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Abstract-The method of matched asymptotic expansions, together with a deformed longitudinal coor- 
dinate, is applied to study the leading edge effect on free convection about a semi-infinite, uniform heat 
flux, vertical surface embedded in a porous medium. The leading edge effect manifests itself as inhomo- 
geneous terms in the second- and third-order problems. Similarity solutions for the free convection porous- 
media flow are obtained up to the third-order approximation. It is shown that the leading edge effect 
increases the streamwise vertical velocity near the outer edge of the thermal boundary layer, resulting in a 
corresponding increase in heat flux. The leading edge and the entrainment effects are shown to increase 
the heat transfer rate almost equally. At Ru, = 100, the combined effects enhance the heat transfer rate by 
more than 10% as compared with those based on the boundary layer approximation. These effects increase 

as the Rayleigh number is decreased. 

INTRODUCTION 

FLOW VISUALIZATION studies [l] of natural convection 
about a heated vertical plate suggest that the thermal 
boundary layer does not start at the leading edge of 
the plate, as usually assumed in the boundary layer 
approximation. These phenomena have been attri- 
buted to the induced flow upstream of the leading 
edge, generally known as the leading edge effect [l-4]. 
Using the method of matched asymptotic expansions, 
Hieber [3] as well as Martynenko et al. [4] have shown 
that the leading edge effects increase surface heat flux 
as compared to those predicted by the classical bound- 
ary layer theory. With the effects of the leading edge 
and boundary layer entrainment taken into con- 
sideration, Martynenko et al. [4] found that the pre- 
dicted velocity profiles and Nusselt numbers are in 
better agreement with experimental data especially at 
low Rayleigh numbers. 

The akin problem of natural convection about a 
semi-infinite heated vertical plate embedded in a 
porous medium has attracted considerable attention 
during the past decade [5-201. Most of the Nusselt 
number data [8-l l] are found to be higher than those 
predicted by Cheng and Minkowycz’s similarity solu- 
tion [5], which is based on Darcy’s law with boundary 
layer approximation invoked. The higher exper- 
imentally determined Nusselt numbers have been 
attributed to the fact that the effects of near-wall 
porosity variation [15, 161, transverse thermal dis- 

persion [17, 181 and boundary layer entrainment [19, 
201 have been neglected in Cheng and Minkowycz’s 
analysis. The purpose of this paper is to point out that 
the leading edge effect, which has been neglected 
in Cheng and Minkowycz’s theory [5], is also parti- 
ally responsible for the higher experimental Nusselt 
numbers. 

In this paper, the approach used by Martynenko et 

al. [4] is applied to the problem of natural convection 
about a semi-infinite, vertical, uniform heat flux sur- 
face embedded in a porous medium. The formulation 
of the problem is based on Darcy’s law which is valid 
when the particle diameter to plate length ratio is 
small, a condition consistent with the existing exper- 
imental data [8-121. It is shown that the leading edge 
effect enters the second- and third-order problems as 
inhomogeneous terms in the equations and boundary 
conditions. For Ra, = 100, it is found that the leading 
edge and boundary layer entrainment effects enhance 
the heat transfer rate by more than 10% over those 
predicted by Cheng and Minkowycz’s similarity 
solution [5]. These effects increase with decreasing 
Rayleigh number. 

ANALYSIS 

The governing equations (in terms of dimensionless 
stream function $ and temperature 0) for natural 
convection in a porous medium, adjacent to a vertical 
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NOMENCLATURE 

a constant in equation (69) 

a0 constant defined in equation (45) 

aI constant defined in equation (41a) 

% constant defined in equation (4lb) 

A, constant defined in equation (38) 
b constant defined in equation (69) 
c constant defined in equation (69) 

c, constant defined in equation (66) 
F function defined in equation (8~) 
f 0, f ,, f Z first-, second- and third-order 

inner stream functions 

9 gravitational acceleration 
go, g , , g2 first-, second- and third-order 

inner temperature functions 
k thermal conductivity of the saturated 

porous medium 
K ~~eability of the porous medium 
I length of the plate 
L function defined in equation (67) 
n exponent in equation (39) 
Nu, local Nusselt number, q$/k(T, - T,) 
(Nu,)~,~. local Nusselt number based on 

boundary layer theory 

4W surface heat flux 
r radius of the polar coordinates 
Ra Rayleigh number of the porous medium 

based on l, gBKq,,,l ‘/avk 

Rax Rayleigh number of the porous medium 
based on x, g~Kq~~‘/ffvk 

T dimensional temperature 
Ei, u dimensional and dimensionless vertical 

velocities 
2;, v dimensional and dimensionless 

horizontal velocities 
.?, x dimensional and dimensionless vertical 

coordinates, x = a/l 

x dimensionless deformed longitudinal 
coordinate defined in equation (8~) 

x* distance between the origin of the thermal 
boundary layer and the leading edge 

j, y dimensional and dimensionless 
horizontal coordinates, J’ = p/l 

Y dimensionless inner variable defined in 
equation (8b). 

