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DIFFUSION FROM A LINE SOURCE IN 
LAMINAR FLOW OVER A WEDGE AND 
IN BLASI US FLOW 

Associate Professor, Civil Engineering Department, 
Colorado Agricultural and Mechanica l College 

ABSTRACT 

The velocity distribution in the laminar flow over a semi­
infinite plate was calculated by Blasius (1908). The corres­
ponding problem for the laminar symmetric flow over a wedge 
was solved by Falkner and Skan (1930), in collaboration with 
Hartree (1937) . In .the present paper, a line source of mass is 
considered to be situated at the leading. edge of the plate or 
wedge, which is supposed to be nonconductive of vapor, and the 
resulting vapor distribution is sought. If free convection is 
neglected, and the velocity distribution is assumed essentially 
undisturbed by the variation of vapor concentration, the bound­
ary-layer equation of diffusion for eacb case can be solved by 
certain simple substitutions and integrations, the solutions being 
applicable to similar problems in heat diffusion. Numerical 
calculations have been carried out for Blasius flow . 

1. LAMINAR FLOW OVER A WEDGE 

CONSIDER a wedge placed symmetrically in a uniform 
incident stream, with its edge perpendicular to the 

general direction of flow. In a plane perpendicular to the 
edge, let the trace of the edge be the origin, from which x 
is measured along the trace of the wedge, and let y be 
measured in a direction normal to that of x. It can be 
shown that the velocity in the x-direction just outside of 
the boundary layer is approximately 

m 
u1 = ex [ l] 

where e is a constant depending on the incident velocity, 
and mis connected with the included angle of the wedge, 
(3rr, by the re lat ion 

p= ,~ 

Making the substitutions 

2m 

m + I 

m - 1 

~ =~ i yx 2 

[2] 

m + 1 

lp=..,.12 ../cv X 
2 

~ 
[4] 

where vis the kinematic viscosity, and i,& is the stream­
function from which the velocity components in the x - and 
y-directions can be obtained, respectively, as follows: 

a,1; m 
u = - = ex ( = U1 ( [5j 

oy 

v = _ ~: = _ ~m : I 4evxm - 1 ~m ; I ( + m ~ I (' ~) 

[6] 

Falkner and Skan (2) transformed the boundary-layer equa­
tion of motion 

au 
u - + v aul = u, - + J/ 

ax ax 
to the ordinary differential equation 

a2 u 

ay 2 

('" + ( (" - ,B ( ( ' 2 
- I) = o 

[7] 

[8] 

where, as in Equations [5] and [6], the primes denote dif­
ferentiations with respect to the variable,~. The bound­
ary conditions for Equation [7] 

U= V =O at y = 0 

u = u, at the outer edge of the boundary layer 

can be replaced by 

((0) = ((0) =0, ((oo)=I [9] 

Numerical solution of Equation [8] with the above bound­
ary conditions was carried out by Hartree (3) for different 
values of (3. 

Imagine now a line source of mass situated at the edge 
of the wedge, which is supposed to be non-conductive of 
vapor. Since the vapor flux through any section perpen­
dicular to the x-axis must then be constant, the quantity 
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[ 10] 

where c and c are the concentration s (mass per un it vo l-
o 

ume) of vapor at an y point and in the amb i ent fl ow , re­
s pec tively, mus e be ind ependent of x and indeed is a 
measur e of ha lf the streng th of the line s ource. 

Le t p denote the de ns ity of the amb ient fluid, and /1 
its dy na mi c vi scos ity. T aking M, x , y , c , p, u , and /1 

0 

a s the independent vari ab les for a cert a in (3 or m , and 
c - c as the depende nt var iab le , a dim ens ional anal ys i s 

0 

shows cha t the par ame ter 

c - c 
0 =--0 

C 
0 

muse be a fun ction of the dimens ionl ess parame ter s: 

M 

C l/ 
0 

l/ 

C 
0 

p 

[u] 

where ,; i s give n by Equa tion [3] and i s chosen ins t ead of 

~ at th e sugges tion of F al kner and Ska n' s so lution. In 
X 

order cha t /\1 may be independent of x and Equa tion [10] 
may be identica lly sati s fi ed , it can be easily verified cha t 
0 mus e be of the form 

where I(,;) must satisfy th e integral condition 

i 0() I (I;) 'I ( ,; ) d,; = I [13] 

C 

Not eworthy is the face chat~ does not ap pear in Equa-

P 
cion [13]. It s hould be reme mbered, howe ver, cha t th e 
quantities p, /1, and v are taken as chos e of the ambi ent 

C 

flui d. The effect of_'.:_ i s therefore reflected in the qu an-
P 

city v in E quation [ 12]. The var iacion of v due co cha t of 
c i s neg lected . This i s justified at sufficient distances 
from the line source, where c - c is not excessively large. 

