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ABSTRACT

The purpose of this thesis is to analyze various shapes of solar receiver in order
to compare effects of solar receiving geometries on optical characteristic and
efficiency. This study focuses on five geometric solar receivers including 1.conical
2.spherical 3.cylindrical 4.dome and 5.combined between cylindrical and conical
shape. The best shape providing the highest optical efficiency is evaluated by
consideration of solar ray characteristic and heat flux distribution. The controlled
parameters of the receivers are identical of receiving diameter and surface area. In the
numerical investigation, the receiving diameter is 10% of solar concentrator’s diameter.
The solar concentrator has rim diameter and depth of 3.20 m and 0.67 m, respectively,
and reflecting area is 9.32 m?. The parabolic dish prototype gave concentration ratio
of 132. Comsol multiphysics program is used to simulate the ray trajectories and
receiving area optimization based on the principle of finite element analysis (FEA). The
solar intensity for simulation is 700 W/m? (Intensity average per year in Bangkok,
Thailand). The results showed that the conical shape provided the maximum heat flux
and optical efficiency while the focal point should be located inside the receiver at
the ratio of 0.940-0.953 (receiving position per focal point location). The conical
receiver with solar receiving diameter of 30 cm gives maximum power received and
efficiency of 90.9% and 5887 W, consecutively. In the experimental test hold to heat
transfer’s principles, copper tube was coiled as spiral cone with the receiving area of
0.42 m? In the experiment has super heat occurs when that vapor is heated above its

boiling point. The highest power received is 14.6 kW and receiving efficiency is 81.7%.
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U3unel 27.1% L.Lazmmﬁfﬂﬁu 9 1w A0 Uszana 1.9% w¥suaduusmanlavifiunesn

o A

ﬁ]’]ﬂWNE]WﬁG]EjLﬁju‘W5@&'1‘14‘17‘1'1(;7\]’1ﬂﬂﬁﬁgﬁl’mﬂﬂmﬂﬁ’ma?EJ‘U‘fJ@ Uﬁﬁ%mﬁmﬂﬁgwqmﬂﬁﬁ%m
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aumaluladilelunsidsundsnuuasefinodundaulilaenss dowwas
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EJ Tud 2009)

PRI ULAIDINNYNNINIBARLNUN 1 AIF10UAT TADaUsEU 48,490,000 TR LA
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(2) fh3u¥ednasoniingvastsalivinuusiamnsluda Fa5on “FrsuSAuuUTIanng
Tuda” (parabolic trough) fidnuazituilasen feuluvessidlam 1meTaidauauds
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Receiver / Engine

Reflector

gﬂﬁ 3.5 1A 1@ILARINSIULAT AT oULATingea U TUAR
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3.5 AUTBULAZWANIUAINTaU (Heat and thermal energy)

1Y '

) & ) o = ' A A o A
NasuNely A wasuiausvesszuuludieszuuluiinisiedsuniakuuiiau
f WAUIMAETYY LAk NEIUTUATET NEMUAT LaENAUTANIINANMILASEA WU
) A A a Y] v ! =) Y] A a
N398R v3eBRaUS NaWIUAINNTEU (Thermal energy) Wuauvilavendsnungluiiin
INMIAVRULUARUNNITTDITEUU NTADIENGINUAIINTOU (Thermal energy transfer)
Lﬁjuﬂ1smmsté’mummsauﬁlﬁmmﬂmmLmﬂmNsumqmmﬁizmwizwﬁ’uﬁqmaam
! ! [ ¥ ng & [ dl & = ¥
AMFEIRENAINUANLTaUTD1AN Tndsnuneluvesssuuasukuasvsalunle
A 11 ANUTaU (Heat) dnazluiilanainisaSuienisanamndsauanndenialuddn dq
il Wufie “n1sluavesniiuseu (Heat flow)” Wdunsagimndinuainingnigamad
A9 F9TUAUTIUT U T UANT I UAII LN VDINE I UAIUTOUBAL A TAIDNUNE 197U
ANUTBU UUILVBIUSUIUAINSBU (Q) Nlynurlufe waas3 (Calorie ; cal) Faduusunu
AuseuANIgun)ivetNia 1 Ny Tgaumgiifiauain 14.5 ssmigaidya Uiy 15.5

[

peAwadya st Alawnass (Kilocalorie; Keal) agtdudsunuainusaunnilvuiuia 1

Alan3u Sguugfiiiinain 14.5 ssanwadea LUl 15.5 ssmuwadea (1 Alauaass = 103

Y

a a

WAae3) nulgveImuseulusruUImMNTIuYeIsInguhie Uiy (British Thermal Unit ; BTU)

