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Kr = the chemical reaction parameter
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Gm = the mass Grashof number

M = magnetic parameter

De = mass Diffusion te1m

T = the temperature of the fluid

V= the suction parameter

g
= acceleration due to gravity

Cp = Heat capacity at constant pressure

u= the velocity of the fluid

ffi = A frequency parameter

p = the fluid Dern,ity

t = Time

s = Perturbation parameter

Bo = the magnetic induction

?
,? the thermal conductivity

Sc= The Schmidt number

M = magnetic parameter

Qo = the heat sink term

k = Thermal conductivity
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Abstract

Chemical Absorption Effects on Magnetohyrodynamic (MHD) convection flow through v

ertical plate with ma?s transfer is investigated. As the problem is governed by coupled non!

incar system of partial differential equations (PD Es). Dimensionless quantities were introd

uced to transform the partial differential equation into ordinary differential equatíons(ODE

s) and the equations are then solved using the perturbation method. Graphical representatio

ns of the numerical results are illustrated in figure. I to Figure. 9 In this study, The influen

ce or the effects of physical parameters such as Prandt number, Schmidt number. thermal

Grnshof number for heat transfer, Grashot' number for mass transfer and chemical reaction

have been investigated separately in order to clearly observe their respective effects on the

velocity. temperature. and concentration profiles of the flow.

X
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CHAPTER ON?:

I JI Background of the Study

\!ttrodurtion

iJ can be ckiincd as ·1 shc·1r tl11·1
·

h' I

·

• d
· • · · ·

' , mmg w Ic 1 ts assume to have an mlnutc v1s<:osIty at 7.Cnl

,ii"shc,u·. "yil'icl stress below which no flow occurs and a zero viscosity al an infinite nttc of

1 lorsh cl ui, í '.'.Oil:J) 11uid l1ow rnudd was introduce by casson in 195() !\ir the predictions of

1,,,\ bcl1a1 iurs ur pig1m:nt-uil suspensions,, rm the 11ow .the stress magnetic of lluid J1ow

i,) l.'.\l_'L'Ld tlK' yil'lds shear stress, or cise- the iluid behave as rigid body . This type of fluids

,\i.:rkcd eis ,1 p11rcl)· visc,rns [luid with high viscosity .lluid 11uw is bused on structure 111mlcl

'"- Íl1h:1·,1cti\·c hd1aviors· uf solid and liquid phm;cs of two phase susp:..·usíonsome famous

¡¡,,,,, llu1ds arc: includcsjdly .honey ,soud,lighl and wnccn\rntcd fruits juice'. human blood can

li?· lJ\_'al(·d as lluid 11ov-,r due to presence scvL·ral substance such as !ihri1mgc11 prnki1?-

, 1i'1'11 in ,ll[llClHiS lx1scd plasm,, and human red blood cdl.Vccrcch el al.(2017). a heal source

\ :!1i11g thaL c:1n hc?ll up a s¡x1cccran .heat source can be external (l'n?m outsidi..: the

1,, rci:11 nr i11tc:mal (from lhe inside the spacccraii) external heats source include the sun.

•J ---:¡:n1'.?•-ht t·mrn planets and mrron_ hea1ing by frictíons ,vhcn traveling through an

l",t?hcrc ur gas dnud and released heat from planets .intcrnul heat .inkrnal h...:al is often

,-,111?:11 by cr:tl\s propulsion or dcclrical system i!"a nail has parts tkll ,.nove against ent:h

l'rinion can provided healing as well.Many natural substance like rocks ami soil (e.g.

1, ,·,. 1,cuokum rcservoicc) anel man, 1/.colitcs,biological tissucs(c,g. bllncs.woud.cork) and

1.1r::tLk ni:1tcri;1ls such ns cen1cnts and ceramics can seen as porous 1T1L'LL?1 .many tll'lh1.·JJ"

,,1111 ¡mi¡1crtics nn only be ration,1li1/.cd by cnnsidcring them to be porous media (Dutta and

1ll, ?ou:?
J.
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I lw term perturbation methods refer to a variety of methods to prove existence .. uniqueness or

, ,· c:hritv ror equations that arc in senses close to an equation that well understood. if an

,.I11,1t1onscan be written as sum of well understood equations plus an extra term tpcrturbution

i:: ,;1:dl with respects to some relevant quantity. then some time a property of the well

,
l r<ch>cl 1cm1 c,m be translcrrcd to th<! original equation. Williams t'I al. (2010).

·. ti.,11 >:an11"1 wkc· place in lllOSt solids because neither bulk current !lows nor signilicant

,,ion n1· n1ettlcr can take place in rigid solids, but that is called heat conduction. Convection •

. c:m take- place in solí solids or mixtures where solid parliclcs can lllOVC past each other.

