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Abstract
General boundary-layer equations governing steady, laminar, hydromagnetic flow and heat
and mass transfer over a permeable cylinder moving with a linear velocity in the presence
of heat generation/absorption, chemical reaction, suction/injection effects and uniform
transverse magnetic field are developed. A similarity transformation is used to transform
the governing partial differential equations into ordinary differential equations. The di-
mensionless self-similar equations are then solved numerically by using a standard fully
implicit, iterative, tri-diagonal finite-difference method. Comparisons with previously pub-
lished work on various special cases of the problem are performed and the results are found
to be in excellent agreement. A parametric study of the physical parameters involved in
the problem is conducted and a representative set of numerical results is illustrated graph-
ically and in tabular form.
Keywords : Moving cylinder; similarity solutions; MHD; suction/injection; chemical reaction; heat

generation/absorption.

1 Introduction

Considerable work has been done on boundary-layer flow and heat transfer in a quiescent
fluid driven by stretched surfaces moving with a constant or variable velocity. This is
due to many metallurgical and engineering applications such as hot rolling, metal and
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polymer sheet extrusion, drawing, annealing and tinning of copper wires, crystal growth,
glass fiber production, paper production, and many others. The first to consider flow and
heat transfer over a continuously moving surface with a uniform velocity was Sakiadis
[34, 35]. In later studies, Erickson et al. [17], Tsuo et al. [41], Fox et al. [18], Chen and
Strobel [13], and Jacobi [26] verified and extended the works of Sakiadis [34, 35]. It is
worthy to mention that Jacobi [26] confirmed experimentally the flow field obtained by
Sakiadis [34, 35] for a uniform motion of the stretched surface.

There has also been research dealing with the problem of a stretched surface moving
with a linear velocity and various thermal boundary conditions (see, for instance, Crane
[16], Gupta and Gupta [23], Vleggar [44], Soundalgekar and Murty [37], Grubka and Bobba
[22], and Chen and Char [12]). Later on, many investigations studied the consequent flow
and heat transfer characteristics that are brought about by the movement of a stretched
permeable and impermeable, isothermal and non-isothermal surface with a power-law
velocity variation. Examples of these works are Banks [6] who considered the case of
impermeable wall, Ali [3, 4] who presented various extensions to Banks’ problem, [6], in
terms of flow and thermal boundary conditions. Mahapatra and Gupta [29] studied heat
transfer in stagnation-point flow towards a stretching sheet. Pop et al. [32] investigated
radiation effects on the flow near the stagnation point of a stretching sheet.

There has been renewed interest in studying hydromagnetic flow and heat transfer
of continuously stretched surfaces in the presence of a transverse magnetic field. This is
because hydromagnetic flow and heat transfer have become more important industrially.
For example, many metallurgical processes such as drawing, annealing and tinning of
copper wires involve cooling of continuous strips or filaments by drawing them through a
quiescent fluid. Controlling the rate of cooling in these processes can affect the properties of
the final product. This can be done by using an electrically-conducting fluid and applying a
magnetic field. Another application of hydromagnetics to metallurgy lies in the purification
of molten metals from non-metallic inclusions (Vajravelu and Hadjinicolaou [42]). Cobble
[15] obtained similarity solutions for hydromagnetic flow over a semi-infinite plate with
suction and injection at the wall. Soundalgekar and Murty [37] had considered the thermal
problem of Cobble, [15]. Chandran et al. [11] made extensions to the above works and
considered flow of an electrically-conducting fluid over a semi-infinite plate with suction
and injection. Chakrabarti and Gupta [9] obtained a closed-form similarity solution for
the problem of hydromagnetic flow of a linearly stretching surface in the presence of a
constant transverse magnetic field. Chiam [14] extended the work of Chakrabarti and
Gupta [9] to power-law velocity of the stretched surface. Recently, Sharma and Singh [36],
reported on the effects of variable thermal conductivity and heat source/sink on MHD
flow near a stagnation point on a linearly stretching sheet.

