Modeling and Simulation E#L5{j K, 2018, 7(3), 120-128 Hans X
Published Online August 2018 in Hans. http://www.hanspub.org/journal/mos

https://doi.org/10.12677/mos.2018.73015

A 2-D Numerical Simulation Study on the
Process of Air Mass Emission in Pipeline

Haoyu Fang?, Ling Zhou?*, Guiren Liuz, Mu Qiao?, Deyou Liul, Yun Cao?, Yue Zhao?

1College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing Jiangsu
*Baishan Pumped Storage Power Station, State Grid Xinyuan Company LTD., Huadian lJilin
Email: fanghaoyutc@163.com, “zlhhu@163.com

Received: Jul. 11", 2018; accepted: Jul. 26", 2018; published: Aug. 6, 2018

Abstract

Under severe rainstorm conditions, transient flow of trapped air masses often occurs in urban
storm water drainage pipelines. In this paper, VOF (Volume of Fluid Model) model and k-¢ turbu-
lence model are used to simulate and calculate the dynamic process of the movement and emis-
sion of the stranded gas mass under the action of pressure flow. The simulation results are com-
pared with the experimental results. The results show that the motion process and transient
pressure variation of the trapped air masses simulated by the VOF model agree well with the ex-
perimental results. At the same time, the two simplified methods, such as “equal section ratio” and
“equal diameter ratio”, are compared and analyzed in two-dimensional simulation. The compari-
son results show that the pressure result calculated by the “equal section ratio” method is closer
to the experimental value.
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Figure 1. Physical experimental apparatus
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Figure 3. Working condition (Bd) simplified gas-liquid phase cloud diagram
with constant diameter ratio
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Figure 4. Test data of pressure sensor #1 in working condition A

4. TR A EDRREERA1 BONERE

_i%ﬁﬁpz P Adp2 AspZ

0 2 4 6 8 10
t/s

Figure 5. Test data of pressure sensor #2 in working condition A
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Figure 6. Test data of pressure sensor #1 in working condition B
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Figure 7. Test data of pressure sensor #2 in working condition A

7. TRB)HIE S35 RREE#2 RO SR

AN G, BRI 2 T UK MR G R A N s, & kAR 2] B
SRRt . EIZI BRI B 5 SE R B A — e R 2. KR WM TUKIRG R, XM E R
PR TS PR el o3 AN SRR e BT AR (R BJOR S SRR 2, BCEREAT B, A st —2P
W

5. &hig

R HERAREA, K R GE R A HE R AT B RTAT I, H AR 5 SR a5 R & R Uf.
i A RIS R, AT LS R 48

1) fE YRS, “EEARG)” 5 SR MR R TTARIR LR W DR SERRE TE
AR EU A ST, AR AT DA K AR P R A AT RE ) BT SRS R B SE PR
I SEE R EARLL OIS B, SO E R, SR RIERE ), TS T S AR

2) VOF Ry m] ] F- Al i B e shid 72 . RS IS /02 A8 RS UK AT AR AR IS 77, LA
SRR AT E, JFHEA —ENSHME.

E&WE

[ ¢ H M 2w RS I H 2B (A RS . SGBXSIIS1700007); HEZK F AR # 4 3T Wt HEK R4
e “TRIEOR 7 BLR ISR SR BB I

SE 3K
[1] Huang, B., Wu, S., Zhu, D.Z., et al. (2018) Experimental Study of Geysers through a Vent Pipe Connected to Flowing
Sewers. Water Science & Technology, 2018, Article ID: t2018085. https://doi.org/10.2166/wst.2018.085

[2] Cong, J., Chan, S.N. and Lee, J.H.W. (2017) Geyser Formation by Release of Entrapped Air from Horizontal Pipe into
Vertical Shaft. Journal of Hydraulic Engineering, 143. https://doi.org/10.1061/(ASCE)HY.1943-7900.0001332

[3] Muller, K.Z., Wang, J. and Vasconcelos, J.G. (2017) Water Displacement in Shafts and Geysering Created by Uncon-
trolled Air Pocket Releases. Journal of Hydraulic Engineering, 143.

(4] XIEEA, AW, RENE, S5 KGR EE A E S IR VOF B A [)]. THEE 2574k, 2009, 26(3):
390-394.

(5] SEEA, R XA, S5 UK R CFD BHU I RIGIET]. /K AL REIRAEL, 2016(12): 110-113.

[6] Zhou, L.D., Liu, D., Karney, B., et al. (2013) Phenomenon of White Mist in Pipelines Rapidly Filling with Water with

Entrapped Air Pockets. Journal of Hydraulic Engineering, 139, 1041-1051.
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000765

[71 Zhou, L.D., Liu, D. and Karney, B. (2013) Investigation of Hydraulic Transients of Two Entrapped Air Pockets in a
Water Pipeline. Journal of Hydraulic Engineering, 139, 949-959.

DOI: 10.12677/m0s.2018.73015 127 e RSE TR


https://doi.org/10.12677/mos.2018.73015
https://doi.org/10.2166/wst.2018.085
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001332
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000765

https://doi.org/10.1061/(ASCE)HY.1943-7900.0000750

(8] FBHa, xIEA, AL SRR AR IR T AERUE BT EE[T]. NRBEI, 2013, 35(9): 122-124.

[91 Zhou, L., Liu, D. and Ou, C. (2011) Simulation of Flow Transients in a Water Filling Pipe Containing Entrapped Air
Pocket with VOF Model. Engineering Applications of Computational Fluid Mechanics, 5, 127-140.
https://doi.org/10.1080/19942060.2011.11015357

[10] ZEAJR, A, BRifgiE, 5. i im LR Rt b s m = 4EBUE ). AR, 2016, 38(11): 31-33.

(1] 5KARS™, wce s, HIHE, S5, BOPToK R sl il ok il b = 4R BB B D], R R S TRE R #3)k, 2017(6):
1139-1146.

Hans i
PR R R

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFRAEESE: [ISSN], FAHIT) ISSN: 2324-8696, B[IAJ £ if]
2. FTHEIME T http://cnki.net/
Ao« EBRSCERAE” HEN, A SCERRRE, BT

hmiE S http:/www.hanspub.org/Submission.aspx
HITIHB4E : mos@hanspub.or,

DOI: 10.12677/m0s.2018.73015 128 e RSE TR


https://doi.org/10.12677/mos.2018.73015
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000750
https://doi.org/10.1080/19942060.2011.11015357
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:mos@hanspub.org

	A 2-D Numerical Simulation Study on the Process of Air Mass Emission in Pipeline
	Abstract
	Keywords
	管道中滞留气团排放过程的二维数值模拟研究
	摘  要
	关键词
	1. 引言
	2. 数学模型
	2.1. 控制方程
	2.2. 求解方法
	2.3. 边界条件

	3. 二维建模
	3.1. 算例介绍
	3.2. 二维建模的简化方法
	3.3. 二维模型

	4. 计算结果及数据分析
	4.1. 滞留气团排放过程的动态分析
	4.2. 瞬态压力分析
	4.3. 两种简化方法对比及分析

	5. 结论
	基金项目
	参考文献