1\?·;.:li\l: hLat transt'crs in l)nc of the major types or heat 1nmsl'cr and eo11\·1,;ntiün is also a

:·.11·•,k ,)r 11::.l?:-. lranskr in t1uid-; .col1\'Cdi\'i..' hL'at and m:tss trnnsll:r? 1:1k1: place h11lh h;

:nn .th...: rnndo111 nnJ\Vnian motion or individual particles in thl' !luid and by aclvcction in

,:L llUlh.'r ,ir h-.:at is transported by the large-st.:alc motion or cuncnt of iluids .in the context

?ttH.l mass transi'cr. the term convention is used to refers to some or advcction and

1._' :1·,nis!lTs. ] lov,.:c\'l'r, 1nccha11ii.:s lhe concept used lhe \\·ord convcn1ion is the general

,uid dilkrcnl 1ypc oi' cmwcntion shmlicl be qualified !'or clarify.

,._ ,:l"ltiun c?m be qualified in term of being natural, forced, gravirntion,11 granular. or thermo

\··1ir !l m,1,· also be s:üd to be due- to l'Ombustion. capillary ?H.:tiu!1. l)r Marnngoni and

h.:1;."::· cff\..·1._·ts. I leal trunskr by natural convention play.e; a role in thl· s1n1cturc ul'1..::1rth's

1 1>.¡ihl·r,:, its l)Ci..."'l-ll1S and its mantle. Discrete conventions c1.?lls in the c1tmosphcn: can SL'C as

h, \Vitli stronger convection resulting. in thunderstorms .natural C\H1\'l..'l1liun also pl.1y a rok

"'l:i1· ¡>!nsics (C'cngd and Yusus).

S1a1ernent of the problem



·" •csncrning equations ín this stuclv arc the con11·11t1·11,, 111 t
·

J d
... ·

. ; , ornen um. en?1 gy my 1 U us1on

''"'"'· "'here lhe vdocíl_v. tcrnpcraturc and concentration liclds arc to he determined. Also

. ,,,undarv conditions were modi lied.

0 \i,n and ohjcrtives of the Study

,,1· study is 10 cxa,ninc Chemical i\bsorption Effect on Magneloh)•rodynarnic {Ml !DJ

1io11 Ih\\\ 1l11nt1gt a , crtic,11 pl:\lc wilh mass transl'cr analytically using perturbation

:lt1?Jli1"\:'1:-.. lhi..· dirnl'nsiunal ?o,·crnin? partial dlffot'i..:ntinl l"lJll?ttlnns {Pl)l-'.s) lnh1 non

I,• uht?1i11 an:tlytical solutions for the velocity. temperature and concl!ntrnlion.

, ,·n111plllL' thl" ?kin friction. Nusselt and Sherwood number coc:flicknts.

, _·,;t111illj__'S 11::.: 1111lucrn.::l" ol'thcrrnu physical quantities assnciuL?d \\.itl1 the tlo\\, \Vith tii?.:

1 ??r;1pil? ?rnd lc1hks.

"'":upl' and Ddimltation of the Study

,-_,sc·:11ch \\Ork mainly focuses on heat source and mass absorplion effects on lluid Jlt,w anel

'. l·\Ji..:111. lü ,1lhcr kind·? !luid.

i?;nificancc of the Study

t l·.sc:irch ,,-,ork help us to cxarnin? the inllucnce of thcrmo-physiL.:al quantitie0 as:-:ocialed

lluicl lltl\\ with the help of grnph and table and obtain analytic solution i'or the velocity

De!'inition of Basic Term



¡_.:: Radiation:

1!1CJ11 is the energy that comes Ji-c,m a source and travels Lhrouí!h some mU!crial or

,,/1 spacc. light, heat and sound arc Lypc oi'radiation.

1 ,.:: llral:

;.·1,1..T?'..' ll1,1t i:- 111 a pn .. )ccss nt· 11·?rnsronn bct\Vccn .i systl"ms and its surrounding. olhcr

1:, \\url, or wiLh Lhe transi'onn oi'mallcrs.

,. ,, !-'luid:

--,1¡Í1?l,lll·T. as liquid ur gas thal is ctpablc of llo\ving and that changvs it shapes nt a

1 ;1k \\ lwn ?1clcd upon by a Corei.: leading dwngi: its shapes.

?.+!-'luid ilow:

: 1:ll\\ is 111ul1u11 ufa !1uid subjected to unbalanced force or strcssl..!s.

\ lae',IIL'IOhyrodynamic (MJID):

,,,1ul11rodynamic (Ml-ID) (magneto !luid dynamics or hydro magnetic) is the studv or

,_-,-lc'S ,_,j' clc-c1rically conducüng lluids .examples oi' such magncto-lluids include plasmas.

, ,1ll :ih:1:tis, ,md sail \Valer or electrolytes, the word mat',nc1o hydrodynarnlcs (iVII li)) is derived

1,i:L,'ilL'to-n11.??u1ing magndil'. field, hydro- meaning water. and d\:1rn11ics mc?111it11

'1;:s.::1l

Oil 't e.:lion flow:

?



s'ctin: lluw is the motion of !luid due to differences in density. These dif!erenccs in dcnsit)

,nil ,,ccur due lo lcrnpcrnturc gradients. For example the circulating air llows room with a

?l:1d i?tlUJ'

1 :'-. 7 ( ·1ien,ital reaction:

suh::t:uicc- to another classically. chcmic,1ls rcuction encompass changes thm only

· tl:c· ¡,,,,:itiu,1 "1· c'lc•ctrnns in the tónnin[l and breaking or chemical bonds bel ween atoms.



