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Evolving toward Better, More Reliable Mixing Tech
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Role of mixing

The technology of mixing is something we’re all
familiar with — stirring sugar into your coffee is a
mixing operation. In the same way, the reaction
dispersion of magnetic material to maintain original the
quality of the recording medium also represents a type
of mixing.

What will happen if you do not stir your coffee?
Chemically speaking, sugar should keep dissolving
until coffee reaches saturation at the specific water
temperature. But as we all know from experience,
sugar stays at the bottom and gets partially dissolved
but the coffee quickly reaches saturation. Without
stirring, it will take very a long time before sugar
diffuses completely and uniformly by the diffusion
phenomenon of the liquid and the coffee is finally
ready for drinking. In this sense,
“mixing” may be defined as a
process of reducing the diffusion
time.

Take the reaction tank of magnetic
material for example, a chemical
reaction requires artificial adjustment
of environmental factors, such as
pressure and temperature. Equally
important is high mixing energy
to keep all these factors uniform
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within the reaction tank. In this sense, “mixing” may be
defined as a process of producing a new substance.

The impeller is a critical element of the mixer that
converts rotational energy into kinetic energy

The impeller is the most important element of the
mixer. Rotational energy, generated by the motor, is
transmitted from the shaft to the impeller as kinetic
energy. The fluidic motion around the impeller is
associated with pressure shear, and the impellers are
grouped into two characteristic types (axial flow, radial
flow) according to the ratio of pressure shear and the
flow pattern, determined by the direction of discharge
flow. (Typical types of impellers are shown on P7.)
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The weight of the impeller has direct impact on the
critical speed of rotation, as well as the shaft length,
and must be minimized in relation to the rigid shaft.
The impeller design requires careful study of the
mechanical strength, taking the reaction force of fluids
into consideration.

High Performance Impellers — Super-Mix Series

This catalog contains basic information about
impellers, and introduces Satake’s impellers in the High
Performance Super-Mix Series. It is designed to guide
you through the selection of impellers to help you meet
your specific needs.
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The following pages contain
important references for
understanding impellers
including basic knowledge
about impellers and their
selection, classification by
discharge performance, their
shapes and flow patterns.
Please contact Satake for
additional information.
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Methods of selecting impellers

An impeller is a generic term for
rotational mixing blades. Mixing itself
is a common operation in many
industries, but systematic R&D efforts
about mixing started only a few years
ago. The impeller shape and diameter
are studied carefully, along with the rate
of rotation, according to the purpose
of mixing and working conditions.
This profess is important as the fluidic
condition in the mixing tank is affected
by Reynolds number which, in turn, is
determined by various factors.

The Reynolds number is an index
that represents the fluidic condition of
a fluid. It is usually expressed by the

following equation taking density o[kg/

m?] and viscosity ([Pa.s] of the fluid,
and the typical length 2[m] and typical

speed u[m/sec] of the system into

consideration:

p-uU-2
Re=———-1[-
4 [-]

With regard to mixing, the Reynolds
number is expressed as shown below
using the impeller’s diameter d[m] as
the system’s typical length and the
impeller’s circumferential speed n(1/

sec).d[m] as the typical speed:

pond

NRe=

If the Reynolds number of mixing Nre
and the impeller shape are known, you
should be able to tell rough conditions
of the fluid in the tank. This is to say
the density (low or high) is not the only
criteria of selection. Impellers must be
selected comprehensively taking the
impeller speed and diameter, the tank
dimensions and various other factors

into account.
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Blade shapes and mixing

The blade is one of the critical
elements of the mixer. It receives
mechanical energy of rotational
motion from power drive and serves
two purposes: (1) Cause the entire
liquid in the mixing tank to move (fluid
circulation) and (2) Cause local mixing
by velocity gradient (shearing). The
propeller type impeller takes its origin in
the propeller of a ship and the wing of
an airplane. It is designed carefully to
minimize or prevent a flow separation
occurring in the back of the blade,
thereby centralizing the discharge flow
efficiently and creating an axial flow.

The flat paddle type impeller
and the flat turbine type impeller
characteristically have higher pressure
and shear ratios due to the separated
swirls occurring at the blade edge or
separated flow in the back of the blade.

Recent studies, however, have led to
the development of the high-shear, low-
drive turbine type impeller based on
the flow field. Thus, it is very important
that the impellers are chosen carefully
according to the flow condition of
material and the specific purpose of
mixing. The diagram below is intended
to give a very rough measure for
selecting the impeller shape. Please
keep in mind that it does not offer
absolute criteria as the purposes of
mixing and physical properties of the

material need to be considered.
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1. Soluble liquids (including simple liquid)

Propeller impellers (of various
designs) or pitched paddle impellers of
high discharge circulation performance
are used at an extremely low Pv value
(mixing drive force per unit volume).
Impellers with large and wide blades or
paddles may be used at low speed of
revolution for relatively large volumes
(approx. 10md).

Recently, mixing needs for this type
of liquid are met in a more energy-
saving manner by propellers of higher
discharge type (HR100 impeller, HR700
impeller) or improved pitched paddle
type (HR320 impeller, HS400 impeller).

2. Non-soluble liquids

Multi-bladed turbine impeller (DS
impeller), fan-turbine impeller, pitched
turbine impeller, pitched paddle impeller
are usually preferred for high shearing
and discharge circulation performances.

The ratio of the blade diameter to the
tank diameter (d/D) is between 0.15 and
0.4. The impeller height should preferably
be near the interface. For liquid mixing
ratio of 1:2 or more, or when Z/D is
1.2 or greater, a multi-stage blade type
will give a better result. Specific gravity
differences, mixing ratios, tank shapes,
non-baffle eccentricity, baffle conditions
and other factors must be taken into full

consideration.

B. Solid-liquid mixing

(Solid particle dissolution, specific
fluidization, suspension, dispersion,

colloidal suspension, crystallization, etc)

1. Solid particles dissolution
Propeller impellers are used at a low
Pv value for soluble solid particles.

Paddle type impellers may be used

at low speed of revolution in case of
large tank volumes (over 10m3). Non-
soluble particle may be mixed by using
a combination of an impeller of high
shearing performance and an impeller of
high discharge circulation performance
at a relatively high speed of revolution.
For solid particles that tend to float
to the surface, the baffle should be
positioned at about half the liquid
surface to create vortexes and introduce
particles into swirls by force.
Dissolution of solids accompanies
an increase in viscosity. In this case,
Impellers with large and wide blades
(MR203 impeller, MR205 impeller) will
give a better result as they are designed

for a broader range of viscous liquids.

