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Abstract: The leakage in rotary air preheater makes a considerable contribution to the reduced overall
efficiency of fossil-fuel-fired thermal power plants and increase the effect on environment. Since it is
normal phenomenon, continuous monitoring of leakage is generally omitted in most power plants. But
for accurate analysis of the operation of the thermal power plant, this leakage monitoring plays a vital
role. In the present paper, design of a DCS based model for continuous leakages monitoring of rotary
air preheater has been described. In the proposed model, the existing DCS based instrumentation
system has been modified and online leakage monitoring system has been developed. This model has
been installed in a captive power plant with high capacity boilers and very much satisfactory operation
of this system has been observed. The observed online data along with their analysis results are
presented in this paper. Copyright © 2011 IFSA.

Keywords: Rotary air preheater, Regenerators, Continuous leakage monitoring, Combustion.

1. Introduction

Combustion refers to the rapid oxidation of fuel accompanied by the production of heat, or heat & light
and flue gas. The heat recovery from the exhaust flue gas is in most cases, the largest benefit for
investment in energy conservation equipment. There are a considerable number of applications, where
the waste heat of flue gas is utilized, and these depend to a large extent on the temperature and
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condition of the exhaust gases or air, the heat recovery equipment used, and the economic assessment
of the overall system performance. High efficiency is the key feature in the operation of any energy
conversion device, and this includes large fossil fuel fired steam boilers, furnaces or turbines. It is
therefore very important to recover as much energy as possible from that available in the fuel. Air
preheaters have proved to have an important influence on the efficiency of the entire steam boiler,
furnace or turbine. Their primary task is to return considerable amounts of waste heat, carried by the
flue gas, back to the combustion process.

There are generally two major techniques for waste heat recovery, which are recuperators and
regenerators. The recuperator functions in such a way that the heat flows steadily and continuously
from one fluid to another through a separating wall. In a regenerator, however, the flow of heat is
intermittent, and is typified by rotary systems such as the heat wheel, rotary air preheater, Munter
wheel etc. Rotary air preheater has been exclusively used in waste heat recovery applications for many
years due to its compactness and preferable performance. The internal structure of the rotary air
preheater is shown in Fig. 1. The heat transfer surface or elements are usually referred to as a matrix.

Fig. 1. The internal structure of the rotating air preheater.

1. Upper beam 5. Rotor

2. Upper Air channels 6. Cold end sector seals
3. Hot end sector seals 7. Bottom beam

4. Segmental plate 8. Bottom gas channels

They consist of a rotor usually made of corrugated materials which rotates at very low speeds with a
constant fraction of the core facing partially for the hot fluid (gas) and cold fluid (air). The heat
transfer surface area or flow passages are generally made of metals with cellular structure. When the
hot gas flows over the heat transfer surface (through flow passages), the thermal energy is stored in the
matrix wall. During the cold gas flow through the same passages later, the matrix wall delivers the
thermal energy to the cold fluid. Thus, the specific operating principle of the rotary air preheater is the
heat transfer from the hot gas to the cold gas by means of rotating matrix [1-6]. High effectiveness as
well as compactness (high ratio of heat transfer surface area to matrix volume) of rotary regenerators is

84



Sensors & Transducers Journal, Vol. 124, Issue 1, January 2011, pp. 83-100

the most important characteristics of these heat exchangers. A significant weakness of this type of heat
exchanger is the unavoidable leakages between both streams caused by the pressure difference
between the streams and by the rotation of the matrix. There have been many efforts for energy
recovery in different applications including using rotary regenerators [5, 9]. So various works [7 - 17]
are still being reported to minimize these problems and increase the efficiency of a thermal power
plant. A lot of research was carried out by Skiepko, who studied the influence of leakage on a heat
exchanger’s performance [14]. He also presented methods for calculating the mass flows of gas
through the seals [13], a method of measuring and adjusting the seal clearances in radial seals [15], and
the irreversibilities caused by leakage [16]. Many numerical models [6, 10] are a combination of fluid-
flow simulation and heat-transfer simulation in a three-dimensional geometrical model of a rotary
regenerative heat exchanger was studied by several authors. MacDuff and Clark, for example, present
an overview of radial sealing systems [11]. The general conclusion is that the sealing system is an
important part of a rotary heat exchanger. Janez Oman et al. and Sepehr Sanaye et al. explained the
constant monitoring of the seals’ settings in order to ensure their optimum operation under various
working conditions [6, 8]. Although the leakages in the air preheater do not significantly affect the
boiler’s overall thermal efficiency [3], but excessive leakages can reduce the effectiveness of the air
preheater itself by over 10 % [14]. Nair et al. solved heat conservation equations using a finite
difference approach and estimated the effectiveness and the effect of axial heat dispersion on the
exchanger performance [12]. That is, heat is not transferred continuously through the wall as in a direct
transfer type exchanger (recuperator), but is alternately stored and rejected by the matrix wall. Since
the rotary air preheater operates high temperature the matrix will be expanded in the hot gas stream
and be shrinking in the cold fluid stream. At the same time, the inlet gas temperature, gas flow rate and
properties are varied momentarily; a mushroom deformation is in evitable [10]. The result is not only
the leakage but also mechanical friction which seriously affects the efficiency and security of the
system. Therefore, a significant weakness of this type of heat exchanger is the unavoidable flow
leakage from the clearance of the rotation matrix due to its thermal stress deformation.

