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Summary
The sluice gate is used in this experiment to test the validity of Bernoulli’s principle. In using Bernoulli’s principle it is assumed that is ideal. In the case of the lab there will be friction with the water up against the sides of the glass and on the bottom of the tank. Some energy will also be lost due to the turbulence in the tank when the hydraulic jump is crated. Neglecting these frictions will result in a loss of momentum and energy. This lab shows that calculated velocity at each point along the sluice gate is greater the measured values. This makes since given the assumptions in the Bernoulli equation. 

Nomenclature
Patm = atmospheric Pressure which is 101325 Pa
Pwater = density of water which is 1000kg/m3
Pd = dynamic pressure (Pa)
Ps = static pressure (Pa)
Pstag = stagnation pressure (Pa)
Q = Volume flow rate which is given in m3/s
Z1 = is the depth of water upstream from the Sluice gate (m)
Z2 = is the depth of water downstream from the Sluice gate (m)
Z3 = is the depth of water downstream from the hydraulic jump (m)
H1 = is the head flow upstream from the Sluice gate (m)
H2 = is the head flow downstream from the Sluice gate (m)
H3 = is the head flow downstream from the hydraulic jump (m)
V-notch = water flow after the hydraulic jump (m)

Flow Analysis
Bernoulli’s equation in this experiment has the same atmospheric pressure on both sides of the sluice gate so P1 and P2 are equal to each other.


The equation gets rearranges so that the velocity one and two are on the left side. V1 is equal to. This can now be substituted for V1.

Rearrange the equation to solve for V2.

Using the continuity equation V1 can be determined.


To find the experiment velocity the given equation can be used to find it.

The following given equation is used to find the ideal head at a particular point.

The depth downstream of the hydraulic jump is calculated by deriving the continuity and momentum equation.
The equation for force and momentum is,

Velocity can be written as  and the equation can now be written as,


Knowing that  and, to find the force integrate from zero to height (h),


Now combining both force equations it now becomes where,  ,









Now the above equation can be put in the quadratic equation to isolate for z3






Experimental Setup and Procedure
[image: ]
 Figure (1):   Sluice Gate   [1]

The procedure is outlined in the lab manual. 

Results and Discussion
There are three important parts a Sluice gate. These parts are: before the gate, after the gate and after the hydraulic jump. The three parts are important because measuring the height of the water and the head allows the Bernoulli’s principle to be applied.  Though for the system to be idea certain assumptions have to be made.  The assumptions are that the flow of water is frictionless and no momentum lost. In the case of this experiment making these assumptions made the theoretical and experimental results different. 
1. For this part the velocity of the water was found two ways. The first way was using Bernoulli’s equation and the continuity. The assumption that the velocity at the head of the gate is not zero. This means that at all three point there is some sort of velocity for both flows. For flow one the calculated velocities can be found in Table 1 where the calculated velocities for flow 2 can be found in Table 2. The second way the velocity at each point was using the volume flow rate using the v-notch. All calculated values for both flows for the v-notch including the v-notch velocities can be found in Table 3. The velocities found using the v-notch are lower than the calculated values. This is because the Bernoulli’s equation assumes that there is not friction if the system.
2. The velocities were calculated a third way to get a more accurate measurement using a Pitot tube place at each of the three main points. For flow one the calculated Pitot tube velocities can be found in Table 1 where the calculated Pitot tube velocities for flow 2 can be found in Table 2. These velocity values are even less than the calculated and v-notch velocities. This is because the accumulated error due to fiction is mostly removed. Including fiction as a source of error for these velocities is neglected. 
3. For this part the mathematical calculation can be found in the flow analysis above. Again fiction is neglected. The major assumption that is made in this part is that pressure increases linearly with the depth of water. 
4. The newly calculated water heights velocities can be found in Table 3 below and the pressures can be found in Table 1 and 2 depending of the flow. The accuracy of the values depend on how many assumptions are made. In the first set of calculates using Bernoulli’s assumed that pressure is constant and there is no friction. These values are the largest and the most off. Next calculation were made neglecting the assumption that pressure is constant but still assuming that there is not friction. This most accurate values for the velocity is the measured values using the Pitot tubes. The Pitot tubes take both assumptions into consideration be finding the values at the source.
The v-notch to measured values are closer to each other when the water flow is faster. This is because as the water increases in speed the friction between the walls the sluice gate and the water decreases. Having the decrease in friction mean that the assumption made in this lab become more accurate. Measurement error does play a factor. Measurement error can be seen in Table 2. Both dynamic pressure and actual velocity is zero. This is because it was measured that the water height and the head are the same height when they are not. This is caused by neglecting the Pitot tube offset. The ruler start on the Pitot tube is offset by 1/8 inch. 
Conclusion
This lab is focused around Bernoulli’s equation and the assumption that go along with it. Bernoulli’s equation shows the relationship between pressure, velocity, and change in height. The assumptions that are made are that it is a frictionless system and that that pressure is constant. In part three the constant pressure is corrected for. All calculated vales are compared to the values that were measures at the three points using a ruler and Pitot tube. 
The measured velocity for flow one at point two is 1.9m/s and for flow two the velocity is 2.258m/s. the calculated velocities at point two using Bernoulli’s equation flow one is 2.26m/s and flow two is 2.84m/s. the present error for flow one is 30% error and for flow two it is 25% error. This shows that the assumption do make a difference and that that as the flow increases the friction decreases making a more of a frictionless system.  Comparing the v-notch velocities to the measured at point three; the measured velocity of flow one at point three is 0.41m/s and the v-notch velocity is 0.498m/s and the measured velocity of flow two at point three is 0m/s and the v-notch velocity is 0.482m/s. This is where the measurement error occurred where the water height and head are the same number. The percent error for flow on is 18% error. An 18% error is better than the 30% error. This difference is because the volume flow rate used in this case was measured and used. 
The height of the water is measured to be 0.144m for flow one and for flow 2 is 0.149m. Using the equation found in part 3 the calculated height is 0.19m for flow one and 0.238m for flow 2. This is a 3.5% error for flow one and 25% error for flow 2.
An improvement that could be made to preforming this experiment is a better measuring tool. Have no offset to the Pitot tube. Another is once measuring tools were placed getting a somewhat accurate values was difficult. This did lead to measurement errors which means that the measured or actual velocity and water height vales are off making a less accurate comparison to the calculated velocities and water height. 
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Appendices A1 : Tables
Table 1: Large channel flow (slow at weir 15 degrees)
	
