What Pressure Pl Is Needed To Produce
A Flow Rate Of 0.09 Ft*3/s From The
Tank. D = 0.057 Ft.

What Pressure Pl Is Needed To Produce A Flow Rate Of 0.09 Ft~3/s From The
Tank. D = 0.057 Ft.

Understanding fluid flow dynamics is essential in many engineering and
industrial applications, from designing piping systems to managing fluid
transfer processes. When working with tanks and piping, one of the critical
parameters engineers need to determine is the pressure required at the inlet
(P1) to achieve a desired flow rate. In this case, we aim to find the
pressure Pl necessary to produce a flow rate of 0.09 cubic feet per second
(ft3/s) from a tank with a specific outlet diameter of 0.057 feet.

This article delves into the fundamental principles of fluid mechanics to
determine the required inlet pressure. We will explore relevant concepts such
as Bernoulli’'s equation, flow through orifices, and the impact of fluid
properties. Whether you are a student, engineer, or technician, understanding
these calculations is vital for designing efficient fluid systems.

Context and Importance of Determining Inlet
Pressure

In many industrial processes, controlling the flow rate of fluids is crucial
for ensuring system efficiency, safety, and product quality. For example, in
chemical processing, water supply systems, or hydraulic machinery, knowing
the precise inlet pressure needed to achieve a specific flow rate helps
prevent system failures and optimize performance.

The problem posed involves calculating the pressure Pl that must be applied
at the inlet of a tank to produce a flow of 0.09 ft3/s through an outlet with
a diameter of 0.057 ft. This scenario typically models a situation where
fluid flows due to pressure differentials, overcoming gravity, friction, and
other resistances.

Fundamental Concepts and Assumptions



Before proceeding with calculations, it is essential to understand the core
principles involved:

1. Bernoulli’s Equation

Bernoulli’s equation relates the pressure, velocity, and elevation head of a
flowing fluid, assuming incompressible, steady, and non-viscous flow:

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

where:

- \( P \) = pressure

- \( \rho \) = fluid density

- \( v \) = flow velocity

- \( g \) = acceleration due to gravity
- \( h \) = elevation head

2. Flow Through Orifices

The flow rate through an opening (orifice) depends on the pressure
differential and the orifice’s characteristics. The flow rate \( Q \) can be
approximated by:

\[ Q = Cd A \sqgrt{\frac{2 \Delta P}{\rho}} \]

where:

- \( Cd\) = discharge coefficient (accounts for flow losses)
- \( A\) = cross-sectional area of the orifice

- \( \Delta P \) = pressure difference across the orifice

- \( \rho \) = fluid density

3. Assumptions for Simplification

To perform a straightforward calculation, we will assume:

- Steady, incompressible flow

- Negligible elevation difference (\( h \) is constant or zero)

- Known or estimated discharge coefficient \( C d \)

- The fluid is water at room temperature (density \( \rho \approx 62.4 \,
\text{lb/ft}"3 \))

- No significant additional head losses other than orifice flow

Step-by-Step Calculation of Required Pressure



Pl

The goal is to find the inlet pressure \( P_1 \) that drives the specified
flow rate. The process involves calculating the pressure differential \(
\Delta P \) needed across the orifice and relating it to the inlet pressure.

1. Convert Flow Rate to Consistent Units

Given:
-\( Q =0.09\, \text{ft}"3/\text{s} \)

2. Calculate the Cross-Sectional Area of the Outlet

The diameter \( D = 0.057 \, \text{ft} \).

Area:

\[ A = \frac{\pi}{4} D"2 = \frac{\pi}{4} (0.057)"2 \]
\[

A \approx \frac{3.1416}{4} \times 0.003249 \approx 0.00255 \, \text{ft}"2
\1]

3. Determine the Flow Velocity \( v \)

Flow velocity:

\[ v = \frac{Q}{A} = \frac{0.09}{0.00255} \approx 35.29 \, \text{ft/s} \]

4. Estimate the Discharge Coefficient \( C d \)

For sharp-edged orifices, \( C d \) typically ranges from 0.6 to 0.8. For
conservative estimates, assume:

\[ Cd=20.6\]

