
;|}e3enhk$"6ThJO* High-performance propeller  Technical field The invention
relates to a propeller, particularly to a propeller with the  blades
provided with double-side or single-side are brims at the tips thereof
Background art For the blades of the propeller in the art, due to the
effect of induced drag the maximum pressure point is located at the place
of about 0.7 of blade length where is the main operational region. The
movement velocity of blades arrives to maximum in the region from the place
of 0.7 blade length to the tip of blade, which region occupies about half
of the entire rotational area of propeller and should produce about 70%
acting force in terms to the  calculation of the deserved acting force. For
the conventional propeller, the  differential pressure between the
positive-pressure face and the  negative-pressure face in this region
decreases instead and almost to zero at the tip of blade. The tip of the
blade is located at the position of maximum movement velocity of blades,
but also the position of maximum loss of propeller in the art and between
these pressure faces and surrounding medium, thereby the loss of energy at
the tip of blade is serious. Presently there is a design in which a  brim
is added to the blade with relatively big aspect ratio, but the beneficial
result of saving energy is not obvious. This is because the induced drag of
blade itself is relatively smaller, the blade span is longer , the arm of
force is long, and thereby the moment is big so as to deform the blade
easily, which is easy to cause great form drag by the brim. Presently the
design in 



1   which the blade is provided with a brim, or the design in the propeller
has a outer ring in the shape of tunnel, and or the application of
propeller in the tunnel have basically not considered the influence of the
brim or tunnel on radial supplement of fluid. The shape and the size of the
brim not give  consideration to both the elimination of induced drag and
the increase of radial supplement of fluid. The brim or tunnel influences
the supplement of fluid and thereby reduces the amount of fluid acting on
propeller, so that the  effective acting force produced by the propeller is
decreased and consequently the efficiency of propeller drops.  Disclosure
of the invention The objective of the invention is to provide a
high-performance propeller, which can overcome the disadvantages of the
propeller in the art as  described above. The propeller according to the
invention has one hub and plurality of blades, charaterized in that a
double-side or a single-side are brim is  provided at the tip of each
blade. The propeller of the invention can change the flow condition and the
pressure distribution near the tip of the blade by means of the double
-side or single-side are brims. Therefore the fluid dynamic performance of
the  propeller of the invention presents the aspect ratio approaching
infinity and  



the small induced drag. The centrifugal froce of fluid can be converted to
the effective acting force so as to increase the acting force near the tip
of blade, whereas there almost no form drag in rotational direction is
prduce by the  double-side or single-side are brim. Under the condition of
almost no induced drag, the beneficial result of reducing loss of energy is
obvious by means of  lengthening the chord of blade, thereby increasing the
area of blade and   2   decreasing the velocity of outward flow of fluid.
Brief description of the drawings The invention will be further described
with reference to accompanying drawings and embodiments as follows. Fig. l
is a schematic view of the propeller construction and double-side arc brims
of the blade according to the invention. Fig.2 is a schematic view of the
propeller construction of double-side arc brims of the blades with a
strengthening ring according to the invention. Fig.3 is a schematic view of
a single-side arc brim with outward inclination and an anti-overflow edge.
Fig.4 is a schematic view showing the position of a vortex-generated zone.
Fig.5 is a schematic developed view showing the tips of single-side arc
brims of blades of propeller with a strengthening ring according to the
invention. Best mode of embodiments of the invention 



The terms of `double-side arc brim and single-side arc brim of blade' is
hereafter referred to as simply `brim' for the purpose of clarification.
