TI TLE: METHOD OF REDUCI NG FRI CTI ONAL RESI STANCE

BETWEEN SHI P BODY AND WATER BY RELEASI NG GASES I N

WATER 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to a nethod of

reducing frictional resistance between a ship body:
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Merchant ships require a large carrying capacity and a

- hi ghaterisurface in contact with the ship body, and the released gases at a high
pressure zone can reduce the pressure of water to a hull and the suction of
water to the hull in a low pressuré zone to provide both functions

simultaneously.
2. Description of the Related Art

In general, a vessel refers to a motive power ship, a warship, an aircraft
carriet, a liner, a cargo ship, an oil tanker, a yacht, a waterjet, a model ship,

a seaplane, a nonower oil drilling platform, and a barge, etc.

Different vessels come with different functions and body designs. For.

- é_xample, warships require a high velocity, and thus the warships are usually =

- designed in a slender streamlined shape to reduce the carrying capacity and
draﬂ_relati_vely. Merchant ships require a large carrying capacity and a high



draft, and thus the nerchant ships are usually
designed in a broad shape, but such shape will reduce
the velocity, since the resistance of water such as
seawater and fresh water (both referring to "water")

hi nders the ships and retards the velocity. 5
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3 knots in seawater at  a tenperature o

EqwaitéronA fdor@ing (3 thb/priesipldef Frad MecipaiGytad Riddea drag FD
friction drag at the surface of the hull 30. As
desan beedlculated bptke folliwingwgubatont o Fl ui d '

Fp= CDA% p U2
wherein Cy, is the coefficient of drag;
A is the total area in contact with the fluid;
p is the fluid density;
U is the velocity (m/s).

For example, a hull 30 of the liner 20 of this embodiment is simulated

" as a slab in contact with seawater, and the slab comes with a length L of

' 360m,. a beam wfdth__ B of 70m, and a draft depth of D 25'_. If the liner 20 is

traveling at a velocity of 13 knots in seawater at a temperature of 10°C, 1t'he, .

o Equation FD=CDA 2 pU2 can be used to calculate the friction drag at the "

surface of the hull 30. As described in a_book “Introduction to Flﬁid



2 Mechanics", Sixth Edition, authored by Professor
Robert WFOX, et al of Purdue University, the val ues
of the abovenentioned L , B, D and U can be used for
~calculating the value of FD, if the velocity is 13
knots (wherein a knot is equal to one nautical mle
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the t I co t area A W t he awgt er =360m x
5(70 + eapoEbsa0mRd EPBA TenaaaDs S Tabow@000S = 6.69 mis
"FD=CDA2 P UZ = 0.00147x 43200n2x 2 x 1020kg/ nB x - _
(6. 69)Rnthes e Kiheradlik giscosity 451 BP=1 108 MN/Thiea tezhpdrituge of
. power is P=FDU=1.45 x 106N x 6.69ns x W s/N m
P=9070Mmdvsiiclh Kiserapie otdcosite landethaalats andBid@dHR, Pradessor
this data shows that the power required for
ovEpPEBrhank eanche usask ionblaindgn=0.00 e/ andpslP2ke/mt. t he

liner 20 is very large. Fromthe exanpl e above, we

know tTathilNg0 i£Hi SSRAG Sy iHIP AR Brdd RIVARE lerthiahd a Widh such
and road surface when the ship is noving on | and, and

10 t h¢hat W=B+2D of the seawater, and thus the total contact area A with the
seawater =360m x (70 +50) m=43200 m”.

From the equation above,
Fp= CDA% P U2 '
= 0.00147x 43200m’x % x 1020kg/m’ x (6.69Ym?/s* x N - s*/kg m

15 FD=1.45MN.

The relative power is
P=FpU=1.45 x 10°N x 6.69m/s x W - /N - m

P=9.70MW which is approx_imatély equal to 13000 HP, and this data
shows that the power required for overcoming the friction drag at the o

20 surface of the liner 20 is very large.

