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Abstract

Energy saving is one of the key issues, not only from the viewpoint of fuel
consumption but also for the protection of global environment. A rotary
regenerator Air pre-heater in thermal power stations is a heat transfer surface
in which air temperature is raised by transferring heat from other media
which is flue gas here .Hot air is necessary for rapid combustion in the
furnace. So an essential boiler accessory which serves this purpose is air pre-
heater. The air pre-heater are not essential for operation of steam generator,
but they are used where a study of cost indicates that money can be saved or
efficient combustion can be obtained by their use. The decision for its
adoption can be made when the financial advantages is weighed against the
capital cost of heater in the present search we have taken up the operation
and performance analysis of face 2 Air pre-heater of Khartoum North
Thermal Power. In analysis of performance boiler efficiency and heat gain
from air pre-heater has been studied, and also effect of pre-air heater in

boiler, air side efficiency, gas side efficiency, X ratio has been calculated.
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Chapter one

(Introduction)



1-1 Introduction

Electricity generation is the process of generating electric power from
sources of primary energy. It is one of the most important blessings that
science has given to mankind. It has also become a part of modern life and
one cannot think of a world without it. Electricity has many uses in our day
to day life it is used for lighting rooms, working fans and so on. Also In

factories, large machines are worked with the help of electricity.

Thermal power plants generate more than 80% of the total electricity
produced in the world. Fossil fuel, viz. coal. Fuel oil and natural gas are the
energy source, and steam is the working fluid. Steam is also required in
many industries for process heat. To meet the dual need of power and

process heat, cogeneration plants are often installed

Thermal power station it use as a base load power plant because it is usually
provides a continuous supply of electricity throughout the year with some
minimum power generation requirement, So air preheater and economizer
are designed to increasing the thermal efficiency by uses exhaust gases At a
certain limit, exhaust gases temperature must be above partial pressure of

dew point temperature to avoid condensation at stack. [1].

This process saves a lot of energy, Energy saving is one of the key issues,
not only from the viewpoint of fuel consumption but also for the protection
of global environment. A rotary air preheater is a sizeable porous disk,
fabricated from some materials having a fairly high heat capacity, which
rotates between two side-by-side ducts; one for the cold gas; the other for the

hot stream.



The Khartoum North Power Station of Sudan is located at northeast of North
Khartoum Industrial Area in Khartoum suburb to provide power for national
public, industrial and civil use, the installed gross capacity of the plant is 386

MW.
1.2 research problem

Generally high fuel consumption in thermal power station and especially in
steam power station is motivation to decrease fuel consumption by using

heat in exhaust gases.

1-3 objectives
1-3-1 Effect of rotary air heater on thermal power station.

1-3-2 Improve heat recovery from exhaust gases to increase air temperature.

1-4 Methodology

1.4.1 Theoretical study of steam power station and main component will do

by use text book and web site to take background for research.

1-4-2 Conduct several visits to Khartoum north power station to gathering
data concerning thermal power station heat recovery steam generator, then
the fuel consumption at full load and partial load will be calculated and

collect another readings.
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2.1. INTRODUCTION

A steam generator or Boiler generates steam at the desired rate at the desired
pressure and temperature by burning fuel in its furnace. Steam generators are
used to both fossil-fuel and nuclear-fuel electric generating power stations.
[3]

2.1.1 Boiler definition

Boiler or steam generator is a closed vessel in which water under pressure is

transformed into steam by the application of heat.

2.1.2 Steam produced is used for

e Generating power in steam turbine.
e Heating residual and industrial building.

e Performing certain process in the sugar mills, chemicals and textile industries.

2.2. Classifications of boilers

2.2.1 Boiler tube content

e Fire tube boiler.

e Water tube boiler.
2.2.2 Water circulation

e Forced circulation.

e Natural circulation boilers.
2.2.3 Boiler pressure

e High pressure boiler

o Low pressure boilers

2.2.4 Draft



o Natural draft (gas density).

o Forced draft. (F.D fan).

e Induced draft. (Induced fan).

e Balanced draft (F.D. fan& induced fan) .

2.3 Water tube boiler

The water-tube boiler, where water flows through the tubes and flue gases
flow outside them, puts the pressure in the tubes and the relatively small
diameter drums, which are capable of withstanding extreme pressures of the

modern steam generator. [2]
2.3.1 Heat Absorption in Water-Tube Boilers

In a water-tube boiler, feed water is heated in three kinds of heat-
exchangers, economizer, evaporator (down-comer-riser circuit) and super-

heaters.

Feed water from the high pressure heater enters the economizer where it is
heated by the outgoing flue gases till it is saturated liquid at that pressure
and then it is fed to the drum. Saturated water falls through the down comer
into the bottom header and moves up through the riser where water is
partially boiled back into the drum. Saturated steam from the drum goes to

the super heaters for being heated to the desired temperature. [2]
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2.4. Steam Generator component design

2.4.1. Furnace

The furnace serves as an enclosure for the combustion process, and walls are
formed by water-filled tubes that contain the upward flow of water and

steam. [3]
2.4.2. Drum

The drum encloses the steam-water interface in a boiler, and provides a
convenient point for addition of chemicals and removal of dissolved solids
from the feed water steam system. The drum also contains equipment for
removal of liquid from the steam as the steam leaves the drum and enters the

connecting links to the primary super heater. [2]

2.4.2.1 CcCirculation

The flow of water and steam within the boiler circuit is called circulation.

