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Session 1 9:00-10:40 Chairman: Henrik Alfredsson 
 
09:00-09:15 Opening. P. Henrik Alfredsson & Philipp Schlatter (KTH) 
 
09:15-10:00 Accurately measuring and modelling near-wall turbulence. Ivan Marusic 
(University of Melbourne) 
 
10:00-10:20 ICET: Coordinated measurements in high Reynolds number turbulent 
boundary layers from three wind tunnels. Hassan Nagib (IIT), Alexander Smits 
(Princeton University), Ivan Marusic (University of Melbourne), P. Henrik 
Alfredsson (KTH) & ICET Team 
 
10:20-10:40 Accurate and independent measurements of wall-shear stress in turbulent 
flows. Jean-Daniel Rüedi (University of Bologna) 
 
10:40-11:00 Coffee 

 

Session 2 11:00-12:20 Chairman: Philipp Schlatter 
 
11:00-11:20 Turbulence measurements with hot wires in high Reynolds 
number boundary layers. J.H.M. Fransson (KTH), N. Hutchins (Univ. Melbourne),  
R. Örlü (KTH), M. Chong (Univ. Melbourne) &  ICET TEAM. Presented by Henrik 
Alfredsson 
 
11:20-11:40 Anisotropic pressure correlation spectra in turbulent shear flow. 
Yoshiyuki Tsuji (Nagoya University) 
 
11:40-12:00 Large Pipe at CICLoPE: A new facility for detailed measurements of 
wall-bounded turbulence. Alessandro Talamelli (University of Bologna) 
 
12:00-12:20 DNS of shear induced drag reduction. Gary Coleman (University of 
Southampton) 
 
12:20-13:30 Lunch 
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ICET wall shear stress measurements

• Independent measure of the friction velocity for the scaling 
of the results

• Measurements in 3 facilities
• Oil film interferometry (Direct method)
• Oil with viscosities from 20 to 1000 cs
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Oil film interferometry

• Measurement of the thinning 
rate of an oil film

• Setup
• Monochromatic light source 
• Digital camera
• Glass or plexiglass surface 
• Silicone oil
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Measurement Procedure

• Independent calibration of the oil viscosity vs. temperature

• Spatial calibration with a target

• Acquisition of the images

• Analysis of the fringe spacing vs time
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Independent calibration of the oil 
viscosity versus temperature

• Thermo-regulated bath

• Capillary viscometer

• Electronic light barrier or 
stop watch

• Reference temperature 
sensor

5CT  52

Transparent thermostats – CT series

High temperature constancy and 
visual observation

Transparent thermostats manufactured 
by SCHOTT Instruments have been 
specially designed to measure the vis-
cosity of Newtonian liquids in capillary 
viscometers. They can be used for both 
manual measurements and, when used 
in connection with viscosity measuring 
equipment, for automatic measure-
ments. The most important characteri-
stics of the transparent thermostats are 
their ability to maintain a constant tem-
perature and capability of visual obser-
vation of the fl ow of the fl uid in the 
viscometer. 

The transparent thermostats of the se-
ries CT 53 and CT 54 are suitable for 
viscosity measurements in compliance 
with DIN 51 562 (Part 1) and ASTMD 
445. They are comprised of a stainless 
steel bath with insulating glass, a coa-
ted steel casing and a bath thermostat. 
In addition, the CT 54 has an integra-
ted discharge outlet on one side to 
drain the bath. An RS-232-C interface 
enables it to be connected to a PC.

The viscosity of Newtonian liquids is ex-
tremely dependent on temperature. 
Depending on the measurement medi-
um, a deviation of 0.5 to 2% can be 
expected for a temperature deviation 
of 0.1 K. For this reason, the signifi cant 
infl uence of temperature on the viscosi-
ty of a fl uid must be taken into conside-
ration when selecting a thermostat. All 
SCHOTT Instruments thermostats have 
the possible temperature stability of 
0.01 K (see Technical Specifi cations) 
under optimum ambient conditions.

CT 52

The transparent thermostat CT 52 is 
made of acrylic glass and it is able to 
take up to two automatic measurement 
positions or brackets for manual measu-
rements. Due to its design its ability to 
keep the temperature constant is not 
quite as great and it can only be used 
up to temperatures of +60 °C. If tempe-
rature constancy is not a top priority, 
the CT 52 is a cost-effective alternative.
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Oil viscosity calibration
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• Capillary viscometers
• EPFL, IIT, Bologna, KTH

• Fluctuation of the results 
within ±0.3% (grey lines)

• Temperature sensitivity
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Analysis method

• XT,  Wavelength, Peak distance

• The manual selection of the 
fringes (XTmethod) is very 
user-dependent and can lead to 
a large scatter of the results

• Initial transient due to the 
formation of the oil film

• Non linear effects near the 
leading edge of the film
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Uncertainties of the method for the 
measurements of the wall shear stress (τ)

Variable Variation Uncertainty

surface temperature ± 0.2°K 0.4 %

Viscosity calibration 0.3 %

Oil density 0.1 %

Oil refraction index ± 0.001 0.07 %

Light wavelength ± 0.3 nm 0.05 %

Angle of view ± 0.5° 0.11 %

Spatial calibration <0.1 %

Sampling time accuracy < ± 0.01 s 0.0 %

Fringe distance determination 0.2 %

Total 1.33 %
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Variance of the measurements
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• Uncertainty 
• uτ & U∞+ : 1.2%

Variable Uncertainty

Accuracy of the method for wall shear stress 1.33 %

Variance of the results per run 0.6 % (mean: 0.3%)

Air density 0.3 %

Dynamic pressure 0.4 %
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Skin friction law
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• All group provided an independent estimate of Reδ* and Reθ based on 
their velocity profiles for all conditions at which oil film interferometry 
measurements have been performed.

