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Lamella Clarifier Design Calculation

Lamella Clarifier Design Calculation Designing an effective lamella clarifier requires meticulous
calculations to ensure optimal performance in treating wastewater or other liquid-solid separation
processes. The lamella clarifier, also known as inclined plate settler, utilizes inclined plates to
increase the solid-liquid separation surface area, thereby enhancing clarification efficiency while
reducing the footprint. Proper design calculations are critical to determine key parameters such as
flow rate, surface loading, plate spacing, and sludge handling capacity. This comprehensive guide
walks you through the essential steps involved in lamella clarifier design calculation, ensuring your
system operates efficiently and reliably.

Understanding the Principles of Lamella Clarifier Design

Before diving into the calculations, it’s important to understand the fundamental principles:

Separation Mechanics

- The lamella clarifier relies on gravity to settle suspended solids. - Inclined plates increase surface
area, allowing more solids to settle in a smaller footprint. - The clarified water flows upward or
downward, depending on design, while sludge collects on the plates or the bottom.

Key Design Objectives

- Achieve desired removal efficiency of suspended solids. - Minimize total area and footprint. -
Facilitate easy sludge removal and handling. - Ensure hydraulic and solids loading rates are within
design limits.

Step-by-Step Lamella Clarifier Design Calculation

The design process involves several interconnected calculations. Below are the key steps:

1. Determine the Design Flow Rate

The flow rate (Q) is usually specified based on process requirements or incoming wastewater
volume. It’s measured in units such as m³/h or GPM.

Example: For a flow rate of 100 m³/h.1.

2. Calculate the Required Clarifier Surface Area (A)

The surface area is determined based on the allowable surface loading rate, which is the flow per
unit area that the clarifier can handle without compromising performance.



Surface Loading Rate (SLR)

- Typical values range from 0.3 to 1.2 m³/m²/h, depending on wastewater characteristics. - For high-
turbidity or high-solids wastewater, lower SLRs are recommended.

Calculation of Area

A = Q / SLR

Example: - Q = 100 m³/h - SLR = 0.6 m³/m²/h (assumed value for typical wastewater)

A = 100 / 0.6 ≈ 166.67 m²

3. Determine the Inclined Plate Parameters

Inclined plates significantly influence the clarifier's efficiency. Key parameters include:

Plate Inclination Angle (θ)

- Typically ranges from 45° to 60°. - A common choice: 60° for ease of sludge removal and
maximum surface utilization.

Plate Spacing (s)

- Distance between adjacent plates. - Usually between 1.5 to 4 cm (0.015 to 0.04 m).

Plate Diameter and Number of Plates

- Total number of plates (N) is calculated based on the total surface area and the surface area per
plate.

Plate Surface Area (A_plate)

- The surface area of a single inclined plate is:

A_plate = length × width

- For simplicity, assume each plate is rectangular with length (l) and width (w). - The effective
surface area per plate is calculated considering the plate inclination.

4. Calculate the Number of Plates Needed

Total surface area per plate:

A_plate = l × w
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Assuming each plate is a rectangle with a width (w) and length (l), and the total surface area is A:

N = A / A_plate

Example: - Plate width (w) = 1 m - Plate length (l) = 2 m (along the incline)

A_plate = 2 m × 1 m = 2 m²
N = 166.67 / 2 ≈ 83 plates

5. Design of Plate Inclination and Spacing

- Plates are inclined at an angle (θ), say 60°, to facilitate sludge removal. - The vertical spacing
between the plates (h) can be approximated based on sludge characteristics and flow.

Plate Length Calculation

- The actual length of each plate (L) considering inclination:

L = s / sin(θ)

- For s = 0.02 m and θ = 60°:

L ≈ 0.02 / sin(60°) ≈ 0.02 / 0.866 ≈ 0.0231 m

- Adjust s and L based on practical considerations and sludge accumulation.

6. Hydraulic Loading and Detention Time

- Hydraulic Retention Time (HRT):

HRT = (Volume of clarifier) / Q

- For a clarifier volume (V):

V = A × depth (d)

Determine the depth based on settling velocity and sludge characteristics. Typical depths range
from 1.5 to 3 meters. - Adjust design parameters to ensure sufficient detention time for effective
settling.