Greek symbols 
a thermal diffusivity of the porous medium 

r;- 

eigenvalues 
coefficient of thermal expansion of fluid 

E perturbation parameter based on I, 
&-f/3 

E, pe~urbation parameter based on X, 
&; u3 

rl similarity variable defined in equation 

(19c) 
t? dimensionless temperature, 

W- T&J 
00, O,, O2 first-, second- and third-order 

inner perturbation solutions for 
temperature 

A angle of the polar coordinate 
kinematic viscosity of the fluid 

;A d imensional and dimensionless stream 
functions, $ = kv~jg~Kq~~= 

t+bo, $, , sj 2 first-, second- and third-order 
outer perturbation stream function 

g, perturbation function defined in equation 

(51) 
Y dimensionless inner stream function 
Y,, Y,, Y’, first-, second- and third-order 

inner perturbation stream function. 

/ 

plate with uniform heat flux, based on Darcy’s law 
and Boussinesq approximation are 

$L + tit, = 8, (1) 

s’(L+@,,) = tir,&-tlrX@.V. (2) 

In the above equations, the dimensionless variables 
are defined as 

X = a/r, Y = 911, 

$ = kv$igBKqwl=, 0 = W- r, )lq,l (3) 

with 

u=;=JI,, i,=;= -J/X, r g = !!!%E 
% kv 

where I is a reference length ; 2 and 3 the vertical and 
horizontal coordinates with the origin placed on the 
leading edge of the plate; li and fi the Dareian vel- 

ocities in the R and?-directions ; v and fi the kinematic 
viscosity and thermal expansion coefficient of the 
fluid; R the permeability of the porous medium; qW 
the prescribed surface heat flux; k the thermal con- 
ductivity of the saturated porous medium ; T the tem- 
perature; and g the gravitational acceleration. The 
quantity E in equation (2) is defined as E = Ra- lu3 
where Ra = gj3Kq,12/uvk is the modified Rayleigh 
number based on the reference length 1. The dimen- 
sionless boundary conditions are given by 

y=o, x>o: tiX = 0, Q, = - 1 (4a, b) 

y=o, a”<o: $X = 0, 0, = 0 (5a, b) 

r--*00, A=tan-’ c #O, JI,,=O, O=O 
(1 

(6a, b) 

where (r, A) are the polar coordinates. 
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FIG. 1. Coordinate system 

We now attempt to solve equations (1) and (2) 
subject to boundary conditions (4)-(6) under the eon- 
dition E +O by means of the method of matched 
asymptotic expansions with a deformed longitudinal 
coordinate. To this end, the dependent variables of 
the inner problem will be expanded as 

Y(x,y; a) = E2[Y,(X, Y)+eY,(X, Y)+&zY,(x, Y) 

+P+,,,(X, Y) + h.o.t.] (7a) 

and 

B(x,y;a) = E[%(X, Y)+aO,(X, Y)+eZO,(x, Y) 

+ +0,(X, Y) + h.o.t.1 (7b) 

with 

and 

@=Y, y=&Y (8% b) 

x=X+&F(X,Y)+..* (84 
where the longitudinal coordinate x is deformed so 
that the real position of the boundary layer relative 
to the leading edge of the surface can be determined 
(Fig. 1). The function F(X, Y) in equation (8~) will be 
determined later from the condition of the similarity 
solution in the boundary layer, and the exponential 
decays of the second-order longitudinal velocity at the 
outer edge of the boundary layer. From equations (8) 
we obtain the following transformations : 

a a a a -=-- 
ax ax EE;( ax + E=F; E f h.o.t. (9a) 

a 

ay=& 
--i ; - F,k+ cF,F& + h.o.t. (9b) 

and 

I& = & - 2sFx& - EF~~ & + h.o.t. (lOa) 

a2 
ay2'E 

_-z a2 
;iyT - 2a-1 Fr &.2FF 

a= 
xym 

a2 
+F:= + h.o.t. (lob) 

where 

a& EC-, 
ay Y* ww 

With the aid of equations (9) and (lo), equations (1) 
and (2) can be expressed in terms of the inner variables 
Xand Y to give 

