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SOLAR COLLECTOR FI ELD OF THE |i WWEWII G M The present

invention relates broadly to a solar collector and a
waoedcaniener ed heat exchanger. The invention aPGDAU2005/001236

relates to a solar trackingl apparatus and a

conbi nation solar collector/tracki ng apparatus.

BACSCGROUI MD OF THE |i WEWT OWN Sol ar hot water systens

of a conventional construction include a solar

col |l ector connected to a storage cylinder containing

stored water. The solar collector is fabricated from

an arrangenent of heat>CQHSorBHFETRRpes or tubes | ayed

out in a parallel or serpentine arrangenent. In one
FIEfoRTRaieRgfo@re formed in a bl ack heat absor bing

mat whi ch can be placed on a rooftop to capture the

sunlight. In another formthe pipes are housed within
Thegrressné inysotien telatesiyoadlyite 8 soleaselectos and aisplah ppwered heat

: | i _ght I Gl: i_ng i .

e o St o BRR A R0R P D BB 380 APt fption
solaf kelleyat/ entkimy appavatude di rect heati ng where the stored

water itself is circulated through the sol ar

AL o SHERPBHEEL i o 270l Vool mxtore 18

recircul ated through the solar collector and an
Solaadwbwiatdragstamns af a cinventidnabMaomdirptios arluideracioidt coletor connected

storage.cvylinder.., The storage | i.nder. i nc]ydes a heat
to 8BTS S D G POIPHE It B o e Horm an
arrabbinksi dThehDsOBig Hibed HEruBbyBOLd Hhpth WRArdlR] bh@rSaltme
circuit. In either case of direct_ or indirect heating,

arrapgemeply Ta gne\farey the fubgs peeformed inyq black heatspeqrbingmaignhich can
I ) ' .

ve RE358 lepioh S L Ly HE LSRRG 0 S e

withih qoiedclosure hevinglaglass pahe oot whichiyeposahim sustighirand the

.col |l ector,s absorb short ve fadiation whigh is
efficighey & bo g T BRRron &0 Bniien Y A RPRECHRE siFnivtes Sissh The
systét mhppfdvﬁﬂ@aﬁ@ﬂnm%uﬂeeré ftagor2a wifeSitselies divnpeédb@sh the
of the caqllector surface. Heat energy .is Ig%tj%ron1the
solag gollectqry Aliggnatizely sidirecidieating may be preded where fee pgymple a

gly@Uifiaate isRedflafdl it Qighl B olneMMetBH M hQBssoBRRdlsBRr circuit
higher the collector surface tenperature the nore heat
whielhpasggs thsough the giomgedylinden dde ptarageraylindeiorludes oheat
. Of. i s..effeat, LGl . Of ' .
exIHRBALAE 1@nek MBuRE LPHlocfpd VL N R HERURRL bR intre
in theesalaratirthifi bh dithsecse nf direat ve irtdinekd heatihg, the sigratiweter or glycol

. [adiation sse romthe colle r surface equal  th .
mixh 6 1Pl a6 ROk Tls Qn BibEh P RETe ofthe stored water i
equszlqbloea%@roaa{és it o tHeRfuid) @Athie RElaE BdlleeeUr .  The maxi mum

fluid tenperature that can be achi eved

Conventional solar collectors absorb short wave radiation which is transferred by
conduction into the fluid being heated. As the fluid temperature rises so does the
temperature of the collector surface. Heat energy is lost from the collector by re-radiation
from the heated collector surface in the form of long wave radiation, and the higher the
collector surface temperature the more heat energy is re-radiated (or lost) from the
collector. Because of this effect, efficiency of conventional collectors declines rapidly as
the temperature of the heated fluid rises until eventually the long wave radiation losses

from the collector surface equal the short wave radiation being absorbed by the collector
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wi th conventional collectors is about 85 to 90 degC.
SU Vi WARY OF THE | WWEWI OW Accordi ng to one aspect of

WO b@opiment i nvention there is provided a sol B€T/AU2005/001236
col l ector conmprising: a col?ector housing having a

translucent or transparent surface and being _sealed to.
andy ﬂﬁfﬁheaﬁeé}béw SaFiE| 2ne E\%Eﬁ’é%‘affﬂ-\d Sropaties foh ciype achieved
witRb&SERtSn M bl ok ReaHtRSs Rpoielow at nospheric

pressure; and a collector tank |located within the

col | ect or_housi nﬁ_ and having a sol ar absorbent surface

SUYINHAR e @F JoElMFITIPY ¢ r ansl ucent or transparent

surface the collector tank being adapted to contain a

A@gﬁ% &8 aﬁ@ésg,rectfdf %é;%fte/:%n? ihv%ﬂﬁ@fé RRSH fs%r@{zidte@ § s8R &fllector

ctor to sunli eated via sol ar energy

conyiiyisgitg: penetrat es the translucent or transparent

f with.the incr i.Cclenc Vi .

LRSI L8 AFLERSERELL BN AL Ao e

at ldast pdrtial dvaduaivhmrirb@uctioh am padssiar betiin shr Hasmgieiwh atmospheric
transfers heat to the heat transfer fluid. Preferably

PTeFSHES 8B4l ed col | ector housi ng defines a chanber between

a collectbf ik 16dAeed WARE! tHE 8dlleci hbﬁélﬁ? BAA BAYIng WIsbRE Bbsdent surface
t he absorbent surface of the collector tank. Mre

locatecpdipeept thertranshisent adranapargricsiage dheraliaetos nkdeipg adapted to
con%?kléﬁ Beﬁq{dﬂsfe? ﬂ%}’cﬁ%ﬂﬂﬂ, &Peﬁ;osﬁféeoﬁﬁéaéoq%i C%h%%ﬁgﬁ%%}}t’_ is heated

wi ng at [east a partial® vacuum wit
via folaneneogewpidhipenetvhips thedranehicent ar limmbparest aurfaonatsl, thth the

. coll.ector tank which.is separat from.the coll.ector. .

o gied o sy SRt B e RRHRREF Part R iy Sloing i

abssibad enhto thPeelheslisbihent hefseviticle ahhsterds Gieat to ¢helokas trafisfer fluid.
adj ust abl e nmounti ng assenbly to which the collector

ouysi I S ted, the nting assenbly beij
Preg?a%if@% seelep CBURCIRE hougRE AT aes BThat ¢ R g} et he transhucent
or tﬁaﬁgﬂ?ﬁ@ﬁﬁuﬂa@e bR fRADEOBARATWEe Of th BSI1RRY e Wore preferably
surface to sunlight. Mre preferablé t he adj ustable

the hovging inglusles aneyscuation ralye sidupramifseppguation of dw segled chamber

. r I 0 ' [ | S
for {%iRE nBlea & R Rl LA HRLIARBUE Breshoi fRtteily the
sealed chdhbertsur®unds theaoKeatgr thhle whikh ib yepirated ifrogn thiecollector
econd axis arranged %gn%g I I.ﬁ transverse to the first
ABY Jex

hot
OUSRIELN SEPOPNS HRFE Y € PAYLY axis is the

altitude axis and the second axis the azinuth axis.
Prefaedbly thenglar @oldreirintludspecidjgialilémounitf hssemblyn@rvehicls the

rovi ded a sol ar wer ed heat exchanger conpr.i sing:

collgctor housing is mountec{,J Sc)he mounting assembf;r%e ga ap{re% to proxglde
reorientation of the solar collector to increase exposure of the absorbent surface to
sunlight. More preferably the adjustable mounting assembly effects seasonal
reorientation of the solar collector by rotation about a first axis. Even more preferably the
adjustable mounting assembly is effective in tracking the sun by pivoting about a second
axis arranged generally transverse to the first axis. Still more preferably the first axis is

the altitude axis and the second axis the azimuth axis.

According to another aspect of the invention there is provided a solar powered heat
exchanger comprising;:
a solar collector including a collector housing having a translucent or transparent surface,

the collector housing being sealed to permit at least partial evacuation or reduction in
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a solar collector including a collector housing having

a translucent or transparent surface, the collector
whomsiontgobei ng sealed to permt at | east partiBCT/AU2005/001236

evacuati on or reduction inp¥essure wthin the housing

bel ow. heric pressure, and a colle tor t ank

Pregsytaat’ F hsing Beloy] atmopdieritgBeHE and 2 sellsrirdedploatted
withif tRORIRL B ﬁoﬁg ahdl B@iﬁ% ﬁ&aﬁtb&l t@eor@aﬁ%@[ea@&&ﬁ@ﬁ%l REQN

operatively c he 'sol ar coll ector for storing
a heahgccantatpy Wﬂ‘é‘r‘elf’ cetipledhothe QOIBSIC@»@S’@S fnrestaying the heat transfer

1B BY LR of e UL APl R BBl P Ry pymotates
the mmﬂud:elmE of transpasad seffidecindneith rﬂma/mdmdsdniyefﬁbnEnqqabeﬂﬂed by the

sealf oo S ol Brante MR B bR oL S FBPEArggient

surfae WhRhheakfetd 1898 femhehlest hinsfn uad; Iaﬁat exchanger
eratively coupl ed to the heat accunul at or. and bein

ah e&? ?%@%FTPBFTWQWSGPEPPM@ thedhept acsunplaioy andbging aspapged for
traﬂéfe!rﬂnh%h@aﬁ 16 BE elteftal aév&&?g]aﬁ%f %1% ﬁ@élstff%e fiddd é‘?gr aﬁ@lﬁ%m the

heat ‘accumul ator or the ect or
heat dpeumadatorordhesgler callectorides a heat exchange chanber in
heat exchange communi cation with the external device,

