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Fluid Properties: Density, Viscosity, and Surface Tension

Density

Density measures the mass of a fluid
per unit volume. It plays a crucial role in
buoyancy and determining how a fluid
responds to external forces.

Viscosity

Viscosity represents a fluid's resistance
to flow. It impacts the speed of flow,
energy losses, and the formation of
boundary layers.

Surface Tension

Surface tension arises from cohesive
forces within a liquid, creating a thin
film at its surface. It influences droplet
formation, capillary action, and the
behavior of bubbles.



1. Density or Mass density_

= Density is defined as the ratio of the mass of mass per unit volume and its Si
unit 1s (kg/m?).

= Density basically represent the number of molecules of a fluid in a given
volume. so more number of molecules more 1s the mass and heavier is the fluid.

= Hence density can also be define as the representative of heaviness of the fluid.

Mass (kg) P {Solid) = P (Laquad) = P 1Cas)

P Volume (m?%)
P waer — 1000 kg/m? (at 4YC) [Nggg : Density will
Pair = 1.2 kg/m? (at 0°C and 1 bar) | increases with increase in
Pressure .




2. Specific weight or Weight density

= Specific weight is defined as the weight of the fluid per unit volume and 1ts Si
unit 1s (N/m?).

= [t basically represent the force exerted by fluid due to gravity in a given volume.

~ Weight [ mass (kg) x gravity (m/s?) | Peg (N/m3)

W

Volume (m?)

= Weight of a fluid of a given volume is
W = Sp. Weight * Volume = p.g.v (N)

Note : Density is an absolute quantity with respect to location
where as specific weight is a variable quantity with respect to
‘Tocation. 7




3. Specific Gravity

= Specific gravity is define as the ratio of the density of the fluid to the density of
standard fluid.

= Standard fluid in case of liquid is taken as water where as in case of gases is
taken as air .

P (Fluid) . -
S = = Dimensionless

P (Standard Fluid)

= Specific gravity basically shows which fluid are heavier then water or air and
which fluid are lighter then water or air.
s ‘Example: s:=1 .o For Water
s =0.760......... Fluid 1s hghter then water
8= 13:0..00:00050 Fluid 1s heavier then water




4. Compressibility

= [fthere 1s a change in volume or density of fluid with respect to pressure applied
such fluid called as compressible flund.

= Example:

Cylinder
pressur
=z
e Gas
I molecules
A CEroErs Piston

= With increase in pressure variation of volume of gas is large hence gases are
compressible.




Properties of Fluids

kExample 1.
Calculate the specific weight, density and specific gravity ofone

liter of a liquid which weighs 7 N.

Solution. Given :

T 3 o < 1 3 - 3)
Volume = 1 litre = .owm (. lln.rcs' m~ or 1 litre 1000 cm
Weight=7 N

- Weight _ 7N = 7000 N/m°>. Ans.
Volume ( 1 ) =

(i) Specific weight (w)

) 1000
(i) Density (p) - %’- - ';°°°8 2 kg/m® = 713.5 kg/m’. Ans.
. Density of liguid 7135 2
S fi it =
Ciii) pec: C gravity oy Of Wates = - | Density of water = 1000 kg/m~ )
= 0.7135. Ans.




| Example 2. Calculate the density, specific weight and weight of one
liter of petrol of specific gravity = 0.7

Solution. Given : Volume = 1 litre = 1 x 1000 cm’ = llO" m' = 0.001 m®

Sp. gravity S$=0.7
(i) Density (p)

Density (p) = S5 x 1000 kg/m” = 0.7 x 1000 = 700 kg/m". Ans.

(17) Specific weightr (w)
w=pxg=700x981 N/m”’ = 6867 N/m>. Ans.

(iii) Weighr (W)

We know that specific weight = bk,
Volume
or w= or 6867 = —
0.0Q1 0.001
4 W = 6867 x 0.001 = 6.867 N. Ans.
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5. Viscosity

* Viscosity 1s define as the property of a fluid which offers resistance to the
movement of one layer of fluid over another adjacent layer of the fluid.

* Consider two layer of a fluid , a distance ‘dy” apart, move one over the another
at a different velocity, say ‘u’ and ‘utdu’ as show in fig.1 :

Veloci

ty
profile

* The viscosity together with relative velocity
causes a shear stress acting between the fluid.

* This shear stress is proportional to the rate of
change of velocity with respect *y" which is
distance from boundary.

Fig.|: Velocity vanation near a solid
boundary
12




5. Viscosity

<* Variation of Viscosity with Temperature :

= In case of liquid with increase in temperature of liquid viscosity decreases
because the main reason of viscosity is molecular bonding and with
increases in temperature molecular bonding brake down and viscosity
decreases.

= Where as in case of gases the main reason of viscosity is the molecular
collision and with increase in temperature molecular collision increases
which act as resistance to flow hence viscosity increases.




3.2.1 DYNAMIC VISCOSITY

o The Dynamic (shear) viscosity of a fluid expresses
its resistance to shearing flows, where adjacent
layers move parallel to each other with different
speeds.

U
F=uA-.
"y
@

1t = Dynamic Viscosity




3.2.2 KYNEMATIC VISCOSITY

o The kinematic viscosity (also called "momentum
diffusivity”) is the ratio of the dynamic viscosity u to
the density of the fluid p.

vV = L
>

= kinematic viscosity, m?/s
= Dynamic viscosity, N.s/m?2or Pa.s
= Density of fluid, kg/m?




Example 4

Calculate the dynamic viscosity of an oil, which is used for
lubrication between a square plate of size 0.8 m x 0.8 m and an
inclined plane with angle of inclination 30° as shown in Fig. 1.4.
The weight of the square plate 1s 300 N and it slides down the
inclined plane with a uniform velocity of 0.3 m/s. The thickness
of oil film is 1.5 mm.

Oil

= 1.5 mm

W = 300N




Solution. Given :

Area of plate, A =0.8 x0.8 =0.64 m*
Angle of plane, ' 0 = 30°
Weight of plate, W =300 N
Velocity of plate, u=03m/s
Thickness of oil film, " r=dv=1.5mm=15x10"m

Let the viscosity of fluid between plate and inclined plane is y1.
Component of weight W, along the plane = Wcos 60° =300 cos 60° = I1SON
Thus the shear force, F , on the bottom surface of the plate = I1SON

F 150 ... >
and shear stress. T= T N/m
Now using equation (1.2), we have
r=p 2%
dy

where du = change of velocity =uw -0 =u = 0.3 m/s
dy=1r=15%x10"m

150 0.3

. _:p

= 0.64 15x107°
-3 N
= B30 1.5 630 =1.17Ns/m~=1.17x 10 =11.7 poise. Ans,

" 064 <03
- =




Example 5

The space between two square flat parallel plates is filled with
oil. Each side of the plate is 60 cm. The thickness of the oil
film is 12.5 mm. The upper plate, which moves at 2.5 metre per
sec requires a force of 98.1 N to maintain the speed.

Determine : -

i.the dynamic viscosity of the oil, and

ii.the kinematic viscosity of the oil if the specific gravity of the

oil 1s 0.95.

Solution. Given:

Each side of a square plate = 60 cm = 0.6 m

Area A=0.6x0.6=0.36 m?

