AXI"AL- FLOW | MPELLER The invention relates to a mixing inpeller caustng @y —
axial flow, and nore specifically, to a mxing inpeller used in storage '

t anks for blending of |ow or nediumviscosity liquids, and droplet or
particle dispersion in |ow or nediumviscosity |iquids. BACKGROUND OF THE

| NVENTI ON M.xi ng i nmpell ers which can di 4charge the fluid in the direction

of the inpeller shaft(hereinafter_ called "axial-flowinpellers") are often
used for mxing fluids as blen o i um viscosity liquids and
droplet or particle dispersion in |ow and nmediumviscosity liquids. This
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BACKGROUND OF THE INVENTION

Mixing impellers which can discharge the fluid in the direction
of the impeller shaft(hereinafter called "axial-flow impellers”)
are often used for mixing fluids as blending of low and medium
viscosity liquids and droplet or particle dispersion in low and
medium viscosity liquids.

This type of impeller can provide a higher discharge flow rate
at smaller torque and with less energy consumption than other
impellers, and therefore is economically advantageous in terms of
equipment cost and operating cost.

With this type of impellers, pitched paddle impellers and
propellers are generally used. Pitched paddle impellers can be
manufactured most easily and at the lowest cost, but compared to’
propellers, they require larger torque and more energy to obtain a
flow rate, that is, their discharge efficiency is poor. It is also
known that pitched paddle impellers produce an intermediate flow
pattern between the axial and the radial ones depending on the pitch
angle.

If impeller blades are made in such a manner to vary their
thickness from the leading edge to the trailing edge according to
an aero-foil profile, like marine propeller blades, a high
discharge efficiency might be achieved. However, in turn, the
manufacturing cost becomes extremely high. Alternatively, there
has been employed, a manufacturing method to bend impeller blades

of uniform thickness to a curved surface with its pitch height kept



pattern between the axial and the radial ones depending on the pitch angle.
If inpeller blades are nmade in such a manner to vary their thickness from
the | eading edge to the trailing edge according to an aero-foil profile,

| i ke mari ne propeller blades, a high discharge efficiency mght be

achi eved. However, in turn, the nanufactgring cost becones extrenely high
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f abri cat ewdithf®rseyrittable camber in the sections from their leading edges to
trailing edges. Since these propellers are fundamentally
manufactured using dies, it is necessary to fabricate different
dies for different sizes of impellers. When impellers are small and
can be mass-produced, they can be economically manufactured even by
this method, but it is extremely expensive to fabricate dies for
each order of large-size impellers.

various types of axial-flow impellers described as follows are
known.

That is, US Patent No. 5052892 discloses a technigue for
imparting camber effect by bending the blade 21 of the pitched
paddle impeller along the center line in the radial direction as
shown in FIG. 19 to improve the discharge efficiency as well as 1‘:0
improve mechanical strength of the blade. In said patent, it is
described that the blades should preferably be a plate of uniform
width and should prefexrably have a mean pitch angle of 25~30°., and
the folds should preferably be two folds intersecting at the tip end
of the blade, and a total of fold angles should preferably be
20~30° (hereinafter called the "conventional impeller A").

In US Patent No. 4468130, as shown in FIG. 20, it is disclosed
that the maximum-discharge efficiency can be achieved by adjusting
the camber and pitch angle from the tip end of the blade 22 to the
root to the threshold value where flow separation is about to
happen, and specific examples to vary the camber from 8% of blade
width at the tip end to 0% at the root and the pitch angle from
22° at the tip end to 38° at the root are described. The blade width

is about 1/8 of the impeller diameter and is slightly narrower at



diés for different sizes of inpellers. Wen inpellers are snmall and can be
mass- produced, they can be econom cally manufactured even by this nethod,
but it is extrenely expensive to fabricate dies for each order of

| arge-size inpellers. Various types of axial-flowinpellers described as
follows are known. That is, US Patent No, 5052892 discloses a technique for
I nparting canber effect by bending the b ade 21 of the pi tched paddl e
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and speci fi c Bxaddieson) Garmahheat@nmmppﬂriamtﬁ%molﬁoblaamaozlz, as shown in
FIG. 21, tries to improve the discharge efficiency by attaching an
auxiliary blade 24 parallel to a main blade 23 in the axial
direction. As adding an auxiliary blade in this way increases
torque and energy consumption as well, an increment of flow rate
more than enocugh to make the increase of torque and energy
consumption is assumed to be achieved with the impeller of FIG 21.
However, because the main blade is of a simple pitched paddle as
shown in FIG. 21, it would be difficult to achieve the efficiency
equivalent to that .of propellers even if its discharge efficiency
is improved (hereinafter called the "conventional impeller C").

Furthermore, British Patent No. 1454277 discloses that properly
cutting of a cylinder surface can produce a blade with the camber,
5~15% of blade width and with its pitch height nearly constant in
the radial direction (hereinafter called the "conventional impeiler
D" ).

What is required for axial-flow impellers for agitators is, in
short, to suppress the equipment cost and operating cost and
achieve specified agitation purposes. In particular, in blending
of a low viscosity liquid or dispersion of solid particles,
agitator performance is frequently decided by the discharge flow
rate or the product of flow velocity and discharge flow rate, and
an axial-flow impeller which can be fabricated at low cost and high
discharge efficiency is required.

According to the study of Nagase and Winardil (Journal of
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width at the tip end to 0% at the root and the pitch angle from 22 at the
tip end to 38[err] at the root are described. The blade width is about 1/8
of ,the inpeller dianeter and is slightly narrower at 3 the tip end side
and slightly wider at the root side. According to this patent, this
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impeller. The magnitude of turbulence is as large as 20~50%.
Therefore, the fact that the inflow and cutflow to and from the
impeller intermittently vary not only raise questions whether such
a propeller design method of keeping the flow angle of attack
constant can really improve the discharge efficiency of mixing
impellers, but also would suggest similar reviews on design methods
of axial flow impellers, where aero- or hydro-foil theories are
applied to improve their performance. This is because the flow
which foil(wing) theories treat is a streamlined uniform flow and
this greatly differs from the flow in agitating tanks.

The key points in performance design of axial-flow impellers
including propellers lie in how the blade width, pitch angle, and
camber should be distributed in the radial direction to achieve a
maximum discharge efficiency. The most reliable technique is to
vary each of these characteristics, and measure the discharge
efficiency to optimize the characteristics. However, there are few
reports on this kind of research.

Therefore, the present inventors used the same agitating tank
and mounted each of the above mixing impellers (conventional
impellers A~D, pitched paddle impeller, and a propeller) to the,
same position, and measured the discharge flow rate at the same
water volume, same rotating speed, same torque, and same energy
consumption. Impeller torque, rotating speed, and discharge flow
rate were measured with a strain gauge torque meter, an electro
magnetic tachometer and a laser Doppler velocimeter, respectively.
Two types of pitched paddle impellers were used, one was a 45" -

pitched four blade paddle impeller, the other was a 30" - pitched



However, because the main blade is of a sinple pitched paddl e as shown in
FIG 21, it would be difficult to achieve the efficiency equivalent to that
of .propellers even if its discharge efficiency is inproved (hereinafter
called the "conventional inpeller C'). Furthernore, British Patent No.
1454277 di scloses that properly cutting of a cylinder surface can produce a
bl ade wth the canber, 5-15% of blade wisith and wwth its pitch height
nearly constant in the radial direction (hereinafter called the _
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to the study of Nagase and Wnardi (Journal o , ,
impeller of the agitator, and the same operating cost. Cases in
which two types of impellers are compared under the conditions of
the same energy consumption but at- different torques and rotating
speeds are seen in literature, but such comparison is not suited for
evaluating economical performance. For instance, a greater
discharge flow rate can be obtained at the same energy consumption
when the impeller diameter is increased in the same type of
impeller. However, the increased diametei makes the impeller torque
much larger and the equipment cost of the agitator increases, thus
it is unable to carry out a fair comparison from an economical
viewpoint only by bringing the energy consumption to the same
level.

