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varying densities as they flowed through channels of differing heights. Key principles
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such as fluid mechanics, Bernoulli's equation, and the continuity equation were applied
to water bottles with three different height holes and interpreted the results. It was
observed that greater water heights resulted in higher velocities due to increased
gravitational potential energy, while variations in density, simulated by adding solutes,
provided additional insights into flow characteristics. This analysis highlights the
relevance of height and density in fluid flow applications, offering a clear
understanding of fundamental fluid mechanics concepts through an accessible
experimental setup. The experimental setup consisted of water bottles with different
heights which are 0.055 m, 0.150 m and 0.225 m. Variations in fluid density were
introduced by dissolving different solutes such as water, salted water and wasted oil
to simulate changes in the physical properties of the fluid. Results indicated that the
initial height of the fluid significantly influenced its velocity, with taller columns of
water producing higher exit velocities due to increased gravitational potential energy.
Hole C have higher velocity compared to hole A and B meanwhile hole A have lower
velocity compared to hole B and C for each liquid. Additionally, fluids with higher
densities exhibited slower velocities under similar conditions, demonstrating the
inverse relationship between density and flow rate when other factors remain
constant. The study demonstrates the importance of easily accessible experimental
instruments, such as water bottles with holes, in the teaching and analysis of fluid

Keywords: mechanics by highlighting the significance of height and density as crucial variables in
Velocity; density; different height; regulating flow behavior. Based on the result, if position of the hole from the surface
Bernoulli’s equation of the liquid is higher, the velocity of the flow will increase for each liquid.

1. Introduction

A fundamental idea in fluid dynamics, Bernoulli's Principle explains the complex interplay
between pressure, velocity, and elevation in a moving fluid. This theory, which was first proposed by
Daniel Bernoulli in the 18™ century, offers a deep comprehension of the behavior of fluids under
many circumstances and serves as the basis for several natural phenomena and technical
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applications. Fundamentally, Bernoulli's Principle states that a fluid's velocity increases when its
pressure decreases and inversely. Bernoulli's Equation, which is based on the conservation of energy
in a fluid flow system, provides a mathematical expression for this relationship [1-3].

This study uses a simple setup using a plastic water bottle to examine how density and height
affect fluid velocity. To let fluid out, the side of the bottle has been drilled with three tiny holes of
varying sizes and heights. To investigate how changes in fluid density and height affect velocity, the
bottle is then filled with a variety of fluids such as water, saltwater, and wasted oil [4]. By measuring
the velocity at each hole and comparing it to the fluid's depth above the hole, the flow of each fluid
is examined. The study shows that the velocity is directly related to the fluid column's height since
higher height results in higher gravitational potential energy and, consequently, a higher exit velocity
[5-7].

The study's findings demonstrate how height, density, and velocity interact. According to
Bernoulli's Principle, the velocity of water is highest at the bottom hole and gradually decreases at
the middle and top holes. On the other hand, because saltwater and oil have higher densities, their
overall velocities are lower and the differences across the three holes are less significant. This
illustrates that while examining fluid dynamics, density and height must be taken into consideration
because they together define the system's energy distribution [8,9].

This analysis offers important new perspectives on how Bernoulli's Principle is applied in practical
situations. For instance, knowing how pressure, velocity, and fluid density relate to one another is
crucial for maximizing flow rates and reducing energy loss in hydraulic systems and water supply
networks [10]. The results highlight the significance of density in the design of effective transport
systems in organizations that handle several fluids with different densities, such as gas and oil. By
concentrating on these variables, the research provides a comprehensive understanding of the
elements influencing fluid flow behavior and connects theoretical fluid dynamics with real-world
applications [11,12].

The experimental setting also shows how easy it is to use basic instruments to investigate
complicated fluid dynamics issues. A water bottle that has been slightly altered might be a useful tool
for measuring and visualizing basic concepts. Because they allow students to see firsthand how height
and density affect velocity, these experiments are extremely useful in educational settings and help
students become more engaged with the material. The study's scope can be increased to include
more complex studies by making further changes, such as changing the size of the holes or employing
fluids with a wider range of densities [13,14].

