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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 Ra, = 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 [1] 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 [1-4].
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 ez 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 [5-20]. Most of the Nusselt
number data [8—11] 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, 16], transverse thermal dis-
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persion [17, 18] and boundary layer entrainment [19,
20] 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 [8-12]. 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 6) for natural
convection in a porous medium, adjacent to a vertical
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NOMENCLATURE
a constant in equation (69) X dimensionless deformed longitudinal
a, constant defined in equation (45) coordinate defined in equation (8c)
a, constant defined in equation {(41a) X,  distance between the origin of the thermal

a,  constant defined in equation (41b)

A,  constant defined in equation (38)

b constant defined in equation (69)

c constant defined in equation (69)

€,  constant defined in equation (66)

F function defined in equation (8¢)

So f1, f2 first-, second- and third-order
inner stream functions

g gravitational acceleration

do-d1,9, first-, second- and third-order
inner temperature functions

k thermal conductivity of the saturated
porous medium

K permeability of the porous medium

1 length of the plate

L function defined in equation (67)

n exponent in equation (39)

Nu, local Nusselt number, ¢,2/k(T,—T,)

(Nu,)g,. local Nusselt number based on
boundary layer theory

¢,  surface heat flux

r radius of the polar coordinates

Ra  Rayleigh number of the porous medium

based on /, gfKq,*javk

Rayleigh number of the porous medium

based on x, gpKq, 2% /avk

T dimensional temperature

dimensional and dimensionless vertical

velocities

#,v  dimensional and dimensionless

horizontal velocities

dimensional and dimensionless vertical

coordinates, x = £/I

boundary layer and the leading edge

dimensional and dimensionless

horizontal coordinates, y = §/{

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

hy

Greek symbols
a thermal diffusivity of the porous medium
a,  ecigenvalues
coefficient of thermal expansion of fluid
g perturbation parameter based on /,

R g 13

perturbation parameter based on x,

Ra; 13

# similarity variable defined in equation
(19¢)

¢ dimensionless temperature,

B, 0,0, first-, second- and third-order
inner perturbation solutions for
temperature

A angle of the polar coordinate

v kinematic viscosity of the fluid

¥, dimensional and dimensionless stream
functions, ¥ = kvif/gBfKq. I’

Yo, ¥, first-, second- and third-order
outer perturbation stream function

¥, perturbation function defined in equation
(5

¥ dimensioniess inner stream function

Y, ¥,,¥, first-, second- and third-order
inner perturbation stream function.

o
¥

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

';’xx'*'tx‘f{yy = 8y (1)
83(8xx+6yy) = xn‘bygx""n[‘r,\rg_v- (2)

In the above equations, the dimensionless variables
are defined as

y=7/,
¥ = kwi/gBKg.l?, 0=k(T—T.)/g.l (3
with

x = %/l

I

u= =y, @ =0T

xx! oy

3 lﬁy, o=

r r

=

where [ is a reference length; £ and ¥ the vertical and
horizontal coordinates with the origin placed on the
leading edge of the plate; # and ¢ the Darcian vel-

ocities in the %- and p-directions ; v and j the kinematic
viscosity and thermal expansion coefficient of the
fluid; K the permeability of the porous medium; ¢,
the prescribed surface heat flux; k the thermal con-
ductivity of the saturated porous medium ; 7 the tem-
perature; and ¢ the gravitational acceleration. The
quantity & in equation (2) is defined as ¢ = Ra™"/?
where Ra = gfKq,/*/avk is the modified Rayleigh
number based on the reference length /. The dimen-
sionless boundary conditions are given by

¥, =0, 6,=—1 (4a,b)
Yo=0, 8,=0 (5a,b)

y=0, x>0

y=0, x<0:

¥ — 00, A:tan“‘("ﬁ);&(}, gfiy=0, =20

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 con-
dition ¢ —0 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

W(x,y; &) = e} [Wo(X, Y)+&¥,(X, ) +e2¥,(X, Y)
+&¥,.(X,Y)+hot] (7a3)
and
8(x,y; &) = e[@(X, ¥) +£0,(X, ¥)+£*0,(X, )
+&"0,,(X, Y)+hot] (7Tb)
with
(8a,b)
and
x=X+eFX,Y)+... (8c)

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 (8c) 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:

