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## 5473562125 : ARCHITECTURE

KEYWORDS : STACK VENTILATION / SOLAR CHIMNEY / SOLAR COLLECTOR
SAKDIPHAT THOMTHITCHONG : THERMAL PERFORMANCE OF SOLAR
CHIMNEY ON CEMENT ROOF OF RESIDENTIAL BUILDING IN THAILAND.
ADVISOR : ASSOC. PROF. PHANCHALATH SURIYOTHIN, 83pp.

The purpose of this research is to study on the utilization of solar chimneys on the cement
roofing of residential buildings in Thailand for convective heat transfer at the exterior building.
Regarding the propose of this research, the process began with the creation of three experimental
rooms. Room 1 was prepared to perform the base case experiment. The dimensions of Room were
1.2 meters wide, 2.25 meters long, and 2.35 meters high and the types of solar chimney were
classified into two types. Type 1 was a short solar chimney with a size of 0.52 meters wide, 1.10
meters long, and 0.24 meters high. Type 2 was a long solar chimney 0.52 meters wide, 1.10 meters
long, and 0.24 meters high. The experiment was performed from 8 am to 8 pm to classify the
experiments into three types. Also, the gradient's position was fixed at 10 degrees, 20 degrees and
30 degrees for the following types of experiment. The three experimental rooms were prepared for
each experiment. There was no installation of any solar chimney in Room 1 as it was the control. A
short solar chimney and another long one were added to Room 2. The temperature results from each
position of the rooms were taken for analysis and evaluation of the experiment through the hourly

average temperature integration method and mathematics calculation.

The results revealed that setting the pitch of a solar chimney on cement roofing at 10
degrees, 20 degrees and 30 degrees can reduce the heat of the Room 2 by more than 2 degrees
when compared with the temperature of Room 1 from 9.30 am to 4.30 pm, 9.30 am to 4 pm and
12.30 pm to 7.30 pm respectively in performing the experiment. However, the data indicated that a
short solar chimney with a pitch set at 10 degrees has a maximum capacity for ventilation of 10,702 -
12,474 cubic meters per hour equivalent to opening a ventilator (26 watts ; ventilation rates 780 cubic
meter per hour) 13 -16 hours per day, equal to THB 1,070 -1,247 (the cost of electricity per day) at

flat rate charges (1 unit costs THB 3)

Department: Architecture Student’s Signature

Field of Study: Architecture Advisor’s Signature

Academic Year: 2012
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Ratio of outlet to inlet Increase in Percent

1:1 11 0

1:1.5 1.5:1 17.5
1:2 2:1 26
1:25 2.51 36
1:3 31 34
1:35 3.5:1 36
1:4 4:1 37
1:6 6:1 38
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12:30:00 38.2 345 = 37 31.9 38.2 37.2 31.7 38.7
13:00:00 38.1 31.6 < 375 32 40.1 35.9 31.8 39.6
13:30:00 38.7 317 - 37.9 32.1 39.3 37.2 32 39.2
14:00:00 38.6 32.5 = 38.5 33 40.1 37.9 32.7 40.7
14:30:00 38.9 32.3 - 37.9 32.6 40.5 35.7 32.3 40.1
15:00:00 38.5 32.3 - 37.4 32.8 40 35.5 32.8 39.7
15:30:00 38.7 32.6 1 37.7 33.3 39.2 37.9 33.1 39.4
16:00:00 37.7 32,6 - 36.5 32.9 37.6 35.6 32.8 37.9
16:30:00 37.3 32.5 - 36.3 33.4 37.2 36 33 38.4
17:00:00 36.6 32,9 - 35.9 335 36 35.1 33.1 36.7
17:30:00 35.6 32.7 - 34.9 33.1 35.8 34.4 33 35.5
18:00:00 34.3 32.9 - 33.2 33 32.2 33.2 33 32.9
18:30:00 33.1 32.7 - 32.4 325 31.7 32.3 323 32
19:00:00 32.7 32.7 - 32.2 324 31.7 32.1 32.3 31.8
19:30:00 32.3 32.4 - 31.9 31.9 31.2 31.8 31.8 31.4
20:00:00 32 32.2 - 31.6 31.6 30.7 31.6 31.6 30.9
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%a9nAaed Base Case