Embodiment 1 High-performance propeller in the type of propelling used in
air Referring to Figs 1 and 2, the propeller for this embodiment has a hub
2 and twelve blades 3, characterized in that a double-side arc brim 1 is
affixed at the tip of blade 3. A strengthening ring 4 is disposed among the
3   blades. The  propeller may be made of any suitable material such as
plastic, metal by moulding, welding and other mechanical ways. For the
propeller of this embodiment, the diameter of the propeller is 0.8m, the
effective angle of attack is 14 deg., the lift coefficient L is taken as
1, the aspect ratio is 4, the area of blade is equal to rotational area of
propeller, the height of brim is equal to 26% chord length of blade and the
brim has a 22 deg. outward inclination. The strengthening ring 4 is located
at the tip of the blades and beyond the axial width of blades. The
strengthening ring and brims are connected by connecting strips which plane
is substantially parallel to the rotational plane of propeller or at an
angle tothe flow direction  so  as to produces no acting force but friction
drag only. The static thrust F that can be produced theoretically according
to the  propeller of the invention is calculated in terms of the technical
target of 550 m/s of velocity at the tip of blade, not considering the
effect of  compressibility.of air. 



F - thrust,kgf A - area of the blade,0.5m2 r - rotational velocity, 219rps
V(m) - velocity at the tip of blade, 500m/s L - lift coefficient,1 p - air
density,0.125 kg.s2/m4 R - radius, 0.4m  thrust F = 0.25 Lp A V2(m) = 4726
kgf = 46320N  Calculation of the friction drag Z produced by the brims and
strengthening ring: Comparing with the conventional propeller, the friction
drag produced by brims and strengthening ring is added by the propeller of
the invention,  4     thus the friction drag Z produced by brims and
strengthening ring and the its ratio to thrust are calculated as follows so
as to asses its effect. The friction drag Z produced by brims and
strengthening ring is calculated employing the calculation formula for drag
of plate. Assuming the shape of brims and strengthening ring only cause the
friction drag and the drag is approximate to that of plate, the friction
drag is calculated according to the area of brims and strengthening ring
which is equal to 50% rotational area at the tip of blade of propeller. Z -
friction drag produced by brims and strengthening ring, kgf ~i - Reynolds
number 



M - surface area of brims and strengthening ring, 0.125m2 C - drag
coefficient V~m~ -linear velocity of brim, SSOm/s p - air density, 0.125
kg.s2/m4 y - viscosity coefficient of air, 1.45 X O.OOOOlm2/s ~, _ (2.5 X
550)=(1.45 X 0.00001) = 94827586 C = 0.4S5=(Lg~?)2~58 = 0.0021 Z = 0.5 C p
M V2~~,~ =0.5 X 0.0021 X 0.125 X 0.125 X 550 X 550 = 4.9625 kgf The ratio
of the friction drag produced by brims and strengthening ring to the thrust
is calculated as follows: drag/thrust = 4.9625=4726 = 0.00105 Therefore,
the effect of the friction drag produced by brims and strengthening ring on
the propeller of the invention is insignificant. Comparison of induced drag
loss for the propeller of the invention with that for the conventional
propeller is: 5   1. Calculation of the amount of induced drag loss for the
propeller of the invention: A - area of propeller, 0.5m ~) - aspect ratio ~
o0 V~m~ - velocity at the tip of blade, 550 m/s L - lift coefficient, 1 The
induced drag coefficient CI is evaluated as: CI= Lz(~~,) = 1/(~ ao ) ~ 0
The induced drag RI is evaluated as: RI= 0.5 CI pA VZ~,n~ =0 2. Calculation
of the amount of induced drag loss for the conventional propeller: A - area
of propeller, 0.5m ~, - aspect ratio, 4 V~m~- velocity at the tip of blade,
550 m/s L - lift coefficient, 1 The induced drag coefficient CI is
evaluated as: CI = L2/(~t~,) = 1 / 12. 6 = 0.0796 The induced drag RI is
evaluated as: RI = 0. 5 CI pA V2~m~ = 752 kgf 



The ratio of induced drag to thrust for the propeller of the invention:
0/4726 = 0 The ratio of induced drag to thrust for the conventional
propeller: 752/4726 = 0.13 Under this condition, the induced drag loss can
be reduced an amount equivalent to 13% thrust for the propeller of the
invention. Embodiment 2 High-performance propeller in the type of
propelling with blades having excessively wide chord The propeller for this
embodiment has a hub 2 and six blades 3, 6   characterized in that a
double-side arc brim 1 is affixed at the tip of each blade 3. For the
propeller of this embodiment, the diameter is 0.8 m, the axial length is
0.92 m, the angle of attack on the inflow side of blade is 60 deg., the
angle of attack on the outflow side of blade is 30 deg. and the aspect
ratio is 0.4. The propeller is configured in a helical form in its
entirety. The height of brim on the negative-pressure face of blade is 0.03
m. The height of brim on the positive-pressure face of blade is 0.03 m for
the inflow side and is 0.08 m for the outflow side. The brim has no any
outward inclination. The anti-overflow edge is 0.06 m wide and at a 60 deg.
