Fluid Measurement




Pitot Tube

The pitot tube can be used to
measure the velocity of water
in an open channel as well as
in a closed pipe.

A bent L-shaped glass tube
with both ends open is called
a pitot tube.




Pitot Tube
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Uses of Pitot Tube:

It is used to measure speed of an aircraft
It is used to measure speed of a boat

It is used to measure fluid flows in different
industries

It is used where very high accuracy is not
required

It is used to measure flow profile in a duct or
channel

Advantages:

* Low cost

* Low permanent pressure loss

 size is small and contains no moving part
* Installation is easy

* can be used in different diameter pipes

Disadvantages:

* Low accuracy

e itis fragile
* low range ability
 solid particles can block pitot tube

* single point measurement



Piezometer

Piezometer

* A piezometer is an open tube that
is used to measure pressure via the
rise of fluid through column




Uses of Piezometer: Advantages:

* To study the effect of water in pores of soil or rock is to * Simple and easy to use.
reduce load bearing capacity of soil or rock. Effect is * Used to measure static pressure fluid in a
more pronounced with higher pore water pressure container.
leading eventually in some cases to total failure of load e used in measuring ground water level

bearing capacity of the soil. helpful in calculations to find performance of soil

* To determine level and flow pattern of ground water and rock.

* Disadvantages:

* To determine the flow pattern of water in earth/rock

fill, concrete dams, and their foundations. e (Can not be used to measure the pressure of gaseous

fluid.

* can not be used to measure pressure which is lower

than atmospheric.

e can not be used when the value of pressure is very

high.



Venturimeter o Ve o
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Venturimeter is widely used for fneéasuring discharg
discharges. It was invented by an American engineer, Clemens Hersch
named by him in honor of t_hs: original discoverer of the principle involv
Italian philosopher. . R - o TR S

A Venturimeter (Fig. 10.3) in its simple form consists of (i) a short converging cone
BC connected to the approach pipe at the inlet end B, (ii) a cylindrical throat CD, and (iii) a
gradually diverging cone DE connected to the pipe at the outlet end E. The Venturimeter may
be horizontal, vertical or inclined, but it is generally kept horizontal. The Venturimeter must
run full and it should be preceded by a straight length of pipe of not less than 5 to 10
diameters of pipe to reduce most of the turbulence in order to get accurate results. In order to
avoid the tendency of fluid to separate at the throat due to increase in velocity and decrease in
pressure, the ratio of the throat diameter to pipe diameter should be % to %, the most suitable
value being 4 to ¥2. The length of the divergent cone is made equal to 3 to 4 times the length
of the convergent cone to reduce the frictional loss of head caused by turbulence as the
velocity is reduced. When the frictional losses are of least consideration, the Ventunmeter
can be made with convergent and divergence angles up to{30” and 14" respectively. The size
of a Venturimeter is expressed in terms of inlet and throat diameters, e.g. a 30 cmx 10 cm
Venturimeter fits a 30 cm diameter pipe and has a throat of 10 cm diameter.

. . ; . . ter
(a) Inclined Venturimeter (b) Horizontal Venturimeter with differential manome

Fig. 10.3 Venturimeter



Equation for Venturimeter

\f\/‘
P ool Vi o0 ok
i REA N - “+ 2
£3 +'l3 . B 23
s By B M L M C:20- 2]

- _k)_ - Vv, _ v_‘
D h, -T2y A
‘—‘) \«.:: —2-—%' [‘\/‘_v \/'__]

In section 2, the area is less,velocity is high,
kinetic energy is high.So, pressure energy is less

3) QjL\A , f\/l_v
[-Uas)d
> Vo N womr
g
P Ny [ ToahAe
Al 'A.LV

= i [ Z3h
J \/)_ = Al Q_V—A("A:

A Sy \ - L.

Au A).

