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DESCRI PTI ON

COVBlI NED PROPELLER CAP FOR REDUCI NG ROTATI NG FLOW AND HUB
VORTEX AND ENHANCI NG PRCPULSI ON EFFI C ENCY

Technical Field

The present invention relates to the structure of a
propeller cap and, nore particularly to a conbined propeller
cap for reducing rotational flow and hub vortex and enhanci ng
propul sive efficiency, whereby the propeller cap reduces noise
and vibration in a vessel by decreasing hub vortex cavitation
behi nd a propeller for propelling the vessel, prevents erosion
and corrosion of a rudder, and enhances propul sive efficiency
to save fuel.

Further, the present invention relates to a conbined
propeller cap for reducing rotational flow and hub vortex and
i mproving propul sive efficiency, the conbined propeller cap
being capable of reducing hub vortex cavitation that is
gener at ed behind a propeller by using a conbi ned propeller cap
structure in which a diffusion type propeller cap is coupled
to the end of a contraction type propeller cap in order to
solve the problemw th a PBCF (Propeller Boss Cap Fin) in the
related art, which is difficult to manufacture and i s expensive
due to precise nmachining for designing and nmanufacturing fins

caused by a configuration of attaching a plurality of snal
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fins to a propeller cap to reduce hub vortex, and bei ng capabl e
of being easily nmanufactured with a low cost in a sinple
structure as conpared with the PBCF

Further, the present invention relates to a conbined
propel l er cap for reducing rotational flow and hub vortex and
i mproving propul sive efficiency, the conbined propeller cap
bei ng capable of additionally reducing hub vortex cavitation
by formng a conbined propeller cap structure, in which a
diffusion type propeller cap is coupled to the end of a
contraction type propeller cap, and by attachi ng pl at e- shaped
guide fins at a contractive section or between an contractive
section and a diffusive section of the propeller cap, whereby
it can reduce rotational flow and hub vortex cavitation that
are generated behind a propeller and can be easily manuf act ured
at a low cost in a sinple configuration, as conpared with an

exi sting PBCF.

Background Art

In general, sea vessels are noved forward by a thruster
such as a propeller that generates propulsion and such a
propel l er type thruster is connected to a rotary shaft of an
engi ne of a vessel and rotated by power fromthe engine.

In detail, a propeller type thruster is largely includes
a propeller cap connected to the rotary shaft of an engine to

formthe body of a propeller and a plurality of blades forned
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around the propeller cap, and propulsion and torque is
generated by the fl ows passing the bl ades, whereby a vessel is
noved forward by the propul sion with the torque of fset by power
fromthe engine

In general, the propellers of vessels use only 70% of the
power froma main engine as propul sion for noving the vessels
forward and the other power from the engine is wasted as
friction, a thermal |oss, a vortex behind the propeller, and a
propel | er hub vortex.

In these factors, the rotational flow and the hub vortex
behind the propeller consume about 5 ~ 7% and 1 ~ 3% of the
power . Further, a strong hub vortex generates hub vortex
cavitation, which causes problens such as noise, vibration
erosion and corrosion of a rudder. Accordi ngly, various
devi ces have been developed in the related art to sol ve probl ens
with restoration of wasted energy and cavitation.

For exanpl e, a “Ship propul sion device and ship with sanme”
has been di scl osed i n Korean Patent Application Publication No.
10- 2011- 0120267 to increase propulsion and save fuel by
decreasi ng hub vortex cavitation behind a propeller.

In detail, Korean Patent Application Publication No. 10-
2011- 0120267 rel ates to a ship propul sion device that has fins
formed on a propeller boss cap nounted at the rear of a
propell er boss of a screw propeller and disposed behind and

between the blades of the propeller and that can be easily
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manuf actured with high efficiency and |ow weight by cutting
strai ght the rear end of the propeller boss cap or, by recessing
the rear end of the propeller boss cap within 20%of the entire
| ength of the propeller boss cap from the edge, making the
entire length of the propeller boss cap 0.28 ~ 0.76 tines the
di ameter of the front end of the cap, and by maki ng t he di anet er
of the rear end of the propeller boss cap 0.35 ~ 0.95 tines
the dianmeter of the front end of the cap, and a ship equi pped
with the ship propul sion device.

Further, a “Propeller boss cap of the ship” for inproving
propul sion and saving fuel by reducing hub vortex cavitation
behind a propeller has been disclosed in Korean Patent
Application Publication No. 10-2012-0134647.

In detail, the propeller boss cap for a ship disclosed in
10- 2012- 0134647 is designed to be nounted on the rear side of
a propeller boss, which is connected to the shaft of a
propel l er, to prevent corrosion of a rudder by suppressing hub
vortex cavitation due to a flow behind the propeller wthout
i ncreasi ng additional resistance by the boss cap, by formng a
boss groove deep such that the center and the edge thereof are
not at the sanme level, on a rudder-side surface of the boss
cap.

As described above, there have been various studies for
I ncreasi ng propul sion and saving fuel by decreasing rotational

flow and hub vortex cavitation. However, according to these
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nethods of the related art, propeller caps are formed in
speci fic shapes different fromthose existing before or form ng
a plurality of fins separate fromthe bl ades of propellers, so
the configuration is conplicated, whereby it is difficult to
desi gn and manufacture a propeller, and the manufacturing cost
I's al so increased.

In detail, as for a device for restoring rotational energy
behi nd a propel |l er, as descri bed above, there are a CRP (Contr a-
Rotating Propeller), a pre-swirl stator, a postswirl stator, a
vane-wheel, and a rudder thrust (bulb) fin). These devi ces
have been known to save energy by about 2 ~ 5% but they are
relatively large structures, so they are expensive to instal
and nmount and have a structural danger.

Further, for exanple, there is a PBCF (Propeller Boss Cap
Fin) and a rudder bulb that are devices for overcomng the
problem with hub vortex cavitation by a propeller. These
devi ces have an energy saving effect of about 1 ~ 3% and have
a small and sinple configuration, as conpared with the devices
for restoring rotational energy behind a propeller, so they can
be easily nmounted and nmanufactured at | ow cost.

The PBCF, whi ch was been devel oped in the 1970s, i nproves
propel | er efficiency about 1 ~ 3%by absorbi ng hub vortex energy
using small fins on a propeller cap on the hub at the rear

portion of a propeller and, reduces noise and erosion and
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corrosion of a rubber due to hub vortex cavitation by decreasing
hub vortex cavitation by the propeller.

However, the fins for the PBCF have to be designed in
different ways every tinme to have appropriate characteristics,
depending on the types of vessels and the use environnent,
require very precise design, and should be nmanufactured
substantially in the sane way as a propeller after being
designed. Accordingly, a large manufacturing cost is needed,
as conpared with the rudder bulb.

Therefore, in order to solve the problens with the nethods
of reduci ng hub vortex cavitation by a propeller using the PBCF
that requires precise design for each vessel, which should be
manufactured in the sane way as propellers, and thus is not
easy to manuf acture and whi ch i ncreases the manufacturing cost,
it is required to develop a new propeller structure that can
be manufactured at a | ow cost with a sinpler configuration, can
reduce hub vortex cavitation generated behind the propeller
t hereby being able to reduce noise and vibration in a vessel,
prevent erosion and corrosion of a rudder, and save fuel by
I mprovi ng propul sive efficiency.

Docunents of Related Art

(Pat ent Docunent 1) Korean Patent Application Publication
No. 10-2011-0120267 (Nov. 03, 2011)

(Pat ent Docunent 2) Korean Patent Application Publication

No. 10-2012-0134647 (Dec. 12, 2012)
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D scl osure
Techni cal Probl em

An object of the present invention is to provide a
conbi ned propeller cap for reducing rotational flow and hub
vortex and inproving propulsive efficiency, the conbined
propel | er cap being capabl e of reducing hub vortex cavitation
that is generated behind a propeller by using a conbined
propel | er cap structure in which a diffusion type propeller cap
Is coupled to the end of a contraction type propeller cap in
order to solve the problemw th a PBCF (Propeller Boss Cap Fin)
in the related art, which is difficult to manufacture and is
expensive due to precise nmachining for designing and
manufacturing fins caused by a configuration of attaching a
plurality of small fins to a propeller cap to reduce hub vortex
cavitation, and bei ng capabl e of being easily manufactured with
a lowcost in a sinple structure as conpared with the PBCF

Anot her object of the present invention is to provide a
conbi ned propeller cap for reducing rotational flow and hub
vortex and inproving propul sive efficiency that is configured
not only to reduce hub vortex cavitation that is generated
behind a propeller through a conbined propeller cap structure
in which a diffusion type propeller cap is coupled to the end
of a contraction type propeller cap, but also to additionally

reduce hub vortex cavitation by attaching plate-shaped guide
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fins to the contractive section or between the contractive
section and the diffusive section of the propeller cap, whereby
it is possible to reduce rotational flow and hub vortex
cavitation that are generated behind a propeller, to easily
manufacture the propeller cap at a low cost in a sinple
configuration, as conpared wth the existing PBCF, to reduce
noise and vibration in a vessel and prevent erosion and
corrosion of a rudder, and to save fuel by inproving propul sive

ef fi ci ency.

