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A Study of Air Temperature in the Room installed with a Solar Chimney

Mr. Nathapol Chuesiri
Mr. Vitsanu  Hinkla
Mr. Somnuk Playanta

Asst.Prof Monton Jaikuson Advisor

ABSTRACT

This research work is the part for studying possibility in reducing the heat by using the sun radio
chimney not only for reducing the getting in the rooms heat but also and studying the “Natural convection flow”
and “Mixed convection flow” and “Forced convection flow” characteristic then compare between both
experiment rooms.

The aim of this research was to study and compare the result of solar chimney in term of
distribution temperature of air in the house that use and the house is not use solar chimney, and operated
under natural convection. The device induces air in the house into a hot chimney resulting in a decrease
in air density. The hot air will flow upward to the ceiling and go to the chimney by buoyancy force.
From experimental result, maximum decrease in room temperature is 2 degrees. At the same time, this
project involves the development of mathematical model for prediction air circulation in the house and
temperature distribution by Finite Volume method. The model assumes constant air density in the house
and compare with actual temperature. The temperature in the room from program has tendency same
actual temperature, but the value not same the actual temperature. Which arise from the solar density,
wind velocity and direction of wind has change every time. The walls insulate is not 100% insulated.
And give a result of temperature of actual with program are little difference.

From the experiment compare the result of temperature between the room are installed with a
Big Chimney and a Small Chimney. The room with the Big Chimney can more reducing the heat ,
much flow outlet and induces the air into the room house than the Small Chimney. So that the room is

installed with a Big Chimney lower temperature than the room is installed with the Small Chimney.
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2.1.5 ANUMUMUANNTOH (Thermal Resistance)
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2.2 nQERMIMANUSRU (Convection Heat transfer)
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2.2.1 msnupulisnudmumsltaniuening (Forced Convection for Flow over Bodies)
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2.2:1.1 ms'lﬁauuun'mml?ﬂu (The Flate Plate in Parallel Flow)
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f’lﬁlea‘UE]\ﬁlﬂQ‘IHaN"IullNULSU‘U f’fmwuﬁuuuummmﬂzmﬂunum?mwaiﬁumuuu
a 4 Ca I4 a o ' = 4 a 4? ' & a 4? =® P
ammiuazuvnmasymuﬂ Tﬂﬂammimauﬂ13mwam:mmunamm:ma X mu‘uummnuq
2> Y ai 1k Y Y 1 s s A 2 4 4
mﬂuuﬂwnqmqmﬂﬂauuuﬂm (Transmon) uanmzlmqmqmﬂsylauﬂ WD X INUYUITDY L]

ueraalugali 2-3

Streamime

£y g
~gL

u

{ a ¢ ¢
Ui 2-3 nanamsihaviniaiSawe sy Sy

¥ ]
P=

14
° a 7 o a [ ) i N a o [
TumimuJammqﬂﬂiswawnﬁm?}mwaiuu%:ﬁnymmgiu‘ma Transition Lﬂﬂ;ju‘ﬂﬂ'lllﬁuﬂ

e 1 4' U o AQ‘:’ =l ' < o o
x, s Idninaqud s BIsHsuSundn s Tuadiuwes (Reynolds Number, Re)

pu.x
y2i

Re, =

X

(2.24)

{1 ' 7 o L da A
TauA1 x (Characteristic length) 1Huszozmeninveudiunth mLiTuaﬂumuaanﬂ (Critical
' 9 b4
reynolds number) (JUAIVDA Re fi¥uia Transition YU uazﬁmmms"lﬁamuuammqmﬁm
. < 5 é o 4 = ) o/ o/ ¥ ]
Waounlasnin 107833 x 10° Yuegiuaiumonuvesiini dmsuseduanuiluiiu (Turbulence)

a a 4‘ o 4?’ a a IS v::; s
VDINISUADATE uazﬁisn‘m%mmmﬂﬂﬂaauﬂamﬂumuwum ﬂ']iJﬂﬂﬂi)ziJﬂ”l Re YN 5x 10
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2.2.1.2 M3 masuuaivig (Laminar Flow)

]
I

a % = a v o o a ' v
mIwmeIMIMnMEesdmiums nanyuaiins 18 Tavmsudilymlugdd
L4 a [ ° LY a [
MUZAUVRITUMIVINIATEI@ILT tazANUiud Ve IHadNT IAS UM BUSUIINKANIINATBY
i v v Y
msufaunsiiTaold Similarity variable 339511 Similarity solution #115UN1SWIANUDURNURL

Taviigungladuauon1voa Local Nusselt vegnimuaeglugy

%

Nu,
k

=(.332Re!/2 pr!/3 Pr>0.6 (2.25)

’lumsmﬁﬁuﬂs:ﬁn%mswmﬂn%’aumﬁwmmi'lnauuumﬁmi"a:uﬁmﬁqﬁ

1/2
h = l f h dx = 0.322( $ )Pr'”(i‘i) [ i (2.26)
X

x v xl/Z

ouinsaudumumaums (2.25) w160 72, = 24 umumaums (2.24) v 18aums e

Nu, = h;{x = 0.664Re'* Pr'” Pr>0.6 (2.27)

d
2.2.1.3 m3lvauuumesyauy (Turbulent Flow)
dmfums Inauvumesyaun i1 Re Ta q szfimiogsznina sx 105 may 100 §odurn

s
Nusselt number @015 ouaUN15 I8R1]

h x

- == = 00296 Re Sipila 0.6 <Pr<60 (2.28)

AIUMIMIAUNAYUDI Nusselt Number d11508 117211180 nauns (2.26)

h, = ﬁ [heax (2.29)

222 MIMIANNTDUIVLDASE (Free Convection)

' b4
ad

¥
mimemanuieuszifniunouTasauuandiavesguigifmAaduluveslia nis
{ y [ 1
wlsnlavuvesgunginieluvesvativzi lfifannuuandrewesnnumuuinluauinaiiy

g A d' é bS] ' o a ; = Y " d'
Iﬁ’lli]’N Nﬁﬂﬂﬂ@iuﬂgﬂﬂg@‘]ﬁilﬂ'JHJﬁU“IHuuFlWET)WU'IEHUE?JUG’ITQJ%JH "luﬁumzmmﬂumi lvai

P T ' & o v a o qu & o Yy 3y
Qm1’7QiJﬂ']%Qllﬂ'J’]llﬁu‘llluuu'lﬂilzlﬂﬁauﬂ'JL‘U1”11!11147\ !Li\ﬂ'ﬁnclﬁ‘l]ﬂﬂvlﬁalﬂa@uﬂW"lﬂ'J"lili011 lﬂ
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o Ay o 4 4 Yy da &

U 13021 113920077 (Buoyancy force) MsindpunveunsInalasmswinnudouiifatunioly
' g g ) v v

voi'lua Tﬂu‘luumsmﬂﬂﬁ'umsmﬁauwfﬁqmsmﬁauﬁ‘uawaq'lnauuuun:gsanﬂ AITNIATY

vy a Y a
ieuuunaﬁiw?amiwmawsauuwﬁﬁwm (Free or Natural convection)

T ro<T

Py B

o 4 Y iy = ] €
:3 x\,;;,pj X ”??
' Frs = 11
3 K0h3 /1
- o D& Dl i i X i
3 VoL ! / E,

4 a4 H ;
3 G‘L o ‘ ff
3 LI / H i 54
g —— '}" 3 7 e
“ f ! 2 [ i
4 L el S
o u j H 2 oS
4 fomenl — g
A i — N
Wil : Iy } f =
P, ; : : ;
NP\
X AN\ /v - k
AT 3 VA ;\
X ' 1 1+ i I
A=
] ] e ¥
‘5 ! i S
w (3 i iy N g
: S
- :::-
! g

*@i 000
\
Turbulent ool
;o
)

.ot

1
|

o)e
&
IR

{2} Hor wail (&) Coid wali

{ ¢ o < a a
Uil 24 vanavimiSiawe smsumsmaadordaszuuiutaunahinois

2.22.1 aumstenlwifadmunisTnameanuening (External Free Convection Flows)
a4 o ¢ 2o & L yye < 000 o o = 4
11mua:ﬁ;ﬂﬁnwumau‘lwsnamnm:fmm"lﬂwsmuwumﬁsmﬂqgﬂmmmﬂmﬂmn

Tuvoslna %qﬂz:ﬁuﬁamu1:ﬁu‘lumsﬁmammﬁmﬂﬁumnﬂqﬂ aumsmlazeglugy

Nu, > hk—L = &g (2.30)

il Ra (Rayleigh number) JAUNIAY

T -T,)L
Ra=Gr, pro 80T (2.31)
va 2
. S ,
Taun Gr, = gL (—ﬁ) uns Pr=—
v a

T3 1N a¥0 iU (Grashof number, Gr, ) I umsunusas1dIuve s Ia0ud 1A01139910

ANuyiagInszinevellua Taud. L Lflumwumaﬂmﬁﬂyiuwmgﬂmq A1 m=1/4 dmsy
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b4

¥
M Tnanvuardng daumsInanuumeFymuiiuds n=1/3 uennINlmIguaNTaa q

LY : v as o 4 g ad ¢ a D v & et
veAvaynwliquuglilay 7, Hsffogumpifiniatiawefindndues n1ldnaunisdail

_TS+Tw

7
I 2

(2.32)

i Cidusinedi msIwauuvaring C = 0.59 dmsums Inanyumesyamnd C = 0.1

1) UHUISHLIMIAY (Vertical plate)

o [

nnTumsanius IRgnifanndmsuuduB suinnae uazriwdenlugii 2.5 rdudssanives

y
Cuazmiidsdos  » wxusffiusiavesst Radmsud Ra<10* f1ves Nu aunsan 18

o

Tavasanngy 18

P~

X

L]

OOl S

(]

N NN Www W
(2]

LOR, Vi,

Uil 2-5 uansa Nu dmsumsmnaudovsaszonusutount

U9 NI Churchill iiaz Chu TAiusthannsFiannsolfdnaengravimuates Ra, luzl

0.387Ra}’®
1+ (0.492/Pr) < [*"”

Nu, =40.825+ d1msu 107 < Ra, <10" (2.33)
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k4

3 Y o a 1 a 1 o 1
aums(2.33) flFlAminsuazmesyaud dawaumsilinnumiuéinineg 1dinms lugrean

a d A
UUIT 9

0.670Ra!""
l1+ (0.492/pr)"]

Nu, =40.68 + dmium 0<Ra, <10° (234)

4/9

¥ T . 1
dmivaumsiiresmnsalifunsdiquugivowduouncdi Srdeulvimsuldoudunsny

v o Y o 1 do Y v £y
VBIANUIDUAINLUNULILEAD fTiJﬂ'li?Nﬂa1’Jﬂ{NﬂQﬁ1u15ﬂ1%’1ﬂuﬂ$11‘lﬂﬂﬂgﬂﬂﬂxﬂ‘waﬂizﬂﬁu

2) uduiSsuluiavey (Horizontal Plate)
lunsditigduupvesaumsdusgivd uiuBvuduuriufounsouruiu g 2-6)

A o [ Sy .; LB AN L ! 9 4? A o 3 v v W
l!Jﬂl'ﬂUlJﬂ‘lJ‘UﬂQ1HﬁﬂﬁﬂlJiB'lJ HASYUBYNUNUAULTIUHITIIHUIVY HIDANHUIAITURN TNV

]
o

Tna Tasdedwnuis suTiniiuaer McAdams Tauuzianwusion InSafnldsuun Taons

Pl L nuldeglugdanuommne smuaidiu

)L

s (2.35)
P 2

v E 4 v
Taoi 4, uaz Piiluiiufiin uazidusougilvesudunindidy oniusaldde

. o vy o4 2 & ' iy o
N. TIHIVUAUIDUNHNYVU HIBUWUIBUNAI1AY (Upper surfaces of heated plate or lower

surface of cool plate)

Nu, =0.54Ra}* © (10* < Ra; <107) (2.36)
u, =0.15Ra}* (10" < Ra, <10") @37

[ 3 ] < -4
. 1lNUSyEJL!ﬂ’JTH'LT?EN‘H?EJLLNuLUu‘HﬂUﬁU. (Lower surface of heated plate or upper surface

of cool plate)

Moy = 027RallS - [10° < Rg, <10} (239)

]
I

A Yo o ot a ' & e o 9 1Y v
ﬁllﬂ'li‘Hﬂﬂ”l’.]uﬂ‘lfﬁ1ﬁi‘uﬂimqmHQIJ’HN’JFN‘H ﬁ]ﬂﬂiﬂl‘)‘lﬁﬂ’ﬁ‘ﬂ@iﬂ??Ui@uﬂi’ﬂ ﬂ@ﬁ‘l”b’ﬁilﬂ'li

fame 114
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] vy
. SMFVURUG suII v U ALY e UM 8Ty

Nu, =0.13Ra)”  (Ra, <2x10°) (239)

Nu, =0.16Ra}*>  (5x10° < Ra, <10") (240)

v. dmsvuruSaunS1ag

Nu, =0.58Ra)*  (10° < Ra, <10") (2.41)
aunT (2.39) 10 (2.40) MYUTNTAAIN 9 ﬁ”l%’n1ﬁqmnqﬁm?;u§qﬁmumﬂu
Tf =T;=025(T, =T,) (2.42)

Tagihi g daaamandi 7, = (7, + 7. )/2 miloutdu

39N 2-6 uanams hianiosnrnmsavemavunniuSulunuou

3) uRuSEUNEElUNIDEY (Inclined Plate)

¥
A4 a 4

n38iHl Churchill uaz Chu nuzih I8 1aums (2.33) uaz (2.34) dMSUAUIIR MU0
6 =60°(0<6<60°) nnuudfia @wgui 2-7) dmfums Ivanvumiusauns 2.34) 1998

0 U o o dy
Tasmsunua g Av g cos & Tunismia Ra, aumsiiluasil



SriavnEUanas WazIsMna NIz =

e 0.670Ra,’"*
Nu, ={0.68 +- O 0<Ra, <10’ (2.43)

[1 + (0.492/,’pr)9/16 ]4/9

1 Y o o ] o
@Ay (233) lgdmsums Tranuumesyiawiidias TaoludeanSoumlag
v y ¥
nanauImugiuiumsmauaulidag 9 awsonidnnmss
QuUQiiT, =(T, - 7,)/2

Booyancy dnver fioms oo en inclined plate: (o) side view of Bows at
top 2nd botton surfaces of 3 cold plate (7, < T} (%) cod view of flow a1 bottom
surface of cold platz, (¢} nde view of fiows at top ard botiom surfaces of 2 hot
Dlate (T, > T ). 2323 {#) cod vew of Row at Lp surisce of hei plar

l,ﬂ' dot 7 4’ v L) =~
JUN 2-7 4@ s [HaIMe 301015 IA0EIN IY LN UIDE

2.3 NQUMIUNTIdNI30Y (Thermal Radiation Method)
o A 3y to o & ] =4 1 o Ao
MIuAsIInNLoU lflumsumaﬁvmﬂautmman'mﬁﬂﬂua:gﬂmaeﬂTﬂmﬂqnuqmn-

a 4 ' r'd T E v o a 9 & ' g
QUﬁQﬂ'J'!ﬁIUUENﬁ'IﬁiJL‘ﬁﬂli]:’cﬂlﬂiﬂllﬂ‘iQﬁﬂ11uiﬂu1ﬂ f‘ﬂillNidﬁﬂ’nlﬁ8utﬁuﬂﬂuunmﬁﬂ1ﬂ‘ﬁ1

y

Tavtimsusssd@niniagla q fiquugil T, TN YdeueanyAnINEIAALIN A = 0 A
o { a [ v { ' ] ]
A= finuunigaluniadmngsu navnuaNuseuiddesesnvreglugie 1=0.1 i

A =100m Taoiuauraennuonduaansusznine i = 0.1 89/ = 10020n Tagndrainiu

>
&

1 "o a a J LR = a a
139 “Msuriaanudow Taedndaierfindezdisidniuion 1QUHANTUAIYT 1w 5800 K

NuYBINEIUITRgIUTIANNIITEN I A = 0.1 894 = 0.3m Taova 1 aalnasusialuves

1o a o ] 1 d' 1 - < ,. 4!
“MILAIITUDINIBINAG” g lurrnuenndussnine i =048y 2 =0.7m Fia30

[ =)

[~ b U =1 [ q”n ﬂ G ] Pl oV SJ"
ummuﬂotmuﬂmuamaﬂmﬂﬂﬂsnmn U ﬂﬁllfﬁ@ﬁ'ﬂﬂadmulﬂ

61874
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2.3.1 Mmaslumsddes3sdesn (Emissive Power)

o w ' =< a o nd’ U U 4! ' df c;Q
ﬂ']ﬁ\icluﬂ”lillﬂﬂﬂﬂﬂﬂ ( E) HlJ'IEJﬂ\?ﬂiiﬂmﬂTﬂl INTANU msﬂaauaanmwuwmuwu‘nm
Tasannsoutiaeon @ity 2 oy fe

o w1 = 4 a ) : S Yo o ¢
2.3.1.1 mmﬂaauaaﬂnmmunﬂauﬁm (Spectral, Hemispherical Emissive Power) 1‘vﬁﬂgﬁﬂyﬂl

=) o T A d' d’ U = d’l a 1 A 1
E, dnmudasimsuisidvesnnuniniy 4 nlasweenlunniameniniiufdeniiamiae

14 3 b
1% ' Yo A

mmunﬂ?%u dA sou Al ua:danﬁwmuﬁuﬁﬁa auivezausavia £ lassil
T m2
E,()=["["1,.(16,6)cos0sin0 dodp (1 /m?. pm)  (249)

23.1.2 ﬁmaﬂaauaaﬂmﬁuﬂ (Total, Hemispherical Emissive Power) 1‘1mmaﬂym E ﬂﬂaﬂﬂm‘i
4

uisinmuaiildosenndentiumioiug Fafdofunissuiuves E, nannuuandudh

fufiu
E={E(di - (w/m?) (245)
wio E=[ ["["1,.(1.6,6)cos0sin0 d6 dg (2.46)

2.3.2 150098 (Radiosity)

WandmsurseddanGonn 5 Tedn (Radxosxty,J)ﬂa°q W nuafioonluainnianiiae

b4 v
a o v AA

HWUA? mmfu1nmiummﬂzﬂusmmmaanmﬂwuﬁouuuazimﬂmmﬂﬁﬁumﬂﬂﬂs:nuuu
fuanfundrazouooneini a1l 2-8 Taova ldudarsd Tedauandaninindedeoon
uvaiiu 2 nuuisuRefude

2.3.2.1 Spectral Radiosity (/) A08as159d@ninnuo1anan 4 oonvIANilsmidRufiIAe TR

A ) ' - & o o a =2 A 3 o Y v A
U]’)ﬂauHUQﬁU'JUd/.561]/1l'uaQi)'lmﬂuidﬂﬂa’f)ﬂ\lﬂ‘l]ﬂ‘ﬂﬁ?’n\ﬁ]Q!ﬂU’J‘UfNﬂTUﬂ’NIJL‘UiJ‘U@Q?Qﬁﬂ

. ¥
Uasveonsauiviiaziousanniniiuia/, ., (2,6,4) uanaldlugy

7= [ [°1,...(10,6)cos0sin0dpds (1 /m* - pm)  Q.47)

£ 4
@ o

2.3.2.2 Total Radiosity (38ndu 9 31 Radiosity (J ) Ao8ATINTLHS HT T anuainan e 1InGuDen

< P A da
PINHUINHIUNUNHT

J=[J.()dr  (w/m?) (2.48)
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Radiosity i

/

X
Em:SS!OBJ /ﬁ j
Irradiation /Reﬂected
/ portion of
'/ irradiation

;
NI

7UN 28 uanusiledivesdia

2.3.3 190I5A1BYY (Irradiation)

o

sq?r'?iums:nuuz'umiuﬁamﬁja'auaaﬂua:msa:ﬁauﬁtﬁﬂi’j’uﬁﬁ'zéu Az Tading Spectral
iz Direction distributions ¥31118TAu Spectral intensity, [ (2.6, 6) Wsmnaifitodhmssan
NAMsuAIFveInNNEIAGUTANAINT I YIRS (6,8) Aomiiavituiivesfimihwais
a1nﬁuﬁmmﬁ’danﬁwqmm%’ugﬂni'wsauﬁﬂmqﬁ’ua:da%awﬁwﬁwmmanﬂéu dA seu
A Tavanudhwesfsdianaannsznyfodesfumervemdndssd Goniuossdosy (Iradia-

tion) TnvAuoBIsADFUYEINIMENIAGUNTINTD Spectral irradiation, G, i usbugasweasadi
AnueIAaY A annsEMUINAIMTHonTamissvesiuRA MR Ao 1A L TIR AL Taia

dA sou A dnfu
G, ()= [[°L (1.6,9)cos0sin0 a0 ds (W) 1m)  (.a9)

. v 1 b 4 ]
ABDITAIDFUIIN (Total imadiation) G fio gasIisd@annsEnuuunilamieiiuiiningn

a a4 & ga e
V]ﬁﬂNllﬂz?]ﬂﬂ'ﬂllUTJﬂau FINABNITTIW G/._ NNANUINAAUIVIAIYAUY

G= fGl(/".)d/‘. w/m*) (2.50)
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U1 2-9 uansdnyaizves3aFinnnszny

2.3.4 M3UATIAVEIINGA (Blackbody Radiation)

o A o v A

° Yy A & 1o & & A a do o
ﬁQ?nﬂﬂﬁ')ﬂﬂi\’ﬁﬂTnJiauﬂﬂ'lﬂJimTﬂU\lUﬂ]uanﬂ'nIJU-I'Jﬂﬂuﬂiﬂﬂﬂﬂ]QﬂSQﬁﬁﬂaq

k4
o 3

VUIA ﬂ°1 5Qaﬂﬁﬂﬂ5"ﬂﬂﬂ\1ﬂﬂﬂi}°’ﬂﬂﬂﬂ1’l ’JﬂOﬁ]lﬁﬂlﬂﬂw‘l‘)ﬁﬂﬂﬁﬂﬁﬂﬂulﬂl'quiﬂ‘D'lﬂ'Jﬁﬂ‘Vl

L ) Q

’
1masqmnmuavmnausqmmmuuazuau‘lmqﬁmqmumun:q'lﬁ’f

a v oo o, yan-;d o a da wa Y a o
Tﬂaﬁssumﬂmumwz‘lumﬂ QATNLUNVIAUNAVYUNAIY 'JﬁﬂU'N‘lmﬂﬂllﬂllljﬁ.lﬂﬁmUQﬂu