OF “'\17\7—,—9—;7‘19% ..(10.8)



LA A B == ¥
b W OTRARRS TT AW RALF RFIW T R RRRAE T FRWRIRS WEATRE ¥ v'.- B L

The actual discharge Q.o a Venturimeter will be less than the theoretical discharge Q
given by Eq.(10.8) owing to the non-uniform distribution of velocity over the pipe scclion as
well as friction and other losses. The theorctical discharge i therefore multiplicd by a

correction factor Cy, less than unity, to get the actual discharge Q, or

(10.11)

. The correction factor Cy is known as the meter coefficient or the discharge cocfficient.
It s best determined by measuring the actual flow Q through the Venlurimeler by volume of
“’F'ght- compuling the theorctical flow Q, from (he manomeicr recading and the meter
dimensions and computing the ratio ol Q to Qy. The value of Gy is alTected by the ratio of Ay
(0 Az, velocity, kinematic viscosity of Muid Mowing and (he roughness of the inner surface of
the Venturimeter. However, the coelflicient of a standard “Venturimeter has a fairly constant

value between 0.96 and 0.99.
In Eq.(10.8), the factor Ady J2g

is constant for a particular Venturimeter and




Uses of Venturimeter: Advantages:

 Venturi meters are used in pipelines at ¢ Less pressure drop and higher coefficient of
wastewater collection systems and treatment discharge

plants. * It is flexible to installed (horizontal,inclined)

* The temperatures and pressures of chemicals
in a pipeline do not affect the accuracy of a
Venturi flowmeter and because of this they

are used in crude oil pipelines. D|Sa dva ntages:

e The venturi in carburetors is used to measure
airflow in a car engine and to ensure that a  ° High costand high maintanence is required
correct amount of fuel is fed to the gas * can not be used in shorter length pipe
combustion engine when needed during
driving.

* High accuracy than any other device




Orifice

Description
An orifics IS an . — .S
e S ; 8 1< '-:-"‘I..‘ of a vess | ' = E
usual purpose of an orifice is the _ . ssel through which a liquid flows. Th
to their size, shape, sh : f 1€ measurement of flow. The orifices are classified accordinc
=5 Si’ze Pe, ape of the upstream end and discharge condition as follows ©
1> Shage 3 zmall and large orifices -
: Circular, rectangular, s 1 i
> > Square and triangular orifices
:;3 ]S)l::::;:a(:f the ulc)ft.ream end: Sharp-ec!ged and rounded or bell-mouthed orifices
ge condition : Freely dnscharging and drowned or submerged orifices

Theoretical Velocity
Consider a vessel fitted with a vertical rounded orifice discharging water into the

atmosphere under a head of H as shown in Fig. 10.4. The upper surface of the liquid in the
vessel is also exposed to the atmosphere.

The liquid particles, in order to flow out through the orifice, move towards the orifice
from all directions. Because of the inertia of these particles, they cannot make abrupt changes
in their directions to reach the orifice and they
therefore follow curvilinear paths that cause the jet to .
contract for a short distance after leaving the orifice.
The section C-C where contraction of the jet 1s
maximum i1s known as the verna contracta. For a
sharp-edged orifice, the vena contracta is found to be
at a distance of about one-half diameter downstream
from the plane of the orifice. At the vena conitracia,

the streamlines are parallel to one another, the
10spheric ¢ 1 the velocity of liquid is

-
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pressure s atmo sphen and

maximum. Obviously, there is no contraction of the

Jjet beyond the vena contracta, ) ) )
Fig. 10.4 Discharge from orifice

scharge through a vertical orifice under

Since ligquid particles at different elevations di ‘ _
different heads, their velocities are not the same. In orifice flow, however, velocity is

ordinarily taken as the velocity due to mean head H. The mean velocity thus obtained is

represented by the symbol V,, while the mean velocity in the channel of approach, calle¢
velocity of approach, is represented by V.. Considering points 1 and ? as shown in Fig_
and applying the energy eguation between them, we obtain



Coefficient of Velocity

The actual velocnty of the orifice jet at the vena contracta is less than the theoret;
- velocity, because of the frictional resistance that occurs as the liquid enters and pas
:tl.‘liroug_‘b.the orifice. The ratio of the actual mean velocity V of the jet at the vena contracta t

r : retical velocity Vi at the vena coy,, .,
mel sicient of velocity and is designated by C,, Thus,

v
=— and F=
.=y =G . (1019)

The value of C, varies from 0.95 1o . 99,

th
C. generally increases with the head under Whlch = dVerage value being 0.97. The value of

the flow takes place.



