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Experimental study on temperature rise of the vacuum flask

LI Zhong, ZHAO Yanlai
(Institute of Exploration Technology, CAGS, Chengdu Sichuan 611734, China)

Abstract: The ultra-high temperature drilling trajectory measurement instrument is a new type of storage inclinometer
system specially developed for drilling trajectory measurement in high temperature environment, with the vacuum flask as
the main means of insulation from high temperature environment, since the vacuum flask has a large length/diameter ratio
with the internal effective use length up to 2.0m. In order to understand the law of temperature rise in the axial direction of
the vacuum flask when the external environment temperature is fixed, and provide a basis for the reasonable arrangement of
the probe tube structure, this experimental study has been conducted. Through the laboratory test of two vacuum flasks,
the internal temperature rise value of the vacuum flasks in different ambient temperatures was obtained. Through the
analysis of the measured data, the internal temperature rise law of the vacuum flasks was found to include three main
aspects: first, the temperature rise value is basically linear with time, and the temperature rise rate increases with the
ambient temperature; second, the temperature rise value is a function of the ambient temperature in a cubic curve; third,
the internal temperature rise value of the vacuum flask gradually decreases from both ends toward the middle, and the
temperature rise value of the middle part is significantly lower than that of the two ends. Based on the test results, the
layout of the probe tube structure has been rationalized with specific measures taken to ensure that the working temperature
index of the instrument meets the specified requirements. The test results can also provide a reference for the structural
layout of other similar high-temperature instruments.

Key words: vacuum insulation; vacuum flask; temperature rise value; high temperature drilling; high temperature logging
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Fig.1 Structure of the vacuum flask
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Fig.3 Layout of the temperature sensor
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Table 1 Internal temperature rise test data of vacuum flasks
W/ PRI RS i IH{F/ °C
C %5 i 5 0.5 h 1.0 h L5h 2.0 h 2.5 h 3.0 h 3.5 h 4.0 h
1 1.3 4.2 8.1 12.1 16.0 19.8 23.2 26.2
2 0.1 0.8 2.5 5.0 7.9 10.9 13.9 16.8
- 3 0.0 0.1 0.5 1.4 2.7 4.3 6.1 8.0
1o07 4 0.0 0.0 0.3 0.8 1.7 2.7 4.0 5.4
5 0.0 0.1 0.4 1.2 2.2 3.6 5.3 7.1
150 6 0.8 3.0 5.8 8.8 11.9 14.8 17.7 20.5
1 1.5 4.9 9.3 13.7 18.0 22.0 25.5 28.5
2 0.1 1.2 3.6 6.8 10.4 14.0 17.6 21.0
_ 3 0.0 0.8 2.6 5.1 8.0 11.0 14.2 17.3
15075
4 0.1 1.2 3.4 6.3 9.5 12.8 16.2 19.5
5 0.2 1.9 5.1 8.9 13.0 17.0 20.9 24.7
6 1.2 5.0 9.9 14.9 19.7 24.3 28.6 32.6
1 1.4 4.7 9.1 13.8 18.5 22.8 26.8 31.6
2 0.1 0.9 3.2 6.4 10.0 13.8 17.6 21.3
15074 3 0.0 0.1 0.7 1.8 3.5 5.5 7.9 10.4
4 0.0 0.0 0.3 1.0 2.1 3.5 5.2 7.0
5 0.0 0.1 0.6 1.6 3.1 5.0 7.3 9.7
180 6 1.1 4.2 8.0 12.1 16.2 20.3 24.1 27.8
1 1.6 5.3 10.1 15.2 20.2 24.7 29.1 35.6
2 0.1 1.5 4.4 8.3 12.7 17.1 21.4 25.7
- 3 0.1 1.0 3.3 6.5 10.1 13.9 17.8 21.7
15075
4 0.1 1.4 4.2 7.9 12.0 16.2 20.4 24.6
5 0.2 2.4 6.5 11.4 16.6 21.8 26.9 31.8
6 1.4 6.4 12.8 19.3 25.6 31.5 37.1 42.3
1 1.9 6.2 11.9 17.8 23.6 29.1 36.5 45.1
2 0.1 1.3 4.3 8.5 13.3 18.2 23.1 28.2
15074 3 0.0 0.2 1.0 2.6 4.9 7.7 10.9 14.3
4 0.0 0.1 0.5 1.5 3.0 5.0 7.4 10.0
5 0.0 0.2 0.9 2.3 4.4 7.2 10.4 13.9
210 6 1.6 5.9 11.2 16.7 22.2 27.6 32.7 37.5
1 2.3 7.1 13.1 19.3 25.3 31.6 40.9 50.3
2 0.2 2.0 5.9 10.9 16.4 22.0 27.6 33.5
15075 3 0.1 1.5 4.6 8.7 13.4 18.3 23.3 28.4
4 0.2 2.0 5.7 10.5 15.8 21.2 26.6 32.0
5 0.3 3.3 8.5 14.8 21.5 28.1 34.6 40.8
6 2.3 8.9 16.9 25.1 33.0 40.5 47.5 54.0
1 2.2 7.2 13.9 21.2 28.4 38.1 49.0 59.6
2 0.1 1.8 5.9 11.6 17.9 24.4 31.0 37.9
- 3 0.0 0.3 1.5 3.9 7.3 11.4 15.9 20.5
15074
4 0.0 0.1 0.8 2.2 4.5 7.4 10.7 14.4
5 0.0 0.2 1.0 2.8 5.6 9.2 13.4 17.9
240 6 2.0 7.1 13.3 19.9 26.6 33.2 39.5 45.5
1 2.4 7.8 14.8 22.4 30.1 41.5 53.1 64.1
2 0.2 2.4 7.2 13.4 20.3 27.4 34.8 42.5
15075 3 0.1 1.7 5.5 10.7 16.7 22.9 29.3 35.7
4 0.2 2.4 7.1 13.2 19.9 26.8 33.6 40.4
5 0.4 1.0 10.7 18.6 27.0 35.3 43.5 51.3
6 2.5 10.4 20.5 30.7 40.6 49.9 58.6 66.7
1 2.7 9.1 17.7 26.9 37.4 51.0 64.1 76.3
2 0.2 2.7 8.7 16.4 24.5 32.8 41.5 50.3
15074 3 0.0 0.4 2.2 5.8 10.6 16.1 22.0 28.1
4 0.0 0.2 1.1 3.2 6.4 10.4 15.0 19.9
5 0.1 0.3 1.5 4.2 8.4 13.5 19.2 25.3
270 6 2.3 8.6 16.5 25.2 33.9 42.3 50.3 57.8
1 2.8 8.9 16.7 25.9 37.4 51.7 65.0 77.5
2 0.2 2.8 8.6 16.2 24.5 33.3 42.5 51.9
- 3 0.1 2.2 7.0 13.6 21.0 28.8 36.6 44.5
15075 _
4 0.2 3.1 9.0 16.7 25.0 33.5 42.0 50.3
5 0.4 4.7 12.7 22.3 32.5 42.7 52.5 62.0
6 2.9 12.0 23.8 36.0 47.7 58.8 69.2 78.9
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Fig.4 Temperature rise vs time curve of 15074 # vacuum flask sensor
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Fig.5 Temperature rise vs time curve of 15075 # vacuum flask sensor
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Fig.10 Structural layout of the ultra-high temperature drilling trajectory measurement instrument
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