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        INTRODUCTION

1. Background

India is a rapidly developing country which need a reliable, economical, efficient supply of electricity to be power sufficient country.The present installed capacity of electricity in India is 185.5 GW which gives about 778 KWHr per capita consumption of power as calculated by Central Electicity Authority in November-2011. The International Energy Agency estimates India will add between 600 GW to 1200 GW of additional new power generation capacity before 2050. In India Thermal power plant accounts for 65% of total installed capacity. Because of such higher demand new projects are coming.

2. Establishment

New installed boilers are equipped with an air preheater. The Air Preheater is defined as a heat exchanger used to transfer heat directly from combustion gases to combustion air without the use of an intermediate heat transfer fluid. Air Preheaters are used as important auxiliary equipment in the modern  power boiler. Shah et al.[1] suggested that  in most generating units, the regenerative air heater on a large utility boiler often accounts for over 10% of the unit’s thermal efficiency . Its performance is so critical that just a 5.5 oC change in gas exit temperature can change the boiler efficiency by ¼ % . Since the air heater is a critical component of the combustion system, evaluating and optimizing an air heater’s performance must be done with the requirements of the combustion system in mind.

3. Problem & Solution Statement

Rotary air preheaters are used in all power station boiler units to recover heat from the flue gases. During operation, the rotor of air preheater assumes the distorted shape with the casing and the non rotating seal surfaces remaining square, which would cause an increase in the gap at the hot and decrease in the gap at the cold end. In an air preheater, usually the hot flue gas is under vacuum and the cold air is at high pressure. So, this high pressure air can leak to low pressure flue gas side through these gaps in hot state. Leakage can negatively impact mill performance include corrosion, fouling, ammonium bisulfate plugging, increased auxiliary power consumption and higher differentials that lead to fan limitation Radial, bypass and axial seals are used in a rotary air preheater to minimize the leakage of high pressure cold air to low pressure hot flue gas and also to prevent the flow bypass from inlet to outlet through the gap between the air preheater rotor and housing. These leakages due to the pressure difference are referred to as pressure leakages. Also there is some unavoidable carryover of a small fraction of one fluid trapped in flow passages to other fluid stream due to the rotational effect of the rotor, and is referred to as carryover leakage. Air heater leakage has the largest single effect on air heater performance which, in turns, affects boiler output and efficiency [2].
4. Organization of  the Report

An overview of the related literature containing air preheater specification, working principle of air preheaters, causes of leakage, measurement of leakage, measuring procedure, sealing system has been given in Chapter-2. Results followed by discussions are presented in Chapter-3. Conculsion and scope for future work is present in Chapter-4. References are presented after Chapter 4.
CHAPTER 2
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LITERATURE REVIEW

2.1   Air Preheater
The Air Preheater is defined as a heat exchanger used to transfer heat directly from combustion gases to combustion air without the use of an intermediate heat transfer fluid. Air Preheaters are used as important auxiliary equipment in the modern industrial and power boiler. [25]
2.2   Types of Air Preheaters
Air Preheaters can be classified as Recuperative type (heat exchangers without storage) and Regenerative types (heat exchangers with storage).

In Recuperative type Air Preheaters two fluids flow at different temperatures in a space separated by a solid partition. Heat is transferred by Convection & Conduction through the separating wall.

Example : Tubular Air Preheater, Plate Type Air Preheater & Steam Coil Air Preheater (SCAPH).
In Regenerative type Air Preheaters one heating surface is exposed at certain intervals of time first to a hot fluid and then to a cold one. The surface of the Regenerative Air Preheater first removes heat from the hot fluid and is itself heated in the process, then the surface gives up this heat to the cold fluid. Thus the process of heat transfer taking place in a Regenerative Air Preheater is always of a transient nature, while steady state conditions are typical on the whole of Recuperative Air Preheaters.
Example : Ljungstrom Air Preheater and Rothemuhle Air Preheater.

Both the regenerators and recuperators are often also referred to as surface type heat exchangers, because the process of heat transfer in them is invariably linked with the surface of a solid. [20] 

2.3 Air Preheater Specifiactions 
	
	

	Type
	Ljungstrom Bisector (Regenerative)

	Air heater size
	30 VIM 2000

	No. of Air Pre-heater
	4 per Boiler

	No of sectors
	24


2.3.1. Elements
	END
	HEIGHT OF ELEMENT
	MATERIAL
	DESCRIPTION OF ELEMENTS

	HOT
	850 mm
	Carbon Steel
	Double Corrugated

	INTER
	850 mm
	Carbon Steel
	Double Corrugated

	COLD
	300 mm
	Carbon Steel
	Notched Flat


Table 1. Showing the description of heating element in PAPH.
2.3.2. Main Drive
	Electric Motor
	Squirrel Cage, induction motor, 11KW, 415V, 3(, 50hZ, 1450 RPM, Frame size 160-L, Insulation Class-F

	Speed Reducer Ratio
	110 : 1

	Speed Reducer
	Type-IA (3 in put) ;up shaft

	Final Speed
	1.42 RPM


2.3.3. Auxiliary Drive
	Air Motor
	3KW, 3020 RPM, Air flow 0.18 NM3/Sec. at inlet Pressure of 6.33 kg/cm2


2.4   Use of APH in a Boiler:

Fuel saving and the ability to burn low grades of fuel more efficiently are the two principal advantages of using an Air Preheater in a Steam Generator. Improved combustion leaves very less carbon deposit that normally fouls a furnace and limits the boiler output. For every 20(C drop in flue gas temperature (by heat recovery), the boiler efficiency will increase by 1%.

The use of an Air Preheater allows a smaller boiler to produce the same amount of steam, as that of a larger boiler not equipped with an Air Preheater. For coal fired furnaces, an Air Preheater system provides hot air for fuel drying. For steam generators, Air Preheaters Saves as much as 15% of fuel cost Preheats air for coal drying enables efficient burning of lower grade fuels saves energy by allowing lower excess air operation. [25]
2.5   Working Principle of Regenerative Air Preheater

The Regenerative Air Preheater absorbs waste heat from flue gas and transfers this heat to the incoming cold air by means of continuously rotating Heat Transfer Elements of specially formed metal plates. Thousands of these high efficiency elements are spaced and compactly arranged within 12 / 24 sector shaped compartments of a radially divided cylindrical shell called the rotor. The housing surrounding the rotor is provided with duct connections at both the ends, and is adequately sealed by Radial & Axial Sealing members forming an Air Passage through one half of the Preheater and Gas Passage through the other. As the rotor rotates, it slowly rotates the mass of heating elements alternatively through the air and gas passages. The heat is absorbed by the element surfaces while passing through the hot gas stream, and then as the same surfaces are carried through the air stream, they release the stored up heat to the air, thus increasing the temperature of the incoming air. [5]
2.6  Designation of  RAPH
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2.7  Components of Regenerative Air Pre-Heater (RAPH)
Each Regenerative heat exchanger shall consist of the following salient components / assemblies. [15]
1.  Cellular / Modular Rotor

