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Understanding the dynamics of fluid flow within large-diameter pipes is essential for
engineers, hydrologists, and water resource managers. When a pipe with a diameter of
750 mm discharges water at a rate of 567 liters per second, several key parameters
influence the pressure at various points along the pipe, including Point A. This article
explores how to determine the pressure at Point A, considering flow rate, pipe dimensions,
and other factors, providing a comprehensive overview suitable for professionals and
students alike.

---

Fundamentals of Fluid Flow in Pipes

Flow Rate and Pipe Diameter

The flow rate (Q) and pipe diameter (D) are fundamental to calculating the velocity of
water within the pipe. The relationship is given by:

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

Where:
- \( V \) = velocity (m/sec)
- \( Q \) = flow rate (m³/sec)
- \( A \) = cross-sectional area of the pipe (m²)

Given:
- \( Q = 567 \text{ liters/sec} = 0.567 \text{ m}^3/\text{sec} \)
- \( D = 750 \text{ mm} = 0.75 \text{ m} \)

Calculating the cross-sectional area:

\[ A = \frac{\pi}{4} \times D^2 = \frac{\pi}{4} \times (0.75)^2 \approx 0.4418 \text{
m}^2 \]

Calculating the velocity:

\[ V = \frac{0.567}{0.4418} \approx 1.283 \text{ m/sec} \]



This velocity indicates a steady, laminar or turbulent flow depending on the Reynolds
number, which is crucial for pressure calculations.

---

Determining Pressure at Point A

The pressure at Point A in the pipe depends on multiple factors including the flow velocity,
pipe elevation, friction losses, and any fittings or valves present. The fundamental
principle used to determine pressure variations in fluid flow is Bernoulli's equation, which
states:

\[ P_1 + \frac{1}{2} \rho V_1^2 + \rho g h_1 = P_2 + \frac{1}{2} \rho V_2^2 + \rho g
h_2 + h_f \]

Where:
- \( P \) = pressure at a point
- \( \rho \) = density of water (~1000 kg/m³)
- \( V \) = flow velocity at the point
- \( g \) = acceleration due to gravity (9.81 m/sec²)
- \( h \) = elevation head
- \( h_f \) = head loss due to friction and fittings

Assuming the pipe is horizontal and neglecting minor losses for simplicity, the pressure at
Point A can be approximated if we know the inlet conditions or the pressure at the pipe's
entrance.

---

Calculating Head Loss in the Pipe

Factors Affecting Head Loss

Head loss in a pipe is primarily caused by friction and turbulence and can be estimated
using Darcy-Weisbach equation:

\[ h_f = \frac{f L V^2}{2 g D} \]

Where:
- \( f \) = Darcy friction factor (depends on flow regime and pipe roughness)
- \( L \) = length of the pipe segment (meters)
- \( V \) = velocity (m/sec)
- \( D \) = pipe diameter (meters)



Estimating the Friction Factor

The Darcy friction factor \( f \) varies with flow conditions:
- For laminar flow (\( Re < 2000 \)), \( f = \frac{64}{Re} \)
- For turbulent flow (\( Re > 4000 \)), empirical formulas like the Colebrook-White
equation are used.

Calculating Reynolds number:

\[ Re = \frac{\rho V D}{\mu} \]

Where:
- \( \mu \) = dynamic viscosity of water (~1.002 x 10⁻³ Pa·s at 20°C)

Reynolds number:

\[ Re = \frac{1000 \times 1.283 \times 0.75}{0.001002} \approx 961,072 \]

Since \( Re \) is well above 4000, the flow is turbulent. The friction factor can then be
estimated using empirical methods such as the Swamee-Jain equation:

\[ f = \frac{0.25}{\left[ \log_{10} \left( \frac{\varepsilon}{3.7 D} +
\frac{5.74}{Re^{0.9}} \right) \right]^2} \]

Where:
- \( \varepsilon \) = pipe roughness (for new concrete pipe, approximately 0.26 mm)

Calculating \( f \):

\[ f \approx 0.02 \] (approximate value based on typical roughness and flow conditions)

---

Applying Bernoulli’s Equation to Find Pressure at
Point A

Suppose the inlet pressure (or upstream pressure) is known or can be assumed (e.g.,
atmospheric or reservoir pressure). For illustrative purposes, assume Point A is at a
certain elevation with respect to the inlet.

