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Research 1: Glass beads (Geldart B) + large pine white wood (Geldart B) |N=[NE2Y
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» Size and shape: Sympatec QICPIC particle analyzer
* Density: AccuPyc 1330 Helium Pycnometer, water displacement method
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A - Fluidized bed
bidized be « Anew 1 inch fluidized bed

J62.6mm B - Differential pressure was build
SENSOrS « Bubbling and slugging
7 C - Gas Inlet fluidization regime
D - Distributor  Seven pressure drops were

measured (100Hz)
« Expansion bed height were
F- LED light measured (60Hz)
G - Black board

E - High-speed camera
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Research 1 : Bed Height (3Umf, 4.0wt% biomass)
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————— - CGDEM Gidaspow(Avg=176.0 mm, err=-5.4%)
------ CGDEM Syam-Obrien-Ganser(Avg=175.9 mm, err=-5.4%)
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Both of the tested drag models predict reasonable results.

Gidaspow (5.4%)
Syamlal-O’Brien -Ganser (5.4%)
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The new Hybrid
Syamlal-O’Brien-Ganser
drag model has

the smallest
error.
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The dash line is the perfect mixing line when the biomass
particles are uniformly distributed in the fluidized bed from 0
to 0.4 m. It is obvious that the distribution line is moving
toward the perfect mixing line as the increase of superficial
velocity. To achieve a good mixing, the superficial velocity
should be larger than about 4.44 Umf.
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Research 2: Biack Rock Sands (Geldart B) + Small Loblolly Pine & Midrange Ash Tree (Geldart A)
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Research 2: Biack Rock Sands (Geldart B) + Small Loblolly Pine & Midrange Ash Tree (Geldart A)
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The video has been slowed down by a factor of 6.
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Syngas Out Char Heat Transfer Chemical Reactions
(P=109 KPa) out
IS i A

/ Water-vapor (g)
/@istﬂre_.

Sands ( Wood 4
(330g) \
E i \As
£ Ak Clly// . .
«© | sh-— =~ Bio-gas (g) Bio-gas (g)
- Calibrated Scale Factor .
Q| Biomass
| *f(dp)
Biomass
(298 k, 425 g/h)
Nu = 2.0 + 0.6*Re0-5pr1/3 Table 1 Values of the pre-factor, the active energy, and the reaction heat
Reactions A (s?) F; (kJ/mol) Reaction Heat (kl/kg)
o 1. Moisture(s) = water-vapor(g) 5.13 x 10° 87.9 2700
2. Wood(s) = 8.33333 Char(s) 3.75x 10° 111.7 -20
V 3. Wood(s) = 0.78020 Bio-oil-vapor(g) 1.08 x 10*° 148.0 255
4. Wood(s) = 6.23346 Bio-gas(g) 4.38 x 10° 152.7 -20
0.0292¢g/s 0.292g/s 5. Bio-oil-vapor(g) = 7.99 Bio-gas(g) 4.28 % 10° 108.0 42
Nitrogen Nitrogen 6. Bio-oil-vapor(g) = 10.681 Char(s) 1.00 x 10° 108.0 -42
(298k) (773k)

Reference: Pecha, M.B., Ramirez, E., Wiggins, G.M., Carpenter, D., Kappes, B., Daw, S., Ciesielski, P.N., 2018. Integrated Particle-and Reactor-Scale Simulation of Pine
Pvrolysis in a Fluidized Bed. Energy & Fuels 32, 10683-10694.
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Resea rCh 32 500 micro Sands + 200-400 micro pine pellets Hyd rOdyn amics R LOGY
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Time: 0.00 s
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Sands formed a dense bed in the
bottom region of the reactor, with no
sand present above 0.20 m from the
o bottom of reactor. The biomass axial
008 profile is very similar to that of sand,
000 but the biomass particles also have a
dilute region in the top region of the
reactor.
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Resea rCh 3: 500 micro Sands + 200-400 micro pine pellets Residence Time TL ECHNOLOGY
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EZ] Experiment * The small particles can be heated more
qguickly and pyrolyzed faster than the larger
particles.

* However, the small particles has a smaller
residence time.
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