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Abstract

The paper gives a theoretical analysis of the performance of cylindrical parabolic solar concentrators. Particu-
lar attention is given to the application of this type of concentrator in the intermediate temperature range( < 100°C)
where wide receivers are used.

Suitable indicies that describe the performance of the concentrator are defined and evaluated. The effect of
individual parameter on total concentrator performance is investigated. In order to put these analyses to a univer-
sal use the non — dimensional approach of mathematical formulation is used .

The results of thie analysis are presented in a set of graphs which can be used easily for solar concentrator design

Intraduction

The solar collector is the item of equipment which converts solar energy to some other useful form of energy.
Of the solar thermal collectors in use two types are dominent
1) The Flat Plate Collector .
2) The Solar Concentrator

The flat plate collector receives both direct and diffused energy without any concentration, this makes these
types of collectors suitable for low temperature applications .

On the other hand, solar concentrators concentrate the received energy by its large surface areaon a small
absorber area. It has higher efficiency per unit area in comparison with flat plate collectors and a wider range of

temperature operation .

Parabolic type concentrators have been studied in some details by many authorsU—3) and the theoretical
performance is derived using the assumption of a uniform - intensity solar disk and that the sun’s rays are received
in the form of a cone With an apparnt diameter of the sun constant at 32 min of angle .

The present work is a study of the performance of cylindrical parabolic concentrators when used for relatively
low temperatures. An integral expression is derived for the power concentrated by the collector in terms of the
dominent parameters affecting the collector performance. The results are presented in a non-dimensional format
such that the effect of each individual parameter on the system performance can easly be seen.

Assumptions :
The analysis of power received by the receiver is made under the following assumptions :
1) The cone angle of the sun rays is zero .
2) The reflecting surface is continuous perfect parabola .
3) Reflectivity is constant all over the reflecting surface and is independent of the incident angle .

4) The centre line of the receiver coincides with the focal line of the parabolic cylinder .

Power concentrated and the Rim angle

Referring to Fig . (1) the solar power concentrated . dP . by an elemental area dA .for a position angle () is given

as )
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dP = Ip cos (! _)dA L
Where 1 is the solar v cnsity in Kw m?

p is the reflectivity of the reflecting surface . From . (1) the elemental arca dA is deduced as

dA =Lds$S 2
where L = length of the solar concentrator in meters and Sis the rim length of the parabola in meters

Fig . (1) and by using polar coordinates the clemental rim lenath dS is

dl‘ ! = 1 -
B o g NS e ()
ds_[l (-..dﬂ 114 |

also the parabola equation in polar coordinates is .
r=2f/{1+cosll) i (H

by differentiating Eq (4) wWoRL (e gets =

¢ odar ‘Y ) sin? ) )
( di = [T dcosth®

dr : i
Substituting Eq (5) for 30 in Eq (3) and simplifvin_ we get:

s o] e
dS =1 ——— j di
. 1 4+ cosl
the above equation can be re - written in terms o ' 2 as
dS =rsec(f/2)dl wa (6)

Now by substituting Eq (6) for ds in Eq (2). dA can be determind as
dA = Lrsec(#/2)dd we G

The power received by elemental area dA thus can be obtained by substituting Eq (7) for dA in (1) therefors
dP = Ip Lrdn

and using the value of r from Eq (4) in above Eq.

21 pLf
P e s, con ey
1 + cos ()

The total power concentrated can be obtained by integrating Eq (8) w. r. t. {/ between zero and the rim angle &
thus )

P =4l fLtan( Omi/2 ) e D)

Eq. (9) gives the total power concentrated on the absorber surface. which for the purpose of the above anal
is considered as a line passing through the focal line-of the concentrator.

The total power concentrated therefore is affected by the following parameters.

1) Solar radiation intensity. [

2} Reflectivity of the reflector surface, p

3 ) Focal length of parabolic concentrator. {
4) Length of the parabolic concentrator. L
51 Rim angle ¢/m.
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An..  oEq(9)shows that the power concentrated is linearly proportional to the first four parameters, these
. parameters are included under a new variable which is called Dimensionless Power , Pd

Pd=P/1PfL =4tan( %m/2) .. (10)

This expression gives a direct relationship between power ang the ritn aagle 6m whatever the variation in
other parameters . Fig. (2

shows the variation of Pd with fm .
Effect of Width of the Receiver

Untder practical conditions part of the reflecting surface dogs not receive any radiation since it is shaded by the
receiver as shown in Fig. (3) Referring to Fig (3), (%) will be known 2s the shading angle and the width of the receiv-
er can be found as ”

w = 2f tan {2

therefore W = 2tan™' (w/2f) e GEL)

for a given f, W can vary between 0° and 90° such that w extends from O up to 21.

