21

211 (External Load Factors)

1 (Conduction)

1Moore, Fuller, Environmental control system (Sineapore:McGrawHill. 1993), p.8.

mjiujtrcft



1 (Conductance : C) [ 12k Btu.in/fi2h°F
C = k/
2 (Conductivity k) wim2,°k
Btu .in/ ft2h"F
1 1
1
1
3. (Resistance : R) 12,°kl
ft2h°F / Btu
R = llc = Axlk
4, ( Thermal Transmittance
Coefficience : ) [ 2,k n/ ft2h.°F

1/ Sr

10



2 (Convection)
3 (Radiation)
a) (Reflection
(Transmission X)
3 12
a+P+T=i
I
a
P
X

2Moore, Fuller, Environmental control system (SingaporeiMcGrawHill, 1993), p.13.

(Absorptivity
()

00 - 10

il



12

21
Heating, Cooling, Lighting Design Methods for Architectures, 2001

4, (Emissivity E)
0.0 10

Black Body

8 = o (Black body)

2.12 (Internal Load Factors)

2.13 (Infiltration and Ventilation)



2.14
(Mean Radiant Temperature, MRT.)

MRT.

MRT. 8

MRT

ET0/360
(TO+TD %..+T,01/360

Victor Olgyay5

14

3Fanger, P.0., Thermal comfort : analysis and applications in environmental engineering. (New York:
McGraw-Hill, 1970)
4 , 1l
, 2539)
50Igyay, V., Design with climate. (New Jersey: Princeton University Press, 1973)



T mside =

MRT =

MRT

2.2

221
(Humidity)

(Sensible Heat)

(Vapor Pressure)

= Tiick+ LA(MRT - Tirgd)

40

(Latent Heat)

( aturation)
(Saturated Point)

14



2.2.2 (Humidity Parameters)6

1 (Humidity ratio ~ moisture content . )
()= (Mw) / (Ma)
= 062198 x wx &
(humidity ratio)
XW = (water vapor)
Xt = (dry air)
2, (Humidity ratio ()
0%
100%

) =  Xw/Xwsattp

I = (Relative humidity)
Xw = (Water vapor)
(Moist air)
Xwsattp = (Vapor®
(Saturated Mixture)

6 American Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001ASHRAE
Handbook Fundamental S-I Edition (Atlanta, Georgia,2001), Chapter 6.



(Dew point temperature)

100 %

(Vapor pressure)

es (T) = O6LL¥EXP (17.27 1)/ 1+ 237.3

<D
1

= (rh)*es(T)/100

es(T) =

D
1

(Vapor pressure”
(Relative humidity)

rh

16



D, (Enthalpy of moist air h)

(latent Heat) (sensible Heat)
h = hatWhg
ha= 02401

he= 1061+0.4441
ha= 0240t+ (1064+04441)

h = enthalpy of moist air Btu per pound of dry air
ha = specific enthalpy of dry air per pound
t = (dry bulh temperatoe) OF
= (humidity ratio)
ha = specific enthalpy of saUirated water vapor Btu per pound

2.2.3

(Vapor Retarded)

7 American Society of Heating, Refrigerating and Air-Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental. (Atlanta: Georgia, 2001)



(Capillary Suction)

01
= 2<J C0S0
[
(capillary suction)
G (surface tension of water)
0 (contact of wetting angle)
r (radius of the capillary)
(contact of wetting angle) (water
meniscus) capillary capillary suction
! (hydrophilic) 90
, (hydrophobic) 0 180
capillary capillary
capillary
ISothermal nonisothermal
capillaries (tranfer)
(diffusion”
(vapor saturation pressure) capillaries Thompson

capillary

pr P exp(s/ PRT) = P exp(2CT coso/ rpRT)



pP” (saturation vapor pressure i
capillary)
P’ (saturation vapor pressure in ambient air
at same temperature at P”)
P (dlensity of water)
R 0as (gas constant)
T (absolute temperature)
capillaries
capillaries capillaries
capillaries capillaries
capillaries
=—pRT%)
!
capillaries
(gradient)  suction pressure
= -Km ds
d X
il water flux

water permeability coefficient

19



O

(Air Movement)

water vapor flux (flow per unit area)
(humidity ratio)
(dlensity of air)
(airflow velocity)

(Water Vapor Diffusion)

(convection)

20



- . a
[ werrumnane 5/n1tﬁnnnmu '

4 e e
[ SMnmInum nmng »4

Fick’s Law
= - dp
(water vapor flux)
U water vapor permeability
P (Water vapor pressure)
X (distance along flow path)
(water vapor pressure gradient)
Fourier
(permeability)
ASTM Standard E 96
(dry
cup (0% to 50% rh) wet cup (50% to 100%rh)
224 8
(Vapor
Retarder) (Airflow Retarder)

8American Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental S-1 Edition (Atlanta, Georgia,2001), Chapter 23 p.15.



