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Appendix R - Sprinkler System
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1.
Task

During this activity, you will design, build and test an operational sprinkler system. You will work in groups of 10 students and have 3 hours to complete this task.  Prior to doing your design, you will receive instruction on the hydraulic principles involved with a sprinkler system. You will also receive instruction on how to utilize the specialized tools and materials used in a sprinkler system.

2.
Purpose

The sprinkler system you design and construct demonstrates several important hydraulic principles including fluid flow through pipes, water pressure and energy losses.  All of these principles will be studied in detail in CIV ENGR 361, Fundamental Hydraulics.  This activity also provides an example of a complete project life cycle from problem statement through design and construction.  While engineers don’t always build their designs, you will gain an appreciation for design implementation in this activity. In addition, most of you will be homeowners someday and this task will give you hands-on experience at sprinkler system installation.

3.
Learning Objectives

a)  Understand the concepts of volumetric flow rate, velocity, pressure and continuity.


b)  Develop a basic understanding of the energy equation.
c)  Know how to read data tables and graphs for the optimal pressures and flow rates and understand how to use this information to design a sprinkler system for a given combination of pressure and flow rate.


d)  Analyze the spray patterns to gain appreciation for the pressure-flowrate relationship.

 
e)  Recognize the different spray patterns of the quarter, half and full circle radius nozzle heads.


f)  Become familiar with the basic components of a sprinkler system.


g) Learn what it takes to complete a simple material take-off and construction cost estimate. 

h)  Demonstrate the ability to construct a sprinkler system given the existing control system, tools and materials

4.
Roles and Responsibilities

The Cadet Flight Commander will ensure the cadets arrive at the Environmental Classroom approximately 10 minutes prior to the scheduled start of this activity.

The Cadet Flight Commander will ensure proper safety procedures, as stated in Paragraph 6 below.

Each cadet will conduct themselves in a professional manner at all times.

You should bring the following items to this activity:

       1. calculator


2.  engineering paper


3.  pencil


4.  work gloves


5.  351 coursebook

5.
Assessment

There will be an individual effort closed book/note quiz at the end of the exercise.  Teams will also be evaluated on the effectiveness of their system to meet project requirements, costs (as-designed and as-built), and teamwork.    

6.
Safety
symbol 183 \f "Symbol" \s 10 \h
Do not sit or lean on any of the pipes.

symbol 183 \f "Symbol" \s 10 \h
Do not turn on or off valves without instructor approval.

symbol 183 \f "Symbol" \s 10 \h
Take care in the area to watch for obstructions such as pipes lying on the ground and the concrete calibration pad.

symbol 183 \f "Symbol" \s 10 \h
Realize that water and electricity do not mix!  The controller board area is off limits to students.

7.
Materials and Equipment

The following list shows all of the materials and tools available to you to construct your sprinkler system.  All materials are located in the cabinet in the sprinkler activity area.  The tools are located in the tool boxes.  Each team will inventory the tool boxes BEFORE and AFTER the activity.

	Construction Materials

	1" Black Poly Irrigation Pipe

	1" Barbed T-connection

	1" Barbed 90° Elbow

	1" Barbed X-connection

	1/2" FPT x 1" Barbed 90° Elbow

	1/2 " FPT x 1" Barbed T-connection

	Plastic Saddles

	1/2" FPT Pipe Drain

	1/2" Plastic Nipple 

	Keystone Clamps

	Pipe Clamps

	Sprinkler Body

	7' Sprinkler Heads (1/4, 1/2, Full)

	9' Sprinkler Heads (1/4, 1/2, Full)

	12' Sprinkler Heads (1/4, 1/2, Full)

	15' Sprinkler Heads (1/4, 1/2, Full)

	Misc. Materials

	Metal Wickets

	Sprinkler Flags

	Tools

	Metal tool boxes

	14” Monkey wrenches 

	18” Monkey wrench 

	Hacksaws

	Vise grips

	Hole coring tool

	Crimper

	Saddle tools

	Exacto knifes

	Hammers

	Tape Measures


8.  Text

BACKGROUND INFORMATION 

Volumetric Flow Rate

Volumetric flow rate is defined as the volume of fluid flowing past a section per unit time.  The common symbol for volumetric flow rate used in hydraulics is “Q”.  Designs of complex and massive water and wastewater distribution systems are often based on the volumetric flowrates to and from large population centers.  The units of Q are volume per time.  You have probably already heard the terms “MGD” and “GPM”.  These are abbreviations for volumetric flow rates that stand for millions of gallons per day and gallons per minute. 


Volumetric flow rate is calculated from  




Q = (A) x (v) 

where A is the area of the section the water is flowing through and v is the velocity of the water.  The volumetric flow rate through a system will not change as long as no water is added, stored nor removed from the system.   Under these conditions, known as steady flow, the volumetric flow rate going in to a system must equal the volumetric flow rate coming out of the system.  This concept is known as continuity and is an important concept in designing your sprinkler system.  If each sprinkler head delivers a specific flow rate at a specific pressure, you must be sure you have enough total flow into the sprinkler system from your source to provide the flow to the sprinkler heads.


