Six practical ways to handle rotary airlock

valve leakage

Jonathan O. Thorn MAC Equipment

Because of the way a rotary airlock valve is de-
signed, it’s normal for a small amount of conveying
air to leak back through the airlock as it feeds bulk
solid material to a pressure pneumatic conveying
system. But if you don’t take steps to properly vent
this leakage air from your equipment, it can create
several problems, including slowing material flow
into the airlock, releasing dust into your workplace
or the environment, and disrupting your upstream
process. This article describes six practical ways of
arranging your pressure pneumatic conveying
equipment to vent airlock leakage so you can avoid
these problems.

hile a rotary airlock valve is the most common

s ;s / valve for feeding dry bulk materials into a pres-

sure pneumatic conveying system, it isn’t a per-

fect sealing device. In fact, air leakage (also called blow-by)

is inherent to the airlock’s design, as shown in Figure 1,

and the device leaks conveying air (or other conveying

gas) at a rate proportional to the pressure differential

across the airlock. The pressure below the airlock is cre-
ated by resistance to flow as material is transferred.

What problems can unvented leakage air from your rotary
airlock valve cause? In a pressure conveying system, the
airlock feeds material near the system’s start, so air leak-
ing through the airlock vents back into the upstream
process. This leakage can limit material flow into the air-
lock; release dust into your workplace or outdoor atmos-

phere, which can create major housekeeping or environ-
mental problems; and pressurize upstream equipment,
which can disrupt your process. To prevent these prob-
lems, you need to find a way to properly vent the air leak-
ing through the airlock.

Six practical methods for venting leakage air are detailed
in the following sections. The information provided for
each method outlines its benefits and risks and provides
recommendations for using the technique. While no single
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venting method will work for all pressure conveying sys-
tems, analyzing your available equipment, your material’s
characteristics, and your conveying conditions can help
you find the right one for your application.

The venting methods described here focus on dilute-phase
pressure conveying systems, although they can also be ap-
plied to dense-phase (piston-flow) pressure systems that
use rotary airlock valves. In the following information,
conveyed materials are classified as pellets (unfluidizable
particles larger than 800 microns), granules (particles with
poor fluidization between 150 and 800 microns), and pow-
ders (fine, fluidizable particles less than 150 microns in
size).

1 Direct connection to storage vessel

In this venting method, as shown in Figure 2, the rotary air-
lock valve is attached directly to the vessel storing the ma-
terial supplied to the conveying system, and the valve acts
both as an airlock and a metering device to the conveying
line. The air leaking through the airlock is released directly
into the storage vessel, passes through the stored material,
and exhausts from the vessel’s top. The vessel often has a
bin vent filter (a large dust collector with bag or cartridge
filter elements) that exhausts the relatively small volume
of leakage air from the vessel after removing entrained
particles fromit.

Benefits. This is the simplest method for venting leakage
air and requires the least amount of equipment and head-
room. The method is ideal for a conveying system han-
dling pellets (shown at A in Figure 2) because pellets are
often very porous, allowing the leakage air to pass easily
through the material in the vessel toward the exhaust. The
method also works for fluidized powders, which are also
porous. In this case, adding fluidizing air to the storage
vessel (B) to maintain the powder fluidization allows the
leakage air to mix with the fluidizing air and pass easily
through the material to the exhaust.

Risks. The method isn’t suited to venting leakage air from
asystem handling granules or unfluidized powders, which
have very low porosity. With these materials, the static
head of material in the storage vessel above the airlock
would cause a pressurized gas “bubble” to form over the
airlock. This could significantly impede material flow into
the airlock — if not entirely stop it — greatly reducing the
airlock’s fill efficiency and, in turn, reducing the convey-
ing system’s transfer rate. The same problems can result
when this method is used with conveying systems operat-
ing at over 8 psig, because the higher differential pressure
across the airlock increases the leakage air volume. When
operating at over 8 psig with lighter-bulk-density pellets,
granules, or powders, the leakage air’s upward velocity
through the airlock’s material inlet can similarly restrict
the material flow and reduce the airlock’s fill efficiency. In
such a case, the conveying system often finds an equilib-
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rium where the restricted material flow reduces the con-
veying pressure (and leakage air volume) to a level that
maintains system operation, but often at a reduced transfer
rate.

Recommendations. Use this method only for a conveying
system that’s designed to operate at less than 8 psig and
that handles flood-fed pellets or fluidized powders that are
flood-fed from a vessel with added fluidizing air.