Adequate circulation must be provided to carry away the heat from the
furnace. If circulation is caused by density difference, the boiler is said to
have natural circulation. If it is caused by a pump, it has forced or controlled
circulation; the down comer, which is insulated, is outside the furnace, and

the riser is inside it.
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Fig (2-2) Natural circulation in a down comer-riser circuit

Nearly saturated water is falls by gravity from the drum through the down
comer into the bottom header. From the header water flows up along the
Riser where it partially boils with the formation of bubbles and then back
into the steam drum. The density of steam-water mixture in the riser is less
than that of saturated water in the down comer, and as a result of this density

difference a circulation current is set up within the down comer- riser circuit.



The feed water from the economizer enters the drum and saturated steam is

taken out of the drum to the super heater. [2]

2.4.3 Boiler Circulating Pumps

Boilers may be designed with natural circulation through the furnace water
walls or forced circulation with boiler circulating pumps. Natural circulation
systems must be designed with low flow resistance in the water circuit
which consists of the drum, down comers, lower headers, furnace, water
walls, upper headers, and connecting links back to the drum. The forced
circulation design allows the use of smaller diameter tubing in the furnace
walls, since the higher pressure drop in the smaller tubing can be offset
through pump circulation. The smaller diameter also allows thinner tube

walls. [3]
2.4.4 Super heater

The super heater is a heat exchanger in which heat is transferred to the
saturated steam to increase its temperature; it raises the overall cycle
efficiency. In addition, it reduces the moisture content in the last stages of

the turbine and thus increases the turbine internal efficiency.

Super heaters are commonly classified as either convective super heaters,
radiant super heaters or combined super heaters, depending on how heat is
transferred from the gases to steam. Super heaters are located in the

convective zone of the furnace, usually ahead of the economizer.
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Fig (2-3) Super heater

2.4.5. Re-heater

Like the super heater, the re-heater heat transfer surface may be composed of
either radiant or convective surface. Radiant re-heater surface can be either
radiant wall heat transfer surface or pendant heat transfer surface. A radiant
wall re-heater can be mounted on the front and/or side walls of the upper

furnace. [3]



2.4.6. Economizer

An economizer is a heat exchanger which raises the temperature of the feed
water leaving the highest pressure feed-water heater to about the saturation
temperature corresponding to the boiler pressure. This is done by the hot flue
gases exiting the last super-heater or re-heater at a temperature varying from
(370°C to540°C) by utilizing these gases in heating feed water, higher
efficiency and better economy were achieved, and hence the heat exchanger

was called "economizer". [2]
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Fig (2-4) Economizer

2.4.7. Air Heater

The rotary regenerative air heater design using either rotating heat transfer
surface or rotating air distribution hoods predominates for utility air heating
applications. The air heater arrangement may consist of one, two, three, or
four air heaters, depending on the size of the unit and the degree of fuel

flexibility desired. [3]
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Fig (2-6) rotating air distribution hoods heater
2.4.8. Air Preheat Coils

Air preheat coils are installed upstream from the regenerative air heater.
Although their use increases the boiler efficiency, their primary purpose is to
prevent corrosion of the regenerative air heater by increasing heat transfer

surface temperatures. The increased heat transfer surface temperatures are



less likely to cause condensation of acids from the flue gas stream. The
design and operation of the air preheat system are based on maintaining an

average cold end temperature (ACET) in the regenerative air heater. [3]
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Fig (2-7) Steam air preheating coils flow diagram
2.4.9. Soot Blowers

Soot blowers are used for removal of ash deposits from the fireside of heat
transfer surfaces. Several types of soot blowers are used in utility steam
generators; Air heater soot blowers are typically found in the flue gas side of
the air heater on both the inlet and the outlet. Selection of the air heater soot

blower depends on the size of the air heater.

Wall blowers are used for furnace walls. Wall blowers have a very short

lance with a nozzle on the tip, the lance rotates as it moves into the furnace,



and the nozzle directs the soot blowing medium onto a circular area of the

furnace wall. [3]

Problem: Worn out IK525/1K545
sootblower housing
Solution: Heavy Duty Galvanized Problem: Blowing Pressure
Housings Adjustments
Problem: Slip-on flange style  Solution: CB EZ-Set Valve
Lance Tubes
Solution: CB flanged Lance Tubes

Problem: Expanda Cable

Power Cord
Solution: CB E-Chain
Conversion

Problem: Never having proper
parts on hand
Solution: CB Repair Kits

Problem: Leaking IK525/IK545/IK555
Gearboxes
Solution: Carriage Rebuild Program

Problem: Packing Maintenance Problem: Feedtube locknut

Jution: CB Automatic Packin removal
Solutio Tensizner I e Solution: CB Split Ring
Feedtubes

Problem: Scratched Feedtubes
Solution: CB Armor Glide Feedtubes

Fig (2-8-1) Soot Blowers
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2.4.10. Igniters and Warm-up Burners

Igniters and warm-up burners are necessary for flame initiation and low load
stabilization. The type of equipment provided and even the terminology

varies depending on the boiler manufacturer.

