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Pressure and Ejecta Velocity Relationships
in Plinian-Type Eruptions.
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Explosion pressure existing before, or during, the explosive phase is one of the most
important parameters reflecting the dynamical processes of volcanic eruptions. In plinian
eruptions the explosion pressure is related to the maximum exit velocity of the gas flow.
Practically, however, the exit velocity can be estimated only for finite-size particles.
Relationships between the exit velocity of gas flow and that of a finite-size particle are
considered based on a simple model of the plinian eruption, in which the finite-size particle
is assumed to be accelerated by Stokes drag of the expanding gas flow in volcanic conduits.

From numerical calculations it is shown that the exit velocity of a spherical particle,
of which diameter being larger than 1 c¢m, is significantly smaller than its settling velocity in
the gas flow. Practical estimation of the explosion pressure can be made by knowing the
density, diameter and exit velocity of finite-size particles.
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BTN KDOBRERCHE L R — 4L L0, FLKUBRDIAF I 7AcBWTLE
BRI A IOV EDTH L. ZOHEIR, H#EK, 7ZAFET7 N (Minakami, 1950) # 3w 3k
fae 7 (Decker and Hadikusumo, 1961) 23>\, EHEE LEHOBE, L 3N TH
7ehs, FRHLDOW)FITHL, HMHOEE ) Th 5 7 2ZMHOBIREFTEGERL Tk v
A N5 (Wilson, 1980), LA L, EBCHEBEHOMEEL LEKIEN 2H#ET S
12, FAMOBEEZEZEET LT TELBATESTH L, —RIcK2rANEBLIDE, 72
OEHEERER TR L BERIOmBEL D KREVEHOMEETH o0 5L, AROAEZD
WK A AFIC & 2MEEZ S EBL 2 U 54w, ORI TR, EBNEHERORLES
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7)) =—Rk (Walker, 1973) (2D CHEAEH L EHEE L OBEKEZRLE 5.

II. BKEH & EHERE

A DES & EHPORE & OBRIE, KL T, FRARET NS B VIIBAET ML T
BN kb TR, #ZFET LTI Bernoulli d\p*EH S (Minakami, 1950),

1
Po—Ps= 5pUs ey

ERT, Py, PdiF N FNHBECOE N RRTE, UsdBHEE, p ZHHMOEETH S,
I Tp OHEHNTIEE B, (1) RIBITK, FACHEBINE LN TH B4 5H, McBirney
(1973) H#e48 L 2288ic, EANEEXAVL ORI TELTH ), KK - BEK - BERNES
MThBERRNBELHVEIT S b4, $72, KEP TORMEE L ME L T 53580,
# ZAADBIRN 1280 p BIGER TEILT 2 Z & b ZFEL 2T L b4,
WHET LTI RORNIE b S (Hayes, 1938 ; Decker and Hadikusumo, 1961).

Po= 57748 (2)

bR om, AREHKOEER X MER, g xENMEE, bI3ERTHD. 2L, bid (M
B 2DORTHHLBROBM Ay — CBR L2 REE TH L Z LICERL LT UL 54w,
Decker and Hadikusumo (1961) |3, Minakami (1950) #%1938 &Mkl kizx L <5
272 Pk U kBT, (2) RoKMBAEDH. La» L, Minakami (1950) i3 Bernoulli #
#® (1) 2BWT U &0 P, ##EL T, Decker and Hadikusumo (1961) #1%723id
Bernoulli » & nHEEHUZT &7 v» (Nairn and Self, 1978),

Pk ~7z 812, Bernoulli o (1), KFEHR (2) l3ic p, b LV IBRENT A F I 72
IR A REBEGA TV D, o, HIMEE U, 2 bBAEN P, 2 KD 27201213, KB
WTHAAFDEIRICHE) 74 F 2 7 22 BAAW L 2T /M EDTWTERL T LT % 52,

., 7V=—REBERKNDET IV

KENTOREKRD T4+ 3 7 ZA%H L 5 LCEEL, 7)) =—REXOBMETET S &,
(1) —fiz 7Y =—RE K ORI SR RS 2R 177, 1 om BREL ) /AS kL
BRES & s> B (Walker, 1973, 1981). $t-T, WM & 7 240 & OBBTEMTRC, X
P CORKROEI FIBR L A% T2 EHTE B,
(0) = Fehi G ERIET B Ic BT I (Lhm OB S 5 b4 100 m/s THIT 54T
10 sec) 12 Hi, BMUKMEERSEIN T 1S 540 B ¢, M EEEBE AL T EHTE B,
BEFEICER L TV EEROE N+ P, fikis U, EhmEEZ gL, HELHZIEL
42 z81% & 2 ¢, Bernoulli mxiz—#kic
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.
Jo = LU= Us) ez )

