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Quiz 10.  A thin flat plate 55 by 110 cm is immersed in a 6-m/s stream of SAE 10 oil at 20°C.  Compute 
the boundary layer thickness ߜ at the end of the plate and the total friction drag ܦ if the stream 

is parallel to (a) the long side and (b) the short side.  Transition to turbulent flow may occur at 

Re = 5×105.  (891 = ߩ kg/m3, 0.29 = ߤ kg/m⋅s) 

 

Solution: 

(a) Long side 

 ܴ݁ ൌ ఘఓ ൌ ሺ଼ଽଵሻሺሻሺଵ.ଵሻሺ.ଶଽሻ ൌ 20,300 (laminar)     (+2 points) 

ߜ  ൌ ହඥோಽ ൌ ሺହሻሺଵ.ଵሻ√ଶଷ ൌ . ૡ        (+2 points) 

ܦ  ൌ ଵଶ ܥܣଶܷߩ ൌ ଵଶ ሻܾܮଶሺ2ܷߩ ଵ.ଷଶ଼ඥோಽ 

       ൌ ቀଵଶቁ ሺ891ሻሺ6ሻଶሺ2 ൈ 1.1 ൈ 0.55ሻ ቀ ଵ.ଷଶ଼√ଶଷቁ ൌ ૡ ࡺ     (+3 points) 

 

(b) Short side 

 ܴ݁ ൌ ఘఓ ൌ ሺ଼ଽଵሻሺሻሺ.ହହሻሺ.ଶଽሻ ൌ 10,140 (laminar) 

ߜ  ൌ ହඥோಽ ൌ ሺହሻሺ.ହହሻ√ଵଵସ ൌ . ૠ  

ܦ  ൌ ଵଶ ܥܣଶܷߩ ൌ ଵଶ ሻܾܮଶሺ2ܷߩ ଵ.ଷଶ଼ඥோಽ 

       ൌ ቀଵଶቁ ሺ891ሻሺ6ሻଶሺ2 ൈ 1.1 ൈ 0.55ሻ ቀ ଵ.ଷଶ଼√ଵଵସቁ ൌ  ࡺ     (+3 points) 

 

Note: The drag is 41% more if we align the flow with the short side. 

Boundary later thickness: 

 
ఋ௫ ൌ ۔ۖەۖ

ۓ ହඥோೣ  ሺlaminarሻ
.ଷோభೣ ఱ⁄  ሺturbulentሻ  

Friction drag coefficient: 

ܥ  ൌ భమఘమ ൌ ۔ۖەۖ
ۓ ଵ.ଷଶ଼ඥோℓ  ሺlaminarሻ

.ସோℓభ ఱ⁄  ሺturbulentሻ  

 ܾܮ ܮ

ܾ
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