Thickness of o1l film dy=125mm=12.5x 10 m
Velocity of upper plate u=2.5m/s




. Change of velocity between plates, du = 2.5 m/sec
Force required on upper plate, F =98.1 N
Force _ F _ 98.1 N
Arca A 036m°
(i) Let p = Dynamic viscosity of oil '

.  Shear stress, T=

du 98.1 25
Usi uati 1.2), T=N — = M X
sing equation (1.2) 11 5 or [T 12 5%10-3
981 _ 125x10”° Ns
= - = 1.363S Ans.
=036 * 25 m?
(ii) Sp. gr. of 0il, S = 0.95
Let v = kinematic viscosity of oil
Using equation (1.1 A),
Mass density of oil, p =S5 x 1000 = 0.95 x 1000 = 950 kg/m"
13635 —'”-'-’,-‘-)
Using the relation, v = % we get v = 950'" = .001435 m?/sec Ans.




6. Surface Tension

>* Cohesion
It is a intermolecular force of attraction between molecule of same nature

>* Adhesion
It is a intermolecular force of attraction between molecule of Different nature.

Note: Cohesion and Adhesion depends upon the nature of surface in contact.
Example:
I. Water in glass Shows adhesion more
2. Mercury in glass shows cohesion more
3. Water on plastic sheet will shows cohesion more

21




6. Surface Tension

= Surface tension is define as the tensile force acting on the surface of liquid in
contact with a gas or on the surface between two immiscible liquids such that
the contact surface behaves like a membrane under tension.

« Surface tension is also given as
the force acting per length over
which surface tension acting.
Mathematically,

Surface Surface tension force

Tension ~ Length over which
surface tension acting
(Perimeter of contact
surface)

Fig.2: Water striders can walk on
water because of the surface
tension of water

23




7. Capillarity

o Capillarity is the define a phenomenon of rise or fall of liquid surface when
small diameter glass tube 1s nserted vertically in Liqud relative to the adjacent

general level of hiquid.

; e 38 s Capillary tube — |, /
* The rise of liquid surface is known as s osric oy 0,

capillary rise as shown in figure no 3.

>
™

= Capillary rise occurs due to adhesion.
Water ——

Fig.3: Capillary Rise

7




7. Capillarity

= If the capillary tube is dipped in mercury, the level of mercury in the tube will
be lower then the general level of the outside liquid as shown in figure No. 4.

= Capillary fall occurs due to cohesion. —
Capillary tube —
= Capillary rise or fall (h) can be calculated by ST
following formula: A r'Te :
4o cost
I P el g
prg*d Mercury ——= _“\
Where,
O :Angle of contact between liquid & capillary
tube Fig.4: Capillary fall

d :Diameter of capillary tube
28




8. Vapour Pressure

= A change from the liquid state to the gaseous state is knows as vaporization.

®* The vaporization ( which depends upon the pressure and temperature) occurs
because of continuous escaping of the molecules through the free surface.

= Let us consider a closed vessel which i1s

: 2 e \i
partially filled with liquid ( Say water) ol
as shown in fig. Evaporated

molecules
* The molecules on the free surface of the
Liquid

liquid are in highly excited state and by
taking energy from molecules beneath it,
this molecules evaporate.

Fig.5: closed vessel




8. Vapour Pressure

®= The air above the free surface of liquid can absorb the vapour molecules up to
the certain limit known as saturation.

= Once saturation is reached, the number of vapour molecules evaporated from
the free surface of liquid become equal to number of vapor molecules
condensed back to the liquid.

| Condcn\‘cdq Saturated

= The pressure exerted by the liquid | Air
' | IDIBSNIOS: |

molecules over the free surface of hiquid  ° :
under saturation condition at given Evaporated

o B B I e

temperature is known as saturation | molecules | f-------------- -7

vapour pressure or Vapour pressure. Liquid —f——=s-==-= i

Note : With increase in temperature vapour | oo oo
Pressure increases | Fig.6: closed vessel

»
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Bernoulli’s Principle
Theory - Statement

The total mechanical energy of the moving fluid comprising the
gravitational potential energy of elevation, the energy associated with
the fluid pressure and the kinetic energy of the fluid motion, remains
constant.

Mathematical form:

P+ % muv?+mgh = constant

pressure < - velocity =~ height
Applicable :

* Incompressible
 Steady

« Non viscous




Bernoulli’s Equation
Explanation

Consider the following diagram where water flows from left to right in
a pipe that changes both area and height.

When fluid move upward, the water will be gaining gravitational
potential energy U, as well as kinetic energy K.




Work done on the NMuid:

W, = F, Ax;
As
o
E=
F=PA
Then

In terms of velocity

vl=.A_"_L
t
Ax, = V,1

W, =P, A, V, t

Derivation

W-_, — "Pz A2 sz
w‘_) = "Pz Asz T

* The water at P, will do negative work
on our system since it pushes in the
opposite direction as the motion of the
fluid.




Derivation

Net Work done on the fluid:
W, . =W, +W,

Wia =P AV, 1 -P,AV, 1

« The Volume of both sections are equal

AVt =A,V,t=V
So

W=P,V -P,V

W=(P,-P,)V

As we know

(Density)
m o
W=(P|-P2)‘; P=7
V==
P




Work Energy Principle:

Work done = change in energy
W = A (K.E) + A (PE) (1)

Changing in A (K.E) :

A (K.E) = -;- my?2

2 2

mv,

A (K.E) = <

N-

mv,

Changing in A (P.E) :

A (P.E) = mgh
A (P.E) = mgh, — mgh,

Derivation

Put the values in equ (1)

This is Bernoulli's equation!

Generalize:
1
P+ -z-mv2 +mgh = constant

This constant will be different for different fluid
systems, but the value of P+ %mv2 +mgh will be the
same at any point along the flowing fluid.




“EN \«‘_ Y FORM:
.p ~.l' R s
e~ +-t+gzz -‘--F-"z——:‘t;*}gﬁ

Pressure energy + Kinetic energy + potential energy = constant

++2-++,

Pressune head + kinetic head + potential head = constant

V3 - pV3
Po+ p5 + pgz; =P+ = + pgz,

Static pressure + dynamic pressure + hydrostatic pressure = constant
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Flow through pipe in
series and parallel




Flow through pipe in series

When pipes of different diameters are
connected end to end to form a pipe line, they
are said to be in series. The total loss of energy
(or head) will be the sum of the losses in each
pipe plus local losses at connections.




» An arrangement of such pipe line between two
reservoir is shown in fig.




Flow through pipe in parallel

» Many times the flow from one reservoir to another reservoir is
increased by connecting number of pipes in parallel as shown
in fig.

Assume Q1 and Q2 are the discharges through the pipes 1
and 2




Flow through pipe in parallel

= Example -Two pipes connect two reservoirs (A and B) which have
a height difference of 10m. Pipe 1 has diameter 50mm and length

100m. Pipe 2 has diameter 100mm and length 100m. Both have
entry loss k- = 0.5 and exit loss k'=1.0 and Darcy fof 0.008.

Calculate:
a) rate of flow for each pipe
b) the diameter D of a pipe 100m long that could replace the two pipes
and provide the same flow




Mathematical Problems on Bernoulli Equation

SOLVED
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T..- wall shear stresses

In the immediate vicinity of the boundary surface, the velocity of the fluid
increases gradually from zero at boundary surface to the velocity of the
mainstream. This region is known as BOUNDARY LAYER.

