From The Author…
This work is a fundamental discourse on Steam Generation Systems. It is written for those who want to gain a simple, intuitive understanding of boilers and their operation. New mechanical system designers, contractors, water treatment service personnel, building engineers and facility managers should all find items of interest. This is not rocket science-just one person’s compilation of observations and opinions.

The less initiated should read this information from front to back while the more experienced are advised to start with the check list, review the intermediate material as necessary. While short, Chapter ( ) is really the heart of this work. Thoughtful consideration of each check list item should help lead the new system designer to a trouble free installation. In some cases, the material can be used to diagnose problems with existing installations. 

My background includes a 12 years stint in water treatment business. Currently, I’m working with more than 50 companies.

I have had the opportunity to be involved with hundreds of boilers, cooling towers and chillers installations and have concluded the challenges in maintenance. If someone has a problem, it is almost certain that it is-or has been- shared at other job sites. It is the aim of this book to aid in the reduction of bone head mistakes- and those a bit more subtle- that lead to less than satisfactory operation be it thermal performance, shortened life, wasteful operation, difficult maintenance or whatever.

This work is not intended to promote any particular brand. If addresses issues common to all- no matter the manufacturer. It left to sales representatives, factory salesmen, after market manufacturers, etc. to tout exclusive sales features. 

For those of you who would like to comment, I encourage your E-mail (msl99@cyber.net.pk). I would be happy to acknowledge and include worthwhile reader supplied information in any updates. Please realize my responsibility is to my local customers; I can’t handle day-to-day inquiries for specific projects out side the Pakistan.

M. Khalid Shah

Mobile  #  0320-4062329.

CHAPTER-1 
BOILER CLASSIFICATION

The Boiler manufacturers have created various types of boilers to suit the new regulations for Operator Exempt units. This has resulted in reduced boiler water content and heating surfaces, and pushing engineering materials, and design to their limits. All designs have certain drawbacks, with some designs having specific advantages over others. The author has tried an unbiased approach in presenting these differences. Our intentions are to provide information that will help the decision maker evaluating the options, and have a better understanding of what unit is best suited for their application.

1. COIL - RECIRCULATING TYPE DESIGN:

These boilers are made by various manufacturers and are designed to circulate water in coils and produce steam in the steam drum or separator. The unused portion of the boiler water, is normally recycled back to the feed tank, Hot well, or around the boiler circuit. The following are some areas that require some attention.

BTU loss of heat from the boiler water during transfer in the re-circulating system is possible. To prevent this from occurring, special feed water tanks are required which operate at a higher pressure. Vent loss can be significant and therefore system design is important.

Improper balance of recycling water, to demand, could result in cavitations or low water failures, during load swings. System design is important.

Due to the re-circulating pump operates at high water temperature, maintenance cost on the pumps, is normally higher than conventional boilers. They are many safety devices on these boilers. These are necessary to protect the equipment. They require more detail troubleshooting and attention.

Some designs have smaller heat transfer, than conventional units. Overall maintenance cost is normally higher. Water Treatment is more critical than conventional boilers. Steam quality can be achieved, only if proper design of system is followed. More than one pumping system, might be required.

BENEFITS:

Steam is produced faster than conventional units.

Units are compact requiring less space.

Units are supplied as multiple units, which can be beneficial with varying loads.

2. STRAIGHT TUBE UNITS:

This design also requires attention:

Small heat transfer areas. Water Treatment is very critical.

Limited to one or two gas pass configurations. Possible lower efficiency. Require an economizer to justify higher efficiency.

Steam space is limited.

Potential for poor steam quality

Low water failures during load swings.

Lower Total Dissolved solids (TDS) is normally recommended, to achieve good steam quality. 

Results are higher blow down loss, resulting in higher fuel, chemical and water operating cost

Tube replacement could be difficult, as tubes are normally welded to a header.

Potential higher tube replacement cost can be expected.

3. BENT / FLEX TUBE DESIGN BOILERS:

This design has more of the looks of a conventional boiler and function similar to conventional water tube boilers. The heat transfer areas and the steam space are normally larger. The number of gas passes is also greater. These types of units can be adapted more readily to different burner technologies and controls. This design functions similarly to a conventional boiler and in the author's opinion has some benefits, that are lacking in other high heat transfer designs.

4. VERTICAL TUBELESS BOILERS

These boilers are probably the most forgiving, when it comes to Water Treatment. They are also reliable and simple to operate. They are usually manufactured in the smaller BHP range. (6 - 100 BHP)

They are compact and come in various burner configurations. They are usually supplied as step fired units. Certain manufacturers supply them with modulating burners. Modulating burners will provide better efficiency, due to higher turndown and less cycling. Units can be supplied with 2 or 4 gas pass designs. The more gas passes, the higher the combustion efficiency

5. FIRE TUBE BOILER:

These boilers have a large water content and a sizable steam drum space. They require a larger foot print space than Coil type boilers. The fire is in the tube itself, with the water on the outside.

DISADVANTAGES:

Units take longer from a cold start, to produce steam, than Coil Type boilers

Units are prone to thermal shock, if design is not considered.

Refractory maintenance, depending on design, can be every 2 - 10 years.

