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BUOYANCY AND FLOATATION

4.1. Buoyancy. 4.2, Centre af E:rimyancy. 4.3 Bypes of equilibrium
Metacentre and metacensric height. 4.5. Determination of metacentric height—Analyrical

method—experimental method 4 6 Oscillation (rolling) of a floating bodly: Highlights—Ob-
Jective fipe questions— Theorericg] Cuestions—Unsohed Examples.

of floating bodies. 4.4

4.1 Buoyancy

Whenever a body is immersed wholly or partially in a fluid it is subjected to an upward force
which tends to lift (or buoy) it up. This fendency for an immersed body to be lifted up in the fluid, due
0 an upward force opposite to action of gravity is known as bueyancy. The force tending to Lift up

the body under such condit; i of buoyancy or upthrusi The
magnitude of the buoyant force can be determined by Arehimedes ' principle which states as follows:

“When a body is immersed in a fluid either wholly or parnally, it is buoyed or {ifted up by g
Jorce, which is equal 1o the weight of fluid displaced by the body. "
4.2 Centre of Buoyancy

The point of application of the force of buovancy on the body is known as the centre of buoyancy,

It1s always the centre of graviry of the volume of fluid displaced

Example 4.1. 4 wooden biock af width 1.25 m, depth 0.75 m and len
water. Specific weight of the wood is 6.4 KNAm? . Find

(1) Volume of water displaced, and

(#f)  Position of centre of buoyancy,

Solution, Width of the wooden block=125m ' !

Depth of the wooden block = 0.75m : q
Length of the wooden block = 3.0m | i f
Volume of the block = 125 %075 %3 = 2812 mp’ i_l_ |

Specific weight of wood, w = 6.4 kN/m? L_ 1 25
Weight of the block = 6.4 x 2812=18 kN
(1) Volume of water displaced;

For equilibrium the weight of water displaced

= Weight of wooden block = 18 N
VYolume of water displaced

_ Weight of water displaced
Weight density of warer

gth 3.0 m is floating in

Wooden block
—1 Water surface
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Py= Buovant force
Fig. 4.1

LI m°’ (Ans)
9.81

(. Weight density of water = 9 81 kN/m?)
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or 1.23 x A= 3.0=1.835
(where & = depth of wooden block in water)
. 1.835
T 1.25%3.0

| {.489
Hence centre of buoyancy = 5 = (.244 from the base (Ans.)

=040 m

i
e
L

* Example 4.2. 4 wooden block of specific gravity 0.7 and having a size of 2m x 0.5m x 0.25m
floating in water Determine the volume of concrete of specific weight 25 kN/m®, that may be

'::_ ced which will immerse the (i) block completely in water and (i} block and concrete completely
gier.
e Solution. Size ofthe block=2mx 0.5mx0.25m
© ., Volume of the block = 0.25
. Specific gravity of the block = 0.7
- Specific gravity of the block =07 x 9.81 = 6.86/ kN/m’
¥ Weight of the block = 6.867 * 025=1716kN
-_ (- Specific weight of water = 9.81 KN/m?)
':: Let #_= Weight of concrete required to be placed on the block, and
V. = Volume of concrete required to be placed on the block.
b Total weight of the block = W, + 1.716 ki A0
f () Immersion of the block only:
When the block is completely immersed, the volume of water displaced = 0.25 a7’
-. Upward thrust at the time of complete immersion
=0.25%x9.81 =245kN (1)
Now equating (7} and (i}, we get
. W, o+ 1.716=2.45
or W =0.734 kN
. = weight 0.734

= : =0.0294 m* (Ans.)
sp. weight 25

Volume of congrete,

Immersion of bleck and concrete:;
Total weight of the block =23 ¥, - 1.716 i)
and upward thrust ={V_+0.25) x 9.8l ..(ii)
Equating (i) and (i), we get -

- ZSVch1,716={Vc+{].25)>i9.81
or 25V +1.716=981F_+245 or 1519V, =0.734
. of V. = 0.0483 m° (Ans.)
Example 4.3, Find the density of a metallic body which floats at the interface of mercury of
@ craviny [3.6 and water such that 33 percent of its volume Is submerged in mercury and 63
in water
PRadution. Let, V' = Volume of the body, m”.

B volume of body submerged in mercury

\.



160
=2 V=035
100
Volume of body submerged in water
:-E:J_}{V=D.55 Vo
160

The body will be in equilibrium when,
Total buoyant {upward) force = weight of
the body

But, total buoyant force = force of buoy-
ancy due {0 water + force of buovancy due to
mercury |

* volume of mercury displaced)
9.81 x 0.65 V(kN)+ 13.6 x 9.8]

and, weight of the body = weight density x volume of the body

x [

- Hfbody

( where wy_, = weight density of the merallic body}

For equilibrium, we have

9.81 x0.65 - 13.6%x981x 035} = W

L Wieg, = 53.07 kKN/m® (Ans.)

Example 4.4, A metallic cube 30 cm side and weighing 450 N is lowered into « tank contal

a two-fluid laver of water and mercury. Determine
ihe position of block at meErcury-waier interface
when it has reached equilibritm,
(Madras University)

Solution. Refer Fig. 4.3, The metallic cube
smks beneath the water surface and comes to rest
at the water-mercury interface.

As per prificiple of floatation, we have we 1ght
af cubical block = buayant force

= weight of water and mercury displaced by
the block.

Thus, 450 =9810 (/1 x 0.3 x0.3)+ 9810 x
13.6 (A, % 0.3 x0,3)

= (A +13.6 A,) x (9810 x 0.3 x 0.3)

450
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= (L5309 m

O

(/1 +13.6 i,) =

Also, fzr] + 4, =03m

G810 x 0.3 x 0.3

rrom (2} and (i7), we have the depth of cube below the water-mercury interface,

(0.509 - 0.3)
12.6

Hy =

=0.01658 n1 or 16.58 mm (Ans.)

Example 4.5. 4 & ¢ side cube weighing 4 N is immersed in g lguid of relariv ¢
Semiiived ina recrangulur tonk of cross-sectional area 12 cm * 12 cm if the tank cor:
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™ g height of 6.4 cm before the immersion determine the levels of the bortam of the cube and the

Bquid surfuce.
: Solution. Refer Fig. 4.4
Let, h, = Depthto which the bottom of the cube falls below original liquid surface (cim),

and
h, = Height of rise of liquid above the original liquid surface (cmy}, and

(h, + h,) = Depth and submergence of the cube (cm).
Volume L = Volume M

Fryyyyrrr. 1 F o1 an Tt 00 00

Tank

......‘..
/]

Z ey

]

4
iz,

V// ﬁ

. \Q Cube N o
+.- k\ky . /— E}:g;ﬂ tiquid
v Waigoga | ]

Liguid 6.4 cm
(R.D. = 0.8 i
A B
|-'( 12 cm —
Fig. 4.4
B x 8 x i, = (122 - 8=y x I,

E or hl = 1,25 hz

Weight of the cube, W= 4N ...(Given)

(8 x B) = {f -+ k) x 0.8 x 9810
10°

" = Buovant force =

§ or 4=0.5023 (h, + )
4=05023 (125 h,~ hy)=1.13 1,
- A, =354 em
h,=4425cm

% Level of bottom of cube above plane AB = 6.4 -7, = 6.4 —4.425 = 1.975 ¢cm (Ans.)
%el of the liguid surface above plane AB=6.4 ~ h, =64+ 354 = 9.94 cm (Ans.)
--;;.__Elample 4.6. A cube 50 cm side is inserted in g two-layer fluid with specific gravity 1.2 and 0.9,
e wpocr and lower halves of the cube are composed of materials with specific gravity 6.6 and 1.4
hpeerively. What is the distance of the fop of cube above interface? (U.RS.O)

. Selution. Refer Fig. 4.5
" Weight of cube =[S, {= 0.6) x 9.81x 0.5 x 0.5 x 0.25)} +[S; (= 1.4) x 9.81x 0.5 % 0.5 0.25)

= 1.226 kN
qu.: Iet. k= Height of top of the cube above the interface.
Then. Buoyant force = Weight of lighter and heavier liquids dispiaced by the block
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=[$7(=0.91} < 9.81x 0.5 x 0.5 x k] + [57(=1.2) x 9.81 x 0.5 x 0.5 (0.5 ~ &}]
=2207h+1471-2943 h=—0.736 h = 1.471
As per principle of floatation, we have, weight of block = buoyant force
ie. 1.226=—0.736 h + 1471
L (1471-1.226)

(0.736
Example 4.7, 4 spherical objectof 1.45 m diamerer js TITZTIZzTITzTzZz-=o=o:zo-

_ O O e e o e o o omw oma

0.333 mor 33.3 cm (Ans.)