@ 0 d 2pay O
Pl EFXEX'_ +e Fxé~X~+ h.o.t. (9a)
8 _, 0 é 8
(—3;—8 B—f-FY(-’;‘—A_"*-SFXFYgf-*-h'O't' (9b)
and
02 a? a2 0
@ = W - ZEFXG_‘YT - SFxx'é} + h.o.t. (103.)
a? . " a? 9’
o= o ¥ Praxey v ey
62
+F%'8-P+h.0.t. (10b)
where
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OF oF oX
Fo=gp =gy &'
ox
d —5)—,=—Fy (10c)

With the aid of equations (9) and (10), equations (1)
and (2) can be expressed in terms of the inner variables

X and Y to give
1 2F
¥y = = VetV + 2P e + Fidhar

1
—e2Fxyy + Frx¥x] = Egr —FyOxx +eFyFyly

(11a)
and

Oyy —2FyOyy + €2 (2FyOxy + FyOyx +0xx)
1
— &> (2F ¢ Oyy + Fyxly) = E('/IYGX_'I’XGY)

+F(Yx0y —¥y0x) +eF5z(v0y—¥x8y). (11b)

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

Y(x,y;8) = & [Yo(X, ) +ef, (X, p) +hot] (12a)
B(x,y;8)=0 (12b)

where X is the deformed coordinate given by equation
(8c). With the aid of equations (12b) and (10a), equa-
tion (1) in terms of the outer variables X and y is given
as

Yxx ¥y, —2eF gy —eFxxhy = 0.
The matching conditions are given by

¥,(X,0) = ¥,(X,0), ¥, (X,0) =Y¥,(X, o).
(14a,b)

With the aid of equations (7a) and (12a) and trans-
formations (9b) and (10b), the above matching con-
ditions can be written as

GZV’Oy(X, 0)+63‘/,1y(Xa0) = E‘POY(A,9 <x>)
+&* (¥ 1y —Fy¥ox )i +8*(Woy —Fy¥ox
+FyFeWox)xo thot.

13)

(15a)
and
e 0y (X, 0) = Wory (X, 0) +e(¥ vy —2Fy¥ox.r ) x0
+&2(¥ory —2Fy¥ 10y + 2Fy FyWory + F3¥ oxx ) xo-
(15b)
First-order inner problem

Substituting equation (7) into equation (11) leads
to the following first-order inner problem :

q’on’ = B¢y (168)
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Ooyy = VY0, 09— ¥oxOoy (16b)
subject to the boundary conditions
Y=0: Wu=0, Oy =-1 (17a,b)
and
Yosow: Yy =0, ©,=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 [5, 6]

Wo =X o(n), Oo=X"ge(m), =YX

(19a-¢)
where f,(n) and g,(n) satisfy the following equations :
Jo' =45 (20
96 +3f0d0— 51590 =0 2n

with boundary conditions
So(0) = go(0)+1 =0 (22a,b)
J5(0) = go(0) =0 (23a,b)

where the primes denote differentiation with respect
to n. It follows from equation (192) that

¥o(X, 00) = X*f,(0). (24)
First-order outer problem

Substituting equation (12a) into equation (13)
yields the following first-order outer problem

Vi, =0 (25)
with the boundary condition
Yo(X,0) =0, X<0 (26a)
and the matching condition
Yo(X,0) = X¥3f (), X>0. (26b)
The solution to equations (25) and (26) is [19]
oK) = oy siniem— Ml ().
(27a)

It follows from equation (27a) that

2y 2n
- ﬁCOt <?>
2

y
Z _+thot | (2
+9X2+hot] (27b)

Yo(X,0) = fo(oo)Xm l:l

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

to the following second-order inner problem:
Wivy =01y = Fy(2¥oxy —Ooy) (28)

and

I. Pop et al.

®IYY'—(lPOY@]X_‘\POA'@IY)_(lPlY@OXQ‘PJX@DY)

= 2FY®0X)' +FX(\P0X®0Y ‘LPOY(’DOX) (29)
with boundary conditions
Y y(X,0) =0, ©,(X,00=0 (30a,b)

and matching conditions
Yoy (X, 00) = Fy (X, 0)Wox (X, 00) = o, (X,0) (3la)
O (X, 0) =0. (31b)

Equations (28)—(31) show that the effect of the

deformed longitudinal coordinate enters the second-

order inner problem as inhomogeneous terms. [t can

be shown that equations (28)-(31) admit a similarity
solution of the form

VX, Y) = 1)+ F¥ oy (32)

O(X.Y) =X g )+ Fyy.  (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
Si(n) and g,(y) are determined from [20]
S =g, (34)

and
g+ 3 og i+ 3090 = g T (35)

with boundary and matching conditions given by

fi1(0) = ¢1(0) =0 (36a, b)
gi{o0) =0 (37a)
and
. . 2n
Ji(o0) = — ifo(oo)cot(~3~>. (37b)
It follows from equation (37b) that
2
£ = — 3 fo(eo)cot <v3f> + A, +exp,
asn—w. (38)

The above equation can be used to determine the
constant 4, after f () is obtained numerically from
equations (34)—(37).

