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PHYSICAL CONFIGURATION

We assume the steady, axially
symmetric, incompressible flow of an
electrically conducting fluid with heat
and mass transfer flow past a rotating
porous disk. Consider the fluid is infinite
In extent in the positive z-direction. The
fluid is assumed to be Newtonian. The
external uniform magnetic field B,
which is considered unchanged by
taking small magnetic Reynolds
number is imposed in the direction
normal to the surface of the disk. The
induced magnetic field due to the
motion of the electrically-conducting
fluid is negligible. The uniform suction is
also applied at the surface of the disk.
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Fig. 1. Configuration of the flow
and geometrical coordinates.



GOVERNING EQUATIONS

The equations, respectively, of continuity, momentum, energy and species diffusion in
laminar incompressible flow are given by:
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GOVERNING EQUATIONS

u=0, v=Qr, w=w,, T =T, C=C, at z=0, (7)

u—0, v >0, PP, T »T_, C >C, at z >, (8)

We consider the temperature differences within the flow are such that the term T4
can be expressed as a linear function of temperature. This is accomplished by

expanding it in a Taylor series about T, as follows [16]:
T*=T_*+4T °(T -T_)+6T *(T —-T, )" +-- (9)

By neglecting second and higher-order terms in the above equation beyond the first
degree in (T — T,), we obtain

T*=4T °T -3T_°, (10)

Thus, according to Egns. (9)-(10), Eq. (5) reduces to
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GOVERNING EQUATIONS
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In order to obtain the non-dimensional form of the Eqns. (1)-(4), (6) and (11), the
following dimensionless variables are introduced as Eqns. (12)-(13).

R=_, 7= U= V=2 _ W=
L L QL QL QL (12)
- = _ T -T i all
p_P 590;, - v2, 7 v c-C Cw,
pQ°L QL T -T, C.-C,
U=RF(n), V=RG®@n), W=w)"H®@n), T=0@), C=ob), (13)

Substituting the dimensionless variables Eqgns. (12)-(13) into the Eqgns. (1)-(4), (6) and
(11) and by introducing a dimensionless normal distance from the disk,

=Z(V) /2" along with the von-Karman transformations (12)-(13) and substituting
them into the non-dimensional form of the Eqgns. (1)-(4), (6) and (11), the nonlinear
ordinary differential equations are obtained



GOVERNING EQUATIONS

(14)

H'+2F =0,
F"—HF'—F?+G*—MF =0, (15)
G”—HG’—2FG—MG :O, (16)

1 " ' "
E&’ —HdoO +DM§D —O, (17)

Lty esir=o (19
C

where M = o0 B,?/Q p is the magnetic interaction parameter, Pr=v p
C, / k is the Prandtl number, Sc = v/ D is the Schmidt number, Sr= D
(I.— T, K;/v T, (C,-C,)Iis the Soret number, Du=D (C,.—- C,)
Kyl Csc, v (T,.—T,)Iis the Dufour number, and F, G, H, 6, and ¢ are
non-dimensionless functions of modified dimensionless vertical
coordinate n.



GOVERNING EQUATIONS

The transformed boundary conditions are given as

F(0)=0, G(0) =1, HO)=w_ 060)=1, »(0)=1,
F(n)—0, G(n)—0, d(n) — 0, o(n) > 0, as 1 — 0,

where Ws = w, / (v Q)2 is the suction/injection parameter and
Ws < 0 shows a uniform suction at the disk surface.

(19)



CALCULATION TECHNIQUE

Homotopy analysis method (HAM)

We choose the suitable initial approximations, according to the
boundary conditions (19) and the rule of solution expression

HO)=W., F@0)=0, G(@O)=e”, 00 =e”, ¢0)=e", (20)

The auxiliary linear operatorsL, (H#), L,(F), L,(G), L,(8)and L, (¢) are:
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CALCULATION TECHNIQUE

with the following properties

Li(c,)=0, L,(c,e+c;)=0, Li(cy,e+cs)=0,

L,(cce7+c,)=0, Li(cge7+cy)=0, (22)

where ¢.,i =1-9 ,arethe arbitrary constants. The
nonlinear operators, due to the Eqgns. (14)-(18), are introduced as
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CALCULATION TECHNIQUE

OH (17; p)
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CALCULATION TECHNIQUE

