21

(Thermal Comfort)
(Transition Space)

P.0 Famger
(Thermal Comfort)
6
4 2
(Air Temperature)
(Relative Humidity)

(Mean Radiant Temperature)

(Air Velocity)



(Clo-Value)
(Metabolism Rate)

( : 2542)) 2.



211 (Air Temperature)

(Thermal Comfort)

2 -2
212 (Relative Humidity)
(Relative Humidity)
(Condensation)
Thermal Comfort 20-80
2.13 (Mean Radiant Temperature)
MRT
MRT
MRT
(Solid Angle)
MRT Thermal Comfort 40
14 MRT 1

26 MRT 32
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MRT (Mean Radiant Temperature)

i MRT Globe

MRT Globe Temperature
MRT Globe Thermometer
MRT
(MRT  Mean Radian Temperature) Globe
' 150
Convective Heat Transfer Coeffcient

o
H = GG = 0.95*5.67* 108 = 5.83*108
% bl Force convection
D%
Heg = ax_of
1.4 *< I Lok ;‘Zd Free convectior

D



1

2. MRTs Plane Radiant Temperature

tr=0.18 (tp(up) + tp(down)) + 0.22(tpfright) + ta(left) + 0.30(tp(front) + tp(back))
2(0.18 +0.22 +0.30)

tr 0.08 (tp(up) + tp(down)) + 0.23(tp(right) + tarleft)) + 0.35(tp(front) + tp(back))
2(0.08 +0.23 +0.35)

3 MRT

r=1tA + (A2+tA3+ .. +19An
A +A2+A3+ .. +An

2.14 (Air Velocity)
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2.15 (Clo-Value)

Radiation Lonvection,
Conduction ~ Evaporation
1

2.16 (Metabolism Rate)

Metabolism

Metabolic Met Met 58.2
[ 2 184 Btuh ft2
117 400 Btu/h



2.2

L (Conduction)

(Density)
(Maisture Content)

2. (Convection)

3. (Radiation)

(Electromagnetic Waves) ,

( | 2541:134)

a (Absorbtivity)



p (Reflectivity)

8 (Emissivity)
Re-Radiation
| (Transmissivity)
pta+T=1
P ( )
a = ( )
T =2 ( )
00
Bare ground, dry 10-25
Bare ground, wet 89
Sand, dry 18-30
Sand, wet 9-18
Rock 12-15
Mold, black, wet 14
Dry grass 32
Green field 315
Green leaves 25-32
Dark forest 5
Desert 24-28
Brick, depend on color 23-48
Asphalt 15

:Design With Climate, 1973. p 33



2.3

7-10.

231

(Thermal Mass)

Heat Exchange)

Condition)

Surface Emission)

(Selective Coating)

(Surface Condition)

0.8-0.9

(Time Lag)

15

(Long Wave Radiation

(Surface

(Surface  Absorption
Surface Emission

(Surface Absorption)

1 2537),
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(Heat Capacity)

1
1 Btu/ft3°F (Kcalim3
Specific Heat Capacity
Heat Capacity = P * Btu/ft3 F

= (Thermal Conductivity)

= (Density) Ib/ft3
= (Specific Heat) Btu/lb. F

Btu/h.ft. F2

16



2 -2 Low, Medium High Mass

Material Specific Heat Density
Btu/lh. °F Ib/ft3

Low Mass (Steel) 0.12 450
(aluminum) 021 m

0.39 35.6-41.2
Medium Mass (brick) 0.19 120
High Mass 0.19-0.24 144
(Limestone) 0.19 180

. ASHRAE, 1997 :24,4 - 24.7

,2-3

Q=M* * AT

( . Bansal 1Gerd and Grenot, 1994 : 42)

Q (K  Btu)
= (Kg 1b)
(Specific Heat) Btu/lb. F
At = '



2.3.3 ' (Thermal
Storage Conductivity)2

(Specific Heat) 1
1 Btu/lb. F
1 Btu/lb 1 F

(Thermal storage)

(Specific Heat)

(Heat Capacity)
1 (Density)
l/ft3 Btu/ft3
. F (Conductance)
Thermal
Storage Capacity
2 Moore, Fuller. Environmental Control System : Heating Cooling Lighting. (Singapore:

Mcgraw-Hill. 1993). Pp.11-13.
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2-1 (Specific Heat)

Moore, 1993: 11
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P FALE S oA
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0
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15D2D2333D3a)4D45D3D

(Density)

Moore, 1993: 12
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ﬁ: 5

2 -3 (HeatCapacity = Density * Specific Heat)

Moore, 1993: 12
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wacdoek | 4| 49
woad,pre | &4
wadtbic || 15
0 D D 3D 4

2 -4 Thermal Storage Capacity (Density * Specific Heat* Conductance)

Moore, 1993: 13



Thermal storage Capacity

Thermal storage Capacty = P . .K Btu2/ (h.ft4 F2
K (Thermal Conductivity) Btu/h.tt. F2
(Specific Heat) Btu/lb. F
P (Density) Ib/ft3
L (Thermal Diffusivity) (ASHRAE 11997: 39.12)
d = Ki(p. )
a Thermal Diffusivity
K (Thermal Conductivity) Btu/h.ft. F2

(Density) l/ft3
(Specific Heat) Btu/lb. F

2. The Stored Thermal Energy (Bansal, Gerd and Grenot, 1994: 42)

Q = p.V. . At
Q The Store Thermal Energy Biu
P (Density) lo/ft3
V ft3

(Specific Heat) Btu/lb.°F
At F

23
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2.3.4

(Conduction) (Convection)
(Radiation)

Emittance Reflectivity
Angle Factor

(Air Film )
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25

]
Clay Loam
Sandy Loam
24.1 (Soil Component)1
4
L (Mineral Matter)
2. (Organic Matter)
3 (Aggregate)
(Particle) Pore Space
4,
50 ( 45
5 )
50 ( 25 25 )

(Introduction to Soil Science) .
" 82541, 4.5,
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us

45%

25%

(Surface Soil) silt loam , 1]
(Sandy Soil

(Clayey Soil

24.2 (Soil Texture)2
(Inorganic
Particles)
3 (Soll Separates)

1 Sand

2. Sit

3. Clay
2 (Introduction to Soil Science) .

8 12541. 56 - 58.



(Upper Limit)

11

(Separate)

(Lower Limit)

(Water Holding Capacity)
(Aeration)

(Sail Strength)

(Effect of Size of Particles)

2-2

2
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: —-r’H’T'
, ‘ I
R
: v
1! i

——— L
2-3

8
()
)
(Sil) (Sand)

2-3

28

(Introduction to Soil Science) .
8 12541.) 57

()
2%2¥2 ()
() ()

(Clay)
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i

,2-4

(Introduction to Soil Science) .

58.

§ 12541))

(Micropores)

(Macropores)

(Capillarity)

121

(Drainage)
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(Aeration)

2.2
(Soll Separates)
? 3 (Size Class)
2
(United States Department of Agriculture : USDA)
(International Society of Sail Science : ISSS) 2-3
2-3 (Soil Separates) (USDA)
(1SSS)
()
USDA ISS
(Very Coarse Sand) 2.00-1.00
(Coarse Sand) 1.00-0.50 2.00-0.20
(Medium Sand) 0.50-0.25 ,
(Fine Sand) 0.25-0.10 0.20-0.02
(Very fine Sand) 0.10-0.05
(Silt) 0.05-0.002 0.02-0.002
(Clay) <0.002 <0.002

; : (Introduction to Soil Science)
( ; : 8 12541.) 60.
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L

2

5SS
0.02

(Sand)

Find Sand)

(Absorb)

(Sit

(Clay)
Clay

USDA
0.05

Quartz Feldspar
( Very
(Aggregate)
(Single Grain)

(Pore)
(Water Retention)

Secondary Minerals



(Adhesion)

(Swelling)

2.5

(Index)

Aluminosilicates

(Cohesion)

(Shrinking)

53

32



3

47

Universal space

°  extroterresirio!

------------
...........
...........
...........
............
...........
...........
-----------

...........

.......