PrefellbH R nEX SR FRATRC 125 A AUIIREREE: RGN
contn:tqmnﬁitgn foiﬂlcl:l g dxtemmltd@mca,dhg ht;hjitakchangwbhmnbﬁéfemmhylected to
the b0 oA B F AP Rl IR AR SraPyES el froFalen fad m the

accirh@a&dre Mdrb prafedablyl iAe hafeiteRingk @maralfaérqg als8téhriektetido Bas
exchanged its heat with the_external device. Even nore

accygpelpir i 3 retwe linedor remingbe haptdensiee i to the accumulator after

sai andag%l %ghdegl ghed t ?%@ﬁd‘f‘%%t% el E%g%eé?%fqepw g tp g&gggfz}{}tge heat

exd@slgelt alsq myeles e:qoacnsméankmmauedl tatheihegt @<Chmgetct1mbyr and
beir2oNst ant an]%tl W h S g% SS r vmtrlg{éusr% tlhe S
&<ceﬁa‘€ﬁ‘§ foa ¥ PhHE ‘?Pé% EhaR P

ma]fltaiﬂlhg | relﬁtﬁreﬂjﬂ eﬁnsaarﬂuﬁ@ 180 hy\dmsﬁﬁc skt withidrthe héabexchanger.
flowo t he heat tra ucgg fluid fromthe

Shllﬁggg &ﬁé angsr @m}égg'nected to the return

linel? EhAR Iﬂw dandRadt t?aﬁQféfTHbﬂtf%m RChes 8RctRfge chamber to the heat
accumrul ator chi mey connected to a supply Iine

accigpwlaet ed to the outlet of the collector tank, the
accurrul ator chimey being positioned within t he

f

PGB BRI AR RS Doy
lineeguiesiegldo thewohtlad of thee doéattomtmlhah@eccumtﬁatey cliomeg beiag

0 the.fe line ch inter the t
posii@ntd ik fhe ani el da polivel ARG bpaer tory e qglstof the
colledioreagly. RedMInpiog ithd B exch Ferindlli¢esheitdat exthaROGimney
connected to the feed line which interconnects the heat accumulator and the heat
exchanger, the heat exchange chimney being positioned within the heat exchange

chamber to convey the heat transfer fluid from the heat accumulator.

Preferably the solar powered heat exchanger also comprises a recirculation line connected
between the heat accumulator and the solar collector for recirculation of the heat transfer
fluid. More preferably the collector tank includes an inlet connected to the recirculation

line, and an outlet coupled to the heat accumulator, the outlet being elevated relative to
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chanber to convey the heat transfer fluid fromthe

heat accunul ator. Preferably the solar powered heat
wez@eanger al so conprises a recircul ati on | i nePCT/AU2005/001236

connected between the heat 4accunul ator and the sol ar

collector for recircul ation_of.the heat transfe
the filefity :e}f% @eff)oaf okie éﬁﬁﬁé}nﬁ%r gstd %%%F!e F‘;\W‘) Pheriissand
recitdMl onCI ML hahSet M@AREIULE e BRI ELlnERHa Blkrmal siphon
outl et coupled to the heat accunul ator, the outl et

effegiet ey inledy Byaumesd prefeyebly sharolippipriankdndpdese plaralitpgf internal
X | 3
bt 2 oG s BOR L Shupp il bR LUk BTh ph b fov of the
heat trarefigytflutidh Eronethiericlet Wtthepuflétne by a t hermal si phon
effect at the inlet. Even nore preferably the

olhlectar, tank includes.a plurality of.internal baff]
ProfS it e Bbleh §0 et s s Bt o isiad Gt son P osfro!
systefh @Petdtiet; ddipldd touhohedt BocHafgér tb camsdiehe flbw of the 0eAt transfer
fhﬁ%he inlet to the outlet, Prefergbly the sol ar powered

inthedertaniunser ard Het thompriried hsat araest avigh theetenal
devicéS MR PREEADIPMRE YerGQhu8lodn®roll BRtdiR &l NARERD] $dve

control "the fll'ow of the heat trdnsfer fluid to the

conprcid todbetped dincamdl a Wowerdiuresapinicomtiectaskip thx extemgbdevice, the
temPa i e b o R YLIG ool o Bl TREB kv Wierehy depending
on the tenegdraitird of thh exteoed devine thearmiiral tdnpsrthtatlal sewaool the flow
.caonnected to .the_.external device, the tenperature
Ofﬂggﬁ?gﬁaﬁg?ﬁﬁmgﬁ%PE%FV£P§£@35ﬁ1ed to the control valve
wher eby, dependi ng on the tenperature of the externa
Prefdeblcthe hebictraoiirihfid isal egiid SudhHs@lydobor 4 wa6@yiglyedl thirture.
flow of the heat transfer fluid to the heat exchanger.
Preferably the heat ansfer, fluid is a liquid such as
accidfegy p Fuedooth ol B RPU AL iaRBrdeR gy e Bagking
appgﬂﬁkhﬁhqﬁgﬁggt of the invention there is provided a
sol ar tracking apparatus conprising: a base being
a bagelhging adapjedrinmounibtoa sobirsplleckdtt ect or; a shadi ng
a shi8iB Thef1RAHG &gec% Q)_tl‘l@ﬁaég.%? & ﬁ?&? Qm%i(:f%%lgte%ed angle;
predeterm ned angle; a pair o I'ght sensitive
a pa@l efrlight senaitive ekednenits nbented e thebase Dpaesperivoppmasingsides of the
h i des q%ayh%_shading menber; and an actuat or
5 m%BEPﬁ?? & coupled to the pair of light sensitive
el enents whereby in operation the |ight sensitive
an aetiarmvipsratitelyaodpletl tothd gt of lighk sdrisitive@lggits @he@by in

| i trolled by the shadi nber, drive

opetan i Ll e B <A BERts HSVERRN Selgogy ghpostre o uslight s
con&OllddBS} @k shiiRf By, dritR Ha8QuASr R GRRI mRVEmEREf the solar

shadi ng nenber "is fixed substantially perpendicul ar
collector.
Preferably the base is planar and the shading member is fixed substantially perpendicular
to the planar base. More preferably the shading member includes a generally straight
lower portion fixed to the base, and an upper portion extending from the lower portion at
an obtuse angle. Even more preferably the upper portion includes a reflective surface on

its lower face and directed toward one of the light sensitive elements.

Preferably, the light sensitive elements are each in the form of a light dependent resistor.
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to the planar base. Mire preferably the shadi ng nenber
i ncludes a generally straight [ower portion fixed to

w0 b@oloarse7 and an upper portion extendi ng fronP¢tavu2005001236
| ower portion at an obtuse Jangle. Even nore preferably

he upper. portion includes a ref|ective surface o
PreferihLy Bleole? Sekias reeT e

PSIses &t agtpator 1:15%1[11: m&ujzilt11% the

ligh$ 885drideM Lre8kQPWhach FRpeh@abh Yheit 8§ okin@Nb s8R hid/@nfigured
g,el gl?réénts fre each i hd%Fhe form 8?_ %%I_i ht gepenéent gured o

driviedhe aetntopr Mpes psfapally shesashaator sircuiktiingudenrareltage comparator

A S o o S R s ST
respeotivaly witgrebad iéfenamtifl yrltagd appliath obe irdpeitact that oltagelorrgarator

ref.erab t.he. actuator. cifcuit includ a volta
i FRR e EFrRg e aragE FRgl e fisiivaine an ol me voltage
confpapeieie RbnricRBdIb @rtfansithr aviied Erewdﬁ'ﬁcall? ké@8led to and actuates a
oltage applied to

re pectively,,mherebﬁﬁgifferential v
relay H@eir%hy&h% applicHen phfiitiegatiabrigliags o thecaminesatp cauges the
corrfpRRHSCAn i YiaRisfol fo Afridval £1a c1648Re f@%ﬁwﬂfeﬁf' @RI povARs the
out put of the voltg%e conparator is connected to'a
actuatqrn §HH megre pdfetablydhe reley mickules g elecipdmegnaticaeldy connected to a

I I wher eby the application of
non%??*]g#%?ﬁe?@{&\?g%{;age to the conparator causes the
conparator and the transistor to conduct and cl ose the
Prefesiblythetacielatariis inthe fgrovefrasdidiveemaor.uliose prefimbly thodsve motor is
r ef.er abl rel ay..ipncludes an el ectrgmagpetic.rel ay
clecBEHE EPRA by e kit CxshaRTs BRmpnEsit B hplecur iy
the actuator is in the formof a drive notor. Mire
Accpirdihe toagt yndther abpestef i idventionathertis paatided Lenmifstidroof a
the pair of |jght sensitive elements _via the actuator
solag rollegior andla selb FREFPS 2pRATa B3 ﬂ&ﬁﬁa%%@ﬁe BFecefi@g aspects, the
nacmg%pphﬁmstﬂaﬁ{gecdﬁeaé@w gedoRr QRN ahd ABsiBheProf cfentation of
col'l ector and a solar tracking apparatus as disclosed
the ¢allegtior tppritraige Heexpnsarate sunlightt r acki ng appar at us bei ng
connected to the solar collector and designed for

ProS 8 BOCOLL BRI Ui L8 ekt BTN st
azinagh axistta sffedivelyrtzaridbie $un arat eptenist dadpbarosae tb sunlight. More

bout..an azinmuth axis to effectively track the sun a
prefBsB i SRRy BerRisth % Ao P srsravpee e P golar
tracking appaaldsigirgnfaisied 3o perniib fot@iorfofidtihg 6f theabHr collector about

ppar atuses,  the other solar tracking apparatus being
anagbég & 1q PLERISEtE ssaspnal eYpPsyFe P ligY- of t he sol ar

col l ector about an altitude axis to optimse its

BRIEFEDESURIPTIONIOS VHE DRAWINGS ght . BRI EF DESCRI PTI ON OF
THE DRAW NGS I n order to achieve a better

under standi ng of the nature of the present invention a

In opfes fpchiyearistiar vdarstanding ob thematiye| of ghepresesg fngention a

prefBRUEERH 0Bt 6XELARGRlectB) doaPh&ered heat exchanger, and solar

tracking apparatus will now be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1is a schematic illustration of a solar powered heat exchanger of an embodiment

of one aspect of the invention;

