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E - Book ZONE TECH

CHAPTER - 1
(PROPERTIES OF FLUID)

Fluid Statics (ga-%faeh) :-

> U8 A gt % g8 Imen § Y fluid # rest condition ¥ SteFeH feRar S R
S - frome § ue (fer staeen H)
Fluid Kinematics (3§ @&t TIdahl) :- T Af=w1 H1 g Imen o9 Tieia ®a & a8 &
FEIA TG & FRO () HI IS T8 FH Twa s 21 wwl Frefafed o1 serm % fau e
fopa S 2

Velocity (v) = %

Acceleration (a) = %

Angular velocity (o)= %

Fluid Dynamics (G%& Tfdehl) :- TR A=ekl i I 1 SEH @ o1 Td 61 &I HRI 9 Fl
Ff wfge F e foran ST 2
Fluids (Liquid and gas):- t1 7=ref it Tqgfiar wfteret o1 e+ gftaet @ @R faefia g @@ 2 @ik
I8 o T T § TR STt (Treft oe) wen R 2
Note (2) :-

o M ¥ 9fqed (stress) faFfa (strain) & FHHARN et 21

«  AfFA fluids § R (stress) foFfd R (strain rate) & FHHUE Fr 2

o <& fr@ wdd fdad o S 2 @ solid T Y= fasfa 11 W deform M1 &< & = T,
et fluid FF i deform B9 o< & g1 IR 98 Tk @ fagfd <€ @ 9w o 2

Difference between solid as well as fluid (Liquid or gases)
3 GT WA H I (gF T W) -
Solid Fluid

=z

Ve 4 7 7

* Elastic limit & ST &1 &TH| o Flyid e ©9 I deform &1

W solid I WU A ST & offdhT I8 AT a8l
deform B ST © | 5 o et 9 &) 9=
fa= 2|
e Elastic limit & &9 e e Fluids W U&h dR ol 7T oiv
S TR solid 3T+T gaieerm @ 91¢ I8 AU URMIG 3=l
A g o S § ol ) o B |
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Fluid Mechanics ZONE TECH

(1)

(2)

Types of Fluid
(T & UER)

Ideal Fluid (319t @) :-
TF ARy WA HHIEd T € 9 39 IS a e (surface tension) T (viscosity) &l Brdt 2l
eI dR TR @l i fluids &1 B B, eTelish el S9 a1, T SoAlE shi YAl ael IS
g0 HA el € f5H® SR Tenl Wl WA | oeyl Wl Hi we WA S Hehdl @l
Real Fluid (Srcfaes a3@) -
Iredfesh W (Real fluid) Tfied eid & qe 98 TIHA 9o I8 oA Bl ¢
SR AR W @4 fluids real fluids &7 21

Some properties of fluid

(e & =B TTe)

Density (3F@) (p):-
frdt fluids & THE STEAT 1 SEHM ST S haaw %, SR p 9 WERiG w 2
Form (m )
p:—
S (V)
Unit
In MKS=kg/m?
In CGS=gram/cm?’
gram  107°kg X 5
! em’ ~ 10°m’ =10 kg/m
Dimension ( faar) :-
M'L-3T®
Note:-

pwater = 1grar3r1 = 1000 kg3 7 pHg = 13.6 X 103 kg/m3
cm m

4° W I g AT density T FL R

T WX M@ AAT A1 Skl 99T

liquid & ¥t T 3@ qA q9 FH HIE TG TRl IS

Wi Tl & Ty <@ o8 W S 9l @ U aI9H S W Eel % Bl 2

Specific Volume (faf¥te 3mea) (V):- fvdt fluid S0 3% 599 §N BT T T™aH specific
volume Feard &

we < e (V)
T H s (M)

Specific Volume =

Unit:-In MKS— m’/kg
CGS— cm®/gram
Dimension:- M'L°T®
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[ 4 E - Book ZONE TECH

(3) Specific Gravity (faf¥te T&®) (s):-
o IE U Sl WA G 1 SEA AR
o % TRt qgd #1 S qO1 SES WY A Wl & S ol ST Bl €l
WA T T
5= HFh i hl ¥
For liquid:- Standard fluid = water, p, =1000 kg/m?
For gases:- Standard fluid = Air=p, =1.21 kg/m’
* Dimension:- M°L°T®
e Unitless

o  THM URE 1 UG e H HRO T HIE T & Bl ¢ T8 dimensionless TR €l
* For Hg:-

13.6x10°
Sypg= — 5= — =136
ps tandard fluid
P 10°
For Water :- Sng — Twater 10° =1
p standard fluid

(4) Relative Density (WM& o) (R.D.) :-
o TE fluid (1) 9 fluid (2) % ¥ HT I @ <l
o Tg off THH TR F U Bl © TEifeTy SRl ®ig fam el gl 2

Density of fluid1
R.D.= Densi :
ensity of fluid2

* Dimension- M°L°T®
e Unitless
(5) Specific weight or weight density (fa¥Te ¥R a1 YR T@) (W):-
o fFE Tl & THE AT % WR FI specific weight FEd 2
ms
V
W= pg
K
Unit:- —%X o N

m®  sec’

W =

Kg
m’ xsec”
Dimension =M'L?T?

W, ., =10° x 9.81 N/m>=9810N /m’

W, =13.6 x 10° x 9.81 N/m’
(6) Compressibility (Feirgzam) (p) :-
o 7€ TR fluids # @ H WY TG W G & [0 Bl YR B
e I8 bulk modulus of elasticity =1 3l BIdl 2
e Bulk modulus ¥=fte Ufteaet qen i fasfd #1 ogu@ e

o TEH p Y M L
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Fluid Mechanics ZONE TECH
7 N ~ Piston A=
/2 +Gas . | 7/—oP 4 :Gas | g=—=oP + dP
Cylinder —
— v-dv

Initial condition
Change in pressure =Final pressure - Initial pressure
=P+dP-P=dP
Change in volume=(V - dv) - V=-dV

Final condition

o~ fa fa i -dv
Volumetric Strain ( TdfHe fagfa) - Shangeinvolume  Zdb
Volume \
Tgl w1 foe o | FH T @i 2
__dap _ vdp (1)
vy
V)
1 1dV
We know that B=2/B="Vap (2)
In general,
m=pv
differentiate it
O=pdv + vdp ~dm=0
dp _-dv
-vdp = pdv = b =V
Put in equation (1)
dp dp
P
1dp
So B= odp ..(4)
For liquid
T Sd € T incompressible B § Eifew
dp =O
K=o e(B)
p=0 ...(6)
For gases
T Sd € & compressible gt € sHiferg
dp =0
Ks wr(7)
B=0 ..(8)
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6 | E - Book ZONE TECH
(@) Isothermal compressibility of a gas (/¥ @t AHATI WHASIA) :-
e HHAMUE YA & fau

PV =constant
differentiate it

vdp *+ pdv =0 = pdv =-vdp

v e P
R E 1
Vv
P=Bulk modulus of elasticity (K)
K =P “P=pRT
1 1
or K. =pRT and B, = P = pRT

Unit of K is Pascal
(b) Adiabatic compressibility of a gas (7@ & T TS :-
e TS YHA & AU
PV’ =constant
AR HH R-

Vidp+[yVdV [P =0
VI [VAP +yPdV] =0
VdP=-yPdV

dP
yP= —av\
)

K = ’YP
adiabatic = YP

Adiabatic bulk modulus = yP = Adaiabtic Index X Pressure

1
Badiabaﬁc = 'Y_P

Viscosity (1)
(FITTe) ()
e YIFAT (viscosity) FATE T N Y 1 HITH B T
Direction of flow /
—> | — —o0—0—¢g— u+du
— u
— —c " —
— du
» X
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Fluid Mechanics ZONE TECH

Cause of viscosity (FATTAT ekl RION) :-
OO —>
000

¢ Viscosity M & %R molecules & HE attraction force B & S8 cohesive force Fed 2
Definition (afsrsm) :-

o 9 fluids ®T T U S layer e A H it 7 A1 9 om9w ® Wfa w1 0w T fluid F I8
fundamental property viscosity el 2l

« I (viscosity) TG HT A=Ak WRIM 1 A e

*  Viscosity fluids #1 e gRft € 7 foF yare *1

o s % fAu TG # o ¥ Haee 5o (cohesive force) &1 W wgd sifteh BHl T ad ww ? f®

TAl I TGl TE Y o § Sgd tfues el 2
« T H viscosity T T&A HRW praticle 1 random motion T

Note :-
¢ water ®! dynamic viscosity 1 A air %! dynamic viscosity ¥ 50 A1 S&1 il 2l
Mo >>>>>
Shear strain:-

Direction of flow

In time interval =dt

dudt
e udt —se
5 — .
:do.”
dy ~

Shear strain
dudt
tando = dy
If 6 is very small tan d 6 ~ do
dudt
de = _dy
where  de =Shear strain or angular deformation
do du
dt ~ dy

where §=Wﬁ$ﬁraﬁa,maﬁﬁwﬁaﬁvﬂaﬁﬁwﬁw

du

qy — T % TEEd o YAUEl ©
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[ 8 | E - Book ZONE TECH
Newton's law of viscosity ([T T Ja=aT kT Fem) :-

. Wmmm%%ﬁ?@w@yaﬁm@layerm shear stress Hi¥ &dq fa@fd (shear
strain) #1 X % FAHAE B € =1 HviF fowqor 1 T & @ qHEART S R

y
—————— —
_~ __ _ _ _, Direction of flow
- —
» X
de
T oC dt
. . doe du
By defination = _—
y dt dy
du
T oC dy
du
T = “‘dy

w =T (TrEifes fredie 78 a1 v o @ FRus s @ i s

Mot

H ‘water

H air

—» q

du do

— Or —

dy dt

d
e curve I B viscosity (u) Il T T o= H£ Y Il = 2

« TIE & WU uTHH WAl ¥ S slope (ITA) SR F Al A off SOy S
* WWQ l'l0i1>l'lwater>Mair

Unit of viscosity (YT &l aTE) (1):-
Dynamic Viscosity (1)

InSI
N
— X sec or Pa X sec
m
In MKS
k x— X sec
& o 2
kg
m Xxsec

H.0. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom :
Tonk Phatak, Jaipur, Rajasthan Pin; 302015 Ezi || ng__lgwgvu Gatta Stand, Tonk Phatak, Jaipur, Rajasthan Pin : 302015
Contact No. 141-2597591 Ph. No. 9828747676 [Pt —1=2N S8-S0 A0 S0 B -1 T S Ph. No. 9462447676 - Web : www.zonetech.in




“ Fluid Mechanics ZONE TECH
In CGS

1CGS= =
~ cmxsec
. gram 1 kg 1 N
_ _—_———92 - % — _
1 Poise= cmxsec ~ 10 mxsec ~ 10m? < 5€¢=0-1pa-sec
Dimension :- MLIT!

Kinematic viscosity (v) :-

o I TGS Al qen fluid & ST 1 SO B g

o THH LY [ B
L]
VvV =
p
Unit of kinematic viscosity :-
In MKS
kg /m-sec rn_2
kg/m® = sec
In CGS
sz
1CGS= o
2 2
1 stoke= — 1 m

sec ~ 10* sec

Dimension :- M°L2T"!