For the outer problem, the dependent variables can 
be expanded as 

Ji(x,y; a) = s2t1JiofX,v)+~,(X,y)+h.o.t.l (12a) 

6(.&y; E) = 0 (12b) 

where Xis the deformed coordinate given by equation 
(8~). With the aid of equations (12b) and (lOa), equa- 
tion (1) in terms of the outer variables Xand y is given 
as 

$xx f & - 2sFxJIx.r -s&&, = 0. (13) 

The matching conditions are given by 

$,(X3 0) = Y,(X, co), &(X,0) = ‘y,(X, 00). 
(14a, b) 

With the aid of equations (7a) and (12a) and trans- 
formations (9b) and (lob), the above matching con- 
ditions can be written as 

s2J10y(XIO)+s3~ly(X,0) = sYor(X, a) 

+&'~,,-FYY~x)x,~+E~(UIZY-FYY,X 

+FxFrYOx)x,,+h.o.t. (ISa) 

and 

E=k&,~) = YoYY(X, C~)+E(Y,YY-~FYY~X,Y)X,~ 

+&z~2~v-2E;Y,,~+2F,F,Y,y+F:Y,,),,. 

WW 

First-order inner problem 
Substituting equation (7) into equation (11) leads 

to the following first-order inner problem : 

Y OYY =@oy (164 



496 I. POP et al. 

0 OYY = Yo*@, -Ylw@,, (16b) 

subject to the boundary conditions 

Y= 0: ‘I”,, = 0, O,, = -I (17a, b) 

and 

Y-co: Y”, = 0, 00 = 0. (18a, b) 

Equations (16)-(18) show that the effect of the 
deformed longitudinal coordinate does not enter the 
first-order inner problem. Equations (16)-(18) admit 
a similarity solution of the form [S, 61 

Y’, = P”f&), 0, = P’3g&), r] = Y/X” 

(19a-c) 

where fO(q) and go(q) satisfy the following equations : 

fo” = dl (20) 

9: + Vrlsb - V&o = 0 (21) 

with boundary conditions 

fo(0) = g;(o) + 1 = 0 (22a, b) 

f&(a) = SC!(W) = 0 (23a, b) 

where the primes denote differentiation with respect 
to n. It follows from equation (19a) that 

Y&V, co) = A?‘3f,(Co). (24) 

First-order outer problem 
Substituting equation (12a) into equation (13) 

yields the following first-order outer problem 

v’*” = 0 (25) 

with the boundary condition 

$&Y, 0) = 0, X < 0 (26a) 

and the matching condition 

iJO(X, 0) = X2’3f0(~), X > 0. (26b) 

The solution to equations (25) and (26) is [ 191 

27L 
$,(X,y) = f‘O(c0)r2’3 sin [+(n-A)]/sin - 

0 3 

(27a) 

It follows from equation (27a) that 

+ & + h.o.t. 
1 

(27b) 

Second-order inner problem 
Substituting equation (7) into equation (11) leads 

to the following second-order inner problem : 

Y ,rv--@,, = FA2YOXF@OX) (28) 

and 

0 Irv-(~“~~IX-~OXO,Y)-(~,YOOX-~,~00y) 

= 2F,00x,+F,(Y,,0,,-Y’,,00x) (29) 

with boundary conditions 

‘l’,.(.Y,O) = 0. O,,(X,O) = 0 (30a,b) 

and matching conditions 

Y,,(X, m)--Fr(X m)Y,,(X,=) = tiO,,(X,O) (31a) 

0,(X, ns) = 0. (31b) 

Equations (28)-(31) show that the effect of the 
deformed longitudinal coordinate enters the second- 
order inner problem as inhomogeneous terms. It can 
be shown that equations (28)--(3 1) admit a similarity 
solution of the form 

y I (X v = t-1 (r) + FY0.Y (32) 

0,(X, Y) = Xm”3g,(r/)+FB”,. (33) 

