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Understanding fluid flow through pipes is fundamental in many engineering applications,
from water supply systems to industrial piping networks. When a horizontal pipe contains
water at a specific pressure and flow velocity, and the pipe's cross-sectional area
changes—such as narrowing—the flow behavior changes significantly. This article delves
into the physics of such a scenario, exploring the principles governing the flow, the effects
of pipe narrowing, and how to analyze and predict the resulting fluid dynamics.

Fundamental Concepts of Fluid Flow in Pipes

Before analyzing the specific case of a narrowing pipe, it's important to understand some
fundamental principles related to fluid flow, especially in the context of incompressible
fluids like water.

1. Continuity Equation
The continuity equation states that for an incompressible, steady flow, the mass flow rate
remains constant along the pipe. Mathematically:

Q = v × A

Where Q is the volumetric flow rate, v is the flow velocity, and A is the cross-sectional
area.

This implies that if the cross-sectional area decreases, the velocity must increase to
maintain the same flow rate.

2. Bernoulli’s Equation
Bernoulli’s principle relates pressure, velocity, and elevation in a steady, incompressible,
and non-viscous flow:

P + ½ ρ v² + ρ g h = constant

Where:



- P = static pressure
- ρ = fluid density
- v = flow velocity
- g = acceleration due to gravity
- h = elevation height

In horizontal pipes, the elevation term can often be ignored, simplifying the analysis.

3. Energy Conservation
The total mechanical energy of the fluid remains constant along a streamline, considering
ideal conditions. When the pipe narrows, velocity increases, and pressure may decrease,
depending on the flow regime.

Scenario Description and Data

Let's restate the initial conditions for clarity:

Flow type: Steady, horizontal flow of water

Initial pressure: 110 KPa (kilopascals)

Initial velocity: 1.7 m/s

Pipe configuration: Uniform at first, then narrows at some point

Assuming:
- Water is incompressible with a density, ρ ≈ 1000 kg/m³
- The pipe narrows at a certain section, reducing the cross-sectional area

Analyzing the Effect of Pipe Narrowing on Water
Flow

When the pipe narrows, several changes occur in the flow characteristics. Understanding
these effects involves applying the principles of fluid mechanics.

1. Application of Continuity Equation

Suppose:
- Cross-sectional area before narrowing: A₁



- Cross-sectional area after narrowing: A₂
- Velocity before narrowing: v₁ = 1.7 m/s
- Velocity after narrowing: v₂

Using the continuity equation:

Q₁ = Q₂
=> v₁ × A₁ = v₂ × A₂

Hence:

v₂ = v₁ × (A₁ / A₂)

This indicates that as the area decreases (A₂ < A₁), the velocity increases (v₂ > v₁).

2. Applying Bernoulli’s Equation

In the absence of energy losses, Bernoulli’s equation between a point before and after the
narrowing is:

P₁ + ½ ρ v₁² = P₂ + ½ ρ v₂²

Where:
- P₁ = initial pressure (110 KPa)
- P₂ = pressure after narrowing (unknown)
- v₁ = initial velocity (1.7 m/s)
- v₂ = velocity after narrowing (calculated above)

Rearranged to find the pressure difference:

P₂ = P₁ + ½ ρ (v₁² - v₂²)

This equation shows that when velocity increases in the narrowed section, the static
pressure decreases.

3. Calculating Velocity After Narrowing

Let's consider an example where the cross-sectional area reduces to half:

A₂ = A₁ / 2

v₂ = v₁ × (A₁ / A₂) = 1.7 m/s × 2 = 3.4 m/s



Using Bernoulli’s equation to find the pressure after narrowing:

P₂ = 110,000 Pa + ½ × 1000 kg/m³ × (1.7² - 3.4²) m²/s²

Calculations:

- ½ × 1000 × (2.89 - 11.56) = 500 × (-8.67) = -4335 Pa

So,

P₂ = 110,000 Pa - 4335 Pa = approximately 105,665 Pa (or 105.7 KPa)

This indicates a pressure drop of about 4.3 KPa in the narrowing section.

Implications of Pipe Narrowing on Water Flow

The analysis above highlights several important effects:

1. Velocity Increase and Dynamic Pressure

- As the pipe narrows, water speeds up.
- Higher velocity results in increased dynamic pressure, as per Bernoulli's principle.