Coefficient of Contraction

-

The ratio ol the cross-sectional area of the Jet at the ven;; contracta to the area of the

orifice 1, callee qur'ticicnt of contraction..If a and A represent gespectively the cross-
sectional area of the jet at the vena contracta and the area of the orifice and C. is the
cocefficient of contraction, then : A
a . . |
C‘- =‘; or 0=C‘_A ' (10.16)
Thie theorefical valu of Ceis “}(“ + 2) = 0.611, but in Prac;ice its value varies from
0.61 to 0.69, depending on the size and shape of the orifice and available head of the liquid

under which the flow takes place. An average value of C. is about 0.64.

Theoretical and Actual Discharges |
If V, be the theoretical velocity given by Eq.(10.14) and A be the cross-sectional area
of the orifice, then the theoretical discharge through the orifice is given by

LG =AY, = A2gH (10.17)

On the other hand, if V be the actual mean velocity of the jet at the vena contracta, the actual
discharge through the orifice is given by

O aV (10.18)
! ion becomes
Since a = C.A and V = C,V,, the above equation
Q=C. AxCV, =C.Ax C,\J28H = C.C,A\2gH (10.19)

: C. with a single coefficient Cy4, called the
| to replace the product Ce(y : . .
(‘,()g:fﬁcii:lntlso ;1(51‘::0113‘83- [‘)I'he equation for the actual discharge of a fluid through an orifice

thus becomes

S (10.20)
Q= C,A2gH = C,Q,



Coefficient of Discharge

The ratio of the actual discharge through an orifice to the theoretical discharge
is known as the coefficient of discharge Cd

Actual discharge O

*" Theoretical disch arge (10.21)
and comparing Egs.(10.19) and (10.20), we obtain
Cs=CC, (10.22)

The value of Cy4 varies with the values of C, and C.. It varies from 0.59 to 0.65
depending upon the shape and size of the orifice, the head of liquid under which the flow
takes place, the approach conditions and the viscosity of the fluid. An average value of C4 is

about 0.62.



t,pcri“‘"'m Determination of OUrilice (1028

) Coefficient
Determination o -
(N e f the toem‘clent of discharge ', 11, |
CaiS of greates € 10 the engineers. From Eqs. (10 |7)am|" ¢ coetlicient of discharye

__ Actual discharge () | (10.21), we get
Theoretical discharge Q" B ;4727},‘, (10.29)

; g Cqis by measunn the actual disc
he onfice, the area of the onifice and the total head, and then usgmg ch( ll(‘;.l(‘i)';thmgc s

(2) Determination of the coefficient of velocity
<an be obtaned from the equation

v
C,=—

o H. (10 30)

if the velocity qf the jet at the vena contracta V and the total head H are determined. The
velocity of the jet at the vena contracta can be computed from the area of the jet and the

measured discharge Q. It can also be determined with fair accuracy with a Pitot tube or by the
coordinate method presented below.

v: The coefficient of velocity €,



' The Coordinate Method of Determining C,
Figure 10.5 represents a side view of a jet from an orifice. The jet at the vena
contracta is traveling horizontally with a velocity V. The
force of gravity causes the jet to move downward. Let x and y
be the coordinates of any other point P in the jet. Neglecting

air resistance, the horizontal component of the jet velocity 1s V
constant with the time t, from which I
e Vi Jet
The jet has a downward acceleration which conforms to the P
law of falling bodies from which
g bodies Ir : |
y = Eg,- | x is the distance of P from vena contracta
Eliminating t between the above WO equations Fig. 10.5 Determination of C, by
coordinate method
2
A W ; (10.31)
£

§ :\;‘hnch 1s the equation of a p.ambol.ﬂ with 11s Ycr:':l.?‘ the vena contracta. [Uis thus obyious th
© the path of a jet from a vertical orifice 1§ @ parabold.
Solving Eq.(10.31) for V, W€ get

at

153
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Now. the theoretical velocity of jet1s

Vt - V‘ng
V ’f' -
- The coefficient of veloaity, ([, = — = ,'——r—* (10.33)
' v, V4H

of contraction C.: The coeffigien

(3) Determination of the coefficient
f the jet at the vena contracta, and the,

contraction may be found by measuring the area o

dividing the same by the area of the onfice, 1.€.

