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BEST CONTROL VALVE PIPING PRACTICES IN STEAM SYSTEMS

Proper installation of steam control valves will greatly prolong the life of the valve, and its actuator. Understanding proper
installation and application of the steam control valve is essential to experiencing maximum value and life cycle from the valve.

Steam control valves not only control the pressure, but also the steam flow, which leads to controlling temperature in process
applications. The steam control valve can be used simply as an on and off device, or any combination of controlling to include
regulation, modulation, or isolation.

Typical steam control valves can range in size from % of an inch in diameter or smaller to 24 inches in diameter or larger.
The most common steam control valves in use today for modulation are the Globe Control Style and Eccentric Plug valves.
For isolation, Ball, Gate and Butterfly valves are most common.

LEAK RATES FOR VALVES

All valves including steam control valves are designed to meet a designated internal permissible leak rate standard (FCI/ANSI).
There are six permissible leak rates or Classes numbered | through VI. The higher the leak rate number, the lower permissible
internal leak rate. Therefore, a Class | valve will have the highest internal leak rate and usually the lowest cost; while a Class VI
valve will have the lowest permissible internal leak rate. Identifying the permissible internal leak rate for a valve has to be one of
the top priorities when choosing the correct steam control valve. A valve with a high leak rate, will cause excessive wear or “wire
drawing." The valves with a high leak rate will pass more steam internally and can result in premature valve failure. Steam valves
should be specified to have a leak rate of no less than Class IV. A Class IV steam control valve will maintain a long operational
life. Soft seats to achieve a Class VI leak rating for steam service must be carefully applied. High steam velocities with a need to
throttle a value near the seat can lead to premature trim wear and failures. This will be agravated by an over-size value.
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STEAM LINE DRIP LEG

All steam control valves must have a condensate removal drip leg piped upstream of the control valve. The drip leg removes
condensate from the steam line, preventing condensate from passing through the valve. This is essential because condensate
permitted to pass through the valve will cause erosion and shorten the life of the valve and potentially destroy an electrical
actuator for its stiff and unforgiving gear train.

When a steam control valve shuts off during low or non-production periods, the condensate drip leg will remove accumulating
condensate from the inlet of the steam control valve. In the absence of a properly sized drip leg, condensate will then pool up in
the piping system. Once the steam control valve finally opens, with typical steam velocities of 70 to 150 MPH, wave action results
in the pooled condensate, causing slugs of condensate to rapidly travel down the piping system at these velocities, when they
finally land against the plug of the steam control valve that had just opened. The resulting shock/force on the plug is called ‘water
hammer’ and can cause catastrophic damage to electric steam control valve actuators and their gear trains. Spring-opposed,
pneumatic diaphragm actuators are much more forgiving in these cases.
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Figure 1.01: Steam Line Drip Leg

The Steam Trap take-off location is typically ~2"” above the
bottom of the Drip Leg pocket.

The Mud Pocket is there to collect rust and debris from the piping
system, protecting the Steam Trap. A manually operated Clean
Out Valve is periodically opened to flush out the “Mud"”.
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STEAM LINE DRIP LEG (CONT)

Typically, the steam supply is coming from overhead. At the point the steam line changes horizontally to feed the control
valve. A tee is preferred with a sufficient collecting leg below it, leading to a steam trap. A common mistake is adding a narrow
diameter drip leg to the bottom of an elbow. This is insufficient for the job and condensate may pool. See Figure 1.02.
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Figure 1.02: Drip Leg Configuration w/ Vertical Steam Supply

*Drip Legs must be properly sized and at lowest point
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DRIP LEG SIZING GUIDELINES FROM ASPE