From the example above, we know that the resistance coines from the



resi stance cones fromthe air resistance and the
friction drag between the hull and water when the
ship is noving in sea. Wth the sane notive force,
the speed of the ship traveling on land is faster than
that traveling in sea, 5 since the density of mater is
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water. As far as there is a friction at the boundary

| amﬂucet He dralgr eanta¢t exdastvsith stheh shimtbasty. obosever, such

wi Il produce a track 32 of wakes as indicated_4
arrangement can be applied to small-sized vessels only. For example, a

'_ hovercraft requires a large quantity of air to support the hovercraft body,
and thus the aforementioned arrangement can be applied to small-sized
Véssels only, since the density p of water cannot be decreased, and the
friction drag between the hull and water, the pressure in a high pressure

zone and the suction in a low pressure zone still exist.

In FIG. 3, a thin boundary layer is dlsposed between a range (a—>b) |
froma fore part 31 of the hull 30 to a pomt c at the after part through the ship
body and water. As far as there is a frlcnon at the boundary laye_r, the drag

still exists, such that an object will p'roduce a track 32 of wakes as indicated



by the line before the Point ¢c in FIG 3. Point c is a
separation point, where fluid particles are separated
fromthe object to produce a track, and forma wake
33 on the internal side of the Point ¢, which is the
flowline fromPoint a to Point b and considered as a
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pressure and suction to enhance the efficiency of the
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friction drag applies a new technology to design the
s hgpedufedthyewater puhngntsadophe dul 3nih thy diglupiressure zone and the
experiments, so that interferences are produced to
wasaetiompessiuced by svathr ¢srrents 4o glearbull 30snghé uw ipvessire zone,
range of velocities only, but the shape of the ship
caRfth Pusargeadiychpp gpawitate a resistandeniosr faswand sxovement of

th ter ves .according to different velocities, .
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of SEhCe B eHIGFReY 8F MR IR onvent i onal ship having an
i ssue of water resistance, the inventor of the
~ pr eserdnétheectiventionaldway ed reducng ithve frictesediaghmpliznd new
experinents, and finally invented a nmethod of reducing
f r teshnelagly toedesigaribe shapowdnthe siip bybodmpateds wadehydrgulic
rel easing gases, in water to overcone the shortcomng
of CXPRITBERS, s@that interferences are produced to water waves, but such
15 arrangement is effective in a range of velocities only, but the shape of the
ship cannot changed to provide favorable interferences to the water waves
according to _different velocities, and thus the effect achieved by 'this

éonventional method is limited.

SUMMARY OF THE INVENTION

200 In view of the shortcoming of the conventional ship having an issué of
- water resistance, the inventor Qf the present invention conducted é_xtensive

. researches and experimehts, and finally invented a method of feducing

_ frictional resistance between a ship body and water by releasing gases in

water to overcome the shortcoming of the prior art.



51t is a primary object of the invention to provide a
met hod of reducing a frictional resistance between a
ship body and water by releasing gases in water, and
the nethod is based on the principle of the rel eased
gases rising vertically fromthe bottom and al ong an
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travel i ng Anot her object of the present invention is

-t o charavtedisties wé tho deledsedr gedas rising hertically tiramn tHe dgttom and.
bet ween a ship. bod%/ and water by rel easing gases
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shape of the ship body. Gas outlets are installed at
pr 3831’ %?wqei@al £ Pressgreopt therwater athe huall a loye peesspre zone,
body,for rel easin ases, d, the positions of )
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a [ uch as the,velocity.and the draft depth. qf

{ nURCRATEE oF SituftinsalRy! Eeding] oiCPrespis i speiion while the
atyg hed-0Bf;g, @ surface of the 20 hull or rise to
predeterm neéd” positions of the water surface according
to predetermned flowlines to achieve the optinal

ef f ectAsfthereghieich@ftthe presentisinyaationris dpaprovide armithod of

_ objective of_ the invention is to make use of the
pr Jr ciﬂgethf: @gptqon drag between a ship body and water by releasing gases

15  in water, without the need of making any change to the shape of the ship
-~ body. Gas outlets are installed at predetermined positions of a fore pait of
the ship body for releasing gases, and the positions of releasing gases can be
selected according to parameters such as the velocity and the draft depth of

- the ship, so that the gases can be released and attached onto a surface of the

' 20  hull or rise to 'predet'exmined positions of the water surface according to
. predetermined flow lines to achieve the optimal effect of reducing the

resistance or drag.

