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Abstract

This paper presents the effect of radiation on the
magnentohydrodynamics flow of an electrically contting fluid inside an
open-ended vertical channel, permeated by a unifotransverse magnetic
field. Of particular interest is the investigationf the behavior of velocity,
temperature, induced magnetic field, heat transf&eross the walls and flow
rate. The optically thick limit case is consideredThe fluid is assumed
incompressible and viscous, while the flow is stgad’he viscous dissipation
term is therefore considered, in the “Governing egfion”. The difference in
temperature between the channel walls and that loé undistributed fluid is
large enough for and is therefore physically impartt. The standard
equations of continuity, momentum and energy andsasied and non-
dismensionalised. The non-dimensional equationsatigée some non-
dimensional parameters i.e. Grashof-number (Gr.)irlBnan-number (Br.),
Raynold-number (Rr.), Prandtl-number (Pm), Hartmarnumber (M), etc.
The resulting non-linear partial differential equabns were solved
analytically using successive approximation techn& It is found that
increase in the magnetic field, the flow rate andlaocity, but a decrease in the
heat transfer at the walls and the temperature.

1.0 Introduction

In the past few years, the interests of many rebeas have been aroused on the motion of an
electrically conduction liquid in a magnetic fieldhe interest stems from terrestrial problems eamag
the motion of ionized gases in nuclear reactionsnfastronomical problems concerning the motion of
molten magma in the atmosphere. Hartmann wasrted carry out laboratory experiments on thadye
flow of a conducting liquid he used was mercury XHee called the subject “Hg-dynamics”. Howevég t
term currently used is magnetohydrodynamics (MHBJhen a conducting fluid moves at right angles to
the magnetic field, a difference of electric potainis set up in a direction perpendicular to bottihese;
thus given rise to an electric current across liid find the internal (thermal) energy is direabnverted
into electrical energy. This is the basis of thi#HD) generators. A comprehensive review of worke&m
this area was given by Rowing in [1], Siegal [2grfultter and Siegal [3] and Alpher [4], Gersgund an
Zhukhavitsky [5], YU [6] all the flows subjected tansverse magnetic field. Andi, E. A. 1995 [7¢dsed
on the influence of viscous dissipation on the atidé hydromagnetic combined effect of radiationl an
viscous dissipation on hydromagnetic flow of adlin a vertical channel.

Gupta, P. S. and Gupta, A. S. [9] studied the &ffécadiation on the combined free and forced
convection of an electrically conducting fluid flowg inside an open ended vertical channel in tlesgmce
of a uniform transverse magnetic field, conformithg analysis to the optically thin limits case, but
neglected viscous and Ohmic dissipation.

Journal of the Nigerian Association of Mathematic&hysics Volumel2(May, 2008) 191 - 200
Dissipative heat effect on radiative magnetic S. Qyjibola J of NAMP



e-mail: jiboluwatoyin@yahoo.com

Thus, this work is concerned with the effects afcaius dissipation of energy which plays an
important role in natural convective flow field ektremes size or in high gravity.

Bestman [10] studied the pulsatile flow in a heapedous channel and concluded that viscous
dissipation heat and free convection parameteresaas increase in heat flux at the wall of the akén

Viscous dissipative heat effect on radioactive (MH&hannel flow has not received much
attention. However, the objective of this researcko investigate the viscous dissipative heagafbn
radiative magnetic flow of an electrically condugtifluid flowing inside a vertical channel, when an
optically thick limit case is considered.

2.0 Formulation of the boundary value problem

Considered here is the motion of an electrolytedteically conducting fluid) inside a vertical
channel of two parallel walls with distanteapart. Taking the origin at the centre pointhaf thannel, a
magnetic field By) is applied across the end of the channel (actorgnal to the channel walls).
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These there coupled non-linear differential equmat{governing equation) are solved using
successive approximation procedure to get the itgJdemperature and magnetic induction fields eabj
to the boundary conditions.

v=t=b=0, W=zx1
Thus these equations to be solved are:

" B 2 G
\Y; :t—+m2t3t'+—“(vt)2,D VLU 3 (2.1)
R Pr Rm r
"=R.V' subjecttoT (W) =0, B(W)=0,V(¥)=0 (2.2)
For—1< W <1 whereM, =M, (T, -T,)/V,l
W2
B, =———"—— is the modified Eckert numbeN, = PTV, , R. =Nl
P p(T,-T,)
— 3 _ 3
Gr = gB(Tl TO)L ' F)r :2, Ml - 16y ,
ulv, a 3apC,

3.0 Solution Procedure
Successive Approximation Procedure shall be usesblee the non-linear coupled differential
equations, i.e. by neglecting non-linear terms, raxmating some and neglecting others to get
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approximate value fow,,V,,t,,t,,b,,b,. The iteration shall be carried out for successialue ofv, t
andb. Then V,,,,t.,, and b, lead to a better approximate value fé, t, and b, respectively.

