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G,=G,COS 6;

Gq
G

G,C0S 8,  COS@&,
G,C0sé,  COSé,

WAL A AENANAILILRA B e

NAULAD N AENANAILURITEA L

SINO SING cos B -sIN 0 cos ¢ siN Bcosy
+Cos 0 cos ¢ cos B cos ®
+Cos O sIN sIN B cos Y cos ®

+C0S O SINPB SIN YSIN® .

aziga (luneiidwmiiaAsduAiuan)

AARILTY = YN199ANETRRTAEULTALA (solar noon)

= as ) Q '3 a =] v

Weaudussuuarmes ldneiswmialianduuon
a v e [ % ar o]

yuBserewiuiuuasiuuwlresiu o < B < 180°C

yuaaan smiaaawiuiuuadluniaials (azimuth angle)



107

dviuniluneialsliiA dugusd dSwiudedluneiidnsiueand]
AN WudesluneiiansfuanlilArau -180°<y <180
O = yudalue Tnglimawiasdadugue wazusazdnluediAwingy

15° dlunameuddAnduuanuasnanutinedadluay

0 = S I N B R T TIY AV T C RIS E SHITER
S 23 45 SIN r"60 284+ |
- - 1°°° 565 |
n " il 1 1
ANTNANNNIINARD
b - 14% Bl - 1% Y=o
JUNNAADY n o)
31/3/38 90 3.62
17/4/38 107 10.15
18/4/38 108 10.51
22/4/38 et 11.93
01/5/38 121 14.90
26/5/38 146 21.10
30/5/38 150 21.75
31/5/38 151 21.95
uWUAIASIUANN1T AYlFAN R Aemnsednegng ’
total radiation an a tilted surface I

= 2
I

total radiation an a harizontal surface

assume diffuse radiation comes from an apparent origin near the sup

fadurananenfindlaomse => R = R,

_ COS&  COS(g - B)COS 5COSw +SIN (4 - B)SIN &
= COSg, COS ¢ COS5COS w +SIN ¢ SIN &




R = ratio of total radiation on tilt surface/total radiation on horizontal surface

time 31-Mar 17-Apr 18-Apr 22-Apr 01-May 26-May 30-May 31-Mar
9 1.01 0.97 0.97 0.96 0.94 0.91 0.90 0.90
10 1.01 0.98 0.98 0.97 0.96 0.93 0.92 0.92
1 1.01 0.98 0.98 0.98 0.96 0.94 0.93 0.93
12 1.01 0.99 0.98 0.98 0.97 0.94 0.94 0.94
13 1.01 0.98 0.98 0.98 0.96 0.94 0.93 0.93
14 1.01 0.98 0.98 0.97 0.96 0.93 0.92 0.92
15 1.01 0.97 0.97 0.96 0.94 0.91 0.90 0.90
16 1.00 0.94 0.94 0.93 0.91 0.86 0.86 0.86
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n= 9 :M=+15 =14 y=0=0=14

284 +n) !
= 3.62

’
§ = 2345 SINLBéO(—-——% ¢
2y

cos 0, SIN (3.62) SIN {14) COS (14)

-SIN {3.62) COS {14} SIN (14) COS (0)

+COS (3.62) COS(14) COS (14) COS(15)
+COS (3.62) SIN(14) SIN (14) COS(0)COS(15)
+COS (3.62)SIN (14) SIN (0) SIN (15)

nsAUIniA1 Cos 0, => wnu P =0 aZld

R = EO_S_H_T_—- 1.01
cose, ‘

G, =R *G =101 *933 = 942w/m"’

via  dpgusumslml ey -0 adld
COS(¢ - B)COS @ +SIN(4 - B)SIN &

COS¢ COS 6COS @ +SIN ¢ SIN 6
winen agld R= 1.01

R =

G = R*G =942 w/m2
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LPRINT

LPRINT

TRKKFKRKK KKK KKK KK KKK KRR KR KRR KRR KRR KR KRRk kk Kk kkokkk
? % input : discharge coefficient(Cd) *

1 ***********************************************************

input "cd";cd

Lprint "CD = ";

LPRINT USING "#.##"; cd

LPRINT

LPRINT
aa$ = "DD/MM/TT":A$ = "FLUX" :b$ = "MD" :c$ = "MDexp" :d$ = "Tp":e$ = "TFO" :f$
= "TFOexp":g8$ = "Ta" :i$ = "EFF":j$ = "EFFexp" ' _
Lprint using "& & & & & & & & & & &";AAS$;a$;b$;c$;d$;e$
;£$;8%;18%; 5%

