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Table 1 Gas-liquid two-phase physical parameters
Material Density/(kg'm™) Viscosity/(kPa-s) Surface tension/(N-m ")
Air 1.236 1.85
CH,, 669 32 0.0203
C;Hy4 683 40.9 0.021 6
CgHyg 700 54 0.021 8
CoHy, 730 92 0.0233
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A DA%, BPXSF 7P 2545 %) TR FH DU S TR A, 25 A DA n % 5 8 38 1Y s A 38R T O TR 43, SR 4K
43 B A B 328 340, WA B 0.5, Nl 3 iR .
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Fig. 4 Distribution of gas content of CgH, cross-section
at 0.8 MPa under different grid conditions
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Fig. 7 Cross-section nephogram of flow structure of four substances under different pressure conditions
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Fig. 8 Distribution of void fraction at different pressures of CH,; and C,,H,,
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32 1) J5T ) 2 THI 5K ) RN BE SE R MR R, FE A T D 2 AL, CH, B9 E UR R, HICO C o H,,,
CH, o Fll CgH g B9 & URBEA LT ; 7R 1H T BETH AL, C\(H,, B9 & R e, Hkar il b CH A1 CH,,
CeH,, (35 R A 38 B REMIAR I o CH,, B35 R R, 215108 C\Hy, A CH,, CeH g 135S
S 2

0.6 MPa J& /3 T, 4 Ffv iy ot i i 26 A Bl I 35 AR 2 R, Hoh a D9 A TE A R0 3 UK,
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Table 2 Cross section air voids of four substances in gas-liquid conveying pipeline section at 0.6 MPa

Material a a, B
CH,, 09112 0.654 0 1.4
C,Hy, 0.878 0 0.680 5 1.3
CeHq 0.856 0 0.6557 1.3
C,oH,, 09122 0.678 0 1.3

33 ERSGHWMAIEIT

WL 3.2 WA BT AL, CeHyg B C o Hy, FEARTRN R J) T T8 B T B MR . S o B 45 BL 25 F X6 346
PRI AIEM, L C, Hy, WFFERT 4, 43 HTTE 0.9 MPa [ 3 T 1 238 20 4% 045 B K 28 o 250 465 4 149 5% ), LA
TS5 AL
331 HERINRBLEHAFMN

Xt T CoHy,, 7E 0.9 MPa FE F1 7, AN [H] il 362 428 B4 30 700 25 4 1 1 = T 5 & R AR fb B A an 151 10 T
o I = B (L 10(a)) 7] A1 24 il 2242 4 29 mm B, 75 200~ 300 mm 22 8] 4 B N DL BOIR 7 45 #4977
15, WAHZ 5 J) 5200, B8 22 BR Th 7E N BE T, b BE I A DI SRR AT, R IR 4545 Bl & R
PRI, A N L BETH R AR RS £, 200~ 300 mm i [ N PRAR G 2500 8 T Ao s M il R 423 K E) 39 mm
B, W AH 3 22 AR AR A TG I, ST 450 1 1 11 Ak s IR PR i 8

Gas content
I s | [ .

0.05 0.15 025 0.35 0.45 0.55 0.65 0.75 0.85 0.95 68 | i
=} ; = T, 1
2E o ? e M 66 :
2 R=29 mm z | ! :
g2 ojmnnd @ = ol |
0 50 100 150 200 250 290 = !
Axial section position/mm S 60} !
§g % - > . z |
P v ——— A I S W
9 E 40 + R=34 mm @ . @ RS X=200 mm  Xx=300 mm !
—_.8 ; b & 5 [ 1 1
%% 28 l 1 ' \Q A : 8 56 e Total 1;9 lines
~ & ! = : | ! TE 54 | ,-.‘. """" l
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Axial section position/mm R 5oL . ! i
-8 g 80 | g | Enlarged view :
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Fig. 10  Flow pattern structure and section air voids of C,,H,, under different radius of curvature
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Table 3 Range of pipe sections with stable annular flow formed by four substances under different pressures

Range of pipe section/mm

Material 0.6 MPa 0.7 MPa 0.8 MPa 0.9 MPa
CH,, 230-300
C,Hy4 210-300
CHyq 200-300 210-300 210-300 200-300
C,H,, 210-300 200-300 210-300 210-300
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Fig. 12 Diagram of flow pattern structure of C,(H,, at 0.9 MPa
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Optimization Design of Gas-Liquid Conveying Pipe Structure for
20 L Spherical Explosion Experimental Device

LI Feng', ZHANG Chenyu', WANG Yue?, WANG Bo', ZHANG Mengyu?, JING Yadong'

(1. School of Emergency Management and Safety Engineering, China University of
Mining and Technology (Beijing), Beijing 100083, China;
2. Research Center of Coal Mine Mechanical and Electrical Engineering,

Xinjiang Institude Engineering, Urumgqi 830023, Xinjiang, China)

Abstract: The paper takes the gas-liquid conveying pipe section in a 20 L spherical explosive device as the
research object. The flow pattern structure and cross-section air voids characteristics of gas-liquid two-phase
flow in the gas-liquid conveying pipe were studied by numerical simulation. The curvature radius and
horizontal pipe length of the gas-liquid conveying pipe section were optimized and designed based on the
simulation. The results show that CH,,, C;H,,, CH,s, and C,jH,, can form stable annular flow under at
pressure of 0.6 MPa. The flow structure of CH,, and C;H,, tends to become unstable with increasing
pressure. Under the pressure conditions of 0.6-0.9 MPa, when the curvature radius of the gas-liquid
conveying pipeline section is 34 mm and the length of the pipeline section is 200-300 mm, most of the liquid
phase forms a film and moves along the pipeline wall, and the distribution of the liquid film is relatively
homogeneous. The gas phase located in the center of the pipe section flows at high speed with a good gas
core. It forms a more stable annular flow pattern structure. The optimization design of the gas-liquid
conveying pipeline section can make the measurement of explosion characteristics more accurate, and
provide a reference for the study of combustible liquid fuel explosion problems and engineering design.

Keywords: 20 L explosive device; multiphase flow; gas-liquid transmission pipeline; explosive

characteristics
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