3 3
(cry bub tenp)
4 « MRT
. 24 .
. (6.00-18.00 .) (18.00-6.00 .) (wind speed)
. 24 .
Q . (6.00-18.00 .) (18.00-6.00 .) (RH)
(o ' -1 |
| regression
v (MRT) '
41
. (MRT)
( \
1°¢ 1.4 °c
v >
I 1 I 1
MRT <t in | MRT >t in _HoT! .
| Livrggee | J Living soece F
(°c) =0.381 +0.016
/
I | R square=0.94
0.4°c 1 km/hr

Living space



4.2

421

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY

59



arm m i4.2

tfctidua

40

26

2546

(35°)

26 fn 23

21

2546

28

(36°)

2546

60

15.00 .



61

KWh

Oil

43

Ifl!

129 I 2546

iM 23

Anguan

REUNATaINI

K]

edecbleccccncnnnccnccnnccccncccccaaa

1
|
'
|

aaunafionnidnrgluannisinas

£

«

40

K 1 B bt T LTt T

36 B T R O T L LT r T Tt T T T pu e ISR RS SRS ——

;¥ 1 A

32 4-meeeennnnnne

: : ; :
LR ES T ()] awp) MeieLE e _.J...._:n.n_.:. SRR
2 & & & N

24

2546

29

2546

28

13.00

2

(32.5%)

(32°)



62

11

44

2546

9nil0

Ifni

AN

RINTAAILUDA
Angluannnieil

[EUNAT
. “u
[AUNATDINI
. «

00:81
- 00:91
- 00:1
- 00:Z)
- 00:0}
- 00:8
- 00:9
- 00:t
- 00:Z
- 00:0
- 00:2¢
- 00:02
- 00:81
- 00:91

- 00°FL

....... - 00:71

- 00:01

- 00°8

40

K+ T T o Tt T L T b T T T e

K B D ey T SRR e s

28 dovsiniieaiinag

26 f---mmmmmmmae

7 2 ERRRER

00-9

20

dlamansasas 24 9l

10 (e 2546

9 \ieu 2546

™

12.00

3

(33.2°)

(33.83°)



63

2
422.1
( )
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( )
4.2.2.2
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4
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regression
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SPSS regression
4 24 (6.00-18.00
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regression

=6.018+0.861 taut-1.092 time-0.374 season-0.414 condition

(19005) (78411)  (-16075)  (-9529) (-7.219)
t R=0.920 RSquare=0.847 Adjusted RSquare =0.846 std. Error = 1.1965

F=2397.779 Sig. of F=.000

tat
time dummy variable 1= 0=
season dummy variable 0= 1= 2=
condition dummy variable 1= 0=
tout time season  condition
(tin) 0.897 0.298 -0.478 -0.063 29.39 3.0505
(t out) (1.00) 0.498 -0.414 0.010 28.52 3.3446
(time) (1.00) -0.072 0.030 0.58 0,49
(season) (1.00) -0.003 0.98 0.81
(condition) (1.00) 0.48 0.50
4100 6 10
28.52°c
37.17°c 19.25°c
29.3%°c 38.53°c
20.92°c
0.05

0.05

84.7
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26 ' 2546 21 2546 28 2546
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= 6.018+0.86110nt-1.092 time-0.374 $ea$on-0,414 condition
timeCiil ) 1= - 0= season( ) 0= 1= 2= condition( )y1l=1 2=
*
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= 12.7+0.652 tou-1.284 time-0.480 season-0.754 condition

(5215 (36.729)
t R=0.883 RSquare =0.779 Adjusted RSquare =0.778 std. Error = 1.0215

F=424.765 Sig. of F=.000

tat
time dummy variable
season dummy variable
condition dummy variable
tout time season
(tin) 0.777 0.041 -0.396
(tout)  (1.00) 0.477 -0.288
(time) (1.00) -0.070
(season) (1.00)
(condition)
4200 6 O
37.42°c 20.46°c
29.39°0
2221°c
0.05

(8237

1=
0=
1=

condition
0.001
0.405
0.767
-0.070
(1.00)

28.34c

34.83°c

77.9

(1067 (5099

2=

29.39 2.1657

28.34 3.1120
0.62 0.49
1.08 071
0.63 0.48

0.05
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= 11.702+0.644 tat0.899 time-0.448 season-0.733 condition

(3306) (68653 (1223) (10714)  (-11627)
t R=0911 RSquare=0.830 Adjusted RSquare =0.829 std. Error = 1.2567
F=1939.882 Sig. of F=.000

tal
time dummy variable 1= 2=
season dummy variable 0= 1= 2=
condition dummy variable 1= 0=
tout time season  condition SD
(tin) 0.884 0.247 -0.503 -0.129 28.26 3.0421
(tout)  (1.00) 0.432 -0.439 -0.015 27.86 4.2025
(time) (1.00) -0.051 0.007 0.63 0.48
(season) (1.00) -0.046 0.98 0.85
(condition) (1.00) 0.49 0.50
4.3 correlations!!
27.85°0
38.93°c 14.07°c
28.26°c 36.210
17.31°c
0.05
0.05

