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AN IMPROVED SOLAR ENERGY CONCENTRATING SYSTEM 

HAVING A NOVEL FOCAL COLLECTION ZONE 

5 TECHNICAL F1ELl> 

The present invention relates to an improved solar energy concentrating 

system and to a preferred nowl focal collection zone for such a system. In general, 

1he system comprlses a moveable linear solar energy collector supported above a 
to cytindricalty arcuatc solar energy concentrating reflector. The solar energy 

coDector has a compound parabolic cross scdion, preferably based on non-imaging 

optics. Jn a preferred embodiment, instead of positioning the collector to rotate 

about the center of curvature of the reflector and to extend down balfwa:y between 

the center of cmvature and die reflectort in the present inven1ion, the solar energy 

15 coDector extends filrther down according to a padicular a1goridun. 

RELATED APPLICATIONS 

20 The present inven1ion can be made in a modular fotm. as described in an 

application entitled "A Roof Having an Integral Solar Eneimr Concen1rating 

Systemtt, tiled concurrently herewith, and incorporated by reference hereto. 

The present invention also can incoJ:porate the use of replaceable solar 

25 energy concentrating reflectors as clescn"bed in an application entitled "An Improved 

Solar Eneigy Concentra1ing System Having Replaceable Reflectors" t filed 

concurrently hcrcwitb, and incmporated by reference hereto. 
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The present ilMmtion also can incmporate the use of an automatic safety 

means for the secondary collector as descn"bed in an application entitled "An 

Improved Solar Energy Concentrating System Hav.ing An Auo1ma1ic Safe1y 

Means", filed CODCUtm1dy hmewith, and incmporatcd by reference hereto. 

BACKGROUND ART 

In 1he past. solar cmqy concentrating systems have used a variety of 

10 approaches for achicv.ing a maximum coDecdon of solar eneigy 1iom a c:ombination 

of a cytindrica1ly arcuatc primary concentrating re&ctor and a movable secondary 

solar enqy coDector. For example, U.S. 4,602,613 to Bm, discloses a 

combina1ion of a stationaly cytindrically arcuate primmy collector and a moveable 

secondary collector. However, the secondary collector is a flat plate collector that 

lS moves in a horimntal direc1ion. 

Jn anothcr1radilional ~described in U.S. 3,868, 823, a simple 

conduit is used as a secondary solar energy conector in combination with. a circular 

primuy collector fanned 1i'om a plurality of lnagibdnal slats manged in a circular 

10 arcuate fashion. The conduit is pivoted about the center of curvature for the 

primary reflector. The conduit is placed on a rotating member that extends up 

from the center of curvatare. The length of 1hat member extends anywhere from 

one to one half the radius of curvature of the Ieflector. 

25 Compound parabolic optics haw been used to collect solar energy. The 

seminal worlc of Dr. Roland Winston embodies this wodc, as seen in U. S. 

4,230,095; U. S. 4,359,265; U.S. 4,387,961; and U.S. 5,289,356. (For the 

puiposes of the present invention, the phrases "compound parabolic" and "non· 

imaging optics" include the de.finitions set forth in Dr. W"mston 's work.) However, 

30 in all of these disclosures, a cmnpmmd paraboJi.c optically based concentrator has 
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always been used alone as a primmy solar energy conccntrator, never in tandem as 

a secondary IOlar energy concentrator paired with a primaty reflector. 

s DISCLOSURE OF 1J1E INVENTION 

The present invention relates to an improved solar energy concentradng 

system with a greater solar coUection efficiency. AD the elements of the present 

invention may haw been used in the prior art. The novelty of the present 

10 improvement 1ica in the uncxpected bendits in changing the relationship among the 

elemenm, in particuJa:r, pairing a compound parabolic so1ar collector as a secondaly 

solar energy coDector in tandem with a cylindrica1ly arcuate solar energy 

concen1rating reflector as a primary co11ector. 

15 In the present invemion, a p.rimmy solar energy reflector has a concave and 

cytindrically arcuate configuration of up to about 220 degrees, a lower edge, an 

upper edge and emved JateraJ edges. (For the purposes of this invention, "lower" 

and "upper" do not express, nceessarily, a relative position between the edges. For 

example, if che reflector has a 180 degree& configuration mounted in a level 

20 fashion, then these edges may be equidistant from a supporting surface fOJ' the 

rcflector.) The skyward mface of the n:flector is the concave surface. A 

structural support means is disposed beneath the reflector. It is dimensioned and 

configured to support the wefght of at least the rdlectort a solar energy collector, 

and a coD.ector support means. A collector support means spans across the 

25 retlector, :from the upper edge to the lower edge. The coDcctor support means is 

connected to a compound parabolic solar energy secondary solar enmgy coBector 

and either the reflector, the structural support means, or a supporting surface that 

undedies the s1ruetmal support means. The colector support means is 

dimensioned and configured so to support a solar energy collector and allow it to 

30 move arcuately so as to stay within a focal collection mne above the primaly 

3 



----------·------

W096/23180 PCT/US96/01355 

reftector. 