A further objective of the invention is to make use of the principle that

the volume of the compressible gases is inversely proportional to the



the vol une of the conpressible gases is inversely
proportional to the 6 pressure. Wen the rel eased
gases rise fromthe bottomof the ship, the water
pressure is decreased, the volume of the gases expands
~as the pressure of water increases. The volunme of air
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wat er surface to reduce 10 resistance, Since the

| axiipladeheent Landdherrelcaked Baseb thh achie®e laeger effect (i a better
traveling distance of the gas rising fromthe bottom

of effhieiehay obsavieralttimes)wiftreducing tlee frictBnahresistyioemon dibg.

- design of the hull, we can inprove the efficiency of
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obj ect o e pr |nv ntron is rel ease
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that the gases can rise close al ong
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al so provide the effects of cleaning the Ruil,
r etraveligg distame of tiengasorigiagi $om thet ba@rie dhfothebditeen to the
ship body, and extending the time period for the next
-mavatgmantecofBy ke agprppastealedigmkohitie h@ll, We andeprooe the
achi eve the above-nenti oned objects, a nethod in
- aceBidentyeofueducingdhe nesdstanemon dragudes t he steps of :
(a) providing a plurality of gas outlets di sposed at

pr edetSeila figther object of the present invention is to release gases from the

15  bottom or the fore part of the ship, such that the gases can rise close to the
| hull and along the aslant wall of the ship body, and the rising gases also
prov1de the effects of cleaning the hull, reducing marine living organisms
attached onto the ship body, and extending the time period for the next

mamtenance of the ship at a dockyard.

20 In order to achiecve the above-mentioned objects a rnethod in

: 'accordance Wlth the mventlon includes the steps. of

* (a) providing a plurality of gas outlets disposed at predetermined
“positions under a water level of a fore part of a hull of the ship body for

- releasing the gases;



posi tions under a water |level of a fore part of a hul
of the ship body for releasing the gases; 7 (b) using
the effect of gases released vertically upward in the
wat er and along an aslant wall of the hull to
partially separate the hull froma water contact
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pr daduar flogtedne predeicemimddpositidng Writhe water bhdd&d thidugh
of the ship body, and 15 the rel eased gases having the
sapeedsterndoed flost lines;asddescribed in Step (b). In
this way, a faster velocity for a ship driven by the
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subst anti al armunt of fuel” cost ucl n
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DRAWNGS 20 FIG 1 is a perspective view of

copvessetcafay atBI tocthe hullisthehigh mc%untezoneemddbdace the suction

,conve onal. ne
H hqu3l in the fow pressure zone, for simultaneously reducmg the

15
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pressure and the suction produced during the traveling of the ship body, and
the released gases having the same characteristics as described 1n Step (b).
In this way, a faster velocity for a ship driven by the same motive power is
ensured, thereby saving a substantial amount of fuel cost and reducing the

* production of carbon dioxide.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is'a perspective view ofa conventienal linel_r;'
" FIG. 2 is a side view of a conventional _liiler;
TIG.3isa top view of a conventional liner;
FIG. 4 is a side view of a hull in accordance With the'present 'invention';

- FIGS. 5A and 5B are schematic views of gas outlets on both sides of



FIG 3 is atop view of a conventional liner; FIG 4
is a side viewof a hull in accordance with the
present invention; FIGS. 5A and 5B are schematic
views of gas outlets on both sides of 8 the keel |ine
~of a hull in accordance with the present invention;
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flat-bottom board I n accordance w th

i nweotrdance withGhe §résentinventianged vi ew of a portion of
a hull in accordance with the present invention; FIG
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with a 10 preferred enbodi ment of thetgresent

i nbetioheaf a HaGbottom boaad se hesradaecewily thé prasertisivagtion;
gases in accordance with the present invention; FIG

11 is Ei(‘sc&usrantantangeémm ofin papipdi ofis hoH inactardahec with the
ship body is. notionless in accordance with the

pr@g%*ﬁ{’t nYgaHPon: 15 FIG 12 is a schematic view of

an application of a ship with a velocity ,of 5 knots
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FIG. 11 is a schematic view of an application while the ship body is

motionless in accordance with the present invention; _

15 FIG. 12 is a schematic view of an application of a ship with a velocity

of 5 knots in accordance with the present invention;