HOR KK KKK KKK KKK KKK KKK KOk Kok kK Kok ok KRRk ok KR KRk kK kK Kok Kok K K Kk ok %ok K koK Kok

tal = .8 : bél = 14*3.1416/180 ‘wid = 0.5 : Leng = 2 : cha = .07: h = Leng*sin
(bel):LI1 = .05
Ao=0.5*%0.07 : Ai = 0.5%.07 : Ar= Ao/Ai:Ac = leng*wid

MUE = 2.04E-05: cd =.6
EP1 = .95:EP2= .95:EC1=.88:EC2= .88:EIl1=.95:EI2=.95
V1=2:V2=2:EW=1.568E-05:EL=5.67E-08:RI=.5:RU=.5
KIl=.05:KIZ=.05:ACl=O:ACZ=O:TACl=1:TAC2=1:AP1=L95:AP2=.95:AL=.0000212
RC1 = 0:RC2=0:RP1=.05:RP2=,05:KA=.0259:BEL=14%3.14/180:CP=1005.7:R0O=1.292
HW1 = 5.7+3.8%V1 '
HW2 = 5,7+3.8%V2

EPC1=EL/(1/EP1+1/EC1-1)
EPC2=EL/(1/EP2+1/EC2-1)
EPI1=EL/(1/EP1+1/EI1-1)
EPI2=EL/(1/EP2+1/EI2-1)

dim dateexp$(10),ta(10),toexp(10),fluxexp(10),velocity(10)

for I =1 to 60

read dateexp$,ta,toexp,fluxexp,rcor
FLUX = FLUXEXP*rcor
ROEXP = 1.292-0.004*Toexp
QOEXP1 = ((Toexp—TA)*Z*Q.81*Leng*SIN(BEL)/((Ta+273)*(1+AR“2)))“(1/2)
QOEXP = CD*Ao*QOEXP1
MDEXP = QOEXP*ROEXP
EFFEXP = MDEXP*CP*(Toexp-TA)*100/(Ac*FLUX)

MD = 0.02

del
while del > 1

9

TPM = 90 :TFM = 75
delp 1
1

delf .
while delp > .01 or delf > .01

nou
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N =1
F = (1+0.089%HW1-0.1166*HW1*EP1)*(1+0.07866%N)
C = 520%(1-0.000051%BEL"2)
E = 0.43%(1-100/(TPM+273))
UT1l = (C/(TPM+273))*(abs(TPM-TA)/(N+F))"E
UT1 = ((N/UT11)+(1/HW1))"(-1)
UT21 = EL*( (TPM+273)+(TA+273))*((TPM+273)"2+(TA+273)"2)
UT22 = (EP1+0.00591%N¥HW1)"(-1)
UT23 = (2%N+F-1+0.133%EP1)/EC1
UT2 = UT21/(UT22+UT23-N)
UT = UT1+UT2
UB = KI1/LI1
UL = UT+UB
HR = 4*EPI1*(TFM+273)"3
Dh = 2%cha
RE = MD*Dh/(AI* MUE)

IF RE <= 2000 THEN NU 4,9+((RE*.7*¥DH/2)"1.2/(1+(.0909*%(RE*.7*DH/2)"0.7
*(0:7"0=7T)) })
IF RE > 2000 THEN Nu
HDh = Leng/Dh
Hff = Nu*Ka/Dh
Hf = Hff+1/((1/Hff)+(1/Hr))
FP = Hf/(Hf+U1l)
Tfmn = Ta + (.8%Flux/Ul) - ({(Md*Cp/(Ul*Fp=xAc))*(.8%Flux/Ul)*(1l-e
xp(-Ul*Fp¥*Ac/(Md*Cp)))) '
Tpmn = (Fp/Hf)*((.8*%Flux)-Ul*(Tfm-Ta)+Tfm)

0.0158*RE"(.8)

delp = abs((Tpmn-Tpm)/Tpmn)

delf = abs{((Tfmn-Tfm)/Tfmn)

If delp > .01 OR delf > .01 Then
Tpm = Tpmn
Tfm = Tfmn

end if
wend

Tpm = Tpmn : Tfm = Tfmn

Tfo = Ta + (.8*%Flux/Ul)*(l-exp(-Ac*Ul*Fp/(md*cp)))
rho = ro-0.004*Tfo
Qdl = (2*9.81l*Leng*sin(bel)*(Tfo-Ta)/((Ta+273)*(1+Ar~2)))"~(1/2)

