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ABSTRACT

This thesis presents an experimental study on the performance of a solar heliostat for a
solar tower system. This system is usually equipped with the multi-heliostats which are located at
the appropriate locations. These heliostats are independent to each other. The heliostat works as a
reflector to direct the sun ray to a receiver which is fixed on the tower. The more number of
heliostat used, the more solar intensity on the receiver is obtained. The daily average solar intensity
depends on the important parameters, e.g., number of heliostat, feature and properties of reflector,
locations of heliostat and receiver. These parameters affect on the incident area on the receiver.

This research aims to determine the performance of a prototype solar heliostat which is
closed to the actual system size to assess its reflection accuracy. Two types of heliostat, flat and
concentrated types, were fabricated and used in this current study. The Influence of angle
parameters which affects on the reflection performance was studied. To satisfy the objectives, the
heliostat controller system was designed and installed in the experimental setup. The control system
in this study is used to adjust the heliostat position by using the calculated solar azimuth and altitude
angles.

The experimental results show that, for flat plate heliostat, the intensity efficiency is
varied between 0.5-0.7. For concentrated type, the experimental results show that the maximum
intensity efficiency occurred at noon with the maximum value of about 11 and the average intensity
efficiency is about 9. It can be observed that the intensity efficiency of a concentrated heliostat is
higher than the flat plate type about 6.5. In addition, all reflected radiation areas are on the receiver
area, it can be concluded that the reflection accuracy is acceptable.

Keywords: heliostat, solar energy, solar collector, solar thermal.
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Time Fh Va eff
10:00 36.098 27.049 0.510 48.63 0.661
10:30 38.412 22.921 0.493 48.2 0.667
11:00 40.307 18.362 0.556 47.8 0.672
11:30 41.742 13.424 0.540 47.44 0.676
12:00 42.680 8.194 0.617 47.13 0.680
12:30 43.091 2.785 0.615 46.87 0.684
13:00 42.963 -2.668 0.621 46.67 0.686
13:30 42.294 -8.024 0.585 46.53 0.688
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16:00 31.714 -29.687 0.617 46.77 0.685
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Time AZimuth (HE) | Altitude(He) | Altitude angle changed | Atltitude angle pulse | Azimuth angle change | Azimuth angle pulse
7:59 54.222632 29.8019 29.8019 529811.5581 54.222632 173512.4232
8:00 51.816937| 34.223173 0.034741 617.617688 -0.021417 68.534273
8:01 51.730932| 34.361976 0.034676 616.468713 -0.021552 68.964911
8:02 51.644389| 34.500519 0.034612 615.31714 -0.021687 69.397236
8:03 51.557303|  34.638804 0.034547 614.162916 -0.021822 69.831262
8:04 51.469674| 34.776828 0.034482 613.005985 -0.021958 70.267004
8:05 51.381499| 34.914591 0.034416 611.846292 -0.022095 70.704476
8:06) 51.292775|  35.052093 0.034351 610.68378 -0.022232 71.143692
8:07 51.203501| 35.189333 0.034285 609.518395 -0.02237 71.584666
8:08 51.113675 35.32631 0.03422 608.350079 -0.022509 72.027413
8:09 51.023293| 35.463024 0.034154 607.178776 -0.022647 72.471945
8:10 50.932355|  35.599475 0.034088 606.00443 -0.022787 72.918279
8:11 50.840857 35.73566 0.034022 604.826983 -0.022927 73.366427
8:12 50.748798 35.87158 0.033955 603.646378 -0.023068 73.816403
8:13 50.656174| 36.007234 0.033889 602.462558 -0.023209 74.26822
8:14 50.562985| 36.142621 0.033822 601.275464 -0.023351 74.721894
8:15 50.469227| 36.277741 0.033755 600.085038 -0.023493 75.177437
8:16) 50.374898|  36.412592 0.033688 598.891222 -0.023636 75.634863
8:17, 50.279995|  36.547175 0.03362 597.693957 -0.023779 76.094186
8:18 50.184518| 36.681487 0.033553 596.493183 -0.023924 76.555418
8:19 50.088462| 36.815529 0.033485 595.288843 -0.024068 77.018573
8:20 49.991825| 36.949299 0.033417 594.080876 -0.024214 77.483665
8:21 49.894606| 37.082797 0.033349 592.869222 -0.02436 77.950706
8:22 49.796801|  37.216021 0.033281 591.65382 -0.024506 78.41971
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ol e m;;:ﬂlm FunlILUILAY Area(sg. cm) off
' X y Al A2 A3 A4 A5 A6 A7 A8 A (heliostat)] A9
1 2 2
2 9 5

O 3 5 m 1,600 | 9,800 | 6,000 7,200 1,200| 4,200 1,600 | 6,400 10,000 | 19,600 | 0.510
4 2 10
1 2 2
2 9 3

B0 3 5 10 1,600 | 7,000 | 3,600 | 8,400 | 2,400 | 6,300 | 2,000 6,000 10,000 | 20,300 | 0.493
4 2 9.5
1 3 2

11:00 2 9 4/ 2,400 7,200 | 4,800 | 8,400 | 1,200 | 3,600 | 2,400| 9,600 10,000 | 18,000 | 0.556
3 9 11
4 3 10
1 2 2

11:30 2 8 3| 1,600 6,000 | 4,800 9,800 2,400 | 5,200 2,000| 7,200 10,000 | 18,600 |0.53763
3 9 10
4 2.5 10
1 3 3

12:00 2 9 4/ 3,600 8,400| 4,800 6,600 2,000| 5200 2,400| 8,400 10,000 | 16,200 |0.61728
3 9.5 10
4 3 10
1 2 2.5