There have been some work dealing with flow and/or heat and mass transfer caused
by a moving cylinder. Bourne and Elliston [8] studies heat transfer through the axially
symmetric boundary layer on a moving circular fibre. Krani and Pecho [27] reported
on the thermal laminar boundary layer on a continuous cylinder. Rotte and Beek [33]
reported some models for the calculation of heat transfer coefficients to a moving contin-
uous cylinder. Takhar et al. [40] investigated combined heat and mass transfer along a
vertical moving cylinder with a free stream. Pantokratoras [31] considered laminar assist-
ing mixed convection heat transfer from a vertical isothermal cylinder moving in water
at low temperatures. Ganesan and Loganathan [19] studied radiation and mass transfer
effects on flow of an incompressible viscous fluid past a moving vertical cylinder. Also,
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Ganesan and Loganathan [20] analyzed heat and mass flux effects on a moving vertical
cylinder with chemically reactive species diffusion. Later, Ganesan and Loganathan [21]
investigated magnetic field effect on a moving vertical cylinder with constant heat flux.
Abo-Eldahab and Salem [1] considered MHD flow and heat transfer of non-newtonian
power-law fluid with diffusion and chemical reaction on a moving cylinder. Amkandi and
Azzouzi [5] reported on a similarity solution of MHD boundary layer flow over a moving
vertical cylinder. Ishak et al.[24, 25] studied magnetohydrodynamic and suction/blowing
effects for flow and heat transfer due to a stretching cylinder.

In certain industrial problems dealing with chemical reactions and dissociating fluids,
heat generation/absorption and chemical reaction effects become important (see Vajravelu
and Nayfeh [43]). Moalem [30] considered temperature-dependent heat sources occurring
in electrical heating. Abo-Eldahab and Salem [1] considered chemical reaction effects on
flow on a moving cylinder. Other works dealing with heat generation effects can be found
in the papers by Sparrow and Cess [39], Chamkha [10], Vajravelu and Hadjinicolaou [42]
and Ganesan and Loganathan [20].

The present paper deals with steady, laminar, hydromagnetic flow and heat and mass
transfer along a permeable linearly moving cylinder with heat generation/absorption,
chemical reaction and suction/injection effects in the presence of uniform transverse mag-
netic field.

2 Mathematical Formulation

Consider steady, laminar, hydromagnetic, two-dimensional boundary-layer near stagnation-
point flow and heat and mass transfer in an electrically-conducting fluid driven by a
vertical isothermal permeable cylinder moving with a linear velocity with heat genera-
tion/absorption and chemical reaction effects. Fluid suction or injection is imposed at the
boundary of the cylinder and a uniform transverse magnetic field is applied normal to the
flow direction. The external or free stream velocity is assumed to vary linearly with the
axial distance. The working fluid is assumed to be incompressible, viscous, heat generating
or absorbing, electrically conducting and has constant properties. The magnetic Reynolds
number is assumed to be small so that the induced magnetic field can be neglected. In
addition, no external electric field is assumed to exist and the electric field due to the effect
of charge polarization and the Hall effect of magnetohydrodynamics are neglected. The
effects of viscous dissipation and Joule heating are also neglected. The basic equations for
this investigation can be written as:
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∂x
+
∂(rv)

∂r
= 0 (2.1)
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where x and r are the axial and the radial distances, respectively. u, v, T , c, T∞ and c∞ are
the fluid x-component and r-component of velocity, temperature, concentration, ambient
temperature and the ambient concentration, respectively. ρ, ν, cp, α and D are the fluid
density, kinematic viscosity, specific heat at constant pressure, thermal diffusivity, and
the mass diffusion respectively. σ, B, Q and rc are the electrical conductivity, magnetic
induction, heat generation/absorption coefficient and the chemical reaction coefficient,
respectively. Here ue(x) is the variable external or free stream velocity. It should be
mentioned that positive values of Q mean heat generation (source) and negative values
of Q indicate heat absorption (sink). Also, it is noticed that the heat generation or
absorption term is assumed to be dependent on the difference between the boundary-layer
temperature and that of the free stream. This has been employed previously by Vajravelu
and Hadjinicolaou [42] and is appropriate for boundary-layer applications in which this
difference is significant.

The boundary conditions for this problem are:

u(x,R) = uwx, v(x,R) = −vw, T (R, 0) = Tw, c(R, 0) = Cw (2.5)

u(x,∞) = ue(x) = u∞x, T (x,∞) = T∞, c(x,∞) = c∞

where uw is a constant and vw, Tw and cw are the suction (> 0) or injection (< 0) velocity,
wall temperature and wall concentration, respectively.

