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Abstract — A theory based on Darcy’s law has been derived which relates pressure drop in a pulse-jet cleaned
fabric filter to characteristics of the filter and dust. Assumptions made are that total pressure drop is the
sum of pressure drops across the clean bag and dust deposit, and that the fraction of dust removed from a bag
by a cleaning pulse is proportional to the reverse pressure drop across it at cleaning. The theory allows
prediction of pressure drop under stable or variable operating conditions including dust concentration,
filtration velocity, pulse pressure and pulse frequency, and can be used to identify operating conditions which
cause pressure drop to increase without limit. Agreement between the model and experimental data is
reasonably good.

NOMENCLATURE

fabric area, m?

see Equation (12)

see Equation (13)

see Equation (14)

dust inlet concentration, kg m~
Frasier permeability (ms~* at 125 Pa)

see Equation (17)

force acting to separate dust deposit from fabric, N
fabric resistance, Pa s m ™!

specific resistance of dust deposit, s~

constant, see Equation (8)

constant, see Equation (8)

proportionality constant, see Equation (3)
number of filtration cycles since operating con-
ditions change

pulse pressure, kPa

maximum static pressure developed inside bag as
result of cleaning pulse, Pa

see Equation (15)

time between pulses to each bag, s
time during which Ap, acts, s

time during which F acts, s
superficial filtration velocity, m s~
maximum velocity achieved by fabric and dust
during cleaning, m s~ !

areal density of dust deposit, kg m~
areal density of fabric, kg m™2

dust deposit areal density at N =0, when operating
conditions change, kg m~?

dust areal density added during one filtration
cycle, kg m™2

pressure drop across bag and dust deposit, Pa
pressure drop at N =0, when operating conditions
change, Pa

minimum Ap; if stable operation is to be attained,
Pa

difference between static pressure inside and out-
side the bag during cleaning, P,— Ap, Pa
fraction of the dust deposit removed from a fabric

3

1

2

N.B. 100kPa = 1 bar = 14.5 psig.
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INTRODUCTION

Pressure drop through gas cleaning equipment is an
important component of system operating cost. For
this reason, knowledge of the factors that affect
pressure drop and methods for pressure drop pre-
diction are important. The characteristics of gas flow
through a porous medium, fundamental to modeling
pressure drop in a fabric filter, have been studied by
Carman (1937), Williams et al. (1940), Stephan et al.,
(1960), Pich (1969), and Rudnick (1978a). Much of this
work concerns flow through a particle deposit with
known properties such as pore size and porosity. With
this information, dust deposit specific resistance, K,
the pressure drop per unit velocity and per unit deposit
mass, can be predicted. Rudnick (1978a, b) has shown
that K, can be estimated using an adaptation of the
Happel (1958) unit cell model. This approach gives
much better agreement with data for the usual case
where dust deposit porosity is greater than about 0.8
than does the frequently used Kozeny and Carman
model described by Billings and Wilder (1970).
Before these theories can be applied to a practical
fabric filter, it is necessary to consider the pressure
drop contribution of the dust-conditioned fabric, and
to account for the effect of incomplete fabric cleaning.
Models by Davis et al. (1976) and Robinson et al.
(1967) proposed that virtually all dustis removed from
a woven fabric cleaned by shaking or reverse air.
However, experimental work by Dennis et al. (1975,
1978) demonstrated that virtually all dust is removed
only from some portions of woven fabrics cleaned by
these methods, and that other portions are apparently
not cleaned at all. As cleaning intensity increases, the
ratio of cleaned to uncleaned areas increases. Dennis et
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al. (1977) described a model which utilizes these ideas
for predicting pressure drop in a filter using woven
cloth cleaned by shaking or reverse air.

The fabric characteristics and cleaning method for a
pulse-jet filter with felt bags cleaned on-line are
considerably different from those of a shaker cleaned
filter, so that carryover of the model proposed by
Dennis et al. is inappropriate. For a filter with woven
bags cleaned off-line by shaking, Dennis and Wilder
(1975) showed that more than half the dust is normally
removed. For a pulse-jet filter with felt bags cleaned
on-line, Ellenbecker (1979), Ellenbecker and Leith
(1978), and Leith et al. (1977) showed that 1% or less of
the dust on a bag may be removed per cleaning pulse,
and this percentage may decrease as filtration velocity
increases. For a shaker cleaned filter, Dennis et al.
(1977, 1978) have established that dust separates from
the fabric in patches. For a pulse-jet filter, Ellenbecker
(1979) found that the distribution of dust on the bags
after cleaning is almost uniform. Off-line shaker clean-
ing allows time for the separated dust to fall to the
hopper before filtration resumes, whereas when a
pulse-jet filter is cleaned on-line in a fraction of a
second, separated dust has little time to fall to the
hopper. Leith er al. (1977) found that much of the
separated dust may redeposit on neighboring bags or
on the pulsed bag. Bag spacing, dust type, pulse
characteristics, bag tension, housing design and gas
flow pattern within the housing may all affect dust
redeposition in a pulse-jet filter, according to Dennis
and Wilder (1975) and Leith et al. (1978).