12:30 2 8.5 3| 2,000 7,150 | 4,200 | 7,200 | 3,000 | 6,600 | 3,500 | 7,700 10,000 | 16,250 |0.61538
3 9.5 9
4 3.5 9.5
1 2 2.5

13:00 2 8 3| 2,000 6,600| 4,800 7,200 2,400 | 8,400 | 3,600 | 6,500 10,000 | 16,100 |0.62112
3 10 9
4 3 9
1 2 2.5

13:30 2 8 2.5/ 2,000 | 6,000 4,000| 7,800| 3,500| 8,400| 2,500| 6,300 10,000 | 17,100 | 0.5848
3 9.5 8.5
4 2.5 9.5
1 1.5 2.5

14:00 2 7.5 2| 1,500 | 5,400 | 3,600 | 8,400 | 4,000| 7,800 3,500 7,000 10,000 | 16,400 |0.60976
3 9.5 8
4 3.5 9.5
1 1.5 2.5

14:30 2 7.5 2| 1,500 | 5,400 | 3,600 | 7,800 3,200 | 8,400 | 4,800| 7,150 10,000 | 15,750 |0.63492
3 10 8
4 4 9
1 2 3

15:00 2 8 2| 2,400 | 6,000 | 3,200 6,500 1,400 | 7,800 6,000 | 8,400 10,000 | 15,900 |0.62893
3 11 8.5
4 5 9
1 1.5 2.5

15:30 2 7.5 2 1,500 | 5,400 | 3,600 | 6,500 [ 4,000| 8,800 5,400 7,800 10,000 | 14,600 |0.68493
3 10 7
4 4.5 9
1 2 2.5

16:00 2 8 1.5/ 2,000 4,800 | 2,400 | 5,500 | 2,000| 9,600 | 6,000 9,100 10,000 | 16,200 |0.61728
3 11 7
4 5 9
1 1.5 3

16:30 2 7 2| 1,800 5,500 | 4,000 8,400 3,200 | 7,150 | 4,500| 7,800 10,000 | 15,250 |0.65574
3 10 8
4 4.5 9.5
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S 9 A do a A ¢ 9 ul Y o A
AT N 4.4 Waﬂ']fﬂfl@a'ENLﬂU"UE]HﬁWuﬂiﬂﬁuﬁqg’]ﬂﬁﬂﬁgﬂﬂu L]JENL‘]J']WN']EJ'J‘H‘W 2
Juti 24-02-56
et e m;;:?’;;u FuntILILAY area(sq. cm) off

i X y Al A2 | A3 A4 A5 A6 A7 A8 |Arecever] A9
1 2 2
2 9 5

10:00 3 9 11 1,600 | 9,800 | 6,000| 7,200 1,200 4,200 1,600 6,400 10,000 | 19,600 | 0.510
4 2 10
1 2 3
2 8.5 4

10:30 3 G 11 2,400 | 9,100| 5,600 | 9,800 | 1,400| 3,300 2,400 7,000 10,000 | 16,600 | 0.602
4 3 10
1 3 2

11:00 2 9 4 2,400 | 7,200 | 4,800 8,400 | 1,200 | 3,600 2,400 9,600 10,000 | 18,000 [ 0.556
3 9 11
4 3 10
1 2 2

11:30 2 8 3 1,600 | 6,000 | 4,800 | 11,200 | 3,200 | 4,000 2,400 8,000 10,000 | 16,400 |0.60976
3 8 10
4 3 10
1 2 3

12:00 2 8 4 2,400 | 8,400 | 6,400 | 8,400 | 2,400 | 3,600 1,200 8,000 10,000 | 16,800 |0.59524
3 9 10
4 3 11
1 1 1

12:30 2 7 2 400 | 3,600 | 4,000 | 12,600 | 4,800 | 6,000 1,600 5,400 10,000 | 19,200 |0.52083
3 8 9
4 2 10
1 1 3

13:00 2 8 3 1,200 | 8,400 | 4,800 | 8,450 2,500 5,850 2,400 5,600 10,000 | 18,400 | 0.54348
3 9.5 9.5
4 3 10
1 2 2

13:30 2 8 2 1,600 | 4,800 | 3,200 7,800 | 2,800 | 7,200 4,000 9,000 10,000 | 17,200 | 0.5814
3 10 8.5
4 4 9.5
1 1 2

14:00 2 7.5 1 800 | 3,900 | 1,800 | 10,500 ( 4,800 7,000 4,800 7,000 10,000 | 17,000 | 0.58824
3 9 8
4 4 9
1 1.5 2

14:30 2 8 1 1,200 | 3,900 | 1,600 | 6,600 3,000 | 10,400 4,800 7,700 10,000 | 18,400 | 0.54348
3 10.5 7
4 4 9
1 1 3

15:00 2 7 2 1,200 | 6,000 | 4,000 8,400 | 3,200 | 7,200 3,200 7,000 10,000 | 17,400 |0.57471
3 10 8
4 4 10
1 1 3.5

15:30 2 7 2 1,400 | 6,600 | 4,000 | 8,400 3,200 | 7,200 3,200 6,500 10,000 | 17,100 | 0.5848
3 10 8
4 4 10
1 2 3

16:00 2 7.5 2 2,400 | 5,500| 3,600 7,200| 2,400| 6,600 4,000 9,800 10,000 | 16,100 |0.62112
3 10.5 8
4 5 10
1 1 3.5

16:30 2 6 2 1,400 | 5,500 | 4,800 | 10,800 | 4,800 | 6,000 3,200 6,500 10,000 | 14,600 | 0.68493
3 9 8
4 4 10
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AT 4.5 FANITNADIUNVUDYA