Qd = Cd*Ao*Qdl

mdn = rho*Qd

del = abs((mdn-md)/mdn)*100
if del > 1 then
md = mdn

end if
wend
eff = md*cp*(tfo-ta)*100/flux
effexp = mdexp*cp*(toexp-ta)*100/(flux)
LPRINT USING "\ \ FEETRE R ORFE FOEEF BESEE BELLBL BEE BY Bas B sia sy

###.##";dateexp$;flux;md;mdexp;tpm;tfo;,toexp;ta;eff;effexp
next I



DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA’
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
end

"31/3/09",28.8,41.1,586,1.0
"31/3/10",31.0,54.4,692,1 .01
"381/3/11" ,33.5554,933,1.01
"31/3/12",35.0,65.7,969,1.01
"31/3/13",36.5,61.7,883,1.01
"31/3/14",37.0,61.2,764,1.01
"31/3/15":36.5,;58.8,639,1.0
"31/83/16";35.5,48.3;408, .99
"17/4/10",32.7,45.8,642,.98
"17/4/11",34.1,50.9,861,.98
"17/4/12",34.3,57.6,861,.98
“19/4/13",35.5,59.6,733,.98
"17/4/14",35.1,57.6,736,.98
"18/4/09",33.0,42.6,469, .97
"18/4/10",34.0,50.0,556, .98
"18/4/11",33.9,57.6,942, .98
"18/4/12",35+0;57 1,872, 98
"18/4/13",34.8,55.4,842,.98
"18/4/14",34.2,52.7,778,.98
"22/4/10",33.9,54.7,636,.96

"22/4/11",35.0,56.8,394,.97

" 22 MAE2I 3548 , 55
"22/4/13",36.0,58.
"22/4/14",36.0,52.

5,892,.98
6,847,.98
9,806, .97

"22/4/15",36.2,52.5,625,.96

"22/4/16",36.2,50.

298 9%;.. 93

"25/4/11",36.8,57.9,400,1
"01/5/11",32.0,43.5,692,.96
"01/5/12",32.0,57.8,864,.97

"01/5/13",35.5,64.4,858,.96

"01/5/14",36.0,56.8,789,.96
"01/5/15",35.8,54.5,639, .94
"01/5/16",35.6,52.1,406,.91
"03/5/0 Pesdbmadpdd. 8,400, 1
"04/5/10",39.3,58.0,500,1

"FL50W/01",30.7,88
"RLYOWA02 5305585
"FL50W/03",30.5,81
"FL50W/04",30.3,82
"FL50W/05",30.3,84
"FL50W/06",30.3,80
"FL60W/01",32.7,88
"FL60W/02",31.7,83
"FL60W/03",32.3,81
"FL60W/04",32.4,94
"FL60W/05",31.7,91
"FL60W/06",32.5,82
"FL70W/01",30.9,76
"FL70W/02",30.6,176
"FL70W/03",30.9,77
"FL70W/04",30.8,74
"FL70W/05",31.2,76
"FL70W/06",31.9,69
"FL80W/01",29.0,73
"FL80W/02",29.1,69
"FL80W/03",29.1,70
"FL80OW/04",29.1,69
"FL80W/05",29.1,71
"FL80W/06",28.8,71
"END OF FILE",0,0,

.6,2877,1
25280 ,1
.0+2877,1
v6y28% 7,1
.1,2873,1
.2,2877,1
.9,2508,1
27,2508, 1
.2,2508,1
.1,2508,1
.4,2508,1
.4,2508,1
+132237,1
. 2,22317,1
.6,2237,1
.6,2237,1
.7,2237,1
.4,22317,1
.1,1955,1
.8,1855,1
.5,1955,1
.7,1955,1
+9,19855,1
.3,1955,1
0
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DD/MM/TT
31/3/09
31/3/10
31/3711
31/3/12
31/3/13
31/3/14
31/3/15
31/3/16
17/4/10
17/4/11
17/4/12
17/4/13
17/4/14
18/4/09
18/4/10
18/4/11
18/4/12
18/4/13
18/4/14
22/4/10
22/4/11
22/4/12
22/4/13
22/4/14
22/4/15
22/4/16
25/4/11
01/5/11
01/5/12
01/5/13
01/5/14
01/5/15
01/5/16
03/5/09
04/5/10
FL50W/01
FL50W/02
FL50W/03
FL50W/04
FL50W/05
FL50W/06
FL60W/01
FL60W/02
FL60W/03
FL60W/04
FL60W/05