5. Calculate the Pressure Differential \( \Delta P
\)

Rearranged from the orifice flow equation:



\[ \Delta P = \frac{(Q / (C_d A))"2 \times \rho}{2} \]
But a more straightforward form is:

\[ \Delta P = \frac{\rho v"2}{2 C d™2} \]

Using the velocity:

\ [
\Delta P = \frac{62.4 \times (35.29)72}{2 \times (0.6)"2}
\1]

Calculate numerator:

\ [
62.4 \times 1245.8 \approx 77,786.7
\1]

Calculate denominator:

\ [
2 \times 0.36 = 0.72
\]

Thus,

\ [
\Delta P = \frac{77,786.7}{0.72} \approx 107,981.8 \, \text{psf}
\1

Convert pressure to psi:

\ [

1\, \text{psi} = 144\, \text{psf}

\1

\ [

\Delta P \approx \frac{107,981.8}{144} \approx 749.86 \, \text{psi}
\1]

This indicates a very high pressure differential, which is typical for high
flow velocities through small orifices.

6. Determine the Inlet Pressure \( P_1 \)

If the outlet is open to atmospheric pressure (\( P {atm} \)), then:

\[ P1 =P {atm} + \Delta P \]



Assuming atmospheric pressure:
\[ P_{atm} \approx 14.7 \, \text{psi} \I
Therefore,

\ [
P 1 \approx 14.7 + 749.86 \approx 764.56 \, \text{psi}
\1

Discussion and Practical Considerations

The calculated pressure of approximately 765 psi suggests that achieving a
flow rate of 0.09 ft3/s through such a small orifice requires a very high
inlet pressure. In real-world applications, several factors influence this
calculation:

- Discharge Coefficient Variations: The actual \( C d \) can vary based on
orifice shape, surface roughness, and flow conditions. Using a lower \( C d
\) increases the required pressure.

- Friction and Head Losses: Additional losses in piping and fittings can
significantly increase the pressure needed.

- Fluid Properties: If the fluid is not water or at different temperature
conditions, density and viscosity changes impact calculations.

- Safety Margins: Engineers often include safety factors to account for
uncertainties and fluctuations.

Practical Implementation Tips:

- Use precise \( C d \) values obtained from empirical data or manufacturer
specifications.

- Incorporate head loss calculations for piping and fittings.

- Consider using pressure regulators or valves to control flow more
efficiently.

- For high-pressure requirements, ensure system components are rated for the
calculated pressures.

Alternative Approaches and Advanced
Calculations

For more accurate results, especially in complex systems, engineers might:



- Employ Computational Fluid Dynamics (CFD) simulations.
- Use detailed empirical formulas considering fluid viscosity.
- Perform field testing to calibrate theoretical calculations.

Summary and Final Remarks

In summary, to produce a flow rate of 0.09 ft3/s from a tank with an outlet
diameter of 0.057 ft, a significant inlet pressure—approximately 765 psi-is
required, assuming typical flow conditions and a discharge coefficient of
0.6. This high pressure underscores the importance of considering system
design, material strength, and safety in practical applications.

Understanding these calculations enables engineers to design efficient, safe,
and reliable fluid systems tailored to specific flow requirements. Properly
assessing the pressure needed helps prevent system failures, optimize
performance, and ensure compliance with safety standards.
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Disclaimer: This calculation provides a simplified estimate. For precise
system design, consult with a fluid mechanics engineer and consider all
system-specific

Frequently Asked Questions

What is the initial step to determine the pressure



Pl required to produce a flow rate of 0.09 ft3/s
from the tank?

The first step is to identify the flow equation relating flow rate, pressure
difference, and pipe characteristics, typically using Bernoulli's equation or
the Darcy-Weisbach equation.

How does the diameter D = 0.057 ft influence the
calculation of the required pressure P1?

The diameter affects the flow rate through the cross-sectional area, which is
used to determine velocity and head loss, impacting the pressure needed at
the tank outlet.

What assumptions are typically made when calculating
the pressure P1 for this flow condition?

Assumptions may include steady, incompressible flow; negligible minor losses;
and turbulent flow regime, along with neglecting elevation changes if not
specified.