If the pipe is horizontal and the inlet pressure is \( P_{in} \), then:

\[ P_A = P_{in} - \text{head loss} \]

Calculating head loss:

\[ h_f = \frac{f L V^2}{2 g D} \]



Assuming a pipe length \( L \), say 100 meters:

\[ h_f = \frac{0.02 \times 100 \times (1.283)^2}{2 \times 9.81 \times 0.75} \approx 0.56
\text{ meters} \]

This head loss corresponds to a pressure loss:

\[ \Delta P = \rho g h_f = 1000 \times 9.81 \times 0.56 \approx 5,490 \text{ Pa} \]

Or approximately 5.49 kPa.

---

Final Pressure Calculation at Point A

Assuming the inlet pressure at the pipe entrance is atmospheric (approximately 101.3
kPa), the pressure at Point A would be:

\[ P_A = 101.3\, \text{kPa} - 5.49\, \text{kPa} \approx 95.81\, \text{kPa} \]

If the pipe is connected to a pressurized system, the initial pressure may be higher, and
similar calculations can be adjusted accordingly.

---

Additional Considerations for Accurate Pressure
Determination

Elevation Changes

Any vertical elevation difference between the inlet and Point A impacts pressure due to
hydrostatic effects:

\[ P = P_0 + \rho g (h_{inlet} - h_{PointA}) \]

An increase in elevation reduces pressure, while a decrease increases it.

Fittings and Valves

Fittings, bends, valves, and other components introduce additional head losses. These can
be estimated using loss coefficients:



- Loss due to fittings:

\[ h_{fittings} = K \times \frac{V^2}{2g} \]

Where \( K \) is the loss coefficient specific to each fitting.

Flow Regime and Pipe Condition

- Pipe roughness affects friction factor.
- Pipe cleanliness and material influence flow characteristics.
- Turbulent or laminar flow regimes significantly impact head loss calculations.

---

Conclusion

Determining the pressure at Point A in a large water pipe involves understanding the
interplay between flow rate, pipe dimensions, frictional losses, and elevation changes.
Starting with flow velocity calculations, applying Bernoulli's principle, and estimating
head losses through the Darcy-Weisbach equation provides a pathway to accurately
evaluate pressure conditions within the pipeline.

For practical engineering applications, detailed data about pipe length, roughness,
elevation profile, and system inlet pressures are essential. Using these parameters,
engineers can ensure that water delivery systems operate efficiently and safely,
maintaining desired pressure levels at critical points like Point A.

Summary of Key Steps:

1. Calculate flow velocity using flow rate and pipe cross-sectional area.
2. Determine the Reynolds number to assess flow regime.
3. Estimate the Darcy friction factor based on flow regime and pipe roughness.
4. Compute head loss using Darcy-Weisbach or empirical loss coefficients.
5. Adjust initial pressure with head loss and elevation changes to find pressure at Point A.
6. Consider additional minor losses for fittings and valves for precise calculations.

By following this methodology, engineers can optimize pipeline designs, troubleshoot
pressure issues, and ensure reliable water distribution in large-scale systems.

---
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Frequently Asked Questions

What is the significance of a 750 mm diameter pipe
discharging 567 liters/sec at point A?
This indicates a high-capacity pipeline designed to transport a large volume of water
efficiently, with the diameter ensuring minimal pressure loss over the distance.

How does the diameter of 750 mm affect the flow rate of
water in the pipe?
A larger diameter like 750 mm reduces flow velocity and pressure loss, allowing a higher
flow rate of 567 liters/sec with less energy expenditure.

What is the typical pressure at point A in a pipe with
these flow parameters?
The pressure at point A depends on factors like pipe elevation, friction losses, and
downstream conditions; specific data is needed for an exact value, but generally, it would
be relatively high to maintain such flow.

