Engineering Practice

Methods For Testing
Steam Trap Stations

Testing steam-trap stations can be very easy if the plant provides the correct equipment,
training and commitment to the steam-system management program

Kelly Paffel
Inveno Engineering, LLC

IN BRIEF

FIGURE 1. Shown here is a visual indicator on a steam trap

hen it comes to testing steam
traps, a frequently asked
question is, “what is the best
method?” The true answer
is to use all of the technologies available
today. No single test method provides the
best results all of the time for the variety
of application, installation and steam traps
in the industrial plant operations. Therefore,
all tools available in the marketplace should
be implemented and used where appropri-
ate. So, what are these tools? They can be
segmented into three categories:
e Visual
e Temperature
¢ Ultrasound
Becoming proficient with these tools is like
riding a bicycle — the more you ride the bi-
cycle, the better you become. Practice and
gaining the knowledge of the methods is the
key to successfully using the different devices.

VISUAL METHODS

The use of a testing-tee valve arrangement,
testing-valve combination, or an inline sight
glass for reviewing the steam trap discharg-
ing to the atmosphere is a very effective way
of testing steam traps (Figures 1 and 2). This
visual method can accurately determine the
following conditions:

¢ Blow-through steam or a failed open con-

dition

FIGURE 2. A steam trap test valve is shown here

e Severe steam leakage
¢ Under-sizing

There are some negatives to any testing
method and the visual method is no excep-
tion. The inspector must understand the
concept of flash steam and become aware
of the difference between flash steam and
blow-through steam. There are safety con-
cerns due to the release of hot steam to at-
mosphere during the testing phase. Finally,
there is a small additional cost associated
with installing the components that permit
online testing.

TEMPERATURE METHODS
The relationship between steam pressure
and temperature makes temperature mea-
surement extremely helpful in understanding
many different operating conditions of steam
components that are found in the steam and
condensate system.

Infrared (IR) temperature measuring is a
very quick and versatile tool for steam sys-
tems. Like all testing equipment, IR requires
training to ensure success. All diagnostic
tools have positive features and negative
attributes. It is important to understand the
negative attributes to ensure an accurate
temperature measurement.

Temperature measurement devices must
be an integral part of a steam trap station
testing program. These devices are by no
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FIGURE 3. Measuring the inlet and discharge
temperatures can provide an estimated steam
pressure

means the only piece of diagnostic
equipment that should be used, but
they can help provide valuable infor-
mation that would otherwise not be
available.

Estimating steam pressure
Plants can estimate steam and con-
densate pressures by using temper-
ature-testing devices to detect the
temperature of the steam line inlet
to the steam trap station and on the
discharge line (Figure 3).

Knowing what steam and con-
densate pressures are present in the
system will assist the people per-
forming the steam trap station test-
ing, enabling them to quickly evalu-
ate system dynamics that can affect
the steam trap station’s operation.

Is the steam trap operational?

A temperature measurement will
allow the steam trap station exam-
iner to determine whether the steam
trap is operational or whether the
steam trap station is below the ex-
pected temperature. If the latter is
the case, then the plant should initi-
ate root-cause analysis to determine
the source of the problem in the sys-
tem.

For example, in Figure 4, the tem-
perature on the steam line enter-
ing the process is 299°F; therefore,
the steam-trap body temperature
should be at or close to the inlet tem-
perature.

This is a true statement for 96%
of the steam process applications.
However, there are a few exceptions
when the heat-transfer units have
an extremely high condensing rate
or when there is a pressure drop in
the process. The following three ex-
amples make this more clear.
Example 1: Equal temperatures.
The inlet and outlet temperatures
(process and steam trap) are mea-
sured to be the same or nearly equal
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FIGURE 4. In this setup, the steam inlet and
steam-trap temperatures are equal or nearly equal

(Figure 4). This means the steam trap

is operational, and further testing

can be accomplished.

