdmhunsirfermimlsareuxuall‘eithuregm-’
ters, grilles, louver or mesh screens, chistem)have the ad-
vantage thgt balancing provisions are built within the ter-
:m&l, Mcuahﬂ); wh;:e ducts are concealed. With mesh

reen, commonly found in toilet and shower a -
ate bdmping damper must be located in Lh:pa ex;“:'ustscel::-
work. This offers no disadvantage where ducts are exposed.

Exhaust terminals are selected for a face velocity consistent
wpb noise levels acceptable in the space served, and to pro-
vide reasonable Ppressure drop when clogged with lint and dirt.

Decorative grilles frequently are provided in public spaces.
Return air from individual small spaces like staterooms is

pan The room thermostat regulates Tecisel;
the amount of heating medium; 5 g
S lgr;rm o bt '3 um; usually hot water, delivereq to
uniiar control is used for Class 4 syste: i
medium is usually steam. Where system se.rv?:'onal:;es;eh:m,
::m.ldl!:l: are ﬁn to m{‘undt room thermostat when hum.idjg,'
cceeds ind such cases thermosta i
when over egglmg oecur: room ¢ supplies bent
L3 Mp%w#ﬂfﬂwl < Cmbd(uus‘ﬁiﬂ:itb‘}he Type B
A . < 1 t2 con W of water (hot
or cold) through mduc&m t coils to sui
x reugh inducts unit co; suit demand of rooy
Although most design conditions in spaces can be achieved
'wﬂh this arran, range of control is rather
imited during intermediate seasons (sbout 35 to 50 F). Thia ta
due to the fsct that the heating effect (temperature) of the
primary air must be limited to prevent exceeding the available
c t of dary water circulating through the
induction unit coils. The fexibility of control tbue? B uced.
2_ J4if)Mt;durc Control (used win| Type G syste::f“md
bdivid control is fished by the
positioning of an air valve either automﬁullyruﬁli.ﬁng a
thermostat or manually b: te which mi o ot
mge#nhwsllﬁtsmzemmﬁl' foixes the bot
. Ihe cantrol required for zone reheaters of Type C Systems i
achieved by regulating the amount of stesm to t{ap:wne euilsb;
one of two methods. method utilizes 8 room thermostat inx
&mllalmu:};au set and locked for an

zone tetpers-
srved by thia Type aonteol wi st e oats, 20 spoe
)y this con t i i
eol:lfort -:ogd.it-io):lfl).e not wwaye the dwred
A second method utilizes a master. i
aduse ohe od utils a ~submaster control which

ityof@fpm!;asedon net area. ture. Obvia
CONTROLS
Ashiponusinglevuyagemay xt, f
K g o age, of
te—sometimes even within an hour. As a result, the air

conditioning load on s ship varies over a wide range in 5 short.

period of time. Therefore. not only must the refrigeration .

plant successfully meet these variations in

matic controls must also be designed to m‘;"ﬁd’?&?&
system to su'ddeu climatic changes. Accordingly, it is the
gmgn.l practice to equip the plant with the necessary auto
matic controls. Inasmuch as body comfort is s matter of in-
dlv:dun.l taste, it iz necessary to provide room thermostats in
hvmgs’pac:su.:basmwooms, which ean be adjusted by the

P s | i
Controls used can be divided into four basi :

contained, ‘pneunmﬁc, electric and manual. b types: aclf

On ships trols are used most exten.
] ; -
sively, ‘parucul:ady where accurate modulation and se-

ial. The gelf-contained control

are
bas the advantage of eimplicity. They are used to contol
steam flow where accurate control is not particularly essential.
mzeept for s;g:cml c:.ses, ele‘;:ltric controls are used only on
vessels. In most cases these applicati require
two position operation. pplications ony

Manual volume control has been used to regulate
t.ures.m mbms a.nd staterooms with varying mdm.‘%npelx
velocity air dxstf:bution systems manual volume control has
n&endencybodxsmrbt.he&irbahnceofthemmainderufthe
spaces served. Manual controls used on high velocity dual-
duet ms have been lly applied where 8 con-
stant volume regulator is employed in the mixing box.