Figure 2 is a sectional view taken through A-A of the solar collector of figure 1;
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tracki ng apparatus will now be described, by way of

exanple only, with reference to the acconpanyi ng
waoele@wiont$s7 i n which: Figure 1 is a schematic  PCT/AU2005/001236

illustration of a solar powered heat exchanger of an

adi nent of  on f the_ invention; ure 2 is

Fie L St A O S5 OHh ¢ AR LRLTh GG ROAGPe eopBimgti g andl Feat
excmﬂgg;g@ﬁﬁ)g:m@fl fdggure 1; Figure 3 is another sectional

vi ew taken through B-B of the accumul ator and heat

exchanger_ of figure 1; and Flgure 4 is a further
Figure dip g fathey; S@woslak‘@ﬁWt’fﬁk&‘éU&FP -6 ofttheshens grchargerof figpre 3;

of figure 3; Figure 5 is a plan and el evati onal view
Fige 54 & phal Al AONRLRA J@@bf £2G0RR gswefa‘d ﬁag%&fcﬁaﬂg:x of Fi

toget wi th an adjustabl e nounting asse I gur
togeghgrawigh sndé]ueiableanmmtag agseanblpf a sol ar power ed heat

exchanger together with a sol ar tracklng appar at us of
Flg%g gﬁ?g ngle@e%mgﬁtaégle%%ﬂb jﬁﬁ?@t WEL R%a}t g\%ﬁ'to gé/ret?%étﬂgr with a solar
hzchmggppauﬁua¢ﬁmxmﬁhndnhmaﬁﬁmﬁgﬂh@pmpaﬁuﬁﬂmﬁuw%nﬁmne 6;

Figure 8 is a circuit diagran1of the sol ar tracking

paratys of, kigure .6 schepat i.c
risRPE TR i 3t Rl bed ook SRR ORTER s apparates
of Figar@b; onal novenent about the azi muth axis. DETAI LED
DESCRI PTI ON OFTHE PREFERRED EMBODI MENT As shomn in

. fi ure 1l there is sol ar red heat chan
Figyedi st § RREPLPT S 32051 Bhckihn TGS af EgPio an
col | ector a heat accumul ator 14, and a heat
Figa%ohan g@{errila@lc ilhi3era6oh of the dlacR&isehsok hbwin@gratativRhlymovement
coupled to the heat accunulator 14 via a supply line
aboyighg agimith@isr cul ation |ine 20. The heat accunul ator
14 is in turn operatively coupled to the heat
DEm@iﬁﬂﬂﬁcmﬁc)N OF FHEFREFERRYED EMBUSIMENTEt Ur N | ine 24.
he solar collector 12 includes a collector housing 26
haV|ng a translucent or transparent surface in the

As shgyim B fligyrey] theze is asalappowered heat eychanger designatad gepesally as 10
comi)glg_ gqnes%laq CSQéétcﬁcltzoé: héa‘ﬁll ggcu%gﬂ!a{?)? ‘1‘& Q.ﬁil ﬁelg{ &cﬁ%%)er 16 The solar

'Ect or housi ng 26 in operatlon el ng a
collmbortlélmolaerh’emly tougiat ’@rthé haatdic&unhlatm' 1gIvyecabupply hne 18 and a

reciflefion gy 5, ERL At oot B 15 S eratibiobale o ghe et

exdﬁh@&ﬂ&&h@h@&dﬁ&k@nbnbah@&@ﬂhhbe&solar col l ector 12 and
the heat accunul ator 14 via the supply and the

recircul ati e pecti vel The sol ar
Thefsglgr gitepiar af Ptj:l S RGeS Ing A TP B¥ha F Hisgit or anaparent
surfa&GH M Rfr@Y of a glass pane 28. The solar collector 12 also includes a collector tank

30 located within the collector housing 26 and in operation being adapted to contain a

heat transfer fluid such as glycol or a water/glycol mixture. The water/glycol mixture is
heated by the solar collector 12 and circulates by a thermosiphon effect between the solar
collector 12 and the heat accumulator 14 via the supply and the recirculation lines 18 and
20, respectively. The solar heated water/glycol mixture flows from the heat accumulator
14 to the heat exchange 16 via the feed line 22 and transfers heat to an external device 32
which is in heat communication with the heat exchanger 16. The water/glycol mixture is
then returned to the heat accumulator 14 via the return line 24 either by pump of

thermosiphon.
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14 to the heat exchange 16 via the feed |line 22 and
transfers heat to an external device 32 which is in

whe@b/ocsamuni cation with the heat exchanger 16rPCTAE2005/001236
wat er/ gl ycol m xture is theh returned to the heat

accunul ator 14 via the return_li e24 ei t her
As bygst M@H@ﬁ the splag folleRigh2 15, @.gﬁaﬁr@ﬂv flgf ﬁ@y %@P&?ﬁal
confi a%a%he}énltﬁe QfeBoPRORSR ia/mahates gagst&%% g@hmeter frame 34

con |gurat| on wherein the coll ector housi
sanglyyidhgd bstvéeenaceatpaqae pes $&mdeﬂleﬁmlaampm?@w’fbh shiss pane
t fron S
25 3 HE S B1di € 3% A0 fo B BmdBer 3ind I vih B MBS T
arranigement jorobivkes peeal@ tlannlfar afrevitdn thwcoae&eﬁh@mngm wiiikh $5
eal ed chanber. .40 wi.thin

SPeséfaﬁiéfgf TR B PR o8 BT o SRBEY ML Y RedsREHEr™s o

§[|5H8ric predsBfll6F pR¥erhbly RIFEE S'bk&ﬁm\i\/l Thé &bllcb@r BRUB0 RS ludes a solar
el ow at nospheric preSsure, greferablyafull

b
abssar&entﬁwfa% wIdhdates fha HAk FIDe PR A i est® somaight, and is shaped
i AGHm go}gaq. ane 28 for
andzcggg{sr%?gﬁf %ﬁ{sﬂ gt;t;}bt]facw OSIEEllafs shape aa%%&?ﬁf)%ur ed
(preferably matt bl ack) for maxi mnum sol ar absorption.

It isjundetsteasdidatbpexacuiting thy sealetbdmmbey 40 hetveren lthalsobhrahbabent
O

sure PERERD G ARG AR LIS Rl Pl o e

abstrbssiesirfacof Miaclamdoﬂt@whv@) ard sececdd of elimhihtedbecdiBabeat

are r.educed_.or elim nated becayse heat transfer
trar§ 3 Bl s tactiGn SRR or UG AOre SuLorR e s 511
elintifatel @n@XdrBy Wa¥e dadiadioh Fhite: &@vanHrduRGh¥aMEs padi28! IMBrefore
cannot travel through the glass pane 28. Therefore the

the gfficiepriplihe sFaquaiedd \ﬁa@%ﬂéaamb@éﬁ leRidhuniem wgajdess of fluid
e A e B e he s

I eved. The seal ed

col | ector housing 26 houses the coIIector tank 30
Theshaled C¢>1@ct¢fr hausiogb breses drecotlhetpetants 30 vehigteisioéd complementary

shapd &R s&1d d W tulrg Qed%cﬁgb feﬁhamzlb h S 155 dg %ﬂb/ﬁj’ urrounds all
urroun S aﬂ %aces 0] Sn
faces patecofleass tahke 3@%@& qumaea &oﬁﬂﬂletgﬂh$s panAd 25p;iu&i me aéarkptate 36

respectjve inter flexifle pac uch_as 42
by et PAORe TRk S 44y Tho gty ek has an et
46 aautaheziuﬂé&wﬂalag&m b/lspacB @8 doARH m@w@e hHARBOFhlLand
an

perinmeter wal d connected to thé recircul ation

conpeqgips tpgthe preirenletion ipe 30 andqibe sBpplydingdSt fespaciivelyhhe collector
i 8 DPE gk 28taRl A Saf AR 808158, Ak B lample
equelduspdcyd spasedsally and uensgdd genaradlygraraie) émorgemetiar] Yhe solar

rall.el .to one_ angther. The sol ar call.ecto s ..
conB3 i S aritdeR R i Surstenenk o Arnddt eREr e sty s intet 46
to pedvadeh adwr ¢tlad wder ! flyddl Sniktikethré@st MeRbDMt GGk 0 With @fthermal
t he vvater/g col mxture through the col]lector_tank 30
siphgryetfegt at flag injgt 46. The internal baffle plates such as 50 are, as best shown in
figure 1, oriented relative to the inlet 46 and outlet 48 to further promote this flow of the

heat transfer fluid.

The solar collector 12 is designed to permit at least partial evacuation of the sealed
chamber 40 about the collector tank 30. The collector housing 26 or perimeter frame 34 of
this embodiment includes an evacuation valve 51 which permits evacuation of the sealed

chamber 40 for drawing a vacuum within the chamber 40. The flexible spacers such as 42
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si phon effect at the inlet 46. The internal baffle

pl ates such as 50 are, as best shown in figure 1,
woeiceisg7 rel ative to the inlet 46 and outl et BSI/AU2005/001236

further pronote this flow o&f the heat transfer fluid.