The investigation of velocity for fluids with different densities leaving from different heights is the
main emphasis of this study. It illustrates that density and height play a crucial role in determining
velocity, which has consequences for both theoretical comprehension and real-world
implementation [15]. The work emphasizes the significance of these factors in fluid mechanics and
promotes more research into more complex systems by demonstrating the dynamics of fluid flow
using a straightforward but efficient experiment [16,17]. The objective of this study is to investigate
the effect of fluid density and height on the velocity, analyze the relationship between these
parameters, and validate the application of relevant physical laws such as Bernoulli’s principle.

2. Methodology
2.1 Geometry of the Water Bottle

A water A water bottle with three different holes labeled A, B, and C, each at different heights: A
at 5.5 cm, B at 15 cm, and C at 22.5 cm from surface liquid as shown in Figure 1.
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Fig. 1. Water bottle with three different
heights of holes

2.2 The Experimental Setup

Three water bottles were prepared successfully with three holes drilled at different heights and
labelled A, B, and C as in Figure 2. By using the paper tape, role the paper tape and fill the paper tape
with the pieces of wood until it fits and close each hole of the bottle using it. Double check if all holes
already fit. Fill the first bottle with water and double check if the hole still fits and the water or oil did
not spill. Measurement tools including measuring tape and stopwatch were tested and calibrated for
accuracy. Repeat step first until forth for saltwater and wasted oil.

Fig. 2. Three holes at a water bottle
was successfully drilled and label A,
BandC

2.3 Analysis of Velocity Using Bernoulli Equation

A methodical technique to analysing how fluid dynamics change with changing densities and hole
placements is part of the experimental methodology for assessing the velocity of water flow from a
bottle with three distinct hole heights. A transparent water bottle with three uniformly placed holes
at varying heights (top, middle, and bottom) is prepared before the experiment starts. Liquids having
different densities such as water, saltwater, and wasted oil bare put into the bottle. The velocity is
determined by either measuring the horizontal distance travelled by the liquid as it exits each hole
or by timing the flow rate with a stopwatch and collecting the liquid. Since velocity is dependent on
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both the density of the liquid and the height of the liquid column above the hole, the Bernoulli
equation offers theoretical justification.

Py vi

TIPS N Y (1)
pPg 29 pPg 29

which is P representing pressure (Pa), p is a density of fluid (kg/m3), v is a velocity (m/s), g is a
gravitational acceleration and lastly z represent height (m).

The theoretical framework is based on Bernoulli's equation, which states that the square root of
the height of the liquid column above the hole determines the velocity of the liquid exiting the hole.
Because of the larger height of the liquid column, lower holes show higher pressure and greater
velocity, while higher holes correspond to lower pressure and reduced velocity. The experiment can
be repeated with various liquids to examine how density affects flow velocity. To examine the link
between density, height and fluid velocity as predicted by Bernoulli’s Principle using a
straightforward water bottle setup with three holes at different height, and to compare the flow
characteristics of water, salted water and wasted oil, this experiment provides a clear and useful
understanding of fluid mechanics concepts.

3. Results and Discussion
3.1 Calculation for Velocity of Different Densities with Different Height

Derivation of velocity using Bernoulli’s Principle using Eq. (1). For this experiment, P, = P, =
Pytm = 0. Also, z, = 0andv; = 0.

2= g (2)
vi =229 (3)
v, = /2,29 (4)
~v =./2gh (5)

where the velocity, v, gravitational acceleration, g, and height, z. Formula velocity for experimental
value which is use a general formula of velocity:

d
V= -
t

(6)

where velocity, v in (m/s), distance, d in (m), and time, t in (s). Calculation theoretical value for hole
A by using Eq. (5):

v =,/2(9.81)(0.055)
v=104m/s

Calculation experimental value for hole A using water with density 1000 kg /m?3 by using Eq. (6):
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V=012
v=1.08m/s

The calculation above is specifically for Hole A. The same equation can be applied to calculate for
Holes B and C for each liquid. There is a slight difference between the two sets of results after the
theoretical velocity values are calculated using Bernoulli's equation and compared to the
experimental values acquired by direct measurement. Numerous elements of the experimental
design and assumptions of Bernoulli's equation contribute to this difference.

