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Abstract-The Coriolis effect on free convection in a long rotating porous box subject to uniform heat 
generation is investigated analytically. A three dimensional analytical solution is presented for large values 
of the porous media Ekman number. The convection results from internal heat generation which produces 
temperature gradients orthogonal to the centrifugal body force. Two types of thermal boundary conditions 
are considered far the top and bottom walls of the box. The first type is associated with perfectly conducting 
boundaries, i.e. the same temperature is imposed on both the top and bottom walls while the second type 
corresponds to a perfectly conducting top wall and adiabatic bottom wall. The solution to the nonlinear 
set of partial differential equations is obtained through an asymptotic expansion of the dependent variables 
in terms of two small parameters representing the reciprocal Ekman number in porous media and the 
aspect ratio of the domain. Secondary circulation in the form of one or two vortices is obtained in a plane 

orthogonal to the leading free convection plane. 

1. lNTRODUCTlON perature is imposed on them. The second set considers 

Transport phenomena in rotating porous media have 
the top wall to be perfectly conducting and the bottom 

a wide spectrum of applications in engineering and 
wall perfectly insulated. 

geophysics [ 1, 21. The effect of rotation on free con- 
vection is of particular interest from both the practical 
and theoretical points of view. 

Research results [3-71 are available for natural con- 
vection in rotating porous media resulting from gravity 
in the presence of a single fluid or binary mixture. 
However, when a rotating porous matrix is con- 
sidered, an additional body force exists in the form of 
the centrifugal acceleration. This force may generate 
free convection in the same manner as the gravity 
force causes natural convection. Vadasz [I] presented 
an analytical solution to the three-dimensional free 
convection problem in a long rotating porous box 
by using an asymptotic expansion method. The free 
convection resulted there from differential heating of 
the horizontal walis leading to temperature gradients 
orthogonal to the centrifugal body force. Secondary 
circulation was obtained in a plane orthogonal to the 
leading free convection plane as a result of the Coriolis 
effect on the flow. 

This paper presents an analytical investigation of 
the Coriolis effect on free convection in a long rotating 
porous box subject to uniform heat generation. The 
volumetrieahy uniform heat generation introduces 
temperature gradients orthogonal to the centrifugal 
body force while two sets of thermal boundary con- 
ditions are considered for the top and bottom walls 
of the box. The first set considers both walls to be 
perfectly conducting, i.e. the same value of tem- 

2. PROBLEM FORMULATION 
A long rotating fluid saturated porous box subject 

to uniform heat generation is considered (Fig. 1). At 
each point of the flow domain the temperatures of the 
solid and fluid phases are assumed to be equal (Dagan 
[8]). The front, back and the lateral walls are all insu- 
lated. The box has a square cross section of which 
height and width is H., while the subscript * stands 
for dimensional values. The aspect ratio is defined as 
a = H./L. where L. is the length of the box. 

Given @. as the internal rate of heat generation and 
TO as a reference temperature value (e.g. the tem- 
perature imposed on the horizontal boundary) the 
dimensionless temperature can be represented by 
T = (T, - T,,)/(&H?/&) where 1,. is the effective 
thermal conductivity of the porous domain and is 
assumed constant. Free convection occurs as a result 
of the centrifugal body force while the gravity force is 
neglected. The only inertial effects considered are the 
centrifugal acceleration, as far as changes in density 
are concerned, and the Coriolis force. Other than that 
the Darcy’s law is assumed to govern the fluid flow 
(extended to include the centrifugal and Coriolis accel- 
erations), while the Boussinesq approximation is 
applied for the effects of density variations. As the 
width (or height) of the domain is much smaller than 
its length (a small aspect ratio), a Cartesian coordinate 
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NOMENCIATURE 
the aspect ratio of the box, equals 
H./L. 
Ekman number, equals v&/2w,k. 
unit vector in the x direction 
unit vector in the Y direction 
unit vector in the z direction 
unit vector normal to the boundary, 
positive outwards 
the height (width) of the box 
permeability of the porous domain 
the length of the porous domain 
a ratio between the heat capacity of the 
fluid and the effective heat capacity 
of the porous domain 
reduced pressure generalized to 
include the constant component of the 
centrifugal term (dimensionless) 
dimensionless specific flowrate vector 
equals a&, + vC~ + w&, 
internal rate of heat generation 
porous media Rayleigh number 
related to the centrifugal body force, 
equals B,e.H.‘w,‘L.k.Mf/~,.u~*v. 
dimensionless temperature, equals 
(Te - T,,)&./@H? 

To a reference temperature value. 
U horizontal x component of the specific 

flowrate 
V horizontal y component of the specific 

flowrate 
W vertical component of the specific 

flowrate 
X horizontal length coordinate 
Y horizontal width coordinate 
Z vertical coordinate. 

Greek symbols 
4 porosity 
a,* effective thermal diffusivity 
B* thermal expansion coefficient 
0, angular velocity of the rotating box 
V. fluid’s kinematic viscosity 
P fluid’s dynamic viscosity 
ti stream function 
a a dimensionless group, equals Ra,/Ek. 

Subscripts 
* dimensional values 
0 zeroth order 
1 first order. 

Fig. 1. A long rotating fluid saturated porous box subject to 
uniform heat generation. 

system can be used and the component of the cen- 
trifugal acceleration in the Y direction can be-neglected. 
The ratio between the centrifugal force component in 
the y-direction and the corresponding component in 
the x-direction is w,“y./w:x. = yH./xL. = (y/x)a. 
Therefore for length scales in the x-direction higher 
than the width of the box (y/x)a << 1, justifying to 
neglect the y-component of the centrifugal force. By 
assuming steady state conditions the following dimen- 
sionless set of governing equations is obtained 

au au aw 
az+dy+z=O 

ap U= -z-Ra”xTfEk-‘v 

av= -!kaEk-l 
aY 

u 

ap aw= -- 
az 

2 2 2 

a’~+~+~-aU~-V~-W~+~ ~0. 

aY2 ay 

(5) 

Equations (l)-(5) are presented in a dimensionless 
form. The values a,.jH.M,, pea,./k.Mfa, C&H?/&. and 
0. are used to scale the specific flowrate components 
(u., v*, w.), pressure @*), temperature variations 
(T. - To) and the rate of heat generation, respectively, 
where a,. is the effective thermal diffusivity, p. is the 
dynamic viscosity, k. is the permeability of the porous 
matrix and M,is the ratio between the heat capacity of 
the fluid and the effective heat capacity of the porous 
domain. Two different length scales were applied for 
scaling the variables x., y. and z.. Accordingly, 
x = x./L., y = y./H* and z = Z./H.. In equations (2) 
and (3) Ra, is the Rayleigh number mod&d to 
include the centrifugal body force instead of gravity 
in the form Ra, = B.e.H~wc’L.k.Mfll,.cr,.v. and Ek 
stands for the porous media Ekman number defined 
by Ek = v4/2w& where C$ is porosity, w, is the angu- 
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