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Abstract: Solar water heating systems differ from other renewable energy systems in that their monthly solar
radiation values and hourly radiation values fluctuate. As a result, after 10:00 a.m., the solar water heating
system's operating hours are restricted to roughly 4-6 hours per day. This research's primary goals are to
create a hybrid water heater, investigate the temperature of the hot water used, and assess its financial
worth. The flat-plate solar collector used in the developed hybrid water heater is made up of two primary
parts: a hot water tank and a solar collector. Water is circulated between the hot water tank and the solar
collector in the hybrid water heater. The 40-liter hot water tank and the 2x1-square-meter solar collector are
angled 15 degrees. The experiment's solar radiation intensity is 900 W/m?. It is set up for senior citizens'
leisure and recreational activities in the Bang Yo Subdistrict Elderly Club, Bang Yo Subdistrict Administrative
Organization, Samut Prakan Province (Herbal foot soaking). On April 8, 2025, the experiment was carried
out, and at noon, it began to accumulate heat. After one hour ("At"), the water temperature in the hot water
tank was 59.77 °C in the absence of an additional heat source, and it could reach a maximum of 154.06 °C
in the presence of an extra heat source. According to the economic research used to calculate the hybrid

water heater's payback period, it would take about 6.6 years.
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(TOY, = VE=REMWBusmasn an LR agl

¢

IRIINILTA L WINANNTENUAIAINT U

v

e

FTWNULDES (W/m?)

)

& A v & oA A ¢ P
Agc = AWNVBINUNUIIFDINGEL (M)

a a Ar v
U =an ﬁllﬂitﬁ‘ﬂﬁﬂ’]iﬁfg L{EAINTOUIINAN

Aa @ & @A a 6 o
= gunpianussRenfiad (°C)
Tamo= AWWDARIUIARDY (°C)

o

m, = denmbimeni WM A UTReTad (ge)

Cp =fnaY AN BUI W VRN (JkgK)

T, = gamniveniuhdanuiideiiad ¢C)

T, = pampiivanieenanduiuisieiad (C)

9. lunsdjifammndfaduiuisianfiad (T,)
0 l@Aa T8N AIRIIUTUAIRNNITAINEI LA e

819 %a A1871U52naUN1TAIAINNTB® (Heat

Removal Factor, Fg) Gailunnusunusvasganmndl
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Y Ad e o & ea A & o A
PWINLVIAINUIIRDIN A @GLL@@\{L%@QJT—]’]T‘H (25)

QSC =FR (Ta’)e IT ASC - FR ULASC (Tf,i -Tamb) (25)

e F, Anaateneumsasemnusawd usesuwasenu
FoUN 19 239MAUAUTIFNT T A OWRINUANNTAUN
anaandulasdwiuTiFafiad A1 Fr ianwasasoiy
AU TR NT WAVDIA A UITIF 017 a8 ik asanid uan
2 ATFIUVDING FUANNT DU IF AW INUANNT DY

A o v & o A A & o <
gagani wldanaAuTIRaNA O a9t w
daAnTmwaniussferfnad (Ne) lwmaiian

Saululrlselomt asuaadlugumsn (26)

Nsc = Qsc / Asc = FR(TO)e— [Fr Ui(Ty; -Tarp) / 1] (26)
& A o o ¢ A &
ARININNINTUIANNTFNANUINIIAUAATRN T
FERIIIAT Nee WAE  (Ty; ~Tam) / I @D
AR NNINADDULTILRWIZLAW LGN N FUN T
@”aﬂd'naglugﬂaumiammunﬁuma Y=-aX+b
1apen -a = -FRU ABAINTY WAT b = FR(TO), fia

' o o P
ANA0AALNY Nec AIFUN 4

Nsc
A

~———— Intercept = E (‘t(‘x)t
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I
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1. 598508805183 UV 0 LA auLN B8N (H)
WinNU 21.25 MJ/m2.d

2. @hmﬁaﬁm: (Ggo) W¥INNY 1,372 W/m?