angle to the brim. Now the propeller of the invention will be compared with
that in the turbo-fan engine or compressor having same sucking port area
and under same operational condition. The propeller of the invention is
characterized in that the fluid can be sucked radially so as to increase
the sucking amount of fluid greatly and thus increase the amount of fluid
acting on blades. The sucked air on the negative-pressure face of blade
will enter the space constituted by the positive-pressure face of blade and
the brim as well as the anti-overflow edge so as to be guided and
restricted because the positive-pressure face of blade is provided with the
brim and the anti-overflow edge. In the course of pressure transition from
the negative-pressure face of a blade to the positive-pressure face of next
adjacent blade, the interference between the positive and negative-pressure
faces of blade can be reduced, and thereby. the differential pressure can
be increased through the fluid guided in the space between the positive and
negative-pressure faces of blade. The flux of fluid for the propeller of
the invention is so big that it is capable of converting the centrifugal
force to the effective acting force. The effective acting force is
increased and the losses of drag and other secondary flow are decreased so
as not to be easy to generate    panting and flutter of the blades. m -
amount of fluid sucked on the side facing wind for the propeller v -
velocity of outward flow of fluid M - amount of radial fluid sucked at the
tip of blade for the propeller of the invention F - thrust of the propeller
The thrust produced in machine in the type of thrust jet depends mainly on
the change of fluid momentum. The thrust F produced in the conventional
thrust fan is: F=d(mv)/dt Assuming that the amount of fluid sucked on the
side facing wind for the propeller of the invention (m) is same as that of
the fan with same area facing wind, thus the total amount of flow is (m+M)
for propeller of the invention because of supplied radial sucking amount M.
Assuming that the velocity of outward flow of fluid (v) is same as (in
fact, is larger than) that for the conventional propeller, thus the thrust
F produced in the propeller of this embodiment is: 



F=d[(m+V)v]/dt Therefore, the thrust produced in the propeller of the
invention is lager than that of the conventional fan, such as the fan of
the turbo-fan engine with same area facing wind; and the amount sucked is
larger than that of jet-engine compressor with same area facing wind.