¥
A

[

=
NWUNIN

a d Y o Y o {
Aumaomadaziou llduihvineiun 3

Funt 25-02-56
FLLAUY
. ) area(sq. cm)
| enunie WA eff
watch timg ;
09 A
X y Al A2 A3 A4 A5 A6 A7 A8 |receiver| A9
1 2 2
10:00 § g 151 1,600 | 9,800 | 6,000| 7,200| 1,200 4,200| 1,600 | 6,400 | 10000 | 19.600 | 0.510
4 2 10
1 2 2
2 9 3
10:30 3 5 10| 1600 | 7,000 | 3,600 | 8400 | 2,400 | 6,300 | 2,000 | 6,000 | 10,000 | 20300 |0.493
4 2 | 95
1 3 2
11:00 2 9 4 | 2,400 | 7,200 | 4,800 | 8,400 | 1,200 | 3,600 | 2,400 | 9,600 | 10,000 | 18,000 | 0.556
3 9 11
4 3 10
1 3 2.5
11:30 2 9 4| 3,000 | 7,800 | 4,800 | 6,600 | 2,000 | 4,800 2,800 | 9,750 | 10,000 | 16,050 | 0.623
3 9.5 10
4 3.5 10
1 2 2
12:00 2 8 3| 1,600 | 6,000 | 4,800 9,100 | 3,000 | 5,400 | 2,400 | 8,000 | 10,000 | 17,300 | 0.578
3 9 9.5
4 3 10
1 2 2
12:30 2 8 3.5| 1,600 | 6,600 5,600 | 8,400 | 3,000 | 5,400 | 2,400 | 8,000 | 10,000 | 16,600 |0.602
3 9 9.5
4 3 10
1 2 2
13:00 2 9 2.5/ 1,600 | 6,300 | 3,000 4,950 | 2,400 | 9,100 | 4,800 | 8,400 | 10,000 | 17.050 |0.587
3 10.5 8
4 4 9
1 1 3
13:30 2 7 3| 1,200 | 7,200 | 6,000| 9,600 3,600 | 6,600| 3,000 5,200 | 10,000 | 15200 |0.658
3 9 9
4 3 9.5
1 1 3
14:00 2 2.5/ 1,200 | 6,600 | 5,000| 10,200 | 4,900 | 6,600 | 3,000 | 5,200 | 10,000 | 14,900 | 0.671
3 8.5 8.5
4 3 9.5
1 1 3
14:30 2 6.5 2 1,200 | 5,500 | 4,400 | 9,600 | 4,000 | 7,800 | 3,500 | 5,850 | 10,000 | 15.750 | 0.635
3 9.5 8
4 3.5 9.5
1 1 3.5
15:00 2 7.5 2| 1,400 | 7,150 | 3,600 | 7,800 3,200 | 7,800 | 2,800 | 5,850 | 10,000 | 18,000 |0.556
3 10 8
4 3.5 10
1 1 3
15:30 2 6.5 2| 1,200 | 5,500 | 4,400 | 9,000 | 3,200 | 7,800 | 4,000 | 6,500 | 10,000 | 16,000 |0.625
3 10 8
4 4 9.5
1 1 3
16:00 2 6 2| 1,200 | 5,000| 4,800 9,350 | 4,500 | 7,700 | 4,000 | 6,500 | 10,000 | 14.550 | 0.687
3 9.5 7.5
4 4 9.5
1 1 3
16:30 2 6 2{ 1,200 5,000 | 4,800 | 10,200 | 4,000 | 7,150 | 4,000 | 6,500 | 10,000 | 14,750 |0.678
3 9.5 8
4 4 9.5
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12:30 10.5 1.0180 10.314 1.3090 8.021 1.239 8.475
13:00 10.5 0.999 10.511 1.545 6.796 1.1750 8.936
13:30 10.5 1.0980 9.563 1.2430 8.447 0.943 11.135
14:00 10.5 0.9780 10.7362 1.4500 7.241 1.0640 9.868
14:30 10.5 0.969 10.836 1.857 5.654 1.501 6.995
15:00 10.5 1.330 7.895 1.770 5.932 1.563 6.718
15:30 10.5 1.249 8.407 1.898 5.532 1.615 6.502
16:00 10.5 1.354 7.755 2.007 5.232 2.070 5.072
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2013 International Conference

on Alternative Energy in Developing
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(2013 AEDCEE)
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Riillnian Biangkok/King Power Hotel
= Bangkok, Thailand

i Development Institele, Thaksin University, THAILAND

gl of Thadland iNRCT), THAILAND
haks<in Ulniversity, THAILAND
iergy and Environment, Thaksin Universidy, THAILAND

127



8C1

wetuey) WETILTET D00 Iaznedin-o)
eare ) saderes 1 resetnyeniy undiiod 1 joid 15sy uouden saiy "1 joid

pueprey ] “yoyBueq ‘¢ 10z ‘el [£-0€ PIRY St s
sanuouosy Fwmdiamyg pue satyuno) Simndojasac n
ABI2U] 3ANPIIAY U0 3DUI3JU0) [eUONRUISIN] £ 107 2yl Buunp paiuasaid sey

Apjdqojduwiaby upuiuy

1841 AJ111a0 0} SISy
uonejuasald JO S_m.uﬂﬁkwu




HITS rmemancnal Corderemcs on Alemanive Bsevgy i Develojing Coomires ind Exiernging Fommmes

