Experiment 1: Flow through a Venturi Meter
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The pressure changes along a linearly deformed throat were measured as a function of the change of height in an array of monometers. Performing the experiment at two arbitrary speeds showed the pressure change was directly related to the cross sectional area of the Venturi Meter, the data points forming the same curve, offset only by the relative vacuum powers the experiment was performed at. Two Venturi Coefficients were calculated, at 0.96 and 0.97 respectively. Using the corrected flow rates the static pressure in the Venturi tube was plotted and compared with the initial calculated static pressure (without a corrected flow rate) and found to be most accurate at either end of the throat, differing by a larger amount near the throat of the Venturi Meter. Thus it can be assumed that the no-slip condition of fluid flow has a greater effect within the smaller area presented by the Venturi Meter’s throat.
Nomenclature
Patm = Atmospheric Pressure, usually in Pascals : 101325 Pa [Supplied in Lab]
Pstatic = Static Pressure, in Pascals
Pdyn = Dynamic Pressure, in Pascals
ρair = Density of Air in kg/m3 : 1.225kg/m3 [1]
ρwater = Density of Water in kg/m3 : 1000 kg/m3 [2]
Vc= Venturi Coefficient, Found by comparing the ideal and actual volume flow rates
Qideal = Ideal Volume Flow Rate, in m3/s
Qactual = Actual Volume Flow Rate in m3/s
hatm  = Height of fluid in monometer tube open to atmosphere, in metres
hstatic = Height of fluid in monometer tube at point the tap is connected along Venturi, in metres
Flow Analysis
This Lab consisted of Re-arranging Bernoulli’s equation within a Venturi Meter, and thus the initial equation that we started with is Bernoulli’s base equation (eq 1):

Bernoulli’s equation can only be applied when fluid flow is assumed to be incompressible, inviscid, frictionless and along a streamline. Knowing this, and assuming point 2 is far enough away from the bell mouthed Venturi as to have no velocity, and be at standard air pressure, Bernoulli’s equation can be re-arranged to find the velocity of air in the Venturi Meter:

(eq 2)

However, before calculating V1 the value of the unkown Pstatic must be determined. This is where the readings on the monometers connected to the venturi allow us to calculate the static pressure at the tap position’s, by measuring the difference in level from a manometer tube open to the atmosphere and one being affected by the Venturi we can come up with equation 3:
(eq 3)

Now with Pstatic The velocity of the air at the tap position in the Venturi can be Calculated. The velocity is important as it provides us with one half of the next equation, the volume flow rate:
(eq 4)

The other half of the equation, A must be calculated with the two given diameters of the Venturi tube, and the similar triangle relationship:
(eq 5)

Where d is calculated via two equations depending on the taps position compared to the neck of the venturi: 
(eq 6.1 before neck) 

(eq 6.2 after neck)




Theta is found by assuming the Venturi throat is linear, and halving the inlet diameter to create a triangle:
(eq 7)

In this case theta turned out to be 1.8487 degrees.
Now that the flow rate can be calculated, the flow rate at the first tap, and at the throat are considered the actual and ideal flow rates respectively. Using these two values, the Venturi Coefficient can be calculated:
(eq 8) 

This coefficient allows us to calculate the corrected flow rate, the flow rate due to the no slip condition along the sides of the venturi. Rearranging it also allows us to calculate the corrected velocity. (Obviously area cannot be corrected as it isn’t affected by the no-slip condition):
(eq 9)

(eq 10)

The corrected velocity value can then be used to rearrange equation 2 combined with equation 4 to find the corrected static pressure at the tap position:
(eq 11)



With the data and calculated values present, it is also possible to calculate the dynamic pressure at the tap position, and thus the stagnation pressure at the same position:
(eq 12 – dynamic pressure)

(eq 13 – Stagnation pressure)

