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THE JOB OF A STEAM TRAP IS TO REMOVE
condensate, air and carbon dioxide from a piping
system as quickly as they accumulate with mini-

mum steam loss. Once the steam has released its valuable
latent heat and condensed, the hot condensate must be
removed immediately to prevent water hammer. Any air in
the steam system consumes part of the volume that steam
would otherwise occupy. The temperature of the air/steam
mixture falls below that of pure steam. Air is an insulator
and clings to pipe and equipment surfaces, resulting in
slow and uneven heat transfer. When carbon dioxide is
present, the steam pushes it to the walls of the heat trans-
fer surface, where it reduces heat transfer. Carbon dioxide
also dissolves in the condensate to form carbonic acid,
which may corrode piping and equipment. 

This article reviews the basic types of steam traps (1)
— their operating principles, advantages and limitations,
and installation requirements — and offers advice on trou-
bleshooting possible problems that may be encountered in
steam trap operation.

Float trap
The simplest type of mechanical steam trap is a float (or

float-and-thermostatic) trap (Figure 1), which operates on
the principle of the difference in the densities of steam and
condensate. A float trap consists of a chamber, a hollow
spherical float and a valve. Condensate enters the trap’s
chamber and raises the float, which is directly attached to the
discharge valve such that the higher the condensate level, the
more the valve opens. As the valve opens, the condensate
flows out of the chamber. When there is no condensate flow
or when steam enters the trap, the float drops and closes the
valve. The flow of condensate from this type of trap is con-
tinuous. If air enters with condensate, it will reduce 
the efficiency of the steam trap. 

Because the condensate discharge valve is always submerged
in condensate, it cannot discharge noncondensible gas. For
this reason, the condensate collection chamber is fitted with
a thermostatically controlled valve in the vapor space above
condensate level. When steam flow is turned on, the conden-
sate pushes the air toward the trap and out through open air
vent valve. After a sufficient amount of air has collected, the
low temperature of the air causes the thermostatic valve to
open and allow the air to leave. Float traps discharge con-
densate at steam temperature, and are unaffected by sudden
or wide load or pressure changes. They can be used where
large condensate loads demand immediate removal and
where steam locking occurs. Typical applications include
heat exchangers with high and variable condensate loads,
reboiler jacket pans, and batch operations that require fre-
quent startup of an air-filled system.

Float traps are available with a wide range of orifice
designs and sizes to handle various inlet pressures, and they
can handle rapid pressure changes. They have a high capacity
for handling noncondensibles.
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First, prevent problems by selecting the
proper trap and installing it properly. 

If problems arise, follow these guidelines
for diagnosing and correcting them.

■ Figure 1. Float steam trap. 
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The float trap’s
limitations
include: It is sus-
ceptible to dam-
age by water
hammer. It cannot
be used in super-
heated steam. The
float can be dam-
aged by freezing.
Water expands as
it get hotter, and
the water’s lower
density limits the float trap’s maximum operating pressure.

Inverted bucket trap
The inverted bucket trap contains an inverted cylinder

that is open at the bottom (resembling an upside-down
bucket) and is connected directly to the condensate dis-
charge valve mechanism (Figure 2). The bucket has a
small hole on the top through which air escapes. As con-
densate enters the trap, it accumulates inside the body and
the bucket. The water level climbs faster outside the buck-
et than inside, which gives the bucket buoyancy and caus-
es it to rise, closing the valve. 

Condensate will gradually fill up the bucket until its
buoyancy is not sufficient to hold it up and it sinks. This
pulls the valve off its seat and allows the water to flow out.
As soon as enough water has left the bucket, its buoyancy is
restored, and it again rises and closes the valve. These traps
discharge condensate intermittently at steam temperature. 

Typical applications are high-pressure steam mains,
shipboard systems, and continuous processes with small
quantities of noncondensibles.

Its main advantages are that it can withstand water
hammer and it can operate at very high pressures.