It is relevant to note that the first term on the right- 
hand side of equation (32) or equation (33) is the 
homogeneous solution to equations (28))(31), where 
,f,(r) and g,(q) are determined from [20] 

f’i” _ g’, (34) 

and 

s?+ V”0.y; + :f;;s I = :,qof’l (35) 

with boundary and matching conditions given by 

.f‘, (0) = s; (0) = 0 (36a, b) 

Y,(W) = 0 (37a) 

and 

2x 
.f’,‘(co) = -:.fo(co)cot -- 

0 3 
(37b) 

It follows from equation (37b) that 

2n 
.f’,(r) = - !.fo(a)rcot - 

0 
3 +A,+exp, 

asq+co. (38) 

The above equation can be used to determine the 
constant A, after f,(n) is obtained numerically from 
equations (34)-(37). 

We now determine the function F(X, Y) following 
the procedures given by Martynenko et al. [4]. In 
order that the similarity condition exists in equations 
(32) and (33), it is required that the function F(X, Y) 
be of the form 

F(X, Y) = X” i UJ”. (39) 
,I= 0 

It follows from equations (32), (38) (19a) and (39) 
that 

Y,(V) - - :fotahl cot 7 
0 

+A, + jf‘dm) i: a,V fexp, as?-+ m. (40) 
n-0 
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The above equations indicate that Y,(q) is singular at 
X = 0, i.e. when rl+ co. To avoid this singularity, we 
set 

2n 
a, =cot - 0 3 Wd 

and 

a, = 0, for n = 2,3,. . . @lb) 

It follows from equations (39)-(41) and (19c) that 

F(X, Y) = a,X,” + Ycot 
0 

$ (42) 

and 

Y,(1) N 3fo(co)a,+-4, +exp, as tl+ co. (43) 

To determine aO, we assume that 

Y*(X, co) = 2A,. (44) 

As we shall see in the next paragraph, this choice 
of Y ,(X, co) would reduce the second-order outer 
problem for Y ,(X, y) to the one in which the leading 
edge effect is absent. 

Equating equation (43) to equation (44) gives 

a0 = :&. 
Substituting equation (45) into equation (42) yields 

Al 2x 
F(x, I’) = :fo(03) X1’3 + Ycot 7 0 . (46) 

It follows from equations (8~) and (46) that 

x = x + 
[ 

Al 2s 
$fo(co) x*j3 + Ycot 3 ( >I Ra-“3. 

(47) 

At the leading edge where x = y = 0 and X = X0, the 
above equation gives 

X0 = [-$&]3’zRa-,iz (48) 

where A, is given by equation (38). The value of 
X0 is the distance between the origin of the thermal 
boundary layer and the leading edge, which is shown 
in Fig. 1. 

Second-order outer problem 
The second-order outer problem is given by 

+ixx++,lyy = ~Fx+oxx+FxxI(Io, (49) 

with the boundary condition 

$,(X,0) = 0, X< 0 (soa) 

and the matching condition from equation (50b) to 
give 

Y,(X,O) = 2A,, X> 0. (5Ob) 

Letting 

$i = lcll --a0X1i3$0x (51) 

equations (49) and (50) in terms of $I become 

Vl,J, = 0 (52) 

$,(X,0) = 0, X < 0 (53a) 

$,(X,0) = A,, X> 0. (53b) 

Equations (52) and (53) are the second-order outer 
problem for free convection of a Darcian fluid about 
a semi-infinite flat plate without the leading edge effect 
taken into consideration, which has been solved pre- 
viously [19, 201. It follows from equations (51) and 
(45) and refs. [19,20] that 

Al 
+ :foo~1’3jr,, (54) 

which gives 

‘b,(x,o) = 2A,+A, [:cot~~)-++... 

(55) 

Note that the second term on the right-hand side of 
equation (54) represents the leading edge effect for the 
second-order outer solution. 

The third-order inner problem 
The third-order inner problem is given by 

Y zrr-@zu+Yoxx = -F:Yoxx 

+F~:~F,(OO-~YOX~)--F~(O, -2Ylx,) (56) 

and 

0 2YY-~YoY~2*-Yox~2Y~-~Y2Y~o~-Y2x~oY~ 

-~Yl,~l,-Yl~~~,~+~oxx 

=~,~~~,,,-~~x~o~~-~~~oxxl+~,~~,xOov 

-~‘,~~o~~+~x[vIox~~~-~o~~,~1 

+F~lJ’o,@ox-Yox@o,l (57) 

subject to boundary conditions 

YzX(X,O) = 0, O,,(X,O) = 0 (58a, b) 

and matching conditions 

YzYW, 03) --FM, a)YdX a> 

+FdX ~)F,G, ~)YoxV, ~0) = 1(1,(X 0) (59a) 

0,(X, co) = 0. (59b) 

It can be shown that equations (56)-(59) admit a 

similarity solution of the form 

Yz(X Y> = ~-2’3f2(tl)+fF2Y~~~+Ff,~ (60) 

@,(X Y) = X-‘~2(9)+fF’0,+F~(X-,“g,). 

