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In industrial filtration systems, understanding the dynamics of fluid flow and
resistance is critical for maintaining process efficiency and equipment longevity.
One of the most vital metrics for engineers and system designers is the net
filtration pressure, often discussed in terms of differential pressure (AP). This value
represents the force required to drive a fluid through a filter medium at a specific
flow rate. For manufacturers like Kaifil, who specialize in stainless steel filtration
solutions, providing technical clarity on these calculations is essential for ensuring
that filter elements—whether wire mesh, sintered metal, or pleated
cartridges—perform according to their design specifications.

Calculating the net filtration pressure is not merely a theoretical exercise; it is a
practical necessity for pump sizing, determining replacement cycles, and
preventing system failures such as media collapse or fluid bypass. This guide
explores the engineering principles, variables, and mathematical models required
to accurately determine filtration pressure in industrial environments.

Understanding Net Filtration Pressure in Industrial
Contexts

In a broad sense, net filtration pressure refers to the effective pressure gradient
across the filter medium. While the term is frequently used in biological contexts
(such as glomerular filtration in the kidneys), in industrial liquid and gas
processing, it is synonymous with the net pressure drop across the filter element.

When a fluid enters a filter housing, it encounters resistance from several sources:
the housing inlet and outlet, the internal support structures, and, most
significantly, the filter medium itself. The "net" pressure specifically focuses on the
resistance offered by the clean or partially loaded filter medium. For an engineer,
knowing how to calculate the net filtration pressure allows for the optimization of
the Main Page selection process, ensuring that the chosen stainless steel filter can
handle the required flux without exceeding the system's energy or structural limits.
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| Key Variables in Filtration Pressure Calculations

To perform an accurate calculation, several physical and operational variables
must be quantified. These variables interact to define the resistance the fluid will
encounter.

| 1. Fluid Viscosity (p)

Viscosity is perhaps the most influential fluid property. A more viscous fluid (like
heavy oil) requires significantly more pressure to pass through the same pore
structure than a low-viscosity fluid (like water or solvent). It is important to note
that viscosity is temperature-dependent; therefore, calculations must be based on
the fluid's actual operating temperature.

| 2. Flow Velocity (v) or Flux

Flow velocity refers to the speed at which the fluid moves through the filter
medium. In most industrial applications, this is expressed as flux—the volume of
fluid passing through a unit area of filter media per unit of time (e.g., GPM/ft2 or
m3/h/m?2). As velocity increases, the pressure drop typically increases linearly in
laminar flow and exponentially in turbulent flow.

| 3. Filter Media Permeability (k)

Permeability is an intrinsic property of the filter material. It describes how easily a
fluid can pass through the pore structure. For stainless steel wire mesh,
permeability is determined by the weave type (plain, twill, or dutch weave) and the
wire diameter. Sintered metal filters have different permeability profiles based on
their porosity and particle size distribution.
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| 4. Media Thickness (L)

The distance the fluid must travel through the filter medium affects the total
resistance. While a single layer of wire mesh has negligible thickness,
multi-layered sintered laminates or deep-bed metal fibers provide a longer path,
increasing the net pressure requirement.

How to Calculate the Net Filtration Pressure: The
Mathematical Models

Depending on the nature of the fluid flow (laminar vs. turbulent), different
mathematical models are applied. For most precision industrial filtration
applications involving stainless steel media, the flow is laminar, and Darcy’'s Law
serves as the primary foundation.

| Darcy’s Law for Laminar Flow

Darcy’s Law provides a direct relationship between the pressure drop and the
characteristics of the fluid and the medium. The formula is generally expressed as:

AP=(pwv:L}fk

Where:

AP is the net filtration pressure (differential pressure).
M is the dynamic viscosity of the fluid.

v is the superficial flow velocity.

L is the thickness of the filter medium.

k is the permeability coefficient of the medium.

