SLUQPSIS

“he excess of energy demand over it. avallabllity
in conventional form is csusing energy crisis all over the
world sne it becomes necessary to search for new sources of
eriergy. It is apparent that solar energy is an attractive
alternative source to fulfil the energy deficiency because
of its abundence in availability snd non-pollutant in nature,
dany lInvestigators are carrying out intensive research on
utilization of solsr energy in all possible and feasible
ways. Particular attentlon 1s baing pald to solar heating
and cooling systems for which the key component is the solar
collector., For low to wpoderate tempoerature appiications f[lat-
plate solar collectors are commonly used to intercept solar
irradlance, OSeveral studles, theorstical as well as experi-
mental, on [lat-plate collectors of various goometries arc
reported in the literature. Onu of the chief components of
the filat-plato collector 18 the sbsorber plate whose primary
function is to absorb as much incoming solar radiation as
possible, to lose lcast possible heat and to transfer the
retained heat to the energy transport fluid flowing through
tho passgages vwhich are integral with or fastened to it. Of
all the guometries, the one consisting of the absorber plate
with two parallel straight thin metal sheets forming a
uni form channul for the working fluid has been studled by a
numbor of investigators snd is found to yield the best
collection «fficiency duo to the fact that such a geonotry
provides maximum direct contact area of hcatad surfacu to

the heat removal fluid,



In order to obtain botter design characteristics for
th. best ecolleetion cfficicney from the collector with
absorber plate of the model described sbove, Lt 1s essential
te "nalysc mathematically the heat transfor phenomena hetween
the two parallel plates. sut, many of the physical problcems
that we come across are not susceptible to exset splutioms.
In some cases, ¢ ven Lf it is possible to obtain cxact solu-
tions with great or little effort, these solutions sre so
complicated that they are not amenatlc for casy computations
for the physical interpretations of the solutions. In such
eaBus one has to suek approximate methods yi.lding somowvhat
necurate solutions within the framevwork of spproximations,

It 15 a well cestavlishod fact that the intopgral method scorves
the purpose of providing approximate solutlons to a majority
of problums of momentuin, hoat and mass transfer. Accordingly,
the presont work concoms with the studlies of heat transfer
in the perallel plate sbsorber of a flat-plate solar collector,
whon the lower plate is thermally insulated end the upper
plate is oxposed to the sun, by using intoegral mcthod and
vxanining its nccuracy by comparing the results with the
uxact solutions whenwver possible. irurther, considering the
length of ths channul to be Tar greater than its width and
flow to be caused by an external ageney or by thermosyphonic
flow, the flow can b. assumed to De fully developed. In
addition, since the Reynolds numbers for the flow in the
collector arc of the order of a hundred, the flow can be
taken to be laminar with a parabolic velocity profile, or
with & uniform velocity profile for a flow with a groater
degree of wixing and these two types of velocity profiles



have veen used throughout the present work.

This thesis comprises of four chapters of which
vhapter 1 is Introductory. Chapters II and III are concerned
with sterdy state convective heat transfer and Chapter IV is
devoted to the transient heat transfer. Fupthermore, the
case of upper wall being subjected to a prescribed heat flux
has been considered in chepters II and IV, and the case of
upper wrll belng subjected to a prescribed temperature has
bedh examined in Chapter III. The behaviour of various
physicai quantities has been studied from the axnct and
approximate solutions in Caspters II and III, and from the
approxiante solutions in Chapter IV. The approximate method
is the well-known integral method with the tumperaturs proe

files satisfying the essential boundsry coniitilons,

Ghapter I deals with litersture survey on flat-plate
solar collectors. This survey includes the discussion of
various studies on i general performance charsctaeristics of
flat-plate solar collectors; selective surflrces; glazings
and glazing matorinlsy dirt offects; honeycomb collectors,
evrecunted collectors; flat-plate collectors augmented with
plansrr reflector systems; geometries of the absorber plate
and orientation of flow passages and convective heat transfer
studles of {lat-plate collectors., & brief discussion of
the importrnce and limitations of liottel-Whilller-Bllss

equation 1s also given in this chapter.

