Fluid Mechanics 10CV35
VTU QUESTIONS PAPER SOLUTIONS

PART-A

UNIT-1: BASIC PROPERTIESOF FLUIDS

Q.1 Definethe following fluid propertieswith units: (July 2014,2015)

i) Mass Density
i) Specific Gravity
iii) Dynamic Viscosity
iv) Vapour Pressure
V) Capillarity

Ans:

(i) Mass density or Specific mass (r ): Units: kg/m®
Mass density or specific mass is the mass per unit volume of the fluid.

Mass

P= Volume
M dM
Vv dv
(i) Specific gravity or Relative density (S): Units: No-unit

It isthe ratio of density of the fluid to the density of a standard fluid.

Ptiuid
S=
Pstandardfiuid

(iif) Dynamic Viscosity: Units: m >— or m Pa-S

m

Viscosity is the property by virtue of which fluid offers resistance against the flow or
shear deformation. In other words, it is the reluctance of the fluid to flow. Viscousforceis
that force of resistance offered by a layer of fluid for the motion of another layer over it.
‘F" is the force required to move the plate with a velocity ‘U’ According to Newton’s law shear

stress is proportional to shear strain.
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Coefficient of Viscosity or Viscosity of the fluid.

(iv) Vapour Pressure: Units: N/m? or Pascal

Vapor pressure is defined as the pressure at which a liquid
will boil (vaporize) and is in equilibrium with its own vapor
(Refer figure). Vapor pressure is important to fluid flows
because, in general, pressure in a flow decreases as velocity
increases. This can lead to cavitation, which is generally
destructive and undesirable. In particular, a high speeds the

local pressure of a liquid sometimes drops below the vapor

pressure of the liquid. In such a case, cavitation occurs. In other words, a
"cavity" or bubble of vapor appears because the liquid vaporizes or boils

the location where the pressure dips bel ow the local vapor pressure.

(v) Capillarity: Units: Capillary rise is measured in ‘m’ or ‘cm’

Capillarity is the phenomena by which liquids will rise or fal in a tube of small
diameter dipped in them. Capillarity is due to cohesion adhesion and surface tension of
liquids. If adhesion is more than cohesion then there will be capillary rise. If cohesion is
greater than adhesion then will be capillary fall or depression. The surface tensile force

supports capillary rise or depression.
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Q.2. A 150 mm diameter vertical cylinder rotates concentrically with inside another
cylinder of diameter 151.0mm. Both cylinders are 250mm high. The space between
the cylindersisfilled with a liquid whose viscosity is unknown. If atorque 12 N-mis
required to rotate the inner cylinder with at 100rpm. Deter mine the viscosity of the
fluid. (Dec2013,July 2014)

Ans
Iq = 151mm

Given N = 100 RPM r J€—D = 150mm—34 1
u=p><D><N =pXO'15><1OO:O.786m/S

60 60 Fwe
N 2
D; =151mm

dy = (.51

D =150 mm
L = 250mm _
L = 2501min

Torque T =12 N-m

Torque T =Fxr

12:F><( 150 J

2x1000

Shear Force F= 160 N

F =t xA:mxd—uxprxL
dy

0.786
0.0005

160 = mx

xp x0.15x0.25

m= 0.8635 N-sec/m?

Q.3 Definefluid. Distinguish between liquids and gases. (Dec 2013,Jan 2014)

Ans:-Fluid: A fluid is a substance which deforms continuously under the action of
shearing forces, however small they may be. Conversdly, it follows that: If a fluid is at
rest, there can be no shearing forces acting and, therefore, al forces in the fluid must be

perpendicular to the planes upon which they act.
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Shear force, F el

Fluid deforms continuously under the action of a shear

_dF,
= aA, = f (Deformation Rate)

T

Liquids: It exhibits a free surface, Takes the shape of the container, practically
incompressible

Gases: It occupies the full space, compressible and lighter than the liquids

O
Free surface o o ©

0
T~~<_ _-1 -
j| Tt \
\

=~

=~
=~

k I

\ ]

\ I

f 1

(a) Solid (b) Liquid (c) Gas

Q.4 Explain the phenomenon of surface tension. Derive an expression for pressure
inside aliquid droplet (Dec 13, Jan 2015)
Ans:

The phenomenon of Surface tension: It isaforce per unit length experienced by liquids at
free surface due to imbalance of molecular forces at the interface of liquid —gas interface.
Theliquid surface at an interface appears to acts as a stretched el astic membrane.
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44— A molecule
=S on the surface

Pressure inside a Liquid &
droplet: Liquid droplets tend to
assume a spherical shape since

a sphere has the smallest ___}-A molecule

surface area per unit volume. inside the
liquid

The pressure inside a drop of
fluid can be calculated using a
free-body diagram of a
spherical shape of radius R cut in half, as shown in Figure below and the force
developed around the edge of the cut sphereis 2zRc. This force must be balance with
the difference between the internal pressure pi and the external pressure Ap acting on
the circular area of the cut. Thus,

21Ro = AthR2

2xs  4xs
R D

Ap = (pinternal ~ Pederna )=

Molecules on surface

Altractive forces|
Surface l

Aprit

Q.5 A cylinder of 120mm diameter rotates concentrically inside a fixed cylinder of
diameter 125mm. Both the cylinders are 300mm long. Find the viscosity of theliquid
that fills the space between the cylinders if a torque of 0.9 N—m required to
maintaining speed of 60 rpm. (Dec 2013)

Solution: Given: D; = 120mm, D, = 125 mm, L= 300mm, N= 60 RPM, Torque = 0.9 N-m

y:M =25x10°m
2x1000
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120
2x1000

Torque T:Fx%:O.Q:Fx
F =15N

120

Area A = mxDxL=mx 0 x0.3 = 0.1131n7

v PDN _px0.12x60

=0.377m/s
60 60
V. F ( 0.377 j
t=m—=—=m ———
y A 2.5x10
15 ( 0.377 J
- =m| —
0.1131 25%x107°
m=0.88 N-sec/m?
Q.6. Write units of (i) Surface tension (ii) Dynamic viscosity (iii) Power (iv)
Momentum and (v) Pressure (July 2013, Jan 2014)
Ans:
i) Surfacetension - N/m
i)  Dynamic viscosity -N-¢m? or Pasec
iii) Power - Watts or Joule/sec
iv) Momentum and - Kg-m/sec
) Pressure. - Paor N/m?

Q.7 lllustrate capillary rise and drop with appropriate sketches clearly indicating
thefluidsinvolved in each case. (July 2013, July 2015)

Ans
Capillary Rise

Water
{ oecEitiveh i Presciative
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Q. 8 A thin plate is placed between two flat surfaces ‘h’ cm apart such that the
viscosity of the liquids on the top and bottom of the plate are pi1and pzrespectively.
Determine the position of the thin plate such that the viscous resistance to uniform

motion of the thin plate is minimum. Assume ‘h’ to be very small.

Ans.The pull required, to drag the plate is minimum i.e. (55)

(July 2013)

minimum

— LIS LIRSS

h| —

<

NN NSRS

To determiney = ?, when (F1 + F2) is minimum. As per Newton’s Law of Viscosity, the

sheer force F is given by,

Shear Force'F'=m d_u x A

Shear forceon bottom plate AV
F] =
h y
Shear force on bottom plate
AunV
B2
2 y

\ Total forceF = (F1 + F))

dy
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Anp,V Ap,V
+

F =
h— ¥ y
: dF
For F to be min . = )
dy
dF
=
dy
_ YV p,A . N oA
A — ¥ ) y?
(h— y) _ony
}’: _u:
h'_}"_ i
Y a o,
1

h

I
el

T_"I
+

Q.9 List the differences between liquids and gases. (July 2013, July 2015)

Ans.Differences between Liquids and Solids: The differences between thebehaviour of
Liquids and solidsunder an applied force are as follows:

e For asolid, the strain is a function of the applied stress, providing that the elastic
limit is not exceeded. For aliquid, the rate of strain is proportional to the applied
stress.

e The liquid has free surface and acquires the shape of container while solid has
defined boundaries

e Thestraininasolid isindependent of the time over which the forceis applied and,
if the elastic limit is not exceeded, the deformation disappears when the force is
removed. A fluid continues to flow as long as the force is applied and will not
recover itsorigina form when the force is removed.
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Free surface
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(a) Solid (b) Liquid
Q.10.What is capillarity? Obtain an expression for capillary rise of aliquid in aglass
tube. (July 2013)
Ans:

Capillarity: Capillarity is the phenomena by which liquids will rise or fal in a tube of
small diameter dipped in them. Capillarity is due to cohesion adhesion and surface tension
of liquids. If adhesion is more than cohesion then there will be capillary rise. If cohesion
is greater than adhesion then will be capillary fall or depression. The surface tensile force
supports capillary rise or depression.

Let us consider a small tube of diameter ‘D’ dipped in a liquid of specific weight
g. ‘h’ is the capillary rise. For the equilibrium,

aCose Tosh
3] 10
G ‘é\ ;7' s}

A

e

Vertical force due to surface tension = Weight of column of liquid ABCD

(6CosO)mD) = y X Volume
(sCousq)pD =g xpzx D x N
_4s Coyy
gD

h
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Q.11 A 50mm diameter and 0.10m long cylindrical body slides vertically down in a
52mm diameter cylindrical tube. The space between the cylindrical body and tube
wall isfilled with oil of viscosity 1.9 N-s/m?. Determine its velocity of fall if its weight
iS16N. (July 2013, July 2015)

Ans: Given p = 1.9 N-s/m”, Dy= 52mm, D, = 50mm, L = 0.1m, W = 16N
Theoil gapisy = (5—2;5—0) = 1mm = 0.001m

ShearForce=W=16N = x A= 19( pr DL= 15{ J px— x0.1
0.00 1000

U=0536m/s
pl = 1.9 N-s/m’
Oilgap. /|:| :l\
v = 1l Z | w I:‘:f
] ‘!‘El:LT'_I - 0.10 m
5 I
! i
_ S0min
k’5211‘l1i‘l‘a
Q.12.Define and mention unitsof (i) Surface tension (ii) Kinematic viscosity (iii)
Density (July 2013, Jan 2014, Jan 2015)
Ans:
(1) Surfacetension - Unbalanced force at the air-liquid interface N/m
(i) Kinematic viscosity - Ratio of dynamic viscosity to density m?/s
(i)  Dengity - mass per unit volume kg/m®

Q.13 Calculate he capillary rise in a glass tube of 2.5mm when immersed in
mercury. The temperature of the liquid is 20°C and the value of surface tension of
mercury at 20°C in contact with air is 0.5 N/m. the contact angle for mercury q =
135°  (July 2013)

Ans; Given; d =2.5mm = 0.0025m, c = 0.5 N/m, 6 = 135°

4xs xcosq  4x0.5xc0s135’
g, xd 13.6x9810x 0.0025

The capillary rise h= =-0.00424m=—-4.24mm

h =-4.24 mm (capillary depression)
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Q.14 Two fixed parallel plates are 2.5cm apart. The space between the surfaces is
filled with oil of viscosity 0.8 N-s/m?. A flat thin late of 0.5m? area moves through the
oil at a velocity of 0.6m/s. Calculate the drag force when,
() Plateis equidistant from both the planes
(i) Plateisat a distance of 1cm from one of the plane surface
(July 2013, July2015)

Ans: Given: Oil Viscosity 0.8 N-§m? A = 0.5m?, V = 0.6m/s
Case-1 When the plate is equidistant from both the planes

Total force ‘F” = (F1)iop + (F2)bottom

Case-1 When the plate iz equidistant fi-om both the planes

for equidistant F, = F,

- e e . > e
Total force ‘F” = 2x(Fy)p - EQ.1 e _ o .
——
(Fl)top =t;x A=mx (S—u] \ 125em  Fvormm
" NN NS N =

0.6
(Fy)o, = 0.8x (010125) x 0.5

Force required to pull the plate F = 2x19.2 = 38.4 N
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UNIT-2: PRESSURE AND ITSMEASUREMENTS

Q 1 Stateand prove Pascal’s Law (July 2013, 2014, jan 2015, July 2015)

Ans:Consider asmall vertical cylinder of fluid in equilibrium, where positive z is pointing
vertically upward. Suppose the origin z = 0 is set at the free surface of the fluid. Then the

pressure variation at a depth z = -h below the free surface is governed by

(p+Ap)A+W = pA
ApA+rgAAz=0

Ap = - gAZ
d d = 8 r
P_rg o P-oyg Eq@) (asaz- 0) = :
dz dz
Jlf
Therefore, the hydrostatic pressure increases :
Linearly with depth at the rate of the specific weight II j:q e

v = pg of thefluid.

Homogeneous fluid: p is constant
By simply integrating the above equation-1:
J’dp:-J’rgdz p=-rgz+C
Where C is constant of integration
When z = 0 (on the free surface), p= C = po= (the atmospheric pressure).
Hence, p=-rgz+p,

Pressure given by this equation is called ABSOLUTE PRESSURE, i.e., measured above

perfect vacuum.

However, for engineering purposes, it is more convenient to measure the pressure above a
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datum pressure at atmospheric pressure. By setting po= 0,

p=-rgz+0=-rgz=rgh

The equation derived above shows that when the density is constant, the pressure in a

liquid at rest increaseslinearly with depth from the free surface.

