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1. Introduction

This study discusses the optimal wing shape 

design in an air current pulverizing blade that is 

designed to finely grinding objects to be pulverized 

to a particle size as small as 3 µm. The air current 

pulverizing blade is composed of a pulverizing 

portion that integrates a rotating blade to increase the 

rotating speed of the pulverizing portion up to 8,000 

revolutions per minute (RPM) by fixing the rotating 

axis and blade into an integrated shape. 

Generally, “pulverizer” refers to a mechanical 

device that grinds solid-state materials into powder; 
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ABSTRACT

In the air current pulverizing type grinding method, the blade wings fitted inside a casing are rotated at a 

high speed to generate a cornering air current, which facilitates the collision of materials with one another, 

leading to the pulverizing phenomenon. In contrast to mechanical grinding, grit pulverizing leads to fine 

grinding and less acid waste and degeneration of the material. Moreover, this approach prevents the loss of 

nutritional value, while allowing the milling grain to have an excellent texture. However, the existing air 

current pulverizing type machines consist of prefabricated blades, which cannot be rotated at a speed higher 

than 5,000 rpm. Consequently, the grinding process becomes time consuming with a low productivity. To 

overcome these problems, in this study, the shape and structure of the air current pulverizing type wings 

were optimized to allow rapid grinding at more than 8,000 rpm. Moreover, the optimal design for the 

ripening parts for the air current pulverizing type device was determined by performing a computational fluid 

dynamics analysis based on airflow analyses to produce machinery that can grinding materials to the order of 

micrometers.
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they are widely employed in various industrial fields. 

The air current pulverizers in this study are classified 

as coarse crushers, intermediate crushers, or fine 

grinders according to the size of the materials to be 

pulverized, and into wet- and dry-type pulverizers 

according to the pulverizing condition[1-2].

There are two methods of pulverizing grains: 

impact grinding method that applies mechanical 

impact and a freezing grinding method that makes 

materials sufficiently brittle through use of a 

refrigerant such as liquid nitrogen[1-2]. The impact 

grinding method has drawbacks that the heat 

generated by the impacts degrades the quality of 

pulverized grains and grains with high oil content are 

poorly pulverized because of the deformation of 

grains by oil. The freezing grinding method requires 

expensive liquid nitrogen and pulverizers that use this 

method should be kept cool, which increases the 

installation and operation costs.

Air current pulverizing methods have been 

developed and used to solve the above problems. The 

air current pulverizing method in this study generates 

a swirling airflow by rotating grinding wings inside 

the casing at high speed and pulverizes materials 

with the swirling airflow as material particles collide 

with one another. The air current pulverizing method 

can prevent heat generation by minimizing the 

impulse so that materials with high oil content can 

be efficiently pulverized and installation investment 

cost and operation cost are less than the freezing 

grinding method. It can also grind grains finely 

compared to mechanical milling methods, has less 

acidification or spoiling—thus preventing any loss of 

nutrients—and pulverized grains can excellently 

preserve food texture. 

However, conventional airflow pulverizers have the 

drawback that they cannot rotate pulverizing wings at 

>5,000 rpm because the wings are structured by the 

assembly. Accordingly, they have a limitation to 

finely grind grains and take significant time to grind, 

which reduces their productivity. 

Thus, this study aimed to devise a shape and 

structure of pulverizing wings to overcome the 

limitation. For this, this study investigated the 

optimal vane shape design for air current pulverizing 

based on computational fluid dynamics (CFD) 

through airflow analysis to manufacture a mechanical 

device that can increase production and pulverize 

objects up to several μm in particle size due to the 

high-speed pulverization of > 8,000 rpm.

2. Optimum Design of Pulverizing Wing 

2.1 CFD Analysis

CFD discretized the Navier–Stokes equations, 

which are nonlinear partial differential equations that 

describe fluid phenomena, using methods such as the 

finite difference method (FDM), finite element 

method (FEM), and finite volume method (FVM), 

thereby converting the Navier-Stokes equations into 

algebraic equations to solve and interpret fluid flow 

problems by employing numerical techniques and 

algorithms[3].

2.1.1 Governing equation

Most flow analyses are solved based on the 

Navier–Stokes equations. Fluid flow is governed by 

the equation of continuity, which is a fundamental 

equation in fluid dynamics, and the Navier–Stokes 

equation. Equation (1) is induced from the mass 

conservation law for the equation of continuity and 

from the momentum conservation law for the 

Navier-Stokes equation[4]. 




