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Abstract

Flow meters sensitivity to their operation conditions is a key issue to both flow meters manufacturers and end users.
This study gives an explanation to experimental and performance investigation of the installation effects on the venturi
flow meter. Therefore, the aim of this study is to determine the dynamic change effects of the venturi meter reading
resulting from distorted and abnormal flow meter internal conditions and to reduce economic losses associated with it
during industrial applications. To achieve the aim of the study, an experimental investigation was carried out using H5
bench venturi flow meter, in order to characterize the measurement of flow rate in a pipe and to compute better
coefficient of discharge, air flow rate, and flow coefficient. Obtained results show that distorted flow conditions can
amount to significant errors up to 7.5 percent; but in this work, the coefficient of discharge has been reduced to +6-
+1.2 percent. It is also established that fluid carrying tiny particles of impurities causes pressure build-up at the tap’s
head, leading to dynamic flow development. The experimental results have been dynamically presented in terms of the
measured air flow rate, flow coefficient, and coefficient of discharge. The results depicted that the error caused by the
internal conditions of the distorted-abnormal flow meter which could lead to significant economic losses were reduced
to the barest minimum. The venturi meter analyses show the relationship between pressure losses and variation of
pressure and velocity at different cross-sectional area of the piping system used in transportation of fluid especially in
the oil and gas industry.
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INTRODUCTION et al. [2] conducted an experimental study on effects
The venturi meter was initiated and invented by of strongly distorted flow conditions on the accuracy
Clemens Herschell in 1887. Ever since then, venturi of a venturi flow meter. Results prove that highly
has been universally applicable in the oil and gas distorted flow conditions could cause necessary error
industry in the areas of energy conservation in large in the meter reading. The potential impact of these
pump flows. Evident of its low head loss, venturi has effects on the wventuri meter reading was
been distinguished from the orifice flow meter, experimentally presented by Aichouni et al. [3].
putting it in right standing than others. It is also Similarly, Aichouni et al. [1] conducted an
applied in slurry and two-phase flows. Furthermore, experimental investigation of the installation effects
venturi meter is seen as the high value of the on the venturi flow meter performance. Results
coefficient of discharge i.e the performance indicate that error caused by non-standard operating
approaches of the theoretical value Aichouni et al. conditions can significantly lead to economic losses.

[1].

El-Adawy et al. [4] presented an experimental work
Therefore, flow meters sensitivity to their operation on an internal combustion engine (ICE) in-cylinder
conditions a key issue to both flow meters flow using steady-state flow benches. The obtained
manufacturers and end users. Analysis depicted that results prove that a reasonable good level of
the error caused by the distorted-abnormal flow meter agreement was reached using impulse torque meter
internal conditions can be very important as it leads method and paddle wheel technique. An experimental
to significant economic losses_Aichouni et al. [1]. and numerical investigation was conducted in heavy

duty diesel engines; air flow motion in cylinder was
Different research efforts in the open domain have presented in Demirkesen et al. [5]. The work revealed
been done to improve the performance of flow that surface quality and perhaps production problems
meters. A principal understanding of the effects of have significant effects on the swirl ratio in cylinder.
flow meter operational conditions upon the Elperin et al. [6] developed a model of gas dissolved

coefficient of discharge is important to decrease or to in the liquid phase in two-phase flow through a
permanently eliminate installation effects which venturi tube. They proposed an analytical solution to
reduce the potential accuracy of flow meter. Aichouni obtain a pressure drop. Results show that the
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analytical solution can be applied in estimating the
flow conditions.

In same concept a model was developed with
simulation using computational fluid dynamics
(CFD) to study venturi parameters to determine
coefficient of discharge Shinde et al. [7]. Sanghani et
al. [8] studied venturi meter using computational
fluid dynamics to investigate the effect of different
geometrical parameters ranging from convergent
cone angle, divergent cone angle, diameter ratio, and
throat length on pressure drop.

The main justification of this research is to
investigate the necessary parameters, which can
affects the economic losses in the venturi flow meter
and to propose how this loss can be reduced in the oil
and gas industries. Therefore, the aim of this study is
to determine the dynamic change effects of the
venturi meter reading as a result of internal
conditions of distorted and abnormal flow meter. The
error flow rate with the discharge coefficient shift
will be determined from the differential pressure
measured through the venturi meter.

