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Background

Turbulence

- Huge drag

- Environmental problems

- High operation cost

- How to control?
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Flow control classification
(M. Gad-el-Hak, J. Aircraft, 2001)

Flow control 

strategies

Passive

Feedback Feedforward

Active

- Uniform blowing
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Uniform blowing (UB)
(Sumitani & Kasagi, AIAA J., 1995

Kametani & Fukagata, J. Fluid Mech., 2011)

• Drag contribution in a channel flow with UB(/US)

• Excellent performance (about 45% by 𝑽𝒘 = 𝟎. 𝟓%𝑼∞)

• Unknown over a rough wall

𝑪𝒇 =
𝟏𝟐

𝐑𝐞𝒃
+ 𝟏𝟐න
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(Fukagata et al., Phys. Fluids, 2002)

Viscous

Contribution

(= laminar drag, const.)

Turbulent

contribution

Convective (=UB/US)

contribution

On a boundary layer, White: vortex core, Colors: wall shear stress

𝑽𝒘: Blowing velocity
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Goal

Investigate the interaction between roughness and UB 

for drag reduction

- DNS of turbulent channel flow

- Focus on drag reduction performance and 

mechanism
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Numerical procedure

• Based on FD code (for wall deformation)
(Nakanishi et al., Int. J. Heat Fluid Fl., 2012)

• Constant flow rate, 𝐑𝐞𝒃 = 𝟐𝑼𝒃𝜹/𝝂 = 𝟓𝟔𝟎𝟎

- so that 𝐑𝐞𝝉 ≈ 𝟏𝟖𝟎 in a plane channel (K.M.M.)

• ∆𝒙+ = 𝟒. 𝟒, 𝟎. 𝟗𝟑 < ∆𝒚+ < 𝟔, ∆𝒛+ = 𝟓. 𝟗

• UB magnitude: 𝑀 = 0, 𝟎. 𝟎𝟎𝟏, 𝟎. 𝟎𝟎𝟓

SMOOTH CASEROUGH CASE



E.Mori, Fukagata lab. DNS/Drag Reduction/Uniform blowing(UB)/Rough wall 7/15

𝒚 = 𝟎

Model of rough wall
(E. Napoli et al., J. Fluid Mech., 2008)

Roughness displacement

𝜹: channel half height

𝑳𝒙: Channel length, 𝟒𝝅𝜹
𝑨𝒊: Amplitude of each sinusoid

𝑨𝒊 = ቊ
𝟏, 𝐟𝐨𝐫 𝒊 = 𝟏
𝟎, 𝟏 , 𝐟𝐨𝐫 𝒊 ≠ 𝟏

with rescaling so that

𝒅 𝒙 = 𝟎. 𝟎𝟓𝜹

𝒅 𝒙 = 𝜹

𝒊=𝟏

𝟒

𝑨𝒊 𝐬𝐢𝐧
𝟐𝒊𝝅𝒙

Τ𝑳𝒙 𝟐

𝒅 𝒙 𝐦𝐚𝐱 = 𝟎. 𝟏𝟏𝜹

(Defined randomly)
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Coordinate transformation
(S. Kang & H. Choi, Phys. Fluids, 2000)

Calculation grids: 𝝃𝒊 (Cartesian with extra force)

Actual grid points allocation

wall

ቐ

𝒙 = 𝝃𝟏
𝒚 = 𝛏𝟐 𝟏 + 𝛈 + 𝛈𝐝

𝒛 = 𝛏𝟑
(𝑥, 𝑦, 𝑧: physical coordinate)

𝛈 ≡ Τ𝛈𝐮 − 𝛈𝒅 𝟐
= − Τ𝒅 𝐱 𝟐

𝛈𝐝 = 𝐫 𝐱 , 𝛈𝒖 = 𝟎

𝛈𝐝, 𝛈𝐮: displacement of 

lower/upper wall
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Post processing

• Drag coefficient decomposition for rough case

• Drag reduction rate

𝑅𝐷𝑙 =
∆𝐶𝐷
𝐶𝐷,𝑀=0

× 100 [%]

𝐶𝐷𝑢𝑓 =
8

Re𝑏
ቤ

𝑑ത𝑢

𝑑𝑦
𝜉2=2

𝐶𝐷𝑙𝑓 =
8

Re𝑏
ቤ

𝑑𝑢

𝑑𝑦
𝜉2=0

+ ቤ
𝑑𝑣

𝑑𝑥
𝜉2=0

𝐶𝐷𝑙𝑝 = −16
𝑑𝑃

𝑑𝜉1
− 𝐶𝐷𝑙𝑓 + 𝐶𝐷𝑢𝑓

Only focusing on lower side,

subscript “𝑙” omitted hereafter

(Friction component)

(Pressure component)
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Drag reduction rate, 𝑹𝑫

ROUGH CASESMOOTH CASE

Total 𝑅𝐷 ↓𝟏𝟏% ↓𝟑𝟕% ↓𝟕% ↓𝟐𝟔%
Friction 𝑅𝐷,𝐹 ↓𝟏𝟏% ↓𝟑𝟕% ↓𝟗% ↓𝟑𝟒%
Pressure 𝑅𝐷,𝑃 - - ↓𝟓% ↓𝟏𝟗%
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How does friction drag decrease?

Bulk mean streamwise velocity

Black: 𝑀 = 0
Green: 𝑀 = 0.001
Red: 𝑀 = 0.005

Normalization

based on 𝑀 = 0

Smooth

Rough
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How does pressure drag decrease?

Pressure contours

𝑴 = 𝟎 𝑴 = 𝟎. 𝟎𝟎𝟓

𝒅 𝒙 𝐦𝐚𝐱

averaged in the spanwise and time

dashed lines: zero contour

𝑝+

𝒅 𝒙 𝐦𝐢𝐧
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Stream function

Uniform

Blowing

Solid lines: 

𝑀 = 0
Dashed lines: 

𝑀 = 0.005
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In practical applications

Drag reduction amount, ∆𝑪𝑫 = 𝑪𝑫,𝑴=𝟎 − 𝑪𝑫,𝑴=𝟎.𝟏,𝟎.𝟓

[%]



E.Mori, Fukagata lab. DNS/Drag Reduction/Uniform blowing(UB)/Rough wall 15/15

Concluding remarks

DNS of turbulent channel flow over a rough wall with 

UB

• UB is effective over rough walls

- Lower drag reduction rate (7%, 𝟐𝟔% / 11%, 𝟑𝟕% in 

rough / smooth case, with 𝑀 = 0.001, 0.005 )

• Drag reduction mechanism

- Friction drag by wall-normal convection 

(=conventional)

- Pressure drag by prevention of stagnant flow

• Outlook toward practical applications

- More saving opportunity over rough walls