The control of d§ign conditions in staterooms and public
spaces can be obtained by any one or combination of:

1. Volume control (used in 77 iy i
expensive and 'simplest, tyre of g:h%l‘yﬁf::\zum ::nll:xn
m‘n a;uun;g laci gf ?::u\;i_lity in meeting niml{ltaneou’s'
zir distribution (lack of air motion where volume s pernroy’D,
excessive air motion in other spaces on the same system due to
Qangu. in s.uhc‘ pressure), objectionable noise increase and

in lation due to reduction in air

del;very.
2. Reheat Control (used with T D aod 7 systems
units), Room thermostats provide lzﬁlu“d“&l temperature wm

e e: 0 2 pre-
Ie ed achedule 0 that full heat is a plied st the design
side heating temperature and fess as ﬁn‘apmnpemmn rises. 'th:
control also does pot adjust to meet variations in individua)
room loads. However, it is considered superior to the

t-d:: rg;n b;:auae it i8 more foolproof. With
by B A * m
restrict air flow, thus disturbing the eon&ml of the enﬁl?: aon!:.sy

Preh are lled by s duct which mod
hmmmthmu@the@w.'ﬂnaetpointumnﬂybn(evd:-
grees below the design cooling off coil setting to prevent blu:hng .
Except for Type A ﬁ:ﬁems with humidity control and 7
eystem pnnm-y'hmu'; t?uto cooling coils (wnﬂ'u) are contro 2
a € 3 give a constant off-coil te; taure di
¥yg?:h§ zm cooling cycle. No com ig pmﬁg;‘:?:r ml!sm‘ u;
stems, because they are hooked up in series wi
gn:v thxpugh induction lmit_.g mfl it is enenlt’a;ln ﬁx'e: o

N 1 ;. Toaximum
dry coii operation in room units, ’ P coil to provide
Outdoor, retarn, a.qd ’e‘xhaust dam?en are either manually (as
methods are used. One controls t;:: daum ; Lﬁ;;, ml;! amfytw
se!
thermostats sed to weather air. Aﬁunﬂ m?thoﬁusu:
d“c'«'i thermostat 'l:::h Et{ict-s utlhe o;;hdoor air flow only when
. L ¢ -
full water fiow through thexﬁng :o:lo e ochi i

REGULATORY AGENCIES

Vessels which operate under the United States flag come
under !.he jurisdiction of the United States Cosst Guard.
Accordingly, the installation and must conf
to the Marine Engineering Rules and Marice Standards of
the United St_am Goast Guard. The design of the equip-
ment and the installation must alss comply with the require-
ments of the United States Public Health Service. This io-
volves principally rat-proofing. Although comfort air con-
dmo}ung installations do not ordinarily come under the
cognizance of the American Buresu of Shipping, equipment

ASA  B59.1-1958 ractice for Mechanical
lation on Shipboard, provides a guide for
the instafl of air conditioning and refrigerating equip-

ment. Refrigerated cargo space installation must comply

- with A B.S. requirements, if they are to be 5o certified.

* possible, or tolerabl diti

CHAPTER 20

CONTROL OF THE INDUSTRIAL ENVIRONMENT

Heat Control of Industrial Work Areas, Thermal Standards, Controf of Heat Exposures, Rodiation Shiskding,
Roof Ventifators, Locol Refief Methods, Physiological Aspects of System Design, Types and
Requirements of Systems, Ouflet Types and Design, Control of Contaminants

ONTROL of the industrial environment is concerned
with the design and application of equipment for pro-

. viding the pecessary conditions within industrial areas for

maintaining the efficiency, health, and safety of workers. This

heat without adding meisture to the air. The heat load on ex-
posed workers is thereby increased but the rate of cooling
by evaporation of sweat is not reduced. Heat balance may
be maintained although this will be at the expense, perhaps,
of i ting. In the warm-moisture situation, the

chapter includes & comprehensive list of the requi s
for heat control and for control of gases and vapors, and dust
and fumes.

" General ventilation may be relied upon in some cases to
control the industrial environment, as outiined in this chap-
ter. Additional inf ion on methods of ilation may be
found in the following chapters of the 1961 Gume Anp Dara
Boox: matural ventilation, Chapter 24, mechanical ventila~
tion, Chapters 11, 12, 13, 37, 38, 40, 47, and 48.