Techni cal Sol ution

In order to achieve the objects of the present invention,
according to an aspect of the present invention, there is
provi ded a conbi ned propeller cap for reducing rotational flow
and hub vortex and inproving propulsive efficiency. The
conbi ned propeller cap has: a contractive section having a
di ameter that decreases as it goes away froma propeller; and
a diffusive section extending fromthe contractive section and
having a dianeter that increases as it goes away from the
propeller, in which pressure of a flow fromthe propeller is
recovered by the shape of the contractive section having the
decreasi ng di anmeter, so propul sive efficiency is inproved, and
rotational flow (vortex) is weakened by the shape of the
di f fusive section having the increasing dianmeter at an end of

t he propell er cap.
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The inclination angle of the contractive section may be
set to O ~ 40°.

A side of the contractive section may be formed straight,
or the side of the contractive section nmay be curved to be
convex outwardly with a predeterm ned curvature, or the side
of the contractive section nmay be curved to be convex inwardly
with a predetermned curvature.

According to another aspect of the present invention,
there is provide a conbined propeller cap for reducing
rotational flow and hub vortex and inproving propulsive
efficiency. The conbined propeller cap has: a first diffusive
section having a dianmeter that increases from an end of a
propeller as it goes toward the propeller; a straight section
hori zontally extending from the first diffusive section; a
contractive section extending from the straight section and
having a dianeter that decreases as it goes away from the
propel l er; and a second diffusive section extending fromthe
contractive section and having a dianeter that increases as it
goes away fromthe propeller, in which the conbined propeller
cap is convexly formed at a front portion by the first diffusive
section, so pressure at a pressure side of the propeller
i ncreases and propul sive efficiency is inproved, pressure of a
fl ow passing the propeller cap fromthe propeller is recovered
by the contractive section, so the propulsive efficiency is

i mproved, and rotational flow (vortex) of a flow from the



10

15

20

25

propel l er is weakened by the second diffusive section, so hub
vortex cavitation is reduced.

The inclination angles of the first diffusive section and
t he second diffusive section may be set to 0 ~ 40°.

A side of the contractive section may be formed straight,
or the side of the contractive section nmay be curved to be
convex outwardly with a predeterm ned curvature, or the side
of the contractive section nmay be curved to be convex inwardly
with a predetermned curvature.

According to another aspect of the present invention,
there is provided a conbined propeller cap for reducing
rotational flow and hub vortex and inproving propulsive
ef fi ci ency. The conbined propeller cap has: a contractive
section having a dianeter that decreases as it goes away from
a propeller; a diffusive section extending fromthe contractive
section and having a dianeter that increases as it goes away
fromthe propeller; and a plurality of guide fins forned in a
thin plate shape having a rectangul ar or curved cross-section
with a predetermined uniform thickness and, disposed wth
regular intervals between the contractive section and the
diffusive section; in which pressure of a flow from the
propel ler is recovered by the shape of the contractive section
havi ng the decreasing dianeter, so propulsive efficiency is
i nproved, rotational flow (vortex) is weakened by the shape of

the diffusive section having the increasing dianmeter at an end

10
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of the propeller cap, and rotational flow by rotation of the
propeller is changed into a straight flowin a rotational axia
direction, so the hub vortex cavitation is further reduced.

The inclination angle of the contractive section may be
set to O ~ 40°.

A side of the contractive section may be fornmed straight,
or the side of the contractive section may be curved to be
convex outwardly with a predetermned curvature, or the side
of the contractive section nmay be curved to be convex inwardly
with a predetermned curvature.

The guide fins may be fornmed in a thin rectangul ar plate
shape and attached between the contractive section and the
di f fusive section of the propeller cap by sinple welding, and
a size of the guide fins may be determned to correspond to
the diameter of the diffusive section in order to avoid an
i ncrease in resistance due to the guide fins.

The guide fins nmay be forned in a thin pentagonal plate
shape and attached between the contractive section and the
di f fusive section of the propeller cap by sinple welding, and
a length of a portion extending froman end of the diffusive
section may be within two times the dianmeter of the diffusive
section.

The guide fins may be fornmed in a thin trapezoidal plate
shape and attached between the contractive section and the

di f fusive section of the propeller cap by sinple welding, and

11
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a length of a shortest portion of portions extending from a
side of the contractive section nay be within two tines the
di aneter of the diffusive section.

Two to eight guide fins may be di sposed at the contractive
section or between the contractive section and the diffusive
section of the propeller cap, and the guide fins may be attached
with a tol erance of +10 ~ -10 degrees or +20 ~ -20 degrees with
respect to O degree when seen fromvertically above.

According to another aspect of the present invention,
there is provided a conbined propeller cap for reducing
rotational flow and hub vortex and inproving propulsive
efficiency. The conbined propeller cap has: a first diffusive
section having a dianmeter that increases from an end of a
propeller as it goes toward the propeller; a straight section
hori zontally extending from the first diffusive section; a
contractive section extending from the straight section and
having a dianeter that decreases as it goes away from the
propeller; a second diffusive section extending from the
contractive section and having a diameter that increases as it
goes away from the propeller; and a plurality of guide fins
formed in a thin plate shape having a rectangular or curved
cross-section with a predetermned uniform thickness and,
di sposed with regular intervals at the contractive section or
between the contractive section and the diffusive section, in

whi ch the conbi ned propeller cap is convexly formed at a front
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portion by the first diffusive section, so pressure at a
pressure side of the propeller increases and propulsive
efficiency is inproved, pressure of a flow passing the
propeller cap from the propeller is recovered by the
contractive section, so the propul sive efficiency is inproved,
rotational flow (vortex) of a flow from the propeller is
weakened by the second diffusive section, so hub vortex
cavitation is reduced, and rotational flow by rotation of the
propel ler is changed into a straight flowin a rotational axia
direction, so the hub vortex cavitation is further reduced.

The inclination angles of the first diffusive section and
the contractive section nmay be set to 0 ~ 40°.

A side of the contractive section may be formed straight,
or the side of the contractive section nmay be curved to be
convex outwardly with a predeterm ned curvature, or the side
of the contractive section nmay be curved to be convex inwardly
with a predetermned curvature.

The guide fins may be fornmed in a thin rectangul ar plate
shape and attached between the contractive section and the
second diffusive section of the propeller cap by sinple
wel ding, and a size of the guide fins nmay be determned to
correspond to the dianeter of the diffusive section in order
to avoid an increase in resistance due to the guide fins.

The guide fins may be forned in a thin pentagonal plate

shape and attached between the contractive section and the

13
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second diffusive section of the propeller cap by sinple
wel ding, and a length of a portion extending from an end of
the second diffusive section may be within two tines the
di aneter of the second diffusive section.

The guide fins may be forned in a thin trapezoidal plate
shape and attached between the contractive section and the
di f fusive section of the propeller cap by sinple welding, and
a length of a shortest portion of portions extending from a
side of the contractive section nay be within two tines the
di aneter of the second diffusive section.

Two to eight guide fins may be di sposed at the contractive
section or between the contractive section and the second
di f fusive section of the propeller cap, and the guide fins may
be attached with a tol erance of +10 ~ -10 degrees or +20 ~ -20
degrees with respect to O degree when seen from vertically
above.

According to another aspect of the present invention,
there is provided a propeller for a vessel, which uses the
conbi ned propel |l er caps descri bed above, in which as conpared
wth existing propellers, energy loss due to hub vortex
cavitation and a propeller cap shape is prevented and
propul sive efficiency is inproved, vibration and noise are
reduced, and erosi on and corrosi on of a rudder by the hub vortex
cavitation are prevented, and in conparison to existing PBCFs,

manuf acturi ng cost is reduced.

14
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Advant ageous Effects

According to the present invention, there is provided a
conbi ned propeller cap for reducing rotational flow and hub
vortex and inproving propulsive efficiency, the conbined
propel l er cap being capabl e of reducing hub vortex cavitation
that i s generated behind a propeller and bei ng capabl e of being
easily manufactured at a low cost in a sinple configuration,
as conpared with the existing PBCF, through a conbined
propel l er cap structure in which a di ffusion type propeller cap
is coupled to the end of a contraction type propeller cap,
whereby it is possible to solve the problem with a PBCF
(Propeller Boss Cap Fin) in the related art, whereby
manufacturing is difficult and expensive due to precise
machi ning for designing and manufacturing fins caused by a
configuration of attaching a plurality of small fins to a
propel l er cap to reduce hub vortex cavitation.