Chapter II 12 dovotud to the study of convective

heat transfer for laminer flov in a parallel plate absorboar



when the upper wall 1s subjected to a prescribec hest flux.
Assuning constrnt thermophysical properties of the fluid,
nugligitle viscous dissiprtion and constant hent flux at the
upper plate, the cnergy squation governing the temperature
“lstribution in the chennel hss been solved using the method
o' sgparstion of varinblus., dhen the veloclty profile is
uniform, the solution s obteined in terns of Fourier sories,
In the ense of parabolic velocity profile the problem reiuces
to thet of solving Lturm-Liouville differentisl cqunation
wiiieh has been solved by cuploying series method and the
solution 1s obtained in terms of confluent hypergeometric
funetions, oy solving the resulting char-cteristic equition
nusicrieslly using biscetion method twonty-rive oigenvelues
nnd, consequently, the associsted elgenfunctions rpd exprne
slon cocfficionts have been determined, Duv to the involve-
munt of computntionnl coamplexitles in the determinstion of
higher elgenvnlues, asymptotic mothod has been doveloped to
detomine them, This method simplifies the charscteristic

equntion »nd ylelds the cigenverluos

A, =4n+A,x =awrd, nn=0,1,2....,

which »rey indecd, very close to thosce obtained by the
nusisrienl method except when n,m = 0,1. The problym has
nlso been solved using finlte-cifferonce mothod employing
thir! snd fifth order procedures, It is found that the fifth
order procedurce ylelds the vigenvalues of desired ncouracy

at a faster rate than the thirsd order procodura,

Next, thu nrpproximnte solutions of thu protlum

W



ndopting integral method with fourth degree polynomials as
tesperature profiles in thermnlly veveloping and fully
duveloped regions have boen nbtained for the case whon the
heftt losses from the upper plate to the surrouncings arg
proportionsl to =ny non-dimensionsl power, n, of the

“ifference of plate snd rmbient temperaturces,

wiwnn the hent flux st the upper plote is constant, it
is found thet the thermnl ontrance length is Jircetly propor-
tional to the Poclet number, R, This implies thet if the
colleetor with = specifiei heat removal fluicd is operntad at
high flowrnstes, the thermnl untrance length is large and
consequent ly the collector plate lungth should be considerably
large. This suggests, from the view polint of optimum lman-
stons of thu collector, that the colluctor should bo opurated
st modorately low flowrntea. If it 1s desired to opurate the
system at fixed flowrstes, then in order to achieve smaller
thermnl -ntrence lengths, the width of the channel should
bg smhll., Howewer, In the case of eir heaters the gnp width
c¢nn be consicurably groater than that of water henters. The
Nussuvlt number of the upper plate In the very beglnning of
the thermnl entrance section incroeases with R and feclines
stondily »long the plate length in such a way that it appro-
aches » limiting or fully developed vnlueg %% = 5,385

irrcspeetive of the valuu of Peclet number,

The numericnl results computed from exsct and appro-
ximate solutions ruveal that they differ quantitatively
within » fuv percent only. It ias found that fully luveloped
solutions prudictod by fourth degree polynomisls nas



temperature profiles are very close to the exact ones,

wherens those precictud with sceond depree polynominl
tuapereture profiles +'cviate spprociably, »s expretod, from
the cxaet ones. The rully developed susselt nunbers predicted
oy fourth esnd scecond degree polynomiels 2re &.385 and 5.714,
respectively, which show that the former value colncides with
the oxaet value while the latter deviates by about 6 per cent
from the exret value. This trend Indicates that the choice

of sceond Jdegree polynoninal is inadequate »nd this mny be
attributed to the fact that some of the essential boundary

conditions are not satisfied by the second degree polynomials.

The culiection officlency, o, of thu collector has
becn vvrluated in terms of the dimensionless longth of the
plate for various velues of the parsmeter, L equal to the
procuect of Poelet number, R, esnd the heat loss coefficient,
h,. It i1s found that e decreases as the plate length
i ses. The diminishing of e 18 weak for higher values
o{fq . Further, it 1s observed that a3 N, incrorses the
ufficiuncy ducronsys rapldly with the plate length.

vonvective hoat trensfer for laminsr flow in the
parnllul plate absorber when the upper pleste 18 subjected to
a spucified tumpernture has been analysod in Chagter III by
enploying exact ani approximate methods. Whun the veloclty
profilc 1s pmrabolic an¢ the upper plate temperature is
constant, thu cnergy vquation in differential form has baen
solved ane tho solution is obtained in tarms of confluunt

hypurgeonctric functions., The application of the nsyaptotic



Aethod yields the positive eilgenvalues

)\ =2n"‘l’ n‘:l’z, LI

n F}

which arv in good sgreement with those obtained numericslly

except when n = 1,2,

in order to find the approxiaate solutions, the
“nersy ciuntion has been teken in integrsl form and SeCon.l,
third and fourth degree polynomials satlsfying =pproprinte
tounc ary conditions werae sclecte:d to represent temperature
profiles in thomally Ceveloping and fully daveloped roglons,
Assualng the upper plate to be at a constant temperaturc,
various physical quantitios of interest, such ns thormal
bouncary lryep thiekness, theranl cntrepce lunpth, hent Tlux
slsfribution snd local Nusselt number of tho upper plate and
tempersture distribution neross the width of the channel have

bavn deteminoed.