83.0
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(time lag)

(time lag)
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4.3 (Effect of MRT: Mean radian temperature)

(Comfort zone)

(Mean radian temperature)

(Mean radian temperature)

Actual Tt Imaginary
room 2 room|
-t
: g >
— R —R'
4 i Heat exchange by
=t B tadiation: R=R"
5P, /
21]4.1 msmqwnqumauwumlﬂusau (MRT) ﬂ’lﬂﬁ'ﬂ%?ﬂmﬂ
Fanger.o.p. Thermal comfort. NY.'Mcgraw - Hill, 1976.
(Mean radian temperature)
Glob MRT
SPSS regression
- 4
24 (6.00-18.00 .)
(18.00-6.00 ) 24 (6.00-
18.00 ) (18.00-6.00 .)

431
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regression
MRTin a=-0.453+0.343tau+0.67tin-0.253time+0.008653season+0.257condition-0.0008wincljn
(2105 (20.111) (60508)  (5.360) (3469) (699) (-7.600)
t R=0.972 R Square = 0.945 Adjusted R Square = 0.945  std. Error = 0.7115
F=4683.379 Sig. of F = .000
th,
31k 0 1
time dummy variable 1= 0=
season dummy variable 0= 1= 2=
condition dummy variable 1= 0=
tout tin condition time
mrt in 0.873 0,950 0.012 0.289 29.09 3.0218
touy (LAD) 0795  0.032 0.531 28.66 3.333
(tin) (L@  -0042  o0.200 29.50 3.0197
(condition) (1@  -0.004 0.47 0.50
(time) 1@ 0.57 0.49
(season) 0.95 0.81
(wind in fpm) 12.39 17.6621
440 -6 O
MRT 29.09°c MRT [ 38.11°c
MRT 20.26 °c 28.66°c
37.11° :9R252¢
29.09°c 38.11°c
20,26°c
( 1 )
( 1 )
( 1 )
0.05
0.05
MRT

94.5
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MRTAA&INT

7 24)
28 ' 2546 217 2546 28 2546
Ly «») 10 1 1y » any ) N ) otill la<| 1 hour

= -0.453 + 0.343 tout + 0.67 tin lag - 0.253 time + 0.008653 season + 0.257 condition -0.0008 »'

imjtimectfnn ) 1= ' 0= 1 season(ng) 0= 1= 2= condition( - ,) 1= 2=

«ipill e “MRT  — m-——MRT ) — a

( 1°c 1.4°c)
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6.

MRTAW =4.067+0.281tou+0.584"-0.395time-0.135season+0.407condition-0,0007windin
(9.234) (16.168) (26.583) (-4.333) (-3.151) (4.855) (-4.106)
t R=0.956 R Square = 0.914 Adjusted R Square = 0.913  std. Error = 0.6081
F=847.171 Sig. of F= .000
tot
tmBanmn 1
time dummy variable 0=
season dummy variable 1= 2=
condition dummy variable 0=
tout tin condition time SD
mrtin 0.813 0.906 0.153 0.212 28.93 2.0575
(t out) (1.00) 0.657 0.419 0.552 28.29 3.0957
(tin) (1.00) -0.054 0.032 29.37 2.1523
(condition) (1.00) 0.704 0.62 0.49
(time) (1.00) 0.58 0.49
(season) 1.08 0.71
(wind in fpm) 14.28 18.1356
4.5 correlationsfl ' ,
MRT 28.93°c MRT 35.13°c
MRT 22.82 °0 28.29°
37.42°c 20.46°c
29.37°c 35.28°c
22.21°c
( 1 )
0.05
0.05
MRT

91.4
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30 2546 31 2546

»! 1liiaooatil 8 » « » ! aim i1 TOU (»TfIfli m ik iia H )

= 4.067 +0.281tout + 0.584 till -0.395time -0.135 season + 0.407 condition -0.0007 windin
timeCtfl»' ) 1= 0= » season( ) 0= 1= 2= condition ' # tol=lL 2=

-~ - temp — —MRT ... »  MRT — — ub

( oc ! 1.4°c)
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MRTinv = 6.230+0.360 tou+0.422 tIn-0.36 time-0.17 season+0.271 condition-0.0008 windin

