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Fluid Mechanics

Chapter 1: FLUID PROPERTIES

Note:

1. For a static fluid, shear force is zero.

2. Fluids only show resistance to com-
pressive loads.

Hydrostatic stress
k = Bulk Modulus =

Volumetric strain

_ —dp
dv/v
V= initial volume
1
B= X

B = Compressibility

1. Isothermal Bulk Modulus (k) =p
Where p is absolute pressure

The isothermal Compressibility

(Br) =~
T p
Valid for ideal gas

™

Adiabatic bulk modulus (K_giapatic) = YP
Where y = Ratio of specific heats for
air,by =14

1
vp

Valid for ideal gas

Badiabatic =

Note: For real gas to find isothermal bulk
modulus we have to use thermodynamic

relation.

For Incompressible fluid = 0
Reason of viscosity(u) in liquids — Cohe-

sive force (Molecular Bonding)

Reason of viscosity(l) in gases — Molec-

ular Collision.

e Temperature T = Wiquid ¥ = Viiquia ¢
Where vjjquiq = Kinematic viscosity
of liquid.

e Temperature T = pgas T= vgas 1

e Pressure T= pjjquiq: sSame =
Vliquid+ Same

o Pressure 1= [g,5: same = vgaeid

Newton’s Law of Viscosity:
du
T= ud_y T = shear stress
where p = Viscosity/Dynamic viscosity
Unit of p — kg/(meter-sec)or pascal-sec
1k
Wfsec = 10 poise
1poise = 0.1pascal-sec
Kinematic viscosity (v) = meter? /sec

1m? .
—— = 10*stokes
sec

Stokes is CGS unit of kinematic viscosity

T Thixotropic(n < 1,B# 0,pn l)
Bingham Plastic(n = 1)
Rheopetic(n > 1,B# 0,u T)
Pseudoplastic (n < 1,B=0,pu )

Newtonian (n = 1,B = 0)
(n = constant)

Dilatant(n > 1,B=0,u 1)

»
»

du
dy
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For Non-Newtonian Fluid:

_A (dU)“ +B
T= dy
Ideal Fluid:

e Non viscous

e Incompressible

Power Lost in Bearing due to Fluid Friction:

Case 1:

n |

2muw?LR3
h
R = Radius of shaft

Power =

h = oil film gap

w = angular velocity of shaft

Case 2:
............................ I h
T TTrmmmamnnnmomin
T _ mpwR*
orque = oh

Surface Tension:
Tensile force acting across imaginary
short and straight elemental line divided

by the length of the line.

Force (Newton)

o=
Length \ meter

Reason of surface tension:
[t is due to unbalanced cohesive force
1
Temp
Eg:
Owater—air = 0.073 N/m
OHg— air = 0497 N/m

o X

Oliguid -liquid = 0(Miscible)

Case 1: Liquid Droplet

- atm

Pr >patm

Ap =Pt — Patm
by _46
=1

Case 2: Soap Bubble

Liquid

8o
Ap = 1
Actual Formula
a0 00
d; dp
Buthered; =~ d, =d
Ap = E
d
Case 3: Liquid Jet
20
Ap = 1

Surface Energy:
Potential energy of surface due to surface
tension.

E=0-A (A = Surface area)
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A. Work done (WD) to convert large
droplet in small droplet:
WD = 4nR%c(n/3 — 1)
Where R = Radius of large droplet
n = No. of equal sized droplet.
B. Work done to get big droplet from n
small droplet
= 4nr?o(n — n?/3)

Where r = Small size droplet radius.

Wetting and Non-wetting Phenomena:
Mutual property of liquid surface, it de-
pends upon.

Case A:

If adhesion >>> cohesion then liquid will
wet the surface.

Eg: Water glass

Glass
For pure water 8 = 0°

Generally 6 < /2

Case B:
If cohesion >>> Adhesion liquid will have
non-wetting characteristics with surface.

Eg: Hg-glass

0>m/2

Capillarity:

With a tube of very fine diameter (d <
10mm).

Reason: Due to cohesive and adhesive

forces.

Capillary Rise (Adhesion > cohesion)
__4ocos6
pgD

Capillary fall (Adhesion < Cohesion)
__4ocos6
~ pgD

0 = Angle of contact

= 32° (Glass water)
= 132° (Glass-Hg)

= 0°(Pure water-glass)

Special Cases

1.

