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Outline

® (Gas jets in fluidized beds
® Data and simulations

® Gas solid jets in fluidized beds
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Particulate Solid Research, Inc.
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® PSRl is an international consortium of companies, each of
which pay a yearly membership fee to fund applied research in
the fluidization, solids transport, and other fluid-particle areas.

® PSR| focuses its research on large-scale equipment and bridges
the gap between fundamental and application based research in
fluidized unit operations.

® Risers up to 3 feet (0.91 meter) ID and 90 feet (27 meters)
in height

® Fluidized beds with diameters up to 5 feet (1.5 meters)
® High temperature and pressure (3500 KPa, 800°C)
® Cyclones

e Pneumatlc conveylng I|nes .
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Gas Jets

® Most fluidized beds have gas jets

® Grid plates and spargers
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~® High pressure gas jets
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Jet Penetration at High Pressures

From Knowlton, T.M. and
Hirsan, I., "The Effect of
Pressure on Jet Penetration in
Semi-Cylindrical Gas Fluidized
Beds", in "Fluidization", Grace
and Matsen, Eds., p. 315,
Plenum Press, New York. |1980.
Three materials
® Siderite

® Coal char

® Ottawa sand
Jet velocity = 7.6 m/sec for all
cases

Superficial gas velocity =
complete fluidization velocity
® This changes with pressure

Plexiglas Face Plate

Freeboard/Disengagement

Jet Nozzle

PARTICLE SIZE -20+60 MESH
TEMPERATURE AMBIENT
FLUIDIZING GAS NITROGEN
FLUIDIZATION VELOCITY | Vef
JET NOZZLE 1D I (2 S4cm)
JET VELOCITY 25f1/a (T62cm/s)

PARTICLE DENSITY,
MATERIAL Pp. 16/t (g/cm3)

O SIDERITE 249(3 99)
O FMC COAL CHAR T2(1.1%)
Q SAND 64(263)

200 400

PRESSURE , psa
0 400 800 1200 600 2000 2400 2800 3200 3600

PRESSURE, KPa

Material Particle Density, kg/m3
FMC Char 2629
Ottawa Sand 1158
Siderite 3988




Measuring Upward Jet Penetration

® |et penetration is the length of the
jet as the first bubble sheds off (Lg)
® Measurement of jet penetration in
the simulations was subjective
® Defining the boundary of a jet
® Defining the point where a
bubble sheds off
® Defining the cycle at which
bubbles shed off
® Defining when bubbles from
other parts of the bed are not
interacting with the jet




Simulations: Particle D

Material Particle Density, kg/m3
FMC Char 2629
Ottawa Sand 1158
Siderite 3988
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Pressure Effects With Sand
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Jet Penetration Correlations

400 600 800 1000 1200 1000 2000 3000 4000 0 500 1000 1500 2000 2500
Pressure, KPa Pressure, KPa Pressure, KPa

e Both Barracuda® and PSRI correlations do well for
all three materials at all pressures

® Merry and Shakhova did not fare well

Merry, ].M.D,,AIChE J., 21 (1975) 507
Shakhova, N.A. Inzh. Fiz. Zh., 14 (1968) 61
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Gas Jets with Large PE Bea

Fluid Bed Jet Inj Exp for DEM Validation: NETL and PSRI, Oct 2010

Bed filled with 50000 spheres of 6mm dia and 1060 kg/m3 density; constant fluidization vel of 2 m/s

For more info: Franklin. Shaffer@netl.doe.gov

% NoJet 'grr © Jet=40mfs | ?'Jet 6.2 m/s "‘H W Jet=38. 9 m/s:

e
=

3A) L 3
S -
31’3(:5.2}'

J .>o‘m.s?~.h -, ':".i‘.' PSR'

— ,‘,

PSR / S

Applying the Fundamentals



Tracking the Particles in Jets

INJ OF AIR INTO A FLUIDIZED BED OF 6MM SPHERES
O|V: Pseudocolor by Particle i hsPIV: Trajectories Pseudocolored
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Gas and Gas Solid Jets

® |mportant with

® Solids feeds in gasifiers, combustors and
pyrolysis units

® Cokers
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Particle Laden Jets
via PSRI Jet Penetration Correlation

300 kg/m?-sec
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Jet Velocity, m/sec

Air and Air-Sand Particles into a Fluidized Bed of Sand at 103 KPa and 800°C

increase the jet penetration length
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FCC/Fines Penetration in |ets
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FCC/Flnes Penetration in
[

® |arge particles entrained mostly
near the jet orifice

rlle rate deep into
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FCC into'6mih spheres™ ¥,
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Injecting Solids Into a
Fluidized Bed

® Vessel dimensions
® 25-feet vessel diameter
® |25-feet vessel height
® ||0-feet from sparger
® Coal feed positions
® First row is 30-feet from sparger
® Second row is 60-feet from sparger
® Feed angle is 45° with no protrusion
beyond the wall
® Sparger
® |5-feet from bottom
® 24-inch diameter main manifold
® 8-inch diameter feeder manifolds
® Superficial gas velocity is | ft/sec
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Simulating
Where the
Particles Go
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Simulating Where The
Particles Go
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Barracuda® e [Four nozzles start at 30 seconds
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Gas-Liquid Jets

® Atomiz

Al o~

d liquid injection into a fluidized bed
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Secondary Cyclone

Liquid
Injection into o~
a Fluidized
Bed

Plexiglas ™

Nozzle

Sparger
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f : 2D Fluidized Bed
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Liquid Injection into a Fluidized Bed
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Liquid Injection into a Fluidized Bed

lecm
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Jet - Fluidized Bed Boundary Layer

e Little liquid jet
penetration after initial
wetting of particles
Little particle exchange
between wetted
particles and dry

particles beyond
boundary

Boundary layer
estimated at 0.18 + 0.04
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Looking Beyond

6 mm Optical GlasgSpacer - -
(Guard CollarR€ e

the Walls

e 38 cm effective length
e 50° field of view
e Short depth of field
e 6 mm Optical Glass Spacer
e \Vith stainless steel Guard Collar (not shown)
e [iquid Filled Light Guide
e External lighting
® High speed camera ready
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Liquid-Particle Interactions in a
Fluidized Bed

® |000 fps at 990 microsecond
shutter speed

® 5-inches (12.7-cm) from nozzle
face

® |.5-inches (3.8-cm) from face
plate (wall)
® Estimated to be within the of

jet
- ® 20 5CFH (0.6 SCMH) sweeping.
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Liquid-Particle Interactions in a
Fluidized Bed

e |000 fps at 990
microsecond shutter speed

® 9-inches (23-cm) from
nozzle face

® [.0-inches (2.5-cm)
from face plate (wall)
® [Estimated to be at the

- boundary of the jet | Sy l'@ |
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Conclusions

® Particles appear to only be picked up near
the entrance region of a jet

® For gas and gas-solids jets, solids (sum of

particles) momentum and bed density are

the controlling factors in jet penetration

® (Gas only jet

® (as-solid jets
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