2. Particle fluidization and suspension

Conventionally, impellers with
propellers are used with small-volume
mixing (up to 10m?) or liquids of low
particle density, and pitched paddle
impellers with large-volume mixing (over
10md) or liquids of high particle density.
HR800 impeller of high discharge
characteristics at low drive force is a
better choice when particle fluidization
is critical. Similarly, HS600 type impeller
may be used at the tank bottom for
uniform mixing and uniform discharge at
the same time when uniform dispersion
in the tank and uniform discharge of

slurry from the bottom is critical.

C. Gas-liquid mixing

1. Sparging

Flat turbine impeller with disks are
most often used for gas dispersion
because of their outstanding shearing
performance. Impellers with propellers
or paddles are also used with gases of
fast absorption speed or when the gas

supply is small.

Impeller
Series

Manufacturing equipment is normally
designed for combination of two or
more stages. Turbine impellers are
often used for dispersion at the bottom
stage and the high discharge propeller
impellers (axial flow blades) in the
middle or top stage for promoting
circulation and gas stagnation. Inclined
turbine impellers (pitched turbine
impellers) generate mixed flows and
are often preferred for ideal contact
between gas and liquid containing
solids. For liquid mixing, holes are
often provided in the disk to promote
convection between over and under the
disk. For gas dispersion, however, such
holes are not used to eliminate short
passing of gas. Cone cave turbines are
often used because of the relatively
large differential ratio Pg/Po between
drive power without gas introduction (Po)
and drive power with gas introduction
(Pg). This means the mixer requires only
a small motor drive power. The turbine
type impeller HS100 from recent efforts
is designed to meet conflicting needs
of aeration drive characteristics and gas

absorption performance.

2. Surface aeration

This type of gas and liquid contact
mixing is found in surface aeration
tanks in water treatment plants. Various
products of high efficiencies (propeller,
turbine, cone, and other types)
have been developed. Satake have
developed high lift type surface aeration
impellers (SA100 impeller, SA200
impeller) in consideration of mixing
effects in the aeration tank.

The “super-mix” impellers, developed
exclusively for this type of surface
aeration, are designed to allow for large

liquid depths.
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Classification of Impellers
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Typical Impellers
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Impeller
Series

3-bladed propeller (for medium speeds)
Single stage (standard)
Most common impellers of high discharge
and low shearing type deriving from marine
propellers. The high-velocity axial flow
containing swirls is associated with a wake
flow that creates a large circulating flow.
*Application
Liquid-liquid mixing, low-density slurry
suspension, mixing of other low-viscosity
materials excluding aeration agitation.
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Pitched paddle (for low speeds)

Single or double stage (standard)
A paddle-blades impeller consisting of
rectangular blades that are fitted at an
angle to create an axial flow having radial
components. Easy to fabricate because of the
simple structure and suitable for use involving
large d/D ratios. The discharge has low
pressure unlike the propeller type impellers.
*Application
Liquid-liquid mixing, solid and liquid suspension
in general, prevention of slurry sedimentation
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V type pitched paddle

Being V shape which made by lifting those
blades with constant angle from impeller
center to blade edge, whose lifting angle
adjusted along the tank bottom head shape.
Since installed close to the tank bottom,
which can prevent the sedimentation of slurry
particles more effectively than a standard
paddle impeller.

And the V type pitched paddle impeller also
has the advantage of being able to agitate up
to a low liquid level.

The impeller is a simple shape and easy to
fabricate, and they are the same good feature
as pitched paddle impeller.

«Application

Liquid-liquid mixing, low liquid level agitation,
and solid-liquid suspension operations in
general, prevention of slurry sedimentation
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Open pitched paddle

A variation of the paddle type impeller. Usually
used for highly viscous materials that cannot
be treated with the paddle type and for non-
Newtonian fluids. The blades have rectangular
holes, which during rotation, cause local
plunges on the blade surface in radial and
axial directions. This generates very strong
kneading action for agitation and mixing.
*Application

Viscous solid and liquid mixing
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Open pitched paddle (with auxiliary blades)
A variation of the paddle type impeller.
The mixture, agitated by the 4 blades and
auxiliary blades at the bottom, is forced
upward by the vertical, inclined and curved
blades and finally mixed and kneaded with a
strong force of another pair of mixing blades
at the tip.

*Application

Liquids and powders used in foods,
chemicals, building materials, etc
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Curved paddle

Conventional radial flow paddles and disk
turbines have low discharges despite the
relatively power consumption. The curved
paddle has blades that are sweptback in the
rotational direction to prevent pressure shear
loss. This design is also useful for reactive
operations where shearing is not desirable.
*Application

Reactive operation
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6-blade pitched disk turbine
(for medium to high speeds)

Single stage (standard)
The plate blades are inclined and sweptback
angle to create axial and radial flows in
order to eliminate the lack of vertical uniformity
in the tank associated with conventional
disks. This design produces a unique flow
pattern resulting in highly efficient agitation
and mixing.
*Application
Liquid dispersion, solid and liquid
suspension, dispersion, gas dispersion, etc.
Suitable for small to medium container sizes.
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6-blade flat disk turbine
(for low to medium speeds)

Single stage (standard)
The flow pattern is the typical radial flow
that has a strong mixing effect at low to
medium speeds of rotation. May be used for
applications that are not suitable for axial
flow impellers (ventilated mixing, high volume
and high density slurry, etc).
*Application
Fluidization and dispersion of high volume
and high density slurry, gas dispersion at
high ventilation rates.
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Impeller
Series

Cone cave turbine

Single stage (standard)
Classified as a radial flow disk turbine and
designed to suppress the separation at
the leading edge of the six-blade flat disk
turbine. The ratio (Pg/Po) of drive power with
airless agitation (Po) to drive power with air
agitation (Pg) remains relatively large. This
means the mixer requires only a small motor

PY:: | drive -pow-er.
HR5E -AppllFatlor?
Gas dispersion
DSA NS (@ER) DS impeller (for high speeds)
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Single stage (standard)
The disk has teethed edges to produce
strong shearing action during high-speed
rotation. The accompanying radial flow is
powerful enough to cause circulation in the
tank. Often combined with an axial flow
impeller (propeller, etc) for large-volume
application.
*Application
Powder dispersion and dissolution, liquid
emulsification and dispersion, gas dispersion.
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Anchor paddle

(Anchor type) (Horseshoe type)
Used primarily for agitation and mixing of
highly viscous liquids and non-Newtonian
liquids contained in the tank having nearly
the same inner diameter as the impeller’s
outer diameter. Used in combination with a
scraper when heat transmission is critical.
Special use includes operation involving
liquids of low viscosity and flexible level or
discharge of the agitated mixture.

