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R EDGES ON THE
IMPACT OF THE LATERAL COLLECTO
IRRADIATED AREA OF THE LOWER ABSORBER
SURFACE OF THE BIFACIAL SOLAR COLLECTOR

N. Nikoli¢, N. Luki¢, M. Bojié. ‘
Faculty of engineering, University of Krggujevac, Serbia
Sestre Janji¢ 6, 34000 Kragujevac

Abstract !
The bifacial flat-plate solar collector (BFPC) is a solar collector

that can absorb solar

using flat plate reflector p . late solar
£ . Compared to a conventional flat-plate
parallel with collector. Comp r, placed in the bottom of

collector, the insulation of the analyzed collecto '
the box, is replaced by glazing. This paper presents the mat}'lema(t:ltcg}
model for determining the irradiated area of the LAS when the lmp;FPC
the lateral collector edges on the irradiated area of the LAS of the

is included.
Rezumat b
Colectoarele solare plane bifacial (BFPC) sunt col?c o
solare care pot absorbi radiafia solard la syprafq;a sa supergoz: il
fel ca si la suprafefe de absorbtie mai mici (LAS). Abs

. - s A un
jatiei lizeazéi utilizand
i solare de la suprafetele LAS se rea

fonas ector este par®®

panou reflector amplasat sub colector. Panoul refl e
cu colectorul, Comparativ cu un colector solar plat conven|

5 3 - A . a’
placa de izolare amplasata la partea inferioara este inlocuit
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irradiation from its upper as well as lower absorber |

i jrradiati jts LAS is achieved
S). Absorption of a solar irradiation from its ‘
o g o laced below the collector. The reflector is

‘.

i la colectorul analizat. Aceastd lucrare prezintd un model

atic de determinare a suprafetei radiante LAS atunci cdnd se
Jude impactul margini laterale a colectorului pe zona iradiatd a
yrafetelor inferioare ale BFPC.

words: bifacial flat - plate solar collector, reflector, lateral collector
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Introduction
e most common systems used for absorbing solar energy are flat-plate
ater) solar collectors (FPCs), which receive solar irradiation through the
absorber surface. The greatest limitations to increasing the use of
tional collectors is their relatively low average efficiency and high
iment cost. For this reason, significant research on improving the
ency of FPCs has been carried out. Results from peer-reviewed
s indicate that the greatest theoretical improvements to the collector
ency can be achieved by utilising internal fins in the collector pipes
d using concentrating or reflective surfaces (reflectors) [1]. Many
dies have been performed to investigate the effect of using a reflector
‘the FPC [2-5]. In all of these studies, the collector-reflector system
RS) included a flat-plate reflector, which is connected to the collector.
s paper, a modified CRS, called a bifacial flat-plate solar collector -
), is analysed. The term BFPC is related to the solar collector, which
 the ability to receive and absorb solar irradiation from the upper and
Ver surfaces of the absorber. Absorption of solar irradiation from the
€r absorber surface (LAS) is accomplished using a flat-plate reflector
Ced in parallel below the collector. The reflector is not connected with
llector. In contrast to conventional FPCs, the collector analysed here
0 insulation mounted in the lower part of the collector box, and the

Ver box surface is replaced by a glass cover.
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igi i del for determining 4

i ts an original mathematical mo
Tmsd'pg rarl:ra:asoet{1 tlsle LAS gwhen the impact .of. the lateral collector edge
uEz(lléa on the size and form of the same area 1s mcludeq. Tt}e collectoy 4 NG
( nil 1or are taken to be parallel, and the reflector, which is placed bejgy:
gcle eccollector can move in three directions: normal to the collector, cast.
west and north-south.

