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Nomenclature and Greek symbols

Kr = the chemical reaction parameter
w =A frequency parameter
Gr = the thermal Grashof number
Gm = the mass Grashof number
M = magnetic parameter
Dc = mass Diffusion term
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
o = A frequency parameter
p = the fluid Density
t=Time
¢ = Perturbation parameter
Bo = the magnetic induction
B = the thermal conductivity
S¢ = The Schmidt number
M = magnetic parameter
Qo = the heat sink term,

k = Thermal conduetivity




Abstract

Chemical Absorption Effects on Magnetohyrodynamic (MHD) convection flow through v
ertical plate with mass transfer is investigated. As the problem is governed by coupled nonl
incar system of partial differential equations (PDES). Dimensionless quantities were introd
uced to transform the partial differential equation into ordinary differential equations(ODE
s) and the equations are then solved using the perturbation method. Graphical representatio
ns of the numerical results are illustrated in Figure. 1 to Figure. 9 In this study, The influen
ce of the effects of physical parameters such as Prandt number, Schmidt number. thermal
Grashof number for heat transfer, Grashof 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.
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I'he term pertwrbation methods refer to a variety of methods to prove existenice. uniqueness or

ceoularity for equations that are in senses close to an equation that well understood. il an
cquations can be written as swm ‘of well understood equations plus an extra lerm (perturbation
e is small with respects to some relevant quantity, then some time a property of the well
ardersiood erm ean be translerred {o the original equation. Williams ef al. (2010).

cection cannot take place in most solids because neither bulk current flows nor significant

Ailtusion of matter can lake place in rigid solids, but that is c Iled heat conduction. Conveetion,
Fenvever, can take place in soft solids or mixtures where solid particles can move past each other.

weetive heat transfers in one of the major types of heat wansfer and convention 1s also &

aode of mass transfer in (uids .conveetive heat and mass (ransk

15 take place both by
Leion the random Brownian motion of individual particles in the fuid and by advection in
wliich matter or heat is transported by the large-scale motion of current of {luids .in the context
weut und mass tansfer, the term convention is used to refers to some ol advection and

sive trnsters. owever, mechanies the concepl used the word convention is the general

«« and diflerent type of convention should be qualified for clarify.

ilied in term of being natural, foreed, gravitational granular, or thermo

Cunvenlion can be qua
Letie it may also be said to be due combustion. capillary action. or Marangoni and
enberuer elfcets. 1leat transfer by natural convention plays a role in the structure of carth™s

sphere, its oceans and its mantle. Discrete conventions cells in the atimosphere can sce as

(oo, with stronger conveetion resulting in thunderstorms natural convention also play a role
Har physics (Cengel and Yusus).

Satement of the problem



soverning equati 5 T @ S AP
¢ poverning equations in this study are the continuity, momentum. enerey and diffusion

wiiony. where the veloelty. temperature and concentration fields are to be determined: Also

L boundary conditions were modified.

1.2 Aim and objectives of the Study

wm of study is 10 examine Chemical Absorption Elfcet on Magnetohyrodynamic (M)

ceetion flow througt a vertical plate with mass transter — analytically using perturbation

b he objectives of the study are:

nslorns the dimensional governing partial differential cquations (PDEs) into non

Caonal Lo using some variable,
. o ubtain analytical solutions for the velogity, temperature and concentration.
[ compute the skin [riction. Nusselt and Sherwood number coelTicients.

| evamines the influence of thermo --physical quantities associated with the low, with the
o preaphs and tables.

4 seope and Delimitation of the Study
- research work mainly focuses on heal source and mass absorption elfects on {luid Now and

¢ extent 1o other kind's fluid.
i “ivnificance of the Study
i1y research work help us to examine the influence of thermo-physical guantities associaled

0 1uid flow with the help of graph and table and obtain analytic solution for the velocity

serature and concentration.

