WD 2006/ 064365 PCT/ 1B2005/ 003838 1 ELECTROMAGNETI C
RADI ATI ON COLLECTOR BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention [00011 The present invention relates
generally to electromagnetic radiation collection. 5
Rel ated Art [00021 The coll ection and concentration of

%@é@gﬁgﬁ%{]eti c (EM radiation is well knowgalrﬁ%gg/@ésss

ypically coll ected and concentra us
par abol i c di shes. Solar radiation is collected and
concentrated using parabolic mrrors or |enses. The
former devices suffer fromrequiring a relatively 10
hi gh hei ght-to-collection area ratio and the latter

bei ng expensi %EEC?EQMT : omlcfﬂﬂﬁklrfoxv%%ﬁ%i@ types

of device also su the requirement to track the
source in order to function properly. BRI EF SUMVARY OF
THE | NYENEREDND Q68 [nvEkmok nvent i on seeks to overcone at
| east sone of the 15 deficiencies in the prior art by
pr ovi dField oéithe Iohkntiagli at i on col | ecti on and concentration
devi ce which can cover a |arge area, have a | ow
profile, [t(8@Me no Thegrpsnt mpmtion rtlates geagillytihdecomzgpeticand
be constructed so as to be relatively Iight and _
i nexperdiajen collgd@y| There is a pressing need to be able
to generate energy from 20 renewabl e energy sources.
Sol ar i s one such resource which has potentia

Lo Do exploghted. SamMEntonel, dRul 685 dSfor St
radiation is well known. Radio waves are typically collected and concentrated
using parabolic dishes. Solar radiation is collected and concentrated using
parabolic mirrors or lenses. Tﬁe.fomer dévices suffer from requiring a relatively

10  high height-to-collection area ratio and the latter being expensive,‘heavy and

fragile. Both these types of device also suffer from the requirement to track the

source in order to function properly.

BRIEF SUMMARY OF THE INVENTION
{0003} The invention seeks to overcome at least some of the
15  deficiencies in the prior art by providing an EM radiation .collection and
concentration device which can cover a large area, have a low profile, have no .
requirement to track the source and be constructed so as to be relatively light and
inexpensive.
[0004] There is a pressing need to be able to generate.cnergy from
20 renewable energy sources. Solar energy is one such resource which has potential
to be exploited. Conventional devices for collecting radiant énergy to generate

energy in a useful form suffer from a high capital cost and/or the inability to
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energy in a useful formsuffer froma high capital cost
and/or the inability to WO 2006/ 064365

PCT/ 1 B2005/ 003838 2 generate ni gh enough tenperatures
to be useful for many applications. 1 ne invention
seeks to overcone these deficiencies in the prior art
bywdMobMisiishd @ radiant energy concentrati onp@heMhSoo3sss
that can gather energy froma relatively large area
and concentrate it onto a snall target area. The device
is relatively 5 inexpensive to produce, can be light in
c o%}ﬁérgtyﬁ'n&ﬁ uSNEnR BN rdsRELRRL BN rRny bpricaienenas e hi gh
target tenperatures or, in the case of conversion to

el GednfibriSsedkY tdBerc QY dflc@hdies thé Srior B BiLhrbGdingd Y a

smal| area of cells, thus saving cost. [0005] The

| NGBt ieftzyl cBncdhtfa@éd ®dicé Bat@artiitheCeRerigi fibm 6 feluticdy lerge
relatively large collections areas at relatively | ow
C Ogtta and 6@Benhak: itew @ Small tilgst areeqTherdevicmit ehatiadlys 10 of
particular refractive index, can be nmade of |ight
5 C Oinstpensive itopyodund canda light firceendtmetion andas tha gotentieldd ont o a
single target area. [0006] The invention is capable of
beamgrate bigh tangetisinpasaturpPrin e aage af convsion talesiTicitebt han
prior art concentration devices. It is also capable of
hawhatryokaicgsils, egpcontyramplbpesof cqlls,taus syyingicasts yj t abl e i n
any application where it is de%iteqrto collect .15 and
concd¥lat e ERRSBYENUAMitdirectsd o g dpyige thakgip SpvelEERYeRy i n

the collection and congentration of Lar r.adiation. In
¢ noegalestiy 85 A EARIRY HRE b o e PhealBNMET,
W th the in, I ' j tlon with
SRR e SEociaa B! Sy RIMAET 1" e
SOl Alcerf i ¥adiaBbn ShidSsthgiefstefWepOSE. I N the case of

radi o frequency radi ation, the subject device could be
used b6 COo! | eGhe infeatdhSs epsble #Beihg s niakbeve biaTtadibg HN.
[OOO%] An exanpl e of the device has an assenbly of

C hadweeprofilg thafi f@xs art concentration devices. It is also capable of having high

" concentration factors. It is suitable in any application where it is desired to collect

15 - and concentrate EM radiation, with particular utility in the collection and

concentration of solar radiation. In the case of solar radiation, a device in
accordance with the invention can be used in conjunction with photovoltaic cells
or to heat a fluid to hamess the solar energy for a desired purpose. In the case of

radio frequency radiation, the subject device could be used to collect, focus and

20 tune the radiation.

(0007] An example of the device has an assembly of channeling areas
that are used to collect and concentrate the incident EM radiation. Also disclosed

are methods for manufacturing the subject devices.



10

15

20

that are used to collect and concentrate the incident
EM radi ation. Al so disclosed are nethods for

manuf acturing the subject devices. WO 2006/ 064365

PCT/ 182005/ 003838 3 [00081 Parti cul ar enbodi nents of
the invention provide an electromagnetic radiation
w8hLiksiQs having a concentration chamber fq,rcT Qo&ﬁﬁ&ﬁyg
ané concentrating el ectrompgnetic radi ation an
directing it to a target, the concentration chanber
havi ng at | east one inlet opening, the inlet opening
having 5 a cross-sectional area. The coll ector also has
a cleaeshel i nPanicelar drdodimeptyof thentveytion preede &t r ecei vi ng
the el ectromagnetic radiation, the entry end having a
celegemagpesistridintion collpesr having asgneentesfien chembes & collegfing e

i nl et opening of the concentration chanber, and at

| mdsencevatinesiorEumaeaic wdlafonsed fErstreiHas Bk ®end and t he
exit end. The cross-secti.onal are

the. iplet
OPREFAARION ShagYRe " EPE 31 fFAH CPHBILPELE: ‘3%{%{8,‘ ‘Eﬁ?g'lnlg {1135%5 rea of
teil;]rf,?fag’:jst L 'ﬁ?a el;]rdqb F}Eorl]l%ctgrr; Al HaesI alcgagmgiglg Sea }{aglgl? E%talg% her

