CALIBRATION OF ORIFICE AND VENTURI FLOW METERS

Victoria Burnett

ABSTRACT ||  When fluids move relative to a solid or another fluid, there is an internal resistance to movement called viscosity. Viscosity can vary depending on several factors, including temperature and pressure (Cha, Chung, Seib 1999.) There were two flow meters used in this experiment; the Orifice flow meter and the Venturi flow meter.  The major difference between the two flow meters is that the Orifice meter can be altered, making it flexible, while the Venturi meter is more permanent (Pelling, 2013.) The amount of fluid discharged per amount of time was measured using mass differences and volume differences. The pressure changes were observed using both flow meters. The fluid used for all the data was water. The experiment resulted in the Venturi flow meter having a smaller range of pressure losses than the Orifice flow meter. The mass flow rate was also more consistent in predicting the pressure loss for both the Venturi and the Orifice flow meters.
INTRODUCTION ||  Internal flow is characterized by friction factors based on pressure drops.  Pressure drops within a fluid can also be seen as an integral of the various pressures over the entire fluid body and is denoted by the following formula (Herwig, Schmandt, 2013.)
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A flow-measuring device, such as the Orifice meter and the Venturi meter, is based on the Bernoulli Equation that conceptualizes pressure. The Bernoulli Equation states that downstream pressure after an obstruction will be lower than the upstream pressure before the obstruction. To understand the way the Orifice flow meter and Venturi flow meter, it would be critical to understand the Bernoulli Equation and how it relates pressure and velocity. The Bernoulli Equation is shown below (Google Adwords, 2013.)
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In the above equation, P is equivalent to the starting pressure, Rho, ρ, represents the density of that liquid, and the v denotes the flow velocity. If the pipe is vertical, the above equation is useable. However, if the pipe is horizontal, the potential energy caused from height, denoted by “h,” must be taken into account for the pressure differences. This gives you the following equation (Duffy, 1999.)
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Note that for this equation to work, the units of each must be compatible with one another. When taking these calculations in this experiment the following equivalents were needed. 

1 inch = 0.0254 meters

 1 Psi (lb/in2) = 6894.75 Pascal (kg/ms2) 

406.78 inches H2O = 14.696 Psia

The Orifice meter consists of a flat orifice place with a small circular hole that has been drilled in it. There is a pressure tap upstream from the orifice plate and another tap downstream. There are three methods of where to place the taps, and this position results in the coefficient of the meter. The three types of locations are the Flange, “Vena Contracta” and Pipe locations, going from smaller distances apart to larger respectively (Google Adwords, 2013.)

The Venturi meter accelerates fluid through a converging cone of angle 15 to 20 degrees and the pressure difference between the upstream side of the cone and its throat is measured. This, in turn, provides a signal for the rate of flow.  The fluid slows down in a cone with a smaller angle, such as one with 5 to 7 degrees. This is because most of the kinetic energy is converted back to pressure energy (Google Adwords, 2013.)

There are many different applications where differences in pressures are needed. One example would be in differential pressure tanks, used for mixing purposes, which is the simplest form of injection devices. These tanks are used throughout the world to verify the differences of pressure in fluids within different areas. This is used in fertilizer tanks where there is a higher pressure at the tank inlet than at the tank outlet. The pressure differential causes irrigation water to flow through the tank containing fertilizer injections. As the water flows through the tank, some of the solution is fertilized and passes out of the tank into a downstream system. The pressure differences can control the fertilizer concentration at given times. This is only one of many applications where pressure differences can be applied (Li, Meng, Liu 2006.)

There are several differences between the Orifice flow meter and the Venturi flow meter.  An Orifice flow meter contains a plate that can easily be changed to accommodate a wider range of flow rates. The Venturi meter throat diameter is fixed so the range of flow rates is minimal compared to the Orifice flow meter (Pelling 2013.) High pressure and energy recovery makes the venturi meter suitable where small pressure heads are available and therefore, pressure recovery is much better for the Venturi meter than the Orifice meter (Google Adwords, 2013.) The Orifice meter has a large permanent loss of pressure since the plate inside the meter creates eddies.  An eddy is a circular movement of water, counter to a main current or flow, causing a small whirlpool. These eddies and the lines between the eddy and the current flow, called an eddy line, disrupt the pressure of the current flow. Overall, Orifice flow meters are used more often due to their flexibility and availability of a wider range of data readings (Pelling 2013.)

