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  This paper relates to the verification of the effects of an air lubrication method that is 

intended to reduce skin friction resistance working on a hull through the use of air bubbles. This 
experiment is the world’s first trial carried out on a newly-built carrier. Prior to the experiment in 
an actual hull trial, in order to confirm the performance of the air delivery system, a full-size 
mock-up unit was fabricated and the air delivery conditions were observed in a water tank. In 
addition, using a ship moored on a wharf wall, an air blow-off test was carried out and the air 
blow-off conditions were examined, the results of which were as expected. In an actual hull trial, a 
real energy-saving effect was confirmed as estimated and the effectiveness of this method was 
validated. Mitsubishi Heavy Industries, Ltd. (MHI) hereafter will develop this technology toward 
general carriers such as VLCCs and bulk carriers.  

  

  
|1. Introduction 

The steep rise in prices of raw materials such as crude oil is predicted to continue for the 
foreseeable future, in conjunction with the economic growth of developing countries led by China. 
In the situation surrounding the marine transportation business, expectations for the development of 
energy-saving technologies for shipping are high, with the international need to address shipping 
costs and environmental issues such as CO2 emissions. 

The air lubrication method is technology to reduce skin friction resistance working on a hull 
by sending air to the bottom of the hull to create a layer of air bubbles between the hull and sea 
water. Since the proportion of skin friction resistance to total resistance is high, especially on large 
low-speed blunt ships, the air lubrication method has been focused on for quite some time as an 
effective measure to reduce skin friction resistance. Figure 1 shows an image of an air lubrication 
method. 

  

Figure 1  An image of an 
air lubrication method

Air bubbles are discharged 
from the air blow-off portion 
mounted on the bottom of the 
hull and the air bubble flow 
covers the bottom of the hull. 
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Air discharged from the air blow-off portion mounted on the bottom of the hull turns into air 
bubbles because of the tearing-off forces of the surrounding flows and then runs to the direction of 
the stern with air bubbles covering the bottom of the hull. In approaches toward putting the air 
lubrication method into practical use, Kodama et al.1 have recently measured total resistance and 
local skin-friction resistance working on a model hull that is a flat plate hull having a total length of 
fifty meters and have confirmed that these resistances decrease. Among the several actual hull 
experiments on the air lubrication method that have so far been carried out, the roughly 
five-percent energy-saving documented by Kodama et al.2 on an actual hull experiment using a 
cement carrier has attracted interest in the effectiveness of actual hull experiments on an air 
lubrication method. 

In our study, with a view to the installation of a full-scale air lubrication system on an actual 
hull, the newly developed prototype unit was mounted on a module carrier belonging to 
NYK-Hinode Line, Ltd. that was placed in commission in April 2010. The energy-saving effect on 
the carrier was measured during sea trials. The module carrier has a shallow draft and is broad in 
width with a large flat portion on its bottom, i.e., a shallow-draft ship, which is extremely suitable 
to check the effects of the air lubrication method. This paper describes the various results obtained 
in developing the system including model testing data and the outcome of actual hull trials. 

|2. Underwater Air Blow-off Test through the use of 
a Mock-up Model 

2.1 Mock-up model 
Figure 2 shows the piping diagram. Air discharged from blowers is temporarily stored in a 

head tank and fifteen air supply branch pipes connected to the head tank are piped to the air supply 
portion mounted on the bottom of the hull. One air supply branch pipe is each connected to one 
chamber (air chamber). All of the chambers are housed in a recess. In the test, the recess and 
chambers of the mock-up model were fabricated and the air blow-off conditions were observed. 
The test was conducted in a seakeeping tank at MHI’s Nagasaki Research & Development Center.

 
Figure 2  A simplified piping diagram of the air lubrication system 
Air discharged from two sets of blowers is collected in a large-diameter pipe and then is distributed to fifteen 
branch pipes to be delivered to air chambers mounted on the bottom of the hull. 