Empirical models have been used by Dennis and -

Silverman (1962) and by Leith and First (1977) to
describe pressure drop (Ap). The latter model, de-
veloped for fly ash collected on polyester bags for a
range of filtration velocities, v, pulse pressures, P, and
areal dust densities added during a filtration cycle, w,,
is:

U2'34W0'45
Ap ot — g (1)
in which:
Wy = cut, 2)

Here, ¢; is inlet dust concentration and ¢t is time
between pulses to each bag. The assumption is made in
(2) that filter efficiency is 100%,.

This paper presents a theoretical treatment of
pressure drop in a pulse-jet filter. In the development,
some assumptions must be made which should be
reexamined as data become available.

DUST SEPARATION FROM FABRIC

First, consider the forces which bind the dust deposit
to the fabric. If a certain separation force per unit area,
F,/A, were applied to this dust deposit in the appro-
priate direction, a certain fraction, ¢, would be sepa-
rated. Figure 1 shows a hypothetical relationship
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FROM FABRIC,

FRACTION OF DUST SEPARATED

o

SEPARATION FORCE PER AREA, F,/7A

Fig. 1. Hypothetical relationship between fraction of dust
deposit removed from fabric, ¢, and area-specific separation
force, F /A.

between ¢ and F,/A. The exact shape of this curve is
unknown, but it should pass through the origin as no
dust will be separated if no force is applied. The value
of ¢ should approach unity as an asymptote, because
the effect of additional force is likely to diminish after
most of the dust has been removed. Similar curves,
which show filter capacity (dust mass removed by
cleaning) vs bag acceleration during the cleaning
process, were developed by Dennis and Wilder (1975)
for woven fabrics cleaned by shaking,

For pulse-jet cleaned filters, experimental measure-
ments by Ellenbecker (1979), Ellenbecker and Leith
(1978) and Leith et al. (1977) demonstrate that ¢ is less
than a few percent. For lack of better information, &
may be assumed proportional to F/A:

&= kF/A. 3)

Next, consider the interaction of separating forces
with the dust deposit and fabric. The net force per unit
fabric area during cleaning, which drives the fabric and
dust away from the cage that supports them during
filtration, will be called the reverse pressure drop, Ap, ;
it is the difference between the static pressure de-
veloped by the pulse within the bag, P,, and the
operating pressure drop across the bag at the time the
pulse begins, Ap:

Ap, = P, — Ap. 4

If the jet pulse develops a maximum pressure less than
the pressure drop across the bag (P, < Ap) the bag will
not expand, no reverse air will flow through it, and no
cleaning will take place.

As cleaning begins, fabric and dust receive an
impulse which drives both away from the wire cage
and both attain a certain momentum. Division of the
impulse/momentum equation by bag area gives,

Apty = v¥(w, + w). ©)

Here, ¢, is the time over which Ap, acts, v* is the
outward velocity attained, w, and w are the areal
density of the clean bag and the dust deposit,
respectively.

The area specific force, F,/A4, which acts (over time
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t,) to separate dust from the fabric can be found from
the impulse necessary to stop the outward momentum
of the dust deposit:

FstZ

2= ow. (6)

Substitution of (4) to (6) into (3) yields an expression
for the fraction of dust which is separated from the
fabric by a cleaning pulse:

(P, — Ap)t ik v*wyk
£ = — 2
t 9}

)

or
¢ = K3(P; — Ap) — K,. ®)

Constant K, expresses the effectiveness with which
reverse pressure drop interacts with the fabric to
remove dust; K, expresses the effect of reverse fabric
motion. Strangert (1978) reports that increased reverse
pressure drop increases cleaning effectiveness.

Dust separated from the fabric must fall to the
hopper to be removed from the system. However, some
separated dust redeposits on the fabric before reaching
the hopper, and causes actual fractional separation to
be less than that predicted by (3). Redeposition may
cause the effective value of constant K, in a full-size
filter to depend upon factors that affect redeposition
such as filtration velocity, housing design, or other
variables. The present model does not account for
redeposition ; further work on this subject is planned.

