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D ped by: A iate Prof Dr.N Chaiyat Benzaky 2016 : Solar Water Heating Systern |

Initial condition
Start water temperature (Tuy 7an) 30.00 °C
‘Year day (for year have 365 day, n) and solar radiation
Daily global radiation on a horizontal surface (H) MJImZ-day
Location
Latitude of solar collector location (&)
Longitude of solar collector location (Ly.)
Local constant coefficients a4
a;
by
b
Atitude (B)

Azimuth ()
hput

-

Calculate solar radiation

Reflectance of the foreground (p)

1
1 F
1k
Tt
=
EXE
5
g1
Fol
5
Bt
&
ot
or o 0 o 0 0 o 0 o] o o 0 o 0
0
6:00:00 8:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00
Time
Capacity of storage water tank (Vra,,) 150.00 L

Type of solar collector Input -

Heat romove factor (Fr(ta))

Heat loss factor (FaUy) Wim*K

2

Area of solar collector (Ag:) m

Mass flow rate of hot water circulate in each solar collector (Msg yng) kgis
Heat transfer of storage (UA) 3.00 WK
Number of solar collector (Ngg) 1.00 Unit

Number of each solar collector row (Nsg sgres) 1.00 Unit

Number of each solar collector collumn (Neg parsrer) Calculate number of colurmn

Volume flow rate of supplied hot water (Vss) Optimal mass flow rate Lis
Temperaiure setting of auxiliary heat (Ts,,) 60.00 °C
Heat rate of auxiliary heat (Qa,,) 0.00 kw
Using of useful heat (Qsy, and Tsy,) 1.00 KW 80.00 °C
Different temperature of supplied hot water 5.00 °C
Different water temperature to cut pump 1.00 °C
Filling water temperaiure in siorage fank B g | 30.00 °C
Time Start j| Stop j | Step j | Period j
Calculate hot water temperature | Calcuate from measuremented T |

Hot water temperature (°C)
Iy (W/m?)

0.00
Time

Hot water temperature (Celcius) Time It (W/m?)
0.00 0.00 0

v

{ o a 4 a @ a J
gﬂﬁ 1.1 TU50n5uUUa0IN NANAMEAT TS UUNAANIS D UNAINTULAI0INAY
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Y
fage 11l
1. n@1jy _ Benaky2016: SoarWater Healing System | e 1) e udumalfau Tl unsy
o = 1 ay [ Y o [ [ o [ d'
HAZMNITANATNUTTUAN <) 3J1U1'J'€T'I1/iﬁﬂiflﬁﬁﬂﬂ'liﬂ'lu’.]m ﬂillﬁﬂiiugﬂ‘ﬂ 1.2
o A A o
2. Tl'lﬂ'lﬁm'ﬂﬂm@u{luﬂ'liﬂ'luﬁﬂl (‘Vi?J']EJLﬂGU 2)
3. lunsdindeamsnlasuasmsadsouseiulumuiszau ldvimsud lvar luaed Daily
global radiation on a horizontal surface (H) (V1181a% 3)
v 9
4. ymsdendmunianaalunmsmuin ey 4)
AAyY A 1o v A Y ° Y o Y ' ' '
5. ﬂluﬂiﬂlﬂﬂﬂ\iﬂ"ﬁlﬂﬁEJHLL‘]Jﬁ\‘]ﬂ']@l"lllﬁu\iﬂ@l\‘lﬂluﬂ'ﬁﬂ']uﬁm ﬂl‘ﬁ‘VI']ﬂ"Iillﬂll"Uﬂ']GluGIf@\‘]ﬂ'N 9
Y
a1l (e 5)
e Latitude of solar collector location ((1))
e Longitude of solar collector location (L,,.)
e Local constant coefficients (a,, a,, b, 440 b,)
o Attitude ([3)
e Azimuth ()
Developed by: Associate Professor Dr.Nattaporn Chaiyat 1 Benzaky 2016 : Solar Water Heating System
Initial condition
Start water temperature (Tyy Tank) 30.00 °C
Year day (for year have 365 day, n) and solar radiation 2 <l v|

