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FLUID MECHNICS

Fluid statics- (Study of fluid in static conditions properties

. Pressure Measurment
° Hydrostatic force & Buoyancy
o Fluid in Static equilibrium

Fluid Kinematics:- (Studyof Fluid without consederirg force
° Continaity eqvation)

Fluid dynamic:- ( study of fluid with consideration of force)
° Energy eqvation & application

o Flow through pipe

o Laminar & Turbalent flow

o Dimensional Analysis & Drag force
o Flow through orifice & mouth pieces
o Flow through Notch & weirs

Open channel flow (OCF):-

o Open channel energy eqvation

Hydroalic machine (HM):-
° Pump & turbine

UNIT-I
Fluid & it's properties

Fluids-:7¢ al.dd € W small 71 Negligiable Shear force @+ ™ permanently
deform & el 2

Ex:- liquid, Gas, Vapour
Liquid:- Liquid W temprature @ pressure &l effect gd 5 Tsdl 2 zEfe liquid =1

(a)
incompressible t @el S@r g
Standard liquid:- Water
(b) Gas:- Gas &I Properties W temprature 3 pressure &1 effect T&dl ?
eq. of state for perfect gas
P= PRT Or P.V.= M.R.T.
Where
P= Pressure
p= density
R= Gas constant
T= Temprature
M= Mass

V= Volume




T® >, , PO® —>p®
Standard gas = Air and Hydregen

(C) Vapour:- 72 & Gas g 5@ temprature 3 pressure liquid & @9 =& 2@l €
Ex:- Steam
NOTE:-

Continumn:- 5 flulid Sed1 @ @l U 3V % &9 ° 9gd & gap sial & safaq 34 fluid
%! continous mass WA fod ST @ f59 continumn F&d 2

<> UNIT MEASUREMENT:-

1. 1 N= 1 K-m/sec?

2. 1 Dyne=1gm-cm/sec?

3. 1 N=1Kg-m=103gm-10%2cm/sec?=10°gm-cm /sec?
1 N=105dyne

4. IN/m?=1 Pascal

5. 1 N/mm?=10°N/m?=10°Pascal = 1 mpa
1 N/mm?=1mpa

6. 1Kg=9.8 N

UNIT MULTIPLER & PERFIX:-

Perfix | Unit multipler | Perfix | Unit multipler
Deca 101 Deci 101
Hecto 102 Centi 10-2

Kilo 103 Milli 10-3
Mega 106 Micro 10-6
Giga 10° Nano 10-°

Tera 1012 Pico 10-12

Peta 1015 Fento 10-15

Exa 1018 Etto 10-18

(A) Density / mass density / specific mass (P):- U® Unit Volume # SuReId mass
DI density HET ST T |

p=M kg
vV m
Unit:- M.K.S. = kg/m?3 (dimension = m! 63 T9)
C.G.S. = gm/cm?
NOTE:-

lgm 107kg B 10~kg B 10°kg
1) o T M 10°m m

lgm / cm3= 10%kg/m?

[2] P of water @ 4°c = 1000 kg/m? = 1gm/cm?
(3) Density of mercury = 13500 kg/m?® = 13600 kg/m?
2




(4)
(5)
(6)

Density of air = 1.2 kg/m?
Liquid %1 density W pressure d temprature @l effect &9 Tdl ?

Gas @I density pressure % WY increase 9 temprature % @Y decrease

P
P =P.R.T. P= ﬁ
PT =P Tt =P}

Unit weight/weight density/specific weight(Y) :- Unit volume ¥ 39f@ fluid
% weight F1 unit weight F81 STar 2 1
Unit:- SI —» N/M3

lkg-m 1 kg
M.K.S. —» X3 = 5
S€C m m —S€C
gm
CGS. » —H >
cm- —SeC

Dimension:- M! L2 T 2

NOTE :-Y WATER :- P.G. = 1000x9.81 = 9810 N/M? = 9.81 KN/M

(C)

(D)

Y HG:- P.G. = 13600x9.81 = 13243 N/M?, 13.24 KN/M?
SPECIFIC VOLUME :- Unit weight § 39f%%d volume &t specific volume &1 STl ?
v="
w
Unit > S.I. m3*/n

m’ m? —sec?