A linear compound parabolic solar eneigy seeondaty conector extends 

lengthwise across 1bc re1lcctor~ from one curved lateral edge to another CU'Md 

s 1ateral edge. The collector is 1ocated by and disposed on the collector support 

means so as to move arcuately within a preclctcnnincd focal 7.0llC for collec1ing 

solar encqy .reflected mm the ndlector. The focal :zone position can W!Yt 

depending upon the mc;t compound parabolic cross section used for the collector. 

Typically, the 1.0ne would be located at about one half the radius of the center of 

IO curvature fur the primaiy re:.flector. The collector ii dimenaiuned and wnfig-wed tu 

receive reflected solar eneigy into a conduit through which an energy transfer fluid 

cantlow. 

Also included in prefemd embodimen1s of the present inwn1ion is a means 

15 for posilio.ning the coBectar. Comiected to the collector support means, the 

positioning means places 1bc collector in an optimal posi1ion within the focal 

collection zone for collecdng solar ene.rgy throughout a defined solar cycle, such as 

the diurnal cycle. 

20 The final element is a fluid transport means which connects the conduit to a 

thermal energy use means or an magy storage means. When the sun shines, solar 

eneigy bounces off the retlector towards the concentrator, where it is impinged 

upon the conduit. The tluid within 1he conduit of the collector is heated The fluid 

transport means circulates the heated fluid through either the tbmnat energy use 

25 means or the cncqy storage means. 

Jn a prefened embodiment using a non-imaging compound parabolic 

secondaiy collector, the present invention comprises the collector pivoting about the 

center of c1Jnlatme of the reflector, while the collector is loWed down from the 

30 center of curvature by a distance L plus or minus S% according to the fommla: L = 
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(R • 1.1 )12; when R equals the radius of the cmvaturc of the solar cntJgy 

ccmccntnding reftector. By using such a position, one can achieve a greater 

accumulation of reflected solar eneigy than at previous known locations, including 

the prior art mounting of the collector at the halfway posi1ion. 

BRIEF DESCRIPTION OF 11IE DRAWINGS 

FlGURE 1 is a sec1ionaI W,W of the present invention. 

FJGURE 2 ism isometric Wmr of the pesent invendon. 

BEST MODES FOR CARRYING our 11IE INVENflON 

A pre&ued embodiment of the present invention is shown in FIGURE 1. 

A solar energy concentrating primmy reflector (10) having a concave and 

cylindrically arcuate configuralion of about 60 degrees has a lower edge (12), an 

upper edge (14), and cmwd lateral edges (16). Suitable materials for the reflector 

20 include polished metals or reflectori7.ed materials htMng deposited or laminated 

coatings. In one prefened embodiment, the reflector comprises an ultra\'iolet­

stabilizcd plastic or polymer having a reflectori1.Cd surface of aluminum deposited 

thereon. The skyward smface of the reflector is the concave sur&ce. In another 

preferred embodiment, a :first retlector can be adjacent to a second retlectort either 

25 along its cunied lateral edges or its lower edge. Jn the Jatter case, the lower edge of 

a first reflector is adjacent along the entire lower edge to the lower edge of a second 

reflector, each reflector having a cylindrically areuate configuration of up to about 

90 degr=s, the pm forming a cylindrica1ly arcuate ccnfigw:atian cf up to :bout 

180 degrees. 

30 
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J\ mucnmll suppott means~,, sum as a space 1russ, is Oisposeci ·ocneatn 

the reflector. The structural. support means is dimensioned and configured to 

support the we.igbt of at least the ndlector, a compound paraboic secondm:y solar 

energy collector, and a solar c.nezgy collector support means, as well as 

5 conwntional live loads and dead loads. A number of aJtemaUve configurations ean 

be dcsignec1 by those of ordinmy skill in the art. A coDcctor support means spans 

lengthwise across and above 1he retlector, as dc6necl by the axis extending from the 

upper edge (14) to the low~ edge (12). The coJlector support means comprises 

two arches (22), a beating means (24) disposed on each arch, a drive shaft member 

to (26) connected to the bearing means (so as to comprise a rotating means), and two 

downward spacing memben (21). The rotating means is located at the center of 

curvature for the refteetor, as shown by the circular path (29) in FIGURE 1. The 

downward spacing memben are dimensioned SlJCh that the conector is located 

down from the center of c~ by a distance L plus or minus S% according to 

IS the fonnula: 

20 

L = (R • t.l)f2; 

where R equals the radius of the curvature of the reflector. The above arrangement 

of elements allows thc sccondaty coDector to mow within a predetermined and 

defined focal zone for collecting solar energy reflected from the primary rencctor. 