EXPERIMENTAL SET UP

Venturi Flow Meter Test Bench

The apparatus is made up of a flow bench from where
water can readily flow to the venture meter. Inside
the flow bench, a tank is connected-linked to one end
of a lever arm. The end of the lever arm produces
from the side of the flow bench in a way that the
amount of weight on this end of the lever arm may be
adjusted. The lever arm has the capacity to measure
the actual mass flow rate of water flowing through
the measuring devices. The experiment will be
preceded as follows:

i. First, make sure that air purge valve on the upper
manifold is tightly closed.

ii. Set both apparatus flow control and bench supply
valve to approximately 1/3 their fully open positions.
iii. Start recording time using a stop watch at the
moment we opened the flow control valve and water
starts to flow in the inner tank. When the meter
indicates 5L water volume, stop timing and turn off
flow control valve.

iv. Release air purge valve to allow water to rise up to
the manometer tubes and form the Hydraulic Grade
Line HGL.

v. 5 runs will be done by changing flow rate. Also
measure hl: height of water in manometer tube A
inlet and h2 in manometer tube D throat. Vary flow
rate so that (h1 — h2) moves from 60 to 230 mm.
Figure ldepict the experimental set up of the H5
Venturi meter apparatus.
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Fig. 1: H5 Venturi meter apparatus

Flow Bench Torque Steady-State

The experiment flow was blown via the valves to
assess inlet ports, in instances of providing
pressurized air at the inlet and discharging to the
piezometrics heads. The test rig consisted of a flow
bench, and a tank connected to one end of a lever
arm. The flow rate volume was practically measured
in the rig set in figure 1.

Parameters Applied in Venturi Meter Performance
Analysis [9]

From the analysis of conservation of mass and energy
law, the input mass-energy for a given control
volume is equal the output mass-energy, i.e;

Qin = Qout
Ein = Eo:zr
From the equation 1la&1b in the two laws and the
definition of work and pressure are the sound bases

of Bernoulli’s theorem which can readily be
expressed as follows;

by v b
pg 29 Py 29

Where; p is known as pressure, g is acceleration due
to gravity, v is fluid velocity, z is vertical elevation of
the fluid.

In the analysis of this experiment, the duct is
horizontal and the margin in height can be neglected,
thatis Z; = Z,. Therefore, the hydrostatic pressure

(p) along the flow is admittedly measured. Thus, the
pressure head (h), now computed as;

h=m

g
The test segment of the Bernoulli’s equation can be
computed as:
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From equation 4 the velocity head (hv) is known as;
FZ

-t

2g
- v:

hr—h+ﬁ (5)
Where, h. is the total head, where energy
conservation can be admitted as:

h, =h, (6)

The flow rate is dynamically measured by collecting
the volume of the fluid (v) over a potential period of

time (t). The flow rate is possibly computed as:
v

Q=E U

Flow velocity analysis at the segment of the duct with
a cross-sectional area can be estimated as:

¢
e y
The process of an incompressible fluid and the mass
conservation through the test segment can be
determined as:

LURLY ®)

Flow Coefficient (Cy)
Coefficient (C¢) of flow is known as the ratio of the
empirically gotten mass flow rate to the theoretical
mass flow rate [9] as;
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Where, Q is the measured volume of flow rate (m?%s),
V is the velocity head (m/s),

A is the cross-sectional area (m?), and D is the pipe
diameter (m).

Coefficient of Discharge (Cy)

Coefficient of discharge is the ratio of the original
discharge to that of the theoretical discharge, which
means the ratio of the original empirical gotten mass
flow rate to the find theoretical mass flow rate.

It is mathematically stated as:

CD - Q.‘dsﬂsursd (1 4]

Qt'alc:zlarsd
Where, Cp, is known as coefficient of discharge
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Qfﬁlculﬁtsd = ‘qD (15]

The upstream diameter (D) is 26mm while the throat
diameter (Dp) is 16mm.Cross-sectional Area of the

piping System. Ay = 5.31 X 107% (Upstream);
Ap=2.01 X 10™* m? (Throat)
Calculated flow rate, Qcaiculated
Q=Vx4 (16)
Qa=Qp
(Va)(An) = (Vo) (Ap)
Vb =Va (Aa/Ap)

231
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V= 26420, (17)
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b, hy = 0304; (19)
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RESULTS AND DISCUSSIONS

It is well acknowledged that an experimental study
was carried out at the same pressure variation using
hydraulic bench, H5 venturi meter test and a potential
stopwatch for time analysis in the flow measurement.
Table 1 shows the practically obtained measured flow
rate. Table 2 shows the data of difference in head loss
of the calculated flow rate with the evident of
coefficient of discharge.

Table 1: Empirically obtained measured flow rate

No of Measured
Experiment Volume(L) Time(S)  flow(Q)m®s
1 10 455  220x107*
2 10 35 274x107*
3 10 288 347 x107%
4 10 248 403 x107*%
5 10 219 457 x107*
Furthermore, Table 3 depicted the theoretical-

calculated mass flow rate. Table 4 indicates the error
analysis between the empirically obtained measured
and the theoretically-calculated flow rate.
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Table 2: Data showing difference in head loss and coefficient of discharge

