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FRICTIONAL RESISTANCE REDUCING DEVICE AND SHIP INCLUDING 

SAME 

 

[Technical Field] 

[1]  The present disclosure relates to a frictional resistance reducing device and 

a ship including the same. 

 

[Background Art] 

[2]  An air lubrication system is known as a technology for improving the 

efficiency of navigation of a ship.  The air lubrication system forms an air layer 

on a bottom surface of a hull by discharging air to an outer surface below a 

waterline of the hull and reduces the frictional resistance between the ship and 

water by using the air layer, thereby improving the efficiency of navigation.  

The technology disclosed in Japanese Laid-Open Patent Publication No. 2009-

248831 is an example of the air lubrication system. 

 

[Disclosure] 

[Technical Problem] 

[3]  Aspects of the present disclosure provide a frictional resistance reducing 

device which effectively reduces the frictional resistance of a ship.  

[4]  Aspects of the present disclosure also provide a ship in which the frictional 

resistance reducing device is installed. 

 

[Technical Solution] 

[5]  According to an aspect of the present disclosure, there is provided a 
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frictional resistance reducing device including: a first air discharge part which is 

formed on a bottom surface of a hull and discharges air into water;  a second air 

discharge part which is formed behind the first air discharge part and discharges 

air into the water; and a first air supplying source which supplies air to the first 

air discharge part or the second air discharge part,  wherein the first air discharge 

part and the second air discharge part are arranged in a line in a length direction 

of the hull, and at least part of a first air discharge period of the first air 

discharge part and at least part of a second air discharge period of the second air 

discharge part overlap each other. 

[6]  A distance between the first air discharge part and the second air discharge 

part is smaller than or equal to 0.1 times a full length of the hull.  

[7]  A width of the first air discharge part is smaller than or equal to a width of 

the second air discharge part. 

[8]  The width of each of the first air discharge part and the second air discharge 

part is smaller than or equal to 0.5 times the width of the hull.  

[9]  The amount of air discharged from the first air discharge part is smaller than 

or equal to the amount of air discharged from the second air discharge part.  

[10]  The first air discharge part and the second air discharge part are disposed 

closer to a bow than to a stern, and the frictional resistance reducing device 

further includes a third air discharge part which is formed on the bottom of the 

hull, is disposed closer to the stern than to the bow and discharges air into the 

water. 

[11]  At least part of a third air discharge period of the third air discharge part 

overlaps at least part of the first air discharge period and at least part of the 

second air discharge period. 
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[12]  The hull includes twin skegs, and a width of the third air discharge part is 

smaller than a gap between the twin skegs. 

[13]  The frictional resistance reducing device further includes a second air 

supplying source which is spaced apart from the first air supplying source and 

supplies air to the third air discharge part.  

[14]  According to another aspect of the present disclosure, there is provided a 

device for reducing frictional resistance of a hull having twin skegs.  The 

device includes: an air discharge part which discharges air to form an air layer 

on a bottom inclined part located between the twin skegs and inclined upward 

toward a stern; and an air supplying source which supplies air to the air 

discharge part. 

[15]  The air discharge part is disposed ahead of a boundary between a bottom 

surface of the hull and the bottom inclined part.  

[16]  The air discharge part is disposed between a position located 1.5 stations 

forward from the boundary and the boundary.  

[17]  The air discharge part is disposed such that a longitudinal centerline of the 

hull passes through a widthwise center of the air discharge part, and a width of 

the air discharge part is smaller than a gap between the twin skegs. 

[18]  One or more additional air discharge parts which are disposed closer to a 

bow than to the stern of the hull and discharge air to form an air layer on the 

bottom surface of the hull are formed. 

[19]  The air discharge part and the additional air discharge parts discharge air 

simultaneously. 

[20]  According to another aspect of the present disclosure, there is provided a 

ship including the frictional resistance reducing device described above. 
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[Advantageous Effects] 

[21]  A frictional resistance reducing device according to embodiments of the 

present disclosure can significantly reduce frictional resistance by discharging 

air through a first air discharge part and a second air discharge part arranged in a 

line with one behind the other. 

