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Hybrid Numerical Simulation of the Influence on SF, Leakage of
UHYV GIL Pipe Under Different Leakage Pore Sizes

XIAO Guofeng™, HE Naping
(China Energy Engineering Group Guangdong Electric Power Design Institute Co. , Ltd. , Guangzhou 510663, China)

Abstract : [ Introduction ]In order to analyze the pressure relief process and diffusion pattern of SF, leakage gas in a 6 km span in the
UHV GIL, a type of 1D and 3D hybrid CFD numerical method is proposed. 1D Flowmaster was used to study the influence of
different pore size of leakage port on SF6 pressure relief process. 3D Fluent was used to analyze the concentration distribution and
diffusion pattern of SF, in the pipe gallery. [Method ] In order to verify the accuracy of the hybrid numerical method, the calculation
results of 1D Flowmaster and 3D fluent for SF6 pressure relief process of the same pipe gallery structure was compared. [ Result | The
compared simulation result showed that Flowmaster simulation of pressure relief process has the characteristic of fast calculation
speed and high accuracy. [ Conclusion] Combining with the requirement of ventilation design, the classification of light, medium
and heavy leakage accidents based on the interval of leakage aperture, the corresponding diffusion form, concentration distribution
and other important data are obtained, which can provide guidance for practical application design and accident handling.

Key words: shield pipe gallery ; SF,; heavy gas dispersion; numerical simulation
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Tab.1 State of SF, leakage gas at =0

Tk W1 H/MPa HBm® LR /m
1D Flowmaster 0.5 54 0.5
3D Fluent 0.5 54 0.5

x2 BEHEBSE =0HRIRE
Tab.2 Gas state in the UHV shield tunnel at =0

Ik WIH/MPa  EEEAR/m K E/m
1D Flowmaster 0.1 10 300
3D Fluent 0.1 10 300
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Tab.3 Parameters setting for flow resistance calculation and

comparison
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B2 FlowmasteritZi&s

Fig.2 Flowmaster calculation model
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Fig. 3 Fluent calculation model
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Tab.4 Table of SF, pressure balance time under different
leakage pore sizes

s fLAE/m Tk 1 2288 T B /m KA i et 18] /s
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0.25 0. 049 087 385 17. 09
0. 125 0. 012 271 846 102.71
0.062 5 0. 003 067 962 667. 91
0. 03125 0. 000 766 99 4486. 4
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Fig.5 Time required for atmospheric balance of leakage source
under different leakage pore sizes

SHRBITHAESEREN, SisfLA2/NT 15 mm
AF, it U DX Gk B RS 7 - A8 i R B DA e
8.6 ho ilttImfLARE /NI, e P el e, T
REF RIS R . B, 5 s T 46
F11 000 s ) HESIME -

oA s LA 2R AT, TR MR &2 1 000 s IS
SF, it I I 10 A e (B, ik 5 R . ifitie k4R
1000 sf5, HitwfLENT—E80E, sl H
JEI W PAREEAAS

&l 6 & 7 43 50 Sk itk s £L A2 0~500 mm FT 0~
100 mm JEHE N, WK & 42 1000 s )5 SE, R H 0
FI4a X FE T oL . B 6~B 7 745 R, it
LR KT 625 mmBf, 1000 s )7 SF, it J5 B S A
SOPAESS R, BT EIMEM, GILE N SF A1
HE BV BN . it L2/ N F 5.5 mm B, 1000
J&, SF I I FE T LR A AE . 2 e
LA TF 5.5~62.5 mm 5 [ B, 3 & 42 1000 s
J&i . SF, I 5 E1 R g B i O FL AR 3 O Tin L B
R

ZRa LRI AR, AT AN AR LSS



513

M EEE, . MHRALAR R R GIL A SF ki 52 i (1 1R & A A 401 119

*5 AREtIKHFLET 1000 s /5 SF3TEN
Tab.5 SF, absolute pressure after 1 000 sunder different
leakage pore sizes

LA /m I 11 25 84 A /m? 1000 s J&5 J& /1 /bar
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0.062 5 0. 003 067 962 1. 00
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0.03125 0. 000 766 99 3.07
0. 015 625 0. 000 191 748 4. 65
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0. 005 468 75 2.348 91 E-05 5. 00
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Fig. 6 Absolut pressure of leakage source after 1 000 s during
which the leakage pore size remains within the range 0~500 mm
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Fig. 7 Absolut pressure of leakage source after 1 000 s oduring
which the leakage pore size remains within the range 0~100 mm
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SF, mass fraction/(mg-kg™)
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Fig. 8 SF4 concentration distribution in the UHV shield tunnel at
t=1.0sand 0 (m-s"') ventilation speed
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Fig.9 SF4 concentration distribution in the UHV shield tunnel at

t=4.0sand0 (m-s') ventilation speed
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Fig. 10 SF, concentration distribution in the UHV shield tunnel

att=10.0sand 5 (m-s™) ventilation speed
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Fig. 11 SF, concentration distribution in the UHV shield tunnel
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