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A  ray-optical evaluation of the constructional and concentration characteristics of a com
posite parabolic trough (CPT) with flat receiver is given. The region of non-zero intensity 
in the focal plane, the intensity in the central solar image and the receiver intercept fraction 
for a typical CPT are studied and the significance of the results at the design stage is pointed 
out.

Introduction

Parabolic trough and bowls are well established concentrators of solar energy and 
their optical design aspects have been the subject matter of many papers. Evans [1], 
and M cD ermit and H orton [2] in their recent papers have referred to the earlier 
work in great detail. The common approach used in the fabrication of the trough 
concentrators is to machine parabolic ribs in a programmed milling machine which 
are then attached to a torque tube. Preformed aluminium sheets matched to the para
bolic shape of the ribs are next bolted on to the ribs to serve as the foundation for 
the parabolic reflector. However, as discussed by Giutronich [3], inexpensive and 
large concentrators are invariable made by composing the parabolic shape with the 
help of many small elementary flat mirrors. In the context of non focussing concen
trators, Shapiro [4] refers to these as polygonal trough concentrators. In the present 
paper we give a simple ray-optical analysis, based on the work of Cosby 15] and con
cerning focussing parabolic trough made from elementary flat mirror strips, referred 
to as “composite” here and used with a flat receiver. Constructional and concentra
tion characteristics of a typical composite parabolic trough (CPT) obtained in this 
paper are presented in a graphical form. The usefulness of the results at the design 
stage of a solar energy system has also been demonstrated.

Ray-optical analysis

A pictorial representation of a section of the CPT is given in fig. la. It consists of 
(2k + 1) elements of same width d. The trough aperture, focal length and rim angle are 
taken to be D, a, and <9, respectively. In the analysis we assume perfect tracking,



190 R. N. Singh et al.

nth zone

Ist zone

CENTRAL SOLAR IMAGE

Ist zone

3

3

n,hzone 3

Fig. 1. a) The concentration ray geometry of a CPT, b) Focal plane zones of various intensity levels

uniform solar disc and uniform reflectivity with respect to the angle of incidence and 
the wavelength over the solar spectrum. Denoting by (x„, y„) and (xn_ j , t„ - i) the 
coordinates of the end points of the «-th flat mirror element, its inclination with the 
j-axis is given by

taniP* =  (y„+y„-i)l4a. (1)
A cone of solar rays reflected from the «-th element intersects the receiver plane 

over a width (Ln =  |y“| +  |y^|) such that

yun =  yn- (a -x „ ) tz n (2 'F -& ) ,  (2)
and

y, =  A - , - ( a - ^ _ , ) t a n ( 2  (3)
From these formulae, the two constructional characteristics, tilt xP n and receiver 

plane intercept width Ln, may be calculated for all the elements in any given case.
Assuming that the incident solar flux, after reflection from CPT, is spread over 

a width Ln for the «-th element, its elemental contribution to intensity may be written 
in the form

CIn = PJ ^ L , (4)

where p is the reflectivity, and qs is the incident solar flux. Now elemental contribu
tion of all the mirror elements add up to give the intensity over the width L0 corres
ponding to the axial mirror element of the CPT. The intensity in this region of the 
receiver due to reflection from the CPT becomes

k
V .v ) =  Cl,, + 2  2  Cln (5)

n =  1

for To < y  < fo-
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The number of mirror elements contributing to the intensity in the receiver 
plane diminishes progressively as we move outward from the margin of the central 
solar image, beginning, of course, with loss of the contribution from the axial mirror 
element. Thus for zone n (see fig. lb) in the receiver plane region beyond the central 
solar image

for

n— 1

I,(y) = h (y )~2 CI„,
/7 = 0

K - i  < y < y*n> and <  y  <  y\t—! ·

(6)

Equation (6) means that the finite sized mirror elements used in the fabrication 
of the CPT produce zones of various intensity levels. In practice, however, the physi
cal size of a zone is so small compared to the width L 0 of the central solar image, that 
the intensity of the zone itself may be assigned to its midpoint. This gives rise to 
a smooth intensity distribution in the focal plane of the CPT.

