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Visualization of the Behavior of Volcanic Smokes from Miyake-jima
by using the Passive Particle Tracking Method

Takanori Ucnipa and Yuji Onya

ABSTRACT

Airflows over steep complex terrain with characteristic length scales of the order of kilome-
ters contain the flow impingement, separation and reattachment. In order to develop an accu-
rate model of simulating the above-mentioned topographic effects, we have been examining
the large-eddy simulation (LES) technique using a finite-difference method (FDM). These
LES codes are referred to as the RIAM-COMPACT (Research Institute for Applied Mechan-
ics, Kyushu University, Computational Prediction of Airflow over Complex Terrain).

First, using the RIAM-COMPACT, we performed the calculations of stably stratified air-
flows over Miyake-jima. The characteristic phenomena of stably stratified airflows with vari-
ous Froude numbers were successfully simulated. Next, in the airflow patterns obtained, the
passive particles were released from the top of Miyake-jima. Based on their results by using
the passive particles tracking method, behaviors of volcanic smokes were discussed. It was
found that a variety of smoke patterns were induced, corresponding to the difference in the

flow pattern around Miyake-jima.

Keywords . Miyake-jima, Stably stratified airflows, Passive particles tracking method

1. &

=13 2000457 A 8 HOMEIL (814 m) D ILITEMEK
LISk, 155 KINGEI 2 CTwb, F4AE9 H 1 HIZIE,
KB 7 SR K R KT 72 & D fE Bt 2 8 2 7200,
EEROFWEIERENTNS, BIIETIE, KILA R
HoOBWIFHE > TWwd 00, Kkk LTk
FHkBEL T b, 29 LR Z 2, &£ m TR
HREPHIEDITbR TS Y,

AEEZED HIlL, HEEEOT, KELE A IRE
OIS ZERE L2IREIZBWT, ZEREE
OB SN KILAT AR, BHNOHPBATED X )12
MW 22028 I 2L —3 3 VICEVHSICT
HTETHL. TORDITIE, FT AR IBERIE
WL CTEL MmN omzE, #EE, FAE Sk s, i
XS B M AR A BEICHBT 5 2 LD CHET

il

* EARZAY 20034E3 H 25 H

YUEAR UMK H R (T816-8580 A LA
1% H 2K 6-1, takanori@riam kyushu-u.ac.jp)

EOUMNKREIE ) SRS

HbH., KBS ANy — ko x, KA AD
B HBAL EERBECTFNT A2 %5, AT
X, EBREE LT, LU T S R E BT R
% ECORHMMOLEE I L T=EB T b ) P,
F—VEHLPICT D, TOHK, ZORREICEDE,
=SB EED? S8y ¥ T s T 5.
INEEEOKRIUT AR CTEDOEE 2 E53 5,

2. RIAM-COMPACT O#IE

2.1 LES &E#K

T2 IEE m ~% (+) km BEORBIHICHZRKDY,
JEUZ 3 B MR AR & R LIS T B Bl 7 v & B
L Tw5 2, Zh% RIAM-COMPACT (Research Insti-
tute for Applied Mechanics, Kyushu University, Compu-
tational Prediction of Airflow over Complex Terrain) &
9 5. AL TlE, RIAM-COMPACT # W T=%k
%l E B IFEMED L ERIEIR (dOg/dz=1) O T —
VX g v Ialb—var (LES) %479, WE%E
WMREL, ZBEANOEF ) RIVIEET I (2) 12—k
TULTAH, ZBREOHSEREATr—)V h (=814 m)



28y T TRTEIREIC X 2 ZEEKINT A BT O AL

&L, FHRSEBUIETR TR ) 128 50 h, A8
() ¥ 37 h, 85 H () 1210k DEBEAET S, =
CEIRAERE D S5/ 18 h THRO A Sl (y=0)

WCRE L, £0LERICIIERNRVEHEHEIRZ e T 5.

CNIFRERBHIZBNT, ZBE15Z0 Lk
LB ORBERT L 720 THS .

LES Tl NBHIc M 7 4 V7 &L, K/EE4 7% A
= VORI EFIERT LD KRELR 7Y v FAF—
Vo (GS) moie, ZNLD /NS YT 7Y v FX
= (SGS) DU EEST 5. GS B O KRB
ZoWTiE, EFVICHESTEEREY I 2L—Y 3 v
2479 . —HT, SGS WA o/NEMERAE S, L LT
IANVF—HEBEHICOWTIE, 7408 728D
H U7z SGS &) 2 BN E LI IED W TET VL L TEl
BICH) ANDG. E/EICBWTIE—RICZEM 74 VY
E WO BRSNS A DT, T 4 VY BB E
252 B UBE R, SGS EF IV R & ki
RREL7ZEEAT T Y AF—EF LY 2T .
T AAZEBEH, BRGORERr—V Uk, 0
(BHfl) THXTTIL L7z LES EBERIIMTFO X 91274
b, 2T, EitHM, A/SYHR, $RIEHIAE RS
W2 x (=, t=9,43=2) L, THIIHNETHE)
D GS HEWR 5w, (w;=u, uy=0, s =w) &3 5.
QXBLG) KX DOMEKIC/ST X —% Re, Fr, Priil
A I NVRE (=Un/v), 7V— F¥ (= U/Nh, N &35 )35
B, 7oV MVE (=071) ThAH. b, EETL
WA FIIRABR A EH SN B,