’ Area of the jel
Coefficient of contraction, Ce=- v :
Area of the orifice

at the vena contracta  a
= A (10.34) |

ena contracta exactly and measure the area of the |
it is recommended that the coefficient |
|

It 15 often difficult to locate the v
at the vena contracta accurately. Therefore,
contraction C, be determined using the relation

e .
C, =4 (10.35) {



Advantages of Orifice: =~ Disadvantages of Orifice:

* easy to install * requires homogeneous fluid
e easy to maintain * will be a pressure drop in case of
e low cost orifice operation
* measure wide range of flow ® accuracy is affected by
density,pressure and viscosity of
Uses of Orifice: fluid

* Fluid flow rates in a pipe can be measured
* [tis used in natural gas plants and water treatment plants
* Petrochemicals and refineries

* |tis used in the oil filtration plant



Mouthpiece

* It has been determined experimentally that if a short pipe is fitted to an orifice, it
will increase the discharge through the orifice by increasing the value of the
coefficient of discharge. Such a pipe, whose length is generally more than 2 times
the dia of the orifice and is fitted to the orifice externally or internally is known as
mouthpiece. The mouthpieces are used to increase the discharge by making them
run full of water and increasing the coefficient of contraction.



Notch

1. A notch may be defined as an opening provided in
one side of a tank or reservoir with u/s liquid level
below the top edge of the opening

2. Bottom edge of notch through which water flows
is known as sill or crest.

3.1t is used to measure small discharge.

4.1t is small size

5. It is made of metallic plate.

Weir

1.A weir may be defined as a structure constructed
across a river or canal to store water on the
upstream side

2.The top weir over which water flows is called crest.

3.1t is used to measure large discharge.

4.1t is usually large size.

5.It is made of cement concrete or masonary.



u/s side liquid is below the top edge

sill or crest

Notch



Broad and Sharp Crested Weir

sharp-crested weir

Weir plate

Broad Crested Weir

Free Flow Over Weir HHB




Weirs

DcsfﬂrA weir (Fig. 10.10) is an overflow structu
flow- Weirs may be rectangular, triangular t:e
lar form. The edge or top surface with whi
cemed the crest of the weir. Classified with refer
rested or broad-crested. The sharp-crest

¥ bunl.l across an open channel to measure
i }:u:}z‘mdal. c;;rcu[ar, parabolic or any other
¢ flowing liquid comes in contact is

from the weir is |
Jownstream ower than the crest. t
s higher than the crest, the flow is submerée:lm flow is free. If the downstream water
Water surface =
— Nappe
B

,! & F
’ Weir

%

Channel bed = = 6H
Fig. 10.10 Flow over a sharp-crested weir

The overflowing stream is termed the nappe. The nappe of a sharp-crested weir is
contracted at its underside by the action of the vertical component of velocity just upstream

from the weir. This is called vertical or crest contraction. If the sides of the weir also have
ed in width, the weir is said to have end

sharp upstream edges so that the nappe is contract :
to the flow) equal to the width of the

contractions. A weir having its width (transverse '
channel, so that only vertical contraction of the nappe takes places, is called a suppressed or

Sull-width weir. When the width of the weir is less than the width of the channel so that the
nappe contracts both in the vertical and lateral directions, the weir 1s termed a contracted

weiy,
: iquid in the vicimity of the weir
There is z wnward curvature of the surface of the liqui cini
which is called t:: 3’,0';,_ down curve. The vertical distance H between the liquid surface and
€ crest of the weir, measured far enough upstream to be beyond the drop-down curve, 1s

- -
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- |
he head, and the mean velocity in this channel is called the velocity of approach. Ty,
;3';3 ;, of the ;vel'r is the vertical distance of the crest above the bottom of the channe|.
€l p

Typical path lines of flow over a sharp-crcsteq WeIr are shpwn in Fig. 10.10, The
paths are approximately pa!'allcl until they reach a point about 6 times the head upstream
from the weir. From this point !hey gradually curve upward to pass over the crest. There is a
dead water region at the comner just upstream of the weir.