Rl

I v
s o

Ingd U udumsveusMugesiFanusouRannsenuinun 18y = 110 999 o1vieoiifudag

ey
ala mTaanﬂﬂuannﬂmuﬂmmmﬁmu

wdd

1. Jagdn ﬂ“ﬂﬂﬂauidﬁ’nﬂﬂﬂi“’ﬂ'ﬂ‘mﬂI.Iﬂ‘l’J hiimsazfoundy Taue: lug1ilsdnaty

UNAUUASAANI

o =)

2. Ingizudsad Idnnndiiagou o yevilafigungiinazn o nnaudeiu

L}
¥

b d
3. JagdvzudsadeanTaghitudufirma siufleagduiiu Diffuse emitter

Taoia 105414504 'nﬁumﬂsyu"lumsul?umﬁuuqmﬂuﬁﬁmsuw’?ﬁvaaﬁn?winq

2.3.4.1 M3NIZ0BVBINAINA (Planck Distribution)

13

o a o & a o & S 3 &
MIURNTVOMIAAIHN I MSFounlasaiuanusiaiu (Spectral distribution) %4

Y o ad 4 o e
ANUYUYDITITaNANULAdula Lflumu

2hc}

2.51
x [exp(hco //lkBT)] -

Ii.,b ()“9 T) =

Tagil 7 fle AnefidInaves Planck = 6.6256x10°F .
k, Ao Amaiiminaves Bolzmann= 1.3805x10>  J/K
¢, Ao mnnuSwowmluquanme = 2.998x10°  m/s

]

' a L4 o °
T fe swguupiouyseiveaiagi K
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4 o o o & '
nummmmmqmtﬂu Diffuse emitter 791U Spectral emissive power ag“lugﬂ

¢

Ei,b(ﬂ'a T)= z ]ﬂ.,b(’?”T)= PE [exp(Cz /ZT)—I]

(2.52)

il C, =27 hc? =3.7413x10° W - o’ /m?
C, = (hcy /k)=1.4388x10°  ym-K

auns (2.52) U5unN Planck distribution
2.3.4.2 n9Y04 Stefan-Boltzmann

TAeMSUNUAT Planck distribution #un15 (2.52) a3luauns (2.45) A1 Total emissive power

vouiagd E, Woulaluzl

C
E 2 : di :
P e -

Aulsvesmsdufinsanlaouna 2 iy AT wasnios1didhy

e ~I& (2.54)
Taofi sneflves Stefan-Boltzmann é’;qi’fuagﬁum C,uaz C, Tauily

c=5670x10%  W/m*.K*

o o W

dmiviagd anuduvesmsudsifveaTagdmaldain

e (2.55)

2.3.5 mig]ﬂﬂau msaz‘ﬁau u’a:msdmn:qvaaﬁa (Surface Absorption, Reflection and

Transmission)

ok
v Y A

= a o g = & -
‘lummaumumswmsmﬂixmumi'e)mﬂuwamﬂ1nms91nnsznwaaiaﬁiﬂamnmw

< A )

WuveademSoveunar dmsuaueeisfietuvesniunis (G ;) iieannsenuasvudinarausas

dauvesssiizaziou gngandu inzrunzadanang
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Reflection
Gy s {rradiation
A ref [ I
2 < Gy

LL‘S o~
“'(J Gi=Gy s + Gy o + Gy,
_________ & ST i '

Semitransparent - 4’\1'\/\/\: Absarption
medium X R R el

P DY OO ooy A 2 PRI PR IR

@ Transrussion

<
¢
v

At

Uil 2-10 uaaanszyaumsgandu nisazion uazMsHuNzgeIiIna1alysuas

P 1 ) o < wa 1 < o 3 wa ' qy 42’ LY
m"luuﬂa:nizmumsnz‘lﬂaﬁmumamaummq 9 mTﬂum'hJumf}mﬁuunmmun:wagnn

"J”aaua:msﬁﬂmhﬁaqmnqﬁ;‘huazﬂ1munﬂﬁuua:ﬁﬁ‘nNvaas"ﬁﬁﬁﬂmﬂizwu

2351 MNISGANAUYBIAI (Absorptivity)
v 1 é 4’ < S £ o o a'; ' o
lﬁuamfmmamwuwaqwum“lumsgamwsau'h unzdwaardnsuzidusgiy
NANN (Directional) tazmsnfdsunlasnnuenind (Spectral) i Spectral directional absorptivity
ﬁuwiuﬂumyﬁm‘umﬂﬂm‘t’fuﬁﬂ'Jmmaﬂﬁunﬁqﬁﬁﬂﬂiznnﬁa (1) Wit (6,4) 3

= a o a’:
aanau lagka Aaiy

i [,z,i,abs (’1’ o, ¢)

al,é’(j’393¢)_ ] (/19¢) (2.56)
2,i\7 Y

] y
dmsumsdoulumadmnssu RuauAvesivzunud s mssve sfianig SIPREDLEAVITIERITE

U1 Spectral, hemispherical absorptivity & ~ (Z) i

A
a,(2)= M 2.57)

G,(4)

] . b
au Total, hemispherical absorptivity, (430 Total absorptivity) Lmumsswmmauﬁmqnﬂﬂﬁma

taznan oAy Taoldtmuadiumsduves Total imadiation fgandulavii

Gé’” (2.58)

a

Il
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[ (), (2)az

H30 a = (2.59)

[G.(2)ar

. ¥ . 0 b4 .
(Heenn o ﬁuag uminawﬂwﬂﬁummmmsﬁm%’uua sirflvazniuA 185 U593 naee1iag

i]xl.mﬂﬂ'N‘d'lﬂﬂ"I ﬁ vlﬂﬂJﬂ'lf’lﬂﬂ’ﬂﬁutl]’J‘IN!ﬂﬂiJ]ﬂuHﬁﬂf]mH ﬁ'l!Wi'l“".hﬂﬁﬂi i)'lUﬂﬁ'Ll‘U’fN

o

?ﬁ:&‘UﬁNﬂ'NE)’]‘YW]Ull‘ﬂUﬂ“lﬁuﬁﬂﬁluﬂUﬂﬂ’lvlﬂi]']ﬂﬂ"liﬂﬁi’JUﬂﬂﬂﬂJEN’Jﬁﬂﬂ"m 5800 K 91n@rung

(2.59) mumu a, l‘l«lﬂdmﬂllﬁﬁiﬂ?‘ﬂﬂﬂ sz

[, (2)E, , (2,5800) a2
~ (2.60)

[E;,(4.5800k)d2

2352 MMsazRonveai (Reflectivity)

Reflectivity (p) iugamnifodianiivosnuialunisas gRou diannnszny mld
Nnird e I@RannsEnRaztonTniua acm'lsﬂmuumummwuyclmﬂununuﬂnmq
i maqmﬂamﬁuuaulﬂu Bidirectional ATUBITUYIA 11l TUBGAURANII0I5 EANNT SN UIAE
vz mtnnuﬂwaunnnﬁmwausmnmnaumawff.naulfluuuunsv%ﬂﬂswmu (Diffuse) M50
ﬁJuuuumimmnaunaumiﬁnﬂs MY (Specular) MuANYHUzMTALN DUV Myasouy
Diffuse mmumammwwmsqanﬁwnau'lmmavﬂuuumﬂauum'lﬁﬁﬁaﬁﬁmwm?ﬁﬁﬂﬂ
nsENY 1umanaunummsfr~m)umnuﬁau‘lunﬁnNnmuumnaummvuuﬂﬂnsmuum
FonTImsazPeuuYY Specular mlndnda Lifliuaalalmsazdoudhuny Difuse n3o
Specular auysaiuy daumaiiumsiszing

A1 Specular, directional reflectivity, 0; , (2,8, ¢)vosiia dmuadiurydiuvesnudy

o o A 2 a <2 3/ a > :
vossvaAnnsznunAaUnluinm (6,9) FegnaziiouTasia say

I,...(2.6,4)
6 4 Ajiref :
bualhb.9)= e L0 cen

4

. [ . b 4 . . i 4
zﬁaﬁmﬂuﬂmﬁum‘naﬂ?qmqﬂanuuﬁaﬂ:‘luﬁununawmwmmzuym Specular, hemi-

a U ] a o é’l =& P 9 47 a
spherical reflectivity, p, (1) TvwiifumudmvessoTiofuvesnduniias o Tnsiui

Gl
P;.(/l)=—\/"nf( ) .62)

G,(4)
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\ ' AL 4 g i : .. o
AU Total reflectivity, p (¥01AY Total, hemispherical reflectivity) fvuaiilu

Gy
pi= (2.63)
G
: [ p.(2)6,(2)az
3o p= (2.64)
[G.(1)ar
Percentage of biackbody
Percentage of solar flux at flux (300 K) at
wavelengths shorter than \ wavetengths shorter than A
1 19FP8e80 75 90 S91 10 25 Sy, Tay 90
ia LiF) | ) 1 V¥ 1 1 1 ¥ s
' NSRRI T NN
d ~ L Aluminum evaporated him
h "\ \ L N\
os o S | N\,
< ,1 =T - Stamiess steet, ! i
e v 1 z as recerved, cquli ¢ I =
- g i 1 H -
2 A ! =
206 W ¢i 1/, : ng 2
= WM‘ | ] \ =
_.? Human skin, f ! ?i 4 l:; { 2
E e C2ucT55 v l ': i\ g :’ '.;—"'used cuatr over i f:
2 f i B! t Hi % 1k sluminum substrate | ! =
S04 ; IR 3 3 ; 2 ] § ' y ro! 4.
c "™ ; ) 1B=0E 0 N =
- /] B ‘ ’ { ‘i x | =
= | ! b 58 L8 AY Tt i z
NN SRRVIERIY
St i el a
o A b egl ;) i | P
02 7 é T =) (i y
o~ A R BT [
[~ Red brick—— 7 13 |leat  Jf ¥ i ' e / 2 ; —
Black paint ol | - \ 4 oo~ i o
s) Pt T 5 P i S Sl A 5 i L] | {0
0.1 02 G4 06081 2 4.6 B 12 20 a0 80 10

Wavelength, X, um

[
S o

JUA 2-11 uaasminisasiowsadaenInuazmsgananidaininvesiuden

2.3.53 MINSHIUNZQV0IAI (Transmissivity)
wa 47 a d' a 4? 3 ' - 1 : <
Wuguauidvosiiuiafifiadulummizdanats s e a(Semitransparent) iy 1108
nudnyuzedmlaveaiaioouliisddumeg Sund1 Transmissivity (7 ) Taol4 Hemispherical

AT “15" G ' ﬁ [ &£ a o o P A’ a
transmissivity 9 1AA1 Spectral transmissivity MUUUAIUHUIVDUDDITALOFU (G ) NHIUNZQWURT

¥
v o

JUU

A
( ) (2.65)

Ti (;)z_)

Gyl
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' 55 s e b4 4 v v o vlsl
1az A1 Total transmissivity (1) uulﬂuﬂﬁi’m 7, NNANUYNIAAUIVIANIYAUDL LA

T, =—2 (2.66)

B fGA,zr(l)d’?' 5 fTAGz (’1)‘2%
i [G.(1)a : [G: (1)

(2.67)

) v ¥y
Wown a,p uazr 7 1Agndmuaiudurydinvesidannsenuniowasaedu (G ) gy

dmsuiuialan 9¢ 184

PIYE, +17, =4 uag ' p+a+t=1 (2.68)
duilufaiiy (Opaque) uds #9lia1r, = 0nsor =0 0214

& , Yp =1 pasiolie € g =f) (2.69)

14 1 M o o Y o A Y o o = v v
'E)mﬁll’ﬂﬁ"m’iﬂ’lﬂf]ﬂ'lllﬂ? p=0 [@aye 'Llllﬂ’E)ﬂ'llﬂll’)ﬂf]ﬂ]llﬁ:ﬂﬂuﬁdﬂ'Jﬂilz.lﬂ a=£=1.0

e ¢

—Fusad quarz, § mm

P vt oy 4 [

Ny H 3 H ;,,:
w4 ¥ : i

\ € ditfiey (7l €. AP §
e ii! ]T, {3 : -
< ‘ e
> | CS - S (")
Y
: 61 1 NV i
= Gt b Sl B ot
%(}‘4;:_*,__;{_..‘.,": et F_,‘, .%_.-.l ,{; S0 1 e i
o B e e
S g | : 1 i
A E v R
i 0 ) i ) e Bl e

0.4 & 04 C6 C8 1 2 4 6 Big 20 10 60 1K
Waveiength, X, um

[

{ U ¥ a { 4’ aQ
JUN 2-12 vapammsrnumzgaave siaiinuegInaula 9 vesduden
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g1 2-12 Faamash 7, voudag s suaaia lnaen ethe dunadid ¢ vewda: ‘uuaanu
ﬂsnmmammﬁnaunuum dWAI 7 YOINAAAN 1FU WINNARTS (Tedlan) vTiA1m1nnT1A1 7
vosunrlugradunsusa muﬂﬂmasmmuummﬁﬁw{amﬂﬁaniﬁqﬁzﬂudﬂﬂumfu

L4

oAl

2.4 nquMsuNSIdvesnsefiad
a4 ' o a : 1 Ao ] o
1unua:ﬂanﬁqwmnuumanmummumu‘lﬁ'uaﬂmsmmﬂmaﬂanua:mumnﬁa
b 4 t 4
MorasIuFLUI snmAvelanasgivuTan uenvinvzilsfumunadilinavsangany

a do o da y
“fT\]E)'ITIﬂUUQlllJiNHﬂ']Uﬁﬂ]unﬂﬂﬂ']ﬂ

2.4.1 A23011iAG (Sun)
a Ja [ a o o a
AN MAsTvINAFUAILTUINa191.39x10° Alamas min 2.2x107 §u a1901ing
MYUTBUANDIRIUOAT 1 TOUAD 28 Su nawuRianemaduRsideomn 1dvinnis i suiaves
a Jd3 9 [ ' A 2 a o o D A a
aneadfidhmasm nanfeufalslasoulualseiiiag 4 azaouswiuduulasdon 1 Tu-
' 4 o aa a tY ' o ' <
@na uA laviuda@@oy 1 Turanaliuaatesnitlalasusuom 4 o=asy TR TR e TUATRRERPE PN Y|

1 d’ d‘ o
wadutzlasudundaau

2.4.2 n'maﬁ 382 (Solar Constant)
a ¢ o Jdo 1 '

Tamla:ﬂ’NEJHWIUﬁﬂ’JHJﬁiJWuﬁﬂuTﬂUﬁszU:‘HNi::H’JNi}ﬂﬁfuJﬂﬁN‘Uﬂﬂﬁﬂuﬁ::ﬂ’N
a J 1 o - | ! a o d a lo s 1 : [} o
maumny 1.495x 107 was anemadazimsurs a@nuseususuys s s sas i uui

$ a ' { te o ' o
Tan Faziosanlugmnasivesnsudsifvesnisorfiad(Solar constant, G ) 1us1veandagiu

a o 1 & ' = e o a o 1o aa
YoIANBIMATADHUINUIBNAT TasinsunSiduesarorfindezifunisunidadfiannsenuly
: < d’ a 4 P T a dd o o A Af a &
HUIAIRINAUNUAD msﬂswmmﬂm‘uaaﬂﬁumqmamNawmu M laumsdamnoafiuauds
mmmqmaqmqammua T ERL I TR STENRE NRP ARy unsgaduuazimsaziiou
AFUIINFULS 51019 Johnson (19541 111153971 Solar constant 181M1AY 1395 Wim > doin
Y Yo v o oA A < '

Thekackara 118 Drummond [1971] T8 Tinsa$hanazWaiuasesiiomioriin1s§an181499 Solar

: RS 1.7 e Nes = 2 ' o ' v v o
constant RINNITNAADIVDINITDI A1 Solar constant N1 1353 W m  fA1AINaN lﬁmmwamu

mﬂmﬁmi NASA [1971] tas American Society for Testing Material [ASTM]
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2.4.3 AINDNNUUEIDINAINTULITTEIN A
Y o a (] e" ' @
ussoImeaveslandseneudlroufaaresiiagy O, N, Tovhwazduazess ifudinars
e & oo &Y e Hy vo 1 v VAl Yo 2 T o <
nuufﬁmmuwﬂﬂwamu'ﬂ"lﬂinnuwuTaﬂuaumm"lmuuaﬂwuiscnmﬁmwaNm'nmu"lﬂﬂ
q a o 1 a = a 4 ) q’: a ]
1ﬁmmmﬂummmumqmunmﬂﬂaauuﬂamﬁmuﬁamuwussmmﬁuazuaammﬁunmu
o
vgngae B Taoufaluussene
a 4 ] 4 "o v ] 1
ummvmtmzmum'5tnmﬁmnﬂaui‘juagnuamﬂuummmsvau“lﬁummummuf‘{mma:
a o ‘]j & o A £ ' ' £
yuandsenouluussorms Fanandszaouduussnmeaszsonliuravesdiuriunazsouly
[] [ { 4 [ (] U ] o
ummuuan1nﬁumﬂumsmmﬁ@ﬂwmnumamuLa1"13' anmsoou e uuIsdITIT onA

1dnnauns

7.(5) = P e 0 e )T 2.70)

4' - wa Y a o d' ] [ ' q'

o 7, (s) Aequaidvesmissenliumioriiadanusninay 1 H1uMaINLaIV AUl aou

a g A wva 9 a o “~ ] (=4

nannaum, 7,,,7,, tas 7, fefuaudanmisveonlduasemadanuennau 2 suusaluussor-

y y

1 (Atmosphere) murjua:eaq (Dust) ua:mu‘laﬁﬂu%’umsmmﬁ (Water vapor) AWAIAY TIU

P anuauussoima (ladwasison), d AesmaneymavesduazessluussunIABgNLIAA
a - : a a day v : A 9y o CL

FUALLAT, W ﬂammqwmmﬁ‘luuamumn‘lﬂmﬂ'lau11uu55mmﬁmuagmmﬁmsm“lu
a4 Bl 3 & PR A N

wuRsnadudNTuh tas m A8 LoIuanN (Mist)

y
nuauliavesmsveulinm 7,7, uaz 7, mwisadwae'ldsai

4.-‘
e B (2.71a)
~ -0 5
Ty = (2.71b)
100007547
T, =10 (2.71¢)

e 2 Aeanmumadudululasias (1), anuduusseimmsiiy 760 fadiwasdson
a \ ' @ ' d a LY
Usmaveseymiadulummaniny 800 eynindegauiadisufiuns as m miafy 1
2.4.4 HAMIVAAWAIINASIVUATI (Direction of Beam Radiation)
iimnawawmoiadduzulsldvununamazanndfidudshdy Bu dumisaz
a ¢4 o kY =1 2 A | I~
Tnvsvesanfinddsdunaldningii 2-13 FalaesvealanseuaserindifevazPuianay

v o ' { 1l Yo o 1o a 7 ° ]
nannuduinssznisznuiineegilanuas 185udwasmsurifadventioiiing Taod
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¥83A2901iA g9z Tin AU UT AUsZUTY Benford 1Az Bock [1939] Tdvimsesuslugdvesyu
199 Taoyuuazanuduiussznhaneusiag sz ldesuiosad

¢ azfign (Latinde) (Huynitogusnadnumiontodily vouduguigasivsnudiu
milefinuiluuin — 90 < ¢ <90

S yua1IB 3 (Declination) U wosyuTinaasiedmisvesaefiadiinanfiveiu
foviuszunuiuduveadugudgas uSnamanidefiaufiuiin — 23.45° <5 <23.45°

B yusu (Slope) Wunyuseninssuuifussnuuiiueu 0° < L <180°(B<90
nneanuhssnuiuminsaimihag

¥ HUBTFYNVDIAI (Surface azimuth angle) UaAIdeAuToUULYDINMIARNTENULUS UL
uaueu mlumaiisaz Jussniduaviasmenaaz Suaniduuin —180 < y <180°

@ (Hour angle) uﬁmﬁamsm?iauﬁ'l%qynvmmqmﬁﬂJlﬁmﬁuuﬁuuﬂunquﬁjmTaﬂ‘ﬁﬂH
oy 15 samsed Tus dmsuluaoushesSanduauias Tuaourheiiadhman

& yUBUBAY (Angle of incidence) Li‘luquﬁzﬁﬂﬁui:niwmsuw'ﬁmﬁwmmamﬁﬁéa:

A’ a 3y : d’ a
VUNURAAUASITUAIRTINNUN

Vernal equinox

Summer
solstice

/ Autumnal equinox

Ui 2-13 nansmsuyuveslansevn901iing [Threlkeld 1970]

]

NUITUTIN (Zenith angle, 6, ), yudunazyuozFyniiduaasaug i 2-14 dmTuaiyuaa

h.