—--—_--------"--q_-

- e — o o i o owm

completely immersed in a water reservoir and chained to Water  ~“tZz-o:zs

the bottom. [f the chain has a tension of 5.20 kN, find the Py
weight of the object when it is taken out of the reservoir into
the air
Solution, Given: d=145m; T=5.20kN. |
Weight of the object, W; ' l Spherical |
Buoyant force, P, = W (weight of the object) + T W abject
(tension in the chain)
W=pP,-T YT
1
4 1.45
—gﬂ}ﬂ.’[—j—] HQSI—SZ{] e
=10.46 kN (Ans.) Fig. 4.6

Example 4.8. 4 cylinder of mass 10 kg and area of
cross-section 0.1 m* is tied down with string in a vessel
containing two liquids as shown in figure 4.7. Calculate I A

0
A

3

gauge pressure on the the cylinder bottom and the tension Cylinder |(S=0.8)
inthe string. Density of water = 1000 kg/im?. Specific grav-
v of 4 = 0.8, Specific gravity of B {(water)= 1.0 (Gate,
1998) (§=1.0

Solution. Given: Mass of cylinder, m = 10 kg String
‘Area of cross-section = 0, 1 m?
Density of water (liquid B)

- =1000 kg/m’ Fig. 4.7
Density of liquid 4 = 0.8 x 1000 = 800 kg/m?

=
b
LA
3
X

-
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Tension in string, T:
Volume of liquid A displaced =0.1 x 0.1 =0.01 m’
Mass of liquid A displaced, m,=0.01 x 800 =8kg
Volume of liquid B displaced =0.1 x 3,125 =0.0125 m’
Mass of liquid B displaced my = 0.0125 = 1000 = 12.5 kg
Total mass of liquid displaced =m, +my=8+12.5=20.5 kg

Upward thrust =205 x 9081 =201.1N
Weight of cyvlinder =mg=10=981=98.1N
Net upward thrust =201.1-98.1 =103 N
Tension in the string, T=103 N (Ans.)

Pressure (gauge) on the cylinder bottom, p:
Net upward thrust 103

Areaof cross-section 0.1

—
—_—

= 1030 N/m? (Ans.)

3. Types of Equilibrium of Floating Bodies

The equilibrium of floating bodies is of the following types.

U 1. Stable equilibrium

¥ 2 Unstable equilibrium, and

1 3. Neutral equihibrium.

F~ 4.3.1. Stable Equilibrium

When a body is given a small angular displacement (i.e. tilted sl ghtly), by some external force,
Mthen it returns back to its original position due to the internat forces (the weight and the upthrust),
Bk an equilibrium is called szable equiltbrium.

¥ 43.2. Unstable Equilibrium

P If the body does not return to its original position from the slightly displaced angular position
d heels farther away, when given 2 small angular displacement, such an equilibrium is called an

Wsabie equilibrium.

f = 4.3.3. Neutral Equilibrium

spherical ¥ 1f a body, when given a small angular displacement, occupies a new position and remains at rest
bject 4 i new position, it is said to possess a neutral equilibrium.

L Metacentre and Metacentric Height Metacentre:

k. Fig. 4.8 (¢) shows body floating in a liquid in a state of equilibrium. When it is given a small
mlar displacement (see Fig. 4.8 (b)) it starts oscillating about some point (Af}. This point, aboui
hiek the body starts oscillating, 1s called mefacentre.

|
. — o] —
0.8 == G ¢ W - --z:
B B + Py
- 1.0

l
g \ J
R (a)

Fig. 4.8
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The metacentre may also be defined as a point of intersection of the aris of body passing & §
through ¢.g.(G) and, original centre af buoyancy (BY and a vertical line passing through the centre of  JE
buovancy (B .} of the tilted position of the body.

the position of metacentre, M remains practically constant for the smal] angie of 1ilt 5.

Metacentric height:

The disiance between the cenpre of gravity of a floating body and the metacenire (i.e. distance
GM as shown in Fig 4.8 (5) is called melacentric height.

*  Forstable equilibrium, the position of metacentre M remains higher than c.g. of the body, G.
¢ Forunstable equilibrium. the position of metacenire M remains Jower than G.
®  For neural equilibrium, the position of metacentre A coincides with G.

4.5 Determination of Metacentric Height
The metacentric height may be determined by the following two methods:
L. Analytical method, and
2. Experimental method.

4.5.1 Analytical Method

Refer Fig. 4.8 (5). It shows the tilted position of the floating body, the line L'ON’ represeits the
watcr surface. The portion N'ON of the body is submerged and the portion L'OL is lifted because of
tlting. As a result of this, the centre of buoyancy changes it position from 3 to 8,. The intersection of
ax1s of the body and the vertical line through 5., locates the meiacentrs, A of the body.

To find the metacenuic height GAf consider an elementary cylindrical prism Q0" of portion
N'ON at a distance ‘x' from O, Let the area of this elementary prism be SA. The height of this
elementary prism is given by x.6. The volume of this clementary prism is given by

5V =x.6.54. )
The upward force or buoyancy force acting at this prism (8P, ) is given by
0F, =w.bV =w x8.64 )

(where w = unit weight of Liquid)
The montent of this buoyancy force about O

x.0P =w.B.x? 84 11
For the total portion N’ON, this moment 1s given by
fx. P, = J'w.Ei. x*.dA = wh J'::E i (i)
T J’I'dPE =Hﬁf

{where / = moment of inertia of the sectional area at the water line about the axis through )

x.dF, gives the change in moment due to buoyancy.

Now 3.dP; (= wB.[) = P, x BB,
(where P, = the total force of buoyancy)
But BB =BM xBand P, = I = w x v
wO/=wVBMO or gug-l (3.1)
%

Now metacentric height, GAM = BM + BC
~ vesign: when G is Jower than B
~ ve sign : when G is Aigher than B
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4.5.2. Experimental Method

y passing e
| Refer Fig. 4.9,

> centre of 3

3.

. E W.GM tan 6.
. d1stance ]

z body,

- e .

(a)

resents they
hecause ol

rsection off
| Wl.z = ¥ Om.tand or

If, [ = Length of plumb bob, and
d = Displacement of the plumb bob,

f portig
sht of thi

then, tan o = 7

" and, metacentric height is given by

W .z.
GM _ ] “ E
_ Example 4.9. A wooden block {:rj" specific grav-
¢ Wy 0.75 floais in water. If the size of the block is | m
E X 0.5 m % 0.4 m, find its metacentric height.