Friday May 31, 2003 jeont.)
Paralle Technlesd Sessloms

A Premier
T. Piremes

few Semierin Lo Fericekeand wily Dea Tiaood Cachisivey

Tl.lLI'In:I'Ah'lHa.lll'l.l-Ehnlnpi Ncafiinl w8 Tl e = CT) H. Turdee
Achospian n Hingm § Pl Thakesd
P Wi
K. Pawigs
. Poipeigs
UpeLegmiim off S oo oo B smracrer s §shpeerd 5w s Wil €1 bitiesie
Anrhraa b oo e i W, Kbarrsabi Hisk
A [-Thamg
b Urrjubieg
Niersazices of [hilags=1 &y Yok fon Proass i H:T:l"::l-ll.r T
BLA Y. Ampiii
- ¥ . P Lefawmeammii
& Sy o Forkesrores of et ISteeel Cusl ol NPC] by, kil iag ik A Thebbimiyim Tt
Arusdr Flrimails
S 4 lenStranng
TNErresd pramis Wﬁll-l\.l'rl.hwh Frinfiuliw Kowts bicfurnd Beformmg . S Thiskad
il | dasion @ Spmraitid] Weie L, Wahfoaywinn
- [T
oo - LT Msfin
Wiargre Liareersd i Mishol e Dasdee do o Pugied Soad e is
Ty — s Bilactly
BN EP g
1% F® Podm

i lly Laseikr (oo e Ssle Pambois Ureemis Conpinia f ':J!ﬂ:::':" —_—
: A Wl Haighiirph
F o ie sl Beasdipdh o1 s e 3 iwing Eifemr ol Soar Edums A Nyasplshpls 11_:| ;
Symry, \ . Framrican
Vievelaamnd i i Soplar | lgitd Mo 37mg Fagior Dainrmics Aifaiky L a——— i
mr:mi'r'_“m r-.lr.::ﬁ.u—_.,
Trimsd g irks ] AL L dyr Higas Pt e ORE L N ‘f:mu. P
Ll 8 Abbaradra Mulesls
Ay ‘Il!l_\I"l'-\-‘ Vo7 o Sibw Tt v t‘m“ 1L ¥tk acer Thadaal
3 R | =
m‘”m&hﬂ‘!HﬁHmmﬂn}Jh-ﬂ}iﬂﬂm [ i & Kianklns Thalissd
Tk alopuira) BT Wa il Solew) Bsing bcisobpbary lar Aiomisbre Farl ) L [
sl AN | . i pakagoen
= . Pabdopnd
‘ Lilixsiuk
hinihil g ef S e drengy .’.-Hmh o mztwi dv mul i,
Cesnpidtiny le Thadeul A !'"""F'I i
Y, Bewpusamin
o I, Elwaes
F 1o
P, Hinaduss
Tiahd I wmnpram i of Lt ke B N pains [ionsiee R, Trailerd
1 Ehelat
[
A C omdiirm bug uvng Wactn |henl sad ol Eptery walh Platsa Clasge o i
himarinds {5 mandasia




M F Temutienil Confenence on Alemetive Erergy in Develoging, Coonmes and Bmerging Econnmies

135 Design Modification and Optimization of Low Heed Microhydmo System for Elecincity
Giencralion 213
196 CFD Amalysis on Blade’s Performance of Propefler Hydro Tushine 214
9.7 The Design and Development of an Oscillating Water Turbine 215
Session ; Biohydrogen and Biofuel Cell
i N | Performance of Bigearban Based Eleetrodes for Electrochemical Capacitor 219
02 Deveiopment of UBFC Bincatalyst Puel Cell to Generate Power and Treat Iisdustrial
WARIEWALETS T = e X
3 Apphicaton of UB!—L-Hincatal}'.nFud Cell to Detox Sulfaie-Sulfide Rich Wastewater  22[
204 Efficacies of Various Inoculum Sources on Methane Production from
Agro-Indusirial Wastewaters sl - 1 —
20.5 Ethanol and Hydrogen Production from P]neq:plﬂ Peel by Saccharomyces Cerevisiae and
Enlerobacier Aeropenss A 223
06 Ol Pulm Wastes Hydrothermal Gasification for Hydrogen Production R -
Session : Bioenergy - Biofuel, Biogas, Fuel, Hydrogen Storage and Materials
21.1 The Effect of Alkali Metsl Cation Exchange Modified on Zeolite on 0, Adsorption
inBiopas._________ IO\~ L et
212 Co-Digestion of Seafopd Cannery Wastewater with Giyoerol Waste and Wolffia Arrhiza
iy Increase Biogas Production 228
213 Extraction of Heffum-3 by Cyclotron Process - — 2
214 A Stwdy on Performance of Direct Ethanol Fuel cell (DEFCY by Modifying the Anode
Electrode : 230
2158 Thermnodynamic Analysis of Hydrogen Production from Methanol Reforming and
Oxadation i Supercrtical Waeer - Y| E— ) |
115 Simple Conversion Method from Gasaling o B-lnﬂns Fuefea! Srosall Eng.]m‘ to Powered
Electric Genapator . o [ B . | |
21.7 Mew Binderless Durian Particleboand with Low Thermal Conduoctivity 233
Session : Solar Energy and Applied Energy
221 Electricity Generation from a Sobar Parabolic Concentrains Conpled 1o a Thermoelectric
Mdule ARG RN |
» Ad Exparimental Invesligation on the Inmd}' Efficiency of a Solar Heliostat System 238
223 Development of te Solar Liguid-Piston Stirling Engine: Parametess Affecting the
Efficiency of the Engine 34
224 Introduction of Multi-Layer Heat Extraction from Non-Convective Zone of Solar Ponds 240
223 Auxiliary Heater Sixing for a Solar-Blomass Hybeid Cooling System — 24|
3.

