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Abstract
A boiler serves as the life line of any process plant. Around 10% of the total expenses are incurred on the boiler. Detailed description of boiler parts and process of steam generation is explained in the thesis.

Condition of in-service Economizer tubes badly deteriorated due to the cold end corrosion and results in inefficient boiler operation. Due to frequent leakages of tubes boiler had to be shutdown many times, so directly it effects the production of product. Frequent leakages involve maintenance jobs which in turn increases the maintenance cost.

Detailed study have been carried out by taking the parameters before and after the economizer replacement. It has been observed that the flue gas temperature exhaust to atmosphere was quite high before replacement of economizer while after replacement it came down significantly. Steam-fuel ratio with corroded economizer was in range 12 to 12.5 while with new economizer it increases in range 13.5 to 14.0.
Analysis of the economizer reveals that use of furnace oil (with higher % of sulphur), excess air (increases acid dew point temperature of flue gases) and lower feed water temperature to economizer inlet are the main cause of cold end corrosion.

Certain points are made to make the life of economizer enhanced like use of seamless tubes in place of the electric resistant welding (ERW) tubes, use of (Low Sulphur Heavy Stock) LSHS instead of FO as it contains less percentage of sulphur, addition of chemicals (Carbonex & Magnesium Based Additives) reduces SO3 emission, acid smut, tube fouling, and increasing the economizer inlet feed water temperature.
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1. Chapter: Introduction

The plant under consideration was recomissioned on 7th July 2005 and caters the need of steam generation for a Chemical Industry. The plant produces mainly Mono-Ethylene Glycol (MEG) and Di-Ethylene Glycol (DEG), Tri-Ethylene Glycol (TEG) as By-products. MEG is raw material for making polyester and is also used as anti-freeze in automobiles. DEG is used in making fabric & plastic while TEG is used in making cosmetics. The plant runs at a capacity of producing 240 Tones/Day of MEG and ranks 5th in world for the production of same.

In production of MEG, steam is required at different temperature and pressure at various places. The steam is used in heating, stripping, tracing, creating vacuum and other utilities. For above required steam, two boilers of capacity 30 tones/hr at 35Kg/sq-cm are installed. 

The following study has been carried out in the project study and presented in the subsequent chapter. A brief of steam production & utilization is explained here.

1.1 Steam Utilizations in the plant

              Steam has come a long way from its traditional associations with locomotives and the Industrial Revolution. Steam today is an integral and essential part of modern technology. Without it, our food, textile, chemical, medical, power, heating and transport industries could not exist or perform as they do.

Steam provides a means of transporting controllable amounts of energy from a central, automated boiler house, where it can be efficiently and economically generated, to the point of use. For many reasons, steam is one of the most widely used commodities for conveying heat energy. Its use is popular throughout industry for a broad range of tasks from mechanical power production to space heating and process applications.

     Steam is one of the most widely used media to convey heat over distances. Because steam flows in response to the pressure drop along the line, expensive circulating pumps are not needed. 
Due to the high heat content of steam, only relatively small bore pipe work is required to distribute the steam at high pressure. The pressure is then reduced at the point of use, if necessary. This arrangement makes installation easier and less expensive than for some other heat transfer fluids.

Overall, the lower capital and running costs of steam generation, distribution and condensate return systems mean that many users choose to install new steam systems in preference to other energy media, such as gas fired, hot water, and electric and thermal oil systems. 

The steam is utilized for the following purpose
· Heating

· Stripping
· Tracing
· Creating vacuum
· Other Utilities
1.2 Steam Generation 

             A boiler serves as the life line of any process plant. Around 10% of the total expenses are incurred on the boiler. Hence, the boiler is required to be operated at maximum possible efficiency. By its nature, chemical process plants have variable steam demand (since steam is used as the heating media). The boiler also has to take care of these variations.

Another requirement is that the boiler should be operated safely enough so that it follows all rules and regulations laid down by Indian Boiler Regulation (IBR) and Factories Act. Safe operation of boiler also aids in increasing the working life of the boiler and its accessories. For a continuous running process plant, the life of any equipment is crucial factor in the long time running cost. 

 Schematic Diagram of Boiler Equipments Arrangement with water and steam lines is shown in fig 1.1. Water from raw water tank coming to deaerator after passing through DM (Demineralized) plant. Oxygen and corrosive gases free water from deaerator goes to economizer with the help of boiler feed water pump. This heated water from economizer goes to steam drum. Water coming out from the boiler drum goes to down comers and risers where a part of it gets converted into steam and again enters into the drum. The boiler drum separates the steam from the mixture of water and steam coming out from the riser tubes. This steam is at saturation temperature coming from steam drum. Its get superheated after passing through primary and secondary superheater. This superheated steam is  supplied to plant. To control the temperature of the superheated steam attemparator is provided between primary and secondary superheater.
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Fig.1.1 Schematic Diagram of water and steam line in boiler

Air and flue gas path is shown in fig 1.2. Air from atmosphere enters the furnace through FD (Force draft) fan. It mixes with furnace oil and aids in combustion process. After combustion it becomes flue gases and gives it heat to water to convert into steam and to steam for increasing the temperature of steam with the help of secondary superheater and primary superheater. After giving its heat in superheater it passes through economizer where it gives remaining heat to incoming water going to steam drum. This flue gas then passed to chimney with the help of ID (Induced Draft) fan. 


[image: image3]


Fig.1.2 Schematic Diagram of Air and flue gas line in boiler.

1.3 Problems in Economizer & its effect on plant

Economizer tube plays a very important role in maintaining the boiler efficiency. Within ten          months of operation economizer tubes were badly deteriorated due to cold end corrosion. It results in heavy deposition of soot on the tubes, narrow passages at various places in the shell side, leakage at various points and fouling of tubes.
Cold end corrosion deteriorates the economizer tubes and effects the production. It reduces the thermal efficiency because of reduction in heat transfer rate and loss of energy. Due to leakage of tubes, boiler has to be shutdown many times, so directly it effects the production of glycol. Due to frequent leakage often maintenance jobs have to be done to arrest the leakage this increases the maintenance cost.

1.4 Motivation of work
Chemical process plants have variable steam demand (since steam is used as heating media).  Process boiler has to take care of these variations. Thus understanding the operation of boiler in a chemical plant is really a complex task. Detail description of equipments and steam generation process has been explained in this work.

Within ten month of recomissioning of the plant the economizer tubes got badly corroded, leaked and plugged at six places out of eighteen tubes. This motivated to analyze the problem of In-service Economizer and search the solution to get rid of this problem.
             In chapter 2 the detailed working of the boiler operation has been explained. In chapter 3 performance study of in-service economizer has been done. In chapter 4 proposals are made to make the life of economizer increased. In chapter 5 results & discussion made of  the work carried out. Conclusion is made in last chapter 6 followed by list of references.
2. Chapter: Process Boiler Operation

2.1 Boiler Process :
Boiler studied here is an IBR boiler, i.e. its water capacity is more than 22.75 liters (5 gallons) [Jain.N.K, Jain. A.K, 1988]. With reference to fig 1.1 & fig 1.2 description of boiler process is as following. Specification of all the equipments is given at the end of this chapter.
2.2 Deaerator

     Deaerator is equipment in which the dissolved gases in water like Oxygen and carbon di-oxide are removed before boiler feed water pump.

        Oxygen is the main cause of corrosion in the hotwell tanks, feed lines, feed pumps and boilers. If carbon dioxide is, also present then the pH will be low, the water will tend to be acidic, and the rate of corrosion will be increased. Typically, the corrosion is of the pitting type where, although the metal loss may not be great, deep penetration and perforation can occur in a short period. 
Elimination of the dissolved oxygen may be achieved by chemical or physical methods, but more usually by a combination of both. 

             The essential requirements to reduce corrosion are to maintain the feed water at a pH of not less than 8.5 to 9, the lowest level at which carbon dioxide is absent, and to remove all traces of oxygen. The return of condensate from the plant will have a significant impact on boiler feed water treatment - condensate is hot and already chemically treated, consequently as more condensate is returned, less feed water treatment is required. Water exposed to air can become saturated with oxygen, and the concentration will vary with temperature: the higher the temperature, the lower the oxygen content. 

                   The first step in feed water treatment is to heat the water to drive off the oxygen. Typically a boiler feed tank should be operated at 85°C to 90°C. This leaves oxygen content of around 0.02 ppm. Operation at higher temperatures than this at atmospheric pressure can be difficult due to the close proximity of saturation temperature and the probability of cavitations in the feed pump, unless the feed tank is installed at a very high level above the boiler feed pump.
          The addition of an oxygen scavenging chemical (sodium sulphite, hydrazine or tannin) will remove the remaining oxygen and prevent corrosion. This is the normal treatment for industrial boiler plant. 

Hydrazine is a strong reducing agent and in aqueous solution (it is soluble in water) it reacts with dissolved oxygen

N2H4    +     O2

=
  N2    +     2H2O

Apart from binding dissolved free oxygen in water, Hydrazine also maintains the pH of steam and condensate.

Deaerator (Design Parameters):

Capacity: 75 TPH at 121 deg C

Allowable O2: 0.02 ppm

Operating Pressure: 2.2 Kg/cm2

Operating principles of a pressurized deaerator:
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Fig.2.1 Schematic Diagram of Deaerator

 If a liquid is at its saturation temperature, the solubility of a gas in it is zero, although the liquid must be strongly agitated or boiled to ensure it is completely deaerated.This is achieved in the head section of a deaerator by breaking the water into as many small drops as possible, and surrounding these drops with an atmosphere of steam. This gives a high surface area to mass ratio and allows rapid heat transfer from the steam to the water, which quickly attains steam saturation temperature. This releases the dissolved gases, which are then carried with the excess steam to be vented to atmosphere. (This mixture of gases and steam is at a lower than saturation temperature and the vent will operate thermostatically). The deaerated water then falls to the storage section of the vessel. 

A blanket of steam is maintained above the stored water to ensure that gases are not re-absorbed.
2.3 Economizer

Boiler feed water from deaerator is fed to boiler through an economizer by boiler feed water pump. Capacity of this pump is dependent upon the evaporation rate of the boiler. A safe figure for an on-off application would be 2 times the evaporation rate of the boiler. With a modulating level control, a factor of 1.3 times the evaporation rate plus recirculation is recommended. The flue gases, having passed through the main boiler and the superheater, will still be hot. The energy in these flue gases can be used to improve the thermal efficiency of the boiler. To achieve this flue gases are passed through an economizer.
The economizer is a heat exchanger through which the feed water is pumped. The feed water thus arrives in the boiler at a higher temperature than would be the case if no economizer was fitted. Less energy is then required to raise the steam. Alternatively, if the same quantity of energy is supplied, then more steam is raised. This results in a higher efficiency. In broad terms, a 10°C increase in feed water temperature will give an efficiency improvement of 2%.

Note:
· Because the economizer is on the high-pressure side of the feed pump, feed water temperatures in excess of 100°C are possible. The boiler water level controls should be of the ‘modulating’ type, (i.e. not ‘on-off’) to ensure a continuous flow of feed water through the heat exchanger.

· The heat exchanger should not be so large that:

· The flue gases are cooled below their dew point, as the resulting liquor may be acidic and corrosive.

· The feed water boils in the heat exchanger.

Severe economizer inlet header damage has been experienced on drum type utility power boilers that are daily on/off cycled. The problem is unit specific and is most likely to occur where the economizer inlet header is located within the convection gas pass of the boiler. Boilers held in overnight stand-by without firing would experience pressure decay and a lowering of drum level. Concurrently during this idle period, the stack effect of the hot boiler and in-leakage of air cause the economizer to heat up. The economizer may reach saturation temperature since there is no flow into the unit during this period. As relatively cold water is introduced into the hot economizer header, it produces a thermal shock within the header. The magnitude of the thermal shock and the frequency impact how much damage the header experiences. This damage will occur in the header boreholes and tubes closest to the feedwater inlet. Condition assessment simply involves the removal of a tube segment or hand hole fitting to allow internal visual inspection with a fiber optics probe or video probe system.

 

2.4 Natural Circulation in Boiler

This water-tube boiler operates on the principle of natural water circulation (also known as ‘thermo-siphoning’).  Figure 2.3 helps to explain this principle:


[image: image5]
Fig.2.2 Natural water circulation in a water tube boiler

· Cooler feed water is introduced into the steam drum behind a baffle where, because the density of the cold water is greater, it descends in the ‘down comer’ towards the lower or ‘mud’ drum, displacing the warmer water up into the front tubes.

· Continued heating creates steam bubbles in the front tubes, which are naturally separated from the hot water in the steam drum, and are taken off.

However, when the pressure in the water-tube boiler is increased, the difference between the densities of the water and saturated steam falls, consequently less circulation occurs. To keep the same level of steam output at higher design pressures, the distance between the lower drum and the steam drum must be increased, or some means of forced circulation must be introduced.

2.5 Steam water separation

An example of a separator system which has been used for steam and water at. elevated pressure. A steam/water mixture enters the vertical pipe at the lower center of the figure. It passes through the swirler in the center which throws most of the liquid onto the walls of the central tube. Just after the swirler, the separated liquid is removed through holes in the walls of the central tube. 

The steam and remaining spray passes into a plenum which allows further liquid removal by gravity. The removed liquid drains onto the small tube which is at the right of the central tube. The remaining mist and vapor proceeds up into the dryer near the top of the vessel where an impingement separator removes most of the remaining liquid. The almost dry vapor then proceeds into the discharge shown at the top of the figure. The principles of gravity, swirl, and impingement separation are all illustrated in this installation







Fig 2.3 Steam Drum Inner Arrangement

Almost dry steam leaves out of the top of the cyclone while the separated liquid leaves the bottom. The almost-dry steam proceeds to the scrubber section (usually chevrons) and then out of the drum to the superheated. 
2.6 Superheater

Whatever type of boiler is used, steam will leave the water at its surface and pass into the steam space. Steam formed above the water surface in a shell boiler is always saturated and cannot become superheated in the boiler shell, as it is constantly in contact with the water surface.
If superheated steam is required, the saturated steam must pass through a superheater. This is simply a heat exchanger where additional heat is added to the saturated steam.

