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1. INTRODUCTION

Gas distributors or grids for fluidized beds must be able to support the
weight of the bed solids during shut-down periods, resist thermal stresses,
corrosion and erosion, minimize particle attrition, distribute gas uniformly
over the whole cross-sectional area and minimize leakage of bed solids into the
windbox. In addition, these conditions should be satisfied with as small a
préssure drop as possible.

Other factors which must be considered in distributor design include the
choice of grid material which can withstand operating conditions, eventual
attrition of the bed solids or erosion of bed internals by the gas jets issuing
from the grid, and eventual plugging or erosion of the grid by solids contained
in the fluidizing gas (which could originate from solids leaked through the grid).

2. DISTRIBUTOR TYPES

A flat perforated plate is widely used since it combines low cost with
simple design. Curved plates can withstand large loadings and thermal stresses
better than flat plates., Tuyeres can also be used to prevent backflow. A packed
bed distributor is usually not recommended as it can plug easily. Slits between
grate bars are not recommended because of poor bubbling characteristics. Tuyeres
are specially useful with shallow beds where the vertical jets issuing from a
perforated plate might pierce the bed or lead to excessive gas by-paSsing. They
also allow the formation of a defluidized layer of solids on top of the support
plate which gives it extra thermal protection. Special attention must be given
during design to avoid erosion from the gas jets of adjacent tuyeres. Pipe
ring distributors are commonly used in industrial reactors.

3. RATIO OF DISTRIBUTOR PRESSURE DROP.TO BED PRESSURE DROP

Kunii (1) recommends that for a uniform gas distribution, the distributor
pressure ‘drop should be larger than 0.35 psi or 100 times the pressure drop due
to the expansion of the inlet gas jet into the windbox or 108 of the bed pressure
drop whichever is larger. Other researchers recommend ratios of the grid
pressure drop to the bed pressure drop ranging from 10 to 50% with large values
usually recommended for shallow beds. It should be stressed that this will
only ensure a good gas distribution. 'A high distributor pressure drop will not,
by itself, prevent excessive grid leakage. Solids attrition, by high velocity
grid jets, has also to be considered.

This distributor pressure drop criterion relates to the distributor pressure
drop in the absence of solids: it is a design pressure drop.. One should be
aware that the measured pressure drop for orifice plates in fluidized beds can
be much higher than this design pressure drop due to total or partial plugging
of distributor holes by arching or weeping solids.

Good grid design is essential for satisfactory operation of large fluidized
bed reactors. The effects of bad design in this area cannot, in general, be
corrected. The important design criteria for grids should be systematically
researched. The case of solids with unfavourable characteristics, e.g. large
stones, garbage, wood, sticky materials, ... should be considered.
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Materials which can fuse may lead to big grid troubles (asphalt, pitch, coal,
lignite, ... ) s In combustion and gasification, ash can fuse, sit on the grid
and plug it. The introduction of oxygen is specially critical in these cases.

A two-tier gas distribution is preferred. The bed can be fluidized at a lower
level at low velocity by steam or producer gas. The oxygen is then injected
higher up by special nozzles in a pre-fluidized bed. Hot spots, sintering,
agglomeration are, thus, avoided.

Another example of a two-tier gas distribution system could be in a process
of the acrylonitrile synthesis type. Here, two gases have to be injected
separately into a bed of fine catalyst, i.e, air on one side, ammonia, propylene
and steam on the other side (l1). They cannot be pre-mixed beforehand because
of the risk of explosion., Air could be injected into the bed by a lower pipe
grid ramp; at an appropriate distance above the air injection ramp, another ramp
would be located to inject the mixture of ammonia, propylene and steam into a
well fluidized mixture of catalyst and air, Here it is essential that air,
ammonia and propylene be mixed only in the presence of a well fluidized catalyst;
if they were mixed in the absence of catalyst, combustion could take place with
attendant loss of selectivity to acrylonitrile., Thus, the catalyst must be
already well fluidized at every point where propylene and ammonia are injected.
The holesof the pipe grids are generally on the underside of the pipes for
greater ease of start-up from the defluidized state. The two grid systems have
to be far away enough from each other so as not to be eroded by the grid jets.
The two pipe-grid system may be a preferred solution anyway if a large turn-
down ratio is desired i.e. some of the pipes may be shut off to KReep the others
operating at optimum conditions.