Example 2: Low outlet tempera-

ture. In Figure 5, the steam trap

body temperature is very low (210°F)

compared to the inlet steam temper-

ature to the process. The steam trap

temperature is low, and root-cause

analysis needs to be performed to

find the reason:

e Undersized steam trap

e Fouled strainer

e High back pressure in the conden-
sate line

e Other causes

Testing steam trap performance
Although surface-temperature mea-
surement can be very useful in eval-
uating various potential conditions,
using it alone for testing steam-trap
stations will have a low accuracy for
testing steam trap performance. A
steam-trap station examiner should
be extremely knowledgeable of
steam and condensate system dy-
namics.

Different sources state that if there
is a high temperature differential
across the steam trap station, then
the steam trap is in good operational
condition. If there is no or a very low
temperature differential, then the
steam trap has failed and is blowing
or leaking steam into the condensate
system. Temperature measurements
must be part of the steam trap sta-
tion standard operating procedure
(SOP) to ensure the steam trap sta-
tion is operational.

Example 3: High temperature dif-
ferential across the steam-trap
station. Figure 6 indicates a high
temperature differential (inlet tem-
perature = 299°F; outlet temperature
= 214°F). However, the steam trap is
completely failed and blowing steam
into the condensate line. Then why is
there a high temperature differential?
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FIGURE 5. In this example, the steam trap has a
low body temperature

If steam is blowing into a conden-
sate line that has zero pressure, the
steam temperature of the blowing
or leaking steam trap must be at
212°F, or the temperature of steam
at zero pressure. Now, when the
steam passes from a high pressure
to a lower pressure, superheat will
be generated, but the condensate
passing the steam keeps the steam
at saturated conditions.

Example 4: Steam-trap station
with a low temperature differ-
ential. Figure 7 shows a very low
temperature differential (inlet tem-
perature = 299°F; outlet tempera-
ture = 284°F), which should indicate
that the steam trap has failed and
is blowing steam in the condensate
line. In this example, there is back-
pressure in the condensate return
line, which is normal in most conden-
sate lines due to design, undersizing,
and elevations. The condensate line
pressure will vary depending on the
variables. With pressure in the con-
densate line, the condensate line
temperature should be at or close
to the saturated temperature at the
condensate line pressure.

Example 5: Low-pressure sys-
tems. There will be a low tempera-
ture differential across the steam
trap station based solely on the low
steam pressures in the steam sys-
tem and condensate line, as shown
in Figure 8. The steam trap could be
failed or working properly; the con-
dition of the steam trap is unknown
because both conditions will have
similar steam temperatures.

Measurement procedures
Temperature measurements  (Fig-
ure 9) need to be taken upstream
and downstream of the steam trap
station to determine the inlet steam
pressure to the steam trap station
and the condensate line backpres-
sure.
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FIGURE 6. There is a high temperature differential
across the steam trap shown here

To achieve a representative tem-
perature, scan the exposed metal
surfaces of the upstream and down-
stream piping/tubing around the
steam trap station. Some installa-
tions may have several inches ex-
posed, while other installations may
only have pipeline components,
such as unions, valves or fittings,
exposed. The steam-trap station
examiner must consider what is
available for temperature scanning
when incorporating the temperature
reading in evaluating the steam trap
station operation. The following are
suggested:

e Measure the inlet temperature of
steam/condensate line to the inlet
of the steam trap. A significantly
lower temperature than the satura-
tion temperature of the steam line
pressure can indicate that there
are issues with the steam trap, that
flow is reduced due to plugged fit-
tings or strainer screens, or even
that the steam trap has been
valved off

® Measure the temperature to the
inlet of the steam consumer (equip-
ment) and compare it to the inlet
of the steam trap. Generally, these
temperatures should be close in
measurement (+20°F/+11°C)

o Record the reading

e Measure the outlet temperature in

the condensate line downstream

FIGURE 9. A temperature measurement is being
performed in this picture
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FIGURE 7. This example shows a low temperature
differential across the steam trap

of the steam trap
o There should be some de-
crease in the outlet tempera-
ture versus the inlet tempera-
ture
o This measurement can also
be used to determine the
backpressure present in the
condensate line
o Record the reading
In concluding this section, we can
say that temperature measurement
is an important part of steam-trap
station evaluation, but it is only one
of the methods. Others are impor-
tant, too.

