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In industrial process control, the accurate measurement of liquid levels is critical
for safety, efficiency, and inventory management. While many instruments are
mounted directly onto a vessel, certain applications—characterized by turbulence,
foam, or high temperatures—require a more controlled environment. This is where
the level bridle, also known as a bypass chamber or external cage, becomes an
essential component of the instrumentation architecture.

A level bridle is essentially a vertical pipe mounted to the side of a process vessel,
connected by nozzles at the top and bottom. It acts as a secondary container that
mimics the fluid level of the primary vessel while providing a stable, isolated
environment for measurement instruments. This guide explores the engineering
principles, selection criteria, and installation best practices for level bridles in
modern industrial automation.

| Measurement Principles of the Level Bridle

The fundamental principle behind a level bridle is the law of communicating
vessels (hydrostatic equilibrium). According to this principle, when two or more
containers are connected and contain a homogeneous fluid, the liquid level
remains the same in all containers, regardless of their shape or volume, provided
the pressure above the liquid is identical.

| The Communicating Vessels Concept

By connecting the bridle to the vessel at two points (one in the vapor space and
one in the liquid space), the fluid level within the bridle equalizes with the level in
the main tank. This allows the measurement instrument—whether it is a radar
level meter, a magnetic level gauge, or a level switch—to sense the fluid level
without being exposed to the internal dynamics of the main vessel.
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| Signal Stabilization

In many industrial tanks, the surface of the liquid is agitated by mixers,
high-velocity inflow, or boiling. Direct measurement in such environments can lead
to "noisy" data or signal loss. The level bridle acts as a mechanical filter. The
narrow column of the bridle dampens surface turbulence and dissipates foam,
providing a "still well" effect that allows instruments like Guided Wave Radar
(GWR) or ultrasonic sensors to provide a steady, reliable output.

| Key Components and Design Standards

A level bridle is not merely a piece of pipe; it is a pressure-retaining vessel that
must comply with strict engineering standards, such as ASME B31.3 (Process
Piping) or ASME Section VIIl (Pressure Vessels). The typical construction includes:

1. The Chamber (Body): Usually constructed from 2" to 4" (50mm to 100mm)
schedule pipe. The diameter is chosen based on the instrument type; for example,
a magnetic level gauge typically requires a 2" or 2.5" chamber, while a displacer
might require 3" or 4",

2. Process Connections: These are the inlet and outlet nozzles that connect the
bridle to the tank. They are usually flanged to allow for isolation via valves.

3. Instrument Connections: These are the ports where the actual level sensors are
mounted. They can be located at the top, side, or bottom of the bridle.

4. Vent and Drain Ports: Essential for maintenance. The vent (at the top) allows for
the release of trapped gas or air, while the drain (at the bottom) allows for the
removal of sediment or the emptying of the chamber before instrument removal.

| Selection Criteria for Level Bridles

Choosing the right level bridle requires a thorough understanding of the process
media and the environmental conditions. The following table outlines the primary
evaluation criteria for engineering a bridle system.
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| Table 1: Level Bridle Selection Matrix

m Specification Options Engineering Consideration

Material of Construction Carbon Steel, 304/316L

Stainless Steel, Hastelloy,

PVC/CPVC

Pressure Rating Class 150, 300, 600, 900,

2500 (ASME)

Temperature Range -196°C to +450°C

Connection Type Flanged, NPT Threaded,

Socket Weld

Chamber Diameter

Corrosion Allowance 1.5mm to 6mm

| Advantages of External Mounting

2" (50mm) to 8" (200mm)

Must match the vessel
material and chemical
compatibility of the fluid.

Must exceed the maximum
design pressure of the
process vessel.

High temperatures may
require steam jackets or
insulation to prevent density
errors.

Flanged connections are
preferred for high-pressure
and hazardous services.

Depends on the size of the
sensor probe or the float
used in magnetic gauges.

Necessary for carbon steel
bridles in corrosive
environments.

Integrating a level bridle into a system offers several operational advantages over

direct vessel mounting:

Ease of Maintenance: By using isolation valves between the tank and the bridle,
technicians can calibrate or replace instruments without shutting down the entire

process or emptying the main vessel.

Instrument Protection: The bridle protects sensitive probes from mechanical
damage caused by agitators or heavy debris within the tank.
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Enhanced Accuracy for Radar: For non-contact radar or Guided Wave Radar, the
bridle acts as a waveguide, concentrating the signal and reducing interference
from internal tank structures like ladders, pipes, or baffles.