In an economic standing, the Orifice flow meter is generally less expensive and easier to install than the Venturi flow meter. The Venturi meter usually takes more power and energy to use.  Due to this factor, Venturi meters are used more when finding pressure changes within steam lines (Pelling 2013.)

OBJECTIVES ||  This experiment is performed to invoke an understanding of the two flow measuring devices; the Orifice meter and the Venturi meter. Another objective is to calibrate both the Orifice and Venturi meters. 
MATERIALS AND METHODS ||  In this experiment, the pump was started and valve 45, and only valve 45, was opened. The flow out of the tank was measured by collecting the amount of water discharged during an interval of time (which was also recorded.) 

This was done by two separate methods; collecting water from the discharge of valve 45 and measuring the mass using a balance equation, and recording the difference in the reading in the volume gage of the water tank. 

The head differential across the Orifice meter and Venturi meter was simultaneously recorded using a manometer. Immediately following, the water tank was refilled before each set of measurements. 

This same process was performed using several different openings of valve 45. Seven sets of data were collected such that the pressure difference for each meter varied from 1 inch of water to approximately 27 inches of water. 
RESULTS AND DISCUSSION WITH GRAPHS AND TABLES ||  The following data was collected, including the Venturi meter readings and Orifice meter readings.
	venturi initial (in)
	venturi final (in)
	orifice initial (in)
	orifice final (in)
	weight (kg) 
	volume change (gal)
	time (s)

	10 3/4
	10 5/8
	9    
	8 7/8
	5.8
	1.5
	182

	3 5/8
	12    
	3    
	16    
	7.8
	1.9
	19

	4 ¼*
	11 ¾*
	-2 ½*
	15 3/8*
	7.9
	2.15
	21

	 1/2
	11 3/4
	-8 1/8
	19 1/2
	8
	2.1
	16

	- ¼*
	13*
	-10 ½*
	20 ½*
	7.4
	1.9
	14

	-8 1/4
	14 5/8
	-24 1/2
	29 5/8
	8.7
	2.25
	12

	-11 1/8
	15    
	-29    
	32 7/8
	9.6
	2.5
	13.5


Once a closer look of these data point was taken, it appeared as though the data set for the third and fifth rows (indicated by an asterisk in the chart) were oddly close to one another in relevance to the initial readings and the readings above and below. It would seem as if there was human error for these readings and so another set of readings for these two sets of data was performed giving us the following. 

	venturi initial (in)
	venturi final (in)
	orifice initial (in)
	orifice final (in)
	weight (kg)
	volume change (gal)
	Time (s)

	10 3/4
	10 5/8
	9
	8 7/8
	5.8
	1.5
	182

	3 5/8
	12
	3
	16
	7.8
	1.9
	19

	-9 1/2
	14 5/8
	-25
	30 3/8
	9.2
	2.5
	13

	1/2
	11 3/4
	-8 1/8
	19 1/2
	8
	2.1
	16

	-5
	13 3/4
	-18
	25 5/8
	9.4
	1.5
	15

	-8 1/4
	14 5/8
	-24 1/2
	29 5/8
	8.7
	2.25
	12

	-11 1/8
	15
	-29
	32 7/8
	9.6
	2.5
	13.5


This set of data yielded higher differences between the initial readings and final readings as well as between sets, giving us reason to believe that the first obtained readings were not adequate. The above set of data was used to undergo analysis. Calculations were performed to give the following flow rates for water. 

	flow rate of water

	kg/hr
	gal/hr

	114.73
	29.67

	1477.90
	360

	2547.69
	692.31

	1800
	472.5

	2256
	360

	2610
	675

	2560
	666.67


These flow rates are irrelevant to the which flow meter observed, since the data that was used only contained the volume changes, in gallons, and the weight, in kilograms, as well as the time, in hours. 

The differences in height for the pressure readings were calculated by subtracting the initial readings from the final readings, in per eighth of an inch, for both the Orifice and Venturi flow meters. After converting the data into compatible units, these height differences were put into the Bernoulli equation with height, resulting in the pressure changes in the Venturi flow meter and the Orifice flow meter, in pounds per square inch. 