Definition of Basic Term
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CHAPTER TWO

4 Review of related hiterature

rostudy o radiation and heat absorption effect on MHD convention flow past a vertical plite is
diraeting the attention of many scholars. Fluid flow is one of such that has distant feature and
usiration recently. So far the flow, the shear stress or magnetic of fluid needs to exceed

1l shear stress, or else the fluid we have as a rigid body. this kind of luids can be marked

« o purely. viscous uid with high viscosity low model is based on a structure model 6f the
deractive behaviors of solid and phase liquid phases of two phases of suspension .50 the famous
ke of tuid Nuids Mow include jelly sauce, tomato. honey. soup and concentration {ruits
Husan blood ean also be treated as a fluid Mow due to presence ol several substances such

i+ librinogen. protein, globulin, in aqueous base plasma and human are cither obtained by using

o nriate methods or by any numerical schemes.

¢ e nany case in which the exact analytical solution of Tuid Mow are obtained. Vajraveiu
1l Mukhopadyay (2013) studies diffusion off chemicals reaclive specics o-n [Tuid [Tow over an
Lsieady permeable stretehing surface Das ef al. (1996) analyzed [uid flaw in pipe filled with
weneous porous medium Hayat of af. (2012) investigation effeets on mugneto hydro
e of Nuid Mustaly ef af. (2011) analyzed unsteady boundary layer Tow Ql‘.ﬂii]d due

(0 impulsively started moving Hal plate, Mustala er al. (2014) discussed staghation point low

Ltransler ol a fluid towards stretehing sheet

Led
L aneleses of @ boundary layer (low ol a unsteady heat and mass transler NMuid has ransier

s has been the focus of extensive and research by various scientists due to its importance

. 5 y 5 e el o exlensiony o several other §
o continuo’s casting glass, blowing paper production, polymer gxtuwmm el several other one
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CHAPTER TH-REE

3.1 Formulation of the problem o !

1 i
Consider the flow of viscous Incompressible, electrxcall :
%

conducting, viseco- e}a.st;e(, second
on fluid past an unpulswely started

presence of homogeneous chemical reactmn thermal
absorption and heat

arder well-know, non-Newtonian fluig namely Rivlin-Erjcks
semi-infinite verticals plate in the

radiation ;thermal diffusion, radiation
absorption. The x-axis is taken along
| e

late in the vertically
e hosen normal to the plate.

upward direct and the ylaxis is ¢

Initially the temperature of the plate and the Muid is assumed o beTL, and  (HEVSHEERSIN

coneentration at plate is C{, and in the fluid throughout C., are assume, At time t'>0, the pi&ﬁé -
temperature is changed to T} causing convection current to flow near the plate and mass is
supply at the costant rate to the plate and they started moving upward due to the!impuls_i\&a_
motion, gaining a velocity of w,.A uniform magnetic field of strength By is applied in the ¥=
direction. Therefore velocity and magnetic field are given q= (u, o, 0) and B= (0,Bg, 0). The
mbemn slightly conducting the magnetic Rey lwds number is much less than wnity hence the

induced magnetic field can be neglected in comparlsgn with the applied magnetic ﬁeld ‘

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

Equation of momentum:

aul " (3.1)
i ‘~93(T’ TL) + gBe( €' Ca) + av-@
Equation of energy: ‘
: | | (32)
pcp(%._Jw, ar’ )= Ji__Q T (C'=C0) |
' ‘
Equation of concentration: }
de | | (38)
el |
T 0 < - Cl) -
dy’ ay” |




-ef the ﬂuld al
ong the plate in y* _ directi
lon, t' —is the !

gravity is the coe
fficient of volume B*is the coeffi
cient of the

concentration 'Asthet ratur r the plaf
3k 1

& €Mmperatu eofﬂuidnea th p] {
C s the species entr r the,cl, is

m ﬂ\]ld iz way
far awa flonl the plﬁ[ﬁa.\ 8 kllletllallc HSCOS“E?