The crest of a sharp-crested weir is not necessarily knife-edged. In practice, the creg
length of 1 mm to 2 mm in the direction of flow is provided and the downstream end is
beveled at an angle of 45° to 60°. In this
case, the flow springs clear of the weir body
downstream of the weir and an air pocket is
formed beneath the nappe from which air is
continuously removed by the overflowing

jet. As the flow continues, the pressure in
the air pocket falls below the atmospheric
pressure and the nappe is depressed. For
flow measurement, the atmospheric pressure
is maintained in the air pocket through the
provision of air vents (Fig. 10.11). Fig. 10.11 Free flow over a rectangular
sharp-crested suppressed weir




Equation of Rectangular Sharp-Crested Suppressed Weir:

——Energy Viee
1 “‘,‘i\
B, A
|
P

FFig. 10,10 Free Mow over a rectangulir
sharp-crested suppressed weir

The variation of Cd for rectangular sharp-crested weir
Is given with satisfactory accuracy using well-known
Rehbok formula.

et A e ddd LA

Cy=0.611+0.08 H/P

which is valid for H/P £5.






Exahple 10.1 |
A Pitot tube is placed in water as shown in Fig. 10.1 and the liquid rises in the tube to

a height of 10 cm above the water surface outside the tube. Calculate the velocity of stream
upstream of the tube,

| Solufion Here,h=10cm=0.10 m ' 1 s
. The velocity of the stream upstream of the tube 1s A L __w__
* y=af2gh =+2x9.81x0.10 =1.40 m/s i P
( ~ ~ ht |\
|2




ExampleA0.2

A 1zontal Ventuimeter having a throat 10 cm in diameter is installed ina 30 cm
pipe and is used for measuring the flow of oil of specific gravity 0.9. The oil-mercury
differential manometer shows a gauge difference of 20 cm. Calculate the actual discharge in
liters per sec if the meter coefficient is 0.98.

Solution We have, d; =30 cm =030 m, d = 10 ém = 0.10 m, Specific gravity of oil =
0.9,

Pressure difference =20 cm, Cy = 0.98

Arca at inlet, 4, = Txd} = 2 %0307 =0.071 m?

Arca at throat, A, = %x d;i = %—xO.IO’ =0.0079 m?

Difference in pressure head, h =20 @i of mercury
20 13.6 B

= ﬁ“z m ol oil

Aty oy = 0:071%0.0079
5 Q=== 2 = = x 270 R 1% 2.8
Q{; J A - a) Jmm'_ 0.0079’ b

=0.0588 m’/s = 58.80 liters/see

L Q=C,%xQ, = 0.98 x 58.80 =57.63 liters/sce
o L}



Example 10.3
A water main gives a pressure reading of 490

which water in it is escaped through a circular orifice 2.3 cm In diameter.

(N/m?. Find the theoretical rate

Solution  We have, p=490 kN/m*. Diameter of orifice, d = 2.3cm = (.025 m

We know that, p=yH

L H =£=ﬂ = 4959 m ol waler

vy 9.8
Theoretical velocity of flow through the orifice

V = 2gH =42x9.81x49.59 =31 30 m/s
*. Theoretical rate of flow at which water is escaped through the orifice

0, = AxV, =%:<ll0252 $31.30=0015 '/




=: A 60 cm diameter orifice is charging water under a head of 9 m. Calculate the actual discharge
in liters per second and actual velocity of the jet at the vena contracta, if Ca = 0.62 and Cv=0.96

gtion  Given,d=60mm=0.06m, H=9m Cy= 0.62. Cy=0.96
il

1
Area of the orifice, 4= Exd"’ = -'Ex{],ﬂﬁl = 0.00282 m

The theoretical discharge through the orifice 15

QO =AJ28H =0.00282x J2x9.81=9 =0.0375 m 1y =37.50 liters/ 5eC
. The actual discharge through the orifice is

O0=C,0, =0062x0.0375= 0.02323 m' {5 = 23.23 liters fscc

The theoretical velocity of the jet at vena contracia

V, = J2gH =J2x9.81x9 =13.29 m/s

~. The actual velocity of the jet at vena contracta
V=CV =09%x1329= 12.76 mis




Water flows through a circular orifice 2.5 cm in diameter in the side of a tank. The constant head
of water above the center of the orifice is 75 cm. The coordinates of the centerline of the jet are 30 cm
horizontally from the vena contracta and 3.2 cm vertically below the center of the orifice. The discharge
from the orifice is 1.186 liters/sec. Find the orifice coefficients Cd, Cc and Cc.