Large velocity gradient leading to appreciable shear stress: » — )7, ( d u
oy :
o y=1

The nominal thickness of BOUNDARY LAYER is defined as the distance from
the boundary where the velocity of fluid is 99 9% of free stream velocity
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1. wall shear stresses
Consists of two layers:
CLOSE TO BOUNDARY : large velocity gradient, appreciable viscous forces.
OUTSIDE BOUNDARY LAYER: viscous forces are negligible, flow may be
treated as non-viscous or inviscid.

Shear stress acting at the plate surface
shear stress: r — d u sets up a shear force which opposes
J v the fluid motion, and fluid close to the

wall is decelerated.

Theoretical understanding on Boundary layer development is very important to
determine the velocity gradient and hence shear forces on the surface.
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Development of Boundary Layer

Vv

-
e
e
— -

—— -
— -

.

" '
L “ | Boundary layer thickness. & l

T

The boundary layer thickness increases as the distance x from leading edge is
increases. This is because of viscous forces thal dissipate more and more
energy of fluid stream as the flow proceeds and large group of particles are slow
downed.

In laminar boundary layer the particles are moving along stream lines.
The disturbance in fluid flow in boundary layer is amplified and the flow become

unstable and the fluid flow undergoes transition from laminar to turbulent flow.
This regime is called transition regime.
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Development of Boundary Layer -

—’V o Laminar boundary e Transatton i Turbulem boundary

—— layer region laver

_: v

J

e v -

—— Y — - == P 7 Turbulent

— == N R o

— s 7 - _’Q - — 1 2 Overlap layer

——0 > — = ——— Bufler luyer

X 4 Viscous sublayer
L < _I Boundury layer thickness. &

After going through transition zone of finite length the flow becomes completely
turbulent which is characterized by three dimensional, random motion of
fluctuation induced bulk motion parcel of fluid.

LAMINAR BOUNDARY LAYER PROFILE — PARABOLIC
TURBULENT BOUNDARY LAYER — PROFILE BECOMES LOGARITHMIC
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Development of Boundary Layer -
L be Laminar boundary _ Transinon Turbulemt boundary
— layer region laver
c—— ‘f
-
s~ v
——= = 6 '4. )Jj ;l;n;r::ulcm
———— — —— T 3\:\ :} ) = A~ ‘—’F--.-—- Overlap layer
— R T = z—3 ~—— Buffer luyer
. ¥ 7 ) T Viscous sublayer
L T _I Boundury layer thickness, &

BL depends on Reynold’s number & also on the surface roughness. Roughness of
the surface adds to the disturbance in the flow & hastens the transition from
laminar to turbulent.

For laminar flow T = U ( g“ )
y

Jd u Where ¢ is the eddy viscosity and
For Turbulentflow 7 = (u + £ ) T is often much larger than p
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Boundary Layer Thickness for esss
H ®o0
Laminar and Turbulent =3
L4 = o Laminar boundary _ Teansition i Turbulem boundary
e layer region laver
— v
e -
e 4 éc e (_ - )/j Turbulent
= —_— = e
— ——- R S “ . ver aye
—— S — — =t T — Bulc'l'c:'l'uyc)t i
x 4 “ Viscous sublayer
L - _J Boundary layer thickness. &

The boundary layer thickness is governed by parameters like incoming velocity,
Kinematlic viscosity of fluid etc.

For laminar flow

5.0x Pohlhausen _ 3.835x Blassius
51,.". = .R_e‘ (Exact solution) tam — T (Approximate solution)
' 5 37T
For Turbulent flow fer R—e }§




Flow Patterns and Regimes within Laminar
and Turbulent Boundary Layer
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As mentioned above, very close to the plane surface the flow remains laminar and
a linear velocity profile may be assumed.

In this region, the velocity gradient is governed by the fluid viscosity

(au ) T
dy 7.

Upper limmet, bosndary layes

rﬁy w0997,

| &
. L5

Lamsinar {or viscous)
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Flow Patterns and Regimes within Laminar
and Turbulent Boundary Layer
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In turbulent flow, owing to the random motion of the fluid particles, eddy patterns are
set up in the boundary layer which sweep small masses of fluid up and down
through the boundary layer, moving in a direction perpendicular to the surface and
the mean flow direction.

Imstaonanswon t
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Flow Patterns and Regimes within Laminar
and Turbulent Boundary Layer
Conversely, slow-moving fluid is lifted into the upper levels, slowing down the fiuid

stream and, by doing so, effectively thickening the boundary layer, explaining the
more rapid growth of the turbulent boundary layer compared with the laminar one.

o000
SRR I T

Owing to these eddies, fluid from the upper higher-velocity areas is forced into the
slower-moving stream above the laminar sublayer, having the effect of increasing
the local velocity here relative to its value in the laminar sublayer.

In order to explain this

X0 Uretien process, the eddy viscosity, &
w——_—— ) should be added in Shear
-------------- Cppsrlimibomsaa IS stress formulation.
| Su=090,
.
i Lowaiary layee Q D J u
T = (u + €)
dy

L

e L BERRIEAY (OF VISCONES )
7 sudlayer
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Mach Number

> INn subsequent discussions, the ratio of velocity V at
a state in a flowing fluid to the value of sonic velocity c
at the same state plays an important role. This ratio is
called the Mach number, A1.

\Y
e (Eq. 9.38)

> Several important | Mach Number | Term

terms associated with M < 1 S ubsonic

Mach number are M =1 S onic

shown in the table. M= Supersonic
M >> 1 Hypers onic
M mnear 1 Transonic




o

Mach Number

It may be seen that the speed of sound is the thermodynamic
property that varies from point to point. When there is a large
relative speed between a body and the compressible fluid
surrounds it, then the compressibility of the fluid greatly
influences the flow properties. Ratio of the local speed of the
gas to the speed of sound is called as local Mach number .




One-Dimensional Analysis
of
Compressible Flows

Mach Waves

Consider an aerodynamic body moving with certain velocity V in a
still air. When the pressure at the surface of the body is greater
than that of the surrounding air, it results an infinitesimal
compression wave that moves at speed of sound a.

let us analyze two situations:
(a) The body is moving at subsonic speed
(b) The body is moving at supersonic speed.




At Subsonic Speed

©O During the motion of the body, the sound waves are generated
at different time (1) intervals as shown . The distance covered
by the sound waves can be represented by the circle of radius (
at,2at,3at,....so on). During same time intervals (1), the body will
cover distances represented by,Vt ,2Vt ,3Vt.... So on . At
subsonic speeds (V<a,M<1), the body will always remains
inside the family of circular sound waves.




At Supersonic Speed

O when the body is moving at supersonic speed (V=a;M=>1). With
a similar manner, the sound waves are represented by circle of
radius (at,2at,3at.... So on) after different time (1) intervals. By
this time, the body would have moved to a different location
much faster from its initial position. At any point of time, the
location of the body is always outside the family of circles of
sound waves.




Shock waves

O The sound waves overtake the speed of the body and these weak
pressure waves merge themselves ahead of the body leading to
compression in the vicinity of the body. In other words, the flow
medium gets compressed at a very short distance ahead of the
body in a very thin region that may be comparable to the mean
free path of the molecules in the medium. Since, these

compression waves propagate upstream, so they tend to merge as
shock wave.