BENEFITS:

Reliable and proven to be a work horse.

Produce good quality steam

Can handle load swings easily

CHAPTER-2
MECHANICAL PROTECTION FOR BOILER

Preventative maintenance is the easiest and most economical means of minimizing problems. A proactive approach will help to prevent any unscheduled downtime and will improve the overall reliability of your system.

Your Boiler Inspection Schedule should include four areas: the boiler, the burner, the controls, and the boiler system as a whole. 








· A certified gas fitter should do an annual inspection of: 

· Check venting and vent action.

· Check source of combustion air to prove the intakes are there and clear.

· Check flue gas for CO levels.

· Clock input.

· Check pilot and main burner operation.

· Check high limit functioning.

· Check for relief valve and operation.

· Check for expansion tank and water level.

· Check for make-up water reg. and back flow preventor.

· Check for automatic airout.

· Check operating temperature/pressure.

· Check mixing valve setting.

· Check heat anticipator setting.

· Check zone valve end switches.

· Check pump flow direction.

· Check for floor drain.

· Check combustion side of tube bundle for plugging.

· BOILER PREVENTIVE MAINTENANCE

The key efficient boiler operation is ongoing, regular maintenance. All too often internal maintenance is confined to crisis situations. 

Maintenance professionals all know the basic maxim – anything that moves eventually requires repair. The key to an efficient operation is attention to ongoing, regular maintenance. Preventive maintenance helps avert equipment problems and reduces the possibility of production downtime.

Although regular boiler care is an important part of HVAC maintenance, it is often neglected. Visual checks of the external gauges are typically made and logged, but all too often internal maintenance is confined to crisis situations. The following guide can be used to lower the risk of downtime and increase boiler efficiency. Although not all encompassing, it highlights a number of key areas that require regular attention.

Fuel Controls, Burner Care

The best way to determine the need for regular maintenance in the burner and fuel controls, tube cleaning, nozzle cleaning, pressure adjustments, and linkage adjustment is to keep a daily log of pressure, temperature, and gauge data. Any variation from normal readings can uncover trouble areas and help prevent serious problems in the future.

On an oil-fired unit, a drop in oil pressure can indicate a plugged strainer, a faulty regulating valve, or an air leak in the suction line. A decrease in oil temperature may indicate malfunctioning temperature controls or a fouled heating element. An oil-fired unit requires regular nozzle or cup cleaning. The actual cleaning frequency is determined by the type of burner and the particular operating process. 

Inherently dirty processes, in a paper and pulp mill, for example, require more frequent attention.

In a gas-fired unit, a drop in pressure can result from a lower gas supply pressure, other gas users on the same supply line, or possibly a regulator malfunction.

Stack and Combustion Tests 

The burner’s efficiency also can be tested by monitoring the stack temperature and comparing it with logged entries of the temperature at similar firing rates. A rise in stack temperature does not necessarily mean poor combustion or fouled fireside or waterside equipment. Sometimes stack temperatures vary as much as 100O F during a 5 minute load change.

Flue gas leaving the stack should be clear, with no trace of haze. Cloudy, hazy, or smoky stacks indicate the need for a burner adjustment. Improper mixing of air and fuel could result in the fire being too rich and not receiving enough air. Any incorrect combination lowers boiler efficiency. To determine if combustion is complete, one of three common test methods should be used.

1. Portable electrical instruments can measure combustion. When operated properly, these instruments are accurate. However, they are often hard to calibrate and generally not economical for spot testing.

2. The easiest test, especially when done in-house, is performed with an all-in-one kit that measures excess air, oxygen, carbon monoxide, and smoke. Sealed chemical tubes (one to measure each gas) are broken and attached to a hand pump. When flue gas passes through the tube, the chemicals change color according to the amount of gas present.

3. The third test method is a continuous monitor such as an oxygen trim system. This type of system maintains air/fuel ratios for maximum fuel efficiency.

Water Level Controls 

Under regular operating conditions, water level controls should be checked daily on both high and low pressure steam boilers.

On steam boilers, the low-water cutoff should be inspected and blown down daily under actual operating conditions. On a monthly basis, a practical way to check the control is to shut off the feed water pump and let the water evaporate under normal steaming conditions. Carefully watch the gauge glass and mark the exact point at which the low-water cutoff shuts down the boiler. This gives you a reference point for other checks. If the operation proves to be erratic, control replacement may be indicated.

On hot-water boilers, the low-water cutoff should be periodically checked by manually tripping the control. After that, remove all plugs in piping crosses, tees on the water column, and low-water cutoffs to inspect the waterside of the unit for scale and mud. If either is found, be sure to clean out or rod out all foreign matter. Evidence of heavy sludge or mud warrants review of the feed water treatment program and the blow down schedule.

Waterside Care

Feed water treatment, along with proper blow down procedures, is important in keeping boiler heating surfaces clean to help prolong equipment life. Scale formation, pitting, corrosion, foaming, priming wet steam, and bouncing water level are normally the result of improper chemical treatment.

To check the waterside surfaces for oxygen-related damage, drain the unit and remove all hand hole and manhole covers. Then visually check the tubes, furnace, shell, and tube sheets for evidence of blisters, pock mark, or erosion of metal surfaces.

