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As part of the drive to improve energy efficiency, maximise 
throughput and improve product quality, many plant manag-
ers are looking for ways to upgrade their level instrumenta-

tion. Guided Wave Radar (GWR) provides an easy upgrade path for 
many applications and, unlike traditional mechanical technologies, 
GWR has no moving parts - reducing maintenance costs and extend-
ing operational life.

A GWR can be installed directly into a vessel. However, many 
vessels have restrictions that preclude this, including agitators, 
heat exchangers and other internal structures. To overcome this 
problem, instruments are usually installed in a chamber mounted 
on the outside of the vessel. The use of the chamber means that 
the instrument can be isolated for routine maintenance and this is 
particularly useful in applications that measure hazardous liquids or 
liquids at high temperature or pressure. An additional benefit is that 
for applications where there is turbulence in the vessel, the chamber 
acts as a stilling well. 

To provide accurate level measurements from a GWR installed in a 
chamber, it is important that the level within the chamber replicates as 
closely as possible the level inside the vessel. Factors that may affect 
the accuracy of the level measurements taken in the chamber include 
the chamber diameter, size of the process connections between the 
chamber and the vessel, and the ambient conditions. As a general 
rule the use of larger diameter chambers and effective insulation and 
lagging will help to avoid many of the following issues:

Out-gasing effects

If the pressure in the system drops, out-gassing may occur. This 
causes gas bubbles to push the surface level artificially higher (Figure 
1). This effect may be particularly exaggerated in a narrow diameter 

chamber. A larger chamber diameter is less restrictive and out-gassing 
has less effect on the liquid level.

Figure 1: Pressure drop causes fluids to release gas.

Grounding of the probe

Narrow diameter chambers are more susceptible to the probe touch-
ing (grounding) or getting close to the wall of the chamber, especially 
as the length increases. 

Rigid probes are preferred in narrow chambers, but these must 
be installed carefully in order to avoid bending. It is recommended 
that a centring disc is used to prevent the probe from contacting the 
pipe wall when probe length is greater than 1,5 m. If flexible probes 
are used, then provision must be made to pull the probe taut so that 
it does not touch the wall.

Temperature changes

The temperature of the fluid in a chamber may be different from the 
temperature of the fluid in the process vessel, causing the volume 
within to expand or contract, thus changing its representation of 
the level. 

The use of insulation or lagging around the chamber can help 
to prevent this effect.
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Selecting the right chamber is important to speed installation, to ensure accurate level measurements and to provide maintenance-free 

operation.

Abbreviations

ASME – American Society of Mechanical Engineers
CC – Chamber Centre
GWR – Guided Wave Radar
LNG –Liquefied Natural Gas 
PED – Pressure Equipment Directive
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Figure 2: Rosemount 
9901 3" diameter cham-
ber with insulation.

Condensation of vapours

Condensation of vapours can result in the build-up of additional fluids 
in the chamber that are not present in the vessel. This is especially 
common with light end hydrocarbon vapours where the fluid stratifies 
on top of the measured fluid. Again, effective insulation and lagging 
of the chamber can help prevent this effect.

Fluid circulation

With all chamber installations, good fluid circulation is essential to 
prevent stagnant fluids and deposition in the chamber. To accomplish 
this, it is important to minimise any restrictions between the vessel 
and the chamber, and use both larger diameter connections and short 
process connection piping distances. Insulation and heat tracing will 
minimise the temperature change and prevent vapour condensation, 
freezing, or solidification of fluids. In applications where fluid or 
forceful vapours will be introduced into the top connection, a small 
restriction may be needed to prevent any disturbance on the probe.

Using a GWR in an existing chamber

When replacing a traditional level measurement device such as a 
displacer, there may already be a chamber in place which may be 
suitable for a GWR transmitter. Care should be taken to ensure com-
plete compatibility with the GWR level measurement instrument being 
used. Common errors include an incorrectly sized probe, which results 
in either the probe being in contact with the bottom of the chamber 
or, if the probe is too short, it may be unable to provide lower level 
measurements. It is important to understand that level measurements 
are compromised within the upper and lower transition zones of a 
GWR, so when sizing a probe to fit within an existing chamber, this 

factor must be taken in to account. The existing chamber should be 
carefully checked for signs of corrosion, stress or fatigue – particularly 
around the welds. Process plants can be subject to vibration or tem-
perature cycling that can introduce stresses into existing pipework. 
Many level applications are for hazardous materials operating under 
high pressure or temperature, and the chambers may have been in 
situ for many years. In these situations, a chamber failure could result 
in a serious incident.

Selecting a chamber for new installations

When selecting a chamber for new installations, always check that 
the manufacturer uses only certified and traceable materials, and the 
chamber is manufactured and designed to National Standards such as 
ASME or PED. Poor chamber construction can be a source of frustration 
for the instrument installer with issues like snagging of the centring 
disk and chamber discontinuity causing signal noise problems.

A further consideration is that the chamber process connections 
and instrument connection must be sized to match the vessel and 
instrument connections respectively. The location of the bottom 
connection will determine the chamber style (side and side, or side 
and bottom process connections). The chamber centre to centre (CC) 
dimension is a critical and must match the process vessel CC. Once 
the total chamber length is determined, it is important to verify that 
there is sufficient head and ground clearance above and below the 
chamber, allowing for the instrument and drain.