2. Pressure Drop and Potential Cavitation

- Lower static pressure in the narrowed section can approach vapor pressure, risking
cavitation.
- Cavitation can cause damage to pipe walls and reduce flow efficiency.

3. Energy Losses and Real-World Considerations

- In actual systems, viscous effects, turbulence, and pipe friction cause additional energy
losses.
- These effects are often characterized by a head loss, calculated using Darcy-Weisbach or
Hazen-Williams equations.

Design Considerations in Pipe Naring

When designing piping systems involving narrowing sections, engineers must account for
several factors to ensure efficient flow and avoid issues such as excessive pressure drops or



cavitation.

1. Maintaining Pressure Levels

- To prevent cavitation, static pressure in the narrowed section should remain above vapor
pressure.
- Sometimes, pumps are used to compensate for pressure drops.

2. Choosing Appropriate Cross-Sectional Areas

- The degree of narrowing should balance flow velocity and pressure drop.
- Excessive narrowing can cause undesirable turbulence and energy losses.

3. Incorporating Flow Control Devices

- Valves and other flow regulators can be used to modulate flow and pressure.
- Proper sizing ensures minimal energy losses.

Practical Applications and Examples

Understanding water flow in narrowed pipes is crucial in various industries:

Municipal Water Supply: Ensuring consistent pressure and flow rates despite pipe
constrictions.

Hydraulic Systems: Designing nozzles and valves for optimal flow performance.

Industrial Piping: Managing flow velocities to prevent pipe erosion or cavitation.

Agricultural Irrigation: Controlling water distribution efficiently through variable
pipe sections.

Conclusion

The scenario of a horizontal pipe containing water at a pressure of 110 KPa flowing at 1.7
m/s, which then narrows, exemplifies fundamental fluid mechanics principles. Applying the
continuity equation and Bernoulli’s equation allows engineers to predict changes in velocity
and pressure, enabling the design of efficient, safe piping systems. Recognizing the



significance of these principles helps prevent issues such as cavitation and excessive
energy losses while ensuring that the system operates within desired parameters. Whether
in water supply networks, industrial processes, or hydraulic machinery, understanding how
pipe narrowing influences flow dynamics is essential for optimal system performance.

---

Key Takeaways:

- Narrowing a pipe increases flow velocity and decreases static pressure.
- Proper analysis involves applying the continuity equation and Bernoulli’s principle.
- Design considerations should account for pressure drops and energy losses.
- Maintaining pressure above vapor pressure prevents cavitation.
- Real-world systems require factoring in frictional and turbulence effects for accurate
predictions.

By mastering these concepts, engineers and designers can optimize piping systems,
ensuring efficient and reliable water flow under various operational conditions.

Frequently Asked Questions

What is the significance of the pressure dropping in a
narrowing horizontal pipe?
The pressure drops due to the increase in velocity at the constriction, as described by
Bernoulli's principle, which indicates energy conservation in fluid flow.

How does the velocity of water change when the pipe
narrows?
The velocity increases as the pipe narrows because the same volumetric flow rate must
pass through a smaller cross-sectional area.

What is the purpose of analyzing pressure and velocity
in a narrowing pipe?
Analyzing pressure and velocity helps in assessing flow efficiency, detecting potential
issues like cavitation, and designing safe piping systems.

How can Bernoulli's equation be applied to this
scenario?
Bernoulli's equation relates the pressure, velocity, and height at two points; in this case, it
can be used to determine the pressure after the pipe narrows based on the change in
velocity.



What is the approximate pressure of water after the
pipe narrows?
Using Bernoulli's principle, the pressure decreases as velocity increases; a detailed
calculation considering the initial conditions can estimate the new pressure.

What potential issues can arise from a narrowing pipe
in water flow systems?
Potential issues include increased velocity leading to erosion, cavitation, noise, vibration, or
pressure drops that could cause pipe damage.

How does the flow rate change with the narrowing of
the pipe?
The volumetric flow rate remains constant in steady flow; however, the velocity increases in
the narrowed section to maintain the same flow rate.

What safety considerations are important when
designing a pipe that narrows?
Design considerations include ensuring pressure remains above vapor pressure to prevent
cavitation, selecting appropriate pipe material, and accounting for pressure drops.

