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Fig. 25.1. Rate of energy generation £ in stars of various central temperatures T,

for a central density gc = 100g cm™®. The pp-chain dominates in cooler stars

such as the Sun, and the CNO-cycle dominates in the hotter stars. (After W. A,
Fowler, 1959)
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SOLAR COLLECTOR DESIGN"

The most important factor when
using effectively the heat energy of
the sun is the temperature of the col-
lecting medium. To use the energy to
heat water for washing or for house
heating, the sun can be made to heat
air or water directly,without any con-
centration. Temperatures of the order
of 90° C can be achieved . For indus-
trial use, this temperature has few
applications.Temperatures of the order

Ian Thomas**

of 300 C are needed for the chemical
industry,for paper making etc.In order
to generate electricity from the sun's
heat energy,it is necessary to achieve
temperatures higher than 350 C, if we
use steam to drive a Rankine cycle en-
gine (1).To achieve these temperatures
it is necessary to concentrate the heat
energy of the sun, using a concentra-
ting collector.
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temperature (°C)
Figure 1 Approximate relationship between concentration

ratio and maximum collector

temperature for

practical collectors.

Many types of concentrating solar col-
lector have been tried, ranging in
concentration from about 3 for a flat
plate collector with reflector panels
to more than 10,000 for a solar fur-
nace. Figure 1 shows an approximate
relationship between concentration and
collector temperature,based on collec-
tors now operating or planned. From
this it can be seen that to be useful
and efficient, a collector should have

a concentration greater than about 10.

The aim of this projectwas to de-
sign a solar collector for construction
and use in the North-East of Thailand,
so there were certain design constra-
ints which ruled out some types of so-
lar collector. These design considera-
tions are given below:

1. The concentration ratio should
be greater than 10.
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2. The collector should be easy
to make.

3. The collector
cost.

4. The collector should be easy
to maintain and repair.

5. The design should be insensi-
tive to errors of construction

should be low

Having considered these points, it
was obvious that any type of collector
which needed curved mirror sections
could not be used because of the dif-
ficulty of construction. A design was
looked for which could be made from
flat pieces of mirror. A paraboloid
could be made in this way, but diffi-
culties would arise in the accurate
positionning of the mirror secctions.
However,if the sections were projected
onto a flat base, a collector could be
made which was much easier to con-
struct, as shown in Figure 2.

(a) Paraboloid mirror

(b) Fresnel mirror
Figure 2 A Fresnel mirror (b) made by
projecting sections of a pa
raboloid (a) onto a flatbase.

The Fresnel mirrordesign of concentra-
ting collector was chosen because it
could be built onto a flat base, and
this would simplify the problem of
positionning the mirror sections. A
true fresnel mirror would be made of
rings of curved mirror, but these were
thought too difficult to make, so it
was decided to make the collector from

pieces of flat mirror. The shapes of
these mirror pieces were designed using
an APII microcomputer so that the pa-
rameters of the design could be easily
changed.

The parameters used in the analy-
sis were diameter of collector, radius
of the target and focal length of the
collector. These parameters are shown
in Figure 3.

target
diameter

Collector parameters.

Figure 3

The computer programme calculated
the size and shape of each mirror
piece, and its position on the base
board. This was done by taking a point
on the baseboard and calculating back
from the image that,was wanted on the
target to find the shape and angle of
the required mirror section. This sec-
tion was then repeated ina ring around
the focal axis of the collector, and
then the computer would move out to
calculate the shape and angle of the
mirror sections in the next ring. This
was repeated until the diameter of the
collector exceeded that specified in
the design parameters. By changing the
three basic parameters of the design,
it was possible to see their effect on
the cost, complexity and sensitivity
to design errors of the collector.

Figure 4 shows the effect of chan-
ging the focal length on the cost and
complexity. Figure 5 shows the effect
of changing the target radius on the
cost and complexlty. The cost is
related to the total area of flat mir-
ror used, and the complexity to the
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number of mirror pieces in the collec- the programme makes allowance for the

tor. shading effect of one

on another. This is

From Figure 4, it would appear i £

cheaper to design a collector with a
short focal length,but this is because

piece of mirror

demonstrated

in
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Figure 6 To show how a short focal
length collector wastes
collector area.

From Figure 5,the number of pieces
(complexity) can be seen to fit well
with the expected value of D2/4T2 when
T <<D. The mirror area (cost) plot in-
creases in steps. This is because the
computer calculates the smallest full
number of rings with diameter greater
than D. When the mirror area suddenly
increases as T is reduced,it indicates
that another ring of mirror sections
has been added. When designing a col-
lector, it will be necessary to adjust
the value of the target radius so that
the mirror area lies at the bottom of
one of these steps, to minimize the
mirror area.