Location

Atitude (B)
Azimuth ()

Latitude of solar collector location (¢) 5
Longitude of solar collector location (L)

Constants coefficient aq

Daily global radiation on a herizontal surface (H) 3 - Mmez-day

4 Chiangmai -

a
b1
b2

Y
(4 a

A A A o oA 3y o A o
Elh/] 1.2 M@ NADULAS AT HUINAIUDITE UUNAAUITDUNAINTULEIDINNY

o A o £ Y v A a  da 2 Y A A a4 X
MMdonanyueNUazNoUVDITITOINAINUINNTIIAARY (ABUNTA AUNTDNY
W) Tumsiuna (ineas 6) dwaaalugld 1.3

o ° 1o A < ° v A Y a 3 o
mmsmuumsidoiagsed luaveudow tazdunianasszuunanidound 1y

a 4 = a Sy Y o
ueoind (vunaay 7) Tagarsaderiadi ldannmsmuinezgnuaamalugiuuy

davlu Worksheet.Data two1i1 111491160 11)
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Reflectance of the foreground (p) 6 | Concreat0.8 - f

i Calculate solar radiation 7

900

798 812

774

800

700 -

600 -

500 -

400 -

300 -

Solar radiation (W/m?)

200

100

0 . . . . . . . . . . . .
6:00:00 8:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00
Time

A =) v Ady 9 v A a da A Y o 1o A a J
51 1.3 MFANANHUSNUASNDUUDITITDINAYNUIINTILLIAADN LASNITATUIUAIIITDINAY

U

o ° v A Y a 39 o A ¢
j'lﬂalf'gill\?ell@\ua@ullagG]'lllwu\?ﬁﬁ\cligﬂﬂwaﬁu'ﬁ@uwa\°|\°|1ullﬁ\°|®11/]§5]ﬂ

3y

o A v < ° o @ A
8. 1/I1miim’0ﬂﬂ?1ﬂ@li"ﬂ@ﬂﬂQlﬂuu1§6u1uﬂﬁﬂ1u’gm Mg 8) ﬂ\ulﬁﬂ\iiugﬂ% 1.4

o A v I o a Ay = '

9. ‘Vl'lﬂ'lil'ﬁ@ﬂﬂiglﬂﬂﬁjlﬂﬂﬁﬁﬁuﬁﬁﬂ'lﬂ@ﬂ (MuaLav 9) GLUﬂﬁﬂ!W@@Qﬂ'lﬁLﬂﬁﬂullﬂaﬂﬂ'l
o v I w A a d @ Y Y o 9 ' ' v
ﬂﬂ!ﬁﬂ‘]&lmg"u@\iﬁ'Jl,ﬂll5\1@1’@’]1/]@]31,!@3@ﬂ‘]%lmgﬂ'lﬁslf]ﬁl'lu lemmmﬂhleumsluﬁlmmw 9
Y

Asa 11l

e Heat remove factor (F(TQL))

e Heat loss factor (FyU,)

e Area of solar collector (Ag.)

® Mass flow rate of hot water circulate in each solar collector (Mg ;)

) [ a £ [ Y v < 9o’ 9 A A
10. mmsﬂ@umﬁnﬂszﬁ‘nﬁmia18mmmmuimmmaQm‘ums’e)u vy 10) Tunsain

Tiivhasunlvszuvezfoun 3 wik

[ o [ a c'g’/ { 1 o
11. shmstleusuunssusidernadnavue Gy 11) lunsain luhmsud lvssuuee

floua1 1 Unit

I 9 '

12. imstlouiuuunsiusideriaonasesnisaeeynsy (vueay 12) Tunsain luinis
ud luszuvazilouan 1 Unit
o o o [ a . 1 8’,

13. MMSMUIUIIUIULDIVOUNIS VS ITOINAINADYUIUNIHUA (HU18aY 13)

o o @ g = ] Y A
14. 1/]1ﬂTﬁﬂ1u’Jﬂ!’éJG]i1fﬂiul,“ria"II’EJ\11!11/]ﬁ]$u1’t]’t]ﬂulﬂcl‘]5ﬂu°l/llﬂn1$ﬁh (v 14)
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Heat loss factor (FrUL)

