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In the field of industrial process control and level measurement, impulse
lines—also referred to as instrument piping or sensing lines—play a critical role in
ensuring the accuracy and reliability of pressure-based measurements. These
small-bore pipes or tubes serve as the physical interface between the process fluid
(liquid, gas, or steam) and the sensing element of a transmitter. While modern
non-contact technologies like radar and ultrasonic sensors are increasingly
common, hydrostatic level measurement using differential pressure (DP)
transmitters remains a cornerstone of industrial automation, and these systems
rely heavily on properly engineered impulse lines.

Understanding the design, installation, and maintenance of impulse lines is
essential for engineers and technicians. A failure in the impulse piping system
often results in measurement errors, slow response times, or total instrument
failure, even if the transmitter itself is functioning perfectly. This guide provides a
comprehensive technical overview of impulse lines, their principles of operation,
and best practices for industrial applications.

| Understanding the Principles of Impulse Lines

The fundamental purpose of an impulse line is to transmit the process pressure
from a specific point in a vessel or pipe to a remote-mounted instrument without
altering the pressure magnitude. In level measurement, this is typically based on
Pascal’s Law, which states that pressure applied to a confined fluid is transmitted
undiminished to every portion of the fluid and to the walls of the containing vessel.

| Hydrostatic Pressure and Level

In a liquid storage tank, the pressure at the bottom is directly proportional to the
height of the liquid and its density. A differential pressure transmitter measures the
difference between the high-pressure side (bottom of the tank) and the
low-pressure side (top of the tank for pressurized vessels, or atmosphere for
vented vessels). Impulse lines are the conduits that carry these pressures to the
transmitter's diaphragms.
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| Wet Leg vs. Dry Leg Systems

Depending on the process conditions, impulse lines are configured as either "dry
legs" or "wet legs":

1. Dry Leg: Used when the process gas above the liquid does not condense at
ambient temperatures. The impulse line remains filled with gas. If condensation
occurs, it can fill the line, creating a "head" of liquid that introduces a significant
measurement error.

2. Wet Leg: Used when the process gas is likely to condense. The impulse line is
intentionally filled with a reference liquid (often the process condensate or a
compatible inert fluid) to a known height. This constant liquid head is then
mathematically compensated for in the transmitter's calibration (zero suppression
or elevation).

| Engineering Selection Criteria for Impulse Piping

Selecting the correct materials and dimensions for impulse lines is the first step in
ensuring long-term system integrity. For a wide range of industrial level
measurement instruments, including those found on the Main Page of professional
equipment providers, the following criteria are standard.

| Material Compatibility

The material of the impulse line must be compatible with the process fluid to
prevent corrosion and contamination. Common materials include:

Stainless Steel (316/316L): The industry standard for most water treatment,
chemical, and oil and gas applications due to its excellent corrosion resistance and
mechanical strength.

Carbon Steel: Used in non-corrosive, high-pressure steam or oil applications,
though it requires external protection against atmospheric corrosion.
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Exotic Alloys (Monel, Hastelloy, Inconel): Reserved for highly corrosive media such
as hydrofluoric acid, chlorine, or high-temperature applications where stainless
steel might fail.

| Tubing vs. Piping

Most modern installations utilize seamless stainless steel tubing (typically 12.7 mm
or 1/2 inch OD) rather than threaded pipe. Tubing offers several advantages: it
requires fewer fittings (reducing leak points), is easier to bend around obstacles,
and provides a smoother internal surface which reduces the risk of sediment
buildup.

| Wall Thickness and Pressure Rating

The wall thickness must be calculated based on the maximum allowable working
pressure (MAWP) and the maximum process temperature. For example, a standard
12.7 mm (1/2 inch) stainless steel tube with a 0.89 mm (0.035 inch) wall thickness
is typically rated for approximately 150 bar (2175 psi) at room temperature, which
is sufficient for most level applications.

| Installation Best Practices and Layout

The physical layout of impulse lines is perhaps the most frequent source of
measurement error. Proper installation must account for fluid dynamics and the
potential for trapped gas or liquid.

| Slope Requirements

To allow trapped gas bubbles to rise back into the process vessel (in liquid service)
or to allow condensate to drain back (in gas service), impulse lines must be sloped.
A minimum slope of 1:12 (approx. 8% or 5 degrees) is recommended.

Liquid Service: The transmitter should ideally be mounted below the process taps
so that any gas bubbles can migrate upward.
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Gas Service: The transmitter should be mounted above the process taps so that
any condensed liquid can drain downward.

| Distance and Response Time

While impulse lines allow for remote mounting of instruments away from heat or
vibration, they should be kept as short as possible. Long impulse lines increase the
"lag time" or response time of the measurement and increase the risk of
temperature-induced density changes within the line, which can affect accuracy.

| Manifolds and Valves

A valve manifold (typically 3-way or 5-way) is essential for every impulse line
installation. These manifolds allow the transmitter to be isolated from the process
for maintenance, zero-checked under pressure, or vented safely. The manifold
should be mounted as close to the transmitter as possible.