3.2 Data Collection from the Experimental Study

The theoretical result for this experiment is in Table 1 by using derivation of Bernoulli’s equation
with different height from surface liquid which are hole A is 0.055 m, hole B is 0.150 m and hole Cis
0.225 m. After calculation, the value of velocity as in Table 1. The experimental result for this
experiment is in Table 2 by using general formula which is distance divided by time to get a velocity
for experiment with different height from liquid surface which are hole A is 0.055 m, hole B is 0.150
m, and hole Cis 0.225 m. For density of fluid such as water is 1000 kg/m3, wasted oil is 960 kg/m3and
salted water is 1030 kg/m3. The horizontal distance and time were recorded during the experiment
asin Table 2.

Table 1
Theoretical data using Bernoulli’s equation to get the velocity

Hole Height from liquid surface (h)inm  Velocity, (V) in m/s

A 0.055 1.04

B 0.150 1.72

C 0.225 2.10
Table 2
Experimental data
Density of fluid Hole Height from liquid Horizontal distance  Time (t)ins Velocity, (v) in m/s

surface (h) inm (d)inm

Water A 0.055 0.13 0.12 1.08
(p = 1000 kg/ B 0.150 0.17 0.15 1.13
m3) C 0.225 0.21 0.17 1.24
Wasted oil A 0.055 0.10 0.11 0.91
(p =960 kg/m3) B 0.150 0.16 0.14 1.14

C 0.225 0.19 0.16 1.19
Salted water A 0.055 0.15 0.14 1.07
(p B 0.150 0.19 0.16 1.19
=1030kg/m3) C 0.225 0.25 0.19 1.32

3.3 Analysis Data

Based on the analysis, the velocities increase from condition A to condition C for all fluids. This
indicates that the variable being changed, which might be height or pressure head, is exactly
proportional to the velocity, which is according to ideas from Bernoulli's principle. The fact that salted
water maintains the highest velocities indicates that it may be thicker than ordinary water, which
causes a greater gravitational pull to affect the flow rate. Wasted oil has consistently lower velocity
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because wasted oil has a lower density than water and salted water. This study’s findings support
basic concepts in fluid mechanics, especially the relationship between velocity and height (pressure
head) and fluid characteristics (density). On the other hand, Bernoulli's predictions are closely
followed by water, wasted oil, and salted water. Small fluid losses or frictional effects in the setup
may be the cause of the experimental velocities being slightly lower than theoretical values. The
difference could be explained by variables like measurement errors or surface tension [18].

The graph clearly shows how fluid density, height, and velocity are related. Because water and
salted water have lower viscosities than wasted oil, they move more quickly. The steady pattern
observed in all three circumstances indicates that raising the height or lowering the restrictions
improves velocity, supporting the theoretical ideas of fluid dynamics. This data can help guide future
research on improving flow rates and designing efficient transport systems for fluids with different
properties [19]. Three analysis graphs for experimental results were created. Based on the graph,
hole C has a higher velocity compared to other holes and hole A has a lowest velocity compared to
hole B and C in each liquid as in Figure 3, Figure 4, and Figure 5.
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Fig. 4. Velocity versus height for water Fig. 5. Velocity versus height for wasted oil
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Fig. 6. Velocity versus height for salted water
3.4 Discussion

The relationship between liquid flow and several variables, such as liquid height, pressure,
density, and the size and location of the hole, was clearly shown by this study. As anticipated, it was
found that a larger flow rate and higher velocity was produced by increasing the liquid column's
height. The finding that the increased liquid heights from the surface area cause the liquid to pass
through the hole more quickly is proof of the impact of gravitational potential energy on fluid
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movement. Furthermore, the flow rate was significantly impacted by the hole's height. Liquid flowed
more quickly through higher holes and more slowly through lower ones [20]. This result supports the
hypothesis that the higher hole affects the rate of fluid outflow. The experiment showed that altering
the hole's height can have a big impact on how liquid flows in following tests.

However, various sources of error, minor mistakes may be introduced by the measuring
procedure itself, such as timing problems, irregular liquid heights, differences in hole diameter, liquid
level readings, or differences in the way the stream's direction is captured and might have impacted
the outcome's dependability. For example, turbulence and interaction with the surrounding air cause
some energy to be lost as the liquid leaves the hole, lowering velocity in comparison to the theoretical
predictions [21].

