2.7 Stability of Immersed and Floating Bodies:

- Immersed Bodies
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If C isabove G = body is stable

If G isabove C = body is unstable
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- Floating bodies:

1. Linear Stability: Any small linear displacement in any
direction will set-up a restarting force tends to return the

body to its original position.

2. Rotational stability:

Metacenter: It is the point of intersection of ' tHe buoyant force
before and after the heel.
(a) (b)

Metacentric Height: It is the distance (MG)

MG > 0O {M above G} —> Stable

MG < O {M below G} =—> UnStable

?%EWI ziqd n'[gade DEMO %E%gIE VAN CAQFEﬁg%EF editor (http:// Wik i%dk??f V@Fg@ﬂ
dgé t

hIS o y appears |n emo ver5|onD|' IS text can e removed with t%e fa?[ version
Gewiiziad met de DEMO VERSIE VAN CAD KAS PDF editor (httn Ilwww cadkas com)



MG = MB — BG
X

MB =
tan®

Now by moment of the areas:
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= XV = tanﬂfxz.dA = tanO I,

So, X =— tan® ==
— ™MB — lee
'
Then, MG = 22 — BG
Where,
wv— displaced volume
loo = Second moment of waterline area about

horizontal centroidal axis oo

IDiscuss:
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Example : A uniform, closed cwvlindrical buowv, 1.5 m high, 1.0
m diameter and of mass 80 kg is to float with its axis vertical in
seawater of density 1026 kg.m . A body of mass 10 kg is
attached to the centre of the top Surface of the buov. Show that,
if the buovy floats freely., initial instability will occur.

Solution
Moments of mass about horizontal axis through O:
(10kg). (1.5m) + (80kg). ( m) = {(80 + 10)kg}(OG)
= OG = 0.8333 m
For vertical egquilibrium, T
buovancy = weight. :[ At
G
- E(lmjz-h > 1026kg.m— 2 = (80 + 10) kg I, _
B~|~ i
— h = 0.1117m 1 2
=2 2 2
~ BM =25 =T g4 /T g2p = % — -
v 64 4 16h 16><0.1117
= 0.560m

AAnd:

0.1117
2

M = OB +~ BM — OG =(
= —0.2175m

+ 0.560 — 0.8333) 7L

Since this is negative (i.e. W is below ) buoy is unstable.
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2.8 Relative Equilibrium:
Fluid in motion in such a way that no layer move relative
to an adjacent layer.
Examples:-
1. Motion with uniform linear velocity.
2. Motion with uniform linear acceleration.
3. Uniform rotation.

Uniform acceleration
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To find C apply a boundary condition
At, x=v =0 then, p=po sub. Above to get:
Po=C

— P =P, —p.ay.x—p(ay, +g)y

For points on a line of constant pressure (dp=0):
Thus:

d _
y tan @ = Ax
dx a, +g
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