The warm-up gun is a high heat input gas or oil burner that performs the
functions of an igniter. As an example, the heat input of one level of four
warm-up guns typically equals or exceeds the heating capacity of all igniters
on all elevations, both front and rear, of a comparably sized wall-fired boiler.

The igniter itself requires an ignition source.

SUPERHEATER
{PLATEN)

SUPERHEATER

i — SUFERHEATER

ECONOMIZER

AlR HEATER

T L T

WALL BLOWERS

HIGH UWSAGE RETRACTABLES
NORMAL USAGE RETRACTABLES
FLUE GAS TEMPERATURE PROBE

L I ]

Fig (2-9) soot blower locations.



2.5 Air and Flue Gas System

2.5.1 Air and Flue Gas System Overview

The air-flue gas system of this boiler means to provide the air amount
needed for the combustion of boiler fuel continuously and distribute the air
amount to send it to the place connecting with the combustion according to
the combustion requirement, and to make the dusty gas exhaust to the
atmosphere promptly after flowing through each heating surface and gas
cleaning devices. Only F.D fan is equipped in the air-flue gas system of the
boiler and all the resistances of the gas flue are overcome by the pressure
head of the F.D fan, which eliminate the air leakage of the system and
improves the combustion strength and boiler efficiency. The F.D fan
transmits clean air with low temperature and it is in a good working
condition. However, the boiler furnace and air flue work in the normal
pressure, so there must be strict sealing for the furnace wall and gas flue;
otherwise the gas leakage will result in heat loss and pollute the operation

site and even spray flames to hurt the persons. [4]
2.5.2 Working Principle of Air and Flue Gas System

The hot flue gas generated by the fuel combustion transfer the heat to the
water wall of the furnace and platen super-heater and then enters the rear
vertical flue gas duct, in which the low-temperature super heater and
economizer are provided after passing the high-temperature super heater.
The flue damper is set behind the economizer and the gas enters the air pre-
heater after passing through the damper; a gas shut-down damper is set on
the inlet gas flue of the pre-heater and the gas flows to the chimney or

exhausts to the atmosphere through the desulfurization system after passing



the air pre-heater equipped with bypass gas flue. The unit is equipped with
two frequency-conversation ventilators, the outlets of which Converge a
main pipe after entering two warme-air pipes. In order to guarantee the cold
leg temperature of the air pre-heater, it is possible to use the warm-air pipe

to heat the cold air when the ambient temperature is lower than 200C.

The ventilator sends the air to a 2-compartment air pre-heater, and the hot
flue gas of the boiler transfers its heat to the entered air and then enters the
two burner bellows set at the front wall and enter the 8 burners respectively.

Controlled dampers are set before the air enters each burner [4]

2-6 Literature Review
“ P.N.Sapkal”; Presents an approach for the optimization of air pre-heater

design with inline & staggered tube arrangement. Air pre-heaters are
designed to meet performance requirements with consideration of highly
influencing parameters viz. heat transfer, leakage and pressure drop. The
performance of tubular air pre-heater is evaluated with the help of CFD
analysis for In-line & staggered tube arrangement with the latter being more

thermally efficient. [5]

“Thawan  Sucharitakul” ; Studies the performance of cross-flow heat
exchanger, known as the primary air heater in a 300 MW lignite-fired power
plant under particulate, no leakage, and leakage conditions. The leakage
values of selected primary air heater were 6.31, 7.37, and 7.65 % when the
power plant was run at the manufacturer guaranteed turbine generator
capacity of 100, 80, and 60 % respectively. Under these conditions, the gas
side efficiency of the selected primary air heater was found to be at the low
level of 66.83, 65.44, and 62.12 % and X ratios were 0.92, 0.88, and 0.79

respectively.



“Rakesh Kumar”, here the performance of regenerative air pre heater has
been evaluated at off design conditions. To assess the performance at
different operating conditions and leakage rate, a regenerator leakage model
Is proposed. The performance improvements of existing non-performing air
pre-heaters are discussed in brief. The performance improvement by
improving element profile at cold end of an existing air pre-heater has been
presented. With the change in element profile at cold end air side
temperature can be increased up to 10°Cand gas side temperature can be
reduced up to 8.5°C.

