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In most generatg units, the regenerative dieateron a large utility boiler oftemccounts for
over 10% of t dffieienay.nlis pedfamancé i so mriidal that just a 6.§9.9°F)
change in gas exit temperatwan change the boiler efficiency By%. Since the air heater is a
critical component of t he combusti on system,
performancanust be done with the requirements of the combustion system in sl process
includes an integrated evaluation of fuel variations, operating conditions, combustion systems, mill
performance, air/gas ratioelated auxiliary equipmenéxcess oxygemeasurement equipment

and techniquesAir heater leakage has the largest single effect on air heater performance which,
in turn, affects boileloutput and efficiency. Leakage can negatively impact mill performayce
limiting the amount of availablieot primaryair. Other issues associated with air heater performance
include corrosion, foulinggmmonium bisulfate plugging, increased auxiliary power consumption
andhigher differentials that lead fan limitations

With an aging fleet of boilers operatimgth ultra low NG firing equipment, accurate measurement
and control of excess oxygen is critical. On balanced draft boilers, additionat #alage
upstream of the air heater from leaky penthouses, casings, and expansion joints resuls in non
optimum measuring conditions for accurately controlling excess oxygen. It is not uncommon for the
authors tcevaluate and/oidentify large deviations from boiler design attributable to theakage
issues. Both air heatlrakage and upstreant an-leakagedegrade air pollution control equipment
performance by increasing the velocity of suspendeddty and reducing electrostatic precipitator
residence timéelaking all of this into consideration, this technical paper will review a comprehensive
approach fooptimization of air heater and unit performance by integration of a diagnostic testing
evaluation in conjunction with proven and recent advances with high performance air heater
components.

This paper will focus on (3)areas:
1. Evaluating Air Heateteakage

2. Evaluating the Impact of the APH on the Combustion Process and Overall Unit Efficiency
3. Air Heater Performance Optimization / Design Provisions
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Evaluating Air Heater Performance

Air heater leakage can occur from several different pathsregenerative aiheater. The most
common wayo measure air heater leakage is by oxygen rise from the flue gas as it enters the air
heater (or exits a boilewith the oxygen content of the flue gas as it leaves the air h@dtelO,
concentrations often measured are typically used to calculasentient of air leaking past the air
heat er s 0 intodahe iexatihg gas esteeans. These measurements often do not account or
provide provisiors for air or gas bypassing the air heaterough the circumference of the air
heater,only air that bypasses the furnace altogether and short circuits to the flue gakiflow.
reality, there is no simple or effective way to take an actual measurement of leakage
around thecircumference of thair heaterThese leakage rates must be calculated using pressure
differentials and measured gaps between the rotortt@nctircumferential/bypass sealswith
allowance for structural deformation at operating temperatateding rotor expansion and claor
distortion between diaphragnm@ircumferential/bypass leakage has an effect on heat transfer and
boiler heat rate, but only a small effect on fan horsepower consumption because the total flow does
notincrease for increased leakaBedial seal leakagis typicallycalculated as a percentage of the
boiler exit gas flow,not a percentage of fan input air flowsas flowpercentage is convenient

whendoingoverab oi | er efficiency tests, because it s
exit temperature that resuftem air inleakage. However, because boiler airlimakage and/or air
heater | eakage doesné6t ac c o wemeated fcambustionhaie beingh ¢ 0 mi

delivered from the air heatess well as the incoming flue gas (paths 1 & 2)adten overlooked
when conducting ehbrough performance evaluatidrurthermore, ltere are four ditinct leakage
paths through regeneratie@ heater seal§Paths A, B, C & D) Each leakage path affects the
economic operatiorand heat rateof the plant in a different way. The leakage patine
illustrated in figure 1.
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Figure 17 Leakage paths through a regenerative air heater

PATH 1: Normal airflow path

PATH 2: Normal gas flow path
PATH A: Ambient FD fan flow leakingdirectly to the gas outlet du¢through the radial or

circumferential seals)
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PATH B: Preheated=D fan airflow thashort circuits back to the gas outlet duct
PATH C: Ambient FD fan aithatleaks around the air heater and enters the boiler unheated
PATH D: Hot gas exiting théoiler,goingaround the APH and exhaustiatp high temperature

