100+ itE. MK S5KE 2021 % 41 £% 5 7

doi: 10. 11823/j. issn. 1674 —5795. 2021. 05. 11

BT TDLAS E#ERBUERSEE N NER AT R

R, MR, AR, M, RKue, FaEk
(1. BT Kt BN R ARF R, LE 100095; 2. ZEEL G EHEENEEZRET, LT 100043)

W OE. 4 ABREI L EBNEFR, FRT AT TDLAS HERKEW S EMNERK K 9., L CO, ¥ T
ST, EILFT R LB fa-t R E AN b RO IE ISR, B E A M EEA, A A MATLAB 2% 43t | &
MELBRHIATHE, ¥ ELERE SpectraPlot 45 F3 4T, FRIEE LB RAHTRIUE, ERETHE 1 ~2 atm
MAJESCE N, BRALE B RTELERE SpectraPlot WERFHEE S, MOoBLEMERARENT 8% ; EHMESL
W ERAAA IR Z ENHE A B AT M Ay, mERAIUEH - FFRBEEEEZNEFEALGRFARRET 55,

X §#iF . TDLAS; H#W Y% ; Simulink; A 1K/E /7 ; SpectraPlot

hE 4 2SS . TBI3S X HERFRIRED . A XERES. 1674 —5795(2021)05 —0100 — 08
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Abstract; In response to the demand for non-contact measurement of gas pressure, a technical analysis of barometric pressure measurement
based on the TDLAS direct absorption method was performed. Taking CO, as the research object, through the theoretical study of absorption
specturm based on Beer-Lambert law, a pressure measurement model is established, the pressure measurement process is simulated by MATLAB
software, and the simulation results are compared with the results of SpectraPlot. Finally, an experimental system was built for verification. The
results show that in the pressure range of 1 to 2 atm, the simulation results of the absorbance curve are highly coincident with the results of Spec-
traPlot, and the maximum deviation of the integrated absorbance value is less than 8% . The relative error of the pressure measurement experi-
ment results shows a trend of increasing with the increase of pressure. This conclusion provides a reference for the future research on the measure-
ment of medium pressure gas by absorption spectroscopy.
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system based on TDLAS
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Table. 1  Parameter setting
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Fig. 10  Different pressure simulation results and SpectraPlot results at 296 K
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Table. 2 Integral absorbance calculation result

P/atm 15 B4 SpectraPlot X/ %
0.75 0. 05574 0. 05725 2.643
1.00 0. 07209 0. 07481 3.639
1.25 0. 08737 0. 09165 4. 67
1.50 0. 10161 0. 10779 5.737
1.75 0. 11485 0. 12328 6. 837
2.00 0. 12715 0. 13815 7. 968
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Table. 3 Integral absorbance-pressure fitting result
G T R

15 & A =0.01463 +0.0571 - P 0.99731
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hESES . TBI3T7 CHkARIRAD: A XEMS: 1674 -5795(2021)05 -0108 - 06

Reliability Evaluation of Flow Measurement System for Liquid Rocket Engine Test
YANG Yi, GUO Yanan, WANG Yongpeng, JIA Zhijie, CHEN Wenli, LYU Shouguo, JI Zhe
( Beijing Institute of Aerospace Test Technology, Beijing 100074, China)

Abstract: Based on current the are research status of liquid engine reliability evaluation, the reliability of flow measurement system is eval-
uated from two dimensions which performance reliability and structure reliability. The definition of measurement system performance reliability is
present. Measurement data is regarded as normal distribution and the confidence limit of one-sided reliability is calculated by interval estimation.
The definition of structural reliability of measurement system is also presented. According to the series reliability diagram of flow measurement
system, the exponential life-failure test information is transformed into binominal success-failure test information. The (L-M) Lindstrom-Mad-
dens method combined with look-up table and linear interpolation method is used to solve the lower confidence limit of structural reliability. The
reliability evaluation method of measurement system would serve as important reference for technicians in the industry.

Key words: Liquid rocket engine test; flow measurement system; performance reliability; structure reliability; L-M method
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Fig. 1 Diagram of flow measurement system
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Fig. 2 Reliability block diagram of flow measurement system
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Table. 1  Data sheet of liquid oxygen flow
HURE /s WA/ (L s™")
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47.63 5. 144
47. 64 5. 196
47. 65 5.203
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Table. 2 Equivalent test data of each unit of

flow measurement system
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