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The Method for Finding the North in the Application of the Solar Tower Installation
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Attract

The solar tower system consists of a field of moveable mirrors (heliostats)
reflecting the sunlight to a single fixed point in space, i.e. the receiver, on the tower. The
movement of heliostats and the method of finding the North Pole for the installation of the solar
tower system had effects on the image of the sunlight on the receiver. If the position to the North
Pole is wrongly indicated, there will be an error on the position of light on the receiver. This

research was to design the method of finding the North Pole using the shadow of the sun in order
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to decrease the error. This method gave a better position of the North Pole and we can
approximate the error in this system in the heliostats movement. The errors in the movement of
the heliostats in altitude direction are + 1 degree and in azimuth direction are + 2 degree. The all-
day results from the experiment were recorded and the temperature in the receiver varied between

23.70 — 70.80 °C.
Key words : Solar Tower, Heliostats, Receive, Solar azimuth, Solar altitude, Shadow angle
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Figure 1 Diagram of the solar tower system

k4
a wQ'd'o‘]dJ oA A

v
1“ﬂ1i@ﬂﬁﬂi$ﬂﬂﬂ@ﬂ@ﬂfﬁﬂ$uu AININYUBH1EINDNITINNA UK UIVDI
v v A a o A A o 1A v A a oA Y =
NTLINTUIITDINAY LUDIVINUD I UINANATA TITDINAYNTAENOUIINNTEINITY

a a 9 £ ) 1 qgj o o 9 9 Aa a 1 A o w A
‘Vlﬁ'V]NWﬂ‘Wﬁ'lﬂGniJulﬂﬂ'JfJ C]Nﬂ'li’J'NG]'IL!,Wu\iuui]'llﬂuﬁﬁlﬂ'ﬂ'l\i@ﬂﬂﬁﬁ'lﬂ‘"] TN ADNITHN

] [} '
= A a A A

NevileNgndes mzillenunamiliengndsaudlnzgeauisomnaaieg e la msm

U £

o w

Y
Ao umusai lanaieds uaazitervvziianuAanaIaazo1 i To 1AM 199

4 1 4
ey Feamnsoagyl el

v
4 =~

Y
- AFUNAMTUVULATANUDIAINDINAY I5AITHIZTEINIToNINA lADE19
[ 1 qs.;} 4 a I'd 1 ¥ a % a
13129 11137 1ileaanaeead 1 ldvun1anaay Suesnuazann1ans
o ~ 1 d? = a A A A ] A 1 ~
azduanned  uavzdwdeeldnanmuilonsenalduazazia liuaen
Y
Aol
Yy I A 3| a A o o 4 ] [ <3
- M3 IFRUNA W UMTHINAHEBIINANUF NN UTVOIUNIUNIHANUAY
aumuumaﬂiaﬂ Taeiunea Gv"lﬂ“lumﬁmwammmmmaﬂiaﬂ Falu
Amileftutee uazmslddufinesiidestanaduluns i
a <3 (= 1 Yy I a 1 a A =%
TN UIIMannI 180y Sevzdenald S udia iaunsosnianied

v v & a A o 9 S a o
Qﬂﬂ@\‘]llﬂ Lummmﬂmﬂﬁﬂﬂﬂumummmmwaﬂ“]Jinmuu



92

- aslFanamite ensolFldlunsdinegludrisnitaazfsnas uag

Erl U QU

a A

arsonouduveudr ldFau 51 nsvinemuio lunisiause

Yy ¥

ilosnnaimilenzegz gennszuuduveuihauniaiaeiueg
Y £ 2 4 o VA 1 o 1 [ A ~
- Mm% GPs Fuiluginsaivend i siuiud ua luawnsoveniianiei

Y ¥ A a A Yy ¥ a & '
ﬂﬂ@]ﬂ\illﬂ IUDINNITHINALYIUD DN GPS 193D 1N03I1NVA 2 A HIUAAY

9 Q Q

a A S A AN YR A
ﬂﬂﬁ]zummmmmaﬂuﬂizmm 10— 30 tUMT muuwﬁmuﬂmklmmmm

q

)]

Hanaaeglursdananawaalunmilsznen 2
[ a { Y a a
- MIFUNALIVEIAIDINAS TUNa NI TUYR A1 T82AR (Solar Noon)
2 o A A om o A < A
Fu U109 MAdNIzezduUNga HazIumaINnKIvednls
a e‘y 12 J 1
p1ad9 11 Tuuud mide-14 (Jackson, 2004) ua35mstiaz 1418 Tuaanan
1 4
yaznaunesIugIozAam Y