How can the pressure at point A be calculated in this
scenario?
Pressure can be calculated using Bernoulli's equation or Darcy-Weisbach equation,
considering flow rate, pipe diameter, elevation, and friction losses.

What are common applications for a 750 mm diameter
pipe discharging water at this rate?
Such pipes are typically used in municipal water supply systems, irrigation projects, or
industrial water transfer pipelines requiring high flow capacities.

What are the potential pressure losses in a 750 mm pipe
with a flow of 567 liters/sec?
Pressure losses are influenced by pipe material, length, roughness, and flow velocity; they
can be estimated using head loss formulas like Darcy-Weisbach or Hazen-Williams
equations.

How does flow velocity relate to the 567 liters/sec
discharge in a 750 mm pipe?
Flow velocity can be calculated using the formula Q = A × V; for this pipe, the velocity is
approximately 1.7 meters per second, ensuring efficient flow without excessive



turbulence.

What safety considerations are important when
designing a pipe with these specifications?
Design considerations include pressure rating, material strength, corrosion resistance,
joint integrity, and ensuring pressure at point A remains within safe limits to prevent leaks
or failures.

How does elevation change impact the pressure at point
A in the pipe?
Elevation increases or decreases affect pressure due to gravitational potential energy;
rising elevation decreases pressure, while lowering elevation increases it, according to
hydrostatic principles.

Additional Resources
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Understanding the behavior of fluid flow within large-diameter pipes is fundamental in
civil engineering, hydraulic systems, and water distribution networks. When a pipe 750
mm in diameter discharges water at 567 liters/sec, it opens a window into analyzing
various parameters such as flow velocity, pressure variations, and energy considerations
at different points along the pipeline. In this guide, we will explore the critical factors
influencing pressure at Point A in such a system, dissect the underlying physics, and
provide a comprehensive approach to calculating and understanding pressure and flow
characteristics in large-diameter pipelines.

---

Introduction to Pipe Flow Dynamics

Pipelines are the backbone of water transport systems, moving large volumes of fluid
efficiently across distances. The flow within these pipes is governed largely by principles
rooted in fluid mechanics, particularly:

- Continuity Equation: Ensures mass conservation.
- Bernoulli’s Equation: Relates pressure, velocity, and elevation head.
- Friction Losses: Account for energy dissipation due to pipe roughness and flow
turbulence.

In a real-world scenario, factors such as pipe material, flow regime (laminar or turbulent),
and elevation changes influence pressure at any point along the pipeline.

---



Key Parameters and Definitions

Before diving into calculations, it’s essential to clarify the main parameters involved:

- Pipe Diameter (D): 750 mm (0.75 meters).
- Flow Rate (Q): 567 liters/sec (0.567 m³/sec).
- Flow Velocity (V): The speed of water in the pipe, derived from flow rate and cross-
sectional area.
- Pressure at Point A (P_A): The focus of our analysis, influenced by flow conditions and
system configuration.
- Elevation Head (z): Vertical position relative to a reference point.
- Friction Head Loss (h_f): Energy loss due to pipe roughness, turbulence, and flow.

---

Step 1: Calculating Flow Velocity at Point A

The flow velocity is fundamental because it impacts dynamic pressure and energy
distribution.

Cross-Sectional Area (A):

A = π/4 × D²
A = (π/4) × (0.75 m)²
A ≈ 0.4418 m²

Flow Velocity (V):

V = Q / A
V = 0.567 m³/sec / 0.4418 m²
V ≈ 1.283 m/sec

Implication: The water flows at approximately 1.28 m/sec, which is typical for transmission
pipelines.

