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Abstract

We constructed an air-lifted seawater propulsion system for decreasing fuel consumption of the ships. The 

system has a form of pipes which can be easily installed on the sides of the ship. Seawater mixed with air, will 

rise along within the pipe, and will be discharged downward. If the directions of inlet / outlet of the pipe are

designed properly, a propulsive energy can be obtained. We tested the system with a model ship in Jangsa port 

at Sokcho-city with a water depth of 2.5 meters. The system was supplied regulated air at 6 bars during the 3 

tests. The model ship was moving forward at a rate of 0.18 meters per second. In case of large ships equipped 

zfrom clean energy.
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1. Introduction

In order to cope with climate change and reduce air pollution in the ocean, the International Maritime 

Organization(IMO) has announced that the ‘Energy Efficiency Design Index for new ships(EEDI)’ of newly 

built ships be reduced by 30% by 2025, and recently, it has announced that it will sanction vessels with 

inefficient grades from 2025 by strengthening ‘Existing ships' Energy Efficiency Index (EEXI)’ of existing 

vessels. The existing EEXI uses the same calculation formula as the EEDI applied to newly built ships, and 

classifies ships into five levels of A~E. The ships in lower 2nd class of D and E that do not meet the energy 

efficiency standards will be regulated in the third year if no alternatives are available, and the speed of the ship 

will be lowered through power limit. Most of the new vessels ordered after 2014 follow the EEDI standard, 

but most of the vessels ordered before that do not meet this standard [1].

Since EEDI is determined by the CO₂ conversion factor and fuel consumption of the fuel used by the vessel, 

it is necessary to reduce the fuel consumption rate by changing the fuel or remodeling the vessel [2]. Recently, 

air lubrication method is proposed to reduce the amount of fuel consumption, reducing friction with seawater 

by generating bubbles at the bottom of a ship [3].
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In this paper, for reducing fuel consumtion, we propose and design an air-lifted seawater propulsion system, 

and evaluate its performance by conducting experiments with a model ship.

2. Principle of Auxiliary Propulsion using Air Lift

When air is injected into water, the density of air-water mixture decreases, and the mixture rises upward 

direction, which is widely known as air-lift [4] [5]. We have succeeded in a previous experiment in which 

seawater at a depth of 10 m is pulled up to a height of 1.5 meters above the sea (Figure 1). Air has been 

compressed by solar power and injected at 6 bar regulator. The water lifting rate was 100 liters per second.

The solar panels were cooled by devices using convectional phenomena [6].

Figure 1. Air-lift experiment at the 10m deep sea water

By changing the angles of the inlet and outlet from the vertical direction to the horizontal direction, 

seawater will be released in the stern direction of the ship, and can be utilized as an auxiliary propulsion 

power (Figure 2 and 3). Since the waterline of the ship varies depending on the loading amounts of the cargo, 

it is efficient to obtain the optimal propulsion power by varying the height of the outlet.

Figure 2. Conceptual design of propulsion
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Figure 3. Conceptual diagram of multiple propulsion systems, installed on the side of ship

3. Design and Experiment of the System

By adjusting the angles of the inlet and outlet, the seawater is sucked in from the bow side and discharged 

to the stern side, we have designed an auxiliary propulsion system, that utilizes suction and expulsive forces 

as bidirectional propulsion power. (Figure 4)

Figure 4. Design diagram of the experimental system

A model ship made of a highly-compressed polystyrene(thickness 50 mm) which is used for buoyancy in 

octopus fishing. We cut the polystyrene panel into a piece with dimension of 1400 mm long x 700mm wide x 

50mm thick, cut into an isosceles triangle at a point of 700 mm to obtain a shape of ship. We determined the 

center of gravity to be a point from distance 525 mm, and drilled two holes there; the diameter of the first hole 

was made to fit a PVC pipe with an inner diameter of 125 mm. The position of the second hole was made to 

match the length of the elbow-T connection hole to be mounted on the top.

We constructed the propulsion system with pipes, each with a length of 1000 mm and an inner diameter of 

125 mm, to be used as an absorbent pipe, and installed a circular tube at the end for ejecting air. The drain pipe 

has a length of 400 mm and an inner diameter of 125 mm, and a right angle connector is also installed at the 

end as showed in Figure 5.
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(a)

(b)

Figure 5. Model ship and propulsion system

(a) bottom view (b) side view

We conducted marine experiments at Jangsa port in Sokcho-city, Gangwon-do. The average sea depth 

within the port is 2.5 meters. 

Figure 6. Experimental place (labeling the place by red circle)

We charged a scuba diving air cylinder (11 liters) at a pressure of 200 bars, and used a regulator of 6 bars

in order to inject a constant air into the system.

In order to measure the propulsion performance of the system, we measured moving speed by recording 
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time of moving along the preset 10m distance. We have conducted the marine experiment three times; the 

experimental scene and experimental results are shown in Figure 7 and Table 1, respectively.

Figure 7. Experimental Scene

Table 1. Experimental result of system

No. of Experiment Time for Moving 10m Velocity

1st 53 seconds 0.1887 m/s

2nd 55 seconds 0.1818 m/s

3rd 56 seconds 0.1786 m/s

The model ship moved 10 meters in 54.67 seconds averagely, so the average speed was 0.1829 m/s.

Although the height of the system is 2.38 meters, the net height of the falling water was only 0.28 meters, so 

it is judged that the moving speed is not fast. The water head of water falling distance is determined by the 

depth of the water, the internal diameter of the pipe, and the amount of the injection air; depth is the most 

important limiting factor among them [5]. When a ship larger than this experiment such as a container ship

fully loaded, the difference between the waterline and the bottom of ship is more than 10 meters, the height of 

falling water will be increased and the moving speed will be larger.

In an additional experiment, we directly pumped a stream of air into the sea, by attaching an air hose to the 

outlet of the model ship, however, the model ship did not move at all. It was found that the directly ejected air

did not function as a driving force to move the model ship forward, because the air floated to the surface by

buoyancy.

In the experiment we used an air-tank precharged. If a ship will use solar panels for compressing air, then 

it is expected that the auxiliary propulsion power can be obtained from clean energy and also expected that the 

ship can reduce the fuel consumption rate.

4. Conclusion

In order to prepare the ship regulations enacted by the International Maritime Organization, it is necessary 

to reduce the amount of fuel consumption. In this study, we designed and experimented an auxiliary propulsion 

system using air-lifted seawater. The auxiliary propulsion system has the form of the pipes attached to the 

outer wall of the ship. When air is pumped through the lower side of the pipe, seawater rises above the surface 

due to the density difference. And when the seawater, attracted by gravity, is released and falls downward, a 

propulsion power is obtained by the potential energy of the seawater. We designed an auxiliary propulsion 
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system on a model ship. From results of experiments at the Jangsa port with depth of 2.5 meters, it was found 

that the system was moving forward at a speed of 0.18 meters per second. In the experiment we used regulated   

air stored in tank. If a ship will use solar panels for compressing air, then it is expected that the auxiliary 

propulsion power can be obtained from clean energy and also expected that the ship can reduce the fuel 

consumption rate.
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