OFHiE

et *Application

. iR Heat transmission, concentration
URVE Ribbon blade
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(Double helical ribbon + screw)

V-shaped ribbon blade

(V-shaped double helical ribbon)
A helical ribbon (single or double depending
on the quantity) is a spiral band blade
separated from a shaft so that the blade
remains close to the inner wall of the tank
during operation. A ribbon fitted directly to
the shaft is called a spiral ribbon or a screw,
used to serve different needs according to
the liquid viscosity or purpose of operation.
Since the ribbon remains close to the inner
walls of the tank, a V-shaped ribbon is used
in tanks with a cone-shaped bottom.
*Application
High viscosity mixing, reaction

10
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Satake’s Super-Mix Series
represent high-performance
impellers resulting from years
of R&D efforts regarding fluidic
flow control technology. Each
design is carefully determined to
provide optimum characteristics
of fluidization for specific
mixing need, available from
Satake, the leading specialist in
the agitation industry.
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Mixing Technology and Expertise, Satake Creates
the Impellers of the 21st Century
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Satake has always based its research
and development of impellers on fluid-
engineering and wing theories. By utilizing
laser Doppler velocity meters (L.D.V.),
particle image velocimetry devices (PI.V.,
P.T.V.), visualization methods, advanced

measuring techniques and numerical
simulation experiments (C.F.D.), the company
has continuously improved impellers. Now,
Satake Super-Mix series impellers provide
unparalleled agitation performance to meet
today’s diverse mixing needs.

Satake has accumulated extensive expertise
in the application of wing theories to
the design of impellers. Based on this
know-how, the company has created a
comprehensive database. Satake focuses
its efforts on creating new value in impellers,
and continues to examine various aspects
of impeller engineering. In developing each
impeller, the company ensures an optimum
balance between the positive pressure in
front of the impeller and negative pressure
behind the impeller, studies whether it is
necessary to produce trailing vortices, and
provides the best control for the separation
of trailing streams. Satake also conducts
various experiments and research on
auxiliary blades, 2-stage configuration and
the impeller installation position on the
mixing tank.

Satake’s comprehensive R&D activities
have provided the company with a better
understanding of fluid theory mechanisms,
not only for propeller-type impellers but also
ordinary impellers with paddle-type and
turbine-type blades, whose working theories
were once considered too complicated
to fathom. Based on this knowledge,
Satake successfully developed a series of
technologies to control fluid flows around an
impeller.
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H A comparative analysis of performance shows that Super-Mix Series promise 22 to 35% higher performance
at the same drive power than the conventional products (propeller, pitched paddle).

5 R il
= i Ratio of flow e
738 AINSOER Ratio of power number | | oiel oefficient Ratio of flow number
Ho Impeller type per power unit
®©
o Np (EE) Nqd CHE) Nqd/Np "*(tE)
Np [ratio] Nqd [ratio] Nqd/Np*?[ratio]
<y | 3MITONS(6=25") BB~ ELAE(E=1 ELAE(E=1
i ES 3-bladed propeller Baseline value = 1 Baseline value = 1 Baseline value = 1
=
=oe ~ o=
§|§1|_i é% ng:ggfmﬁ’eh; 1.2 1.37 1.28
=N
AR HR700 NS
Hzo HR700 Impeller 1.39 1.39 1.25
4REYFRICRIL(8=45") HAEE=1 HAE(E=1 HAE(E=1
B £ 4-bladed pitched paddle Baseline value = 1 Baseline value = 1 Baseline value = 1
=\ ()
§ 3% HV2001 NS
hogo HV200 Impeller 123 e 1.47
=] EE
[ Rche HR3201 NS
Ll HR320 Impeller 0.38 0.98 1:25
Hoao oy 0—
- HR320S1 VNS 0.47 0.95 1.22

HR320S Impeller
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*The above performance figures are relative values, calculated by giving a baseline value of “1” to the performance levels of the 3-bladed propeller, 4-bladed pitched paddle.
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Ratio of maximum
discharge flow velocity to
blade tip peripheral speed

Ratio of required power
per unit flow number

Np/Nqd® (HE) Vmax/Vtip (t£)
Np/Ngd® [ratio] Vmax/Vtip [ratio]
BHAE(E=1 EAEE=1
Baseline value = 1 Baseline value = 1
0.47 1.10
0.52 1.27
BHAEE=1 BHAEE=1
Baseline value = 1 Baseline value = 1
0.31 1.21
0.40 0.77
0.55 0.91
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HR 1 00 A INS (th 5 Re #i&) HR100 Impeller (Medium and high Re number range)
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C.F.D. numerical simulation result

A close review of the blade surface shape,
attack angle and camber ratio has led to
the twist-down leading edge, multi-bend
structure featured in the HR100 Impeller
designed to suppress flow separation
behind the blade. The result is the energy-
saving, low-shear axial flow impeller that
assures high discharge from a low power
source.

Ideal for mixing liquids, dispersing solid
and liquid mixtures, and creating uniform
suspension of fragile and lightweight

B HR100 4/ NSO 70-I\5—>
B Flow pattern of the HR100 Impeller

particles and emulsified micro-capsules
(Latex, etc), the HR100 Impeller’s axial
fluidization may also be combined with
multi-stage agitation processes to get the
desired result.

EL.D.V. [CKk DM HMERELLRIER
B Comparison of discharge
performance by L.D.V.
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HV200 A INS (-5 Re Hisk) HV200 Impeller (Medium and high Re number range)
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The HV200 incorporates Satake’s original
double-blade structure, developed based
on extensive research of 3-wide-bladed
impellers and auxiliary blades. The slotted flap
effect cancels the flow separation generated
behind the main blades and rectifies the
streams to provide a significantly increased
discharge rate and maximum discharge
velocity. By positioning the shaft close to
the tank wall and installing a baffle near
the impeller, a stable single-loop vertically
circulating flow can be generated.

