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FREE CONVECTION WITH BLOWING AND SUCTION 

J. H. MERKIN 

School of Mathematics, University of Leeds, Leeds LS2 9JT, England 

Abstract-The effects of uniform blowing and suction on the free convection boundary layer on a vertical 
pIate are considered. A numerics solution of the full boundary layer equations is obtained in both cases. 
fn the ease of suction the asymptotic solution is found to be a boundary iayer of constant thickness. The 
approach to this solution is also discussed. When fluid is blown through the ptate, it is found that, at large 
distances from the leading edge, the boundary layer has an inner inviscid region made up of fluid that has 
been blown through the plate, and an outer viscous region where the fluid attains the ambient conditions. 

NOMENCLATURE 

co-ordinate measuring distance along 
plate; 
co-ordinate measuring distance normal 
to plate; 
velocity component in the x-direction; 
velocity component in the y-direction; 
transpiration velocity; 
acceleration of gravity; 
temperature of fluid; 
temperature of ambient fluid; 
plate temperature; 

Tr - T,; 
non-dimensional temperature = 

T- T,fAT; 
stream function; 
coefficient of thermal expansion; 
kinematic viscosity; 
thermometric conductivity; 
Prandtl number = V/K; 
non-dimensional skin friction; 
non-dimensional heat transfer. 

1. INTRODUCTION 

THE PROBLEM considered in this paper is that 
of the effects of blowing and suction on the free 
convection boundary layer on a semi-infinite 
verticat flat plate. We consider the cases of 
uniform blowing and suction with the plate 
held at a constant temperature Tl greater than 

the temperature To of the ambient fluid. The 
boundary layer forms on the plate as a result 
of the buoyancy forces caused by the applied 
temperature difference, the effects of blowing 
(or suction) increase as distance from the leading 
edge increases. 

Eichhom [l] has considered the power law 
variations of plate temperature and transpira- 
tion velocity for which a similarity solution is 
possible. He quotes results for a uniform wall 
temperature and a Prandtl number of 073. 
Sparrow and Cess [2] have looked at the 
problem of constant plate temperature and 
transpiration velocity. They expanded the velo- 
city and temperature in series in x . The leading 
term is the free convection solution, given by 
Ostrzch [3], and they give the second term in the 
series for a Prandtl number of O-72. This method 
has the disadvantage of giving accurate results 
only for small values of x. The accuracy could 
be improved by the straightforward, but la- 
borious, procedure of computing more terms 
in the series. At each stage there is a fifth-order 
set of linear differential equations to be solved 
numerically. 

The method of solution adopted in this paper 
is to obtain a step-by-step numerical solution 
of the boundary layer equations. The solution 
starts from the leading edge (x = 0), where the 
velocity and temperature profiles are given by 
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the free convection solution, and proceeds up 

the plate until, in each case, the asymptotic 

solution is attained to the required accuracy. 
An overall accuracy of 3 figures was achieved 

and results are given for a Prandtl number of 1. 

The same method can be used to achieve a 

higher accuracy and to give results for other 

values of the Prandtl number. 

In the case when fluid is sucked through the 
plate, the asymptotic solution (i.e. as x + co) is 

that of a boundary layer of constant thickness. 

This is analogous to flow of a uniform stream 
over a flat plate with constant suction where 

Griffiths and Meredith [4] found that the 

asymptotic velocity profile was independent of 

x. Stewartson [5] showed that the approach to 
this asymptotic suction profile was through an 

essential singularity at x = co; an essential 
singularity at x = cc is also found in this case. 

When fluid is blown through the plate, there 

is, for large x, a region next to the plate where 
temperature of the fluid is Ti and where viscosity 

can be neglected. This region is formed by the 

fluid which has been blown through the plate. 
By neglecting viscosity in the Von Mises form 

of the boundary layer equations Aroesty and 
Cole [6] showed that the thickness of this 
inviscid region is proportional to xi, and that 

the streamline which determines the. outer 

edge of the region is the one that emerged from 
the plate at x = 0. Since they neglected viscosity, 

there was a discontinuity in velocity and tem- 
perature at this dividing streamline. Viscous 
effects are important near this discontinuity. 
An asymptotic expansion is obtained, centred 

about this dividing streamline which merges 
with the inviscid solution near the plate and 
satisfies the conditions that the fluid is at rest 
and has temperature T, well away from the plate. 

