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Fluidized flow

Fig. 1 The process of fluidization of a Merapi type
pyroclastic flow
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Fig. 3 Deposition mode] of a pyroclastic flow

dv dm

mE:F‘*’_d—tu (18)
I, mpBENFNFERTHRY 12— LDHEE,
WE, F ERATBHAN, u:RY2—L05WD
BAND, DFEV, KEICHBTIRTOEENS
BN EETH D, ZORY 2 —AREHATEH
NFE, Fig. 3RTEIIE, hy<sz< HIZHEET
HRTFENSZIZBAMA, A a—LEFITH
SENBLIVEBEREANSRD

2
F=- %p,,é,,,g tan g cos ﬁt(l - Z’—[’) Ax +(H~zb )p”E,,,g sin OAx
h

(19)

ERED, RN 2—-LA0BEBEERI, HHEEO LR
HEICKBROEE p,c, ERUT,

dm _ dzy

-p,E, b Ax 20
= = Py, 20

THEAOGND, £k, FALTWERY 2 —L0OH
BEEKBROEE U, THEML, XYa—LhBH
DBRINENTFHABRBICETICHERT S SRET
&, HMEER u=-U, &%, RYa—L0

HESAERNCELTZLOEFIEL T, H#HEE

2, Why K—BLTHLETZ ERET S L, K19
~REN&D, EREOLREE, =dz, /de 13,
11 7\ .

i, =——|—gtangcoseh|1-ZL| —(H- 6

iy 2U0|:Zg an ¢ cos ( h] ( zb)gsm}

(21)

ERED, BB, BEFEZ DV THEKOEHR

Roib, REYIKE->THM (i,20) , &

(i, <0) MEHTES. REDR, KEBELS

H5 ML, BREBCIREELLZRNICHLT

ROSENERTH B, L Liahts, BERERENIC

BUThH, #FBEAHNLHD AVRENSRE

ENBEEETHE, FBHEHENEFARKORNTH
H-BAEEEZTMET A LNTELS, £EL,
REOTRINTWBEIE, HTEROMENE
HTFHETHASNTND I LEEETHLE, R
CHEZDEEAND LHRFEEZBRICFTEY
BT ERB, T, HRERNOHEREEICD
WTHRREDK ¢ 2R TS,

3. KRMAEMOBENEZXSA

KBRABRL, AREHLSEBINDZHEN A
EHOARBKTBLIUCEBMS OEROETICLS
THERINZIHENTH S, EIWEBEETREIN
BEMSIE, BE<BEVWENIRBHOKRTFNRERS
n, Fho3SRTHENAZ D, Ihid, KBEEE
BOBENFERICHBTH B LZDICKBRAED
SHEOBENNED, BER LRERNRET D
ZEMKERBREEAOSNS, ZOLIREND
HMEEETHE, KERBERC L2 HEEEZ
#ETHEOIE, BREBEAKNOEARRAR, EHR
REPIVBRAIXNF—OREZTRLEESH
BEREERTEMATRENCBSFENEH LR
bha, L LENS, SHERONEEEH OHESN
ELWSHRBWTS, EMHF L TREZ2HE TS
PHBEEEROKMESEZ, LrbAEEhs0H
X, BT ORBRERMREERNSEFTTHDIES
Tz, 2IT, AERFThOZRKTH:Z R
BOBMORAHRSENS, BAMICEFE _RTELT
REREETINLLE.

ERTHBETINOEANBREZASFIROLDT
H5,

O REFORITHEG@BANRETEDLIIT,
F7e, REREOHEBRTEERL D ICFEH K
TEDEFNET S, BRIZDOWTIR, &
DOERBICBTBENE, AOAREOFEER
fEEx5,

@ #EHERNICE, FAEErSOHA, ARERDE
TEERTS.

@ ABHABRIEGHOHIEHLEMTRT
T5H, G- LE (1996) OWMEFICHBED
1, —EHEEEEEAZBIIKEFEAOEEN
BBICHEY, EEARANLE LB THIL
NEN, Thid, FEENS ORT OGS
Y, ABRBEARE L TOHBELDI &
HEEZIBNDB, TIT, HTRENNEE
0, Fho O BESEIRKOEE
EDBEL o RBRERI LEALRL, HIIP
RERMOHBTHEEX D,

@ HTOREIT, FEEHSOHH, KEBX
CHBEEZEAREBDET S, HRICDWTH,

—280—



" Hot ash cloud
fayer ’

w,; : Air entrainment speed from circumference
w,, : Velocity of upward gas from main body
w,3 : Velocity of plume from hot ash cloud

E, : Particle entrainment from main body

w, : Settling velocity

f; * Surface shear stress

f,, * Interface shear stress

U,,V, : Velocity

H, : Flow depth

¢, * Volume fraction

Fig. 4 The structure of hot ash cloud
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Fig. 5 Results of the numerical simulation of the Fugen-dake pyroclastic flow
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Fig. 7 Variation of the speed and flow height of the
front by the simulation model(hot ash cloud)
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NUMERICAL SIMULATION OF PYROCLASTIC FLOW AND ITS APPLICATION

Tsutomu TAKAHASHI  Hirofumi TSUIIMOTO*
*Japan Weather Association

Synopsis

In present study, to contribute for delineation of the hazardous area by the Merapi type pyroclastic flow,
the simulation model of the flow linked with the spread of the hot ash cloud is developed. In this model, the
flow mechanism of main body transits from the granular flow in process of collapse and crush of lava dome
to the fluidized one in which the particles are mainly sustained by the up-lifting force of the upward gas
flow emitted from the material itself. When the crushed particles become fine enough to be lifted by the
upward gas, the hot ash cloud is formed by fine particles and the gas supplied from the main body. The
model of the hot ash cloud takes the air entrainment from circumference and the detrainment from the top
of the cloud as a plume into account. Using this model, the pyroclastic flow at Mt.Unzen-Fugen-dake in
1991 is reproduced by the numerical simulation. The results of calculation agree well with the actual
phenomena.

Key words : pyroclastic flow, granular flow, fluidization, hot ash cloud, simulation
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