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Thermal efficiency enhancement of a heat pipe evacuated-tube solar collector by
installing a compound parabolic concentrating reflector
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Abstract

The goal of this study was to study the thermal efficiency enhancement of a heat pipe evacuated-tube solar collector
by installing a compound parabolic concentrating (CPC) reflector. The reflector was composed of two distinct materials:
galvanized sheet and stainless steel sheet. Eight vacuum glass tubes with inner and outer diameters of 33.80 mm
and 47.20 mm, and a length of 1,836 mm were utilized with a CPC reflector height of 86.20 mm. The results of
studies comparing the thermal efficiency provided by solar water heating system (SWHS) with and without CPC reflectors
revealed that installing CPC reflectors could increase the heat quality produced by the SWHS. When CPC reflectors
made of galvanized sheet were used, the system’s thermal efficiency reached its highest. In addition, when it achieved
the highest hot water temperature that the system could provide. The method utilizing CPC reflectors constructed of

stainless steel sheets was discovered to be the most appropriate.

Keywords: Solar Water Heating System (SWHS), heat pipe evacuated-tube collector, Compound Parabolic

Concentrating (CPC) reflector.
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Figure 3 Length of the CPC reflectors when installed

3. MIANRRNIINATDY

nmygfinnineasavazidwninase vl

£ '
A o v

WEUNRINUAINTDU LL@:QM%mmiauﬁwﬁm‘lﬁmr}

a

13 TaunaIBLEIaNfial NAnIlTaAUSIE

a 6 ] s A v & oA a 6
anfiaduandnanu 3 Juuy A (1) dAniuSiFarfiaduuy
waaaugameasfiariaanaion (Liinsaasunin

v o A a € a &
axviauiifenfinduuyztszneuwinlua) (2) @ufiu
SFofiaduuunaeauiigyyimaziaviaanuion A
midaduruaziauisierfindunugddsznaumnlum
P [l s a a & o A a 6
AMIINUHUFINEE waz (3) annuisdenaduuy
wagauiIgyyIMasiariaanuian NINIAAAILNY
szfiouisiorfinduuuztsznauwinluafivhainusdu

RUAWLAR

.*.
\\\\

Figure 4 Single line diagram of the solar water heating
system (SWHS)

J Sci Technol MSU

TumnaseunuldimualdUSinainegluds
q; v Lild v [ ada a 3; s 1 >
ihfaufiinaduauwiuadedfidiinashludayiiy 100
897 LATLARZTUUMBUA MR IaT T Iave st TauH%
nuSsRenfiad da 1 619 3 LPM (Rasdawl) (asiia
A8 1 LPM) (mm@lﬁwﬁzymam'mﬁaﬂmué'@‘ﬁm‘ivlm
d9na de tunsdendansnanidannswaann
1 (1 LPM) lumdasinisluags (3 LPM) Aidsazvinldiiu
LLmIﬁmaaé’@mmmﬁ"auua:qm%nﬂﬁﬁ,ﬁ’auﬁLcﬁaaﬁﬂ
iTaundald wazazidunuwimelunsihdannslnaly
lrdselomidaldldluawag) laszunsunmsnazavating
BUEaIaY Figure 4 mimaauvléfeﬁ’n,ﬁumsﬁ'uﬁﬂ“ﬁaga
6199 ARDATINITYLLIAIIENINNIU AILELIAIIAT 9.00
9 15.30 u. a3 gunpAwIaiew (7, ) amnndisy

A Y] mb’ 9 L U
au (T, ) asngiithgaving (7, ) asngfihaeluds
" nitia. q Y] q Final” a
TounnaatI9TzEznM TR % Mmomenesluaida
a e A a 6 v 6 v a
Type K uazuIunawisfensiad (1,) druiaafaniss
A ~ o A o o

(Reference cell) Ngn&auIAoUALLATEITAANNLTY
Fi&efiadl (Solar power meter) H%a CEM ju LA-107
lavdayadig azgniufindroiaiastiufindaludane
HIOKI 34 LR8431-20 9 1 w17l (ﬁaamwaqqﬂﬂitﬁ
@149 WaAIAd Figure 5) NadhlunsnagaudAuTeF
mﬁmﬁa:moﬁwmﬁm 17° ALUWITZAL (Funruaden
ﬁ’u@‘i'nmuldazaﬂgwaﬁm’iﬂﬁw%hﬂ Fadunasved
gouinamey) wazhuniin lunsiale



Vol 41. No 2, March-April 2022

Thermal efficiency enhancement of a heat pipe evacuated-tube solar

collector by installing a compound parabolic concentrating reflector

(e) Water pump

HIOKI LRae

(f) Reference cell

Figure 5 Examples of installed tools

a '3
NANTIIANE LAZINTNANITANE
NANNINAROULATBINNINTOUNFINULRIDINAE
9 3 NT0h BINITDUFAINANITANEN WA A7

o & o a ¢
1. N3ob (mmuiaﬁa’mmmmnwaamsﬁaamm’lmﬁ

Qo @
¥ s

riariaANTan (Mﬁm‘sﬁmé’aud%a:ﬂausdﬁ
afiaduuuglisznaunisluan)
NAN1IANBLEAIAY Table 1 Wae Figure 6 WU
ol qm%gﬁ’uaaﬁﬁ”auﬁizuuNﬁmvlﬁ@laa@maiw:nm
izﬂiwﬁuﬁvfm:%uagjﬁ'uﬂ'%mm%’aﬁmﬁﬂﬂmwia:‘*ﬁaa
I8N Twﬁé’mwmﬂmmaoﬁmyuﬁuulm:uuwhﬁ'u 1
LPM izuua:ﬁﬂszaﬂ%mwL’Tmmm%aw,aﬁlsgoﬁqﬂagj*?i'
Sauaz 18.30 7998440 o ﬁﬁmwmﬂmmaaﬁmguﬁmu
2 U8y 3 LPM a:ﬁﬂs:'ﬁﬂ%mwL%amm"faumﬁﬂag’ﬁ