7. Sludge Removal and Sludge Blanket Depth

- Design sludge collection zone and sludge removal mechanisms. - Typical sludge blanket depth:
0.2 to 0.5 m.



Additional Design Considerations

Flow Distribution and Feed Inlet

- Ensure uniform flow distribution across the inlet to prevent short-circuiting. - Use baffles or
diffusers as needed.

Sludge Collection and Removal

- Design sludge hoppers or sludge scrapers for efficient removal. - Sludge must be regularly
removed to prevent carryover and resuspension.

Structural and Material Design

- Use corrosion-resistant materials for inclined plates and structural components. - Design for
maintenance access and durability.

Summary of Key Calculations and Formulas

Surface Area (A): A = Q / SLR1.
Number of Plates (N): N = A / A_plate2.
Plate Length (L): L = s / sin(θ)3.
Volume of Clarifier (V): V = A × d4.
Hydraulic Retention Time (HRT): HRT = V / Q5.

Conclusion

Designing a lamella clarifier involves a systematic approach grounded in the understanding of flow
rates, settling velocities, and physical constraints. By carefully calculating the required surface
area, determining the number and dimensions of inclined plates, and considering hydraulic and
sludge handling parameters, engineers can develop an efficient and cost-effective clarifier tailored
to specific treatment needs. Proper attention to detail during the calculation phase ensures reliable
operation, ease of maintenance, and compliance with environmental standards. Regular review and
optimization based on operational data further enhance the long-term performance of the lamella
clarifier system.

Lamella Clarifier Design Calculation: An In-Depth Analysis of Principles, Methodologies, and Practical
Applications

Lamella clarifier design calculation plays a pivotal role in the effective separation of solids from
liquids in various industrial and municipal water treatment processes. As environmental standards
become increasingly stringent and the demand for efficient water reuse escalates, understanding
the intricacies of lamella clarifier design is essential for engineers and operators aiming to optimize
performance, minimize costs, and ensure regulatory compliance. This article offers a
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comprehensive review of the fundamental principles, calculation methodologies, and practical
considerations involved in designing lamella clarifiers, providing a detailed roadmap for both novice
and experienced practitioners.

Introduction to Lamella Clarifiers

What is a Lamella Clarifier?

A lamella clarifier, also known as a inclined plate settler, is a type of sedimentation device that
enhances the settling process by introducing inclined plates within a tank. These plates provide a
large surface area for particles to settle out of the fluid, significantly increasing throughput
efficiency compared to conventional horizontal sedimentation tanks. The design allows for a
compact footprint, making it suitable for space-constrained environments.

Advantages over Conventional Sedimentation Tanks

- Increased Surface Area: Inclined plates multiply the effective settling area. - Reduced Footprint:
Compact design saves space. - Enhanced Clarification Rates: Faster settling due to increased
surface area. - Ease of Maintenance: Modular and accessible for cleaning.

Fundamental Principles of Lamella Clarifier Design

Sedimentation Theory and Particle Dynamics

The core of lamella clarifier design hinges on sedimentation principles described by Stokes' Law,
which relates particle settling velocity to particle size, density difference, fluid viscosity, and other
factors. The goal is to design a system where particles settle efficiently within the allotted retention
time, considering the flow rate and particle characteristics. Key Factors: - Particle size distribution -
Particle density difference relative to fluid - Fluid viscosity and temperature - Turbulence and flow
patterns within the tank

Hydraulic and Solids Loading Rates

Design calculations must account for the hydraulic loading rate (HLR), which is the flow per unit
surface area, and the solids loading rate (SLR), which indicates the mass of solids entering per unit
area. - Hydraulic Loading Rate (m/h): \[ HLR = \frac{Q}{A} \] where Q is the flow rate (m³/h) and A
is the surface area (m²). - Solids Loading Rate (kg/m²·h): \[ SLR = \frac{Q \times SS}{A} \] where SS
is the suspended solids concentration (kg/m³). Optimal design aims to keep these rates within
acceptable limits to ensure efficient settling without causing resuspension or overload.

