AE 341 Fluid Mechanics

Lecture Note 5. Viscous Flow in Ducts
2009 Fall

         Prof. K. D. Kihm

[http://minsfet.utk.edu]

AE 341 Ch. 6 VISCOUS FLOW IN DUCTS
6.1 Introduction
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■ Transition from laminar flow to turbulent flow
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6.2 Developing Entrance Region of a Duct Flow
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6.3 Friction Factor of a Duct Flow
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Total Head at 1 – hf = Total Head at 2:
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[The kinetic energy coefficient 
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 is ~1.05 for turbulent flow and equal to 2.0 for laminar flow.]
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where 
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6.4 Laminar Fully Developed Pipe Flow

[Re < 2,300: very slow and/or highly viscous flow through a small tube such as a flow inside a hypodermic needle] 

The very well-established and available-in-any-textbook (or website) analysis repeated in the text gives an expression for the FRICTION FACTOR for laminar flow as,
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Example 6.4 – Principle of a viscometer
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6.6 Turbulent Pipe Flow
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where the FRICTION FACTOR
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 for turbulent flos is given as (refer to the text, references, websites and so on for details):
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or the Moody Chart.
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Example 6.7 – Oil flow through a cast iron pipe
Example 6.9 – A pipe flow with unknown flow rate
Example 6.10 – Determination of the pipe diameter
Example 6.12 – Determination of the pipe length
6.8 Hydraulic Diameter for Noncircular Ducts
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Examples:
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HOMEWORK SET #6
Due: 12:19 p.m. on October 30, 2009
E-o-C Problems:
6.28, 6.32, 6.62, 6.63, 6.71, 6.80
6.9 Minor Losses in Pipe Systems 

*valves, elbows, tees, bends, entrances, expansions, contractions etc.

Total head loss is given by
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■ Valves: shown in Table 6.5
■ 90( Elbows:
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■ Valves
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■ Butterfly valves
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 SHAPE  \* MERGEFORMAT 
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■ Bends
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■ Inlets and Exits
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■ Sudden expansions and contractions
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■ Gradual expansion
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■ Example 6.16
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6.10 Multiple-Pipe System
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6.11 Fluid Meters
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■ Pitot tube
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■ Obstruction type flow metes: nozzle, orifice & venturi
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■ Discharge coefficient (cd) and Flow coefficient (()
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Uniform velocity and pressure at each cross-section
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Bernoulli Eq.:
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Continuity:
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Combining the two equations and rearranging gives,
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Using the concept of discharging coefficient Cd =
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Where the flow coefficient 
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 is determined from the discharge coefficient 
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■ Orifice
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■ Long-radius nozzle
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■ Venturi nozzle
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■ Head loss in obstruction meters
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■ Example 6.21

HOMEWORK SET #7
Due: 12:19 p.m. on November 9, 2009
E-o-C Problems:
6.117, 6.118, 6.142, 6.154, 6.156
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Pipes in series





Pipes in parallel





¼-in smooth pipe
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