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Mmite a few resenrch workers have snnlvsed the Pluid
flivs over wavy walls zinee 1857, But 1t hns been only
recently realised after the work of Yatson =nd Poots [1:] a1t 3
those of Vnjravelu snd Sestri [2,2] that there s a nerd to
i1l in the pap with ndequate 1nfcrmation'rognrding the response
of skin friction, wall heat transfer rates and pressure drop to
wall waviness in free convection as we'll as combinerd convection
studies = in view of the faet that the results of such snalyses
have releysnce to Aeronsutics, Chemical Fnginesring =nd FPlec-
tronics ]:4 J. ‘The nurpcze of the work .cantained in the vre
~sent thesis has been therefore to wrovide exactly this needed

informat ion,

The thesis consists of four chaotes other than the
introduction, which contmsinz a brief review of the relevant

literature followed by a'summary of the present work.

Chapter II deals with the étmséy flow-aﬁd heat tranesfap
off a viscous 1neampressib19 fluid coh*ined in a verticsl WAYY
channel whose tempﬁraturﬂs vnb? linenrly along their lengths,

\s pointed out by Ostrsch [6,7] two different cases arise
according s8 the chennel walls are hested from Bbove or frdm“_.
below, These two:cnsas sre analysed in detail when thé rluid
vroperties are all taken constmnt as well as when the viscority
is sssumed to very exponentially with teapersture, Assuming

the amplitude of the wall weviness to be much less then unity,



the governing equations for the flow snd heat trapefer are
linearised to yleld two sets of ordinary differential equat fons
which correspond to the ceses of a flat wall (mesn part) and
to » small nerturbation over the flat wsll (perturked part),
being the contribution due to wall waviness, The equation of
the mesn nart are non-linesr snd they are solved by Gnlorkiﬁ's
mrthod when the fluid properties apre all censtant, Howewver, |
when the viscosity is variable these »qumtibﬁs are transformed
into a set of nonelinesar algrbreic rguntions using a seooond
~order ecentral difference scheme, They are then solved by the
methods of Brown snd Hrent in the cases of hesting from above
snd from below resoectively, The numerical solutions obiained
by these two methods when the fluid properties are constsnt

are fonnd to comparef well with those obtained by Galerkin's
method as well as with the already known solution of Ystrach,
The limesr simultsneous equat ions of the perturbed part ére
eolved by Galerkin's in the case or.nanstnnt fiuid properties
and numerically by the use of a fourth Qf%br finite difference
soheme In the onpe af var{able.visces{ty-flows. The numericsl
solutions obtnineﬁ for the oerturbed part in the oase of conss
t=nt fluid proporties Gage comnAre nicely with those abtainpd
through the Gelerkin's mnthod. The gualitative behaviours of

t he Fiou and heat transfer charaateristios evmrlusted from these

aolutibns_are discussed in detnil some of which'may_bv summe-

riged as followat



i} The rf¥eet of wall waviness on the shesr stresses and
heol tyonefepr poates ot the watls iz alnmest tn fnerssse them
in an absolute sense considrrably; hownver these changes are

more nrominent for long waves than thogse Por short waves,

2) The effret of frictional hesting is to increase the
flow »nd heet trene for chnrnctﬂfistics {n almost all the cases
uwnder ganstderat {on fbr.small and moderate vaiues of the
Rayleigh numbers sand is agegligible Tor large values of the

Ravirigh numbers,

2y . The heat sources enhance the fluid velocities snd tem=
nerﬁtprvs in the cere of heating from satove while the reverse

ir the behaviour in the gase of heating from below,

3 In the cerso of hesting below, the viscosity vsristion
tends to cheange the flow directions for small velues of the

Rayleiph numbers st and nesr their critical values,

5) The megnitudes of the finld veloecity and temperature
are {ngreased gipnificantly due to the varistion of vircosity

with temoerature,

"In Chepter TIT, & detailed study ig made on the Tlow
and hest transfer gheracteristics when the mean flow is driven
by a small additionsl time de nendent pressure gradient Of
ordrr 5 whe re B iz less than unity but prwstér t han h,

t he amnlitude of the wall waviness, Thia work is, in fact,



an extension of the work earried out in Chanter IT, Linearisa-
tion of the poverning equrtions as hefore rrduces them into
four s~ts of ordinary differential epquations, two sets each
for the mesn end nerturkted parts, The two sets of equetions
eorrrsponding to the steady mean and perturbed oarts turnout
to be the game as those ansalvsed in the nrevious chapter,

Hence attention is focuserd on solving the other two sets of
equrtiong of the time dependent mean and perturbed partz which
are the gontributions due to the time dependent oart of the
pregeure gradient,  The pquﬁtions of the mesn part of this osse
pdmit an exact solution when the viscous dissioations are
neplegted, However these pqﬁétiuns are solved numericnlly
incluﬂiné the frictional heating terms ns well as neplecting
them, The numerical solution obtained with dissipstion effects
neglegted are comosred with the oorreSpanding_exact solutibn
rnd they are found to sgree upto ihrap decimals, The equae
tions of the perturbed part are solvrd using 2 Pourth order
eepntral difference scheme by the méthod'axulained in chaptﬂr'rl,
The tlow snd heat transfer charactrristics as contributed by
the timé variation are discussed in detail and few of them are

summarised be low,

1) The time dependent fiow and tempersture distributions

are decreaSing functions of the time deprndent parsmeter R.

2) The contribution to the shear stresses, hrat transfer
rates snd nressure drops st the walles of the time a@p@nd@nt

- perturbrd narts sre periodically warying functions of tiwe,



) All the flow and heat trsnsfer quantities show disme-
trically opposite behaviours =t the c¢rest and flat positions of

the wavy walls,

Chapter IV 1is conerrned with the study of the flow and
heat transter of a_viscbus incompressible fluid as affected by
time devendent well temperature conditions in the uresence af
wrll wavinesz and buovasney. Attention is restricted to the
anmlysis of the stendy mean flow and heat transfer induced by
the wall temperstures varying periodically with time and the
subsequent flow and heat trensfer arising from the waviness of
‘the channel walls, Application of the ususl method of lineari-
sation trnnsrcrms the governing eqﬁsticns of the flu{d motion
and temnerature into two sets of ordinary di?rbrontiél equations
corresponding to the mesn and.perturbad parts, The induced
mean *low is of one order smaller than itas unsteady ccuntatp#rt
and an attompt is mede to throw light on the behaviours of this
induced mean flow and hest transfar_and the-pwrturhﬂd flow and
heat tregsfer, The equatious_of the mesn part are solved
exsctly while those of the perturbed peart numericelly by the
method explained and used in earlier chapters, The flow md
heat trensfer aharauteristiha'aa envisaged from these lalﬁtinns
are discussed in detail, Some of the important conclusions

‘drawn fYrom thém are ag failows.

1) All th&_rlow-anﬁ-heat'trannrer characteristics sre |
observed to be decresning fmdtion_'s. of the time dependent
'-_mrmet_er R and inﬁreasing'hm_ct'ims- of the _un temperature

 rstio B,




) The flow and heat transfer qusntities undergo consider-
able inerease in the presence of wall waviness especially at
the crest nositions of the wavy walls these changes boinc more

nrominent for long waves than for small waves,

3) The periodic variation of wall temperstures with time
produce similar such fluectusations in »l1l the flow anad heat

trons fey ¢t itdes,

Chapter V denls with the flow snd heat transfer of a
viscous incompressible fluid confined in = vertiesl channel
whose walls are heated by time dependent thermal waves travelle
ing slong the walls {thn channel wrlls in this cnsa'are taken
f1at (not wavy) becmuse of the fﬂnsan thet the contribution
dur to the wall weaviness, if considered, will be of negligible
eftrat), A smell steady mean flow 18 induced by fthese thermal
wavesd whose velogity and temperature behaviours are of main
interest to ue in this work, .The governing EQuations ara
golved with 8 linesriscd anproach, The effects of dissipation
and conveetion terms which were hitherio neglected have been
takten inte msecount.  Exact solutions a+e obtained for the fluid
velogities and temperatures and the quelitative behaviours of
the flow snd heat transfer characteristics as effected by the
thermal wave nare studied in detril, some of which may o

summarised as follows:

1)  The fluid motion is observed to be in a dirrction
opooaite to thet of the travelling thermal wave in the naso

éf air,



?) The velocities sad temperstures are found to e
strongly deprndent on the frequency parametor of the sinusoidal

thermal wave,

a3 With m inerease in the temperatvre ratio of % thernal
wavrs At the wells, the veloeities and temperatures are

obseryed to increase considerably,

4% The canveotive terma lose their influence own» *he
fluid velocitirs and temperatures for decreasing weluss of the

¥ekert number,

5) The increasing values of the Grashof rumberps {ngrrases

the flow and heat transfer guentities,



