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Fluid mechanics
(wb1225)

Lecture 11:
Flow past immersed bodies
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Tacoma Narrows Bridge
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Drag on immersed body

CD =
drag

1
2 ρV 2 A

CD = CD ,pressure + CD , friction

A = frontal area
planform area







V

Streamlined cylinder
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Pressure distribution

CP =
p − p∞
1
2 ρV 2

= 1 − 4 sin 2 θ

[3]
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Laminar vs turbulent flow

laminar turbulent
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Arbitrary objects
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Two-dimensional objects
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Three-dimensional objects
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Three-dimensional objects
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Drag reduction
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Race car aerodynamics
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Airfoils

CL =
L

1
2 ρV 2 Ap

CD =
D

1
2 ρV 2 Ap

movie [3]
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Development of lift

movie[3]
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Lift vs. drag

slender sections 

lift force: 

lift coefficient: 

practice: drag: 

  CL
= 2π sinθ

0

  CD
= f (α )

  
L = πρcV 2 sinθ

0
= 2π sinθ

0
⋅ c ⋅ 1

2
ρV 2 (Joukowsky condition)

  

C
L

= 2π sinα → dC
L

dα = 2π cosα
C

D
= C

D ,0
+ Bα 2 → dC

D
dα = 2Bα

symmetric airfoil

high angle of attack: boundary layer separation & stall
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Airfoil performance

CL

CD

CD

CL

max. increase of
lift at minimum
increase of drag

max. lift

  

C
L

= 2π sin α → dC
L

dα = 2π cosα
C

D
= C

D ,0
+ Bα 2 → dC

D
dα = 2 Bα
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Magnus effect

Movie: Flow around cylinder

Movie: Magnus effect

[5]

[6]
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Source

1. Tacoma Narrows Bridge Collapse "Gallopin' Gertie“, http://youtu.be/j-zczJXSxnw,
2. New fast iceskating suit, photo courtesy of ANP
3. Frank M. White, Fluid Mechanics, McGraw-Hill Series in Mechanical Engineering
4. Testing an iceskating suit for less friction, photo courtesy of TU Delft, faculty of Aerospace Engineering
5. The Magnus effect, royalty free picture
6. Flow around cylinder, http://www.youtube.com/watch?v=j6yB90vno1E
7. Magnus effeect, http://www.youtube.com/watch?v=MUf5RwKXNQ0


