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FLUID MECHANICS

FLUID BASICS

Note:

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

2. Fluids only show resistance to
compressive loads.

Hydro static stress
k = Bulk Modulus =

Volumetric strain
_ —dp
—dv/v

1
b=k

(B) = Compressibility

For Incompressible fluid § = 0

Reason of viscosity(p) in liquids — Cohesive
force (Molecular Bonding)

Reason of viscosity(p) in gases = Molecular

Collision.

e Temperature T = Wiquid { = Viiquid ¢
Where vjjquiq = Kinematic viscosity of
liquid.

e Temperature T = pg 5 T= vge 11

e Pressure T= pyjqyiq: Same = Vjjgyiq: Same

e Pressure T= |iga5: Same = Vjjguig:

Newton’s Law of Viscosity:
du
T = U— T = shear stress
dy
where p = Viscosity/Dynamic viscosity
Unit of p — kg/(meter-sec)or pascal-sec

1kg

————— = 10 poise
meter-sec

1poise = 0.1pascal-sec

Kinematic viscosity (v) = meter? /sec

1m?
—— = 10%*stokes
sec

Stokes Cgs unit of kinematic viscosity

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

Pseudoplastic (n < 1,B=0,p!)
Newtonian (n = 1,B = 0)
(u = constant)

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

»
»

du
dy

For Non-Newtonian Fluid:

n

— A (d“) +B
T= dy
Ideal Fluid:

e Non viscous

e Incompressible

Power Lost in Bearing due to Fluid Friction:

Case 1:

n |

h

2mpw?LR3
h
R = Radius of shaft

Power =

h = oil film gap

w = angular velocity of shaft
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Case 2:

FLUID STATICS

Pabsolute = Patm T Pgauge
Hydrostatic Law:

y

i

dp

Hydrostatic Forces:
F = pghA
h = Distance of centre of gravity from free

liquid surface.

Location of hydrostatic forces

— Igxsin?0
hoyp=h+——
¢ Ah

h¢, = Distance of pressure force from free

liquid surface.

s FLUID KINEMATICS

Acceleration:

Z

a=a,i+a,J+ a k

B 6u+ 6u+ 6u+6u
T TV oy TV T ot

B 6v+ 6V+ 4
T T Vay T Wz T

ow ow
a; = ug+va—y+wz+ﬁ
ou dv dw
at’ ot at
These are local component or temporal

component of acceleration.

-

= _ —
a = dconvective T Atemporal

Angular Velocity:
V =ui + vj + wk
1
W = E (V X V)
1 (aw BV)
X 2\dy o0z
1 (8u GW)
Wy = 2\6z 7 ax
1 (8V au)
Wz =5 \ox ay

Vorticity (Q) =V XV = 2w
Linear strain rate:

du av ow
T ox W T oyt T

Ev = &ix + Eyy + €7
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(Volumetric strain rate) or Dilation

€y = 0 For incompressible flow

Shear Strain Rate:

B 1<6u+ 6v>
Sy T3 dy 0x

1/0w 0du
?«z?(&%)
1/0v ow
8yz=z(a+a—y)

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

w = z componet of velocity

Shear deformation rate /Angular

deformation rate:

dv 0Ju

Yxy = &4_0_}7

Circular (T'):
F=f7ﬁ?®ﬂQxAma®0ﬂRMA

Q = Vorticity

Velocity Potential Function (¢) for 3D

flow.

¢
47 %

dp
i

¢
Y=z
In Polar coordinator:

dp
o= o

100

Vo= +1%0

o [f ¢ exists = Flow is irrotational

o If ¢ satisfies Laplace equation = Flow is
possible.
e Slope of equipotential line

u dy
=>_

v dx

Stream Function () (For 2D Flow):

oy
Y
oy
VST
10y
=15
vo= -2

o Ify exists = Flow is possible

o If{ satisfied Laplace equation = Flow is
irrotational

e Slope of streamline

d
> =

v
dx u

Laplace Equation:
%p 9*¢p 9*¢p
0x? = dy? + 0z2
Vip=0

V2 (any variable) = 0 (Laplace Equation)

=0

Discharge Per unit length = |{; — {s5|

s FLUID DYNAMICS

1:"pressurev Fgravity' FViSCOUS

= Use Navier-strokes equation
Foressures Fgravity = Euler equation
Fpressure' Fgravityand incompressible

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

p  V?

