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A NEW EXPLOITATION METHOD FOR GAS HYDRATE IN SHALLOW STRATUM:
MECHANICAL-THERMAL METHOD Y

Zhang Xuhu? Lu Xiaobing
(Key Loboratory for Mechanics in Fluid Solid Coupling Systems Chinese Academy of Sciesiieite of Mechanics Chinese Academy of
Sciences Beijing 100190, China)

Abstract Gas hydrate is one of the national strategic energy resource. The endothermic chemical dissociation and phas
transformations make its exploitation differ from those of the fossil energies. A continuous, stable, and high efficient heat
supply is the critical problem to commercial production of gas hydrate. The combined mechanical-thermal gas hydrate
exploitation is a new conceptual method, crushing gas hydrate-bearing sediments into small bodies to increase the surfa
area of heat transfer, and utilizing the heat of seawater and convective heat transfer to enhafficeetiey ®f energy

supply. Through the feasibility analysis, the results show that relative high temperature leads to the rapid dissociatior
of gas hydrate, and the fluid flow becomes unstable, while low temperature leads to the reformation of gas hydrate ol
freezing. In order to achieve efficient and safe exploitation of gas hydrate, the diameter of crushing bodies of in-situ
mining hydrate-bearing sediments ranges from 0.1 cm to 1.0 cm, the seawater injection velocity ranges froi®1t0.22 m
0.67 m's, the temperature filerence is greater than 5K, and the volume fraction of water in the mixed water and grains
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of hydratesediments exceeds 0.85. The combined mechanical-thermal hydrate exploitation is a new potential technology

for efficient production of gas hydrate stratums.

Key words combined mechanical-thermal exploitation, gas hydrate, convective heat transfer, seawater energy
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Fig. 1 Sketch of mechanical-thermal combining hydrate exploitation
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Table 1 Estimation of characteristic times

Thermal production

(The characteristitength : 1 m)

Mechanical- thermal production

(The characteristic length : 10 mm)

) L2 R?
heat conduction te= — ~1.8x10Ps tc= — ~900s
K Ke
. oH-L pH-R
hase transition tg= ——— — ~23x10%s tg= —— ~0.3s
P 97 My kg AT A 47 My kg AT A

1 o, L Mu, ka, AT, A,k 23 TR 7R RIRS
RS F R R

IKEPVEE S LKL RIRA
LRRNIREER), iR HERTIAR, PR AL

KGR T RIRAIKEW)

Note: pn, L, My, kg, Af, As andk are the density of gas hydrate, characteristic length, molar mass of gas hydrate, decomposi-

tion kietics constant of gas hydrateffdretial pressure, specific area of decomposition, and therifiasidin coefficient.
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Table 2 Estimation of energy

Mechanical types Magnitudsf energy/GJ
mining-(1) 2.4
conwying-(2) 1.8
crushing-(3) 0.2

transportation of multiphase flow-(4) 0.01

seawater injection-(5) 0.1
lifting of sediments-(6) 1.0
gas expansion-(7) 5.7
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Table 3 Data of hydrate dissociation time with grain sizes and

temperature dierences

Diameter of lydrate  Time of complete hydrate dissociatjen

bearing bodies/cm 20K 15K 10K 5K 2K

0.1 4 8 18 76 499

0.2 9 16 37 153 999

0.3 13 24 55 229 1.5010°

0.4 18 32 74 305 2.0010°

0.5 22 40 92 382 2.5010°

0.6 27 48 111 458 3.0010°

0.7 31 56 129 534  3.5010°

0.8 36 64 147 610 4.0010°

0.9 40 72 166 687  4.5010°

1 44 80 184 763  5.0010°
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Table 4 Critical fluid velocities of grain suspension
with certain sizes Ts= <8hChphTo + &sCq0sTo + ewCwpw To+

Diam.eter of I.ydrate Critical vellocity/ EwoCuwpowTw — Ph AHsh) /
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0.2 0.31
0.3 0.38 \ .4
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Table 5 Occupied height of solid grains in the pipe with

temperature differences

0.1 10 18 41 168 110
b = “\f" N /1 ~ > I N y vl |
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0.7 17.8 321 738 306 2.00x30 Table 6 Water temperature estimation after hydrate dissociation
0.8 21.6 39.0 89.6 371 2.43x30
0.9 25.7 463 106 440 2.88x%0 Temperature ~ Water Temperature Chanae of
1.0 20.8 53.8 124 511 3.35x3%0 of injected volume after hydrate g
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. N 7 0.9 3 0
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