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Aconventional solar air h
with a parallel plate below formin

through which the air to be heated
flat-plate collector, a transparent cover system is prov
absorber plate, while a sheet metal container filled with insulation 18

provided on the bottom and sides. The arrangement is sketched in
Fig. 5.1 (a). Two other arrangements, which are not so common, are
also shown in Fig. 5.1. In the arrangement <hown in Fig. 5.1 (b), the
fﬁr to be heated flows between the cover and the absorber plate itse}f
instead of through a separate passage, while in Fig. 5.1 (c), the air
_ ;g?ws between the cover and the absorber plate, as well as through the

% ﬁ%?_age'b?low the absorber plate. ol L
Like a lianid flat.nlate callector.a solar air heater1s simple In design
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eater generally consists of an absorber plate
g a passage of high aspect ratio

flows. As in the case of the liquid
ided above the




Fig. 5.1 Various Types of Solar Air Heaters

freeze, the solar air heater has the advantage of iv
. . g not requirjp
special attention at temperatures below 0°C. Corrosion and Jg,;. ¥
proble{ns are also less severe. However, the value of the heat teakage
coefﬁcxe_nt between the absorber plate and the air is low o
rgsults in a lower efficiency. For this reason, the surfaces a;in d t
,t:an;es m:ihiged or longitudinal fins are provided in the :i:l;]m&
sage. Another variation is to use a V-shaped i
plate [see Sec. A-A, Fig. 5.1 (a)). R o el ey
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fig. 52 Analysis of a Conventional Solar Air Heater

The analysis is due to Whillier* and proceeds along lines identical
to those adopted for the liquid flat-plate collector (Chapter 4) for the
calculation of (10, (T0)ds U, and U,. Considering a slice of width L,
and thickness dx at a distance x from the inlet, we write down energy
balances for the absorber plate, the plate below it, and the air flowing
in between. We assume that (i) the bulk mean temperature of the air
changes from T,to (Ty+dTy) as it flows through the distance dx, (ii) the
air mass flow rate is m, (iii) the mean temperatures of the absorber
late and the plate below are T, and Ty, respectively and their

*A Whillier, “Black-painted Solar Air Heaters of Conventional Desiga’, Solar Energy,
4,31 (1963), 3 :

Heater with Continuous Longitudinal

f continuous longitudinal fins to the bottom side of the

The addition 0 . A
absorber plate improves the heat transfer. This is desirable because it
efficiency. We now analyse such a heater in which fins

increases the

d thickness & are spaced at a distance W centre-to-centre

of height Ly an :
.+ 5.3). The distance between the absorber plate and the

apart (Fig.

bottom plate is L.
the bottom plate is
thickness dx at a dist
balances for the absorber p

in between. The assumptions made earlier in Sec.

We get

r hW dx (Tpm

S W dx = UW dx (Typ — Ta) + hpp W dx (Tpn =T
+ 2Lf dx ¢f hff(T,,m - T[) + h,.de (Tpm = Tpm)
= Typm) = by W dx (Tom — T+ UW dx (Ton = To)

Consequently the clearance between the fins and

(L - Ly). Considering a slice of width W and
ance x from the inlet, we again write down energy.
late, the bottom plate, and the air flowing

5.2 are again made.

(5.34)
(5.35)
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Fig. 5.3 Conventional Air Heater with Fins

BOttQm plate

W i, aTy=hpW d(Tom = TN+ 2 4 By (T, —
A

+ hyW dx (Tom = Ty

: (5'36 i
dditional terms are introduced in g ) |

98 (5

o hat a
It will be seen tha t of heat transfer from the fin Surfaceg

and (5.36) to take accoun

In these equations,. . |
¢-= fin effectiveness, o ;
‘ . icient b .

surface and the air stream, |
h, = equivalent radiative heat transfer coefficient}
.=

: loss term from Eq. (53
As in Sec. 5.2, we delete the bottom 9. (5.35) gy
club it with the top loss term m Eq. (5.34). Eqgs (5.34) to (5.36) they |

simplify to

y |

!