Rewritten equation (2.2) in terms¢fand substituting into equation (2.1) to have

:tﬁ_l_ ml'[3t1 + Br (bn)Z (31)

2
r-m

differentiating equation (2.2) with respect t8)(and substitute into equation (2.1) we have

G
B = mb + SCr ¢ -DR, (3.2)
NI'
Also, integrating equation (2.2) with respect4) @nd substitute into equation (3.2) to yield
n G
b" +m’RV _—RKI L =(m’k, - DR,) (3.3)
r
However, substituting equation (3.1) into equa(®13) results into
b"tA, (b")? + A, = A" — AL + At (3.4)
Neglecting non-linear terms adal" in equation (3.4) gives
-ht"+Ast-A;=0 (3.5)
Also neglectingb” in equation (3.1) gives
t" ,
A :E+mlt3t (3.6)
but interpreting of equation (3.2) with respecf4¥) in views of (3.6) gives
b =-R,(v,) +k; (3.7)

From the equation (3.5), (3.6) and (3.7) we can\get, and bl i.e. first approximation, but not a better
approximation. The neglected ter(h") and the non-linear terms in equation (2.1) are imvoduced
into equation

b" = —At" = A L3t + At — A, (3.8)
to get a better approximate value tr b, in equation (3.8) is substituted into equation tp )get an
approximate solution fov i.e. V, and

V, =t"+mt® t; + A, + A, (b")? (3.9)
b" is introduced to get better approximation fase. t, we shall stop at the 3rd iteration for convenience.
Hence,

by + A, (b)) + A, =—A,t + At (3.10)

The solution of equation (3.10) giviss Substituting; and (b3) into equation (3.1) as
V =t; + A, (b,)? (3.11)
Then the solutioiVs form equation (3.11) is substituted into equaf®ri 1) is substituted into equation
2
1\2 1 U
VvH2=|—b (3.12)
R,

as b' - R, (V; +k,) (3.13)

HenceV; andb; are obtained.
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4.0 Successive approximate solution
The solution to equations (3.2), (3.6), (3.7) giwst; and bl respectively, therefore

A" = At = A, (4.1)

Solving (4.1) completely and applying the boundzogdition gives
t, - [Al(eR”’ +e )+ /17] (4.2)
where A=-AleR+e™ (4.3)

Substitute (4.2) into (3.6) after manipulation vavé
V, =M,AR’ (e4R1lP _ e4R1lP)+ 3APRM, A, (e3R1lP _ esquJ)

(4.4)

+ MlRi(ZAf + 3A12/17)(62R2qJ - e-szw) A:I.Rl (ele __—2RW )
+(AAMR + EAMR e +e7¢) R

In the same vain,
b, =/ ( ARY L o 4R1w) 1 (eale +e—3R1L|J)_/]1 (eletu +e—2R1‘-IJ)_/111(eR1LP +e_R1qJ)

—Alz(eRZ”’ —g 2RV ) AW+ k +k,W +k, (4.5)
wherek, = 2[/18 (e“R1 +e 4F*1)+ Ag( Rt e 3R1 ) + /]10(62R1 + e_ml)+/]ll(eR1 + eRl) (4.6)
k, =/, (e‘Rz -ek )+ A (4.7)

However, for a better approximate solutions
Let b, +b, = B,, therefore

82 = _{ Rnpfl\jl + Ag}(emlw + e—4R1qJ) _ { RmAfl\gl + /]9 }(eﬂlw + e—3R1qJ)

- {—Rm“"l 2/ +3A1) - Am}(e“‘“ &%) -[R(AAM, +£AM) -A | [ +&™)

(R"AR:’AHJ(eRf” &)= A W0 + sz (K, + k)W + (kg + k) 48)

and IastIyVZ(LlJ) = %[Alg(emiw _ e—4R1‘~IJ)+ /]22(83le _ e—3R1w) +/120(82le _ e_ZquJ)
+A21( eR1‘4")+A ( +e -R W )+ 3/]13sz _ k W - Azg (4.9)
T,(¥) :)I5O(e8R1w te 8R1w)+)|51( RY _ g 7le)+)| ( 6RY 4 o 6R1w)+)| ( 5R1w)
+)I54e-5R1w +)|55€—4le _l_)lsse—miw + A0 3RW + A€ —3RW F A€ 2RW A, eZquJ
k,W?

