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WA/
1 15/03/2002 | MQIA MUY SO-RSC Opened / HAAMYUUNE Opened
2 20/03/2002 | BAIM WY SO-RSC Opened / MAAMBVYNG Opened
3 25/03/2002 | MAIAULIL SO-RSC Opened / NAIAMVLUNA Opened
— 4 |7 26/03/200 | MDY SO-RSC Opened / MRIAIIIILIAA Opened
5 27/03/2002 | MAIAUIY SO-RSC Opened / nasnmuyilng Opened
6 28/03/2002 | MAIAIMLIL SO-RSC Opened / HAIMUULAING Opened
7 22/04/2002 | NAINWUY SO-RSC Opened / MAAMLULUNG Opened
8 24/04/2002 | HAIA UL SO-RSC Opened / HAIA MUV Closed
9 226/04/2002 | MOIAWDL SO-RSC Closed / HEAMULLNE Opened
10 27/04/2002 | ¥AALUY SO-RSC Opened / M uuUnE Opened
11 28/04/2002 | MAIAWUY SO-RSC Opened / HAIAMULUNG Opened
12 30/04/2002 | MAIMULIY SO-RSC Opened / NaaRWULUNA Opened
13 1/05/2002 | WAL SO-RSC Opened-Closed Thr / M&IAWUUYNA Opened-Closed 1hr
14 2/05/2002 | MAINIUY SO-RSC Opened / NFIAMUULNG Opened
15 3/05/2002 HENATUUY SO-RSC Opened. / HAMAMLIUUNE Closed
16 4/05/2002 HNANA LY SO-RSC Opened / Mdemmuulng Closed
17 5/05/2002 | MAALYU SO-RSC Opened / MEIRMMUVUNG Closed
18 6/05/2002 NNV SO-RSC Opened / HAIAMLULAF Closed
19 7/05/2002 HASAUY SO-RSC Closed / HAIMWLUUNA Closed
20 8/05/2002 | M&4AMILL SO-RSC. Opened / nasmuvulng Opened
21 10/05/2002 | MRS SO-RSC Opened / MAIAMINNINA Opened
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m‘S'N‘ﬁ 9. 1 Thermal properties of material
Material Thickness | Density Specific | Thermal Thermal Thermal
- (mrr;)i | (K‘g.m'g)‘ heat conﬂﬁétivi; | ;missivit; aﬁsorptivity
Jxg' XY | (wm' K
Cpac Monier 15 1800 837 0.836 0.93 0.56
Gypsumn Board g 800 840 0.17 0.6 -

f.2 AUANLAYBIBINIA (The properties of air)

Qs = J v ar = Qr ar 1
auaudRvasemannsavuegivgungl aunsuannnuduiusznie o

gutiRvesemrnugurgladeuiinidounasy

C, =(0.9957 +3.7x10°T,)x10’

v =(-12.43 +0.0945T,)x10°

k, =0.0029 +7.76x10°T,

p =2.4405-4.18x10°T,

:& =Y (] =
wie T, Wugmngilumibessaaiu )
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1as U, (Overall heat transfer coefficient)
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L1 MIRNRamAAYeIsTIEa IMIATI NN
FUMT IUMIAUINOATING IHa TAeANNANGUNYN (Flow Caused by Thermal Force)
Q=(c)A[KT,-T)T,]"
Tavh
— Q=8a5mslva, m'mr
g 3 A 2
— A =Rufremudiuientesmuesomg T - -

& & ] 3 A4 ¢
h = mmqmsmm FINFDIN NI NS NNDBAYDID NI ,m

[= 9 ]

T, = ungiinadnyosenma K [=t(°C)+273.15 ]

= ¥

T = gaundiinudngesoma K (= t(°C)1+273.15]

o

. ¢ ;= conversin factor (c ; =10360)

LWd’ElﬂTﬂiHTﬂﬂiﬂﬂ‘i%ﬁ1U@1ﬂ?ﬁﬁLﬁn13’5’1’11 ‘lﬁgl’ﬁiﬂ’iiiﬁilﬂﬂ'"ié’ﬂi'lﬂ']‘illﬁﬁ‘i]'lﬂﬂ'iﬁ'lﬂﬂ'ﬂﬁ

ar

a ) & 4w da e 2w oo
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Q =554m’fhr
T, =308.6K
T,=3108K
h = 0.25 m.
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< SCA = 012m
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3.2 MSMEIUMNS AN o uaaFulseinEnmsaemandons iy