It is very much important in every industry to pay special attention to measure the air leakage through
rotary air preheater and adjust the sealing clearance. But it is very difficult task to identify the leakage
amount for industry and also there are no simple methods or calculations available to estimate the
losses in big industry. In the present paper, a DCS based instrumentation model has been described.
This model is so designed that online monitoring of air leakage in rotary air preheaters is possible and
accordingly preheater’s seal tightness can be adjusted. The method is based on the results of numerical
simulations. A numerical method has been developed that makes it possible to simulate the leakages in
the rotary air preheater and implemented in DCS based steam generation unit.

In DCS system, all these functions are performed on the basis of digital calculations along with proper
supervision of the operations of the whole system. This ensures more accurate and faster operation of
the plant compared to the earlier manual system by checking excess O,% in plant laboratory, which is
discussed in later parts. The manual conventional system found more erratic and totally non reliable to
identify the amount of leakage through rotary air preheaters. This may sometimes misguide the plant
persons. These problems may lead to loss of energy, decrease in efficiency, increase in maintenance
cost, life time degradation of rotary air preheaters, and environmental effect etc. Hence the aim of this
paper is to introduce a new approach for measuring the leakages on continuous basis to the boiler or
furnace operation to minimize all foreseen problems. This continuous monitoring system has been
designed in DCS based instrumentation blocks. The function of this new approached continuous
monitoring system block has been analyzed and the corresponding mathematical equations have been
developed.
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2. Heat Recovery Process

The air/gas system can be considered a heart of the furnace, in which combustion of gas takes place. In
furnace large quantity of heat is generated. It depends upon the calorific value and quantity of fuel.
About 5 to 8 % of excess air is added in furnace with help forced draught (FD) fan, for complete
combustion of fuel. If more air is added it cools the furnace and consumes more fuel, in the result
increases the production cost of steam. Part of heat is transferred through boiler tubes which are
directly used to produce steam. Boiler efficiency is increased by recovering heat from flue gas in
superheater coil, high temperature economizer, low temperature economizer and air preheater.
Required quantity of air for combustion in boiler is supplied with help of forced draught fan.

Boiler
Dhrum

—1. Super
Heaters

Furnace T Economizers

| | Flue Gas
Cut from
EBoiler

Burners <:_

£t
Combustion Air Inlet
to Furnace

Fig. 2. Overview of high capacity boiler.

The schematic view of rotary air preheater is shown in Fig. 3. In this schematic, four K-type
thermocouple sensors are used to measure the temperatures of hot flue gases, cold flue gases, hot
combustion air and cold combustion air. One oxygen analyzer is used t0 measure excess oxygen
percentage in flue gas placed at the exit point of boiler and before rotary air preheater.
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Fig. 3. The schematic view of the rotary air preheater.
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3. Conventional Rotary Air Preheater Operation, Measurement of Leakages
and Related Problems

3.1. Rotary Air Preheater and its Operation

For high capacity boilers as shown in Fig. 2, there are two rotary air preheaters present to recover the
waste heat from flue gases. Both rotary air preheaters, located at the rear of the boiler, are of the rotary
regenerative type with rotating elements arranged for air and flue gas in vertical contra flow. Each air
preheaters comprises a stationary casing with connections for flue gas and air ducts as shown in Fig. 1.
A cylindrical rotor is segmented into twelve sectors radially disposed about a double bearing supported
central shaft. Two horizontal layers of heating elements are arranged within the rotor. A schematic
view of the rotary air preheater with different field instruments is shown in Fig. 3. Hot flue gas ducted
from the economizer outlet enters the rotary air preheaters at the top and passes through the rotating
heating elements whose surfaces extract the heat. The cooled gas is discharged through the bottom of
the casing where it connects the induced draught duct. Air, via the forced draught fan, enters the rotary
air preheaters at the bottom and passes through the heated rotating elements whose surfaces impart
their heat to the combustion air. The rotating elements are continually regenerated and cooled as they
pass through the gas and air paths. The top mounted discharge connects the air to plenum chamber
duct, which is fitted with a hot air recirculation branch. During boiler startup conditions, hot air is
returned to the forced draught suction thereby swiftly raising the element cold end temperature above
the acid dew point.

Air flow is separated from the gas flow by radial plates which form a labyrinth type seal between rotor
and casing. Air or gas is prevented from bypassing the rotor by circumferential plates, which locate
against a sealing ring attached to the stator casing. Both types of double skin flexible seals are attached
to the rotor and adapt to thermal deformation as well as axial movement. The main drive is from an
electric motor located to one side of the unit. Diametrically opposite, an air motor provides a standby.
Both drives engage their respective pinions into a common rotor pin-rack attached to the rotor outer
circumference. The motors are geared and each attaches its final drive shaft to a pinion located in
sealed housings. Only one drive must operate at a time and each pinion is engaged into the pin-rack by
means of a feed screw sliding mechanism. Oil lubricated spherical roller thrust bearing supports the
rotor at the bottom in the “cold end”. The “hot end” houses grease lubricated, self-aligning, double
roller guide bearing. Heat is dissipated from both bearings and stub shafts by a cooling system, which
circulates water in via the thrust bearing and out via the guide bearing. Single nozzle soot blowers are
arranged above and below the rotor in the gas ducting such, that when the blowers traverse the rotating
elements complete cleaning is effected. Both soot blowers are linked to an external common vertical
pipe fitted with expansion bellows, sliding seals, an actuator and a steam connection. During the
fifteen minutes sequential soot blowing cycle, the operation of the motorized actuator attaching the
common vertical pipe actions the blowers to traverse in unison through an arc of approximately 40 °C.

