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o a 4 a %’ [ a Jd o w { Y
TUsunsunuudassnundiamansszuunanifoundesnuaseiiag (S1auf 2) e lag
1 [ a 4 4

115153 Microsoft excel 39170 TU50nTUABNNUABS Visual Basic Application (VBA) 1o 1% 11n13
a ’é { U [ a 4 v 3’1
ponuuUsTUUNant o Ui 1FurasnudounnasnuLase1ing (Solar Energy) tiaziimsuiiaru
a3 v 3 oy . 2 o A A 9 A o o

Yo NI IudunUIIToU (Stratified tank) Faanbuzyed lsunsuiotlalsnusslanyuzas

weraelugii 1.1
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Developed by: Associate Professor Dr.Nattaporn Chaiva Berzaky 2016 : Solar Water Heating System (V ersion 2) |

Initial condition
Start water temperature (T .y 7an) 3000 °C

Year day (for year have 365 day. n) and solar radiation Input vl
- W/m* day

Daily global radiation on a horizontal surface (H)

Location L j‘

Latitude of solar collector location (§)

Longitude of solar collector location (L)

Local constant coefficients a,
a,
b,
b,

Attitude ()

Azimuth (7)

Reflectance of the foreground (p) Input

Calculate solar radiation

-

1
1
E 1
£
2,
€
2
7!
©
g0
5
50
A
0
0
a 0 0 0 a a 0 0 0 a a a 0
0
£:00:00 2:00:00 10:00-00 12:00:00 14:00:00 16:00:00 18:00:00
Time
Capacity of storage water tank (Vr,) 150.00 L

Type of solar collector Input -

Heat romove factor (Fg(ta))

Heat loss factor (FgU,) Wim* K
Area of solar collector (Agc) m?
Mass flow rate of hot water circulate in each solar collector (Mg yn) kg/s
Heat transfer of storage (UA) 3.00 WIK
Number of solar collector (Ns¢) 1.00 Unit
Number of each solar collector row (Nsc saree) 1.00 Unit
Number of each solar collector collumn (Nsg parmrer) Calculate number of column
Volume flow rate of supplied hot water (Vs,;) Optimal mass flow rate Lis
Temperature setting of auxiliary heat (Tsy) 60.00 °C
Heat rate of auxiliary heat (Qau) 0.00 kW
Using of useful heat (Qs,p and Tsy) 1.00 kW 60.00 °C
Different temperature of supplied hot water 5.00 °C
Different water temperature to cut pump 1.00 °C
Filling water temperature in storage tank Clear gharp | 30.00 °C
Time Start j| Stop j | Step j | Period j

Calculate hot water temperature | Calculate from measuremented IT |

Hot water temperature (°C)
Iy {W/m?)

0.00
Time

MAEJO University 2
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MNode of stratified tank _Node
Diameter of stratified tank 200 m
Stratified hot water temperature |
1
1
g
=
=
2
g1
£
i}
b
sl
&
g0
w i} =—=1lode 1 Hode 2 Hode 3 Hoded4  eege=llode 5
i}
0.0
Time
Hot water temperature (Celcius) Time 1+ (Wim?) Mode 1 MNode 2 MNode 3 Mode 4

0.00 0.00 0 0.00 0.00 0.00 0.00

~ o a 4 a F Y [ A ¢ o w A
qﬁj‘]J‘l/] 1.1 T“JJﬂlﬂi‘JJl,!,‘]J‘]JFﬂ'lﬁ63%1@ﬂmﬁﬁ1ﬁﬁiigﬂﬂWﬁ@]u'li@uWﬁﬂﬂ'lul!ﬁﬂﬁnﬂﬁﬂ (@1aun 2)