The concentration characteristics of a CPT are given by: i) the value of I0(y), 
ii) the width of the focal plane over which a nonzero intensity is obtained, this will 
naturally be Lk ; and iii) receiver intercept fraction. The first two are easily determined 
from the above analysis. The third one, the receiver intercept fraction, is defined 
as the fraction F of the total concentrated flux intercepted by a target of given width 
y, centrally located in the focal plane

F =

[ ytn

f
- y t!2

I(y)dy
y tl 2

pqsW
(7)

where I(y) is the intensity distribution in the receiver plane which has been deter
mined above, and W  is the concentrator width given by

k
W= d [ \  +  ^ 2 c o s ¥ /„). (8)

The quantity F  is significant in that it gives the concentration efficiency as pF  
and the concentration ratio as (pWF/yt) which both are useful design parameters.

Results and discussions

To evaluate the constructional parameters and concentration characteristics of 
a CPT with the help of the above mentioned ray-optical model, it is necessary to 
known the coordinates of the end-points of various mirror elements on the base of 
parabolic shape. Analytical relations to obtain these values turn out to be tedious 
and hence numerical iterative techniques based on lens designer’s ray tracing metho
dology are used instead. Thus, the analysis formulated in the present paper gives 
the characteristics of a CPT at the level of design stage ray-optical assessments. 
Figure 2 shows the variation of Lk and I0(y), evaluated from (1), (2), (3), and (5),
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Fig. 2. Variation of Lk and 70(j) with 0 ;  d =  0.02 meters, D — 1.00 meter

with rim angle for D =  1 meter and d =  2 cm. It may be seen that both these para
meters take extreme values at a rim angle of 45°, but, whereas Lk shows a step ries, 
7oO) shows only a gradual decrease with increasing rim angles. This implies that the 
size of the region of the focal plane with nonzero intensity increases without much 
effect on the local concentration at the central solar image.

Figure 3 is a graphical representation of several other constructional and concen
tration characteristics of a CPT. The values L n, and CIn have been shown here 
for various constituent mirror elements of a CPT. The behaviour of Wn is here

Fig. 3. Wn,L n, and CIn for various mirror elements; d  =  0.02 meters, 0  =  45°, D =  1.00 meter
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constrained by the choice of a parabola for the base curve of the concentrator. 
That the variation of ^¥n will be linear with the position of the element is also clear 
from the fact that, for limitingly small sizes of the mirror elements, Wn is simply 
given by the slope of the tangent to the parabola at that point. The change in Ln 
implies again that although the region of nonzero intensity outside the central solar 
image, formed by the axial mirror element, increases, the contribution of the extra- 
axial elements to the total concentrated flux on the central solar image is low. This 
effect is reflected further in intensity distribution curves shown in fig. 4, where the

Fig. 4. Intensity distribution in the receiver plane; d  =  0.02 meters, D  =  1.00 meter

distributions are seen to have extended tails for higher rim angles. The variation of 
the receiver intercept fraction, F  vs. yt, curves with rim angle are plotted in fig. 5. 
This is important in those applications of concentrator, where one is interested in 
the total energy collected by the receiver as it leads to an optimum choice of the rim 
angle and receiver size.

Concluding remarks

A simple design stage ray-optical assessment of a typical CPT has been given above 
providing theoretical limits for the concentrator-receiver sizes which are expected 
to form a basis for the preliminary design of plant subsystems and relative cost 
performance trade-off studies. Further analysis, on which work is progressing at 
our Institute, also may be expected to include effects of other parameters, such as 
the spatial and temporal spectra of the solar radiation, on the optical performance 
of a CPT.
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Fig. 5. Receiver’s intercept fraction F; d  — 0.02 meter, =  1.00 meter
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