21 (Heal)

3
(Lechner, 1991)
211 (Sensible Heet)
(Degree of Molecule)
(Random Maotion)
2
(Intensity of Random Motion)
(Specific Heat)
212 (Latert Hedt)
32°F
(0°C) 32°H0°C) 144 Bu
* 1lb 212°F(100°C)
212°F(100°C) 1000 Btu 1lb

(Btu/ I of Dry Air)
() ()



(Enthalpy)

Btu / b of Dry Air
21

75°F DB 50%RH(0.0093 Ibs of Moisture / b of Dry Air)
90°F DB 54%RH(0.0162 Ibs of Moisture / b of Dry Air)

Item Indoor Condition Outdoor Condlition
Latent Heat, Vapor 0.0093'1061a = 9.90 0.0162*1061" = 17.25
Sensible Heat. Vapor 0.0093%0.444-75 = 031 0.0162*0.444*90 = 0.65
Sensible Heat, Air ¢t Ib) 1%0.241*75 =15,1.0 1¥0.241%90 =217Q
Enthalphy (Total Heat) 28.30 39.60
* Latent heat of vaporization, Btu/lb (approximate)

21

: Stein and Reynold. Mechanical and Electrical Equipment for Building. Eight Edition, 1992: 133

h ~ *PV (ASHRAE, 1939

h (Btu/lb of Dry Air)
(Btu)

V (Iblcu 1t

P

13
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21 (Psychrometric Chart)
: Stein and Reynold. Mechanical and Electrical Equipment for Building. Eight Edition, 1992: 130

213 (Radiant Heat)

(Infrared)
(Radliation)

14




22

N

:h

(Opaqe)

(Specific Heat Capacity : Cp)

1 1 (Mass)w Btu/lb °F

Volumetric Specific Heat
Btulcu ft °F

h. F/ Btu

(Density)

(Thermal Capacity)

e
11

U-Value
Sr

Btu/°F ( lo* Btu/lb F)
(Time Lag)
(Thermal Conductivity : k)
1 1
Btu inch /sq.ft, h. °F Btu/fft. h. °F
(Thermal Resistivity : 1)

(Thermal Resistance : R)

b*r b
bk
(Thermal Conductance : C)
Btu / sq.ft, h. F
1R
( -Value)

USr
RAw + R1+R2+ R3+

2.6

1

Iblcu ft

So.ft

+RAN
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23
(ASHRAE, 1989)

1
2
3,

231

(Gravity)

Wave)

(Reflectance : p)

3

(Heat Transfer)

(Single Phase Heat Transfer) 3

(Thermal Radiation)
(Thermal Conduction)

(Thermal Convection)
(Thermal Radiation)

(Atom) (Molecule)
(Region)
(Transmittance : T)
PATAQ | = 1
X)=0 P+a
(Black Surface) a = 1P X

(Reflectance; p)
(Transmittance; X)

(Absorptance; a)

(Emittance; )

(Electromagnetic

(Absorptance : oc)

11
H

(Lechner, 1991)

16



(Reradiate)

(Greenhouse Effect)
(Polyethylene)

(Emittance : )

312) Emittance ~ Asorptance
Thermadynamic
7 = CLx
§ = a
Class Surface
1 A small hole in a large box. sphere, furnace, or enclose
2 Black nonmetallic surface such as asphalt, carbon, slate, paint.
paper
3 Red brick and tile, concrete and stone, rusty steel and iron, dark
paints (red. brown, green, etc.)
4 Yellow and buff, brick and stone, firebrick, fire clay
5 White or light cream brick, tile, paint or paper, plaster, whitewash
6 Window glass
7 Bright aluminum paint: gilt or bronze paint
8 Dull brass, copper, or aluminum; galvanized steel; polished iron
9 Polished brass, copper, monel metal
10 Highly polished aluminum, tin plate, nickel, chromium
1n Selective surfaces

