111

KA R MK ¥ & H
J. Jpn. Soc. Atmos. Environ.
31 (3) 111~121 (1996)

IKE. L 72 Dense Gas DIEREDLE L ZE L 2
“RBRy Z7AETNL

SRR

£—pp* -

BOA R ol A P
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Considering Evaporation Effect
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AHRDEWE, T>E=ZTRILNGOL ) ICKERN S > 7 ITEEMEREE LT 5 ERY
BHRELZEEDRELEMICTRT 52 TH D, MERBOR#HRIZ, [KBEBEADTAEIF
BKENDBZETHD, HERNFRTIE, I APPVERINL W EREL TRETFRET NAHES
NTwizh, BRRTIE, TAEFOBEDOEROWREFRT 2O RY 7 RETNVERRE
L7ze &ET /LI, dense gas NRMNMERBROBMES FUHETI2L0TH ), BHEHENE
BB THE SN TV A THRAR & EEMIC—BT 2RRIB LN, Hiz, MEREED 5 0E
BHICHL TZ, ZRBKRy 22 % 97 bERICTER-> THELZ. £, EROETT NV TIRIREICE
BTaLd - RBEFAOMRESHEFRUTEL LI ICKR L2, AETNNDFHERER & Desert
Tortoise EBRT— 7 L DHE#iT-72 L 2 A, SREFHDBEFHICONWTHHFIHEHIEL

niz,

1. LI

T, BEEMoES L L LI, Wb i ERWE
(hazardous material) & M-I NZ1LEWE %2 S RIC
HRE I 3MET 2B Twab, ZHCHEY,
HREEHT, 1970 F£ALIKE, HBALT BB H EL
EWEDORABRYIBEL T3, i, 198450
Bhopal (India) T methylisocyanate (MIC) %
FHUIFEHE 2000 ALLEZ B L, SHERRNT T >~
PR E LS, INLDNBHERREIC, TAY A
RI—0 Yy N FELLICBNT, DL L AN
BFRIIZOWTHOIFRIBEAICITH N, Thorney
Island &t [E?, Eagle it E®, Desert Tortoise &t ¢
FORBEL 7 4 — NV FEBRLITON T3, bhHE
THLRENERWR TN HK-TE, 4%, R

BRI LW EIRBRLEW, £2T, FlEFNY
AT TEAAY Py MbBEL D, VAT TEAA b
RERT 2101, KRPICHE S L ERWE T
THEME, BEENH A (dense gas) NILEHHR
RIBETHZ LM ETH D, Z) LY LEHK
RERICHREIN2BHEBH (instantaneous spill),
s (continuous spill) 7 & @ dense gas HH
RABICIE U 72 BE T8 € T VHHERE LT\ 5579,
AHF7eiZ, dense gas DY) A7 T A X > }F FHED
BARICBIL T, %¥ic dense gas DMERHICxXL TZ
BRy 7ZAETNRIEEL, dense gas IKHEEENILEC
KRIZTRREOHBERE L 2L N TH 5,

1.1 Dense gas DEK'"
REAAPICBEESMERAIFET L LE, Th%

* REBAETHBEETERE T606 RAHARX# HAH]
** RBAFRFLANVX R T61l FlEdihr
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dense gas &\ \y, FRCEBRICNT HHEN]1 282
% & % heavy gas LI B, FFEIFZERLN D
KEWHZRIREARA & NDIBEZICE b 5 T heavy
gas Th 275, HHEAESPHHFOBEREZLY,
BHEOKAE DIREZEIC L > TEE LIZANRN L
HEELTHEGBIET2Z 25, BETINS
DWEIREL 2HE, TOEBHECRFERTH L2
B, BT 2R L DBV 2B L FEDOER 2R
¥, Heavy gas D& # Ry EEITRICRTEBY
THdW,
CENLERIERLDKEN, (B:ClL)
AR 72, Bk, LWEX1E8Z 5,
(% : LNG)