Further, according to the present invention, as described
above, there is provided a conbi ned propeller cap for reducing
rotational flow and hub vortex and inproving propulsive
efficiency that is configured not only to reduce hub vortex
cavitation that is generated behind a propeller through the
conbi ned propeller cap in which a diffusion type propeller cap
is coupled to the end of a contraction type propeller cap, but

also to additionally reduce hub vortex cavitation by attaching
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pl at e- shaped guide fins to the contractive section or between
the contractive section and the diffusive section of the
propel | er gap. Accordingly, it is possible to reduce
rotational flow and hub vortex cavitation that are generated
behind a propeller, to easily manufacture the propeller cap at
a low cost in a sinple configuration, as conpared with the
exi sting PBCF, to reduce noise and vibration in a vessel and
prevent erosion and corrosion of a rudder, and to save fuel by

i mprovi ng propul sive efficiency.

Description of Draw ngs

FIG 1 is a viewschematically show ng the structure of a
propel l er cap of the related art.

FIG 2 is a view schematically showing the entire
configuration of a conbi ned propeller cap according to a first
enbodi ment of the present invention.

FIG 3 is a view schematically showing the entire
configuration of a conbi ned propeller cap according to a second
enbodi ment of the present invention.

FIG 4 is a view conparing efficiency of a propeller
equi pped with a propel l er cap of the related art and a propel | er
equi pped with the conbi ned propell er cap according to the first

enbodi ment of the present invention shown in FIG 2.
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FIG 5 is a view schematically showing the entire
configuration of a conbi ned propeller cap according to a third
enbodi ment of the present invention.

FIG 6 is a view schematically showing the entire
configuration of a conbi ned propeller cap according to a fourth
enbodi ment of the present invention.

FIG 7 is a view conparing efficiency of a propeller
equi pped with a propeller cap of the related art and a propeller
equi pped with the conbined propeller caps according to the
third and fourth enbodi ments of the present invention shown in
FIGS. 5 and 6.

FIG 8 is a view schematically showing the entire
configuration of a conbi ned propeller cap according to a fifth
enbodi ment of the present invention.

FIG 9 is a view conparing propulsion, torque, and
efficiency of a propeller equipped with a propeller cap of the
related art and a propeller equipped with the conbined
propel |l er cap according to the fifth enbodi nent of the present
i nvention shown in FIG 8.

FIG 10 is a view schematically showng the entire
configuration of a conbi ned propeller cap according to a sixth
enbodi ment of the present invention.

FIG 11 is a view schematically showing the entire
configuration of a conbined propeller cap according to a

sevent h enbodi nent of the present invention.

17
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FIG 12 is a view conparing efficiency of a propeller
equi pped with a propeller cap of the related art and a propeller
equi pped with the conbined propeller cap according to the
sevent h enbodi nent of the present invention shown in FIG 11.

FIG 13 is a view schematically showing the entire
configuration of a conbined propeller cap according to an
ei ght h enbodi nent of the present invention.

FIG 14 is a view schematically showng the entire
configuration of a conbined propeller cap according to a ninth
enbodi ment of the present invention.

FIG 15 is a view schematically showng the entire
configuration of a conbined propeller cap according to a tenth
enbodi ment of the present invention.

FIG 16 is a view conparing propulsion, torque, and
efficiency of a propeller equipped with a propeller cap of the
related art and a propeller equipped with the conbined
propel | er cap according to the ninth enbodi nent of the present

i nventi on shown in FIG 14.

Best Mode

Hereinafter, detail ed enbodi ments of a conbi ned propell er
cap for reducing rotational flow and hub vortex and i nproving
propul sive efficiency according to the present invention are

described with reference to acconpanyi ng draw ngs.
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It shoul d be understood that the follow ng description is
just an exanpl e for acconplishing the present invention and the
present invention is not limted thereto.

Further, it should be understood that conponents that is
determned as being the sane as or simlar to those in the
rel ated art or as being easily understood and achi eved by t hose
skilled in the art are not described in detail for sinple
description in the follow ng description about enbodi nents of
t he present invention.

Further, in the follow ng description about enbodi nents
of the present invention, it should be understood that the sane
or simlar conponents are given the sane reference nuneral s and
are not described in detail for sinple description.

Furt her, as described bel ow, the present invention rel ates
to a conbined propeller cap for reducing rotational flow and
hub vortex and inproving propul sive efficiency, the conbined
propel | er cap being capabl e of reducing hub vortex cavitation
that is generated behind a propeller by using a conbined
propel | er cap structure in which a diffusion type propeller cap
Is coupled to the end of a contraction type propeller cap in
order to solve the problemw th a PBCF (Propeller Boss Cap Fin)
in the related art, whereby manufacturing is difficult and
expensive due to precise nmachining for designing and
manufacturing fins caused by a configuration of attaching a

plurality of small fins to a propeller cap to reduce hub vortex

19
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cavitation, and bei ng capabl e of being easily nmanufactured with
a lowcost in a sinple structure as conpared with the PBCF

Furt her, as described bel ow, the present invention rel ates
to a conbined propeller cap for reducing rotational flow and
hub vortex and inproving propulsive efficiency that is
configured not only to reduce hub vortex cavitation that is
generated behind a propeller through a conbi ned propeller cap
structure in which a diffusion type propeller cap is coupled
to the end of a contraction type propeller cap, but also to
additionally reduce hub vortex cavitation by attaching pl ate-
shaped guide fins to the contractive section or between the
contractive section and the diffusive section of the propeller
cap, Wwhereby it is possible to reduce rotational flow and hub
vortex cavitation that are generated behind a propeller, to
easily manufacture the propeller cap at a lowcost in a sinple
configuration, as conpared wth the existing PBCF, to reduce
noise and vibration in a vessel and prevent erosion and
corrosion of a rudder, and to save fuel by inproving propul sive
ef fi ci ency.

Herei nafter, detail ed enbodi nents of a conbi ned propeller
cap for reducing rotational flow and hub vortex and i nproving
propul sive efficiency according to the present invention are
descri bed with reference to acconpanyi ng draw ngs.

First, referringto FIG 1, FIG 1is a viewschenatically

showi ng the structure of a propeller cap of the related art.
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As shown in FIG 1, generally, a propeller cap of the
related art can be largely classified into three types: a
contraction type propeller cap shown in FIG 1a, a straight
type propeller cap showmmn in FIG 1b, and a diffusion type
propel l er cap shown in FIG 1c

In detail, the contraction type propeller cap has high
propul sive efficiency, but large hub vortex cavitation is
caused by concentration of notion of the hub in the cap, so
noi se and vi bration are increased and erosion and corrosion of
a rudder may becone severe.

On the other hand, the diffusion type propeller cap has
| ow propulsive efficiency, but hub vortex cavitation is
weakened, so noise and vibration can be reduced and erosion and
corrosion of a rudder can be attenuated.

Accordingly, in general, vessels that sail at high speeds
such as a contai ner ship are usually equi pped with the diffusion
type propeller cap due to the problemof corrosion of a rudder
due to hub vortex cavitation and are additionally equi pped with
an addi tional device such as a PBCF to overcone reduction of
propul sive efficiency, thereby inproving the propulsive
efficiency and coping with hub vortex cavitation.

On the contrary, tank ships that sail |ow speeds are
usually equipped with the contraction type propeller cap

because they generate weak hub vortex cavitation.
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When a contai ner ship using a diffusion type propeller is
equi pped with a PBCF that is a device for saving fuel to prevent
reduction of propul sive efficiency, the fins of the PBCF are
desi gned and manufactured in the same way as the existing
propel l ers, so the manufacturing cost is high relative to the
Si ze.

Therefore, the inventor(s) has proposed a new propeller
cap structure that can inprove propul sive efficiency with | ow
hub vortex cavitation, simlar to the PBCF, and can achi eve an
effect simlar to the PBCF even at a very |ow manufacturing
cost in conparison to the manufacturing cost of the PBCF by
sinplifying the configuration.

Further, referring to FIG 2, shown is a view
schematically showng the entire configuration of a conbined
propel | er cap 20 according to a first enbodi nent of the present
I nventi on.

In detail, as shown in FIG 2, the conbi ned propeller cap
20 according to the first enbodi ment of the present invention
includes a contraction section 21 of which the dianeter
decreases as it goes away from a propeller and a diffusive
section 22 that extends from the contractive section and of
whi ch the di ameter increases as it goes away fromthe propeller.

