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Abstract

e —————————————————————

The collective effects of variable thermal conductivity and radially applied
magneric field on irreversibility ratio of a steady reactive third grade
magnetoliydrodynamic fluid flowing through a uniformly circular pipe with
convective boundary condition is presented. The governing equations were
obrainable and the resulting non-linear dimensionless equations were solved
numerically using Galerkin Weighted Residual Method, The entropy number
was computed from the. obrained velociiy, temperature and concentration
profile. A parametric study of all parameters involved are presented graphically
and discussed. It was observed that trreversibiliy: due to heat transfer
dominates the flow compared to fluid friction, magnetic parameter, Dufourand
Biot numbers inhibits the Bejan number while Brickman number and thermal

conductiviny, Joule heating parameter enhances the Bejan number.
4 ,
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1.0 Introduction
A rezsonzble imerest has been shown on the study of magnetohvdrodynamics (MHD) flows incyhindrical geometry. This

has be

nponznt applications 1n biological and engineening industry such as reactuve polymer
hetic s. paper preduction and also 1n absorption and filtration processes in chemical
¢s of reactinve fluids through pipe at low Reynolds numbers has long been an important subjectin

ngzineering and science.

p ,?e viscosity fluid 1n a cylindrical pipe with i1sothermal wall was studied in[2]. reportimg
thermal 1emimon cnticality conditions on both Frank-Kamenetskil and viscous heaung
y solution n:r__ Homotopy Anzlysis method on the effect of vanable viscosity and viscous
i1y of a one-step exothermuc reactive non-Newtonian flow mn a cylindrical pipe assuming
was obizined The effect of radiation on unsteady MHD flow of a chemically reacung Nond
finite difference approach was exammed n [$].

e tendency of @ matenal to transfer heat and 1t plays a sigmficant role in coolmy systems
temperature. The studies in {3], portrayed the effect of vanable thermal conducti iy,
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on Now and heat tans ity

of thermal radation M Visegol,

i L presenee noveleraie '
cintorm heat souree and dissipative heat the e , sed that radiation acey lerated the hear ang e Wi
Tnd over astetelimg sheet with extermal magnetic field: 1t sias N0 o The rescarchers m [6Lconsadered \.|' " 'y
' L8 c . noces < ISCael,, .
vadiation should be at s mmmum m order to facilitate the roglég I-ll onductvity for prescibed surface lempey, g
model over a stetching plate and heat transler with virable thermia ll i i [7] was studicdunder e ||.|f|ltl|c iy
presenbed heat us A two dimensional non-Newtonzn second gy peation mto the elfects of variable e ol of
i Y g vesii ‘ 5
emperature dependent viscosity and thermal conductvty. In l:\l"l”; ”:n It was observed that the veloeity profile le i
| i Cawere cined o s : et
thermal conductviny on MHD Qow past a vertical plate were cin iy,
with decrease of thermal conductmaty paameter. lesien-related concept o entropy gencration nmmunzation |y, b
Fhe thermodynamies second Taw analysis and ats design-reli | were mobivated o study fandinmnenty) i oy
) . : WL ssedrchers we \ L ' ;
comerstone i the field tansfer and thermal desigen. Several rescineh Pl

production ol entropy resultme lrom combine Cleey.
Sy

engmecenng problem based on second law analvses, due 1o th '

1
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L'llllnp)-
AT g

odvnamie meversibhiyowhich s commaon, mally,
. ¥

s i ' 2 y therm
veloaiy and temperature gradient, Generating entiopy 1s tied 1 . ,
clog ¢ P Ul ! | colid s ture flow i a Prpe watly \“_"k‘f Vistus

- : g e qe a Nund-
tansicr process: Entropy gencration rate m [ 9] weie considered fora i _
" c coolmy. vanable viscosity and suction‘mpection on e

model The combimed effects of Navier shp, convective
v rougeh o chiannel with permeable

ceneration vate m an unsteady flow of an meompressible viscous flud flowm
studied i | 10]

In this paper. the motvation comes from a desire to wain more understandime into the applieg
magnene ficld and Hall current on the Gow of chemeally reactve thind grade Tud The aelevant vovernmg equano hive
l'-m:n sohved numencally by Galerhim Werghted Residual Method [TE2] The ellects ol the various apposite DAkt g
the velocny. emperature and concentiation e presented. [n this work: enbropy gencration rate ol a Bnnmar NED flow ol

combimed clltect ol tadially

reactive third grade Mud is considered i a cncalar pipes which i assomed cleancally conductime and meompressible the
prosence of an externally applied radially exponential magnenie ficld,