In water-tube boilers, the superheater may be an additional pendant suspended in the furnace area where the hot gases will provide the degree of superheat required (see Figure 3.6). In other cases, for example in CHP schemes where the gas turbine exhaust gases are relatively cool, a separately fired superheater may be needed to provide the additional heat.
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Fig.2.4 A water tube boiler with a superheater

If accurate control of the degree of superheat is required, as would be the case if the steam is to be used to drive turbines, then an attemperator (desuperheater) is fitted. This is a device installed after the superheater, which injects water into the superheated steam to reduce its temperature.

2.7 Level Control

Three element water level control

Three element control involves 

1. Boiler Drum Level

2. Feed Water Flow to Drum

3.  Steam Flow from Boiler drum

Three element control is more often seen in boiler houses where a number of boilers are supplied with feed water from a common, pressurized ring main. Under these circumstances, the pressure in the feed water ring main can vary depending on how much water is being drawn off by each of the boilers. Because the pressure in the ring main varies, the amount of water which the feed water control valve will pass will also vary for any particular valve opening. The input from the third element modifies the signal to the feed water control valve, to take this variation in pressure into consideration.

2.8 Bottom Blow down

Suspended solids can be kept in suspension as long as the boiler water is agitated, but as soon as the agitation stops, they will fall to the bottom of the boiler. If they are not removed, they will accumulate and, given time, will inhibit heat transfer from the boiler fire tubes, which will overheat and may even fail.                                                                    . 

        The recommended method of removing this sludge is via short, sharp blasts using a relatively large valve at the bottom of the boiler. The objective is to allow the sludge time to redistribute itself so that more can be removed on the next blow down.                                                                    . 
       For this reason, a single four-second blow down every eight hours is much more effective than one, twelve-second blow down in the first eight hour shift period, and then nothing for the rest of the day. 
        Blow down water will either pass into a brick-lined blow down pit encased below ground, or a metal blow down vessel situated above ground. The size of the vessel is determined by the flow rate of blow down water and flash steam that enters the vessel when the blowdown valve is opened.
The major influences on blowdown rate are:

· The boiler pressure.

· The size of the blowdown line.

· The length of the blowdown line between the boiler and the blowdown vessel.

2.9 Soot Blowing

A boiler that has been running for a long time is sure to have soot deposits on its tubes and furnace. This is especially prominent in boilers using heavy fuel oil for burning. Although the fuel will be heated and filtered before combustion, it still contains a lot of impurities. The by-products of combustion as well as imperfect combustion cause the soot to form. The soot is deposited on the heating surfaces. During the combustion of the fuel oil in a steam boiler, hot gases are formed. These hot gases are used to heat up the water in the boiler to form steam. 

With the deposits of soot, a lot of the heat energy is not able to be transferred to the water, but instead is lost through the chimneystack. The soot layer acts as a heat insulator for the tubes and shells of the furnace. The heat is unable to reach the water. This not only causes the boiler efficiency to be lowered, but a more serious problem can also occur. The soot can catch fire!

A soot fire can be detrimental to the strength of the boiler because it can cause serious localized hotspots to occur at the tubes. These localized hotspots can even reach temperatures that weaken the materials of the tubes. Soot blowers are installed to blow away these soot deposits. Steam is normally used as a medium for blowing away the soot. The operation of the soot blowers goes like this:

· Steam is channeled to the soot blower pipeline.

· The operator of the soot blower will open a drain valve to drain off any water in the steam. This is to make sure that the steam going through the soot blower is dry.

· Once the steam is considered dry, the drain valve is shut off, and the soot blower is turned. Most soot blowers are constructed in such a way that when it is rotated, a steam port is uncovered and steam can enter into it.

· The steam shoots out from the soot blower tube that is inside the boiler fireside. Many small holes for the steam to emerge are drilled along the length of the tube. As the tube rotates, the position of the steam jet will also move with it. After a full rotation, all the areas around the soot blower tube should be clear of soot. (However, it depends on how thick the soot is, the speed at which the soot blower is rotated, and how efficient the soot blowing is)

· After completing the soot blowing, the steam supply is shut off again. The operation of the soot blower can be done manually or by remotely controlled motor drive. A motor driven soot blower will usually include some means of turning manually in case the motor fails. The soot that is blown away from the heat transfer surfaces of the boiler will be carried together with the hot gases out through the chimneystack.

If there is a dust collector, the soot will be caught by it; otherwise it goes out to the environment as particles of carbon and ash.      

2.10 Specifications of Equipments (Isgec. J.T, 1990)
No. of Boilers



: 2.

Type of Boilers


: Oil fired, Natural Circulation, Water Tube “D” type Boiler 

Type of Draft                                      : Balanced Draft

Furnace width



: 2650 mm

Furnace Depth


            : 6705 mm

Furnace height


            : 3570 mm

Evaporation (Gross)


: 35800 Kg/hr

Superheated steam


: 30000 Kg/hr.

Steam pressure at MSSV outlet 
: 34 Kg/Cm2 (G) 

Boiler Design Pressure

: 44.5 Kg/Cm2 (G)

Superheated Steam Temperature 
: 400 0 C

Feed Water Temperature

: 121 0 C

Continuous Blow down 

: 3 % Design, 1 % Normal

Attemperator



: Interstage Spray type

2.10.1 Burner

Make




: Thermax

Number



: 2 per Boiler

Type




: Steam atomized

Excess Air



: 20%

Air Temp. 



: 40 0 C

Flame length



 : less than 5000 mm

Start up fuel



 : LDO (Light Diesel Oil), C.V-

Turn Down ratio


 : 4:1

Main Fuel



 : Furnace OIL (FO), C.V-10500Kcal/Kg

Pilot fuel 



: LPG
2.10.2 Heating Surfaces

Combustion Chamber


 : 181 m2
Main Bank



 : 265 m2
Economizer 



 : 419 m2
Primary Super heater


 : 40 m2
Secondary Super heater

 : 21 m2
Furnace Depth


             : 6705 mm

Furnace width



 : 2650 mm

Furnace height


             : 3570 mm

Front wall



 : Refractory

Furnace side wall


 : 50.8 mm O.D. 53 mm pitch
2.10.3 Combustion Chamber

Type




: Balanced Draft

Size




: 2650mm wide * 6660mm deep * 3570mm mean height 

Volumetric loading


: 454190 kcal/m3/hr

Tube size



: 51mm OD * 3.6 mm thick

Tube material



: BS 3059/78 Steel 320 PT2 ERW

Max working temperature

: 257 deg C

Working metal temp


: 285 deg C

Tube nos


: (a) 91 tubes on 54 pitch for side wall. D-tubes with 6 dia rod 

    Welded between tube gaps for sealing.

(b) 65 partition tubes at 89 pitch with 6 thick fins between tubes

          for membrane construction. two row screen at gas outlet.

(c) 38 rear wall tubes at 90 pitch with fins for membrane 

          construction.
2.10.4 Convection Bank

Tube size



: 51mm OD*3.6mm thick

Tube material



: BS 3059/78 steel 320 PT 2ERW

Tube nos



: a) Tubes on bank cavity rear wall

  (b)Down comer and other tubes as per tube layout

S D shell



: 1067id*7235length*56thk (40 thk ends)

   686id*7085length*36thk (36 thk ends)

Drum material



: SA 515 Gr.70

Drum cyclones


: 18 nos

Max working temp


: 257 deg C

Working metal temp


: 285 deg C

2.10.5 Super heater

Type                         


: horizontal drainable

Control range
         


: 30% to 100% MCR
 Primary Super heater
Fluid flow



: Counter current

Tube size



: 32mm OD * 3.6mm thk

Tube material



: BS 3059/78 Steel 620 S2

Tube nos



: 33 tubes high at 80 pitch * 12 rows deep at 80 pitch.

  3 tubes dummied. i.e. 30 tubes carrying steam.

Element length


: 1100 mm

Max working temp


: 365 deg C

Working metal temp


: 404 deg C

Secondary Super heater

Fluid flow



: Parallel current

Tube size



: 38mm OD * 4.5 mm thk

Tube material



: BS 3059/78 Steel 622 S2

Tube nos



: 26 tubes high at 100 pitch * 6 rows deep at 76 pitch

Element length


: 1100 mm

Max working temp


: 410 deg C

Working metal temp


: 449 deg C

2.10.6  De-super heater

Type




: Inter stage direct spray

Steam temperature


: 365 TO 325 deg C

Max/Min outlet steam flow     
: 36.1TPH to 10.7 TPH

Steam operating pressure

: 37.5 KG/CM2 (g)

Steam side pressure drop

: 0.7 KG/CM2 (g)

Spray water temperature

: 121 deg C

Steam line size


: 200 NB

Mechanical design pressure / temp.
: 44.5KG/CM2 (g) & 400 deg C (STEAM)

 49 KG/CM2 (g) &150 deg C (WATER)

2.10.7 Economizer

Tube size



: 38mm OD * 3.6 mm thick

Tube material



: BS 3059/78 Steel 320 pt2 ERW

Tube nos
: 18 High at 65 pitch * 58 rows deep at 96 pitch (space for 6 rows more in future) 3 banks

Element length


: 3350 mm

Header size



: 219mm OD * 12.7 mm thick

Header material


: SA 106 Gr B

Max working temp


: 220 deg C

Working metal temp


: 230 deg C

2.10.8 Boiler Feed Water Pump

Liquid
 

            :  Boiler feed water 

Capacity


:  53 cub.m / hr 

Min Capacity
 
            :   7.5 cub.m/hr 

Discharge Head

:   510 m 

NPSHR


:    2.6 m 

Suc Pr. 


:    1.3 kg/ sq.cm 

Pumping Tempt

:    121 deg. cel 

Pump i/p


:    132 KW 

Speed 


            :    2950 rpm  

2.11 Pressure Schedule at MCR (Max Continuous reading):

Steam Pr. at outlet of super heater
: 34 kg/cm2 

Operating margin


: 3 kg/cm2

Super heater safety valve set pr.
: 37 kg/cm2
Super heater pressure drop

 : 5 kg/cm2
Drum 1st safety valve setting

 : 42.5 kg/cm2
Drum 2nd Safety valve setting

: 43.5 kg/cm2
Static Head



 : 0.5 kg/cm2
Economizer Pressure Drop

: 1.5 kg/cm2
Feed Regulator, Pipe work etc.
: 2.5 kg/cm2
Feed Pump discharge pressure
: 49 kg/cm2
2.12 Gas and Water Temperatures at MCR :

Gas leaving Furnace


: 1193 0 C

Gas leaving Super heater

: 907 0 C

Gas leaving Bank


: 421 0 C

Gas leaving Economizer

: 150 0 C

Water leaving economizer

 : 193 0 C

            Economizer tubes plays a very important role in maintaining the boiler efficiency. Within ten          months of operation economizer tubes were badly deteriorated due to cold end corrosion. In the next chapter we are analyzing the problem & studying the performance of In-service economizer.

3. Chapter: Performance Study on In-service Economizer

An economizer is basically a heat exchanger that is located in the flue gas exhaust of a boiler system.  It generally consists of a series of tubes and headers arranged in a pattern perpendicular to the flue gas flow.  Water is circulated on the inside of the tubes and flue gas passes over the outside.  The flue gas temperature is higher than the water which allows transfer of heat to the water.  The water source is boiler feedwater from the discharge of the boiler feed pumps.  After passing through the economizer the feedwater goes into the boiler circuit.  The purpose of an economizer is to improve boiler efficiency by getting more heat out of the flue gas prior to being exhausted to atmosphere. (P.C.Mayan Kutty and Abdul Ghani Dalvi, 2005)

3.1 Design Details

Tube size



: 38mm OD * 3.6 mm thick

Tube material



: BS 3059/78 Steel 320 pt2 ERW

Tube nos
: 18 High at 65 pitch * 58 rows deep at 96 pitch (space for 6 rows more in future) 3 banks

Element length


: 3350 mm

Header size



: 219mm OD * 12.7 mm thick

Header material


: SA 106 Gr B

Max working temp


: 220 deg C

Working metal temp


: 230 deg C
3.2 Cold End Corrosion: 

Many of the processes for increasing the efficiency of combined cycle plants can result in lower flue gas temperatures exiting the heat recovery steam generators (HRSG’s) and/or increased flue gas moisture content. These conditions can as a consequence increase the potential for corrosion of the low temperature gas-path components. The attack of these surfaces is generally referred to as cold-end corrosion. There are various aspects and components of cold-end corrosion. .The combustion of natural gas in combined cycle plants produces a waste flue gas that may contain components such as sulfur trioxide along with water vapor. Condensation of this specie can occur in low temperature gas-path surfaces if the gas is cooled below its saturation temperature. In this case, the condensed product is sulfuric acid. The temperature at which first condensation occurs is defined as the acid dew point. The attack of low temperature sections as a result of the condensation of sulfuric acid is then more specifically referred to as dew point corrosion              ( Gabrielli. F., Goodstine S., Mastronarde T., 2000)

 The high corrosion propensity and consequent failures in the low temperature sections of the boiler were found to be directly related to the formation of hydrated ferric sulfate in these regions.(Srikanth.S , Ravikumar.B, 2002)

