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N Ava

k (m?.kg/s?.K?)

m
c

b

Ap ()

Ce (m'3)

D (m?/s)
M(t) (mole)
G

Xhj

ph (gricm®)
Nw

Mo (mole)
A (m3s?

Mw (gr/mole)
Mn (gr/mole)

J(m3s?h)
w

0

Vi

Nw

P (bar)
Vs (cm3)

€

Q (m?fs)
o (IImd)
b

T (K)

i

t(s)

vA (nmd)
vh (nm?)
Veell (nm3)
vw (NmM?)
0 (deg)
y(X)

z

EICD

e S 0

Avogadro’s Number

Boltzmann Constant

Constant

Constant for Spherical Nucleus
Dimensionless Shape Factor

Driving Force

Equilibrium Solubility of The Gas Component
Gas Diffusivity in the Aqueous Solution
Gas Mole Number

Growth Constant

Hydrate Composition of Gas

Hydrate Density

Hydration Number

Initial Gas Mole Number

Kinetic Parameter for Hydrate Formation
Molecular Weight

Molecular Weight of Hydrate
Nucleation Rate

Nucleation Work

Number of Building Units

Number of Cavities

Number of Water Molecule

Pressure

Solution Volume

Sticking Coefficient
Supersaturation-Independent Kinetic Factor
Surface Energy

Surface Energy Factor

Temperature of System

The Fractional Filling

Time

Volume Difference

Volume Hydrate Building Unit

Volume of Hydrate Unit Cell

VVolume of Water Molecule

Wetting Angle

Wetting Factor

Zeldovich Factor

ERNTSS
Effective
Equilibrium
Hydrate
Water




55

&b

[1] E. D. Sloan Jr and C. Koh, Clathrate hydrates of natural gases: CRC press,. third edition, 2007.
[2] J. Rajnauth, M. Barrufet, and G. Falcone, "Hydrate formation: considering the effects of pressure,
temperature, composition and water," Energy Science and Technology ,vol. 4, pp. 60-67, 2012,

[3] S. Al-Adel, J. A. Dick, R. EI-Ghafari, and P. Servio, "The effect of biological and polymeric
inhibitors on methane gas hydrate growth kinetics,” Fluid Phase Equilibria, vol. 267, pp. 92-98, 2008.
[4] M. Atilhan, E. Deniz, F .Benyahia, and S. Aparicio, " Advances of Natural Gas Technology,"
Chapter 7, pp. 193 — 212, 2012.

[5] C. P. Ribeiro and P. L. Lage, "Modelling of hydrate formation kinetics: State-of-the-art and future
directions,” Chemical Engineering Science, vol. 63, pp. 2007-2034, 2008.

[6] E. M. Freer, M .S. Selim, and E. D. Sloan, "Methane hydrate film growth kinetics,” Fluid Phase
Equilibria, vol. 185, pp. 65-75, 2001.

[7] M. Mork and J. S. Gudmundsson, "Hydrate formation rate in a continuous stirred tank reactor:
experimental results and bubble-to-crystal model,” in Proceedings of the Fourth International
Conference on Gas Hydrates, Yokohama, 2002.

[8] J. R. Avendafio-Gomez, R. Limas-Ballesteros, and F. Garcia-Sanchez, "Modeling of
trichlorofluoromethane hydrate formation in aw/o emulsion submitted to steady cooling,"
International journal of thermal sciences, vol. 45, pp. 494-503, 2006.

[9] Y.-T. Luo, J.-H. Zhu, S.-S. Fan, and G.-J. Chen, "Study on the kinetics of hydrate formation in a
bubble column,™ Chemical engineering science, vol. 62, 2007, pp. 1000-1009.

[10] P. Naeiji and F. Varaminian, "Experimental study and kinetics modeling of gas hydrate formation
of methane—ethane mixture," Journal of Non-Equilibrium Thermodynamics, vol. 38, pp. 273-283,
2013.

[11] M. Karamoddin, F. Varaminian, and M. Daraee, "Experimental measurement and Kinetic
modeling of ethane gas hydrate in the presence of sodium dodecyl sulfate surfactant,” Gas Processing
Journal, vol. 1, pp. 1-12, 2013.

[12] L. Mu, S. Li, Q.-L. Ma, K. Zhang, C.-Y. Sun, G.-J. Chen, et al., "Experimental and modeling
investigation of kinetics of methane gas hydrate formation in water-in-oil emulsion,” Fluid Phase
Equilibria, vol. 362, pp. 28-34, 2014..

[13] D. Kashchiev and A. Firoozabadi, "Nucleation of gas hydrates," Journal of crystal growth, vol.
243, pp. 476-489, 2002.

[14] D. Kashchiev and A. Firoozabadi, "Induction time in crystallization of gas hydrates," Journal of
crystal growth, vol. 250, pp. 499-515, 2003..

[15] B. ZareNezhad, M. Mottahedin, and F. VVaraminian, "A new approach for determination of single
component gas hydrate formation kinetics in the absence or presence of kinetic promoters,” Chemical
Engineering Science, vol. 137, pp. 447-457, 2015.

FARAYANDNO