, width of the profile of the collector housing which carries the weight of
, glazing. The width of this profile in EWGa plane from right or left side
the collector is designated as e, and ey, while in NSGa plane as f;, and
In the case when the collector is placed in some supporting construction
en the previously parameters are increased for the value of the width of
it OnStI'UCtiOIl. The par: ameters llewr: 1Zewra l1ew1, 12ewla 1lnsra 12nsr, 1]nsl and l2nsl
s the length parameters of the reduction of the “old” parameters of
adiation Aqq (A) and &4 (£). The reduction of parameter A,y because of
clusion of the parameters e;, and e,, as well as ey and ey is designated as
wr and licwi, respectively. On the other side, the reduction of the same
rameter as a consequence of inclusion of the parameters e, and e, as
Il as e and ey is presented by parameters Lewr and Ly, The same
seedure is used for designation the reduction of parameter &oa in NSGa
€ 8S ling, Losr, ling and L. Fig. 1 graphically describes all above
;m eters of the impact of the LCE in EWGa plane for arbitrary reflector
tion. The parameters Ay () and Eoa (§) present the lenght of
ation in EWGa and NSGo plane when the impact of LCE is not
while the parameters An, and Enew present parameters of
diation when the mentioned impact is included. The solar beams which
n the irradiated area when the impact of LCE is neglected are presented

h blue color. The same beams are presented with red color when the
ationed impact is included.

2. Mathematical model

. They affect the increagq
i 1 part of any solar collector :
T? :hL(s:iF;ea:)ef ltr};:eeglaz;dlcj)w which a collector casts on a reflector and in the
(s)ameetime the reduction of the irradiated area qf the LAS og tt{lle liljfsc Tha
thematical model for determining the 1rra§13ted area of the . when
e act of the LCE on the same area is not included is gngm in [fr]_ That
unpdel includes the effects of shading, the distance of th_e re ectc;rth orﬁnnt?e.
II:)(;lector the impact of an arbitrary position and the impact of the finite
c
’ lector.
i ions of reflector on the solar col ] o
%lnse nsallggr presents the equations for qalculat{ng t'he dnew O%i?;nsgs |
whiclf)has to be found in order to determine the irradiate ar;e;) Thé |
The mentioned parameters are: Anew, Enews Apnews DpewGanew a1 (W;Gm}l:ww
“old* parameters are the parameters Aola V), &ok:l (;), ngtihe?tﬂe !l,:n o
e ters are derive )
bonsGaold (Bpnsca). These parame
g} LCI% ?giegis:gtgi. 'Eheir equations are not presented here because thﬂy.

7"01(]
L i LA ' v g :
a’;‘rlf gli‘rlznalcl:lt[o]f LCE also includes the fact that the size of ’;1}112 Sa;czze " E[\
b:orbef surface is not equal to the size of the collector surf?cziei.m - y L
?he collector surface is determined as a product of externa

3 ace
the collector, its width and lenght. The size olt; the actl.:'ei Sal;:glrltégi Sll:;f .
. se i .
i the size of the collector surface ecaus ol
lsallf i)sf xzrilbsorber with the splitter and the quxer plpes(.i The frﬁogison
fhe solar radiation by this part of absorber is neglected 1 comp:

t of the absorber. 1 . e o
EI}‘lle:eri)sarfsfmeters which present the 1mp?ct of LC1E ari:. e;, ljzrl, f?h . 11611 oih

nsl nsl-

f; h¢) fr, f; s f; > f31, 11 ) 12<*,wr, llewla 2ewls> lnsrs 2nsr,‘ 1 i Of
zst}’tfllg s;)lit':er (l)lr rﬂixer pie;rw in EWGa plane from right (l)r le?s ;lg:ignawd
ballccintiigiosigrated usey SR 2 i mNSG?lp fne;n in E S 8. 2 the procedure for determining the irradiated area of the LAS

£.. The distance between the absorber and glazing - R for : rad ’
b iy ide of the collector is designated as € 2 sent * the 1mpact of LCE is included is presented. From the same figure it
plﬁnle 'frOI{InSgghtlgrielzngI afld f,,. The parameters €3y, €31, f3, and f3 Pr° 423
while in op 2 .
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Reflector i

7§Fig. 1. The parameters of the impact of the LCE on the length of
N irradiation Aq4 (A) in EWGa plane




flector is bi
ich collector casts on the reflect gger
e i WIﬁfdeg. Because of that the irradiated area of

when the impact of LCE is inc o lated when the impact of the LCE jg

: area ca ‘ . :
the fp;:dlstSS;giege;h:om parison of the irradiated areas with and witoyg
neglected. Fig.

the impact of LCE.