2 Vented surge hopper

In this method, the rotary airlock valve is equipped with a
surge hopper with a dedicated vent filter (a small dust col-
lector) to clean the leakage air, as shown in Figure 3. The
vented surge hopper, which is sized in proportion to the
airlock, can be fed by another rotary airlock below a stor-
age vessel, can be flood-fed from a storage vessel, or can
serve as the transition to a metered feedpoint. (A metered
feedpoint consists of a mechanical means for delivering
material to the feedpoint, whether by a mechanical con-
veyor, a metering device, or a process vessel such as a
dryer or mixer that delivers a metered feed.)

Benefits. Aslong asit’s used correctly, this method is often
the surest way to direct leakage air to the atmosphere.
When the surge hopper is fed from a second rotary airlock
(shown at A in Figure 3), the surge hopper acts as a pass-
through unit and can become slightly pressurized to force
the leakage air to exit through the hopper’s vent filter. When
flood-fed from a larger storage device (B), the surge hopper

acts as an intermediate path for the leakage air, limiting the
static head of material above the airlock. For the leakage
air, passing through the surge hopper to the vent filter be-
comes the path of least resistance. When the surge hopper
is fed from a metered feedpoint (C), adding a fan at the vent
filter’s outlet will help draw the leakage air through the vent
filter and capture ambient dust from the feedpoint.

Use a vented surge hopper for a conveying system
handling pellets, granules, or powders (either fluidized
or unfluidized) and operating at greater than 8 psig.

Risks. The most common mistake when using a vented surge
hopper is to add a static sock filter, which includes no clean-
ing mechanism, on the vent outlet. While the sock filter
works properly as long as it remains clean, when it gets dirty,
the dirt creates airflow resistance that forces the leakage air
to find another path out of the hopper or creates flow prob-
lems upstream and at the airlock. To avoid these problems,
use a sock filter only when handling a material that contains a
negligible amount of fines. Another common mistake when
using a vented surge hopper is to use the flood-fed option
when handling a powder. The leakage air can fluidize the
powder, which will cause the material level in the surge hop-
per to equalize with the pressure from the static head of mate-
rial in the storage vessel; this in turn will overfill the surge
hopper with powder and clog the vent filter.

Figure 3
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Recommendations. Use a vented surge hopper for a con-
veying system handling pellets, granules, or powders (ei-
ther fluidized or unfluidized) and operating at greater than
8 psig. When handling a powder, meter the feed to the air-
lock, using either a secondary airlock or metered feed-
point. Also use a vented surge hopper when you need to
deliver material at a metered rate to your conveying system
and aren’t able to accurately control the feedrate with a
standard airlock arrangement.

3 Vent pipe to storage vessel top

In this method, the leakage air is removed from the material
by a vented surge hopper that doesn’t have a dedicated vent
filter, as shown in Figure 4. Instead, a vent pipe is coupled
to the hopper’s vent stub and runs to the top of a storage ves-
sel that fills material into the surge hopper. When the mate-
rial is fed from the storage vessel into the hopper through a
rotary airlock valve (shown at A in the figure), the leakage
air exits through the vessel’s bin vent filter. When material
is flood-fed from the storage vessel (B), a fan is added to
that vessel’s bin vent filter to create a negative draw on the
vessel, which helps exhaust the leakage air.

Benefits. This method allows the leakage air to get to the
storage vessel’s top through a vent pipe without having to
pass through the stored material. This alleviates some of
the concerns discussed under method 1, including the po-
tential for creating a pressurized gas bubble above the air-
lock that slows or stops material flow.

Risks. The vent pipe’s diameter and routing are very sensi-
tive to the conveyed material and the conveying system’s
operating conditions. In this method, the leakage air vol-
ume from the airlock serves as the conveying medium for
particles entrained in the leakage air, and so these particles
must be conveyed successfully through the vent pipe using
this leakage air volume. However, the leakage air volume
fluctuates with conveying pressure, making it inherently
unreliable as a conveying medium. The result can be a
plugged vent pipe. A vent pipe routing with all steep verti-
cal angles can alleviate this problem by allowing material
that hasn’t been successfully conveyed through the vent
pipe to flow by gravity back down the pipe to the surge
hopper rather than plug the pipe. For this reason, it’s best
to avoid using a horizontal vent pipe.

Leakage air in the flood-fed arrangement (B) tends to en-
train the most particles, regardless of the material handled,
but especially with a powder. That’s why the flood-fed ves-
sel requires a fan: The fan creates a negative draw on the
vessel that prevents vent pipe plugging. But the vent pipe is
a hard connection (that is, a connection that doesn’t allow
any ambient air into the pipe), which will limit the convey-
ing air volume in the vent pipe to that leaked only from the
airlock. To solve this problem, you can use a soft connec-
tion (the lateral connection in Figure 4), which joins two
pipes — one from the surge hopper vent and one open to
the atmosphere — into one vent pipe that leads to the stor-
age vessel. The lateral connection allows the vent pipe to
continuously draw enough ambient air from the atmos-
phere to successfully convey the leakage air’s entrained
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particles through the vent pipe while still capturing the
leakage air and entrained particles from the surge hopper.