Sample Grid Considerations

In an effort to measure the flue gas enteang exiting an air heatehe testing grid should be
reasonably spaced with enough points to represent at least 1 test poifd pgudre feet of
ductwork. However, more test points are not a substitute for an insufficient number of test ports.
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Figures2 & 371 Test port layout

If specific points within the duct are suspected of more than average leakage such as points near
radial seals of an air heater or expansion joints, additional test points may be necessitated.
However, these additional pis should represent a smaller area than the rest of the test points if
the spacing is neaniform. The weighting for these points should be in accordance with the
area they are representing.
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Figure 41 Example of a norruniform test grid near an air heater radial seal
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Large stratificationsn flue gas constituents are commarherefore,velocity measurements
should be taken when possible to weight each test point by the velocity at that Id€atioon
uniform test grid and velocity profiles areaglssimultaneously, then extra care needs to be taken
so that each test point is properly weighted.

Measuring Air Heater Leakage

The typically large volumes of fan air leaking through the radial seals and into the exhaust
gas streamepresent wasted horsepower on both the ID and FD Tdnis.leakage is measured as

a percentage of gas flow and is calculated by comparnmgeasurements at the inlet and outlet

of the gas side of the air heater. Since ambient air has a congtanidg®ntration of 20.9%an

increase in @is a direct representation of the amount of flow that is leaking into the hot gas
outlet of the air heater. Radial seal leakage from the hot end and the cold end are measured
jointly since there is no adequate @ for measuring them separately.

Since Q concentrations and velocities vary greatly throughout the gas inlet and outlet ducts, it is
critical to measure velocity pressure and temperature as well asdQuse a weighted average

for each location. Saphe points must also be close to the duct wall in the area directly
downstream of theector plates since most of the radial seal leakage is constrained close to
this duct area with both £andvelocities being more than twice the overall average in these
areas. Failure to obtain velocity readings or samples at an adequate number of locations (in
particular locations in proximity to the sector plates) Veldd to a substantial undealculation

of leakage. In some cases, the errors have been by adbtticee ormore.

Due to the fact that air heater leakage is rarely measured as precisely as required to obtain a correct
weightedaverage of @and velocity, air heater leakage is likely to be grossly underestimated

if calculated usindimited test points, stationary instrumentation, or by not weighting oxygen
concentrations with velocitpressuresWithin the U.S., air idleakage is commonly calculated

as follows:

O, our O
Leakage(%) = %Ozimt x 90
. u

There are two penalties when referencing radial seal leakage. The first is the thermal losses
associated with the leakage air cooling the air heater. The second is the additional auxiliary
horsepower consumed by the fans for pushing more flow. Thetésin determining the thermal

loss is to determine the gas outlet temperature corrected for no leakage. The performance test code
assumes that all of the airlEakage occurs on the cold side. However, in reality it is a mix of the
hot and cold sideadial leakage. The hot side radial leakage does not cool the outlet temperature as
much as the cold side leakage does. While the exact split will vary aneneasureablea good
assumption ighat the leakage is biased 60%/@ the cold side due togher differential pressures,

the effects of cold end corrosion opening the seals the higher density of cooler air at the cold end

of the air heater Since the hot side radial seal leakage returns some of its heat to the cold air, use the
gas outletemperature instead of the air outlet temperatAreequationcommonly usedo calculate

the corrected gas outlet temperatuitl provisions for hot side radial leakageas follows:
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% Leakage >CpAir X Tgasour 60% X Tpjr in+ 40% X Tgas out
CPgas

Tgas out Corrected + Tgas out

Once this is calculated, the total enthalpy drop for the gas arehthalpy rise for the air should
be calculated to determine the heat transfer efficiency. Dividing the enthalpy rise of the air by the
enthalpy drop of the gas will give you the overall heat transfer efficiency for the air heater.