Carefully check the rear portion of the boiler. It is the area most susceptible to scale. Look for scale formation on the heating surfaces, corrosion caused by oxygen in raw water, and signs of carryover water that might cause foaming or priming.

If any of these conditions are present, the water treatment program needs immediate review. Fingernails or a small hammer can be used to scrape out samples of any scale formation present. Scale samples should be given to a feed water treatment consultant for analysis.

The consultant will analyze the feed water and the amount of raw makeup water used. Recommendations should include the proper chemical treatment and the optimum blow down schedule for the boiler.

Furnace, Tubes, and Tube Sheets

The next step is to use lights and check the fireside of the furnace and tubes carefully for evidence of blisters or pock marks. This type of damage could indicate corrosion resulting from an acidic solution formed from condensing flue gases.

This condition can be remedied in a number of ways. Maintain the boiler supply water temperature at a 170OF minimum to prevent condensation of water vapor in the flue gas. Keep the unit’s “on” cycle as long as possible, so the water cannot condense. 

Soot deposits in the tube also decrease heat transfer and lower the overall efficiency of the boiler. If heavy sooting occurs often in a short period of time, check the air/fuel ratio. It could be a sign of too much fuel and not enough air.

Tubes can be checked for soot by using a thermometer in the boiler vent outlet. If the gas outlet temperature rises above normal, the tubes are dirty and need cleaning. A well designed, properly adjusted unit might need the tubes cleaned only once a year.

A regular tube check should include an inspection of the tube sheet for leakage at tube ends. Whitish streaks or deposits are telltale signs of leaks. If they are present, the boiler manufacturer’s service technician should be consulted. The tubes probably require re-rolling.

HEATING SURFACE AREA

Heating surface area on boilers, have changed drastically in recent years, to adapt to the newer boiler designs. In general, the higher heating surface area of a boiler, will provide many advantages such as:

Possible less NOx

Fewer problems associated with Water Treatment. This is because boilers with small heating surfaces, require higher rates of heat to be transferred per unit of area, resulting in higher temperature differentials. This allows any hardness leakage in the water, to precipitate much faster. Also it can be assumed that if the heating surface is smaller, then either the tube diameter or furnace area is smaller. This permits any calcium and magnesium hardness present in the water, to have faster fouling possibilities, with smaller heating surfaces, than boilers with larger heat area.

Longer life expectancy of boiler tubes, can be expected to occur with higher heating surfaces, due to less heating stress. Smaller heating surface boilers have to accomplish the same job, as higher heating surface units, at same rating.

TUBE REPLACEMENT

One of the most important aspects that the end user must face, when purchasing a boiler, is that the possibility does exist, for tube repair during the life time of the boiler. This is mainly due to one of the following problems:

Poor Water Treatment control, resulting in corrosion due to pitting of the tubes

Poor Water Treatment control, resulting in scale deposits, causing tube failure

Stress failure, resulting from over heating of the tubes. This failure can be a result of boiler design. Not enough heat transfer.

Over firing of the boiler

Thermal shock

Water starvation, due to carry over resulting in material stress

Steam Blanketing

Tube material failure

To reduce the cost, the potential owner needs to evaluate many areas, to decide his best option. To help in this evaluation the following table has been developed

PROBLEM


CAN IT BE REPAIRED


DOWNTIME COST

Replacement

Repair

Welding

Patching

Apply to all tubes 

Only certain tubes?

Complete pressure vessel

replacement

NUMBER OF GAS PASSES:

Normally a boiler with more gas passes is more efficient, than a boiler with fewer gas passes. Boiler manufacturers have come up with various methods of capturing heat before the boiler flue gases exist the stack. These methods may be in the way of deflectors, or baffles, to hold back the gas or create more turbulence. Another option is to use an economizer on the boiler, to capture the heat before it exits the stack. The most effective method is by having a boiler with multiple gas passes, in the combustion area. Also important is having the tube surface exposed as much as possible to the fire that is passing across the boiler furnace.

Refractory   
While the boiler head is open, the refractory should be checked for areas showing cracking or erosion.

Clean cracks, 1/8 in. thick, are acceptable. They provide stress relief when the brick expands.

Larger cracks should be caulked, and loose or broken baffle tile should be replaced.

The next highest expense after tube failure , would be refractory repair, or replacement. The type of refractory used and the procedure used for curing, is of vital importance. Curing is normally done on start up, or test firing of the boiler. All boilers will require refractory repair during its life expectancy. The ease of repair will be the governing factor of cost. 

Gaskets 

Before the boiler is closed, the gaskets should be checked. Visually inspect the door gaskets to be sure they are in good condition and properly secured. Burnt gaskets will eventually deform the steel door and reduce efficiency. Gaskets should be replaced each time the unit is opened. 

Regular maintenance on a boiler is as critical as operating procedures in preventing boiler “disturbances.” Planned, ongoing maintenance checks help eliminate the need for crisis repairs.

With the introduction of new test and repair kits, there is no reason to ignore potential danger and chance downtime. If the problem is minor, a qualified boiler operator can correct it.