In practical engineering, manufacturers often provide a "K-factor" or a specific
resistance coefficient for their proprietary mesh or sintered products, which
simplifies this calculation for the end-user.
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| The Ergun Equation for High Velocity

In cases where the flow velocity is high enough to create turbulence (high
Reynolds numbers), Darcy’s Law may underestimate the pressure drop. The Ergun
Equation is then used to account for both viscous and inertial losses:

AP/L = [150(1-¢)? / (®2d2e3)] - v + [1.75p(1-¢) / (dde3)] - v2

Where € represents porosity, ® is the sphericity of the particles (in sintered media),
and p is the fluid density. This level of detail is usually reserved for complex gas
filtration or high-velocity liquid chromatography applications.

| Impact of Stainless Steel Media Selection

The choice of filter media directly dictates the "k" value in the equations above. At
Kaifil, the engineering of stainless steel filters involves balancing filtration fineness
with the resulting pressure drop.

Square Weave Mesh: Offers high open area and low initial pressure drop, making it
ideal for high-flow strainers.

Dutch Weave Mesh: Provides much finer filtration (down to 5-10 microns) but
creates a more tortuous path, resulting in a higher net filtration pressure.

Sintered Metal Felt: Consists of random metal fibers that provide high porosity (up
to 80%). This high porosity allows for a lower pressure drop compared to sintered
powder of the same micron rating, as there is more open space for fluid passage.

When evaluating a Main Page for a specific application, engineers must compare
the "Clean Pressure Drop"—the pressure measured when the filter is first
installed—against the "Terminal Pressure Drop," which is the maximum pressure
the system can tolerate before the filter must be cleaned or replaced.
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| Clean vs. Dirty Pressure Drop: The Evolution of NFP

It is vital to recognize that the net filtration pressure is dynamic. As the filter
captures contaminants, the effective permeability (k) of the medium decreases
because the pores become restricted. This leads to a rise in AP.

1. Initial Stage: The pressure drop remains relatively flat as the largest pores begin
to fill.

2. Steady State: The pressure rises linearly as a "filter cake" forms on the surface
of the mesh. Interestingly, this cake often improves filtration efficiency but at the
cost of increased pressure.

3. Terminal Stage: The pressure rises exponentially. If the filter is not serviced at
this point, the net filtration pressure may exceed the structural integrity of the
stainless steel element, leading to deformation or "bursting."

| Practical Engineering Considerations for Selection

When calculating the required pressure for a system, engineers should follow
these steps to ensure the longevity of the filtration component:

Determine the Maximum Allowable AP: Most stainless steel cartridges are rated for
a specific collapse pressure. The operating net filtration pressure should typically
not exceed 25-30% of this rating to provide a safety margin.

Account for Housing Losses: The total system pressure drop is the sum of the
housing loss and the net filtration pressure (element loss). Housing losses are
calculated using the flow coefficient (Cv) provided by the manufacturer.

Viscosity Correction: If the fluid is not water, always apply a viscosity correction
factor. A fluid with a viscosity of 100 cP will have a pressure drop roughly 100
times higher than water through the same media.
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Effective Filtration Area (EFA): To lower the net filtration pressure without changing
the micron rating, one must increase the EFA. This is why pleated stainless steel
cartridges are preferred over cylindrical ones in high-flow applications; pleating
significantly increases the surface area within the same footprint, thereby reducing
the flux (v) and the resulting AP.

| Common Risks of Incorrect Pressure Calculations

Failure to accurately calculate and monitor net filtration pressure can lead to
several industrial complications:

Pump Cavitation: If the pressure drop across a suction-side filter is too high, the
pump may experience cavitation, leading to mechanical damage.

Media Migration or Bypass: Excessive pressure can force contaminants through the
media or cause seals to fail, allowing unfiltered fluid to bypass the system.

Reduced Throughput: Inaccurate calculations often lead to undersized filters,
requiring frequent downtime for cleaning and significantly increasing the total cost
of ownership.

| Conclusion

Mastering how to calculate the net filtration pressure is a fundamental skill for any
professional involved in industrial fluid processing. By understanding the
relationship between fluid viscosity, velocity, and media permeability, engineers
can design systems that are both efficient and durable. Stainless steel filtration
solutions, such as those provided by Kaifil, offer the structural integrity needed to
handle demanding pressure environments, provided they are selected based on
accurate hydraulic data.

For those specifying new systems or optimizing existing ones, focusing on the
clean pressure drop and the rate of pressure increase will ensure that the filtration
process remains a reliable link in the industrial chain. Whether you are dealing
with hydraulic oils, chemical solvents, or food-grade liquids, the physics of pressure
remains the ultimate arbiter of filtration success.



