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NOMENCLATURE 

constant defined in equation (5), A, = 2 for a 
cylinder and A, = 3/2 for a sphere; 
dimensionless stream function defined in equation 
(6); 
function defined in equation (6); 
Grashof number, Gr = (T, - T,)Kg/3L/vZ; 
gravitational acceleration ; 
function defined in equation (8); 
local heat transfer coefficient ; 
liability of the porous medium; 
thermal conductivity of the saturated porous 
medium ; 
constant in equations (1) and (2), n = 0 for a cylinder 
andn = 1 for a sphere; 
local Nusselt number, Nu, = hx/k; 
local Peclet number, Pe, = U&a; 
surface heat flux ; 
radial distance from the symmetrical axis to the 
surface of a sphere; 
radius of a cylinder or a sphere; 
Reynolds number, Re = U,L.Iv; 
temperature; 
velocity at infinity; 
Darcy’s velocity, x-direction ; 
Darcy’s velocity, y-direction ; 
coordinate measured in the streamwise direction 
along the surface of a cylinder or sphere from the 
lowest point; 
coordinate perpendicular to the surface of a cylinder 
or a sphere. 

Greek symbols 

i$ 
equivalent thermal diffusivity ; 
the coefficient of thermal expansion ; 

, boundary layer thickness ; 
19 similarity variable ; 
0, dimensionless temperature; 
/A viscosity of the convective fluid; 
r* kinematic viscosity of the convective fluid; 
P5 density of the convective fluid; 
#, angle measured from the downward vertical to they- 

axis ; 
G* stream function ; 
xv dimensionless distance in the x-direction. 

Subscripts 
m3, condition at infinity; 
w, condition at the wall. 

INTRODUCTION 

CONVECTION of groundwater about hot intrusives can be 
modelled as heated bodies embedded in a fluid-saturated 
porous medium. Based on boundary layer approximation, 

Cheng [l] has obtained similarity solutions for mixed 
convection about a heated vertical plate in a porous medium 
at high Peclet numbers. In this paper, the problems of mixed 
convection about a horizontal isothermal cylinder and an 
isothermal sphere are considered. It is shown that with a 
generalized similarity transformation (similar to those em- 
ployed previously by Merkin [2] for another problem), the 
resulting ordinary differential equations and boundary con- 
ditions for the present problems reduce to those of a vertical 
isothermal surface in a porous medium. 

ANALYSIS 

The physical problems under consideration are shown in 
Fig. 1 where x is the coordinate in the streamwise direction 
along the surface of the cylinder or a sphere from the lowest 
point, and y is the coordinate perpendicular to the surface ; r, 
is the radius of the cylinder or the sphere and I#I = x,/r0 is the 
angle of they-direction with respect to thevertical ; T, and T,,, 
are the temperatures of the heated surface and at infinity 
respectively. If the thickness of the boundary layer S is thin 
such that S << re, the boundary layer approximation is 
applicable. With such an approximation and the assumption 
that the buoyancy force normal to the heated surface is 
negligible, the governing equations for mixed convection 
about a horizontal cylinder and a sphere are 

’ a2~ KP,Bg sin (xi,,~dr . ..-A=- 

ray2 P ay (1) 

1 (2) 
where the stream function + is defined as 

1 ah 1 a& u=-- and u=_-lLI_ 
f ay r” ax 

with u and u denoting the Darcian velocities in the x and Y 
directions, and n = Ofor a horizontal cylinder and n = 1 for a 
sphere; r = re sin(x/re); p, ~1 and j3 are the density, viscosity 
and the thermal expansion coefficient of the fluid; K is the 
intrinsic permeability of the porous medium ; cz is the thermal 
diffusivity of the saturated porous medium; and g is the 
gravitational acceleration. Boundary conditions at the wall 
and at infinity are 

y=o: $0, T = T, (31 

1 acL 

y-ra::=F 
--c V(x), T = T, (4) 

where V(x) is the Darcian velocity in the tangential direction 
outside of the boundary layer. From the potential theory, the 
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FIG. 1. The coordinate system for mixed convection about a 
horizontal cylinder and a sphere in a porous medium. 

explicit expression for U(x) on the surface of the cylinder and 
the sphere is 

U(x) = U,A, sin (x/rO) (5) 

where A, = 2 and A, = 3/2 for the cylinder and the sphere 
respectively. 

We now introduce the following similarity trans- 
formations : 

ti = ar”,(A,~,r,la)“‘G.Oll~(rl) (6) 

(7) 

(8) 

where x = x/r,, 

G&) = (1 - cos x) I’*, Ho(%) = sin x/G&). 

2 l2 
cos):+j 3 

I 

and 

H,(X) = sin’X/G,(z). 

Substituting equations (6)-(8) into equations (l)-(4) yields 

f” = GrlRe 8 (9) 

B” = -fe’/2 (10) 

f (0) = 0, f?(O) = 1 (lla,b) 

f’(m) = 1, fI(r;) = 0 (12a,b) 

where the primes are the differentiation with respect to 1; 
Gr/Re = Kgfig(T, - T,)/pU, A, is the ratio of the Grashof 
number to the Reynolds number based on any length, and is a 
dimensionless parameter measuring the relative importance 
of the free to forced convection. Equations (9) and (10) subject 
to boundary conditions (11) and (12) have been solved 
numerically by Cheng [l] for the problem of mixed con- 
vection about avertical isothermal heated surface in a porous 
medium. 

RESULTS AND DISCUSSION 

The Darcian velocities in terms of the transformed vari- 
ables are 

u = U,A,sin~f’(q) (13a) 

and 

+ GWf (tl) 
I 

(13b) 

where H:(X) = dH.k)/dX and G:(X) = dG.(#dX. The local 
surface heat is given by 

= QT, - T,)[A,U,/(ar,)l”2H.(%)[-8)(0)l (14) 

where k is the thermal conductivity of the porous medium. 
Equation (14) can be expressed in dimensionless form as 

+ = (A&’ H.(X) [-p(O)] (15) 

where Nu, = q,x/k( T, - T,) and Pe, = Cl? x/a are the local 
Nusselt number and the local Peclet number respectively. 

The value of [ - 0’(O)] as a function of Gr/Re is given in a 
previous paper [ 11. 
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