' Y
=

o a 4 a go’ [ a d o o
Tisupsunuuiiasanadiamansszuunantindeundsnuuaenag E1eui 2) vuasu
Y
M3 ldanudaae lyil
1 ﬂﬂﬂl] Benzaky 2016 : Solar Water Heating System (Version 2) ‘ WueaY 1) Lﬁ@LéﬂJﬁUﬂWicl%}ﬁ']u
o = 1 dy 1 Y o [ [ o [ d‘
Tdsunsy nazyhmsdemnugiuan q n Hdmivsessumsam awdaslugili 1.2
o A A o
2. msaenaou luNsmuIN (Muemy 2)
3. lunsalidesnsulasuutlasasedsiusietuluuurszau 19imsud lua luges Daily
global radiation on a horizontal surface (H) (V118La% 3)
v Y
4. mmsaenduruanaalumsmiuia (M 4)
Ay A 1T o A g’/ o Y o kY ! 1 1
5. lunsdindesmsnlasuuilasadumiangalumsmua 1mmsud lva lugesas o
9
aage il (e 5)
e Latitude of solar collector location ((1))
e Longitude of solar collector location (L)
e Local constant coefficients (a,, a,, b, LL8% b,)
o Attitude ([3)

e Azimuth (Y)

MAEJO University 3
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Developed by: Associate Professor Dr.Nattaporn Chaiyat

Initial condition
Start water temperature (T Tank)

Year day (for year have 365 day, n) and solar radiation

Daily global radiation on a horizontal surface (H)
Location

Latitude of solar collector location (¢)
Longitude of solar collector location (Loc)

Local constant coefficients

Attitude (B)
Azimuth (7)

Reflectance of the foreground (p)

Benzaky 2016 : Solar Water Heating System (Version 2) |

30.00 °C

3 - M’ day

april vI

Chiangmai vI

aq
az
by
b

I Concreat 0.8 j

9
%

{ o ] { a H [ a J
51N 1.2 fﬂiLﬁﬁlﬂla@ullﬁgﬂﬂlﬂuﬂﬁﬂ\ﬂlﬂﬂ3$‘U‘UNaﬂuT%ﬂu‘WﬁﬂﬂTul!ﬁﬂ@Tﬂ@lﬂ

U

o A ) & Y} o a A oA A ¥ A A A &
MINS@ADNANHUNUAZNDUYRITITDINAINUIINTIIAGON (ADUNTA AUNITONY
v lumsmuiu (e 6) aaaalugili 1.3

° ° Y A o < ° VoA Y a 3 o
mmsmuumsidorniagsess Tusveudon tazd A uuNann o unay

a @ 1o a A Jdyy °
uaee1fiad (nueay 7) Tasasederiadn laninmsiiuaaszgnudaswalugduuy

daavlu Worksheet.Data two1i1 11149116011/

Reflectance of the foreground (p) 6 I Concreat 0.8 - f
Calculate solar radiation 7
1000
900 -
800 —
T 700
£
RN
5
s 500 |
©
2
® 400
5
S 300 b
s
200
00
0

6:00:00 8:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00

Time

A A [ ,i' Y (=} a P A 9y o (= a J
qﬁlﬂﬂ 1.3 MIENANHUSNUTSNOUUDITITDINAYNUIVINTIULIATDN LLASNITATUIUAITITDINAY

o ° v A a 3 o A o
31&1%311]QGU@QLa@uuagﬁﬁ']llﬁuqﬁGN535Uﬂwaﬁu']%j@uwa\‘]\ﬂullﬁ\‘]@1ﬂﬁEl

