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Abstract Tracer experiments were carried out on two laboratory modes, "without media mode" and "with media
mode", to examine the hydraulic characteristics of the anaerobic fluidized bed bioreactor (AFBR). For both
configurations, a formula was derived for the hydraulics and data interpretation to obtain the actual characteristics of
the reactor. The dispersion model is based on the assumption that carriers are non-reacting and the dispersion
coefficient is constant. The model represents the one-dimensional unsteady-state concentration distribution of the
non-reacting tracer in the reactors. The experimental results showed that the media increased the mixing conditions
in the reactor considerably. For the reactor without media, in the range tested, the dispersion coefficient was at least
an order of magnitude smaller than that of the reactor with media. Advective transport dominates and the flow pattern
approaches the plug flow reactor (PFR) regime. The dispersion coefficient increased significantly as us, the superficial
liquid velocity, was increased proportionally to 0.82cm/s. On the other hand, for the reactor with media, the flow
pattern was in between a PFR and a completely mixed flow reactor (CMFR) regime, and the dispersion coefficient
was saturated at us=0.41cm/s, remaining relatively constant, even at us=0.82cm/s. The dispersion coefficient depends
strongly on the liquid Reynolds number (Re) or the particle Reynolds number (Rep) over the range tested.
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Table 1. Physical properties of the media

Property Unit Amount

Arithmetic mean diameter mm 1.170
Sauter mean diameter mm 1.130

Dry density kg/m’ 0.662

Wet density kg/m’ 1.417

Bed voidage of packed particles - 0.300
Bed voidage of settled particles - 0.396
Specific surface area of particle mz/g 601.63
Pore volume of particle cm3/g 2.5255
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Fig. 3. Experimental data and model simulation of the
tracer in the reactor w/o media[symbols w/ dotted
line: experimental data; solid line: model fits]
[(A),(B):Qr=0.56L/min; (C),(D): Qr =1.125 L/min;
(E),(F): Qr =2.25L/min]
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Table 2. Summary of tracer test

Colm.
zL L Type 1 2 3
no.

E, 0.18 066 236
u 020 041 082

w/o
i U 020 041 082
media Pe 90.9 494 274
Re 215 432 864
E, 13.0 648 612
1271 787 u 020 041 082
U 056 090 143

w/
i Pe 34 L1 1.8
media Re, 9.0 145 231
Pe/Re, 038 008  0.08
¢ 037 046 057

Zy: distance of the tracer detection point from the bed entrance(cm)

L: distance between tracer injection and tracer measurement point(cm)
E,: axial liquid dispersion coefficient(cm/s)

us: liquid superficial velocity(m/s)

u;: liquid interstitial velocity(m/s)

Pe: Peclet number(ND)

Re: liquid Reynolds number(ND)

Re,: particle Reynolds number(ND)

e: bed voidage(ND)

8cp, UET
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NOMENCLATURE
m, total mass of the tracer normalized to the
cross-sectional area (ML'Z)
L  distance between tracer injection and tracer

measurement point (L)
Cy(k) experimentally measured concentration of tracer
at instant k
Cm(k)prediction of concentration of tracer at instant k
z axial coordinate (L)

7 distance of the tracer detection point from the bed
entrance (L)

L  distance between tracer injection and tracer
measurement point (L)

E, axial liquid dispersion coefficient (L’T™")

us  liquid superficial velocity (LT'])

ui  liquid interstitial velocity (LT™)

Pe Peclet number (ND)

Re liquid Reynolds number (,ND)

Rep particle Reynolds number (ND)

e  bed voidage (ND)

References

B. E. Rittmann, “Comparative performance of biofilm
reactor types. Biotech”, Bioeng., vol. 24, no. 6, pp.
1342-1370, 1982.

DOL: https://doi.org/10.1002/bit.260240609

V. Saravanan, T. R. Sreekrishnan, "Modelling anaerobic
biofilm reactors- a review", J. Environ. Managem. vol. 81,
no. 1, pp. 1-18, 2006.

DOI: https://doi.org/10.1016/j.jenvman.2005.10.002

J. P. Bassin, M. Dezotti. Moving bed biofilm reactor
(MBBR). Advanced Biological. Processes for Wastewater
Treatment. Springer Nature(e book). pp. 37-74.

