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ABSTRACT

In this study the filtration velocity and filtration pressure drop at the beginning of
bag cleaning were used as experimental parameters to evaluate the bag-cleaning per-
formance of a pulse-jet baghouse. The effective residual pressure loss was used to in-
dicate the cleaning performance after bag cleaning. Two different test dusts, fly ashand
limestone, were used. The critical cleaning indices under different operation conditions
for bag cleaning were also investigated. A critical average pulse overpressure was
found to exist beyond which bag-cleaning performance did not improve much. It was
found thefilter’ sfinal filtration resistance is an important parameter to decide whether
a Venturi is necessary for a good bag-cleaning performance or not. Use of a Venturi
was found to increase the average pulse overpressure for a system with afilter’ sfina
resistance coefficient greater than about 500 Pa-s/cm. However, no Venturi is recom-
mended when the filter’ sfinal resistance coefficient is smaller than 500 Pa-s/cm.

INTRODUCTION

Fabric filtration and bag-cleaning performance of a baghouse have been
investigated extensively (1-4). Many design and operating parameters in-
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212 TSAI, TSAI, AND LU

fluence the performance of a pulse-jet baghouse, including tank size, tank
pressure, blow tube diameter, discharge characteristics of diaphragm valve,
nozzle diameter, Venturi type, pulse duration, dust properties, etc. Many
previous investigators (3, 5—7) pointed out that acritical cleaning efficiency
existsfor different indices of cleaning intensity, such asthe peak pulse over-
pressure, the average pulse overpressure inside the bag, and the fabric ac-
celeration. If the index of cleaning intensity exceeds the critical value, the
cleaning efficiency improves only slightly while the dust emission will in-
crease.

In aprevious study apilot-scale pul se-j et baghouse was designed and tested
for investigating the performances of filtration and bag cleaning using fly ash
particles at afixed filtration velocity of 2 cm/s and afiltration pressure drop
of 6in. H,O (or 1500 Pa) (8). The effectiveresidual pressure drop APg, which
isthe intercept of the linear portion of the pressure drop versus filtration time
with the ordinate, was used as the index of bag cleaning. It was found that a
critical cleaning average overpressure of 500-600 Pa for an effective bag
cleaning exists. The addition of a Venturi was found to increase the average
pulse overpressure appreciably, hence increasing the cleaning effect for fly-
ash particles. Whether or not the same conclusion can be reached for different
dust particles at different filtration velocities and different pressure drops at
bag cleaning remains to be investigated.

PREVIOUS WORK

The dust accumulates on the fabric to form adust cake in thefiltration pro-
cess. When the dust accumul ates on the fabric bag, the filter drag is described
by the following basic filtration equation (9):

AP/ = § = S + Ko(W = WR) = & + Kawp (1)
or
AP = (& + K:Wo)yr = APe + KoWour = Rewy (2

where AP isthe pressure drop across the filter bag, v isthefiltration velocity,
Kz isthe specific resistance coefficient of the dust cake, § isthefilter drag, S
is the effective drag of residual dust, W is the mass areal density of the dust
cake, Wr istheresidual dust areal mass density, Wy isthe dust mass areal den-
sity added during the filtration cycle, R; is the filter's final resistance coeffi-
cient, and APg is the effective residual pressure drop (= Scv). In the above
eguations the cake repair period is assumed to be relatively short compared to
the homogeneous dust cake period.

When the pressure drop exceeds a preset value, the dust cake must be re-
moved by pulse-jet cleaning. A critical pulse-jet cleaning energy exists be-
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yond which bag cleaning improves only slightly. Klingel and Loffler (12)
pointed out when the air-pressure impulse (PI) in the fabric bag is greater than
50 Pa-s, dust removal efficiency does not increase further. Air-pressure im-
pulse Pl is defined as the integral of pressure versus time over a pulse dura-
tion, or Pl = ¢ p(t)dt (Tpa = pulse duration). Humphries and Madden (3)
found that there isaminimum pulse pressure of about 0.3 kPain thefabric bag
which removes about 60% of the dust cake from the fabric. Increasing the
pulse pressure beyond this minimum value resultsin only aslight increase in
the amount of dust dislodged. Sievert and Loffler (7) aso showed that it is
necessary to reach acritical static overpressure of 400-500 Pa at all locations
along the length of abag in order to achieve agood fabric-cleaning efficiency.
The overpressureis defined as the pul se pressure minus the bag pressure drop.
For fly-ash particles, Lu and Tsai (8) found that the critical cleaning average
pulse overpressure is 500-600 Pafor fly-ash particles.