Figure 3: Key cham-
ber considerations.
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The chamber length is specified to accommodate the desired meas-
urement span. The upper and lower portions of the chambers should 
be designed to accommodate the upper and lower transition zones 
of the GWR. The upper transition zone is the minimum measurement 
distance between the upper reference point and the product surface. 
At the end of the probe the measuring range is reduced by the lower 
transition zone. The transition zones vary depending on the probe 
type and fluid dielectric properties.

GWR transmitter and probe selection

For most applications, single lead probes are the best choice. When 
a GWR transmitter is used in a chamber, the microwave signals are 
guided and contained within the chamber. This results in a stronger 
signal from the fluid surface which is an advantage for turbulent or 
low dielectric fluids. Single lead probes are less susceptible to build-up 
and are more tolerant of coating than twin or coaxial probes. In very 
low dielectric but clean fluids, such as liquefied gases (for example 
LNG) a coaxial probe may be used. In steam applications, such as high 

pressure feedwater heat-
ers and boilers, when the 
pressure is greater than 
400 psi (27,6 bar), the 
dielectric of the steam 
vapour will impact the 
level accuracy. Special 
probes are required that 
compensate for this situ-
ation which may require 
a longer chamber top 
end.

Figure 4: Rosemount 
9901 chamber and 5301 
GWR used for condensate 
receiver level control.

Conclusion

As we have seen, there are many factors to consider when installing 
a GWR level measurement instrument in an existing chamber or 
as part of a new installation. When using an existing chamber, the 
GWR must be carefully chosen to ensure the probe is neither too 
long nor too short. 

The chamber must always be checked for cracks and damage to 
ensure operator safety is not being compromised. For new instal-
lations the chamber and GWR must be compatible and there is the 
added complication of ensuring that the chamber fittings match those 
of the vessel and the chosen GWR. Any errors can make installation 
difficult or even impossible. Finally, check that the transition zones 
are outside the desired measurement range. 
Help is available from GWR manufacturers in the form of application 
support and installation advice. For users who wish to take all of the 

risk out of ordering their level measurement products, manufacturers 

can supply a chamber and GWR as a complete solution. By adopting 

this approach many potential problems can be avoided. 

Figure 5: Emerson can supply a combined chamber and GWR solution 
ensuring compatibility.

For example, you can obtain a combined 9901 chamber and GWR 

solution designed to meet industry safety standards. Ordering a 

chamber and GWR device together means they have been assembled 

at the factory before shipping - ensuring they are correctly sized. This 

approach provides the user with a complete measurement solution 

ready to install out of the box, reducing installation and commis-

sioning times.  

Installation checklist

For existing chambers:

• Make sure the chamber and GWR are compatible

• Check chamber is the right length

If using a new chamber:

• Check it will match the fittings on the vessel

• Select chamber diameter to take account of any potential media 

issues such as out-gassing

• Single lead probes are the preferred probe style for chamber 

installations 

• Determine probe length

• Use a centring disc to prevent the probe from contacting the pipe 

wall when probe length is greater than 1,5 m

Case Study

A global grain milling company with sites in the Midwest, United 

States of America, has utilised Emerson’s GWR level transmitters 

and chamber to accurately measure level in a deodoriser application. 

The level measurement and related temperature measurements are 

required to process and deodorise oils to meet their internal food 

quality standards. The GWR transmitter is being used to accurately 

measure the level in the bottom tray of the deodoriser. This enables 
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the retention time to be adjusted to meet oil quality and heat transfer 
conditions. Accurate level measurement also reduces the risk of low 
level conditions which could upset the process and cause the dis-
charge pump to run dry. The company had previously installed two 
absolute pressure transmitters, but wax build up on the diaphragms 
caused poor level measurement reliability. To provide a secondary 
measurement, the company had also installed a GWR level transmit-
ter in a 50 mm (2") diameter chamber. However, the results were 
poor as the chamber was too short to properly capture the full range 
of measurement within the vessel. In addition, the narrow diameter 
did not allow sufficient space for any slight bend or movement of the 
probe as the fluid moved through the chamber. This meant that the 
probe was susceptible to touching (grounding) or getting close to the 
wall of the chamber.

The company primarily needed a low-maintenance, accurate and 
reliable, level measurement and decided to replace the existing units 
and install a correctly specified GWR transmitter and chamber. The 
company considered using its own pipe-fitters to fabricate a suitable 
chamber but in order to avoid any compatibility issues, decided to 
specify a complete Emerson solution that incorporated a chamber, 
radar transmitter and probe pre-assembled and ready to install. Em-
erson supplied a 3,65 metre (12-foot) long, Rosemount 9901, 100 mm 
(4") diameter, SST (side and side) chamber and integrally assembled 
Rosemount 5301 GWR transmitter with flexible single probe, weight, 
centring disc and remote mounted housing or display. The GWR was 
specified with high temperature/high pressure options to meet the 
demands of the process.

Conclusion

The Rosemount 9901 chamber was supplied with the precise de-
sign dimensions required to accommodate both connections to the 
deodoriser tower and other space criteria. The remote GWR with 
integrated display was mounted above the unit where it would be 
accessible to operators and technicians from the floor above, allow-
ing easy access to the display and communication loop. The GWR 
and chamber solution was quick and easy to install and the improved 
accuracy of the level data provided has helped to improve product 
quality, increase throughput and reduce maintenance. 


