2 (ASHRAE, 1989 )

1 (Short Wave Radiation) '
2 (Long Wave Radiation)
(Conduction ) (Convection) (Radiation)
( , 2540)
(Direct  Radiation)
434.29 Btu/h.ft2
3
449.60 Btu/h.ft2 6

419.9 Btu/h.fi2( ASHRAE, 1989 )



(Diffuse Radiation)

10-90 %

(Rflected Radiation)

Reflectivity
2
(ASHRAE, 1989)
Q =  *A*At
Q = * A* CLTD
Q = (Btu/h)
= (Btu/h.ft2)
A = (ft2)
At - (°P
CLTD = ( Cooling Load Temperature Difference
(°F))
1 AT
( Steady state Condition )
2. CLTD

CLTD

(At)
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(ASHRAE, 1989)

Sol-air Temperature (T J =Tafn+a Il /h0- Sr/hO

Te = Sol-air Temperature (°F)

Tt = (°F)

/ = ( Total Solar Radiation Incident on the Surface )
( Btu/h.ft2) 240 Btu/h.ft2

a - ( )

0 = Long Wave Radiation Convection

(Btu/h.ft2 °F) 3.0 Btu/h.ft2 °F

Sr = ( Btu/h.ft9
- 1 ( Hemispherical Emittance of the Surface )

ASHRAE (1989) Sol-air Temperature

" Sol-air Temperature is the temperature of the outdoor air
that, in absence of all radiation changes, gives the same rate
of heat entry into the surfaces as would the combination of
incident solar radiation, radiant energy with the sky and other
outdoor surroundings, and convective heat exchange with the

outdoor air. "

Sol-air Temperature

1 , , ’ 1



(Horizontal Surface) (Long-wave
Radiation) OR 20 Btu/h.ft2( ASHRAE, 1989 )
(Vertical Surface)

OR

OR=0 ( ASHRAE, 1989)

Air a/h, = 015
Trine Temp,
°F N NE E SE NW
0100 76 76 76 76 76 76 76 76 76
0200 76 76 76 76 76 76 76 76 76
0300 75 75 75 75 75 75 75 75 75
04 74 74 74 74 74 74 74 74 74
05 74 74 74 74 74 74 74 74 74
06 74 82 95 97 86 75 75 75 75
07 75 82 103 109 97 78 78 78 73
08 * 77 82 103 114 105 83 8l 81 El
09 7 80 85 100 114 110 92 85 85
10 83 89 9% no 112 1 89 89 9
11 —87 93 9% 104 1m 108 9% 93 %
12 . 90 96 96 97 107 112 107 97 96
. 1300 93 99 99 99 102 114 117 110 100
} 14 94 1 1 - 400 1 1m 123 121 17
5 95 1 1 1 1 107 125 129 16
16 94 . 99 98 m 98 98 1 122 131 120
17 93 1 96 96 96 96 115 127 12
18 a 99 92 92 92 92 103 114 12
19 87 87 87 87 87 87 87 87 87
20 85 85 85 85 85 85 85 85
21 83 83 83 83 83 83 83 83 i3
22 81 S| 81 81 il 8L il 81 5
23 79 79 79 79 79 79 79 79 el
24 77 77 77 77 o 77 77 77 w
Avg. 83 86 89 91 90 89 90 91 89
0/h0=0.30
01 76 76 76 76 76 76 76 76 76
02 76 76 76 76 76 76 76 76 76
0300 75 75 75 75 75 75. 75 75 7
04 74 74 74 74 74 74N 74 74 74
05 74 74 74 74 74 74 74 74 74
06 74 90 117 121 99 77 77 77 w
07 75 90 131 144 120 82 82 82 52
08 77 87 130 151 134 89 86 86 55
0900 80 a 122 148 141 105 9 a a
1000 83 95 109 137 141 118 % 95 %
11 87 1 101 122 136 129 105 100 100
12 90 103 103 104 125 134 125 104 108
13 93 106 106 106 m 135 142 128 107
14 9 106 106 106 107 129 152 148 120
15 95 106 106 106 106 120 156 163 137
16 9 104 103 103 103 106 151 168 147
17 93 108 1 100 1 1 138 162 149
18 91 107 94 94 94 94 116 138 134
1900 87 87 87 87 87 87 87 s7 87
20 85 85 85 85 85 85 85 85
21 83 83 83 83 83 -83 83 83 53
22 81 8L 81 81 81 81 81 8L S
2300 79 79 79 79 79 79 79 79 79
2400 77 7 77 77 77 77 77 77 w
AVO. 83 89 95 100 99 95 99 100 9%
21 Sol-air Temperature

: American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989
ASHRAE Handbook Fundamentals. |-P Edition. (Atlanta Georgia, 1989.) 1p.26.4.
21 Sol-air Temperature al o
2 al o 0.15 a / h0=0.30
1 (ASHRAE, 1989 )
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Solar Time
Apparent Solar
Time Mean Time
Equation of Time
Local Solar Time
Equation of Time Local Civil Time
Apparent Solar Time Local standard Time (ASHRAE, 1989)
AST = LST-ET-4(LON-LSM)
ET = Equation of Time (minutes of time)
LST = Local Standard Time
LON = Longitude of site (0of arc)
LSM = Local standard Time Meridian ( Oof arc)
4 = minutes of time required for 1.0 O rotation of earth
TROPIC OF
CAPRICORN,
23.5S. LAT.
ORBITAL PLANE
SEPTEMBER 21 (PLANE OF THE ECLIPTIC)
aTime of orbit = 365.242 days.
21

: American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989

ASHRAE Handbook Fundamentals. I-P Edition. (Atlanta Georgia, 1989.) 1p.27.3.