The fundamental ideas of fluid mechanics, such as how liquid height, pressure, density, and hole
height and position affect liquid velocity, were all clearly demonstrated by this study. These results
are consistent with established fluid mechanics theories and have applications in a variety of
domains, such as water system design and leak prevention in engineering. In addition to improving
theoretical knowledge, the experiment provides a practical understanding of the forces affecting
fluid movement in ordinary circumstances such as drainage systems, liquid storage tanks, and
agricultural irrigation installations [22].

4. Conclusions

Bernoulli's Principle is successfully demonstrated by this study, which shows how fluid velocity
increases with density and pressure. The findings highlight the connection between pressure, density
and velocity. Validate the theoretical computations and provide insights into fluid dynamics. The
study reinforces important ideas in fluid physics and provides a useful method for illustrating
Bernoulli's Principle. Although some variations were caused by measurement errors and water
turbulence, the data collected indicates a respectable agreement between theoretical and
experimental results. The facts support the theoretical derivations based on Bernoulli's Equation,
which states that increased pressure at greater depths results in higher velocities.

Acknowledgement
This research was supported by Universiti Tun Hussein Onn Malaysia (UTHM) through MDR grant
(Vot Q686).

References

[1] Batchelor, George Keith. An introduction to fluid dynamics. Cambridge university press, 2000.
https://doi.org/10.1017/cbo9780511800955

[2]1 Qin, Rugiong, and Chunyi Duan. "The principle and applications of Bernoulli equation." In Journal of Physics:
Conference Series 916, no. 1, p. 012038. IOP Publishing, 2017. https://doi.org/10.1088/1742-6596/916/1/012038

[3] Arakeri, Jaywant H. "Bernoulli’s equation." Resonance 5, no. 8 (2000): 54-71. https://doi.org/10.1007/bf02837937

[4] de Oliveira, Paulo Murilo Castro, Antonio Delfino, Eden Vieira Costa, and Carlos Alberto Faria Leite. "Pin-hole water
flow from cylindrical bottles." Physics Education 35, no. 2 (2000): 110. https://doi.org/10.1088/0031-
9120/35/2/306

[51  Williams, Hollis. "Vessel drainage under the influence of gravity." The Physics Teacher 59, no. 8 (2021): 629-631.
https://doi.org/10.1119/5.0020444

[6] Lopac, Vjera. "Water jets from bottles, buckets, barrels, and vases with holes." The Physics Teacher 53, no. 3 (2015):
169-173. https://doi.org/10.1119/1.4908088

[71  Cross, Rod. "Filling or draining a water bottle with two holes." Physics Education 51, no. 4 (2016): 045014.
https://doi.org/10.1088/0031-9120/51/4/045014

[8] Guerra, David, Aaron Plaisted, and Michael Smith. "A Bernoulli's law lab in a bottle." The Physics Teacher 43, no. 7
(2005): 456-459. https://doi.org/10.1119/1.2060646

16


https://doi.org/10.1017/cbo9780511800955
https://doi.org/10.1088/1742-6596/916/1/012038
https://doi.org/10.1007/bf02837937
https://doi.org/10.1088/0031-9120/35/2/306
https://doi.org/10.1088/0031-9120/35/2/306
https://doi.org/10.1119/5.0020444
https://doi.org/10.1119/1.4908088
https://doi.org/10.1088/0031-9120/51/4/045014
https://doi.org/10.1119/1.2060646

Advances in Fluid, Heat and Materials Engineering
Volume 4, Issue 1 (2025) 10-17

(9]

(10]
(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Foley, Jordan N., John W. Thompson, Meaghan M. Williams, William Roy Penney, and Edgar C. Clausen. "Applying
the Bernoulli balance to determine flow and permanent pressure loss." In Fluid Mechanics and Heat Transfer, p.
35-45. CRC Press, 2018. https://doi.org/10.1201/9781351242332-4

Koumaras, Panagiotis, and Georgios Primerakis. "Flawed applications of Bernoulli’s principle." The Physics Teacher
56, no. 4 (2018): 235-238. https://doi.org/10.1119/1.5028240

Guerra, David, Aaron Plaisted, and Michael Smith. "A Bernoulli's law lab in a bottle." The Physics Teacher 43, no. 7
(2005): 456-459. https://doi.org/10.1119/1.2060646