Four weatherproof thermocouples, located in each of the gas inlet/outlet and air inlet/outlet ducts are
connected by compensating cables to an externally mounted junction box. In old system (not present in
existing system), there was fire alarm initiated If a higher air to gas temperature differences obtains
and visual confirmation of a fire must be determined before operating the fire extinguishing system
and then only after the emergency procedures have been implemented. The rotating, profiled guide
bearing end cap is monitored by a sensor, which sends pulse signals to a control box. In the event that
the signal is broken, an alarm indicating “Rotary Air Preheater Stopped” is initiated.

The basic element of a rotary heat exchanger’s operation is a rotating matrix in a compact casing that
transfers the heat from the hot flue gas to the cold combustion air. The rotation of the matrix requires
an appropriate sealing system to prevent mixing of the flue gas and the air, commonly referred to as
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leakage. The importance of sealing and leakage and its influence on air-preheater performance
checking is very much important in industry. At the same time, leakages require more air to be
transported to the preheater and more flue gas to be transferred from the preheater, and larger
quantities of gases require more power for forced draught and induced draught fans. These fans
typically consumed more powers in the power plants. An increased amount of power required for the
fan results directly in a noticeable drop in the power plant’s overall efficiency. It is therefore important
to pay special attention to the adjustment of the seals and to monitor the air leakages continuously.

3.2. Conventional Procedure for Measuring Leakages in Rotary Air Preheater

Different methods and procedures are discussed by different authors for low capacity applications in
very small industries or laboratory experimental purpose. But yet these methods are very much away
from high capacity industrial applications. Most of the industries, there is no standard procedure to
check the amount of air leakages and also many boiler manufacturers do not provide the standard
instrumentation system to measure the leakage percentage or leakage air amounts. Hence most
industrial persons are not concentrating in this portion and try to avoid unless there is any big problem
like high pressure drop across rotary air preheaters, high current consumption in induced and forced
draught fans etc. In this situation, normally industries adopt the manual conventional method, i.e.,
plant person takes the flue gas samples from before and after rotary air preheater and analyzed in plant
laboratory by measuring the excess oxygen percentage, carbon monoxide, carbon-di-oxide and
nitrogen percentages in flue gas samples. From the laboratory analysis, normally check the difference
of excess oxygen percentage before and after rotary air preheater, if experience persons found
acceptable range, close the case of rotary air preheater leakages or if found big difference, try to delay
the seal leakage inspection up to annual shutdown. But practically it is observed that this conventional
method is tedious, very much error full method and these results also confuse the plant persons as
stated below.

3.3. Different Problems Related Rotary Air Preheater

Different problems are observed in rotary air preheater, some are related to technical and some are
related to practical operation problems as stated below.

3.3.1. Thermal Degradation

From the point of view of the user of the heat recovery equipment, the distinction between different
types of regenerative heat exchange may be regarded as largely academic, as each type of heat
exchanger in different categories has its own merits and drawbacks. A much more important
distinction in the selection of heat recovery equipment is the operating temperature range. Temperature
of course can have adverse effects on heat exchanger materials at both ends of the scale. If
temperatures are too low, brought about by the removal of too much heat from the exhaust gases, the
dew point may be reached and condensation can result in corrosive products affecting heat exchanger
materials. The life of heat exchangers used at high temperatures can be seriously reduced if incorrect
materials are selected. Even ceramics are not immune in exhausts from heavy oil-fired boilers or
furnaces. The rotating matrix in a compact casing used in rotary air preheater or other heat recovery
systems such as heat pipes and run-around coils may also be subject to thermal degradation if
temperature limits are exceeded. Safety aspects in such pressurized systems should also not be
neglected and use of toxic working fluids should be communicated to the customer--this is mandatory
under some health and safety regulations, but is by no means universal.
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3.3.2. Fouling

Another aspect of particular importance in process applications of gas-gas heat recovery equipment is
fouling. The accumulation of matter on the heat exchange surface affects both pressure drop and heat
transfer, and 'disposable’ heat exchanger elements are offered by some manufacturers as an alternative
to regular cleaning, which may be difficult or necessitate process shut-down for extended periods. The
use of disposable units can generally only be entertained if the cost is low, however. The designer of
gas-gas heat recovery systems must, because, at least in the case of industrial installations, the majority
of units are still retrofitted to plant, make sure that the installation is easy to implement, and the unit
has a minimum effect on plant operation. It may be said that practicalities associated with installation,
operation, maintenance and, of course, economics, take precedence over thermal design. A few points
improvement in thermal efficiency is meaningless to the process plant manager if the design does not
meet his many other requirements.