Moreover, the thrust, thrust-weight ratio and efficiency for the engine
will increase greatly because of the increased flux of fluid. The propeller
of this embodiment is also adapted to used for axial flow pump, smoke
exhauster and so on. 8   Embodiment 3 High-performance propeller for the
conventional fan This embodiment is compared with the conventional fan with
400 mm diameter. The construction, shape, size and angle of attack for the
propeller of the invention is same as those of the conventional fan except
that the blade is provided with single-side arc brim 5, as shown is Figs
3,4 and 5. The propeller for this embodiment has a hub 2 and four blades 3,
characterized in that a single-side arc brim 5 is axed at the tip of each
blade 3. The width of brim is 40 mm, brim has 15 deg. outward inclination,
and the equivalent diameter of fan is 420 mm. The juncture and its nearby
region between the brim and the tip of negative-pressure face of blade is
in the shape of non-streamline arc on which there is a 6 mm wide vortex-
generated zone 7 as shown in Fig.3 and Fig.4. The equivalent diameter of
fan of this embodiment is 420 mm. Under the condition of same rotational
velocity, the drag is equivalent to that of the 400 mm conventional fan,
the power is equivalent to that of the 400 mm conventional fan, and the
amount of wind produced is larger than that of 420 mm fan. Presently the
testing has proved that under the condition of constant motor power and
energy consumption, the propeller of the invention increases the amount of
wind about 12%~17%, which is equivalent to save energy about 40%-V70% in
terms of the cubic relationship between the amount of wind and consumption
power. Each part of brim of the propeller of the invention is substantially
concentric with the propeller. The parts of brim, which serve the same
function, project axially on the roughly same radius of revolution. In
principle only the friction drag is required to be produced in rotational
direction from the brims. If the brim has an inclination, it will produce
the form drag, which 9   can increases or decreases the form force from the
pressure at the tip of blade. As required, the brim can develop suitably in
the rotational direction of the blade into the form of an approximate
involute so as to change the sucked amount of fluid and thereby the result
of blade action. The propeller of the invention is not very sensitive to
the change of the inclination of the brim in a certain extent, thus can be
used as a propeller with variable pitch. The propeller can be also designed
as one with brims in special shape so as to meet the needs in various
operational conditions and the requirement in aesthetics. The invention
involves a new design conception and a novel design ideology. In past, it
may be not noticed that the radial supplement of fluid at the tip of blade
of the propeller can affect the operational condition of propeller.
Therefore, no systematic guiding ideology and design conception can be
found when the propeller with brims or the propeller within a tunnel is
employed, thus it seems to be carried out very blindly. Our experiments and
testing have proved that the design of improper brims of blades or
application of the conventional propeller within a tunnel will reduce the
amount of fluid acting on blades, decrease thrust of propeller or conveying
amount of fluid, and thereby decrease the effciency of propeller.
Therefore, the design of the brims for the propeller of the invention
should consider that the action of brims would decrease both the induced
drag and fluid supplement. The reasonable control of the radial fluid flow
at the tip of blade can greatly increase the thrust of propeller, the
conveying amount of fluid and consequently the effciency of the propeller.
The invention follows the systematic design ideology. The action of brims
is utilized to .decrease the induced drag. Thus under the condition of
almost no induced drag, the aspect ratio is decreased, the deformation of
blade is decreased, the effective area of 10   blade is increased, the
outflow velocity of fluid is decreased, and the efficiency of propeller is
also improved greatly according to theoretical evaluation. Presently the
saved energy (40%~70%) is obtained mainly by the decrease of induced drag. 



It is found in experiments that under a certain conditions, the tunnel will
give effect to decrease the flux of fluid for the propeller or fan. The
propeller of the invention can eliminate this unfavorable effect, and also
give favorable effects to cause the tunnel to maintain the pressure and
reduce the leakage at tip of blades. The suitable fit of propeller of the
invention within the tunnel will greatly improve the effectiveness for
conveying the fluid and compressing the air. The propeller of the invention
is generally not used within the tunnel in the form of close fit. The
propeller should be disposed at the both ends of the tunnel with the
outflow or inflow side thereof suitably fitted to one of the ends of the
tunnel. The relatively suitable application of the propeller of the
invention is in such way that when the fluid is pressed into tunnel; the
most part of the propeller is beyond the tunnel and only outflow side
thereof interfaces the tunnel; and when the fluid is sucked out the tunnel,