ETAVERT 1'ON provide a ne f
collectin | olpcTel Ko L akd O pa i hod
i K9 fﬁrcf es't g"r? %%fgtlgong gﬁggl? ‘?‘%‘?r@%%‘e ?rgi e gg%\?ﬁ%n in a

c E‘%HQSJ A% B ehd AREnGD #R M bEindbaRe ddahigioRN entry
en or

recel ving the el ectromagnetic radiation, an

eXhedmbeNghd «ABL: Bk rdn8ASE waANR v thebdngeid ane teakit edaet ween
the entry end and the exit end, the entry end having a

C MRS Gos-L&tibranada ofi the dilet 6fning Gtsinpiter duxdthe onseetioe | ng t he
el ectromagnetic radiation in a concentration chanber,
t aea 6fxhecamny erdtof the cleheeligeareahavi ng at | east ohe inlet
openi ng adjacent the exit end of the channeling area,
t he [PO9PEt opEOthermptiadivierigofhe ipyeptios proxide ¢ B15Pd ofr ea, and
directing the collected and concentrated
elceltectngreiegfrrmapretic ddiatiof The meshpdinshudeschgeline The
cross-sectional area of .the iEI%t opening . S angler
t [§lepiromagnetic radiation in a channeling area, the channeling area Having an en
end for receiving the electromagnetic radiation, an exit end, and at least one
j’eﬂective wall between the entry end and the exit end, the entry end having a
cross-sectional area; collecting and concentrating the electromagnetic radiation in
a concentration chamber, the concentration chamber having at least one inlet
opening adjacent the exit end of the channeling area, the inlet opening having a
croés-sectional area; and directing the collected and concentrated electromagnetic
radiation to a target. The cross-sectional area of the inlet opening is smaller than
the cross-sectional area of the entry end of the channeling area.
[00010] Still other embodiments of the invention provide an

electromagnetic radiation collector that has a tapering element having an entry end

for receiving electromagnetic radiation, the entry end having a central axis along a



the cross-sectional area of the entry end of the
channel ing area. [00010] Still other enbodi nents of the
i nvention provide an electromagnetic radiation

coll ector that has a tapering element having an entry
end for receiving electromagnetic radiation, the entry

e j | a central axis along a WO 2006/0
ng)/ %3%)2'({383%7 %%2095/()03838

1103838 4 first4direction, and a
CI OS $zp Qi iR 2 3FoSPsc RN SREPEIEh @EuIdr@ th)Brstf dirion; an
direction; an exit end having a central axis along a
SeCOoRg: didmeahd LRntralikh afong h S EmdHREdtionNAAd a @bseaectional area
per pendi cul ar to the second direction; and a wall
conngerpénagulai® teRécoyd dimdioh;and heall @xidetirgribk, entrhendwathé
bei ng capabl e of channeling the el ectromagnetic
radi akit emd, the walt\@ingeepably oft chamnelinethe etenbmiagnetinediaidnt  end.
The cross-sectional area of the entry end is |arger
t Han redeivedyyobsengronditothagxitend aThe Fropsrectiondl pregpfdhe eamyendne
second direction is not parallel to the first |
di r edt latser thaprheppospregiiorp!prp efthexxitepi: 2pshyeread dustieria 1
The foregoi ng and ot her features and advantages of the
10 i rigbReraligho the first jeci9Bpar ent fromthe fol | owi ng, nore
particul ar description of preferred enbodi nents of the

| Ve Bl ARk bk BPhidhEduidl Lhe accompanying dr awi ngs

wherein 11ke reference nunbers generally indicate

i de_nt i C\%bﬂllf unm"fh@ﬁﬁé&lﬁﬁﬂ arﬁiomel' ﬁﬁture?ﬁﬂld/aWantﬁéeﬁ sfaheur al 'y
simlar elements. [0 0151 Figure 1 shows an exanpl e of-

a1 i rgdenBsoad beRphremd from iR follbWirgNerd bartdular i@ pfiahlorFi gur e
2 shows an exanple of a second enbodi mnent of the :
i NVengréforkd enBobihehils dfihg inventidn, sk Busragd ingkeaigimpaginga t hi rd
enbodi ment of the

drawings wherein like reference numbers generally indicate identical, functionally

similar, and/or structurally similar elements.
[00012) Figure 1 shows an example of a first embodiment of the

15  invention;

[00013] Figure 2 shows an example of a second embodimqnt of the
invention;
[00014] Fig}xre 3 shows ais example of a third embodiment of the
invention;
20 [00015] Figure 4 shows a cross-sectional view of fourth embodiment of

the invention;

[00016] Figure 5 shows a cross-sectional view of fifth embodiment of

the invention;



i nvention; 20 1000151 Figure 4 shows a cross-sectiona
view of fourth enbodi nent of the invention; [000161
Figure 5 shows a cross-sectional view of fifth

enbodi nent of the invention; WO 2006/ 064365

PCTI | B2005/ 003838 5 [000171 Figure 6 shows a sixth

equg&ﬂ§ﬁ&sof the invention; and 1000181 Fi Bﬁ%ﬁ?ﬂ@Bs

shows a sevent h enbodi nent ef t he invention.

DESCRI Pibbd?N OF Hilard SNUENT Y, hRQR I of e tﬁﬁ%& Gy

enbodlnent of the invention Is shown 1 n dr awi ngs

and desppéigpd hq#%wv shd¥AORhnAmbStAIRb A hyeRidhEVi ce 1 n
accordance with t i nvention has an assenbly of

channeling areas wherein the EMradiati on can be

-1 nt er MeEdAlued DesdrerxiaNbr E I¥VMENTIODNEe channel i ng areas. The
channeling areas are constructed such that at | east
sone of [00H8] EM rigdixertplay embedimeatyf ¢hednvantion Gsatioverinthef t he
channeling areas wll 10 be steered within the
channdpyings agg desesibedheesit t a narrow end of the channeling
ar eas at a direction different to that which it

ent er ed! O‘ﬂ% br JHF*ERRIS OfGrdeyiprdn eqcerrtnes Vidythe iy esien hes an

assenbl e forma surface . that herein terned the
ol | ST Leipbs nap efaa haPMdﬁd"rnar Fap bg iptqrpplly reflected