Mathematical Problems on Mach Number

SOLVED
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Lecture
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Lift > Weight Plane Rises Drag and Lift Force
Weight > Lift Plane Falls
Drag > Thrust Plane Slows

Thrust > Drag Plane Accelerates




Drag and Lift Force :

Fluid dynamic forces are due to pressure (normal) and viscous (shear)
forces acting on the body surface.

Drag: Force component parallel to flow direction.

Lift: Force component normal to flow direction.




Lift Coefficient, CL

In addition to geometry, Lift force FLis a function of
density p and velocity U. FL

Drag coefficient, Cu 5 pU?A

Area A is a reference area: can be frontal area (the are
projected on a plane normal to the direction of flow) (drag ==
applications), plan-form area (wing aerodynamics), or
wetted-surface area (ship hydrodynamics).




Drag Coefficient, C.

* In addition to geometry, drag force F, is a function of density p and
velocity V.

F'p
1pV2A
e Area A is a reference area: can be frontal area (the area projected on a

plane normal to the direction of flow) (drag applications), plan-form

area (wing aerodynamics), or wetted-surface area (ship
hydrodynamics).

* drag coefficient, Cp: CD —

* For applications such as tapered wings, C, may be a function of span
location. For these applications, a local Cj, is introduced and the
total drag is determined by integration over the span L

1 L




Pressure Coefficient, C,

P — Po

C, =
T
2 pU?

* Where p density, P reference pressure and U velocity.




Flight Condition

Lift > Weight
Weight > Lift
Drag > Thrust
Thrust > Drag

Plane Rises
Plane Falls

Plane Slows
Plane Accelerates

Week -8

Lecture
on
Drag and L.ift Force
Problem Solving




Problem 1: Experiments were conducted in a wind tunnel with a wind speed of 50 km/hour on
a flat plate of size 2 m long and 1 m wide. The density of air is 1.15 kg/m?3. The coefficients of

lift and drag are 0.75 and 0.15 respectively. Determine :
(1) the lift force, (i1) the drag force, (ii1) the resultant force. (iv) direction of resultant force and

(v) power exerted by air on the plate. | (iii) Resultant force (Fy)
Aan ke i LR Fp = JF2 + F? =4/3328% + 166.404> = 169.67 N.

Veleity of i, U= S0 kihEs 2 0N o e TSR
. . ’ 60 % 60 (iv) The direction of resultant force (0)
Density of air, p = 1.15kg/m tan 6 = F, _166.38 _ 5
Value of Cp=0.15and C; =0.75 F, 33275
0 =tan ' 5= 78.69°.

(£) Lift force (Fy)
F,=C xAxpxUi2
=0.75%2x%1.15 % 13.89%/2 = 166.404 N. (v) Power exerted by air on the plate
Power = Force in the direction of motion X Velocit
(#) Drag force (Fp) = Fpx U =33.280 x 13.89 N m/s :
FD=CDXAXp><U2/2 = 462.26 W
=0.15x2 x 1.15 x 13.89%/2 = 33.28 N.




Problem 2: A truck having a projected area of 6.5 m? travelling at 70 km/hour has a total
resistance of 2000 N. Of this 20% is due to rolling friction and 10% is due to surface friction.
The rest 1s due to form drag. Calculate the co-efficient of form drag. Take density of air 1.25

kg/m?. Area of truck, A =6.5m"

Speed of truck, U =70 km/hr = il = 19.44 m/s

60 x 60

Total resistance, Fyr= 2000 N
Rolling friction resistance, F. = 20% of total resistance = % x 2000 =400 N
Surface friction resistance, Fy= 10% of total resistance = % x 2000 =200 N

Form drag, Fp=2000 - F,- F¢= 2000 -400 - 200 = 1400 N
2 .
Fp=CpxAX pU where if Fj, = Form drag

then Cp = Co-efficient of form drag

2
1400 = Cp x 6.5 x 1.25 x 1224

o 1400 x 2
D™ 6.5 %125 %19.44 x 19.44

= 0.912.




Problem 3: A man weighing 90 kg/ descends to the ground from an aeroplane with the help
of a parachute against the resistance of air. The velocity with which the parachute, which is
hemispherical in shape, comes down is 20 m/s. Find the diameter of the parachute. Assume

Cp, = 0.5 and density of air 1.25 kg/m?

Weight of man, W=90kgf=90x9.81 N=8829N
Velocity of parachute, U =20 m/s

Co-efficient of drag, C,=0.5

Density of air, p = 1.25 kg/m”

Drag, F,=90kgf=90x9.81 =8829N

2

4 Fo= 90 kgf

2
882.9 = 0.5 x % P e ’2‘ =
Do B829X4X20 oo :
0.5 x 1t x1.25 %20 %20 |
D = /89946 = 2.999 m. Ans. l9° kgf

Fig. source: Dr. R. K. Bansal, A text book of Fuid Mechanics and Hydraulic Machines




Problem 4: A kite 0.8 m X 0.8 m weighing 0.4 kgf (3.924 N) assumes an angle of 12° to the
horizontal. The string attached to the kite makes an angle of 45° to the horizontal. The pull on
the string is 2.5 kgt (24.525 N) when the wind is flowing at a speed of 30 km/hour. Find the
corresponding co-efficient of drag and lift. Density of air is given as 1.25 kg/m?°.

KITE G
U = 30 km/hr
— X -0
Projected area of Kite, A=0.8x0.8=0.64 m’
Weight of kite, W=04kgf=04x981=3924 N Qz,"" ¥ W=0.4 kgf
Angle made by kite with horizontal, 6, = 12°
Angle made by string with horizontal, 6, = 45°
Pull on the string, P=25kgf=25%x9.81=24525N
Speed of wind, Um0 kil = T, s o §.333 s
60 x 60

Density of air, p = 1.25 kg/m>




Problem 4 — contd...

Drag force e pr
F ), = Force exerted by wind in direction of motion (along XX) ”;"’“"" o
= Component of pull P in XX direction = x i e -
= P cos 45° = 24.525 cos 45° = 17.34 N T a
v ¥ W=0.4 kgf

Lift force

F, = Force exerted by wind in direction perpendicular to the direction of motion (along YY)
= Component of pull P in vertically downward direction + Weight of kite
= P sin 45° + W = 24.525 sin 45° + 3.924 N

= 17.34 + 3.924 = 21.264 N.

Drag force F, is given as

2
D=2><F£2,___ 2%X1734 _ = 0.624.
ApU 0.64 x 1.25 X 8333

Lift force F is given as
pU”

F;=C XAX

= _2XF__ 2 % 21.264 ey

T AxpxU? 064 x125x8333°
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Osborne
Reynolds

Characterisie

Dimensional Length /
Velocl v

analysis De

SCOS
I,’ "

Reynolds
number




S S

oids num

Inertial forces : resistance of an object to change in its state of motion
( Promotes Turbulent Flow )

Viscous forces : resistance of a liquid to change of form
( promotes laminar flow )

characteristicLength L (Slunits:m)
Velocity v (m/s)
(Kg/m*3)p Density
Viscosity BN (Pa.SorN.S/or Ka/m.s)




Observation by Reynolds

1. At low velocity, the

dye will move in a
line parallel to the
tube and also it
does not get
dispersed.

2. At velocity little
more than before

the dye moves in a
wave form.

