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Zero Velocity

Fluid | Maximum
Velocity + Velocity
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Irregular profile
caused by a disturbance
upstream
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Flattened profile
caused by the
W-Cone flow meter.
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1- Discretization

2- Finite Difference (FD)
3- Finite Volume (FV)

4- Finite Element (FE)

5- Boundary Element (BE)
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3- Source Term
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orifice £=0.50

PipRe Flow Measured pressure Meter Coefficient

ate

Fluid Re Flow (m¥s) Vi(fﬁgzi)ty Velocity (m/s) Hi%gaT)ap Lo(";’,;)ap diff ’(Ff’;)' P2 cd

Water | 10000000 | 1.216118479 1.00E-06 65.2049744 5.47E+06 7.85_E+07 8.40E+07 0.615711827

Water 1000000 | 0.121611848 1.00E-06 6.52049744 5.18E+04 7.83_E+05 8.35E+05 0.617537573

Water 100000 0.012161185 1.00E-06 0.652049744 | 4.10E+04 | 3.27E+04 8.26E+03 0.620947332
Oil 10000 0.324952821 2.68E-04 17.4230889 5.42E+06 | 3.98E+04 5.38E+06 0.649721974
Oil 1000 0.032495282 2.68E-04 1.74230889 8.62E+04 | 3.67E+04 4.95E+04 0.677662259
Oil 500 0.016247641 2.68E-04 0.871154445 | 4.80E+04 | 3.60E+04 1.20E+04 0.688092531
oil 200 0.006499056 2.68E-04 0.348461778 | 3.78E+04 | 3.60E+04 1.86E+03 0.699045436
oil 100 0.003249528 2.68E-04 0.174230889 | 3.64E+04 | 3.59E+04 4.61E+02 0.701835262
oil 80 0.002599623 2.68E-04 0.139384711 | 3.62E+04 | 3.59E+04 2.95E+02 0.701720253
oll 60 0.001949717 2.68E-04 0.104538533 | 3.46E+04 | 3.44E+04 1.69E+02 0.69594558
oll 40 0.001299811 2.68E-04 0.069692356 | 3.45E+04 | 3.45E+04 7.72E+01 0.686214135




orifice =0.70

PipRe Flow Measured pressure Meter Coefficient

ate

Fluid Re Flow (m®%s) | Viscosity (m%s) Velocity (m/s) Hi%r;;;ap LO(VIVD;-)ap diﬁ"(PP;)' P2 Cd

Water 10000000 1.216118479 1.00E-06 65.2049744 1.72E+07 -9.97E+05 1.82E+07 0.607177992

Water 1000000 0.121611848 1.00E-06 6.52049744 9.00E+04 | -8.53E+04 1.75E+05 0.619080266

Water 100000 0.012161185 1.00E-06 0.652049744 4.65E+04 4.47E+04 1.74E+03 0.620810491
oil 10000 0.324952821 2.68E-04 17.4230889 6.74E+05 -4.82E+05 1.16E+06 0.644281703
Oil 1000 0.032495282 2.68E-04 1.74230889 4.07E+04 3.24E+04 8.27E+03 0.761291415
Oil 500 0.016247641 2.68E-04 0.871154445 4.13E+04 3.93E+04 1.96E+03 0.781326237
Oil 200 0.006499056 2.68E-04 0.348461778 3.57E+04 3.54E+04 3.03E+02 0.795969033
oil 100 0.003249528 2.68E-04 0.174230889 3.45E+04 3.45E+04 7.93E+01 0.777663778
oll 80 0.002599623 2.68E-04 0.139384711 3.45E+04 3.45E+04 5.17E+01 0.770377869
oll 60 0.001949717 2.68E-04 0.104538533 3.45E+04 34469.65 3.03E+01 0.754300754
oll 40 0.001299811 2.68E-04 0.069692356 3.45E+04 34474.48 1.45E+01 0.728159979
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Classical Venturi

PipRe Flow Measured pressure Meter Coefficient
ate
Fluid Re Flow (m3%s) | Viscosity (m%s) Velocity (m/s) Hi%r;;;ap Lo(vlvD;')ap diﬁ"(lfé)' P2 Cd
Water 10000000 1.216118479 1.00E-06 65.2049744 6.97E+05 -8618905 9315625 0.98257964
Water 1000000 0.121611848 1.00E-06 6.52049744 77696.1 -15525.154 093221.254 0.982237
Water 100000 0.012161185 1.00E-06 0.652049744 69115 68181.563 933.437 0.981592551
Water 50000 0.006080592 1.00E-06 0.326024872 69034 68800.125 233.875 0.980509631
oil 10000 0.324952821 2.68E-04 17.4230889 266089.1 -425940.2 692029.3 0.963287539
Oil 5000 0.16247641 2.68E-04 8.711544452 113074.675 | -64120.24 177194.915 0.951836952
Oil 2000 0.064990564 2.68E-04 3.484617781 51157.25 21320 29837.25 0.938830795
Oil 1000 0.032495282 2.68E-04 1.74230889 39417 31930.53 7486.47 0.926146393
oll 500 0.016247641 2.68E-04 0.871154445 36060.12 34021.15 2038.97 0.887325107
oll 200 0.006499056 2.68E-04 0.348461778 3876.12 3491.25 384.87 0.816941859
oll 100 0.003249528 2.68E-04 0.174230889 3563.15 3440 123.15 0.722106037
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U.V.T Venturi

