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Introduction 
In solar engineering, secondary concentrators are commonly 

used to increase the density of concentrated energy flux generated 
from the primary solar concentrators. They can also be used, for 
example, to change the location of the focal area of   the concentrator 
or the shape of the distribution of concentrated flux density, etc. 
Note that the modules of secondary concentrators can be used 
without a primary concentrator, but with a lower concentration 
ratio.

The types of secondary concentrators are very 
different, typically they are parabolic concentrators,  
various types of focons (parabolotoric, conical, wedge-shaped, 
prism etc.), lenses, parabolic through concentrators, flat reflectors, 
fragments of conical sections - cassegrain system, gregoria system 
etc.

For certain categories of concentrators used as secondary 
concentrators, their optical-geometric properties have been 
studied in enough detail.

The achieved positive effect using secondary concentrators 
depends on the particular optical scheme, which includes the 
secondary concentrator. Therefore, despite the well-known general 
optical-geometrical properties of several types of concentrators, 
for the “primary concentrator + secondary concentrator” optical  

 
system, a detailed analysis of the output characteristics of such 
systems is difficult or evaluative. Therefore, in these cases a detailed 
optical- geometrical calculation of specific system is separately 
performed based on the developed mathematical models [1,2].

This paper investigates the optical and geometrical properties 
of conical concentrators.

Figure 1: Optical scheme of the focon.
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We introduce the notations as shown in Figure 1. The geometry 
of the conical focon is defined by two radii (R and r), angles γ 
(parametric angle) and θ (critical angle), and length L, and three 
parameters are needed to uniquely determine the focon geometry. 
We have

, ,R r R r R rtg tg tg tg
L L R r

γ θ θ γ− + +
= = ⇒ =

−     (1)

And for these angles

, 90 , 90DBC BCD BDCθ γ γ θ∠ = − ∠ = + ∠ = −

Let φ will be the angle of incidence and reflection at point D (the 
vector DN is the normal to the surface), and β the angle between 
the reflected beam 1 and the direct CD. Then it is easy to see the 
correctness of the following relations:

90 , 90 2ϕ θ γ β ϕ γ θ γ= − − = − = − −

Let us determine such parameters of the focon, for which all 
the rays with an angle of incidence greater than θ come back. A 
necessary condition for this case is the equality β = 0 at the point D 
(that is, the reflected beam begins go to back). For this case we have

, 90 2φ γ θ γ= = −

It’s obvious that, in this case, the focon geometry is determined 
by two parameters for the given θ.

We have

90 ,
2
θγ θ γ−

= >  (2)

(It is easy to see that for the case of multiple reflection i, we 
have γ = (90-θ/ 2i).

Figure 2: Change interval of the angle γ.

For such conditions, the angles cannot be arbitrary. Figure 2 
presents a graph in which a possible interval of angles is highlighted. 
Thus, the values of the angle γ must be less than 30 degrees.

Now we define the output radius r and the length L of the focon. 
From equation (1) we have
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from here
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And, in turn,
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From equation (1) we define r

2

2

(1 3 )
1

R tgr
tg

γ
γ

−
=

+
 (5)

Since r > 0, therefore 1-3tg2γ > 0 or tgγ < 
1
3

, and hence we 
have γ <300, i.e. as mentioned above.

Thus, it can be noted that the value of the critical focal angle 
determines such a focal configuration ( 90 2θ γ= − ) that rays with 
an incidence angle greater than θ always return back. In this case, if 
the angle of incidence of the rays is less than θ, then after a single or 
multiple reflection, they can pass through the focon or come back.

Figure 3: Focon options for the LSF.

Based on the obtained relations the calculations were carried 
out to determine the parameters of the conical focon in the case 
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of its use in the optical scheme of the thousand kWt Large Solar 
Furnace of the Institute of Materials Science (Uzbekistan, LSF) [3,4]. 
In Figure 3 the dependence of the output radius and the length of 
the focon on its parametric angle is shown. Based on these data, it 
is possible to determine the optimal geometry of the conical focon 
for the LSF.
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