BRI LY, BUlR, HE1EZRBZ S,
(B . MERLBEEDT > €=T)

C BRPOKEREBM AR EORIBICE ), HE
H1EMZ 5,

Bz, T>E=T 4 EDEBEDIAEWOBAIZ
FEICHVEN 22 URROBERETHEBE N2,
Znlh, HBih & TRARICEE E - ERICIIE
BOSKEZT eV VOREKEEET 5. ZHRE
HRIMEBTHEDICMZ T, BRHEFTATVWLDOTE
B8 < heavy gas NDEB) %R ¥ %%, BHEORRH
BB E L ICHBAEDICONTHEIINE L K 5,
AWRICBNTL, ZHLHICBRRLN NS LG F
BELORKRTH > THBHEHFICL), —FIIC
T3 heavy gas & L CO¥B 2 R TBEEAEREE
dense gas L KIELTHZ LICT 5,

1.2 Dense gas DM DR

Ty PRHBEL L AENICHEHREN S KA
HRWE H BRI EIRE TH b DI X, BHERED
dense gas DILEIZ LA ) DERE L % 5, MEDOS
— ' —»BiEi2 ppb 5 ppM ARE TH B DITHL,
#EIppm D SBICET B, T2, BRWEOKRR
RADBIIZERL EERY ), HEMEL LIFET
N, Lrd, SERWHEIBUHRICRERAE KEL
RLDENREEZR > TWBEAIE W, Lizd-
T, BUHERZ, BHEOEERBRBWENLER -
WEAOHEICKRECKFT I LICT S, B, Z0
LEOEBIIAREMHCHETORE L ZT 5,
% D7z dense gas DYLHEKIZ, YEEkE BT 5 WEEH
KWz & - T, HHh» o0 L & LIcLITICR
4 EtPEnAE (phase) oI N B,

(1) ##A4H (initial phase)—— KB DEH S &
IR A 2 A

(2) ESi¥n#AE (gravity-spreading phase) —H
WA 2 DR S1 & SRR A SRR 2 A

(3) ¥&ZEAE (nearly-passive phase)——2)ic/mz,
NRELNORBLE T 54

(4) 2 ®HE (passive phase) —FMENFEHif & &l
NNAICKEI NS

bk Z &5 5 dense gas DILEHAR (T RAENH
n) i3, Th2XEy3EFICLY,

(1) BHRENDEIZ & 327 2ENFHN

2) REPOBRERIC L B AEDHKN
OMBICHBEND, 1272L, 22T “HREDOFHEN
&3, dense gas & A K% (ambient fluid) NI &
WTHLHEK, BA, = bL A~ A2} (entrainment)
EVSRRRICE > T AEKHTREN, EDE IS
FNHTZE28RT S, = Fv A A2 b LR,
—iz, HEEHL TV 5 HtkHIc RO ZRHEEOE
N> TRVIAINTE OICEET2RRTH 557,
Z Z Tl KA HIC dense gas AHUH & 1, ELFEILER
JBE S T —Ic & - T dense gas IC 2R W NA 1,
HRAEE > TEBTEZ L E2RT,

—%, BUHRE* AT 2EELRF L L TR
Birdsd, cn®xKjT 5L, BEESY (instantanu-
ous spill) & #E#EHH (continuous spill) 24| &
Nz, —#ic, BHFH»RS LI LERLALTT
EHTRRIC LD, FRR—BOBUHIC BV TIZERE
B L7203 5 25 IBEDE % 555, 2N b i3 dense
gasiZOW T LR TH 5, i, B I3 dense
gas DiE D b 54K (gaseous) THE5H H bWz
LL 72k%8 (liquefied) TH 22 LEETH D,
DA, BAHD» L RM~DEH (phase transition)
PHET B0, BICHEIBICREEY RIZT,

