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Lieberman (70) has reviewed the causes of
these maloperations, which often result in loss cat-
alyst and reduced efficiency. A deficient cyclone
reactor is identified by bottom sediment and water
levels in the slurry oil products. For a regenerator
cyclone, problems are visibly identified by the
increased opacity of the regenerator flue gas or by
reduced rates of spent catalyst withdrawal.

Cyclone collection efficiency

Many theories have been proposed to predict
the performance of a cyclone, although no funda-
mental relationship has been accepted. Attemnpts
have been made to predict the critical particle
diameter, (D,),,- This is the size of the smallest
particle that is theoretically separated from the
gas stream with 50% efficiency. The critical par-
ticle diameter is defined by Walas in Ref. 11.
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where WV, is the effective number of turns made by
the gas stream in the cyclone, and is defined by
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where v, is the inlet linear velocity.

Figure 2 shows the percentage removal of
particles in a cyclone as a function of the ratio of
the particle to the critical diameter.

Cyclone design factors

Cyclones are designed to meet specified AP
limitations. The factor that contrals the collec-
tion efficiency is the cyclone diameter, and a
smaller diameter cyclone at a fixed AP will have
a higher efficiency. Therefore, small diameter
cyclones require a multiple of units in parallel
for a given capacity. Reducing the gas outlet

Table 4. Cyclone design.

diameter results in an increased collection effi-
ciency and AP. High-efficiency cyclones have
cone lengths in the range of 1.6 to 3.0 times the
cyclone diameters.

Collection efficiency increases as the gas
throughput increases. Kalen and Zenz (9) report-
ed that collection efficiency increases with
increasing gas inlet velocity to a minimum tan-
gential velocity. This reaches the point where
the dust is re-entrained or not deposited because
of saltation. Koch and Licht (7) showed that
saltation velocity is consistént with cyclone inlet
velocities in the range of 50 to 90ft/s.

Design problem

Problem. Determine the efficiency and pres-
sure drop (AP) based on cyclone dimensions and
the gas flow rate at 516.7 ft3/s and density of
0.075 Ib/ft* containing particles with density of
62.43 Ib/ft*. The dimensions and data required
are shown in Table 2,

Solution. The computer program CYCLONE
has been developed to calculate the efficiency
and pressure drop of a cyclone using the cyclone
geometry, fluid and particle specifications. Table
3 is the input data, and Table 4 gives the com-
puter printouts of the program. The computed
ratio of the particle diameter relative to the criti-
cal diameter is 0.54. Figure 2 shows that the per-
centage removal of the particle is 28%. =
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