130



b3 Esernaties | Conference oo Alemative Ensegy in Developing Couniries and Emecging Economaes

International Scientific Committee

Prof. D Yves Gagnon, Canado—
Prof, D Iianzhong X, China
Prof, D, Masatoshi Nakamurea, Japan

il

Prof. . Eicker Ursula. Germany

A

Prof. D Joachim Peinke. Garmany

[

Prof. D, Lazzarin Renato, laly ===
Prof. Dr. A. Jagadeesh. India

Prof. D Chnstos Pagageorgiou, Greece

9, Prof. Dr. Ligiu Wang, Hong Kong

10, Prof. Dr, Kim Hyung-Taek, KEorea

L. Prof. De 2. Sibel Ordosan, Turkey

12, Prof. Dr. Somsak Panvakagw, Thatland

13, Prof, Dr, Surapong lirsttananon, Theiland

- =R ]

14, Prof. Dr Somchart Sopenmoanant, Thailand

15, Prof. Dr. Sameoeng Jakjai, Thiland

16, Prof, Dr. Tanongkiar Kiatzirrng, Thaifamd

7. Prof, I Joseph Khedarn. France

18, Prof. De. Jong Fliialakh. Thailand

19 Assoc. Prof, Dr.Bundit Fungthammasan, Thailand

Hb. Assoe. Prof, D Wattanpong Bakw ichian, Thailand

21, Assoc, Prof. D Visdimir lgaatievich Ruprianosy, Thailand
22 Assoc. Prof, Do, Suppachar Chungpaiboonpatana, Thailand
23, Acsoc. Prof. Bundit Eimmechokcha. Thia Lo

24, Assoc, Prof, [r, Serm Janjai, Thailind

25 Assoc. Prof. Dr, Sincha Thepa, Thailand

26, Assoc. Prof. Dr. Pichal Mamprakai, Thailand

27, Assoc, Prof, Dr. Batanacha Painn, Thailand

28, Assoc, Prof, Dr Peerapong Teekasakul, Thailand

29, Assoc. Prof. Gampol Prageepchaikul, Thailand

30, Assoc. Prol, Dr, K. 8. Ong. Malaysia

131



Laoeal Scientific Uommitie:

1. Assec. Pral. Dr Sumate Chaipoapat, P5LE

3 Asst, Prod. Dr. Sane Sampattail, CHU

1 s Prof. Dr. Chuleerst Kongruang, Wi

&, Assi Prof, O Tiks Buneag, RMUTE ;
5 Ass Prof Dr. Nasis Pratindong  KMUTE
f. Az Prof, Br. Mimundom Matan, W

7. Assi, Prof. Dr. Charongpen Musikovong, P51
&  Asst, Prof. Dr, Simmuch Chindaruk, KLU

0, Asst, Prof. Dr. Samchai Manecwnn. NU

k0. Asst. Praf. D Charospom mehwmusu
11, Asst, Prof. Dr. Natupol Poomsa-sd , MSU
12, Asss, Prof. Marina Mani, TSU

13, Asst Prof, D Prasong Kesarmtikol, TSU
14, Asst, Poof, Dy, Thewatchai Tepmual, TSU

15 Assr. Prof. D Usa Ciifsong, TSE

6. Asst. Prof. Dr. Koenvika Konglol, TSU

17, Asst. Prof, D, fompoh Whewsak, TEU

18 Asst, Prof. D, B:.unlqrhl:nﬁmﬂhmk TSU
1%, Asst, Prof, Dy, Wirasgkhaia En;qm;!ﬂqj.T_EL'
M. D, Chantlss Sukkasem, TSU

21 D Assdhawun Himnen, TSE

27 [ar Warian Chuay s, TS

33, Dr, Jtuposn Kaiw/0n. TSU

24. D, Chontira Sangsubun, TSL!

74, Dir. Tanate Chuichina, TSL

6. nr.thgsummq:ﬁﬂ,'rﬂfE_f

T, Die. Pisi Manzecho, MU |
26, Dr. Montana Rengsypas, BULT

20, Dr. Warit Juwifiz W

41, e, Warnt Weerapan, RS

3. b W‘mulihwgrrnhm!‘ﬁl.?

11 Dr. Katanya mmmﬁﬁ

13 e Pmc‘um»:rm-ﬂm.wun

34 Dr Withayn Pussgsoribut, RMUTH

35, Dir Snracka Charcenvai, RMUTT

36, T, Pakoen Duitkaki, Wil

132



20013 nternatbonal Conlference on Alermative Energy in Developmg Counlnes and Emerging Econcaries

Experimental Investigation on the Intensity Efficiency of
a Solar Heliostat System

A, Mpemplubpla’, ond B, Prasartkaew
Department of Mechanical Engimeening, Faculty of Engineering, Fajamangala Universty of Technology
Thunyabur, Klong &, Thunyabon, Pawtband 12010 Thailard)

ABSTRACT

Mowadays, aboul four-fifth of the world's energy
wmnge is derived from the barming'combustion of fossil
fisels as primary coergy. Therefore, it can be said thar the
facing envirpnmendal pollution, especially the glohal
warming. has aiributed fo the use of fossil fuels. One of
the best wiys to ndkdress or mitigate this seriows problem
B replacing the fossil Fuel based systems with the
renewnhle energy based systems. As it is the biggest
coergy resource of the carth, the utilization of solar
energy s, therefore, feasible and sustainahble, A solass
pawer-lower of a cemiral receiver solar collector is a high
temperature  solar thermal applicatson which can be
developed for a high capscity power plamt suitalle for the
trapical couniries as Thatlaml This paper presents the
experimental resalis of the performance st of & [-m’
solar helistat equipped with the T.dfemsheight tower.
The performance index, called intensity efficiency, was
defined amd evaluated. Two configurxisons of  mirroer
arrangement, flat and concenirated heliostar sysiem were
tesbedd. The expersmental resulls show that, in Febnaary at
the Intitude of 14.03°M, the intensity efficiency af the
fabsricared solar helioszat is aboat 7.

Keywords: Solar energy: Selar power tower; Hellosian
Ceniral receivers Salar thermal.