That is, the conbined propeller cap 20 according to the
first enbodi ment of the present invention, as shown in FIG 2,

has a shape of which the diameter gradually decreases fromthe
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end of a propeller and increases at the end portion of the
propel | er cap.

The inclination angle o of the contractive section 21 nay
be set, for exanple, to 0 ~ 40°.

When the inclination angle of the contractive section 21
exceeds 40 degrees, the performance rapidly drops due to flow
separation, that is, when flow separation is generated,
pressure is not recovered on the propeller cap, so resistance
I ncr eases.

In nore detail, referring to the follow ng Table 1, Table
1 shows changes i n perfornmance due to changes in the inclination

angle a of the contractive section 22.

[ Tabl e 1]
Angle (o) 10 20 30 40 50 60
Per f or mance +1.0 +1.0 +0. 9 +0.7 +0. 2 +0.
change (%

The result in Table 1 shows estinmated val ues of propul sive
per formance according to changes in the inclination angle a of
the contractive section 22, as conpared with a propeller
equi pped with a diffusion type propeller cap of the related

art.
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Further, referring to FIG 3, FIG 3 is a view
schematically showng the entire configuration of a conbined
propel | er cap 30 according to a second enbodi nent of the present
I nventi on.

In the follow ng description of the second enbodi nent of
the present invention, the same or sim/lar conponents as in the
first enbodinment are not described and only other different
conponents are described for sinple description.

That is, as shown in FIG 3, the conbined propeller cap
30 according to the second enbodi nent of the present invention
has a contractive section 31 of which the dianeter decreases
as it goes away from a propeller and a diffusive section 32
that extends fromthe contractive section 31 and of which the
di ameter increases as it goes away from the propeller, which
is the sane as the first enbodi nent shown in FIG 2. However
the propeller cap 30 according to the second enbodi nent of the
present invention is characterized in that the contractive
section 31 is not formed straight, as in the first enbodi nent,
but curved with a predeterm ned curvature.

That is, the conbined propeller cap 30 according to the
second enbodi ment of the present invention is characterized in
that the contractive section 31 is curved to be convex outwardly
with a predetermned curvature, as shown in FIG 3a, or is
curved to be convex inwardly with a predeterm ned curvature,

as shown in FIG 3b.
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The curvature of the contractive section 31 can be
appropriately determ ned, depending on the type or the use of
a propeller or a ship, and other parts are the sanme as those
in the first enbodi nent, so they are not described in detail.

Accordingly, as the propeller cap is formed in a shape of
which the dianmeter decreases and increases again, when a
propeller is operated, pressure is recovered and propul sive
efficiency is inproved by the shape of which the dianeter
decreases to the contractive sections 21 and 31 at the mddle
portion of the propeller caps 20 and 30 and a strong rotati ona
flow (vortex) is weakened by the shape of which the diameter
I ncreases over the diffusive sections 22 and 32 at the end of
the propeller caps 20 and 30, whereby it is possible to reduce
hub vortex cavitation.

Further, energy | oss due to hub vortex and a cap shape is
prevented accordingly, so the propul sive efficiency can be
improved in conparison to the existing diffusion type
propellers (1 ~ 3%, vibration and noi se due to hub vortex can
be reduced, and erosion and corrosion of a rudder can be
prevented in conparison to the existing contraction type
propel | er caps.

In nore detail, referring to FIG 4, shown is a view
conpari ng propul sive efficiency of a propeller equipped with a

propel l er cap of the related art and a propeller equi pped wth
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t he conbi ned propel l er cap 20 according to the first enbodi nent
of the present invention shown in FIG 2.

That is, it can be seen from FIG 4 that the propeller
equi pped with the conbi ned propeller cap 20 according to the
first enbodinment of the present invention had propulsive
efficiency simlar to that of the contraction type propeller
cap of the related art, but side effects due to hub vortex
cavitation can be greatly reduced and t he propul sive efficiency
was consi derably inproved as conpared with the diffusion type
propel | er cap.

That i s, as described above, according to the
configuration of the conbi ned propeller caps 20 and 30 of the
first and second enbodinments of the present invention, the
propul sive efficiency is inproved by pressure recovery due to
the shape froma propeller to the contractive sections 21 and
31 and a strong rotational flow (vortex) is weakened by the
di f fusive sections 22 and 32 while the flow fromthe propeller
passes over the ends of the caps, whereby hub vortex cavitation
can be suppressed. Accordingly, energy |oss due to hub vortex
and a cap shape is prevented, so the propul sive efficiency of
a vessel can be inproved by about 1 ~ 3% in conparison to the
existing diffusion type propeller. Further, vibration and
noi se due to hub vortex cavitation can be reduced, and erosion
and corrosion of a rudder can be prevented, as conpared w th

the contraction type propeller caps.
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Further, according to the configuration of the conbined
propel l er caps 20 and 30 of the first and second enbodi nents
of the present invention descri bed above, there i s an advant age
that it is possible to reduce hub vortex cavitation, simlar
to the existing diffusion type propeller caps used for
container ships, and it is possible to inprove propulsive
efficiency in conparison to the existing diffusion type
propeller cap. Further, there is another advantage that it is
possible to obtain propulsive efficiency simlar to the
contraction type propeller caps when it is applied to tank
ships, but it is possible to greatly reduce hub vortex
cavi tation.

Further, since the shapes of the conbined propeller caps
20 and 30 of the first and second enbodi nents of the present
i nvention described above are sinple in structure, they can be
easily manufactured, so there is also an advantage that it is
possi bl e to remarkably decrease the manufacturing cost, which
was over one hundred mllion South Korean won due to precise
machi ning of the fins of the PBCF in the related art, to within
thirty mllion South Korean won simlar to the existing
propel | er caps.

Further, referring to FIG 5 FIG 5 is a view
schematically showing the entire configuration of a conbined
propel | er cap 50 according to a third enbodi nent of the present

i nventi on.
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In detail, the conbined propeller cap 50 according to the
third enbodi ment of the present invention has a first diffusive
section 51 of which the dianeter increases fromthe end of a
propeller, a straight section 52 that horizontally extends from
the first diffusive section 51, a contractive section 53 that
extends fromthe straight section 52 and of which the dianeter
decreases as it goes away from the propeller, and a second
di ffusive section 54 that extends fromthe contractive section
53 and of which the dianeter increases again as it goes away
fromthe propeller.

That is, the conbined propeller cap 50 according to the
third enbodi nrent of the present invention, as shown in FIG 5,
has a shape of which the diameter gradually decreases fromthe
end of a propeller to a predeterm ned portion, but increases
at the end portion of the propeller cap.

In nore detail, since the conbined propeller cap 50
according to the third enbodi ment of the present invention is
convexly forned at the front portion by the first diffusive
section 51, a shown in FIG 5, the pressure at the pressure
side of the propeller increases, thereby inproving the
propul sive efficiency.

That is, the propeller cap 50 according to the third
enbodi ment of the present invention for reducing hub vortex
cavitation and inproving propul sive efficiency is additionally

i mproved in propul sive efficiency by pressure recovery due to
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the shape fromthe propeller to the contractive section 53 at
the mddle portion, as shown in FIG 5, and can reduce hub
vortex cavitation by decreasing a strong rotational flow
(vortex) through the second diffusive section 54 while the flow
fromthe propeller passes over the end of the diffusive cap.

Further, as hub vortex cavitation is reduced, as described
above, it is possible to inprove propulsive efficiency in
conparison to the existing diffusion type propeller caps and
it is also possible to prevent vibration and noi se due to hub
vortex cavitation and erosion and corrosion of a rudder.
Further, it is possible to nore efficiently prevent vibration
and noi se and, erosion and corrosion of a rudder and to i nprove
propul sive efficiency, as conpared wth the existing
contraction type propeller caps.

The inclination angles o and B of the contractive section
1 and the second diffusive section 54, respectively, may be
set, for exanple, to 0 ~ 40°.

Wen o and B exceed 40 degrees, the perfornmance rapidly
drops due to flow separation, that is, when fl ow separation is
generated, pressure is not recovered on the propeller cap, so
resi stance increases.

In nore detail, referring to the follow ng Table 2, Table
2 shows changes i n performance due to changes in the inclination

angles o and B of the second diffusive section 54.

29



10

15

20

[ Tabl e 2]

Angle (o) 10 20 30 40 50 60
Per f or mance +1.1 +1.1 +1.1 +1.0 +0. 7 +0. 7
change (%

Angl e (B) 10 20 30 40 50 60
Per f or mance +1.1 +1.1 +1.1 +0. 8 +0. 3 +0. 2
change (%

In Table 1, when a was changed, B was fixed at 30 degrees,
whi | e when B was changed, o was fixed at 30 degrees. Further,

the result in Table 2 shows estinmated values of propulsive
performance according to angle changes, as conpared with a
propel | er equipped with an existing diffusion type propeller
cap.