FL60W/06

FL70W/01
FL70W/02
FL70W/03
FL70W/04
FL70W/05
FL70W/06
FL80W/01
FL80W/02
FL80W/03
FL80W/04
FL80W/05
FL80OW/06

FLUX

586
698

978
891
77l

454

854

781

.00
.92
942.
.69
.83
.64
639.
403.
629.
843.
843.
718 .
T2%L.,
«93
544,
923.
.56
825.
762.
610,
382.
874.
830.
.82
600.
369.
400.
664 .
838.
823.
751.
600.
369.
400.
500.
28177.
281717.
281717.
28717.
28717.
28717,
2508.
2508.
2508.
2508.
2508.
2508.
2237.
22317.
22317,
2237.
22317.
22317.
1955.
1955.
1955.
1955.
1955.
1955.

33

00
92
16
78
78
34
28

88
16

16
44
56
18
16
06

00
21

MD

0.010
0.010
0.011
0.011
0.011
0.010
0.010
0.009
0.010
0.011
0.011
0.010
0.010
0.009
0.009
0.011
0.011
0.011
0.010
0.010
0.008
0.011
0.011
0.010
0.010
0.008
0.008
0.010
0.011
0.011
0.010
0.010
0.008
0.008
0.009
0.016
0.016
0.016
0.016
0.016
0.016
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.014
0.014
0.014
0.014
0.014
0.014
0.014

MDexp

0.010

0.014
0.013
0.015
0.014
0.013
0.013
0.010
0.010
0.012
0.013
0.013
0.013
0.009
0.011
0.013
0.013
0.013
0.012
0.013
0.013
0.012
0.013
0.012
0.011
0.011
0.013
0.010
0.014
0.014
0.013
0.012
0.011
0.012
0.012
0.019
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.019
0.019
0.018
0.017
0.017
0.018
0.017
0.017
0.016
0.017
0.017
0.017
0.017
0.017
0.017

« 11
«1b
«35
.70

-

40
.05
w9l
T
.66
.69
+58
.69
.05

«12
.40
s 70
.80
.86
0.3
.61-
L6
18
.66
.44
.26
.78
.05
« 79
.98
.62
.86
.69
.64

26

.26
.26
. 27
27
.27

59

<87
.58
.58
.57
.59
.69
.66

69
68
72
80
05
05

.05
.05

04

TFO
39.55
43.24
48.70
50.65
51.22
50.30
48.18
44.13
44.12
48.18
48.39
48.13
47.75
42.15
44.37
48.839
49.24
48.69
47.29
45.13
43.34
50.29
49.99
49.39
47.38
14.48
45 .37
43.84
45.95
49.40
49.12
46.97
43.76
43.87
49.36
63.20
62.99
62.99
62.78
62.78
62.78
62.50
61.45
62.08
62.18
61.45
62.29
58.37
58.06
58.37
58.27
58.69
59.43
54.05
54.15
54.15
54.15
54.15
53.84

TFOexp
41.10
54.40
54.900
65.70
61.70
61.20
58.30
48.30
45.80
50.90
57 .60
5980
57.60
42.60
50.00
57460
57.10
55.40
5270
34.70
56.80
55.50
58.60
52.90
52.50
50.20
5 =90
43.50
37.80
64.40
56.80
54.50
52.10
52.80
58.00
88.60
85.20
81.00
82.60
84.10
80.20
88.90
83.70
81.20
94.10
91.40
82.40
76.10
76,20
77.60
74.60
76.170
69.40
73.10
69.80
70.50
69.70
71.90
71.30

Ta

28.80 "

31.00
33.50
35.00
36.50
37.00
36.50
35.50
32.70
34,10
34.30
35.30
35.10
33.00
34.00
33:90
35.00
34.80
34.20
33.90
35.00
35.80
36.00
36.00
36.20
36.20
36.80
32.00
32.00
35.50
36.00
35.80
35.60
35.30
39.30
30.70
30.50
30.50
30.30

-30.30

30.30
32.70
31.70
32.30
32.40
31.70
32.50
30.90
30.60
30.90
30.80
31.20
31.90
29.00
29.10
29.10
29.10
29.10
28.80
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NIANUIN .

