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Buoyancy
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The law of buoyancy, known as Archimedes’ principle, dates back some 2200 years to the
Greek philosopher Archimedes. Legend has it that Hiero, king of Syracuse, suspected
that his new gold crown may have been constructed of materials other than pure gold, so
he asked Archimedes to test it. Archimedes probably made a lump of pure gold that
weighed the same as the crown. The lump was discovered to weigh more in water than
the crown weighed in water, thereby proving to Archimedes that the crown was not pure
gold. The fake material possessed a larger volume to have the same weight as gold,
hence it displaced more water. Archimedes’ principle is: There is a buoyancy force on an
object equal to the weight of displaced liquid.

Principle of Archimedes: when a body is immersed in a fluid, it
loses weight by an amount equal to the weight of the fluid which it
displaces called its buoyancy (dictionary of civil engineers).
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Proof of the Law of Buoyancy
» To prove the law of buoyancy, consider the submerged body (Fig

5.1 a). In part (b) a cylindrical free-body diagram is shown that
includes the submerged body with weight W and liquid having a
weight Fyy,; the cross sectional area A is the maximum cross
sectional area of the body.

Fig 5.1 Forces on a submerged body: a) submerged bod} ©
b) free-body diagram c) free-body diagram showing Fg

» From the diagram we see that the resultant vertical force acting
on the free-body diagram due to the water only (do not include

W as it 1s supported by wire, force T) 1s equal to
> ZF=F2—F1—FW



Proof of the Law of Buoyancy
Y2 F=F,—F, —Fy

» This resultant force is by definition the buoyant force Fp. It can
be expressed Fs = P, A= pA-Ny =M A-MA-N,

Fgp=vy (th — h{A — VW) Computed using forces
» Where Vj;; 1s the liquid-volume included in the free-body

diagram. Recognising that the volume of the submerged body is
Computed using volume (geometry).
Vs = (ha = h)A = Vi) ot

j brackets of above eqgn
We see that  Fg =y (h,A — h{A — V) = yVy Forces now equated to
volume
= YVaisplaced liquid

thereby proving the law of buoyancy.
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Buoyant Force

» The force necessary to hold the submerged body in placef(see LT

otherwise it will sink since it

Flg 51 C) 1S equal tO is denser than water

» For a floating object, as in Fig 5.2, the buoyant force.is
Fp = VVdisplacedliqui = ks

» Obviously, T=0,sothat 0 =W — Fp ’
since It Is
floating FB =W TFB
Whel‘e W iS the Welght Ofthe ﬂoatmg ObjeCt. Fig 5.2 Forces on a f|oating object
» From the foregoing analysis it is apparent that the buoyant force
F g acts through the centroid of the displaced liquid volume. For
the floating object, the weight of the object acts through the
center of gravity, so the center of gravity of the object must lie

on the same vertical line as the centroid of the liquid volume.




Example

The specific weight and the specific gravity of an unknown object are desired. Its weight in
air is found to be 400 N and in water it weighs 300 N.

Solution: 'The volume is found from a force balance when submerged as follows (see Fig.
2.12c¢):

T — W o FB
300 =400 - 9810X ¥ - ¥=00102m’
The specific weight is then
W
"y

400

= So10p = 39 200N/m’



Example

The specific gravity is found to be



. Hydrometer . .
A hydrometer, an instrument usegeto measure the specific gravity of

liquids, operates on the principle of buoyancy. The upper part (Fig
5.3), the stem, has a constant diameter. When placed in pure water,
the specific gravity is marked to read 1.0. the force balance 1s

W = YwaterV

where W 1s the weight of the hydrometer
V 1s the submerged volume below the S = 1.0 line.
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Hydrometer

In an unknown liquid of specific weight y,., a force balance would

be
W =y, (V — AAR)

where A is the cross sectional area of the stem. Equating these two
expressions gives VwaterV = Yx(V — AAh) since W is the same

V — AAR = YwaterV
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Fig 5.3 Hydrometer a) in water b) in an unknown liquid



V — AAR = YwaterV

Vx
V _ VWC;./?.'QTV
Ah = a
h A
Ah = K (1 . Vwate'r) o .\:/7
A Vx e ’l_;__

Vx
W ere . V is the submerged volume below the S = 1.0 line
A is the cross sectional area of the stem

Vwa ter

For a given hydrometer, V and A are fixed so that the quantity Ah is

dependent only on the specific gravity. Thus the stem can be
calibrated to read S, directly.




Application
Hydrometers are used to measure
= the amount of antifreeze in the radiator of an automobile

= the charge in a battery since the density of water changes
when subjected to an electrical charge
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