—
M.K.S. > kg_%ecz kg

Dimension :- M1C2 T?
Specific gravity (G) :-
B yfluid o Pfluid ~ Wfluid Mfluid
Ystand.fluid Psta.fluid Wsta.fluid Msta.fluid
7z & o fluid % standard fluid #! ge1 ® ge®TA a1 IR 1 Fardl @
Unit:- unit less
Dimension:- M° L° T°

NOTE:- (1) G water = @ 4° = 1

(2) G Hg = 13.5 - 13.6
(3) Sp. gravity of fluid = density of fluid in C.G.S system
G-

. —= 1| gm/cem’
Ex . [g J
Elasticity and compressibility:- fluid #l compress FH T 3H&1 volume HH Bl Il
2 9 3@ W ¥ pressure H 824 W 98 QAT G ¥ 3 Wil € fluid #1 59 properties i
elasticity #ed ® 5@ Bulk moduls of elasticity g/ g9ian S 2 fluid = compress
g &I properties &l compressib &l Sl € T elasticity #1 opposite &l ?
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dp

Bulk moduls of elasticity K = (_dvj
\'%

(-) Sign = to make K positive

—-SL—>n/m’

Unit:- | —>MKS. > kg— - ke

S€C

Dimension:- m!L! T 2

1
Compressibility = {B :E}

m —sec’
m.k.s. unit =
kg

S.I. = m?/n

NOTE:- Kair = 1.03x10° n/m?
K water = 2.06x10° n/m?
K steel = 2.06 x 10" n/m?

NOTE:- Air &l water & compaire H 20,000
T 3 compress a1 w1 Gt €

Water &I steel % compaire ¥ 100 TAT
#fish compress a1 o1 e 2

m2 m-—sec’

dimension = m! L' T 2

are
Surface Area (A)

dv

b
L/ y

Static Plate

Dynamic viscocity:- unit angular deformation 394 & & fou s7avas® shear

stress @l value dynamic viscocity &gl 2 ¥ newton's ® viscocity law & BRI ¥

(F) Viscocity:- 72 fluid &1 3% propeprties
2 foms #r0 fluid #1.TF layer; a4
layer & flow ® 37e@i% Sci=i Hedl ¢ 39
FR0 shear stress 0= g1 ¢ 58 =27
% viscocity law & gRI ¥4 feran_siar @

DIAGRAMME

X VISCOCITY ARE TWO TYPES:-

(1) Dynamic viscocity

(2) Kinematic viscocity

(1)
fepan sman

. T
M= v/ dy)

Unit S.I.» n/m? - s = pa-s

kg—m sec k
M.K.S. > £ T X—5 = £

sec m m —sec
dyne gm—cm  sec gm .
C.G.S. > 2 == ;X 3 = :1p01
cm sec cm cm —sec
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NOTE:-

IN —sec - 10° dyne — sec - 10°dyne —sec _ 10dyne

1
(1) m? m? 10*cm? cm?

= 10poise

1 poise — 100 centi poise
1 pa-s — 10 poise
(2) n water — 50-55 liair
0.001 pa-s — 0.000018 pa. sec.
1 centi poise — 0.018 centi poise
(3) Liquid 9 gas =l @I dynamic viscocity T pressure &l §gd &7 Y& T&dl s

(4) Temprature s@4 & @R liquid &1 viscocity decrease & gas @I viscocity increase
_ 1 .
p Liquid o T (Due to breaking of bond)
ngaso T (Due to random movement of molecule

(2) Kinematic viscocity :- mathmatical calculation ¥ dynamic viscocity H density
&1 9 fean w1 @ 599 u# term g0 denote 'F%d € 39 term %l kinematic viscocity F&el
T @

v=2
p

N —sec | m’
Unit:- SI —» m? E

kg—-m sec m’ m’

. X—X—=—"—
M.K.S.: sec? m> kg sec

2

cm
C.G.S:-
sec

= stoke

Dimension:- m® L? T !

