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My CV: Education

• 1993-2002:
• Physics studies, Niels Bohr Institute, University of Copenhagen

• 1999-2002:
• Ph.D in optical measurements of fusion plasma turbulence [1.5 yr DK/2 yr DE]

• 1996-1998:
• M.Sc in physics [1 yr DK/1 yr UK] 

• 1993-1996:
• B.Sc. In physics [DK]
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My CV: Jobs

• 2019-present: 
• Volvo Cars [SE], thermofluid modelling and simulation of electric drivelines

• 2016-2019:
• Danfoss [DK], simulations and acoustic measurements of valve flow

• 2011-2016:
• Siemens [DK], modelling and simulation of flowmeters

• 2006-2011:
• ABB [CH], modelling and optical measurements of circuit breaker flow

• 2002-2005:
• MIT [USA], optical measurements of fusion plasma turbulence
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Introduction

• Overall topic:
• Turbulent flows:

• Modelling of measurements
• Computational fluid dynamics (CFD) 

simulations [Roache 1972]

• Focus on boundary conditions (BCs):
• Measurement example:

• Well-conditioned pipe flow

• CFD example:
• Reynolds-averaged Navier-Stokes (RANS):

• Two-equation eddy viscosity models 
(EVMs):
• Standard 𝑘 − 𝜀 model
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Standard 𝑘 − 𝜀 model

• Model constants in use today
[LS 1974]

• RANS models no longer an 
active research topic

• But widely used by CFD 
practitioners

→Gap
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Eddy-Viscosity Transport Modelling: 
A Historical Review
• Chapter by K.Hanjalić and       

B.E.Launder in [Runchal 2020]
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[HL 2021]
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Turbulent length scales

• Wall: 𝑧 = 0, center-line (CL): 𝑧 = 𝛿

• Boundary-layer thickness 𝛿, pipe diameter 𝐷:
• 2δ = D

• Area-averaged (AA):

• ⋅ 𝐴𝐴 =
2

𝛿2
0׬
𝛿
⋅ × 𝛿 − 𝑧 𝑑𝑧

• Mixing-length (ML) [Nikuradse 1933]:
• ℓ𝑀𝐿,𝐶𝐿 = 0.07 × 𝐷
• ℓ𝑀𝐿,𝐴𝐴 = 0.04 × 𝐷[Greenshields 2021]

• Attached-eddy (AE) [Townsend 1976] with global (g) 
von Kármán constant 𝜅𝑔 = 0.34 [Basse 2021a]:

• ℓ𝐴𝐸,𝐶𝐿 =
𝜅𝑔

2
× 𝐷 = 0.17 × 𝐷

• ℓ𝐴𝐸,𝐴𝐴 =
𝜅𝑔

6
× 𝐷 = 0.06 × 𝐷
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Inlet BCs for 𝑘 − 𝜀

• 𝑘 is turbulent kinetic energy (TKE) of velocity fluctuations per unit mass:

• 𝑘 =
3

2
𝑢2 =

3

2
𝐼𝑈𝑟𝑒𝑓

2

• Assumes isotropic turbulence

• 𝑢2 is the time-averaged fluctuating velocity

• 𝑈𝑟𝑒𝑓 is a mean reference velocity

• 𝐼 is turbulence intensity (TI):

• 𝐼2 =
𝑢2

𝑈𝑟𝑒𝑓
2 =

2𝑘

3𝑈𝑟𝑒𝑓
2

• 𝜀 is rate of dissipation of TKE per unit mass: 

• 𝜀 = 𝐶𝜇
3/4 𝑘3/2

ℓ𝑀𝐿
, 

• 𝐶𝜇 = 0.09 [BFA 1967]

• 𝜈𝑡 is the kinematic turbulent viscosity:

• 𝜈𝑡 = 𝐶𝜇
𝑘2

𝜀
= 𝐶𝜇

1/4
3/2ℓ𝑴𝑳𝑰𝑼𝒓𝒆𝒇 = 0.67 × ℓ𝑴𝑳𝑰𝑼𝒓𝒆𝒇
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Turbulent viscosity ratio

• Total viscosity 𝜈𝑡𝑜𝑡 = 𝜈𝑘𝑖𝑛 + 𝜈𝑡
• 𝜈𝑘𝑖𝑛 is the kinematic molecular viscosity

• Turbulent viscosity ratio 𝜈𝑟 =
𝜈𝑡

𝜈𝑘𝑖𝑛

• Examples:
• 𝜈𝑡 = 0.67 × ℓ𝑀𝐿𝐼𝑈𝑟𝑒𝑓
= 0.67 × 0.07 × 0.1𝑚 × 0.03 × 𝑈𝑟𝑒𝑓
= 1.4 × 10−4𝑚 × 𝑈𝑟𝑒𝑓
𝜈𝑘𝑖𝑛,𝑊𝑎𝑡𝑒𝑟@20𝑑𝑒𝑔𝐶 = 1.0035 × 10−6𝑚2/𝑠
𝜈𝑘𝑖𝑛,𝐴𝑖𝑟@20𝑑𝑒𝑔𝐶 = 15.06 × 10−6𝑚2/𝑠
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Motivation