Bue & gunsom ldnnaumsves Cooper [1969]

365

5 =23.45 sin(360 ﬁ‘”—")

' v a
dio n s wansuvesihiug ; 7 aunsonian1denaised 2.
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nindumsasde Ifisuifunsmianuduiusvesuseniansuiisduesnioriadanns s nuas

¥
YUNUAI O

cosd = sin5sin¢cosﬂ—sindcosgzﬁsinﬂcosy
+ cosd cos g cos B cosw
+cosdsingsin S cos y cosw

+ cosdsin fsiny sin @ (2.73)
Zenith

A

Normal to
horizental surface

)

{ { a o a ¢ 5 a
U 2-14 uaasyuRfaRINMIIHIIE Vo IR 90 1 TndAnN T NAIYUTME2

o

1 { a ] a 4
Solar azimuth angle !ﬂuuﬂ‘ﬁlﬂﬂiﬂﬂfﬂﬂmiQﬁ‘llﬂ\iﬂ’N't)TﬂﬁUﬂﬂﬂiz’ﬂ’UiZH’lUlLN')UﬁU
Iy

a P < J A a = ° ) o '
Tumaialduazuanslugli 214 swiininpdidaduiduddlddmuals oo -6.) dmsuiu
o Y A a a é’

o o a = o 4 a a o <
Sumdsnunaseriadiigniaegiuiyudunna lumeinldusofiamiie YUYBIDTTYNMUNAYUD

wiiywdwd 0 1U8a 180" nazdmsvAluungs £ =90° saunsafouaumsing1dsad

9
q

cosf = —sind cosgcos y + cos I sin ¢ cos ¥ cos @

+coso sin y sin w : (2.74)

¥
v @ oW

o o a ¢ o ° a < a a J
dmsuAluuuasesdu S =0 vaziiyudusauaziuyyuiinvesatseiad 0. AU AT

Tnii1ddail



30

cos @, = cos d cos @ cos @ + sin 5 sin ¢ (2.75)

VINTUMT (2.73) AUFUTIMTY Sunset hour angle, o 1iv 8, =90°

singsin &
coso, =———"~
cosgcosd
CoOs®, =—tangtan (2.76)

Tﬂuﬁﬂ"mau%’ﬂuwmnwﬁmuaﬂumfa:d”ummimmmﬁmums
2/
N=Ecos (tan¢tan5) (2.77)

] v
ATINN 2-1 uﬁmﬁ1mmu1u|ma:1ﬂ“aummﬂﬂu Kleim [1976]

n for Ith ' For the Average Day of the month
Month Day of Month Date N, Day of Year | &, Declination
January I 17 17 -20.9
February 31+1 16 47 -13.0
March 59+1 16 75 -2.4
April 90+1 15 105 9.4
May 120+1 15 135 18.8
June 150+1 11 162 23.1
July 181+1 17 198 21.2
August 212+1 16 228 13.5
September 243+1 15 258 2.2
October 273+1 15 288 -9.6
November 304+1 14 318 -18.9
December 334+1 10 334 -?3.0

2.4.5 WAIUIEND NS HONUISENMALUIZHILS =G
madauimsuisidzdumsinamamguifiannsafu 1y 12 Taoniss e s Sa

S hiffuveaws somadini@odes ﬁufumiurif?aﬁﬂjmmamﬁmﬁﬁu?nmﬁmuaﬂmm%zums-

PMADUIENUIYINONA NI o b ]S



31

G, =G,.|1+0.033 005(3
36

605n H cosf. (2.78)

o G, fle M Solar constant 1353 W/m’

A o [ =
n A9 IUIUIUVDNL

On

G,=G,[1+0.033 cos(36
365

)J(sin #sind +cosgcosdcosw)  (2.79)

U T A a Lq 1 v a o a a
AMsuRsIdveIrNeIiadluudas TuuuAIszuItey  H, sunsasivan 18 laonsdud
¥
! a a & =
INIATUNIT(2.79) 1u‘15'Nl.'Jﬁ'lﬂ'liﬂﬂ‘\l'i)dﬂ')\if)'lﬂﬂtj(Sunset) llf‘l:ﬂ1i;ju‘uﬂdﬂ3~181ﬂﬂﬂ (Sunrise)

H, imhudlugadeaisanns

_ 24x3600G,,
/A

H, 360n]

1+ 0.033cos
365

x [cos gcosdsinw, + 2;:())’ sin ¢ sin 5:‘ (2.80)

& d 1 a4 P o A a o
110 @, 1114 Sunset hour angle Hhuiusamveyy Fsihiauledndumsudsdvesncorfiad
Tuudazsalue 7, vuszunmuueumIdlasmsdufiinsaaunis (2.79) Suftnsalusa Hour

= a ' & o Yo &
angle G)I iag , an1uey CDZ uﬂ11HﬂJu1ﬂ ‘Ni)ﬂﬁllﬂ‘lﬂﬂﬂﬂu

12 x 3600G
O\ CS3 OB Y e
V4 365

27r(a)2 -, )

x| cos @ cosolsin @, —sin @, )+
eosgeosoising; —sina, )+ 7%

sin ¢ sin 5} (2.81)

[v) a (v a d
2.4.6 mslamuazmsdsziivamdinuuasoiniag
o a o a Jdo q’;’ 1 ] 4 a
nndasmSodTinamdinunasemainsu lduenduussernmaves landenvloiuiiuas
{ ] d'u ¥ ¥ [ a g
a1 (Extraterrestrial) G, a3# duisuldvuiulaniudumsvonliuaserfiadiiuuulan o
a u’a = e o u’.: ' y v a
VSN (Atmospherie transmittance) 7 AWiulAsngu G, favaimsvenliumaeriadniin
a : 2 < ° v o [ a PR 9 4{ ad °
1M & uTnwuY 7 Fanezhlinsiudasmdinunrsonadnsulduuiiulan 330158110
[ [ a q Yad o ! n ' yeo a - c{sl
oasmasnuugsonadlagls3sanan i ldasuanuiiow wms1zaduds il lumsUsenaunis
¥
Anammsveuliugseiiadei iy dinaloih luemeuazuazonsssfuulsegaaeanal

mlinnaemsdsziliuamiigndesves 7 ad136a
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TuTaswas nSendasnuaeindsinase (Beam solar radiation) WAt uTiIai 180 1nms RS
Tavassnnanemindiiar uSnuseuAIemag Armeveamsaztounionmsinmiionssnumnte
Fudnanla 9 endmu lédrouduniveulaldaums siafiae masuyiiansisns 91o
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P a

{ o U 1o o 1 :
Hottel [1976] lduaamquififerfumsdszinunisuiadvosmsorfindindiyisu
b4

] a a v oo v o a dda
VITUINIA TﬂUlJﬂﬁuUﬂﬁﬂ“l'ng1Ji)1ﬂ1ﬁi]'t)ﬂl‘]d.]u 4 ﬁ’ﬂ']’JZQlJE)"Iﬂ'Iﬁ PRUUIITUDIANDINAINUNIS

¥
urSariudInduUssIme 7, aunsauaas1dsaums
-k 8.
T, =a, + ae s (2.82)

a,,a, waz k° Wumnsiivesannzommnasgiaze, a,,a, waz k Wumaniizenisa

A1 uaz 4 WuszezmavesddunaiimizoduiTamas

a, =0.4237-0.00821(6 — 4)’ (2.83)
a; =0.5055+0.00595(6.5 - 4)’ (2.84)
K =0.2711+0.01858(2.5 = 4)* (2.85)

A15191 2-2 UAAIMIAIYIZNOVYBINAIIZOINIAFS 9 Hottel [1976]

Climate Type Ty f r,

Tropical 0.95 0.98 1.02
Mid-Latitude Summer 0.97 0.99 1.02
Subarctic Summer 0.99 0.99 1.01
Mid-Latitude Winter 1.03 1.01 1.00

' o v ° 9 Y o U * * * <& v :
Mﬂmﬂ’Jﬂi:ﬂa‘UﬂNﬂ%1ﬂﬁ151dﬂ1u1ﬂi:gﬂﬂ1‘lfﬂ‘1jﬂ1 ay,ay Haz £k ¥3an1a19 9 duay

b 4
<~

navuudasmuannzoimanieg Taohidatlsenoummsamarldonanuduiuisei
o =4, /ao (2.86)
n =aq, /aI (2.87)

r =il (2.88)
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fMFuMIfINMMsuRsIdueneiad luuinesthusulaausontldonauns

G, =G,,t, cosb. (2.89)

° J T o a oo o Ay '
MIMUIUAINMITUATITUDIAND IMATNANATENUaIUUIT 2w LS unne s s ule Taoms
Ansadusana, ¥2Tuq
I,=1,7,cosb. (2.90)

MsUszInumMsuRsdvesnnofiad lussuunuiuey MsurseFveInleIfiadianuas i

1ndiflvs Lui uag Jordan [1960] Tmnnuduiussenindulssansmsdumzquaznisud s

voarnemad ludunvesiusula @S aums
7,=02710- 0.29392’,, (2.91)

e 7, fie SATIEMVBINITH MU F LIS T BAT AT UM IR RARN T TN VAL
¥
ssnuamnIueu (G, /Gy 3o 1, /1) viu aumnsomainisunsadsuuesaeeiiind1dein

aumsaatl
G =L (2.92)

dmSumsursduaznsianszaiovesiifiariemainngalue Sautter tag Kiein [1979] 19m131
a 4 aa a ¢ 2 < £ : o o a

Tuilinesuazn1gaTedines (Pyrheliometer)  (Audoyasinianua 5 S3vesanigowsniiag

dmuaiinsindeuiivesdumivenieriadfiniunzquasfans 2o 10M I suns s01MFIAL M1

mmﬁuﬁufﬂjmmiﬂsziﬂni:muﬁuﬁwaﬁq?rﬁﬂnni:ﬂm?aﬁaﬁums

(1.0—0.1—1— for OSL<O.48
IT ‘[T
/ 2
[—d=<l.11+0.0396 2l -0.789 i tor O.48SL<1.10 (2.93)
I P 7 i
0.20 for 1.10< L
r
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anuduiuivessadnnudoudoueglugaumsead
G,r _Gcos@ _ cosé

= = = (2.94)
G, Gecosf, cosd,
Tagi G, fAe mauwssdnrwdouvesumioriaduuaassuy
G, Ao mauwiadEfednnuiouvemierfinduuiabes
S " Yo ;
Wouaums Iniladail
cosé
RS (2.95)

' 3 s
cos¢@ cosd cos @ + sin gsin &

dmiumsianszosluiedihezannsgnuasuiums s s funisannsenum
¥ b 4
MavuLAB0 dimsuiezlszneuldud uveato shuas iudu Tase ks sdnnfioudh

1 & A a a [ : o 1 A’ da a U s/ o
'lﬂﬂs:numuﬁuwammnmm muuaﬂﬂmummwuﬂmmﬂumwm.ﬂaw’h UAAITUNIT

P (1+cost9)

2.96
s 5 (2.96)

| ¥4 ¥
a o

A a 9 9 o A ) = a &
fﬂﬁ?s‘!Qﬂ7$ﬂ1UTlWuﬂuuui]$Hﬂ15ﬁ$ﬂ'EJUﬂﬁ'Ui]'lﬂﬂ?ZU'Juﬂ']'il!NiQﬂ'ﬂ'ﬂﬂJi@u‘ﬂﬂﬂﬂiZﬂUN') HIVE

o Y o d’
ausafmula lAnInaunsaail

R, = g—_zo—sg) =1 2R3 (2.97)
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G, =R,G, +R.G, +pR,(G, +G,) (2.98)



36

Tauh p' Lfluﬂ'wmsavnﬂuﬂamaqwuﬂummu I nnaanzeimamnasgumusaduna laon
M990 2-2 muumsmmmmmmwsqﬁmmmmmﬂuimuwmﬁumn“lﬂm"lﬂ maG 1flusin

fﬂiuﬂi\1?HJENWNB‘IVWIU‘Vlﬂi”ﬂUﬁd‘wuﬂlullﬁﬂ&”)“ﬂ@ﬂﬂ‘h’dllﬁﬂi"lﬂﬂﬂﬁllﬂﬁ
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G,, =G,.|1+0.033cos
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d’ =) ° s &) 3’
Tavh  n v SmuTuvesihiug

fio 1 Solar constant =1353 W/m’
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2.6 I5msu3anasdurileq (Finite Volume Method)
ad a A A z Y g ad ! & .. .
aﬁmsﬂsmmﬁmumuu"lﬂgﬂwwmmmmﬁNawNﬁ‘mum (Finite difference method) Tay
v a da o a
22 13m3Tns 1By (Numerical) fnunfams Tnavesveslnaniohulfnasaruquazn1d

A4 9
VINATUNINITIAADUUIY (General transport equation)
0
—(a”ti) +div(pgu) = div([ gradg)+S, (2.100)

vinaumsAInanmIsalszgnd Rdudasazas Inaudasdsanniionnzaudmsunsins e
g " 4:‘ e U 1 .:' ° c; ° ° ° 1 o
Usingmsaian q ualundvznanmmezdaunsuduiiin 19 lumssnnunuvias nldeeded
a 1 : 4 Y o v x
PIMAIMIIY (HeANuazAInilz 1M TanIsveInan1InsInaIY (Central differencing scheme) 11

a r'd ‘:i
Ansizvszuunaule

2.6.1 MIVANISVBINAAIIATINGI (Central Differencing Scheme)

MsszuuveIHad1IaTINaN (Central differencing approximation) suidlunisuanata
1 a da 2 44 ' 2 o

NBUYDINTITUNIHIDN IV NYNINAVU 11«"’]1«1%3ﬂﬁ'l')lﬂﬂ'l:ﬂ'li'ﬂ'lllazﬂ'ﬁﬂi:ﬂ1ﬂ1ﬂﬁﬂ1')$1ﬂﬂuﬂu
A aQa % | “ L : v
DAUVUNUAASTDAUA (Steady One and Two-dimensional convection and diffusion) ANUUAUTUUA
s é aa o d'd’ '
YOI ¢(lﬂi)11‘llf)»1ﬂ']5ﬂ5$ﬂ']ﬂ) 1uaﬂymzms1Hauuunum¢|"luﬁums (2.100) Tﬁuaﬂmamwuag

o v
AVUNAULAL Source lﬂﬂﬂﬂﬂﬂﬂz‘lﬂ

40, us)ed (148
E(,o up)= dx(r dx) (2.101)

) y
ms Inadums Inanvuseiiieadatiuee 14
d
—(pu)=0 (2.102)
£ (50)

#nsanludsinasavgunindauaadag i 2-17
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i 217 wanafSumsnavgusouga p

BUNNTAAUNS Transport (2.92) nulilfinasaiuguaiugii 2-17 o214

(putg), —(pudg), = (FA %) - (FA %] (2.103)

BuNNTATUNS (2.101) 918
(pud), —(pud), =0 (2.104)

Discretised mjms'r?mi"ui‘]iymmswmaxmsﬂi:iJ1ac‘x’ha’uﬂué’fmﬂizmmiumﬂwamums
4 o o é 1 % 1] -4 d'
(2.103) eANUMIIz AV MUAd s F uas D Saidass Mass flux ADHIIHU SR UTLAL

4 v o '3 . S 3
NINICNUNHUIAAYAAATIUAIAY ﬂQHUQS‘lﬂ

r
A% % uag D=— (2.105)
ox
Avium F uaz D anthaamasasmisy
5
F,=(pu), wz D, = (2.106)
S Xyp
5 )
F,=(pu), uaz D, =—= (2.107)
0 Xt

MU TNMINITHILAZNIINTLIIY (Convection and diffusion) INAWNIT (2.103) Taonas

fvuald 4, = 4, = 4 dafuee1&daunms
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Fe¢e "Fw¢w :De(¢E —¢P)_Dw(¢1’ _¢W) (2.108)
BUNINTAAUMNINIFABITY (Continuity equation) AM5 (2.104) 914

y.—E =0 (2.109)

e w

113V Uniform grid 9xaunsaifousiives Cell face 1é0nqaiauives ¢ daiuoyld

. =8, + ¢, )2 (2.110)

¢w=(¢W+¢P)/2 (2.111)

aniumusasluauns 2.108) o218

F,
S 6 40)- =0, + 4.)=D,6: ~4,)-D.(¢, ~4,)  am

3

UNUATTNNTS (2.106) HAE (2.107) tiaziINN3 Discretised aumsgatiooz 1emun1sdsil

apPp = ay Py +a,dy; (2.113)
a, =a, +a; +(Fe —Fw) (2.114)
Tauii
r '
ay =D, + 2“ a. =D, + 2‘ (2.115)

41058178 Source term irmfvadosluaunis (2.113) 1zdoauan S, uwazluaunish 2.114)

o o/ aa el A aQa
%w’{aqauaaﬂﬁ'w Sp fﬂ?‘lT‘Ufﬂﬂ“nllﬁzﬂ"liﬂizﬂ'lﬂll'ﬂl]ﬁﬂ@llﬂﬂ]ﬂ'liﬂﬂi]"Iiiu"lvl?’]li)“lﬂﬁuillﬂllf%ll'l

11115 Discretised aun1so 1@

apPp =aydy + a @ +ay@y +asds (2.116)

ap=ay +a; +ay +ag+(F, - F,)+(F, - F,) (2.117)
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Taui
F, 7
ay, =D, + > a. =D, + 5 (2.118)
F
a; =D, +2 (2.119)

a < 1 v a adc
2.7 msams1:nﬂaaasmammﬁﬂmxs Finite Volume

2.7.1 vanmsmnuveaasessidorniag
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' [ a J o [ 4 d'
ﬂﬂﬂdiiﬁﬂ'mﬂﬂ (Solar chimney) i]&’lﬂllﬂ’liﬂ']ﬁﬂﬁﬁﬂﬂﬁﬂ'lilﬂaE)UVI‘U’tN@1ﬂ1ﬁil'Iﬂﬂwu’r]ﬂ

Y Ao a's ' Y a Y] 2
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EL) Wﬂﬁuﬂﬂmmﬂ ﬁjuﬂu llﬂ%”lﬂumﬂdﬂ]i‘ﬂi qnﬂnaﬂmwm Solar passive cooling ‘Nlﬂumi

a

aromaldlinisindoui & ‘mmn1f=muqmnguawmmwnu‘muuﬁm~wu1uwaaumawu lu
w%ﬂmnwaﬂnanuqmnnmwqumumumuuummwxlﬂaaummmnmun‘iﬂumﬁuuia
avYAIY03v83 1Ha (Buoyancy force)
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31 2-18 namsmsrhavealassssfering

a é U v a ad
2.7.2 ﬂ]i’llﬂi'l:ﬂl]ﬁﬂdidﬁﬁ'lﬂﬂtﬁﬂﬂ‘)ﬁ Finite Volume

-

f‘hn%”vmsf‘im'zmﬁwaqmsnszmuqmnqﬁmu‘luﬁ'wmmquﬁma'ﬁms‘ﬂ‘aﬁ:qqﬂnsﬂf
dosssdoriindludnudnhad WS oufousunsaanms fadanmnaaes n1sdia:
198 Finite volume F19z4030 1M 31031275 e8 2103 (Numerical) A &0 Fafus i
Rositvrsnamdumeuiazdoulumuiidimin

TumisTins ety Taeds  Finite volume 114921455 TDMA (Tri-diagonal matrix
algorithm) %nﬂ:‘1%'1umiuf’i’i’]ﬂgﬁﬂuizﬁuﬂunnﬁadﬁﬁ taz 1935n151UD PointbBy point solve Tu
msdnnuimInsznevesqungilundazga dwmsuilyminsninasnisnssaioiues 19530
Simple algorithm (HDADINITHIA MU, AN azgunginnisianssatoluthuluaniizadd

b 4

(Steady) TaoTns9ar3 1909 Algorithm, 115Un5 UM AIUIUUEAINIT]
YUADUA 1 : Initial Guess p ,u",v", 4"

. .

VYUADUN 2 : Solve Discretised Momentum Equations

* * ( * * )A b
a, u, ;= zanbunb 2 S el e e T

* * * *
gV g = Zanbvnb +(pl,./—l _pl,J)AI,J +b,,
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¥
o

YUADUN 3 : Solve Pressure Correction Equations

P ’ ’ ' ’ '
4P1ys =9 1P, ta. Py Ta, ;.0 +Q; 5. Pr g +bl,J

y
o

TUADUN 4 : Correct Pressure and Velocity
— 4 !
Pri BBl t Py
B ’ ’
Uy =W, +d, (p1-1,1 ~Pry )
il [2 '
U, =vy, +d, \p;;, - P/,J)
o <
YUADUN 5 : Solve all other Discretised Transport Equation

al,J¢1,J = al-1¢1-1,.1 B al+1,J¢1+1,J + a1,J-1¢1,J-1 + al,J+1¢1,J+1 + b¢1,J

'uum)u'n 6 : Check Convergence a1y Convergence 1}1ﬂ‘muﬁp =p,u = u,v' =v

az g =¢ mﬂuulmumaﬂuvuﬁaun 2 omimmisundie Convergence (a2 91 11s1nsu

a é a
2.7.2.1 MaAASIZMInszNegamgiimaluiin
Eoies, a ¢ a g & Yoo . o s
AMIUMIAATITHNINTNggUHYImoTutiuiue 1933 Finite Volume satiufioan
¥ » ¥
anugannlumslinnigiszunil Wdnssmuadon lvnsdnus
¥
L nmsmmanuiousfaidumsdiemanudeounuuaeiasusunny x as y
2. mInemanuSeuiuSnainnsuuduiuaneaed (Steady state)

¥
ANUMUIIUYeIMAgANIIs M TUYUe g ugaIM il uamiuIsan 1den

(V%)

gUHUN LM AN
v 1a ;; 3/
4. lufamssalvavewoimanioluthy

Moludmnad luimdwiandnuanudon

(92}

6. mamumanudouguiint 4 wdein

7. liflaravesauniouen (Wind effect)

8. hifiannuuandiavesmanudusiforiadlunias u
9. liflanavesnaaswaziuiinmanuiiormalutiy

1 ' o < 1 ; o
10. Ll ﬂNﬁﬂ’JTiJLN]ﬂﬂN‘U?NL']ﬁ'ISZ‘H’JNﬂ"Ii'Jﬂﬂ31M!33@1ﬂ1ﬁ1ullﬁﬁ:’ﬂiQﬂl@dﬂﬁ')ﬂ
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MIIUNANUTOU (Heat Transfer) Ao M AIDWNANNIUT NS UITDILIDINA Y
uANAIVBIgUNYT mni1J°1ui~1mnaqmsusqaammmimmnﬂamsauumtmummﬂuuu o
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feufiugumgiiadeudidoaiu

o
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=
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8. ﬂnnduuazﬂﬂnﬁmhﬂuuNuwawaamsusmmmu

9. ﬂ'liiw’.]1Hﬁﬂﬂiﬂ1ﬂ1ﬁﬁﬁ1ﬁaﬂn1ﬂ

° a [ [V Y] a J
2.7.4 l!UUﬂ1a'f)\Tn'Nﬂmﬂﬂ1@'9];1164?133?!]51]5@&9]7]9]?]
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3 17l 2-19 Node and heat transfer exchangers though the RSC.