[ S
[\Absorher R

Lateral collector edges \\\
in EWGe plane Y i

Reflector

Absorber

NSGu plaﬂé\'
the LAS when the impact of

0 1:._,,,?_. T ‘”/, 7/ A

. inine the irradiated area of
Fig. 2. The determining LCE is included

77
’ /77 ////
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|
/ Y

Fig. 3. Comparison of the irradi o

In the following subchapters the equations for calculatio

1
1 J 1 ] 11 15 12ewly llnsrs Zl‘l‘sl's s . b
;;;Wnci;;:forezalculation the “new* parameters A, &, ap, DpnsGo

hen the impact of the LCE is included, is presented be:ow.a1 A
W2 1. The equations for liewr Lewrs liewss lzews Vinses Lansrs hiost

and

n the paramete™

o he
. addltlona !
ling and g are given. In b pew9?

)
The derivation of the equations for the parameters of reduction of the
"j,.. ghts of irradiation A (&) is performed for arbitrary reflector position. The
’ flector is taken to be left in EWGa plane and right in NSGa plane
relative to the collector. For other mutual positions between the reflector
ind the collector the equations are identical but for different intervals of
angle. In addition, in the following text only the equations for the
meters liew, and lyey, will be given. The equations for ey and lyey are
e as the ones for ljey, and lyey, but for different intervals of Yoq angle
with application of the parameters ey, e, and ey instead of parameters
€ and e3,. In the same time, the equations for ling, lngr, ling and L,y are
tical to ones for liewr, Lewr, liews and lyey but the intervals of Yca angle
different and the parameters fj,, B, G, fiy, £, f5 and Busca are used
ad of parameters ey, €y, €3}, €1y, €, €3, and Bewaa:
der to determine the parameter ., the parameters y, Ly, ey, €, and
have to be known. Depending on what the sun beam situation is
e in that moment (PIRR or FIRR) the parameter Liewr is calculated as:

B=c, e, (12(90°- ,.,))

1
AT 2y/(Literrt ex(t8(90°-Bewca)))

2
>lHe.wG1 :>llewr=elr+ezr'(tg(900_ﬂewcn))_tgﬂy -L (2
ewGa

0 < B =l =0 ®)

) other side, the parameter ., is calculated if the parameters y, Ly,
Bewca and e, are known. If the sun beam situation is PIRR or FIRR

(8 (Bewe))-Aotd) < (ex/(t8(Bonc))-(Erre):




sing, o) cosfe) (66, 1A va)
(oa<Bra Ml sinfl, 0

ok i =_i2f__—(er—er)
(ﬂewca< ewGu<:3ewGa):>12em 12(Biuca) A

For (29/(tg(Bovca))-oia) = (€2 (tg(Bevca))-(err-es):

FIRRewGu: i .
For (L) < (€x:/(t8(Bevce))-(e1-€s0) and Ao = Lic

e, sinl, o) +c0sB,0) (66 18 fa))

(@ G <P < ﬂ:wQ) :>lzewr— Sin(Bew(i)

A ok e e2r - r_er)
chu< ewGu< ewGu)DIZewr tg(ﬂewGa) (el 3

For (Li-hetd) < (€2/(t8(Bewca))-(€1r-e31)) and Aoig < L

4.a<Be

(ﬂ:wfn < wGo <ﬂ:‘w&):l2ewr=_i__—(elr—e3r)—(l'k —ﬂ'old) (10) .

