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Reduction of operating costs by up to 40%
through state-of-the-art dust removal technology

Industrial bag filters provide

a fundamental technological
edge by easily meeting
applicable limit values in a
single-step process even at high
volumetric flows and dust loads.
Reducing energy consumption
of the filtering installation —
today in the majority of cases
jet pulse bag filters - is very
important in this context. The
article presents innovations
with regard to design, control
and filtration technology,
reducing the specific energy
consumption of dust removal
systems using jet pulse bag
filters.
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Figure 1. Waste gas treatment plant

Plant’ operators’ are installing waste
gastreatment systems togcomply with
légal regulations and to inerease prod-
uct_recovery (figure 1)NIf particulate
emissions are concerned, separator
typesdas cyclones,wet scrubbers, elec-
trostatic precipitators and bagfilters
are used. Industrial bag filters provide
a fundamental technological edge as
they easily meet applicable limit val-
ues in a single-step process even at
high volumetric flows and dust loads.
These advantages are the reasons why
scrubbers, centrifugal and electrostatic
precipitators are increasingly replaced
with filtering separators, in particular
bag filters.

At the same time, the trend towards
further reduction of energy consump-
tion in all sectors of the producing
industry is unbroken. Dust removal
installations used for product recovery
from gas streams and in waste gas puri-
fication are particularly affected by this
trend. These installations handle volu-
metric flows ranging from a few thou-
sand to 2 million m3/h and are often in
continuous operation. In this context,
reducing energy consumption of the
filtering installation, today mainly jet

pulse bag filters, is a very important
factor.

Increasing energy efficiency
of jet pulse bag filters

Filtering separators of Intensiv-Fil-
ter design feature a cross-flow raw gas
infeed. The dust-laden gas enters the
housing through the raw gas pipe, im-
pacting on the distribution plate. Here
a separation takes place, reducing the
speed of the flow. The raw gas flow is
homogenized and channelled in cross
flow to the filter bags. The particles de-
posit on the surface of the filter medi-
um and subsequently on the surface of
the filter cake forming on the filter me-
dium. In order to achieve stationary op-
eration, i.e. a stable pressure drop (Ap,)
of the filter, the bag filter is cleaned at
regular or variable intervals. The flow
resistance of the filter is a result of the
pressure drop of the filter cake (Ap,.)
and the filter medium directly after jet
pulse cleaning (residual pressure drop
Ap,). All further flow resistances (from
raw gas inlet to filter cake surface, flow
pressure drop of the internal bag flow,



clean gas flow from bag outlet to clean
gas channel outlet) are combined in
the housing pressure drop (Ap,).

The cyclic cleaning of the filter is
carried out during filtering operation
by means of compressed air pulses
blasted by injectors into the open fil-
ter bags. In this operating mode, i.e.
online mode, the raw gas volume flow
is constantly filtered. Immediately
after jet pulse cleaning, the particle
concentration in the proximity of the
filter bag is very high. In this condi-
tion, and especially with fine-particle
dust and low agglomeration tendency,
the already removed particles are refil-
tered. This “internal” dust circulation
may constitute a significant portion
of the filter cake mass and contributes
to the pressure drop (Ap,.). As a basic
technical measure to enhance energy
efficiency, shut-off valves (butterfly,
gate or other valves) in the raw and/
or clean gas ducts are used to put the
filter modules of the filtering installa-
tion into a flow-free state during clean-
ing. This is termed “offline” operation
mode, or “semi-offline” (only the clean
gas side is shut off). This measure effec-
tively prevents any repeating depos-
iting of dust layers. At the same time,
in the offline mode impulse cleaning
can be performed at low compressed
air intensity (reservoir pressure of the
compressed air tank 0.1 to 0.3 MPa). In
addition to the main effect of decreas-
ing the pressure drop ofithe filter cake,
compressed air consumption is signifi-
cantly reduced.

CFD (Computational Fluid Dynam-
ics) simulation makes it possible to pre-
dict the flow, temperature and pressure
drop distribution of bag filters having a
complex' geometry. CED-based design
optimisation,has led to improved baf<
fle plates and wall-mounted raw gas
butterfly valves. These/measure$ con-
tribute to the reduction of theé housing
pressure drop Ap,.by morethan 20 %.