The sol ar .col | ect.or. 12 is designed to. pe a
and SRl e B B T bR 2ot Bt sp TRy tank 30
whé&iBhd 186 b@fﬂe%pﬁétgs M akBe F?&hﬂi@ﬁiﬁfmmy ﬁiéi@la%@el?rﬂun walled

perimeter frame 34 of this enbodi nent includés an

COH@Q?%@EJF BonThasurpls @@xﬁﬁcgﬁulwrrﬂm@ @@@é@&ma@ﬁﬂ@@ugm@sulamg

glm?:cgsgsn‘glg %ﬂ@%d%g em%%{]ﬁ%ypace suc %g’ géﬁ with the tank

inletramdhoatilet 46 laed éépﬁhmtamngmewbaﬁnws ttiee mﬂletten tamk 30 doisxpagd or
d,.t Qr_ tank O ereas t.he baffle pla
confifesiiat 6 §F suRGliuhatees Pt B oAl g et i syhafiions
wal | ed coll ector tank 30. The supply and recircul ation
As sthomslnfﬁgmml, tROhpaseciniilateg h4 inbudea bichlndlian d&u&ﬂﬂ&toﬁ&nk 54

ocated_w t hi n openi t he peri r fra
laldaam&rﬁé@e A prmrRier Fﬂ‘%’éte e en rg&@ﬁﬁﬁaroa% 1@?%}?1%54 from
its HCHARGERRA by A, TS cEBRIER): Feakorddcled 16 gpl?yrlme 18
contract relative to the collector housing 26 und

andds flispesedtin a|genemrpE urtighpasiingi tEhemscurpglatiyshianngy 56 is in this
I
dislcfitbhesiehBe ) GRbwARE IR EH G Hisk B bt e21iBn from the collector 12
mtoahe topeefrthé atcomidatonive qun&E ingnsudededitd mdamlms transfer
tank, 5 m‘ er al
froms 5 g abgted ey Dok FEHTETRES I i Sorla i, mye pospgnutater
tani 81 B0 a ke @h8 PORRBEE ddpeddgartertab h&atﬁ@’ﬂegﬁi&eﬁﬁ@iﬁs 1 F@fexample, if
The accun%Jdeator chipmey 56 is_in_this osition

heatpg jsgREy" Oa%tsﬂﬂ%%erwéap@&l#q cffegiiyes t hgurs then the
acclRBMESE a5 4 WA Re e eh18GE0Thd Zedultlifatoh BinkeR i®hstiiRd with

accunmul ator 14. The chi'mm i/\ 56 is insulated to reduce
knowwedadding gfos shewrrtotrhiaimise herd 1orses fwomfthe heatttmnef@oﬂexd The
. i I h C The
rec%éaufh%(h%gjﬁ'\? 326 %f(%eguigs xlzvgtgﬁqat%l Lﬁx!n,(ﬂ ééané(n W s 11%(}1]1% 8r entrance 58
at a hewht depeanelgnit (lire{l‘ﬁﬂﬁaamﬁﬁfvdimmf heatltfanhEaﬂufctgtolb@z retained in the

required for exte erlods o tside effective
he E?fg\’%ﬁatm%r S HENITa70 T TR RO oA a A ok Beand
genéﬁhﬁhhg’@écb/cdaﬁifaﬂ £ withi@e a@&mmbtak Bin{rRP565Fhe feell mﬁ@ batethred
known cl addi ng (not shown) to minimse he

outwardypin g frysfotaBicpldarm©6p ahids @m\ﬁmnrbro ﬂrmccnermlat@maak Pénlt is
undeJ s@(?odzl&)taﬁ}ﬁsefﬂﬁd %ﬁl{ycﬁ%rg m a gyécﬁg&ge S gcéﬁufﬁ'{:c}r q%nek 56

s nouth or entrance ent on t
mcrms therratecit whictothe heatt transfem $luat off Waﬂied/ glpcdd enikietracameftbw into
th %nat Ce h at :il{icunul ator 14. The feed line 22 is
e R ASHRG 6 ‘the accumul ator tank 54 and general |y
aligned coaxially with the accunul ator chi mey 56. The
Thefleeldemhmge:?% bfsthisl afigdlipehiiaclddys 4 Read ekdhaggo cleditbe 8L within
form 60 at onnegtion to the aﬁﬁmulator tank 54

whipl e heg Chshatgr tPvidvaE i PLY PHTek apreppnger 16 also includes
a heaPBRH S EIYMALY 66 & HnetBE tthe Y&Bd 18102 dndHran@ed upright within the

heat exchange chamber 62 to allow hot fluid to rise to the top of the exchanger 16. The

feed line 22 includes a control valve in the form of a throttle valve 66 for controlling the
flow of the water/glycol mixture to the heat exchanger 16 depending on the heating
requirements of the external device 32. The heat exchanger 16 is also provided with a
temperature sensor 68 operatively coupled to the external device 32 and designed,

dependent on the external device 32 temperature, to control throttling of the control
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i ncreases the rate at which the heat transfer fluid or
wat er/ gl ycol m xture can flow into the heat

wa@e@anisat or 14. The heat exchanger 16 of thi SPCT/AU2005/001236
enbodi nent includes a heat ®xchange chanber 62 w thin

whi t he heat exc device 32 is partly housed.
vali e’ ﬁ&ﬁ#‘% f T@E’gﬁ}% Setier a0 PSR pIs A0 FREWGated to the
hea€BidAGY: SAnBRAFEEH M elvENnfa8gEpd T8 P24 36 ARG sk
upright within the heat exchange chanber to all ow

expaiytion pf the heat transter flyiq withinghe beatiepehangen tn gere expansiprptank 70

1,868k d | 2 187 R
s BB B L Ak P RLERTANRYc P R el @
levekaf Buidgh yloolank7t Thewater! ipcd esiktuexhindng exchifiged its heat within

endi n t he heat.i require ts. of. the external
the HEG R0 aRge it L SRR G SN Lo phGipRiradia n The
reti@n LiGERE6HhIY SaBPISHE1A8s 8 Pafitioikitne uPpRehdto tHe Mbow of heat
e§%§5ﬂ§# devi ce 32 and desi ghed, dependent on the
frang o beatsxchangprelodpibeheat gogwmtlpior 14-nibemptivgy, a
theifbsiphieh SRRE HRY LB EatE he nkRE fGALAYChanger 16 further
i ncl udes an expansion tank 70 connected to the heat
. exchange chanber 62 via a relatively small pipe 72 and
Figure 4ishaws in rogs seelipr e exiepeal sevise 82 withavhigh thetsolay powrered heat
L Rl . ‘ . "
xRN BB liER o GHRANASE, e o IRAN Bt Bl enother
chainben/4 whick nomrins heepamie M0d dcbohelited) Henttthasfeeflald infthe heat
fluid int tank 70. The ter/glycal .m xture havin
exciglds Sl SRy e Y RS et Bt R il of 6 e chamnber
32 intetihi sepdradt@flideohedicaed c WRthetrSisfdrdlid odloe BB ermosiphon
line 24. The return |ine 24 of this exanple includes a

to thy hstompoffhe heatechanep corrpbe 2redithavilews wedhe ratumsing24 back
to tHd det@nfia@Puhe heat exchanger 16 to the heat
accurmul ator 14. Alternatively, a thenosi phon effectnay
elimnate the need for a punp. Figure 4 shows in cross

In oxdez o fthep facilitate epamdgesianddngof thistamhadimpntdi ghesssilanpowered
. f. .t hi i pent
heaPRRUELE, I Ble EXHEOARARE idierds ih Moy SRR e o R

76 which contains a separate fluid to be heated. Heat

1. tr solef emergy isiahpsonbed by theslarsolbdmge whighbfectB2ly heats the heat
transfer eat. b onduct.i on _t hrough the walls of the
otthﬂgﬁg %éthix?%?zg?ﬂéngéﬂﬁﬁate fluid to be heat ed.
As the transfer fluid cools it falls by thernosi phon

2.t o thdwatentdlpral afixiubeishaadedeay floanige ibbaolxetorG2nladWofithe solar
flo ig.the return |jne 24 back to the accunul ator
1.4 coffesteg ia and 5es vy Fagiigh Pececumulaiashemetiohg of
this enbodi mrent of the sol ar powered heat exchanger 10

3. thdepaniigbn Hieapad by REABE refuikdrierdd Fhaddl@heated vster/ glycol
follows: 1. solar_enerqgqy is absorbed by the solar

coPHxureFsepinigihe heatrereianpeel ovin dieheat erehprge chimney 64 ata

volume/flow rate dictated by the control valve 66;

4. as the relatively hot heat transfer fluid enters the top of the accumulator 14, cooler
fluid retained in the accumulator 14 falls by thermosiphon towards the bottom of
the accumulator 14 and by thermosiphon returns via the recirculation line 20 to
the bottom of the collector 12;
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transfer fluid or the water/glycol mxture; 2. the

wat er/ gl ycol m xture is caused to flowinto the
waeodobectsor tank 30 of the solar collector 12 apdI/AUS®S/001236

upmardly through the accumubator chimey 56; 3.

5 SOl i Bl Ui PaFyRBImR E he KHe® FPS3 of bt

ex G r 1®ethanddd B ehtanth QRERARES HThIME Yh i tdhaBevice 32;
vol ume/ f1ow rat e di ct at ed by the control valve 66; 4.

as @He rel atively hot heat transfer f|UId enters the
top of the accunul at or cooler fluid retained in

6. th %@ﬁ@é‘c'&ék%&é& wath [ niﬁq%étog Irlg)}{thﬁglaﬁ é&gﬂéﬁh 8nd RN %gczuﬂlﬁgtor 14 via

bott om of e accu er nosi pho
r etthe retuwn linet Hamdec thepssistahcnof] thﬂpuﬁx@ dr by taltbetnadsipronafction.
t he coIIector 12;5. the water/ egcoI m xture rising