However, the small discharge hole in the top of the
bucket discharges air slowly. The water seal, which must
always be maintained to ensure proper operation, may be
lost if there is an abrupt drop in steam pressure or in the
presence of superheated steam. The inverted bucket trap
cannot discharge condensate continuously as rapidly as it
forms; it will always lose some steam. If the bucket vent
gets blocked, the trap locks shut.

Thermodynamic trap
In a thermodynamic trap (Figure 3), cool condensate at

process pressure enters the trap body, raises a disc, and
flows over the seat and out the discharge. Hotter conden-
sate (near the steam temperature) flashes as it flows under
the disc. This high-velocity flash steam creates a low-

pressure area on the bottom of the disc. The pressure of
the flash steam above the disc combined with the lower
pressure below it force the disc to seat. 

The disc remains closed until the flash steam above it con-
denses and its pressure drops to the inlet pressure. When the
downward force on the disc is reduced, the disc again lifts up
and discharges fresh condensate, which produces flash steam
again, and the cycle repeats. These traps operate intermittently.

Thermodynamic traps find application in steam main
lines, tracers, constant-pressure applications, high-pressure
lines and superheated lines.

Advantages of this type of trap include: it is small and
lightweight; it does not freeze; it can resist water hammer
and vibration; it is corrosion-resistant since most parts are
made from stainless steel; it is unaffected by pressure and
temperature fluctuations; a non-return valve (NRV) is not
required because the disc prevents return flow; and it can
operate in superheated steam. Its major drawbacks are that
it cannot work with low inlet pressure and high discharge
pressure, and its operation is noisy.

Thermostatic metallic-expansion trap
A thermostatic metallic-expansion trap utilizes the sen-

sible heat of the condensate. Generally, the body of the
trap is made of steel and the inside tube is made of copper.
Condensate enters the tube, flows past the valve, and is
discharged through the outlet port (Figure 4). 

When steam enters, the copper tube heats up and its
expansion shuts the valve. As the steam condenses and the
temperature drops, the copper tube contracts, the valve
opens, and the condensate is removed. 

The metallic-expansion trap can be adjusted to open at a
predetermined temperature within the operating range. Its
main applications are steam tracing lines and condensate lines.

This type of trap allows the discharge of noncondens-
ibles at start-up. It is not affected by superheated steam,
water hammer or vibration, and it can resist freezing.
However, its elements are subject to corrosion, it is not
suitable where condensate must be discharged as soon as it
forms, and it works best if the pressure, and thus the tem-
perature, of the steam are fairly constant and predictable.

Heat Transfer

■ Figure 2. Inverted bucket trap.

■ Figure 3. Thermodynamic trap. 
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Balanced-pressure thermostatic trap
In this design (Figure 5), the thermostatic element con-

sists of one or more bellows filled with a liquid that boils
at a temperature lower than water. When steam enters the
trap chamber, the liquid inside the bellows is heated, then
the element expands and closes the valve. 

The bellows is subjected to the system pressure and tem-
perature, so the boiling point of the internal material increases
as the surrounding steam pressure increases. Thus, the trap
automatically compensates for changes in system pressure. 

These traps are used in plants where a batch process
requires rapid discharge of noncondensibles at start-up and in
steam tracing lines, and as the air vent valve for float traps.
They should not be used for superheated steam or where water
hammer is a possibility. When superheated steam enters the
trap body, the liquid inside the bellows boils vigorously and
expands greatly, resulting in a high internal pressure that the
thin and fragile bellows elements cannot withstand.

The balanced-pressure trap is small and lightweight, and
provides maximum discharge of noncondensibles at start-up.
It is self-adjusting to all pressures within its operating range. 

However, it can be damaged by water hammer and
superheated steam, and freezing may destroy the delicate
bellows. It is not suitable for use where condensate must
be discharged as soon as it forms.

Bimetallic trap
The bimetallic trap (Figure 6) consists of a strip of two

dissimilar metals with different coefficients of thermal
expansion joined together. When cold, the bimetallic strip is
flat, allowing the valve to open. When steam enters the
chamber, the strip is heated and takes a oval shape, causing
the valve to close. It is used in constant-pressure steam main
lines and tracing lines.