NOX EMISSIONS:

Some boiler manufacturers are currently marketing " Low NOx Boilers" and claim values of less than 50 PPM Nox.. We believe this is achievable, but in some cases, at significant cost to the end user. To achieve this low NOx value, the burners on some of these types of boilers, have to be set at high excess Oxygen values. This results in excessively high CO (Carbon Monoxide) emissions and poor combustion efficiency. As a rule, the lower the excess Oxygen, the higher the boiler combustion efficiency. Generally NOx below 50 PPM is achieved, by having cooler combustion chambers. Some boiler manufacturers have created this by making modifications to the combustion chamber and by cooling this area with flame quenching techniques, or returning flue gas to re -burn, to reduce Thermal NOx being produced. The most effective and efficient way to reduce Nox, would be to design boilers having larger heating surfaces and combustion areas, to release the heat and maintain combustion temperatures below 1800 C. Above 1800 C the Thermal NOx threshold becomes critical.

Flue Gas Re-circulation, (FGR) techniques are common. However, the disadvantage of this system, is reduced boiler output. This can result in losses as high as 10 - 15% of the expected output of the boiler, with FGR. Critical combustion control is required, to reduce the potential of combustion hazards.

CHAPTER-3 
CHEMICAL PROTECTION FOR BOILER

Steam generating boilers of all designs are subject to the same problems namely, boiler scale, boiler corrosion, steam / condensate system corrosion, and producing steam of adequate quality.

· SCALE

Water described as "hard" is high in dissolved minerals, specifically calcium and magnesium. Hard water is not a health risk, but a nuisance due to continuous scaling process on heating surface in steam generation system.


Water is a good solvent and picks up impurities easily. Pure water -- tasteless, colorless, and odorless -- is often called the universal solvent. When water is combined with carbon dioxide to form very weak carbonic acid, an even better solvent results.


As water moves through soil and rock, it dissolves very small amounts of minerals and holds them in solution. Calcium and magnesium dissolved in water are the two most common minerals that make water "hard." The degree of hardness becomes greater as the calcium and magnesium content increases.

The US Department of Energy (DOE) reports that as little as a 1/32 inch scale build-up on a heat exchange surface (hot water heater, boiler, cooling tower, etc.) causes you to use almost 10% more energy. A 1/4 inch build-up will increase energy consumption by a whopping 40%! This can cost hundreds or even thousands of wasted energy dollars per year for home or business. 

Mechanical water treatment softening units can be permanently installed into the plumbing system to continuously remove calcium and magnesium. Water treatment softeners operate on the ion exchange process. In this process, water passes through a media bed, usually sulfonated polystyrene beads. The beads are supersaturated with sodium. The ion exchange process takes place as hard water passes through the softening material. The hardness minerals attach themselves to the resin beads while sodium on the resin beads is released simultaneously into the water.


Scale prevention or control in steam boilers is normally accomplished by a combination of external treatment ie softening and Chemical Treatment.

· CORROSION

Boiler corrosion most frequently is caused by dissolved oxygen, typically resulting in localized pits which effect rapid penetration and tube failure. Traditionally this problem has been approached utilizing some combination of external treatment and internal chemical treatment.

This program remains the favorite in Fire Tube boilers and older low heat flux Water Tube designs. This is particularly true where the operation and loads are relatively constant.

Modern technology however has led to the development of new film forming chemistries which are rapidly displacing sulfite programs in treating the new Low Water content - High Heat flux boiler designs.

These programs provide a protective film covering waterside boiler metal surfaces which maintains protection during idle periods and short duration shutdown times.

These blends of dispersent and corrosion inhibitors for boiler and condensate systems are ideally suited for systems that run less than 24 hours / day and are then shutdown. Plants such as Laundries, Dry Cleaners, Greenhouses, Process Plants and many more are well suited for this program. If you are having problems maintaining sulfite values in your boiler or if you are experiencing corrosion on boiler tube surfaces, we can solve your problem immediately.

· CONDENSATE CORROSION

Steam / Condensate system corrosion is primarily caused by the formation of carbonic acid in condensed steam. This condition unchecked will lead to system failure and can cause serious iron deposition problems on boiler tubes. To prevent condensate corrosion, volatile neutralizing amines, are typically used to neutralize carbonic acid and raise the condensate pH. These programs are most effective when fed to maintain a minimum pH of 8.5, ideally 8.8 to 9.2. A blend of several amines will assure that corrosion protection is distributed throughout the entire steam/condensate system. Filming amines and a new, patented chemistry are alternative condensate treatments. 

One economically attractive method of maximizing energy efficiency and boiler reliability is by increasing the amount of condensate return. Returned condensate, being condensed steam, is extremely pure and has a high heat content. Increased condensate return can improve boiler system economics through water and energy conservation. 

As more condensate is returned, less make-up is required, saving on water and make-up water treatment costs. The high purity allows for greater boiler cycles of concentration, thus reducing water and energy losses to blowdown. The high heat content (typically in excess of 180ºF) can provide substantial energy savings.

Corrosion in condensate systems can limit the quality or quantity of returned condensate because of iron and copper corrosion products, which can deposit on boiler heat transfer surfaces. This reduces heat transfer efficiency and could cause tube failure. Condensate corrosion control is required to protect process equipment, lines, tanks, as well as to maintain the condensate as a quality feed water source. Corrosion of the condensate system can result in increased maintenance and equipment costs, energy loss through steam leaks and loss of process heat transfer efficiency. 