Multi-Instrument Integration: A single large bridle can house multiple instruments,
such as a primary radar transmitter and a secondary high-level alarm switch,
reducing the number of penetrations required in the main vessel.

| Installation Considerations and Best Practices

Proper installation is paramount to the accuracy of a level bridle system. Failure to
follow geometric and mechanical guidelines can result in significant measurement
errors.

| Vertical Alignment

The bridle must be installed perfectly vertical. Even a slight tilt can cause a float (in
a magnetic level gauge) to bind against the chamber walls or cause a radar signal
to reflect poorly off the liquid surface. A maximum deviation of 0.5 degrees is
generally the industry standard.

| Isolation and Bypass Valves

Always install full-port isolation valves between the vessel and the bridle. This
allows the bridle to be "blocked in" for maintenance. It is also recommended to
install a bypass line if the process is critical and cannot afford any downtime during
instrument servicing.

| Venting and Draining

Air pockets trapped in the top of the bridle or sediment buildup at the bottom will
cause the level in the bridle to differ from the level in the tank. Ensure the vent is
connected back to the vapor space of the tank or to a safe flare system, and that
the drain is accessible for regular flushing.
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| Heat Tracing and Insulation

If the process fluid is viscous or has a high freezing point, the fluid in the bridle
may cool down faster than the fluid in the main tank because of the bridle's high
surface-area-to-volume ratio. This temperature difference causes a density
change, leading to a "level offset" error. In such cases, the bridle should be
insulated or heat-traced to maintain the same temperature as the main vessel.

| Limitations and Potential Risks

While highly effective, level bridles are not suitable for every application.
Engineers should be aware of the following limitations:

1. Clogging and Fouling: In applications with high solids content, slurries, or fluids
that polymerize, the small-diameter piping of a bridle can easily clog. This
effectively "locks" the level reading, which can be extremely dangerous if the level
in the main tank continues to rise.

2. Density Errors: As mentioned, if the temperature in the bridle differs from the
tank, the hydrostatic balance is affected. For every 10°C difference, the level error
can be significant depending on the fluid's thermal expansion coefficient.

3. Flashing and Boiling: If the liquid in the bridle is heated by external sources (like
solar radiation) or if the pressure drops suddenly, the liquid may flash into vapor,
causing erratic readings and potentially damaging the instrument.

4. Response Lag: Because the fluid must flow through the connecting nozzles to
reach the bridle, there is a slight time lag between a level change in the tank and
the corresponding change in the bridle. This is usually negligible but should be
considered in high-speed control loops.

| Frequently Asked Questions (FAQ)

Q: Can | use a level bridle for interface measurement?

Welk Reference Guide 6



WELK REFERENCE GUIDE Level Bridle

A: Yes. Level bridles are excellent for measuring the interface between two
immiscible liquids (e.qg., oil and water). However, you must ensure that both the
upper and lower nozzles are positioned such that they always span the expected
interface range.

Q: What is the difference between a stilling well and a level bridle?

A: A stilling well is a perforated pipe installed inside the vessel, whereas a level
bridle is a separate chamber installed outside the vessel. Bridles offer the
advantage of isolation for maintenance.

Q: How often should a level bridle be flushed?

A: The frequency depends on the cleanliness of the process media. In clean water
applications, annual inspection may suffice. In heavy oil or chemical processes,
monthly flushing via the drain valve may be required to prevent sediment buildup.

Q: Does the diameter of the bridle affect the level reading?

A: No. According to the principle of communicating vessels, the diameter does not
change the height of the liquid. However, the diameter must be large enough to
accommodate the sensor and allow for adequate fluid flow.

| Conclusion

The level bridle remains a cornerstone of industrial instrumentation, providing a
stable and maintainable platform for complex level measurements. By isolating the
measurement from the turbulence and hazards of the main process vessel, it
ensures higher accuracy and longer instrument life. When selecting a bridle,
engineers must prioritize material compatibility, pressure ratings, and thermal
management to ensure the integrity of the measurement loop.

For professionals seeking high-performance instrumentation to pair with these
systems, Welk offers a range of advanced radar and ultrasonic solutions designed
for seamless integration. To explore specific instrument options and receive
application-specific support, visit the Main Page for a comprehensive overview of
available technologies.

Welk Reference Guide 7