AREAL DENSITY OF DUST DEPOSIT

Models for the pressure drop across a woven fabric
generally assume that total drop equals the sum of
losses across the conditioned fabric, K, v, and across
the dust deposit, K,ow:

Ap = K, v + K, ow. ©)

K, is the resistance of the fabric after it has been
operated for some time and is well conditioned with
dust, K, is the specific resistance of the dust deposit,
and w is the areal density of the dust deposit on the
bags.

A mass balance for the dust per unit area on the
fabric can be written for one filtration cycle, dN, which
includes by definition exactly one cleaning pulse:

Dust mass per unit bag
area added to the bag

per cycle

Dust mass per unit bag
— area removed from the
bag per cycle

Dust mass per unit bag
= area accumulated on the
bag per cycle,
_ dw
T dN’

Substitution of (8) and (9) into (10) gives:

Wy — We

(10)
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dw
iN = (K, K;0)w?
+ (K K30 — K3P, + K w + wy. (11)

This can be solved after the following substitutions are
made:

a= —w, (12)
b=K;P,— K\K;v— K,, (13)
¢ = _K2K3U’ (14)

q=(K3P, — K,K3v — K,)* ~ 4w K,K3v. (15)
The solution to (11) is:

_b—a- b+ /DFW)

w ’
24F(N) = 1)

(16)

in which:

F(N) = <M>exp(—N\/5). (17)
2w, +b+./q

Here w; is the initial areal density, the areal density of
the dust deposit at N = 0, the beginning of the first
filtration cycle when operating conditions are chang-
ed. Equation (16) gives the areal density of the dust
deposit at any time, that is, at any number of filtration
cycles, N, since operating conditions are changed and
cycle counting begins.

EQUILIBRIUM

If operating conditions are constant, (16) can be
used to determine the value of areal dust density that
the filter will achieve at equilibrium (N — o0). In this
case, (17) shows that F(N) — 0 and (16) becomes:

-b+./q
C

w= > (18)
or
_ P, — K,/K; — K,v
w= 2K20
_ \/(Ps — K, /K5 — K1”)2 - 4W00K2/K3‘ (19)

2K,v

Substitution of (19) into (9) gives equilibrium pressure
drop:

P, — K /K3 + Kqv

Ap = 5
P KKy = Ko —dworKo/Ks o
2
INSTABILITY

Bakke (1974) has established that under certain
operating conditions pressure drop across a pulse-jet
filter does not stabilize but increases without limit.
Mathematically, this is equivalent to a situation in
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which F(N) = 0.1, as can be seen by inspection of (16).
Solution of (17) for this condition gives the following
criterion, which must be satisfied for stable filter
operation:

2ew; + b+ /q>0, 21
or
P, + J(P, — K4/K5 — K 0)* — 4wouK, /K
— 2K ow; — Kyv — K /K, > 0. (22)

The square root term within (20) contains terms
related to the characteristics of the filter, K,—K,, and
to the conditions under which it is operated, P,, v, and
w,, and must be real if stable filter operation is to be
possible:

(P — K4/K3 — K v)? — dwoguK,/Ky > 0. (23)

If (23) is not met, the characteristics of the filter or its
operating conditions must be changed.

The balance of (22) contains variable w;, the areal
density of the dust deposit at time zero. If this term is
too large, that is, if too much dust is on the bags, the
stability criterion given by (22) will not be met and
pressure drop will increase without limit. However, for
the same filter and operating conditions, stability may
be achieved if the initial areal density is sufficiently low.
This has practical implications for fabric filter oper-
ation. Before operating conditions such as filtration
velocity, v, dust characteristics, K,, or pulse pressure,
P, are changed, the bags should be pulsed repeatedly
to remove as much dust as possible and decrease w;.
This will give the best opportunity for the system to
achieve stable operation under the new operating
conditions.

Equation (22) can be rewritten:

Api < ApL’ (24)

where
Ap; = Kyv + Kyow;, (25)

and
P, - K,/K;+ Kyv
Ap, = 2
P, — K,/K; — K,v)* — 4wuK,/K

+ \/( s /K5 10) wovK,/ E} (26)

2

The actual operating pressure drop, Ap;, immediately
after operating conditions change must not exceed a
certain limiting pressure drop, Ap,, defined by Equa-
tion (26). If Ap; is higher than Ap;, then the system is
unstable and pressure drop will increase without limit.
If, however, Ap; is lower than this quantity, then the
system will be stable and approach pressure drop
equilibrium.