+ A e™ + A,e™ + AW, - - A, W2+ kW +k, (4.9)

where K, = A, (eBRl +eh ) + /]Sl(eml + e‘7R1)+ A, (eGRl + e‘GRl) (4.10)

SRy SR 4R 4R 3Ry 3R, 2R
+ /]538 + /]548 + /]559 + /]568 + /]578 + /1588 + /]599
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+ Aeoe_ZRl + /‘GleRl + /‘Gze_Rl + /]53 + /163 - /167 (4.11)
k

k. == 4.12

s~ 5 (4.12)

Group by the same process, we halig(W),V,(W) and B,(W) which are better and preferable

approximations for ultimate results. Thus:
T,(¥) =(B,e™ +B e'Rf“)+ N, (€% +e‘8R1““)+N (€7 +e Rll“)+N (€7 +e)
+ N, + Ne™™ + N e + N, ™™ + Ne®** + NeRY

—. — 4
+M¢W+mﬁw+wﬁw+m&+ww—%w

+ o W(e™Y )+ pWe™Y + N, (4.13)

V, (W) = Nlﬁ( BRY 1B e‘BRl‘“)+ N, ( 7RY +e"7R1L”)+ N, ( 6RY _GquJ)

+ N, €% + N, e + N, We'™ + N_,e*™ + N, &' + N, Wwe™™

+ N25e Yt Nzee + Nzoe + NzgllJe Yo Nzge +N, e 2RY
+N31l'Pe + N, We?™ + N_e®® + N,,e ™ + N, wet™ + N e

+ N37e + K + Ny 4.14)
B;(W¥) = N39(68R1LP - _Ble)— N40( YRV _ ‘7R1‘“)_ N41( 6RY +e—6R1l+‘)

- N42eSR1qJ + N43e -N,Ye R 4 N, e“RlqJ -N, LlJ( ARY _ 4R1l+‘)

* N47( 4 4R1w) Ng€™™ = N,oe™ - Nso(eale te 3R1w)

+ N51( 3RY e3R1W) ?RY 4 N, ez RY _ N54(62R1Lu _e—2R1‘~IJ)
+N55( a +82R1LP)+N e +N57e _Nss(eRlLP _e_RlLP)
k,W?
+ ng(equJ + e_quJ)_ NgoW* = 32 +k; (4.15)

Hence, the flow rate is obtained thus:

Uy(W) =S - )+ 5)[e™ —e ")

S, (e - e )+ 5e™® + Se R + e

+Sje ™ + o™ + S + Set + Spet 45, (4.16)
Finally, letH be the heat transfer at the wall due to thermatlaotion. Thus:

—2 for W=1land H = S;4(e8Rl —e‘sRl)+ 515(37& —e‘7R1)

+ S (eGR1 -e" )+ 81'765Rl - Siae_SRl + Sigeml
- S;oe_ml + SélesRl - Séze_sRl + SéseZRl
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h 8;49_2& + S;5eR1 + Sése_Rl -Sy (4.17)
where A, =m’ B,/P.R,, ., =DR, -m’k,, 4, =m’R_ /R

A =m’Rm, A, =R G /N, A =(Q-m%k)N. /G,

Ay = AA" 164RZ, A, = A13/17)l5 I9R,, Ay = A5 (A +3APA3) I R?

Ay = A BAA + AA)IRE, Ay = (A —REAAA)IR?, Ay = A, 16

D =[R A M) + 262 14, 4 = 9Rf(mméA7 MQJ

Do = 4&[&—;1 (A" +3KA; w»}

/]17 = Rlz[Rn(ALs/hml + /]fALnl) +/111]’/118 = 4R1( Rm’:fmJ
g :(RmAi M_,_/‘gj
R 3