· STEAM PURITY

Steam purity problems can originate  from both mechanical and water related conditions. If the boiler is undersized or subject to sudden large increases in load, surging of the boiler water into the steam may occur. This results in very wet steam up to the point of cycling boiler water into 

the steam system. Aside from the huge reduction in heating capacity, serious corrosion and deposition in the system can result.

Water or chemically related "Wet Steam" or carryover problems generally are caused by inadequate boilout or cleaning of new installations, process contamination of steam or condensate, or insufficient blowdown of the boiler.

· CHEMICAL SELECTION

They are many variables to be considered when selecting an appropriate Water Management program for each installation. Boiler size, operating pressure, steam demand, load variables, feed water quality, internal condition, feed water temperature, operating history, available staff time, boiler design, required chemical approvals and more play a part in the type of program to be selected.

· ENERGY MANAGEMENT

A factor frequently ignored by Water Treatment suppliers is systems control. This is mainly due to the fact that they are chemical suppliers rather than Energy Managers of your boiler system.

Miracle Solutions through many years experience in the Boiler and Water Treatment business, have made a commitment  to educate our customers in maintaining control, using the latest equipment technology available.

· EQUIPMENT AVAILABLE

Available today are automatic blowdown controllers which maintain precise blowdown control.  Water meters having contact heads that activate chemical pumps based on the amount of water make up going into the Feed Water tanks.

· OUR COMMITMENT

In an effort to make our customers more aware of the Energy, Water and Chemical losses, that can occur from inadequate water control, Miracle Solutions has developed our own spreadsheet programs. We provide our customers with a detailed loss cost of fuel, water and chemicals, where control is not being maintained. As part of our regular service, this report is available to our customers.

For a detailed evaluation of your Water Treatment  and control program  call us and we will be happy to review your system and determine  where savings can be achieved by bettering your control programs.

This is our business  so call us,  you have nothing to loose.

CHAPTER- 4 
BOILER EFFICIENCY  

Although the chapter 1 & 2 are very much related to boiler efficiency, but still I feel it has to be discussed separately viewing the steam production.

STEAM LEAKS :

Can exist anywhere in a system.  Steam may be escaping through external or Internal leaks in fittings, valves or controls, from oversized steam traps, or traps that are blowing, leaking or plugged with dirt. Steam may be lost through un-insulated valves, flanges, sections of steam pipe, or through high back pressure in condensate lines caused by blowing traps.  A control valve unable to close because of "wiredrawing" or undersized steam and condensate lines with no provision for utilizing flash steam could all be sources of wasted energy.


TESTING TIPS FOR COMMON PROBLEM AREAS 


It is essential to know how each steam trap or valve works under specific conditions in order to be able to diagnose a problem correctly. To determine leakage or blockage, touch the ultrasonic instrument upstream of the valve or trap and reduce the sensitivity of the, detector until the meter reads about 50.   If you need to hear the specific sound quality of the fluid, simply tune the frequency until the sound you would expect to hear becomes clear, Next touch downstream of the valve or trap and compare intensity levels and, for traps, sound pattern levels. If the, sound level is louder downstream, then fluid is passing through.  If the sound level is low, then the valve or trap is closed.

 
When check valves are placed closer than three feet downstream of blast action traps (such as Inverted bucket or thermodynamic types) flappers may loosen or even break free. Damaged check valves will usually become noisy.   When control valves are grossly oversized they are forced to work close to their seats. High velocity wet steam acts almost as sandpaper, cutting the seat when a mixture of steam and water is forced through the tiny crevice.   With an ultrasonic instrument you can distinguish between normal machine noises and sounds that spell trouble. To verify data, use the instrument to test nearby units and compare.

 
Air operated control valves may be leaking at or around their diaphragms. Scan the exterior sections listening for the turbulent sounds created by a leak. Test ultrasonically for internal leakage as you would for any other valve. It will be necessary to momentarily close the valve to perform definitive testing.   For those valves with diaphragms, listen for leakage at the small bleed hole. This is a dead giveaway that a rupture has taken place.

 
Listen for leakage through solenoids that are in a closed position. You will be able to detect which valve is leaking even when it is part of a large bank of valves. If you are in doubt about a judgment compare with similar valves.


In a steam system, relief valves that have opened by excess pressure may not reseat properly. Some with softer seats may be chattering or may suffer microscopic steam and water cuffing. Ultrasonic testing will detect the turbulent passage of steam or vapor as it moves through the leak site.  

Touch the instrument's stethoscope at the point on the valve closest to the orifice and then touch the downstream piping. Leaking and blowing valves are easily identified. Augment your test with a hand-held infrared thermometer for temperature differentials.


In Condensate Return Pumps listen for the static noise indicating a vaporization bubble collapsing around the impeller. If in doubt, test similar pumps and compare. Remember to test volute pump casing temperatures with an infrared thermometer.


The needle valves on steam or air powered condensate movers, like any other mechanism, will deteriorate over time. Listen for seepage of steam through worn valves, usually indicated by a high pitched whistling sound. When more then one pump exists, comparisons can be useful.
 