[22]  In addition, in a twin-skeg ship, the frictional resistance reducing device 

can effectively reduce the frictional resistance of the ship having a twin-skeg 

hull form by forming an air layer on a bottom inclined part between twin skegs. 

 

[Description of Drawings] 

[23]  FIG. 1 is a side view of a ship equipped with a frictional resistance 

reducing device according to a first embodiment of the present disclosure;  

[24]  FIG. 2 is a bottom view of the ship equipped with the frictional resistance 

reducing device according to the first embodiment of the present disclosure;  

[25]  FIG. 3 is a side view of a ship equipped with a frictional resistance 

reducing device according to a second embodiment of the present disclosure;  

[26]  FIG. 4 illustrates experimental data obtained from a first model ship 

experiment to show the frictional resistance reducing effect of the frictional 

resistance reducing device according to the first embodiment of the present 

disclosure; 

[27]  FIG. 5 illustrates experimental data obtained from a second model ship 

experiment to show the frictional resistance reducing effect of the frictiona l 

resistance reducing device according to the first embodiment of the present 

disclosure; 



 5 

[28]  FIG. 6 is a side view of a ship equipped with a frictional resistance 

reducing device according to a third embodiment of the present disclosure;   

[29]  FIG. 7 is a bottom view of the ship equipped with the frictional resistance 

reducing device according to the third embodiment of the present disclosure;   

[30]  FIG. 8 is a side view of a ship equipped with a frictional resistance 

reducing device according to a fourth embodiment of the present disclosure; 

[31]  FIG. 9 is a bottom view of a model ship for explaining the frictional 

resistance reducing effect of the frictional resistance reducing device according 

to the third embodiment of the present disclosure; and   

[32]  FIG. 10 illustrates experimental data for the model ship of FIG. 9.  

 

[Mode for Invention] 

[33]  Embodiments according to the present disclosure may be variously 

modified and may have a variety of forms, and thus, specific embodiments are 

illustrated in the drawings and described in detail herein or in the present 

application.  However, the following description does not limit the present 

disclosure to specific embodiments and should be understood to include all 

variations, equivalents, or substitutions within the spirit and scope of the present 

disclosure.  A detailed description might be omitted when it is determined that 

related prior art or the detailed description of the structure may unnecessarily 

obscure the point of the present disclosure. 

[34]  Hereinafter, embodiments of the present disclosure will be described in 

detail with reference to the accompanying drawings.  In the following 

description with reference to the accompanying drawings, the same or 

corresponding elements will be assigned the same reference numerals, and a 
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redundant description thereof will be omitted. 

[35]  FIGS. 1 and 2 are respectively a side view and a bottom view of a ship 

equipped with a frictional resistance reducing device according to a first 

embodiment of the present disclosure.  FIG. 3 is a side view of a ship equipped 

with a frictional resistance reducing device according to a second embodiment 

of the present disclosure. 

[36]  Referring to FIGS. 1 and 2, the ship 10 equipped with the frictional 

resistance reducing device according to the first embodiment of the present 

disclosure includes a hull 100 and the frictional resistance reducing device 200. 

[37]  The frictional resistance reducing device 200 forms an air layer on a 

bottom surface 101 of the hull 100 to reduce the frictional resistance of the hull 

100. 

[38]  The frictional resistance reducing device 200 includes a first air discharge 

part 210, a second air discharge part 220, and a first air supplying source 230. 

[39]  The first air discharge part 210 is formed on the bottom surface 101 of the 

hull 100.  The first air discharge part 210 discharges air into water.  The first 

air discharge part 210 includes a plurality of air discharge holes 211 and a 

chamber 212. 

[40]  The air discharge holes 211 are distributed in the bottom surface 101 to be 

spaced apart from each other.  The air discharge holes 211 may be distributed 

in a width direction of the hull 100.  The air supplied from the first air 

supplying source 230, which will be described later, is discharged into the water 

through the air discharge holes 211. 

[41]  The chamber 212 is disposed inside the hull 100.  The chamber 212 may 

be disposed inside the hull 100 to cover the air discharge holes 211.  The air 
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supplied from the first air supplying source 230 flows into the chamber 212 and 

is discharged into the water through the air discharge holes 211. 