HEMEH 5 7 dense gas PEEKIC BT, 7 REI,
MEE»LH ) LAY, MENHIBEELSbN
Twd, L Lids, HEX 1LV NEHWENE
A, Bhick->TY 7 47 (ligt-off) &EN 27
N—LED FRAYET Y, )7 b A 713 heavy gas
DB VET B, ZHRBEHTIIE, KRER
B T7—mhickdbnTH 2, £, dense
gas D7 N — LT OREBL EEICH 2T 5,
27— N BHEED Zr— L ) L RKEWEA,
WHELIIBATMICRE L 2% T2 EHTRETH 5,
—F, W R — LA AR 2 4 — Lk T
BV EIZE, 7=z b L IFEREZ T3
2, ELIHRER TOFRDEEIKREL & D,
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2. BERDOEYIXEFA"D

AETIE, SETHEHTLIKY 7XETNLORRD
WREMEICHHT 5,

Ry 2ZETNIE, Ky 7 ZARNDOBEZB)—L LT
Ry 7 ZAWNNDHTZADFTHAL Ky 7 AR THFRE
DPWHIC L N MEZFHET 5, Zh% dense gas N
FEHBEICERT 52384, ¥ER (m), 3 H
(m) OAEFDOKR Y 7 25 —RBICH V515,

- REDYLEOEE

HRAEDHBGEE U, (m/s) 37 RAENEHIC &
> THXEBEN, kKnkHricsz o3,

dR

U;ZWZaVQ’H +a1u¢ (1)
g IZBEERESN (m/s?) THHO AR TERIND,
jz(p—m).g @)

p

IIZTC tIREME (), g EAMEE (m/s?), p:
I ZADEEEE (kg/m?), po ' KRNEE (kg/m?),
us BEBEE (m/s), a  ENHEEE (U) I
dense gas NEHNAHBEL2WIET /%% (-), a
ENHHEE (U) CHEREOMBLZMIET 255K
(=) TH5,
- Ky 7 ZANDEREAL
Ry 22RO FL A A2 FicoOWTIR EHE
(top), MU (side) »bDT> FL A > A2 F D%
nENRA (1) tHsEzonlz Usic Bl §5 EIREL,
rHEirbDT v LAY EER LU, WITED
bz bvArxy VEESR yU EBITIE, Ky
7 ZANDERENIZRDE I 252 b5,
dM,
dt
T, M, RAERROEE (kg), Ky 72k
HhrbNTr LAY Ay bE#EE (U) 2%BT 5
B (—), y: Ry 72 2ll@»2r b L AR
v FEE (Us) #XEET257% (—) TH5,
c Ky 72 ZAROEBREAL
P ARANEE, WEREEDBRET 07 7 4 Vi
NEAIHTEEN, > b A 22 FEE u, (m/
s) Ry 7 Z2DHPLBEDRETREEINDL LT 5,
U 0.5H
ua:Tln( Z ) (4)
Ky 7 ZFLDBEEE v, (m/s) 1X, =~ LA
YAZMCEBRY 7 ARNDEBBOWAILL - T
NDAMEEND ETHUE, K 7 ZADKFEHEDES)
BEMIIRRTEZ 615,

= ﬂﬂpaRz Uf+2 nypaRHUf (3)

dMu, —¢ dM,
dt dt
22L, MRy 7 28K0gE (kg) TH b,

Ua (5)

M=M+M, (6)

ZIT, xlANerEHE (=0.4), 2 HMEER (m),
EEBBOT ZAN~ANDHAEFIET 2% (—),
M, BB 2oER (kg), TH5D,

Ry 7 ZRDBEEL

Ry 72 ARDIBEZTILICOW TR BN L
ZBNFEETNERANSE, BROZY LA X2}
CEPBOBARESL Ey (J/s), HRED 5 DR
HELX G (J/s), Ry 72n#E®% B. (J/K) &
LTRy 7 ZRDBEELIILUTORTEZ L5,