Solution, Si1ze {or dimensions) of the block =
F I < 0.5 m x 0.4'm
b Specifice gravity of wood = 0.75
Specific weight w = 0,75 x 9.81 = 7.36 kN/m®
Weight of wooden block = specific weight x vol-
j e
=736 x1x05x04=1472kN
Let depth of immersion = fi metres.
Weight of water displaced
= specific weight of water = volume of the wood
= smbmerged m water
=081x1%x05%xh=49hkN
Now for equilibrium,
Weight of wooden block = weight of water dis-
aced; 1.472=494

GM =

{43

(5)

.z
Wotang

165

In this method, a known weight W, 1s shifted by a distance,z across the axis of tilt. The change
L m moment due to this shift is W, z. Let the angle of tilt be 8, This angle of tilt may be measured
. experimentally by using a plumb bob. The change in moment due to this tilt is equal to W.GG, or

Fig. 4.9, Experimentai method for determination of metacentric height.

(4.2)

- W 7 M am 2 m — . — oy or W o Em N M ek 4 el

Plan

Wooden block
(sp. gr. =0.73)
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ar A = I—{E% = (0.3
4.9
. Distance of centre of buoyancy from bottom 7 e.,
E}B=E=E=D.15m
2 2
and O = 92—4 ={.2m
BG=0G-0B=02-0.15=005m
Also BM = —{-
”
Where 7/ = Moment of inertia of 2 rectangular section and
3
= [>03 = 0,014 m*
12

and, ¥ = Volume of water displaced {or volume of wood in water)
=1 x05%h=1x0.5%03=0.15m3
I 00104
v 0.15
We know that the metacentric height,
GM=B8M-BG{ -+ Gisabove B
=0.069-0.05=0.019 m {Ans.)
Example 4.10, 4 so/id cviinder 2 m in diameter and 2m high
vertical. If the specific gravity of the marerial of cviinder is .65
also whether the equilibrium is stable or unstable.
Solution. Given: Diameter of cylinder, d =2 m; height of cylinder, i = 2m; specific gravity = 0,65
Depth of cylinder in water = Sp. gravity x A
=0.65%20=13m
Distance of centre of buoyancy (B) from Q, ie.,

Is floating in water with its axis
find its metacensric height. State

Y
OF = E—; = 0.65 m !
Distance of centre of gravity (G} from O, j.e.,
OG = 2—20- =1.0m
BG=0G-0B=1.0-0565 ={.35m
Also BAM = -1-
"
Where,

{ = Moment of inertia of the plan of the
body about Y- ¥

T .4 I

|
' Y 1
= —d" = —x2* = 0,785 m* ] ! |
6 64 G, . .
and, V= Volume of cylinder of water | Water =7 g ) _;E_ TE
~
=2 q? « depth of cylinderin water ! - Y ¥
4 G Dista nc
) E % 2%% 1.3 =4.084 m? Fig. a.11 PoTion fromg
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q
M:l:ﬂ'_?g:_.—.{},lgzlm

¥ 4.084
We know that the metaceniric height,

GM = BM ~ BG = 0.192 — 0.35
= - 0.158 m (Ans.)

_ve sign means that the metacentric (1) is below the centre of gravity (G). Thus the cylinder is in
unstable equilibrium. {Ans.)

Example 4.11, 4 weight of 100 kN is moved through a distance of 8 meires across the deck of a
pontoon of 7500 kN displacement floating in water, This makes a pendulum 2.0 mefres long to move
through {20 mm horizontally. Calculate the metacentric height of the ponioon.

Solution. Weight of the movable load, W, = 100 kN

Distance through which load is moved, z =8 m

Weight of pontoon, ¥ = 7500 kN

Length of the plumb bob, {=2.5m

Displacement of the plumb bob, § = 120 mm = 0.12 m

Let GA = metaceniric height of the pontoon.

LUsing the relation,

Wiz 100x8x 2.5

W.d 7500 x 0.12
Example 4.12. 4 body has the cylindrical upper portion of dm diameter and 2.4 m deep. The lower

portion, which is curved, displaces a volume of 800 litres of warer and irs centre of buovancy is situafed

2.6 m below the top of the cylinder. The centre of gravity of the whole body is 1.6 m below the top of the
cviinder and ihe 1otal displacement of water is 32 kN. Find the metaceniric height of the body.

A =

=2.22 m{Ans,)

Solution. Given: Diameter of body, d =4 m
Depth of cylindrical portion = 2.4 m
Volume of curved portion = 800 litres = 0.8 v’

Distance between centre of buoyancy of curved por-
non and top of body, |

OB, =2.6m :
Distance between centre of gravity of the whole body

and top of the eylinder. OG = 1.6 m T R
2 ‘
Total volume of water displaced, ¥ = — =353 m’ v
9.81 !
Volume of water displaced by the cylindrical por- Plan
tion=53-08=473m’ 4—4%m—h ¢
If v is the distance between the water surface and the 3 T A |
top of the body then e o] M 1o m — A
-ZEIZl e ¢ Y_|c-A--
o . SITEI s R - 22T Water
45=—=xd" x (24~ 1) _= e z
4 XY LB

Sx 4 —_—
> 24 - 4 :j ) 2[}4 o My
i o

Distance of the centre of buoyancy of the cylindrical
~ortion from the top of the body, Fig. 4.12
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. L
Of, = v + [2'4 212204 + 24— 2.04 =222 m
2 ) 2
If B be the centre of buoyancy of the whole body then,
0.8 x 2. 4. 22
032{ 8x2.6)+( ?:{ZZ }=2.27Tm
.8 + 4.3
Now BG=0B-0G=2277-16=0.677m
- /
Now BM = —
P
where, /=moment of inertia of the cylindrical portion (top portion) about ifs ¢, g.
=Ly 4 m* = 12,566 m*
64
and V'=5.3 m’ (already calculated above)
BM = 12.566 = 2,37 m
5.3

Metacentric height, GM=BM -BG =237 - 0.677 = 1.693 m (Ans.)

Example 4.13. 4 so/id cube of sides 0.5 m each is made of a material of relative density 0.5 The

cube floats in a liquid of relative density (.95 with two of its faces horizontal. Examine its stabiliny,
(AMIE Summer, 1997)

Solution. Given: Side of the cube = 0.5 m: specific gravity of cube material = 0.5, relative
density of liquid = 0.93.

Depth of cube in liquid, 1Y
p=20X03 6 osam l'
G.gﬁ I .
Distance of centre of buoyancy (B) from O, ! 05
! -2 T
0 Y U e |
ie. OB=—§E=D.1315711 |
Distance of centre of gravity (G) from Q, i.e :
G{?:E:D.Efmm 'y e
3 Plan | Solid cube
BG=0CG~0B=025-0.1315=0.1185 m ' /—
B lies below G. | T
BM =2 . g =i
4 oG -~ 035m
where, / = moment of inertia of the plane of the body T':' n T
about ¥¥ | oo 0.25m
i : ; | 7| i
= E(D,S){{li) = 0.005208 m A
O
V= Volume of liquid displaced D ——
=0.5 % 0.5 x 0.263 = 0.06575 m’ Elevation
BAf — £ _0.005208 - 0.0799 m | Fig. 4.13
I 006575

Metaceniric height GM = BM - BG = 0.0792 - 0.1185 = 0.0393 m
—ve sign means that the metacentre (M) is below the centre of gravity (G). Thus the cube will be
unstable.
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Example 4.14. 4 hofiow cyviinder closed at both ends has an outside diameter of .23 m, length