	Venturi (psi)
	Orifice (psi)

	-0.0045
	-0.0045

	0.3027
	0.4698

	0.8719
	2.0012

	0.4066
	0.9984

	0.6776
	1.5766

	0.8267
	1.9561

	0.9441
	2.2361


The differences in pressure should be the same for each flow meter since it was the same liquid being measured and at the same points. However, the differences between the Venturi flow meter and the Orifice flow meter are drastically different. These differences are also evident in the chart of the pressure losses from the manometer to the flow.
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Figure 1.1 Mass Flow Rate verses Pressure Loss (with negative pressure loss)

Figure 1.1 shows the flow rate verses the pressure losses in the Orifice flow meter and the Venturi flow meter. The flow rate that was used in this graph was calculated based on the mass measurements (the weight in kilograms.)  

This graph displays the Venturi flow meter as having a lower pressure loss than the Orifice flow meter. The pressure loss in the Orifice flow meter ranges from 0 to 2.25 pounds per square inch while the pressure loss in the Venturi flow meter ranges from 0 to 1 pounds per square inch. 

The flow rate ranges for both flow meters are between 0 and 2500 kilograms per hour. The Venturi data has a better fit regression line, with a correlation value of 0.99 compared to the Orifice correlation value of 0.95. 

Within figure 1.1, a polynomial tredline was used to best fit the data. It is believed that a power tredline would represent the data better, however since the first pressure loss data point was negative, a power tredline is unable to be used. Regression analysis indicates that the mass flow rate could be directly influenced by the pressure loss. Both have a correlation value of above 0.95, indicating that this polynomial tredline curve fits the data well. 

Since the power tredline was not able to be used due to the first negative pressure loss data point, another graph was performed strictly for the positive pressure loss data. 
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Figure 1.2 Mass Flow Rate vs Pressure Loss (without negative pressure loss)
After comparing the graph of mass flow rate verses pressure loss without the negative pressure loss points to the graph including the pressure loss points, it was concluded that there is insufficient evidence to support that a power tredline could better fit the data than a polynomial tredline based on the correlation coeffecients of both tredlines being exceptionally close in representing both the Venturi and Orifice flow data. 
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Figure 2.1 Volumetric Flow Rate vs. Pressure Loss
Figure 2.1 compares the volumetric flow rates to the pressure losses of the Orifice flow meter and the Venturi flow meter. This flow rate that is used was calculated based on the volumetric measurements (volume in gallons.) 

Based on Figure 2.1, the Venturi flow meter has a lower pressure loss than the Orifice flow meter. The Venturi flow rates were equivalent to the Orifice flow rates, both having a range from 0 to 700 gallons per hour. The Venturi flow meter had less of a range of pressure losses than the Orifice flow meter. The Venturi meter had pressure losses between 0 and 1 pounds per square inch, while the Orifice meter had pressure losses between 0 and 2.25 pounds per square inch. 

There are several outlying data points in the volumetric flow rates on the Orifice meter and the Venturi meter curves. This causes the regression lines of both curves to be 0.79 and 0.83 respectively. This means that the relationship of pressure loss can not be explained from a change in volume as well as it could from a change in mass, with correlation values 0.98 and 0.95 (Seen in Figure 1.1.)
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Figure 3.1 Venturi Mass Flow Rate vs Venturi Volumetric Flow Rate

These two flow rates can not be directly compared because they use separate units; The mass flow rate is in kilograms per hour and the volumetric flow rate is in gallons per hour. The tredlines of the mass and volume flow rate curves are both polynomial and can be compared. 

The mass flow rate’s regression line has a correlation value of 0.99 and therefore best fits the data compared to the volumetric flow rates correlation value of 0.83. The data is more consistent and more closely related when using the mass flow rate. The mass flow rate better represents the pressure losses in the Venturi flow meter. 
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Figure 3.2 Orifice Mass Flow Rate vs Orifice Volumetric Flow Rate


Similar to Figure 3.1, the flow rate values in Figure 3.2 can not be directly compared due to the difference in units. The Orifice volumetric flow rate is in gallons per hour while the Orifice mass flow rate is in kilograms per hour. This causes the mass flow rate curve to be above the volumetric flow rate curve, and appear to have a much higher flow rate, but it does not. 

The only part of this graph that can be directly compared is the tredlines. Both regression lines used polynomial curves to determine the correlation values. The mass flow rate has a correlation value of 0.95 while the volumetric flow rate has a correlation value of 0.79. This indicates that the mass flow rate better fits the Orifice pressure losses.  

