Steam Traps - An Overview
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	It is important at the beginning to include a reminder of the vital role steam traps play in the efficiency of utility operations and in energy conservation.  Steam traps have three functions:



Remove condensate from the-steam system.



Vent air and other noncondensable gases from the steam system to maintain steam temperature and reduce corrosion.



Prevent escape of steam forcing it to give up its latent heat in the desired location.



	Because steam systems vary in capacity, temperature, and pressure, different types of traps are required to meet the demands of these variations.  There are three basic types:  mechanical, thermostatic and thermodynamic, but within these types there are numerous designs.  Consequently, knowing trap characteristics is important for all engineering and maintenance personnel responsible for steam system operation and maintenance.



BACKGROUND



	A Tri-Service sponsored study estimates that the Department of Defense maintains about 6,000 miles of heat distribution systems.  At a replacement cost of $300/ft; this represents an investment of $9.5 billion.  As a conservative estimate most of this vast network of distribution systems will have to undergo extensive retrofit or replace�ment over the next 20 years.



	The Navy shore installations account for a large part of these dis�tribution systems.  Data from the Navy Real Property Inventory show that 142 Navy shore bases have steam plants with a total steam pipe length of over 2,500 miles.  The Navy's replacement value for the steam distribution system is over $4 billion.  Over 80 percent of these systems were installed during the period 1938 to 1947, and less than 2 percent were installed after 1963.



	These 2,500 miles of steam piping include more than forty-five thousands of steam distribution traps, and although they are small and inexpensive, they have a relatively short life.  Many of them fail in less than a year and even the best of them fail in 3 to 7 years.  When a trap fails in the open position it is like opening a safety valve.  On large military bases or industrial plants the undetected, widespread failure of traps can waste the entire capacity of one of several boilers amounting to millions of pounds of steam per month.  If a trap fails in the closed position the results can be equally as serious when backed up condensate causes severe waterhammer, which can burst pipes and damage components.



	Although it is widely recognized that steam traps are a prime source of wasted energy and a major maintenance cost, not enough attention has been given to the fact that keeping a trap system operating efficiently requires a well planned program that must not be left in the hands of unskilled personnel nor be subject to the pitfalls of poor purchasing practices.   The simplicity of replacing an inexpensive faulty steam trap is very misleading.  The complications arise from the sheer number of traps, their hidden or undesirable working locations, the requirement for trained personnel, and equipment to identify the failures.  A large base may have more than 18,000 steam traps, located in boiler plants, unit heaters, manholes, trenches, tunnels, crawl spaces, tinder piers, on poles, high in aircraft hangars, and some locations so hidden they may be overlooked for years.  Most of the 18,000 traps will fail in 1 to 7 years, so it is an accepted fact that at any given moment a certain percentage of the traps, up to 50 percent, are in a failure mode.  The objective of the trap management program is to keep that percentage as low as possible.



	The cost of steam loss through faulty steam traps can be staggering.  For example, a small trap discharging to atmosphere can be as wasteful as a 1/16-inch hole in a 100 psig steam line and may lose 9,000 pounds of steam per month.  A 1/2-inch trap that fails in the open position on that same 100 psig steam line is equivalent to a steam loss of about 610,000 pounds of steam per month.  If a base had 10,000 steam traps and 10 percent were faulty (a very conservative figure) and if the faulty traps were all small the loss would be 0.10 x 10,000 x 9,000 = 9,000,000 pounds steam per month.  At $5 per 1,000 pounds steam, the cost would be $5.00 x 9,000,000/1,000 = $45,000 per month.  However, if 25 percent of the traps were faulty (a very reasonable figure) and they included larger sizes, the loss might be 0.25 x 10,000 x 31,500 = 78,750,000 pounds steam per month or $393,750 per month.  These figures are estimates only but give some perspective to the magnitude of the problem.  Factors such as lower pressures and summer shutdown would lower the estimates but larger traps and higher pressures would increase the estimates.  Fortunately, as will be shown later in this document, a good trap management program can hold these costs in the lower range giving an excellent return on the investment.



INTRODUCTION TO STEAM TRAPS



	A steam trap is a compact, relatively low cost, automatic system for releasing condensate and noncondensable gases, and preventing the escape of live steam from a distribution system.  It is an important element in efficient utility operations and in energy conservation.  Good steam traps can save large amounts of money.  Conversely, poor steam trap installations and neglected traps can waste steam costing many times the price of new traps and an effective inspection and maintenance program.  In comparison with most plant, equipment, steam traps are small, inexpensive, and relatively short-lived.  Consequently, they are often ignored.  Considering the cost of energy, and the role of steam traps in its utilization or waste, continued attention is warranted.



STEAM TRAP CLASSIFICATION



	Steam traps must function to allow steam to provide heat where required.  Distribution lines and most heat transfer equipment must have steam traps.  The trap allows air to be removed and eliminates condensate as soon as possible for greatest effectiveness of the line and heat transfer surface.  All steam traps do not function in the same manner, but each trap operates using basic physical laws.  There are three major classifications of steam traps:  (a) mechanical, (b) thermo�static, and (c) thermodynamic.  Their functions are sometimes mixed to provide combination type steam traps.



