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In industrial level measurement, selecting the correct pressure transducer range is
a fundamental engineering decision that directly impacts the accuracy, safety, and
longevity of the instrumentation. Hydrostatic pressure transducers, often used in
water treatment, chemical processing, and oil and gas applications, rely on the
relationship between the height of a liquid column and the pressure exerted at the
base of that column. Choosing a range that is too narrow leads to signal clipping
and potential sensor damage, while a range that is too wide results in poor
resolution and diminished accuracy.

This guide provides a technical overview of how to determine the appropriate
pressure transducer range for various industrial applications, the principles of
hydrostatic measurement, and the practical considerations for installation and
maintenance.

| Fundamentals of Hydrostatic Level Measurement

Before selecting a pressure transducer range, it is essential to understand the
physical principles governing hydrostatic level measurement. A pressure
transducer measures the force exerted by a liquid column due to gravity. This is
known as hydrostatic pressure.

| The Hydrostatic Equation

The pressure at the bottom of a tank or vessel is determined by the following
formula:

P=pxgxh

Where:

P is the hydrostatic pressure (typically in Pascals or Bar).

p (rho) is the density of the liquid (kg/ms3).

g is the acceleration due to gravity (approximately 9.81 m/s?).

h is the height of the liquid column above the sensor (meters).
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In practical field engineering, this is often simplified. For water at standard
temperature (density = 1000 kg/m?3), every 10 meters of water column (mWC)
exerts approximately 1 bar (14.5 psi) of pressure. However, for industrial fluids like
oils, acids, or brines, the specific gravity (SG) must be factored in to ensure the
pressure transducer range is calculated accurately.

| Gauge vs. Absolute Pressure

For most level applications in vented tanks, a gauge pressure transducer is used.
These sensors are vented to the atmosphere via a capillary tube in the cable,
allowing the sensor to subtract atmospheric pressure from the total pressure
measurement. This ensures that the output reflects only the pressure exerted by
the liquid height. In sealed or pressurized vessels, differential pressure (DP)
transmitters or absolute pressure sensors may be required to account for the
headspace pressure.

| Defining Pressure Transducer Range Parameters

When reviewing technical specifications from a manufacturer like Welk, several
terms define the limits and capabilities of the sensor. Understanding these is
critical to avoiding mechanical failure.

| 1. Nominal Range (Full Scale)

The nominal range, or Full Scale (FS), is the maximum pressure the sensor is
designed to measure while maintaining its stated accuracy. For example, a sensor
with a 0-1.0 bar range is optimized for a water depth of approximately 10.2
meters.
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| 2. Overpressure Limit

The overpressure limit is the maximum pressure that can be applied to the sensor
without causing a permanent shift in calibration or a change in performance
specifications. Typically, this is 1.5x to 3x the nominal range. If a 1 bar sensor is
subjected to 1.5 bar, it should return to its zero point once the pressure is
removed, provided it stays within the overpressure rating.

| 3. Burst Pressure

Burst pressure is the theoretical limit at which the sensor's diaphragm or housing
will mechanically fail, leading to leakage. This is usually significantly higher than
the nominal range (often 5x or more), but reaching this point results in the total
destruction of the instrument.

|4. Turndown Ratio (Reranging)

Many modern smart transmitters allow for a "turndown," where the 4-20mA output
is scaled to a smaller portion of the nominal range. For instance, a 10 bar sensor
might be turned down to measure 0-2 bar. While this provides flexibility, it is
important to note that the accuracy is usually calculated based on the original Full
Scale, so turning down a sensor too far can increase the relative error of the
measurement.

Selecting the Optimal Range for Industrial
Applications

Selecting the pressure transducer range requires a balance between protecting the
sensor from surges and maintaining high-resolution data. For more information on
various level measurement technologies, engineers can consult the Welk Main
Page for detailed product specifications.

Welk Reference Guide 4



WELK REFERENCE GUIDE Pressure Transducer Range

|Step-by-Step Selection Process

1. Determine Maximum Liquid Height: Identify the highest possible level the liquid
can reach, including potential overfill scenarios.

2. Account for Density: Multiply the height by the specific gravity of the fluid. A
5-meter tank of sulfuric acid (SG 1.84) exerts much more pressure (0.90 bar) than
a 5-meter tank of water (0.49 bar).

3. Add a Safety Buffer: It is standard practice to select a sensor range that is 10%
to 25% higher than the maximum calculated hydrostatic pressure. This prevents
the signal from "flat-lining" at 20mA if the tank is slightly overfilled and protects
the diaphragm from minor pressure spikes.