• KTH

• KTH: 2nd order fit  Reθ  = A(U∞ /ν)B and Reδ*  = A(U∞ /ν)B  

• Melbourne: Reθ  = A Re(x+x0)0.88 and Reδ*  = A Re(x+x0)0.85 

• Princeton

• 2nd order fit of ln(Reθ) vs. ln(Rex) and ln(H) vs. ln(Rex)

• Melbourne

• Reδ* = A Re2 + B Re + C

• IIT

• Reδ*  = A [Rem .* (x + x0)]0.85, Reθ  = A [Rem .* (x + x0)]0.88



 ACCURATE AND INDEPENDENT MEASUREMENTS OF WALL-SHEAR STRESS IN TURBULENT FLOWS                                                             

J.-D. RÜEDI , A. SEGALINI, R. DUNCAN , S. IMAYAMA AND THE ICET TEAM 11

!"
#

!"
$

%&

%'

%(

)"

)!

)%

))

)#

)$

)*

)&

)'

+,
!
-

.
"/

0

0

112031120$4$05

112031120(4"05

627036270$4$05

89:;<,=>;036270$4$05

?,@A>B9;,036270$4$05

112036270$4$05

62703?,@A>B9;,0'05

89:;<,=>;03?,@A>B9;,0'05

?,@A>B9;,03?,@A>B9;,0'05

11203?,@A>B9;,0'05

62703?,@A>B9;,0!)05

89:;<,=>;03?,@A>B9;,0!)05

?,@A>B9;,03?,@A>B9;,0!)05

11203?,@A>B9;,0!)

62703?,@A>B9;,0%!05

89:;<,=>;003?,@A>B9;,0%!05

?,@A>B9;,003?,@A>B9;,0%!05

112003?,@A>B9;,0%!05

6270CD10306270$4$05

1EF20!G"4)'0@;0+,
!
-/)H0/G!0!I

D,9;>@J0K0D:;@,L0M!((*N



 ACCURATE AND INDEPENDENT MEASUREMENTS OF WALL-SHEAR STRESS IN TURBULENT FLOWS                                                             

J.-D. RÜEDI , A. SEGALINI, R. DUNCAN , S. IMAYAMA AND THE ICET TEAM 

10
4

10
5

1.2

1.25

1.3

1.35

1.4

1.45

Re
δ
*

H

 

 
KTH
Melbourne 8 m
Melbourne 13 m
Melbourne 21 m
NDF @ 5.5 m (preliminary profile fits)
NDF @ 9 m (preliminary profile fits)
H = 1.77 Re

δ
*
−0.030 (best fit)

H = 1 / (1 − 7.11 / U
∞
+), U

∞
+ = 1 / 0.384 Re

δ
* + 3.3

H = 1 / (1 − 7.11 / U
∞
+), U

∞
+ = 1 / 0.38 Re

δ
* + 3 (+/− 1%)

12



 ACCURATE AND INDEPENDENT MEASUREMENTS OF WALL-SHEAR STRESS IN TURBULENT FLOWS                                                             

J.-D. RÜEDI , A. SEGALINI, R. DUNCAN , S. IMAYAMA AND THE ICET TEAM 

10
4

10
5

26

27

28

29

30

31

32

33

34

35

36

37

Re
δ

*

U
∞
+

 

 
U
∞
+ = 1 / 0.38 * ln Re

δ
* + 3 (+/− 1%)

U
∞
+ = 1 / 0.384 * ln Re

δ
* + 3.3

Fernholz & Finley (1996)
NDF @ 3.8, 6.4, 7.3 (Christophorou)
NDF @ 5.5 (Christophorou)
NDF @ 9 (Christophorou)
KTH (Osterlund)
Winter & Gaudet 1973 (M = 0.2)
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Conclusions

• Wall shear stress and shape factor from the three facilities 
are in very good agreement (±1%)

• Accurate wall shear stress measurements require:
• Accurate calibration of the oil viscosity
• Reference temperature sensor
• Accurate measurement of the surface temperature

14
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Questions ?
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Influence of oil viscosity and shear 
dependent viscosity

• Wall shear stress 
measurements using different 
oil viscosities are within the 
accuracy of the method

• Rheological measurements 
performed did not permit to 
asses shear  dependent 
viscosity effects
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Oil settling time

• Probable cause 
• Inclusion of air bubbles in the oil

• Consequences
• Temporal decrease of the viscosity
• Effect increasing with viscosity

• Luckily, all measurement performed 
during ICET allowed enough settling 
time
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It has been noticed that silicone oil requires significant time to settle 
down after transport before to reach a constant viscosity
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