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A Study on Industrial Mixer Choice of
Impeller Type by Concentration
Measurement Method, PIV and CFD

Jong Seok, Han

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

The Industrial Mixers are used in various industrial fields where
they are necessary to effectively mix two or more material
components in a short period of time. However, despite their
wide use, complex unsteady flow characteristics of industrial
mixers are not yet systematically investigated. The present
study aims to clarify unsteady flow characteristics induced by
various impellers in a tank. Impellers are pitched blade
turbine(PBT) types, Screw type and Rushton turbine type. To
investigate the flow characteristics and mixing efficiency, PIV,
CFD and concentration measurement were carried out
systematically. PIV measurement gave clear description of 3-D
complex mixing phenomena and CFD analysis suggested
time—averaged flow patterns not shown in  PIV result.
Concentration measurement technigue was adopted to quantify
the mixing efficiency for various operation and type condition.
In conclusion, Rushton type gave the more satisfactory result
when its impeller is located at middle height.
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Nomenclature

C : Impeller off-bottom clearance
Cig : Cross-—correlation coefficient
D : Impeller diameter

Di : Impeller coefficient

G : Velocity gradient

h Distance above the vessel base
H Total liquid depth

N Agitation speed (RPM)

P Power

R : Vessel radius

Re : Agitation Reynolds number

t : Times

T : Vessel diameter

u, v : Velocity in the x, y-direction
\Y% : Volume

W : Blade height

W : Impeller blade width

X, V, Z : Cartesian coordinates
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Greek Letters

p : Density

u : Dynamic viscosity
Y : Kinematic viscosity
Superscripts

- : Time averaged
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Fig. 2-6 Dimension of Experimental Apparatus
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< Table. 1 Experimental conditions >

B

Light source 5W Arlon laser

Sheet light Aspheric lens

Working fluids Tab water(15°C)

Trace particles PVC(100pm)

Image recording | High speed CCD camera (1280%1024)

Time resolution 125 ~ 500fps

Identification Gray-level cross conelation

Image process Cactus 3.1

Host computer Pentium 4 1.8GHz

Enor rate Less 1%/frame
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< Table. 2 Measurement condition >

Diameter(¢) 50
Type 1 Rotational
speed(RPM) 10,50, 100
MR 110(H)x250(V)
region(mm)
Diameter(¢) 50
Type 3 Rotational
speed(RPM) 10 , 50 , 100
G P 110(H)x250(V)
region(mm)
Diameter(¢) 50
Type 6 Rotational
speed(RPM) 10,50, 100
Measurement 110(H)x250(V)
region(mm)
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Image Acquisition
By Grabber board

Pre—Processing

|dentification
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Velocity Vectors

Outlier
Elimination
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Fig. 2-16 Flow Chart of PIV Processing
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(a) Velocity (b) Streamline

Fig. 3-1 Velocity and Streamline Plot of Type 1
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(a) Velocity (b) Streamline

Fig. 3-2 Velocity and Streamline Plot of Type 2
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(a) Velocity (b) Streamline

Fig. 3-3 Velocity and Streamline Plot of Type 3
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(a) Velocity (b) Streamline

Fig. 3-4 Velocity and Streamline Plot of Type 4
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(a) Velocity (b) Streamline

Fig. 3-5 Velocity and Streamline Plot of Type 5
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(a) Velocity (b) Streamline

Fig. 3-6 Velocity and Streamline Plot of Type 6
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(1) (ii) (iii )

(b) Numerical Result

Fig. 3-7 Pitched Blade Turbine Type Impeller ( 100rpm )
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(1) (ii) (iii)

(b) Numerical Result

Fig. 3-8 Propeller Type Impeller ( 100rpm )
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(1) (ii) (iii)

(b) Numerical Result

Fig. 3-9 Rushton Turbine Type Impeller ( 100 rpm )
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