ULTRASOUND

When using high-frequency ultra-
sound, the main question is where
the sensitivity should be set to con-
duct the test. If the testing instru-
ment is set with a sensitivity that is
too high, all of the steam traps will
test as failed; using too low a sensi-
tivity will indicate that all steam traps
are operating properly.

The solution is using a field-proven
comparison method, which will pro-
vide an accurate test on each steam
trap. The comparison method uses
three or more test points on the
steam trap station. Two of the test
points are the sensitivity baseline
settings on the ultrasound unit, and
the third is for testing the steam trap.
The comparison method allows the
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Test point no. 3
at the discharge side
of the steam trap

Test point no. 1

Test point no. 2
before steam trap

after the steam trap

FIGURE 10. The three test points shown here are
used to establish a baseline for ultrasound testing
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FIGURE 8. There is a low temperature differential
across this steam trap station at low pressure

steam-trap station assessor to es-
tablish a base reading to filter out any
competing ultrasounds that can be
generated upstream or downstream
of the steam trap. Without using the
comparison method of testing, it is
very difficult to assess the steam
trap’s performance because the as-
sessor will not know the correct sen-
sitivity setting. Each steam trap will
be in slightly different installations
and situations in the steam system,
so the comparison method is the
most accurate method for setting
the ultrasound sensitivity.

Sensitivity settings

Most digital ultrasound devices have
a stethoscope module. With the
stethoscope module, contact each
point on the steam trap station, as
shown in Figure 10. The steam and
condensate line should have base-
line test points that are between 6
and 10 in. upstream or downstream
of the steam trap that is being tested.
More test points can be taken to es-
tablish a baseline, but at least two
need to be done for each steam trap
location (these estimated values will
vary depending on the piping).

Setup and operation
The ultrasound unit needs to be set

FIGURE 11. Shown here is a dial reading of a typi-
cal ultrasound unit
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FIGURE 12. In this example, the ultrasound levels
at Test point 3 are equal or less than Test points
1or2

at 25 kHz to provide the highest
clarity for high-frequency ultrasound
generated by steam or condensate
passing through an orifice in steam
trap. The following steps outline a
typical operation procedure:

1. Pull the trigger to turn on the
ultrasound unit. If the instrument is
within sensitivity range, the decibel
(dB) indicator (A in Figure 11) will
blink.

2. The decibel reading should be
set to 20 dB.

3. The kHz (frequency) indicator
must be steady and not blinking (B
in Figure 11). If the kHz is blinking,
then it is in the adjustment mode for
frequency. Adjust it to the correct fre-
quency level and push in the sensi-
tivity knob to return to the sensitivity
adjustment-setting mode.

4. Once in the sensitivity mode,
turn the sensitivity control dial clock-
wise to increase the sensitivity and
counterclockwise to decrease the
sensitivity.

5. The sensitivity control dial in-
creases or decreases the sensitivity
of the instrument simultaneously with
the sound level in the headphones
(NOTE: The instrument needs to be
in range for accurate testing).

6. If the sensitivity is too low, a
blinking arrow pointing to the right
will appear, and no numeric deci-
bel level will be visible in the display
panel. If this occurs, increase the
sensitivity until the arrow disappears.
(In low-level sound environments,
the arrow will blink continuously, and
it will not be possible to achieve a dB
indication until a higher intensity level
is sensed.)

7. If the sensitivity is too high, a
blinking arrow pointing to the left
will appear, and no numeric decibel
value will be visible on the display
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3. Steam trap discharge
orifce
4. Steam trap air vent

FIGURE 13. The four test points shown here are
used for testing float and thermostatic steam traps

panel. Reduce the sensitivity until the
arrow disappears and the numeric
decibel value is shown.

Testing methods & results

What follows are a few examples of
some tests for comparison.

Proper Operation (PO). Using Fig-
ure 12 as a guide, consider the fol-
lowing three measurements:

Test point 1: 32 dB
Test point 2: 34 dB
Test point 3: 34 dB

If a steam trap is operating prop-
erly, the ultrasound level at Test point
3 will not be higher than at Test
points 1 or 2.

