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When designing or operating a sand filtration system, understanding the
maximum backwash rate and the height of the expanded bed during backwashing
is essential to ensure efficient cleaning, prolong media lifespan, and
maintain optimal filtration performance. This article provides a
comprehensive guide to calculating these critical parameters, focusing on the
specific sand used in a given problem scenario. Through detailed
explanations, relevant formulas, and practical considerations, engineers and
operators can optimize backwash procedures to achieve thorough cleaning
without damaging the filtration media.

Understanding Backwash in Sand Filtration

Backwashing is a process employed to remove accumulated particles and debris
from the surface and interior of the sand bed, restoring its porosity and
filtration capacity. During backwash, water flows upward through the sand
bed, loosening and removing trapped contaminants. Properly determining the
maximum backwash rate and the corresponding bed expansion height is vital for
effective cleaning.

Fundamental Concepts and Definitions

Before delving into calculations, it is essential to understand key concepts:

1. Backwash Rate (Qmax)

- The maximum flow rate of water per unit area during backwashing, typically
expressed in meters per hour (m/h) or gallons per minute per square foot
(gpm/ft²).
- It must be high enough to fluidize and expand the bed but not so high as to
cause media loss or damage.



2. Expanded Bed Height (He)

- The height of the sand bed when it is fully expanded during backwash.
- It is usually expressed as a multiple of the original bed height (H0),
represented as a expansion ratio (E = He/H0).

3. Critical Parameters

- Particle size (dp)
- Specific gravity (G)
- Porosity (ε)
- Minimum fluidization velocity (vmf)
- Bed expansion ratio (E)

Step-by-Step Approach to Determine Max Backwash
Rate and Bed Height

The process involves several key steps:

Step 1: Gather Data and Known Parameters

- Particle diameter (dp)
- Specific gravity of sand (G)
- Original bed height (H0)
- Porosity of the bed (ε0)
- Fluid properties: density (ρl) and viscosity (μ)

Step 2: Calculate the Minimum Fluidization Velocity
(vmf)

The minimum fluidization velocity is the flow velocity at which the particles
are just suspended and the bed begins to fluidize, given by the Ergun
equation or simplified correlations:

\[
v_{mf} = \frac{d_p^2 (\rho_s - \rho_l) g}{150 \mu} \quad \text{(for laminar
flow regime)}
\]

or more accurately, using empirical correlations such as the Wen and Yu
correlation:



\[
v_{mf} = \frac{d_p^2 (\rho_s - \rho_l) g}{C \mu}
\]

where C is a constant depending on particle shape and flow regime.

Note: The critical backwash velocity should be higher than vmf to ensure
effective fluidization but not excessively high.

Step 3: Determine the Backwash Velocity (vb)

Typically, the backwash velocity is set to a multiple of vmf:

\[
v_b = N \times v_{mf}
\]

where N is a factor usually between 1.2 and 2.0, depending on system design
and media characteristics.

Step 4: Calculate the Maximum Backwash Rate (Qmax)

The maximum flow rate per unit area:

\[
Q_{max} = v_b \times A
\]

where A is the cross-sectional area of the filter. For practical purposes,
the flow rate per unit area (flow velocity) is often expressed directly:

\[
\text{Backwash flow rate} = v_b \quad \text{(e.g., in m/h)}
\]

Tip: Always verify that the flow rate does not cause media loss or excessive
erosion.

Step 5: Determine the Bed Expansion Ratio (E)

The bed expansion during backwash is primarily governed by the flow velocity
exceeding vmf. Empirical relationships relate the expansion ratio to the flow
velocity:

\[



E = \frac{H_e}{H_0}
\]

Commonly, for sand beds, the typical expansion ratios range from 2.0 to 3.0,
depending on the backwash velocity.

Step 6: Calculate the Height of the Expanded Bed (He)

Using the expansion ratio:

\[
H_e = E \times H_0
\]

For example, if the original bed height is 0.6 m and the expansion ratio is
2.5:

\[
H_e = 2.5 \times 0.6\, \text{m} = 1.5\, \text{m}
\]

This expanded height indicates the space occupied by the sand during
backwashing, necessary for designing the backwash system and ensuring
sufficient headroom.