For a given pressure intensity ‘h” will be different for different liquids since, “y” will be

different for different liquids. h=—
g

Q.2 With neat sketch, explain Bourdon’s pressure gauge (July 2014, Jan 2015)

Ans. Is a device used for measuring gauge pressures the pressure element is a hollow

curved metallic tube closed at one end the other end is connected to the pressure to be
measured. When the internal pressureisincreased the tube tends to straighten pulling on a
linkage to which is attached a pointer and causing the pointer to move. When the tube is

connected the pointer shows zero. The bourdon tube, sketched in figure.

Hourdoa /
ke

High presue

It can be used for the measurement of liquid and gas pressures up to 100s of MPa.
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Q.3 An open tank contains water up to a depth of 2m and above it, an oil of specific
gravity 0.9 for a depth of 1m. Find the pressure intensity (i) At the interface of the
two liquids (ii) At the bottom of thetank  (July 2013,Dec 2014, July 2015)

Ans:

- Pressure Intensity at ‘A’ g S»-Groi=08

A
pA:O T

lm

- Pressure Intensity at ‘B’ B

PB = Yail X Hail

2m
ps=0.8x9810x1 ;L
pPe= 8829 N/m? cC

8820 Nn? = 19620N/m’
- Pressure Intensity at ‘B’ _ 28449N

Pc = Yoil X Hoil + Ywater X Hwater

pc= 8829 + 19620 = 28449 N/m?

Q.4 What is manometer? Distinguish between U-tube differential manometer

inverted U-tube differential manometer. (Dec 2014,July 2015)

Ans

Monometers are used to measure intensity of pressure at a point. They are connected to

the point at which the intensity of pressureis required. Such apoint is called gauge point.

Common types of simple manometers are:
a) Piezometers
b) U-tube manometers
¢) Single tube manometers

d) Inclined tube manometers
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A U-tube manometers consists of a glass tube bent in U-Shape, one end of which is

connected to gauge point and the other end is exposed to atmosphere. U-tube consists of a
liquid of specific of gravity other than that of fluid whose pressure intensity is to be

measured and is called monometric liquid.

Manometer

reading Manometric

- liquid Battaasaies
: >
Y o — =

Z e - E Y 7

s =2 E 3

A 4 E Y

- — = ﬁ:

Tank ?"" - = 7

77777777,

An inverted manometer consist of glass but in the shape of inverted U. It is normally used
for measurement of differential pressure when the flowing liquid is heavier than

manometric liquid. Example water as main liquid and the Air as manometric liquid

NANANN HHHH

NN R

7
77777777/
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Q. 5Find manometer reading ‘h’ for the Fig.Q2 (c) shown below: (Dec2013)

‘fé,‘é!“‘ @2 oy (10
Ah | s
tm [ o\l -
1 ﬁiu%{ }f[‘ﬁﬁT_E‘@ T
B ekl s R
SN A H . 4

Meﬁc-'-l'l'} (5 - ]3‘1’.’.}

Fig. Q2 (¢)

Ans. The equivalent pressure head at ‘A’ and ‘B’ is given by,

ha _Pa_ B g s3mof water 15K8 3
g 981

o F“!'F'; U{ﬂt'ﬂ'“.}
Ps _(-2) _

hy =— =-0.204mof water
g 981

. T~ =
Taking line x-x as datum im | m:.. — f

—* "—_E'L.B:Hr WATER | |
(Using pressure head and S1H1) Ifﬂ' z T# - 3
for liquid columns i

C D4
he = hp X X
Megcury ($=13¢)

1.53+ 1x0.8+1.5+h = - Fio. 02 (¢)
0.204+2x1+13.6h o
h=2.034m
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Q. 6 Fig. shows a glass funnel fitted to a U tube-manometer. The manometer reading
is0.25m when the tunnel is empty what isthe manometer reading when thetunnel is
completely fitted with water ? Take funnel height = 2m.(July 2013, Jan 2015)

Ans: Given: hy = 0.25m (mercury deflection),
Funnel Height = 2m

Consider the vessal to be completely filled with water.

Equating the pressure heads about the datum line X — X, we get

hiS; = S or hix 1 =250 %x13.6 or hy = 3400mm

Let the mercury level go down by ‘y” mm in the right limb. Now the datum lineisZ - Z.
Equating the pressure heads above the datum line Z — Z, we get,

(250 + 2y) x 13.6 = (h; +y + 2000) x1
3400 + 27.2'y = 3400 + y + 2000

y =76.3mm = Im i
Thus the reading of the manometer when the &=
vessel is completely filled with water = (250+2y) _ ‘E_‘_ 2 =
(250+2x76.3) = 402.6mm ==—="]

Hence the manometer reading is = 0.4026m @50+2y |

250mumn

Vessel is Full of Water

Q. 2.7What ar e mechanical gauges? Give examples.(July 2013, july 2015)

Ans. Mechanical gauges: Mechanical gauges are the devices used to measure pressure at
a point. Mechanical gauge consists of an elastic element which deflects under the action
of applied pressure and this deflection will move a pointer on a graduated dial leading to
the measurement of pressure.

Examples: (i) Bourdon gauge (for gauge pressure)

(if) Vacuum gauges (for —ve gauge Pressure)
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Q.8 Explain gauge, absolute and vacuum pressures. How will you determine
absolute pressure from the gauge and vacuum pressure? (July 2013,July14,jan 2015,

July 2015)

Ans:
Absolute pressure a a point is the

intensity of pressure ((pa)absolute 1N Figure)
a that point measured with reference to
absolute vacuum or absolute zero

pressure.

Gauge Pressure: If the intensity of
pressure at a point is measurement with
reference to atmosphere pressure, then it
is caled gauge pressure at that point
((pa)gauge in Figure).

Staredard
atmosphiese

101.3 kPa
14.7 osi
30.0n. He
Te0 rum Hg
341 H.0
1012 bar

|6} 730 W dewerth Graip. Thorsnrt sasing

Iy ibsolute

Zero adsolule
pressuce

T atnusphere

P, sags negative)

i absolete
Fi 3

p= 10 absolute

Gauge pressure at a point may be more than the atmospheric pressure or less than

the atmospheric pressure.

Vacuum Pressure: It isthe pressure measured below the gauge pressure
(point ‘B’ in Diagram)

For Gauge pressure:

Absolute pressure at ‘A’= (Gauge pressure at ‘A’+ Standard Atmospheric pressure)

For Vacuum pressure:

Absolute pressure at ‘B’= (Standard Atmospheric pressure - Vacuum pressure at ‘B’)

Q.9 Find the value of “h’ in metres in the Figure. When the air pressure on the water

surfaceis 3.5m of water?

(July 2013, july 2014)

Ans: Given Air pressure on water = 3.5m of water

Equating the pressure above level X — X

Left Limb:  (3.5+ 2.0+ 1.0) x9810 + (h) x 2.5x9810

Right Limb:  (h+ 1.0 + 1.0) x 0.8x 9810 + 98,100

On solving h =3.0m

) 9910 Kulm*
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Q.10 A pipe contains petrol of specific gravity 0.8. The flow is upwards from the
point ‘A’ to ‘B’ as shown in Fig. Q.(2c). A differential mercury manometer is
connected at the two points ‘A’ and ‘B’ of the pipe which are 0.3m apart. Find the
deflection in mercury column if the pressure difference between two points is
18kN/m? (July 2013,July 2014, jan 2015)

Ans: Given (pa- pg) = 18 kN/m?, (Zg - Za) = 0.3m, Sp.Gr Petrol = 0.8,
Sp.Gr. Mercury = 13.6
Equating the pressure about X-X on both limbs of U-tube manometer (p = ywxSp.GrxH)

Ps+ (X+Y)x0.8x9.81= p; +0.3x0.8x9.81+ yx0.8x9.81+ xx13.6x9.81

il
(Pa — ps) = 18 = 15.6456 + 125.86 X
- B T
T N
X =0.125m Petrol (1.8
10. hq\ /
x> ‘ ==X
Mercury 13.6
N
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UNIT-3HYDROSTATIC PRESSURE ON SURFACES

Q1 Definei) Total pressure ii) Centre of pressure (Dec2013, June/July 2014, jan
2015)

Ans: (i) Tota Pressure (P): Thisis that force exerted by the fluid on the contact surface
(of the submerged surfaces), when the fluid comes in contact with the surface always

acting normal to the contact surface. Units are N.

(if)Centre of Pressure (C.P.): It is defined as the point of application of the total pressure

on the contact surface.

Q. 2 Obtain an expression for total pressure and centre of pressure for inclined
surface submerged in liquid (Dec 2013, July 2014)

Ans:Hydrostatic Force on a Inclined submer ged surface:

The other important utility of the hydrostatic equation is in the determination of
force acting upon submerged bodies. Among the innumerable applications of this is the

force calculation in storage tanks, ships, dams etc.

Figure 3.4 :Force upon a submerged object
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First consider a planar arbitrary shape submerged in aliquid as shown in the figure. The

plane makes an angle & with the liquid surface, which is a free surface. The depth of
water over the plane varies linearly. This configuration is efficiently handled by
prescribing a coordinate frame such that the y-axis is aligned with the submerged plane.
Consider an infinitessimally small area at a (X,y). Let this small area be located at a depth

h from the free surface.dA = dx xdy

Differential Force acting on the differential area dA of plane,

dF = (Pr%sure) ) (A rea) = (Qh) ’ (dA) (Perpendicular to plane)

Then, Magnitude of total resultant force FR

FR — J.Ag"dA= J-Ag(yan)dA Where h= ySI ng

=gsing IAydA ‘ 1* moment of the area

XIA ydA=y.A - Related with the center of area

Wherey.: y coordinate of the center of area (Centroid)
Centeror 1st moment

[ xdm=MX¢ [ ydm= MY,
M & M (XC & YC: Center of Mass)

I A XdA: XC & I A ydA = yc (xc&yc: Center of Area)

Moment of inertia or 2nd moment

[rédm=1
M (2nd moment of Mass)

Jay'da=1, - [xdA=1,

(2nd moment of Area)
Then,
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F: = YAy sinB=(yh,)A

Whereg hC : Pressure at the centroid = (Pressure at the centroid) x Area

- Magnitude of aforce on an INCLINED plane
- Dependent on 9 1 ,Area, and Depth of centroid
- Perpendicular to the surface (Direction)
i) Position of FR on y-axis ‘yR’ . y coordinate of the point of action of FR

Moment about X axis;

FrYR = (0AY, 510) Y& = [, YOF = [, gsinay?dA=gsifa f, y°dA

J’Ahsz |
= =—"—wh
h & h A hAW ere

C

(= jAyZdA:

_ 2
2" moment of areaor, by using the parallel-axis theorem, ! X | xc T AyC

4+ 2Ac
[,Sin“0

AR Eh
R Ah

(The center of pressure below the centroid)
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Q.3A trapezoidal channel 2m wide at the bottom and 1m deep has side slopes 1:1.
Determine: i) Total pressure ii) Centre of pressure, when it is full of water  (July
2014, Jan 2015)

Ans: Given B = 2m Areaof flow A = (B+sy)y = 3m?
The combined centroid will be located based on two triangular areas and one rectangle

(shown as Gy, Gy, Gy)

combined
§:A1xhl+A2xh2+A3xh3 G =4/9=0.444m
A+A +A 33m I
Tm ﬁ I :‘:
Thetotal area A = 3m? YeT T 0O |05m
G1
Areaof rectangle = 2 x1 = 2m? Im
1 ¢A = (B+sy)y = 3m’
Areaof Triangle= = x1x1=0.5m?
2 B=12m
1 1
[(2><1) x0.5+ [2 x (1x 1)} x0.333+ [2 x (1x l)} X 0.333J
y= =4 _044am
3 9

i) Thetotal pressure P = y,xAx y = 9810x3x0.444 = 13080N
i) Centre of pressure

The centroidal moment of Inertiaof Rectangle and Triangleis

3
l gy = 2;21 =0.1667m* at 0.5m from water — surface

1x13 4
= =0.028m" at 0.333m from water — surface

IGl

The moment of Inertia about combined centroid can be obtained by using parallel axis
theorem

lo =((1e)+ Ad2)+((16,)+ AdZ )+ ((15,)+ A,d2) (as both the triangles are similar)
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I =(0.1667 +0.00618)+ 2((I o, )+ A,d?)

|, =(0.1667 + 0.00618) + 2(0.028 + 0.0062) = 0.2408m*

Substituting in Eq.1, The centre of pressure from free surface of water

— —
h: +_g_"'E 1
y Ay q

h=0.444+ 2248 _ 4 g250m
3x 0.444

x 0.

Q 4Derive the expression for total pressure and centre of pressureon a vertical plate
submerged in a static liquid (Dec 2013,July 2015)

Ans:Vertical Plane surface submerged in liquid
Consider a vertical plane surface of some arbitrary shape immersed in a liquid of mass

density p asshown in Fig.

Let
A = Total area of the surface

Y = Depth of Centroid of the surface from the free surface
G = Centroid of theimmersed surface

C = Centre of pressure

h = Depth of centre of pressure
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Consider a rectangular strip of breadth b and depth ‘dy’ at a depth ‘y’ from the free

surface.

