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Abstract

A new dispersion model for dense gas is constructed in the Lagrangian framework. Prediction of concentration

by the proposed model is compared with measure data obtained in the experiment conducted in Thorney Island in

1984. Two major effects of dense gas dispersion, gravity slumping and stratification effect, are successfully

incorporated into LDM (Lagrangian dense gas model). Entrainment effect is naturally modelled by introducing

stochastic dispersion model with the effect of turbulence suppression by stratification. Not only various releasing

conditions but also complex terrain can be extended to, although proposed model is appropriate for flat terrain.
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t} Mohan et al., 1995). Lol Mohan et al. (1995)
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atm e Felo] ofsks FA Wy FUE 7hA9
Aol = Ao H4ER] sk} Gopalakrishnan er
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2A dubEel mwspae] Fald] Mgl

Table 1. Details of Thorney Island trials.

Number of gas

Trial Wind Pasqqill Initi_ul
number speed stability relative  sensor responded
(m/s) category  density to gas
08 2.4 D 1.63 73
11 5.1 D 1.96 26
13 7.5 D 2.00 47
15 54 C/D 1.41 38
16 4.8 D 1.68 45
18 7.4 D 1.87 60
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2. Model Formulation
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Richardson 4=24] o}al| g} 7o}

R=ET g=g PP @

us Pa
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L 2 9lt) = =7)29] $oM olFutoz A
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7| a =239, b= 1.29, ¢ = 1.25¢]c} (Zanneti,
1990).

3. Numerical Method

3.1 Moving Grid System

282 Ak AMgHE 2dBEt FHEE T3
7] $4stey 28 13} 7+2 moving local gridg =4
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ol F=5 Seieh ARk o) 2xlvieh A, SaL
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T—>x -/ EETH SR TR P B RN ‘/anux

Rough wall

Xmin max
Fig. 1. Two dimensional schematic of local moving grid
system. Grid system for y direction is identical

with x direction.
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3. 2 Concentration Estimation Method
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3. 3 Numerical Algorithm
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Fig. 2. Peak concentration (mol %) measured at 0.4 m height along the centerline of streamwise direction. The model
predictions are plotted to make a comparison between D class.

J. KOSAE Vol. 21, No. 5(2005)



s AT ol

o

o

w Hzte oleie] CFL 27102 ZAA =T}

C = MAX UmaxAt’ VmaxAt’ WmaxAI
Ax Ay Az

(18)

A7V Upaes Vinao Wi 5 Aol A 7} wigke)
HA&xolth 44 Ce £ AP vz =
052 Adsgon o & g(C=2dM=E F7)+
ko] AEE APsled FEslgon] Ao
= Y3 AFE A& P U ARDA Are A
@), (ID& A3 ¢18b] o] 2R AZkAE] Asz
o] Fo)xIth. & As = Min (A1, 0.01T, ;) 0.2 Fro)x|H,
A7IM T3 =2<ui>/Coe BTHA|F HEA 732

Al o]t

Concentration, %

Time, sec
3r

£ (0
S 2.5 - .
g F o
g 2F i
= F : N
= r !
S 15k ’1 N
g L f . \x\
@] 1E ’ o0 AN

[ i AN

05F ! N
2 N
0 R o

120 140 160 180

Time, sec

0 i
60 80 100

L5 AG)R FoiAn, AEEEr A16)S UF
322 slgiv}. wdle] Als) A3= Thorney Islandef
A sE 9y A3 A=be} Brighton, 1987; Puttock,
1987a, b; McQuaid, 1983) ¥) 23} v}. Thorney Island
oAM= ohE 22 FAtAF o] stedzict. vy
o2 AgHE AR7) o)} oF lomal Fee A
Yol 4 ket AREIslE 4% 14m, Fol
13m, %3] 2,000m° AR ge] A=} 7
2 A0} s2g RS SAko) w2
o Qe AYE AAZ 450 479 S5
Hol Bl AAH A97AA AdHRet 2 @
A Aol Eo] oy A9 FHxAY 4 53
A dlolEuhE A3l Phase (el &0] Q&
A9elA 4+ Ade] Mg Z)14de 2 nd=st
29 Uxg £ 1o JelA

= 2 H

d fo

Fol

—[J ool
o 2 2

4.1 HisE % S22 AlZhs
29 20 HHE Fgel DY A5l vste] 371
22 AN AR HAdses Eze

r (b)

Concentration, %

o

1Y —

T
—_
[=N
=

)

/

<

(=)}
T

/

Concentration, %

100 120 140 160 180

Time, sec

Fig. 3. Time series of concentration obtained at 0.4 m height on the cloud centerline at distance from the spill point.
Experiments and model results are shown for 50 m (a), 200 m (b}, 300 m (c) and 500 m (d).
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4. 2 Statistical Evaluation
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Fig. 4. Plot of MG versus VG for Thorney Island phase |
data and models predictions.

Table 2. Summary of model performance measures for
LDM corresponds to D stability class.

Stability FB MG vG NMSE FAC2
D —0.27 0.97 1.29 0.39 1.0
FAC2 = fraction of C,, within a factor

of twoof C, (23)
714 Ce =T HA 0%t pe A7 AFY
(observation)3} o] 23} (prediction) S Jepith 1
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