HanAaad 1

HoanAanad 2

S = - I I -

e g1 sz | &g | & | ¢

198" . & 2 S & % £ & z
& z = & > e & g e

o [P - & = & < < Z « & z
/ AUNINARARNLATENIAR NN s & & g & < B & &
‘(‘% 'Wé & vg a= & vg & &

= c IS I & IS I I3 =

S =3 < S = < S =3 [

@ C c @ [ I @ C I

(=1 @ @ (=1 @ @ = @ @

(=4 (=4 (=4

g ‘& 2, g % 2, g ‘& =

=3 § = =5 g = =3 § =

@ = gr @ = gr @ = gﬂ
8:00:00 30.4 30.6 - 30.6 30.7 33.2 30.8 30.8 31.6
8:30:00 31.8 31.6 7 32 31.6 33.9 31.7 31.7 33.3
9:00:00 33 32 = 32.4 322 33.5 32.2 323 33.3
9:30:00 34.4 32.3 N 33.4 325 35.1 32.8 32.6 34.5
10:00:00 35.7 32.6 N 34.1 32.8 35.4 33.4 32.8 35.8
10:30:00 37 32.9 N 35.5 33.2 37.5 34.3 33.1 37.6
11:00:00 38.6 33.3 - 374 334 40.7 35.9 334 40.3
11:30:00 39 33.5 - 36.6 34 40.8 35.3 33.8 41
12:00:00 41.2 34.1 - 41 35.7 43.3 425 34.7 45.6
12:30:00 40 34.3 = 39 34.8 41.6 39.2 34.7 42.9
13:00:00 415 34.5 < 41.2 35.1 43.4 41.2 354 45
13:30:00 41.9 34.5 - 40 35.2 44.7 37.8 35 44
14:00:00 39.5 34.9 = i 35.1 39.9 36.5 36 38.7
14:30:00 38.3 355 - 36.9 36 38.3 36.3 36.1 37.1
15:00:00 38.7 35.9 - 37.1 35.8 38.3 36.2 36.2 37.5
15:30:00 40 35.3 1 37.6 35.9 413 36.4 35.7 39.4
16:00:00 39.8 35.7 - 37.2 36 38.8 36.2 36.1 37.7
16:30:00 38.7 35.9 - 36.8 35.8 38.7 36 35.7 37.6
17:00:00 38 35.6 - 36.4 35.4 37.1 35.8 35.2 36.2
17:30:00 36.3 34.7 - 35.3 34.6 35.2 34.9 345 35
18:00:00 35 34.8 - 34.5 34.4 33.9 34.5 34.3 34.2
18:30:00 34 34.3 - 33.7 33.7 33.4 33.8 33.5 33.6
19:00:00 33.3 33.7 - 33.2 33.3 32.8 33.5 33.5 33.1
19:30:00 32.8 33.3 - 32.9 32.8 32.6 33 32.9 32.8
20:00:00 32.7 33.1 - 327 32.6 325 33 32.7 32.6
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%a9nAaed Base Case