CHAPTER TWO

,{n iew or related litcn1turc

"' ;,!I •al- ndi;,: iun ,111d heal absmp1ion effect on Ml ID conwntion llow past a vertical plate, is

!Ii,· c1lll'i1tion or many scholars. Fluid llow is one or such that has distant foa1ure and

,llus1ra1illn réc1c11tly. So far the ilow, the shear stress or magnetic or lluid needs ro exceed

·, I •;he-;:, str,·ss. ,11 ,'Is,' the !luid \\e haw as a rigid body. this kind or lluicls can be mark1Jd

1,u1,·h. 1 iscous lluid with high ,-isrnsity llow model is based 011 a slruélure rnmkl or the

,:,·'11 \ \.' h-.:h?l\ Ílll"S ui' solid and plw??e liquid phases or two phases or susp?nsiun .so th1...· fo111ous

1!· t1uid !1uid:,; iluw inclw.k jcUy sau-.:1..·. tomato. houi..:y. _-;ullp u1H..I L'lllit.·l'Jltrntiun t'rnit?-

l Iw 1;1:1 bloud can also he treat?(! as a i1uid llovv duc lo presence ul·Sl'\'cral :-.ubstancL'S such

tih1·i1H1)!C-11. prole-in. globulin, in aqueous base plasmn and human arc either obtained hy using

.J¡;Lt•.: ?ni..:th,ids ur by any nu1w.::rical schi.:1ncs.

::1?. 1.-:::--:1._' iu which th1.' cx:11.·! analytic:11 solulion of 11uid 11ow ar(· llhtt1in...:d. Vajrn\'ciu

\l11khupC1cha) (2013) studies diffusion or chemicals reactive species 011 lluiu llmv <ll'C'I cm

_ cch pcnncablc stretching surface Das el al. (1996) analyze,\ !luid Ihm in pipe· lilied l\ith

ponlllS medium l lay::1l cf ui. (.?.O 12) invcstig:1tion L'ff1.Tt'"; l)t? ?n:1/n?1, l;yl1n,

•e::: 11r,,., ,,!' J:uid Mustufo el ui. (201 IJ analyzed unsteady boundary 1,1,·n illlw or l!uid duv

·, ". 11npubi,•cly started moving !lat plate, Mustafa el ui. (201,1) discussed swg11ati,m point 11cm

,.,·,,t ,rctnslcr ora !luid towards stretching sheet

ui' <t h(1Und;-_1ry layer no\V or a unsttudy heal and nrnss 1r,wsi?·r llt1id has (1"<11'S!c1

l;?t? hc:._·n lh:._· roeus of ?:-:tensive and rcs?an::h by variou" scil'ntists due to its itn¡--ion:rnu

intinuo·s i..'."?isting glass. blowing paper produ?tion, polymc.:r extensions ?uHI sL·vcrnl t1?!11.,•r unt:

6



,:, 1-ckrs io r,cs:nt investigation by !laya/ wuJ Qas;m (2012) inl1uc,nc<.· or thermal radi,,tion

ill,1 _¡ouk heating on MHD flow of max well fluid in presence of them1ophorcsis làng cl al \

cinahnd a new tàmily of unsteady layer over a stretching surface. Khan and pop (20 I 0)

:, ,,,,dc>r,·d 1>uL111rLiry flow or nano-lluid past a stretching sheet, and Kandaswnny ?, al. (201 I)

, ,11 s::!li11g group trnnsfornrntion for
(
Ml ID) boundary layer 11011• or" mmo-lluid past

·t1c:d stretching surface in presence or suction/injection. on the other hand. mass translcr in

ll,,;,e1c1 due toil appearance in many scicntilic discipline that involve convention transfer o!"this

1,,·;1(/ll1l'J10ll ?1n.' (:Vaporation or water scparatiün chi.;:micab in distill?tlilm pruccss natural or

. ? I -

.

' l. l

l:,t'ci e: c1! l'lil l) invcsli!,c,1kd the boundary layer llow ora !luid clue to"" irnpcd,;ivcly started

i11µ !lat pia1,·.rao el al (2013) studied the thermal hydrodynamic slip rnnditilln on heal

l'c,· tl.1\1 ui Jlu,d pasl a semi- inlinitc vertical platc. l lc<1l translcr ol'a fluids past a permeable

11,:l?1ng -;hi...·L'l \\ ith viscous dissipation wus considered by Çusim om/ Nu:·l·.:11 (!.lll4) .Chamkht1

1· ill!l!./i studied the unsteady Ml-ID convective heat and mass translcr past a scmi-inlinitc

I L'L :,I ¡:w:Tl'il'ahk· 111uving pinte wii.h hc,at absorplion.

.c:Ludy u!' h1:?tt mass trnmJcr with chemical reaction is oi· cunsidcr?1hk importance m

11, d:-; ?i1H.J hydro mctallurgkal industries. The sludy ui' lwat gcllL'l"dtiu11 or Llhsnrption 1u

111?, l!tiill is important in many problems \Vith arc n.:latl·d with chl'tnicals ru1c1ion ,md thl'S(.'

