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MECHANICS OF THE PYROCLASTIC FLOW

By Tamotsu TAKABASHI, Yoshifumi SATOFUKA, Masafumi KONDO and Ryuta TAKEUCHI

Synopsis

A Merapi type pyroclastic flow is modeled in a laboratory flume in which the de-
gassing takes place from the pyroclastic material itself. Fluidization of the bed due to
the upward movement of the gass is the main cause of generation of the flow and the
multi-layered structure of the flow; ie., from the bottom to the upward direction the
non-fluidized part, the fluidized laminar flow part, the turbulent strongly mixing part
and the turbulent dispersion part, is observed in the experiments. The theory for the
prediction of the thickness, velocity and the particle concentration of each layer is pre-
sented. The degassing rate from the pyroclastic material and the viscosity of the flui-
dized bed are the most important parameters to be determined by the further works
which control the occurrence, flowage and deposition of the pyrocalstic flow.

1. #

1991 SELRIER L IBEN 2 Hil T CO A EMEEETE LTV AHARIL, BETRELDE L TAREOM
BB Be BHAIZIE, DAEIZBV TV L ODDKIRKESH SN TEY, BEFFEORCIIKILKE
OHRTHRIEA LVEOE LTGERB SN TEZD, )T VLRERDORNR, FORESTHE), EHICES
FTHT LEEEE LCROMICBLH S, KL 5 ) EMAREIEEE b o T—iRIZD HNEL FIC
B ol:DiE, HRIIZATLEBEHEOEFVRANTH S, SBRENOKBHEIMERT HICRAT, #TH
WTHCLE, BRI EREL T, ZOREOREROLAA, YHAN BT AHRBZHE U/, S
FEBHIR O T RASHR L VT, 205 | ZIIFEROER LER L Th D08 HRICA L IERTH Y,
BAEICBOTY, ICEHBETELOLER L DFREV LD - T, BREKBOBMIYLRUEIR Y ESh Ty
5o -

DL BB TORBERKERZ UM L THAE L T A LATKEDRR R, 1986 FENFE K
BN BRI L B UE, 1985 FET T ETDRSK « Fb b4 ZKILEKIZEE S B ELR &,
KINKEIS T L HEOBEHS 7 0 - X7 » 7ENELPT, EDOHE LTKILBHIEY HiFsh, K
PRI LCdh, ZOXBE: S O EEFIMTAZ L IdWEEE LTh, VbW ABEEBOHFIE R/ NI
LOOFIHE B L T AEEMOBREBEOIRONLZ LIl -7,

ERDE D %, B - BEECEEYR LR U T KB, SR LT 5 KRR OFhEH
B, KB U CRENT 2 WEOKRES L N EOHEE M, MBRFOE S, FidE, BESAENTETFI
N 57, FHESES I o TWAZ LR E L L, LA LEDS, KRS HEL D
DELTHBENT I o722 83T, EOMEIT CIZEBICRVIHESL T TR L T in

{3

_1_



390 FRBKZEPTEHR $£37 5 B-2 F6. 4 (1994)

DHBIRTH ), HEFEDOERDERL hoT5, BliiE, EBEEONREPMSEE LT, EAULE
DEABIME T 7 ABDOPI CTHRAET LR FROMNEAE LA #A L, FEHMEkoss 1a
V=3 a YHRASNTWEA, EROFKERPEEHL LD 358, ARET OMEIZE U ET
HHNEHTHOBERESE 7 — UGS U TEZ 2T EROF, LALEEEZ SNL 0L ) LAY
INEVEE &SRR S NI IR BY, 8512, ZOBRTIRENOHORT OB HK LR
LBIEBR BB E % o TB Y, EROFLEHBLHHET S &9 ICBIEHBRER /NS UL, BT
KIS S TLED EE)HEEDLH 2,

—%, ERD RIS, WT (KF) BEDOEET AR L 5 THTRBMNIC LR & OF R A% L,
TNUTE > TR SNBTEIEANT & A LA BIRFIN 2855 Tk v2i2, SHE L TIREED
FAUTHALT B L OEZITEDNT, REIOFRESMEE, REBLSEAIEIRE 25 & L-mEEI R 2 8%
YRR L, WEOKEDS EIN & DR T %o 72860 T CORFROEERS TV, B ZY M 2R3 L
7o TR, ERECAEEROREIRIA B BRI VBRI A LICE 5T,
EBDOKREROEE DV T VB LD EEHETE S LB A, HNAEIL T EENEE T CH 5
ENTOLRH 0727280, EEADISHADRASNED-720H b HN 0,

EFCE, RN TON ZRAE R T RN ERTBNCEIL, HRoOBSELEHILT, 55
DEHFOESLARBEXNLLDTH D,

2. £ B

KEEROTEWHEICET HRBFERII N ETIIOFE SO LD EEDO TV L DhDBIHH 555, SED
FEERTIIRD &L ) L7 ik AR 2T o T b,

(@RFBERPOTRERESELIEIZLY, HEMLIREE ((LETHCBITAREET, THILRE L

FHRATIRFONRERE LR S D) 2R L7

(bLED & YL THREVE T HRER, KE2OZERERD I LIZL - THREIB 2R T AiERNDER

TIARTRETH - 1-BEYRIEH COERIMTZ 5,

(CWEEPUHKEER I N 2 TR L C, EERBISEVIEED, FAPEROMEE 57 R OVEES i % lE L

2

C DN, (NFEREET b7 A %4 300°C IS L7581, TR EFERIGC & » TRER L 7 2
YRETHHEEFIATHLDTH 5,

2NaHCO; — Na,CO; + H.0 + CO,

KR, EEMOKEES P T A0MGEE RO, BEROEREEF MY AR S LIRED
BOREMNEPLEE - TLIV, RBMLREIE SNV, TRERRT A7:0, o1 LOBHT (K
FHBE2.65g/cm®, WPUCKILE 80um) DA EEMPITIIM L721%, EREEF U Y A%IRE - BT 2 hE
Tlol, THIZLY, REWIIHML CRIE L CRAGOBESEEICEML, ElD BTN T 254
LEFRBRARLND, TOHER, HBERIPSERER - CHT iR S ELMEROFEERLY, KT
Bek O A ARENHBT2DIZ, EEDOXBHRAROENIEEL L) L CHRLTWA LB bND, &
B, HOHRTORZEIRS ) BB ERET S L ) ICBIBEORERY LI REEAT LD TH 5,