1 1 '
( Thermal Conductivity K)
1 1
1 1 Btu/h.ft2 F
( Thermal Conductance : C)
1
1 1 Btu/h.ft2 F
C=K/dX
()
( Thermal Resistance / R- Value )
Conductivity
1°F °F ft2h/Btu
R=1/C =dX/K
R
' ( Coefficient of Heat Transmission/ - Value )
1
- Value
=1/ Zr Btu/h.ft2 F
Er R- Value

( Thermal Heat Capacity )

13
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( , 2539)
(Time Lag )

? (Surface Air

Conductance )

( Surface Absorption and
Surface Emission )
Surface Emission

0.8-09 ( Selective Coating )



2540 )

(Conduction)

(Convection)

(Radiation)

(Electromagnetic Waves)

, 2540)

15
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1.5-2
7-8 '
4
1 (
, 2540 )
( , 2540)
SurunuAILTauLas fumada%y
ra1NNA
DAYLIGH
WARM
AR /l
e coLD. <—NSULATION !
= Ea 4 %] cow Mlcao-iuMATE
B g // V4 1 - 1 b (I M///min NI Y
————— — " _ 7 _ — TOUD GROUND ENERIY SINR— -~ — o
———— = | S ToA e 1 \\ i -
——————— - — - s S —— — —
-~ ™ e s s S T
—————— — T i N S o =
2.2

S M7 ARCH&IDEA 39 (

2539): P.19.



(Attic Temperature)

(Attic) 1

(ASHRAE, 1989)

ta = AcUdc+tjp C /oQc+Alr+ AWW+\ 3)

—t

g o

>

"3

Ur

AJ 0+PCRQC) + Amur+ Awiw+ AgrUg

specific heat = 0.018 Btu/ft3°F
(°F)
(°F)
(°F)
(f2)
(f2)
(f2)
(f2)
( Btu/h. ft2°F)
( Btu/h. ft2°F)
( Btu/h. ft2°F )
( Btwh. ft2 F)
(cfm/ft2



Q:

* A*AT

( Thermodynamics )

Sol-air Temperature
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Bernoulli Effect

Venturi Tube

Venturi Tube Bernoulli Effect

2.3 Venturi Tube
: Lechner, N. Heating. Cooling. Lighting Design Methods for Architects. (New York :
John Wiley & Sons, 1991.), p.185.

24 Bernoulli Effect
: Lechner, N. Heating. Cooling. Lighting Design Methods for Architects. (New York :
John Wiley & Sons, 1991.), p.186.
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(Natural Ventilation)

Cross Ventilation Stack Effect 2

PART A. NONREFLECTIVF. SURFACES

No Venvilationb Natural Ventilation Power Ventilationc
Ventilation Rate, rfn/ 2
0 0.1d 0.5 10 15

Sol-Airr Ceiling Resistance, R', °t" ft2-h/Blu

Temp., F 10 20 10 20 10 20 10 20 10 20
120 19 19 2.8 34 6.3 93 9.6 16 1 2
NO 19 19 2.8 35 8.5 10 98 iy 12 2
160 19 19 2.8 3.0 i 1 10 18 3 2
120 19 19 2.5 2.8 4.6 6.1 6. 10 % 3
140 19 19 2.0 %‘1 5.2 19 16 iV 15
160 19 .19 2.1 4 58 9.0 85 14 m i
120 19 19 2.2 2.3 33 44 4.0 6.0 41 6.9
140 19 19 24 2.1 42 6.1 58 8.7 6.5 10
160 19 19 2.6 3.2 50 16 12 il 8.3 "13

PART B. REFLECTIVE SURFACESS
120 6.5 6.5 81 8.8 i iy 5 19 30
140 6.5 0.5 8.2 9.0 14 18 18 2 20 kil
160 6.5 6.5 8.3 9.2 5 18 19 21 il 32
120 6.5 ) L : 10 13 12 i
140 0. 8.5 7.’? gg 12 5 i 2 ] 22
160 6.5 6.5 19 8.0 ik 16 16 28 lg 5
120 6.5 6.5 70 74 8.0 10 8.5 V) 8.8 2
140 0.5 0.5 L3 r ?.53 10 iV 1 5 2 16
160 6.5 6.5 1.6 : 1 il B3 18 5 2
2.2 Effective Thermal Resistance of Ventilated Attic (Summer Condition)

: American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989

ASHRAE Handbook Fundamentals. I-P Edition. (Atlanta Georgia, 1989.) 1p.22.11.
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(Cross Ventilation)