We now determine the function F(JX, Y) following
the procedures given by Martynenko et a/l. [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

FXY) =X Y an.
n=0

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

(39)
. 2n
¥ () ~ — 2 fo(00)ncot (7>

+A,+4fo(00) Y an"+exp, asn-— 0. (40)

ne=0
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The above equations indicate that ‘¥ (%) is singular at
X =0, i.e. when 5 - c0. To avoid this singularity, we

set
¢ 2n
a, =Cco 3

forn=2,3,...

(41a)

and
(41b)
It follows from equations (39)—(41) and (19¢) that

an=0’

2
F(X,Y) = agX'* + Ycot ({) 42)
and
W, (1) ~ 3fo(0)ap+A,+exp, asn—co. (43)
To determine a,, we assume that
¥, (X, 0) =24,. 44)

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

Equating equation (43) to equation (44) gives

45)
Substituting equation (45) into equation (42) yields
A
FX,Y)=3—+——
*1) =27

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

A 2n
= 3_721 yus il -3
x X+[2fo( )X +Ycot<3>]Ra .
“7n

2
X34 Yeot (;) (46)

At the leading edge where x = y = 0 and X = X, the
above equation gives
3/2
| e

=] _3 4,
o l: 2f o(e0

where A4, is given by equation (38). The value of
X, is the distance between the origin of the thermal
boundary layer and the leading edge, which is shown
in Fig. 1.

(48)

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

Yixx +¥ 1y = 2Fx¥oxx + FyxWox (49
with the boundary condition
l/ll(‘Xsz) =0’ X<0 (503.)

and the matching condition from equation (50b) to
give
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¥, (X,00=24,, X>0. (50b)
Letting
Vi =¥1—aoX Yoy (51
equations (49) and (50) in terms of ¥, become
Vi, =0 (52)
J.(X,00=0, X<0 (53a)
J.(X,00=4,, 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, 20]. It follows from equations (51) and
(45) and refs. [19, 20] that

A A
>+ S X P (54)

vi=A (1 ~ 7))

which gives

Vi(X,0) =24,+4, l:écot (%t) - %:Iy/Xﬁ-. ..
(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
\Pzn - ®2Y +lPoxx = —Flzf\lloxx
+FFy(@0—2%oxy) —Fy(©,—2¥ xy) (56)
and
®2YY - (‘.POY®2X _\POX®2Y) - (\PZYGOX_‘IIZXGOY)
_(‘FlY®1X_‘P1X®lY)+®0XX
= Fy[20,xy —2FyOoxy — FyOoxx |+ Fy(¥ 1y Oy
—W¥iyOox) + Fx[¥0x0 1y —¥oy® 4]

+F§'[‘¥oy®0X”‘Pox®0Y] 57
subject to boundary conditions
Yox(X,0) =0, O, (X,00=0 (58a,b)

and matching conditions
Y,y (X, 00) — Fy (X, 0)¥ 5 (X, 0)
+ Fy (X, 00)Fy (X, 0)¥ox (X, 0) =, (X,0) (592)
0,(X,00) =0. (59b)

It can be shown that equations (56)—(59) admit a
similarity solution of the form

Y. (X,Y) = X_2/3f2('1)+ %F2q‘loxx+Fflx (60)

b7
0,(X,Y)=X""g,(m)+ %FZQOXX"'FH(X_ g)).
(61)
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Table 1. Some numerical results

g(0)  folmo)  f10) 9:(0) A,

S0 42(0) a b ¢

1.2961 14818 0.1887f —0.3816t —0.8001 0.34311 0.088621 —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,(n) and g,(y) are
determined from

1 =gt i fo—snfy (62)
and
g7+ %foglz +£59: = 1g90f5 + %fzg/o
=391 f{+390—3ngo—3n’gy  (63)
subject to boundary conditions
f2(0) = g5(0) = 0 (64a,b)