X 5 m and specific weight 75 kN/w?, [ eyi- Hollow cylinder
. imder is fo float just in siable equilibrium ; / (both ends closed)
k. dm sea water (specific weight [0 kN/m?) P LTI T 77 I/ 77
i i ifs minimum permissible thickness. '/ | /
£ . Solution. Given:d=125m,/=3.5 /] : _"‘j"‘_r
K m w_ =75 N/ w = 10 N/ = f +M q
Minimum permissible thickness, ¢ o :‘; ! ”/f
Let 2 = depth of immersion, m. i L/ i G Yy
, . ! 9
Weight of sea water displaced f‘, i %
T .2 q : //
= :I-a' iox oW % : /|
. //, *B ;ﬁ h
=5 X125 % hx 10=1227 b ¢ ' /
Y (777777 TITIIIT77A Y
| L w 0 »
Weight of cylinder = volume of cyl- | 25 m
er X specific weight, a
= (volume of two end sections + vol- +
_ ] : , Fig. 4.14
e of circular portion) x specific weight
|2 2@ xr+ 2{d? - (d - 21 }s}{ W,
_ 4 4
i EL
=| szﬂ"f+ﬂ(frfi|xwr {assuming ¢ <</ )

(Ignoring term involving #°)

l'

i
P2 x = x 1257 xr+nxl.25x:x3.5Jx?5
L

=1215 ¢t kN
L'naer equilibrium conditicns, weight of cylinder = weight of sea water displaced,
1227 hA=1215¢ or h=99¢
Volume of cylinder under water or volume of sea water displaced,

VNRLICLSTIY
If A 15 the metacentre, then
i1 4
— x 1.25
BM — i _ _ (0.00099
iy 121.5; !
8 = h =9—9~£ = 4G 5;
2 2
3.5 .
O = T =1.75m

BG=0G-08=175-495¢
For the cylinder to float just in stable equilibrinm,

(.00099
BG=BM, o 1.753-495t=—————

or 49,517 - 1.75 + + 0.00099 = 0
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1.75 = /(1757 - 4 x 49.5 x 0.00099 175+ 1.69
2% 49.5 99
=0.0347 mor 6.06 x 10~ m
Hence, minimum permissible thickness = 0.06 * 107* m or 0.606 mm {Ans.)

Example 4.15, 4 solid of 200 mm diameter and 800 mn; length has its base 20 mm thick and af
specific gravity 6. The remaining part of the cylinder is of specific gravity 0.6. State, if if can float
vertically in water

Solution. Given: Dia. of cylinder, = 200 mm =02 m

0T [ =

Area of cylinder, A4 = i,:' % 0.22 = 0.0314 m?

Length of cylinder = 800 mm = 0.8 m

Thickness of base = 20 mm = 0.02 m

>p. gr. of base = 6, sp. or. of remaining portion = 0.6

Distance between combined centre of gravity (G) and the bottom of the cylinder (O,

0.7 VT
\FAKU-T’SED.fSJ L 3++102'"+\Axo.ﬂzx6x__ﬂm]
0G = & L2 J1! 2

(Ax078x0,6) + (4 x0.02 x G)

(where 4 = area of cylinder)

_0.1919 + 0.0012

0468 + 0,12
Combined sp. gr. of the cylinder

_ (078 % 0,8) + (0.02 x 6) - 0.735
0.78 < 0.02 Y

Depth of tmmersion of the cvlinder
=08x0.735=0588m
Distance of centre of buoyancy from the bottom of the cylinder,

0.588 Y
08 = 3 =0.294 (or 29.4 mm) Plan

BG=0G-0B =03284_ 0294 | W mm |
= 0.0344 m {or 34 4 mm) 4 |

=0.3284 m(or 328.4 mm)

¢ - f
Now, By =L | r'
4 !
where. / = moment of inertia of circular section | = M 3P gn =06
: = -
= %02 = 25%10°° £ E | G¢
64 2 | ne
. G E
and, F'=volume of water displaced i
! Sp.gt.=6

T .'

= — % (}.2% x 0.588 = 0.00588 ¢ l::ﬂ/
4 .
- oF

BAM — 25x 107 g 20 mm
0.00588x Fig. 4,15

=0.00425 mor 4.25 mm
Now metacentric height,
GM=BM~-BG=425_344mm=— 30.15 mm
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Negative sign means thai the metacentre (M} is below the centre of gravity (). Thus the cylinder
i in unstable equilibrium and it cannot float vertically in water. (Ans.)
Example 4.16. dn 80 mm diameter composite solid eylinder consists of an 80 mm diameter, 20
E  awt thick meiallic plate having specific gravity 4.0 attached at the lower end of an 80 mm diameter
¥ wooden cylinder of specific gravity 0.8. Find the limits of the length of the wooden portion 5o that
| she composite cylinder can float in stable equilibrium in water (specific gravity 1.0} with its axis
k. wertical. {AMIE Winter, 1998)
. Solution. Refer Fig. 4.16. Given: d = 80 mm; @ = 20 mmy; §, = 4; 5, = 0.8
Limits of the length of the wooden portion:
E  The cylinder will float vertically in water if its metacentric height M is +ve. To find the meta-
b oentric height, the locations of centre of gravity G and centre of buoyancy B of the combined cylinder
i 0 be found.
' The distance of the centre of gravity of the solid cylinder from O is given by
Ed: xaxS!-l‘#:Eﬁ-[EdE }{bHSE-!x!—a—.-EJ
4 J 2 14 L

r
e bt e S

[Edzxax51+zd2xb:={5j;
4 4 )

J

R
(HES]-}{EI—E‘FEJ?{S][H-]-E] [2{]*}{4;{@_W+b:{0‘8(20*£
2/ ) 2 2 ) 2 )

N _ N
ax 8 +bx5, 20x4+bx038
i p\] | b ]
L 800 + 0.84&(2{} + —) 1000 + 200 + —
- 2/ 2 A
A R0 + 0.8b 1t 100 + b ]
(Dividing numerater and denominator by 0.8 and simplifying}
Let, height of immersion of cylinder = {h+ a)
Also, Weight of cylinder = weight of water displaced v
or %dzxaﬂslﬂ'*?—:*d?‘xbx%
T
= d (B +a) %5 . ':
axS+bxS=hra) (0 S0 =1) v
or - 20x4+bx08=(h+a) | Wood
1e. hA+ar-= &0 + 0.8 b 1(.“:] | /[:Sp or. = S:}
' X .
Now, 0B = 58 =80+ 080 _ 4o g4p i) ‘M Composite
y) 2 | & o G evlinder
1000 + 205 + — ‘ [ g | -
BG = 0G - OB = 2 | G |
- 100+b v ¥ i
— (40 + 0.4b) [From (i) and (i#1)] 2 L
Metal
1 52 1 (Sp. gr. = >
= {[li}i)ﬂ + 206 + —] — (4000 + BOb + {].451)J Fig. 4.16
100 +5) 2,
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i

{ = second moment of area of the section about ¥¥ = ———

V' = volume of water displaced = %dl (f + a}

4 4 2
BM=i= nd” /64 =ndx 24 _ a
V Ea’z(&+a} 64 wd*(h+a) 16(h+a)
(80)° _ ,
" 16(80 + 0.8p)  USne () for (2 + a) |
400 300
= . = _“(1;"]
80+ 085 100+ 5
GM=BM-BG = >0 — 1 [0.16° - 606 — 3000] (using (#v)] and (V)]
(100 + &) (100 + b)
2
or G = 3500 + 606 - 0.15 i)
. (100 + b}
[t should be +ve and in the limit = 0
.e. 0.16% - 60b - 3500 =0
or b* = 600b — 35000 =10
2
o , _ 800 + J (600)2 + 4 x 35000 , taking +ve value of b
or b=053.55 mm. This is the upper limit for b. (Ans,)

The lower limit for b will be'd = &, and from eqn. (1), we have
A+a=80+08%
b+20=80+0285b
& =300 mm (Ans.)