[42]  Alternatively, referring to FIG. 3, a chamber 212 constituting a first air 

discharge part 210’ may be disposed outside a hull 100.  Here, the chamber 212 

may be coupled to a bottom surface 101 of the hull 100.  In this case, a 

plurality of air discharge holes 211 may be formed in side surfaces of the 

chamber 212, and an inlet for introducing air into the chamber 212 may be 

formed in the bottom surface 101 of the hull 100.  In addition, various forms of 

first air discharge parts can be proposed. 

[43]  Referring again to FIGS. 1 and 2, the second air discharge part 220 is 

formed on the bottom surface 101.  The second air discharge part 220 

discharges air into the water.  The second air discharge part 220 is located 

behind the first air discharge part 210, and the first and second air discharge 

parts 210 and 220 are arranged in a line in a length direction of the hull 100 .  A 

reduction in frictional resistance brought about by the discharge of air from the 

first air discharge part 210 and the second air discharge part 220 arranged in a 

line will be described later. 

[44]  The second air discharge part 220 includes a plurality of air discharge 

holes 221 and a chamber 222. 

[45]  The air discharge holes 221 are distributed in the bottom surface 101 to be 

spaced apart from each other.  The air discharge holes 221 may be distributed 

in the width direction of the hull 100.  The air supplied from the first air 

supplying source 230, which will be described later, is discharged into the water 

through the air discharge holes 221. 

[46]  The chamber 222 is disposed inside the hull 100.  The chamber 222 may 
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be disposed inside the hull 100 to cover the air discharge holes 221.  The air 

supplied from the first air supplying source 230 flows into the chamber 222 and 

is discharged into the water through the air discharge holes 221. 

[47]  Alternatively, referring to FIG. 3, a chamber 222 constituting a second air 

discharge part 220’ may be disposed outside the hull 100.  Here, the chamber 

222 may be coupled to the bottom surface 101.  In this case, a plurality of air 

discharge holes 221 may be formed in side surfaces of the chamber 222, and an 

inlet for introducing air into the chamber 222 may be formed in the bottom 

surface 101.  In addition, various forms of second air discharge parts can be 

proposed. 

[48]  Referring again to FIGS. 1 and 2, the first air supplying source 230 

supplies air to the first air discharge part 210 or the second air discharge part 

220.  That is, the first air supplying source 230 may supply air only to the first 

air discharge part 210, supply air only to the second air discharge part 220, or 

supply air to both the first and second air discharge parts 210 and 220.  In FIG. 

1, the first air discharge part 210 and the second air discharge part 220 are 

illustrated as being supplied with air from one first air supplying source 230.  

However, the first air discharge part 210 and the second air discharge part 220 

can also receive air from different air supplying sources.  The first air 

supplying source 230 may be disposed inside the hull 100.  The first air 

supplying source 230 may include a compressor or a blower.  

[49]  The first air discharge part 210 and the second air discharge part 220 may 

be arranged closer to a bow than to a stern of the ship 10.  Thus, the frictional 

resistance that can be generated in a traveling direction of the ship 10 can be 

minimized.  In addition, the first air supplying source 230 may be disposed 



 9 

close to the first air discharge part 210 and the second air discharge part 220.  

That is, the first air supplying source 230 may also be disposed closer to the bow 

than to the stern of the ship 10.  In this case, an air supply pipe can be made 

short to facilitate the supply of air. 

[50]  At least part of a first air discharge period of the first air discharge part 

210 and at least part of a second air discharge period of the second air discharge 

part 220 may overlap each other.  That is, there is a period during which the 

first air discharge part 210 and the second air discharge part 220 operate 

simultaneously.  Alternatively, the first air discharge part 210 and the second 

air discharge part 220 may always discharge air simultaneously.  The air 

discharged from the first air discharge part 210 and the second air discharge part 

220 forms an air layer on the bottom surface 101 of the hull 100.  The 

operating periods of the first air discharge part 210 and the second air discharge 

part 220 can vary depending on the design.  In addition, the operating period of 

the first air discharge part 210 and the operating period of the second air 

discharge part 220 can be changed as necessary. 