The Coanda"ihjector cleaning
system

One of the decisive factors for energy-
efficient operation of a jet pulse bag fil-
ter is the injector system. The cleaning
process must completely remove the
filter cake along the entire bag length.
At the same time, the “rug-beater ef-
fect” of the filter medium repulsing
back against its supporting cage must
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Figure 2. Comparison of different injector systems
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Figure 3. Characteristics of cleaning mode based on control of supply pressure

be minimized by appropriately modi-
fying the pressure profile. Many injec-
tor systems consist of a blast pipe with
simple boreholes as hole-type nozzles
(known as a nozzle injector, figure 2a).
This can be significantly improved by
optimizing the nozzle geometry, thus
converting the static energy in the blast
pipe into a directed flow of compressed
air (figure 2b). The cleaning system
developed by Intensiv-Filter under
the name “Coanda injector” exploits
the Coanda effect, whereby the com-
pressed air escaping via an annular gap
is directed over a curved surface. The
primary air thus follows the bound-
ary layer, which does not separate from

the wall due to the geometry of the
Coanda injector. Within the first in-
jector step, an extremely high nega-
tive pressure is created. With that, sec-
ondary air is sucked into the injector
creating a propulsion jet which, com-
pared to the other variants mentioned,
shows a greatly increased amount of
air (figure 2c). This air jet enters the
inlet nozzle, constituting the second
injector step, during which more sec-
ondary air is sucked in. Compared to
other injectors, these systems set a
benchmark in that the Coanda injec-
tor achieves the maximum pressure
impulse independent of the tank pres-
sures.
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off the cleaning process. Only when
the lower maximum permitted limit
has been reached (700 Pa line), does the
cleaning operation resume. If the clean-
ing system remains switched off due to
low differential filter pressure, forced
cleaning can be carried out if necessary
to avoid large accumulation of dust.
The operating data of the bag filter is
thus permanently maintained at the
desired operating point ensuring mini-
mum compressed air consumption.
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Figure 4. Design and energy flow diagram for ProJet mega®, offline operating mode

JetBus cleaning control
system

Today, cleaning is controlled by mi-
croprocessor technology and fieldbus
systems. The JetBus Controller® filter
control system developed by Intensiv-
Filter is a decentralized, modular con-
trol system. In addition to controlling
the diaphragm valves, it also controls
the pneumatically or electrically actuat-
ed raw and clean gas flaps and processes
signals from field sensors, such as “bro-
ken bag detectors”. When cycling the
pressure pulses, it differenti
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Figure 3 shows the control charac-
teristics of the cleaning mode based ‘ % The newly
on supply pressure control. He d ed P
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necessary pressure of the comp all the meas for energy efficiency
Crease be in this section. These

air tank is determined by t
filteping i tallatlons have a modular
es nsisting of standardized com-
e

ponents and covering a wide volumetric

ow range from auxiliary dust removal
installations to large process filter plants.
Figure 4 shows a partial view of a ProJet
mega® process filter, including an energy
flow diagram which compares the en-
ergy requirements with those of conven-
tional jet pulse bag filter design.
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pres the permissible
range, andsthi ing pressure is kept
constant& MPa. With this setting,

e differential pressure drops below
lower limit (700 Pa), at which point
cleaning pressure is reduced once
re (position 3). If the filter differen-
al pressure falls below the lower maxi-

mum permitted limit and continues to
fall (position 4), the system switches

Energy-efficient technology
for filtering installations in
online mode

After perfecting the injector system,
the cleaning control system and the
offline operation mode, Intensiv-Filter
has recently turned its attention to de-
veloping its own filter media. The main
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Figure 5. Pressure drop curves for various filter media and cycle times
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Figure 6. Pressure drops measured on a real filter

challenge in designing a filtering plant
is always to combine high particulate
retention efficiency with low mainte-
nance demands and operating costs.
Here the filter media play an important
role. The pressure drop caused by the
filter medium and the deposited filter
cake makes by far the greatest contribu-
tion to the energy costs. The develop-
ment work therefore focused on reduc-
ing the pressure drop. Thesnew ProTex
filter media generationds the result of
this development.

