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Abstract

Gas fluid dynamics of both an originally internal structure (SX structure) and a new design (QJ
structure) of ultrasonic gas meter are simulated by CFX of ANSYS. Results of gas flowing velocity at
typical flow points are calculated and analyzed. Gas velocity of the whole inside, the XY axis cross
plane and the center part of XY axis cross plane where ultrasonic wave passes through of both the
two structures is obtained. The simulation results reveal almost the same performance of gas
flowing in both the SX structure and the Q] structure. Further analysis shows that comparably
worse flowing performance is obtained by the Q] structure than that obtained by SX structure for
requirements of real product design. Otherwise, gas fluid of the key part where ultrasonic wave
passes through is in high speed; however it is more uniform and more stable than that of the
whole inside or that of the XY axis cross plane, which is advantageous to accurate measurement of
gas flowing velocity.
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Figure 1. Design of SX structure (a), design of QJ structure (b), mesh of QJ structure (c), points of the whole XY axis cross
plane of QJ structure (d), velocity distribution on XYY axis cross plane of SX structure at flowing point 6m°h (e) and velocity
distribution on XY axis cross plane of QJ structure at flowing point 6 m*h (f)
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Table 1. Analysis results of velocities of gas flowing simulation in the whole inside of both the SX structure and the QJ
structure
7z 1. SX F"iAH Q) ZIFEME AN SRR HERIE
A A (mh) 6.0 4.0 25 1.2 0.8 0.5 0.04 0.025 0.016
SX 2.380 1.778 0.953 0.444 0.29 0.178 0.012 0.007 0.004
Mean (m/s)
QJ 2515 1.664 1.023 0.474 0.309 0.189 0.013 0.008 0.005
SX 2.995 1.889 1.245 0.597 0.397 0.249 0.021 0.013 0.008
Std (m/s)
QJ 3.562 2.368 1.473 0.704 0.469 0.294 0.025 0.015 0.01
SX 10.281 7.194 4,012 1.929 1.29 0.818 0.067 0.042 0.027
Max (m/s)
QJ 12.304 7.98 4,866 2.354 1.553 0.975 0.08 0.05 0.028
SX 0.0007 0.0006 0.0007 0.0005 0.0002 0.0002 0.0 0.0 0.0
Min (m/s)
QJ 0.0011 0.0012 0.001 0.0005 0.0004 0.0002 0.0 0.0 0.0

Table 2. Analysis results of velocities of gas flowing simulation on the XY axis cross plane of both the SX structure and the
QJ structure

3% 2. SX B4R Q) FAFE XY @B A L SIFREHERE

Yt s (m¥h) 6.0 4.0 25 1.2 0.8 0.5 0.04 0.025 0.016
SX 4.407 3.041 1.834 0.868 0.574 0.356 0.027 0.017 0.011
Mean (m/s)
QJ 4.84 3.288 2.052 0.968 0.638 0.395 0.03 0.019 0.012
SX 3.678 2.361 1.527 0.739 0.494 0.311 0.026 0.016 0.011
Std (m/s)
QJ 4.629 2.978 1.853 0.895 0.896 0.378 0.032 0.02 0.013
SX 9.672 6.553 3.98 1.92 1.282 0.812 0.065 0.042 0.027
Max (m/s)
QJ 11.634 7.717 4.814 2.312 1.547 0.977 0.078 0.049 0.031
SX 0.0022 0.0064 0.0049 0.0023 0.0015 0.0016 0.0 0.0 0.0
Min (m/s)
QJ 0.0067 0.0044 0.0051 0.0020 0.0012 0.001 0.0 0.0 0.0




Table 3. Analysis results of velocities of gas flowing simulation on the center part of the XY axis cross plane where ultra-
sonic wave passing through of both SX structure and QJ structure
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RN (11w]1)) 6.0 4.0 25 1.2 0.8 0.5 0.04 0.025 0.016
SX 9.012 5.974 3.753 1.799 1.197 0.749 0.061 0.038 0.024
Mean (m/s)
QJ 11.009 7.266 4.534 2171 1.446 0.903 0.073 0.046 0.029
SX 0.651 0.509 0.196 0.099 0.069 0.044 0.002 0.001 0.001
Std (m/s)
QJ 0.643 0.643 0.248 0.122 0.085 0.057 0.002 0.001 0.001
SX 9.672 6.554 3.98 1921 1.283 0.812 0.065 0.041 0.026
Max (m/s)
QJ 11.743 7.717 4813 2.313 1.547 0.978 0.078 0.049 0.035
SX 7.228 4.401 3.076 1.475 0.99 0.615 0.05 0.031 0.02
Min (m/s)
QJ 8.276 5.926 3.729 1.796 1.203 0.734 0.062 0.039 0.025
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Figure 2. Curve of MEAN and Std of gas velocity on the XY axis cross plane of both the SX structure and the QJ structure
(a) and Curve of Mean and Std of gas velocity on the center part of the XY axis cross plane where ultrasonic wave passes
through of both the SX structure and the QJ structure (b)

[ 2. SX Z5#9F0 QJ 454 XY $EEE 2 SRR Mean F0 Std #hZk () FB A5 N E P& E 9 SRR Mean #0 Std
fhZk(b)

4.5. (TEYIBITERTTL

X 1A 2 K, W] LA AR AR AT S XY Al AT A SR A B, Mean BE
/N, Std K, Max 8K, Bk T 3 M A i B AR R i s METE . BRI, AR A
AR K, X SX G5 RN QI S5 1l LA SR — K.