It is convenient to employ the following similarity transformations:

η =

√
uw
2ν

(r2 −R2

R

)
, ψ =

√
νuw
2
Rxf(η), θ(η) =

T − T∞
Tw − T∞

, (2.6)

C(η) =
c− c∞
cw − c∞

, u =
1

r

∂ψ

∂r
, v = −1

r

∂ψ

∂x

where η, f ′(η), θ(η) and C(η) are the similarity variable, dimensionless velocity, dimension-
less temperature and the dimensionless concentration, respectively. Here, a prime denotes
ordinary differentiation with respect to η. It can easily be verified that the balance of
mass given by Equation (2.1) is identically satisfied.

Substitution of Equations (2.6) into Equations (2.2) through (2.4) and rearranging
yields:

(2Kη + 2)f ′′′ + (K + f)f ′′ − (f ′)2 −Ha2(f ′ − λ) + λ2 = 0 (2.7)

(2Kη + 2)θ′′ + (K + Prf)θ′ + Prϕθ = 0 (2.8)

(2Kη + 2)C ′′ + (K + Scf)C ′ − ScγC = 0 (2.9)

where

K =
1

R

√
2ν

uw
, Ha2 =

σB2
0

ρuy
, λ =

u∞
uw

, (2.10)

Pr =
ν

α
, ϕ =

Q

ρcpuw
, Sc =

ν

D
, γ =

rc
uw

.

Here, K is the curvature parameter, Ha is the Hartmann number, λ is the ratio of the
free stream to cylinder stretching velocity, Pr is the Prandtl number, ϕ is the dimension-
less heat generation/absorption coefficient which indicates heat generation for positive
values and heat absorption for negative values, Sc is the Schmidt number and γ is the
dimensionless chemical reaction parameter.
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The transformed dimensionless boundary conditions become:

f ′(0) = 1, f(0) = f0, θ(0) = 1, C(0) = 1, (2.11)

f ′(∞) = λ, θ(∞) = 0, C(∞) = 0.

where f0 = vw

√
2

νuw
is the dimensionless suction (f0 > 0) or injection (f0 < 0) velocity.

It should be mentioned that if f0, Ha and K are formally set to zero and replacing the
number 2 in the diffusive terms of Equations (2.7) and (2.8) by the number 1, the equations
reported by Sharma and Singh [36] will be recovered.

Of special interest and significance for this flow and heat and mass transfer situation
are the skin-friction coefficient Cf , Nusselt number Nu and the Sherwood number Sh.
These are defined, respectively, as follows:

Cf =
−∂u

∂r (x,R)

uw
= −1

2
Re1/2x f ′′(0) (2.12)

Nu =
−x∂T

∂r (x,R)

Tw − T∞
= −1

2
Re1/2x θ′(x, 0)

Sh =
−x ∂c

∂r (x,R)

cw − c∞
= −1

2
Re1/2x C ′(x, 0)

where Re = uwx2

ν is the local Reynolds number.

3 Numerical Method and Validation

The heat and mass transfer problem for the linearly moving cylinder represented by Equa-
tions (2.7) through (2.11) are nonlinear and, therefore, must be solved numerically. The
standard implicit finite-difference method discussed by Blottner [7] has proven to be ade-
quate and gives accurate results for such equations. For this reason, it is employed in the
present work and graphical and tabular results based on this method will be presented
subsequently.

Equations (2.7) and (2.8) are discretized using three-point central difference formulae
with F ′ replaced by another variable V . The η direction is divided into 196 nodal points
and a variable step size is used to account for the sharp changes in the variables in the
region close to the cylinder surface where viscous effects dominate. The initial step size
used is ∆η1 = 0.001 and the growth factor K = 1.055 such that ∆ηn = K∆ηn−1 (where
the subscript n is the number of nodes minus one). This gives ηmax ≈ 600 which repre-
sents the edge of the boundary layer at infinity. The ordinary differential equations are
then converted into linear algebraic equations that are solved by the Thomas algorithm
discussed by Blottner [7]. Iteration is employed to deal with the nonlinear nature of the
governing equations. The convergence criterion employed in this work was based on the
relative difference between the current and the previous iterations. When this difference
or error reached 10−5, then the solution was assumed converged and the iteration process
was terminated. It is possible to compare the results obtained by this numerical method
with other previously published work for the near stagnation-point on a linearly stretching
surface (K = 0) if we replace the number 2 appearing in the f ′′′(η) and θ′′(η) terms by
the number 1 in Equations (2.7) and (2.8).
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Table 1 shows a comparison between the numerical results of f ′′(0) for the case of
impermeable surface (f0 = 0), K = 0, Ha = 0 and various values of λ reported by Ma-
hapatra and Gupta [29], Pop et al. [32] and Sharma and Singh [36] and the numerical
results obtained in the present work. It is evident from this table that these results are in
excellent agreement.

