
Fig 26
Body heat exchange

Fig 27
Thermal balance of
the body
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Gain: Met = metabolism (basal and muscular)
Cnd = conduction (contact with warm bodies)
Cnv = convection (if the air is warmer than the skin)
Rad = radiation (from the sun, the sky and hot bodies)

Loss: Cnd = conduction (contact with cold bodies)
Cnv = convection (if the air is cooler than the skin)
Rad = radiation (to night sky and cold surfaces)
Evp = evaporation (of moisture and sweat)

then thermal balance exists when

Met -Evp ±Cnd ±Cnv ±Rad = 0
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The Thermal Environment

1. Uncomfortable
2. Content with
3. Agreeable

4. Tolerable
S. Unpleasant

6. Inadequate

7. Annoying

8. Undesirable

9. Satisfactory
10. Miserable
II. Satisfied with

12. Good
13. Unacceptable
14. Enjoyable

15. Great
16. Distressful

17. Bad
18. Acceptable

19. Discontent with

20. Pleasant
21. Dissatisfied with

22. Comfortable

(

23. Intolerable
24. Disagreeable
25. Adequate
26. Desirable
27. Unsatisfactory

28. Gratifying

29. Pleasing

30. Poor
31. Appealing

32. Delightful

Normalized certainty scale

COMFORTABLE

Completely
certain

Thermal comfort scale in semantic differential format

Comfortable
Bad temperature

Pleasant
Unacceptable

Satisfied
Uncomfortable

temperature

Uncomfortable
Good temperature

Unpleasant
Acceptable
Dissatisfied

Comfortable
temperature

Moderate

Uncertain

Completely
certain



Ellglish scale Cold Cool Slightly cool Neutral Slightly warm Warm Hot
Verbal I 2 3 4 5 6 7

fi . -{
\
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Graphic scale
J,Visual

Pidgin scale
Oral

Cold tumas
(cold 100 much)

Cold Ielebit·
(cold little bit)

Cold Ielebit
but heml no
cold tumas
(but not too

much)

FIGURE 1.3.
Relationship of thermal sensation scales as used
by Woolard (1979) with Solomon Islanders.

-3 -2 -1

FIGURE 1.4.
Graphic thermal sensation scales for use with
children. Verbal instruction: "How warm/cool
do you feel now? Point to the picture that best
describes how you feel."
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Fig. 4.1: Measured air and skin temperatures for black and white Bedouin
robes.

A. S hkolink, C. Taylor, V. Finch, and A. Borut, "Why do Bedouins wear black robes
in hot deserts ?," Nature, 24 January 1980,283:375.

.KIN

EPIDERMIS

~~:--..;.;;!==
GRANULARLAYER

DERMIS

NERVES __ "';::~rT;r:i77.

UBCUTANEOUS FATTY TISSUE ~-~iilll~~~~~~I~~
Fig. 4.2: Section beneath the skin.

A. Domonkos, Andrews' diseases of the skin. London: W. B. Saunders company 1971.
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BASIC THEORY-THERMAL EFFECT OF ACTIVITY

Some common activities are listed below in order of decreasing generated
body heat in Btuh. Be sure to include the heat from people in heat gain
analyses for summer cooling requirements.
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TABLE 4.1
Heat exposure limits for working in a hot environment.

NIOSH I ESSO AND YAGLOU

Time (Minutes) WBGT C Light work Moderate work Heavy work

WBGT C WBGTC WBGT C

20 --- 44.44 41.11 37.77

30 38.33 41.66 38.33 35.00

I
60 34.33 37.77 35.00 32.22

90 33.05 ------ ------- ------

120 32.22 35.55 32.77 30.00

180 31.11 34.44 31.66 28.88
I 240 30.55 ------- -------- -------

Continues (8 ------ 32.22 30.00 26.66

hours)

After: Brief, R. and Confer, R. "Environmental measurements and engineering
assessment of heat data." Svmoosium on standards for occuoational
eXJ?osures to hot environments,Pittsburgh, University of Pittsburgh, 1973,
pp.236-39.