2.  Rotor Housing and Connecting Plates

3.  Heating Elements

4.  Sealing system

5.  Support Bearing and Guide Bearing

6.  Lubricating Oil circulation system

7.  Drive Mechanism including Auxiliary Drive

8.  Access Doors

9.  Observation Port and Light

10. Cleaning and Washing Devices

11. Rotor Stoppage Alarm

12. Deluge System

13. Element Handling Arrangement 

14. Fire Sensing Device 

2.7.1.  Cellular / Modular Rotor

Cellular Rotor: The rotor is made up of 12 sectors. The rotor consists of a central rotor post and cellular rotor shipped in separate pieces to be assembled at site for completeness of the rotor. The baskets containing heating elements are to be installed in the completed rotor at site.

Modular Rotor: The rotor is made up of 12 numbers of full sector modules that are attached to the rotor post by pinned connections. The modules are loaded with elements and shipped to site for easier, speedy and quality erection.

2.7.2.   Rotor Housing & Connecting Plates
The Housing is octagonal in shape and consists of two Main Pedestals, two Side Pedestals, four other Panels and Connecting Plates with integral support beams.  Sandwiched between the top and bottom Connecting Plates are the 8 panels, which form an integral structure to take axial & radial loads, and also form a gas tight enclosure for the flow of fluids.
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Fig.2.1: APH rotor housing
2.7.3.   Heating Elements

Each air heater is provided with multi-layers of heating elements. The Cold End Elements are basketed for easy removal and replacement from the sides. Hot End Elements are removable from the top of the gas ducts. 

Generally the Hot End & Hot Inter elements are of DU type and Cold end element is of NF type. The material for Hot End & Hot Inter is Carbon Steel and material for Cold End is Low Alloy Corrosion Resistance (Corten) Steel. 

The Heating elements are rolled on special purpose rolling machine, which is a one-of-its-kind machine in the country, set up exclusively for this application. 
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Fig.2.2: Profiles of heating element
2.7.4.   Sealing System

Over many years of continuous operation, the sealing system has proved to be effective with minimum maintenance requirements. The design takes advantage of normal thermal growth to keep sealing surfaces in proper alignment.

The rotor is divided into equal sectors each forming a separate air or gas passage through the rotor. Fixed leaf type metal seals are radially & axially attached to the rotor structure between each sector. Sector shaped unrestrained radial sealing plates provides the sealing surfaces that divide the rotor into air and gas passages.

Because the seals are applied to the shortest leakage path and the sealing surfaces are externally adjustable, the most effective & continuous leakage control is assured. A circumferential bypass seal is provided to prevent air & gas from bypassing the rotor through the small space between the rotor and housing.                

The sealing surfaces are adjustable from outside by loosening the lock nuts. But this adjustment is to be done with care. The circumferential bypass seals can be adjusted only from inside of the rotor. As these seals control only bypassing of flow through rotor and the leakage in that path is being controlled by axial seals, there is no need to adjust them from outside.

The sealing arrangement consists of radial, axial, circumferential, axial seal plate to sector plate, and rotor past seals designed to minimize leakage between the gas & air sides of the regenerative air preheater.

The radial seals are located along the edges of the radial division plates and bear against the sector plates.

The axial seals are located axially along the outer edges of the radial division plates and bear against the axial seal plates.

The circumferential (or Bypass) seals are located in the housing around the periphery of the rotor and bear against the T bar attached to the periphery of the rotor.

The axial seal plate to sector plate seals is attached to the axial seal plates and bear against the sector plates. 

The Rotor post seals are attached to the ends of the rotor post and bear against the sector plates.

2.7.5.   Support Bearing 
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Fig 2.3: Sectional View of Support Bearing.
The support bearing is of spherical roller thrust bearing type and is located at the bottom connecting plate. 

2.7.6. GUIDE BEARING
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Fig.2.4: Guide Bearing with the part assembly
The guide bearing is of spherical roller type and is located at the top connecting plate. 

The bearing housings are designed to act as oil reservoirs for provision of integral oil circulation system.
2.7.7.   Lubricating Oil Circulation System
Both the Support & Guide Bearings are provided with independent oil circulation systems. The Oil Circulation system consists of Oil Pump, Oil Cooler, Pressure & Temperature Indicators and Flow Switches. 
The lubricating oil system proposed is a proven design. An identical unit is also connected as standby.

2.7.8.  Drive Mechanism including Emergency Drive
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Fig.2.5: Driving mechanism for the preheater
[image: image28.emf]
Fig.2.6: Gear box assembly
The drive system envisaged is of peripheral Pin Rack - Pinion Type. It consists of a two input Speed Reducer with built-in Over-Running Clutch, one Electric Motor for main drive and an Air Motor which is used as emergency drive, Fluid Coupling / Flexible Coupling and a Pinion for meshing with the Pin Rack of the rotor. 

Normally drive is through the Electric Motor and in the event of electrical trip out, the Air Motor comes into operation automatically, compressed air being admitted through solenoid valve. The air line is fitted with necessary Filter Lubricator. 
2.7.9.  Access Doors

Adequate numbers of access doors are provided, both at the inlet and outlet ducts and also in the housing panels for inspection and maintenance.

2.7.10.  Observation Port & Light

Observation Port & Vapour Proof Light are provided. These are suitably located at the air inlet side to have a complete view of the cold end elements while in operation.

2.7.11. Cleaning & Washing Devices
[image: image29.emf]
Fig.2.7: Cleaning device assembly
2.7.11. A Cleaning Device

The heat exchanger is provided with a Twin Nozzle Swiveling Arm type Power Driven Cleaning Device at gas outlet side, for on load cleaning of air heater elements.  

The cleaning device unit is located on the housing wall with the swiveling arm nozzle transversing horizontally in an area across the radius of the rotor, a short distance away from the element packs.

2.7.11. B   Off-Load Water Washing Device


Two fixed multi-nozzle washing pipes are fitted; one above and one below the rotor. Terminal points of the pipes to which surface connection can be given are located adjacent to rotor housing.

2.7.12.   Rotor Stoppage Alarm

Rotor stoppage alarm is provided to indicate the slowing down of the rotor. This consists mainly of control unit, vane operated Limit Switch and Vanes, which are mounted on the Trunnion. If the vanes fail to pass under the Limit Switch within the set time interval, the timer in the control unit transfers its contact to give an alarm in the control panel, to warn the operator that the rotor is slowing down.