225

2.2.6

10

ASTM Standard 283

(Indoor Air Quality)

(Air Leakage)
ASTM Standard E 1424

50

22



221

(moisture content)

(open 0 )

(vapor pressure)

(closed cell)

23



2.3

231

(Start up time)

Q=rmrc*At

(Specific Heat)

24



25

2 (Sorption Isotherm)

(Equilibrium
moisture content  EMC)
(Moisture content ~ MC) ()
(Adsorption Isotherm” ( Desorption Isotherm)
2.2 9

9American Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental S-1 Edition (Atlanta, Georgia,2001), Chapter 23 p. 13.



2.32

conduction

( rface conduction)

(Humidity Ratio)

(Fill Up Heat Capacity)

Surface

26



2

Fill Up Heat
Capacity Time Lag
2 (Thermal transmittancerl)
3, (AbsorbtivityrOC)
(Emissivity:6)
4, )
(Vapor
Retarder) (Airflow Retarder)
24
(Sensible Load)l 2
Q= *A*At.n (1)
uag Q = *A*CLTD.eciiis o (2)
Tauii
Q = (BTU/HR. °F)
U = (BTU/HR.F2 F)
A - (F2
At = (OF)
CLTD = (Cooling Load Temperature

Difference (°F))



28

2 1
(Steady State  Condition”

2 At CLTD
( teady State Condition”
Peak Load

American - Society of Heating
Refrigerating and Air-Conditioning Engineers (ASHRAE), 1989.

ASHRAE
146 (Bl f2°A0
0 = At
0 - B )
0o = B 2D
At = (P

DAmerican Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental IP Edition (Atlanta, Georgia,2001), Chapter 25 p.2,



25
(Latent Load)

2
L (Vapor Diffusion)
1
Q = (M/7000)*A*Apv¥(hgh
o = (Btu/hr.)
M = (perms or grains/ft2hr.in.Hg.)
- (f12
- (inHg.
= Enthalpy at room conditions (Btu/lb)
.. = Enthalpy of water at cooling coin (Btu/lb)
= 1076 Btu/lh °F
cooling coin 50 °F
2 (Air Infiltration)
Q = 4B40*CFM*Aw
Q = (Btu/hr.ft2
CFRM = ;1 (Cubic foot per minute)

( /1bA)

11 American Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental S-1 Edition (Atlanta, Georgia,2001), Chapter 29 p.19,



Q = L108*CFM*AT

O
1

(Btu/hr.ft2
CFM (Cubic foot per minute)
At = (°F)

11
—

(Vapor Diffusion) /]

26
Sol - air temperature

(At)

Sol - Air Temperature (At) = Tout +1*cx/h0-sAr [hQ

Te

Tout

I = (Total Solar
Radiation Incident on the Surface) BTU /h. ft2

a = ( )

Sol - Air Temperature

2American Society of Heating, Refrigerating and Air Conditioning Engineerings, 2001 ASHRAE
Handbook Fundamental S-1 Edition (Atlanta, Georgia,2001), Chapter 29 p. 19.



ho = Long Wave
Radiation ~ Convection (BTU /. ft2

§ = (Hermispherical
Emittance of the Surface)

Ar =
(BTU /. ft2
Sol - Air Temperature
ol - Air Temperature
2.1
1 B
3
1
2
3.

( , 2543)



1 2543)

24

32



24

3

2543)



6.3

6382 KIIKg,
59,99 KJ/Kg

EIFS

34

15.74 glkg EIFS
10.16 glkg

0.3

EPS (Expanded Polystyrene® 1

4 60.39 KIKg 8
3 50.12 KI/KgO

, 2545)
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15

13
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