XL 2 A 3 Hdls, 28 XYl A AT A AT 73 A1 5 P i N AT A AT A = AR K
RS XY Sl i AR SEE AT b, ARG R AT > Mean KARZ, Std /NFIRGE — MR, Max
P, B Min KIRZ, SEHEGE Max. Rl B A 0 0 R U Bld FZSE PR, (DR S n s < 14
5], XAR T AR USRI, X SX 4k Q) G5 Hah R—5 . XAERWATLLNE 2 hEH,
K 2(b) EL 5] 2(a) £ &AM LR S Mean IR %, EASALTEBEIAIXT MR 2, BBIRRE . FIFEEE it W
ATELAE Le) AT 1O & H, BAS XY Bl b, 8 il & o R s A S AL, Hor

O,



i35

B a Lt SX GERIRT QI LA KT B A vl AR B, R S5 A AR IR B I 15 S A AR AL,
1B QI G5 SRR Eh R e MM B 25—, M 10 76 2 F1E 3 R LAUR B, QI Z5 M ISR 5N Mean
R B 7R 3 RS 6 mYh Ah, QI A5 AR S Std B, Max Ok, 46 1 AT 2 H Min i e,
7 3 Min §k.

QJ WIS MR SRR BT S M S hA TSR, AR R R Q) Sl AR ahfa etk
FEXS 25— i, IR FISERR = S S BT R SR 6. WA AN 5, 5 SX S5MAHLL QU 45K A URIRAE 3
AN E AR E AL, (HTE 3 AN KIRE A QI 45 M R I R AR R, TR KR AP 20% % . i
AT XY J A8 T 25000 23T 46 SRS o 8 75 Ut D A T QI ) P S AR T A /NI 2 B KU R A AR I N T
XAHS Std IR/, RE T ARKRE. K, QI 45KIth SX SR shfa e tER AR 2, X ML
FARVEVE I 3G I A 22 AL 53, DA RN T AN 56 A 0 B 1 S5 5B A %

5. &g

B B R IFOR S 5B SX S M AN as we it QI 4544, Fl ANSYS 1) CEX {1 LA EAT
TR ERIL, 3 BRGS0 e T 1 AR 3 40 AT i
B e R IR, QI GHMIFE SRR R RE LA 75 — L8, (HARRBIMERER A —B, ZaA K. T8
I A O AR R A — E K@ S, AT EATREN QI 45 M AR SN BE 22 57t o SR A T kit
VB BT 3G A A R RO INR,  45 R BoRE U S AR eI 2 BOT RS L BRI UK
SR A BRI FAN BARGE BT AR G5 S ) SEBR S I 2251, il A IR R 3R 1A P9 B8 LA 46 4 e
THES—E BRI, W AAE R R ARG BT IR AE I 18], S TARRCR.

E&mE
SRR B AN A HERE T ) 4 BT 41 A 5 B1(2014RA4051 5).

SE Wk (References)

[1] Lynnworth, L.C. and Liu, Y. (2006) Ultrasonic Flowmeters: Half-Century Progress Report, 1955-2005. Ultrasonics, 44,
1371-1378. http://dx.doi.org/10.1016/j.ultras.2006.05.046

[21 T, S8, TRAK. BRSNS PR S IR EE[I]. AEIA A A R R 224, 2013(2): 37-41.

[3] Bernardo, S., Mori, M., Peres, A.P., et al. (2006) 3-D Computational Fluid Dynamics for Gas and Gas-Particle Flows
in a Cyclone with Different Inlet Section Angles. Powder Technology, 162, 190-200.
http://dx.doi.org/10.1016/j.powtec.2005.11.007

[4] Jia, H.Y., Kong, J.Y., Zhou, S.Z., et al. (2013) Study on the Method for CFX Numerical Simulation of Flow Field in
Screw Conveyer of Sand Fracturing Blender. Applied Mechanics and Materials, 318, 207-211.
http://dx.doi.org/10.4028/www.scientific.net/AMM.318.207

[6] FEAM, #ZNE, WY, £45. @mEBWIERTH& CEX i BT[], RHLER, 2014(S1): 54-60.
[6] ZFmAFE, 2. AT CFX A1 Workbench FISE 7 HEAR[I]. H E, 2010, 36(5): 79-83.
[7]  #OR, BT, KA. ANSYS CEX Stk /it R4 E[M]. dtat: 87 Tk HARFE, 2012,



http://dx.doi.org/10.1016/j.ultras.2006.05.046
http://dx.doi.org/10.1016/j.powtec.2005.11.007
http://dx.doi.org/10.4028/www.scientific.net/AMM.318.207

Hans X

HIFIBR R 2 00 T 55
1. PRISENRS (QQ. fE. MR
2. NIRULHD A3 1 )
3. 24 /NI DL RS I T A SE 19
4. RUFHITE LA A
5. ERIFRATIREE
6. FIMKE
7. AW BT

=

ki e http://www.hanspub.org/Submission.aspx



http://www.hanspub.org/Submission.aspx

	Simulation Study of Gas Flowing of Internal Structure of Ultrasonic Gas Meter
	Abstract
	Keywords
	超声波燃气表内部结构设计的气体流动仿真研究
	摘  要
	关键词
	1. 引言
	2. 模型建立
	2.1. 气体流道模型建立
	2.2. 网格划分

	3. 仿真分析
	3.1. 模型建立和边界条件设定
	3.2. 求解控制

	4. 结果分析
	4.1. 整体流道气体流动仿真数据分析
	4.2. 整个腔体的XY轴截面上数据分析
	4.3. 腔体的XY轴截面中超声波探头测量部分截面数据分析
	4.4. 腔体的XY轴截面上超声波测量部分截面数据分析
	4.5. 仿真数据分析结果讨论

	5. 结论
	基金项目
	参考文献 (References)

