Carnegie Mellon University

TITITITIIys

Thermal comfort

Dr. Miguel Martin

TITITITITIITS



Learning objectives

1. Fundamentals of thermal comfort
2. Indices of thermal sensation
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What are the fundamental notions of thermal
comfort?
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Thermal comfort
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Metabolic heat rate

ARRVAR

Work during activity (W,¢)
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Heat balance for human body

Indoor or outdoor environment

Qloss

What if AQgroreq > 0 ?
What if AQgporeq < 0 ?

What if AQgporeq = 0 ?

/ AQstored = Qprod — Qross
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Sensible heat loss through skin

Indoor or outdoor environment
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Net heat transfer by radiation
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1 - Hyqa = 061 A4F, (T — T5) = 052A2:F2—>1;(T2 —T7)
Radiation L—=——=- L1
View factor

Properties:
'\\ //‘ * 2nFin =1 (summation)
Fis(jry = Fisj + Fior (superposition)

* AiFi—>j = A]P}_,l (reciprocity)
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Indoor mean radiant temperature

Actual room Imaginary room

Tmrt
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Outdoor mean radiant temperature

o Direct shortwave radiation
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Latent heat loss through skin
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Heat balance for human body
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Qprod = Heony + Hyga + LEtrans + Hyes + LEyes

Rate of heat transfer

Tbody
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What are the indices of thermal comfort?
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Thermal sensation index

How hot or cold we feel in an indoor or outdoor space
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TSI = f(Tair; Tmrt» ¢air' Vair)
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Predicted mean vote (PMV)
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Operative temperature

Top = [ (Tair» Tinres Vair)

Tair + Tmrt
op - 2

T = hcoanair + hradTmrt

op
hconv + hrad

T = Tmrt + Tair ) 10\/ Vair
op 1+ 10yv,
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ASHRAE comfort chart

.020
Summer clo: unit to describe the level of insulation dure to clothing
0.35-0.6 clo
Winter
0.8-1.2 clo 015

.010

(e By PmsouBy) ones ApilunH

o
o
o

1

|

|

o/. l
10 % \ 70|C

I

: Fi:la't{v'e‘ hurmidity: 0 :,0 - ] oo Carnegie
1 1
Operative temperature (°C) Me!lon .




	Slide 1
	Slide 2: Learning objectives
	Slide 3: References
	Slide 4: What are the fundamental notions of thermal comfort?
	Slide 5: Thermal comfort
	Slide 6: Metabolic heat rate
	Slide 7: Heat balance for human body
	Slide 8: Sensible heat loss through skin
	Slide 9: Net heat transfer by radiation
	Slide 10: Indoor mean radiant temperature
	Slide 11: Outdoor mean radiant temperature
	Slide 12: Latent heat loss through skin
	Slide 13: Heat balance for human body
	Slide 14: What are the indices of thermal comfort?
	Slide 15: Thermal sensation index
	Slide 16: Predicted mean vote (PMV)
	Slide 17: Operative temperature
	Slide 18: ASHRAE comfort chart

