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Summary:

[bookmark: _GoBack]The main goal of this experiment is to allow us learning and better understanding of how to use a manometer which is a one-dimensional flow pass through a flow-measurement device connected with multi-taps with static pressure to measure the pressure at each hole. Water level increasing when engine of Venturi meter is running. At this moment, we collect height of the water level of each tube, and measure distance between each hole, it can help us to calculate each cross-section area of each hole along Venturi meter. Those data collected from Venturi meter allow us to calculate the real flow by Bernoulli’s equation. It also let us compare the ideal, frictionless predictions actual flow of Venturi calculated by Bernoulli’s equation.


Nomenclature:
	Symbol
	Definition

	(Pa)
	Atmospheric Pressure

	
	Density air

	(Pa)
	Pressure of each taps

	(Pa)
	Predicted pressure of each taps

	
	Flow density

	(m/s)
	Velocity of air

	(m/s)
	Velocity flow of each taps

	()
	Radius of each taps

	()
	Area of each taps

	(m)
	Height of each tubes

	
	Actual volume flow rate

	
	Ideal volume flow rate

	
	Venturi coefficient

	Ps
	Static pressure

	Pd
	Dynamic pressure

	Pstag
	Stagnation Pressure




Flow analysis:
	Tube #
	Height of water level(low flow rate) (mm)
	Height of water level(high flow rate) (mm)

	1
	127
	150

	2
	128
	152

	3
	134
	165

	4
	143
	181

	5
	157
	211

	6
	178
	250

	7
	220
	354

	8
	240
	388

	9
	312
	538

	10
	260
	406

	11
	216
	332

	12
	192
	284

	13
	182
	260

	14
	172
	237

	15
	164
	222

	16
	158
	210






	
	Videal
	(m/s)
	Vactual
	(m/s)

	tube#
	low flow rate
	high flow rate
	low flow rate
	high flow rate

	1
	23.428246
	33.73386484
	22.98997119
	29.94852727

	2
	26.6163468
	38.32434764
	23.33570445
	30.47863085

	3
	33.9906362
	48.9424401
	25.31112525
	33.72179093

	4
	36.6775632
	52.81129272
	28.01428207
	37.32854683

	5
	39.6848875
	57.1414791
	31.76521008
	43.28868448

	6
	43.078534
	62.02792321
	36.67930518
	49.98546728

	7
	46.9277567
	67.57034221
	44.92279091
	64.53096077

	8
	51.9007569
	74.73086627
	48.35683688
	68.62069659

	9
	59.137518
	85.15093436
	59.08941685
	84.32822173

	10
	49.0540541
	70.63195548
	51.56268228
	70.69012574

	11
	43.5343915
	62.68430335
	44.20397987
	61.74047064

	12
	38.5085803
	55.44773791
	39.61817765
	55.16431855

	13
	34.6393489
	49.87650856
	37.54246575
	51.56268228

	14
	31.0412475
	44.69567404
	35.34506287
	47.85744136

	15
	28.2167353
	40.62871513
	33.4834714
	45.27791731

	16
	23.428246
	33.73386484
	32.01632237
	43.10329312









	tube#
	A(m^2)
	D(m)
	X(m)

	1
	0.0005268
	0.0259
	0

	2
	0.0004637
	0.0243
	0.0254

	3
	0.0003631
	0.0215
	0.06858

	4
	0.0003365
	0.0207
	0.08128

	5
	0.000311
	0.0199
	0.09398

	6
	0.0002865
	0.0191
	0.10668

	7
	0.000263
	0.0183
	0.11958

	8
	0.0002378
	0.0174
	0.13208

	9
	0.0002087
	0.0163
	0.14986

	10
	0.0002516
	0.0179
	0.16764

	11
	0.0002835
	0.019
	0.18034

	12
	0.0003205
	0.0202
	0.19304

	13
	0.0003563
	0.0213
	0.20574

	14
	0.0003976
	0.0225
	0.21844

	15
	0.0004374
	0.0236
	0.23114

	16
	0.0005268
	0.0259
	0.25654





	    

	P static (Pa)
	
	P Dynamic（Pa）
	P Stagnation (Pa)
	

	tube#
	low flow rate
	high flow rate
	low flow rate
	high flow rate
	low flow rate
	high flow rate