HanAaad 1

HoanAanad 2

I [ = = (s S

& £ < g s < g s <

= € £ S g £ S € =

ol Z g i) Z B = Z g =

N a4 . - & & 4 & < Z & & Z
/ AUNINARARNLATENIAR NN s & & g & < B & &
s & & RS & & RS & &

(e w= « [ = R < w= Ry

o c c = s c = < <

S =3 < S = < S =3 [

@ C c @ [ I @ C I

(=1 @ @ (=1 @ @ = @ @

=] =4 = (=) (=4 = (=g (29 (=4

= = el = = al = = s

=3 § = =5 g = =3 § =

@ = gr @ = gr @ = gﬂ
8:00:00 30.5 30.6 - 30.6 30.4 30.7 30.7 30.4 30.8
8:30:00 31.2 31.1 7 31.1 30.8 31.3 31.1 30.9 31.3
9:00:00 322 31.5 = 31.8 315 322 31.7 314 321
9:30:00 33.4 32 S 32.5 32.1 34.1 321 32.1 32.8
10:00:00 33.7 323 N 32.9 322 33.8 32.7 323 33
10:30:00 35.8 32.8 N 34 33.3 35.6 33.4 33.2 34.7
11:00:00 36.7 33.2 i 34.6 33.7 36.6 33.9 33.8 36.3
11:30:00 38.5 33.7 - 35.6 33.9 38.9 34.6 34 37.6
12:00:00 39.8 34 " 37.5 34.2 424 35.4 34.1 41.3
12:30:00 41.2 34.5 = 38 34.7 44.7 35.7 35.2 41.7
13:00:00 40.1 34.5 < 37.3 35.1 41.2 35.8 351 40.1
13:30:00 40.1 35 = 37.5 356.2 41.5 36 35.1 39.6
14:00:00 40.1 34.8 = 37.8 35.1 40.9 35.9 35 38.4
14:30:00 40.6 35 - 37.3 35.4 39.7 35.9 356.5 38
15:00:00 40.6 35.4 - 37.6 35.6 41.5 36.2 354 38.8
15:30:00 40.4 356.2 1 37.3 35.2 39.9 35.9 35.3 37.4
16:00:00 39.3 34.9 - 36.8 356.2 39.3 35.7 356.3 37.5
16:30:00 38.5 35.7 - 36.2 35.3 37.4 35.7 35.1 36.7
17:00:00 36.8 34.7 - 35.2 34.5 356.5 34.6 34.2 34.9
17:30:00 355 34.2 - 34.5 33.2 345 34.1 33.3 34
18:00:00 341 33.9 - 33.5 33.4 33.4 33.5 33.1 33.3
18:30:00 33.2 33.5 - 32.9 33 32.6 33 32.9 32.6
19:00:00 32.8 32.9 - 32.6 325 32 32.7 325 32.3
19:30:00 32.6 32.9 - 32.5 32.4 31.4 32.5 325 32
20:00:00 321 325 - 32 321 31.6 32.2 32 32
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%a9nAaed Base Case

HanAaad 1

HoanAanad 2

- [ - [ - c
& £ < g s < g s <
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ol Z g i) Z B = Z g =
o [P - & = & < < Z « & z

/ AUNINARARNLATENIAR NN s & & g & < B & &
s & & RS & & RS & &
(e w= « [ = R < w= Ry
o c c = s c = < <
S =3 < S = < S =3 [
@ C c @ [ I @ C I
(=1 @ @ (=1 @ @ = @ @
=] =4 = (=) (=4 = (=g (29 (=4
= = el = = al = = s
=3 § = =5 g = =3 § =
@ = gr @ = gr @ = gﬂ