This impeller is suitable for mixing liquids

and the dispersion of low-viscosity slurries.

EL.D.V. [C& DI IERELLERIER
B Comparison of discharge
performance by L.D.V.
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A4 NS5 (F « § Re #iF)
HR320 Impeller (Medium and high Re number range)
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HR320

The advance blade angle causes the liquid
flow near the blade surface to move toward
the inside, due to the pressure distribution
behind the blades. The bend structure
features a reduced attack angle at the
leading edge, to create a downward twisting
force. These effects combine to prevent flow
separation at the blade tips and improve
discharge performance.

The HR320 Impeller meets agitation
needs for large discharge rates, such as
for uniform distribution of concentration
and temperature in the high Reynolds
number range, with minimum liquid surface

fluctuation.

A4 INS5 (F - F Re #iF)
HR320S Impeller (Medium and high Re number range)

AERMRICMNA BRADOEHZIY ~O—
LU, BLIZ BICBVLTEREDRIBEZRE
T BHHREZEBDEHIC. MZEREICAL
BEE TSy I ERUMRODZERBEEL
TVLEY, Fle, Y5 HMBORIGIRZERIT
FUleo TNIEKODTRIESAH -V I%
TEEL, REEBEEZERRECLE U,
BREBEBEGPERNDMITE SO, iRk
BULER, RUB—RROEHICT<NTL
F9,

The HR320S Impeller generates an advance
blade effect and controls the blade surface
pressure. Combined with a large attack angle,
these features prevent flow separation on the
blade surfaces. To achieve high discharge
velocity, the impeller incorporates a double-
blade structure, which provides the similar
effects created by the slotted flaps of an
airplane. The HR320S is also equipped
with Satake’s original blade tip boards. They
eliminate the need for stabilizer rings and allow
the impeller to continue operation that liquid
level passes over impeller position.

The HR320S Impeller is suited for operation
that liquid level passes over impeller
position, for applications in which the blade
installation height is limited, and for agitation

of solid and liquid mixtures.

High Performance Impellers:

EL.D.V. [C& DI IERELLRIER
B Comparison of discharge
performance by L.D.V.
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B Flow pattern of the HR320
Impeller
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P.T.V. flow analysis result
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B Flow condition near the blade
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C.F.D. numerical simulation result
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HR 700 AN (-5 Re #8) HR700 Impeller (Medium and high Re number range)
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The HR700 Impeller has a twisted-down
wing design, featuring an optimum front
blade shape. The blade surface, attack
angle and camber ratio are important factors
for impeller performance. In developing
this impeller, Satake minimized the flow
separation at the blade tips and optimized
the blade surface shape and camber ratio.
The wing’s cathedral angle was designed to

B HR700 41 YASOER7O-INY—Y
M Flow pattern of the HR700 Impeller

Viip

P.T.V. ENETHESR

P.T.V. flow analysis result

further improve discharge performance. All
these engineering details combine to provide
the HR700 Impeller with superb discharge
performance.

It is suited for agitation of materials in
different phases as well as solid and
liquid mixtures, and for mixing various
combinations of these materials.

B HR700 4 YN SIEHEHELLBYP/V —TE)
W Comparison of HR700 Impeller discharge
performance (P/V at constant)
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HR800 Impeller (Medium and high Re number range)
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Slurry floatation and fluidization are required
in storage tank of solid and fluid agitation,
etc, to achieve the purpose efficiently
without introducing excess energy. Impellers
in HR800 series impellers are designed to
meet this requirement efficiently at low drive
power by discharge characteristics, flow
pattern and flow velocity distribution that
eliminate the dead space that otherwise
would cause slurry stagnation at the tank
bottom. They represent a number of R&D
efforts such as the main blades of low drive
power and high discharge characteristics
and the double-blade effects resulting from
overlapping smaller blades of a large attack
angle.

Patent registerd in Japan
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M Flow pattern of the HR800 Impeller
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P.T.V. flow analysis result

H Comparison of discharge
performance by L.D.V.
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» The discharge performance at the axial
center has been improved. The fluidization
analysis shows how the axial component

contributes to the flow pattern.
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High Performance Impellers

HS 1 00 Series 4—E> (-5 Re $15&) HS100 Series Turbine (Medium and high Re number range)
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B Comparison of gas absorption
by the blade type (KLa)
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« The highest score belongs to the HS100 Impeller

HS124ND, HS134N

The HS100 Impeller has realized one of the
lowest motor number for turbines (approx.
65% reduction from that of the 6FT).
Compared to the conventional turbines,
the HS100 Impeller demonstrates greater
liquid fluidization and higher gas absorption
(KLa). It requires only a low power to create
enough lift in the blade to converge the
flow, and produces a very strong shear and
breaking action using the pressure gradient
and fluctuation in the discharge field.
Combined with the high discharge axial flow
type HR100 impeller, the HS100 Impeller
exerts an extremely high overall efficiency in
terms of in-bath liquid fluidization and shear
and breaking action (gas dispersion).

B HS100+HR100 f XS D{HdH
abticLdr7ao—-INy—>

M Flow pattern of HS100 and
HR100 Impeller combination

P.T.V. EIETIER

P.T.V. flow analysis result

®HS100 + HR100 4 XS ZHHHFEDHE
fcCED. €T
+ C.E.D. model combining HS100 and HR100

B HS100 £ NSO70-IN\9—>
H Flow pattern of the HS100
Impeller

Viip

P.T.V. RENRETER

P.T.V. flow analysis result

WELAGE (BERE) REIRE
B Analysis of fluidization near the
blade (blade cross section)

CFD.[CKP¥EVZa2L—Y 3 JHER
C.F.D. numerical simulation result

P.T.V. [C Kk 2 ClEREEAEZR T DRGSR
Results of P.T.V. analysis with a rotational
coordinate system

¥—EY (F - § Re i)
HS124ND, HS134ND Turbine (Medium and high Re number range)

>

HS124ND

HS134ND

HS124ND. HS134ND (& AR tEEZ
THICHD DD CRFESNIZE L AIRINE
BEZERDey—EVTY, L FENZTNOR
NEMEHHERZELTHD. BlceWLW
AMRURARE - B3k OTR Z&EM LE T