Which formula is most suitable for calculating Pl in
this scenario?

The Darcy-Weisbach equation combined with the Bernoulli equation is most
suitable to relate flow rate, pipe diameter, and pressure drop.

What additional data might be needed to accurately
compute P1?

Additional data could include fluid properties (density and viscosity), pipe
length, friction factor, and any elevation differences.

How does the flow rate of 0.09 ft3/s compare to
typical flow rates in similar systems?

This flow rate is relatively moderate, often seen in small-scale piping or
tank discharge applications, making it manageable with standard pressure
calculations.

Can the pressure Pl be directly measured, or is it
always calculated?

While it can be measured with pressure sensors, it is usually calculated
based on flow requirements and pipe characteristics for system design
purposes.



What impact does increasing the pressure Pl have on
the flow rate, assuming all other factors remain
constant?

Increasing Pl generally increases the flow rate, following the relationship
dictated by the flow equations, until the system reaches a limit or new flow
regime.

Is it possible to determine Pl without knowing the
fluid's properties?

No, fluid properties like density are essential for accurate calculations,
especially when using Bernoulli's and Darcy-Weisbach equations to relate
pressure and flow rate.

Additional Resources

What Pressure P1 Is Needed To Produce A Flow Rate Of 0.09 Ft3/s From The
Tank. D = 0.057 Ft.

Understanding the relationship between pressure, flow rate, and pipe
dimensions is fundamental in fluid mechanics and engineering applications. In
this article, we explore how to determine the required initial pressure, P1,
to achieve a specific flow rate of 0.09 cubic feet per second (ft3/s) from a
tank, given a pipe diameter of 0.057 feet. This problem is common in
designing piping systems, water supply networks, and various industrial
processes where precise fluid control is essential.

Fundamental Concepts in Fluid Flow and Pressure
Calculations

Before delving into calculations, it’s crucial to comprehend the core
principles governing fluid flow through pipes, especially the factors
influencing flow rate and pressure.

Flow Rate and Velocity

Flow rate (Q) indicates how much fluid passes through a given cross-section
per unit time, typically expressed in ft3/s or liters per second. It relates
directly to the fluid velocity (V) via the pipe’s cross-sectional area (A):



\[ Q = V \times A \]
where
\[ A = \frac{\pi}{4} \times D2 \]

Given D = 0.057 ft, the cross-sectional area can be computed and then used to
find the velocity needed to produce the desired flow rate.

Pressure and Head Loss

The pressure at the tank’s outlet determines the initial energy driving the
fluid. As the fluid moves through the pipe, energy is lost due to friction
(head loss), which depends on pipe material, length, roughness, and flow
regime. The total pressure (or head) at the outlet must overcome these losses
to sustain the desired flow rate.

The Bernoulli equation, modified to include head loss (h f), provides a
foundation for calculating the required inlet pressure:

\[ P 1/\rho g + V 17°2/2g + z 1 = P 2/\rho g + V 2°2/29 + z 2 + h_f \]

Assuming the tank is open to atmosphere and the outlet is at the same
elevation (z 1 = z 2), the pressure difference directly influences flow.

Step-by-Step Calculation Approach

To determine P1, the initial pressure, we proceed systematically:

Calculate the required flow velocity (V).

Determine the cross-sectional area (A).

Estimate the head loss (h f) based on flow conditions.

Apply Bernoulli’s principle to find the pressure difference needed.

A WN -

Let’s explore each step in detail.

1. Computing the Cross-Sectional Area (A)

Given the pipe diameter:
\[ D = 0.057\, \text{ft} \]

The cross-sectional area:



\[ A = \frac{\pi}{4} D*2 = \frac{\pi}{4} \times (0.057)"2 \]
Calculating:

\[ A = \frac{\pi}{4} \times 0.003249 = 0.00255\, \text{ft}"2 \]

2. Finding the Flow Velocity (V)

With the desired flow rate:

\[ Q = 0.09\, \text{ft}"3/\text{s} \I]

The velocity:

\[ V = \frac{Q}{A} = \frac{0.09}{0.00255} \approx 35.29\, \text{ft/s} \]

This high velocity suggests turbulent flow, which significantly influences
head loss calculations.