8:00:00 30.4 30.3 - 30.4 30.2 30.5 30.5 30.2 30.5
8:30:00 31.2 30.9 7 31.1 30.7 314 31 30.7 31.1
9:00:00 325 31.5 = 31.9 315 32.3 31.6 31.6 32.2
9:30:00 33.6 31.8 N 32.5 31.9 35.2 32.2 31.9 33.3
10:00:00 35.3 32.2 N 33.4 322 34.8 32.8 32.9 34.2
10:30:00 37.2 32.8 N 34.9 32.7 40.2 33.7 32.6 39
11:00:00 38.6 33.3 i 35.8 33.3 40.7 34.2 33.2 38
11:30:00 39.3 33.4 - 36.4 33.7 40.1 34.7 341 39.3
12:00:00 40.4 33.9 A 36.7 34.5 40.4 36.3 34.5 40.2
12:30:00 40.9 33.8 = 38.1 34.4 43.3 36.1 34.2 42.9
13:00:00 40.8 34.7 < 38 35.3 46.3 36 34.9 41.7
13:30:00 41.4 34.6 = 38 35.1 42.4 35.9 35.6 38.8
14:00:00 41.9 35.7 = 38.4 35.7 43.5 36.5 35.2 39.6
14:30:00 42.2 35.1 - 39.5 35.5 42.8 37.3 356.3 41.6
15:00:00 42 35.9 - 39.1 35.8 42.5 36.4 35.6 39.5
15:30:00 40.3 35.1 1 37.4 36.2 39 36.1 35.6 38.5
16:00:00 39.3 35.7 - 36.6 356.1 37.6 35.8 356.2 36.6
16:30:00 38.4 35.4 - 36.4 35.4 37.9 35.6 35.2 37
17:00:00 37.8 34.9 - 35.9 34.7 36.5 356.2 34.7 35.6
17:30:00 36.2 34.7 - 35 341 35 34.5 34 34.5
18:00:00 34.7 34.2 - 34.2 33.6 34.2 34 33.7 33.6
18:30:00 33.8 34 - 33.6 33.3 33.3 33.6 33.3 33.2
19:00:00 331 33.3 - 33 32.8 32.8 33.1 32.8 32.8
19:30:00 32.7 33.2 - 32.6 325 325 32.8 325 32.3
20:00:00 324 325 - 323 32 321 324 31.9 32
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%a9nAang Base Case
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& @ & @ & & & & &
o e Y oA . - c c <l e|¢ cC |lc e|¢c c - |l€ <
/ ANUALNFAAFNLATANI AU N & Z | 2 [E 8fE 2E ShE §E Z[E = E 8
T £l gl gl €|l s |l €|l €|l € | €
c (e (o (. — C (e < (e — (e c < (e c
c gl gl c|lge gl €|l c|le gl ¢|e ¢
(e C (o (e t C (e (e (e t (e (e (. C c
@ g a [l @ @ a g @ @ @ @ @ g @ @ @ @
2.8 |12, Z |2 oz |3 NS |2 Z |z g F R Z
& & 8| @& & 8|5 e|& & 8| & e
= = = ¥ | = = s ® | = = E

a c a c a a a a a

@ @ @ @ @ @ @ @ @
8:30:00 31.5 31.2 - 31.5 31 31.5 31.2 31 31.6
9:00:00 33.2 31.7 - 323 31.9 32.7 31.9 32 32.6
9:30:00 34.7 32.2 4 33 32.3 33.5 32.5 32.4 33.2
10:00:00 36.4 32.5 - 34.1 32.6 38.4 33.4 32.7 35.6
10:30:00 36.6 32.9 < 34.5 33.3 36.4 33.6 33.5 35.2
11:00:00 37.2 33.7 ) 34.9 34 36.6 34.1 34 35.9
11:30:00 38.8 33.8 2 36 34.2 38.8 34.7 341 38.1
12:00:00 40.3 33.8 3 36.9 34.3 411 35.3 34.1 40.8
12:30:00 41.8 34.2 - 38.6 34.5 45.8 36.9 34.4 41.6
13:00:00 42.4 35.2 - 38.3 35.3 44.7 36.2 35.2 40.1
13:30:00 42.2 351 = 38.5 35.7 421 36.4 35.4 39.4
14:00:00 42.4 35 — 37.9 35.7 42.2 36.3 35.6 39.6
14:30:00 411 35.1 = 37.6 35.8 40.3 36.3 35.8 39.2
15:00:00 41.6 SONT: = 37.3 35.9 41 36.1 35.9 38.6
15:30:00 39.9 3515 = 36.8 35.8 38.3 35.9 35.8 37.4
16:00:00 39.2 36 e 36.6 35.9 37.6 36.2 36.2 37.4
16:30:00 37.4 35.3 1 35.7 35.3 36.1 35.3 35.3 35.6
17:00:00 36.4 34.9 - 35.3 35 35.5 35 35 35.1
17:30:00 35.2 351 - 34.6 34.4 34.5 34.5 34.2 34.4
18:00:00 34.4 341 - 34 33.8 34 34 33.8 33.8
18:30:00 33.9 341 - 33.6 33.6 33.5 33.6 33.5 33.4
19:00:00 33.2 33.6 - 33.1 33 33 331 32.9 32.8
19:30:00 32.8 33.1 - 32.6 324 32.6 32.8 324 32.6
20:00:00 324 32.9 - 324 31.9 32.3 324 31.9 32.2
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/ PUMUNRARILATRIIARUNYH 2 Z | 2 g EHE Z 2 T EE ZNE T E 8
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(e C (o (e t C (e (e (e t (e (e (e C c
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T T g ||l e g e el e 8 |EF @
= = = & | = = S = = &

