Name:  ______________________________     Period: ____   Seat #: _________   Date: _________________

Lab – Plotting Water Flows thru 2-Hole Rubber Stopper

by Dan Fox, last updated 05/31/04


The picture below shows the lab setup.  The bottom was cut off a 2-liter coke bottle and the cap was replaced with a two-hole rubber stopper.  The lab will involve adding water to the first mark (500 ml) and timing how many seconds it takes to drain out one hole.  You will repeat this with 1000 ml and with 1500 ml water.  Then you will do it again using two holes open.  

Before reading any further answer this:  If it takes 25 seconds to drain 500 ml (thru one hole), how many seconds will it take to drain 1000 ml?  ________ sec        How many seconds will it take to drain 1500 ml?  ______ sec 

If it takes 26 seconds to drain 500 ml thru one hole, how many seconds will it take to drain thru two holes?  ________ sec 
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Materials for each lab bench:  1 ea 2-liter coke bottle cut off at base and marked at 500 ml (measured from the cap end), 1000 ml, and 1500 ml;  1 ea #4  2-hole rubber stopper;  ring & ringstand;  timepiece accurate to 1 second;  container to catch the water (at least 1500 ml);  graph paper (1 sheet per student);  box kitchen matches (for whole day’s labs), lots of paper towels 

Procedure:   

Plug one of the holes of the 2-hole rubber stopper.  One easy way is to wrap a piece of paper towel around the wooden end of a matchstick, poke it up the hole, and break it off.  One easy way to get the plug out of the hole is to push it out with another matchstick.  

Assemble the ring, ringstand, bottle, stopper and pan as shown above.  Hold your finger over the holes of the stopper and add water to the 500 ml mark, keeping the bottle vertical.  Watch the clock and time how many seconds it takes to drain 500 ml.  Enter into table below.  Do likewise for 1000 ml and 1500 ml.  

Overall Flowrate to Drain All the Water

	1 hole open
	2 holes open

	ml water
	seconds to drain
	Flowrate in

ml/sec
	ml water
	seconds to drain
	Flowrate in

ml/sec

	500 ml 


	
	
	500 ml 
	
	

	1000 ml 


	
	
	1000 ml 
	
	

	1500 ml 


	
	
	1500 ml 
	
	


Look back at your written answers above.  Were you right about how many seconds it would take to drain different volumes of water for one hole open?  Explain.  

Were you right about the time it would take to drain 500 ml thru two holes vs one hole open?  Explain.  

Graphing and Data Interpretation 

On the graph paper write the title, “Water Flows Through 1-hole and 2-hole Rubber Stopper.”  

Label the x-axis “Time, sec.”  Label the y-axis “Volume, ml.”  

Notice that these axes are backwards from what we normally do.  We normally set the x-axis to be the independent variable, in this case volume in ml since we set the volume wherever we want it and then see how much time it takes (dependent variable) to drain that much volume.  The reason for setting axes that way is to make it easier to calculate flowrate as the slope of the line, namely ml/sec.  

Determine the appropriate spacing for the x axis.  It must cover the range from 0 seconds to the maximum number of seconds recorded, with some left over if needed.  

Determine the appropriate spacing for the y-axis.  It must cover the range from 0 ml to 1500 ml, with some left over if needed.  

Plot points for 1 hole open and connect with straight lines.  Do likewise for 2 holes open.  

Calculate the slopes of each of the six line segments by filling in the table below.  Label each segment’s flowrate on the graph.  

Why are flowrates higher for the interval 1500 ml – 1000 ml, than for the bottom 500 ml?  

You will fill in the next table after drawing the graph.  You can calculate “sec to drain that interval” from the numbers in the table above.  

	1 hole open
	2 holes open

	Interval
	sec to drain that interval
	ml/sec that interval
	Interval
	sec to drain that interval
	ml/sec that interval

	1500 ml to 

1000 ml
	
	
	1500 ml to 

1000 ml
	
	

	1000 ml to 

500 ml 
	
	
	1000 ml to 

500 ml 
	
	

	500 ml to 

empty 
	
	
	500 ml to 

empty 
	
	


Teacher Information to Accompany

Lab – Plotting Water Flows thru 2-Hole Rubber Stopper


I wrote this lab for my low-academic-achievers in 11th grade chemistry.  But it is amazing how sophisticated a lab can be made just with the concept of water draining thru a hole.  If you subscribe to Journal of Chemical Education there is an excellent article (Classroom Activity #63) on p 672 A-B  in the May 2004 issue, which is available to subscribers at http://www.jce.divched.org/ .  After logging in, click on Previous Issues, go to May 2004, scroll down to heading Chemistry for Everyone, click on Determining Rate of Flow through a Funnel.  At the top of the next page click on Full Text (PDF).  


I chose to calibrate the coke bottles because we didn’t have seven 500 ml graduated cylinders.  I calibrated the coke bottles before cutting off the bottoms.  The following pictures illustrate.  Add 500 ml water, replace the cap and turn the bottle upside down.  Rotate the bottle while marking off 500 ml.  Repeat for 1000 ml and 1500 ml.  Empty the bottle and cut off the bottom.  It is easy to store everything in a pan for next year.  
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FYI – The size of the holes in rubber stoppers varies slightly among manufacturers, so the flowrates may vary from one lab bench to another.  

Dan Fox, chemistry teacher 

Kempner High School, 14777 Voss Rd, Sugar Land TX  77478  

dan.fox@fortbend.k12.tx.us 