Lamfuiamwasnuanusutagadulsefnimsaemanuiousiuunatiiu SO-RSC,

Q1(Solar flux)
Q3(emitted)
Tarob Q2 |
Ti N .
| Cpac Monier | } :
T Air gap To — Qi— C.V. ——Qo
o GypsamBoard | o oo *J I
T4 . /;.:;\. ...... r\ 4 ) %.‘;
Tr Q Q5(cmitted)
4 Qr-rsc = Q4+Q5
51/% 9.2.1 Control volume for SO-RSC roof
e szr?m'mmi‘bm = Q4 + Qs = Qr
Energy balance in Control Volume.
o+ 0 =0, 0+ Qo+ 0, +Q
Ql‘ = Q;' Qz" Q_a" QO + Qi
Or = u4AT
Ar =7T,-T,
U = OWAAT
Tag#
o, = (It A (a)
Qz = A hl [T!- Tamb] (b)
0, =4807T’-T, 7. )
e, = mfCpT, @
o, = mfCpT, {e)
mf = OxGapxWxV
= Ox0.14V
o, = 2.4405-4.148x10°xT,
c, = (0.9957+3.7%10°xT Jx10’
14 = 0.8(9.81x1.2sine25(T,-T)/T)
Aash
o=08 A=385m"
h,=8.55 £=09

O = 5.669x10"° W/m".X'
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G =5.669x10" W/m' X'
aretensAman Tao139eyasid 27 wanou 2545 1 12.00 4.

It = 1095.98 w/m’ T, = 33675 K
y = 31487 K T,., = 30516 K
,. = 31036 K T, = 31686 K

TA = 30531 K

mamsfan Tnounustlu Tsunsy Excel
Urscavg. =19.9 w/m’.K

qr-rsc,avg. = 1518.1 wim’

2 .hMsfsamdenuaioutazmdulszdnimsomanudeusiuvesulng

Q1(Solar flux}

: Q3(emitted)
Tamb Q2
N 1
T‘i e R A ..:
| Cpuc Monier | — I C.V. ]:
= e e )z,l\‘ 22
Tr Qd Q35(emitted)

Qr-nor = Q4+Q5

g‘ﬂﬁ 51.2;2 Control volume for Normal roof

- an?wfwnﬁ'em = Q4 + QJ = Qr

Energy balance in Control Volume,

o, = @+t Q0
or = Crorg;
or = vaAdr
Ar =  T-T
LU = Or/AAT
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drpdemsiuin Iaelddoyaiui 27 muieu 2545 1981 12.00 W,

It = 1095.98 w/m
T, = 33675 K
TA = 30531 K

inmsfiuan lasunua ulylsunsuy Excel

amb

336.75 K

305.16 K

Unor,avg. =3 10.9w/m’.K

Qr-nor,avg, = 1690.3w/m”

87



MAHUIN 2

I3 A d
TilsunsuuudraeamendinmansuasnguiNumerical method



anoa elaumsitudail

ﬂé]‘lsl:f:i Numerical method

aumMIANNToU (Heat equation) filovlugi Finite-difference

mahnnuieuneluing 1 43 (One dimensional) fiogluaniaz liminaue gungii
13 1
1wl 9 seluileTagoaldsuuadddmunamien 9 fudumds nanfer = 7(x,r)

szuviiamoan inmsdudandinumeludnaums dulseaninisthanuZouismigy

2
Or(x,t) _ a-a T
O Ox*

or a P Y- o A [ ad A [ 3 df a
dulsNAIAUTA 1 692 Aoszeene x uazddsMbuma Ao t aaiunud q 9

0

= 'd ' [~ t o A a, « .. . =

?Lﬂ'§1$1’iﬂgﬂ“ﬂktﬂﬁﬂﬂﬂtﬂuﬁ?ulﬁﬂ q MWIATTAATIEHNIY  Finite-difference HAZNATIUHU
& 1 [ | [ rg 1o ar 1

