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Preface

Thc boundary valuc problcms aristng tn sctcnce and cngtncenng arc gcncrally non_llnear Slncc the

cxact soluttons for such problcms arc rarc thcrcforc dlffcrcnt anal),rrc and numertcal mcthods havc

bccn proposcd ln thc past two dccldcs to obtaln thc approxlmatc solutrons The mcthods uhlch

garncd constderablc attcnhon rncludc Kcller-Box mcthod Il]. shootlng and finrlc drffcrcncc

mcthods [2], hybrtd numcrtcal mcthod [3]. homotopy analysrs method [4], homotopy pcnurbalron

mcthod [5,6]. vartattonal rlcrahon mcthod [?,8], Adomlan dccomposrtron mcthod [9]' dlffcrcnlr'l

transformatron meihod [0, ll] etc These mcthods havc bccn uscd for solvrng scvcral boundary

valuc problcms ansrng tn flurd flows and hcat transfcr [12' 13, 14, 15, 16' l7' lt' l9' 20]

Lcgcndrc wlvclcts mcthod based on wavclct thcory ts an actlvc arca of rcscarch for solvtng

diffcrcntrat equltlons For thc baslc rdca of wavelcts the rcadcrs arc refcrrcd to ttc book by Chur

[21] Venous typcs ofwavclets havc bccn uscd by rcscarchcrs for cslrmatrng thc solutron Onc of

thc rmporlant tools rs lhc Haar wavclcts [22] Youscfi lnd Raz2aghr [23] lmplcmcnlcd thc Legcndre

wavelcts mcthod for nonltncar voltcrra-Frcdholm rnt.gral cquatlons Dlzrcheh cl al [24] proposed

an elgortthm bascd on Lcgcndrc wavclcts for solvlng Inltt'l v'luc problcms rn large domarns Vcry

rcccnlly, Y.ng and Hou [25] prcscntcd Chcbyshev wavcl'!s mcthod for solvrnB Biatu's problcm

Though Leg.ndrc and Chcbyshcv wavclets mcthod arc not new but thc appltcatlon oflhcsc methods

to thc solution ofnonhncar problcms rn flurd mcchanlcs and hcat transfcr ls llmltcd For a partlcular

chorcc of rnvolvcd partmetrrs thc Lcgcndrc and Chcbyshev wavclcts mcthods ylcld an expllclt

solutron cxprcssron whrch mlght bc of somc intercst to thc cxpcrlmcntallsts and numencal analysts

workrng on code dcvcloPmcnt

Kecplng thc abovc fact m mlnd, wc havc sotved the classrcal problcms ofparallcl Plate llow oflhlrd

grade flurd and forccd convectlon ln a porous duct uslng Lcgcndrc wavclcts ln chaPtcr 2 Thc

obtarncd rcsults arc In cxccllcnt agrccment with cxlstlng rcsults Numcncal valucs of tltc solutlons



are l-abulatcd to havc eshmatc of crror bctwccn Prcscnt solutlon and avallable rcsults It ls

mcnhoncd that govcming equltlons ofthcsc problcms arc nonLnear and it ls dlfficult to obtaln thelr

cxact soluttons. Chaptcr 3 provldcs Chrbyshcv wavclcts solutlon to somc clzssrctl nonllncar

problems arlslng ln fluid mcchanlcs and hcat transfcr Thc quadrattc Riccatl's cquatlon and

nonlrncar stxth ordcr cquatlon rrc also dcalt by thls mcthod ln chaptcr 3 The solutron obtalned ln

cach casc comparcd wlth cxact or numcrlcal solutton It ls hopcd that thcsc mcthods can bc

mplcmcntcd for findtng thc soluhon of complcx boundary value problems m other dlsclpllnes of

sclcncc and cnglnccrlng
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Chapter 1 : Preliminaries

r Thc obJcctivc of this chaptcr ls to introducc thc readcr wrth thc basrcs of wavclcts The chaPtcr

starG wrth thc dcfinitlon of wavclcts Thc Lcgcndrc wavclcts end thelr applicatlons to thc solutlon

of sccond ordcr boundary valuc problcms ts cxplarned tn thc ncxt scctlon The last sectlon Provldc

the dcfinltlon and lmplcmcnLhon ofChcbyshev wavclcts to nonlmcar second ordcr boundary value

problcms

1,1 Review of wavelet theorY

Wavalcls constitutcs a famlly offunctlons consuuctcd from a smglc functton callcd thc mothcr

wavclct by scallng and translatrng A family of contlnuous w'vclcts rs dcfincd as [26' 27]

' rt-A\' a,PeR ato' {l l},y. 
"t€\--]1dl, 

vl-o 
1

- wherc..,p are thc dthtlon and translatron parameters rcspcctlvcly Thc famlly ofdrscretc wavclets

ls defincd by restrictrng a,B to discrctc valucs d=d;r 'p=nB'd;"d'>l ' 0o>0 and z and I

arc Posltlvc mtcgcrs. that ls

y,,^@=la"f y/@;E-nP"). (1 2)

Herc yr"(O forms basrs for l1n; tn panrcular, whcn ao=2' Bo=l thcn qr'(4) forms an

orthonorm.l besis [26]

1.2 Legendre Wavelets

Lcgcndrc wavclcts arc dcfined on thc lntcrval [0, l) as

(t 3)

Pate | 4
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Chapter I Prclimrnafles

whcre i=2n-1, n=1,2,3, ,21 ' , n=0,1,2,3, ,M -l The "o"ffi","n, IJ 't 'o'

orthonormalrty, thc dilatron paramctcr ls a = 2-r and thc translahon Parametcr rs P = fi2 I P"(E)

arc thc wcll-known Lcgcndrc polynomrals of ordcr n . whlch arc dcfined on thc rnlcrval [- l,l] and

can be dctcrmmcd through thc followrng recuncncc rclahon

P"\€\ =1, P,(1)=4,

,".,rq,=lz+yr^tet-(-t=)e.-,ct. m-2.3. (r{)

1.2.1 Lcgendrc wavclets and function approximation

Wc m.y cxpand functton /(4)usrng Lcgendre wavclcts as

f@=|z,c*v-G), (l s)

(l 6)

whctc C- =< J(E\,Vt-(6) > In truncatcd form thc rnfimte scrlcs tn (l 5) can be wrrtten as

t'M t

l@=>.2,c-v-G) =c'Y(fl,

whcrcC and Y\1\ arc 2t-t M xl mamccs givcn by

C=[",, c,, crv.r cto ctv.r c!.o 
"r, ,.,)'

Y(11=tv,"Gl v"G) v,"-,G\ v*G\ tt',^,-'G) v,' \Gl

(l 7)

,1, 
,,-, * -r(€))'

(l E)

wc notc that thc numbcr of clcmcns ol C dcpcnds on thc chorce of t and M For rnstance lf we

choosctt=landM=6,thcnthcLcgcndrcwavclctscneswlthslxunknownslssoughtonthc

Thcsrs By Malr Ullahll Rcg No 165-FBAS/MSMA/F l3
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Chaprer I Prellmlnarles

[/2, I] and rn cach subintcrval thc Lcgcndre wavclct scrlcs contalns slx unknowns

1.2.2 Implementrtion of Legcndre wrvelets mcthod to B.V.Ps

Consrdcr a sccond ordcr nonhncar boundary valuc problcm

y"+ e(4.v, !-',Y\ = 0

subjcct to thc boundary condttrons y(o)=ao'y(b)=bo Thc Grecn's functron

homogcncous problcm rs

(t h-t\.
ll?l(a_o). fotoli<q.
t\ D-o Icttt.€t=\), .,
ll"_tlh-tl, forq<(3b
[\a-al''

(1 9)

conaspondlng to

(l l0)

wrth thc hclp of (l I0) thc boundary valuc problcm

cquatron

yo)= P(4\+lGO,)PGY| ,

crY\ =P( + I cQt. €\e\c' Y (E)Y E

can bc transformcd rnlo followrng rntegral

(l ll)

whcrcac) = a(1, y,f ',r") and P(4) ls thc functlon cstabhshcd from the nonhomogcncous

boundary veluc problcm P'(4)=0 , P(a) = ao 
' 
P(b) = bo ' ln ordcr to apply Legcndrc wavclcts wc

cxpand thc solutron of ( I 9) rn terms of Lcgcndrc wavclcts as follows

yQtl=c'Y(ri, (l 12)

whcrcC and Y(r) arc defincd rn Eqs (l ?) and (1 8) Subslrtul'on of(l 12) mm (l l1) yrelds

