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DESIGNING SOLAR POWER CONCENTRATOR MODEL
WITH EXTENTIONAL FOCAL ZONE

Ivan Zavirokhin

Ternopil LTD scientific and technical centre «kENVOS», Ternopil, Ukraine

Summary. In the article, the possibility of constructing the concentrator with mirror segments joined in
a circe, able to specifically create a focal area of energy concentration in the form of imaginary volume right
above its opening plane is discussed. Computer simulation of distributing illumination field of certain focal planes
above the opening plane of such a concentrator proved the presence of the focal area shaped in the form of an
imaginary body of a particular shape and size that have to be used by placing the concentrated energy transceivers.
These transceivers can have a look of a simple conical heat exchanger, multiple heat vacuum tubes with a heat
exchanger, or even a specific block with many GaAs based transient cells to generate electricity.
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Statement of the problem. Increase the use of light solar energy concentrated by a
parabolic mirror concentrator.

Analysis of the available investigations. The main task of the concentrator is to create
the maximum achievable concentration of solar energy at the receiver and the most complete
use of the received one for further efficient conversion to another type of energy. Rescently, the
wide known is concentration of solar energy and its focusing on the receiver by means of
various parabolic mirror concentrators in order to obtain concentration in the so-called «focal
point», «focal spot» or «focal line» at the receiver [1, 2, 3, 5, 7, 8, 9]. Their common
disadvantage is the use of only a certain part of the focal concentration energy.

When designing solar energy concentrator, the laws of optics are taken as a basis, in
which it is customary to consider and use the concept of a focal plane perpendicular to the
optical axis, passes through the focus, on which a focal ellipsoid spot is formed, and it is mainly
taken into account when constructing different types of receivers. However, in reality, as it is
noted in [3], various errors in the manufacture of optical systems form a certain aberration and
there is a so-called curvature of the image field, in other words, the image area. In optics, this
phenomenon is considered negative and various means for its elimination are used.

When concentrating light solar energy, there are the angular dimensions of the light
source (the Sun) and the manufacturing errors of the concentrator that cause aberration, and
therefore there must also be an area of focal concentration, i. e. any imaginary «focal volume»
of a certain shape and size that may cross several focal planes as particles of this volume.

The objective of the work is to achieve the maximum possible use of the whole volume
of concentrated energy in the concentrator by intentionally forming an area of focal
concentration in the form of an imaginary volumetric figure of a certain shape and size.

Statement of the task. For achieving this aim, the most suitable for the construction of
the concentrator is the use of the concentrator of parabolic cylindrical trapezia-shaped segments
joined in circle as a single concentrator whose area of focusing concentration of solar energy
would be located right above its opening plane.
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Results of the research. In accordance with the task, the theoretical researches were
carried out by computer simulation using SolidWork/OptisWords software (integrated
environment of analysis and synthesis in illumination engineering and optics), the nature of the
light field distribution of the illumination of individual focal planes crossing the focal area
above the opening plane of such a concentrator. At the same time, the initial data were applied:
lighting of the layout with a point light source; focal length; shape of the illuminating surface.
From the several variants, the one that optimally corresponds the task was chosen. Figure 1
shows the example of a model of focal planes illumination in a section of the focal zone volume
at the distance 50 mm respectively above the opening plane.
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Figure 1. Model of focal plane illumination at the distance 50 mm above the open plane

We observe the readings of the maximum illumination zone at the ends of eight wedge-
shaped sectors obtained from the parabolic cylindrical segments of the concentrator. The focus
zone lays there. Black spot is a non-working area in the center of the concentrator.

Simulation of the individual focal planes illumination gives an idea of location, shape
and size of the focal zone, the shape of which is reverse to the focal plane illumination shape.
It is situated close above the concentrator opening plane.

High concentration begins at the level of an opening plane 0 mm and finishes above the
opening at the distance 150 mm.

50 mm lower than the opening plane and 150 mm higher than the opening plane, the
concentration sharply decreases. Efficient length of the focal concentration area can be
practically taken as 200 mm and in respective way place the working area of receiver-
transformer there.

Due to the simulation results, the constructions of segment concentrators which consist
of eight parabolic cylindrical trapezia-shaped mirror segments joined into circle were
developed. In the centre of concentrator along its axis, the cone-shaped cupper energy
transceiver is placed (Figure 2) with the fluid circulating in it and the working area of which is
in the calculation zone of focal concentration located right above the concentrator opening area.
While designing this transceiver, the methods of setting thermal conductivity and heat exchange
task given in [4] were taken into account. Also, several thermal vacuum tubes with heat
exchanger were used as transceiver (Figure 3). It is possible that in the future, the installation
of many GaAs-based transition cells will be available for direct electricity generation.
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Figure 2. The appearance of the segment concentrator with cone-shaped receiver

Figure 3. Segment concentrator d=1,7 m with heat vacuum tubes and heat exchanger

Conclusions. Segment concentrators (Figure 2, 3) are made. Full-scale tests conducted
at a favorable time of year according to the recommendations [6] proved the focal concentration
area in the form of imaginary volume of a cut multifaceted oval shape at the length 200 mm
with the internal non-functional through hole along the axis. The cut vertex have approximate
dimensions d=130 mm and the middle part d~170 mm of the inscribed circle. The approximate
area of the outer surface of such an imaginary figure to be used for energy removal is = 0,08 m?.
If use only the largest «focal spot» with a diameter 170 mm, then its area is only = 0,023 m?.
Thus, we can have a fourfold increase in the use of concentrated solar energy by the surface of
the receiver and, accordingly, increase the efficiency of the system. The inner through hole is
equal to the size of the central non-reflecting part of the reflector, d;=100 mm.

