BERNOULLI EQUATION

First Law for one input and one output stream (no mass accumulation)
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For a steady state (open system) we have
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Then, we write
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We now consider a differential device. , so that (H2 - H1 ) =dH and so on. Thus,

dH =—d [é]—mgdh+%@+ é:\//l.vs

We use H=U+PV to get:
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We now replace dO =Td§ - pd\7 and expand d (P\i) = Pd\i +\7dP to get:
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Thus:
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Now, the entropy balance is:
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But steady state requires E =0 , Which gives the differential form:
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We replace this in the equation above:
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Rearranging:

o, —VidP+d| % |+m i+ T
M z TG

This is the Bernoulli equation in its most general (thermodynamic form) form

When there is no shaft work (V\./S =0) and the fluids behave ideally (no friction, that is Sgen =0), we get

VdP +d |:%:| +mgdh =0 or integrated: _[ VdP + A[é} +MgAh =0 For liquids Vs

constant (inverse of density), so we get:

VAP-+A| % |+ mgah=0.

dL, to get:

TS f(R
When there is friction, but no shaft work, we use I\;Ilen =2 (D €) v?
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which in integral form for a pipe of constant diameter D, becomes:
w
——_[ VdP+A[ J+mgAh+2 (DRe) viL

which indicates that to move a fluid through a pipe, we need to overcome the frictionless energy

differencej VdP+A|: ]"'mgAh PLUS the friction part 2 (De) viL

THUS, THE BERNOULLI EQUATION

VAP+A[ J+mgAh 0

IS NOT A SEPARATE LAW.

IT IS NOTHING MORE THAN THE FIRST LAW AND
THE ENTROPY BALANCE COMBINED FOR A

REVERSIBLE SYSTEM.

A MECHANICAL ENERGY BALANCE
W——JVdP+A[ ]+mgAh+2 (Se) L

FOR PIPING SYSTEMS IS THE FIRST LAW AND THE
ENTROPY BALANCE COMBINED FOR AN

IRREVERSIBLE SYSTEM.