CpAir X Tairout- Tairin X Air Mass Flow
<X TGas n- Tcas out Corrected X Gas Mass Flow Less Leakage

Heat Transfer Efficiency
CI:)Ga
The other impact radial leakage has on the bottom line is the increased flow through the fans
caused by the increased airflow. The flow and static pressures at a faa wsed to find the fan
efficiency on a fan curvas follows:

Flow ACFM x Static Pressurgw.c.)
6356
Fan Efficiency xMotor Efficiency

Power Consumption Hp

Calculating the motor horsepower and understanding the heat rate impacts of the air heater, system
draft and unit load is extremely important when conducting a holistic evaluation of a system. For
example, daft increases typically make just as much impact on fan power consumption as the flow
increase. Total draft and flow impacts can be evaluated case by case basis provided the
systemleakage and static pressures have been measured along with design APH and fan data.

The ASME PTC 4.3 Air Heater Test Code differs slightly from how the testing is actually
performed in that code specifies the comparison of carbon dioxide before and after the air heater
instead of oxygen. Unfortunately, not ALL of the leakage paths camdasuredusing the

ASME PTC 4.3 codend CQ is typically a calculated value, not measurethe code has no
provision for air or gas bypassing the air heater through the circumference ofrtbateir only air

that bypasses the furnace altogether &od €ircuits to the flue gas flow.

Gass Leaking Pasthe BypasgCircumferential Seals

A considerable amount of additional air heater leakage occurs around the perimeter of the
air heaterthrough the bypass/cumferentialseals. Due to its physical location, this leakage is

not measured nor included in the normal air heater leakage percentage number because the
ASME test procedures have no method to either measure or include it. This is also why leakage
is sometimesefer r e d air io-leakag® ifibecause gas leakage cannot be measured.

The following 3D diagram(Figure § is a good representation of the various leakage paths
through the aiheater. In this diagram, the leakage through the circumferential sealsn@fso
be referred to as periphessals or bypass seals) is depicted at the bottom.
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Figure 51 Circumferential leakage through an air heater

Circumferential seals are located on the entire circumference of the air heater rotor, on both the
hot end anaold end of the air heateOn the flue gas side of the air heater, all of the leakage
through the inlet side circumferential seals will shartwit around the air heater (bypassing
the heat transfer element) and exit through the downst@eaumferential seals. This
leakage results in a loss of enthalpy transfer into the element bundléncasates the
temperature (and therefore the acttdlime) of gas entering the ID fans. On the air side of the air
heater the volume of leakage through the first set of circumferential seals, wilthengmnulus
around the perimeter of the rotor, where the leakage will split in two directions. Tmeevin

each direction depends on the differential pressures between points &k exittion of the flow

will continue in a straight path and exit through the second set of circumferential Jdwds.
remainder of the flow will be directed around theipeter of the rotor and exit into the
exhaust gastream (through the axial seals) and that volume will, in turn, exit the air heater
through the gas sidepld endcircumferential seals.

Distortion takes place in thetor after it heats up in normaperation. This distortion, known as
turndown, opens gaps between both the radial and circumferential seals and their respective
sealing surfaces. This phenomenon must be accounted for when setting the seals at a cold state.
There have been many questsaaised about the quantification of leakage flow rates through the
perimeterseals. Unlike leakage through radial seals, which can be calculated by a variety of
established methods such TAmerican Society of Mechanical Engineers (ASME) PTC 4.3 test
cock for air heaters, there is no established method for testing or measuring leakage through the
perimeter seals in an air heat®me possible approach to calculating perimeter leakage is to
use a Computational Fluid Dynamics (CHDddel that takes into asant the geometry of the
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air heater as well as the differential pressures betweewati@mus entry and exit points of the
leakage.