Total Pressure:

The pressure intensity at a depth y acting normal to the plane on the strip isp = pgy
Total pressure force on the strip = dP = (pgy)xdA

.. The Total pressure force on the entire area is given by integrating the above expression

over the entire area aong the plane

P=]dP=[(pgy)xdA= pgl y dA

But y and dA are on different planes and hence substituting for y from Eqg. 1, we get
P=pgl y* sin 0dA = pgsin 0f y* dA .(2)

But [ y* dA isthe Moment of the entire area about the free surface of the liquid given by
y*dA=AY sno=AY

Substituting in EqQ. 2, we get P=pgA y=yAy )
Where vy is the specific weight of water

For water, p=1000kg/m3 and g= 9.8m/s”. The force will be expressed in Newton (N).

Centre of Pre$ure(h): It is the location of total hydrostatic force P acting on the
immersed plane. This is computed on the principle of Theorem of moments. The moment

of the pressure force about the free surface is given by,

M=Px h =pgA

< |

h ()

On solving
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Where Y isthe centroidal depth and h is the centre of pressure.

Q. 5Explain the procedur e of finding hydrostatic force on a curved surface
(Dec 2013,Jan 2014)
Ans;Hydrostatic Forces on Curved Surfaces

Since this class of surfaceis curved, the direction
of the force is different at each location on the
surface. Therefore, we will evaluate the x and y
components of net hydrostatic force separately.

Consider curved surface, a-b. Force baances
inx & y directions yield
Fn=Fn

Fv =W, +W; + W,

From this force balance, the basic rules for determining the horizonta and vertica

component of forces on a curved surfacein astatic fluid can be summarized as follows:
Horizontal Component, Fy,

1. The horizontal component of force on a curved surface equals the force on the plane

area formed by the projection of the curved surface onto avertical plane normal to the

component.

The horizontal force will act through the c.p. N

(not the centroid) of the projected area. h a’|— ————————3
8 | _Projected vertical

) | plane

from the Diagram: .

v | Curfved
—p surface
All elements of the analysis are performed with the Fy !Cp
vertical plane. The origina curved surface is b 5

important only as it is used to define the projected
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vertical plane.

Therefore, to determine the horizontal component of force on a curved surface in a

hydrostatic fluid:

Vertical Component - Fv

2. Thevertica component of force on a curved surface equals the weight of the effective
column of fluid necessary to cause the pressure on the surface.

The use of the words effective column of fluid is important in that there may not always
actually be fluid directly above the surface. (See graphics below)

This effective column of fluid is specified by identifying the column of fluid that would
be required to cause the pressure at each location on the surface.

Thus, to identify the Effective Volume - Vgt

Fv =V

Fluid above the surface
No fluid actually above surface

- [EEIER) a-m| &
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Q 6 A circular plate 2.5m diameter isimmersed in water, its greatest and least depth
below the free surface being 3m and 1m respectively. Find

(i) Thetotal pressureon oneface of the plate and(ii) Position of centre of pressure
(Dec 2013, July 2015)

Ans. Givend = 2.5m,

) 2
=Sn? =
g (2.5]

q =53.13°
h=1+1=2m

A=P g2 P 252 _ 4.000m2
4 4

lo=P g =P ;(25) =1.917m"
64 64

F = 1A h= 9.81x4.909x2 = 96.31 kN

_ .2 o
h  _hslexSng_, 1917xSin®531%

“P Axh 4.909x 2
h. , =2.125m
Q 7 Prove that for a plate submerged in horizontal position in water the center of
pressureis same as centroid of the plate. (July 2013, July 2015)
Ans:
Consider a plane horizontal surface Water
immersed in a static fluid. As every Level
point of the horizontal surface is at the V VA

same depth from the free surface of the

liquid, the pressure intensity will be B 1 _Horizontal
equal to p = o g h, where ‘h is the h Plane
depth of surface (Refer Fig.). / Surface
Let ‘dA’ be the Elemental area and ‘A’ v ._._._4{/.910 _____ _ Area ‘A’
be the surface area 7
Then total force dP = p x dA
P=r gAﬁ Fig. Total Pressure on a Horizontal Plane Surface
The centre of pressure

= 1_.9n? : o
h,, = h+L_nq~-- Eq.(1) For Horizontal surfaceq = 0°, substituting in Eq.(1)

P Ah
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h,, = h

Q. 8Figure shows a rectangular flash board AB which is4.5m high and is pivoted at
C. What must be the maximum height of C above B so that the flash board will be
on the verge of tipping when water surfaceisat A? Also determineif the pivot of the
flash board isat a height h =1.5m, thereactions at B and C when the water surfaceis
4m above B. (July2013,Dec2014)

Ans: AT

(i) The flash board would tip about the hinge =k
point ‘C’ when the line of action of resultant ‘R’
pressure force ‘F’ lies from C to A anywhere on
the board.

The limiting condition being the situation when
the resultant force ‘F’ passes through ‘C’

The resultant force’F’ also passes through the
centroid of the pressure diagram and the centre

lies at 1>< AB=£:1.5m
3 3

Hence the maximum height of ‘C’ from ‘B’ =
(4.5m-3.0m) =1.5m (from bottom)

(ii) Thepivot of theflash board isat a height h
=1.5m from point B, thereactionsat B and C when thewater surface is 4amabove B.

T

h=29_om
2
Hydrostatic force P = r gAh = 1000%9.81x(4.0x1.0)x2=78.48 kN acting at |, ,
3 2 o
h, =20+ 1 (4.0)"Sn"90° _ 2.67m from free water surfcae
40x20
Or h =(4.0-2.67) = 1.33m from bottom
A

Let Ra and Rg be the reaction. F % Ry
Ra+ 7848 =Rs 2.5m
by taking moment about pivot ‘C’
Ra X2.5 + 78.48x0.17 = Rgx15 - C

A ° 0.17m
On solving Ry =104.38kN  Rg = 182.86 kN 78.48 kKN

1.33m

A —R
B
Q. 9Draw the water pressure diagrams for wholly B
submerged Horizontal, Vertical and Inclined plane
surfaces. Write the expressions for total pressure and depth of centre of pressure for
vertical plane surface. (July 2013,Jan 2014)
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Ans:
(1) Pressure Diagram for wholly submerged Horizontal surface:

The resultant force acts at the centroid of the plane.

Total Pressure P =
Centreof pressure  : h

(i) Pressure Diagram for wholly submerged Vertica surface:

Tota Pressure - P= pgAﬁ = yAﬁ
Centre of pressure : h= 2—:

(iii)  Pressure Diagram for wholly submerged Inclined surface:

Total Pressure - P= pgAﬁ = yAﬁ

| .Sin’6°

Centreof pressure : h., =h+
p cP. Ah

Q. 10 Length of a Tainter gate perpendicular to paper is 0.50m. Find:
i) Total horizontal thrust of water on gate.
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ii) Total vertical component of water pressure against gate.
iii) Resultant water pressureon gate and itsinclination with horizontal.
(July 2013, July 2015)

Ans. Given L =0.5m,
AD = BC = 3m, yw = 9.81 KN/m®

(i) Total horizontal thrust of water on gate

Fh:'YWXAXE

Fn=9.81x (3.0x0.5) x g

F,=22.07 kN ® Rightward

Acting at
.2 o
e :hC+IG><S|n 0
" Axh,
3
(O'5X3 stngoo
h., =15+ =15+0.5=2.0m
" (3.0x0.5)%x15

(i) Total vertical component of water pressure against gate = upward thrust due area ABC

Upward thrust due area ABC = Area AOC - AOBC

nx R?

Area ABC = —%xOBxBC

Dept of Civil Engineering, SJBIT Page 31



Fluid Mechanics 10CV35

2
nx6

AreaABC = —%x3c05300><3

Area ABC = 1.636 m?

Fv=yw X Area ABC x L
Fv=9.81 x 1.636 % 0.5 =8.024 kN - upward

(i) Resultant water pressure on gate and its inclination with horizontal

R = F2 + FZ =4/(22.07) +(8.024) = 23.48 kN

,(8.024
. . 0 =tan T
Inclination 22.07

0 =20°

j =0.3637

Q. 11.A 2m wide and 3m deep rectangular plane surface liesin water in such a way
the top of and bottom edges are at a distance of 1.5m and 3m respectively from the
surface. Deter mine the hydrostatic force and centre of pressure (Dec 2013, Jan 2015)

Ans: Given A = 3m x 2m = 6m?,

3
_2X3 _ y5mt

I
¢ 12
Hydrostatic force

P:gWxAxF]

P =9.81x 6{3”'5)

2m

P =132.435kN

_(30-15) Sm

sin =05
q 3

q=30°
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The centre of pressure

— l.xSn%
h :h+G—_
c.p Ah

hep = 2_25+i(%) = 2.33m
2.25

X
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UNIT-4 KINEMATICSOF FLOW

Q.1.Distinguish between: i) Laminar flow and Turbulent flow based on Reynolds
Number ii) Uniform and non-uniform flow(Dec 2013, July 2014)

Ans:i) Laminar flow and Turbulent flow:When the flow occurs like sheets or laminates
and the fluid elements flowing in a layer does not mix with other layers, then the flow is
said to be laminar. The Reynolds number (Re) for the flow will be less than 2000.

rvD
Re__

Velocity

— —

[HTUEOE U]
AN

VA A SLAS AL LA LSS LSS S LS AL LSS S S S S S S > X
Fig. 5 Laminar flow

When the flow velocity increases, the sheet like flow gets mixes with other layer and the
flow of fluid elements become random causing turbulence. There will be eddy currents
generated and flow reversal takes place. Thisflow issaid to be Turbulent.

For pipe flow:

Re < 2000 - Laminar flow
Re 2000 - 4000 — Transition
Re > 4000 Turbulent flow

11) Uniform and non-uniform flow:A flow is said to be uniform if the properties (P) of the

fluid and flow do not change (with direction) over a length of flow considered along

the flow at any instant.

0
—(P)=0
oX

A flow is said to be non-uniform if the properties (P) of the fluid and flow change (with

direction) over alength of flow considered along the flow at any instant.
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Q. 2.0btain an expression for continuity equation for three dimensional flows
(Dec 2013, July 2014)
Ans: Consider a parallelepiped ABCDEFGH in afluid flow of density y as shown in Fig.

Let the dimensions of the parallelepiped be dx, dy and dz along x, y and z directions
respectively. Let the velocity components along x, y and z be u, v andw respectively.

A
Yo
D H
A E A
VvV A
d
Y G
C du ------------- » X
p d7
B~ — ¥
’/’ ~ d)( >

Fig. Parallelepiped in afluid flow
Mass rate of fluid flow entering the section ABCD aong x direction is given by px Area

x-flow velocity

M, =r udydz .(01)

Similarly mass rate of fluid flow leaving the section EFGH aong x- direction is given by
M, = [r u+i(r u)dx} dy dz

OX ..(02)
Net gain in mass rate of the fluid along the x- axis is given by the difference between the

mass rate of flow entering and leaving the control volume. i.e. Eg. 1 - Eq. 2

dM, =r udydz—[r u+§(r u)dx}dydz
X

0
dM = - —(r u)dxdydz
OX ...(03)
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Similarly net gain in mass rate of the fluid along the y and z- axes are given by

y

dM, =— i(r v)dxdydz
oy ...(04)

M, = - i(r w )dx dy dz
0z ...(05)

Net gain in mass rate of the fluid from all the three axes are given by,
0 0 0

dM =— —(r u)dxdydz——(r v)dxdydz——I(r w)dxdydz
8X()yay()dyaz()y

From law of conservation of Mass, the net gain in mass rate of flow should be zero and

hence

_%(r u)+a%(r v)+%(r w)|dxdydz =0

_%(r u)+a%(r v)+%(r w)|=0

This expression is known as the general Equation of Continuity in three dimensional form
or differential form.

Q.3If for a two dimensional potential flow, the velocity potential is given by f = x
(2y-1). Determine the velocity at the point P (4, 5). Determine also the value of
stream function y at the point ‘P’.  (July2014, July 2013)

Ans:

(i) Thevelocity at thepoint P (4,5),x =4,y =5

d) =X (2y-1)
N u=@y-1, u=(-2y)
OX
i:—V:XXZ, v =-2X
oy

u at ‘P’(4,5) = -9 Unitg/s

v(4,5) at ‘P’ = -8 Units/s
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Velocity at P = -9i-8j, Velocity +/(-9)° +(-8)* =12.04 Units
(i) Stream function yp 4,5

Given ¢ =x (2y-1)

oy

oy
_vexx2=-N
OX

=-u=(2y-1)---Eq.1

=u=-2x---Eq.2

2ol 2

Integrating Eq.1 with respect ‘y’ we get

2x y?

fdy =y = —y+C(f(x)---Eq3

Differentiating Eq.3 with respect to ’x’

¥y o from Eq.2 N ox
OoX  OX OX

86_C =-2x Integrating —» C = —x°
X

Substituting value of C in EQ.3

y =(y?-y-x?)

