SIUE Viscous Flow in Pipes Laboratory


ME 410L


Viscous Flow in Pipes Laboratory:
This laboratory investigates how head loss is affected by various pipe geometries, laminar and turbulent flows, and the frictional resistance.  The apparatus consists of a variable head inlet tank, constant head inlet tank, test pipes (various test pipes such as straight, with bends, with elbows, and with valves), water supply line, and overspill drain line.  The constant head inlet tank takes on water from the supply line until the water level reaches the overspill drain line, where the column of water is maintained.  A pressure regulator is in line to assure a constant pressure is maintained.  Pressure taps located at either end of each test pipe give a reading of pressure difference (drop) from one end to the other.  To further understand the concepts and ideas held in this laboratory experiment, the following reference can be obtained:

· Fundamentals of Fluid Mechanics, B.R. Munson, D.F. Young and T.H. Okiishi, 4th ed., John Wiley & Sons, Inc. New York, 2001, ISBN: 047144250X.
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Figure 1:  Viscous Flow in Pipes.
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Figure 2:  Viscous Flow in Pipes schematic.
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Figure 3:  Viscous Flow in Pipes, pipe geometries.

Required hardware:

· Tape Measure and Caliper.
· Flat head Screwdriver.

· Stopwatch.

Laboratory Procedure:
1. Position the test apparatus and the cart in front of the sink (see Fig. 1).  The cart should have mobility from left to right.
2. Position the graduated trash can in one side of the sink (see Fig. 1).

3. Measure the test pipe length and diameter.  
4. Attach the test pipe (pipe geometry) to the constant head inlet tank (large cylinder).  Be sure that the O-rings are properly seated and the pressure taps are vertical.
5. Attach the other end of the test pipe to the variable head outlet tank (smaller cylinder).

6. Attach the water supply hose to the constant head inlet tank (large cylinder).

7. Attach the manometer tubes to the pressure taps on the test pipe.

a. Note: the manometer measures inches of pressure head.

8. Arrange the cart and the assembled apparatus so the variable head outlet tank’s discharge pipe can be directed into the sink or the graduated trash can.  The sink and the trash can should have the ability to be used by simply rolling the cart left or right.  Direct this pipe into the sink for now.
9. Turn on the cold water tap and begin to fill the apparatus with cold water.  The internal overflow of the constant head inlet tank (large cylinder) must be slightly overflowing throughout the testing.  
a. CAUTION! In order to avoid a huge mess, start by setting the pipe on the variable outlet head tank in the horizontal position (lowest position) and become familiar with how to raise or lower the head by moving the pipe.

10. After the system has settled, remove any air pockets within the manometer tubes.  Entrapped air in the manometer tubes will result in incorrect readings.  Best practice includes holding the tubes vertical and let the trapped air rise naturally.  
11. The head can now be controlled by raising or lowering the discharge pipe on the variable head outlet tank (small cylinder).  Adjust this pipe to attain an outlet tank head of approximately 20 cm.
12. After allowing 2-3 minutes for the flow to become stable, measure the flow rate by recording time for 10, 20, and 30 liters of water, to discharge through the pipe, into the graduated trash can.  This will give a flow rate measurement.

13. Record the head in inches from both manometers, Table 1, 2, or 3.
14. Drain the graduated trash can.

15. (Optional) Repeat steps (11-14) for heads of 25, 30, 35, and 40 cm in the variable head outlet tank (a total of five different flow rates).

16. Turn off the water supply and drain the apparatus.

17. Install the pipe with bends and repeat steps (3-16) (only two outlet head levels for this pipe configuration: 20 and 30 cm).  

18. Turn off the tap and drain the apparatus.

19. Install the pipe with valve and repeat steps (3-16) (only two outlet head levels for this pipe configuration: 20 and 30 cm).  

20. (Optional) Repeat steps (3-16) for elbows.

Data Reduction and Questions:

1. Calculate the Reynolds number for each run, and find the head losses using the proper equation for the straight pipe.

2. Make a Moody chart for the straight pipe (plot the Friction factor vs. Reynolds number) and compare with the Moody chart given in your fluid mechanics text.  Assume that the pipe is smooth.  Discuss the differences.
3. (Optional) Plot the flow rate versus pressure drop for the straight pipe and specify if any of the equations of the textbook may be used to verify this plot.

4. Determine the head losses for other components used in this experiment (valves, elbow, etc.) and calculate minor loss coefficients for each component.

5. Compare the results of question 4 with the available data in the textbook.  Comment on the differences.
Viscous Flow in Pipes Data Sheet:
Table 1:  Viscous Flow in Pipes Data
	Viscous Flow in Pipes Data Entry 1

	Ambient Temp.
	
	Ambient Pres.
	

	Observations

	

	

	

	

	Straight Pipe Measurement (Required)

	Outlet Tank head (cm.)
	Time (sec.)
	Vol. (cc.)
	Flow rate 

(Q, cc./min)
	P1 (in.)
	P2 (in.)
	Re

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 2:  Viscous Flow in Pipes Data
	Viscous Flow in Pipes Data Entry 2

	Pipe with Bends Measurement (Required)

	Outlet Tank head (cm.)
	Time (sec.)
	Vol. (cc.)
	Flow rate 

(Q, cc./min)
	P1 (in.)
	P2 (in.)
	Re

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Pipe with Valve Measurement (Required)

	Outlet Tank head (cm.)
	Time (sec.)
	Vol. (cc.)
	Flow rate 

(Q, cc./min)
	P1 (in.)
	P2 (in.)
	Re

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 3:  Viscous Flow in Pipes Data

	Viscous Flow in Pipes Data Entry 3

	Pipe with Elbows Measurement (Optional)

	Outlet Tank head (cm.)
	Time (sec.)
	Vol. (cc.)
	Flow rate 

(Q, cc./min)
	P1 (in.)
	P2 (in.)
	Re
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