2.7.13.   Deluge System
Two fixed multi-nozzle fire fighting manifolds are fitted: one above and one below the rotor. Terminal points of the pipes to which surface connection can be given are located adjacent to the rotor housing. During an air heater fire, both fire fighting and water washing manifolds must be used.
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Fig.2.8: Deluge system use during APH fire
2.7.14.  Element Handling Arrangement

Heat exchanger is provided with a hand-operated Pulley Block with Trolley for handling of hot end elements from inside of the Air Preheater to the Air Preheater operating floor.
2.7.15.   Thermocouple for APH Fire Sensing 


Shell type Thermocouple elements mounted on the Connecting Plate Center Sections are arranged (in radial direction) in the air outlet & gas outlet ducts close to rotor face, such that there is a measuring point between each tangential walls of the rotor.

The increase in temperature, due to fire, causes a momentarily and recurring increase of the thermo-electric voltage and the signal released by thermocouple is given to customer DDCMIS at UCB for suitable alarm / annunciation. In the event of a fire alarm, the deluge system valves and water wash system valves shall be opened.

2.8  Leakage in air preheater

Air heater leakage is inherent in all air - to - gas heat exchangers to varying degrees. Simply stated, the driving force that causes leakage is the difference in static pressure levels between the air & gas streams. In addition, the quantity of leakage is dependent on seal clearance, on the rotor depth, rotor diameter and rotor speed, the length of the seals separating the two sides and sealing system is directly proportional to the square root of the pressure differential and is also dependent on fluid density. Entrained leakage is the quantity that is contained in the rotor as the rotor passes from the air side to the gas side and from the gas side to the air side. Because of the thermal gradients that are inherent in any heat exchanger; structural deformation takes place resulting in clearances or gaps between seal and sealing surfaces. The importance of sealing and leakage and its influence on air-preheater performance was studied by several authors. MacDuff and Clark, for example, present an overview of radial sealing systems [17]. A lot of research was carried out by Skiepko, who studied the influence of leakage on a heat exchanger’s performance [4]. He also presented methods for calculating the mass flows of gas through the seals [5], a method of measuring and adjusting the seal clearances in radial seals [6-7], and the irreversibilities caused by leakage [8]. The general conclusion is that the sealing system is an important part of a rotary heat exchanger. Although the leakages in the air preheater do not significantly affect the boiler’s overall thermal efficiency [9], excessive leakages can reduce the effectiveness of the air preheater itself by over 10% [1]. 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 the air and flue-gas fans. These fans typically use up to 1.5% of all the power produced. 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 their tightness.
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Fig.2.9: schematically shows a typical arrangement of seals around the rotor of a rotary heat exchanger. The three types of seals in Fig. prevent leakage due to pressure differences between certain locations in the heat exchanger.[18]
In rotary heat exchangers another type of leakage occurs, i.e., carry-over leakage. This carry-over leakage means there is always some gas, hot or cold, caught within the matrix’s empty space as it moves from one stream to another, which means it is transferred to the opposite

stream. The carry-over leakage can be reduced by an appropriate design of the air preheater and the adjoining air and flue-gas channels.

2.9 Cause of leakage

As regenerative air preheater have a matrix type structure mainly consisting of hot end & cold end through which hot flue gas & cold air passes in opposite sides. Due to difference in the temperature at two ends, the hot end bends like mushroom shape. This results in gap at the hot end side which allows the cold air at high pressure to rush towards the hot end side & deteriorate the performance of air pre heater.
2.10 Possible Leakage Paths through air pre heater

Air heater leakage can occur from several different paths in a regenerative air heater. The most common way to measure air heater leakage is by oxygen rise from the flue gas as it enters the air heater (or exits a boiler) with the oxygen contents of the flue gas as it leaves the air heater. The O2 concentration often measured are typically used to calculate the amount of 
air leakage past the air heaters radial seals into the exiting gas stream. These leakage rates must be calculated using pressure differentials and measure gaps between the rotor and the circumferential seals with allowance for structural deformation at operating temperature including rotor expansion and chord deformation between diaphragms. Circumferential seal has an effect on the transfer and boiler heat rate. Radial seal leakage is typically calculated as a percentage of the boiler heat rate, not a percentage of fan input air flow.
[image: image31.emf]
Fig.2.10: Leakage paths through Regenerative Air pre heater.[10]
PATH 1: Normal air flow path

PATH 2:  Normal gas flow path

PATH A: Ambient FD fan flow leakage directly to the gas outlet duct (through the radial or circumferential seals)

PATH B: Pre-heated FD fan air flow that short circuits back to the gas outlet duct 
PATH C: Ambient FD fan air that leaks around the air heater & enters the boiler unheated.

PATH D: Hot gas exiting the boiler, going around the APH and exhausting at a high temperature.

B.Drobnic et al.[10 ] shows the effects of various radial-seal settings on the flue-gas properties after an air preheater have been theoretically researched using a numerical model. The model is a heat-transfer simulation in a three-dimensional geometrical model of a rotary regenerative heat exchanger.
2.11
A numeric study of leakage through heat-transfer model

Frankovic et al.[11] discussed the heat transfer rate in airpreheater through  a three dimensional model. The model is based on the principle of  energy conservation in a differential control volume, as shown in Fig.2.11. The use of a cylindrical coordinate system is suggested by the cylindrical shape of the matrix and its rotational motion. There are five heat fluxes entering and  five heat fluxes exiting the control volume (see Fig.2.11 ). All of them are combined into a single heat-balance equation for a differential control volume:
[image: image32.emf]
Fig.2.11: Heat fluxes through a differential control volume (A – heat carried by gas; B – heat carried by matrix; C, D and E – heat conducted through matrix material in axial, radial and tangential directions, respectively). [11]
θ     [image: image2.emf]---------- (1) 
The first term on the left-hand side of Eq. (1) represents the heat conveyed by the gas, the second term represents the heat conveyed by the matrix, and the entire third term on
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the left-hand side represents the heat conduction in the matrix material in all three coordinate directions. Parameters are the fractions of solid material in the matrix

cross-section in the respective directions. Besides heat convection and conduction through the

control volume there is also heat transfer from the gas to the matrix, or vice versa, taking place within the control volume. The heat transfer is described with the following equation:
                     [image: image3.emf]  -------- ( 2) 
The first part on the left-hand side is the heat flux to or from the air or flue gas, and the second part is the heat flux to or from the matrix. The coefficient β represents the heat

transfer surface in a unit volume of the matrix. For the purpose of the numerical simulation, Eqs. (1) and (2) are combined and expressed in terms of finite differences instead of partial derivatives. This yields the expression