Can the Bernoulli equation be used to determine the
pressure after the narrowing if initial conditions are
known?
Yes, by applying Bernoulli's equation between the upstream and narrow section, the
change in pressure can be calculated based on the change in velocity.

Additional Resources
A Horizontal Pipe Contains Water At A Pressure Of 110 KPa Flowing With A Speed Of 1.7
m/s. The Pipe Narrows

---

Introduction

Fluid dynamics within piping systems is a cornerstone of engineering and industrial
processes, impacting fields ranging from water supply systems to chemical processing and
HVAC systems. The behavior of water flowing through a horizontal pipe, especially when
the pipe’s geometry changes, is crucial for understanding pressure variations, flow rates,
and potential issues such as turbulence or cavitation. This article investigates a specific
scenario: a horizontal pipe containing water at a pressure of 110 kPa flowing at a velocity of



1.7 m/s, with the pipe narrowing at some point downstream.

The focus here is to analyze the fluid behavior, applying fundamental principles such as
Bernoulli’s equation, the continuity equation, and energy considerations to understand the
effects of the narrowing section. This in-depth review aims to provide engineers, students,
and researchers with a comprehensive understanding of the phenomena involved, potential
challenges, and design considerations related to such a system.

---

Fundamental Concepts and Assumptions

Before diving into specifics, it’s essential to establish the foundational assumptions and
concepts that underpin the analysis:

- Incompressible flow: Water is treated as incompressible due to its high bulk modulus,
which simplifies calculations.
- Steady flow: The flow parameters are steady over time, meaning no transient effects are
considered.
- Non-viscous flow: For initial analysis, viscosity is neglected, although in real systems it
may contribute to minor energy losses.
- Horizontal pipe: The pipe is aligned horizontally, so gravitational effects on pressure are
negligible in the vertical direction.
- Uniform cross-section upstream: The initial section of the pipe has a constant diameter,
and the narrowing occurs at a specific point downstream.
- Negligible pipe friction and minor losses: While real systems experience energy losses,
they are initially ignored for simplicity. However, their effects are discussed qualitatively
later.

---

Hydraulic Parameters and Initial Conditions

The scenario provides the following data:

- Initial pressure (P₁): 110 kPa (or 110,000 Pa)
- Initial velocity (V₁): 1.7 m/s
- Pipe orientation: Horizontal
- Flow medium: Water (density, ρ ≈ 1000 kg/m³)
- Initial cross-sectional area (A₁): To be determined based on the pipe diameter, or assumed
if necessary.

The initial conditions set the stage for analyzing how pressure and velocity change as the
water approaches and passes through the narrowing section.

---

Application of Bernoulli’s Equation

Bernoulli’s Equation Overview



In steady, incompressible, non-viscous flow along a streamline, Bernoulli’s equation states:

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

Since the pipe is horizontal (h constant), the gravitational term drops out for the analysis:

\[ P + \frac{1}{2} \rho V^2 = \text{constant} \]

This relation allows us to compare pressure and velocity at different points along the pipe.

Upstream Conditions (Point 1):

- Pressure: \( P_1 = 110\, \text{kPa} \)
- Velocity: \( V_1 = 1.7\, \text{m/s} \)

Downstream Conditions (Point 2):

- Cross-sectional area decreases, resulting in increased velocity \( V_2 \).
- Pressure \( P_2 \) will differ from \( P_1 \) due to the change in velocity.

Applying Bernoulli between points 1 and 2:

\[ P_1 + \frac{1}{2} \rho V_1^2 = P_2 + \frac{1}{2} \rho V_2^2 \]

Rearranged to find \( P_2 \):

\[ P_2 = P_1 + \frac{1}{2} \rho (V_1^2 - V_2^2) \]

This equation highlights that an increase in velocity at the narrowing causes a decrease in
pressure, consistent with Bernoulli’s principle.

---

Continuity Equation and Velocity Changes

Cross-Sectional Area and Velocity

The continuity equation for incompressible flow states:

\[ A_1 V_1 = A_2 V_2 \]

Where:

- \( A_1 \): Cross-sectional area before narrowing
- \( A_2 \): Cross-sectional area at narrowing
- \( V_2 \): Velocity at narrowing

If \( A_2 < A_1 \), then \( V_2 > V_1 \).