Further, referring to FIG 6, FIG 6 is a view
schematically showng the entire configuration of a conbined
propel | er cap 60 according to a fourth enbodi nent of the present
I nventi on.

In the follow ng description of the fourth enbodi nent of
the present invention, the same or sim/lar conponents as in the
third enbodi ment are not described and only other different
conponents are described for sinple description.

That is, as shown in FIG 6, the conbined propeller cap
60 according to the fourth enbodi nent of the present invention

has a first diffusive section 61 of which the di aneter i ncreases
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from the end of a propeller, a straight section 62 that
hori zontally extends from the first diffusive section 61, a
contractive section 63 that extends fromthe straight section
62 and of which the dianeter decreases as it goes away from
the propeller, and a second diffusive section 64 that extends
from the contractive section 63 and of which the dianeter
increases again as it goes away from the propeller, so the
dianeter increases from the end of the propeller to a
predeterm ned portion, but increases again at the rear end
portion of the propeller cap, which is the sane as the third
enbodi nrent shown in FIG 5.

However, in the conbined propeller cap 60 according to
the fourth enbodi nent of the present invention, the contractive
section 63 is not straight as in the third enbodi nent shown in
FIG 5, but is curved with a predeterm ned curvature.

That is, the conbined propeller cap 60 according to the
fourth enbodi ment of the present invention is characterized in
that the contractive section 63 is curved to be convex outwardly
with a predetermned curvature, as shown in FIG 6a, or is
curved to be convex inwardly with a predeterm ned curvature,
as shown in FIG 6b.

The curvature of the contractive section 63 can be
appropriately determ ned, depending on the type or the use of
a propeller or a ship, and other parts are the sanme as those

in the third enbodi nent, so they are not described in detail.
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Therefore, according to this configuration, it is possible
to not only reduce hub vortex cavitation with a sinple
configuration, but further inprove propulsive efficiency in
conparison to propeller caps in the related art.

In nore detail, referring to FIG 7, shown is a view
conparing efficiency of a propeller equipped wth a propeller
cap of the related art and a propeller equipped with the
conbi ned propeller caps 50 and 60 according to the third and
fourth enbodi nents of the present invention shown in FIGS. 5
and 6.

That is, it can be seen fromFIG 7 that the efficiency
of the propellers equipped with the propeller caps 50 and 60
accordi ng to enbodi nents of the present invention was inproved,
as conpared with the existing contraction type propeller cap
and the diffusion type propeller cap.

As descri bed above, according to the conbined propeller
caps 50 and 60 of the third and fourth enbodinents of the
present invention, since the first diffusive sections 51 and
61 are forned such that the front potions of the propeller caps
are convexly forned, the pressure at the pressure side of a
propel | er increases and the propul sive efficiency is inproved.
Further, the propulsive efficiency is further inproved by
pressure recovery due to the shapes of the contractive sections

53 and 63 at the mddl e portions.
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Further, as a strong rotational flow (vortex) is weakened
by the second diffusive sections 54 and 64 while the flow from
the propeller passes over the diffusive cap end, hub vortex
cavitation can be reduced, the propulsive efficiency of a
vessel can be inproved about 1 ~ 3% in conparison to the
exi sting diffusion type propeller, vibration and noise due to
hub vortex cavitation can be reduced, and erosi on and corrosion
of a rudder can be prevented in conparison to the existing
contraction type propeller caps.

That is, according to the configuration of the conbi ned
propel l er caps 50 and 60 of the third and fourth enbodi nents
of the present invention descri bed above, there is an advant age
that it is possible to reduce hub vortex cavitation, simlar
to the existing diffusion type propeller caps used for
container ships, and it is possible to inprove propulsive
efficiency in conparison to the existing diffusion type
propel |l er cap. Further, there is another advantage that it is
possible to obtain propulsive efficiency simlar to the
contraction type propeller caps when it is applied to tank
ships, but it is possible to greatly reduce hub vortex
cavi tation.

Furt her, since the shapes of the conbi ned propeller caps
50 and 60 of the third and fourth enbodi ments of the present
i nvention descri bed above are sinple in structure, they can be

easily manufactured, so there is also an advantage that it is
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possi bl e to remarkably decrease the manufacturing cost, which
was over one hundred mllion South Korean won due to precise
machi ning of the fins of the PBCF in the related art, to within
thirty mllion South Korean won simlar to the existing
propel | er caps.

Further, referring to FIG 8 FIG 8 is a view
schematically showing the entire configuration of a conbined
propel | er cap 80 according to a fifth enbodi nent of the present
i nventi on.

In nore detail, as showmn in FIG 8, the conbi ned propeller
cap 80 according to the fifth enbodinment of the present
invention has a contractive section 81 of which the dianeter
decreases as it goes away froma propeller, a diffusive section
82 that extends from the contractive section 81 and of which
the dianeter increases as it goes away fromthe propeller, and
a plurality of guide fins 83 that is forned in a thin plate
shape having a rectangular or curved cross-section with a
predetermned uniform thickness and is disposed with regul ar
interval s between the contractive section 81 and the diffusive
section 82.

That is, in the conbined propeller cap 80 according to
the fifth enbodi nent of the present invention, as shown in FIG
8, the dianeter gradually decreases fromthe end of a propeller
and i ncreases again at the rear end portion, in which the guide

fins 83 having a triangular plate shape are added at the
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contractive section 81 or between the contractive section 81

and the diffusive section 82 of the propeller cap 80.

In this configuration, the inclination angle o of the

contractive section 81 may be, set to 0 ~40° and

when

for exanpl e

the inclination angle of the contractive section 81

exceeds 40 degrees, the performance rapidly drops due to flow

separat i on. Further, when flow separation is generated,

pressure is not recovered on the propeller cap, so resistance
I ncr eases.

In nore detail, referring to the follow ng Table 3, Table
3 shows changes i n performance due to changes in the inclination

angle a of the contractive section 82.

[ Tabl e 3]
Angle () 10 20 30 40 50 60
Per f or mance [+1.2 +1.2 +1.1 +0. 9 +0. 3 +0. 2
change (%

The result in Table 3 shows esti mated val ues of propul sive
per f ormance according to changes in the inclination angle a of
the contractive section 82, as conpared with a propeller

equi pped with a diffusion type propeller cap of the related

art.
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Accordingly, as the propeller cap is formed in a shape of
which the dianmeter decreases and increases again, when a
propeller is operated, pressure is recovered and propul sive
efficiency is inproved by the shape of which the dianeter
decreases to the contractive section 81 at the mddle portion
of the propeller cap 80 and a strong rotational flow (vortex)
i s weakened by the shape of which the dianeter increases over
the diffusive section 82 at the end of the propeller cap 80,
whereby it is possible to reduce hub vortex cavitation.

Further, energy loss due to hub vortex is prevented
accordingly, so the propul sive efficiency can be inproved in
conparison to the existing diffusion type propellers, vibration
and noise due to hub vortex cavitation can be reduced, and
er osi on and corrosion of a rudder can be prevented i n conpari son
to the existing contraction type propeller cap.

Further, the guide fins 83, as shown in FIG 8, for
exanple, are forned in a thin triangular plate shape to be
fitted in the recession between the contractive section 81 and
the diffusive section 82 of the propeller cap 80 and attached
with regular intervals sinply by welding. Accordingly, a
vortex induced by rotation of a propeller not only weakens over
the diffusive section 82, but weakens in advance before the
di f fusi ve section 82 of the propeller cap 30, so the vortex due

to the rotation of the propeller changes into a straight flow
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in the rotational axial direction, whereby hub vortex
cavitation can be additionally reduced.

The nunber of the guide fins 83 may be appropriately
changed, for exanple, within 2 ~ 8 and the size of the guide
fins may be determ ned in accordance with the diameter of the
di ffusive section 82 to avoid an increase in resistance due to
t he guide fins.

Further, the guide fins 83 are attached wth a
manuf acturing tol erance of +20 ~ -20 degrees, preferably +10 ~
-10 degrees with respect to O degree when seen fromvertically
above.