                              [image: image4.emf]
                                








--- (3) 
The transformation is done by employing standard numerical methods for parabolic partial differential equations. Since rotational speed of the rotor is constant time coordinate that is commonly used was replaced by rotational angle θ. [19]. The computational domain is covered with a grid that coincides with the cylindrical coordinates r, θ and z. Each grid point is described with the indices i , j and k, which describe its radial, tangential and axial positions, respectively. Boundaries and respective index values are shown:
Table 2.Boundaries of computational domain and respective index values of numerical model
[image: image5.emf]
 The matrix temperature at any point ( i, j, k) can be calculated using Eq. (3).
The heat-transfer coefficient, α, depends on the properties of the gas; the model allows it to have a constant or variable value. Through investigations of the dependence of the heat-transfer coefficient on other gas properties were published by Stasiek et al. [12,13]. Their findings were used to define the heat-transfer coefficient in terms of the Reynolds

number for the presented simulations. Since two unknown temperatures are sought for each

computational point, the temperature of the matrix and the temperature of the gas, the solution can only be achieved iteratively. Several boundary conditions must also be set in order to enable an iterative simulation of the heat transfer using the model represented by Eq. (3).
  Measurements of the flue-gas properties for the calculation of the boiler’s efficiency should take place after the air preheater. Fig.2.10 shows the expected values of particular flue-gas properties at any location on the outlet surface. Fig.2.12 shows the temperature and the distribution of the fraction of CO2 at the outlet surface for the case of small clearances for all the radial seals. Both parameters have very high gradients at the inner edge of the surface. This is because of the air that usually has a considerably higher pressure than the flue gas into the flue-gas channel. If the seal clearances are increased, more air rushes into
the flue-gas channel and, consequently, both the temperature and the fraction of CO2 at the inner wall of the outlet channel decrease. Fig.2.13 shows the temperature and the distribution

of the fraction of CO2 for the second case, where all four radial seals had increased clearances. The main difference in the distributions of the temperature and  CO2 fractions on the sampling line are compared in Fig.2.14 for the initial case (thin black line) and for the four case where each of the radial seals’ clearance was increased individually (coloured lines).
[image: image6.emf]
Fig.2.12: Temperature and distribution of the fraction of CO2 on the flue-gas outlet surface of a rotary air preheater with the initial setting of the radial seals.[13]
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Fig.2.13: Temperature and distribution of the fraction of CO2 on the flue-gas outlet surface of a rotary air preheater with increased radial seal clearances.[13]
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Fig.2.14: Calculated distribution of CO2 fraction along the inner wall of the flue-gas channel

[13]
Since the left- and right-hand side seals only affect their respective sides of the channel Obviously, the increased seal clearance affects the fraction of CO2, which is decreased for all four cases. It is possible to determine whether the increased leakage occurred at the left- or right-hand side of the rotor. But it is not possible to distinguish the leakages through the seals at the hot end and the cold end of the rotor. The air that is mixed with the flue gas at the hot  end of the rotor has a much higher temperature than the air that is mixed at the cold end. The temperature of the flue gas at the sampling line should therefore depend on whether the

leakages are increased at the hot or cold end of the rotor. The numerical simulation confirmed these assumptions, as is shown in Fig.2.15. The increased leakage at the cold end significantly lowered the flue-gas temperature (the green and blue lines in Fig.2.15). On the other hand, the increased leakage at the hot end has virtually no effect on the flue-gas temperature. The red and yellow lines in Fig.2.15 practically coincide with the thin line representing the initial setting of the radial seals.

                     [image: image7.emf]
   Fig.2.15: Calculated distribution of temperature along the inner wall of the flue-gas channel [13]
	TABLE 3 :AIR HEATER PERFORMANCE TEST REPORT - 500 MW

	
	
	
	
	
	
	
	

	
	 
	
	
	
	
	
	

	S.N
	RESULTS
	UNITS
	Expected
	Last Test
	Current Test
	Expected
	Last Test
	Current Test

	 
	 
	 
	 
	PAPH A/B
	PAPH-A
	PAPH-B
	 
	SAPH A/B
	SAPH-A
	SAPH-B

	1
	Air Preheater Leakage
	%
	26.0
	35.9 / 39.1
	30.5
	32.4
	12.0
	16 / 16.4
	14.1
	9.9

	2
	APH Gas Side Efficiency
	%
	64.0
	48 / 48.8
	51.5
	53.7
	64.0
	59.9 / 53.4
	59.0
	59.9

	3
	Air Preheater X-Ratio
	---
	0.00
	0.7 / 0.71
	0.75
	0.79
	0.00
	0.7 / 0.61
	0.68
	0.70

	4
	EGT-Corr to ref air temp and lkge
	C
	0.0
	203.2 / 202.1
	192.6
	185.2
	0.0
	170.54 / 188.96
	172.1
	168.3

	                        PARAMETERS  
	 
	 
	 
	 
	 
	 
	 
	 
	

	                                          Temperatures
	
	
	
	
	
	 
	
	
	

	1
	Ambient Air
	C
	27
	36.3 / 36.3
	37.87
	37.87
	27
	36.3 / 31.4
	37.9
	37.9

	2
	AH Air Inlet 
	C
	39
	44.1 / 53
	51.8
	60.4
	30
	40.5 / 40.3
	44.6
	44.3

	 
	Ref Air
	 
	39
	34.7 / 43.7
	40.9
	50
	30
	#VALUE!
	34
	33

	3
	AH Air Outlet 
	C
	298.0
	257.9 / 262.9
	259.8
	259.6
	327
	329.6 / 330.6
	332.9
	328.8

	4
	Flue Gas Inlet 
	C
	385.0
	354.8 / 357.3
	355.7
	354.9
	358
	380.1 / 371.4
	376.4
	375.3

	5
	Flue Gas Outlet 
	C
	141.0
	163 / 165.1
	164.8
	163.4
	140
	158 / 172.7
	163.9
	165.0

	6
	EGT - Corr. for AH lkge
	C
	155.0
	205.6 / 208.9
	199.2
	196.7
	145.0
	176.8 / 194.5
	180.6
	176.9

	7
	EGT - Corr. for ref air inlet temp
	C
	0.0
	157.2 / 159.2
	158.0
	156.3
	0.0
	151.9 / 170.1
	156.9
	158.1

	                                     Avg. Oxygen in Flue Gas 
	
	
	
	
	
	 
	
	
	