During pulse-jet cleaning, a short burst of compressed air is discharged
from anozzle and usually directed through a Venturi into the filter bag to in-
crease the pulse pressure within the bag. This nozzle-Venturi system isthe so-
called jet pump (6, 10, 11). Figure 1 shows atypical jet pump curve, pulsing
power curve, and bag operating lines of a pulse-jet fabric filter. A jet pump
characteristic curve varies with the initial tank pressure, nozzle size, Venturi
configuration, and the distance between the nozzle and Venturi. The maxi-
mum pulse pressure developed in the bag by the jet pump is obtained at zero
flow rate. Conversely, the maximum flow rate through the Venturi is obtained
at zero pulse pressure, or when the bag has zero resistance.
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- 4 400
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4000 [ 4 300
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FIG.1 Typica jet pump and pulse power curves.
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Different bag operating lines are shown as solid straight lines A (higher re-
sistance coefficient) and B (lower resistance coefficient) in Fig. 1. The oper-
ating points, such as Point 1, 2, and 3, are the interceptions between the bag
operating linesand the jet pump curves. Theintercept of the bag operating line
with the vertical coordinate dictates the pulse pressure developed inside the
bag during bag cleaning. Points 1, 2, and 3 represent the operating points. For
the system with higher resistance coefficient such as Line A, the developed
pulse pressure will be higher than the system with lower resistance coefficient,
such as Line B. The pulsing power curve, which is calculated from the prod-
uct of the jet pump flow rate and the developed pulse pressure, is aso shown
in Fig. 1. A maximum cleaning power point (MCPP) represents an optimum
operating condition, which can be used together with the bag operating line to
judge the stability of a baghouse operation.

Lu and Tsai (13) investigated the performance of the Venturi using filter
bags of different resistance coefficients. They found that the required initia
tank pressure and energy can be reduced with the use of a Venturi for a bag
with a high resistance coefficient. Conversely, when the resistance coefficient
of the bag islow, aVenturi isfound to increase the energy consumption. That
is, a higher pulse pressure was achieved without the Venturi for bags with a
low resistance coefficient. For bags with higher resistance coefficients, a
higher pulse pressure is obtained with a Venturi installed.

In this study a pilot-scale pulse-jet baghouse was tested to investigate the
performance of bag cleaning under different filtration velocities and different
pressure drops at the beginning of bag cleaning. The objective of thisstudy is
to determinethe critical cleaning indices under different operating conditions.
Theinfluence of installing aVenturi and different nozzle diameters on the per-
formance of bag cleaning under different filtration velocities and different test
particles was also examined.

EXPERIMENTAL METHOD

The schematic diagram of the pilot-scale pulse-jet bag filter for testing the
performance of dust filtration and bag cleaning is shown in Fig. 2. The
equipment consists of acompressed air reservoir, diaphragm valve, air blow
tube, nozzles with or without Venturi, fan, dust feeder, and a baghouse com-
partment. The compressed air tank volume was 0.08 m3; the blow tube di-
ameter was 8.3 cm. The Venturies used in the experiment are shown in Fig.
3. A type-1 Venturi is of aconventional design and atype-2 Venturi is abet-
ter design which minimizes flow separation in the divergent section. Inside
the baghouse compartment, two 1.5 m long and 127 mm diameter fabric
bags made of polyester with an acrylic coating were installed. A cylindrical
cage supported the bags. A flow rate control device including an orifice, a
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FIG. 2 Schematic of experimental setup.

pressure transducer, and a control valve were set downstream of the bag-
house to measure the air flow rate during filtration. The filtration velocity
was kept constant at 2, 3, or 4 cm/s. The test dusts were limestone and fly
ash. The fly ash was obtained from a local coal fire power station and its
MMAD (mass median aerodynamic diameter) and o4 (geometric standard
deviation) were measured in the baghouse by a MOUDI cascade impactor
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type 1, conventional venturi

-<«—135 mm—»l

115 mm

type 2, specially designed venturi

<150 mm
|-<—-100mm_>| i}_

FIG.3 Type-1andtype2 Venturi.

