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Abstract—The onset of natural convection in a horizontal layer of Oldroyd-B Fluid heated isothermally from
below is investigated by using linear stability theory. It is known that convective instabilities in the Oldroyd-B
fluid layer set in more easily than those of Newtonian fluid and oscillatory motions caused by overstability will
occur at the onset of natural convection. Also, it is shown that the Oldroyd-B fluid layer becomes more stable
with a larger Biot number, a smaller stress relaxation time and a larger strian retardation time. The layer of
Oldroyd-B fluid becomes more stable with decreasing the Prandt] number and the critical conditions are almost
independent of the Prandtl number in the range of the Prandtl number values larger than 100. It is clear that

the buoyancy effect and the surface tension effect reinforce each other at the onset of natural convection.
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Fig. 1. Schematic diagram of the present system.
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: dimensionless horizontal wave number

: Biot number

: fluid layer thickness [(m]

: differential operator with respect to z

: gravitational acceleration constant [ m/s?]
: heat transfer coefficient [J/m?sK]

: imaginary number

: conductivity [J/ms]
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Ma : Marangoni number

P : pressure [N/m*]

Pr : Prandtl number

Ra : Rayleigh number

T : temperature [K]

t* : time [s]

t : dimensionless time

\' : velocity vector [m/s]

U*, V* W* : velocity component in Cartesian coordina-
tes [m/s]

U, V, W: dimensionless velocity component
x*, y* z* : position in Cartesian coordinates [m]
X, ¥,z :dimensionless position

gjolA 22Xt

a : thermal diffusivity [m?/s]

B : thermal expansion coefficient [K ']
A : rate of deformation tensor

& : strain retardation time [s]

€ : dimensionless strain retardation time
N : dynamic viscosity [Kg/ms]

2] : dimensionless temperature

A : stress relaxation time [s]

A : dimensionless stress relaxation time
v : kinematic viscosity [ m?/s]

p : density [Kg/m®]

o : dimensionless growth rate

T : stress tensor

SEX}

T : refers to transpose

v : refers to upper convective derivative
SHY X}

0 : refers to unperturbed state

c : refers to critical state

r : refers to real part

i : refers to imaginary part

1 : refers to disturbed state

n’l

L
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