The width of the concentrator from Fig (3) is
D=x|=2ftan(6m/2)
0 =0,

(12)

The ratio between the width of the concentrator to that of the receiver is defined here as the width ratio and
denoted by R. where -

R = D  tan(fm/2)
W T Ttan(¢/2) s 413

for all values of i from & = 0° to y = 90°

Fig (4) shows the width ratio variation with the shading angle for various rim angles Om .
By taking the shading angle into account in Eq (9) we can give power concentrated P as
= nt

P =41PfL(tan(0m/2)— tan(y/2)) . i

The above equation also can be written in a dimensionless form,

_thusP,, = 4 (tan (6 m/2) — tan (0m/2)) . (15)

Using Eq. (13 ), P, can be written as:

P,,=4tan(fm/2)(1 —1/R)

__This is plotted in _Fig (S)Iand it can be seen that the net power concentrated P increases rapidly for values of R
~less than 10 and it remains fairly constant at values of R greater than 10 . atd

Concentration Efficiency :

Concentration efficiency is defined as

101



Power received by the receiver

Power incident on the planar area of the concentrater
from Fig (3) and Fig (1) and by using Eq. (12) the planar area of the concentrator is

A,=4fLtan(6m/2) (16)

and the total power received by this area is
P,=4lfLtan(0m/2) i T7)
where I = normalancident radiation in KW /| m?

for aline absorber concentrator the concentration efficiency depends on reflectivity and uniformity of the cviim
"erical conentrator . i.e. '

{ =PE

where E is the dispersion factor, By introducing the shading effedt.the concentration efficiency can be written

(tan ( fm/2) — tan ( Wi2))

= pE
R = tan ( #m/2 )

“and by using Eq. (13}

{=pE(1 - 1/R)
Now by, taking P Eas constant parameters the variation of the concentration efficiency with R is shown in

Fig. (6), this confirms the results obtained earlier that for values of R greater than 40 the effect of the receiver widih
on the efficiency 1s minimal.

Variation of Surface Area with Rim Angle

The area of the reflecting surfac. A.1s an important parametey in the design of the solar concentrator, Referr
ing to Fig, (1) the elemental area of the reflecting surface is :-

dA = Lds

by substituting Eq. (4) for r in.(6). dS can obtained as

dS = —m"—— sec (#/2)d6

and in terms of 6,2

dS = f sec® (0/2)do

By integrating both sides w.r.t. 4 from (O - 0, ) and multiplied by 2 one can find S us :

S = 2f( tan ( #m/2 ) sec ( Om/2) + L ,(tan (0m/2) + sec( Om/2))) oo (2

and the collector area thus is

A=2Lf(tan (m 2)sec(0m2) + L, (tan(Om 2 ) SECUIM 2 V) 1. i (21)

In the dimensionless form A can be written s



The plot of variationof A with 6m isshown in Fig. (7). Here the surface area increases rapidly for rim angle
greater than 90 . From Fig (2) greater power can be obtained for fm > 90°. Reducing the rim angle to values les
than 90 n_asults in asaving in the reflecting syrface . This also reduces the power concentrated. An engineerin,
compromise usually is made hereby using Fig. (8) which is a plot of rate of increase of reflecting surface w.r.t. rin

A '
angle -ri_BFd— and a plot of rate of increase of the power concentrated %P_d wrt 6m The graph shows tha
dP, dp, 2
for Om > 90° —dH - incpeases more than ~(—j—— for the same value of dfl - .

i

The Overall Collector Efficiency

Collector efficiency is defined as the ratio of the power concentrated by the concentrator on the absorbe
surface to the power absorbed by  the fluid passing through the receiver. i.e.

Energy Absorbed

LB = ==
Energy Coucentrated

In a medium range of temperature operation under atmospheric pressure and temperature less 100 C the energ
absorbed by the liquid flowing through the absorber can be given as

m.C,.At ... K

where m = flow rate of the fluid ( Kg / hr)
Cp = specific heat of the fluid (Kj / Kg. C )
t = difference in temperature between 1 /O of abeorber tube.
The net power concentrated is

. mca
Ipf;L{ fan Bmlz} e i [ l]:'f(z ) g 28 0 e

Eq. (23) presents the efficiency of the concentrator in terms of the above defined parameters .

Conclusions

To design parabolic cylinderical concentrators in the medium temperature range, certain values such as tl
rim angle, focal length surface area and etc. have to be selected. The analysis and the graphs presented in this pap
enable the designer to seléct the dimensions required for the optimum concentrator optimaly . The analyses a
performed in a dimensionless form as to decouple the effect of other parameters when study is made on the effe
of a specific parameter on the overall system.
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Ii%i_ of Symbols Used

Surface areg of the reflector
Dim3§ionless area of the reflector
Planar area of the reflector

width ratio

Power concentrated

Dimensionless power

Net power received by the receiver
Dimensionless net power received by the receiver
Shading power

Power received by the concentrator surface
Position angle

Rim angle

Rim length of the parabola

Focal length of the reflector
Length of the concentrator
Intensity of solar radiation
Reflectivity of the reflecting surface
Width of the receiver

Shade angle

Aperture

Concentrator efficiency

Collector efficiency

Dispersion lactor

=%

™~

= >

00

=
4

-

C!:"Uw"'U"C

[

=

s ot o [ U~ o= Ml B Gl 2

184



105

* AY13IWO03I9 HOL1I37143Y
=2

[p]

s VP

Y A R A e R 0

/

- e




—
ul

|

104

DIMENSIONLESS POWERI(Pd)

100

FIG.2- _
— VARIATION OF DIMENSIONLESS POWER WITH THE RIM

am .