3. At more velocity the
dye will no longer
move in a straight-

/—Dye filament

e

(a) Laminar flow

/—Wavy filament

J\/w

(b) Transition

(C) Turbulent flow



Txges Of Flows Based On Reynolc
Number:-

 If Reynold number, Rn < 2000 the flow is
laminar flow.

 If Reynold number, Rn > 4000 the flow is

turbulent flow.



-« If Reynold number i.e. 2000 < Rn < 4000,we
observe a flow in which we can see both
laminar and turbulent flow to gather. This flow is

called Transition flow.

« Rn = 2300 is usually accepted as the value at
transition , R~ that exists anywhere in the

transition region is called the critical Reynolds

number.
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~Example 1 :- An oil of viscosity 0.5 stoke is
flowing through a pipe of 30 cm in diameter at a
rate of 320 liters per second. Find the head loss
due to friction for the pipe length of 60 cm.

Solution:-

Q=320 liters/second
=0.32 m3/s

d=30 cm=0.30 m
=0.070m?2

L=60 m
1=0.5 stoke
= 0.5 x 104 m?/s V= Q/A=0.32/0.0707
=4.52 m/s

x 0.302

s
I
|




« Reynolds number(Rn):-

900 x 1.91 x 0.20
(0.006

= 57.300 (= 4000) ... Flow is Turbulent

Vv

Q/A
1.91 mv/s

f=(0.079)/RN 1/4
= 0.0051



- Head loss due to Friction:--

<L SN
2.e.d

4 x0. 0051 x30x((1.97-

2x9O 81 x0_.20O

= O 48 m of water
- Power required:--

P xgxOQOxht

LL
900 x9.81 x0.06x9.48

1000

hf =

P =

P =5.02 kKW




~ Example 3:- oil of Sp. Gr 0.095 is flowing
through a pipe of 20 cm in diameter. if a rate of
flow 50 Iliters/second and viscosity of oil is 1
poise , decide the type of flow.

Solution:-
Q = 50 liters/second| A =

= 0.05m3/s
D=20cm=0.20m p=0.95 x 1000 =950 kg/m?3
M = 1.0poise

= 0.1 Ns/m?3 V= Q/A=0.05/0.0314
=1.59m/s

x 0.202=0.314 m?

=




- Reynolds number(RnN):-

24 RN_prxD

LL
950 x1.59 x 0.20

0.1
=3021 (2000< Rn < 4000)..Flow is Transition




Hydrostatic Pressure
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Vertical Plane Surface Submerged in Liquid

(a) Total Pressure (F). The total pressure on the surface FREE SURFACE OF LIQUID
may be determined by dividing the entire surface into a number
of small parallel strips. The force on small strip is then calcu-
lated and the total pressure force on the whole area is calculated
by integrating the force on small strip.

Consider a strip of thickness dh and width b at a depth of A
from free surface of liquid as shown in Fig. 3.1

Pressure intensity on the strip, p=pgh

(See equation 2.5)

Area of the strip, dA = b X dh
Total pressure force on strip, dF = p X Area
= pgh x b X dh

Total pressure force on the whole surface,
F =IdF= J'pgh x b xdhangb x h x dh

But jbxhxdh:jhdi

= Moment of surface area about the free surface of liquid
= Area of surface x Distance of C.G. from free surface

=AXh
| F = pgAh ’ ..(3.1)




(b) Centre of Pressure (h*). Centre of pressure is calculated by using the “Principle of Moments”™,
which states that the moment of the resultant force about an axis is equal to the sum of moments of the
components about the same axis.

The resultant force F is acting at P, at a distance h* from free surface of the liquid as shown in

Fig. 3.1. Hence moment of the force F about free surface of the liquid = F x h* ..(3.2)
Moment of force dF, acting on a strip about free surface of liquid
=dF x h (v dF =pghXxbxdh}

=pghxbxdhxh
Sum of moments of all such forces about free surface of liquid

=J‘pghxbxdhxh=pg‘[bxhxhdh

= pgjbh’dh:pg jh’dA (= bdh= dA)
But [nda = [on*an
= Moment of Inertia of the surface about free surface of liquid
= lo
Sum of moments about free surface
= pgl, .(3.3)




Equating (3.2) and (3.3), we get

F x h* = pgl, ‘
But F = pgAh A
pgAh x h* = pgl,
or h* = ::;'_' =% ..(3.4)
By the theorem of parallel axis, we have

L=l +AXh 2

where I, = Moment of Inertia of area about an axis passing through the C.G. of the area and parallel
to the free surface of liquid.

Substituting /, in equation (3.4), we get

I+ AR _|I; -
i -AZH' «:(3.3)
In equation (3.5), % is the distance of C.G. of the area of the vertical surface from free surface of
the liquid. Hence from equation (3.5), it is clear that :
(1) Centre of pressure (i.e., h*) lies below the centre of gravity of the vertical surface.
(if) The distance of centre of pressure from free surface of liquid is independent of the density of the
liquid.

A* =




Table 3.1 The moments of inertia and other geometric properties of some important plane surfaces

- b

Moment of inertia Moment of
about an axis passing | inertia about
Plane surface C.G. from the Area through C.G. and base (1,)
base parallel to base (1)
1. Rectangle
|
| L)
|
f "lG T d bd* bd®
‘ X=— bd —_ _—_
X 2 12 3
' '

2. Triangle




Moment of inertia Moment of
Plane surface C.G. from the Area about an axis passing | inertia about
base through C.G. and base (1,)
parallel to base (I;)
3. Circle
e : et L L i
X 2 B 64
v '
4. Trapezium
e—2a —sf
t / ' \
h 2 2
_{/ . {G \{ oo [2atb)n (a+b)xh a +4ab+b” | s -
, 2 a+b )3 2 36(a+b)
- -t




Hydrostatic Pressure
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Problem 3.1 A recrangular plane surface is 2 m wide and 3 m deep. It lies in vertical plane in
water. Determine the total pressure and position of centre of pressure on the plane surface when its
upper edge is horizontal and (a) coincides with water surface, (b) 2.5 m below the free water surface.

Solution. Given :

Width of plane surface, b=2m

Depth of plane surface, d=3m

(a) Upper edge coincides with water surface (Fig. 3.2). Total pressure is given by equation (3.1)

as
gl pgAE FREE WATER SURFACE
where  p = 1000 kg/m®, g = 9.81 m/s’ == T =
A=3x2=6m2.5=%(3)=l.5m. T f 1
h.
I
F=1000x9.81 x 6 x 1.5 LG._v. 3m
= 88290 N. Ans. Pe
Depth of centre of pressure is given by equation (3.5) as
[ ———
h*=—%+h
Ah b—2m——l
where [, = M.O.L about C.G. of the area of surface .
Fig. 3.2
3 3
= bd =2X3 =4‘5m4
12 12
h* = e +15=05+4+15=2.0m Ans.
6x15




(b) Upper edge is 2.5 m below water surface (Fig. 3.3). Total pressure (F) is given by (3.1)

F = pgAh WATER SURFACE
T SR TrEmESEc
where h= Distance of C.G. from free surface of water | | =7 S
25
=2.5+ % =40 m .
he \
F=1000 x981 x6 x40 +
= 235440 N. Ans.
. IG = L G 30m
Centre of pressure is given by h*= i +h L op
- o g Y
where I;=45,A=6.0, h =4.0 o
Pt ) Fig. 3.3
6.0 x4.0

= 0.1875 + 4.0 = 4.1875 = 4.1875 m. Ans.