In nore detail, according to the propeller cap 80 of the
fifth enbodinent of the present invention, the propulsive
efficiency is inproved by pressure recovery due to the shape
fromthe propeller to the contractive section 81 at the mddle
portion and a strong rotational flow (vortex) is weakened by
the diffusive section 82 while a flowfromthe propeller passes
over the diffusive cap end, so hub vortex cavitation can be
reduced. Further, since the guide fins 83 having a triangul ar
pl ate shape are attached between the contractive section 81 and
the diffusive section 82 of the propeller cap 80, as described
above, a vortex i nduced by rotation of the propeller is weakened
by the guide fins 83 before it reaches the diffusive section
82 of the propeller cap 80, so the vortex by the rotation of

the propeller is changed into a straight flowin the rotationa
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axial direction, whereby hub vortex cavitation can be further
reduced, thus rotational flow and hub vortex cavitation by
rotation of the propeller both can be reduced. Accordingly,
energy |loss due to hub vortex is prevented, so the propul sive
efficiency of a vessel can be inproved about 1 ~ 3% in
conparison to the existing diffusion type propellers, vibration
and noise due to hub vortex cavitation can be reduced, and
er osi on and corrosion of a rudder can be prevented i n conpari son
to the existing contraction type propeller caps.

That is, according to the principle of the conbined
propeller cap 80 of the fifth enbodinment of the present
invention having the configuration described above, the
propul sive efficiency is inproved by pressure recovery fromthe
propeller to the contractive section 81 at the mddle portion
by the shape and a strong rotational flow (vortex) is weakened
by the diffusive section 82 while the flow generated by the
propeller flows over the end of the cap, so hub vortex
cavitation is reduced. Further, since the guide fins 83 having
a plate shape are attached between the contractive section 81
and the di ffusive section 82 of the propeller cap 80, the vortex
i nduced by rotation of the propeller is weakened by the guide
fins 83 before reaching the diffusive section 82 of the
propel | er cap 80, so the vortex by the rotation of the propeller

Is changed into a straight flow in the rotational axia
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direction, thus rotational flow and hub vortex cavitation can
be reduced.

Therefore, according to the conbined propeller cap 80 of
the fifth enbodinment of the present invention having the
configuration descri bed above, not only hub vortex cavitation
i's reduced by the diffusive section 82 of the propeller cap 80,
but the vortex induced by rotation of a propeller is slightly
weakened by the guide fins 83 before reaching the diffusive
section 82 of the propeller cap 80, thereby changing t he vortex
by the rotation of the propeller into a straight flow in the
rotational axial direction, so hub vortex cavitation can be
additionally reduced. Accordingly, it is possible to inprove
propul sive efficiency by preventing energy loss due to hub
vortex, reduce vibration and noise due to hub vortex
cavitation, and prevent erosion and corrosion of a rudder.

Furt her, since the conbi ned propeller cap 80 according to
the fifth enbodinment of the present invention having the
configuration described above has a very sinple shape and
structure and, the guide fins 83 are fornmed in a sinple plate
shape, so they can be easily manufactured and attached by sinpl e
welding, it is possible to considerably decrease the high
manuf acturi ng cost due to precise machining of the fins of a
PBCF in the related art.

In nore detail, referring to FIG 9, shown is a view

conpari ng propul sive efficiency of a propeller equipped with a
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propel l er cap of the related art and a propeller equi pped with
t he conbi ned propel |l er cap 80 according to the fifth enbodi nent
of the present invention shown in FIG 8.

That is, it can be seen fromFIG 9 that the propeller
equi pped with the propeller cap 80 according to the fifth
enbodi ment of the present invention had propul sive efficiency
hi gher than that of the contraction type propeller of the
related art and side effects due to hub vortex can be greatly
reduced and, the propulsive efficiency was considerably
I nproved as conpared with the diffusion type propeller cap.

That is, according to the propeller cap 80 of the fifth
enbodi ment of the present invention, the propul sive efficiency
is inmproved by pressure recovery due to the shape from the
propeller to the contractive section 81 at the mddle portion
and a strong rotational flow (vortex) is weakened by the
di ffusive section 82 while a flowfromthe propeller flows over
the di ffusive cap end, so hub vortex cavitation can be reduced.
Further, since the guide fins 83 having a triangular plate
shape are attached between the contractive section 81 and the
di ffusive section 82 of the propeller cap 80, as described
above, a vortex i nduced by rotation of the propeller is weakened
by the guide fins 23 before it reaches the diffusive section
82 of the propeller cap 80, so the vortex by the rotation of
the propeller is changed into a straight flowin the rotationa

axial direction, whereby hub vortex cavitation can be further
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reduced, thus rotational flow and hub vortex cavitation by
rotation of the propeller both can be reduced. Accordingly,
energy |loss due to hub vortex is prevented, so the propul sive
efficiency of a vessel can be inproved about 1 ~ 3% in
conparison to the existing diffusion type propellers, vibration
and noise due to hub vortex cavitation can be reduced, and
er osi on and corrosion of a rudder can be prevented i n conpari son
to the existing contraction type propeller caps.

That is, according to the configuration of the propeller
cap 80 of the fifth enbodi nent of the present invention, simlar
to diffusion type propeller caps that are used contai ner ships
in the related art, hub vortex cavitation can be reduced and
the propul sive efficiency is greatly inproved as conpared with
the di ffusion type propeller caps of the related art. Further,
t he propul sive efficiency is high and hub vortex cavitation can
be remar kabl y reduced i n conparison to the existing contraction
type propeller caps when the propeller cap 80 is applied to
tank ships. Further, as described above, since the guide fins
83 having a triangular plate shape are attached between the
contractive section 81 and the diffusive section 82 of the
propel | er cap 80, rotational flowand hub vortex cavitation are
additionally reduced, so vibration and noi se due to hub vortex
cavi tation can be reduced and erosion and corrosion of a rudder

can be prevented.
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Furt her, precise machining for manufacturing the fins of
a PBCF was a problem because it increased the manufacturing
cost, but the propeller cap 80 according to the fifth enbodi ment
of the present invention can be easily nmanufactured in sinple
shape and structure, so there is also an advantage that it is
possi ble to remarkably decrease the manufacturing cost, which
was over one hundred mllion South Korean won due to precise
machi ning of the fins of the PBCF in the related art, to within
thirty mllion South Korean won simlar to the existing
propel | er caps.

Further, referring to FIG 10, shown is a view
schematically showng the entire configuration of a conbined
propel | er cap 100 according to a si xth enbodi nent of the present
I nventi on.

In the followi ng description of the sixth enbodi nent of
the present invention, the sanme or sim/lar conponents as in the
fifth enbodiment are not described and only other different
conponents are described for sinple description.

That is, as shown in FIG 10, the conbined propeller cap
100 according to the sixth enbodi nent of the present invention
has a contractive section 101 of which the dianeter decreases
as it goes away froma propeller, a diffusive section 102 that
extends from the contractive section 101 and of which the
di ameter increases as it goes away from the propeller, and

guide fins 103 that are attached between the contractive
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section 101 and the diffusive section 102, which is the same
as the fifth enbodi rent shown in FIG 8.

However, in the conbined propeller cap 100 according to
t he sixth enbodi mrent of the present invention, the contractive
section 101 is not straight as in the fifth enbodi mrent shown
in FIG 8, but is curved with a predeterm ned curvature.

That is, the conbined propeller cap 100 according to the
si xth enbodi nent of the present invention is characterized in
that the contractive section 101 is curved to be convex
outwardly with a predeterm ned curvature, as shown in FI G 10a,
or the contractive section 101 is curved to be convex inwardly
with a predetermned curvature, as shown in FIG 10b.

The curvature of the contractive section 101 can be
appropriately determ ned, depending on the type or the use of
a propeller or a ship, and other parts are the sanme as those
in the fifth enbodi nent, so they are not described in detail.

Further, a conbi ned propeller cap according to a seventh
enbodi nent of the present inventionis described with reference
to FIG 11.

That is, referring to FIG 11, shown is a view
schematically showing the entire configuration of a conbined
propeller cap 110 according to the seventh enbodi ment of the
present invention.

In detail, as shown in FIG 11, the conbined propeller

cap 110 according to the seventh enbodi nent of the present
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invention has a first diffusive section 111 of which the
di ameter increases from the end of a propeller, a straight
section 112 that horizontally extends fromthe first diffusive
section 111, a contractive section 113 that extends from the
strai ght section 112 and of which the dianeter decreases as it
goes away from the propeller, a second diffusive section 114
that extends fromthe contractive section 113 and of which the
di ameter increases again as it goes away from the propeller

and a plurality of guide fins 115 that is formed in a thin
pl ate shape and disposed with regular intervals between the
contractive section 113 and the second diffusive section 114.

That is, in the conbined propeller cap 110 according to
the seventh enbodi mrent of the present invention, as shown in
FIG 11, the diameter first gradually increases and decreases
fromthe end of a propeller to a predeterm ned portion and then
increases again at the rear end portion, in which the guide
fins 115 having a triangul ar plate shape are added between the
contractive section 113 and the second diffusive section 114
of the propeller cap 110.

