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Purpose of the study: This study aims to analyze the effect of variations in the
size of the venturimeter neck on the velocity coefficient and pressure drop using
anumerical simulation method. By understanding the relationship between these
parameters, this study can provide insight into more accurate fluid flow
measurements.

Methodology: The method used in this study is numerical simulation using
SolidWorks 2014 software. The simulated venturimeter model has a neck length
variation of 20 mm and 30 mm, with a throat diameter of 10 mm. The fluid used
is water with a temperature of 25°C, and the simulation is carried out in the
Reynolds number (Re) range of 1000 to 5000.

Main Findings: The results of the study showed that the greater the velocity of
the incoming fluid, the Reynolds number, flow rate, and pressure drop also
increased. In addition, the difference in the length of the venturimeter neck
affects the pressure drop, where the venturimeter with a longer neck experiences
a greater pressure drop due to the longer duration of the fluid flow. The resulting
velocity coefficient is also influenced by the velocity of the incoming fluid,
where the higher the velocity, the greater the flow rate value.

Novelty/Originality of this study: The novelty in this research lies in the
numerical approach in analyzing the relationship between the venturimeter neck
size and the velocity coefficient and pressure drop. This approach allows faster
and more efficient calculations compared to conventional experimental
methods, thus contributing to the development of more accurate and applicable
fluid flow measurement techniques.
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1. INTRODUCTION

Along with the increasing advancement of technology and the development of science, the ability to
analyze the needs of instrumentation or equipment and supplies that vary and are mushrooming in industry will be
more sophisticated, optimal and actual [1], [2]. In the industrial sector, many tools are used to support the
production process, especially in the utilization of substances that can flow or fluids [3]-[5].

In several industries such as chemical, paper, mineral processing, oil, gas, etc., accurate flow
measurement and control is an important task. Venturimeter has emerged as one of the most accurate devices for
measuring fluid flow rate [6]-[8]. Venturimeter is a device used to measure the flow rate of fluid flowing through
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a pipe. It is based on the principle of Bernoulli's equation. Bernoulli's principle which investigates the behavior of
an ideal fluid flowing through a pipe states that when a fluid flows rapidly through a narrow section, the pressure
in the fluid will decrease [9], [10].

A venturimeter consists of a short length of pipe in the form of a vena contracta, or the section with the
least cross-sectional area that fits into a normal pipe path [11], [12]. The obstruction causes fluid flow in the throat
of the venturi to produce a local pressure drop in the region that is proportional to the rate of discharge [11]-[13].
The amount of fluid flow in a venturimeter can be determined in two ways, namely by method A and method B.
Method a is a measurement of the amount of flow that requires determining the pressure difference or velocity of
a cross-section [14]. Method B requires determining the volume that passes through a cross-section in a certain
time interval. Measuring the amount of flow in a venturimeter using method A is often found in practice questions.
In addition, measurements can also be done in the laboratory [15]-[17].

Nowadays it is necessary to perform flow meter calibration test to know the accuracy of the instrument.
This can be done by calculating the venturi discharge coefficient. Although experimental procedures offer good
results, they often take longer time [16]-[18]. Therefore a more sophisticated method to test flow meters is through
numerical methods that allow to obtain more accurate results in a shorter time compared to experimental
procedures. After that, these results can be compared with previous experimental results to calibrate the instrument.

Several previous studies have discussed the effect of geometry variations on fluid flow characteristics,
such as those conducted in the numerical analysis of the diameter of the V-ribbed perforated hole in a rectangular
channel that shows a pressure drop, as well as a comparative study of pressure in venturi pipes with different
diameters [19]-[21]. Both studies focus on pressure changes due to variations in channel or pipe dimensions, but
have not integrated other technical parameters that are directly related to the performance of fluid measuring
instruments. This study is here to fill this gap by conducting a numerical analysis of the flow through a venturimeter
with variations in neck size, in order not only to see the pressure drop, but also to determine the velocity coefficient
which is an important indicator in the validation and design of flow rate measuring instruments [22]-[24]. Thus,
this study not only broadens the scope of fluid mechanics studies from a geometric perspective, but also adds a
contribution to the accuracy of fluid measurement in engineering and industrial applications [25], [26].