tg (ﬂew(h )
For (Lx-Aola) = (€2:/ (tg(Bewaa))-(€1r-€30)):

L..=0

2ewr

: o <yl
As it was mentioned the equations for liew and Lew f01f the m;elr;g%g 'YGZ
< 180° are identical as ones for liewr and Ley, for the interva

360°. Within them the parameters €, © and ey are ulse o
parameters €ir, € and es;. For calc1_11at10n the param;tertsh hi]:terv
well as 1;pq and lpng the above equatlons‘ are used but ofrth e Syl
Yoa < 270° and 270° < Yga < 90°, respectively. Instead 0 efp e
€21, €31, €1r» €21, €3r AN PewGa the parameters fiy, £, fa1, fir, for, f3r @

valid now.
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_ejr-sirﬁwﬁ)‘fcoﬁéwﬁ)'(%r‘eu"g@wﬂ)) {L-Ad O
b .

()

d instead ©
oSt
al 90
ters €l

(%

O)

®)

(6)

U]

®)

“1; The equations for ey (Enew)

fer calculation of the parameters liewr, Loewrs liewts Lewts linsrs l2asrs ling and
 the parameters Aney (Enew) are calculated. Before their calculation the

arameters ) (§) has to be found. The parameters A (§) present the lenght of

ation in EWGa (NSGa) plane when the impact of LCE is neglected.

hat is why these parameters are designated as Aqg (Eqq). The procedure
or calculation the parameters A (Ea) is explained in detail in [6]. When
pal'ameters Liowss lZewr, hiewits Loowis Linary Longy Lingt, Loagt, Aold (E,.old) and active
in beam situation (PIRR, FIRR and FSH) are known the “new"
arameters Aney (Enew) can be found as:

or 0° <y < 180° and 180° <yg, <360° and FSH
vow = Aoia — FSH (12)

£ 0° < Yo < 180" and PIRR
& Aoid - licwr = Liews — PIRR (13)

£ 180° < 75, < 360° and PIRR
B — Aoid - liewi - Lewt — PIRR (14)

r 0° < y6o < 180°, FIRR and ljeyr = 0, Leyr = 0
w = Aola — FIRR (15)

It 180° < ygo < 360°, FIRR and 1w = 0, Loy = 0
w = Aoig — FIRR (16)

0" < Y6, < 180, FIRR and 1y = 0, yoyr > 0
"=)‘vld' 12ewr_’FIR-R (17)

180° < Y6, < 360°, FIRR and Lies = 0, ey > 0
W= Aoid - lews — FIRR (18)

£0° < g, < 180°, FIRR and lyeye > 0, bpeyr > 0

Aoid = Liewr = Lewr — PIRR (19)