Solution Given. d = 2.5cm = 0025 m, H=75cm = 0.75 m,x =30 em =0.30"m, y = 3leon = 0.032m
X is the distance of point P from vena contracta

Q= 1.186 liters/sec = 0.001186 m/s
g=F b = L0025 =0.000490 i’

Arca of the orificc, 1Y T } —g— P & x
0 0 0.001186 0.6 HI e ~m— )
Coefficient of discharge, C, =E:]m ~ 0.000491 % 2% 9.81x0.73 -~ ; Py
) _ ) x! _ J “'3.{]1 = .47
Cocfficicot of velocily, Cy = \J -4_;1[; SV 4 R0.03200.75 C-C is the vena contracta

Coeflicient of contraction, Cc=Cd/ Cv=0.63/0.97 = 0.65
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narp-crested weir spanning the full widh of a reciangular chamel Zm

yute the discharge over the weir under an upsiream bead of 0.1,

iion  Rectangular channel, b=2m, P=1m,H=0.7Im
Cy=0611+0.08H/P = 0.6114008x0.75/1 = 0.67]

Q=%Cﬂ@ b =5x0.67lx~.f2x‘),ﬂl X075 =25T4m
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Self study

Rectangular Sharp Crested Contracted Weir

Rectangular sharp-crested contracted weir .
In a contracted weir (Fig.10.12), the effective width of the weir (transverse (0 the

dircction of flow) is reduced and is given by the well-known Francis formida
Be =B - 0.InH Ly

where B is the width of the weir and n is the number of end contractions. The discharge
cquation for a contracted weir may be developed in the same way as for a suppressed weir.
However, Kindsvater and Carter (1957), based on their extensive experimental investigation, .
modificd the theoretical equation so that it would apply to all rectangular sharp-crested weirs |
regardless of whether they are suppressed or contracted. The cquation for discharge over a
sharp-crested weir is

x Z 5

I

3 — T —

! Uk _l-
-t——u'-—{

Fig. 10.11 Submerged sharp-crested weir Fig. 10.12 Weir with end contractions

2
Q==C,2g B.H" . (10.81)



Self study

wherc Cy. is the cffective coefficient of discharge and B, and |1

head of the weir, and ¢ arc the clflcctive width and
- I '
Ca=Kalax— (10.82a)
Be=B+Ks (10.82b)

where the paramc(cm Ky and Ky represent the combmcd cffects of - Viscosity and surface
tension on the flow. Usually K, is taken to be cqual to 0.001 m. The parameters Kj. K; and
Ky, which depend on B/b, are given in Table 10. R ;

134 W

Table 10.1 Values of K,, K, and Ky, for broad-crested weirs
(Kindsvater and Carter, 1957)

1B3B/b l\'| l(z l\‘lu

1.0 0.602 0.0750  -0.0009
0.9 0.599 0.0640 0.0037
0.8 0.597 0.0450  0.0043
0.7 0.595 0.0300 0.0041
0.6 0.593 0.0180 0.0037
0.5 0.592 00110 0.0030
04 0.591 0.0058  0.0027
0.3 0.590 0.0020  0.0025
0.2 0589 -0.0018 0.0024
0.1 0.588 -0.0021  0.0024

H
e )



Self study

Example 10.12 _
Compute the discharge over a sharp-cresied contracted weir | mwide and | m high
set in a rectangular channel 2 m wide if the head over the weir is 0.75 m,

Solution Wehave,b=2m,B=1m,P=1m,H=0.75m,Ky=000Im

LI
b 2

. From Table 10.1, Ky =0.592, K= 0.0]10 and Ky=0.0030
. Coe=Ky+ sz% =0.592 + 0.1 |ox9-'3-5- =0.60028
Be=DB +Ky=1+0.0030 = 1.0030m
He= 1 +Ky= 0.75+0,001 = 0751 m

0= ?Scd,ﬁg BH %x0.60025x 29811 0030x 0751 = 1.161 ' I