This study presents a novelty by combining pressure drop analysis and velocity coefficient calculation in
a venturimeter system through an integrated numerical approach [27], [28]. Different from previous studies that
only discussed the effect of geometry variation on pressure changes, this study specifically examines the effect of
venturimeter neck size variation on quantitative and functional hydrodynamic parameters on the performance of
fluid measuring instruments. Through numerical simulation, this study provides a more in-depth visual
representation and analytical data on the pressure and velocity distribution along the venturimeter profile. Thus,
the results of this study contribute directly to the optimization of venturimeter design to improve the accuracy of
fluid flow rate measurement in engineering and industrial applications [27]-[29].

This research provides important contributions in the field of fluid engineering and flow measurement
instrument design, especially in improving the efficiency and accuracy of venturimeters [30]-[32]. The results of
numerical analysis of the variation of the venturimeter neck size can be the basis for consideration in designing a
more precise fluid discharge measurement system. In addition, this research can also be used as a reference in the
development of fluid monitoring systems in industrial sectors such as energy, manufacturing, and fluid distribution
systems, thus having an impact on operational efficiency and energy savings.

In the modern industrial era that demands high efficiency and precise measurement accuracy, the use of
measuring instruments such as venturimeters is very vital [33], [34]. However, until now there have been few
studies that numerically examine the effect of neck size variations on the velocity coefficient and pressure drop
simultaneously. Lack of understanding of the relationship between venturimeter dimensions and flow
characteristics can cause errors in measuring fluid discharge. Therefore, this study is urgently needed as an effort
to fill the scientific gap and answer the industry's need for a more optimal and accurate venturimeter design [35],
[36].

This study aims to analyze the effect of variations in the size of the venturimeter neck on the distribution
of pressure and fluid flow velocity numerically, and to determine the values of the velocity coefficient and pressure
drop that occur. Through a numerical simulation approach, this study also aims to provide recommendations for a
more effective venturimeter design in increasing the accuracy of fluid flow rate measurements. Therefore, to find
out the actual venturimeter, the author conducted a study entitled: Numerical Analysis of Flow Through a
Venturimeter With Variations in Neck Size to Determine the Velocity Coefficient and Pressure Drop.

2. RESEARCH METHOD

This research is a literature study that contains the results of previous research related to the research
being carried out. The materials used as literature materials are books and journals. Books related to the research
being carried out by obtaining the necessary theories. The journals taken are also journals related to the research
process, both national and international journals.
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This study uses a simulation model using SolidWorks 2014 software. The model to be designed is a
venturimeter accompanied by a manometer. To design a venturimeter design, the first step is to turn on the
computer to be used, then open the SolidWorks 2014 software. After the software is open, click New Document
in the upper right corner, select Part, then click OK. Next, select Insert on the menu bar, then select Sketch and
select the Right Plane section as the work area. The venturimeter design to be tested has the following
specifications: inlet and outlet diameter 48 mm, inlet and outlet length 125.80 mm, convergent channel length
52.20 mm, throat length 30 mm, throat diameter 10 mm, divergent length 20 mm, and thickness 4 mm. In addition,
the variation in the size or neck of the venturimeter used has a throat length of 30 mm and a throat diameter of 10
mm. After the specifications are determined, the design process can be continued by drawing and setting the
dimensions according to the parameters set in the SolidWorks 2014 software.

Figure 1. Venturimeter design and dimensions

After the venturimeter design is complete, select features then select Revolved Boss/base.

r
Figure 2. Venturimeter design after revolved boss/base.

The dimensions of the venturimeter with a neck diameter variation of 20mm and a length of 30mm are
as follows:

Figure 3. Venturimeter with a diameter of 10mm and a neck length of 30mm.