Q.4 Distinguish between: (i) Steady and unsteady flow (ii) Uniform and non-uniform
flow (iii) Compressible and incompr essible flow (Dec 2013, Jan 2015)

Ans: (i) Steady and unsteady flow: The flow parameters does not vary with respect to
time at a given location is called steady flow while as if the flow parameters (like depth,
velocity, acceleration) vary with respect to timeis called Unsteady flow

(if) Uniform and non-uniform flow: The flow parameters does not vary with respect to
distance at atime is called Uniform flow while as if the flow parameters (like velocity,
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acceleration, depth vary along the length of the channel or river is called Non-uniform
flow

(iii) Compressible and incompressible flow: If the fluid density vary with respect to
applied pressure at a given location and time is called compressible flow (gases are
compressible) while as if fluid density does not vary with respect to applied pressure at a
given location and time is called incompressible flow (Liquids are normally considered
incompressible)

Q. 5 Define terms velocity potential function, stream function and establish relation
between them (Dec 2013, Jan 2014, july 2015)

Ans. Velocity Potential fis a scalar function of space and timesuch that its negative

derivative with respect to any direction gives the velocity component in that direction
Thusf = f (xy,zt) and flow is steady then,

u=-(1f /1x); v=-(Tf 1Ty); w=-(1f /12

Stream Function (y)

Stream Function yis a scalar function of space and timesuch that its partial derivative

with respect to any direction gives the velocity component at right anglesto that direction.
Thusy =y (X,y,zt) and flow is steady then,
u=-(y /My); v=_~y /1x)

Relation between (f andy ):

- _Exl 9
oy OX
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Q.6 A stream function is given by y = 2x>2y?. Determine the velocity and velocity
potential function at (1, 2) (Dec 2013, jan 2015)

Ans: Given: y = 2x*-2y?

oy

3 4x = —-v; v =-4x = Veocity at (1,2), v=-4 Units
X
oy

o 4y =u; u=-4y = Veocity at (1,2), u=-8 Units

Resultant velocity V(12 =+/(=4)* + (-8)* = 8.94 Units

of

—=-U = —=—(4y)=4y=>1f =4xxxy+C(f(y)only)---eql
OX OX

i=—v :iz—(—4x) =4x =>f =4xxx y+C(f(x)only)---eq2
oy OX

i=(4x+§):>§:4x—i:>§=4x—[6y j:>£:4x—4x:0
FromEq.lay %y % % %

oy
—=0Integrating C=0
oy

OX

~f=d4xxxy =f =4x1x2=8Units

Q. 7 In a flow the velocity vector is given by V = 3xi + 4yj -7zk. Determine the
equation of the stream line passing through a point M (1, 4, 5). (July2013, july 2015)

Ans: Given the Velocity vector V = 3xi+4yj -7zk

= u=3x ;v=4y,w=-7z
To determine the equation of the stream line passing through apoint M (1, 4, 5)
The 3-D equation of streamlineis given by,

dx dy dz
uovow
o _dy_ dz o
3 4y -7z
The streamline equation at point M (1, 4,5),x=1,y=4,z=5
Substituting the values of x, y, and z in Eq.1
dx dy dz
3 16 -35
The equation of a streamline ds = 3i +16k — 35k
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Q 8The velocity potential f for a two dimensional flow is given by (x* — y?) + 3xy.
Calculate: i) the stream function y and ii) the flow rate passing between the stream
linesthrough (1,1) and (1, 2). (July 2013, 2014)

Ans: Given ¢ = (x? - y?) + 3xy
(i) To determine the y function

_ W g N ...
dy = dx+aydy Eq.(Q)

dy =-vdx+udy---Eq.(2)
As per definition of velocity potential (¢) and stream function (y);

ox oy oy x

_ o _ Y and :(_ﬂjz
u_ax_(2x+3y)_ayan oy (-2y+3x) p" v

Substituting the value of uand v in terms of x and y in equation 2, we obtain
dy =-vdx+udy=—(-2y+3x)dx +(2x + 3y)dy

dy =(2y+3x)dx+(2x+3y)dy---Eq.3
Integrating the equation-3 (partially w.r.t “x’ the ‘dx-term’ and w.r.t ‘y’ the “dy-term’)

— 3
y = (2xy+gx2j+(2xy+2 yzj = 4xy+§(x2 + yz)

y = 4xy+g(><2+ yz)l

(ii) The flow rate passing between the stream lines through (1, 1) and (1, 2).

The equation of stream function is given byfy = 4xy+g(x2 + y2)|

The value of Point streamline at (1, 1) is obtained by substitutingx=1,y=1

Yay = 4Xy+g(xz + yz): 4X1X1+g(12 +1%) = 7Units
The value of Point streamline at (1, 2) is obtained by substitutingx =1,y =2

Yazy = 4xy+g(x2 + y2)= Ax1x ZJrg(l2 +2%) =15.5Units

The flow rate passing between the stream lines through (1, 1) and (1, 2)
V2 - Yy = (15.5-7)

g = 8.5 m?/s/unit width
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Q.9 What arethe practical usesof streamlines and velocity potential lines? July 2013
Ans. The practical use of streamlines and velocity potentia lines are:

() Quantity of seepage

(i) Upward lift pressure below the hydraulic structures (dam, gate, locks etc.)

(i)  Velocity and pressure distribution, for given boundaries of flow

(iv)  Todesign streamlined structure flow pattern near well

Q.10List the method of construction of flow net for a given boundary configurations.
What arethelimitations of flow net? (July 2013,Jan 2015)

Ans. Methods of Drawing flow net

» Anaytica Method

» Graphical Method

» Electrica Analogy Method

* Hydraulic Models

* Relaxation Method

» Hele-Shaw or Viscous Analogy Method

Limitations of flow net:
> The flow should be two dimensiona

» Theflow should be steady
» Theflow should be Irrotational

» Theflow isnot governed by gravity force

Q. 11 The velocity components in a 2-dimensional incompressible flow field are
expressed as { 3 3
u=

y 2 2 X
—+2X—-X , V=|X -2y ——
Loy ve o2y X

Dec 2013

Istheflow irrotational? If so deter mine the corresponding stream function.
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Ans: Given the components of velocity

y’® 2 2 x°
U=|—+2X-X , V=| X B SV
[Froontns) ueloy -3

The condition for Irrorational flow
(2)-(2
OX oy

ov

3 3
LHS —=£ x><y2—2y—x— and RHS @:i y—+2x—x2><y
oX OX 3 oy oy\ 3

i.e. LHS= (Y’ - x?) and RHS=(y*-x?)
Hencethe flow is Irrorational

The corresponding stream function “y’can be obtained by using following relationship

oy ) x3
—=V=|X -2y——|---EqQ.1
o ( Xy y 3j q

3
ai:—u:— y—+2x—x2><y - Eq.2
oy 3

Integrating Eq.1 with respect to “x’

X% x y? x*
- —2xxXx Y-+ C.(f(y))--Eq3
y > XXX y= (f(y)Eq

Differentiating Eq.3 with respect to ‘y’

aL:x2><y—2x+ o
oy
oC, y_3
oy 3
4
Integrating,Cl:—i/—2+C; (assuming C =0)
4
A

12
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2 2 4 4

y =—————2x XX y——+—y—

12 12

PART-B
UNIT-5: DYNAMICSOF FLUID FLOW

Ql.Water is flowing through a pipe having diameter 300mm and 200mm at the
bottom and upper end respectively. The intensity of pressure at the bottom end is
2452 N/cm? and the pressure at the upper end is 9.81 N/cm? Determine the
differencein datum head if the flow through pipeis40 LPS. (July 2014, jan 2015)

Ans
Let *H’ difference in datum head (Z>-Z;) 200mm )
p=9231 Nian® L)
From Continuity equation ~ 95.1 KN/w?
p 2 p 2
Q="x (0.3) xV, =—x (0.2) xV, =0.45
4 4 Q=450 LPS
=045 m'/s
V1=6.37m/s, V,=14.324 m/s
The velocity head at 1 and 2 is given by p1= 2452 N/ewd?
= 2452 KN/wi®
At Section 1-1 Datmn =7 300mn
2 2
Ve _ (837 _; ogem
2xg 2x981
2 2
At Section 2-2 Vz = (14.324) =10.457m

2xg 2x9.81

Applying Bernoulli’s equation between the section 1-1 and 2-2 assuming no-loss

25+ 0+ 2.068=10+ H + 10.457

H =6.611m
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Q. 2Namethe different forces present in a fluid flow. What are the for ces considered
for the Euler’s equation of motion? (Dec 2013, Dec 2014)

Ans: (i) Gravity force (ii) Pressure force (iii) Viscous force (iv) Force due to turbulence
(v) Force due to compressibility

Forces considered in Euler’s equation: Gravity, pressure forces
Q.3 State and prove Bernoulli’s theorem (Dec 2013, July 2014, Jan 2015)

Ans. The Bernoulli’s theorem states that for a “for a steady, streamline flow of an ideal,
incompressible fluid, the sum of kinetic, potential and pressure energy is constant”

Assumptions:
e Only Gravitational and Pressure forces are considered
e Fluid motion along a stream line is considered
e Flow issteady & Incompressible
e Fow isirrotational
e FHow isinviscid (Zero Viscosity)

Consider a stream line aong direction x as shown in Fig. Consider a cylindrical fluid
element of cross-sectional area ‘dA’ and length ds along the stream line direction.

The forces acting on the fluid element are:

The pressure force pdA aong the flow direction s

e The pressure force [p+dp]dA against the flow direction s

e Weight of the fluid element = pgdA ds acting vertically downwards at an angle
‘0> with the vertical. Let 0’ is the angle between the direction of flow and the line
of action of the weight of element.

e Theresultant force on the fluid e ement in the direction of s must be equal to the mass

of fluid element x acceleration in the directions.
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pdA-(p+dp)dA—r gdsdACosq =r dsdAxa,

Where ‘as’is the acceleration in the direction of s. as= dV/dt, ‘V’isa function of ‘s’and t.

dz dv
_ - cosq = — a, =V —
If the flow is steady,— = 0, ds and ds
dv
—dp dA —r gds dACos q =r dsdAxVK

.On substituting and dividing the equation by pgdA, we can obtain Euler’s equation:

$+ gdz+vdv=0-Eq.()

The above equation is known as Euler’s equation of motion.

Bernoulli’s Equation: Integrating the Eq(1) the ‘total energy head’ H of the fluid is
found by adding the three types of mechanical energy possessed by the fluid at that point.

Aswater flows between two points, or sections of a pipeline or channel, no energy can be
created or destroyed (fundamental law of physics concerning conservation of energy). If
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any mechanical energy is converted into say heat energy through friction then it islost to
the mechanical system and the ‘total energy head’ H is reduced.

The energy heads involved are measured in meters and can be represented as vertical
distances (heights) on an energy diagram.

Considering flow between 2-points labelled 1 and 2:

2

Bernoulli’s Equation for Ideal fluid flow: &Jr Vi _ &+V_z+ z,

rg 29 rg 29
Bernoulli’s Equation for Real fluid flow:

H,=H,+h;+h

P Vi P, V3

pg+Zg+z1 = pg+zg+22+2hf+2hL
Q. 4 A tapered section is 2.65m in either direction when the velocity at the smaller
section is9m/s. If the smaller section isat the top and pressure head at this section is
2.15m of water. Find the pressure head at the lower end when the flow is (i)

Downwards (ii) Upward (Dec 2013, Jan 2015 )

Ans: Based on continuity equation Given H, = 2.65m

Given D1=0.5m, D2 = 1.5m Bwnwardfpikpd m
V1=3m/s,V2=" /\ |

Q=A1V1=A2V2

©

|
Q= P (0.5)2 x9= Py (1.5)2 xV, | Z1-72=16m
4 4 i
I
Vo= 1m/s N/ ,
Upward (p:< pa) I
Case-1: When flow the is downward
. |
i.e. p1>p2 V
Applying Bernoulli’s Equation < 15m >

between ‘1’ and ‘2’ assuming section-2 as datum
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2
Zl+&+v—1:22+&+ Vs +H,
9y 2x9g gy 2x9

2 2
=0+&+
19.62 g, 19.62

16+ 2.15+ +2.65

Pz =19.577m of water column

9w
Case-2: When flow theisUpward: i.e. ;1< p2

Applying Bernoulli’s Equation between “1” and 2’ assuming section-2 as datum

2 2

Zl+pl+ L +HL=ZZ+&+V1
gw 2Xg gW 2Xg

2 2

164215+ +265-0+ P2 1
19.62 g, 1962

P _ 24.877m of water column
Ow

Q.5. Figure shows nozzle at the end of a pipe line discharging oil from a tank to
atmosphere. Estimate the discharge from the nozzle when the head “H’ in the tank is
4m. The loss in the pipe can be taken as 20 V#2g, where ‘V’ is the velocity in the
pipe. Theloss of energy in the nozzle can be assumed to be zero. Also, determinethe
pressure at the base of the nozzle. (July 2013,2014 july 2015)

1

Cil :
(RD=0.8) | 100 mm Dia pipe
.* ....... . rd - - .‘)—' -.

| ® ©

25 mm Dia

Fig.Q5.(a)

Ans. Let “V’ be the velocity in 100mm diameter pipe and “Vy’ be the velocity of flow at
the exit of the nozzle (25mm dia.)

