Total Pressure: It is defined as the force exerted
by a static fluid on a surface (either plane or
curved) when the fluid comes in contact with the
surface. This force is always normal to the
surface.

Center of Pressure: The center of pressure is
defined as the point of application of the
resultant pressure on the surface.




Energy in fluid flow = KE + PE + Internal energy

A body of mass m when moving at a velocity V, KE = %sz

1
KE per unit weigth, . = Y von — 25

expressedas NNm/N =m

True KE v?2 . ..
. = a —, where a is KE coefficient
Weight 29

True KE per unit weigth,

A fluid particle weight W situated a distance z above datum
possessesa PE = Wz

Thus, PE per unit weight =z N.m/N(i.e.m)

Ain internal energy I/(change in temperature) per unit weight = heat generated
by fluid friction (frictional loss of energy, h; + external heat added or taken out
from fluid, Qp).

Thus, Al = I, — I, =§(T2 —T,) =h, +Qy



Energy Equation for Steady Flow of any Fluid

AE = Ey; — Eiyy = Egectionz — Esectiont
= (KE + PE + IE)sectionz— (KE + PE + IE) section1

= Y242ds; (a3 % + 23 +Iz) — y1 Ardsy (ay %"‘ zq +14)
According to the First law of thermodynamics, Work done + Heat = AE
~Work done by pressure forces+shaftwork + Heat = AE
(p2A2ds; — py A1dsy) + vy Ardsihy + v, A1ds1Qy = v24,ds,(a; %"‘
z +I3) —y1 Agdsy (a5 E +2z,+1)
Considering y1 A1ds; =Yy,A,ds, and d|V|d|ng by 1 44 dséand Y2A4,ds,

(p_z_&)"l'hzvﬁ'QH—(“zV +Zz+12)—(“1v + 2z +h)
Y2 "N 29 29



Energy Equation for Steady Flow of Incompressible Fluids

(%_Z)+hM+QH_(a2 v +2z,+1,) — (a1 i +zl+11)ForanyfIU|d

For incompressible any fluid y; = ¥, = y. And assuming & = unity (introducing
little error)

2 2
p1 Vi P2 V3
Z]_+ Y +Zg+hM+QH= Zz+ Y +Zg+(12—11)
P1 Vz P2 V2
(h+ 1+E)+hM+QH_(y2+ +2g)+hL+QH

P1 VZ) (pz Vz)
+ 2z, + + hy = + 2z, + +h
(h 29 3 V2 29 g



Energy Equation for Steady Flow of Incompressible Fluids

If there is no machine beween sec 1 and 2 and if no het is gained or lost then the
energy equation for incompressible fluid becomes

P1 Vz) (pz Vz)
+ 2z, + + 2z, + + h
(Yl 29 Y2 2g g

2
If head loss is neglected ( + z; + Vl) = (%2, + 7z, + %)
2

2g
4 VZ
—4+zZ 4+ — | = constant.
Y 2g
Both these forms are Bernoulli’s theorem

vi

For channel flow, z; + h; + a; =— —ha =2z, + h, + az + hy

Here, a; and a; are the KE coefficient and h; and hz are the depths of
flow in section 1 and section 2 respectively.
Each term represent energy in m-N/N or m-kg/kg or simply in m.



Energy Equation for 1D steady flow

Toal energy at the upstream section is equal to the total energy at the
downstream section plus the frictional loss of energy h¢ between the two
sections.

H1=H2+hf
i PLog Vi, P2, V2
For pipe flow, z, + ” +a129 =Z; + » +azzg+hf
Vi V3
For channel flow, Zl+h1+a1ﬁ =2z, + hy, + ay ﬁ+ h¢

Here, a; and a, are the KE coefficient and h; and h, are the depths of
flow in section 1 and section 2 respectively.

Each term represent energy in m-N/N or m-kg/kg or simply in m.



Hydraulic Grade line and Energy Grade line

The pressure head, 5 can be determined by piezometer tubes or pressure gauges.

Elevation head plus pressure head, z + 5, is known as piezometric head.

The line joining piezometric heads is called Hydraulic grade line (H.G.L).

2
Total head is equal to the sum of three heads, z + l]—: + lzl—g
The line joining total energy or head is known as the total energy line (T.E.L) or the energy

grade line (E.G.L).

The total head is indicated by Pitot tube, the line joining the liquid levels in Pitot tubre is
the total energy line or energy grade line.

2
T.E.L lies above H.G.L and the distance between these twoline is the velocity head, g—g.



ONC-aNmMensional siciauy uow.