“Bostjan Drobnic”, et.al. They used a combination of fluid dynamics and a
newly developed three-dimensional numerical model for heat transfer as the
basis for a theoretical analysis of a rotary air pre-heater. The model enables
studies of the flue-gas flow through the pre-heater and the adjoining
channels as well as the regenerative heat transfer and the resulting
temperature distribution in the matrix of the pre-heater. In MPM they are
operating the boiler without air pre-heater, from literature review it is found
out that for every 20°C rise in combustion air the efficiency of the boiler will
increase by 1%. Reduction of flue exit temperature will also helps in
reduction of harmful gases up to certain extent, also results in lesser coal

consumption. [6]

We can be concluded that by providing baffles the rate of heat transfer will
be increased. An optimum air side pressure drop is observed, which depicts
the installation of medium quantity of air blower, by which energy
consumed will be less, from that the overall efficiency of the plant will
increase. From incorporating the proposed design in the existing plant, the

temperature of the primary air would increase by about 600C. Then the



efficiency of the boiler would increase by 2.7% their by reducing the fuel

consumption.
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(Methodology)



3.1 Boiler Overview

The characteristics of boiler are as follows: natural circulation and low
oxygen and micro positive pressure combustion, single drum, m type open
layout, rotary air pre-heater and suspension structure of full steel framework.
Oil burner is arranged in front of the wall.

The rectangle-section furnace is in the front of boiler. It adopts membrane
water wall. The top and the rear vertical shaft are both covered with super-
heater to form roof and back enclosed wall. The platen super-heater is
arranged at the top of furnace. Two stages of heating surface (cold and hot
section) of the high temperature super heater locate above the arch nose. The
low temperature super-heater is arranged above the vertical shaft where a
suspension economizer is arranged. Heating surfaces of boiler are suspended
to the top plate beam through all kinds of hangers and suspenders.

A rotary air pre-heater is arranged at the back of the boiler back part.

Table (3 — 1) Boiler design

Maximum capacity each boiler (BMCR) 67.4 kg/s
Design pressure 110 bar(a)
Operating pressure drum 100 bar(a)
Boiler stop valve pressure 92 bar(a)
Boiler stop valve temperature 515 °C
Feed water inlet temperature at BMCR 220 °C
Flue gas outlet temperature 245 °C




Figure (3 — 1) Boiler



Table (3 — 2) Boiler performance details

boiler load % 100
turbine load % 0 100 80 50 30
steam output super heater Kgls | 67.42| 638 50.8| 327| 217
steam temperature at super heater °C 510 510 510 503 464
steam pressure at super heater bar 87 87 87 87 87
fuel consumption Kols | 4.352| 4.147| 3.448| 2.335| 1.494
air required for combustion Kg/s | 61.603 | 58.701 | 48.806 | 33.982 | 22.47
Air entering air heater Kgls | 65.497 62| 52.211 | 37.053 | 25.01
Flue gas living furnace Kg/s | 65.956 | 62.849 | 52.255 | 36.315 | 23.96
flue gas entering air heater Kg/s | 65.956 | 62.849 | 52.255 | 36.315 | 23.96
flue gas leaving air heater Kg/s | 69.844 | 66.619 | 55.655 | 39.387 | 26.5
atomizing steam flow Kg/ls | 0.261| 0.249| 0.214| 0.159| 0.125
Pressure of steam before burners | bar 10.9 10.2 7.7 5.8 4.7
Number of burner operating 6 6 6 6 6
Table (3 — 3) Heat balance

boiler load % 100

turbine load % 0 100 80 50 30

Datum ambient degc | 35 35 35 35 35

Heat to steam % 89.5 | 89.49 | 89.41|89.04| 88.5

Heat loss tp dry flue gas % 384 | 384 | 3.86 | 4.04 | 4.28

Heat loss to moisture and combustion to % 578 | 578 | 5.78 | 5.78 | 5.78

hydrogen

Heat loss due to moisture in air % 0.14 | 0.14 | 0.14 | 0.15 | 0.16




Heat loss due to un-burnt carbon %
Heat loss due to radiation % 024 | 0.25 | 0.31 | 0.49 | 0.78
Un-accounted losses % 0.5 0.5 0.5 0.5 0.5

3.2 Air and Flue Gas System Overview

The air-flue gas system of this boiler means to provide the air amount
needed for the combustion of boiler fuel continuously and distribute the air
amount to send it to the place connecting with the combustion according to
the combustion requirement, and to make the dusty gas exhaust to the
atmosphere promptly after flowing through each heating surface and gas
cleaning devices. Only F.D fan is equipped in the air-flue gas system of the
boiler and all the resistances of the gas flue are overcome by the pressure
head of the F.D fan, which eliminate the air leakage of the system and
improves the combustion strength and boiler efficiency. The F.D fan
transmits clean air with low temperature and it is in a good working
condition. However, the boiler furnace and air flue work in the normal
pressure, so there must be strict sealing for the furnace wall and gas flue;
otherwise the gas leakage will result in heat loss and pollute the operation

site and even spray flames to hurt the persons.