Practical Considerations in Determining
Backwash Parameters

While theoretical calculations give a solid foundation, practical factors
influence the actual backwash rate and bed height:

Media Size and Uniformity: Coarser and more uniform sands require
different backwash velocities.

Filter Design: The size and shape of the filter tank impact flow
distribution and expansion behavior.

Operational Constraints: Pump capacity, backwash cycle time, and water
availability affect the feasible flow rates.

Media Stability: Excessive velocities can lead to media washout,
damaging the filter media and increasing operational costs.



Examples and Case Studies

To illustrate the process, consider an example with typical parameters:

- Particle diameter, dp = 0.3 mm
- Specific gravity, G = 2.65
- Original bed height, H0 = 0.6 m
- Porosity, ε0 = 0.4
- Water density, ρl = 1000 kg/m³
- Water viscosity, μ = 1.0×10⁻³ Pa·s

Step 1: Calculate vmf using empirical correlations. For sand particles:

\[
v_{mf} \approx \frac{d_p^2 (\rho_s - \rho_l) g}{150 \mu}
\]

\[
\rho_s = G \times \rho_{l} = 2.65 \times 1000 = 2650\, \text{kg/m}^3
\]

\[
v_{mf} \approx \frac{(0.0003)^2 \times (2650 - 1000) \times 9.81}{150 \times
1.0 \times 10^{-3}} \approx 0.033\, \text{m/s}
\]

Step 2: Choose a backwash velocity N times vmf, e.g., N=1.5:

\[
v_b = 1.5 \times 0.033 = 0.0495\, \text{m/s}
\]

Step 3: Convert to flow rate per unit area:

\[
Q_{max} = v_b = 0.0495\, \text{m/s}
\]

which is approximately 177.8 m/h.

Step 4: Determine expansion ratio (E), typically around 2.5 for this
velocity:

\[
H_e = 2.5 \times 0.6\, \text{m} = 1.5\, \text{m}
\]

This example demonstrates how to derive operational parameters for effective
backwashing.



Conclusion and Best Practices

Properly determining the maximum backwash rate and the height of the expanded
bed is critical for maintaining efficient filtration systems. By
understanding particle properties, fluid dynamics, and empirical
relationships, engineers can optimize backwash procedures to ensure thorough
cleaning, minimal media loss, and prolonged filter life. Always validate
theoretical calculations with pilot testing or operational data, and consider
system-specific constraints to refine backwash parameters.

Key Takeaways:

- Use empirical correlations to estimate the minimum fluidization velocity.
- Set backwash velocities slightly above this minimum to ensure effective bed
expansion.
- Calculate the expanded bed height using typical expansion ratios.
- Adjust parameters based on media characteristics and operational
experience.
- Regular monitoring and maintenance improve backwash performance and system
longevity.

By mastering these calculations and considerations, operators can enhance the
performance and sustainability of sand filtration systems, ensuring clean
water and efficient operation over the system's lifespan.

Frequently Asked Questions

How do you determine the maximum backwash rate for
sand in a filtration system?
The maximum backwash rate is typically determined based on the specific sand
properties, such as grain size and porosity, and is often expressed as a
multiple of the bed's superficial velocity. It can be calculated using
empirical correlations or standards provided in design guidelines, ensuring
effective cleaning without causing bed disturbance.

What is the significance of calculating the height
of the expanded bed during backwashing?
Determining the height of the expanded bed is crucial for designing the
backwash process, as it ensures sufficient bed expansion to remove trapped
contaminants effectively. Properly estimating this height helps prevent over-
or under-expansion, optimizing cleaning efficiency and maintaining bed
integrity.



Which parameters are essential for calculating the
maximum backwash rate in sand filters?
Key parameters include the sand grain size (D10), porosity, superficial
velocity, and the specific empirical relationships or standards. These
factors influence the flow rate at which the bed can be safely expanded
without damage.

How does the grain size of sand affect the height of
the expanded bed during backwashing?
Larger grain sizes generally lead to a higher expanded bed height because
they create a more permeable bed that can expand more during backwashing.
Conversely, finer sands may result in less expansion due to lower
permeability and higher resistance to flow.

