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Maxonazna GOTOHIAp TPASKTOPUSICUHH Ky3aTHO OOpHUIIHUHT cTaTUCTUK MonTe-Kapio ycymunan
¢oiinanann6, sccu PpeHen NMUH3ACUHUHT (OKAT coxanaru (OTOHIAP TAKCUMOTH YPraHMIIU.
Hucnepcust HaTiwkacuaa ¢Gokan coxagard (GOTOHIAP TAKCUMOTHHUHL OKHIIUN Y3rapuiiu
xypcatunau. llyanHraex, doxan coxagaru GOTOHIAP TAKCUMOTHHY OMP)KUHUCITH KWINII SIBHU
roMOreHHu3alysIall UMKOHUATUHY O€pyBUYM yCyJl HaAMOMMII KWIMHOW. YIIOYy Maxcaiia TYFpu
TYpT Oypuakinu mwaddod npusmanan GoiganaHUI MyMKHH.

Ucnone3ys cratuctuuecknii Metox MonTe-Kapno 1 mpociexuBaHus (OTOHOB, HPOBEICHO
YHUCIICHHOE HCCIIE0BAaHUE CTPYKTYpPHI (hOKAIBHOTO IATHA ITockoit mmm3bl @penens. ITokazano, dto
n3-3a JUCIEPCUH B MaTepuale JUH3BI CTPYKTypa (pOKaIbHOTO ISTHA 3HAYUTEIBHO H3MeHseTcs. Kpome
TOTr0, MPOJEMOHCTPHPOBAaHA TOMOTEHH3AINSI CHIBHO C(OKYCHpOBAaHHBIX (hoTOHOB. [IpsiMoyronbHas
MPU3Ma MOXKET OBITh IPHUMEHEHA JUIS JTOCTHKEHHS] TOMOT €HH3aIHH.

Using statistical Monte-Carlo photon-tracing method, we numerically studied focal spot structure of flat
Fresnel lens. It has been shown that due to dispersion effect, focal spot structure changes considerably.
In addition, we demonstrated homogenization of strongly focused photons. Rectangular prism can be
applied to achieve the homogenization.

Introduction. Solar concentrators are one of extensively studied [1] fields in recent
decades. As the search for optimal solar concentrators for particular application settings
continues, Fresnel lens has one of preferences in solar pumped lasers. Compared to
traditional concentrators such as parabolic mirror or convex lens, Fresnel lenses have
practical advantages like small volume and cost effectiveness. Utilizing Fresnel lens to
focus natural sunlight, the authors of the study [2] achieved 11%—14% slope efficiency of
solar-pumped laser by Cr-codoped Nd:yttrium-aluminum garnet ceramic. Later, in 2009,
using Fresnel lens, 80 W output laser power generated [3], demonstrating preference of
Fresnel lens over mirror-type concentrators. This corresponds to 4.3% of conversion
efficiency from solar power into laser. Furthermore, another study [4] showed that the
Fresnel lens enables higher solar laser collection efficiency. These experimental studies
indicate that Fresnel lens as a concentrator has the potential to improve solar pumped
lasers. Fresnel lens concentrator is the part of the pumping scheme and the pumping
process determines laser’s key parameters, knowing the focal field structure is important.
Therefore, in this paper, we intend to study focal field structure of Fresnel lens.

Fresnel lens. Most studies conducted on concentrated solar energy applications
using Fresnel lenses for various purposes can be classified into two main groups: imaging
Fresnel lenses [5] and non-imaging Fresnel lenses [6, 7]. Imaging Fresnel lens is used to
create an image, whereas nonimaging Fresnel lens is used to collect solar energy. So, how
to explain physical shape of Fresnel lens? If we cut out rectangular parallelepipeds (as it
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is shown in Fig. 1, left) from convex lens’s bulk and remaining surface pieces will be
placed down on a flat surface, then we end up with theoretical Fresnel lens (Fig. 1, right).

1D case
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Figure 1. 1D case and 3D case of the real surface of Fresnel lens.

In ideal situation, Fresnel lens’s sawtooth-shaped groove surface supposed to be
spherical or parabaloidal. However, due to manufacturing complexities of spherically
curved, micro-sized surfaces, the real Fresnel lens is essentially a chain of prisms on a flat
(Fig. 2, left) or curved (Fig. 2, right) surface.
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Figure 2. Flat and curved Fresnel lenses.

Depending on Fresnel lens types, focal spot structure will be different. Each type
will have advantages and disadvantages in particular configuration settings. Therefore,
before applying Fresnel lens in practice, it is necessary to know the focal spot structure.

Statistical photon-tracing method. As already mentioned, imaging Fresnel lens is
used to create an image of a object where optical aberrations and wavefront distortions
play fundamental role, and therefore it should be studied in the framework of wave optics
theory [5]. In contrary, nonimaging Fresnel lens is aimed for optimally collecting solar
energy. For this reasoning, study of nonimaging Fresnel lens can be done using principles
of geometrical optics [6]. In this paper, to study the spot structure, we use a statistical
photon-tracing method [8], which, to some extent, resembles ray-tracing method [9]. The
latter is by nature completely deterministic, whereas the former method involves
randomness. Similarity is that trajectory of a photon is determined from the sequence of
intersection points by using geometrical optics. Difference is that the elementary
processes such as reflection, refraction, absorption, and emission will be modelled by
Monte-Carlo method. Detailed comparison of above mentioned two methods, advantages
and disadvantages, practicality and applicability limits are not subject of this paper.

Focal spot structure of flat Fresnel lens. We consider the “grooves out” flat
Fresnel lens for the study of focal field. Its focal length and number of prisms are given.
Since each prism has different angles, it is required to find them individually (Fig. 3).
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