Ty
Grazm EE

Benchmarking a Novel 0-D Model Against Data
from Two-Fluid Model Simulations of a Wet
Fluidized Bed

LoD
Stefan Radl, Mohammadsadegh Salehi 0.0178

Institute of Process and Particle Engineering, Graz University of Technology

0.0175
Maryam Askarishahi
Research Center Pharmaceutical Engineering GmbH, Graz 0.0172
radl@tugraz.at 0.0168
=, bmOMm [EEmE~ §lnan O e the Fedora Minisryof Diitl and Economc Afars @MDY, o JoanEn AN
comET b ' Funded by the Austriadntgesfeadrch IPll\’/lomotti(y)n 1:’\zegntcyl (FEGE). Land St/;TfermaE'E'\;lr?(;Nt)ﬁe Styrian Business ﬁ-grla!l UNI RESEARCH ))))))

v,,;‘r";Ah FFG )SFG?) Promotion Agency (SFG). LEEa



wiEs

Phenomena governing wet fluidized beds (WFBs)
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Motivation developing a toolset (CFD-DEM/TFM/0D) to predict
WFB performance

Euler-Euler-Euler Approach
_ Compartment (0D) model ]
Two-Fluid Model (CFD-TFM)
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MOdel lmplementatl()n + standard models for continuity, momentum & heat,
mass balance for water (liquid) KTGF + u-I rheology, Schneiderbauer stress BCs
________ \
Yy (Egpgxwl) + V- (Egpgxwlug) V. (Dgnvggpgxwl) + Sspray| Sevap Sdeposl
Accumulation Convection Dispersion Source 7 7 Sinks
Droplet evaporation ~1 Droplet deposition ~
Sevap (pw sat pf.uwv)ad,gdgd Sdepos = _Alud - upl.uwlggpg
_ A: Filtration coefficient after Kolakaluri’s Model
Uwy: vapor mass loading \_ )
Pw sat: Saturation density w,,p: liquid mass loading

gq:droplet volume fraction
Ba:mass transfer coeff.
aq: sepcific surface area

&, gas volume fraction
evaporation

evaporative
cooling
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Model implementation
mass balance for water vapor

at (Egpgxwv) +v (egpgxwvug) =V ( Vggpgxwv 'I'Sdry T Sevapl

Accumulation Convection Diffusion/Dispersion Sources
~ Particle drying
Sdry — (pw,sat o pg.uwv)aplpliqﬁpgs evapor:ative deposited droplet
cooling evaporation

Y,iq: Particle surface coverage after Kariuki’s Model

Pp
Yug=1-11-f1 11

Uwy: vapor mass loading By : mass transfer coef f.
Pw,sat: Saturation density a,:sepcific surface area

@q:droplet volume fraction f : droplet foot print area
&, coating number

Continuous film, ¢;;, = 1
7 30.10.2018 KariuKi et al, Chemical Engineering Science. 2013;92:134-145. wihy | )



CFD-TFM

fluidized bed
performance assessment
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CFD-TFM simulation - B
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Qualitative performance of WFB
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CFD-TFM

the degree
of uniformity
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Uniformity of bed
How to assess?

{Is it possible to represent the bed performance with the single]

Temperature | LoD | vapor content ‘

A 4

= mm How uniform is the distribution in the bed? |------ |

|

|

! 4
Qualitative ] Quantitative

The time-averaged contour-plots for the The uniformity degree through LoD
exchange rates and the flow properties and temperature standard deviation
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Uniformity degree: Qualitative examination
Time-averaged flow property distribution

droplet mass fraction bed voidage vapor mass fraction
Ll Lo
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Uniformity degree: Qualitative examination
Time-averaged exchange rate distribution

dryingrate  evaporationrate  deposition rate
Sarylkg/m’ s S eposlg/m? s
5.3e-03 1.6e-01
3.5e-03 'F___'_'_"___-I ‘ ‘ 1.0e-01
1.8e-03 l 5.2e-02
0.0e+00 8, kg /m? s 0.0e+00

1.8e-26 1.4e-02 2.9e-02 4.3e-02
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CFD-TFM versus
0D model
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0D model validity against TFM approach
effect of spray rate
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is defined as the ratio of spray rate to the maximum spray rate (RH,,,; = 100%)

o = 0, TFM

mgg:c?; =0,0D

) ZZ‘)’:@ =05 TFM

m?ﬁ?@ = 0.5, 0D

rerm = 1 TFM

m?ﬁf@ =1,0D
Ty =)
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0D model validity against TFM approach — Hoy/Lyea = 0.65, TFM

effect of spray rate & Ho/Lyeq = 0.65, 0D
—Hy/Lpeq = 0.15, TF M

Effect of bed aspect ratio
X Hy/Lyq = 0.15, 0D

particle LoD gas temperature gas vapor content
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Conclusions and outlooks

Development of a 0D model based on the results
of TFM simulation

Quantification of “well-mixed-ness” via the
degree of uniformity for LoD and temperature

: demonstration of the 0D model validity on
fulfilling the criteria for “well-mixed” condition

Validation and integrationof | :
cohesion comes next
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Thank you for your
attention!
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