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Continuity and Flow Measurement Experiment

Objectives:

• To understand and apply the principle of continuity for fluid flow.

• To become familiar with the principle and operation of various flow measurement devices.

"O flow, how do I measure thee, let me count the ways.”


William Shakesgineer

Background:

The ability to measureflow is fundamental to most problems in fluid mechanics and hydraulics. From a units perspective, flow rate is defined simply as the volume of fluid that passes some reference point per unit time. While the flow concept of flow seems intuitive to us today, as we trace its historical origins we find that this was not always the case.

An examination of the ancient ruins of the Chinese, Assyrian, and Roman civilizations reveals that the relationship between flow rate andflow area has been understood for millennia. All of these civilizations constructed aqueducts for water supply, and when these ancient builders desired more water, they simply made the aqueduct channel wider and/or deeper. It appears, however, that the ancients did not recognize the significance of flow velocity. Then in the 15th century, a multitalented genius by the name of Leonardo da Vinci began to recognize the velocity concept in fluids. The accomplishments of Leonardo are well known and span the fine arts and numerous fields of science. He was fascinated by fluids and their movement, leading him to perform a series of experiments with streams and rivers in his region. By dropping seeds on the surface of moving water and timing their rate of speed, Leonardo came to a very important conclusion: as the area of flow decreases, the velocity of flow increases. After additional study he was able to refine the concept even further to: when the area of flow is reduced by one half, the velocity of the flow must double. In this manner the most important concept in fluid mechanics was born in the mind of Leonardo: the principle of continuity!

Mathematically, the principle of continuity for a closed conduit (pipe) or open channel is expressed as:


Q1 = Q2 = Q3 
= Qn
Eq. 1

where Q is the flow rate measured at any reference section n along the flow stream. The continuity principle assumes, of course, that there is no loss or addition of fluid along the study length.

Recognizing that flow is defined as:

Q=VA 
Eq. 2

where V equals the velocity and A is the area of flow, we obtain the general form of the extremely useful equation of continuity:

                                            
V1A1 = V2A2= V3A3 
= VnAn              Eq.3

Flow Measuring Devices

 In engineering practice, flow can be measured using a number of different devices. In this laboratory problem you will be introduced to some of the more common devices and methods. They are:

Pitot Tube ‑ The pitot tube operates on the principle of differential pressure. It consists of two small diameter tubes with the first bent at a right‑angle and directed upstream into the fluid stream. This tube measures the total pressure. The other tube is installed vertically to intersect the wall of the conduit, which measures the static pressure of the flow. The two tubes are connected by a manometer, which allows the difference in pressure to be determined. The larger the measured pressure difference, the higher the fluid velocity and, thus, the higher the flow.

Rotameter ‑ The rotameter is also known as a variable area meter since it consists of a transparent tapered tube that is larger at the top than it is at the bottom. The fluid enters the tapered tube from the bottom causing a solid "float" to rise in response to flow. The metering float rises in proportion to the flow rate, which is read directly via graduations on the transparent tube.

Ultrasonic Flow Meter ‑ Ultrasonic flow meters utilize two piezoelectric crystals contained within one transducer to transmit ultrasonic sound energy into the fluid stream and receive reflected sound from the "reflectors" (suspended solids or entrained gases) contained within the liquid. In accordance with the theories of Christian Johann Doppier (circa 1842), if the liquid is moving (and therefore carrying the reflectors with it) and oscillating energy is imposed on the moving reflector, the reflected energy's frequency of oscillation will be altered with respect to the transmitted frequency. The magnitude of frequency change is directly proportional to the velocity of the reflector.

Totalizer ‑ This mechanical meter works on the displacement principle. It consists of a measuring chamber that contains a "nutating disk" that oscillates as water moves through the chamber. The meter is calibrated so that each oscillation of the disk corresponds to a known volume of water. A stem attached to the nutating disk trips a digital counter that records total cumulative flow (thus the name "totalizer"). The nutating disk meter is widely used in municipal water systems to measure water usage of customers. While the meters are accurate to within I% when they are new, over time they tend to under‑register water consumption.

Trajectory Method ‑ It is possible to measure the flow rate from an open pipe discharging freely into the air through the use of "trajectory" methods. The idea is to measure the horizontal and vertical coordinates of a certain point in the water jet that exits the pipe. These coordinates are correlated to flow rate for various pipe diameters. One of the most common trajectory techniques is the "Purdue Coordinate Method," which can be applied to discharging horizontal pipes with diameters up to 6 in. (see Fig. 2). Another method is the Lawrence and Braunworth curves for measuring flow from vertical standard pipes up to 12 in diameters (also shown in Fig. 2). Although the trajectory methods are surprisingly reliable, the principle difficulty lies in measuring the x‑y coordinates accurately.
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Fig. 1 ‑ Flow Measurement Devices

Equipment:

Multi‑Device Flow Manifold (see Fig. 1)

F1 Hydraulics Bench

Various Measuring Cups and Cylinders

Stopwatch

Rulers

Procedure:

1.
Slowly open the main valve on the F1 Hydraulics Bench to a full open position.

2. Read and record the flow rate using each of the devices/methods in Multi‑Device Flow Manifold

       (Fig. 1).

3. Now close the valve partially and read the flow rate again.

PROBLEM SHEET

Continuity and Flow Measurement

Name

FLOW MEASUREMENT DATA

Summary:

	Trial#
	Pitot

Tube

(gpm)
	Rotameter 

(gpm)
	Ultrasonic 
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	Totalizer 

(gpm)
	Trajectory 

Method

(gpm)
	Hydraulic
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Trajectory Method:

	Trial #
	X (inches)
	Y (inches)
	Flow Rate (gpm)

	1
	
	
	

	2
	
	
	


Hydraulic Bench:

	Trial #
	Volume (L)
	Time (s)
	Average

Flowrate (L/s)
	Flowrate (gpm)

	1
	
	
	
	

	
	
	
	
	

	2
	
	
	
	

	
	
	
	
	


Pitcher & Watch:

	Trial #
	Volume (L)
	Time (s)
	Average

Flowrate, (L/s)
	Flowrate,

(gpm)

	1
	
	
	
	

	
	
	
	
	

	2
	
	
	
	

	
	
	
	
	-


Questions for Discussion:

1. How are Q in and  Q out  related?  What is the underlying principle?

2. Compare the results from each of the devices.  Which one do you feel is the most accurate and the least

      accurate.  Under what conditions would you rely on the trajectory method?

3. Explain how you could apply the principle of continuity to detect leaks in a municipal water system.

4.
Based upon your text and your laboratory observations, sketch and explain the basic function of each of the flow measurement devices.
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Fig. 2
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