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The conventional approach for optimization of the ellipsoidal monocapillary concentrator

parameters consists in numerical simulation, e.g., with the use of ray-tracing technique. In the —od
present work the optimization problem is solved analytically. o
1. Point source o
It Is easy to show that efficiency of the ellipsoidal concentrator (the power transmission — 0.6
coefficient) for a point source can be expressed: W Pmex _ o8
orer ; vy == | RO)sin(2p)de ®m 7 —os
0 ®Pmin —1.0
W, — the power radiated by the point source to the concentrator half-space, W — the power
concentrated In the ellipsoid focus, ¢ — angle between the ray and the symmetrical axis of the ; | | | | | o, | | | | = r
ellipsoid, pmax and gmin are defined by the positions of the front and back ends of the concentrator, ° 008 Oy/?g oo s 0025 05 o b ks s
ger_mg[;ia\filtr)]/gogggrlei,lelzt(i(?l)g ;O;Eﬁznsl(;iﬂleit?z i?/;) efficient depending on ¢ and the dielectric Figure 2. Y(y/o) for different zy;n. Figure 3. Y(zmin) for different y/o.
- — .- 07 Lizrs Therefore, the optimization problem is reduced to
With approximations we obtain: - 001 finding {h | " _ £y g
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0 min o6 —0s We see (fig. 4) that the local maximum disappears at
p 0 n o2 o) T2 iyls (2) > oa L/2F > 0.1 and the maximum value of Y is reached at
r= T 1= ooy TS , + g“” L Toin = 17 - exp(ia) = — | the maximum possible 7ma. However, let’s note that Y
[1-¢] 1-¢] d =Tl | \/1+7/ /6 0,2- slightly increases when gma> 3.
: The Y value dependencies on the one of the . ~ >~ Figure 5 shows that the power transfer coefficient of
. approximate problem parameters y/0, zmin, aS 0 1 2 3 4 5 the concentrator takes almost the maximum value
’ well as L/2F and #max for the case of finite Figure 4. Y(yms) for ﬁxgga;/é_mm _oa When LI2F > 05. A further increase of the
0,01 elllligz?ei Ieggtgnla, age S?ﬁg’vvcsont;g' Zne(?essary N and d-fferent values of LioF. | concentrator length slightly raises its efficiency.
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Figure 1. Parabolic concentrator efficiency 2F Tr%.n |
dependence on the radiation wavelength for different Thus Y is a function only of #m for the N e 05 o1 oe  os 10
;Ef'eCtlingzmate”a'S- Approximate curve calculated by fipjte |ength concentrator, if other parameters | | CLF | | | | LR | |
ormula (2). (915, Tmin, LI2F) are fixed. Figure 5. Y(L/2F) for different zp, and y/6 = 0.1 (left); for different y/d and zyi, = 0.4 (right).

2. Source of the finite size

It Is easy to show that the source of small size p
transferred by the cross-section of concentrator to the

We decided to check this result by ray tracing techniqgue. This simulation has approved increasing
of power transmission coefficient with source size increasing till critical value (fig. 7).
Let’s consider reflection of disk source radiation from one point on a surface to explain it (fig. 8).

spot In the focal plane with size: sin 2¢ It’s easy to find the curve corresponding to the source points which illuminate the reflection point at
P (§0,,0) = 'Osin 27 =p-M (60) a fixed grazing angle (fig. 9).
S 1.3¢ -
Assuming that the grazing angle is the same for all points of a small source, and integrating over Lol ©— 060 ,
the azimuthal angle, we obtain an expression for the intensity distribution in the image plane: "} o L1 / '
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— 12 Figure 8. Reflection from  Figure 9. The source is divided on two Coefficient dependence on the source
—08F 5 10 surface point parts: with less and greater grazing angle Size for different grazing angles ® of
) -2 UL point source
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0}l the concentrator efficiency with increasing of the ' = ~
_— - 000 002 004 006 008 010 source size (see Fig. 10). Figure 11. Ellipsoid parameters.
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Figure 6. Normalized intensity distribution in  on the source size for different wavelengths and reflecting The optimization of ellipsoidal concentrators was solved analytically In the present work. The
the focal plane coatings. concentrator efficiency was expressed via several dimensionless parameters that allows us:
Figure 6 shows the results of calculations for the source size of 50 um, glass ellipsoid with semi 1) fast evaluation of the concentrator efficiency in the given conditions,
axes of 100 cm and 1 cm, fixed position of the back end (0.9F) and various positions of the front 2) fast determination of the optimal concentrator parameters for given case (see Table).
end. The resulting distributions were normalized to the total radiated power transmitted without We can assert that satisfaction of several conditions (p/d < 0.1. zmin.<0.4. L/2F > 0.5, #max>3
reflection through the capillary. and I'a/(2E6.) < 0.04) will result to the power transmission coefficient value of at least 65% of
However, this approach does not allow to study the influence of source size on the power the maximum possible (in paraboloid case).
transfer efficiency of the ellipsoid. Analytical estimates show that the power transmission Table of concentrator optimal parameters (fig. 11) for fixed
coefficient varies slightly, while next condition is satisfied: source-sample distance 2F = 400 mm and different wavelength
2F6’ <05- ( \/1 Tl ) 0, =[1— [ * - critical angle of total external reflection
In order to find the power transmission coefficient it Is necessary to calculate the following 0.999992
Integral (in approximation of beam single reflection from the walls of the concentrator): ; . 0.9998
o r 2 0.998
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In the calculations (flg 7) we assumed L/2F = 0.5, 7in = 0.4. The results approve the estimates:

0.5(1—«/1 = ) 0.042

We see that the power transfer efficiency even increases if this condition Is satisfied, reaching a
maximum In the vicinity of the source critical size rp.. Such unusual behavior of the
concentrator efficiency may be due to the neglecting of multiplicity of ray reflections.
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