c a I a I~ I~ a I I~

@ @ @ @ @ @ @ @ @

8:30:00 32.1 31.3 - 31.8 31.3 322 31.6 31.3 32
9:00:00 32.7 31.6 - 325 31.8 33.3 321 321 33
9:30:00 344 31.9 - 335 321 34.8 32.9 322 35.2
10:00:00 36.7 324 - 34.2 33 36.8 33.6 334 35.1
10:30:00 38.7 331 = 351 33.9 36.9 34.2 344 36
11:00:00 39.3 33.6 - 36 34.1 39.2 34.7 34.4 38.7
11:30:00 40.8 33.9 - 37.6 34.2 44.2 359 34 42.9
12:00:00 40.9 34 - 37.7 34.7 431 36.1 34.8 40.9
12:30:00 411 35.1 - 37.4 36.2 39.6 36.4 36 38
13:00:00 44.2 34.5 - 40.1 351 45 37.3 34.9 42.7
13:30:00 44.1 35.6 - 40.7 359 48.8 38.1 355 42.7
14:00:00 43 35.7 - 39.7 35.9 46.5 37.6 35.9 43.2
14:30:00 44.4 36.7 = 39.5 36.7 43.5 37.2 36.5 40.7
15:00:00 44.2 36.2 - 391 37 42.8 37.3 37.2 40.3
15:30:00 421 36.4 - 38 36.6 40.3 36.9 37 38.7
16:00:00 4.7 36.5 - 38.7 36.5 40.6 37.3 36.4 40.2
16:30:00 39.9 36.7 - 37.1 36.4 37.6 36.8 36.3 371
17:00:00 38.3 35.7 - 36.5 36.1 36.8 36.2 36.1 36.8
17:30:00 37.3 36.1 - 36 35.8 36.4 35.9 35.8 36.3
18:00:00 36 35.9 - 355 355 355 355 355 35.7
18:30:00 34.9 34.9 - 34.7 34.8 345 34.8 34.9 34.6
19:00:00 34 34.3 - 34 34.3 33.5 34.3 344 33.6
19:30:00 335 34.2 - 33.7 33.9 33.5 339 34 33.5
20:00:00 33.3 33.7 - 33.3 33.7 33.3 33.6 33.6 33.2




NAKLAN ANINUAAIGUUNREINALUN ARSI 2 JuRl 24 HunAN 2556

71

%a9nAaeY Base Case
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I~ c a a I I I a I

@ @ @ @ @ @ @ @ @
8:30:00 32.2 31.8 321 31.7 324 31.8 31.7 32.3
9:00:00 334 32.2 32.9 32.3 33.6 325 324 33.2
9:30:00 34.9 32.8 33.7 32.7 35.6 33.3 32.8 34.8
10:00:00 36.6 33.1 34.5 33.2 35.7 33.7 33.6 35
10:30:00 38.1 33.3 35.6 33.6 37 34.3 334 36.6
11:00:00 39.7 334 37.3 33.9 40.7 35.6 33.8 409
11:30:00 39.6 34.4 36.5 35.3 38.5 35.4 35.7 38.7
12:00:00 41.6 34.6 37.7 35.5 40.5 36.2 36.3 39.8
12:30:00 41.8 35.3 38.2 35.9 40.6 36.5 36.9 38.8
13:00:00 43.6 35.2 40.6 36.3 441 37.9 35.9 42.4
13:30:00 45.6 36.5 41.8 36.4 48.5 38 36.2 43.8
14:00:00 44.7 35.8 41.2 36.4 46.1 38.8 36.1 44 .4
14:30:00 44.8 36.4 40.4 37.2 44.3 37.9 36.7 42.5
15:00:00 43.7 o) 39.2 37.6 41.8 37.8 37.7 401
15:30:00 40.7 37 37.9 37 38.7 37.3 37 38.2
16:00:00 39.8 36.4 375 36.5 38 36.9 36.6 37.7
16:30:00 38.6 36.1 37 36.7 37.6 36.7 36.6 37.2
17:00:00 38.4 36.3 36.6 35.8 36.9 36.3 35.7 36.5
17:30:00 374 36.4 36.1 35.7 36.2 35.9 35.6 36
18:00:00 36 36 354 35.2 354 35.3 35 35.2
18:30:00 351 35 34.7 34.6 34.6 34.7 34.6 345
19:00:00 34.3 34.7 341 341 34 34.2 341 34
19:30:00 33.9 34.2 33.7 33.7 33.7 33.8 33.6 33.7
20:00:00 33.5 33.8 33.3 33.2 33.3 33.5 33.1 33.1
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= = = ¥ | = = s ® | = = E