&b, ZZTP, Uy 3R (Z=0&75) CBIF2EN, WETHY), p ZRENEET
BB, TALHEORE L ZBRROEEIZ

_i_:i_'_ 1—n (4)

o g On
EELEDL, 2L, nide /e L SBL A RANERI, pn pIZENTNT ARV

NEBETH L, 4, AR L > T—FiBE (T) B Twahrs,
pg:RLT (5)

72720, RIZEERER/ FADGTFETHY, #AELLTKEREERET D &,
R=4.6X10"erg/deg - mol, (4) RU* (5) RERHAWT (3) XnEL2FEHT 5 L,

nR Tin(Po/P)+[(1—=n)/on](Po—P)=(U*—-Us)/2+gz (6)

ERXTPR), UZ)YBKHBFHETHD, n, Po, Uy, T35 25XEXTRAITH5D,

BRI BT 50E Uy 13, KED» SNBEEFE Us VDT o2/ EnEEZLNBNT, U
To#mER T U=0532 (Us,/U=0.5 DA TH, UsiZ3#10% LR L %),

2o LML e ANEE n EHE T 3 20BENL L3, i, BEEo~< S
COFRMELEEL T3, B L 7)) =B TEL 2BAFORBD S 2 EKE I
70~80%i-3% L, ¥4k random loose packing icifiv>. Sparks (1978) i3 = HFBEICETW
T=/ehORMOBREEEEL, KBIORIMITEKLANC ZOREZFILT 2 LERL TV
5. UTosEmicB w1y, 27 >hoRBOERBL»—EHEICET 5 w7 <iihLEAT
LERETD, #-5T, BARORWORKEL* 22 T8 L, nrPBEOBERBIIRNTEDS
na,

OeX Y x
om(l—x)  omRT1—x (7)

n=

Bz, MAEN P I3EHE COMBZOTMELRICFEL {, KENTHOEHDEITHBENFELED
BEIZFLWERET S, TR, KETOENRER 2z DB L 52605,

P(2)=Po—(Po—Ps) Jr (8)
rrl, H 3MMEORS T, WROBEE o, £T5 &,
Po=p-gH (9)

THb.
Utnein K (7)— (9N icd»T, ﬂﬁk 71 P, ¥ KEHROBERROHME U(2) LDl
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Fig. 1. Relationship between the pressure at the
depth of magma fragmentation and the ejection
velocity of gas after decompression of the
exsolved gas to atmospheric pressure. The im-
plied exsolved gas fraction, n, is indicated in unit
of weight percent. Magma temperature is
assumed as T=1200K, and the gas bubble volume
fraction just before the disruption of magma is
taken as x=0.77. MBE indicates the modified
Bernoulli equation (1) for the case of p=2.4g/cm?.
(modified from wilson, 1980).

=R (6) LNKHLND.
Wilson (1980) i= & » Tskeb b 7z, MARBOEIRE Us EXES P & HBE%% Fig. 11
RY.

V. ¥BEFIZ & 2 PEninE

CBWT, KEFERBE - ILEL A ST 2RKIRIC OV Tk, RICERAK
x2N@A Wﬁ%(%%tﬁ?é)mﬁwﬁkiém WL B, KT R EET UMK IR
771 (Stokes drag) »¥Ex, ZOEENHERIIRNL HicEKbE 5,

m - = %xﬂbA(U—WUIU—WW—(L—7;ng 1

ZZT, m, A, WMwM%n%n%W@EE,%EE,ﬁﬁ,%ﬁ?%O LR, Goiddt
& TH D, HREWEROEAICE, NOBERE D ETHLRDEHICLD.

A = 3258 (W) \U-W|~(1— L-)g w
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ERT, o, U (SR 2 0B E L THIBCE 2 50T 3 (R (4) BRI (6)). 7,
RGBS 2 £ 5 &, W:i’if»mm, % (10) 2 HIEMATHZ LIk D, EED
BIE (0 - WEE (D) &HoMko IS TORE W (2) ERbB S LHTE D,

AR G 32 —RicERoOR, FRikFoOWENL 4 2 VX

Ro=pD|U-W |/ an
B2y $
Mo=|U-W|/a 12

KHET 5, ERXNTpo, u, ¢ 3TN FNREDOEE, MEREEUREKFOTETH S, 72720,
= 2 THUR ) DI BER O effective i % & S 2T idh L%, BT TRe, Mo DA —25"—
EREY 5.