When a firing fuel containing sulfur or sulfur compounds is subjected to combustion, the sulfur present in the fuel oxidizes to form SO2 and to a small extent of SO3. CO2and water vapors are invariably present in the combustion gases. The SO3 combines with water vapor to form H2SO4. At certain temperature H2SO4 condense on the metallic surfaces and initiate corrosion. The temperature at which H2SO4 first condenses is known as H2SO4 dew point. The H2SO4 dew point depends upon the concentration of SO3 and water vapor in the flue gas. In general, the dew point increases with an increase in the concentration of SO3 and moisture content in the flue gas. The concentration of SO3 in the flue gas increases with increase in the level of excess air, gas residence time, gas temperature and sulfur level in the fuel. The moisture content in the flue gas depends upon many factors. The source of moisture is attributed mainly to the fuel, leaks in boiler tubes and steam from soot blowing. When the temperature of a metallic component drops below the H2SO4 dew point of the flue gas, the H2SO4 is condensed on the metal surface and corrodes the metal. This type of corrosion, known as cold end corrosion, is mainly encountered in relatively low temperature boiler components such as economizer, air preheater, stack, etc. The critical factors governing the cold end corrosion include the presence of sufficient concentration of SO3 and moisture in the flue gas and a metal surface whose temperature is below the H2SO4 dew point. It should be noted that in this type of corrosion it is the temperature of metal which is critical and not the temperature of flue gas. Even if the temperature of flue gas is above the dew point, the corrosion is very likely to occur wherever the metal temperature is less than dew point. Considering the present failure the economizer feed inlet temperature appears to be on lower side keeping in view the high sulfur content in the flue gas. As the H2SO4 dew point is directly dependent upon the sulfur content of the flue gas, a higher dew point than the feed inlet temperature is most probable. This in turn, favored the condensation of H2SO4 on the economizer tubes outer surfaces causing severe corrosion. This, in consequence, resulted in the thinning of metal to a stage when it could not bear the inside pressure of the feed water and ultimately got ruptured. Further, the external deposits on the tubes helped in lowering down the tube metal temperature and thus favoring acid condensation over the deposit. A reduction in the wall thickness of the tubes, located inside the furnace support the initiation of corrosion from fire side as a result of acid condensation. (www.landliast .com)
3.2 (A) Condition of In Service Economizer tube due to the cold end corrosion: 

3.2.1 Heavy deposition of soot on the tubes: As surface of the tubes becomes rough and corroded tendency of deposition of soot gets increased. Even after soot blowing these are accumulated on the surface of the corroded tubes. This accumulation significantly reduces the rate of heat transfer between feed water and flue gases. 
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Fig 3.1 Heavy deposition of soot.
3.2.2 Narrow passages at various places in the shell side: Corrosion, soot deposition and fouling of economizer tubes together covers large area around periphery of tubes this increase in tube area reduces the space in the shell side. This obstacle the flow of flue gases which reduces the heat transfer rate and disturbs the furnace draft. 
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Fig.3.2 Narrow passages in the shell side.

3.2.3 Leakage at various points: The part of the tube which is most affected by the cold end corrosion is inlet of the economizer tubes where flue gas temperature is least. At these places crack develops and leakage starts. The old tubes which were replaced had leaked several times at several places and out of eighteen tubes six tubes were plugged.
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Fig 3.3 Plugged tube
3.2.4 Fouling of tubes: fouling of tubes is a common phenomenon due to cold end corrosion. Figure shows how badly the fouling has occurred on the tubes. It reduces the heat transfer rate significantly thus deteriorates the performance of economizer tubes and reduces the thermal efficiency of boiler. (Ref: 13)
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Fig 3.4 Fouling of tubes

 3.3 Effects of corroded tubes

· Reduces the thermal efficiency because of reduction in heat transfer rate and loss of energy.

· Production loss: Due to leakage of tubes boiler has to be shutdown many times, so directly it effects the production of glycol.

· High maintenance cost: Due to frequent leakage often maintenance jobs have to be done to arrest the leakage this increases the maintenance cost.

3.4 Performance of boiler before and after economizer tube replacement
The reading of boiler parameter from log sheet is taken ten days before and ten days after the replacement of economizer tubes and same is shown in tabular & graph form in the upcoming pages. The study of these parameters reveals how badly the performance of the boiler was deteriorated by the corroded economizer tubes. The performance is made on the basis of:

· Steam generation to fuel ratio.

· Steam outlet temperature.

· Flue gas temperature.

· Feed water temperature at economizer outlet.

BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES
Table 3.1 (A) Boiler operating parameter Recorded on: 01/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	20.4
	1515
	19463
	374.1
	121.4
	168.7
	330.0
	203.5

	10:00
	26.7
	1520
	21975
	399.0
	120.8
	171.0
	388.6
	200.0

	12:00
	19.3
	1486
	18869
	387.0
	121.5
	174.5
	333.5
	207.7

	14:00
	19.9
	1438
	18091
	386.1
	121.0
	167.8
	322.0
	198.5

	16:00
	19.8
	1489
	18800
	385.0
	121.1
	167.4
	320.8
	197.3

	18:00
	20.1
	1509
	18940
	381.7
	121.2
	166.9
	322.4
	198.4

	20:00
	20.8
	1567
	19293
	380.8
	121.2
	167.6
	323.1
	198.1

	22:00
	19.4
	1546
	19330
	381.5
	121.3
	168.5
	324.5
	199.2

	24:00
	20.0
	1504
	19267
	382.0
	121.0
	168.0
	325.0
	199.8

	02:00
	19.8
	1490
	18950
	382.0
	121.3
	169.6
	327.1
	200.0

	04:00
	20.0
	1490
	18854
	382.0
	121.0
	169.0
	324.0
	201.0

	06:00
	20.9
	1485
	18697
	382.7
	121.2
	170.1
	326.5
	201.4


Table 3.1 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	125061
	125553
	492

	Fuel (Tones)
	5030.73
	5067.83
	37.1

	Steam (Tones)
	112098
	112566
	468


	Steam to fuel ratio
	12.61


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES
Table 3.2 (A) Boiler operating parameter Recorded on: 02/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	20.0
	1534
	19172
	381.0
	121.4
	170.0
	328.4
	195.5

	10:00
	20.6
	1469
	19082
	381.1
	121.2
	173.3
	327.4
	194.6

	12:00
	19.6
	1436
	17907
	378.8
	121.2
	168.5
	317.6
	195.6

	14:00
	19.3
	1455
	18511
	379.0
	121.5
	167.5
	315.1
	192.5

	16:00
	19.1
	1423
	18509
	376.5
	121.0
	166.7
	318.8
	186.5

	18:00
	19.4
	1436
	18375
	378.0
	121.2
	167.1
	318.6
	193.1

	20:00
	19.6
	1466
	18626
	378.2
	121.1
	167.4
	321.5
	194.6

	22:00
	19.2
	1496
	18675
	377.6
	121.5
	167.0
	325.7
	190.5

	24:00
	20.4
	1525
	19227
	377.3
	121.1
	167.5
	326.4
	192.1

	02:00
	21.3
	1551
	19500
	375.0
	120.9
	167.5
	324.4
	190.1

	04:00
	20.5
	1484
	18500
	377.8
	120.7
	164.8
	329.5
	191.2

	06:00
	20.1
	1525
	19206
	376.4
	120.7
	168.6
	330.2
	194.0



Table 3.2 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	125553
	126014
	461

	Fuel (Tones)
	5067.83
	5102.62
	34.79

	Steam (Tones)
	112566
	113005
	439


	Steam to fuel ratio
	12.62


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.3 (A) Boiler operating parameter Recorded on: 03/04/2006 

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	24.9
	1789
	21929
	402.0
	120.7
	192.5
	339.3
	154.2

	10:00
	23.5
	1741
	21497
	403.4
	119.5
	180.0
	336.4
	180.0

	12:00
	24.5
	1695
	21879
	395.2
	119.6
	194.5
	334.5
	152.3

	14:00
	23.1
	1721
	21387
	389.5
	118.5
	193.5
	332.1
	151.1

	16:00
	22.7
	1682
	20603
	395.6
	118.6
	194.3
	335.1
	154.6

	18:00
	23.6
	1722
	2146
	398.5
	119.1
	193.2
	331.2
	149.5

	20:00
	24.1
	1752
	21994
	391.5
	119.7
	194.3
	334.8
	148.6

	22:00
	25.9
	1829
	22577
	393.2
	120.6
	191.3
	333.5
	152.3

	24:00
	25.0
	1726
	21751
	396.5
	120.7
	189.5
	334.6
	151.2

	02:00
	24.3
	1829
	22108
	398.4
	120.9
	186.4
	334.5
	152.4

	04:00
	23.9
	1809
	22122
	396.2
	119.9
	188.2
	334.8
	155.6

	06:00
	24.8
	1848
	22700
	399.4
	121.3
	189.5
	336.2
	1546.4


Table 3.3 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	126014
	126495
	481

	Fuel (Tones)
	5102.62
	5138.95
	36.33

	Steam (Tones)
	113005
	113461
	456


	Steam to fuel ratio
	12.55


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.4 (A) Boiler operating parameter Recorded on: 04/04/2006 

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	19.3
	1547
	18750
	37809
	118.0
	170.0
	331.2
	195.6

	10:00
	20.0
	1448
	18713
	379.4
	117.8
	166.4
	332.1
	188.5

	12:00
	18.3
	1405
	17560
	377.3
	118.0
	168.0
	332.2
	187.6

	14:00
	19.7
	1431
	18332
	372.5
	120.4
	168.4
	334.2
	189.5

	16:00
	17.8
	1429
	18059
	378.5
	120.4
	170.2
	335.2
	188.6

	18:00
	18.5
	1435
	18564
	374.6
	120.4
	171.2
	329.8
	187.4

	20:00
	17.6
	1465
	18623
	377.5
	119.5
	173.2
	327.6
	189.9

	22:00
	19.6
	1525
	18852
	371.2
	118.3
	171.5
	332.4
	191.1

	24:00
	20.3
	1496
	18814
	380.2
	119.1
	166.3
	331.6
	188.5

	02:00
	20.6
	1557
	19296
	375.0
	116.5
	165.3
	338.6
	190.6

	04:00
	20.8
	1491
	18851
	372.3
	118.1
	166.5
	335.6
	190.7

	06:00
	20.8
	1561
	19480
	382.4
	118.4
	172.0
	334.6
	189.6


Table 3.4 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	126495
	126541
	468

	Fuel (Tones)
	5138.95
	5174.41
	35.46

	Steam (Tones)
	113461
	113910
	449


	Steam to fuel ratio
	12.66


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.5 (A) Boiler operating parameter Recorded on: 05/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	20.3
	1527
	18800
	384.0
	118.5
	173.6
	337.5
	196.4

	10:00
	20.2
	1424
	18600
	371.4
	119.6
	165.5
	334.5
	198.5

	12:00
	18.9
	1430
	18700
	372.3
	117.5
	168.4
	338.4
	193.2

	14:00
	20.4
	1470
	18980
	373.5
	118.3
	166.4
	339.4
	186.1

	16:00
	19.0
	1475
	19275
	370.2
	118.5
	166.0
	331.5
	187.2

	18:00
	18.9
	1448
	19112
	370.1
	119.3
	165.5
	339.5
	185.6

	20:00
	18.0
	1462
	19000
	370.0
	117.9
	165.3
	337.4
	183.2

	22:00
	19.3
	1503
	19196
	372.5
	117.6
	166.2
	335.1
	187.5

	24:00
	19.9
	1428
	18821
	373.1
	117.2
	166.4
	336.1
	196.5

	02:00
	20.6
	1621
	19726
	371.3
	117.4
	165.5
	338.6
	198.9

	04:00
	20.6
	1629
	19726
	374.5
	118.5
	165.8
	331.6
	195.1

	06:00
	20.0
	1613
	18994
	375.1
	119.0
	165.9
	334.8
	200.4


Table 3.5 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	126541
	127015
	474

	Fuel (Tones)
	5174.41
	8209.95
	35.54

	Steam (Tones)
	113910
	114364
	454


	Steam to fuel ratio
	12.77


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.6 (A) Boiler operating parameter Recorded on: 06/04/2006


	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	20.4
	1503
	18718
	377.9
	121.0
	168.7
	330.0
	204.0

	10:00
	19.3
	1480
	18910
	379.0
	121.1
	167.9
	332.0
	199.8

	12:00
	21.3
	1510
	19208
	380.0
	120.9
	1663
	332.5
	199.6

	14:00
	20.0
	1490
	19156
	370.0
	121.5
	166.7
	320.1
	200.1

	16:00
	19.0
	1504
	18960
	373.1
	121.4
	167.6
	321.1
	200.5

	18:00
	24.4
	1480
	18973
	378.0
	121.0
	167.0
	323.3
	200.0

	20:00
	20.6
	1542
	19197
	376.5
	118.5
	167.2
	323.0
	201.3

	22:00
	21.5
	1537
	19067
	375.7
	119.5
	168.0
	326.8
	202.0

	24:00
	19.7
	1470
	18759
	375.0
	119.4
	168.7
	326.9
	202.5

	02:00
	20.5
	1500
	18864
	376.0
	118.6
	170.2
	327.0
	201.9

	04:00
	19.8
	1550
	19268
	376.5
	119.8
	170.0
	327.5
	203.0

	06:00
	20.3
	1589
	19873
	375.4
	119.0
	170.6
	328.0
	201.9


Table 3.6 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	127015
	127495
	480

	Fuel (Tones)
	8209.95
	8245.95
	36.0

	Steam (Tones)
	114364
	114816
	452


	Steam to fuel ratio
	12.55


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.7 (A) Boiler operating parameter Recorded on: 07/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	18.7
	1500
	18590
	370.7
	121.0
	169.6
	327.7
	202.2