The zero- order deformation equations are formed as

(=p)L| H (7:p)~Ho(n) | = p hH, N, | H (7:p),F (7;p) | (28)
(1-p)L,| F(;p)=Fy () | = p hH ()N H (3:0), F1:p).G (13p) |, (29)
(1-p)Ly| G (7:p) =G () | = p hHG ()N, | H (7:p), F i p).G (1:p) |, (30)
(1=p)Ls| 002 p)=0s(m) | = p WH, ()N | H (3 p).00:p).001:0) |, (31)
(1-p)Ls[@(1:2)— 1)) = p WM, ()N 5| H (7:p),007; ), 6(7:) |, (32)

where H, (n7),H,(n),H;(n),H,(n7) and H (77) , are the auxiliary

functions, which are selected as
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CALCULATION TECHNIQUE

H, () =H;(n)=He () =H,(n)=H,(n) =1, (33)

Subject to the boundary conditions

H(O:p)=W,, F(0:p)=0, G(0:p)=1, 8O0:p)=L @0;p)=1L, (34)
F(0;0)=0, G(0;000=0, 6(0;0)=0, (0;%0)=0,
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CALCULATION TECHNIQUE

Finally by the Taylor's theorem, we obtain

Hn;p)=Ho(m)+ > H,(m)p", (35)
m=1
B ED 36
Fip)=Fo(n)+ Y F, (1) p". (56)
Gm;p) =G+ Y .G, (7 p", &)
m=1
0(7;p)=0,(1)+ Y. 0, (17)p" (38)
m=1

o(n;p)=0o(1)+ D 0. (1)p™, (39)
m =1
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CALCULATION TECHNIQUE

where
H, (=L 2" H (:p) F. (my =L 2" F1:p)
i m!  oOp” Ay I op”
i = (40)
G, ()= 1 0"G(n;p) 0 ()= 1 "6(n;p)
: m! Op" e ; m! Op” o

1 0"p(n;
P (17) = ity
| apm

5

The convergence of the series (35)-(39) strongly depend on the
auxiliary parameter(#) [9]. Consider /i is chosen such that the series

of Egns. (35)-(39) are convergent at p = 1 we have
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CALCULATION TECHNIQUE

H () =Ho(m)+ Y H,, (),

2 (41)
Fn=Fn)+ Y Fu ) 42)
G(n)=Go<n>+iGm ), (43)
007 = 0,1+ Y0, () (44)

y (45)
o(17) = oo (1) + Z 0. (1),
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CALCULATION TECHNIQUE

According to have mt-order deformation equations, by
differentiating Egns. (28)-(32) m times with respect to p, divide by m!
iIn p = 0. The results become:

L [H, )% H,.(D)]=1H, @R, (), (46)
L, [F, () =% F,a(]=02H ()R, (1), (47)
L, (G, ()~ %w G| =1Hs ()R, (), (48)
L,[0, () ~xn 6,.()]=1H,(mR,,, (), (49)
Ly |0, (1) =% @u()]=0H, (D) Rs,, (1), (50)
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CALCULATION TECHNIQUE

where

Ry, () =2 o p o,
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a2F 1(77) £ (1) i
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-M F L (@),
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CALCULATION TECHNIQUE

_ )0 m <1 56
Xm_{l m>19 ( )

with respect to the following boundary conditions

H,0)=W,, FE,(0)=0, G,0)=1, 6,0)=1,  ¢,(0)=1,

(57)
F, (OO) =0, G, (OO) =0, 6, (OO) =0, P (OO) =0,
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RESULTS AND DISCUSSION

h-curves

Fig. 2. The 71— curves obtained by 20th order

approximation of the HAM solution.
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RESULTS AND DISCUSSION

Table 1. Numerical values of the radial skin friction coefficient F'(0)

M w, Ref.[17] Ref.[18] Present

0 0 - 0.510233 0.510186
-1 - 0.389569 0.389559
-2 - 0.242421 0.242416

1 0 0.309258 - 0.309237
-1 0.251044 - 0.251039
-2 0.188719 - 0.188718
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RESULTS AND DISCUSSION

Table 2. Numerical values of the tangential skin friction coefficient -G '(0) .

M w, Ref.[17] Ref.[18] Present
0 0 - 0.61592 0.61589
-1 - 1.17522 1.17523
-2 - 2.03853 2.03853
1 0 1.06905 - 1.06907
-1 1.65708 - 1.65709
-2 2.43136 - 2.43137
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RESULTS AND DISCUSSION
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Fig. 3a. Effect of magnetic interaction parameter on axial profiles.
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RESULTS AND DISCUSSION
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Fig. 3b. Effect of magnetic interaction parameter on radial profile.
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RESULTS AND DISCUSSION
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Fig. 3c. Effect of magnetic interaction parameter on tangential velocity
profiles.
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RESULTS AND DISCUSSION
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Fig. 3d. Effect of magnetic interaction parameter temperature
distribution.
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RESULTS AND DISCUSSION
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Fig. 3e. Effect of magnetic interaction parameter on concentration
profile.
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RESULTS AND DISCUSSION
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Fig. 4a. Effect of suction parameter on axial profile.
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RESULTS AND DISCUSSION
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Fig. 4b. Effect of suction parameter radial profile.
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RESULTS AND DISCUSSION
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Fig. 4c. Effect of suction parameter on tangential velocity profiles.