ANRENINITATUITL

o

t v
ANUIUUIAND mmmﬂwmmmmﬂ‘luﬂeimwﬁmuum'a’mmmﬁ’lm’mmﬁqﬂdmmmﬂ

14
o

WA TRERRUARLSULAY 205 ANPIINAT TUNATEIENNAA 0.07 WAT UaBINAIIULES
2 eiNTLULITY 14° Tunnmmaaesdufl 31 Sunan 2538 1981 11.00 1. SaAguds
% 2 a a i
wals 981 w/m a0UUNHe N ALNAdaN 38.5°C U NYeIe INIATT I NeanUaes 540
o < '
C AuT31298 A TULAD9 0.249 m/s
(1) ﬁ'}mmm'a”mmmi‘lummmmﬁ‘luﬂzimmnﬁmqmt%qGTQLm

(2) éﬂmmmﬁmmmﬂummmmﬂluﬂﬂ'mmnm?wmam

1. Andasnisiuaresanaludasseinnissnnidioge
1.1 auyRAdRsInTTluateseInIA (M = 0.02 kgis
aunmAguugTedudugaied (T, = 90 °c
a a d 4 . (5]
ANNAAIRIUUNIRALI89RIN"ATuAa (T, ) = 75°C
12 AMwInAINTgaudt AR ausULL, Fusne, 19y (U, U,Uy)
uardnlsvananiednamanuiaulaanisukuazn AL fay (h,..h)

N

Ut = _J__+L>

& [Tme'l:l h“’

I NEE ]
(T T ) (T + T7)

(g +0.00591 N*h )+2N+f- (/ )+o1335 -N

wnuA I8 U, = 7.5 wim™°c



K 0.05
U, = 4 = — = 1lw/m?%
s 0.05
U, =U+U, =825 w/m?%
* 5% T3
.= 14 GT““ = 825 w/m*%
$4 AT
R, mg.D),
A%

It D, = 2% Arundretesainia
=2%007 = 014 m

A =05x007 = 0.035 m’
0.02*0.14
©0.035%2.04*107
=J53G7%
o 0.8
. N, =00158 R,

u

=11.84
N *K

hclh-f = hcl f =/
’ 4 Dh

_ 11.84x0.0259

0.14

= h,_,_ % 1
v

3.94 w/m?*c

(o]
=218 w/m?¢c

I

o h __ 394 =032
h+U_ 394+0.25

0
mC

G G
mlni = Ty +(ra)—L - || —P— () —- 1—exp
Up || ULF A, UL

T

= 445 °C

FI
Tomlmi = "‘((Ta)GT = Dlpl Tie —Ta)‘*'Tfm) =45.8%
h

delf Tfm,lmi - Thn

fm, mi

= 0.68
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T =T
delp & pm,lmi pm - 096
Tpm,lmi

. delf W@y delp > 0.01
Aanluad Toeli 7, = 445°C uaz T, = 458 °C
AUITUAT U, U, U, h hF Aunseia delf uaz delp < 0.01

Talden T, uar T, 8anu antiuduanen

' (raY)G-r 1 exp| TAULF

‘J o]
L mc,

2*0.81*L sin (ﬂ) *(Tf.out - Tzl J%

=T+

t.out

> | = * *
wae myud = pp S Ao{

T, *(1+A})
e my, lmi-my
my, nu
a4 del > 0.01 Awanulud Taa st

My = My i HATUNAT U Uy U R B F
Tomsd + Tom, uad ATWIUAUNTEN del < =0.01

RAUGANIINIL

anmsAwandle T, =749 °C T, =54.3°C

f.out

(o]
Wae  m = 0.011 kg/s

(2) ARUUaRsINIT arasanialulaasannnismaaas

(2.1) Aannmeaes i T, =385°C T, =54.0°C .

Jout

WA V = 0.249 m/s

° 3
AU P, 1.292-0.004*385 = 1.138 kg/m

o
m

p f,in*V*A|

1.138 * 0.249 * 0.5 * 0.07

=0.010 kg/s

. gnsnariuaannnimmasasiAunlaaliAiaEaida s = 0.010 kg/s



2 Ausudnsnrinaludaasiaeldrrauivgintseentassndnls

AW P

m

(ot = 1.292:0.004 T,

1.292-(0.004*54.0)

1.076 kg/m

. v
2*981*L sin(BN(Ty o - T,) |2

T f1-Al

.out

- * Ak *
Cd Ao pf.oul {

= 0.012 kg/s
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