Problem 3.2 Determine the total pressure on a circular plate of diameter 1.5 m which is placed
vertically in water in such a way that the centre of the plate is 3 m below the free surface of water, Find
the position of centre of pressure also. FREE SURFACE

Solution. Given : Dia. of plate, d = 1.5 m | X S !

.. Area, = % (1.5)® = 1.767 m®

h=30m
Total pressure is given by equation (3.1),
F= pgAZ
= 1000 x 9.81 x 1.767 x 3.0 N
= 52002.81 N. Ans.
Position of centre of pressure (h*) is given by equation (3.5),

h* = —li_-*-l—t
Ah

nd* nx15*

where I; = = (.2485 m*

h* = -l% + 3.0 = 0.0468 + 3.0

= 3.0468 m. Ans.




» 3.5 INCLINED PLANE SURFACE SUBMERGED IN LIQUID

Consider a plane surface of arbitrary shape immersed in a liquid in such a way that the plane of the
surfacc makes an angle 0 with the free surface of the liquid as shown in Fig. 3.18.

FREE LIQUID SURFACE;

Fig. 3.18 Inclined immersed surface.
Let A = Total area of inclined surface

h = Depth of C.G. of inclined area from free surface
h* = Distance of centre of pressure from free surface of liquid

8 = Angle made by the plane of the surface with free liquid surface.




Let the plane of the surface, if produced meet the free liquid surface at O. Then O-0 is the axis
perpendicular to the plane of the surface.

Let y = distance of the C.G. of the inclined surface from 0-0
y* = distance of the centre of pressure from O-0.
Consider a small strip of area dA at a depth ‘A’ from free surface and at a distance y from the axis

0-0 as shown in Fig. 3.18.
Pressure intensity on the strip, p =pgh
Pressure force, dF, on the strip, dF = p x Area of strip = pgh x dA

Total pressure force on the whole area, F = jdl-‘ = nghdA

) *
But from Fig. 3.18, L = Q:"—‘ = sin 6
y. ¥ ¥
h=ysin 0

F=ngx;vxsin9di=pgsin0!ydA
But JydA =Ay

where y = Distance of C.G. from axis 0-0
F=pgsin®yxA
= pgAh ('~ h=y sin 0) ...(3.6)




Centre of Pressure (h*)

Pressure force on the strip dF = pghdA

= pgy sin 6 dA [h =y sin 0]
Moment of the force, dF, about axis O-0

=dF x y=pgy sin 0 dA x y = pg sin 0 y’dA
Sum of moments of all such forces about O-0

= ngsin 0y’ dA = pg sin ijsz

But j y? dA = M.O.L of the surface about 0-0 = I,
Sum of moments of all forces about O-0 = pg sin 6 /; I
Moment of the total force, F, about O-0 is also given by
=Fxy* ..(3.8)

where y* = Distance of centre of pressure from 0-0.
Equating the two values given by equations (3.7) and (3.8)
F xy* =pgsin 0 I,

y* = pg sinB I,
F

or ...(3.9)

+

h s
TF=pgAh
P Pg

Now y*=

and I, by the theorem of parallel axis = I, + Ay°.




Substituting these values in equation (3.9), we get

h* pg sin O -2
= —\Il.+ A
sin O pgAh [G ’
. 2
sin“ 0
h* = == [l +AY’]
But 2=sin®d or y= -
y sin©
2 -3
sin“ 0 h
h* = / A
[ . sinzﬂ]
. 3
or L ..(3.10)
Ah




Problem 3.14 (a) A rectangular plane surface 2 m wide and 3 m deep lies in water in such a way
that its plane makes an angle of 30° with the free surface of water. Determine the total pressure and
position of centre of pressure when the upper edge is 1.5 m below the free water surface.

Solution. Given : FREE WATER SURFACE
Width of plane surface, b=2m £ s i
Depth, d=3m 2

Angle, 0 = 30°

Distance of upper edge from free water surface = 1.5 m
(i) Total pressure force is given by equation (3.6) as
F=pgAh
where p = 1000 kg/m’
A=bxd=3x2=6m’
h = Depth of C.G. from free water surface
= 1.5+ 1.5 sin 30°

(v h=AE+ EB=1.5+ BCsin 30° = 1.5 + 1.5 sin 30°)

=15+15x4=225m
F=1000x981 x6 x2.25 = 132435 N. Ans.

(if) Centre of pressure (h*)

Using equation (3.10), we have

1.sin’® - bd® 2x3
h*= S T 4R, where [p= ——= 3 -45m*
Ah 12 12
|
_ 4.5xsin" 30° 45x <

+225=—24% 4225
6x225 6x2.25

= 0.0833 + 2.25 = 2.3333 m. Ans.

*




Problem 3.15 (a) A circular plate 3.0 m diameter is immersed in water in such a way that its
greatest and least depth below the free surface are 4 m and 1.5 m respectively. Determine the total
pressure on one face of the plate and position of the centre of pressure.

Solution. Given : FREE WATER SURFACE
Dia. of plate, d=30m _._.._._._.’/
Area, A=Z 2=T (3.0)*=7.0685 m {
4 4 A
Distance DC=15m,BE=4m am

Distance of C.G. from free surface
=h=CD+GCsin®=15+1.5sin0
AB BE-AE 40-DC 40-15

But in 9= =
v e 3.0 3.0
25
= — =(.8333
30

h=15+15%x.8333=15+1249=2749m Fig. 3.20




(i) Total pressure (F)

F=pgAh
= 1000 x 9.81 x 7.0685 x 2.749 = 190621 N. Ans.
(ii) Centre of pressure (h*)

Using equation (3.10), we have h* = ’;L;:-o-o- h

T T
h l.= — d'= — 3)*=3976 m*
where Ig = — 64()

3976 x(8333) x 8333
7.0685 x 2.749

= 2.891 m. Ans.

h*

+ 2.749 = 0.1420 + 2.749
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Open Channel

v v
Natural Channel Artificial Channel
Irregular shape Regular shape
i.e : river, hillsides i.e : drains, culverts,
rivulets, tidal etuaries sewer, tunnels




Types of Flows

1. Steady and Unsteady Flow

2. Uniform and Non-uniform Flow

3. Laminar and Turbulent Flow

4. Sub-critical, Critical and Super-critical Flow




1. Steady and Unsteady Flow

» Steady flow happens if the conditions (flow
rate, velocity, depth etc) do not change with
time.

» The flow is unsteady if the depth is




2. Uniform and Non-uniform Flow

UF uniform flow

(o VF pradually varying flow
5( ’\\\ RV rapidly vaying flow

\
|

|
|
l
|
I

» |f for a given length of channel, the velocity
of flow, depth of flow, slope of the channel
and cross section remain constant, the flow Is

|
) 471
e
| 1] |
sy |
- |
| |

» The flow is Non-uniform, if velocity, depth,
slope and cross section is not constant

OEUF IRE UL R

| OF (RE) U

|
|
said to be Uniform i i :
i ]
o .




2. Non-uniform Flow

UF uniform flow
GVF gradually varying flow

f )( =\ RVFreicy g fow

Ux
|

l

| [N
l |

| I

l |

Types of Non-uniform Flow
1. Gradually Varied Flow (GVF)

If the depth of the flow in a channel changes gradually

over a length of the channel.

|
) oE ) oF Joel uF |

2. Rapidly Varied Flow (RVF) i

If the depth of the flow in a channel changes abruptly
over a small length of channel




3. Laminar and Turbulent Flow

Both laminar and turbulent flow can occur in open channels
depending on the Reynolds number (Re)

Re = pVR/p

Where,

p = density of water = 1000 kg/m?

