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Molecular Dynamics Simulation of Thermal Properties of
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[ Abstract]  Carbon dioxide hydrate has important applications in cold storage of air-conditioning, seawater desalination, flue
gas capture, and replacement of natural gas hydrate exploitation. Thermal properties are the basis for the development and
application of gas hydrate technology. The thermal properties of carbon dioxide hydrate under the conditions of 20 MPa, 50-200 K
are studied for structure I carbon dioxide hydrate, structure II carbon dioxide hydrate and structure II carbon dioxide-cyclopentane
binary hydrate using equilibrium molecular dynamics simulation methods. They are density, isothermal compressibility, acoustic
velocity, specific heat, thermal conductivity, thermal diffusivity and mean free path of phonons. The phonon transport mode that
affects the thermal conductivity of hydrates is analyzed, and it is found that in the presence of cyclopentane, the phonon transport
mode of structure II carbon dioxide hydrate is different from that of structure I. The simulation results will provide basic data and
theoretical basis for the application of carbon dioxide hydrate under different thermodynamic additives.
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Table 1 Simulation system

R % g K& ANRE GESH
ohRs Gl W oA%R (% A% (%) % (%)
1 CO, I 100 100 100
2 CO, 1 0 100 66.7
3 COyCP 1 50 50 50
4  COpCP I 100 100 100

(a) T84 CO,/KEW
B 1 #EaE (E%k-S, SIR-3t
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Fig.1 Configuration of initial hydrate (The dotted blue line represents hydrogen bonding, the ball represents atom, the
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stick represents covalent bond, C-yellow, O-red, H-white)
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Table 2 Potential energy parameters

S B T Hf e (keal/mol) o (A)
(0] -0.8476 0.1553 3.166
H,O SPC/E
H 0.4328 0.0000 0.000
C 0.6512 0.0559 2.757
CO, EPM2
O -0.3256 0.1600 3.033
C —-0.2000 0.0660 3.500
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Fig.4 Power spectra of HCACF in CO, hydrate
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Fig.5 Thermal conductivity of carbon dioxide hydrate
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Table 4 Densities of carbon dioxide hydrates with different structures

LA &1 &2 A& 3 K% 4
20MPa 50K 1.2403 1.0884 1.0228 1.2294
20MPa 100K 1.2242 1.0751 1.0102 1.2074
20MPa 150K 1.2060 1.0600 0.9949 1.1827
20MPa 200K 1.1891 1.0435 0.9773 1.1590

5MPa 270K 28! 1.181
x5 TRZEH_SUBKEYNFEEERE (X104 MPa'l)
Table 5 Isothermal compressibility of carbon dioxide hydrates with different structures

B A HHR1 &2 %R 3 KA 4
20MPa 50K 0.5009 0.5456 0.4769 0.5942
20MPa 100K 0.5853 0.6911 0.8633 0.7365
20MPa 150K 0.7515 0.7787 0.9760 1.1267
20MPa 200K 0.8753 1.3102 1.4007 1.2011

20MPa 271.15K2%] 1.1000
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*6 TRIZEH_EUBKEYNEZER (m/s)

Table 6 Acoustic velocity of carbon dioxide hydrates with different structures

B &1 A& 2 K% 3 % 4
20MPa 50K 4011.92 4103.43 4527.74 3699.88
20MPa 100K 3735.88 3668.54 3386.35 3353.35
20MPa 150K 3321.78 3480.81 3209.12 2739.37
20MPa 200K 3099.71 2704.50 2702.83 2680.21

0.1MPa 30K %] 3500£100
0.1MPa 150K2¢] 3300£100
0.1MPa 260K 261 3100£100

®7 TREH_ENBKEMIHLERE (d/kgK)

Table 7 Specific heat capacity of carbon dioxide hydrates with different structures

KA g R 2 A3 R 4
20MPa 50K 1.3972 1.0759 1.0954 1.1657
20MPa 100K 1.8168 1.4456 1.2525 1.5294
20MPa 150K 2.0033 1.5077 1.7861 1.8739
20MPa 200K 2.2441 1.6050 1.8995 1.9064
20MPa 153K =2.36
20MPa 271.15K™! =2.56

®8 ATRIZEH_EUBKEWIHRTHE (X 107 m?s!)

Table 8 Thermal diffusivity of carbon dioxide hydrate with different structures

KA A& 1 RE& 2 A3 R % 4
20MPa 50K 6.40 7.34 7.73 4.56
20MPa 100K 3.52 4.08 7.21 4.41
20MPa 150K 2.83 4.30 3.22 3.14
20MPa 200K 3.16 4.38 3.09 3.41

®9 TRZH_SUBKEYNEFEHYEHE (D)

Table 9 Phonon mean free path of carbon dioxide hydrates with different structures

AR A1 A2 &3 R 4
20MPa 50K 4.78 5.36 5.12 3.69
20MPa 100K 2.83 3.33 6.38 3.94
20MPa 150K 2.56 3.71 3.01 3.44
20MPa 200K 3.06 4.86 3.43 3.82

3 LZitERE
K- 5 T 8 1 AT B, /E 20MPa,

50-200K 2514 1, 3R 7 18 CO, /K& 11 74 CO,
KGR NI EH K 100%) 11 CO+CP 7t
KEW CRANETOE A RN 50 %) A A
CO,+CP ZJu/K &Y (RN A 23558 100%)
P PE, BFREE . SRR R A
Eek, SR A ECR A P E R 23

ARSI (1) ESbE SRR T, 1

A R ABOK G TS TR ALK
IKEVIAE, T W RUKEY), BEE KRR
A R N, ARSI T A K S 3 G 2 1
P ARG B 25, W 1 MM 1 3 A0 7K
G FREREEER . () HRMMKEMEE—
SEIS, AR, EOBOK, SRR 48 R B,
PR PR R LA o T AT R A 09 100 %
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