Quantitative Analysis



Suppose the pipe diameter upstream is \( D_1 \), and at the narrowing, it reduces to \( D_2
\). Then,

\[ A = \frac{\pi}{4} D^2 \]

Thus,

\[ V_2 = V_1 \times \frac{A_1}{A_2} = V_1 \times \left(\frac{D_1}{D_2}\right)^2 \]

Knowing the initial velocity, we can estimate the velocity after narrowing if the diameter
ratio is specified.

---

Pressure Drop and Energy Losses

Calculating Pressure Difference

Using Bernoulli’s equation, the pressure at the narrow section becomes:

\[ P_2 = P_1 + \frac{1}{2} \rho (V_1^2 - V_2^2) \]

Since \( V_2 > V_1 \), the pressure \( P_2 \) will be lower than \( P_1 \). This pressure drop
can be significant depending on the degree of narrowing.

Potential for Cavitation

A critical consideration in narrowing sections is cavitation risk. If the pressure drops below
the vapor pressure of water (approximately 3.17 kPa at room temperature), vapor bubbles
can form, leading to cavitation damage.

To avoid cavitation:

- Ensure \( P_2 \) remains above vapor pressure.
- Account for energy losses due to turbulence and pipe fittings.

Incorporating Minor Losses

Real systems experience head losses, often modeled as:

\[ P_{loss} = K \times \frac{1}{2} \rho V^2 \]

Where \( K \) is a loss coefficient depending on the geometry, such as contraction or
expansion fittings.

The modified Bernoulli equation with head losses becomes:

\[ P_1 + \frac{1}{2} \rho V_1^2 = P_2 + \frac{1}{2} \rho V_2^2 + \Delta P_{loss} \]

This correction is essential for practical designs.



---

Practical Implications and Design Considerations

Flow Efficiency

Narrowing the pipe affects flow rate and pressure distribution:

- Flow rate (Q): \( Q = A V \) remains constant upstream.
- Velocity increases: As area decreases, velocity increases, which may cause undesirable
effects like noise or vibration.

Structural and Material Concerns

- Erosion and corrosion: Higher velocities can accelerate wear.
- Cavitation prevention: Maintaining pressure above vapor pressure is vital.

Engineering Solutions

To optimize the design and mitigate issues, engineers may:

- Use gradual contractions instead of abrupt ones to reduce turbulence.
- Incorporate flow straighteners or diffusers.
- Select appropriate pipe materials resistant to erosion.
- Ensure pressure drops are within acceptable limits.

---

Case Study: Numerical Example

Assuming:

- Upstream diameter \( D_1 = 0.1\, \text{m} \)
- Narrowing diameter \( D_2 = 0.07\, \text{m} \)

Calculate:

Upstream Area:

\[ A_1 = \frac{\pi}{4} (0.1)^2 = 7.854 \times 10^{-3}\, \text{m}^2 \]

Downstream Area:

\[ A_2 = \frac{\pi}{4} (0.07)^2 = 3.825 \times 10^{-3}\, \text{m}^2 \]

Downstream Velocity:

\[ V_2 = V_1 \times \frac{A_1}{A_2} = 1.7 \times \frac{7.854 \times 10^{-3}}{3.825
\times 10^{-3}} \approx 1.7 \times 2.05 \approx 3.49\, \text{m/s} \]

Pressure at Narrowing:



\[ P_2 = 110\, \text{kPa} + \frac{1}{2} \times 1000 \times (1.7^2 - 3.49^2) \]

Calculate:

\[ \frac{1}{2} \times 1000 \times (2.89 - 12.18) = 500 \times (-9.29) = -4645\, \text{Pa} \]

Thus,

\[ P_2 = 110,000 - 4645 \approx 105,355\, \text{Pa} \]

This indicates a pressure drop of approximately 4.6 kPa, keeping the pressure above vapor
pressure and reducing cavitation risk.

---

Conclusion

The analysis of water flowing through a horizontal pipe that narrows reveals critical insights
into pressure and velocity variations governed by Bernoulli’s principle and the continuity
equation. The velocity increases in the narrowing section, resulting in a corresponding
pressure
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