a c a c a a a a a

@ @ @ @ @ @ @ @ @
8:30:00 32.5 32 - 32.2 31.9 32.8 32 31.9 32.4
9:00:00 34.2 32.4 - 33.3 32.4 35.5 33 32.5 34.5
9:30:00 35.5 32.7 4 34 33.1 35.2 33.4 33.4 34.8
10:00:00 37.2 33 - 35.1 33.3 38.5 34 33.2 36.8
10:30:00 83 33.9 < 3563 34.8 354 34.6 34.8 35.8
11:00:00 39.9 341 ) 36.5 34.7 40 35.2 35 39.4
11:30:00 41.4 34 2 40.8 351 46.5 39.2 34.9 43.2
12:00:00 41.2 34.6 3 38 35.3 43.6 36.4 35.7 41.8
12:30:00 43.1 35.2 - 39.6 355 45 37.4 354 421
13:00:00 44.2 35.2 - 41 36.1 50.8 38.4 35.9 43.6
13:30:00 44.9 SEwre = 421 36.2 47.4 39.2 36 44.9
14:00:00 44.9 35.9 — 41.5 36.7 46.5 39 36.6 44.6
14:30:00 44.7 35.8 = 42.2 37.1 48.3 39.7 36.6 45.6
15:00:00 42.7 36.4 = 391 37 42.4 37.7 37.6 40.5
15:30:00 43.6 37.2 - 39.7 37.8 42.3 38.1 37.6 40.7
16:00:00 422 37 e 38.6 37.5 40.8 37.9 37.5 39.9
16:30:00 39.8 36.9 1 38.2 37.5 38.7 37.7 37.7 38.5
17:00:00 39.2 36.9 - 37.4 37.3 37.9 37.3 37.4 37.9
17:30:00 38.2 36.8 - 37 36.8 37.2 36.7 36.7 37.3
18:00:00 36.6 35.8 - 36.1 35.4 36 36.1 354 36
18:30:00 35.7 35.6 - 35.3 35.3 35.4 35.4 356.2 35.2
19:00:00 34.9 34.9 - 34.7 34.7 34.7 34.7 34.6 34.4
19:30:00 34.3 34.6 - 34.2 34 34 34.3 34 34
20:00:00 33.8 34.2 - 33.8 335 33.8 34 334 33.6
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8:30:00 291 29.3 - 29.3 29 29.2 29.6 29.2 29.2
9:00:00 29 29.5 7 29.2 29.2 29 295 29.2 29.2
9:30:00 29 29.4 = 293 29.1 29.2 29.5 29.1 29.3
10:00:00 29.3 29.6 N 29.5 29.5 29.4 29.7 29.5 29.5
10:30:00 30.2 30.2 N 30.2 30 30.3 30.2 30 30.3
11:00:00 30.8 30.6 N 30.7 30.4 31 30.6 30.4 30.8
11:30:00 31.7 31.1 F 31.5 30.9 32.2 31.3 30.9 31.6
12:00:00 33.3 31.4 - 325 31.6 33.3 31.9 31.6 33.1
12:30:00 34.8 32 " 32.9 31.8 34.5 32.2 32 33.6
13:00:00 36.4 321 = 34 32.7 35.1 33.1 33.1 35
13:30:00 36.9 32.3 < 34.2 325 36.8 33.2 323 35.6
14:00:00 36.6 32.9 = 34.5 33.5 35.9 33.5 33.7 35.1
14:30:00 39.2 33.5 = 35.8 33.4 38.3 34.2 33.3 36.8
15:00:00 37.9 33.6 - 34.9 34.2 36.1 34 34.3 35.1
15:30:00 38.5 33.7 - 35.3 34.2 37.6 34.4 34.3 35.9
16:00:00 39.8 33.5 1 36.4 34.4 38.9 35 33.9 38.3