2.0 Mathematical Formulation

Considenng a steady flow of clecncally conductime. meompressible: thud evade Had e o non condocime cpeulin PIpe
the absence of gravitational force. The z-axis as taken alony the axis of flow Radially expononia! carvme maonene fickd
B = B apphied [13] and no electre field s apphed. The fow s mduced due to constant apphicd preasone oradient i

the z-diwection and election atom collision frequency is assamed 1o be relatively Tneh compared o e collioon frequency of
1ons The equations which governthe MIETD flow are the contmuty . momentim and Maswell couatons by flad dviamicy
studies atas assamed that the Clausius-Dahem imequahity and the speaific Telmboltz bee enerey of Tord as a i a
cguihibrivm holds [14]. The Quid thermal conductivity assames the hinear temperature funetion

o=k alsail =T ) (2.1)

Ll cthingy)

whete e=a(l, -T)), a is a thermo-physical - constant dependent on the (hind [ang the veloenty  ficd

"= (0. 0. w(r))asm[15, 16)and the stated assumplions give

B ) 3 (c "{l‘|' . & L
4 NTE 2/ -{—--(.r'r '_"— l - ‘_’J all w0 (2.2)
1l er or orl e J )| ez
d (ow) 2 (ewY k[T 1ar) o : i’
f___l(. | / ,H! . |u» "“:. v Lo(ror) | u["r‘l!’u )
po o) ope i ) ope | i v, 0 e, L4.3)
1) 7, [ i€ o€ |
" ! - — = ()
/,r (4 ‘1 e }:‘
i f (" | f / >
/) | Lh(c o) (2.4)
L fr £ i ‘.‘
with boundary condimions
= b Iy I Cfr)-C, w40 (25)
i
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[} are flud veloeny, flad temperature, appfhicd magnete field

where s /
wil. B.p 'f"”J. - ) ak, gy 1 A kT O
strength. modified pressure. electneal conductivity, reference thermal conductivity, thermal radstion. smoleculir diffusivity,
thermal diftusivatyspecific heat capacity. chemical reaction rate constant, reference temperature. wall temperature, reference
concentranion and wall concentraton

Inwoducing the followme non-dimensional quantiies [17] 1o (2.2) 1o (2.5) and the boundary conditions

Ry, 1 - -+ 7 . C=(c -Cyr+ (),

" no, s
sl o  S(IRY T gy BB . MR (2.6)
uR PTGl i ' I
o2 I ! )~ - + ]
hoalts, g BB p B G o TRET) . gk
AAT =T} D ho (T =1 Il )
and using Rosselands approxumation
=izl (2.7)
g, == __-:.5‘ "TT'

AMc PEO,.[.D . R.S K, o. 0 denotes third grade parameter, magnene parameter, pressure drop. Prandt
number. Eckert number. heat source/sink parameter, materal constant paramieter, Dufour number. radiation paranerer.
Schmudt number. chemucal reaction parameter. Stefan-Boltzmann constant znd mean absorpuon coctiicient, For steady flow
the tme dependent terms are set to zero and the following are equations were obtained respectuvely with the boundary

conditions

d T Al dn o6 ) dn ‘ q g
e e — | =3A — ] ——c=Mc"w=0 (2.5)
nmoogqdn npidy) Ly ) dyr
TR BT dn Y {duw Y ol ¢
- '—-——{--’)'li—..l‘}r'-— -[f.-'\ll—.fll‘L- ()l -cthe (‘-))
/ ndn Yy Ly -
- Y ”-.{'n]m-ru——-(f/A—__””_'”"f_/,
) iz il Jy
Vg
L=Suwt L g o (2.10)
dij dip iy dy
Boundary conditions
i
" =0 d(y)=0. Z(7)=0 at  p=0
Wi {2] l)

10
() =0. i-—f—b’;'(f/—&_). )=l at =1
L/J’) -
Fquanons (2.5).(2.9). (2.10) and (2.11) comprise the boundary value problem to now be solved,

3.0 Method of Solution (Galerkin W eighted Residual)
Suppose an approximate solution 1s to be determined tor the differential equation of the form
"fu]- f—_U (3])

where  @(x)is an unknown dependent variable. L is a differential operator and f(x) 15 a known function Lei

(v = YI,” (x) be an approximate solution to (2.8). On substituting (x) o (2.8), it is unlikely that (2.8) 15 satishied 1 ¢