9 sections, target radius 20cm

25 seétions, tafget radius 12cm

Figure 7(a)

From these two graphs it can be
seen that to make a collector which is
efficient we should not use too short
a focal length, or we will waste col-
lector area. If the target radius is
made too small,the complexity increa-
ses very rapidlywhen the target radius
is reduced.Target radius and collector
diameter should be chosen in combina-
tion to minimize the mirrar area while
retainig the concentrating power of the
collector.

Another criterion to be considered
is the effect of construction errors on
the collector.Assuming that the mirror
sections are cut accurately, and the
base on which they are fixed marked
accurately,the most difficult assembly
task will be setting the angle of the
mirrors to position the image accura-
tely on the target. If calculated ang-
les which the mirror sections make with

the base are small, then any error in
setting the mirrors will have a large
effect at the target. It is better
therefore if these angles can be kept
from being too small, and this can be
done by not making the focal length too
long. Thus there are two conflicting
reasons for setting the wvalue of the
focal length. If it is too 1long the
effect of errors in the mirror angles
is large. If it is too small then col-
lector area is wasted due to shading.

48 sections, target radius 10cm

110 sections, target radius 5cm

Collectors with 1m diameter and 1m focal

length, but with different target radii.
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Figure 7(b) Intensity distributions across target for 1m
diameter collectors with 1m focal length with
different target radii (a) 0.2m (9 sections),
(b) 0.12m(25 sections), (c¢) 0.1m(48 sections)
and (d) 0.05m(11C sections).
Table 1 % of collected light falling on target.
No. of sections % of collected light
on target
9 97.6
25 98 .2
48 98.0
110 96..3
The distribution of light inten~ essential features of these distribu-
sity across the target was calculated tions are : a central intense region
by summing the effect of all the indi- where all the mirror sections contri-
vidual mirror sections. Some of these bute to the light intensity, and in
results are shown in Figure 7. The which the light intensity is constant;
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a region around the outside of the
target where the intensity falls away;
a region outside the target where some
of the collected light is lost. This
suggests that the target should be in
two parts,the outer part being used to
preheat fluid which then passes to the
central part where there is maximum
light intensity.

Table 1 shows the percentage of
collected light falling on the target
for the four collectors of figure 7.
Some light is lost by reflection from
the corners of the mirror sections,but
a high percentage of collected light
strikes the target.

From the set of computer program-
mes used to design the collectors in

this paper, an optimum design for the
conditions in this region will be de-
veloped,and a prototype built and
tested.It is hoped that from this
theoretical analysis will come a good
design of collector which will be of
use in the generation of electrical and
mechanical power from the sun to aid
in the developmentof the North-East of
Thailand.
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Abstract

The potentially ambident imine
anion undergo regiospecific protona-
tion®, alkylation®and Michael addition
reaction’/. Michael addition to acrylo-
nitrile and methyl acrylate requires
only catalytic amounts of benzyltri-
methylammonium methoxide (BTAM) Whereas
cyclization to form pyrrolidines re-
quires a stoichiometric quantity of
BTAM. Both processes proceed in high
yield. The stereochemistry of the pyr-
rolidines was studied and the trans-
arrangement of the C(5)-and C(4)-sub-
stituents was found to be favoured.
The pyrrolidines were, however, ca 3:1
mixture of stereoisomers involving
different stereochemistry at C(2).
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anu (pyrrolidines) #san1s BTAM 7u7u
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membered heterocyclic systems or pyrrolidine derivatives)
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X = CN or COOMe
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. nmmmanlm R cood®
methoxide(BTAM) R
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Bitnn 57 i sty A TUsaeu -Hy  andimansauaaaziluiadinay (1) Ui
ambident anion (2) %Qﬂ1u1inﬂtlﬁﬂ resonance forms lHwaisuwn Tﬂﬂ# ambident anion
(2) a¥1¥i regiospecific protonation(3)> wiavniunuaanatalad (alkyl halide) avlif
)6

regiospecific alkylation adduct(4)° wiainmifAisrdanaanautauuiuliindais(5)’ Taum
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Alkylation
(3) O] (5) = H=H

ﬁ#ﬁuTuﬂﬁﬁ?uws:ni1q benzylidenephenylglycine methyl ester(6) nu acrylonitrile u3a
m methyl acrylate Tuivudu (benzene) dqmwgﬁﬁaqTﬂﬂﬁLuﬁ BTAM wﬁwﬁwﬁtﬁuﬁatfaﬂﬁﬁgﬂw
waljiss13Ema19 benzylidenevaline methyl ester(7) fiu acrylonitrile w3afu methyl
acrylate 1uLuu%u#qmngﬁ 80°C Tapdliud BTAM uifuiiaes afasencduiapaiu §QUﬁﬁ§ﬂwﬁqﬂﬁwqﬁ

