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Reduce number of variablesReduce number of variables

Consider sets of coordinates with similar Consider sets of coordinates with similar 
properties properties 

BlasiusBlasius

Falkner & Falkner & SkanSkan

Similarity SolutionsSimilarity Solutions



We define:We define:

A similarity variable:A similarity variable:

A stream function:A stream function:
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BCBC::
NoNo--Slip :Slip :

Degree of Suction:Degree of Suction:

Velocity outside the BL (no over/underVelocity outside the BL (no over/under--shoot):shoot):

For                 , For                 , 33rdrd BC requires suctionBC requires suction
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Solution usually given forSolution usually given for

But what if    But what if    ??

Banks & Banks & BrodieBrodie: C<0, flow in direction of : C<0, flow in direction of 
decreasing decreasing xx

But do we have to fiddle around with But do we have to fiddle around with 
perspective and flow direction?perspective and flow direction?

Problems with nonProblems with non--linear naturelinear nature

50 ≤≤η

( )21 >≡−< βα



StewartsonStewartson, 1954, 1954
(My all(My all--time favorite paper)time favorite paper)



Are you sure about that? Are you sure about that? 

would be positive, would be positive, imaginaryimaginary

ff ’’ would still have to be would still have to be realreal, , increasingincreasing, , 
so so f, f f, f ”” would have to be would have to be negativenegative, , 
imaginaryimaginary. . 

η



So what about the physical So what about the physical 
properties?properties?

'Uf
y

u =
∂
Ψ∂

=

( )η
α
ν α

fCx 2
1

1

1
2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=Ψ
+

⎟
⎠
⎞

⎜
⎝
⎛

+
−

+
+

−=
∂
Ψ∂

−=
+

'
1
1

2
1 1

ffCx
xx

v η
α
α

ν
αν α

( )[ ] x
x

δ

α

η
=

+
∞

2
1

1Re





For For --0.1984> 0.1984> ββ suction is necessary suction is necessary 
(proven by (proven by StewartsonStewartson))

Can we prove the same for Can we prove the same for ββ>2?>2?



Exact Solutions?Exact Solutions?

For a=1/2 solution becomes exponential For a=1/2 solution becomes exponential 
((““quickestquickest””) and thus:) and thus:
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And the discrete phase?And the discrete phase?

1. For 1. For ““perfect convectionperfect convection””::
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Concentration contoursConcentration contours



If          thenIf          then

Two bifurcations:Two bifurcations:

Delta bifurcates at a physicallyDelta bifurcates at a physically--relevant relevant 
pointpoint

But whatBut what’’s so special about s so special about --1?1?
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Mass conservation of liquid in the sprayMass conservation of liquid in the spray
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How about evaporation?



And for And for αα==--1/3 we may arrive at:1/3 we may arrive at:
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To concludeTo conclude

Imaginary values may extend the Imaginary values may extend the 
application of similarity solutionsapplication of similarity solutions
A closed analytical solution is presented A closed analytical solution is presented 
for a particular value of for a particular value of ββ
Weakness of method: limited by necessary Weakness of method: limited by necessary 
assumptions, more stern as equation assumptions, more stern as equation 
becomes more complexbecomes more complex
DonDon’’t count the post office out!!!t count the post office out!!!



““If you do not want Cabinet to spend too If you do not want Cabinet to spend too 
long discussing something, make it last on long discussing something, make it last on 
the agenda before lunchthe agenda before lunch””

---- ““Yes, ministerYes, minister””
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