The following is a picture of the various neck sizes.

30

Figure 4. Venturimeter neck with a diameter of 10 mm and a neck length of 30 mm
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In addition, the size of the venturimeter with a neck diameter variation of 10mm and a length of 30mm
is as follows:

Figure 5. Venturimeter with a diameter of 10mm and a neck length of 20mm.

The following is a picture of the various neck sizes :

Figure 6. Venturimeter neck with a diameter of 10mm and a neck length of 20mm.

Next, create a manometer design on the venturimeter. The venturimeter to be simulated has a manometer,
the design and size of the manometer are, the outer diameter of the manometer is 6 mm, the inner diameter of the
manometer is 5 mm, and the height of the manometer on the inlet side is 60 mm.

Figure 7. Manometer Design and Size

After the manometer design on the venturimeter is complete, select features then select Revovid
boss/base

Figure 8. Manometer design after Revolved Boss/base
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The testing procedure in the simulation using SolidWorks 2014 software is carried out in several steps.
First, select Flow Simulation on the menu bar, then select Wizard on the Flow Simulation submenu. Next,
determine the fluid that will be flowed through the venturimeter for simulation, where in this study water with a
temperature of 25°C or 298 K was chosen. After that, enter the roughness value on the inner surface of the
venturimeter, which in this study used copper material with a surface roughness level of 1.5 micrometers.

Table 1. Pipe Surface Roughness Value (€)

No. Material Ft M

1. Riveted Steel 0,003 -0,03 0,0009 - 0,009
2. Concrete 0,001-0,01 0,0003 - 0,003
3. Wood Stave 0,0006 — 0,03 0,0002 —0,0009
4, Cast Iron 0,00085 0,00026

5. Galvanized Iron 0,0005 0,00015

6. Asphalted Cast Iron 0,0004 0,0001

7. Commercial Steel or Wrought Iron 0,00015 0,000046

8. Drawn Brass or Copper Tubing 0,000005 0,0000015

9. Glass and Plastic “smooth” “smooth”

After determining the fluid and surface roughness of the venturimeter, the next step in the testing
procedure is to enter the fluid inlet temperature value. Next, select the Boundary Conditions menu on the left
submenu, then enter the fluid inlet velocity value and click on the venturimeter inlet side. After that, in Boundary
Conditions, select Environment Pressure to determine the direction of the fluid flow, then click on the venturimeter
outlet section, with this study using the Reynolds Number (Re) value in the range of 1000 to 5000. The next step
is to select Goals on the left submenu to obtain the results of the simulated test data, where in this study Total
Pressure was selected as the observed parameter. After all parameters are entered, click Run on the top menu bar
to run the simulation. After the Running process is complete, select the Result menu, then click Cut Plot to display
the color variations of the flow on the venturimeter, which depend on the Goals that have been determined before
the Run process begins. If you want to display the flow shape in the venturimeter, select the Flow Trajectories
menu, then click on the venturimeter inlet section. Finally, experiment with variations in the venturimeter neck
size and variations in Re values from 1000 to 5000 to obtain more comprehensive results.

3. RESULTS AND DISCUSSION

The results of the simulation of pressure fluctuation research on the inlet and throat sides of the
venturimeter using Solidworks 2014 software are presented in 2 variations of the neck size on the venturimeter
and 5 variations of the Reynolds number. The following are the results of the pressure fluctuation simulation
grouped based on the variation of the neck size on the venturimeter and the Reynolds number.

