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The scale of the problems does not lend itself to
exact solutions:
** flow is turbulent
** geometry is complex
** may be happy with ~+/- 20%.
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Local variation of mass

We now keep track
of any changes
inside by watching
We don’t know the what goes in and out!
details inside so we

usually can’t do this

integral: Use Divergence

Theorem to convert

volume integral to

surface integral.

Integrate to get total 5
variation.... however
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We selectively choose either leaving a term as a volume integral or
converting to a surface integral depending on convenience.
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This integral contains all
of the viscous stress
acting on the walls and
the entrances and exits.
We don’t usually evaluate
it. It is the net “force”

S*?PM =.( p mdS

£ This integral contains
the pressure acting
on all walls and flow
openings.
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© Is the total vector action of the pressure and shear on the solid
surfaces of our pipe, device or control volume. We usually get this
from the other terms. (Or we could do an experiment to measure it
and use this to get some other term in the equation.)
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We need to consider how to best use these equations.
Need some body of experience.
Need simpler forms!
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Momentum equations for single flow inlet in + x direction.

-p(V.V,)A +p(V,V,) A, cos(6) = PA, — P,A, cos(6) +F,
+p(V,V,)A, sin(6) =—P,A, sin(6) + F,
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Momentum equations for single flow inlet in + x direction.

-p(V.V.)A +p(V,V,) A, cos(8) = PA, — P,A, cos(6) +F,
+p(V,V,) A, sin(0) = —P,A, sin(6) + F,
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