The compound parabolic, non-imaging solar eneigy collector (30) is 

connected to the struc1Ural support means (20) by the collector support means. 

Attachment poin1I (32) am located acljacent to both the upper edges and the lower 

edges of the reflector, 1he attachment poinm also being connected to the arches 

25 (22). Altcma1ivc1y, the co1lcctor support means could haw been eonnected to a 

supporting surface that underlies the struetura1 support means. The collector 

support means is dimensioned and configured so to support the conector and allow 

it to move arcuate1y, and thus, a1tcmative desjgns are known to those of ordinary 

skill in the art. 

30 
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Jn somo pefeued embodim.ems, 1he collector is oriented .lengthwise within 

30 degrees of a true East-West axis, such as in the embodiment shown in FIGURE 

1. Howewr, if the non-refkc1ive panel (40) in FIGURE 1 is replaced with a 

reflectort then one could orient the collector lengthwise within 30 degrees of a tme 

s North-South axis. 

Preferably, a means for positioning the solar energy coBcctor (34) is 

connected to the drive shaft member (26). The positioning means can comprlsc a 

number of C011Wlllional means including a hydraulic motor driven by a hydraulic 

10 pump and control means, an electrical step motor, or a mechanical chain/gear or 

cable/pulley means. In any of these fonns, die positioning means keeps the 

collector in an optimal position for collecting solar energy throughout a defined 

solar cycle, preferably 1he diumal cycle. Thus, a microprocessor can be part of the 

positioning~ calculating periodica1ly the optimal solar emgy gathering 

IS posi1ion according to an aJgoritbm that takes into account the latitude, the time of 

year, and the time of day. Such algorithms are known to those of ordinaty skill in 

1he art. 

20 The collector is dimensioned and configured to receive ietlected solar 

energy into an interior conduit through which an cnmgy transfer fluid can flow. 

Pm\ned cross sectional embodiments for compound parabolic secondary 

collecton to be used with cyJindricdy arcuate reflectors arc disclosed in U. s. 
5~274,497 or U. S. S,289,356. Suitable fluids for me in the collector conduit 

2s include commercially available heat Uansfer fluids. A fluid 1raDsport system, not 

shown, connects the conduit of the collector to a thennat energy use means or a 

thenna1 encigy storage meam. The fluid 1ransport means circulates the solar 

energy-heated fluid. The fluid 1ransport means can be of conventional designs 

known to those of ordinary skill in the art. 

30 
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All publications or unpublished patent applications mentioned herein are 

hereby incorporated by refereuce thereto. 

Other embodiments of the present invention are not presented here which 

s are obvious to those of ontin;uy skill in the art, now or during the tenn of any 

patent issuing from this patent speci6ca1ion, and thus, are within the spirit and 

scope of the present invmion. 
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CLAIMS 

1. An improved solar energy concentrating l)'Btem. having: 
I lllllll llllll lllll ~lfl II 1111 

* c l H S * 

a) at least one solar energy primary concentrating reflector having a 

concaw and cytindrically arcuate configuration of up to about 220 

degrees, a lower edge, an upper edge, and curved JateraJ edges, 1he 

skyward surface of the reflector being the concave IUlface; 

b) a sf:rllctural support means disposed beneath and attached to the 

retlector, said support means being dimensioned and configured to 

support the weight of at least the reflector, a compound parabolic 

secondaty solar eneigy collector, and a collector support means; 

c) a coDector support means spanning across and above the reflector, said 

co1lcctor support means being connected to a solar energy collector and 

eidicr the structural support means or a supporting swface that lUldedies 

the 111'Uctural ~means, and said coDector support means being 

dimensioned and configured so as to support the solar energy collector 

and allow it to mow arcuateJy; 

d) a linear secondaly solar energy coUector having a compound parabolic 

cross-sec1ion. said colleetor extending laterally across the reflector, said 

collector being loc:ated and disposed so as to move arcuately within a 

pn:detennined focal mne for collecting rd1ected solar energy from the 

reflector, and said collector being dimensioned and configured to 

receive the reflected solar enmgy into a conduit through which an 

eneI&l' 1ransfer fluid~ said fluid being heated by the reflected solar 

eneigy; 

e) a means for posi1ioning the coDeotor in an optimal position within the 

focal collection :zone throughout a defined solar cycle, said positioning 

means being conncctcd to the col1cctor support means; and 

f) a fluid transport means which connects the conduit of the collector to a 

thermal energy use means or an energy storage means, wherein the fluid 

9 
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1ranspmt means circulates the solar enmgy-heated fluid through the 

conduit. 

