
Ch. 4 Thermal Comfort
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Thermostat in our brains

 Hypothalamus (시상하부: 視床下部)
 In response to signals from our skin 

surface and to changes in our core 
temperature, the hypothalamus calls for 
changes in our blood distribution system. 

 When cold  vasoconstriction (혈관수축): 
decreased blood flow, less water to the 
skin surface by our sweat glands, reducing 
evaporation  
 “Goose flesh”, “goose bumps”: creating insulation by 

fluffing up our body hair 

 When hot  vasodilation (혈관확장)
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Heat loss in four ways

 Four ways to pass body heat 
to the indoor environment: 
convection, conduction, 
radiation, evaporation

 At 18’C: Table 4.2
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Psychrometry
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Psychrometry
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Thermal comfort 
 ASHRAE standard 55 (2013) defines as 

“the condition of mind which expresses 
satisfaction with the thermal environment”

 Factors: 
 Personal: clothing, metabolism, behavioral 

adaptations (drinking or eating warm or 
cold foods)

 Measurable environmental: temperature, 
surface temperature, air motion, humidity

 Psychological: color, texture, sound, light, 
movement, aroma

 Please note that the measurable 
environmental factors have been 
tested extensively in laboratories. But, 
other factors have been excluded (or 
underdeveloped, or not studied or not 
investigated) !! 
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Comfort standards

 The concept of comfort 
zone (Fig. 4.11) 
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Metabolism
 Body heat production: measured in 

metabolic unit, MET
 1 MET = the energy production per

unit of body surface area by a seated 
person at rest (1MET = 50kcal/h m2, 
18.4BTU/h ft2, 58.2W/m2)

 Body surface area: 

 Ex.) 1.73m tall, 70 kg man  AD=1.8m2

 The total heat production per a normal 
adult: 1MET*1.8m2=106W (360BTU/h) 
 a seated person at rest

 Refer To Table G.5
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Clothing

 The insulating value of 
clothing
 measured in CLO 
 1 CLO = equivalent to 

the typical American 
man’s business suit in 
1941 (0.155 m2K/W)
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Variables

 Dry—Bulb (DB) temperature
 cannot be a comfort indicator 

by itself 

 Wet-Bulb (WB) temperature 
 Relative Humidity (RH)
 MRT (Mean Radiant 

Temperature)
 Operative Temperature (OT)
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21°C
25°C

18°C
22°C

20°C

MRT: Mean Radiant Temperature
Adopted from Prof. Olesen’s presentation
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Definition of MRT

 Mean Radiant Temperature is defined as the
uniform temperature of an imaginary
surrounding enclosure in which radiant
transfer from the human body would equal
the radiant heat transfer in the actual 
nonuniform enclosure (ASHRAE F. 2017).
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OT: Operative Temperature

23°CMean radiant temp. = 21°C
Air temperature = 25°C

Operative temperature = (mean radiant temp. + air temp.)
1

2

Adopted from Prof. Olesen’s presentation

to = operative temperature (‘C)
ta = air temperature (‘C)
tr = mean radiant temperature (‘C)
hc = convective heat transfer coefficient (W/m2K)
hr = radiative heat transfer coefficient (W/m2K)

If (V<=0.4m/s) & (MRT<=50’C)  to can be assumed to be equal to (ta + tr)/2. 
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ASHRAE Standard 55-2017
For sedentary persons in 0.5-1.0 CLO without noticeable air motion 
(V<=0.2m/s)
 80% occupant acceptability
Two zones: one for 0.5 CLO and the other for 1.0 CLO
OT (Operative temperature)
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Quantification of thermal comfort
 Fanger (1970), Thermal Comfort
 The human thermal response, perceived as thermal 

comfort or discomfort, is shaped by six primary 
factors

 Two personal variables
 metabolic rate (met), clothing insulation (clo)

 Four environmental variables
 air temperature, mean radiant temperature, air speed, and relative 

humidity. 
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Calculation of PMV & PPD

 PMV (Predicted Mean Vote) scale 
 -3 (cold), -2(cool), -1(slightly cool), 0(neutral), 1(slightly 

warm), 2 (warm), 3 (hot)

 PPD (Predicted Percentage Dissatisfied, %)
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PMV & PPD

The theoretical minimum PPD is 5% !!!!!
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From ASHRAE handbook fundamentals 2013

Available on http://innova.dk/PMV_Calculation.thermal_comfort11.0.html
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Occupants in Naturally Ventilated (NV) buildings

Hawaiian NV classrooms
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Long-term acclimatization 
influences the sensation of 
thermal comfort.



Indoor air velocity
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Indoor air velocity
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Localized comfort: (1) draft 

 Draft = excessive air 
motion

 Unwanted local cooling of 
the body

 The warmer the air, the 
greater the tolerance.
 Many HVAC systems deliver 

SA temperature as low as 
13’C with 0.25m/s  can
cause 40% dissatisfaction

 Ceiling fan with the same air 
speed, for comfort at higher 
temperature, 80’F(27’C) 
less than 15% dissatisfaction
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68F = 20’C
73.5F = 23.0’C
79F = 26.1’C



(2) Radiant asymmetry

X-axis: The difference between the temperatures of two opposite surfaces
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(3) Vertical T difference
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