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Oxygen Transfer System in Biological Fluidised Bed Using
the Deep Shaft as Aeration Device
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Abstract

This paper is concentrated on the development of oxygen transfer system by U-tube
deep shaft in biological fluidised bed process. The depth of the shaft is 32m, it is
composed of downcomer and riser. Not only flow pattern and oxygen transfer in the
deep shaft but also 6xygen limitation in biofilm and oxygen utilization in biological
fluidised bed are investigated.

In this investigation, driving force for liquid circulation in the deep shaft is affected
by air injection depth and gas hold-up in downcomer.

Flow pattern of the deep shaft is revealed to plug flow. When flow welocity in the
deep shaft is maintained to 0,52 m/sec, Kpe value is peak at 25~30 m depth in riser.

The efficiency of dissolved oxygen supply which passed from the deep shaft to
biological fluidised bed is estimated to 56~81% in the organic wastewater treatment
using the deep shaft and when dissolved oxygen concentration is 9.2 mg/! and over,
limiting factors of flux and substrate within biofilm are organic materials.

Terefore, organic loadings could be increase without decreasing of BOD removal
efficiency.
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321 1. Schematic diagram of Dzep Shaft system
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# 1. Composition of synthetic wastewater

Composition Concentration(g/I)

Glucose 14.4

NH,Cl 4.92
KH,PO, 1.36
NaH,PO,+H.O 0.83
MgCl,+6H;0 0.81
(NH,),80, 0.53
CaCl, 0.44

R wAK #EE BOD 350~700 mg/!
olglar A7t 2 BVS(biomass volatile
solids) 5 5% 8.6~14.2g/l, KHEBH HFA
7+ 0.5~2.0hr, F/M & 0.98~2.37d* o]
et

1. Inner reactor 9, Bird stirrer

2. Serum cap 10, Outer mixer

3. Sample reservoir housing 11. Inner mixer

4. Brass rod 12. O.Rings and bearings
5. Gasket 13. Quter reactor

6. Support filter & biofilm 14. Air and pure oxygen
7. DO Meter probe supplier

8. Sampling valve 15. Nitrogen supplier

18] 2. Experimental apparatus for biofilm model
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% 2. Gas hold-up due to air flow rate on the Deep Shaft

(Riser aeration depth: 10 m)

Air flow rate(l/min) Gas hold-up(cm) Gas hold-up
Downcomer Riser | Downcomer Riser (R/D)
16 60* 49%* 116* 103%* 1.93* 2.10%**
1 24 52 45 120 111 2.31 2.47
32 45 40 135 120 3.0 3.0
16 — 75 - 152 — 2.04
2 24 79 64 156 134 1.97 2.09
32 65 56 148 123 2.28 2.36
16 — — - —~ — —
3 24 - 104 — 210 - 2.02
32 95 86 190 196 2.01 2.16
16 — — - — — —
4 24 — - — - — —
32 - 126 - 263 ; — 2.09
* Downcomer aeration depth: 5m
** Downcomer aeration depth: 10m
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#] 3. Circulation time and velocity due to air flow
Downcomer Air flow rate(Riser) I/min
AD iA FR 16 24 32

(m) (2/min) cT cv CT cv cT cv
1 123 0.52 109 0.59 55 0.67
5 2 —— _ 128 0.50 112 0.57
3 -— _— — —_ 126 0.51
1 115 0.56 103 0.62 92 0.70
10 2 125 0.51 114 0.56 101 0.63
3 —_ — 127 0.52 113 0.57
4 e — - — 124 0.52

AD : Aeration depth
AFR : Air flow rate
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CT : Circulation ‘time(sec)
CV : Circulation velocity(m/sec)

¥ 4. Mixing time due to air flow rate on the
Deep Shaft
dqwnconer Air flow rate(Riser) //min
Aeration |Air flow
depth rate 16 “ 32
1 43.0 39.6 33.6
5 2 -— 32.8 32.3
3 — — 30.5
1 45.8 40. 4 34.6
10 2 41.9 36.9 33.1
3 — 34.2 31.0
4 — — 29.8
& 55 A (response curve)?] ezt A9 3
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% 5. Dispersion number due to air flow rate on

the Deep Shaft.
(Riser aeration depth : 10 m)

Air tlow rate Dispersion number(x10-9)

(1/min)
Down- . .
comer Riser Downcomer Riser
16 0.98*  1.02%% 6.58% 6.71**
1 24 1.05 1.08 8.17 8.5

32 1.15 1.20 9.59 9.34

| 16 | .25 1.30 | 7.5 s8.01

2 24 | 131 1.35 | 872 8.8
32 — 139 — 9.0
16 — - — -
3 24 — 145 - 9.07
32 | L.52 1.63 | 9.64 9.30
16 - — - -
¢ 24 — — - -
32 —  1.65 —  9.78

* Downcomer aeration depth: 5m
** Downcomer aeration depth : 10 m
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Z2] 3. DO concentrations through a 64 m path

of the Deep Shaft
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% 6. Results of the treatment for the synthetic wastewater by BFB using the Deep Shaft system.

BOD: VS ok,
Run No. S | B | Bon | TR | awn | S | SE™
1 3.75 0.5 350 7.4 0.57 20.3 94.2
2 3.75 0.5 700 8.6 0.98 51.8 92.6
3 7.5 1.0 700 10.3 1.63 68.2 90.3
4 7.5 1.0 350 8.4 1.0 24.5 93.0
5 15.0 2.0 350 10.5 1.60 33.6 90. 4
6 15.0 2.0 700 4.2 2.37 84 88.0

* (BVS)av. : Average biomass volatile solid concentration

#* E2OD, : EOD removal
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