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Appendix P – Three Reservoir Activity

1.
Task

The instructor will guide you through this activity procedure.  Cadets should be prepared to predict what happens to the three-reservoir system when changes to valve configurations are made and be able to explain why the system changes occurred.

2.
Purpose
The three-reservoir system is a cornerstone of hydraulic engineering.  Specifically, this activity demonstrates the energy equation that is critical to understanding and designing hydraulic systems.

By gaining a clear understanding of the three-reservoir problem and all the concepts associated with it, cadets should be able to observe most hydraulics problem and comprehend what is happening.

3.
Learning Objectives
a) Understand the theory behind the three-reservoir problem.

b) Given the junction and reservoir elevations, state the direction of flow in each pipe.

c) Given two separate sets of junction and reservoir elevations, state any differences in flow in the pipes.

d) Recognize basic fluid characteristics associated with the three-reservoir system.

e) Recognize the effects of connections and fittings on the energy of water flow in a closed pipe.

f) Recognize the effects of valve closure on the energy of water flow in a closed pipe (water hammer).

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.

5.
Assignments and Assessments

Cadets will receive a combined grade for the Open Channel Flow (Appendix O) and Three-Reservoir activities.  This grade will be determined by a 50-point quiz administered upon completion of the activities.  The quiz will be based on the learning objectives outlined in paragraph 3.  These learning objectives may either be presented in the following text, and/or discussed in a lecture.  Consequently, cadets should review these objectives prior to the taking the quiz.  

6.
Safety

a) The tank towers are constructed of steel I-beams that are at head level in some instances.  Additionally, cadets will often be on ladders underneath these towers.  Consequently, cadets should wear hard hats whenever in the area of the tank towers. 

b) Cadets should not sit on or lean against pipes in any way.  The pipes are not designed to withstand such force and could be weakened at the joints over time.

c) This is an outdoor activity.  Proper care should be taken to avoid sunburn and dehydration.

d) In general, common sense should be used at all times, such as not climbing on the towers or turning valves unless directed to do so.

7.
Equipment List

Cadets should bring the following items to this activity:

a) Hard hat

b) Work gloves

c) Eye Protection

d) Calculator

e) Notebook paper

f) Pencil

8.
Text

The following terms and concepts are essential to understanding this activity as well as hydraulic systems in general.

a) Volumetric flow rate (Q).  Volumetric flow rate is a measure of fluid volume per time, usually in millions of gallons per day (MGD) or gallons per minute (gpm).  It is the product of fluid velocity and cross-sectional area.

b) Continuity of flow.  Flow rates are additive because the mass is not created nor destroyed.  Thus if we have a certain amount of water flowing into a system, we will expect the same amount flowing out.  In branched systems – like the three-reservoir system -- flow rates combine at the junction and the total flow rate out of the junction equals the sum of the flow rates into the junction.  

c) The energy equation.  The three forms of energy are potential (elevation), kinetic (velocity), and pressure (depth).  In pipe flow, all three forms of energy must be considered.  In an open reservoir, only the elevation needs be considered because the pressure is atmospheric at the surface of the water (zero gage pressure) and the velocity of flow inside the reservoir is negligible.

d) Head loss.  The energy term is described as “head” and is reported in units of length (ft or m).  When water flows, energy is lost due to friction and form (minor) losses.  These losses are combined under a single term called total head loss.  The faster the water flows, the greater the energy lost.

e) Energy grade lines.  The energy grade line (EGL) is a graphical representation of the total energy (head) along a length of pipe.  Ideally, in a frictionless pipe without pumps or turbines, the total head is constant, and the EGL will be horizontal.  However, if head losses are present, the EGL will slope downward in the direction of flow.  The difference between the ideal and real energy grade lines is the head loss due to frictional and form losses.

f) The three-reservoir system.  During this activity, you will observe how the three-reservoir system operates.  After the reservoirs are filled, flow through the system is caused by gravity.  The direction and flow rate through each pipe is dependent upon the elevation of the tanks, and most importantly, the elevation energy (head) at the junction.  The difference between the actual elevation of the junction and the elevation head at the junction (displayed in the standpipe) is due to kinetic and pressure energies.

1) Basic Configuration.  Three reservoirs are hydraulically connected with 4-inch pipe.  All 3 reservoirs are connected to a junction box by a manifold.  Depicted elevations are for the bottom of the tanks.  Pipe lengths between the reservoirs are only approximate.  The tanks are 10 feet tall and 7 feet in diameter.






2) The manifold system.  The diagram below depicts the valve configuration at the manifold junction.  Valves A, B, and C allow flow between their respective reservoirs and the junction.  During the activity, you will be asked to predict what happens in the system as valve configuration changes are made.




Valve B
Valve C
Valve A



        QB                                            QC                            QA       
3) Effects of valves and connections on the flow of water.  Such devices create friction in the flow, which causes an increase in energy loss, also called head loss.  Therefore, if a manometer were attached to either side of a connection or a partially closed valve, the difference in the pressure would become visible.

These are some of the concepts that you will observe during the three-reservoir activity.  You will be expected to have a clear understanding of how everything functions in the set-up, so ask questions if you’re ever unsure of what is going on.
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