Heys, Jeffrey J., Nicole Holyoak, Anna M. Calleja, Marek Belohlavek, and Hari P. Chaliki. "Revisiting the simplified
Bernoulli equation." The Open Biomedical Engineering Journal 4 (2010): 123.
https://doi.org/10.2174/1874120701004010123

Dwyer, Elisabeth, Sivaram Gogineni, Alexander Smits, Ron Adrian, Stavros Tavoularis, and Chris Rogers. "Hands-on
experimentation in the fluid mechanics classroom as homework with eFluids. com." In ASME International
Mechanical Engineering Congress and Exposition, 47233, p. 433-437. 2004. https://doi.org/10.1115/imece2004-
61532

Jiang, Yuxin. "Experimental and theoretical analysis of the factors influencing the flow-out rate from a bottle." In
Journal of Physics: Conference Series 1865, no. 3, p. 032004. IOP Publishing, 2021. https://doi.org/10.1088/1742-
6596/1865/3/032004

Akimoto, Hajime, Yoshinari Anoda, Kazuyuki Takase, Hiroyuki Yoshida, Hidesada Tamai, Hajime Akimoto, Yoshinari
Anoda, Kazuyuki Takase, Hiroyuki Yoshida, and Hidesada Tamai. "Bernoulli’s equation (mechanics of ideal fluids)."
Nuclear Thermal Hydraulics (2016): 89-97. https://doi.org/10.1007/978-4-431-55603-9 6

Planinsi¢, Gorazd, Christian Ucke, and Laurence Viennot. "Holes in a bottle filled with water: Which water-jet has
the largest range?." MUSE group in the Physics Education Division (PED) of the European Physical Society (EPS)
(2011). https://doi.org/10.1088/0031-9120/51/4/045014

Vanden-Broeck, J-M. "Waves trapped under a moving pressure distribution." In IUTAM Symposium on Diffraction
and Scattering in Fluid Mechanics and Elasticity: Proceeding of the IUTAM Symposium held in Manchester, United
Kingdom, 16-20 July 2000, p. 61-68. Dordrecht: Springer Netherlands, 2002. https://doi.org/10.1007/978-94-017-
0087-0 7

Ivanov, Dragia, Stefan Nikolov, and Hristina Petrova. "Testing Bernoulli’s law." Physics Education 49, no. 4 (2014):
436. https://doi.org/10.1088/0031-9120/49/4/436

Jang, Taehun, Sang Ho Sohn, Hyejin Ha, Siwoo Kwon, Gyeongmo Lee, Donggeon Lee, Yeongjun Lee, Yeongjun Lee
Seo Woo Park, Jun Young Jang, Jungbin Kim, Seong Eun Kwak, Junghwa Kimet. "Measurement of gravitational
acceleration using Bernoulli’s equation." The Physics Teacher 62, no. 4 (2024). 268-271.
https://doi.org/10.1119/5.0118197

Erneux, Thomas. "Bernoulli’s equation." In Applied Delay Differential Equations, p. 1-16. New York, NY: Springer
New York, 2008. https://doi.org/10.1007/978-0-387-74372-1 4

Wahba, E. M. "Derivation of the differential continuity equation in an introductory engineering fluid mechanics
course." International Journal of Mechanical Engineering Education 50, no. 2 (2022): 538-547.
https://doi.org/10.1177/03064190211014460

Graebel, William. Engineering fluid mechanics. CRC Press, 2018. https://doi.org/10.1201/9781315272337

17


https://doi.org/10.1201/9781351242332-4
https://doi.org/10.1119/1.5028240
https://doi.org/10.1119/1.2060646
https://doi.org/10.2174/1874120701004010123
https://doi.org/10.1115/imece2004-61532
https://doi.org/10.1115/imece2004-61532
https://doi.org/10.1088/1742-6596/1865/3/032004
https://doi.org/10.1088/1742-6596/1865/3/032004
https://doi.org/10.1007/978-4-431-55603-9_6
https://doi.org/10.1088/0031-9120/51/4/045014
https://doi.org/10.1007/978-94-017-0087-0_7
https://doi.org/10.1007/978-94-017-0087-0_7
https://doi.org/10.1088/0031-9120/49/4/436
https://doi.org/10.1119/5.0118197
https://doi.org/10.1007/978-0-387-74372-1_4
https://doi.org/10.1177/03064190211014460
https://doi.org/10.1201/9781315272337

