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|CET 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)
 Qil with viscosities from 20 to 1000 cs
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Oil film interferometry
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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
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Oil viscosity calibration
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Analysis method

» XT, Wavelength, Peak distance J _

 The manual selection of the
fringes (XTmethod) is very
user-dependent and can lead to
a large scatter of the results
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Uncertainties of the method for the
measurements of the wall shear stress (T)

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 <+ 00ls 0.0 %
Fringe distance determination 0.2 %
Total 1.33 %
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Variance of the measurements
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Skin friction law

» All group provided an independent estimate of Reg+ and Reg based on
their velocity profiles for all conditions at which oil film interferometry
measurements have been performed.

- KTH
+ KTH: 2nd order fit Rep = A(Uw /V)Band Res+ = A(Uw /V)B
- Melbourne: Rep = A Re(x+x0)*®8 and Res+ = A Re(x+x0)°8
* Princeton

* 2nd order fit of In(Reg) vs. In(Rex) and In(H) vs. In(Rey)

 Melbourne
 Resgs=A Re2+ BRe+ C
« lIT

* Reg* = A [Rem .* (X + x0)]°®, Reg = A [Ren .* (x + x0)]*58
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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
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Questions !
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Influence of oil viscosity and shear
dependent viscosity

* Wall shear stress 1.4 .
measurements using different 1.3 -
oil viscosities are within the 1.2
accuracy of the method %1.1 1
S, ¢
§o.9 - ©20CS
* Rheological measurements ~0a © 200CS
performed did not permit to - &
asses shear dependent o6
viscosity effects 15 20 25 30 35 40 45
U [m/s]
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Oil settling time

It has been noticed that silicone oil requires significant time to settle
down after transport before to reach a constant viscosity

* 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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