Energy efficiency concentration ratio when using mirror coated aluminum segments
(ALANOD) is 200+250. When tracking the concentrator on the Sun movement in two
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coordinates, there is a powerful concentration of solar energy on heat vacuum tubes located in
two hundred millimeters’ focal area, and powerful heating of the working fluid circulating in
the heat exchanger.
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KOHCTPYIOBAHHS MOJIEJII KOHIIEHTPATOPA COHSYHOI
EHEPI'Ii 3 OB’€MHOIO ®OKAJBHOIO 30HOIO

IBan 3aBipoxin

TOB Tepuoninvcokuii Haykogo-mexHiynui yenmp « EHBOCy,
Tepuonins, Ykpaina

Pesziome. Ilpoananizoeano @okycysanns pisHo2o muny napadoiiuHux KOHYEHMpamopié COHAUHOL
enepeii, AKi KOHYEHMPYIOMb eHepilo 6 «MOUKO8Ull OKYcy, «QOKyCcHY NiHilo», «POKANbHY NAAMY» U npu
KOHCMPYIOBAHHI AKUX BUKOPUCHOBYIOMD | PO32IA0AI0Mb 3A2ANbHO NPULIHAE NOHAMMS — «YOKANLHA NAOWUHAY.
Ilpu nasenocmi xymosux posmipie Conys, Odicepena c8imao6oi ewepeii i pi3HUX NoXubKax GueOmoGIeHHs
KOHYenmpamopa, wjo SUKIUKaiomo neeHy abepayilo, 6UHUKAE «KPUBUHA MO 300padceHHsy ma HOSUHHA
icHysamu obnacmv okanvroi KoHyenmpayii — «ghoxanbHull 06’ em» neenoi hopmu i po3mipis, a «pokaivHa
NIOWUHAY € 1020 NEePEeMUHOM (YAcmKOI0), WO GUKOPUCHOBYE HA NPULMAYi Juuie AKyCb 4aCmuHy o00cazy
cKoHyenmpoeanoi  ewepeii.  Poszenadaemvcs  moodicnugicmv  KOHCMPYIOGAHHA — KOHYEHmpamopa 3
CcecMeHmonodiOHuUMY  Napabono  YUIHOPUYHUMU — O3ePKALbHUMU — Ce2MEeHMAMU, 3 €OHAHUMU NO KO,
CHPOMOIICHO20 CHeyianbHO cmeopumu obracms QoxarbHoi KonyeHmpayii enepeii y 6uensioi ysaeHo2o o0 ’emy
8i0pasy Hao NaoWUHOI 1020 po3kpugy. Modenosanus 3a 00NOMo2010 KOMn lomepa xapakmepy po3nooiny
CBIMN0B020 NOJISL OCEIMAEHOCME OKPEMUX QOKATbHUX NAOUWUH HAO NIOWUHOIO POSKPUBY MAKO20 KOHYEHMPAmopa,
niomeepouno HaaeHicme oOaacmi okanbHoi KoHyenmpayii y eueisioi ysieHo2o 00’emy nesHoi Kou@izypayii i
PO3MIDI6, SIKI CNIO BUKOPUCTNOBYEAMU PO3MAULOBYIOUU 8 HbOMY NPULMAYL — Nepemseopiosaii CKOHYESHmMpPO8aHoi
eHepeii, Wo MoNICYymv Mamu 8UeA0 NPOCMO20 KOHIUHO20 Mento0OMIHHUKA, OeKiTbKOX MEeNnio8ux 8axyyMHUX
mpyooK 3 Men100OMIHHUKOM abo HA8iMb negHo2o 6110ka 3 6azamo nepexionumu gpomoenemenmamu Ha ocHogi GA
As 0na ompumanna enexkmpoenepeii. byau po3pobneni Koncmpykyii i 6U20moeieHul cecmMeHmHuUll KOHYEeHmpamop
COHAYHOI enepaii y cknadi 60CbMU CEKMOPi6 po3MAULO8aHUX NO KOIY MA NPUUMAia-nepemeopiosaiad y 6uenioi
MIOHO20 KOMIYHO20 Menio0OMIHHUKA 3 YUPKYIIOIOYO0I0 PIOUHOI0, d MAKOJC KOHYEHMpAmop 3 Meniosumu
BAKYYMHUMU MPYOKAMU, pOOOUT NOBEPXHI AKUX PO3MAUO8aHi 8 001acmi hokanvHoi Konyenmpayii. Bunpobyearms
KOHYEeHmpamopie npaKmuuHo 006eiu HAAeHICMb obnacmi @GokanvbHoi Konyenmpayii eHepeii i noxasanu
30inbUeH s 00cA2Y IT BUKOPUCAHHA HA NPULLMAYI.

Kniwouoei cnosa: xonyenmpamop, ceemenm, napabono yuninOpuunuil, GokaibHa NIOWUHA, 001ACMb
@oxanvroi KoHyenmpayii, poxkanvHull 00 'em.
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