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In the field of industrial process control, the formula for differential pressure is the
mathematical foundation for measuring liquid levels, flow rates, and filter
performance. For engineers and technicians working with Welk instrumentation,
understanding the relationship between pressure, density, and height is essential
for selecting the correct sensor and ensuring accurate calibration. Differential
pressure (DP) measurement remains one of the most reliable methods for
monitoring levels in pressurized vessels, where non-contact methods might
struggle with foam, internal obstructions, or complex vapor spaces.

| The Fundamental Physics of Pressure

Before applying the formula for differential pressure to a specific tank, it is
necessary to understand the underlying principle of hydrostatic pressure.
Hydrostatic pressure is the pressure exerted by a fluid at equilibrium at a given
point within the fluid, due to the force of gravity.

In its simplest form, the pressure ($P$) at the bottom of a column of liquid is
calculated as:

$P = \rho \cdot g \cdot h$

Where:

$P$ is the hydrostatic pressure (measured in Pascals, $Pa$).

$\rho$ (rho) is the density of the liquid (measured in $kg/m~™3%$).

$g$ is the acceleration due to gravity (approximately $9.81 m/s™2%$).

$h$ is the height of the liquid column (measured in meters, $m$).

Note: To convert Pascals to kilopascals ($kPa$), divide the result by 1,000.

In a differential pressure application, the sensor measures the difference between
two distinct points. This delta ($A$) is what allows us to isolate the pressure
caused specifically by the liquid level, regardless of the static pressure inside the
vessel.
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The Formula for Differential Pressure in Level
Measurement

When we use a DP transmitter for level measurement, the device has two ports: a
High-Pressure (HP) side and a Low-Pressure (LP) side. The formula for differential
pressure ($\Delta P$) as reported by the transmitter is:

$\Delta P = P{High} - P{Low}$

In the context of a liquid level application, we rearrange the hydrostatic formula to
solve for height ($h$):

$h = \frac{\Delta P}{\rho \cdot g}$
#### 1. Open Tank (Atmospheric) Configuration

In an open tank, the LP side of the transmitter is vented to the atmosphere. The
pressure at the top of the liquid is equal to atmospheric pressure. Therefore, the
HP side measures the hydrostatic pressure of the liquid plus atmospheric pressure,
while the LP side measures only atmospheric pressure. The two atmospheric
pressures cancel each other out, leaving only the hydrostatic pressure of the liquid
column.

#### 2. Closed Tank (Pressurized) Configuration

In a closed vessel, such as a chemical reactor or a boiler, the space above the
liquid is filled with pressurized gas or vapor. If we used a single-port gauge
pressure sensor, the reading would fluctuate based on the tank's internal pressure,
not just the liquid level. By connecting the LP port of a DP transmitter to the top of
the tank, the internal gas pressure is applied to both sides of the sensor
diaphragm, effectively "canceling out" the static tank pressure. The resulting
$\Delta P$ is strictly a function of the liquid's height and density.
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Advanced Calculations: Zero Suppression and
Elevation

In practical industrial environments, the transmitter is rarely mounted exactly at
the zero-level line of the tank. This requires adjustments to the formula for
differential pressure to ensure the control system receives an accurate 0% to
100% scale.

#H##H# Zero Suppression

Zero suppression is used when the transmitter is mounted below the bottom of the
tank (the 0% level). Even when the tank is empty, the liquid in the impulse piping
between the tank and the transmitter exerts pressure on the HP side.

Formula: $\Delta P = (\rho \cdot g \cdot h) + (\rho{fill} \cdot g \cdot d)$
Where $d$ is the vertical distance between the transmitter and the tank bottom.

The electronics are calibrated to "suppress" this initial pressure so that the output
reads 4mA (or 0%) when the tank is at its minimum level.

#### Zero Elevation (Wet Leg)

In applications involving steam or vapors that condense, the LP impulse line may
fill with liquid over time. To prevent measurement errors, engineers intentionally
fill this line with a known liquid, creating a "wet leg." Because the LP side now has
a constant liquid head, the pressure at the LP port is higher than the HP port when
the tank is empty.