Capacity of storage water tank (Vrank) 8 150.00 L

Type of solar collector 9 Evacuated tube vl

Heat romove factor (Fr(ta))

2

Area of solar collector (Agc) m
Mass flow rate of hot water circulate in each solar collector (msc unit) kgls
Heat transfer of storage (UA) 1 0 3.00 WK
Number of solar collector (Nsc) 1 1 1.00 Unit
Number of each solar collector row (Nsc series) 1 2 1.00 Unit
Number of each solar collector collumn (Nsg pararen) 1 3 Calculate number of column

Volume flow rate of supplied hot water (Vsyp) 1 4 Optimal mass flow rate

JUN

15.

16.

17.

18.

19.

20.

21.

22.

v v A a J

v g ) @ o T
1.4 ﬂ’ljlaaﬂﬂ]u’l@]ﬂQlﬂﬂuqiau ﬂjglﬂ%mﬁ]Q@jjﬂ5\1ﬁ®1ﬂﬁﬂllagaﬂymgﬂqiﬁajju

4
o o o 9y 2 eye
1/11miffauamw yugag qﬂsl,uﬂ151/1'1\1Tl!"l]’t’)x‘l"l]@]ﬁ’)@ﬂ'ﬂlliﬂulﬁiﬂ (Auxiliary heater)
a % 9 1 Y a %7} 9 [ a J
mmumimmmwﬂumiauiammzuuwammiauwawmumamm (rwgav 15)

Tunsdid lusimaud luszunagilous 60 °c dauaaslugilii 1.5

v Y
mmsteusasimilianuiouvesvaarannuiowasy dmfumsmuguugiiniiou
1 [ a 9o' 9 [ a J dtd' 1 o
SMAUIEVUNAATNT O UNFINULEI0INAS (Maneaa 16) Tunsain luvimsud luszuuae
flounm 0 kw

Y

minstoudnsinnudeuveanisldanunay amwnmmiaumummmmﬂ SATRELIT

(Miveav 17) Gl,uﬂimm"luﬁwﬂ”lsuﬁ'"lmiwmzﬂ@um 1 kW 118z 60 °C uaay

a

o 1 ?,‘ { [ J a sol [ a o
mmstlounaasguugiideuldauindudigszuunaaihdoundsnuuasoriag

U
? v

4 [ ° a 9°I [ a d o o
dofeunugurguinionldiueennnszuusanindoundinunaseriad d 1wy
srupLUDYA (Close loop system) (vxnetay 18) Tunsaii luviinsud lvssuvaziloun s

0
C
@ @ v 3y

o 1 a Y o a J o
‘Vl'lﬂﬁ'ﬂ@uWﬁGﬂ\‘]@il!WQ1]1!1%}@uﬂ@ﬂﬂ1ﬂl!ﬂﬁiﬂid%ﬂ'ﬁﬂﬁﬂ Uuﬁaﬂummuuﬁau Uin

Y
o

Q% v Ve o
’e‘memei’éJuﬂaaﬂmmmﬁuNﬁ’em/wmmjemwgum%auiummuuﬁj@u flﬂ’l@]’lﬂ'ﬂﬂ’l

U

9 '
Hay ﬁﬂwﬂuﬁﬁaqu@ﬁwm wegav 19) Junsain luvmsud lvszuvezdeoun 1 °C

9
a a v

o o 1 a g o a Jd o o
mmsteugauugiiuAunauang sz uNaMToUNEIUNEI01NAG SIS UTZ VUL
(2la (Open loop system) (Muerav 20) Tunsain luvimsud lvszuuaziloun 30 °C
lddmsunmsavdoyalunnuninudasnanounmsmiuin (e 21) 39 Taglnaiile
o o ' Y dy o Iy 9 ' [ o 9
szuwiimsaa ldnounihil i ldiideyalsingeglunmunimednou il
v 4 ] v & o
yuaswansmualvduediu mamsifeuaenudoyani aaiualsiinsaudoya
[ o 1 g‘/
ARUMIAIUIU THUNNAT
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Filling water temperature in storage tank