: lastic pa ¥
memaﬁﬂw tic parameter.d is the electrical conductmty of the fl <
€ 111

e s 1

\Mosg_y ofﬂmdD is the molecular diffusivity Dl is the thermal diffusivity Qg 18 t
ot F K al diffus 0 s

Jsink. @, 1s the radiation absorption parameter e is the chemical reaction paraim

velocity of the plate.
The correspondmg initial and boundary condition as fallws

u=liEelEgt y—=0, u—0 asy—®

g=1+teetgty=0 6—>0asy—>=
c=1+ge™ aty =0, csDasy—>®

On introducing the following non _dimensional quantities

' 2 ! - = o
u:u_,t:t'uo y:y'uc g_jji Pl
Uy - ’ Ty TDD ' C‘:"_Ccﬂc

In term of the above non dimensional quantities equation (3.1) 10 (33] el

From (3.1)
Qu_‘l pdut V agl _r———~§ugsgul
AU gB (T ~ T2 4 gBe((C'La) TV 3y ™ 0

yudd *u_opeBerta

uddu 25
L U iy
vt ””fl?a = gf(T, — T8 + ghe(Ca = Ca)C 2 3 P
Multiply hrough byi%
= 5 . e
- ugB LT zgfi(,——r—L 2z 'V ’:f;ED“ ! i
£

10



62

a l?-wQ“(T =T +Qy ‘\( =

(=190

‘)
e UV, pcp
( v (’)f

T a 9 ‘
— Qo(T., = T2)8 + Q1 (Csy — Ca)

ghby o7 (T = o)

By v 0:(€y =L
3 u%pCP u;%pcp('ﬂ;—*'ﬂ,'.)

Ql(,C(‘.AJ'C")

v =

P e W pen (T~
i
! 0@ + ¢
| K y‘(C' = Cao)
i _ pde ¢ i -
| i el s ugDm—“—-{“‘ o re(Co~ o
: v
} v
‘ (C;,—C;j)
\ v
| 1 i

11

it



3.2 Method of solution

Equations (3.6) to (3.8) are coupled non linear partial differential equation and are to be solved

by using the initial and boundary condition.

However exact solution is not possible for this set of equation and hence we solve these equation

by using pertarbation method of solving differential equation.

The equivalence perturbation method scheme of equation for (3.6) to (3.8) is follows

From

&
% = 1@ = u-»— Gro + tml —mu (3.9)
at gy dy?

Uy, ) = gy + Eane™”

= iwiyne’”
au ' F ol iwt
o~ Bap T ERIGL

2
J"u i vt
372 = Upyy T E)?

Substituting into (3)
; ¢ Ly = 16y + 6 Gro one™ + GMcop i+
iy e’ — Ao T Agwy gy = o) T EVD) + GrBoeyy + 1) oty
i " int
eMuyge™ — Miow) ~ Mty
£900 = )}LUE; i Ué 4 Grly + GMCy — MUy

(3.10)
Uy + AUy — MUp = ~6rf ~ GmCo

12



oIt i f1~u1(y) e C'Pgl(y) + GMc](y) = Muy

gE f(-l "
R IS e EMEs s e

Uy A = ol = —Gro; — GMcy (311}
i i) clies)
(37}

D e - 00 + e

oy pridy®

ey R N

“i) i i i
- =y el e ™

substiinting inta (3.7)

iy AV — Aetye™ = F)l? Ay + ;IFEUI(y)EI’II + 00, — £B0y e ™ + ey 4 edeype™
4 1
e Ay = JJ; 0y — 90, + Acy
jultipsly i through by pr
gl Apris — ppriy = —Apreg (1%