Design Calculation Methodologies



Step 1: Determining Flow Rate and Influent Characteristics

The initial step involves establishing the design flow rate (Q), based on the process requirements or
projected wastewater volume. Key parameters include: - Maximum and average flow rates - Influent
suspended solids concentration - Particle size distribution - Temperature and viscosity of the
influent Understanding these parameters guides the selection of appropriate settling velocities and
clarifies the design constraints.

Step 2: Selecting the Settling Velocity

The settling velocity (V_s) is crucial for determining the required surface area and plate inclination.
It is typically estimated from empirical data or particle size analysis, often using Stokes' Law for
small, spherical particles: \[ V_s = \frac{(d_p)^2 (\rho_p - \rho_f) g}{18 \mu} \] where: - \( d_p \) =
particle diameter (m) - \( \rho_p \) = particle density (kg/m³) - \( \rho_f \) = fluid density (kg/m³) - \(
g \) = acceleration due to gravity (9.81 m/s²) - \( \mu \) = dynamic viscosity of the fluid (Pa·s) For
non-spherical particles or larger sizes, empirical settling velocity data or computational fluid
dynamics (CFD) models may be employed.

Step 3: Determining Clarifier Surface Area (A)

The required surface area is calculated based on the volumetric flow rate and the desired hydraulic
loading rate: \[ A = \frac{Q}{HLR} \] Typical hydraulic loading rates for lamella clarifiers range from
0.3 to 1.2 m/h, depending on influent characteristics. The selection balances between efficient
settling and preventing hydraulic overload.

Step 4: Designing Inclined Plates (Number, Inclination, and Spacing)

The inclined plates significantly influence the clarification process. Design considerations include: -
Plate Inclination Angle (\( \theta \)): Usually between 45° and 60° to facilitate solids slide-off and
maximize surface area. - Plate Spacing (\( s \)): Typically 1.5 to 5 cm, ensuring minimal interference
between plates and effective flow distribution. - Number of Plates (\( N \)): Calculated based on total
surface area and individual plate surface area: \[ N = \frac{A_{plates}}{A_{plate}} \] where \(
A_{plate} \) is the surface area of a single inclined plate. Designers often use the following relation:
\[ A_{plate} = H_{plate} \times L_{plate} \] where: - \( H_{plate} \) = height of the plate (related
to the tank’s vertical dimension) - \( L_{plate} \) = length of the plate along the flow direction A
typical configuration might involve multiple parallel inclined plates, collectively providing the
necessary surface area while maintaining manageable flow velocities.

Step 5: Hydraulic and Solids Loading Calculations

Ensuring the system can handle the expected solids load is critical. The solids loading rate (SLR)
must be compatible with the settling velocity, which informs the design of the sludge withdrawal
system and underflow rate. Sludge Removal Rate: \[ Q_{sludge} = SLR \times A \] Designing for a
sludge removal system that can efficiently handle the accumulated solids prevents resuspension
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and maintains clarifier performance.

Practical Considerations and Optimization Strategies

Plate Material and Surface Finish

The choice of material affects durability, maintenance, and the efficiency of solids slide-off.
Common materials include plastics, fiberglass, or coated metals, with smooth surfaces to minimize
particle adhesion.

Flow Distribution and Uniformity

Ensuring even flow distribution across all plates prevents short-circuiting and dead zones. Proper
inlet and outlet design, baffle placement, and flow control devices are essential.

Operational Parameters and Maintenance

Regular cleaning, sludge removal, and monitoring of flow rates are vital for sustained performance.
Automation and instrumentation can aid in maintaining optimal conditions.

Case Study: Sample Lamella Clarifier Design Calculation

To illustrate the application of these principles, consider a wastewater treatment plant with a flow
rate of 50 m³/h, an influent suspended solids concentration of 200 mg/L, and an average particle
size of 10 μm. - Step 1: Flow rate \( Q = 50 \) m³/h. - Step 2: Estimated settling velocity for 10 μm
particles (~0.01 mm): Using empirical data, \( V_s \approx 0.5 \) m/h. - Step 3: Select a hydraulic
loading rate of 0.6 m/h to balance efficiency and capacity. \[ A = \frac{Q}{HLR} = \frac{50}{0.6}
\approx 83.33 \text{ m}^2 \] - Step 4: Design inclined plates with an inclination of 55°, spacing of 2
cm, and individual plate surface area of 3 m². Number of plates: \[ N = \frac{A_{total}}{A_{plate}}
= \frac{83.33}{3} \approx 28 \] - Step 5: Sludge removal: \[ SLR = \frac{Q \times SS}{A} =
\frac{50 \times 0.2}{83.33} \approx 0.12 \text{ kg/m}^2\text{/h} \] This simplified calculation
offers a preliminary design foundation, which must be refined through pilot testing, CFD modeling,
and detailed structural engineering.