16:30:00 38.3 34.4 - 35.7 34.6 38.8 34.7 34.5 36.3
17:00:00 39 33.9 - 36.1 34.9 38 35 34.7 36.8
17:30:00 40.3 33.9 - 36.7 34.6 40.4 35.5 34.3 39.2
18:00:00 40.1 34.3 - 36.6 34.8 38.6 35.4 35 37.7
18:30:00 39.5 34.4 - 36.2 35.1 38.4 35.3 34.7 37.8
19:00:00 38.4 34.5 - 35.4 34.8 36.1 35.1 34.9 36.4
19:30:00 371 34.6 - 35 34.5 35.6 34.8 34.7 35.6
20:00:00 36.1 34.2 - 34.7 34.4 34.9 34.5 34.5 35.1
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8:30:00 29.5 29.8 - 29.7 29.5 29.6 29.9 29.6 29.8
9:00:00 29.4 29.9 7 29.6 29.7 29.6 29.8 29.7 29.6
9:30:00 29.5 29.9 = 29.6 29.7 29.6 29.8 29.6 29.6
10:00:00 29.8 29.8 N 29.9 29.6 29.9 30.1 29.8 30
10:30:00 30.4 30.5 N 30.4 30.2 30.6 30.4 30.2 30.6
11:00:00 31.6 30.9 N 31.3 30.9 315 31.1 30.8 315
11:30:00 32.9 31.3 i 31.9 31.3 32.5 31.6 31.3 32.2
12:00:00 33.1 31.5 - 322 31.8 32.6 31.9 31.7 324
12:30:00 34.9 32 " 33 32 34.4 32.6 32.1 33.9
13:00:00 35.9 32.4 = 33.7 32.8 35.9 33.1 33.2 34.6
13:30:00 38.1 32.9 < 35 33 371 33.9 33 36.4
14:00:00 39.6 32.9 = 36.4 33.4 41.4 34.8 33.2 40
14:30:00 40.2 33.9 = 36.5 34.2 40 35 34 38
15:00:00 41.4 341 - 38.3 34.4 43.3 35.9 34 40.5
15:30:00 42.8 34.7 - 37.5 35 43.5 35.9 35 39.4
16:00:00 40.4 34.9 1 37 35.5 39 35.7 35.8 37.4
16:30:00 42.5 35.4 - 38.6 35.4 43.8 36.2 35 39.5
17:00:00 40.7 35.4 - 36.9 35.6 38.7 35.7 35.8 36.9
17:30:00 40.9 34.9 - 36.9 356.5 39.8 35.9 356.3 38.4
18:00:00 41 35 - 36.7 35.7 38.4 35.8 35.6 37
18:30:00 40 35 - 36.4 35.2 37 35.8 35.2 36.6
19:00:00 38.5 34.7 - 35.9 35.2 37.2 35.6 35.2 37.4
19:30:00 38.2 35.1 - 35.9 35.2 37.7 35.6 35.2 371
20:00:00 36.8 34.6 - 356.2 35 35.5 35 34.9 35.7
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8:30:00 29.2 29.8 - 29.4 29.4 291 29.7 30 29.2
9:00:00 29 29.6 7 293 29.6 27.8 29.7 30.1 28.8
9:30:00 29 29.6 = 293 29.3 29.1 29.7 29.9 29.2
10:00:00 29.2 294 S 29.5 29.3 29.4 29.8 29.8 29.7
10:30:00 29.9 30.1 N 30.2 29.9 30.3 30.3 30 30.4
11:00:00 30.9 30.8 N 31 30.6 315 30.9 30.7 31.3
11:30:00 32.2 31.1 F 32 31.2 32.7 31.6 31.3 32.6
12:00:00 341 31.6 - 32.8 31.8 33.4 32.3 323 33.2
