buoyancy 04

Archimedes principle states that the buoyant force acting on a submerged object is equal to the weight of
the fluid displaced by that object. Is this true for compressible fluids?
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buoyancy 04

SOLUTION:
Consider an arbitrary object immersed in a compressible fluid as shown in the figure below.
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Determine the net pressure force acting on a parallelpiped of the material with a differential cross-sectional
area,

dFp =(p = p,)dA, (1)
where,
P =D.ot J. pgdz, (2)
z=0
and,
z=22
Pr=P.ot _[ pgdz, (3)
z=0

where p is the density of the fluid (not the object).

Equation (1) becomes,

Z=z) 7=z,
dFp=|p._o+ | pgdz—p__— J. pgdz |dA, (4)
z=0 z=0
Z:ZI
dF, = dA J' pgd. )
2222

The net pressure force acting over the entire object, i.e., the buoyant force, is,

zZ=z)

Fp = Jde - J' J' pedzdA. (6)
A Az=z,
Assuming that the gravitational acceleration is constant (usually a good assumption),
Z:Zl
F,= gJ. J pdzdA., (7)
Az=z,

Note that the integrals in the previous equation give the mass of the fluid displaced by the object, i.e.,

Z:Zl
Mg iq displaced = J. _[ pdzdA . ®)
by object Uz,

Thus, just as with the incompressible case, the buoyant force in a compressible fluid is equal to the weight
of the fluid displaced by the object,

Fp = Mﬂuid displacedg : (9)

by object
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