2.7.4.1 LU0 NAAAMTAS VoHUASSIDITuNA T T
o ] ; o =1 < b4
AUMSHAAITNRANGINUVDIHUNSTITRIFunA Tudle munsodou 1dawaunis
® At X5 0
oT, Ax(? | 10kq

o \-—& N/ N a7 (g | |7
24 t+hl(a l)+€mo-(a 1)+ m ax pm m 2 6t

m

(2.120)

a Ja

& A o o o v @ a & 2
o It 19 ATV INAUNIUNANNTSNVUUNAIMTUIIa Il |V /m

3
aQ a =

A @ S v ] ; I =
a Ao duilszAninisaanau (Absomptivity) A1 euveHunsidesFuna Tuile
AN 0.8
B A dudssdnimaninaimiou (Heat tansfer coefficient, 7/ m> K ) 3anau
A ' Mo 3y I OF Ll 47 I a A -
g, 0o AMIUNSITAINIOU (Thermal emissivity) ¥oUHUATZIT 0 TUNA Tuiilo Ty
0.93
o Ao mnan aduru-Tuadiuu (Stefan Bolzmann constant, W /m® K *) Ty
5.669x10°* W /m’ K*
k, fe duilsz@nimsihnawdou (Thermal conductivity, W / m.K ) vosurunsziiios
una Tuidlo DAumny 5.669x10° W/ m.K

y
guvgiveanrunszifesfunn Tudly, (K)

e
)
@

]
ada

3y ] 4?’ =1 ~
QiuHQMWN'J?‘I'IU’UIHI?NLLNNﬂi&’!‘UEN“IfLL‘V‘IﬂIiJL‘uU, (K)

Mo
o
@

o
)
@

a y
gamgiiundounoluies, (K)

® 1281 (Seconds)
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Ax, fio szu:ﬁﬁmuﬂﬁnmﬁmﬂu vearunszifiesFuna uifofinmiiy 0.75 cm
Pn  A® MANUMUNNIY (Density, ke/m’) mamw’unmﬁm%uwaTmﬁuﬁfinﬁﬁu
1800 kg /m®
C, Ao mAnuousumiz (Specific heat, J 1 kg.K ) voumiunszifieaFumnna Tuiflofin
iy 1850x10° J/ kg K

® Atl=x <d_

ol () - - T

(2.121)
ot Y
P = 1 ; IS S A ! o
[$Y13] dm 19 fmimuwmununs:mawumTmuunmnnﬂ‘u 1.5 cm
- ' ] LY ' A D =
a f19 ﬂ1msummiﬂs:mmmiauvmuwuns:mawuwaTumu

m

& a ' ‘; =) = @ o o P
T(x,r) #e RuUQuUBIHUNIITBITUNA Tudediui i uvoes suzmatuia o

AU x Az t laq

® Atx, FH.
(] AT Ok Ax, o
h (Tf—T3)+a SEeati e plic \Uelts (2.122)
1 1 ox : V"
— 4+ —-1 m
¢z,
4 A Qﬂ:ﬁ v 1 d’ ~ )
we T, Ao gumgindwnuluvewruaszidosFuna luiie, )
T, #o quupiiifdweariududuiefa, )
A a o 1 ' ' ] J I a o
T, Ao gangivesormamionislugosissn narunszidiossunn Tudiosy
UHUBLFUURSA (K)
Tt = To _Y:
S
hy fio dudszAnSmsmanmien (Heat transfer cocfficient, w/m? K) 7

a g 1 ] 4’ = ~
mmumwamwunizmawuwﬂimuﬂ

i o o > " a o d 1. e
£ fio AnsuAsedawdon (Thermal emissivity) YDUNUIUFUUDTA A UMAY

0.903

o a Jd 4 [v]
2.7.42 nuunavanunaAmansvesImManeluyesiessuaruns st e S unalani sy

[

a J
gU¥NYoIN

k4
ﬁumiuﬁmfmaaﬁwﬁaamﬂmawmﬁnw‘lu*vawnszﬂ:nmwuﬂsmﬁawuwﬂmuuﬁu

4

Fuvosamusodou 138 aums
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2
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hj(T3—Tf)+h4(T4—Tf)+%.Cp(T,—TO):O 2.123)

°
[

A A a [ ' 1 ] 3 =1
53] my 19 ﬂi'lfﬂibh’(ﬂl‘]f\l1J’Jﬁ1JE]QE)1ﬂ1ﬁﬂ1Uiu‘1ffN'JNi:1H’)‘NllNuﬂi$l'ﬁ@\1‘-‘mmﬂ

TudlonuurivBusuvesa (Kes)

A -df da o v v oA a o 9
A A9 NUNHIVOIMAIAITUSI T 1TAd (m
34 fin Manudousumsfinnugined (Specific heat, J/kg.K) Y0301

e
o

® QungiivesemavinamativesiasznhauunsziiosFuma Tuii

TuHUgIFuLeTA (K)
Yy
T, fo QUUUYDIINMIAUTIUNDBNFBIT T IUALASZIT D T UNA Ty

o ]

AULAUBIFUVBSA (K)

msﬁmmé"ﬂﬂmﬂnm%qﬂ?mﬁwma1mﬁnw‘lm}oqtﬂmﬁaqmmmaauéﬁ (Airflow

due to stack effect) [2]

0, =C,GapW |g.H .sin(@).(To—;Q (2.124)

i

msﬁm'Jmé"ﬁs1ms'lﬂm‘?ﬂﬂ?mﬁwaw1mﬁmu'lua}mﬁlmﬁmmmman (Air flowdue to

0,=C,GapWV.Cp, -Ch (2.125)

msﬁm'zmé"ﬂﬂms114an%aﬂ?mﬁsswvmmmamu“luaim&lﬂ (Total air flow) [4]

0 =y(0.)+(0,) (2.126)

dio C,  fio dudszAnsarudramuvesenda (Coefficient of discharge C,=0.8)[5]

wind)[3]

4

Cp, Ao dulsz@nfanuduveraunaonn (Wind pressure coefficients Cp, = 0.45)[3]
Co. fio dudszanianuduvosaumasi (Wind pressure coefficients (P =0.6)[3]

P A9 MANUHUNNIY (Density of air, ke/ 77° ) ¥03910191

Gap ﬁaizuzw'm:m’nuduns:tﬁQﬁuWﬂTmﬁuﬁm1;iu3uq?uua§ﬂﬁﬁ1lwi1ﬁu14 cm

= s/ [ [ A | a 7

W v ANUATNVBINTIMSUSIFeINAd (m)

H o ANuIIvBIMAINTUS U T Al (m)

\ flv AT IaY (m/s)

fin ANusuilonInusiiegavesTan TAwiAy 9.81 m/s?

o

fie MyuBuwomdniusidorfindfunnsedu (smn)
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° d [v)
2.7.4.3 HUUDI00ININAUAM NS VO MAUTUF VB IA

< w 1 a [
AUMIUAPTUAAUWNNUVOIHUTUTUUDT A e usodou'lgaiuauns e Arx, =0

L' -1 orT, A% 9T
h4(Tf '—'T:‘) + 0. l( = 1 = : +kg axg :pg.Cg.Tg.a_: (2.127)
=R Tl il g
Bl

e h, flo & wlszANSMIMIANLTOU(Heat transfer coefficient, W / m*.K )

YOIIMARUHIA LUV HUTUT B A
<
k, flo dunlszd@nimsthanudou(Thermal conductivity, 7 /m K )
A ' ! ¥ 3
Pg A8 MANUNUIY (Density, kg /m’ )
Ax, fin szuzifmuadumisgauveaiuBusiutiesa ST 0.45 cm
T, fio gungilveurududuunia (K)

' 1 ° Vil o a ' o
Cg ﬁﬂ ATNIIUIDUIUNL (Specific heat, J/kg K) ﬂﬂdllﬂﬂﬂﬂ‘ﬁﬂﬂ@ﬁ'{ﬂ uanIny

840x10°J / kg K
® A10< X, <dg
oT. (x,1) o°T
g AR 2.128
ot e o2 ey

& A 1 a o cat-la) 1 o
1o d, fis. ANUMUIVBUHUTUF UUOSA HAUNIFL 0.9 cm
a, fie MMSUANIEIUANISOUVBRUT LT YLD TR
& a YENT s o o o '
T'(x,t) fo guugiurutusuvesadluilaisuvosszoemaiumar o NAUMUIVDI x LAz
na laq
° At?cg = dg

oT. A
ha(T,—72)+€g-0“(T,4—T64)+kg.ax—g=p s YA (2.129)

g- gn -
7 2 o
ok fin duilsz@ndmaninudeu (Heat tansfer coefficient, IV / m>.K )
YOIMANUAIATUA VB ILHUTUF VB TR
7. fie gamginiwluries k)

8 QuuplA LAY HLTUFIeTA (K)

Mo
=1

dmfumdudseaninismanuiouniaq fsngegluaums 2.120),2.121) (2.122)
(2.127) uaz (2.129) Uswazidoa lunsdiuudaae 115
o a Q/ a 3 ] J = I d! o
° ﬁuﬂs:ﬁmmﬂmmmmuuuﬂjamwuﬂs:mawuwﬂmuwqgnns:mimau,hl

¥
[ v Ed o
AUITOMNNINAUMIANUTUIUTUDL Loveday [6] A3t
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h=3.0+7.4V° (2.130)
A A g
o v AD AULTIAY (m/s)
o a q( v 1 [ dy =y =] 1T a o L4 a
° ﬁmlszﬁmmimmmiauszmmmumzmawumTmummmuaumnuam h, unn

MY A, Asaums

e Nuk,
D,

b 4

1o D, fin durigudnanlensedn (Hydraulic number, D, =4a/p)

LY

(2.131)

Y o

A A 4 2
A A9 NUnvuIaa (m )

o dusovzivesmsina (2( + Gap))

u

€

Or Op

P
k, fo dudssanimniniueuvesernis (W /mK)

Nu fio aaninues (Nusselt number) vosyealadmasuiudides [7]
-1/9

Ne =1+40.071(Gr.pr)"’, —Dli ~9}.Sin6 (2.132)

h
A A /da o s
o Pr AD LINTUAINAUULILDS (Prandtl number)

Gr fio unsavoNiuLes (Grashof number) @M UMITHILILLD 5SS

1 )
o B 2.133)
v

A Y ) Y1 2
g fB ﬂ'ﬂ“liﬂuaﬂi]'lﬂlli\‘lillﬂfn»ﬂlﬂiiaﬂ (M/S )

4 i ¥
?f!JlJi&’ﬂ‘)’lﬁﬂﬁ‘uEﬂﬂﬂ'Jl‘]fﬂljiiﬂﬁ5‘1!61?)1!’11?{11‘1%8\1’]1\35311’JNﬂi:lﬁBQ%

=
—2
(e}

uwﬂuﬁuﬁmu«'uﬁu%na{ﬂ (Volumetric coefficient of expansion = 1/ T,)

>
N
O
(o]

14
ANNUARANRUHMAIVDIHUN Tzl FUNA TudlofunnuGUFvaTa (K)

ANunAfLAD (Kinematic viscosity, K ')

,
o))y
(w))

H e ANUEMvamanisusidornad (m)
° ﬁuﬂ5:§w§{ﬂ1sw1ﬂa1u§aumnﬁaﬁ'mﬁwwmuduﬁm‘iuua{ﬂ amnsom ldaauns
ANUFURUT [8] §afi
hy =1.42[sin6.T, -T.)/ H]* (2.134)

Qad a s

2.7.5 M3UNNHIne3T159610 v (Numerical method)

o

o o a g o Y dy = ] ) ) a
ﬁﬂiiﬂfﬂi’Jlﬂi'lﬁi'}’i‘ﬂiyﬁWfﬂi‘UENUWﬂ’JHJi@U:‘HUGluLuE)JﬁQ 116Q1Hﬁﬂ13$ li.lﬂxﬂ]

Y < 9

4 a g o ° 1 = 4 {0 ™) v o °
(Transient) Fegquigililluiledduvesimmisiaznar fuiFosfigendudoudniugdoniuen

acd =) !

' b4 .
ag a o 5 ' 9, o =
IBMIIFIAUAY (Numerical method) 10 umsuddym Faluiadoivuideonstfison,
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1 b4
“Finite-difference” 11U Explicit innz ez Idwadniifugumgil a yafisidimuauaz 33 iimunefu

ms Wl lunsownoufiumesinnuslumsdnnnga

s

2.7.5.1 AUM5ANNIDU (Heat Equation) (31131 Finite-Difference

v
aa o [}

o 3y o [] g‘ : ad
mshnnuseunteluiag 1 4@ fegludniaz liaiuaue (Transient) gamgiifiga laa
b4 ' .
muluiedagornnlavunas ldanamieug fudumic nafe T=Tx, © Tuszuudafer il
umsiutandanuludananuazdulseanimsnihanudouiinumfuaaes FIAUMIAILAUMS

] b d
wasuudasvosgungiivziludail

OT(x1) 2oL

; 2.135)
ot ox? (

a o a4 o aa o A a o o A o ﬂ’l’ A’ S ] |
U anlsNiAeINUNA 1 A7 D x uazumuﬂimf]unm flD tmuuwuﬂmzumaamﬂumu
4 a ¢ ) " < ' $ v '
(@09 (W3 31ATIZHN A finite difference AETIANIINL (0<x<L) ¥auniseomdureuin q AX

1 9y : 1o o LY 1 P 1 a o =
mummmnmmu‘lumﬂﬂuazﬂmmimm‘um T nuaazyn x nal t(ﬁdzlh’l 2.20)

e e S L AR ) U L . SO _—

ot e o o

3 1,/77 2-20 Interior nodes
a P} o % 9 4 -
aums (2.135) HuaunisdnieisuiFoauuy Parabolic Frvzdesfifoulufuoy (voundary
A y o A S iy P a )
condition 2 1391 14 Tuiu x) vannudeu luiTudy (initial condition) H1aa1t= 090 1 Gou'ly T3z

3 vy
udaums e

Foulusudu t=0, T(x.00=0
Fouluivey :x=0, 10,0 =T,

x=LT(L,t)= T1
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v 4 1 = 1 P 1 a s
MIUNAUNIT(2.135) DM T=T(x, 1) N x, 719 9 uazNa ' 919 9 5ulasnsFoy

v
v

@ d o [ Y ]
aumsoyiuiouaudeslioglugvesaums finite difference annsoilszlsznag 18

2 i i i
o°T | dma AT (2.136)
o’ | Ax? ‘

lavii 7, uaz 7,,., fio quingiifiegudazdavesgaty T fina i tazeyWusifoufunai

m+1

A m vzdszna @ Tan

oT _ TP
o’ S A

(2.137)

@e T, fle mgunaiifiga m im £, iazumusiauns2.139)1a(2.140) aeluaunms (2.135)

4

T Y Ik T, -2T + T,
] =20 sz (2.138)

ansadngdaunis2.141) 1aqsil

?, s ; _
T = (T2, + T )+ =20)T (2.139)
¥ Die o = 1 W 4 Y %
i r =a*At/(Ax) AIMIVaUNIT(2.142) 158N quUNIS Explicit  Finite-Difference
o o ° ;Y aa y U = & a = 2 .1 A
mmsumniianusou 1 4a meldaniizyluneh aunmisHeeSiadesnim (Stability) nAOLUD
y
0<r<1/2muu
° [ o a o o v v a
fmisumiﬁﬂyﬂﬂﬂ%’uummmmaﬂmﬁmﬁﬂwmsznummﬁmQﬁmﬂﬁJ sduuy
s . T . Vet < K L vy = = Y o
Explicit Finite-Difference 1aNn15#nu11A0 S. Chaima &aldimsdinyifiornis1duuusiaemie
ﬂtﬁﬁmﬁm’maaHﬁam%”‘u%”aﬁmﬁmfﬁumﬁzmammﬁmuﬁs511‘1115 molurdinisidornadd

E4
=1
U

—e
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o a 14 [v) [ a . o o e .
2.7.5.2 HUUDAINNAUAM AN VOIS UUHAIMSUSIT0 Mg sUuvy Explicit Finite-Difference

u

v

msfnnuguugiidiniugng Tnuavesszndamsusadoriadmumsalssinannaums

A9 9 fasie 11T 91n31(2.19)

® {5V (node 1)

ity k—[a[ + k(T =T )+ e, ol ) Ra T'):]+T‘ (2.140)
X

m m

® sy (node 2)

T = 1 R T 2 ) (2.141)
® {5y (node 3)
7;:‘—1_ hc(Tl T') O-I(T’ I‘T; )+ km (T;..T;) +];i (2.142)
{ ZI AR o,
£/ 8g
® {15V (node 4)
T iy A n(r 1)+ 0(73"—7::[‘)+ ke (2| o (2.143)
A“Ig'Tgcf_4 i.*.i_] Axgs 4 4 5
g
®  {IM3U (node 5)
= rg(T; +7;’)+ (1 v 2r, )Z'S’ (2.144)

® dIUSY (node 6)

T?-ix—{} 72} ol -1 b E () Sl
4
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dmsumssnnumoluseudla (Gap) munsodszina lavaums

® guvnil
R O RG R
T = _A (2.146)
20+ 2.%5,,
e dasimsiva
: T
O"'=C,GapW |2.g.H .sin@.(fT—i') (2.147)
9, =C,GapW¥'.[Cp,~Cp, (2.148)
= loif +(0, (2.149)
iiio
At
= a”'Az’ a7, = % -
Ax, Ax
At =30sec.,Ax, =d, ,,Ax, = d,

dmivadusd nazdnlszininsmanueuiisingedluaus 2.140) f
auns (2.149) luaaesisazBoai q Baufindnmuddedy dmsunsdmnausousns
a o

y .
ﬁN1u‘UfJ~15$UUHﬁ’Qﬂ1iU?Qﬂ'ﬂ'lﬂﬂUuﬂoﬂ‘i’f‘llU]J‘MﬁBJﬂ'Nﬂmﬂﬁ'lﬁﬂ;'ﬁﬂﬂ1')1]’“11%”15’)1153

y
LuUTIneIveIdNIIAeIMA duaoumsihnueziidagy 2.21
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2.7.6 Wiimlandsufifeados

t?m?mm?%uﬁn?;mi’fm'lﬁ'ﬁmsﬁnywizmw‘luﬂi:mmm:mﬁuaﬂﬂs:mﬁ"lﬁ'ﬁwmsﬁnm
MINIANUTOUATUEITUMIAYE Roof Solar Collector Famsmnnudounusssui Tnoms
wmilnhnnederniad ilfifamsindeufiveserna uazmsszuierns Fedeterfoussauas

1S90DUA7

2.7.6.1 dmsvanidemeludsana

T. Bunnag 1&Vm1sfinymasnisusaferiing (roof Solar Collector) iiesznonudounuy
s5sunaluormsiinerduasiln dunsinsanuduly 1§ lumsfvzananisazawonny
founmuluTasaindaniussdofiad uazmsssuion 1L 2ouunyss s ug1a (Naturally Ventilation)
lunmsadahuinodonarismideadauuns sl Tasms lendamaostuiinyasiy
HAIMITUTITUTI01MAd (Roof Solar Collector ) INWANITENYIINLT Jaqiimmzaudmsy
wndamiifhumdinsusafuacermag (Roof Solar Collector y arsihusunszfeaFuna Tuidioma
Ay waz duiuBFuueiameddave sgandsmsiorfing (Roof Solar Collector) AN
ﬁmm:ffwawﬁam%"uﬁﬁmﬁﬁd'ﬂ:agi'lmha 100 cm 91N AN¥IUVSIaBIMIndiamaa; Tag
’l‘x’f%gamﬂnamsmaauﬁaﬁﬁqﬂumsf‘i'm'mxﬁﬂs1mss:mumm§’auuuuﬁiimnﬁ ( Naturally
Ventilation ) voanasmiusiderniaduzeglusiessning 0.19-0.25 mvs dami1diesiialndimog
IUHAYBINITNAADY

S. Wachirapuwadon 1d7hnsfinsimidadaunazfonlumsiamitmnz auvomsansy
$1f011Ad ( Roof Solar Collector ) fiannsane Iifasz1100101HAINS TS U ER M1z uaz
ponuuvugnsdthuinedeliaeandosfuguvundimihudenng Taslduuniians
nendiamaaivomdansussdeniadl Roof Solar Collector JAMSUNISAIMIEHE IS SIS
91Mad (Roof Solar Collector)tl3zneuday ﬂs:n‘fm%m‘mTmﬁuﬁﬂsﬁfqatjmaﬁﬁuuuua:uw'uﬁué?u
vofafanagdIud1s uazfivoimsInavoseimidogsyniraaniiaos wazlddoyamnioz
wadey (UTnwsvderiad quuglistmanisusn aAnuidranuazdianududuing  vos
AFAUNHe

wamsﬁnymmﬁﬁ"ﬂdauua:ﬁ'au‘lm“lumsﬁmuﬁmmzﬁwawﬁaﬂﬁui“aﬁmﬁmf fio yu
Buavaandiniusidorindaisezeyizniie 20 1 60 oam mmunﬁmm:ﬁmzagﬂu‘ﬁw 100 9
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4.1.1 n58in5 IMaveI9IMAIUL Natural Convection Flow
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4.1.2 n581m3 IHaYDIBINALUL Mixed Convection Flow
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4.1.3 n38iMS3 1Mav8I9INIAIVY Forced Convection Flow

Temperature
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4.2.1 nm’ims"lnammmmmmu Natural Convection Flow

Temperature
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4.2.2 N3AIMS 1Mav0I0INAL Mixed Convection Flow
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423 ﬂsﬁmi"lnmjmmmmmu Forced Convection Flow

Temperature
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4.3.1 N38MS 1MAYDIIMALLY Natural Convection Flow