CONCLUSION ||  Within this experiment, there was a difference discovered between the pressure losses due to the Orifice flow meter and the Venturi flow meter. The Venturi flow meter has a lower pressure loss, ranging from 0 to 1 psi, than the Orifice flow meter, ranging from 0 to 2.25 psi. Both of them have different pressure losses, indicating that one flow meter, or both, could be calibrated incorrectly.

There was also a difference between the flow rate calculated by mass and the flow rate calculated through volume. The mass flow rate correlation values were significantly high. This indicates a strong polynomial relationship between mass flow rate and pressure loss for both the Venturi and Orifice flow meters.

There are a few outliers within the pressure loss data that could represent human error. It is advised in future experiments to do many more trials than only seven. This will help distinguish actual pressure changes from human or machine errors.
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		Data With outliers																				flow rate (gallons per hour)

		venturi initial (in)		venturi final (in)		orifice initial (in)		orifice final (in)		weight (kg)		volume change (gal)		time (s)		time (hr)						kg/hr		gal/hr

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556						114.7252747253		29.6703296703

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778						1477.8947368421		360

		4 1/4		11 3/4		-2 1/2		15 3/8		7.9		2.15		21		0.0058333333						1354.2857142857		368.5714285714

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444						1800		472.5

		-1/4		13		-10 1/2		20 1/2		7.4		1.9		14		0.0038888889						1902.8571428571		488.5714285714

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333						2610		675

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375						2560		666.6666666667

		Venturi (in)				Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		7 1/2		7.5		17 7/8		17.875

		11 1/4		11.25		27 5/8		25.625

		13 1/4		13.25		31		31

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

		Data without outliers

		venturi initial		venturi final		orifice initial		orifice final		weight		volume change		time		time (hr)

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778

		-9 1/2		14 5/8		-25		30 3/8		9.2		2.5		13		0.0036111111

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444

		-5		13 3/4		-18		25 5/8		9.4		1.5		15		0.0041666667

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375

		Venturi (in)		Venturi (in)		Orifice (in)		Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		24 1/8		24.125		55 3/8		55.375

		11 1/4		11.25		27 5/8		27.625

		18 3/4		18.75		43 5/8		43.625

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

				venturi (m)				orifice (m)

				-0.003175				-0.003175

				0.212725				0.3302

				0.612775				1.406525

				0.28575				0.701675

				0.47625				1.108075

				0.581025				1.374775

				0.663575				1.571625
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				6509.67075				15417.64125

										flow rate (gallons per hour)
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		Data With outliers																				flow rate (gallons per hour)

		venturi initial (in)		venturi final (in)		orifice initial (in)		orifice final (in)		weight (kg)		volume change (gal)		time (s)		time (hr)						kg/hr		gal/hr

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556						114.7252747253		29.6703296703

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778						1477.8947368421		360

		4 1/4		11 3/4		-2 1/2		15 3/8		7.9		2.15		21		0.0058333333						1354.2857142857		368.5714285714

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444						1800		472.5

		-1/4		13		-10 1/2		20 1/2		7.4		1.9		14		0.0038888889						1902.8571428571		488.5714285714

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333						2610		675

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375						2560		666.6666666667

		Venturi (in)				Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		7 1/2		7.5		17 7/8		17.875

		11 1/4		11.25		27 5/8		25.625
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		26 1/8		26.125		61 7/8		61.875

		Data without outliers

		venturi initial		venturi final		orifice initial		orifice final		weight		volume change		time		time (hr)

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778

		-9 1/2		14 5/8		-25		30 3/8		9.2		2.5		13		0.0036111111

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444

		-5		13 3/4		-18		25 5/8		9.4		1.5		15		0.0041666667

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375

		Venturi (in)		Venturi (in)		Orifice (in)		Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		24 1/8		24.125		55 3/8		55.375

		11 1/4		11.25		27 5/8		27.625

		18 3/4		18.75		43 5/8		43.625

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

				venturi (m)				orifice (m)

				-0.003175				-0.003175

				0.212725				0.3302

				0.612775				1.406525

				0.28575				0.701675

				0.47625				1.108075

				0.581025				1.374775

				0.663575				1.571625

				Venturi Pressure (Pa)				Orifice Pressure (Pa)

				-31.14675				-31.14675

				2086.83225				3239.262

				6011.32275				13798.01025

				2803.2075				6883.43175

				4672.0125				10870.21575

				5699.85525				13486.54275

				6509.67075				15417.64125

										flow rate (gallons per hour)