[51]  When air is discharged simultaneously from the first air discharge part 210 

and the second air discharge part 220 arranged in a line with one behind the 

other, a reduction in frictional resistance is more remarkable than when air is 

discharged at different times from the first air discharge part  210 and the second 

air discharge part 220. 

[52]  FIG. 4 illustrates experimental data obtained from a first model ship 

experiment to show the frictional resistance reducing effect of the frictional 

resistance reducing device according to the first embodiment of the present 

disclosure.  The frictional resistance reducing effect of the frictional resistance 
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reducing device 200 according to the first embodiment of the present disclosure 

will now be described with reference to FIG. 4. 

[53]  For the first model ship experiment, a model ship to which the frictional 

resistance reducing device 200 according to the first embodiment of the present 

disclosure was applied was made.  On a bottom surface of the model ship, a 

first air discharge part discharging air into water and a second air discharge part 

located behind the first air discharge part and discharging air into the water were 

formed. 

[54]  In the first model ship experiment, the resistance of the model ship was 

measured when air was not discharged at all from the first air discharge part and 

the second air discharge part (reference case), when air was discharged only 

from the first air discharge part (CASE 1), when air was discharged only from 

the second air discharge part (CASE 2), and when air was discharged from both 

the first air discharge part and the second air discharge part (CASE 3).  

[55]  Here, the amount of air discharged in each of CASE 1, CASE 2 and CASE 

3 was the same. 

[56]  In FIG. 4, the X-axis represents the experimental case, and the Y-axis 

represents the resistance reduction rate of the model ship in each experimental 

case.  Here, the frictional resistance reduction rate denotes the rate of decrease 

of the resistance measured in each case with respect to the resistance 

(hereinafter, referred to as reference resistance) measured in the reference case. 

[57]  Referring to FIG. 4, the resistance reduction rate with respect to the 

reference resistance was 6.2% in CASE 1, 5.8% in CASE 2, and 9.5% in CASE 

3. 

[58]  It can be inferred from these figures that the resistance reduction rate in 
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CASE 3 is higher than that in CASE 1 by 48.38% and higher than that in CASE 

2 by 58.62%. 

[59]  These results indicate that even if the same amount of air is discharged, the 

frictional resistance is reduced more significantly when air is discharged 

simultaneously from the first air discharge part and the second air discharge part 

arranged in a line with one behind the other than when air is discharged at 

different times from the first air discharge part and the second air discharge part. 

[60]  The frictional resistance reducing device 200 (see FIG. 1) according to the 

first embodiment of the present disclosure is based on the above experimental 

data and thus effectively reduces frictional resistance by discharging air 

simultaneously through the first air discharge part 210 and the second air 

discharge part 220 arranged in a line with one behind the other.  

[61]  FIG. 5 illustrates experimental data obtained from a second model ship 

experiment to show the frictional resistance reducing effect of the frictional 

resistance reducing device according to the first embodiment of the present 

disclosure.  The frictional resistance reducing effect of the frictional resistance 

reducing device 200 according to the first embodiment of the present disclosure 

will now be described with reference to FIG. 5. 

[62]  In the second model ship experiment, the resistance of the model ship was 

measured when air was not discharged at all from the first air discharge part and 

the second air discharge part (reference case) and by varying the amount of air 

discharged from the second air discharge part while the amount of air discharged 

from the first air discharge part was kept constant (CASE A, CASE B, CASE C 

and CASE D). 

[63]  In FIG. 5, the X-axis represents the experimental case, and the Y-axis 
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represents the resistance reduction rate of the model ship in each case.  Here, 

the frictional resistance reduction rate denotes the rate of decrease of the 

resistance measured in each case with respect to the resistance (hereinafter, 

referred to as reference resistance) measured in the reference case.  

[64]  Referring to FIG. 5, the resistance reduction rate with respect to the 

reference resistance was 9.6% in CASE A, 10.8% in CASE B, 11.8% in CASE C, 

and 11% in CASE D.  Here, CASE C shows the largest resistance reduction rate. 