Liy)+f =0 therefore

L(wr)- /=K (3.2)

where R(x) 1s a measure of error called the Residual [12. 18] Muluplying (3.2) by an arbitrary weight function u(x) .no
mrecrating over the domain to obtamn
'I' W[ Liyr) = f )l - J‘“m ORCAD 7 0
Galerhin Werghted Residual method ensuies cquation (3.3) vamshes over the solution domain and the werght functuion -
0. ... \V) hence

(3.3)

choosmg from the basis functions i v)=u(x) (
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N ) are the wenethting functions f, . where . ”l-"l are the coefhicien
» 9) respecnively and taking mto account the orthogonality of the residues, we have

I he testdue Ko (2. 7).

are piven by
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4.0 Entropy Generation
Inhcrent wreversibihiy e a pipe flow occurs owing o exchange of energy

generation s owed to heat transter and the cifects of Nuid friction,
(100 19] s given

\ ) ; and momentum within the Nuid and the sohd
boundarie oA
<. The entrop The cquanon for rate of entropy

i

ceneration per untt volun 1
N7 , R Y, e \? 2.2
o A & 'a =/ dn (T!),\\ /
ST — - + = oo (4.1)
= ; y ; 2 :
« { « { \ i ]“
y generation duc 1o

1.~

hoores 1the 139 N S OITON 1) \ ~ 1
where the first wrm m () s the wreversibihity due 1o heat transter.the sccond and third term are cntrop
von. Introduciyg the dimensionless quantities m (2.6) to (4.1). we have

raoe s iy N
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. : s . . \;
S N JO 5o I ] J ,
bl KL IR A LG IR LT i 4.2
Ao QT dy Q Ldy Q \Lday) O
5 1 SN - O R
-7 M=) R -T)
are wemperature ditterence parameter, Brickman number and third erade parameter and
- PR S G Vo o
L D1 dat ) 1 I \ b :
Vi=omi o | A= ﬁ,—i*’;_“;,é_rm_ i
Q° dn - L ap Q (dy) [

; . .
bility due to heat transfer and N, gives entropy generation due 1o viscous dissipation and Joule heating

The Rararn mirl o 4 "
I'he Bejan number 1s defined as

o (4.4)
\
such thar 0< B <1 denoting B =1 is the limit at which heat transfer irrey crsibility dominates | B, =0 1 the himt at
wh
S0 Results and Discussion
2.8)-(2.10) subject to boundary conditions (2.11). which describe heat and mass

linear ;oupled Egs. ¢

drical pipe in the presence of vartable thermal conductivity,
ukl'f\ applied magnetc field are solved numerically by GWRM. In order to get physical msieht 1o

convective cooling and Joule heating
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Figure 1: Temperature profile for Figure 2: Temperature profile tor
various values of Magnetic parameter various values of Thermal conductivity
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Figure 9: Bejan profile for various values of Figure 10: Bejan profile for various values of
Joule Heating parameter Dufour number

Frgures 1 10 4presents the effect of magnetic parameter. thermal conductivity parameter. Biot number and Joule heating
parameter on the temperature profile, ncreasing values of magnetic parameter and Biot number inhibits the temperature
profile while increasing thermal conductivity and Joule heating parameters enhances the temperature profile.

Fizures 510 10 shows the effects of magnetic parameter, thermal conductivity parameter, Brickman number. Biot number.
loule heatng parameter and Dufour number on the irreversibility ratio profile. Irreversibility due to heat transfer dominates
from the pipe centreline towards the pipe wall while fluid friction dominates at the wall pipe. Decreasing values of magnetic
parameter. Brotand Dufour numbers enhances the ireversibility ratio while increasing the thermal conductivity parameter.

Br:

6.

ckman number and Joule heating parameter enhances the irreversibility ratio profile.

Conclusion

In this numerical investigation, the irreversibility ratio of steady reactive magneto hydrodynamic third grade fluid flow in a
circular pipe is presented using the Galerkin method. Numerical expression for the velocity. temperature and concentration

was obtamed which were used to compute the en
varatons of pertinent parameter of physical signific

tropy gencration rate. Special emphasis has been focused here to the
ance on the Bejan number. The main fi ndings of the present analysis are:

The temperature is enhanced for values of ¢.J,, and inhibited for M Bi

1.

1l ¢, Brand./, enhances the entropy generation rate while it is inhibited for M, Biand Du .
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