2. EQUATIONS OF MOTION 

The plate is fixed in a vertical position with 
the leading edge horizontal. x measures distance 
along the plate; x = 0 being the Ieading edge, 
and y measures distance normally outwards. 
u and IJ are the velocity components in the x 

and y directions respectively. The plate is held 

at a constant temperature T, greater than the 
ambient temperature To. If we make the 

assumption that AT/T, < 1 then viscous dis- 

sipation can be neglected and changes in 

density are important only in producing buoy- 

ancy forces. The boundary layer equations are 

then 

l?T ?T / ?2T 
Ui”x+‘l,r=Kp. (3) 

The boundary conditions are 

LI = 0, T = T,, o = I/ (for blowing) or u = - I/ 
(forsuction)ony=O,u+O,T-+T,as~~+cz, 

and 

u = 0, T = T, at x = 0 (y # 0). 

3. NUMERICAL SOLUTION 

Near the leading edge the flow is caused 

mainly by the buoyancy forces which arise 
from the difference in temperature between the 
plate and the ambient fluid. This suggests the 

following transformation of the boundary layer 

equations. 

T - To = AT&n, 5) 

where $ is the stream function, 

+!! 
V4 

and 

The upper sign is taken throughout for suction 
and the lower sign for blowing. Equations jlH3) 



FREE CONVECTION WITH BLOWING AND SUCTION 991 

become solve for S(q) and t(q) where 

a3f _+(j+3f!!!Y-2 af 0 
2 

873 892 au 

(4) 
and t = 8, + 8, (s&ices 1 and 2 denoting 
values at l, and c2 respectively). To solve these 
equations differences are introduced in the 

(S) q-direction. This gives the two sets of non-linear 
algebraic equations 

where 0 is the Prandtl number. The boundary 
'j+l 

conditions are 

8=1, f=z=O on q=O 
x tsj+l - sj-l) + T('j+l - 'j- 1) 

X [(3 + A)(Sr + . .* + isj) - 2i16j] 

and 

I 
= 0 (6) 

af e+o, -+0 as Y]-+oo. 
aq 

Sparrow and Cess [2] expanded f and 8 in the 
form 

fh 5) =fo(d f o-l(V) + . .' 
’ ttj+l - tj-1) + %(tj+l - tj- 1) 

x [(3 + 1) (S, + . . . + is,, - 2A6,] = 0 (7) 

where h is the step length in the q-direction, 

f, and 8, are given by the free convection 
solution of [3], and the other terms in the 
series are found by solving linear differential 
equations. This method of solution is not 
followed in this paper. Equations (4) and (5) 
are solved numerically for both the cases of 
suction and blowing. The numerical solution 
starts at the leading edge (r = 0), and proceeds 
step-by-step up the plate until the asymptotic 
velocity and temperature profiles are attained 
to the required accuracy. 

The method is similar to that used by Merkin 
[7]; the idea is, knowing velocity and tempera- 
ture profiles at 11, to calculate them at t2 where 

52 > 51. The equations are first written in 
terms of af&, then derivatives in the r-direc- 
tion are replaced by differences and all other 
quantities by averages. This leads to a tifth- 
order set of non-linear differential equations to 

A = t2 + 51 

52- 

6j = (41 + q2 + . . . + tqj) 
and 

j = 1,2,. . . , N. 

N must be chosen sufficiently large so that the 
boundary condition that S and t + 0 as v] -+ cc 
can be replaced by S,, r = tN+ r = 0. Equa- 
tions (6) and (7) are solved by iteration in the 
following way. Taking the values Sj and tj 
calculated from the previous step as a first 
approximation, a better approximation for the 
Sj is found by solving equation (6) by Newton’s 
method. Using these Sj, equation (7) is then 
solved for tf These values of the Sj and tj are 
then used as the next approximation and the 
process repeated until the difference between 
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E 
FIG. 1. Heat transfer Q and skin friction r, for suction, - numerical soiulion, - - - series solution 

of [Z], -‘p.p asymptotic series. 