What are common methods or equations used to
determine the maximum backwash rate for sand
filters?
Common methods include using empirical correlations such as the Darcy’s law-
based equations, standards from the American Water Works Association (AWWA),
or manufacturer guidelines, which relate backwash rate to parameters like
grain size and porosity. For example, a typical guideline is a backwash
velocity of 1–2 m/h for sand filters.

Why is it important to accurately determine the
maximum backwash rate and bed height in filtration
design?
Accurate determination ensures effective removal of contaminants, prevents
bed damage, optimizes backwash cycle duration, and extends the lifespan of
the filter media. Proper calculations lead to efficient operation and cost
savings in water treatment systems.

Additional Resources
11-13. Determine The Maximum Backwash Rate And The Height Of The Expanded Bed
For The Sand Used In Problem is a crucial step in designing and operating
sand filtration systems effectively. Proper backwashing ensures the removal
of accumulated solids, restores bed permeability, and prolongs the lifespan
of the filter media. Simultaneously, understanding the maximum backwash rate
and the height of the expanded bed helps optimize process efficiency, prevent
media loss, and maintain consistent filtration performance. In this guide, we
will explore the fundamental principles, calculation procedures, and
practical considerations involved in determining these critical parameters.



---

Introduction

Sand filters are widely used in water treatment, swimming pools, and various
industrial processes due to their simplicity, cost-effectiveness, and
reliability. However, to keep them functioning optimally, periodic
backwashing is essential. The process involves reversing the flow through the
filter bed to dislodge and remove trapped particles.

Two key aspects to ensure effective backwashing are:
- Maximum Backwash Rate: The highest flow rate that can be applied during
backwashing without causing media loss or channeling.
- Height of the Expanded Bed: The bed height after expansion during
backwashing, which influences the flow rate and ensures complete cleaning.

Understanding how to determine these parameters requires a grasp of fluid
dynamics, media properties, and bed expansion behavior.

---

Understanding the Fundamentals

What Is Backwash Rate?

The backwash rate is the flow velocity or flow rate applied in the reverse
direction of normal filtration to fluidize and clean the filter media. It
must be high enough to suspend and remove trapped particles but not so high
as to cause media loss or disturb the bed structure.

What Is Bed Expansion?

When water flows upward through the sand bed during backwashing, the bed
expands due to fluidization. The expanded bed height is the height of the
media once it has fully expanded, which depends on the flow rate, media size,
and properties.

---

Step 1: Gathering Necessary Data

Before calculations, compile the following data:

- Properties of the Sand:
- Particle diameter, \( d_p \) (e.g., 0.5 mm)
- Specific gravity, \( G_s \) (e.g., 2.65)
- Porosity of the static bed, \( \varepsilon_s \) (typical range 0.40–0.45)

- Operational Parameters:
- Original bed height, \( H_b \) (e.g., 1.0 m)
- Filter cross-sectional area, \( A \)



- Fluid properties:
- Density, \( \rho \) (for water, ~ 1000 kg/m³)
- Dynamic viscosity, \( \mu \) (for water, ~ 0.001 Pa·s)

- Design Constraints:
- Maximum allowable flow velocity during backwash
- Equipment limitations

---

Step 2: Determining the Minimum Fluidization Velocity

The minimum fluidization velocity (\( u_{mf} \)) is the flow velocity at
which the bed transitions from fixed to fluidized. It provides a baseline for
the maximum safe backwash velocity.

Calculation of Minimum Fluidization Velocity

Using the Ergun equation or simplified correlations for packed beds, the
minimum fluidization velocity can be approximated as:

\[
u_{mf} = \frac{d_p^2 (\rho_p - \rho)}{18 \mu} \times g(\text{dimensionless
factor})
\]

Alternatively, a common empirical correlation is:

\[
u_{mf} = \frac{d_p^2 (\rho_p - \rho) g}{18 \mu} \times \left(
\frac{150}{\varepsilon_s^3} + \frac{1.75}{\varepsilon_s^2} \right)^{-1}
\]

where:

- \( \rho_p = G_s \times \rho \) (density of sand particles)
- \( g \) is acceleration due to gravity (~9.81 m/s²)

---

Step 3: Establishing the Maximum Backwash Velocity

While the minimum fluidization velocity marks the onset of fluidization, the
maximum backwash velocity is typically set at about 1.2 to 1.5 times \(
u_{mf} \), to ensure thorough cleaning without media washout.

\[
u_{max} = k \times u_{mf}
\]

where k is a safety factor (commonly between 1.2 and 1.5).



