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Table 1 Impact of different cell quantities on numerical resolutions

Cell quantity Critical flux Critical temperature  Orifice velocity Mach disk Max Mach number
/(X10") /(kg/s) /(KD /(m/s) /(m)
10 76. 82 265.76 277.90 0.417 6.106
40 76.90 264.70 279. 30 0.415 6.070
80 76.98 266.02 278. 46 0.416 6.076
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Table 2 Physical properties of blowout gas under standard and initial working conditions

Fluids Molar mass Gas constant Specific heat Density/ (kg/m’)
/(kg/mol) /([J/ (kg « K)] ratio Standard conditions Working conditions
Air 0.029 287.0 1.402 1. 293 114.616
Blowout gas 0.037 224.7 1. 300 1. 650 146. 400
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Table 3 Theoretical and numerical critical parameters at orifice

Method Flux/(kg/s) Temperature/ (K) Velocity/(m/s) Pressure/(MPa)
Theoretical calculation 77.1 264.3 277.9 5.46
Numerical simulation 76.9 264.7 279.3 5.45
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98.7 4.5 6.9 7.7
5 & it

X S 2o A R SRR G A b T YRR T AT T R B s B A AR O B BT LS T
SR FH 2 U AE 280 Za) 1 =R S g it s DR A 2 P 2R 0 LA RS R S O I RO IE . R CFD BB 05 507 %, 71
B 7 1 S8R S R R A TR R A | B b Ko A1 A I 7 A A U D R B A L T B D g
F4 1 5 5 S 8 L B O R A RS 1 S RO . R OE B TRLE  R SR B bk L TRR
Gy B A 5 A0 5 I ik S U S 6 A S T B CFD - 5 905 HLES IR AT 1T —Bcbk o . BIE 20 M B
D5 LA R AR OGS0 = 2 A A5 e W) A ARGF B TIE T SR JH 2 U AR 280 44 38 “=CRH I8 3t s 0 LA B SR R % i 249
EE S A W I PR DK Y S B . BRI SR I AR Bl AR R SO s e YR O ZE TR R
3T I8 DX 3% 45 1 BT R B I SR ) SRR AIE . R AR A B T SR T I S R AT Y A R A [ I s T Sy
Wi N S A B R R 2%



52 ) L B 2 S

R T i s A 2 A {7 197

iy

References:

[1]

[2]

(3]

[4]

[5]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wu Q S,Qian X M,Guo Z F. Probability of receptor lethality in blowout of sour gas wells [J]. Petroleum Explora-
tion and Development,2009.36(5) :641-645. (in Chinese)