(r r3)

Thes,s By Matr Ullahll Reg No I65.FBASMSMA/F I3
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Chaplerl Prellmlnartcs

Colloc.ting Eq (l 13\ 
^t 

2t' M pornts 4, grvcs

c'Y(4)= P(n,\+ IG@,.)eC'Y(0Y6 .

whcre collocation porntsr,'s arc Gauss-Lobafto polnts dcfincd as

(l r4)

, = *,[ +-). t =1,2.J, . ,2'-' M" \2'M )
(l r5)

A pplicatron o f Gaussian quadr.turc formu la to Eq ( I I 4) rcqu lrcs thc transformal lon of ( -r ntcrva I

to . -rntcrval [- 1. l] Thls can be done by thc changc of vanable as

e =!r(t-,)"*f,Q*,)r

Nou ustng thc dcfinrtlon ofCausslan quadraNre [2t]

(l r6)

i1cvr =li,tt v, =f,,i1",1' (l 17) I

whcrc ' ?, ' arc thc zcros of Lcgcndrc polynomlal '4'r and ' ar, ' arc corrcspondrng wclghts ihus Eq

(l 14) can be wrlttcn as

sr,yp7,1= r14,t+ryi17[, .111- r1, * f 1r + t)Dlar '2 J,"\'' 2\' '' 2' )

or c1v14,1=r1r7t.lt, ulr,.l1r-,,1,*](r*,,)al. (r I8)

wh,!rc H (a,'1) = G(a,'1')9(C'Y@) Eq (l l8)wrll grvcs 2'-''ry' nonhncar cqualrons whrch can

.- bc solvcd for thc clcments of C rn cqurtron (l 7) usrng NcMon's rtcrattvc mcthod or by any

comPutatlonal sofiware llkc M'thcm'hca or MATLAB Wc polnt oul hcrc that thc cholcc of lnltlal

valucs to comptrtc thc clemcnt of C m'y affccl thc convcrgcncc of the method t 
TJ:"i;

Thcsrs By Mar Ullahll Rcg No 165-FBASMSMA/'F l3



Chaptcr L Prclimrnancs

Mathematlcaglvc6llposslblcsoluhonsofsimultaneousnonlmcaralgcbralcrquatlonswhlchmlght

bc hclpful in locatfrg thc approprlatc rcal solullon

' 1.2,3 Error Analysis for Lcgendrc wrvelets mcthod

Sincc the truncated Lcgcndrc wavclcts scrlcs ls an approxlmatc solutron of nonlmcar Frcdholm

rntcgral equatton, so onc has an crror functton E(4)for y(4)as follo'"s

tfu)=llt{,tt-c'*{nll (l '"
Thc crror bound for thc Legcndrc wavelcts mcthod approxlmatlon ts dcmonstratcd ln followrng

lemma [29]

Lcmme: Sr.tpposc that thc functlon y [o'l]+R ls 'r' 
tlmcs contrnuously dlffcrcntiablc lc '

y e C'[0,1] Thcn CrY(?) approxtmatc y wtth mcan crror bound as follows

(r 20). llr(?)-c'Y(r)ilslh;s*,.,,,lr"talll

For proofofabovc lemm. wc rrfcr thc readcr to [29] It ls has becn also provcd rn the lrtcrature that

thc truncated s.ncs glvcn by Eq (l 6) convcrges towards rhc cxact soluhon -v(') [30' 3ll

1,3 ChebYshev wavelets

(1 2r)

Chebyshcv wavclcts arc dcfincd on thc lntcrvd [0 ]) as

( t-t

- l!-!-p o't-;t r)'q.4.
v-(€\=1 G '-\-' "' 1'

[o otht*ttt'

Thcsrs By Matr Ullahll Rcg No 165-FBASMSMA/'F l3
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Chapter I Preltmrnancs

IE

whcrc i=22-l *a o =.1J2 n =0 , ,=1,2.3, .21 t . n=0,1-2,3, .M P.(4) arc the- |.2 n20

wcll-known chcbyshcv polynomlals ofthc first krnd ofdcgrce ,n. whrch erc dcfincd on thc rntcrval

[-l,I]. and can be dctcrmtned through thc following rccuEencc rclatron

P"(1\ =t. P,(E)=q,

P.-.G')=21P.@- P--tG). m=2,3,4" (t 22)

wc should notc that thc sct of chcbyshcv wavclcts e orthoSonal wrth rcspcct to thc wclght

funchon tl,(x) =)r(2rx-i)

1.3.1 Chcbyshev wavclets ard function approximltion

Thc orlhogonahty ofChebyshev wavalets cnablcs us wrttc

f@=r}c^,t,".c)

wh.rc C-=< f (4),tl/-({) > Thc ebovc inlimtc scrrcs tn truncetcd form can bc rrttlen as

I@=t>c*v,.G)=c'v(f).

(l 2l)

(t 24)

whcrcC and tl/G) N. 2t-t M xl matriccs grvcn by

c=[c,, .,, ',."-,)' 
(125)

vtt)=lv*Gt v"lE) v,, 
'GJ 

v^lA v'u,t v-,ti t v,'*'l )' (l 26)

1.3.2 Op€rational metrix of derivatives

Thc dcrivativc of a Chcbyshcv polynomral can bc cxpresscd as a hncar comblnatron of lowcr_ordcr

- Chcbyshcv Polynomlrls, that rs

Thcsrs By Mab Ullahll Rcg No 165-FBASA'{SMA'/F l3
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Chapter I Prclmrnarrcs

f,^,a=,^iz,q'
llrtt =z,lrJEt* ^r"

v:G)=v,@w

m rs odd

y,- (f) ts gtvcn as,

(z' c -;)

(2rE-ii)+nP,(2'g-i)

*",""*r[f;.?).*

r =1,2, .,2k '

W =2t

o 3.to

40
06

00
00

o 3J'
40
06

o 5J'
80
0 l0

00
00

o sJ'
EO

9',,
00
00

@ -t)Ji
0

2(M -t)

2(M -t)
0

0

0

2(M

2(M
0

-r)

- r)

(l 27)

(1 28)

(t 2e)

(r 30)

(r 3r)

Page I

ln thc vrcw of(l

V;G)=

The functron y/,

.27), tha dc vatlvc

( !'
l- i,
l"^'- tt zn\
) "t,
I ^-1".':' t' z.l
I J,t

(4) rs zcro outsrdc

E)

of

n odd

whcrc

J'
0

0

0

0

J'
0

0

t:

lo
lo
lo whcn,iy' ts odd,l't/ =21

00
00

00
00

,W,,W,Dcfinng D =dng( t , ,tr7),oncc.nw tc

Y(O = DY({)

Thc abovc rclatlon can bc gcncralzcd to zth dcrivatlvc ls

.y'", (4) = D,y(6) n =t,2,3,

Thesrs By Man Ullahll Rcg No 165-FBASMSMA/F ll
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Chaptcr I Prcllmlnarrcs

1.3.3 Implementation of Chebyshcv wavelcts mGthod to B.V.Ps

ln ordcr to apply Chcbyshcv wavclets to a sccond ordcl nonhncar boundary value Problem dcfincd

m Eq (l 9), wc expand thc solutron of(1.9) rn tcrms ofChcbyshcv wavclcts as lollows

y@) =crYei, (1.32)

whcrc C and v/(4) arc defincd in Eqs (l 25) and (l 26) Insertrng (l 32) rnto (l 9) onc gcls

cr DtY (ri + eQt,cr DY( ,cr DTvOtD=o ,

Dcfinlng collocatron Potnts 4's as

, =;['.*'(+#i)],,=2.1.,2"M-t'

(r 33)

Eq (l 33) can bc trusformcd into fic followlng systcm,

c' DtY(n)+ a(4,,cr DY(4,).crD'!Y(4,)) = 0 ( I 35)

Thc boundary conditrons on Eq (l 9) c.n be wrrltcn as

CrY(a)=a.,C']Y(6)=0, (136)

Thc systcm of 2t-t M -2 nonlnear cquatlons along wlth thc (l 36) can bc solved for the elcmcnts

of C rn equahon (125) usmg NeMon's ltetativc mcthod or by any comPutatlonal softwarc llke