It may be checked from egn. (i) that it gives a + ve value of GM,

Example 4.17. 4 holiow wooden cylinder of specific gravity 0.6 has an outer diameter af 600
mm and an inner diameter of 300 mm. It is required to float in of] of specific gravity 0.9, Calculate:

(i) The maximum length (height) of the cylinder so that it shall be stable when Hoating with it
axis vertical,

(i) The depth to which it will sink

Solution, Outer diameter of cylinder, 5 = 600 mm = 0.6 m
Inner diameter of cylinder, 4 = 300 mm = 0.3 m

Specific weight = 0.6 x 9.81 = 5.886 kKN/m’

- Weight of eylinder = volume of cylinder x specific weight

= /4 (D? = ) x | x 5.886 = E— (0.67 - 0.32) x / % 5.886 = 1.248 / kN

(where, /= length/height of the cylinder)

This also represents the weight of oii displaced.

. Volume of oil displaced, V' = 1.248/ =0.1413/
0.9 x 981
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Le. Volume of cyhinder immersed in oil, ¥ = 0.1413]

volume of cylinderunderoil

E: Depth of immersion, /t = , .
cross-section area of cylinder

o o . . e . e Sy e g™ *

- 014130\ poes » Axis
—{0.6° - 0.3%) I . Wooden
4 i Ve cylinder
¢ Height of centre of buoyancy (5) from O, : (§=056)
L ie op =12 00090 333, \ i
i 2 2 | NS
g If A is the metacentre, then ] i
i 4 -4 I : il surface
(0.6 — 0.3 | | 1\ M
BM = 1 64 - _ 90322 SEHEEE \\\ G+ SIIEEE
% 0.1413 / ; S o
0422 - ; (S =10.9)
OV = 0B + BM = 0333 1+ - : o [Ty Bt
I
Dwtance of centre of gravity {G) from the point O, N\ | :
0G = % =057 v v _Uif o
| !
- =r stable equilibrium, Af should be at a level e 3 +|
i a=rthan G, ie OM > 06 MM
— () S
03331+ 29822 L 05 o
o ' Fig. 4.17
0.0422 S 167 ] or
L0167 F
p 142
0167 F<0.0422 o 7| 2922077 4 oham
L 0.167 J

[.,=0.503m(Ans.)
; A =10.6661=0.666x0.503 =0.335 m (Ans.)
zmple 4.18. A rectangular pontoon {2 m long, 9 m wide and 3 m deep weighs 1380 kN and
cq water. The pontoon carries on its upper deck a boifer 6 m diameter and weighing 864 kN,
s of gravity of each unit coincides with geometrical centre of the arrangement and lies in the
weal fine.
Vhat s the metacentric height?
> the arrangement stable”
-pecific weight of sea water = 10 kN’
ion. Total weight of the arrangement, W = 1380 — 864 = 2244 kN
.i50 represent the weight of water displaceﬂ.
--2 of sea water displaced,

welght of waterdisplaced 2244

V= =224 4m’

specific weight of water 10
ume of the arrangement under water, ¥ = 224 4 m’

o Immersion,

= volume of the arrangement under water

cross-sectional area of the pontoon
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2244

= = 2077 m
9x12

. , 2.077
Distance of centre of buoyancy (B} from the base point G, OB = —5 = 1.0385 m

Let Af be the metacentre.
' 1

;e x12x
Then, By =L =12 ~ 3,248 m
V 224.4
COM=0B + BM = 1.0385 + 3248 =4.286m

Boiler

\__
im "+l

I
I
.!.
|
|
Rectangular pontoon —\ M9 / ;
G |
. 5

Water surface =
S B 4. :'::::f'I___ oo
04
— 9 m >

Fig. 4.18

1380 % 1.5+ 864 x 6 = 2244 x OG

GG — IJSOK1.5+854-KD=
2244

(1) Metacentric height, GM: GM = OM — OG = 4.256-3.232=1.054 m (Ans.)
(£f} Stability of the arrangement:

Since OM > OG, M is at a higher level than &

Hence the arrangement is stable (Ans.)

Example 4.19. 4 buoy having a diameter of 2.4 m and length 1.95 m is floating with its axis i
verfical in sea water (specific weight = 10 kNim®). Its weight is 16.5 kN and a load of .65 kN B 1
placed centraily at its op. {f the buoy is to remain in stable equilibrium, find the maximum permis 3
sible height of the centre of gravity of the load above the iop of the buoy:

Tra

232 m

LIS

Solution. Given: Diameter of the buoy, @ = 2.4 m; length of the buov, /=195 m >
Weight of the buoy, Wi = 16.5 KN or
Weight placed at the top of the buoy, W= 1.65 kN The
Specific weight of sea water = 10 kN/np? ':' or
Total weight of the arrangement W = Woner ™ W ' Bur
=165+ 1.65=18.15 kN " Thel

This 1s also the weight of water displaced by the arrangement. ~>1or 8
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Yolume of water displaced,

Weight = 1.65 kN
A | f Cylindrical buoy

- Y |

o

= M i

[ G | Water surface
:—:-:i.—:—:-:—‘ B R
- —_— - - T {:} _______
- 2.4 m dia
Fig. 4.19
V = i
sp.weight of water
10
:  Depth of immersion,

: - Volume of water displaced
.; Cross-sectional area of the buoy
e 1813 5 =04 m
3 m/d % 2.4
By ight of centre of buoyancy (&) above base point Q,

Q3=E=£=Q.2m
22

I M is the metacentre, then

; 4
g = L _FOAx2E  esrm

V 1.815
OM=08+BM=02+0897=1097m

e 1 = Height of centre of gravity of the load above the base O.

16.5x%+1+55:{y=18115x06
16.087 + 1.65 y=18.15 x OG
o 06 = 16.087 + 1.65y _ 0.886 +-0:091y
| e equilibrium will be stable m-'he}llslil?if > 00 ie 1.097 > (0,886 + .091y)
w 0211 >06091vor 0.091y<0211ory < 231i8m

Zr the height of buoy = 1.95 m

175

Bl find the position of combined centre of gravity above the base point O, taking moments about

~he height of centre of gravity of the load above the buoy should not be greater than (231

- 0368 m (Ans.)
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Example 4.20. 4 wooden cylinder (sp. graviry = .5 9) af diameter d and length 1 is required fo
Hoat in oil (sp, gravity = 0.81). Find the l/d ratio for the cviinder ro Hoar with its longitudinal axis

vertical in ojl

Solution. Given: Diameter of the cvlinder = 4, iength of the cylinder = :

Sp.gIani}{,S] = 0.534; sp. gravity of oil, 3, =0.81,
i

— ratio:
d

Let /i = depth of cylinder immersed in ojl.

Now, weight of cylinder = weight of oil displaced..,(principle of buoyancy)

Wooden evlinder
/— (S, =0.54)

I 2 HL.
—d xS =2d’hx 5§
ar 4 H 4 .

oil T n
(S, =0.81) l i
I
- i —
Fig, 4.20
{x0.54 =h x0.8] Isr:M:-z-f
081 3
J
The distance of centre of buoyancy B from 0, 0B = = = 31!

2
The distance of centre of gravity G from base point O O = {2
CIF AL s the metacentre, then

T
— 32 z 5 32
3114’:1:54 =“r = dz =ia._.'_
V T2, 164 16 x = 327

2

" 72

OM = 0B + By = Ly . 347

3 321

For stable cquilibrium, OM > OG or (lf + 3—f{— > !

L3 327 2

3d* (1 1Y 3g?

or T T m—lor—=—_ =~

oI

3200 6 327 4
18 7 gy
or Ez_ < 33 or > < ! 5/} or (9/16)!2 gr 34
.

— < 3/4 (Ans,)
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Example 4.21. 4 log of wood 0.9 m in diameter and 7.5 long is floating in river water If the
k. specific gravity of log is 0.7, what is the depth of the wooden log in water?