Conclusion and Future Directions

The design of lamella clarifiers requires a nuanced understanding of sedimentation physics, flow
dynamics, and practical engineering constraints. Accurate calculation of parameters such as flow
rates, settling velocities, and plate configuration ensures optimal performance and longevity.
Innovations in materials, computational modeling, and automation promise to further enhance the
efficiency and adaptability of lamella clarifiers, making them a staple in modern water treatment
facilities. As environmental challenges evolve, so too must the strategies for solids-liquid
separation. Ongoing research into advanced plate geometries, real-time monitoring, and integrated



treatment systems will likely shape the future landscape of lamella clarifier

Questions & Answers About lamella clarifier design
calculation

No Question Answer

1 What are the key design
parameters to consider when
calculating a lamella clarifier?

Key parameters include flow rate, influent water quality,
desired effluent clarity, sludge settling characteristics,
plate spacing and inclination, and surface overflow rate.
These factors influence the sizing and number of lamella
plates needed for effective clarification.

2 How is the surface overflow rate
used in lamella clarifier design
calculations?

The surface overflow rate, expressed as volume per unit
area per unit time (e.g., m³/m²/h), determines the
maximum allowable flow to ensure proper settling. It
guides the sizing of the clarifier by ensuring the flow does
not exceed the design capacity for effective
sedimentation.

3 What is the typical approach to
calculating the plate area in a
lamella clarifier?

The plate area is calculated based on the flow rate and
the maximum surface overflow rate. The formula is: Plate
Area = Flow Rate / Surface Overflow Rate. Additional
safety factors may be included to account for peak flows
or operational variability.

4 How do you determine the
appropriate plate spacing and
inclination angle in lamella
clarifier design?

Plate spacing typically ranges from 1.5 to 4 cm to
optimize settling efficiency, while the inclination angle is
usually between 45° and 60°, facilitating sediment
removal and minimizing turbulence. These are
determined based on settling characteristics and
hydraulic considerations.

5 What role does sludge
accumulation play in lamella
clarifier design calculations?

Sludge accumulation rate influences the design of sludge
collection and removal systems. Calculations consider
sludge volume, settling velocity, and removal frequency
to ensure continuous operation without clogging or
overflow.

6 How can you incorporate
hydraulic loading and detention
time into lamella clarifier
calculations?

Hydraulic loading rate and detention time are used to
size the clarifier to ensure adequate sedimentation. The
detention time is calculated as the volume of the clarifier
divided by the flow rate, ensuring sufficient time for
particles to settle out.

7 What are common calculation
methods used for assessing
lamella clarifier efficiency?

Methods include empirical formulas based on settling
velocities, surface overflow rate calculations, and
computational fluid dynamics (CFD) simulations to predict
flow patterns and sediment removal efficiency.

8 How do you account for
variations in influent water
quality during lamella clarifier
design calculations?

Design calculations incorporate safety margins and
consider worst-case scenarios regarding turbidity and
particle sizes. Adjustments are made to plate surface
area, inclination, and other parameters to maintain
performance under variable influent conditions.



© unitedstates.sandbox.xylemappliedwater.com Lamella Clarifier Design Calculation 9

9 What are the typical industry
standards or guidelines for
lamella clarifier design
calculations?

Standards such as those from the American Water Works
Association (AWWA), EPA guidelines, and manufacturer
specifications provide recommended parameters, design
procedures, and safety factors for lamella clarifier
calculations to ensure reliable operation.

lamella clarifier, sedimentation tank design, sludge separation, hydraulic capacity, flow rate
calculation, incline plate settler, clarifier sizing, sludge blanket height, detention time, settling
velocity
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