AT _ B+ Gy
- B (7
7272L, By, Gy, BXU B3, RRATE5zZ 6N 5,
_dM, _
Ei=cq at (To—T) (8)
Gu=nR?*k,(T,—T) 9)
BczcaMa+CsMs (10)

22T, TRy 7 2NBHFERE K), To: K
fniaE (K), T, EHEE K), ¢ ZRk
# (J/(kg'K)), cs: r2AD# (J/(kg'K)), ki
#frER (W/(m*K)) THb,
Bikic, FHEBBRE C, 13
Ms

M+ M,

TEHL, FEEEBEE C, 3 KA & BT AN
ENVEE mol,, mols # AWVT,

Cn= 11)

mol,* Cp
mols+ (mol,— mols) + Cy,

»roRHLENE, R (1), 3), B), () 25260
12&BEDLETHRLZLICE ST, FREDWE,
BOkE, BELZEIRKOHLNS,

(12)

C=

3. —REYIREFNL

TrE=TRLNG D& 5 KR TMERES L7z
WHERBERCEROBLARAICE 53 N1EHE,
BARKIZBERAIC TRTRILL BT, —EBIZTRICHE
HBNE ETHR->TNDBEEZLND, TAENITKE
WHRDBERDOEFEETY, fERIT2ETRRI—FN
Ry 7 ZETNTEHEL T 72h79, ABRTIE,
BOUHBEN KRB L 7 ADSAT B & & DERBROY
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R
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Fig.1. Sketch of a two layer box model.
Bhr@RTELnweEZ, TORBEERLT, 28
TRALLZHERDOR Y 7 ZETNVEBIELLZBKR Y
JAETNVEHEET L LIl

30 ZRRyIREFN
By 28 M (kg) 2 8RB My (kg) & BURRK
o My (kg) LT 5. 72, IREEH%D dense
gas ZHIA f, (0<f<1) I HRREL %25,
PERDEK Y 7 ARTNTIR, Mk Ry 7 RADEH R
BE L, AHRTIR, ERDOKRY 722 LRBRY
JRAETEBRY 7 Z2D_RizaBLZBRy 72 %
TNERET 2, &M% Fig.1icR”Y., LRy
7 ADMPr A B % M, —FETK/ TJTADEN% Msj
EBWTENENEZMIYL7ZHORYy 72 L TEHE
T35, 22T, TRy ZXIZOoWTiE, BHEESIE
BRY) < AKICIEW I R M RZBL, BESOHEIR
SERERRICH OB -T2, UTFTIR, BRFEIIZEBKRY
IADMER, BFTRITERY 72 2DMEE2FT,
3.1.1 HE%ft
EBRY 7 22 L TRERDKR Y 7 ZET VO
LERETH B, TRy 7 2L T EFEs» 50
BRNDIY LA X AT A LB EEZ LN
50T, WEIPLNDIY FLA YAV L DEEEERT
5,
- EBRy 72
dM,;
d¢
- FRBRy 72
dMaj

T: 2 wypoR;:H; Uy; (14)

3.1.2 HE#hEZEIb

EBRYy 27ABIVUTRRy 72 L bic, EHEE
iz, RERDKRy 72T NORERABRICEEIN S,
- LRy 72

= nBpaR:2Uysi+2 mypoR:H; Uy; (13)

dM,'uu' _ dMai
dt % ar " (15)
cTFTRRY 72

T:ET Ua; (16)

3.1.3 BTt

LEERY 7ZETRER Y 7 2 DM TREGELEZ
523, EMEAMLLETYANERBRLERL TN
b, BEBBREE QBIUVEAREE BTN T
NANEHIcEZ 6N 5,

- _yg 48
Q=—Keg (17)
_ dg
E=pKeg (18)

rZl, hEHETHRERZELLTWSE, 22T, 8
2EE (K), g3 7 2DME (ppm iz %), p iz
ZNEE (kg/m*), Ky Ke 3 EFNFNFEAB, 72
DILEARE (m?/s) TH 5,