E 

FIG. 2. Heat transfer Q and skin friction T_ for blowing ----- numericai solution. - -- series solution 
of [23. 
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two solutions thus obtained is sufficiently 
small (less than 10m5 in the present case). The 
method involves inverting only simple matrices 
and so can be easily and quickly effected on the 
computer. This iterative procedure was found 
to converge well. The linearisation process 
used by Merkin [7] was found not to converge 
in this case. 

The numerical integration started at 5 = 0, 
where the initial profiles are given by the free 
convection solution, and proceeded to < = 3 
for suction and to 5 = 10 for blowing. Errors 
arising from using finite differences in the 
<-direction were kept small by integrating from 
5, to t2 in first one and then two steps and 
ensuring that the difference between the two 
solutions was less than 5 . 10m4. The integration 
in the q-direction was started with q taking the 
values r = 0.1 (0.1) 10. In the case of suction the 
outer value of q was reduced as g increased, but 
in the case of blowing it had to be increased to 
satisfy the outer boundary conditions sufficiently 
accurately. In this way an overall accuracy of at 
least three figures was achieved. 

The integration was carried out for the case 
of 0 = 1, although the computer program was 
written for any value of cr. Graphs of the skin 
friction 

and the heat transfer 

Q=&($.= -;(:).-, 
for suction and blowing are given in Figs. 1 and 
2 respectively. Also presented in .Figs. 1 and 2, 
for comparison, are Q and z, obtained by using 
the series expansion given in [2]. It was found 
that this method gave, for CJ = 1, 

Q = t:- ‘(0567 + O-483 5 + . . .) 

7, = 0.642 5 f 0940 5’ + . . . 

Figures 1 and 2 show that both suction and 

blowing affect the heat transfer to the fluid far 
more readily than the skin friction. 

4. ASYMPTOTIC SOLUTIONSUCTION 

The fluid in the boundary layer is accelerated 
by the buoyancy forces caused by the applied 
temperature difference. Without suction the 
thickness of the layer increases like x*, and 
the amount of heat transferred to the fluid to 
keep the temperature of the plate at T1 decreases 
to zero like x-a. The effect of suction is to 
remove the warmest fluid next to the plate, and 
to reduce the acceleration of the fluid in the 
boundary layer. This has the effect of decreasing 
the boundary layer thickness and increasing the 
amount of heat that must be supplied to the 
fluid to keep the plate temperature at T,, so 
that asymptotically (as x -+ co) the thickness 
of the boundary layer approaches a constant 
value (i.e. velocity and temperature profiles 
become independent of x). Because of this 
solution, it is not possible to obtain an asympto- 
tic expansion for the velocity and temperature 
in inverse powers of x. The boundary layer 
approaches the asymptotic form through a 
term of O(emAX), where X = t4 and 1 is the 
smallest eigenvalue of a set of homogeneous 
ordinary differential equations with homo- 
geneous boundary conditions. A similar situa- 
tion was encountered by Stewartson [5] in 
considering the analogous problem of the 
flow of a uniform stream over a plate with 
constant suction. He showed that, for large x, 
the next approximation to the ‘asymptotic 
suction profile’ was an exponentially small term. 

Introduce non-dimensional variables by writ- 
ing 

$=v 
2 BBAT 

7/3 WY Y) 

T - T, = AT 0(X, Y) 

where 

Y = 9 E 115 and X = 
4v4x 

- = 54. 
v2g/3AT 
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Equations (l)-(3) become leads to the equations 

(*I a3F, 3% 
- --I-%, 
x3 + dY2 

(9) (14) 

aF 1 tt!T=() e-1 on y=() _-. = - 
ax 4” i?Y ’ - 

with boundary conditions 

The above discussion suggests an e~~ansi~~ 
of F and 8 in the form 

F(X, Y) = ; f F,(Y) + F,(X, Y) (W 

8(x, Y) = e,(Y) + 0,(X, Y) (11) 

where, for large X, F, and 0, will be smaI1 COM- 
pared with F, and 8,. Putting (10) and (11 j in 
equations (8) and (9) and equating the highest 
order terms leads to the equations 

8;; i CT@@ = 0 

F;,” + Fb’ + e, = 0 

(dashes denote di~~rentiat~~~ ~.r.t. Y). The 
solution of these equations satis~y~~~ the re- 
quired boundary condition is 

O,(Y) = e-Or (12) 

(rr - 1) + e-aY - Cre-y 
F,(Y)=-- ~ 

a2(a - 1) 

(forcr # 1) (13 

= 1 - (1 + Y)eWY (for D = 1). 