The results of comparing the discharge flow rate of each mixing
impeller by the above-mentioned inventors's method indicate that
the discharge flow rate decreases in order of the propeller,
conventional impeller A, conventional impeller B, 30° -pitched
paddle impeller, conventional impeller D, conventional impeller C,
and 45° -pitched paddle impellexr, and the difference of discharge
flow rate between adjacent impellers in ranking was 8~11% of the
discharge flow rate of the propeller when conventional impellers A
and b are excluded from the ranking. That is, publicly known
conventional axial~flow impellers have their discharge flow rate
less than that of the above propeller which can be comparatively
easily designed and fabricated in existing propellers. When still
more flow rate is required, the impeller diameter or rotating speed
must be increased to operate at large torque and large energy

consumption. As a result, even if the impeller's fabrication cost



4 Chem cal Engi neering of Japan, Vol. 24, NO 2, pp. 243-249 (1991)), when
mari ne propellers are used in agitating tanks, the flowis unstable as in
the case of turbine or pitched paddle inpellers, and it has been recognized
that the circunferential flow velocity fluctuates to twice its val ue even
at the discharge streamnear the inpeller. The nmagnitude of turbul ence is
as large as 20[err]50% Therefore, the fact that the inflow and outflow to
and fromthe inpeller intermttently vary not only rai se questions whether
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impellers which require a twist in the blade, for example,
conventional impeller B, need different dies for each size of
impellers.

It is noteworthy that in the above-mentioned mixing impeller,
the conventional impeller A achieved the discharge flow rate next
to the propeller, with its simple shape of rectangular blades beht
at two places. As compared to this, conventional impeller B and D
applied with foil theory concepts, and conventional impeller C
utilizing interference effects of a cascade of blades achieved
discharge flow rates less than that of conventional impeller A, in
spite of their complicated shapes as compared to conventional
impeller A. This may be attributed to the application of
two-dimensional foil(wing) theory to three—dihensional rotators
and possibly to the difference of conditions that the flow in. the
agitating tank is a circulated flow in a closed space and the
turbulence is extremely high, and the stream flowing into the blade
greatly differs from the uniform defined stream which is handled by
the foil{wing) theory.

To summarize the above-mentioned investigation results, an
economical axial-flow impeller shall be such that comprises blades
of uniform thickness, which are formed with a twist-free simple
curved surface or a plane bent at several places, and provides the
discharge efficiency equivalent to or greater than that of

propellers.



efficiency to optimze the characteristics. However, there are few reports
on this kind of research. Therefore, the present inventors used the sane
agitati.ng tank and nounted each of the above mixing inpellers (conventi onal
i npel l ers A~D, pitched paddle inpeller, and a propeller) to the same
position, and neasured the discharge flow rate at the same water volume,
sanme rotating speed, sane torque, and sgme energy consunption. |npeller
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equi pment costn &X&dHANGolD. the above-mentioned problems and to obtain an
axial-flow impeller with satisfactory discharge efficiency, its
blade shape and dimensions of every portion are 6ptimized through
experiments, where a series of impeller models are made by
stepwisely varying the blade shape and each of the dimension, then
the impeller torque, energy consumption and discharge flow rate are
actually measured, in an agitating tank to determine the optimum
combination of shape and dimensions. In a preliminary experiment,
a vafiety of axial-flow impellers were made; they were different in
pitch angle, blade width, with and without twist and/or camber;
each of then was set at a given position in anagitating tank with
its diameter, D=400mm, and height, H=500mm, and with four bafflé
plates of 40mm width, equally spaced on the cylindrical tank wall,
as shown in FIG. 1, to measure and compare its discharge flow rate
under the same conditions of water value 58.6 liter, rotating
speed, 300rpm, impeller torgue, 0.43Nm, and energy consumption,
0.013kW. The results of this preliminary experiment indicated that
"the influence of pitch angle is the greatest," “the influence of
twist is also important, which corresponds to the change of pitch
angle in the radial direction," "the influence of camber is not
clear, " "excessively wide impellers apparently reduces the
discharge flow rate but in some range, the change in discharge flow
rate is small," and “"varying the blade width in the radial direction
véries the discharge flow rate." For the measuring method of the
discharge flow rate, all the impellers were rotated in the downward
discharge direction, the downward flow velocities of the lower

surface of the blade were measured 5 mm below the lower edge of the



i npeller of the agitator, and the sane operating cost. Cases in which two
types of inpellers are conpared under the conditions of the sane energy
consunption but at different torques and rotating speeds are seen in
literature, but such conparison is not suited for eval uati ng econoni cal
performance. For instance, a greater discharge flow rate can be obtai ned at
t he sane energy consunption when the inpeller dianeter is increased in the
sanme type of inpeller. However, the incriased di aneter nmakes the inpeller
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and pﬁtch angle at the root of the blade, the axial-flow impellers
were fabricated with these specifications varied stepwisely, and
the discharge flow rate was measured using the same method as in-‘the
above-mentioned preliminary experiment. As a result, it has been
able to confirm that fabricating the axial-flow impellers of the
following shape and size can achieve the discharge efficiency
equivalent to and greater than that of the propeller. To define the
meanings of the terms used in this specification, "the radial
position" means that with the impeller shaft center designated to
0 and the blade tip end to 1, the position in the radial direction
is exponentially indicated; " the width of the blade” means the
linear distance from the leading edge in the rotating direction to
the trailing edge at the same radial position; and "the pitch angle"
means the angle formed by the straight line defining the width aﬁd
a plane perpendicular to the shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of an agitator tank;

FIG. 2 shows the relationship between the discharge flow rate
and the ratio of the maximum blade width to impeller diameter;

FIG. 3 shows the relationship between the discharge flow rate
and the radial position of the maximum blade width;

FIG. 4 shows the relationship between the discharge flow rate
and the pitch angle when the maximum blade width is located at the

radial position 0.7;



conventional axial-flow inpellers have their discharge flowrate | ess than
that of the above propeller which can be conparatively easily designed and
fabricated in existing propellers. Wen still nore flowrate is required,
the inmpeller diameter or rotating speed nmust be increased to operate at

| ar ge torque and | arge energy consunptioh. As a result, even if the
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.FIG. 7 shows the relationship between the discharge flow rate
and the pitch angle of the blade at .the radial position 0.2 (pitch

angle at the root of the blade);

FIG. 8 shows a plan view of an axial-flow impeller according to
the first embodiment;

FIG. 9 (a) shows an enlarged side view of the blade of the
axial-flow impeller of FIG. 8 and FIG. 9 (b) shows an enlarged view
of section T of FIG. 9 (a);

FIG. 10 shows an enlarged side view showing another example of
the blade of the axial-flow impeller of FIG. 8;

FIG. 11 shows an enlarged side view showing still another
example of the blade of the axial-flow impeller of FIG. 8;

FIG. 12 shows an enlarged side view showing even another example
of the blade of the axial-flow impeller of FIG. 8;

FIG. 13 {(a) shows a plan view of the axial-flow impeller .
according to a second embodiment and FIG. 13 (b) shows a section
view on section S-S of FIG. 13(a);

FIG. 14 shows an enlarged side view of the blade of the
axial-flow impeller of FIG. 13 (a);

FIG. 15 shows a plan view of an axial-flow impeller of a third
embodiment;

FIG. 16 shows an enlarged side view showing the blade of the
axial-~flow impeller of FIG. 15; |

FIG. 17 shows a plan view of an axial-flow impeller of a fourth
embodiment;

FIG. 18 shows an enlarged side view showing the blade of the



t he conventional inpeller A achieved the discharge flow rate next to the
propeller, with its sinple shape of rectangul ar bl ades bent at two pl aces.
As :conpared to this, conventional inpeller B and D applied with foil theory
concepts, and conventional inpeller Cutilizing interference effects of a
cascade of bl ades achi eved di scharge flolWrates | ess than that of
conventional inpeller A in spite of their conplicated shapes as conpared
to converﬂ!ﬁi@dalflpﬁ'pémpélllﬁr fFIﬁiEIGrayl'be attributed to the application of
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uni f orm &% ned stream which is handl ed by the foil (wi ng) theory. To
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axial-flow inpeller shall be such that conprises es of uniform
t hi ckness, which are forned with a twist-free smple curved surface or a
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_ Referring now to FIG. 2~7, the technique for determining the
specifications or characteristics of the shape of a blade of an
axial-flow impeller according to this invention will be described,
but the same drawings also show the discharge flow rate of each test
impeller by an exponent with the discharge flow rate of the
conventional impeller B designated to 100.

{1) Maximum blade width .