3. axfaasAmIuInITEIudIUALILE TINIA
sYYILINMS () Winnw 13.68 N 138 100.56 E

4. @dulIeANT a, = 0.792, a, = -0.250, b, =
0.189, LAz b, = 0.471 Y8ITINTAFYNTLUIINNT
(Feufisuifssvasdaniansanny)

5. aunusIFefagnulufald (v = 0)

6. @‘i’uﬁu%’aﬁmﬁmzl(ﬁﬂaaluﬁ'uﬁfuﬁuwhﬁ'uuqu
azfigavesasfnITuInIIEIREILALIIEE TI9T0
sy (B =13.68)

7. @Tal,ﬁu%'ﬁmﬁmﬁmaaguuv{uﬂaun% P,
Wiy 0.8

8. ailAuTIReNaduuuiSoudanrg
(TQ) LN 0.802 wazA1 Fg U, = 10.370 W/m2.K
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9. @hmmﬁ;mm%”am‘hwaz"uaaﬂiﬁ (Cpuw)
WAL 4.2 kJ/kg.K

10. vw@saAD (M) Winiy 40 kg

11. sannisinavasindudafusidondiad
(M) ¥NU 2.0 L/min

12. §uUseANTNsENIMAIL TauTINY IR
finih3au (UAg;) tnniy 16-20 Wi°C

13. vaa2a WK 11a58 (Auxiliary Electrical
Heater) 4142% 2 auduw1a (Quuy) NN 4.4 KW

[

14. gumnATNNG (T,y) WAL 30 °C

A

15. QURNARIUIAGDN (T,) LY 28 °C

U

ummamﬁmﬂ:ﬁ

PUADUN 1) WIAWNWIBNVDILA DULU B (n)

PMINTNN 1 WL AR DN EUTAWINNU15

Tuaanh 2) drwramyuenatuTs (8) Nl

ea A a

yuszwivdunibirasnnefiadiinessios naeviy
AU LITEWLBIAAAES WINRUNT

8 = 23.45sin[(360(284+n))/365]
WNWEN & = 23.45 x sin[(360 x (284+15))/365]
qumﬂﬁmf'ﬁ;u -21.27°
dunouil 3) ﬁwmmmgwﬁ'ﬂmﬁ'm:mﬁmﬁ
ANAH (W) ﬁ'l,flm;umﬂﬂszﬂmzm'\am{aﬁmqﬁu
Ay

WIINRFNNIT Wg = cos™ [-tan(P)tan(d)]

LA Wg = cos™ [-tan(13.68)tan(-21.27)]

yumluafinszafindandn 84.52°
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Tuaaui 4) ﬁwmmmﬁﬁ'&ﬁmﬁmﬁLﬁaagjuaﬂ
duussznmelan (Ho) #1N&UNI
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LA
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TUADUT 5) S1UIHRIANTIFNTZI8I TN
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-28.3422 x (21.25/29.11)%-31.4546 x(21.25/29.11)*
+ 46.4421 x (21.25/29.11)*
ANTIFNTZANILIN 17.15 MI/m?h

TUAOUT 6) S NANTIFATITETY (Hy)
wWINEUMI  H,=H- Hy
VAN H, = 21.25 - 17.15
ANTIFATIILIN 4.1 MI/m*>h

Tuau 7) Fenenadf a wae b Aigenfieng 9
YaaLlszne Ing wanaums a = a, + a, sin(Ws - 60°)
WNUAT a = 0.792+ [-0.250 x sin(84.56 - 60)]
fnsi a = 0.69

AIIMNFNUNIT b = b, + b, sin(Wg - 60°)
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UNUAT b = 0.189+[0.471 x sin(84.56 - 60)]
@asfi b =0.39

Suaaud 8) fWIUMIINFILL PIINFUNT

B = 360(n-1) / 365
wnuA1 B =360 x (15 -1) / 365
fn B =13.81
$#1A1NFNNIT E = 9.87sin(2B)-753cos(B)-1.5sin(B)
WNWAN E=[9.87xsin(2x13.81)][7.53xcos(13.81)] -
[1.5 x sin(13.81)]

N = -3.09 min
WINNENMI
Solar time-Standard time = (4[Lg4-L oJ+E)/60
WNHAT Solar time-12.00=(4x[105-100.56]-3.09)/60
NANgIYE = 12.24