ol l ect..o urface an oad en
g hannel |"H§e %‘F eas e hid dE’f/I m&e ?rgaﬁ ‘“l'3 conStrH‘cltee glfcgéh a* #om
the V\@Ls &mgt)f t‘ing m&?{[‘xé‘[@g&r}%b%&? o§tﬁ Q‘E%Jeg ha?eas 111

directed to exit ron1t narrow en anne

alj§¢aSpe stedrdd §1t}h§ the @ﬂhﬁe‘ﬁﬁéjarm o Hrf&gr eB&]@fttheacﬁxarﬁaﬁnE areas
reflection point the angle of incidence of

radi adtia@iectiéh diffent ftha® Ghit@ erfidtéd AGELroM h@ST tHe BRRANDAL. A
nmet hod for ensuring
areas are assembled to form a surface that is herein termed the col]ectlon surface.
EM radiation falls on the collection surface and enters the broad ends of the
éhanncliﬁg areas. The EM radiation is.reﬂected from the walls of the channeling
15  areas so as to be directed to exit from the narrow eﬁd of the channeling areas.
This is achieved by ensuring that at each reflection point the angle (#f incidence of
thé EM radiation to tﬁé reflecting surface is less than 90°. A method for ensuring
. that this is the case for a-wide arc-of angles of the EM radiation incident on the
collection surface is to shape the channeling areas such that they are much longer
20  than they are broad at their broad end. This provides, in some embodiments, a
small angle of ﬁper of the walls of the channeling area thus fulfilling the

reflection angle requirements for a broader range of incident EM radiation angles,

The ratio of length of the channeling area to the breadth of its broad end should



that this is the case for a wde amof angles of the EM
radi ation incident on tha collection surface is to
shape the channeling areas such that they are much

| onger 20 than they are broad at their broad end. This
provi des, in some enbodi nents, a small angle of taper
o(,vqtﬂ%m\g@ﬁgs of the channeling area thus fulfilking.the
reflection angle requirenengs for a broader range o?

i nci dent. .EM . adi aj i |l es. ' f of
the. GRARMEN SRVLFALRIOR) Bofthoronbibebfbd Duntiod, SRGA,

houl € T ' n ﬁm a'sin la b
ge? y %ﬁxgléﬁg@l%gg%ﬁﬁ%ﬁa p%g%g\?sglblqg bet\/{eg‘ngg%aﬁ%pll‘l%o, °

and nRstbnd PHELpAPI R BMVESRioR RightigkeSBminthdddae 1 shows
an exanple of a single channeling area and a typica

pat h 20p6028f EMThaetaidelifiarddb gabe adeaf wlill Mafridl Bat iar ea.
1000211 The channel i ng areas can be nade of solid

med erdapibletol @insiiting tteddalabietionfthat is artsrblictedgndcbreerthbed
radiation that is to be collected and concentrated and
W t h andvitls wolksalat re@éck the EM; riadiatibivback ahitethé dpanmiglirglardanino t he
channeling area. In another enbodi ment of the

i nv e ranptber embérimenh efikrchvenipnathechennghing afeay avpfrmed ag epyities, es,
where the walls of the cavities are capabl e of i

r ef | evhererdbe walle ofthy Gaxitirscafs @prbls oEreflserngyhe Ky gadiation pagk intpg
[00022] In one enbodi ment of the invention, the narrow
ends Bf4- assenbly of channeling areas are gat hered
together. into an area.that is smaller than the_area of
¢ REbr oltath s °dr S BehdP e Sre it gt PRy SR 00,

an exanph & o¢ EGenfd rdab il g&ﬂe% mfg%ér%% T eme\licls isg,nﬁle%&ad

ends area’is concehtrated 1nto the narrow ends area.

An exaipl forale biddd sha B inbBENhadrS iR th RicK hbBAbRpIE thel5
1000231 In a particular enbodi nent” of the invention,

t he NewikAaNEERIEhNedddd ovér iR bEIAREHAShrbd g cart & RRedIpO theindldl a
concentration chanber which serves to further
ends area. An example of thi; embodiment is shown in Figure 2.

15 [00023] In a particular embodiment of the invention, the narrow ends of
tl'le channeling areas open into a concentration chamber which serves to further
concentrate the radiation exiting from the narrow ends of the channeling areas.
The pazrc.)_wﬁc_a;r'ld_s of the chamneling areas open onto one face of the concentration
chamber Wherein the faces of the concentration chamber are capable of reflecting

20 the EM radiation. At least one, and preferably only one, of the faces of the
concentration chamber is transmissive to or absorptive of the EM radiation with
all other faces being reflective of the EM radiationA. The face of the concentration

chamber that is transmissive or absorptive, termed herein the exit port, is the port

though which the concentrated EM radiation can exit the device or be absorbed



concentrate the radiation exiting fromthe narrow ends
of the channeling areas. The narrow ends of file
channel i ng areas open onto one face of the
concentration chanber wherein the faces of the
concentration chanber are capable of reflecting 20 the
EMoratladsion. At | east one, and preferably qRlpigRisss

the faces of the concentration chanber is transn1SS|ve

to OI‘ de&GIS Epn tLV 51ped r&anneer i {gleaegr?__]mslmg %e@ thaf’:\.ll%l

f aces ‘bel I'ng active of 't ce of

the %M}Q&?JHDE %gﬂa@& t RO B0k, ??g: brrdwerdl é’ﬂﬁéﬂhﬁklﬁng a%s

absorptlve ereln t exit port Ist

t hou gl!ﬂ:nx‘ﬂ@ infdthd ddBcch@toR BamBr G 2828 ihn N ra%?&h&n t he
devi ce or be absorbed WO 2006/ 064365 PCT/1B2005/ 003838