FIG. 2 shows the relationship between the discharge flow rate
and the ratio of the maximum blades width (W,: see FIG. 8) to the
impeller diameter (D: see FIG. 8). 1In this case, the radial
position of the maximum width portion of the blade is 0.7 and the:
pitch angle of the maximum width portion is 20° , the width at the
tip end portion of the blade is about 50% of the maximum width, the
pitch angle at the tip end portion of the blade is 13~16° , the

width at the root of the blade is about 60% of the maximum width,

and the pitch angle at the root of the blade is 40°

As shown in FIG. 2, when the maximum blade width (W,) is within
the range from 10 to 30% of the impeller diameter (D), the discharge
flow rate scarcely varies and indicates a large value, but the
-maximum blade width is an important element that influences the
discharge flow rate, and the design philosophy of the blade shape
should be changed for slim blades with the small maximum width

(maximum width < '20% of the impeller diameter) from that of the

blades with comparatively large maximum width (maximum width=20%

of the impeller diameter). This is because with the blade with a



7 SUVWMARY OF THE | NVENTI ON The object of the present invention is to
provi de such an axial-flow inpeller, that is, an econom cal axial-flow

i mpel ler with a conpact shape and di scharge efficiency equivalent to or
greater than that of propellers. In order to solve the above-nentioned
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el ler [oraennenay R0SHIP Rl naRdnth SARARIBoL LA 84 €1 GEScaE tdakhy

measured, 1n an agi'tating tank to determne the opti mum conbi nati on of
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i npel | ers wer de; the re different in pitch angl width, with
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with four baffle plates of 40mn width, equally spaced on the )@ i ndri cal
tank wal | ¥idth=220% he maximum

of impeller diameter), the radial position o
width portion will have a large influence on the discharge flow rate

as will be described later.

(2) Radial position of the maximum width portion of the blade

FI1G. 3 shows the relationship between the maximum width portion
of the blade and the discharge flow rate. In this case, the maximum
blade width is 20% of the impeller diameter, the pitch angle of the
maximum width portion is 17° , the width at the tip end portion of
tha blade is about 50% of the maximum width (however, when the
radial position of the maximum width portion is 1.0, the width at
the tip end portion coincides with the maximum width), the pitch
angle at the tip end portion of the blade is 11~17° , the width at
the root of the blade is about 50% of the maximum width, and the
pitch angle at the root of the blade is 40° .

As the maximum width of the blade increases (maximum width=220%
of the impeller diameter), the radial position of the maximum width
portion is important in terms of the relationship with the
discharge flow rate. That is, if the maximum width portion is
located on the root of the blade or at the tip end portion, it will
constitute the resistance that will impede smooth agitation but as
shown in FIG. 3, if the radial position of the maximum width portion
is located within the range of 0.4~0.8 (40~80%), the discharge
flow rate increases. If the radial position is located in the range
within 0.5~0.7 (50~70%), the discharge flow rate further increases
and at the radial position of 0.6, the discharge flow rate becomes

the maximum.



as shown in FIG 1, to neasure and conpare its discharge flow rate under
the sanme conditions of water value 58.6 liter, rotating speed, 300rpm

i mpel  er torque, 0.43Nm and energy consunption, 0.013kW The results of
this prelimnary experinment indicated that "the influence of pitch angle is
the greatest,” "the influence of tw st ik2also inportant, which corresponds
to the change of pitch angle in t radial .direction, " "the influegce p
canber |5 nofcurdlr. tnchle’atd g arashPrbLrT diAv e BrrpuPeRlEEs hken
di schar ga ddsowheat 209 W £ ithes ApdldRGedibhetehange iim ety ¢ thewsaiglis
smal | ," and "varying the blade width in the radial direction varies the

di schar g@osid#orapé. thegiaxipunetidih RerdORoE ofhe K sahaad §d oM s@trat e,

.
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nmm bel owtheembaimomedj@tibfpditeion & Bloaddedt atOthe itritpe ewidl portibheor axk al
direction by using a | aser Doppler velocineter, and the neasured velocities

were int f88%t o0 provide the discharge flow rate. The value at each
measuri ng

{(3) Pitch angle of the maximum width portion of the blade

FIG. 4 shows the relationship between the pitch angle and the
discharge flow rate when the maximum width portion of the blade is
located at the 0.7 radial position. In this case, the maximum blade
width is designated to 20%, the width at the tip end portion of the
blade is about 50% of the maximum width, the pitch angle at the tip
end portion of the blade is 0° ~27° , the width at the root of the
blade is about 50% of the maximum width, and the pitch angle at the
root of the blade is 40° .

As shown in FIG. 4, when the pitch angle of the maximum width
portion ( 90: see FIG. 8) is located within the range from 12 to 22°
the discharge flow rate increases. When said pitch angle is located
within the range from 15 to 20° ., the discharge flow rate further
increases.

If the maximum width of the blade is less than 20% of the
impeller diameter, the pitch angle is also important, and since the
large discharge flow rate is obtained by holding the pitch angle at
the center of the blade in the radial direction to a proper range in
order: to reduce the fluid resistance, it is preferable to bring the

pitch angle at the radial position 0.6 to the range from 12 to 22° .

{4) Width and pitch angle at the tip end portion of the blade
FIG. 5 shows the relationship between the discharge flow rate
and the ratio of the width at the tip end portion (d,:see FIG. 8) to

the maximum blade width (W,). In this case, the maximum blade width



poi nt was obtai ned by averagi ng 20,000 pi eces of data. Then, with respect
to (1) the nmaxi mum bl ade wdth; (2) radial position and pitch angle of the
maxi mum wi dt h portion; (3) width and pitch angle at the tip end portion of
t he bl ade; and (4) width and pitch angle at the root of the blade, the
axial-flow inpellers were fabricated w th3these specifications varied
stepw sely, and the discharge flow rate was neasured using the sane nethod
as i n thdsaBeségnenedobe? ol the nadiadxpesiitban. ofAsthe mestilmum widiths been
able to confirmthat fapricati the axial -flow.inpellers of .the follow ng
Shape an®aHFETCHR SRAREVY ¢ hetth SAFSPYERELPI oF A MBIV ¥ thoPaRHLon
greater tikamyt hatenef p&'&,@hl%ﬁ@ﬁé' £t -the 14¢f bRA pHeLIGRHNGhePblble §8raBout
used in thiss specification, "the radial position" neans that with the .

i npel | er 1dhaf ttheemidithdedi §hat vdot o thedbladebl aiddauty Sidofothe mapimum
posi tion j.n.th [ al_ di ' [ o] [ | ndigat ed; 4c the width of
t he bl adéh%r}cg]a%ga?%églqsﬁ%%ﬁ%ﬁ%ﬁ%e%ﬁfgoﬁﬁeﬂ (Latg](% %gbgggggilﬁot Re rotating
di rection toashehbwal inMIE@AdE, ahenhehsankbdtladitalthposipi end poxltidhePHitheh
angl e" neans the angle fornmed by the straight |line defining the wdth and

pl ane perPéid &8 HPCRESE NEN ST FangR EF° PTPECEFtFeE R RNES G, 1
shows a GiRS§3sBALFGRAEI ¥LEMLPE SthANALRA iR Knd indicates a large

value, but in partidular, the discharge flow rate becomes the

Q

maximum when it is about 50% of the maximum width. In order to
suppress the excessive energy consumption at the tip end portion of
the blade, the pitch angle (9,: see FIG. 9) at the tip end portion
is desirable to be 5~10° smaller than the pitch angle (90) of the
maximum width portion.

Even when the maximum blade width is less than 20% of the
impeller diameter, the width at the tip end portion of the blade is
also important, and since the fluid resistance and energy
consumption can be reduced by holding the width at the tip end
portion with respect to the width at the center of the blade in the
radial direction to a proper range, it is preferable to bring the
width of the tip end portion to 12~75% of the width at the radial
position 0.6. It is also preferable that the pitch angle of the tip
end portion of this blade is made to be 5~10° smaller from the
pitch angle at the radial position 0.6 because of the
above-mentioned same reason for suppressing the excessive energy

consumption at the tip eﬁd portion of the blade.

(5) width at the root of the blade

FIG. 6 shows the relationship between the discharge flow rate
and the ratio of the width of the blade at the radial position 0.2
(width at the root of the blade) to the maximum blade width (W,) .‘

In this case, the maximum blade width is designated to 20%, the



FIG 2 shows the relationship between the discharge flowrate and the ratio
of the maxi num bl ade width to inpeller dianmeter; FIG 3 shows the

rel ationship between the discharge flow rate and the radial position of the
maxi mrum bl ade width; FIG 4 shows the rel ationship between the discharge
flow rate and the pitch angle when the maxi num bl ade width is | ocated at
the radial position 0.7; 9 FIG 5 shovs the rel ationship between the

di scharge _flo rate andt ratlo t t ord .0

the bl ade® ?‘% 3l BO5ELT rﬁ% Aife ‘“a"&%{%‘“‘ Q’F‘?’@ %%’Qtﬁgn héeh?lé?;qj |'§n$ Bi€én
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the root of the bl ade) at the radial position 0.2 to the q%l
R

wi dth; FI @rtﬂ%avﬁ/st%év%aaeaﬁ%ﬁémlﬁ 1 REehDE S h &
the pitchyangl @+0fnd fﬁgbaﬁg at-thiBa 5@%@ pPoS tiPRKdUE (Lmrtcraramh@ at the

root of the bl ade) ; ows a plan view of ,an axial - rowwrpeIIer
accor di ngpitch angle at the root of the blade is 40°

As shown in FIG. 6, when the width of the blade is within the
range from 40~100% of the maximum width, the discharge flow rate
scarcely changes and exhibits a large value.