[65]  The second model ship experiment was repeatedly carried out by varying 

the amount of air discharged from the first air discharge part, and a  case 

showing the largest resistance reduction rate in each round of the second model 

ship experiment was specified.  The case showing the largest resistance 

reduction rate in each round had a commonality in that the amount of air 

discharged from the first air discharge part  was smaller than or equal to the 

amount of air discharged from the second air discharge part. 

[66]  The frictional resistance reducing device 200 (FIG. 1) according to the first 

embodiment of the present disclosure is based on the above experimental results 

and thus effectively reduces frictional resistance by making the amount of air 

discharged from the first air discharge part 210 smaller than or equal to the 

amount of air discharged from the second air discharge part  220 located behind 

the first air discharge part 210. 

[67]  A distance D between the first air discharge part 210 and the second air 

discharge part 220 is smaller than or equal to 0.1 times a full length L of the hull 

100.  That is, 0 < D ≤ 0.1L.  If the distance D between the first air discharge 

part 210 and the second air discharge part 220 exceeds 0.1 times the full length 

L of the hull 100, the frictional resistance reducing effect is significantly 
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reduced. 

[68]  A width of each of the first air discharge part 210 and the second air 

discharge part 220 is smaller than or equal to 0.5 times the width of the hull 100.  

If the width of each of the first air discharge part 210 and the second air 

discharge part 220 is greater than 0.5 times the width of the hull 100, the 

frictional resistance reducing effect is significantly reduced compared to the 

amount of air discharged.  This results in reduced efficiency. 

[69]  The width of the first air discharge part 210 is smaller than or equal to the 

width of the second air discharge part 220.  If the width of the first air 

discharge part 210 is greater than the width of the second air discharge part 220, 

the frictional resistance reducing effect is significantly reduced compared to the 

amount of air discharged.  This results in reduced efficiency.  

[70]  In FIG. 1, one frictional resistance reducing device 200 according to the 

first embodiment of the present disclosure is provided.  However, this is merely 

an example, and a plurality of frictional resistance reducing devices can be 

provided. 

[71]  FIG. 6 is a side view of a ship equipped with a frictional resistance 

reducing device according to a third embodiment of the present disclosure.  FIG. 

7 is a bottom view of the ship equipped with the frictional resistance reducing 

device according to the third embodiment of the present disclosure.  FIG. 8 is a 

side view of a ship equipped with a frictional resistance reducing device 

according to a fourth embodiment of the present disclosure.  For ease of 

description, the following description will focus on differences from FIGS. 1 

through 5. 

[72]  Referring to FIGS. 6 and 7, the ship 10 according to the third embodiment 
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of the present disclosure includes a hull 100 and the frictional resistance 

reducing device 200.  

[73]  The hull 100 has twin skegs 102a and 102b, that is, a pair of skegs 102a 

and 102b.  Propeller shafts (not illustrated) connected to propellers 103a and 

103b are rotatably supported inside the twin skegs 102a and 102b, respectively. 

[74]  A bottom surface 101 of the hull 100 may be flat. 

[75]  A bottom inclined part 105 is formed in the hull100.  The bottom inclined 

part 105 is located between the twin skegs 102a and 102b and inclined upward 

toward a stern.  The bottom inclined part 105 may extend rearward from a rear 

end of the flat bottom surface 101.  In other words, the flat bottom surface 101 

may extend forward from a front end of the bottom inclined part 105.  

[76]  The frictional resistance reducing device 200 reduces the frictional 

resistance of the hull 100 by forming an air layer on an outer surface of the hull 

100. 

[77]  The frictional resistance reducing device 200 includes a third air discharge 

part 1210 and a second air supplying source 1230. 

[78]  The third air discharge part 1210 is formed on the bottom surface of the 

hull 100.  The third air discharge part 1210 is disposed closer to the stern than 

to a bow and discharges air between the twin skegs 102a and 102b.  More 

specifically, the third air discharge part 1210 discharges air to the bottom 

inclined part 105.  The discharged air forms an air layer on the bottom inclined 

part 105 to reduce the frictional resistance of the hull 100.  

