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1. Thin film gauge operating principle

v 1D conduction

v Semi-infinite substrate
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2. Analytical solution
2.1 Single-layer thin-film gauge
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2.1 Single-layer thin-film gauge
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2.2 Two-layer thin-film gauge
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3. Numerical solution

• Unsteady conduction equation solved thanks to 
a finite difference Crank-Nicholson scheme :
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surface heat flux qwall(t)surface temperature Twall(t)

♣ Very flexible, no constraint

• Validation
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3. Numerical solution
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4. Thermal properties determination

13

4.1 Heat flux source characterization using a reference gauge

fast opening shutter

Pgas
Tgas

air  
supply

heater

• Various Pgas and Tgas

⇒ correlation Nu = 3.5081 Re0.5287 – 64.6525
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4.2 Calibration using analytical solution
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ê Analytical solution valid for constant heat flux

Conditioning temperature evolution 
with superposition technique
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4.2 Calibration using analytical solution

Upilex

Upilex Thickness 2nd layer

[J/m 2Ks0.5] [µm] [J/m 2Ks0.5]

on Macor (8 tests) 747 310 2255

Dispersion (20:1) 2.1% 15.1% 6.1%

Standard value 692 250 (350) 1780

on quartz (9 tests) 787 168 1763

Dispersion (20:1) 3.7% 5.2% 5.1%

Standard value 692 125 (150) 1521

on steel (5 tests) 732 177 10570

Dispersion (20:1) 13.4% 10.2% 20.6%

Standard value 692 125 (150) 8088

? C k ? C k
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4.3 Calibration using numerical solution
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4.3 Calibration using numerical solution

Upilex

Upilex Thickness 2nd layer

[J/m 2Ks0.5] [µm] [J/m 2Ks0.5]

on Macor (8 tests) 731 305 2117

Dispersion (20:1) 2.3% 3.9% 5.9%

Standard value 692 250 (350) 1780

on quartz (9 tests) 752 167 1726

Dispersion (20:1) 3.9% 3.9% 4.9%

Standard value 692 125 (150) 1521

on steel (5 tests) 699 175 8147

Dispersion (20:1) 8.8% 8.7% 9%

Standard value 692 125 (150) 8088

? C k ? C k
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• Blowdown wind tunnel, 
1.5 transonic stage

• Design rotational speed:
6500 RPM

5. Example of measurement

S1 R1 S2

T03R 
P03R
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5.1 Time-averaged results

• Averaging around 
design rotational speed

• Computed with Crank-
Nicholson scheme
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5.2 Time-resolved results

• Phase-locked average on 3 rotor revolutions 

22
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6. Conclusions

• Calibration of two-layer gauges:
-1st method fits analytical solutions instead of linearizing
-2nd method uses Crank-Nicholson scheme 
and can be applied without restriction

• Measurement on CT3:
successful use of the gauge
Heat flux with Crank-Nicholson scheme

23

7. Perspectives

• Measurement on CT3:
comparison with ceramic inserts

⇒ validation of two-layer thin-film gauge

• Flexible heat flux computation with Crank-Nicholson scheme
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