3.1. Result
The first variation is to use a Reynolds number value of 1000. To determine the velocity value of this
flow variation, the following calculation can be done.

d

Re = T . (D)
v.0,048
1000 = 0,893 x 10—6
_ v.4,8x1072
1000 = 8,93 x 107
_ v.48x1072%x1077
1000 = EErTra—
1000 =53751,339.v
1000
~ 53751,399
=0,0186 m/s

The boundary conditions used for this simulation process are for the inlet velocity value of 0.0186 m/s,
and the temperature value at environmental pressure is 298 K. So the simulation results are as follows.
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Figure 9. Pressure Drop Visualization with a diameter of 10mm and a neck length of 20m at a Reynolds Number
of 1000 with Maximum h1

Simulation with a Reynolds number value of 1000 shows that in the image there is a difference in height hl and
h2 on the U manometer. At maximum h1 the pressure value recorded at that point is 101441.98 Pa and at minimum
h2 the pressure value recorded at that point is 101331.17 Pa.

Since the pressure value of each point has been obtained, to obtain the AP value that will be used for
further calculations, it can be done by subtracting the maximum h1 pressure value from the minimum h2 pressure
value (101441.98-101331.17) so that the AP value is 110.81 Pa which can then be calculated to find the Ah value
by converting units. In addition, the discharge value (Q) is also calculated. However, previously to find the
discharge value, the value of the cross-sectional area must first be known (Al on the venturimeter inlet channel
and A2 on the throat channel). The calculation of the Ah, A1 and A2 values and Q. Then, after the two values are
obtained from the calculation above, a calculation can be made to find the value of the velocity coefficient (c)
which will be used for the graph comparison.

After conducting simulations on variations of neck diameter of 10mm and length of 30mm, the following
pressure results were obtained.

Setweresnatenst |

Figure 10. Pressure Drop Visualization with a diameter of 10mm and a neck length of 30mm at a number of 200
with a maximum hl

T TR s Pk |

Figure 11. Pressure Drop Visualization with a diameter of 10mm and a neck length of 30mm at a Reynolds
number of 2000 with a minimum h2

From the explanation listed in the simulation results of Figures 4.7 and 4.8, it is stated that the maximum
pressure at h1 is 101729.07 Pa. Meanwhile, the minimum pressure at h2 is 101192.60 Pa. The difference between
the two pressures (AP) is 536.47 Pa so that the value of Ah can be determined. which results in 0.0196 3m. Then
to find the value of the velocity coefficient (¢) can be done because the value of AP and the value of Q are already
known. with the result of 3.2869.
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3.2. Discussion
After all calculations have been done, the results of the simulation calculations obtained can be

displayed in the form of a comparison graph. From the graph it can be concluded that all types of simulated fluid
flows are interrelated. Some of the graphs displayed include:

Table 2. Comparison Value of Reynolds Graph against Pressure Drop
Reynolds AP1 (Pa) AP2 (Pa)
1000 110.81 136,37
2000 418.24 536,47
3000 932.52  1196,44
4000 1662.82 2133,12
5000 2588.16  3302,22

Reynolds vs AP (Pa)

2000

1500 =—4—API (Pa)
== AP2 (Pa)

Pressure Drop AP (P
2
=]

o B

] 1000 2000 3000 4000 5000 6000
Reynolds

Figure 12. Reynolds Fluctuation Graph Against Pressure Drop

From the comparison graph between the Reynolds number value and Pressure Drop, it can be concluded
that the cause of the increase in the Pressure Drop value is due to the increasing velocity value entering the inlet
channel. Meanwhile, the increasing velocity value is due to the increasing Reynolds number. In other words, if the
Reynolds number value is higher, it will cause a domino effect on other parameters on the venturimeter. AP1 is a
venturimeter with a neck length of 20mm and a neck diameter of 10mm. AP2 is a venturimeter with a neck length
of 30mm and a neck diameter of 10mm. The graph clearly shows the difference that AP1 has a smaller pressure
drop because the venturimeter neck length is larger than AP2.