Effect of different conditions on viscosity of fluid
(Fluid st ¥am=aT oX fafs= o 9 g 1 gumE)
1. For Dynamic Viscosity or Absolute viscosity (Tfast YIaT o1 FRUST Fa=aT W qTE) -
(A) Effect of temperature (ATT kT THTH)
« Liquids (59) :- 581 H YAMAl %1 &4 HRU Q&S 91 el €| ST S € qq9H increase H @
FU & HeA AHYY ST HH B Ol ¢ T TS ol i Bl € ael v § off e e 2

i \\
Tt = ul H

T—»

* Gases:-
« TG H v %1 9T FRU random motion Bl B

Vrms = ﬂ
\ M

e TH UHR S & temp increase FW T A & % molecule  HEA random motion increase & Sl
2 fows sfomresy v | gfg Bt 2

Tt=nut
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E - Book ZONE TECH

(B)

(B)

Effect of pressure (& hl THE) :-

Liquids (89) :- Liquids & <9 & J99 ¥ 9% TUH 9c1 W I FHE T Il ¢ 39fe liquids
T TIFA W @ FN FE FAE & TSA 21 (P = pRemain same)

Gases :-

y 1
T & AR Poc < @ PV = constant

T YHR 59 W W I 9EM ¢ d A § HH ST & qen PV &1 HH fd wa @

Vrms = &
\ M

PV = RT

3PV ant
= _M = constan

9 TR @ 9eM W T4 H random motion T FE YHE TE USdl & FOY TR YA W o FiE
guE e gedl 2

Note :-

T UhX TS YAl el dI9HH T e gﬁ?ﬁ %|
For Kinematic Viscosity (3Tt & fem) (v)
Effect of temperature

TEAE deF W 59 & TA@ W FE YWE USdl © lfhd YAl 97 % RO §d #! kinematic
viscosity 9@ St 2l

TG § qOEE oM W S H R Sl § 9l ST TS Mddlﬁ‘iﬁa@ﬁﬁg‘lﬁ%wwv=%
T qEH 9eH W kinematic viscosity £ B e o3 A A o (Tt = v1™)
Effect of pressure (& bl THE)

ol § T dged W ISP T Ul TGS TIEAl § I agcle el el @ Uit THeR! kinematic
viscosity ff T ¥ e B T

PT=v Reamin same

G & @ geM W ITH1 T d&dl ¢ a1 AR TS YA § Fi a5 e Bl © 56 YR U=%

ES)
@ d@M W T FT kinematic viscosity ¥ S o B
Note :-

a1 1 FAMar 20°C A9 R G 6 AT 9 15.2 T SR g @)
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Fluid Mechanics ZONE TECH

Linearisation of Newton's law of viscosity
(R & varar & Trem wr aeo) -
e A D TIHA & W & IR

e o du
Shear stress at the wall is 1, orr,
" du
T, =M1
v dyl,

u=velocity profile (variation of velocity)

%Veloeity Profile
777,

External flow

" du
T, =5 3
vyl
du
where o) =Slope of tangent at Y =0
Y=0

So

T, = M0
u
So 0=y
_u2
T, =My
where u=Relative Velocity (u - 0)

h=Very small gap
Note :-
e & vIFA % I A W dad Sgd w9 50 (small gaps) 9% & @] B R
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E - Book ZONE TECH

Newtonion Fluid (FEHa a) :-

™ WA (fluid) ST =T & TEA & FEH H T B T A R Al 2

dun
=u/—| +B
’ “[dyj+

=g WA & fog n =13 B =0 2

A
4
T i
-
du dé du d6
—or— —or—
dy dt dy dt

3alglul :-

U, 9d, 9 TR el w1 IEAT (), foEU w1 R & @ eufdfda et ® z@fee 3 fluids
netonion fluid Feed |

Rheology :- & A==kt &t o M@l 9 fluid % flow & FEER & ¥R W fafv= sgefia @&
(non newtonion fluids) &1 {&F@H fha STl 2|

Non-Newtonion Fluid :-

T fluid St =7 & @FAd & 89 1w T/ w2

du)
Power law Tt =A [d_j
y

Where
A =consistency Index

n=Flow Behaviour Index

n-1
= o]
y y
I |

-

u apparent

Slope = “’apparent
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Fluid Mechanics ZONE TECH
Classification of non-newtonian fluids

o IR WA F GEAT I 9 H i 2

(a) Purely viscous
(b) Visco elastic fluids
Purely viscous fluid ! +f =181 & wF # Fer T 2l
(a) Time independent
(b) Time dependent

(@) Time indepedent fluids or deformation dependent

A du n
=2y
dul"|d
P N
dy ) |dy
!
uapparent
n < 1-> pseudo plastic Dilatant fluid
n >1- Dilatant fluid /_—
Happ v
t L 1 H \\, Pseudo plastic
du de du de g
—or— —or—
dy  dt dy dt

 Pseudo plastic fluid % apparent viscosity deformation & el sedt St € TUfeT THH! shear
thining fluid F&amd 2l

I - 3, W, paper pulp and molasses

* Dilatant fluids ! apparent viscosity deformation & ¥ @&l St 2 TUfe TR shear
thickning fluid &d g

I - vEI(honey), saturated solution of suger, starch solution
Bingham Plastic or Ideal Plastic Fluid:-

o ¥ fluid & v % fau %5 <A w1 Jfaaa 7, (yield stress) HT SR Bl 7 bingham
plastic or ideal plastic FEaw 2l

S - TR gel, cream

du
_u—+B

T = de

B=+ ve
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E - Book ZONE TECH

where  B=Initial yield stress (B= 0)

] [A[d_uj * ]d—uw
T ldy) |dy
(b) Time dependent fluids

A d—un+B
T= dy

T= [A[d_uj ]@ +B
dy dy
e -

-

uapparent
4 n <1, B#0 Thixotropic
T é n >1, B#0 Rheopectic
du do
dy dt

*  Thixotropic fluids, constant applied shear stress ™ ¥#d & H¥ IFH! apparent viscosity H
F T w1 faert 2

S - f=X ®t =@, Paints, Ink, Hg 39 I

Rheopetic fluids, constant applied shear stress W ¥#d & WY SHH! apparent viscosity
eI (increases) 3@ FI faerdt 2l

G - wm =
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Fluid Mechanics ZONE TECH
Ideal fluid:-

—» A

v

du do du do

—or— —or—

dy dt dy  dt

=W fEd (non -viscous) AU STEFIEA (incompressible ) T & #e3 @A (ideal fluid) FHeem
7

u = 0 Invisid fluids = viscous force = 0 = cohesive force = 0

« TF A WA H R TER F1 TS 6 AL F1 § 9o 9% SFEied (incompressible) BT &

o Trdfa® dR R RE f e wa T o @

o AR fluid S - 91F 9H T TG Sgd & %H el § gafaT @ pratical purpose H eI 1SS
T A ST R

Ideal solids (319t 314) :-

»

du do
dy dt

Surface Tension (I 9) (o ):-

e T W GAE W ITHE W W N oIl Hqe & oreed A6 i R 9ol Y$$ aE el
e I8 G foeel i we S w2

At the surface of liquid

Inside the liquid 0

B net cohesive force

F =0

net cohesive force

3@— ?— -? —? —GJE Surface

Eg Fy.= Net cohesive force
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E - Book ZONE TECH
Mathematically:-

o =

F
!

0,0 =0.073 N/m= % th of 1IN — Air water interface

oy, =048 N/m — Air-Mercury Interface
o T3 A ARk ot Bl © Al 53 g 1 HROT HESHh oA Bl T
*  Net downward force & TRV @W&Y liquid # Tde W & o= 5a @ 8 a9 FR0 gae o
curvature 37 STl 81 S Hqe H T YR 1 a9 U wial @ S forelt g8 foeeht o qoe & wH e
?

e ¥ & dUHM increase HW ® Y3 TG Wl § Gl S 1 JHE S G W A0F Bl T

A HO

Cubic Cuboid Cone Cylinder Sphere

Surface area is minimum

o T e % fog el 1 Y e =g e gl

qRWTET -

TS G Fd I o€ TUE T S U el i IaH i whi Wl il g
(1) Pressure inside a droplet of liquid (B & I< & 37T TF AT(EE) -

Water drop:-

Radius=R

&fqs feen & w@dl 1 gged v W
o(2nR) = AP(nRz)

2(5
_ JP =
AP = D

(2) Pressure inside soap bubble (HTEA T:ﬁ T W qrE JATTHeRT) -

\4

\
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Fluid Mechanics ZONE TECH
e WA % Foigd H ¥ interface Bl ¥ Th WEA HI film ® aEL IR T =T HI AR s@fIQ

Hence o(2nR)+0(2nR) = AP(nRZ)

4o 8o
= m _
AP R D

(3) Pressure inside liquid jet or jet of water (iquid jet |T jet of water & 37T TS IMEHT) :-

dia=d
%'—V (¢
(o)
L P22 Ap
Liquid Jet )
v | —l»os
Nozzle o
o(L)+o(L) = AP(2RL)
5(2L) = AP(2RL)
c 20
AP=g T p
Surface Energy (T 3st) :-
e  TAE H W § R T wE S & €9 H store B € T4 store energyaﬁ surface energy Fed
2l
E=0cA A surface area
45
°TA

T4 equation ¥ surface tension #1 7§ unit et & ot & St & S@/H2 2

1000'5 ) @ - @

Small drop Big drop

1000 x gnﬁ: gnw

10r-R
E,=1000 X 6 X 4712

E -40006 xr> .. Q)
E,—o(47R?)=0[47(10r)

E,-400712 © ....(i)
E - E,=36000 71>

2
E,>E,

=R TN TN TR T

Note :-

© TH T B I H AHR MR & Sl € Hifh el w1 &3 T e § g e e g
& f598 surface energy i =JFaH Bt %1 ¥R minimum surface energy dlcl 3TEEA S stable
el €1 TH WHN F9 i 9= 1 SR T € Sl &l
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1.

