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Solve the following problems: 

1. 4B.5 
2. 12B.4 

 
And solve the following two problems: 
 

We have shown in class for the case when v

Problem 1. 
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/dx = 0, the following equations for 
the boundary layer flow over a flat plate where derived: 
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subject to the following boundary conditions: 

0         :0 == xvy  
0         :0 == yvy  

∞=∞= vvy x        :  

using the similarity variable: 
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and by introducing the stream function, ψ, such that: 
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Introducing the following separation of variables of the form: 

( ) ( ). ζψ fxg=  

Perform the following: 

(a) one can show that: 
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(b) Introducing ( ) ∞= vxxg   ν , show that the system of PDE’s reduce to the following 
boundary value problem (BVP): 
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Subject to the following boundary conditions: 

0            :0 == fζ  

0           :0 ==
ζ

ζ
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(c) Introducing: 2
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dfyfy ===  show that the BVP can be represented by 

the following system initial value problems IVP’s: 
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Subject to the following initial conditions: 

0           :0 1 == yζ  
0           :0 2 == yζ  
unknown           :0 3 == yζ  

(d) Solve the IVP’s listed in (c) numerically using an appropriate integration method. 
Note this procedure involves trial and error. Hence you must guess the value of y3

∞=∞= vvy x  :
 by 

utilizing the boundary condition: , we can show that: 

1         : 2 =∞= yζ  

In your case use ∞≈= 10ζ . Hence you update you guess until 1         :10 2 == yζ . 
Tabulate the values of y1, y2 and y3

  

, as functions of ξ.  



For the analysis of the approximate solution of the boundary layer equations (also known as 
von Karman method), the following momentum and energy balances are derived 

Problem 2. 

 

 
 

 
 
The method is implemented by assuming velocity and temperature profiles that satisfy the 
boundary conditions (y = 0, vx = 0, T = T0, y  ∞, vx = 0, T= T∞, dvx/dy = 0, dT/dy = 0, … 
etc.) then substituting these profiles into the above equations then solving for the thickness of 
the boundary layers, δ(x) and δT(x), see examples 4.4-1 and 12.4-1 for more details. For the 
case when ve = v∞

 
 (constant) and using:  
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(a) Substitute the above profiles into the momentum and energy balances and derive 

formulae for δ(x) and δT
(b) Derive formula for the wall shear stress and the wall heat flux. 

(x). 

 

 