The equations for the next a~pr~x~~at~on F, 
and 0, are found by putting (10) and (11) in 
equations (8) and (9) and using the fact that Ft 
and 0, are small compared to F, and Go to 
neglect products of terms in I;, and 8,. This 

F,=~==e,=o on Y=O 

It should be noted that it is not possible to 
obtain a solntion of equations (14) and (15) that 
wilI satisfy the boundary condition by expand- 
ing F, and Or in any inverse power of X, and 
so we must look for a solution of the form 

F,(X, Y) = e-” #(Y) 

0,(X, Y) = eeAX k(Y). 

The equations for h(Y) and 4(Y) are 

,: h” + h’ -t 41, 
(e-’ -- e-uy)Ir + oe-Or4” _ O 
-_1______ 

a(a - 1) .I- 

x [e-‘-e -by)& + (eeY - rre-“‘)#“j = 0. (17) 

Equations (16) and (17) hold provided (T # 1. 
When G = 1 the equations are 

These can be found by letting B -+ 1 in (16) 
and (17). The boundary conditions are 

&tf = f$‘(O) = h(O) = @(cc) = k(co) = 0, (20) 
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Equations (16) and (17) [and (18) and (19)j are 
homogeneous linear differential equations, and 
so a non-trivial solution satisfying the homo- 
geneous boundary conditions (20) is possible 
only for certain values of J (eigenvalues). No 
analytic solution of the equations was found 
and so the eigenvalues had to be found nu- 
merically in the following way. Construct two 
solutions (h,, 43 and (ho, 4,J where 

K(O) = 0, @j’(O) = 1 

~~(0) = 1, ~~(0) = 0. 

The general solution satisfying the boundary 
conditions on Y = 0 will be of the form 

h = xh, + /Iho, 4 = a$, + P4/? 

(a and /I are arbitrary constants). In general, 
asY+a 

h + A, 4; - -AiY-k”Bi (i=a,/?) 

where Ai and Bi are constants. To make h and 
$’ + 0 as Y + co we must choose a and B so that 

aA, + lJAB = 0 and aB, + /3Ba = 0. 

A non-trivial solution of these two equations is 
possible only if 

A(L) = A$, - A,B, = 0. 

By evaluating A(1) for various 2, the eigenvalues 
can be found. The first two eigenvalues L1 and 
K,are,forcr = 1, 

J., = 0.1149, ,& = O-7127. 

The corresponding eigenfunctions (h,, 4,) and 
(h,, #2) can be determined only to within an 
arbitrary multiple and taking #f’(O) = 1, (i = 
1,2), it was found that 

h;(O) = 0.2454, h;(O) = 2.3500. 

The asymptotic values of the skin friction r, 
and heat transfer Q (as defined in section 3) 
are, for d = 1, 

r” = 1 + yemAx* + . . . 

Q = 1 - 0~24.54 y e-“lX + . _ _ 

where y is an arbitrary constant which cannot 
be found from the asymptotic solution. A com- 
parison with the numerical solution suggests 
that y = -0.24 + 0.02. 

5. ASYMPTOTIC EXPANSION-BLOWING 

The numerical solution shows that, for large 
5, there is a region next to the plate in which 

y=% and 8=1, (21) 

and that the thickness of this region is pro- 
portional to 4. In the (X, Y) co-ordinate system, 
this result is that 

8=1 

and that the thickness of this region is 
portional to X*. This result is consistent 

pro- 
with 

the idea that, for strong blowing (which, in this 
case, corresponds to < being large) there is a 
region next to the plate made up of fluid that 
has been blown through the plate and in which 
viscosity can be neglected. The streamlines of 
this inviscid flow, given by (22) are the parabolae 

(22) 

x-x, 2 y= ____ ( > 2 . 