Mechanical Traps



	Mechanical traps work because steam travels above the greater density condensate flowing along the bottom of any container holding both fluids.  As more condensate collects, it raises the liquid condensate level.  A mechanism that reacts to the rising level will allow the condensate to be discharged, as the condensate is discharged, the liquid level drops and the discharge path closes.  The simplest mechanism that will move with a rising level of condensate is a closed float.  The float can be attached to a lever that controls the opening and closing of a valve.  Condensate is discharged due to the higher pressure upstream than downstream of the valve.  If there is greater pressure downstream than up, condensate will build up flooding the heat-transfer surfaces.  The area of the heat exchanger is then not available for heat transfer



Inverted Bucket Trap
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	An inverted bucket trap is like an opened soup can turned upside down floating on the surface of a pool of water.  When the contents of the bucket are mostly air, the bucket floats.  When there is little air and mostly condensate in the bucket, the bucket sinks and allows a valve to discharge the condensate.  When filled with steam, the bucket floats and keeps the valve shut.  There is condensate all around the bucket's bottom, sides, and top.  If there is no condensate in the body of the trap to seal the bottom of the bucket, steam can flow around the dropped bucket and through the open valve at the top.  Inverted bucket traps can be primed at startup by the condensate in the system.  To insure priming, keep the discharge valve closed until the bucket floats, unless it is done automatically.  Liquid enters the inverted bucket at the bottom of the bucket no matter whether the inlet and outlet are in line on the sides, or on the bottom and top.  Inverted bucket steam traps have different sized outlet ports to correspond to the pressure difference across the trap.  As the pressure difference increases, the area of the outlet port must be decreased to balance the increased pressure difference.  A trap sized for a large pressure drop (small outlet port) will work at lower pressures but will have a lower capacity.  A trap sized for a small pressure drop (large outlet port) installed in a higher pressure application will not open even when full

of condensate.  Inverted bucket steam traps must have a vent in the top of the bucket to allow air to leak out of the bucket into the condensate above and around the bucket.  On the next sinking of the bucket, air is discharged along with some condensate.  If the air could not leak out from the bucket, the bucket would fill with air.  Since air is much lighter than condensate, the bucket floats.  When the bucket floats, the valve is closed and the system “airbinds.” The term “air” is the simplest way of talking about the gases in the steam system.  This air contains noncondensable gases, such as carbon dioxide, nitrogen, oxygen, etc.  Carbon dioxide can form carbonic acid which attacks ferrous materials.  This is another reason why steam traps should remove air and condensate as soon as they form.  Normal failure may be either open or closed.



�Float Trap
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	Floats are normally sealed balls.  As the level of condensate in the trap rises, the float is raised opening a valve.  The float it self may cover the valve opening, or it may be attached through a pivoting lever arm to the valve.  Maximum operating pressure and condensate flow rate must be known in order to select the proper size float trap.  If the operating conditions are not known, the difference in pressure across the trap and valve size may prevent the float from rising, thus preventing release of condensate from the trap.  Float traps normally fail closed.



Thermostatic Traps
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	The term “thermostatic” means heat in balance.  Since steam contains more heat energy than condensate, its heat can be used to control steam trap operations.  Figure 4 shows the operation of a thermostatic steam trap.  Thermostatic traps are excellent for removing air or noncondensable gases especially during startup.  One type of thermostatic trap uses two types of metals, thus it is called a bimetallic trap (Figure 5).  Another type uses a bellows filled with a liquid (usually water or a water-alcohol mixture).  It is called a bellows trap (see Figure 6).  Some type of thermal expansion element such as a wax, plastic, or liquid is used in another type of steam trap (called the thermal expansion steam trap).



Bimetallic Trap
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	The operation of a bimetallic steam trap is based on a bimetallic element that changes shape with changes in temperature.  Bimetallic element movement controls a valve that releases air and condensate.  The basic bimetallic trap is only sensitive to changes in temperature and needs to be adjusted to the pressure range (on the saturated steam temperature-pressure curve) in which it will be operating.  To prevent the loss of live steam, or a build-up of condensate, manufacturers use several different valve and bimetallic element shapes and sizes.  These designs allow the bimetallic steam trap to respond better to changes in its operating conditions.  Bimetallic steam traps normally fail closed.



Liquid-Filled Bellows or Diaphragm Trap
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	The more common design for low pressure heating systems is the bellows or diaphragm trap.  The bellows element has many corrugations and may be filled with a liquid, such as alcohol, water, or a mixture of both.  When heated by steam around the bellows, the liquid inside the bellows begins to vaporize.  This forces the bellows to expand until the pressure inside is equal to the pressure outside the bellows (balanced pressure).  Bellows can be used at varying pressures because when there is steam in the trap body outside the bellows, there is steam within the bellows.  When there is condensate in the body, depending upon its pressure and temperature, there may be condensate or steam within the bellows.  Bellows action is a combination of temperature and pressure since lower pressures allow water to boil at lower temperature.  Diaphragm capsules are similar in action to the bellows.



	If a bellows trap is taken apart while hot, the bellows may continue to expand and destroy Itself.  If a bellows trap is exposed to superheated water, the fill will completely vaporize, achieving much greater pressure inside the bellows than it is designed for, causing the bellows element to distort or rupture.  If bellows are subjected to water hammer, their corrugations flatten from a semicircle to a sharp crease that will cause failure.  When a bellows breaks, it loses its vacuum and expands.  This pushes the valve into the seat stopping any condensate flow.  Bellows steam traps normally fail closed.