---

Step 2: Applying Bernoulli’s Equation

Bernoulli’s equation relates pressure, velocity, and elevation between two points in a
flowing fluid:

P1/γ + z1 + V1² / (2g) = P2/γ + z2 + V2² / (2g) + h_f

Where:

- P = pressure at the point
- γ = specific weight of water (~9.81 kN/m³)
- z = elevation head
- V = flow velocity
- g = acceleration due to gravity (9.81 m/sec²)



- h_f = head loss due to friction

---

Step 3: Analyzing Pressure at Point A

Suppose you are given a certain pressure at Point A, or you need to determine it based on
inlet conditions. The pressure at Point A depends on:

- The inlet pressure and elevation
- The velocity head at Point A
- Frictional head losses from the source to Point A
- Any additional head losses due to fittings, valves, or bends

Assuming:

- The inlet pressure and elevation are known or can be estimated.
- The pipe is horizontal (z1 = z2), simplifying calculations.
- Friction losses are calculated or estimated.

---

Step 4: Calculating Friction Head Loss

Darcy-Weisbach Equation:

h_f = (f × L × V²) / (D × 2g)

Where:

- f = Darcy friction factor (depends on pipe roughness and flow regime)
- L = length of pipe segment
- V = flow velocity
- D = pipe diameter

Estimating Friction Factor:

- For turbulent flow in rough pipes, Colebrook-White equation is used.
- For initial estimates, approximation methods like the Swamee-Jain equation are practical:

f = 0.25 / [log10( (ε / (3.7D)) + (5.74 / Re^0.9) )]^2

Where:

- ε = pipe roughness (e.g., 0.045 mm for concrete, 0.045 mm for PVC)
- Re = Reynolds number = (ρ × V × D) / μ

Calculating Reynolds Number:

Assuming water at 20°C:



- ρ (density) ≈ 998 kg/m³
- μ (dynamic viscosity) ≈ 1.002 × 10⁻³ Pa·s

Re = (998 kg/m³ × 1.283 m/sec × 0.75 m) / (1.002 × 10⁻³ Pa·s)

Re ≈ 956,000

Result: Re > 4000 indicates turbulent flow, so friction factor calculations are necessary.

---

Step 5: Determining Pressure at Point A

Once the friction head loss (h_f) is estimated, Bernoulli’s equation can be rearranged to
solve for pressure:

P_A = P_source - γ × (z_source - z_A) - γ × h_f - (V_A² / 2)

If the pipe is horizontal, the elevation terms cancel, simplifying calculations.

Pressure at Point A:

P_A = P_inlet - γ × h_f - (V_A² / 2)

Expressed in terms of pressure units (e.g., Pascals or meters of water column), knowing
that:

- 1 Pa ≈ 0.00010197 meters of water
- 1 meter of water ≈ 9,810 Pa

---

Practical Considerations and System Design

Flow Velocity Constraints:

- For large-diameter pipes like 750 mm, velocities typically range from 1 to 3 m/sec to
balance energy losses and flow efficiency.
- Too high velocities increase head loss and pipe wear.
- Too low velocities risk sedimentation or stagnation.

Pressure Management:

- Ensuring sufficient pressure at Point A is crucial for downstream delivery.
- Pumping systems are often designed to compensate for head losses.
- Pressure reducing valves or regulators may be employed to prevent overpressurization.

System Monitoring:

- Regular pressure measurements at various points help identify blockages or leaks.
- Flow meters provide real-time data for system optimization.



---

Summary and Key Takeaways

- A pipe 750 mm in diameter discharges water at 567 liters/sec with a flow velocity of
approximately 1.28 m/sec.
- Bernoulli’s equation, combined with friction loss estimates, allows for calculation of
pressure at Point A.
- Friction head loss calculations require knowledge of pipe roughness, length, and flow
regime.
- For large pipes, maintaining optimal flow velocities minimizes energy costs and prolongs
pipe life.
- Accurate pressure assessment ensures system reliability, proper operation, and desired
delivery pressures.

---

Final Thoughts

Designing and analyzing large-diameter pipelines involve balancing multiple factors —
from flow rates, velocities, and pressure drops to pipe material and system layout.
Understanding how to compute and interpret pressure at various points, such as Point A,
enables engineers to create efficient, reliable water transmission systems. Whether
designing new infrastructure or troubleshooting existing networks, a thorough grasp of
pipe flow principles ensures optimal performance and longevity of water conveyance
systems.

Remember: Always consider local conditions, pipe specifications, and pump capacities
when applying these principles for real-world applications.
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