X = X, being the point on the plate where the 
streamline emerged. Since, for X < 0, the fluid 
is at rest and at the ambient temperature, this 
inviscid solution must be confirmed within the 
region 0 < Y < (X/2)+, and must have F = 0, 
8 = 0 for Y > (X/2)*. The ‘dividing streamline’ 
Y = (X/Z)* is the one that emerged from the 
leading edge. Aroesty and Cole [6] found this 
form for the ‘dividing streamline’ by neglecting 
the viscous terms in the Von Mises form of the 
boundary layer equations. Since the inviscid 
solution gives a discontinuity in velocity and 
temperature on Y = (X/2)%, there will be a 
region round Y = (X/2)* where viscous effects 
have to be included. 

In the asymptotic solution which is now 
developed, results are given only for the case 
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when G = 1. This much simphties the analysis 
without detracting from the form of the result 
for a general B. 

Since aF/aY is 0(X*) and 8 is O(1) near the 
‘dividing streamline’, a consideration of the 
orders of magnitude of the terms in equations 
(8) and (9) shows that the thickness of the 
viscous region is 0(X+). It is then more con- 
venient to use the transformed equations (4) and 
(5) and to work in terms of I$ = f - (r/4). In the 
transformed variables the ‘dividing streamline’ 
is q = t/,/2, and the viscous region has constant 
thickness. This suggests putting [ = q - (t/42), 
so that 5 = 0 is the equation of the ‘dividing 
streamline’. The inviscid inner solution is 

$++$ 6=1 (23) 

and viscous effects are important in a region 
of constant thickness centred round < = 0. 

In terms of (5, [) and (6, equations (4) and (5) 
become, for 0 = 1, 

(24) 

(25) 

with boundary conditions 

and that the solution must merge with the 
inviscid solution (23) near the plate. 

The form of the inviscid inner solution (23) 
suggests looking for a solution in the form 

fi(5, i) = %(O + f @E(5) + $@,(i) + * * ’ (26) 

(27) 

where 

C#J; +o, 0, + 0 as i + co (n = 0, 1,2,. .) 

(28) 

(dashes denote differentiation with respect to 0. 
The inner boundary condition is applied on 
5 = - 5/,/Z, but, since we are looking for a 
solution which will hold as 5 -+ co, the inner 
boundary condition can be applied as { -+ co. 
Since we are expanding in inverse powers of t, 
this will be justifiable provided the approach 
to the inviscid solution is through exponentially 
small terms. So that we get 

$0~-$ +1-s> 4,-o (n = 2,3,...) 

(29) 

BO-+ 1, C&-+0 (n = 1,2,...) 

as ~--+--co. (29) 

The boundary conditions (28) and (29) are now 
compatible with the expansion of @ and C#J in 
(26) and (27). 

The equations for 8, and &, are 

e; -I- 3#~~~ = 0 

(-bb” + e0 + 3&&J; - 2#; = 0. 

(30) 

(31) 

A solution of f30) and (31) satisfying the re- 
quired boundary conditions was obtained by 
first writing them in finite difference form and 
then solving the resulting non-linear algebraic 
equations iteratively by Newton’s method. 
Values of C& and 8, are given in Table 1. 

To consider the behaviour of &, and 8, as 
[-+ -co, put 8, = 1 + h, and fpO = (C/J2) + 
go, where h, and go are smali as [ + - co. The 
approximate equations for h, and go are 

ft” f 31 h’ = 0 
O 420 (32) 

gd” +?Lg; _ Qg; = -h 
J2 J2 O’ (33) 
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Tab/e 1. Velu~~ty and temperaturef~netionsfor the ~yrn~t5ti~ expansion (b~~wjng~ 
_.--___ ~~...._~_. __-. __--___ -_.. _~- 

i 4 43 9% 4 44 62 i; 

- 3.0 0.707 IaOO - 3QOO OQOO O@OO OwO 0.001 
-2.0 0.707 0.999 - 2.003 -0fxM - 0,008 -0007 -PO14 
- 1.5 0.703 0.990 - 151.5 -0.015 - 0.027 - 0.008 -0033 
-1.0 0.686 0.950 - 1,050 - 0.019 - 0.054 0.011 -0.051 
-0.5 0.634 0.838 - 0.628 0.024 -0.071 0.043 - 0.058 