; Solution. Given: Diameter of the wooden log, d = 0.9 m;

Length of the log, 7=7.5m

Specific gravity, § = 0.7

uired to 3R
nal axis ¥

Weight of the log = (0.7 x 9.81) x % =07 x 981 % —} x 0.97 x 7.5 = 32.76 kN

Y Wooden log

A (S=0.7)
i-(—— rsin B
) Water surface
E bl el L
=
—
1
¥ L4
2
Fig. 4,21
This also represents the weight of water displaced.
: 32.76 5
Volume of water displaced = =334 p°
9.81

Let # = depth of immersion.
- Volume of log inside water = volume of water displaced = 3.34 m®
3.34 = area LONL x 7.5

334 ,
f Area LONL = Er 0.4453 m~
But area LONL = area LONOL + area LON
) - a
=7rr'L36D e§+-l-x2r5in9}crc058
0 & 2
h"'u
= 7rt I/l — —e- | ~ % 5inB cosH
. 180,
;1 g
0.4453 = A5 T — —— "+ (452 g
53=mx04 1 T30, 0.45< 3108 cost
or 10,4453 =0.6362 - 0.003534 0 + 3.2025sin B8 cos O
or 0.003534 8-0.2025 sin B cos 8 =0.6362 — 0.4453 = 0.1909
S
or _0.2025 Sin6 cos8 = 0.1909
0,003534 | 0.003534
or 8- 57.2sin8 cos O =354.02
or 3-573sin8cosB8-54.02-10

By hitand trial, we get  § = 71.5°

. Depth of wooden log in water, A = » + r cos O
=043+ 043 cos 71.5% or £ = 0,593 m (Ans.)
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Example 4.22. A4 float vaive regulates the flow of oil of specific gravity 0.8 in a cistern. The
‘rnerical floar is 150 mm in diameter AOB is g weightless link carrying the floai at one end, and a
- Zve at the other end which closes the pipe through which oil flows into the cistern. The link is
mounted in a frictionless hinge at O and angle AOB is 135°. The length of OA is 2000 mm, and the
distance between the centre of the float and hinge is 500 mm. When the flow is stopped 40 will be
vertical. The valve is to be pressed on 10 the seat with a force of 10 N to completely stop the flow of
oil in to the cistern. It was observed that the flow of oil is stopped when the free surface of pil in the
cistern is 350 mm bleow the hinge. Determine the weight of the float. [UPSC Engg. Services ]

Solution, Refer to Fig. 4,22.
Specific gravity of 0il = 0.8
Diameter of the float, d =150 mm=0.15 m

£LAOB = 135°
Weight of the float, W;

r 1
'(—1— Oil supply

200 mm

Hinge

Cistern
Y

Spherical floar

for = o = E B m E E A o e Em am oy wm wm - e o Er Em o SR oy o w

—>| «—— 350 mm “[<

0il
(S =0.8)

—_-

Fig. 4.22
When the oil flow is stopped, the level of oil is as shown in Fig. 4.22; the centre of float is below
the level of oil by a depth 4,

In AOBM ;singse = DM _OL+ LM _ 035+ 4
08 OF 0.5

0:38mm45°=035+4 or h=000355m

Volume of ofl displaced =47+ + 7172 » &

X TT{—[}-;J + T+ [%J % §.00355 = 0.000946 m°

Il

b [ b | ho

Buoyant force = weight of oil displaced
= volume of oil displaced x sp. gravity of oil
=0.000946 x (0.8 x 9.81}=0,007424 kN or 7.42 N
Since the buoyant force and the weight of the float passes through the same vertical line,

therefore, '
Net force on float = buoyant force — weight of float= 7.42 — ¥
Taking moments about the hinge O, we get

Px02=(742- W) BM
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achines
ern. The 3§ or 10 x02=(742- W) x0.5cos 45°
d anda § 10 x 0.2 - -

’ W="742— =176 Nie W=176N (Ans.
&efinkﬁ_ 42 0.5 cos 450 1.76 Nie 1,76 N (Ans.)
, and the § ___ Example 4.23. 4 cylindrical buoy is 2 m in diamerer and 2.53m long and weighs 22 kN, The
O will be  specific voeight of sea water is 10.25 kN/m?. Show that the buoy does not float with its axis vertical?
?Eﬂ'—?’w 7 s Whar minimum pull should be applied 10 a chain atiached to the centre of the base 10 keep the
oil in the; By verrical? [UPSC; AMIE Summer, 1999]
services 3 |

Solution. Given: Diameter of the buoy, d = 2 my;
Length of the buoy, { = 2.5 m;

Weight of the buoy, W = 22 kN;

* Specific weight of sea water = 10.25 KN/mr".

Part I: o show that the buoy does not float with
i oxis vertical:

o Weight of water displaced

Specific weight of water

{Weizht of the buoy = Weight of water displaced)
22

- = 2146 m’
10.25

re., Volume of buoy immersed in water
=2.146 m’
Let # = depth of immersion.

»l supply

[THTL

volume of buoy immersed in water

Then, £ = 1
cross-sectional area of the buoy = ) 11 i —
219 hesam Fig. 4.23
(mid) = 2"
Distance of centre of buovance (8) from the base
. S
o -
- : ) ; ‘
;| 08 =" 9% _gapom
3 2 2
_z7 M be the metacentre,
I (mied)yx 2°
- BM == = =0.36
" ;T 2uae  em

= 0B+ BM=0342+0.366 =0.708 m
. 2.5
© wance of centre of gravity () from the base point O, QG = BN 1.25 m
-2 OM < OG, therefore, the buoy is unstable when floating with axis vertical. (Ans.)
oA Minimum pull veguired to keep the buoy vertical:

7 = minimum putl (kN} which should be applied to chain attached to the centre of the
base to keep the buoy vertigal.

;. downward force =W+ T={22+17)

- o
-"aced volume of water = (22 7 ‘ m-
v 10,25
22+ T 22 =7

iepth of immersion, A" = =

3 Il
1025 x (st/d) = 2 32.2
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RO 22+T 22+ 7
2 2x322 o644

I (ri6d)x2 805
-I; 2247 B 224+ T
10,25
To find new centre of gravity ' due to self weight acting at G and tension T in the chain, taking
moments about point O, we get |

ITl

OF' =

B'M' =

22 % 1.25=(22~T) % OG' —
n
oG = 22 x1.29 Watcr surface
2+7 =T A
33 4+ T —=T" — k==
B’G’=OG'—GB’=22x123~22 T G b
22 =T 64 .4 | ,f
For stable equilibrium M’ must lte above G’ i.¢ B¢ ;
BJJL]{I - ErGr ! ;
ﬁ _ 0 ¥
805 _[22x125 22 + ﬂ
R+T | 2+7 644 v
[ ROS 22+ T 22x1.25 . - Fig. 4.24
anr | + _'I'.‘r‘-
247 644 1 2247
2.0 x 64.4 = (22 + T) 221325
- (22 + T) x 64.4 4T
or 51842+ (22 + TP =22 x 1.25 x 64 4 |
or (22 + TR > {22 x 1,25 x 64.4 - 518.42] or >1252.58
o1 224 7>=325300r 7> 1339 kN

Hence, minimum pull in the chain required to keep the buoy vertical =13.39 kIN (Ans.)

Example 4.24. 4 solid cone floats in a Hguid with iis apex downwards. The specific gruvity of ;
the marerial of the cone and the liguid are 0.7 and 0.95 respectively. Determine the least apex angle |
of cone for stable equilibrium. '

Solution. Specific weight of cone = 0.7 x 9.81 = 6.87 kNim?

Specific weight of liquid = 0.95 x 9.81 = 9.32 kNim?