For example, a filter might have a stable, equilib-
rium pressure drop of 1000 Pa under a particular set of
operating conditions. Pulse pressure might then be
reduced, causing a reduction in P,, and in Ap; as
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predicted by (26). In this case, the initial pressure drop
under the new conditions Ap; (here equal to 1000 Pa)
may now be greater than Ap;, and violate the stability
condition set by (24). If this occurs, pressure drop
would rise from its initial value of 1000 Pa and increase
without limit. However, if the reduction in P, had been
less, the value for Ap; calculated in (26) might still be
satisfied. In that case, pressure drop would still rise
from its initial value of 1000 Pa, but would eventually
come to equilibrium.

Figure 2 is a plot of pressure drop, Ap, as given by
(20) against w,, the dust areal density added during a
filtration cycle for typical operating conditions. The
figure shows that as more dust is fed to the bags
between pulses, either by increasing inlet dust con-
centration or by increasing the time between cleaning
pulses, equilibrium pressure drop increases as well. At
the maximum value of w, for which stable filter
operation is possible, the value of d(Ap)/dw becomes
infinite; that is, a slight increase in w, causes equilib-
rium pressure drop to increase at an infinite rate. This
point is at the edge of the unstable region defined by
(23).

Also shown in Fig. 2 is a plot of Ap;, the maximum
initial pressure drop for which the filter will ultimately
achieve stable operation, given by (26). Comparison of
(26) and (20) for equilibrium pressure drop shows that
they are identical except for the sign on the square root
term.

The arrows shown in Fig. 2 represent the direction in
which pressure drop will proceed over time and pulses
at constant wy, starting at any point on the figure. The
arrows were determined by evaluating the derivative of
areal density with respect to number of pulses at
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Fig. 2. Pressure drop, Ap, vs dust areal density added during
one filtration cycle, w,.
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Fig. 3. Apparatus used to determine relationship between
pulse pressure, P, and induced static pressure, P,.

various points. For all initial conditions leading to
pressure drops within the parabola shown in Fig. 2,
pressure drop will decrease to reach equilibrium. For all
initial conditions leading to pressure drops outside the
parabola, pressure drop will increase either until it
intersects the parabola and reaches equilibrium, or else
without limit.

COMPARISON WITH DATA

The static pressure increase within a bag during
cleaning, P,, is related to the rate at which air is forced
backwards through the bag during cleaning. For a jet
pump, this flowrate depends in part upon jet pressure.
The relationship between pulse pressure and static
pressure developed, P, was determined from a 6.4 mm

1”) jet discharging into a standard pulse-jet venturi
using the apparatus shown in Fig. 3. Compressed air
was injected continuously and the no-flow static
pressure across the venturi, P,, measured. Results of
these tests for several pulse pressures are given in Fig.
4, and are described by:

P(Pa) = 164P(kPa)°-*. @7)

8000

TTTTT
O
\
Q
1

\

T

O

STATIC PRESSURE DEVELOPED INSIDE

BAG DURING CLEANING PULSE, F,, Pa

4000 — / 0.6 —
- O NP, (Pa)= 164 P(kPa) _
2000 4
1000 | L4 b4l
100 200 400 800
PULSE PRESSURE, P, kPa

Fig. 4. Static pressure induced, P,, vs pulse pressure, P.
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Bakke (1974) reports a value of P about 109, lower
than that given in (27) for a pulse pressure of 620 kPa.
Equation (20) for equilibrium pressure drop re-
quires values for operating variables wg, v, and P, as
well as for constants K;, K,/K; and K,/Kj.
Ellenbecker’s (1979) data on the pressure drop charac-
teristics of a three bag pulse-jet filter operated at four
filtration velocities from 50 to 125 mm s~ ' have been
reported and discussed in detail elsewhere, and are
summarized in Table 1. The test dust was fly ash
collected electrostatically at a coal-fired utility boiler.
Examination of (7) and (8) shows that:

Ku/K5 = v*wy/t;. (28)

Dennis and Wilder (1975) determined that the maxi-
mum outward velocity, v*, attained by one polyester
felt bag laden with fly ashis 1.4 ms ™!, and that the time
necessary to reach this velocity was about 5.5 ms. If the
clean fabric has an areal density of 0.54 kg m~?, the
value of K,/K from (28) is 137 Pa, less than 29 of P,
from which it is subtracted in (20) to calculate
equilibrium pressure drop. In this case, K,/K; may be
neglected, making subsequent analysis much simpler.
The size of the error introduced by this assumption is
not well established, but may be small unless filter
operation is nearly unstable.