3y

o = v g o [ [ ~
mmsmeniTuasvesnunuinoulumsmuim (Mwav 8) muﬁﬂﬂugﬂw 1.4

o A v v A a 4 A Y = 1
mmsaendszinnaunusiauaienag (vueav 9) Gluﬂ'iﬂ!“l’lﬂ@ﬂﬂ‘lﬁlﬂﬁﬂul&ﬂaﬂﬂ‘l
[ v 3 o A a Jd @ 9 Y o 9 ' ' '
ﬂﬂ!aﬂ‘]&lmzﬂlﬂﬂﬁﬂtﬂ‘u5\1@1@11/]%&1&@3ﬁﬂ‘]&iﬂ!$ﬂ1§1‘]§\‘]1u GlWﬂWﬂ'lillﬂulsUﬂflu‘]f@Qﬁ%‘] 9
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aaao 11Tl
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e Heat remove factor (F(TQL))
e Heat loss factor (F U, )
e Area of solar collector (Ag.)
® Mass flow rate of hot water circulate in each solar collector (Mg ;)
o T W a £ 1 9 v %’ 9 A
10. ﬂWﬂTﬁﬂ@uﬂWﬁﬂJﬂﬁ%ﬁ‘Wﬁﬂ'lﬁﬂ'lle‘l’]ﬂ'J'liJﬁ@uﬁ'JiJ‘ll@\?ﬂ\Hﬂ’Ulﬂﬁf)l! My 10) Tunsain
laishmsudlvszuuaglounr 3 wik
o o v v A a a’g’/ A " o
11. VIWﬂ'lﬁﬂ@u‘mu'JullNﬂﬁ‘U3\1ﬁ'@1°ﬂﬂﬂ‘ﬂ\‘]‘ﬂuﬂ (e 11) GlUﬂﬁmVIllilﬂ'lﬂ"li!LﬁﬂlsUﬁgﬂ‘Uﬂg
tfoua 1 Unit
o o v v A a P 9 1 A " o
12. 1/]"Ifﬂiﬂ’f)u%']u')ulmﬂﬁ‘ﬂﬁﬂﬁﬂ']'ﬂﬂfJVW]’Eanﬁﬂﬂﬂuﬂﬁﬂ (v 12) “luﬂim‘n'lummi
lemigﬂﬂﬂgﬂ@uﬁ'l 1 Unit
o o o v o A Ja a’;
13. 1/11mimmmmmuua’Jﬁumumﬁmﬂ?’fammﬁmE)"uummwm (M 13)

o o o 3 A o Y A
14. msauaeas1ms lnavesitneziesn 1 1dnunmungay muneay 14)

Capacity of storage water tank (Vsr) 8 1,000.00 L
Type of solar collector 9 Egciaediebe 'l

Heat remove factor (Fr(tc.))

Heat loss factor (FrRU\) Wim?K
Area of solar collector (Agc) m’
Mass flow rate of hot water circulate in each solar collector (Mgc unit) kals
Heat transfer of storage tank (UAsr) 10 3.00 WIK
Number of solar collector (Nsc) 11 10.00 Unit
Number of each solar collector row (Ns¢ series) 1 2 1.00 Unit
Number of each solar collector collumn (Nsc pararen) 13 Calculate number of column

Suitable mass flow rate of supplied hot water (rhsup) 14 Optimal mass flow rate kg/s

v v A a J @ 1

{ v g H J '
5‘1Jﬁ 1.4 ﬂ’]ﬁla@ﬂmu’]ﬂﬂ%ﬂﬂu’]%}ﬂu 15210 NU0IRITUS T NAGLAZ AN HULNITABTIN

U

4
A o

15. mstleuguugiiiigegalumsiauvesvaainniudoutasy (Auxiliary heater)

Q a Q

Y g .

o o A A o @ a H o A 7
dsumsmuguugiidousiunuszvunamihdoundsnunaceriad (vuiea 15)
Tunsain luhmsud lvszouezdeus 60 °c duaaalugld 1.5
1 9
16. simstfoudaiinmis lianuiouvesvaadannuiowdsn dmsumaiugurgiiiiou
1 9 a %‘ 9 [ a 4 aa 1 o
FIAUILVUNANTNT O UNFINULAIINAS (Maneway 16) Tunsain luvihmsud lvszuues
floua 0 kW
° o ) v ady Y o Ayw DRI
17. siimstleudasinnuieuvesmsldaunazguugiiiidoudumndesnisldiniou

weav 17) Tunsain luhmsud lvszuvazdoun 1 kW uag 60 °C audiau

v
A o 9

o 1 { @ J a 3 [ a 4
18. ﬂWﬂTﬁﬂGUWQQWQQﬂ!ﬁﬂﬂJU i’fJ1‘!1“195}\‘1111!17]ﬂﬁ‘UlGﬁl'lgﬁg‘U‘UWﬁﬁNW%jﬂuWﬁ\?\?'lullﬁﬂf]'lﬂﬂﬂ