L e
difluse ycatrering . : . :. \ . )
/1= sbioeption
'... “
Soler rodiotion ":',', <
Nk Long wove ouigaing rodiotion

\ Roflection {.°." "
L\ fromground! *  * "

Evoporotion

Layer close
Convection

to the surface
Rodiotive prevdo conducrion

’ Heat conduction

Surface
Supplied 1o the grovnd
Heat transport by: R ctecvior beot conduction
Shar wave rodisron Corencion

WW rodcf» 4 pkfi< cd bAoA ©*

60. Hoot oxchong* ol noon for wmmtf day. (Th« wiaen Of arrows correspond?, to <t
transferred hoat amounts]

2-5
. Victor Olgyay, Design With Climate. (New Jersey : Princeton University, 1991) ,p.33



25.1

( Latitude )

(Altitude )

( Degree of Slope )

(Aspect of Slope )

22.5

34
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(Living Cover of the Soll)

(Bare Soil)

(Non - Living Cover of the Soil )

( Greenhouse Effect )

('Shot Wave Radiation )

(Long Wave
Radiation )
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( Greenhouse Effect )

2-4
[ /
15-30 0.0005
98 0.0014
82 0.0007
86-95
81-85 0.0014
b : (Introduction to Soil Science).
( ; . 6 12530),  197.
KUSUDA2
5
L 125
2.
3
4, 0
)

Baruch Givoni . Passive and Low Energy Cooling of Buildings . New York . 1994 . p 198
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TABLE 6-1. Maximum and Minimum Soil Temperatures (F) with Different
Surface Treatments(AFTER Kusuda).

Depth U vel(meters) ofSoll

intitulent 0 03 t.2 30 uo
Black Max 91 87 79 68 >
Asphalt Min 29 33 37 48 52

Mean 60 60 58 58 )
White Max 17 74 67 60 4
Asphalt Min 21 28 37 45 51

Mean 52 51 52 525 53
Bare Max 77 74 72 63 S
Soil Min 28 32 34 43

Mean 52.5 53 53 53 53
Short Max 75 69 64 61 56
Grass Min 3l 35 39 47 52

- Mean 53 52 515 54 54

Long Max 70 65 62 61 54
Grass Min 28 34 38 46 51

Mean 49 495 50 535 525

- Baruch Givoni . Passive and Low Energy Cooling of Buildings . (United State of America : Van
Nostrand Reinhold 11994),p. 198.

, 30 ,

91
10

2 30 2



38

1 Radiant Balance

Shading Device

AT ui Eii:i I\(I/ere* |-F)EE$7)7EYX

f=é>'aY¥Z"EXAMFIL£

2-6

: Donald Watson , Fair and Kenneth Labs . Climate Design : Energy-Efficient Building
Principles and Practices . (New York : Mcgraw-Hill Book Company 11983) 1P.87.

2. Convection Exchange
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Use slab-on-grade construction for ground temperature heat
exchange.

i £7G 242 Solor heat storage unde
| fioor slab (see Technique 19idemancs
greatec insulation atlention 1o heeg
higher heat content from leaning oot
Hemeowner car turther restnct lassee
by mulching asound cernmelar

e LR -~
B L AVEY S O ¢
Dreft vV iFEriey

SRREIH NS |
m |
3 i X

L OTIRN INCULATION 255 K
SNIHER, X 10 TONTAN, 18

2-1

.Donald Watson , Fair and Kenneth Labs . Climate Design : Energy-Efficient Building
Principles and Practices . (New York : Mcgraw-Hill Book Company 11983) 1P.138.

3. Evaporative Cooling of Soll

Surface Cooling



< N L\;‘\\‘.
N /
N N\
S % /./ /\\
N \_\/ A
wind Evaporation

Gain
Heat flow
Pres from Soil

Longwave °°

Radiation /-° ~ . -
wira ’ p ﬂ E': Y o
D ., D

Cenvective
Loss X
Heat flow
from Soil

2-8 .
: Baruch Givoni . Passive and Low Energy Cooling of Buildings
America :Van Nostrand Reinhold 11994),p. 199.

(Specific Heat)

40

. (United state of



TT

0.2

(Heat Conductivity

[ 10
0.18
0.46
1.00
0.24
0.19
0.22

(Introduction to Soil Science).