00U 9) fuIriin W lagazdldyinny o
ﬁna’nﬁmq’%m wszudazta lusdienringy 150
WINNFNNIT Weyiar tme=W12.00 (15 A tsorar e / 60)
LNIAT Wsoiar time = 0+[15x (24/60)]
fi W Ny 6°

duaoudi 10) S sEnuetalus ()

I8 [(a+b) cos(W)][cos(W)-cos(W)]

|
H 24

WINRUNIT =—X 2MWgcos(Ws)
sin(Wg) -—————
360
LNUAT
1w [(0.69+0.39) x cos(6)][cos(6)-cos(84.56)]
21.25 247

[sin(84.56) _ 2nX84.56 x 003(84.56)]

360

fssETIuTesala 3.12 MI/m2h
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YUABUA 11) AUmATIEnEMeT N (1)

Iy b1 [cos(W)]- cos(Wy)]
PWIMNRUNIT —=—X 2MW; cos(Wy)
Hy 24 sin(W)———
s 360
, lg U [cos(6) - cos(84.56)]
W — = —X
2TT x84.56 x cos(84.56)
17.15 24 [sin(84.56) 0 ( ]

a$aFnszeTetalag 2.35 Miim?h
Tuaaui 12) fMuwramnaneFassatalug (1)
wmnaums 1, =1 — 1,
LNIAN I, =3.12 -2.35
MfiFasmutalus 0.77 MUm2h
mgumau‘ﬁ' 13) AU THAAN Ry A191n8UNT
cos(0) = sin(8)sin(¢)cos(B)

- sin(&)cos(¢)sin(B)cos(y)

+ cos(8)cos(d)cos(B)cos(w)

+ cos(8)sin(¢)sin(B)cos(y)cos(w)

+ cos(8)sin(B)sin(y)sin(w)
WNUFN cos() = sin(-21.27)sin(13.68)cos(13.68)
- sin (-21.27) cos (13.68) sin (13.68) cos (0)
+ cos (-21.27) cos (13.68) cos (13.68) cos (6)
+ cos(-21.27) sin (13.68)sin(13.68)cos(0)cos(6)
+ cos (-21.27) sin (13.68) sin (0) sin (6)
1 cos(B) L¥iNNL 0.93
HBIIMNRUNIT
cos(B;) = sin(8)sin(d)+cos(5)cos(h)cos(w)
WA cos(B,)=(sin(-21.27)sin(13.68)
+c0s(-21.27) cos(13.68)cos(6)

¢ cos(0,) iy 0.81
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WIMINMIT R, = cos(0) / cos(D,)
LNAN R, =0.93/0.81
f R, WAL 1.15

AT 14) SnwmmnanisFonfiadetalug
PunszuBe (i) manaun1s
Iy = LR+ Iy[i+cos(B))2) + Py(ls*) ([1-cos(B)2)
WNWAN  11=[0.77x1.15]+[2.35x([1+ cos(13.68)] /2)]

+[0.8 x (0.77+2.35) ([1- cos (13.68)]/2)]

A mfasneT Al anUuTEnUB 89 324 MUnPh
3.24 x 10%3,600 W/m? WinNU 900 W/m?
Tuaaudi 15) Auwimmsansiismayou
YoIMLNUTIROANY (Qge) WIIMNIUMT

QSC = FR (Ta)e ITASC - FR ULASC (Tfi - Tamb)
LA Qgc =0.802 x 900 x 2 —10.370 x 2x (32 — 28)
BATMMINENANNIBUVIR AL IFAE 1.36 KW
Tuaaufl 16) A WIIDATINIFYLFEAY
SouaIt AU (Q ) WIRINENMT

Qrow = UAst (Thw — Tamo)

LNEN Qow = 16 x (32 — 28)
0a3INNIFTY \FoaauTauasdafiuii 64 W
Wiy 0.064 kw
TuAand 17) §1un mmqmwgﬁﬁﬂuﬁ'«ﬁu
(ToasA7) NITH LR UAR 90 NUTBUESN PINFNMNT

Trwsdt = [(Qsc = Quoss) AU (MgrCPu)] + Ty

WNUAT T = [(1.36 — 0.064) x 3600 / (40 x 4.2)] + 32
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