

MAAE 2300E – Fluid Mechanics




Laboratory #3: Experiment 3
Flow through a Sluice Gate and Hydraulic Jump






November 16, 2015
Jacob Wu
100973699
jacobwu@cmail.carleton.ca 




Lab Group: L3H 
Group Members:
David Hevey
Jonah Veenendaal 
Summary
In this experiment, the behavior of water flow passing through a hydraulic jump was measured, over a large channel and a small channel. Using Bernoulli’s equation to obtain the velocities, depths, and the total change in head. In this experiment, there was friction loss with the water up against the sides of the glass and the bottom of the tank and energy loss due to the turbulence in the tank when the hydraulic jump is created. Neglecting these frictions will result in a loss of momentum and energy. 
Nomenclature 
Given Constants
Patm: Standard atmospheric pressure = 101325 Pa 
g: Gravitational acceleration = 9.81 m/s2
water: Density of water = 1000 kg/m3
 air: Density of air = 1.225 kg/m3
Other Symbols
Q: Volume flow rate (m3/s)
h1: Depth of water upstream from the sluice gate (m)
h2: Depth of water downstream from the sluice gate (m)
h3: Depth of water downstream from the hydraulic jump (m)
H1: Head flow upstream from the sluice gate (m)
H2: Head flow downstream from the sluice gate (m)
H3: Head flow downstream from the hydraulic jump (m)
V-Notch: Water flow after the hydraulic jump (m)
P1: Water pressure just in of the sluice gate (Pa)
P2: Water pressure just out of the sluice gate (Pa)
C: Orifice opening 
F: Force (N)





Flow Analysis 
Bernoulli’s equation in this experiment assumed to have same atmospheric pressure on both sides of the sluice gate. Therefore P1 are equal to P2.
 (1.0) 
Rearranging the terms to solve for v2 and taking account that v1 is equal to  we get the used equation 
 (1.1) 
With v2 calculated v1 can be found relatively simply, assuming flow rate is constant 
 (1.2)
To calculate the experimental velocity, 
 (1.3) 
The formula for total head at a particular point in the flow is given as,
 (2.0)
The depth downstream of the hydraulic jump is calculated by deriving the continuity and momentum equation.
Force and momentum equation: 
 (3.0)
Velocity can be written as  Therefore, the equation can be written as,
(3.1)
Since  and, to find the force integrate from 0 to the height (h),
 (3.2)
 (3.3)
Equating the two equations from above and substituting the values, 
 (3.4) 
Which can be simplified to,
 (4.0)
Experimental Setup and Procedure 
The Flow through a Sluice Gate and Hydraulic Jump lab was performed in accordance with the instructions outlines for Experiment 3 in the lab manual “MAAE 2300: Fluids Mechanics I, Course Manual”. The setup for the Flow through a Sluice Gate and Hydraulic Jump lab is illustrated below: [image: ]
Figure 1. Sluice Gate
Results and Discussion 
In this experiment, there were three important parts in a Sluice gate. These parts includes before the gate, after the gate, and after the hydraulic jump. They are important because by determining the height of the water and the head, Bernoulli’s equation can be applied. However, a few assumptions were made using the Bernoulli’s equation. These assumptions include frictionless flow of water and no momentum lost. 
Comparing the theoretical and experimental velocities for large channel at position 1 for flow 1 was 0.1672 m/s and 0.1733 m/s, respectively. The percent error was found to be 3.65 %. As for flow 2, the velocities were 0.1919 m/s and 0.1144 m/s. The percent error was found to be 40.39 %. At position 2, the theoretical and experimental velocities for flow 1 were 2.0649 m/s and 2.1376 m/s, respectively. The percent error was found to be 3.52 %. As for flow 2, the theoretical and experimental velocity were 2.0580 m/s and 1.2274 m/s. The percent error was found to be 40.36 %. The experimental velocities at position 3 for flow 1 and 2 were 0.4580 m/s and 0.3000 m/s. As for small channel, comparing the theoretical and experimental velocities at position 1 for large weir angle, they were found to be 0.2353 m/s and 0.06903 m/s respectively. The percent error was found to be 70.66 %. As for small weir angle, they were calculated to be 0.1929 m/s and 0.05891 m/s. The percent error was found to be 69.46 %. At position 2, the theoretical and experimental velocities for large weir angle were found to be 1.8825 m/s and 0.5523 m/s, respectively. The percent error was found to be 70.66 %. As for small weir angle, the velocities were calculated to be 2.0672 m/s and 0.6312 m/s. The percent error was found to be 69.47 %. The experimental values at position 3 for large weir angle and small weir angle was found to be 0.2007 m/s and 0.2762 m/s. 
The total head was useful to measure and compare the flows in the sluice gate system. As the energy convert to potential energy in the form of mass multiplied by the gravity multiplied by the height, with a fluid-like water which has a constant density, the mechanical energy can be represented in meters or ‘head’. At the large channel, the measurement of the total head for flow 1 at positions 1, 2, and 3 was calculated to be 10.565 m, 10.581 m, and 10.428 m respectively. As for flow 2 at positions 1, 2, and 3 was found to be 10.565 m, 10.428 m, and 10.423 m. At the small channel, the measurement of the total head for large weir angle at positions 1, 2, and 3 was calculated to be 10.532 m, 10.370 m, and 10.401 m respectively. As for the small weir angle at positions 1, 2, and 3 was found to be 10.567 m, 10.371 m and 10.383 m. As seen from the values found above, at position 1, the head was at a higher height than at position 2, then at position 3, the height was more than position 2 and less than position 1. This was because at position 1, the velocity was very little, but not zero and at position 2, the velocity of the water increases using the motor and at position 3, after the hydraulic jump, the velocity decreases because as the water was slowed by friction. The inconsistency of the result was due to frictional forces by the sides of the tank and the sluice gate, therefore, not all the energy was being transferred equally beneath the sluice gate, which could essentially result in inconsistent values. 
The head height can be shown in terms of change in hydraulic jump. For the large channel, the theoretical and experimental for flow 1 was calculated to be 0.124 m and 0.153 m respectively with the percent error 23.39 %. For flow 2, it was calculated to be 0.029 m and 0.005 m. The percent error was found to be 82.76 %. For small channel, the theoretical and experimental for large weir angle was calculated to be 0.061 m and 0.031 m respectively, with the percent error 49.18 %. Similarly, for small weir angle, the theoretical and experimental values were found to be 0.33 m and 0.012 m. The percent error was found to be 96.36 %. The percent errors in the change in hydraulic jump showed that there were errors made most likely in the calculations. 
Conclusion 
[bookmark: _GoBack]The Flow through a Sluice Gate and Hydraulic Jump experiment highlights the problems with Bernoulli’s equation in a practical application. In this experiment, it was found that there was a large energy loss between the compared positions, which cannot ignore the turbulence as the losses can be considerable. Also the incompressibility of water, coupled with the assumptions of the Bernoulli’s equation did not produce an accurate result for analysis.  
Appendix 1 – Data Tables 
Table 1. Large Channel 
	FLOW
	FLOW 1
	FLOW 2