2Ly s hyy
S=U; (Tpm -T)+ hfp (1 +——ﬁ,;':f;—‘ (Tpm e Tf) 53 hr (Tpm — Tbm)
(5.3 |
hr(Tpm - Tbm) =1 Lfb (Tbm = Tf) (538)
i PR == Tm—T st (L~ 4 :
Ly dx [“ Why, (£ N +hp Ly N (539

Equations (5.37) to (5.39) become the same as Eqs (5.5) to (5.7)f

2Ly orhg) . o
hip |1+ Whs, | replaced by hg. Thus, the solutions given in
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Two-pass Solar Air Heater
Satcunanathan and Deonarinef have suggt:.sfed the use of g 4,

colar air heater in order to rcfiucv the losses from the ¢, . D
;\mstmcml a2 unit in which the air was first passed between h, R
of a twoglass cover heater and then under the absorber 1"
(Fig. 5.4 (). When operated as an open system with inlet ali’rm,c
ambient temperature, it was found thut. the outer glass cover tem, i
ture was lowered by 2 1o 5°C and that it operated nearer the Ty
temperature. As & result, the losses were reduced and the efficieney ,
the collector was measured to be 10 to 15 per cent higher thap o,
conventional heater. H

Subsequently Wijeysundera et al.t have studied the two-pass cong

in greater detail both analytically and experimentally. Two t\vo.p;LI:l
flow arrangements were considered. One arrangement was the Sam:

4

&
ﬂmhi(.m |

as the one studied by Satcunanathan and Deonarine (Fig. 5.4 (a)), whi) ‘
in the other, the inlet air flowed first above the absorber plate an,d thes ‘

under it (Fig. 5.4 (b)). For open systems, with inlet air at ambien
temperature, both the two-pass arrangements gave an efficiency o

S - :
about 10-15 per cent more than the conventional single pass arrange |

—————— e

*TM. Kuzay. MAS i
Workshap S:.':: c 1!,'\ S. Malik and KW. Boer, “Solar Collectors of Solar One", Proc
i8 S;Ihuna\uz;;lhi::llx:ul,‘l;"“"” ('l'f"“"” Iimll“lll.’-", S .
16, 41 (1973 i 8. Deanarine, “A ‘Two-pass Solar Air Heater”, Solar Enrg
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(b)
Fig. 5.4 Two-pass Solar Air Heater

" wide range of operating conditions. i
ment :};:isg systems, the two-pass arrang:m}:::‘t;e;:iggdom e
rc ance only up to a certain value of the difference be“"ee;:\ :;ft"e.r
{P:l ot temperature to the .collgctor and the ambient temperature \i}:;
3 aﬂ-ungement show_n in Fig. 5.4 (a), the two-pass design “'ai.fm:n d
to be petter than the s¥ngle pass design up to an inlet air temperature
difference of 20".C, while with the arrangement shown in Fig. 5.4 (b),
the W(c;-pass design was better up to an inlet air temperature difference
of 50°C.
532 Some Novel Designs
Anumber of novel designs have also been suggested from time to time
by many investigators. Some of these will now be briefly described.
They are (i) the overlapped glass plate air heater, (i) the matrix air
heater, (iii) the honeycomb porous-bed air heater, (iv) the all-plastic
air heater, and (v) the jet plate air heater. In the first four designs, the
air flows through the absorbing surface. For this reason, they are
referred to as collectors with porous absorbers. Such collectors general-
ly yield higher efficiencies than conventional designs. In addition,
because of larger flow areas, they have smaller pressure drops. In spite
of these advantages, they have not been used extensively. A possible
deterrent could be the fact that the air flows directly under the cover:
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Fig. 5.9 Jet Plate Solar Air Heater

