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Development of a new type of high temperature thin film heat flux sensor

Cui Yunxian,Huang Jinpeng, Cao Kaidi, Wang Haoyu, Yin Junwei
(College of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: When the spacecraft reenters the earth atmosphere, the outer surface of spacecraft will generate megawatt of heat flux. As a
result, the instantaneous temperature rise can reach 1800°C. In order to ensure the stability and safety of the spacecraft, it is
significantly important to accurately measure the heat flux on the thermal protection system surface of the spacecraft in real time. Aiming
at the technical difficulty of heat flux measurement in high-temperature condition, a novel heat flux sensor structure integrating the lead
and substrate is proposed. Combining the ceramic sintering static pressing molding and magnetron sputtering technologies, a new high
temperature thin film heat flux sensor was developed by sequentially depositing PtRh30-PtRh6 thermopile thin film, Al, O, film and ZrO,
film on the substrate surface of 99 alumina ceramics where the PtRh6 leads are embedded. Then, the static and dynamic performance,
high-temperature resistant and repeatability tests were conducted. The result shows that the sensitivity of the sensor reaches better than
0.01 wV/(W/m?), the dynamic response time is 3. 97 s. High temperature test at 1200°C. was conducted on the sensor, the test result
shows that the output signal of the sensor has no obvious change before and after the high temperature test, and the maximum
repeatability error is 2.38%. The developed high temperature thin film heat flux sensor can provide scientific basis for the high
temperature heat flux measurement and thermal protection system optimization.

Keywords : heat flux sensor; thin film thermopile; magnetron sputtering; ceramic sintering; high temperature
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Fig. 1 Working principle of thermopile heat flux sensor
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Fig.2 Sensor structure
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Fig.3 SEM image of ceramic substrate and lead bonding
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Fig.4 The preparation process of heat flux

sensor functional thin film
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Table 1 Preparation technological parameters of
PtRh6 thin film
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Table 3 Preparation technological parameters of Al,O,

thin film magnetron sputtering
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Fig. 9 Energy spectrum analysis of PtRh30
functional thin film
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Physical picture of the mechanical mask of the sensor
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film heat flux sensor
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calibration system
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Table 5 Relationship between thermoelectric potential
E and heat flux ¢ at measuring end

MAHRE AR A s L (LI 24

/V /A /(kW-m™) H#/mV H#E/mV
18 0.51 5.10 0.028 0. 030
19 0.55 5.80 0.034 0. 036
20 0.59 6.55 0. 042 0. 044
21 0.62 7.25 0. 049 0. 048
22 0. 64 7.80 0. 057 0. 056
23 0.68 8.70 0. 066 0. 067
24 0.69 9.20 0.071 0. 070

24.5 0.71 9. 65 0.076 0. 075
25 0.72 10. 00 0.083 0. 081

25.5 0.73 10.35 0.088 0. 087
26 0.74 10. 70 0. 094 0.092
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thin film heat flux sensor
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Table 6 Comparison of the output thermoelectric potentials

of the same heat flux sensor under the same condition

U E IR S 2 RIURER AR 3 RIIRHA
/(kW-m™) H#E/mV HH/mV H#E/mV
7.10 0. 043 0. 041 0. 042
7.70 0.051 0. 052 0. 050
8.45 0. 066 0. 064 0. 063
9.05 0.072 0.071 0.073
9.55 0. 079 0. 076 0.077
10. 00 0.084 0. 086 0. 085
10.50 0. 092 0. 093 0. 094
10. 85 0. 103 0. 101 0. 102
0.11r
0.10
0.09+
E 0.08
ﬁ 0.07r
b 0.06
0.05F
0.04 . .

65 70 75 80 85 90 95 100 105110 115
FH/(kW-m2)
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Fig.20 The output thermoelectric potentials of the

same heat flux sensor under the same condition
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