Wind Forced (ASHRAE, 1989)

Q = c4CvA v
Q = (cfm)
c4 = Unit Conversion Factor = 88.0
Ccv = Effectiveness of Openings
05-0.6
0.25-0.35
= (ft2)
= (mph)
40 —
J/»——-“
/ g -
30 L=
8 //
Zz 20
o /
i
= 10
0 ]
1 2 3 6

4 5
RATIO OF OUTLET TO INLET OR VICE-VERSA

21

: American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989

ASFIRAE Handbook Fundamentals. |-P Edition. (Atlanta Georgia, 1989.) 1p.23.8.
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Ratio of Outlet to Inlet Increase  Percent
11 11 0
1 15 15 1 175
12 21 26
125 25 1 31
13 31 A
1 35 35 1 36
1:4 4 1 37
1:6 6 1 38

23
: Watson, . Climatic Design : Energy-Efficient Building Principles and Practices. (New

York : McGraw-Hill Book, 983) 1p. 58.

( ASHRAE, 1989)

, 1 Low Pressure

( Givoni, B., 1969 )

(ASHRAE, 1989)
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( Convection )

1973)

Forced Convection

1989)

as =

60 =

(Koenigsberger,
(Convection Cooling)
(ASHRAE,
5= 60Qp Cp At
(Btu/h)
(cfm)
(Ibrvft3) 0.075 Ibm/ft3
( Btu/lb°F ) 0.24 Btu/Ib°F

(°F)



', 2540)

Wind Speed

Q:

* A*AT

, 2539)

12.00 - 17.00

24



Stack Effect

(Stack Effect)

Stack Effect Bernoulli Effect

Stack Effect (Bradshaw, v.,1993)
Q = 94A At
Q = (cfm)
A = (ft2)

h = ()
At = (°F)
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2.6

: Watson, D. Climatic Design : Energy-Efficient Building Principles and Practices. (New

York : McGraw-Hill Book, 1983) 1p. 114.

(Watson, 1983)

. OUTDOOR TEMPERATURE
DIFFERENCE

k
§a
INDOOR TEMPERATURE
DIFFERENCE \,,"

2.7 Bernoulli Effect

. Lechner, N. Heating. Cooling. Lighting Design Methods for Architects. (New York :
John Wiley & Sons, 1991.), p.186.
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28
: Ching, D.K. Building Construction lllustrated. 2 nd Edition. (New York : Van Nostrand
Reinhold 11991.) p.6.9.
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30 45 60
60

45 30
( » 2540)

26

( , 2537)

29

> Watson, . Climatic Design : Energy-Efficient Building Principles and Practices. (New

York : McGraw-Hill Book, 1983) 1p. 109.



(Roof Pressure)

30

Positive
Pressure Negative
Pressure Negative Pressure
(Negative Pressure)
( Positive Pressure)
45
K\ bap dAB
(RS T S
A \\\O_Z,’/ ° olf U ————— o
\\_ﬁi.," 0 0 ‘\&7‘ 08 —’0/7/
)/\ A A B
v /I' /') I' I' /I /' /:
=~ 06 0s 04 03
L7050/ | a5e a1 g o1
” LS / / ’ !
O e R N ~
I~ / //co / \ \
—d—tage 60° 02 01
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'AD 1/ / 1 /
T 4+ —— (‘\
\ (Vo |
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) | 24 ° o los1031
Gt iMenasy| oV L
A 1 i 1
/L% ST R~
/
T\ e 28 150° i I A p O
\ A |
y
/\\\ | ‘\ T
\ \
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\ \ \
/\
an 180° 180° 043
| S
2.10 Mean Pressure Coefficient

: American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989

ASHRAE Handbook Fundamentals. I-P Edition. (Atlanta Georgia, 1989.) 1p.14.5.
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) \w ey reley

211 Pressure Coefficient
- American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989

ASHRAE Handbook Fundamentals. I-P Edition. (Atlanta Georgia, 1989.) 1p.14.6.

ROOR SUCTION AT ' RIDEL UNE EXPERIENCES UPLIFT—
MICELOPE OF ﬂf‘/NDiWIRD ROOF WILL AID IN DRAY OF SHFCK
SUCTION EXPERIENCED AT RIDGE == WINDWARD RIEOF-

RECENES
WE FRESSURE-— NOT USEFUL
R AS AN EXHAUST
—

N E{‘FS]V Z

[

ahle>

=

1]

BRARRNAANANS
7
[
=
%

G EEEEEN RO R

212

:Watson, . Climatic Design : Energy-Efficient Building Principles and Practices. (New

York : McGraw-Hill Book, 1983) 1p. 200,202.
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g

(+) (=)

FLAT ROOF ) 1:4 SLOPE

(0)

1:2 SLOPE 1:1 SLOPE

2.13 (Positive Pressure)
(Negative Pressure)

: Lechner, N. Heating. Cooling. Lighting Design Methods for Architects. (New York :
John Wiley & Sons, 1991.), p.185.
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2539): 16-21.

( , 2539)
50 %

(Lechner, 1991)
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