7 angxifitgithd ARG ks bitRe M@t dreRRBMREted loWa@ME: exit port,
enbodi ment, a target that utilizes the. EM r adi ati on
IS p Ieﬂﬁﬁcdreaty dr hi@ ofxdr nofeGéflectioh§iont the reﬂwn@a th8es@f tht he
channeling areas. opening into the concentration

c hanberenantidnchamiber) Unedarspicdf stch atorifigaratichliy gicknart Figure 3,
exiting the narrow ends of the channeling areas is
di r e ehishishowgwe saticrnatie crossisectiow pfta pofion ofgthe dewice. din Figote3ythor
via one or nore reflections fromthe refl ective faces
of t Heviced Bhias phapuplipgiateas hifgwpe bragd caded Ahng namovs endp 140.
a.configuratjon |sengen in Figure 3, which shows a

schen%fqnﬁe"E?‘nghag‘@ O Bas GBIy PoRA 10 gl n it PWZBe’W%e I'n

reas

av I ﬁbowlg r“b%&“’%% C? §n Té]dﬂtlvﬁ aatl'b?ftp g n nel g IEE/QIGQ a‘mﬂ\ mi} ’rt umr
conc %g%r ﬁh,'E Jice Aﬁm Healdle {aﬁﬁd& a{e J%%@éan%&&aaﬁg 260"
i ndi qﬁ bt alP RlafioRt ik 250 @ﬁm&fmﬁmh@a@ hALEN Rafdlight

t ak rough the device. In an alternative enbodi nent,

the GaREaRleakd QWad AANGHE bf BOQnceRBitioN SiRbaRoldisideonal
exit port 230 at its other end such that any EM

r adi atilized Thidvo6ld addsomedHaew tiedost ofthd ddvibd it c@lilhent tof he
concentration chanber could also be wutilized. This
cbul dnceaid its effieiwivat t o t he cost of the device but could
serve to
[00024] In order that the EM radiation entering the concentration
chamber is directed toward the exit port, while also providing a device with a low
profile, it is desirable to steer the EM radiation within the channeling areas such
that the direction normal to the plane of the narrow end of the channeling areas
20  different from the direction normal to the collection surface. One way to achieve
this is to curve the channeling areas as shown, for example, in Figure 3. Ina
particular embodiment, the angle of curvature of the channeling areas is

approximately equal along their length to enhance the manufacturability of the

device, however this is not necessary for the device to function.



15 increase its efficiency. [000241 In order that the
EM radi ati on entering the concentration chanber is
directed toward the exit port, while also providing a
device with a low profile, it is desirable to steer
the EMradi ation within the channeling areas such that
t By RbdiRedss on nornel to the plane of the narpowHNRYREss

the channeling areas 20 diffgerent fromthe direction

nor el ot he CRIbREIIRMmEMS batkcSnvefit, MBMhahRIiRCRiaeMe
this |L to curve the channeling areas as shown, for

exanpléed ih Bnif bikWirfendon, tat i thep@lkd thefotnRbf 180 clblemiothet he
angl e of curvature of the channeling areas is

apPr gibodlels e Mkidklinglafeagard tigidd ik BuoGlientionsan harthe tikhe
manufacturability of the device, however this is not
Necems &y of Aperédredstheherectbe fods chnibrodfianycroscROOhAB 4BES
PCT/ 1 B2005/ 003838 = 8 [ 000251 i'n sone enbodi nents of the
i BV emfitabla for pdvking getime htihigh densisg Examples of suglesherps pi§ CiHfIsy
one dinmension, that is they take the form of tapered

s| ot squaies restahgles, triengles andraslict pultitsided pAEARRel | ng areas are
tapered in two dinensions so that they take .the farm
of t apdP®@6lr ods Whim e ehappeling 35598 take,he Em of tangrrg rods, to ad
.cross-sectional shape tha% [

5 suitable f Ki
{ ogetHEFoTamOdR R FAEIET bespdh PRt e ot e SR o
ircles, , t leg, .Lrj ; '
T Ll LR s E T S

: ﬂ)g € é{\flpcgag{nglgng]m%gs, Bahee ng aqgé (:antbg ﬁ&@énqbled! slcniek O4IF0 dating

or e rods, malntain a high packing
densi ta5lcR8 it9ficidnb6rs CRaRRahil emBddaast and
enhaﬁ%ém%ﬁ%ag%ggng h giﬁgﬂéggséﬁgly of$10 t he
channgbidiepedd @ invediBn,Gha vl elahgngdrea sre agemilel sagskbmb| ed
such that each channeling area is staggered relative
t 0 i tife dA@InGIMRQKES inkath fowpae bffsetftonr thewiyoul front pich thaffthe hj s
aspect of the invention, rows of channeling areas are
ass e ndatrevd eigind bach bignneling area is between the narrow ends of the neighboring

15 chanﬁeling areas in the rows immediately in front of and behind the subject row.
ﬁy assembling the channeling areas in this way it is possible for the narrow end of
each channeling area to curve into the space between the neighboring channeling
areas in the row i.n front of it. This allows the channeling areas to be gurved while
maintaining high packing density of the broad ends of the channeling areas.

20 [00027] It is desirable to maintain a high packing density of the broad
ends of the channeling areas at the collecting surface so that the highest fraction of
the EM radiation incident on the collecting surface enters a channeling area and is

not reflected back.



t he channeling areas in each row are offset fromthe
row in front such that the narrow end of each
channeling area is between the narrow ends of the

nei ghboring 15 channeling areas in the rows i medi ately
in front of and behind the subject row. By assenbling
t o sbgngsi ng areas in this way it is possiple &%/&Eg
narrow end of each channeligng area to curve |n hE
space hedoegien t Meond ehbHabRni TheGBMIBA) thd Wanndlir@afkad dte t he
rowin front of it. This allows the channeling areas to
be cuirvied indibsk-eectidhtinditha bioadwddurghisepbel imcpaciénpsi ty of

the broad ends of the channeling areas. 20 [00027[ It

i s deshngabéne ad ioshown intFagure 4 vhierg b tqpavised afi he dsasbi¢drows oft he
broad ends of the channeling areas at the collecting
sur f ghecbrezd endsaf tht fiwulpi Gpraclingfareascard howpdifsetfropm dqappnother.
radi ati on incident on the collecting surface enters a

c Hanriaiangley aersererimpesed @ thedew foshqvethe wlationglii of tyyyenters of
2006/ 064365 PCT/ 1B2005/003838 9 1000281 In one

enbo dT“'rﬁ'ﬁ!‘arc?P st fFhis prApRsTeNigAFreages Backing ATREIn aﬁ@ al}i’?”é é&“"a re
circu i n cJoss- se tion

s sl eehpmelng P fr U ?%Sij{ﬁ’ﬁ%ﬁ?m’as i Asaeema o
F 4

thguéﬁw&""ﬁﬁ%ﬁ e, oy of R R g laa%*ﬁ%at?c{
Shown[nOf frﬁcus r lg)oq]m%gteof L pI;J:etr yf th% nig n%HQI'A %fieh%%grﬁas w1th

superil ose Vi ew e re

the Csﬁﬁm@&éec%gm;r a%sscswpw;r@nse@ nﬁ%p vﬂwﬁtﬂm@ﬁsﬂ% ﬁt

i ncreases packing density and all ows space for the

channgbie FaR3s Wil theshepélof aﬁn@ﬁngr&cdh@&sm AlQrge Wth
this arrangenment, a ..maxi num fraction of n/2'13