30



RESULTS AND DISCUSSION
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Fig. 4d. Effect of suction parameter on temperature distribution.
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RESULTS AND DISCUSSION

0.8 —\ —— e

M§M§M§M§M§

NNNDO
SN

¢ M

Fig. 4e. Effect of suction parameter on concentration profile.
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RESULTS AND DISCUSSION
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Fig. 5a. Effect of Prandtl number on the temperature distribution.
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RESULTS AND DISCUSSION
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Fig. 5b. Effect of Schmidt number on the concentration profile.
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RESULTS AN SCUSSION
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Fig. 6a. Effects of Soret and Dufour numbers on temperature distribution.



RESULTS AN SCUSSION
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Fig. 6b. Effects of Soret and Dufour numbers on concentration profile.
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* ADM, ADM-Pade
*VIM, VIM-Pade
*HPM, HPM-Pade
*HAM, HAM-Pade
*OHAM

*DTM, DTM-Pade
“MDTM
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* Advantange and disadvantage of DTM
Need Less memory

Algebraic Egs.

More wider range converging solution
Very good convergence rate

IVP, BVP, IBVP
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Basic idea of the differential transform method

U(k)= ;,{ddz(kx)}

x=x0

() = Y (5= %) U (k)

u(x)=§(;(x_k)!co) |:ddljc(kX):|
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Original function Transformed function

w(x) = u(x) £ v(x) W(k) =U(k) £V (k)
w(x) = Au(x) W(k) = AU(k), A is a constant
w(x) = x" W (k) = 8(k — r), where 8(k — 1)
|1, if k=7
|0, if kT
o) — dz:lgcx) Wk) = (k+1) Uk + 1)
d"u(x) W (k)
wx) =— = (k+1D)(k+2)...(k +r) Uk
+7)
w(x) = u(x)v(x) Wk = zk U V (k= 1)
r=0
w(x) = du(x) dv(x) W(k)k

dx  dx :Z r+1)(k—r+ 1)U
r=0

+ D) V(k—71+1)



Original function Transformed function

Wi =) dl;ix) W (k) = Zfzo(k Cr+ DU@) V=1 +1)
2
w(x) = u(x) d dic(zx ) W(k)k

:2 k=r+Dk-1+ DU VE=-1+2)
r=0

t=0

dv(x) dz(x) 2 —r
w(x) = ulx) ——— W (k) = z Ek t+Dk—7r—t+1)
r=0

XUMVE+DZ(k—r—t+1)

dv(x) d?z(x) k —r
W) =u()———73"  W(k) = E zk (k=7 —t+1)(k—r—t+2)
t=0
r=0

x UM V() Z(k—1—t + 2)




w(x) = ug (%) Uz (X) U1 (%) Un(x)

W(k) = E E k Uy (kq)

Kn-1=o0 knzo

X Up(ky, —ky) - Up_1(kn—q —kn—2) Up(k — kp_1)
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h+2f=0

(k+ DHKk+1)+2Fk) =0

(k +1)(k +2)F (k +2)—iF(r)F(k —r)+fG(r)G (k —7r)

—i(k -r+DH(r)F(k—r+1)-M F(k)=0,

(k+1)(k+2)G(k+2)—ZZk:F(r)G(k—r)—Zk:(k—rJrl)H(r)G(k—r+1)

~ M G(k)=0,
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SL(/H—1)(k+2)(I)(k+2)—i(k—r+1)H(r)CD(k—r+l)
C r=0

+Sr(k+1)(k+2)0(k +2) =0.

Pi (k+1D)(k+2)O(k+2)— Zk:(k —r+1)H((r)O(k—-r+1)+M Ec kZF(r)F(k —7)
I r=0

r=0

+ M Ec ZG(r) G(k—r)—I—EcZk:(r +)k—r+)F(r+D)F(k—r+1)

r=0

+ Ec i(r +D)(k—r+1)G(r+DG(k—r+ D)+ Du(k+1)(k+2)D(k+2)=0,

r=0

f(0) =y f'(0), g(0)=1+yg'(0), hrO)=0, 6(00)=1 ¢(0)=1,

F0)=yF(), F()=a, GO)=1+yG(1), G(l)=b,

a4



=Y Fin,

f(n);a}/+a77+%(aM7/+a27/2 —(L+by) )7+,
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