Figure 3 shows an overview photograph of the chamber. A communicating pipe connected 
to the air supply pipe is attached to the top portion of the chamber, where its attached point is offset 
by 200 mm away from the center of the chamber. On the bottom portion of the chamber are 
installed sixteen small apertures from which air is blown off. 
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Figure 3  The chamber outline 
A communicating pipe is attached to the 
top portion of the chamber, where its 
attached point is offset by 200 mm away 
from the center of the chamber. On the 
bottom portion of the chamber are 
installed sixteen small apertures from 
which air is blown off. 

 
2.2 Measurement result 

2.2.1 Flow velocity distribution test in the air 
Since the air supply line connected to the chamber as shown in Figure 3 is a single pipe, the 

air blow-off rates from the respective apertures in the chamber grow unbalanced. To correct this 
phenomenon, baffle boards are placed in the chambers to equalize the air flow. Figure 4 shows the 
measurements of flow velocity distribution in the case of “with baffle board” and “no baffle 
board.” The tests were conducted in the air. Kanomax Climomaster Model6531 was used to 
measure flow velocity. In the case of “no baffle board,” the peak flow velocity occurred around the 
apertures just behind the air supply pipe, so that almost all the air was blown off at this point, 
causing flow velocity distribution to be unequal. In the case of “with baffle board,” flow velocity 
distribution appeared to be equalized in the longitudinal direction of the chamber, so that the baffle 
board adopted in this test was found to be effective against the equalization of the distribution in 
the chamber. 

2.2.2 Underwater air blow-off condition measurement 
A model having small apertures in the bottom was placed in a water tank. The air blow-off 

conditions from the respective apertures were observed by an underwater camera. Figure 5 shows 
the conditions of the experiment. 

 

 

Figure 4  A comparison chart of flow-velocity distributions blown off from the 
apertures of the chamber 

In the case of “no baffle board,” the peak flow velocity occurs at the number nine and number 
ten apertures and in the case of “with baffle board,” the flow velocities are equalized. 
 

 

Fire 5  Air blow-off conditions 
(underwater) 

A picture of the air blow-off 
conditions, with the chamber placed 
underwater. 
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Figure 6 shows a picture of the air blow-off conditions from the respective apertures when 
the chamber is kept longitudinally horizontal, taken by an underwater camera. With the chamber 
kept longitudinally perfectly horizontal, air blown off in the water is accumulated on the bottom of 
the chamber, so in order to avoid accumulating air, the chamber is inclined laterally by ten degrees 
to flow out. Accordingly, when the chamber is kept longitudinally horizontal, air appears to be 
equally blown off from all sixteen apertures. 

Figure 7 shows the air blow-off conditions at the time when the chamber is inclined 
longitudinally by three degrees. When a draft difference exists in the longitudinal direction, air 
blow-off occurs at only five or six holes from the shallow draft side in sixteen apertures. 
Accordingly, air blow-off from the apertures is found to be greatly affected by pressure distribution 
in the lateral direction in the chamber because of the difference in hydrostatic pressures on the 
bottom of the hull. 

On an actual voyage, the vessel does not sail in only an inclined condition. In addition, when 
the vessel is in a rolling condition due to high waves, it sails with a cyclical repetition of horizontal 
and inclined conditions. Therefore, air bubbles are thought to roughly cover the bottom of the 
vessel, i.e., an uncovered condition does not persist. 

 

Figure 6  A picture of the air blow-off conditions from the apertures (horizontal conditions) 
Air blow-off conditions from sixteen apertures mounted on the bottom of the chamber are shown. Air is equally 
blown off from respective apertures. 