(Multi-Orifice Uniform Deposit Impactor, Model 100, MSP Inc., St Paul,
MN, USA) to be 6.0 pwm and 2.1, respectively. Limestone was obtained from
alocal manufacturer and its MMAD and o4 were measured to be 2.62 pm
and 2.2, respectively.

The test dust was fed into the baghouse from a homemade screw-type dust
feeder |ocated before the gasinlet duct and dispersed by 40 psi compressed air.
There was a speed control device to control the output dust concentration of
the dust feeder. Dust mass concentration inside the compartment was deter-
mined by the gravimetric method for each test during filtration.

Conditioned bags were used. The bags were conditioned by running the
baghouse using the test dust for many filtration cycles until the filtration time
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and residual pressure drop became nearly constant. For the current experi-
ment, this conditioning process lasted for over 50 hours. During filtration, the
pressure drop AP across the bag and the volume flow rate were measured con-
tinuously. The pressure drop versus time curve can be used to decide the ef-
fective residual pressure loss and the specific resistance coefficient, K, of the
dust cake. After attaining a pressure drop of 6 or 8 in. of H,O (1500 or 2000
Pa), the diaphragm valve was opened and the compressed air was discharged
into the bag from the nozzle to remove the dust accumulated on the bag. The
dislodged dust fell down to the hopper and was removed by the rotary valve.
The tank pressure, the nozzle diameter, and the Venturi were varied for the
pulse-jet cleaning system to obtain different operating conditions.

RESULTS AND DISCUSSION

Filtration Curves under Different Operating Conditions

Typical filtration curves obtained at different cycles are shownin Fig. 4 for
limestone particles when the type-2 Venturi was used. It is seen that the cycle

2000 T T T T I 1 I U T ] T T T T I T T T T I T T T T I T T T T

- i = = 3 =
1750 type-2 venturi, d,=13 mm, C= 6.04 g/m?, V=3 cm/sec
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0 5 10 15 20 25
filtration time, min

w
o

FIG.4 Typicdl filtration pressure drop versusfiltration time for different cycles. Pressure drop
at bag cleaning = 1500 Pa, type-2, Venturi, d, = 13 mm, Pyo = 196 kPa, [imestone.
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time (or filtration time) is nearly constant at 4 minutes when the bags are well
conditioned before the experiment. The specific dust cake resistance coeffi-
cient K, can be obtained from such filtration curves by fitting the data by lin-
ear regression, Eg. (2), and the effective residual pressure drop APg can be ob-
tained from the intercept of the linear portion of the curve with the ordinate.
Figures 5(a)—(c) show the typical relationship of filtration pressure drop ver-
sus filtration time under various initial tank pressure conditions with no Ven-
turi used. The pressure drop at bag cleaning was fixed at 2000 Pa (or 8
in.H,0), the nozzle diameter wasfixed at 13 mm. It is seen that theinitial tank
pressure and filtration velocity influence the shape of the filtration curves.
When the initial tank pressure is increased, the residual pressure drop is de-
creased while the slope of filtration stays almost constant aslong asthefiltra-
tion velocity is kept constant. With the initial tank pressure exceeding acriti-
cal value, thefiltration curveswill overlap and the residual pressures drop will
remain the same. For example, it is seenin Fig. 5(a) that the filtration curves
for puo greater than 294 kPa almost overlap and the effective residual pressure
drops are adl closeto 169 Pa. Thisindicates that a critical tank pressure value
exists for effective bag cleaning. When the initial tank pressure exceeds this
critical value, the pulse-jet cleaning effect isimproved only dlightly.

When the filtration velocity is decreased to 3 or 2 cm/s, the corresponding
critical tank pressure will also be decreased to a value smaller than 294 kPa,
asindicated in Figs. 5(b) and (c). The corresponding effective residua pres-
sure drop is also smaller than 169 Pa. For example, when the tank pressureis
fixed at 196 kPa, the effective residual pressure drop is now 25 and O Pa for
the filtration velocity of 3 and 2 cm/s, respectively. At critical cleaning condi-
tions, the cycletimealso varieswith thefiltration velocity. The cycletimesare
2, 7, and 14 minutes for filtration velocities of 4, 3, and 2 cm/s, respectively.

