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In recent years, bladeless stirrer different from conventional

stirrers have been developed[1]. This stirrer agitates using 

centrifugal force.

Bladeless stirrer · To investigate the influence of hole size of bladeless stirrer on basic characteristics

· To present the power number equation of blaeless stirrer

Purpose

・Stirrer diameter

・Pore size

・Outline shape

・Flow state

・Mixing characteristics

・Power characteristics

Factor Basic characteristics

Simulation conditions
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Pore size b [mm] Φ10，Φ15，Φ20

Rotation speed N [rpm]

100，200，300，
400，500，600，
700，800，900，
1000

Kinematic viscosity 

coefficient

ν [m2/s]

1.0×10-6

Density ρ [kg/m3] 1000

Number of hole n [-] 3

In this simulation, OpenFOAM[3] is used. In order to use the 

MRF(Multiple Reference Frame), the analysis region is divided into 

a stationary region and a rotating region.

Simulation Results

Since bladeless stirrers are a new technology developed in recent years, it has not been 

reported how each factor affects the basic characteristics. Moreover, the power number 

equation of aladeless Stirrer has not been defined.

・Less turbulence of the liquid surface

・Small shear force

Advantage

・Unsuitable in mixing of high viscosity 

fluid

・Lower mixing performance than 

conventional stirrers

Disadvantage

Region Governing equation

Navier–Stokes 

equation

Stationary 𝛁･ 𝒖𝒊𝒖𝒊 = −
1

𝜌
𝛻𝑝 + 𝜈𝛁･ 𝛁𝒖𝒊 (1)

Rotating 𝛁･ 𝒖𝒓𝒖𝒊 +𝜴 × 𝒖𝒊 = −
1

𝜌
𝛻𝑝 + 𝜈𝛁･ 𝛁𝒖𝒊 (2)

Continuity 

equation

Stationary

&

Rotating

𝛁･𝒖𝒊 = 0 (3)

ui:Velocity(stationary region), ur:Velocity(rotating region), Ω:Acceleration

p:Pressure, ρ:Density, ν:Kinematic viscosity coefficient 𝒖𝒊 = 𝒖𝒓 + 𝜴 × 𝒓 Simulation Model

Simulation conditions

∆𝑝 = (𝜉 + 𝜉𝑏 + λ)
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Centrifugal force Change in cross section

∆𝑝 = 2.24~2.42 × 10−3𝑁2

ξ：Entrance loss, ξb：Bend loss

λ：Pipe friction coefficient
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Velocity 

V [m/s]
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0
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Velocity vector (N=100 rpm)

b=Φ15 mm b=Φ20 mmb=Φ10 mm

Pressure distribution (N=100 rpm)

Np0=
𝑃

𝜌𝑁3𝑑5

= (𝜉 + 𝜉𝑏 + 𝜆)
1

𝑑5
𝐶π4𝑏2𝑛𝑟𝑜𝑢𝑡 𝑟𝑜𝑢𝑡

2 − 𝑟𝑖𝑛
2

Pressure 

P [Pa]
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Measurement 
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d
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Comparison of simulation and experiment

P=ρQ{
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𝑄 = 𝑛𝐴𝑤𝑜𝑢𝑡

Δp = 𝑝𝑜𝑢𝑡 − 𝑝𝑖𝑛
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Flow coefficient 
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rout:Distance from center

C=0.6  (b=Φ10)

0.55(b=Φ15)

0.5  (b=Φ20)

Experimental conditions

Particle Diaion(CHP20)

Particle size[μm] 75～100

Specific gravity[-] 1.02

Rotation speed N

[rpm]
100, 200, 300

Frame rate [fps] 1500, 3000, 4500

b=Φ10

b=Φ15
b=Φ20

b=Φ10

b=Φ15

b=Φ20

b=Φ10

b=Φ15

b=Φ20

Simlation value

Eq. (8)

Experimented value

Simlation value

𝑁𝑃0 = 1.2𝜋4𝛽2 / 8𝑑3/ 𝐷2𝐻 𝑓
Power number equation of 

conventional stirrers (No baffles)

[2]

unit:mm

∆𝑝 = 2.34 × 10−3𝑁2.02

b=Φ15 mm b=Φ20 mmb=Φ10 mm

・The pressure difference of the bladeless stirrer is 

proportional only to the rotational speed, and does not  

depend on the hole size.

・Power number equation of bladeless stirrer is presented.
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