When designing pipe grids the diameter of the pipe should be large enough
so that the velocity head in the pipe and the friction pressure drop along the
pipe are both under 10% of the value of the pressure drop through the holes.
This will ensure equal distribution of the gas through the holes. Also when
cold gas is fed to a pipe grid in a hot reactor,.the effect of the gradual
rewarming of the gas along the pipe on gas distribution should be considered and,
if necessary, compensated for. Altogether, grid pressure drop should be as
high as possible subject to the following limitations: (1) cost of compression,
specially at low operating pressures; (2) attrition of bed solids by high velocity
grid jets: special grid hole shrouds can be used to minimizethis problem; (3)
piercing of shallow beds by high-velocity grid jets in the case of perforated
plate grids.

4. JETTING AND BUBBLING AT DISTRIBUTOR ORIFICES
4.1 Grid Jets

To prevent severe erosion by jet impingement of internals such as heat
exchanger tubes, one must know how far a vertical jet issuing from a distributor
such as a perforated plate will penetrate into a fluidized bed. This knowledge
is also required to prevent piercing by jets of the surface of shallow beds.
Blake et al, (2) reviewed the correlations and data available in the literature
for the penetration depth of upward jets into fluidized beds. They proposed the
following correlation:
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If tuyeres with horizontal jets are used as gas distributor, they must be
positioned so that they will not be eroded by jets issuing from adjacent tuyeres.
zenz (3) gives a correlation to calculate the penetration depth of horizontal
jets into fluidized beds. He also gives a correlation to calculate the penetration
depth of downward jets. This correlation would also be used to ensure that down-
ward jets issuing from a pipe ring with downward-facing holes would not erode
the support plate.

4.2 Bubble Formation at Distributor Holes

To simplify, two regimes of bubbling behavior can be considered. When the
distributor pressure drop is low, the momentum of the gas entering the bed
through tuyeres or orifices is low and bubbles form directly at the grid holes.
When the pressure drop is high, jetting can be expected and the bubbles form at
the tip of the jets with a diameter equal to about half the jet penetration
depth (3). Numerous intermediate regimes exist between these two extreme
regimes. For example, bubbling has been reported to occur by intermittent
formation of "bubble chains". There is also some controversy as to whether
stable jets can exist. and whether "jets" are not actually formed of very fast
succeeding bubbles.

4.3 Selection of Hole Spacing

Zenz (3) assumed that bubbles forming at an orifice are surrounded by a shell
of downward moving particles with a diameter 50% larger than the bubble diameter
Thus the center-to-center spacing between the distributor holes should be larger
than (1.5 d_) to avoid premature coalescence of bubbles at the orifice; dbo being
the bubble size at the grid hole.

4.4 Inactive Grid Holes

At low gas rates, some of the distributor holes are not bubbling gas and are
thus inactive, This phenomenon appears to be particularly noticeable with low
pressure drop plates. Whitehead (4) observed this phenomenon with multi-tuyere
distributors.

S. SPATIAL DISTRIBUTION OF BUBBLES AND SOLIDS CIRCULATION PATTERNS

Uneven spatial distribution of bubbles within a fluidized bed affects the
efficiency of a fluidized bed reactor by causing a broadening of the residence
time distribution of the gas. In regions where more bubbles flow, they will
grow by coalescence and rise faster., They will also induce circulation currents
or "gulf-streaming” of the emulsion phase (5). Such induced currents will increase
gas backmixing as well as affect heat transfer from immersed surfaces. Solids
circulation and associated benefits and problems have been reviewed by Whitehead (6).

It should be noted that with curved distributor plates an uneven hole spacing
is required to offset uneven distribution of the gas bubbles.
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In a commercial fluidized bed, the presence of defluidized or semi-fluidized
particles on the distributor in between the gas inlet points is very undesirable
since with "sticky" or "tacky" materials, these zones will grow and eventually
plug the distributor. With exothermic catalytic reactions, these defluidized
zones could lead to the formation of hot spots on the distributor.

Fakhimi (7) developed a model.which predicts the formation of defluidized
zones and Zenz (3) suggested a distributor made of a honeycomb of nearly touch-
ing cones or hexagons to eliminate these stagnant zones.

7. PREVENTION OF SOLIDS ATTRITION

wWith solids which are easily attrited, the gas velocity at the gas-solids
interfact must be reduced without decreasing the distributor pressure drop,
which would adversely affect the gas distribution. This can be achieved with
shrouded grids as already mentioned.