 ∇ ∙ ⊗    ∇      (1)

u: Fluid speed, g: Gravitational acceleration, ρ: 

Density, p: Pressure, μ: Viscosity coefficient, ν: 

Value of dividing viscosity coefficient by density, w: 

Value of dividing pressure by density, I: Unit matrix, 

⊗: Tensor product 
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The above equation is arranged as follows by 

solving it using the Navier–Stokes equation regarding 

the fluid in this experiment as a non-viscous and 

incompressible flow. The above equation can be 

expressed by Eq. (2)[4].




∙∇ ∇       (2)

2.1.2 Boundary conditions for analysis

Three boundary conditions were used to set up the 

boundary condition for analysis. Dirichlet–Neumann 

boundary conditions were used to analyze the wall 

surface of the case in the airflow pulverizer and a 

periodic boundary condition was used for the axis 

and grinding wings, which were rotating bodies.

The Dirichlet boundary condition designates a 

value where a function should be performed along 

the domain boundary; this equation can be expressed 

by Eq. (3).

                   (3)

When the fluid speed is designated as the above 

equation, a specific value a can be designated in the 

boundary of the function.

The Neumann boundary condition assigns a 

gradient value of the function in the boundary; this 

equation can be expressed by Eq. (4).

∂

∂
                  (4)

As presented in the above equation, a specific 

value a can be designated to the gradient of the 

function[5–7].

The periodic boundary condition assumes that 

particles that are driven out of the calculation plane 

are reintroduced from the opposite side as the 

repeating periodic plane is divided. A single passage 

of the axis or centrifugal turbomachine can be 

modeled using the periodic boundary condition (cyclic 

symmetry); this method captures the flow inside the 

blade passage although it is not the implementation 

of sliding mesh. The periodic boundary condition can 

also be used to simulate non-rotating devices[8].

2.1.3 Numerical discretization method

The analytical solution of the numerical 

discretization Navier–Stokes equation can only be 

obtained for simple flows with ideal conditions. 

The numerical analysis method converts a 

three-dimensional (3D) non-linear governing equation 

into an algebraic equation and then computes a 

solution through calculations using a computer[9].

2.2 Detailed design

In the air current pulverizer, a rotating blade is 

assembled radially in an outer circumferential surface 

of the cylinder, which is integrated with the 

pulverizer at regular intervals, as shown in Fig. 1.

The cylinder in which the rotating blades are 

integrated is inserted into the outer circumferential 

surface of the rotating axis as shown in Fig. 2. A 

protruding portion is formed at the outer 

circumferential surface of the rotating axis and a 

groove, the shape of which corresponds to the 

protruding portion, is formed inside the cylinder. As 

a result, the durability of the pulverizing portion can 

be improved, the rotating blade can rotate at up to 

8,000 rpm, and the material particles can be finely 

pulverized down to 3 µm.

The rotating blades are configured with two-layer 

portions: upper rotating blades where multiple blades 

are radially mounted and lower rotating blades that 

are mounted a certain distance away from the upper 

rotating blades. In addition, the upper and lower 

rotating blades are structured with two-layer blades: a 

pair of first and second blades. Each unit blade is 

radially mounted as shown in Fig. 3 and eight pairs 

of them are mounted.
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Fig. 1 Composition of wing blade units

Fig. 2 Composition of a column units

Fig. 3 Composition of a wing blade units

3. Verification of the Pulverizing 

Efficiency through CFD Analysis

3.1 Conceptual design of the pulverizing 

unit for CFD analysis

Fig. 4 Conceptual Design of Crushing Unit for 

Crushing Air Flow Analysis

Fig. 4 shows the 3D conceptual design of the 

pulverizing portion for airflow analysis. In the 

airflow pulverizer based on the detailed design 

in Fig. 6, the rotating blades are assembled 

radially in the cylinder’s outer circumferential 

surface at regular intervals, as shown in Fig. 1. 

Then, the cylinder and pulverizer are integrated. The 

cylinder where the rotating blades are integrated is 

inserted into the outer circumferential surface of the 

rotating axis as shown in Fig. 4. The protruding 

portion is formed at the outer circumferential surface 

of the rotating axis and a groove, the shape of 

which corresponds with the protruding portion is 

formed inside the cylinder. Accordingly, when the 

cylinder in the center axis is rotated, the two-layer 

blades are rotated at a high speed and 3D modeling 

is performed to check the fluidity of the airflow 

phenomena, direction, distribution, and size.

