Lecture 2 Dr. SHAKER S. BAHAR2024                                       EQUIPMENTS DESIGN
GAS-SOLIDS SEPARATIONS (GAS CLEANING)


[bookmark: _GoBack]The primary need for gas-solid separation processes is for gas cleaning: the removal
of dispersed finely divided solids (dust) and liquid mists from gas streams. Process gas streams must often be cleaned up to prevent contamination of catalysts or products, and to avoid damage to equipment, such as compressors.

Gas-cleaning equipment can be classified according to the mechanism employed to
separate the particles: gravity settling, impingement, centrifugal force, filtering, washing and electrostatic precipitation.

1- Gravity settlers (settling chambers)
Settling chambers are the simplest form of industrial gas-cleaning equipment, but have only a limited use; they are suitable for coarse dusts, particles larger than 50 µm. They are essentially long, horizontal, rectangular chambers; through which the gas flows. The solids settle under gravity and are removed from the bottom of the chamber. Horizontal plates or vertical baffles are used in some designs to improve the separation. Settling chambers offer little resistance to the gas flow, and can be designed for operation at high temperature and high pressure, and for use in corrosive atmospheres.

2- Impingement separators
Impingement separators employ baffles to achieve the separation. The gas stream flows easily round the baffles, whereas the solid particles, due to their higher momentum, tend to continue in their line of flight, strike the baffles and are collected. A variety of baffle designs is used in commercial equipment; a typical example is shown in Figure 10.42. Impingement separators cause a higher pressure drop than settling chambers, but are capable of separating smaller particle sizes, 10- 20 µm.
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3- Centrifugal separators (cyclones)
Cyclones are the principal type of gas-solids separator employing centrifugal force, and are widely used. They are basically simple constructions; can be made from a wide range of materials; and can be designed for high temperature and pressure operation. Cyclones are suitable for separating particles above about 5 µm diameter; smaller
particles, down to about 0.5 µm, can be separated where agglomeration occurs. The most commonly used design is the reverse-flow cyclone, Figure 10.43; other configurations are used for special purposes. In a reverse-flow cyclone the gas enters the top chamber tangentially and spirals down to the apex of the conical section; it then moves upward in a second, smaller diameter, spiral, and exits at the top through a central vertical pipe.
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Figure 1043, Reverse-flow cyclone
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Figure 1044, Standard cyclone dimension (a) High efficiency cyclone (b) High gas rate cyclone
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Figure 1045. Performance curves, standard conditions (a) High efficiency cyclone
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EQUIPMENT SELECTION, SPECIFICATION AND DESIGN
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Figure 1045 (continued). ~Performance curves, standard conditions (5) High gas rate cyclone
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Figure 1046. Scaled performance curve

An alternative method of using the scaling factor, that does not require redrawing the
performance curve, is used in Example 10.4. The cyclone should be designed to give an

inlet velocity of between 9 and 27 m/s (30 to 90 ft/s); the optimum inlet velocity has
been found to be 15 m/s (50 fts).
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Pressure drop

The pressure drop in a cyclone will be due to the entry and exit losses, and friction and
Kinetic energy losses in the cyclone. The empirical equation given by Stairmand (1949)

can be used o estimate the pressure drop:

o (2n 2
AP= 203 {u, {1+2¢ (T,’ 1)} +2uz} (10.9)
where AP = cyclone pressure drop, millibars,
ps = gas density, kg/m?,
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Figure 1047, Cyclone pressure drop factor
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inlet duct velocity, m/s,

exit duct velocity, mls,

radius of circle to which the centre line of the inlet is tangential, m,
radius of exit pipe, m,

§ = factor from Figure 10.47,
Y = parameter in Figure 10.47, given by:
As
¥=fe A

fe = friction factor, taken as 0.005 for gases,

‘A, = surface area of cyclone exposed to the spinning fluid, m2.
For design purposes this can be taken as equal to the surface area of a
cylinder with the same diameter as the cylone and length equal to the total
height of the cyclone (barrel plus cone).

A1 = area of inlet duct, m?.
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General design procedure

1.

bl

Select either the high-cfficiency or high-throughput design, depending on the perfor-
mance required.

Obtain an estimate of the particle size distribution of the solids in the stream to be
treated.

Estimate the number of cyclones needed in parallel.

Calculate the cyclone diameter for an inlet velocity of 15 m/s (50 ftfs). Scale the
other cyclone dimensions from Figures 10.44a or 10.44b.

Caleulate the scale-up factor for the transposition of Figures 10.45a or 10.45b.
Calculate the cyclone performance and overall efficiency (recovery of solids). If
unsatisfactory try a smaller diameter.

Caleulate the cyclone pressure drop and. if required. select a suitable blower.

