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Introduction to the Experiment
The second laboratory experiment involving water squirting out from a hole in a cylinder filled with
water is a fundamental demonstration of fluid dynamics principles. This experiment provides insight
into how pressure, velocity, and the shape of a container influence the behavior of liquids under
gravity and pressure forces. It is a practical illustration of Bernoulli’s principle and the continuity
equation in fluid mechanics, allowing students to observe real-world applications of these concepts.

Objective of the Experiment
- To analyze how water exits a hole in a cylinder and to measure the velocity of the water jet.
- To understand the relationship between the height of water in the cylinder and the speed of the
water leaving the hole.
- To verify Bernoulli’s theorem and the principles of conservation of energy in fluid flow.
- To explore the effects of different variables such as hole size and water height on flow rate.

Theoretical Background

Principles of Fluid Mechanics Relevant to the Experiment
This experiment rests upon fundamental principles of fluid mechanics:

Hydrostatic Pressure: The pressure exerted by a static fluid at a given depth is proportional
to the height of the fluid column, expressed as \( P = \rho g h \), where \( \rho \) is the fluid
density, \( g \) is acceleration due to gravity, and \( h \) is the height of the water column.

Bernoulli’s Equation: For an incompressible, non-viscous fluid in steady flow, the sum of the
pressure energy, kinetic energy, and potential energy remains constant along a streamline:

\[



P + \frac{1}{2} \rho v^2 + \rho g h = \text{constant}
\]

Continuity Equation: The mass flow rate remains constant; thus, the flow velocity and cross-
sectional area relate as:

\[
A_1 v_1 = A_2 v_2
\]

where \( A \) is the cross-sectional area and \( v \) is the flow velocity at points 1 and 2.

Application in the Experiment
When water is allowed to flow out from a hole in the cylinder, the velocity of the water jet depends on
the height of the water column above the hole. According to Bernoulli’s principle, the velocity \( v \) of
water exiting the hole can be approximated by:

\[
v = \sqrt{2 g h}
\]

assuming negligible viscosity and atmospheric pressure effects.

Setup and Procedure

Materials Required
- A cylindrical tank or container with a known cross-sectional area
- A hole or outlet at a specific position in the cylinder
- Water source
- Ruler or measuring tape
- Stopwatch
- Measuring cylinder or collection container
- Pen and paper for recording data
- Optional: flow meters or sensors for precise measurements

Steps to Conduct the Experiment

Fill the cylindrical tank completely with water, ensuring no air bubbles are trapped at the outlet.1.



Mark the initial water height (\( h \)) in the tank from the outlet to the water surface.2.

Open the outlet valve or remove the plug to allow water to flow out.3.

Use a stopwatch to measure the time taken for a certain volume of water to be expelled.4.

Collect the water in a measuring cylinder to determine the volume and calculate the flow rate.5.

Repeat the experiment for different water heights by adjusting the water level in the tank.6.

Optionally, vary the size of the hole and record the effects on velocity and flow rate.7.

Record all measurements meticulously for analysis.8.

Analysis of Results

Calculating Velocity of Water
Using collected data, the velocity of water exiting can be calculated with:

\[
v = \frac{Q}{A}
\]

where \( Q \) is the volumetric flow rate (volume per unit time) and \( A \) is the cross-sectional area of
the hole.

Alternatively, from the theoretical standpoint, the velocity can be estimated using:

\[
v = \sqrt{2 g h}
\]

which predicts the velocity based on the water height.

Flow Rate and Its Dependence on Water Height
The flow rate \( Q \) is expected to increase with the height \( h \) because:

\[
Q = A v \propto A \sqrt{2 g h}
\]

This indicates that as the water level increases, the velocity of the water jet and consequently the
flow rate also increase, following the square root relation.



Effect of Hole Size
- Larger holes allow more water to escape per unit time, increasing flow rate.
- Smaller holes restrict flow, reducing velocity and flow rate.
- The relationship between hole size and flow rate can be explained through the continuity equation
and Bernoulli’s principle.

Real-World Applications

Hydraulic Engineering and Water Supply Systems
Understanding how water flows through openings in containers is crucial for designing efficient water
supply systems, dams, and spillways.

Firefighting Equipment
The principles demonstrated are applied in designing hoses and nozzles to optimize water flow and
pressure.

Industrial Processes
Many industrial applications involve controlling the flow of liquids through pipes and outlets, requiring
precise calculations similar to those in the experiment.

Factors Influencing the Water Jet

Gravity
Gravity provides the potential energy that converts into kinetic energy, driving the water jet.

Atmospheric Pressure
While often neglected in basic calculations, atmospheric pressure acts on the water surface and the
exit point, influencing flow characteristics.

Viscosity and Friction
Real fluids exhibit viscosity and cause energy losses due to friction, which slightly reduces the
velocity compared to ideal calculations.



Outlet Shape and Size
The shape of the outlet affects the flow pattern and velocity distribution, with streamlined outlets
producing more laminar flows.