Even in the case of an impeller in which the maximum blade width
is less than 20% of the impeller diameter, the width at the root of
the blade is important, and it is preferable that the width at the
root of the blade should be 40% or more of the width at the radial
position 0.6 in order to obtain smooth discharge flow from the

center potion in the radial direction of the blade to the root.

(6) Pitch angle at the root of the blade

FIG. 7 shows the relationship between the discharge flow rate
and the pitch angle at the radial position 0.2 (pitch angle 91 at
the root of the blade: see FIG. 9). In this case, the maximum blade
width is designated to be 20% of the impeller diameter, the radial
position of the maximum width portion is 0.7, the pitch angle. of the
maximum width portion is 17° , the width at the tip end portion of
the blade is about 60% of the maximum width, the pitch angle at the
tip end portion of the blade is 11° , and the width at the root of
the blade is about 50% of the maximum width.

As shown in FIG. 7, when the pitch angle-at the root of the blade
exceeds 50° , the discharge flow rate decreases, and when said pitch
angle is within the range from 25~50° , the discharge flow rate
increases, and the discharge flow rate becomes a maximum when said
pitch angle is at 40~45"

Even in the case of an impeller in which the maximum width of the

blade is less than 20% of the impeller diameter, the pitch angle at



the first enbodinment; FIG 9 (a) shows an enlarged side view of the bl ade
of the axial-flowinpeller of FIG 8 and FIG 9 (b) shows an enl arged vi ew
of section T of FIG 9 (a); FIG 10 shows an enl arged side view show ng
anot her exanple of the blade of the axial-flowinpeller of FIG 8, FIG 11
shows an enl arged side view show ng sti IJl anot her exanpl e of the bl ade of
the axial-flow inpeller of FIG 8; FIG > shows an enl arged side view

showi ng e\é xacgﬂ% I%%r tﬁée}m)g(fe(}.f 0 oPJCSx?@‘ Ut Qﬁeﬁxﬁkﬁi\é'l'@vﬁ lalr%,eil BhcShes

FIG 8; FI Ian v t he "axi rrpel according
t 0 a secordcesbive e itarged Eha diScidx)ges Hans wasecdecoeademy @mdsection S-S

of FIG 1 FIG 4 shows_an _enl arged._ si vi.ew of the bl ade of the

oxi al -1 oWPEREERTEs 1 1B o Searpi]e Yo BOLI TG BaBen prid Fe e Tanes
axi al -fl owrbmes kersof .a third enbodinment; FIG 16 shows an enl arged side
vi ew showi ng the bl ade of the axial-flow inpeller of FIG 15; FIG 17 shows

a plan view of an axial-flowinpeller of a fourth enbodi nent;
(7) Surfaces constituting the blade

The surfaces may be cylindrical surfaces, conical surfaces, or
planes, or those bent at one to two places, and in addition, curved
surfaces with twist added to the plane, or combinations of all of

these.

({8) Thickness of the blade

The sheet thickness shall be uniform throughout the full length
of the blade and is acceptable if it is thick enough to secure the
required mechanical strength. When the sheet thickness exceeds 5%
of the maximum width, it is desirable to chamfer the edge on the
upstream side of two edges on the leading side in the rotating
direction of the blade from the maximum width position to the tip
end portion (see FIG. 9 (a) and FIG. 9 (b), the enlarged view of

section T).

(9) Number of blades and mounting method

It is preferable to use a plurality of blades and mount them to
be rotationally symmetrical. When the bisector of the blade width
is designated to the centerline, basically, the blades shall be
mounted with this centerline identical to the radial direction, but
when the blades constituted with cylindrical surfaces or conical
surfaces, the blade centerline may be advanced in the rotating

direction from the root to the maximum width position.

{(10) Summary

Based on the above investigation results, it has been found that



FIG 18 shows an enl arged side view show ng the bl ade of the 10
axial-flowinpeller of FIG 17; FIG 19 shows a plan view of a conventi onal
impeller A, FIG 20 shows a perspective view of a conventional inpeller B;
and FIG 21 shows a perspective view of a conventional inpeller C DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Referring pow to FIG 2~7, the technique for

determ ning the specifications or characteristics of the shape of a bl ade
of an axiamkEoRpaetiansklkcenoadceddpniptof law smpalAat b st 15 afd S bed,
bUt the s %%h%&a\ém ggx_slz?:{esg iWéthaQ'&%H%Qgetﬁé %jré%‘@oq:'f tﬁ%cﬁrégéfxt

I npel | er By an éxponen Wi T e discharge flow rate of the conventi onal

i mpel | er iBvdestiignasiesuld KR thie) fobddwing biateg Windtehl G, 2 shows t he

rel ati onshi p between the discharge flowrate and the ratio of the nmaxi num
bl ades WiAFICEArEStLER-FIG 8) to the inpeller dianeter (D see FIG 8).

In this c@seynbheth@Fadimum blade width is less than 20% of the impeller
diameter:

(a) The pitch angle at the radial position 0.6 is 12~22° ;

(b) The width at the tip end portion of the blade is 12~75% of
the width at the radial position 0.6 and the pitch angle at the tip
end portion of the blade is 5~10° smaller than the pitch angle at
the radial position 0.6; and

(c) The width at the root of the blade is 40% or more of the
width at the radial position 0.6 and at the same time the pitch
angle at the root of the blade is 25~50° .

2 when the maximum blade width is 20% or more of the impeller
diameter:

(a) The radial position of the maximum width portion is 0.47~0.8
and at the same time the pitch angle of the maximum width portion is
12~22° ;

(b) The width at the tip end portion of the blade is 12~75% of
the maximum width and the pitch angle at the tip end portion of the
blade is 5~10° smaller than the pitch angle of the maximum width
portion; and

(c) The width at the root of the blade is 40~100% of the maximum
width and at the same time the pitch angle at the root of the blade
is 25~50° .

That is, in accordance with this invention, an axial-flow
impeller characterized by blades comprising ‘the following elements
(a) to (d) is designated the first embodiment of the invention.

(a) The maximum width of the blade is less than 20% of the

impeller diameter;



position of the maxi mumw dth portion of the blade is 0.7 and the pitch
angl e of the maxi mumw dth portion is 20[err] , the width at the tip end
portion of the blade is about 50% of the maxi mumw dth, the pitch angle at
the tip end portion of the blade is 13~16[err] , the wdth at the root of
t he bl ade is about 60% of the maxi numw.dfh, and the pitch angle at the
root of the blade is 40 . As shown in FI 2 when the nmaxi mum bl ade wi dth
(Werr]) is v(«tthi’l‘hethet@arwmhﬂm thet Bk QbSiheomr@)eﬂIJ@r 1@r@dter (D),
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the maxi numb ade Wi o is an| tAn ment uences the
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maxi mum Wegkt R-aareii pygt v dhhd es 1 1o of the inpell er d| arreter) This is
because with the blade with a slim shape, the maxi num w dt h does not
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that it
the blade is 25~50° .

An axial-flow impeller characterized by the blades comprising
the following elements (a) to (d) is designated the second
embodiment of the invention.

(a) The maximum width of the blade is 20% or more of the
impeller diameter;

(b) The radial position of the maximum width portion of the .
blade is 0.4~0.8 and the pitch angle of the maximum width portion
is 12~22° ;

(c) The width at the tip end portion of the blade is 12~75% of
the maximum width and the pitch angle at the tip end portion of the
blade is 5~10° smaller than the pitch angle at the maximum width
portion; and

(d) The width at the root of the blade is 40~100% of the maximum
width and the pitch angle at the root of the blade is 25~50° .