Float and Thermostatic Trap



�
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	The most widely used float and thermostatic (F&T) traps have a ball float attached to a lever that pivots.  The pivoting action causes the valve on the inlet side to open and close.  All F&T traps must be installed so that the float drops when there is no condensate and rises when condensate collects.  The most common feature of a F&T trap is that it is bulky.  The size allows space for the float to rise and-fall, usually pivoting.  The-two parts that show on the outside are the body and cover.  Both are usually made of steel or cast iron bolted together with at least four bolts.  A gasket seals the mating surfaces.  The thermostatic element is usually a bellows or diaphragm but can hp a bimetallic arrangement.  The thermo�static element must be high in the trap to respond to steam, which is lighter than water.  The thermostatic portion of the trap is usually not affected by condensate but stays closed when steam, and open when air, is present.  See Figure 8 for operation.  The thermostatic element may have a separate cover for ease of testing, examination, and removal, or it may be accessible only by opening the cover of the main body.  There are a few manufacturers who build floats that are free-floating (no mechanism to operate a valve in and out of a seat).  One trap design has two hemispherical half shells made of different thickness of stainless steel so that no matter how the condensate sloshes, the heavier shell will be at the bottom.  The outlet of these free-floating balls is at the bottom.  When there is condensate in the body, the ball floats allowing the condensate to pass through the seal to the return system.  When there is no condensate, the ball settles down on the seat, sealing against steam leakage.  Steam will not float the ball because of its weight.  Some free-floating ball traps have a separate thermostatic element at the top to release air and some manufacturers build guided floats that are cylindrical and hollow down the vertical center.  A solid rod is then positioned so that the float always moves around the rod when there is a changing amount of condensate.  The seat is sealed by an extension at the bottom of the vertical float, which acts as a valve plug.  The turning-of the ball or cylinder causes a varying Position of valve and seat for uniform wear.



	The upstream side of the trap can have a lower pressure than the downstream side if the stream valve is modulated closed.  Therefore, some manufacturers install vacuum breakers on the top of their float and thermostatic traps to allow atmospheric pressure into the body of the trap.  They state that any vapor lock can then be broken, allowing the positive pressure to cause condensate flow through the trap to its discharge.  This prevents flooding of the heat exchange equipment.  Float and thermostatic steam traps normally fail closed.



Thermal Expansion Steam Trap
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	The thermal expansion steam trap operates over a specific temperature range without regard to changes in pressure.  The thermal element may be wax, plastic, or some sort of special liquid. The thermal element is used because it has a high expansion rate when subjected to a small increase in temperature.  The thermal element is sealed off from direct contact with the condensate and steam.



	When condensate is flowing through the trap the valve is fully open.  With a slight rise in temperature up to the saturation tempera�ture, the thermal element would dramatically expand closing the valve and preventing loss of live steam.  Almost any operating pressure can be selected over which to open and close the valve by selecting the corresponding saturation temperature at which the thermal element will dramatically expand.  Thermal expansion steam traps normally fail open.







Thermodynamic Traps.  



	Thermodynamic steam traps operate using the differences in the flow energy, velocity, and pressure of steam and condensate.  The velocity of steam flowing through an orifice will be much greater than that of condensate.  Thermodynamic steam trap designs also take into account the difference in the pressure drop between steam and condensate flowing through an orifice or a venturi.



Orifice Trap
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	When a gas or vapor passes through a restriction, it expands to a lower pressure beyond the restriction.  Drilling a small hole in a plate (called an orifice plate) or placing a short section of pipe between -two sections of pipe (called a venturi) is the equivalent of slightly opening a valve.  An orifice trap operates on the principal of continuously removing condensate from the steam line.  This continual condensate removal allows the orifice trap to use a smaller diameter outlet than other types of steam traps which operate an open-close-open-close cycle.  Thus, the potential loss of live steam during system startup, or when the trap his failed open, is less for an orifice trap than for other types of steam traps.  Also, the mass flow rate of steam is much less than that of condensate, cutting down the potential loss of live steam during normal operation.  Since they are always open, the mode of failure of the orifice trap would be to clog with debris, or for the opening to corrode to a much larger opening.



	Unfortunately the small hole or orifice (size starts at 0.020-inch diameter for light-load applications) is very susceptible to clogging and requires a fine mesh screen and strainer in front of the device.  This requires a regular inspection and maintenance to prevent stoppage of condensate flow.



Piston Impulse Trap
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	The first thermodynamic operating trap was the piston impulse style.  The piston impulse style valve lifts to expose a relatively large seat area for cool condensate.  As the condensate heats up and approaches steam temperature, some flows by the piston opening around a disk on the piston valve and flashes into steam.  The flash steam at a pressure between inlet and discharge is pushing against a relatively large flange area on top of the disk and tends to push the valve down and closed.  Steam in the flash or control chamber tends to prevent any more steam from entering the trap until it condenses.  Once closed, the trap will not open until steam in the control chamber cools and condenses, and incoming condensate blocks steam from flowing into the control chamber.  When the steam in the control chamber condenses, the pressure above the piston drops allowing, the valve to open.  Air or noncondensable gas flows out the center vent hole in the piston. if blocked by dirt, the trap becomes air-bound and nonfunctional.  Normal trap failure may be open or closed.



Disk Trap
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	The disk thermodynamic trap has only one moving part, the disk.  Just as with the piston impulse trap, there is a chamber above the disk that can hold steam or flashing condensate.  The intermediate pressure over the entire area of the top of the disk (between the inlet and outlet) pushes the disk toward the seat closing the orifice.  The opposing force is the pressure of the inlet steam against its inlet orifice.  When there is steam at the trap, the disk snaps shut against its seat.  As the steam in the control chamber condenses, and/or leaks under the seat, there is less force to keep the disk closed and it snaps open.  A disk t-rap's air handling capability depends upon the individual manufacturer's design and machining care.  Disk traps Are adversely affected by back pressure because of lower closing forces than other steam trap designs.  Disk traps normally fail open.



DESIGN CONSIDERATIONS



	The following guidance is applicable for selecting steam traps:



The float trap action is controlled by the. condensate level in a float chamber and can be used to “lift” condensate, provided there is enough pressure differential across the trap to do the lifting.