A,
g2(0) =0 and fi(n) = §fo(o0)n — =

asn—> oo (65a,b)

where A4, 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 «, =3/2 and the cor-
responding eigenfunctions are

C
¥ia(X,Y) =X Qfo-nfs)  (66a)
and
C\x
®3/2(X’ Y) =%(go_’795) (66b)

with C| = 0. Therefore, the asymptotic series given by
equations (7a) and (7b) are valid to O(¢*) 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

u

. = fom+e{ S+ LS ~nfs ‘m}

+e5 {fz’(ﬂ)+L2('l) ['72 6”(?1)+11f6’('l)—fo’(7l)}

— LML m+af x"(n)]} +0@E) (67

where
2 A
L(n) = 3ncot (—) +i
TONT) T 2 e
and
& = Ra; '’
with

Ra, = gpKq, 2*/avk.

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 10°, and plotted in Figs.
2(a) and (b), respectively. The vertical velocity profiles

4 (0)Ro,=10?
\

\'\\f/WITH ENTRAINMENT EFFECT

u/xe;

05
WITH ENTRAINMENT AND
LEADING EDGE EFFECTS
WITH BOUNDARY LAYER —~~_
APPROX. TTeeel
o | ST B S S SN Sy S Eama s
0 10 20 20 40 50 60

(b)Ra,=10%

u/ xe,

XN WITH ENTRAINMENT EFFECT

05

WITH ENTRAINMENT AND
LEADING EDGE EFFECTS

[ T S TR NN VUNND NN Y S SR S |

WITH BOUNDARY LAYER —> ==
APPROX.

L

o L R AR By S s A ey s
o 10 20 30 40 50 60

FiG. 2. Dimensionless vertical velocity profiles at: (a)
Ra, = 10?; (b) Ra, = 10°.
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P (a)Ra,=10?
A
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3 ¥
£ 06 A\
=
04 -1 l\\,\\
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o .Q\*"-—‘
T T T T T ! I
0 o 2o T 40 50 60
n
14
2103
12 {b)Ra, =10’
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\
T e | \——WITH ENTRAINMENT EFFECT
S \
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i~ 06 - \, - LEADING EDGE EFFECTS
=
04
02
o T T T T T T
0 1o 20 30 40 50 60
7’
FIG. 3. Dimensionless temperature profiles at : (a) Ra, = 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,)

ek = gom) +&.{g,(n) + LM go(1) —ng’o(m1}

+¢&; {92(’1) —L(m[g1(m) +ngo(mi+L*(m)

x [—go(nmg'o(n) + %ga'(n)]} +0(). (68)

Equation (68) is plotted for Ra, = 10*and 10® 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
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14
i
Z”
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Nuy

./r’
-
0 _K:S&WITH ENTRAINMENT £FFECT

4
<

STTTIT T

T TTTIT7 T
50 100 101

T 7T
5000
Ra,

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

&) - a0t + @b,
@ +ab— e+ O] (©9)
with
a=L0) =1 b=9.0000)
and

¢ = 9:(0)/90(0)

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

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

I 0
k(T_ Tuo )w &y go("l)
+(2a* +3ab+b*—c)e2 + OE2)]  (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

Nu,

—(a+b)e,

Nu,

Nap)ey, — @t

+(2a* +3ab+ b2 —cH)e2+0(2) (1)
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Nuy/{Nuyg
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100 T T

T
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Fi1G. 5. First- and second-order approximations for the
normalized local Nusselt number.

where (Nu,)g .. = 1/e,94(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 ¢,. It is shown that
the local Nusselt number ratio increases from unity
as the value of ¢, 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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Free convection of a Darcian fluid about a semi-infinite vertical plate

EFFETS DU BORD D’ATTAQUE SUR LA CONVECTION NATURELLE D'UN FLUIDE
DARCIEN AUTOUR D’UNE PLAQUE SEMI-INFINIE VERTICALE AVEC FLUX DE
CHALEUR UNIFORME

Résumé—La méthode des développements asymptotiques, avec une coordonnée longitudinale déformée,
est appliquée 4 I’étude de I’effet du bord d’attaque sur la convection naturelle autour d’une surface verticale,
semi-infinie, noyée dans un milieu poreux, avec flux de chaleur uniforme. Cet effet se manifeste par des
termes non homogénes dans les problémes de second et troisiéme ordre. Des solutions de similitude pour
I’écoulement de convection naturelle dans un milieu poreux sont obtenues jusqu’a ’approximation du
troisiéme ordre. On montre que l'effet du bord d’attaque augmente la vitesse verticale prés de la frontiére
extérieure 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 prés également. A Ra, = 100,
les effets combinés accroissent le transfert de chaleur de plus de 10% par rapport au cas basé sur
I’approximation de couche limite. Ces effets augmentent quand le nombre de Rayleigh décroit.