Practical Selection Table for Impulse Line
Configurations
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Application Type Recommended Material Priority Key Consideration
Line Type

Clean Water / Low Dry Leg / Tubing SS316L Ensure no freezing in

Pressure outdoor installs.

Steam / Condensate Wet Leg (Condensate @ S5316 or Carbon Maintain constant
Pot) Steel liquid level in the

leg.

Viscous Chemicals Remote Seals Alloy C-276 / PTFE Avoid standard

(Capillary) impulse lines; use

diaphragm seals.

High-Pressure Gas Dry Leg SS316 Minimize fittings to
prevent
high-pressure leaks.

Cryogenic Liquids Extended Gas S5304/316 Prevent liquid from
Column reaching the
transmitter.

| Common Risks and Maintenance Challenges

Despite their apparent simplicity, impulse lines are susceptible to several
operational issues that can degrade measurement performance.

| 1. Clogging and Plugging

In processes involving slurries, high-viscosity fluids, or fluids that polymerize, the
small diameter of impulse lines makes them prone to plugging. This isolates the
transmitter from the process pressure, causing the signal to "freeze" or drift
slowly. Regular flushing or the use of chemical tee-type connectors can mitigate
this risk.
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| 2. Leaks

Even a microscopic leak in an impulse line can cause a significant pressure drop
across the line, leading to a false differential pressure reading. In high-pressure
systems, leaks also pose a safety hazard. Periodic leak testing using soap solutions
or ultrasonic leak detectors is a standard maintenance task.

| 3. Temperature Effects and Density Variations

If one impulse line is exposed to a heat source (like a sun-facing wall) while the
other is in the shade, the density of the fluid in the two lines will differ. This density
imbalance creates a false differential pressure. Insulation or "heat tracing"
(electrical or steam) is often required to maintain a uniform temperature across
both legs of the measurement system.

| 4. Gas Entrapment

In liquid-filled impulse lines, small pockets of air or process gas can become
trapped in high points of the tubing. These pockets are compressible, which
dampens the pressure signal and introduces errors. Proper sloping and the
installation of vent valves at the highest points of the tubing run are necessary to
bleed off trapped gas.

| Limitations of Impulse Lines

While impulse lines are versatile, they are not suitable for every application.
Engineers should consider alternative technologies, such as those detailed on the
Main Page, when the following conditions exist:

Extremely Viscous Media: If the fluid cannot flow through a 12.7 mm tube, impulse
lines will fail.

Sanitary Applications: In food, beverage, or pharmaceutical production, impulse
lines represent "dead legs" where bacteria can grow. Direct-mount diaphragm
seals or non-contact radar are preferred.
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High Vibration: Excessive vibration can cause fatigue failure in impulse line fittings
and tubing.

| Frequently Asked Questions (FAQ)

Q: What is the maximum recommended length for an impulse line?

A: While there is no hard limit, most engineering standards suggest keeping
impulse lines under 6 meters (20 feet) to minimize response lag and density errors.
If longer distances are required, consider using a remote seal system with
capillaries or an electronic differential pressure (eDP) system.

Q: How often should impulse lines be blown down or flushed?

A: The frequency depends entirely on the process cleanliness. In clean water
applications, flushing may only be needed during annual maintenance. In heavy oil
or slurry service, it may be required weekly or monthly. Always ensure the
transmitter is isolated before flushing to prevent over-pressure damage.

Q: Can | use plastic tubing for impulse lines?

A: Plastic tubing (such as PE or PTFE) is generally only used for very low-pressure
pheumatic signals or highly specific corrosive environments at low temperatures.
For most industrial process level measurements, metal tubing is required for
pressure rating, fire safety, and mechanical durability.

Q: What is the purpose of a condensate pot in an impulse line?

A: A condensate pot (or seal pot) provides a reservoir of liquid at a constant head.
It is used in steam or vapor applications to ensure that the impulse line remains
filled with liquid, protecting the transmitter from high temperatures and providing a
stable reference pressure.
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| Conclusion

Impulse lines remain a vital component of industrial level measurement
infrastructure. By adhering to rigorous standards for material selection, sloping,
and sealing, operators can ensure that their hydrostatic level systems provide
accurate data for years. However, the complexity of maintaining these lines often
leads engineers to evaluate integrated solutions. For more information on the
latest advancements in level measurement technology and to explore a wide
range of sensor options that may reduce the need for complex impulse piping, visit
the Main Page for expert guidance and product specifications.
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