
Lecture 2: Water Measurement

Prepared by

Husam Al-Najar

The Islamic University of Gaza- Civil Engineering Department

Irrigation and Drainage- ECIV 5327



Reference

Z2

Z1

g

P



1

g

P



2

g

V

2

2
2

g

V

2

2
1

E

Energy, Piezometric and pressure Head

EEE  21

E
g

V

g

P
Z

g

V

g

P
Z  

 22

2
2

2

2

1
211

Bernoli equation



Velocity Measurements

Velocity measurement in closed conduits, as well as in open channels, is 

related to the pressure level which corresponds to the kinetic energy of the 

flow. The most commonly used devices are pitot and Prandtl tube.

Pitot Tube

Application of Bernoli 

equation for the two cross 

sections (Z1=Z2, hf = 0

As within the pipe in the 

cross section 1, V1 = 0, the 

final expression is obtained 

as: 

V=V2 = (2gh)1/2
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The Prandtl tube is an improved pitot tube. It is based on the same 

principles, but more accurate and convenient in use.

V= (2gh)1/2

Prandtl tube



Flow rate in the pipe or channel (Q) = (Vm)X (A)



Mechanical meters

Propeller senses velocity; Converted to flow rate via gear ratios

Straight section of pipe is best (avoid turbulence); Pipe must be full

Pressure differential methods

– Difference in pressure is directly related to velocity (fundamental 

energy relationship in hydraulics)

– Pitot tubes, Venturi meters, orifice methods

Ultrasonic methods

– Non-intrusive (transducers clamped on the outside of the pipe)

Flow Measurement in Pipelines



Propeller Flow Meter

Options for Propeller Meter Read-Outs



Discharge in Closed Conduits

The main representatives of this group are:

Venturi meter

orifice plate 

elbow meter. 



Cd = The discharge coefficient which 

has to be introduced due to the non-

uniformity of the velocity distribution. It 

takes value 0.94-0.98. 

The Venturi meter formula

is a device that consists of a conduit of constant cross-section tapering to a 

section of smaller diameter, and thereafter gradually expanding to greater 

diameter. The application of the Bernoulli and continuity equations for the cross-

sections 1 & 2 gives the following formula for flow determination: 



The venturi meter in Practice



Orifice plate: A plate with a sharp-edged hole in its centre, placed in the conduit. 

Based on similar principles as for the venturi meter, the discharge, "Q", will be 

expressed with sufficient approximation as: 

The discharge coefficient, "Cd'" is a function of the orifice design as well as 

viscous effects, and usually takes value 0.60.7 

Commercially available orifice meters are supplied with a calibration chart.

Orifice plate meter



In a pipe elbow: an impulse force is generated due to the change of the velocity 

direction. By measuring the pressure difference between the inner and outer 

curvature, the effect of the impulse force can be registered. Calibrated properly, 

pipe elbows can be used as a discharge measuring devices, called elbow 

meters. An example of 90-degree elbow meter. For that type, an approximate 

formula may be expressed as: 

Elbow meter



Open Channels

• Different from pipe flow because water surface is at atmospheric pressure

• Velocity methods (Q = Vm Af)

– Current meter (measure velocity at a number of points in the cross-section 

using a calibrated meter)

– Float method (Vm = Kf Vs where Vs is surface velocity measured with a 

float, and Kf is a velocity correction factor ranging from 0.65 to 0.8)



(seconds)

Distance, (meter) = Velocity, (meter/second) 

Time, (seconds)

Estimating Surface Velocity, Vs, of a Straight Stream with a Float and 

Stopwatch



Water 

Surface

Estimating the Cross-Sectional Area of Flow, Af

Dividing the Streambed into Triangles, Rectangles and Trapezoids

Rectangle Area Ar = d w

Trapezoid Area, Atz = ½ (di + di+1) w

Triangle Area, Atr = ½ d w

w = spacing between verticals

w



Discharge in open Channels

Discharge in open channels is usually determined by:

• Orifices

• Weirs

• flumes and culverts. 

Orifice: An opening on the barrier that is placed in a stream. As well 

as in the previous cases the Bernoulli equation for the cross-sections 

1 & 2, and continuity equation give similar formula: 

Orifice

where "A" is cross-section area of the 

orifice. As indicated in the figure, in case 

of submerged orifice, "h" is the difference 

between up-stream and down-stream 

water levels. 

The discharge coefficient, "Cd" is 

introduced due to the contraction effect, 



as well as the shear effect between the edge of the orifice and the water. 