Table 1
Comparison of f ′′(0) for f0 = 0, Ha = 0, K = 0 and various values of λ.

Mahapatra and Pop et al. Sharma and Present
λ Gupta [32] Singh results

[29] [36]

0.1 -0.9694 -0.9694 -0.969386 -0.9694286
0.2 -0.9181 -0.9181 -0.9181069 -0.9180468
0.5 -0.6673 -0.6673 -0.667263 -0.6670318
2.0 2.0175 2.0174 2.01749079 2.0182771
3.0 4.7293 4.7290 4.72922695 4.7308391

Table 2 presents a comparison between the numerical results of f ′′(0) for f0 = 0, K = 0
and various values of Ha and λ reported by Sharma and Singh [36] and the present nu-
merical results. The comparison shows excellent agreement between the results.

Table 2
Comparison of f ′′(0) for f0 = 0, K = 0 and various values of Ha and λ with Sharma and Singh [36].

λ Ha Sharma and Present
Singh [36] results

0.1 0.1 -0.97350851 -0.9734556
0.2 0.1 -0.921466 -0.9213231
0.5 0.1 -0.669102 -0.6689756
2.0 0.1 2.01993243 2.0206652
3.0 0.1 4.73339915 4.7335115

0.1 0.5 -1.067898 -1.0679350
0.2 0.5 -1.00469 -1.0004000
0.5 0.5 -0.71189085 -0.7117829
2.0 0.5 2.07771118 2.0783232
3.0 0.5 4.8325013 4.8330012

0.1 1.0 -1.321111 -1.3211361
0.2 1.0 -1.2156222 -1.2156172
0.5 1.0 -0.83212508 -0.8318299
2.0 1.0 2.2408579 2.2499462
3.0 1.0 5.13030441 5.1319281

Table 3 reports a comparison of −θ′(0) for f0 = 0, Ha = 0, K = 0, Pr = 0.05, ϕ = 0 and
various values of λ reported by Mahapatra and Gupta [29], Pop et al. [32] and Sharma and
Singh [36] and the present numerical results. It is clear from these tables that the present
predicted results for −θ′(0) agree well with those reported by previous investigators.
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Table 3
Comparison of −θ′(0) for f0 = 0, Ha = 0, K = 0, Pr = 0.05, ϕ = 0 and various values of λ.

Mahapatra and Pop et al. Sharma and Present
λ Gupta [32] Singh results

[29] [36]

0.1 0.081 0.081 0.081245 0.0753756
0.5 0.136 0.135 0.135571 0.1344137
2.0 0.241 0.241 0.241025 0.2423843

Finally, Table 4 gives a comparison of −θ′(0) for f0 = 0, K = 0, Pr = 0.023, ϕ = 0
and various values of Ha and λ with Sharma and Singh [36]. Favorable agreement be-
tween the results is apparent in this table. The excellent agreement shown between the
present results in Tables 1-4 and the results of previous investigators lends confidence to
the accuracy of the numerical procedure.

Table 4
Comparison of −θ′(0) for f0 = 0, K = 0, Pr = 0.023, ϕ = 0 and various values of Ha and λ with Sharma

and Singh [36].

λ Ha Sharma and Present
Singh [36] results

0.1 0 0.049828 0.05012805
0.5 0 0.090049 0.09036328
2.0 0 0.165693 0.16604421

0.1 0.5 0.048889 0.04919378
0.5 0.5 0.089842 0.09017963
2.0 0.5 0.165796 0.16618262

4 Results and Discussion

Many numerical results were obtained throughout the course of this work. A representative
set of these results is shown graphically in Figures 1 through 13 to illustrate special features
for the hydrodynamic, thermal and solutal characteristics of the problem.

