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Environmental'elements'that’affect'people’sicomfort

Energy mediator devices= Human skin & Building skin
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Environmental'elements'that'affect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

HOW THE BODY EXCHANGE THERMAL ENERGY

Echanges thermiques du corps humain CONVECTION
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Environmental'eiements'tnat aifrect peop e’s'’comfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

HOW THE BODY EXCHANGE THERMAL ENERGY

Environmental Temperature

Thermal comfort exists when a body’s heat  Relatively small changes in mean radiant

loss equals its heat gain or vice versa. temperature have a far greater effect than similar
The body exchanges: changes in air temperatures (Ballinger 1992).

.62% of this heat via radiation, This gives r{se to the importance of recognising the
, overall Environmental Temperature [T(env)], as
-15% by evaporation,

) opposed to just the dry bulb temperature.
-10% by convection,

-10% by respiration and
3% by conduction.

http://www?2.ecospecifier.org/

v

T(env) =  2/3 Mean radiant surface temperature + 1/3 Air temperature
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Environmental'elements'thatiaffect'people’s’comfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Body actions to mantain thermal equilibrium

body core temp: +2°C

é\ sweat mpor»‘on
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comfortable - all OK

 vascular constnction

+ falling femperature
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body core temp: -2°C
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Environmental’elements'thataitect'peoplessicomiort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Body actions to mantain thermal equilibrium

[
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Environmentalfelementsithat'affect'people’sifcomfort
Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECT OF WIND ON TEMPERATURE (Apparent Temperature)

Wind Speed (mph)

Temp (°C) 10 20 30 40 50 60
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Wind chill equivalent temperatures from Steadman
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Environmental

elementsithat’affect'people’sicomfonrt

Thermal comfort=f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
Apparent temperature (AT) as a Wind Chill - after Steadman 1994
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Apparent temperature with no radiational heating and relative humidity fixed at 70%
Formula from Norms of apparent temperature in Australia , Aust. Met. Mag, Yol 43, 1994, 1-16.
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elementsithat'affectipeople’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
WIND CHILL- Siple e Passel del 1945 reviewed in 2001
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Environmental'elementsithatiaffectipeoplefsicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
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Environmentalielements'that’aitect'peopie’s'comrort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

HUMIDEX- PERCEIVED TEMPERATURE AND DISCOMFORT INDEX
(range 20°C-55°C)
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Psychrometric Chart

Sl (metric) units
Barometric Pressure 101.325 kPa (Sea level)
based on data from
Carrier Corporation Cat. No. 794-001, dated 1975
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY,

METABOLIC RATE, DRESSING RATE)
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elements'that’affect ’g comfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE

25%

0% 35% 0% 45% 5% 80% 85% 90% 95% 100°

45 47
43 45

2 44 45 47
0 42 44 45

a

a1

39 40 42 M 45|
T~-._ 40 2 M«
3% 37 T3_40 42 ‘
34 36 37 39--40 41 43 44 | AL
3 34 36 37 38 T40L_41 42 45
32 3 34 35 37 35 NSS40 as 45
30 32 33 3¢ 3/ 33} I IEE -4 42 43 4
8. 0 32 B F W I B N 42 43 45
8 ®BT-30._3 32 B 34 3 3B I P~ 40 4«4 4«2 4
27 27 28 W-30 3 32 33T Nl w3 ~“38\\39 40 4
% 26 27 28 290 T30~ -3 32 33 34 M 33 36 I~ 3§ 39
25 25 28 27 27 28 29°\0_ 3 3R 33 34 34 3B I TH
4 M4 24 25 % W B 2B "W 0 A 32 33 I 3 FEAS
23 23 23 24 25 25 28 21 28 28 T2/ . 0 3 32 32 B
2 2 2 22 B M B B W X7 7 M=\ 31 0 AN
Fino a 29 C° Nessun disagio
Da30a34C° Sensazione didisagio
Da35a39C° Intenso disagio. Prudenza: imitare le attivita fisiche pill pesanti
Dad40a45C® Forte sensazione di malessere. Pericolo: evitare gl sforzi

B Pericolo grave: interrompere tutte le attivita fisiche
Pericolo di morte: colpo di calore imminente

