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Design and raytrace evaluation
of polygonal trough solar concentrators
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The de5|Pn and ?eometrlcal 0£t|cal erformance charagteristics of a polygonal trough
with a flat absorber are presented. The distribution of local concentration ratio over
a flat absorber at the focal plane of the poI%/gonaI trough has been determined usmg
both analytical and conventional ray trace techniques. The results have been plotte

graphically and discussed.

1. Introduction

anmderable Interest has recently been shown in the deyelopm

solar concentrators fmdmg Interme |aec? cent"]atlons 1,

[]ators ma euse or soldr thermal as we asP ovol |c RB Ications. In
| e character-

resent paper the design eometrical-optica
It |c€ fS wopt Plca JJ ﬁ Flro gﬁ designs, with Ig% absor ers hai/e %een
Eresente Th ? onsists' Of mirro I(emenso equal sizes place %
ome specjfiedan ef F| wereast esecon P nuses Irror.elements o
ar InQ Sizes in drer t ceacoanarél%/r)r/] or% m| ummanip
For both the ca est gNener ormu ave erlve or
|g Earameters asso rglrroree (5 stripution
o Ica oncentration ratio (LCE) over a flat a sorbergace he oca plan
Jlrs Xg na trou % s een |Fvest||g ted Hsmg an analytica
met ﬂe secon ana }/tIC as Well asa conventiona
ray trace ec nigues have heen use for this purpose.
2. Analysis

Forthe cpour ose of the workpreserac(ii(h rein, it is assumed that the {0%9

nt of lingar
uch concen-

?}J neentrator. Is perfec the |roreements
um?ortrqug’ solar radiation Is |n dent aX|aIIya e Intensity 0 so

2.1, First design
Figure 1 shows the crosi secélo Leometry of the (lrs S|Ign oL the polig

a
il e e el ot Toigh: The i
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eabforbers eh& hee chosnt e equal to rEsrze of the conﬁtr uent
R?rrroreemen janﬁ1 it is ace at a dIst e central mirror

element sothatthp %X at e were 0 eahconshtuent
mirr reIemen IS reflect d C to one of t ereasthe ra
Incident at the Crrép ere ge Interacts the plane o e ata er as per geo-
metrical - considerations.

Thall]

Tig. 1 Cross-sectional geo-
metry of a polygonal trough
(dlesign 1)

by The coordinates (Xx, YX) of lower edge of the first mirror element are given
Xx = Xo+ ?cos0o,
= Yo+.Bsin0o

Wher O —B a 0,
e ” the 2rI qthe first mirror element with the horizontal may be
cacu ated from

Obvrous%p‘ r the central mrrror el me t (if Iaced 00=

eometr eera essr s for the coordinates
(Xn, Y? and't ? %OJ t%enﬁr%rrnrroreemen are gQrven by:

r.=r+BsinCi, Q>
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and

" eCrlr\r/eeq Shows f he etry necessary for calculation of thed tribution
overtf P]gforrr] Yatasrger From lr Mrecon-
Cerrrr.rarrart R A i eso%grv“ o
H the size o?n}r %Pat abso Ber Ew?rrcpr ahrs Casg IS %q é JZ o%
cons luent mirror eementss The In ercEpt wrdthI gwsté M 8
ras and TP incident normally on the W-h' mirror ele ay ecalc late

Sn=Xn+E/2 + EcosOn-[F - (Y wt+ Esin0J]tan20J, (4

M hers readr the width oft e region of non-zero mt rt over the
Tl ne o r]efla abs r er |s due oth mrtega 8gularsubtenseo e%un Tho]s

S t eangesu e]nd sun |sca concent ator, t
|t|ona Increase n't rnatron onr sl es may egrven
F—(Jn+Bsin( eczmsm
Ln = FA 005(20n<2) o)
and
{F—Yn)sec2nsin0
Un~ ~ cos(20n+ & ®
espectiv
qn or§e¥ to stud

g the di dptrrbér lon of Iocal concentr |on rat o over the flat
sorber, we use rocedure described b he a econ | ution
b i db tribut
8 enl]hmrrrore ement to the distri utro Rover fatabsor er may
e calculated as

EcosOn
Ch=£,+«,+Un’ (7
f it js assumed that no mirror element is placed in the central region owi
otlhe s'a ocaush [b ea%%orsle benptﬁe tota !)contrrtf tango a?l tHg
mirror elements to the LCR over sorber may be calculated as

C= Z«XOL,. (8)
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2.2. Second design

smen |oqed earlier, th éase ond gest nanalys?d I this work consjsts of mirror
widt ﬁ e3|zeo each constltugntr}]wror eIerPane

1S Crﬁggets so\t/ag IPogr rma dent rays the interce uce
of t eaBsorber coinci es WI e5|ze @/ﬁ che gbé%r%

Fig. 2. Cross-sectional geo-
metry of a polygonal trough

Simple geometrical .considerations led to the foll WI ex ression for the
ParameFerig haracter?zmg the pOSQI?IOH andp stlze o? ?1 r}g IO?rror element,
espectively:

X'=X;+TF(cose;,

Y[ = r+TFosm0,,

= F'cos20isecl;
where: X0 0 an following generalized
expressions for_ﬁe posRon WQ’n and wthh \}\73 ?he mqrrgr efement
Xn= 3"11+An—KIHJIVH>
y, = I, 1+TYnwsin0; 1

and
Wn = J5'cos20"secOw

Tq calculate the tilt of the. constltx.ient n-th mirror element (6n) with hori-
zontal we may use t he expression similar to E ({

\lBrl%T(X”} 1

\e/\llgﬁqrfeen(t)O: 0and F'isthe distance of the flat absorber from the central mirror
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The expressions for spreads L'nand TL (Pia. 2) caused by the finite anqular
subtense (Pé tﬁehsup on ﬁotﬁ the gl%les olf iﬁegspgcﬁ%ede aggorger Size m Le
expressed by the tormulag:

P'—( + Wnsin6h)]sec20"sin &
h P c05(20:- ! (13
= (P'—Yn)sec20"sin 0
N ( c0S &én*' 0) (14

In this case, tne C ntriBution of the \{v-th miJror element to the distribution
of LCR over the flat absorber may be calculated as

iB'cos20w

............. FIRST DESIGN

Fig. 3. Variations of tilt, width and contribution (Cln) with the number of mirror element
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ol erII vetrheh%ro%ed%ee roul|I|ned In paper [3] is used to obtain the distribution

Lo stuly the dlstrl tlo O%LCR over the flat absorber of the second desi
LP egna roug a convenUonil ray trac technlﬂuewsals? Use
Four N idistant points were ta (n; eaaert reoftfp ﬁ;onal
trTo an at eac pomtE eventeen ra swere considere ance
o mlnu es of arc. For

t the centr ra orlglnatm taom t e"sun disc th e
e ot i “SIZA

A e o
H hne nn?n ng]g?rrg rays 1 m§ wslt?]?nas ??ge ment 0 t?]p ﬁata rq]glr

segment 0 entranc aperture 0
equa Size, we have obt alned %e gls Pb tion of L%R over% p? at a sorber

3. Results and discussion

The []esults of some 6yplcal numﬁrlcal calculations ba? ed on th? %bove anal SIS
are snown in Figs, 3 Icgali ? hev%rl tigns of the tilt of the constjtuen
mirror elements of a typical polygonal trough for both the designs. Thevanatlon

Fig. 4. Distribution of LCR over the plane of a flat absorber (F = 0.50 m)
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of the wuith of each constituent mirror ele entfortPe second design with the
number o eIemen t (as em ve fowards the edge of the concentr or 15 also
shown | ?ame raP This |ﬂurfe ShOV\ﬁ or over the variation In the
contrj ut|on o eahm oreeme orlf the s. Prom this graﬁh It
ma esen at or bot e3| the tilt mcreases ereas the cont bution
er aneqr ecre sesF Bnemovs rom the centre toward»

(%q% g/go a rouh It should_be noted that owing to %lnlte
szeo ecog #tu t mirror elements the Tinal aperture diameters of the two

ns a erent
8[85 ure 4, Whi fh sh% ws the dlstrlbut’]on of LCB, it is. clear that the
segon €S| chhqows evaHanoH In the cons |tu1ent IITOr Sizes, ro
%esamor uniform | umlpatlon t given by the first e5|%n con5| ﬁ
0 mlrroreemen of e(w)a Size eco arison”of Pig. 4
ﬁpresen hg LC H] tion OJ ree erﬁntvaues ofF Iﬂdlﬁ festlat
relative benefit of the Second design Is not that prominent at higher values

B=0.05m
F=0.90m

Fig. 5. Same as Fig. 4, but F = 09 m
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of F. However maq ese cases the second iie5| N alwz#s provides higher
concen fration. th lh Irst design, Frexahm e central maX|mum n
centrat |on ratio for the first eS|g es ree cases are; 16.3, 175 and 16,7

while In Pe second d?3|g orres onain gavalues are: 19.2, 20.1 a\nd 18.1
respectively. The results of the ray trace analysis made for a typical case of

e second de nare also shown in Fi he dashed curye represents the
cp strlgutlon o over thﬁ atasogner g termined by t ﬁls Fr)ocetgure é

ay he seen th att se results are In A good agreement those obtaine
Bny anaei tical metho wﬂﬁm pract |czﬂ Frﬁlta tlons.
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h n_?pepacneT xoua cseTOBbix JiyneH MHoroyrjioBoro KophiToo6pa3Horo
copnen oro coSapaTediH (KOimeiiTpaTopa)

CTaBJieHbi KOHCTpyKima h reoMeTpHnecxH-onriraecxHe xapaKTepncTHKH MHoroX)raoBHoro XOpW-
0069a3Hor0 onTinecKoro coGn alejifl 5xom|eHTpaTopa C iuiockhm a6cop6epoM ieHO pac-
npeagjieHHe Mecraoro KO3$4>H Ha hhocxom a6cop6epe, npn kphmchchhh xax

MIVHKHY, Tax h on-IBeHUI-IOI-Iaj|bI-b|x toxhhx nepepacneTa xofla J|ynek eéyﬂbTaTM npencTaBjieHoi
rpad)HEkH h ohh oScjoxfleHbi.