Figure 1.00: ASPE Drip Leg Sizing Table

RECOMMENDED STEAM MAIN AND
BRANCH LINE DRIP LEG SIZING

Minimum Drip Leg Length, In.
Steam Main Drip Leg
Size, In. Diameter, In.
Supervised Automatic
Warm Up Warm Up
1/2 1/2 10 28
3/4 3/4 10 28
1 1 10 28
2 2 10 28
3 3 10 28
4 4 10 28
6 4 10 28
8 4 12 28
10 6 15 28
12 6 18 28
14 6 21 28
16 8 24 28
18 10 27 28
20 10 30 30
24 12 36 36
Correctly Sized

Drip legs must be provided for the steam trap to be
effective, since a steam trap can discharge only the
condensate that is brought into it. Drip legs should be
provided at all low points in the system and wherever
the condensate can collect, such as at the ends of mains,
at the bottoms of risers, and ahead of expansion joints,
separators, pressure-reducing valves, and temperature
regulators.

For long horizontal runs of steam mains and where
there are no low drainage points, the drip legs should
be provided at intervals of approximately 300 feet, but
never more than 500 feet.

Table 1.00 provides guidelines for drip leg sizing. A
properly sized drip leg will capture condensate. An
inadequately sized drip leg can actually cause a vertical
piccolo effect in which pressure drop pulls condensate
out of the trap. The diameter of the drip leg should be
the same as that of the steam main up to 4 inches in
diameter and half the steam main diameter (but not less
than 4 inches) on larger lines. Refer to Figures 1.01, 1.02,
and 1.03

Incorrectly Sized

Figure 1.03: Properly Sized Drip Leg. The properly sized drip leg will capture condensate. Too small a drip leg can actually
cause a “piccolo” effect where pressure drop pulls condensate out of the drip leg and trap.

PipingPractices_RevB_1018



WATER HAMMER IN STEAM AND CONDENSATE SYSTEMS

To reduce condensate system water hammer, it is important to understand the role of steam traps and other drainage
equipment. A steam trap has a clearly defined role — to discharge noncondensable gases and condensate without leaking
steam (Figure 1.04).

Condensate Mist

Condensate Drainage

I «".—;n‘ -

Condensate
Return Line

4 Figure 1.04: Steam Trap. Properly installed condensate discharge locations facilitate a steam trap’s ability to remove, drain,
and return condensate, vent noncondensable gases, and help eliminate water hammer in steam lines, while preventing steam loss
through the location.

If condensate is not removed, then dangerous water hammer can occur in the steam supply system. Water hammer occurs when
slugs of liquid condensate fill the cross-sectional area of the pipe and are propelled by high-velocity steam against the pipe walls
(Figure 1.05). Because the non-discharged condensate brings about the water hammer, condensate is the inducing factor and
the hammering is condensate-induced. So, in steam supply lines, it is the liquid water itself that induces the hammer.

High-Velocity Steam Condensate Slug

Condensate

Condensate Slug
Impacts Pipe Wall

4 Figure 1.05 Condensate Causes Hammer In Steam Supply. In a steam supply system, violent water hammer occurs when slugs of liquid
condensate close off the cross-sectional pipe area and are propelled by high-velocity steam against piping walls. Thus, condensate removal via
steam traps is crucial for steam system safety and reliability.
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STRAINER AHEAD OF THE CONTROL VALVE

All steam control valves must have a strainer ahead of them. Steam lines frequently contain residual solid materials from
corrosion and other impurities that develop over time in the piping system. The strainer will filter the steam stream and prevent
this material from lodging in the valve internals which would cause premature failure.

The strainer should be rated for 0.020 perforated stainless-steel mesh and never be mounted with the strainer segment in a
down position. Rather, install the strainer segment in a horizontal position. This will prevent condensate from accumulating in
the pocket and then passing through the control valve increasing the likelihood of internal erosion and premature failure. The
Strainer will have a calculated drop across the unit.

When installing the strainer, always install a blow-off valve with locking kit on the strainer and pipe the discharge from the valve
to a safe location.