21
22

Clear gharp |

20
| 6:00AM j\ 6:00 PM || 1or - | 3days -]

30.00 °C

MAEJO University
Temperature setting of auxiliary heat (Ts.:) 1 5 60.00 °C
Heat rate of auxiliary heat (Qauy) 1 6 0.00 kw
Using of useful heat (Qs,; and Tsyp) 1 7 1.00 kW £0.00 °C
Different temperature of supplied hot water 1 8 5.00 °C
Different water temperature to cut pump 1 9 1.00 °C

Time
A A v 9o’ 9 v v o A a Jd [ [
c?‘]J“I/I 1.5 MI@asnNIUIaIUNUUITOU ﬂﬁzlﬂﬂﬂlﬂﬂﬂ'ﬁ‘ﬂ3\1@7@11’195]ﬂllazaﬂ‘]ﬂﬂ!zﬂ’]ﬁﬁﬂﬁﬂu
° ! Calculate hot water temperature 4 o A% 9 v 2% Y
23. Vl'lﬂ'liﬂlll LW@ﬂ']H'Jﬂ!Qﬂ!ﬂﬁﬂu’]ﬁ@uiuﬂ%ﬂﬂu’]ﬁ@uﬂ’]ﬂ
Aoyan1e 9 1eAU (Mueay 23) aadalugili 1.6
AA Y ° v 1w A a o Y o o ° a?y
24. ﬂluﬂimﬂﬁmmiumamamaﬁlmmim@mﬂﬂmh mm‘umsmuamqmwgummuiu
v a3 ¥ o 1w a L [
mmum%}eu (ﬁ']ll']ﬁﬂﬂ']ﬂ']ﬁﬂﬂueﬁjﬂafﬂﬂ']i\‘]a@']ﬂﬂﬂiu Worksheet.Average IT tagan
QUNYNOINIANUIARDO Y1 U Worksheet Average Temp) 19 6 n @ 1] u
Calculate rom measuremented IT ‘ﬁ'mﬁﬂﬂugﬂﬁ 17
Time | 600 AM j| 6:00 PM j‘ 1hr j ‘ 3 days j
23 Calculate hot water temperature | Calculate from measuremented IT |
80 900
T0 800
060 700
g 600
£ 50
i 500 E
=40 B
8 400 <
g 30 -
= 300
EEO 200
0 100
0 Q0 o0 Q0 Q QO Q0 Qo QQQ Q9 9 @ 0
NE‘“"“"”ET;JDEZEEE(JE"'*“’WSﬂfo
= ° a?y v & ¥y ) a =
qﬁlﬂﬂ 1.6 wam‘imuamqmﬁgnmiauﬁlummumiauiﬂElmimammmm’qyg
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Time

6:00 AM

Calculate hot water temperature |

j| 600 PM j| 15 min j| 3 days -

Calculate from measuremented T

| 24

Hot water temperature (°C)

<
S

=)
=

w
S

s
S

w
=

=
S

o

[=

1200

1000

800

600

I; (W/m?)

400

200

OO NO VMO NN NONOMONONONOMNDNONSNOWKNDNO
o A R = e R e A R A L
R R R - e R I = I e
_____ SR=R4 S22 ZERAS sSsxzat
Time
Hot water temperature (Celcius) It (thz)
29.96 25 8
29.96 9

A o a?dy o g ¥y Vo A A dAn Y o
:.‘iﬂ‘ﬂ 1.7 wamsmmmqmwgumiau“lummumiauiﬂﬂmiqﬁmmﬂm"lﬂmﬂmimn’m
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UNN 2

M IUsunsumenonnInos

o a 4 a ¥ [ a 7 @
I‘ﬂiLLﬂiﬁJLL‘]J‘]JiﬂﬂE)\ﬁ/]'lﬂﬂmﬁﬁ'lﬁﬁii%iﬁJNZ‘W]H'I%)E)HWENQ'IHLL?N@W]@EJ Imynan Tdsunsu