Unlike conventional filtéer mediaj Pro-
Tex filter mediafeaturemicrofibers with
a titre of < 1.5 dtex of the upstream side
(betweenythe raw gas side and the back-
ing fabric). These are arranged so as to

produce a significantly smaller gradient
on the pressure drop curve in the first
filtration phase after jet pulse cleaning
(figure 5). This effective measure alone
significantly reducesithe differential
pressure within the filtration cycle.

The characteristies, of " ProTex were
compared with those of materials\cur-
rently ‘available on the gnarketyusing
the test specifications of VDI 3926. The
tested materials included,a needle felt
with a laminated ePTFE membrane, a
conventional microefiber needle felt and
the new ProTex,PES filter medium. Pural
SB and cement were used as test dusts.
Particular attention was paid to the dif-
ferential pressure curve, residual pres-
sure drop and clean gas concentration.

Figure 5 shows the differential pres-
sure profiles of the filter media over one
filtration cycle (criterion for aborting
= differential pressure of 1,000 Pa) in
a quasi-stationary operating state, i.e.
once the medium had been aged by be-
ing subjected to pressure impulses of
10,000 cleaning cycles. The filter me-
dium with laminated ePTFE membrane
showed a minimal pressure gradient in
the pressure drop curve directly after
cleaning, but a very high residual pres-
sure drop attributable to the irrevers-
ible deposition of dust in the pores of
the membrane. The conventional mi-
crofiber medium,exhibited a relatively
low residual pressure drop but a high
rise in the pressure drop curve,directly
after cléaning'so thatthe pressurerdrop
level reached)at the end of,thedcycle
was_approximately the ‘same“as that
for‘the ePTFE membrane media. The
newly developed Prolex filter medium
showed bothsa small gradient on the
pressure drop curve and a low residual
pressure drop, for both test dusts. The ir-
regularities’in the linear progression of
the'curve during the tests with cement
dust, which increased as the filter cake
became thicker, can be attributed to
compression processes in the dust cake.

Tests with a 10-bag pilot plant con-
firm the great potential of the ProTex
filter media for reducing differential
pressure (figure 6). The first series of di-
agrams shows the differential pressure
curve over the measuring period when
using ProTex PES, a conventional micro-
fiber needle felt and a standard needle
felt at a cycle time of 300 s. When using
the ProTex filter medium, the average
differential pressure (measuring points
on the raw and clean gas sides) can be
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Figure 8. Comparison of operating costs and savings potential



reduced by more than 40% compared
to that of a conventional microfiber
medium. Compared to the results with
a conventional PES needle felt filter me-
dium (without microfibers), the differ-
ential pressure level dropped by 60%.

The second series of charts in figure 6
shows the differential pressure charac-
teristics when using the ProTex filter
medium with reduced cycle times (100
s and 200 s). When the cycle time is re-
duced to 100 s, the ProTex filter medi-
um attains a mean differential pressure
which is less than that of the benchmark
by a factor of 4 (needle felt medium and
operation at a cycle time of 300 s).

The conventional needle felt demon-
strated emissions between 10 and 20 mg/
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m3, which is a sign of strong penetration
of the particles into the filter medium
and an open pore structure. The total
dust concentration detected in the clean
gas was even lower regarding the use of
the conventional microfiber medium
and the ProTex filter medium in the pi-
lot plant. Both filter media will therefore
easily reach the limits imposed by TA
Luft (German Clean Air Act). These low
limits were still achieved when the cycle
time was further reduced to 100 s.

Results

Figure 7 shows the energy flow
diagram of a ProJet mega® filter with

ProTex filter media using the Three E
technology (optimum cleaning con-
trol system) in online mode. A com-
parison of the operating costs of con-
ventional filtering installations with
the new developments described in
this article, i.e. ProJet mega® in off-
line mode and ProJet mega® with
ProTex filter media using Three E in
online mode (figure 8), highlights
the economic relevance of the new
technology. The new filter technol-
ogy is currently being rolled out for
series applications. At the same time,
we are working omexpanding the
Intensiv-FilteroProTex wfilter media
portfolio to high temperature appli-
cations. |

MPT International 6/2009 63