(61) 



498 I. POP et al 

Table 1. Some numerical results 
--_____. __._ 

sll(0) fb(a) f ;m 91(O) A, .fm gm a h c 
_________..__ ________. ______-.. 

1.2961 1.4818 0.1887t -0.38161_ -0.8001 0.3431t 0.08862t -0.2699 -0.2944 0.06837 

t These values differ slightly from those obtained by Joshi and Gebhart [20]. 

Note that the first term on the right-hand side of 
equations (60) and (61) satisfy the left-hand side of 
equations (56) and (57), and that f*(q) and g*(q) are 
determined from 

where 

and 

f;‘=g;+$fo-br2f;’ (62) and 

s;‘+ 3f&2 +ff;g2 = fs& + $.fzsb 

- :s,fl’+ iso- %&,-$r12sc;’ (63) 

subject to boundary conditions 

fz (0) = ,4; (0) = 0 (64a, b) 

with 

It is pertinent to note that the terms associated with 
L(n) in equation (67) represent the leading edge effect. 
Without these terms, equation (67) reduces to the 
solution obtained by Joshi and Gebhart [20]. Equa- 
tion (67) with and without the leading edge effect is 
computed for Ra, = 10’ and 103, and plotted in Figs. 
2(a) and (b), respectively. The vertical velocity profiles 

g2(co) = 0 and f;(v) = $fo(~)v - 2, 
asn+co (65a, b) 

where A, is determined from equation (38). Note that 
equations (62)-(65) have been solved by Joshi and 
Gebhart [20]. 

Eigenvalues and eigenfunctions 

As shown by Joshi and Gebhart [20] the first eigen- 
value of the problem is c(, = 3/2 and the cor- 
responding eigenfunctions are 

and 

(664 

O,,,(X, Y) = q (go -qg;) (66b) 

with C1 = 0. Therefore, the asymptotic series given by 
equations (7a) and (7b) are valid to 0(s4) and O(E~), 
respectively. 

RESULTS AND DISCUSSION 

The fourth-order Runge-Kutta method was used 
for the numerical solution of the first-, second-, and 
third-order inner problems given by equations (20)- 
(23), (34)-(37) and (62)-(65) respectively. Some of 
the results of the numerical integration are tabulated 
in Table 1 for future reference. 

From equations (7a), (19a), (32) and (60) it can be 
shown that the vertical velocity component in the 
thermal boundary layer is 

0 2~ ,A, ‘t?) = :?cot 3 + i.r,(ooj 

E, = Ra; ‘I3 

Ra,y = gfiKq,.t’/rvk. 

ENTRAINMENT EFFECT 

- G)[f ;(rl) + rf Y(v)1 + O(E.:) (67) 
FIG. 2. Dimensionless vertical velocity profiles at: 

Ra, = IO*; (b) Ra, = 103. 
(4 
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1 
WITH BOUNDARY LAYER APPROX. 

WITH ENTRAINMENT EFFECT 

0.2 

0 

FIG. 3. Dimensionless temperature profiles at : (a) Ru, = 10’ ; 
(b) Ra, = 10’. 

based on the boundary layer approximation (i.e. the 
first term of equation (63)) are also presented as 
dashed lines in these figures for comparison purposes. 
The leading edge effect is shown to increase the vertical 
velocity near the outer edge of the thermal boundary 
layer, but decreases slightly the vertical velocity ad- 
jacent to the plate. In comparison of Figs. 2(a) and 
(b), it is shown that the boundary layer entrainment 
and leading edge effects decrease as the value of Ra, 
is increased. 