	8
	AH Inlet
	%
	3.72
	3.8 / 3.5
	4.533
	4.1
	3.72
	3.8 / 3.5
	4.5
	4.1

	9
	AH Outlet
	%
	5.76
	8.7 / 8.8
	8.700
	8.600
	4.63
	6.4 / 6.2
	6.70
	5.800

	                                         DPs across AH
	
	
	
	
	
	 
	
	
	

	10
	Gas Side
	mmwcl
	95.9
	72.9 / 121
	76.1
	112.0
	95.9
	105.7 / 126.4
	101.4
	123.0

	11
	Air Side 
	mmwcl
	28.5
	45.9 / 54.5
	47.0
	49.4
	28.5
	121.3 / 122.1
	133.6
	119.3

	                                          Test Condition
	 
	 
	 
	 
	 
	
	
	
	

	1
	Load
	MW
	500
	526.1
	524.63
	
	
	
	

	2
	Coal Flow
	T/Hr
	300
	327.6
	327.08
	
	
	
	

	3
	Total Air Flow
	T/Hr
	1841.886
	2114.7
	1997.00
	
	
	
	

	4
	Secondary Air Flow
	T/Hr
	1182.27
	1326.0
	1316.86
	
	
	
	

	5
	Mills In Service
	No.
	6
	ABCEFGH
	ABCEFGH
	
	
	
	

	6
	FD Fan Current
	A
	0
	127.4 / 134.2
	129.50
	128.80
	
	
	
	

	7
	PA fan Current
	A
	0
	145.1 / 151.8
	142.80
	154.60
	
	
	
	

	8
	ID Fan Current
	A
	0
	193 / 181
	192.80
	182.70
	
	
	
	


2.12  Sealings System To Prevents leakage
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Seals are provided at both the ends of the Air Preheater to minimize leakage between the air side and the gas side. The hot and cold end radial seals are attached to each diaphragm of the rotor and are set at a specified clearance from the sector plates which separate the gas and air streams. 
Fig.2.16: Sealing System in air pre heater
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  Fig.2.17: Cold end side seal arrangement                                 Fig.2.18: Hot end side seal 

Seals provided at the rotor post are set to operate with minimum clearance with respect to the horizontal sealing surface of the sector plate. The circumferential bypass seals provide sealing between the periphery of the rotor and the connecting plate housing. All seals may be adjusted to necessary clearances.
2.13 RADIAL SEALS

Radial seals and sector plates are located at the hot and cold ends of the air preheater.  The radial seals are attached to the diaphragms, which separate the individual rotor compartments, and as the rotor turns the seals pass in close proximity to the sector plates located between the air and gas sides of the air preheater. The purpose of these seals is to reduce the area available for leakage from the air to the gas side between the rotor and the air preheater housing.
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Fig.2.19: Radial Seal
2.13.1 Installation of Radial seal
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Fig.2.20:  Radial seal installation
 

Setting of straight edge:- Bolt the Aluminium finger tabs or gauges in radial seal bolt holes, one in the in-board and the other in the out -board on the diaphragm set each one to sector plate in accordance with the seal setting chart, with feeler gauges. Then, rotate the finger gauges to straight edge and set straight edge to gauges.

 Attach the Seal, straight edge to the support channels welded inside the connecting plate.

 Install the radial seals to the leading edges of the rotor diaphragms. In the hot end, leave the seals loose and push them down towards the element for additional sector plate clearance.  In the cold end of the heaters, move the seals up towards elements and hold them with the help, of two end bolts temporarily so as to clear the sector plates.

 Set the straight edge to clearances from sector plates in accordance with the seal clearance chart. Set one seal so that each section touches across the full length of the straight edge. Turn the rotor and check this first seal clearance across the sector plates if clearance is not correct, reset the straight edge to correct clearance and then set the remaining seals.
2.14   Axial Seals 

Axial seals, used in conjunction with by-pass seals, minimize leakage passing radially around the rotor shell. The axial seals are mounted on the outside of the rotor shell and seal against the axial seal plates mounted on the air preheater housing
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Fig.2.21: Axial Seal

2.14.1  Installation of Axial Seal


Set axial seal straight edge to support channels located inside rotor housing with 5 mm gap to the high point of T Bar. Straight edge to be vertical to the plumb. fix seals and adjust to the straight edge and tighten fasteners,
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Fig.2.22: Axial Seal installation
2.15  Circumferential seals


Circumferential seals are mounted on the rotor and the sealing ring connected to the housing.  The circumferential seals and sealing ring prevent air and gas from bypassing the heating surface through the space between the rotor and the housing shell. They also prevent air and gas from flowing axially around the rotor
                                                 [image: image8.jpg]



Fig.2.23: Circumferential seal
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Fig.2.24: Installed circumferential seal
2.16 By pass seal


Bypass seals are provided with a number of slots to bend them easily. They must be installed in pairs with staggering of their slots to avoid leakage of gas /air. The ends (near sector plates) can be fitted with three layers of bypass seal leaves. Every leaf fixed near the sector plates should be held at-least by two bolts and the overlapping of two seal leaves is to suit the direction of rotation of the rotor.                                                      
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Fig.2.25:  By pass seal
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Fig.2.26: Installed By pass seal
2.16.1 Installation of circumferential/bypass seal


Bypass seals are provided with a number of slots to bend them easily. They must be installed in pairs with staggering of their slots to avoid leakage of gas /air. The ends (near sector plates) can be fitted with three layers of bypass seal leaves. Every leaf fixed near the sector plates should be held at-least by two bolts and the overlapping of two seal leaves is to suit the direction of rotation of the rotor. Maintain clearances as per the seal setting chart.
2.17  Measuring Air Pre heater Leakage

The typically large volumes of fan air leakage through the radial seals and into the exhaust gas stream represent wasted horsepower on both the ID & FD fans. This leakage is measured as a percentage of gas flow and is calculated by comprising O2 measurements at the inlet and outlet of the gas side of the air heater. Ambient air has a constant O2 concentration of 20.9 % an increase in O2 is a direct representation of the amount of flow that is leakage 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 method for measuring them separately.
While measuring the leakage the test point should be close the duct wall in the area downstream of the sector plates since most of the radial seal leakage is constrained close to this duct area with both O2 and velocities being more than twice the overall average in these areas.
Leakage is commonly calculated as follows:

Leakage (%) = (O2out-O2in / 20.9-O2out) x 90

There are two penalties when referencing radial 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. The performance test code assumes that all the air in leakage occurs on the cold side, but in reality it is mix of the hot and cold side leakage. The hot side radial leakage does not cool the outlet temperature as much as the cold side leakage does.
An equation commonly used to calculate the corrected gas outlet temperature with provision 
for hot side radial leakage is as follows.
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T gas out corrected = % leakage X Cp air X (Tgas out – (60% x Tair + 40% x Tgas out  ))+Tgas out
                                                                           Cp gas 