Therefore the axial-flow impeller according to this invention
is divided into two types of impellers in terms of the maximum width
of the blade which has a significant effect on the discharge flow
rate: An impeller of slim shape in which the maximum blade width is
less than 20% of the impeller diameter; and An impeller in which the
maximum blade width is 20% or more of the impeller diameter, and the
width of each portion of the blade and the pitch angle are
restricted in such a manner that the maximum discharge flow rate is
obtained in each case, and a large discharge flow rate can be

secured while the fluid resistance and energy consumption are



woul d not have any large effect on the discharge flow rate, but when the
maxi mum wi dt h of the bl ade beconmes conparatively large (maxi mum

wi dth[err]20% of inpeller diameter), the radial position of the maxi mum
width portion will have a large influence on the discharge flowrate as

wi |l be described later. (2) Radi al positd' on of the maxi mum w dth portion
of the blade FIG 3 shows the relationship between the maxi mum w dth
portion ofedupedbl ade and the discharge flowrate. In this case, the maxi num

b!adevvidthi % of. t.he. | | ler .di.a [ t i mum
wdth portiont Eng g fELid P AL hid 8 RLkEgREEhEapls ety MY
about 50%dpdie omaii fumivé diiguiibaerenlathen speed,athalt pssithen of the

maxi mumw dth portion is 1.0, the width at the ti A i nci
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bl ade is Jdcehdi®ly Lo thhe Mivlidtidn Whenroaie Oferdthaibbhdedesedliaut ebBo of
the maxi mum wi dth, and the pitch angle at the root of the blade js, 40 . As
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the tip efgq\PJP ,t it g’t :LL;, V%rlu-'l: product of the discharge flow rate by the
discharge flow velocity, become important. For example, in order
to float up solid particles settled in the tank bottom, the flow
velocity of the liquid for moving the particles and the flow rate
corresponding to the area of the tank bottom are necessary. The sum
of the axial flow rate and flow velocity is proportional to the
square of the discharge flow rate and inversely proportional to the
rotating area of the impeller in the case of the axial-flow
impeller. Consequently, the axial-flow impeller according to this
invention with excellent discharge efficiency also provides
excellent efficiency for generating the momentum of the liquid in
the axial direction, and can float solid particles at high
efficiency.

Referring now to the drawings, embodiments of this invention
will be described in detail hereinafter.

FIG. 8 is a plan view showing an axial-flow impeller 1 of the
first embodiment, and FIG. 9 (a) show an enlarged side view of the
blade 2. In this embodiment, the maximum width W, of the blade 2 is
20% of the impeller diameter D, the radial position of the maximum
width portion 3 is 0.6, the pitch angle 90 of the maximum width )
portion 3 is 17° , the width 4, at the tip end portion 4 of the blade
is 10% of the impeller diameter D (50% of the maximum width) and the
pitch angle 8, at the tip end potion 4 of the blade is 11° , the
width of the blade at the radial position 0.2 is 10% of .the impeller



constitute the resistance that will inpede snooth agitation but as shown in
FIG 3, if the radial position of the maxi numw dth portion is | ocated
within the range of 0.4~0.8 (40~80%, the discharge flowrate increases. If
the radial position is located in the range within 0.5~0.7 (50~70%, the

di scharge flow rate further increases and at the radial position of 0.6,
the discharge flow rate becomes the maxilfum 12 However, in the case of

an inpel | gfahaddN® A50BXMURD hddemh df fadres anlihae 23%i atn@QeJ BReht efnat
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centerline 7 of the blade leads in the rotating direction from the
root to the maximum width position. A bracket 9 was used to fix the
impeller to the fixture (hereinafter called the "boss"} 8 and
supplement the mechanical strength of the blade 2.

As an applied example of the first embodiment, a shape of blade
2 with the bend at the root removed from that of FIG. 9 as shown in
FIG. 10, or a shape of blade 2 comprising cylindrical surfaces as
shown in FIG. 11, oxr further, a shape of blade 2 comprising
cylindrical surfaces and planes as shown in FIG. 12 may be employed.
Of these, the blade shape as shown in FIG. 11 and 12 can achieve the
discharge efficiency equivalent to that of the first embodiment.
The blade shape as shown in FIG. 10 slightly lowers the discharge
efficiency because the pitch angle at the root of the blade is
slightly smaller than the optimum value.

FIG. 13 (a) shows a plan view of the axial-flow impellexr
according to the second embodiment and FIG. 14 shows the enlarged
side view of the blade. The maximum width of the blade 10 according
to this embodimenf, the radial position and the pitch angle of the
maximum width portion, the width at the tip end portion of the
blade, and the width and the pitch angle of the blade at the radial
position 0.2 are the same as those of the first embodiment, except
the pitch angle at the tip end portion of the blade is 9.5° . In
this embodiment, the blade is composed of the surfaces formed by
bending the plane along the two straight lines L, L, and is free of
camber, and the centerline 11 of the blade correctly agrees with the
radial direction from the boss 8.

FIG. 15 shows a plan view of the axial-flow impeller accordipg



width is designated to 20% the width at the tip end portion of the bl ade

I s about 50% of the maxi numw dth, the pitch angle at the tip end portion
of the blade is O[err]~27[err] , the width at the root of the blade is
about 50% of the maxi mumw dth, and the pitch angle at the root of the

bl ade is 40[err] As shown in FIG 4, whegpthe pitch angle of the maxi num
wdth portion ( [err]: see FIG 8) is located within the range from12 to
22[err] tte thiesthardeenbadinente andrBEGed 6 phers st @ndirdgehfdde vievytht ed

within th fr A , dj r | Oy
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(d2:see F 8) to thé maximum bl ade wdth ([err]). In this case, the

maxi mum btptindwidtdl surfaces with a curvature radius-R of 36% of the
'impeller diameter D and the thickness is 1% of the impeller diameter
(5% of the maximum width). In this way, camber is generated in the
circumferential direction because cylindrical blades are used, but
in this way, it is possible to substitute the twisting effects of
the blades with the cylindrical surfaces which are easy to
fabricate, and it is economical. In this embodiment, the blade
centerline 13 advances in the radial direction from the root to the
maximum width position. A bracket 9 is used to fix the impeller to
the boss 8 and supplement mechanical strength of the blade 12.

FIG. 17 shows a plan view of the axial-flow impeller according
to the fourth embodiment and FIG. 18 shows an enlarged side view of
the blade. The maximum width of the blade 14 of this embodiment,
the radial position and pitch angle of the maximum width portion,
the width and the pitch angle at the tip end portion of the blade,
and the width and the pitch angle of the blade at the radial
position 0.2 are the same as those of the third embodiment. In this
embodiment, the blade is composed of a curved surface with a simple
twist added to a plane, and is free from camber, and the centerline
15 of the blade correctly agrees with the radial direction from the
boss 8.

In order to compare the discharge flow rate of the axial-flow
impeller of this invention with that of the conventional axial-flow
impeller, in the manner similar to the above, using the agitating

tank shown in FIG. 1, an impeller was mounted to the same position,



13 is designated to 20% the radial position of the maxi mumw dth portion
Is about 0.6, the pitch angle of the maximnumw dth portion is 17[err] , the
pitch angle at the tip end portion of the blade is about 11 , the width at
the root of the blade is about 50% of the maxi mumw dth and the pitch angle
at the root of the blade is 40 . As showniin FIG 5, when the width at the

tip end portion of the blade is located in the_range from 12 to 75% of the
maxi mum wi 3t Fherdi srhares fd o sRtpHas §eaFEERY AtarkinesSang VAUREarRkune

large val ugsg Ut )i Ne i tlctdl@hg g{ase&'!@fdha&gﬁ )i | e Aot RRCQBER3! RR) M mum
when it is about 50% of the maxi num wi dth. Tn'order to suppress the

excessi ve san® gpergysconptumpt in t(Be Ol Bpkiehd Bbe theaswiinthedsiudds ofhthei t ch
angle ([ery]: .see F 9)_at . .the tip end portion.is desirable to be '
S-30 er 1] SRTRERe] fE R AR B YRR PR R AL s e
portion. Hewrrnibed abetsmdowaim bl ade width is | ess than 20% of the inpeller

dianeter, theidth at the tip end portion of the hlade is SO | nport.ant,
and since the ¥ ITheddiss Efaﬁcgl%‘ﬁd:aé:ﬁe?ﬁyt%ﬁé‘&ﬁ'bt‘ gﬁﬂwcﬁﬂp%ﬂ?’é Hhpg

hol di ng t hg, What b Bb+ tddddimetdwas 24% greater than that of the propeller.
When the discharge flow rate of the axial-flow impeller according
to the first embodiment was brought to the same level as that of the
propeller, the rotating speed was able to be lowered by 19%, the
torque reduced by 35%, and the energy consumption reduced by 48%.

2 The discharge flow rate of the axial-flow impeller according
to the first embodiment was 29% greater than that of the
conventional impeller A. When the discharge flow rate of the
axial-flow impeller according to the first embodiment was brought
to the same level as that of the conventional impeller A, the
rotating speed was able to be lowered by 22%, the torque reduced by
40%, and the enexrgy consumption reduced by 53%.

& The discharge flow rate of the axial-flow impeller according
to the second embodiment was 17% greater than that of the propeller.
When the discharge flow rate of the axial-flow impellexr according
to the second embodiment was brought to the same level as that of
the propeller, the rotating speed was able to be lowered by 15%, the
torgque reduced by 27%, and the energy consumption reduced by 38%.