	10:00
	20.6
	1450
	18392
	374.0
	120.5
	165.3
	374.0
	197.5

	12:00
	20.0
	1483
	18895
	370.0
	121.1
	166.3
	370.0
	196.3

	14:00
	20.3
	1484
	18960
	375.4
	121.5
	167.4
	375.4
	200.4

	16:00
	18.6
	1426
	18956
	372.9
	121.3
	168.8
	372.9
	210.4

	18:00
	20.1
	1495
	19000
	376.5
	121.2
	167.5
	373.6
	202.2

	20:00
	20.0
	1430
	19043
	376.0
	121.3
	167.4
	376.0
	202.3

	22:00
	20.4
	1507
	18850
	375.0
	121.5
	168.5
	3752
	202.0

	24:00
	19.8
	1495
	18800
	376.4
	121.4
	168.2
	376.0
	202.0

	02:00
	19.6
	1453
	18082
	377.1
	121.7
	170.0
	377.0
	204.4

	04:00
	19.2
	1455
	17082
	377.0
	120.5
	171.0
	377.6
	204.1

	06:00
	19.8
	1505
	18805
	377.2
	119.4
	171.5
	377.1
	203.0


Table 3.7 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	127495
	127972
	477

	Fuel (Tones)
	8245.95
	8281.75
	35.8

	Steam (Tones)
	114816
	115266
	450


	Steam to fuel ratio
	12.57


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.8 (A) Boiler operating parameter Recorded on: 08/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	23.0
	1870
	22117
	391.0
	120.0
	169.0
	370.0
	241.0

	10:00
	20.1
	1549
	18417
	390.0
	118.3
	167.4
	338.9
	221.2

	12:00
	19.2
	1504
	18600
	384.0
	118.0
	162.0
	323.0
	205.5

	14:00
	20.2
	1519
	19102
	383.4
	118.9
	160.9
	322.1
	204.1

	16:00
	19.9
	1484
	18597
	384.5
	118.5
	160.1
	323.9
	205.2

	18:00
	19.9
	1498
	18824
	386.0
	118.2
	161.0
	324.5
	206.6

	20:00
	20.8
	1520
	18910
	384.3
	118.5
	159.0
	324.0
	206.5

	22:00
	20.4
	1567
	18875
	380.2
	118.6
	159.1
	325.5
	208.5

	24:00
	19.3
	1513
	18644
	385.1
	118.2
	158.7
	232.6
	209.6

	02:00
	19.0
	1505
	18443
	385.0
	118.0
	161.5
	328.3
	207.6

	04:00
	20.8
	1554
	19120
	381.5
	118.8
	159.5
	328.6
	210.0

	06:00
	21.0
	1589
	19150
	384.6
	118.4
	162.5
	330.0
	208.5


Table 3.8(B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	127972
	128471
	499.0

	Fuel (Tones)
	8281.75
	8319.66
	37.91

	Steam (Tones)
	115266
	115731
	465


	Steam to fuel ratio
	12.26


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.9 (A) Boiler operating parameter Recorded on: 09/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	21.4
	1539
	19038
	382.7
	120.2
	161.1
	332.1
	212.6

	10:00
	19.4
	1503
	19081
	374.8
	120.0
	160.8
	321.4
	215.0

	12:00
	19.6
	1469
	18637
	376.0
	120.4
	159.7
	320.0
	204.3

	14:00
	18.3
	1430
	18250
	376.4
	120.5
	158.7
	317.8
	203.1

	16:00
	26.6
	1500
	18000
	392.0
	120.3
	173.0
	379.7
	248.0

	18:00
	18.2
	1457
	17892
	386.5
	120.4
	167.8
	328.1
	214.5

	20:00
	20.4
	1576
	19565
	384.4
	120.3
	163.2
	333.7
	213.9

	22:00
	19.9
	1527
	19568
	385.2
	120.4
	163.3
	332.2
	212.1

	24:00
	19.5
	1489
	18970
	384.2
	121.0
	163.2
	332.3
	213.1

	02:00
	21.5
	1586
	19858
	380.0
	120.9
	163.4
	330.0
	205.0

	04:00
	20.6
	1489
	18550
	382.4
	119.6
	160.0
	331.5
	212.6

	06:00
	19.8
	1467
	18650
	381.5
	120.0
	158.4
	329.4
	211.2


Table 3.9 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	128471
	128892
	421

	Fuel (Tones)
	8319.66
	8351.26
	31.6

	Steam (Tones)
	115731
	116114
	383


	Steam to fuel ratio
	12.12


BOILER OPERATING PARAMETER WITH CORRODED ECONOMIZER TUBES

Table 3.10 (A) Boiler operating parameter Recorded on: 10/04/2006
	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	20.5
	1728
	20236
	388.0
	121.0
	168.0
	351.0
	231.0

	10:00
	22.5
	1765
	22061
	387.0
	119.5
	169.5
	355.0
	227.5

	12:00
	20.0
	1519
	18264
	384.0
	119.0
	165.0
	341.0
	221.0

	14:00
	20.6
	1434
	18754
	384.0
	118.2
	161.6
	328.5
	213.0

	16:00
	20.8
	1594
	19805
	380.5
	118.6
	162.8
	344.0
	223.4

	18:00
	22.0
	1665
	20072
	386.5
	118.7
	161.6
	347.9
	227.4

	20:00
	20.8
	1616
	19614
	382.2
	118.9
	163.1
	327.7
	212.4

	22:00
	22.1
	1642
	20049
	381.9
	119.4
	161.6
	332.3
	213.5

	24:00
	22.4
	1755
	21212
	383.3
	119.1
	161.8
	347.5
	223.3

	02:00
	23.3
	1726
	21493
	386.5
	119.2
	164.4
	356.0
	214.5

	04:00
	20.3
	1570
	18781
	389.6
	120.1
	171.0
	335.7
	218.9

	06:00
	19.3
	1607
	19788
	383.7
	121.3
	162.1
	335.8
	215.9


Table 3.10 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	128892
	129441
	519

	Fuel (Tones)
	8351.26
	8390.76
	39.5

	Steam (Tones)
	116114
	116595
	481


	Steam to fuel ratio
	12.18


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES

Table 3.11 (A) Boiler operating parameter Recorded on: 16/04/2006
	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	29.5
	1993
	26478
	402.0
	119.0
	200.9
	364.0
	157.0

	10:00
	31.3
	2066
	28672
	403.5
	120.0
	196.9
	370.7
	156.4

	12:00
	31.8
	2101
	28540
	404.0
	120.0
	194.9
	374.2
	154.9

	14:00
	27.0
	1720
	23424
	406.0
	116.3
	201.8
	364.0
	153.0

	16:00
	25.0
	1734
	23173
	406.0
	119.0
	204.0
	365.0
	156.0

	18:00
	25.0
	1734
	23173
	406.0
	119.0
	204.0
	365.0
	156.0

	20:00
	24.0
	1608
	20474
	408.0
	121.0
	211.0
	365.0
	158.0

	22:00
	22.5
	1501
	19859
	401.0
	119.8
	209.0
	360.9
	156.4

	24:00
	24.4
	1652
	22406
	402.6
	120.1
	191.8
	345.2
	150.9

	02:00
	25.1
	1658
	22543
	404.8
	119.3
	190.3
	345.8
	150.1

	04:00
	25.5
	1664
	22491
	403.1
	119.2
	191.0
	348.0
	151.0

	06:00
	25.5
	1683
	22267
	406.8
	120.4
	192.4
	345.4
	150.1


Table 3.11 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	129441
	130079
	638

	Fuel (Tones)
	8390.76
	8432.89
	42.13

	Steam (Tones)
	116595
	117159
	564


	Steam to fuel ratio
	13.39


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES
Table 3.12 (A) Boiler operating parameter Recorded on: 17/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	24.3
	1551
	19824
	406.0
	122.0
	190.9
	364.2
	163.0

	10:00
	23.6
	1607
	19999
	408.0
	121.8
	193.2
	349.7
	165.7

	12:00
	16.5
	1112
	15099
	401.1
	119.1
	188.6
	314.5
	152.1

	14:00
	18.5
	1165
	17048
	397.1
	120.2
	180.1
	314.0
	148.8

	16:00
	22.5
	1457
	19747
	405.0
	121.2
	193.2
	343.5
	160.0

	18:00
	23.6
	1562
	20772
	415.0
	121.5
	187.6
	339.0
	156.0

	20:00
	25.5
	1602
	21023
	402.0
	120.3
	187.0
	346.3
	156.2

	22:00
	21.6
	1516
	19800
	408.8
	119.7
	190.0
	345.4
	157.1

	24:00
	23.7
	1582
	20056
	408.6
	120.0
	190.0
	346.8
	156.7

	02:00
	23.0
	1517
	19430
	402.0
	120.0
	191.0
	346.8
	157.0

	04:00
	21.9
	1485
	19206
	409.4
	120.8
	193.5
	345.0
	157.0

	06:00
	21.8
	1516
	19800
	408.8
	119.7
	190.0
	345.4
	157.1


Table 3.12 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	130817
	131352
	535

	Fuel (Tones)
	8481.6
	8516.82
	35.22

	Steam (Tones)
	117790
	118257
	467


	Steam to fuel ratio
	13.26


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES
Table 3.13 (A) Boiler operating parameter Recorded on: 18/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	23.0
	1493
	19995
	406.0
	121.0
	191.0
	348.0
	157.0

	10:00
	22.4
	1508
	19429
	407.5
	120.3
	194.0
	347.1
	158.9

	12:00
	22.4
	1492
	19298
	401.2
	119.9
	195.2
	345.4
	158.0

	14:00
	22.6
	1492
	19761
	403.5
	120.3
	192.2
	342.2
	156.1

	16:00
	22.2
	1418
	19078
	395.8
	120.5
	184.2
	342.0
	150.4

	18:00
	22.6
	1415
	19440
	395.8
	120.4
	183.6
	335.9
	150.5

	20:00
	24.2
	1531
	20721
	401.2
	120.3
	186.9
	341.2
	153.3

	22:00
	24.3
	1496
	20880
	401.3
	120.6
	186.1
	342.1
	153.3

	24:00
	24.8
	1504
	20590
	401.0
	120.3
	187.0
	343.5
	153.6

	02:00
	23.2
	1450
	20017
	400.6
	120.3
	187.2
	343.1
	153.6

	04:00
	24.4
	1532
	20937
	396.9
	120.9
	189.3
	345.5
	154.4

	06:00
	23.2
	1564
	20778
	401.3
	120.2
	189.2
	345.0
	155.1


Table 3.13 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	131343
	131902
	559

	Fuel (Tones)
	8516.23
	8552.24
	36.01

	Steam (Tones)
	11824
	118732
	483


	Steam to fuel ratio
	13.4


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES
Table 3.14 (A) Boiler operating parameter Recorded on: 19/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	22.0
	1550
	20620
	401.6
	120.8
	193.4
	343.2
	157.3

	10:00
	21.3
	1363
	19185
	402.2
	120.0
	193.0
	340.2
	156.2

	12:00
	19.0
	1303
	18250
	403.1
	120.0
	195.2
	337.3
	155.4

	14:00
	22.3
	1439
	20041
	403.0
	120.8
	190.8
	340.2
	154.

	16:00
	20.9
	1404
	19161
	396.8
	119.8
	194.9
	340.9
	154.1

	18:00
	23.1
	1440
	20486
	396.5
	119.5
	192.5
	343.
	154.2

	20:00
	22.8
	1565
	21540
	401.8
	118.7
	187.6
	339.6
	153.4

	22:00
	23.5
	1523
	21121
	401.0
	119.4
	185.6
	339.5
	152.7

	24:00
	23.3
	1536
	21551
	401.4
	120.5
	190.1
	334.6
	155.5

	02:00
	24.2
	1609
	22041
	399.5
	118.9
	191.9
	349.8
	156.9

	04:00
	23.8
	1588
	21514
	403.7
	118.5
	191.8
	349.8
	157.6

	06:00
	24.1
	1587
	21562
	401.2
	119.8
	191.1
	348.1
	157.1


Table 3.14 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	131902
	132448
	546

	Fuel (Tones)
	8552.24
	8588.00
	35.76

	Steam (Tones)
	118732
	119230
	498


	Steam to fuel ratio
	13.91


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES 

Table 3.15 (A) Boiler operating parameter Recorded on: 20/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	31.5
	2200
	31222
	396.9
	118.5
	192.2
	349.6
	167.7

	10:00
	31.6
	2120
	31010
	395.2
	119.6
	192.0
	348.2
	167.2

	12:00
	31.2
	2130
	31020
	400.1
	120.0
	191.8
	350.0
	167.1

	14:00
	32.0
	2160
	31810
	400.2
	120.1
	194.7
	355.5
	167.1

	16:00
	32.6
	2130
	30552
	401.2
	120.0
	197.1
	360.1
	161.5

	18:00
	32.5
	2185
	31652
	398.8
	120.4
	198.5
	367.5
	161.7

	20:00
	32.1
	2186
	30968
	401.8
	119.1
	199.5
	366.1
	162.3

	22:00
	33.2
	2296
	30227
	402.0
	119.6
	196.1
	360.1
	161.5

	24:00
	33.2
	2226
	31322
	400.9
	118.9
	193.5
	362.9
	166.9

	02:00
	33.8
	2276
	31496
	401.9
	118.6
	192.6
	362.5
	162.5

	04:00
	34.2
	2215
	31312
	400.2
	119.5
	195.7
	395.6
	162.9

	06:00
	34.9
	2266
	31902
	401.5
	119.9
	195.4
	370.1
	162.8


Table 3.15 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	132448
	133174
	726