1 Michael adducts uacwanasnlingafian
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Tat.Amt. R CH C\R2

27 x /
(6) R = phenyl- 3)HO X

» (8) X = CN or COOMe
(7) R = iso-propyl-
% yield
| 2

n::l)Rl = H, R2 = phenyl, X = CN 78
b)F!I = H, Rz = phenyl, X = COOMe 84
t:)F\‘| = MeO R = phenyl, X = CN 8l
d)R = MeO K = ophenyl, X = COOMe 87
e)Rl = H R P P X = CN 82
f) R = H R = sPr, X = COOMe 85
9) R = MeO B0 MISL et X = CN 80
h) R = MeO R = i-Pr. X = COOMe 84

Michael adducts(8a-h) dLnﬂﬁuwnnsaavﬂaqﬂﬁfTsaﬂumﬁuuﬂnutaaﬂuaﬂtﬂnuaﬂ uae1Uad L
nﬁﬂnaﬁﬂﬁazguagﬁuaﬁuautuﬁﬁ1ﬁlﬂun11ﬁ BTAM 10% azlif Tsamulszana 104 (uffu dmiudns
Tasad¥19ma9 benzylidenephenylglycine methyl ester(6)w3a benzylidenevaline methyl
ester(7) ﬂzuﬂnﬁwqﬂ1n§ﬂiiﬂiqﬂ¥ﬁqﬂaq Michael adduct(8) 1#TasManswiain H! nmr
"3 nor. Falumnine 1w 2

@ Michael adduct ﬁtﬁﬂﬁuaztﬁﬂiﬂWﬂalﬁiuuuunwstﬁuﬁaﬂ§Tﬂ1ﬂﬁnwa'hJTutaé@
(intramolecular nucleophilic addition) Tﬂﬂﬁﬂﬁﬁ?ﬂ1ﬁ941ﬁ Michael adductussiud BTAM

= 7 AR A
ag1aasmialua Q:TﬂﬂqwuﬁﬁfTiﬁﬁuwuLﬂa{tﬂuﬁuanﬁﬂ§q

/COOMa

|

R-O'CH)\\ 2  Imole of
/_/ R BTam

and then H;O

X

R R X

H Ph CN

H Ph COOMe 78
MeO Ph CN 76
MeO Ph COOMe X7
H iPr CN i
H iPr COOMe 80
MeO iPr CN 76
MeO iPr COOMe 80
H (CHZ)SCN CN 65

H ( CI; )3 CN COOMe 67
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Table |. Michael Addition of Phenylglycine Imines (6a and b ) to Unsymmetrical
Olefins ( & values , CDCIa)

/COOMe
R_O_/ 00N 10%BTAM n—@-Ac
5 A ;_/ @
D C

X
(6a-b) (8a-d)
Schiff's (6) Michael Adduct (8 )
R Hy Hg COOMe X Hy He Hp
H 8.4(s) 5.22(s) 3.76(s) CN 8.18(s) 2.36(m) 2.51(m)*
H 8.4(s) 5,22(s) 3.76(s) COOMe 8.18(s) 2.4 (m)* 2.58(m)"
MeO 8.3(s) 5.2 (s) 3.73and3.86 CN 8.11(s) 2.45(m)* 2.55(m)"
MeO 8.3(s) 5.2 (s) 3.73and3.86 COOMe 8.14(s) 2.43(m)* 2.59(m)
* H, and Hp overlap

Table 2. Michael Addition of Valine Imines(7c and d) to Unsymmetrical
Olefins (& values , CDCIS)

;OOMB
OOMe |0%BTAM

X
(7c-d) (8e-h)

Schiff's Base(7) Michael Adduct (8)
R . H H

A B CA CB « HA CA CB
H 8.26(s) 3.7(s) 163.19 80.13 CN 8,40(s) I6LI7 73.1
H 8.26(s) 3.7(s) 163,19 80.13 COOMe B.36(s) 160.96 73.83
MeO 8.15(s) 3.68(s) 162.47 80.02 CN 8.32(s) 160.33 73.05
MeO 8.15(s) 3.68(s) 162.47 80.02 COOMe B.27(s) 159.48 T73.57

- -y - X -, . . .
ﬂsTmmmtnmua:aﬂ‘lugﬂﬂaamwﬁma4'»1maﬂa“la“lm;:m’ (stereoisomeric mixture)  uas