(19815) (35467) (484  (5505) (4769 @4 (7586)

t R=0.938 R Square = 0.879 Adjusted R Square = 0.879  std. Error = 0.9551

F=1753.926 Sig. of F = .000

tou
tinl 3hr 0 3
time dummy variable 1= 0=
season dummy variable 0= 1= 2=
condition dummy variable 1= 0=
tout tin condition time SD
mrt in 0.839 0.828 0.033 0.236 28.16 2.7415
(t out) (1.00) 0.619 -0.017 0.501 28.07 4.1285
(tin) (1.00) -0.116 0.037 28.17 3.0171
(condition) (1.00.) 0.026 0.49 0.50
(time) (1.00) 0.61 0.49
(season) 1.02 0.85
(wind in fpm) 20.50 26.9365
4.6 00 -6
MRT 28.16°c MRT 35.69°0
MRT 17.23 °c 28.07°c
38.93°c 14.07°c
28.17°c 36.21°0
17.31°c
( 3 )
( 1 )
0.05
0.05

87.9
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fun 2013 ) 2546
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43.2

(MRT)

lag) 1

(MRT)

(MRT)

(MRT)

(MRT)

90

(time

(time lag)



9

44 (Effects of building’s ventilation)

(Comfort zone)

(MRT)
(13.00 ,-17.00 .)
2
(
)
(Human sensation)

(Structure cooling ventilation)

4.4.1
2
2522
1
10% u
13 3/ /"
15 cfm / person

D ? am 1/2542. ( : , 2542), 3-206.

1 Ken Yeang, The skyscraper bioclimatically considered. (London: Academy Group,1996), p. 130.



air change / hour

4.7

4.4.2

4.4.2.1

11
2:1
31
4:1
51
3:4
1:2
14
4.8

Cross ventilation

< > O
1"

12

Cross ventilation

KAV

cross ventilation 3/

3150
4000
4250
4350
4400
2700
2000

1100

92

10

(Cross ventilation)

@

(' 3Inn)
2 (2
I (pn)

: Victor Olgyay, Design with climate Bioclimatic Approach to Architecture Regionalism. (New York: Van Nostrand

Reinhold,1963) p. 104.



93

. ( : =1:1)
(Structure

cooling ventilation)

. ( : =4:1)

(Venturi Effect)

0.44 - 0.92 km/hr

5 km/hr

. ( : = 1:4)

4.4.3

16- 3.33 / 0.44

- 0.92 km/hr

(32 °c)

4.4.3.1 Cross ventilation

Givonni’'s method
V, = 0.45(1 - e"33AX)Vr 3)
Vj =

vr =



94

4)

®)

33=1

vVAG%) VM%) vAGE%) VM%)

Givonil2
=0.9 v,lvr = 0.44
v,= 0.44 vr
=01 vvr = 0.14
V,= 0.14 vr
Methods based on tabulated data
Givoni Cross ventilation
2
2/3 = 0.66
13 18
15 33
17 44
2 22 56
2 45 68
37 118
2 35 65
42 83

4.9

16

23

17

51

40

37

42

20

36

17

103

110

102

94

: Allard, F. Natural Ventilation  Building: A Design Handbook. (London: James & James, 1998),p. 69.

PAllard, F. Natural Ventilation  Building: A Design Handbook. (London: James & James,1998), p. 68.



vat 35.0 %

vou=100.0%

Var 37.0%

Vat= 100.0 %

4.2

var42.0%

Vou=100.0%

vo= 42.0%

VaE= 100.0 %

vatE45.0% vae 37.0 %
VauE 100.0 % Vou=100.0%

V,,=51.0% V,,=40.0 %
VouE 100.0 % VouE 100.0 %

»

45°

95



B

39%
44%
34%
3
35%
32%
36%

4

el

0%
i
3%
W%
590%
1%
6206

@

45%
39%
51%
51%

50%

96

3%
40%
45%
36%

3%

: Francis Allard. Natural Ventilation in Building: A Design Handbook. (London: James & James,1998),

113 213
113 33
B 7
213 33
33 1/3
B B
4.10
pp. 70-71.
vou=35.0% vou=42.0%

Vo= 100.0 % Vat= 100.0 %
var 37.0 % v,,=51.0 %
vauE 100.0 % vauE 100.0 %

V,,=45.0 %

Vou= 100.0 %

VQE47.0%

voli= 100.0 %

= 1:1)

V,,=37.0%

Vout~ 10.4 %

Valk 65.0 %

vou= 100.0 %




44.0 % Vi= 44.0 % V,: 51.0% vau=45.0%
100.0 % vou= 100.0 % vou= 100.0 % vou= 100.0 %
. ( = 1:3)

32.0% V,,=41.0% Vo= 90.0 % V,.=37.0%
100.0 % V_=100.0 %

’ ol 4 V.= 100.0 % = 100.0 %

4.3
4.4.4
(Casement
window) (wing wall)
f (Living Space)
Living space

4.4



4.4.5

22 23

57

18 19

Vag=27.7%

4.5

4.4.6

Givoni

Givonil3
5 %)
17 18
53
13 13
Vag=22.8%
(va)

19 17
9
15 84
VaB=-28.8%
-------- )

98

19 17
9

15 84

Vag=28.8%

Baruch Givoni, Passive and Low Energy Cooling of Buildings. (New York: Van Nostrand Reinhold, 1994) p. 51.
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