40 r------------------------------------------------------
Light work Medium work Heavy work

24 ~--~6~~~~uw~~~----------------------------------
~ 50% work and 50% rest

o 25% work and 75% rest

16 ~--------~----------~--~ •.-----T----------~---------,
100 200 300 400 500 600

Watts I h

Fig. 4.5: Limits of permissible heat. exposure predicted by the WBGT index.

Ashrae.fundamentals handbook,New York: Ashrae, 1985, p. 8-30.
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Fig 35
An example of using
corrected effective
temperature
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Fig 31
Basic effective
temperature nomogram
for persons stripped
to the waist
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OPERATIVE TEMPERATURE, TO, C
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Fig. 4.8: Pssychrometric chart for ETo *with isotherms for discomfort sensation and
the proposed comfort zone and danger threshold.

Ashrae, Fundamentals handbook,NewYork: ASHRAE, 1985, P. 8-25.

Table 4.2

Scale of ET* and related human sensory, physiological and health responses for

prolonged exposures.

ET* TEMPERATURE DISCOMFORT REGULATION OF HEALTH

SENSATION BODY TEMP.

Very hot Limited tolerance very Failure of free skin

40 uncomfortable evaporation

Hot Uncomfortable Increasing danger of

35 heat-stroke

Warm Slightly Uncomfortable Increasing

30 Vasodilation sweating

Slightly warm

25 Neutral Comfortable No registered sweating Normal health

Slightly Cool Vasocon stri cti on

20 Cool Slightly uncomfortable Behavioral changes

Complaints from dry

15 mucosa

Cold Uncomfortable Shivering begins Impairment

10 Very Cold peripheral circulation

Ashrae, Fundamentals handbook,NewYork: ASHRAE, 1985, P. 8-26.
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toceuon minimum optimum maximum

UK. winter i 14 17 20
summer' ,- 18 22•

US.wimer" 15 20 23
summer" 18 22 26

Sydney. summer:' 22 25
Singapore' 24 27

Limits probably valid for rnost.trooical.reqionsc- 22. 25 27

1. T: Bedford.:.Warmtfr factor in comtorr er work: Medical Research Council. Industrial, Health:
Research. Board•..Report. Nos- 76:' HMSO..-l 936:0.

2_ 0 E. Hickish; 'Thermal sensations. of. workers in light. indusrrv in summer.' in Journal of
Hygiene; 53':1955i:..No:..112:-'

3_ C P. Yaglou •.'The comfort zone for mans .... .' in Journal of Industrial Hygiene; 9,'1927, 251.
4: E--G"A: Weiss;. 'Airi'conditioning~ and-workinq-efficiencv' in' Architecturet. Science. Review;

.. :-/ .. JuiV-195&r 6~7o ..-lt.:·-__- .. " .~:-':- ~~",..~. -

. ';-:s::' C: G_Webb::..venutetion-in. warm' ctimetesi: BRS~.Overseas. Building Notes.. No; 66; March'"
1960.2_
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Fig. 4.14:
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Table 5.111 summanzes the nominal range of environmental
factors covered by each of the indices.

Table 5.In
Range of the Indices

Index Metabolic rate
(kcal/h)

W.B.T.
(OC)

Air velocity
(rn/sec)

Effective Ternoerature Rest only 1-43 1-43 0·10- 3·5

Resultant Temperature Rest only 18-45 18-45 0-10- 3-0
P_4S.R. 10D-350 27-55 15-36 0,05- 2"5

Heat Stress Index 100-500 27-fJO 15-35 0'25-10-0

Index of Thermai Stress 100-600 20-55 15-35 0-10- 3-5
r>.

",



Fig 34
Effective temperature
histogram (Baroda)
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Location: Baroda (72°15'E. 22°15'N. 35m)
Maximum = ET based on monthly mean maxima of DBT and p.m. humidity.
Minimum = ET based on monthly mean minima of DBT and morning humidity
Assumed: MRT=DBT and air velocity less than 0·1 rn/s
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