The inclination angle o and B of the first diffusive
section 111 and the contractive section 113 respectively, my
be set, for exanple, to 0 ~ 40°.

Wien o and B exceed 40 degrees, the perfornmance rapidly

drops due to flow separation, that is, when flow separation is
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generated, pressure is not recovered on the propeller cap, so
resi stance increases.

In nore detail, referring to the follow ng Table 4, Table
4 shows changes i n performance due to changes in the inclination

angles o and B of the first diffusive section 111 and the

contractive section 113.

[ Tabl e 4]
Angle (o) 10 20 30 40 50 60
Per f or mance +1.3 +1.3 +1. 3 +1.2 +0. 9 +0. 9
change (%
Angl e (B) 10 20 30 40 50 60
Per f or mance +1.3 +1.3 +1.3 +1.0 +0. 4 +0. 4
change (%

In Tabl e 4, when a was changed, B was fixed at 30 degrees,
whi | e when B was changed, o was fixed at 30 degrees. Further,
the result in Table 4 shows estinmated values of propulsive
performance according to angle changes, as conpared with a
propel | er equipped with an existing diffusion type propeller
cap.

Therefore, according to the conbi ned propeller cap 110 of
the seventh enbodi nent of the present invention, as shown in
FIG 11, since the front potion of the propeller cap is convexly
formed by the first diffusive section 111, the pressure at the

pressure side of a propeller increases and the propulsive
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efficiency is inproved. Further, the propulsive efficiency is
further inproved by pressure recovery due to the shape of the
contractive sectionsll3 at the mddle portion.

Further, the conbi ned propeller cap 110 according to the
seventh enbodi ment of the present invention is additionally
i nproved in propul sive efficiency by pressure recovery due to
the shape fromthe propeller to the contractive section 113 at
the mddle portion, as show in FIG 11, and can reduce hub
vortex cavitation by decreasing a strong rotational flow
(vortex) through the second diffusive section 114 while the
flow from the propeller passes over the end of the diffusive
cap.

Further, energy loss due to hub vortex is prevented
accordingly, so the propulsive efficiency of a vessel can be
i mproved about 1 ~ 3%in conparison to existing diffusion type
propellers, vibration and noise due to hub vortex cavitation
can be reduced, and erosion and corrosion of a rudder can be
prevented in conparison to the existing contraction type
propel | er caps.

Further, the guide fins 115, as shown in FIG 11, for
exanple, are forned in a thin triangular plate shape to be
fitted in the recession between the contractive section 113 and
the second diffusive section 2 of the propeller cap 110 and
attached wth regular intervals sinply by welding.

Accordingly, a vortex induced by rotation of a propeller not
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onl y weakens over the second diffusive section 114, but weakens
in advance before the second diffusive section 114 of the
propel l er cap 110, so the vortex due to the rotation of the
propel l er changes into a straight flowin the rotational axia
direction, whereby hub vortex cavitation can be additionally
r educed.

The nunber of the guide fins 115 may be appropriately
changed, for exanple, within 2 ~ 8 and the size of the guide
fins may be determ ned in accordance with the diameter of the
second di ffusive section 114 to avoid an i ncrease in resistance
due to the guide fins.

Further, the guide fins 115 are attached wth a
manuf acturing tol erance of +20 ~ -20 degrees, preferably +10 ~
-10 degrees with respect to O degree when seen fromvertically
above.

In nore detail, according to the principle of the
propel | er cap 110 for reducing a rotational flow and hub vortex
and inproving propul sive efficiency of the seventh enbodi nent
of the present invention, the propul sive efficiency is inproved
by pressure recovery due to the shape fromthe propeller to the
contractive section 113 at the mddle portion and a strong
rotational flow (vortex) is weakened by the second diffusive
section 114 while a flow from the propeller passes over the
di ffusive cap end, so hub vortex can be reduced. Furt her,

since the guide fins 115 having a triangular plate shape are
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attached between the contractive section 113 and the second
di ffusive section 114 of the propeller cap 110, as descri bed
above, a vortex induced by rotation of the propeller is weakened
by the guide fins 115 before it reaches the second diffusive
section 114 of the propeller cap 110, so the vortex by the
rotation of the propeller is changed into a straight flow in
the rotational axial direction, whereby hub vortex cavitation
can be further reduced, thus rotational flow and hub vortex
cavitation by rotation of the propeller both can be reduced.
Accordingly, energy | oss due to hub vortex is prevented, so the
propul sive efficiency of a vessel can be inproved about 1 ~ 3%
in conparison to the existing diffusion type propellers,
vi brati on and noi se due to hub vortex cavitati on can be reduced,
and erosion and corrosion of a rudder can be prevented in
conparison to the existing contraction type propeller caps.
That is, according to the principle of the conbined
propeller cap 110 of the seventh enbodi nent of the present
invention having the configuration described above, the
propul sive efficiency is inproved by pressure recovery fromthe
propeller to the contractive section 113 at the mddle portion
by the shape and a strong rotational flow (vortex) is weakened
by the second diffusive section 114 while the flow generated
by the propeller flows over the end of the cap, so hub vortex
IS reduced. Further, since the guide fins 115 having a

triangular plate shape are attached between the contractive
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section 113 and the second diffusive section 114 of the
propeller cap 110, the vortex induced by rotation of the
propel | er i s weakened by the guide fins 115 before reaching the
second diffusive section 114 of the propeller cap 110, so the
vortex by the rotation of the propeller is changed into a
straight flow in the rotational axial direction, thus
rotational flow and hub vortex cavitation can be reduced.

Therefore, according to the conbi ned propeller cap 110 of
the seventh enbodi nent of the present invention having the
configuration described above, not only hub vortex cavitation
i s reduced by the second diffusive section 114 of the propeller
cap 110, but the vortex induced by rotation of a propeller is
slightly weakened by the guide fins 115 before reaching the
second di ffusive section 114 of the propeller cap 110, thereby
changing the vortex by the rotation of the propeller into a
straight flowin the rotational axial direction, so hub vortex
cavitation can be additionally reduced. Accordingly, it is
possi bl e to inprove propul sive efficiency by preventing energy
| oss due to hub vortex, reduce vibration and noise due to hub
vortex cavitation, and prevent erosion and corrosion of a
rudder .

Further, since the conbined propeller cap 110 according
to the seventh enbodi nent of the present invention having the
configuration described above has a very sinple shape and

structure and, the guide fins 115 are forned in a sinple plate
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shape, so they can be easily manuf actured and attached by sinpl e
welding, it is possible to considerably decrease the high
manuf acturing cost due to precise machining of the fins of a
PBCF in the related art.

Further, referring to FIG 12, shown is a view conparing
efficiency of a propeller equipped with a propeller cap of the
related art and a propeller equipped with the conbined
propeller cap according to the seventh enbodinent of the
present invention shown in FIG 11.

That is, it can be seen fromFIG 12 that the propeller
equi pped with the propeller cap 110 according to the seventh
enbodi ment of the present invention had propul sive efficiency
hi gher than that of the contraction type propeller cap of the
related art and side effects due to hub vortex can be greatly
reduced and, the propulsive efficiency was considerably
I nproved as conpared with the diffusion type propeller cap.

That is, according to the conbined propeller cap 110 of
the seventh enbodiment of the present invention, since the
first diffusive section 111 is forned such that the front potion
of the propeller cap is convexly forned, the pressure at the
pressure side of a propeller increases and the propulsive
efficiency is inproved. Further, the propulsive efficiency is
further inproved by pressure recovery due to the shapes of the

contractive section 113 at the mddl e portion.
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Further, since the strong rotational flow (vortex) is
weakened by the second diffusive section 114 while the flow
from the propeller passes the diffusive cap end, hub vortex
cavitation can be reduced. Further, as described above, since
the guide fins 115 having a triangul ar pl ate shape are attached
between the contractive section 113 and the second diffusive
section 114 of the propeller cap 110, as described above,
rotational flow and hub vortex cavitation can be additionally
reduced. Accordingly, energy loss due to hub vortex is
prevented, the propul sive efficiency can be i nproved about 1 ~
3% in conparison to the existing diffusion type propellers,
vi brati on and noi se due to hub vortex cavitati on can be reduced,
and erosion and corrosion of a rudder can be prevented in
conparison to the existing contraction type propeller caps.

That is, according to the configuration of the conbined
propeller cap 110 of the seventh enbodi nent of the present
invention, simlar to diffusion type propeller caps that are
used container ships inthe related art, hub vortex cavitation
can be reduced and the propul sive efficiency can be inproved
as conpared with the diffusion type propeller caps of the
related art. Further, the propul sive efficiency is simlar and
hub vortex cavitation can be remarkably reduced in conparison
to the existing contraction type propeller caps when the
propeller cap 110 is applied to tank ships. Further, as

descri bed above, since the guide fins 115 having a triangul ar
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pl ate shape are attached between the contractive section 113
and the second diffusive section 114 of the propeller cap 110,
rotational flow and hub vortex cavitation are additionally
reduced, so vibration and noise due to hub vortex cavitation
can be reduced and erosion and corrosion of a rudder can be
prevent ed.