o

K,
>, (1

1

oy o i _ op 1 9% 9t; 66,

(2)

at  'ox; ox;, Redxox, o, Fr*’
9 _ 20 1 2% o _
A TR ~Tiw, (3)
ot ox; ReProxox; ox;
1 _
T;= 3 0T — 2Vs6sSis 4)
Vscs = (CsfsA)z S|, (5)
fi=1- exp(—z+/25), (6)
a=(nhp,)"”, (7)
< 1(ou; ou;
S, == i T
_ _ 12
S|=(25,5;) 9
Vees 00

h,=——568 ~~

7 Prygg ox; (10)

2.2 BUESTEL
—MEHAREER (E-n-C) oavlr— METEEA
T5, MRELT, Lo - Q0)=TEHETE (AE =
An = AL =1) &N S. QRIEETOMNMEZ
IFET - A b= ZAHBEBXTHS, LoT, —#IAE
HENBIEEFRMREIEREOF EFHHTE S, #HE
BEIENEOH vy T v TV TY) AL, A T—
By DN 7S B Y AV B ESICD VT
i, 2B -Q 09 %, EAREEZL%
Q)X ALTHEIORT Y v HERZE X, BREE
fiigk (SOR ) 12X 0 RAERTHE T 4. ZHHOBERLIC
BMLT, QRXBLOEG)ROMAEIIE 3 AR L%
SrEEiT A, HL, TNEMKT 5 4 KGR
IS CEBLL, 4 B O B BOH o T A3 5
W SHD KK A% =25 477 ® a=3123 LT
a=05& 1L, ZOEEITMINELTH, KR O%EH
HIZOWTI 2 G LD V5.
2.3 EENIA—4

2B ORMKRIEIRIGE LB 50 m B EE 7 —
ZIZFEDOWT 100 m SHMREETHIL L 72, BT HEUT x, y,
z HIIZ 161 x 145 x 81 pik L7=. ZEEEEORIE
KRR FAEEICIRZ A 720, FHER TR
I &I T 5, ZLETE AT O i/ME T
WL Azpin=3x 107 h TH 5., ZEEDOEHS b & —sk
ENFN U CTEFELLA VAL Re (= Un/v)=10"
LL7 TNIEFERRAT—VOLA I VA TOHE
EHEETH Y, 10* PLETIRED S Y — > D@ 2%
HZIZERALTH L W sShb0Ths, it
BT ERIE T NI E LA e WL E L 2o Fr
(= U/Nh)=co 5 53IEFITIE S ZREKIE LIz D Fr =
01I12FE2FT, LHHOWEE (Fr=c,5,3,1, 0.5,
0.0 IR LTAT» 72, IS S vy 727 — |
L7z, HEOBERLEMICE LT, HABEFRMmIZ IR
NG, MBS & RN » Sk, HiERTmIL
BiaG Seh, BRI I e & Lz, MK
BRI A0E At = 2x10° & L, SGS EFNDINT A — ¥
13 Cs=01, Progs=05 & L7z, 22T, LEENIKREL
LCTHW/ 7 Vv— N Fr (= U/Nh) (2L T, EBEOR
R L o BET A, Fr DEZRNIIBIT A N I3F
TR TH Y, N=(g/0ydo/d) " Tiksh s, 4,
FFYEEE U=10 (m/s), ZEBOEOIIEL 0)=
293 (K) & ¥ 5. ZEEOEH,STHEICHD > T do/dz
=2/814 (K/m) OREESHLETHE, N=9x107
(rad/s) 720, Fr=14%7%%. UEhs, Kisrcl
€ L7 Fr U3 s Ml R iR b Th B L SR 5.

3. BIREREEBE

DUFCld, i BEmo Fr=co L ZEREIRD Fr=
53,1,05 01 ICBLT, BEEDENIXDHIY —
Y OEALEIRY. BERY (BERITHER ¢ = 100) DN



WH  #Fid, KB #H

(c) Stably stratified flow, Fr=3

- .
—_-—— - >

West wind
z

(e) Stably stratified flow, Fr=0.5

x —>
h=814m

() Stably stratified flow, Fr=0.1

Fig. 1 Instantaneous velocity vectors in the central plane (y = 0), side view, ¢ = 100.
The sign of h is the height of Miyake-jima.
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Fig. 2 Instantaneous velocity vectors near the ground (z*/h

The sign of h is the height of Miyake-jima.
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Fig. 3 Results of the passive particle tracking method, side view, ¢ = 120.
The sign of h is the height of Miyake-jima.
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Fig. 4 Results of the passive particle tracking method, top view, ¢ = 120.
The sign of h is the height of Miyake-jima.
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Fig. 5 Results of the surface path rendering method, side view, ¢ = 120.

The sign of h is the height of Miyake-jima.
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