As %l)r(}c %ru'bel%t 2%%2 go %lggegpe e e%p gsuze gftpg éq?lla{/%qlggctor 12 to

sunhﬁat ’31,6 sblae caﬂletmr n2indiels en aﬂﬁsta@WGmﬁJ{geasbﬁﬁb z 90 to which the
e _heat

|.et ed t.er/ gl o..mxture.is returned to t
coll§E R i bne? S oty o pitaslofia Poiing ety of dvctudes a
mecﬂﬁﬁlbﬂta@ﬂﬁ&)r%dtls& &kﬁﬂgeﬂiénb% lQa 4 IEQ&* m‘&n@ @ﬁd B&ng/f&ed toa
shown in figure in order to increase

shafg 26y sadrelegs %m@d@bileatp adpied seasepalrpference paint. g’ﬁlne ley¢lgp4 includes

ooy 4L My 3 AL UL ks 00

C mrtfbejplad_xd% Whehad mmi}edlﬁpllﬂmcl depead el the 8@ somGlrdes:,
h t uat k
spriflg (RFIGH &R wRILURLRIE TS ethhRRISHERl hultiingliteda arive

mothi(H&S»ﬁhécyed toCkddWeestiatt oa shindd (ReAEaN Rl tukeisdea ¢ the solar
| evel 94 i

| ud t ract abl
coifosua; ThAReie rptonita Biesines Brgageesner 5 Fcddig gyn and

maxﬂﬁls@%laﬂ%dsﬁr&dsﬂnﬁélﬁ. plate 98 which are angularly
di spl aced "'dependi ng Oon the season, summer,

sp rlgg/autunn and wi nter resFectlver The nmounting
The aeipetmbleymoentingsassemiely 98 dsthas gifeciive im pevidiog eithenventiegous or

mteft;ngltt% gge'aé’ af%i‘l]gll'lt%raoﬁ Bf %lsglia%géﬂcﬁ rﬁE n%?e-h{é%iﬁ%h& &?e%’cahon

he so ar collector
aboutatfrimaryt dralmutia aX1s oTheadjostalil2 mcnuttmgcakseh’rbéy Suimagntko permit

se dail osure to sunlight., T ad'ustabl .
pivi PP Sty 5P S50 En pla B e Ernsm i oAt fhe primary
axis Lanidndiisighed ttd l‘im.tlie dlat cylleEtat 12 8ﬂféch$@9$ﬁﬁla the sun during daylight

reorientation of the solar collector 12 by
houfse_j nclination or orientation about a primary or
altitude axis. The adjustable mounting assermbly 90 may

Figué 6 ARG iEs b vk 4B SO ovRers @ ROMAGRENAN gér G Diogether with
axis, arranged generally ‘transverse to I mary

an embodiment of a solar tracking apparatus 110 of a further aspect of the mvenhon The

solar tracking apparatus 110 of this embodiment is one of a pair of these apparatuses 110

and 110" being designed for rotation of the solar collector 12" about an azimuth axis 112

and an altitude axis 114, respectively.

The solar collector 12’ (preferably together with the accumulator and heat exchange not
shown) is elevated above ground via a fixed support column or pedestal 116. The
pedestal 116 is at an upper end rotationally mounted to an intermediate mounting
assembly 118 for tilting or reinclination of the solar collector 12’ about the altitude axis

114. The intermediate mounting assembly 118 provides mounting for a drive motor 120
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axi s, and designed to have the solar collector 12

effectively track the sun during daylight hours.
wo@ane7ss7 i | | ustrates a variant of the sol ar pP@EAEL05/001236

heat exchanger of figure 1llogether Wi th an enbodinent

ol a1, Lracki t 0 of af ct_..
havills 4 1 135 SelinEs haabit ars T1ZANae i atlakeolsgop2 i

rotdidll. STIRMEPQE1NE &trotasab@@@odaft e ﬁ%rfne@faté rtaeeg@my tﬁeand fixed
110 and 110" being designed for rotati of the sol ar

to agppyrdiediradiet 12dghich antvan isagcwregitp gnmeléﬂag awrface of the solar
COH%%& %Mde axis 114, respectively. The solar collector
preferably together with the accunul at or and heat
exchange not shown) is el evated above ground via a
ThefSiOk\e traskipgeppamabisui f@ﬂope’dagf tHe sblef colldutorpi@tbeunthe biBnuth
at a ar. end, r ] nount.ed .t o _an

s H et b ARREioHdrg 2 LR it P fpfitgy The other
solalf eﬂaBlClhg apphatusafl0tihgudel aﬁhralﬁiﬁzﬂdb eeive rmdtBr 12810kngt haft fixed to

altitude axis 114. Th I nt er nedi at e ntipng assenbl
the iy F RSB ABEAY HSfar ﬁﬁw@f ﬁliﬁ ar LoBeCARR Ji%gabc?u¥ the
alnaaaahs 1242 aﬂ@fahr&ﬂﬁ’cﬁdé &asazmu tiRe @XinSuth had abfide mgalg 126 and

the sol ar coll ector is rotated. The shaft 12
130 pest mpumied caplenar witk amﬂq tlegppegingtsides oh ﬁ@raolaaggléeﬁmnlzmeng the
and fixed to a nounting bracket 124 which in turn is
secured to an underlying surface of the solar
collector 12'. The sol ar tracking apparatus 110 for
Figure vahpwn inélevdimnsoldglar leltwckersetdrs difoutd 10ef #r apparatus of
112 |n | udes drive,npt 120 t oget wi {h, an
T i B St A BBt 2 Pt A bt e
genéfhﬂy upﬁght@ean@mahbeﬁ d.td@mdlBléL\iﬁfDEEdt&&lgh?_&lg‘l@V I'Thg shading arm
shaf t flxed(%% i nt er medi ate gguntlng assenbly 118

134 {5 1B UPPPRE! cqyiraious yiitheieblpctepisoppgrd atiag obtuse angle to

o LA 00 o O g

elenaesyts mrthe fovm of lah@ depenclgpbrssiatprs (LI2R) 156 anfdd 4@ plognted to an upper
faceccff lh S48 Ela:l’gl (ﬁ’xcéﬂ%ﬁﬁl%%mfelé o ﬂ@ Pl & n‘?l\glg)&ﬂ’s Thg%mcﬁ arm 134

el'evatio racker senso
togethe vai;ﬂpﬂreabﬂect@flsﬁ iconti@l the reldtiveaxpoaiirt oftieoppodiag LDRs 138 and

xanpl e i ncludes a base plate 132 to which a generally
140§b?£ﬁﬁgtshading menber or arm 134 is fixed at right

angl es. The shading arm 134 is at its upper end forned

In ofduttd BetedrSmdetshand thebolectraikidd ppaanas distipetitiof M ils®w be
angle to the shading arm134. I'nportantly, the tracker

des‘gg’i‘?édfﬂlﬁ’éer%‘?ﬂteé‘é?feé 858 of 1ight sensitive el ements
in the formof |ight dependent resistors (LDR) 138 and

The%@osﬂﬁ nD%d 189a/d) 140026 bs FRGRNY suoBEstDASE debeddent 34d BRve a
opposi hg si des of the shading arm 134.  The shadi ng arm
relatige]y high electrical resistance in low and zero light, and relatively low resistance in
bright light. Therefore, with reference to the actuator circuit 150 of figure 8, with equal
intensity of light falling on both LDRs 138/140 (normal condition) the voltage at V1 is half
the supply voltage. If the intensity of light on LDR1 138 rises above that on LDR2 140
then the voltage at the one rises above half the supply voltage. Conversely, if the
intensity of light on LDR1 138 falls below that on LDR2 140 then the voltage at V1 falls

below half the supply voltage.

The actuator circuit 150 of the embodiment includes a voltage divider provided by

resistors R1 152 and R2 154 which provides a reference voltage at V2 equal to half the
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together with the reflector 136 control the relative
exposure of the opposing LDRs 138 and 140 to sunlight.

w0 pooeusp7t 0 better understand the sol ar trackP@myAU2005/001236
apparat us, its operation wilkl now be descri bed Wi th

erence 10 fiqures 8 .a e op003|
suppfir ol S e Thir0 ki QG Loer BHPD IR OLPR Padavins
posiiBéend rlegh@td Bl thiveicteine Qédr“pb@tﬁ}e \fc@lﬁgéi @I‘&@d 79 aleOWplied. The
and zero light, and relativ | ow reSistance in
circgitil g furtheg ncludgsanethsr o liagie R rATEHB ey iz psitive and negative

B R VA Bt e

condition) the voltage at VI is half the supply
In opetatioyend|vith equal Higlkirfslling onfboth FARs 388 11BRneitl3R of teemltage

t h th | t tt
PR R O JEALF R4S B SR
outpitefithd esparitortall drgbé 1s&ﬁlah%l\§;l M?‘B\ifvlh@ieh§ ?lb el I’c ?ﬂ?.b oftier
al |l s ow

LDR2 140 t t he_vol t age at
Volfga%ﬁqrgwarqra“&e {58 Semaing Ealafvell low Thepeitage cqmpparator Al or 156

is elRPBiRANy EIMHn kB kdifl ﬁ%ns’is’d’ﬁp@ﬁ g @6(ﬂWHicﬁ%d@f 91\ébéj€dilldh¥ons is caused
resistors R 152 and 154 whi provi des a reference

to coruch yehich mmmsqsanmchommawe;am e1akgd to Winich it is
[

e B R B L Bl e T 164 0

close esp epplyvenaroia agkege\olaity twmeaacmamrmn fied exabyple cizirouth drive
158%6 urther includes another voltage conparator 158

mo Nng positive and negative inputs to which the
respective voltages V2 and VI are also applied. In