0.0 0.532 0.643 -0*285 0.106 -0.055 0077 - 0*050 
0.5 0396 0.420 -0.059 0.154 -a009 0.102 -0.025 
I.0 0.263 o-238 0.047 0.139 O-032 0,100 0.004 
1.5 0.160 OL22 0.072 0.096 Q048 0.076 0.023 
2.0 0@90 0.058 0.06 1 0.056 o-045 0.048 0.027 
30 0.025 0012 0.026 0*015 0.023 0.014 0.016 
5.0 0*0@2 0,000 O&X O+Hll 0,003 OaOl 0.002 

~~-___ ..I___~ ------ .-.-._--___ll- -.-..--_. --..~ 

@, 

-0QOI 
- o+JO6 
-0.001 

0.001 
-0005 

0000 
0.025 
@045 
0.045 
0.033 
0.011 
0.001 

- 

The solution of (32) is 

WJ = 4) j’,xp(-$)dS 
--tx, 

--m 

- 

The solution of (33) is 

where Go is the complementary function of 
equation (33) such that G, --+ 0 as 5 -+ - co. 

where tr is the form of the confluent hyper- 
geometric function not exponentially large at 
infinity. Using the result given in [I?], page 60, 
it follows that 

with 

c2 
9,-t% #lW--- 

2 
as <--+-co. (36) 

In general, any sofutions of equations (34) and 
(35) will have 

and 

8, * r&f-“, #I ‘u b3” + st 
342 

- g nlrl+ 

as [ + og ; C = lim (b&) = 0544045. The solu- 

tion which sati%e; (36) must have a, = /I1 = 
y1 = &r = 0, 6, = 3 to make the approach to 
the inviscid solution through exponentjally 
small terms. Equations (34) and (35) were 
solved numerically in the following way. Five 
numerical integrations of the equations were 
performed, giving (A, ti) (i = 1,2,. . .5), in each 
case starting from c = 0 where one of the initial 
quantities 01(0), (b;(O), #I, t?,(O), @‘r(O) needed 
to perform the integration was taken as 1 and 
all the others as 0. The integration proceeded 
first to large positive 5 and the constants clli 
and #Iii were determined. The equations were 
then integrated up to large negative [ and the 
constants yIir a,, and tli determined. The general 
soiution of (34) and (35) is 
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where the Ai are constants. In order 
(36) the Ai must be chosen so that 

to satisfy 

(37) 

Having solved (37) for the A, the correct 
initial values can be found and the equations 
integrated numerically to satisfy (36). Values of 
@, and 8, are given in Table 1. 

To consider the behaviour of 45, and 0, as 
[,--+ -a, put #, = ((“12) + g, (gI small as 
i-+ - a) in (34) and (3.5). The solutions of the 
resulting equations which hold as [ --f -x 
are found to be 

Q, = k,(i) + 
12 + J2 ( ! 442 

kb(C) 

where 

-42 g,(i) = G,(i) f ,-(3% + $h;) 

42 J2 +-@h, - 5&J + 4. 

x [(SC’ + 12$) Gb - 9<G,] 

where 

G,(i) = B,iexp (-g$)u(2;;;$ 
exp (- 312i2J2) _ _qj ___ 2../2 

9 1 
/(I3 i 

f 
---y+ 

i 

. . . . 

The equations for 8, and +z are 

%2 + 0, 4; -+ 0 as i--+cc, 

%,-+O, &-+O as i- --r3. (40) 

Equations (38) and (39) were solved numerically 
in a way similar to the numerical solution of 
(34) and (35). As in that case, the 5 comple- 
mentary functions were found first, then a 
particular integral was found by integrating the 
full equations. These 6 solutions were then 
combined in such a way as to satisfy (40) and 
to make the approach to the inviscid solution 
through exponentially small terms. Values of 
6’2 an d 8, are given in Table 1. The behaviour 
of & and e2 as i --+ - ‘YZ has been treated in a 
way similar to (n, and %r. The results are long 
and not of sufficient interest to quote here. 

The equations for 0, and C#J~ are 

s; + 3#,%, = - 24,%, - C#$%1 (41) 

4;’ + %, + 3#oK - #b& 

= @l&J - 424;’ - 2414; (42) 

with 

8, -+O, & -0 as [ 3 00 

%,-+O, $i3i0 as &-+--co. (43) 

The equation obtained directly from (25) has 
been integrated once to give (41). 