This trap is small and lightweight, and provides maxi-
mum discharge of noncondensibles at start-up. It can with-
stand freezing, water hammer, high pressure, and super-
heated steam. It discharges condensate well below steam
temperature to reduce flash steam. However, it responds 
slowly to load and pressure changes, and cannot discharge
condensate at steam temperature. 

Common problems of steam traps
Steam leakage. The valve seat of a steam trap is subjected

to erosion and corrosion. When the seat is damaged, the valve
will not seat completely and the trap may leak live steam.
When the steam trap is oversized, it may waste significant
quantities of steam. Even a bimetallic trap that is calibrated to
be fully open with minimum subcooling may blow steam if
its load is reduced. A properly working thermodynamic trap
may fail to close if the condensate pressure is too low.

Improper sizing. A trap that is undersized will cause con-
densate to interfere with the heat transfer efficiency because
the condensate forms a thin film on the heat-transfer sur-
faces. Traps are typically specified several times larger than
required using a safety factor to calculate the trap capacity.
A trap having too much excess capacity wastes money, acts
sluggishly and generates high back-pressure that may sig-
nificantly reduce the life of the trap.

Dirt. Steam condensate often contains particles of scale
and corrosion products that can erode trap valves. If the parti-
cles are large enough, they can plug the discharge valve or jam
it open. To prevent this, a strainer must be installed upstream
of each trap. The
strainers must be
cleaned when the
system is first
started up and
when any steam
piping is
replaced.

Noise. With
the exception of
thermodynamic
traps, most traps
tend to operate
relatively quiet-
ly. In some
cases, traps may

■ Figure 5. Balanced-pressure thermostatic trap. 
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produce a slight audible sound as conden-
sate flashes into steam downstream of the
trap valve. Noise in a steam system is usual-
ly caused by lifting condensate up vertical
return lines, water hammer, or a failed trap
that leaks live steam to the condensate
return line.

Air binding. When the trap is connected
to the plant by a long length of small-
diameter horizontal pipe, condensate holds
up in the steam space and cannot flow to
the trap. To prevent air binding, the piping
to the traps should be of a larger diameter
pipe and shorter length, which allows a
higher flowrate. Another method to prevent
air binding is to put a vent valve at a high
point in the system.

Steam locking. When the trap is con-
nected to the plant by a long length of
small-diameter horizontal pipe, steam may
prevent the condensate from reaching the
trap. Condensate cannot get to the trap
unless it can displace the steam. To prevent
steam locking, it is necessary to put the
trap as close as possible to the equipment
or the line to be drained. If the trap is just
below the equipment or line, a balance
pipe may be installed between the two to
serve as a vent and prevent steam locking.
Traps can also be fitted with a steam-lock
release valve.

Water hammer. Condensate lying in the
bottom of a steam line can cause water
hammer. Steam traveling at a very high
velocity produces waves as it passes over
this condensate. If condensate quality
increases, the high-velocity steam pushes
the condensate and creates a dangerous slug
when it changes direction. This is called
water hammer. When the high-velocity con-
densate comes to a halt, the kinetic energy
is converted to pressure energy, and this
sudden pressure increase destroys the trap
mechanism of float traps and balanced-
pressure thermostatic traps. To prevent
water hammer, robust traps like thermody-
namic or inverted bucket traps may be used,
or the pipe may be re-oriented.

Freezing. If the steam system is shut
down with a sufficient quantity of conden-
sate remaining in the trap, and the ambient
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Table 1. First, troubleshoot the installation of the trap.

Float Trap
1. The trap should be installed below the equipment to be drained and as close to
the drain point as possible.
2. The trap must be installed horizontally in a position so that the float arm is in a
horizontal plane and the float rises and falls vertically.
3.The trap should be mounted so the flow is in the direction indicated on the trap cover.
4. A strainer must be installed before the trap.
5. An isolation valve should be placed before the trap to facilitate maintenance,
and another isolation valve should be fitted after the trap if a condensate return
header is used.
6. The trap should be easily accessible for maintenance and inspection.