3.3 Working Principle of Air and Flue Gas System

The hot flue gas generated by the fuel combustion transfer the heat to the
water wall of the furnace and platen super-heater and then enters the rear
vertical flue gas duct, in which the low-temperature super-heater and
economizer are provided after passing the high-temperature super-heater.
The flue damper is set behind the economizer and the gas enters the air pre-

heater after passing through the damper; a gas shut-down damper is set on




the inlet gas flue of the pre-heater and the gas flows to the chimney or
exhausts to the atmosphere through the de-sulfurization system after passing
the air pre-heater equipped with bypass gas flue. The unit is equipped with
two frequency-conversation ventilators, the outlets of which converge a
main pipe after entering two warme-air pipes. In order to guarantee the cold
leg temperature of the air pre-heater, it is possible to use the warm-air pipe
to heat the cold air when the ambient temperature is lower than 200C.

The ventilator sends the air to a 2-compartment air pre-heater, and the hot
flue gas of the boiler transfers its heat to the entered air and then enters the
two burner bellows set at the front wall and enter the 6 burners respectively.

Controlled dampers are set before the air enters each burner.

3.3.1 Air supply System

a. The design scope is from inlet of forced draft fan via forced draft fan
to air inlet box of air heater.

b. The function of force air system is to supply cold air that is going to
be heated for the purpose of combustion. The system contains
equipment and component: Two centrifugal forced draft fans at
variable speed with single air inlet, air suction, silencers, discharge
dampers, steam air heater, rotary air heater and air duct etc.

c. Each fan when operated alone will be capable of providing 60% of the
air required at 100% BMCR. In addition, when both fans are operated
simultaneously they will be capable of providing 100% of the air
required at100% BMCR. These requirements will be satisfied with a
furnace excess air equal to the design excess air or 10%, whichever,

the greater and an ambient air temperature of 35°C.



. In addition to the previously described requirements, the following
allowances will be taken into account.

. Capacity - The fan volume will include an allowance for the increased
air heater leakage expected after 12 months of operation and an
allowance for the increased boiler seal air leakage expected after 12
months operation, if the forced draught fan provides this.

Head - The fan head will not include any allowance for chimney
suction.

. The design capacity and head of the fans will not be less than defined
above with both fans operating simultaneously at 100% BMCR with
margins 10% on volume and 21% on head.

. The fan mechanical design temperature will be 50°C.



Figure (3 —2) FD Fan



3.3.2 Hot Air System

The design scope is from the outlet of the air heater to the wind-box of the
boiler burners.

The function of hot air system is to supply the hot air demanded by
combustion of the boiler, when it starts up and normally operates.

The hot air coming from outlet of air heater will be directly blown into the
furnace through the wind-box of the boiler burners. Flow measure devices
will be installed in hot air duct to monitor the air flow which will enter

furnace.

Table (3 — 4)Air temperature

boiler load % 100

turbine load % 0 100 80 50 30

steam output super heater Kg/ls | 6742 | 63.8 | 50.8 | 32.7 21.7
Intake to fan °C 35 35 35 35 35

Intake to steam air heater °C 41 40 39 37 36

Intake to main air heater °C 69 72 87 112 131
Outlet to main air heater °C 287 282 264 240 225

3.3.3 Bypass Air System

The design scope is from the inlet air duct of the air heater to the outlet air
duct.

Each boiler is only provided with a single regenerative air heater. When the
boiler is out of operation, the air heater inlet and outlet isolated dampers will
be closed and the damper in the bypass duct will be opened. The cold air

will directly flow into the furnace by bypass air duct without passing the air



heater. The bypass air system can prevent air heater from secondary
combustion on boiler ignition.

Bypass air system will be designed to allow the boiler to continue to operate
at 30% TMCR.

3.4 Flue Gas System

The design scope is from the flue gas outlet of air heater to stack.

The combustion products in the system flow into the atmosphere, which
begin in the boiler furnace and go into the stack through the super-heaters,
economizer, air heater (at the gas side). The duct material downstream of the
air heater will resist flue gas corrosion at low load. This duct will be
constructed in acid-resistant steel.

Gas side bypass will be provided by WBC. The gas side bypass can prevent
air heater from secondary combustion on boiler ignition.

FGD will be supplied in this contract. A damper will be installed in the flue
gas duct .When FGD is in operation, the damper will be closed. Flue gas will
flow into FGD through the duct before the damper and then flow into the
stack through the duct after the damper.
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Figure (3 —3) Flue gas system

Table (3 —5) Gas temperature

boiler load % 100

turbine load % 0 100 80 50 30
Furnace exit °C 1278 | 1254 | 1172 | 1070 | 1008
2" super-heater inlet °C 1236 | 1214 | 1130 | 1026 | 964
1% super-heater inlet °C 910 | 892 | 822 | 718 | 650
Economizer inlet °C 613 602 554 474 414
Economizer outlet °C 343 336 306 262 233
Air heater inlet °C 340 | 333 | 304 | 261 | 233
Air heater outlet °C 145 145 145 145 145
Chimney inlet °C 144 144 144 144 144




Table (3 —6) Flow gas pressure

boiler load % 100

turbine load % 0 100 80 50 30
Pressure in furnace mbarg | 2568 | 23.1| 1524| 6.54| 285
Pressure losses through:

2% super-heater m bar g 11 091, 0.63 03] 0.13
1% super-heater mbarg| 2.73| 248| 1.71| 0.83| 0.36
Economizer mbarg| 3.35| 3.04 21| 1.02| 044

3.5 Boiler equipment

3.5.1 Boiler Washing System

A water washing facility will be provided for cleaning the gas side parts of
combustion chamber, super-heater, economizer and air-heaters. The water
supply for this facility will be taken from the circulating water header in the
pump house. The air heater and boiler wash water will be dosed with sodium
carbonate and cleaning agent to be taken from a new storage tank provided
under this contract and pumped by a new wash water pump. Air heater wash
water will be discharged to the wash water sump that will be common to
both boilers.

3.5.2 Air and Flue Gas Equipment

Burner

Six swirling oil burners are arranged in the front wall with three layers and

two burners in each layer.




The burner is atomized by superheating steam with pressure about 8.3bar.
3.5.3 Furnace
Furnace is a 8080 (deepness) x10320 (width) rectangle section with the

height 26300mm (from the lower header of rear water wall to central line of
roof). The membrane water wall is suspended in the top beam.

3.5.4 Steam coiled air pre-heater

A steam coiled air pre-heater will be installed in FD fans discharge duct. The
steam coiled air pre-heater can maintain the cold end metal temperature of
air-heater to prevent cold end corrosion. And the steam coiled air pre-heater
also can be used to increase the temperature of cold air at low load. The
temperature of flue gas in the air heater outlet will be not less than 145 °C to
prevent flue gas from corroding the downstream duct of the air heater when

the load is above 50%BMCR.
3.6 Air Pre-heater

APH is designed to supply hot air for combustion, so as to further conserve
fuels.

Heating elements of heat exchanger are heated or cooled by gas flows
through its surface by turns. When hot gas flow and cold gas flow are
passing one heat exchange surface, heating elements absorbs heat energy
from the hot gas flow and then transfers it to the cold gas flow. Heating
exchange process is kind of period; heating elements keep rotating so that

the heating exchange process can continue.
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Fig (3 —4) rotary Air Pre-heater

In the interior of APH, flue flows through one side, and air the other side.
Rotor of APH rotates slowly through the hot flue and cold air by turns.
When the heat exchange elements pass through flue side, certain heat energy
carried by flue will transfer to heating elements.

When pass the air side, heat energy carried by heating elements will transfer
to air. Thus, APH recycles the heat energy of flue, reduces the exhaust flue
temperature, increases the initial temperature of fuel and air, reinforce

combustion and improves boiler efficiency.

Rotor is the key part of APH with heating elements. Main radial diaphragm

divides rotor into 12 sectors, which are divided into 48 smaller sectors by the



main radial diaphragm and secondary radial diaphragm. The circumferential
diaphragm between main and secondary radial diaphragms supports the
heating elements box.

Weight of rotor and heating elements is supported by bottom spherical roller
bearing. The top CARB rolling guide bearing is used to support the radial
horizontal weight.

The flue gas and air flow separately pass through the two sides of rotor. The
fixed section plate and axial seal plate separately isolates the air and flue
gas. Arrangement of gas flow is: flue down; air up.

Shell of rotor is used to seal rotor with transition air and flue duct at top and
bottom parts. One side of the transition duct is connected to rotor shell, and
the other side to non-metal expansion joint; its height and the interface
flange size can be changed with duct arrangement requirements. Outer
circumferential seal is set on rotor shell to control the direct air leakage from
air to flue and the bypass amount of flue and air.

Rotor shell is connected to the hinge end column of APH and welded as a
whole on bottom beam framework. Rotor shell air and flue sides are
supported on steel framework by two sets of hinge side columns. This

support mode can keep the rotor shell can expand outside freely in hot state.

End column supports the top framework which is equipped with top guide
bearing. Two end columns and top structure form a door-shaped framework
supported on bottom beam. Bottom spherical rolling thrust bearing supports
the rotary elements weight.

And the weight is transferred to two bottom beams through bottom bearing

beam plate.



Central drive device is directly connected to rotor center shaft. It consists of
main drive motor, standby drive motor, reduction gear box, coupling, drive
shaft lock panel and transducer, etc. Besides, it has manual turning gear
handle.

Based on design requirements, the startup of driving device must be done by
the transducer in order to decrease the startup torque, to protect the gear box
and driving mechanism. Strictly prohibit starting up the driving device
directly by driving motor.

When carrying out washing low pressure, control the speed of rotor through
transducer to make it rotate at low speed.

Static seal pieces of APH are consisted of sector and axial seal plates. Sector
plate is arranged along the direction of rotor diameter. The axial seal plate is
on end column, connected with upper and lower sector plates forming a
closed static seal surface.

Seal pieces are installed on the upper and lower part of axial diaphragms
along the radial direction as well as the outer edge along axial direction.
These seal are set according to the limit element calculation and field
experience of installation commissioning. Thus, air the leakage rate of air
pre-heater can be decreased to minimum in normal operation.

