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Summary:

Nomenclature/List of Symbols:
	Variable/symbol	
	Name
	Units

	Q
	flow rate
	m3/sec

	y
	depth
	inches

	P
	Static pressure
	Mpa

	ρ
	density
	kg/m3

	g
	Gravitational constant
	N/kg or m/s2

	z
	elevation
	metres

	V
	Velocity 
	m/s

	w
	width
	metres

	h
	height
	metres

	
	Mass flow rate
	Kg/s


Flow Analysis:

Static Pressure as Found by the Static Taps
Using the hydrostatic pressure equation the static pressure of a flow can be found using the measurements recorded from the manometer bank.
 [1]
y is taken to be the change in elevation of the fluid within the manometer between the taps open to atmosphere and the tap in question.
True Volume Flow Rate for Venturi meter
True Volume Flow Rate at Venturi meter is calculated using  Bernoulli equations. Bernoulli's equation is applied between two points of the same elevation, one point a distance from the inlet in the room and a point at the mouth of the inlet. 

Rearranging Bernoulli's equation for V2, velocity at the inlet can be found. Static pressure at point 2 can be found by using the reading of the manometer (y) and the hydrostatic pressure equation[1].


Taking Vroom to be zero as it is assumed to be so small that it can be considered negligible and rearranging  this equation V2 can be found.
 [2]	
It is important to remark that Bernoulli's equation has conditions that restrict the application of this equation. The streamline that is analysed must be part of a 1-d flow, that has not lost or gained energy between the two  points over which Bernoulli's equation is applied. In this situation these criteria are met as no device is present to give energy to the flow, friction is assumed to be zero between the flow and the apparatus, and the bellmouth inlet of the apparatus creates a 1-d flow within the apparatus.
Ideal Volume Flow Rate at Venturi meter
The ideal volume flow rate of the Venturi meter is found by applying both the continuity and Bernoulli's equation between the inlet and throat of the Venturi meter. For both equations point 1 is taken to be the centre of the cross-sectional area of the mouth of the inlet while point 2 is taken to be the centre of the cross-sectional area of the throat of the Venturi outlet. Starting with Bernoulli's equation and rearranging for V2, 

Applying the continuity equation and rearranging for at the throat an equation can be found to substitute velocity at the throat in Bernoulli's equation,

Plugging the above equation into the Bernoulli's equation developed for this scenario and rearranging to solve for velocity at the inlet of the Venturi  


Finally rearranging for velocity at the inlet of the Venturi meter

Static pressure at points 1 and 2 can be found by using the reading of the manometer (y) and the hydrostatic pressure equation[1].
 

 [3]
Velocity of a flow to Volume flow rate
Velocity of a flow can be converted to a volume flow rate by multiplying the velocity of the flow by the cross-sectional area the flow is moving through
Calculating the Venturi coefficient 
The Venturi coefficient is calculated using the following equation

Qactual and Qideal  can be found from the actual velocities and ideal velocities calculated using equations [2] and [3] and the cross-sectional area of the Venturi meter at its inlet.

 [4]
Cross-sectional area throughout the Venturi Meter
Area of the cross-sectional area at any point throughout the Venturi meter can be found using the basic area of a circle formula

where r is the radius of the cross-sectional circle in metres. Radius of the Venturi Meter is assumed to vary linearly with the distance of the cross-sectional area from the intake of the Venturi. With this and known radii at the throat and intake in mind a linear equation between radius and distance from the inlet can be derived. The slope of the equation is given by the rise over run between the inlet and throat
 
By using the calculated slope knowing that the intercept of the slope is 1.2985 cm(no translation from x-axis) the equation of the slope of the radius can be found. Therefore the equation for the radius of the Venturi meter at a distance(x) from the inlet is:
 [5]
Theoretical Pressure along the Venturi Meter
The theoretical pressure of the Venturi tube can be Calculated using Bernoulli's equation between points 1 and 2 where 1 is a point a distance from the inlet in the room(Patm), and point 2 is the middle of the cross-sectional area within the Venturi meter. Point 1 is assumed to have no velocity as it is a large distance from the inlet of the meter.

 [6]
Ideal Velocity along the Venturi meter
Using the continuity equation and the ideal velocity calculated at the mouth of the inlet, the ideal velocity of the Venturi meter can be calculated at any point within the Venturi meter

 [7]
Stagnation Pressure of the flow at the Venturi Throat
Stagnation Pressure of the flow at the throat of the Venturi meter throat can be calculated with the following equation
 [8]
Experimental Setup and Procedure:
[image: ]
Figure 1: Setup of Venturi Meter
Refer to pages 5 of the Fluid Mechanics I (MAAE 2300) course manual for instructions on how to conduct this experiment properly.
Results and Discussion:

Results
	
	Fast flow
	Slow Flow

	Theoretical Flow Rate (m3/s)
	0.017433
	0.014564

	Actual Flow Rate (m3/s)
	0.015929
	0.013835

	Venturi Coefficient
	0.9137
	0.949

	Stagnation Pressure at Throat(Pa)
	101325
	101325


Table 1: Results of Venturi Meter Experiment
Discussion
A Venturi coefficient is used to differentiate between the theoretical flow rate and actual flow rate of a flow that travels through a Venturi Meter. That is to say that a Venturi coefficient of 1 means that the actual flow through the Venturi is perfectly identical to the theoretical flow moving through the Venturi meter. A Venturi coefficient is simply a numerical way to correct for real world losses, otherwise not considered in theoretical fluid dynamics.
Possible sources of the losses in the real world flow can be found in the assumptions made when applying different equations to the Venturi meter. One such equation  is Bernoulli`s equation as it requires a flow that has no energy loss or gain, is uncompressible, and1-d. energy loss and the 1-d flow can be considered not met as the no-slip condition will cause the flow to begin to vary  along the cross-sectional area of the as a boundary layer is generated between the wall and the flow. This boundary layer and friction will cause some of the energy of the flow to be transfer to thermal energy that isn`t considered when measuring the potential energy of the flow stored in the static and dynamic pressures of the flow. In addition, in calculating the true velocity, the velocity of air was taken to be zero within the room. This assumption can be considered valid as the air would move so little in such a large reservoir as to be considered  non-moving. Furthermore, the compressibility of air makes Bernoulli`s equation more inapplicable in this situation. 
However, in order to minimize the differences caused by these assumptions, measures were taken to minimize the impacts of the assumptions. First a Bell-mouth inlet was used to provide a flow that is 1-d upon entering the Venturi meter, and the Venturi is kept short in order to minimize the size of the boundary layer generated along the length of the Venturi tube.

Figure 2: Static Pressure of the Fast Flow

Figure 3: Static Pressure of the Slow Flow
As can be seen above both flow are very similar in their differences between their experimental and theoretical pressures. Both Flows show the experimental pressure as higher than the theoretical pressure before the throat of the Venturi(lowest pressure) and lower than the theoretical pressure after the throat. The initially higher pressure can be attributed by friction and part of the flow hitting the wall of the Venturi meter as the radius of the meter shrinks. This could reduce the speed of the flow reducing dynamic pressure and increasing static pressure as energy is transferred. 
The lower experimental pressure after the throat is cause to believe that the flow after throat is flowing faster than theoretical values anticipate. This could be due to turbulence caused by the flow rushing out of the throat and trying to rapidly fill the expanding cross-section. This turbulence would leave swiftly moving low pressure zones along the wall of the Venturi meter after the throat of the Venturi, explaining the lower than expected pressures after the Venturi throat.
[image: C:\Users\Jacob\Downloads\photo.JPG]
Figure 4: Approximate Velocities along the Venturi meter

Appendices:
Lab Results
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Sample Calculations:
Converting Imperial Units to Metric


Static Pressure as Found by the Static Taps
 [1]

True Volume Flow Rate for Venturi meter
 [2]	

Ideal Volume Flow Rate at Venturi meter
 [3]


Velocity of a flow to Volume flow rate
 
Calculating the Venturi coefficient 
 [4]

Cross-sectional radii throughout the Venturi Meter
 [5]

Theoretical Pressure along the Venturi Meter
 [6]


Ideal Velocity along the Venturi meter
 [7]

Stagnation Pressure of the flow at the Venturi Throat
 [8]
					

Static Pressure of the Fast Flow
expirmental Static Pressure (Pa)	8.2000000000000011	10.7	13	14.5	16	17.5	19	20.5	22.5	24.5	26	27.5	29	30.5	32	34.700000000000003	100765.83	100756.02	100648.11	100471.53	100206.66	99833.88	98862.69	98529.150000000009	97116.51	98391.81	99078.51	99510.150000000009	99745.59	99951.6	100108.56	100216.47	Theoretical Pressure(Pa)	8.2000000000000011	10.7	13	14.5	16	17.5	19	20.5	22.5	24.5	26	27.5	29	30.5	32	34.700000000000003	100655.23873881796	100655.23873881796	100419.57540709851	100208.42473936224	99931.973115341956	99564.416234512784	99067.230282230215	98381.474499985401	97005.926295826954	98381.474499985401	99067.230282230215	99564.416234512784	99931.973115341956	100208.42473936224	100419.57540709851	100655.23991068569	Distance from Inlet (cm)
Static Pressure (pa)
Static Pressure of the Slow Flow
Expirimental Pressure(Pa)	8.2000000000000011	10.7	13	14.5	16	17.5	19	20.5	22.5	24.5	26	27.5	29	30.5	32	34.700000000000003	100903.17000000001	100893.36	100805.07	100687.35	100491.15000000001	100236.09	99588.63	99304.14	98293.709999999992	99137.37000000001	99667.11	99981.03	100118.37000000001	100294.95	100383.23999999999	100471.53	Theoretical Pressure(Pa)	8.2000000000000011	10.7	13	14.5	16	17.5	19	20.5	22.5	24.5	26	27.5	29	30.5	32	34.700000000000003	100857.53286433585	100857.53286433585	100693.04908645038	100545.67418806712	100352.72177908511	100096.18146811667	99749.165140956655	99270.534456017063	98310.455669705552	99270.534456017063	99749.165140956655	100096.18146811667	100352.72177908511	100545.67418806712	100693.04908645038	100857.53368240758	Distance from Inlet(cm)
StaticPressure(Pa)
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