Limitations and Assumptions of the Theoretical Model

Assumption of non-viscous (ideal) fluid: real fluids exhibit viscosity, which causes energy losses.

Neglecting air resistance and turbulence, which can alter flow patterns.

Assuming steady flow conditions and neglecting transient effects during start-up or shut-down.

Assuming the water surface is at a uniform height and the outlet is at a fixed position.

Conclusion
The experiment of water squirting out from a hole in a cylinder is a classic demonstration that
encapsulates core principles of fluid mechanics. By observing how water velocity varies with height
and understanding the influence of the outlet’s size, students gain practical insights into the behavior
of fluids under pressure. The experiment underscores the importance of Bernoulli’s principle and the
conservation of mass in fluid flow, with applications spanning various engineering and industrial
fields. Despite simplifications and assumptions in the theoretical model, the experiment provides a
solid foundation for grasping more complex fluid dynamics phenomena and designing systems that
harness these principles effectively.

Further Exploration
- Investigate the effect of fluid viscosity by repeating the experiment with different liquids like oil or
syrup.
- Explore the influence of outlet shape by using nozzles with different geometries.
- Study the effect of increasing or decreasing water pressure using pumps or compressed air.
- Use high-speed cameras to visualize the flow patterns and turbulence.

Summary
This in-depth exploration of water squirting from a hole in a cylinder illustrates fundamental fluid
dynamics concepts in a tangible way. It combines theoretical understanding with experimental
observation, fostering a deeper appreciation of how liquids behave under various conditions. Such
experiments form the backbone of engineering designs, environmental management, and scientific
research, emphasizing the importance of physics in everyday life.



Frequently Asked Questions

What is the primary principle demonstrated in the water
squirting from a hole in a cylinder experiment?
The experiment demonstrates Bernoulli's principle, showing how pressure and velocity of a fluid
relate, and how water exits a hole due to pressure differences inside the cylinder.

How does the size of the hole affect the water stream in the
experiment?
A larger hole allows a greater volume of water to exit more quickly, resulting in a stronger and
possibly longer water jet, while a smaller hole produces a weaker stream.

Why does water squirt out more forcefully when the cylinder
is filled to a higher water level?
Higher water levels increase the hydrostatic pressure at the hole, which in turn results in a greater
force pushing the water out, leading to a more powerful spray.

What safety precautions should be taken when performing
this water squirting experiment?
Ensure the area is dry to prevent slipping, wear safety goggles to protect eyes from splashing water,
and handle the cylinder carefully to avoid breakage or injury.

Can the shape of the cylinder affect the water squirting
behavior?
Yes, the shape and diameter of the cylinder influence the pressure distribution and flow rate, affecting
the height and distance of the water jet.

How does the position of the hole in the cylinder influence the
water stream?
Holes closer to the bottom experience higher hydrostatic pressure, resulting in a stronger and more
forceful water jet compared to holes near the top.

What real-world applications can be related to the water
squirting experiment?
This experiment relates to applications like fire hydrant design, water fountain engineering, and
understanding fluid dynamics in plumbing systems.



Additional Resources
In The 2nd Lab You Were Studying Water Squirting Out From A Hole In A Cylinder Filled With Water
Into the surrounding environment, a fascinating interplay of physics principles unfolds. This
experiment offers a hands-on exploration of fluid dynamics, pressure, and the behavior of liquids
under different conditions. As you observe water jetting out from a hole in a cylinder, you're
witnessing fundamental concepts at work—making it an ideal demonstration for students and
enthusiasts alike to deepen their understanding of physics in everyday phenomena.

---

Understanding the Basics: What Happens When Water Squirts Out?

At the core of this experiment is the principle that fluids move from areas of higher pressure to lower
pressure. When water is contained within a cylinder and a hole is created, the water's behavior as it
exits depends on several factors:

- Pressure differential: The difference between the water’s internal pressure and the atmospheric
pressure outside.
- Gravity: The weight of the water influences the velocity at which it exits.
- Size and shape of the hole: The diameter and shape of the opening affect the speed and pattern of
the water jet.
- Height of water column: The depth of water above the hole determines the pressure exerted at the
outlet.

This setup essentially models real-world systems such as fountains, sprinklers, and even natural
phenomena like geysers.

---

Setting Up the Experiment: Key Components and Procedures

Materials Needed:
- A transparent cylindrical container (e.g., a plastic or glass cylinder)
- Water
- A drill or sharp tool to make a hole
- Ruler or measuring tape
- Stopwatch
- Marker for marking water levels
- Optional: dye or food coloring to visualize water flow

Procedure:
1. Fill the Cylinder: Fill the cylinder with water up to a marked level. Note the height of the water
column (h).
2. Create the Hole: Carefully drill or puncture a hole at a specific height on the side of the cylinder,
ideally at a known height from the bottom.
3. Observe Water Ejection: As water begins to flow out, observe the pattern, velocity, and distance
the water travels.
4. Measure Variables:
- Record the height of the water column.
- Measure the initial velocity of the water jet using timing or a measuring tape.



- Note the diameter of the hole.