< a

Fanunefiavinnaanuseuiniivun 1 Yaua doamgfivinein 63 ssmvsulen luidu 64
aarisulen Weswinanusawdundsanu Jausadeunuglunimuuunie laauus
42AN WU 9a BldnAsou- 1an 1830 w3e Wa-Uoun Mellanuduiusszniniinaeiuay

MILUDINAIUNANIAIINNTMAGEIURIRa Joule) Ap
1 calorie = 4.186 J (1)

HATNE NI auyanavenuseu (Mechanical equivalent of heat)
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dediusadsanulussuuidena wasnuunaugydeluluguuuuvesanuseu iy
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1 anlufindsnugadslulunlvsanivugiazaiui dumamyuea wasudngvewIa
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ALMTUNUNTURANIAUUN a1nan9veannasldusyey h nasudnenandsluas
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lngaseiviavatazaungiiiudy lngaasivesdnaiuninaasdlamiiu 4.18 ane

NSU-D9F ALt E



28

g'dﬁ 3.10 ﬂﬁmmaaqmmamgaizmwwé’wuﬂaLLazWé’amum’]mau

fan (USuu§931n Serway, 2008, 1 555)

3.6 ANYANTBULAZAINFDUINNIE (Heat capacity and specific heat)

ileanslasunnuseugmilasiiudulansuazanlafuuSunuauseusnnneedl

Y vy
Y

Han ansiinnisildeuaniug (Phase) Melidusgiuanuganuseuvesasunazyilngaly
Wiy AURANINTEU (Heat capacity; C') wWuUSinamemaanuanusounivn Anaamgl

YOIA1TLA G LANTU 1 Dergalded starsunazsinnein1suTuiandssuausoul

' 1%
a =
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¥99U1 1 N3 Ao 1 wAADIReBIAATYE LLazmmagmm;awaam%uau 1 nSu Av 0.12
wAADIREDIA LTS YA

ALISOUINY (Specific heat; C) Lﬁuﬂ%mmﬁi%ﬁaaﬁqmiuwﬂﬁﬁ@ Felonundu
mmqmm%uﬁwﬁwma aiUSInaInLTeU Q wUne Qﬂmmﬂﬁﬁuma m Alanfuuan

n gaumgideuld AT AnugauTeuasEs Ae

_ @
c = AT 2)

NAUNT (7) AT UUSNIUAIIUTOU Q NENNIUILNINEITUIE M AUFUInNaD

waan gaumgiaeuly AT Ju

Q = mcAT (3)
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3.7 Ausaunkle (Latent heat)

415074 9 %:ﬁmnﬂ?%auuﬂmqmmmamaLﬁaﬁmsﬁwmmm;auiwdwamfuﬁ’u
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- AusoukiaInisnatawdule (Latent heat of vaporization; L,) WuuSuueing
v dl v v dl v 2% Al 1
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a

waguluas

- ANUTaULENYBINISNaRUWaT (Latent heat of fusion; L) sluuSunaanuseudlvly
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3.8.1 N3UIAUTBUY (Heat Conduction) AB UTINYNITUTNGIIUAIIUTOUNELLY

(% '
= [ v v o

Aeluinguils q veseneingaesundudaiu lnedian19weInIsAdounvaInaey

pusouInUInaiitoundadufuinaiigungian lneddnalufinmaedeud
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dudnwagnsmemenuseunuresdwvionuvedlvaiiegfuillasnssannguidlugdn
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Part Condition Setting
Number of ray per release (N) 1000
Wave length 660 nm
Threshold intensity 1x107 W/m?
Initial condition Maximum disc angle 4.65 mrad
Surface slope error 0.875 mrad
Ray Intensity 700 W/m?
Source power 6524 W
Absorption coefficient 0.1
Concentrator dish | Smooth radius 0.01m
setting Initial polarization Unpolarized

Mesh element size

Coarser (0.129-0.61)

Receiver setting

Thermal conductivity 16.2 W/(m:-K)
Young's modulus 1.9 GPa
Heat capacity 490 J/(kg-K)
Coefficient of thermal expansion 1.6x107 1/K
Refractive index 1

Mesh element size

Extra fine (0.00482-0.112)

*MEJ’]EJL‘VW!

Source power =

17 '
a v

NIVWNNUATUAT

9.32 m? x 700 W/m?