PR3 BB I, SR A BRI W O AR BOERE R A0 BT L) ). A il B B 5 97 %, 2009, 36 (5) :641-645.
Zhu Y ,Chen G. Simulation and assessment of SO, toxic environment after ignition of uncontrolled sour gas flow of
well blowout in hills [J].] Hazard Mater,2010,178(1-3) :144-151.
Luo Y Y,Jiang Z A,Cai S J,et al. Research on wind tunnel test of hydrogen sulfide diffusion for uncontrolled blow-
out in gas field [J]. China Safety Science Journal,2008,18(5) :36-40. (in Chinese)
B EHT AN B &S R A A KR BRI a5 [T, o E 2 2R 22423, 2008, 18(5) 1 36-40.
Anderson J D. Modern Compressible Flow: With Historical Perspective [M]. 3rd ed. Boston: McGraw-Hill,2003.
Wilkes J A,Glass C E,Danehy P M, et al. Fluorescence imaging of underexpanded jets and comparison with CFD
[R]. Reston, VA : American Institute of Aeronautics and Astronautics,2006.
Hu X Q. Numerical simulation of the multicomponent nature gas diffusion on the high pressure leaking pipeline
[DJ. Qingdao: China University of Petroleum,2006. (in Chinese)
WA S A T A R R R AR R T M U 1 BB LD 75 8 v A R A (R KD, 2006.
Liu P Q. Theory of Free Turbulent Jet [ M]. Beijing: Beihang University Press,2007. (in Chinese)
Xt E. A RS SEe (M. Jbat: Jb 5T a8 i K K2 iRk, 2007,
McDaniel J, Glass C, Staack D. Experimental and computational comparison of an underexpanded jet flowfield
[CA]//AIAA Aerospace Sciences Meeting & Exhibit,40th,Reno, NV [C]. US,2002.
Wang Q H,Li Z W,Lei W Z,et al. Simulation of the blowout jet fire temperature field and radiation field based on
CFD [J]. Fire Safety Science,2009,18(1) :34-38. (in Chinese)
FHAR A RS OCHSF R T CFD AP S KRS 3 AR S SR B (7], K RAH#,2009,18(1) :34-38.
AiZJ.,WuG W,Wang Q H.et al. Simulative emulation of deflagration in well blow-out based on CFD [J]. Journal
of Southwest Petroleum University (Science & Technology Edition) ,2009,31(4):180-183. (in Chinese)
LHEA RO, EHARSF, JET CFD 9 0 26 S SR BU7 B [T, VO B A i oK% 4. 2009,31(4) :180-183.
Liu Z Y,Zhang Y A,Qian X M,et al. Numerical simulation on available ignition range of well blowout in sour gas
field [J]. Acta Petrolei Sinica,2009,30(4):621-624. (in Chinese)
X PR3, 5 N4 KT BT L AL R M R B A RS ) B AL [T, ik 2 4. 2009, 30(4) 1621624,
Liu M S, Huang P, Liu Z Y. Ignition range of natural gas well blowout and its heat radiation effect on circumja-
cent facilities []]. Science &. Technology Review,2010,(9):59-62. (in Chinese)
XA B P RREE. ARSI K A5 ]S B R AR S 0] I3 J 3 B0 s i [T ], B4, 2010, (9) :59-62.
AiZJ.Wu G W,Wang Q H.et al. Three-dimensional numerical simulation of gas cloud explosion induced by well
blowout [J]. Explosion and Shock Waves,2010,30(1):96-100. (in Chinese)
B FOR, EHAE S BRI R = B E e BUER L [T M 0E 5 vhifi . 2010, 30(1) :96-100.
Lian Z H.Zhou Z M, Wang H.,et al. Numerical simulation analysis of H, S diffusion in a catastrophic gas blowout
accident: A case study of kai County in Chongqing [ J]. Natural Gas Industry,2009,(11):112-115. (in Chinese)
Ypmede  IRW L E OB SE. RRRIRIE HL S B BUE AT [T KA Tk, 2009, (11):112-115.
Luo Y Y,Jiang Z A,Xi X J,et al. Research on simulation of jet flow for uncontrolled blowout in gas field based on
FLUENT [J]. Journal of Safety Science and Technology,2008,4(3):30-33. (in Chinese)
Bl W L BT S A BRI S I BCE A B [T P E R 2 R R
2008,4(3) :30-33.
Xi X J. Numerical simulation preview on release dispersion of the H,S blowout [J]. Journal of Safety Science and
Technology,2005,1(1) :21-25. (in Chinese)
J§ 2R R TIRBE H, S 9 OBUE B I 2D BE 5T [T, vp B % 2 A 7 Bl 4 AR . 2005, 1(1) : 21-25.
Hsieh B,Chen T,Tseng C,et al. Case study of estimating gas loss from a producing well blowout [J]. Journal of
Petroleum Science and Engineering,2010,70(3-4) :327-333.
Li ] F,Yao X H,Liu X Q. Kaixian blowout accident simulation and analysis using fluent code [J]. Research of En-
vironmental Sciences,2009,(5):559-566. (in Chinese)



198 = H L] il 2 Eird %26 &

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]
[27]

200, kDS RE, I GE S, B T Fluent 19T B BT SE BUF RBHU S 7040 [T]. BREERL#F5E, 2009, (5) :559-566.