the most part of the propeller is within the tunnel and only outflow side
thereof faces outward. The tunnel is required to leave space for radial
supplement of fluid to the propeller. The shape, size, spatial angle and
spatial position of the brims of blades for the propeller of the invention
are mainly determined by calculation and testing evaluation, through the
synthetic consideration in terms of various requirements such as for the
fluid sucking, decrease of the induced drag, minimization of the friction
drag and form drag, and the structural strength. These depend on the
specific requirements in use. If the propeller is used to produce thrust
and thereby the minimum loss of induced drag is needed, then a   the brims
are provided on both positive and negative-pressure faces and relatively
high. If the propeller is used as a fan and thereby the loss of induced
drag on negative-pressure face of the blades is not needed to reduced, then
no brims are provided on the negative-pressure faces (see Fig.4). The
shape, size, spatial angle and spatial position of the brims of blades for
the propeller of the invention depend on the conditions in use such as the
effective angle of attack, the loading intensity, the pitch, the aspect
ratio, the radius, and the linear velocity at the tip for the blades, the
compression coefficient, the density, and the viscosity of fluid, and the
deferential pressure between the inflow and outflow, the deferential
pressure between the inflow or outflow and surrounding atmosphere, etc. At
the tip of blades, the radial component of the fluid movement is big, the
brims of blades give the effect on suppressing both the induced drag and
the fluid supplement in radial direction for the propeller. Therefore, The
shape, size, spatial angle and spatial position of the brims of blades all
influence the acting results. The brims of blades for the propeller of the
invention can have an inclination relative to the axial direction of the
propeller (see Fig.4). The brim on the positive-pressure face of blade may
produce four utilizable effects when the inclination of brim changes: (1)
if the brim with outward inclination has a radial velocity component acting
on fluid being less than the radial velocity of fluid movement, then fluid
produces an acting force on the brim including the component that pushes
the propeller to rotate and the component that decreases the bending
afterward deformation of blade. Under this circumstance, the brim only has
a friction drag and no form drag, and increases the inflow amount of fluid
owing to outward inclination of brim; (2) if the brim with outward
inclination has a radial velocity component acting on 12   fluid being
equal to the radial velocity of fluid movement, then the brim produces no
acting force on fluid. The brim has also no form drag and increases the
inflow amount of fluid owing to outward inclination of brim; (3 ) if the
brim with outward inclination has a radial velocity component acting on
fluid being bigger than the radial velocity of fluid movement, then the
brim produces a radial acting force on fluid. The brim can futher increase
the sucking amount of fluid but consumes the energy, and has also a form
drag loss; (4) if the brim on the positive-pressure face of blade inclines
inward, then the brim improves the effect on preventing fluid from
overflow, but the inflow amount of fluid decreases, and a certain induced
drag is produced on the outward side of brim. The inward inclination of
brim is generally used in conjunction with the outward inclination of brim
such as the outward inclination at lower portion of brim and the inward
inclination at upper portion near the top edge and otherwise used in
special situation such as in helical form. The effect of outward
inclination of brim on decreasing of induced drag will be changed from
maximum to zero when the outward inclination of brim changes from 0 deg. to
90 deg. According to the theoretical analysis and testing evaluation, the
effect of propeller technique of the invention on energy saving will be
relatively obvious when used in the condition of small aspect ratio of
blade such as less than two. The effect of the brim is relatively obvious
if the inclination of brim, namely the angle included between the brim and
the axial direction of the propeller of the invention is less than 45 deg.
For the blade with relatively small aspect ratio, the fluid may overflow
beyond the brim to produce induced drag under the actions of centrifugal
force and blade pressure when the action of the centrifugal force is
strong. If the height of the brim is raised, then the brim may be so high
as to impede 13   supplement of fluid. Under this circumstance, an
anti-overflow edge 6 (Fig.3) can be used to reduce the overflow loss of
fluid. The anti-overflow edge can be only used for a part of brims near the
outflow of blades. The result from the use of anti-overflow edge is
successful for axial conveying of fluid in helical form, such as in a smoke
exhauster which has both axial action and centrifugal action. The brims in
the propeller of the invention can have different inclination. For example,
the outward inclination of brim is bigger at the portion of blade with less
pressure and is less at the portion of blade with bigger pressure.