N N N
W N =
N N N’

Wetting and non wetting surfaces

liquid & o17] 39 H SRYU Tt & HRU A9 H 2 wd ¢ f59 o9 o (cohesive force) Had
2l

M R & WA o Al SAHNYl a3 gol sheddl ¢l

Case I :- Wetting surface
Adhesive force >>>> Cohesive force:-

A0 02N
Glass
If 6<90° 0 — Angle of contact
For clean water = 6 =0°
Liquid wets solid surface
Case II :- Non wetting surface
Adhesive force <<< Cohesive force
Point contact )
7777777
Glass
0 =[130-140°] for Hg
Hg

If 6 >90° Liquid does not wet the surface NO A 6>90°

wetting T2 non wetting liquid ® §1& ¥ surface tension EMAI 1 A T 2l

3T 3T interface & TAW contact angle
Water-glass=0°

Mercury-glass =130°

Kerosene-glass=26°

Capillary Effect or capillarity

(R agn wfvTeRa uwTa)
9gd Tqel oA 1 29 fHe S lem @ ot %9 T Sfewa Tl wEad 2

S Uk 2 TSTent oA ogd %A Bl € (SR Tell) ® T %9 & 9 reservoir § Sl Sl €
dl capillary tube ¥ ¥ 1 WR FH a1 SO & S 2 T TS I hiTHS TWET A BiHE Fad
2l

Capillary tube ¥ liquid 1 &R Al o1 =& g8 7@ 1 faen W fRk w2 € den g8 e 5
TN TAE & FgER W R wa 7
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;}}N Mercury

Wat
e Capillary fall, 0 > 90°

(b) Capillary depression, 0> 90°

G cos6

G cos6 l : lccose

d

FER fen o aal @1 ged e |-
ccos6(2nR) =Sd T HR
ccosf(27R) =mg
=pvg
(ocosB)(2nR) = p[nR2 xh}g
2ccos = pghR

26cos0 4ccos0
h-= or

- PR pgd
0 =liquid @ glass % #&4 Angle of contact
where
d=glass tube =1 =9 go X &1 TWF
h=tube ¥ liquid ! %7
o =surface tension of liquid
Note :-

« capillary rise (FRTh I3M) tube ® AT F FSHAMIE il Tl
«  tube 1 M fFEH A lem ¥ A & IGH HRHE JqE T0F g B

e S I T A HA 1 S ¥ fRAr S § 99 S 79 R @ (avoid) A & AT tube
F W 10mm ¥ S Wi 2

H.O. : M-28, Madhuban Colony,
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Note:-
Angle of
contact
1. 6<90° Cohesion < Adhesion | Liquid wets Top surface of Liquid rise in the
solid surface water is concave | capillary tube
2. 6>90° Cohesion > Adhesion | Liquid does not | Top surface of Liquid falls in the
wet the surface | water is convex | capillary tube

Capillary tube ® liquid & rise &l FHTfad i AT Hh -
Liquid =1 fafere 9r
Tube &1 =9

1)
)
©)
@)

Liquid =T g3 19

Angle of Inclination (Angle of contact)
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CHAPTER - 2
(FLuibD PRESSURE AND ITS MEASUREMENT)

Pressure:-

WA B THE &9Fd T oM alel oead 9o 7 Heedl 2l

. Pressing
component
Non-Pressing
component

Mathematically:-

F =External Normal Force or External Thrust or Pressure force

Pressure is a scalar quantity.

Different types of pressure:-

P y'§
ab,
Pose™ Pabl- P .
T - Atmospheric pressure (P,,,)
Pr PP P
P ----------------------------

ab,

y

>
Absolute zero pressure line

@) Atmospheric Pressure:-

g SEHISA g1 oAl T <@ el

5 level W @1 WM 1.013 bar 81 €1 T€ barometer 11 W91 Wl € 1 level W 7€ UMt
% 10.3 m head 921 IR &% 76 cm head % =R il 21
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) Absolute pressure:-

. TE zero pressure level § HU AN T net pressure Bidl 2l

. TEHT W9 Aneroid barometer § T S 21
(3) Gauge Pressure:-
. TE THISH @ W SR % T H <@ el B
. & manometer a1 Bourden gauge 5K § |1 Sl 2l
4) Vaccum pressure:-
. I AGAUEAE @ W %A WH hl TE el 2
P, =P

abs gauge atm

vaccum ~ © atm abs

(-ve) P is called negative pressure.
Unit of Pressure:-
(1)  SI- N/m?
(2)  Pascal:- 1Pa=1N/m?
(3) Atm:- 1 Atm=101325 Pa=1.01325 x 10° Pa
(4)  Bar:- 1 bar=10°Pa

kgf 981N

cm? ~ 107m?

6¢) Kgf/ecm*- 1

~9.81 x 10* N/m?

k
Atm > bar >—
cm

(6)  psi:- Pound force per square inch

~1pf 04536 kgt
1 pSl: inCh2 = (254)2 sz

0.4536
1 psi= m x 9.81 x 10* N/m?
1 psi=6894.76 Pa
1 Atm=101325 Pa
1 Atm =14.696 psi

psi pressureﬁ @ unit T TEH FeIA § 9T & TR H T B pressure'clﬁ AT S 2

Pascal's law :- for W@ # forelt fog W oM amen @ o1 I@ &1 doar 9t feneti o 999 3t
Bl WA W A dren Sl fier T@ §HE w9 ¥ /A ¥ fawfad 8 s 2

A S9E R forR @ ¥ 3 fog W @ #t diod 99 g6t 2
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Pressure at a point:-

N
. feor Wt § foreh fag W oW et <@ w1 AET g9l fKenell # wum e @1 (Teha & w9
drive e )
. T v TeoR erEeen | B A 9% e §ag W oowed ®9 ¥ 9ol ol ?
. S e TRl Tqe W TR ®9 9 9 ol @ d T i Wl W eEiia 9o ot @)
. T Teh AW URT € TER! WA Bl € olfeh SHh! hig fEw &l e ¢

& U fluid ¥ fwer fog W T@ o1 ga-wWifew T
(Pressure at a certain point in static fluid or Hydro-static pressure)
o o e 3 ER WA & TF B 3@Id H1 Heddl L -
dA — Cross section area of fluid element
dh — Height of fluid element
h — Distance of fluid element from free surface

P
dA
L — T Idh
oo %/__/: d(mg)
_______ P +dP

Force balancing in vertical direction
PdA - (P + dP)dA + dmg=0
Because fluid is stationary (without any motion)

- dPdA =- d(mg)

dPdA=pdvg {dv=dAdh}

dPdA=pdAdhg

dr

dh = P®

dp . . . .

where - =Pressure gradient in downward direction
Integrate it

P h

[dP _ [pgdh
4 _+pg ford d directi L. d directi
o, =+ s for downward direction 4, =P8 for upward direction
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Case 1:- For incompressible fluid:-
p =constant

Case 2:- For compressible fluid:-
pis not constant

j—i =pg j—i =Ppg -+ PV=MRT

dP o« dz - Linear relation Cdli = If_Tg s P = RP_T

P - pgz :a:d?P=I%dh oy {iﬂ:%h
Pabs_Patm e[%h}

Note:-

feor srfiey Wa & fo TewE % WY @, Wi w9 9 9@l € @R S6E % WY TE, W ®9
¥ e © i Tl W & fu <@ i ®9 @ S5 gl

Hydrostatic law :- fdl fog W Seaier F19 &1 $R T@ & 961 &l & WA & G 97 & s

B =fey|
Pressure in terms of liquid column height
Ih <« Vertical height
For H,O:- For Hg:-
P=p,gh P=pygh

1atm=10°x%x9.81 x h
101325=10°%x 9.81 x h
h=10.3 m of H,O

1atm=13.6 x 10° x 9.81 x h
101325=13.6 x 10* x 9.81 x h
h=760 mm of Hg

Torricelli
1 Torr=1 mm of Hg=133.3 Pa
Pressure Measurement

Conventional Modern
- Barometer - Mechanical gauge
- Piezometer - Strain gauge Transducers
- Manometer - Piezo-electric transducers
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Fluid Mechanics ZONE TECH
Barometer :- THh1 STANT HH AFAVSHE T & WA W fRAr ST 2

[l

|~ Wooden Frame

il ™ Scale
H,O or H N =~ Glass tube
{D >1 cm to avoid capillary effect}
Construction
Vaccum pressure
pP,=P,
PA - pHg gh PHg vapour
P Atm — pl—lggh ~ 0

In case of water
P . =Puo80 +Pyopen — 2.7 mof HO
Note :-
gH mercury (Hg) =1 START THH I=d B e FIH a9 €@ BN HR0 F

Piezometer

PA: pgh

. IE 39 &% U & SWM T s R

. = 19 <@ 9| % faw sTEn e s @l

. s Gqe &l 81 % ®NU Piezometer W NEl T AT &1 fRAT ST HeRdll

. Piezometer R RUcH @ 1 HYT &I fohdl ST Hehdll
Manometer :- Manometer &1 ST =, T qell $=a 79 <@ % WL-T19 vaccume pressure
Ta ql 19 SH 1 WA R S 2

. Manometers 38 YR 1 TR ¢ {501 ST @A & fohedl fog | T S8 a1 1o @
% e HI balance F%h @ 1 HGF fHar S €

. Manometer § ST foran T @fafEd @&l manometric fluid F&aar 2

. Liquid column balance % 9§ W manometer &M@ H 2l

. Manometric fluid 1 I3 TG SA&T Bl 2l

4 ZONE TECH
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Simple U-tube Differential U-tube

manometer manometer
Simple U-tube manometer :- T8 U-tube manometer 4 glass F tube B & ToTaRT Th
o 39 fog W e & Sl <@ WO e § e Suv o agEved § gen i € 99 7€ U SR
# Bl B

For Gauge pressure:-

p,, =Density of manometric fluid
P, + pg(x+y)=p,gx

P,= p.gx-pg(x+y)
P, = +ve (pressure is high side of A)
For Vaccum pressure:-

P, + pgy+p,gx =0

PA: 4 (pgy + pmgx)
P ,=-Vve
Differential U-tube manometer:-

¥ manometers 1 ST & fagel & T4 @ H1 AR A4 HH & fu fHan smr j)

=
—> -
30 O A T ,
Pa p
_ _ _H¥x ’
o,

PA tpg(xty+ Z):PB * P8y t pmgX
P, +pg(xty+2)- pgy- p.ex =Py
P, -Py=pygy + pgx- pag (X +y + 2)
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Pressure force on inclined surface:-

Let us consider a plane surface inclined at an angle ¢ with the horizontal.

A = Total are

a of the surface

h = Depth of C.G. of inclined area from free surface

h* or h,, = Distance of centre of pressure from free surface of liquid

6 = Angle made by the plane of the surface with free liquid surface
y = Distance of C.G. of the inclined surface from O-Z

y* or ¥, = Distance of the centre of pressure from O-Z

Integrate it

Location of Total pr

P=pgh
dF=PdA
dF = pghdA

F- [pghdA = pg[hdA
= ng.ysin 0dA

F= pgsinGjydA

F= pgsinfyA

F=pgha =F,
essure force:-

Taking moment about O

H.O. : M-28, Madhuban Colony,

Tonk Phatak, Jaipur, Rajasthan Pin; 302015
Contact No. 141-2597591 Ph. No. 3828747676

Fnet'}_lcp = _[d Fy
= IpdA y

= ngh dAy

1 hCP 2 .
pghAE = pgjy sin 0dA

_ R,
hA—2
sin O

=sin GI y’dA

sin 0
cp = ——=

hA XX

=

24 ZONE TECH
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h = ysin®

‘ JydA =Ay, +Ay,....
|+ Ri=ysine
= he
Yo T ine
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By using parallel axis theorem

.2 12
= s e |:IGxx+A h i|

hA

Cp hA
For horizontal surface 6 =0

_ I.., xsin’0 —
GXX_ +

he —h = noh
. b= h’ Fgauge_ pghA
For vertical surface 6 =90°
ey — 4 A0
hA

Physical significance of 1, and 1, :-

N Toxx x Sil’l2 0

1 hcp = h
(i) ht =
%%ﬁw ¥HICHeR BT TEFOTT hep 9O h W ST €N, SHT Heferd 98 gan T I &= (C,)
RN & ®% (G) ¥ = 3|
(ii) Hcp _ E + Toxx iSil’l2 0
hA
Hcp _ E _ tix iSinz 0
hA
— — 1 L - —
(hcp—h)mﬁj lth:(hcp—h)wL
2
S-S T (E)Wﬁ,%mm@nmwwg&%ﬁv—ﬁ@wﬁwﬁﬁm
#5 (C,), Tod % (G) 1 R TEH1 Y& 8 S|
Centre of pressure :- Surface R o dlc &l I &1 &= Centre of pressure Feadl 2l
Different Shapes:-
\V4 ' = b
! ihn

|
Ilrl
o —)