8. PREVENTION OF GRID LEAKAGE

Substantial backflow of particles through the grid (also called weeping or
grid leakage) is highly undesirable because it can lead, among other things, to
distributor erosion or plugging and particle attrition. Briens et al. (8),(9)
showed that grid leakage was caused by pressure fluctuations due to bubble
formation at the grid and sloshing in the fluidized bed. This led to a mathe-
matical model for grid leakage which was verified experimentally. Leakage
was also found to vary with bed height and a sharp maximum of the grid leakage
was observed for a bed height to diameter ratio of about 0.5. Wave breakers and
cone-shaped grid holes were found to reduce leakage drastically. Selecting the
proper grid thickness reduced grid leakage by up to 4 orders of magnitude.
Tyagi (10) found that properly designed tuyere distributors practically
eliminated grid leakage.

Grid pressure drop should be sufficient to prevent particles from falling
under the grid plate or from entering into pipe grids during operation.
Probably, all other things being equal, the greater the bed diameter, the worse
the dumping and weeping of solids through the grid. Grid weeping and dumping
can be very detrimental to grid operation:

a) If the particles are erosive, they can erode grid holes when carried back
up through the grid by the gas. Each grid hole could be protected by a
special anti-erosion washer but this is expensive.

b) If the solids are sticky, dumped particles will plug grid holes on their
way back to the bed.

c) If the dumped particles can react exothermically with the gas, they will
do so under the grid and subject the latter to high temperatures for which
it is not designed. When this happens, the grid will warp and will be
destroyed.
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Another important area is the one of grid jet momentum, mass and heat
dissipation (11),(12)(13). The feed comes in concentrated form from the grid
plenum, jets into the fluidized solids from each grid hole and starts mixing
with the reacted gas in the bed. It is necessary to know how fast the con-
centration, temperature and momentum of this feed dissipates after it exits
from the grid hole. For instance, momentum dissipation has to be known when
cooling tubes have to be positioned near the grid. If they are placed too
close to the grid, they will be eroded by the sandblasting action of grid jets.
If they are placed too far away, the zone of the grid where lots of reaction
take place (due to the high concentrations of the feed there), will become too
hot. This will lead to undesirable byproducts (catalyst selectivity loss
and to possible deactivation and even fusion of the catalyst.

Grid plugging is an important design item which can lead to extremely short
runs when particles have a tendency to be sticky. For instance, in iron ore
direct reduction processes in a multistage unit, reduced fines which are not
stopped by interstage cyclones tend to climb from bed to bed and plug the inter-
stage grids. Long conical nozzles have been found to practically eliminate the
plugging (14).

Constructional aspects of the grid are very important. For instance, one
should provide for grid expansion, specially if the bed is very hot and the
windbox is cold. A number of designs are available to protect the grid against
high temperatures.
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11. NOMENCLATURE

d grid hole diamter, m.

d particle diamter (Sauter mean diameter in the case of multisize
particles, m <

g gravity constant, m/s2

L jet penetration depth, m

v grid hole velocity, m

GREEK LETTERS

u gas dynamic velocity, Poiseuilles
09 gas density, kg/m®
pi particle density, kq/mJ
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2 - ATTRITION OF BED SOLIDS BY HIGH
VELOCITY JETS FROM GRID HOLES. TYPICAL
LIMIT VELOCITY IN GRID HOLES AROUND
100m/s. FOR CONVENTIONAL CATALYSTS.

IN COMBUSTORS, SOMETIMES, GRID HOLE
VELOCITIES LIMITED TO 20 m/s. USE OF GRID
HOLE SHROUDS REQUIRED.

3 - PIERCING OF SHALLOW  BEDS BY HIGH

VELOCITY GRID JETS. ‘

GRID HOLE SHROUDS

A LIMIT GRID HOLE VELOCITY IS SELECTED
COMPATIBLE WITH CATALYST STRENGTH AND
ATTRITION RESISTANCE.
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GRID HOLE VELOCITY Vi = - C 2 AP,/ 04,03

C, ORIFICE COEFFICIENT (ABOUT 0.6 FOR A
SINGLE HOLE). SEE KUNI/LEVENSPIEL FOR
MULTIHOLE SYSTEMS. SAY, WE FIND V= 150 m/s
WHEN LIMITING V4 IS 100m/s. THEN WE USE A
GRID NOZZLE SHROUD.
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ORIFICE VELOCITY = 150 m/s
ANGLE 6 FOR JET EXPANSION HERE, LESS THAN 11°

2.2 PIPE DISTRIBUTOR
GENERALLY, HOLES SHOOTING DOWN FOR EASY

SOLIDS CLEARING OUT OF GRID PIPES AFTER
SHUTDOWN AND RESTART OF UNIT.
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