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Responsibility

Airlifts combine pumping, water
treatment in recirculation systems

1 March 2008
By Timothy J. Pfeiffer, Ph.D.  and Ronald F. Malone, Ph.D., P.E.

Pumps use buoyancy of entrained air bubbles to lift water
Intensive tank culture for �sh grow-out typically utilizes water recirculation technology with treatment
processes for aeration, suspended and dissolved solids, nitrogenous wastes and carbon dioxide
removal. Recirculating aquaculture is energy-intensive, because water must move continuously through
the system to remove these wastes and replace the oxygen. 

The most common method for moving water in recirculating aquaculture systems is the use of a
centrifugal pump. Airlift pumps offer an alternative pumping mechanism that uses the buoyancy of the
entrained air bubbles to lift the water.

For low-head systems, airlift pumps are more energy-e�cient and provide more aeration, carbon dioxide
removal and foam fractionation for dissolved solids removal than centrifugal pump systems. Capital
and operational costs are lower than standard electrical centrifugal pumps. System design is also
simpli�ed. 

(https://gsa.rakadev.com)

https://gsa.rakadev.com/
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Experimental airlift system
The authors recently designed and tested an experimental airlift unit that included a 7.9-cubic-
meter circular �berglass tank with 1.0 meter of water depth and a 0.14-cubmic-meter Polygeyser
bio�lter with enhanced media of 55 percent porosity. Water from the tank center drain gravity �owed to
the �lter through a 7.6-cm-diameter pipe. The airlift riser pipe from the bio�lter returning to the tank was
10.2 cm in diameter. Air for water movement was supplied from the facility’s regenerative air blower
system. 

Sodium sul�te and a cobalt chloride catalyst were used to bring the dissolved oxygen concentrations in
the tank below 1 mg per liter. During the re-aeration tests, dissolved oxygen was measured at one- to
�ve-minute intervals until the tank dissolved oxygen was 80 to 90 percent of saturation. Pitot tubes
were set up on the airlift riser pipe and from the tank to calculate the static and dynamic head of the
airlift system. 

Water from the bottom drain of the culture tank on left �ows to the bio�lter on right through the lower
pipe. Air injected at the base of the other pipe then lifts the �ltered water back into the culture tank.
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Design sequence
A schematic of the experimental unit is presented in Fig. 1. The basic design sequence in setting up the
bio�lter for airlift operation on the main tank is outlined below. 

1. Set the static water lift back into the tank at no more than 30.5 cm. 
2. Size the diameter of the approach pipe from the center drain to the bio�lter so that the projected

water �ow velocity in the pipe is at least 61.0 cm per second.
3. Size the diameter of the lift pipe from the outlet of the bio�lter back into the tank to allow a water

�ow velocity of at least 0.6 meters per second.
4. Maintain a submergence:lift ratio of greater than 80 percent. For example, if the water must be

airlifted 15.2 cm back into the tank, air injection in the lift pipe is placed 76.2 cm below the lift
point.

Fig. 1: Airlift system for a 3.0-meter-diameter tank with 10.2 cm of
freeboard. The 227-liters-per-minute airlift water �ow provides 1.75
tank volume turnovers per hour. The height difference between tank
water level and �lter out�ow is approximately 25.4 cm.

Fig. 2: Standard oxygen transfer rates for the airlift system at
various water �ow rates, salinities and gas:liquid ratios.
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Results
As

The clear pitot tubes behind the riser pipe indicate dynamic head losses when the bio�lter clogs.
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expected, in operation, the dynamic head increased with increasing water �ow (Fig. 2). To maintain two
tank water exchanges hourly through the bio�lter (approximately 227.0 liters per minute) and minimize
dynamic frictional losses to under 30.5 cm, a tank freeboard no greater than 10.2 cm was required.

A greater freeboard in the tank increases the airlift needs, and consequently a greater air �ow is required
to maintain the recirculating water �ow rate. Greater freeboard in the tank decreases the water level in
the tank. The lower water level provides less head for the gravity �ow of water to the bio�lter.
Consequently, water �ow through the �lter is reduced, or additional air must be supplied to maintain set
�ow rates. 

At the desired recirculating �ow rate of 227.0 liters per minute, an air:water �ow ratio greater than 1 did
not result in signi�cantly greater oxygen transfer rates. Standard oxygen transfer rates were greater in
trials with 15 to 30 ppt saltwater than in freshwater trials (Fig. 2).

(Editor’s Note: This article was originally published in the March/April 2008 print edition of the Global
Aquaculture Advocate.)
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