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In the present comment, we point out a major flow found in the paper "Steady mixed convection
stagnation-point flow of upper convected Maxwell fluids with magnetic field" [International Journal of

non-linear mechanics, 44(2009):1048-1055].
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ANALYSIS

In the paper above (Kumari and Nath, 2009), the steady
mixed convection flow of viscoelastic fluids which obey
the upper-convected Maxwell (UCM) model in the
stagnation-point region of a two-dimensional body with
strong applied magnetic field have been studied. Results
have been presented for Prandtl numbers (Pr) = 0.71, 7.0
and 0.1 which are correspond to air, water and Helium at
20°C, respectively, and the whole work is devoted to air
and water. However, there is a serious disadvantage in
this paper and the present results do not have any
practical value.

A new thing in the work (Kumari and Nath, 2009), is the
assumption that, except for the applied external uniform
magnetic field, the electrically conducting fluid induces a
new magnetic field which interacts with the applied
external magnetic field. However, the importance of the
induced magnetic field depends on the magnetic
Reynolds number which is defined as follows (Davidson,
2006):

Rm = youl , (1)

where, | is the magnetic permeability, o is the fluid
electrical conductivity, U is the characteristic velocity of

the flow, and | is the characteristic length scale. If the
magnetic Reynolds number is much smaller than unity
(Rm << 1) then the induced magnetic field is negligible
and the imposed external magnetic field is unaffected by
the moving conducting fluid (Davidson, 2006). In most
laboratory experiments or industrial processes R, is very
low, usually less than 102 (Knaepen et al., 2003). In
contrast, when the magnetic Reynolds number is equal to
or greater than unity (R, >> 1) the induced magnetic field
is important and should be taken into account.

Kumari and Nath (2009) took into account the induced
magnetic field without any reference to the magnetic
Reynolds number which is the suitable criterion. Let us
calculate here R, for air at 20°C. Air electrical
conductivity at 20°C is 3*10™"° to 8+*10™"° Q 'm™" (Pawar
et al.,, 2009) whereas air magnetic permeability is
1.257*10° Vs/Am, (Magnabosco et al., 2006). For a
typical velocity U = 1.0 m/s and a typical length scale | =
0.1 m, the magnetic Reynolds number (dimensionless) is
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Rn=3.8¢107% )

Let us calculate here R, for water at 20°C. Water
electrical conductivity at 20°C is 107 Q™' m™, (Pashley et
al., 2005; Aylward and Findlay, 1994), whereas water
magnetic permeability is 1.257*107° Vs/Am (Magnabosco
et al., 2006). For a typical velocity U = 1 m/s and a typical
length scale |=0.1 m, the magnetic Reynolds number
(dimensionless) is

Ry = 1.257* 107" 3)

Instead of using the above magnetic Reynolds number,
the author used the parameter ¢; named as reciprocal of
magnetic Prandtl number (dimensionless),

o, = (o) @

where, o is the fluid electrical conductivity, Y. is the
magnetic permeability v is the fluid kinematic viscosity.

In the work Kumari and Nath (2009), all the presented
results are corresponding to ¢; = 10 that is, magnetic
Prandtl number (P,) = 0.1 (Kumari and Nath, 2009; «a, =
1, 10, 20, 50, 100). Let us calculate the magnetic Prandtl
number (P, ) for air at 20°C. The air kinematic viscosity
at 20°C is 1.827*10° m%s (Hughes and Young, 1996)
and we have

Pm=6.9%107"° (5)
Let us calculate the P, for water at 20°C. The water
kinematic viscosity at 20°C is 9.8*10"" m?s, (Hughes et

al., 1996) and we have

m=1.23*107" (6)
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In conclusion, for the used fluids, the magnetic Reynolds
number as well as the magnetic Prandtl number is very
small and completely different from the values used in the
results. Air and water cannot induce a significant
magnetic field and the results presented in the paper do
not have any practical value.
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