_ 20cos0
~ pg(R; —Ry)

X info@iitiansgateclasses.com | @ : +91-9740501604 | © Copyright Reserved | www.iitiansgateclasses.com


http://www.iitiansgateclasses.com/

lITians GATE
CLASSES

Excisive GATE COACHING BY IIT/IISC GRADUATES

A division of PhiE Learning Centfer

FLUID MECHANICS

2.

K

t = distance between plates

_ 20cos0
pgt

Kk kkok

Chapter 2: FLUID STATICS

Pabsolute = Patm T Pgauge
Hydrostatic Law:

il

dp_
dan P8

Hydrostatic Forces:
F = pghA
h = distance of centre of gravity of body

from free liquid surface.

Location of hydrostatic forces
Igx sin? 8
Ah

h¢, = distance of pressure force from

he, =h+

free liquid surface.

Pascal’s Law:
Intensity of pressure at any point in a

fluid at rest is same in all directions.

Pressure Measurement Device:
1. Piezometer:
It measures +ve gauge pressure of lig-

uid only.

2. Manometer:

p=?"

[ x

, h
%pm

p + pgx = (Pmgh)

Buoyancy and Flotation:

When a body is immersed either partially
or completely then net vertical force ex-
erted by the fluid on the body known as

buoyancy force.

Fv

Fy = pgvdisplaced

Special Case:

Fg = 0 (Buoyancy force = 0)
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= Stability condition for completely sub-
merged body.
1. Stable equilibrium:
If B above G
B = centre of Buoyancy
C = Centre of gravity
2. Unstable equilibrium: B below G
3. Neutral equilibrium: If B coincides G
= Stability condition for partially sub-
merged bodies (Floating bodies)
1. Stable equilibrium: M above G
2. Unstable equilibrium: M below G
3. Neutral equilibrium: M coincide G

M = Meta centre point.

GM (Meta centric height):

I
M= Vdisplaced ros
[ = Moment of inertia of the plane cutted
by the surface level of liquid.
Vaisplaced = Volume ofliquid displaced by
the body.
If GM > 0 (stable equilibrium condition)
= Time period of oscillation (T).

R2

g(GM)

R = Radius of gyration

T =2n

Accelerated vessel containing liquid.

ax

a; +8

tan 6 =

If vessel accelerating in vertical direc-

tion:

For vertical upward motion

Jp _
ay P(g + ay)

ay =g, a, =0

skkskkok

Chapter 3: FLUID KINEMATICS

Acceleration:

a = a,i+a,j +a.k

6u+ 6u+ 6u+6u
U TV oy TV T ot

v ov v ov
=U-tV—+twW—+—

Ay U TV ay T Wz T ot
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ow ow ow ow
a, ua+va—y+w5+a
du dv dw
at’at’ ot

These are local component or temporal

component of acceleration.

= _ = —
a = dconvective T dtemporal

Angular Velocity:
V=ui+ vj + wk
1
w = E (V X V)
1 <6w 6V>
“x =73 dy 0z
1 <6u 6W>
Py =2\6z " ax
1 (av au)
@z =75\ ox dy

Vorticity () = VX V = 2©
Linear strain rate:

du av ow
Exx = &;Eyy = b—y'EZZ il 1=t

€y = Ex + Eyy + €57
gy =Volumetric strain rate

gy = 0 For incompressible flow

Shear Strain Rate :

B 1<au+ av>
By T3 dy 0x

1 /0w O0du
?—fa:z(&W)
1/0v ow
SYZ=E<£+a_y>

u = x component of velocity
v = y component of velocity

w = z component of velocity

Shear deformation rate /Angular de-
formation rate:

_ [av N E)u]
Yay = 5% dy

Circulation (T'):
I'= J.Vd_r) (or)QxArea(or)ffﬂdA

Q = Vorticity

Velocity Potential Function (¢) for 3D

flow.
¢
4T ox
dp
"oy
¢
™
In Polar coordinates:
¢
L = -
199
ETISG 3

e If ¢ exists = Flow is irrotational
e If ¢ satisfies Laplace equation =
Flow is possible.

e Slope of equipotential line

dy u
dx v
Stream Function () (For 2D Flow):
oy
oy
oy
VST
10y
YT
oy
Vo=——"
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o [f exists = Flow is possible

o [f s satisfied Laplace equation =
Flow is irrotational

e Slope of streamline

dyV

dxu

Laplace Equation:

?d  0°d  0°d 0
x2 = dy? = 0z
V2 = 0

V2 (any variable)
= 0 (Laplace Equation)
Discharge Per unit length = |{r; — s, |

Kk kK ok

Chapter 4: FLUID DYNAMICS

Fpressure' Fgravityr FViSCOU.S

= Use Navier-strokes equation
Fpressures Fgravity = Euler equation
Fpressures Fgravity and incompressible

= Bernoulli's equation

Ideal Bernoulli’s Equation: (Can be
used for rotational flow also but Flow
must be along same streamline)

p  V?

— + — + z = Constant
pPg 28

Assumptions:

e Non viscous

e Steady flow

e Incompressible flow of incompressi-
ble fluid

e Irrotational flow.

For Practical use (Bernoulli’s equation

with losses)

b1 4 p, V3
0g 2g Zl - p_g + Z_g + ZZ + hlosses

1. Venturimeter:

d; = Pipe diameter
d, = Throat diameter
Cq X A1A, X /2gh
Qactual > >
VAL = A3

i
A1 - Zd%

T
A2 = Zd%

Cq = Coefficient of discharge
Cq = 0.94 t0 0.98

Where h = pressure head difference/

Piezometric head difference.

h—X(p—m—l)
p

for both horizontal and inclined Ven-

turimeter.

for inverted tube manometer where

(Pm < p)
x = Manometric deflection
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Orifice Meter: haynamic = X (P_m _ 1)
p
~JL - . .
©) x = Manometric deflection
(or)
Cq = 0.62 to0 0.64 P8 pg

Q _ Cd * AIAZ’\’ Zgh
actual — \/m

A

. . C
C. = coefficient of contraction = —
2

Flow Nozzle:

O @

1y

C

_ Ca(A1Az)y/2gh
Qact - m

Cq =0.72t0 0.74

Pm
h=y(——1)
P

Pitot Tube: (Measures stagnation pres-

sure head).

I hdynamic

—
12
—_—. .<
Uy
—
u; = /Zg hdynamic

Impulse Momentum Equation:

CV(conty volume)

In =
Out
>
- .= d(mV) R
Fret + XV = dt + Xm,V,
cv

Fret = MoV, — Vi

Vi = inlet velocity of fluid, V,= exit veloc-
ity of fluid

If pressure forces considered, then

p2A2

Ccv

—_ 9
PiAy

Fy + p1A; — p2A, cosB
= m[V, cos 0 — V,]
Fy — p2A; sin® = m[V, sin ]
fhet or Fy, Fy — Force exerted by pipe

bend or structure on fluid element.

Rotational flow in a Cylindrical Container:
Equation of motion for vortex flow

dp = prw?dr — pg dz
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Axis of Rotation

Free
Surfacd
S S— o]
Zg h,

the equation of the free surface
2

z, = hy —‘:—g (RZ — 2r2)

The maximum vertical height occurs at

the edge where r = R, and the maximum
height difference between the edge and

the center of the free surface is

wz
AZgmax = zs(R) —z5(0) = —R?

2g
| Do
ek,
%71 gz
\ _/ P3
"
~___ ] E:

where hj is the original height of the

fluid in the container with no rotation

ok kok ok

Chapter 5: FLOW THROUGH
PIPES

Darcy Weisbech Equation:

Head loss due to friction ( h¢)

FLV? _ )
hf = Valid for Laminar and Turbulent
2gd
64 _
F =— for Laminar flow
Re

F (Friction factor) Turbulent Flow:

1. Smooth pipe

0316
- Rel/4

2. Rough pipe

i = 2logqg (5) + 1.74
VF ks
ks = Surface roughness value
Re = Reynolds Number = PVDy
4A

Dy = Hydraulic diameter =

wetted

A = cross sectional area

Pwetteq = Wetted parameter

Laminar Flow:

1. Through Pipe:
r (0p
W= -3

0x
®u= -4 ()R- )
dp
(©) tmax = 7 (= 5) B2
(D) gy = 2

2. Laminar Flow Through Two fixed
Parallel Plates:
Case A:
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Y

Lo = 2 Upmax
avg 3

Case B: (couette flow)