						Venturi Pressure (psi)		Orifice Pressure (psi)		kg/hr		gal/hr

						-0.0045174542		-0.0045174542		114.7252747253		29.6703296703

						0.3026694291		0.4698152333		1477.8947368421		360

						0.871868654		2.0012321956		2547.6923076923		692.3076923077

						0.4065708749		0.9983573707		1800		472.5

						0.6776181249		1.576591504		2256		360

						0.8266941124		1.9560576539		2610		675

						0.9441479207		2.2361398122		2560		666.6666666667
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Sheet1

		Data With outliers																				flow rate (gallons per hour)

		venturi initial (in)		venturi final (in)		orifice initial (in)		orifice final (in)		weight (kg)		volume change (gal)		time (s)		time (hr)						kg/hr		gal/hr

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556						114.7252747253		29.6703296703

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778						1477.8947368421		360

		4 1/4		11 3/4		-2 1/2		15 3/8		7.9		2.15		21		0.0058333333						1354.2857142857		368.5714285714

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444						1800		472.5

		-1/4		13		-10 1/2		20 1/2		7.4		1.9		14		0.0038888889						1902.8571428571		488.5714285714

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333						2610		675

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375						2560		666.6666666667

		Venturi (in)				Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		7 1/2		7.5		17 7/8		17.875

		11 1/4		11.25		27 5/8		25.625

		13 1/4		13.25		31		31

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

		Data without outliers

		venturi initial		venturi final		orifice initial		orifice final		weight		volume change		time		time (hr)

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778

		-9 1/2		14 5/8		-25		30 3/8		9.2		2.5		13		0.0036111111

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444

		-5		13 3/4		-18		25 5/8		9.4		1.5		15		0.0041666667

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375

		Venturi (in)		Venturi (in)		Orifice (in)		Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		24 1/8		24.125		55 3/8		55.375

		11 1/4		11.25		27 5/8		27.625

		18 3/4		18.75		43 5/8		43.625

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

				venturi (m)				orifice (m)

				-0.003175				-0.003175

				0.212725				0.3302

				0.612775				1.406525

				0.28575				0.701675

				0.47625				1.108075

				0.581025				1.374775

				0.663575				1.571625

				Venturi Pressure (Pa)				Orifice Pressure (Pa)

				-31.14675				-31.14675

				2086.83225				3239.262

				6011.32275				13798.01025

				2803.2075				6883.43175

				4672.0125				10870.21575

				5699.85525				13486.54275

				6509.67075				15417.64125

										flow rate (gallons per hour)

						Venturi Pressure (psi)		Orifice Pressure (psi)		kg/hr		gal/hr

						-0.0045174542		-0.0045174542		114.7252747253		29.6703296703

						0.3026694291		0.4698152333		1477.8947368421		360

						0.871868654		2.0012321956		2547.6923076923		692.3076923077

						0.4065708749		0.9983573707		1800		472.5

						0.6776181249		1.576591504		2256		360

						0.8266941124		1.9560576539		2610		675

						0.9441479207		2.2361398122		2560		666.6666666667
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Sheet1

		Data With outliers																				flow rate (gallons per hour)

		venturi initial (in)		venturi final (in)		orifice initial (in)		orifice final (in)		weight (kg)		volume change (gal)		time (s)		time (hr)						kg/hr		gal/hr

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556						114.7252747253		29.6703296703

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778						1477.8947368421		360

		4 1/4		11 3/4		-2 1/2		15 3/8		7.9		2.15		21		0.0058333333						1354.2857142857		368.5714285714

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444						1800		472.5

		-1/4		13		-10 1/2		20 1/2		7.4		1.9		14		0.0038888889						1902.8571428571		488.5714285714

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333						2610		675

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375						2560		666.6666666667

		Venturi (in)				Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		7 1/2		7.5		17 7/8		17.875

		11 1/4		11.25		27 5/8		25.625

		13 1/4		13.25		31		31

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

		Data without outliers

		venturi initial		venturi final		orifice initial		orifice final		weight		volume change		time		time (hr)

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778

		-9 1/2		14 5/8		-25		30 3/8		9.2		2.5		13		0.0036111111

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444

		-5		13 3/4		-18		25 5/8		9.4		1.5		15		0.0041666667

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375

		Venturi (in)		Venturi (in)		Orifice (in)		Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		24 1/8		24.125		55 3/8		55.375