HREHL 12 3 2 P ROBESFEL TWB 2\
RENHL LT, I TBXRY 7ANEE %, 8, ¢
CERRY 72ADEEE T ZAIME, 6, ¢ Ic FTRK
v I ADER, LT, 2 ICBASIENHE 2 OfE
L, R

u.’=KU% (19)

DR EREVsE, R (17, B)kDEHICk 3,

= —y,? —

Q us*K, U,— 0, (20)
—,, .2 @~ q

E=u.*pK, U=U, (21)

2T, Ky lEBEOIEEE (m?/s), K.=Ko/
K, Ke:KE/KU Thb,

iz, H EfHEo BUEIEDEIC NG IC % B &
REY S L,

— 8.—8,
Q'— K».xu. " (—2_2—> (22)
2y
— qQ—q
E—Kepxu- (23)

22
In (—;;)

EEWEND, R K, K i3 KRB L X
DEOEBFHICLTIERELL. R (23) &I
I, WEZ:RBEZ»LRXREEL KDDL ET LI
Nappo'” i 4 RBAMIN T 3,

- ERB®Ry 72

LRy 722BFBBANDI P LA 2y bz
L EBNOFAREY Eyiy ET Ry 7 AHOSFERME
2P ELTERERY 7 ADBEELIZUTOR TS
F &Y (-
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dT; Eu+ Ty Table 1. Conditions for test cal-
dt = B (24) culation.
72720, Tw, By BEU B i3k TEHEZLND, Spill material CH4
Molecular Weight [kg/mol] 0.016
T.=Q-S (25) Heat capacity (vapor) [J/(kg-K)] 2200
AM... Spill mass [kg] 2000
Ev=c. dtm (T.—T) (26) Spill temperature [K] 112
Ambient temperature [K] 293.16
Bei=caMyi+ csMs; 27 Friction velocity: u. [m/s] 0.3

ZIT, BulrEB®Ry 72085 RE (J/K), Sizk
BXRy 7RAETEBKRY 727X ENEMEH (m?) TH
5,
TRy 77X
TREAY 7 20BEEE, FEKRy 7 20REE
{LERBETH B0, ZHLSHIHERE D &5 DRREE
G BEUBH ENT2 7 A IC & E 05 IR 07
BT DL ENFILBE 28D THEETIUL,
d7;_ B+t G—Tu+E
dt B;
tEkInsa,
Eiyy Gi, BLU B 13, kDR y 7AETNES
FIILTRNEHIILREN S,

(28)

Ey=cq dfj""" (T.—T)) (29)
t

Gu=nR*k,(T,— Tj) (30)

Be;=caMg;+ cs My, (31)

Kiz, TREy 2721283588 E #KRiTT 5,
TRERY 7ATERRLLAADTXTLEBRY 72
ICBET 5 EINEL, R (23) #FHTAZLICLD

dM,,

dt:ES (32)
H BT,
dM, .
ar = E-S (33)
ERENS,

HANGAL#E Ly (J/kg) &T 5L, RRICLS
BROBEIEE E_ 13,

EL:%-L, (34)
EIRTZENTE S,
UtnX## L TR &G0 &I BEitHIc
o TR ERATERxICBIT2RY 7 2DFEHE

B, HER, &, BRELCOYWEBIROLNS,

Roughness length: 2o [m) 0.0001
Heat of vaporization: L, [J/kg] 520000
ko [W/(m? - K)] 20

a 1.0

a; 1.0

8 0.09
7 0.9

¢ 0.6
Vapor fraction: f, 0.2
Ky 1

K. 1

3.2 ZRAy I XEF IO

Dense gas IRMEMDOERBNOHE L HFR L - K~
7 AT NOFEIC OV THRETT 2, £F, ETMC
FENTWDEENT A—F ORERIT 1T ) LRI D
%, Dense gas DILETIE, MEREGEELZ#%
BT ErBREENTWBEY, $ 72, IR Ky
B K UND T 2—=F 220w T3, TTICHE
ENTWBRHTHS, KEITI, LWERE K, BLU
K 2D WTHARIT 5.
222> (CH) #BEL TS Iav—2
3> ®IToh, A7, RABETIIHEILILUT
T#H 3, Table 1ic#x%> (CH,) #BELLHED
ERFMGEELT