The thermostatic trap can be used to automatically vent air and noncondensables from large coils.  This trap can be used with unit heaters, radiators, and convectors where the condensate flow is gravity controlled from the trap.  Misusing this trap may cause trap chatter.  This type of trap should not be used as a “lift trap”; i.e., where condensate must be lifted to a higher elevation. the trap.  Two trap functions are contained in one housing.



The float and thermostatic traps can be used in most heating applications where air must be vented and the condensate main is above a thermo�static vent trap and a high capacity float trap for removing condensate.



Inverted bucket traps are used on both high and low pressure systems.  The discharge from this type of trap is intermittent and requires a specified pressure differential.



The various thermodynamic traps depend upon the difference in specific volume of steam and water to limit flow through a fixed size orifice for flow control.  These traps are used on drip connections to limit steam blow-by into fiber reinforced plastic (FRP) condensate return systems.  These traps do not work well in a system where the condensate can backup against the operating mechanism of the trap and open it when there is no condensate flow from the upstream side.  These traps are particularly useful on steam tracing installed on pipe lines Where there will be some flow at all times.



Orifice or Venturi traps must be sized accurately.  If not sized properly, condensate could back-up on heavy loads or blow live steam on low condensate loads.  Sizing of this trap is critical that it must be performed by the manufacturer.



TRAP LIMITATIONS



	Federal Specification WW-T-696E covers a number of the more commonly used steam traps.  The following limitations are provided for consideration when selecting the type of trap to use:

Bucket Trap



Trap will not operate where a continuous water seal cannot be maintained.

Must be protected from freezing; otherwise use stainless steel models.

Air handling capacity not as great as other types of traps, unless the trap is equipped with thermostatic bucket.



Ball Float Trap



Must be protected from freezing.

Operation of some models may be affected by water hammer.



Disk Trap



Not suitable for pressures below 10 psi.

Not recommended for back pressures greater than 50 percent of inlet pressure.

Freeze proof when installed as recommended by manufacturer.



Impulse Trap



Not recommended for systems having back pressure greater than 50 percent of the inlet pressure.  

Not recommended where subcooling condensate 30oF below the saturated steam pressure is not permitted.



Thermostatic Trap



Limited to applications in which condensate can be held back and subcooled before being discharged.  

Operation of some models may be affected by water hammer.

Diaphragm and bellows types are limited to applications of 300 psi and 425
o
F maximum.



Combination Float and Thermostatic Trap



Cannot be used on superheated steam systems.

Must be protected from freezing.

Operation of some models may be affected by water hammer.



Orifice or Venturi Traps



Not recommended for systems having back pressure greater than 50 percent of the inlet pressure.

Not recommended where subcooling condensate 30oF below the saturated steam pressure is not permitted.

Not recommended where condensate loads can vary.

Small size orifices are easily plugged with dirt.

Allows steam loss at low condensate loads.

Sizing is critical.



SIZING TRAPS



	Along with selection of the proper type of trap, correct sizing is the important step in establishing trapping standards for your system.  In setting up standards, a review of past practices against current results can avoid repeating errors in sizing.  Factors that affect the accuracy of trap sizing are:  (1) the large range in condensate load for many steam services, (2) the wide variance in operating pressure and differential pressure, and (3) the Uncertainty of trap capacity because of error in estimating condensate temperature.  Sizing errors can offset most of the system savings that steam traps provide.  Traps that are too small cause condensate to back up; oversized traps allow live steam through.



	Determining the correct size trap requires:



Calculating or estimating the maximum condensate load.

Determining the operating pressure differential and the maximum allowable pressure.

Selecting a safety factor.

Sizing the type of trap from manufacturers' capacity tables.



Condensate Load



	The amount-of condensate generated by items of equipment can generally be obtained from equipment manufacturer's literature.  For most all applications, formulas, tables, and graphs are available in steam trap manufacturer's brochures for calculating condensate loads.



	Examples of simplified estimating condensate loads is shown in Table 7.  Major steam trap manufacturers such as Armstrong and Spirex Sarco have software programs available for selecting and sizing of steam traps send is available for free by contacting their nearest representative.



Pressure Differential



	One element in trap capacity is the difference in pressure between the supply line and condensate return.  Of course, if the trap discharges to the atmosphere, the differential pressure will be the supply pressure.  For sizing traps, the maximum steam operating pressure would be used.  Frequently, traps are installed with the outlet connected to a return system, which is under some pressure.  The trap must operate against this pressure plus a static head if the trap is required to lift the condensate to a return at a higher level.  Table 8 gives examples of the reduction in trap capacity caused by this back pressure, which must he taken into account when sizing traps.



Safety Factor



	The safety factor is a multiplier applied to the estimated condensate load since trap ratings are based on maximum discharge capacity; i.e., continuous flow ratings.  Safety factors are provided in manufacturer's literature and are usually expressed in terms of the trap application.  The factors vary from 1.5:1 to 10:1 and are influenced by the operational characteristics of the trap, accuracy of the estimated condensate load, pressure conditions at the inlet and outlet, and the configuration of the installation design.



	If the condensate load and pressure conditions can be accurately determined, the safety factor used can be low, which helps avoid over�sizing.  Oversizing increases steam loss and reduces operating life of traps.  When experience with the steam system and equipment and thoughtful engineering of trap sizing are applied, safety factors in the range of 1.5:1 to 4:1 are adequate for all but the most unusual conditions.  When sizing from manufacturer's capacity ratings, make sure the ratings are based on flow of condensate at actual temperatures rather than theoretical rates or cold water flow tests.