6524 W

NUNSULAIUDIINU X ANANUINTIFVDIND1TINELRREI8TN
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. . ﬂi\?ﬁ 1 ﬂi\?‘ﬁ 2 ﬂi\?‘ﬁ 3
AU
f23u
LLﬁ\‘ia']ﬁﬂEj Tfocus Tinside 'rl Tfocus Tinside 'rl Tfocus Tinside 'r'
(Hadung)
910 541.3 | 440.8 | 81.43 | 540.2 | 441.1 | 81.65 | 539.2 | 443.7 | 82.29
920 538.0 | 441.1 | 81.99 | 539.2 | 440.2 | 81.64 | 540.7 | 440.8 | 81.52
930 541.7 | 439.1 | 81.06 | 542.2 | 438.7 | 80.91 | 540.5 | 439.4 | 81.30
940 5379 | 437.2 | 81.28 | 540.1 | 439.1 | 81.30 | 537.2 | 436.6 | 81.27
950 542.2 | 438.2 | 80.82 | 540.1 | 438.7 | 81.23 | 537.6 | 437.1 | 81.31
960 540.5 | 434.3 | 80.35 | 537.3 | 437.6 | 81.44 | 538.6 | 436.3 | 81.00
970 538.6 | 400.2 | 74.30 | 539.0 | 403.7 | 74.90 | 537.3 | 404.6 | 75.30
980 539.4 | 366.2 | 67.89 | 540.7 | 372.5 | 68.89 | 541.2 | 368.4 | 68.07
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5.3.3 HANMINITVAFRIMNEINUNTUTeIRITULAt N JUNTINTIY
lun1snaseandinuiilasuvesdifuuateing JUNTINTIL NUIUNN VeI

Wndwsesaunangleseudeindudulonssenuilatsnisesnvemenauns lngindnsn
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Y

7o WaRIPINISI9N 5.3
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fia3u
Lkﬁﬂaqﬁﬁlé Tin Tout AT Tin Tout AT Tin Tout AT
(Hadiuns)
910 51.3 | 298.3 | 247 46.7 | 301.1 | 254.4 | 44.3 | 302.2 | 2579
920 517 | 268.3 | 2166 | 50.2 | 2654|2152 | 443 | 260.2 | 215.9
930 50.5 | 265.1 | 214.6 | 52.7 | 263.3|210.6 | 54.6 | 2737 |219.1
940 41.7 | 253112114 | 40.1 | 2534|2133 | 44.3 | 2623 | 218
950 539 | 269.1|2152| 50.1 | 2648|2147 | 56.5 273 | 216.5
955 50.2 | 2634 | 213.2 | 51.7 | 265.8 | 214.1 44.3 | 259.3 | 215
960 55.2 | 268.1 | 2129 | 48.9 | 2638|2149 | 525 | 260.8 | 208.3
970 56.2 | 224.7 | 1685 | 61.3 | 2309 | 169.6 | 57.5 | 223.1 | 1656
980 48.6 | 184.3 | 1357 | 534 | 180.3 | 1269 | 518 192 | 140.2
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o Ny A3a91 A39912 P393 Ladey
Aa5uLLE9R9Ing
. (kW) (kw) (kW) (kW)
(Haawuns)
910 14.54 14.67 14.73 14.65
920 14.22 14.22 14.30 14.25
930 14.21 14.15 14.22 14.19
940 14.28 14.31 14.32 14.30
950 14.18 14.22 14.17 14.19
955 14.20 14.29 14.23 14.23
960 14.23 14.13 14.17 14.17
970 13.63 13.63 13.64 13.64
980 13.27 13.43 13.37 13.37
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Abstract

This paper presents design and analysis of solar receivers in order to investigate and
compare effects of solar receiver geometries on optical characteristic and receiving efficiency. This
research focuses on five different geometric solar receivers including 1.conical 2.spherical 3.cylindrical
4.dome and 5.combined between cylindrical and conical shape. The best shape providing the highest
optical efficiency is evaluated by consideration of solar ray characteristic and heat flux distribution.

The controlled parameters of the receivers are identical in aperture diameter and internal surface
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area. In the numerical investigation, the aperture diameter is 10% of solar concentrator’s diameter and

the solar concentrator has rim diameter of 3.20 m. Comsol multiphysics program is used to simulate

the ray trajectories based on the principle of finite element analysis (FEA). The results showed that the

conical shape gives the highest heat flux and optical efficiency while the focal point should be

located inside the receiver. From the analytic results of research can be used to design the suitable

solar receiver and develop solar receiving performance.

Keywords: Solar receiver, Ray tracing, Receiver’s shape, Solar collector.
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