I TRODAC TGN

Ervironimental pollution and emergy crisis are ilss most
serious problens for all lives on our earth and they are
refates to each other. To address these issies, using
renevable energies appear as an inferesting alternative
measure. Amoag all rencwable resources, selar coergy is
the higgest source and can be wiled longer than 5,6H0
wears [1]. Every hour, enough sunlight energy reaches the
Earth to meet the world™s energy demand for o whole
vear [2]. Te reduce the electriciy consumpiion and CO;
emissions, solar energy can be possibly opted as the best
way of above problens mitigation [3,4].

O o the most promising systems of solar thermad
pavwer generation is the solar power wower sysiem, of
sometime called a central recerver solar collector, It
consists of a fizld of heliosian using continuous control
fir reflecting the incident raciation of the sun 1o a
receiver 1o heat the working fluid inside. This hoa fluid,
cian be high temperature bt o0il, can either be wsed

“Corresponding Suthor: npemplabplaniigmail.com

direcily for heat process or employed fo drive n heat
engne fir power generalion.

The key component of o solar power jower sysiem is
the heliostar feld [5). As it s a complicate and require
mary kmoawhow, the researches of solar power tower and
helipstar  field  or  even  momo-heliostal  have oot
extensively siudied in Thailand where the solor emergy
podential (in thermal form of energy) s quite high duwe 1o
it & in the mopical region [6]. This research aims o
divelop the solar power tower which Bbricaled wing all
materials locally pvailable in Thailond and investigate its
performance.

Ta analyze the helivsiad performance, the intensity
efficlency was defined and experimentally testes. This
paper  presents the experimental stody resulis of a
fabricated  mono-heliostal  equipped  with  the  screen
installed on the ftower at high level, First, the sysiem
deseription s presented in Section 4. Section 8 presents
the colculatsonm of sun position and heliostat direction,
Experimental sudy and daia acquisitbon are demomnstraned
in Section £ Sections (3 and E presents the coleulation of
projection arca of meflected radiation and caleulation of
helinsit efficiency, respectively.  Sectson F shows the
atody resulis and discusseon. Finally, i conclusions anc
given in the lngt section of paper,

A, Svatem descnjprion

The experimeninl sysbem of the heliosint was setup i
Bajamangala  University  off Technology  Thunyabun
(RMUTT), latenade of 14.03°N. This system comprises of
thrge maim pams, o flai iype heliosiai reflecior (was
coviemed or shaced ko generate for four cormer spols on the
sereenl, o receiver screen (installad on the tower) and o
helissiat cantroller (using LabWIEW software] as shown
in Fig. I va 3, respectively

Heliosmr

A cemeenirted mult-mores ype heliostar with the
effective aren of 3, 10360 m” wos used for this study, T
height {when the reflector is m the horsontal pesiion) is
b A central miror (1 m' size) was anly used for this
Ay, 10 was covered usng black plaste sheet with
I 16} crn” sguare hole at the comer. Then four spots of
light were generated on e screen &5 shown in Fig. L
This heliosint was located of latitude of 1403M and
Tonygitude of 100.72E.

a'\':t'e'a'uwxr.‘mgr
A 2Ax2 4w blee screen target was installed on the
e & 955 m from ground level w o the center of the

- T} -
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sereen with the depression angle of B depree. This screen
was scaled for observe the positions of ihe incideni
radiation as showi in Fie. 2.

Fi 1. Phoin of proioiype belioai

Fig 2. Phoio of 5 recetver soreon

Heliowbn coniraller

As o fimetion of reflecting or redirecting the salar
radiation o the required arget, the helicsig has o e
moved commusosly throagh the day. [ position. mist
refates v the sun and farpged posiizon: oiherwise the
redlected beam mdistion wAll mdss the hrgel. This relstion
was theoretically cobeulaied (any tme theawgh o yenr] and
programed using LabWVIEW compubér software equapped
with two stepping medors, The. first sepping mobar is
imed For altitude angle drving whilé another ane is wed
for pzinmth angle driving, These moters ave controdled by
programed confrodler via NE-DAQ cand (model N1 6229
BxC), The photo of comtrolber and deiving mechamism is
shown m Fig. 3.

Figure 4 shows the plan of she site location mensred
by using GPS wblel The dam woes used at the mput
parameiers Tor contredler program

B Calewlation of wuw it arnd Befiostad Wirgorion

The sun pesibon amd beliostar dinsctson was calealsted
witng the derived foomulas. The imporiant pammeters,

eg- abtigde sngle (@ ). Declination (&), bour onple

{1}, ntitude (), nommal vector of belicstat in we nxis

(im0 ), were defined and  caleulated as  the
follewing eguitions.,

Local kande = 1403 N
Stmndand |nfitude = 1407 N
Stamdard longitude = 105 E

Lacol longrisde = |00 T2 E

Fig. 3. Phasto of cominedler ard doyissg moe hansam.

ot
'I‘UI.
I —F 58 2 =T 8 e
e
| RECEIVER ot -
Sy,
I} o " -|I i |
et A 1
'E‘:L\ltﬂ" \ ) ™ & f‘,
(! 1 =_
e L
. Heliostat |
G wedd
¥
g — T L Beasm
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Fla. 4. plasi ol ke ale bcation sicreined by using GPS.
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(4

(51

The incident and reflecied solor mdiotion can b
represeated by the sormal vectors & shown in Fig, 5.

Fig 5. Inzident osd refleciod sodar rufiasion.

C, Experimentol sty mod data ecquisition

The helivstat was tested for five days with clear sky
condition in February 2003, The tést and daia recodding
started fram 1am o dpim, The dagn was reconded every
bsalf g hour wsing scale reading (o sercen) and phiso
snip shiol.

