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Abstract

The accuracy of flue gas velocity measurements in coal-fired power plants is fundamental to the
safe production and efficiency improvement of the plants. In this paper, a novel quadratic-convex
frequency sweeping driven mode drive mode is used to study the long-period measurement of flue
gas flow velocity after denitrification in coal-fired power plants. By analyzing the background noise
inside the denitrification flue, the frequency range of the quadratic-convex frequency sweeping
sound source is determined to be 4 kHz~8 kHz, and the acoustic fly-through time is calculated by a
mutual-off time delay estimation algorithm. After theoretical analysis and field experiments, the
effectiveness of this driving mode was verified. The accuracy and robustness of the velocimetry
results based on the three driving modes were quantitatively evaluated by analyzing the power
spectral density (PSD), root mean square error (RMSE) and standard deviation (SD) of the test da-
ta. The field experimental results show that the RMSE and SD values based on the quadratic-convex
frequency sweeping driven mode are less than 0.3 m/s. The proposed acoustic wave driving scheme
can significantly improve the accuracy and robustness of the flue gas velocity measurements
compared with the traditionally adopted linear sweep method.
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Figure 1. Schematic diagram of flue velocny measurement by acoustic method
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Figure 2. Three swept driving methods of the sound source signal
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Figure 3. FFT analysis of the background noise of the flue
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Figure 4. Mounting structure of speaker and microphone
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Table 1. Mean values and errors of the measurement results of three types of sound source signals
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Figure 5. Power spectral density of the three signals inside the flue

Bl 5. HERRB=MESHIIRIEERE

N T BB R - RS sy N A R SRR, AT 0 =R PR S R Eh R
W FE(PSDYHEAT 1 20 Hre Pl 5 =AU YRS 5 I DD ARG . ARAE I 5 TR, IR - MR

DOI: 10.12677/jsta.2022.102030 252 e R A 5 8 P


https://doi.org/10.12677/jsta.2022.102030

a2

fr B AA YR AR, 0 i TEIE AR BOCRUR R 2R, s ™, T AR K - 1
R YA 5 OB 45 R 22 o T R - (W3R P 5 IEAF A R, HAE R B PSD 3 e, 1X
HUORIIE T8 M0 A2 ORI FEE SR B 3 A, v S 5 A5 e LU AR B o Hl T 0 - (A U
HEE 2 Moy, Rl iRiE 42 AR s B S S 2, IR THINE (S 5 (9 SNR.
FATEDI AT 791 10 REGINE, I AT b T /) S0 i B, 3 EORIE A s FZ s Bk,
TimATEE, MIELIRAE 6 m/s~15 m/s Z[AAFAERCREE) . HilublEE 2 X, B iR,
B ARSI EEH AR, RIS RAE 13~14 mis Z BN, fESIRR AR, @I =R RS
TR SR BEAT B Ml kD, Rk - R RS T AR S5 R A IR ZE R ER >IN T 4%, AR TR
AR, BRGEN RS RB AR PR, HARB T 54 M iim s S, B mdmfaert.

5. 45RiE

1) ASCRNIRTE 7 00N R MTFR 2 = P A Ass Ok M8 SR I S s o R 1 —FhE T
U0 = A AR S AR PR AR B T o S TE I T SO R AT, ORI T IR - RS R TE TOF
THEEORS BREFNHE B8 7 7 T AR A, A8 dle Gl 75 AUBL (R T-E,  DRAUIEII 245 5 19 SNR.

2) TEELI R A 7 AR AU B S S A ) A SRS s 6 2 LI A A T = R A 2L
FEPSHEAT 7R O SESE o SREER, R - A YR R A A I v e R AR B, LIRS R
RMSE H1 SD fH#R/NT- 0.3 mis. i A P LB S50, fh5 7 =FEUldE 51 PSD 1, #iE 1
TR AT R LA A R e R e ) SRR

3) i A 10 RATKHAM I, IR - IS RS S I g5 R AR R ZE N T 4%, TR
R I AR, RGN 2 SR B e e 2, BRI T 4 R s RS S, B iR e .

SE

[11 BGHL. KH)T SCRUHSUBEAR AL B PR RE 2 AT F FE[D]: [t 207 18 30]. 8 0 TRl K2, 2014,

[2] Fischer, A. (2017) Model-Based Review of Doppler Global Velocimetry Techniques with Laser Frequency Modulation.
Optics and Lasers in Engineering, 93, 19-35. https://doi.org/10.1016/j.optlaseng.2017.01.004

[3] Westerweel, J., Elsinga, G.E. and Adrian, R.J. (2013) Particle Image Velocimetry for Complex and Turbulent Flows.
Annual Review of Fluid Mechanics, 45, 409. https://doi.org/10.1146/annurev-fluid-120710-101204

[4] Dai, M., Zhou, B., Zhang, J., et al. (2022) Experimental and Simulation Investigation of 3-D Soot Temperature and
Volume Fraction Fields of Afterburner Flame. Case Studies in Thermal Engineering, 33, Article ID: 101932.
https://doi.org/10.1016/j.csite.2022.101932

[5] Vs, BPid, skEJe, 5. dE38510Y COL IR AR I & 7w 7 [J]. BB, 2021, 41(3): 590-598.