Lei W Z,WuG W,AiZ J,et al. Research on numerical simulation of flammable vapor cloud diffusion in well blow-
out [J. Journal of Safety Science and Technology.2008,4(6) :66-69. (in Chinese)

T CEE, SO SGE AL SE IR AT R S B E R E [T, vh 2 4 A 7 B4R, 2008, 4(6) :66-69.
LiZ W.,Wang Q H.Lei W Z,et al. Simulate and forecast consequences of the out-of-control gas well fire accident
[J]. Petrochemical Safety and Environmental Protection Technology,2008,24(5):29-31. (in Chinese)

2 Re, EHAR HOCE S BRSO KU SR [T, A il T A4 AR, 2008, 24(5) : 29-31.
Liu Z Y.Zhang Y A.,Zheng Y P,et al. Flow fields in the blowout of natural gas wells containing carbon dioxide
[J]. Petroleum Exploration and Development,2011,38(1):90-96. (in Chinese)

X PRI, 5R N & AR B, 5. 8 CO, RAAIFIEBIR G RAE [T, Al iR 597 &, 2011,38(1) :90-96.

Crowl D A,Louvar J F. Chemical process safety: Fundamentals with applications [ M]. 2nd Ed. Englewood Cliffs,
New Jersey:Prentice Hall PTR,2001.

Zheng Y P. Studies on explosion characteristics and hazards of dispersion of natural gas containing carbon dioxide
[DJ. Beijing: Beijing Institute of Technology,2009. (in Chinese)

RO & AR R AR SRR R 1 2 HE B M F 58 (D], bt JE Bt LT R4, 2009.

Connolly S, Cusco L. Hazards from high pressure carbon dioxide releases during carbon dioxide sequestration
processes [ A]//12th International Symposium Loss Prevention and Safety Promotion in the Process Industries
[C]. Edinburgh, Scotland,2007.

Ashkenas H,Sherman F S. The structure and utilization of supersonic free jets in low density wind tunnels [A]//
Rarefied Gas Dynamics, Proceedings of the Toronto [C]. Canada,1964.

Bricard P,Friedel L. Two-phase jet dispersion [J]. ] Hazard Mater,1998,59(2-3) :287-310.

Love E S, Grigsby E. Lee L P, et al. Experimental and theoretical studies of axisymmetric free jets, NASA
19980228067 [R]. Hampton: National Aeronautics and Space Administration,1959.

Study on Leakage Model of Gas Blowout and Its Numerical Simulation
ZHENG Yuan-Pan'?*,SU Xiao-Ke', LIU Xin-Xin',ZHANG Ya-Li*,SUN Ken*

(1. Zhengzhou University of Light Industry .Zhengzhou 450002 ,China;
2. Engineering Laboratory of Henan Province for Emergency Management Plat form
Oriented Information Technology . Zhengzhou 450002 ,China;
3. Zhengzhou University of Light Industry ,Zhengzhou 450002 ,China;
4. North China Institute of Water Conservancy and H ydroelectric Power ,
Zhengzhou 450011,China)

Abstract ; Blowout is one of the most serious accidents of gas wells during drilling. To investigate leak-

age and dispersion of gas blowout and to provide scientific guidance for on-site emergency response,it

is necessary to identify what model should be used to describe the leakage source. LLeakage source mod-

el of gas blowout was theoretically analyzed by fluid dynamics and aerodynamics,and was also numeri-

cally demonstrated by computational fluid dynamics. Distributions of temperature, static pressure and

Mach number were obtained from simulation based on theoretical analysis. These numerical results

agree well with both theoretical results and related experimental results done by other researchers.

The

present study shows that leakage source of gas blowout during drilling stage can be characterized

by model of choked flow and gas blowout can be recognized as under-expanded jet flow.

Key words: well blowout;leakage source;model;simulation;choked flow;under-expanded jet
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