Furt her, precise machining for manufacturing the fins of
a PBCF was a problem because it increased the manufacturing
cost, but the conbined propeller cap 110 according to the
seventh enbodinment of the present invention can be easily
manufactured in sinple shape and structure, so there is also
an advantage that it is possible to renmarkably decrease the
manuf acturing cost, which was over one hundred mllion South
Kor ean won due to precise machining of the fins of the PBCF in
the related art, to within thirty mllion South Korean won
simlar to the existing propeller caps.

Further, referring to FIG 13, shown is a view
schematically showng the entire configuration of a conbined
propel l er cap 130 according to an eighth enbodiment of the
present invention.

That is, as shown in FIG 13, the conbined propeller cap
130 according to the ei ghth enbodi nent of the present invention
has a first diffusive section 131 of which the dianeter
i ncreases fromthe end of a propeller, a straight section 132

that horizontally extends fromthe first diffusive section 131,
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a contractive section 133 that extends from the straight
section 132 and of which the di aneter decreases as it goes away
fromthe propeller, a second diffusive section 134 that extends
from the contractive section 133 and of which the dianeter
increases again as it goes away fromthe propeller, and guide
fins 135 that are coupled to an end of the second diffusive
section 134, which is the sane as the seventh enbodi nent shown
in FIG 11.

However, in the conbined propeller cap 130 according to
t he ei ght h enbodi nent of the present invention, the contractive
section 133 is not straight as in the seventh enbodi nent shown
in FIG 11, but is curved wth a predeterm ned curvature

That is, the conbined propeller cap 130 according to the
ei ght enbodi nent of the present invention is characterized in
that the contractive section 133 is curved to be convex
outwardly with a predeterm ned curvature, as shown in FIG 13a,
or the contractive section 133 is curved to be convex inwardly
with a predetermned curvature, as shown in FIG 13b.

The curvature of the contractive section 133 can be
appropriately determ ned, depending on the type or the use of
a propeller or a ship, and other parts are the sanme as those
in the seventh enbodi nent, so they are not described in detail.

Further, referring to FIGS. 14 and 15, FIG 14 is a view
schematically showng the entire configuration of a conbined

propel l er cap according to a ninth enbodi nent of the present
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invention and FIG 15 is a viewschenmatically showi ng the entire
configuration of a conbined propeller cap according to a tenth
enbodi ment of the present invention.

In detail, although the guide fins are forned in a
triangul ar shape and attached in the recession between the
contracti ve section and the diffusive section, and have a size
correspondi ng to the di aneter of the diffusive section in order
not to protrude at the end of the diffusive section in the
fifth to eighth enbodinents of the present invention, the
present invention is not limted to this configuration, that
is, the present invention may be configured, as shown in FIG
14, such that guide fins 143 are forned in a not triangular,
but thin pentagonal plate shape are attached by sinpl e wel di ng
between the contractive section 141 and the diffusive section
143 of the propeller cap 140 to extend from an end of the
di f fusive section 142.

In this configuration, the size of the guide fins 143 may
be determ ned such that the length L of the portion extending
fromthe end of the diffusive section 142 is within two tines
the diameter D of the diffusive section (that is, L < 2D).

Alternatively, the present invention nmay be configured,
as shown in FIG 15, such that guide fins 153 are fornmed in a
thin trapezoi dal shape and attached to a contractive section

151 of a propeller cap 150 by sinple wel di ng.
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In this configuration, the size of the guide fins 153 may
be determ ned such that the length L2 of a shorter portion of
the portions extending fromthe side of the contractive section
151 is within two tinmes the dianmeter of the diffusive section
152 (that 1is, L2 < 2D), but other factors L1 and W are not
specifically limted.

Further, the other configurations except the guide fins
143 and 153 can be achieved in the sane way as the fifth to
ei ght h enbodi nents, so they are not described in detail.

Exanpl es of applying the guide fins 143 and 153 to the
propel | er cap according to the first enbodi ment shown in FIG
2 are shown in FIGS. 14 and 15, but the present invention is
not limted thereto, that is, it should be noted that the guide
fins 143 and 153 shown in FIGS. 14 and 15 can be applied in
the same way not only to the first enbodi nent shown in FIG 2,
but to the second to fourth enbodi nents.

Further, referring to FIG 16, shown is a view conparing
propul sion, torque, and efficiency of a propeller equipped with
a propeller cap of the related art and a propeller equipped
with the conbined propeller cap 140 according to the ninth
enbodi ment of the present invention shown in FIG 14.

That is, it can be seen fromFIG 16 that the propeller
equi pped with the propeller cap 140 according to the ninth
enbodi ment of the present invention had propul sive efficiency

hi gher than that of the contraction type propeller cap of the
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related art and side effects due to hub vortex can be greatly
reduced and, the propulsive efficiency was considerably
i mproved as conpared with the diffusion type propeller cap.
Further, it can be seen that the propul sive efficiency was
inmprove as conpared with the first, fifth, and seventh
enbodi nent s t oo.

Therefore, according to the configuration, it is possible
to achieve a conbined propeller cap for reducing rotational
flow and hub vortex and inproving propulsive efficiency
according to the present invention.

Furt her, according to the present invention, as a conbi ned
propeller cap for reducing rotational flow and hub vortex and
i mproving propulsive efficiency according to the present
invention is achieved, it is possible to reduce hub vortex
cavitation that is generated behind a propeller through a
conbi ned propeller cap structure in which a diffusion type
propeller cap is coupled to the end of a contraction type
propell er cap, so a conbined propeller cap that can be easily
manufactured at a low cost in a sinple configuration, as
conpared with the existing PBCF, for reducing rotational flow
and hub vortex and inproving propul sive efficiency. Further,
a plurality of small fins is attached to the propeller cap to
reduce hub vortex cavitation, so it is possible to solve the

problemw th the exi sting PBCF (Propeller Boss Cap Fin) in that
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manufacturing is difficult and the manufacturing cost is high
due to precise machi ning for designing and manufacturing fins.

Further, according to the present invention, as described
above, there is provided a conbi ned propeller cap for reducing
rotational flow and hub vortex and inproving propulsive
efficiency that is configured not only to reduce hub vortex
cavitation that is generated behind a propeller through a
conbi ned propeller cap structure in which a diffusion type
propeller cap is coupled to the end of a contraction type
propeller cap, but also to additionally reduce hub vortex
cavitation by attaching plate-shaped guide fins to the
contracti ve section or between the contractive section and the
di ffusive section of the propeller cap. Accordingly, it is
possible to reduce rotational flow and hub vortex cavitation
that are generated behind a propeller, to easily manufacture
the propeller cap at a low cost in a sinple configuration, as
conpared with the existing PBCF, to reduce noise and vibration
in a vessel and prevent erosion and corrosion of a rudder, and
to save fuel by inproving propul sive efficiency

Al t hough conbi ned propeller caps for reducing rotational
flow and hub vortex and inproving propulsive efficiency
according to enbodinents of the present invention were
descri bed above, the present invention is not limted to the

enbodi nents and may be changed, nodified, conbined, and
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repl aced

in various ways, depending on necessities in design

and other various factors by those skilled in the art.
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CLAI Vb

1. A propeller cap (20,30) for reducing hub vortex
cavitation, the propeller cap having:

a contractive section (21,31) having a dianeter that
decreases as it goes away froma propeller; and

a di ffusive section (22,32) extending fromthe contractive
section (21, 31) and having a dianeter that increases as it goes
away fromthe propeller,

wherein in the propeller cap (20,30), aninclination angle
of the contractive section (21, 31) is set to equal to or bel ow

40°.

2. The propeller cap of claiml,

wherein in the propeller cap (20,30), pressure of a flow
fromthe propeller is recovered by the shape of the contractive
section (21,31) so that propul sive efficiency is inproved, and

strength of rotational flow (vortex) is weakened by the
shape of the diffusive section (22,32) SO that hub vortex

cavitation is reduced.
3. The propeller cap of claim1l,

wherein a side of the contractive section (21,31) is

formed straight.
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4. The propeller cap of claiml,
wherein a side of the contractive section (21,31) is

curved to be convex outwardly with a predeterm ned curvature.

5. The propeller cap of claiml,

Wierein a side of the contractive section (21,31) is

curved to be convex inwardly with a predeterm ned curvature.
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