If ow fierchérdnmaTORE 6140 Giiedpobdpotindraddetl I’h@hﬂﬂué)@ﬁlbesliﬁa‘éu ut of
138/ 140 nei t her of the voltag onparators 156 or

the EQiRgG PR RAGF ESB e FTIGRTols RIEP GRS 8B CEREt of he

othek%@n?ﬁraﬁélf Rbr 956 Iteﬁfan%(i@ﬁﬁ{i &Y UWw AUnQEr thefe dodditions, another
ereas an out put of the other voltage

trangig kA 420 &%6/&@1& is rg@nactadtp ke ewtput eitbe yompwatdll‘hée? or 158
o 8 OTPA e AR Ko 1SR HAONT e

relay somtacts @40 whichaipghlica rewhised Vbhagel.pdﬁarﬁahyeb thesdrsveamnotor 120.
el ectromagnetic relay R or 162 to which it is

nnec d...The.e i se elay R or uses
s SRORSECTS RS R S0 s Sisrerglr T or i 3RSmpte 10
provifipd foe%tlﬁ@ fdl@ﬂmr\/ﬁﬂ thagstanilactbt a?bdlﬁ ﬁé‘d&nﬁﬁﬂﬂ@&@ﬂZ&b maxmse its
for exa azi nuth drive. nptor on the oth

il GeRE e Sl a TS ety dieht i 2y daBL e it TRRor 140 the
drivedh§tes 140 ¥er R4 %%uﬂ’lfroﬁalﬁ%n\f&ll&t%ggrg%ﬁp 1R rfa].l‘ﬁﬁﬁ G %l-ilegiﬁ)Rl or

to be relative hi gh whil st the“vol t age out
138 isthigherdo ingensatydhamthab fallirgRorn ediDR2 orél4@tthemethy driyevmotor 120

rotabR86nd HESGiEURYiL LgRs. anot her -

As shown in figure 9 the solar tracking apparatus rotates the solar collector about the

azimuth axis 112 in the following stages:

1. with the sun vertically above the plane of the base 132 and the collector, both of
the LDRs 138/140 receive equal light intensity and the azimuth drive motor 120 is
off; '
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transistor 2 or 166 which is connected to the output

of the conparator A2 or 158 conducts to energi se an
web@ehisangnetic relay R2 or 168. The ener gi SeRCT/al2005/001236

168 cl oses relay contacts 130 which apply a reversed

voltage polarity to,the drjye tor 120. .
2 g oS FRRRRyS Pradis Beatpel e rfirors 190 shades theddis or 140 which
SeNERY rebefePlesd 1dls tRAAMMRILORIZN 188 QN d6S0:8fd B6tdr Yeenergised and
rotation of the solar collector about the azinuth axis
11 2be assepirtesi solaricpRecirirpipteskahoyhteazimudlypis g, Wt h
equal light falling on LDR or 138 and LDR2 or 140 the
3. drige 20y T rehfi80281 124 Bs fRUHRLONo!
ener gis se % (I:E% ?)ir ghtref al ? ing on ? ﬁ% @Wgrﬁf%ghf I§DRS 18/140
hi ghesive equiahlighisindythe rmtortih de-eherigised go tmt thressolddRAlentor is
140..t hen.the drive notor 120 rotates in one direction
or‘%%%§V5%¥“ &w un@%%%n in figure 9 the solar tracking
apparatus rotates the solar collector about the

4. aziarstiseatiesolbt 2ollavtdripanélds Fanivigngess hAd @ solar collédiort la@ains

sun vertically. oV he pl.ane of the base 2.and the
col5fHOPaH, O‘E?_eﬁﬁﬁﬁg‘rm € PRESeS &%H}Oée@ig\?@éi@&ﬁfwm the
|| glastetrh@imntiy relReietiibg tAZidMldtBr U6 oo MR IODRA 8P1405which
off;2. as the su n noves towards the west the

r effPeedtes 2 higerdighindenshy tharhe SRy 1 ped theoiyive motor is
re (‘eﬁbl‘g@édl if ¥ive é)}gﬂé%hg Eg ¢ idnf16 rbHR e E(él;g%lﬁ%r BF th g%].lrﬁ{ﬁh axis

not or 71 s energi e assocl ate ar collector
r ot1d2 edtibthe golar tallegtar pafabing thessublad tBe LDRs 188lld0wremstiving
by theteflector 136 | eaves the LDR2 140 and both LDRs
13§ﬁ&§6%§%3§93gyéqual light and the notor is
de-energi sed so that the solar collector is directly

It wilbled appredigted dingt teaking.of dte ssmnBeingtdagligil larure Blth&@céd@itinued or

nel is.facing we nd the sol.ar. coll ector remins
rep ST i D STRO AT LT THARERSARY PLbS SPREAGKS pparatus
can BRE&uBEGd B Ghé haibht ALK LA QIR 28B4 #PBreb§ increasing its
refl'ected by the reflector 136 onto the LDR2" or 140

heighgh increapesctbe gaBRargnhingad with which ihe shad pwyof thesfhatling arpri34 falls

on RE LBRE o2k, L Riff hisY ?e Qbiated tﬁgte&lg th%g séﬂ% %%?%J}g e(ljm;aratus 110

opposite direction to fotate the solar co
of figtue Gagpemaitehinexsimilad traunes wherbia the hilitudsoddivcmotoril@8 rotates or

B R -
oriehfed Perpgrdefuldntte tihdkishuti st@setenpb igitat ROWEE §s badill€irm disposed

. _continued or repeated as outlined in stages 1-3 above.
in afrpest-avesdlirecionpo ¢ tq Maindin dre golagcRllerdor ing fhe Fagk ¢fghe sun

as itagitié&d@@qrmé behfediLBtherthdWiRtethadi ng arm such as 134

ereby increasing its

The solar powered heat exchanger 10 of this embodiment has application in the heating of
water where, for example, the external device 32 contains a domestic potable water
supply. In another application, the solar powered heat exchanger 10 is used as a heat
source for driving an apparatus designed to produce water from ambient air. The
specification of the applicant’s Australian provisional application No. 2003904488
describes an apparatus of this type, and the disclosure of this specification is included
herein by way of reference. In yet another application, heat from the solar powered heat
exchanger 10 may be used in an absorption system to drive a refrigerator or an

air-conditioner.
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hei ght increases the apparent speed with which the

shadow of the shading arm 134 falls on the LDR2 or
wad@s/01189W | | al so be appreci ated that the ot hreT/aAUR@S/001236

tracki ng apparatus 110" of 1#igure 6 operates in a

siym.| ar nner erein the altitude.drjve notor 128.
Norf i e e R e SOFREM DS kP B b EROR i< g eosntbed n some
detal it illBe apXdrentld 4hostRRillel ih tHedet B8NSRGokBBoliettor, the solar
general ly oriented perpendicular to the azinmuth sensor

powiesgs heptekehanger, antbheisplar SRglEng grraraivgihape hedollowing advantages:
east - west directipn SO as to naintain the solar

1. COltheediRF colitctof, 3Gl AG ol BR1eH akder R hotBiG %M%ﬁh&?aﬁ least a partial
altitude varies between summer ang mnﬁter. The sol ar
poweceamitenbe drahvapgeyideei§rientabsompiioodif relnt ereagy for heating of

appiL ati ' [ . ter ere, foy. .
ey Bk At ate L A by e S B MR a8 iszedc
pot abl e water supply. In another application, the

2. solthe cpdigeraibnhddbe solatmbigaor 40 ordentistizth adtsdanlaeaid outlet
source. .for I Ving an ratus desi.gned to produce .
e dBrRFS TR Siistish fod b WA LBl Gmof i hefinosiphon
ap piffecrait theinky 6f thalcbBértgriank:si onal appl i cati on No.
2003904488 descri bes an apparatus of this type, and
t he, di scl osure this specification js included

3 her®f ?Piﬁmva%f%ﬁgaﬁ@@aéwewmﬁ%s ettt ifererces in the heat transfer

aphiig BEinwRn 8tk 8FIhE Q@H&%tﬁEodﬁ?&Vﬁﬁ_@ggﬁ@%nsim) and the top of
exchanger 10 may be used in an absorptionh systemto

dr itheheat exdhangerr(helder and lawendensitphwherebmibe hRat/irartséer flagid

r ef ' f iy '
e e R AR PR LBC BB ER oL AU B8 DR Rl s
skithé kighest poing oltlte Hehiéxchimegesykiam whereacdsahe flultbcaodd iarthe heat

power.ed heat exchanger, or t sol ar. track
D SR aS P o B Evite enth g Tl ettt ot b ustegy an
col l ector, having a sealed collector housing within
4. Whitkdsdir ttRRElg Apppsitid Bleffabeuntaaing ehefuaihilyRihdy beles
efficieqﬁ absgéption of _sol ar energy_for heating of
t h&eareRellt iorieierably pravidemaxiamy Ailighy BErostEnies fiaselas
t 0 BRecsNi eved; 2. the configuration of the solar
collector and orientation of its inlet and outl et
provides an effective flow of the heat transfer fluid
Thogg iltadein theari wiowdd aprepiterthetfthe swention descrihedhergin is Fasceptible
L . h
to v PE 588 plicariine biNEr B ol R A OBl LA ARBample the
spedifiaastrettivact thdwldrabllertoomay herydodrh dett dlesdribedIpeovided the heat

hi gher, .densi t and .t he .t of the heat._.exchanger .
trangloE i S B3t R flarofled i THE SRR AR pgpsms by
whiH @hedlonesiiRdt irinsféigl 60l @ntiolleDRLBEBSaH RESar@eNfRy ARG vary.

rises by natural convection forces to the highes¥

Likepipen thesrongiractipaandsrefiahrféhe ydrenblamaesins assenmdy forghesolar
coll&cBf rfay Be differdABfbm that described.