Use the ultrasonic Instrument to scan all parts of the steam system for the sounds of turbulence. It will be a reality check to find out how many areas are actually leaking.

Steam trap basics:

Basically all steam traps have the same functions.   They allow condensate and non-condensable gases to escape while holding steam in a device where a thermal or heat transfer process occurs. A regulator controls the input side of the process and the steam, after releasing energy to the process, condenses and reverts back to its liquid state.  The purpose of the steam trap is to retain steam in the heating element and to release the non-condensable gases and condensate.  The principal design consideration is to balance the condensing rate and the import rate of the control device on the input side with the exiting condensate.

Ultrasonic detectors translate ultrasonic emissions into sounds the human ear can hear, allowing technicians to detect failing steam traps before they fail completely.
I emphasizes the need to choose the appropriate steam trap.   "Properly sized traps relieve the condensate, react quickly to changes in load, and trap the steam while allowing air and other non-condensable gases to escape.
Finding malfunctioning traps

As with any mechanical device, a steam trap can malfunction. "If the steam trap fails closed," the device that should be draining will flood and the heat transfer process will stop, and whatever product is being produced ... will no longer be up to the required quality standards.  If the trap fails open, there will be a waste of energy, steam will not be completely consumed or condensed in the exchanger and steam will blow through.

He adds that it is difficult to determine whether a steam trap has failed just partially open, indicating a slow leak and a developing failure.   "Such a ... failure could persist for quite some time without any outward sign.  Therefore, a maintenance person should make periodic surveys of the installed base of steam traps.  I emphasizes that steam blowing through a trap indicates that the trap needs to be repaired or replaced.

Trap inspection methods:

Oftentimes, a misapplied steam trap (too small, the wrong design) will malfunction.  Ultrasonics, infrared temperature measurements and visual inspection have proven useful to maintenance personnel in checking for malfunctioning steam traps. Of the three, ultrasound is the most reliable.  Visual inspection requires an inspector to let a steam trap discharge to atmosphere. However, doing that changes the parameters of the closed system and, therefore, can be unreliable.

There are enough variables in the system - back pressure, for example - so that temperature is not the most reliable indicator either.  Portable infrared thermometers provide close estimations of pressures on valves, traps, and coil heaters.  These devices are also useful for spotting conditions such as heat loss, the need for insulation, overheating, overloads, and cooling failures.  Thus, an infrared thermometer be used along with ultrasound.
Traps that have failed completely open are easy to detect, but the object is to find failing traps before they fail completely.  Ultrasonic testing can do that.  In essence, using an ultrasonic instrument is like putting the inspector inside the steam trap and piping system allowing him to detect a leaking steam trap.   Ultrasonic detectors translate ultrasonic emissions ... into sounds the human ear can hear.
Technicians who use ultrasonic detectors on a daily basis can achieve accuracy that exceeds 98%.  And regarding frequency of inspections, process components of equipment, as well as drip main stream traps should be checked twice a year.  Heating  steam traps (in facilities that use steam for space heating) should be tested annually and instituting a reporting system to keep tabs on the location, type, size, capacity and condition of all traps in a steam system is imperative.

WARNINGS OF POSSIBLE STEAM TRAP FAILURE:

   •  An abnormally warm boiler room

   •   A condensate receiver is venting excessive steam

   •  A condensate pump water seal Is failing prematurely

   •  The conditioned space is overheating or under heating

   •  Boiler operating pressure is difficult to maintain

   •  Vacuum in return lines is difficult to maintain

   •  Water hammer

STEAM DRUM SPACE:

Generally the larger the steam drum, the better the boiler steam quality. Better steam quality will reduce system maintenance and provide better production temperature control.

Boilers with poor steam quality, will result in failure of any yellow metals in your condensate system. This is the result of high Ph will attack brass and copper fittings in traps etc.

Poor steam quality will also result in carryover of boiler chemicals, that will contaminate and foul steam pipes, heat exchanger and traps resulting in a thermal efficiency loss.

STEAM SEPARATOR:

Some boiler manufacturers try to overcome steam quality problems, by adding a separator onto the boiler. This will enhance the quality, but the reality overall, is that the larger the steam drum, the better the chance of achieving good steam quality.

The design of the steam separator and type of steam separator being offered, will also determine the type of success one can have in achieving results. Mechanical spray separators are usually more successful, than straight baffle type units. However, in general terms, a small steam space is basically the limiting factor. The smaller the steam drum space, the larger the size of a steam separator is required.

STEAM QUALITY: 

· To improve it the following are some guide lines, to help the end user achieve good quality steam.

· Select a boiler that has the largest steam drum space as possible.

· Determine steam demand fluctuation, frequency and swings. Discuss this with the various Boiler Manufacturers and get their feed back.

· Determine if the boiler capacities selected are border line or approximately 80% of the boiler load requirements. When selecting boilers, it is important that the boiler capacity match the load requirement. It is also important to know that the Boiler Manufacturers state boiler outputs at 212 F (Zero Pressure) and at a specific Feed Water temperature. This is called Equivalent Output. As the boiler will probably burning at higher pressures than "zero" and the Feed water temperature will be different, the output will be much less. It is important to request or have someone calculate the output at your operating parameters, to make sure boiler capacities are in order.