- b—» |
bd 1
Area=bd 1 Area= > Area = E(a+b)h
I
3 3
IGxx =bd ! IGXX —ﬁ H: (Mjh
12 | 36 a+b )3
- d 1 = d
—_ h==
hip | 3

= a’+b® +4ab X
X 36(a+b)
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CHAPTER - 3
(BuoyAaNncy AND FLOATATION)

Hydro-static force on a body or Buoyant force
feret s W Hydro-static force ot Saemaes o

AV
) lhA ! P, =pgh,
h - -
5 E Body o Top

Bottom
Py =pghy

Body =i top surface W s=P,A (A=Area)
Body ®! bottom surface W s@=P A
Body W upward direction § & el net force a1 (Buoyancy force) = (P, - P,)A
= (pghy —pgh, ) A
= pgA(hy —h,)
— pghA
= P8 Vbisptaced
= P Voispiacea
(P Voispiaces =Mass of displaced fluid)

=mg= weight of the displaced fluid
(Buoyancy Force= Net upward force = weight of liquid displaced = Upthrust)

Archimede's Principle (&g s fagr=) -
v fE body ®1 fluid & =T o7k €9 ¥ o1 T e I Wl & @ fluid S body W
SR SR kI WE S¢ T ST §1 I8 9 upthrust I SEATF I FHEA[ & T TH TA

1 G AR TR T ¥E % IR % SR e ¢
Force Analysis:-
-

Body

MBodyg
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Upthrust= F,

Down thrust= M, , &
Different cases:-

Case I:- Submerged body

MBodyg
MBodyg = FB
pBody*LBodyg = p*LDisplacedg
pBody = pFluid |*LDisp1aced = *LBody
Relative density =1
Case II:- Floating Bodies:-
&
Y—r+
MBodyg
(@) MBodyg =F,
pBody_VLBodyg = p*ﬁ:)isplacedg
PBody = Priyid ( Viody = Viisplaced
Relative density =1
(b) MBodyg = FB
r
T [
Y
) H | In
MBDd_vg
pBody_VLBodyg = p*ﬁ:)isplacedg
R D JvLDisplaced
) - *LBody
Relative density <1 ( Viisplaced < Vbody)

Condition of floation, relative density <1

H.O. : M-28, Madhuban Colony,
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Depth of Immergence:-
h=?
pBody-VLBody = p¥Displaced

pBody AH = P Ah
pBody H =p h

. . h
Relative density = I

Note:-

Displaced Fl

Sinking Body

uid

Suspended body
(neutrally buoyancy)

@)

pBody =p 7

v

Prody = Pt

p; — Fluid Density

o =@ At fluid § @ @@ St 88 9% ® faU Buoyancy force, fluid #1 free surface 9
T R R T F € T T8 solid body F A W oft FR A& w2

Center of Buoyancy:-

y—‘_

7% 9% fo €@ ¢ f59 ® buoyancy force ®H I I
% displaced fluid F1 T&@ &= Bl 2l

AFB

[b]

Effect of disturbance on center of buoyancy (B):-
Center of buoyancy UX disturbance &l 91 (B):-

Case I:- Submerged Body:-

AV4

)

H.O. : M-28, Madhuban Colony,
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Case II:- Floating body

Note:-

Submerged body ® S/ el | distrubance fa1 ST @ center of buoyancy S:&aieR 31 H &
1 Tl © S floating body H @€l A1 disturbance a1 STl 2 $@h1 center of buoyancy,
vertical axis ¥ g shift & @ 2l

Stability

Stable Equilibrium :- S body %I original position ¥ displaced =1 STt g de1 9 o™
original position § 3 ST 1 98 stable equilibrium F&a 2l

\\QAable

Neutral Equilibrium :- 5@ body %! original position ¥ displaced f&=1 S@ g T Tg e
¢ position § & W@ @ I® neutral equilibrium FEed 2l

-0

Neutral

Unstable Equilibrium:- i@ body %l original position & displaced &= St T do IE AR
move Bl W& Bl I8 unstable equilibrium FEAT 2l

A Unstable

Stability

Time of oscillation «

R =Radius of Gyration
GM =Metacentric Height
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Stability of submerged body:-
Ve Casel Case 11 Case 111
g — T,
v | ] ‘TA
|
A 1S] |
G| | Bl GIiB
I I |
I I I
MBodyg MBodyg MBudyg
Stable Unstable Neutral
B lies above G B lies below G B, G coincide
Stability of Floating body:-
Casel Case Il Case III
F
“ N /e
T 7 Ve
¥ Te 7 '
M- M},
I B J , G
I / BI
/vl e
Vertical Axis
MBOdyg MBodyg
Unstable Stable Neutral
M lies below G M lies above G M and G coincide

Metacenter (M) :- € body & vertical axis W 9 g & el body ®1 vertical axis qel
Boyant force %1 f&ar @ g § st 2

. Metacenter, body % AL A1 =T FE W 8 Fhal Bl

. %%point@m%mﬁqﬁ&i body‘fﬁﬁ‘lﬂﬂ?ﬁ%l
Metacentric Height (GM):-
I8 center of gravity ¥ metacenter & A Tl 2l

GM =+ ve Stable

GM=0- Neutral
GM-= - ve— Unstable
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In general

GM=BM - BG

GM-_1 __BG

¥Displaced

el 1 = Fluid 1 free surface 10 %l T body & &5%d &1 MOI 2l
Note:-

* M above G
* BM > BG Stable Equilibrium

* GM=MB - BG=+ve

* M below G
* BM <BG Unstable Equilibrium
* GM=BM - BG=-ve

e MatG
e GM=0

Neutral Equilibrium

Metacentric height
For (1) Passenger ship=(0.4 - 1.0) m
(2) War ship=(1.2-1.8) m

Real and Apparent weight
(aTAfaes a9 MU 9R) :-
Real weight (arfaes 9R) :- ffdl body 1 o1 # A T 9K real weight FHgard 2l

LU
A T
Reading
§ // weight
Body Fi Mg

T + B =M x8
Since F, air is zero due to low density

T=-M

Bodyg
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Apparent weight (39t 9R) :- 1 & Bied 3 el fluid § 91 T & body &1 R
apparent weight Shgardl 2l

777777777444
AT
T Y Bodyg
(FB)water
Water
T+ (FB)water = 1\/Il3odyg

Apparent weight =Real weight - (F,)

water

Buoyancy force =Real weight - Apparent weight

Condition of weightlesness
T=0
So real weight = F

B water

Py JVng =p¥diSP 8

*Ldisplaced

Relative density =
body
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CHAPTER - 4
(FLuib KINEMATICS)

Y§ W Tt (Fluid kinematics), fluid mechanics ®T 98 wm@n 8 fsd fluid particles =T Tfa
1 AT 3T 9 HI consider FA o e s & 5 ®RO fluid particles  7fd &t 71

Different types of flows in fluid system
(Fluid system ¥ fafi= R & waw)
Steady and Unsteady flow ( ¥dq 3% 3r@ad aTg ) :- fFHl particular space ® A fluid &t
properties THF & Y &l SEeidl € A 3 YR HT FaE Tad (steady) YATE FEAI & I TG
YA (unsteady) JaTE Hacirdl 2l

Mathematically

Steady flow:- SS_FP =0 = % =0
0
2 0

Unsteady flow:- LI

space

Uniform and Non-uniform flow ( TehEHM q9T €U T8 ) :- fheft fawis ¥979 (particular
time) W 4% fluid ®1 properties TIH % WY & =l & @ TH THR F T8 TH THAA
(uniform) JaT8 el € ST o @A Ja18 (Non-uniform flow) Fgamd &l
Mathematically

, SF
Uniform S . =0
Non-uniform oF 0

65 time

Rotational and Irrotational flow (H;U'h aar 31‘51;0'["[ 418 ) -

g & R S fluid particles 37& SEHM %= (center of mass) % U rotate HI g @ @
THR I YA€ U (rotational) T8 AW € ST VA (irrotational) FaTE el T

T TF flat plate ®T consider 0 ¥, TR boundary & T IN region TAMA § Fgd SR
wufad eiar € TEfeTT 39 & (region) & ¥AM &7 (viscous region) F&d gl

Boundary layer § X, TN (viscosity) 1 FHE 07 & Sl | THfeT 7 & (region) 3T¥A
&7 (inviscid region) et 2|
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. T& Y8 &7 (flow field) ¥ fluid particles ® FUM (rotation) T HRUT TAM (viscosity) BT g
T TR TIE &7 (viscous region) § YATE rotational BN af% TAMM 1 9@ 0GB a1 @1
AT &7 (inviscid region) B X WAE H1 YR ST (irrotational) T

. & flow field § TIM (viscosity) T stgafeafd § #ft fluid 1 A rotational 81 Tehdt T =f
fluid % flow field § ¥a¥1 & ¥ W8l B 399 UM (rotational) T &I

© © © @ — Irrotational (Translation only)
© @ @ @ — Rotational (Translation + Rotation)

4. Compressible and Incompressible Flow (F&ga q&T MAAEA ) :- AR fluid FH =S
(density) JaTE &% INH & <o € A TH YRR k1 YOG FTESH A Feoldl § STl YA

afied wedr 2l
For compressible flow (¥Ffied wa© & faw)

dp =0
For incompressible flow (&g yaE & fomw)

dp =0

5. Laminar and Turbulent Flow ( &{@ a2 fag(e ) :- 7a® W™ v@© (Laminar flow) T80T 9616
& fluid particles 318t W& IRHIHA 9 (well-defined path) o stream line # 7fd & g qen
Rt stream line Hieft qon TAR Bl R

wa ya® (laminar flow) ® & particular plane # fluid particle T layer ¥ & layer #
jump T w 2, g4t particles 1 f<em T & =it 2

SadSagdiSa S ag
SAASAgCLdS o
S CadiC S ag
o> O

Turbulent flow (T8 YaTE ) :- 39 TR & WA ¥ fluid particles zig-zag way ¥ 7Ifd
21

fagsa wa® (turbulent flow) ¥ fluid particles T& layer ¥ S layer § jump & 21 gferg
particles & vectors %1 f&en fFHt fawi plane § 7 Y STeRT-3Ter Bt T

2"@ g‘g Rand t of the particl
eﬂ _@ 'd@ andom movement of the particles
& b
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6. One, Two or three-dimensional flow with respect to space ( Space & ‘FITEI&I , Uch, fg =
fr-faofa wamg ) -
One-Dimensional Flow ( T&-favita 9o ) -
. I space & T flow parameters Th & fZem & varies #W ¢ T T80 TR &1 Y8 TF i
TAE e 2l ie V=f(x, t)
. T fouitg yae H, fF ' cross-section § FaE &t fS¥m & oi=ad flow parameters 1{{"[ o= o
o W § (3, T@, A, WEA) A sreed &Ken ¥ vary w4 ®1
. waE &= (Flow field), stream line SR Yaf¥fa feran Siar € it oifeard &9 @ el don gH=R erdt
2l
Two-Dimensional Flow ( fg-fesita warg) -
If< flow parameter, space & dm& & fXen 7 very & 2 91 39 R F1 flow two-dimensional
flow FE 2lie. V=f(x,y, t)
Two dimensional flow ¥, YaTg a7 (flow velocity) a1 37 fluid parameters T fem (a‘:ﬁﬁ
qen Seater) | Varyah_{ﬁ 2
Three-Dimensional Flow ( f¥-fesiar ya®) :-
I flow parameters, space % gg 99 fon | vary FW 8 @ 78 v f-fRefia yare weam
2 V=£(x,y,2zt)
394 Flow properties @i & # vary st 2
S - G2 (bent) 8T WEY H WA, fluid machine ¥ a1, T% ANl & inlet W ¥aTE

Type of flow| Steady Unsteady
1-D V=£(x) V=£(x, t)
2-D V=f(x,y) | V=f(x,y,1)
3-D V=1(x,y,2)|[V=1(x, y,z t)

Note:-

o. & W I =W ol W89 § 9 99® W (constant flow rate) W TETE - Fdd THAHANR JaE
(Steady uniform flow).