Inverted Bucket Trap
1. The trap must be installed vertically with the inlet at the bottom and the outlet
at the top.
2. The trap should be located below the equipment to be drained; otherwise, the
water seal may break.
3. A bypass should be installed above the level of the trap to prevent the trap
from losing its prime.
4. A strainer must be installed to prevent dirt and foreign particles from entering
the trap.
5. At startup, the trap inlet valve should be opened very gradually, allowing the trap to
fill with water before it becomes operational. Because this trap operates on the princi-
ple of buoyancy, a minimum level of liquid must be maintained within the trap.
6. If there is a probability that superheated steam may enter the trap, then it is
desirable to keep a length of pipe uninsulated. Otherwise, superheated steam
with a very high degree of superheat may evaporate the water inside the trap and
cause loss of prime.
7. A non-return valve may be installed between the plant and the trap to prevent
breaking of the water seal, which may arise due to sudden entry of superheated
steam or due to reflux action.

Thermodynamic Trap
1. The trap will operate in any position, but the preferred installation is in a hori-
zontal position with the disc cap on the top.
2. Full-port gate valves should be installed upstream and downstream of the trap
to allow maintenance without disturbing the piping connection.
3. The trap should be installed as close as possible to the header to be drained.
4. The lines must be properly flushed prior to fitting the traps to avoid strainer choking.
5. A bypass should be located at the same level as or below the trap. The bypass
is essential for draining start-up loads. However, the bypass should be tightly
closed during normal operation.
6. Under no circumstances should the cap be left loose after adjustment or main-
tenance, because a loose-fitting cap will leak steam from its joint with the body.

Thermostatic Trap
1. The trap should be installed at least 1.5 m from the inlet header, as conden-
sate must be cooled below the steam temperature for the trap to operate. This
may be achieved by deliberately leaving some portion of inlet line uninsulated.
2. The trap should be installed at least 1.5 m from the condensate outlet connec-
tor, as flash steam produced may affect the thermostatic element.
3. The trap must be horizontal.
4. The trap should not be installed in a vertical run of pipe.
5. The outlet side of the steam trap line should slope continuously downward to
eliminate the danger of freezing.
6. The trap can be installed in such a manner that there will be ample space for
maintenance.
7. The piping must be blown out to remove any scale or dirt before start-up.
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temperature falls below 0°C, then freezing inside the
trap will occur. Float traps and balanced-pressure ther-
mostatic traps are destroyed by freezing. If freezing is
likely, thermodynamic or bimetallic traps, which are not
affected by freezing, should be used. Opening the drain

Table 2. Problem: The trap is not discharging 
or the discharge is too low.

Possible Cause Remedy

Type of Trap:  All Types
a. Inlet line to the trap is a. Clean the inlet line and 
clogged and/or strainer strainer.
in the inlet is clogged.
b. The trap discharge port b. Clean the discharge port.
is choked with dirt.
c. The trap is installed c. Change the bypass valve.
above a leaky bypass valve
d. There is an obstruction d. If possible, replace the 
in the return line. return line.
e. Other traps are blowing e. Maintain sufficient distance 
steam to the discharge from the trap to the 
header. discharge header.
f. The return line is too f. If possible, replace the 
small. return line. 

Type of Trap:  Float 
a. The float in the trap a. Replace the trap. Check for
is ruptured. water hammer or freezing.
b. The air vent is filled with dirt b. Clean the air vent.
c. The float mechanism is c. Repair the float mechanism.
worn or defective.
d. The pressure was raised d. Select a suitable trap. 
without the installation of Replace the valve seat 
a smaller orifice. assembly with a suitable one.