U

E a Jd o [

] Y
Lﬁ@t“ﬁEJ‘Uﬂ“]J’QfL!‘Vi{]iJ“L!'l%}’éJ“L!51“15\1'l'L!’fijﬂ%1ﬂ'§$‘]JUWﬁﬁuW%@uWﬁﬁﬂu!LﬁﬁﬂWﬂﬁﬂ qIn3

2
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s2uuuuUTa (Close loop system) (Mune1av 18) lunsaii laiimsud lvszuvaeiloua s

o
C
Qg v A [

o 1 o a d ¥ v & ¥
19. imstlouraangungiithieussnanuresusidernadnuindouludunuiidou win

Y

a g 9 d' v o A a o a 50} 9 v %,’ 9 a1 'o [ 1
@mﬂﬂﬂu15@uﬂﬁlﬁlﬂﬂ1ﬂlmxﬁﬂ5\1’€T’E]TV]§5]EJﬂ°]J@il!‘ﬂ{]iJ‘L!ﬁE]LlTLliNLﬂiJﬂWiE]u UAININIAN

v I ] i 1o ! 0
taggh ltunideoungariau mneay 19) lunsain biiimsud lvszuvagdoun 1 °c

a?¥ a v 9

o 1 a H (% a Jd o o
20. imstouguugluinaunduingszuusantidounasnunaeing dmsuszunuyy
2la (Open loop system) (Mneav 20) Tunsain luvhmsud lvszuveziloun 30 °C
Y o [ 9 ' o =< a A
21. lgdmsunisavdoyaluumumnuaainanoumsmiula (vuieay 21) 9 lagilndie
[ o ' 9 g o Yy 9 ' 1 [ Y
szuuiimsmiuaa ldnouniil sz Inlideyalsingeglunnunimednou vl
9 1] Y
vuaswansmualnduidiu mamsifeuaenudoyani aaiualsinmsaudeya
9
AouMImUIn InNNIATY
] Y
22. MIMSE0NTINAUTUAULAZHYANT IFIUVDITZ DY TIUNIFIIDINTAIUIULDY

9
J2YLINNMIAUIUNINUG (Miveiav 22)

Temperature setting of auxiliary heat (Tse) 1 5 60.00 °C
Heat rate of auxiliary heat (Qayy) 16 0.00 kW
Using of useful heat (Qs.p and Tsyp) 17 2.00 Kw 90.00 °C
Different temperature of supplied hot water 18 5.00 °C
Different water temperature to cut pump 19 1.00 °C
Filling water temperature in storage tank 21 Cleargharp | 20 30.00 °C
Time 22 | s00am j‘GUUPM | 1 j‘ 3 days -

v v A a J @ 1

A v 3 o @ 1
gﬂﬂ 1.5 ﬂﬁLﬁ@ﬂ"llUMﬂdLﬂUHﬁﬂU ﬂi$mWUENGl’JTlJﬂ’dm“ln@ﬂllazaﬂymzm’mm’m

Calculate hot water temperature

o U A o a?y v ]
23. 1/l1miﬂu LW@ﬂWH'JmQﬂ!WQNHW?@HiuﬂQLﬂUuWi@H%Wﬂ

pyan e q TAY (Mueay 23) awaaslugili 1.6
9

e

9
Aa o

{ o Y] T @ a o o [ o
unstindesmsiwanisasaiansideiadun 1y dmsumsmuiaguugitidoulu

U

—9

24.

v 3 ¥ o 1w L 1
dunuiideu (musainisdoudeyanisade1iad1u Worksheet Average IT 1Az

Calculate rom measuremented IT

QUNYNOINIANLIARDOY U Worksheet Average Temp) 1@ 6 n @ 1] u

auaaslugili 1.7
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23 Calculate hot water temperature Calculate from measuremented IT |

160 1000
== Hot wajerfemperature (Celcius)

Hot water temperature (°C)
- =} 00 5
(=] (=] [=] 1=}
o
a
g
Iy (W/m?)