— > Directions of the North Pole

A

Second location at latitude 7° 00" 95.4" NO,

longitude 100° 29' 57.9" E’,

——> Area of error in GPS location about £20 meters

First location at latitude 7° 00' 24.7" NO,

longitude 100° 29' 57.2" E’

Figure 2 Diagram for calculating the direction of the North Pole

k4 1 Y
% a %

] Awv K Y o aq a A A Y
asiuluaudsedeladinmsesnunuismsmaaile e ldlumsaads
a Ya v v A a  JA A 9 A &£ o
sEUVMEADY5 oz INAMVBILEININNZINSUS @ MAdlanunmandouiosiiga Fah
o 14 { a 4 1 ) v
Tdisemsmimdsnuanudoun 1d 11§ 1Mnads: Tovigega daunisiindeaiu
a odyy 79 9 o 0 Y . y o o ¥
uaseiadh 14 lilszgnd Idaumivannsah ldnainraresu myeuuds mainidou ms

wniidesmsldgamaiias nazmalaswdundaan i

U



93

=
nqug
A a a d
1. aUMINMIAADUNVDINIIDINAY
o Yo = v A A a <
GU’L!G]E)‘L!LLiﬂ"llfJ\1ﬂTﬁ‘V]ﬂ'ﬁf]\1hlﬂ‘V]1ﬂ13ﬁﬂ‘HWLﬁLl‘VINﬂﬁ'!ﬂﬁﬂuﬂﬂl@flﬂ’N@Wﬂ@]EJ
a ' A A A o Y a s A A 0 9
!LﬁZ’J!ﬂi18W’dllﬂ15ﬂ1‘ilﬂﬁ'E'JLWI!,'V‘If]‘L!1]11]Gl“]ﬂuﬂWi’JLﬂiW%ﬁﬁTﬂm‘Viuﬂ HASMUIUYNTENOU
v o A a ¢ 2 91 A ~ a Jd ' a
VDINTLINTUIITDINAY Gﬁﬂqﬂ?WﬂWiLﬂﬁ@Hﬂﬂlﬂﬁﬂ’J\i@TﬂGlﬂﬂ%ﬂgiulﬂ@u"lj@\iuhﬂ$%1§ﬁ Uag
v A =S = U 1 dy
yuoaAya Inelisrvazidennsso 11
a . < ' a Ao a A
YNOEHYN (Azimuth, 4)  1WuAITZeEMIAFIYUNITAINgaNnaLe (V) 1u
a < a v A [ A a dJd
NANINANUNUINN llﬂﬂﬁﬂﬂﬂ%?luﬂ’ﬂﬂ (E) ﬂuﬁﬂ’NﬂﬁﬂJLLL!”J@Q‘UEN@?Q?JTVWIEJ W?@NWJEN@’N

a  J a 1 1
9MAI IULUITIY YUOLFYNTAITENIN 0 — 360 991 W1 IADINANNTS
a =sin~*(sin Jsin ¢ + cos 5 coSs oS §) (1)

v A 1< J [ 4
yuoaAga (Alinde, o) 1Wusyune Tanmduveuihvullamwenan

v Aa A '

HUIAT WdIR MU IVRIRNeINAdUUNTINaNResTh yudadgaIzlin1sE i1 0 — 90 Basn

9 a 4 ld' 9 T oA Y Y a 4 ] A A =S BV RP-N
ﬂ?ﬂ?ﬂ@?ﬂﬁﬂﬂgﬂ!ﬁﬂﬂ]@ﬂﬁ? A19aAIA (NINU 0 BIAT DIANDINAYDYLHUDATHENOANIDAA

99 917 90 o3en w1 ldanauns

A —sin —C0sIsin
cosa

] (@3971) 2)

A tan o
1U® cosw >
tan ¢

an o

J 22 ld 4=180° -4

110 cosa)<(t J 2021d 4=360°+4

3 dy tg LY a . a ‘1'-’ . .
YUMToIUILTUYND YUasna (Latitude, @) yuAnaLUYY (Declination, o)

1
=K A

v E2
1azNH2 119 (Hour angle, o) ¥3iis10azidon lansae 11l

=Wl

o ] a . IS o " AW 9 o qazl 1
Aunuiazaga (Latitude, @)  Wudumiandavesddauna NaArdaua + 90