(a) Pipe flow (b) Channel flow



Power consideration in Fluid Flow

: : w Ener Ener weight
Power P, is the rate of doing work, P = — = — 9Y = =9 o T8
t time weight time

P =H X G = HyQ in N-m/s, or Joule/s, or Waat

: __YQH
Kilowatts = 1000

Where, ¥ = unit weight of fluid, in N/m3
Q =the rate of flow in m3/s
H = the energy head in m

In this eqn H may be any head for which the corresponding power is desired.
To find th epower extrcated from the flow by a turbine, substitute H by h;.

To find power loss because of fluid friction, substitute h; for H.

V2
To find power of a jet substitute ifor H where V; is the jet velocity.
YQH

Horse power is a measure of power in MKS units and is equal to m-kg/s, HP = ==



A 15 HP pump working with 80% efficiency is
discharging crude oil (sp gr. = 0.90) to the over head
tank as shown in the Figure. If the losses in the whole
system is 1.5 m of flowing fluid, find the discharge.

2 2
Pa VA Pg VB
Zg+—+ o+ Hpump =2p+ —+ =+ hps
.4 4500 _— O e AL Here,z, =4m,zg = 25m
“*T9p0 TO T Hpump = 25 TOFOF L pa = 4500 -2,
“ Hpump = 17.5 pp = 0 (atmp pressure)
Va_ Vg .
QH 900X0X17.5 29 and 24 '€ negligible.
y .
Now, HP = ;;ump or, 15X 0.8 = = hias=15m
m’> = 0.09 x 1000 = 900 -2
~Q=0.0571" You = 0. =




A turbine T draws water from a reservoir EL150m A

through a 1 m dia pipe and discharges through
another pipe of same dia into tailrace B. The
head loss from headrace A to the turbine is
found to be 10 times the velocity head in the
pipe and that from the turbine to the tailrace B
is only 0.5 time. The discharge is 1 cumec.

(a) Calculate the pressure heads at inlet and exit
of the turbine

(b) Compute thepower given by the water to the
turbine in HP and KW

© draw the DGL and EGL

]
EL105m

&--m. ‘ -- a

EL100m

S5 SR




eL1som A

(a) Calculate 2 and £ of the turbine ; .. : -‘. .~ Hﬁ:«.
v T ]
(b) Compute Py, pine in HP and KW : tat s
L
IR P .

Zy=150m,zz =100m, z; =z, = 105m L 105 m \ ¥
Pa=0, pg= 0 (atmppressure), V4 =0,Vg =0 ‘A
Vope=lo Ly —1273% e )

pipe = 4 n% - s’ T AN
, : vZ _ (1.273)% _
~Velocity head, 29— 2x981 0.0826 m

2
So, hfa_; = 10 X ;’—g =10 x 0.0826 = 0.826 m
VZ

hfep=0.5 e 0.5 x 0.0826 = 0.413 m




(a) Calculate 2 and ':f of the turbine

Pa Vi Pi | Vi
Zy+—+ Zi+—+—+h
AT T g THT Yy Ty T A
150+o+0—105+':;+00826+0826

% = 44.0914m of water

pe Vg pB VIZS'
Zo+—+-—=2zg+—+—+hg,_
ety 29 BTy T2g 1B
Pe

105+7+0 0826 =100+ 0+ 0+ 0.0413

EL150 m A

R L
e s
naL

Ha = 4-0n

EL105m

e

EL100 m

% = —5.0413 m of water



EL150 m A

(b) Compute Py pine in HP and KW | N .o m = —
2 2 . "‘%1‘
Pa Vi re Vg
ZA+]/+29_Ht=ZB+y+zg+hf’A_B o — "h'.ﬁ
i
150 + 0 + 0— H,= 100 + 0 + 0 + (0.0413 + 0.826) e €)=
' 9--&. '.* m- A
s~ H;=49.1327 m of water B 100 m BY ALty
H 1000x1x49.1327
NOW, Pyyppine (HP) = Lot = 1090XCX = 655 HP

75 75

__YQH;  1000x9.81x1x49.1327




Cavitation

Pressure greater than atmospheric pressure

*

Gauge
pressure
(positive)

< Atmospheric pressure

Barometric
pressure

Absolute
pressure

Gauge pressure
- vacuum(negative)
w

4. Pressure less than
atmosperic pressure

Absolute
pressure

- —————————————————\ > L, =1
Absolute zero pressure