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
With the data gathered and the equations as they were laid out in the flow analysis it was possible to gather a variety of results from the experiment. The analysis of this lab required several steps of calculations to reach a final conclusion. Firstly, Qactual was calculated for both flow rates, and was found to be 0.0194 m3/s in experiment 1 and 0.0172 m3/s for experiment 2. [Table 2, Row 1, Columns 7 and 8] Qactual was calculated using the mouth of the Venturi tube as a base point. Next, using the throat of the venturi meter, Qideal found to be 0.02022 m3/s and 0.017613 m3/s for experiment 1 and two respectively.[Table 2, Row 9, Columns 7 and 8] Both Qactual and Qideal were calculated using equation 4, which was provided by the Lab TA. Next the ratio between both flow rate values were found for each experiment, giving two separate venturi coefficients, 0.961 and 0.974. [Table 2, Row 1, Columns 1 and 2] These two values are well within an experimentally acceptable approximation of standard venturi coefficients and are consistent, differing by only 1.8%. Using the data gathered and calculated, it was then possible for us to discover the static, dynamic, and thus stagnation pressures at the Venturi’s throat. In experiment one the static pressure was calculated as 97421 Pa, the dynamic pressure as 3904.38 Pa and the stagnation pressure as 101325 Pa.[Table 2 Row 9 Columns 3,11 and 12] For the second experiment static pressure was calculated as 98362 Pa dynamic as 2962.62 Pa and stagnation as 101325 Pa.[Table 2 Row 9 Columns 4,12 and 14].
As can be seen in the plot below, the static pressure in both experiments varied similarly, with two nearly identical traces. In both cases the corrected static pressure was lower than the initial value. It is interesting to note that at the points with the smallest area, the original and corrected value differed the most, suggesting a correlation between decreased area and the difference between ideal and corrected values. This correlation is likely due to an increased velocity as the area of the tube decreases, as can be seen in table 2, rows 5 and 6.
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As can be seen in the sketch, the velocity profiles are shown at points 1, the Venturi inlet, point 2, the Venturi’s throat, and point 3, the downstream end of the Venturi. The arrow at point 2 is considerably longer than those at points 1 and 3, showing the increased velocity as a result of decreased diameter. the severity of the arc also shows how with the increased velocity and decreased area, there is greater friction along the edges of the Venturi due to the no slip condition. The Velocity profiles at points 1 and 3 are very similar, as the air passes through the throat it continues to travel along the slipstreams, slowing down as the cross sectional area increases.
Throughout this experiment there exist a variety of places for air, reading error in the monometer tubes as the scale was only for 2mm,  similarly the ruler used to measure the tap distances could be replaced by a vernier caliper for more accurate results. 
Conclusions
The results of this experiment can result in the following conclusions: As the cross sectional area of a Venturi meter (or any pipe) decreases, the air flowing through it will increase its velocity; this increased velocity will cause a considerable velocity profile at the narrowest points.  This velocity profile is thus the reason we must calculate the Venturi Coefficient and calibrate our results, in ideal flow, which is required for the application of Bernoulli’s principles and formulas the no slip condition is disregarded in favour of a simplified model.
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Table 1 – Experimental Data                   Table 3 – Venturi Coefficients
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Table 2 – Calculated Data


Notes:
1. Diameters with a green background were calculated using equation 6.1, Diameters with a purple background were calculated using equation 6.2
2. The throat tap has a background of blue

Sample Calculations
eq 1 - Theoretical
eq 2.


eq 3.


eq 4. 


eq 5 – Trivial (Area of a Circle)
eq 6 


eq 7



eq 8




eq 9 – Trivial (Multiplication of Q by Venturi Coefficient)
eq 10 – Trivial (Finding Corrected Value of Velocity)
eq 11 –


eq 12 –

eq 13 – Trivial (addition of static and dynamic pressures)
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Tap #Position (mm)Experiment 1 Experiment 2