[79]  Here, the third air discharge part 1210 may be disposed in front of a 

boundary 106 between the bottom surface 101 and the bottom inclined part 105.  

In other words, the third air discharge part 1210 may be disposed in front of the 
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front end of the bottom inclined part 105.  

[80]  In this case, the air discharged from the third air discharge part 1210 as the 

hull 100 advances can easily move to the bottom inclined part 105, and an air 

layer can be formed from the front end of the bottom inclined part 105. 

[81]  The third air discharge part 1210 may be disposed between the boundary 

106 (or the rear end of the bottom surface 101) and a position located 1.5 

stations forward from the boundary 106 (or the rear end of the bottom surface 

101).  Here, the term ‘station’ denotes a length obtained by dividing the full 

length of the hull 100 by 20.  If the third air discharge part 1210 is located 

ahead of the position 1.5 stations away from the boundary 106 (or the rear end 

of the bottom surface 101), the air discharged from the third air discharge part 

1210 cannot easily move to the bottom inclined part 105. 

[82]  Alternatively, although not illustrated, the third air discharge part 1210 

may be disposed at the front end of the bottom inclined part 105.  

[83]  The third air discharge part 1210 may be disposed such that a longitudinal 

centerline C of the hull 100 passes through a widthwise center of the third air 

discharge part 1210.  In this case, the air discharged from the third air 

discharge part 1210 may be distributed on the bottom inclined part 105 

symmetrically with respect to the longitudinal centerline C of the hull 100. 

[84]  A width of the third air discharge part 1210 may be smaller than a gap 

between the twin skegs 102a and 102b.  Here, the gap between the twin skegs 

102a and 102b denotes a gap between central axes of rotation X1 and X2 of the 

propellers 103a and 103b corresponding to the twin skegs 102a and 102b.  In 

this case, the air discharged from the third air discharge part 1210 can efficiently 

move to the bottom inclined part 105 located between the twin skegs 102a and 
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102b and form an air layer. 

[85]  The third air discharge part 1210 may include a plurality of air discharge 

holes 1211 and a chamber 1212. 

[86]  The air discharge holes 1211 are distributed in the bottom surface 101 to 

be spaced apart from each other.  The air discharge holes 1211 may be 

distributed in the width direction of the hull 100.  The air supplied from the 

second air supplying source 1230, which will be described later, is discharged 

into water through the air discharge holes 1211.  

[87]  The chamber 1212 is disposed inside the hull 100.  The chamber 1212 

may be disposed inside the hull 100 to cover the air discharge holes 1211.  The 

air supplied from the second air supplying source 1230 flows into the chamber 

1212 and is discharged into the water through the air discharge holes 1211.  

[88]  Alternatively, referring to FIG. 8, a chamber 1212 constituting a third air 

discharge part 1210’ may be disposed outside a hull 100.  Here, the chamber 

1212 may be coupled to a bottom surface 101.  In this case, a plurality of air 

discharge holes 1211 may be formed in side surfaces of the chamber 1212, and 

an inlet for introducing air into the chamber 1212 may be formed in the bottom 

surface 101.  In addition, various forms of third air discharge parts can be 

proposed. 

[89]  Referring again to FIGS. 6 and 7, the second air supplying source 1230 

supplies air to the third air discharge part 1210.  The second air supplying 

source 1230 may be disposed inside the hull 100.  The second air supplying 

source 1230 may include a compressor or a blower.  

[90]  As illustrated in the drawings, the hull 100 may include two additional air 

discharge parts 210 and 220 (the first and second air discharge parts 210 and 210 
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of FIGS. 1 through 3) which discharge air to the bottom surface 101.  However, 

this is merely an example, and one additional air discharge part or three or more 

additional air discharge parts can be formed. 

[91]  At least part of a third air discharge period of the third air discharge part 

1210 may overlap at least part of a first air discharge period of the first air 

discharge part 210 and at least part of a second air discharge period of the 

second air discharge part 220.  That is, there is a period during which the first 

air discharge part 210, the second air discharge part 220, and the third air 

discharge part 1210 operate simultaneously.  Alternatively, the first air 

discharge part 210, the second air discharge part 220, and the third air discharge 

part 1210 may always discharge air simultaneously.  The operating periods of 

the first air discharge part 210, the second air discharge part 220 and the third 

air discharge part 1210 can vary depending on the design.  In addition, the 

operating period of the first air discharge part 210, the operating period of the 

second air discharge part 220 and the operating period of the third air discharge 

part 1210 can be changed as necessary.  