( apprdm¥nnelHg¥yeaddan bhﬁcuem GucH eat cldsewdilat% ofthd iscidat adiedoad.
In a particular enbodi nent of this aspect of the
i nvendnieaithe chivapling lafemsgindiis éites calledtérl. MNotekiht mgheaamdodiment
rectangul ar cross-section are used. A top view of this
ar r andjevreintFigure 5 i paapible; puiFiopuecessaly, fopthe khapheling areps prebeof
channel i ng area, the broad ends of the
15  ofrectangular cross-section down their full length. For example, the channehng
areas may be square or rectangular at the collecting surface but then transition to a
circular area as we move down the channeling area toward its tip.
[00029] Devices in accordance with the invention are useful in
applications where EM radiation concentration devices have been used in the prior
20  art, in particular solar radiation and radio frequency radiation. Examples of such
uses particularly relevant to the collection and concentration of solar radiation are
to heat fluid circulating through a tube or pipe, to generate electricity directly

using photovoltaic cells or to produce hydrogen from water. Note that the

invention has particular utility in the application of producing electricity using



channel i ng areas can be packed such that close to 100%
of the incident radiation enters the channeling areas
and is thus collected. Note that in the enbodi nent
shown in Figure 5 it is possible; but not necessary,
for the channeling areas to be 15 of rectangul ar

Cﬂggﬁ)@&g&l on down their full length. For e4QMﬁ(,5/05ﬁ%

annel'ing areas may be sqgyare or rectangular at
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area I'ng area toward
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are use 'ications ere EMradi ati on
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art, 1n particular solar radiation and radi o frequency
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to the collection and concentration of solar radiation
arse déviceh@d@tssdsldeficibneitsia thk adnvéngjoriaharowigh ageniptitecto ose api pe,.
to generate electricity directly wusing photovoltaic
cel | somenthor pitopheseclhicdrlisg éparf framexpersesmd weighiethe hat t he
i nvention has particular utility in the application of
pr od ueivemiond] deviges aifferfrarsielagdyelndy 2 onengien 5topefyritadly >
0115 /0 0 3 8 3 8 10 photovoltaic cells as it al|ows
t he I'¢sgthen {0png e e@iv!e@@? BeiporypHale rels,ov erhRating aaf Befomoe ng
the relatively inexpensive device of, t venti qn and
fn ST
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deficl’ enC| e e convention en attenpting to
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experise and wei ght, the conventional devices suffer

from dpbdiinkbt @4 show @MY FERARGEIE pridtoverticicallstvluR be blated pdjsahtl y

| ess than 10 and the problem of the photovoltaic cells

over heaid fagngAtEckxh @arg gich that thelssk @fftiel panedoftphotdyrdtair pelleist i on

can have high concentration factors. For exanple, for
15 * in free space rather than against a surface such as a roof as would usually be the

cﬁse in the conventional art. In this configuration, the back of the panel of
photovoltaic cells is thus easily accessible to cooling means such as finned heat-
sinks, pads onto which water could be dripped and evapofated by ambient air
currents, or other cooling devices.

20 [00030) A low profile collector and concentrator is most desirable in
applic'ations for radio frequency (RF) radiation. In these applications, the device
could be used to focus the RF radiation onto an RF receiver. Also, by careful
choice of the dimensions of the channeling areas, the subject device could be used

to tune the collected RF radiation to a frequency that can be received more easily



10 a panel according to the cnibodii4ent shown in
Figure 3 that is two neters long wth an exit port
normal to the axis of its length, running the ful

wi dth of the panel and 2 nmm high, the cal cul ated
concentration factor is 1000. Also, for an enbodi nment

a&os)aéc)? acfjg] Figure 3, the photovoltaic cell Spcyiﬂﬂioﬁs/@ﬁssix

pl'ace acent to and facjjng the exit port, sucC
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15 chamber.
[00032) A particular embodiment is one where the channeling areas are
cavities formed in a monolithic block made of metal or polymer material. This
may be somewhat harder to fabricate but will be lighter. A method of .
manufacmring this embodiment is to forim an assembly of curved elements, for
20  example tapered elements, from a malleable material such as copper or nickel.
The assembly can be one of individual elements or of rows of elements formed
into combs where each tapered element is a “tootﬁ” of the comb. Each comb

forms a row or portion of a row of the elements and the “teeth” of the combs of

successive rows in the assembly are staggered to give the arrangements shown in



to the wall of the elenent exceeds the critical angle
so that total internal reflection occurs. This

enbodi ment has potential advantages in ease of
fabrication but can 10 also tend to be heavy. This
enbodi nent coul d be constructed by raanui acturing many
ely@Bitlogssand assenbling theminto arrays as gisglds

above. The broad ends can pe clanped or otherw se ﬁ§3%
t 6getifts 418, BhrelbBiy 8% IcaNntd Hfaraf FHRCEMBRNEan HE Q¥dfEhi N
Figure 3, the narrow ends can be set so that that they
ar e ofHkedal edvddn IfaRCk1gaR e hre SttaBgh) a PArainthetphadtd Jvertis .t he
upper surface of the concentration 15 chanber. 1000321
A pabkdsénitly @ntheapidadéndeoftthd eenene asdvenvenith enethhdiohel i ng

