Mechanical Energy Balance Example:
Show how a Venturi meter can be used to
measure flow rate in a pipe.
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Answer: we use data correlations based on
dimensional analysis.

Friction in straight pipe, Newtonian fluid
Governing equation:
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Dimensional Analysis

F

4

~

(area )(kinetic energy)
F

— 4

! (27[RL)[; pVZJ

to determine what f is a function of, we non-
dimensionalize the governing equations

Fanning friction factor
dimensionless wall friction
in a tube

Non-dimensional force on the wall:
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flow expts show there
is no L/D dependence

| . = f=f(Re)
Conclusion: wall friction
should only correlate with Re




One final question: How to measure f
How do we measure f?
Answer:

We can see how to measure f by performing a
macroscopic momentum balance on a straight
pipe (incompressible fluid).
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Result of momentum balance on straight pipe:
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How do we use f in the Mechanical Energy Balance (MEB)?
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friction in straight pipes

GETTING THE FRICTION TERM |

Procedure:

1. calculate Re straight pipes:

2. look up f N LY1 ,

3. calculate F,_ ;. F friction =4fl — | <v
friction D 2

4. use in MEB

What about bends, valves, fittings, etc.?

Answer: same drill: perform MEB, obtain terms that
vary with velocity and that contain geometric
variables




Friction in fittings, bends, etc.
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Friction term in Mechanical Energy Balance
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