The humidex is a Canadian creation first used in 1965
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Fig. 8-8. Nomogram for the “new,” effective temperature
(ET*), including data points for US Army heat deaths
provided by Hardy. ashrae: American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Ing; clo: unit
of clothing insulation, 1 clo = 0.155 m* K/W; MET: unit of
metabolism, 1 MET = 58.15 W/ m". RH: relative humidity.
llustration: Adapted with permission from ASHRAE. Copy-
right 2005 © American Society of Heating, Refrigerating,
and Air-Conditioning Engineers, Inc (www.ashrae.org). Re-
printed with permission from the 2005 ASHRAE Handbook —
Fundamentals. (This text may not be copied nor distributed in
either paper or digital form without ASHRAE's permission.)
Data source: Hardy JD. Thermal comfort and health. ASHRAE
J. 1971;13:43.




Psychrometric Chart

S| (metric) units
Barometric Pressure 101.325 kPa (Sea level)
based on data from
Carrier Corporation Cat. No. 794-001, dated 1975
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Environmental'elementsithat'affect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE

US Army heat stroke
danger line = ET*35
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Environmental'elementsithat'affect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Army heat stroke
danger line = ET*35
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Environmental'elements'that'affect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Army heat stroke Dry Bulb Temperature, °F
danger line = ET*35 34 L
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Environmental'elementsithatfaffect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Army heat stroke
danger line = ET*35
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Environmental'elements'that'affect'people’sicomfort
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Monthly averages of air and
wet bulb temperature,
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surface in Dubai.

IDENTIFYING THE COMFORT PERIOD

—+ Ta[*C] « Twb [°C) +  RH [%) - G_Gh [kWh/m2]
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Environmentalfelements'that'affect’people’sicomfort

IDENTIFYING THE COMFORT PERIOD

. o T T L ] . .
Monthly averages of air and Jan Fob mr Apr M‘y Jun Jul Aug Sth Oct N

wet bulb temperature,

Dec

relative humidity and global :

« Ta[’C] = Twb[’C] + RH[%) G_Gh [KWh/m2)
70 T 250
2
60“
% 200
a
8
2 £ a0 1 %0
2E
§z 30-
° 3 +100
5% | _COMFORT" TRANGE (T |
o F O LT
4 2 — 1 RN
E &———.——_* : i ” + 50
2 i :
< i i
—— —0
ov

radiation on a horizontal 1

surface in Dubai. comfortable period period to be cooled

BRI, LABORATORIO DI PROGETTAZIONE AMBIENTALE

FIRENZE

\ T | somet,e PROGETTAZIONE DEI SISTEMI COSTRUTTIVI | prof. arch. G.Ridolfi, PhD

Global horizontal radiation sum



Environmental'elementsithatfaffect'people’sicomfort

IDENTIFYING THE COMFORT PERIOD

e Ta['C] = Twb[’C] + RH[%] G_Gh [KWh/m2]
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Environmental'elements'thatfaffectipeople’sicomfort:
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IDENTIFYING THE COMFORT PERIOD

—+ Ta[*C) = Twb[°C) + RH[%) - G_Gh [kWh/m2]
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Psychrometric Chart
Location: ADDIS_ABABA/BOLE, ETH
Frequency 18t Januanic 37 st Dacamnber
Weatdaw Tines 8000900 /s
Weateand Tines: 00.00-27.00 Hrs
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Environmental'elementsithatfaffect'people’sicomfort

IDENTIFYING THE COMFORT PERIOD

LOCATION: MATSUMOTO, -, JPN
Latitude/Longitude:
Data Source: IWEC Data

36.25° North, 137.97° East, Time Zone from Greenwich 9
476180 WMO Station Number, Elevation 2004 ft

RELATIVE HUMIDITY

100%

80% 60%

DESIGN STRATEGIES: JANUARY through DECEMBER

11.3%

8.8%
10.8%
23.3%

9.1%

1 Comfort(991 hrs)

2 Sun Shading of Windows(0 hrs)

3 High Thermal Mass(0 hrs)

4 High Thermal Mass Night Flushed(0 hrs)

5 Direct Evaporative Cooling(0 hrs)

6 Two-Stage Evaporative Cooling(0 hrs)

7 Natural Ventilation Cooling(772 hrs)

8 Fan-Forced Ventilation Cooling(950 hrs)

9 Internal Heat Gain(2042 hrs)
10 Passive Solar Direct Gain Low Mass(796 hrs)
11 Passive Solar Direct Gain High Mass(0 hrs)
12 Wind Protection of Outdoor Spaces(0 hrs)
13 Humidification Only(0 hrs)

14 Dehumidification Only(0 hrs)
15 Cooling, add Dehumidfication if needed(0 hrs)
16 Heating, add Humidification if needed(0 hrs)

48.4%

Comfortable Hours using Selected Strategies
(4237 out of 8760 hrs)
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Environmental'elementsithat'affect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Table 4 Typical Metabolic Heat Generation for

1met = 50kcal/hm?=0,05815
1 kcal = 4.190J) =1.164 Wh.