0 Calewlmicn of projecitan anm wf reflecied radiation

As the teflection effickency of the heliosial con be
evaluated by the raiko of inpul incxlent radiaiin Lon il
hezlinstan) 1o the weful reflected midintion incident an the
recemver. As the assuimpiion tss the beam radiznon
meilent on the beliosiat is eguol 0 the heam mdisdion
refbected from heliostat, of the are of hefiosral (apemuns
aren} is equal s the incidental mrex on dbe receiver
(prodection ancsap, the mensity effichency 18 100%. The
higger projection area, the Jesser intensity eMiciency is
obtained,

The projection aren om the scrven (anes 1.2-3-4 ar A
was deermined by the total sereen arca minus Al o AR
a5 showm im Fig, f,

o 2 4 [ B 10 1X
Ty ;l 4 '
[¥] Pt A
| - o
ek | { S o
EmE
- |
w8
sl L P |
i |
| 4
=R = 1
e i~
- el F | M | ."‘;. |
B

Fig. f, Calculatbon of projectian arca an ihe screen

E. Colendmtion of Betiestat efffcioney

As mentioned shove that if incidentsl sren of input
equal o ol surpal ben ibe wseful ouiput energy shoold be
the same &5 demonstrmtad in Eq, (T)and (¥),

A =4, (7l

Y=y (=)

where; A = helissing effective area im')
_.{2 = projection ares (m'}
X = kapul sobar eoer iy (W)
X, = usedful output energy (W)
Actuntly, the solar power bywer s opersted with 2 feld

af heliostat amray, The posilion between ench heliosint
arkl recedyer is different, then the projection ares will poy

equal to reflector area d A, # 4, b As assumpiien il the

it rad iwieon enerpy ks oqual 0 ihe refiecied encry, ihe
itensity  elficiency of the helistat can he simply

assegee] by

nid, A

= = 6
& xfd A o

Fo Besufty and discussion

Figure T shwrws the shxly resulls of three experimental
doys (23 te 25 Februory 2003). The results’ show that,
among these three experimental days. the intensiby
efficierwsy of this heliosial is similar with the averags
elficiency of 6. The altinde and axmuwth angbes off
operated heliosiat are varked in the ranpe of 31-36 amd 27-
b depree. respectively. It shoudd be sugpested that, for

-731 -
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mume relmble of the tesl this test should be condussed
thromgh & year

0

oy
06 |

ED.S -

0
03

EFFICIEN

o2
(18]

Fig. 7. EMiziency of exmiphs expon nereal dive.

Fignre # shows the mensured nltitede angle, axzimuth
anghe and average igensity efficiency of holiostat. The
dala. shows that the depressicn and elevation angles ans
quite symmetry varied inthe range of 3049 depree. The
efficiency increassd proportson 1o time and abawt 50% s
obeningd ar around 10am. The masimam Piciency ahour
i was obdnined ot aroursd 4pm.

[aL A8 RETE

A protoryps mo-fiehiosts was fabricased usnig Local
materinl which is avuilable in the masket, eg- mimor
smsctane, and deiving system, ete, The caperimental sy
was conducted 1o mvestigate the pecformance of his
prdntype helicstal. The study resuls demonstravs] that.
during the fest, declination.of 10 degree {in Febeuary), the
imeensity efficiency of this lelkosiat varied in the range of’
Bl T0%.

L
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{50

0.40

29998
ggesg
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ABSTRACT

Ag the main difference between the parabolowds concentrator and the central
eceiver solar collector is the position of thar receiver. The receiver of the pamboloids
concentrator must be fixed and moved together with the concentrator, therefore s
capacity then be limited by weight. On the other hand, the recaiver of the central
eceiver solar collector can be located on the ground; therefore 118 weight and capacity
are not hmited. The conventional central recewer solar collector system usually
equipped with many flat heliostats and tharefore, the concentration ratio depends on
the number of heliostats used. To incréase the radiance mtensity and to reduce the
heliostat number, this research aims at developing the paraboloids helwostat for the
grlar power tower, which fabricated wsing local materials, and to investipate s
performance. This paper presents the axperimental results of a paraboloids heliostat
performance test. The experimental datg demonstrate that, with the helostat gperture
areg of 10 m”, daily averags projection area about 1.5 m”and concentration ratio about
0 were oblamed. The better performance gocurs during solar noon period.

Keywonds: Solar energy; Parabolowds heliostat; Central receiver solar collector.

INTRODUCTION

As the percevid rapud advances in technology to improved comfortable living and
gbundant use of energy, couse two major senous preblems to any life on the earth,
One 15 fast depletion of fossil fuel resourees (or energy crisis problem); the other is
awvironmental pollution (Oy 18 more consumed; whilst CO, and other toxic gases is
rmore penerated), especielly global warmmg problem. Te simultanscusly mitigate
thase hig problems, renewable energy ulilizations should be encoumgad [1].

Solar energy i8the bigpest enerpy source and fruitful for tropical area region. One
of the most promasing svstems of solar thermal power genaration is the solar power
rwer system, of sometime called 3 sentml receiver solar collector. 1t consists of a field
of heliostat using contmuous contral for reflecting the incident radiation of the sun o a

Beonrit Prasamkasw and Awmaj Mgernplabpla, Conbustion and Solar Evergy Research Laboratory
fCASE Lab)), Department of Mechanical Enginesring, Faculty of Engineering, Rajamangala University
of Technolegy Thunyabur, Elong &, Thunyaburi, Paumihani 1210010, THAILAND
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moziver to heat the working fluid inside. This hot fluid, can be high tempemture hot
al, can cither be used directly for heat process or employed to drive heat engine for
power generation. The key component of a solar power tower system is the heliostat
ficld. As it is a complicate and require many knowhow, the researches of solar power
tower and heliostat field or even mono-heliostat have not extensively studied in
Thailand where the solar enery poiential {in thermal form of energy) is quite high due
it is i the tropical region,