)
S

o

A ° ad y v < 3y T woAa a J 2
310 L6 mamsmuragurgiihiouludunuihioulasmssdernadnianguy
Calculate hot water temperature | Calculate from measuremented IT | 24
140 1200
== Hot water temperature (Celcius)
120 —— 1T (W/m?2; 1000

H
=)
S

0

=1

=3

o
=3

o
5
I; (W/m?)

60

-
=)
=3

40

Hot water temperature (°C)

[
=1
=3

20

o
Sy

25. Tﬂiuﬂm%31/1’1miﬁmuﬂfﬁmau%’ummqmwgﬁﬁﬂuﬁ’qLﬁm?w%’au”lj”ﬁ 5 Node #4'4]
mmiamﬂ"’lm]”@gacluéﬁmﬁmdnﬁ"lﬁ (Ve 25) ﬁmaﬂﬂugﬂﬁ 1.8

26. ﬁmﬁﬂeuu,é’umuﬁm‘fﬂaNmmﬁ’mﬁuﬁ’ﬁeu muoay 26) lunsais ldshmsud sz
azdfoun I m

o o 1 ] 1 ¥ @ ] ¥ '
27. ﬂmﬁmuﬁmqmwguuﬂuﬁvumﬁ 9 ma&uﬂummuuﬁ’au IﬂﬂﬂTﬁﬂﬂﬂN

Stratified hot water temperature

(mneiay 27) aaaadluzaln 1.8 uazgwanisauiuly

sUnuuanavuaznsmidu vznaaslugld 1.9
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Node of stratified tank 25 _v

Diameter of stratified tank 26 200m
27 Stratified hot water temperature |
542.39 -270.18 0.00 0.00 0.00 T1=138.23 37856.89
-270.18 540.59 -270.18 0.00 0.00 T2=137.39 32.33
0.00-270.18 542.39 -270.18 0.00 T3=136.54 281.89
0.00 0.00 -270.18 540.59 -270.18 T4=135.68 31.51
0.00 0.000.00 -270.18 540.59 T5=134.81 36221.10

~ o a ’.! ] 3’; a g cl v %’ 9
g‘ﬂ‘ﬂ 1.8 WamImUIUGUUYNUVULINFUVDIQUHYUUT LUDIUNVUITDU
160
140
g
5170 N
= g
g, 100
g
2 —
B 80
&
=
g 60
b=
o
£ 0
g
I
20 —#—Node1 =#=Node2 Node 3 Node4 —#=Node 5
[
£888888828888882888888888/g88888888888888888e88s888888s88888888¢8¢88
erwogDdorrergagggI-NrTmereasodnzienEe g oc T e reagodnrnene
Time
Hot water temperature (Celcius) Time It (mez) Node 1 Node 2 Node 3 Node 4
30.57 6.00 54 30.32 30.25 30.19 30.13
33.93 7.00 218 32.3 31.85 31.41 30.96
40.57 8.00 418 36.94 35.65 34.36 33.08

=).

i1

o a3 v g A ¥ v ¥ 1
1.9 WamsmmmQquuuummmwummqqunuﬂummum%’au WU INTNN 9

Sant
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uni 2
[ a d
ﬂ'l'i‘l/‘lﬂluﬂ‘ljillﬂiu‘vnﬂﬂ@NW'J!ﬂi’]i

o a 4 a ?,’ v a d o w {
Tﬂmﬂsmmmmmmqﬂmmmﬁmswuwa@m%’auwawmummmﬂ (awmﬁ 2) R

W 11J51n54 Excel (Worksheet) 32300 T151n5um19noui 1905 VBA (Modules) aigao 111l
2.1 Worksheet