fouar 15.70 uaz 15.21 awéey lasfisanmilnaves
f‘ihm‘;uﬁuuflu‘szuuwhﬁu 1 LPM 20022 810NT0LA
qmﬁgﬁﬁﬁaum&;ﬂﬁuﬁu 32.25 °C 'liiilu 44.15 °C w30
Aallundinuanuieufiszuusansonaald 4,974.20 kJ
Helesudsnmisaeiiag 527.97 Wim? fisarnslna
maaﬁwmuﬁsﬂm:uuwﬁﬁu 2 LPM 320UazmansnLfia
qmm‘]ﬁﬁﬁaumﬁlﬂﬁmﬁu 32.90 °C luiilu 46.45 °C w38
Aaidundsnuanufoufiszuuamunsanaald 5.663.90
kJ oldSusmnassderiiad 700.92 Wim? uaziigas
ms"[vxa‘*uaaﬁmguﬁmu‘tm:uuwﬁﬁu 3 LPM 32ULaL
mminLﬁ'uqmﬂgﬁﬁﬁaumﬁﬂﬁuﬁu 33.49 °C luiiu
48.30 °C aafAadlunisnuanuouiissuusnsanGa
¢ 6,193.37 kJ o ldSuLsinnissianiiag 791.48 Wim?

95



96  Sorawit Sonsaree, Kritsada On-ai

J Sci Technol MSU

Table 1 Initial temperature, final temperature, thermal energy, and efficiency of the systems (without CPC reflectors)
Flow Initial Final IT Coll Effth
Date

(LPM) (°C) (°C) (Wim?) (kJ) (%)
14-Aug-2021 1 31.57 43.40 525.98 4,946.33 18.27
25-Aug-2021 1 32.93 44.90 529.95 5,002.07 18.33
Average 32.25 44.15 527.97 4,974.20 18.30
19-Aug-2021 2 33.43 47.00 693.63 5,670.87 15.88
20-Aug-2021 2 32.37 45.90 708.21 5,656.93 15.52
Average 32.90 46.45 700.92 5,663.90 15.70
23-Aug-2021 3 33.30 48.40 807.89 6,311.80 15.18
24-Aug-2021 3 33.67 48.20 775.07 6,074.93 15.23
Average 33.49 48.30 791.48 6,193.37 15.21
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Figure 6 Solar radiation (W/m?), ambient temperature (°C), and hot water temperature (°C) when the solar water heating
system (SWHS) without CPC reflectors
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Table 2 Initial temperature, final temperature, thermal energy, and efficiency of the systems (with CPC reflectors
and galvanized sheet are used)
Fl I Eff
Date ow Initial Final T QCoII th
(LPM) (°C) (°C) (W/m?) (kJ) (%)
2-Sep-2021 1 31.80 42.20 462.94 4,347.20 18.24
3-Sep-2021 1 29.93 43.80 581.70 5,796.27 19.36
Average 30.87 43.00 522.32 5,071.74 18.80
6-Sep-2021 2 29.63 43.70 592.37 5,879.87 19.28
7-Sep-2021 2 30.23 43.60 668.90 5,587.27 16.23
Average 29.93 43.65 630.64 5,733.57 17.76
11-Sep-2021 3 29.50 40.90 633.61 4,765.20 14.61
18-Sep-2021 3 30.00 45.70 843.53 6,562.50 15.11
Average 29.75 43.30 738.57 5,663.85 14.86
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Figure 7 Solar radiation (W/m?), ambient temperature (°C), and hot water temperature (°C) when the solar water heating
system (SWHS) with CPC reflectors (galvanized sheet are used)
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Figure 8 Solar radiation (W/m?), ambient temperature (°C), and hot water temperature (°C) when the solar water heating
system (SWHS) with CPC reflectors (stainless sheet are used)
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Table 3  Initial temperature, final temperature, thermal energy, and efficiency of the systems (with CPC reflectors
and stainless sheet are used)
Fl I Eff
Date ow Initial Final T QCoII th
(LPM) (°c) (°c) (W/m?) (kJ) (%)
29-Sep-2021 1 31.43 46.70 893.76 6,381.47 13.87
30-Sep-2021 1 33.07 48.40 884.86 6,409.33 14.07
Average 32.25 47.55 889.31 6,395.40 13.97
4-Oct-2021 2 32.00 46.60 822.68 6,102.80 14.41
5-Oct-2021 2 3270 46.90 873.08 5,935.60 13.21
Average 32.35 46.75 847.88 6,019.20 13.81
6-Oct-2021 3 3377 34.50 763.94 5,280.73 13.43
7-Oct-2021 3 32.50 45.60 784.93 5,475.80 13.55
Average 33.14 40.05 774.44 5,378.27 13.49
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