0<x<L Gazgnuiseendlugeudn q dawanunieeivlisiie uazdesmsnisves

T fuaazgaiitan « 1a 9 degl 2.6

m=] m ] 3 ‘ X

W%

H T 1 s o
37 2.6 uanansuiagaa1e « lun153inT 12 Finite-difference
P [~ - o 4 Y 4
vineruntsh 215 dlueunsivivlesswden  deesdesdifeulafvey  (boundary
- 4 o A = . . i & 4

condition) 2 f3ou luluunw x vandu@ew luEudy (initial condition) a7 ¢ = 0 SAvTiatey
Toverzudaums'd
WouluSudui: =0, 7(x,0)=0
x=0,T(0,0)=T,

4 o
Fou luRuan:
¥ =LT(LO=T,

88



89

o & o - azT 4 .
TUMITOYAUTTUAY 1| uneSuAY 2 VoIl —- #98 x,, Az i aunse
, Or
e viedlugilves Finite-difference Tapyszuna Iédail
@ ~ e ()
ax m.i AJC
o 2 r
a T ~ m— ZT +Tn+l 0
Ot (Ax)
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& i i & ad 1 g i @ o
D T J ag I;Jrf"l ﬂﬂqmﬂﬂuuwuﬂaﬁﬂﬂ\iﬂl@Q?ﬂﬂu Tl"i't waa i uﬁgﬂuwuﬁ

m=

L‘ﬂElllﬂ‘lJL']ﬁ'lﬁ UMY m seUszuien
= (k)

]
oo

& i+l < ! o
Mo 7, fin AQUNYNNYA m N gy MMUMAUMTR (2.21) 4ag (2.22) ash)
Tuerunis@i (2.20) vz 18

i+ { i
m _Tm — T: —ZTm +Tn+l
=0 5 ¢)}
A (A)
!J
TagdaunmsIndeg 1§ 1Ada
i+
T = ( L1 + T m+i )+(1 —2r ) m (mn)
e i=0,1,2,...
b ' uaE = S
(Ac)?

VINTUNITA (2.19) 13 WSon Explicit finite difference form of the one dimensional
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1 ﬁmﬂaﬁﬂmnmﬁmﬁmqmﬂgmu%amé’am RSC

dodg Tlsunsueznu i TWsunsuesiimee  Wilewde fumduduluns
el
1. Clear data

2. Input

= a g
* MNAMAL,

® 9UMHIVIFLINS Tamb

3, flousiansiunfindsenisnsiu 7 Time loop
] T A:' 9} o ] = c! 9 r A W
4. asfusisudy Tdsunsuniagungill, uazion 51 Input Wuud s uduly
Tdsunsundouiozdiuan
¥ o v A P 9
5. padjumuana e idesms
6. Qutput -
® Qutput Temperature
®  Qutput Flow rate

7. Clear Y0y0 uazi5u Input Ausudulng



ANUIRULEI RS W/m

M ATUITNMA °C
gangiatm Inuadn o fdss INPUT °C
l__L’Jﬁ‘I(Minute)
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-————DimEp-AsDouble -

Option Expli.cit

" DimY As Integer
Dim S As Double
Dim Tamb As Double
Dim Tf As Double
Dim Nue As Double
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Dim Kf As Double
Dim Pr As Double
Dim Ro As Double
Dim hw As Double
Dim hc As Double
Dim hb As Double
Bim Gr As Double
Dim Nu As Double
Dim mf As Double
Dim Tfh As Double
Dim Ron As Double
Dim mfn As Double
Dim Cpn As Double
Dim Qu As Double
Dim Vin As Double
Dim m3pHr As Double
Dim Tout As Double
Const V=15

Const kin = 0.836
Const kg=0.17
Const dm = 0.015
Const dg = 0.009
Const Em =0.93
Const Eg=0.6
Const Sb = 0.00000005669