AR T3, EERRE K, B & U K 12D TRE
L7cHER, T A—FDREL VI ELLADE K,
LT N KRELSELZ IR TLRY 7 ADBE,
BE, B, EEHFCIILACHEEIBEN TV, Ih
REEBNT T v 7 ADEDZ DMDIBBIHRD T T
77X, WzIE, BROLY VAV AV ML DHE
ICHRTIEEINEWLDTH S, TN L TK,
Ic 2w T, Fig. 2~Fig. 4 icRT & 5 iz, WE, ¥
#F, BRICHEBEHIBRANTNS, ¥, TBRyY 72D
iz L TEDOBRIBEELBRN TN 5, K H/hE
VI ESILT 2 EAYEA L, TRERNICHETHH
B DEALEHVNE e tuE, LRTEIZHBEC
BT ENTFREN, ETNVOHERIZLLHERELT
LT3, 72, Ry 72 ZDEENEALIZOWTHRIC
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so. . K.=0.1
S 20 — K.=
§ ..... K.=10
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E=E I
3 .'.'.'.. N .
E 2 .'.'_.._"..' ................
s S
[=] R T o
0.2
04 ‘ . -
.0 50.0 100.0 150.0 200.0
Time (s)

Fig.2. The concentration change inside the lower
box with time from the spill start (Effect of
K,).
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Fig.3. The cylinder radius change of the lower
box with time from the spill start (Effect of
K.).

HHIRETHD, YAENEBRZERNDZ> LA
YAV IOMBEEELYD, Ky 7 ADE & IZEHE
ILEEHICBEBL L > TV ZEHFig s bbh b,
¥z, REDTRICOWTIZ LBIc kR THETBE,
HBRETHENT, BENOREIC L 2 EBBARYHE
THHZEFREINTWE2, HERHED Fig. 4%
RTCOBBAICTER Yy 7 20E3 13 28UCEL %
N, LiRo#EE ERENIC—HKLTwE, 25 L72K
T, ZRRy 7RETNVR T RAEROKR Y+ E
LTwaeFEzbhb,

ZZTIRERL > 5720, T>E=7 (NH,) #%
BELBENHERERTY, &KL BEmZ 2 5>

B35 (1996)
10.0
a ..... K. =0.1
N 80 — K¢=
'g ..... e =10
5 | --e-- K. = 100
< 6.0} ]
(]
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0. : : .
%.0 20.0 40.0 60.0 80.0
Time (s)

Fig.4. The cylinder height change of the lower
box with time from the spill start (Effect of
K.).
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Fig.5. The cylinder height change of the upper

box with time from the spill start (Effect of
K.).

PHRELLBELEBROBEL k- 12,
4. EEENNTEFNL

VA7 TR 2>} %479 LT dense gas L8N FE
flHEE & L TFARER E— 7 MEOMIC B REERHt
BEUNEBEX*EDIEA»D L, BT =T
K Y OEHFE R (toxic gas) 2R LT 2E4L, £
BREIEBEAMKCRIZTHEYEAT 52088 T
5T LIZHEKLTV, EZT, ThL S LBEAICHIET
NS FHEE A ERBHEOEERE TV ERET
Lz kicLy,
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4.1 FEBENTEFN