-FIG. 13 is a schematic view of an application of a ship with a velocity

- of 10 knots in accordance with the present invention; and

FIG. 14 is a schematic view of an application of a ship w1th a velocity

20 of5 knots in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

| Referring to FIG. 4 for a plurality ol'f ‘gas :outlets_ 40 disposed- at
predetermined positions under a water level WL of a fore part of a hull 30 of

a ship body fof_ releasing gases in accordance with a preferred embodiment



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Referring to FIG 4 for a plurality of gas outlets 40
di sposed at predeterm ned positions under a water
|l evel WL of a fore part of a hull 30 of a ship body
for releasing gases in accordance with a preferred
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a §Dédh BREbeQ stlp WY di'a SrriRr WRaSRARhip2 a COMTBER A ship or a
ship or a leisure ahd sport vessel. Thé hull 30 cones

wi tléisard @nigiportveseelb€harhwil 0Mcobaes withladdrigth €phbeBawitith B,
a velocity U 5 Referring to FIGS. 5A and 5B for a

pl wrdrafitdeptht Doptel @aweloeity U0 in  accordance with a
preferred enbodi nent of the invention, the gas outlets

sare diRpRAG: g& kFel‘e(‘;’fE.CPAr &SP SPiIHg a?&@%ﬁ%ggiﬁgﬁb}lﬂ&s 40 in

t he sides of 1 ne 301 exte Fom a

f oraecdahcS Wit a phefehrell| emdboditdent QFBE inddhgiond ke gas outlets
outlets 40 can also be designed at the bottom of The

~ centedispbsadl 61 angeoiBspordins sidoR adpacenctecthé kides fa keel line

10

fore part 31 of the hull 30 as shown in FIGS. 6A and _
6B,304 exitertdedt backwagd érooutal fers pd Hr ef thedpdkgd. Qf ¢dwse, the
center position for releasing a gas from both sides.
Refzes putigtstd) eancgso s dasigrizd atftbe battohmof thet canterdof a flange
boat, in addition to the gas outlets 40 di sposed at of

t hanembgre3(arextended; ffemnthe fage maih 3 hef thechwdd9 as shown in
I Lity of s outlets 40 15 arranged transverse]y
" n A0S0 fAntnd KB righ thas the @ aitiqtsd0se isnosed of dhé center
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é water Iev
arranged transversely in a row at the front side of a flat bottom 303 for

releasing the gas 70 backward to form a buffer layer between the Whole_- flat

- bottom 302 and the water contact surface for reducing the resistance or drag.

20

* Therefore, the gas outlets 40 can be selected according to the shape of the
hull 30, but they must be below the water level WL. |

Referring to FIG. 8 for thé gas outlets 40 disposed on both sides of the
hull 30 and proximate to the keel line. in accordance with a preferred
- ‘embodiment of the present ini/ention, the gas outlets _40 are désc_rib_ed m
details as follows. The gas outlets 40 of the invention are formed by pipes

~ on a surface of the hull 30, and the pipe includes a plurality of air holes

.10



20 Referring to FIG 8 for the gas outlets 40 di sposed
on both sides of the hull 30 and proximate to the
keel line in accordance with a preferred enbodi nent
of the present invention, the gas outlets 40 are
described in details as follows. The gas outlets 40
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gas supply chanber 50 for rel easing gases.

10 addnd itlengad betlgalest caeheeston iy mnﬁ&&d%sﬂmplbehﬁe 40 of the

as shown in FIG 9 are stored in a power supply .
chamdseurisgl gascsuppletlkarhbércs (phwaelcasinggapés.ed to "a
heati ng device 41 at the periphery of each gas outl et
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into a plurality of sections, and each section is

15 coalectrid witetod foevaporizing a gas to be released, and the water vapor will .
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forms air bubbles attached onto a surface of the hull 30 or rising to the water
surface along a flow line. In this embodiment, the gas outlets 40 can be
- divided into a plurality of sections, and each section is controlled to be

_furned on or off by the power supply chamber 60.