5.4 TESTING PROCEDURES

cedures suggested for testing solar air hey
:;}:ﬂit:;d:r; tpr':spe cts to those dgscribed in Sec. 4.12 for testi
flat-plate collectors. Aschematic diagram showmg the essentia] featy,
of the test set-up is shown in Fig. 5.10. It is a closed loop Consistin,
the solar air heater to be tested, a blower and an apparays for
reconditioning the air which ensures th‘at t?xe air enters the ajr heat,
at the desired temperature Ty;. Provision is made' for measuring the
same quantities specified earlier. Some precautions are, howeye
necessary. Since the fluid is air, it has to be ensured that it is we]] Mixeq
at the exit from the air heater before its temperature is measured, Ty
mixing is achieved with the help of vanes. As an additional
the temperature both at the inlet and exit of the air heater i
at a number of locations across the duct cross section.
Measurements are made under the conditions specified earlier and
the results are also presented in the same manner. A typical set of
results given by Gupta and Garg* is shown in Fig. 5.11. Tt will be noted
that the European practice of plotting the parameter (7‘/— T,y onthe
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The efficiency curves shown in Fig. .5.12 are obtained for 4 g Fro efore; useful heat gain rate g, = 0.242x 950 1.9 0.9
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\\\ (il Assume 7 =514 kg/h.
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AN ey
& .
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0 10 20 30 40 50 %0 cover:
Ty 1y 70(00 ) mBZOI - 9 10 Length of absorber plate =190m
19,512 Data for & ) Width of absorber plate =080m
ample 5.2 (i, i Spaci
1 =Xampie 5.2 (1 is Based .on Absorber Plate Area) o h:t:?x:gptl,:z gl glescher pe 2 =2cn
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, Chapters 4 ang o, Wet:i\ée Constidered flat-plate collectors for
heaﬁng hquldS and gases . I’flpera ures up t() and around 100°C,

. now take up the description and analysis of some types of
soncentrating collgctors. These are r.leec.led when higher temperatures
are required. Typlc.al .therm.al applications requiring the use of con-
centrators are medium or high temperature energy conversion cycles
and nUMerous systems for supplying industrial process heat at inter-
mediate temperatures from 100 to 400°C or at high temperatures
above 400°C.

Brief descriptions of a few concentrating collectors have been given
in Sec. 2.1. We begin this chapter by mentioning briefly the charac-
teristics associated with concentrating collectors (Sec. 6.1). After this,
various terms are defined and typical collector geometries described.
Flat-plate collectors with reflectors are considered in Sec. 6.2, and the
oylindrical parabolic collector in Sec. 6.3. The tracking modes adopted
vith it are listed and compared, and a performance analysis of the
collector is given. The compound parabolic collector is analysed in
S?C- 6.4. The chapter concludes with descriptions of the paraboloidal
dish collector in Sec. 6.5 and the central receiver collector in Sec. 6.6.
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It has been noted earlier that some of the attractive feature

flat-plate collector are simplicity of design and ease of m“intena 4
The same cannot be s ' %
presence of an optical system, 2 concentrating collector usually y, *
follow or “track” the sun 50 that the beam radiation is directg, q Sty
the absorber surface. The method of tracking adopted and the prwi‘:f'lr:
with which it has to be done varies considerably. In collectors gi;fﬁn
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manually. On the other hand, with collectors giving a high degme:f
concentration, it is necessary to make continuous adjustments of g,
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certain amount of complexity in the design. Maintenance requiremeng
are also increased. All these factors add to the cost. An adde
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L f concentrating collectors and a number of types have
2 dct‘)mmercxahs'ed abroad. Almost all of them are line-focussing
cylindrical parabolic collectors, and yield temperatures up to 400°C.
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Afinal possibility is to describe concentrating collectors by the type
of tracking adopted. Depending upon the acceptance angle, the track-
ermittent (one adjustment daily or every few days) or

ing may be int
continuous. Further, the tracking may be required about one axis or
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614 Types of Concentrating Collectors

Anumber of concentrating collector geometries are shown in Fig. 6.1.

i«olv referred to as the area of geometric




(a)
\ e ~.
\ \ /\"\/ Y
< X N VN \
\ \\ FAY \~
| 12 \ / \/\ \‘
v\ \ S %
1 \ \ /£ i\
\ 0O~ Y
\ 4 L\
(c)

{e)

Fig. 6.1 Types of Concentrating Collectors: (a) Flat-
Plane Reflectors, (b) Compound Parabolic C

plate Collector il
ollector, (c) Cylings.