If K,K; is neglected, then (20) for equilibrium
pressure drop involves as constants only K, and the
ratio K,/K ;. Lacking other data, the resistance of the
conditioned fabric, K, might be approximated from
the inverse of clean fabric Frasier permeability, F:

124

K, (P H= .
i(Pasm™) F(ms™! at 125 Pa)

(29)

The consequence of this assumption is to incorporate
all pressure drop beyond that across the clean fabric
into the term for resistance across the dust deposit.
Although this approximation may not be realistic for
conditioned fabrics which retain an appreciable
amount of dust, it does allow the analysis to proceed
when data on the actual resistance of the conditioned
fabric are unavailable.

If K, is known or assumed, and if equilibrium
pressure drop is known for one set of stable operating
conditions, then K,/K can be determined and pre-
ssure drop under any other stable operating conditions

“can be found using (20). Values of K,/K; were

determined in this way for pressure drop at each
velocity listed in Table 1. The values of K;/K; were
found to be relatively constant over the range of
filtration velocities considered.

Figure 5 is a plot of pressure drop against filtration
velocity for the data in Table 1. The line is based on
Equation (20), with K,/K equal to its average value
for these data, and reflects well the trend of pressure
drop vs velocity. This analysis gives no indication
whether agreement between theory and data will be as
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Table 1. Experimental conditions for pulse-jet filter tests

Bags
Number: 3
Size: 114 mm dia. and 2.44 m long
Fabric: Polyester felt, no surface
treatment
Weight: 0.54kgm™?
Permeability : - 0.15ms™* at 125 Pa
K,;: 850 Pasm™! (new fabric)
Pulses
Frequency: Once per minute to each bag
Pulse pressure, P: 690 kPa
Induced pressure, P,: 8280 Pa
Dust
Type: Fly ash precipitated from
coal-fired utility boiler
Count median diameter: 0.30 um
Geometric standard
deviation: 2.7
Wy 31x1073kgm™?
Pressure drop
Velocity,
mms™* AP,Pa  K,/K;,Pas™! K, K; Pa
50 260 1.13 x 101° Assumed
75 390 1.13 x 101° equal to
100 615 1.31 x 101° zero, all
125 790 1.32x 10%° conditions
Average: 1.17 x 10'° 0

good for variations in variables other than filtration
velocity.

The constants listed in Table 1 are specific for the
apparatus and experimental conditions used in their
determination. Changes in pulse pressure or changes
in amount of dust fed to the bags between pulses were
not made in these experiments. However, (20) can be
used to estimate the effect on pressure drop of vari-
ations in these variables. Results are plotted in Fig. 6
and 7, pressure drop vs pulse pressure and wy,
respectively. In Fig. 6, pulse pressure was converted to
P, using (27) before the theoretical pressure drop line
was plotted.

Equation (1) relates pressure drop to these same
variables empirically and was established for fly ash
collected on polyester felt bags. However, the dust and
bags used to develop the constants used in the

theoretical analysis were different. The slopes of the .

pressure drop vs pulse pressure and pressure drop vs
w, relationships predicted by the empirical equation
are also given in Figs 6 and 7. The lines given by the
theory and the empirical results are in general agree-
ment. A more complete test of the theory presented
here awaits development of more data.

EXAMPLE CALCULATION

The concepts and equations described above can be
illustrated using an example calculation. It is proposed
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Fig. 5. Equilibrium pressure drop, Ap, vs filtration velocity, .

to reduce the amount of compressed air used in
cleaning a pulse-jet filter by extending the interval
from 60 to 120 s between pulses to each bag. Will filter
operation be stable under the operating conditions
proposed ? If so, what will be the effect of the proposed
change on filter pressure drop? Current filter operat-
ing conditions are given in Table 2.
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Fig. 6. Equilibrium pressure drop, Ap, vs pulse pressure, P.
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Table 2. Filter operating conditions: example calculation

0.177ms™! at 125 Pa
Currently once per 60s per
bag; proposed once per 120s
690 kPa (100 psig)

2gm ¥ (2x1073kgm™3?)