3V 430 uansdeszmvqanigiivesermea
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432 ﬂi&ms"lwavmmmﬁuun Mixed Convection Flow
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433 ﬂiﬁmi"lna‘ummmmmn Forced Convection Flow
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4.4.1 A58IMS5 1MaVDIDINALUUY Natural Convection Flow
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13197 n-1 gunglinoluesii s ldluns el Natural Convection Flow i 1
slzgls|slelsle|sls|slela]ls]z]s
AL R EPSH = IR=0 = R U U B = R I B I
1 ]29.9130.0{30.2|31.2|31.531.8|32.1]33.2(33.5|33.6|34.2|32.6 32.8 | 32.5| 323
2 | 2 [30.0]30.0{30.3|31.0(31.531.7|32.0|33.1|33.6(33.5|34.1|32.8[32.9[32.4| 322
‘€ |3 [300[30.0[303(31.1|314]320[32.0]333|33.5[33.4|33.6| 32.8|32.7|32.3] 323
:g 4 130.1/30.2|30.3|31.2|31.3[32.0|31.9(33.4/33.4(33.6|33.2|33.1|32.5|32.3[325
& | 5 |300[302|302/313{313 |32 |32.3|33.2|33:533.7]33.5|33.1 | 32.8 | 32.3] 321
@2 | 6 |30.0/30.1]30.4|313{31.0{32.1]32.3]33233.5|33.6|33.1|32.5(32.932.1 [ 323
'% 7 |30.1{30.1]30.4|31.2{31.0|31.7[32.1{33.1{33.5(33.1|33.2]32.633.0(32.1{32.1
*2 | 8 130.1]30.130.3]313[313]31.7]32.3]332[33.4[33.0]33.3 [ 32.7[33.1 [ 32.3 320
& | 9 |301]302303]312[31.4]316]323|33.4|33.6| 33.8|33.6 | 32.6 32.9|32.3(324
g 10 |30.1303]30.5/30.9{31.5(31.7|32.0{33.033.4|33.4|32.8|32.7[32.632.1 |32.1
& | 11 [30.1]303 [30.5|30.8|31.6|32.1{32.0{33.6|33.6|33.5(32.9(32.7|32.8] 323 320
& | 12 {302]303]30.4|310( 316320 32.1{332]33.5]33.5]32.8 | 33.1 | 32.9 | 32.4| 320
S 13 [30.2/30430.6(31.2|31.6(32.1|31.9]33.5|33.5|33.6|33.0(32.6 [32.532.4 323
S | 14 [300[303]304]312]317]320]32033.4] 333|341 |33.1| 327 32.832.3(320
15 |30.0{303]30.5/31.3|31.8{32.3|32.3|33.3[33.4|33.9(32.8| 32.8 [32.9| 32.4|32.1
1 {30.130.5]30.8/30.9(31.6{32.1{32.7|33.2(33.5[34.0{32.4| 32.5|32.3 [32.1 |32.1
~o | 2 [30.1/30.4{30.7|309 |31.4|32.0{32.8(33.3|33.6]34.1[32.5(32.6(32.2[32.3 320
‘% 3 130.2{30.6(30.8|31.1|31.7[32:3(32.8(33.233.6|34.2{32.8]|32.7(32.3[32.3|3138
2 | 4 [302]306]30.8/312|31.6]32.0]32.9[33.2]33.4341 |32:8(32.7[32.1 | 32.1 | 319
2 | 5 |303]305|307|312|315]520]328|333 ]335 33.8(32.7 | 32.5|32.1| 323 | 323
5—5 6 |30.3]30.6/30.8/31.3[31.7|32.1]32.9/33.4/33.5|33.7(32.5|33.1[32.3|32.3|31.8
E 7 [30.330.7]30.5/31.3|31.8/32.3|32.9(33.5(33.6]33.6[32.5|32.3|32.1[ 324|316
% 8 [30.1/30.6]30.8|31.2|31.8/32.4|32.8/33.2|33.5|33.5[32.4|32.6|32.1[32.3 315
2| 9 302/305)30.7|314]31.9132.4/32.8(33.5|33.6|33.6|32.6|32.732.0| 32.1 |31.6
Z | 10 |30.3]30.4/30.0]31.3|31.8|32.5]32.7[33.4]33.7]33.7[32.7| 32,6 32.3 [ 32.0|31.5
8 | 11 |304]30.6308]31.6]31.7]32.6]320]33.4]33.8[33.532.7|327|32.4 | 310|315
_% 12 [30.2/30.7/30.9/31.4/31.7/32.533.033.4]33.8|33.632.5(32.832.4[31.8|31.6
§ 13 ]30.4]30.5]30.8|31.5|31.8/32.6|33.1/33.4]33.7/33.5[32.6(32.832.5[31.9|31.6
|14 [30.1]30.1(30.7]31.3]31.8/32.4[33.3[33.3[33.7(33.4| 327|326 [ 32.5 | 31.8] 316
15 [30.4]30.5]30.9|31.6/31.9]32.633.2[33.3(33.8/33.3(32.9]32.7(32.3[31.7[31.5
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=A== B = i B R = R R = R
L = B = = = U IR I = I B I IR I I
1 ]31.5{31.3]31.5/31.9(32.0(32.7|32.9(32.5(32.5|32.9/32.9/33.0133.3133.0 32.8
‘g 2 |31.3|323131.6/32.2(32.2132:5/33.1|32.7|328|3321332|33.0| 332 32.9(329
qg 3 131.9132.3]31.9/32.1(32.5|32.4(32.8(32.8/32.71325(33.0{33.0(33.3]32.7 32.7
:g 4 [31.6/32.0(31.1|32.0|32.8/32.3(32.5(32.5|32.7132.9(32.7132.8(|32.8/32.3 325
g 5 (31.8132.1]31.7|324{32.1]32333.0/32.51325|33.0/33.0/33.1{333 33.0(/32.8
“é 6 132.0132.5]32.5|32.7(32.51323132.9/329(32.5(33.0/33.1|33.2|333(33.1 329
-g% 7 131.7132.3|31.5|31.9(32.7|32.4|32.5(32.1{32.1{33.1/33.3/33.4/333(32.9 33.0
aE 8 [31.6]32.3]32.7|32.9(33.0{32.9(32.732.9{32.9(33.3(33.1|33.2|324 32.2133.1
qg 9 |32.7132.5|32.7|32.832.8(32.9(33.0(33.0{33.1{33.1(33.2(33.3/33.2 329|329
g 10 |31.7]32.6(32.4]/32.3|32.7(32.9{32.8|33.0(33.0(33.1/33.2{33.1/33.3 32.7132.6
(o
2= 11 |31.5{32.2|31.9(32.3(32.7|32.8/32.8/33.0/33.0(33.1{33.1(33.4(335(324 32.8
_.g,' 12 |31.4132.5(32.3|31.832.7(32.5/32.2(32.3(33.0/33.0/33.1/32.8/33.0 32.21329
g 13 |31.7(32.5(32.3(32.5(32.5|32.7{32.9/32.9/32.9(33.0133.1/32.7(32.7 32.8(325
= 14 [32.0{32.5[32.8(32.7|33.1/32.9/33.0{32.4132.7/32.9(33.3/33.4(33.0(32.8 32.8
15 |31.5[32.0(31.7(31.9]32.5|32.7|32.7|32.7/33.1/33.1/33.0/33.1(32.1/32.1 329
1 |31.6/32.6|32.4|32.5|33.0/32.9(32.7(32.9|32.7132.7/33.1{33.2(32.7131.9/316
\g 2 |31.7|32.7|32.5|32.3|32.7|33.0/32.5(32.9/32.8(33.4133.1/33.1/32.4(32.0/314
qg 3 |31.6132.3]32.2|32.3|32.9|32.3/32.8132.9]32.7|32.6(/33.1|32.7132.5132.3131.7
ZE 4 [31.6(32.3|32.3|32.2132.6/33.0/32.8/32.7{32.5/32.4(32.01323(32.2131.9/31.6
-é 5 |31.7|32.5132.1132.2{32.8|33.1/32.7|32.7/32.632.632.5/323{323/31.8/31.5
§ 6 |31.7]32.3]31.9(32.2(32.8|32.8133.0132.7/32.7/32.5/32.9(32.8/32.5132.3(31.7
-%g 7 |31.8]32.4|32.1(32.2(32.9|33.3/32.8/33.0{32.7/32.6133.0(33.2132.8132.5(31.8
aé 8 [31.5[32.2(32.532.4432:8432.7|32.5 (324|827 |32.64330(32.71323(31.7(31.8
ﬂ§= 9 |31.7|32.4]32.5(32.6]32.7|32.8{32.7(32.6/32.7132.6/33.0/329/32.3/31.9(31.9
g 10 [31.4(32.3|32.0|32.3|32.9{33.4{32.9(32.7|32.8(32.7/32.7/33.0/32.9/31.9(31.8
ag 11 |31.5(32.1|31.9|31.9|32.4{32.5{32.7(32.8(32.7|32.5(32.5/32.6(32.3132.2(31.7
_% 12 [31.7(32.1|31.9]32.0{32.3/32.2|32.5(32.6/32.3{32.5(32.9(32.1(32.3/323(31.7
§ 13 |31.5(32.0|31.7(31.7|32.032.0{32.2{31.9{32.1{32.0/32.5|32.4(32.4(31.7(31.8
= 14 [31.6(32.0/32.1(32.7|32.7{32.8/33.1{33.5(33.2(33.7/33.0/32.9(32.5 32.0|31.8
15 |31.8131.9132.2|32.8|32.8(32.9/32.6|32.8/33.0(33.2(33.1{33.5/32.9(3261(31.9
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9.00

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.00
14.30
15.00
15.30
16.00

a1

—

30.0{30.2|31.2|31.5(31.8|32.1{33.2|33.5[32.0{32.1{32.3|32.4|32.5(|32.1|32.1
30.0{30.331.0{31.5[31.7|32.0|33.1|33.6|31.8|32.132.2|32.5|32.6|32.3(32.0
30.0{30.3131.1{31.4(32.0{32.0|33.3|33.5|31.5{32.3|32.3(32.8|32.7|32.3(31.8
30.2130.3|31.2{31.3{32.0{31.9|33.4|33.4|31.5(32.6(32.6|32.8(32.7|32.1{31.9
30.2130.2131.3|31.3{32.1{32.3|33.2(33.5[31.3|32.3|32.7|32.7|32.5|32.3 (323
30.1/30.4|31.3|31.032.1{32.3[33.2(33.5(31.6|32.3|32.5|32.5|33.1{32.3(31.8
30.1130431.2131.031.7|32.1|33.1[33.5]|31.6|32.5|32.3|32.5(32.3|32.4|316
30.1130.3131.3|31.3{31.7{32.3|33.2|33.4|31.3|32.6|32.1{32.4|32.6(32.3|31.5
30.2130.3131.231.4|31.6{32.3|33.4|33.6|/31.2|31.5{32.2(32.6|32.7(32.1|31.6
30.3130.5130.9|31.5{31.7|32.0{33.0(33.4|31.8|31.3(32.3|32.7|32.6|32.0|31.5
30.3130.5]30.831.6{32.1{32.0|33.633.6|/31.5{31.8(31.8(32.7|32.7(31.9|31.5
30.3{30.4]131.0{31.6{32.0{32.1]|33.2[33.5{31.8{32.0{32.5(32.5|32.8|31.8|31.6
13 130.4130.6|31.2|31.6]32.1|31.9/33.5|33.5|31.5|32.3(32.4({32.6(32.8/31.9|31.6
14 [30.3130.4/31.2|31.7{32.0{32.0|33.4|33.3|31.6|32.1|32.3{32.7|32.6(|31.8|31.6
15 130.3]30..5|31.3{31.832.3|32.3|33.3|33.4|31.8{32.0|32.1{32.9(32.7|31.7|31.5
1 130.0/30.2{31.2|31.5|31.8]32.1|33.2{32.5{32.9{32.9/33.0|33.3(33.0|32.8(325

22

y
e
A
=2 N-CT ST - N KV R [ NV NG}

=Y

—
o

o

[u—
N

AMNUIPATAUHNYTTUDA

o

2 2 [30.030.3|31.0{31.5(31.7|32.0{33.1{32.8|33.2(33.2|33.0(33.2(|32.9(32.9(32.4
cg 3 [30.130.3[31.1{31.4{32.0/32.0{33.3|32.7|32.5(33.0|33.0(33.3(32.7|32.7|32.3
$ 4 129.8130.3131.2(31.3[32.0{31.9|33.4(32.7|32.9|32.7{32.8|32.8(32.3|32.5|32.3
-é 5 129.9130.231.3|31.3/32.1{32.3|33.2|32.5|33.0|33.0(33.1/33.3/33.0/32.8(323
;g 6 [29.8/30.4(31.3131.032.1{32.3|33.2/32.5{33.0(33.1|33.2{33.333.1{32.9|32.1
%‘ 7 !30.2 30.4|31.2|31.0|31.7/32.1|33.1{32.1|33.1|33.3|33.4/33.3|32.9(33.0(32.1

9

31.7(32.3]33.2132.9|33.3|33.1|33.2|32.4|32.2|33.1|32.3
33.1/33.1|33.2(33.3|33.2(32.9{32.9|32.3

8 130.330.3|31.3 2

9 130.3|30.3|31.2{31.4|31.6/32.3/33.4

10 {30.3/30.5|30.9|31.5{31.7{32.0|33.0|33.0/33.1|33.2|33.1{33.3(32.7|32.6|32.1
30.1/30.5/30.831.6{32.1{32.0|33.6/33.0|33.1|33.1|33.4|33.5|32.4(32.8(32.3

12 {30.2/30.4|31.0|31.6{32.0|/32.1/33.2|33.0{33.0(33.1|32.8|33.0{32.2(32.9|32.4

13 130.3|30.6|31.2|31.6|32.1|31.9/33.5/32.9(33.0|33.1|32.7|32.7(32.8(32.5|32.4

14 130.4|30.4|31.2(31.7 3.4[32.7(32.9(33.3(33.4(33.0{32.8|32.8(32.3

31.8 33.1/33.0(33.1{32.1]32.1|32.9|32.4

W
p—
(9%}
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1Y)

AMIYAINYUHHUUDAN
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w
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15197 n-4 gaingiinieluiesiia 18lunsdl Mixed Convection Flow A 1

siiicle igiielial cliren ol lisiingll el =

L B B = = B B B I O I T I B v R B
1 129.5/29.8|30.2(30.1|31.2(31.1]31.2(31.5/32.0(32.1|32.3|32.4]32.5/32.3(32.1

"g 2 129.4(30.1{30.1/30.1|30.8{31.0(31.3|31.6(31.8(32.1{32.2/32.5(32.6/32.2|32.3
qg 3 129.5(30.130.1/30.1|30.6(31.1/31.3(31.5/31.5(32.3|32.3/32.8(32.7132.3/323
:g 4 129.5/30.1{30.1|30.3{30.8(31.2(31.4(31.5(31.5(32.6/32.6/32.8(32.7|32.1|32.1
'_§ 5 [29.6/30.1/30.1{30.3{30.9(31.3(32.0(31.3(31.3(32.3(32.7|32.7(32.5/32.1|32.3
“é 6 |29.7130.0{30.1{30.2/30.8/31.3{31.5(31.6/31.6(32.3]/32.5|32.5(33.1/32.3(323
'%g 7 129.7|30.0{30.0/30.2|130.8(31.4/31.6/31.8/31.6{32.5|32.3/32.5/32.3(|32.11324
aé 8 129.9129.9(29.9/30.2]30.9/31.3(31.6(31.8|31.3/32.632.1]32.4(32.6/32.1(323
qg 9 129.9(/29.9(29.9130.230.9{30.9(31.7|31.7|31.2|31.5|32.2|32.6(32.7(32.0/32.1
g 10 {30.1]29.8(29.8(30.1]30.9/30.9(31.6/31.6|31.8/31.3{32.3{32.7(32.6/32.3(32.0
ag 11 |30.030.0{29.9(30.2/30.8131.0/31.3|31.5|31.5|31.8(31.8(32.7132.7132.4131.9
_.g,' 12 129.9130.0{30.0{30.330.9|31.0/31.6(31.5|31.8/32.0/32.5(32.5/32.8/32.4(31.8
g 13 129.830.0{30.1{30.3/31.0{31.1{31.7|31.8(31.5]/32.3/32.4(32.6(32.8(/32.5(31.9
= 14 129.8/30.0(30.1{30.1]31.0|/31.3|31.6/31.8{31.6/32.1{32.3{32.7132.6/32.5/31.8
15 129.9129.8{30.1{30.3{31.0|31.3(31.5({31.7|31.8{32.0/32.1{32.9(32.7132.3{31.7

1 29.9]129.9(30.0/30.2|31.2{31.5/31.8(32.1132.2(32.4/32.7/32.8/32.6/32.8(32.5

\vg 2 [29.8/30.0/30.0|30.3{31.0(31.5({31.7{32.0({32.2(32.5/32.7132.8/32.8/32.9(32.4
qg 3 130.1/30.0|30.0/30.3{31.1{31.4{32.0/32.0/31.9]32.8133.0/33.0/32.8/32.7132.3
ZE 4 130.1130.1/30.2{30.3|31.2|31.3|32.0/31.9/31.8(32.6{33.1/33.1/33.1132.5/32.3
-é 5 129.8130.0130.2130.2(31.3(31.3(32.1|32.3/31.8/32.5133.2133.3(33.1(32.8/323
% 6 [29.9/30.0/30.1{30.4|31.3|31.0]32.1{32.3{31.9{32.6/33.1/33.0/32.5(32.9(32.1
% 7 129.5/30.1{30.1{30.4|31.2|131.0(31.7{32.1{32.3(32.7/33.4133.0/32.6(33.0/32.1
aé 8 129.8(30.1/30.1]30.3|31.3|31.3|31.7|32.3|32.3(32.6(33.0/33.1{32.7{33.1|32.3
dgs 9 129.9030.1{30.2130.3(31.2(31.4[31.6/32.3{32.4/32.3/32.8132.8(32.6/32.9(32.3
g 10 129.9130.1{30.3{30.5/30.9(31.5(31.7(32.0/32.4|32.5/32.6/32.7132.7132.6{32.1
ag 11 {30.030.1{30.3|30.5/30.8131.6(32.1(32.0/32.0|32.6/32.7132.8132.7132.8(32.3
_%, 12 130.0/30.2{30.3|30.4|31.0{31.6{32.0[32.1|32.0{32.7132.6/33.0(33.1/3291/32.4
§ 13 130.0{30.2130.4|30.6/31.2131.6{32.1|31.9|32.1(32.8/33.1/33.1{32.6/32.5(32.4
b 14 130.0{30.0{30.3|30.4|31.2{31.7(32.0/32.0{32.4(32.6|33.1 32.é 32.7132.8(32.3
15 129.7130.0130.3|30..5{31.3(31.8{32.3|32.3|32.1{33.0/33.4(32.5(32.8/329(324
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SR R E R E R E R R NI IR E
1 ]29.8130.0{30.3|31.2|31.5|31.8|32.0/32.8|33.1{33.3|33.7(33.9/34.0(33.8|33.2
*2 | 2 [30.2130.3]30.7|30.9|31.1|31.4[31.7|31.6|31.9(32.0|32.5(32.4|32.4|32.1|31.8
qg 3 130.2130.7]31.7|32.4|32.6/32.633.4|33.6[33.2|33.6 |34.1|34.333.8[33.6/33.2
zg 4 130.1130.7]31.2|31.5|31.7/32.0/32.3|32.8(32.8(32.9(33.5|33.5/33.1/33.2{33.1
‘(?g 5 |30.1130.4131.3132.0/32.6|32.6/33.3]|33.6|34.0|34.1(33.6|33.6(33.5/33.2(32.5
”é 6 |30.3/30.6(31.2/31.8{32.5{32.9|33.1(34.1{34.0/33.4{33.0|32.5/|32.4|33.0{33.1
’gg 7 |30.4]30.9131.3{32.2/32.7|33.0(33.3|34.0|32.9|33.2(34.0(33.8(34.2(33.1/|32.9
aé 8 [30.3130.7{31.5{32.2/32.6(32.9(33.2|33.6|33.3|33.2(33.9(34.2(34.3(33.2(33.0
cg 9 |31.5132.0]31.2132.9/33.5|32.7|31.7|33.5|33.0{33.0{35.0(35.0|35.6|33.0(33.0
g 10 |31.5132.1132.1{32.8|33.4{32.6(34.7|35.0/34.4|33.0(|33.4|33.6|33.3(32.9(33.3
(=
& | 11 130.4130.7|31.1]32.2|33.1{32.7(34.5|34.5|34.2{33.0(33.5|33.733.6|33.1/33.2
_% 12 130.6/30.9131.2{32.4|32.4({32.5/33.1/34.6{33.0{33.0|33.433.6|33.2(33.0|32.8
_g 13 130.8131.2|31.432.8|33.3|33.6/33.8(34.7|33.1/32.4|33.6|33.6/32.5(32.5|324
& 14 |31.7]32.0|31.2|132.9|33.5/34.0|34.5|34.8(34.2(34.2|34.8(33.7|33.3(33.3|33.2
15 130.5{31.231.3/32.6/33.2]33.3|33.2(33.3|33.1{33.1|33.8/33.6/33.6(33.2{33.3
1 132.6|33.2|33.2|134.3|34.2(34.9]35.4|35.1{34.5|34.6{35.1(34.3(33.9(33.8(33.7
= 2 |33.1133.4]33.3]|34.2{34.7{35.0{35.3(35.0(34.8|34.8(35.3|34.8|34.2(34.0|33.8
cg 3 133.3{33.6]33.6]34.5|34.7|35.0|35.6|35.2(34.3|34.7|35.6(35.0[34.1{34.1|33.9
:'?; 4 |32.132.5|32.9133.4|33.7|34.3|34.7|35.3|34.3(34.2|34.9(34.4(34.4|33.4|33.2
i‘é 5 132.2132.7|32.9|33.4|33.8/34.4(34.6|34.6|34.5|34.4(34.9|34.633.8(33.6/33.4
3§ 6 [32.1/32.8/32.9]33.5]33.9|34.4|34.7{34.634.0]34.5|35.1|34.7|33.633.2(33.0
-% 7 133.4133.9(33.6|34.5|34.4|35.2{35.7{34.7|34.2|35.0|35.9/35.0|34.3[34.0(33.9
a% 8 [33.5/33.8 33.7:34.5 34.7135.035.2135.4(35.0/34.9/36.0|35.035.1|35.0|34.6
Ca 9 133.5133.7|33.8/34.4(35.1435.3|35.7|35.6{35.134.7|36.2|35.1(35.2|34.834.3
g 10 |33.4/32.8/33.0/33.6]|33.8|34.4(34.7|34.8|34.6|34.4(35.1(34.3|34.9(34.3(34.0
ag 11 132.3/32.7|33.2|33.4]|33.6(34.4/34.8/35.0|34.4(34.3|35.2|34.5|34.5|34.0|33.6
_% 12 132.4/32.8|33.1|33.3|33.7(34.5|34.7|34.6|34.3(34.3|35.0(34.3|34.4|34.3|33.8
é 13 132.1132.5|33.5/33.4|33.5/34.0(34.8|34.9|34.4|34.2(34.9(|34.1|34.0({34.0|33.2
b 14 132.8133.2|33.4(33.6|33.9/34.6/35.1|35.4|35.6|34.1(35.2|34.8[34.7|33.9(33.0
15 132.5]32.7|33.0]33.6|33.2/33.3/33.5|33.3/33.0|33.4|33.8/|33.6/33.3(33.9/33.6
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1 [29.7]30.0|30.2{30.2|31.2(31.2|31.5(31.4(31.5(31.5(31.5|32.1|31.5 31.5|31.1
2 2 129.9]29.9130.2{30.3(30.8]31.0{31.6(31.5(31.5(31.3(31.7(32.1 31.5]131.5(31.0
,,g 3 129.9129.9130.2|30.3(30.6(31.1{31.5(31.3|31.4|31.630.6(32.3 31.4|31.4(31.1
:g 4 130.1129.8/30.2|30.3(30.8{31.2|31.5{31.6|31.3[31.6|31.5|32.6(31.3 31.3|31.2
g 5 |30.0)30.0/30.1]30.2{30.9{31.3|31.3|31.6(31.3|31.3|31.7/32.3 31.3]31.3|313
”é 6 |29.9/30.0130.2{30.4]30.8/31.3(31.6|31.4[31.0(31.2(30.9(32.3 31.0]31.0|31.3
~§§ 7 129.8]30.0|30.3 30.'4 30.831.2|31.8(31.5(31.0(31.5(31.0{32.5|31.0{31.0|31.4
2 | 8 29.8[30.0(30.3]30.3|30.9(31.3 31.8(31.4131.3|31.3|31.5(32.6(31.3|31.3|31.3
qg 9 129.9]29.8|30.1)30.3{30.9(31.2|31.7(31.5|31.4|31.6|31.8/31.5 31.4(31.4|313
g 10 29.9/29.9130.3|130.330.9{30.9{31.6/31.6|31.5|31.6(31.7|31.3|31.5 31.5(31.0
2
& | 11 129.8130.0/30.1/30.230.8(31.2|31.5{31.5{31.6|31.3|31.8(31.8/|31.6 31.6/31.0
_.g,' 12 130.1130.0/30.1{30.4[30.9{31.0|31.5|31.5(31.6|31.2{31.7|32.0 31.5131.6|31.3
__% 13 130.1{30.0{30.1{30.431.0{31.1{31.8(31.3|31.6/31.8(32.4|323 31.6(31.6|31.4
& 14 129.8130.0{30.3{30.3/31.0{31.2|31.8|31.6|31.7|31.5|31.4|32.1|31.5 31.7|31.5
15 129.9129.7{30.3{30.3|31.0{31.3[31.7(31.8(31.8|31.6/31.8(|32.0/31.2 31.8|31.6
1 ]29.9129.9130.0/30.2(31.2{31.5|31.8{32.1|32.2(32.4(32.7]32.8(32.6|32.8 325
= 2 |29.8|30.0{30.0|30.3|31.0|31.5{31.7|32.0|32.2|32.5(32.7]32.8/|32.8|32.9 324
q% 3 [30.1/30.0{30.0{30.3|31.1{31.4/32.0{32.0{31.9/32.8/33.0/33.0 32.8132.7|323
E 4 [30.1]30.1{30.2{30.331.2{31.3[32.0{31.9(|31.8(32.6]33.1]33.1|33.1 32.5(323
-é 5 129.8130.0130.2{30.2{31.3{31.3]32.1{32.3|31.8(32.5(33.2]33.3(33.1 32.8(323
;g 6 129.9/30.0130.1{30.4[31.3[31.0/32.1]32.3|31.9(32.6|33.1]33.0/32.5 32.9132.1
% 7 _]29.5130.1)30.1/30.4|31.2{31.0|31.7]32.1{32.3|32.7|33.4/33.0{32.6|33.0 32.1
}g 8 [29.8130.1]30.1/30.3/31.3/31.3]|31.7|32.3|32.3(32.6(33.0(33.1/32.7 33.1|323
«cg? 9 129.9130.1/30.2|30.3{31.2{31.4/31.6(|32.3|32.4(323(32.8(32.8/|326 329|323
§ 10 129.9130.1{30.3]30.5|30.9]31.5{31.7{32.0(32.4|32.5|32.6|32.7(32.7(32.6 32.1
ag 11 130.0/30.1{30.3/30.5]30.8]|31.6|32.1(32.0(32.0{32.6|32.7(32.8/32.7]32.8 323
_:%' 12 130.0/30.2{30.3[30.4|31.0|31.6|32.0(32.1{32.0{32.7|32.6/33.0(33.1]32.9(32.4
§ 13 30.0/30.2/30.4|30.6/31.2|31.6/32.1|31.9(32.1|32.8(33.1(33.1{32.6 32.5(324
= 14 130.0{30.0/30.3{30.4[31.2|31.7{32.0(32.0{32.4(32.6(33.1({32:8(32.7]|32.8 323
15 129.7130.0|30.3|30.5/31.3|31.8(32.3|32.3|32.1{33.0{33.4|32.5(32.8[32.9 324
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L e N e I = IR S R e B (R B (V< VES [
1 [29.8130.0{30.3:31.2|31.5(31.8(32.0(32.8(33.1/33.3(33.7133.9 34.0/33.8/33.2