	Fuel (Tones)
	8588.00
	8635.7
	47.7

	Steam (Tones)
	119230
	119899
	669


	Steam to fuel ratio
	14.18


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES 

Table 3.16 (A) Boiler operating parameter Recorded on: 21/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	23.3
	1578
	21147
	404.1
	120.5
	202.8
	343.1
	164.2

	10:00
	21.9
	1460
	20268
	399.2
	120.4
	189.5
	300.6
	150.3

	12:00
	23.3
	1420
	20200
	396.8
	120.5
	185.4
	316.2
	148.9

	14:00
	23.4
	1422
	20421
	398.4
	119.6
	185.9
	318.4
	150.1

	16:00
	21.2
	1315
	19375
	396.2
	120.1
	186.2
	314.5
	147.2

	18:00
	20.6
	1356
	19194
	401.2
	119.3
	186.2
	314.5
	147.2

	20:00
	20.8
	1333
	19321
	400.2
	118.5
	187.2
	315.3
	147.0

	22:00
	23.7
	1563
	21755
	396.4
	119.4
	186.3
	314.2
	148.5

	24:00
	24.0
	1512
	21541
	399.2
	120.3
	189.7
	333.4
	151.2

	02:00
	24.4
	1588
	22531
	397.6
	121.3
	191.3
	332.2
	151.8

	04:00
	22.6
	1536
	22475
	398.9
	120.6
	191.7
	332.4
	152.1

	06:00
	23.8
	1545
	21519
	397.9
	120.5
	190.1
	334.2
	152.3


Table 3.16 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	133174
	133729
	555

	Fuel (Tones)
	8635.7
	8672.1
	36.4

	Steam (Tones)
	119899
	124047
	492


	Steam to fuel ratio
	13.5


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES 

Table 3.17 (A) Boiler operating parameter Recorded on: 22/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	23.3
	1561
	21760
	396.9
	118.5
	191.3
	336.3
	151.4

	10:00
	23.9
	1528
	21092
	403.8
	118.9
	192.8
	327.6
	151.0

	12:00
	21.0
	1434
	19900
	402.0
	119.8
	191.0
	324.0
	149.0

	14:00
	24.6
	1485
	20122
	397.0
	119.3
	191.5
	325.0
	148.9

	16:00
	22.3
	1481
	21102
	396.0
	119.7
	189.9
	325.9
	149.0

	18:00
	21.8
	1469
	20616
	396.6
	120.0
	191.4
	324.9
	148.9

	20:00
	22.0
	1400
	20350
	398.0
	120.3
	191.0
	325.0
	149.0

	22:00
	23.5
	1465
	20918
	400.8
	121.0
	189.5
	329.1
	149.4

	24:00
	22.2
	1473
	20171
	396.7
	120.1
	189.5
	327.3
	148.5

	02:00
	23.7
	1548
	21605
	401.7
	120.6
	190.6
	331.0
	148.4

	04:00
	24.6
	1590
	21800
	402.3
	119.8
	191.2
	332.2
	148.7

	06:00
	24.7
	1522
	21466
	402.3
	119.7
	192.4
	329.2
	147.0


Table 3.17 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	133729
	134279
	550

	Fuel (Tones)
	8672.1
	8707.8
	35.7

	Steam (Tones)
	124047
	120907
	500


	Steam to fuel ratio
	14.0


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES 

Table 3.18 (A) Boiler operating parameter Recorded on: 23/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	23.5
	1514
	21099
	398.6
	119.5
	185.8
	327.6
	146.9

	10:00
	22.4
	1496
	20813
	398.7
	119.6
	184.9
	325.5
	147.2

	12:00
	22.7
	1447
	20683
	397.3
	118.9
	187.6
	324.4
	147.4

	14:00
	22.1
	1450
	20755
	402.0
	118.6
	189.6
	320.5
	145.8

	16:00
	22.5
	1476
	21096
	402.3
	119.7
	188.7
	320.9
	145.3

	18:00
	23.7
	1535
	21500
	401.2
	120.0
	190.5
	326.9
	147.7

	20:00
	24.6
	1608
	22425
	400.5
	120.8
	190.5
	332.5
	148.8

	22:00
	26.0
	1675
	22500
	401.6
	120.4
	190.4
	333.5
	147.6

	24:00
	25.0
	1645
	21950
	399.9
	120.7
	191.6
	334.0
	149.5

	02:00
	25.0
	1593
	22073
	397.0
	119.4
	192.5
	335.6
	149.6

	04:00
	25.6
	1622
	22399
	398.5
	119.3
	188.6
	334.5
	150.6

	06:00
	25.7
	1625
	22405
	399.7
	119.4
	189.6
	336.4
	152.3


Table 3.18 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	134279
	134833
	566

	Fuel (Tones)
	8707.8
	8743.7
	36.7

	Steam (Tones)
	120907
	121411
	514


	Steam to fuel ratio
	14.0


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES
Table 3.19 (A) Boiler operating parameter  Recorded on: 24/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	24.8
	1575
	21988
	398.2
	120.5
	190.9
	336.3
	151.5

	10:00
	24.6
	1593
	22058
	402.3
	120.9
	189.6
	337.0
	151.3

	12:00
	29.7
	1928
	26357
	402.6
	119.4
	198.1
	362.8
	154.0

	14:00
	26.7
	1804
	28629
	401.4
	119.8
	198.8
	357.2
	152.3

	16:00
	21.8
	1511
	21340
	401.5
	119.3
	205.0
	346.4
	150.8

	18:00
	26.7
	1776
	24964
	406.5
	120.8
	201.6
	355.1
	151.3

	20:00
	26.1
	1829
	24058
	403.9
	118.9
	202.3
	358.1
	154.1

	22:00
	22.3
	1520
	20846
	406.6
	119.7
	209.8
	347.4
	163.7

	24:00
	23.0
	1540
	20640
	402.0
	119.5
	206.0
	347.7
	151.6

	02:00
	24.0
	1530
	20757
	401.0
	119.9
	200.0
	345.1
	157.0

	04:00
	24.7
	1570
	21476
	407.4
	120.3
	199.3
	344.3
	158.0

	06:00
	24.5
	1603
	21874
	403.6
	120.2
	199.4
	347.4
	158.7


Table 3.19 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	134833
	135441
	608

	Fuel (Tones)
	8743.7
	8783.9
	40.2

	Steam (Tones)
	121411
	121961
	550


	Steam to fuel ratio
	13.68


BOILER OPERATING PARAMETER WITH NEW ECONOMIZER TUBES 

Table 3.20 (A) Boiler operating parameter Recorded on: 25/04/2006

	Time (Hrs)


	Boiler feed water (m3/hr)
	Fuel (Kg/hr)
	Steam (Kg/hr)
	Steam temp. (deg C )​​​​​
	Boiler feed water temp. at

Economizer
	Flue gas temperature at Economizer

	
	
	
	
	
	Inlet
	Outlet
	Inlet
	Outlet

	08:00
	24.9
	1589
	21929
	402.0
	120.2
	192.3
	339.3
	154.2

	10:00
	23.5
	1541
	21497
	403.3
	120.6
	190.8
	336.7
	153.1

	12:00
	23.1
	1521
	21387
	402.0
	119.7
	190.9
	336.2
	152.7

	14:00
	23.1
	1521
	21387
	402.0
	119.6
	190.9
	336.2
	152.7

	16:00
	22.7
	1482
	20603
	407.7
	118.5
	187.9
	332.1
	150.5

	18:00
	23.6
	1522
	21466
	401.9
	118.2
	188.0
	334.4
	151.0

	20:00
	24.1
	1572
	21994
	404.8
	119.6
	185.4
	335.8
	150.3

	22:00
	25.9
	1629
	22577
	406.5
	120.0
	187.5
	340.4
	152.1

	24:00
	25.0
	1526
	21751
	401.2
	120.3
	188.3
	339.8
	151.7

	02:00
	24.3
	1609
	22108
	402.0
	120.4
	188.2
	340.5
	151.6

	04:00
	23.9
	1609
	22121
	407.0
	120.8
	187.0
	340.0
	151.0

	06:00
	24.8
	1648
	22700
	405.4
	119.8
	188.6
	344.0
	151.8


Table 3.20 (B) Steam to fuel ratio

	Flow quantity for 24 Hrs
	Previous
	Present
	Difference

	Water (m3)
	135441
	136015
	574

	Fuel (Tones)
	8783.9
	8821
	37.1

	Steam (Tones)
	121961
	122481
	520


	Steam to fuel ratio
	14.01


3.5 Analysis of the problem of economizer: 

3.5.1 Furnace oil (FO): 
In specified site Furnace oil is used as a combustion fuel. It contains upto 4% sulphur. Due to this high sulphur content; cold end corrosion takes place on tubes.

Cold end corrosion: 

Cold-end corrosion is caused by the formation of sulphuric acid, H2SO4, which is formed from the reaction of SO3 and H2O. The sulphuric acid attacks the iron used in the boiler construction to form scale deposits of ferrous and ferric sulphate.

The fuel bound sulphur is readily oxidized to SO2. Greater than 99 % of the sulphur leaves the combustion chamber as SO2. Further oxidation of SO2 to SO3 can occur to a very small extent in the combustor and this small amount of SO3 results in cold-end corrosion. The SO2 has no negative impact upon the combustion systems but does react with water and oxygen in the upper atmosphere to produce acid rain.
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         Fig. 3.5 Cold end corrosion 
Higher dew point temperature of sulphuric acid in FO: When the current flow is constant, the temperature at which this occurs is the acid dew point temperature (ADT), which is a direct measurement. The graph shows the relationship between the SO3 and acid dew point temperature.(Ref:10)
[image: image13.emf]
Fig. 3.6 Relationship between  SO3 and acid dew point temperatures

· Higher moisture content increases the dew point temperature: The graph shows the relationship between the H2SO4 and dew point temperature with varying moisture contents.(Ref:10)
[image: image14.emf]
Fig 3.7 Relationship between H2SO4 and dew point temperature with varying moisture contents.

3.5.2 Limitation of air supply: 

Known effects of varying excess air levels: The sulphur level in the specific fuel type has a direct influence on the acid dew point temperature. The most important factor in the formation of SO3 is the level of excess air in the combustion process. The dew point temperature is reduced significantly where oxygen levels fall.

The following graph shows that excess oxygen can affect the dew point temperature, with fuels of varying sulphur levels (1, 2.5 and 3%). (www.landliast .com)


Fig. 3.8 Graph showing excess oxygen effecting dew point temperature, with fuels of varying sulphur levels (1, 2.5 and 3%).

3.5.3 Lower feed water temperature: Boiler feed water temperature in the plant is maintained at 120 deg C. At this temperature sulphuric acid in the flue gas comes in contact with the upper surface of water tubes and gets condensed, thus causing acid corrosion.

               So far we have seen the condition of economizer tubes due to cold end corrosion and their effect on production of plant. In the upcoming chapter we are discussing the solutions to get rid of these problems.

4. Chapter:  Proposals to make the Life of Economizer enhanced

4.1 Use of seamless tube at the place of the ERW tubes.

· Minimizing corrosion: In ERW tube due to welding porosity is present at welded joint. At this joint maximum corrosion takes place whereas in seamless tubes due to the absence of welded joints porosity does not exists therefore reduces the possibility of corrosion to take place on the tubes.( Pussegoda, L.N, Barbosa.R, Yue.S, Jonas.J.J, Hunt.P.J, 1991)
· Uniform thickness: In ERW tubes thickness of tube decreases at the bend, therefore failure of tubes at the bend is more whereas in the seamless tubes the thickness is uniform through out the length and bend.

· Price consideration: Price of the new ERW Economizer tube which is made of BS 3059/78 Steel 320 pt2 is Rs. 7.5 lacs. The cost of seamless economizer tube of the same material is Rs. 14.6 lacs. 

4.2 Use of (Low Sulphur Heavy Stock) LSHS instead of FO

 Low Sulphur Heavy Stock (LSHS) is a residual fuel processed from indigenous crude. This fuel is in lieu of FO in the same applications where furnace oil is suitable. 

The main difference with LSHS and FO is in the form of higher pour point, higher calorific value and lower sulphur content in LSHS. Presently it conforms to IS: 11489-1985 grade I (enclosed). 

As this fuel has higher pour point than that of FO it requires special handling arrangements. LSHS is handled hot at all stages and is maintained at 75°C. Special care is also taken so that no 'boil over' of the product takes place in the storage tank. 

Sulphur Content - The main advantage in the use of LSHS lies in its low sulphur content. The life of equipment used is extended since the extent of corrosion both at high and at low temperature, is reduced very much. Apart from that, it is also advantageous from the environmental pollution point of view. Because it will emit lesser quantity of sulphur dioxide. 

Calorific Value - The gross calorific value of LSHS is more than that of Furnace oil. So, the consumption of fuel oil will be reduced with the usage of LSHS. 

Viscosity - LSHS is a low viscosity fuel oil at handling temperature when compared with Furnace oil. It is measured at 100°C.