Cost the system and optimise to make the best use of the pressure drop available,
or, if a blower is required, to give the lowest operating cost.
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Example 10.4

Design a cyclone to recover solids from a process gas stream. The anticipated particle size
distribution in the inlet gas is given below. The density of the particles is 2500 kg/m?, and
the gas is essentially nitrogen at 150°C. The stream volumetric flow-rate is 4000 m/h, and
the operation is at atmospheric pressure. An 80 per cent recovery of the solids s required.

Particle size
(um) 50 40 30 20 10 5 2

Percentage by
weight less than 90 75 65 55 30 10 4

Solution

As 30 per cent of the particles are below 10 um the high-efficiency design will be required
to give the specified recovery.

Flow-rate = 2290 _ 1 1 m/s
3600

1
Area of inlet duct, at 15 m/s = —= = 0.07 m?

From Figure 10.44a, duct arca = 0.5 D, x 0.2 D,
s0, D, = 0.84

This is clearly too large compared with the standard design diameter of 0.203 m.
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Try four eyclones in parallel, D, = 0.42 m.
Flow-rate per cyclone = 1000 m*/h
28 213

Density of gas at 150°C = — x —— = 0.81 kV/m s
224 423

negligible compared with the solids density

Viscosity of Ny at 150°C = 0.023 cp(mN s/m?)
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From equation 10.8,
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scaling factor = =142
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The performance calculations, using this scaling factor and Figure 10.45a, are set out in
the table below:
Calculated performance of cyclone design, Example 10.4

1 2 3 4 5 6 7

E

o =

i =

2 5 . L 2 = &

2z S g g B = I

g3 £ E =S a

>50 10 35 98 9.8 02

50-40 15 32 97 14.6 0.4

40-30 10 25 96 9.6 0.4

30-20 10 18 95 9.5 0.5

20-10 25 11 93 233 1.7

10-5 20 5 86 17.2 28

5-2 6 3 72 43 1.7

2-0 4 1 10 0.4 3.6

100 Overall 1.3 100.0

collection
efficiencv
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The collection efficiencies shown in column 4 of the table were read from Figure 10.45a
at the scaled particle size, column 3. The overall collection efficiency satisfies the
specified solids recovery. The proposed design with dimension in the proportions given
in Figure 10.44a is shown in Figure 10.48.

Pressure-drop calculation

Area of inlet duct, Aj, = 210 x 80 = 16,800 mm?
Cyclone surface area, A, = 420 x (630 + 1050)
= 2.218 x 10° mm?
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Figure 10.48. Proposed cyclone design, all dimensions mm (Example 10.4)
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fe taken as 0005
feAs _ 0.005 x 2218 x 10°

=0.66
V=4 16,800
ne_ (420-B0/2) _ o
re 210
From Figure 10.47, ¢ = 0.9.
= 1000100 s
3600 16,800
210%
Area of exit pipe = % = 34,636 mm?
_ 1000 10° 8.0 m
“2= 3600 < 34636 0™

From equation 10.6
0.81
AP = m[lsjz[l +2x0.9%(2 x 1.81— 1)] +2 x 8.0°]
= 6.4 millibar (67 mm H,0)

This pressure drop looks reasonable.
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Cyclone design

Stairmand developed two standard designs for gas-solid cyclones: a high-cfficiency
cyclone, Figure 10.44a, and a high throughput design, Figure 10.44b. The performance
curves for these designs, obtained experimentally under standard test conditions, are shown
in Figures 10.45a and 10.45b. These curves can be transformed to other cyclone sizes
and operating conditions by use of the following scaling equation, for a given separating
efficiency:

-
Do Q1 Api pa
dy=d q)xfx—xf 10.8;
: ‘[(Dc. 0. 20 " m a8
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where d; = mean diameter of particle separated at the standard conditions, at the
chosen separating efficiency, Figures 10.45a or 1045,

d, = mean diameter of the particle separated in the proposed design, at the
same separating efficiency,

D,, = diameter of the standard cyclone = 8 inches (203 mm),
D,, = diameter of proposed cyclone, mm,
0, = standard flow rate:
for high efficiency design = 223 m’/h,
for high throughput design = 669 m*/h,
©, = proposed flow rate, m*/h,
Apy = solid-fluid density difference in standard conditions = 2000 kg/m’,
Apy = density difference, proposed design,
1 = test fluid viscosity (air at 1 atm, 20°C)
= 0.018 mN s/m?,
Ha = viscosity, proposed fluid.

A performance curve for the proposed design can be drawn up from Figures 10.45a or
10.45b by multiplying the grade diameter at, say, cach 10 per cent increment of efficiency,
by the scaling factor given by equation 10.8; as shown in Figure 1046 (p. 453).