EETNIZ, %7 (BHR) nBEhAabeiELRELL
2o BERALEDERBIIERI SHRINTWSHH
HROLBUULTHD, AHTRIEBTRRLZER Y
JARTNEIGHL, BEBRHORY 7 20ERED
ik, EEEHEEFBRAT A L ERAL, 2720,
AEFNADFHEIZBWTIE, —DDKy 7 ZAHHHE
noEHEmE +2 <L, ENMICEERET IV
ICFIETEREEZ T2,

LB ZABHEY m(=p-gs) (kg/s), B
ICBOHRE A —E TH B & T UL, B e o B S
15 dense gas DR M; 13,

Ms=ms- At (35)

THb, A (35 O M yBREBHENTZZ/RY 7
ZET N dense gas WRICHL L 1BOZRRy 7
2R 5 LIRET 5.

ZZTHBERIRIR At I DWW TRD L S ICERET B,
A DORICRET I RACINEEBLIUBEIMTRD
Ry 7 2R E LU, KRHILT 5,

qsdt =nR? (36)

F7, BUHBMHEDR Yy 72 AN FEHBENEE R uy &
L, dt BRRIZEREND Ry 7 ZAHELLLWT
BHE @8 T AREICEL W ETIUL, dtiFRRA
NEICL D,
_2R

Um
Un 13, Ry 7 ZDHLEE u, & LKA D) EE
U LOFEEETH B LT 5,

At

(37

_ Uyt u,

Unm 5 (38)
R (36), (37) &N REFMWHRTHIE, dtizkAic &k
NEKHLND,

_ gs
at=,/ —-—WS S (39)
BOBEEE 6 FICRET B2 Ry 7 2K N 13

ls

N="

(40)

Thhb,

3ETRNIZFRY 7 RETLTIRBBESEICHE
LTid, MR MEFHHIFLEL TWB, £2T, =
RICH % MEDAR DR 2185 2D PERE ) KT FH M,
BEFHAORES 25252 icLz. 27, £k
EHCHHBEN Ky 220 MET a7 74 1LC,
(2) #kAXnLHicE2 5,

Ci(2) =C exp

I"(14-1%5>L5~z‘5} w“
-H—l.s

zz2¢, C HiEBRY 72RETHERY 72 %—
DT LB LENDTDORBBE L EEEXTH
5, BIFRTIZ, SKEFRADBESHILBR Y 7 X
NEEN10DETLEBRY 72 BE C, THERY
I7Z2DBEDI/I0NDETTRRY 7 A BEC, ThH
LEELLPELENC, HNEEEVWEZ L ET S,
Z i3, ki Tk~ 3 Desert Tortoise #HEY @ T —
ZERAWTRITHBNICREE S ZREL2LNTH
3, i, XKEFANBETe 77 ANeE52 528
i, BEEBICHREEINR Y 2 ZADBESA Ch

(x, ¥, 2) %,
C. (xy Y, Z)
=T exp [—(—x;—f‘)—z]exp [_ (y ;g:)z]
€exp 7

LT 22T, %y iRy 7 2AHLDAE, 1,
y, Z IZBEOFMEETH B, ZDET NI, —HK
\= Similarity-profile model % & & iEth, Koy 7 X
ETNE IRTGBEET IV EDOHMICAET 5ET IV
TdH 5%, X (42) #FHERFMPICRETEIRY 7
ZDMEHN X BERELEBLZ LI, FMERER
t, FHEiE x, v, 2 ICBITBZMWECHKRKDLND,

C(x1 y’ 2, t):kél Ck(x’ yv Z) (43)

4.2 EFILORIE & EEE

A ETFNORIEIC HV 72 &XHE, Desert Tortoise
Y DL HTH B, AEHEIL 1983 i U. S. Coast
Guard & The Fertilizer Institute (TFI) & o3kfEH
% T Lawerence Livermore E 3 LAF%2R7 (LNL) »*
Nebada Test Site (NTS) TERL72bNTH 5,
EBOXEMIL, MEFBEINLT > E=T2HHS
ERPAICRIB 7Ty a XA 7RREBHAL, 25
I ZEDTRRMEK, EHEZBET LI L ThHo T
ISR I A P AL B2 LRI N, KR
i & 7z NH; o 20% 55K TH D, BN D
# 80% D HIHORIETRAFICE - T2 Z L1k
BaNY, BTEM100m & 800m TEZNENEE
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Table 2. Experimental conditions of Desert
Tortoise Experiment.