1 0 165 150

2 25 165 150

3 50 166 152

4 62 186 165

5 75 204 178

6 88 240 206

7 100.5 282 238

8 113 348 286

9 133 486 392

10 155 462 382

11 167.5 346 286

12 180 315 262

13 193 263 224

14 205.5 239 207

15 217.5 222 195

16 243.5 207 183

88 99

Height of Venturi Tubes (mm)

Experimental Data



Atm
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Exp 1 Exp 2

0.961028518 0.973878106

Venturi Coefficient


image5.emf
Diameter(mm) Area(mm^2) Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2

26.543 553.3372349 100569.63 100736.4 35.11776 30.99967 0.019432 0.017153 0.018675 0.016705 755.37 588.6101325 101325 100507.1245 100704.401

24.92885441 488.0839469 100569.63 100736.4 35.11776 30.99967 0.01714 0.01513 0.016472 0.014735 755.37 588.6101325 101325 100507.1245 100704.401

23.31499923 426.9339506 100559.82 100716.78 35.34506 31.5121 0.01509 0.013454 0.014502 0.013102 765.18 608.22101325 101325 100496.5028 100683.7144

22.54034873 399.0351409 100363.62 100589.25 39.61818 34.65869 0.015809 0.01383 0.015193 0.013469 961.38 735.75101325 101325 100284.0676 100549.2513

21.70114404 369.8751381 100187.04 100461.72 43.10329 37.54247 0.015943 0.013886 0.015322 0.013523 1137.96 863.28101325 101325 100092.8759 100414.7882

20.86193934 341.8213916 99833.88 100187.04 49.34047 43.10329 0.016866 0.014734 0.016208 0.014349 1491.12 1137.96101325 101325 99710.49258 100125.1753

20.05501174 315.8898871 99421.86 99873.12 55.74197 48.68692 0.017608 0.01538 0.016922 0.014978 1903.14 1451.88101325 101325 99264.37869 99794.1892

19.24808415 290.9811787 98774.4 99402.24 64.53096 56.02856 0.018777 0.016303 0.018046 0.015877 2550.6 1922.76101325 101325 98563.34258 99297.71002

17.957 253.2546608 97420.62 98362.38 79.84045 69.54805 0.02022 0.017613 0.019432 0.017153 3904.38 2962.62101325 101325 97097.53979 98201.3185

19.37719257 294.8978401 97656.06 98460.48 77.39578 68.38689 0.022824 0.020167 0.021934 0.01964 3668.94 2864.52101325 101325 97352.46201 98304.75166

20.18412016 319.970196 98794.02 99402.24 64.28229 56.02856 0.020568 0.017927 0.019767 0.017459 2530.98 1922.76101325 101325 98584.58609 99297.71002

20.99104775 346.0653477 99098.13 99637.68 60.29682 52.48627 0.020867 0.018164 0.020053 0.017689 2226.87 1687.32101325 101325 98913.86063 99545.94961

21.83025245 374.2892876 99608.25 100010.46 52.94202 46.32697 0.019816 0.01734 0.019043 0.016887 1716.75 1314.54101325 101325 99466.19212 99938.99563

22.63718005 402.4709432 99843.69 100177.23 49.17789 43.28868 0.019793 0.017422 0.019021 0.016967 1481.31 1147.77101325 101325 99721.11434 100114.832

23.41183054 430.487579 100010.46 100294.95 46.32697 41.00871 0.019943 0.017654 0.019166 0.017193 1314.54 1030.05101325 101325 99901.68425 100238.9518

25.09023993 494.4239617 100157.61 100412.67 43.65711 38.59428 0.021585 0.019082 0.020744 0.018583 1167.39 912.33101325 101325 100061.0106 100363.0716

Static Pressure (PA) Static Pressure (Q actual)

Calculated Data

Corrected Flow Rate Stagnation Pressure (Pa) Flow Velocity (m/s) Flow Rate (m^3/s) Dynamic Pressure (Pa)
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