Correct Steam Installation |
Vertical

Down
Flow

Figure 1.06: Strainer Installations

INSTALL PRESSURE GAUGES BEFORE
AND AFTER THE CONTROL VALVE

Pressure gauges provide the information needed to understand the conditions inside the pipe and components. It is always a
good practice to install a pressure gauge before and after a control valve. This provides accurate data to assist in understanding
the flow characteristics of the medium while passing through the valves. Additionally, install all pressure gauges with a siphon
pipe (pigtail) and isolation valve.

INSULATION

Any high-temperature piping or equipment should be insulated to reduce heat loss, reduce emissions, and improve safety. As a
general rule, any surface that reaches temperatures greater than 120°F should be insulated to protect personnel. Insulating pads
can be easily removed for periodic inspection or maintenance, and replaced as needed. Insulating pads can also contain built-in
acoustical barriers to help control noise.

Recommendation for Warren Controls Thermiguard and Acoustiguard Blankets
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ENLARGE THE DISCHARGE PIPING

Always expand the discharge steam line piping at least one pipe diameter. It is not uncommon to expand the discharge piping at
least two or three pipe diameters. The expansion of the pipe reduces the valve outlet velocities thus prolonging the valve life. The
valve manufacturer will provide the appropriate pipe size after the control valve. Always match the pipe size to the heat transfer
inlet connection.

For example, assume a three-inch control and with a heat transfer inlet connection of eight inches. For this scenario, the pipe size
at the outlet of the steam control valve should be increased to eight inches. Muffling orifice plates can be used to reduce a high

pressure drop across the steam valve and reduce velocities.

Use ECENTRIC REDUCERS to avoid low points where condensate will build up. See Figure 1.07.

Concentric Reducers

USETHIS

DON’'T USE THIS - Aﬁffg e —

Eccentric Reducers

Figure 1.07: Pipe Reducers

DISTANCE AFTER THE CONTROL VALVE

The sizing and length of pipe from the control valve outlet to the inlet nozzle on the heat transfer unit is critical. Control valve
outlet piping must be increased to be equal to or larger than the inlet connection to the heat transfer unit. The distance after the
steam control valve should be at least ten pipe diameters before the inlet connection of any heat transfer. Pressure reduction
applications should have at least 20 horizontal pipe diameters before a change of flow direction. See Figures 1.08, 1.09, and 1.10.
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HEAT EXCHANGER

Figure 1.08: Typical Steam Control Valve Feeding & Heat Exchanger
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Figure 1.09: Typical Steam Pressure Reduction Station Hi-Low Demand
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Figure 1.10: Typical Steam Pressure Reduction Station w/ Controller

VACUUM BREAKERS

All heat transfer components, whether shell-and-tube, plate-and-frame, or any other device, requires vacuum breakers. Vacuum
breakers protect heat-exchanging equipment when a system is shut down by preventing vacuum from occuring as the steam
continues to condense. Additionally, the vacuum breaker maintains the condensate in the heat transfer equipment. It is generally
recommended that all heat transfer devices have an air vent and vacuum breaker installed at points designated by the heat
transfer manufacturer. The normal locations are close to the steam inlet or on the top portion of the heat transfer unit.

CONDENSATE REMOVAL

When designing heat transfer units, condensate drainage is accomplished by either gravity or pressure differential. Heat transfer
equipment should be installed to promote gravity drainage with no vertical lift before or after steam traps, if possible. This is
crucial in any application that has a modulating steam control valve. Other applications do not permit gravity drainage and,
therefore, care should be taken to ensure that no undue backpressure is placed on the drain devices (steam trap or control valve).
Numerous premature failures and performance problems are due to unanticipated backpressure on the drain devices, which
causes condensate to accumulate in the heat transfer unit. This will result in water hammer and inadequate temperature control.
Poor condensate drainage can also result in corrosion problems for the heat transfer unit If the heat transfer unit has a steam
supply modulating control valve, all condensate drains must flow by gravity to a collection tank or pumping system, which will
then pump the condensate back to the boiler area. To ensure proper control of any of the heat transfer, it is essential to have zero
backpressure or vertical lifts in the condensate piping.
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