Let.  H = Height of the cone,

fr = Height of cone immersed in liquid, and

200 = Apex angle of the cone.
Weight of the cone = Volume x sp. weight

- %ﬂRzHH-ﬂE? = %EH:‘ tan® a x 6.87 kN

{ tanct = % e R=H tana and r = A tanﬂ:}

P |
Weight of liguid displaced = 3 mth x 932 = 7 ak’ tanca x 9.32 kN

Now, weight of cone = weight of liquid displaced (since the cone is floating) el

_ P - 1l 5. 2
e, —nH tnT o x 6.87 = —nd tan” o x 9.32
3 3 -
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IR
m ;:H{ﬁ,ﬁl =09 H
Q.32

ance of centre of buoyancy from the apex, OB = %
3

aulic Machines

h = % x0.9H =0.675H

ance of centre of gravity G from the apex, OG = EH ={0.75H

gable equilibrium, the metacentre (M) should |
| {7 or may coincide with G. Solid cone

B BG<BMorOG-OB<BM  ..(I) 1 "
Y R
- ! Liquid surface MI‘_
G -« P .

BM:F

-
AR
-

the chain,

Water surtat

d'-_}-:'-:'-:'-?' : e, /= moment of inertia of the circular sec-
the liguid level
: 3 4 g, 4 H
h _omT o mxh tan o
3 4 4
Pl ¥ = voture of hiquad displaced
» v

Jx

H .
- =k tan” o

:.:' Falerenting various values in (), we get

(ﬁh" ‘[.'sm4 cx] |

- ) 4 h an? o 3

O H-06T3HZ 7 or 075 H< X ——a—
-1 4 nh’ tan” o

|. ~ak’ tan? EI.]

.
~ 3075 H<0.75 h tan’e
J073 H<075x (09 Hytan®e  {-» h=09H)

an’ o 2 0.75 >0.111

T 0.75x0.9
mnoz0333ora =18 24
_zzsT apex angle, 2o = 36° 487 (Ans.)
aompde 4.25. 4 cone of specific gravitv S, is floating in water with its apex downwards. It has
= Znd vertical height H. Show that for stable equilibrium of cone,

. H | R5 "
eIty — iy H {] ”3—‘
" -5 |

-+ <15 the depth of immersion and « is the half apex angle.

RER
STy

- -
- ™

- 20. Radius of the cone = R; height of the cone =
vy ofthe cone = 8§
#t = Depth of immersion, 2 = apeX angie,
* = Radius of cone at the water surface, O = apex of the cone,
- G = C.g. of the cone,
8 = Centye of buovancy, and
M = Position of metacentre.
SO=34 H. 0B =3/14h
H

- ey =
- -\_H:: L]

h
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4
s

4

where, / = Moment of inertia =

and

I = Volume of water displaced
I 5
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= —TFr"

TF

BM =1—"4—' 25-3{-—
—nrlh 4

Substituting » = 4 tan o, we get

--------
———————
------
-----
-----

1
OM =08 + BA = %k + ih taﬂ2 Cr

3 2 3 2
= —h(l + tan” o) = —h seC” O
4 4

For stable equilibrium,
BM > BG or OM > 0G

3 > 3 H
= —hsec ¢ > iH or Sec™a > —
4 | 4 /

.Proved {Ans.)

As per principle of floatation,
1

2 2
Weight of cone = weight of water displaced or ETTR Hxw, = el hxw

(where w_and w are the specific weights of cone material and water respectively).

Substituting £ = A tan o and » = A tan ¢, we get

} . 1
—nH- tanzr:::xH X W, = g?‘tftz tanzﬂ % H

H tan*o x § = B tan*et
or B=H Sorh=HS"
(where § is the sp, gravity of cone matenal}.

]
|
! |

|
|

3 Aran‘d

~ x

4 h | /

3 oo Y Water surface

4

htan® o ( —=wane | T
N J

—— N

Fig. 4.26

1

“ W

[ w

, - 'l : . 5 ]
From the relations Sec‘u}% and i = H.8'? (derived above), we have Sec’o :‘51—3
i \ 1 S
O (1+ tan’ o) > Eﬁ' or tan‘q - "Sﬁ -1 or  fan” & :=-—~5]—3
R R 1-gl"»

Substituting tana = "'H_rwe get 7z > m

l5-'.I.-,

T
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HE 5”3 2alil
— < 3 or H* < RS -
RF 1-§ 1-5'°

7 13 32
H a:[f ;”’J ..Proved (Ans.)
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- ample 4.26. A soflid cone (8 = 0.8) diam-

36 cm and height 30 cm floats with its vertex ]4 %

wards in water as shown is fig. 4.27. [s this
We in siable equilibrium?
L-Selution, Given: D =36 ¢m, H =30 cm:

’: | .3 _ __v_ )

— — — — —

e, © = Semivertex angle, O
18

tang = — = 0.0

| 30
- 8 = tan~1(0.6) = 30.96°

_-:::_::_::_::_;E:-:}- mamcter of the cone at water surface,
/2
g =2y tant | - ; = tan B
!
. feight of cone = Weight of water displaced

£ DY y2
Jlxﬂ:LEJ xHx(wa):lﬂ{i' Rt w
£y 2 3 42/

q

. -' -
T ]
s

DHS = d*y
= (2h tan 0 x b =4k tan’ 0
I.-'" D ""-.2
_ans =
-4 | 37
B =HS
h=HS"
- =30 % (0.831" =2785cm
fl’ﬂ 1s the centre of buoyancy,
—h==x2785 =
4 1 20.89 cm
OG’=-3~ =§:==:30=22.5 cm
4 4

OF =

B’M=—= - =
Voo gy 16\ &
:T[ — | K.III
a

I (ad*)i64 _3[..42]

_3. (33,42)°
16 27.85
OM = OB + BM
=20.89 + 7.52 = 28.41 em

O = 22.5¢cm

= 7.52 cm

Lok
i

-
o O =

7

Yow: d=2htan8=2=x 2785 x0.6=3342 cm
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MG=0M-0CG=2841-225=59]cm
e, Misabove G by 5.91 cm
Hence the cone is under stable equilibrium, (Ans.)

Example 4.27, 4 ship 63 m long and 9 m broad has a displacement of { 6000 kN. When a weight
of 2U0 kN is moved across the deck through a distance of 5.4 m, the ship is 1ilted through 5°. The
second moment of area of the water line section about its fore—and-of axis is 75 per cent of that of
circumseribing rectangle, and centre of buoyvancy is 2. im below the water line. Determine.

(1) The metacentric height, and (ii) The position of centre of gravity of ship.
T Ff::&e specific weight of seq water = 10.25 - — ——
A e
Sotution. Length of the ship, /=63 m
Breadth of the ship, # =9 m
Displacement, = 16000 kN
Angle of tit, § = 3°
Movable weight, #, =200 kN
Distanice moved by W,z =54 m
{{) Metacentric height, GM:

_ W,
We know, GM = —L2 . (eqn. 4.2)
Wtan 0

2 .
= W =54 =077m
16000 x tan 5° om

e GA = 0,77 m (Ans.) Fig. 4.28 Fig. 4.29
(77) The position of centre of gravity of the ship: |

. . . . 1] aablo
PP R o TR S

) Water line

-_— e e — — — —_— e— = o

- == == am e mm mm wr mr
— wm e w e = = = m

- e mm am e oap oy

H3m

Distance between the metacentre Af and the centre of buoyancy is given by, BM = Li

where, /= Second moment of area of the water line section
™,

e 3
75| 83X J = 2870 m°
v 12
and. ¥ = Volume of water displaced by the vesse]
Meigh -'
_ ¥ :f;ig tc-tjthexessel _ 16000 1561 m
Specificweight of vessel  10.23
BM = 2370 =1.838m
1561
ND“’, GG - O.IM ~+ ‘MG — (OB — "'1'{3) = J”G
=(2.1-1838)~0.77=1.032m
i, OG = 1.032 m (below the water line) (Ans.)