3.3.3. Leakage Measurement in Manual Conventional Method

From the point of view of operation, leakage testing of conventional method is very tedious. Because
flue gases are sucked by induced draught fans and also maintained the balanced draught in furnace
(normally with vacuum pressure at — 5 mmWC). Hence sample cannot be collected without motor
operated pump. Normally samples are collected in 3 balloons to get the average value by the pump,
where firstly sample collectors are to be ensured to avoid the chance of air mixing at the suction of the
pump. Hence this is a tedious job to collect samples from 4 points (2 Nos. x 2 (before and after) for
each rotary air preheater) for one boiler. Also it is required minimum 2 hours for arranging and taking
the samples from these 4 points for one boiler. Then these samples are analyzed in the plant laboratory
and observed three different values for the same point samples. Also observed same sample analyzed
in different time span recording different result in the sense of higher oxygen percentage. This task
repeated for continuous six days with maintaining same oxygen percentage in furnace measured by
oxygen analyzer, but observed different results of flue gas in the inlet of rotary air preheater. Hence
this method is very much unreliable and may cause faulty diagnosis about the leakage. These errors are
come due to different probable reason as follows:
e Air mixing due to residual air presence or leakage in suction of pump.
e Flue gas condition changed as in before rotary flue gas temperature above 270 °C and flue gas after
collection in balloons less than 40 °C.
e Manual analysis error.

4. The Model for Continuous Leakage Monitoring in Rotary Air Preheater

The idea of introducing a model of continuous rotary air preheater leakage monitoring originates from
the above observed or faced problems with conventional measuring procedure for big industries. The
basic function of this new approached continuous leakage monitoring system is to keep the close
monitoring the performance of rotary air preheaters in boiler or furnace. This model will help to
minimize all the above tedious and error full method and show the proper direction to improve the
plant efficiency. The basic design concept is to introduce the another oxygen analyzer to measure the
flue gas oxygen percentage in outlet of rotary air preheater as shown in Fig. 4 and then develop the
mathematical model to find out the leakage percentage and amount of leakage air present in rotary air
heater. For this model, considering the single unit system with single rotary air preheater, single forced
draught and single induced draught fan, as shown in Fig. 4.
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Fig. 4. The modified schematic view of the rotary air preheater.

In Fig. 4, new oxygen analyzer (O2 Analyzer2) is introduced with same make and same configuration
to maintain the same reference of measurement. In this model, we are considering the single rotary air
preheater with single forced draught and induced draught fans. Also considered single air flow
transmitter to measure the combustion air to develop the simple model of rotary air preheater.

NOMENCLAT URE
C specific heat (kCalikzl O arc refer to air to comrbustion
E excess alr [a) ai refers to air inlet
F flovar rate (kigfh) al refirs to alr lealagze
HL heat Loss (kCall an refiers to air cutlet
E oo tant (dimens ionles s) ca refirs to conbuston air
L infiltration in Furnace (ke i refar to zas inlet
o oxygen comentration (¥4 zl refers to flue gas leakagze
0 heat flowr rate (k0C alfh) Zo refers tozas outlet
T Temperatare ] ) Zar refirs to fhie gas waste to chime v
ta refers to theoretical aiy
t= refers to total fae gas waste to chimneyr
Sbsoripts e refers to zain
& refers to oxysen
a refers to alr i refers to released
f refiers to fizel AFE  refes to air fiael ratio
z refers to fhie zas

Let the fuel flow rate in boiler be F; kg/h measured by fuel flow meter and the theoretical air
requirement for stoichiometric combustion of fuel is Karr kg/h for per kg of fuel flow, which is
constant for particular fuel, also called as theoretical air to fuel ratio.

Therefore theoretical air flow Fi, requirement for stoichiometric combustion of fuel be

-
£ —

iy

g L (1)
But in practice, theoretical air is not sufficient for complete combustion. So certain amount of excess
air is needed for good combustion and ensures that release of the entire heat contained in fuel. This
excess air requirement depends upon the type fuel burning in furnace and the design of the burners. If
too much air than what is required for complete combustion were allowed to enter, additional heat
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would be lost in heating the surplus air to the chimney temperature. This would result in increased
stack losses. With these heat losses, forced draught and induced draught fans load are also increased
due to excess air and causes electric power losses. Again less air would lead to the incomplete
combustion and smoke in chimney, i.e. air pollution. Hence, there is an optimum excess air level for
each type of fuel.

Let the excess oxygen percentage in flue gas be Og; at rotary air preheater inlet, which is measured by
online oxygen analyzer that is mounted on path of flue gas exit from the boiler. Excess air E in
percentage is given by the standard formula

B=—8 o0 2
C21-0y )

Therefore required air flow supplied to the boiler be Fc, kg/h for maintaining the above excess air
percentage in flue gas, which is called the combustion air.

