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Exercise 11.

• Boundary Layer (BL) thickness 𝛿𝛿 𝑥𝑥 = 𝑦𝑦 𝑢𝑢 = 0.99𝑈𝑈0
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1/2 , Laminar boundary layer, 103 < Re𝑥𝑥 < 106
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1/7 , Turbulent boundary layer, 106 < Re𝑥𝑥
, Eq. (7.1) 
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• Friction coefficient for laminar flow over a flat plate:

𝑐𝑐f = 2𝜏𝜏w
𝜌𝜌𝑈𝑈2

= 0.667
Re𝑥𝑥

1/2 Eq. (7.25)

– Dimensionless form of the wall shear stress 𝜏𝜏w
– Correspond to the friction coefficient 𝑓𝑓 for pipe flow
– Used to calculate the drag resistance 𝐷𝐷

• Drag resistance, drag force, 𝐷𝐷 [N]:

𝐷𝐷 𝑥𝑥 = 𝑏𝑏 ∫0
𝑥𝑥 𝜏𝜏wd𝑥𝑥 Eq. (7.4 or 7.26)

• Total drag force for a plate with the length 𝐿𝐿 (one side of the plate):

𝐷𝐷 𝐿𝐿 = 1
2
𝐶𝐶D𝜌𝜌𝑈𝑈2𝑏𝑏𝑏𝑏 Eq. (7.27)

𝐶𝐶D = 2𝑐𝑐f(𝐿𝐿) Eq. (7.27)
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• For laminar boundary layer:
– Analytical solution available by Blasius, Table 7.1

𝑓𝑓′ 𝜂𝜂 = 𝑢𝑢
𝑈𝑈

= Dimensionless velocity

𝜂𝜂 = 𝑦𝑦 𝑈𝑈
𝜈𝜈𝜈𝜈

1/2
= Dimensionless coordinate

𝜈𝜈 = 𝜇𝜇
𝜌𝜌

kinematic viscosity
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