\
H
nmnmmmmmmmmmmmmmrlm;mmnmm
1 /0p . VY
- 2u<6x)[Hy_Y]+H

Power Transmission through pipe:

bD)

L

Power output H — Hg

0f = =
n% Power input H

h; = Head loss due to friction

= Inlet head

Condition for Max Power Transmission:

he = —
=3

SO Nmax = 66.67 %

{1

exlt -
2

5
A

0. 5V1

entrance 0 5 V3

sudden =
(Entrance loss) contraction

(V v )2 If C.is not given
_ 1

expanslon -

Bend Loss:
h kV?
bend = 2_
lv g
p

\%
Total energy line (TEL) = —+—+z
& pg 28

Hydraulic gradient line (HGL) = % +z

Pipe in series

N .

__"Q1 Q.
[ —

Q=Q:=Q;
hf=hf1+hf2

h¢ = Head loss due to friction

Pipes in Parallel:
Q=Q:+Q;
hf1 — hfz

skkskkok

Chapter 6: BOUNDARY LAYER
THEORY

Boundary layer region is highly viscous
and rotational region of flow= so Ber-

noulli’s equation not applicable.

Ue

—>

— ] g

—» Vo Ty 9y
I—’x

Boundary Condition:

atx=0,6=0
aty=0,u=0
ty=6,—=0
aty 3y
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0 9%u 0 5 5x
aty =0,-— = =
y dy? Vv Rey
= §"[Displacement thickness] = 1.328
6 U o Rep,
(- L)ey v
0 Uo o 0664
f, =
Loss pf mass flow rate = (p8*Uy.b) * Vv Rey
b = Width of plate Re = Reynold’s Number
Cp = Average drag coefficient.
Momentum Thickness [0] Ce¢x = Local Drag Coefficient.
o= [ (1 L)a
= 7 \l—-7)ay
0 Ue Us 5 1.72(x)
Farag = PAUS, = p(8 x b) x U, Rey
0 0.664(x)
Energy Thickness [8**] Rey
i jo w\h (@) dy Turbulent Flow: (Used when 1/7t law
1/7
given in problem) Ul = (%)
Shape Factor = o N, 0.16(x)
1
6 > 6" > 6™ > 0 valid for all velocity (Re)7
profile. =0:02(%)
& = 3
(Re)7
Von Karman Momentum Integral 0.016(x)
Equation. - (Re)%
TO
pUZ
40 Boundary Layer Separation:
= — Valid for laminar and turbulent ou ap
dx a—| = 0 and a— >0
Used when velocity profile given in the Yly=0 X
skekkkok
problem.
_ (0Ou
To=n (a—y)yzo Chapter 7: TURBULENT FLOW
Reynold' Stress (t) = pu'v’
Blasius Equation: (Used when velocity u=u+u, v=v'+Vv
profile is not given) fT udt
= _Jo = _
Laminar Flow: u= T '~ 0
(Re < 5 x 10%) T=T,+ T
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Ty, = Viscous shear stress
T, = Eddy shear stress MERGED BODIES
u = 2.5v*In(y) + c Logarithmic distribu- P, P
tion in turbulent flow through pipe.
(fo)total = fskin friction T fpressure

u —-u R
X — 5.75lo0gy, (—)
\4 y

*

= = 5.75logy, (%) +3.75

V*
Umean (1) = 0.82 to 0.85 uy,, for turbu-

lent flow in pipe

U = average velocity
v* = Shear velocity

F = Friction factor

Kk kK ok

Chapter 8: DIMENSIONAL
ANALYSIS

Dynamic Similarity:

Finertia)m _ Fviscous)m

I:'Iinertia)P Fviscous)P

Re),, = Re)p

Reynolds number for model and proto-
type shall be same.

Finertia = pL?V?

Fyiscous = MVL,

where p = Viscosity

kK skoksk

. S———
due to viscous due to pressure
shear force force

Fp, = fTodAcose+fpdAsin9
A A

F :1C AUZ
Dr =5 pPAVUx

Cp = Coefficient of drag
A = Projected area of body in plane L' to
flow
i
A= ZDZ for sphere

Case 1:

Drag force on rotating cylinder

Fp, = pVLT
I' = Circulation
e r

L™ Ry

C, = coefficient of lift

Case 2:

Drag force on sphere

Fp = 3muDU,
24

Cp = Re

if Re < 0.2

Re = Reynolds number
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