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How to Calculate Dp

A practical guide to how to calculate dp, covering the reader intent, the
relationship to how to calculate dp, key evaluation criteria, common risks, and the
information the intended project audience should confirm before taking the next
step.
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In the field of industrial process control, differential pressure (DP) remains one of
the most versatile and widely adopted methods for measuring fluid level, flow, and
density. For engineers and technicians, knowing how to calculate dp is not merely
a theoretical exercise but a practical requirement for calibrating transmitters and
ensuring the accuracy of automated systems. This guide provides a
comprehensive technical overview of the principles behind DP level measurement,
the specific formulas required for various tank configurations, and the critical
factors that influence measurement reliability.

| The Fundamental Principle of Hydrostatic Pressure

Before diving into the specifics of how to calculate dp, it is essential to understand
the underlying physics of hydrostatic pressure. Level measurement via DP relies on
the fact that the pressure exerted by a liquid column is directly proportional to its
height and its density.

In a static liquid, the pressure ($P$) at any given depth is calculated using the
formula:

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

Where:

$P$ is the hydrostatic pressure.

$\rho$ (rho) is the density of the fluid (kg/m3).

$g$ is the acceleration due to gravity (approximately 9.81 m/s?).
$h$ is the height of the liquid column (meters).

In industrial applications, density is often expressed as Specific Gravity (SG), which
is the ratio of the fluid's density to the density of water at a reference temperature.
When using SG, the calculation for pressure in metric units (bar) or imperial units
(psi) becomes:

Pressure (bar) = 0.0981 x SG x Height (m)

Pressure (psi) = 0.433 x SG x Height (ft)
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Differential pressure transmitters measure the difference between a high-pressure
(HP) side and a low-pressure (LP) side. By calculating this difference, the
instrument can determine the height of the liquid, provided the density remains
relatively constant.

| How to Calculate Dp for Open Tanks

An open tank, or atmospheric tank, is the simplest scenario for DP level
measurement. In this configuration, the top of the tank is vented to the
atmosphere. The low-pressure side of the DP transmitter is also vented to the
atmosphere, effectively canceling out atmospheric pressure.

| The Calculation Steps
To calculate the DP range for an open tank:

1. Identify the Minimum Level (0%): This is the height at which you want the
transmitter to read 4mA (or 0% level).

2. ldentify the Maximum Level (100%): This is the height at which you want the
transmitter to read 20mA (or 100% level).

3. Calculate the Pressure at 0%: If the transmitter is mounted exactly at the
minimum level line, the pressure is 0.

4. Calculate the Pressure at 100%: Multiply the maximum height ($H$) by the
specific gravity ($5G$) of the process fluid.

Example:

A water tank ($5G = 1.0%) has a maximum level of 5 meters (16.4 feet). The
transmitter is mounted at the base (0 meters).

$DP$ at 0% = $0 \text{ bar}$

$DP$ at 100% = $5 \text{ m} \times 1.0 \times 0.0981 = 0.4905 \text{ bar} (7.11
\text{ psi})$
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|How to Calculate Dp for Closed Tanks (Dry Leg)

In closed tanks, the space above the liquid is often filled with a pressurized gas or
vapor. To measure the liquid level accurately, the pressure of this gas must be
subtracted from the total pressure at the bottom of the tank. This is achieved by
connecting the low-pressure side of the transmitter to the top of the tank.

A "Dry Leg" is used when the gas in the tank does not condense at the ambient
temperature of the impulse lines. The low-pressure side remains filled with gas.

| The Calculation Steps

1. HP Side Pressure: $P{gas} + (H \times SG{fluid})$

2. LP Side Pressure: $P{gas}$

3. Resulting DP: $(P{gas} + (H \times SG{fluid})) - P{gas} = H \times SG{fluid}$

In this scenario, the calculation remains the same as the open tank, as the gas
pressure ($P{gas}$) is applied to both sides of the diaphragm and cancels out.

| How to Calculate Dp for Closed Tanks (Wet Leg)

When the gas above the liquid is prone to condensation (such as steam), a dry leg
will eventually fill with liquid, leading to measurement errors. To prevent this, the
low-pressure impulse line is intentionally filled with a reference liquid (often the
process fluid or a glycol mix). This is known as a "Wet Leg."

Calculating DP for a wet leg requires accounting for the constant pressure exerted
by the liquid column in the LP side.

| The Calculation Steps

$H$: Height of the process liquid.

$d$: Constant height of the wet leg (distance from the LP tap to the transmitter).
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$SGp$%$: Specific gravity of the process fluid.

$SGf$: Specific gravity of the fill fluid in the wet leg.

DP = (Pressure at HP side) - (Pressure at LP side)

DP = [P{gas} + (H \times SGp)] - [P{gas} + (d \times SGf)]
DP = (H \times SGp) - (d \times SGf)

Because the LP side pressure is usually higher than the HP side pressure when the
tank is empty, the transmitter will often see a negative differential pressure. This
requires a calibration technique known as Zero Elevation.

| Zero Suppression and Zero Elevation

In many industrial installations, the transmitter cannot be mounted exactly at the
0% level line. This physical offset must be compensated for in the DP calculation.

| Zero Suppression

Zero suppression is used when the transmitter is mounted below the minimum
level of the tank. Even when the tank is at "0% level," there is a column of liquid in
the impulse line exerting pressure on the HP side. To ensure the transmitter reads
0% (4mA), we must "suppress" this initial pressure.