For simpicity, the following method cabe used to approximate the leakage rates. While it is
understood that this isguan estimate, it does give a general idea of the impact of bypass seal
leakage This equation is designed to calculate flows through large openings of defined shape, of the
Afl abrpfaceo type such as wi ndo vwYerimeted leakagent s .
in an air heater, iprovides a closeapproximation than traditional Crackow Equations for
ventilation systems which are more appropriate for very small openings with very small
differential pressures. (Figuré 6

Flow Rate (ris) PressureDifference
(PA)

\ T s
U= 00 —
/ T \ Air Density (kg/rﬁ)

Discharge Coefficient Cross Section#lrea of

(<0616NJ b act b ¢ Opening ()
Orifice) .
Figure 6

The flue gas passing through the bypass sealsins heat energy that completely bypasses the air
heater and is never capturedhis contributes to a loss of thermal efficiency (enthalpy loss) and

thus requiresncreased unit fuel consumption. The open area caraloelated using the gap
betweerthe circumferential seals and the mating surface. The equation is then repeated using the
recommended tolerances for the circumferential seal gaps. (The design or target air heater
differential should also be used because bypass leakage will decréase lawer differential
pressure). Using the air heater heat transfer efficiency, the heat potential of the gas can be
calculated.

The calculable savings for improving air heater leakagsubstantial In addition there are
significantcoss related to the impact naptimum airheater performance has on the combustion
process, FD and ID fans, as welleassion concerns downstream, precipator performance issues
due to higher inlet velocities (offset slightly due to decreased flue gas témegend possible
cost impacts of colder combustion .din order to properly assess air heater performance, the
temperatures in and out of both sides of the air heater need to be known as well as the oxygen
concentrations before and after the gas sidbeoair heateVelocity heads need to be measuasd
feasibleto determine if there are any significant flow stratifications in the ducts. If so, the
temperature and oxygen should be averaged on a flow weightedFaatiermoreto perform a
properthermal heat balance, the air and gas flows need to be known asfarelldvel after the air
heater.
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This can be calculated as a function of static pressure, temperature and velocity head measured at
each of the testing locatiofBigure 7.

Static Pressure
1,2,3,4

Velocity Head
2,3, 4

Oxygen Concentration
3,4

Temperature
1,2,3,4

Figure 7

In conjunction with fuel changes or the modernization and refurbishment of aging units, a thorough
performance evaluation is crucial. This is especially true when taking into account reliability,
performance and overall unit performance improvements with implementation of high
performance air heater componefisa r t o f s expetience is tthat @l péaths of airflow at
various poing on a large utility boiler shoulde periodically measured to validate the design and
theoretical flow rates againGactuab measur ed values. One exampl e
data by Storm Technologies in 2008 to validate the importance of measured input airflow for
stoichiometric firing ss¢em control is shown as figure 8

Furthermore, another paper presertgdStorm Technologies, Inc. in 2010 validates a process of
monitoring systemairth eakage onl i ne by reattimed i zalngu laamtde & otmip
values against proven and calibrated airflow measuring elements and representative flygegas ox
readings from the boiler exit.
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Theoretical vs. Measured Airflow at 15% Excess.
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Figure 8, Theoretical vs. Measured Airflow on a 460MW unit
Considering the previous, a thorough performance evaluzttie air & flue gas systems of a large
utility steam generatas often required for optimization and econonistification of improvements
to be completed @he air heateras discussed in the following section.

Direct Effects of the Air Heater on Fuel Consumption and CQ Emissions

Because the rotamggenerative air heater on a coal fired power boiler is directly responsible for
at least 10 % of the thermal efficiency of the umttis critical that existingair heates be
physically optimizedo meet the current challenges for increased fuel effigi@nd reduced air
pollution emissions. In many units, excessive air heater leakage can deteriorate the overall net
unit efficiency by %% to 2%. Research and modetiagormed by Teodd8kiepko and Ramesh

K. Shah - in articles published in 1999 and 200doncluded that just 10% leakage can reduce

the overallthermalefficiency of an air heater by 9.8% to 13.2%epending orthe proportion
through eacheakage path. This is a very substantial decreaperformance.