- areas are cavities forned in a nonolithic block nmade
of mbtraducing the désjradequrvatitee (Thadssenibled glemergacaty be lseiship Weiat
harder to fabricate but will be [ighter. A nethod of
méan uhssenntly byrhging bliampesritio gl freragar other singlar daviep-aFhegymehbl y of
curved el ements, for 20 exanple tapered elenments, from
a mapiseBiidelonspiain eanivaciion Witk sigsoyable indoif applicabls) a top qrdor
assenbly can be one of .indivjdual e]l.ements_or of rows
of ePfrsAt Geryhsusrdds a maiddor ’zﬂf%'g’ "W‘l%‘f‘%c g, &Py ™
element, i.s.a "tooth" of the c . EFach.conb .for a
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Bef ore bei ng asse into an array, the elenents can

be stéidkddatnt tdMhciihts RAMYal 6£thy/R6ld clbhentd TR mEthefhepe AA Rer
straight, a bar can be passed over the assenbly of the

nar r G cesd stapeik sett the meldelsmieits can e Gemowdy Ehis emtmassditiyde of
i ntroduci ng the desired curvature. The assenbled
el enertiyed@yrfirgecnimeing thegast fheperfrob themeldiifiawdlls, thppind(gr
clanped into a franme or other sim|lar device. The
cur v ddse then unclamping the assembly of elements and removing them separately or
15  in groups as is most convenient and practical. Note that in most cases the
elements will need to be straightened somewhat to be withdrawn from the cavities
so it is desirable that the material from which the tapered elements are made be
malleable so that in can undergo the straightening process without breaking or
distorting the shape of the cavity from which it is being withdrawn. This process
20  results in a cast shape that contains an assembly of densely packed curved, light
guiding cavities, wherein the broad ends of thé cavities all open onto one face of

the shape and the narrow ends of the cavities all open on to a different face of the

shape.



assenbl ed el enents, in conjunction wth side walls and,
if applicable, a top and/or base, can then be used as
a nold for the final nonolithic shape. The shape with
the desired assenbly of cavities can be nol ded by any
applicable nethod. It may be cast by pouring pol yner
i@bgo&ng“ggal d and letting it set or by injegidRhoosnossss
nol ding 10 techniques. In tRis process it is desira l}e.
to ficsspesyfai U ¥ehe sRPE & n¥ dast hioman Sitinkiodlly@efletiBt easaal
agent to facilitate renoval of the nold elenents from
the gashs SEAREmedf filed polinks tiea Sie estaagdacesofsietshaphendfoo| d
el enents can be renoved. This can nost easily be

achi eneedhnbyf thd dasitiesrcano bé cogted with c@8¢ctiviaye Hor priymehe nol d
side walls, top and/or base then unclanping the

as s emakeyialohis @mexsteradily achivdedvdthpe clagrolehenstal dpnepiBeTgIgFesSr 15
in groups as is nost convenient and practical. Note
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PCTI | 82005/p003838. 13 [00033] If the shape is not cast
f r om éna of thé bdxns ivhial thynanew lesds of he caviiikeare ditectedis ta opsing
nmetal or netal filled polyner, then the external faces
of t he teisapsivepafigrwhichisavesas theexifporthé skeghdf fransmissizm t o
be coated with a reflective | ayer. For pol lesr

nmat er metprial pick ag glasheyslear@alymenshostosp e Rlpredipyepthg prsembled

el ectrol ess netal deposjtion pr

15  array of broad ends of the cavities that forms 8\% g(ﬁlgc_ting surface in order to

facilitate cleaning and prevent dust, dirt or water from entering the cavities.
[00034]) An alternative method for collecting the EM radiation to inject

it into the concentration chamber is to use a series of mirrors that focus the light
into a series of spots or slots in the top of the concentration chamber. In the case

20 ofaslet, ‘the optimal mirror shape is parabolic in the plane of the slot and normal
to it. In the case of spots, the mirror is optimally a parabolic dish. The slots or
spots are arranged to be at the focal line or point of the mirror such that EM
radiation reflected off the mirror is substantially concentrated into the openings in

the top of the concentration chamber. To allow for different angles of EM



5 such as el ectroless chrome or nickel deposition. A
further transparent coating could be applied over the
reflective coating if desired to protect the reflective
coating. The nol ded and coated shape can then be
assenbled into a collector and concentration device by

My gHobdA@4dchie shape in a box with a reflecti Ve-4BbR5HRkss
base surface when the facewof the shape into which the

nar r QyiABEmciafe it thd meRAC BEm R rsARfbe rofhie® MBolif\Beir 6dal et | ve
base of the box. The base of the box and the | ower face
of t hep&maph thah@e fdcay ofthe ight tepRina edinkidse wiik the BRnings in -
concentration chanber, where at the end of the box to
Whi C hhet doacemeatiposhambaisA ofntrél e claaiom tangerfasmathdhiotatat ed i S
-the opening or transm ssive, portion which serves as

t he eictebposignal, Ahishenatd bo the fowtayt Smvinhsi ENG radiztieretargat or Sene h
as glass or clear polyner sheet can be placed over the
as% e raAsEraghie]snsay jsagonifredang the rasgtigs ofgie miverseafirmpdse ag Wat
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spots, the mrror 1s optim parabolic dish. The

S| Ot SasQiis in SR BInRNIR naﬁ.tsaageni-cﬁ&s B8t a7 redult8d @feal |11 ne or
poi nt of the mnor such that EM radiation reflected

of f- t deBcentration cHamb& bEfBie atetEMadadiytion arysigget orothedrgett 0 t he
openings in the top of the concentration chanmber. To
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PCT/ 1 B2005/ 003838 14 radi ation incident on the.

mrr oqhsmber PRa blesigned swelrihdb en thoedae efdhedpening @w@'ﬁtrfmmb%\l
l'ine poi nt such that the focus of the |i r emai ns
cd?i nté'igﬁférﬂap ifiattashediihat Bﬁgésrﬂowggtq the concentration cham er This flap

helps to deflect the EM radiation entering the concentration chambér to shallower

angles such that it is more likely to impinge on the target wfth a reduced number
of reflections in the concentration chamber and helps to prevent light that has
entered the concentration chambef from being lost through the other openings in