Stainless steel wire mesh

White paint surface

Copper treated with solution of NaCl02and NaOH
Copper, nickel, and aluminum plate with CuO coating

Kirchholf's Law (ARHRAE, 1989:

2.2
Total Normal Emittance’
At 50 to At 1000°F Absorptance for

100°F Solar Radiation
0.97 t0 0.99 0.97 t0 0.99 0.97 t0 0.99
0.90 t0 0.98 0.90t0 0.98 0.85 to 0.98
0.85100.95 0.751t0 0.90 0.65 0 0.80
0.85100.95 0.70 t0 0.85 0.50 t0 0,70
0.85100.95 0.60 10 0.75 0.30 to 0.50
0.90 b
0.40t0 0.60 - 0.30t0 0.50
0.20 t0 0.30 0.30 t0 0.50 0.40 to 0.65
0.02 t0 0.05 0.05 t0 0.15 0.30 to 0.50
0.02 t0 0.04 0.051t00.10 0.10 to 0.40
0.23100.28 0.63 to 0.86

0.92 - 0.23t0 0.49

0.13 0.87
0.09to 0.21 - 0.08 t0 0.93

Hemispherical and normal emittance are not equal in many cases. The hemisphencal emittance may be as much as 30% greater for

polished reflectors to 7% lower for nonconductors.

DAbsorbs 4 to 40% depending upon its transmittance.

22

: ASHRAE Handbook Fundamental, 1989: 3.8
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Eh

T4

Air Temperature
Te

Te
To

ho

Ar

20 Btuh. sq.ft
-( *Ar/ho)

Ar=0

(Black Body)
8 *T4 (ARHRAE, 1989: 3.7)
Stefan - Boltzmann = 0.1714 * 108Btu/sq.ft. h. R4
(°R) ;TCR) = t(F) + 459.67
1 Sol-

To + ra/ho - *AR/ho (ASHRAE1989: 26.4)

Sol-Air Temperature (°F)
(F)
(Bturh sq.ft.)

(Btu/h sq.ft. B

(Btu/h sq.ft.)

Ar
8=1  h=30
-1°F (Bliss, 1961 cited in ASHRAE, 1989: 26.4)

Ar
(Sky Low Emittance)

18



232 (Thermal Conduction)

2 )
(Contact)
q = *A*At (ASHRAE.1989: 3.3)
q (Btu/Hr)
A (sq )
At (A
2.3.3 (Thermal Convection)

(Fluid)

Convection

( , 2531)



(Sensible Heat)
%se =  108*cm *At

(Latent Heat)
qlaast = 4840 *cim. * Aw
(Total Heat)
qfd = 45*cim *Ah
q Btu/h.
cfm. cfm.
At 0F
Aw
Pounds of Moisture per Pound of Dry Air
Ah Enthalpy
BTU/ Pound of Dry Air
1.08 60 min/h *0.075 Ibndcu.ft. of Air Density * 0.24 Btu/lb °F of Specific
Heat of Air
(Thermal
Force)
(Free Convection) (Natural
Convection) "Thermosiphoning Gravity Flow
! (Layer)
(Stratification)
(Lechner, 1991)
L
2 / 2

20



11 9
2 4
(Laminar)
(Separated)
(Turbulent)
(Eddy Current)
21
LAMINAR SEPARATED TURBULENT EDDY
21

 Lechner. Heating Cooling Lighting..1991: 184

3 (Inertia)

4, (Conservation of Air)

)

(Positive Pressure)
(Suction)

(Negative Pressure)

21



6. Stack Effect

22

2.2 Stack Effect
 Lechner. Heating Cooling Lighting..1991: 186

Solar Chimney  Stack Effect

2.3

s
P RN

SOLAR CHIMNEY
(BLACK PAINTED
METAL)

2.3 Solar Chimney
 Lechner. Heating Cooling Lighting..1991: 186



Stack Effect

Q = CA[ (o)t (Stein, Reynold. Mechanical and Electrical
Equipment for Building. Eight Edition 1992: 127)

