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Moving bed processors
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Advantages
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Disadvantages
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Requirements

e Plug flow of solids
e Proper outlet size
e Uniform gas flow
e Stable solids bed

Necessary volume/
residence time
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Flow patterns

e Funnel flow

» Mass flow

\
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Funnel flow
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Funnel flow
.
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Mass flow
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Wall friction
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Mass flow hopper angle
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Cohesive strength
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Solids stress profile

Consolidation Stress
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Solids stress profile

Cohesive strength
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Arch stress

Cohesive strength
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Arch stress

Cohesive strength
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Critical arching diameter

Cohesive strength
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Critical arching diameter

Cohesive strength
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Flow factor

e Flow function (FF)

Relationship between 25 |

major principal stress \
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Flow function

Flow Fungtion
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Flow factor
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Critical arching diameter
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Critical arching diameter
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Requirements
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Gas Injection
"

 Nozzles

e Screens

e Sparge rings

e |nserts

 Annulus

e Crossbeams

» (as permeable walls
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Gas Injection
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Gas Injection

e |nserts
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Gas Injection
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Gas Injection
I,

° ’(._f."f-(" ’73.\. -

e Annulus
Zeppelin Systems

Greg Mehos & Associates LLC « www.mehos.net « greg@mehos.net « 978-799-7311




Gas Injection
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Requirements

Stable solids bed
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Permeability
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Permeability
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Allowable gas velocity
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Requirements

Necessary volume/
residence time
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Minimum gas rate

Purge column or gravity dryer

SXa
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Ope?rating Linje
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SXb '

Greg Mehos & Associates LLC « www.mehos.net « greg@mehos.net « 978-799-7311




Minimum gas rate

Direct Heat Exchanger

Gas or Solid
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Kinetics

e Purge columns/gravity dryers

NA =kyav(yA_yA)‘

\'\

e Direct contact heat exchangers

Flux
Coefficient

q=ha, (T —Tg) «
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Kinetics
NN ———————

e Purge columns/gravity dryers

NA = kyav(yA_yA)

aXA=z) 0 rzaXA
ot r2r or

e Direct contact heat exchangers

q=ha,(T;-T,)
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Kinetics
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Kinetics
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Kinetics

Diffusion controlled
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Kinetics
I

Controlled by convection in the gas phase
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Kinetics
I

Controlled by convection in the gas phase
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Kinetics
I

Controlled by both convection and diffusion
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Kinetics
I

Controlled by both convection and diffusion
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Kinetics

Controlled by both convection and diffusion
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Design

—
e  GYa o Estimate Y,
e Solve diffusion equation for time spent in
ﬁ=ﬁi(r2"’_x) short section in column
or 2 or\ or) e Determine volatiles content entering
section from mass balance

Continue until bottom of column is
reached

Gdy = Sdx = S(@)dt
dt

— e |terate until Y, =0

<— GYp

SXb '
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Design
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Design
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Direct bulk solids heat exchangers
. N

S TSa s G TGa

dT,
SCps = ha,(Tg =Ty)

dT
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Direct bulk solids heat exchangers
.
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Direct bulk solids heat exchangers

Cross-flow
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Direct bulk solids heat exchangers

Cross-flow
3
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Indirect moving bed heat exchangers

oT o°T
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Indirect moving bed heat exchangers
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Indirect moving bed heat exchangers
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Indirect moving bed heat exchangers
"

Transient temperature and heat transfer charts for a plane wall of thickness 2L initially at a uniform
temperature T; subjected to convection from all sides to an environment at temperature T,
with a convection coefficient of h.
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Moving bed reactors
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Requirements

e Plug flow of solids
e Proper outlet size
e Uniform gas flow
e Stable solids bed

Necessary volume/
residence time
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