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1400 promise. The zone of thermal lity differs with clothi
190 season, activity, and all the other factors controlling - heat
e N (Table 4). The comfort zone is very similar to
1200 N f.b.e zone of thermal neutrality.
tions of warmth or cold depend not ouly on the tem-
1100 \ p of the sur ng air as d by a dry-bulb
2 ther -, but also upon the temperature indicated by a
21000 wet-bulb ther , Upon air ., and upon radia-
3 K \Y tion effects. Dry air at a relatively high temperature may fecl
bad § AY cooler than air of lower temperature with a high moisture
g b tent. Air motion makes any moderate condition feel
HS N [kl 3 - cooler. Radiation to cold or from warm surfaces is another
£ mo ] P \\ important factor under certain conditions affecting the com-
= N fort reaction of the individuai.
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importanee of unit rise in MRT. Under ordinary stil air con-
ditions the effects of air temperature and MRT appear to he
interdependent. Various authorities give 03 to 1 deg increase
of room p to for 1 deg d of
the MRT.

APPLICATION OF PHYSIOLOGIC PRINCIPLES TO
AIR-CONDITIONING PROBLEMS

In order to estimste cooling loads in occupied spaces it s
necessary to know the metabolic rate (beat production) of
man. This has been studied extensively, and found to remain
relatively constant per unit of body surface area in s subject
fasting and resting qmeﬂy nfw.r agood mght’s sleep. The rate
is high in children, and d dually with age; it in-
cmsesmeermndxmsesmdmthepmcsoffwer The
metabofic rate is somewhat lower in women. Heat production
goes up sharply with work and varies widely in different per-
sons doing the same work. Figs. 5, 6, and 7 and Table 27 of
Chapter 13 give sufficient basic dat.a tor estimating heat pro-
duction and heat loss under varioiis conditions.

EFFECTIVE TEMPERATURE INDEX AND COMFORT
ZONES

There is no precise physiologie observation by which com-
fort can be evaluated. Mean skin temperature offers some
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Fig. 6. ion Betwesen Radiation and Cor
Loss fwm the Human Body and Dry-Bulb
Temperature for Stifl Aics- 14

binations of humidity, and sir move-

C
ment which induce the same feelmg of warmth are called
thermo—eq\uvalenc condmuns A series of studies™ at the

ASHAE R blished the equivalent con-
ditions for pracueal use. 'l'lns scale of thermo-equivalent con-
dmons not oply indi the of nth, but also

¢o a considerable degree determines the physxolog:cal eﬂwta
on the body induced by heat or cold. For this reason, it is
called the effective temperature scale or index, and it denates
sensory beat level,
Effective temperature is an empirically determined index
of the degree of warmth pernelved on exposure to dxﬁere_nt
of

and ai
It was determined by traided sub;ecv.s who campared the
relative warmth of various air conditions in two adjoining
conditioned rooms by passing back and forth from one room
to the other.
The numerical valie of the index for any given air con-
ditions is fixed by the temperature of dowly moving (15 to

Physiological Principles

25 fpm air t) d air which ind a like
sensaptg:m of warmth or cold. Thus, any air condition bas an

* effective temperature of 60 deg when it induces a sensation

of warmt.h like that expenenoed i s!owly moving air at 60 F
d with The e index
capnot be measured directly, but is deﬂenmned from dry-
and wet-bulb temperatures and air motion observations by
reference to an Effective Temperature Chart (see Figs. 8, 9,
and 10) or tables. .
Fig. 8 gives the offestive temperature for any combination
of dry- and wet-bulb temperatures for still air (15 to 25
fpm) conditions. Charts simifar to Fig. 8 for air velocities of
100 and 300 fpm have been presented in earlier editions of
Tre Gums, eg., 1939. Fig. 9 is another form of effective
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fig. 7 ....Evaporative Heat and Moisture loss from the
Humcn Body ‘in Relation to.Dry-Bulb Temperature
for Still Air Conditions®- 1

chart ing all three variables: dry-bulb
and wet-bulb wmpemtums, and air velocity.
As stated ly, effective p is an index of

the degree of wannth upeneneed by the body. An effective

line is, , 8 lin ing the various com-
binations of conditions which vnll induce like sensatiops of
warmmth. It does not necessarily follow that like sensations
of comfort will also be experienced along the entire length
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Teble 4 ... .Comporison of Comfort Ranges With
Zone of Thermal Neutrolity

Efoctive
Temparcture
Opervtive
investigators Temp Remarks
Opti- Rongs
mum | Ronge
Comfort Zone
Houghten and| 66 83-71 .... { Winter  nponbasal;
Yaglou at rest, pormally
clothed. Men and
women.
Yaglou and | 71 66~75 Summer nonbasal;
Drinker at rest and nor-
mally clothed. Men.
Yaglou 72.5] 66-82 Eptire year; non-

basal; at rest and
stripped to waist.
Men.

Entire year; basal,
pude. Steady state
{9 bhr exposure).
Men and women.

Keston et al [ 76 74-76

Zone of Thesrmal Nevtrolity

DuBoais saad | 75 173.2-76.9 Basal; nude; men.

Hardy 71.864.8-76.00 ... Basal; clothed; men.
Winslow, Her- ... ... [84.0-87.8] Nopbasal; at rest;
rington, and oude; men.

Gagge ... 4 -84 | Nonbasal; at rest;

clothed; men.

Fig. 10 shows the ASHAE Comfort Chart™ as published
sines 1850, The areas and arrows indicating the summer and
winter comfort zones on the previous charts have been re-
moved. The summer comfort zone was removed because it
extended to temperatures where too large a percentage of
the people would be uncomfortable. The winter comfort zone
was removed for the same reason, and becanse of inadequate
data in later studies.

The distribution curve, showing the percent of people
feeling comfortable at various effective temperatures in sum-
smer, indicates that a maximum of 98 percent of the people
were comfortable at 71 ET. The study was conducted with
relative humxdmes between 30 and 70 percent.

The jon curve shown on the previously used chart,”

of an effective temperature line. Some degree of di fort
is likely to be experienced at very high or very low relative
It has

showmg the percent of people feeling comfortable at various
in the winter, was based on research

humidities, regardiess of the effective ye

also been found that the optimum effective temperature

varies with the season, and is lower in winter than in summer.
Tests* made at the ASHAE Research Laboratory in very

" hot'conditiens, with subjests doing light work, were in very

close agreement with the effective tempersture chart. Other
work® under similar environmental eonditions, but with sub-
jects walking 3 mph and carrying 20 Ib packs, indicated that
the effective temperature lines should be more nearly hori-
zontal. It therefore appears that the slope of the ET lines
may vary, depending upon the rate of work being performed.

prior to 1932. . This curve indicated that at 66 ET a maximum

number of people were com(or\’.able Later studies™ by \‘.he
" ASHAE R h L di 3

ted that a

97.7 percent of the people were comfortable at 68 ET, snd
this finding has been confirmed by current practice.™ I{ow-
ever, adequate data from the later studies were available
anlyforthaE]‘mngeofBSWﬁB as presented in Fig. 10.
The studies should be extended to cover a wider range. The
lighter weight clothing, probably worn in the hmr studies,
accounts for the higher desirable ET.