B
-“:z='~.1“ma'><-":z 3

Normally in air 77% by weight is nitrogen and 23% by weight oxygen present (Ko), which is constant.
Nitrogen reduces the combustion efficiency by absorbing heat from the combustion of fuels and
diluting the flue gases. This reduces the heat available for transfer through the heat exchange surfaces.
It also increases the volume of combustion by products, which then have to travel through the heat
exchanger and up the stack faster to allow the introduction of additional fuel air mixture. Now in
combustion air (Fca), net oxygen present be Fo kg, which takes part in combustion.

Fp =& i (4)

In rotary air preheater, sizable porous disk, fabricated with material having a fairly high heat capacity,
rotates between two side-by-side ducts: one a cold gas duct, the other a hot gas duct. The axis of the
disk is located parallel to, and on the partition between, the two ducts. As the disk slowly rotates, some
amount cold air passes to the hot air path due to seal leakage and similarly some amount of hot air
directly mix with the cold air due to ejecting process. Because cold air which passes through the rotary
air preheater, having positive discharge pressure with high velocity developed by the forced draught
fan and hot flue gases passes through the other side of the rotary air preheater, having negative suction
pressure with low velocity developed by the induced draught fan.

Let the total cold air discharges from the forced draught fan be F, kg/h, in which F,. kg/h directly goes
to the furnace as a combustion air and F4 kg/h goes to the stack as a leakage air.

-F iF ©)

ma i

o

Let the flue gas flow amount be Fy kg/h, in which Fg kg/h directly mixes with the combustion air due
to leakage and Fqy kg/h goes to stack, which contains Og% oxygen.

=5 + & (6)
But actual flue gas flow before rotary air preheater is the sum of combustion air, fuel flow (Ff) and
infiltration air (L) in furnace (Considering all fuels causes approximately equal amount of flue gases).

Therefore actual flue gas Fq can be written as by Mass Balance equation,

A L ()

Lal
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Therefore total flue gas flow (Fy) after rotary air preheater is the sum of flue gas Fqw and leakage air
Fa, which are sucked by induced draught fan and sent to the stack.

= =

Frg = Bw + Far (8)

Now from the oxygen balance equation, Oxygen supplied through the combustion air is equal to the
total oxygen required for the complete combustion.
w=F (9)

Fop W Hg £ Ep wilig +LwH

Let the excess Oxygen percentage at the outlet of RA heater be O4,%. Hence after rotary air preheater
oxygen balance equation can be written as below.

G % Og +Fy XK =Rg % Oy (10)
or
G # Qg + 5 %Ep = (G + F) % O (11)
Therefore equation (11) can be written as
A L (12)

."‘i';_u - ':-:5.;; <

Let the inlet flue gas temperature at rotary air preheater be T OC and the outlet flue gas temperature
after heat transfer to cold air and mixing with leakage cold air from the rotary air preheater is Ty, ocC,
At the same time, inlet cold air temperature is T5 °C (which is also ambient temperature) and after heat
gained from the rotary air preheater, hot combustion outlet air temperature is T4 °C.

Now heat released Qr by hot flue gas to the matrix of rotary air preheater is given by,

@ = T % Cpg™ '::*Ts;:’ —To M By 3 € 3 (T = Tig) (23)
This heat gained Qg by the cold air and some losses in rotary air preheater. Therefore total heat gained
by the cold air

&

to= B (Too=Tatd + Fy x':;'-:x'::*'_;: '*':;’::', (14)

where C,yq is the specific heat of flue gas and Cp, is the specific heat of air.
Therefore from the heat balance equations (13) & (14), we get

Fyre ® r.’.;:-r ® Iy = gt B W cﬁ A hTgr = Taa ) (15)
_— £ — - —_— - | =T
o f o Ll ' { o T FLL

where HL is the heat losses in rotary air preheater.

For Ideal Case, if we assume negligible infiltration of leakage air L into the furnace, and heat loss in
the RA heater HL be small compared with the heat transferred to combustion air to preheat, then from
equations (6), and (7),

T|
]
i

Y (16)
92

s



Sensors & Transducers Journal, Vol. 124, Issue 1, January 2011, pp. 83-100

The equation (9) can be written as,

Do My + 0 = 0g =g =i a7
Adgain, Fg leakage flue gas, which directly mixes with the combustion air due to rotary air preheater
leakage, is not taking part the combustion as oxygen concentration is very low than the air and equal to

flue gas oxygen concentration. Therefore from equation (18),

Foe = Fa (18)
Then equation (16), can be written as
Bv =FKa + F (19)
And equation (11) and (19), we can get leakage air F in rotary preheater,
o V= Ca
- Oge * e T (0)

As heat loss in the RA heater HL is small compared with the heat transferred to combustion air to
preheat, then from equations (15), leakage flue gas Fg can be derived by

(21)

where Fa, Fa and Fqy are already derived from equations (18), (20) and (19) respectively. All
temperatures Tgi, Tqo, Tai @and Ty are online process parameters measured by K-type thermo-couple
sensors and Cpa, Cpg are constant.

The schematic model for continuous leakage monitoring system is shown in Fig. 5, which is DCS
based system.
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Fig. 5. Proposed DCS based Model for Continuous Leakage Monitoring.
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By using this model, any operator can also easily diagnose the problem of rotary air preheater, cross
check the total air discharge flow by the forced draught fan, different losses of air and heat and also
compare the induced draught fan and forced draught fan motor energy consumption with air leakage
and without air leakage through rotary air preheater. Hence the effective efficiency of the power plant
will increase since for the same output power the flue gas flow rate decreases after rectification of
leakage.