INSTALLATION GUIDELINES



	The establishment of standards for steam traps in your system includes standards for optimum location and correct installation.  The following are some general guidelines for proper installation:



Traps should be installed so they may be easily and quickly' removed for service or replacement.  All traps (except traps for small unit heaters) should be installed with unions on either side of the trap spaced to a standard overall dimension.  Upstream and downstream service valves should be provided.



A test discharge with valve should be installed after the trap in return condensate systems (See Figure - Typical Steam Trap Installation).



All lines should slope in the direction of flow.  If not properly pitched, pockets of condensate may develop which contribute to water hammer.



There is no such thing as a "lifting" steam trap.  Condensate will only be "lifted" to a return system if there is sufficient pressure difference to overcome the static head.



Bypass connections should not be used as a means of providing condensate removal even during short periods necessary for maintenance.  A replacement trap should be installed.  Bypass connections waste an enormous amount of energy even in very short periods of time.



For moderate load and where fast response and high reliability is important, dual traps can be installed as shown in Figure - Dual Trap Installation.



�

Typical Steam Trap Installation





Table 7.  Estimating Condensate Loads



Insulated  Steam  Main

lb/hr of condensate per 100 linear feet 

at 70oF (at 0oF, multiply by 1.5)

��Steam Pressure�Size of Main (inches)��(psig)�2�4�6�8�10�12��10�6�12�16�20�24�30��30�10�18�25�32�40�46��60�13�22�32�41�51�58��125�17�30�44�55�68�80��300�25�46�64�83�103�122��600�37�68�95�124�154�182��

�

	To condensate header



Dual Trap Installation





GENERAL FORMULAS



Application		  lb/hr of condensate



Heating  Water	� EMBED Equation.2  ���



Heating  Fuel Oil	� EMBED Equation.2  ���



Heating  Air with	� EMBED Equation.2  ���

steam coils



Heating: pipe coils	� EMBED Equation.2  ���

and radiation



where:



A = Area of heating surface, ft2

U = Heat transfer coefficient (2 Btu/hr ft2 oF for free convection)

(T = steam temperature - air temperature, oF

L = latent heat of steam, Btu/lb



Percentage Reduction in Steam Trap Capacity



Inlet Pressure�Back Pressure (% of Inlet Pressure)

��(psig)�25�50�75��10�5�18�36��30�3�12�30��100�0�10�28��200�0�5�23��



MAINTENANCE AND OPERATIONS 



Keeping A Steam Trap System Operating Efficiently



	Previous sections of this briefing described how to get a steam trap management program started; this section is concerned with keeping the trap systems operating efficiently.  A key element in maintenance is inspection frequency.  This is sometimes done arbitrarily, such as every 2, 3, or 6 months, depending on the number of trap failures.  Another procedure is to base the inspection frequencies on steam pressures:



Pressure�Inspection Frequency��0 - 30 psi�annual��30 - 100 psi�semi-annual��100 - 250 psi�quarterly or monthly��over 250 psi�monthly or weekly��

	This procedure is more likely to be effective because the waste from high pressure traps is more costly than waste from low pressure traps.  However, the logical approach is to compare the cost of the waste steam with the cost of trap inspections and adjust the inspection frequencies until the costs are minimized.  Another consideration is to use longer life, higher quality traps versus short life, low quality traps.  These figures provide an incentive for the inspection personnel who can measure the importance of their work and they make the inspection budget easier to justify.



	The difficulty in accurately computing the costs of waste steam is measuring or calculating the pounds of steam being blown through a faulty trap.  Actual testing gives realistic results, but is not always convenient, consequently analytical methods are used. Regardless of the technique used, the data can be put in the computer for future use. Companies doing a lot of surveys have hundreds of such entries in their computer program.



STEAM TRAP TESTING



	A steam trap testing flow chart is published by Armstrong.  A qualified trap inspector is familiar with this procedure but it is an excellent reference for the novice.



	The basic methods of inspecting traps are visual observation, sound detection, and temperature measurements.  Visual observation is the best and least costly method of checking trap operating conditions, but none of the methods provide a cure-all for trap troubleshooting.  Any one method can give misleading results under certain conditions.  The best inspection is obtained by using a combination of two methods.  Procedures for the three methods are:



Visual Observation



	Observing the discharge from a trap is the only positive way of checking its operation.  No special equipment is required, but training and experience are necessary, particularly for determining the differ�ence between flash steam and live steam (see Figure 18).



Flash steam



	Flash steam is the lazy vapor formed when the hot condensate comes in contact with the atmosphere.  Some of the condensate evaporates into a white cloud appearing as steam mixed with the discharging hot water.



Live steam



	Live steam is a higher temperature, higher velocity discharge and usually leaves the discharge pipe in a clear flow before it condenses to a visible cloud of steam in the atmosphere.  If the trap discharges to a closed condensate return system, it must have a valved test discharge pipe open to the atmosphere installed downstream of the trap.



	A properly operating trap will discharge condensate and flash steam as it cycles.  Some types of traps (inverted bucket, disk) have an intermittent discharge, some (float, F&T) have a continuous condensate types (thermostatic) can be either.  The presence of a continuous live steam discharge is a problem.  The lack of any discharge flow, also, indicates trouble.



	Inspectors should realize that when a trap is under a heavy load the discharge will produce considerable flash steam.  A faulty trap may be losing a significant amount of live steam that cannot be detected.  In a condensate discharge of, say, 100 lb/hr a loss of 10 lb/hr of live steam will not be visually detectable.  This relatively small loss can amount to the cost of a new trap in 2 to 3 months.  Therefore, if a trap is suspected of being faulty, always check your visual inspection with another method.