[92]  In addition, since the third air discharge part 1210 is disposed closer to the 

stern than to the bow, the second air supplying source 1230 may also be 

disposed closer to the stern than to the bow.  In this case, an air supply pipe can 

be made short to facilitate the supply of air.  In addition, since the third air 

discharge part 1210 is disposed close to the stern and the first air discharge part 

210 and the second air discharge part 220 are disposed close to the bow, a first 

air supplying source 230 and the second air supplying source 1230 can  be 

spaced apart from each other. 

[93]  FIG. 9 is a bottom view of a model ship for explaining the frictional 
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resistance reducing effect of the frictional resistance reducing device according 

to the third embodiment of the present disclosure.  FIG. 10 illustrates 

experimental data for the model ship of FIG. 9.  The frictional resistance 

reducing effect of the frictional resistance reducing device 200 (see FIG. 6) 

according to the current embodiment will now be described with reference to 

FIGS. 9 and 10. 

[94]  A first air discharge part M210, a second air discharge part M220 and a 

third air discharge part M1210 are formed on a bottom surface M101 of the 

model ship M.  The first air discharge part M210 is formed at a rear end of the 

bottom surface 101, and the second air discharge part M220 and the third air 

discharge part M1210 are formed at a front end of the bottom surface. 

[95]  In the model ship experiment, the resistance of the model ship was 

measured when air was not discharged at all (reference case), when air was 

discharged only from the third air discharge part M1210 (CASE 11), when air 

was discharged only from the first air discharge part M210 and the second air 

discharge part M220 (CASE 12), and when air was discharged from all of the 

first air discharge part M210, the second air discharge part M220 and the third 

air discharge part M1210 (CASE 13).  

[96]  Here, the amount of air discharged in CASE 13 was equal to the sum of the 

amounts of air discharged in CASE 11 and CASE 12.  

[97]  In FIG. 10, the X-axis represents the experimental case, and the Y-axis 

represents the resistance reduction rate in each experimental case.  Here, the 

frictional resistance reduction rate denotes the rate of decrease of the resistance 

measured in each case with respect to the resistance (hereinafter, referred to as 

reference resistance) measured in the reference case.  
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[98]  Referring to FIGS. 9 and 10, the resistance reduction rate with respect to 

the reference resistance was 3% in CASE 11.  In CASE 11, an air layer was 

predominantly formed on a bottom inclined part M105 between twin skegs of 

the model ship M.  This air layer reduced the resistance in CASE 11 by 3% 

from the reference resistance. 

[99]  In CASE 12, the resistance reduction rate with respect to the reference 

resistance was 7%. 

[100]  In CASE 13, the resistance reduction rate with respect to the reference 

resistance was 11.5%.  This figure is higher than 10% which is the sum of the 

3% resistance reduction rate in CASE 11 and the 7% resistance reduction rate in 

CASE 12. 

[101]  The above results indicate that the resistance reduction rate obtained 

when air is discharged from the third air discharge part M1210 and the first air 

discharge part M210 and the second air discharge part M220 located in front of 

the third air discharge part M1210 is equal to or higher than the resistance 

reduction rate obtained when air is discharged only from the third air discharge 

part M1210. 

[102]  The friction resistance reducing device 200 (see FIG. 6) is based on the 

above experimental data.  Therefore, the frictional resistance reducing device 

200 forms an air layer on the bottom inclined part 105 (see FIG. 6) and the 

bottom surface 101 (see FIG. 6) by discharging air through the third air 

discharge part 1210 and the additional air discharge parts 210 and 220 located in 

front of the third air discharge part 1210, thereby effectively reducing the 

frictional resistance of the ship 10 (see FIG. 6) having a twin-skeg hull form. 