2.1 REEXB

FEERIZA2DIE, EE4m, W@5cm, EEX 32cm OEFEIZIBHHRE, HBLEHERS S 2 BosERT
BT, JiIEFig. 1@ D X512, MBAEBRATHREL S B RAW L ER Mk v = IHHE L, #
2 D ARG I RBE R & R S, TO L) RFEIC L BAEERS — R12IE, Table 1 HOEERFFD
RHZPEDITTVEA, T NURAREERER THL, F0O%, MB~OMEMHEE & ) ZENICT 5720

— 2 —



ARG - B - & - T D KRR O NI B A HFTE 391

g
<
ol
(a)
SNV A
ELEVATION
\L f—— 400 -
5
Video Camera i @ High Speed
Video Camera
NaHCOs
PLAN
=
Unit;cm
(b)

ELEVATION

Fig. 1 Schematic diagram of the experimental apparatuses
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Table 1. Experimental conditions in the flum experiments

Run No. Slope Mixing ratio  Degassing rate Bed Particle discharge Temperature
80) nlkg/kg) b(1/s) Qs {cm®/s) T(C)
PA-2 13.5 1.0/15 rigid 1307 260
PB-1 18.5 0.5/15 rigid 1450 265
PB-2 18.5 1.0/15 rigid 1445 265
PB-3 18.5 2.0/15 rigid 1189 260
PC-1- 24.0 0.5/15 rigid 1008 265
PC-2 24.0 1.0/15 rigid 1047 265
PC-3 24.0 2.0/15 rigid 1397 265
PD 18.5 0.0/15 0 rigid 0 265
A-3 5.5 0.5/15 107300 movable 567 260
B-2 11.5 0.25/15 10729 rigid 152 260
B-3 11.5 0.5/15 10300 rigid 559 270
c-2 14.5 0.25/15 10-3-08 rigid 265
C-3 14.5 0.5/15 107288 rigid 260
D-2 18.5 0.25/15 107307 movable 1114 260
D-3 18.5 0.5/15 107294 movable 989 290
D-4 18.5 1.0/15 107340 rigid 893 270
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Fig. 3 Longitudinal profile of the deposit after
each run

Fig. 4 Two patterns of the front of the pyroc-
alstic flow appeared in the flume
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Table 2. Experimental conditions for the fluidized bed in the con-

tainer
Run No. Mixing ratio Degassing rate Temperature
n(kg/kg) b(1/s) T(C)
E-1 0.10/15 107344 265
E-2 0.25/15 107342 280
E-3 0.50/15 107337 260
E-4 1.00/15 107314 270

_5_



394 AR AR EHR 37 5 B-2 F6. 4 (1994)
30 30
Run E-1 Run E-2
6=0.0° 0=0.0"°
n=0,10/15 n=0.25/15
O A 3
204 z-H 201 __© o
z=H 8
z(cm) 1 z(cm) 1
10 7 © ¢ go 10 1 0
O o
O
& | g
(a) (b)
0 T T TT (o T 0 T Y T LI |
00 01 0.2 03 04 05 08 0.0 0.1 02 03 04 05 0.6
c c
30 30
Run E-3 Run E-4
6=00"° 6=0.0"
n=0.50/15 n=1.00/15
20 7 20
0] a 5
z(cm) | z=H z(cm)
o Qﬁu
10 1 10 2=H
2
(c) S (d)
O
0 T 1 T T T 0 T T T T 13
0.0 0.1 02 03 04 05 0.6 00 01 0.2 03 04 05 0.6

c

c

Fig. 5 Distributions of the particle concentration in the container

CORENRE FHOB S L, ndKEL L BIIEHL 45D, TRV ABERIKEVIIE LR T AGE
WREL R E1DIT, ZLDRTHERDPSRNANROEL, £&KELTORY 220580 L2 4R
HEBbhs, SREOHMIFEBE T, 2z HHOREIETHI LTSy —26H5500, (33—
BRBEESMRI 2o TWA LHIITE 5,

TENE O S DEFN B E RA DI, RERNTHEMAL, TI~EREF M) Y225 B
ALTC, ZOBOBEDELLZEIE L. n=0.5/15, BLUFn=1/15 & LI2HEDOFKE? Fig. 6 12”7,
CHUZENUE, a HREVIZERBENSKRECRD, BREOEBIIHE - TR MR AR LT8R
THD, TOEIIIIRL W L2905, ZORMIKEETON FiR%130.45~0.48 TH D, Fig. 5T
DT LIREE & A2 T 20,



ol - BER - S - TN

KPR OB (2B 5 SR 395

150
(%)

1404 ¢
[
!

104 n=1lls
’

17
1
1201 H
b n=05/15
Y

300

11074
1)
¥
B et
N T=265'C
90 . r : .
0 60 120 180 240

t(s)

Fig. 6 Change in the thickness of the flui-
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Fig. 7 The apparatus for the measurement
of degassing rate
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Fig. 10 Characteristic distributions of the pressure and the shearing stress in the pyroclastic flow
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