Fig. 5 shows some of the results of CFD analysis 

according to the shape of the blade while 

rotating it at 3,200 rpm. The CFD analysis results 

exhibited that particle size distribution was uniform 

when the inclination was formed in the blade and 

the grinding efficiency was improved but also 

revealed that forming an inclination was not 

necessary in all blades.
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3.2 Airflow analysis through CFD analysis 

Fig. 6 shows the airflow, direction, and size 

according to the CFD analysis when the blade is 

rotating at 3,200 rpm. As shown in the results, the 

flow distribution was not constant and 83% of the 

fluid rates were <30 m/s. Fig. 7 - in which the 

blades rotated at 5,000 rpm - shows a somewhat 

improved fluid distribution flow but 60% of the fluid 

rates were <30 m/s and 13% of the rate distributions 

were 60 m/s. In addition, Fig. 8 - where the blades 

objects to be pulverized (grind target materials) 

settled on the bottom because the flow even occurred 

in the bottom layer. However, at 8,000 rpm in Fig. 

8, the distribution of airflow particles was small in 

the bottom, which showed efficient pulverization.

Fig. 5 Sectional Plot at 3200rpm of Crushing Unit

Fig. 6 Flow trajectory at 3,200 rpm of crushing unit

Fig. 7 Flow trajectory at 5,000 rpm of crushing unit

Fig. 8 Flow trajectory at 8,000 rpm of crushing unit

Table 1 Airflow velocity due to blade rotation

Maximum 
speed 

Lowest 
Speed 

Average 
speed

3200rpm 30.38m/s 8.58m/s 22.96m/s

5000rpm 61.20m/s 12.85m/s 46.15m/s

8000rpm 103.24m/s 30.46m/s 72.69m/s

Boundary condition Other Setting Conditions

- Complete elastic 
reflection

- No thermal conduction
- Gravity and Rotation 

Impact
- Insulating wall
- Rotation Area: Blade 

Day Diameter and 
Axis Height

- Fluid type: Air
- Flow Type: Laminar and 

Turbulence
-Turbulent Strength: 0.1%
- Turbulence Length: 0.0031m
- Time: 10min
- Humidity is not considered

Table 2 experimental conditions for CFD analysis
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3.3 Analysis of the particle distribution of 

pulverized objects 

These are the experimental results when changing 

the shape and number of blades. If the configuration 

was set as shown above, the particle size distribution 

of the pulverized particles was uniform and the 

grinding efficiency was the highest. In addition, when 

the inclination was formed in the rotating blades, the 

particle size distribution of the pulverized particles 

was more uniform and the grinding efficiency was 

increased. However, there was no significant 

difference in particle size distribution or grinding 

efficiency between the two cases when the inclination 

was formed in all rotating blades or some of the 

rotating blades.

Fig. 9 Microscopic photograph of grain grinding 

particles caused by crushing unit

Fig. 10 Distribution for a crushing grit using the air 

current(red line)

Fig. 9 shows a micrograph of the pulverized grain 

particles. As shown in Fig. 9, the particles were 

relatively round and the particle size was in the 

range 3-20 μm, which showed the particle 

distribution was in the range 10-20 μm as shown in 

the measured results of Fig. 10.

The red line in Fig. 10 shows the particle 

distribution of the tested pulverized products at 8,000 

rpm with the vane manufacturing of the pulverizer 

proposed in this study. As shown in this figure, the 

durability of the pulverizing portion can improve and 

the rotating blades can rotate at up to 8,000 rpm. 

The pulverizer can also finely grind particles of the 

grinding materials down to 3 μm and the average 

size of the particles was in the range 20-30 μm. 

4. Conclusions

Conventional air current pulverizers have limited 

ability to increase the blade rotating speed beyond 

4,000 rpm. In addition, they find it difficult to 

pulverize particles to <30 µm. In comparison, the 

integrated pulverizing device in this study can 

increase the speed of the rotating blade up to 8,000 

rpm due to its structure. In addition, the pulverized 

particles can be as small as 3 µm due to the blade’s 

integrated structure and the productivity per unit hour 

can be significantly improved. In particular, grains, 

nuts and various hard and brittle materials can be 

finely pulverized down to 3 µm by the structure of 

the rigid pulverizing device and super-fast rotation. 

1. High-speed pulverization up to 8,000 rpm can be 

achieved because the principal axis was designed 

as key holder of the groove shape to enable 

high-speed rotation.

2. The analysis results after high-speed rotation at 

3,200 rpm, 5,000 rpm, and 8,000 rpm of the 

principal axis verified that the double-bladed 

inclination was an efficient shape for the sloping 
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blade. In addition, they indicated that the 

productivity was improved and the distribution of 

particle sizes was uniform when the principal axis 

was rotated at 8,000 rpm.

3. The rotating blades can rotate at up to 8,000 rpm 

and the pulverizer can finely grind particles of 

grinding materials to 3 μm, where the average 

size of particles was in the range 20-30 μm.

4. Thus, when the same materials were used, the 

proposed pulverizer shows considerably lower 

production cost and maintenance and repair 

advantages.
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