180° = YGa < 3600, FIRR and llewl > O, 128wl >0
l= )‘nld ki llewl = 12ew1 — PIRR (20)
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I obtained value of parameter Aqey is negative that means that in somg f(L/2=v,) and (L,/2=v,) then:
planes (EWGa or NSGa) the sun beam situation FSH is active instegaq of or 0° < Yoq < 180° and 180" < yg, < 360°
the situation PIRR. The equations which are valid now are split into ones‘ 3 o Ga
that are used for a combination of cases E-F and ones for a combinatigy of =L -
cases A-B. The mentioned equations are given below: _ 18Peuca
For cases (subcases) A-B f (L/2>v,) and (L;/2<(L;-v,)) then: )
or 0° < Yo < 180°
If (Litw,) > (Ly/2) then: B L +2y y
For 0° < yge < 180° Fhew o
it y 2 Bl (30)
ﬂn 3 =T L 0 180° s YGa b5 360: t *e = / i, *k ol
i 2 18P Cr ke ) el TR e Y G %)
S > TR Y 2
) (1) Ga = FewGa ew * (31
For 180" <Yoa < 360, 28" woa = ¥/(LitWi-(L/2)) - 2 #lB)
L = 2W ,-.~ B < : o]
P e (22) e ek (32)
tgﬂ“’G’ ‘;.“ 3 > ewGa Zﬂ:w(h :/?hew =Lr (33)
ﬂew(h < ﬂ'ew(h :>2‘new =Lk (23) >ﬂ <ﬂ""‘ % Lr —2V] y
e ova < Peve = Ao =5 ey )+11( (34)
If (Lyctwy) = (L/2) then: bt
For 0° <ygq < 180° 2>vy) and (L,/2=(Ly-v,)) then
ﬂ«new = Lk = y (24) i YGG = 1800
tgﬂewGa t-_ $ =Lk = y
For 180° < Yge < 360° i 120, (35)
A iy (25) T 180° < ygu < 360°, 128 ewca = Y/((L/2)-v1)
e = ﬁ’ = =
ewGo =
If (Lytw;) < (Ly/2) then: \ vt = Ao ?‘ (36)
For 0° < Yga < 180°, tgB " ewca = Y/(L/2)-(Latw1)) B <F.. oA, == . +L, (37)
* L oy 2W T
Bowce < Pewen = Hoew = . LY 27 3 ,2>V1 and 2(%31’1)) then:
2 <Yoa < 180°, tgB"euca = Y/(L/2)-v1)

tgﬂ ewGa

For 180" <gq < 360° ‘ 2 Bovae = Ao =L (38)

ﬂhew = Lk (28)

For cases (subcases) E-F
429
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and ey are used instead of the parameteres Ly, €;; and €. As it was
nentioned at the beginning of this chapter, the above equations are valid
nly when the reflector is left in EWGa plane and right in NSGa plane
elative to the collector. For other reflector-collector positions the rules
from Table 3 given in [6].

ﬂew(‘n < ewGa = Mew = 9 tg(ﬂew(h)

For 180° < Ygq < 360°, tgBewca = Y/(L/2)-v1) N
ﬂew(iﬂ2 ew(h:>ﬂ’new=l’k ( )

" L -2y R + @1
ﬁew(h < ewGa = Ahew - ) tg(ﬂewc,,) Lk |

The equations for &uew are same as the equations for Anew With (gflference
that now the parameters Wi, Wi, V2, W2, BusGos T 11,,511 and Ly, are
used instead of the parameters Ly, L, V1, W, BewGas Liewrs Lzewrs liewt and lyey,

3. Conclusion

n this paper the mathematical model for determining the irradiated area of
he LAS of the BFPC, when the impact of the LCE is included, is
gresented. The LCE are the integral part of every flat-plate solar collector.
t means that they will always affect the formation of the irradiated area of
he LAS. Because of that, the size of the irradiated area is always less then
he size of the same area when the impact of the LCE is neglected. It
hould be noted that the impact of the LCE increases when the dimensions
of the collector decrease if the dimensions of the LCE do not change.

2.3. The equations for a,, bpewGas DpnsGa

In order to determine the irradiated area of the LAS (Air) when the impact
of LCE is included it is necessary to determine the parametetrs aﬁw
(DOewGa'DOnsGa)a Apnew (DOeWGa'P OZ‘nsGu) and bpewG(mew (bpnsgo:nbew%, OOA et
equations for calculation of these parameters are presente 1 e ovIs;. s i
was mentioned those equations are defined only for EW?a P anz. H;)caaus?1
of the similarity between the equations for thp interval 0 s yGa] o an<
the interval 180° < ygq < 360°, only the equations for the interva t yg.t,he
180° are presented below. Before the calculation of above paragle ertso be
“old* parameters apoid (ap), bpewtacia (Bpewcia) and BpnsGaoia (Dpnsca) have

known. The equations for their calculation are given in [6]. 00
For 0° < YGa < 1800, Apnew (DoewGa'DOnsGu), bpewG(mew, Apnew ewGol
POZnsGa)
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