	A basic part of visual inspection is determining if the trap is cold or hot at operating temperature.  One method is to squirt water on the trap top and watch the reaction.  The water will not react on a cold trap, but will bubble and bounce on a hot trap.



Sound Detection



	Listening to traps operate, and judging performance and potential malfunction, is a convenient inspection method when working with a closed condensate return system.  Experience is required, but much can he derived from the sounds made, or not made, by traps while operating.



	By listening carefully to steam traps as they cycle, a judgment can be made whether they are operating properly or not.  An inspector can hear the mechanisms working in the disk, inverted bucket, and piston traps.  Modulating traps give only flow sounds, which are hard to detect if the condensate load is low.  However, the performance of a suspected trap should be cross-checked visually or by temperature measurements since a trap that does not cycle may be either failed open or under a heavy condensate load.



	Simple equipment can be effective, such as industrial stethoscopes or a 2-foot length of 3/16-inch steel rod in a file handle.  They are used simply by placing the probe end on the trap bonnet and your ear against the other end.



	If you have a large number of traps., and situations where traps are congested or close to other equipment generating noise, use ultrasonic listening instruments.  These instruments have earphones, are equipped with probes, and you can select sound frequency bands.  High frequencies are sensitive to flow noise, and mechanical sounds are detected at low frequencies.



Temperature Measurements



	Diagnosing trap. conditions from temperature differences between upstream and downstream pipes is the least reliable inspection method.  It can be useful in combination with visual or sound inspection as long as the ambiguities are recognized.  Equipment ranges from sophisticated infrared meters to simple thermometers, to heat sensitive tape.  A contact thermocouple thermometer is recommended.  



	Temperature upstream of the trap should be at or near the steam saturation temperature, and temperature downstream should be much lower, corresponding with return line saturation pressure.  Temperature measurement can usually determine gross failure in full closed or full open positions only.



Safety Precautions



Steam lines, traps, and steam equipment are HOT.  Follow all safety rules for working where burns are potential.

Wear protective clothing and safety gear (hardhat, goggles, gloves, etc.) when appropriate.

Steam valves should be opened or closed only by authorized personnel.

Always with valve closed and tag DO NOT OPEN before working on or removing traps and strainers.

Always isolate the steam trap from steam supply and pressurized return line before opening the trap for inspection or repair.

Always isolate a strainer from pressurized system before opening.

Never touch a steam trap with bare hands.

For strainer blowdown, wear gloves and a face shield.  

Catch discharge in a bucket.



Inspection Procedures



	Before beginning routine periodic inspections, the trap inventory should be in good shape, steam trap maps of buildings and exterior areas should be prepared, and traps tagged for permanent identification with stainless steel tags.

Inspectors should have with efficient and convenient equipment.  A suggested list of equipment follows:



Carrying pouch and belt.

Clipboard with trap lists and trap maps.

Maintenance requirement tags (yellow and white).

Valve wrench.

Water squeeze bottle.

Ultrasonic sound detector.

Thermocouple thermometer.



	Each activity will devise its own methods for inspecting and identifying required work.  Using two different colored tags, as in the list above, is one method for identifying cold traps for investigation and failed or faulty traps for maintenance and repair.

Table 10, an inspection checkoff list, summarizes the steps for routine inspections using the-inspection methods previously outlined.  This is followed by a discussion of problem areas that inspectors should be trained in and able to identify (Hiring an inspection.



Inspection for Misapplication



	Inspectors should be aware of and inspect for the following misapplications and installation problems:



Trap installed backwards or upside down.

Traps located too far away from the equipment being serviced.

Piping runs that are too long.

Traps not installed at low points or sufficiently below steam-using equipment to ensure proper drainage.

Traps oversized for the conditions.  Oversized traps allow live steam blow-through.

More than one item of equipment served by one trap.  

"Group trapping" is likely to short circuit one item due to differences in pressure and other items will not be properly drained.

The absence of check valves, strainers, and blowdown cocks where required for efficient operation.

Trap vibration due to insecure mounting.

Bypass line with valves open.  If a bypass is necessary, it should be fitted with a standby trap.

Condensate line elevation higher than steam pressure through trap can lift.  No trap lifts condensate; the inlet steam pressure does.

Inverted bucket and float and thermostatic traps, particularly, exposed to freezing, temperatures.

Thermostatic and disk traps which are insulated.  These traps must give off heat to function.

Disk trap with excessive backpressure, therefore, too low of a differential pressure for the trap to operate properly.



	For locating traps, check the ABCs:



Accessible for inspection and repair.

Below drip point whenever possible.

Close to the drip point.



Trap Failures



	Traps generally fail in the closed or opened position.  By failing closed, there is a backup of air and condensate that floods the equipment and prevents the equipment from performing its heat-transfer function.  It can also produce waterhammer which could destroy elements, such as valves and elbows in the distribution system.  By failing open, air, condensate, and steam continue through the trap and into the condensate system thus wasting steam and affecting other heat transfer equipment by excessive pressures and temperatures in the return lines.  Major causes of trap failure are residue build-up, wear, and misapplication.



Residue



	Dirt, rust, and foreign particles build up in steam traps., as the trap body forms a natural pocket for collection when the valve is closed.  Dirt pockets should be installed on all steam header drip legs and the strainers should be opened periodically for blowdown.  Strainers, whether installed before the trap or included in the body of the trap, should have blowdown cocks installed to encourage cleaning.  Installed, operating strainers are one of the most important protections .for traps, but they are only as good as their care.  All strainers should be blown down every inspection.  Residue between the seat and disk may cause a trap to fail open and residue build-up in the trap body may cause a trap to fail closed.