With the technical measures of thé present invention, gases can be
.released_from thé hﬁll 30 under the water level WL, aﬁd the gas outlets 40.
can be selected according to the requirements of releasing the gases.l .As '

: shown in FIG. 10, when the hull 30 is traVeli_ng, a turbulence is formed at a

high pressure zone which covers the fore part 31 and Point a to Point b of
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turned on or off by the power supply chanber 60. 20
Wth the technical neasures of the present invention,
gases- can be released fromthe hull 30 under the
water |evel W, and the gas outlets 40 can be

'selected according to the requirenments of releasing
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selected for 5 reledsing a large quantity of gases 70.
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preci sely at Point b, t he pressure of water to the
hulptesatireazdiicgds wellesssthe suztioe ofisvated to e lllk as o ddwasressure
of water to the hull at a | ow pressure zone can be

r edopedcar ke i rednacd toncelipimate dfwa etypss aof erckistanes forces
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rel easi ng gases fromthe gas outl ets 40 in accordance
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FIG 11 is 'still, and thus the ve 00|tyU|s - Now,

t hén gasedante with daspséntdnvéditorg dse h@lB0ekSh4Anih F6. 11 is
to along the surface of the hull 30 as shown in FIG

11still rarfd (Bus 1 veloeith Wl is G.0 Noowethe wabds 70 telogic fedm3NO gas

m a draft depth of 15 15m and a velocity of knots.

Si audets 4O riges ée alongethefsuofacaofitttechultidpnb shownsn FIG. 41.
speed approximately equal to 18m mn, the traveling

di st anhEIof 190 fhe 19AP 8D AhRAGyRh %%ffgg A0 Af o deftépth of

i's equal to I8m the gases are romth
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part of
at a speed approximately equal to 18m/min, the traveling distance of the

gases along a curved path of the hull is equal to 18m. If the gases are
released from the water level WL of 15m at a position below the fore part of
the hull, then the rising gases 70 can flow from a position w at the fore part
which is 150 m below the water surface to the water.surface_j élong a flow

line as shown in the figure.

| Referring to FIG. 13 for a hull 30 with the same siZe, a_.draft depth of |
15m, and a velocity of 10 knots (300m/min), the gases rises at _a' speéd of

18m/min gases from a depth of 15m, and thus the gases travel a distance of
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the hull, then the rising gases 70 can flow from a
position w at the fore part 20 which is 150 in bel ow
the water surface to the water surface along a flow
line as shown in the figure. Referring to FIG 13 for
ahuII 30 vvlththe same size, a draft depth of 15m
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e parameters including the length L, the draft

In a OW pressure zone can

- I epdleRdng fhe gases, such that the gases can rise to the surface of the hull
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along the flow line, in order to optimize the functioning areas.. In other
. words, the pressure of water to the hull 30 in a high pressure zone and the
~suction of water to the hull in a low pressure zone can be reduced to

‘simultaneously reduce the pressure and suction while the ship is traveling,

and thus the invention can enhance the efficiency effectively.

In other words, the gas outlets disclosed above are provided for

'_reieasmg gases from the bottom of the ship to reduce the fl'lCthD drag of
‘water to the hull 30, so that the ship can travel faster with the same horse
_ poWei‘ or travel at an expected velocity without using as much horse poWer

or driving forces. Therefore, the invention can save tremendous amounts of
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simul t aneously reduce the pressure and suction while
the ship is traveling, and thus the invention can ‘
enhance the efficiency effectively. 20 In other words,
the gas outlets disclosed above are provided for

rel easi ng gases fromthe bottomof the ship to reduce

the. friction,dr of. ter.to the hull .30, so,that .
t hg:"‘glh‘i"k?t%%d crebpsy élf)é@e?mwmsi pEHd® 8 Rasitiysoggonomic
or ;traxel at an expected.vel ocit i t hout . usj ng_as .
mudnRHE aad o s viBRmgRia); Rrgtecsiofe Sinchon, i S &g jof enerey
) in%ﬁghgﬁg can save trenmendous anounts of 13 fuel '
costs ahd carbon di oxi de em ssions, and provide a
positive economc benefit and_an environnental .
pr ot ecdMiagyi changes anl madifinations inthesatmvgydesetibed empbodiments
Man hanges, and nodi fications in the above-descri bed
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carried out gﬁthout.de arting fromthe scogﬁ.thereof;
t 8 B