U
14 ] a 1

9971 (FnTanmile) 03-90 oar (Fnlanld) drddunaegndiunisazagaaianu 1g

U U

@ I~ a ok @ " v A a [ @
dunamiuaenag luvaznarfeInulnmdangauaz s FYn LANANNY



94

a @ <
YUIAARIUFY (Declination, 9) 1 umansznUINMTIBevoINUTYUYOITaN
a 4 4 @
wlannszezmugaumaniionio ldnmdugudgasioih Iunioas ldaw idununsed
IS

a J d' 1 1 = ] S o 9
IMNANDINAY muﬂaﬂuuﬂmagizmw +23.45 D4 — 23.45 0971 1UB29 1 50U ﬂ?l!’lﬂ!u],ﬂ

NNTAUNIT

. 180° | .
sind =cos| (n —173)—— |sin(23.45° 3
{(n ) 182_6} ( ) (3)

d‘ A o U =) U d'
Wo n Ao I IUlusovd] Tae n = 1 ludun 1 unsiau

a'/ o ] a 4
YUt Tue (Hour  Angle, o) l¥uendwnisvesaiserindunitosily
(] [ [V 9 a A 9 a I a a ~ o
$191219199 TagTanndumesdeunosihlufigauduuin Aamdedunsnyuved

4 @ {1 o 1 a  J
woelh) Tlamdugudgastesihounenaud Tusfimudmisesniseriagd lnslinog

1 = & g [} Y ~ ) I 1 1
TEYIN -180 ©3A1 D3 +180 DA “BQLﬂHﬁUiH%’NL‘Nﬂ@UL‘ﬂﬂQ’JH LL@%L'ﬂ‘LlTJ’JﬂTL!‘]f’N‘]ﬂEJ 1

Tannauns
w=15(t, —12) (4)

4 A a a X g A o a Jd a A A
W A NAGIYSAN FULUNNNTUNAINAIDINATIITA HIAAIINYN
o a o a ' a
2 1U9U0IANDINATITI 1Y UIWNILAA
a d a
2. ﬂ"li'J!ﬂi"l%ﬂﬁuﬂ1‘§1u§$ﬂﬂ1’i§)ﬂﬂﬂq5€l$
a J v W a d o v o
11!ﬂ'li')l,ﬂﬁ'lzﬂizlllﬁgﬁﬂuﬂlﬂﬂﬂigﬂﬂiﬂi\?ﬁ@1‘ﬂ¢]ﬂi}3@1ﬁ8ﬂ'}'lll’ﬁ'iJ‘W‘Ll‘ﬁsU@\?
= v A AYY 1 MYy o Y Y v o @ o =
yuezdysuazyndaagan lana A luiidensunihil Tasanuduiusvewnmessedan
[ [ a L4 a o
AsTNULaSId@artouuusTUILVeINIINT VLAt adauITaetue lavnnnmes U
sTUDNNA Netwiin Neaz Tuoon wagiimmniio w30 z e 1oz n Awday e liyuazdoues
d d v a
EERLISIAY oy MY Ay, Tay ay 11U Reflector Altitude Angles W?E]igllﬂﬁ@l@ﬂﬂlﬂﬁﬂﬁﬁ]ﬂ
1< . a @
18 4, 11U Reflector Azimuth Angles ¥303NOFYNUDINTZAN anaaslunmisznon 314
v o Jdo dy
ANUTUNWUTAIU
R _+sina

sing,, =
" 2cos0,

(5)



95

R, +cosasin 4

sind,, =
" 2cosd, cosay,

(6)

R, +cosacos 4

cos A, =
" 2cos, cosa,,

(7)

J % 1 d 1@
R, R, QS R, ﬁWNWiﬂﬁWqﬁ%WﬂLﬁﬂLﬁ@iﬁﬁﬂﬁL!’JEJ"U’ENL’Jﬂmﬂiiﬂﬁﬁ%ﬁﬂuﬂlﬂﬁﬂi%%ﬂqwﬁﬂu

Z e

[

a 4 ~ a o
s9d0100d (R) osu1e ldaqauns

R= (z0—27)i —ej—nk
(z0—2)" +¢f +nf

(8)

A < A [ Y @ 1 J v A a 7 Y
¥\13)] 491 Lﬂuﬂgﬂﬂﬂﬂi%‘ﬂﬂ(uﬂu‘ﬂWﬂUHNﬁﬂl?i’) TENININADTUDITIAAIDINAYLUASLHUIT Y

a [ a J
UnAvoIszuIUNILINTUTIT0 NG mmmm"lﬁ'mnaumi
€0s26, = R, sina + R, cosasin A+ R, Cosa COS A )

) ] o o a Jd ) 1 [ 3
Tagldduisvesdaswssdoadiiu ¢, 0, 0) dumisvesnszansvsed@ilv ¢, e, n)

z (zenith)

Aim point
A(z,,0,0)
\
(Heliostat \

Normal) \ R (to tower)

NI
’/1:\2
/

/

- » 1 (north)
Heliostat -

Bla,qm) .-~

€ (cast) 4 H

Figure 3 Coordinate defining the reflection of the sun’s rays by a heliostat to a single aim point.