The relationship between the V and V can be derived from the continuity equation
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Q :%X(O.Z)Z W :%X(O.OZS)Z XV

Vy =16V.---.. Eq.()
Applying Bernoulli’s Equation between 1-1 and 3-3 [Nozzle free exit, ps = 0 (atm)]

V2
0+0+4=0+0+ — —+ (Hios)1-
2081 (Hiosa

2 2
i + 20x v

T 2x9.81 2x9.81

Substituting for EQ.1 VN =16V

V =0.533 m/s

Applying Bernoulli’s Equation between 1-1 and 2-2
2
0+0+4=0+ Pz, v + 20x v
r,x9.81 2x9.81 2x9.81

Substituting V = 0.533 m/s and solving for pressure at the base of the nozzle

P2 = 29037.6 Pa = 29.037 kPa

Q.6 250L PS of water isflowing in a pipe having a diameter of 300mm. If the pipeis
bent by 135°, find the magnitude and direction of the resultant force on the bend.
The pressure of the water flowing is 400 kN/m?. Take specific weight of water as 9.81
kN/m®. (Figure) (July 2013)
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Ans. The pipe is of uniform cross-sectional area. Therefore the velocities at section 1-1
and section 2-2 are same.

v1=v2=9—£=3.537m/s

A (p x 0.3
4
The pressure intensity is also same p; = p, = 400 kPa = 400 x1000 N/m?

Force along x-axis ‘Fx’: (Dynamic + Static) Force

F, = % x(V, =V, x Cos135° )+ p,A - p,A, cos135°

- % « (3.54—3.54x (~0.707) + 4oox1000x%x 0.3 - 400><1000po>< 0.3 x (~-0.707)

Fy = 4975051 N (®)

Forceaong Y-axis ‘Fx’: (Dynamic + Static) Force
Fo= 32, (0-V, x S35 )- p,A, SnL3s°
g

X :%xm—smx (0.707)—400><1000><'%xo.s2 «(0.707)

F, = -20605.51 N ()

R=+/(49750.5)? + (— 20605.5)? Fy = 206055 N
R = 538489 N
R
tang — _ 20809-5 R= 53684.3 N
9= "297505

q=tan*(-225°)
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Q7 For the Venturimeter of 150mm x75mm, determine the reading of the mercury

manometer, if the pipe carries a discharge of 35.32 litres/sec. of oil of relative density
0.80. TakeCq = 0.97. (July 2013 )

Ans. Given Dj; =150mm = 0.15m, D, = 75mm = 0.075m,

Q = 35.32 Litres/s = 0.03532 m*/s, Sp. Gr Oil = 0.8, Cq = 0.97

A= %x (0.15f ; Az = %><(o.075)2

S
h = xx| ooy g =xx(@-1]--£q.1
Sa 0.8

Q:CdxA—12x1/2xgxh Eq.2

s 2
35.32 (4) <(0.15)
9992 _ ,03532 = 0.97 x/2x9.81xh Eq.2
1000 3
(150} 1
75

On solving h = 0.65m
Substituting the value of *h” in Eq.1

S
0.6 = xx| Dy 1 :Xx(@—lJ---Eq.l
S, 0.8

X = 0.0406m = 40.6mm
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Q.8 A vertical pipeline carrying water changes in diameter from 200mm at a
position ‘A’ to 500mm at another position ‘B’ which is 3m at a higher level. If the
pressure at ‘A’ and ‘B’ are 80kN/m2 and 60kN/m? respectively and discharge is 200
litres/sec, determinetheloss of head and direction of flow (Dec2013, July 2014)

Ans. Given Q = 200 lit/sec = 0.2m7s,

Da = 200mm = 0.2m, Dg = 500mm = 0.5m

(Zs — Za)= 3m, pa = 8OKN/m?, pg = 60KN/m?,

The velocity at ‘A’ and ‘B’ can be

B ) 2
obtained by continuity equation T pg = 60kN/m"
I
V, =A3=L=6.366 m/s Pipe |
A (px 0.22j | 3m
4 1
|
|
o9 92 e oo\ 1 |
~ (p X 0-52j A “ pa=80KkNm"
4 L
Total Energy head at ‘A’
2
EA — ZA + & + V_A
g, 2x9
2
E,=0+ 80 + (6.366) =10.21m
981 2xg
Total Energy head at ‘B’
2
EB — ZB + & + V_B
9. 2x9
2
E; =3+ 60 + (018) =9.169m
9.81 2xg
Since Ex> Eg, Thedirection of flow will be from “A” to “B” i.e. Upward -
Theloss of head = (Ea — Eg) = (10.21-9.169) = 1.041m
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UNIT - VI PIPE FLOW

Q.1 Define (i) Hydraulic gradient (ii) Energy gradient (July 2013,July 2014,Jan 2015)

Ans: (i) Hydraulic gradient: A Line joining the peizometric heads at various points in a
flow is known as Hydraulic Grade Line (HGL)

(i) Energy gradient:
It is a line joining the elevation of total erz‘lergy of a flow measured above a datum, i.e.
EGL Linelies above HGL by an amount V /2g.

Q. 2Distinguish between compound pipe and equivalent pipe (July 2014, Jan 2015)

Ans:
Compound pipe Eauivalent pipe
A N
R 5 D, D = —Q D
L L T L

pipe is such that the entire system is replaced by a single pipe of uniform diameter D, but
of the same length L=L,+ L,+ L such that the head loss due to friction for both the pipes,

viz equivaent pipe & the compound pipe are the same. For a compound pipe or pipesin
series.

h, = hf, + hf, + hf,

L _8MLQ° 8fLQ* 8fLQ’

- -
' op’D; op’D; gp°D]
For an equivalent pipe
8fLQ?
hy ===
gp "Dy
Equating (1) & (2) and simplifying
L L. L L E
D° D, D; D3 o L
L L, L
D} D; D]
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Q. 3 At a sudden enlargement of water main from 240mm to 480mm diameter, the
hydraulic gradient rises by 10mm. Estimate therate of flow. (July 2014, july 2015)
Ans: Rise of hydraulic gradient line=10mm

. . Rise of HGL = 10 From Continiuity V; — 4+ 'V,
From Continuity equation 0 - P

Q = pzx (0 24)2 le = pzx (0 48)2 ><V2 “ ﬁ: i Vi —> Dz = 480mm |

Vi=4xV,

. . Sudden Enla t
Loss of head in sudden expansion H e

2x g
Applying Bernoulli’s equation between upstream and downstream of sudden expansion

2 2
&+21+L=&+Zz+ Vz +H g pangon Eq.1
O 2xg g, 2xg

Given rise of hydraulic gradient line = 10mm = 0.01m = —( P~ Py)
9w

The elevation is same for horizontal enlargement Z; = Z, and also V1 = 4%V,

Substituting in eq.1

2 2 2
&+21+M=&+Zl+ V2 +[(V1_V2) ]
Ow 2xg g, 2xg 2xg

(pz — pl) =001= 15XV22 _ 9><\/22
dy 2xg 2xg
V, =0.181m/s

Q- % x(0.48) x 0.181= 0.03275m" / s

Therate of flow Q = 0.03275 m*/s
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Q.4 Explain the phenomenon of water hammer. List the four factors affecting water
hammer (July 2013 ,Dec 2013, Jan 2015)

Ans:Water Hammer Phenomenon in pipelines: A sudden change of flow rate in a
large pipeline (due to vave closure, pump turnoff, etc.) involve a great mass of
water moving inside the pipe. The force resulting from changing the speed of the water

mass may cause a pressure rise/ pressure drop in the pipe
with a magnitude severa times greater/less than the normal ws |
static pressure in the pipe. This may set up a noise known as = -}
knocking. This phenomenon is commonly known as the Valve 'j"_
water hammer phenomenon Vo— s
(a) Steady state prior to valve closure {a)
(b) Rapid valve closure — pressure increase, pipe walls . . 8
expand, liquid compression; transient conditions propagate ws% =
|
upstream ’:\:::e‘ -~ _H;_
Factors affecting water hammer phenomenon: S ¢ VNG
1 (b)
(i) Length of Pipeline (ii) Diameter of the pipeline (iii) Material of the pipeline (iv)
Discharge (v) Thickness of pipeline (vi) Time of valve closure
Q. 5Derive an expression for head loss due to sudden enlargement in a pipe flow
(Dec 2013, July 2015)
Ans: Equation for head loss due to Sudden Enlargement or Expansion in Pipe:
Consider the sudden expansion of flow , Section 2-2
between the two section (1)- (1) & (2)- (2) Section 1-1 i
as shown. p1&p, are the pressure acting ‘ (
a (1) - (1) and (2) - (2), while V; and V> A B
are the velocities. From experiments, it is D, A D
1/ — 2
proved that pressure P1 acts on the area ‘ =
(@ — a) i.e. a the point of sudden = H F :
expansion. From |1 Law of Newton Force
= Mass x Acceleration.
Consider LHS of eq(1) Fig. Head Loss due to Sudden Expansion
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Consider RHS of eq(1)

Mass x acceleration = x Vol x change in velocity /time

r xQx(V, =V, )———(iii)

p =volume/time x change in velocity
2,(p, - p,)= PRV -V,)
Substitution (ii) & (iii) in eq(i)
(P=p.) =1V, (v, -V,)

Both sides by (Specific weight “y’)

( P — sz:\/z(Vl_Vz)___(iv)
g g
Applying Bernoulli’s equation between (1) and (2) with the centre line of the pipe as

| PP _\/12_\/22 —h
. = =n
g 29

2\/2(\/1 _V2)+ (\/12 _V22)

29

h =
datum and

Considering head loss due to sudden expansion h_only.

Z, =hzg:2¢ﬁJe Wl\@ﬂ’f"@ﬂwf h = A 2\/22 +V12 _V22
L
p 2 29 V2 29
i I S 22 + 242
g 29 g 29

Z +

Q.6 A pipe of 200mm diameter and length 2000m connects two reservoir, having

— Vz2 +V12 AN, h = (Vl -V, )2
L =

hL
29 29
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difference of water level as 20m. Deter mine the discharge through the pipe. If an
additional pipe of diameter 200mm and length 1200m is attached to the last 1200m
of the existing pipe, find the increase in discharge. Take f = 0.015 and neglect minor
losses. (Dec2013,July 2014)

Ans, Case-1: When single pipe connects two reservoirs

H = 20m, f = 0.015, L, = 2000m Case-1 Single Pipeline

Water Level

D;=02my -2___Q =
A
4 1

CAfLV? 4fLQ7  32fL,QP

20m

"= 200 p ~ p’gD;
1 2gD1(><DfJ L
4
2
H — 20— 32><0é015>< ZOOO:Q
p°xgx(0.2)

Q=0.0254 m®/sec

Case-2: When Pipelineis branched midway for connecting two reservoirs

H =20m, f = 0.015, Case-2: When Pipeline is branched midway for connecting Two Reservoirs
Water Level
L1=800m, D;=0.2m ~ S

L, =1200m, D,=0.2m Di-DiDy—02m  He-20m

Water Level

L = 1200m, Ds= 0.2m L= 800y,

Q= Q2+Q3=2Q

(3

ALV . 4fL V7

L;=1,

_* = lzﬂi)m

H
29D, 29D,

oo 32 fL,Q,° L2 flL,Q,” _32x0.015x800xQ,” , 32x0.015x1200 % (05Q,)?
p’gD;  p?gD; p?xgx (0.2 p?xgx(0.2°

Q, =0.0342m® / sec

Increasein Discharge = (Q; — Q) = (0.0342-0.0254) = 0.088m>/sec
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Q 7For the distribution main of a City water supply a 0.3m diameter pipe is

required. But the main is replaced by laying two parallel pipes of same diameter.
Find the diameter of parallel pipe (July 2013)

Ans
Case- 1 SinglePipef Length L DischargeQ D =0.3m

The head loss through single pipeis given by

h _fo><V2_ fxL y Q ?
" 2xgxD  2xgxD

A

2

g txb Q| _8461xfxLxQ?-Eq.l
2x9.81xD y

For single pipe and Parallel Pipes hy = hg = hp

Case- 1 Single Pipe f Length L Discharge Q D =0.3m

7 = ,
lr< Q L Friction factor f )] D= 03m

Case- 2 Parallel Pipe f Length L Discharge () Dh1=D>=d

S L 1 d

Q2 > Discharge Q D;=D;=4d
f
Q=01+ Qz2=201 (as both the diameter and length are same)
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Case- 2 Parallel Pipef LengthL DischargeQ; D;=D,=d

Q= Q1 + Q2 = 2Q; (as both the diameter and length are same)

fxL (Q,)
hfl:hfzzzxngx[fj '-'Q1=%=0-5XQ

2

fxL 05xQ | 0.0207xfxLxQ?

:h = X
2 5.9.81xd %Xdz d®

h

Equating the values of hsand hs; from Eq.1 and Eq.2

2
84.61xF x L x Q2 = 0.0207 xf xL xQ

d5
45 = 0.0207
84.61
d=0.19m
Q.8 Define Pipesin Series (Dec 2013, Jan2015)

Ans; Pipesin Series or Compound Pipe

D1, D2, D3, D4 are diameters.
L1, L2,L3, L4 arelengths of a number of Pipes connected in series
(hf)1, (hf)2, (hf)3 & (hf)4 are the head loss due to friction for each pipe.

|
b D1 | D2 £> D4 8\

L1 | D3
L2 | L4

Thetotal head loss due to friction hf for the entire pipe system is given by

h, = hf, + hf, + hf, + hf,

8fL1Q2 8fL2Q2 8fL3Q2 8fL4Q2
h; = 25 T 25 T 25 25
gp°Dy gp°D; gp°D; gp°Dy
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Q. 9Explain minor and major lossesin pipeline (Dec 2014, july 2015)

Ans: Minor and Major Lossesin Pipes: Minor lossesin a pipe flow can be either due to

change in magnitude or direction of flow. They can be due to one or more of the
following reasons.