U = dynamic viscosity

R = Hydraulic Mean Depth = Area / Wetted Perimeter




- V 1s the average velocity of the fluid.
R,=pVR/p R is the hydraulic radius of the channel.

** Laminar flow: Re < 500
«* Transitional flow: Re >500 & Re < 1000
** Turbulent flow: Re > 1000




4. Sub-critical, Critical and Super-critical Flow

I The flow in open channel is said to be sub-critical if the Froude number (F ) s less than 1.0, 1 [

The Froude number is defined as ; F.= _‘L

o
where V= Mean velocity of flow
D) = Hydraulic depth of channel and is equal to the ratio of wetted area to the top width of channel

A |
= —, where T = Top width of channel. Wi
T ] M.m S’(S‘
. . . . » I Soerrin 1 iy
Sub-critical flow is also called tranquil or streaming flow. For sub-critical flow, F, < 1.0.
The flow is called critical if £, = 1.0. And if F, > 10, the flow is called super critical or shooting Fgue of rnston o spto siper il fow

or rapid or torrential,




Velocity Distribution

» Velocity is always vary across channel
because of friction along the boundary

» The maximum velocity usually found just
below the surface




Lines of Centerline

constant velocity -
I velocity profiles
'\. —_—
\/ ! e
-
ap
§ | .
' u 2
I
(a)
Actual
- == Uniform B T O e e

T, = shear stress
PO, Sy SR —— distribution

(b)

Typical velocity and shear stress distributions in an open channel:
(a) velocity distribution throughout the cross section. (b) shear
stress distribution on the wetted perimeter.




» 16.3 DISCHARGE THROUGH OPEN CHANNEL BY CHEZY'S FORMULA

Forces acting on the water between sections 1-1 & 2-2
0 1. Component of weight of Water =W sini -
2. Friction Resistance = fP L V? &«

where
W = density x volume
=w (AL) = wAL

Equate both Forces:

 lomme ¥ fPLV2 = wALsin|
Fig. 16.2 Uniform flow in open channel.




Chezy’s Formula, V=CJmi

V = / \/é-sm1—>1

? =m = Hydraulic Radius — 2

. / ?’ =(C=Chezy's Constant — 3




Chezy’s Formula, v=C/mi
E—

substitute Eqn. 2 & 3m Eqn.1,
V = Cv/m.sin i

forsmall valuesof 1, smi1=tan1=1




Problems

1. Find the velocity of flow and rate of flow of water through a
rectangular channel of 6 m wide and 3 m deep, when it is
running full. The channel is having bed slope as 1 in 2000.
Take Chezy’s constant C = 55

2. Find slope of the bed of a rectangular channel of width 5m

when depth of water is 2 m and rate of flow is given as 20
m3/s. Take Chezy’s constant, C = 50




Problems

3. Find the discharge through a trapezoidal channel of 8 m
wide and side slopes of 1 horizontal to 3 vertical. The depth
of flow is 2.4 m and Chezy’s constant C = 55. The slope of
bed of the channel is 1 in 4000

4. Find diameter of a circular sewer pipe which is laid at a
slope of 1 in 8000 and carries a discharge of 800 litres/s
when flowing half full. Take Manning’s N = 0.020
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Most Economical Sections

1. Cost of construction should be minimum
2. Discharge should be maximum

Types of channels based on shape:
1. Rectangular
2. Trapezoidal

3. Circular




Most Economical Sections

Q=AV=AC+Vmi
1
Q—Kﬁ

[f P1s mmimum, Q will be maximum

whereK = A C+/A 1




Rectangular Section

—
____________________ ., formost economicalsection,
¢ Pshould be minimum
e |
- " » dpP

0

Fig. 16.9 Rectangular channel. d(d)




A=bd:>b=§—>l

P=b+2d=§+2d—>2

for mosteconomicalseciton, P should be minimum

- d[j+2d} A
e ) =0=>—+2=0= A =2d> = bd=2d>
d(d) d(d) d
[b=2dord =b/2]
A bd 2d° d

= — — —
P b+2d 2d+2d 2



Trapezoidal Section

—
”’}\% _ o for most economicalsection,
' '\.'. e o o
o F\ ; | P should be minimum
et 0O sk dpP
le-nd-ote—— b - —— o _ O

Fig. 16.11




A =(b+nd)c :>b=%—nd—>1

1P=b+2d\/n2 +1|=%—nd+2d\/n2 +1 -2

for mosteconomicalseciton,P shouldbe minimum

d[é—nd+2d\/n2 +1}

apP 4 Ld :0:>b+2nd=d\/n2+1
d(d) d(d) 2




Problems

1. Atrapezoidal channel has side slopes of 1 horizontal and 2
vertical and the slope of the bed is 1 in 1500. The area of
cross section is 40mZ?. Find dimensions of the most
economical section. Determine discharge if C=50

Hint:

» Equate Half of Top Width = Side Slope (condition 1) and find b in terms of d
» Substitute b value in Area and find d

» Find m = d/2 (condition 2)
» Find V and Q




Problem 16.16 A rrapezoidal channel has side slopes of 1 horizontal to 2 vertical and the slope of
the bed is 1 in 1500. The area of the section is 40 m”. Find the dimensions of the section if it is most
economical. Determine the discharge of the most economical section if C = 50.

Solution. Given :

Horizontal 1 , .
Si“ ' . = - Jr— ‘-_» C - -A — -
e — o Vertical 2 e i = sl
l . } : . - >
Bed slope, i= : 4 :
” 1500 e e L
. 2
Arca of section, A=40m .
Chezy's constant, C=50 Fig. 16.12

For the most economical section, usin uation (16.11)
b + 2nd b+2xixd 2
——2—34\/1124-1\ or B =d,f(1}) +1

b+d 1
=dJ—+1 =1.118d
or > "4 1.11

or b=2%1118d—d=1236d D
b+(b+2nd)xd_(b+"d) dl
(

But arca of trapezoidal section] A =

2
=(|.2§6d+‘l‘d!)d
= 1.736 d&°

(> b=1.2364¢ndn=-})




But A=40 m’ (given)

40 = 1.736 &*
I . g 5. i Aus =
1.736 -

Substituting the value of 4 in equation (i), we get
b= 1236 x 480 = 5933 m. Ans.
Discharge for most economical section. Hydraulic mean depth for most economical section is

m-i-% =240 m

2

Discharge Q=ACJ»T:=40xsoxJz40x—l-

1500
= 80 m’/s. Ans.
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-~ 1 Buoyancy and Stability of Floating and Submerged Bodies

¥ Buoyancy and Floatation:

o * Force of buoyancy can also be determined as difference of weight of a
% body in air and in liquid. o W= weight of body in air

% o W=weight of body in liquid

_ o Fy=W, W,

> v Center of Buoyancy (B):

W * The point of application of the force of buoyancy on the body is known as
o the center of buoyancy. It is always the center of gravity of the volume of
o fluid displaced.