HS 124ND, HS 134ND are turbines developed
to further enhance gas absorption performance.
Each of the upper and lower blades has an
effective ejection action, achieving even higher
gas discharge performance and demand OTR.
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H S 600 S er. i @S A5 (h-BReBifE) HS600 Series Impellers (Medium and high Re number range)

A

HSB00Y U—XA UNS(F BICREHFTIE
FIEHEZIUHETHEFEBEEUTH
T HEFESINF Ul BARICSIF 20805 —1%
BECEN. B—RREHERURS U—}E#H
ETIR. 1EE|§|$E-1EE§MJIC‘C~;%E§JJ1I:E_J““
FUIC, Fe BESIGOBEUTCHREINDC
tb\b;&'ﬁgﬁmg%ﬁﬂiuﬁitﬂ LicsF
DHRTDH—HICENFEERBETDE S
BIC.BREOEFEDEBEEABEIY
rO—ILT B EICKD. BIAOIY hO—
IVETTEEICUER LTz, Z ISR IS IR
KBEUCTERNDEADMOMRTERD S
HFHENTHD . LIERBBTEE#THD
e RBERAEOIJO—-/I\Y—2E BNcE
MiHitREE (REN L ERIRLE LT,

S HEREHR10040 RS EDEFEDE
[CRD . BREFBICBVTEREDMAE
FREBLET,

The impellers in the HS600 Series are the product
of research and development efforts aimed not
only at the impeller but the entire mixer, including
the mixing tank. These impellers promise
excellent uniformity of dispersion in the tank
and fluidization of material in solid-liquid mixing
and slurry mixing under low-revolution and low
dynamic power conditions. Their proximity to
the tank bottom makes them less susceptible
to liquid surface fluctuation and ensures particle
uniformity. Shearing force control is achieved
by controlling pressure fields, such as the
combination of the impellers and static blades.
The unique profile is the result of research into
pressure distribution in the tank serving as a
mixer. It enables a large circulation flow pattern
and an extremely high discharge capability that
cannot be expected even from large and wide
blades. At the same time, the power requirement
is low.

Similar performance is available for deeper liquid
mixing by combining HS600 Series impellers with
the high discharge axial flow type HR100 impeller.

2 M
2-bladed impeller

(HSB02)

3 =&
3-bladed impeller (HS603)

BHENICIRUTHRLENUI -3 D

HH. BOWH=Z(EUS, BT, 2K
FOMIFY (7. SitHAEREREDHE»
BHOEREICKD. FUHTZDMEREDFIE
TNFEY,

FIIRFEIREMD MIITTE. BAZEIC
R3g—osnT0—/\y—r 08k
BEld. BV TIVISEIED SESE - )1
TN - REEECOERLFTOEAIC
BVTCFHEESNTHE D, ZOMRINRTDT
OBRAZF UHRIEHFOEY—MZKD S
NAEHBENICZORNIZHRELE T,

4-bladed impeller (HS604)

B HS606 £ NSD70—-IN9—>
HFlow pattern of the HS606 Impeller

P. T .V. REIETHER

P.T.V. flow analysis result

B HS606 + HR100 4 /NS DHdH
abhticLd37O0-IN5—-Y

M Flow pattern of HS606 and HR100
Impeller combination

P. T .V. REEETHER

P.T.V. flow analysis result

6 W&
6-bladed impeller
(HS606)

e

Numerous variations are possible, to meet specific
requirements. Best performance is achieved by
combining the optimum number and type of blades
(curved type, two-way bend type, high discharge
axial flow type, etc.).
HS600 Series Impellers — with their unique shape
and mounting method, uniform flow pattern and
dispersion performance in the tank, as well as their
relatively simple structure — are highly rated by
pharmaceutical, biochemical and food industry
professionals who depend on them in their key
processes. Satake impellers are also preferred for
other reactive processes and mixing needs where
uniform discharge of liquid is critical.

GD220 A4 NS (- 5 Re #i&) GD220 Impeller (Medium and high Re number range)

GD220 [F. KFEMNRINICRRENDRER
HHSOARARNARICRETT . FHHANZ
BZIKICKD, HERED SEESHICE<SIE
AGIENE, BRSNS Rz
U. SREEHARINEREEZER LT,

RESEE (8BE)

GD 220 is best suited for absorbing gas
from liquid surface, such as hydrogenation
reaction. Due to the characteristic blade
shape, it forms a strong drawing flow from
the liquid surface to the bottom of the tank
and a strong discharge flow from the bottom
of the tank, achieving highly efficient gas
absorption performance.

Design registered in Korea

WA EREE (KLa)

B Comparison of gas absorption

(KLa)
3x10°
S — EREARE
210°= — Supermix GD220

[hr'!]

R

10

k a

10° 2x10 3x10°

W/
F‘uv [kW/m"]
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High Performance Impellers:

A4 INS (B (K Re #i5) MR203 Impeller (High and low Re number range)

MR203 1 RS (FEICE~K Re iHZ B &
UCHESNIEHFRAELIRE CEREERE
ZHELCVE T, UF T IMBOHENBGHR
REETEICAN SERERIR, BEROEY
U7 SV ZABHRICEDEVIRVAFHTREED
[CKBERAZEHZULET, FICHBEEERD
BEVRAEZEEERTIHEIGELTED.
BHICIRUIERERD S A Vv TENTVE
7o

B MR203. MR205. MR524 QE)H45%. BS

The MR203 Impeller has special large and
wide blades, and is designed mainly for
use in the high-to-low Reynolds number
range. It offers superb mixing performance.
Satake’s original serrated-blade design
and the trapezoidal blade shape with a
wider dimension at the root create a flow
toward the tank bottom, while the clearance
effect at the axial center generates a
powerful suction flow, to create large-loop
circulation. The MR203 Impeller is suitable
for applications in which adhesion must be
prevented, or where the cleaning effect is
important. The series includes a wide range
of product variations to match specific

needs.