T. D. Reynolds, P. A. Richards, Unit operations and
processes in environmental engineering (2nd Eds), PWS
Publishing Co. MA USA, 1996.

M. Denac, A. Miguel, 1. J. Dunn, "Modeling dynamic
experiments on the anaerobic degradation of molasses
wastewater", Biotech. Bioeng., vol. 31, no. 1, pp. 1-10,
1988.

DOI: https://doi.org/10.1002/bit.260310102

P. Buffiere, J. P. Steyer, C. Fonade, R. Moletta,
"Comprehensive modeling of methanogenic biofilms in
fluidized bed systems - mass transfer limitations and
multsubstrate aspects”, Biotechnol. Bioeng., vol. 48, no. 6,
pp. 725-236, 1995.

DOI: https://doi.org/10.1002/bit.260480622

M. Seifi, M. H. Fazaelipoor, "Modeling simultaneous
nitrification and denitrification (SND) in a fluidized bed



A& = EA A9 A235, 2018

[10]

[11]

[12]

[13]

[14]

[16]

biofilm reactor", Applied Mathematical. Modelling. vol.
36, no. 11, pp. 5603-5613, 2012.
DOT: https://doi.org/10.1016/j.apm.2012.01.004

S. C. Chapra, Surface  water-quality  modeling,
McGRAW-Hill Companies Inc., NY, 1997.

S. D. Kim, “Heat Transfer between Gas Fluidized Bed
and Vertical Tubes", The Korean journal of chemical
engineering, Vol. 17, no. 2, pp. 85-99, 1979.

H. M. El-Baroudi, D. R. Fuller, "Tracer dispersion of
high rate settling tanks", J. ASCE, vol. 99, no. 3, pp.
347-368, 1973.

O. Levenspiel, W. K. Smith, "Notes on the diffusion-type
model for the longitudinal mixing of fluids in flow". Chem.
Eng. Sci., vol. 6, no. 4, pp. 227-233, 1957.

DOL: https://doi.org/10.1016/0009-2509(57)85021-0

M. Asif, N. Kolagerakis, L. A. Behie, "On the constancy of
axial dispersion coefficients in liquid fluidized beds",
Chem. Eng. J., vol. 49, no. 1, pp. 17-26, 1992.

DOI: https://doi.org/10.1016/0300-9467(92)85020-A

M. Turan, I Oztiirk, "Longitudinal dispersion and
biomass hold-up of anaerobic fluidized bed reactors",
Wat. Sci. Tech., vol. 34, no. 5-6, pp. 461-468, 1996.
DOI: https://doi.org/10.1016/0273-1223(96)00679-8

R. R. Sharp, A. B. Cunningham, J. Komlos, J.
Billmayer, "Observation of thick biofilm accumulation
and structure in porous media and corresponding
hydrodynamic and mass transfer effects", Wat. Sci.
Tech., vol. 39, no. 7, pp. 195-201, 1999.

DOLI: https://doi.org/10.1016/S0273-1223(99)00168-7

C. Nicolella, S. Chiarle, R. Di Felice, M. Rovatti,
"Mechanisms of biofilm detachment in fluidized bed
reactors", Wat. Sci. Tech., vol. 36, no. 1, pp. 229-235,
1997.

DOI: https://doi.org/10.1016/S0273-1223(97)00329-6

C. Nicolella, R. Di Felice, M. Rovatti, "An experimental

model of biofilm detachment in liquid fluidized bed

biological reactors", Biotechnol. Bioeng. vol. 51, no. 6,

pp. 713-719, 1996.

DOI: https://doi.org/10.1002/(SICI)1097-0290(19960920)
51:6<713::AID-BIT10>3.0.CO;2-E

96

A & S(Jong-Hyuk Seok) [H2lH]

l-#.f 1

02003 39 ~ @A) :

<#y ol

A, A

1987+ 29 ¢ Qlshrjstu 83 F s}
3} (&b
01991 29 ¢ lsbrfstal il
f4edst (T
°2001 5¢ RP.I Dept. of
Environmental & Energy Engineering
(F3HAh
°1990 12¢¥ ~ 1996
KIST A48 54
etE AT} 3377}

14

g