Similarly, the height of the brims can be changed according to the needs in
different portions. The angle of inclination of brim on the
negative-pressure face of blade 



can be same as that of brim on the positive-pressure face but inward or
different therefrom such as the angle constantly parallel to axial
direction of the propeller. The brim on the negative-pressure face
generally does not incline outward except for special requirement. The brim
inclining inward means that the brim inclines toward the axial direction.
The double-side arc brim 1 is generally used to propeller in the type of
propelling. The outward side of the brim along the flow path is adapted to
be in streamline form. It can increase the supplement amount of fluid,
decrease the interference between the adjacent blades, increase the thrust
and consequently improve the performance of the propeller. The single-side
arc brim 5 is generally used to propeller in the type of fan. When the brim
has outward inclination relative to axial direction of propeller, the
streamline arc shape or other shape with low drag along the flow path is
adapted to be used in vicinity of the juncture between the outer side of
brim and the negative-pressure face of the blade (see Fig. 3). It can 14
further decrease the differential pressure between the negative and
positive-pressure faces, reduce the pressure resistance of the brim,
increase the supplement amount of fluid, and reduce the energy consumption.
In use for relatively high Reynolds number, a vortex-generated zone 7 {see
Fig.4) which is substantially parallel to the negative-pressure face of
blade and enable to transfer the flow condition into turbulence should be
provided before the arc surface. The vortex-generated zone is located at a
certain width of or full surface of brim which is treated as a rough
surface or such a shape enabling to transfer the flow condition into
turbulence so as to delay the fluid separation and thereby decrease the
drag of blades. In use for relatively high loading intensity and
requirement for high structural strength, the propeller of the invention is
adapted to be provided with a strengthening ring 4 (see Fig.2,5) to join
the adjacent blades or brims together. Between the adjacent blades there
may be provided with one or several strengthening rings suitably located at
the middle of or end of the blade length. This construction can improve the
structural strength and loading capacity of the propeller and diminish the
flutter of blades. The strengthening ring (see Fig.5) or the part thereof
can be provided beyond the axial width of blades so as to lessen the
obstruction of the strengthening ring to radial sucking of fluid. The
strengthening ring also serves to control the flow direction like a tunnel.
T'he construction that the blade is connected with the brim at an angle for
propeller of the invention can improve the resistance against deformation.
The brim, strengthening ring and anti-overflow edge for the propeller of
the invention will be in the various shapes of curved faces, cross-sections
or a cross-section with a hollow core. The application scope for the
propeller of the invention mainly refers to is   the vane-wheel machinery
which make the work on fluid, such as propeller, fan, axial flow blower,
compressor, axial flow pump, axial flow smoke exhauster and so on. 16
Claims: 1. A high-performance propeller having one hub (2) and a plurality
of blades (3), characterized in that there is a double-side arc brim (1) or



single-side arc brim {5) on the tip of each blade. 2. A propeller according
to claim 1, characterized in that said double-side arc brim (1) or
single-side arc brim (5) has an inclination relative to axial direction of
the propeller. 3. A propeller according to claim 1, characterized in that
there is a strengthening ring (4) among said blade (3). 4. A propeller
according to claim 1, characterized in that the aspect ratio of said blade
(3) is less than 2, and the propeller is configured in helical form. 5. A
propeller as recited in claim 1, is characterized in that the juncture
between the brim and the negative-pressure face of the blade for said
single-side arc brim (5) has a relatively smooth arc surface, or a
streamline or approximately streamline arc surface along the flow
direction, or a vortex-generated zone (7) on or before the arc surface. 6.
A propeller according to claim 1, characterized in that said double-side
arc brim ( 1 ) or single-side arc brim (5 ) has an anti-overflow edge (6).
7. A propeller according to claim 1, characterized in that the angle a
included between said single-side arc brim (5) or double-side arc brim ( 1
) and the axial direction of propeller is less than 45 deg. is .ANe.A@.A[
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