. TF o T 99F A 9l 9E9 9 Ve A1 98dl g R 9 e - 3IEdd THIHM YO
(Unsteady uniform flow).

. T tapering 9Ed g fa mer w (constant flow rate) —» ¥dd HAM YA€ (Steady non-
uniform flow).
. T tapering W57 ¥ Fed A1 F& YoTE T ¥ TEE > 3TEAd AN FAE (Unsteady non-uniform
flow).
Rate of flow or discharge (¥aTE & = fEROT) :- ff=t pipe oM channel & section & ¥fd
YHUE AR BF a fluid F1 AE FOE R (flow rate) e B
a1 f fRet T W w9 yarfed @ @ g faw
A = Cross-sectional area of pipe (Pipe &1 cross-section area)
V = Average velocity of fluid across the section (Section ® fluid T g o)
T == (discharge) Q=AxV
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Continuity equation ( Tide THIHIUT ) :-

Continuity equation 7| & & fagr W smenfa 2

TF O TS 98 G S 98 indicates T € R va® @R € A e
Y8 & 9rd 84 & fau continuity equation satisfied BT & R
o o fe@ S aR fluid ® T& element & consider HIT|

(min - rhout) = rhstorage

y
M= 3-D yarE |
V=ui+vj++wk
u,v,w - %hHI: X,y, 2z feom o Velocity component
V= F(x,y,z,t)
TEEE WU 9
( in - out) (mx +%dxj
=- o, dx
Ox
= —%[(P(dde)u)dX] (- dv=dxdydz)
(m, —m_) ——i( udv) 1
in out /x 8X p ...... ( )
Similarly,
. . 0
(i, -, ), = —a—x(PV dvg (2)
(1, ~11,,,), =~ (pw dv) 3
in out 82 p ...... ( )

SWE I dH equations I e & IR

(th,, —th,y) = dv[—(pu>+—<pv>+—<pw>}

(min _rhout) = Ihstm‘agc
om, 0O op
=2 (pdv)=dv.22
and ot 8t(p v) =dv o
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—av] 2L ow)+ L ovy+ 2 _av.oP
= dv ™ (pu)+ & (pv)+ . (pw) | =dv. o
9 ont Lo+l dp _
. &mm+®mw+&mm+m 0

Ig U G 3-D continuity equation & A @ ST S 1

Steady Flow , % -0

0 0 0
&(Pu)“‘%(PVHE(PW) =0

Steady, Incompressible flow (p = constant )

ou ov oOw
—+—+—=0
0x 0Oy o0z

Steady, Incompressible, 2-D flow

ou ov
—+—=0
ox 0y
1-D, steady flow
(m _mout)x =0 v =ui

in

0
— (pAu)=0
ax(pu)

0
—(pAv)=0
ax(rDV)

p,A,v, = constant

PIAY, =P,A,Y,
P2
A,
VZ
P1
A
Vl

Case I:- If flow is incompressible (I Ja® T=ficad =)
P1 =P
AV, =A,v,
Case IL:- If flow is compressible (% JaTE Tiiea @)
P #P;

PIAY, =p,A,Y,

Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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Representation of flow

(UaTE T YEIATERTT )
Stream Line:-

T8 flowing fluid W B T Heufies curve ¥ s et off fag W ©ifh ™ tangent 3 fag.
W fluid particle & velocity vector T f&em =1 Twidt 2l

\Y%

dr

Equation of stream line ( &IRT 3@T AT HHIERITT )
Stream line % WY& TH small position vector dr T W

dr =(dx)i +(dy)j +(d2)k

g =|[u)(v1) (]
PR velocity vector @ direction vector W—Eﬁi F IR © TYfAT AT R cross product I
Rl

f(wdy —vdz)- }(wdx —udz)+ w (vdx—udy)

y Uy U

0 0 0
dy & dx & oo dy
v w u w’'u v
dx _dy _dz

Stream line ST THsHTOT

u \4 W

T YR x-y plane # stream line &1 HHHT

dx dy dy v
- =T = ;=
u v dx u

Note:-

1. T streamline e+ <t 310 U &l Fredt ¥ IR T € A streamline TH-TH T intersect F
RETIIEL

2. Streamline % &4 1 space, 37 & TIY FGhANUN! &l © Hifh streamline & T Y8

(discharge) & Streamline % H&I space ¥ &Y &l S Hehdll 21 39 AR W8-S streamline ®
A space F&d1 § velocity Tl W 1

B.0.: F-267A, Behind Honda Pinkcity Showr '
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Path line

Fluid particle at t=t,,
j .~ " ~e—Fluid particle at t=t,,,

-~ .
. .
.
N .’

Fluid particle at some
intermediate time

«  TH THUEMY % IRE TH single fluid particle R T fFAT T UL BT trace B T
©  ITON-3@ THA R TF path line TF F FE G
. Path line ST&fg® @1 & S&fh stream line FIcqw @ Bt 2

. Path line T lagrangian concept 2l

. Ho Rer o o g9 fR fluid particle 1 st &1 fa@mEn w0 7, 59 37 faged @i
Sier o € a9 ' H pathline‘;lT'H?I?ﬁ%I

Streak line or filament line:-

. 75 felt Tty 7 flow field 5 Tt fa5 ¥ cross M a1t fluid particles &l Sig T S a1l
line eIt 21

. IE TG & movement F track FH | I R S 21

Dye Injection
Point

Streak Lines
————— Path Lines

Note :- A€ flow study% qF = AT O ®9 H same B
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CHAPTER - §
(FLuip DyNAMICS)

Fluid dynamic & el 1 Tfd %1 15754, ST 91 H 21 H W@ g F ¢ o wRO fluid
¥ motion Bl 1

Fluid flow &1 @1 (dynamic) SaeR 1 faeeisor =ed & Tfaht &1 360 @9 F=Ma § &
ST 1

T F T (fluid flow) ¥ fafa= YR % =0 FH w2
T&A 9 (Gravity Force) (F—g)

Pressure Force(E)

M & (Viscous Force) (F,)

grfied & &R0 9 (Force due to compressibility) (F;)
Force due to turbulence (F,)

Minor forces like surface tension (E;)

< T % FefeReor § gedt sl 1 wnfiet fRa S € @ 98 newton's equation of motion FHEE
2l

Sd FHieadl (compressibility) 921 =1 MU & 0 HHE @ @ T8 Reynold's equation of
motion FeART 2|

F,+F +F +F =Ma

& FFfEFd (compressibility), turbulence @2 minor forces &1 TT0F AT & T2l hadl &
(gravity), pressure ¥ ¥IM 9 (viscous force) Tl e fohan S @ 9% 7 &1 FHiR0T AR
Wi (Navier-stock) Tfd 1 TR0 FHeamd 2

+F, +F, =Ma
S Had e (gravity) T pressure force &I considered feran S @ 7ifd &t T Euler's
equation of motion FEadl

“"I

F,+F, =Ma
Dynamics of fluid motion ¥ 5§ Haet I q e HI ¥HS fFan Swa1 € A 98 wom fagm
(Euler's equation) @2 @it fag (Bernoulli equation) ¥ H=ferd et 1

Bernoulli equation :- 98 T Tk stream line & T9&] steady, incompressible a€eln ]
Euler's equation of motion %1 TH=kfed €9
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Euler equation :- 78 Tfd &1 o9& THfisor & f5GH & (gravity) 9o <@ (pressure) & RO o
F el foren STar 21 I8 9 T fluid element ®t 1A &1 stream line & | 91 TR
consider @& drive f&a1 ST 21

e o o feam AR Tk stream line 59 s-direction § vaT® & @I B
oY, T dA ST HIE 1 SeHHR 3eoad St o ds 2l
AT (Assumptions)

1. ¥aT8 streamlined & [V V = 0]

2. yale $19aM (invisid) ® [F,,, =0]

P+dP

V &
/ dz
T& stream lined T86 W s-direction H eq" fa@q ™
(P.dA)-(P+dP)dA -dMgsind =dM.a_
—-dPdA -pdA.(dz)g = pdAdsa,
dP +pdsa, +pgdz =0

A

a =V—+—

s 8S ot

oV 6V
dP+pds| V—+— |+06gdz=0
e peears I 0

Equation (1) stream lined 78 % T Euler's equation ¥

&V dv

oV
steady waTE & fau o =0 and S &

dv
dP +pdsv| — |+pgdz =0
o) Sv(dsj pgaz

dP+pVdV+pgdz =0

d—P+VdV+gdz=0
p

Equation (2) steady @ streamlined %a1® & faT Euler's equation 2l
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Euler's Equation ¥ Bernoullis equation W& ST
Euler's equation %1 ¥9k{eid (integration) #%& 19 ¥R Bernoullis equation fermeft St 2l

I %P I J' gdz + J' vdv =constant

If% vaE SEied (incompressible) ® dl p frad gm

2
LA V? —constant

2

p v
or —+z+—— —constant
pg 2g
p Vv
or —+——+2 _constant .. (1)
pg 2g

Equation (1) g Bernoullis' equation 2 foad
P _ Fluid % S®E ¥R & pressure energy 1 @ ¥MH (pressure head)
pg

V2

28
z = Fluid % &% 9R & fafds & potential energy @ potential head
T FHIF0 & derivation ¥ F= HR=ISH (assumption) F1 HET ST T
e Fluid *meel g1 =few S viscosity I &
* TAE steady BT =MfeT
o YA® IS (incompressible) BFT =1fET
e YA® STHUHM (irrotational) BH =MET
e Ja® strem line § BH =M6T

= Fluid & g1 9R %1 TIfdsT Ssi kinetic energy 1 kinetic head

Different forms of Bernoulli equation

(ST el & fafiet ®a)
1. I*t Energy per unit volume ( 3T 3T&A &t il & 9 W ) :-

1
P+ 5 pv’ +pgz =constant

P, 9fd g ST Pressure energy

1 ¢ o ¢
Eva_ﬂ;rﬁr gohls ARG TSt Sl
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2" Energy per unit weight

P v
—+—+z =constant

Pg 28

or Head (Ufa 3eh1g WX St o 9l ) -

%aﬁﬁﬁﬂﬂ?ﬁwwm‘%ﬂﬁ

2
\4

2% _ 9fd ThE R Tfas e 91 kinetic head.

z > 9fd s R feafast =i a1 datum head

34 Energy per unit Mass (

P v
—+-—+gz =constant
p 2

yfa e goaH™ St ) -

P . .
— L 9 3R TTUE @ S

p

2

v .
— _, 9fd s ToHE Tfas el

2

gz RIS SEI'Tl'S: T Teafas s
Bernoulli Theorem ( AT UHT ) :- 39 THT & AJAR TH ﬂﬁ'ﬂ?ﬂ@ (incompressible) fluid
% steady T 3TR¥l Y@ (ideal flow) # fluid # fordlt +ff fog @ e S (total energy) o
Tt ¥ HA S0 (total energy) H F& Soll, Mas Tt qen feufa T (potential energy) @
datum energy wfHe et 2
Fluid % TE 9R &1 S (9 JhR &I