30.2130.3130.7|30.9|31.1{31.4|31.7(31.6|31.9]|32.0(32.5|32.4(32.4(32.1|31.8
30.2130.7|31.7|32.4|32.6|32.633.4|33.6[33.2|33.6 | 34.1|34.3|33.833.6(33.2
30.1130.7|31.2|31.5|31.7|32.0{32.3|32.8(32.8/32.9(33.5|33.5(33.1{33.2|33.1
30.1130.4|31.3/32.0(32.6|32.6|33.3|33.6|34.0{34.1|33.6(33.6/33.5(33.2(325
30.6(31.2|31.8(32.5/32.9{33.1|34.1|34.0{33.4{33.0|32.5|32.4(33.0(33.1
30.4130.9/31.3]32.2{32.7(33.0|33.3[34.0{32.9/|33.2|34.0|33.834.2[33.1|32.9
30.3130.7{31.5]32.0]32.3/32.5|32.8(33.0|33.2/33.4|33.6|33.833.8[33.2(33.0
31.5132.0{31.2{32.9|33.5(32.7|31.7|33.5|33.0|33.0{35.0| 35.0 | 35.6 | 33.0(33.0
10 |31.5]32.0{32.1{32.5|32.9/33.2|33.5{33.9/34.0(33.8(33.7|33.6[33.1(32.9(326
11 130.4]30.7|31.1|31.8]32.2{32.7|33.0{33.5]|33.7(33.9(34.2(33.7|32.9]32.5(32.5
12 130.6{30.9]31.2|32.4|32.4{32.5|33.1/34.6|33.0(33.0{33.4(33.6(33.2(33.0(328
13 130.8131.2|31.4{32.8|33.3|33.6|33.8|34.7|33.1|32.4{33.6(33.6(32.5(32.5|324
14 |31.7132.0{31.2{32.9{33.5|34.0|{34.5|34.8(34.2|34.2|34.8/33.7|33.3|33.3 (332
15 130.5{31.2{31.3|32.6{33.2|33.3|33.2/33.3(33.1{33.1{33.8(33.6(|33.6/33.2(33.3
1 |31.4]31.5/31.5|31.8{32.5/32.9/33.3|33.3(33.0{33.2|34.1|33.5|34.0(33.1(33.0
2 2 |31.4|31.3131.3|32.1{32.7|33.0{33.5{33.5|33.1{33.2|34.2|33.7|34.1|33.2(33.0
= | 3\ B15]30E1 3 32.5132.7]132.733.6(33.4]33.1|33.4(34.2|33.7(33.9|33.3(33.0

4 [31.5131.5|31.7/31.8]32.5{32.7|33.1|33.2(32.8/33.1|33.9|33.6(33.733.0(32.8

5 |31.1131.7|31.9132.0/32.5/32.7|33.6|34.0{32.9(33.1(33.8(33.6/33.8(33.1(32.9
5| 6 [31.3[31.7/31.8]32.9]32.5(32.7{33.7/34.0[32.9(33.2| 33.7 33.7(33.8|34.3(32.8

7

8

9

a2

vy
L
f
NI K- B - N KV R (F NG FVCR NS
W
S
W

=Y

[V

ANUIYAIAUUY VDA

31.4{31.5|31.8 32.7|33.0433.39433.6 (33.3|33:234.0133.8|34.2(33.1|33.2
31.2|31.7|31.8 32.7132.9133.2|33.6(33.333.7{33.9|34.0(33.8(33.2(33.0
31.5|31.9132.2{32.9{33.5(32.7|31.732.0{32.2/31.0|35.0(35.0|35.6 [ 33.0/33.3

%)
(]
to

9

Annmiaaiaguugivoariun li
S
W
o
(U%)
N
o

a
s}
N

32.1132.2132.9]33.5/33.7{33.8({34.0|34.2(33.9(33.7|33.7(33.3(33.3/33.3
11 [31.4]31.5|32.0|32.2 33.2133.8134.0(34.1|34.2|34.4|33.7(33.0|33.1|329
12 |31.6/31.9/32.0{32.4 32.4133.3134.7{33.1{33.0(33.4{33.6(33.2{33.0/32.9
13 |31.8]31.9|32.3|32.8 33.0133.9134.8]33.2|32.5|32.6/33.6(32.5(32.5(|32.5
14 |31.5{32.0{32.0{32.9 32.6/34.8/35.0/34.4|33.0|33.4(33.6/33.0{32.9(32.8
15 |31.4{31.5|31.5(31.8 32.9033.3]33.3(33.0(33.2|34.1/33.5(34.0|33.1/33.0

@
(V%)
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N
1 129.8/30.0(30.3|31.2{31.5|31.8/32.0|32.8(33.1(32.2(32.4(32.7(32.8]|32.6(32.8
Y2 | 2 |30.2]30.3/30.7/30.9|31.1|31.4|31.7|31.6|31.9(32.2|32.5|32.7|32.8|32.8/32.9
qg 3 [30.2130.7|31.7|32.4(32.6/32.6(33.4|33.6|33.2(31.9/32.8(33.0|33.0(32.8(32.7
zg 4 [30.1/30.7|31.2{31.5|31.7{32.0/32.3|32.8|32.8(31.8|32.6/33.1(33.1|33.1|325
'(?g 5 130.1/30.4(31.3|32.0|32.6/32.6(33.3|33.6(34.0(31.8(32.5|33.2|33.3(33.1/32.8
“é 6 130.3130.6(31.2|31.8|32.5/32.9(33.1{34.1|34.0(31.9(32.6|33.1|33.0(32.5|32.9
'gg 7 130.4]30.9/31.332.2]32.7|33.0/33.3(34.0(32.9(32.3(32.7|33.4/33.0(32.6(33.0
aé 8 130.3130.7(31.5/32.0{32.3(32.5(32.8|33.0{33.2|32.3(32.6(33.0(33.1/32.7|33.1
qg 9 |31.532.0/31.2|32.9|33.5({32.7|31.7|33.5(33.0(32.4(32.3|32.8/32.8(32.6|32.9
g 10 131.5132.0132.1|32.5/32.9(33.2(33.5(33.9/34.0{32.4(32.5|32.6/32.7(32.7(32:6
[~
»& [ 11 130.4130.7|31.1|31.8|32.2{32.7(33.0(33.5[33.7(32.0(32.6|32.7(32.8(32.7(32.8
_% 12 130.6/30.9|31.2{32.4|32.4|32.5|33.1|34.6|33.0/32.0(32.7(32.6(33.0(33.1[329
g 13 130.8/31.2|31.4{32.8]|33.3|33.6|33.8{34.7(33.1/32.132.8(33.1(33.1]32.6(325
& 14 131.732.0131.2132.9]33.5|34.0|34.5(34.8(34.2(|32.4|32.6/33.1(32.8|32.7(32.8
15 130.5|31.2|31.3|32.6{33.2|33.3|33.2{33.3(33.1/32.1|33.0|33.4(32.5(32.8(32.9
1 130.0030.2|31.2|31.5|31.8(32.1|32.3|32.4(32.5|32.3|32.4(32.4(33.6(32.5(32.5
2 2 [30.0{30.3|31.0|31.5[{31.7{32.1{32.2{32.5{32.6(32.2(32.8(32.6/33.5(32.7(32.7
qg 3 130.0/30.3|31.1(31.4/32.0|32.3|32.3|32.8(32.7(32.3(32.9/32.9/33.71|32.7(32.7
ZE 4 130.2130.3|31.2{31.3]{32.0/32.6(/32.6(32.8/32.7|32.1{31.9|32.232.7(32.5(32.5
-é 5 [30:2130:2|31.31313:32.1)32.3[32.7|32.7|32:5(82.1{32.0|32:2|32.7|32.5(32.5
3?,5; 6 [30.1/30.4}31.3|31.0/32.1{32.3|32.5{32.5/33.1(32.3(32.1{32.2/32.8{32.5|32.5
.% 7 130.1]30.4431:2[31.0] 31.7]|32.5432.3432.5(32.3 {32.1133.2432.9(33.8(32.7(32.7
a% 8 [30.1)30.3|31.3{31.3|31.7{32.6(32.1|32.4[32.:6(32.1|33.0(33.1{33.532.7(32.7
c§7 9 30.2130.3]31.2|31.4|31.6|31.5|32.2/32.6/32.7/32.0/33.0(33.1/33.8(33.5(|33.5
2 10 130.3130.5[30.9|31.5{31.7|31.3(32.3|32.7(32.6(32.3|32.1(32.3(32.9/33.5|33.4
acg 11 130.3]30.5/30.8(31.6/32.1(31.8(31.8|32.7(32.7{32.4(32.0(32.5(32.6/32.7(32.7
_% 12 130.3/30.4(31.0|31.6{32.0(32.0(32.5|32.5/32.8(32.4[32.1(32.4(32.8(33.2/33.2
E 13 {30.4/30.6|31.2|31.6{32.1(32.3(32.4|32.6/32.8(32.5(31.8(31.9(32.8/33.3/33.3
iy 14 |30.3]30.4(31.231.7/32.0{32.1|32.3(32.7|32.6/32.5(32.5(32.7 32.7133.4|33.5
15 130.3]30..5{31.331.8/32.3(32.0(32.1|32.9/32.7(32.3(32.3(32.6/32.8(32.7(33.2
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]

M1319# n-9 gaingiineluiesiialélunsdl Force Convection Flow ¥ai 3

olol8lo|loro |l olololelolalelal o
1 131.2131.5131.5{31.8]32.5|329(33.3|33.3 33.0(33.2132.7|32.8(32.6(32.8(32.5
‘g 2 [31.3131.6]31.3(32.1132.7(33.0{33.5{33.5(33.1 33.2(32.7132.8/32.8(32.9|32.4
qg 3 [31.3[31.5]31.8|32.5132.7|32.7133.6/33.4 33.1/33.4|33.0/33.0/32.8(32.7/32.3
Zg 4 |314{31.5(31.7|318[325|32.7133.1 |33.2 32.8133.133.1/33.1/33.1/32.5/32.3
;@ 5 [32.0]31.3[31.9(32.0(32.5(32.7(33.6|34.0 32.9033.133.2(33.3/33.1(32.8/323
“é 6 [31.5/31.6{31.8(32.9(32.5(32.7/33.7(34.0 32.9133.2133.1|33.0(32.5(32.9|32.1
'gé 7. {31.6131.8{31.8]322]32:7133.0|33.3|33.6 33.3(33.2133.4(33.0(32.6/33.0/32.1
’,:7 8 [31.6]31.8(31.8(32.232.7{33.0/33.2[335 33.7133.9(33.0(33.1/32.7|33.1(32.3
¢§ 9 |31.7|31.7]32.21329(33.5|32.7/31.7/32.0 32.2131.0(32.8]32.8/32.6(32.9|32.3
g 10 31.6/31.632.0(32.9]33.4{32.6/34.8/35.0]|34.4 33.0(32.6|32.7|32.7|32.6/32.1
[~
NS 11 131.3131.5|32.0{32.2{32.733.2|33.3]33.6 33.9133.5{32.7(32.8/32.7(32.8(323
_?‘f’ 12 131.6|31.5|32.0{32.4(33.2|32.4|33.3|34.7 33.1/33.0(32.6(33.0/33.1/32.9(32.4
g 13 131.7(31.8|32.3{32.8/33.3/33.0/33.9(34.8 33.2132.5(33.1{33.1{32.6(32.5|32.4
- 14 |31.6]31.8(32.2(32.9}33.5/34.0/32.9(35.0 34.6|33.1|33.1|32.8{32.7(32.8{32.3
15 131.5|31.7|32.4(32.6|33.2(33.3133.5/33.4|33.1 33.1133.4]32.5(32.8(/32.91324
1 131.9(32.4]32.4|1324|32.7|32.4132.7/32.8 34.3(33.8/34.0(33.5(34.0{33.1/33.0
o 32.4132.8(32.6|32.5|32.7|32.5(32.7{32.8(343 33.8)34.1|33.7|34.1|33.2(33.0

-
na

32.6/32.9132.9(32.8|33.0{32.8]33.0(33.0(34.3|33.7|34.0 33.7{33.9(33.3|33.0
31.4131.9132.2|32.6|33.1{32.6(33.1(33.1{33.6(33.5|33.6/33.6 33.7|33.0(32.8
31.6/32.0132.2{32.5|33.2|32.5/33.2(33.3(33.6|33.5(33.7(33.6 33.8]33.1(32.9
31.5132.1132.2132.6{33.1{32.6/33.1/33.0|33.7/|33.5(33.8/33.7 33.8(34.3(32.8

sadten

G

il
O |0 |9 |y [ £SO W N

'u§ 32.8133.2132.9(32.7|33.4{32.7|33.4(33.0{34.5(33.9[34.3 33.8(34.2|33.1(33.2
aé 32.8133.0133.1/32.6{33.0/32.6(33.0{33.1|34.1(33.8/34.0|34.2 33.8/33.2(33.0
ag_) 32.6133.0]33.1/32.3|32.8/32.3/32.8(32.8(34.5(33.7/34.0(35.0 35.6|33.0(33.3
§ 10 |31.6]32.1]32.3{32.5|32.6(32.5(32.6{32.7|33.7(33.9(33.7 33.6133.0(32.9|32.8
ag 11 ]31.7]32.0]32.5[32.6]32.7|32.6/32.7|32.8|33.7(33.7/34.0|33.7 33.5133.1132.9
-% 12 131.5]32.1{32.4]32.7|32.6/32.7|32.6|33.0(33.6(33.6/33.7 33.6133.2|33.0/32.9
§ 13 ]131.4131.8/31.9/32.8{33.1/32.8/33.1{33.1{33.5(32.9/33.4/33.6 32.5|32.5|32.5
— 14 132.1]32.5/32.7|32.6/33.1/32.6/33.1(32.8/34.0/34.0|34.0(33.7 33.3|33.3(32.6

15 |31.8]32.3|32.6/33.0({33.4|33.0/33.4(32.5(33.1|34.2(34.1|34.2 33.6(33.2|33.2
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13197 -10 gungineluiesnialdlunsdl Natural Convection Flow yafi 1

=
I

9.00

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.30
15.00
15.30
16.00

14.0

29.6/30.2/30.2{30.2|31.2{31.1|31.2|31.8/32.0|32.1{32.3|32.4|32.5|32.3|32.1
29.7/30.0130.3{30.3{30.8(31.0|31.3|31.7|31.8|32.1(32.2{32.5|32.6|32.2|32.3
29.7/30.0/30.1{30.1]30.631.1{31.3|32.0|31.5|32.3(32.3|32.8|32.7|32.3|323
29.8(30.1{30.2|30.4|30.8|31.2|31.4|32.0|31.5|32.6|32.6|32.8|32.7(32.1|32.1
29.9129.8(30.3|30.330.9|31.3|32.0(32.1|31.3(32.3(32.7|32.7|32.5(32.1|32.3
30.0{29.9(30.3|30.2{30.8{31.3|31.5(32.1|31.6(32.3[32.5|32.5|33.1(32.3|32.3
30.0129.8/30.1{30.430.8{31.4(31.6(31.7|31.6(32.5(32.3|32.5|32.3|32.1|324
29.4129.8(30.4{30.330.9{31.3|31.6/31.7{31.3{32.6|32.1|32.4|32.6|32.1|323
29.6129.9130.1{30.230.9/30.9(31.7{31.6|31.2(31.5(32.2|32.632.7|32.0|32.1
29.7]29.8(30.2|30.5/30.9130.9|31.6(31.7|31.831.3|32.3|32.7|32.632.3|32.0
29.7130.0{30.1}30.6/30.8{31.0/31.3/32.1{31.5{31.8|31.8|32.732.7|32.4|31.9
29.8130.0{29.9(30.4{30.9131.0|31.6(32.0|31.832.0{32.5|32.5(32.8(32.4(31.8
29.7{30.0{30.1|30.5{31.0|31.1|31.7(32.1|31.5(32.3{32.4(32.6|32.8(32.5(31.9
29.9130.0{30.1|30.3]31.0131.3|31.6(32.0|31.6(32.1|32.3|32.7|32.6(32.5(31.8
29.8(29.8{30.2|30.4|31.0{31.3|31.5(32.3|31.8(32.0(32.1{32.9|32.7(32.3(31.7
29.8129.9(30.0|30.2(31.2|31.5|31.832.1|33.2|33.5|33.6(34.2|32.632.8(32.5
29.9{30.0/30.0|30.3|31.0{31.5|31.7|32.0|33.1|33.633.5|34.1|32.8|32.9|32.4
29.9130.0{30.0{30.3|31.1{31.4|32.0{32.0{33.3{33.5/33.4|33.6(32.8/32.7|32.3
30.1{30.1130.2{30.3|31.2|31.3|32.0/31.9{33.4|33.4(33.6|33.2(33.1(32.5(32.3
30.0/30.0/30.2130.2|31.3|31.3|32.1{32.3|33.2|33.5|33.7|33.5|33.1(32.8|32.3
30.1{30.0/30.1/30.4|31.3]31.0{32.1|32.3|33.2|33.5|33.6|33.1|32.5|32.9|32.1
30.1{30.1/30.1|30.4|31.2{31.0|31.7{32.1|33.1|33.5|33.1|33.2(32.6|33.0(32.1
30.2{30.1|30.1|30.3|31.3|31.3|31.7{32.3{33.2|33.4|33.0(33.3{32.7|33.1{32.3
30.0{30.1|30.2|30.3|31.2(31.4|31.6{32.3(33.4{33.6|33.8(|33.6(32.6(32.9(32.3
10 130.0]30.1{30.3/30.5/30.9|31.5|31.7|32.0|33.0|33.4|33.4|32.8/32.7|32.6|32.1
11 130.1{30.1|30.3|30.5{30.8|31.6|32.1]|32.0|33.6|33.6|33.5(32.9|32.7|32.8(32.3
12 129.8|30.2(30.3(30.4|31.0|31.6|32.0|32.1|33.2|33.5/33.5|32.8(33.1|32.9|324
13 129.9130.2130.4|30.6|31.2({31.6/32.1|31.9(33.5|33.5{33.6(33.0/32.6(32.5|32.4
1.2131.7/32.0|32.0|33.4|33.3|34.1|33.1(32.7|32.8|32.3

3132.333.3]33.4|33.9/32.8(32.8(32.9(324
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14 129.8/30.0/30.3|30.4|3
15 129.830.0/30.3(30.5(31.3|31.8|32.
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3199 n-11 gunginiwluriesiialdlunsdi Natural Convection Flow yaii 2

