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Applications

Modern wastewater treatment plant of a medium sized city
(Example Bensheim / Germany population 100.000)




Cost breakdown for wastewater treatment

Estimated Power Usage
20-mgd Nitrifying Activated Sludge Facility

Lighting and Misc.

UV Disinfection % Screening
4% 3% 0% Aerated Grit Removal
J—— 1%
Primary Clarifiers
1%

Aeration
49%

Filtration
2%

Filter Feed P
5%

Chemical Addition
3%
Secondary Clarifiers
1%

Source: “Energy Conservation in Wastewater Treatment
Facilities” — Manual of Practice —No. 32, Water
Environment Federation — Copyright 2009



Why aeration is needed for wastewater treatment?

Wastewater contains carbohydrates, lignin, fats,
soaps, synthetic detergents, proteins and their
decomposition products.

In the activated sludge process and other
e L biological treatment processes beneficial
AR EEEET microorganisms degrade this organic matter.

Stoichiometric equations for oxygen demand of wastewater

a b 3 a 3
C,.H,O;N. + (ﬂ+ A ZG) 0y = nCOy + (E — EC) H,0 + ¢NH;3

NH; + 20, — NO; + H;0"

‘Natural’ aeration is not efficient enough. |
Activated sludge microbial community



Traditional aeration equipment and fine bubble behaviour

breakup due to breakup due to instability  coalescence due to coalescence due to coalescence due toll
turbulent eddy of large bubbles turbulent eddy bubble wake different rise
collision velocities




Transport Mechanisms
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Garcia-Ochoa et al. (2010) Biochemical Engineering Journal 49 pp. 289-307
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Hypothesis

Small scale bubbles will significantly improve the mass transfer of
oxygen from gas to liquid phase

The technology can be retrofitted to existing wastewater
treatment plants

The potential energy savings from using small scale bubbles in
large scale waste water treatment is significant

Smoother process control can be achieved due to improved

mixing conditions



Microbubble Generation

AIR FLOW METER

.

AIR IN-TAKE NOZZLE PRESSURE GUAGE
( ATTACHED WITH EVERY PUMF) 10 FLOATATION TANK
<] —
COMPOUND GUAGE,
DISCHARGE CONTORL VALVE

FROM FLOTATION TANK
(TREATED WATER)
—p

SUCTION CONTORL VALVE

KTM (KARYU TURBO MIXER)

NOTES : KTM & AIR IN-TAKE NOZZLE WILL BE SUPPLIED BY NIKUNI
OTHERS ACCESSORIES CAN SUPPLY AS OPTIONAL CASE.
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Number

MB Particle Size Distribution
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A | P Nikuni Micro Bubble Generator
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Air.Volume Fraction
0.010

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0.000

Constant
S um
diameter

Computational Modelling

MUSIG
11 groups
1-100 um
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Air.Volume Fraction

l0.10

0.09
I 0.08
r0.07
" 0.06
" 0.05
- 0.04
© 0.03

0.02
l 0.01

0.00

Computational vs. Experimental

Experimental rig
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Limitations

Key Questions to Answer

* Inaccuracy of drag model -

Air.Volume Fraction

l 0.010

e affects the rise velocity and

bubble coalescence

" 0.005

" 0.004

" 0.003

0.002
l 0.001

0.000

« Buoyancy effect is less

significant for MBs




Population Balance Method

Mass conservation:
d(p;a;)
at

Momentum conservation:
d(p;a;u;)
at

+V(p;a;u;) =0

Multiple discrete bubble size groups:
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Break-up rate:
PB = Z;\fl-l Q(v] vi)v]'

Coalescence rate;:

_ 1 1
P, = 52k=1 21=1 NjkiXijNin;

DB = Qini Wlth

_ vN
D¢ = )jo1 Xijn;

+ V(p;auu;) = —a;Vp + V|ap;(Vi; +@)")| + Fiy + aipig
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Garcia-Ochoa et al. (2009) Ocean Engineering 36 pp. 863-872
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