Mathcmatlca or MATLAB

1.3.4 Error Analysis for Chcbyshev wavclets mcthod

Thc error bound for thc Chebyshcv apProxlmatlon ls dcmonstrated rn followrng lcmma gtven tn

[2s]

PaBe I 11
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Chaptcr l PrcImlnafles

Lcmh.: Supposc that thc function /. [0.1) + X $ m tlmcs contnuously

ddfercntrablc/ e C"[0,1] Thcn CrY(?) approxtmatc / wrth mcan cnor bound as follows

1rrrr-"'*rril. ll;jr-.*,",,;r-rr{l
(r 37)

Thcsrs By Matt Ullahll Reg No 165'FBASMSMA/FI3
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Chapter 2: Solution of some flow problems using

Legendre wavelets

A mcthod bascd on Lcgendrc wavclcLs ls prcscnted ln thls chaPtcr to dlscuss thc flow o[ a thtrd

gradc flutd bctwcen parallcl Platcs and forccd convcchon rn a porous duct The flow problems are

modclcd tn tcrms of tntcgr.l cquahons and then solvcd by Legcndrc wavclcts method Thc

companson bctwccn prcscnt rcsults and cxlstlng solutions shous that the Lcgendre wavclets

mcthod ts a po*crful rool for solving nonhncar boundary valuc problcms Wc hopc th:s mcthod can

be uscd for solvrng many tntcrcstlng problcms arrstng rn flows ofnon-Nc*tontan flulds

2.1 Parallel plate flow of third grade fluid

2.1.1 Plane Couctte Flow

Wc consrdcr thc stcady lamnar flow of an rncomprcsstblc third grade flurd bct\reen two

horizontal hfinltc Paiallcl platcs scp.ratcd by a dlstancc, Thc uppcr platc Lr'='/ rs movrng wrth

unrform velocrty U whl lc thc lowcr platc 0' = 0) ls starronary Thc motron of thc uppcr Platc scts the

fluld particlcs movtng tn thc dlrcction parallcl to thc platcs Lct r-axrs bc takcn ln thc drcctlon of

flow and, rn thc dlrcctlon normrl to lhc flow Assumc that thcrc ls no prcssurc Sradrcnt ln the

dlrcctron ofr-axls Thc rcsultrng normahzed dlflcrcntlel cquatlon dcrrvcd ln [14] for such a flolI tn

thc abscncc ofpressurc gradlent, raduces to

y"(ti+6qy'(tt)y"@)=0, y(0) = 0. ),(l) = I (2 l)

Page | 13
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Chaptcr 2 Lcgendrc wavclcts mcthod

Th. Grecn's functlon corrcspondrng to Eq (2 l) rs grven by

-. -. lltt-,11, foro<1<n,
''?'i'=1r(t-dt, for t7 < ! <1.

and the rntcgrd cquatron is

y@) = P(,j)+IG\n. ecv€ .

whcrc rp(1\=69y'2(4)y'G) and P(t) = a

Substrtutron ofEq (2 2) into Eq (2 3) ytelds

y(q) = c *V *(tt) + c 

"V,,Ot)

or Y( =c,o+{3c,,(24-l),

y6y =a +!E1t-ale py,@y'@y1+l4o -olaBv"111vvE1y4 t2 4)

(2 2)

(2 3)

(2 5)

Now to.pply Lcgcndrc wavclcts, wc procccd wrth t=l,M=l Thus lhc solutron of (2 l) wrll be

ofthc fo.m 1

whcrc thc valucs of tt/n1) and y,,(4) arc obtarncd through thc dcfinttion of Lcgendrc wavelcts

Invoking (2.5) rnto (2 4) grvcs

cn +,f3cl(2q -ll = 4 (2 6)

wc choosc thc collocation pomts as 4 = 0,-!' . SubslrlutinS thcsc collocatron pornts rn (2 6) and
J2

ll
- solvlng thc rcsultlng cquatlon for unknowns c,o and qr, wa get cro=- c = -Fand thus

y(q\ = c-t/,*(4) + c,'ttr"Ot) = 4 , (21t

Page I 14
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Chapter 2 Lcgendrc wavclcts mclhod

whlch is thc cxact solutron

2.1.2 Fully-developcd plenc Poiscuille flow

Wc now considcr a homogcncous thrrd gradc fluid occuPylng thc space bctlvcen two statlonary

rnfinrte parallcl platcs whrch erc dlstant 2, apan The flow Is Scncratcd due to a constant prcssurc

gradlcnt Let thc orrgrn of thc rcctangular coordlnatcs bc mtd-way betwccn the platcs Thc

drffcrcntral cqurtlon whlch govcms thc problcm under consldcratron rc [14]

y'( + 6Py'\t)y'' (tt) = p, y'(0) = 0, y(t) = 0. (2 8)

Eq. (2.8) tlong wrth boundtry condtions can bc transformcd lnto followlng mtcgral cquatlon

,L
v@t -: 

^4-4') 
r Jco.qtla?f Gw't1t!€ .

whcrc 6(4,4) is thc assocratcd Grccn's funcrion givcn by

^ -. lt-n. for 0 s1<q,
t'ttl'6t = lr-1. for4<{sr

ot v(rD = cn+\r3c,(zq -l\+ 'f5c,16a'1 -60 +l)

- Subsrtutrng (24) rnto (22) yrelds

(2 e)

(2. r0)

For applicatton of Lcgcndre wavelcts method we choosc i=l,M=3 Thus we can wrrte thc

solutron of(2.9) as

)(?) = c'Y(7)

ot y(tt) = cptttrc(rl) + cit/t(D + cDtt/ntl)

(2 r r)

Thesrs By Mah Ulhhll Reg No 165-FBASMSMAf l3
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Chaptcr 2 Lcgcndre wavelcls mcthod

ttnt -\ nr-r* n' t +irt - nrcFltz^fsc,,)lzJtc' + J,c',(t21 -6)l' dq

+i (r- 6)6p(r2J5c,, )(2Jrc,, rJ5c,,(126-6)) dd (2 12)

I

Herc wc collocatc (2 l2l zt tl =0,!,1 Now transforming thc domam of rntcgrahon rn (2 l2) to [-l'

ll and substrtuting thc valuc of collocation polnts. wc get tlc followlng thrce equahons

",, -.fi",, 
*.fs",,, = o,

clo-l ll8o3cD=025 (2 - o5P)

(2 13)

'l lzct 495c1, + (-915 107r915307r,)c,,c,, II
*{1"*'"P""1,1n0, 60;-lE, 22',+e.s608.,').i, ll'/r

,.1pu tss-ztt 4gs\tpcl,cn, (e35 307-els totr'' 1\c,'ci,),-
*ll 

.1r0, uor*ro, u08', -e05 6081'2-eos oob,')\ci, 1""

(2 14)

",0 
+.f:.,, +.1s",, =t l2l5\

Now wc apply Gausslan lntcgrdlon formulac to cvaluatc thc lntcgrals appcanng rn thc abovc thrce

cquatrons Smcc thc first lntcgral ln (2 14) involvcs a thtrd dcgrcc polynomral' thcrcfore wc use

zeros of Lcgcndre polynomtal P. and assoclatcd wclghls to evaluate tt Slmllarly' thc zeros of

Lcgendrc polynomlal Pr lnd the assoclatcd wclght functlons wtll bc uscd to cvaluate ihc sccond

rntcgrl rn (2 l4) Thrs rcsults ln thc followng lhrcc cquatlons

c,.-,f:c,,+..6c,r=0. el6)

Thcsrs By Mab Ulhhll Rcg No 165-FBASMSMA/'F I 3
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Chaptcr 2: Lcgcndrc wavclets mcthod

0 r25p+c,0 +(-l l tso3 -24r 49s pcl,) c,, - 603 738 Bcl,

c,. +.l3c,, +.f5c,, =1.