Pressure energy =

Kinetic energy = 2v_

p

Pg

2

&

Datum energy = z

T YHR U €9 § Sl 9 M SR faet s gl

p

w

2
+Y 4+, —Constant
2g

A :- AR FHRO S WEW (conservation of energy) W SHIRE

Application

( 3TTFET)

Far away from the surface
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2 s
Pipe Flow
3. Irrotational
D
A C
B
E,
E,
E,
E,=E,=E_=E_
E =E,=E,
4. Rotational flow:-
D
A
C
B E,
E,
E,

E,=E,#E_#E

E +E+E,
SO (irrotational) YaTe & ot ware H =l = fagsti & #=9 bernoulli's T &1 apply
foran ST wRar 71
UM (rotational) flow & faIT T & stream line T 3Ufe point W Bernoulli equation I
apply a1 ST Fear 21

P v
Total Head= —*++--+2
Pg 28

P
Piezometric Head = g +z
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. &H plate surface & & viscous force ¥ energy loss 8 % @RV & Bernoulli equation
apply &t & Hehd 2l

. Internal flow % IRA pipe flow & center line ® & bernoulli equation valid gt ¥ Pipe
surface W 359 T &7 (highly viscous zone) BF & RO &1 bernoulli equation &I apply
TE F gHA T

. External flow # boundary layer ¥ & &t W% & valid gt

Flow Measurement Devices

(aTE HIUh )
(1)  Venturimeter
(2)  Orifice Meter
Pitot Tube
Arrangements:-
(1)  With Piezometer
(2)  With differential U-tube manometer

(1)  Venturimeter:-

75 f (discharge (m?/sec) & W97 § 3TA Bt 2l

—
(6]
~—"

Throat

Venturimeter
Coefficient of discharge (C )
C,<[0.97-0.99]
QActual
Cd - cheoritical
Construction Details
(HTeATEeR  Taawon)
TS I WM e 2
(i) TF BT ARFEN (converging part)
(ii) Throat
(iii) 3T 91T (Diverging part)
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(20°-289) (5o 7o)

—w

1 2

/\ [Dl Dl}
, Dze —to—

A f i¢ \‘ o : ?
Convergent Divergent
part part

Convergent angle =20° - 28°
Divergent angle=5° - 7°

Length of Divergent part=(3 - 4) x length of convergent part
Converging Part

V>V,
P, <P,
dx
A A,
vV, vV,
P, P,
By continuity equation
AV =AV,
A > A,
V2 > Vl
So P, <P,
: dP:Pz-P1:>-Ve
dP .
I S 0 Flow favourable condition
Diverging Part
2
I/
| A
|
, ¢ >
|
A 5
v, 1 ™
P, N~
I Az
2 v,
P,

B.0.: F-26/A, Behind Honda Pinkcity Showroom
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V2<Vl
P,>P =dP=+ve

dpP

T > (0 - Adverse condition of flow

g9 T&R flow separation T GO S Y G & AU venturimeter & diverging HI T <A

diverging angle BT T W@l & @ convergent 91 &1 @ &1 godl ¥ divergent 91T &t

TR SR W S R

Veturimeter %I piezometer & ¥ installation
Installation:-
With piezometer:-

Reading x 1

(Assume) y 1

(2, - Zl)‘

fﬁr

Theoretical Discharge

(Hgifaer freaRoT)

= o o fR@@ oTHR T gy ¥ offt venturimeter meter W fa=R %% © @9 fluid (water)

YarfEd &1 W@ R

et D, = Inlet | =™ = section (1) W =™
D, = Throat W =49 41 section (2) I =419
p, = Section (1) W <«
p, = Section (2) W

v, = Section (1) W ﬂuld velocity

v, = Section (2) W fluid velocity

>
[

section (1) W &7 = —D2

>
[

, = section (2) T &% = —D2

e D, p,, v, A, section (2) W HTd AF
Section 1 @ 2 T HM HHIH (general equation) T W

2 2
P v b

o (Fan ) B
2g 2g \pg Pg

ch = A1V1 = szz

H.O. : M-28, Madhuban Colony,
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2¢ | A’AZ | =
AZA2
2
Q th— Afl—gi 2gh

AA, —
ch A21 22 Zgh

Actual Discharge :-
Qactual \/ﬂ V h h
AA, h-h,
- —=—2_/2¢h
Qactual [ Ai _ A;
l
C,
Q. =C \/ﬂ ————+28h
h-h
C,= - L
A :-
1. Piezometer & I
h=x

2. Simple difference U tube manometer & 9T
P> P

H.0. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom |
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3. Inverted difference U-tube manometer & T

Pm< P

i
p

Orifice Meter :- 78 f7&R0 (discharge in m?/sec) & HIMHA H SR fohan S 2

Vena contracta [Minimum cross
/ section area where flow become
in stream line (laminar)]

2-3)D, L »05D, D2€ [(04 - 07)D1]

s %% pipe ¥ = (discharge) & AH H use fofan S 2l
* Discharge measurement &I concept $8H venturimeter % T& Bl & wfer ot (orifice
meter) arrangement venturimeter &1 el ¥ T 2l 2

B.0.: F-26/A, Behind Honda Pinkcity Showroom
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TY 99 w1 Bl |1 9T & yuifad e § sufaw afg space restriction H W venturimeter

# ST orificementer H1 IUART a1 1 Fehal B
* Flow separation % %Rl 99 head loss SI<T BT © I THAH disadvantage 2l
« o &3 el flow area =Jq9 il & venna-contracta Seadl €l

® Q
Plate i h
7
%
A
a, a, a, Stream lines
Y
0) )

Venna -contracta

a, = section (1)-(1) W 3TITEI-H1Z &FeA

a, = opening W ATTL-HE &RheT

a, = venna-contracta ™ flow I FITEI-HE &TFA
Hep= Tk (Coefficient of contraction) (C.)==2

0
a, &I find out F difficult B & FHfeT
Section (1) and (2) W T FHRT apply FH T
P V: V] P,

+Z,+—+— =2+-2+7, Y=pP
¥ 2g  2g ¢ (1=s)

2 2
[5+le—(&+zzj _ Vi _V_l
Y Y 2¢g

1 1
Q{—
V; -V} a; azj
h = 22g L= 22g E (Q=a,v, =a,v,)

I L v
th \/H g

Caa

Q. 1s taken as

o - C,a,a94/2gh
actual m

C,=orifice meter & fau Coefficient of discharge [0.62 to 0.67]
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3. Pitot Tube :-
Pitot tube fH pipe A channel & f&&t fag W flow velocity & A9 ¥ I7arT fhan = aren
TR (device)
I 39 fagma W smafa ? & afz fedt point W flow velocity I B St © @ asl oS el

% T Sl H SA=ROT W @ H @l sl 8l

I% THH ARV €9 H T W foF # fRow W ® 9% Tk R (right angle) R qEI H & tube
G

TSt St (kinemtic energy) &1 T sl (pressure energy) ¥ s&eH 9 tube ¥ liquid rise B
2l

Tube # liquid rises & 3T¥R W & velocity # measurement fofa S 2l

|

i

Fig. Pitot-tube
T fog (1) and (2) W feR *w © T899 (2) pitot-tube F1 inlet 7 o fag (1) 399 R *7E
fog 2 QIET ED flgureﬁ ﬁ'@ﬂ'&ﬂ T 2
Let = fag (1) W <@-digal (pressure intensity)
= fog (1) W varE =1 =
= fog (2) W <@ digal (pressure intensity)
v2 =ﬁ§(2)mméﬂ@ﬁﬁ§:fq%
H = liquid & tube % T&TE
h = liquid #1 free surface § tube H rise liquid 1 height
fog (1) a (2) W T FHHOT M T

2
Py Vi, P2, V2
pg 28 pg 2g

But z, =z, as points (1) and (2) are on the same line and v, = 0.

+z,

P1_ pressure head at (1) = H
Pg
5—; = pressure heat at (2) = (h + H)

SRE values Tl HH FHROT (1) § T@H W

2

Vl
H+£ — (h + H)

H.0. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom |
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h =2 orv, =2gh a8 ¥a1f<% (theoretical) o &I

28
(Vi) =C,428h Ig ardfa® (actual) 7H 2
where C, =Co-efficient of pitot-tube

. Velocity at any point v =C_2gh
e -
1. afe Pipe inclined &

e =l )
— _|—=+z, || —+z,
2¢g ~\pg Pg

Kinetic Head =Stagnation Piezometric Head - Static Piezometric Head
2. af¢ Pipe is Horizontal & :-

Z_1=Z2
vi B B
2g T pg pg

Kinetic Head =Stagnation Pressure Head - Static Pressure Head

Relation between C, C and C_

Coefficient of Velocity (3 7uTieh ) (C,) :- I8 vena conctracta ™ liquid jet ST aTEdfaes a7 d=
liquid jet 1 ST ST 1 TG e 81 59 C, ¥ denote foFar s 21

c - vena-contracta W S &1 arfas 9 _ A%
i Tt A J2gH

Where V = Actual velocity

J2gH = Theoretical velocity
THH T 0.95 to 0.99 TF F T
91 I orifice #1 shape, size d ¥Md (head) W Feik e 1
@Al sharp-edged orifices % flt g&eh AM < 0.98 Biel 2

Coefficients of Contraction H=@ TUT& (C):- 98 vena-contracta W jet & &he el
orifice % &FHE 1 SIAA BN ¢ 3R C ¥ denote fFam ST B

Let a = Area of orifice and

a_= Area of jet at vena-contracta

vena -contracta W jet % area

Then C =

ac
c orifice % area a

T 79 0.61 to 0.69 T =il B

TI®T HM orifice ® shape and size 2 liquid % head W M & 2l
T T T 0.64 T S )
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Coefficients of Discharge ( FEERUT TuTih ) (C,) :- 7% orifice % oo fTeewor qen dgif<aeh
TR (theoretical discharge) 1 3T{9@ i 81 3@l C, ¥ denote fam T 21

. Q Actual velocity x Actual area

4 Q.. Theoretical velocity x Theoretical area

_Actual velocity . Actualarea
Theoretical velocity Theoretical area

Cd = Cv x CC
C, =1 | 0.61 to 0.65 T =il 2| WERIEE TE9ET 71 0.62 fomn S 2

Flow through Orifice ( orifice ¥ WaTE ) :- ST ST velocity & A9 o foman S 2

orifice %1 area=a
orifice § jet &I velocity =V
fag (1) 9&1 (2) W Bernoulli equation TH T

PRV BV

A A
Because V, =—2xV, but —2~0 so V, =0
A, A,

_g = (Z1 - Zz)
Vi
2g =H

Vth = y2gH
Vactual = CV \ ng

C, =Coefficient of velocity

Actual Discharge=A xV

actual actual

=CaxC ,2gH =C,a,2gH
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Experimental Determination of the cofficient of velocity for an orifice

(T orifice & Ta@ a7 TNk fehte & T experimental )

v, = v(Velocity in x direction)

I

v, =0(Velocity iny direction)

Velocity at orifice
1
=ut+ - ot?
x=ut > gt
X=Vt ....(1) (Because acceleration in x-direction =0)
1
=ut + - ¢gt?
y=ut > gt
1 2
y=5 gt we(2) (vv=0)

From equation (1) and (2)