[103]  It should be noted that experiments for verifying the frictional resistance 
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reducing effect of the frictional resistance reducing devices 200 according to the 

embodiments of the present disclosure can be performed through numerical 

analysis. 

[104]  While the present disclosure has been particularly shown and described 

with reference to exemplary embodiments thereof, it will be understood by those 

of ordinary skill in the art that various modifications and changes may be made 

therein through inclusion, alteration, removal or addition of elements without 

departing from the spirit and scope of the present disclosure as defined by the 

following claims.  

[105]  [ Description of Reference Characters] 

[106]  10: ship 

[107]  100: hull 

[108]  101: bottom surface 

[109]  102a, 102b: skeg 

[110]  105: bottom inclined part 

[111]  200: frictional resistance reducing device 

[112]  210: first air discharge part 

[113]  220: second air discharge part 

[114]  230: air supplying source 

[115]  1210: third air discharge part 
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CLAIMS 

 1.  A frictional resistance reducing device comprising:  

a first air discharge part which is formed on a bottom surface of a hull 

and discharges air into water; 

a second air discharge part which is formed behind the first air discharge 

part and discharges air into the water; and 

a first air supplying source which supplies air to the first air discharge 

part or the second air discharge part, 

wherein the first air discharge part and the second air discharge part are 

arranged in a line in a length direction of the hull, and at least part of a first air 

discharge period of the first air discharge part and at least part of a second air 

discharge period of the second air discharge part overlap each other.  

 

2.  The frictional resistance reducing device of claim 1, wherein a 

distance between the first air discharge part and the second air discharge part is 

smaller than or equal to 0.1 times a full length of the hull.  

 

3.  The frictional resistance reducing device of claim 1, wherein a width 

of the first air discharge part is smaller than or equal to a width of the second air 

discharge part. 

 

4.  The frictional resistance reducing device of claim 1, wherein the 

width of each of the first air discharge part and the second air discharge part is 

smaller than or equal to 0.5 times the width of the hull.  
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5.  The frictional resistance reducing device of claim 1, wherein the 

amount of air discharged from the first air discharge part is smaller than or equal 

to the amount of air discharged from the second air discharge part. 

 

6.  The frictional resistance reducing device of claim 1, wherein the first 

air discharge part and the second air discharge part are disposed closer to a bow 

than to a stern and further comprising a third air discharge part which is formed 

on the bottom of the hull, is disposed closer to the stern than to the bow and 

discharges air into the water. 

 

7.  The frictional resistance reducing device of claim 6, wherein at least 

part of a third air discharge period of the third air discharge part overlaps at 

least part of the first air discharge period and at least part of the second air 

discharge period. 

 

8.  The frictional resistance reducing device of claim 6, wherein the hull 

comprises twin skegs, and a width of the third air discharge part is smaller than 

a gap between the twin skegs. 

 

9.  The frictional resistance reducing device of claim 6, further 

comprising a second air supplying source which is spaced apart from the first air 

supplying source and supplies air to the third air discharge part. 

 

10.  A device for reducing frictional resistance of a hull having twin 

skegs, the device comprising: 
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an air discharge part which discharges air to form an air layer on a 

bottom inclined part located between the twin skegs and inclined upward toward 

a stern; and 

an air supplying source which supplies air to the air discharge part.  

 

11.  The device of claim 10, wherein the air discharge part is disposed 

ahead of a boundary between a bottom surface of the hull and the bottom 

inclined part. 

 

12.  The device of claim 10, wherein the air discharge part is disposed 

between a position located 1.5 stations forward from the boundary and the 

boundary. 

 

13.  The device of claim 10, wherein the air discharge part is disposed 

such that a longitudinal centerline of the hull passes through a widthwise center 

of the air discharge part, and a width of the air discharge part is smaller than a 

gap between the twin skegs. 

 

14.  The device of claim 10, wherein one or more additional air 

discharge parts which are disposed closer to a bow than to the stern of the hull 

and discharge air to form an air layer on the bottom surface of the hull are 

formed. 

 

15.  A ship comprising: 

the frictional resistance reducing device of claim 1; and 
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a hull equipped with which the frictional resistance reducing device. 