Figure 1 displays representative velocity profiles for various values of the velocity ratio
λ. Increasing the value of λ means that free stream velocity increases in comparison to
cylinder stretching velocity. This results in increased pressure and straining motion near
stagnation point and hence increased velocity and thinning of the boundary layer takes
place. It is important to note that for λ = 1 there is no formation of boundary layer
because the cylinder velocity is equal to the free stream velocity. For values of λ < 1,
the velocity profile shows a decreasing trend with η while for λ > 1, the velocity profile
increases with η.

Figures 2 and 3 show the effects of the curvature parameter K on the velocity profiles
for two different values of λ (λ = 0.5 and λ = 1.5), respectively. It is seen that the velocity
increases as K increases for λ = 0.5 while it decreases with increasing values of K for
λ = 1.5. However, the boundary layer thickness increases as K increases for both λ = 0.5
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and λ = 1.5.

Figure 4 presents typical profiles for velocity for various values of the magnetic Hart-
mann number Ha for two different values of λ (λ = 0.5 and λ = 1.5). When λ < 1,
application of a transverse magnetic field normal to the flow direction gives rise to a resis-
tive force called the Lorentz force. This force has the effect of slowing down the motion of
the fluid along the stretched cylinder. In addition, increasing the strength of the magnetic
field further produces more reductions in the fluid velocity and in the boundary layer
thickness. On the other hand, when λ > 1, the exact opposite effect is predicted. These
characteristics are clearly shown in Figure 4.

Figure 5 displays the effects of the suction/injection parameter f0 on the velocity pro-
files for two different values of λ (λ = 0.5 and λ = 1.5). As expected, for λ < 1, imposition
of fluid suction (f0 > 0) at the cylinder boundary reduces both the hydrodynamic bound-
ary layers close to the wall and, therefore, the fluid velocity. On the other hand, injection
(f0 < 0) of fluid at the cylinder surface produces the opposite effect, namely increased
hydrodynamic boundary layer and enhanced velocity field. The exact opposite behaviors
is predicted for λ > 1. These behaviors are clearly illustrated by the decreases (increases)
in the velocity profiles for λ < 1 (λ > 1) as the suction/injection parameter f0 increases
as shown in Figure 5.

Figures 6 and 7 depict the influence of the heat generation/absorption coefficient ϕ on
the temperature profiles for λ = 0.5 and λ = 1.5, respectively. As expected, increases in
the value of the heat generation/absorption coefficient ϕ cause the fluid temperature to
increase. It should be noted that for large heat generation effects ( ϕ = 0.4 for λ = 0.5 and
ϕ = 1.0 for λ = 1.5) a distinctive peak in the temperature profile occurs in the region close
to the cylinder surface. This is in contrast with the cases of smaller heat generation effects
(ϕ < 0.3 for λ = 0.5 and ϕ < 0.8 for λ = 1.5) in which the maximum temperature occurs
at the cylinder boundary. In addition, the thermal boundary layer thickness increases as ϕ
increases. Furthermore, it is predicted that the effects of ϕ on the temperature profiles for
λ = 0.5 are much more significant than those for λ = 1.5. These facts are clearly shown
in Figures 6 and 7.

Figures 8 and 9 elucidate the effects of the chemical reaction parameter γ on the
concentration profiles for λ = 0.5 and λ = 1.5, respectively. Increasing the value of γ has
the tendency to decrease the solute concentration and its boundary layer. This is true for
both λ = 0.5 and λ = 1.5. It is also observed from these two figures that the effects of γ
on the concentration profiles are more pronounced for λ = 0.5 than those for λ = 1.5.

Figures 10 and 11 present the effects of the curvature parameter K on the temperature
and concentration profiles for two different values of λ (λ = 0.5 and λ = 1.5), respectively.
It is observed that significant increases occur in both the fluid temperature and solutal
concentration as K increases. This is accompanied by significant increases in the thermal
and concentrational boundary layer thicknesses as K increases for both λ = 0.5 and
λ = 1.5. Also, increasing the value of λ is predicted to cause decreases in both the
temperature and concentration profiles and their boundary layers.

