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Understanding fluid dynamics is essential in various engineering applications, especially in
designing piping systems, fluid transport mechanisms, and hydraulic structures. One common
phenomenon observed in fluid flow through pipes is the change in velocity and pressure as the fluid
passes through a constricted section or contraction. This scenario is typical in many industrial and
civil engineering applications, where optimizing flow efficiency and pressure management is crucial.

In this article, we will explore the principles underlying water flow through a pipe contraction,
analyze how manometric measurements help determine flow parameters, and provide a step-by-step
approach to solving problems where the manometer reading is given. Specifically, we will focus on a
situation where the difference in manometer reading is 0.2 meters, and the goal is to determine the
flow characteristics of water passing through the contraction.

---

Understanding the Basics of Pipe Contraction and Fluid
Flow

What is Pipe Contraction?
Pipe contraction refers to a section within a pipe where the diameter decreases, leading to a
constricted passage for the fluid. This change in cross-sectional area causes variations in velocity
and pressure according to the principles of fluid dynamics.

Common reasons for pipe contraction include:
- Flow regulation
- Design of Venturi meters for flow measurement
- Hydraulic control in piping systems
- Venturi tubes used in flow measurement devices

The Importance of Studying Flow Through Contractions
Studying flow through pipe contractions is fundamental because:
- It helps in designing efficient piping systems with minimal energy losses.
- It aids in the accurate measurement of flow rates using devices like Venturi meters.
- It allows engineers to predict pressure drops and velocity changes, which are critical in system
safety and efficiency.



---

Fundamental Principles Governing Water Flow Through
Pipe Contraction

Bernoulli’s Theorem
Bernoulli’s equation is central to understanding fluid flow in varying pipe diameters. It states that in
steady, incompressible, non-viscous flow, the sum of the pressure energy, kinetic energy, and
potential energy remains constant along a streamline:

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

Where:
- \( P \) = pressure energy per unit volume
- \( \rho \) = density of water (~1000 kg/m³)
- \( v \) = velocity of water
- \( g \) = acceleration due to gravity (~9.81 m/s²)
- \( h \) = elevation head

In the context of a horizontal pipe, the elevation term often cancels out, simplifying calculations to
focus on pressure and velocity changes.

Continuity Equation
The principle of conservation of mass dictates that the volume flow rate remains constant
throughout the pipe:

\[
A_1 v_1 = A_2 v_2
\]

Where:
- \( A_1, A_2 \) = cross-sectional areas at points 1 and 2
- \( v_1, v_2 \) = velocities at points 1 and 2

This relationship implies that as the cross-sectional area decreases (contraction), the velocity
increases.

---



Using Manometer Readings to Determine Flow
Parameters

What is a Manometer?
A manometer is a device used to measure the pressure difference between two points in a fluid
system. It typically consists of a U-shaped tube filled with a liquid (commonly mercury or water). The
difference in the height of the liquid columns corresponds to the pressure difference.

Interpreting the Manometer Reading
Given:
- The manometer difference \( h_m = 0.2 \, \text{meters} \)

This measurement indicates the pressure difference between two points, which can be related to the
velocity of water at the contraction.

---

Step-by-Step Solution Approach

To solve the problem, follow these fundamental steps:

1. Identify Known Data
- Manometer difference \( h_m = 0.2 \text{ meters} \)
- Density of manometer fluid (assuming water for simplicity) \( \rho_m \) (if mercury, use \( 13,600 \,
\text{kg/m}^3 \))
- Cross-sectional areas \( A_1 \) (inlet) and \( A_2 \) (contraction)
- Pipe diameters \( D_1 \) and \( D_2 \) (if provided)
- Gravity \( g = 9.81 \, \text{m/s}^2 \)

2. Convert Manometer Reading to Pressure Difference
The pressure difference \( \Delta P \) between two points relates to the height difference in the
manometer:

\[
\Delta P = \rho_m g h_m
\]

- For a water manometer:

\[
\Delta P = 1000 \times 9.81 \times 0.2 = 1962 \, \text{Pa}
\]



- For a mercury manometer:

\[
\Delta P = 13600 \times 9.81 \times 0.2 \approx 26,713 \, \text{Pa}
\]

The actual value depends on the manometer fluid; assume water for simplicity unless specified
otherwise.

3. Apply Bernoulli’s Equation
Assuming the pipe is horizontal and neglecting losses:

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

The pressure difference obtained from the manometer is related to the pressure head \( \Delta P /
\rho g \):

\[
\frac{\Delta P}{\rho g} = h_m
\]

The pressure difference causes a change in velocity from \( v_1 \) to \( v_2 \). Rearranged Bernoulli’s
relation becomes:

\[
\frac{1}{2} \rho v_2^2 - \frac{1}{2} \rho v_1^2 = \Delta P
\]

or,

\[
v_2^2 - v_1^2 = \frac{2 \Delta P}{\rho}
\]

4. Use Continuity Equation to Find Velocities
From the cross-sectional areas:

\[
A_1 v_1 = A_2 v_2
\]

Express \( v_1 \) in terms of \( v_2 \):

\[
v_1 = \frac{A_2}{A_1} v_2
\]

5. Solve for Velocity \( v_2 \)
Substitute into Bernoulli’s equation:



\[
v_2^2 - \left(\frac{A_2}{A_1} v_2\right)^2 = \frac{2 \Delta P}{\rho}
\]

Rearranged:

\[
v_2^2 \left(1 - \left(\frac{A_2}{A_1}\right)^2\right) = \frac{2 \Delta P}{\rho}
\]

Solve for \( v_2 \):

\[
v_2 = \sqrt{\frac{2 \Delta P}{\rho \left(1 - \left(\frac{A_2}{A_1}\right)^2\right)}}
\]

Once \( v_2 \) is known, find \( v_1 \) using the continuity equation.

---

Practical Example Calculation

Suppose:
- Inlet diameter \( D_1 = 0.1 \, \text{m} \)
- Contraction diameter \( D_2 = 0.05 \, \text{m} \)

Calculate cross-sectional areas:

\[
A_1 = \frac{\pi}{4} D_1^2 = \frac{\pi}{4} (0.1)^2 \approx 7.854 \times 10^{-3} \, \text{m}^2
\]
\[
A_2 = \frac{\pi}{4} D_2^2 = \frac{\pi}{4} (0.05)^2 \approx 1.963 \times 10^{-3} \, \text{m}^2
\]

Area ratio:

\[
\frac{A_2}{A_1} = \frac{1.963 \times 10^{-3}}{7.854 \times 10^{-3}} \approx 0.25
\]

Calculate \( v_2 \):

\[
v_2 = \sqrt{\frac{2 \times 1962}{1000 \times (1 - 0.25^2)}} = \sqrt{\frac{3924}{1000 \times (1 -
0.0625)}} = \sqrt{\frac{3924}{937.5}} \approx \sqrt{4.18} \approx 2.04 \, \text{m/s}
\]

Calculate \( v_1 \):



\[
v_1 = \frac{A_2}{A_1} v_2 = 0.25 \times 2.04 \approx 0.51 \, \text{m/s}
\]

---