Figure 7  A picture of the air blow-off conditions from the apertures (inclined condition) 
In an inclined condition, air blow-off occurs at only five or six holes from the shallow draft side. 

|3. Air Blow-off Test Using a Hull Moored on a Wharf Wall 
3.1 Outline of wharf wall test 

Using a hull moored on a wharf wall, air was sent to the bottom of the hull by running 
blowers and then the air blow-off conditions from the apertures in the bottom were photographed 
by a diver to observe them. Air flow from fifteen branch pipes was also examined. 
3.2 Testing conditions 

The testing conditions were as follows:  
- Two draft conditions (3.75 meters and 4.35 meters). 
- Two inclined conditions (lateral tilt: 0 degrees (no tilt) and 1.8 degrees (to starboard)). 

3.3 Test results 
3.3.1 Adjustment of valve opening 

The valve opening and air flow rate sent to the respective chambers were examined. Since 
the hull is not equipped with flowmeters on the branch pipe between the butterfly valve and the 
chamber, the flow rate is estimated from the measured pressure instead. Figure 8 shows the 
relationship of estimated flow rates in pipes to valve openings, where a valve opening moves to a 
closed position as valve opening varies from “opening 1” to “opening 5.” 

The air flow rate appears to remain dispersed at the respective pipes in the “full opening” to 
“opening 3” conditions, but the flow rate tends to be equalized when a valve is moved toward a 
closed position. Therefore, when a valve is properly narrowed, i.e., the appropriate pressure loss is 
given to the valve, the air flow rates in the respective pipes were found to be equalized. 



Mitsubishi Heavy Industries Technical Review Vol. 47 No. 3 (September 2010) 
 45 

 

 
Figure 8  The relationship of various valve openings to estimated flow rates 
When a valve is moved toward a closed position (valve opening 1 → 5), air flow rate is equalized 
 

Figure 9 shows the relationship of various valve openings to the electric power consumption 
of the blower inverter. For the same valve opening, the relationship of the valve opening to the 
electric power consumption in the case of increasing valve opening is different from that in the case 
of decreasing value opening, i.e., hysteresis. 

Figure 9  The relationship of various valve openings to the electric power consumption 
of the blower 

The electric power consumption increases from around the position passing valve opening 3 as the valve 
narrows toward a closed position. 
 

Although the electric power consumption is almost fixed in the range of full opening to 
around valve opening 3, the consumption increases from around the position passing valve opening 
3 as pressure loss increases by narrowing the valve toward a closed position. In the adjustment of 
valve opening, it is necessary to properly adjust the valve angle with consideration for the evenness 
of the flow rates and the electric power consumption of the blower. 

3.3.2 Flow rate measurement in inclined condition 
The flow rates of fifteen pipes were measured at the time when a ship is inclined (1.8 degrees 

to starboard). Figure 10 shows the relationship of valve openings (two cases) to the estimated flow 
rate for comparison purposes. In the case of valve opening (A) where the valve opening number is 
low, the flow rates of chambers Q12 to Q15 where drafts are deeper are small, compared with the 
other chambers. When the valve is narrowed (in the case of valve opening (B) where opening 
number is high), the flow rates of all chambers appear to be almost fixed. Accordingly, the flow 
rates sent into the respective chambers can be held by properly adjusting valve openings, even 
when a ship is inclined. 
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Figure 10  Comparison chart of valve openings (two cases) with flow rate distribution 
In the case of a narrowed valve (valve opening (B)), the flow rates appear to be distributed almost uniformly in 
all chambers. 

|4. Actual Hull Experiment at Sea 
4.1 Outline of hull being tested 

The outline of the module carrier that was actually used is shown in Table 1 The feature of 
the carrier is a wide and shallow draft watercraft with a large B/d, so that it has a large flat area in 
the bottom.  

The main engine is a medium-speed diesel engine and the propulsion plant has two engines 
and two shafts with a Controllable Pitch Propeller (CPP). 

In order to cover the bottom of the carrier with air bubbles, three air blow-off portions are 
installed on the bottom and the air is supplied by two sets of air blowers that are placed in the 
auxiliary engine room. 
4.2 Observation of the air blow-off conditions by image from bottom camera 

The air blow-off conditions under sail were photographed by a bottom camera to observe 
them. Figure 11 shows one example of the air blow-off conditions. It is seen that air blown off 
from the apertures on the bottom of the carrier turns into air bubbles by tearing-off forces of the 
surrounding flow of sea water, running in the direction of the stern. 
      