Cenerally, solar concentrators can be amanged imto thros types: (1) planar and
nan-concentrating type which provides concentration mtios (CR) of up to four and are
af the flat plate type, {2) line focusing type produces a high density of mdiation on a
inc gt the foocus feg: cylindncal pambolic concentrators) which could produce
conoentration mtios of up to ten and (3) point focusing type generally pmduces much
higher density of mdiation inthe vicinity ofa point {.g.: pamboloids concentrator and
entral receiver solar collector). The difference between the pamabaloids concentmatar
and central mosiver solar collector is the receiver position, where the receiver of the
former type must be fixed and mowed together with the concentrator whilst the
ecciver of the later type can be fixed on the ground. The central mceiver solar
mllectar systemn wsually squipped with manmy flat heliostas and  therfore, - the
concentration mtio depends on the mimber of heliostats used. This research aims at
developing the pambaoloids helinstat for the solar power tower which fabricated using
dl materials locally available in Thailand and investigate its performance. This paper
pesents the experimental results of a pambotoids hieliostat performance test.

SYSTEM DESCRIPTION

The experimental system of the heliostat was setup at Rajamangala University af
Technology Thumyabun (RMIUTT), hatitude af 14,037, This svstemn comprises af
three mmain pars, a pamboloids or focused beliostat reflectar, a recsiver sceen
{installed on the tower| and a helipstat controller (using LabVIEW softwarz) as shown
in Figure 1 to 3, respectively

Paraboloids Helinstat

A paraboloids or concentrated using mtlti-mirror type heliostat with the effective
mea of 10 m” was used for this study. 1t height { when the reflector is in the horizontal
pasition] is 2.1 m. as shown inFig. L. This heliostat was located at latitude of 14.03N

and longitude of 1007 2E.

In this study, the following terminology is used:

Aperiure: This refers to the opening in the concentrator through
which the sotar rmdiation enters the concentrator.

iCollectar: This refers tothe total sysem including the rmesiver and the
concentrEtor.

Concentration mtio: It is the mtio of the collector aperture area to the projection
ara.
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Fgur= 1. Phioa of & perahoio s hehosiad wed in this study.

Receiver Screen

A 2.4x2.4 m’ blue screentarget was installed on the 18 5-mtower at 9,35 mfrom
ground level to the center of the screen with the depression angle of § degree. This
sereen was scaled for observe the positions of the incident radiation as shown in

Figure 2.

Figune 2 Fhotn of @ recener screen meed in s stdy.

Heliostat Controller

Ag a function of reflecting or redirecting the solar radiation to the requined tarmget,
the heliostat has to be moved contimuously through the day. It position must relates to
the sun and target positions otherwise the refected beam mdiation will miss the target.
Thiz relation was theoretically calculated {any time through a year) and programed
using Lab-VIEW computer softwamre equipped with two stepping motors. The first
stepping maotor is used for altitnde angle drving while another one is used for azimuth
anele dnvine. These motors are controlled by ooemmed contmoller via WI-DAQ cand
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{model™l 6229 BNC). The photo of controller and dnving mechanism is showmn im
Figure 3.

Figare 1. Phasa of micnogantraller and driving mechanixm.,

CALCULATION OF SUN POSITION ANDHELTOSTAT DIRECTION

The sun position and helinstat direction was caleelated vsing the derived formulas.
The impartant parameters, ¢.g.: altitude angle{a, |, Declination (), hour angle (w),

atitude{#), normal vector of heliostat in x,yz axis (n,, & 8}, were defined and

calculated as the following eqeaiions,

SiN@, = 0063 005 C0SM — SinPsind (1
¥, =y, ol = 180 12 {21
( cosdsina |
pissin | ——— &)
| cosa
e, =5t {n ) 4

_ _,!lr ", 1
¥, =sin I._'J'— | 2)
(8 h.:' X "T._ ]

where, Local latitede = 14030, Standard latitede = 1407, Standard longitede =
10ZE and Local longitede = 100, 72E, The incident and reflected solar radistion can be
represented by the normeal wectors as shownin Figure 4.
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EXPERIMENTAL STUDY AND DATA ACQUISITION

The heliostai was tested for five davs with clear sky condition in June 2013, The
test and dsta moconding started from Llam to 4pm. The data was mecorded {using
snapshot camera) every half an howr using scale reading {on screen) and photo snap
shaot.

Figare 4. Incdemand reflecied salar radmtion.

DETERMINATION OF THE COMNCENTRATION RATIO

Asthe reflection efficiency of the heliosiat can be evaluated by the concentration
ratio which relates to inpet incident radiation {on the heliostat) and the wseficl reflocted
radiation incident on the receiver {screen). The projection ama on ihe soreen was
determinad wsing the shot phote. The projection arcs of sach photo was determined
via Auio-CAD software. The conceniration mtio {CR) can hecalculated as:

CR = A7 Ap (5

where, Acis collector aperture ared and Agp IS projeclion 81ea on neogiver soreen

STUDY RESULTS

A5 The experimeental - data weas- collected for 3 davs in June 2013 as the msulis
shoamn in Figure 5. The resulis shosr ihar the concentration ratio obtains from this
parabolaids heliostat is slightly varied through the expenimental day where the better
periomance oocur dunng solar noon penod. The msulis show that the average
projection anca shout |5 nt and concentration ratio abowt 10 was obtained.

CONCLUSION

The parsboloids heliostat for the solar power tower was designed and fabricated
vsing local matenals available in Thailand. s performance investigation was camied
out, With this proposed paraboloids heliostat, the daily average projection area abowt
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1.5 m" and concentration mtio shout 10 were obtained. The better performanae aoours
durnng solar noon penod.
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