. BWILHSER

B Power, mixing and liquid discharge characteristics of MR203, MR205 and MR524

B MR203 £ ANSD70-I\5—Y
B Flow pattern of the MR203
Impeller

Vtip

P.T.V. REPRETHER

P.T.V. flow analysis result

HR-View [C&D MR205 1 N
S 3 KT sER—BG

B Example of 3-dimensional

10° T T T
E MR2031<5  \ | \ o 5 flow analysis result of
o I\ I)UIEL N PV —8 N .
2 MR203 Impeller 7 Anchor N MR205 Impeller by R-View
E= non-baffle Nm /7 /
= e ¢
i %
oF AUFILUTR/B N
NoR Helical ribbon N
E5 10
52 MRE2AT S5 AEYFINI
e )T LN N 2/ 0L (288) N
£ 4-bladed pitched paddle
s MR524 Imps! NTM
o 2-baffles, 2 stages N
NTME] 4~ non-baffle Nru —
> MR205 N5
N MR203-MR2051 INS Q;Zé?fb NTIA
o JXyZ)LIEL Np o mpeller
£ MR203-MR205 Impeller }Qi‘gﬁﬁ;i N2 non-baffle N
& g, |non-bafle No N MR524 ImpeTIer —
vl 2 10 non-baffle Np
& 2051 RS
e MR
Npl-l v FUA—ENp  2-/twT)b N
P AREYFIEIL Anchor Np  MR205 Impeller
21\ (2E)Np N 2-baffles N —
- 4-bladed pitched paddle ~UAILURE N e 7
p MR2051 <S5 -
»é 2-baffles, 2 stages Np Helical ribbon Np| 241Gl o e . -
£ & MR205 Impeller
Q 2-baffles Np
IJHi:|I o100 No st
= N ke
43 I $HP Re 31 50
£c SN DIUIRE
%z N N o ~ o
e o = VI DIVEEFICBWVWTERE 3 Rt L TR
Nagdk MR2051 ~~S BRADFHDNRIINDET,
WSO8 Ipsler Nao  BRAFIESRIZE () 7L 70—
2-baffles Nad
107 iti
100 10' 102 107 10° 10° Conditions

LA/ ILX# Rel-]

Mixing Re number: 50
Reynolds number

Non-baffle mixing

The analysis result shows the characteristics of
the effective 3-dimensional vertical circulation
flow in non-baffle mixing.

Analysis result data courtesy of Rflow Co., Ltd.
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M R 2 1 0 AUNS (& - Re 8i#) MR210 Impeller (High and medium Re number range)
FRCIGU TROMOBLVMR210SL 1Y mMR210 DI O—/\Y—
NZBHLEY. WRLTRIFDVED LD'D  mFlow Pattern of the MR210
EATBEREUS. T EYNILINRER Impeller
DT EHAETT, THIC. [GRIREE Viip

MR210 1 UXS(F. (EROARELIEE &
ELLBEMDSDOERUEMEHICLDK
BRAZEHRULET. MR203 1 ISP
MR205 1 NS E[FEFEDIEBEENC BT
ABEZEDRRIERERT. BRELTHS
WDRUNIVERGE. MEDRILT DRMECH
WCHERIFREERNESNET. DK
SIFFHIERDRICHIT D EEEREL 5B
IEICEETT,
FreEhDEFRE D EVH - EIEH Re ¥
HOBEHICBVWTHED TREMHDELEDHEL
DT, [FEPEERRPRELET, N5
ZBETeHIC MR210 A RS [FEHDER
TOMuAHZR{bs Bfcth. BYID DAREE
UV SVRAERITTVET, BEENNS
LYV TIISEERD S BENTCRREN L
RERBIEANESND T EDEHD1 X
5T,

1FEFESE (HA PAT. No.4187579)

MR220SC <~

CEVWCTHEFCREZRI DD CHEE
ANICERIMNNZEZRAITDHIENGDIITH
I IVEEDRE - CATRDORERREE D15
BBHHOFT, COXSFIFEICITIZERE
RAEY. BEEERZEHAEE UCHATS
MR210SL-C A UNXSHHDET,
BEEHCHVEZDIERNERSND R
R (UTP05—) . B NONBERSETER.
FREEEERT HEHFICELTVET,

Unlike conventional large - scale impellers,
the MR210 Impeller produces large volume
circulation flow by discharge converged from
tank bottom and gives good liquid fluidizing
effect and mixing action despite its small
blade-area and simple structure. It's suitable
for reacting system which requires several
different actions with changes of liquid level,
and appropriate for mixing which dislikes
attachment of the content to the blades
or puts much importance on detergent

performance.

Patent registered in Japan
(PAT.No. 4187579)

P.T.V. EIEETHER

P.T.V. flow analysis result

BC.FD.[CEHAHEV=ZaL—
YavER

M C.F.D. numerical simulation
result

(4 - 5 Re #i&) MR220SC Impeller (Medium and high Re number range)

MR220SC 1 IS, EAZHDES
RIETRE BEONMNEYZEREWMDRY
L—TETERIN. \BLEVEESER CRIF
FRE - (GRMEZERELIT. ALYV D
TEMEBEZLEETEDRRMENSD. BEDH
VVITNEDOTHRAEDRL, HmSEFD
HELLET,

BRICIRU T, DS A UXRSDK SIS =iRE
ZEMLTD, 2 MRHEAIETT,

HETINSE (HA PAT. No.5755474)

The MR220 SC impeller consists of a main
blade that encourages mixing and a scrape
blade that scrapes deposits on the tank wall,
and it exhibits good mixing and heat transfer
performance over wide viscosity range.
It has flexibility to produce multiple types
products in the same tank, and the structure
is simple, so washability is good, the product
yield is improved.

Depending on the mixing purpose, it is also
possible to add one more mixer with high-
speed impeller like a DS impeller.

