Lecture 9 Water Flow Measurement in Pipes
In the previous lesson, we have studied methods for water flow measurements in open channel. However, irrigation water also conveyed through pipes and therefore we will now study methods of flow measurements in pipes.
9.1 Difference between Pipe Flow and Open Channel Flow
	Open Channel Flow
	Pipe Flow

	 
· [bookmark: _GoBack]Defines as a passage in which liquid flows with its upper surface exposed to atmosphere. The flow is due to gravity. Flow conditions are greatly influenced by slope of the channel.
· Hydraulic grade line coincides with the water surface
· The maximum velocity occurs at a little distance below the water surface.
· The shape of the velocity profile is dependent on the channel roughness.
· For laminar flow, Reynolds number  and for turbulent flow, .
· Flow cross section is unknown because flow depth is unknown.
· Flow depth is deduced simultaneously from solving both continuity and momentum equation.
 
	·  A pipe is a closed conduit which is used for carrying fluids under pressure. The flow in a pipe is termed as pipe flow only when the fluid completely fills the cross section & there is no free surface of fluid.
· Hydraulic grade line does not coincide with the water surface.
· The maximum velocity occurring at the pipe centre.
· Velocity distribution is symmetrical about the pipe axis.
· For laminar flow, Reynolds number  and for turbulent flow,
· Flow cross section is known and fixed.
· Velocity is deduced from continuity equation.


 
[image: 91.png]
Fig. 9.1. Pipe flow (left) and open channel flow (right).
(Source:http://www.efm.leeds.ac.uk/CIVE/CIVE2400/OpenChannelHydraulics2.pdf, accessed on 05/06/2012)
 
From the above Fig. 9.1 we can see that the in the pipe flow there is a pressure equal to a head y whereas in the open channel the surface is at atmospheric pressure. denotes the head loss from section 1 to section 2.In case of open channel the conditions are much more varied than pipe flow in terms of surface geometry, surface roughness, depth and velocity of flow anuniformity of flow. 
 
9.2 Venturimeter
9.2.1 Definition: Aventurimeter is a device used to measure the rate of flow of a fluid through a pipe and is often fixed permanently at different sections of the pipeline to know the discharge there. 
9.2.2 Description:Venturimeter consists of three parts:
1. A short converging part
2. A throat
3. A diverging part
Due to the constriction there is an increase in the flow velocity and hence an increase in the kinetic energy. In the venturimeter (Fig.9.2) 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.
 [image: 92.png]
Fig.9.2.Venturimeter and its operations.
(Source:http://fetweb.ju.edu.jo/ME/courses/labs/measurements/labsheet/Experiment%20No%203%20flow%20measurements.pdf
 
The fluid slows down in a cone with smaller angle (5-7°) where most of the kinetic energy is converted back to pressure energy. Because of the cone and the gradual reduction in the area there is no "vena contracta". The flow area is at minimum at the throat. 
 
9.2.3 Principle of Operation
It works on the Bernoulli’s principle. From Bernoulli’s principle the increase in kinetic energy gives rise to a reduction in pressure.  Rate of discharge from the constriction can be calculated knowing the pressure reduction across the constriction, area of cross-section, density of fluid and the coefficient of discharge, . Coefficient of discharge is the ratio of actual flow to the calculated flow and it takes into account the stream contraction and frictional effects. 
For measuring discharge we should apply Bernoulli’s equation at point 1 and at point 2 (Fig.9.2).The following treatment is limited to incompressible fluids.Friction is neglected, the meter is assumed to be horizontal and there is no pump. If  and  are the average velocities at point 1 and point 2 respectively and ρ is the density of fluid, then Bernoulli’s equation can be written as
             [image: 93.png]                                                                                                                                                                                                        .......(9.1)
Where,
P1 = P2 pressure at section 1 and 2
Since Z1 =Z2 ,   
          [image: 94.png]                                                                                                                                                                                                ......(9.2) 
Now applying the equation of continuity at both points, we have
 
A1 v1 = A2 v1                                                (9.3)
  [image: 96.png]                                                                                                                                                                            .......(9.4)
 
Where d1, d2 and  are the diameters at point 1(pipe) and at point 2(throat) respectively. 
Now putting the value of  in equation (2) and if 
[image: 97.png]
we have 
 [image: 98.png]                                                                                                                                                                           ............(9.5) 
To account for the friction losses a coefficient of discharge, is introduced in the above equation and the final equation becomes: 
  [image: 99.png]                                                                                                                                                                             ...........(9.6)
 depends upon the type of flow, type of fluid and dimensions of venture tube and pipe.
 