	Piston impulse traps, disk traps, and orifice traps should have a much finer mesh strainer due to their small holes.



Wear



	Wear of internal parts, linkages, and seals will cause trap failures in both the opened and closed positions.  When the mating surfaces of valves and valve seats wear out, there is a tendency for an initial leak to enlarge by a process called "wire-drawing" which shows up as a small “gully” worn across the mating surfaces.  Also, valves that are partially open because of residue lodged between the valve and seat can initiate wire-drawing, since steam will follow the condensate and cut the mating surfaces with its high speed.



	Cast iron and steel traps are often subject to the valve seat becoming loose due to the erosive effect of flashing condensate.  This results in leaks many times greater than a failed new trap.



	Continuous operation and excessive use will cause links, levers, pins, pivots, and elements to change shape and malfunction due to wearing.



	If trap failure persists and a comprehensive inspection indicates that the failure is not due to residue build-up or wear, the inspector may determine that the problem is system troubles rather than a trap malfunction.



Troubleshooting



	During periodic inspections, inspectors will have many traps to inspect within relatively short times.  Fast identification of a faulty or failed trap is important.  If the nature of the problem can also be

identified, so much the better.  Economical, cost effective inspection, though, depends on specifying the problem traps with the least expenditure of manpower.  Correction of the problems can, then, be scheduled in a consolidated, planned, efficient manner by the shops.



	Troubleshooting begins with knowing how the trap operates and combines the methods of inspection with familiarity with trap misapplications and potential failures discussed in this chapter.  Table 10 outlines the basic indicators of normal operations and problems for the various types of traps.



Inspection Reports and Records



	Permanent inspection and repair records are important elements in the inspection and maintenance program.  The records provide information needed to identify chronic problem areas, develop life cycle costs, and generally aid in upgrading the steam system.  The inspection reports would be transferred as applicable, to the permanent record.  The following data should be included in the permanent record:



Trap identification and location

Date trap initially installed

Scheduled inspection frequency

Date of last inspection



	Steam traps are not complicated devices but to understand their modes of failure, diagnosis of failure and consequences of failure, requires 1 or 2 days of formal training, preferably with hardware demonstrations.  Also, certain aspects of their operation are not well understood by the layman.  These include the effect of air in the system; cause of waterhammer; traps most susceptible to dirt, priming, modulating; need for vacuum breakers; freeze protection;. elevated condensate returns; etc.  Some large steam trap manufacturers offer excellent training courses at little or no cost except for travel expenses to their plant.  Some of them also offer excellent video tape presentations, which can be shown on site.  Sarco, Nicholson, Yarway, and Armstrong are four of the companies known to offer some form of training.



Steam Trap Inspection Checkoff List



FOR ALL TRAPS:



Is steam on?

Is trap hot - at operating temperature?

Wet test for signs of a hot trap.  Squirt a few drops of water , on trap.  Water should start to vaporize immediately.  If it does not, this indicates a cold trap.

Tag cold traps with a yellow tag for maintenance check to determine if it is a system or trap problem.

Blowdown strainer.



SOUND CHECK HOT TRAPS:



Listen to trap operate.

Check for continuous flow:

low pitch condensate flow.

high pitch steam flow

Check for intermittent flow.

Is trap cycling?

Note mechanical sounds.



VISUAL CHECK TRAPS THAT SOUND BAD:



Close valve to return line.

Open discharge valve.

Observe discharge for:

normal condensate and flash steam

live steam

continuous or intermittent operation





TEMPERATURE CHECK IF NECESSARY:



Clean spots upstream and downstream of trap for measuring temperature.

Record supply line pressure.

Measure supply line temperature.

Record return line pressure.

Measure return line temperature.

Tag failed traps with white tag for replacement/shop repair.



CHECK EXTERNAL CONDITIONS:



Supports and braces

Insulation

Corrosion

Leaks��

Steam Trap Selection Guide

��Application

�Special Considerations�Primary Choice�Alternate Choice��Branch Lines�Energy conservation

Response to slugs of condensate

Ability to handle dirt

Variable load response 

Ability to vent gases

Failure mode (open)

�Inverted bucket



Thermostatic in locations where freezing may occur�Float and thermostatic��Steam Separators�Energy conservation

Variable load response 

Response to slugs of condensate 

Ability to vent gases 

Ability to handle dirt

Failure mode (open)

�Inverted bucket(large vent)�Float and thermostatic



Thermostatic (above 125 psig)��Unit Heaters and Air Handling Units�Energy conservation

Resistance to wear

Resistance to hydraulic shock

Ability to purge system

Ability to handle dirt

�Inverted bucket(constant pressure)



Float and thermostatic (variable pressure)�Float and thermostatic (constant pressure)



Thermodynamic (variable pressure)��Finned Radiation and Pipe Coils�Energy conservation

Resistance to wear

Resistance to hydraulic shock

Ability to purge system

Ability to handle dirt

�Thermostatic (constant pressure)



Float and thermostatic (variable pressure)�Thermostatic (constant pressure)��Tracer Lines�Method of operation 

Energy conservation

Resistance to wear

Variable load performance

Resistance to freezing

Ability to handle dirt

Back pressure performance�Thermostatic (all designs)�Thermostatic (all designs)��



�


Steam Trap
 Selection Guide (continued)

��Application�Special Considerations�Primary Choice�Alternate Choice��Shell and Tube Heat Exchangers�Back pressure performance

Gas venting

Failure mode (open)