[.  Entryloss
[l. Exitloss
[1l.  Sudden expansion loss
IV.  Sudden contraction loss
V.  Lossesdue to pipe bends and fittings
VI.  Lossesdueto obstruction in pipe.

Magjor Loss: Friction loss

sudden contraction

Sudden /

expansion

L ossdueto Entrance

L entry =

“\5:;(;___‘_; = (% \\H___, (%“

\% == il ®
() Ledt)
Entrance [low conditions and loss coelficient (Rels. 28, 29). (o) Reentroant, K, = 0.5, S

h) sharp-edged, £; = 0.5, (¢) slightly rounded, K, = 0.2 (see I'1g. 5.24),
Dept of (o) well-rounded, K — 0.04 (see Fig, 5.24). Page 59
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Loss dueto Exit:

V 2
Leit — 2_g
(2)®
- —a
—0—— —N

T |

{7
,.' —— e :lyl S eiee——
————— .
"_'_._‘H‘“'P—'-"'F'_'_— | ‘_'d_,_.d_-—-_h_d_.a-—'—"
ﬁﬁ ﬁf—\—»
(c) (d)

Exit flow conditions and loss coefficient. (a) Reentrant, K; = 1.0,
(b) sharp-edged, K; = 1.0, (¢) slightly rounded. K; = 1.0, (d) well-rounded, K; = 1.0.

Equation for head loss due to Sudden Enlargement or Expansion in Pipe:

Consider the sudden expansion of flow between the two section (1) (1)& (2) (2) as shown.
P1& P2 are the pressure acting at (1) (1) and (2) (2), while V1 and V2 are the velocities.
From experiments, it is proved that pressure P1 acts on the area (ap — a1) i.e. at the point
of sudden expansion. From Il Law of Newton Force = Mass x Acceleration.Consider LHS

of

(Vl _Vz )2

h =
L Zg
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Equations for other minor losses
Loss dueto bends & fittings

_KV?
29

K=coefficient of bend

hL

Equation for head loss due to Sudden Contraction in pipe:

™
.-‘1. 1 -______.:_ .‘12
e

2 2
NN
2g\ Cc

Wher e Cc - Coefficient of contraction = 0.63 — 0.67

Q10 A piping system consists of three pipes arranged in series

Pipe Length Diameter

AB 1800m 50 cm

BC 1200m 40 cm

CD 600m 30cm
Transform the system to

(i) An equivaent length of 40cm pipe
(if) An equivaent diameter for the pipe of 3600m length (Dec 2014)

Ans: The Dupits equation for equivalent pipe length for pipesin series

be | L, L L
D°% |Df D DS

0] Given Deg= 40 cm = 0.4m
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L {1800 , 1200 600 }

(04) |(05)° (04) (0.3°
Le= 43182 m

(i)  Given Le= 3600 m

3600 _| 1800 1200 = 600
D;, [(05)° (04)° (0.3

Dg=0.39m
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UNIT VI- DEPTH AND VELOCITY MEASUREMENTS

Q.1Compare manual and self-recor ding depth gauges. (July 2013)

Ans: Manual Depth gauges: Measurement of water depth

The river stage has been defined as the height of the water surface in the river at a given
section above any arbitrary datum. It is usually expressed in meters. In many cases, the
datum is taken as the mean sea level. Sometimes the datum may be selected at or slightly
below the lowest point on the river bed.Stage can be very easily measured by installing
Non-recording (manual) or Recording (automatic) stream gauge stations. The various
methods adopted can be listed as;

Non recording and recording type stream gauge are listed below:

1. Point and Hook Gauge
2. Staff

3. Weight gauge

4. Float gauge

5. Recordinggauge

Self-recording depth gauges: manual gauges described above are simple and
inexpensive, they must be read frequently to get a continuous curve of the stream flow,
especially when, the stage is, changing rapidly. Also, it is likely that the peak stage may
be missed when it occurs in between the observations. Recording type gauges may be
installed to overcome these difficulties.

Recording type gauge used to measure the stage continuously with time is also known as
an automatic stage recorder. It usually consists of a float tied to one end of a cable
running over pulley. To the other end of the cable a counterweight is attached. The float
would be resting on the water surface and the counterweight always keeps the cable in
tension. Any change in water surface makes the float either to raise or lower and this in
turn makes the pulley rotate. The movement of the pulley would actuate a pen arm which
rests on a clock-driven drum wrapped with a chart. The circumference of the drum
represents the time axis while the height of the drum represents the stage. So, either
sufficient height of the drum or some scaling mechanism is provided to cover the
expected range of the stage. The clock and the drum may be so designed that the chart
runs for a specified period of time (like a day or a week or a month) unattended.

A float type automatic stage recorder requires a shelter in the form of a stilling well as
shown is Figure. This stilling well gives protection to the float and counterweight from
floating debris and with proper design of intake pipes it suppresses the fluctuations
resulting from surface waves in the river, Generally two or more intake pipes are placed
to allow the water from the river into the well so that at least one will admit water at all
the times. As the stilling well is likely to get filled with sediment, it is necessary to make
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provision for the removal of silt from time to time. It is customary to install staff gauges

: :é Satellite radio antenna

inside and

Outside the well. These staff gauges serve to check the performance of the recorder and
these are read each time the station is visited.

Q. 2With a neat sketch, describe the construction and working of a Pitot tube.
(July 2013, Jan 2014, Jan 2015)

Ans. Pitot tube: It is one of the means of measuring of the local velocity in a flowing

fluid. Pitot tube named after Henri Pitot who used a bent glass tube in 1730 to measure

velocity in the river Seine. Used for measurement of velocity

using either an inclined manometer or other type of a

manometer. T

In a simple form, it is made up of a glass tube in = |

which the lower end bent at right angles / || JH

Arrangement shown is for measuring velocity A B
in free flow- Open Channel flows

The Liquid level in the tube (h) depends on velocity of stream. The term, H, is depth of
tube from the free surfaceThe points A and B are at the same level as that of ‘H’. The
point A is just u/s of Pitot tube entry point and point B is at tube inlet point. The inlet of
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the Pitot tube acts as an obstruction to flow, where in KE of flowing fluid converts to PE.
Hence at the point of inlet, i.e., at B, the velocity of flow become zero. This point is called
as stagnation point.

Let v be the velocity at A. The Pressure head, H, at A is given by,

P

. - |
W

Where, w is the specific weight of the liquid.

Pressure at B: There is no velocity at B. It is a stagnation point, which means that
the KE flowing fluid converts in to potential energy. i.e., pressure head, h above
liquid surface. Pressure head at B is expressed as,

Pr

W

=H+h

Now applying Bernoulli’s Equation between A and B,

w 2g T ow
v&
Hi—=1I+h
L.
the converted energy head,h, ¢an be represented by,
i v
— 29

From the above equation the theoretical velocity ,’v’, can be calculated as,

v=.2gh

The above expression would give the theoretical velocity because in the above analysis
the energy losses occurring in the system is not considered. The actual velocity can be

determined by introducing a coefficient, Cy, which is the ratio of Actual Velocity to
Theoretical Velocity. Hence the actual velocity is given by,

v=Cy,J2gh
Where Cy is the coefficient of Pitottube near to Unity

Q. 3 Apitot-tube is mounted on an airplaneto indicate the speed of the planereative
to the prevailing wind. What differential pressure intensity in kPa will the
instrument register when the planeistraveling at a speed of 200km/hr in a wind of
60 km/hr blowing against the direction of the plane? r 4= 1.2 kg/m>. (July 2013 Jan
2014)
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Ans.Given :

—

V =200Km/hr;  V, =75Km/hr
V= (200-60) = 140 km/hr = 38.89 m/s
Vi =Cyy2xgxh

33.89=1.04/2x9.81xh

h=77.086m of Air

(Ap)Air =TI Air ngh
(Ap),,, =1.2x9.81x77.086

(Ap)air = 907.456 Pa = 0.907456 kPa

Q.4 Define Hydraulic coefficient and determine the hydraulic coefficients
experimentally (July 2014, July 2015 )

Ans: Hydraulic Coefficients of an orifice

() Coefficient of discharge (Cq): It is defined as the ratio of actua discharge (Qact)
to the theoretical discharge (Qth)

Que
SCi=| =
‘ {QJ

Value of Cq variesin the range of 0.61 to 0.65

(i) Coefficient of Velocity (Cy): It is defined as the ratio of actual velocity (V act) to
the theoretical velocity (Vth).

e | Ve
“CV_(VJ

Vaue of Cy variesin the range of 0.95to 0.99

(iii) Coefficient of Contraction (Cg): It is defined as the ratio of the area of cross section
of the jet a Vena of cross section of the jet at Vena Contracta (ac) to the area of the
orifice (a).
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ButV =C,/2gH
Value of C¢ will be generally more than 0.62
Torricelli’s equation:

h = (H-HxC,")

h =H@-C?)
Equation for Coefficient of Velocity (Cy) (Traectory method)

Consider a point P on the centre line of the jet, such that its horizontal and vertical
coordinates are x and y respectively. By definition, velocity

I H 1 Orifice

Since, the jet falls through a vertical distance y under the action of gravity during this

time (t)
gt 2y ;
y 2 t [gj (@)

But,

V,=C,2gH

1

X (ﬂj
Cyy20H (g

X
N

Il
NP
X
NIR[©

NI
NI
NI
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Q. 5 A 25mm diameter nozzle discharges 0.76m*/minute, when the head is 60m. The
diameter of thejet is 22.5mm. Deter mine the values of C, C,, Cqand loss of head due
to fluid resistance (July 2014)

Ans: Given Nozzle Diameter D= 25mm, Q = 0.76 m*/min, H = 60m,

dig= 22.5mm

H= 60
m Nozzle Diameter 25min

djet = 22.51mm
.

_é _____ R — S

Q =0.76 m’/min /

Water Jet

(i) Values of coefficients

p 2
. = xd: 2 2
d:
Areaof jet 4771 0 (22.5) _ 081

C= = = — =
Area of Nozde %XDZ D*> (25)

c _Qu __ 001267 0.01267
d

Qi _ =0.7522
Qn  Axy2xgxH Zx (0.025) x[2x 9.81x 60

From the relationship Cy = Cc x Cy

C 0.81

C

Cq _0.7523 _ 0.928

Loss of head (H.) due to fluid resistance can be obtained by applying Bernoull’s Equation
between the outlet of the nozzle and jet of water

2 2
ﬂ+Zl+L:&+ZZ+ Vz +H Eq.1

Ow 2xg 9, 2xg
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For Outlet of Nozzle, B Atmospheric Pressure=0,2Z;=Z

w

For Water jet,& = Atmospheric Pressure=0, Z,=Z

w

Substituting in Eq.1

2 2
L: vV FH Eq.2
2xg 2xg
(V2x9.81x60) (Cv)(v2x9.81x60]
= +H,
2x9.81 2x9.81

H, =60{1-C?)=60{1— (0.928) )=8.329m

Q. 6 With the help of a neat sketch, explain working of a current meter (Dec 2013, July
2014, Jan 2015)

Ans.Current meter: A current meter (Figure 1) consists of a rotating element which when
placed in flowing water at a point where velocity (v) isto be measured. The current meter
at aspeed (N) related to the velocity of water (V) as shown in the calibration graph Fig. 2

V=a+Nb Eq....1
Where “V’ velocity in m/s ,’N’ rpm, ‘a’ and ‘b’ are constants

For the measurement of velocity the current meters are most commonly used. 1S: 3910 -
1966 gives specifications for cup type current meter and 1S: 3918 - 1966 gives the code of
practice for use of this type of current meter. To obtain a mean velocity in a vertical,
velocity distribution observations can be made at a number of points along the vertical.
Thisis done when results are required to be accurate, or for purpose of calibration.

In two-point method the velocity observations are made at 0.2 and 0.8 depth below the
surface while in one point method observations is made at 0.6 depth below the surface.
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Fig 1 Propeller and Cup Cone
type Current meter

Calibration Curveof Current meter
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Fig 2 Typical Calibration Curve of a Current meter

Both the two-point and one point methods are in common use in India, though sub-
surface method comprising making velocity observations just below

the surface is also used during floods when other methods are not 7 =
feasible. o

B G —
Q.7 Briefly explain (i) Staff gauge (i) Weight gauge (iii) float gauge 5 o
(Dec 2013, July 2014) l a4
Ans. Staff Gauge: The Staff Gage has a long history of visually i 3-—-
providing a direct indicator for determining water level. The gagesare 3§ 22 ,_-
designed with heavy metal grommets with a 0.2 inch opening for easy ; 4 :

mounting to a wall or pier. The gage consists of a metal plate with -
accurately positioned markings. The metal plates are heavy 16 gage
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(0.075in/ 1.9 mm) enameled iron or steel, which is completely covered with a baked-on
porcelain enamel finish to resist rust or discoloration. Different colors of enamel are used
to provide the markings; typically black numbers on a white background.

(i) Weight Gauge: Wire-weight gages house a weight attached by wire cable to a
graduated reel (gradations are tenths and hundredths of a foot) with a counter at one end.
The weight should be lowered to touch the surface of the water (causing a slight ripple).
At that position, the counter value should be recorded to the nearest whole number and
the point indicated by the stylus on the graduated reel to the nearest hundredth of a foot.
The wire-weight gage could be a movable type to accommodate braided streams. If the
gage needs to be moved, use the correction value on the bridge near the repositioned gage
location.