Table 3. Comparison Values in the Flow Rate Graph Against Velocity Coefficient
Q (m¥/s)  Velocity Coefficient (c1) Velocity Coefficient (c2)

0.03365 0.90836 3,2825
0.0673 0.9351 3,2869
0.10095 0.93935 3,3144
0.1346 0.93979 3,3193
0.16825 0.93994 3,3299

Q (m3/s) vs Velocity Coefficient (c)

35
L - —i = -3
z 3
E 25
=
£ 2
E
U115 ——(cl)
o
g 1 . - - " - = (c2)
2 .
; 0.5
0
0 0.05 0.1 0.15 0.z
Q (m¥s)

Figure 13. Flow Rate Fluctuation Graph Against Velocity Coefficient

Figure 13 shows that there is a difference in the velocity coefficient value for each diameter and length
of the venturimeter neck. At a neck size with a length of 30mm, it is concluded that the velocity coefficient value
is greater than the length of 20mm. This is because the smaller neck length will affect the flow that will pass
through the venturimeter neck, resulting in a decrease in pressure. In this simulation, the discharge value depends
on the magnitude of the velocity value at the inlet channel, the higher the incoming velocity, the higher the
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discharge value produced. Automatically, this also affects the resulting velocity coefficient value. Thus, if the
pressure drop value is greater, the resulting velocity coefficient value will also increase.

Table 4. Comparison Values on Flow Rate Graph against Pressure Drop
Q (m¥s) APl (Pa) AP2 (Pa)
0.03365 110.81 136,37
0.0673  418.24 536,47
0.10095 932,52  1196,44
0.1346  1662.82 2133,12
0.16825 2588.16 3302,22

Q (m?*s) vs AP (Pa)

1304 =#=AP1 (Pa)
== AP2 (Pa)

0 0.05 0.1 015 0z
Q (ms)

Figure 14. Flow Rate Fluctuation Graph Against Pressure Drop

From the comparison graph in Figure 14, it is known that the pressure drop value for each variation is
different. This is because the length of the venturimeter neck in both variations has been enlarged in length.
Venturimeter variations with smaller lengths will produce smaller pressure drop values compared to venturimeters
with larger neck lengths. This is due to the long duration of the flow that will pass through the venturimeter neck.
So it can be concluded that the larger the length of the venturimeter neck, the longer the time required for the fluid
to pass through the venturi neck so that the pressure drop will clearly be greater compared to the smaller
venturimeter neck length.

From the findings and discussion of this study. There are several previous studies that have been
conducted that have led to a gap analysis of this study. The findings in this study indicate that the higher the
Reynolds number value, the greater the pressure drop that occurs. In addition, variations in the length of the
venturimeter neck have also been shown to affect the magnitude of the pressure drop and the fluid flow formed.
In general, a longer venturimeter neck causes a more significant pressure drop due to a longer flow time duration.
This study provides a practical contribution to the efficiency of fluid measuring instrument design, especially
venturimeters. In previous research conducted in 2017 [37], [38] there was a fairly prominent gap when compared
to this study. Previous research conducted in 2017 focused on examining the effect of the blade angle on the
swirling jet diffuser and grille on the distribution of temperature and air velocity in a conditioned space, providing
an important perspective on how flow direction and temperature distribution can be influenced by blade design,
but did not discuss the pressure aspect or the velocity coefficient in detail as the main focus in the first article. On
the other hand, this study has not touched on the influence of blade orientation or angle on flow efficiency, whereas
in an article conducted in 2017 it was known that the blade angle greatly affects the distribution of speed and
temperature in a closed flow system. This opens up opportunities for the development of venturimeter research
towards optimizing the shape and angle of the blade in order to increase a more even and efficient flow distribution.

The gap is also seen in the research conducted by Arwizet Karudin () which discusses the flow analysis
on horizontal wind turbine rotors with a numerical approach using ANSYS FLUENT [39], [40]. The study presents
a more complex study of flow phenomena such as lift and drag forces, the use of turbulence models such as k-¢
standard and Spalart-Allmaras, and 3D simulations on various geometric parameters. When compared to this
study, it has not explored these aspects in depth, so that there is a significant methodological gap [41], [42]. The
use of turbulence models and three-dimensional domains in Arwizet's study is able to provide more accurate and
comprehensive simulation results, while this study is still limited to a 2D simulation approach and does not test
the effects of turbulence explicitly.