The dimensionless temperature distribution as 
obtained from equations (7b), (19b), (33) and (61) is 

(T-T,) 
-= 90(1)+&,{gI(rl)+~(?)[g,(tt)--g6(rl)l} xw,Jlk 

+e: s2(rl)--L(?)lgl(tl)+‘196(1)1+~2(11) 
{ 

X -90(‘1)+9do(~) + $m 
II 

+ W). (68) 

Equation (68) is plotted for Ra, = 10’ and lo3 in Figs. 
3(a) and (b), respectively. It is shown that both the 
leading edge effect and the boundary layer entrain- 
ment effect result in negative corrections to the tem- 
perature distribution based on the boundary layer 
theory. A comparison of Figs. 3(a) and (b) indicates 

WITH ENTRAINMENT EFFECT 

5.- 
Ra. 

499 

x) 

FIG. 4. Leading edge and entrainment effects on the local 
Nusselt number. 

that these effects are more pronounced as the local 
Rayleigh number is decreased. 

It follows from equation (68) that the surface tem- 
perature of the plate is given by 

with 

a = L(0) = 

and 

t (a + b)s, 

-(a’+ab-c)E~+O(E~)] (69) 

where the terms associated with a denote the leading 
edge effect. The computed values of a, b and c are 
listed in Table 1. 

With the aid of equation (69), the local Nusselt 
number is given by 

+(2a2+3ab+b2-c)e,2+0(&:)] (70) 

which is presented as a function of the local Rayleigh 
number in Fig. 4. From this figure, it is shown that 
both the leading edge and the boundary layer entrain- 
ment effects increase the surface heat flux as compared 
to that predicted based on the boundary layer 
approximation. These effects contribute almost 
equally to the increase in the heat transfer rate. At 
Ra, < 100, the combined effects enhance the heat 
transfer rate by more than 10% over those predicted 
by the boundary layer approximation. Their effects 
decrease as the value of Ra, is increased. 

The local Nusselt number ratio is given by 

*u, -= I-(a+b)e, 
(*u~)B.L. 

+(2a2+3ab+b2-c2)$+O($) (71) 
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l ” 

FIG. 5. First- and second-order approximations for the 
normalized local Nusselt number. 

where (Nu,)~ L. = l/.s,gO(0) is the local Nusselt num- 
ber based on the boundary layer approximation. The 
first and the second approximations given by equation 
(71) are plotted respectively as dashed lines and a 
solid line in Fig. 5 as a function of E,. It is shown that 

the local Nusselt number ratio increases from unity 
as the value of E, is increased from zero. 

CONCLUDING REMARKS 

The idea of deformed coordinates used in this paper 

is deduced from experimental observations that the 
boundary layer begins not at the leading edge of the 
plate, but at a distance ahead of the leading edge. 
With the aid of a deformed longitudinal coordinate, 
it is possible to shift the singularities in the inner 
solution of the boundary layer equations to their true 
position, and to determine more precisely the origin 
of the boundary layer relative to the leading edge. The 
structure of the boundary layer interaction with the 
outer flow is preserved under the coordinate trans- 
formation. 

It is shown that the leading edge effect in the present 

problem manifests itself as inhomogeneous terms in 
the second- and third-order problems. The leading 
edge and entrainment effects are found to increase the 
heat transfer rate by approximately the same amount. 
These effects increase as the Rayleigh number is 

decreased. 
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EFFETS DU BORD D’ATTAQUE SUR LA CONVECTION NATURELLE DUN FLUIDE 
DARCIEN AUTOUR DUNE PLAQUE SEMI-INFINIE VERTICALE AVEC FLUX DE 

CHALEUR UNIFORME 

R&un&La methode des developpements asymptotiques, avec une coordonnte longitudinale deform&e, 
est appliquee a l’ttude de l’effet du bord d’attaque sur la convection naturelle autour dune surface verticale, 
semi-infinie, noyee dans un milieu poreux, avec flux de chaleur uniforme. Cet effet se manifeste par des 
termes non homogtnes dans les problemes de second et troisiime ordre. Des solutions de similitude pour 
l’ecoulement de convection naturelle dam un milieu poreux sont obtenues jusqu’a l’approximation du 
troisieme ordre. On montre que l’effet du bord d’attaque augmente la vitesse verticale pres de la frontiere 
exterieure de la couche limite, avec un accroissement correspondant du flux thermique a la surface. Les 
effets de bord d’attaque et d’entrainement augmentent le transfert de chaleur a peu pres egalement. A Ru, = 100, 

les effets combines accroissent le transfert de chaleur de plus de 10% par rapport au cas base sur 
l’approximation de couche limite. Ces effets augmentent quand le nombre de Rayleigh dfcroit. 