Formula: $\Delta P = P{High} - P{Low} = (\rho \cdot g \cdot h) - (\rho{wet} \cdot g
\cdot H{total})$

This results in a negative $\Delta P$ when the tank is empty. The transmitter must
be calibrated with "zero elevation" to account for this constant negative offset.
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| Technology Selection: DP vs. Alternatives

While the formula for differential pressure is highly reliable, it is important to
compare DP transmitters with other technologies offered by Welk to determine the
best fit for a specific application.

(] o Radar Level Ultrasonic Hydrostatic
Transmitter Meter Sensor (Submersible)
Measurement Contact (via Non-contact Non-contact Contact
Type piping) (Submersed)
Pressurized Excellent Excellent Poor Not
Tanks Recommended
Density High (Requires None None High
Sensitivity constant $\rho$)
Foam Good Excellent Poor Good
Resistance
Installation Moderate Low (Flange Low Low (Cable
Complexity (Impulse lines) mount) (Thread/Flange) drop)
Maintenance Requires line Minimal Minimal Periodic
bleeding cleaning

For a broader look at available sensing technologies and their specific use cases,
you can visit the Main Page for detailed product specifications.

| Installation Considerations for DP Systems

To ensure the formula for differential pressure translates into accurate real-world
data, the physical installation must follow strict engineering guidelines:

1. Impulse Line Slope: Impulse lines should be sloped at least 1:12 (approx. 8%) to
allow gas bubbles to move back into the tank (for liquid service) or condensate to
drain back (for gas service).
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2. Manifold Valves: Always use a 3-valve or 5-valve manifold. This allows the
transmitter to be zeroed under static pressure and enables safe removal for
maintenance without shutting down the process.

3. Temperature Effects: If the liquid density changes significantly with
temperature, the level calculation will become inaccurate. In these cases,
temperature compensation or the use of a multi-variable transmitter may be
required.

4. Remote Seals: For corrosive or highly viscous fluids that might clog impulse
lines, diaphragm seals (remote seals) are used. These seals use a capillary tube
filled with silicone oil or other fill fluids to transmit pressure to the sensor.

| Limitations and Environmental Factors

While DP measurement is a workhorse of industrial automation, it is not without
limitations. The most significant factor is fluid density. Since the formula for
differential pressure relies on $\rho$, any change in the liquid's composition or
temperature that alters its density will result in a linear error in level
measurement. For example, if a liquid's density decreases by 5% due to heating,
the DP transmitter will report a level that is 5% lower than the actual physical
height.

Additionally, sediment or "sludge" in the bottom of a tank can plug the HP impulse
port. In such environments, Welk recommends using a flush-mount diaphragm or a
non-contact radar level meter to avoid maintenance-heavy installations.

| Frequently Asked Questions (FAQ)

Q: How do | calibrate a DP transmitter for a liquid with a Specific Gravity (SG) other
than 1.07?

A: Specific Gravity is the ratio of the liquid's density to the density of water. You
multiply the height by the SG to find the equivalent water column pressure. For
example, if measuring 5 meters of an oil with an SG of 0.8, the $\Delta P$ at 100%
would be $5m \cdot 0.8 = 4m$ of $H20%$ (approx. $39.24 kPas$).

Q: What is the difference between a dry leg and a wet leg?
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A: A dry leg is used when the vapor above the liquid will not condense at ambient
temperatures. A wet leg is used when the vapor will condense, ensuring the LP
side has a stable, predictable liquid column rather than a fluctuating, partially filled
line.

Q: Can a differential pressure transmitter be used for flow?

A: Yes. By placing a primary flow element (like an orifice plate) in a pipe, the
transmitter measures the pressure drop across the restriction. However, the
formula for flow is a square root relationship ($Q = k \cdot \sqrt{\Delta P}$),
whereas for level, it is linear.

| Conclusion

Mastering the formula for differential pressure is a prerequisite for successful
process instrumentation. By accurately accounting for hydrostatic head, vapor
pressure, and installation offsets like suppression or elevation, engineers can
achieve highly precise level control in even the most demanding pressurized
environments. While newer technologies like radar offer non-contact advantages,
the DP transmitter remains a cost-effective and robust solution for the majority of
industrial applications. For technical support in selecting the right manifold, seal, or
transmitter range, reviewing professional documentation on the Main Page is
recommended to ensure the chosen hardware meets the specific chemical and
physical requirements of your facility.
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