The enthalpy drop for the gas and the enthalpy 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 overall heat transfer efficiency for the air heater.
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Heat Transfer Efficiency =               Cpair X ( T air out –T air in ) X Air Mass Flow 

                                     Cp gas X ( Tgas in – T gas out corrected) X Gas mass flow less leakage

The other impact radial leakage has on the bottom line is the increased flow through the fans caused by the increased air flow. The flow and the static pressure at a fan can be used to find the fan efficiency.
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Power consumption = Flow (ACFM) X Static Pressure (w.c) / 6356          ( HP)
                                          Fan efficiency X Motor Efficiency 

2.18  Gases Leakage Past the Bypass/circumferential Seals 

A considerable amount of additional air heater leakage occurs around the perimeter of the air heater through the circumferential / bypass seals. Due its location,this leakage is not measured nor included in the normal air heater leakage percentage number because the  ASME test procedure have no methods to either measure or include it. 
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CHAPTER -3
Results & Discussion
3.1 Measurement of leakage 


To compare the numeric result, measurements were performed on an existing air preheater. The construction of the preheater and the adjoining channels did not make it possible to make measurements on the same plane that was analysed numerically. As a result, the measuring plane was further down the flue-gas channel, as shown in Fig.3.1. A combined probe for simultaneous measuring of the temperature, the gas composition and the velocity was designed for the presented measurements [20]. The properties of the flue gas were only measured at a single point with the probe, so a series of measurements had to be performed to cover the entire measuring plane. The same measuring procedure was performed before and after a general overhaul of the air preheater, at which time the sealing system was also improved. The measurements before the overhaul therefore represent the case of an improper seal setting, while the measurements after the overhaul represent the case of a tight seal setting.

3.2. Measuring procedure

The flue-gas properties were measured  over a cross-section of the preheater’s outlet channel, Fig.3.1, according to VDI guidelines [21]. During this time all the operating parameters of the power plant were kept at constant levels. The locations of all the measuring points on the measuring plane are shown on the right-hand side of Fig.3.1. The results from all  measuring points give distributions of the flue-gas properties over the entire measurement plane. The seven measuring points on the sampling line (right hand side of Fig.3.1) were used for a comparison with the numerical results in Fig.2.14 and Fig.2.15. The distance of the sampling line from the channel’s wall is approximately 0.2 m, while the distance between the neighbouring points is 1.2 m.
[image: image10.emf]
Fig. 3.1: Positions of the measuring plane, the measuring points and the sampling line in the flue-gas outlet channel [22]
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Fig.3.2: Measured values of CO2 fraction and flue-gas temperature along the inner wall of flue-gas channel compared to calculated values [22].

B Drobinc et al.[22] compare the numerical and experimental results as shown in Fig.3.2. Obviously, both results follow the same principles. Both the fraction of CO2 and the temperature increase from the left-hand side towards the right-hand side of the channel. There is also a noticeable drop in both parameters at the left- and right-hand edges of the channel.

On the left-hand side of the channel the fraction of CO2 is smaller due to additional air that is being carried over from the air channel with the rotor matrix. In the middle of the channel almost pure flue gas is observed in the numerical simulation since no leakage is simulated at the rotor axis. The left-hand diagram in Fig.3.2 shows an increase in the fraction of CO2 by 1.5–2% after the overhaul. This  indicates that a lot less air is being mixed with the flue gas.

The noticeable difference between the profiles shown in Fig.2.12 and Fig.2.13 already showed the significant effect that the amount of air that is being mixed with flue gas has on the distribution of the fraction of CO2. If only one of the four radial seals has an increased clearance the differences are smaller, but still noticeable, and they only appear on the side of the channel where the increased leakage occurs. The new sealing system performs a lot better than the old one. However, the right-hand diagram in Fig.3.2 shows very little change in the temperature of the flue gas. The numerical simulation showed that increased leakages at the hot end, the left- and the right-hand sides of the rotor had virtually no effect on the flue-gas temperature as shown in  Fig.2.15.
On the other hand, increased leakages at the cold end noticeably reduced the flue-gas temperature. From numerical simulation it is found that the majority of the leakage taking place before the overhaul occurred at the hot end of the rotor. This is because it is common to have a lot of abrasion damage at the hot end of air preheaters rotors. The abrasion is caused by the particles of ash that are carried by the flue gas flowing through an air preheater. This damage is the most likely cause of the increased leakage. Both the numerical and experimental results show that combined measurements of the fraction of CO2 and the temperature at the inner wall of the flue-gas outlet channel make it possible to accurately detect which of the four radial seals is not optimally set. It is necessary to know the temperatures and the fractions of CO2 at the sampling points for the optimal seal setting. In other words, the thinner line in Fig.2.14 and Fig.2.15 needs to be known. For online monitoring of the radial-seal settings at least two pairs of probes need to be installed in the flue-gas outlet channel. With respect to the results of the numerical simulation and the measurements, the proposed areas where the measuring probes should be positioned are shown in Fig.3.3. The actual shape and size of the areas might vary for preheaters with different geometries of the flue-gas channels. But in general the measuring probes should be placed in the left- and right-hand parts of the channel near the wall of the channel that is closest to the axis of matrix rotation. Each pair of probes consists of a probe for measuring the temperature and one for measuring the fraction of CO2. The measurement results need to be compared to the results of an initial setting to provide an estimation of the radial seals tightness or the distribution of leakages among all four radial seals. An increased fraction of CO2 indicates a reduced tightness of the sealing on the respective side of the rotor. The change in temperature can further indicate whether the increased leakage occurs at the hot or the cold end of the rotor.
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Fig.3.3: Proposed areas for positioning the measuring probes for online monitoring of the radial-seals tightness [22]
3.3  Effects of Leakage   

Leakage whether direct or entrained has no effect on the heat transfer efficiency of the regenerative air preheater. There is no difference in the number of  KCals transferred to the air stream from the gas stream because of leakage. However, the gas temperature leaving the preheater is diluted or decreased by 5 to 10(C by the mixture of the cooler air with the hotter gas stream. 10% leakage can reduce the overall thermal efficiency of an air heater by 9.8% to 13.2%.