3. Estimating Head Loss (h_f)

Head loss due to friction (Darcy-Weisbach equation):
\[ h f = \frac{f L V*2}{2 g D} \]
where:

- \( £ \) = Darcy friction factor (depends on flow regime and pipe
roughness),

- \( L \) = length of the pipe (not specified, so assumptions or typical
values are used),

- \( g \) = acceleration due to gravity (32.2 ft/s?).

Since the pipe length \( L \) and roughness are not provided, we typically
assume a standard friction factor for turbulent flow in rough pipes or use
empirical correlations like the Colebrook-White equation. For simplicity, a
typical turbulent friction factor in rough pipes is about 0.02 to 0.03.

Assuming:

0.02 \),
10\, \text{ft} \) (a common length for illustrative purposes),

-\( f
-\(L



Plugging in values:

\[ h f =\frac{0.02 \times 10 \times (35.29)"2}{2 \times 32.2 \times 0.057}
\1

Calculations:

\[ (35.29)"2 \approx 1244.3 \]

\[ h f \frac{0.02 \times 10 \times 1244.3}{2 \times 32.2 \times 0.057} \]

\[ h f \frac{248.86}{3.666} \approx 67.9\, \text{ft} \]

This indicates significant head loss over 10 ft of pipe at this high

velocity, emphasizing the importance of considering pipe length and roughness
in real designs.

4. Applying Bernoulli’s Equation to Find P1

Assuming the tank is open to atmospheric pressure (\( P_2 = 0 \) gauge
pressure), and the outlet is at the same elevation (\( z 1 =2z 2 \)), the
pressure at the tank inlet must supply the head equivalent to:

\[ P_1/\rho g = h_f \]

Rearranged:

\[ P.1 =1\rho g h f \]

Density of water (assuming water):

\[ \rho = 62.4\, \text{lb/ft}"3 \]

Calculating pressure:

\[ P1 =62.4 \times 32.2 \times 67.9 \]

\[ P_1 \approx 62.4 \times 2184.4 \approx 136,170\, \text{lb/ft}"2 \]
To express Pl in pounds per square inch (psi):

\[ 1\, \text{psi} = 144\, \text{lb/ft}"2 \]

Thus,

\[ P_1 \approx \frac{136,170}{144} \approx 945.4\, \text{psi} \I



This enormous pressure indicates that, under the assumptions made, a very
high initial pressure is needed to overcome head losses and produce the
desired flow rate.

Implications and Practical Considerations

The above calculations highlight key points:

- High velocities lead to significant head losses, requiring substantial
pressure to maintain flow.

- Pipe length and roughness heavily influence head loss calculations. Longer
pipes or rougher materials increase the required pressure.

- In real-world scenarios, engineers optimize system design to minimize head
losses—using smoother pipes, shorter runs, or larger diameters to reduce the
needed pressure.

Alternative Approaches and Real-World Adjustments

Since the calculated pressure appears unreasonably high, practical systems
often incorporate:

- Larger pipe diameters to reduce velocity and head loss.
- Pressure regulators or pumps to supply the necessary pressure.
- Flow control devices to manage flow rates efficiently.

In scenarios where pipe diameter cannot be changed, and high pressure is
impractical, systems might operate at lower flow rates or accept some
pressure loss.

Conclusion

Determining the pressure \( P_1 \) required to produce a specific flow rate
through a pipe involves understanding the interplay of velocity, head loss,
and pressure energy. While simplified calculations provide a starting point,
real systems demand detailed data on pipe length, roughness, fluid
properties, and operational constraints.

For the specific case of achieving a flow rate of 0.09 ft3/s from a tank with
a 0.057 ft diameter pipe, the calculations suggest that extremely high



pressures may be necessary if head losses are significant. Practical
engineering solutions typically involve optimizing pipe dimensions,
minimizing head loss, and employing appropriate pumping equipment, rather
than relying solely on initial pressure.

The key takeaway is that fluid mechanics principles, combined with empirical
data and system-specific parameters, guide engineers in designing efficient,
safe, and cost-effective piping systems capable of delivering desired flow
rates under practical pressure conditions.
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