This straightforward setup allows for various explorations, such as how changing the height of water
affects velocity or how the size of the hole influences the jet.

---

Fundamental Principles Explored in the Lab

1. Hydrostatic Pressure and Bernoulli’s Equation

One of the key physics principles at play is hydrostatic pressure, which depends on the height of the
water column:

\[ P = \rho g h \]

where:
- \( P \) = pressure at the hole
- \( \rho \) = density of water
- \( g \) = acceleration due to gravity
- \( h \) = height of water column above the hole

As water flows out, Bernoulli's equation helps describe the relationship between pressure, velocity,
and height:

\[ P_1 + \frac{1}{2} \rho v_1^2 + \rho g h_1 = P_2 + \frac{1}{2} \rho v_2^2 + \rho g h_2 \]

In the case of water exiting a hole, assuming the water at the surface has negligible velocity and
atmospheric pressure is constant, the velocity of water jet \( v \) can be estimated by:

\[ v = \sqrt{2 g h} \]

This formula implies that the velocity of water exiting the hole is proportional to the square root of the
height of the water column.

2. Torricelli’s Law

This law directly stems from Bernoulli's principle and states:

The speed of efflux of a fluid under gravity through an orifice is equivalent to the speed that a free-
falling object would acquire falling freely from the height equal to the water column.

Expressed mathematically:

\[ v = \sqrt{2 g h} \]

This means the higher the water level (and thus the pressure), the faster the water squirts out.

---

Factors Influencing the Water Squirting Pattern



1. Height of Water Column (h)

- Increasing the height increases hydrostatic pressure.
- As a result, the velocity of water exiting the hole increases, causing the jet to reach farther and
move faster.
- Conversely, lowering the water level decreases velocity.

2. Size of the Hole

- Larger holes allow more water to flow out simultaneously, increasing the volume per second but
potentially decreasing the jet's velocity (due to flow rate dynamics).
- Smaller holes produce narrower, faster jets, which may travel farther due to higher velocity.

3. Position of the Hole

- Holes placed higher on the cylinder produce jets with different behaviors:
- Higher holes result in shorter water columns above the exit point, decreasing velocity.
- Lower holes (closer to the bottom) have a larger water column above, resulting in higher exit
velocity.

4. Shape of the Outlet

- A smooth, rounded outlet minimizes turbulence and produces a more streamlined jet.
- A jagged or irregular hole causes turbulent flow, dispersing the water into spray.

---

Practical Applications and Real-World Analogies

Understanding water squirting from a hole in a cylinder is more than a classroom experiment; it has
practical implications:

- Fountains and Water Features: Designing nozzles for desired jet heights and patterns.
- Firefighting Equipment: Understanding how water pressure affects spray distance.
- Natural Phenomena: Explaining geysers and volcanic eruptions involving fluid pressure.
- Engineering and Hydraulics: Calculating flow rates in pipelines and water distribution systems.

---

Data Analysis and Predictions

Using the principles above, students and researchers can predict outcomes:

- Velocity Calculation: For a given water height, calculate expected exit velocity.
- Range Estimation: Determine how far water will travel before hitting the ground, considering initial
velocity and gravity.
- Flow Rate: Calculate how much water exits per unit time based on hole size and velocity.

Example calculation:

Suppose water level \( h = 1.5 \text{ meters} \):



\[ v = \sqrt{2 \times 9.8 \text{ m/s}^2 \times 1.5 \text{ m}} \approx \sqrt{29.4} \approx 5.43 \text{
m/s} \]

This indicates that water should exit at approximately 5.43 meters per second, assuming ideal
conditions.

---

Limitations and Real-World Considerations

While theoretical models provide a good approximation, real-world factors such as:

- Air resistance
- Turbulence and vortex formation
- Imperfections in the hole shape
- Friction at the outlet

can influence the actual water jet behavior. Therefore, experimental measurements are essential to
validate theoretical predictions.

---

Extending the Experiment: Variations and Advanced Investigations

- Changing Water Heights: Observe how the jet velocity and range change with different water levels.
- Varying Hole Sizes: Use different drill bits to see how size influences flow.
- Multiple Holes: Create multiple outlets to study interference and flow patterns.
- Adding Dye: Use colored water to visualize flow paths and turbulence.
- Measuring Flow Rate: Collect water in a container over a set period to determine flow rate.

---

Conclusion: Connecting Theory to Observation

In The 2nd Lab You Were Studying Water Squirting Out From A Hole In A Cylinder Filled With Water
Into the air or a basin, you engaged directly with the core concepts of fluid dynamics and pressure-
driven flow. By systematically analyzing how variables like water height, hole size, and outlet position
affect the water jet, you gain a deeper understanding of both fundamental physics and practical
engineering applications. Such experiments not only reinforce theoretical principles but also cultivate
critical thinking and problem-solving skills essential for scientific inquiry.

Understanding the behavior of water squirting from a hole in a cylinder bridges the gap between
classroom theory and real-world phenomena, illustrating the elegance and utility of physics principles
in everyday life.
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