 Table 1  Outline of the carrier being tested  

 Carrier length Loa 162 m  

 Carrier width B 38 m  

 Depth D 9.0 m  

 Draft d 4.5 m / 6.37 m  

 Displacement △ 10 , 201 t / 19 , 818 t  

 Main engine - 
DAIHATSU 6DKM-36×2 

Max.3 , 218 kW×2 
 

 Propeller - CPP  

 Designed speed U 13.25 kt  

     

     Figure 11  Air blow-off conditions of actual
hull experiment 

It is seen that the air from the apertures turns into air 
bubbles, running backward. 

      

4.3 Evaluation of the energy-saving effect 
After a normal speed trial test without discharging air, the same speed trial test with air 

discharged was carried out to measure the energy-saving effect. The speed was compensated by 
wind and tidal correction and the horsepower of the main engine is calculated from the readings of 
a load indicator. In a test run, a Togino torsion meter was temporarily installed to simultaneously 
measure shaft horsepower. Valve openings during the test were restricted based on the results of 
the wharf wall test. 
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The speed trial test was carried out varying air blow-off rate in three cases. The air supply 
rate was calculated, with the equivalent air thickness that is defined in equation (1) taken as 3mm, 
5mm and 7mm, where tb is the equivalent air thickness at the bottom of the carrier, Qa is the air 
supply rate, Ba is the width covered by air bubbles and U is the ship speed. 

UB

Q
t

a

a
b 
  (1) 

Figure 12 shows the speed trial test results. In the speed trial test of the carrier, the net 
energy-saving effect was calculated by subtracting the electric power consumption value of the air 
blowers from the reduction value of horsepower at the time of air blow-off navigation. The results 
are summarized in Table 2. According to the relationship between speed and horsepower in the 
speed trial test run, the horsepower appeared to decrease at the time of air blow-off navigation and 
the speed appeared to increase. In addition, in parallel with the increase of air thickness, the 
improvement of the net energy-saving effect was confirmed; twelve percent in the case of an air 
thickness of 7mm, ten percent in the case of 5mm and eight percent in the case of 3mm. 

 

 

 

Figure 12  Speed trial test result 
When the air lubrication system is used, 
the speed of the carrier increases, the 
horsepower needed is reduced and the 
reduction of horsepower is found to 
increase as the air-layer thickness 
increases. 

     
 Table 2  A comparison of the energy-saving effects from several tests by air lubrication method

  Horsepower reduction Blower electric power consumption Net energy-saving effect 
 7 mm 680 kW 211 kW 469 kW (12%) 
 5 mm 530 kW 143 kW 387 kW (10%) 
 3 mm 380 kW 72 kW 308 kW (8%) 

|5. Conclusion 
When we planned to apply an air lubrication method to a large shallow-draft twin-screw 

carrier, we carried out a mock-up test and air blow-off condition test on a wharf wall in advance 
and were able to confirm a net energy-saving effect of a maximum of 12 percent in a sea trial 
through the use of an actual carrier. The skin friction resistance of the carrier decreased through the 
use of an air lubrication method, which is thought to act to decrease the load of the propeller. The 
carrier is equipped with CPP, so that further improvements in efficiency can be anticipated by 
re-adjusting the pitch angle of the propellers. Based upon the findings obtained through the actual 
hull experiment, we are due to install a full-scale air lubrication system on a second vessel that is 
scheduled to be delivered in November 2010 and we are planning to conduct various measurements 
and a verification of the system in a speed trial test. In addition, we are planning to successively 
carry out the measurement of various data and the adjustment and improvement of the 
energy-saving effect on actual vessel navigation. 

We hereafter will try to see this technology applied to general carriers such as VLCCs and 
bulk carriers, etc. 
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