,1¡. l't m:·d 1lisso'-:iating fluid. The cffcct or non uniform hi:at generation l.'fkct may changt: Lh1:

::,¡1cr,11urc distribution anel consequently rate or particle deposition in nucic,ll' reactors.

11_1 1kd;ir cl ul (2()10) studied pcrlurbation rn1alysis or unstctid>· m:l?)1wto h_ydn1sh·11;11iil,·

\·?:ti,,· hvat ,11:d :1U:iSS lransJCr inn houndary radiatlon and L'11cmic,1ls t·1..:.:.H..:liun. (lanc?an ut d



,

, si.1di,:d 1,:·,,1 ur,kr dwmicals reaction 011 ilow past a vertical p..:rmcahk pl:itc• with then'1ai

·:kli:iiiun ,1ml chcrnh:als uniform heat and mass !lux. Dula! pal (1999) studii:d crt-,ct orc'icmiculs

. v,,,.1 i,,n un the dispersion chemicals physiology of flood ilow regulation by red edis was

.li•,: ,\,Cd iw singk anel Stemler (2005¡. Analytical solution for heat and mass transfor by laminat

"¡' ,1 Ncw1oni,m .viscous, dcctric:illy condition and heat generation or absorhing lluid on a

,1: ""'"1us!,· vcrticcd permeable surfou: in the pn:scni:c oi' radiation ,a lirst order homogcnous

,,,111icals reacti,,n mass llu:,; arc rq1caiêd by lbrnhim el al \2001).

d¡¡/_ t_:1.1H1 I, i1l\ csligat('d Üli.' ,.,ffci;.:l of chi...•mivals rcactiuii aud diffusion .in an i.sulh..?nnal

:11111,u· lhl\\ :lioni ,1 soluble 1h11 p1'1t,·. l)cvika e/ ui. (2012) studied the: inlluencc of ,hcrniculs

.1\·1in11 l.'!T-:ct on 1\lJ lD Cree convl·clion llow in ?1 irregular clrnnnels \Vilh porous m..;diu111, Raji et

'1:1 ii _1 -.;t11di1.,•d !r?1nsl'cr effects un ?1 unst(:¡1dy '.Vll ID !l·cc , ..:onvcctive 11uw u i\.?rticul rlalc wltli

".,ni,·al rc'ac11on lising linitc clc1m:nt rnl:lhods. lloii el oi (?016) lüund both analytical anJ

':111'1crícai so!utiuns of chemical accdcrntion 1initc vertical plate in magnetic Iidd and variable

·,11n,·1,,11c:r,· , ia I .aplace transli,rrn a,1d linitc dcrncnt techniques. Ornukhualc el oí. (2016)

c11:cc1 u!· I lc:cll ;\bsoq,tion un Steady/Unsteady MIID l'rcc C'onvc'ctiun lke11 cmd ?class

, ,1 :r ! !cm l'c1st an lnlinitc Vertical l'crrnc,1blc Plate with Mass ,\bsurpliun a11d Variable

:, ... 11ui1.0mokhualc el oi. (2017) examined Natural Convective: I [cat Mass Trnnslc;r Fluid ¡:tow

:?<'It?¡ Put\HtS '.Vll'llium \VÍth \/?1i-iahlc Pressure and Thc-rrn?·tl Radi:11inn

1\ :1\i..•tl hy iii?; .:1bovc studied ;,.1illl applicatiun:-; mcntirnH_;d, in thi:--; stud) ( ·;\?·rnii.:?tl /\h'.?urptÍl1t1

on :VL1?nc1oltyroclynamic (Mili)) convection llow past a ,wtical pl;ilé with rvlass 1ra1iskr

1 i:-:1igc1tcd



CHAPTER 1'11REE

J.l Formulation of the problem

Consider the flow of viscous
incompressible,

·

.
electrically conducting, viscco-elastic seêônd

order well-know, non-Newtonian fluid namely Riv!" E
.

k .

'
'

_ _ _
_

_

- in- ne son flmd past an impulsively started
semi-mfimte verticals plate 111 the rrc.,encc or I

I

_ _
1omogeneous chemical reactiop, theflnlll

radiation ,thermal d1ffus1on. racli,11i,,11 1h,"r¡11i 117 11111 l l

-

1

·

· · - 1 , ,_ 1ca a 1snrpt10n. The x-axis is taken at?
,he plate in the vertically up,qrd dir,·ct ,md th,, ·

!, 1s chosen normal to the plate.

Initially the temperature ,,r lhe 11L11c anel lhe fluid is assumed to be T,;,, and the specie#
concentration at plate is C,1,. Jn,! 111 the' lluicl thwu?hnul C',;, arc c1ssume. At time t1>0, the plate

temperature is changed to T,:. c,1usíng c,1111 i:ctic1n ,·u1-rcn1 to flow near the plate a?d mass is.

supply at the costant rate to the plate and they st,irted moving upward due to the limpulsiv(ê

motion, gaining a velocity or u0.:\ unifrinn nwgnetic 11cld of strength 80 is applied in the Y·

dtrection. Therefore velocitv and maenciic l1cld arc given q=- (u, o, o) and B? (o,80, o). The

Cteinr, slightly conductmg thé 111?QllClicRc,nods llllll1ber is much less than unity hence the
e, ? ?