A Water surface
_ =
v o CGorG-=_Center of gravity of body O CGorG O N

T o C or B= Centroid of volume of liquid ® corp

A displaced by body

NI




NN

(J Buoyancy and Stability of Floating and Submerged Bodies
v" Types of equilibrium of Floating Bodies:

» Stable Equilibrium:
o If a body returns back to its original position due to internal forces
from small angular displacement, by some external force, then it is

said to be in stable equilibrium.

\V4 {W
R CG
1
\_ Fs .
¢ = centroid of original ¢’ = centroid of new Restoring
displaced volume displaced volume couple

Stable

o Note: Center of gravity of the volume (centroid) of fluid displaced is
also the center of buoyancy.




NAA AN

(J Buoyancy and Stability of Floating and Submerged Bodies

v Types of equilibrium of Floating Bodies:

Unstable Equilibrium:
o If the body does not return back to its original position from the
slightly displaced angular displacement and heels farther away, then

it is said to be in unstable equilibrium

¥ ¥/
a &/ o

¢ = centroid of original ¢’ = centroid of new Overturning
displaced volume displaced volume couple

Unstable
o Note: Center of gravity of the volume (centroid) of fluid displaced is
also the center of buoyancy.




-~ 1 Buoyancy and Stability of Floating and Submerged Bodies

> v Metacenter and Metacentric Height:

O ¢ Center of Buoyancy (B):

% o The point of application of the force of buoyancy on the body is
% known as the center of buoyancy.

% * Metacenter (M):

% o The point about which a body in stable equilibrium start to oscillate
% when given a small angular displacement is called metacenter.

% o It may also be defined as point of intersection of the axis of body
% passing through center of gravity (CG) and original center of
% buoyancy (B) and a vertical line passing through the center of

Yoo buoyancy (B’) of tilted position of body.

NANAN AN




- 1 Buoyancy and Stability of Floating and Submerged Bodies

~ v Metacenter and Metacentric Height:

o * Metacentric height (GM):
% o The distance between the center of gravity (G) of floating body and
% the metacenter (M) is called metacentric height. (i.e., distance GM

Y shown in fig)




NN

(J Buoyancy and Stability of Floating and Submerged Bodies

v" Metacenter and Metacentric Height:

Condition of Stability:
o For Stable Equilibrium
= Position of metacenter (M) is above than center of gravity (G)
o For Unstable Equilibrium
= Position of metacenter (M) is below than center of gravity (G)
o For Neutral Equilibrium
= Position of metacenter (M) coincides center of gravity (G)

Overturning moment

(_\

Restoring moment




-~ [ Buoyancy and Stability of Floating and Submerged Bodies

- v Metacenter and Metacentric Height:

o  Determination of Metacentric Height:

T o The metacentric height may be determined by the following two
Y methods

o 1) Analytical method

S 2) Experimental method




- [ Buoyancy and Stability of Floating and Submerged Bodies

-~ v Metacenter and Metacentric Height:

S * Determination of Metacentric Height:

o o In Figure shown AC is the original waterline plane and B the center
O of buoyancy in the equilibrium position.

o o When the vessel is tilted through small angle O, the center of
S buoyancy will move to B” as a result of the alteration in the shape of
o displaced fluid.

Yo o A’C’is the waterline plane in the displaced position.

AT 1 ANSFER OF
' / <% Wep
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(d Buoyancy and Stability of Floating and Submerged Bodies

v" Metacenter and Metacentric Height:

Determination of Metacentric Height:

®)

To find the metacentric height GM, consider a small area dA at a
distance x from O. The height of elementary area is given by x0.
Therefore, volume of the elementary area becomes

dV = (x8)dA
The upward force of buoyancy on this elementary area is then

dF, = y(x6)dA
Moment of dFy (moment due to movement of wedge) about O is

given by; j""‘ IF, = _f—" y(x8)dA = (79) I x2dA
[xdF, = yor '

dA
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(J Buoyancy and Stability of Floating and Submerged Bodies
v" Metacenter and Metacentric Height:

Determination of Metacentric Height:
o The change in the moment of the buoyancy Force, Fj is
F, = F;BB'=W¥(BMO)
o For equilibrium, the moment due to movement of wedge = change in
moment of buoyancy force

el = W (BM6)

Bm =L
1%

GM = BM — BG
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~~ [J Buoyancy and Stability of Floating and Submerged Bodies

- v Examples: Q.| A wooden block of specific gravity 0.75 floats in water. If the size of

o block is I mx0.5mx0.4m, find its meta centric height

% Solution: Given Data:

% Size of wooden block= | mx0.5mx0.4m, _

% Specific gravity of wood=0.75 : Im
o Specific weight of wood=0.75(9.81)=7.36kN/m?2 '

m%m Weight of wooden block=(specific

o weight)x(volume)

gxmww”""w; Weight of wooden block=7.36(1x0.5x0.4)=1.47kN

% Let h is depth of immersion=? Y
% For equilibrium 0.4m | h
o Weight of water displaced = weight of wooden

% block

o 9.81(1x0.5xh)=1.47 >> h=0.3m

S 0.5m

N NN N




1 Buoyancy and Stability of Floating and Submerged Bodies

% v Examples: Distance of center of buoyancy=0OB=0.3/2=0.15m L 0.5m |
% Distance of center of gravity=0G=0.4/2=0.2m N : 1
% Now; BG=OG-OM=0.2-0.15=0.05m |
- Also; BM=1/V

% I=moment of inertia of rectangular section Im
- I=(1)x(0.5)3/12=0.0104m ‘

% =volume of water displaced by wooden block

- V=(1)x(0.5)x(0.3)=0.15m3 |

% BM=1/V=0.0104/0.15=0.069m '
% Therefore, meta centric height=GM=BM-BG =

- GM=0.069-0.05=0.019m 0.4m e h
- B®

~ o

NN ANy




-~ 1 Buoyancy and Stability of Floating and Submerged Bodies

- v Examples: Q 2. A solid cylinder 2m in diameter and 2m high is floating in water with its

oo axis vertical. If the specific gravity of the material of cylinder is 0.65, find its
% meta-centric height. State also whether the equilibrium is stable of unstable.
% Solution: Given Data: > : )
% Size of solid cylinder= 2m dia, & 2m height [ }

% Specific gravity solid cylinder=0.65

% Let h is depth of immersion=?

% For equilibrium

ﬁm%%: Weight of water displaced = weight of wooden

% block — '

- 9.81(7t/4(2)%(h))=9.81(0.65).(1/4(2)*(2)) ; \ 4
o h=0.65(2)=1.3m '

o 2m Ge .3m

NAA AN




[ Buoyancy and Stability of Floating and Submerged Bodies
- v Examples: Center of buoyancy from O=0OB=1.3/2=0.65m

o Center of gravity from O=0G=2/2=|m

- BG=1-0.65=0.35m ’ ;

- Also; BM=I/V [ :

% Moment of inertia=I=(1/64)(2)*=0.785m*

% Volume displaced=V=(1t/4)(2)4(1.3)=4.084m?3

% BM=I/V=0.192m

% GM=BM-BG=0.192-0.35=-0.158m

% -ve sign indicate that the metacenter (M) is  — ,

% below the center of gravity (G), therefore, ; !
o the cylinder is in unstable equilibrium :

A ' 2m G@ l.3m

%
@)

|

NN,
N AT AT AT AN
NN




UNIVERSITY OF GLOBAL VILLAGE

W Thank You

=4 YourAttention

= .
T