4.2.1 Comparison between Furnace Oil (FO) and Low Sulphur Heavy Stock (LSHS):

Table 4.1 Comparison between Furnace Oil (FO) and Low Sulphur Heavy Stock (LSHS)

(Ref: http://www.bharatpetroleum.com)
	S.No.
	Characteristics
	FO
	LSHS

	1
	Relative density @ 15 oC
	0.90 – 0.96
	0.88 – 0.96

	2
	Flash point oC Min
	66
	93

	3
	Kinematic viscosity Cst.
	80/180 @ 50 oC
	500 @ 50 oC

	4
	Pour point oC Max.
	18 ( W) 27 (S)
	60

	5
	Sulphur % by wt- max
	4.5
	1

	6
	Ash % by wt- max
	0.1
	0.1

	7
	Sediments % wt- max
	0.25
	0.25

	8
	Gross calorific value kcal/kg
	10500
	10600

	9
	Price Rs./MT
	18300
	18100


4.3 Addition of chemicals

Use of heavy fuel oils in industrial furnaces is known to produce a host of corrosion and environmental related problems. Severe corrosion in hot and cold zones of the furnace and emissions of obnoxious gases, particulates and acid smut to the atmosphere are a few to name which will cost millions by way of forced shut downs and unscheduled maintenance, besides creating environmental pollution. A cost effective solution to mitigate some of the above problems is the use of chemical fuel additives. The effectiveness of chemical additives in heavy oil fired boilers is site specific and requires testing of several additives in the boiler under actual operating conditions to optimize the additive regime to obtain the maximum gains.( Barries.F and Barroso, J. 2004) 

Additives are used in oil-fired boilers mainly for the following purposes: (Mohd. Mahmoodur Rahman1, Abdul Ghani I Dalvi2, , 2005,)
(a) Reduce emissions of SO3 and acid smut.
(b) Minimize corrosion in air heaters, economizers, furnaces and super heaters.

(c) Reduce tube fouling.

(d) Reduce flue gas opacity.

(e) Prevent slagging and deposits.

(f) Improve soot quality and reduce soot quantity.

Two types of chemical additives can be effective in controlling problems related to sulphuric acid. Combustion catalysts, such as Carbonex, can reduce the formation of sulphuric acid while chemicals like the magnesium based additives neutralize the acid after it is formed. The important points regarding the impact of combustion catalysts on SO3 formation are:

SO3 concentration in the flue gas can vary by alternate adsorption and desorption on soot. Therefore reducing soot is important in the elimination of bursts of high SO3 concentrations. Carbonex allows reduction in excess air which will lower SO3 formation. More efficient combustion and lower excess air levels can reduce the amount of SO3 formed.

Combustion catalysts generally can not control sulphate formation completely and must be supplemented with a neutralizing chemical, usually a magnesium additive. Magnesium based fuel additives mainly help to neutralize acid formed at the cold end. Too little of these additives will allow higher levels of SO2 forming free SO3, which will increase the acid dew point temperature, reducing efficiency and allowing for the emission of pollutants into the atmosphere. Too much additive is unnecessary and expensive and is ultimately emitted as a pollutant. (Srikanth. S., Ravikumarb. B., Swapan K. Dasb, Gopalakrishnaa. K., Nandakumarc. K. and  Vijayan. P. 2002)

4.4 Increasing the Economizer Inlet feed water temperature: 

At present economizer inlet feed water temperature is maintained at 1200C. At this condition skin temperature of tube is below acid dew point temperature. The reaction of SO3 and H2O leads to formation of sulphuric acid (H2SO4). The sulphuric acid attacks the iron used in the economizer tubes construction to form scale deposits of ferrous and ferric sulphate.

By increasing the economizer inlet feed water temperature the skin temperature of tube reaches above the acid dew point temperature thus minimize the formation of sulphuric acid (H2SO4).
4.4.1 Modification of design to increase Economizer inlet feed water temperature.

The heat energy required to increase the economizer inlet feed water temperature is taken from the saturated steam of boiler itself. The condensate of steam after giving heat to feed water is made to send in the deaerator. The water in deaerator is coming at temperature of around 112 deg C at 52 tones/Hr. the condensate is mixed with this water hence saving the energy of the condensate.

    
The following analysis is done to calculate the quantity of steam required for increasing the economizer inlet feed water temperature from 120deg C to different temperatures.

1. From 120 deg C to 132.64 deg C

2. From 120 deg C to 134.54 deg C

3. From 120 deg C to 139.00 deg C

        In the upcoming pages the analysis is made with the help of a Heat Exchanger Design Software. Software name is Design II and this is simulation software. Entering, Inlet condition of feed water and heating media (Which is steam in our case) it gives the different outlet feed water temperature with variation in flow rate of steam.

In the upcoming pages discussion is made to increase the economizer inlet feed water temperature.
Increasing Economizer Inlet feed water temperature from 120 deg C to 132.64 deg C
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Fig. 4.1 For Economizer feed water inlet temperature to 132.64 deg C
Table 4.2 Details of parameter in increasing Economizer feed water inlet tempe to 132.64° C

	Details of Stream 1 (Strm 1)
	
	

	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	
	
	
	
	
	

	WATER
	55.5082
	0
	55.5082
	1000
	100

	Total
	55.5082
	0
	55.5082
	1000
	100

	Total (kg/hr)
	1000
	0
	1000
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	192
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	13
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	665934
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	1
	
	
	

	
	
	
	
	
	

	
	
	Total
	Vapor
	
	

	Flow rate
	kgmol/hr
	55.5082
	55.5082
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	11.4628
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	8.0039
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.4322
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	6.4654
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	154.6668
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1243.978
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.015506
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.049775
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	


	Details of Stream 2 (Strm 2)
	
	

	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	55.5082
	55.5082
	0
	1000
	100

	Total
	55.5082
	55.5082
	0
	1000
	100

	Total (kg/hr)
	1000
	1000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	152
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	12
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	152000
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flow rate
	kgmol/hr
	55.5082
	55.5082
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.5647
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.1446
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.2258
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	915.543
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	1.0922
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1.0002
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.179574
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.5866
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	48.3216
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	


	Details of Stream 3 (Strm 3)
	
	

	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	2220.33
	2220.33
	0
	40000
	100

	Total
	2220.33
	2220.33
	0
	40000
	100

	Total (kg/hr)
	40000
	40000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	132.64
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	46.9
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	5305600
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flow rate
	kgmol/hr
	2220.3298
	2220.3298
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.3324
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.5147
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.1816
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	934.8491
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	42.7866
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.209333
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.590227
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	52.3941
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	

	
	
	
	
	
	

	Details of Stream 4 (Strm 4)
	

	
	
	
	
	

	Flow rates
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr

	WATER
	2220.33
	2220.33
	0
	40000

	Total
	2220.33
	2220.33
	0
	40000

	Total (kg/hr)
	40000
	40000
	0
	

	Properties
	
	
	
	

	Temperature
	C
	120
	
	

	
	
	
	
	

	Pressure
	kg/cm2
	47
	
	

	
	
	
	
	

	Enthalpy
	kcal/hr
	4800000
	
	

	
	
	
	
	

	Vapor Fraction
	
	0
	
	

	
	
	
	
	

	
	
	Total
	Liquid
	

	Flow rate
	kgmol/hr
	2220.3298
	2220.3298
	

	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	

	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.2314
	

	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.7735
	

	
	
	
	
	

	Cp/Cv
	
	
	1.1558
	

	
	
	
	
	

	Density
	kg/m3
	
	945.3231
	

	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	42.3125
	

	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	

	
	
	
	
	

	Viscosity
	cP
	
	0.233387
	

	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.589736
	

	
	
	
	
	

	Surface Tension
	dyne/cm
	
	54.9748
	

	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	

	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	

	
	
	
	
	

	
	
	
	
	

	STREAM SUMMARY
	
	

	
	
	
	

	Stream Number
	
	1
	2

	Stream Name
	
	Strm 1
	Strm 2

	
	
	
	

	Thermo Method Option
	
	GLOBAL
	CHANGED

	Vapor Fraction
	
	1
	0

	Temperature
	C
	192
	152

	Pressure
	kg/cm2
	13
	12

	Enthalpy
	kcal/hr
	665934
	152000

	Vapor Cp
	kcal/kgmo/C
	11.463
	

	Vapor Cv
	kcal/kgmo/C
	8.0039
	

	Liquid Cp
	kcal/kgmo/C
	
	18.565

	Vapor Density
	kg/m3
	6.4654
	

	Liquid Density
	kg/m3
	
	915.53

	Liquid Specific Gravity
	60F@STP
	
	1.0001

	Vapor Viscosity
	cP
	0.01551
	

	Liquid Viscosity
	cP
	
	0.17957

	Vapor Thermal Conductivity
	kcal/m/hr/C
	0.03301
	

	Liquid Thermal Conductivity
	kcal/m/hr/C
	
	0.5866

	Vapor Flow rate
	m3v(NTP)/hr
	1244
	

	Liquid Flow rate
	m3l(NTP)/hr
	
	1.0002

	Free Water Flow rate
	m3l(NTP)/hr
	
	

	Total Molecular Weight
	
	18.015
	18.015

	Total Flow rate
	kgmol/hr
	55.508
	55.508

	Total Flowrate
	kg/hr
	1000
	1000

	Note: All Liquid Phase calculations exclude Free Water

	
	
	
	

	Total Flowrate By Component:
	
	

	   WATER
	kgmol/hr
	55.508
	55.508

	   Total
	kgmol/hr
	55.508
	55.508

	
	
	
	

	Total Stream Composition:
	
	
	

	   WATER
	%
	100
	100

	   Total
	%
	100
	100


	HEAT EXCHANGERS / CONDENSERS

	
	
	
	
	

	Equipment Number
	
	1
	
	

	Equipment Name
	
	X-1
	
	

	Overall Heat Trans. Coef.
	kcal/hr/m2/C
	244.1
	
	

	Area Per Shell
	m2
	47.47
	
	

	Number Of Shells
	
	1
	
	

	Shell Passes
	
	1
	
	

	Tube Passes
	
	1
	
	

	Delta Pressure Shellside
	kg/cm2
	1
	
	

	Delta Pressure Tubeside
	kg/cm2
	0.1
	
	

	Mean Temperature Diff.
	C
	44.28
	
	

	Temperature Out Spec.
	C
	152
	
	

	
	
	
	
	

	
	
	
	
	

	MATERIAL BALANCE
	
	
	

	
	
	
	
	

	Component Name
	Feed(s)
	Product(s)
	Difference
	Relative Error

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	

	
	
	
	
	

	WATER
	2276
	2276
	0
	0

	
	
	
	
	

	Total
	2276
	2276
	0
	0

	
	
	
	
	


Increasing Economizer Inlet feed water temperature from 120 deg C to 134.54 deg C
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Fig. 4.2 For Economizer feed water inlet temperature to 134.54 deg C

Table 4.3 Details of parameter in increasing Economizer feed water inlet temp to 134.54°C

Details of Stream 1 (Strm 1)



	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	63.8345
	0
	63.8345
	1150
	100

	Total
	63.8345
	0
	63.8345
	1150
	100

	Total (kg/hr)
	1150
	0
	1150
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	
	
	
	
	
	

	Temperature
	C
	192
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	13
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	765824
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	1
	
	
	

	
	
	Total
	Vapor
	
	

	
	
	
	
	
	

	Flow rate
	kgmol/hr
	63.8345
	63.8345
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	11.4628
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	8.0039
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.4322
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	6.4654
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	177.8668
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1430.5747
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.015506
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.049775
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay’s Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay’s Rule)
	kg/cm2
	225
	
	
	

	
	
	
	
	
	


	Details of Stream 2 (Strm 2)
	
	

	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	63.8345
	63.8345
	0
	1150
	100

	Total
	63.8345
	63.8345
	0
	1150
	100

	Total (kg/hr)
	1150
	1150
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	152
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	12
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	174800
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flowrate
	kgmol/hr
	63.8345
	63.8345
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.5647
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.1446
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.2258
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	915.543
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	1.2561
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1.1503
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.179574
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.5866
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	48.3216
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay’s Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay’s Rule)
	kg/cm2
	225
	
	
	


Details of Stream 3 (Strm 3)




	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	2220.33
	2220.33
	0
	40000
	100

	Total
	2220.33
	2220.33
	0
	40000
	100

	Total (kg/hr)
	40000
	40000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	134.54
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	46.9
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	5381600
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flow rate
	kgmol/hr
	2220.3298
	2220.3298
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.3487
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.4763
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.1856
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	933.2234
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	42.8611
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.206126
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.590193
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	52.0023
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay’s Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay’s Rule)
	kg/cm2
	225
	
	
	


	Details of Stream 4 (Strm 4)
	
	

	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	2220.33
	2220.33
	0
	40000
	100

	Total
	2220.33
	2220.33
	0
	40000
	100

	Total (kg/hr)
	40000
	40000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	120
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	47
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	4800000
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flowrate
	kgmol/hr
	2220.3298
	2220.3298
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.2314
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.7735
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.1558
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	945.3231
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	42.3125
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.233387
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.589736
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	54.9748
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay’s Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay’s Rule)
	kg/cm2
	225
	
	
	


	STREAM SUMMARY
	
	
	
	

	
	
	
	
	
	

	Stream Number
	
	1
	2
	3
	4

	Stream Name
	
	Strm 1
	Strm 2
	Strm 3
	Strm 4

	
	
	
	
	
	

	Thermo Method Option
	
	GLOBAL
	CHANGED
	CHANGED
	GLOBAL

	Vapor Fraction
	
	1
	0
	0
	0

	Temperature
	C
	192
	152
	134.54
	120

	Pressure
	kg/cm2
	13
	12
	46.9
	47

	Enthalpy
	kcal/hr
	765824
	174800
	5381600
	4800000

	Vapor Cp
	kcal/kgmo/C
	11.463
	
	
	

	Vapor Cv
	kcal/kgmo/C
	8.0039
	
	
	

	Liquid Cp
	kcal/kgmo/C
	
	18.565
	18.349
	18.231

	Vapor Density
	kg/m3
	6.4654
	
	
	

	Liquid Density
	kg/m3
	
	915.53
	933.21
	945.31

	Liquid Specific Gravity
	60F@STP
	
	1.0001
	1.0001
	1.0001

	Vapor Viscosity
	cP
	0.015506
	
	
	