4. Consider Dynamic Forces: In applications involving heavy agitation or pumping,
localized pressure surges (water hammer) can occur. In these cases, a higher
overpressure rating or a snubbing device may be necessary.

| Technical Selection and Scaling Tables

The following table provides a reference for selecting a pressure transducer range
based on common industrial fluids and tank heights.

Welk Reference Guide 5



WELK REFERENCE GUIDE Pressure Transducer Range

Fluid Type Specific Max Tank Calculated Recommended
Gravity (SG) Height (m) Pressure (bar) Sensor Range
(bar)

Water 1.00 2.0 0.196 0-0.25

Water 1.00 5.0 0.491 0-0.60

Water 1.00 10.0 0.981 0-1.20

Diesel Fuel 0.85 8.0 0.667 0-1.00
Sulfuric Acid 1.84 4.0 0.722 0-1.00

(98%)

Saturated Brine 1.20 6.0 0.706 0-1.00
Vegetable Oil 0.92 12.0 1.083 0-1.60

Note: Calculations use P = (Height x SG) / 10.197 to convert meters of liquid to
bar.

Installation Guidelines for Accurate Range
Performance

Even a perfectly ranged pressure transducer will provide inaccurate data if
installed incorrectly. To maintain the integrity of the pressure transducer range,
follow these engineering best practices:

|Venting and Atmospheric Compensation

For gauge pressure sensors, the breather tube located inside the cable must
remain unobstructed. If the tube is blocked or kinked, the sensor cannot
compensate for changes in barometric pressure, which can cause an error of
several centimeters in level measurement. In high-humidity environments, a
desiccant cartridge should be attached to the end of the vent tube to prevent
moisture from condensing inside the sensor housing.
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| Mounting Location

The sensor should be mounted in a location where the fluid is relatively still. Avoid
placing the transducer directly in the path of an inlet pipe or near a high-speed
agitator, as the kinetic energy of the moving fluid (dynamic pressure) will be added
to the hydrostatic pressure, resulting in a false high-level reading.

| Submersible vs. Externally Mounted

Submersible Transducers: These are dropped into the liquid from the top. They
must be weighted or secured in a stilling well if there is turbulence.

External Transducers: These are mounted to a flange or threaded NPT port at the
bottom of the tank. A shut-off valve should be installed to allow for sensor removal
without draining the tank.

| Limitations and Environmental Impacts

While hydrostatic pressure transducers are reliable and cost-effective, they have
specific limitations related to their range and the medium they measure.

Density Fluctuations: Since the sensor measures pressure, not actual height, any
change in liquid density will change the output. Temperature is the most common
cause of density changes. If a liquid is heated, it expands and its density drops; the
pressure transducer will report a lower level even if the volume remains the same.

Viscous and Clogging Media: In applications with slurries or high-viscosity fluids,
the pressure port of the transducer can become clogged. In these instances, a
flush-diaphragm design is preferred over a recessed-port design.

Vacuum Conditions: Standard hydrostatic sensors are not designed for vacuum
service. If a tank is pulled into a vacuum, the diaphragm may be sucked outward,
causing permanent damage or calibration shift.
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| Frequently Asked Questions (FAQ)

Q: Can | use a high-range sensor (e.g., 10 bar) to measure a small tank (e.g., 1
meter)?

A: While technically possible, it is not recommended. A 10 bar sensor measuring
0.1 bar (1 meter of water) is only using 1% of its total range. The accuracy of the
sensor is typically a percentage of the Full Scale (e.g., 0.5% FS). In this case, the
error margin might be as large as the total measurement you are trying to take.

Q: How often should | check the calibration of the pressure transducer range?

A: For most industrial applications, an annual calibration check is sufficient.
However, in critical applications or those with extreme temperature cycles,
semi-annual checks are advised to account for potential "zero drift."

Q: What is the difference between "Range" and "Span"?

A: The range refers to the limits between which the pressure is measured (e.g., 0
to 5 bar). The span is the algebraic difference between the upper and lower range
values (e.g., 5 bar). If a sensor is calibrated for 1 to 5 bar, the range is 1-5 bar, and
the span is 4 bar.

Q: Does the cable length affect the pressure transducer range?

A: The length of the cable does not affect the pressure range itself, but for very
long cable runs (over 500 meters), the electrical resistance of the wire may need
to be considered for the 4-20mA loop power supply. The venting tube length,
however, must match the cable length to ensure proper atmospheric
compensation.
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| Conclusion

Selecting the appropriate pressure transducer range is a critical step in designing a
reliable level measurement system. By understanding the relationship between
fluid density, height, and hydrostatic pressure, engineers can specify instruments
that offer the best balance of precision and durability. For a wide selection of
industrial level measurement solutions, including radar and ultrasonic options,
please visit the Welk Main Page to explore our full product catalog and technical
support resources.
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