Recommendations. If you’re handling pellets or granules
and your storage vessel doesn’t have a fan, you can use the
vessel arrangement with the rotary airlock valve (A), or, if
the vessel has a fan, you can use the flood-fed arrangement
(B). If you’re handling pellets with negligible fines, you
can use the vessel arrangement shown in A but without the
airlock below the storage vessel.

I Central dust collection

With this method, a plant’s central dust collection system
collects the leakage air along with any entrained particles
from the rotary airlock valve’s vented surge hopper. The
dust collection system fan supplies a negative draw to en-
sure that the leakage air follows a path through the surge
hopper and its vent into the dust collection system, as
shown in Figure 5. The vented surge hopper, which
doesn’tinclude a dedicated filter, provides the initial sepa-
ration of entrained particles from the leakage air before the
airis drawn into the dust collection system.

Benefits. Unlike method 3, this method doesn’t rely on the
leakage air volume as the conveying medium for particles
entrained in the leakage air. The negative draw from the dust
collection system fan makes the route out of the surge hop-
per’s top the path of least resistance for the leakage air. The

central dust collection system can also serve all the airlock
feedpoints in a conveying system with multiple feedpoints.

Risks. The most common mistake in applying this system
is using a hard pipe connection to the surge hopper vent,
which allows the dust collection system to draw only the
air volume released by the airlock. This limits the system
to using only that volume for handling any entrained parti-
cles, which can potentially cause vent pipe plugging. A
soft pipe connection at the surge hopper vent, such as those
shown at A and B in Figure 5, allows the dust collection
system to draw ambient air. This allows the dust collection
system duct to draw in the leakage air volume and addi-
tional ambient air required to maintain sufficient duct ve-
locities. At A in Figure 5, the soft connection is a larger
pipe surrounding, but not coupled to, the vent stub, with
the larger pipe open to the atmosphere. At B, the soft con-
nection is the same one shown in Figure 4, where two
pipes join paths at a lateral connection, with one pipe open
to the atmosphere.

Even when this central dust collection method is used cor-
rectly, one drawback remains: The entrained particles in
the leakage air collected by the dust collection system are
often discarded as waste, which is inefficient. For handling
a high-value material, another method for venting leakage
air would be a better choice.

Recommendations. Use this method with a conveying
system handling pellets, granules, or powders when your
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plant has an existing dust collection system. Exceptions
are when you’re handling a high-value material that
should be captured and reclaimed, and when you'’re flood-
feeding powder to the surge hopper, because the dust col-
lection system can draw material from the surge hopper in
addition to particles entrained in the leakage air.

Eductor-driven capture

This method uses an eductor on the vent pipe from the ro-
tary airlock valve’s surge hopper to capture — rather than
vent— the leakage air, as shown in Figure 6. The eductor,
which is a venturi device that uses pressurized gas to create
a vacuum, draws leakage air and entrained particles from
the surge hopper into the eductor housing and then posi-
tively conveys motive air (typically from an air compres-
sor) along with the leakage air and entrained particles to a
desired destination. This destination can be the conveying
line (at A in the figure) or the top of a storage vessel sup-
plying the surge hopper (B).

Benefits. This method uses a dedicated device — the
eductor — to capture the leakage air and entrained parti-
cles and then transfer the mixture of leakage air, entrained
particles, and motive air to the desired location. The
method provides the necessary conveying air volume to
handle heavier material loadings than some venting meth-
ods previously discussed.

Risks. An eductor is inherently inefficient because of the re-
quired supply pressure in these applications. In Figure 6,

both eductors use compressed air as the motive air, and the
required volume can be substantial. The arrangement where
the eductor injects the mixture of leakage air, entrained par-
ticles, and motive air into the conveying line (A) is limited to
use with conveying systems operating at less than 5 psig.

Recommendations. Use an eductor for a conveying sys-
tem handling pellets, granules, or powders at an operating
pressure under 8 psig when compressed air is available as a
motive air source and other leakage air venting methods
are undesirable. Use the eductor primarily to convey the
mixture of leakage air, entrained particles, and motive air
to a storage vessel’s top. If your conveying system is oper-
ating at less than 5 psig, you may consider injecting the
mixture into the conveying line.