9.00

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.00
14.30
15.00
15.30
16.00

381

ot

29.9030.2{30.7{31.0|30.7|30.9|31.3|31.4|32.1|32.3(32.3(31.2|31.7(31.9{31.9
30.0130.3/30.6|31.1{31.0|31.0{31.6|31.6|31.9(32.5|32.3|31.4|31.6|31.8|31.8
30.0{30.3{30.7(30.9|31.7|32.1|32.3|32.4|32.3|32.1(32.1|31.631.6(31.8|31.8
30.1/30.3/30.5[31.0|/31.4|30.5|31.4|32.2|31.7|31.9{31.2|31.2|31.5[31.8|31.8
30.0130.2{30.6|31.1{31.5(31.1|31.8(31.5|31.7|32.4|32.4|32.4|31.8|32.0(31.8
30.0{30.4(30.6(31.1{31.9|31.9|32.1|31.9|31.7|32.3|32.5|{32.6 |32.2(31.9|31.9
30.1{30.4]30.5|31.1|31.2|31.5/32.0/32.1|32.3{32.2(32.3|32.2(32.3|32.3|32.0
30.1{30.3{31.0{31.0|31.3|31.4|31.5|31.9|32.0/32.2(32.3|32.5|32.7|32.6|32.5
30.1{30.3|31.7(31.1|31.9132.1|32.2|32.2(32.3{32.4|32.1{30.9(30.9/31.6|31.8
30.130.5{30.9]30.8|32.0|31.8|31.7(32.1{32.3[32.2|32.1|30.7|30.7|31.6|31.7
30.1{30.5[30.8|30.9{31.2|31.4|31.3|31.8(31.9(32.1|32.3|32.3{32.5|32.2|32.0
30.2130.4|31.0|31.1|31.9|31.7|31.2|32.131.9(31.632.4|32.4|31.6{31.9|31.9
30.230.6{30.9{30.9{31.9|31.7|31.9/31.9|32.1{32.3{32.0{31.9{31.7|31.3|31.9
30.0130-4(31.3]31.0|31.9|32.2|32.1{32.5/32.3{32.4{32.0{32.2{31.2|31.7|31.9
30.0{30.5|30.5|31.2|31.4|31.1|31.3|31.9/32.1{32.1{32.0|32.1|31.9|31.8/32.0
30.1130.9{30.9132.0{31.8|31.9|32.4|32.3|32.3|32.4|32.3 32.1132.2|32.6
30.1130.8{30.7|32.1{31.9(31.7|32.1|32.4|{32.4(32.4|32.4|3 32.0132.1|32.1
30.2{30.7{31.0{31.6{31.9(31.8]32.2{32.1|32.2|32.5|32.3|32.0|32.0|32.2|32.6
30.0{31.0|31.0{31.7{31.7|31.6|32.0|32.4|32.2|32.5|32.3|32.0|31.9|32.1{32.6
30.0|31.1|31.2131.9{31.5{31.6|32.2|32.5|32.1|32.5|32.2|31.7|31.7|32.2|32.7
30.1130.8|31.4|31.7{31.3|31.6(32.2132.2|32.4|32.5 3247 81.9(32.2132.7
29.8(31.0131.2|31.5/31.7{32.132.3]32.5/32.4|32.4 32.5(32.4|323|32.1
29.9(31.2|31.3|31.6/31.7|31.7|32.2|32.3|32.4|32.4 32.8132.8|32.6|32.3
29.8{31.1(32.1 |31 83 108:2.0,1.32,1.1.3226937° 2 |89 5 31.8|31.8(32.2|32.7
30.1130.8(31.1|31.7{31.4|31.7|32.3|32.8{32.3|32.4 31.9{31.7132.2|32.7
29.9130.9|31.2|31.6{31.6|31.7(32.1|32.2|32.2|32.5 32.7132.5[32.4|32.2
30.030.9(30.831.5/31.3|31.4|31.7|31.6/31.9|32.4 31.8/31.8[32.1|32.6
29.8131.1|31.1|31.4|31.1|31.1{31.4|31.4|32.0 31.9/31.8(32.2|32.8
30.1130.9(31.4|31.4|31.5/32.1|32.1|32.2|32.3|32.5 319|31.8}322|322
30.1{30.9/30.9(31.3|31.632.2|32.2|32.3|32.3|32.4 32.2|31.9(32.2|32.6

1“0

O |00 [N |y [\ | W [

ot
(=]

P
[a—y

—
[\S]

—
W

—
N

VTN PT JPTUI [TOY O TH RPN I o I T TTTFTU U H 19l

o
W

—
W
—
~

o

nagvuIaan

._.
~

o

a

afton

A04

w
[N}
w

J

¥
LY

DA UNAAAIN
(V%)
[§9]
"8

(V5]
!\)
~

o
p]
O oo e ] N W ESN w ()

Y
W)
!\)
w)

._.
o
W
to

a

Y

._.
—
w
toN

a

[

a
—
W
w
8]
ESN
(V%)

A UIYAINYU NNV
¥
0

PR [
o

(V8]
[SEREN)

—
S

o

(98]
8]
W

—
W




123

o

- a Yy Y S i s
ATNN N-12 Qmﬁguﬂ1u1unaaw1ﬂ1ﬂ1uﬂsm Mixed Convection Flow Y@ 1

9.00

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.00
14.30
15.00
15.30
16.00

o

29.5|29.8130.2|30.1 {31.2|31.1|31,1|31.5|32.0132.1[32332432:5]323|321
29.4130.1]130.1{30.1{30.8{31.0{31.0|31.6[31.8|32.1/32.2(32.5|32.6(32.2|32.3
29.5130.130.130.130.6{31.1{31.1|31.5/31.5{32.3|32.3(32.8{32.7|32.3|323
29.5]130.1]30.130.3]30.8|31.2|31.2|31.5|31.5(32.6|32.6(32.8|32.7|32.1|32.1
29.6130.1]130.1{30.330.931.3|31.3|31.3|31.3|32.3|32.7(32.7|32.5(|32.1|323
29.7130.0130.1130.2|30.8{31.3|31.3|31.6|31.6|32.3(32.5(32.5|33.1/32.3|323
29.7|30.0130.0{30.2{30.8|31.4(31.4131.8|31.6(32.5(32.3(32.5|32.3(32.1|32.4
29.9129.9129.9(30.2130.9131.3{31.3(31.831.3{32.6(32.1(32.4|32.6(32.1(32.3
29.9129.9129.9130.2{30.9{30.9{30.9(31.7|31.2|31.5{32.2(32.632.7|32.0(32.1
30.1{29.8129.8|30.1{30.9{30.9{30.9(31.6[31.8{31.3{32.3{32.7|32.6(32.3(32.0
30.0{30.0129.9130.2{30.8{31.0{31.0|31.5|31.5{31.8|31.8{32.7|32.7|32.4(31.9
29.9{30.0130.0/30.3|30.9|31.0/31.0[31.5{31.832.0(32.5|32.5|32.8(32.4(31.8
13 129.8/30.0)30.1{30.3|31.0|31.1|31.1|31.8/31.5|32.3|32.4|32.6/32.8/32.5(31.9
14 129.8/30.0|30.130.1|31.0{31.3/31.3/31.8/31.6|32.1|32.3|32.7]32.6(32.5|31.8
15 129.9129.8130.1{30.3|31.0|31.3|31.3(31.7|31.8/32.0{32.1{32.9|32.7(32.3|31.7
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PITTTATTIT JPWITITOTT THYIPTPIPIN U TOTa YT o TTIFOTH Tl

& |1 29.9129.9]30.0{30.2|31.2|31.5|31.8|32.1|32.2{32.4{32.7|32.8(32.6|32.8|32.5
g 2 129.8/30.0130.0{30.3[{31.0|31.5{31.7{32.0|32.2|32.5|32.7(32.8|32.8(32.9|32.4
"§ 3 130.1{30.0130.0{30.3{31.1|31.4|32.0(32.0/31.9{32.8(33.0|33.0{32.8|32.7(32.3
cg 4 |30.1/30.1/30.230.3|31.2{31.3|32.0|31.9{31.8|32.6/33.1|33.1{33.1|32.5|32.3
:g 5 129.8/30.0{30.2{30.2|31.3|31.3(32.1(32.3(|31.8(32.5(33.2|33.3(33.1/|32.8(32.3
ﬁ 6 129.9130.0130.1|30.4|31.3{31.0/32.1{32.3/31.9(32.6(33.1{33.0/32.5|32.9|32.1
”g 7 129.5130.130.1/30.4|31.2{31.0431.732.1|32.3|32.7133.4(33.0|32.6|33.0(32.1
g% 8 129.8130.1{30.1{30.3|31.3|31.3/31.7|32.3|32.3|32.6(33.0(33.1|32.7|33.1|32.3
Ré 9 129.9130.1/30.2|30.3{31.231.4|31.6|32.3|32.4|32.3(32.8(32.8/32.6/32.9(32.3
E 10 129.9/30.1{30.3/30.5/30.9|{31.5|31.7|32.0|32.4|32.5|32.6/32.7(32.7|32.6|32.1
g 11 ]30.0]30.1130.3/30.5/30.8|31.6/32.1|32.0{32.0|32.6/32.7|32.8/32.7|32.8(32.3
ag 12 130.0/30.2|30.3/30.4|31.0|/31.6|32.0|32.1|32.0|32.7|32.6/33.0/33.1{32.9(32.4
_%’ 13 [30.0]/30.2/30.4|30.6|31.2|31.6|32.1(31.9(32.1|32.8|33.1|33.1[32.6(32.5|32.4
§ 14 {30.0{30.0/30.3[30.4|31.2|31.7|32.0|32.0(32.4(32.6[33.1|32.8|32.7|32.8|32.3
°&

15 129.7130.0130.3130.5/31.3/31.8/32.3/32.3]32.1|33.0/33.4(32.5(32.8(32.9(32.4
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as

13199 0-13 gaungiinielutesiia1dlunsdl Mixed Convection Flow 4AN 2

o
381

9.00

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.30
15.00
15.30
16.00

14.0

29.7/30.0130.2|30.2|31.2(31.2{31.5|31.4[31.5|31.5(31.5[32.1 31.5{31.5|31.1
29.9129.9130.2{30.330.8(31.0{31.6(31.5(31.5(31.3|31.7|32.1 31.5(31.5(31.0
29.9129.9130.2{30.330.631.1{31.5|31.3|31.4|31.6|30.6|32.3 31.4|31.4(31.1
30.1129.8130.2|30.3(30.8{31.2{31.5(31.6(31.3|31.6(31.5(32.6 31.3|31.3|31.2
30.0130.0/30.1{30.230.9{31.3|31.3|31.6|31.3{31.3|31.7/32.3 31.3(31.3|31.3
29.9130.0/30.2{30.430.831.3|31.6|31.4(31.0/31.2/30.9/32.3 31.0/31.0(31.3
29.8130.0/30.3|30.4/30.8(31.2{31.8|31.5(31.0/31.5(31.0(32.5 31.0(31.0|31.4
29.8130.0/30.3|30.3{30.9{31.3|31.8(31.4(31.3{31.3/|31.5|32.6 31.3|31.3(313
29.9129.8/30.1/30.3 [30.9/31.2|31.7|31.5|31.4|31.6|31.8|31.5 31.4(31.4|313
29.9129.9130.31303{30.9(30.9/|31.6[31.6{31.5|31.6[31.7{31.3 31.5(31.5|31.0
29.8130.0/30.1/30.2 {30.8/31.2|31.5(31.5|31.6{31.3|31.8/31.8 31.6(31.6|31.0
30.1130.0/30.1|30.4|30.9(31.0{31.5(31.5(31.6{31.2|31.7]32.0 31.5/31.6|31.3
30.1/30.0{30.1{30.4{31.0{31.1|31.8|31.3(31.6|31.8|32.4{32.3 31.6{31.6|31.4
29.8130.0/30.3130.3|31.0(31.2|31.8(31.6[31.7(31.531.4(32.1 318 131.7|31.5
29.9129.7/30.3|30.3|31.0{31.3|31.7|31.8(31.8/31.6|31.832.0 31.2/31.8|31.6
29.9130.2|31.2|31.5|31.5{32.0{32.1|32.4(33.0{33.332.7/32:6 323]31.2|31.2
30.0130.3{31.0|31.5/31.5[31.8{32.1{32.5|32.9(33.7(32.7|32.8 32.2|31.3|31.0
30.0/30.3|31.1|31.1/31.4(31.5{32.3(32.8|32.9/32.8[33.0(32.8 323|31.3]31.1
30.1/30.3|31.2|31.3[31.3{31.5(32.6(32.6(33.3]33.7(33.1(33.1 32.1|31.4|31.2
30.0/30.2|31.3{30.9|31.3[31.3|32.3 [32.5(32.9|33.1{33.2 (331 32.1/32.0|31.3
30.0{30.4[31.3/31.4|31.0{31.6{32.3/32.6/33.0(32.7|33.1(32.5 31.3
30.1/30.4(31.2|131.9/31.0|31.6{32.5{32.7(33.4(|32.7133.4(32.6 31.2
30.1/30.3[31.3(31.4}31.3|31.3]32.6|32.6/32.9(33.733.0(32.7 31.3
30.130.3|31.2|31.5/{31.4|31.2|31.5(32.3/33.3]33.2(32.8(32.6 31.2
30.1]30.5[30.9/31.3|31.5|31.8]31.3]32.5(|33.4|33.0/32.6[32.7 31.6/30.9
30.1/30.5/30.8|31.6/31.6|31.5(31.8(32.6(32.9/33.1/32.7|32.7 30.8
30.2130.4|31.0/31.6/31.6[31.8{32.0(32.7|33.0(33.1[32.633.1[324(316 31.0
30.2130.6|31.2|31.4|31.6(31.5{32.3(32.8(32.9/34.2(33.1|32.6(32.5 31.7|31.2
30.0/30.4|31.2|31.5/31.7[31.632.1|32.6(33.1{34.0(33.1(32.7/32.5(31.6(31.2
30.0/30.5/31.3|31.4|31.8/31.8]32.0(33.0|33.0|34.0(33.4(32.8/32.3/31.5 31.3
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M3 n-14 gungiimuluriosiiialdlunsdl Forced Convection Flow a1

2lElslalElsls8lalsl g 2laielgls
S = B A= IR = R Bl R U = Rl - B I
L 1 |31.4|31.5|31.5|32.4(32.5(32.9/33.3(33.3/33.0 33.2|34.1|33.5|34.0(33.1{33.0
é 2 |31.4]31.3]31.3|32.6/32.7/33.0/33.5(33.5(33.1 33.2(34.2133.7|34.1/33.2|33.0
=
§ 3 [31.3]31.5]|31.832.9(32.7|32.7133.6(33.4/33.1 33.4134.2133.7(33.9/33.3/33.0
é 4 131.5|31.5{31.732.2(32.5/32.7]/33.1(33.2 32.8133.1|33.9(33.6(33.7(33.0/32.8
é 5 [31.1|31.7]31.9{32.2(32.5(|32.7(33.6/34.0/32.9 33.1133.8|33.6(33.8/33.1/32.9
5 6 |31.3|31.7|31.8{32.2(32.5(32.7133.7134.0 32.9(33.2|33.7|33.7(33.8(34.3(32.8
E . 7 |31.4(31.5|31.8(32.9(32.7(33.0(33.3(33.6/33.3 33.2134.0/33.8(34.2133.1/332
; ﬁ 8 |31.2(31.7|31.8/33.1(32.7/33.0(33.2(335 33.7133.9(33.9(34.2(33.8(33.2(33.0
E 9 [31.5/31.9(32.2(33.1/33.5/32.7(31.7132.0 32.2131.0|35.0/35.0(35.6(33.0(33.3
?—: 10 [31.5/32.0(32.0(32.3(33.432.6/34.8(35.0 34.4(33.0(33.4(33.6(33.0/32.9/32.8
%, 11 |31.4|31.5|32.0/32.5(32.7/33.2(33.3133.6 33.9133.5(33.7/33.7133.5(33.1{32.9
E 12 [31.6]/31.9(32.0(32.4(33.2(32.4(33.3(34.7 33.1133.0|33.4(33.6(33.2/33.0(32.9
;5:' 13 131.8131.9(32.3(31.9/33.3/33.0/33.9/34.8(33.2 32.5(32.6(33.6(32.5|32.5(325
E 14 131.6132.0(32.2132.7|33.5|34.0/32.9/35.0|34.6 33.1(34.8133.7(33.3/33.3/32.6

15 [31.5/31.9132.4{32.6|33.2|33.3|33.5|33.4(33.1(33.1/33.8|34.2{33.6/33.2 33.2

2= |1 |31.91324]32.4/33.6|33.5(34.3(33.8/34.0(34.3|34.8(34.4/33.8/34.3(33.2 33.0
§ 2 |324/32.8132.6|33.5]34.0|34.3[33.8{34.1|34.3(34.8(34.7(|34.2|34.2 33.4(33.1
"é 3 132.6{32.9132.9/33.7/34.0|34.3(33.7{34.0(34.3(35.034.6|34.4]34.1|33.4 33.2
cg 4 [31.4/31.9]32.2]32.7/33.0|33.6[33.5|33.6(33.9(34.0(34.2(|33.8(33.8(33.0 33.0
Zg 5 |31.6]32.0132.2132.7|33.2|33.6|33.5[33.7(33.9(34.0(34.2|33.9/|33.8(33.2 33.0
-E 6 |31.5/32.1132.2|32.8/33.2|33.7/33.5(33.8{34.0(34.0(34.3{34.0/33.7|33.2[33.0
“g 7 |32.8]33.2|132.9133.8|33.7|34.5(33.9|34.3(34.635.0(35.2{34.3|34.5/33.4[32.9
g:_gj 8 |32.8)33.0/33.1(33.5/33.9{34.1/33.8|34.0(34.2|34.5(34.5|34.3(34.0/|33.8(33.4
ag 9 [32.6]33.0/33.1]33.8]34.3|34.5]33.7/34.0{34.3[35.1|35.3]|34.3|34.2(33.6/33.0
cg 10 ]31.6{32.1]32.3]32.9|33.2|33.7|33.9|33.7|35.0|34.0|34.3(33.7(34.1(33.1(33.3
g 11 ]31.7132.0|32.5]32.6|33.1{33.7/33.7(34.0(34.2(33.9/34.3|33.8|33.8(33.3(33.2
ag 12 131.532.1/32.4|32.8)33.1(33.6/33.6(33.7(34.3(34.0(34.3|33.8|33.7(33.2(32.8
_%’ 13 131.4]31.8]31.9/32.8)33.2({33.5/32.9(33.4(33.6(34.1|33.8/33.5|33.5(33.3 324
§ 14 132.1)32.5[32.7|32.7|33.2{34.0(34.0|34.0(34.4|34.4|34.5(33.9]|34.1|33.7(33.2
°s

15 131.8]32.3]32.6|32.8]32.7|33.1/34.2(34.1{34.3(34.2|34.2(34.0|34.0(33.8(33.3
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9

A13190 1-14 QunnlinieTuiesii3a1d1uns e Forced Convection Flow %ai 2

9.30

10.00
10.30
11.00
11.30
12.00
12.30
13.00
13.30
14.00
14.30
15.00
15.30
16.00

8
|

31.0/31.0/31.4|31.3|31.5(32.4(32.4|32.7|32.6 33.5|33.0{33.3324(325
31.1/31.2|31.4|31.4[31.3(32.6(32.8(32.7(32.8 34.0/33.2(33.5(32.6|32.6
31.1/31.431.3|31.3(31.8(32.9(32.9/32.8/|32.7 34.0(33.2(33.4(32.8|324
31.0|31.3|31.5|31.3[31.7{32.2|31.9(32.6|32.4 33.0[33.7|33.2|32.1{32.6
31.1131.2|31.1|31.431.7|32.2[32.0(32.5[32.5[33.2 33.9(34.0/32.3|32.8
31.2|131.3|31.3|31.5[31.5(32.2(32.1/32.4(33.0(33.2 34.3/34.0|32.0|31.9
30.9]31.1|31.4(31.0(31.6[32.9(33.2|32.4|33.1 33.7/33.2{33.6|32.7|329
31.2|130.8(31.5/31.2[31.2|31.4(33.1|33.0{325 43.2133.9]33.1]33.5(33.2{33.0
31.0/30.9|31.2|31.5(31.2{31.6|33.1(33.0{32.4 33.3134.3133.1]32.0{32.6(33.3
31.1131.0/31.5(31.2{32.0{32.3(32.1{32.4(33.1(332 33.2(32.7|32.5|32.8
31.0131.2|131.4|31.4/31.9(32.5]32.0(32.3(326 33.1|33.2(33.4(32.4|329
31.0131.3]31.6(31.5|31.7|32.4(32.1|32.6|32.8 33.1132.7(32.9|32.8(324
31.4131.4/31.8/31.7{31.8|31.9/31.8(32.7[32.4 33.2133.3{33.6/32.0|323
31.3[31.3131.6[31.6[32.2{32.7(32.5(32.6(32.7(33.2 32.6(32.7(32.7(324

‘1“9\

[
(=}
w
—
w

Pt
—
w
Pt
W

...
%}
w
2
00

p—
w
w
—
N

VI PT TP o D TP IPN D oI TO TR TO T TR
1
O [0 |V (v [ |n [w N[
w w w w W W W
SE e e |e (e
= @b [ | | |

._.
N
w
'
N

15 |31.1131.3|31.5[31.5(31.5(32.4{32.6 (323 32.5132.632.7|32.5(32.5(32.6|32.6

e |1 |30.9131.2|31.3]31.9(32.2(33.6/32.5]|32.7/33.0 33.5/33.3133.5(33.8(33.1/32.7
g 2 |30.8|31.5({31.4|31.8(32.5|33.5{32.6/32.8 33.0(33.8)33.5/34.0(34.2(33.1{33.5

"§ 3 |31.0|31.6(31.3(31.8{32.0(33.7(32.4(32.9|32.1 32.9133.6|34.0|34.4(33.0(33.4
qg 4 |31.2|31.4]31.3{31.7/32.1{32.7|32.5|32.5(32.0 32.633.1|33.0/33.8(33.2(32.7
Zg 5 [31.4[31.5]31.431.8{32.0]32.7(32.632.6|32.1 32.8/33.5|33.2/33.9(33.3|33.2
%(g 6 [31.3(31.9]31.5/32.1/32.1|32.8(32.3(32.4|31.8 32.8/33.433.2/34.0(33.0(33.3
“;‘é 7 |31.2131.7{31.0|31.2|33.2|33.8{32.4(32.5|32.5 32.7|33.5133.7(34.3(33.4|33.5
g% 8 [31.3]31.6/31.2|32.3(33.0{33.5(32.6(32.6(32.3 32.8133.6(33.9|34.3|33.5(33.2
= 9 [30.9]31.5/31.2]32.2(33.0{33.8(32.8/|33.5/335 32.5|33.4(34.3|34.3/33.0(33.3

31.431.2{32.3{32.1{32.9(32.3|33.4|34.0(32.7 33.3(33.2(33.7|33.1(33.5
30.9131.4/31.9/32.0|32.6/32.5(32.734.0{32.7/33.3 33.1]33.8/33.2(33.6
30.9|31.5/31.8/32.1/32.8{32.4(33.2(33.0(32.5(33.3 33.1/33.8/32.8(33.1
31.6131.7|31.2/31.8/32.8/32.5(33.3(33.2(32.5/33.9 33.2|33.5|32.4(33.6
31.5{31,6|32.2|32,5|132.7132.7(33.5|33.2|325]320 33.2 33.9133.2|33.7
31.8131.5]32.1|32.3[32.8[32.7|33.2(33.7/32.7(33.5 32.7134.0|33.3(33.3
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A13139 n-18 ANt LY wTI Ad

4

nal Sui Suft Sufi Sufi Sui
[6 @.1. 2547 | 210.0.2547 | 1 W.6.2547 | 10 5.0. 2548 | 11 .0 2548
9:00 247 263 432 221 321
9:30 315 268 292 297 120
10:00 359 321 345 341 190
10:30 342 277 372 372 123
11:00 352 311 425 421 133
11:30 382 285 342 347 271
12:00 388 339 322 319 34]
12:30 476 347 241 249 307
13:00 442 340 233 329 267
13:30 422 378 231 245 291
14:00 433 472 457 420 307
14:30 392 405 297 371 272
15:00 347 367 335 330 349
15:30 321 342 277 209 345
16:00 225 277 221 175 272

UwE  (Wmd)
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A15199 -1 Monthly Sunshine Duration (hrs.)