Over a period of years, due to deterioration in the sealing system, the leakage can increase, perhaps doubling in value.
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Fig. 3.4: Graph plotted between % leakages in PAPH with monthly duration.
From the figure it can be conclude that there is increase in leakage with the change in  time.  The significant variation in temperature along the axial length of the rotor and consequent variation in radial expansion cause the rotor to deform. This phenomenon, commonly termed capping results in the rotor deflecting outwards and away from the hot end of the preheater. As the boiler load changes the deflections change, therefore the sealing system must be able to cope with relative movement between the rotating and stationary parts of the air preheater
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Fig.3.5: Graph plotted between % leakage with monthly duration

3.4  Direct Effects of the Air Heater on the Fuel Consumption and CO2 Emissions


 In recent years there is great emphasis on the control on the emission of CO2 in the atmosphere. But due to the leakage from air heater, for every extra ton of coal that is consumed there are additional tons of CO2 emissions from plants.
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Fig.3.6: Graph plotted between % leakage with coal consumption
3.5  Effect on air heater air outlet temperature & flue gas outlet temperature.

During start-up or after changing the boiler’s load the rotor is deformed due to temperature differences at the hot and cold ends of the rotor. This causes change in the outlet air & outlet flue gas temperature drop. Due to reduction in these temperatures i.e decrease in the outlet air temperature & flue gas outlet temperature causes addition of more amount of coal & causes reduction in boiler efficiency.
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Fig.3.7 Graph plotted between % leakage with preheater air outlet temperature
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Fig.3.8  Graph plotted between % leakage with Flue gas outlet temperature.
3.6  Effect on gas side efficiency

Ratio of Gas Temperature drop across the air heater, corrected for no leakage, to the temperature head.
            η= (Temp drop / Temperature head) * 100

             where Temp drop = Tgas in -Tgas out (no leakage)

             Temp head = Tgas in - Tair in.
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                       Fig.3.9: Graph plotted between & leakage with APH Gas side efficiency
With the increase in the leakage Gas side efficiency gets reduced because of reduction in the flue gas outlet temperature.
3.7  Effect on the energy consumption by the fan.


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 the air and flue-gas fans. These fans typically use up to 1.5% of all the power produced. An increased amount of power required for the fan results directly in a noticeable drop in the power plant’s overall efficiency.
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Fig.3.10: Graph plotted between % leakage with Fan loading.
3.8  Effect on Pulverizer Performance.

With the increase in the air drift leakage, temperature of the hot primary air coming out of the Primary airpreheater get reduced. This results in the decrease in the mill outlet temperature & pulverized coal moisture content remains in it. Wet coal thus stuck inside the mill bowl race & grinding performance of the pulverizer reduces. Long duration of accumulation causes  wear & tear of the mill race & balls.
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Fig.3.11: Effect on pulverizer rollers

3.9  Effect on the Baskets of Preheaters

The exit flue gases contains ash particles, sulphur ,phosphate, nitrogen & other toxic impurities and as there is diluation of the exit flue gas temperature with the mixing of the leaked cold air, the possibilities of cold end corrosion increase at the lower temperature 
Region of the preheaters i.e cold end baskets & intermediate buskets. These particles on

Condensation form H2SO4, NH4HSO4.
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Fig.3.12: In the above figure the red portioned area showing the cold end corrosion (acid corrosion) Prone area i.e cold end basket & intermediate basket area.
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3.10  Effect on the emission.


The exhaust flue gases after treatment by successive zone within the Electrostatic  Precipitator the clean gases pass through the outlet funnel & flow along the outlet ductwork connected to the I.D fan & are hence discharged  to atmosphere via the chimney. But with the increase in the drift leakage downstream gas velocity increase causing the reduction in the 
Residence time of the ash in the ESP. This reduces the performance of the ESP & increases the loading of the I.D fan. Also this causes deterioration of ESP duct supporting structures.
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Fig.3.13: Erosion of ESP duct structure
3.11 Recommendations for Control of  Leakage

1. Eliminate some of the gaps that permit leakage

2. Increase the number of seals in critical areas

3. Minimize the size of the leakage paths

4. Optimize the shape of the seals to improve effectiveness and life

3.11.1. Elimination of gaps

[image: image58.emf]

Fig.3.14: shows deformation of rotor due to variation of temperature.

The significant variation in temperature along the axial length of the rotor and consequent variation in radial expansion cause the rotor to deform as shown in fig.3.14. This phenomenon, commonly termed capping results in the rotor deflecting outwards and away from the hot end of the preheater. As the boiler load changes the deflections change, therefore the sealing system must be able to cope with relative movement between the rotating and stationary parts of the air preheater. It has been common practice to attempt to compensate for this relative movement and to close these gaps as much as possible. However this brings its own problems and the Howden VN design employs a different approach to leakage control. As a basis for evaluation of the Howden VN design it is useful to understand the concept behind the older Howden design of air preheater. The first method that Howden used to reduce the gaps was to move the hot end radial seals upwards as the rotor capped downwards to keep them effectively the same distance from the sector plate. This was accomplished by splitting the rotor horizontally typically 300mm from the hot end (Fig.3.14). As the temperature differential across this thin hot end tier is relatively low it will not deflect as much as the rest of the rotor. The main drawback with this system was the necessity to have seals between the two rotor tiers to compensate for the relative movement. These sliding seals tended to seize in the flue gas atmosphere. Thus either the hot end tier was pulled downwards, increasing the gaps or it was pushed upwards as the rotor cooled causing the radial seals to wear when they came in contact with the sector plates. In addition the sliding seals between the tiers could corrode or be damaged when they seized providing additional leakage paths. This system was eventually abandoned in favour of adjustable sector plate designs. Consequent ash build up and corrosion of operating mechanisms behind the sector plates can also affect correct operation of the adjusting system.
[image: image59.emf]
Fig.3.15: Adjustasble sealing system

Adjustable axial and radial sector plates (Fig.3.15) move to follow the capping of the rotor

in an attempt to minimize the gap between sector plate and rotor. Generally the hot end

sector plates are under the control of sensors which measure the gap between rotor and

stator. However because the sector plates move, there must be a seal between these and

the main heater structure. These seals are prone to attack by the flue gasses and if they

are damaged can let through significant amounts of leakage. In addition, if there is a fault with the sensors or actuators then it is possible that the sector plates will be left in the hot running position. As the air preheater cools, and the rotor moves towards the hot end sector plates, contact may occur, damaging the seals. The next time that the rotor comes up to temperature, the larger gaps caused by the worn seals will allow more leakage to pass. In a number of cases, fear of sensor failure has led to operators not using the actuated sealing system and accepting a higher leakage rather than lead the risk of the seals being damaged.. The Howden approach is to have fixed radial and axial sector plates to eliminate the problems associated with moveable sector plates and to accept the slightly higher leakage that this entails at day one, on the basis that reduction in leakage drift is of far greater benefit to the plant operator. The reduction in size of the leakage paths is illustrated in Fig.3.16.
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Fig.3.16: Comparision of leakage path
3.11.2.  Increasing Number of seals


Traditional practice on air preheaters has been to have one radial or axial seal under the sector plate at all times (Fig.3.17). By doubling the number of radial or axial seals on the

rotor it is possible to have two seals under the sector plates at all times. This halves the

pressure differential across each seal and thus reduces the leakage of air to gas by 30%.
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Fig.3.17: Comparision of sealing systems
3.11.3. Leakage path size


A detailed understanding of the deflection of the rotor and of the support structure under the varying temperatures to which each part is exposed, provides the confidence to

correctly design the gaps between rotating and stationary components. This understanding

has been achieved by a combination of site measurement and computer based simulation.