1 BTU/h ft2=5,6783 w/h mq
1 w/h mg=0,17610904672173 BTU/h ft2
http://www.the-engineering-page.com/conv/u.

1 BTU =252 cal

1 BTU =1,055056 kJ
1W=3,412 BTU/h = 1J/s
1 Kcal=0,00116 Kw/h

http://www.convertworld.com

Various Activities
Bru/h-ft? met*
Resting
Sleepnyg 13 07
Reclining 15 0%
Scated, quict 18 1o
Standing, rel 22 2
Walking (on
29 ps(2 37 20
A4 psim as 26
5.9 fps (4 oy 70 1%
Office Activitics
Reading, seated 1% 10
I8 10
20 Il
2 12
26 14
n 1,7
Lifting packing % 21
Driving Fiying
18037 1020
2 12
encet landny 13 [ B
44 24
2 2
s Occupational Activitics
W07 16wl
Kecleaning M6 203
Seatcd, beavy limb movement 1l 2
hine work
sawing (table saw) i I8
laght (elocrical mdustry) Mwad 20024
heavy 4 40
Handing 110 1b bags 74 40
Pk and shovel work TAwss 10wis
Miscellaneous Letsaire Activitics
Dancing, social Hwsl 2444
Calishenics/exercese HSw™ w40
Temis, singles 66 1o T4 l6tdo
Baskethall 90w 140 5076

130w 160 ThwiT
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Environmental'elementsithatfaffect'people’sicomfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Sitting Activity Met =1 Average body surface
= 50kcal/hsgm=0,05815Kw/hsgm Male=2 mq
Female=1,75

100 watt/h
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Environmentalfelementsithatiaffectipeople’sicomfort

Stockholm Central Station’s 2500 daily users
to hot water and pump it to the nearby
Kungsbrohuset office block.
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

0 0.1 0.3 0.5 0.8 1.0 1.5 3 clo
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Environmentalfelementsithatiaffectipeople’sicomfort

Ideal Environmental
temperature

Winter 19°-21°C
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THERMAL COMFORT ZONE

Résistance thoe'rmique des habits [m
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Environmental'elements'thatfaffectipeople’sicomfort:

THERMAL COMFORT ZONE

CBE Thermal Comfort Tool ASHRAE-55 EN-15251 Compare Ranges Upload
Select method: PMV method - + Complies with ASHRAE Standard 55-2013
Air temperature PMV -0.13
25 21eG Use operative temperature PPD 5%
Sensation Neutral
Mean radiant temperature SET 24.6°C
25 rC
HE N . - Psychrometric chart (air temperature) e
0.1 . m/s Local air speed control N u
Humidity
50 T % Relative humidity v
Metabolic rate
1.1 : met Typing: 1.1 % =
]
; S
Clothing level =
clo Typical summer indoor v 5
A il
— — T
2 Create custom ensemble ;
L N - 3
e Dynamic predictive clothing g
- - I
o LEED documentation m
Globe SolarCal SpecifyT SI Local ?
temp pressure IP discomfort  Help )

10 12 14 16 18 20 22 24 2 28 30 32 34 36
Dry-bulb Temperature [°C]

NOTE: In this psychrometric chart the abscissa is the dry-bulb temperature, and
the mean radiant temperature (MRT) is fixed, controlled by the inputbox. Each

\ point on the chart has the same MRT, which defines the comfort zone boundary.
In this way you can see how changes in MRT affect thermal comfort. You can
also still Fl;1s_e the operative temperature button, yet each point will have the
same MRT.

>to access the tool: http://comfort.cbe.berkeley.edu/EN

The PMV model can be applied to air conditioned buildings,
The Adaptive model can be generally applied only to buildings where no mechanical systems have been installed
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