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Experimental Investigation on the Enhancement of Gas Hydrate Formation
for the Solid Transportation of Natural Gas
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Abstract : 1 m® solid hydrate contains up to 200 m® of natural gas, depending on
pressure and temperature. Such large volume of natural gas hydrate can be
utilized to store and transport large quantity of natural gas in a stable
condition. So, in the present investigation, experiments carried out for the
formation of natural gas hydrate governed by pressure, temperature, and gas
compositions, etc.. The results show that the equilibrium pressure of structure
IInatural gas hydrate) is approximately 65% lower and the solubility is
approximately three times higher than structure I methane hydrate). Also, the
subcooling conditions of the structure Iand IO must be above 9K and 11K in
order to form hydrate rapidly regardless of gas components, but the pressure
increase is more advantageous than the temperature decrease in order to increase
the gas consumption. And utilizing nozzles for spraying water in the form of
droplets into the natural gas dramatically reduces the hydrate formation time

and increases its solubility at the same time.
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Table 1 Compositions of natural gas

Certified Uncertain
Concentration

(mol/mol) ty
Methane 90.8784 %
Ethane 5.63 % +2%
Propane 2.52 % +2%
1so-Butane 0.493 % +2%
n—Butane 0.447 % +2%
1so—Pentane 102 PPM +3%
Nitrogen 214 PPM +3%

1. Reactor 22. Gas MFC(high)
23. Gas MFC(low)
24. Water reservior tank

2. Sapphire glass
3. Thermocouple
4. Double distilled water ~ 25. Liquid pump

5. Stirror 26. Water tank

6. Water injection nozzle  27. Gas reservior tank
7. Precooling tube 28. Gas booster

8. Check vaive 29. Air compressor

9. Bath 30. Gas bombe

10. Coolant 31. Relief valve
11. Chilter 32. Stop valve
12. Magnetic driver 33. Coolant inlet
13. Motor 34. Coolant outlet

35. Gas vent
36. Water vent

14. M.D. conwroller
15. T. digital indicator
16. P. digital indicator 37. Gas & water vent
17.PC 38. Pressure gauge

18. A/D, D/A convertor 39. Back press. regulator
19. Press.(heise) gauge 40. Regulator

41. Vacuum purnp

42. Vacuum gauge

20. 3-way valve
21. Liquid MFC
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Roberts et al., 1940
Deaton & Frost, 1946
Jhaveri & Robinson, 1965
Gallowat et al., 1970
Verma, 1974

de Roo et al., 1983
Thakore & Holder, 1987
Adisasmito et al., 1991
Ryu, 1998
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Fig. 2 Equilibrium points

Table 2 Constants for pressure in MPa and
temperature in K

Structure I Structure 11

a 5.384E-01 1.111E-00
b 1.023E-14 3.303E-26
c 1.205E-01 2.078E-01
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Fig. 3 Photograph of nucieation
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Fig. 4 Induction time of hydrate nucleation

Table 5 Constants for induction time

Structure 1T

=1.654
20.238

Structure I

a —1.046
11.273

3.3 D4 ol utE stOl=30lE HE
% 53 A3

W27 SFFE 300mL FYsEE, 274.15K

AR WAL F AWNAE ARGEAA 7Y

sttt AL 24213 Fot #REglon A9
ié*l?f}l} ALe fFAsk FUT. Ad7t29
THE7E Wgae] gol=dolER AP
£ERE 7hhE b3 MCE o) 85k BEd
ZOE’H Age FAGESE SR, a2 A

Ho =& lfei%iﬁi Aol F22 w7
4 5&59} g Fsto sol=dolE W
7 B Fig. 5o UEpARITh Fig. 59 YElYR
o] TUY =N gHol Folxld eIt
72 7] wEol sto]=o|E MAT] FIsh=
2A%E @2¢ F U =@ FIE 4K
TFE O7F 72 1EG 39 o4 7ha 3%
& Holx ot

4

4

- 401 -



10000

o~ ——&—— Structure || 3.04MPa, 274.05K, 11.47K subc
E ——&-— Structure | 3.06MPa, 273.98K, 0.98K subc
~ —-8— Structure Il 5.20MPa, 274.05K, 15.08K subc
& 8000 4 ——8— Structure | 5.02MPa, 274.25K, 5.37K subc

——a— Structure 1| 7.00MPa, 274.24K, 16.64K subc
ﬁ ———dA——- Structure | 7.06Mpa, 274.34K, 8.38K subc
S 6000
g 4000 /’
g 2000
S

04
T T — T T
0 5 10 15 20 25
Time (hr)

Fig. 5 Gas consumption volume for variable
degrees of subcooling
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Fig. 6 Gas consumption volume at the same
subcool ing below the freezing poin
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Fig. 7. Gas consumption volume according to
subcool ing and water spray methods
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