AR EUT KX TELITE 2 (Zuber, 1964),

pe=pexp[2.5¢/(1-5¢)] 13

Z T p I3KEROMEM, Si31.35<S<1.91 DfE% & %EHK, § I KP THIKIO L& 5 K18
HThd, KEAOMERBAE~BERETIHIEALENCE ST, T=1200K T# 4 X
10~‘poise TH 5. HKIOKIRLIL § 13 M H I TR Gnax= 1 —x (213 KB 0 R 0 (K FE
) 2&0, KERDERICHEASRRCHE > TR 5.

_0—ps __ (1-n)posg 149
om~pg  (1—n)og+nom

W, MEREOWERIIE2 77 77— 2RETH L, BENOEEIL 107%g/cm® DA — 5 —
THorh b, BEL cm OYERISBERE b T2 Im/s DHIEE 2 FHOHETH, Reid 10'n
A —F—IZET 5.

TEEAFKRPDER ald

a®*=yRT {15

TRbEINS, 12720 v BFEKDOERELS G LIS C, Dl (y=C/C) TH Y, KERD
Yt v~1.4TH5H. —FHEIKE MR A FEHRIBIC S 2 KR Tlt, FRITHBLO & o> 2 KT
HERUERN (1-7) ITKHFEL

a;=I'nRT/(1-¢) {16
EFEHENS, (F121F, Rudinger, 1980). Z2TIix, C 2kt E+5 &,

nCp+(1—=n)C i

Ir'= %CU+(1-W)C



258 # U F X

TELEND, MKIHE > T/ b#T 2 KERNERK 2IZ DX —F—Th b
5, izl AL 1icF L, K (15) & (16) L ni#ehr 5, BHRFKPOFEITIRP N E
T 0/hE&L b2 8055 ((@/a)®*~n/y (1 =867, Bz, T=1200K DXELKND
FHIE, a=881m/s TH o, &I §=0.1, ERBI (1 —»)=0.98 DK% FUHEKFDE
i3, ee=11Tm/sic Ly bk, o T, KEPEEILT 2k < ~#ud 1 282 5768
HeDH B,

Ttk DB A 1T 2 EB T — 4 (Bailey and Hiatt, 1972) i L #ud, FHikhodkoL
A 7 NWZEH Re > 2 X10° DEH T, HIHEE Gld= v Mo ICOAEKEL,
sz{OA M.<1

1.0 Mo>1
Ekch,

BRI e BUEFTHIC A BB, RUOPIC BN WROEEICET 5 2 DOMERICOWT
HwRD, B3, —EEE UORNOPICH 2WKIcE < HHFEMT 2R [ #E (settling
velocity) | TH 1, X (10) LV kOBicEb I N3,

[IE

W*=U—[(4g/3Co) + (pr/0—1) - D] 19

KB T, BIRRIC L D INEE N EWERDEREIZLT, W () <W*(2) 203, %213, Wiks*
EDEEICTEEN ) BRFANDAEE TR Q) IeBWT W*=02:F2Z &2k N RkA2EF5,

3CD [4

D= 4g pr—p

Ué 20)

EEN D>D;=D* (z=H) Th WK, HEOICBCTENDEREZFHLR/RT, fE-> THEL
fev, N (19) R (20) BB EORREERET 2 DIRLO.

V. BAEN CHRERRUYEOEHEE

FIL, IVERIZ B W TN 7)) = —ABADOEB 7T L2 BAMICR T & Fig. 2 nfkic % 3.
JOEH TRKIRDES P(2), BEp(2), EE U(z), FiF a.(z), B2 IR G

()BT EDOT, TFNFNOFRERNZ B S TEMIET 22 81080, PkoEH#HE

W(z) 7 Kvpoinsd, HFEAPICEENS T A 723t L Tl Tablel f® v 3

=7 b 2. T ERBUDOKEZTHLEKT EHEE2ENC L, WRROEE L 21U L -
THE S N5 MARDE S & DBk EZFH~N B, g, BUFHOET VLD, K>S 450m D
BETHHIETI Po=106 bar DM ADH: U722 LKL L, BEREOEEEE I 368 m/s & %
5. KEF TOENGA &, BIRREE CERIEWK (B 2 g/cm®, B 50 cm) O#EE5H & % Fig.
3ICRT. M, ENROEEIXFORKIE (P,=106bar, U;=368m/s, W,=221m/s) T, 2
FERRIMEXFEEROES (H=450m) THBILL Th 2. KEROWHRICH - TR RTROEEIT
KEFIZHEMY 272°, FHICXEFRTOEERRLIAE X5, et LT, BRI L »Tm
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Fig.2. Dynamical relationships between pressure and ejecta ve-
locity in the volcanic vent.