Example:

If \( u_{mf} = 0.1\, \text{m/s} \), then:

\[
u_{max} = 1.3 \times 0.1\, \text{m/s} = 0.13\, \text{m/s}
\]

This velocity ensures effective bed expansion and particle removal without
media loss.

---

Step 4: Calculating the Maximum Backwash Rate

The backwash flow rate \( Q_{max} \) can be determined from the maximum
backwash velocity and the cross-sectional area:

\[
Q_{max} = u_{max} \times A
\]

where:

- \( A \) = cross-sectional area of the filter (e.g., if diameter \( D =
0.5\, \text{m} \), then \( A = \pi D^2/4 \)).

Sample Calculation:

Suppose:

- \( D = 0.5\, \text{m} \Rightarrow A = \pi \times (0.5)^2 / 4 \approx
0.196\, \text{m}^2 \)
- \( u_{max} = 0.13\, \text{m/s} \)

Then:

\[
Q_{max} = 0.13\, \text{m/s} \times 0.196\, \text{m}^2 \approx 0.0255\,
\text{m}^3/\text{s}
\]

Expressed in liters per minute:

\[
0.0255\, \text{m}^3/\text{s} \times 60,000\, \text{L/m}^3 \approx 1530\,
\text{L/min}
\]

This rate indicates the maximum flow during backwashing for the specified
filter.



---

Step 5: Determining the Height of the Expanded Bed

The expanded bed height \( H_e \) depends on the flow velocity during
backwashing and the bed's porosity in the expanded state.

Relationship Between Bed Expansion and Velocity

The degree of expansion is often expressed as:

\[
E = \frac{H_e}{H_b}
\]

where:

- \( H_b \) = static bed height
- \( H_e \) = expanded bed height

The expanded bed height can be approximated using empirical or theoretical
relationships:

\[
E = \frac{1}{1 - \varepsilon_e}
\]

where:

- \( \varepsilon_e \) = porosity during expansion, typically around 0.60–0.70
during backwashing.

Calculating Expanded Bed Height

Given the porosity in the expanded state:

\[
H_e = H_b \times \frac{1 - \varepsilon_s}{1 - \varepsilon_e}
\]

Example:

- Static porosity \( \varepsilon_s = 0.40 \)
- Expanded porosity \( \varepsilon_e = 0.65 \)
- Static bed height \( H_b = 1.0\, \text{m} \)

Then:

\[
H_e = 1.0\, \text{m} \times \frac{1 - 0.40}{1 - 0.65} = 1.0\, \text{m} \times
\frac{0.60}{0.35} \approx 1.71\, \text{m}



\]

This indicates that during backwashing, the bed expands to approximately 1.71
meters.

---

Practical Considerations and Optimization

Ensuring Effective Backwashing

- The flow rate must be high enough to fluidize and lift the bed to the
expanded height, removing trapped solids.
- The flow should not be so high as to wash out media particles or cause
channeling.
- Regular testing and adjustments are necessary to fine-tune backwash
parameters based on actual operational data.

Equipment Limitations

- Pumps and piping must be rated for the maximum backwash flow rates.
- Valves and flow controllers should provide precise regulation.

Monitoring and Control

- Use pressure gauges and flow meters to monitor backwash conditions.
- Implement automatic controls to maintain optimal flow rates during
backwashing cycles.

---

Summary of Key Steps

| Step | Description | Important Formulas/Notes |
|--------|----------------|------------------------------|
| 1 | Gather data on media and operational parameters | Particle size,
porosity, flow area, fluid properties |
| 2 | Calculate minimum fluidization velocity \( u_{mf} \) | Use empirical
correlations or Ergun equation |
| 3 | Determine maximum backwash velocity \( u_{max} \) | \( u_{max} = k
\times u_{mf} \), safety factor \( k \approx 1.2 - 1.5 \) |
| 4 | Calculate maximum backwash flow rate \( Q_{max} \) | \( Q_{max} =
u_{max} \times A \) |
| 5 | Determine the expanded bed height \( H_e \) | \( H_e = H
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