AIM100
Steam Turbine Air In-Leakage

• Online monitor for improved turbine
efﬁciency
• Diagnose condenser tube fouling, air
blanketing and faulty vacuum pumps
• Provides post maintenance shut-down
diagnostics
• Easy single point installation
• Five continuous 4-20mA outputs
• RS232 or RS485 interface
• Reduced emissions
• Payback in days or weeks on many
installations
Design Philosophy
The beneﬁts of improved steam turbine power
plant efﬁciency not only help power utilities’ ﬁnancial performance, they also result in signiﬁcantly
reduced emissions. All Efﬁciency Engineers strive
to improve their plant’s performance, yet the
beneﬁts of monitoring air in-leakage are not yet
universally understood.
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Steam turbine operators may, perhaps, regard
their plant as optimised but have not realised that
their turbine condenser conditions may be costing
the business millions a year in lost output.

The greatest contributor to poor levels of vacuum
is air in-leakage from the many ﬂanged joints, pipe
and component welds in the steam containment
system. For over 20 years, Chell’s AIM, now in
its latest Mk3 guise, has been reliably providing
efﬁciency engineers worldwide with the data they
need to manage condenser performance scientiﬁcally. Continuous trending of plant conditions via.
4-20mA, RS232 or RS485 outputs of Absolute &
Differential Pressure, Temperature and Air Flow,
enables detailed analysis of condenser overall
conditions.

The AIM-100, when continuously monitoring
condenser exhaust conditions, has frequently
provided its users with a payback of days or, at
most, weeks!

Additionally, the temperature indication provides
trending feedback on tube fouling, cooling water
ﬂow and absolute pressure on vacuum pump
performance.

Often considered a reliable component of the generation cycle, the condenser processes exhaust
steam under vacuum & returns it to the plant as
water condensate feed to the boiler, where it is
once again turned to steam. One of the most critical factors of this whole cycle is the level of vacuum
achieved in the condenser because it controls the
turbine backpressure and therefore the level of
energy extracted from the steam.

The latest design reﬁnements incorporated in the
AIM-100 include the placement of the circuit on a
well-proven dual-processor board common with
two other Chell multi-channel products, further
aiding long-term reliability and serviceability.
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Economic Justification
Excessive air in-leakage and ineffective
non-condensable gas removal can lead to
condenser inefﬁciencies of over 20%. One
generator recently estimated the cost of air
in-leakage on a 500MW turbine as in excess
of £1600 ($2400) per mbar (0.03inHg)
per week. In addition to the increased
generation costs, the man/hours taken to
locate the source of the leak are a major
concern.
AIM enables trends to be picked up at an
early stage and relevant corrective action to
be taken. Once air in-leakage is detected,
comparison of the individual measured
parameters under differing plant load

conditions with historical data and with other
plant measurements, is useful in indicating
the most likely source of leak. AIM also tells
you instantly if a repair has had the desired
effect.
Continuous output of all the measured
parameters via 4-20 mA signals and RS232
or 485 interfaces allow data logging, further
analysis of the information, trending and
full integration into the plant management
system. Users also report much faster plant
start-up after shut-down or maintenance.

High Integrity Parameter Measurement

The AIM100 incorporates the most stable and repeatable absolute & differential pressure measuring
sensors and platinum resistance thermometer instruments and are designed for utmost reliability.
Apart from the microprocessor board, components are selected for their worldwide availability so that
in the unlikely event of a failure, repairs may be easily effected in the ﬁeld, thus reducing downtime.
Component accessibility is aided by our design layout giving fast, easy access for ﬁeld repair by
authorised service providers.
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Air In-leakage Calculation

AIM100 makes the measurement of total air ﬂow
in the main air extraction or suction pipe between
the condenser and the air extraction plant. If the
mixture of air and steam ﬂowing in the pipework is
considered as two perfect gases, Dalton’s Law of
Partial Pressures can be used to establish the
steam to air mass ratio.
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Measurement of the total ﬂow in the pipe using
an averaging pitot tube therefore allows the two
component ﬂows to be individually assessed.
Dalton’s Law requires measurements of
temperature and static pressure of the ﬂowing
mixture. With the steam partial pressure
assumed equal to the saturation pressure
corresponding to the measured temperature,
the air partial pressure is then obtained by
subtraction.
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AIM Installation Diagram