Const Gap = 0.14
ConstH=1.5

Const W=1

Const Angle =25
Const Dcpac = 1800

Const Dgypsum = 800

- Const Cm =837

Const Cg=2840

Const g=9.81

Const Cd=0.7

Const dTime = 30

Const nodem = 2

Const nodeg =2

Const absorb = 0.56

Const PI=22/17

Const Dfm = 0,000000554
Const Dfg = (0.000000252
Const Asu=1.5

Const dxm = 0.0075

Const dxg = 0.0045

Const A=0.21

Const Slope = 0436

Const Dh = 0.246

Const rm = 0.295

Const rg =0.3733

Private Sub cmdExit_Click()
End

End Sub

Private Sub cmdinit_Click()
Dim i As Integer

Dim T(6) As Double

Dim T7 As Double
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Fori=0 To 3

Textd(i). Text = "0.000"

Next i

Fori=2To7

Textl(i) = Val(Text1(1).Text)

Next i

T

Y=0 ,
If Text1(0).Text="" Or Text1(1).Text = "" Or Text1(2).Text ="" Or Text1(3).Text="" Or
Textl(4).Text ="" Or Text1(5).Text="" Or Text1(6).Text="" Or Text1(7).Text="" Then
MsgBox "nsondoyalnasudieaiuludiu input Condition”, vbOKOnly, "udalinsiue
Text1(0).SetFocus

Elself Text5.Text = "* Then

MsgBox "nandoya 1nasuAeasy iuadu Input Time", vbOKOnly, "uislsinsu®
Text5.SetFocus

Else

Fori=0To 5

T(i) = Val(Text1(i + 2).Text) + 273

Next i

T7 = Val(Text1(7).Text) + 273

$ = Val(Text1(0).Text) * absorb

Tamb = Val{Text1(1).Text) + 273

Tf=Tamb+ 0.1

Nue = ((-12.43) + (0.0945 * Tf)) / 1000000

Kf=(0.0029 + (7.76 * Tf) / 100000)

Pr=(0.784 - (2.5 * Tf) / 10000)

hw=3+(74*V ~(0.5))

Gr=(g* (1/ T * (Val(Text1(4).Text) - Val{Textl1(5).Text)) * H" 3)/ Nue * 2
No=1+0.071 *(Gr*Pr)~(1/3)) * ((H/Dh)~(-1/9)) - 1) * Sin(Slope)

he=(Nu* Kf)/Dh

hb = 1.42 * (Sin(Slope) * (T7 - Tamb) / H) ~ 0.25

Cp = (0.9957 + 3.7 * (Tf/ 10000)) * 1000

mf=Cd* Gap * W * {2 * g * H * Sin(Slope) * ((Tf- Tamb) / Tamb)) * 0.5
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Ro=(2.4405- ((4.148 * Tf) / 1006))

cmdLoop.Enabled = True

cmdLoop.Caption = “fhﬁnm" & " " & TextS.Text & " " & "W
End If

End Sub

Private Sub emdLoop_Click()

' Dimi As Integer
Dim k As Integer

Dim T1 As Double

Dim T2 As Double

Dim T3 As Double

Dim T4 As Double

Dim T5 As Double

Dim T6 As Double

Dim T11 As Double

Dim T22 As Double

Dim T33 As Double

Dim T44 As Double

Dim T55 As Double

Dim T66 As Double

Dim time As Integer

time = (Val(Text5.Text) * 2)
Fori=1 Totime

If'Y = 0 Then

T1 = Val(Textl{1).Text) + 273
T2 = Val(Text1(2).Text) + 273
T3 = Val{Text1(3).Text) + 273
T4 = Val(Text1{4).Text} + 273
T5 = Val(Textl(5).Text) + 273
T6 = Val(Text1(6).Text) + 273
Else



T1=Til
T2=T22
T3 =T33
T4 =T44
T5=Ts5
T6 = T66

EndIf
'CPAC MONIER
T11=2* rm * (dxm / km) * (S + hw * (Tamb - T1) + Em * Sb * ((Tamb * 4) - (T1 ~ 4)) + (kra /
dxm) * (T2-T1)) + T1
T22=m*(T1+T3)+(1-{2*m)) *T2
T33=2*rm * (dxm / km) * (hc * (Tf- T3) + (Sb/ (Q /Em)+(1/Eg)-1)*(T4"4-T3~4))
+ (km / dxm) * (T2 - T3)) + T3
'Gypsum Board