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

Zusammenfassung—Das Verfahren der angepaBiten asymptotischen Reihenentwicklung wurde in Ver-
bindung mit einer verformten Lingskoordinate angewendet, um den EinfluB der Anstromkante auf die
freie Konvektion an einer halbunendlichen, vertikalen, gleichformig beheizten Platte in einem pordsen
Medium zu untersuchen. Der EinfluB der Anstromkante geht in Form inhomogener Terme in die Gleich-
ungen zweiter und dritter Ordnung ein. Ahnlichkeitsldsungen fiir die Konvektionsstrémung im pordsen
Medium werden bis zur Ndherung 3. Grades angegeben. Es zeigt sich, daB der EinfluB der Anstrémkante
die vertikale Geschwindigkeit nahe des duBeren Randes der thermischen Grenzschicht erhéht und zu einer
entsprechenden Erhohung der Wirmestromdichte an der Oberfliche fiihrt. Es wird gezeigt, daB die
Einfliisse von Anstrémkante und Entrainment den Wirmeiibergang etwa gleich stark verbessern. Bei
Ra, = 100 erhéhen die gekoppelten Effekte den Wérmeiibergang um mehr als 10%—verglichen mit den
aus den Grenzschichtvereinfachungen errechneten Werten. Die Einflisse verstirken sich mit sinkender
Rayleigh-Zahl.

BJIUSAHUE NMEPEJHEA KPOMKH PABHOMEPHO HAI'PEBAEMON
TOJYOTPAHHYEHHON BEPTUKAJIBHOHN ILVIACTUHBI HA CBOBOJHYIO
KOHBEKIIHIO XUIKOCTH, MOJUHHAIONYIOCA 3AKOHY JAPCHU

AmmoTaims—MeToI0M CpalmMBaeMBIX aCHMNTOTHYECKUX PAa3jIoOXeHHH ¢ KCIOJIb30BaHHEM AeOpMHADO-
BaHHOMN NMPOXONLHONH KOOPAHHATHI MCCIIEAOBANOCH BIHAHME MepenHedl KpOMKHE Ha CBOGOAHYIO KOHBEK-
UHIO BOKPYT PaBHOMEPHO HArpeBaeMoil MOJyOrpaHHYEHHOH BEpTHKAILHON ILUIACTHHBI, MOMELICHHOMN B
HOPHCTYIO cpely. B cBi3m ¢ addexToM nepenneit KPOMKH B Pa3NIoKEHHAX BTOPOTO M TPETBETO MOPAAKA
MOABAIOTCA HEOQHOPOAHHE WieHH. [l CBOGONHOKOHBEKTHBHOTO TEYEHHUs B OPHCTOM cpele A pas-
JIOXEHAH C TOYHOCTBIO 3-rO MOpAXKa NOJYYEHHI aBTOMOIENbHbe pemenus. IToxasaHo, 4yTo H3-3a
dpexTa nepenueil XpOMKH CKOPOCTh HANPABJIEHHOIO BEPTHKAJILHO BBEPX MOTOKA Y BHELIHErO Kpas
TENAIOBOTO MOrPAHAYHOIO CJIOA YBEJHYABACTCS, B PE3y/lbTaTe 4ero BO3PAcTaeT M TEIUIOBOM MOTOK Ha
NoBepXHOCTH nnacTHHHL. [Tokasano Takxke, 4To kak 3¢dexT nepenHeit kpoMmxn, Tak H 3bdexT yHoca
MOYTH ONMHAKOBO BJIHAIOT HA YBEJIMYEHHE MHTEHCHBHOCTH TemwionepeHoca. IIpm Ra, = 100 o6a 3tn
pdekra YCHIHBAIOT HHTEHCHBHOCTD TeIUTonepeHoca Gonee ueM Ha 10% MO CPaBHEHHIO ¢ BEJIHYHMHOM,
PacCYATHLIBAEMON Ha OCHOBE NPHOIHXEHHA NOrPaHHYHOTO cos. Bansuue a¢gdexTo ycnmBaercs ¢ yme-
HbIICHAEM vHCcIa Panes.
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