	1
	100079.13
	99853.5
	323.73
	549.36
	100402.86
	100402.86

	2
	100069.32
	99833.88
	333.54
	568.98
	100402.86
	100402.86

	3
	100010.46
	99706.35
	392.4
	696.51
	100402.86
	100402.86

	4
	99922.17
	99549.39
	480.69
	853.47
	100402.86
	100402.86

	5
	99784.83
	99255.09
	618.03
	1147.77
	100402.86
	100402.86

	6
	99578.82
	98872.5
	824.04
	1530.36
	100402.86
	100402.86

	7
	99166.8
	97852.26
	1236.06
	2550.6
	100402.86
	100402.86

	8
	98970.6
	97518.72
	1432.26
	2884.14
	100402.86
	100402.86

	9
	98264.28
	96047.22
	2138.58
	4355.64
	100402.86
	100402.86

	10
	98774.4
	97342.14
	1628.46
	3060.72
	100402.86
	100402.86

	11
	99206.04
	98068.08
	1196.82
	2334.78
	100402.86
	100402.86

	12
	99441.48
	98538.96
	961.38
	1863.9
	100402.86
	100402.86

	13
	99539.58
	98774.4
	863.28
	1628.46
	100402.86
	100402.86

	14
	99637.68
	99000.03
	765.18
	1402.83
	100402.86
	100402.86

	15
	99716.16
	99147.18
	686.7
	1255.68
	100402.86
	100402.86

	16
	99775.02
	99264.9
	627.84
	1137.96
	100402.86
	100402.86
















Disscussion
The apparatus for the Venturi meter comprises of a safety valve, rotameter, elbow, orifice meter, Venturi meter, manometer tappings, gate valve, manometer.  The supply line is connected to a gravimetric bench which is hydraulic in nature.  The flow gate is controlled by a gate valve.  This gate valve is located at the discharge end of the hydraulics bench.  Subsequently, the venturi meter, diffuser, orifice meter and the rotameter are set in a series.  The pressure taps located across the devices are connected to the vertical manometer tubes.  These tubes are located at the rear side of the apparatus, on a panel.  In turn, the discharge from the apparatus is returned back to the hydraulics bench.  
The venture meter is primarily used to measure the flow of a fluid within the pipes.  It works on the principle of Bernoulli’s theorem.  According to the theorem, the pressure at a particular location in the pipe is inversely proportional to the velocity of flow of the fluid.  Hence, there is a difference in the rate of flow of the fluid in an actual situation as compared to an idealized situation.  An increase in pressure at any point in the cross-section of the tube leads to a reduction in the velocity of the fluid.  In an idealized situation, the pressure remains constant across all the cross-sections.  Hence, the fluid travels at a uniform velocity.  The difference of pressure between the upstream flow and the downstream flow is identified as Δh.  The orifice meter can be defined as a device which is used to throttle the normal pace of the fluid.  It creates a measurable pressure difference between the upstream and downstream sides.


[image: ]
Ideal Flow Velocity

low flow rate	0	2.54	6.8580000000000005	8.1280000000000001	9.3980000000000015	10.668000000000001	11.938000000000001	13.208	14.986000000000001	16.763999999999999	18.033999999999999	19.303999999999998	20.573999999999998	21.843999999999998	23.114000000000001	25.654	23.428246013667426	26.616346775932715	33.990636188377863	36.677563150074299	39.684887459807072	43.078534031413611	46.927756653992397	51.90075693860387	59.137517968375661	49.054054054054056	43.534391534391538	38.50858034321373	34.63934886331743	31.041247484909459	28.216735253772292	23.428246013667426	high flow rate	0	2.54	6.8580000000000005	8.1280000000000001	9.3980000000000015	10.668000000000001	11.938000000000001	13.208	14.986000000000001	16.763999999999999	18.033999999999999	19.303999999999998	20.573999999999998	21.843999999999998	23.114000000000001	25.654	33.733864844343202	38.324347638559409	48.942440099146239	52.811292719167902	57.141479099678449	62.027923211169274	67.570342205323186	74.730866274179974	85.150934355534247	70.631955484896665	62.684303350970012	55.447737909516377	49.876508560202076	44.695674044265587	40.628715134887969	33.733864844343202	distance（cm）


velocity




static pressure (low flow rate)

low flow rate	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	100079.13	100069.32	100010.46	99922.17	99784.83	99578.82	99166.8	98970.6	98264.28	98774.399999999994	99206.04	99441.48	99539.58	99637.68	99716.160000000003	99775.02	02	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	Column1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	


static pressure(high flow rate)

high flow rate	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	99853.5	99833.88	99706.35	99549.39	99255.09	98872.5	97852.26	97518.720000000001	96047.22	97342.14	98068.08	98538.96	98774.399999999994	99000.03	99147.18	99264.9	



Actual Flow Velocity

low flow rate	0	2.54	6.8580000000000005	8.1280000000000001	9.3980000000000015	10.668000000000001	11.938000000000001	13.208	14.986000000000001	16.763999999999999	18.033999999999999	19.303999999999998	20.573999999999998	21.843999999999998	23.114000000000001	25.654	22.989971194201267	23.335704447066011	25.311125246114404	28.014282071829008	31.765210080032077	36.679305181143064	44.922790906811912	48.356836884450864	59.089416850003424	51.562682281681511	44.203979874381147	39.618177646126028	37.542465751384491	35.345062871464172	33.483471402213617	32.016322367804577	high flow rate	0	2.54	6.8580000000000005	8.1280000000000001	9.3980000000000015	10.668000000000001	11.938000000000001	13.208	14.986000000000001	16.763999999999999	18.033999999999999	19.303999999999998	20.573999999999998	21.843999999999998	23.114000000000001	25.654	29.948527271207936	30.478630854674396	33.721790932177214	37.328546826299913	43.288684480839009	49.98546727575436	64.530960770464148	68.620696586379822	84.328221726725843	70.690125742928345	61.740470635440687	55.164318547556867	51.562682281681511	47.857441363674589	45.277917309858317	43.103293117243609	Distance between tube#(cm)


velocity
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