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❑ Boundary Layer Flows

• Viscous effects are limited to small region (thickness~𝛿 ) around the surface. 

• Boundary layer thickness is defined at distance above the surface where velocity 
has reached 99% of the external flow.
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❑ Laminar Boundary Layer Flows

▪ Boundary layer equations -  in non-dimensional form.

• x-momentum:

• y-momentum:

• Continuity: 

• Boundary conditions:
• No-slip at the wall

• Known far-field flow velocity
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❑ Laminar Boundary Layer Flow – Blasius Solution

❑ The Blasius Solution

• The first person to obtain a solution to boundary layer equations was 
Paul RH Blasius (1883 - 1970), one of Prandtl’s students at the University 
of Gottingen. 

• He developed an analytical technique for solving the equations in his 
Ph.D. thesis, published in 1909. 

• This work was groundbreaking given that general numerical solutions to 
the Navier-Stokes equations did not exist and most analytical solutions 
assumed ideal, inviscid flow. 

• We will present Blasius’ basic analysis for a flat plate, and then provide 
the essential results, including correlations for boundary layer thickness, 
displacement thickness and skin friction. 

• His solution approach was later extended by Falkner and Skan to include 
additional effects and configurations.

Paul Blasius (1883 - 1970) 

Ludwig Prandtl (1875-1953)
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar boundary layer-Blasius solution

❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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▪ x-momentum:
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▪Zero-pressure 
gradient assumption:
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❑ Laminar Boundary Layer Flow – Blasius Solution
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▪ ODE form of the BL equation :
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❑ Laminar Boundary Layer Flow – Blasius Solution
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▪ ODE form of the BL equation :

 f f' f''
0.00 0.00000 0.00000 0.33200
0.20 0.00664 0.06641 0.33193
0.40 0.02656 0.13277 0.33142
0.60 0.05974 0.19894 0.33003
0.80 0.10611 0.26472 0.32735
1.00 0.16558 0.32980 0.32298
1.20 0.23796 0.39381 0.31657
1.40 0.32301 0.45631 0.30785
1.60 0.42037 0.51683 0.29666
1.80 0.52959 0.57486 0.28294
2.00 0.65013 0.62989 0.26676
2.20 0.78134 0.68147 0.24836
2.40 0.92249 0.72918 0.22810
2.60 1.07278 0.77269 0.20646
2.80 1.23132 0.81178 0.18400
3.00 1.39724 0.84634 0.16134
3.20 1.56963 0.87641 0.13909
3.40 1.74759 0.90211 0.11782
3.60 1.93029 0.92370 0.09802
3.80 2.11692 0.94151 0.08004
4.00 2.30676 0.95592 0.06414
4.20 2.49919 0.96736 0.05042
4.40 2.69365 0.97628 0.03887
4.60 2.88968 0.98309 0.02938
4.80 3.08689 0.98819 0.02177
5.00 3.28499 0.99194 0.01580
5.20 3.48373 0.99464 0.01124
5.40 3.68292 0.99655 0.00784
5.60 3.88244 0.99787 0.00535
5.80 4.08217 0.99876 0.00357
6.00 4.28206 0.99936 0.00233
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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• Boundary layer thickness is obtained 
by noting from the tabulated results 
that 𝑢 (x)= 𝑓 ′𝑉∞ = 0.99 𝑉∞ at 𝜂  5.0. 
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❑ Laminar Boundary Layer Flow – Blasius Solution



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flow – Blasius Solution
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❑ Laminar Boundary Layer Flows

❖ Example problem:
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❑ Laminar Boundary Layer Flows
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❑ Boundary Layer Flows

▪ Example #1
▪ Problem 01 : Determine the displacement thickness, momentum thickness, 

shape factor and friction coefficient for the Blasius Boundary Layer. 
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❑ Boundary Layer Flows

▪ Example #1
▪ Problem 01 : Determine the displacement thickness, momentum thickness, 

shape factor and friction coefficient for the Blasius Boundary Layer. 
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❑ Boundary Layer Flows
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❑ Laminar Boundary Layer Flows
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• Boundary layer thickness (0.99V∞) 
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❑ Laminar Boundary Layer Flows
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❑ Laminar Boundary Layer Flow – Blasius Solution
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• This is a third order non-linear ordinary differential equation. It can be solved 
numerically, e.g., with the shooting method.

• The limiting form for small  <<1  is:
  

• The limiting form for large  <<1 is:
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▪ ODE form of the BL equation :

https://en.wikipedia.org/wiki/Ordinary_differential_equation
https://en.wikipedia.org/wiki/Shooting_method
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