I
2' 12 t7)

(2 l8)

Now solvrng Eqs (216-2 18) for z hxcd valuc ot P end p usrng N.Mon's rtcratrve method, onc

can casrly gct thc valucs of cro, c, and c,, Thc comparrson of Lcgcndre wavclet solutlon and

num.ncal soluhon by usrng BVP4C routlnc of MATLAB rs shown rn Fig l Tebl' 1 shows the

absolurc efior bctwecn numcrtcal solutron end Legcndrc wavclet soluhon for p =0 5 ' p = -l 5

Usrng lcmma rn chaptcr I thc error bound for thts problcm tums oul to be 0 02742 Thrs clcarly

lndlcalcs that absolutc error docs not cxcced thc value prcdictcd by thc lcmma

4

Fig.l: Companson of numcncal solutlon wlth Lcgcndrc

-v(7) of firllyicvclopcd planc Porscurllc flow whcnp : I

0E l0

wavelct solutlon for thc veloclty profilc

t gcndr. WNclet

Numcnc.l Soluuon

B=0,01,0.2,0s

Thcsrs By Matr Ullahll Rcg No 165-FBASMSMA,/F l3
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Chapter 2 Lcgcndrc wavclcts mcthod

Trblc 1: Comparson of Legendrc wavclct solutrons with thc numcrlcal solurton fully-dcvclopcd

planc Porscurlle flow for valucs ofp endp

p=0s,p=-1 5

4 Lcgcndrc Wavclct Solutlon Numcrlcal Solutlon Absolutc Enor

0l 05t50 0 5l4t 0 000125439

03 04598 o 4598 0 000020202

05 01631 o 3631 
-6 

3916, Ior

0'1 0 2356 02f56 4 E202x loj

09 00837 0 0837 5 3032x 105

2.1.3 Ptrnc Couette-Poiscuille flow

Hcrc thc flow of third grdc flurd rs gcncratcd by srmultancous appllcatlon of the constant pressurc

gradrcnt and motlon of thc uppcr platc Thc rcsulhng dlffclcnral cquatlon and the corrcspondmg

boundary condrttons are [14]

y'@) +6py'Qiy'' (ti = p ' r(0)=0./(l)=l (2 19)

Thc Grccn's functlon corrcspondrng to (32) rs grvcn by

- -. llll-,1).tot 0sq <4,
u(4''") = 

lrrt -61. ro. r.4 < t'

and thc rntcgral equatlon assoclatcd wlth boundary valuc problcm (32) rs

yQi = P( +lGOl.q)aGYl .

(2 20)

t22tt

whcrc aG) = 6 P y" (E) y'(1) - p and p(n) = tl

We have epphcd Lcgcndrc wavclet mcthod for k=l,M =3 and comparcd thc rcsults wlth

numc cal solutlon rn Tablc 2. Graphlcal rcsults obtamcd thlough both solutions arc also dlsplayed

P.ge 118
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Chaptcr 2' Lcgcndr. wavclcts method

mFigs.2-4. Wc havc computcd thc cror bound usrng lcmma of chaPtcr I fot P=05 P=-1 5

Just to show that thc absolutc crror docs not cxcecds its uppcr bound It ts found that the error bound

for thrs cesc rs 0 002520 Clcarly thc absolute cror docs not excced thrs valuc

Trblc 2: Compar6on ofLcgcndrc wavclet solutlons wtth the numcrical solutton ofplalc Coucrte-

Porscurllc flow for various valrcs off andp

0l 0-7675 O.t67s 3312 X tll

0 3 0.4575 0.+575 3.812 x lo-t

0 I 0.115786 0.115786 155199x104

03 0.338073 0338073 5.79+9 x lo-1

P=o,p=-ts
Lcpcndre_ Numcflc2l, Wavelct' sollruon
Solutron

P=t,P:-ts

Absolutc Efior
I-cscndrc_ Numcncal

Solutron
Soluhon

Absolutc Eraor

0 5 0.6875 0 6875 3.8L2 x 1o-' 05 0.545980 0.546980 6.0232x t}-.

0 7 03575 o.8575 3872 X 704 o7 0.7170fi 0.7410,t8 61000 x 1o-7

0 9 0.9675 o.967 5 3A1Zx- 70-' og o.sreszg o.s7837s 5.3475x 70-'

P= | s,p: -t 5

J 0l 0109219 0109219 5.2309x 10 0.1 0 106526 0106526 19325 x 10-10

03 0321998 032199E 1s927 x to-, 03 0315486 0115486 7.7787 x 7o-e

05 05268r8 0526ElE 1.0310 X lo-t 05 05t8763 0 518763 2.+963 X 7o-e

07

09

0723105 0'121105 7 .7 761 X 7o-ro 0 7 0 716054 0 7 t6054

0 910r75 0 910175 2.230+ X 70-' 09 0 907015 0907015 5.1273 x 70-'

5.9340 X 1o-10

P=2,p='t 5

03 0 311953 0 31 1953

0 I 0105054 0 t05054 1.0764 X 10-t

+.2ZAB x 7

05 0 514429 0 514429 s.229? x !o-'

o1 o 712298 0 ?12298 5394a x 10-10

09 0 90535 0 90535 9.0192 X 1o-r0

Thesrs By ManUllahtl Reg No I65-FBASMSM{FI3
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Chaptcr 2 Lcgcndrc \!avelcts mcthod

t gcndrc W.vclcr Solunon

Num.r'crl Soluxon

P=0,01,0.5

Frg, 2: Comparison of Lcgcndrc wevclct solulions wlth the numcrlcal solutlon

Porscurllc flow for v.nous v.lucs ofp whcnp = -l 5

l0

of planc

n

Coucttc-

02 oil uo

Fig. 3: Comparlson of Lcgcndrc wavclet solutlons wlth thc

Porscurllc flow for verlous valucs of, whcnP: I 5

numcncal solutton of planc Coucltc-

Page | 20

t tcndrc WrtclEt Solunon

Numcnctl Solutlon

6=0,01,05
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Chaptrr 2 Lcgcndrc wavclcts mctlod

tl'Ir!wEksdlE

Fig. a: Companson of Lcgcndrc wavclct solutlons wtth the numcrlcal solutlon of Planc Coucttc-

Porseurllc flow for vanous valucs ofP whcn, = 0 J

2.2 Forced convection in a porous saturated duct

Lct us considcr steady prcssurc dnvcn flow ofa NeMonran llurd lhrough a horrzonral chenncl filled

wrth porous mcdrum Thc govcmlng cquallon tn drmcnstonlcss form for strch flow rs [32]

),'(r) - sr),(r) - Fs),1(r) + I = 0

sublccr to thc boundary condrlions y(-1) = 0,y(1) = 0 To

usc mnsformatron x = Zl - lfot our convcntcnce Thtrs

conditrons as

y'\nt - 4s'1 v(4 ) - 4Fsy' t, t, I = o.y(o) = O, y(1) = o

(2 22t

apply Lcgcndrc wavclet mcthod. wc

rvc c.n wntc (2 22) and boundary

(2 23)

Thcsrs By M.tr Ullahll Rcg No 165-FBAS/I4SMA-/F 13
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Chiptcr 2 Lcgcndre wavclcts mc6od

In thc saltrc manner as dcsc bed prcvlously wc can transform (2 23) nto followlng lntcgral

cquatron

tut\=lc1q,11e11Yq, (2 24)

It(t-n\.
wherc Gtr.f)={'''' ' ln(t 1),

for0<4<?,
for4<{!1,

(2 15)

_4
and qll ) = 4s'zy(:)- 4Fsy'(() +:

B

Takng k = | , M = 6 , we h.vc obtamcd thc solutlon rnd rcsulfs shown rn Table and Frgs 5and6

Table 3: Comparison of the valucs of thc Lcgcndrc wavclcl approxlmatlon solutlons wlth thc

numcrical solutlon offorccd convectron rn a Porous saturatcd duct

F=1,8= I

Lagendre wovelels

Solution y'(l)

Num.ricol Solulion

v'(1)

SHAM Solution (l5i
Ot.l.t) y'(l)

Legandtc h,ovelal

Solution y'(l)

Numcrical Solution

v'(1)

SE|M Solution (2U'
Otd.t) y'(1)

-0 72124

-0.72124

-0 72t20

F=0 2

-0 7 5248

-0 7 5248

-0.75248

12
-0 46913

-0 469r 3

-0 46913

s = l,B: I

F=0 4

-0 74395

-0 7 4395

-0.74396

s=3

-0 32803

-0.32803

-0 32803

-0 24857

-0 2485',7

-0 248s7

r=0 E

-0 72838

-0 72838

4.72838

F:O 6

-0.'13594

-073594

-o 71594

F:I

-0 72124

-072124

-0.72124

Thcsrs By Malr Ullahll Rcg No I65-FBASA4SMA/FI3
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Chaptcr 2 Lcgcndre wavclcLs mcthod

