Manipulation of environmental elements: heat, air, water
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What are the four environmental elements that influence

the sensation of hot and cold?
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« SUE (air temperature)
Heat exchange caused by temperature difference between ambient air and the solid surface (convection)
FEOER EBREAOREZICL 2R 3R
« JBE (humidity)
Evaporation of sweat, insensible excretion (latent heat < sensible heat)
TFoZEEL NEEH  (BReTRRY)
¥ *Latent heat: Heat required when the phase of a substance changes. The temperature does not change (heat of melting and evaporation)
BECPEORIZAT D EZIIHBE INZATRELL LAY (BREN - KFEH)
e it (air movement)
Involved in convection and water evaporation
Xt & KD RS &
« RMELRE (surface temperature)

Electromagnetic waves with energy proportional to the fourth power of the absolute temperature of the
environmental surface are emitted. (Stefan-Boltzmann's law)
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To create a comfortable indoor environment, heat transfer must be controlled
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There are three types of heat transfer
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Conduction (heat conduction) Convection (convective heat transfer) Radiation (radiant heat transfer)
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Heat flow caused by temperature Heat transfer between solid and Heat flow caused by temperature

difference inside a solid fluid (air) differences between solid surfaces
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Heat transfer by conduction
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A: Thermal conductivity
¢{: Conduction distance

0: Temperature



Thermal characteristic values of building materials
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_Thermal conductivity
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W/m-K kJ/kgK]| [m?/s] X 108 [ kJ/m3K] | kg/m?| me

7 E =75  Aluminum 210.0 (.92 84.20 24860 2700
I WM 46.0 0.50 11.80 3948 .0 7860
A b |#Hiary7)—b  Re 1.40 0.88 0.69 2022.0 2300
R AL B 0.15 .10 0.23 653.0 600

I T 7 |7 A Glass 0.70 0.75 0.37 1914.0 2540
A B | A B Bricks 0.61 0.84 0.44 1381.0 1600
e | RIRARH 0.12 1.30 0.23 519.0 400
S B R 0.19 1.30 0.26 714.0 550
r f1Z5FK—F  Plasterboard 0.14 1.10 0.15 904.0 800
SRSty KB A > b CE@ES) 0.14 1.70 0.17 837.0 500
" At vy ar—yavR—F 0.049 1.30 1.40 3240 250
Wl 2 N—F 4 P IWR—F 0.116 1.30 0.18 649.0 500
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W = 77AI7 =N Glass wool | 0-046(0.04) 0.84 5.56 12 (3(10 7) 15(20)
& = B o (UL 0.039 1.30 7.86 50.2 40
Wi R W 27— 0.039 0.84 33.5 40
W 1 % WE VY 7 x—A 0.027 1.05 (.64 41.9 40
e T{ ™ | ggwAc) 2 41 Foamed 0.037 1.05 1.28 29.3 28

(I 74— I AF 1> polystyrene 0.037 05 1.19 31.4 30(1 %5
S | 7K | | 0.58 4.19 0.14 4180.0 998
DAy 0.022 1.00 16.90 1.3 1.3

Why is it bad when insulation gets wet?
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Foamed polystyrene



Adobe Architecture sr~ps=

Thick walls made of sun-dried bricks are suitable for dwellings in the dry tropics, where the
temperature difference between day and night is extreme. Why?
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Taos Pueblo Housing Community, New Mexico
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Examples of adobe architecture
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Pecos national historic park, NM. Museum of New Mexico, Santa Fe
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Yaodong Dwelling =m
Underground Dwelling on the Loess Plateau, China
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Yaodong Dwelling in 1980°s  1ss0xit0zR
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Internal and external thermal insulation
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Difference in room temperature variations

Internal and external insulation in reinforced concrete buildings , , _
due to thermal capacity (during heating)



Heat Bridge Phenomena
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Structure of composite resin window sash
C-shape lightweight steel frame
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In general, the thickness of the air layer in pair
glass is 6mm or 12mm. Why does the effect
decrease when the air layer is thicker than that?
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(2.3 #4E (heat bridge)



Heat transfer by convection
Xl R HEFEED

Principle JRIE /léﬂﬁ-i Pzt
Collisions deprive vibration =
energy of solids OL; Cl  acWw/m?C]
RED 4‘—“73‘:57 f im 15 5 ﬁ'd’rui“-f K
I O 7, |
' L L / Oal C .
#f@l 58 A Nq.[W m? B
WWIR 2% 4 3k sk
LA p %z'{{ Q Amount of heat transferred
5 j' st VA= ’”‘;{_1& by convection
. _— O #wEGLs+ =l HIZ & HROBHE
Heat transfer between solid and fluid (air) (R+F) —HpER Xt 0 *5@]3
: ; c=ac(0,-6,)
ERE TR (ZER) DB DEFLES yross % e
Solid molecules XU Air molecules _ N
Olc: Convection heat transfer coefficient
Intense Fast air molecules 6: Temperature
vibration ]
L} High temperature