If the pressure drop at bag cleaning is decreased to 1500 Pa (or 6 in.H,0),
the bag can be cleaned more effectively at a smaller tank pressure. The criti-
cal tank pressures are now 98, 196, and 294 kPafor filtration velocities of 2,
3, and 4 cm/s, respectively. The effective residual pressure drop is lower (0,
7.5, and 20 Pafor filtration velocities of 2, 3, and 4 cm/s, respectively) when
the tank pressure isfixed at 196 kPa.

Experimental filtration curves obtained using type-2 Venturi indicate that
the Venturi does not improve bag cleaning performance for limestone parti-
cles. The corresponding critical tank pressure and the effective residual pres-
sure drop are now higher than for the case without a Venturi. The critical tank
pressures are now 118, 294, and 392 kPa and the effective residual pressure
drops are now 0, 75, and 139 kPafor filtration velocities of 2, 3, and 4 cm/s,
respectively.

The above results are for nozzle diameter of 13 mm. Similar experimental
datawere also obtained for asmaller nozzle diameter, 8 mm. However, the ex-
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FIG.5 Filtration pressure drop versus filtration time at filtration velocities of (a) 4, (b) 3, and
(c) 2 cm/s. Limestone, no Venturi, d, = 13 mm, pressure drop at bag cleaning = 2000 Pa.
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perimental data indicate that both critical tank pressure and effective residual
pressure drop are greater than for the 13 mm nozzle diameter. That is, the bags
are more difficult to clean.

The specific dust cake resistance coefficient, Ko, can be calculated from the
filtration curves as

Ko (sY) =224 X 10°V 9955 fly ash (3)
Ko (s 1) =475 X 10° V¥ limestone (4)

It is seen from these two equations that the smaller limestone particles have
higher specific dust cake resistance coefficients than do the larger fly-ash par-
ticles; also, a higher filtration velocity will result in more dust cake com-
paction and higher resistance coefficients. Given all operation parameters
fixed, the effect of the higher resistant coefficient for limestone particlesisto
increase the pulse pressure devel oped inside the bag compared with particles
with alower resistance coefficient.

Average Pulse Overpressure and the Role of a Venturi

Figures 6(a)—(c) show that the average pulse overpressure increases as the
initial tank pressure increases for limestone particles when the pressure drop
at bag cleaning is 2000 Pa and the nozzle diameter is 13 mm. The average
pulse overpressure is calculated from the difference between the pulse pres-
sure inside the bag and that outside the bag. From Eq. (2), thefilter’ sfina re-
sistance coefficient Ry can be calculated from the ratio of the pressure drop at
bag cleaning, AP, and filtration velocity, ». Asshown in Fig. 6(a), if the fil-
tration velocity is kept at 4 cm/s (or Rr = 500 Pa-s/cm), the use of a type-2
Venturi will lower the pulse overpressure more than for a system without a
Venturi. However, if the filtration velocity is kept at 2 cm/s (or Ry = 1000
Pa-s/cm), the use of atype-2 Venturi will increase the pul se overpressure more
than will a system without a Venturi. That is, whether or not a Venturi is
needed depends on R;. A Venturi isnot suitable for asystem with alow resis-
tance coefficient (Rf smaller than about 500 Pa-s/cm). For a system with a
higher resistance coefficient (Rs greater than about 500 Pa-s/cm), useof aVen-
turi is suggested to reduce the required initial tank pressure and energy con-
sumption. Experimental data using the same parameters except for the pres-
sure drop at bag cleaning is lowered to 1500 Pa, which reconfirms the above
conclusion.

When fly-ash particles are tested, the above finding remains the same, as
shown in Fig. 7. The filtration velocity was kept at 2 cm/s, the pressure drop
at bag cleaning was fixed at 1500 Pa (or Ry = 750 Pa-s/cm), and the nozzle
diameter was varied from 8 to 20 mm. Figure 7 Indicates that the average
pulse overpressure for a system with atype-1 Venturi is indeed higher than
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FIG. 6 Relationship between average pulse overpressure and initial tank pressure at filtration
velocities of (@) 4, (b) 3, and () 2 cm/s. Limestone, pressure drop at bag cleaning = 2000 Pa,

dn, = 13 mm.
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FIG. 7 Relationship between average pulse overpressure and initial tank pressure for different
nozzle diameters. Fly ash pressure drop at bag cleaning = 1500 Pa, V; = 2 cm/s.

for a system without a Venturi for al the nozzle diameters tested. A larger
nozzle and a higher tank pressure are seen to increase the pulse overpressure
inside the bag when all the other parameters are fixed. The effect of the two
different types of Venturi on bag cleaning performance has not been deter-
mined.

