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1. Introduction pumping and to use more advanced performance
of air lift pump in the aquaculture industry.
The air lift pump is mostly used in the
aquaculture industry and a waste water disposal
plant of culture pond dealt with pumping a
great amount of water. A typical pump is
illustrated in Fig. 1. #
Pumping of fluid occurs as a result of the supply
buoyant force generated by the air entrained in ar )
the fluid. The hydrodynamics of the air lift Water line ~
pump were described previously”. Several
studies” have been done documenting the Discharge pipe
properties of air lift pumps in particular ':

application over the narrow range of flow Stug flow
conditions, but these results can not be applied Alr bubbles

to air lift pumps of arbitrary geometry that are
of concern in the aquacultural application.

The transfer of oxygen and the other major
atmospheric gases are actually of concern in Alr M\
aquacultural applicationsS), The objective of this

study is to research the prediction of oxygen

transfer rate typically encountered in air lift
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2. Theory

The dissolution of a gas in a liquid involves
four separate physical steps. Each of which has
the potential of being rate limiting. A definition
sketch for the transfer process is given in Fig.
2. Gas molecules must first move from the bulk
gas phase to the interface between gas and
liquid. Gas molecules must then diffuse through
a laminar gas and liquid film before entering
the bulk liquid phase. Under normal condition,
the primary resistance to gas transfer occurs
during one of the two diffusion steps. Gases
with high solubility,
restricted in movement by the gas film. Oxygen,

such as ammonia, are

nitrogen, and other gases with low solubility
encounter with primary resistance in liquid film.
In this latter case, the rate of transfer is in a
proportion to the difference between existing
and saturation concentrations of gas in solution.
In differential form, the relationship is expressed
as:

dCldt= (C;— O (1

NS}
<ps

Gases may be removed from solution (dC/dt)
in those applications in which C is greater than
Cs. Gas transfer can be accelerated by reducing
liquid film thickness(4) and by increasing the
surface area(A) through which the gas can be
diffused. Because it is difficult to measure A
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Fig. 2 Definition of the four step gas transfer
process

and 4, the ratios A/V and D/4 often are
combined to establish an overall transfer

coefficient, Kia, 1. e.,
4C _Kia(c-0 2)

InD;,— InD
Kia= ( p— 2) (3)
274

The overall transfer coefficient reflects
conditions present in a specific gas-liquid

contact system. Important variables include the
test basin geometry, turbulence, characteristics
of the liquid, extent of the gas-liquid interface,
and temperature. Temperature affects the visco-
sity which, in turn, influence D, 4 and A.

The quantity Cs - C in Eq. (2) means the
difference between the saturation concentration
and the actual concentration at any moment.
This
attempting to add oxygen to the system.

is a measure of the driving gradient

Kia often is expressed as grams of oxygen
transferred per hour. A plot of the natural
logarithms of D against time for a thoroughly
mixed body of water gives a straight line for
as calculated from

than

which Kia is the slope,
dissolved oxygen profiles for a less
thoroughly mixed body of water (Fig. 3).

In the normal temperature(20TC), the trans-
fer coefficient value of a certain gas was

usually given as a function of pipe
oficit. tite
)
'ﬂ gg‘ In D.
Kia = F P—
in D, ot
inD-InD,
in D,
tv t!
Time of aeration
Fig. 3 Graphical illustration of the method for

determining the transfer coefficient
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Reynoldsnumber for two phase flow”. The
transitional value according to temperature was
shown as the following:

Kia=K;a'9‘T™® (4)

air lift riser oxygen transfer coefficient at 2
0°C, Kia" was shown as the following®"

K a"=6.5x10"%Re 5)
Re= sz (6)

In the air lift pump, oxygen transfer
coefficient depends on flow velocity and type of
bubble that is concerned with Reynolds number.

3. Materials and method in experiment

A model slip of the air lift pump was built
and illustrated in Fig. 4. The pump was
constructed of the pipe with the replaceable
pumps (5.08, 7.62, 1016 and 15.24cm
diameter). To test the aeration of air lift pump,
the probe of oxygen meter was placed at depth
of 38.1cm in a water tank. The discharge center
of all pumps was placed 7.62cm above the
water surface.

A blower with 1 PS capacity was used to
operate each air lift pump. The blower was
operated with a limited speed. The relief valve
regulated the air volume. Air pressure was
measured at the inlet of the air lift pumps. The
portable air velocity meter (OMEGA HA-30)
was a precision micro-processor based anemo-
meter system. The HA-30 was capable of 0.5%
of reading accuracy over an exceptionally wide
0.18~37m/s range.

Water was deoxidized with sodium sulfite and
cobalt chloride for two minute interval, and DO

inside

(dissolved oxygen) in water was measured by
using the oxygen meter (ISI, Model 54). Cobalt
chloride catalyzed the reaction between sodium
Sodium sulfite removed
oxygen according to the following relation.

sulfite and oxygen.