In considering the fact that sora@ heaters have measured leakage rates in excess of 30%, the
impact of air heater leakage on a @mperformance and efficiency is something that must not be
ignored, especially when additional consideration is given to the fact that a poorly operating a
heater can affect the coal grinding and combustion process to the extent of causing an additional
1% to 5% or greater overall net efficiency penalty on the Adiditionally, in recent yearshere

has been great emphasis placed on the need to redycen@€3ions from coal fired power
plants. For every extra ton of coal that isrssumed due to a loss in unit efficiency resulting from

air heater leakagéhere will beapproximatelyan additional 2.4 tons of carbon dioxide emissions
from the power plain In some instancepporly operating air heaters may cause several hundred
thousand exa tors of CQ to be emitted each year from a typical 500 MW power plant.
Depending on the type of coal being burned,aatypical 500 MW unit a 1% efficiency gain
achieved by addressing air heater leakage issuesresuit in an overall reduction iruél
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consumption of 35,000 tons/yr and reduced, €Qissions in the rangd 100,000tons per year.
It is easy to conclude therefore, that there is a very real needresaduhd rectify the air heater
leakage issues that exist in almost all existing air heaters.

Air Heater Leakage

The main advantage of the regenerative air heater is that it is probably the least expensive heat
recovery device that is able to operatasmnably well in the harsh environment of the flue gas
exhaust stream from a fossil fired boiler. A major drawback of the regenerative air heater is the
undesired leakages that are inherent to the design of the d&agenerative air heaters capture

the heat in boiler exhaust gases by passing them overaldeatbing metallic elements. In the

mo s t common design of r e gene elenentsvage centinuallyh e at e
rotated so that they alternately contact the hot gases antheadkt air poduced by the plant's
forceddraft fans. The captured heat is released into the cooler inlet air stream and recycled back
into the boiler. Typically, about 50% to 60% of the total heat content of the exit gasses are
captured and recycled, resultingtire aforementionedmprovement in boiler efficiencgf about

10% when compared to an identicalt without an air heater.

It's extremely difficult to seal these types of heaters because their large diameter (up to 60 feet
across) and the large temperature differdret@een their hot and cold en@bout 400 degrees

F). These workogether produce significanadial thermal epansion difference between the hot
and col d si de srotoo dfter unit startaiDue totthés anheeent thermal distortion,

it's not uncommoffior the outer edges of a largér heaterat operating temperatute "droop"

(or "turn down") by3 inches or more, compared with tbeld condition(Figure 9.

Blue = Cold Condition of Rotor Yellow = Hot Condition of Rotor

i; Hot End of Rotor
' Leakage Path (COLD) \J’

Cold end of Rotor

4}' Leakage Path (HOT) {!/" }

Figure 9, Thermal Turrdown

The distortion caused by this thermal turndown opens gaps in the sealing surfaces that separate
the cold incoming gasses as well as in the sealing surfaces dahaundcumference of the air
heaterThe flow patls associated with these gaps watewnpreviouslyin Figure 9
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Radial sealeakage is expressed as a percentage and basically represents the % increase in outlet
gas flow caused by the mass of inlet amkiag through the radial seals into the gas outlet
stream. Shockinglyadialleakage rates over 40% have been measured in some air heaters, and
|l eakage rates around 20% are often accepted a
level places aignificant extra burden on the boiler fans in order to move gas and air that serves
no useful purposelhe burden placed on the fans is oftetacerbatedby the fact that, in many
plants changes in fuels and operating conditions over the years havedresuhlduced draft
fans operating at near capacity. As showikigure 10 when a fan is operating at over 80% of
capacity, the slope of the horsepower/volume curve becomes very steep. At near full capacity, a
1% increase in fan volume can actually resula 3% increase in required fan horsepower. In
these cases, even a small reduction in radial seal leakage can yield very large benefits
considering that fan motors are one of the largest electricity users in the entire plant.

Power Consumption vs Volumetric Flov
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Figure 10, Flow Volume vsPower Consumptio(Speed Control heoretica)

In some plants, the fan horsepower wasted in handling radial seal leakage can exceed 3MW
which can result in an overall net heat rate penalty in the range @ BTU/KWH 1T a %2 to %

% decrease in overalinit efficiency. On a typical 500 MW unit, this magnitude of radial seal
leakage can result in excess coal consumption in the range of I52M000 tons/yr with
resulting carbon dioxide emissions in the range of 35{080,000 tons/yr compared to a rao

tightly sealed air heater. This same thermal turndown is also the primary cause of
circumferential leakage around the perimeter of the air heater. This perimeter leakage can
sometimes result in a thermal penalty that is even greater than that cauadabseal leakage

as air and gas bypasses the air heater without the net benefits of enthalpy trspfenviously

noted, standard air heater leakage tests cannot detect the quantity of air and gas that leak around
the perimeter of the rotor, and draonally this type of leakage has been discounted as being
insignificant. However, the perimeter leakage can be calculated with some degree of accuracy

POWERGEN EUROPE 2010
Track § Session 40perations & Maintenance
11



i POWER-GEN POWERGEN Europe
BN : 8 - 10 June 201®&Al, Amsterdam, Holland

using orifice calculations, and the effect of this leakage on the air heater efficiency can be
estimaed by the methods published by Skiepko and Sigssed on their calculation methods it

is feasible that circumferential leakage can result in air heater efficiency penalties that can affect
the units net heat rate to a degree equal to, or greater tlmpftihadial seal leakage (an
additional 5075 Btu/Kwh or %2 to %% in overall unit efficiency compared to a-leaking air
heater).

Leakage Solutions

A cost effective and simple method for reducing air heater leakage is replacement of the original
equipment type air heater seals with newer design high performance full contact radial seals and
self reinforcing circumferential/bypass seals such as those shown here (supplied by Paragon Air
Heater Technologies). Full contact seals have a proven track retaetucing air heater
leakage by approximately 50% compared with the original equipment type radidFigeaésl 1

seals commonly found today on most air heatsnsexample of a high performance full contact
radi al seal ( D UR ARg&eI1E n campariserhvatiivan original design seal,
which is really a rigid Aproximityo air dam,
bellows that allows the seal to maintain a continuous, but flexible contact with the sealing plate
at all times, dectively eliminating the main path for radial seal leaka@ae high performance
circumferenti al s e a | Figufe BL& dn inertogking/selfsdinforeimy i n
structural design which allows the seals to be set in close proximity to thesealoing surface
without being damaged, thus minimizing the gaps and leakage openings in comparison to
original style sealgFigure 14). The following photographs illusti@a the differences ithese

seals

Figure 11, Original Style Radial Sedesign

POWERGEN EUROPE 2010
Track § Session 40perations & Maintenance
12



.0 POWER-GEN POWERGEN Europe
BN ‘ 8 - 10 June 201®&Al, Amsterdam, Holland

DuraMax ™ Radial Seal

Figure 12, Continuous Contact DURAMAX Seébefore & after sector plate contact)

Figure 14, Original Style Circumferential Seal
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Leakage Reduction Case History

Thefollowing case history illustrates the positive benefit of leakage reduction accomplished with
full contact radial sealsA reductionin induced draft fan amperagé over 23% was achieved
with full contact DuraMax seals at the AEP Welch Station, a 500M®W fired plant in Texas,
USA.

Test resultsfrom AEP Welch:

FAN Before (AMPS)| After (AMPS)
3A ID FAN 572 459
3B ID FAN 691 468
3A FD FAN 131 125
3B FD FAN 128 113

Table 1,23%Reduction in total fan amps with full contact radial seals

Erosion Issues

Erosion of air heater hot end element, bypass seals, and air heater diaphragms have been reported
at many power plants. Concern has been noted regarding the rapid loss of heat transfer element
as well as damage to perimeter seals and diphragms.The high ash content associated with

many of the coals used in these plants is obviously a contributing feldeever two other

factors with regard to erosion are actually more important than ash content.

These are:
1. Ash abrasiveness
2. Ashvelocity

Abrasiveness

The abrasiveness of fly ash increases as the amount of glass forming minerals increases. The
primary glass forming minerals are Silica and Alumina. In the case of some low rank coals, the
Silica and Alumina content of the ash can amount to about 90% &dtHienineral content by

weight. This composition makes this ash much more abrasive than ash from most other coals
around the world.

Ash Velocity

Velocity is much more important than ash content or abrasiveness when it comes to determining
the rateof erosion.The basic erosion equation illustrates that the velocity of the ash is a factor of
three higher than the ash content when determining the erosion rate.
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The basic erosion equation @:éi '@ ‘O0E€E = 6D Ve

Where:
E- Erosion Rate (L/T)
C-Correlation Const.
M-Mass Flux (M/FL?)
V-Gas Velocity (L/T)
n-exponent (2.53.5)

The above equation is useful in illustrating that ash quantity alone is not the primary cause of
erosion in the air heateand that ash velocity imuch more criticalThe average velocity of the
gas stream entering an air heater is typically around 15 m/s. Velocities of this magnitude will not
automatically result in rapid erosion even if the gas stream has a high concentration of ash.
However, he overriding issues that are the most likely causes of erosion are:

1. Ash abrasiveness

2. Turbulence

Abrasiveness

Although it may not be practical to reduce abrasiveness by changing the coal source and its
associated ash chemistry, it may be possible to redoasiveness by reducing the size and
weight of the ash particles themselv@dis result can be achieved by increasing the fineness of
the coal particles leaving the pulverizers, and also balancing the coal and air flows to each of the
burners. Currefy in the United States, many combustion experts are recommending a coal
fineness of 75% through a 200 mesh screen. Such a fineness level will not only reduce the mass
of each ash patrticle, but will also result in more efficient and uniform combustiba farhace.

In addition to the potential reduction in ash abrasiveness, an improvement in fineness and coal
particle distribution can, as previously discussed, result in a dramatic improvement in boiler
operation and efficiency.

Turbulence

The turbulene of the gases and ash entering the air heater must also be carefully considered
when addressing the erosion issue. The rate of erosion is also a functioarajlthef impacof

the ash on the affected surface. Excess turbulence will result in angpkactiof ash particles
which will greatly increase the rates of erosi@urbulence in the gas/ash stream and-non
uniform flows entering the air heater cannot be completely eliminated, but can be mitigated to
some extent with the installation of flow stggheners and turning vanes upstream from the air
heater. It is highly recommended that flow model studies be performed prior to a full scale
installation in order to increase the probability of a successful projéat-uniform flows can

also result in lgh velocity slipstreams and erosion of the type illustrateBligure B which

shows severe erosion in the outer basket rings. While uniformdistribution may eliminate

this problem, the issue can also be addressed by altering the element profilesetahd
thicknesses.One approach is to instal/]l an additiona
element (commonly referred to as {8Fprofile) on the HOT end of the air heater. This element

POWERGEN EUROPE 2010
Track § Session 40perations & Maintenance
15



. POWER-GEN POWERGEN Europe
W 8- 10 June 201®&Al, Amsterdam, Holland

can be manufactured Iiirl8 dagephasopposgdatg the lighteegage ( . 0 5
materi al of t he hditgage)mdshosvh iBigure Bt This (aye2od mon

turbulent element of heavy gage steel slow the rate of erosion in the hot end element by
straightening the gas flow and eliminating #iregular impact of the abrasive ash on the hot end
element. In effect, the NF6 layer will become a longer life sacrificial layer which would not

only be easy and inexpensive to replace. Si nc
layer thatmay occur over time would not degrade the design thermal efficiency of the air heater.

It should be noted that the more complex profiles of typical hot end element (such as DU
Adoubl e undul atedo profile) cannotgagbreatedalf f ect i
due to the complexity of the interior channels that promote heat transfer.

FIGURE 15, Outer ng basket erosion

Figure 16, Heavy gage N#6 element (right) and Lighter gage typical hot end element

Reducing Air Heater Outlet Gas Temperature

The corret performance of an air heatsrso critical to unit efficiency that just a’Fchange in

gas exit temperature will change the boiler efficiency by 1/4fcorder to minimize both fuel
consumption as well as the emissions oL0s recommended that air heaters be operated at as
low an exit gas temperature as can be tolerated without excessive acid condenstie®nold

end element. With that in mind it should be remembered that the cold end element layair in a
heater is intended to l@esacrificial layer that is intended to bear the brunt of the effects of acid
condensation and is designed to be replaekadively easily at modest cost.
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