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1
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6

7

1

8

T = 2 η ε̇
T η

9

ε̇ = 1
2
(∇U + (∇U)T)

U
10,11

12

T = 2 η ε̇ for T : T/2 ≥ τ 20
ε̇ = 0 for T : T/2 < τ 20

η =
τ0
γ̇

+ k γ̇n−1

∇ · U = 0

1 T : T/2
τ

√
2 ε̇ : ε̇

γ̇ τ0 [ Pa]
k [ Pa · sn] n

γ̇

T

U

1

1.0mm

28.0mm
6.0mm

30.0mm
40.0mm
110.0mm
30.0mm
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iz · ∇U =
∂U/∂z = 0

τ0
0.1 Pa

n

ρ = 990 kg/m3

k
10 Pa · sn

ω
0.6 rps

3.8 rad/s

10,11

t = n · σ = n · (−p I + T)
σ p I

10,11

tη = n · T = n · (2 η ε̇)

tp = n · (−p I)
t = tη + tp

n

tη
1

Tη =
∫
imp

r× tη dA

r

dA

Tη = Tη · iz
iz

z

1

Tp =
∫
imp

r× tp dA

Tp =
Tp · iz

T = Tη + Tp

T
1

T

Tp

Tη

ω
p

η

η
Tη = Tη · iz r × tη = η [2 r × (n · ε̇)]

p
Tp = Tp · iz

r × tp = −p [r × (n · I)] = p (n × r)

k = 10 Pa · sn

ω
k = 10 Pa · sn

τ0 = 0.1 Pa
n = 0.5 ρ =

990 kg/m3

T = Tη+Tp

Tη

T
Tη

Tp
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p

Tp

T

p
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[N

m
]

Shaft angular velocity  ω  [rpm]

τ0 = 0.1 Pa; k = 10 Pa.sn; n = 0.5; ρ = 990 kg/m3;

Total torque T = Tη + Tp →

Viscous torque Tη
 ↓

 ↑

 ↓

Pressure torque Tp →

Tη

T = Tη + Tp ω

ω = 0.5 rps

U

z = 50mm

20Pa
−20Pa

k = 1 Pa · sn

k = 1 Pa · sn

p
Tp

T
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[N

m
]

Shaft angular velocity  ω  [rpm]

τ0 = 0.1 Pa; k = 1 Pa.sn; n = 0.5; ρ = 990 kg/m3;

Total torque T = Tη + Tp →

Viscous torque Tη
 ↓

 ↑

 ↓

Pressure torque Tp →

Tη

T = Tη + Tp ω

k = 0.1 Pa · sn

k = 0.1 Pa · sn

p Tp

T

T
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p
k = 0.1 Pa · sn
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m
]

Shaft angular velocity  ω  [rpm]

τ0 = 0.1 Pa; k = 0.1 Pa.sn; n = 0.5; ρ = 990 kg/m3;

Total torque T = Tη + Tp  →

Viscous torque Tη
 ↓

 ↑

 ↓

Pressure torque Tp →

Tη

T = Tη + Tp ω

T

p
η

η

k
p

1
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