Q.8 A Pitot tubeinserted in a pipe of 300mm diameter. The static pressurein pipeis
100mm of mercury (vacuum). The stagnation pressure at the centre of the pipe
recorded by Pitot tube is 9.81KPa. Calculate the rate of flow of water through pipe.
Take mean velocity as 0.85 times central velocityand C, = 0.98.(Dec 2013,Jan 2015)
Ans. Given:

(i) D =300mm=0.3m = Areaof flow A:pzx D2 = 'C’Zx(o.:%)2 = 0.07068 M’

100

(i) Static pressure head = 100mm of Vacuum = — 1000 x13.6 = -1.36mof water

= IO—9'—81:1111 of water

ii) Stagnation Pressure Head = 9.81 kPa, H g ion = — =
(i) Stag segnation =4~ '9 81

H = (1.0-(-1.36)) = 2.36m

Velocity at the centre of pipe V, =C, \/2xgxH =0.98/2x9.81x 2.36 = 6.668m/ s
Mean Velocity V = 0.85%6.668 = 5.668 m/s

Rate of flow Q = A x V = 0.07068 x 5.668 = 0.4 m*/s
Case-1: When single pipe connects two reservoirs

H=0.3m, f = 0.04, L1 = 1500m

D1=0.6m v = Q. Q@ _ Q Case-1 Single Pipeline
=—= =
A (p x ij (p x o.azj e
4 4 T
H 1“'3“1 f=0.04 L1=1500m D1=0.6m
B
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CAfLV? O 4fLQ? 32fLQ7

"=, p  p?gD;
! 29D1(4>< ij !
2
H—03- 32x(2).04><1500>;Q
p°xgx(0.2)

Q=0.0343m°/sec

Case-2: When Pipdineisbranched midway for connecting two reservoirs
H =20m, f = 0.015, )
Case-2: When Pipeline is branched midway

L; =800m, D;=0.2m

Water Lawal
L, = 1200m, D, = 0.2m ' ’I?
Lz =1200m, D3= 0.2m f=0.04
0= Oyt Qu= 20 H_\me D; =0.6m o D;=0.6m L,= 750m
1— 2 3~ 2 .
o L L = 750m B €
Q= =750m"
2 D;=0.6m L =750m
L ALY AfLV)
29D, 29D,
0 2 flL,Q,” gz fL,Q," _32x0.04x750xQ° , 32x0.04x750x (0.5Q,)
p’gD;  p’gD; p®xgx(06) p*xgx(06)°

Q, =0.04338 m® / sec

Increase in Discharge = (Q; — Q) = (0.04338-0.0343) = 0.00908m?/sec

Q.9 The veocity of water in a 60cm diameter and 15mm thick cast iron pipe
(E=1.04x10" Pa) is changed from 3 m/sto zero in 1.25 s by closure of a valvei) if the
pipe length is 800m what will be the water hammer pressure at the valve? What will
be the corresponding pressure rise if the closure takes place in; ii) 2s and iii) 0.8s
respectively? Bulk module of easticity of water is 2.11 x 10° N/m?. (July2013, July

2015)
Ans.Given: D =60cm=0.6m,L =800m, t=15mm = 0.015m

E=1.04x 10" Pa, K =211 x 10° N/m?, V = 3m/s

(1) Case-1Timeof Closure T, =1.25 sec
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9
The celerity of wave C= K :1}% =1452.6 m/s
r 1000

2xL 2x800
C 1452.6

Theratio ( =11 sec)

The value of Timeof Closure T;=1.25sec> 1.1 sec
Hence GRADUAL CIOSURE OF VALVE

Thevalue ofpressurerisein pipeline dueto gradual closureisgiven by,

D= rxLxV | (1000x800x3
T 1.25

c

j =1920 kPa

(i) Case-2 Timeof Closure T, =2 sec
The value of Timeof Closure T, =2 sec > 1.1 sec
Hence GRADUAL COSURE OF VALVE

Thevalue ofpressurerisain pipeline dueto gradual closureisgiven by,

p:[r xTvaJz(looox;ooxsjzlzoo .

C

(i) Case-3Timeof ClosureT;=0.8 sec
The value of Timeof Closure T, = 0.8 sec < 1.1 sec

Hence INSTANTANEOUS COSURE OF VALVE

Thevalue of pressurerisein pipeline due toinstantaneous closur eis given by,

p=vV — =3 1000 —3238kPa

1 D 1 0.6
vt gt 1
(k tx Ej (2.11><10 0.015x1.04x10" )

Q. 10 Distinguish between small and large orifice. (July 2013)

Ans:

Based on size Small orifice (when the head over the orifice is more than five timesits size
i.e. H>5d, Large orifice
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Q. 11 The head of water over an orifice of diameter 10cm is 10m. The water coming out
fromorifice is collected in a circular tank of diameter 1.5m. The rise of water level in this
tank is1.0m in 25 secs. Also the coordinate of a point on the jet measured from Vena
Contracts is 4.3m horizontal and 0.5m vertical. Find the hydraulic co-efficient.

(July 2013, Jan 2015)

Ans. Given: d=10cm =0.1m, x = 4.3m, H =10m, y = 0.5m
[” x1.52 xl.O)
4

25

Qact= =0.07069 m®/ sec,

a4 = %x (0.1) = 0.007854m?

Qigea= 0.007854x /2% 9.81x10 = 0.11m?3/s

C,= Quy _ 007089 0.6426
Q idea 0.11
C,=—X 43 (o5
JaxyxH 4x05x10
C, :& _ 06426 _ 0.67
C, 0.9615
Q. 12 Distinguish between the following: (Dec 2013)
(i) Notch and Weir (ii) Coefficient of Velocity and Coefficient of contraction
(iii) Float gauge and weight gauge (iv) Orifice and Venturimeter
Ans:

(i) Notch and Weir: Notch is sharp and carries |less discharge as compared to weir

(i) Coefficient of Velocity and Coefficient of contraction: Cv is near to 1.0 while typical
Ccvalueisnear 0.67

(ili)Float gauge and weight gauge: Float gauge records the depth based on floatation
while the weight gauge fully submerge and gives the depth reading at a given
location.
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(iv) Orifice and Venturimeter: Orifice meter isasmall insertion while venturimeter islong
insertion. The typical Cd values for orifice meter is 0.68 while for venturimeter it is
around 0.9. Orifice meter is cheaper as compared to venturimeter.

Q.13 A Pitot tube was used to measure the velocity of water at the centre of a 25cm
diameter pipe. The stagnation and static pressure heads areindicated as 6m and 5m of
water head. Given the coefficient of velocity C,= 0.98. Deter mine the velocity at the
centre of the pipe (Dec 2013, July 2014)

Ans. Given C, = 0.98, hgagnation = 6mM, Ngaic = 5m
h=(6-5) = 1m

The velocity through Pitot tube V =C, x4/2xgxh

V =0.98x+/2x9.81x1=4.34m/s

Q.14 Derivethe equation for the discharge through Venturimeter (July 2014, July
2015)

Ans:Venturimeter: The venturimeter consists essentially of a convergence in a pipeline
followed by a short paralel sided ‘throat” and then a divergence.

Converging Diverging Cone I

Cone
1

-

T‘nr:nr; area &,

pipe area o Flowrate G} m}"s .
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In the venturi meter, the fluid is accelerated through a converging cone of angle 15-20°
and the pressure difference between the upstream side of the cone and the throat is
measured and provides the signal for the rate of flow.

Venturi meter

Applying the Bernoulli equation along the streamline from point 1 to point 2 in the
narrow throat of the Venturi meter, we have
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P ',

V.-_ L
&+:1+#: =4z, + 2
Pg 2g  pg 2g

By using the continuity equation we can eliminate the velocity 75, Q= A4F, = AV, or V, = 4V} / 4,.
Substituting this mto and rearranging the Bernoulli equation we get

gg{uﬂl _;!}
- Pg

I (4 'I-‘t:]:_l

To get the theoretical discharge this is multiplied by the area. To get the actual discharge taking in to
account the losses due to friction, we mclude a coefficient of discharge

o

= ideal

Eg[—p' ; P +2 —::}
. 2 , pg
= A1 Ornat = CGigen = Cp AV, =C 4 {-41 / 4, ): -1

Suppose a differential manometer is connected between (1) and (2). Then the terms mside the square
brackets can be related to the manometer reading /» as given by

= o \
p1+}]g:l:p]+)()mangh+1‘]g{:l_h.’ = pl p_+'-1_:3:hf ’t"‘“”_l
J{_}g \ J|(_')

Thus the discharge can be expressed 1 terms of the manometer reading:

zgh|i )ﬂrﬂmr = lJ

ol IL)

Qal:m:ll =C d"il v2
(4/4) -1

Notice how this expression does not include anv terms for the elevation or orientation (z; or z;) of the
Venturi meter. This means that the meter can be at any convenient angle to function.
Q.15.The following data were collected for a stream at a gauging station. Compute
the discharge through the stream. Rating equation of current meter V = 0.3N + 0.05,
N =revolutions per second, V = velocity in m/s.  (July 2013)
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Distance o1 oue Water depth “d” () Currenl weler nnersion al
end of water surface (m) 0.6d 02d nRkd
Bev.| S Rev.| S [Rev.| §
3 14 12 |5 - - -
€ 3.3 - - 38 [52f 23 |55
S 5.0 - - 40 [58] 30 |54
12 9.0 - - 48 |60| 34 |58
15 54 - - 34 |52 30 |50
18 3.8 - - 35 [52] 30 |54
21 1.8 18 |50 - - -

Ans. The average velocity is calculated based on Velocity at 0.6di.e. Vogg= Vay

The average velocity is calculated based on 'V, = [

Or

Vozd +Vosa
2

Distance | Water | Area Vay Discharge
(m) Depth | (m? Current meter (/0 Q)
(d)in Velocity V = 0.3N + 0.05in m/s (m3s)
m
0.6d 0.2d 0.8d
3 14 4.2 |V =03(12/50)+0.05= 0.122 0.5124
0.122
6 3.3 9.9 0.2692 | 0.1745 | 0.2219 | 2.1968
9 5.0 15.0 0.2900 | 0.2167 | 0.2534 | 3.8010
12 9.0 27.0 0.2900 | 0.2000 | 0.2450 | 6.6150
15 5.4 16.2 0.2462 | 0.2300 | 0.2381 | 3.8572
18 3.8 114 0.2519 | 0.2167 | 0.2343 | 26710
21 18 54 | V= 0-3(38122)”-05 = 0.1580 | 0.8532
The Total Discharge through the stream (m/s) 20.507
The Total Discharge through the stream (Q) = 20.507 m*/s
Dept of Civil Engineering, SJBIT Page 78




Fluid Mechanics

10CV35

UNIT VIII: DISCHARGE MEASUREMENTS

Q.1 Distinguish between:

Ans:

i) Sharp crested and broad crested weirs
ii) Orificeand mouth piece
iii) Broad crested weir and submer ged weir

(July 2014, Jan 2015)

Sharp crested Weir

Broad crested weirs

Crest is sharp, it carries relatively less
discharge, affected by silt

Crest is broad, it -carries
relatively largeflow, affected
by silt, and debris

Orifice

Mouth piece

A hole is provided at the side of a tank
and vena contracta is formed outside the
orifice

A pipe piece is provided
projecting either outside or
inside of atank and efficient in
handling flows

Broad crested weir

Submerged weir

Crest is broad, it carries reatively
largeflow, affected by silt, and debris.
Used for river flow measurements

Weir is fully submerged and
discharge eguation need to
modify based on experimenta
results. Error in measurement
increases as submergence level
increases above weir top level

Q.2Derive an expression for discharge over a rectangular notch

(July 2013 ,July 2015)

Ans. Flow over a Rectangular Notch
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= _—
e H Crest
lewvel

Rectangular Notch/Weir

L=length of the notch, H=head over the notch,
Consider asmall strip of thickness ‘dh’ at a depth h below the liquid surface
Discharge through the strip  dg = Area x Velocity

dg = Lxdhx,/2gh
Q H 1
Total discharge [ dq = L,/2g [ h2dh
0 0

Q-Ly2g2h
2
.~.Q=§LJ2T;H

2 3
Qu =5 Coy/20LH? ———()
Cd=Coefficient of discharge, its average valueis about 0.62.

3
2

Niw T

End Contraction
When the length of the weir (L) is less than the width of the channel (B), the nappe

contracts at the sides, and thisis knows as end contractions.(fig34)
According to Francis, the effective length of flow over the notch is given by
Substituting this value in EQ(1) and simplifying

Q:%CdJ?g (L—O.]nH)Hg———(Z)

A notch without end contraction is known as a suppressed notch.

Velocity of approach (Vg)
The total head over the weir will be the sum of static head (H) and velocity head (hg),

2

V,
velocity head h, =?; is due to the Vel ocity of the liquid approaching the notch.
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On similar lines, considering a strip of uniform thickness dh at a depth h below the liquid
surface.