Outer circumferential seal is set between the top and bottom outer angle
steels and the shell. Bottom circumferential seal is installed in the bottom
transition air and flue duct, forming a seal couple with the bottom surface of
outer angle steel at bottom. The top annulus seal is welded on the rotor shell

plate, forming a seal couple with the edge of top outer angle steel.



Chapter four

(Discussion and analyses)



4.1 Boiler efficiency

Energy output
8y p X 100%

Boiler Efficiency = Energy input

msteam (hs - hw)

Thfuel * GCV

efficiency = * 100%

Gev = 43030 M/

Table (4 — 1) Boiler efficiency

boiler load % 100

turbine load % | ----- 100 80 50 30
steam (kg/s) 67.42 63.8 50.8 32.7 21.7
steam temp °C 510 510 510 503 464
stem pres ( bar) 87 87 87 87 87
steam enthalpy 3416 3416 3416 3398.48 | 3299.168
water temp °C 220 220 220 220 220
water pres (bar) 105 103.5 98.6 92.9 90.2
water enthalpy 946.03 945.983 | 945.83 945.6 945.57
fuel (kg/s) 4.352 4.147 3.448 2.335 1.494
efficiency (%) 88.924 88.311 84.576 79.829 | 79.445
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Fig (4 — 1) Boiler efficiency

This graph represents the relation between Boiler efficiency and variation of
load. The change in efficiency in all operating conditions 30%, 50%, 80%
and 100% depends on the change in the amount of steam and the mass of
fuel which it used in the boiler. Because there’s no variation in values of
steam temperature in loads above 50% so the values of enthalpy are fixed
and the mass of fuel which is used in the boiler is a change with the change

thus the efficiency changes.

Normally the boiler Efficiency is between 90%- 95% this decrease occurs as
a result of lost a Part of heat of burnet fuel due to ( Heat lost by exhaust
gases, Unburned fuel ,Heat lost by hydrogen, Heat lost by moisture in fuel,

Heat lost by moisture of air, Heat lost by walls ).



Efficiency reduced to the accumulation of soot on pipes walls of the boiler,

which reduces heat transfer.

4-2 Heat gain from air heater:

anin = Mgy * CPyy * ATy,

K

Table (4 — 2) Heat gain from air heater

boiler load % 100
turbine load % | ----- 100 80 50 30
air entering air
heater (kg/s) 65.497 62 52.211 37.053 25.01
air temp intake to
air heater°C 69 72 87 112 131
air temp outlet to
air heater °C 287 282 264 240 225
Q gain from air
heater (K watt) 14349.74 | 13185.56 | 9287.554 | 4766.498 | 2362.695
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Fig (4 — 2) Heat gain

This graph represents the relation between heat gain by air heater and
variation of load. amount of air used in the combustion process rises with an
increase in loads Also, the amount of gases produced by burning is therefore
the amount of heat returned to the boiler by rotary air heater. At load 30%
provides 2362.9kw, 50% provides 4766.498kw, 80% provides 9287.554kw
and 100% provides 13185.56kw.

This amount of heat should be added to the boiler by burning an additional
amount of fuel if rotary air heater not used, to reach amount of heat required

for production steam.



4-3 Effect of air heater in boiler:

Heat added in boiler

Effect =

add

Table (4 — 3) Effect of air heater

anin

Qadd = Mpyer * GCV

* 100%

boiler load % | 100

turbine load % | ----- 100 80 50 30

Q gain

(K watt) 14349.74 | 13185.56 | 9287.554 | 4766.498 | 2362.695
Q add in boiler

(K watt) 187266.6 | 178445.4 | 148367.4| 100475.1| 64286.82
effect of air

heater % 7.662735| 7.389128 | 6.259833 | 4.743962 | 3.67524
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Fig (4 — 3) Effect of air heater

This graph represents the relation between Effect air heater and variation of
load. The effect of the air heater on the boiler efficiency is very high as it
Reduces the amount of heat that should be added to the boiler at load 30%
by 3.67percent , 50% by 4.74 percent, 80% by 6.25 percent and 100% by

7.39 percent This represents a large amount of fuel used.

This heat should be added to the boiler by burning an additional amount of
fuel but air heater help to get the heat Required and decrees Quantity of fuel

it can be used .

4-4 Cost of fuel saved by rotary air heater:

Cost of fuel = 427sp¢ /,
on

Q gain
GCV

Money saved per year = * 365 * Cost of fuel



Table (4 — 4) cost of fuel saved per year

boiler load % 100
turbine load % | ----- 100 80 50 30
Q gain
(K watt) 14349.74 | 13185.56 | 9287.554 | 4766.498 | 2362.695
M fuel
Saving(kg/s) 0.333482 | 0.306427 | 0.215839 | 0.110772 | 0.054908
M fuel Saving
(ton) for year 10372.63 09531.11| 6713.458 | 3445.437 | 1707.861
Money saved
per year (SDG) | 4356505 | 4003066 | 2819652 | 1447084 | 717301.7
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Fig (4 — 4) cost of fuel saved per year

This graph represents the relation between cost of fuel saved per year and

variation of load. It is clear the amount of money will be saved by using




rotary air heater per year is High value And significantly affect on the

operational efficiency of the station.