THIFT (A) vena contracta W jet & WalE & aIEdfdd 97 H represents F ¢ e Fraa e
(constant head) W dgif<e a7

Vth = ngh

8 YhR coefficient of velocity (C,)

’ X ><
actual 2y ’
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Device Measurement
1. Venturimeter Rate of flow (Discharge)
2. Flow Nozzle Rate of flow (Discharge)
3. Orifice Meter Rate of flow (Discharge)
4. Bend Meter Rate of flow (Discharge)
5. Retometer Rate of flow (Discharge)
6. V-notch Weir Discharge
7. Critical Depth Meter Discharge (open channel)
8. Pitot Tube Velocity
9. Current Meter Velocity
10. Hot wire Anemometer Air and gas velocity
11. Pitometer logs Submarine and ship speed
12. Hydrometer Specific gravity (Relative Density)
13. Tachometer Rotational speed
Vortex Flow
(et yaE )

Fluid mass <1 T&1 gare 5@ fluid fet ffy=a e1a1 & 9Met rotate T 81 vortex flow e
2

Note :-

. I S&d 98 ¢ % fluid mass et f=d 3781 W rotate F & WU-TY 98 3ITP center of
mass % HUY o rotate il

Fluid mass

«— Certain axis

Vertex flow 3 ¥HR &1 86T 2l

1. Free Vortex
2. Force Vortex

1. Free Vortex :- U9 Yag S99 fluid mass &l rotate @ & faIU g 9= torque i AT
R
To =0
T = Rate of change of angular momentum

d-
EJ:O
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j =constant

Mvr =constant
VI =constant

So hyperbolic curves formed

Vo —
T

(i) =@ Flow irrotational il 2|
(i)  sHfaT Bernoulli's equation @F] BRI

2. Forced Vortex :- I8 T8 T&R & flow Bl & &8 fluid mass 1 rotate @M & 7T T ad
torque F1 SETIHAT BT 2

T YR & Yo ¥ fluid mass Th Foa S0 97 (o) ¥ rotate BT 2l
Tea #0
o =constant

v
o=
T

A%
— =constant
r

So linear curve formed

vor

(i) == Flow rotational g &l
(ii)  THfAT Bernoulli's equation @] &l &M

Ex:- Juicer
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CHAPTER - 6
(DIMENSIONAL ANALYSIS)

Different types of forces in a fluid flow system (T T YaTg YUTel ® fafa= &R &
o) -

T YaE 1 Gt & U, el go9HH W N o 9 % o 8 gehd ® a1 frefated § 9
F2 Fall 1 FASH B TRl o

— — — —
—_— — —_—
- — Pressure Force ]
A — .
Viscouse force
Gravity force Inertia Force
Surface Tension
Force due to compressibility (F,...)
1. Inertia Force:- 2. Viscouse Force:-
F.=Ma F =tA
Vv du
F =pl’ = F =u—A
i P T v H dy
L \Y%
= LZ — X =u—1J_2
Fi p T Vv FV p T L
F =pL’V? F =pvL
3. Pressure Force:- 4. Gravity Force:- 5. Surface Tension:-
Fp=PA Fg=Mg F. =cL
= 2 = 3
Fp PL Fg pL°g
6. Elastic Force:-
Fe = KA
Fe = K12

Dimensionless Numbers:-
. Reynold Number
. Euler Number
. Froude Number
. Weber Number
. Mach Number
H.0. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom
e s e, | e e
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@) Reynolds Number (Re)

Inertia Force (F)  pV?L?

Re = =
Viscous Force (F,) ~ uVL
pVL .. . .
Re=— L — Characteristic Dimension
u
Re = PVD Re = PVX
n n
/Z
_’ _____
_’ ______
—_—
/ // 7 { S/
Pipe Flow Surface Flow

Application:-1. Pipe Flow
2. Flow near the surface
) Euler Number (E )

E - Inertia Force (E) \/ pV’L?
Pressure Force (Fp) PI?

E_._Y_
v P/p
Application:-1. Pipe Flow
2. Aeroplane in air
(3) Froude Number (Fr)

Inertia Force (F), \/ pV21? \Y%
p Gravity Force (Fg) “\el’g \/E

v
Fr:@

Application:-1. River Flow
2. Open channel flow
3. Spill ways
(4) Weber Number (We)

We Inertia Force(F,) _ [pVPL2
Surface Tension Force(F,) oL

Application:- Capillary tube
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(5) Mach number (Mc)

M Inertia Force(F,) pV212
~ \|Force due to compressibility (Fy,...) V KL
\Y%
JK/p C
where V - Velocity of flow

C=K/p — Velocity of sound in fluid

Application:- Compressible flow

Note:-

If Mc < 0.3 - Gases flow can be treated as incompressible.
If Mc > 0.3 - Gases flow cannot be treated as incompressible.
If there is no heat transfer

Mc < 1 - Subsonic

Mc > 1 Supersonic

Mc=1 - Sonic

Mc >> 1 - Hypersonic

Fluid Forces:-

« ®T AECH W, F9 I 9% B MG R TgT HH FIT T 2
. 3 A H, 39 9o HigE B e

Badminton, baseball, swimming, cycling, etc.

® & 99 Y@ WA TA

1. Buoyancy 3ScATGhdl

2. Drag— 9dlg w1 feom A

3. Lift» ¥aT8 &1 @™@d (perpendicular) f&om #

Drag:-

e T WA (I A UE) & HEEH G NAHE a%] W TH ae gfkiEs aa

Two types:-

(1)Surface Drag or Skin Drag:- dc1 ¥ e 9 i 9] FH AT I FaHIE W 89 &9 ¥ R
FA &

(2)From drag (Pressure drag) :- A1 % Sufted g & w YeEa e SR e €

Drag force:-

2

A%
FD = CDpA?

where C,=Drag coefficient
pv:
2
A=TaTE & TN & @=Ed 9q8 W body 1 SFIANIA &AF
H.0. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom
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For sphere:-
c
P~ Re
24x 1 nD* Vv?
— X PpX X —
D™ pvD 4 2
F, =3nuDV = 6muRV
Lift:-

« TH net force Sl TS i WUY T FT o0 § Trad wE wl %, Eal represents hdl 2l

- TE o % frod 9 | %9 yaR % wN0 fEd g & fawla val W fafe= gemt g ffa
e 2|

Ex:- Airplane wing (Hydrofoil)

o SN fage & SER : o, <6 % HehAEdrl Bl 2l
TS 9@re o = =1 q@
= e a1 = 3=9 @

Lift Force:-

P
F, = CLpAVE
where C, =Lift Coefficient
Note:- af< dm9& A g
Drag=0
Lift=0

Different types of bodies (fafi=1 v & fig) -

Analysis of drag force (Drag force T fageimun) :-

¥ @ ywr & fuvs @@ -

1. Streamlined bodies :- 3 f47e 5! Mepfd &m0 ¥@ne & WY Wl @ 8 Streamliend bodies

FEA 2l
—_ Ll 0=90°
Flow direction
g |

varE Ht Ayed faen o waifud e

H.O. : M-28, Madhuban Colony,
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2. Bluff Bodies :- Bluff Body &I SH body % &4 ¥ ufafyd feran wmar €, fooeh! Odg ware @ &

1 7 TE T € (FHA TE S §) 99 Y6 ¥ e S € @ e w6 fave w1 uae o Ssueh
SRR @ 9Ed Teet STe Y XA S €, 9% 9€ 9% WHEYH S % @il a9 9 &

HI1 g7, Tive W o0 % SN0 SO S H1 O § 9gd SAEl Bl @1 36 YN U Seid

% fig 99 Pressure Drag, Friction drag 1 TeTl o dgd SHl BIaT € Bluff bodies FEAW 2|

0=0°
Stagnation point
= B
8) 2
T — l 55
—

Projected area in the direction of flow.

Wake - 9 % 9 &1 iR & 11 @ & a1 e €, 99 wake Fel <1 8, IO IR, IR
#1 AR I dgd AR Bl 2

Note :- T 3TE¥ WA & AT sphere ® T | (VA6 & FHHRIV W) T ol T (front) Y
FdH Tt R 19 =Fae gafgd S faR0  FR total form drag I BT
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CHAPTER - 7
(PiPE FLOW)

Pipe:-

qE GHRIG: TH TMARR cross section dlcll Tk el 81 HIH @US &1 FHR, MAHR, TFK,
it snfe & gekar @

y L
—_———————— Air
———————— A e
G ——___WNaterZ
/. e
Pipe Flow Open Channel
YIIIII 4
A —____
24

Viscous force is highly dominant

Re <2000 - Laminar flow

Re Number > 4000 — Turbulent flow

Hydraulic Mean dia:—%

4 p?

. . 4
For circular pipe= _— =D

Hydraulic Mean Depth ()~ oo

2
. . 22 D
For circular cross section, m= =—
D 4
—> —> —> — —
—
— —> — —
g ¢ >l >
< > >
Entry length Fully developed flow
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Head Losses :- 5/ U159 ¥ Tl 1 Y€ il €, 1 0cl &D Wekie o1 9 idl ¢, fen o
T H HD Sl AL € Sl 1 Sl bl T B 1 AR 56 YRR feRA S @)

1. Major Losses (Y@ &If+T)
Minor Losses (&5 ()
Major Losses (Y@ EIFET) :- 98 9ag & = ofafeh =0 & HRO Bl 2|

2
Total Head = r PR
pg 28

Darcy-Weisbach formula :-

fLV? ‘
=2gD A e (1)

where V =average velocity
f =friction factor
f=4f'
f'=Coefficient of friction
Coefficient of friction :-

For laminar flow For Turbulent Flow
.16 ' 0.079
f = R_e f = (Re)1/4
L
f=4f = f= Re

Chezy's Formula

\>
b | |2
= 0
- —————_ " —— £
—_ —o 2 - D
——————————— 4
< L =

V= CJmi
C=Chezy constant

m=Hydraulic Mean depth= %

he
L
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Fluid Mechanics ZONE TECH
hf
V=C,[|—x L
2(D_h¢
41LV? ..
h="=5 ..(ii)
. . f 4 8g
From equation (i) and (ii), w T C= ;

where C=Chezy's constant
g=gravitational acceleration
f =friction factor

Dimension of chezy's constant = (L)"/*T"

Minor Losses:-

s fa@r & wRo B

fTrma & HROT B

s=H fawed & ®RO B

To¥T & RO B

Losses due to bend in pipe.
Losses due to sudden expansion :-

_____ _._1____..2_____
__—‘_’E’J\i\ T
'}
Recirculation zone (P')
Assumption:- P, =P
2
h - (Vl _Vz)
L™ 2g
Due to exit:-
| 3
I
I
-
A =
- 1
| V,=0
I
[
2
h - (Vl — Vz)
L™ 2g
VZ
hL = 2_
g
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(iif)

Due to sudden contraction:-

—_——
-

ZONE TECH

(Vc _V)2
hy= 5
&Y
h — c
L Zg

If C_is not given

0.5V?
h = 2
(iv) Due to entry:-
-
>V _
(v)  Due to pipe bend:-
KV?
h = 29
Effect of K:-
@) Dia:-
\\\\ \\\\\\
VA 11
\ )
1 Y Dt =K|
1t 5P
/7 KA
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)  Angle