This study offers novelty by presenting a new approach in analyzing fluid flow in a venturimeter by
integrating the variation of the blade angle as an additional variable, using three-dimensional CFD-based numerical
simulations, and applying a turbulence model to map the pressure and velocity distribution more accurately [43],
[44]. In addition, this study also explores aerodynamic aspects such as lift and drag that have not been widely
discussed in previous venturimeter studies, thus providing a significant contribution in optimizing the design of a
more precise and efficient fluid flow measuring instrument.
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This research provides important implications in the field of fluid engineering, especially in the design
and development of flow measuring instruments such as venturimeters. By analyzing the effect of variations in the
size of the venturimeter neck on the pressure drop and velocity coefficient through numerical simulation, the results
of this study can be used as a basis for optimizing the design of a more efficient and accurate venturimeter [45]-
[47]. In addition, the numerical approach used opens up opportunities for the application of simulation methods as
a faster and more cost-effective alternative compared to conventional experiments [48], [49]. If further developed
by considering additional variables such as blade angles or turbulence models, this research can also contribute to
the development of fluid flow measurement systems for various industrial needs, such as HVAC systems, energy,
and process engineering.

This study has several limitations that need to be considered for further development. First, the
simulations conducted are still limited to two-dimensional (2D) models using SolidWorks software, so they are
not yet able to represent the full spatial flow distribution as can be captured through three-dimensional modeling
[50]-[52]. This limitation has an impact on the accuracy in visualizing the complex interactions between flow
variables, especially in critical areas such as the inlet, throat, and outlet of the venturimeter. Second, this study has
not explicitly considered the effects of turbulence, either through the selection of a turbulence model or variations
in complex turbulent flow structures, even though turbulence phenomena play an important role in determining
the behavior of pressure and flow velocity in fluid systems [53], [54]. Third, the geometric design of the
venturimeter studied does not include the influence of the blade angle or other more complex geometric shapes,
even though previous studies have shown that these variables have a significant effect on the distribution of
velocity, pressure, and flow efficiency. Finally, the simulation results obtained have not been validated with real
experimental data, so the level of reliability and accuracy of the numerical model used still needs to be tested
further to ensure compliance with actual conditions in the field.

As a follow-up to the findings and limitations of this study, it is recommended that further studies conduct
simulations in a three-dimensional (3D) domain to obtain more realistic flow visualizations, and integrate
turbulence models such as the standard k- or Spalart-Allmaras to accurately capture turbulent flow characteristics.
In addition, new design variables such as blade angle, inlet and outlet shapes, and pipe materials need to be added
to evaluate their effects on venturimeter performance [55]-[57]. Validation of simulation results with experimental
data is also important to strengthen the reliability of the numerical model. The development of multi-parameter-
based simulations, such as variations in working fluids and operating temperatures, is also recommended so that
the research results are more applicable in various industrial conditions [58]-[60].

4.  CONCLUSION

Based on the simulation results and discussion, it can be concluded that the greater the fluid velocity
entering through the inlet channel, the greater the Reynolds number, flow rate, and pressure drop produced. In
testing with variations in Reynolds numbers from 1000 to 5000, there was a fluctuation in the height difference in
the U manometer, where the height value at each point was obtained by converting units from Pa to mH-0. In
addition, in simulations with variations in the size of the venturimeter neck, it is known that the longer the
venturimeter neck, the greater the pressure drop that occurs due to the longer duration of fluid flow. The resulting
velocity coefficient is highly dependent on the fluid inlet velocity through the venturi pipe inlet, where the greater
the inlet velocity, the greater the resulting flow rate. Thus, changes in one parameter, such as the velocity or length
of the venturimeter neck, will affect other parameters in the fluid flow system.
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