Patent registered in Japan
(PAT. No.57554742)

B CFD Y=ab—YaviEihER
B Result of CFD simulation analysis

[
J

B ES - (GHNELLBER
H Results of comparison of mixing
and heat transfer efficiency

== MR220SC
= AnchorSC

NS
/// - R210

10% 100 100 10° 100 10 108 108
Re[-]

Power Performance [(kW/kW)%]

A
10 7
7

ERETIFREFIFH Re # 100 LIT DS
EfETH. BELSELRE - BG4
MR TEET,

Heat transfer / mixing performance can be

maintained without temperature fluctuations
in all areas.
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High Performance Impellers:

A NS (b & Re #l5) MR205 Impeller (Medium and low Re number range)

The MR205 Impeller is a large, wide-blade
impeller with a double-blade structure. The
large pressure gap generated between the
positive pressure in front of the main blades
and the negative pressure on the auxiliary

blades produces a strong discharge flow
in the radial direction, even with a highly
viscous liquid. The main blades, which feature
a trapezoidal shape at the lower section,

generate a powerful upward stream from the
tank bottom toward the liquid surface. The

—EEWRZEDHDOAELIEERTY,
FERUEOIEERBEFMBEROEESD ED
BICKERLEANEDEL. ZOEHEICKD
EHERE CHFEABIENFEHRDE
S5NET, Fle. FHREBBTFHDRFZKREL
BEETBHT LT, BENSKRERAICEH
SBOERRBETINT T, ET5IC. ERBY)
bRE®Z / JERICTDIETEETRE
(B R— YU D) ZRECHRUVE—E
BZERERELX L.

BICHEEPHEEZDS DREDES. KU
BREAS Y —DFEEEECHBELTVET,

serration on the notch of the main blades
eliminates incomplete mixing (known as a
donut ring) and ensures thorough and uniform
agitation.

Registered utility model in Taiwan

KAMRREE (8%)

CFD.[CKPHEV=Za2L—V 3 ViER
C.F.D. numerical simulation result

BiRERIGIC & DRSIRBOLEE (MR205 : AUAILUKRYR)

B am —>
Anti-direction rotation

B MR205 4 NSD70-IN5—>
H Flow pattern of the MR205
Impeller

P T V. RENENTHERE C.F.D. [CKDEE
VZab—Y aERDOEE

Comparison of P.T.V. flow analysis result

and C.F.D. numerical simulation result

BOognHE —>
Anti-direction rotation

MR205 —E 2R#fiE
Cross section of double-blade
structure of MR205 Impeller

IREERBYLN maaLﬁE
Cross section of standard
large wide blade

P.T.V. RENEETIER

P.T.V. flow analysis result

H Comparison of mixing time by decoloring reaction of dye (MR205 vs. Helical ribbon impeller)

MR205 1 /NS MR205 Impeller
B

BIZK
Blade shape

A5—h (Bie) 50 # 100 #

Start (decoloring) 50 sec. a 100 sec.

v v v
AUAILY l‘k/§ Helical rlbbon |mpeIIer

fal S R

?H#xfff— %ﬁ%‘iﬁ&ﬁh@@)ﬂﬁgé}ﬁj Pv-1 1kW/m3 const U/]’/)b?@ﬂl (Re) 102‘ 9

—

*ﬁfi‘ (p) =5,000mpas
Agitation conditions: Required power per unit volume Pv = 1.1 kW/m3 constant Reynolds number (Re) = 10 order Viscosity (u) =

150 # »
150 sec. 200 sec.
v v

5,000 mpa-s
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LR500 A4 INS (& Re #5&) LR500 Impeller (Low Re number range) |H%i MR524

ek, EHETOREGDRETH OB
Ef (R Re 81 UT) TORGIEREZ KR
[CELETEDTEZTRECLIRDEEUE
REDEEHETT, TRICIEREEERL
ERICKD., BOTETRZERESE. &5
([CHEEEDRS Z®RLTDIcth. IRZEIX
Ul EEEBEDM IR U, ZEROIERIE
[CKD. 78 - SIEMELIEAZMZ. &L
BAMREZRRELI U, T, RBEEDE
FHHoTHZORENMFEVTO—/(F—
UHESN. REICEATND I EDIFWE
BHEEDESNET T,

HETINSE (BH7A PAT. No.5886929)

The LR500 Impeller has overlapping blades
and no center shaft. It offers substantially
improved agitation performance for liquids in
the extra-high viscosity range (agitation Re
number of 1 or lower), which are normally
difficult to mix in a mixing tank. The multi-
stage, inclined blades generate powerful
vertical currents. The specially designed
bottom-side blade creates a stream near
the tank bottom for thorough mixing. The
multi-stage, inclined blades add chopping
and stretching actions to realize high mixing
performance. This impeller maintains a
steady flow pattern even when the liquid
volume fluctuates, and offers high agitation
performance regardless of the liquid surface

level.

Patent registered in Japan (PAT. No.5886929)

BiRERIGIC & DRESIRBOLEE (LR500 : AUAILYRYE)

H Comparison of mixing time by decoloring reaction of dye (LR500 vs. Helical ribbon impeller)

LR500 € >/~A5 LR500 Impeller

ESIZVN 25—k (Bie)
Blade shape Start (decoloring)
v

A

AUAIUK
1 : . |

R BAIBED D DFTEENS] Pv=0.6kW/m? const L1/ ILZAE (Re) =1 A —4—
Agitation conditions: Required power per unit volume Pv = 0.6 kW/m3 constant Reynolds number (Re) = 1 order Viscosity (u) = 15,000 mpa-s

B Helical ribbon impeller

ELR500 £ YNSQ70-INF—>
B Flow pattern of the LR500
Impeller

*d _ 1 |

I
BORAERALR
Comparison of agitating effects of blades

hEEFRHETOTO—/F—2 BETITE

HTREREOTO—/F—UDERENE T, 1§

HENICKO>TELEDFRT,

Shown here is a flow pattern in up-flow condition.

Note that an inverse flow pattern results under

down-flow condition. The suitable flow pattern

varies depending on the purpose of mixing.

e
Tank wall

g
Tank wall

ANUBIVYURY
e DOMA +5IEMIEL

LR500 1 NS

e DOMZ +5IEMEL
o DEl+ 5IEMIL
LR500 Impeller
eRunover + Stretching
eSeparation + Stretching

Helical ribbon impeller
eRunover+ Stretching

0% » 80 # » 120 # » 160 #
40 sec. 80 sec. 120 sec. 160 sec.
v v v v

e

HE (U)r:15,000mpa-s
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High Performance Impellers: Super-Mix Series

RB E q::Jya“:JZ;' A RB Mixing System
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Series