1



- ;

s s T e e i ¢ mmee A mm——

FI1G.3-

THE EFFECT OF WIDTH RATIO ON POWER

CONCENTRATED

107



DTH RATIO [R]

T
4

W

&
40+ !
3
304
20, 3
Bm=120
" €m=110
L]
- Bm=80
4 a
8m =50
o 8m = 10.
o
g +
X .
| x
1 4 4 _-;.:
' 1 i b & - "1 L
0 10 20 30 40 50 60 70 80
SHADING ANG
FlG:4.

VARIATION

OF WIDTH RATIO

WITH SHADING ANGLE ¢ .




109

[ ]
8m =150

=
|

-
(4]
1
W

o
8m=110

OWER CONCENTRATED (DIMENSIONLESS) (Pntd) -
wuk
IO

NET P
%

&~
1

WIDTH RATIO [R]

(00) | ; g . = -

FI1G-5-

VARIATION OF NET POWER RECIEVED WITH WIDTH RATIO FOR YVARIOUS Bm




CONCENTRATION EFFICIENCY(s)

!
13
.

clwl

0.4

] 1 ] 1 1 1 1 1

(0.0} 1 10 20 30 40 50 60 70 80 90

FI1G.6-
~ VARIATION OF CONCENTRATION EFFICIENCY WITH WIDTH RATIO

100
WIDTH RATIO [R]

e



[Ad]

w
i

AREA OF THE REFLECTOR

DIMENSIDNLESS

™
2

10

24

S

0

FIG.7-

YARIATION OF

50

THE AREA OF

100 150

THE REFLECTOR WITH THE THE RIM ANGLE .

o

RIM ANGLE 8m

i1



AREA

tty

RATE OF INCREASE OF SURFACE

FIG.8-

112

tad

1 dAd
<t dem
04 w
(0 s
=
e
Ll
z
o
o
L
. dPd
E dB8m
<t
5__ o
2.
i
i
RIM ANGLE
1 ] 1 1 1 1 1 -
| 10 50 90 100 10 150

VARIATION OF RATE OF INCREASE OF SURFACE AREA AND RATE
OF INCREASE OF POWER RECEIVED WITH RIM ANGLE -



	1983-Binder1
	Scan10119
	Scan10120
	Scan10133
	Scan10134
	Scan10135
	Scan10136
	Scan10137
	Scan10138
	Scan10139
	Scan10140
	Scan10141
	Scan10142
	Scan10143
	Scan10144
	Scan10145
	Scan10146
	Scan10147
	Scan10148
	Scan10149
	Scan10150
	Scan10151
	Scan10152
	Scan10153
	Scan10154
	Scan10155
	Scan10156
	Scan10157
	Scan10158
	Scan10159
	Scan10160
	Scan10161
	Scan10162
	Scan10163
	Scan10164
	Scan10165
	Scan10166
	Scan10167
	Scan10168
	Scan10169
	Scan10170
	Scan10171
	Scan10172
	Scan10173
	Scan10174
	Scan10175
	Scan10176
	Scan10177
	Scan10178
	Scan10179
	Scan10180
	Scan10181
	Scan10182
	Scan10183
	Scan10184
	Scan10185
	Scan10186
	Scan10187
	Scan10188
	Scan10189
	Scan10190
	Scan10191
	Scan10192
	Scan10193
	Scan10194
	Scan10195
	Scan10196
	Scan10197
	Scan10198
	Scan10199
	Scan10200
	Scan10201
	Scan10202
	Scan10203
	Scan10204
	Scan10205
	Scan10206
	Scan10207
	Scan10208
	Scan10209
	Scan10210
	Scan10211
	Scan10212
	Scan10213
	Scan10214
	Scan10215
	Scan10216
	Scan10217

	1983-Binder2
	Scan10218
	Scan10219
	Scan10220
	Scan10221
	Scan10222
	Scan10223
	Scan10224
	Scan10225
	Scan10226
	Scan10227
	Scan10228
	Scan10229
	Scan10230
	Scan10231
	Scan10232
	Scan10233
	Scan10234
	Scan10235
	Scan10236
	Scan10237
	Scan10238
	Scan10239
	Scan10240
	Scan10241
	Scan10242
	Scan10243
	Scan10244
	Scan10245
	Scan10248