• Started at Siemens:
• Flowmeter calibration:

• Scaling of fluctuations with mean flow speed
• Goal: Provide measurement-based estimates

• CFD Online:
• ANSYS Fluent scaling (without source→until recently):

• 𝐼𝐶𝐿,[𝐴𝑁𝑆𝑌𝑆] =
𝑢𝐶𝐿
2

𝑈𝑚
= 0.16 × 𝑅𝑒𝐷

−1/8

• Bulk Reynolds number 𝑅𝑒𝐷 =
𝐷×𝑈𝑚

𝜈𝑘𝑖𝑛
, 𝑈𝑚 = 𝑈 𝐴𝐴

• https://www.cfd-online.com/Wiki/Turbulence_intensity
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ANSYS Fluent User’s Guide

• [ANSYS 2021a]

• [ANSYS 2021b]

• [ANSYS 2022]
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ANSYS derivation

• Friction factor 𝜆 =
− ΤΔ𝑃 𝐿 𝐷

1

2
𝜌𝑈𝑚

2
= 8 ×

𝑢𝜏
2

𝑈𝑚
2

• Δ𝑃 is pressure loss, 𝐿 is pipe length and 𝜌 is density

• Friction velocity 𝑢𝜏 =
𝜏𝑤

𝜌
, 𝜏𝑤 is wall shear stress

• [Blasius 1913] (smooth pipe): 𝜆 = 0.3164 × 𝑅𝑒𝐷
−1/4

• Assume: 𝑢𝐶𝐿
2 = 0.8 × 𝑢𝜏 [TL 1972]

• 𝐼𝐶𝐿,[𝐴𝑁𝑆𝑌𝑆] =
𝑢𝐶𝐿
2

𝑈𝑚
= 0.8 ×

𝜆

8
= 0.8 ×

0.3164

8
× 𝑅𝑒𝐷

−1/8
= 0.16 × 𝑅𝑒𝐷

−1/8
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Why is the turbulence intensity important?

• Pipe flow CFD example:
• Left as an exercise for the reader☺

• [Momentum] Isothermal:
• Increase TI:

• Increased pressure drop

• [Momentum and energy] Conjugate heat transfer (CHT):
• Assume heat source in pipe walls
• Increase TI:

• Increased pressure drop
• Increased heat transfer coefficient (HTC)
• Decreased solid temperature
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Research findings

• Modelling based on Princeton Superpipe measurements [HVBS 2013]:
• https://smits.princeton.edu/superpipe-turbulence-data/

• Note: Weakness to have used only one dataset

• Siemens: [RB 2016]

• Independent Scientist:
• [Basse 2017]

• [Basse 2019]

• [Basse 2021a]

• [Basse 2021b]
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[RB 2016]

• 𝐼𝐶𝐿,[𝑅𝐵 2016] =
𝑢𝐶𝐿
2

𝑈𝐶𝐿
= 0.0550 × 𝑅𝑒𝐷

−0.0407

• 𝐼𝐴𝑀 =
𝑢2 𝐴𝑀

𝑈𝑚
= 0.227 × 𝑅𝑒𝐷

−0.100

• Arithmetic mean (AM):

• ⋅ 𝐴𝑀 =
1

𝛿
0׬
𝛿
⋅ 𝑑𝑧
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[Basse 2017]

• 𝐼𝐴𝐴 =
𝑢2 𝐴𝐴

𝑈𝑚
= 0.317 × 𝑅𝑒𝐷

−0.110

• 𝐼 ∼ 𝜆 [TL 1972]
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[Basse 2019]

• Log- and power-law scaling:

• Both with 𝑅𝑒𝐷 and 𝜆 as variables

• Example with code: 

• 𝐼𝐶𝐿,[𝐵𝑎𝑠𝑠𝑒 2019] =
𝑢2 𝐴𝐴

𝑈𝐶𝐿
= 0.0276 × ln 𝜆 + 0.1794

• 𝐼𝐶𝐿,[𝐵𝑎𝑠𝑠𝑒 2019] = 0.442 × 𝜆0.463

• Useful conversions:

• 𝑈𝐶𝐿 = 𝑈𝑚 × 1.4671 × 𝑅𝑒𝐷
−0.0163

• Friction Reynolds number 𝑅𝑒𝜏:

• 𝑅𝑒𝜏 =
𝛿𝑢𝜏

𝜈𝑘𝑖𝑛
=

𝑢𝜏

2𝑈𝑚
× 𝑅𝑒𝐷

• 𝑅𝑒𝜏 = 0.0621 × 𝑅𝑒𝐷
0.9148
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[Basse 2021a]

• Assume global mean velocity log-law:

• 𝑈𝑔
+ =

1

𝜅𝑔
× ln 𝑧+ + 𝐴𝑔

• 𝑈𝑔
+ =

𝑈𝑔

𝑢𝜏

• 𝑧+ =
𝑧𝑢𝜏

𝜈𝑘𝑖𝑛

• Fit parameters 𝜅𝑔 and 𝐴𝑔

• High Reynolds number
transition:

• 𝑅𝑒𝜏 ∼ 11 000

• 𝑅𝑒𝐷 ∼ 5 × 105

• 𝐼𝑔
2
𝐴𝐴

= 0.39 × 𝜆
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[Basse 2021b]

• Assume global fluctuating velocity
log-law:

• 𝑢2
+
= 𝐵𝑔 − 𝐴𝑔 × ln

𝑧

𝛿
− 𝐶𝑔 𝑧+ −1/2

• 𝑢2
+
=

𝑢2

𝑢𝜏
2

• Fit parameters 𝐵𝑔, 𝐴𝑔 and 𝐶𝑔

• High Reynolds number transition

Danfoss CFD Community Tech Talk, 
March 14th, 2022

Mind the Gap: Boundary Conditions for Turbulence Modelling 
Nils T. Basse



[Basse 2021b]

• Ratio of turbulence production rate 𝑃 and 
dissipation rate 𝜀:
• High Reynolds number transition

• Possibly related to growth of outer peak
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[Basse 2022]

• Modelling Reynolds number scaling of 𝐶𝜇
• Simple turbulent shear flow:

•
𝑢𝑣

𝑘
= 𝐶𝜇

𝑃

𝜀

• Local Reynolds stress:

•
𝑢𝑣

𝑘
≈ 0.3 for Τ𝑃 𝜀 ≈ 1

• 𝐶𝜇 =
𝑢𝑣

𝑘

2 𝜀

𝑃
= 0.3 2 = 0.09 [BFA 1967]

• Global Reynolds stress:

•
𝑢𝑣

𝑘
≈

2

3

𝑢𝜏
2

𝑢2
𝐴𝐴

=
2

3

1

1.7277

2
= 0.22 ≃

2

9

• 𝐶𝜇 𝐴𝐴
= 0.05

𝜀

𝑃
≃

4

81

𝜀

𝑃
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Recommendations

• Simple scaling:
• Power-laws:

• Smooth pipe
• Does not capture transition

• More complex scaling:
• Friction factor:

• Includes roughness
• Captures transition

• Use consistent length and velocity scales to calculate 𝜈𝑡:
1. Center-line (CL): Lower TI, longer length scale
2. Area-averaged (AA): Higher TI, shorter length scale
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Conclusions and outlook

• Provide measurement-based TI for:
• General purposes, e.g. calibration
• BCs for CFD

• Learn new physics along the way:
• High Reynolds number transition

• Future:
• TI for other canonical flows: Boundary layers, channels
• Turbulent length scale and other BCs
• Overview (anonymous) of BCs used by industry for different applications

→Close the gap
• RANS and machine learning (ML)

• Acknowledgment: Professor Alexander Smits and former students
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Useful links

• NASA Turbulence Modeling Resource (aerospace applications, no BC focus):

• https://turbmodels.larc.nasa.gov/

• http://www.cfd2030.com/

• NASA Technical Reports Server:

• [Nikuradse 1933] https://ntrs.nasa.gov/citations/19930093938

• ResearchGate:

• N.T.Basse

• K.Hanjalić 

• B.E.Launder
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Useful links

• CFD Online:

• https://www.cfd-online.com/Wiki/Turbulence_length_scale

• https://www.cfd-online.com/Wiki/Turbulence_intensity

• Markus Uhlmann:

• http://www-cfd.ifh.uni-karlsruhe.de/uhlmann/VORLESUNG/turbmod/ws08/talk8_ho.pdf

• http://www-cfd.ifh.uni-karlsruhe.de/uhlmann/VORLESUNG/turbmod/ws08/talk9_ho.pdf

• David D. Apsley:

• https://personalpages.manchester.ac.uk/staff/david.d.apsley/lectures/comphydr/turbmodel.
pdf

• Nils T. Basse:

• http://www.npb.dk/pub/pub.html
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