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Research on the calibration method of low temperature rise airflow
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Abstract: The accurate calculation of the efficiency of the aero-engine compression system affects the design and planning of the
compression system. At present, the most commonly used method to calculate the efficiency of a compression system is the temperature
rise method. However, the uncertainty of the existing temperature measurement method is close to 1 K when the air temperature rise is
less than 100 K and the Mach number is less than 0. 5. In this case, the accuracy of temperature measurement is seriously affected, and
the efficiency accuracy of the compression system calculated by the temperature rise method is insufficient. In response to the current
problems of insufficient calibration accuracy and missing calibration methods in low temperature rise airflow calibration, this article
proposes a low temperature rise airflow calibration method based on energy conservation and heat dissipation correction. Using a second-
class standard platinum resistor with higher accuracy as the reference airflow temperature sensor, it is moved forward from the wind
tunnel test section outlet to the stable section and installed on the same axis. The wall heat dissipation temperature loss of the reference
airflow temperature sensor is corrected, resulting in low temperature rise calibration uncertainty of the reference airflow temperature
sensor for 0. 08 K. The low temperature rise airflow calibration method is used to calibrate the airflow temperature sensor to be
calibrated. The calibrated platinum resistor airflow temperature sensor has a temperature measurement deviation between (-0.075 ~
-0.031) K at Mach number 0. 398 and a temperature rise of about 50 K in the test after calibration. In accordance with the results of the
uncertainty analysis, the calibration device, the calibration method, and the uncertainty evaluation method of low temperature rise airflow
are verified. The calibration method of low temperature rise airflow improves the ability to indicate the true airflow temperature of the
airflow temperature sensor under the low temperature rise environment, providing strong support for the accurate calculation of the
efficiency of the aircraft engine compression system.
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Fig. 1 Airflow and energy conversion process of wind tunnel
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Fig.2 Diagram of conductivity error calculation results
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Fig.4 Diagram of low temperature rise airflow calibration device
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Fig.7  Airflow temperature sensor to be calibrated
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Table 3 Calibration results of the recovery coefficient for sensor to be calibrated

B i LA IR

BRI A I

R BRI T,/ PRI T/ it AE/K AR T,/K Lt b
0. 080 301. 792 301. 811 -0.019

0. 147 301. 654 301. 570 0.921
0.201 301. 961 301. 785 0.919
0.298 302. 105 301. 754 0.930

0. 401 302. 269 301. 733 0.941

x4 ERERFHNEBRRERESR

Table 4 Calibration results of the temperature measurement deviation for sensor to be calibrated

- e %%iﬁ%ﬁfg%@ﬁ 30% T, /K %&’chﬂﬂ%fg%@% SR 22 MR SR 2

TERIRE T,/ K (B AHRORIE T,/K AT/K d7,/K d7./K
1 0. 148 333.264 0. 009 329. 133 4.122 0.114 4.008
2 0.203 335. 428 0.017 332.936 2.475 0.219 2.256
3 0.301 331.593 0. 005 329. 035 2.553 0.412 2. 141
4 0. 396 335.902 0.010 332. 439 3.453 0.597 2.857
5 0. 150 345. 089 0.015 339. 794 5.280 0. 121 5.159
6 0. 199 342. 654 0.017 339.701 2.936 0.215 2.720
7 0.299 343. 367 0. 007 339. 948 3.412 0. 420 2.992
8 0. 402 343.979 0.010 339. 749 4.220 0. 628 3.592
9 0. 148 352.200 0.023 347.963 4.214 0. 120 4.093
10 0.199 349. 628 0.018 346. 009 3. 601 0.219 3.382
11 0.304 353. 805 0.010 349.512 4.283 0. 446 3.838
12 0. 398 352. 486 0.011 347.703 4.772 0. 630 4.141
13 0.148 359.212 0. 021 352. 800 6. 391 0.122 6. 269
14 0.201 360. 312 0. 020 356. 026 4.266 0.230 4.036
15 0. 301 363. 978 0.013 358. 872 5.093 0. 449 4. 644
16 0.395 362. 441 0.011 356.952 5.478 0.638 4. 840
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Table 5 Test results of sensor to be calibrated

( after calibration)
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0.398 354.350  0.012 354338 354.369  —0.031
0.398 354.536  0.012 354524 354599  -0.075
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