Station: 455201 BANGKOK METROPOLISES

131

ANNUA

YEAR| JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

L

2001 |209.6 234.8 197.8 256.8 205.1

2002 (241.1 227.6 234.9 249.8 194.7 168.9

2000 (217.4 196.5 221.7 165.4 203.6 116.7 130.5 168.8 125.8 135.6 210.4 229.4 2121.8
158 181.3 142.4 166 154.9 217.2 219.8 2343.7
111.1.138.9 187.6 184.1 200.4 5

2003 [249.4 228.2 206.1 277.4 236.4 184.1 172.9 164.6 117.4 189.4 234.8 257.7 2518.4

mean|229.4 221.8 215.1 237.4 210 156.9 161.6 146.7 137 166.9 211.6 226.8 2321.2

A13199 -2 Extreme Maximum Wind (Knots)

Station: 455201 BANGKOK METROPOLISES

Computer Section

Climatology division

Meteorological department

30-Apr-2004

YEAR [JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
2000 18 17 NN 249822 25 238 94 28 G2 13 14 25
2001 15 15 20 M8 21 27 _id #F 30 15 14 30
2002 fe= i 2005 20T igA. o s o 21 20 el =15 24
2003 (A P | L SR s ) L raliel > L [T 28
Ext. SR AR ¢ R T B, e R 2 3 16 15 30

Computer Section

Climatology division

Meteorological department

30-Apr-2004




A1519% ¥-3 Monthly Mean Wind Speed (knots) and Prevailing Wind

Station: 455201 BANGKOK METROPOLISES

132

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
S50 BpEL | 24202 228 Top o9l B4 a5, o 1.9 1.3 1.7 15

prev.| S S S S S S SW  SW sw S N NE
007 spd. | 2.1 28 23 o6 98 g 58 2:95 " T G [E T 1

prev.| S S S S S W Sw w W E NE NE

spdi| 16 25 31 28 925 24 78 250028 44 16 13
2002

prev.|.S,E . § S S S SW SW sSw sw E NW E

spd. | 1.8 27 25 38 3 2E==k3 27 2 1.9 1.6 2
2003

prev.| E S S S SW  sw S W W E E E
mean spd. 2 2 2L ORBN\R6\|//2B 2% ~26 2 14 16 16
prev. wind S S S S S SW S,SWS,SWSW,S E NE, N

%_3

-” 1s missing value/incomplete data

Data Processing sub-division

Climatology division

Meteorological department

30-Apr-2004



A9 V-4 Monthly Temperature in Celsius

Station: 455201 BANGKOK METROPOLISES

133

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
2000 mean 28 28.1 29.7 295 299 789 28.8 29 285 284 278 28.5 28.8
mmax. | 33 33.5 34.3 335 34 32.6 32.5 32.6 32.8 32.6 32.6 334 33.1
maximum (35.5 357 37 37.1 36.1 34.4 351 34.8 351 351 35 356 37.1
dav S 2B gL e gt e 12 26 26 28 2 8-Aor
mmin. |24.1 237 26 262 26.3 259 26 2586 254 25.3 243 943 253
minimum |20.4 18.6 22.6 23.4 23.2 234242 235 24 239 204 20 18.6
dav 29 2 PR wME g ipd e 13 -3 8 4 25 2-Feb
2001| mean |[28.6 292 29 31.6 29.5 29.5 29.7 292 29 282 26.9 274 29
m max. |33.3 33.8 33.1 35.7 33.4 33.2 33.1 32.7 33.5 326 31.7 321 339
maximum |35.7 36.9 36.4 37.4 36.2 35.6°85.7 35,5 359 358 356 352 374
dav 20 P2 20 7 6,25 25", 15 & 7  20-Aor
mmin. 125.1 254 258 28.3 259 26.3 26.8 26.4 257 25.3 22.9 23.3 256
minimum |22.2 22 221 262 24 242242 245 239 24 194 18.6 18.6
dav AL VA PRAL R 3 [ Z V- &6—ko—6 27\ R 23 23-Dec
2002 mean |27.4 29 298 31.2 29.8 29.9 299 29 287 286 28030\28.7 292
mmax. 132.4 33.6 33.5 35.7 33.7 33.6 33.3 $25 PASEY 322832 333
maximum|34.6 355 36 38 36.6 34.9 347 345 34.2 352 352 354 38
dav 18y 20~>=24F g 1 8 'WZPO2rF I B 18 W5 9-Aor
mmin. 1233 25.7 264 27.4 258 25.3 25.5 245 239 231241 252 251
minimum [19.5 23.8 21.5 252 235 225 224 223 215 19.8 192 22.4 19.2
dav A S 1Y) RGN oW 2% 307 T We~ Jol 6-Nov
2003| mean |27.4 29.1 294 31.4 30.7 29.9 29 29.4 283 291 39.8 27 29.2
mmax. 132.5 33.9 33.8 358 35 34 327 P332y P@I3CTF B 336
maximum | 35 35.5 36.3 38.2 38.6 35.8 35.8 35.8 33.9 35.2 36.9 352 38.6
dav 8h 2 O (B2t I 2 OB 6 9 25 7-Mav
m min. 12371 25.4 258 27.7-27.1 26.4 26 26.6 25.5 25.5 255 224 25.6
minimum (19.3 20.5 22.6 24.7 24.2 23 23.6 23.6 23.5 23.3 226 18.1 18.1
dav 6715 SN Y/ 7 1A N4 L0 21 21-Dec
mean| mean (2789389 204 30.9 30 29.6 29.4 22.2\28i6,286 28.2 279 291
mean) mmax. [32.8 SHCN3.7 “3825)3 BavaN 827 3 F328 329 328 333
ext. |maximum (35.7 36.9 37 38.2 38.6 35.8 35.8 35.8 35.9 35.8 36.9 356 38.6
mean| mmin. (239 251 26 271 P Smpguuor=] 25.8 25.1 248 241 238 254
ext. | minimum |19.3 18.6 21.5 234 23.2 22.5 22.4 22.3 215 19.8 19.2 18.1 18.1

remarks : in line day, if the number of days with maximum or minimum temperature greater than 2 days,

the number of days is shown in parenthesis, other number(s) showing the day with maximum
Oor minimum temperature in that month.

Computer Section

Climatology division

Meteorological department

30-Apr-2004




A15199 9-5 Monthly Relative Humidity (%)

134

Station: 455201 BANGKOK METROPOLISES

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

mean | 67 Bf 69 78: 75 78 ‘76 75 T[T 80 BL B3 72

e mmax. | 82 84 - 85 00 89 91 89 88 89 93 78 78 86

mmin. [ 489 47 50 63 60 B3 B0 61 60 B3 49 47 56

minimum( 31 27 27 48 48 55 40 52 40 55 35 40 27

mean 70 -8 7T 72 77 7872 r3 79 82 .65 'B5 73

S5hi mmax.| 84 8 90 8 90 87 84 84 92 94 79 78 86

mmin. | 52 50 59 55 62 60 59 60 61 65 50 50 57

minimum| 32 29 42 36 39 50 50 51 50 50 32 40 29

mean | 66/ A3 TA TN TBNTBAFL~ 24~ 77 XN 73 71 74

S5 mmax. | 82 88 86 84 90 89 8 86 89 89 87 84 87

m migl 4 46==57 {50 R pJFY/ 6O\ NG (IO~ B  BD 5K\ 55 58

minimum| 36" 35 46 31 53 .60 <51 51 53 36 48 48 31

medn oy 68 4 707%% (\TRY N0 iz '8 7] ) 82 b 71

o minfee~f 882188 \83 | 85 (068 9 eff—epgal" 78, ¥ 84

MiBing 38N SomRe—. 0/ R BAN 6T BT 54 45 44 55

minimumy}- 39 .3837 139" 41¢ 44 47 51,43 (52" 43 21 34 21

mean| meal £68 " [@allA4 TRANRE I5 [VZesd 74 NN IS 66 Jah 73

meanmmax. | 82 85 87 86 89 88 88 8 90 91 81 78 86

mean| m min\NO0¥ A0 56C B6p) B0 =0T @)d) 2 /2 Ff 49 57

ext. |minimum| 31\ 27°.27 3139 47 40 .43 40 36 21 34 21

Data Processing sub-division

Climatology division

Meteorological department

30-Apr-2004




A15199 V-6 Daily Radiation (sun and sky) T, MJ.m"

Station: 455201

BANGKOK METROPOLIS Years: 2000

135

Date

JAN

FEB MAR APR

MAY

JUN

JUL AlIG BEP OCT

NOV

DEC

S © ® N O A WN o

CA)(.OM!\)I\)!\)I\)[\)T\)I\J!\JI\)—‘—\—!—‘A—\-A—\—\
—kO(OOO\JO)(ﬂ-bQJI\)—tO(DOO\JCD(ﬂAOJM—k

19.38
18.87
17.56
18.55
17.19
17.41
14.55
14.34
14.66
16.54
16.22
15.59
14.84
17.04
15.26
16.21
11.64
15.83
12.59
17.09
18.41
18.57
18.51
16.96
13.25
19.1
18.58
18.58
18.44
15.97
19.76

20.01
20.09
19.5
19.87
19.27
20.2
1717
20.22
19.37
17.67
18.02
17.78
16.98
16.64
13.69
16.29
18195
17.45
17.34
16.13
20.59
20.18
21.18
W1
1TRA
14.8
19.41
20.04
10.9

20.57
22.32
20.79
22.33
21.93
228
24.38
23.62
21.26
24.39
2481
2473
22.49
21.75
21.14
21.35
20.36
19.24
6.11
18.85
16.41
15.19
18.48
10.7
18.43
18.83

23.52
22.03
21.48
20.83
19.51
15.84
20.58
15.79
20.77
8.562
17.49
12.08
14.48
4.88
8.75
17.62
15.8
13.47
1869
9.16
22.69
10.51
16.83
21.29
18.37
23.37
21.68
17.88
20.17
18.47

25.72
19.55
23.55
16.78
22.73
17.6
20.29
20.09
22.65
23.71
22.85
16.62
1741
17.44
16.62
17.98
16.52
16.81
19.39
15.38
8.4
20.23
10.27
12D
20.91
21.6
21.46
22.29
20.08
9.82

17.98
15.49
12.71
8.8
10.66
14.83
22.13
15.36
15.07
19.73
3.37
18.08
15.54
18.26
20.24
12.92
13.55
14.67
S
17.63
19.65
10.59
10.16
O3
14.32
5.31
16.13
23.77
11.89

21.84
9.29
15.51
19.3
14.29
13.8
12.81
16.43
16.4
14.71
10.57
8.32
14.91
16.21
14.28
11.45
12.47
17.04
16.31
17.09
18.63
20.92
17.26
19.16
15.11
21.14
21.64
19.67
2291
24.35
24.76

16.55
235
23.4
22.88
23.14
20.82
2042
A Yaalsl
19.36
17.67
20.86
18.8
11.67
122
6.53
12.77
16.54
14.91
14.72
14.59
16.26
11.17

10.73
12.75
11.42
14.08
10.92
12.68
15.61
22.14
17.5¢
19.4
11.07
15.64
18.31
T
12.02
19.03
21.64
12.78
14.92
11.48
16.42
V577
2.7
17.02
14.58
21 46
18.53
9.51
1723
17.48

14.28
17.07
18.1
18.47
12.28
12.48
12.19
16.14
18.34
13.81
7.4
9.41
11.36
10.84
10.87
156.33
8.4
14.43
9.28
16.46
19.77
11.65
11.97
18.76
18.58
1711
15.3
12.86
14.69
1537
10.95

21.04
21.2
20.58
20.8
21.3
20.1
21.36
19.75
19.51
19.72
19.57
19.54
16.04
17:92
18.32
17.57
10.85
9.98
15.9
19.82
12.89
15.97
14.61
16.18
14.72
8.13
16.66
17.13
13.23
16.14

13.72
18.53
18.09
18.5
18.18
17.64
17.52
13.85
12.48
17.8
16.02
16.26
18.7
16.33
4.96
17.71
17.33
15.74
16.22
15.25
17.09
17.74
16.59
17.15
17:65
15.08
17.54
11.72
16.99
15.39
18.02

N

31

29

26*

30

30*

29*

31

22"

30

31

30

31

Total

Mean

517.49 520.95 522.26 509.45 557.05 423.54 518.58 376.89 472.62 433.95 516.53 501.79
16.69 17.96 20.09 16.98 18.57

14.6

16.73 17.13 15.75

14

17.22

16.19

Annual total =5871.1*

"-"is missing value or no data reported

Annual mean = 16.83*

"*" means incomplete data in the specified month and annual values

(T90)




A15199 U-6(AD) Daily Radiation (sun and sky) T, MJ.m"

Station: 455201

BANGKOK METROPOLIS Years: 2001

136

Date | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 18.16. 16.76 17.58 20.26 18.6 : = "
2 11887 148 16.66 1968 12.15 . - - :
3. 11718 1865 1886 2359 1085 - E &
4 117.34 1434 1469 2339 1286 - = =
O 16:16 1601 17.71 2169 1277 = s E
6 9.1 164 1981 2305 - = = <
711662 17.08 1791 28567 - = : .
8 [14.96 12566 17.57 2585 ' - : = s
9 |[17.37 14.04 11.16 2281 - - . -
10 |15.46 412 679 2318 - - > =
1 14.7 15.99 086 23.FA NS v 3 3
12 [16.08 1742/ 6.19—14.61 4 = : E
13 |12.75 Y1 1T.86A 2028, - t - =
14 | 5.654 0.59"76.7623-88) p ] - 4 E
15 | 13.97 J20,23-20.Q1 1 It T84 3 = -
16 (1802 19.65421.925-21.98. (- 4 1 2
17 | 179R 18.09Y2284wwel. - - g -
18 (14.36 18.33 21.96 1876 - y - :
19 | OB LA\ T Emerad Jf X \ 5
20 | 1R8B #7.53 T1phgl|RoRE! 4B 1 e 2
21 1243\ #8.28 40.538||/ 2% < © 7] =
22 [17. W\ 1621 8132880 X5 = 3 -
23 [18.1 N84 18.96_2388 N ¥ = S .
24 119.69 QN6 22.95 2304 [»)- c - -
25 | 20.3 2269 18.66.22.08 - - < 5
26 |18.61 20.5NR3.2 #4534 - : ; :
27 [19.12 19.81 ZAQBNI6.59 P = : 3 £
28 [20.61 19.25 22.41 2w . = .
29 [10.24 2168 17.78 =* = - -
30 |17.69 18.15 10.84 - - = g
31 |14.31 14.26 = - -
N 31 28 31 30 o i : i

Total |487.72474.95524.05641.07 62.23 - 2 -

Mean|15.73 16.96 16.9 21.37 1245 - - -

Annual total = 2190.02*

"-" is missing value or no data reported

"*" means incomplete data in the specified month and annual values

Annual mean = 16.68*
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Station:

137

¥-6(#19) Daily Radiation (sun and sky) T, MJ.m
455201 BANGKOK METROPOLIS Years: 2003

Date

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

._\_\—-\—l—-\_k._\_\
0 NGO kDN g ©® NG A WN =

16.64 1691 7.53 2225 14.26 1409 56 17.86 20.33 - 18.84 4.09
18.02 17.69 20.38 22.53 20.43 14.58 19.68 18.63 17.04 18.63 19.89 5.37
15.68 20.38 8.88 23.19 19.38 9.09 14.61 17.78 14.25 20.04 2127 4.82
7.22 20.85 18.41 2323 23.84 14.65 1491 1318 20 1562 - 3.95

- 2008 23.39 264 227 24.06 10.82 16.73 20.23 16.19 18.11 4.1

- 1913 2194 2478 21.97 2516 14.41 1283 1561 19.68 18.8 4.07
1726 1856 24.25 2566 21.76 2523 1266 15 146 14 A744 3.44
1747 18.29 18.26 22.73 20.05 507  17.73 17.44 16.76 1369 1866 485

18.06 13.79 13.73 2224 T] ASeimiBunily TOl5.61 18.71 - 2066 4.61
17.99 - 19.24° 29°83 15.06,23.43 , 23.5 T8QIN13.97 20.22 20.46 6.83
19.51 - M2 23.73 288\ A1.97/19.835.15.85 W X 23.35 20.17 8.65
18.58 - 15.18-23.39 144 .23.34 “17.71 _16:21 16.17. 11.91 16.51 4.73
14.06 JOH8 TSZAZI281RIE 180965 (FTNI7 T 6.91 B82 - 3.45
18.714 J8.72==63/) 2348) 0GR/ 200 WoH8922.08] 1T7.61 1748 - 522
18.3 17.93 19.46 2157 23.83 19.71 16.43 21.93 16.47 12.82 1581 548
19.12 18.65 19.08 22.74 17.83 17.78 2299 20.09 14.05 - 17.08 4.69
190D 20.69Y24852a A8/ 207 BE8 Mo Tmaeid 2t 3 VB.75 5.1
18.09 16.58 23.16 25.74 18.66 13.9 2461 13.96 1458 - 17.11 501
19.46 20,354 23825 * JA 4GS0, Sofrar02 € - 9.85 7.69
20 |1A8¢ &21.09792BIRIE5Y 2ipeCotesraed TF30NTO? 174 6.8
21 | 16.7 22.21 17.72 2539 21.38 '13.03 1831 “17.5 ~7.08 =~ 1259 4.64
22 | 17X\ 1948 18RJX2BR3 DY T34 Wi 1883009 (@ J£0.02 546
23 [18.08 20.18 10.34 17.64 2458 8.26 11.93 14.62 11.02 - 199 4.03
24 120.01 18.44 179 14.81 20.17 2348 6.06 16.13 11.9 Fg 1859 4.21
25 [18.67 13/Q 2N, 23 74HIT L Q0. 4955 192 1% - 1566 4.24
26 | 7.58 5.58QJ% 223.1 18.523.89 3.95_ 14.¢R 98 87SL - 14.61 4.55
27 - 1573 19.75 2531 24.01 20.96 20.26 18.68 12.05 - 20.68 5.86
28 - 17.86 20.66 17.44 21.52 17.87 20.24 23.17 10.09 19.32 19.37 6.05
29 - 11.58 9.93 2TSCmilluil8usé®™| 2584 10.88 22.44 195 5.44
30 - 125 23.89 17.88 9.61 1519 1263 85 21.67 16.99 5.18
31 - 12.5 1.56 20.39 7.68 21.67 5.08
N 24*  25* 31 30 31 30 31 31 30 175 27 31
Total [409.43441.01528.81672.65598.24 524.63 489.07 523.8 437.18 304.06 304.06 158.54
Mean | 17.06 17.64 17.06 22.42 193 17.49 1578 16.9 1457 17.89 17.89 5.11
Annual total = 5572.14* Annual mean = 16.6*

"-"is missing value or no data reported

" ea

ns incomplete data in the specified month and annual values
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.
ado

M5 A-luannagangind i ldtunsnaassdnyazms Tnauuy Forced Convection Flow

Test pt. 1 2 3 4 5 6 T8 9 101112 13 14. 15
Big Exp. 324328 329 32 32 321328328 329321 32 321 32 325 323
Chimney |Cal.B2. 532.5 32.5 32.532.5132.532.532.5 32.5 32.5 32.532.532.5132.51 32.5
Small |EXP-las 4347 34.6 34.2 34.2 34.334.534.5 34.3 34.3 34.3 34.3 34.2 346 342
Chimney [Cal.B4.534.534.5234.534.4934.534.534.534.5134.5 34.5 34.534.5134.5134.51
329 T /\ T T 0 T T \ T T T T T
—o— Exp
i —-=- Cal
328} / \ {m——/‘- 2]
/ ’ <
21} | \ /I \ i
32.5[— ’/ \\ ! \ B
vl z !,
::E 325&-4—':———3—*—9»/5\: I‘{ = = a8 = {.-/E_"!;-"“il
E/ | | ' ; ,\
E 324 \ ;/ \l 1 AN
4 ‘ / \ T~
23} \. | “ y o
! | \ /
s
322- i | \ / E
/
321} \ / \ f ]
\ \/ ) /
I i ] 1 1 1 1 \\J i}
321 é 3 4 5 6 7 8 9 10 11 12 n3 14 15
Position
317 -1 uansmmsnauiauihvinadadessiderfindvinalng
347 T T T T T Exp
\ ——
3465+ / \\ —=— Cal
o A
3455+ i l\ "'\ .
/ //8H ~. ST il e © s {,\7._:.
@ 34 53—"—‘?—" { =N ‘*8‘/—}—_*9—__? f——a—=e B e
= \ ooy fiod
S 3445 \ / \ o B
= 1 Jredd i, =
- 34.4c '\ /" ‘\\ j \ =
34.35 \ [ \ f \
i | \ / \ 4
| j \ fe=
343 : /é el | \-
i J: \ ; \-
3425+ \ / \ |
3‘2 1 > 1 \ A/ 1 1 & i h & 1 \V’
1 2 3 r 5 6 T 8 9 10 11 12 13 14 15
Position

. v
aa v I v

JUA A-2uamammanfSsuiigutiufidanidesssFeringviadn
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18funsnaaeadnuuzms IMaluy Forced Convection Flow

Test pt.

T2 =3 1ad 9. -6 7 8 91011 12

13 14 15

Exp.

Chimney
Cal.

33.733.5334 335 336 334 334 337 338 337334 335
33.533.533.5 33.533.49 33.5 33.51 33.49 33.51 33.5 33.5 335

334 334 336
33.5 33.49 33.5

No Exp.

Chimney | Cal.

34.434.334634.6 345 347 348 347 345 346346 345
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