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1. SUMMARY
The purpose of this experiment is to examine the change in velocity and pressure of a fluid through a venturi meter. A venturi meter is a device which by restricting the area through which a fluid can flow, increases the velocity and reduces the pressure. The change in pressure as the venturi necked down and then up again was recorded and used to calculate the velocity at each point along with the flow rate. These experimental results were compared to the theoretical results in order to verify the validity of the simplifications used when ideal equations are used to calculate theoretical values. The equations used were the Bernoulli Equation and the continuity equation.

2. NOMENCLATURE
g = gravitational acceleration= 9.81 m/s2
Patm = atmospheric pressure = 101.325 kPa
P = guage pressure (Pa)
Ps = static pressure (Pa)
Pd = dynamic pressure(Pa)
Pstag = stagnation pressure(Pa)
Din = diameter of the inlet to venturi = 1.045 in
Dthroat = diameter of the throat of venturi = 0.707 in
Ain = area at inlet to venturi (m2)
Athroat = area at throat of venturi (m2)
ρwater = density of water = 1000 kg/m3
ρair = density of air = 1.23 kg/m3
Cv = venturi coefficient
Vin = velocity at inlet to venturi (m/s)
Vthroat = velocity at throat of venturi (m/s)
Qactual = actual flow rate (m3/s)
Qideal = ideal flow rate (m3/s)
h = height of water in pitot tap (m)
r = radius of venturi (m)
x = distance from start of throat (m)
3. FLOW ANALYSIS
Starting with Bernoulli’s equation
	(1)
And assuming z1=z2=0, and that Vin = 0 due the bell mouth assumption, Eq1 can be simplified to:
	(2)
The pressure at each Pitot tube can be found from the manometer tube readings:
	(3)
Combining Eq2 and Eq3 you get:
	(4)
Solving for V2, which is the velocity a given tap, you get:
		(5)
To find the experimental volumetric flow rate, the following formula is used:
		(6)
The ideal flow rate can then be found from:
		(7)
The venturi coefficient is then:
	(8)
To calculate the pressure at each pitot tap the following equation is used:
	(9)
To calculate the static, dynamic and stagnation the following three equations are used:
 (10)
	(11)
	(12)
To find the radius of the venturi between taps 2 and 9, the following equation is used:
	(13)
To find the radius of the venturi between taps 9 and 16, the following equation is used:
	(14)
Using r in the area of a circle equation, the venturi area at any given tap, x cm from the start of the taper:
	(15)
	(16)

Experimental Setup and Procedure
The experimental apparatus is as follows:

Refer to the procedure in “EXPERIMENT 1 Flow Through a Venturi Meter” found in the lab manual for MAAE 2300

RESULTS AND DISCUSSION
Two sets of data were collected, each with a different flow rate. Calculations will be done for the first flow rate but only the final calculated result for flow 2 will be reported.
1) To calculate the actual volumetric flow rate, Bernoulli’s equation is applied along a stream tube starting far from the apparatus and ending at tap 1. Eq5 is used for the velocity:

The area at tap 1 is equal to the intake diameter since the venture hasn’t necked down, therefore the area is:

The actual flow rate can then be calculated using Eq6

The flow rate for trial 2 is:

2) The ideal flow rate is calculated using Eq6 to find the velocity and the area of the throat.

This can be used in Eq7 to find the ideal volumetric flow rate:

For trial 2 the ideal volumetric flow rate is:

3) The Venturi coefficient can be calculated from Eq 11:

The Venturi coefficient for trial 2 is:

4) The stagnation, dynamic and static pressure can be calculated using equations 14, 15 and 16. Starting with static pressure.



The values for trial 2 are as follows



The three pressures were calculated for every tap and can be found in Table 1
5) The theoretical static pressure at each tap was also calculated using Eq6 and Eq10 along with Eq15 and Eq16 to find the respective cross sectional area.

This can be rearranged to isolate Vi: 

To calculate Ps from the velocity Eq12 is used with the assumption that Pstag = Patm:

For trial 2 the value was

The following graph is the 4 sets of static pressures plotted against the taps x position:

Figure 1
A larger graph is present in the appendix
6) The actual flow was less than the ideal flow because of the simplifications used. Factors such as friction, compressibility of air and the no-slip conditions were all ignored. A sketch of the velocity profiles is included in the appendix and demonstrates how the velocity profile grows more extreme at the throat causing an over estimation of the flow rate, causing the ideal flow rates to be larger than the actual ones.
CONCLUSION
The Venturi coefficients found were 0.96 and 0.94 for flow rates 1 and 2 respectively. They differ by approximately 2% which is statistically significant, suggesting that they are applicable coefficients for the Venturi meter tested. The Cv was larger for the lower flow rate as expected since the effects of the velocity profile in the Venturi meter are reduced at lower flow rates and therefore the idealized model more closely fits. It is for this reason that Venturi meters must be calibrated, but the results also suggest that the calibration would be accurate only at a certain flow rate. It is my suggestion that in order to increase the accuracy of a Venturi meter across a range of flow rates that the calibration be done for many flow rates and then a function be formed which modifies the Cv based on the measured pressure differential. Alternatively, a cruder approach would be the use of a lookup table of Cv values with interpolation. A point of interest for both trials is that the static pressure was higher than predicted before the throat and lower afterwards. This phenomena can be seen in Figure 1, the assumption of air being incompressible could explain this phenomena. A source of error in this lab would be the fluctuations in pressure created by the vacuum. This was observed as the values for the head was seen to fluctuate with a period a few seconds
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MEASURED STATIC PRESSURE IN VENTURI VS CALCULATED VALUES USING BERNOULLI'S EQUATION
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