Discharge through the strip dg=area x velocity. dQ = Lxdhx,/2g (H +h,)
Therefore Tota dischargeis given by

1
H

qu: Ly/2g [ (H +ha)§dh

0

. L@%{(H +ha)§—ha3}
Q=§CNEL{(H “h)e —haz}

Empirical Formula
3 3
(i)Francis FormulaQ =1.84(L - 0.1nH )[( H +ha)z - haz}

Q3.Water flows over arectangular weir 1m wide at a depth of 15cm and afterwards
passes through a right angled weir. Taking Cq4 for rectangular weir 0.62 and for
triangular 0.59 calculate the depth over thetriangular weir (July2014,July 2015)

Ans: Given

- For Rectangular Weir Cd = 0.62, H = 15cm, L = 1m
- For Triangular Weir Cd = 0.59, 6 = 90°

Let the depth over triangular weir be ‘H;’.

As the same discharge passes through both the weirs equating the discharge for
Rectangular and triangular weir

2 . 8 .
Q:_X(Cd )Rectangular x Lxy[2x gx H % :EX(Cd )Triangular X y/2x g Xtan(qsz(Hl)%

3

Q:%x 0.62x1x \/TQ.&LX(OiS)% :1—85><0.59x A 2x 9.81><tan(9(2) )X(Hl)%

H, = 0.3573m

Q. 4 With the help of neat sketchesexplain (i) Cipolletti Notch and (ii) Ogee Weir
(Dec 2013, July 2015)
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Ans.(i) Cipolleti Weirs: The Cipolletti or Trapezoidal Sharp-edge Weir is similar to a
rectangular weir with end contractions except that the sides incline outwardly at a slope of
1 horizontal to 4 vertical. This slope causes the discharge to occur essentially as though it
were without end contraction. The advantage of this weir is that no correction for end
contraction is required. A disadvantage is that measurement accuracy is inherently less
than that obtainable with a rectangular suppressed or V-notch weir. The Cipolletti Weir is
commonly used in irrigation systems.

End View Side Slope
b+ Aye1H b+
h
FI
b— | —
L L J

The discharge formula for this type of weir was given by Cipoletti as:

Q=186LH*¥
Where “Q’ is the discharge in m*/s; ‘L’ is the length of the crest in meters; and ‘H’ is the
head in meters. The discharge measurements using the above formula for the trapezoidal
weir are not as accurate as those obtained from rectangular weirs using the Francis
formula.

OGEE WEIR

When the welir is suppressed and its height is large, the nappe emerging out may be
subjected to the problems of ventilation. Hence, in such cases the weir profile
downstream is constructed conforming to the shape of the lower side of the nappe. Such a
weir is known as a spillway or ogee weir.

The cross section of an ogee weir is shown. The coordinates of the spillway profile can be
worked out for the head H using the equation. x** =2H°®y

The u/s face of the spillway is generally kept vertical. The discharge equation for an ogee

3
weir will be Q=§CG,1/29LH2

Same as that for a suppressed rectangular notch
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Crest of ogee

Top surface of nappe

Solid boundary coinciding with the
bottom surface of the nappe

Concrete or masonry

Q. 5 Derivean expression for discharge through a triangular notch. (Dec 2013, July
2014, Jan 2015)

Ans: How through a Triangular Notch:

A sharp edged triangular notch with an included angle of #is shown in Figure 4

Figure 4 Triangular or V Notch

Again consider an element of height Jh o adepth h

B 2(H - h)tan %
Breadth of element

a 2 (H - h)tan "532 eH
Hence area of eement

Velocity through element ¥ = AJegh
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S0 = 2(5—;9jzan§,,lzg}s Sh
£

Discharge through element

Integrating to obtain the total discharge betweenh=0andh=H

# 2
¢ = EEaM%ﬁJ‘ [H}g-}ﬁ—}g-"i]cﬁﬂ

Again, acoefficient of discharge T4 has to be introduced.

Q0 = Cdﬁzaﬂf.\;%.ﬂ'%
Actua discharge 13 3,

The triangular notch has advantages over the rectangular notch since the shape of the
nappe does not change with head so that the coefficient of discharge does not vary so
much. A triangular notch can also accommodate a wide range of flow rates.

Q. 6A rectangular notch of crest width 400mm is used to measure flow of water in a
rectangular channel 600mm wide and 450mm deep. If the water level in the channel
is 225mm above the weir crest, find the discharge in the channel. For the notch
assume  Cd=0.63 and take velocity approach into account (Dec 2014)

Ans: Initially neglecting velocity of approach

QzéxCdx\/Z[L—O.lxnx H]H%

o %x 0.63x 2 9.81]0.4— 0.1x 2x 0.225] (0.225)*

Q=0.0705 m%/s

. Q 00705

===———=0.261m/s
A 0.6x0.45

a
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V2 0261
2xg  19.62

=0.0035m

h, =

ngxCdx\/Z[L—O.lxnx(H +ha)](H +ha)%

Q= % x 0.63x +/19.62[0.4 - 0.1x 2 (0.225 + 0.0035)] (0.225 + 0.0035) 2

Q=0.07186 m’/s

New Vazgzmzo.Z%m/s
A 0.6x0.45

V2 0.266

= = 0.0036m
2xg 19.62

h,

New Q = 0.0719 m¥/s

Q.7It isrequired to establish the throat diameter of a venturimeter in an installation
of 100mm diameter pipe conveying water. The maximum range available in
mer cury-water differential manometer gauge is 50cm of mercury deflection. Find
the maximum throat diameter which will indicate the fill gauge deflection when the
flow rateis 20 L PS assuming coefficient of venturimeter as 0.984. (July 2014)

Ans: Given D; = 100mm = 0.1m, Q = 20 LPS = 0.02 m°/s, Cq = 0.984
Deflection of mercury manometer deflection (x) = 50cm = 0.5m

The discharge through Orifice meter is given by,

Q=C,x # x4/2x gxh =0.984x Lléil(i x+4/2x9.81xh
AR R
AZ D2
Where, D; = 0.2m, A, = %x (0.2)? =0.031416m>

h= x[i—lJ = 0.5[%— j =6.3m, Q=0.02m%s

f
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0.02 = 0.984 x Ll‘ils x/2x9.81x 6.3
0.2
=1 -1
&)
D, = 0.04864m = 48.64 mm

Q.8 A discharge of 0.06 m%s was measured over a right angled notch. While

measuring the head over the notch an error of 1.5mm was made. Determine the

percentage error in discharge if the coefficient of discharge for the notch is 0.6
(July 2014)

Ans. Solution: Given Q = 0.06 m*/s, 8 = 90°, Cq=0.6
Error in Head measurement (dH) = 1.5mm = 0.0015m

Let “H’ be the height of water, above the apex of the notch

Q :1—85>< Cy xV2x 9.81xtan(%]x H %

0.06=1—85><O.6><\/2x9.81><tan(92 jx H %2

H =0.282m
Using the relation,
aQ _ §X[d_H]
Q 2 \H
@ _ X (0'0015j =0.0133
Q 2 0282
- dQ
Percentage error in discharge 6 =0.0133x100=1.33%

Q.9 What arethe advantages of triangular notch over rectangular notch?
(July 2013, Jan 2014)

Ans:
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ADVANTAGES OF TRIANGULAR NOTCH OR WEIR OVER RECTANGULAR
NOTCH OR WEIR

Atriangular notch or weir is preferred to a rectangular weir or notch due to

following reasons

1. The expression for discharge for a right-angled V-notch or weir is very simple.

2. For measuring low discharge, a triangular notch gives more accurate results
than rectangular weir or notch.

3. In case of triangular notch, only one reading, i.e., (H) is required for the
computation of discharge.

4. Ventilation of a triangular notch is not necessary.

Q10. Define velocity approach. How does the velocity of approach affect the
discharge over aweir? (July 2014 , Jan 2015)

Ans:. It is the velocity of water which approaches just upstream of weir or notch. It is
affected by the nappe drawdown and correction ‘ha’ need to be applied based on velocity
of head calculated with velocity of approach ‘Va’

Velocity of approach (Vg)
The total head over the weir will be the sum of static head (H) and velocity head (hg),

V2
velocity head h, =?; is dueto the Ve ocity of the liquid approaching the notch.

On similar lines, considering a strip of uniform thickness ‘dh’ at a depth h below the
liquid surface.

Discharge through the strip dg=area x velocity. dQ = Lxdhx,/2g (H +h,)

Therefore Tota dischargeis given by

1
H

qu: L2 [ (H +ha)5dh

0

_ L@%{(H +ha)§—ha3}
Q=§CNEL{(H “h)e —haz}

Empirical Formula

3 3
(i)Francis FormulaQ =1.84(L - 0.1nH )[( H +ha)z - haz}
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3
(i) Bazin’s formuIaQ:£0.405+%] L\[2gH?

H
0.053(H + o.on)}

38
2

L/2g (H +0.0011)

Considering velocity of approach and End contraction, we have

Q:%Cd\/@(L—o.lnH ){(H +ha)2—ha2}

Considering velocity of approach and End contraction, we have

Q:%Cd\/@(L—o.lnH ){(H +ha)2—ha2}

(iii)) Rehbock formulaQ = {O.403+

Q 11A rectangular channd 2m wide has a discharge of 250 L PS which is measured
by aright-angled V-notch. Find the position of the notch from the bed of the channel
if maximum depthof water is not to exceed 1.3m.Take Cy = 0.62. (July 2013, july
2015)

Ans. Given: Q =250 LPS = 0.25m%s, C4 = 0.62, 6 = 90°,

Maximum depth in the channel not to exceed 1.3m

The discharge through aright angled triangular notch is given by,

ngxCdx,/2xgxtan 9 xH%
15 2
0.25=1—85x0.62x\/2x9.81xtan(92 ]xH%

H = 0.5m
Theposition of apex of the = Maximum Depth — Height of water over
from the bed of channe of water in channe V-notch notch

The position of apex of the from the bed of channel = (1.3-0.5) = 0.8m
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Q.12Explain Cipolleti notch with aneat sketch and mention its advantages(Dec 2014)

AnNs:

CIPOLLETTIWEIR

Cipollettiweir is a trapezoidal weir, which has side slopes of 1 horizontal to 4 vertical as shown in Fig.
Thusintriangle ABC

AB _Hsd 1

Who =pe="H 4

1] 1 &
E=u“4=‘m 2.

By giving this slopes to the sides, an increase in discharge through the triangular portions ABC
and DEF of the weir is obtained.

If this slope is not provided the weir would be a rectangularone, and due to end contraction, the
discharge would decrease. Thus in case of cipollettiweir, the factor of end contraction is not
required which is shown below.

The discharge through a rectangular weir with two end contractionsis

=-§-xc,x(1.—n_zﬂj-&§xﬂm

-:%xC,xLx#ﬁH"”--lgs-C.axv'ExH“”

Thus due to end contraction, the discharge decreases by

-l?'—s Cyxvig x H*?
This decrease in discharge can be compensated by giving such a slope to the
sides that the discharge through two triangular portions is equal to

%C;K\'Tgrxﬁm

Let the slope is given by 6/2. The discharge through a V-notch of angle 6 is given
by

ety C,xﬁgxlang-ﬁm

15
8 0,52_2 sn
Thus -l—s-xchﬁExlanEH =]—st3x\f2_ng
a2, 15 1 et L w1402
lan2=15x8-4 or 0/2=tn ;-14 7

Thus discharge through cipolletti weir is
Q=-§-XC¢xL x@ﬁm

I velocity of approach, V,, is to be taken into consideration,
Q=3%Cax L x Vg ((H + hy* -1
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Q13Distinguish between Cipolleti notch and Ogeeweir  (Dec 2014,jan 2013)

CIPOLLETTIWEIR

Cipollettiweir is a trapezoidal weir, which has side slopes of 1 horizontal to 4 vertical as shown in Fig.
Thusintriangle ABC

By giving this slopes to the sides, anincrease in discharge throughthe triangular portions ABC
and DEF of the weir is obtained.

If this slope is not provided the weir would be a rectangularone, and due to end contraction, the
discharge would decrease. Thus in case of cipollettiweir, the factor of end contraction is not
required which is shown below.

The discharge through a rectangular weir with two end contractionsis
Q-%xﬂdx{ﬂnﬂ.zfﬂmﬂﬁm

KC‘XLF\ﬁ;I"Q—%CJI\FExHEIH

L |3

DISCHARGE OVER AN OGEE WEIR

Below fig shows an Ogee weir, in which the crest of the weir rises up to
maximum height of 0.115 x H (where H is the height of water above inlet of the
weir) and then falls as shown in Fig.

The discharge for an Ogee weir is the same as that of a rectangular weir, and it
is given by

O==CyxlLxVig=xH"?

S

Q. 14 A rectangular notch of crest width of 10m X 2.5m depth is used to measure flow
of water in a rectangular channdl. If the water level in the channel is 2m above the
weir crest, find the discharge in the channel. For the notch assume C4 = 0.6 and take
velocity of approach into account (Dec 2013, jan 2015)

Ans; Given-H =2m, L =10m, C4=0.6
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Without considering velocity of approach

Q=C, x%x Lx,2xgxH % (Without end contraction)

Q- O.6x§x10><\/2x9.81x 2% _5011m°/s

. Q 50.11
Velocity of approach V, =~ =—"—<=1m/s
yorep ® A (20x25)
V72 1?
ApproachHead H, = —2— = =0.051m

2xg (2x 9.81)

Discharge equation considering end contraction

Q=C, x%x Lxmx([(H +Ha]%_Ha%)

Q=06x é x10x 2% 9.81 % ([(2 +0.051)% - (0.051)2 ) = 51.81m%s
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