01T =K1*
0
(I)  Radius of curvature (R ):-
R,
Rt -K{
Head Loss in terms of discharge:-
fLV?
h,= 2gD r(A)
We know that
Q=AV
Q=,D*xV
4Q
V = TED2 ....(B)
By equation (A) and (B)
o
. nD
£ 2¢D
1 166LQ7 ( 16 =l]
£ 2gn’D’ 2gn” 12
1 fiQ?
b= o

H.0. : M-28, Madhuban Colony,
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Connection in Pipe

1. Series
Parallel
1. Series connection
Q---—=T----q
A— B
f, f, f;
D, D, D,
L1 Lz L3
V, V, V,
Q,=Q,=Q,=Q— Remain constant
h, —h,+ h +h,
2. Parallel connection

Q :Q1 + Qz
h, =h, — Remain constant

Equivalent Pipe:- 98 T v o oIk <o 1 s Wy § f5d gam femor (Discharge)
R THE T el A @

For Series Connection:-

L, L, L,
f, f, f,
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hfeq =h, + h, +h,

fLqu2 f1L1Q2 + szzQ2 4 f3LsQ2
1207, ~ 12D}  12D; 12D

fl, L 6L, fL,
DL - D D D}

- =D’ 5 5
D., 1 2 3

This is known as dupit's equation

For Parallel Connection :- Discharge sigdl ¢ ifhe ¥t =i @ft wredf & 99m &t 2

—Q Id
Q'=3Q I
—Q Id = — D
—Q Id k
Q-Q+Q+Q=3Q

Relation between D and d
We know that in parallel connection

h=h = % = le(;—SS)
D°=9d°
D=(3%)"d
D-=1.55d
If number of pipe are 'n'
D, =(m)?**d
Lines:-

FHA Sl L@ AT Sl YU @
TEeifad @ 3@
Total energy line (ST Hett @) :-

IE UIEY YA H, UEY & faf¥= cross section W total head &1 value F 391H a1et fag &l faam
Clifiee il

. 3 @ eHe yaTE it fKen o 9 aok A Sl @ | 7 R s o el 9 9 eufd 7 e sy
Ex:- 799

==
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2. Hydraulic gradient line (3TSgITeTeh 11 1) :-

. IE URY TAE H, U89 & I cross section W piezometric head F value &1 Tt fag
1 T At YEn Bt

. 3 @ yaE H ke § R a = g ?)

. 3 W@ B HA Sl W@ & A e 2l

«  TF UUF AW % pipe ¥ I8 WU THI ‘FHA Foil W' & AR e 7, SR WE & fRer of
section W T @nstl & = 1 vertical gap Tast T &P value i waw 2l

Power Transmission through pipe:-

LB -

H||— ——-
. __.—V
D
L
At point 1
Energy (Joule) =mgH
Power (watt) = mgH m=mass flow rate=pAV
(Power), .=mgH
output = m g (H - hf)
Poutput = pAVg (H - hf)

L LV
Pout'put: pAVg ZgD

fLV?
— HV -
Pout'put_ pAg [ ZgD j
For maximum power output
dPoutput :0

dv

d fLV®
= | pAe| HV =
e 5]
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3fLV? }

Ag| H-
ong -

pAg (H-3h)=0
pAg =0
H - 3h, =0

h = 3 =33.33% — minimum head losses to fixed maximum power output

(P H-h,

output) max

H 2H .
H-? = ? =6667A)

2H

(P uputtmax= 3 =00.67% — maximum power output

Syphon:-

Vacuum
Summit Pump

Outlet Pipe

A T ol qet g2 UEd € TSl ST Tk Sv4 Sl & SoRd ¥ wH SuE % Sand o
WA I ARG e § fohar S €, i@ 3 SenvE o o e oqer et weEl @ se w1l
S g ST ST B S 2

fag C Sl WA & Seaad &R W 8 'R’ #ea B 9 A® I 1 s §ag & SR fag
C ! @@, fag C W <@ agavedd <@ ¥ %9 & dgifds 9 § C W =« 10.3 M of water
T ¥ fHa1 S Gadl B, difhT arcfas sIaer § 98 3« Had 7.6m of water a1 10.3-7.6 = 2.7m
of water gl 2l

4fg C W T 2.7m of water @ wH & a1 & d Teit g v 3R o= T ot 9 @l on <
3R R (summit) | THEE &

P P P
S >V _s _ .
oz pg o8 =Pressure head at summit
[PJ Ly L V head
= = T pr T
). = pg og apour pressure hea
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CHAPTER - 8
(LAMINAR FLOW)

Laminar Flows

! ! !

Flow in between Laminar flow Correction factors
parallel flat plates through pipe

1. |9 flat plates & Hed UATE :- fo & fS@M STOR t g0 W I TARR @2 H Hedd SIS
Tl e & WA TH TIE 59 a4 G A SR e v ¢ el feR we ¥y o W T fluid
element F HeTH B ¢ SR TR dx TN HEE dy T

T .
MR, AN, A
l dy¢ dx

Width=1

[H_dy](dxxl)

t(dxx1)

Momentum Equation in X-direction

FPX + ch + FVX:FiX

de—(P +@dxjdy—rdx+[r+ﬁddex =dma,
ox oy

No change in a_due to uniform cross section and laminar flow = a =0

oP o
~ 5 dxdy + oy dydx=0

oP Ot

ox T oy
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ZONE TECH

For Newtonian Fluids

of,0u)_®
oy\"ay )™ ox
Fu_op
Mayz ~ ox
Fu_1op
dy* T uox
Integrate it
ou  10P
vy =uax Y TG
Again Integrate it
1
= o
Apply Boundary conditions:-
at y=0,u=0
C,=0
at y=H,u=0

u=- 2+ Cy+GC,

1 opP
u= —E&[Hy—yz]

T UHR B9 $T THd ¢ 1% 9 # WEHEA WEd 2l

LLL Y4

A 4
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Maximum velocity
at H u=u
y_ 2 4 ~ Tmax
_ 2
LAy n
max— 2 0x 2 4
1R H
Unax= 2p ox 4
-H? oP
umax: 8“ Ox

Mean velocity:- (Mass flow rate same at this velocity)

2

H
m:jp(dyxl)u -
’ Width =1

=—— |(Hy-vy*)d
mesn= 2 Xl( y-y*)dy
-1op |H' H
H. Umean: 2uox | 23
Q 3
HU -_L®H
mean = oy ox 6
_ _H2 @ _ Umax
mean™ 12y ox 1.5
= Umax ~ 1 5 Umean

Pressure Drop:- (Head Loss)
Pressure drop ® &1 HI®4 7 & STEAM W 2l

—H? @
mean 12” Ox

Flow direction
[ S

— 1, .o

—_—

T 777777
— L—
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12p U
“HZ mean Jy _ _ dP
Integrate it

L 2
%J‘dx _ —J'dP
H 0 1

12“ UmeanL
H2 :"(PQ'PJ
12p U__ L

Hzmean :Pl - P2
P,-P, 12uU, L

mean

pg ~  pgH’

P P 12uU,. L
I f incli . [—1+Z J_(_2+Z Jzﬁzh
n case of inclined og og 22 pgH’ ¢

Shear stress distribution (= fase faawon) :-

TH YR BH FE GHd ¢ % Hdd Ufded & faawor &) Wera WEE feRd g2 2

T= Thnax

4 Y4 4

A A A

1777777777 7777777

Laminar flow through pipe (937 ¥ SRR ¥am®) :- R 552 &1 & TS TIET HT T RIS
St for fa o fe@men T T v9H 39 99 § 9 © Il SR yented ® @1 81 r e @ & fluid
element T FHTUAT HITTT TN TUHR! =g dx AW

L LLL LS

L
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dx »>

&
<

2
Prr @ Solid cylinder@4— (P + oar dxj (nrz )
ox

t(2nrdx)

X-feem # momentum equation ¥

prr® — (P + 8_pde nr® —t(2nrdx) =dma_

Ox

Teh WHM FIIEI 1 U1 laminar flow & %R (a =0)

[ﬂdx

Ox

}Trz = 1 2nrdx

—rob
Y72 ox

T=1

max

4 VIPIIIIIIVA

(7777777777777 777

Velocity Profile (7 WIRTEa) :-

. . d
For newtonian fluid t= ud—;

By equation (1) and (2)

pdu _ —roP
dy 2 ox

ou

rop

dy ~ 2p ox
y +r=R
dy +dr=0
dy=-dr

-ou

Integrate it

—-r OP
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Apply Boundary condition
At r=R, u=0
R? oP
C= Tanox
P R
u 4p o0x  4p ox
1 oP

T YHR B9 HE GFd ¢ T 9 # WhEd WaEs TEEd 2l

Maximum velocity (31fereraa o) :-
r=0

R? 0P
U

4 ox

U:Um{l—(;ﬂ

Mean velocity (HTe= a) :-

max

dmu

2
U=U__ {1 —%}

r'n :J'drh
dm =p(dA)u

=p(2nrdr)u
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2U,, f r’
Umean - R2 -([ _r_[FJi|dr
20U, R?> R?
Umean B R2 2 4
~2U R?
Umean R2 4
Umax
mean 2
_Rfop
mean 8“ Ox

Pressure Head Loss (& 98 1) :-

1 D -2
A 4
I¢ L »
__RPop
mean 8“ Py
__Dpe
mean 32“ ox
3R2uU0__ dx
u Dr;ean —— dP
Integrate it
32uU f 2
SEmen [dx = —[dP
D 0 1
32 M UmeanL
B =P, -P,

mean

Pg pgD?
Darcy-weisbach & Hagen Poiseullie:-

P,-P, 32uU,_L

— Hagen Poiseullie's equation

32 H UmeanL
= pD%g

fLuz,, 32pU,,L

2gD pgD’
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We know that

f=4f':>f'=£

0%
f_Re

_16

f Re

where

64
x

1

4

f =friction factor

f' =Coefficient of friction

e =i %t o H w9 IA K @ R st equation T SWIFT X A R

Wall Shear Velocity (V*):-

1 2,
IR §
_r op
t= ox
Shear at wall
At r=R, T="T,
_RoP
%o 2 0x
P2
ox ~ R
2 L
—J.dP = zjJ‘dx
1 R 0
2
P -P,=rL
P -P, 2tL
pg  pgR
4t L
£~ pgD
fLV? 4L
2¢D ~ pgD
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—
T fV?
FO 8 (1)
T f
*: — _ V _
el
Wall Shear Stress
T _ 2£
R
fpV?
‘CO =

Correction Factor:-
M omentum Correction Factor () :- I8 IRdfde o7 W MRA Ffd YHUS o€ S momentum
A 3 W MIRd e X %1 momentum 1 U Bl 8| Seleh UM FIE THE el B

LLLL LLLL Y4

dmu

i

dm = p(2nrdr)u

Actual momentum / sec. through the pipe cross —section

Momentum / sec. on the basis of mean velocity
through same cross —section of pipe

202 % rt o 2r’
e L
R2 max 0
4
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Energy Correction factor or kinetic energy Correction factor ( o ):- I8 aTEi(deh o T AR
YdTE ST 1 TS el qe S o IR MeIid YaTE <X T A Sl 1 S el § Sefeh STIe
FE TAA B T

Actual kinetic energy / sec. through the pipe cross —section

*= kinetic energy / sec. on the basis of mean velocity
through the same cross —section of pipe
R
Ildmuz
02
o = 1
n mUrznean
2

TR i W

2 1
o= FXSX—RZ
a=2.0

Laminar 2.0 1.33
Turbulent | 1.33 1.2
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