20  the 'top of the concentration chamber. The openings in the top of the concentration
chamber can be gaps in a solid element or altematively they can be areas of an
integral solid element that.are transparent to the EM radiation, with other areas of
the element being reflective of the EM radiation. For example, the top of the

concentration chamber can be a glass or polymer sheet which is selectively coated




the concentrati on chanber. A control nechani sm can
performthe rotati on whereby a signal, which could be
the output fromthe EMradiation target or from5 a
separate sensor, is nonitored and the rotation of the
mrrors perforned so as to maximze the anount of EM

rR8L83ss MPacting the target. 100035] 1n %‘P}nlgz%&/ooss:ss
aspect of the invention, the concentration chanber can
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NO b6ng such that the tstget end has a | arger height
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conc éatkrsatfice of chvipetirethe top pighexobdeatraiivk ¢haxibetvihern the sk nges
on the target. [000361 I'n anot her aspect, the openings
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desi gned such that on the edge of the opening furthest
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into the concentration. chanber. This flap helps to .
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the top of the concentration chanber. The openi ngs
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a solid element or alternatively they. can be areas of
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r ef | exs0i Ineordet totaliew folliffereht dricidem angle of B aavidtien orttdite t op  of
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sheetminiais G0, ithe migpre 310j corcbeymade tptretate YOG/ foBUE®s or
PCTI | B2005/ 003838 15 ) ‘
15 - focal lines. Altematively, the whole device can be rotated such that the EM
rédiatjon presents a constant incident angle to the mirrors 310 or a combination of
rotation of the whole device with rotation of the individual mirrors 310.
[00038] A potential limitation of the embodiment shown in Figure 6 is
that the rotation of the parabolic mirrors in an counter-clockwise direction (as
20  drawn in Figure 6) can be limited if the bottom of the mirrors collide with the top
of the concentration chamber. The effect of this limitation is that the range of
angles of light incident on the parabolic mirrors can be limited. Specifically, in

some configurations light at some angle greater than normal to the plane of the

mirror tops cannot be focused onto the entry points to the concentration chamber



with a reflective coating in areas other than those
formng the openings to the concentration chanber. In
this enbodi nent, the flaps could still be flaps of

mat erial protruding into the concentrati on chanber or
they could be forned as the back surface of a bulge in
tWe 2bl6498s t he concentration chanber where thq backokss
surface of the bulge is coated or otherw se made
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conc eﬂfo&?&k Blle m&go]ic mirrors to be raised, so as to increase the gap

between the base of the parabolic mirror and the top of the concentration chamber,
while still ensuring that all EM radiation that enters the channelling area through |
the entry area impinges on the con;:ave surface of the parabolic mirror, The

20  increased gap between the base of the parabolic mirrors and the top of the
concentration chamber allows the mirrors to be rotated further in a counter-
clockwise direction (as drawn in Figures 5 and 6) such that a larger range of angles
of radiation incident on the entry to the channelling area can be directed toward

the exit of the channelling area.
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made to intersect with the concave parabolic surface of
a mrror. To overconme, or at least aneliorate this
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can be fornmed so as to reflect light incident at angles
t rmal onto the concave surface of,
Bgiggkﬂlc&£1rror behind it gt the correct ang ?ﬁ%ﬁﬁgs

that theobdght Efulehel fQEUIRGH SO i S b 5994 Nt to
t he concentratlon chanmber. In hi s aspect, the back

sur f 3aftbSofetkShAOYwRInHidle emm thidariafibn, kR8sHg e 310 he
portion upon which light incident at t he past nor mal

angl @fit Kae DBack S8IRMen BRISREGSpot TTRhave b Sear fehN@tifgEUMicE ed
portion of the back reflective surface of the m nor

St I UGYQIhE réffcta EMaradiftion fin@Kdmpierg wiick 8ldegiétstebytlighttrdyei00)
incident |ight angle. The mnor structures can be 10

r 6t atoew ohsofahedbasikguni®rschil 9. Retflewsing (rarfsced B Zwan inaredse ar e 6)
to ensure that iight ai different incident angl es past
.t he nuewm Pt BY cadiaenBetdvetplly asts disestedyntpdptper spess 120e
concentration chanber, once they have been refl ected

f r omSimilarly ShrReE opisidaBEhGes of CQTE}‘P'I‘“@E?-:" Grmipep, @%ﬁ%heesamﬁ@
mrror structure, In an alterpate enbodi nent,

arel it®relece EMTpdiation patp reflpope surfacen 310 2R¢pn facusing | ’F‘lﬁ"é‘ AR pe

pl aced. c] oser to ethnir‘yIH ? s 15 decreasi ng sonewhat the
cr os STEERCRIYE Y PFY"Brea for each channel. This
a{d WS [B&ﬁ()base ’I% K/pn%mp)..n g’{lt V\c/gtunrﬂetakuve escgbegf% ala?yed’

SO as to 1ncrease

par atembb&;mmt; rx%n@@ Qpptnlaﬁ $08 09&.443@099@ ok 5@&&% skill
chanb l'e still ensuring that all EMradiation

t hat. ls FhE it ﬁlattxhﬁly eﬁhagug end rhdagficadoRfcah BE ﬁmﬁho tht 1QerBBE I'Y
area i npinges on the concave surface of the parabolic
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counter- clockwi se direction (as drawn in Figures 5 and
6) such that a larger range of angles



of radiation incident on the entry to the channelling
area can be directed toward the exit of the channelling
area. WD 2006/ 064365 PCTI EB2005/ 003838 17 (000391
Figure 7 is a cross-section schemati c which shows such
variation of the exanple shown in Figure 6. In this
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- CLAIMED I Q. 1. An el ectronagnetic radiation collector,
conpri™&y ?Tg.]‘avd“%ao“ﬁ(l?%'ﬁef?"é'f’liabeﬂ’ chamber for collecting and
concentrating electr. net i adi ati on directing
it to a target, thaémélg%‘?gﬁfmregﬁ?%%m%ﬁgapﬁﬁg “Havi ng at

| east QNG kibh §amBR&RI NG, the inlet opening having a
cross-sectional area,

at least one reflective wall between the entry end and the

exit end,
wherein the cross-sectional area of the inlet opening is smaller than

the cross-sectional area of the entry end of the channeling area.

2. The collector of claim 1, wherein the concentration chamber has a

top and a bottom that are not parallel to each other.

3, The collector of claim 2, wherein the concentration chamber is for
directing the collected and concentrated electromagnetic radiation in the direction

of the diverging ends of the top and bottom.



and a channeling area having an entry end for receiving
the el ectromagnetic radiation, the entry end having a
cross-sectional area, an exit end adjacent to the inlet
openi ng of the concentration chanber, and at |east one
reflective wall between the entry end and the exit
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of claiml, ereint concentration c has a
top gpd a bottomthat are not parallel to each other.
3.- The collector of claim2, wherein the concentration
chanber is for directing the collected and
concentrated el ectromagnetic radiation in the direction
of the disyver grigoRdmdsofefaini fevhte tieredirpakls aithe pidility of
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cl ai nhatneliagarpasiasiadigeent tptadh ethdrtnyd the exitlradsoffi ton pistaliygf
areas. 5. The collector of claim4, wherein the entry
ends clondingarpdsarealljateyt tofach ethaannel i ng areas are adj acent
to each other and the exit ends of the plurality of
channel ing areas are adjacent to each other. 6. The
collector of clainml, wherein the channeling area
formed byb-a #Ahecofleciorplclaiml. phereip the chaopsling afais formed by a

electrona netlc r adi and a cond sur
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opposite the first surface.