4-5 Rotary air heater parameters:

4-5-1 Air Side Efficiency

T, —T,
air sid efficiency = l al = ] * 100

Tge - Tae

T,. = Temperature of air entering air heater
T,; = Temperature of air leaving air heater
T,, = Temperature of gas entering air heater

ge

TgL = Temperature of gas leaving air heater

4-5-2 Gas Side Efficiency:

T,, — T
gas sid efficiency = [ ge 4 ] * 100
Tge _ Tae

4.5.3 X-Ratio:

Ratio of heat capacity of air passing through the air heater to the heat

capacity of flue gas passing through the air heater



. Tgas in Tgas out
X—ratio -

Tair out ~ Tairin

Table (4 — 5) Rotary air heater parameters:

boiler load % 100

turbine load % 0 100 80 50 30
air Intake to main air deg c 69 72 87 112 131
heater

air Qutlet to main air degc 287 282 264 240 225
heater

gas at Air heater inlet deg c 340 333 304 261 233
gas at Air heater outlet deg c 145 145 145 145 145
Air Side Efficiency % 80.442 | 80.459 | 81.566 | 85.906 | 92.156
gas Side Efficiency % 71.955| 72.030 | 73.271| 77.852 | 86.274
X-ratio % 0.8944 | 0.8952 | 0.8983 | 0.9062 | 0.93617

X-ratio indicates excessive gas weight through the air heater or that Air flow

Is bypassing the air heater.
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Fig (4 — 5) Rotary air heater Air Side Efficiency

This graph represents the relation between Rotary air heater Air Side

Efficiency and variation of load.

We find that the temperature of air entering the rotary air heater in load 30%
Is 131°C, 50% is112°C , 80% is 87°C and load100% is 72°C .This values of
Temperature are controlled by using steam air heater and it's called set point
temperature it use to avoid damage on Rotary air heater Due to the high

difference between the flow gases temperature and fresh air temperature.

TaL +Tae

And it can be calculated form equation set point = it always

above 110°C operational design value 178°C .
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Fig (4 — 6) Rotary air heater Gas Side Efficiency

This graph represents the relation between Rotary air heater Gas Side
Efficiency and variation of load. The Temperature of flow gases which exit
from Rotary air heater it must be greater than 145. It represents apparatus
due point flow gases to avoid condensation of water vapor droplets on the
chimney which in turn cause corrosion in stack. Through it is determined

value of gas Side Efficiency.

X- Ratio
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Fig (4 — 7) X-Ratio for Rotary air heater

This graph represents the relation between X-Ratio for Rotary air heater and

variation of load. Represent over all Efficiency of rotary air heater it can be

calculated by dividing gas side efficiency on air Side efficiency this values

depend on several factors (air leakage and quantity of flow gasses through

air heater and load).




Chapter five

(conclusion)



Conclusion

1. The Thermal performance of the air pre-heater is improved
2. The rotary air-heater is essential boiler accessory because it recover

large amount of heat by using theses processes raising boiler
efficiency and this is what has been proven previously.

3. The rotary air-heater provides a large amount of fuel at load 100%
equal economic value of 400306 Sudanese pounds per year.

4. Soot stuck on pipes of super-heaters and economizer and rotary air
heater effect on efficiency.

5. The amount of heat returned to the boiler may reach 13185.57 kw and

this is a large quantity.
Recommendations

1. doing soot blower every 8 hours to cleaning the soot from pipe get
high useful of heat transfer between Air and Exhaust gases in all
time to gain a maximum efficiency allowable .

2. recommend the Sudanese thermal power generation company to
select design at establishing new steam generation plant include
rotary air heater instead of duct air heater.

3. Recommend to do more researches on heat recovery special on apart

of air heater to raise the thermal efficiency of plant.



Appendix



4\ MATLAB 780

File Edit Debug Parallel Desktop Window Help

0 B| tRBY O ‘h i B ‘ (7 ‘CurrentDirectnry: Di\code v E] fa)

Shorteuts 2] Howto Add (2] What's New

Loads 30 50 BO 100

(it ds sttt sttt Et AR Rt R R R R

thermal efficiency 1 8B.3111 Bc.434 84.8298 87.3879

heat gain from air heater : 13085.1 9287.55373 4766.49792 2362.£947

Effect of air heater P T.3328 £.2598 1.744 3.6752

Air 3ide Efficiency : 80.4588 81.5668 85.90¢ 82.1568

Gas 3ide Efficiency 1 72,0307 73.2718 77,8523 Be.2745

Z-ratio : 0.89524 0.89831 0.90625 0.93817

Money saved per year 1 45978.785 32834.8623 1£748. 8518 8302.1017¢
fi »s