Desert Tortoise

Trial no. 1 2 3 4

Spill material NH; NH; NH;3 NH;
Spill rate [kg/s] 81 117 133 108
Spill duration [s] 126 255 166 381
Spill temperature [K] 240 240 240 240

Ambient Temperature [K] 302 304 307 306
Friction velocity [m/s] 0.442 0.339 0.448 0.286
Pasquill stability category D D D E
Roughness length: 0.003 [m]

Table 3. Values of estimated
parameters.

Desert Tortoise

Trial no. 1 2 3 4
B 1.20 1.20 1.20 1.30
¥ 1.20 1.20 1.20 1.30
¢ 0.40 0.75 0.50 0.90
K. 1.00 1.00 1.00 1.00
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Fig.6. Comparison between the observed value

and the calculated value of the concentra-
tion change inside the cloud with time from
the spill start.
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Fig.7. Comparison between the observed value

and the calculated value of the concentra-
tion change inside the cloud with time from
the spill start.
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Comparison between the observed value
and the calculated value of the concentra-
tion change inside the cloud with time from
the spill start.

Trial 3 100 m Row Height=60m g,y
=12 &=05 K.=1

Fig. 8.
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Fig.9. Comparison between the observed value
and the calculated value of the concentra-
tion change inside the cloud with time from
the spill start.

Trial 2 100 m Row Height=1.0 m

This model: 8, y=12 &£=0.75 K.=1
Conventional model: =08 y=08 &=
0.4

15 v v v r
< —— Observed value
g 12 ... This model
g ----- Conventional model
oo 9t . . E
] v M
el .
B 6F -l AL :
[ . Soest
Al :
(=) 3 g .' B
] ! \

0 1 — A 4
0 100 200 300 400 500
Time (s)
Fig.10. Comparison between the observed value

and the calculated value of the concentra-
tion change inside the cloud with time
from the spill start.
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Comparison between the observed value
and the calculated value of the concentra-
tion change inside the cloud with time
from the spill start.
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Fig. 11.
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Two-Layer Box Model for Dense Gas Spill Considering Evaporation Effect

Kaoru NISHIDA*, Eiichirou ITO*, Koichi TAKAGI*, and Kouhei YAMAMOTO**

* Department of Environmental and Sanitary Engineering, Faculty of Engineering, Kyoto University,
Yoshida-Honmachi, Sakyo-ku, Kyoto, 606, JAPAN
** Institute of Atomic Energy, Gokasho, Uji, Kyoto, 611, JAPAN

The main purpose of this paper is to examine the phenomena when hazardous dense gases, such as
ammonia gas and LNG, are spilled into the atmosphere from a pressurized storage tank. This study is useful
to develop an accidental risk assessment method. The characteristic of gases released from the pressurized
tank is a mixture cloud of gaseousness and droplets. In papers published in the past, the effect of evapora-
tion of liquid droplets has never been examined. In this paper, we propose a two layer box model in order
to predict a concentration considering this effect. This model is useful to estimate concentration of dense
gas released instantaneously from a pressurized tank. Furthermore, for continuous dense gas spill, we
calculated the average concentration at the downwind distance, treating the two layer box model like puff
models. Also, we improved it to be able to predict the vertical concentration distribution, which was not
estimated in the conventional model. The calculated result in this model generally corresponds well with
the data of the Desert Tortoise Experiment.

Key words: risk assessment, dense gas spill, box model, atmospheric diffusion