@ The discharge flow rate of the_ axial-flow impeller according
to the third embodiment was 35% greatexr than that of the
conventional impeller B. When the discharge flow rate of the
axial-flow impeller according to the third embodiment was brought
to the same level as that of the conventional impeller B, the .
rotating speed was able to be lowered by 26%, the torque reduced by
45%, and the energy consumption reduced by 59%.

& The discharge flow rate of the axial-flow impeller according



portion with respect to the wdth at the center of the blade in the radial
direction to a proper range, it is preferable to bring the width of the tip
end portion to 12~75% of the width at the radial position 0.6. It is also
preferable that the pitch angle of the tip end portion of this blade is
made to be 5~10[err] smaller fromthe pi% h angle at the radial position

0. 6 because of the above-nentioned sane ason for suppressing the

excessive t%nﬁﬁgytrﬁ%gﬁbb%eﬁtt &vﬁ'@ dasp ?QQt&PrtTh' antpbtt b€ Blade. (5) Wdth
at the root of the blade FIG shows tﬁe rel ati onshi p between the

di schar ge Cbmwtapeaérvdnnewelezatﬂ .0 @fen It@ev\ﬂm@aﬁget Kd ol adsearftthe r adi al

p05|t|on02 th at t r oot of..t he bI toth |_a
(ierr]). hathELod BhosTied Bactird o™i ks S helieh Cureeo BoavbPhne
14 radi al tposhélsmneaflekrbe HEXﬂmﬂSﬂdﬂ dhé qmrvtemﬁnohalahﬁ)plélnef D,t Reepi t ch
angl e of the g?xirrumwidth ortion . is_ 17 ﬁ% width at the tip _end

portion offfR&IBFATRETS “AsoaP 16088 Je LAY ﬁ%&l dY‘he TR F&‘F“&ﬁ&l BY at
the tip ep2spostd AhPbnbhgybbadsuhstaipvbaldea WG TNE

Next the mixing performance of the axial-flow impeller of the
first embodiment according to this invention was compared-with that
of the conventional axial-flow impeller. That is, in the similar
manner as described above, using the agitator tank shown in FIG. 1,
the impeller was mounted to the same position, and aftexr coloring
the water inside the agitator tank with an iodine starch at the same
water volume {(50L), a suitable amount of soda thiosulfate was
added, and the numbexr of rotations, energy consumption, and torque
required to eliminate water color for 10 seconds were measured, the
results of which are shown in Table 1 below.

Glass beads of 150m in diameter were added 10 % by weight to
the agitating tank, and the rotating speed, energy consumption, and
torque required for floating glass beads uniformly in the agitating
tank were measured, the results of which are shown in Table 2 below.
"Floating glass beads uniformly" means the condition in which the
content of glass beads in a suitable amount of water collected from

the vicinity of the water surface is about 10 % by weight.



pitch angle at the root of the blade is 40[err] . As shown in FIG 6, when
the wwdth of the blade is within the range from 40~100% of the nmaxi num

wi dth, the discharge flow rate scarcely changes and exhibits a large val ue.
Even in the case of an |rrpeller in which th8 maxi num bl ade width is |ess

than 20% of the |rrp,..cu di-amgterst he3\ dt rapLherpot o theobl ade is
inportant, and it-ip pls«ege é_{)le thdt t8e w Ht hxad he root |of t@e bl ade
shoul d be 40% or m) e gfvt ne vl dt h fat the radi 3I% oS’.I ion 0.6 iff order to
obtain snooth di schargeg £l pw.firom the gentef poti-o - n thelradia direction
of the blade to thelro6ta % Pi t chf angte a tﬁeoroet of the blade FIG 7
shows the relationship bét veen the di schargé flow ate andijthe pitch angle
at the radial positijon |02 %itCh apgle [ert]s |ap t Bejroot [of the bl ade: .
see FIG 9). In thi$ case, e} maxi frum bl ad¢ Wwi|dEh]| i%s [desi gnated to be 20%
of the inpeller diagetey = tthg radia positionécf:t 3 faxi mjm wi dt h portion
is 0.7, the pitch anglkel s0ff The max rrumvm'dth;; oH o‘p is 14[err] , the
w dth at the tip end %ortj.cnio thejblade i § & oat 60% of tlhe maxi mum
w dth, the pitch andle h@2tlhe {ip epd portiagn®of the:hl ade }is 11[err] , and
the wdth at the rodtgol % heablade s about 5!30)@‘ t}je maxijmum wi dt h. As
shown in FIG 7, whgnat 1e‘:;+ tch angle at thg Eoble ¢f”the bljde
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exceeds 50 , the discharge flow rate decreases, and when said pitch angle
iIs wthin the range from 25~50[err] , the discharge flow rate increases,
and the discharge flow rate becones a nmaxi mum when said pitch angle is at
40~45 [err]. Even in the case of an inmpel lgf in which the maxi num w dth of
the blade is less than 20% of the inpeller dianeter, the pitch angle at
15 the root ofad kdeblrafieonsTablont and Tabld Bhethe RexphyChefighahes @ She

excessively | ,_the discharge flow rate decreases, and therefqre, it is
pr ef er abl eg’f’og#f%qﬁ’“‘[ ﬁg'pﬁilﬁﬁ’ﬁ aﬁa‘?‘é‘gw RSB EHGRVRREAPRSLE FERFRARLY (7)

Surfaces cewsdtdrdinyd akheoRbaded e ceHlEREEshd MY mPe1EYELNdri cal surfaces,
coni cal surfaces, or planes, or those bent at one to two places, and in .

addi ti on, cur \RaFa\Fe besPResant vinvenddaadis corpespiame descrddasl phovens of
all of thegge dibctal ggge??sfx;ig 2Rl 8de1 e sheet thickness shall be
u engt

uni form t hroughout the
{1) Because attention was placed on the maximum width of the

blade which has the great effects on the discharge flow rate and the
impeller was divided into two types: an impeller with the blade with slim
shape; and An impeller with the blade slightly wider, and wherein
the width and pitch angle of each portion of the blade were
restricted to a proper range in relevant cases, the impeller is able
to provide extremely outstanding discharge efficiency and thorough
mixing can be expected even when it is applied to streams with
violé.nt turbulence such as the flow in the;agitating tank,

(2) Because the impeller can be constituted with the blade
surface of simple shape such as a plane bent at one or two places,
the impeller can not only be fabricated at low cost but also the
equipment cost and operating cost of the agitator can be reduced.

(3) Consequently, the impellers of optional sizes from
beaker-scale to large-size can be fabricated at high precision a‘nd

economically without using dies.



of “the blade and is acceptable if it is thick enough to secure the required
mechani cal strength. Wien the sheet thickness exceeds 5% of the maxi num
width, it is desirable to chanfer the edge on the upstream side of two -
edges on the leading side in the rotating direction of the blade fromthe
maxi mum wi dth position to the tip end p@btion (see FIG 9 (a) and FIG 9
(b), the g%g i f section T). (9) Nunber of blades and nounti ng

met hod Itquﬁire é%%gﬁgqto use a plurality of blades and nmount themto be
rotati onaltl yagyahefilowalmp&hdart he bi sector of the blade width is
designated to_the.centerline, basically, the blades shall be nounted wth-
this cent @ +Ph83®dentical to the radial direction, but when the bl ades

constitutgq'mgggmng&g&fﬁg@%rggéﬁaces or conical surfaces, the blade

centerline may be advance n the rotating direction fromthe root to the
maxi mum widdt iposnd i portidn) Summary Based on the above investigation
results, Ii.t gai been found t hat 16
' 5,.Fold
6..Fold

7..Centerline
8..Boss

9. .Bracket

10. .Blade
11..Centerline
12..Blade
13..Centerline
14..Blade

15..Centerline



a (:_orrpact and econom cal axial-flow inpeller with satisfactory discharge
ef ficiency which can achieve the object of the present invention should
have the following mxing inpeller characteristits. [err] Wen the maxi num

bl ade width is less than 20% of the inpeller dia i m“c'h angl e
at the radial position 0.6 is 12[err]22[err] (b)wmﬁ!m\“n“m tip end
portion of the blade is 12[err]75% of thms width at sthe radi*al %position 0.6

and the pitch angle at the tip end portion of the blade is 5[err]10[err]
smal ler than the pitch angle at the radial position 0.6; and (c) The width

at thedrg%agfig @ﬂn@flli 40% or nore of the width at the radial position

0.6 an pitch angle at the root of the blade is
25~50[ errJi.. herajiadMenldunelmeed rammdiazdeteridtéadiby 208 bladereompriding:

0.4 err] o @ aphedte fbn ke ds B h { S dngretaf Sha N REa At h
portion i 9ibdeddr; (b) The width at the tip end portion of the blade is
éfZ[ ?Lre] 75%)bo)f t;tugepini?c):(rlx -r;unrglyg %tth t%gdrégfaflgo%r}.taiggl 8. g‘tist hleziﬁf" e;‘nd portion
(c) the width at the tip'end portion of the blade is 12~75% of the
width at the radial position 0.6 and at the same time the pitch
angle at the tip end portion of the blade is 5~10° smaller than the
pitch angle at the radial position 0.6; and
(d) The width at the root of the blade is 40% or more of the width
at the radial position 0.6 and at the same time the pitch angle at
the root of the blade is 25~50° .
2. An axial-flow impeller characterized by the blade comprising:
(a) the maximum blade width is 20% or more of the impeller diameter;
(b) the radial position of the maximum width portion of the blade
is 0.4~0.8 and at the same time the pitch angle of the maximum width
portion is 12~22° ;
(c) the width at the tip end portion of the blade is 12~75% of the
maximum width and at the same time the pitch angle at the tip end
portion of the blade is 5~10° smaller than the pitch anglé of the
maximum width portion; and
(d) The width at the root of the blade is 40~100% of the maximum
width and at the same time the pitch angle at the root of the blaﬁe

is 25~50° .



bl ade is 5~10 snaller than the pitch angle of the maxi mum wi dth portion;

and (c) The width at the root of the blade is 40~100% of the maxi num wi dth

and at the sanme tinme the pitch angle at the root of the blade is 25~50[err]
That is, in accordance with this invention, an axial-flowinpeller

6haracteriz§d b‘)i EI quﬁ éé rising the f A7 owi ng elements (a) to (d) is
desi gnat e - nt of the invention. (a) The maxi nrum w dth of
t he bl ade 4 9 L pel | er di aneter; 17 (b) The pitch
angle at t 51t GRS 6 5 12~22 ; (c) The width at the tip end
portion of the blade is 12~75% of the wdth at the radial position 0.6 and
the pitch angl L hethi L} MAE thS &R r %rq:l,_l r-
than the pi tcﬁ%aﬁgﬁgﬁafalf}%eﬂrﬂggga%{prg%ijtq{go%hgé% ang %(ﬁré %%Eei%\f/l\n%? at at?‘he
root of tHDBbloXdehesinfsd ber nbiamaifert,hthei pitchabnghe atidtlze peaHialli posOtdon
and the pl&.cg" i%”i’&izazt‘ t,h'ghéov%dtqi at the tip end portion of the blade is
12~75% of the width at the radial position 0.6, the pitch angle .at

the tip end portion of the blade is 5~10° smaller than the pitch
angle at the radial position 0.6, the width at the root of the blade
is 40% or more of the width at the radial position 0.6 and the pitch
angle at the root of the blade is 25~50° . An axial-flow impeller
having a maximum width of the blade 20% or more of the impeller
diameter, the radial position of the maximum width portion is
0.4~0.8, the pitch angle of the maximum width portion is 12~22° ,
the width at the tip end portion of the blade is 127~75% of the
maximum width, and the pitch angle at the tip end portion of the
blade is 5~10° smaller than the pitch angle at the maximum width.
portion, the width at the root of the blade is 40~100% of the
maximum width, and the pitch angle at the root of the blade is

25~50° .

Fig. 8



the bl ade is 25~50 An axial-flow inpeller characterized by the bl ades
conprising the following elenents (a) to (d) is designated the second
enbodi nent of the invention. (a) The maxi num wi dth of the blade is 20% or
nore of the inpeller dianeter; (b) The radial position of the maxi num w dth
portion of the blade is 0.4~0.8 and the pitch angle of the maxi mum w dth
portion is 12~22[err] ; (c) The width at the tip end portion of the bl ade
i's 12~75% of F{4§4 Jnaxi num wi dt h and -t he pitdilngle at the tip end portion
of the blade is 5~10[err] snaller than the pitch angle at the nmaxi mum w dth
portion; and (d) The width at the root of the blade is 40~100% of the
maxi mum wi dth and the pitch angle at the root of the blade is 25~50[err]
Therefore the axial-flow inpeller according to this invention is divided

into two types of inpellers inferns of the mgxi numw dth ofgthe bl ade
whi ch has a significant effect __Tﬁé‘drschargE?ﬁ#UmrT?ﬁfﬁa%}—+ﬁﬁﬁ+Ier of
slimshape in which the maxi murj{bl ade wdth iy | ess than 20% of the

i npel l er dianeter; and An inpelffer|in which tiHe maxi mum qrage wi dtth is 20%
or nore of the inpeller dianetgf, and the
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wi dt h of each portion of the blade and the pitch angle are restricted in
such a manner that the maxi num di scharge flow rate is obtained in each
case, and a |arge discharge flow rate can be secured while the fluid

resi stance and energy consunption are 18 reduced. In the agitating
operation, the liquid mxing speed is nearly proportional to the liquid
circulating speed, that is, the discharge2fkdw rate. Consequently, the
axi al - f 1 owfil | er according to this invention with excellent discharge
efficiency (large discharge flow rate) enables the m xing of good
efficiency. In a certain agitating operation, not only the discharge flow
rate but also the radial nmonentum which the inpeller provides to the
liquid, that is, the product of the -discharge flow rate by the discharge
flow vel ocity, becone inportant. For exanple, in order to float up solid
particles settled in the tank bottom the flow velocity of the liquid for
nmovi ng the particles and the flow rate corresponding to the area of the

tank bottom are necessary. 1Hge Sum
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of the axial flowrate and flow velocity is proportional to the square of
the discharge flow rate and inversely proportional to the rotating area of
the inmpeller in the case of the axial-flow inpeller. Consequently, the
axial-flow inpeller according to this invention with excellent discharge
efficiency al so provides excellent efficiency for generating the nonentum
of the liquid in the axial direction, and can/fiffoat solid particles at high
ef ficiency. [R@Qéﬂrlng now to the dramnngs enbodi ments of this invention
will be described in detail hereinafter. FIG 8 is a plan view showi ng an
axial-flow inpeller 1 of the first enbodinent, and FIG 9 (a) show an

enl arged side view of the blade 2. In this enbodi nent, the maxi mum w dth
[err] of the blade 2 is 20% of the inpeller diameter D, the radial position
of the maximumw dth portion 3 is 0.6, the pitch angle [err] of the maxi num
width portion 3 is 17[err] ,the wdth d2 at the tip end portion 4 of the

bl ade is 10% of the inpeller diameter D (50% of the maxi mum w dth) and the
pitch angle [err] at the tip end potlon 4 of the bl ade is 11[err] , the

wi dth of the blade at the radi4d HHronTo2—Hs—30%ofthe—mpel | er
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19 diameter D (50% of the maxi mum w dth) and the pitch angle [err] at that
position is 40[err] , and the blade is fornmed by bending a flat plate in

t hi.ckness of 1% of the inpeller dianeter D (5% of the maxi mumw dth) at two
pl aces, with the two folds 5, 6 brought in parallel, and both bending
angles [err] and [err] are 14.5[err] . In this enbodinment, the centerline 7
of the blade leads in the rotating direction fromthe root to the maxi num
wi dt h positiqgr egﬁracket 9 was used to fix tHeglkisnpeller to the fixture
(hereinafter 46t the "boss”) 8 and suppl ement the nechani cal strength of
the blade 2. As an applied.exanple of the first enbodi ment, a shape of
blade 2 with the bend at the root renoved fromthat of FIG 9 as shown in
FIG 10, or a shape of blade 2 conprising cylindrical surfaces as shown in
FIG 11, or further, a shape of blade 2 conprising cylindrical surfaces and
pl anes as shown in FIG 12 nmay be enployed. O these, the bl ade shape as
shown in FIG 11 and 12 can achieve the discharge efficiency equivalent to
that of the first enbodi ment. The bl ade shape as shown in FIG 10 slightly
| owers the discharge efficiencyéﬁecause the pitch angle at the root of the

blade is slightly smaller than e[ opf i numjvat uey T
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FIG 13 (a) shows a plan view of the axial-flow inpeller according to the
second enbodi nrent and FIG 14 shows the enlarged side view of the bl ade.
The maxi num wi dth of the blade 10 according to this enbodi nent, the radi al
position and the pitch angle of the nmaxi mumwi dth portion, the width at the
tip end portion of the blade, and the width and the pitch angle of the

bl ade at the radial position 0.2 are the sane as those of the first

enbodi nment , effﬁfélthe pitch angle at the tip5¢a8 portion of the blade is
9.5[err] In 's4enbodi nent, the blade is conposed of the surfaces forned
by bending the plane along the two straight lines L, L, and is free of
canber, and the centerline 11 of the blade correctly agrees wth the radial
direction fromthe boss 8. FIG 15 shows a plan view of the axial-flow