Resistance to wear

Resistance to hydraulic shock

Ability to purge system

Ability to handle dirt

Ability to vent gases at low pressure

Energy conservation

�Inverted bucket with large vent (constant pressure) 



Float and Thermostatic 



Float and thermostatic (variable pressure)�Thermostatic��Process Air Heaters�Energy conservation

Ability to vent gases

Ability to purge system

Operation against back pressure

Response to slugs of condensate

Method of operation

�Inverted bucket�Float and thermostatic



Thermodynamic��Steam Kettles:�����Gravity Drain�Energy conservation

Resistance to wear�Resistance to hydraulic shock

Ability to purge system

Ability to handle dirt

�Inverted bucket�Thermostatic��Siphon Drain��Energy conservation

Resistance to hydraulic shock

Ability to vent air at low pressures

Ability to handle air start-up loads

Ability to handle dirt

Ability to purge system�Ability to handle flash steam

�Thermostatic���

Note:  In any application where freezing temperatures may 
occur
, use thermostatic traps, stainless steel inverted bucket traps, or insulated inverted bucket traps.

��Blowing live steam into FRP condensate return lines with drip traps that fail open may damage plastic lines

���Common Steam Trap Malfunctions



Type of Trap

�Type of Malfunction��All types�Valve or seat worn, wire-drawn, clogged

Valve seat loose

Strainer damaged or deteriorated

Leaking gasket

Inlet or  outlet  plugged

��Thermostatic�Bellows distorted, cracked 

Dirt clogged in bellows 

Bimetallic element distorted 

Improper element setting

Element failed or closed

��Float or F&T�Float leaking or collapsed 

Linkage worn or damaged

��Thermostatic�Leaking internal seals/gasket 

Float not operating freely 

For thermal element in F&T see thermostatic above

��Inverted Bucket�Bucket cracked, not holding water seal

Trap body clogged with dirt

Mismatch of valve and valve seat

Linkage worn or damaged

Bucket vent plugged

Leaking internal seals

��Thermodynamic

- disk

- impulse

- orifice�Disk worn, distorted, rusty, wire drawn

Seat worn, wire drawn

Bonnet worn or damaged

Orifices worn

Worn control cylinder or valve plug

Leaking internal seals

��

�


Steam Trap Operating Characteristics

��Characteristics�Bimetallic Thermostatic�Disk�Bellow Thermostatic�Float and Thermostatic�Inverted Bucket�Orifice��Method of operation (discharge)	�semi-modulating�intermittent�intermittent�continuous�intermittent�continuous��Operates against back pressure

�poor�poor�excellent�excellent�excellent�poor��Venting capability

�excellent�goodb�excellent�excellent�fair�poor��Load change response

�fair�poor to good�good�excellent�good�poor��Handles dirt

�good�poor�fair to good�poor to good�excellent�poor��Freeze resistance

�excellent�good�excellent�poor�poorcd�excellent��Waterhammer resistance

�excellent�excellent�poor�poor�excellent�good��Handles start-up loads

�fair�poor�excellent�excellent�fair���Suitable for superheat

�yes�yes�yes��yes�yes��Condensate subcooling

�50-100oF�steam�temperature��steam�temperature�steam�temperature�steam�temperature��Usual failure mode

�open�opene�f�closed�open�closed��

a - Can be continuous on low loads.

b - Not recommended for 
very
 low pressures.

c - May 
be insulated
 for excellent resistance.

d - Stainless steel models will sustain freezing.

e - Can fail closed due to dirt.

f - Can fail either open or closed depending upon the design of the bellows.



Troubleshooting Steam Traps

Type Trap�Normal Operation�Problem Indication�Possible Cause��Visual Inspection��All types�Trap hot under operating conditions.�Live steam discharge; little entrained liquid.

�Failed open.���Discharge mixture of conden
sate and flash steam.

�Condensate cool; little flash steam.�Holding back condensate.���Cycling open/close depending on type of trap.

�No discharge�Failed closed, clogged strainer; line obstruction.���Relatively high inlet temperature.�Leaking steam at trap..�Faulty gasket.��Temperature Measurement����High temperature downstream

�Failed open.����Low temperature upstream.�Failed closed; clogged��Sound Inspection��Float and F&T�Continuous discharge on normal loads. May be intermittent on light load.

�Noisy; high pitch sound.�Steam flowing through; failed open.���Constant low pitch sound or continuous.

�No sound.�Failed closed.��Thermostatic�Discharge continuous or intermittent depending on load, pressure, type.

Constant low pitch sound of continuous or modulating flow.

�Same as float trap���Inverted�Cycling sound of bucket opening and closing.�Steam blowing through.

No sound.

�Failed open. 

Failed closed.��. Disk�Intermittent discharge

�Cycles faster than every 5 seconds.�Trap undersized or faulty.���Opening and snap-closing of disk about 
every
 10 seconds.�Disk chattering over 60 tones/
minute
 or no sound.�Failed open.��



Energy Technology Bulletin #####






Naval Facilities Engineering Service Center, Port Hueneme, California	� PAGE �
18
� of � NUMPAGES  \* MERGEFORMAT �
21
�





Energy Technology Bulletin #####



Naval Facilities Engineering Service Center, Port Hueneme, California	� PAGE �1� of � NUMPAGES  \* MERGEFORMAT �
21
�



Energy Technology Bulletin #####	Steam Traps - An Overview







Energy Technology Bulletin #####	Steam Traps - An Overview









Naval Facilities Engineering Service Center, Port Hueneme, California	� PAGE �
20
� of � NUMPAGES  \* MERGEFORMAT �
21
�












