Operation & Maintenance

Design of Gas Distributors

Several important factors—such as how to obtain adequate distribution
and avoid sparge-hole plugging—must be considered in designing
straight-pipe, ring and plate gas-distributors for process vessels.

W. J. LITZ, Tennessee Eastman Co.

Basic 10 many unit operations is the need to distribute
adequately a gas stream in a vessel, because maldistribu-
tion might interfere with some aspect of the process. Here,
design guidelines for pipe spargers and plate distributors
are presented.

Design Method for Pipe Spargers

Pipe spargers are honzontal pipes extending into vessels
o allow a gas 1o escape, through holes or slots, into a
region of lower pressure. Typical applications do not
require thorough distribution of the gas over the vessel
cross-section, bul rather a rapid equilibration of pressure
and flow profiles. Although ning spargers and branched
networks can provide a more thorough distribution than
can a simple pipe, analyses of flow and pressure profiles
are more complicated, and capital cost is higher.

Allocation of the escape area along a pipe sparger is
determined by the pressure profile in the pipe. Pipe
friction, gas density, and differcntial pressure across the
pipe must be accounted for as a function of length. The
table lists equations? for compressible and incompressible
flow of an ideal gas through a pipe sparger. Fig. 1{a) shows
the coordinate system associated with these equations. The
required pressure profile from the table is inserted imo
this equation.

E_ W

= 9]
de  Cy2ep[Plx)— P

which yields the escape area as a function of length for
a constant radial fAux. Physically. the escape area can be
provided by a slot of varying width, nonuniform hole
sizes, or nonuniform hole density. This method may also
be applied 1o ring spargers or o the individual sections
of branched distributors,

Long slots produce discharge profiles containing an
axial velocity component in addition to the desired radial
component. Turning vanes can be wsed to correct the
discharge profile if necessary. One recommendation is that
the vanes should project from the pipe a distance equal
to twice the vane spacing.’

In certain applications, deposits plug distributor holes,
The best way to minimize this is to use the fewest number
of holes, consistent with good distribution, at the desired
pressure drop. Very high pressure drops also help prevent
plugging*

Variations in either pas supply or process predsure
change the amount of gas delivered and the discharge
profile along the sparger. Either effect can be minimized
by designing for a high differential pressure across the
pipe. Yanations in discharge profile can be minimized
through smaller axial pressure gradients, generally by
using larger-diameter pipes. I [P(X) — P,] = WLP(X),
then flow through the escape area 15 sonic and independ-
ent of process-pressure variations,

Distributor Plates

Perforated distributor plates are used to provide a more
uniform gas distribution than can be achieved by a pipe

Sparger-Pipe Pressure Profiles as Function of Length

Equations for Incompressible Systams

Turbulent flow

Laminar flow

PIX) = B, — (0.ODUT @/ Up) [} = (W, — UXP] — (0010208, Up) [ W25 — (W, — LX)255) {1
PIX]= P, - (BQ/Up) | W, 2 = (W, = UXF)

{2)

Laminar flow

Equations for Compressible Systems

Turbulent flow | P(X)E = P2 — (0.00233QRT/ UM) [W,3 — (W,, — UX)] (O205SRT/UM) [W,2% - (W, — UX)2%)  (3)
PIXP = P2 — (BQRT/UrM) [W,.2 — (W, — UX}] {4)

——

| Convenience

| variables @=2/gA'D (3}

r=4/(wDu) (6):

F=r*%. )
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Nomenclature

Escape area, sg.ft.

Flow area, sq.ft

Cross-sectional area of plate, 5q. 1,

Total hole area, sq.fr.

Orifice coefficient, dimensionless

Vessel dia, ft.

Hole dia., in,

MNozzle dia., fi,

Gravity constant, 32,2 (b, .. KLY
(1. MzRCE)

Distance between nozzle and botiom of distrib-
uter plate, ft.

Diistance between battom of vessel and distribu-
tor plate, ft.

Hole piteh, in.

Muolecular weight

Pressure, psia.

Process pressure, [b./sg.f.

Supply pressure, lb./sq0L

Fressure loss throuph expansion, |b./sq.fe

Gias constant, 1,542 {fLH1b.)/(“R.)(Ib.-male)

Temperature, deg. R.

Radial Aux, Ib./(sec.)(f1)

Mozzle velociry, f1./sac.

Axial flowrate, 1b,/sec.

Axial distance, fi.

Viscosity, Ib./{sec.)(fL)

Density, 1b./eu.ft.
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or ring sparger alone. Analysis of the chamber under a
distributor plate involves a complicated flow in three
dimensions, as conirasted with the simple two-dimen-
sional analysis for a pipe sparger. The situation is simpli-
fied by making the chamber large enough to climinate
acceleration effects. The entrance expansion loss, how-
ever, is increased by a larger chamber, but the loss may
be minimized by using a bigger nozzle. Eq. (%) and (10}
permit calculating the expansion loss for nozzles that enter
a vertical vessel horizontally, as in Fig. 1(b), or are
centered in the bottom head, as in Fig. l{c).
For horizontal entry:

AP, = [1 -

0.785 D¢ [pr*m?] i

H.D g
For vertical ¢ntry:

0.785 D 2P pV, 2
AP = [1 - r[ D ] (
- D! zgq |1E|]

For good distribution, Richardson® recommends that
(P —F,) > 1000F, . The area required 1o achieve a
given pressure drop across the plate is estimated by:

A= Wi {11} -
# C{IEEEPJI T F&-]p}ur

The orifice coefficient, C, varies with flowrate, fluid
properties, plate thickness, orifice size, etc. For most
purposes, an average C value of 061 suffices.

The total hole area must now be distributed over the
plate. A uniform distribution may be provided by ar-
ranging the holes on a triangular or square pitch (see
below). Eq. (12) and (13) do not apply to plates with
very few holes, but these may be laid out by hand.

For triangular pitch:
L= 095104, /A, )20 (12)
ot B >

For square pitch:

L = (88604, Ay, ) 0y {13

® O
O

‘o

<

Even if there is enough chamber volume for pressures
to equalize, the feed nozele must be positioned with care.
Rough guidelines can be drawn by modeling a high-
velocity stream expanding into the vessel as a conical-free
Jet with a half-angle of about 10 deg.

A high-velocity pas stream entering horizontally into

1'LJ

L

SOME EQUATION SYMBOLS: (a) coordinates for sparger-pipe analysis: (b) gas from a horizontal nozzle into a vertical vassel:
(c) gas from a vertical nozzle into a vertical vessel—Fig, 1
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METHODS for introducing a high-velocity gas stream verti-
cally Into a vessel=Fig, 2

a vertical vessel expands as 4 free jet until: (1) it strikes
the opposite wall; (2} it dissipates itself (a1 about 100
nozzle dia®); or (3) the upper edge strikes the bottom
of the distributor plate.

To eliminate the maldistribution caused by condition
No. 3, place the distributor plate a distance, H, above the
nozrle centerline. II:

D,,, > D/100, then H =02 D + 05D, {14)
and if D, < D/100, then H = 18 D, (15)

A high—v’&lo-r_'i[}' gas siream entering a vertical vessel
through a nozzle centered in the botiom head expands
as a free jet untl: (1) is diameter coincides with the vessel
diameter; (2} it dissipates itself; or (3) it sinkes a central
portion of the plate, causing maldistribution.

The dimension H (Fig. lc) above the inlet nozzle
elevation, which prevents maldistribution, is:

H=3(D - D_.) when D= D/I6 (16)

LTT

and M= 100 0., when D < D36 (17)

The vertical dimensions required can be reduced by
placing spargers under a distributor plate (Fig. 2),

Sample Calculalions

Example 1—It is desired to uniformly distribute 0.19
Ib./sec. of a gas into a process through a 1.04%9-in-1.D.
pipe, 20 fi. long. Gas properties are p = 1344 5 10-3
Ib. /(N )sec.)—0.02 cp—and p = 0.17 Ib./cu.ft. Gas sup-
ply conditions are 4,752 1b./sq.f. absolute pressure and
300° R. The external absolute pressure is 4,608 [b. /sq.f.
Find the required area distribution

From the equations in the table, calculate (&, r and 5:

w(1.040) ]J( 1.049

0= z/{m.z;[ oo |1~_}}: 1.972 3¢ 100

1049
r=4/[-.-r( )[i.mx m-*;]: 1.084 % 10°

12

5= (1084 x 10542 = 292 % 109

From a listing of pressures and escape areas made al
d-ft. incremenis along the sparger, a pressure profile for
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turbulent Ei1mPI¢NHth flow 15 chosen. The orifice co-
efficient is assumed to be 061, and {7 = 0.19,20 = 0.0095
Ib./(ft. ){zec.). Once the area distribution is established, a
slot or hole pattern consistent with process needs (such
as bubble size) 15 specified. The pressures are calculated
from Eg. (3}, and the escape areas from Eg. (8):

Increment, Internal Pressure, Escape Area,
X, FL Lb./Sq.Ft. Eq. In.
0-14 4,752 0.224
45 4,705 0.275
B=12 4,676 0.329
12=16 4,661 0.373
16=20 4,656 0,354

o8 in = 1-.5%;5

Example 2—Of the gas in Example 1, 0.3 lb. /sec. is to
be introduced inio a 12-in.-1.[3. vertical vessel, through &
4.026-in.-1.D. horizontal nozzle, A distributor plate is o
be placed 2 1. above the vessel's bottom. Determine the
hole area needed for the plate, and the position of the
nozzle in the vessel.

The available AP = 4,752 — 4,608 = 144 1b./s5q.f1. The
hole area needed by the distributor is given by Eq. (11):

0.3
Ay = 7
BT D61 [(2)432.23( 144 )0 17y V2

= 0.012 sq.11.
= 1.8 sg.in.
The velocity of gas in the nozzle is;

0.3
¥ =—""———— = 2\ L SBC.
e = T m/ANADIE TR — 00 /e

and the expansion pressure loss, by Eq. (9), is:

0. T85(4.026,/ 12)° 1 (017 W 20.00°
.-TI.P'".,,=[I— i J ]J[{ i ]]

2012/12) (IN322)
= 100 Ib./sq.1t,

Since this AP . value is less than 1% of the available
AP, it meets Richardson’s eriterion® Eq. (14) gives the
minimum distance between the bottom of the plate and
the centerline of the nozzle:

H = (02)12) + (04)4.026) = 44 in. B
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