7. The collector of claim 1, wherein
the entry e.nd has a central axis along a first direction, and the
cross-sectional area of the entry end is perpendicular to the first direction, and
the exit end has a central axis along av segond direction, and a cross-
séctional area perpendigular to the second direction,
the cross-sectional area of the entry end is larger than the cross- '
sectional area of the exit end, and |

the second direction is not parallel to the first direction.

8. The collector of claim 7, wherein the second direction is

substantially perpendicular to the first direction.



opposite the first surface. 7. The collector of claim
1, wherein the entry end has a central axis along a
first direction, and the «cross-sectional area of the
entry end is perpendicular to the first direction, and
the exit end has a central axis along a second
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PCT/ 1B2005/ 003838 20 9. The collector of claiml,
further conprising a target positioned adjacent to the
exit end of the concentration chanber, the target being
posi ti oneld. t Bhewbeior of dédire | athersintesrphepmelingaren ésdiselid on.
10. The collector of claim1, wherein the channeling
areaclemert. solid elenent. 11. The collector of. claim?9,
wherein an outside surface of the solid elenent is
coated with a coating that is adapted to reflect the

el ectromagnetic radiation. 12. The cqllector. .of .gl aim
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12 The collector of claim 1, wherein the channeling area is a tube, the
entry end being an opening of the tube, and the éxit end being an opening of the

tube.

13.  The collector of claim 12, wherein at least one of an inside surface
of the tube and an outside surface of the tube is coated with a coating that is

adapted to reflect the electromagnetic radiation inside the tube.

14, The collector of claim 1, wherein the channeling area has a circular

cross-section. -

15.  The collector of claim 1, wherein the channeling area has a

rectangular cross-section.



13. The collector of claim 12, wherein at |east one of
an inside surface of the tube and an outside surface
of the tube is coated with a coating that is adapted
to reflect the el ectromagnetic radiation inside the
tube. 14. The collector of claim1l1l, wherein the
chanbilosigs area has a circular cross- SeCt'QQﬂwﬁﬁm/&B%s
coIIector of claim 1, wherejn the channeling area %
rectangul ar cross-section. WD 2006/ 064365

PCT/ 1B2005/ 003838 21 16. The collector of claim1,
wherein {he qlﬂ@mgétér%gclﬂhaawﬁ@én fhe SILkRNIRy area has a square
cross-section. 17. The collector of claim2, wherein
the gntkdi&nds of the channeling areas are staggered
relative to each other. 18. The collector of claima1l,
wherein the channeling area has a length fromthe
entry end to the exit end, and the entry end has a
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between 2 aau 1000 tinmes as |large as the maxi nrum w dth
of t easertstaggesndaelativoto eftheothen| | ect or of cl ai m 18,

wherein the length of the channeling area is between 5
and 100 tinmes as large as the maxi mumw dth of the
entry end. 20. The col ] ector of, clajim
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times as |large .as.the 0 end.
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19.  The collector of claim 18, wherein the length of the channeling area

is between 5 and 100 times as large as the maximum width of the entry end.

20.  The collector of claim 19, wherein the length of the channeling area

is between 10 and 50 times as large as the maximum width of the entry end.

21.  The collector of claim 1, further comprising a flap protruding into
the concentration chamber adjacent to the inlet opening, the flap being for

directing at least a portion of the electromagnetic radiation tqward the target.



WO 2006/ 064365 PCT1182005/ 003838 22 22. The coll ector
of claim2l, wherein the reflective wall of the
channeling area is parabolic and the focal point of the
parabolic reflective wall is on one of the flaps. 23.
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channeling area‘?fé\?irslsg an entry end for receiving the electromagnetic radiation, an
exit end, and at least one reflective wall between the entry end and the exit end,

the entry end having a cross-sectional area,

collecting and concentrating the electromagnetic radiation in a
concentration chamber, the concentration chamber having at least one inlet
opening adjacent the exit end of the channeling area, the inlet opening having a

cross-sectional area; and

directing the collected and concentrated electromagnetic radiation

to a target,

wherein the cross-sectional area of the inlet opening is smaller than

the cross-sectional area of the entry end of the channeling area.

25. The method of claim 24, wherein the electromagnetic radiation is

received by a plurality of the channeling areas.



23 26. The nethod of claim 24, wherein the channeling
area is solid. 27. The nethod of claim 24, wherein the
channeling area is tubular, the entry end is an
opening, and the exit end is an opening. 28. The nethod
of claim 24, wherein the at | east one reflective wal
oﬁozhﬁﬁﬁﬁ&ﬁnnel'ng area is parabolic. 29. Abcrigangsnossss
el ectronagneti c radiation cgllector, conprising: a
tapering el ement having an entry end for receiving
el ectromagnetic radiation, the entry end having a
central g1 s %&o@otfciafé%, Fh&r&k tnk @lﬂmn@iﬂﬂar@a is solid.
cross-sectional area perpendicular to the first
direction; an exit end having a central axis along a
second direction, and a cross-sectional area
per pendi gyl arTHeenetHo& oS 4] wilirtie dteicumnelap areais whhler, the
connecting the entry end to the exit end, the wall
bei ngntgameib keopehing, hahhedxitrgl it freopetiesst r omagnet i ¢
radi ati on received by the entry end to the exit end,
wherein the cross-sectional area of the entry end is
| arger than the cross-sectional area of the exit epd,
and t he, 98conBhedhethed of @#imi24, whereinherah lepst preprefleptig vyl Pgt
direction.

the channeling area.is parabolic.

- 29, | An electrumagnetic radiation collector, comprising:
~ atapering element having
an entry end for receiving electromagnetic radiation, the
entry end having a central axis along a first direction, and a cross-sectional area

perpendicular to tfle first direqtion',

an exit end having a central axis along a second direction,
and a cross-sectional area perpendicular to the second direction; and

a wall connecting the entry end to the exit end, the wall
being capable of channeling the electromagnetic radiation received by the entry

end to the exit end,

wherein the cross-sectional area of the entry end is larger than the

cross-sectional area of the exit end, and

the second direction is not parallel to the first direction.