Figures 12 and 13 illustrate the effects of the suction/injection parameter f0 on the
temperature and concentration profiles for two different values of λ (λ = 0.5 and λ = 1.5),
respectively. As mentioned before, imposition of fluid suction (f0 > 0) at the cylinder
boundary reduces both the hydrodynamic, thermal and concentrational boundary lay-
ers close to the cylinder surface and, therefore, all of the fluid velocity, temperature and
concentration. On the other hand, injection (f0 < 0) of fluid at the cylinder surface pro-
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duces the opposite effect, namely increased hydrodynamic, thermal and concentrational
boundary layers and enhanced velocity, temperature and concentration fields. However,
the increase or decrease in the various boundary layers is relative as it is dependent on
the parametric values used to produce these figures. Again, the temperature and concen-
tration profiles are higher for λ = 0.5 than those for λ = 1.5.
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Tables 5 through 8 illustrate the influence of the velocity ratio λ, curvature parameter
K, Hartmann number Ha and the suction/injection coefficient f0 on the values of f ′′(0),
respectively. It is evident from these tables that the value of f ′′(0) are positive for λ > 1
and negative for λ < 1. Depending of the value of λ, the effects of the various parameters
are different. When λ < 1, the value of f ′′(0) increases as either of λ or K increases while
it decreases as Ha or f0 increases. On the other hand, when λ > 1, the value of f ′′(0)
increases as either of λ, Ha or f0 increases while it decreases as K increases.

Table 5
Effects of λ on f ′′(0) for f0 = 0, Ha = 0 and K = 1.0.

λ f ′′(0)

0.2 -0.6281865
0.5 -0.4607047
0.8 -0.2075934
1.2 0.2357507
1.5 0.6355050
1.8 1.085292
2.0 1.411189

Table 6
Effects of K on f ′′(0) for f0 = 0 and Ha = 0

λ K f ′′(0)

0.5 0.0 -0.4717014

0.5 1.0 -0.4607047

0.5 2.0 -0.4560649

0.5 3.0 -0.4531392

1.5 0.0 0.6437751

1.5 1.0 0.6355050

1.5 2.0 0.6307550

1.5 3.0 0.6278736
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Table 7
Effects of Ha on f ′′(0) for f0 = 0 and K = 1.0.

λ Ha f ′′(0)

0.5 0.0 -0.4607047

0.5 1.0 -0.5811208

0.5 2.0 -0.8447003

1.5 0.0 0.6355050

1.5 1.0 0.7270601

1.5 2.0 0.9503703

Table 8
Effects of f0 on f ′′(0) for Ha = 1.0 and K = 1.0.

λ f0 f ′′(0)

0.5 -2.0 -0.4013039

0.5 -1.0 -0.4818197

0.5 0.0 -0.5811208

0.5 1.0 -0.6998513

0.5 2.0 -0.8377182

1.5 -2.0 0.5257285

1.5 -1.0 0.6186625

1.5 0.0 0.7270601

1.5 1.0 0.8511926

1.5 2.0 0.9927172

Tables 9 and 10 depict the effects of the heat generation/absorption parameter ϕ and
the chemical reaction parameter γ on the values of −θ′(0) and −C ′(0), respectively. It
is seen that irregardless of the value of λ, the value of −θ′(0) decreases as ϕ increases
while the value of −C ′(0) increases as γ increases. It should be noted that the value of
−θ′(0) becomes negative for ϕ ≥ 0.3 ( λ = 0.5) and ϕ ≥ 1.0 (λ = 1.5). This related
to the formation of distinctive peaks in the temperature profiles for these values as men-
tioned before. In addition, it is seen that both of −θ′(0) and −C ′(0) increase as λ increases.

Table 9
Effects of ϕ on −θ′(0) for f0 = 0, Ha = 1.0, K = 1.0, and Pr = 0.023.
λ ϕ −θ′(0)
0.5 -1.0 0.1163904
0.5 0.0 0.0465286
0.5 0.2 0.0184033
0.5 0.3 -0.0029687
0.5 0.4 -0.0375103
1.5 -1.0 0.1319773
1.5 0.0 0.0803958
1.5 0.2 0.0664486
1.5 0.4 0.0501883
1.5 0.6 0.0307590
1.5 0.8 0.0060485
1.5 1.0 -0.0292135
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Table 10
Effects of γ on −C ′(0) for f0 = 0, Ha = 1.0, K = 1.0, and Sc = 0.6.