i npel I er according 20 to the third enbodinent, and FIG 16 shows an

enl arged side view of the blade. The maxi mum wi dth of the blade 12 of this
enbodi nent, the radial position and pitch angle of the maxi num w dth
portion, the width and pitch angle at the tip end portion of the blade, and
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the width and the pitch angle of the blade at the radial position 0.2 are
the sanme as those of the first enbodinent, and with respect to the surfaces
conposi ng the bl ade and thickness, the surfaces are cylindrical surfaces
with a curvature radius-R of 36% of the inpeller dianeter D and the
t hi ckness is 1% of the inpeller dianmeter (5% of the maximumw dth). In
this way, canber is generated in the circunfefthtial direction because
cylindri cal eLanﬁ are used, but in this way, it is possible to substitute
t he tmﬁstiné d8f®cts of the blades with the cylindrical surfaces which are
easy to fabricate, and it is economical. In this enbodi nent, the bl ade
centerline 13 advances in the radial direction fromthe root to the maxi num
wi dth position. A bracket 9 is used to fix the inpeller to the boss 8 and
suppl ement mechani cal strength of the blade 12. FIG 17 shows a plan view
of the axial-flow inpeller according to the fourth enbodi nent and FIG 18
shows an enl arged side view of the blade. The maxi num wi dth of the bl ade 14
of this enbodinent, the radial position and pitch angle of the maxi num
wi dth portion, the width and Lﬁﬁ pitch angle at the tip end portion of the
ree

bl ade, and the width and the ahglle of thel blfadé¢ af the radi al
position 0.2 are the same as thos¢—of thelthlrdl enhodingnt| In this
enbodi ment, the blade is conposed}of}a curveﬂ surflacg withya sinple
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twi st added to a plane, and is free fromcanber, and the centerline 15 of
the blade correctly agrees with the radial direction fromthe boss 8. In
order to conpare the discharge flow rate of. the axial-flow inpeller of this
invention with that of the conventional axial-flowinpeller, in the manner
simlar to the above, using the agitating tank shown in FIG 1, an inpeller
was nmounted to the sane position, 21 and the discharge flow rate was
measur ed at[%hejgpne wat er volune (58.6 L), skhk rotating speed (300 rpn),
sanme torque 49 Nm, and sane energy consunption (0.013 kW. The
measuring results of the discharge flow rate by the above-nenti oned
measuring nmethod are described as follows. [err] The discharge flow rate of
the axial-flow inpeller according to the first enbodi ment was 24% greater
than that of the propeller. Wen the discharge flow rate of the axial-flow
i npel l er according to the first enbodi nrent was brought to the sane | evel as

that of the propeller, the rotating speed was able to be | owered by 19%
t he
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torque reduced by 35% and the energy consunption reduced by 48% [err] The
di scharge flow rate of the axial-flow inpeller according to the first

enbodi nent was 29% greater than that of the conventional inpeller A Wen
the discharge flow rate of the axial-flow inpeller according to the first
enbodi mnent was brought to the sane |level as that of the conventi onal
inpeller A the rotating speed was able to be | owered by 22% the torque
reduced by 40% and the energy consunption reduced by 53% [err] The

di scharge flow rate of the axial-flow inpeller according to the second
enbodi ment was 17% greater than that of the propeller. Wen the discharge
flowrate of the axial-flow inpeller according to the second enbodi nent was
brought to the sane |evel as that of the propeller, the rotating speed was
able to be | owered by 15% the torque z(;{qquced by 27% and the energy
consunpti gp. r@duced by 38% [err] The discharge flowrate of the axial-flow
i npel | er cCordi ng to the third enbodi nent was 35% greater than that of the
conventional inpeller B. Wen the discharge flow rate of the axial-flow

i npel l er according to the third.enbodi ment Was-brought to atersangy kGMEl RS
that of the conventional inpel”ler B, the rotating~speed was able to be

| owered by 26% the torquexeduced by 45% and the erg{gy consunption
reduced by 59% / N
s N
A N T N
." . .\'\-\ .\.
il N, N
) 8 \'\, 2 BLADE\".

. ke L ,‘1
\ R N /
\ 7
\, \MAXIMUM WIDTH PORTIOP{I.

N #
~ 4 3 e
~. ;'/

\ -7

6 -

\ 4 TIP END PORTION



[err] The discharge flow rate of the axial-flow inpeller according 22 to
the third enbodi nent was 63% greater than that of the conventional inpeller
D. When the discharge flow rate of the axial-flow inpeller according to the
third enbodi mrent was brought to the same | evel as that of the conventional
inpeller D, the rotating speed was able to be | owered by 39% the torque
reduced by 62% and the energy consunption rggrged by 77% Next the m xing
per f or mance g&iégg axial-flow inpeller of the first enbodi nent according to
this inventi&h! conpared with that of the conventional axial-flow
inpeller. That is, in theTéinilam‘nanQer as descri bed above, using the
agitator tank shown in FIG the i oellgr was nounted to the sane
position, and after coloring g i ngi*de the agitator tank with an

i odi ne starch at the saneg
thiosulf ate was added, and the} nunber ~afixot ati ons, energy consunption,
and torque required to elimnate water cd L;wmﬁnds wer e measur ed,
the results of which are shown in Table 1

6, ~——9 Q
(a) (b)
[Fig.10]
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d ass beads of 150[err] in dianeter were added 10 % by weight to the
agitating tank, and the rotating speed, energy consunption, and torque
required for floating glass beads uniformly in the agitating tank were
measured, the results of which are shown in Table 2 below. "Floating gl ass
beads uniform y" means the condition in which the content of glass beads in
a sui tabl EFignbdht of water collected from0/A8 vicinity of the water surface
is about 10 % by wei ght. 23 [err] 24 _As_clear fromTable 1 and Table
2, the nixing performance of the axi-al™“flow inpell®r-<according to this
invention is renmarkably outstanding as conpared to conventional inpellers.
Because the present inventionis conposed as described above, thelBf fReRBE
are described as follows. .7 e
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(1) Because attention was placed on the maxi num w dth of the bl ade which
has the great effects on the discharge flow rate and the inpeller was
divided into two types: An inpeller with the blade with slimshape; and An
inmpeller with the blade slightly wider, and wherein the width and pitch
angl e of each portion of the blade were restricted to a proper range in

rel evant cases, the inpeller is able to prgyygg extrenely outstanding

di scharge efficiency and thorough m xi ng can’ be expected even when it is
appl i ed t?fitr wi th violent turbul ence such as the flowin the
agitating 5%1512) Because the inpeller can be constituted with the bl ade
surface of sinple shape such as a pl ane bent--at.-ong _or two places, the

i npel l er can not only be fabricated.at | ow cost but\aTSQ.the equi pnent cost
and operating cost of the agitatef can be reduced. (3) Cﬁhsgguently, t he

i npel l ers of optional sizes fegm beaker-scale to | arge-size can be
fabricated at high precisiagr economi cal |y without using di@és. 25
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1. ‘Axial-flow Inpeller 2..Blade 3..Maxi mumw dth portion 4. Tip end
portion 5..Fold 6..Fold 7..Centerline 8..Boss 9..Bracket 10..Bl ade
|1..Centerline 12..Blade 13..Centerline 14..Blade 15..Centerline 26 What
is clained is: 1. An axial-flow inpeller characterized by the bl ade
conpri si ng:

12715
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(a) the maxi mum bl ade width is | ess than 20% of the inpeller dianeter; (b)
the pitch angle at the radial position 0.6 is 12~22[err] ; (c) the wdth at
the tip end portion of the blade is 12~75% of the width at the radi al
position 0.6 and at the same time the pitch angle at the tip end portion of
the blade is 5~10[err] smaller than the pitch angle at the radial position
0.6; and (d) The width at the root of the blade is 40% or nore of the width
at the radial position 0.6 and at the sane igpesthe pitch angle at the root
of the bl ad@iigs1@p~50[err]. 2. An axial-flow inpeller characterized by the
bl ade conprising: (a) the maxi num blade width is 20% or nore of the

i npel ler dianmeter; (b) the radial position of the maxi mumw dth portion of
the blade is 0.4~0.8 and at the sane tine the pitch angle of the naxi num
width portion is 12~22 ; (c) the width at the tip end portion of the bl ade
is 12~75% of the maxi mumwi dth and at the same tine the pitch angle at the
tip end portion of the blade is 5~10 snaller than th&lpitch angl e of the
maxi rum wi'dt h portion; and (d) The width at the root “of the bladeg is

root of the bl ade




I s"25~50[ err]

[Fig.20]
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