All such variations and modifications are to be considered within the scope of the present

invention and nature of which is to be determined from the foregoing description.
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exchanger it becones nore dense and falls to the
bott om of the system and 4. the solar tracking

wappalostses i s effective in tracking the sun daPCyAHER@®E/001236

or seasonally to preferabl ySprovi de nmaxi num sunl i ght
exposure for the solar collector. Those skilled in the

(1Aﬁ&% woul d appreciate that the invention described

1.

erein is susceptible to variations and nodifications
ot her than those specifically described. For exanple,
t heA splecidliectot Gaspiising:i on of the solar collector may
vary fromt hat described provided the heat transfer
fluid,is e fectivel heat e the sol ar. col l.ect or
Thé Ot B qii\rﬁni FRRSPRFGRSOHad @R being sealed to
t r 3Rem@at {dai Isarhﬁ eef@mahah log fed1Rtibh & PRAJUrE¥SIEAN SR ThoIBY g
al so var Li'kewi se, the construction and control of
t hé e Qﬂﬁ@ﬂ%@@ﬁﬂﬁ%@néssenbly for the sol ar
coIIector may be different fromthat described. Al

Su%hco‘ﬂ@&b@!ahﬁ ﬁ?caéﬁ%ﬁ’{]ﬂ'ﬂflé EebRR Bofdife LRd Hgmgg 9§bde5ﬁs%rbem

hin the scope of present 1nvention and’natur
of Sirmﬁacehlopaied adjbeend étedremShJednif qrdmmp@entme@se,rﬂge collector tank
de oII ector_co
a 3% icdt %Pedh%gxﬁtﬁm %%"it itir 6‘% %le?r anst uc e’n({n BPosHre °§ ldle%Ola‘r
t r aplpaceotsuskigttaie healdi viesiolry enerjyechitioppestiiids thé translucent or

| east artial ac atio Qr red on in

w CHTDERR! HOHGH i BEHo e RSB erteensy Bubiiar g sgaled and
colak eab arﬁﬁ%da@@e&&&ﬂoﬁ!uﬁ@ lialsBEb B VUnlt @ Ee@blal AbsIrBéht surface
and haV|n a ‘'sol ar absorbent surface |ocated adjacent

théﬂWﬂ%ﬁ§Pﬁﬁ@ﬁ@aﬁwth?%ﬁ%ﬁ@ﬁ@htﬂEK#face the coll ector

tank being adapted to contain a heat transfer fluid

Wh 'A; Ebla%ll@&@loé}ﬂe?m@& ith DGirs Q lv@{eréiﬁ g SLLRE cbﬁei%i‘ﬂdt@ﬁl%' defines

is heated via solar energy which penetrates t

t r archhobenbetween atdeasp Hredranshugehibardramsparens durfacéend the

inc t.he seal ed and at

| e&S Oa%glgttsi at%fe Ofge\lr}tg‘cru(gf{tg%icﬂgeﬁ%or#nk I's absorbed onto

t he sol ar absorbent surface mhich transfers heat to

t heA bedait collectosdsatefihbd iileittier oAclaihat ocbiheriroéittas of the housing

def.ined in claim1 erei.n the seal ed coll ector

ot e B AR A G PR AR dgaled chamber or
tr apghvitGeileadla pirﬁﬁﬁ&@ﬁﬁiﬂwﬁ%ftﬁ@ énatskr! he absor bent
surface of either of the collector tank. 3. A solar

coIIector as defined.in either of clains 1 or
whet 813r olleqer astelinpd s pRafi the pisgeding ﬁlamwaar%we sealed

;’g'rcli&mb@ﬂ S RAATHeoRYAG Rk Whid is siRr2ealRth fRABR&Nor

housing on opposing internal surfaces by flexible spacers.

A solar collector as defined in any one of the preceding claims also comprising an
adjustable mounting assembly to which the collector housing is mounted, the
mounting assembly being adapted to provide reorientation of the solar collector to

increase exposure of the absorbent surface to sunlight.

A solar collector as defined in claim 5 wherein the adjustable mounting assembly

effects seasonal reorientation of the solar collector by rotation about a first axis.
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draw ng at |east a partial vacuumw thin the chanber.
4. A solar collector as defined in any one of the

w@e@ootispy cl ai ns wherein the seal ed chanber sPCT/AURMS/001236

7.

10.

11.

the coll ector tank which i96separated fromthe

coI ect or housing on .Q Si i nter surfaces b
SW&C@J&&% e%gef@edﬂﬁgéﬂag%%@rﬁ 1%?» digstalermorading fesembly

anYiS effectRt ih BecIRhe &@@hﬂ%yﬁﬁ%tﬁﬁg %P s CQBRA aShs rflgraﬁ%ed generally

adj ust abl e nmounti hg assefnbdly to which the collector

houg3nsgenss tndgairddxist he nounting assenbly being

adapted to provide reorientation of the solar

CO'A@GIBP 1feRrok alﬁ%ﬁﬁﬁlﬁx@hé}é t i i

sur't Soaepolleck ArAgRRE AR ARl e AR AR AR pltitude axis and

in thaeEqwnaamehediZmImﬂemaﬂj ustabl e nounting assenbly

ef fects seasonal reorientation of the solar col l ector

by A 9!) g% ccﬁﬂzc oéétdg%’vn\%& by %f esc)f7 e B].‘SetC% 1}1% C ol ! e%ﬁrgem #2 heat

def’i 'm C er el

as stmﬂsfey fivsd Bfaflegiid itehiding g]acdadl omg. vviter/%%ftobmnauﬁéot i ng

about a second axis arranged generally transverse to

t he fIfSt axi a 8. éhsolar col.l.ector as defined in

cl & AP RREFER Regtrahqnest COMPESNE the altitude axis

and the second axis the azinmuth axis. 9. A solar

cold @tdricoNedsr iflelhdimgth doﬂe@ﬁﬂhﬁiﬁgﬁa\ﬁ?a BHRIBEHNAGr transparent
cl ai rein the heat transfer fluidis a liquid

i néf F%V:Sheg@ gPr bpusipghaing segtardgipernitag feast Pf@halﬁvacuahon or

SOl Bl u ARG PesBERIWIEA MG Tsi P EEW SiRSspHRrie Ek%ure, and a
coll ector including a collector housing haV|

t r #aediertank cated arigpa thagolleciot hewsing sl baing e@et}_:ded to contain a
hoqéhpgmgﬁgqguéealed to pernmt at |east partia

evacuation or reduction in pressure w thin the housing

bel ow at nospheric pressure, and a collector tank

| oedieatiasguirhilatot dreraidieleciupledhioube pojanrudletter foy stdimgtthelheat

to con [ transfer fluid:; heat, acc | at or.

op RIS B T ne PR ot ot el BRER: g R ot gotar

t henbRgtpeneaes gle tandhdetR tREAsEIeRIGIBBES SrdDiwitthi®e increased

sol collectar to sunllght wherei n sql ar ener

porfbiSERUPTOYIEed PRAS e Ana AL lepstiapan B v asur b besip i
Wi s BEd bR REsQS: SibivehEAfyaR WAEOEthRYs hig tis i rl‘Eegt transfer

and at |east partially evacuated housing, Is
ontfhidbhe sol ar absorbent surface which transfers heat

to the heat transfer fluid; a heat exchanger _
gf ?i;lﬁeé{e %(ftiﬁ(nge? HB!&I%QV&I? cEnQ;?leH e FeGHIPL AL ARG ‘tpe%{gn%ranged

for transferring heat to an external device utilising the heat of the heat transfer

fluid from the heat accumulator or the solar collector;

A solar powered heat exchanger as defined in claim 10 wherein the heat exchanger
includes a heat exchange chamber in heat exchange communication with the
external device, the heat exchanger chamber being connected to the heat

accumulator via a feed line which provides the heat transfer from the accumulator.
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for transferring heat to an external device utilising
the heat of the heat transfer fluid fromthe heat

waeadiouisat or or the solar collector; 11. A sol B€T/AU2005/001236

12.

13.

14.

15.

16.

17.

18.

power ed heat exchanger as défined in claim10 wherein
t he heat exchanger incl udes 3 hﬁat exchanﬁ_‘% chamher in

heat SYRERAYIgEILEATRINTSET BHIWEH ' Aletmesl ¥fhweain fiaheapexchange
t henBgREr RIBHANGSS 1othERRERBAbNGa GOBASK 1M fdrFetuRGnD 8 heat
accunul ator via a feed |ine which provides the hea

t r dregistar fiuidtn th ecaeaulater aftersaibiluid hee kathapgekitehieah ath the

exce%%g?ﬁrd amscedefi ned in claim1l1l wherein the heat
exchange chanber is connected to the accunulator via a

return line for returning the heat transfer fluid to
t heA adleuhest pborralfeat exshanbel st dfifraisinexthosfgtdmi 16 or 12

heat, with. the ext.ernal .device. 13. A sol ar .heat

i e o R PHEYSRIMECRAEH Onngsted frythe heat
11 exthahgeWhgmhBbiaridndshead texvatgaieafldsuil REEYHAAT a8s
expansi on tank connected to the heat exchg&ge chanber

andeRBgiagie disenthap maiptemingerrlaiyely wangtapband joanby drgstatic

it ré&ﬁ%@&vﬂhﬂi’ﬁe%&%ﬁ*eﬁaﬁ%@r.”&i ntaining a relatively
conistant and | ow hydrostatic pressure within the heat

exchanger. 14. A solar powered heat exchanger as _
def4 pdar pewened hepfeexghangenisdefingd iparnBonghefrcddimslAéo Hewherein

ex r , >
R et B LRS: P RMERSRRTET Sk e,

f r gnotnbte fieaiof thedleanigenstdrdivited frotrothe heathexaliange chamber to the heat
accurml&f r. 15. A solar powered heat exchanger as

def HEY aﬁorany one of clains 11 to 14 wherein the heat
exchanger includes a heat exchange chi nmey connected

t 0 Aasdleepowérad helt exthangbesscdutined irs atheénd@alaims 11 to 14 wherein
accunul ator, and t he heat exchanger, the heat exchanger

chithtBsatsxrrgepoariisirlealrxdianse fmmes comecirdig e feed line

chapiaer, it GRMERMhE NeatRE@IMIIARR SAE thd heht BxdhhRFR:! A8 heat
heat accunul ator. 16. A solar powered heat exchanger

as egdiangedicimngy heipgposifionddatvithinlibe heatieschinge shambérdo convey

he . e C ator chi mey

co%%@‘%agw %i%}éﬁélgp%ﬁ%‘%% %eea@g%cﬁ%é%%% to the outlet of

the collector tank, the accunul ator chi mey bei ng

posi solanpoivered hieat extingecasdfiatd in sy conefelaitnk @0 ket wherein

transfer flui romthe outlet of the collector,tank. .