4.6. Oscillation (Rolling) of a Floating Body __
It has been observed that whenever a body, floating in a liquid is given a smal] angular displacefilF

ment. 1f starts oscillating about its metacentre M (see Fig. 4.30) in the same manner as a penduber® .

oscillates about its point of suspension. “ - A
Let, - W = Weight of floating body,

§ = Angle {in radians) through which the body is depressed, © A

o = Angular acceleration of the body in rad./s”,




ﬁ),ranr:y and Floatation 185

T = Time of rolling (i.e. one complete oscillation) in seconds,
4 = Radius of gyration about ¢, and
{ = Moment of inertia of the body about its centre of gravity &

ulic Manhinas'

W,
When o weig = Tg—k
irough J°. GM = Metacentric height of the body
- cent of that o
PrMine. MI!{
] :
Fr i
J' g
oy Y., [F——= B
_ — = Géyw oo ~]  Ge-d A
} Water I i *3,
A B N A
.......... * P ;
S | _— N
- ‘ I ; |
¥y c P, = Buoyant force
0.77m & | Fig. 4.30
¢ X When the force which has caused angular displacement is removed the only force acting on the
i is due to the restoring couple due to the weight W of the body and the force of buoyancy £,
v '~ Restoring couple = W % GA
‘B = I x GM tan 6 A7)
=W.GM.0
§: assuming O to be small (tan 8 = 8]
d‘0
Fig. 4.29 pular acceleration of the body, o= — d_
!
g I;E we sign indicates that the force is acting in such a way that it tends to decrease the angle 8.
M = I BAkso, (nertia torgue = moment of inertia x angular acceleration
2
cla=_g2 8 f (i)
g dt ,
4 d*“0 d*0
wating (i) and (i}, we get W GM.6 = — —k* x — or W M.e=0
g dr’ g df
- | ko d'e
Phividing both sides by W, we get — x —+ GM.8=10
2
EAenin, dividing both sides by K , we get d°6 GMgG = {)
2
3 g dt? k
PThe above equation is a differential equation of second degree, whose solution 1s:
| GM. GM g
0 = (sin £ HI.|+C COS =4 -‘ ..
1 3 b pi
. V % i i’ ]
_ Emlere C, and C, are constants of integration.
] angular dispia i values of C, and C, are obtained from the following boundary conditions:

ner s & pendiam "3 At 1=0,06=0

C, =0 [By substitution of =0, 8 =01n (it}
T

1 F = — —
At 2,9 0
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0=Cisin{ Gﬂfng}
¥V % 2

Since (', cannot be equal to zero, therefore

; I| A T :
5iﬂ|-. G‘i{'gIE—I:U of ! .,g}{—:ﬂ: ( Siﬂﬁ:ﬂ}
Ve 2] Vo 2 |

or T =2 K ..(4.4)
M.z .

Example 4.28. 4 ship of weight 32000 kN is floating in sea water. The centre of busyancy is 1.6}
meters helow its centre of gravity. The moment of inertia of the ship area af the water level is 8320 mb..
If the radius of gyration of the ship is 3.2 m find its period of roiling

lake sp. weight of sea water = 0.1 kN/m®

Solution. Given: Weight of the ship, W = 32000 kN

Distance between centre of buoyancy and centre ﬂfgrax-'irﬁ BG = 1.6 m

Moment of inertia, [ = 8320 m*

Radius of gyration, k= 3.2 m

Period of rolling of the ship, T:

Volume of sea water displaced,

Vo= . .I x?'mghr _ 52000 = 3168.3m°
specific weight of sea water 10,1
1
Using the relation, BM = ERLE = 2.620m
Vo 3168.3

Also, the metacentric height, GM = BM - BG = 2.626 - 1.6 = 1.026 m

[ ;2 ' 2
Now using the relation, T = 211:\{ GL’ = 2% l,; 1 02";"2 T = 6.335(Ans.)
g : x 9.

[ HIGHLIGHTS ]

1. The tendency for an immersed body to be lified up in the fluid, due to an upward fom
opposite to action of gravity is known as buoyancy :
2. The floating bodies may have the following types of equilibrium:
({) Stable eguilibrium,
(¢} Unstable equilibrium, and
(#f) Neutral equilibrium, :
3. The metacentre ig defined as a point of intersection of the axis of body passing through cg S
() and oniginal centre of buoyancy (B), and a vertical line passing through the centre off
buoyancy (B,) of the titled position of the body. :'

4. The distance between the centre of gravity (G) of a floating body and the metacentre (4 : =
called metacentric height

The metacentric height (GM) by experimental method is ziven by:

GM:Wl.z.f __ W= w
W.d W tan®

e [

r .
h & < | kil g S TR b R TIR A Y H R T T T A T T W ST N ERII TR IvS R I T Lo e
e " = e B - |' L. - B ) : ) Lo " ' : ) -
- N L - oy
. 1 - .
- . E . i A [t ’ b L - i - - - N - MO .. [k A Rl e b AT G ’
- . . . : 2o - | S - aur L me e n R o= - e Temn meeegan - - P T T T T PP T i Y ] L Tl .

. . . L. A " a—_ 4 -

.. . [P .

E.n

!

i
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where, W, =Known weight,
- = Distance through which ¥, is shifted across the axis of the nlt,
! = Displacement of the plumb beb, and

I d"“-.
& = Angle of tlt ‘ tanG = = 1,
. ')

- SILA
E
6. Time ofrolling, 7 = 2n
\ GM.g
| where, & = Radius of gyration about ¢.&. (&), and
vancy is |§ -' GM = Metacentric height of the body.

is 8320

OBJECTIVE TYPE QUESTIONS

nse the Correct Answer.

The tendency for an immersed body to be lifted (@) Archimedes (B) Newton

up in the fluid, due to an upward force opposiie {¢} Pascal (} Kirchhoff.
to the action of gravity is known as 6

A floating body is in stable equilibrium when
(¢) buoyancy {@) the metacentre IS helow its centre of gravity
(b} centre of buoyancy (b} the metacentre is above its centre of gravity -

() buoyant force (¢} the metacentric height is zero.

(d) none of the above. (d) its centre of gravity is below the centre of
The magnitude of the buoyant force can be de- buoyancy.
termined by 7 Anice-cube is floating in glass of water. As the
{-::{} Newton's second law of motion cube melts the water leve]
(b} Archimedes’ principles (¢} vemain constant (5) falls
{c} Principle of momenis (¢} rises (d) none of the above.
(d) none of the above. 8. If the position of metacentre M remains lower
When a body is immersed in a fluid, partially than ¢.g. of the body, G, the body will remain

. or completely, the force of buoyancy is equal in a state of
to {z) stable equilibnum

j (a2} the weight of the body (5) unstable equilibrium

L (b)) the weight of the fluid displaced by the (¢) neutral equilibrium

pward body {(d) any of the above.
© {¢) the weight of the volume of the fluid equal 9. Metacentric height can be determined by

to the volume of body |
(@) only analytical method

(b} only experimental method
(¢) both (@) and (&)
(d) none of the above.

{d) mone of the above.

The point of application of the force of buoy-
ancy on the body is known as

(@) centre of gravity

through (b} centre of buoyancy 10. Ifabody da:':les not Tetum fo its ot ginaliplﬂsitinn
the centmey | from the slightly displaced anguiar position and
(c) metacentre heels farther away, when given a small angular
centre (M8 (d) none of the above. displacement; such an equilibrium s called
& “When a body is immersed in a flwd either (a) stable equilibrium

wholly or partially, it is buoyed or lifted up by
a force which is equal to the weight of fiuid
displaced by the body™

This principle was enunciated by

{5) unstable equilibrium
(¢} neutral equilibrium
(d) any of the above.

— nn o  ——