Interfaces
Power supply

PRT Interfaces

PRT probe interface
connector

Velocity and absolute
pressure sensor

Steam / Air mixture
from condenser
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AIM100 Principle of Operation
Reliable methods of measuring air in-leakage have
long been sought by power plant engineers but
unfortunately, due to the ﬂow conditions in the only
viable locations to obtain the total air ﬂow, (namely
just upstream or downstream of the air extraction
plant) most techniques have their drawbacks.
They can suffer from water clogging, poor sensitivity
or fragility, with perhaps the biggest disadvantage
being that they are not truly continuous. A real time,
on-line measurement is what most engineers desire,
which would give the plant operators current and
trend indications of plant performance.
The principle of the AIM is to measure the total
steam-air mixture ﬂow in the air extraction pipework
between the condenser and air plant, (this
eliminates rogue air leaks at the air plant itself) and
by also measuring the steam to air ratio, deduce the
component of air.

The total ﬂow is measured by a heated high
accuracy differential capacitance manometer
connected to an averaging pitot-static probe
carefully sited in the air suction pipework.
The steam/air ratio is obtained by accurately
measuring the absolute suction pressure with an
absolute capacitance manometer and the local
temperature using a high accuracy platinum
resistance thermometer on the centreline of the
probe. The simple application of Dalton’s Law of
Partial Pressures by the microprocessor then
provides the solution.
The gathering, processing and display of data is
all microprocessor controlled, housed with the rest
of the interface electronics and the transducers in
a robust ﬁxed enclosure. All the parameters,
namely measured differential pressure, absolute
pressure and temperature, with calculated air ﬂow
rate and percentage air can be displayed locally,
sent via 4-20mA signal or RS232/485 interfaces
to control rooms or outstations for logging and
trending.

Averaging Pitot Tube

Wet steam, water droplets, pulsing pressure
and ﬂow, and varying temperatures make the
condenser air extraction pipe an aggressive
atmosphere to install a sensor in. Sensors with
active electronics in this environment are often
unreliable and suffer from premature failure.
Chell’s Air Ingress Monitor uses an averaging
Pitot tube which has no moving parts, and only
exposes 316L stainless steel to the steam/
air mixture. Differential and absolute pressure
tappings are connected to the AIM100 via
ﬂexible impules lines, as is a precision platinum
resistance thermometer. All the measurement
transducers are in the AIM housing, which
is typically located in an easily accessible
position, several metres from the Pitot tube.
This conﬁguration has been proved to be
extremely reiable having been used for more
than 20 years without a single failure.
Averaging Pitot tubes are manufactured to suit the diameter of each air extraction pipe, they are 25mm (1”) diameter
and completely span the pipe diameter without causing a noticeable pressure drop. The side facing the steam/air ﬂow
has multiple holes along it’s length to measure dynamic pressure across the tube diameter and has a separate internal
averaging tube, a single hole facing away from the ﬂow measures the static pressure. Velocity of the steam/air ﬂow is
proportional to the differential pressure developed across the Pitot tube, and as the pipe cross sectional area is known,
the volumetric ﬂow rate is calculated. In order to allow for pipe tolerances, ovality, and shrinkage during welding of the
mounting boss dynamic measurement points are spaced away from the pipe inside diameter, they are also slotted to
prevent them from ﬁlming over.
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AIM Configuration

Every power plant has its own individual design features and the easiest way to optimise an AIM
installation is by completing the Conﬁguration Questionnaire to be found at :
http://www.chell.co.uk/media/product_data/Manuals/AIM_Conﬁg.pdf
Many features such as multiple vacuum exhaust lines, horizontal, vertical and with many bends have
already had successful AIM installations and our Applications Engineers are always happy to visit your
site to assist in completion of the form.
Further documentation, including a user manual can be found at:
http://www.chell.co.uk/product_details/power-generation/air-ingress-monitor

Calibration and Support
The AIM100 has been designed to
give long, reliable service in typical
power plant environments, indeed
most of the ﬁrst generation are now
20 years old & are still giving good
service. Some users prefer to have
their instrumentation on a
calibration cycle, returning their
instruments to Chell’s UKAS
Laboratory for both calibration and
any ﬁrmware upgrade available.
Having some of the lowest
uncertainties available for pressure,
vacuum & gas ﬂow calibrations, the
Chell calibration laboratory provides
our customers with the highest
conﬁdence in their subsequent onplant measurements. We also offer
an on-site calibration service for
those who wish to avoid the
downtime.

Chell Instruments Ltd
Folgate House
Folgate Road
North Walsham
Norfolk NR28 0AJ
England
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Tel.: +44 (0)1692 500555
Fax: +44 (0)1692 500088
E-mail : sales@chell.co.uk
Web site : www.chell.co.uk
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