Airlock body vent

Rather than a leakage-handling method, the body vent
(also called a boss vent) is a feature — a port in the airlock
housing — added to the rotary airlock valve to release
leakage air from the rotor pockets, as shown in Figure 7.
Two airlock sources contribute to the total volume of leak-
age air. One is air leaking through the rotor-tip-to-housing
clearance (Figure 1). The other is pressurization of the
empty rotor pocket’s air volume up to the conveying pres-
sure, which happens before the pocket reaches the mate-
rial inlet at the airlock’s top center, and the volume’s
expansion back to atmospheric conditions, which happens
when the pocket reaches the inlet. The body vent releases
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the pressurized rotor pocket’s air volume before the pocket
rotates back to airlock inlet.

Airlock body vent

L‘/ Vent

pipe

Body
(boss)
vent

Benefits. The rotor pockets in a larger airlock can contain a
large volume of pressurized air, which impedes material
flow into the airlock’s material inlet. Releasing this air
from each pocket through the body vent, before the pocket
rotates up to the inlet, can minimize this problem. This
early air release is also a benefit for an airlock operating in
a conveying system at 12 psig or higher pressure, where
otherwise the sudden release of pressurized air from each
pocket creates a large, disruptive pulse in the material flow
into the conveying line. The early air release also increases
the fill efficiency of an airlock rotating at high speed (18
rpm or faster), in which each pocket has a shorter exposure
time to receive material at the airlock’s inlet.

Risks. The body vent removes a small portion of the seal-
ing wall between the rotor tips and housing inside the air-
lock and can lead to a somewhat higher leakage air volume
than in an airlock without a body vent. Another problem is
that any material that fails to feed from the airlock’s bot-
tom outlet into the conveying line is likely to be released
through the body vent with the leakage air.

Recommendations. Use the body vent with a conveying
system handling pellets, granules, or powders in an appli-
cation where the rotary airlock valve is especially large
(greater than 2.5 cubic feet per revolution), rotates at 18

Table |

Recommended methods for handling leakage air in pressure pneumatic conveying applications

Application (material, feeding method, and conveying system operating pressure)

Pellets Granules

Powder

Influidized state In unfluidized state

Metered Flood-fed Metered

Flood-fed

Metered Flood-fed Metered Flood-fed

Method

<8psig >8psig <8psig >8psig <8psig >8 psig <8psig >8psig <8psig >8psig <8psig >8psig <8 psig >8 psig <8 psig >8 psig

1Direct
connection
to storage
vessel

2\ented surge
hopper

3Ventpipe
to storage
vesseltop

4 Central dust
collection

5Eductor-driven
capture'

6 Airlock body
vent

'Note: Arrange the eductor to inject the leakage air, entrained particles, and motive air into the conveying line only with a conveying system operating at less than 5

psig.
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rpm or faster, or operates at a differential pressure of 12
psig or higher. (A piston-flow dense-phase conveying sys-
tem usually has a body vent because of its elevated operat-
ing pressure.) You can also use this method in combination
with any of the previously discussed methods for venting
airlock leakage.

Making a choice

While the methods for handling rotary airlock leakage dis-
cussed here cover many types of pressure pneumatic con-
veying applications, the varieties of materials being
conveyed in today’s bulk solids plants and the processes in
which conveying systems operate are virtually infinite. For
this reason, consider the recommendations for each
method as general guidelines to help you avoid common
mistakes in solving airlock leakage problems.

To choose a venting solution that will work well in your
application, use what you’ve learned in this article to initi-
ate a discussion with your plant engineer and the engineer-
ing company or pneumatic conveying supplier that will
design and install your conveying system. Table I can be a
helpful tool during this process. This table summarizes the
recommendations for each method and provides more de-
tail about suitable applications for each. If you find that
more than one method is suitable, consider the cost, ease
of implementation, and related factors for each to deter-
mine which method is best for your plant.

For some applications listed in Table I, few or no methods
for handling leakage air are recommended, which means
that you may need to modify your application to solve the
problem. For instance, no method is recommended for a
conveying system handling flood-fed unfluidized powder
and operating above 8 psig (far right column). In this case,
modifying your application — such as by fluidizing the
material or adding a metering device to your equipment
arrangement — may be the best solution for venting the
leakage air. PBE

For further reading

Find more information on rotary airlock valves in articles
listed under ““Valves” and “Pneumatic conveying” in Pow-
der and Bulk Engineering‘s comprehensive article index
at www.powderbulk.com and in the December 2007 issue.

Jonathan O. Thorn is director of technology at MAC
Equipment, 7901 Northwest 107th Terrace, Kansas City,
MO 64153; 816-891-9300 or 800-821-2476, fax 816-891-
8336 (thornj@macequipment.com, www.macequipment
.com). He holds a masters degree in chemical engineering
from the University of Pittsburgh and has 13 years experi-
ence in the bulk solids handling industry.

Buusaulbuz yng pue lspmod ‘Bulysiiand DS ybuidod




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not downloading low Res ads from AdSpring.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