The cold end sector plate is set in place with a curved profile to match the deflected shape

of the rotor (Fig.3.18). This is an improvement over the previous Howden design where

the sector plate was flat. Thus the gaps at the cold end, where the highest pressure

differential exists, are smaller than on the older design. As there is no control system associated with the actuated sector plates it is not necessary to account for the hysteresis and hunting associated with the mechanical and electrical components.
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Fig.3.18: shows cold end sealing

As the thin sealing strip is relatively flexible it gives greater confidence in reducing gaps between the rotor and the stationary casing, i.e. in the event of unexpected operating

conditions occurring, a rub between a flexible sealing strip and the casing is much less

serious than one involving a heavy gauge radial plate.The use of a centre drive system,

permits axial seals to run the full length of the rotor.

3.11.4  Seal detail


The use of thin gauge sealing strips increases sealing efficiency. The thinner edge provides a higher coefficient of discharge, thus greater resistance against flow. To illustrate this consider the leakage under a heater radial sector plate. The addition of a sealing strip to the rotor radial division plate will reduce the leakage (Figure 3.19). For many years Howden used a double leaf seal, on the assumption that it cut down the leakage more than a single seal. This was correct but some tests carried out more recently have shown that this was true only with very small gaps. When gaps become greater, it was discovered that a single leaf 
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Fig.3.19: showing the alternative sealing

seal is more efficient. Looking at the graph, (which expresses leakage, not as a finite quantity, but as a percentage of the leakage through a single leaf seal, against seal gap), it can be seen that only at gaps below 4mm is the double leaf seal more efficient. Note particularly that when the seal wears, the leakage increases considerably, as may be expected as the seal shape changes from a simple labyrinth to almost a flat plate.[23]
3.11.5.  Double Sealing

Traditional rotor designs have only one radial sealing strip passing under the sector plate at any one time. Theory shows that leakage is directly proportional to the square root of the driving pressure differential:
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L =   (    Pd)1/2
And so it follows that if the number of seals under the sector plate is doubled, effectively halving  the pressure differential acting on each sealing surface, the direct radial leakage will decrease by approximately 30%:

L = (    Pd/2)1/2
Rig tests were performed where the intermediate seal pressure was measured and the pressure drop across the first seal was found to be 50% of the overall pressure drop. Various arrangements of seal gap sizes and spacing between seals were tested and it was found that as the seal gap size increased, the effectiveness of double sealing decreased, but at the normal operational gap sizes of 3mm the expected leakage reductions of 30% were obtained.

However, the effectiveness of double sealing increased as the spacing increased particularly so on larger gap sizes. Double sealing effectiveness was found to be influenced by the pressure differential, gap size and seal spacing and so tests were carried out to simulate the following sets of criteria.

1. Average pressure differential & large gaps (main heaters)

2. High pressure differential & medium gaps (mill heaters)

For fixed sealing surface main air preheaters with pressure differentials of around 4kPa there was a progressive fall off in hot end double sealing effectiveness as the heater radius increased (and the seal gap increased). This fall off actually starts within the radius of a size 28 (5m radius rotor), and at a radius of a size 35 the effectiveness of the hot end double sealing has fallen to about 16%. As the seal gap size in the cold end is fixed at the optimum operational settings and does not increase, the double sealing effectiveness is maintained at the full 30%. The loss of effectiveness in the hot end has the effect of reducing the overall double sealing effectiveness of larger heaters, typically to around 24% on a size 35 heater. However, on these larger heaters Howden has adopted triple or even quadruple sealing towards the periphery, thereby reducing the direct leakage levels. The hot end effectiveness of higher pressure differential mill air preheaters is not significantly lower than that for main air preheaters, and this reduction in effectiveness only accounts for a difference of 0.4% of mass flow.[24]

Fig.3.20:  showing double sealing arrangement.
.


Fig.3.21: The graph above showing the effectivness of double sealing system .Here Y-axis        showing the % improvement in leakage & X-axis showing the radius of the rotor in (m)
3.12  Recent Development to reduce leakage.


The Dura FlexTM [26]develop highly performance flexible Circumferential & Radial seals.This reduces the leakage which are normally found in other type of seals.

Fig.3.22: Flexible seal

These type of seals have two members each having Tab & Slot .Here tab of one member & slot of other member forms a  joint The tab have narrow neck section & wider sealing section. The wider sealing section overlaps & narrow neck sections are postioned within the recess region of the notch of the opposite member so as to interlock the two member.

Fig.3.23: Above  photographs showing the assembly of the circumference seal

3.12.1 Flexible Radial Seals 

Flexible Radial seal prevents the leakage between hot gas & cold air.These seals are mounted on are mounted on the diaphragm. A set of bellow is fix on the seal to provide flexibility & resiliency .


Fig.3.24: Above photographs shows the different positions of the radial seals during the operation.

Fig.3.25: Spring type radial seal










             CHAPTER-4
Conclusion
From the present study regarding the leakage from the rotary regenerative airpreheater, it is found that leakage starts to increase with the passage of time. Due to the temperature difference  at the hot & cold end, rotor deforms & takes a shape of mushroom type. It is found that leakage at the cold end does not contribute to any heat loss but it dilutes the flue gas outlet temperature. The effectiveness of a regenerator considerably reduces due to increase in leakage, especially if leakage is more at the hot end. The sealing which are placed at the radial, axial & circumferential gets deflected, causing  improper distribution of the air from the bottom end & hot flue gas from the top end. Deformation of seal arrangement from their original position causes improper distribution of air & flue gas which reduces the performance of the air preheater. From 500 MW thermal power plant data it has been observed that after change in sealing arrengement air side temperature increased by 10oC & gas side temperature reduced by 8.5oC.

Moreover, with the detoriation of the sealing arrangement there is increase in heat rate,  increase in the CO & CO2, air outlet temperature & flue gas outlet temperature decreases. and increase the fan load.
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