6 12530.),

Thermal Conductivity)

197.

4
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( )
2- 1 1
Material Description Density Thermal Conductivity , K Unit Resistance, R
(1b/ft3) (BTU/h.ft.F) (1" thickness)

Dense Rock 200 2 0.5
Wet Soil 117 14 0.70
Average Rock 175
Dense Concrete 150 1.0 1.0
Solid Masonry 143 0.75 1.33
Heavy Soil, Damp 131
Heavy Soil, Dry 125 0.50 2.0
Light Soil, Damp 100
Light Soil Dry 90 0.20 5.0

:Walter F. Wagner 1Jr. and The Editors of Architectural Record Magazine . Energy - Efficient
Building .( New York : Mcgraw-Hill Book Company 11980 ). p. 85.

(Sail Color)



(Sail Moisture)

Hue

43
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252
L (Diurnal Variation)

24
1 1

('Shot Wave Radiation) ( Long Wave
Radiation )
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of Soil Surface)

45

( Clear Sky )
( Overcast Sky )

(Seasonal Variation)

(Heat Absorptivity



46

2. (Heat Conductivity of
Soil)

3. (Specific Heat of Soil)
2.6
2
2.6.1 (Surface Cooling)

( Evaporative Heat Loss from Soil )
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2.6.2 (Direct Cooling)

60 3

TEMF&XJVFZE (F)
20 4 O 20
11T 111111111

liiliEEEItistiil EM =i

i
i

W
H G

O

= et -
IH

FIG. 11b Annual range of ground | | —_—
temperature diminishes with depth. '

Most variation is damped out by a depth - 20
of 20 feet (+2F) for average soils. Ex- 1 |(

I
&

N
DEFTH BELOW SURFACE, IN FEET

tremes at any depth can be estimated
by adding or subtracting values from
this graph from data in .

2-9
:Donald Watson 1Fairand Kenneth Labs . Climate Design : Energy-Efficient Building Principles
and Practices . (New York : Mcgraw-Hill Book Company 11983) 1P.105.

(MRT)

J2542), T8

12539.



10-12

Lag

(Experiment Research)

100 .

Time Lag

150 .

(Comfort Zone)

Direct Cooling

(Earth Contact)

6

2-3

48

Time Lag

(MRT)

2

24 - 265

Time
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1

Mean Radiant Temperature : MRT

11 2

1 Subgrade

Figure 11 Whie underground construction offers great heat conservation advantages in northern zones
recessed courtyard designs may limit valuable solar gam h en when a glazed tacack* Is fully exposed io
noonday  « the middle of winter, the floors oi sunken courtyards are ﬂkely to be shadowed and cold, a
place where snow is slow to melt

2-10 (Subgrade)
:Walter F. Wagner 1Jr. and The Editors of Architectural Record Magazine . Energy - Efficient
Building .( New York : Mcgraw-Hill Book Company , 1980 .) P.90.
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1 Berm ( Berm )

Section A—A

Ficum e.9 AS'lu'ou: e 1« fess =

2-11 (Berm)
: Baruch Givoni. Passive and Low Energy Cooling of Buildings . (United state of America : Van
Nostrand Reinhold 11994),p. 211.
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D o B!
MS BERM SUBGRADE

—
O
T
P
=
o)
m
=)

s

r/\|7— m

2 ATRIUM OR
COURTYARD

:Walter F. Wagner 1Jr. and The Editors of Architectural Record Magazine . Energy -Efficient
Building - (New York : Mcgraw-Hill Book Company 11980) .1 P.88.

1 Chamber : Windowless

2 Atrium or Courtyard
Chamber : Windowless

(Direct Radiation)



3 Elevational : Wall Exposed

4 Penetrational : Wall Openings

Elevational : Wall Exposed

(Evaporative - Cooling)

Passive

Profile Angle

Direct Radiation

52



(Earth Tube)

Active

2-13

53
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The Villa Acolia .. 1550
Coung Farncesco Trento.5

52 (115 )
90 (2

) 55.- 57

2-14 The Villa
Acolia
- Fuller Moore, Environmental Control System. 1993, P.215.

Fuller Moore, Environment Control System, 1993.
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