5. Implementation and Testing of the Proposed Model for Continuous Leakage
Monitoring of Rotary Air Preheater on Three High Capacity Boilers of a Biggest
Fertilizers Industry in India

The proposed model for continuous monitoring of rotary air preheater leakage as shown in Fig. 5 has
been designed and installed in a DCS based control systems in steam generation plant of naphtha and
natural gas based fertilizer plant at the Thal unit of Rashtriya Chemicals and Fertilizers Ltd. (RCF) in
India. The description of the steam generation plant is as under. A photo of Steam Generation Plant is
showing in Fig. 6.

Fig. 6. Steam Generation Plant.

The Steam Generation Plant consists of three boilers, each having capacity of 275 MT/H steam
pressure and temperature is maintained 100 kg/cm® (Design: 105 kg/cm?) and 510 °C.in H.P steam
header, respectively. Out of the three boilers, two boilers are in service and third boiler is kept as
standby. These boilers are designed for natural gas as a fuel. Since 1997 naphtha is as a supplement to
natural gas fuel.

The proposed model firstly installed in one boiler, where previously Rosemount RS-3 DCS and now
Honeywell Experion PKS DCS has been used for operation and controlling the full steam generation
plant and Rockwell Control-Logix systems used for burner management system of each boiler. Before
taking in line, this model was simulated and tested many times and successfully implemented this
proposed design of continuous leakage monitoring in rotary air preheater. This boiler was tested after
implementing this model with load variation from 60 % to 100 % of MCR as per steam demand by
downstream plants, where normal running load is 70 % to 80 %. In the proposed model is very much
useful to plant person to continuous monitor of leakage air, leakage flue gas in rotary air preheater,
total flue gas, total required combustion air and also accuracy of air flow meter. After satisfactory
operation, this new approached for continuous monitoring model implemented in other two boilers and
quite satisfactory operation has been observed for a long period of 4 years. The typical parameters are
recorded in different time for different boilers as shown in below. In Table 1 is showing the design
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data of boiler for natural gas and naphtha fuel supplied by boiler manufacturer. In Table 2, some data
are given for Boiler-3, where steam load are almost same level. These data are taken after
implementation of this continuous leakage monitoring model with old DCS (Rosemount RS-3) and
found results in Table 3, which gives surprising results about the performance of the proposed model.
Table 4 & Table 5 give a comparative study between the operation of the previous system without the
proposed model and the present system with the proposed model.

After implantation and attending jobs, observed some behavior O, Analyzer2 (AlIT304) reading as
shown in Fig. 7.
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Fig. 7. Leakage Characteristics in Rotary Air Preheater.

6. Discussions on Operation Strategy and Advantages

In the proposed model for continuous leakage monitoring system of rotary air preheater as shown in
Fig. 6, where new O, Analyzer2 (AlT304) is installed after rotary air preheater with same make, model
(Rosemount — World Class 3000) and same configurations of existing O, Analyzerl(AIT303) to
remove the measurement error. In this model, other measuring points, fuel flow meter (FT308), air
flow meter (FT305), oxygen analyzerl (AIT303), cold air temperature (TE336), hot air temperature
(TE340), hot flue gas temperature to rotary air preheater inlet (TE341) and cold flue gas temperature
from rotary air preheater outlet (TE342) are used for this model as shown in Fig. 6. In this model,
firstly calculated the theoretical air Fi, in FI305_TA block by equation (1). Then combustion air Fc, in
FI305_CA by equation (2), flue gas to stack Fqy in FI305_GW by equation (19), leakage air Fy in
rotary air preheater in FI305_LA by equation (20), and leakage flue gas Fg in rotary air preheater in
FI305_LA by equation (21) are calculated followed by one another respectively. In this model, also
total flue gas Fy in FI305_TG and actual air flow F, in FI305_ACT block are configured for
continuous monitoring. Lastly another important block FI305_ERR is configured to know the accuracy
of air flow meter as shown in Fig. 6. All these blocks are configured in DCS of Honeywell Experion
PKS for continuous monitoring of rotary air heater performances.

The some experimental data in Table 2 and Table 4 are recorded, where Table 2 showing the normal
running condition of boiler after immediate implementation of continuous leakage monitoring model
in boiler-3 and Table 4 showing the improved condition after attending seal leakage in rotary air
preheater. Table 1 is showing the design data for these boilers. Table 3 and Table 5 are showing the
results before attending and after attending seal leakage in rotary air preheater respectively. Before
implementation of this model, many times samples taken by Lab person as per conventional method
for the same boiler and every time found different reading, which confused the management to get the
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clear idea, whether rotary air preheater is running with leakages in acceptable or unacceptable
condition. After implementation of this model in DCS, the result shown in Table 3 surprised and found
higher leakages (almost 16 %) in rotary air preheater, although new rotary air preheater replaced
within a year in place of old damaged rotary air preheater, where all matrix were totally damaged and
more energy were consumed by forced and induced draught fans. In the other boilers also we observed
more than 20 % leakages after implementation of this continuous leakage monitoring model. Also it is
observed from Table 2, air flow meter reading is showing too much high than the actual value and
from Table 3, result showing almost 30% error in flow meter reading. These boilers were running with
this inaccurate reading last 23 years since plant commissioning. After attending all jobs, Table 4 and
Table 5 are showing the improvement of the rotary air performance, where air leakage reduced from
16 % to 8.6 %. Actual air flow also reduced from 314 T/H to 285 T/H, although another part of air
flow reduction is maintaining lower excess percentage of oxygen in furnace, as new optimum
combustion control system is installed in place of conventional cross-limiting combustion control. The
basic design concept of optimum combustion control system is to introduce the parallel type air-fuel
combustion control and cross-limiting type (or lead-lag type) combustion control technique designed
in one control system. More details are explained in another research paper.

