Page 14

VIII.
Appendix
[image: image25.png]T e e oo e oo e e o e e
o e e e e
P e L L e e

H 18 15 20 %




Figure 1. A model of the one-hole system with no inflow of water.

	Pipe
	R
	r
	h0
	f

	BB
	1”
	0.25”
	55.25”
	4”

	BS
	1”
	0.125”
	58.6”
	3.3”

	SB
	0.5”
	0.25”
	57.4”
	3.3”

	SS
	0.5”
	0.125”
	55.7”
	3.25”


Figure 2. Data on each of the four pipes used in the one-hole systems.  Note that the first letter in each pipe name refers to the pipe radius, and the second letter refers to the hole radius.  “B” stands for “big,” and “S” stands for “small.”

	Pipe
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Average
	Theory
	%Error

	BB
	13.2 s
	13.3 s
	13.6 s
	13.2 s
	13.1 s
	13.3 s
	14.4 s
	7.6 %

	BS
	50.6 s
	50.2 s
	50.2 s
	50.3 s
	50.5 s
	50.4 s
	59.4 s
	15.2 %

	SB
	3.8 s
	3.8 s
	3.6 s
	3.7 s
	3.9 s
	3.8 s
	3.7 s
	2.7 %

	SS
	13.2 s
	13.0 s
	13.2 s
	13.2 s
	13.1 s
	13.1 s
	14.5 s
	9.7%


Figure 3. Data for Experiment 1.
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Figure 4. The calculations involved in deriving the exit velocity.

	Pipe BB
	Distance
	Time
	Velocity

	Trial 1
	0”
	13.30 s
	0 in/s

	Trial 2
	8”
	11.87 s
	26.2 in/s

	Trial 3
	16”
	10.37 s
	52.4 in/s

	Trial 4
	28”
	6.65 s
	91.7 in/s

	Trial 5
	40”
	4.04 s
	131.0 in/s

	Trial 6
	58”
	0 s
	189.9 in/s

	Pipe BS
	Distance
	Time
	Velocity

	Trial 1
	0”
	50.40 s
	0 in/s

	Trial 2
	8”
	45.54 s
	26.7 in/s

	Trial 3
	16”
	39.12 s
	53.4 in/s

	Trial 4
	28”
	28.93 s
	93.5 in/s

	Trial 5
	40”
	22.70 s
	133.6 in/s

	Trial 6
	62”
	0 s
	207.1 in/s

	Pipe SB
	Distance
	Time
	Velocity

	Trial 1
	0”
	3.80 s
	0 in/s

	Trial 2
	8”
	3.31 s
	26.7 in/s

	Trial 3
	16”
	3.04 s
	53.4 in/s

	Trial 4
	28”
	2.04 s
	93.5 in/s

	Trial 5
	40”
	1.01 s
	133.6 in/s

	Trial 6
	60”
	0 s
	200.4 in/s

	Pipe SS
	Distance
	Time
	Velocity

	Trial 1
	0”
	13.1 s
	0 in/s

	Trial 2
	8”
	12.1 s
	26.8 in/s

	Trial 3
	16”
	10.4 s
	53.5 in/s

	Trial 4
	28”
	6.89 s
	93.7 in/s

	Trial 5
	40”
	4.59 s
	133.8 in/s

	Trial 6
	58”
	0 s
	194.0 in/s


(Note: The bucket height was 14 inches.)
Figure 5. The results of Experiment 2.

	hBB = 0.26598t^2 - 7.66689t + 55.25, t < 14.4126
	vBB = -8.51130t + 123.169
	VBB = 0.83559t^2 - 24.0862t + 173.573

	hBS = 0.01662t^2 - 1.97398t + 58.6, t < 59.3726
	vBS = -2.12783t + 126.334

	VBS = 0.05222t^2 - 6.20143t + 184.097

	hSB = 4.25565t^2 - 31.2586t + 57.4, t < 3.67259 
	vSB = -34.0452t + 125.034

	VSB = 3.34238t^2 - 24.5504t + 45.0819

	hSS = 0.26598t^2 - 7.69805t + 55.7, t < 14.4712
	vSS = -8.51130t + 123.169
	VSS = 0.20890t^2 - 6.04603t + 43.7467


Figure 6. Equations for the height, velocity, and volume for each of the four pipes.  The value for t in each entry in the first column indicates when all functions will fall to and remain at 0.
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Figure 7. Graphs of the (respective) height, velocity, and volume of each pipe against time.  Pipe BB is green, pipe BS is red, Pipe SB is blue, and pipe BB is yellow.
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Figure 8. Comparisons of the experimental and theoretical models for v(t).  In each graph, the model that goes below 0 is experimental, and the one that stays above is theoretical.  The graphs are only valid up to the point where v first hits 0.
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Figure 9. Comparisons of the experimental and theoretical models for h(t), in the order BB, BS, SB, SS.  The red curve indicates the theoretical value, while the blue curve indicates the experimental value.  
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Figure 10. Visual models of Systems 2 through 4.
[image: image15.png]AN
[T
AN
N
[N
B
[T
AN
N
AN
AN

gtgtatagtgtatet

NN -

20

180





Figure 11. A slope field for System 2.  x refers to t and is in seconds.  y refers to h and is in inches.

	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Average

	42.9 s
	39.1 s
	43.5 s
	43.7 s
	44.1 s
	42.66 s
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t = 42.66 s

h0 = 53.96 in
Figure 12. The calculations involved in finding the experimental water column height.
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Figure 13. A slope field for System 3.  y refers to h in inches, and x refers to t in seconds.

	Trial 1

	Trial 2

	Trial 3

	Trial 4

	Trial 5

	Average


	41.6 s

	40.9 s

	41.2 s

	40.9 s

	41.0 s

	41.1 s



	Figure 14. The experimental draining time for System 3.
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Figure 15. A slope field for System 4.  y refers to h in inches, and x refers to t in seconds.
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


[image: image19.png]0

12

14



[image: image20.png]


[image: image21.png]o

20

0

40

Eil



[image: image22.png]


[image: image23.png]10

12

14



[image: image24.png]


_1101066898.unknown

_1101128692.unknown