J @ a 14 [ dy
Excel (Worksheet) 52unu TUsunsuNeAUNIADS VBA (Modules) ﬂ\iﬂ@llﬂu

2.1 Worksheet

2.1.1 Design Thermal (hour)

B H S -

Solar auxiliarly heat6 (Basic) - Excel

FILE HOME INSERT ~ PAGELAYOUT ~ FORMULAS DATA  REVIEW  VIEW  DEVELOPER  LloadTest  Team

== X, Cut

e =_mE . - . o om e 3
Beo e o Ak S=E v Fwere P tomaz 885 [ioma é & 2
Pasts - - A === & L. o o  Conditional Format Insert Delete Format
2t ¢ Format Painter ITu- - D-A- = = = Merge & Center ~ B2~ 9% » 0 .% FD""""a't;?:;_ ‘};’E:’E * eutra nsert Delete Format | o
Clipboard 5 Font n Alignment 5 Number 5 Styles Cells
14 - I
A B (¢} D E F G H I
1
2 Developed by: Associate Professor Dr.Nattaporn Chaiyat Benzaky 2016 : Solar Water Heating System
3 Initial condition
4 Start water temperature (Thw Tank) 30.00 °C [
5 Year day (for year have 365 day, n) and solar radiation [ ]v
6
7 Daily global radiation on a horizontal surface (H) MJ/mZ-day
8 Location [ ]'
9 Latitude of solar collector location (¢)
10 Longitude of solar collecter location (Lioc)
1 Local constant coefficients aq
12 az
13 b1
14 L2
15 Attitude (B)
16 Azimuth (y)
I Input v
17 Reflectance of the fareground (p) |
18 Calculate solar radiation I
19 1
20 1
21 1
22 R
=
23 £
5
24 £t
T
25 2o
5
26 g0
27 L]
2 T o 0 0 0 0 0 0 o 0 0 0 0 0
29 0
6:00:00 8:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00
30 Time
31
32 Capacity of storage water tank (Vsr) 150.00 L
33 Type of solar collector Input ]
MAEIJO University 8
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34 Heat remove factor (Fr(a))
35 Heat loss factor (FRUL) W/m?-K
36 Area of solar collector (Asc) m?
37 Mass flow rate of hot water circulate in each solar collector (Msc ynit) kgls
38 Heat transfer of storage tank (UAsy) 3.00 WK
39 Number of solar collector (Nsc) 1.00 Unit
40 Number of each solar collector row (Nsc series) 1.00 Unit
41 Number of each solar collector collumn (Nsc pararen) Calculate number of column
42 Suitable mass flow rate of supplied hot water (fhsyp) Optimal mass flow rate kgls
43 Temperature setting of auxiliary heat (Tse) 60.00 °C
44 Heat rate of auxiliary heat (Qaux) 0.00 kW
45 Using of useful heat (Qsyp and Tsyp) 1.00 kW 60.00 °C
46 Different temperature of supplied hot water 5.00 °C
47 Different water temperature to cut pump 1.00 °C
. . Clear gharp |

48 Filling water temperature in storage tank 30.00 °C
. Time Start ][ stop ]| stee | [ Periea -l
50 Calculate hot water temperature ‘ Calculate from measuremented IT |
51
52 1 1
53 ! !
54 1

1
55

1.
56 8

1z
57 =

0
58

0

0
59 0 0
60 0 0

0.00
61
Time

62
83 Hot water temperature (Celcius) Time It [Wlmzj
64 0.00 0.00 0
65

{ o a 4 a g [ a J
gﬂﬁ 2.1 TﬂsuﬂmLmumammmmﬁmﬁmiwuwawm%’auwamuummmﬂ

"""Benzaky: Solar Water Heating System

""""Developer: Dr.Nattaporn Chaiyatvmmmmmm

Option Explicit

Public LatitudeThailand As Double
Public SolarCon As Double
Public ODayMonth As Double
Public OSR1 As Double
Public OLat As Double

Public OAlt As Double

Public OAzi As Double

Public Oal As Double

Public Oa2 As Double

Public Obl As Double

Public Ob2 As Double
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