AE 341 Fluid Mechanics

Lecture Note 6. Flow Past Immersed Bodies
2009 Fall

         Prof. K. D. Kihm

[http://minsfet.utk.edu]

Ch. 7 FLOW PAST IMMERSED BODIES
7.1 The Concept of Boundary Layer – Geometrical Effects
■ Flat plate boundary Layer
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 Laminar boundary layer growth
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Turbulent boundary layer growth

■ Boundary layer growth along the blunt body surfaces
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7.4 The Flat plate Boundary layer (Reading: 7.2 & 7.3)
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- Boundary layer thickness:
* 
[image: image5.wmf]U

u

®

at 
[image: image6.wmf]d

=

y


*
[image: image7.wmf]0

/

®

¶

¶

y

u

 at 
[image: image8.wmf]d

=

y


*
[image: image9.wmf]U

v

<<

 inside the boundary layer

*The free stream pressure is impressed on the boundary layer and the pressure is uniform at each plane of x = const.
(For laminar boundary layer (Rex < 500,000):
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For a flat plate of width b and length L:
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(For turbulent boundary layer:
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       and 
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■ CD vs. ReL for a flat plate
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Example 7.4

7.6 Experimental External Flows – Drag of Immersed Blunt Bodies
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(Friction Drag:
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… See Section 7.4 or Fig. 7.6
(Pressure Drag:
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… Mostly determined by experiments
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■ CD of smooth bodies at low Mach numbers
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Example 7.6

Example 7.8

■ Lift forces
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*Aspect ratio 
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 … finite-span effect reduces 
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□ Correction for the finite-span effect:
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Reduction of the effective angle: 
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Increase of the drag:
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HOMEWORK ASSIGNMENT #8 FOR AE341

Due: 12:19 p.m. on November 23, 2008
E-o-C Problems:
7.4, 7.28, 7.46, 7.60, 7.84, 7.104, 7.108
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3-D bodies





2-D bodies





□ Flow past a circular cylinder





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Drag of 2-D bodies at Re < 10,000





Drag of 3-D bodies at Re < 10,000
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