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Combustion Analysis Overview /
Servomex

 \WWhy measure gases during combustion?
» Detecting oxygen rich conditions: O, measurement
* Detecting fuel rich conditions: CO measurement

e Combustion analyser types




Combustion:
Why measure gases? /Servomex

Complete Combustion

C,H, + (x+(Y/,))0,@ XCO, + (¥/,)H,0 + HEAT

FUEL + OXYGEN® CARBON DIOXIDE + WATER + HEAT




Combustion Efficiency /Servornex

FUEL RICH A
Incomplete combustion %

Too little oxygen =
some fuel not burnt;

2000ppm excess

CO above ideal

means 1% extra
fuel cost
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Combustion Efficiency /Servornex

FUEL RICH A
Incomplete combustion %

Too little oxygen =
some fuel not burnt:

2000ppm excess

CO above ideal

means 1% extra
fuel cost

AIR RICH
complete combustion

Too much air
= cooling effect:
1.5% excess oxygen above
ideal means 1% extra fuel cost
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Combustion Efficiency /Servomex
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Efficient control also reduces emissions of SOx and
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Combustion Control: O , Measurement
Detecting air rich conditions

How can oxygen be measured?

Paramagnetic
* High accuracy but need sample system as hot and wet
« Slows down analysis and increases cost

“Zirconia” (zirconium oxide, zr0,) based analysers
e Suitable accuracy, no need for sample system

e Fast analysis, low maintenance and lower cost

e “Net” vs. gross measurement



Sample conditioning:
Hot/Wet vs. Cold/Dry Servomex

Volume of dirty, wet
sample gas at
T °C, P kPa

Clean, dry sample gas
at reference conditions
ca. 0°C, 101.3 kPa

\ Polluting

Water Components

Polluting
Components




Combustion Control: /
Oxygen Measurement /Servomex

Zirconium oxide (zirconia) based techniques

Heated Chamber

Zirconia disk

At high temperatures, zirconia
conducts electricity through the
movement of oxygen ions.

Electrodes
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Combustion Control: /
Oxygen Measurement /servomex

Zirconium oxide (zirconia) based techniques

When the oxygen concentration
on each side is different ,

an emf related to oxygen
concentration is generated.

Reference
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Combustion Control: CO Measurement
Detecting fuel rich conditions

How can CO be measured?

Infra red extractive
* High accuracy but need sample system as hot and wet

« Slow, expensive and out of phase with oxygen

Infra red cross stack
 Wet, dirty, hot and corrosive combustion gases

« Vibration means electronic filtering necessary, so
measurement precision and speed reduced

Catalytic devices

 Measure “combustibles” as CO equivalents (COe)
 Cost effective COe measurement in phase with oxygen



Combustion Control:
CO via Catalytic Pellistors /servomex

1) Resistor covered with ceramic to

make a bead
2) Bead covered with catalyst
\ 4
—&

3) Whole device enclosed
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Combustion Control:
CO via Catalytic Pellistors /servomex

1) Resistor covered with ceramic to
make a bead

2) Bead covered with catalyst

3) Whole device heated

4) Sample enters and reacts with
catalyst, creating heat
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Combustion Control:
CO via Catalytic Pellistors /servomex

Resistor covered with ceramic to
make a bead

Bead covered with catalyst
Whole device heated

Sample enters and reacts with
catalyst, creating heat

Heat changes resistance, so
effect can be measured.
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Combustion Control:
CO via Catalytic Pellistors /servomex

Modern devices often have two pellistors to reduce flow effects
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Coated Pellistor Uncoated Pellistor
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Combustion Control:
CO via Catalytic Pellistors /servomex
Limitations

» Pellistors not perfectly matched.

e Radiative heat losses will be different.

e Dirt in sample builds up on sample pellistor but not on
reference = drift

e Simple catalyst — easily poisoned or inhibited
* Results in crude measurement eg 0-2500ppm £ 125ppm

 Used on 700B, previous generation Servomex combustion unit,
AND STILL USED BY OUR COMPETITORS.

©Servomex Group Limited 2006



Combustion Control: /
CO via Thick Film Sensor /servgmex

Very thin platinum tracks are
printed onto a ceramic disk.

These form resistors in a
“Wheatstone bridge”, an
arrangement that allows small
changes in resistance to be
accurately detected.
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Combustion Control:

CO via Thick Film Sensor

A special catalyst that is
selective to CO is then
printed over two quadrants
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Combustion Control:

CO via Thick Film Sensor

Any CO in the sample will
burn on the surface of the
catalytic material, creating a
change in temperature.
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Combustion Control:

CO via Thick Film Sensor
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The change in temperature is detected by the platinum tracks
underneath, changing their resistance, which can be detected.
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Combustion Control:

Analyser Types

In-situ Diffusion Probe = 1_

High Flow Extractive
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Combustion Analyser Types:
Diffusion Probe
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FURNACE CERAMIC FILTER

\ N
RN
\
/
N
l\\\\\\\\Qt/ SN

/

ZIRCONIA SENSOR

22 v,

PURGE

©Servomex Group Limited 2006



Combustion Analyser Types:
Diffusion Probe

A4
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For applications > 700C a Diffusion probe will
use an “extractive” adaptor



Combustion Analyser Types:
Diffusion Probe Features

e Sensors positioned in the flue gas

» Direct mounting, no sample system
Suitable to approx. 1200F (higher with bypass)
Service considerations (probe must cool down)
Oxygen only measurement
Less dynamic response (Vs. ex situ)

e Summary
 Typically lower purchase cost (vs. ex situ)

« Sensor lifetime limited by location in the flue (hot, corrosive)
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Combustion Analyser Types:
Diffusion Probe Manufacturers

« Rosemount / Emerson / Westinghouse (WC 3000, OCX 4400)
 Yokogawa (ZA8C / Zz021D)

 ABB (ZFG2)

 Enotec (Comtec 5000)

 Novatech

e (Co0Ssa



Typical In Situ O2 Probes



Combustion Analyser Types:

High Flow Extractive Type

REFERENCE CHAMBER

/

O_sk_\\

|~ ZIRCONIA SENSOR

SAMPLE &

AIR OUT l\
SAMPLE IN ‘Q\ T

~

N

(

ASPIRATOR
AIR IN



Combustion Analyser Types:
Low Flow Extractive Type

Sensors in heated box outside process wall

THE » Sensors protected from harsh conditions
Use pellistor or thick film sensor for combustibles

Ability to do many applications via different probes

Low flow models have less risk of blocking

Can include flame traps as standard

Fast dynamic response

Summary
Fast, accurate, long life measurement possible

OK for dusty and high temperature applications

Manufacturers
e Servomex, Thermox, Emerson GE/Panametrics
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Servomex 2700 CGA

Applications - Process Heater
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/700 CGA
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2700 Probes

Power Station Applications
Supported & Shrouded Filter Probe