Have you ever held an empty milk jug under the sink and filled it with water?  The jug fills very slowly until it flows past the neck of the jug when it starts to fill up very quickly.  The flow rate from the water tap hasn’t changed but the area that the water flows past has suddenly become much smaller.  The velocity, or speed, of the water has increased as the area decreased.   Thus water delivery and treatment systems are often designed for a constant volumetric flow rate coming in to the system but the water may have several different velocities throughout the system due to changing pipe sizes.

Pressure

Pressure is defined as the amount of force exerted on a unit area of a substance.  Pressure can be calculated from




P = F/A

where F is the applied force and A is the area being acted upon by the force.  Pressure is an extremely important concept in hydraulics because water exerts a pressure on the materials used to build storage, treatment and distribution systems.  The water pressure is usually expressed in “psi” which stands for pound per square inch.  You will design your sprinkler system to operate at a specific water pressure.  This means that the water flowing through your system will apply a force on the sprinkler heads which will cause the water to flow out from them.  Notice on the sprinkler calibration charts that the flow rate from each sprinkler head is higher as the water pressure increases.  

The Energy Equation

The Energy equation (a form of Bernoulli’s equation) is basically a statement of the law of conservation of energy.  This means, for a steady flow of an ideal fluid without friction, the total energy remains constant.  There are three types of energy which are always considered when analyzing a pipe flow problem: elevation energy, kinetic energy and pressure energy.  In hydraulics, we often use the term head to describe energy.  Water always moves from a point of higher energy to lower energy.  Water flows down hill because of the greater elevation energy, also known as elevation head, at the uphill point.


Frictional energy losses in hydraulic systems are due to the viscous forces of water acting on the walls of the pipe or channel the fluid is flowing through.  This means that water loses energy as it flows from one point to another.  The amount of energy lost depends on the size and material of the pipe or channel used and the flow rate of the water through the system.  These frictional energy losses are called head losses.  You will ignore energy losses in your sprinkler system because of the small flow rates and relatively large pipe size you will use.


The Energy Equation is represented as:
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This equation shows that the total energy at point 1 in a hydraulic system is equal to the total energy at point 2 in the same system.  The first term in the equation is the pressure energy or pressure head.  The second term is the elevation energy or elevation head.  The third term is the kinetic energy or velocity head.  The hL term represents the energy loss, or head loss, in the direction of flow.  This term is necessary in the energy equation to account for the frictional energy losses that occur between points 1 and 2 in the system.


If you were to build your sprinkler system on a hill; what would happen to the total energy in your system at the bottom of the hill?  (Hint: look at the energy equation!)

Sprinkler Activity Problem

Your group is tasked to design and build a functioning sprinkler system.  The control system is already in place and operational.  Your job is to design a layout that will provide double coverage from the sprinklers over a given area. The geometry of the area will be provided by your instructor. Once your design is approved, you will layout your system with all the necessary pipes, fittings, and sprinkler heads.  The instructor will then provide flow and pressure to your system so you can see the fruits of your labor!

Step 1:  Design.  Using the calibration tables and the flow rate, pressure and nozzle size given to you by the instructor, design a layout that provides double coverage (Every spot receives water from two sprinkler heads) for the area provided by your instructor. Remember you cannot exceed the maximum flow rate given in your design.  You will also be required to calculate the amount of time your system must run in order to apply a certain depth of water to your lawn over a certain time.  Cost of materials should also be considered when accomplishing your design. Present this design to the instructor when complete.

Materials needed:  
Engineering paper



  


Straight edge






Calculator






Compass

Step 2:  Material Requisition and Cost Estimate.  Now that you know what you plan to build, you can figure out what you need. Complete the materials request sheet and cost estimate form provided by your instructor based upon the design you have developed. Double-check your design to make sure it fully addresses the problem statement and you have identified all of the components you need.  The construction phase of a project is much more hectic (and expensive!) when designs are inadequate or the proper materials haven’t been requested and marshaled at the construction site.  Turn the form in to your instructor when complete.  

Step 3:  Construction.  Prior to starting construction, check your tool box against the tool inventory in Section 7. If you are missing items from your tool boxes, tell your instructor immediately.  Your sprinkler system components will be provided to you or you may have to collect them based on the inventory you submitted.  Once initial supplies have been distributed, the materials supply point will be closed. It’s time to get busy!  After watching the instructor demonstration, you should know how to assemble the various connections and sprinkler heads.  The hardest thing about this part of the activity will be keeping 10 people organized and occupied.  Come up with a plan of who will do what and you will operate as a team much more efficiently.  Some suggested tasks for group members are as follows:

Pipe cutters (2)

Pipe fitters (2 teams of 2)

Crimpers (2)

Sprinkler head assemblers (2-4)

Material manager and gopher (1)

Overall construction manager (1)

Inevitably, you will find that there are additional materials required to complete your system that were not initially identified.  That’s not a problem, but it will cost you more and take some time.  Return to the materials supply point, mark the additional items you need on a change order, tally your additional costs, and get back to work.  Remember that the delivery driver for the contractor supply company has to make a living. If you need to request additional materials, it will be cheaper to identify them all at once and complete a single change order.

Step 4:  System Test    The fun part; your instructor will turn on the system and you can watch your sprinklers go (or run through them if you are really hot).

Step 5:  Clean-up  The not so fun part.  Disassemble your system CAREFULLY.  The only materials that we won’t reuse are the pipes and the clamps.  Throw these away in the dumpster and return the other parts to the appropriate bins in the cabinet.  Turn in your list of materials used to the instructor.
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