High temperature



Cold draft
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Cold draft is a phenomenon in - % )bl‘h&lﬁ
which air cooled at the window . . "m” TR
during heating flows down to the
floor as a downdraft. t"""'K”-
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WENBOET.
Why does warm air become lighter?
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Designs that are more likely and less likely to cause cold drafts




Ventilation and Draft
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A house in Macau
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Wind power ventilation
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Positive pressure pushes wind into the room
Negative pressure pulls wind out of the room

Windward side Leeward side
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Positive Negative

pressure pressure



Temperature difference ventilation
(gravity ventilation)
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Wind catcher
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Ventilation design
BEDTHAY

Royal Palace of Jaipur, India
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Ventilation design
BEDT YA

iy ey an = % : —— .
. ot ' § AT ke A
A . oty ot - - t 2 - -
R L e Tt w2V ~ 710000 b i Wi
P o Bl - e e

Textile Industry Hall (designed by Le Corbusier) Ahmedabad, India  #i#%48 (L-aEDIHBE) 7—AH/1N\—K, 4UK




Ventilation design
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Sankyo rice warehouse, Sakata City \WWEEE. JEAT™



Use of water:

Temperature control by transpiration
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Use of water:

Temperature control by transpiration
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Ueno Park L2 E
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Stairs from the living room down to the river
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Use of Water: Waterscapes in daily life
IKOFA: EFDEHDIKR

Gujo-Hachiman, Gifu Prefecture &8 L /\IE, IKEBIE



Use of Water: Waterscapes in daily life
IKOFIA: EFDEHDIK=

Indian stairwells 1> rorsg#F

Chand Baoli, near Jaipur Adaraj Vav, near Ahmedabad
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Grand House
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Heat transfer by radiation
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BEARER TOREZEICEDER Radiation= Transfer of Energy by

Electromagnetic Waves

Stefan-Boltzmann’s law : Electromagnetic waves with energy proportional to the fourth power of the
absolute temperature of the environmental surface are emitted.
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Operative temperature
ERERE (EROARREE)

Operative temperature : A sensory thermal index that synthesizes three factors: air temperature, air currents, and

radiation. Almost the same as glove temperature.
EREE: [E. R, B DOIERZRELI-RRBGEEREIE,

Mean Radiant Temperature (MRT) : Area average of surface temperature of ceiling, wall and floor

FHHFEE (MRT): XH- B - ROKRERE D EIE T

Sensible temperature ( operative temperature in a room with calm airflow) =
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(room temperature + MRT)/2

In a house where
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Heating by radiant heat
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Panel heater
INRILE—S Floor heating

Can cooling be provided by radiant heat? RIER
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Thermal image showing surface temperatures of

environmental surfaces
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Before After
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Before and after classroom insulation retrofit #ZH=EDMrEKIEDRIEE

It can be seen that the human being is a heating element. At rest, radiation 60 W/hour, Simple thermo camera
evaporation of water vapor (latent heat) about 40 W/hour BELEY—FEhAS
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Different names for different wavelengths of electromagnetic waves
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Why do greenhouses get warm? 2= (FHEEN LGS ?

Glass allows short wavelength electromagnetic
waves from the solar surface (6000K ) to pass
through easily, but does not allow long wavelength
electromagnetic waves from the terrestrial
environment (300K ) to pass through.

the cause of global warming, is

based on the same principle
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Shielding from

solar radiation
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Shielding from

solar radiation
B St DB

The tent is doubly effective
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Ahmedabad, India
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Regulating solar radiation asomz

Why are outside blinds more effective than
inside blinds?
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Why are green curtains more effective than

outside blinds?
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Regulation of solar radiation
by pergola
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Nago City Hall, Okinawa, Japan
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Designed by Zo Sekkei Group 1981 %%it%M 1981
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Bougainvillea grows thickly on the north roof,

creating dense shade.
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_* Four environmental elements that affect heat and cold
 BERIEAATHIBBER

* Principles of heat transfer and designs for control
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* Heat traﬁiﬁmndugtion RRICL SR

* Heat transfer by convection smi-sznem

* Heat transfer by radiation #sti-szzmn
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