Equations (41) and (42) possess a comple- 
mentary function (F,, H,), given by 

F, = &, - L 
42’ 

H, = @Q, (44) 

which satisfies (43). As any multiple of (Fa, HJ) 
added a solution of (41) and (42) satisfying (43) 
will still satisfy (41 j(43), it follows that the 
solution for 8, and 43 can be determined only 
to within an arbitrary multiple of (F3, H3). 
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Equations (41) and (42) were integrated nu- 
merically For the case when @s(O) = 0, and the 1. 
values of e3 and c#; are given in Table 1. If we 
call this solution (a;,, 8,), then the full solution 

2 
’ 

will be 3. 

8, = 8, + AH,, 4, = 6, + IF,. 

A is an arbitrary constant which cannot be 4. 
found from the asymptotic solution. This arbi- 
trariness is due to the boundary condition at 
x = 0 not being taken into account in the 5. 
asymptoti& expansion. It is interesting to note 
that a solution of (41) and (42) has been obtained 

6, 

which satisfies all the boundary conditions 
imposed without the inclusion of a logarithmic ‘. 
term in the expansion, as seems to be the usual 
case when a complementary function like (44) is 
encountered, see [IS]. 8. 
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CONVECTION NATURELLE AVEC SOUFFLAGE ET ASPIRATION 

R&am&--On considere les effets de soufllage uniforme et de suction sur la couche limite de convection 
naturelle sur une plaque verticale. On obtient dans chacun des eas une solution num~rique des equations 
de la couche limite. Dans le cas de la suction, on trouve que la solution asymptotique est une couche limite 
d’cpaisseur constante. L’approche de cette solution est d&cut&e, Quand le &tide est soufflC g travers la 
plaque on trouve que, a de grandes distances du bord d’attaque, la couche limite a une region interne sans 
viscositt de fluide soufflt a travers la plaque et une region externe visqueuse d le tluide atteint les conditions 
ambiantes. 

FREIE KONVEKTION MIT EINBLASUNG UND ABSAUGUNG 

Zusammenfassung-Der Einfluss gleichmlssiger Einblasung und Absaugung auf die Grenzschicht bei 
freier Konvektion an einer vertikalen Platte wird behandelt. Eine numerische L&sung der vollstiindigen 
Grenzschicht-Gleichung~ wnrde in beiden FIllen erreicht. Im Falle der Absaugung ergab sich eine 
Grenzschicht mit konstanter Dicke als asymptotische L&sung. Der Losungsweg wird ebenfahs diskutiert. 
Wird ein Fluid durch die Platte geblasen, so tindet man, dass in weitem Abstand von der Anlau~~te die 
Grenzschicht einen inneren, reibungsfreien Bereich aufweist, gebildet von dem eingeblasenen Fluid, 
und einen liusseren Bereich, wo das Fluid Umgebungs~ingungen annimmt. 

CBOEOAHAR HOHBEHHHR HPH BAYBE H OTCOCE 

AEHOTaqHsI--PaCCMaTplMBaIoTCs BJIARHHFI paBHOMepHOl'0 BfiyBa II OTCOCa Ha ItOrpaHWIHlJii 

CJIOfi Ha BepTUHaJlbHOfi rLIlaCTHHe npM CB060~(HOii KOHBeKqMM. B 06OHX Cny=IaHX nOnyqeH0 

wicnenHoe pewenrie ypaerierinZt nonnocTbro passnTor0 norpanavnoro CJIOR. Haineno, YTO 
npn 0Tcoce acnnfnToTn~ecuoe pemenne 0nacbmaeT norpannrnnfi c~roft ~~CT~RHH~R TO~~UH~I. 

TanHte o6cym~aeTm no~&Xo~ K BTOMY pemeaaxo. npll sAyBe ~H~KOCTH yepe3 macTmy 

HafiAeHO, YTO Ha bonbrnutx PaCCTORHRrtX OT RepeJJ.HeZi KPOMKM IIOI'paHWiHbZf CnOii ElMeeT 

BHyTpeHHK)K)06JI~CTbHeBR3KOZt~KEI~KOCTA,B~yBaeHO~Ye~e3~~aCT~Hy,~BHeII~HIoK,06Jl~CTb 

BFI~KOR ~~~~oc~~,~oCT~ra~~e~ yc~o~~~ 0Kpy~a~~e~ CpeRtJ. 