+/112le2' /119 = 3R1(

o= 2R| S 2+ 3000) = A Ao = RIR (A + M),

Aoy = RoAp, Ay = (Ky = A,), Apg = 241,45
Ay =24 A6 + /155’ Aso = 2 A + A Al
A = 2 MMy = Aoy + A, Az, =124A0,, 4551244,
Mgy =[=2KAy + Ah; + 24 A5 + /]fe
Ags =[=2KeA, = 2,6, + 244, + /]fe] Aas = 2 Ay = Ao+ Ay = Ak + A, + AA]
Ay =2 A7 + Ay + Ay = ApAis + Ay, + KAl Agg =14 A A1, Ay =12454,6
Aso = A A A + AisAiy = ApAis + Az, —KeAi] + /]f7 + /]fz
Ay = A A6 + Ashiy + ApAis = ApA, —KeAjgl + /157 + /152
Ao = Az =120 A6, Apy = 2 s + Aishis + Ay = Aidhs —kedi ] = Ko,
Ags = 2A A Ais + Ay = KAyl +4A A6 + KeAys Age =14 AA05A; + AiAs],
A =12AA A, — Ah,), A = 36/‘123’ Ay = 2[/]54 + /]f5 + /‘126 + /‘f7 - /]fz - k32 '
Ago = A, 164R?, A, = AA, 149R?, Ao, = A A, 136R?, Ay, = A A4, 125R?,
Ass = Mg, /25R12’ Asy = Ags = (M1R1A14 tAsy = AAyy —Agy = /]18/Rm)/16R12

[/]1/]35 + /;i_ M 1R1A14] [/]1/]36 + /;19 + M lAf/‘lRl]
Ass = As =

m m

16 R/ T 9R/?
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A A
(/]1/137 - ng + M1R1A14J (/]1/140 - R20 + R1M1(2A14 + 3A12/]§J
A = 1

/158 = 9R12 ’ 59 — 4R12
(/1/141+/] RM(2A1+3A1AJ
Mgy = Ry
60 4R12
(/11/144 R T RMLGA A, +A3)] [M%{;l—gmﬂ+R1M1<3AS+A7+A3)]
At = 2 Aez = 2
R R
A, +31
Gszhfz—Rim)’ Aoa A Ay t 45, =M 1/]3 (4.18)
3
P = /]1/154 P = Mz — A
(A —64R?)T T (A, —49RY) (A, -36A%R
(As RY) (As 2RD) (As R)
My P = My P = (Ahs, —4RAL)

P Ty A5 1 < - )
) (/1 - 25R1 /]4) ° (/]6 - 25/]421R12) ° (/]6 _16R12/]421)
— (/11/]36 + 3RJL/]ls) P = (/11/]36 _3R1/115) P = (/11/]37 _3R1/115)

P , = P, =

TR T (A mR) T (A —9RAY)

= A +2RA) _p - (A +2RA) o - (Adis + RA, + RAL)
10 11~ 212 » P12 ™ 212 ’
(A —9RA) (A5 —4RA) (A5 —9RA)

P,
P (4'/1 A14) P — 4'/13A15 — 4A3A16

15 = (A —16R2A%)" ™ (A, —9RZAY) T (A, - 4ARZXY)

= 425 (Ay; +2/]1§) Py = 4A;(Ay; :/]218) , Py = 4A;k, , P, = k_ (4.19)

(/‘e _16R:L /]4) (/16 - R1/14) /]6 /]6

N, =Aso+ B, N, = A5+ P, Ny =A5, + B, Ny = A5+ B, Ng =4, + B

Ng =Ass + B, N; = A+ P, Ng = A5, + By, Ng = A + Ry, Ny = A5 + Py

Ny =Ago + Py Ny =Agy + Py Ny =Ag, + B, Ny = Agg + By Nyg = Ay + B
Ny = (/11/]54 + 64R12N1)’ Ny, = (/]1/120 + 4R12N2)’ Ny = (/]1/129 + 36R12N3)

Ny = (/11/]30 + 25R12N4)’ Ny = (/11/]31 - 25R12N5)' Ny, = (/]1/131)

N,, = (/11/133’ Ny, = (/]1/]34’+16R12N9))’ N,, = (/]1/]35 _16R12 N7)’ N5 = (/11/137 _9R12N9)
N, = (/11/]36 + 9R12N8)’ N,, = (/11/]38’ Nog = (N30, Ny = (A4, + 4R12 N1o)

N3 = (/11/]41 —4R? I\|11)’ Nj; = (/]1/]42’ Ng, = (/]1/143’ Nj; = (/11/144
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— anN16 — RmN17 — RmNB — Rleg — RmNZO
N39 - ! 40 ’ N41 - ! 42 ! N43 -
8R, R 8R, R SR,