Calculation: $DP = (H{actual} \times SG) + (Offset \times SG)$. The suppression
value is the $(Offset \times SG)$.

| Zero Elevation

Zero elevation is typically used in wet leg applications or when the transmitter is
mounted above the minimum level. As noted in the wet leg section, the LP side
exerts more pressure than the HP side at zero level, resulting in a negative DP. We
"elevate" the zero point to account for this constant negative pressure.
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| Selection Criteria for DP Level Instruments

Choosing the right instrument involves more than just knowing how to calculate
dp. Engineers must evaluate the process conditions to ensure long-term stability.
For a wide range of industrial sensors, you can Review product options and
application support to find the best fit for your specific environment.

316L SS, Hastelloy, Monel

Diaphragm Material

Static Pressure Rating

Turndown Ratio

Remote Seals

Accuracy

Maximum tank pressure

Rangeability

Capillary length and fill fluid

% of Span

Prevents corrosion from
aggressive chemicals.

The transmitter must
withstand the total system
pressure.

High turndown allows one
device to cover multiple
ranges.

Essential for
high-temperature or hygienic
applications.

Critical for inventory control
and custody transfer.

| Practical Comparison: DP vs. Other Technologies

While DP is a reliable standard, it is not always the optimal choice. The following
table compares DP with common alternatives offered by manufacturers like Welk.
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Differential Pressure Closed pressurized tanks, Sensitive to density changes.
consistent density

Radar (Non-contact) Corrosive liquids, varying Higher initial cost; affected
density by foam.

Ultrasonic Open sumps, water Not for vacuum or
treatment high-pressure tanks.

Hydrostatic (Submersible) Deep wells, open reservoirs Difficult to maintain in closed

tanks.

Magnetic Level Gauges High-pressure boilers, visual Mechanical parts can stick

indication with dirty fluids.

| Installation and Maintenance Considerations

To maintain the accuracy of your DP calculations, proper installation is paramount.
Even a perfect calculation will fail if the physical installation is flawed.

1. Impulse Line Slope: For gas applications, lines should slope down toward the
transmitter. For liquid applications, they should slope up to allow bubbles to
escape back into the tank. A standard slope of 1:12 (8%) is recommended.

2. Manifold Valves: Always use a 3-valve or 5-valve manifold. This allows for
zero-checking and venting without shutting down the process. It also protects the
diaphragm from over-pressure during commissioning.

3. Temperature Effects: Significant temperature swings can change the density of
the fluid in the wet leg or capillaries. In outdoor installations, heat tracing or
insulation may be required to keep the fill fluid density stable.

4. Sediment Traps: If the process fluid contains solids, sediment traps should be
installed to prevent the impulse lines from plugging, which would lead to a "frozen"
level reading.

Welk Reference Guide 7



WELK REFERENCE GUIDE How to Calculate Dp

| Common Risks and Limitations

When learning how to calculate dp, it is vital to recognize the limitations of the
technology:

Density Sensitivity: DP transmitters measure mass, not volume. If the temperature
of the liquid increases, its density decreases. The transmitter will perceive this as a
drop in level even if the volume remains the same. In applications with high
temperature fluctuations, temperature compensation is necessary.

Condensation in Dry Legs: As mentioned, a dry leg that accidentally collects
condensate will cause a significant drift in the zero point. Regular draining or
switching to a wet leg/remote seal is required.

Capillary Delay: In systems using remote seals with long capillaries, the response
time may be slower due to the viscosity of the fill fluid, especially in cold
environments.

| Frequently Asked Questions (FAQ)

Q: How do | handle a tank with a vacuum?

A: For vacuum applications, a wet leg or remote seal is mandatory. A dry leg is
unreliable because the vacuum can pull process vapors into the impulse line,
where they may condense or flash, causing erratic readings.

Q: Can | use DP for fluids with varying density?

A: It is difficult. If the density varies significantly (e.g., mixing different chemicals),
you would need a second DP transmitter to measure density in real-time or switch
to a technology that is independent of density, such as Radar.

Q: What is the difference between "calibration" and "ranging"?

A: Ranging is the process of setting the 4mA and 20mA points based on your DP
calculations. Calibration is the process of verifying that the instrument's output
matches a known pressure standard. Most modern smart transmitters are
pre-calibrated at the factory, so users only need to perform ranging.
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| Conclusion

Mastering how to calculate dp is a fundamental skill for ensuring process efficiency
and safety. By accurately accounting for tank geometry, fluid density, and
installation offsets like wet legs or zero suppression, engineers can leverage DP
technology for precise level control. For those seeking advanced hardware
solutions, including radar level meters and specialized DP transmitters, visiting the
Main Page of professional manufacturers like Welk provides access to the technical
specifications and expert support necessary for complex industrial automation
projects.
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