BUERBDIRFAT

H Conventional mixing system

BRBEFYVIVATLA
B Super mix RB system

REIE—MEICIE. A IRSICK>TRZREN
LB TITVET, RBIFIYVIVRTLAIC
BIF 214 RS DRBF. BENTRETlE
HOFB BV MNEBARFDFN EETFIER.
ZUTREBZBRL EIFTLERIBEICHD
FUle. [ZDOBRMERALEEZRIFIEATE
DHUESESEDDN] EEXcDTY, A
INSICR O TRFEAICIERIFZEDH L.
BHEEICHOCEDL SIEER (GRFE
) ZNERLEBEROLERICTHET D 11
SR T L — Rl 'SR SN, (EROERFICH
IAIMIDSEEZSNFVWTO—/\F—2
ZHMRT DY AT LEUTHIILE U, el
RDERDICD. CNICK>TEIARE TDEX
HBEEZERUDIEICKD, AT ZIFUHE
M. KR ST Z R LTS

DEBEET T, e, HOI—DDIHATHHDE
WEFVVITUv TR BIFRIFITER o
BOEE NI ZDE T DUEESHDE A,

EFRED AT LOLLERR

Generally, agitation is achieved by an
impeller, which causes fluidization of a liquid.
In the RB mixing system, however, the
impeller does not play an active role. Inspired
by natural flows and rectifications and, of all
things, tornadoes that are powerful enough
to lift a house, special efforts were made
to create rectification and a tornado in the
agitation tank. The RB system consists of
an impeller, which generates a swirling flow,
and radial blades that convert the current
(boundary layer effect) swirling towards
the center on the bottom of the tank into
an upward, tornado-like flow. This system
provides a flow pattern radically different
from that envisioned in the conventional
concept of agitation. Since the swirling flow
is a main current, it reduces the relative
speed difference of the flow near the blade.
This provides an effective low shearing
force, thus making it ideal for agitation of
biochemicals and pharmaceuticals, and
for water treatment. The RB mixing system
features a short mixing shaft to assure that
starting torque is not inhibited by solid

particles adhered on the impeller.

Bl E
B Application

O NAATOEADEH
@ KBTO R DEH
® EFAEDRS Y —1F7#
@ MREOE—ER

(D Bio-process mixing

@ Mixing in water treatment process

® Slurry mixing in continuous treatment
@ Uniform mixing in a longitudinal bath

H Table of comparison of mixing systems

s BRALFRERY | B RAEREE R e m
®# SR gGimkest)| omeEnE) |0 Donet ¥ E
i Maximum upflow speed factor (%)| Relative speed difference factor of ) )

bAlEITE) el o (th rato o the wing tip speed)[uing and quid (shearng speed ati)|  Mixable Z/D ratio LN
A—)\—=wIR N " {EBIRT G387
RBIF3UIYRT L &7 " SIL Erre A
SUPER-MIX ’ 5 or more Formation of strong circulating
RB mixing system flow with low share
ATSRARHR AT s . , J— S
%m%%;ﬁsg;evgth ’ Up to 2 approx. | Strong sharing force

by = TERMAZEDEEL

MEREURHE AT 1 5iEEE izﬁ;%g;ﬁolfﬁbgib
Mixing system with 15 0.4 irculati : il n both

bafie olates Up to 1.5 approx. |circulating flow in bo
no batfle p directions (up/down)

ERB =EFYVIVATLIEA
Z0-I\59—=

B Flow pattern of the RB mixing
system

MEERICBEVEVESER
Powerful upward flow
not generated in any
conventional system

TARDMERD 5 5D 7 0—/\F—>
Flow pattern with liquid having depth five
times greater than the tank diameter

CFD.[CKDPHEVZaL—Y 3 /iER
C.F.D. numerical simulation result
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MultiMix SATAKE MultiMix Corporation
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Tokyo Office 66, Niizo, Toda-shi, Saitama 335-0021, Japan
and Plant: Phone: 81-48-433-8711
Fax: 81-48-433-8541
Osaka Office 2-18-8, Toko-cho, Moriguchi-shi, Osaka 570-0035, Japan
and Plant: Phone: 81-6-6992-0371
Fax: 81-6-6998-4947
Chubu Sales 1-21-9, Heiwa, Naka-ku, Nagoya-shi, Aichi 460-0021, Japan
Service Center: Phone: 81-52-331-6691

Fax: 81-52-331-2162

Mixing Technology 60, Niizo, Toda-shi, Saitama 335-0021, Japan
Laboratory: Phone: 81-48-441-9200
Fax:  81-48-444-1042

Bioprocess Equipment Room 502, Saitama Industrial Technology Center, SKIP City,
Division: 3-12-18, Kami-Aoki, Kawaguchi-shi, Saitama 333-0844, Japan
Phone: 81-48-471-9202
Fax: 81-48-471-9203

https://www.satake.co.jp [w] i [w]
info@satake.co.jp

Overseas associates (Mixer)
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Hado Co.,Ltd. 95, Gajaeul-ro,Seo-gu, Incheon, 22830, Korea |509001 [F11%) DIE Hy 1?
Phone: 82-32-583-6321 Fax: 82-32-583-6329
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Kwan-Tai 25, Ln. 227, Fuxing Rd., Luzhou District, New Taipei City 24744, Taiwan
Machinery Co., Ltd. Phone: 886-5-551-7858 Fax: 886-5-551-7921 m
Dalian Satake Chemical No.8 Qingdao Road, Lushun Economic Development Zone, Dalian 116052, China > E @ E
Equipment Co., Ltd. Phone: 86-411-6688-8586 Fax: 86-411-6588-8591 2, i , >
s L . | . . K4 S! ;S MeTEmS REGISTERED ORGANIZATION MS

atake Multimix (M) No. 27, Jalan Meranti Puchong, D'25@Meranti Puchong, 47120 Puchong, Selangor, Malaysia e No. E2465-15014001 CMO002
Sdn. Bhd. Phone: 603-3310-0888
Satake (Shanghai) Room 605, Huaihaizhonghua Buiding, 885, Renmin Road, Shanghai 200010 China U snsr me g ——
Trading Co.,Lid. Phone: 86-21-6437-7101 Fax: 86-21-6437-7102 BHEEORS. S5 WS R URTEE

Overseas distributor (Mixer)

Eagle Burgmann 15 Kwong Min Road, Singapore 628718, Singapore
Singapore Pte. Ltd. Phone: 65-6481-3439

Satake Technologies No56, Jalan Anggerik Vanilla Z, 31/Z, Kota Kemuning, 40460, Shah Alam, Selangor Darul Ehsan, Malaysia
Sdn. Bhd. Phone: 603-5525-3171 Fax: 603-5124-5800
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