] 1
gett = indy — M) = —8y — 90, +dcy
pr

[Muliiplying by pr



L
& = (Ut — 4.3) 207" 2098( — 43 = 298 + 150

V. Y98 = ke = Iasy S

pestgl

‘ u \,: \r":a,
(g, ~ w = hoe i

=

TCDC o}

2

(g7¢) ot

(7 pom sl s A
e Rk ) i

tr
@k

Ma?O 1y 4 ! >.,:.q

n

Toudd— ==

Fouacdyf — Hpd

g= (w—-g) asus ;u&&&l =

tgad(i — g) - Toudy + A8




£ ASel = 0ScC, = 0

(3.16)
Uy + A= MU, = =Gréy ~ GmC,

(3.11)
Uy 4+ Ay = U, = —Gr0, — GMe,

(312}
0 + dpro, — @pro,

= —Apre, (313)
By Aprt] = Borly = —Aprey, @14)
G ASeL Y SeKTr=0 (3.15)
G+ ASel) — pScl,

< (2.16)

from 3, 1)
G ASeCh + ScK'r =0

1sing method solyving characteristic equation

(o I

M? 4 seM —scle'r

—A£S¢ & +J(Asc)? — 4(sckr
2

—Asc | /(ASC)? — 4(s¢cd)
e
N

My = —ASc — 1y



Copn) T N

Applying the boundary condition
(= T Ly -0

1=Ae" 4+ Ae! it implied, +4,=1
e Uy p— o

]

=AY+ Aye™®, it implies Ay

Substituting A into (3.17)

Substituting (3.18)and (3.19) in (3.17)
r,’,m_‘.\’ - g Ty
From (3.13)

G ASeC] —@Sel; =0 ya= 1, b = Asc,c = @sc

M* 4+ £Sch — @Sc =10

154 7 - A{psc) ‘
e sinee -
: y
IO i T My = —ASc + 1y, My =
o = AgelTiii= 4,0 My

Applying the houndary condition

4(pSc)
e = L

£3.17F)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)



L1

2ty = (g

Ay
s 140
B = idv — 22u1s Lo ﬁ_fd( e Ll R0
Oy = M0y

{Lee) oy 0 F R @ = 0D

3 7 ; 4 el e e
€5 — f L It E = Smar L
ady— a 3§ ey — & rely—
ri} v Z
U = ——————————| DIUS JEIE s S
(1dg)y — o (4dY) adg)y — o(4d MJJ-‘A e

dp=oudy=q'T=0" 0= adg — wady +
onunba ASUSIITIRYD BUIAOS POLIAIL 5]}

i

0 = %guadg — %o+ 0 = BAAR

egudy— = °gdg — 2nady 4 00

(gz°€) Gl
(1779) W (Fg¢) pue (v g) Buymnsgng
(52:¢) 1=y

(TTE) Ul (077 ¢) Bulniisgng

e t) 0= a=’ Py
e A s 0
(gze) - I = 'y 4 &y sandun s, ' n’)"v 2 D;JYV =1

4 Sd




ey
" = -‘M'}fl"l' 4
(5% ¥ i e

3 May
#e = M5 Ase L
Oa\,\'}’) #

‘Suhstituting into 112

> ));)Tmi — Opr

Uu‘_}’_»h il U(:\_)’jP s j.lse?”gl\‘ e AGB"""’ + Aqe “May
0‘) = )1(;[,7!“\ & .f\“\‘.’_"”“-" + ATL,"H::).

Applying the boundary condition

] pal vy =10

L= Age” + Age® + Age®, it implies As +Aq + A7 =1
[ IR o B S

(= At Y- /1(,(' S :'\78 m./l =0

substituting (3.30) in (3.28)

()m:" = ‘4‘18 Ry A.;L,—mzy

From {3.13}

0+ Apriy — Bprih = —gprey,

typh = 01" + Apro; — fpri=o

MY AprM —fpr =0 a=1,b=4pr,.c = fpr

Aprbd Apn)=aBpr) : Apr)?—4fpr
RSN Y (e T

=Apr —Apr —Apr
g tr, My = -—;;—- + 1y, Mg = F

— g
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(3.28)

(3.29)

(3.30)

(3313

(3.32)
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= 0Ty 4 by By
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0?0 + 20 b et