	Liquid Viscosity
	cP
	
	0.17957
	0.20613
	0.23339

	Vapor Thermal Conductivity
	kcal/m/hr/C
	0.033008
	
	
	

	Liquid Thermal Conductivity
	kcal/m/hr/C
	
	0.5866
	0.59019
	0.58974

	Vapor Flow rate
	m3v(NTP)/hr
	1430.6
	
	
	

	Liquid Flow rate
	m3l(NTP)/hr
	
	1.1503
	40.009
	40.009

	Free Water Flow rate
	m3l(NTP)/hr
	
	
	
	

	Total Molecular Weight
	
	18.015
	18.015
	18.015
	18.015

	Total Flow rate
	kgmol/hr
	63.834
	63.834
	2220.3
	2220.3

	Total Flow rate
	kg/hr
	1150
	1150
	40000
	40000

	Note: All Liquid Phase calculations exclude Free Water
	
	
	

	
	
	
	
	
	

	Total Flow rate By Component:
	
	
	
	
	

	   WATER
	kgmol/hr
	63.834
	63.834
	2220.3
	2220.3

	   Total
	kgmol/hr
	63.834
	63.834
	2220.3
	2220.3

	
	
	
	
	
	

	Total Stream Composition:
	
	
	
	
	

	   WATER
	%
	100
	100
	100
	100

	   Total
	%
	100
	100
	100
	100


	HEAT EXCHANGERS / CONDENSERS
	

	
	
	
	
	

	Equipment Number
	
	1
	
	

	Equipment Name
	
	X-1
	
	

	Overall Heat Trans. Coef.
	Kcal/hr/m2/C
	244.1
	
	

	Area Per Shell
	m2
	55.57
	
	

	Number Of Shells
	
	1
	
	

	Shell Passes
	
	1
	
	

	Tube Passes
	
	1
	
	

	Delta Pressure Shellside
	kg/cm2
	1
	
	

	Delta Pressure Tubeside
	kg/cm2
	0.1
	
	

	Mean Temperature Diff.
	C
	43.5
	
	

	Temperature Out Spec.
	C
	152
	
	

	
	
	
	
	

	MATERIAL BALANCE
	
	
	

	
	
	
	
	

	Component Name
	Feed(s)
	Product(s)
	Difference
	Relative Error

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	

	
	
	
	
	

	WATER
	2284
	2284
	0
	0

	
	
	
	
	

	Total
	2284
	2284
	0
	0


Increasing Economizer Inlet feed water temperature from 120 deg C to 139 deg C
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Fig 4.3 For Economizer feed water inlet temperature to 139 deg C

Table 4.4 Details of parameter in increasing Economizer feed water inlet temp to 139 ° C

Details of Stream 1 (Strm 1)



	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	83.2624
	0
	83.2624
	1500
	100

	Total
	83.2624
	0
	83.2624
	1500
	100

	Total (kg/hr)
	1500
	0
	1500
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	192
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	13
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	998901
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	1
	
	
	

	
	
	Total
	Vapor
	
	

	Flow rate
	kgmol/hr
	83.2624
	83.2624
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	11.4628
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	8.0039
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.4322
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	6.4654
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	232.0002
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1865.967
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.015506
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.049775
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	

	
	
	
	
	
	


Details of Stream 2 (Strm 2)



	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	83.2624
	83.2624
	0
	1500
	100

	Total
	83.2624
	83.2624
	0
	1500
	100

	Total (kg/hr)
	1500
	1500
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	152
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	12
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	228000
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flow rate
	kgmol/hr
	83.2624
	83.2624
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.5647
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.1446
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.2258
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	915.543
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	1.6383
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	1.5003
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.179574
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.5866
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	48.3216
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	


Details of Stream 3 (Strm 3)



	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	2220.33
	2220.33
	0
	40000
	100

	Total
	2220.33
	2220.33
	0
	40000
	100

	Total (kg/hr)
	40000
	40000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	138.94
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	46.9
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	5560000
	
	
	

	
	
	
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flowrate
	kgmol/hr
	2220.3298
	2220.3298
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.388
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.3876
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.195
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	929.3825
	
	

	
	
	
	
	
	

	Flow rate (T-P)
	m3/hr
	
	43.0383
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.199016
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.590006
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	51.0856
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	


Details of Stream 4 (Strm 4)



	
	
	
	
	
	

	Flow rates
	
	
	
	
	

	Component Name
	Total
	Liquid
	Vapor
	Total
	Total

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	kg/hr
	mol pct

	WATER
	2220.33
	2220.33
	0
	40000
	100

	Total
	2220.33
	2220.33
	0
	40000
	100

	Total (kg/hr)
	40000
	40000
	0
	
	

	
	
	
	
	
	

	Properties
	
	
	
	
	

	Temperature
	C
	120
	
	
	

	
	
	
	
	
	

	Pressure
	kg/cm2
	47
	
	
	

	
	
	
	
	
	

	Enthalpy
	kcal/hr
	4800000
	
	
	

	Vapor Fraction
	
	0
	
	
	

	
	
	Total
	Liquid
	
	

	Flow rate
	kgmol/hr
	2220.3298
	2220.3298
	
	

	
	
	
	
	
	

	Molecular Weight
	
	18.0153
	18.0153
	
	

	
	
	
	
	
	

	Cp
	kcal/kgmo/C
	
	18.2314
	
	

	
	
	
	
	
	

	Cv
	kcal/kgmo/C
	
	15.7735
	
	

	
	
	
	
	
	

	Cp/Cv
	
	
	1.1558
	
	

	
	
	
	
	
	

	Density
	kg/m3
	
	945.3231
	
	

	
	
	
	
	
	

	Flowrate (T-P)
	m3/hr
	
	42.3125
	
	

	
	
	
	
	
	

	Flow rate (NTP)
	m3/hr
	
	40.0089
	
	

	
	
	
	
	
	

	Viscosity
	cP
	
	0.233387
	
	

	
	
	
	
	
	

	Thermal Conductivity
	kcal/m/hr/C
	
	0.589736
	
	

	
	
	
	
	
	

	Surface Tension
	dyne/cm
	
	54.9748
	
	

	
	
	
	
	
	

	Crit. Temp. (Kay's Rule)
	C
	374
	
	
	

	
	
	
	
	
	

	Crit. Pr. (Kay's Rule)
	kg/cm2
	225
	
	
	


	STREAM SUMMARY
	
	
	

	
	
	
	
	
	

	Stream Number
	
	1
	2
	3
	4

	Stream Name
	
	Strm 1
	Strm 2
	Strm 3
	Strm 4

	
	
	
	
	
	

	Thermo Method Option
	
	GLOBAL
	CHANGED
	CHANGED
	GLOBAL

	Vapor Fraction
	
	1
	0
	0
	0

	Temperature
	C
	192
	152
	138.94
	120

	Pressure
	kg/cm2
	13
	12
	46.9
	47

	Enthalpy
	kcal/hr
	998901
	228000
	5560000
	4800000

	Vapor Cp
	kcal/kgmo/C
	11.463
	
	
	

	Vapor Cv
	kcal/kgmo/C
	8.0039
	
	
	

	Liquid Cp
	kcal/kgmo/C
	
	18.565
	18.388
	18.231

	Vapor Density
	kg/m3
	6.4654
	
	
	

	Liquid Density
	kg/m3
	
	915.53
	929.36
	945.31

	Liquid Specific Gravity
	60F@STP
	
	1.0001
	1.0001
	1.0001

	Vapor Viscosity
	cP
	0.015506
	
	
	

	Liquid Viscosity
	cP
	
	0.17957
	0.19902
	0.23339

	Vapor Thermal Cond.
	kcal/m/hr/C
	0.033008
	
	
	

	Liquid Thermal Cond.
	kcal/m/hr/C
	
	0.5866
	0.59001
	0.58974

	Vapor Flowrate
	m3v(NTP)/hr
	1866
	
	
	

	Liquid Flow rate
	m3l(NTP)/hr
	
	1.5003
	40.009
	40.009

	Free Water Flow rate
	m3l(NTP)/hr
	
	
	
	

	Total Molecular Weight
	
	18.015
	18.015
	18.015
	18.015

	Total Flow rate
	kgmol/hr
	83.262
	83.262
	2220.3
	2220.3

	Total Flow rate
	kg/hr
	1500
	1500
	40000
	40000

	Note: All Liquid Phase calculations exclude Free Water
	
	

	
	
	
	
	
	

	Total Flow rate By Component:
	
	
	
	

	   WATER
	kgmol/hr
	83.262
	83.262
	2220.3
	2220.3

	   Total
	kgmol/hr
	83.262
	83.262
	2220.3
	2220.3

	
	
	
	
	
	

	Total Stream Composition:
	
	
	
	

	   WATER
	%
	100
	100
	100
	100

	   Total
	%
	100
	100
	100
	100


	HEAT EXCHANGERS / CONDENSERS

	
	
	
	
	

	Equipment Number
	
	1
	
	

	Equipment Name
	
	X-1
	
	

	Overall Heat Trans. Coef.
	kcal/hr/m2/C
	244.1
	
	

	Area Per Shell
	m2
	75.7
	
	

	Number Of Shells
	
	1
	
	

	Shell Passes
	
	1
	
	

	Tube Passes
	
	1
	
	

	Delta Pressure Shellside
	kg/cm2
	1
	
	

	Delta Pressure Tubeside
	kg/cm2
	0.1
	
	

	Mean Temperature Diff.
	C
	41.65
	
	

	Temperature Out Spec.
	C
	152
	
	

	
	
	
	
	

	MATERIAL BALANCE
	
	
	

	
	
	
	
	

	Component Name
	Feed(s)
	Product(s)
	Difference
	Relative Error

	
	kgmol/hr
	kgmol/hr
	kgmol/hr
	

	
	
	
	
	

	WATER
	2304
	2304
	0
	0

	
	
	
	
	

	Total
	2304
	2304
	0
	0


 4.5  Expenses in replacing old economizer tube:

Real time profit of plant under consideration is Rs. 9000 lacs per year. Our calculation is based on when plant is running continuously for one year without any interruption or shutdown. Hence Profit for one day is Rs 24.66 lacs.

4.5.1 Production loss during replacement of economizer:. Replacing of economizer tubes takes five days plant shutdown and this costs Rs. 123.28 lacs.

4.5.2 Production loss due to leakages in economizer tubes: Due to leakages in economizer tubes boiler was under shutdown for six times. Total shutdown time was 130 hours. This  costs Rs.133.56 lacs.

4.5.3 Excess fuel cost: Analysis of boiler operating parameter of ten days before and after economizer tubes replacement shows (From table 5.1 to 5.20) that the average amount of fuel increases to 5000 Kg/day due to deteriorated economizer tubes. Assuming old economizer tubes was in good condition for half of its life (economizer lasts for 278 days. Thus amount of excess fuel for economizer is-

          139 x 5000 = 69500 Kg


     Cost of fuel is Rs. 15/Kg


    Therefore cost of excess fuel = 69500 x 15 = Rs.104.25 lacs.
     4.5.4   New economizer tubes cost and changing cost:
    New economizer tube costs Rs. 7.56 lacs

    Fitting, testing, inspection and miscellaneous costs Rs. 3.2 lacs.

   Total economizer tubes cost and changing cost = 7.56 + 3.2 = Rs. 10.76 lacs.

4.5.5 Total expenses of replacing old economizer tube = 1 + 2 + 3 + 4

     = 123.28 + 133.56 + 104.25 + 10.76

     = Rs. 371.85 lacs
4.6 Expenses of steam

Expenses of steam when using steam as a heating media in heat exchanger to heat economizer inlet feed water temperature.

Price of steam is Rs 1287.18/MT and its calculation is shown in table 4.5
Table 4.5 Variables cost sheet for steam from boiler

	S.No.
	ITEMS
	UOM
	PRICE in Rs /UOM
	NORM
	QTY
	Rs.

LACS

	A
	Raw materials

Fuel (FO)
	MT
	15000
	0.073
	21171.68
	3175.75

	B
	Utilities

· Boiler feed water 

· Electrical energy

· Instrument air

· Effluent 
	M3   
KWH

Nm3  

M3
	114.14

3.54

0.47

30.83
	1.310

9.152

2.479

0.009
	379993.2

2654631

719177.7

2628.0
	433.737

94.050

3.366

0.810

	C
	Chemcat

· CHEM THERMOSOL

· CHEM TRISODIUM PHOSPHATE

· ECONOMIX, HD

· MAXTREAT-3006

· MAXTREAT-3223S
	KG

KG

KG

KG

KG
	305

22.11

100

85

79.05
	0.240

0.000

0.013

0.001

0.000
	7057.228

60.428

3884.626

290.052

121.822
	21.525

0.013

3.885

0.247

0.096

	D
	Output steam (HP)
	MT
	1287.18
	
	290052
	3733.48


4.6.1 Expenses in increasing  economizer inlet feed water temperature from 1200C to 132.64 oC:

Steam consumption 1000 Kg/hr

Steam consumption for 278 days = 1000 x 24 x 278

= 6672000 Kg

= 6672 MT

Steam rate Rs. 1287/MT

Therefore steam costs Rs. 85.87 lacs

4.6.2 Expenses in increasing  economizer inlet feed water temperature from 1200C to 134.54 oC:

Steam consumption 1150 Kg/hr

Steam consumption for 278 days = 1150 x 24 x 278

= 7672800 Kg

= 7672.8 MT

Steam rate Rs. 1287/MT

Therefore steam costs Rs. 98.75 lacs
4.6.3 Expenses in increasing  economizer inlet feed water temperature from 1200C to 139 oC:

Steam consumption 1500 Kg/hr

Steam consumption for 278 days = 1500 x 24 x 278

= 10008000 Kg

= 10008 MT

Steam rate Rs. 1287/MT

Therefore steam costs Rs. 128.8 lacs.