	Position
	Water Height (inch)
	Water Height (meter)
	Head (inch)
	Head (meter)
	Water Height (meter)
	Head (meter)

	1
	9 1/4
	0.23495
	9 5/8 – 3/16
	0.2397125
	0.236
	0.0242

	2
	3/4
	0.01905
	9 3/8 – 3/16
	0.2333625
	0.022
	0.0268

	3
	3 1/2
	0.08890
	4 – 3/16
	0.0969375
	0.090
	0.0100

	Width 
	6.22 (in)
	0.1580 (m)
	6.22 (in)
	0.1580 (m)

	V-Notch
	4.60 (in)
	0.1168 (m)
	3.90 (in)
	0.0991 (m)


(Note: The Pitot tube has an offset of 3/16 inches)  
Table 2. Small Channel 
	FLOW
	Large Weir Angle
	Small Weir Angle

	Position
	Water Height (inch)
	Water Height (meter)
	Head (inch)
	Head (meter)
	Water Height (inch)
	Water Height (meter)
	Head (inch)
	Head (meter)

	1
	8
	0.2032
	8 – 3/16
	0.1984375
	8
	0.238125
	8 – 3/16
	0.1984375

	2
	1
	0.0254
	8 – 3/16
	0.1984375
	7/8
	0.022225
	7 7/8 – 3/16
	0.1952625

	3
	2 3/4
	0.0699
	3 – 3/16
	0.0714375
	2
	0.050800
	2 ½ -  3/16 
	0.0587375

	
	P1 = 0.9 (ft)
	P2 = 0.9 (ft)
	P1 = 0.27432 (m)
	P2 = 0.27432 (m)

	Width
	6 (in)
	0.1524 (m)
	6 (in)
	0.1524 (m)


(Note: The Pitot tube has an offset of 3/16 inches)  
Table 3. Calculation for Large Channel 
	
	Theoretical Velocity (m/s)
	Experimental Velocity (m/s)
	Total Head (m)

	
	Flow 1
	Flow 2
	Flow 1
	Flow 2
	Flow 1
	Flow 2

	1
	
	
	
	
	10.565
	10.565

	2
	
	
	
	
	10.581
	10.428

	3
	
	
	 0.4580
	
	10.428
	10.423



Table 4. Calculation for Small Channel 
	
	Theoretical Velocity (m/s)
	Experimental Velocity (m/s)
	Total Head (m)

	
	Large Weir Angle
	Small Weir Angle
	Large Weir Angle
	Small Weir Angle
	Large Weir Angle
	Small Weir Angle

	1
	
	
	
	
	10.532
	10.567

	2
	
	
	
	
	10.370
	10.371

	3
	
	
	
	
	10.401
	10.383



     Table 5. Head change
	Using experiment values (m)

	Flow 1
(m)
	Flow 2
(m)

	Theoretical          large channel
	0.124
	0.029

	Experimental       large channel
	0.153
	0.005

	Theoretical          small channel
	0.061
	0.033

	Experimental      small channel
	0.031
	0.012



Appendix 2 – Sample Calculations 
For FLOW 1 in large channel, 

















Percent error for V1, FLOW 1 at large channel,



Percent error for V1, FLOW 2 at large channel,



Percent error for V2, FLOW 1 at large channel,



Percent error for V2, FLOW 2 at large channel,




To calculate total head for FLOW 1 at large channel,





The predicted height for position 3 for FLOW 1,







To determine the theoretical total head at position 3 for FLOW 1 at large channel, 
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