1

v ) - (Y] =, = - - ey < =
dnsousnaananmil#®ieds HPLC @ miunisanemiadinaslaalioaanslsant  nIad s iura-

& < | - N i - J " ] <

wudnasn asudingazahuanuan nautuadaanina flexible conformation Tulaunmiuiaivany
fauuanAl coupling constants (J) ‘Lid@nsanmuagdnediuy cis waz trans 18 adaals
< 5 (v - 5 s L § . § e
nAN Hu1sgen8 ‘Iﬂﬁilmﬂﬁn?m cycloaddition 3¥m3149 1,2,3-triphenylaziridine nu

fumaric ester UMITsanu(10-15)
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- “*G‘E?"' Hooph AR R
Ph 3
(10) R = COOE} (12) R = COOEt
" () R = COOMe (13) R = COOMe

Hat C-3and C-4=33.58 Hat C-3 and C-5 = 64|14

Ph Ph
H, | Pn He X0

t .,
-~ Cd ~

Ph H o, PheX

=t H-- --H
vl -~ o

MeOOC  COOMe
(14) (15)

213 TH nmr L#H?ﬁﬂﬁ1 coupling constant(J) Ldaa:u1ﬂ11uﬁuﬁuéﬂaqﬂLwaETazﬂﬁ Tu
AUNUEAS L3aAU WA cis-coupling constants Jp 3 wax 4y ¢ Tudrs (12) uay (13) ay
A1 lmin 3181 trans-coupling constantsts ‘udns (10) uaz (11)uAdmIvars (14) wulaa
trans-coupling constants Jy 3= 7.42 Hz aulinImaindndn cis-coupling  constants
J3 4=7.35 Hz UipaLantion Balundtudn trans-coupling constants Tuds (10-15) azian

UANAIINUNINGIN 1-12.6 Hz Aalumnsia 3

Table 3 « Calculated coupling constants from the line position
using the iterative program(LAME)in Ha values .

Compound lea J3'4 J4.5
10 3.74 t 4.0t 374 ¢
I 3.691% 4.741 3.691
12 8.35¢ 12.63¢ 8.35¢
13 B.42¢ 7.35t¢ 7.28¢
14 7.421¢ 7.35¢ 7.28¢
15 0.8It 8.96¢ 9.89c¢

t = trans H relationship to each other
¢ = cis H relationship to each other

v ¥ v ' ° - dlu v s - 1
ALAIMHE AT 5 e muad Lnas Ta L all lﬁﬂ?ﬂUEﬂﬂﬂHﬁuﬁU cis- w32 trans- 37nA
: - i = 1 i < ' ; :
coupling constants twgaasnatagIlald adralsnainainnisdnean chemical shift 284
o 1 R ¢ ' '
Tusmau waumuac-(3) uax C-(4) lu(10) ¥A1 6 = 3.58 %qa:ag higher field na1284TYs-
I L N4 ' <
B IAUMia C-(3) uas C-(4) lu(12) A = 4.14 HaiiasanirTusaay 7 C-(3) uay
1 1
v | SR 5 -
C-(4) 1uﬁ11(10)%:gﬂUﬂUiﬂ1HMH cis-vic-phenyl TusenTusaau 0 C-(3)uax C-(4) Tusdrs
(] 1
(11)azbignuaiafaemy trans-vicphenyl 3aiifn chemical shift aEmeuINAIINI  (lower

: A g 1 ° - ae
field) uaul¥idundnguadiadlunisnimundinasTataiien  TusnaulundTsanu
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& i r Ty
nnsanedina3Talaldiuasninsenl¥aan Michael adduct lEnad

Ph. Hi  pPr
P, th, - o
Hl" "--..PI' H-‘ ""-COOMG
* H ;4 3 H? 6 3
COOMe COOMe
(16) (17)
i/ H 8.8 H YH/H =9 H
3" s 5 4’ s .
HatC-4 =5 275 Hat C-4 =0 2.86
HatC-5 =6 4.38 HatC-5 = 34.37

del

A X-ray analysis wu31d1s(16)N3Udnud vaa C(4H) My C(5H) aﬂﬂuﬁnﬂm: trans fu faiu

31nA1 coupling constants JH /H uarA1 chemical shift wasTusaau w C-(4) Tudgrs(17)
5

a1 lnE LAnanud1s (16) iqnauavdsﬂaw C(8H)fy C(5H) Tu(17)diguanualifu  trans dufuuay

L
ﬁtwasTaLﬂuwaqaﬂiwqﬂaqu;ﬂan&mﬂ1qnuw C-(2) iy
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