Table 1. Design data of boiler for natural gas and naphtha fuel.

Fuel Natural Gas (NG) Naphtha

Load Condition MCR 75 % MCR 75 %
Evaporation rate (T/H) 275.00 206.50 275.00 206.50
Fuel consumption (T/H) 16.454 12.350 17.20 12.90
Air to fuel ratio (T/T) 17.35 17.35 15.2 15.2
Excess air in furnace (%) 8.0 8.0 10.0 10.0
Excess air in rotary air preheater inlet (%) 10.0 10.0 12.0 12.0
Excess air in rotary air preheater outlet (%) 20.0 20.0 22.00 22.00
Total combustion air (T/H) 285.5 214.3 261.4 196.1
Air to FD fan (T/H) 308.3 231.4 287.5 215.7
Rotary air preheater inlet air (T/H) 314.1 237.7 292.8 219.6
Rotary air preheater outlet air (T/H) 342.6 257.2 318.9 239.2
Leakage air in rotary air preheater (T/H) 28.5 19.5 26.1 19.6
Total air flow from forced draught fan (T/H) 336.8 250.9 313.6 215.7
Hot air to windbox temperature (°C) 200 168 200 168
Rotary air preheater inlet temperature (°C) 272 251 272 251
Rotary air preheater outlet temperature (°C) 135 135 135 135
Flue gas at induced draught fan and stack 130 130 130 130
temperature (°C)
Ambient temperature (°C) 40.0 40.0 40.0 40.0

Table 2. Experimental Data of Boiler-3 after implementation on April’2006.

Flue Gas
. Steam Naphtha Burn NG Pr. Steam Air Flow 0, % Flue Gas C.)z
Time Flow Temp. . % after Air
Flow (T/H) Kg/cm2 0 (T/H) before Air
(T/H) C pre heater
pre heater
13.00 236 13.6 0.138 511 406 3.65 5.68
18.00 238 13.7 0.135 512 409 3.57 5.60
19.00 238 13.7 0.135 512 409 3.58 5.60
20.00 237 13.6 0.135 512 407 3.64 5.67
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Table 3. Average reading and experimental result of boiler-3 on April’2006.

Fuel Naphtha
Average evaporation rate (T/H) 237
Average naphtha fuel consumption (T/H) 15.0
Average excess O,% before air preheater 3.61
Average air flow (T/H) 408
Average excess O,% after air preheater 5.64
Hot air to windbox temperature (°C) 179
Rotary air preheater inlet temperature (°C) 252
Rotary air preheater outlet temperature (°C) 112
Ambient temperature (°C) 30
Atomizing steam flow rate (T/H) 1.0
Air to fuel ratio (T/T) 15.2
Specific heat of air (kCal/kg/°C) 0.22
Specific heat of flue gas (kCal/kg/°C) 0.23
Results
Theoretical combustion air Fy, (T/H) from equation (1) 228
Excess air in air preheater inlet E (%) from equation (2) 20.8
Excess air out air preheater Outlet (%) from equation (2) 36.7
Total combustion air F., with 20.8% excess air into air preheater (T/H) from equation (3) 275.4
Flue gas to stack Fq, (T/H) from equation (19) 291.4
Leakage air F5 in rotary air preheater (T/H) from equation (20) 38.5
Total flue gas Fy to stack (T/H) from equation (8) 330
Leakage flue gas F in rotary air preheater (T/H) from equation (21) 20.2
Actual air flow F, in forced draught fan discharge (T/H) from equation (5) 314
Error in flow measurement by aerofoil in boiler (%) 29.9

Table 4. Experimental Data of Boiler-3 after attending the problems on May’2006.