I

induced magnetic field can be neglected in
comparis?n

with the applied magnetic field.I

In the absence of any input electric field, the flow is governed by the following equation

. ';

:

.. t?',-:'.,
_,·.;?

• ,"S'•

·1¡·¡·,

¡;j,

'

Equation of momentum:

t
vi:::== gB(Tl - T¿J + gBc( C1

Equation of energy:

+ \/

Equation of concentration:

acl
I 2 f

-----+ 'é!c a e
e

,, e' )at• 1J - =- Dm?- - Kr' (. - •D

ºY' ay•'

(3.1)

(3.2)

(3.3)

9



of the fluid along the
1

.

, . ,Pate ln x -
direction, t' - is the time,g

pvity is the coefficient of
1

• .
ivo ume B 1s the coefficient of

thim,lll
_...;M.!. 'If concentration T'is th t ... I

·

Exp•••••'•,;f' . :" • ,
_ '_

e ernperature of fluid near the plate,?'- I ?'
_...-j¡¡ 4..thôd,c

ts the species concentration ·1n flt11·d th '

•"'.'t,IT1P'·'...,..,..-
·. near e,c.., is ..,, 1

,,,ncen?.m fluid far away from the plate,v is kinematíc viscosity,k; is

kinematic -ril;ílO-elastic parameter.8 is the electrical conductivity of the flui!l µ,, is ffii:

¡,ermeabilil}'.Bo
is the strength ,,f -1\'Plied magnetic lield p is the density ofthe·:tl?

·,iscosityoffluid D is the nwk,·,il.H· cli!Yusi,11, ri¡ is 1hc thermal diffusivity Q0 istñefíl

is the chemical reaction paramer,

,-elocity of the plate.

The corresponding initial and boundary condition as follows

11
= 1 + Ei·"'t at y = O

,
¡¡ _, O, as y _, 00

0 = 1 + Ee
int at y = 0, e -> 0 a S Y

_, ·e 1
e = 1 + Eei:n!: at y = O.

On introducing the following non -dimensional quantities

c1 -c:.O
u' t'u2 y'uc e

T' -T?
'
[ =

-----c,',,-C'...u=-,t=-º1 y==--, =? w

Uo V t'

(º 1 l ¡, (' ,) reduce to the
.

.

-
l l uantilics equatlon J.

-

l - ·--

ln tenn of the above non d111icns1ona 1

From (3.l)

e? O as y__, x

¿¡2.,1 ?
au'

' ¡ihtL 1 -ri)+ g8c(( cl _C;,,) +Vª)?"
-

p

ª'' TlJ ?, = gB(T - lçn '

ay
-

vu3 a 2u aµ?B;uuo
3

· ')c-º--2-.-:--u0àu ,u2àu , ')e+ g{Jc(Co,
- C,, v2 ay P

-a +v;-º- = gfJCTw -Tc,,
Vt VÔy

'.\1ultip\ythrough by?
r znz11

.

')
a2u ?-

a f3c(Cw-c,Dc+-- 2p
·

-2: _ !2;? _ vg(J(T;,,-T;.)0 + ? ay' µº

iJt ?eay....,. u?
o

since v, "" -Vo

( 3.5)

10



From (l,-'.
/??

Be' _ :{f-t1 2 ,
,

-+. '"_"'_i',t?.
a e

K •(C' - C )

a, >Íf' -"-·= Dm-- r "'

t ·•
' ay'z

.

.

a
.

( - e;., a zc
I

•.
(C'

- (
')a e - c. e 20 ?-- ( 1c (Ú

'"

e ?--Un rn
12 0yz

at
- Uo Vo V éJy

l

V

?

-?ºY_ !.-k•rC
V ÔX u¿

I

·i

I

\
I

i

I

I

I
I

11



where

ac ac a 2c
--,l-=---k'rC
at ay ay2

(3,8)

• 3.2 Mcthnd of solution

Equations (3.6) to 1).81 arc c(lup\ccl non linear partial differential equation and are to be solved

by using the initial and bL1lmdar, concliti,1n.

I-!own•cr c:-:act ,o\uti,,11 i, 11<1\ pll,sibk foi 1hi, sci c,fcquation and hence we solve these equation

by using pt:nurbation rncthl>d 1_)f -.._,,I\ in? ddli.:rcntial equation.

The equivalence perturbai ion method scheme of equation for (3.6) to (3,8) is follows

from

c)v OH O 2u
- - ),- = -.-, + GrfJ + GmC- mu
rlt ây dy

(3.9)

du
ôt

au

ôy

Subsntuting into (5)

(3.10)

u;+ Wb - MUo = -Gr0o - GmCo

12



SL

:, "'"' cc tm1,1 ..

xu;lY) + Cr01(y) + GMc1(y)
-

Ml.l1(_v)

iii'. I (,11 111)U1

l3.IIJ

pr
- (/)U + <jlC

·!)