0 

From Equ ation [1 2] one obtains 

ae z - = -- X 

ax 2 

-~ 
2 [( m + 1) l - · ( m - I) ,; t ' ] 

m + 3 

[ 14] 

[ 151 

The bound ary-layer equa tion of diffusion (K = diffu­
si vity) 

ac ac K a2 c u - + v - = 
ax ay rJy' 

i s to be solved with the boundary conditions 

C = C 
0 

ac = O 
ay 

at y = 0 

a t the out er edge of the boundary layer. 

[ 17] 

Subs tituting E qua tion s [5] , [61, [11], [141, [151 and [16] in 
[ 17], one obtains (a = Prandtl number = v/ K) 

1
11 = - (J (l , , + '1 1

) [18] 

to be s olved with the tran sforme d boundary condition s 

t I (0) = 0 

t( oo)=O 

[ 191 

[201 

and the int egral condition expre ssed by Equa tion [13]. 
A first int egration of Equation [18] yie lds 

t ' = - a t ( [21 l 

the const ant of integration being zero becaus e of E qua­
tions [9] and [1 9]. A s econd integration yields 

[22] 

where C i s determined from Equation [13] co be 

[23] 

Equation [20] being satisfied by Equation [22], and the 
the values of ( and ( for different /; being gi ven by Har­
tree, Equ a tions [22] and [23], together with Equations 
[ll] and [12] , constitute the desired solution, 

2. BLASIUS FLOW 
When (3 = m = 0 , Equation [8] becomes 

( " + '(' = 0 [241 

for Blasius flow. Blasius' original equation, however, 
was slighcly different, due co the removal of two constant 
multiplier s occurring in Equations [3] and [4]. Assuming 

71 = ... Ju y ii:x [25] 

[26] 

a2 0 I 
=- x 

ay 2 2 

- 2- (m + I) c 
1

,, 

l/ 

[161 where U i s the ambient velocity and ,jJ the stream-function 
from which 
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he obtained 

u = dtf; = U/ I 

dy 

V = - dtj; = !_ J"0. (71 f I - /) 

dx 2., X 

//

11

+2/
11 1

=0 

[27] 

[28] 

[29] 

where the primes indicate differentiation with respect to 
71. Blasi us' solution of Equation [29 l yielded the tabu­
lation of/,/', and/", which can be found in (1) or (4). 

Assuming 

c-c M ~· e = __ o = - - h (71) 
c c v Ux 

[30] 
0 0 

a similar procedure as before yields 

h (71) = C, e 
I

7) 

-f O /dTJ 
[31] 

where C 1 is to be determined by 

1 oo h (71) f' (71) d71 = I 

corresponding to Equation [131. 
By means of Equation [29] and the result/" (0) 

= 0, 33206 given by Blasius. 