		11 1/4		11.25		27 5/8		27.625

		18 3/4		18.75		43 5/8		43.625

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

				venturi (m)				orifice (m)

				-0.003175				-0.003175

				0.212725				0.3302

				0.612775				1.406525

				0.28575				0.701675

				0.47625				1.108075

				0.581025				1.374775

				0.663575				1.571625

				Venturi Pressure (Pa)				Orifice Pressure (Pa)

				-31.14675				-31.14675

				2086.83225				3239.262

				6011.32275				13798.01025

				2803.2075				6883.43175

				4672.0125				10870.21575

				5699.85525				13486.54275

				6509.67075				15417.64125

										flow rate (gallons per hour)

						Venturi Pressure (psi)		Orifice Pressure (psi)		kg/hr		gal/hr

						-0.0045174542		-0.0045174542		114.7252747253		29.6703296703

						0.3026694291		0.4698152333		1477.8947368421		360

						0.871868654		2.0012321956		2547.6923076923		692.3076923077

						0.4065708749		0.9983573707		1800		472.5

						0.6776181249		1.576591504		2256		360

						0.8266941124		1.9560576539		2610		675

						0.9441479207		2.2361398122		2560		666.6666666667
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Sheet1

		Data With outliers																				flow rate (gallons per hour)

		venturi initial (in)		venturi final (in)		orifice initial (in)		orifice final (in)		weight (kg)		volume change (gal)		time (s)		time (hr)						kg/hr		gal/hr

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556						114.7252747253		29.6703296703

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778						1477.8947368421		360

		4 1/4		11 3/4		-2 1/2		15 3/8		7.9		2.15		21		0.0058333333						1354.2857142857		368.5714285714

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444						1800		472.5

		-1/4		13		-10 1/2		20 1/2		7.4		1.9		14		0.0038888889						1902.8571428571		488.5714285714

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333						2610		675

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375						2560		666.6666666667

		Venturi (in)				Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		7 1/2		7.5		17 7/8		17.875

		11 1/4		11.25		27 5/8		25.625

		13 1/4		13.25		31		31

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

		Data without outliers

		venturi initial		venturi final		orifice initial		orifice final		weight		volume change		time		time (hr)

		10 3/4		10 5/8		9		8 7/8		5.8		1.5		182		0.0505555556

		3 5/8		12		3		16		7.8		1.9		19		0.0052777778

		-9 1/2		14 5/8		-25		30 3/8		9.2		2.5		13		0.0036111111

		1/2		11 3/4		-8 1/8		19 1/2		8		2.1		16		0.0044444444

		-5		13 3/4		-18		25 5/8		9.4		1.5		15		0.0041666667

		-8 1/4		14 5/8		-24 1/2		29 5/8		8.7		2.25		12		0.0033333333

		-11 1/8		15		-29		32 7/8		9.6		2.5		13.5		0.00375

		Venturi (in)		Venturi (in)		Orifice (in)		Orifice (in)

		-1/8		-0.125		-1/8		-0.125

		8 3/8		8.375		13		13

		24 1/8		24.125		55 3/8		55.375

		11 1/4		11.25		27 5/8		27.625

		18 3/4		18.75		43 5/8		43.625

		22 7/8		22.875		54 1/8		54.125

		26 1/8		26.125		61 7/8		61.875

				venturi (m)				orifice (m)

				-0.003175				-0.003175

				0.212725				0.3302

				0.612775				1.406525

				0.28575				0.701675

				0.47625				1.108075

				0.581025				1.374775

				0.663575				1.571625

				Venturi Pressure (Pa)				Orifice Pressure (Pa)

				-31.14675				-31.14675

				2086.83225				3239.262

				6011.32275				13798.01025

				2803.2075				6883.43175

				4672.0125				10870.21575

				5699.85525				13486.54275

				6509.67075				15417.64125

										flow rate (gallons per hour)

						Venturi Pressure (psi)		Orifice Pressure (psi)		kg/hr		gal/hr

						-0.0045174542		-0.0045174542		114.7252747253		29.6703296703

						0.3026694291		0.4698152333		1477.8947368421		360

						0.871868654		2.0012321956		2547.6923076923		692.3076923077

						0.4065708749		0.9983573707		1800		472.5

						0.6776181249		1.576591504		2256		360

						0.8266941124		1.9560576539		2610		675

						0.9441479207		2.2361398122		2560		666.6666666667
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