96

aa
IEMINAAN
1. ﬂ]ﬁ@@ﬂ!!ﬂﬁi%ﬂﬂﬁ@ﬂ@ﬂq%ﬂ%
J Y a Y ! A
ﬂWﬁfJ’E)ﬂLHJ‘U’QTJﬂiﬂ!@lullﬂﬂﬂl@ﬂi%ﬂﬂﬂ@ﬂ@ﬂqﬁﬂg Usznoauaie 2 d7u Ao
2
v W a J [ a Jdo ~
ﬂi%%ﬂiﬂiﬁaﬂTﬂﬁﬁl Hasvionvy Iﬂﬁlhlg’l}@@ﬂllﬂﬂﬂ‘i$i]ﬂiUi\iﬁ@WﬂﬁUﬂﬂﬂNﬂ 5 YU WYUIA
[ Y @ % v v A a J
910U 10x10 T NBN.ANHULAINNYTZNOU 4 Gdﬁﬂﬂ5$ﬂﬂi‘Uﬁ\‘lﬁﬂWﬂ@lﬂﬂ$ﬂ@ﬂllﬂﬂ1ﬁlﬂi~qlullﬁj

v A

TuyunMAuLITIY HazyuNeLIAL W3 oryu IAMUYNEAAAVBINTZIN (a,, ) LATHNOZTY

Y E4

NUBINTZIN (4,,) Tneyunsdosiivzlin luinu 90 taz 360 permmudIAY MINMITOBNLLIL

Yq ¥ 4 4 va % saq ¥
18141905 Tauo1A05 IUNITAIUANMTUYUYDINTZIN AUANTAVDUFDT 1IUDIADT N 15

9 1 3 [ us/‘ a = 9 A
awnsaryu 1ddszanm 180 seruniniu duiulunuiyuez Fymveanszand ldnailo
A 4 Yy Y @ v v A Aa J 9 1
woldnszannyuld 360 09m AMundeweInszIniuSIdeINaduazA1Ua19v995 14509
[ A= a Jn Y d o [ 9 A Y

n3zansusedernad Ideenuvuginsaidmsuiayuer iimeasrvdonanugndoslunms
WUYDINTZIN MSUdIUUDINEABEEI oz ITTAWE 120 u. A5IuSderiadinen

a

' S 24 ~ wa o D, Yo Y o a o P o w
BRNYGI) G’D’\'ﬁJﬂmﬁuﬂ@iuﬂ’]ﬁu’]ﬂa’]uﬁﬂuqﬂﬂ Llazhlﬂ‘ﬂ']ﬂ'ﬁ@]ﬂ@]\‘]@‘ﬂﬂﬁmﬁ’]ﬁﬁﬂ?ﬂ’qmﬁﬂu

U

Nasagaguinatsuesdiismidoiind auaaslunmilsznon 4

0zL
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Figure 8 The image of the sun projected by the heliostats on the receiver: (a) at 09:00 am., (b) at
12:00 am., (c) at 03:00 pm.. Where, ® which is the center of the receiver and the

position of temperature measurement.
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Figure 9 The temperature on the receiver with non heliostat.
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Figure 10 The temperature on the receiver with five heliostats.
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Figure 11 The deference between the temperatures on the receiver and the air temperature from

non-heliostat to five heliostats.
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Table 1 The result of the temperature on the receiver from non-heliostat to five heliostats.

mber of heliostats

Data

Maximum temperature

o 29.20 45.20 52.30 59.80 65.80 70.80
O

Time at maximum
temperature 14:02:39 | 12:43:41 | 12:30:23 | 12:27:02 | 11:48:05 | 12:19:02

(hour : minute)

Minimum temperature

o 23.70 | 2440 | 2320 | 2420 | 24.80 | 24.80
)

Time at minimum
temperature 06:36:53 | 06:35:40 | 06:35:22 | 06:35:01 | 06:34:01 | 06:31:52

(hour : minute)
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