2. The solar cnmgy conccntradng systmn of Claim 1 wherem the positioning 

s means is controlled by a microprocessor which periodicaUy ealculates an optimal 

position within the focal collection zone for the collector to receive the reflected 

solar energy ftom the rcflcctor. 

3. The solar eneipy concentra1ing system of Claim 1 wherein the coDector is 

10 oriented lcng1hwise within 30degreesofa1nle East- West axis. 

4. The solar eneigy concentradng system of Claim 1 comprising two reflectors, 

wherein a :6nt ndlector is adjacent along the enliJe lower edge to tbe lower edge of 

a SCCODd mlector, each rcftcctor having a cylindricany arcuate configuration of up 

IS to about 110 degrees. 

20 

5. The solar cnctgy concentrating system of Claim 1 wherein the collector support 

means includes at least two collector support membcn, each being disposed at 

either end of the collector. 

6. The solar energy concentrating system of Claim 4 wherein 1he 

collector is oriented lengthwise within 30 degrees of a 1nle North -South axis. 

7. An improved solar energy concentrating system having: 

2s a) at least one solar energy concen1rating reflector having a concave and 

30 

cylindrically arcuate configura1ion of up to about 220 degrees, a lower 

edge, an upper edge, and curved lateral edges, the skyward surface of 

the reflector being the concave surface; 

b) a struetura1 support means disposed beneath and attached to the 

reflector, said support means being dimensioned and configured to 

10 
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support the weight of at least the reflector, a solar enmgy colector, and 

a coUector support means; 

c) a coDcctor support means spanning across and abow the re.tlcctor, said 

col1cctor support means being connected to a solar encigy colleotor and 
either 1he stmctural support means or a supporting sud'ace that underlies 

1he s11'Uctural support means, and said collector support means being 

dimensioned and configured so as to support the solar enetgy coDector 

and allow it to move arcuatcly; 

d) a lineaf seconclmy solar encigy collector having a ~d parabolic 

cross section, said coDector extending laterally across the reflector, said 

collector being located and disposed so as to move within a 

prcdetcnnined focal zone for coDec1ing reflected solar energy :from the 

teflector, and said collector being dimensioned and configwed to 

receive the reflected solar enmgy into a conduit through which an 

energy transfer fluid flows, said fluid being heated by the reflected solar 

encqy; 

e) a means for positioning the collector in an optimal position within the 

focal conection zone throughout a defined solar cyde, said positioning 

means being connected to the coBector support means; and 

20 f) a fluid transport means which conn"1& the conduit of the co11ector to a 
thermal energy use means or an energy storage means, wherein the fluid 

1ranspo:rt means circulates the solar enmgy-heated fluid through the 

conduit; 

whcreht the· improvement comprises the conector pivoting about the center of 

2S cUl\latuR of the reflector, and the collector being located down :&om the center of 

cuavatu:re by a distance L plus or minus S% according to the fmmu1a: 

30 

L = (R * 1.1)12; 

where R equals the mdius of the curvature of the solar enmgy concentnding 

reflector. 
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8. The solar energy concen1rating system of Claim 7 wherein the posi1ioning 

means is controled by a microprocessor which periodically calculates an optimal 

posi1ion within the focal colcction zone for the collector to receive the refteclcd 

solar CllCJIY from the reflector. 

9. The solar energy concentrating system of aaim 7 wherein 1he collector is 

oriented lengthwise within 30 degrees of a true East- West axis. 

10. The solar enmgy concen1nding system of CJaim 7 comprising two reflectors, 

10 wherein a first rcfiector is a4facent along the entire lower edge to the lower edge of 

a second reflector, each ret1ector having a cytindricaDy arcuate configuralion of up 

to about 110 degrees. 

11. The solar eneigy conccn1rating system of Claim 7 where.in 1he collector 

15 support means includes at least two conector support memben, each being 

disposed at either end of the co11c:ctor. 

20 

25 

30 

12. The solar energy concenlradng system of Claim 1 o whcmm the 

collector is oriented lengthwise within 30 degrees of a true North -South axis. 
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