Given below are the formulae to calculate the value of head difference in terms of the liquid flowing through the venturi from the head difference observed in the manometric liquid:
1. When the manometric liquid is heavier than the liquid flowing through the pipe:
        [image: 910.png]                                                                                                                                                                    ........(9.7)
 
2. When the manometric liquid is lighter than the liquid flowing in the pipe: 
        [image: 911.png]                                                                                                                                                                 .......(9.8)
Where,
h = head difference in terms of the liquid flowing in the pipe
x = head difference in the manometer
Sh = specific gravity of the liquid flowing in the pipe
So = specific gravity of the manometric liquid
 
Merit:
- Widely used particularly for large volume liquid and gas flows.
 
Demerits:
-      Highly expensive
-      Occupies considerable space
-      Cannot be altered for measuring pressure beyond a maximum velocity.
 
Example 9.1:
A horizontal venturimeter with inlet and throat diameters 36 cm and 18 cm respectively is used to measure the flow of water. The reading of the differential manometer connected to the inlet and the throat is 15 cm of mercury. Determine the rate of flow. Take Cd = 0.98.
Solution:
Given
Diameter at inlet, d1 = 36 cm
Diameter at throat, d2 = 18 cm
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[image: 913.png] 
From equation (6) we know:
[image: 914.png]
We know that, [image: 915.png]
 
Calculating h from equation (7)
[image: 916.png] 189.0 cm of water 
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Putting the values in equation (6):
 [image: 918.png]
 
9.3 Pitot Tube
9.3.1 Definition
It a device to measure the fluid flow velocity at any point in a pipe or channel.
9.3.2 Description
In its simplest form the pitot tube consists of a glass tube bent at right angles.
[image: 919.png]
Fig.9.3.Pitot tube.(Source: Bansal, 2005,)
 9.3.3 Principle of Operation
The velocity calculation is done by measuring the stagnation pressure and then applying the Bernoulli’s theorem, the basic working principle being the conversion of kinetic energy to pressure energy at the point where velocity becomes zero. 
Applying Bernoulli’s theorem at points 1 and 2 shown in Fig.9.3.
        [image: 920.png]                                                                                                                                                                          ........(9.9)                 
The symbols have same meaning as in case of venturimeter. 
As Z1 = Z2  and v2 = 0
[image: 921.png]                                                                                                                                                                          .........(9.10)
 
This gives the theoretical velocity. The actual velocity is given by: 
          [image: 922.png]                                                                                                                                                                               ...... (9.11) 
Where,
h = height to which the liquid rises above the pipe.
Cv= the co-efficient of pitot tube.
 
Merits:
-      Simple in construction having no moving parts.
-      Easy to install.
-      Requires no external power source.
-      Easy measurement and velocity. 
Demerits:
-      Can’t be used for turbulent flow, i.e. only used for laminar flow.
-      Less accurate in measurement of velocity due to assumption of ideal fluid.
 
Example 9.2:
A pitot static tube placed in the centre of a 325 mm pipeline has one orifice pointing upstream and other perpendicular to it. The mean velocity in the pipe is 0.85 of the central velocity. Find the discharge if the pressure difference between the two orifices is 50 mm of water. Take the coefficient of pitot tube as:
Cv = 0.98
 Solution:
Given, Diameter of pipe = 325mm = 0.325m
Difference in pressure head = 50mm = 0.05m of water
 Cv = 0.98 
Calculating the central velocity using equation (9.11)
[image: 923.png] 
∴ Mean velocity = 0.85 * 0.97
                           = 0.825 m/s 
∴ Discharge = mean velocity * area
                   [image: 924.png] 
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