Fabric permeability :
Pulse frequency:

Pulse pressure:

Inlet dust concentration:
‘Superficial filtration
velocity :

Equilibrium pressure drop:

50mms~! (0.05ms™ 1)
1000 Pa currently

Equation (26) can be used to determine whether
filter operation under the proposed operating con-
ditions will be stable; if stable operation is achieved
{20) can be used to determine equilibrium pressure
drop. Both (26) and (20) contain three unknown
constants: K,, K,/K3, and K,/Kj;, and to evaluate
operation at the new conditions it is necessary to know
or estimate values for each. For lack of better infor-
mation, K, can be estimated from the permeability of
the new fabric bags, listed in Table 2, using (29):

B 124
T 0177ms 'at 125Pa

=700Pasm™1.

KiyPas 'm™1)

(30)

There is no apparent way to evaluate constant K,/K 5.
However, as discussed above, this constant may be
negligibly small compared to values from which it is
substracted under normal pulse-jet operating con-
ditions. If so, it can be neglected ; the value of K,/K;
will be assumed equal to zero here.

With values for constants K, and K,/K, in hand,
(20) can be used to evaluate the remaining constant,
K,/K;, using the data for the operation of the filter
under its current, stable operating conditions. To do
this it is necessary to have values for P, the static
pressure developed within the bag by a cleaning pulse,
and for w,, the dust areal density added to each bag
during one filtration cycle. A value for P, can be found

from pulse pressure, P, using (27N
Ps(Pa} = 164(690(kPa))°®® = 8280 Pa.  (31)

A value for w, can be found from (2) for the current
filter operating conditions:
Wolcurrent = €01 = (2 1072)(0.05)(60)

=6x10"3kgm™ 2 (32)

Substitution of the current pressure drop value, assump-
tions about K; and K,/K, and results from (31) and
(32) into (20) allows evaluation of constant K ,/K, for
this pulse-jet filter:

8280 — 0 + 700(0.05)

1000 = 3
\/ [(8280 — 0 — 700(0.05))?
—4(6 x 10‘3)(0.05)K2/K3]
- , (33)
2
from which:
K,/Ky; =234 x 10'°Pas™ 1. (34)

The proposed operating conditions can now be
checked to be sure they will not cause pressure drop to
increase without limit. First, the value for W, as-
sociated with the proposed 120s (instead of 605s)
interval between cleaning pulses to each bag can be
found from (2):

Wo! proposea = Cit = (2 x 1073)(0.05)(120)
=12x10"2kgm™2, (35)

The limiting initial pressure drop can be found from
(26):

8280 — 0 + 700(0.05)

Ap, = 2
\/[(8280—0—7()0(0.205))2 N
—4(1.2x 102 )(0.05)(2.34 x 10 )]’ (36)
from which:
Ap; = 5850 Pa. (37

The actual operating pressure drop immediately after
operating conditions change, Ap;, is 1000 Pa. For
equilibrium to be established under the new operating
conditions (24) must be satisfied :

Ap; < Ap,, 24)
or in this case:

1000 Pa < 5880 Pa. (38)
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Because (38) holds, equilibrium will be achieved under
the proposed operating conditions.

Next, (20) can be used to estimate pressure drop
under these conditions. Substitution of the values for
all constants and proposed w, into (20) yields:

8280 —0 + 700(0.05)
2

J[(8280—0—700(0.05))2
—4(1.2 x 10~2)(0.05)(2.34 x 101%)]

2

Ap l proposed =

39)

from which:

Ap|proposed = 2440 Pa' (40)

In this way the equilibrium pressure drop associated
with the new filter operating conditions can be eval-
uated. Doubling the time between pulses should cause
pressure drop to increase by 144%;. Similarly, effects on
filter operation of proposed changes in filtration
velocity, pulse pressure, or inlet dust concentration
could also be evaluated. However, the effect of a
proposed change to different bags, or to collection of a
different dust cannot at present be evaluated using this
procedure because values for the constants used in
these calculations may depend on characteristics of the
fabric or dust used.

SUMMARY

A theory for pressure drop in pulse-jet cleaned filters
has been presented. Assumptions made are that total
pressure drop is the sum of drops across the con-
ditioned fabric and the dust deposit, that the fraction of
dust separated from a bag depends upon the sepa-
ration force applied, and that this force can be found
from impulse and momentum considerations as the
bag and dust deposit move away from their supporting
cage during a cleaning pulse.

The theory allows prediction of operating con-
ditions under which filter operation will become
unstable and cause pressure drop to increase without
limit. With simplifying assumptions, the theory can be
used to interpret pressure drop data or to predict the
equilibrium pressure drop of a pulse-jet cleaned filter
operated under any conditions.
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