[6] FHA, mms, MR, & 5T S ERE M Ko OIS E TR [I]. R ABOE, 2021, 41(4): 890-901.
[71 HhMEE, BREh, BEESR, & B TRIOEERARNSREENE 7). Bt 544k, 2019, 49(6): 686-691.

[8] %4, Xy, ATE, & ET7EERIEXNRGEN E 8T 7 ()] AR EAR 5484, 2021(6): 100-103+114.
[O] &4, BAGHLA MRS = SO =R AR [D]: [ 22 hrie 3], Jbat: b )ik, 2017,

[10] MR#R, (TR, JLENE, 55 BT H SRR AR M UE RN 2528617, #0) & H, 2018, 47(1): 66-71.

[11] Farina, A. (2000) Simultaneous Measurement of Impulse Response and Distortion with a Swept-Sine Technique. Au-
dio Engineering Society, New York.

[12] Ciri¢, D.G., Markovié, M., Miji¢, M., et al. (2013) On the Effects of Nonlinearities in Room Impulse Response Mea-
surements with Exponential Sweeps. Applied Acoustics, 74, 375-382. https://doi.org/10.1016/j.apacoust.2012.07.013

[13] Roggerone, V., Rébillat, M. and Corteel, E. (2017) Parallel Hammerstein Models Identification Using Sine Sweeps and
the Welch Method. IFAC-PapersOnLine, 50, 14040-14045. https://doi.org/10.1016/j.ifacol.2017.08.2434

[14] 2R, HIF, PN o ms g AT I ) & A YRS S P U A2 [0]. TH AL ., 2007(1): 329-332.
[15] A/, RE, xEM. FET CEMRBE R T[], AR, 2009(8): 73-76.

DOI: 10.12677/jsta.2022.102030 253 IR AR S R


https://doi.org/10.12677/jsta.2022.102030
https://doi.org/10.1016/j.optlaseng.2017.01.004
https://doi.org/10.1146/annurev-fluid-120710-101204
https://doi.org/10.1016/j.csite.2022.101932
https://doi.org/10.1016/j.apacoust.2012.07.013
https://doi.org/10.1016/j.ifacol.2017.08.2434

XS

[16]

[17]

(18]

[19]

TRERE, MR, B, 55 3E5F RS PHAT-B Sk a7 SR T 2845 THF 7L [d]. 3070 TRESEH, 2018,
38(8): 617-623.

Liu, Q., Zhou, B., Cheng, R., et al. (2022) High Temporal Resolution Pyrometry and Velocimetry Based on Acoustic
Frequency Division Multiplexing. IEEE Transactions on Instrumentation and Measurement, 71, Article ID: 6500511.
https://doi.org/10.1109/TIM.2022.3141169

TR, KT, ZEEEAr, S5 RSN ER T 7 S R DU R BRSO SE A TR R R AT L[] Bh ) LREE R, 2012,
32(2): 112-117.

Liu, Q., Zhou, B., Zhang, J., et al. (2021) Development of Flue Gas Audio-Range Velocimeter Using Quadrat-
ic-Convex Frequency Sweeping. IEEE Sensors Journal, 21, 9777-9787. https://doi.org/10.1109/JSEN.2021.3055343

DOI: 10.12677/jsta.2022.102030 254 IR AR S R


https://doi.org/10.12677/jsta.2022.102030
https://doi.org/10.1109/TIM.2022.3141169
https://doi.org/10.1109/JSEN.2021.3055343

	基于二次–凸扫频声源的声学法烟气速度测量研究
	摘  要
	关键词
	Study on Acoustic Method of Flue Gas Velocity Measurement Based on Quadratic-Convex Frequency Sweeping Sound Source
	Abstract
	Keywords
	1. 引言
	2. 声学测速原理及时延估计
	2.1. 声学测速原理
	2.2. 互相关时延估计
	2.3. 不同扫频方式的声源信号

	3. 背景噪声分析
	4. 现场实验
	4.1. 实验介绍
	4.2. 传感器距离标定
	4.3. 实验结果与分析

	5. 结束语
	参考文献