· If the boilers being reviewed are of the Low Water Content, or Coil Tube Design, water content in the boiler is very small, compared with conventional boiler units. This will result in the boiler water quality changing rapidly, as the boiler makes steam. Good control of TDS in the boiler is essential for good quality steam

· Having automatic continuous blowdown controllers installed on the boilers, is therefore essential. Some boilers on the market, do not have surface water lines to remove these high solids effectively and therefore implement various methods that are not necessary effective in removing boiler solids. On these types of boilers, overcompensation of blowdown is normally necessary, to get good quality steam. The result to the end user on this type of boiler, is excessive energy, water and chemical waste. This could easily be as high as 5 - 10%, of your total fuel bill.

· Select a boiler that removes water solids at the line of separation of water and steam. (Not from in a coil or tube)

· The use of a back pressure valve in the system, after the boiler, will help in controlling carryover with some boilers, that are prone to poor steam quality. The draw back to this idea is extra capital cost and the possibility of steam starvation at the process. It however is a good option, if this is the last resort to stop carryover.

· In line steam separators after the boiler main steam valve, is another option that can be considered. These can be purchased separately from various Steam equipment suppliers.

· Some boiler manufacturers try to overcome steam quality, by throttling the main steam valve. This is cheap fix method, that results in the end users having to constantly replace the main steam valve and the Boiler Manufacturer having an opportunity to sell after market parts.

Flashed Steam Recovery: 

Heat recovery from Flashed steam is worth considering on Large boiler Systems over 10,000 lbs / hr

Flashed steam is resulted from hot condensate or boiler water under pressure, being released to a lower pressure. Part of the water is re evaporated, becoming what is known as flashed steam. In some cases the boiler blowdown water can be used to pre heat process streams, such as make up water using a heat exchanger and/or for low pressure steam for deaeration.

To determine the justification, calculation should be done to decide if this project is feasible

Reducing Operating Pressure:

Normally boiler operating pressure is determined by process heat requirements, piping system design, plant layout and the boiler design capabilities.

Sometimes the operating pressure is preset based on past experience and without carrying out a total system evaluation.

A review of your Steam pressure to determine savings should be considered as part of your Energy Evaluation.

When reviewing this exercise and when changes are made, the steam quality should be checked to determine if this has not changed. This is recommended as some boilers when operating at lower pressure have a tendency to carryover. Carryover or wet steam can cause significant heat loss and damage to a steam system.

Minimum Combustion Oxygen Levels Various Boiler Burners Can Maintain:

This is an issue that is often over looked, but the impact can be extremely costly, when reviewing boiler efficiency and determining Fuel to Steam efficiency. Most boiler manufacturers, do not discuss, with their clients what expected oxygen value that their burner can function effectively, during various loads. This topic should be reviewed with all the Boiler Manufacturers and values should be confirmed in writing. The lower the excess oxygen in combustion, the higher the efficiency, the boiler will operate. This value should be supplied for all the firing ranges. 

FUEL TO STEAM EFFICIENCY:

When evaluating Fuel to Steam Efficiency of boilers, this requires a good understanding of the manufacturer's interpretations. To determine Fuel to Steam Efficiency, the following factors need to be requested from the manufacturer, to arrive at a true number. Beware manufacturers' use various Thermal sayings, that are very confusing and do not necessary mean the same. Request data and carry-out the following exercise:

· What is the minimum Oxygen level can the boiler manufacturer guarantee his burner will operate at 100% load:, 80% load; 50% load; 30% load; 20% load.

· The purchaser should then calculate efficiency and operating cost at various loads and times, in which the boiler will be operating. The lower the O2 values, at loads and time the more efficient will be the boiler.

· Ask the manufacturer to provide calculations on the Radiation loss at 100% load Request that all the values above, are provided at the proposed operating feed water temperature and boiler pressure.

· Determine the boiler burner intake air ambient temperature.

· Request from the boiler manufacturer a complete Fuel to Steam calculations based on the above.  Do not accept Fuel to Steam efficiency without a detailed set of operating data.

· Before purchase, request a field performance report on the boiler.

· Some manufacturers offer a factory performance test. If this is not carried out under an ASME performance method, this report is normally not providing a true value.

Request an ASME short form test, for Thermal Efficiency.

· When requesting the above, the manufacturer should also provide the NOx and CO values expected at the various loads, at the % oxygen combustion value.

RADIATION LOSS

Some boilers have higher radiation loss due to poor insulation design or because of furnace design. Water tube boilers usually have less radiation loss, than coil type boilers. Always request from the manufacturer, that the radiation loss be given at 100% load. The actual BTU input loss calculated is the same at 100% load, as it will be at 10% load. The main difference is the radiation loss increases dramatically at the lower loads. Therefore, the sizing of your boiler to your load demand, is very important for maximizing Fuel to Steam efficiency

EXAMPLE :

A boiler with a radiation loss of 2% at 100% load, will result in a radiation loss of 20% at 10% load. FUEL TO STEAM EFFICIENCY: of a boiler operating at 80% combustion efficiency at 10% load will be  (80 - 20) = 60% Fuel to Steam efficiency less other losses such as Purge Loss, Blowdown loss and Scale loss.

Therefore an over sized boiler, can be a major excessive operating expense Smaller boilers, sized for the Summer / Winter loads, are usually more efficient to operate

ELECTRIC POWER CONSUMPTION

The power consumption of a boiler, can vary dramatically. This is because some boilers require large blower fans on their combustion air. This is normally seen on the boilers that have the lowest heating surface. Larger HP blowers are found on boilers with lowheating surfaces, which rely on forced circulation, having tube velocities around 11 Feet per second, accounts for the low amount of heat transfer surface used. A larger blower motor is required to help in the heat transfer of heat to water, on low heating surface boilers.

However the cost for having to run larger than normal fan blower, need to be taken into review, if energy and operating factors are to be considered. A known fact is the cost to purchase capital equipment is expensive, but the operating cost of the equipment, normally has a much larger impact on operating profits.

EXAMPLE: This example shows the potential significant savings that can be achieved when evaluating equipment. The Approximately Electric Operating costs are as follows:

BOILER TOTAL ELECTRIC HP (Blower motor + pump + cabinet) HRS / YEAR BOILER WORKS ELECTRIC COST / KWH (approximate) TOTAL COST FOR ELECTRIC (approximate) EXAMPLE / HP/hour of operation.

1 HP

1 Hour

Rs.4/=

Rs.3/= / HP / hour of operation H.P

IS AN ECONOMIZERS FEASIBLE?

We recommend that when considering economizers review the following.

· Outlet flue gas temperature from the boiler, at the various operating loads before the economizer.

· Determine feed water or process water inlet temperature into the economizer

· Fuel cost, and total hours / year the boiler is working.

· Hours of operation at the various operating loads 

From the above data, the cost savings can be calculated for the justification of the economizer. This will satisfy the end user, which requires an economizer.

The economizer if determined to be cost effective, should have some special features incorporated into the design.

The unit should have a bypass damper to divert the flue gases if the stack temperatures run below 300 F. 

The unit must be easily accessible for cleaning

The unit must be designed with the correct fin clearance for the type of fuel being used. When firing on dual fuel, consideration of the fins must be reviewed, to determine if fouling will not be a problem. Consider a smooth tube economizer with dirty fuels.

The unit should be designed so that Water Treatment will not be a problem. Some users have ignored this and the result is the economizers last a few years. The replacement is normally supplied at a higher cost than which it was originally sold. Reviewed this, with a competent Water Treatment Consultant.

MODULATING BURNER VERSES STEP FIRED BURNER:

The type of burner that is on the boiler, can have a major determination on how your boiler responds to your steam requirements.

STEP FIRED BURNERS:

These types of burners have probably one significant advantage in that it can respond to steam demand faster than modulating type burners. Some manufacturers also claim that step fired boilers can be more efficient, as it reduces hunting loss. Hunting loss is a result of poor combustion that can occur when modulating type burners are constantly adjusting air to fuel ratios, due to constant fluctuation in steam loads. Normally Step Fired burners have many disadvantages. These are as follows:

· Larger steam pressure, and steam temperature variance occurs.

· Higher maintenance on relays with variable loads. Alternating between high and low fire.

· More potential for carryover as water in the boiler is subjected to more drastic changes, due to sudden change in firing rates. (50% fuel to instant 100% fuel)

· Reduced turn down ratios with step fired units. Normally minimum 40% or 2.5: 1

· Step Fired boilers normally have higher purge loss, due to stop and start occurs more frequently. Every boiler on startup, requires a set amount of air changes, before combustion can occur. This purging, creates a cooling of the combustion area resulting in a BTU loss through the stack.

MODULATING TYPE BURNER:

Output Steam pressure and temperature control of the boiler can be controlled at closer bands. With some boiler burners this can be as little as +/- 1.5 PSI. This eliminates process temperature variances.

Less chance of carryover causing wet steam.

Higher turn down ratios, reducing purge loss. (Can be as high as 10:1)

Purge loss is kept at a minimum, due to higher turndown ratios.

DUAL FUEL CAPABILITIES:

If the needs for dual fuel exist, then the following should be considered.

Is the boiler burner capable of operating on more than one fuel?

What is the steam output capacity of the boiler, when it is operating on the secondary fuel? Some package boilers can lose 10 - 15% of its actual output when firing on another fuel.

Is compressed air required for atomizing of oil, when firing on that type of fuel?

What change over procedures is required, when switching fuels. Example: Do the burner or burner nozzles need changing? Does the combustion control need adjusting, to maintain good combustion control and to achieve boiler maximum output?

CONCLUSION 

A maintenance program is critical in using steam efficiently. Implementing these simple steps can help any facility realize as much as a 34 percent saving on steam energy costs alone. Not many investments pay such high dividends.  To establish an effective program, determine the optimum maintenance schedule for each trap and follow it.  It would be difficult to find a less time consuming program that is as cost effective. 

Refractory Material





One To Two Year





Safety Valves





Test Annually





Waterside/ Fireside Surfaces





Inspect Annually





Flue Gas Temperature





Record Annually





Water Treatment





Check Annually





Water Level





Check Monthly





Your Minimum Maintenance Schedule Include