λ γ −C ′(0)

0.5 0.0 0.3001323

0.5 1.0 0.6308684

0.5 2.0 0.8390877

0.5 3.0 1.0040110

1.5 0.0 0.4425051

1.5 1.0 0.6908390

1.5 2.0 0.8777776

1.5 3.0 1.0327640

Tables 11 through 14 illustrate the changes in the values of −θ′(0) and −C ′(0) that are
brought about by changes in the curvature parameter K and the suction/injection coeffi-
cient f0, respectively. It is observed that, in general, both −θ′(0) and −C ′(0) decrease as
K increases while they increase as f0 increases. However, for the parametric conditions
used to produce Table 11, it is seen that for λ = 0.5, −θ′(0) decreases as K increases from
0 to 1 while it increases as K increases from 1 to 3. These facts are clearly shown in Tables
11 through 14.

Table 11
Effects of K on −θ′(0) for f0 = 0, Ha = 1.0, Pr = 0.023 and ϕ = 0.

λ K −θ′(0)
0.5 0.0 0.0633719

0.5 1.0 0.0465286

0.5 2.0 0.0477679

0.5 3.0 0.0505545

1.5 0.0 0.1027963

1.5 1.0 0.0803958

1.5 2.0 0.0779003

1.5 3.0 0.0769489

Table 12
Effects of K on −C ′(0) for f0 = 0, Ha = 1.0, Sc = 0.6 and γ = 0.

λ K −C ′(0)

0.5 0.0 0.3630308

0.5 1.0 0.3001323

0.5 2.0 0.2798312

0.5 3.0 0.2702444

1.5 0.0 0.4982547

1.5 1.0 0.4425051

1.5 2.0 0.4203356

1.5 3.0 0.4084820
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Table 13
Effects of f0 on −θ′(0) for Ha = 1.0, K = 1.0, Pr = 0.023 and ϕ = 0.

λ f0 −θ′(0)
0.5 -2.0 0.0434209

0.5 0.0 0.0465285

0.5 2.0 0.0505405

1.5 -2.0 0.0753895

1.5 0.0 0.0803958

1.5 2.0 0.0859390

Table 14
Effects of f0 on −C ′(0) for Ha = 1.0, K = 1.0, Sc = 0.6 and γ = 0.

λ f0 −C ′(0)

0.5 -2.0 0.1222565

0.5 0.0 0.3001323

0.5 2.0 0.6007804

1.5 -2.0 0.2229389

1.5 0.0 0.4425051

1.5 2.0 0.7623990

5 Conclusions

The problem of steady, laminar, incompressible, hydromagnetic boundary-layer flow and
heat and mass heat transfer over a permeable cylinder moving or stretched with a linear ve-
locity in the presence of heat generation/absorption, chemical reaction, suction/injection
effects and uniform transverse magnetic field was formulated. The nonlinear governing
partial differential equations were transformed to ordinary differential equations by using
useful similarity transformations. The resulting equations were solved numerically by an
implicit, iterative finite-difference method. A parametric study of the physical parame-
ters involved in the problem was conducted and the results were illustrated graphically
and discussed. Comparisons with previously published work on various special cases of
the problem were performed and the results were found to be in excellent agreement. It
was found that the skin-friction coefficient was positive for velocity ratios greater than
unity and negative for velocity ratios less than unity. When the velocity ratio is less than
unity, the skin-friction coefficient increased as either of velocity ratio or the curvature
parameter increased while it decreased as the Hartmann number or the suction/injection
coefficient increased. On the other hand, when the velocity ratio is greater than unity,
the skin-friction coefficient increased as either of the velocity ratio, Hartmann number or
the suction/injection coefficient increased while it decreased as the curvature parameter
increased. However, in general and irregardless of the velocity ratio, the Nusselt number
decreased as either of the heat generation/absorption coefficient or the curvature parame-
ter increased while it increased as the suction/injection coefficient increased. In addition,
the Sherwood number was predicted to decrease as the curvature parameter increased
while it increased as either of the chemical reaction parameter or the suction/injection
coefficient increased. It is hoped that the present results will serve as a stimulus for ex-
perimental work dealing with the flow with heat and mass transfer problem discussed in
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the present work.
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