Cd-values for the most common types of orifices are:

Cd factors for different orifice shape



Example: Orifice

Determine the discharge capacity of an orifice for the following cases:

a) Sharp edge orifice with diameter of opening 20 mm, potential energy 1.2 

MWC and free discharge into air (Cd= 0.61);

b) Bell- mouth orifice with diameter of opening 40 mm, potential energy 1.5 

MWC and free discharge into air (Cd= 0.94)

c) What type of orifice will have the largest and what type will have the 

smallest discharge capacity.

Solution:



Weir: structures that cause the flow to accelerate in order to pass over. 

The edge over which the water flows is called weir crest and the over 

falling stream is called nappe. 

When the crest thickness is much smaller than the nappe thickness, we 

talk about sharp-crested weirs. Otherwise, broad-crested weirs are 

considered.

In the case of a sharp-crested weir, the discharge equation is derived by 

assuming that the weir behaves as an orifice with a free water surface. 

Hence, the general equation: 

Where:

Cw = weir factor [-] 

b = weir width [m] 

h = water depth over the weir crest [m]



The value of "Cw" is influenced by the geometry and position of the 

weir ("b", "T", "h" and "p" as in the following figure). 



For a rectangular weir in most cases it takes value 0.40-

0.42, which is satisfied in following discharge formula: 

Q = 1 .8 bh3/2

For a straight weir (b = T), the discharge is determined as: Q = 1 .7 bh3/2



The discharge over triangular weir (V-notch) can be calculated from: 

with Cw = 0.31-0.32. When φ = 90 degree, the discharge can be 

calculated as: Q = 1.4 h5/2

Hence, the discharge can be determined only by measuring the water 

depth over the crest. This shape of weir is commonly used for the 

measurements of small rates of flow providing higher depths than other 

shapes (h5/2 compared to h3/2). 



The Cippoleti weir is fully contracted trapezoidal weir with a 

horizontal crest and the side slope 4:1.

The discharge equation is given by the simple expression:     

Q = 1. 87 bh3/2



The analysis of the broad crested weirs is similar to that for the sharp-

crested weirs. The application of the Bernoulli equation will determine the 

following discharge formula: 

Cw = Cd * Cv, where "Cd" is 

the discharge factor that 

covers the neglecting of 

several effects (such as 

viscous forces, turbulence, 

etc.) and "Cv" is the velocity 

gradient that covers the 

neglecting of the kinetic 

energy in the approach 

channel. 

If the weir is not submerged (i.e. p > h3), the water depth over the crest 

is close to the critical, and h1 = 1.5h2. The discharge formula for a 

rectangular channel will be (h1=h): 



For triangular channel:

{m}

L: crest thickness (m)

h: water depth (h1) 

A*: cross section area for depth “h1” (m2)

A: cross section area for up-stream depth “y” (m2)



Weir in Practice

Although weirs are effective measuring devices, they have two important 

disadvantages: 

They produce relatively high difference in water elevations, and a zone 

up-stream of the installation with low velocities, where sediment and 

debris will accumulate. 

This can be avoided by a channel having a contraction in width (throat) 

which provides a critical flow, called flume 



Inlet to Gaza wastewater treatment plant



Example: Weir

The diameter of a circular irrigation storage pond is 40 m

a) Determine the overflow height of a straight sharp crested weir, for a flow 

of 1800 m3/h.

b) Determine the overflow height in case a), if the flow rate is 600 m3/h.

Solution

For a straight weir (b = T), the discharge is determined as: Q = 1 .7 bh3/2



Q = KbH3/2

K is a coefficient based on analysis 

and experiment.

Flume



The width of an open channel is reduced-to create a standing wave with 

critical depth at the throat. The up-stream water depth which is a function 

of the discharge is now determined by the throat width, "b". 

The formula for a rectangular profile: Q = 1. 7 bh3/2

and for triangular profile: Q = 1.3 tan (φ/2) h5/2



Wadi Gaza has the following dimensions: The bottom base is 8 m, while the depth

is 7 m, the shoulders of the Wadi at a slope 1:2.

In the last winter the Wadi was flowing full for 12 continuous hours after a heavy

storm. As you might know, there is not any measurement device installed on the

Wadi. A farmer noticed, a bloom of tree leaves at the surface of the water could

reach 30 m within one minute.

a) Estimate the flow of the Wadi in m3/s

b) Comment on the accuracy of the estimation in (a)

C) Assuming this amount of storm water is stored, how many dunmes of green

houses could be irrigated, knowing that the irrigation requirement is 1200

mm/year.

Assignment No. 2



Assignment No. 3

1. Determine the types of flow measurement devices installed at:

• Household connections

• Drinking water wells (municipal wells).

• Irrigation wells.

• Wastewater pumping station-manifold.

• Wadi Gaza if any. What is the recommended types.

2. Why it is necessary to measure the abstracted amount of water from 

irrigation wells?   