2.1.1 Design Thermal (hour)

H 9 = Solar auxiliarly heat11 (Basic) - Excel
HOME  INSERT | PAGELAYOUT =~ FORMULAS DATA REVIEW VIEW DEVELOPER  FOXITPDF  OFFCAT
A B colors ¥ Ll 53 Width: |Automatic -| Gridlines Headings [ =
Aa L, it
_1 AlFonts @ FE ID E;‘ [ EE"; $ [ Height: Automatic =| [ view ] View . U L e
Themes — Margins Orientation  Size  Print Breaks Background Print 3 scal G ) Bring Send  Selection Align Group Rotate
Effects - - - Aea- - Titles cale -| LJprint CLIPANG Forward - Backward < Pane -
Themes Page Setup 5 Scale to Fit 5 sheetoptions % Arrange
K10 - N3
A B (9] D E F G H 1
1
P D ped by: A iate Professor Dr. n Chaiyat Benzaky 2016 : Solar Water Heating System (Version 2)
3 Initial condition
4 Start water temperature (Thy Tank) 30.00 °C
5 Year day (for year have 365 day, n) and solar radiation il ]V
6
7 Daily global radiation on a horizontal surface (H) MJ/mZ.day
8 Location Clirgme ]V
9 Latitude of solar collector location (¢)
10 Longitude of solar collector location (Lisc)
11 Local constant coefficients as
12 a
13 by
14 by
15 Attitude (B)
16 Azimuth (y) )
17 Reflectance of the foreground (p) I CENEEEOE ]'
18 Calculate solar radiation
19 1000
20 900 -
21 800 -
22 700 b
=
23 R
s
24 B 500 -
2
25 ® a0 |
5
28 g 30
27 200 -
28 100 -
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) 1,000.00 L
33 Type of solar collector (SRR 5D j
34 Heat remove factor (Fr(ta))
35 Heat loss factor (FrUL) Wim?-K
36 Area of solar collector (Asc) m
37 Mass flow rate of hot water circulate in each solar collector (rhsc unit) kgls
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38 Heat transfer of storage tank (UAsr) 3.00 WIK
39 Number of solar collector (Ns¢) 10.00 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 kg/s
43 Temperature setting of auxiliary heat (Tse) 60.00 °C
44 Heat rate of auxiliary heat (Qa..) 0.00 kw
45 Using of useful heat (Qsyp and Tsyp) 2.00 kW 90.00 °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
49 Time | 6:00 AM j| 6:00 PM j| 1 hr j| 3days -
50
Calculate hot water temperature | Calculate from measuremented IT |
51
52 160 1000
Hot kmperature (Cel
140 === Hot W perature (Celcius) 900
— 800
0 120
< 700
% 100 60 o~
z &
5 80 S0 Z
g 400
£ 60
Z 300
40
= 200
20 100
0 o 0
888888 288888888888888888888888888888888888888888888888888888
R e s R I B R = e I e e e i R R R = B i e e R v = P R R R I
53, Time
54 Node of stratified tank _Node
55 Diameter of stratified tank 1.00 m
56 .
Stratified hot water temperature |
57
58
27221 -135.09 000.00 000.00 000.00 T1=138.25 19069.80
-135.09 270.41 -135.09 000.00 000.00 T2=137 .42 032.34
000.00 -135.09 272.21 -135.09 000.00 T3=136.58 281.90
000.00 000.00 -135.09 270.41 -135.09 T4=135.71 031.52
000.00 000.00 000.00 -135.09 270.41 T5=134.83 18127.40
59
60
61
160
140
5
o 120
g 100
g
&2
8 80
8
]
g 60
o
g
£ 40
8
kS
20 —8—Node! —#—Node2 —#—Node3 Node4 —@—Node5
! 288888888888888888888¢88/883838338888888888888888888888888388888888888888
ersagddrridndagggEiy-aafnersoagddardnuadggygyiaasneocsoagdiddgngn g
Time
62
63 Hot water temperature (Celcius) Time It (WIm?) Node 1 Node 2 Node 3 Node 4
64 30.57 6.00 54 30.32 30.25 30.19 30.13
65 33.93 7.00 218 32.3 31.85 31.40 30.96
66 40.57 8.00 418 36.94 35.65 34.36 33.07
[ v [
ﬂd T]J o a 4 o a o ¥y v a Jd o o A
Jun 2.1 FUNTULUUADINNAUAFANT IS UUHNAAUITOUNAINULAIDINGAY (1AUN 2)
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