                                 “In the next chapter results and discussion made of what study has been carried out so far.”
5. Chapter:  Results & Discussion

5.1 Trend of Fuel consumption (Kg/hr) and Steam generation (Kg/hr)

The trend of fuel consumption (kg/hr) and steam generation (kg/hr) has been plotted. This has been done with help of table 3.1 to table 3.2. From these graph and these data we can analyze the specific steam generation (steam/ fuel ratio). The physical significance of these parameter is to visualize how effectively the fuel is being consumed to generate the steam. Basically our motto is to study the behavoiur of corroded economizer and new economizer and its effect on  steam/ fuel ratio .
The graph plotted are as follows 
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Fig 5.1 Fuel Consumption Vs Steam Generation Recorded on 01/04/2006

 [image: image20.emf]Fuel Consumption Vs Steam Generation Recorded On 

02/04/2006

1350

1400

1450

1500

1550

1600

8:00

10:0012:0014:0016:0018:0020:0022:0012AM

2:004:006:00

Time in Hrs

Fuel Consumption 

(Kg/Hr)

 [image: image21.emf]17000

17500

18000

18500

19000

19500

20000

8:00

10:0012:0014:0016:0018:0020:0022:0012AM

2:004:006:00

Time in Hrs

Steam Generation  (Kg/Hr)


Fig 5.2 Fuel Consumption Vs Steam Generation Recorded on 02/04/2006
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Fig 5.3 Fuel Consumption Vs Steam Generation Recorded on 03/04/2006
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Fig 5.4 Fuel Consumption Vs Steam Generation Recorded on 04/04/2006
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Fig 5.5 Fuel Consumption Vs Steam Generation Recorded on 05/04/2006
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Fig 5.6 Fuel Consumption Vs Steam Generation Recorded on 06/04/2006
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Fig 5.7 Fuel Consumption Vs Steam Generation Recorded on 07/04/2006
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Fig 5.8 Fuel Consumption Vs Steam Generation Recorded on 08/04/2006
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Fig 5.9 Fuel Consumption Vs Steam Generation Recorded on 09/04/2006
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Fig 5.10 Fuel Consumption Vs Steam Generation Recorded on 10/04/2006
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Fig 5.11 Fuel Consumption Vs Steam Generation Recorded on 16/04/2006
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Fig 5.12 Fuel Consumption Vs Steam Generation Recorded on 17/04/2006
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Fig 5.13 Fuel Consumption Vs Steam Generation Recorded on 18/04/2006
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Fig 5.14 Fuel Consumption Vs Steam Generation Recorded on 19/04/2006

[image: image46.emf]Fuel Consumption Vs Steam Generartion Recorded On 20/04/2006

1200

1400

1600

1800

2000

2200

2400

8:00

10:00 12:00 14:00 16:00 18:00 20:00 22:00

12:00:AM 2:00 4:00 6:00

Time in Hrs

Fuel Consumption (Kg/Hr)

 [image: image47.emf]29000

29500

30000

30500

31000

31500

32000

32500

8:00

10:0012:0014:0016:0018:0020:0022:00

12:00:AM2:004:006:00

Time in Hrs

Steam Generation (Kg/hr)


Fig 5.15 Fuel Consumption Vs Steam Generation Recorded on 20/04/2006
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Fig 3.16 Fuel Consumption Vs Steam Generation Recorded on 21/04/2006
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Fig 5.17 Fuel Consumption Vs Steam Generation Recorded on 22/04/2006
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Fig 5.18 Fuel Consumption Vs Steam Generation Recorded on 23/04/2006
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Fig 5.19 Fuel Consumption Vs Steam Generation Recorded on 24/04/2006
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Fig 5.20 Fuel Consumption Vs Steam Generation Recorded on 25/04/2006

5.2 Trend of BFW Temp at Economizer outlet (°C) & Flue Gas Temp at Economizer outlet (°C)
The trend of BFW Temp at Economizer outlet (°C) & Flue Gas Temp at Economizer outlet (°C)

has been plotted. This has been done with help of table 3.1 to table 3.20. From these graph and these data we can analyze the variation in above mentioned parameters very easily. The physical significance of these parameter is to visualize how effectively economizer is working before (with old economizer tubes) and after replacement of economizer tubes.

The graphs plotted are as follows 
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Fig 5.21  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 01/04/2006
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Fig 5.22  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 02/04/2006
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Fig 5.23  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 03/04/2006
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Fig 5.24  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 04/04/2006
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Fig 5.25 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 05/04/2006
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Fig 5.26  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 06/04/2006
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Fig 5.27  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 07/04/2006
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Fig 5.28 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 08/04/2006
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Fig 5.29  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 09/04/2006
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Fig 5.30  BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time Recorded on 10/04/2006
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Fig 5.31 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 16/04/2006
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Fig 5.32 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 17/04/2006
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Fig 5.33 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 18/04/2006
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Fig 5.34 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 19/04/2006
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Fig 5.35 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 20/04/2006
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Fig 5.36 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 21/04/2006
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Fig 5.37 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 22/04/2006
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Fig 5.38 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 23/04/2006
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Fig 5.39 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 24/04/2006
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Fig 5.40 BFW Temp at Economizer outlet & Flue Gas Temp at Economizer outlet in deg C Vs Time recorded on 25/04/2006
Boiler operating parameters are recorded ten days prior to economizer change i.e.  from 1.04.2006 to 10.04.2006 and ten days after economizer change i.e. from 16.04.2006 to 25.04.2006. Boiler was on shut down from 11.04.2006 to 15.04.2006 for changing economizer tubes. With reference to this fig 5.41, fig 5.42, fig 5.43 has been plotted.
 5.3 Variation of Boiler Feed water temp at economizer outlet before    

       and after replacement of economizer
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Fig : 5.41 Variation Of Boiler Feed water temp at economizer outlet

before and after replacement of economizer
       With reference to table 3.1 (A) to table 3.20 (A) above graph has been  plotted . It clearly shows that due to deteriorated economizer, boiler feedwater temp at outlet of economizer was in range between 160 0C to 1750C and after replacement of economizer it reaches to 1900C to 2000C. Due to cold end corrosion of the economizer tubes efficiency of tubes decreases which in turn reducing the efficiency of the plant.


5.4 Variation of Flue gas temp at economizer outlet before and after replacement of economizer:
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Fig: 5.42 Variation of Flue gas temp at economizer outlet before and after replacement of economizer

With reference to table 3.1 (A) to table 3.20 (A) above graph has been plotted. Its clearly shows that due to deteriorated economizer, Flue gas  temp at outlet of economizer was in range between 180 0C to 2400C and after replacement of economizer it reaches to 1900C  to 2000C. Due to cold end corrosion of economizer tubes, flue gases are unable to transfer the heat efficiently and lot of heat is wasted in flue gas to atmosphere.


5.5 Steam fuel ratio before and after replacement of economizer:
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Fig: 5.43 Steam fuel ratio before and after replacement of economizer

With reference to table 3.1 (B) to table 3.20 (B) above graph has been plotted. Study of above graph reveals that steam generated to fuel ratio with old economizer tube was 12.30 and after installing the new one it has been improved to 14.00. This shows that with new economizer more steam has been generated with same amount of fuel which helps in increasing the efficiency of the boiler and plant.

5.6 Expenses in replacing old economizer tube:

With reference to text 4.5 following graph is plotted and discussion made
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Fig: 5.44 Total expenses in replacing old economizer tubes 

Following four parameters have been considered in replacing the old economizer tube. 

1. Production loss during replacement of economizer

      2. Production loss due to leakages in economizer tubes 

      3 .Excess fuel cost

      4.  New economizer tubes cost and changing cost

One day Profit of plant under consideration is Rs 24.66 lacs (Explanation - ref 4.5)

Total expenses in replacing old economizer tube = 1 + 2 + 3 + 4

     = (123.28 + 133.56 + 104.25 + 10.76) lacs

     = Rs. 371.85 lacs

Remark: The expenses of new economizer tubes cost (Rs 10.76 lacs) is  very less in comparison to total Profit of plant (Rs 9000 lacs) But it is very clear from the graph that actual cost of replacing the economizer is quite significant. So from the economical point of view it is not advisable to keep on replacing economizer tubes.

5.7 Steam Consumption in Increasing Boiler Feed water temp 

With reference to fig 4.1, fig 4.2, & fig 4.3 following graph is plotted
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Fig: 5.55 Steam Consumption in Increasing Boiler Feed water temperature from 1200 C to various temperatures

To increase the temperature of boiler feed water, steam is considered as heating media. This heating steam is considered to be taken from boiler itself. With the help of a Heat Exchanger Design Software (Design II) all these analysis is made. The inlet condition of exchanger i.e. temp of boiler feed water is kept constant at 120°C and outlet condition of boiler feedwater  is varied to different  mentioned temperatures. In increasing this temp steam consumption in Kg/hr has been calculated. It is clearly understood from the graph higher the increase in the boiler feed water temperature higher the steam required and hence more expenses. Increasing the boiler feed water temperature to 134.5 will serve the purpose to overcome the problem of cold end corrosion. Hence it is recommended to increase the boiler feed water temp to 134.540C.

5.8 Variables cost sheet for steam from boiler 
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Fig: 5.56 Percentage contributions of factors in generation of steam

With reference to table 5.22 above graph has been plotted. For 379993.2 m3 of water, 290052 MT of steam is generated and accordingly price of steam is calculated to be Rs 1287.18/MT with the help of following factors

1. Raw materials Fuel (FO) –( Rs 3175.75 lacs)

2. Utilities

· Boiler feed water ( Rs 433.737 lacs)

· Electrical energy  (Rs  94.050 lacs)

· Instrument air ( Rs 3.366 lacs)

· Effluent (Rs 0.810 lacs)

3.   Chemcat 

· Chem thermosol (Rs 21.525 lacs)[Mixed in deaereted water to remove last traces of 

             corrosive gases.]
· Chem trisodium phosphate (Rs 0.013 lacs)[ Mixed in steam drum to remove salt from   

             water in order to reduce scale formation.]
· Economix, HD (Rs 3.885 lacs) [Added in furnace for proper combustion of fuel]
· Maxtreat -3006 (Rs 0.247 lacs) [Mixed with thermosol]

· Maxtreat-3223S (Rs 0.096 lacs) [Mixed with trisodium phosphate.]          

5.9 Expenses in increasing economizer inlet feed water temperature from 120° C to various temperatures

With reference to fig 4.1, fig 4.2, & fig 4.3 following graph is plotted
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Fig 5.57 Expenses in increasing economizer inlet feed water temperature from 120° C to various temperatures

Expenses in increasing economizer inlet feed water temperature is shown in above graph. The expenses in replacing old economizer tube are much as comparison to increasing the inlet boiler feed water temperature.

Considering all these factors it is advisable to take the above mentioned necessary steps in order to maximize the profit of the plant. 

6. Chapter: Conclusion

Condition of In Service Economizer tube badly deteriorated due to the cold end corrosion and results in inefficient boiler operation. The surface of the tubes gets rough which result in heavy deposition of soot. Due to this deposition the effective distance between the tubes get reduced which obstruct the flow of flue gases and reduced the heat transfer rate. Cold end corrosion gradually involves in thinning of tubes which ultimately results in leakage and boiler shutdown.
 Corroded tubes effect the efficient plant production. It reduces the thermal efficiency because of reduction in heat transfer rate and loss of energy. Due to leakage of tubes boiler had to be shutdown many times, so directly it effects the production of glycol. Frequent leakages involve maintenance jobs which in turn increases the maintenance cost.

 Performance study of economizer shown drastic change in  parameters before and after the economizer replacement. It has been observed that the flue gas temperature exhaust to atmosphere was quite high (185°C-200°C) before replacement of economizer while after replacement it came down significantly (150°C-160°C). Steam-fuel ratio with corroded economizer was in range 12 to 12.5 while with new economizer it increases in range 13.5 to 14.0.

Analysis of the economizer reveals the problems are due to many reasons. Use of Furnace oil which is  having higher percentage (4 %) of sulphur, contributes a major part in cold end corrosion. Excess air increases the acid dew point temperature which helps in cold end corrosion of tubes. Lower feed water temperature help sulphuric acid in the flue gas to come in contact with the upper surface of water tubes and gets condensed, thus causing acid corrosion.

Certain points are made to make the life of economizer enhanced. Use of seamless tubes in place of the electric resistant welding (ERW) tubes helps in fighting cold end corrosion because of smooth surface. Use of (Low Sulphur Heavy Stock) LSHS instead of FO also do well because it has very less (< 1 %) percent of sulphur which is main cause of acid formation. Addition of chemicals (Carbonex & Magnesium Based Additives) reduces SO3 emission, acid smut and tube fouling. It improves soot quality and reduces soot quantity. Increasing the Economizer Inlet feed water temperature by giving it heat from steam of the boiler greatly reduce the formation of cold end corrosion. Expenses calculated in increasing the feed water temp to economizer outlet. Analysis done  shows that installing heat exchanger is better option than going with replacing economizer tubes. Fig 5.8 shows that acid dew point temperature of fuel is a function of sulphur level and excess oxygen. Acid dew point temperature of FO is 132.5 deg C at complete combustion. So at any cost skin temperature of outlet water tubes should not go below this temperature. As the excess oxygen increases acid dew point temperature also increases. Hence keeping temperature of water in a higher side is beneficial. But as economizer inlet feed water temperature increases the outlet temp of flue gases also increases. The difference between economizer inlet feed water temperature and flue gases outlet temperature is 20-25 deg C. So maintaining the balance between above two parameters economizer inlet feed water temperature recommended is 134.54 deg C.
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