The use of aVenturi is sensitive to variation of filtration velocity, as Fig.
8 shows. When operating at a higher filtration velocity, the pulse overpres-
sure developed in the bag becomes higher than when operating at alower fil-
tration velocity, assuming energy consumption is the same. On the contrary,
in asystem without aVenturi, the average pul se overpressure under different
filtration velocities remains nearly the same regardless of energy consump-
tion.

Multiple variable regression analysis shows that the average pulse over-
pressure can be related to the square root of the initial tank pressure and noz-
Zle diameter, as shown in Fig. 9 for limestone particles, when the system is
without a venturi. The filter’s final resistance coefficient is weakly related to
the average pulse overpressure. The empirical equation is

Pov = 224PR4PRP 20 (5)

where the units are Py, in Pa. Pyg in kg/cm?, Ry in Pa-s/cm, and d,, in mm.
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FIG. 8 Reationship between average pulse overpressure and energy consumption. (@) type-2
Venturi, (b) without Venturi. Limestone, pressure drop at bag cleaning = 2000 Pa, d, = 13 mm.

Critical Cleaning Indices

Lu and Tsai (8) found that the critical cleaning average pulse overpressure
is 500-600 Pafor fly-ash particles. Their experiment was done at a fixed fil-
tration velocity of 2 cm/s. As can be seen from Fig. 6, the average pulse over-
pressure is directly related to the initial tank pressure. In addition, many other
factors, such asfiltration velocity, use of aVenturi, pressure drop at bag clean-
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FIG. 9 Comparison of empirical average pulse overpressure with experimental data, no
Venturi. Limestone.

ing, and nozzle diameter, will influence the average pulse overpressure, and
thus the critical cleaning average pulse overpressure. If the filtration velocity
isfixed at 2 cm/s and no Venturi is used, the critical cleaning average pulse
overpressure is found to be 1000 Pa for limestone particles. This value will
change to 800 Paif atype-2 Venturi is used. For other conditions, the critical
cleaning pulse overpressure can be extracted from filtration curves such as
Fig. 6. The critical pulse overpressure for limestone is seen to be higher than
that of fly-ash particles, which indicates that smaller limestone particles are
more difficult to remove from the bag than bigger fly-ash particles.

CONCLUSIONS

A pilot pulse-jet baghouse was used to investigate the critical conditions
and the role of a Venturi by using two different test dusts under different op-
erating conditions.

The filtration velocity and filtration pressure drop at the beginning of bag
cleaning were used as experimental parameters to evaluate the bag-cleaning
performance of a pulse-jet baghouse. The effective residual pressure loss was
used to indicate the cleaning performance after bag cleaning, and two differ-
ent test dusts, limestone and fly ash, were used. A critical tank pressure (or a
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critical average pulse overpressure) was found to increase with filtration ve-
locity and is different for different types of dust. Whether aVenturi isused or
not also influences the critical bag-cleaning conditions. It was found the fil-
ter’sfinal filtration resistance is an important parameter to decide whether a
Venturi isnecessary for good bag-cleaning performance. Use of aVenturi was
found to increase the average pulse overpressure for asystem with afilter’ sfi-
nal resistance coefficient greater than about 500 Pa-s/cm. However, no Ven-
turi is recommended when the filter's final resistance coefficient is smaller
than 500 Pa-s/cm.
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NOTATIONS
C dust concentration in the baghouse (g/m?3)
dn nozzle diameter for bag cleaning (mm)
Ko specific resistance coefficient of the dust cake (s 1)

AP filtration pressure drop (Pa)

APEe effective residual pressure loss (Pa)

Pov average pulse overpressure (Pa)

Pio initial tank pressure for bag cleaning (kg/cm?)
Re filter’ sfinal resistance coefficient (Pa-s/cm)
S effective drag of residual dust (Pa-s/cm)

S filter drag (Pa-s/cm)

t filtration time after each bag cleaning (s)

U filtration velocity (cm/s)

W mass areal density of the dust cake (g/cm?)
freshly accumulated dust areal density after acleaning cycle (g/cm?)
Wk residual dust areal mass density (g/cm?)
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