From the oxrct method of analysis it 1s found that
the wussclt number of the upper plete approaches the fully
acvelopad velue 4,861 when the velocity profile is parmbolic
and 4,030 Ao the osse of uniform veloelity 2istribution.
womparison of nuwmerienl vnlues of various physical quantities
obtaliw ¢ from oxact anmlysis nnd those¢ predicted by mRppro-
xlmntc nnrlysis reveal thet, in thermelly Jdoveloping roglon
the results obtained using fourth degree polynomirl and, in
theminlly developed reglon the results dJetermined using
third degree polynomial are within a few per cent of the
exact ones, wherons the prodictions based upon sceon.l

dogree polynominl Jeviate appreciably from the oxact
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solutlons. In fret, the prdictions based on seeond degree
polynoninl tunpersture profilcs can not be rcliced upon becausc
these polynominrls do not teke care of »1l the ussantinl

toundary con.’itions.

The numerieal rosults of hest Flux céistribution at
the upper plate rowveanl that in the very beginning of the
entronec scetion the heat flux resehing the fluld decrensos
signifiecantly »s Peelet nunbtor increnses, This shows thnt
when the mnss flowpnte 13 smnll, the hest rasoval fluld picks
up uorc hest in the beginning of the thermnl cntranca scetion
and loss hent at distances for away from the inlet region.
whan the 2oelot nuaber 1s fixed, the hert flux into tho fluid
SuEMenses With plate length, This bmplics thot the onllec-
tlon offielcney decpunses nlong the plsty length, An
fmpartmant sbsurvation from the nnnlysus of chapturs II and
III 1s that the thermnl untrence length when the upper plate
is nt corstant temparature {s about three-fourths of the
corresponaing value when the plsate 1s st constsnt heat lux,
Anothor fuportant obsurvation is thet the fully Ceveloped
Augsclt nunher in tho ensc of constant tomperature is
nunrly nltetonths of the corresponiing volus of eonstant

hunt flux casc.

Thu anrlysces presentod in Chapters I and I11 assume
the system to bg in stoady state conditiona, But a know-
ludge of the transient response of A flat-plate solar
eollcetor 1s useful in assessing 1ts performence during the

initinl henting (or cooling) period, This forms th. subjeoct



ix

»f Chrapter IV. Taking energy equation in integral form and
fourth lcgrec polynominls, srtisfying n11 the cssentisl
biuncsry eontitions, as tomperature profiles the solutions
have beun obtnined using the method of characteristics when
the hont lnsses frem the sabsorber plate very as any non-
clmensionnl power of the ifference of plate nnd ambient

tempersturcs.,

Froam the numerical results it is observed that the
thorurl entrarce length Qepends upon the chotce »f the velo-
city ¢istribution "n¢ the Peclet number, whercas the time
required to ronch stondy stnte conditinng at this length is
Incupendent of the voloelty JSisteibutisn et Poeclet number
when the heat losses are negliglible,  Further, it 1s seun
that for » seleetod working fluid the systom terkes longor
times to rosch steady state conditions when it 18 operated
with lower mass flowrates, Wwhan the heat losses from the
absorber plato vary with first snd second powers of the
difference of plate and ambient temperatures, it is found
that in the initial henting poriod the heat losses from tho
plate nru moPe, ARG as the tesnsiont procowds the whergy
transport fluld plcks up morue heat su that the heat losses
from the plate ruduce considernbly, Furthermore, it is
observel that at Initial heating perind tho coffoet of massa
flowrnte on thermnal response of the wall i1s instgnificant
i affcets the thermnl roesponse of the wall appreciably

as transiont sdvances.

Finnlly, the thesls concludes with »n Apjundlx in



which transicent heat transfer for lominar firewd convection
in the thersel wntrance region of a flat duert has been
examined using integral method in conjunction with the

methad of chearacteristics. The results hnve beun compared
with those obt=ined by using finite-difference method and

it has buen found that the cholce of the fourth Jegree poly-
noninl s~tisfying »ll the cvssential boundary eonditions

secems to bo wmore rppropriate than the third degree polynomial,