AcSERS HIEGOL « APEliBEl: tRAPTEMOL HaS Pregreds Bhegiengriand the
t he eful ,arts, .the. inventipn s .disclgse nd. i oy
| nBapiL A R eni s BifidRaslihd Rahletgpd 1§ belitaied only by
‘ap i . s Claimed I's: 1. A nethod of

r e@ﬁ%gﬁgeﬁfﬁgﬁ%%}%eﬁ\gg@%nce bet ween a ship body and
wat er by rel easing gases in water, conprising the

steps of: (a) providing a plurality of gas outlets

(40) disposed at predeterm ned 5 positions under. a

water |evel of a fore part of a hull (30) of the ship
body for releasing the gases (70); (b) using the

ef fect of gases (70) released vertically upward inthe
wat er ' :
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and al ong an aslant wall of the hull (30) to partially

~separate the hull (30) froma water contact surface,

so as to |l ower the average density of water 10 at the
contact surface with the hull (30); (c) selecting the
position of releasing the gases (70) according to
parameters including the shape of the hull (30), the
velWhiatds ChrinbdhId: depth and the water tenperature,

- such that the rel eased gases (70) are attached onto
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zone as a buf | ayef toO reduce t ressure of

5wat erpasdtidienduer b vialy levsl éﬂ?fd}e gﬁﬂﬁffﬁiﬁﬂl 803 0fthe shif body

reduce the suction to the hull in the | ow
pr essior ecleagirg tliogased (30)ul taneousl y reducing t he

pressure and the suction produced during the

"t r avellb) mgingfthe kffeshopgdses(70)asttas bk verticeHy agvaad asthe water
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(70). having the same characteristics as described in

St ep gus)along arpglanewald @f die dbi(3)) g partiatlyisepatate the hull (30)
r esi sttrance bet ween a ship body and water by rel easing
gas edTPm ANalsE cagtapbenfws se aetcaliomex themearagmdensdtygpiswater

0 angt 18 a5 Rt SELcaIch s Bl (Sor. 5. The met hod of
QZ?S?fcﬂg R g&oﬁiéfs el e B BB
ol U ek Fefldipe ek 8 BEALAE IR oS, tﬁ%?%ﬂ
hul'l 43 afd theSwHer tnpAGuHRSs RIS the (8 RAsdd LRI are
 attached onto the surface of the hull (30) and floated to predetermined
_positions of the water surface through predetermined flow lines; and

(d) using the compressibility of the gases (70) and the gases (70)

released in a high pressure zone and a low pressure zone as a buffer layer

- to reduce the pressure of water to the huil (30) in the high pressure zone -

- and reduce the suction to the hull (30) in the low pressure zone, for
~ simultaneously reducing the pressure and the suction produced during
o the travelmg of the ship body, and the released gases (70) havmg the

same characteristics as descnbed in Step (b).

2. The method of reducing frictional resistance between a ship body and

| Water by releasing gases in water as recited in claim 1, wherein the gas
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pi peline. 4. The nmethod of reducing frictional
resi stance between a ship body and water by rel easing
gases in water as recited in claim3, wherein the gas
10 outlets (40) are disposed at a plurality of
sections respectively, and the gas outlet (40) of each

or cs sty 13 SRl Rt ok e B, 1wl el BYirbft gps and

reduc,l,vggé fv’é‘b gfional resistance between a ship body and
wat er Dy reteasing gases in water as recited in cI a|m
2, wherein the water . 15 vapor is included in a p

suppl Yhe mstbed of seducing tfﬂétlﬂlt!ﬂll reelstal;nce detvesn @|8bm boéy and
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recit ‘claim1, wherein the ship body cones vvlth

fromthe collection of a vvarshlp,

h | e
?reseh my ?fi gﬁ%ﬂwm&mm@%m&m@w bglveesa a ship body and

water by releasing gases in water as recited in claim 3, wherein the gas
outlets (40} are disposed at a plurality of sections respectively, and the
- gas outlet (40) of each section is controlled to be turned on or off by the

pressurized gas supply chamber (50).

5. The method of reducing frictional resistance between a ship body and
water by releasing gases in water as recited in claim 2, wherein the water

- vapor is included in a power supply chamber (60) of the hull (30), and an |

- clectric power is supplied a heating device (41) in each section of the

periphery of each gas outlet (40) through an electric wire for preducing
the water vapor, and each section is controlled to be turned on or off by

the power supply chamber (60).

6. The method of reducing frictional resistance between a ship body and
water by releasing gases.in water as recited in claim 1, wherein the ship
body comes with a shape selected from the coilectlon of a Warsh1p,

" merchant ship, and a leisure and sport vessel.
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