12:30:00 356.8 31.7 " 34.2 32.1 36.1 33.2 32.2 35.9
13:00:00 37.4 321 = 35.6 32.8 42.7 34.3 32.6 37.8
13:30:00 39.6 32.3 < 37.9 32.9 42.3 36 33 39.4
14:00:00 40.9 32.8 = 39.5 33.7 451 36.9 33.5 42.6
14:30:00 41.6 33.5 = 37.6 341 443 35.7 341 40.6
15:00:00 43 33.7 - 39.3 34.4 46.7 36.6 34.2 42.7
15:30:00 43.8 341 - 42.7 354 46.2 40.9 34.9 42.5
16:00:00 43.9 34.3 1 41 34.9 45.5 38.3 35.1 43.3
16:30:00 441 34.9 - 38.9 36.1 41.4 36.6 356.7 40.4
17:00:00 44.4 35 - 42.7 36.3 45.3 41.3 35.9 42.6
17:30:00 43.3 35.1 - 40.7 35.8 43.8 38.7 356.7 42.3
18:00:00 43.4 35.3 - 40.8 37.8 41.9 41.5 37.7 41.3
18:30:00 41.8 35.3 - 38.8 36.4 411 37.4 36.6 39.9
19:00:00 40.4 35 - 37.7 36 39.6 371 35.9 39.7
19:30:00 39.7 35 - 38.5 35.6 39.6 37.8 35.6 39.8
20:00:00 38.7 35.1 - 37.3 36.6 37.3 37.9 36.5 37.3
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8:30:00 29.6 30.1 - 29.8 29.5 29.6 30.1 29.6 29.8
9:00:00 29.4 30 7 29.6 29.3 29.4 30 29.8 29.6
9:30:00 29.4 29.6 = 29.6 29.4 29.5 30 29.6 29.8
10:00:00 29.8 30.3 N 30 29.8 30 30.3 30 30.2
10:30:00 30.5 30.7 N 30.7 30.4 31.2 30.7 30.4 31
11:00:00 31.3 30.9 N 31.2 30.7 31.3 31 30.8 31.3
11:30:00 32.2 31.5 F 32 31.4 32.3 31.7 31.5 32.2
12:00:00 33.7 31.9 - 32.9 32 34.3 32.4 321 33.5
12:30:00 35.4 321 " 33.6 32.4 34.8 32.7 32.4 34
13:00:00 36.3 32.8 = 34.3 32.9 37.5 33.6 32.9 36.4
13:30:00 36.4 33.2 < 34.8 33.8 35.7 33.9 33.8 35
14:00:00 39 33.1 = 36.2 33.8 39.1 35 34.2 39.9
14:30:00 40 33.9 = 37.2 341 471 35.7 34 41.9
15:00:00 41 34 - 36.8 34.6 39.1 35.5 356.5 37.8
15:30:00 41.3 341 - 37.7 34.9 43.7 36.1 35 40.8
16:00:00 42.3 35.5 1 37.9 35.7 413 36.3 36.2 38.3
16:30:00 42.9 34.8 - 39.3 356.2 45.3 37 356.3 41.4
17:00:00 421 35.5 - 38.2 36.4 42.3 36.6 36.7 40
17:30:00 43 35.4 - 39.6 36.2 43.8 37.3 35.8 421
18:00:00 42.7 35.3 - 38.6 36.2 43.8 371 36.1 40.9
18:30:00 421 35.4 - 38.9 36.2 415 37.2 36.3 40.7
19:00:00 41.2 36.1 - 37.9 36.6 39.1 36.8 36.8 38.2
19:30:00 39.9 36.3 - 37.2 36.2 38.3 37.4 36 38.1
20:00:00 39.9 36.3 - 37.2 36.2 38.3 37.4 36 38.1
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