


Boundary-Layer Flow
• In this section we are going to focus on the fluid 

flow around the solid objects. The region close to 
the solid object which is called the boundary layer 
will be considered in more detail.

• In general, the fluid motion in boundary-layer 
region near the solid is greatly affected by the solid 
surface.

•

• However,  



Fluid flow past a flat plate surface  

• Assume a steady-state flow of fluid past a flat plate 
as shown in the following figure.

• A boundary-layer will be developed around the flat 
surface as shown on the given figure.



Notes 
• The velocity of the upstream and  at the leading edge x=0 is 

uniform across the entire fluid and its value is . 

• wall is zero.

• The 

• The velocity x of the 
bulk of the stream.

•
is 99% of the bulk velocity .

•
boundary layer.

•



To specify the Regime
• Use Reynolds number

• Reynolds number is defined as

• Where x is the distance downstream from the leading edge.

• Re ranges

For calculations assume Re  2 x 105 is Turbulent   



 xv
Re

Re < 2 x 105 2 x 105 - 3 x 106 > 3 x 106

Regime Laminar Transition turbulent

………………………………….(54)



Notes

 For turbulent,

 The drag caused by viscous shear in the boundary layers is called a 
skin friction and it is the only drag present for flow past a flat plate. 







drag.

Drag arises due to viscous shear {called Skin or wall 
friction}. This is only for flat plate.

What about spherical shapes and other shapes ~ 
“form drag” due change in pressure & directions see 

previous lectures types of drags.
 Total drag = Skin + form 



Boundary Layer separation and formation of 
Wakes 

• Consider a flat plate perpendicular to the fluid flow as 
shown in the following figure.

• A growth of boundary layer takes place as discussed 
before.

Boundary layers 
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



At the edge of the plate, the momentum in the fluid prevents 
it from making the                                                                   and it 
separates from the plate. 

 A zone of  



This    

intermix



•
• In case laminar flow, some terms in Navier-Stokes 

equation become negligible and can be eliminated. 

• the thickness of the boundary layer  is taken as the 
distance away from the surface where the velocity is 
99% of the free stream velocity .

•
l                                                                                                   
32 and 33                                            



• The previous eqs. After the following assumption:
• Steady state flow conditions

• Only x and y directions

• Body forces is negligible as the boundary layer is thin i.e
gx and gy = 0.

•

…………….(55)

…………….(56)

……………..…………….(57)



• In eq. 55 the term

and its                                           {See notes below}

• Hence the final two boundary layer equations to be solved are 57 and 58. 
{this means the continuity Eq. and the x-Navier-Stokes Eq. after 
approximations}

…..…………….(58)

Notes: vx horizontal component, vy vertical component

vx

vy

vy < vx

vy /x  plus other vy derivatives are very small
Or In general, eq. 56 is not important
X-direction component is important one i.e eq. 55 or 58

vy



• For the below figure and for the laminar boundary
layer we are looking to find some expressions for 
and drag force by solving the previous two partial
differential equations. This is called the analytical
method of solution. See below the details.



• We can do more simplification for Eq. 58 by assuming 
dp/dx =0 since the bulk velocity  is constant.

•

• equation as follows:

• Boundary conditions are:

x = y = 0 at y = 0 (y is distance from plate)

x =  at y = 

…..…………….(59)

…..…………….(60)



Solution 

•

• In general, 

• The equation could not be solved to give a definite form 
but a series solution was obtained.

• The summary of Blasius solution is:

• The thickness of the boundary-layer  at                     is 

…..…………….(61)



•

•

eq. 62 becomes 

•

…..…………….(62)

…..…………….(63)

…..…………….(64)



•

•

• Substituting A value and eq. 65 in eq. 66 

• Notes:
a) The definition of CD in eq. 67 is similar to Fanning 

friction factor f for pipes.

b)

…..…………….(65)
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