
Name: ------------------                                                   Quiz 11                                                      Time: 20 minutes 

ME:5160   Fall 2023 
------------------------------------------------------------------------------------------------------------------------------------------ 

The exam is closed book and closed notes. 

Suppose you buy a 1.22 × 1.22 𝑚 sheet of plywood and put it on your roof rack, as in the figure. 

You drive home at 20 km/h. (a) If the board is perfectly aligned with the airflow, how thick is the 

boundary layer at the end? (Assume that the flow is laminar for Re < 5E5 and turbulent for larger Re.)  

(b) Estimate the drag force on both sides of the plate. (c) What is the air velocity at a point 1.45 

mm normal to the end of the plate? 

𝜌 = 1.2𝑘𝑔/𝑚3 

𝜇 = 1.8 × 10−5𝑘𝑔/𝑚 ∙ 𝑠 

1𝑘𝑚/ℎ = 0.278𝑚/𝑠 
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(+3) 
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(+2.5) 
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Solution:  

 

(a) Calculate Reynolds number 

20 𝑘𝑚/ℎ = 5.56𝑚/𝑠 

 

𝑅𝑒 =
𝜌𝑈𝐿

𝜇
=

1.2(5.56)(1.22)

1.8 × 10−5
= 4.52 × 105 

→Laminar Flow 

∴
𝛿

𝑥
=

𝛿

1.22
=

5

√4.52 × 1052 = 0.0074𝑚 

δ = 0.009m = 9mm 

 

(b) Drag force – laminar condition 

𝐹𝑙𝑎𝑚𝑖𝑛𝑎𝑟 = 𝐶𝐷

𝜌

2
𝑈2𝐴 =

1.328

√𝑅𝑒

𝜌

2
𝑈2𝐴 

=
1.328

√4.52 × 105

1.2

2
(5.56)2(1.22 × 1.22 × 2) = 0.109𝑁 

 

(c) At 𝑦 = 1.45𝑚𝑚,  

𝜂 = 𝑦√
𝑈

𝜈𝑥
= (0.00145𝑚)√

5.56

(1.5𝐸 − 5)(1.22)
= 0.8 

From the table: at 𝜂 = 0.8, read 𝑢/𝑈~0.265, hence 𝑢 = 0.265 × 5.56~1.47𝑚/𝑠 

 