Fixed Circular Con

cal Parabolic Collector, (d) Collector with
g Receiver, (e) Fresnel Lens Concentrating

centrator and Movin
Collector

dfl‘he first type shown in F
a

2 ig. 6.1 (a) is a flat-plate collector with
Justable mirrors at the edges to reflect radiation onto the absorber
plate, It is simple in design,

unity and is

1gn, has a concentration ratio a little above
useful for EIVing temperatures about 20 or 30°C higher

.-...urayng ”%,s
btai"ed with a flat-plate collecty 201
ol

alnne 1t
2. : . T8
.6 arabolic concentrating “Usseq
concentrator consists of

05€

w,v e S'::d
6‘:’:””'{;;;' The abolas. Like the firs; th
1 | o par tration ratio i R .

296 ¢t The concen 1S moder.

F:frlﬁ oging. i main advantage of the com

9 ﬂw,sw 10. high acceptance angle an
?“L 03 £ has aking- In addition its concep

ot c

Conse ugnuy n
ossible for a given ac
yalue P

tration ratig ise Uires op)
ePtance angl, fl%llal to the
Se:-0 f C-ollector [Fig. 6.1 (©) is 5 it CPC i
hich the irage is formed on the focal agjs o’;:}?épa’ abolic
sor D rcial versions of this '-ype are now ayq; blep;rabolia
I o .mzesc"ibed and anz;l);sed llrll detail in §g;. g, = For this
it 18 indrical parabolic collector i whic
ref’ls;:l‘i'ke the itz’l;;‘ger to track the sun, the type Shzvtgei :f?imnérer
to 10 1;ceonce‘““'altor and &l receiver. The concentragt.or'is(:;
15 gixed narrow, flat mirror strips figeq along 2 cyfingricy)
a8 " of 1025;1 jrror strips produc'e ; }:}arrow line image Which follgys
surfﬂce'a ath as the sun IT;_D"'e:ThIS Pz}A‘th 'S on the same cirelg o,
a cirC the mirror strips are ixed. Thus, the receiver hyg ¢, be moveq
s ircular path in m."der to trac}{ the sun,
Jong the f ation is also achieved by using lenges. The most commonly
Concentr is the Fresnel lens shown in Fig, 6.1 (), The one shown in
used de\ﬂ""js a thin sheet, flat on one side and with fine longitudina
the figure ! the other. The angles of these Brooves are such that
s 00} brought to a line focus. The lens is usually made of
diation ‘Sr lic plastic sheets. Line focussing collectors like the ones
mde.d ;c i 6.1 (c), (d), (e) usually have concentration ratios between
shownt Lgo ;gnd ;'ield temperatures between 150 and 400°C.
L andrder to achieve higher concentration ratios and temperatures,
; e es necessary to have point focussing rather than line focussing.
,tbeco:lint focussing paraboloid dish collector has been mentioned
Thii; in Chapter 2 (Fig. 2.4). Such collectors can have concentration
er::ios ranging from 100 to a few thousand and }gave yielded tempera-
tures up to 2000°C. However, from the point of view of the me::ih:mcal
design, there are limitations to the size of the concent{ator an en?;i
the amount of energy which can be collected by one dl_Sh- Comn’l:rut
versions have been built with dish diameters. up to 17 m. Ir} 0 :;‘rel:
collect larger amounts of energy at one p0m.€, the central receit
5 this case, beam radiation
concept (see Fig. 2.16) has been adopted. In  rors called
s reflected from a number of independently controlled m
beliostats to a central receiver located at the top of a tover.