17 Rah S paeitlalor B4 o aceitg or SRR PRt oy pply tine

oneofthectddiothe dt1dt@f & cdlled@or tank, the accumulator chimney being
positioned within the accumulator to convey the heat transfer fluid from the outlet

of the collector tank.

A solar powered heat exchanger as defined in any one of claims 10 to 16 also
comprising a recirculation line connected between the heat accumulator and the

solar collector for recirculation of the heat transfer fluid.

A solar powered heat exchanger as defined in claim 17 wherein the collector tank
includes an inlet connected to the recirculation line, and an outlet coupled to the
heat accumulator, the outlet being elevated relative to the inlet to effect a flow of
the heat transfer fluid from the inlet to the outlet and recirculation of the heat
transfer fluid through the recirculation line by a thermalsiphon effect at the inlet.
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conprising a recirculation |ine connected between the
heat accunul ator and the solar collector for

WO eaoiocisbat i on of the heat transfer fluid. 18.PEI/AURL@S/001236

19.

20.

21.

22.

23.

pomered heat exchanger as d&fined in claim 17 wherein

the, cal l ector tank includes.an inlet connected to
 odh Pl ]FB?W%Wd&‘\eﬁfe‘*A MEh e Selthedm coipil8yheges the ll%tor tank

acGHAubad ée)%)luré]_t& oPiHrbB k1 ﬁh@ﬂ@ﬁlaﬁe‘s BYR ?%ans &&Ed ch thbBink

inlet to effect”a flow of the heat from

t h @nﬁmr@ntqdotomf@n@tﬁ the flowrrf thelsat sansfer ﬁwddfom H@e inledto the
Fr fluid through the recirculation line by a

therna si phon effect at the inlet.19. A solar powered

heat exchanger as defined in claim 18 wherein the

C o |4 e@laDPOWaﬁli hieaiod ol enagpdlefingt iin ynpbneé of the nlaimbHT ol 16

ed t d
P8R PR B b S 7 OATR R
in |e&thetn(gef toecoattol gk flozlof the BedtaranplovatiRtoR@heat exd1an§(391‘ and

exc er as defjned in an e of the clainms 10 to

We < egHpTE 9¥ t sxﬂﬂéwé\\( ‘gftﬂfﬂée edemabfevisest em
operatlvely coupled to the heat exchanger to contro
t hea §digvp@berkh @ie&l%@c&hatr{g@ﬂg &finkd i Hain@ 20 Dch8@the temperature
exchan er and thus the anount of heat exchanged wt
t h€opplsyaigm igelpdesa canirol Xalyg|carngsisiep dbe feed fine, and a
ex¢hapgs £ |
¢ oraap8ae8 Sk LAfiflctef 5 il R MIEIE) e ifperaiyre sensor being
compettizdlytooupled tb elwdnitmbvalaﬂwhardogmmeadmg@r&ha smnperature

co cte ter enper.at u

SOBE ikrh® del oo ShNAM R E Rirotetef 1 SOOI i o the heat
wheraebfer fldRienté hgatercHaligert enper at ure of the externa
device, the control valve is throttled to control the

f|OM/ f t he t nsfer fluid.to the heat _.exchan
%fd?oaverﬁ(g%s%’feea 0RE h AEORFRt |Ci?é‘6‘5 10, fopghywherein
0 n Qh@lﬁea@ kr@hsBr AQidlioa E&uﬂl@t&ﬁ bflglyBsl (ﬂ%‘%at& /g{ﬁgﬁ&u{tﬁé‘
C

is aliquid such as gl'ycol or a’water/gly m xture
23. A _sol ar tracking apparatus conprising: a base
beﬁﬂij)l%lfdﬁa}ﬂkﬁtg anpaFSBheorRRY AN ol ar col | ector; a shadi ng
menber connected to the base at a fixed and

Pt adRLERdTh ngs&a;ﬁéwt&m&mlarso% by, sensi tive

el ement s unted on the base on respective opposing
sides of the shadi ng nenber; and an actuator
opérshedipgmerdbssspaneciad tollee base at ofix¢d aivd predatermingd angle;

el enents whereby in operation the |ight sensitive

el MR 1igHERABISE bleRfentdIGblintb& bRtV FasE YR Pebiivebpposing

sides of the shading member; and

an actuator operatively coupled to the pair of light sensitive elements whereby in
operation the light sensitive elements, dependent of their relative exposure to
sunlight as controlled by the shading member, drive the actuator to effect

movement of the solar collector.
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sunlight as controlled by the shadi ng nenber, drive
the actuator to effect npvenent of the sol ar

w@eioectseT . 24. A sol ar tracki ng apparatus as de€i/ABe005/001236

24.

25.

26.

27.

28.

29.

3

o

31.

32.

33.

in. claim23 wherein the bdg%e is planar and the

shadi menber is fixed, sybst.aniially perpendjcul ar, to
theéﬁ&gwaﬁckb%&@?w%w R defigd 1P i%%aﬂgeﬁﬁ%t@% ¢1s planar and
defihagichdifl SlebibRrf istbet sabdtnt2dlyPerpchdihesah thd Pienar base.
shadi ng nenber includes a generally straight |ower

portion fixed to the base, and_ an u?per ortion .
ex t/ pelphigadiingerveaius getngshineithar ofic aemﬂsag O3t Whgtsipthe shading
26, . . ) . . :
B R B el A SR B0 BRFL IR kPan

s unfppee portiontextangdivey frémdhe bomeer giorigmt cintabiesednglee of

the light sensitive elenents. 27. A solar tracking

apparat u s defined i Q of ~gl ai t .
anes e Erkind GonEs of o8fecdf Bialin o8 AlefBn i bk pion

f orifntlofiesta teflgttivedmpfaoclantts foasir $dcerand drectdd sodvard one of the light -
tracki,ng apparatus as defined in claim 27, wherein the
soFﬁFmFY%gkgﬁﬁmapparatus al so conprises an actuator

circuit including the Iight dependent resistors which
depeBeiaRtradking A§haratey ROGLRrRALA afiyi Bhé 8N dlaidis23a6 06, ivilwreid the
to drive the actuator. 29. A solar tracking ap?aratus

as ligdt pereifivierslamenipriegachndhe forn plea light depepdeat resistar-

i ncludes a voltage conparat or having voltage inputs

fr omsgiherh i@y aiRend 80 HeiRRl if RIS 22NIhérelrehe sSIRE Backing
vol tage, respectively, whereby differential voltage

appippethtesalsheorpipses gn aftuptes cirelit mghidingrdwrlighbdepeadeeis

it [ Vi , .
kAR SRR 01 Al AR e Mg o e
whehehdtuator.out put of the voltage conparator is

connected to a transistor which is electrically

led t d t uat .rel. wh by th ..
ot PlaE trashg agiiars s an deiec B g 25y TRt (s AHPIGF vcuit
Caus@sdédeyaeEp abdiparatei hvindev difags sifitofroinahe Gk ddpendent
and cl ose the relay which in turn paowers the ac%&a&géé

31.Tegister A\ & TefRERRGe CHABAFEPESIEY, derer TRy iAreafi
wh S tdhe ri%lﬁy of ffe! \H)‘I’f@%e ARk EATRINES béndiel Bbreby
connec . A

ted to normal | y-open rel ay contact. 32
sol&iving theldchpterppar at us tracki ng apparatus as defined

in any one of clains 28 to 31 wherein the actuator is

A ABSaL 95&211% aﬁaa%’gug Gs B8R in claim 29 wherein an output of the voltage

comparator is connected to a transistor which is electrically coupled to and

actuates a relay whereby the application of differential voltage to the comparator
causes the comparator and the transistor to conduct and close the relay which in

turn powers the actuator.

A solar tracking apparatus as defined in claim 30, wherein the relay includes an

electromagnetic relay connected to a normally-open relay contact.

A solar tracking apparatus tracking apparatus as defined in any one of claims 28

to 31 wherein the actuator is in the form of a drive motor.

A solar tracking apparatus as defined in claims 32 wherein, the drive motor is

electrically coupled to the pair of light sensitive elements via the actuator circuit.
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33. A solar tracking apparatus as defined in clains 32
wherein, the drive notor is electrically coupled to

wo b@opwisp7 of | ight sensitive elenments via the BCT/AHR®S/001236

34.

35.

36.

circuit.34. A conbination @8 a solar collector, as
defined.in any_one of clainms 1.to 9 and a sol ar
t r dekPREMeEearhe elaneoliselrt 8 deiprdinmy e of claymg hio Hand a

t 0 sdfar HAIRinlTaPPkiatEs AR HSarlAlRLICRANE 8% B MhelthRking

sol ar collector and designed for reorientation of the

col IPreraips beng sennecied to fhe selas sellgatonandglesicngth for resrientation of
condj ' ?nﬁs‘%l' r t . a sol ar tracking
apggkg@3§&g§858 |neé%fﬁﬁc d?ﬁgﬁ%%gaﬂerein t he sol ar
tracking apparatus is arranged to rotate the sol ar

col4 eembimatibo of a sglancollgtivharaka solantrafkirgrsppaeitys by deflned in

t he nd optim s ai ly exposure. to sunljght. 36.

corbbb R S e e PRy Bl R gl
app@iladtosatat aehrinedh bxis € effertidaly frbck ey seQmar dpiintige ddlly
addi ti onal sol ar tracking apparatus, as defined in any
oné*BPSER 4R $HNZAL{ o 33, the additional solar tracking
appar atus being designed to permt rotation or tilting

of A b@mB®atitn 604 b&st @lle@bPatld A8blad thddittheapipakatub & defined in
optimse its seasonal exposure _to sunlight.
claim 35 further comprising an additional solar tracking apparatus, as defined in
any one of claims 23 to 33, the additional solar tracking apparatus being designed
to permit rotation or tilting of the solar collector about an altitude axis to optimise

its seasonal exposure to sunlight.