1

?.o; = -- o/,' - 000 + Âc0
pr

¡L;Jli1,J:, :!,r,n1::h by pr

i'.Ln1

hy pr

13



111111111-
1-1

u;' + Àpro;
- (0 - in)pr01

= -ii.pre¡, since (0-in) ;fJ

,,;• ., :pro; -- f,¡ir01
-·

--,pprc:,, ('.1.14)

:

1·¡
I [ :l I,:?_ g)

,IC ª-?( - I,. re
i)

\', I cíl(_\'I \ t:C:1(y)ei11(

¡_)(_·

11:?:cl C.:111t

¡·(.!('¡/;I

d¡
+ rc;J(y)ein!

,I 1li1l/ Ílllll ().?)

I

.1r;, 1., c{'cY!
-- ScKr'(.'0c.vi

\!l,Jlip]yi11¿'-lhruugh by Sc

i /S,·C/, + .)'cf( 'r

·= ()

(:US)

U!C;{y) ¡{_':i'(;(\oi)

1

-- C" I" .

Sc •1(yJ
- , rC1(y)

\li1!:i¡1[yi1·1l)· tlH\Hlt?-h by Sc

I
Sci11L1

== e{' -ScK'rC¡

C;' + ,(Sec;' -- (J('r - in)ScC1 ,
Let (K'r - in)= <fl

:111



u;;+ }Ila - MUu = -GrOo -
GmC0

o¿' + í!pro:, - 0pr0a
,? --.{µrc0

(·•II
'

• .
'

I

()

I IJ

,::,• !· .,sec:, t- .l'cl<'r = O

l :s¡ng mdhod suh'ing characteristic equation

-!iSc ± J (}tsc)2 -
4(scl?'.:

2

-,he
2

.l /?;0·ci?1(5c?c)

'/
1·

-Àsc
_! n1• M, = -ii.Sc+ n1, Mz

= -,1.Sc -

n1

15



(:l 17)

/\ppiying the h,>undary condition

(' I. cit
_,·

()

I

ri

ii imp!ie J\1 + J\2
= 1 (3.Hl)

u

(3.19)

Sui>'->LÍdllÍ\l¿.? ,\: it1\.u t3.17)

?ulL1iluti11?•- tl.lX) and (3.19) in t3.l7)

e ·lll,'y (3.21)

l-'n.·111 1.\. t _?)

:.,cl,''. - ,¡,.l'c(,'1 = O
,

a = 1, /J = ,\se, e= <psc

M '.

, AScM -
<pSc

= O

'(l.lcF - 1(qJsc)

l
,
since ¡c;tsc)l

·- 1(,pSc)

?

.

1

.

14.,
= --ilSc -

n2

1\pplying the boundary condition

16



ll

0ucly

Eu - _Z_, - = ºw' Eu+ __ z_ = sw
.1dy-- .uiy-

i'.

u:f;¡
-

-,
,_

7dç;;;=-,I,-dy)/' \ ,,!v

.1dc¡) = :i'.,dy ., q' ¡
= v' o= -"lr/J-- ¡,vl(ir + .-M1

( 11:-cl UI u--z-tl ¡,ui, ( e;:: ,_l i1111]1711]cqn?

o = Fv ....
-:_

· 1

v :-'v tl

'O 1--:)

(F?.T) l = •v + r.v sa¡¡duu s ,-1)'

iJ

( I' ·; J



SuhslitLllinµ inh1 .?.12)

o.,

(3.29)

(:UO)

c:u11

:-;ubsti1uti11g t.,.30) in (3.28)

(:U2)

h\!ll\ (3.13)

a= l,b cc. Ápr,c = {]pr

.

J(;\pr)"-4/lprsmcc
?

= n4

-Àpr
Ma= -2---n1

18



61

(On:Jmo.¡.¡

(Ç£"f:) li\ i/,l'f) ,lllllll)i)S'lllS

UJ <·· ¡(SI),
1J

'
.

(}

o,?¡( JlJ '¡ (I

u0t11puo:i Ãrnpunoq .,q1 ?111i¡ddv

Csn:J

(£1 "U um111nb:- n1u1 illl\1111\!"\llS

111:1

º'v = .1rty .. a.111¡s

\

I



U
11

" u?+ J.U b
- Mu a

= o

otJ)

l 1sc 1nc1iw<ls
or ?olving. 1:harad.:ristic .:l[uation

M' + ,{M -- M = O, a= 1, b = f.., e = m

-,í"}_)'i ?--1\(711)
-?

??
since?--¡--·

=
115

(3.:l?)

Uu,v11',
·- Gme m,)' ,since - Gm= /113

?ti-,-:•.· ,;tii:t• intn ('J) ,rnct divicling hy cocl'!icicnl ol'Au

Gn1

1\1)-:_ -¡¡-;=-; ('.HO)

·· -r;ro0

1.