— 4+ — 4+ z = Constant
pPg 28

Assumptions:

e Non viscous

e Steady flow

e Incompressible flow of incompressible
fluid

e Irrotational flow.

For Practical use (Bernoulli's equation with

losses)
P1 V12 P2 sz
& Z_g Zq =@+2_g+zz+hlosses

Pitot Tube: (Measures stagnation pressure

head).

I hdynamics

AR

b

Uy

u; = /Zg hdynamic

p
hdynamic =X (_m - 1)

p
x = Manometric deflection
(or)
h=(247,)- (2 47)
pPg pPg

Impulse Momentum Equation:

CV(Control Volume)
|
In >
Out
___—
Fret + Xmyv; = dt + Xm,v,
cv

fhet = MV, — yv; ( for steady flow)
If pressure forces considered, then

p2A;

/)

Ccv

— 0
p141

Fy + p1A; — p2A, cos 0 = m[V, cos 6 — 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

Axis of Rotation

the equation of the free surface
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2
oo
zs = h, “g (R%Z —2r?)

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

(,L)Z
AZS,max = Zg (R) — Zg 0) = 2_ng

e
e,
S==ch
Nyl
——"
\ _/ ij

where hy is the original height of the fluid in

the container with no rotation

FLUID THROUGH PIPES

Darcy Weisbeck Equation:

FIV?

he =
f 2gd

Valid for Laminar and Turbulent

64
F = Friction factor = Re Laminar flow

pVDy
Re = Reynolds Number =
Py = Hydraulic daimeter
Laminar Flow:
1. Through Pipe:
r /0p
A)t= —-(=—
A 2 (6){)
1 (dp
B - (£ RZ _ 2
(B)u 4u (c')x)[ rl
dp
(©) tmax = 7= (= 50) (R)
(D) Vavg _ nleaX

2. Laminar Flow Through Two Parallel
Plate:

Case A:
1 ANARNRRNNNAAARAANNAASAAHARANARAAANAAAAARNAAANARARAARARNAARRARMARANAANARAAAY

—_—
WWWWWWWWWM’WIW}V,WWWW

-G )

= ox \2 y

dp (H
Twall = —&<§)
1 (0p )
u —Z—H(&)(H)’—Y )
1 /dp
Umax = _8_H(&) (H?)

_ 2Viax
Uayg = 3

Case B: (couette flow)

BOUNDARY LAYER THEORY:

Boundary layer region is highly viscous and

rotational region of flow= so Bernoulli’'s

equation not applicable.

Us

—>

— f g

—> =g Ty ay
L

X
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Boundary Condition:

atx=0,6=0

aty=0,u=0

aty=8,a—u= 0
ay

aty = O,az—uz 0
dy?

= &§*[Displacement thickness]

[0

Loss pf mass flow rate = (p8*Uy.b)
b = Width of plate

Momentum Thickness [0]

o= [ L(1-L)a
I ST G T A

Farag = pAUZ = p(6 x b) X UL

Energy Thickness [§"]

[ a6 )

*

Shape Factor = )

6 > & > & > 0 valid for all velocity

profile.

Von Karman Momentum Integral

Equation.

T 0
02 = — Valid for laminar and turbulent
pUs  dx

Used when velocity profile given in the
problem.

T (E)U)
= ul=
o ay y=0

Blasius Equation: (Used when velocity
profile is not given)
Laminar Flow:

(Re < 5 x 10%)

5x
§ =
+ Rey
Cn = 1.328
b wlReL
0.664
CF4 =

+/ Rey
Re = Reynold’s Number
Cp = Average drag coefficient.

CF4 = Local Drag Coefficient.

1.72
o _ 17260
+/ Rey
0.664
g = 2064
Rey

Turbulent Flow: (Used when 1/7th law

. . Uu [y 1/7
given in problem) = (E)
0.16x
8= T
(Re)7
0.02
5% = (>1<)
(Re)7
0.016(x
(Re)7

Boundary Layer Separation:

0 0
4 :0and—p

a—yyzo 6X>0
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st DIMENSIONAL ANALYSIS

Dynamic Similarity:

Finertia)m _ Fviscous)m

l:inertia)p FViSCOUS)p

Fi) _ Fl)
Pl B,

Re)m = Re),

Reynold’s number for model and prototype
shall be same.

Finertia = pL?V?

Fyiscous = MVL,

where pu = Viscosity
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