Table 1. Values for the parameters used in this study

magma temperature

denstty

rock density

gas bubble volume fraction just

before the disruption of magma

T =1200K
om=2.4g/cm?®
or=2.4g/cm?
x =0.77

GAS PRESSURE

EJECTA VELOCITY

VERTICAL DISTANCE FROM
FRAGMENTATION DEPTH, Z

Fig.3. Pressure, P, and ejecta velocities, U and W,
as functions of the vertical distance, z, from the

fragmentation depth, H, in the vent.

They are

normalized by their maximum values : P,=
106bar, U;=368m/s, W;=221m/s, and H =450m.
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RATIO OF EJECTA VELOCITY {Ws/Us)
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DIAMETER OF A SPHERICAL PARTICLE

103cm

Fig. 4. Ejecta velocity ratio, W,/ Us, as a function of the density, o», and dia-
meter, D, of a spherical body. The pressure and the depth of explosion are

the same as in Fig.3 ; P,=106 bar, U;=368m/s, H =450 m.

Settling velocity of a spherical body at the exit of the vent is also shown by

dotted lines.
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= 600 RN
Y 10
= 400 100
W 1000
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= 200
==

0/ | 1 | | 1 1

0 200 400 600 m/s
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Fig.5. Relation of ejecta velocities, W and Us, as a function of
the product of the density and diameter, or- D, of a spherical

body.
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RSN DYMKRDEE L JOER T2 R 2 1T —ENDE THINT 5. Z DT EES M ORI,
BKENMARNERE - BEEZEZ TLITEAEELL %,

RIRDOEE - &t%&‘ﬁm( Ws/Us) & BfR% Fig. 410R7 . 72720, MREED
RERENIL Fig. 30BELF—TH5, RiCid, BHOTomEE W* (z=H) LIRT
mtf%é.gmﬂﬂb,pélmn&ﬁiUkéw%%mﬁﬁﬁﬁu@&DTmﬁmkﬁiUQ
HEINSC, BRPEEOMETL 2 BRI NTWE I L4975,

BT & EEEE T 0B RROEHEE TH S (Fig. 1), Loy L, RerEHMENI
EEImBE L) L KECEBHOMEE TH ), it Fig. 41778 B BITHIRTROE
BEDKIT0%UTTH 5, #-T, H LERYOMHEEL ZNE T HTHXEN 2Kk 3 &,
EBED 12 UTOHE%155Z 212 % b, AR 2 IEMICHET 5 7261213, BIRROE L EE
&R EEE ¥ DBRE D LES D B, Kix WEE (0r) -EBE (D) OBEKIZOWTOR
FARSRIC L US, "BHEELR (Ws/Us) i3 Fig. 5ICRTHICHE (0D) Ik » TZIZREE NS,
- C, MIEYORERVEZEHBEE L 25 220k, Fig 52 5B ERROEHEE %
N, BicFig 1L 0EAENZMALZ LN TE B,

IV, % & o)

KINEKDOFERLHE R RO TIENV EDTHIHEAETNL, BADFT A+ 3 72 & LEEL
BE L T\ 5, MRLAIUIK - BAEDPEBHORIS % dierd 7Y = —RBE AT B W TE, Hikik
A E DA L ITRKEOEHEE D SEAEN 2 HET H L »TE S, Larl, ERCHE~
PHLZDEFER0m ZEL ) KRECHROEEBEETH Y, -0 BHRROERE & AR
TRESOYWEROEHERE L DRFR LML LEYNH 5.

WL TIE, 7 = —REXOBE L ETTIVCETE, KEF TORKFEO Stokes drag iz &
LERIEH RO INEBIE 2 TN, FOERLTFORH 21572,
(1) EREHROE B EE (Ws) L EREOELEE (Us) ot (We/Us) 1%, PHKDOERE (o)
LHEE (D) oM (pr- D) ITKFL, £ WIRST 5,
(2) BRI cmBELNKRECHKDOEHEEZ, KRBT OPERDEEEE L ) FEIC/NE
{, p -D>%yaﬁTM%@@@&@FM%WW@%&EF@m%uTt&é

Licodtaw (2) 3, ERI0cmBEL ) KEWERYORNEE 2 SR FoEHEEICFL W
tﬁmLT%%ﬂé@k JHE, EBENEN /2UTIC 52 #8%L, BETHL, |
WONEE, BERVERZHEY, K@HSCTRIZWER & BEROEHEEIC DWW TOBERE AW
BIEICTI-C, SOFMICEXENERHET DI EDTEL,
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