Information on heating and cooling loads and equipment
will be fourd in Chapters 25, 26, 27, 28, 32, 33, 34, and 39 of

" the 1961 Guioe ANp Darta Boox.

In this volume, reference should be made to Chapter 21 for
design of hoods and exhaust systems for fumes and dusts,
Chapters 23, 24, 25, 26, 27, 28, 29, 30, 33, 34, and 35 include
inf J0D OR Process requi for specific industrial
spplications. .

For further information on estimating radiant heat condi-
tions, see Chapter 4 of the 1961 Guioe Axp Dara Boox and
Chapter 10 in this volume. .

Infy ion on globe th ters and other instruments
used to the industrial envi may be found in
Chapter 18 of the 1961 Gumz ANp Data Book. More com-
plete information will be found in References 1-4.

Specialists in the field of industrial hygiene should be con-

sulted in case of doubt concerning the presence of airborne .

industrial hazards to health. Chapters 8 and 10 of the 1961
Gume Anp Data Boox will be of help in establishing the
atmospheric conditions that should be maintained around the
warker. Local codes, ardinances, or state labor laws must like-
wise be observed, particularly with regard to ventilation re-
quirements for hazardous trades. Comfortable conditions, if
at least, are desirable b 1
they are fikely to increase the efficiency and, hence, the output
of workers. The masjority of air ditioning and ilati
installations in a typical industrial plant are concerned with
the cantrol of sensible, latent, or radiant heat.

HEAT CONTROL IN INDUSTRIAL WORK AREAS
In certain industris] work si ions there is iderabl

wet process gives off principally latent heat. There may be
no significant rise in the heat load on the worker but the
increase in moisture content of the air will seriously reduce
the heat loss by evaporation of sweat. The wann-moist situa-
tion i3 potentially more hazardous than the hot-dry.

Examples of hot-dry work situations are seen around hot
furnaces, forges, metal-extruding and rolling mills, glass-
forming machines, and the like. Typical of warm-moist oper-
sations are many textile miils, laundries, dye houses, and deep
mines where water is extensively used for dust control.

_The industrial heat problem varies in msgnitude with
local climatie conditions. Solar heat gain and an elevated

d will i the heat load at the work

place but these contributions may not be very important
compared with the locally generated heat of the process it-
self. The moisture content of the outdoor air, on the other
hand, is a most important climstic factor affecting hot-dry
work situations and on a moist summer day will seriously
restrict evaporative cooling. For the warm-inoist job, m
contrast, solar heat gain and elevated outdoor temperature
are the more important, since, compared with the moisture
release on the job, that contributed by the outdoor air will
be of little significance. )

Thermal Standards for Industrial Work Areas

The work situstions considered here are those in which
the attainment of simple thermal comfort is not always prac-
ticable. The heai stress must be kept below the level of out-
right hazard, but how much below? On what criteria should
the specificatiops for control be based? How should thé&
standards be varied in recognition of the differing demands
and work rates from one kind of job to another? What dif-
ferences exist between older and younger workers or between
workers with differing degrees of physical fitness? To what
extent can periods of heat exposure be offset by alternating
periods of recovery? How is this expressed in terms of design
of the control measures? These and other questions arise in
the analysis of an industrisl heat problem and must be con-
sdered by the design engineer and others before specifica-
tions are fixed. As there is no single set of thermal standards

release of heat from the process equipment to the envi
ment, It is not economically feasible to stop the escape of all
of this process heat or to offset it completely by the usual
methods of comfort ilation aad air ditioning. In the
design and operation of control measures it is frequently nec-
essary to accept some heat exposure in excess of simple com-
fort requirements. E

The engineer must distinguish b the control needs
for kot-dry industrial areas and warm-moist conditions. In
the first case, the process gives off only sensible and radiant

licable to ail work situations, failure to give proper recog-
nition to the many facets of the problem can result in inade-
quate control measures. -

Biophysico) Basis for Fixing Thermal Standards
Under conditions of thermal comfort, the rate of internal
heat produstion ( bolism) is just balanced by the rate
of heat loss to the environment. This comfortable balance is
intained without active ing, with opti skin and
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