I
I

since c;n1G "' JI e• lH ,ne - Gri\ = J\7 15

-

11: .-¡
e )fl¡,y

I

(3.11)

u;,'r_y)P·,
= M'i\ m

,. 6 14e
-

by

20



¡'¡1rt (9) .and dividing by cocnicicnt of 1\1,
"

,ijt
I

o A ,o
t, A o+ A e + 15?

11¡!
13e 11

-Gr01 - c;Mc1

?u -O
...., 1

-

. ._:quanon,cncous
, \ving hon10&

11).othod ofso

;. 21
,,,

.i':.'

(3.46)

{3.47)



since - c;111 = t1iu

if>,
and di\'iding by codfaknt or /\ix

,
/,et - GrA9 = A19, and - GrA10 = Azo

and dividing by cod"licicnt or /\1•1

(3.50)

(3.51)

22



II

-m
A -mey + A e-'"•v

U
- A em11y + A e-m,,y + A18e •Y + 19e 20

·

l(y)
- 16 17

- Apply the boundary condition

u==1+eint, y=O

16 + A17 + A18 + A19 + A20 = 1

U-->oasy-->oo

A16 = O

Substituting (3.52) in (3.51)

Velocity

U(y,t) = A,2e-m10y + A,3e-mzy + A,4e-m•y + A,se-m,y

+ c(A,1e-m12y + Arne-m4y + A19e?may + A2ae-m•Y)eint

Temperature

(¡ ·,1,

(3.54)

(3.55]

I

I

·,
I

!

Concentration

The skin friction, Nusselt number and of mass transfer ar? impon11111 pltv,;1,·nl p,1rn111s•1,,1 h•i 11,,.-
of boundary layer flow.

The skin-friction at the plate in the non-dimensional give by

23
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-?Bft'ect on
Mugnctohyrodyn» :

(Mti ...
_ _

.. ,
.,,.>

-, e
·•«wi) ·i

.

lormulmed analy?.ed and solvo1/:4¡fphysical paramcrer,
numcly y· .

I ..

· : -
. . isco-e ashc Jl¡ff;?

meter Q. I henna!
Cirashofnu1nbc1· C'r M U h f'· ass rasoumber Sc and Cl •

·

..
• .. ·lc1111c.i/ rc,1c11un

¡x1ra111c1cr Kr. on Ll¡c IÍow.ow field arc carried uu1.

has been studied and presenteei in Jigurc ,u, to ,i_<J lhe velocity profiliiF¡¡¡u
values or magnetic parn,nctcr (i'vl,

1.00.2.00J.00.5.00) and is
prcscnl?¡(1E graph WC <lbsenTd ih,!! 1·docit_1 is increase with clccrl'asc in mag11im

'.·¡,_,l_?P.:ity prolilcs is studied 1,1r ciilkrcnt v,ilucs of' /\lass Grashof
num?;,?,>; 8.00) and pn:scntcd in ligurc -l.<J it is observed that the velocity incr?)

·,

... I,'-krl"S Grashof number the prolilcs studied fr,r diJkrcnt value of

moditllít{.f_f
j¡'

·
· .

I 8 1· h '-,;.._'it,,,
::?1.00. :UJO. 5.00. (k :LUI/) and 1s ¡,rcscnlcd m l1gurc ·. rom t e

grupn"l'''(::· ?-. _fi?)CÍ(yincrease with i1Krc,1sc in modilicd Grnshol'numbcr. The tcmpcrntt1rc '·\r-'¡,
1,

•

d
.

1•
.

, ,¡ ,¡ 10 4 5 the effect temperature for dillercnt'¡:tud1cd prcsenlc Ill igu,c · ·

.
. . ." 00 5 00) is presenlcd in ligurc 4.5 Imm the grnph, l! is.. (Q=l.00. 2.00, .,. • · ·

. . ··.. ,.
¡

,.

'

.

1·1 lcm¡iernturc proJ1ks for d1llc1cnt i ,1 ucs
'. .

.
•

., .

·¡J¡ decrease 111. ieI-Ature mc1 c;ase WI
. r" ·e 4 ,1 we obscn cd liüm thel " 00 7.00) is prcscn!cd ,n ,,w .

. .
¡{Pr =0.71. 1.00. ·'· ·

.. '['lie \crnpcrnlurc prol1ks h,r.

.

.

I. Tl"lSC l'nindtl numb, I .

. .rtitUrc increase w1lh ( cc ., .

" 00 '00) is pr,•s,·ntcd rn l1gurc
I

.

, ··unclc'r (() 1.00. 2.00. ·'· . ..

.fí.e hc,it absorplIOn p,u'
.

• ,i·ith dee reuse 111.
r1-, ·

· ·

1crca!'itn?,:·,
I

, 1cn1pcr,11urc ,sit ~

?'s
observed 1hal 1 ic

.

1
4 , the cl'Jccts ofI ·

Ji ,urc •!. 1" ..

.
·

. 1rcscntcd m g
.

, Is.-._. 1-1, I

. been sl11d1ed is
I

(' = 1.00, 2.00, 3.00, k00)
11 ;pro I c ms

.
.. ¡¡e(cr 1,/.

.