NOTE: The reading at Test point 3
will be equal or less than the read-
ings at Test points 1 or 2. The high-
frequency ultrasound readings, in
addition to a temperature measure-
ment that is appropriate for the sys-
tem pressure, will indicate a properly
operating steam trap.

NOTE: If the ultrasound reading at

Test point 3 is higher than the read-
ings at Test points 1 or 2, wait for 45
seconds to ensure that the steam
trap was not in a cycle mode. Dur-
ing the cycle mode, the ultrasound
reading at Test point 3 will be higher,
which is the proper operation of a
steam trap with on/off discharge
cycle.
Float and thermostatic steam
traps: Four test points. The float
and thermostatic steam trap has two
orifices: one orifice for discharging
the condensate and the other ori-
fice for the air vent mechanism that
discharges air and noncondensable
gases.

The four test points, shown in Fig-
ure 13, are as follows:

T1 — upstream of the steam trap
station,
T2 — downstream of the steam trap
station,

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM OCTOBER 2020

Test point no. 3

Test point no. 1 5

Test point no. 2
25" DB “32"

32" DB

FIGURE 14. Measurements at three test points
indicating a failed steam trap

T3 — at the discharge side of the
steam trap condensate orifice, and
T4 — at the discharge side of the
steam trap air vent.

NOTE: If the air vent is operat-

ing properly, the ultrasonic level at
Test point 4 (T4) should be equal to
or less than Test point 3 (T3). If T4
is higher than T3, then the air vent
mechanism has failed.
Blowing or completely failed
steam trap (BLW). For this exam-
ple, the three test points indicated
on Figure 14, are as follows:

Test point 1: 25 dB
Test point 2: 32 dB
Test point 3: 64 dB

A significant increase (greater than

two times the base level reading) in
the decibel level at test point 3 in-
dicates that the steam trap is failed
open and allowing steam to pass.
Continue to monitor the steam trap
at test point 3 to see whether the
steam trap cycles according to its
design.
Steam leakage. \When a steam trap
system is leaking steam, the follow-
ing test points, shown in Figure 15,
should be considered:

Test point 1: 25 dB
Test point 2: 32 dB
Test point 3: 49 dB
Test point 4: 40 dB

An increase in the decibel level at
Test point 3 indicates leaking steam
through the steam trap. Again, if this
increase is observed, take additional
time at test point 3 to determine
whether the steam trap is in the mid-
dle of a discharge cycle. If the deci-
bel level at Test point 3 does not re-
turn to the baseline value established
at test point 1, then the steam trap is
leaking steam.

Competing downstream ultra-
sounds. Consider the five test-point
measurements shown in Figure 16,
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FIGURE 15. Measurements at these four test
points indicate a steam trap leaking steam

in which all the steam components
are tested:

Test point 1: 22 dB
Test point 2: 4?2 dB
Test point 3: 28 dB
Test point 4: 28 dB
Test point 5: 52 dB

The above readings show that ul-
trasound is being produced down-
stream of the steam trap. Check
valves can be a source of additional
ultrasound in the piping system.
Perform further testing at the other
components in the steam trap sta-
tion (Test point 5) if the assessor de-
termines that the check valve in the
system is generating the high ultra-
sound levels. If the decibel value is
higher at Test point 5, then there are
competing ultrasounds in the sys-
tem. If the value is lower at Test point
5, conduct further examination of the
piping and steam trap to determine
the source of the higher ultrasound.

Sound characteristics

While using ultrasound listening de-

vices, the tester should be made

aware of a few distinct sounds that
he or she may hear while testing
steam traps:

e Crackling — This sound signa-
ture is generated by condensate
flowing through a steam trap with
flash steam occurring after the dis-
charge orifice of the steam trap

e Whistling — A whistling sound is
a characteristic of steam passing
through a steam trap orifice |
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FIGURE 16. Utrasound testing of all steam compo-
nents requires these five test points
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