Type of Trap:  Inverted Bucket 
a. The bucket is ruptured. a. Replace the bucket.
b. The mechanism is worn b. Repair the mechanism.
or defective.
c. High vacuum in the return c. Break the vacuum in the
line increases the differential return line.
pressure beyond that at 
which the trap may operate.
d. Superheated steam has d. Put a non-return valve 
entered the trap. in the inlet.
e. The trap has lost its prime. e. Put a non-return valve in 

the inlet.  

Type of Trap:  Thermodynamic 
a. The line is water-logged. a. Drain the line through the

bypass valve.
b. The inlet pressure is b. Thermodynamic traps are 
too low. not intended to operate below 

0.25 kg/cm2. 

Type of Trap:  Thermostatic 
a. Steam header pressure a. Control the header pressure 
rises (as pressure increases, or adjust the trap for the 
temperature also increases; temperature change.
as condensate temperature
increases, the trap closes.) 

Table 3. Problem: The trap is losing live steam.

Possible Cause Remedy

Type of Trap:  All Types
a. The valve seat assembly a. Replace the valve seat
is worn out. assembly.
b. Scale is lodged in the orifice. b. Clean the orifice.
c. Trap capacity is c. Determine the condensate 
insufficient. load and differential pressure 

across the trap inlet, and 
select an appropriate 
replacement trap.

Type of Trap:  Float 
a. The air vent is not a. Replace the air vent unit.
functioning properly.
b. The trap body is filled b. Open the drain plug and
with dirt, obstructing the clean the passage by blowing
float and preventing it from steam or by dismantling the
operating properly. trap and cleaning it.
c. The thermostatic element c. Replace the thermostatic 
failed to close. element.

Type of Trap:  Inverted Bucket 
a. The air vent is not a. Replace the air vent unit.
functioning properly.
b. The trap body is filled b. Open the drain plug and
with dirt, obstructing the clean the passage by blowing
float and preventing it from steam or by dismantling the
operating properly. trap and cleaning it.
c. The bucket is ruptured. c. Replace the bucket.
d. The trap has lost its prime. d. Close the inlet valve for a 

few minutes, then gradually 
open it. If the trap catches its 
prime, it should start operating 
properly. Otherwise, install a 
check valve in the inlet line. 

Type of Trap:  Thermodynamic 
a. The disc and seat are a. Replace the trap or change
worn out. the disc and seat.
b. Dirt is lodged between b. Clean the discharge port.
the seating faces of the 
body and the disc.
c. The cap is loose and 
steam leaks from the joint. c. Tighten the cap.

Type of Trap:  Thermostatic 
a. Insulation is lost a. Insulate the line.
(condensate temperature 
becomes too low; the cooler
the condensate, the larger 
the valve opening).
b. Header pressure is low b. Control header pressure
(as steam pressure falls, or adjust the trap for changes
the trap will not shut off in temperature.
because the low-temper-
ature steam is in contact 
with the trap).
c. The balanced-pressure c. Replace the element.
trap element has been 
damaged by water hammer 
or superheated steam.
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valves after shutdown is another option.
Loss of prime. This problem relates to inverted buck-

et traps. The inverted bucket trap starts functioning only
when there is some quantity of water inside the trap. If
there is a sudden pressure drop or superheated steam
enters the trap, the prime is lost and the trap won’t
operate. To prevent this, a check valve may be put in
the trap inlet line.

Troubleshooting tips
The first step in troubleshooting is to see that the trap is

installed properly. Table 1 summarizes the installation pro-
cedures for different types of traps.

Tables 2–4 provide guidance on troubleshooting three
common problems: the trap is not discharging or the dis-
charge is too low; the trap is losing live steam; and the
trap discharges continuously at full capacity. CEP
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Table 4. Problem: The trap discharges 
continuously at full capacity (all types of traps).

Possible Cause Remedy

a. The trap is too small. a. Install additional traps 
in parallel.

b. High-pressure traps were b. Install a properly sized 
installed in a low-pressure internal mechanism.
application.
c. The boiler foamed or c. Correct the feedwater 
prmed and discharged condition.
large quantities of water 
into the steam lines.
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