L.gcndrc Wavclets Solutron

Numcncrl Solutron

oa l0

solutron of forced convcctronFrg. 5: Comperison ofLcgcndrc wavclct soluhons wrth thc numcncal

ln a porous saturatcd duct for dlffcrcnt valucs of F whcn s : 1, B : I

Flg.6: Comparlson ofLcgcndrc wavclet solutlons wlth thc numcncal soluhon offorced convectton

rn a porous saturated duct for dlffcrcnt valucs ofr whcn -F.: I. B = I

trgcndrc wlv€lct Solunon

NlElcncll Soluuon

Thcsrs By. Matr Ullahll Rcg No 165-FBASMSMA,/F I l
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Chaptcr 2 Lcgcndre wavelcts method

Thc Tablc and Flgurcs shows cxccllcnt agrcemcnt bctwcen both thc soluiions. The same problcm rs

trcEtcd rn [32] by Spcctr.l homotopy analysrc method (SIIAM) It rs obscrved that our solutron rs rn

cxccllcnt agrccment wlth thc soluhon obtarncd by SIIAM Thrs also dcmonsfatcs thc cfficlcncy and

accuracy ofLcgcndrc wavclct method Thc srmphcity of thc algoflthm Just rcqulrcs fcw scconds for

a pcrsonal computcr to run the codc and gct thc unknown valucs of matrlx C Thc only

computational pan involvcd rn thrs method rs thc crlculation ofthc clemcnts of matrtx C whlch can

bc donc wrthout much cffon Thcrc arc scvcnl solvcrs avarlablc whrch can solvc largc systcm of

nonhncar algcbrarc cquations Thc proccdurc of SHAM is much drffcrcnt ln SHAM a nonllnca.

drffcrcntlal cquation rs rcduccd rnto an mfinltc number of dlffcrcnttal equatlons whtch are then

solved usrng Chcbyshcv pscudospectal mcthod Wc do not clarm th. efficicncy of Lcgcndre

wavclct mcthod for all typc of nonhncar boundary value problcms but for thrs sPecrfic problcm thrs

mcthod rs found to bc cfficlcnt than SHAM. For instancc whcn J=1, SIIAM grvcs fifth ordcr

accuralc solutlon at l0th ordcr of approxlmation whlle thls accut-tcy ts achtcvcd wlth Lcgcndrc

wzvclct mcthod by takrng I=l and ,i,F6 Thrs clc.rly dcmonstratcs that thc rcqurrcd accuracy for

thrs partrcular problem can bc achtcved by Lcgcndrc \{avclcl mcthod at Ycry low computatlonal

cost

CoIlclusion:

ln thrs chap[cr a Lcgcndrc wavclets mcthod ts cmployed to solvc somc rwo-polnt boundary value

problcms tn fluid mcchanics Bascd on dcvclopcd algorltfun thc rcsults arc obtatned lor Couette

flow, Porseullleflow, Coucnc- Porscurlle flow and forccd convectron rn a porous duct The

graphrcal rcsuls for both numcrrcal solutions tnd Lcgcndrc wavclcts solutlon arc prcscntcd The

absolutc crror for both the solutlons lllustratcs that solutlons arc ln cxccllsnt agrccmcnt Wc hopc, tt

wrll opcn a wrndow to lmplcmcot this mcthod to other compllcatcd nonllnear boundary value

problcms rn non-NcMonran flulds

Thcsrs By Matr Ullahll Reg No I65-FBAS/MSMA,/FI3
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Chapter 3: Solution of some nonlinear problems using

Chebyshev wavelets

Thrs chaptcr ts concemed wlth thc solutlon of nonlmcar problcms uslng Chcbyshcv wavclets Flve

rcprcsentatrvc problems arc solvcd Thc Chcbyshcv wavelcts solutton for cach problem ls comParcd wlth thc

alrcady availablc rpproxtmrlc or cxact solutlon.

3.1 Cooling of lumped system with variable specific heat

For $rs problcm, thc nondlmcnslonal cque(lon and lnlhal condlhon arc

(t+ Py@)\L+ Y\,71= o , Ytol=l' 'dn

Chcbyshcv wavelct mcthod suggcsts to wrltc

-. v@\ =c'Y(4t , \) 2)

(3 3)

(3 4)

(3 l)

(l 5)

rvhcrc C and Y(r]) arc dcfincd rn (l 25) and (l 26). rcspcctrvcly Strbstrtutrng (3 2) rn (3 l)' we gct

(r + pc'v1a1)c' ov 1ti + cr v (d = o .

To proceed furthcr, wc choosc t=1, M =3andthcn y(r) bccomes

y(n) = cnv hO\ + c]\,O) + c"V 
"Ql) 

,

Usrng thc definrtron ofChcbyshcv wavclcts. thc ebovc cquatron trccomcs

,q1=$o*r,rr)t", ,
'lt '.lit

Invokrng (3 5) into (3 3) grvcs

2(84'-80+t)c,,

Thcsrs By MatiUllah Reg No 165-FBAS/MSMA,/FI3
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Chaptcr 3 Chebyshcv wavelcts method

40(c,'$4 -2\ + 2c,,(8(? - l)t/ + l) + J-2.,, )(4 
c,,(24 -t\ + c,,) 

(3 6)

+G(c,,Gtt +2)+2c',(8r(, + l)-7)+.f2c,.)= 0

Substrtulrng thc collocatron pornts 4 =],J * t: O, *" gct thc followrng alScbrarc cquatrons

Jlc,o -2c,,+ 2c,, 
- nG

(3 7)

G (,fzc," +tc,,-sc,,)-n p (c,, - zc,,)(-.f2,, * 
",, 

*.,, ) _ 0, (l 9)
,t

whcrc thc Eq (3 7) rs thc conscqucncc of thc inrtral condrlron /(0)=l Solvrng thc abolc systcm for

/=o l, we get

-. c,o =0 831828.c,,=-0 26E43.cr, = 0 0296056 (l l0)

q0("!r","+c,,-c,,)(,,,+zc,)+J;(Jr,,"+sc,,+t,,,)_r. 
13E)

Thus

ylrl ) =l-o 813034 +o 2612541 (3 ll)

Srmrlar solutron cxprcssions can be obtaincd for othcr valucs of B Thc solutlon obtalncd byabovedefincd

procedurc rs comparcd wrth thc numcnc.l solutron rn Figs.3.l-3.3 and T.blc 3.1 for drfferent valucs of p

An cxccllcnt coficlahon bctwccn both thc soluhons rs obscrycd Duc to scperablc naturc of thc cquatlon

(3 I). rn cxact solution can bc casrly obtarncd and grvcn by [33]

ln y + P(y -l\+tl=0 (3 r2)

Thcsrs By Mab Ullahll Rcg No 165-FBASMSMA/T l3
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Chaptcr I Chcbyshcv wavclcls mcthod

, = 0,0-1,0a,0.65,1

\ust l s.lrd- -......
Cr.trtld nt r.s S.Ld- 

-
ffi. ol io

q

Fig. 3.1: comparrson of chcbyshcv wavelcts solutton (t = I, M= 6) wrth numeflcat sohjtton rn the lntenal

t0. tl

P = 0,0.1,0.r, 0.65, I

\rarbls.l.D ...r..r
crAdLn t[.1,6 SaI.d- 

-
oo or lo '15 20

tl

Fig. 3.2: Comp.nson of Chcbyshcv wrvcleS solutton (,t = l. M = 6) wrth numencal solutron In thc Intcrval

10. 2l

PaEe | 27
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Chaptcr 3: Chcbyshcv wavcleLs method

r..oEl S.|rE -.tirr!
cr.brr6. eEL! s.lrh 

-

, = 0.0t.04,045,1

o12t

Frg. J.l: Companson ofChcbyshcv wavclcts solutron (t = 1, M=
10,5l

aa

l2) wlth numcical solutron rn thc lntcrval

T.blc 3.1: Comparison of Chcbyshcv wavclcts solution (k = l, M = 12) wrth numencal solutlon and thc
absolutc crror is computed.

Chcbyshcv wavelcts
solunon,l = l,M= l2

Numerrcal
Solntlon

Absolute Error

0l 0 91276s 0 912765 9l2l4l^10'o

03 0 758897 0 758897 5 36l44xl0r

05 0 629429 0 629429 7 0725\tq'e

07 0 s209s3 0 520953 3 40449/ 10-l

09 0 4304 0 4304 I 63547x10{

Thcsrs By Matr Ullahll Rcg No 165-FBAS/MSMA,/F t3
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Chaptcr L Chcbyshev wavclcts mcthod

3.2 The reaction diffusion Equation

Thc rcachon diffusron cquatlon wlth tloundary condltlons ln nondimcnsronal lorm rs grven b1

- !." -p'l'(?)=0.*,r.t' 4l -0. r,t,,='. (r rr)dn' aqL.o

whcrc ? > 0 subslrtuting y(rl\ = CtY (ti rnto (3 l3), wc gct

c' o'v1t71+ P' (c'v1a1)" =o

Now, forl = l. M =3,wccanwntc

(l 14)

{l l6)

(3 18)

y 1a1=+" *z(z'1--)t",' *z(ef -stt+t)c" 
(3 15)vn \ln G

Substrtutron of(3 l5) mto (3 14) grves
60

5.- r #-r("??,'T-+.[r;,,,,;-oi)" =,
,r
l--

The chorce ofcollocat,on point 4 =1 yrcld thc following cquatron

E-r([?;,"-#)"=, (317)

The boundary condrtio* 9l = O and /(l) - I yictd' dnl

a(c,t-4cL-) 
^------F-=U

{u," +z(c,,+c,,1 
,

J"

Thes6 By Meh Ullahll Rcg No. 165-FBAS/MSMA/,Ft 3
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Chaptcr 3 Chcbyshev wavclcls mclhod

Eqs (3 l7-3 19)can bc solvcd for c,o, c,,and .r, for any spccrfic valuc of pand, Hchcc the soluhon rs

complctc For 9=l atd n=2

/(?)=030020:']+06998 (3 20)

A companson of Chcbyshev wavelets solutlon for corrcspondrng numerrcal solutron is presented lrl Figs'

3.4-3.6 Ag.in an cxccllcnt agrccment is obscrvcd bctwccn both the solutrons

00 02 04 06 0E 10
t1

Fry. 3.4: Comparison ofChcbyshev wavelcts solutron (k = l, M = l2) wrth numencal solutron for r=l

Thcsrs By Mah Ullahll Rcg No 165-FBAS,MSMA/F 13
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Ch.plcr 3 Ch.byshev wavclcts mclhod

Nu...dS.L6........
Cl.Ur!L.'. Dr.Lr3 Sotlb. 

-

l, t,3, a,5,5

0 0 02
10o. os 0!

Fig. 3.5: Compartson ofCWS (k = I' M = l2) wtth nr'rmcrrcal solutlon forp =0 5

N.D.ridS.htior......
CL.Uysi.E ,.rd..! Sotllb. 

-

I t2 3

3'23'a

06 l0
n

Fig.3.6: Comp.rtson of CWS (k = l, M = l2) wlth numcrtcal solutron forf =0 5
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Chaptcr 3 Chebyshcv wavrlcts mcthod

3.3 Quadratic Riccati's equation
The qua&ahc Rrccah's cquatron wrth tmposcd lnth.l condltion .y(0) = 0 rcads

4 = 2y(,i - y, oi *t

An cxact solutlon ofthts cquatron rs

y o t = t + ll a,hl.r2o. j * [# ]l

(l 2r)

(3 22)

Thc Chcbyshcv wavclcts solutron rn thc domarn [0, 1] for t = l, M =24 ts

y@)=00378744'1 -O 396074" +t 87o81tt -5 21orfo +g 8824t'q

-13 l23qtt +l29t1qt' -9 736t1" t5 6194" -2 4294q1'

+o87\6nt1 -0 227644'' - 0 0805 h" - 0 085504'0 + 0 0683 14" (323)

+O 22572q1 +O l682}tt7 -O 15555n' -O 46667tt\ -O 333Brt!

+0 33333?r +l O00Or/7 + I 000,

- Thc abovc solutton divcrgcs for 4 > I To obtllll the solutron cxprcssion valld for 4 > I We first kansform

thc rtcrval [o,,i.],,i. > I lnto thc rntcrval [0, l] by usrng the transformatlon ;=! and then solvc thc
).

transformcd cquatron in the rntcrval {e[0,1] Frnally thc solutton obtamcd in thrs way rs rcvcfied to the

orrgrnal varablc ? . Following fils proccss thc solutions for 7 = 2,3 znd 6 arc grvcn by

) =)

y(4) = -0 0019692q'1 + 0.0466034' -0.5 t36 4" +3 49734to

-t6 458t7') +56134" -t4E t3qt7 +zgs o94t' -4727s4"
+589 74t1 -583 t4t1 +45E 5\nt1 -2E6 514r +141 49410 (3 241

- 54 814' + t6 6954' -3 583941 + O 47 5t6q. - O 5422q5

-O 3272Eq' +0 3330311+ I 0000r':+t 000?

1=3,

Thcsrs By Matr Ullahll Rcg. No 165-FBASA4SMA./Fl j
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Chapter 3 Chcbyshev wavclets mcthod

y?t\ = 4 9630 xlo- q'1 + 0 000205557'lr - 0 0039392411 +0 046470t710

- 0 3'1836t71' + 2 258041' - tO 232q" + 35 9704" - 99 334"

+216 t04t' 47415q11 +509 8n" -544 44" + 452 244t0 (325)
..290 OEl' +142 t h' -51 7841 +B 71846 -3 06964s

-0 008817r' +0 30866?r + I 001or'? +l 000?

y(rl) = 2.1039 xl0-1 47', - 0 000010480?" + 0 .0oo244Tn'1t -o 00355814,0

+0 0360771te -O27o76ttt'+t 5519tt11 -i O217r7t +25 tt04t'
-71 7144t! +163 $Ottt1 -298 29r7tt + 429 B5r7t' - 484 56q,0 + 42t t5q" O 26)

-277 .934t + 137 24t77 - 49 2724" + tt 86jtt5 -2 3BBS71 +O 54215nl

+0 98882n1 +l00O2n

).=5,

y(n) =1 0724 x l0- nlr - 3 9978 x t0 1 t\tt +0 0000t0493t7'z1 -0 00016952470

+ 0.00 I EE284" - O O I 5 t9 54tt + 0 09 t7 22qt' - 0 4t 86htt 6 + I 43 60 4t 
5

-3 574E4ta +57569411 -2 B403rttt -t3.799411 + 46 t61ttt, -812414" O 2:)
+91 1754t -69 09t47 +359744'-13 BO45 +25205q1 -O O49Osg1'

+l 0265q'1 +O 999284

t=6,

y(7) = -8 6109 x l0-'04'11 +6 1263x10a q" -2 0402x lla 4'11

+0 000042252q,0 _o 000609574'. +0 0065044?,r

-0 053189?,? + 0 34076116 _l 733611' +7 0564411

-23.o31ttt1 + 60.20s4,, -125:6n 
, + 204 7o4to - 25g o.l1" 

(3 28)

+248.304t -175 8741 +90 270q. -33 0014' +7 465241

-0.8157lqr +l 09054, +O 991t\q

Graphrcal rcsults shown in Fig!. 3.7-3.12 pacscn! a companson of CWS wrth numcncal solutron ln thc

- rntcrvals l},1l,7 = 2,3,4.5,6 Each figure clcarly dcmonstratcs an cxccllent agrccmcnt bctwccn both

solutlons

Thcsrs By Matr Ullehll Reg No 165-FBASA4SMA,/F lj
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Chaptcr 3 Chcbyshev wavclcts mcthod

Nd.rid Solrrhr .....-
Cl.Lrll.E '.! .lc6 Sohoo.

0O 02 0.,1 Oa Ot I o
I

Fig. 3.7: Companson ofCWS (t = l, ,1= 24) with numcnc.l soluUon m thc mtcrval [0. I]

Nuqi..I Sohtior -....-
Cl.t]:I.r. Erd.rt Solircr

t,a

1.0

05

00

1.a

0,a

0-0

LO

n

Fig. 3.t: Companson of CWS (t: l, M= 24) wlth numc c.l solutron tn thc htcrval [0, 2]
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Chaptcr 3 Chcbyshev wavclcts mcthod

:{E.nol Sohtot -.'...
Cl.ts![.$. r.r.l.t. Sol..io.

0o oa ,t.0 t5 zo 25 !o
4

Frg. 3.9: Comp.rison of CWS (f = l, M= 24) wth numcncal solution rn thc rntcrval [0, 3]

2:O

15

'lo

0a

z5

Cl&!:i.!G *rr.h.. Solrbo! 

-

't5

1.0

0_5

0.0

2

I

Fig. 3.10: Companson of CWS (f = l. M: 24) wlth numencll solutron m thc mtcrval [0, .l]
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Chaptcr 3 Chcbyshev wavclcts method

za

Nu.tlc.l Sohlio. ....-
Ct.trlt.r. '.i .l-t! Sohbo.

2!45
4

LO

!.1

Frg.3.ll: Comparison ofCWS (*= l, M= 24) wlfi numcrical solulron rn thc rntcrval [0.5]

Nu.ii.rt soLroi -......
Cl.f,trl.r. nrC.t! SoLrio! 

-o't2raaa
4

0a

0n

2-5

20

t.6

to

0.4

0.0

-. Fig.3.12: Comparison of CWS (,t= I, M= 24) wtlh numcrrcal solutron rn thc rntcrval [0.6]
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Chaptcr 3 Chcbyshev wavel.ts method

3.4 Thin film flow of a third grade fluid

Hcrc. wc shall solvc a nonlncar drffcrcnhal cqualon whlch rcprcscnt thc phcnomcna ofthrn film flow of a

thtrd gradc flurd down an rnchncd planc [34] Thc drmcnsronrless form of thc problcm rs reprcscnted by the

followmg nonlrncar drffcrcntral cquation and boundary condrhons

*,upf1)' *-r =0, wrth ,10)=0. y'(t)+2p(y'(1\)' =o (32e)
dl' \d4 ) dq'

Followng thc proccdurc of Chcbyshcv wevclcts mcthod. thc soluhon for f = l, M: 6 rc shown for scveral

valucs of p in Frg,3.13

r_uEl9h,. -....!!.
Ct lrdm h.l.t Sobtu. 

-

p = 0,0 r,010 t,ll,,

0o 02 o. 0s 06 10

Fig. 3.13: Companson of CWS (i = I, M= 6) wlth numc c.l solutron

Thcsrs By Matr Ullahll Rcg No 165-FBASMSMA/F I3
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Chapler 3 Chcbyshcv wavelels method

3.5 Sixth order nonlinear boundary value problem

Consldcr the followmg nonLnear boundary valuc problcm

- ,L"=r,y,rnt. 0.4.t.
a4

(3 30)

wth boundary condlions

.v(0) = ),'(0) = y('")(0) = l, ),(l) = r'(l) = y('''(t) = e

The above cquation adnlrts thc cxact solution e7

(3 3l)

To employ Chcbyshcv wavclet mcthod to thc srxth ordcr boundary valuc problcm, wc first transform thc Eq

(3 30) tnto sccond order srmultaneous dlffercntral equatrons To thrs end, wc usc the followlng

transformahons'

d'v d'1o:-=sO), 4=r(q), Q 12)d4- d4'

Thc abovc transformatrons ylcld thc followmg sct ofsrmultancous dlffcrcntial cquatrons

ff=^r, v(o)=t.v(t)=e,

!4=,rr, q(o) = l,q(t) =e,d4'

#= ", 
r'rr, ,(o) = r,r(r) = e

Now, wc subshtutc y(tt\=C'y/@), CQ:')= E'VO) and t(ti= Fttt/O) m(332)andgct

[c'o'vtat- t'*tat Cry(0) = l.c'v(r) =e.
- 

1 
a'r'vrr\t = F'yr7t r''y101-r.E'v1r)-e.

lr' o'v1tt1- e', (c'vra1)' Frvt0)=t.f/y(t)=?

Thcsrs By Matr Ullahll Rcg No. 165-FBAS/MSMA/Fl3
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Chaptcr 3j Chcbyshev wavelcts mcthod

A ryprcal chorcc k = l M = 12 yields

)(tt) = c,ov,o?t) + c"Vr?t) + citl/n(rt) + .. + c,,,tl/",(4)

_ lZ - -qq",, ,2",, -l6tttct: .l64ci -2cE -64n'c,, _s64\n ,l64c,'-\l;'-' -G-G' -T--T-G' G - -T','T
.2564ac,, 5124'c,, . )20r7'c,, 64t7c,,.2qa 10244'\,

Jr Jz J, J, Jo Jz

25604ac,, .22404'c,, 8004'c,, .l}Ottc$ 2qs . 40964'c,"

Jz .J,r J" Jt J,r J,r
7l68qtc,. 16804tc,. l44qc,. 2c\. .lbl84n1cr

Jr Jr J, Jt Jr

57)44r7'c,, 7884841c,, 5)7604tc,, . 188164'c,, 31364'zc,- .1964c,-- -F- a - 

--___-- 

- - ---ln Jrt \l rt \l tt \l,t |n
2c,, 65516n'ci 2621444'c,, .425984t7'c,, 16044E?'crr ,

\ln I E \lr. \llt \l t

430087'c,, 5376r7'zc,, 2564c,, . 2c$ . 262144q'q,

Jo Jr Jr Jr Jt
221 l841r7' c," 2236416t7' c,, l3l 7E8E4rc,, 45bl92n' c\. . 887044'c,"

Jr Jr Jr ,lr Jr

86404'2c,, .324qc,s 2cB Zcn.
.,lE 'l7. \!n ln

G

, I J8247rc,.--G-
12288n'c,.

G

16896044 c,,

G

l048516tjtoc,,o

G

I 17 9648r7t c,,

G

52428804'c,,,

G
41000964rc,,"I I 14 I lzlqt ct $ 13 10720047 c,,, 93184004'c,,.

10982404'c,,0 16t960r7'c,,0 13200t7'c,,o 4004c,,0 41943044"c,,,'----c-----G-'--T--T',---T
23068672410c,,,. _73s3t12q'qt +

6127616041c,,,541880964'c,,,

G

24 I 61 2844 c,,, . 3020 I 617) c,,,

.l tt .ln

G

l2t0076EA'c,,,

193604rc,,, 4t44c,,, 2c,,,

Jr .lr .ln

ll275264tscrl

Thcsrs By Matr Ullahll Rcg. No I65-FBAS/MSMA,f I3
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Chaptcr 3 Chcbyshev wavclets mcthod

q(q) = c *W ,@) + e,,V,,O\ + eDv/ nO) +

E - . +r1",, 2e,, . t6f e,, .
- ll-srd r---- ---- f 

--rI E .JE ,l|t .lt

+ e"'V"'14)

1s1604'?e,,, . 4E4ne,t 2e,t {l36}---G--T-G

r(q)= I*v*O) + l,v,,O\+ f,v,,O) + -+ f",v",(tt)
lz . .cnl" 21,, .t6a'f,, . 1e360q1f,,, .484qf,,,
lr. lE ,l,t ,ln .l;ln

211"

G
(3 37)

Substfuting Eqs (3 35)-(3 37) rnto (3 34), onc gcts

2048041c,, 24576041c,, . 307247c,, 165888r/'?cr.

GG G
65888,/--f,; 10720r7'1c,, 3844c,.-r=+-

lE \!E

. 134404q5 _3072r1c,, _
G

4343008ttc$ 
+129L +640:ta * 3369",. _008,iT GGG

192c,,

G

, 6881284'c,- 1101004845c,, , 1228804ac,.

--_____-- 

--- -\17. ,llt 'ln
127795204' c,, 17 2032041 c,, . I 51 6960171 c,, 26351 7 o04' c,,

Jo .1" Jr J,t

7 20E96041 c,, 2027 s2ltt'z ci o45120t1'z c,, 547 43044) c,. I 128964c,,
llllllllllllllllll_...._-_______-_-__-_____

\lE !r. ^tE \lt ln
258048t1c,, l0752qt 6272c,1 17280c,,

J, Jt J, J,

. 1Et74368r7?c,o'=T
92E972804'c, 5505024004lc,,, 670924804rc,. 279552000aac,^G T____G

_820019202rc,,0, lJl788804rc,,o l0ll760?.10 . 26400c,,o_-_T.-G-____G-._-T

1600c,,. 367001646c,,

G

5322244c,"---G- 9437 1840r7t c,,o

G

377 487360,11 623902720 t|'c,,,

G
66060288tt'c,o

G

Thcsrs By MrtiUllahll Reg,No l65-FBASMSMA./Ft 3
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Chaptcr 3 Chebyshcv wavclcts method

. 461 37 34404'c,,, 20761 8048043c,,, . 19447 4291241 c,,, 41 11757952q' cr.-____T______-,_____G-T
257 3598720q' crt 9840230407'c,,, . 225505280qt c 2E99l5l6rr.,,r

a-._-...............J,JoJ;G
18120964c,,, 38720c,,,--.c____T

96r7'e,, 64r1'e,, 164'ze,, .164e,, 4ner l6qe| 12 - 2e,, ,2e,,
,tn .!z lE .lr \ln .]t \ n lt 1Jr.

2c,, 40964'e,. .122884'e,. l024tl'eB .2560tlaet, 156tlte,, .

J, Jr Jt Jr J, Jr

.l44qeb l}Onct, . 2e,, 2e,, 2e,, 65536q'e,. . 2621444'e,, 163844'e,.--T--T-G-G-G---7;',_-l, -- T
57344q"e,, 4259E44'etr 360448t1'e,, 7884815e,, 537604re,, 1689604'e,.'---J------J;-----G----T',-T--j,
4100E?'e,. lEEl6?'e,, 3B6q'e,, 53764'e,, 256qe,, l96tei .2er

Jo J, J,t Jr Jt Jo Jo

2e,, 2621 444' e," . l l196484te, 221 18404' e,, . 22164 164' e,, l 3 l 7EE84'e,.

Jz Jr Jz Jr Jr Jr
45619244e,o 887044)e,o . t6404'1e,n 324ry,n 2e,, 10485764'oe,,o.------------ -- - ---------- - -------- ---- _-

'lr. ,lr. ,ln 'lr .lr .lr
52428804"e,,o lll4ll204rc,,o l3lO72OO4-e,,o 93184004'e,,0 . .1100096?'?,,0

J" Jn Jn J,r J,

109824044e,,o. 1689604re,,o l32o0q'e,,o . Ao\qetn 2et.o 4194J044t1e,,,

^lr .Jr ^lr ^lr Jr .lr
.230686724toe,,, 547880964'e,,, .7353\392nte 612761604'cn

GGGG

64rle,,

G

13E244'e,. 5124te,, . 7168t71c,. 2240r71e,, .8004'e,, )204'e,, 16804'e,.----J; ',--J;', -J; ---G '--T---J;--T

Thesrs By Matr Ullahll Rcg No' 165-FBASMSMA,/Fl3
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Chaptcr 3 Chcbyshcv wavclcts mcthod

328007 681'ct I Il2't5264q'e,,, 24161284'e 1020164te,,,

193604'e,,, 4844ert . 2erl93604

-E G G'

G

204t04'c,, .307241e,,

Jo Jr
30720q2c,, 384qe,, . l'1440qe.t, 3072qe,,

G
0720q

,F- l;' G

(3 38r

(3 39)

12et1 640 192.,1 1600.,, .

Jr J, Jr -l,t

39447 429 1211 er 1 _4 1 111 51 952rt' c

E " .2t,, .21,, 2L, 64ttt lD 96a1lr t6n'zli ,t64li
= -\t-ln+ ---- + ---- - ---- - ------ r --'-- - ----7- - t- -

l rt .'ln lt ,!rt \l rr \t rt \Jt !,t
36n1. 4tg43c,4tttt frt . 21068672n'0 J,,,--E- -----------

54788096q'Itr 73511392ttt L,,++

1072qt f,,
G

23068672r71o c,,,

461373440tt' e,,, _207 61 804804t c,,,

G
25135981204'c,,,

G

4ltl,
G

38aaf,, )07za[, 32/i . u0L tezli .

Jr 'lr Jr .!z ,!t

2O76t8Oa8Ont f,,, 39447429t2t1' Itr
J,t Jo

.( E 2c,, .44c,, .2ctz l6nci=" I'l;"--i.irG-i* .4l943,4nttc

5a7EE0964'c,,, l?

Jt )

. 461)73440n'frl

Thcsrs By M.tr Ullahll RcB No 165-FBAS/MSMA-/F l3
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Chaptcr 3 Chcbyshcv wavclcts mcthod

(3 4l)

l'l-. , ..ll '..,, '.,,, '2c'.\r'" Jo Jr Jr Jr Jr G
_|ci _2cr ,2c$ _2cro _2c _ -G G G G G_"

_ 2e,, _ 2e,, 2e,, _ 2e,,o 2.,,,

Jr J,r Jz Jo Jtr

E- ,2", .2e,, .2e,. .ze, 2e, 2et,

\;,"GGGGGG
2e$ 2eD 2ct. 2e,,o 2e,,, ,

.!r .!r ,!r '!r ^lr

12 ^ ,2e,, ,2e,, ,2e,, .2e,, 2e,, . 2c,.

\O-,"GGGGGG

2f,,

G
E , .2t,, .2f,. .2L, .21,, 2f,,
\t .,lr .lr. ,ln .Jr ,l it

1l .'Jtto LJt ,

Jt Jr Jt Jr Jn

i; 1t 1t
l' . 'Jtt ,'JD ,\,''"J"GGGGG
. 2L, 2L, . 2f,, . 2ho 2L,,'--r'-'--.,\ln \JE lt 'Jrt \lE

(l42)

(3 43)

(3 44)

(3 4s)

(3 46)

Wherc last slx cquatrons (341)-(346) are thc conscqucnce of boundary condthons rn (334) Now

collocalrng thc first thrcc cquatrons (3 3t)-(3 40) ar lcn collocatron pornrs ,7, €[O,l], wc ger thrny

srmultancous algcbmic cqr.ratrons These thrty cqualrons along wtth Eqs (341)-(346) arc solved

srnrultahcously for thrrty srx unlnowns cto, ,cit,eto, .e,,, and fr, .frrr The final solutton tsgivenby
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Chaptcr 3 Chcbyshcv wavclc$ method

y(nl = l+tt +o 5o1 + o 166667 q1 + o 04166674a +o 00833334/l'

+ 0 001188874' + 0 000198456r' + 0 000024732,7t +2 82E25 xl}a 4'

+228856xl0-' 4to +4l5l55x l0-r7'l 13 41)

A companson of above solutron wlth thal of cxact solution ls glvcn m Tablc 3.2 The solullon obtalncd by

HPM [35] Is also includcd tn the Trblc 3.2 Clcarly, thc CWS ls supcrror ovcr thc HPM soluhon rn tcrms of

thc absolulc elror

Teble 3.2: Compartson of HPM and Chcbyshev w.vclcts solutlon

4 Chcbyshcv w.vclcts Exact Soluhon HPM Solutlon Absolutc Error

solutron, t = I, M= 12 
eo

0(xrr) 
l.rtal -",1

o r l 105170918075647? I 10517091t0756477 I105294213 0

ffigteotagg t 221638t69 8 88178,10'16

03 ffil:solt,lszs o

O4 | 4918246916412106 I 49182469164l.2703 l4g22to23t 22204s'10-16

oi -t 64n2n7o7 812l2wooD82 I 649129880 I I l022tl0''5

06 t 82tll 8800r9oSOg: t-SZ) l8800lgosoeq 1822510698 444089x10'16

o7 2 0137 52701410416 2ittSnOt+'loc766 2014088799 4440E9x10'16

m {z-zsscogxayia66s z I-55aog2Ea9u68 2 225786815 l.l.l2zl' to t"

09 245960311115695 245960311115695 2459733002

Conclusion:

Chebyshcv wavclcts mcthod rs applted for $c soluoon of fivc nonllncar boundar, valuc problcms lt Is

obscrvcd that rn each ctsc chcbyshev wevclcts solutlon ts tn excellcn( agrccment \!rlh the corrcsPondlns
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Chaptcr 3 Chebyshev wavclets mcthod

lumencal solutron ln thc last examplc, lt ls observcd tha! Chcbyshcv wavclct mcthod ls supeflor ovcr

Homotopy pcrturbatron mcthod ln tcrms ofthc absolute craor As far as sccond order nonlnerr boundary

valuc problems erc conccmcd. thc Chcbyshcv wavclct method producc cxccllcnt rcsults Howcler, rts

applcabrlity to hrghcr ordcr nonhncar boundary valuc problcms rn boundcd domatn ts to bc tcstcd Thc

cffons ln thls rcgard arc undcrway and wrll be communtcatcd lnttmatcly

l'hesN By Matr Ullahll Rcg No 165-FBASA.ISMA,iF 13
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