NOTE :-
2 4 2
(1) Im” 9 cm = 10"stoke
sec sec
(2) Vair > 15 vwater

(3)  Liquid #T kinematic viscocity pressure @4 & @9 constant T@dl €
(4)  Gas %! kinematic viscocity pressure & ¥ gdl 2

(5)  Liquid %! kinematic visocity temprature @ & ¥ decrease &t ?
(6) Gas ®1 kinematic viscocity temprature S&€H % @Y Fedl ¢
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Dynamics viscocity Pressure ( T) Temprature

Water X J

Air X T

Kinematic viscocity

Water Constant J
Air 2 )

Newtonian & Non- Newtonian :-- Fluid= @ fluid Sl Newton & Viscosity & faH
%1 TeH % @ Newtonian fuid #eed g #7@: 39 fluid ¥ Shear

du
Stress T=H| ——
dy
Ex:- Water, Glacerin Krosene

Non- Newtonian Fluids:- di fluid S Newton & viscocity f@® =1 e 7@ @ 2
Non-Newtonian fluid #gad & 37@: =9 fluid ® shear stress

A
tzu(d—uJ +B
dy

Non-Newtonian Fluid

Flow dependent Stress dependent Time dependent
Visc\c;fgit}zf ffhange Will flow after application Viscosity change with
ith tlow some stress Tinle
v . - Bingham Plastic v i v
Pseudo Plastic Dilatant or Thixotropic Rheopectic
Ideal Platic
uvwith flow 14 with flow py with time  p4with time
n<l; B=0 n>1, B=0 n=1, B¥0 n<1, B#0 n>1, B#0
Ex: Blood, milk Butter, Honey Tooth paste, Jel Ex: Printer, Ink  Gypsum water
paints Rice-Starch Jam, Sewage Enamel Paint Solution
Solution, Sludge Bentonite solution
Quick sand
y
A - o5
s . s
e o
I ?&eove;%g\c&%\\%i&
%
T ?$e\©f e g
e‘qq\o )&4&6
W ¢ =
»Ideal Fluid (1=0)
du
dy




NOTE:

(1)
(2)

Ideal fluid:- Non- viscous, in compressible fluid @i ideal fluid &1 S g
Real fluids:

- viscous, compressible fluid real fluid e g

(3)
Ex:-

X/
°e

Viscoplastic fluids:- ¥ =1 fluid # 57 liquid 7 solid &7 =1 properties 2/t &
Molten Rubber
Rheology:- Non-Newtonian fluid #! study %l Rheology F&ard ?

Surface tension:- Liquid & surface ™ inter molecular cohssion & &R tensile
force 3091 el & 59 surface tension #8d ¥ 39 unit length W calculate f&a1 s 2

. F| N
unit: -4 o=—r=—
i

Unit:- SI —» N/M

1 k/
- m _— _Kg
M.K.S. - kg Aeczxm sec?

Dimension —» (m! L° T -2

[N

%A

O,

Liquid surface & ¥ 9l @%t molecules ™ = T% @ equal cohessive force &l &
gafelt % molecale equillibrium ¥ 2 # @féhd liquid surface W 3uf®d@  molecule H
downward force 7@l 2 f@® %R0 5§ T surface tension 3 &idl 2

Effect of surface tension:- Capillarity, droplet, jet, soop bubble formotion,
T3t 1 UL R Ade T I

NOTE:-

(a)

(I) owater=0.0736 n/m @ 20°c
(I) o Hg =0.4944 n/ m @ Normal temp

I

o o —

(1) T
Temprature s@4 % @9 surface tension 2dl

Same volume & & sphbare %1 surface area minimum @@l 2

Pressure intensity calculation by surface tension

—>
—> —

Pe—F——> P(2RxL)=c(2L)
—Pp —>

oc—_—




(c)

X/
L X4

Ex:-

For droplet: P PxnR? =c(2nR)

For bubble: PxnR? =G(2TER)+G(2TER)