Steam Steam . Flue Gas O, | Flue Gas O, %
Time Flow FII\(I)?A??E;&) Bulr<r; /I;Igzpr. Temp. A'(fr;_lgw % before Air | after Air pre
(T/H) °Cc pre heater heater
6.00 240 13.7 0.135 508 309 2.91 417
7.00 240 13.7 0.135 508 311 2.90 4.16
8.00 240 13.7 0.135 508 311 2.88 4.15
9.00 240 13.7 0.135 508 312 2.91 4.16
10.00 240 13.7 0.135 508 312 2.89 4.15
11.00 240 13.7 0.135 508 312 2.90 4.15
12.00 240 13.7 0.135 508 312 2.88 4.13
13.00 240 13.7 0.135 508 313 2.91 4.16
14.00 240 13.7 0.135 508 313 2.90 4.15
15.00 240 13.7 0.135 508 313 2.90 4.15
16.00 240 13.7 0.135 508 313 2.92 417
17.00 240 13.7 0.135 508 313 2.90 4.15
18.00 240 13.7 0.135 508 313 2.91 4.16
19.00 240 13.7 0.135 508 313 2.89 4.15
20.00 240 13.7 0.135 508 313 2.90 4.15
21.00 240 13.7 0.135 507 313 2.90 4.15
22.00 240 13.7 0.135 508 313 2.90 4.15
23.00 240 13.7 0.135 508 313 2.92 417
0.00 240 13.7 0.135 508 313 2.90 4.15
1.00 240 13.7 0.135 508 312 2.90 4.15
2.00 240 13.7 0.135 508 312 2.90 4.15
3.00 240 13.7 0.135 508 312 2.91 4.16
4.00 240 13.7 0.135 508 312 2.90 4.15
5.00 240 13.7 0.135 508 311 2.89 4.14
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Table 5. Average reading and experimental result of boiler-3 on after attending the problems on May’2006.

Fuel Naphtha
Average evaporation rate (T/H) 240
Average naphtha fuel consumption (T/H) 15.0
Average excess O2% before air preheater 2.90
Average air flow (T/H) 312
Average excess O2% after air preheater 4.15
Hot air to windbox temperature (°C) 181
Rotary air preheater inlet temperature (°C) 252
Rotary air preheater outlet temperature (°C) 114
Ambient temperature (°C) 30
Atomizing steam flow rate (T/H) 1.0
Air to fuel ratio (T/T) 15.2
Specific heat of air (kCal/kg/°C) 0.22
Specific heat of flue gas (kCal/kg/’C) 0.23
Results
Theoretical combustion air F, (T/H) from equation (1) 228
Excess air in air preheater inlet E (%) from equation (2) 16
Excess air out air preheater Outlet (%) from equation (2) 24.6
Total combustion air F, with 16% excess air into air preheater (T/H) from equation (3) 264.5
Flue gas to stack Fq (T/H) from equation (19) 280.5
Leakage air Fy in rotary air preheater (T/H) from equation (20) 20.8
Total flue gas Fy, to stack (T/H) from equation (8) 301.3
Leakage flue gas Fy in rotary air preheater (T/H) from equation (21) 16.4
Actual air flow F, in forced draught fan discharge (T/H) from equation (5) 285.3
Error in flow measurement by aerofoil in boiler (%) 9.3

With the above points, one peculiar behavior observed in O, Analyzer2 (AlIT304) readings as shown in
Fig. 7, where graph is showing in sinusoidal characteristics with time and the same time O, Analyzerl
(AIT303) graph is almost straight line. Also observed that two sinusoidal wave form within one
minute, which is indicating the rotation of rotary air preheater. This is also indicating that seal setting
is not perfectly done at every point.

Above model is discussed for single rotary air preheater with single forced and induced draught fans
boiler for simplifying and better understanding of this model. Actually two rotary air preheaters system
with two forced and induced draught fans boiler is more complicated, because two models are
combining in one boiler with load sharing block between forced draught and induced draught fans.
Hence in this paper, simple model is considering for single rotary air preheater with single forced and
induced draught fans for all combustion air and flue gas flow.

Since this continuous leakage monitoring model is designed and implemented in a big industry, so it

was not possible to show all results and the performance of the rotary air preheater than the

conventional method. Although some improvements are observed from the Table 4 and Table 5 than
the Table 2 and Table 3. With that some other advantages have been achieved by using this continuous
leakage monitoring system as follows:

1) By adopting this model, plant person can avoid the conventional tedious and error full methods.
Also this method directs the pin point of rotary air preheater problem, which was not possible by
conventional method.

2) This model helps to set the rotary air heater seal by showing the leakage characteristics, which
cannot imagine by conventional method.

98



Sensors & Transducers Journal, Vol. 124, Issue 1, January 2011, pp. 83-100

3) This continuous leakage monitoring model indicates the performance of rotary air preheater, which
was not possible by conventional method.

4) Also by this model, measure the accuracy of air flow meter. Plant was running with 30% inaccurate
air flow indication last 23 years since commissioning. Although in high capacity boiler, normally
air flow measures by aero-foil, whose accuracy is + 10 %. After implementing this model, observed
the accuracy beyond the limit, diagnosis and rectified the problem, result in Table 5 showing now
within the limit.

5) As leakage air decreases, then power consumption in forced draught and induced draught fans also
decreases. Previously observed higher current readings for the same steam production.

6) As leakage air decreases after attending the seal leakage, hot air temperature (TE340) increases by
2 °C. Hence proposed model must help for improving the efficiency of power plant.

7. Conclusion

Proposed continuous leakage monitoring system is the real industries based application and it is very
much simple to understand and also easily can implement by plant instrument or control system
person. This continuous leakage monitoring system definitely helps to minimize all above problems
and try to reduce the environmental effect. Hence our vision is to be published this model for industrial
growth to achieve more efficiency and minimize the loss of global energy.
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