PipRe Flow Measured pressure Meter Coefficient
ate
Re Flow (m%s) Viscosity (m?/s) Velocity (m/s) Hig(]lr;;;ap Lo(vlvD;')ap diﬁ"(PP;)' P2 Cd
Water 10000000 1.216118479 1.00E-06 65.2049744 7.00E+05 | -8.62E+06 9.32E+06 0.982416169
Water 1000000 0.121611848 1.00E-06 6.52049744 77666.289 | -1.56E+04 9.33E+04 0.981914796
Water 100000 0.012161185 1.00E-06 0.652049744 69115.203 | 6.82E+04 9.34E+02 0.981485832
Water 50000 0.006080592 1.00E-06 0.326024872 69035.997 | 6.88E+04 2.34E+02 0.980155561
Qil 10000 0.324952821 2.68E-04 17.4230889 266086.98 | -4.26E+05 6.92E+05 0.96327767
oil 5000 0.16247641 2.68E-04 8.711544452 113074 -6.41E+04 1.77E+05 0.951836079
Oil 2000 0.064990564 2.68E-04 3.484617781 51160 21270 2.99E+04 0.927011714
Oil 1000 0.032495282 2.68E-04 1.74230889 39617 31932.73 7.68E+03 0.914148763
Oil 500 0.016247641 2.68E-04 0.871154445 36059.58 33991.15 2.07E+03 0.880983499
Oil 200 0.006499056 2.68E-04 0.348461778 3880.86 3490.78 3.90E+02 0.811467887
Oil 100 0.003249528 2.68E-04 0.174230889 3580.48 3454.59 1.26E+02 0.714204475
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V-COne

PipRe Flow Measured pressure Meter Coefficient
ate
Re Flow (m®s) | Viscosity (m¥s) Velocity (m/s) Hig(]lr;;;ap LO(VIVDJ)ap diff"(lfg)' P2 Cd
Water 10000000 0.411160109 1.00E-06 192.8615462 1.55E+08 | -7.97E+07 2.35E+08 0.728452878
Water 1000000 0.041116011 1.00E-06 19.28615462 1.06E+06 | -1.29E+06 2.35E+06 0.72861747
Water 100000 0.004111601 1.00E-06 1.928615462 6.37E+04 | 3.89E+04 2.47E+04 0.710107631
Water 50000 0.002055801 1.00E-06 0.964307731 5.61E+04 | 4.99E+04 6.12E+03 0.713633208
Oil 10000 0.109863997 2.68E-04 51.53355086 5.42E+06 | -1.16E+07 1.70E+07 0.723158822
oil 5000 0.054931999 2.68E-04 25.76677543 5.01E+06 6.01E+05 4.41E+06 0.710752127
Oil 2000 0.021972799 2.68E-04 10.30671017 7.94E+05 | 6.91E+04 7.25E+05 0.700818005
Oil 1000 0.0109864 2.68E-04 5.153355086 4.66E+05 | 2.84E+05 1.82E+05 0.700060151
Oil 500 0.0054932 2.68E-04 2.576677543 4.39E+05 | 3.94E+05 4.54E+04 0.700061655
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Abstract

One way to measure the fluids flow inside the tubes is measuring by pressure difference that
due to simplicity, low cast and being based on proven scientific principles, it has many
applications in measuring of gases and fluids flows. This measurement basis is that by
positioning an element in fluid flow path, a pressure difference would be created on both
side of this element, this easily measurable pressure difference in sides of element is
proportional to the fluid flow rate. Flow meters that measure flow rate using pressure
differences are including an orifice flow meter, ventury meter and cone flow meter.
Determining of actual discharge of flow is a common goal in all these three flow meters.
Discharge Coefficient (Cd) is used to transform theory discharge to actual discharge. In this
thesis, the relationship between discharge coefficient and Reynolds number in above-
mentioned flow meters were investigated. Computational fluid dynamics software of Ansys
Fluent and ICEM-CFD software were used to analyze and produce of net respectively. This
investigation was done in laminar and turbulent regime. For Reynolds numbers of higher
than 20000, water and for Reynolds numbers of less than 20000, oil were used as fluid.
Considering models for each flow meter, each model was run according to chosen Reynolds
number and eventually discharge coefficient was obtained by determining pressure
differences of between surfaces. To represent the results, discharge coefficient and Reynolds
number were plotted on semi log graph in x-axis. Also in order to validate the results, the
obtained results were compared with results of previous works. According to the results,
discharge coefficient in ventury flow meter and crone flow meter had a specified trend

proportional to Reynolds number but in orifice flow meter this trend was different.

Keywords: Differential flow meter, Venturi meter, Orifice meter, V-cone

meter, Discharge coefficient
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