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Water Pump Laboratory:
The water pump laboratory is designed to familiarize students with the characteristics of a water pump and related measurements; such as horsepower, efficiency, and pump head.  The apparatus consists of a two-section holding tank with a total capacity of 44 gallons of water.  The smaller section will hold 15 gallons of water when the water level is at the bottom of the ‘V’-notch, see Figs. 1 and 2.  Also mounted on the base is a Centrifugal Pump with gauges (mounted on the panel, see Fig. 3) and its discharge (output) pressure.  The pump is driven by a DC motor which is equipped with a torque scale and counterbalance weight as well as a tachometer with a photo-electric pickup mounted at the shaft, a digital display, and an analog output jack located on the panel.  To further understand the concepts and ideas held in this experiment, see any of the following references:

· Munson, B.R., Young, D.F., and Okiishi, T.H., 2002, Fundamentals of Fluid Mechanics, 4rd Edition, John Wiley, New York.
· White, F.M., 2003, Fluid Mechanics, 5th Edition, McGraw-Hill, New York.
· Fox, R.W., McDonald, A.T., and Pritchard, P.J., 2004, Introduction to Fluid Mechanics, 6th Edition, John Wiley, New York.
· Sonntag, R.E., Borgnakke, C., and Van Wylen, G.J., 2002, Fundamentals of Thermodynamics, 6th Edition, John Wiley, New York.
· Moran, M.J., and Shapiro, H.N., 2003, Fundamentals of Engineering Thermodynamics, 5th Edition, John Wiley, New York.
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Figure 1:  Water Pump Schematic.
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Figure 2:  Holding Tank. 
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Figure 3:  Centrifugal Pump and Gauges.

Required Hardware:

· Tape measure.

· 7/8” and 7/16” sockets.

· Appropriate ratchet.

Laboratory Procedure:
1. Record the elevations of the pump inlet 
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 and outlet 
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 relative to the plane of the pump foundation. Record 
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, and the initial reading of the Dynamometer in Table 1.
2. Close both hand valves at the lower rear of the Holding Tank.

3. Open the hand valve in the pump suction line.

4. Close the throttle control valve in the pump discharge line.

5. Fill the large section of the holding tank with water until it is two thirds full.

6. Fill the small section of the holding tank with water to the bottom of the V-notch.

7. Prime the centrifugal pump by removing the air bleeder cap.  Allow water from the large section of the holding tank to gravity feed into the pump via the suction line.  When water (instead of air) begins to come out of the air bleeder opening, replace the cap.
8. With the main AC circuit breaker OFF, plug the AC cord into a single phase, 20 ampere grounded receptacle.
9. The ground fault circuit interrupter (GFCI) circuit breaker (Main AC) provides overload and short circuit protection for the demonstrator as well as protection for personnel from line-to-ground fault hazards.  With the pump speed control rate in the fully counterclockwise (zero speed) position, turn on the main AC GFCI circuit breaker.  Its pilot light should illuminate, and the digital display on the tachometer should activate.  
10. If the GFCI circuit breaker should ever trip, its handle moves to the center ‘TRIP’ position.  To reset, after the problem has been located and fixed, simply move its handle to the OFF position and ON position.  To test the ground-fault protection, press the TEST push button.  The breaker handle will audibly move to the center ‘TRIP’ position.  Then reset the breaker.  It is recommended the breaker be tested in this manner on a monthly basis.  

11. Rotate the pump speed control fully clockwise (full speed) and gradually open the throttle control valve in the pump discharge line.  The pump discharge pressure, as indicated on the flow meter, should begin to rise.  If it does NOT, unscrew the air bleeder cap slightly to bleed and remaining air in the circuit.  If the pumps discharge pressure still does NOT rise (after 15 to 20 seconds), IMMEDIATELY switch OFF the main AC circuit breaker and repeat the priming procedure (steps 3-6).  CAUTION! (Do not let the pump run for more than 30 seconds without water, this will overheat the seals and damage the pump).
12. Starting with 5 GPM, achieve the desired flow rate through the flow meter by adjusting the throttle control valve and record in Table 2. 
13. Read the rotational speed of the DC motor and centrifugal pump in RPM directly on the digital tachometer display and record in Table 2.

14. Read the torque as indicated on the dynamometer scale in Newton-meters, and record the initial reading in Table 1.

15. Read the centrifugal pump suction and discharge pressures and record them in Table 2.  

16. Repeat steps 11-14 for flow rates of approximately 7.5, 10, 12, 14, and if possible 17 GPM.
Short Term Shut-Down Procedure:

1. Close the throttle control valve and rotate the pump speed control fully counterclockwise (zero speed).

2. Close the hand valve in the pump suction line.

3. Switch OFF the main AC-GFCI.

4. Unplug the AC cord, if the system is to be removed.
Long-Term Shut-Down Procedure:
The water should be drained from both sections of the holding tank as well as from the entire centrifugal pump water circuit.

1. Rotate the pump speed control fully counterclockwise (zero speed) and switch OFF the main AC GFCI circuit breaker.  

2. Unplug the AC cord.

3. Connect a hose between the holding tank threaded drain and a suitable receptacle.

4. Open all four valves (throttle control valve, hand valve in the pump suction (input) line, and the two hand valves at the lower rear of the two-section holding tank).  Allow all the water from both sections of the holding tank as well as from the entire centrifugal pump water circuit to drain completely.

5. Drain the remaining water from the centrifugal pump and remove the drain plug.  Remove the air bleeder cap to allow air to enter the pump to aid in the draining process.

6. Replace the air bleeding cap, the centrifugal pump’s drain plug, and disconnect the hose from the holding tank threaded drain.  

7. Wipe both sections of the holding tank dry.
Data Reduction and Questions:

1. Compute the power in horsepower using the following equation:
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Where 
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 is the torque as indicated on the Dynamometer scale in N.m and 
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 is the motor rotational speed in RPM. Check to see if the conversion factor 7124 is correct.
2. Determine the isentropic power for all flow rates and record in Table 2. Isentropic power is 
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3. Compute the efficiency for all flow rates and record in Table 2. Efficiency is 
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4. Calculate the inlet pump head 
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, outlet pump head 
[image: image15.wmf]2

2222

/2/

HVgPgZ

r

=++

, and the pump total head difference 
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 and record in a table. Also record the inlet and outlet diameters of the pump.
5. Show the performance curve of this pump on a plot with volume flow rate (Q) on the horizontal axis and the head difference (
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) on the vertical axis.  

6. How would you use the performance plot obtained in question (5) to recommend this pump for a particular application?

7. Additional questions to be assigned in class.
Water Pump Data Sheet:
Table 1:  Water Pump Data
	Water Pump Data Entry 1

	Ambient Temperature
	
	Ambient Pressure
	

	Observations

	

	

	

	

	

	

	

	

	

	

	Inlet 
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	Outlet 
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	Outlet – Inlet 
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	Initial Dynamometer Reading
	


Table 2:  Water Pump Data
	Water Pump Data Entry 2

	Q, GPM
	Rotational Speed, 

RPM
	Torque,  N.m
	Suction Pressure,  kPa
	Discharge Pressure, kPa
	Isentropic Power, HP
	Power, HP
	Efficiency
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