EINFLUSS DER ANSTROMKANTE AUF DIE FREIE KONVEKTION EINES DARCY- 
FLUIDS AN EINER HALBUNENDLICHEN, VERTIKALEN, GLEICHFORMIG 

BEHEIZTEN PLATTE 

Zusammenfassung-Das Verfahren der angepaljten asymptotischen Reihenentwicklung wurde in Ver- 
bindung mit einer verformten Lingskoordinate angewendet, urn den EinfluB der Anstriimkante auf die 
freie Konvektion an einer halbunendlichen, vertikalen, gleichformig beheizten Platte in einem poriisen 
Medium zu untersuchen. Der Einflug der Anstriimkante geht in Form inhomogener Terme in die Gleich- 
ungen zweiter und dritter Ordnung ein. Ahnlichkeitslosungen fur die Konvektionsstromung im poriisen 
Medium werden bis zur Naherung 3. Grades angegeben. Es zeigt sich, daB der EintIuS der Anstriimkante 
die vertikale Geschwindigkeit nahe des augeren Randes der thermischen Grenzschicht erhiiht und zu einer 
entsprechenden Erhijhung der Warmestromdichte an der Oberflache fiihrt. Es wird gezeigt, dal3 die 
Einfltisse von Anstriimkante und Entrainment den Warmeiibergang etwa gleich stark verbessern. Bei 
Ra, = 100 erhohen die gekoppelten Effekte den Warmetibergang urn mehr als IO%-verglichen mit den 
aus den Grenzschichtvereinfachungen errechneten Werten. Die Einfliisse verstarken sich mit sinkender 

Rayleigh-Zahl. 

BJIHIHklE IIEPEJJHER KPOMKH PABHOMEPHO HAI-PEBAEMOft 
l-IOJIYOI-PAHW~EHHO~ BEPTMKAJIbHOtl HJIACTWHbI HA CBOEOJJHYIO 

KOHBEKHHIO 2CklJIKOCTH, ITO~‘4MHRIOIIIYIOC5I 3AKOHY AAPCW 

ARWIWH-MCTTOAOM cpaumqermx ~CHMIITOTHWCICHX pa3noneHti c H~nom3ona~~e~ Ae~&p~~po- 

Bamoa IIpOAOlIbHOfi IcoopAHeaTsr HCCJleAOBanOCb nmmme nepemid KpoMKE tia cBo6oAHym IOHBeP- 

IUt.lC BOKpyT paBHOMepH0 HarpeBaeMOti nOJlyOl-paHH'IeHHOfi BepTHKaJIbHOii l'lJIaCTHHbl,nOMe~eHHOti B 

nop~crym CpeAy.Bc~n3~c3@kZiTOM nepeme# Kpohmi B pa3JIoXeHmx~~0por0 upe~bero nopmxa 

nO#BJlIM)TCR HeOAHOpOAHble'LJleIibI.&I~ CBO~~AHOKOHEXXTHBHO~O Te'teHHR B UOpECTOiiCpeAeAJlnpa3- 

JlOXearrir C TOWiOCTbH) 3-r0 nOpSIAKa n0JIy'IeHL.I BBTOMOAeJIbHble penreHHa. ~OWiUiO, YTO 83-38 

*ma nepemiel xpormw cropocrb mnpaanemioro nep~mwm~o enepx noToKa y nHemier0 apaa 

TennoBoro norpamworo cnoz4 y BeJUfiEBXTCX, B pe3yJIbTaTe SerO BOSpaCraeT II TelIAOBOii nOTOK Ha 

nOlK?pxAOCTH MliCTHHbl. ~OKXUHO TaKXe, 'IT0 KaK 3@t$WX IIeperuIeii KFMIH, TaE H 3@&ICT yHOGi 

nOgTA OAEABIOBO BJIHXIOT Ha yBeJmiYeHHe HHTeHCHBHOCTH TenJIonepeHoCa. np&i Ra,= 100 o6a s’rn 
3@&KTa yCEiJIHEGUOT HHTeHCEBHOCTb TeMOnepeHOCa 6onee PeM Ha 10% no cpaerieumo c BeJIH%EOii, 
paccnar~BaeMo~Haoc~0BenpH6nH~eHHsnorp~aorocnon.BnHa~e~~~0~ycKrmeaeTcnCyMe- 

HbweHHeMmfcna P3nea. 