¡· Visco-d.:1stu: pai,ll
,.L. iw:r-.:¿b¡_; with ,1i...·cn.:1.1sttffércnl value O

. ilw 1c111pcra\u,
_

T. .
.

s obsc·1·vcd th.ti
.

. nnw1cr I Kc 1).)0, 1.00.
I I

.

l

. "rnphs it ,.
.

I
-c·1ctwn p.i, .

.

:; lrom tic "
. of' cbcmic:1 I

'

lhe 1cmpcu11urc is
.

. .
.

.

lforenl value
.

.
.

l
served thcil

. .,
h:ntratwn to, di

.1ph 11
;:; 0 J.

•

1 for cl1llcre111
>>

.

··on1 1hc gr?
- ·,

·1
ofconcl'ntraurnl'i'l.tld in figure: 4.2 11

., ctcr. The cJlcc
;<

. ·caction p(ll,1111
IIÍI'-'." in ehc1111cal I

??
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?? Olt111.11cco-,

I;'.

-r?

1/t?ct of visco-elastic parameter on nusselt number

j

;
I

,,
__J------:::-:-:::------_ - ' -- + 7

'' •-
__I __ --::-:-_ -=-:/=- -

--"{= I

I
3

.
1

2

Distance (Y)
. concentration.

h rnicals reacuon on

h values of e e

- effect of increase t e

I

I

Kc =0.50 l

=1.00

=1.50t=3.00
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Dlrtancqy¡

effect of Schmidt number on concentration.

-Pr=0.71
-Pr•I,00
-Pr•J.00

Pr• ?.00

,,

.... ,
. -?---------

?- ..

,

:1..--
l

D!stancelYl

Perature.b 011 tem
dtl num er

effect of Pran

---7
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effect of heat absorption parameter on temperature.

I M=tool!
-M=2.00
-M=3.00

-M=5.00L---_

J

Distance IYI

on velocity,
. arameter

effect of magnetic p
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I

- j"=--
2 3 4

Distance (y)

5 6 7

I'
1}!:ffect of viscco-elastic parameter on velocity in the absence ofradiation

'f.ametersoret number and chemical reaction parameter

11} I

-Gr•1.00 -

--Gr•2.00 _

-Gc=3.00
- -Gr•5.00-----

I?
¡I

II;,.il

I,,.,1¡'_,;'-,

¡lj!\;.,
'.

?.'-?--'\.??
lf,1

?
•

J

ll!j ' o1,1anc• IYI
ber on velocity.

effect of modified Grashof nurn
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Oistance¡y¡

I'.'

);ffect of the mass Grashof number on velocity
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CllAPTEk f1W

"'-'f'-"if
? We ?·iíllaptc-r

two with lhe !iti:ralure n:view.

go?i'lbc lln\\·. h's th,: prohkms is govi:rn..:d hy:
?%!!

,·,,1,¡Mit 1w11i11,,·.1r sy,h:111s ui" p:1níal dilkr..:ntial equations (pcli.:s). dimcnsiumll quanij¡):""il
,;,.

inimduccd to tr:,nsform the purtiul differential equation into ordinary dilll:rential IÔIJ.J?.llj.\'.3?
íod?s,}, and th.- equations ar,: thi:n solved using lhe p..:rturbalion method. In chapter fouf

;-.

'
,, n,m,·cical ccr,cso>1«li.m ,.,,. diilCreOI "''"" or "'"'"'·

,. 5.2 Conclusion

? .. le intrnducliün of th,·. the aims and ?VC'.¡"·.....:n:·-•

.'.,?1ftk-r !i-;,._• \•,·,., :- ... 'l' the st!rnlllíil)'. conclusion. 1\:!'en.:nce .

We ill\cs!igat<:d the MIii) rn:c convection flow ofa non-Newtonian !luid past an impulsively

s1:1rtcd vc1·tical plmc in the presence or chemirnl reaction. thermal diffusion, radiation absorption,

. n,,rm,d radiatiou. and heat absorption, with constant mass llux. the gov..:mi11g boundary layer

i c4uations arc formulated with appropriate boundary conditions. The governing boundary layer
-

cq\rntíon i:; simplified and non-dimensíonalí1.c:d. The dimensionless cqmlti\ms arc ;,olved by

the linitt: difference method. the effect oi' various physical pai11mctor such 11!1.!0mshof

(Ur; nmdifü:d (Ge), magnetic licld parameter (M), Schmidt number (?c)iPnmdtl

(.pr), lwat absorption parameter (cli), chemical reaction parameter (Ki-}? considel'ed M

;nnkss velocity .temperature ,and concentration. Computation: o,n the variatíoti' ¢;,
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Ill

an increase in ma?¢
parameter while it

increases with an inrn:usl.! radiation absorption p
·

?·'.;.??

nwnix!l''ài'ld hc::11 :1hsorption parameter.

'.:J

.:,:t.Concentration incn.:asc with an increase in sorct munbcr whik it dcm:ascs with Rh 11.
-

'"
,.,JSd1111id1 numhcr cind d1crnical radiation parameter.
'"·J

with an incn.!:1sL' in
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