HEBAKFEHKXKHAEFEHR FEBE B2 7. 4
Annuals, Disas. Prev. Res. Inst., Kyoto Univ., No. 38 B-2, 1995 423

KR OFB HERE BT 5B (2)
EE ReBEE FX-S8 SRR B

MECHANICS OF THE PYROCLASTIC FLOW (2)

By Tamotsu TAKAHASHI, Yoshifumi SATOFUKA,

Masafumi Konpo and Ryuta TAKEUCHI

Synopsis

A theory for the mechanics of the Merapi type pyroclastic flow is presented, in which
the self-excited fluidization of the bed due to upward movement of the gas emitted from the
pyroclastic material itself plays an essential role.

The main body of the flow comprises the base layer and the fluidized layer on it. In the
base layer particles are sustained by the contact force between the particles and the energy
is consumed mainly by friction, whereas in the fluidized layer particles are sustained by the
up-lifting force of the upward gas flow and the large scale turbulent mixing of the mixture
of particles and the gas is the main cause of consumption of energy. The solids concentra-
tion in the main body is nearly uniform and the formulae to predict the thicknesses of the
base as well as the fluidized layers, velocity distributions in the base as well as the fluidized
layers and the resistance to flow of the main body are obtained. The laboratory flume
experiments prove the theory is valid and that theory well predicts the velocity of the real
pyroclastic flow observed at Unzen and Semeru volcanos.

The solids concentration and the velocity distribution in the hot ash cloud layer which
exists above the main body are also discussed.

The process of deposition downstream of the change in slope is observed and some
important characteristics are made clear.
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Table 1. Conditions in the flume experiments for the
steady flow

Run No [/} n Wena | Co |4 H qs b
| [deg] | [kg/kgl | [kgl [em/s] | fem] | [em®/s/em] | [1/s]
0-A 0.007 045 — | 210 — 10.00132
0-B 0.0 0.017] 15 | 045 — | 190 — |0.00148
0-D 0.033 044, — | 170 — |o.00170
0-F 0.067 047, — | 105 —  0.00234
5.D 5.5 0.033] 15 | 041] 1374 | 40 (225.4) {0.00389
10-D- 1 5 | — (43)| 28 5.1 -
10-D- 2 0.033) 75| — | (131.8)| 42 232.1 -
10-D- 3 10 — | (127.0)| 38 202.7 —
10-D- 4 15 | — | (201.1)| 45 3802 | —
10-E-1| 100 0.050| 5 (1085)| 3.0 1867 | —
10-E-2 10 | — | (107.7)| 45 2035 | —
10-E-3 0.040| 10 — | (808)] 6.5 220.5 —
11-B 115 0017 15 | 0.42] 159.6 | 4.0 (268.1) {0.00479
11-D 0.017| 15 | 045 2190 | 47 (463.1) 10.00355
14-B-1 7 | — | (685)] 23 662 | —
14-B-2 8 | — | (1601)| 33 2219 | —
14-B- 3 0.015 10 - (934)| 32 126.5 —
14-B- 4 12 | — | (149.7)| 55 3458 | —
14-B-5 15 | — | (1120)] 65 ©305.7 —
14-B-6 0017] 15 | 047] 2110 | 42 (416.5) 0.00316
14-C-1| 145 0020, 3 | — | (155)] 14 9.1 —
14-C- 2 5 | — | @203)| 28 1415 | —
14-D 0.033] 15 | 047 = | 40 =+ 10.00501
14-E-1 5 | — | (1.9 25 755 | —
14-E-2 7 | — | (803)| 55 1854 | —
14-E-3 0040f 8 | — | (1234)| 50 259.2 | —
14-E-4 10 | — | (1108)] 6.0 2188 | —
14E-5 15 | — [ (18871 60 4000 | —
18-B-1 5 | — | (50.0)] 12 252 | —
18-B-2 0017 10 | — | BLD]| 15 200 0 —
18-B-3 15 | — | (1347| 32 1810 | —
18-B-4 15 | 0.40| 2308| 58 (535.4) [0.00316
18-C 0.025 10 - | (142.3) 23 137.5 —
18-D-1 5 ~— | (120.6) 2.0 101.3 -
18-D- 2 185 0.033 10 — | (184.2) 24 185.7 —
18-D-3 15 | — | (1869) 4.0 3140 | —
18-D- 4 15 | 042 w40 = 10.00437
18-E 0.050 5 — (91.3) 1.8 69.0 —
18-F-1 5 | — | (1243)| 15 83| —
18-F-2 0.067| 10 | — | (107.6)| 3.3 149.1
18-F-3 15 — | (154.0) | 4.2 271.7
21-B-1 3 | — | 13 0.1 —
21-B-2 5 — (84.9) 2.2 78.5 —
21-B- 3 6 | — | (1685)| 32 2264 | —
21-B-4{ 215 0015 7 | — | (2223)] 25 2334 | —
21-B-5 8 | — | (1155)| 28 1358 | —
21-B-6 9 | — | (1575)| 4.0 2645 | —
21-B-7 10 { — | (1095)] 3.3 157 | —
21-B-8 12 | — | (1664)] 48 3354 | —
24-B-1 7 - (888)| 35 130.5 —
24-B- 2 751 — | (10L.2)| 35 1488 | —
24-B- 3 75| — (89.3)| 3.0 112.6 -
24-B- 4 0015 8 | — | (520)| 32 699 | —
24-B-5 9 | — | (955 4.0 1604 | —
24-B-6 24.0 10 — (714.3)| 35 109.2 -
24-B-7 15 — 1 (108.2)| 6.3 289.0 —
24-C-1 0.020 5 (23.7) 1.8 17.9 -
24-C-2 10 | — | Q17.7)| 45 2225 | —
24-D- 1 0.030 5 — (68.2)| 28 80.2 —
24-D- 2 6 | — | (987 28 160 | —
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Fig. 1. Schematic diagram of the experimental apparatus
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Fig. 2. Theoretical distribution of the solids concentration compared with the experimental one
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Fig. 4. Theoretical velocity distribution in the main body compared with the experimental one
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Fig. 11. Velocity distribution in the hot ash cloud layer
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Fig. 17. Variation of the velocity distribution in the front
part of the hot ash cloud layer
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