Q (cim)
C
=313 65%
=240 50%
A (sq.ft.)
h (t)
f (F)
f0 (F)
2.4 (Ventilation)
fin ' ventus
..( 4 2530)
L (Health Ventilation)
2. (Comfort Ventilation)
3. (Structure Cooling Ventilation)
24.1 (Health Ventilation)
Building Type Recommended Ventilation
(excluding kitchens, baths) Rates PerOccupant (cfm.)
Residential 7-10
Office Building 15-25
Hotels 15-20
Department Stores 10- 15
Transportation Facilities 20-25
Auditoriums 10-20

2.3
: Energy in Design Techniques,. AIA 11981
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24.2

050 fom.

50-100 fpm.
100-200 fpm.

200-300 fom.

300 fpm.

24

(Comfort Ventilation)

Cross Ventilation

2.4
C = 30[DBT-81 + 1.5(RH-60)/10] (Cowan.,1991)
WSc fpm.
DBT
RH
1300 fom
( 80-90°F)

23°F
45F

>I°F

>I°F

Stein, Reynold. Mechanical and Electrical Equipment for Builoing. Eight Edition

24



2.5

Equation Limits Condition Remark/Sources

hc=0.061 V06 40 <V <800 Seatwith moving air Mitchell (1974)
hc=0.55 0<V<40
hc=0.475 + 0.044 V06’ 30 <V <300 Reclining with moving air Colin and Houdas (1967)
hc=0.90 0<V<30
c=092v°3R 100 <V < 400 Walk in still air Vis walking speed.

Nishi and Gagge (1970)
h0= (M - 0.85)039 11<V<30 Active in still air Gagge 6t al. (1976)
hc=10.146 v°3 100 < V < 400 Walk on treadmill in still air Vis treadmill speed.

Nishi and Gagge (1970)
hc=0.068 v°® 30 <V <300 Standing person in moving air Developed from data presented
by Seppenan et al. (1972)

hc=0.70 0<V<30

hc = (Btu [ h. sq.ft. oF)

v = (fpm)

M = met unit ; 1 met = 18.43 Btu / h. sq.ft. /

: ASHRAE Handhook Fundamental, 1989:

243 (Structure Cooling Ventilation)

Conduction - Convection

25



"Wind Chill Index”

Wind Chill Index
WCI (1045 + 10 (V)12- V) (33-T§  ( Donald Watson & Kenneth Labs,1983)
" WC Wind Chill Index (kcallsqm. Hr)
Vv ( /ec)
Ta (C)
Wind Chill (Twc)
Twel = -0.04544(WCI) + 33
Surface Emittance ( )
Position of Surface ~ Direction of ~ Non-Reflective Reflective
Heat Flow 8=0.90 8- o 8=0.05
h R h R h R
Still Air
Horizontal Upward 163 061 091 110 076 132
Sloping 45° Upward 160 062 08 114 073 1.37
Vertical Horizontal 146 068 074 13 059 1.70
Sloping 45° Downward 12 076 060 167/ 045 222
Horizontal Downward 108 092 037 270 022 455
Moving Air Any Position ho R ho R ho R
15 mph.(Winter) Any 600 017
7.5mph. (Summer)  Any 400 025

26 Surface Conductances (Btu/h.sq ft. F) and Resistances (F. sq ft. WBtu) for Air
:ASHRAE Fundamental Handbook 1989 22.2



26

25
/)
2
(MacDonold, Durrant, 1989)
(
Sassi , Mohamed mohamed
( 12537)

=08- 26°c/m (0.4-14F)
=05°¢c/m (0.3°F)

, 2537)

1992

21



(Curtain Air)

Chamber
Joseph Bernard., 1988)

(Performance)

18
30-50%

Chamber L3-

(Radiant Cooling Panel)
8% (Oliver,

28
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