0=~Amw =0

TonIpuod ALpUnog Ayl Auiajddy

5 : e AT
(5g€) ey SO A oy B0V ke 27 = a

B oo AN (4L
Ao ERATA ‘R111—76V+ K@V = = gthg Tty

Jdg L’wr{v nu
uiL

{(peF)

g Funmnsung
(g17¢) uonEnbd o SUIINEINS

ay i = g

"("m
P W a9ty
P L dt*ipg

Ol ey~ SR
L audy— = it
yudy—= g

@SV = 11'(’”10

3bV 4+ Lt

L~
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L)

: 1 haracteristic equation
Lise methods ol solving characterisiic eque

M2+ &M LM =0a=1b =£¢c=m

{0 1h Ginly

Unii- Gme My since — Gm = Az
Uiy st ey

) e My A qe 12

Hil 4 2 gy
Yol MyAse !

Quhstitating into (9) and dividing by cocllicient of Ag

Ygupyps = —tirlly

gty = —Gr Age Mey Griye My
since — Grdg = Ay, and — GrA, = Agg
Uogppa = Apge ™Mo and  Ajge ™2y

!
i el e 4’1‘1(‘ Mgy
! i
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r ‘ i I
UoPz = ~Mghype ™6, Uloaps = MEA & ey

(3.39)

(3.40)

(3.41)
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9' a.and d \‘ldmil 3 CQLH'[C'iLTu Oi A 5
J 3

0Pz = A rign
ey + Al:’ﬁ Moy 4 A

4 13€ﬂ"1y o

+ Aype T

oMoy 4 Ao
1@ T e
] I Alf’,(fh Tilgy

condition

~nitzy

gy + A1s€

.+ Az + A1a®

-

oo, - Mo

mogencous cquation

hod of solving ho
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since — Gm = A,y
'
Uy oy = mAyge” ™ U [ \ b
; TPy = —miAge

and dividing by coelficient of Ay

gy — Grie™ ™ et = Griy = My, and = Bnfg =

ﬁm-ﬂy LlTLd A?.[)E-'m"-”
T e ~ Mgy
d P Ul b miAge

A U{(y)'pz mgfio€ ; P

11), and dividing by coeflicient of Aw

mi ity
gy UH )Pz o ZA-M)(} .
Ul Bz = riaban® ) "

1) P2
selTicient ol A

), and gividing by ¢




S
-~ Mgy # ﬂm" o

Uyyh + UsgyPr + UrgP2 = Agge™> + A ey + Agge T 4 Aggl
1)

-y “Migy (354
U o) = Alsgmlly + A17e_m12y +A189‘m4y +A19£’ By + Azge ’
<k
Apply the boundary condition
g=d+eitt,  y=0
1= Age° + A6 + Ajge® + Ajge® + Aye”
(353)
1ot Azt Ag Tt Ag Ay =1
U—oasy—w
- - ]
0=A5e" + A7 + Ajge™ + Age ™ + Ay0e
(3.54)
Ag=10
Substituting (3.52) in (3.51)
Usyy = Arge™ ™2y 4 4,027 + Aj9e7 ™8 + Agge ™Y (3.55)
Velocity
Uiy = A28 7107 + Age™ ™2V + Ay o7 ™6y 4 Ay ce ™My
¥ E(A17e-m1ly + Agge ™y 4 Alge;may + Azue—may)el'ﬂf \3-30‘
Temperature
By = (Ao ™™ + A7e7™2v) + £(Age ™™oy + Ajpe~May)eint @asD
Concentration
Co,’t) = (e—?nzy) 4 g(g‘mqy)eint \‘ &
The skin friction, Nusselt number and of mass transfer are important physical ParimeeD o s

of boundary layer flow.

The skin-fiiction at the plate in the non-dimensional give by
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are increases with un

increase radiation absorption pa

ckert number while gy deereases with an inerease in radiation p

nunberand heat absorption parameter,

3. Cancentration inerease with an increase in soret number while it decreases wit

Sehmidt number and chemical radiation parameter.
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