	Flow Rate 1
	
	theoretical
	actual
	Dynamic
	Static
	Stagnation

	Position
	Water Height (m)
	Head (m)
	velocity (m/s)
	velocity (m/s)
	Pressure (Pa)
	Pressure (Pa)
	Pressure (Pa)

	1
	0.29845
	0.29972
	0.336231
	0.157852
	1.27
	101337.5
	101338.7

	2
	0.04445
	0.2286
	2.25755
	1.900795
	184.15
	103131.5
	103315.7

	3
	0.144018
	0.1524
	0.696775
	0.40553
	8.636
	101407.2
	101415.9



Table 2: Large channel flow (fast at weir 30 degrees)
	
	Flow Rate 2
	
	theoretical
	actual
	Dynamic
	Static
	Stagnation

	Position
	Water Height (m)
	Head (m)
	velocity (m/s)
	velocity (m/s)
	Pressure (Pa)
	Pressure (Pa)
	Pressure (Pa)

	1
	0.434975
	0.434975
	0.165816
	0
	0
	101325
	101325

	2
	0.0254
	0.3937
	2.839605
	2.688131
	368.3
	104938
	105306.3

	3
	0.149225
	0.149225
	0.483337
	0
	0
	101325
	101325



Table 3: Both flows v-notch calculated values
	
	V-notch Water Level
	no flow (m)
	adjusted (m)
	notch area (m2)
	Q Volume flow rate (m^3/s)
	Velocity using Q (m/s)
	Calculated Head (m) 
	Water Height at point 3 (m) 
	Q Volume flow rate at point 3 (m^3/s)
	Q Volume flow rate at point 2 (m^3/s)

	flow 1
	0.14224
	0.0127
	0.12954
	0.016781
	0.00835
	0.497586556
	0.305132146
	0.1901200
	0.009172499
	0.013096005

	flow 2
	0.13462
	0.0127
	0.12192
	0.014864
	0.007163
	0.481902583
	0.30912053
	0.2376645
	0
	0.01058317




Appendices A2 : Sample Calculations
Theoretical velocity at height 2




Now using continuity to find velocity at height 1
                                         



We can calculated the measured velocity using the equation



Using the given equation the volume flow rate can be solved for, but first H must be found



Now the volume flow rate can be solved for



In order to find velocity using the volume flow rate the area of the notch must be found



Now the velocity can be found



Using the quadratic equation that was found 



Taking the total head equation is



0.190120082 = 1865.078Pa

Applying these two calculations to the height equation




Percent error 
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