/"' ]7) 11) /d71 = - 2 I 1) -,-, d71 = _ 2 ln 1" 
o o I o 

( /" ) = - 2 ln 
0.33206 

Substitution of the above in Equation [31] gives 

~ /" 0 h (71) = C, a 

0. 33206 

where from Equation [321 

c,_-___ ......_ ___ _ 

I X) I f" ) \o. 33206 a / 

1 

d71 

TABLE 1 VALUES OF h ( 77 ) FOR DIFFERENT PRANDTL NUMBERS 

rifr 0.6 0.7 2. 4 8 16 ~2 64 128 256 512 

0 0. 492 1 o. 5363 0.6639 1.0153 1.5743 2.4625 3.8773 6.1516 9, 7800 15.5111 24.6853 39.16% 
0.2 0. 492 1 o. 5632 0.6637 1.0149 1.5729 2.4583 3.8643 6.110 3 9.6492 15,0988 23. 3905 35.1684 
0.4 0.4916 0,5357 0.6627 1.011 7 1.5631 2. 4276 3. 7684 5.8107 8.7262 12. 3485 15. 6453 15. 7340 
0.6 0.4904 o. 5341 0.6599 1.0032 1.5371 2.3475 3. 5238 5.0809 6.6719 7.2189 5.3466 1.8375 
0.8 0.4880 0.5310 0.6545 0.9869 1.4876 2.1987 3.0914 3.9104 3.9519 2.5327 0.6581 0.0278 
1.0 0.4840 0.5302 0.6458 0.9607 1.4095 1.974 1 2.4920 2.5410 1. 6687 0.4515 0.0210 
1.2 0.4782 0. 5187 o. 63 30 0.9229 1.3008 1. 6811 1.8072 1.3364 0.4615 0.0346 
1.4 0. 4703 0. 5087 0.6155 0.8727 1.1 633 1.3446 1.1560 0.5468 0.0773 0.0009 
1.6 0.4623 0.4986 o. 5981 0.8241 1.0 372 1.0690 0.7307 0.2184 o. 0123 
1.8 0.4477 0.4803 0. 5657 0.7371 0.8297 0.6840 0,2991 0.0366 0.0004 
2.0 0.4411 0.4720 0.5333 0.6552 0.6556 0.4270 0.1166 0.0055 
2. 2 0. 4134 0.4376 0.4965 0. 5679 0.4926 0 . 2411 0.0371 0.0006 
2.4 0. 3928 0.4122 0.4560 0.4790 o. 350 5 0 .1 220 0.0095 0.0001 
2.6 0. 3701 0. 3845 0.4128 0. 3925 0.2353 0 .05 50 0.0019 
2.8 0.3452 0. 3547 0.3679 o. 3118 0 . 1485 0.0219 0.0003 
3.0 0. 3194 0.3239 0. 3226 0.2398 0.0878 0.00 77 
3.2 o. 2922 0. 2918 0.2782 0.1782 0.0485 0.0023 
3.4 0. 27 32 0.2701 0.2357 0.1280 0.0250 0 .0006 
3.6 0.2369 o. 2285 o. 1961 0.0886 0.0120 0.0002 
3.8 0.2096 0.1886 0.1602 0.0582 0.0053 
4.0 0.1734 0.1695 0.1284 0.0380 0.0022 
4.2 0.1590 0.1432 0.1010 0.0235 0.0009 
4.4 0.1360 0.1196 0.0779 0.0140 0.0003 
4.6 0.11 50 0,0985 0.0589 0.0080 0.0001 
4.8 0.0960 0.0796 0. 043 7 0.0044 
5.0 0.0795 0.0640 0.0318 0,0023 
5.2 o. 0651 0,0507 0.0227 0.00 12 
5.4 0.0524 0.0395 0.0 159 0.0006 
5.6 0.0423 0.0308 0.0109 0.0003 
5.8 0.0327 0.0228 0.0073 0.0001 
6.0 0.0257 0.0171 0.0048 0.000 l_ 5 

6.2 0.0195 0 . 0125 o. 0031 
6.4 0 .0150 0.0091 0.0020 
6.6 0.0112 0.0065 0.0012 
6.8 0.0083 0.0046 0.0007 
7.0 0.0061 0.00 32 0,0004 
7.2 0.0044 0.00 22 0.0003 
7.4 0.0031 o.oo 14 0.000 1 
7.6 0.0022 0,00 10 0.0001 
7.8 0.0014 0.0006 
8.0 0.0009 0.0004 
8.2 0.0008 0. 0003 
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[32] 

[33] 

[34] 

[35] 

1024 

59.9710 
46. 7322 

9, 35 36 
0.1275 



and is a function of CJ only. 
Equation [34] could have been written as 

h (71) = C, (/ 11 )°-

and Equation [35] as 

- 1 

r -·-- 2 - 1"" (f" /J" /' d71 

[36] 

[371 

But sinc e /
11 

varies from 0 .33206 to zero, use of Equa­
tion s [34] and [35] for numerical calculation yields more 
accurate results for large values of CJ . Therefore, and be­
cause of the advantages of-systemat ic computation, they 
are used throughout in computing h (71) for values of CJ 

ranging from 0. 6 to 1024. The results are shown in Table 

1. For convenience, h (71 ) instead of h ( 71 ) is plotted in 
C 1 

Fig. 1 for different va lues of CJ, the values of C, corres ­
ponding to different values of CJ being the same as those 
of h(o) given in Table 1. 
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