Fig. 4 Arrangement of the test apparatus

Na,SO;+ —2’=o2 = Na,S0, 7)

(Cobalt Chloride : 2.25 mg/1x3240 L = 810 mg
= 0.81 g)

(Sodium Sulfite : 10 mg/L X water L Xoxygen ppm
= 10X3240%45 = 125 g)

Water quality parameters were determined by
standard analytic techniques at Dept. of Marine
Food Science and Technology Lab., the
Gyeong-sang National University (Table 1).

The waste water of the culture pond was left
still for 5 days in a closed container to allow
the resident BOD (biochemical oxygen demand)
to reduce the dissolved oxygen level. Then,
oxygen was eliminated by sodium sulfite and
cobalt which was an enzyme.

The tap water and the pond waste water
were given to find out the process of oxygen
transfer when the water went through the air
lift pump.

To find out the oxygen transfer efficiency of

—47—
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air lift pump, the oxygen-free water was
supplied into the aquarium. And then, the air
was Air

pressure

given by a blower. and water

temperatures and barometer

were
recorded for each trial. Air flow and water flow
rates recorded and held

were constant

throughout each trial.

Then, using YSI model 55, oxygen conce~
ntration was measured at every 30 seconds until
This stabilized
value of the oxygen concentration was taken as
the effective
oxygen concentration.

it reached unchanging value.

average equilibrium dissolved

It required an increasing amount of time to
dissolve a unit of oxygen the closer the oxygen
concentration approached saturation. This chara-
cteristic made it impractical and uneconomical to
raise the oxygen concentration of water much
above 95% saturation by aeration,

Table 1 Water quality

Parameter Tap Waste
water water

pH 7.8 6.9

BOD(mg/1) 0.0 59.8
Suspended solids(mg/1) 0.0 1025
Conductivity( zmho/cm) 367.0 1,350.0
Chloride(mg/1) 12.8 425

4. Results and discussion

Points representing 10% and 70% of saturation
and the
oxygen-transfer coefficient was computed as

were located on the line

follows:

In(C,— Cy) — In(C;— Cyp)
(19— 1) /60

(Kp a)r=

In (DOdeficit,;) — In(DOdeficity)
(tm - tlo) /60

(8)
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Fig. 5 Relationship between dissolved oxygen
deficit and time of aeration

Oxygen transfer test of air lift pumps was
done by comparing with logarithm oxygen
deficit[In(Cs-Cn)], vs. time of aeration (Fig. 5).

Oxygen transfer coefficient of the air lift
pump was measured at the normal
ature(20C). The standard
temperature oxygen transfer coefficients as a
function of the pipe Reynolds number showed
no significant difference between water types.
But, in the matter of laminar flow (Re < 2,320),
the difference between bubble flow tap water
(@) and bubble flow waste water(A) could be

temper-
analysis of the
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Fig. 6 Correlation between oxygen transfer

coefficient and Reynolds number
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Fig. 7 Air lift pumping and aeration perfor-
mance

neglected, in the matter of turbulent flow (Re >
2,320), the difference between bubbly-slug flow,
tap water((]) and bubbly-slug flow, waste
water(4) could not be neglected (Fig. 6).

In this research, the oxygen transfer coeffi-
cient greatly influenced by Reynolds
It was supposed that contact area
became more wide and air moving done actively

was
number.

because flow pattern in the pipes became the
turbulence condition.

Fig. 7
tics of the air lift pumping and the aeration
system. In this example, the diffuser produced
air bubbles in the air flow rate of less than 0.2
I/s. When air flow rate exceeded 0.2 /s, the
breakdown and cohesion of air bubble occurred,
and ultimately resulted the slug flow. In the
airflow, the change of bubble flow to slug flow
was greatly affected by the gas flow ratio,

showed the performance characteris—

submergence ratio, and input oxygen concentra-
tion in the tube.

The bubble flow occurred when the subme-
rgence ratio was more than 85% and the gas
flow was dropped (Fig. 8). But the maximum
and the maximum
pumping efficiency had taken a place in the
bubble flow area which had an active fluid flow.

gas transfer efficiency

In the bubble flow area, the maximum oxygen
efficiencies of air
slightly higher than

system which was

transfer lift pump were
those of diffused aeration

experimented by Colt &
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Tchobanolglouss), and they were about the same
as those of U-tube aerator.

5. Conclusions

Present study focused the transfer characte-
ristics of oxygen using the slip models based on
the slug flow in the various flow patterns of air
lift pump. Experimental results were obtained as
follows:

1) The oxygen transfer coefficient was not
significantly affected by either waste water
or tap water, but was affected by flow
pattern (bubble flow, bubble-slug flow, and
slug flow), and the surface active substances
in the water influenced on the transition

process.
2) The oxygen transfer coefficient was
increased in a proportion to Reynolds

number, and the effective oxygen transfer

increased by breaking the air
bubbles up into small particles.

3) It was impractical and uneconomical to raise
the oxygen concentration of water much
above 95% saturation by aeration.

area was
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