Experiment 3: Flow under a Sluice Gate























[bookmark: _GoBack]Summary
The use of the sluice gate allowed us to use mechanical energy in the form of head and calculated velocity to test the validity of Bernoulli’s equation in the case of a hydraulic jump. It was observed and calculated that the hydraulic jump caused inconsistencies within the Bernoulli assumptions. In the case of a sluice gate, the large surface area presents a substantial surface for losses due to friction, this coupled with the turbulence added by the hydraulic jump leads to some interesting results regarding momentum and energy conservation (or lack thereof).
Nomenclature
Patm = Atmospheric Pressure, usually in Pascals : 101325 Pa [Supplied in Lab]
ρair = Density of Air in kg/m3 : 1.2kg/m3 [1]
ρwater = Density of Water in kg/m3 : 1000 kg/m3 [2]
Q= Volume Flow Rate, in m3/s
z1 = depth of water upstream of Sluice Gate (m)
z2 =depth of water downstream of sluice gate (m) 
z3 = depth of water downstream of hydraulic jump (m)
H1 = Flow in head upstream of sluice gate (m)
H2= Flow in head downstream of sluice gate(m)
H3 = Flow in head downstream of hydraulic jump (m)
Zn = Flow  of water into v-notch (head) (m)
Flow Analysis
Section 1 – Bernoulli’s Equation and comparing Velocities
Bernoulli’s equation as it is used for this experiment can be assumed to have the same atmospheric pressures as the sluice gate has an open top and thus P1 and P2 are equal.
(1) 

(1.1) Rearranging the terms to solve for v2 and taking into account that v1 is equal to  we get the used equation


(1.2) With V2 calculated V1 can be found relatively simply, assuming flow rate is constant

(1.3) To find the experimental velocity we can alter the flow rate equation for the notched tank to:


(2.0)   The formula for total head at a particular point in the flow is provided as

(3.0) The expression for the depth  downstream must be derived from the continuity and momentum equations
Firstly we know the relationship between force and momentum is

and that integrating the formula for the force of a column of water with respect to the height is:

Because the velocity term can be written as  our mass flux equation can be rewritten as:

Equating the two previous formulas and substituting the correct values gives us

Which can be simplified to equation (4.0)

(5.0) To look at the total head change we can simply apply equation (2.0) and find the differences between experimental and predicted values.




Experimental Setup and Procedure
The experiment outlined in the lab manual was followed directly; following is a detailed and labelled diagram of the equipment setup.


Results and Discussion
Through measuring the depth of the flow at 3 key points in a sluice gate system (before the gate, immediately after the gate and after the resulting hydraulic jump) it was possible to analyze the flow and discover if Bernoulli’s equation is applicable in the case of a hydraulic jump.  Through calculating values as they would be if presented in an analysis question and comparing those with the simpler formulas used for the real flow, the effects of the Bernoulli assumptions can be seen on this particular system. For this system the Bernoulli assumptions are as follows, the flow is frictionless, inviscid and no energy was transferred within the system. However experimental data and observations reveal that all of these assumptions lead to a significant difference in results. 
Firstly we can compare the values for the velocity at the exit of the sluice gate. The theoretical velocity values for flow 1 and 2 were, 2.174 m/s and 2.851 m/s respectively, compared to the experimental values of 1.555 and 2.045 m/s for the flows it is very obvious that the experimental velocities in the system are considerably lower than the theoretical values. This is due to several factors, firstly being that the Bernoulli equation used is assuming v1 is zero at an arbitrary point away from the gate, however experimental data shows that this is not the proof, however I could not derive an adequate equation and was forced to use this substitute. when observing the flow coming out of the gate it could be clearly seen that it doesn’t rush out in a flat wall, it curves concavely downwards as it exits the gate and a good percentage of it sticks along the edges of the gate, as can be seen in the v patter of the flow. All of this, despite the less than ideal equation would suggest that yes, our theoretical values for velocity downstream of the gate are going to be higher than the experimental calculations.
Total head is also a useful tool to measure and compare the flow in this sluice gate system. As energy can be converted to potential energy in the form of mass times gravity times height, with a fluid like water which has a constant density, mechanical energy can simply be represented in metres or ‘head’. The measured heads upstream of the sluice gate for both flow 1 and 2 were 10.59m and 10.77 m, compared to the head measurement downstream of the gate as 10.476 and 10.567 metres the heads, while not identical are sufficiently close to see that the energy in a spot like point 1 where the depth is great and the velocity slow is comparable to a place like point 2 where the depth is small and the velocity is comparatively high.  The inconsistency of these results (as they should be identical) is again due to frictional forces not only on the sides of the tank but of the sluice gate itself, that and a small leak was observed on the right side of the gate, and thus not all energy was being transferred equally underneath the sluice gate which could very well lead to inconsistency among the results.
The head can also be compared as the change at the hydraulic jump. To do this we can use the measured values in the pitot tubes and see that the flow rate has been reduced , as the turbulence at the hydraulic jump causes a large amount of energy to be lost. These losses are reflected in the height difference between points 2 and 3, measured as 0.14 metres for flow 1 and 0.19 metres for flow 2, however the theoretical calculations, using the calculated heads gave lower values, 0.02 metres and 0.09 metres respectively. While both results support the assumption, the extreme difference suggests a problem with the calculations, likely in the use of values.
Conclusions
This experiment again highlights the problems with Bernoulli’s equation in a practical application. It also shows that when there is a large energy loss between two compared points that analysis cannot ignore the turbulence as the losses can be considerable. The incompressibility of water, coupled with the standard Bernoulli assumptions do not work well together, and thus produce inaccurate analysis.
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image1.emf
Flow 1 Flow 2 Flow 1(m)Flow 2(m)

z1 10 3/8 " 17 1/4" 0.263525 0.43815

z2 0.081' 0.083 0.024689 0.025298

z3 0.379' 0.46 0.115519 0.140208

H1 z1+5/16" z1+3/16" 0.271463 0.442913

H2 10.5" 13.5" 0.2667 0.3429

H3 z3+5/16" z3+3/8" 0.123457 0.149733

Zn 4.5" 5.07" 0.1143 0.128778

W 6 1/4" 6 1/4" 0.15875 0.15875

Experimental Data Data converted to SI

Experimentally Gathered


image2.emf
Flow 1 Flow 2 Flow 1 Flow 2 Flow 1 Flow 2 Flow 1 Flow 2

0.041835 0.069556 0.203701 0.16460456 0.1457 0.118072 10.59335 10.76761

0.003919 0.004016 2.174272 2.850831993 1.555181 2.044921 10.47671 10.56718

0.018339 0.022258 0.332374 0.368975 10.4499 10.47589

Measured 0.143243 0.193167

EXP 0.026811 0.091286

Exp Velocity(m/s) Total Heads (m)

Using exp values

Calculated Data

Cross Sectional Area Theoretical V (m/s)