-4

Capillarity:- 3mm ¥ FH size &I tube & ligcohesion @ solid surface ¥ adhesion
% N tube H liquid 1 level origonal liquid level & #1fys =1 &9 & <l g fw@
capillarity &d 2

Capillarity tube ® liquid %1 rise 9fall cohesion 9 adhesion %! value ® st =@ &
3R adhesion, cohesion # #fieh il ® @l contact angle 90° ¥ %7 a7l & 3R liquid
Rise & 2 39 condition ¥ liquidy solid surface @l e =< a1 @

Ex:- water, glass contact

3N cohesion &1 value adhesion ¥ &= ®idt & @ contact angle 9o° & @ifus gfar 2
#R liquid fall B 259 condition #.liquid solid surface = e & = e @

Hg glass contact

\HQO Hg @,/

Adhesion > Cohesion Cohesion >adhesion
@< 90° @ >90°
Surface Will Wet Surface Remains dry




Capillarity effect:- Root zone ¥ Wl &1 &AM U4 & Tl F =& <9 § 9 &1 =&

Liquid Solid Contact
Surface Angle

Pure Water Clean Glass 0°
Ordinary Water | Glass 8-18°
Water Silver 90°
Mercury Glass 128°

<> Calculation of height or falls :-

(a) For capillarity tube :-

>Fy=0
Pressure force= Surface Tension =0
Pressure force = Surface tension

P(nRz) =occosOx2nR

p.gh(nR2 ) =ocos02nR

he 2ccos0
p.gR
20
Note: For pure water of clean glass h= pgR
2ccosf
(b) For parallel plate: h=
p.g.t
wil 4t=2R
h_ZGcose_[ccose} —
p.g2R p.g.R t:;R
Note: h capillarity tube = 2 h parallel plate
% Pressure and hydrostatic force:- liquid # surface &% T @ force &l pressure

F8 S|l ¢ 98 W& scalar quantity il 8 ¥ pressre static condition ® surface %
prependicular @A & FHEF FE f componen tengential TEl @@l € I7: static fluid
Z1 I shear stress 360 7@l &l J8 pressure height % ®1% change 2@l

{%ﬂ)g} p = pgh
78 W Z fa5 ¥ R fluid #1 depth =i <wial &

For dz = o = dp=o

Thus pressure on horizontal surface is constant (equal)

314: same level W f&@ T4 point W pressure # value same Bl €
NOTE:-

Pressure #d height ™ 1R %@ 8 7% liquid #1 shape @ size W AR & =t
SIER pressure force shape W st &z 7




o L= L

P) D2 !

Water

& Passal law:- 389 f790 & 3/OX liquid & & #f point W ¥+t direction # pressure

&

same ¥&dl &
v
<> Different type of pressures:-
(1) Absolulte pressures:- 384 complete vaccume T zero Atmosic pressure 3 T Sl

2 TEF! value THIN (+)ve Bl 7
(2) Gauge pressures:- ¥ Atmospheric pressure level @ SR AT Sidl & 595! value
(+)ve d  (-)ve BB At B Gl €

(A)
A I Gauge Pressure

Atmospheric Pressure

A

Vacuum

Pressure
Absolute ¢——

Pressure

(B) Absolute Absolute

I Pressure Pressure

»Ideal Fluid (t=0)

Absolute Zero [Complete Vacuum]

Pressure

NOTE:- (-)ve gauge pressure — Vaccum pressure
(-)ve vaccum pressure — Gauge pressure

X Different unit of pressure:-

(1) L atm= 101325 n/m? = 1.0132x 10° pa

(2) 1 bar = 10° n/m? = 10° pa.

(3) 1kgf/cm?=0.981x 10°n/m?=0.981 x 10°pa.

(

4) 1 atm = 10.33m of water (5) 1 atm = 0.76m of Hg

NOTE:- 1 atm > 1 bar > 1 kg f/cm?

X Pressure measurement:-

Device
| | |
Manomqter Mechanical
I I

Simple Differential

Piezometer 2- Piezometer Bourden Gauge

Simple U-tube Differential Diaphram Gauge
Manomete Bellow Gauge
Inverted U-tube Dead Weight Gauge
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