No of —
Experiment  ha-hp(mm)  hahp(m)  ¥hA—hD (m) Qcalculated(m/s) Co
1 60 0.06 0.245 0.000233 0.94
2 93 0.093 0.305 0.000291 0.94
3 146 0.146 0.382 0.000366 0.95
4 184 0.184 0.429 0.000408 0.99
5 235 0.235 0.485 0.000468 0.98
Table: 3 Calculated flow rate
Velocity at Upstream, Velocity at Calculated
No of Experiment  ha-hp(mm) Va(m/s) Throat,Vp(m/s)  flow rate(m®/s)
1 60 0.44 1.16 233 x107%
2 93 0.55 1.45 291 x107*
3 146 0.69 1.82 3.66 x107%
4 184 0.77 2.03 4.08 x107*
5 235 0.88 2.33 468 x107*
Table:3 Percentage error variation
No of Error
Experiment Qmeasured(msls) QCaIcuIated(mS/S) CD (%)
1 0.000220 0.000233 0.94 5.9
2 0.000274 0.000291 0.94 6.2
3 0.000347 0.000366 0.95 5.4
4 0.000403 0.000408 0.99 1.2
5 0.000457 0.000468 0.98 2.4

Measured Air Flow Rate

The differences of air volume flow rates due to
pressure for the venturi steady-state flow bench
pressure variations is depicted in figure 2.1t is noted
from the figure that air volume flow rate increased as
the pressure increased. There is an acceptable
agreement of linear increase in the empirically
measured flow rate as the flow volume rises. This is
as a result of chocking of the flow in the small
discharge area in case of the flow bench.

S0

-

-

Em—

a

F

== MKy

-]

@

5 100

=

£ o .

1 rd 3 4 5
Wourme {1}

Figure 2: Measured flow rate with air volume flow
rates
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Flow Coefficient

Analysis of the flow coefficient was measured using
steady-state flow bench at different pressure as
shown in figure 3. There was a monotonic increase in
the flow coefficient from the origin (zero) with the
pressure. The more the air entered the flow channel at
a higher pressure; the higher the effect of the flow
coefficient to the orifice breathing capacity.From the
graphthe emperically measured mass flow rate is in
agreement with theoretical mass flow rate. Therefore,
flow coefficient is known as the ratio of emperically
measured flow rate to the theoretical flow rate. it is
obvious from the graph that there was a great
agreement between both curves, espically from 4-5 in
operating conditions.
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Fig 3: plot of Obtained measured and theoretical flow
rate
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Coefficient of Discharge

The coefficient of discharge can be understood from
figure 4 with the number of iteration in the
experimental values. While figure 5 shows the
theoretical flow rate and coefficient of discharge.
Therefore coefficient of discharge is known as the
ratio of practically obtained measured flow rate to the
theoretical-calculated flow rate. Figure 4 pictures
linear movement in the experiment with the
coefficient of discharge. Figure 5 shows some
dynamic behaviour, that is, the higher the theoretical

flow rate, the more increase in coefficient of
discharge.
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Fig 4: Coefficient of discharge with number of
experiment
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Fig 5: Coefficient of discharge against theoretical
mass flow rate

In fig 6, the result from the graph shows a strong
correlation between the theoretical and actual curves
until the flow reaches the throat. At the throat and
further downstream the result gives a lower pressure
drop (head loss) which is a reflection of the energy
loss in both throat and the diffuser. The pressure head
which is directly read from the manometer tubes and
the velocity head. These two components vary along
the length of the venturi section. The bigger the
diameter of a cross-sectional, the higher the pressure
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head and the lower the velocity at the point (ha) due
to the consistency of

Psg | Uy

pg  2g

at point (hp) there is maximum velocity and
minimum pressure drop due to the small diameter at
the cross-section when compared to the upstream. At
point A and L the pressure distribution ought to have
been the same, because the flow was considered as
steady, incompressible and frictionless. But pressure

distribution altered from A to L since the actual fluid
is not ideal.
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Fig 6: Pressure distribution variation along the
piezometrics head

CONCLUSION

The aim of this study is to determine the dynamic
change effects of the venturi meter reading as a result
of distorted and abnormal internal condition in the
flow meter and to reduce economic losses associated
with it during industrial applications. To achieve this
aim, an experimental investigation was carried out
using H5 bench venturi flow meter, in order to
characterize the measurement of flow rate in a pipe
and to compute better coefficient of discharge, air
volume flow rate, and flow coefficient of obtained
measured and theoretical mass flow rate.

From the experimental results the major findings can
be drawn:

Obtained results show that distorted flow
conditions can amount to significant errors
up to 7.5 percent. But in this study
coefficient of discharge has been reduced to
16.2 to £1.2 percent.

It is also established that fluid carrying tiny
particles of impurities causes pressure build-
up at the taps head leading to dynamic flow
development.

The experimental results have been
dynamically presented in terms of the
practically measured flow rate with a
coefficient of discharge of 0.99 with a
relative error of £1.2.
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e The results depicted that the error caused by
the distorted-abnormal internal conditions of
flow meter could lead to significant
economic losses, but in this study the losses
were reduced to barest minimum.

o Finally, the venturimeter analyses show the
relationship between pressure losses and
variation of pressure and velocity at
different cross-sectional area of the piping
system used in the transportation of fluid
especially in the oil and gas industry.
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