N N N N N
N44:an 21,N45:Rm 24, N49:Rm 26,N47:Rn 21,N40:Rm 25, 49
16R 4R 4R, 16R 3R

N N N N N
N50:Rm 30,N51:Rm 27’ N52:an 29 N53:Rm 30,N54:Rm 33, -
3R 9R 2R, 2R 2R
N56 - RmN34 , N57 - RmN36 , N50 - RmN35 N59 - le\2133’ N50 - RmN375

R R, R, Ry 3
_— h S = & I = h
’ 2 1
4R R, 3R
Sr - (N19 _NZO) Sl - N21 _ N21 + N22 _ N22 + N23 _ N24
“ 5R, ' ° (4R? 4R} 4R} 4R? 4R, 4R
, N N N N N
S = arr Tar? Tare Tary TNEART 4F§4j
1 1 1
S; — N25 + Nze + N27 _ N27 _ Nzo _ Nzo
3R, 3R, 3R, 3R’ R 3R
Sé - N27 _ Nze _ N25 _ Nzo _ Nzo _ Nzo
3R, 3R 3R 3R R 3K
g! = N29 + N30 _ N31 _ N32 _ N32 + N31
® |2R, 2R, 2R2 2R? 2R2 2R,

Ser:(Nu + N31 _ N29 _ Nao _N32_

2R, 2R? 2R 2R, Rf

N36

2R,

81'2=[N33+ N33_N34_N35_

R, R R R
S = (% N,, + 2Nsoj

S, =8RN;,S; =7RN,
S =6RN;,S; =5RN,

R12

N36j
R,

S =5RIN;, S =4RNg, Sy, =4RN;

S, =3RNg, S, =3RN,
S, =2R Ny, S5, =2R Ny,

S =(RN,, +RBR + R, +RB)
S =(RN;;-PR +R +R +R +B)

NBZJ
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S = (le _%k“j (4.21)

5.0 Remark on remarks
In order to illustrate the foregoing analysik,(W),V,(W) and B;(W) are fluid variables,

E(ViSCOUS dissipative heat parameted), (radiation parameters) conclusions are drawn fthm

r

observation and suggestions are made for furttssareh thus. The results from our observatiorhef t
parameter behavior, reads that as viscous dissiphtat B,) increases, the induced magnetic filed also

increases, wheM, = 1, and all other dimensionless parametejs=5 D=1 M, =1C as shown in
Figure 5.1. Also as shown in Figure 5.2, increiaseiscous dissipative heat causes decrease iitselo
distribution, for different values of Hartmann nuentwhenM, =1 G, =5 D =1 andM? = 10. While at
pointW = 0, the three graphs over-lapped.

o2~
21
-

19
18
17
1.6
B3(W) 1.8
1.4
1.3
1.2
1.1
1
ag
a8
a7
08
as
]

IR N R A A L
o
%,

B,=3,+B,=6,08B,=9
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19
1.8 i~
1.7 |-
1.6 |~
1.9 -
1.4 -
1.3 -
12

v3(\",) 19+

Q9
s |-
o7 -
as
TR
o4 |-
Q3 -

Q2 1 1 ] i 't
-1 -08 -06 -04 -02 O 02 04 08 08 1

B,=3,+B,=6,0B,=9
Table 5.2 Velocity distribution for different Hartmann Nurer M, = 1

In figure 5.3, increase in viscous dissipative hemises decrease in temperature distribution for

different Hartmann number foM, =1 D=1 M?=1Q G =5. When B, =3 to the graph overlapped
in the a-axis and at poinp = 0.8 thenB, tends to increase with increase in temperatureitdisions.
However, the flow rate increases with increaseistous dissipative heat for constant vaIuesM)lZ D,

and M, .

Tswy)

ol b
s

=3~

-4 - l I \?

! ) ! I ! ! ! )
-t -08 -0 -04 =02 0 02 04 06 DA

B, =3,+B,=6,0B,=9
Table 5.2 Temperature distribution for different Hartmakomberm, = 1
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6.0 Conclusion

A close form solution is presented for the viscdissipative heat influences the velocity, induced
magnetic field, temperature and flow rate of thedflin a channel in the presence of radiation capsi
variation in the values of these variables and ceduthe radiation parametévlf for fixed value of

G,,M?andB, .
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