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NUMERICAL ANALYSIS OF NON-EQUILIBRIUM HYDRATE PELLET DECOMPOSITION

Jung Ho Kang,l Jin Hyun Nam,” Charn-Jung Kim® and Myung Ho Song*4

The prediction of hydrate pellet decomposition characteristics is required to design the regasification process of
GTS (gas to solid) technology, which is considered as an economic alternative for LNG technology to transport
natural gas produced from small and stranded gas wells. Mathematical model based on the conservation principles,
the phase equilibrium relation, equation of gas state and phase change kinetics was set up and numerical solution
procedure employing volume averaged fixed grid formulation and extended enthalpy method are implemented.
Initially, porous methane hydrate pellet is at uniform temperature and pressure within hydrate stable region. The
pressure starts to decrease with a fixed rate down to the final pressure and is kept constant afterwards while the
bounding surface of pellet is heated by convection. The predicted convective heat and mass transfer accompanied by
the decomposed gas flow through hydrate/ice solid matrix is reported focused on the comparison of spherical and

cylindrical pellets having the same effective radius.

Key Words : 712> 3}0] =20 E(Gas hydrate),

ZH(Intrinsic kinetic)

=2 E‘ﬂ’olo}ol 28} FA
= d-5{burning ice)© ]E} -‘:g'ﬂ AR
Davyoll oJ3f A& & o]F AA7MA 130 ¥

BExlEo] BRI 4 %}oq slo| o] ES ?ﬂk]—g}__‘:_
2 RaEH1]. %2719 A Fo)MlA &
ZYolE dte 1934L4 Hammerschmidt7} 7}~ ’“—’3}
2 lo] Pl AAE Fos slo]=a
< WewH *&?;‘74]4 WE 7] AR

w8 Al ¢l

L4 43} (clathrate hydrate)<]
AAZAR 7kt FARARR
g€tk 7h2 shol=go]
JHe 7 AR E3

Stk 1810 Sir Humphrey

oo td of\

ofr

Im rL

¥ o W DN

s, Aereta et 1 AgEEe
459, FRhsta 7| AAE AT
A9, Aeeta 7833y
SAAR, B eka 7)) 3 83}

Corresponding author, E-mail: songm@dgu.edu

A3 F-3ll(Pellet decomposition), =] &l14}(Numerical simulation), &2

0]% 1967 F AT A HaAZo] BELo] 9=
ol=go|ES] EAZF HEZ E..J‘Eloj\:ﬂ[Z] 19693 HE] = A]
Aellofol]l $1x1&F Messoyakha fieldol 4] 7}~ Slo] =0 ES
wafstel HA7kaE ‘3"}0}7101] ol2glt). Moz EXs}
£ 7k SPol=EolE: 90 % ofdo] vetem PHAEo T
& vek Slo]= 20| E(methane hydrate)2}il®= U om, A
7Rt Ao} 2 TR A4, Hvks AFE 2 Aet
= ol Ao} AlE|AY FAH= Ej WIT*]'quﬂi o)

WAF 31 gtk Makogon[3]2F Kvenvolden[4]S w&F 3lo] =2
o|Ee] Bzo| 1016 m'ol T3 womﬂ, A7
SAE AFEPE S wgste] Adtetd, slol=dolE FEl®

AFEA 7h7ko] wiAE o] 9= wEke] oy S EHe
M RgHor A 0}045
sk 34 dm F

o}l‘
= o
i
5
0&4 _Lu
L
: 4

Aol BEd SA/kagl olishanE ok HE
el el dpelloln st defse

0 gl A s eln
0 g sfol=dlol =3 Feste]



H 4 2HY 269

- Hydrate

------- Hydrate +Ice
r
. Ges Flow

Fig. 1 Physical domain of hydrate pellets

= 7le 5 Aol AFHoE A& 1‘34*1 7k shol=
go|E Ao AeHS wolsta glrh6-9]. E, HA7tAE
A2 ste|=HolE A5l e F /ﬂﬁqfamm%To
Soild)7] 0] ﬂ+4°%}ﬁ A7FA(LNG)71E2] AAZ] o
oto® Hriew k. HAZk: slo]=go]E(Natural Gas
Hydrate)= % HA7FCNG)dl Bl8] AHG 7k A% 2
=7} A3 NGl s AtiF oz fedt o= 2 4
Ao A o] Thsste] 53] 4% 7ked
913 NGH7 19| F83b7F is] 2w s lth10].

B A= GTS 71%9] wpAet
o] A7kst B A dag v
FHHA 7k Fol=glo]EL
HAag 7 R BAEY] wd

/\]ﬂoiE o |wl .z ;\(_g—o] )

o BN

(LU
)
o,
ol
O X
[
é
o
{m
e
M

W
N
o K
il
LR
A
Q‘L
N
o
:LI)LL

o
Mz
o
ox
=)
i =
i
o -
o
o i)

)
o
=2
>

AN rle
il
i3
ox i )
igﬁrﬁNjﬁ
1 4 = (o
N “Lﬂ
o > & ot
12 —O‘oll—lnz'
T~
r& &L M
L o> 42 o I
_m o
[m
LETRE T S TR T

Ao Haujde 24 o}:;} A
o2 B4 felelel= ol
S DECDEEREEE
sol=elo] =g ol
Vel 43k 34,

7
U349 48 9 % 84 A9As 2

R

KZ oo i
_IE( By
ol g

E2% g
nE T
T2

a9
v

ol-) k=)
%

(M of & r2 of
oX 10
2L
i
[ r
=

fr o &g 2 M 1o XN N9

\ CFD2 21|
p P
Pi
: P
Equilibrium
Pu: Line \
Quadruple Pr
Point
Pt
:r\ Tar T tdlap t
Fig. 2 Calculated domain of hydrate pellets
ato] H 2 stel= dAZE Fasi
B ool ey dae S92 9 53 g 4
A 7A FEEEAE Eshs 7k stol=golE HEl
s el oA mae s sholsdol=s] vBY
WES &8 e As) FAHoR 7 e ALug
& A AEs] WEe sl Hgalgin gl 2
7], ERIA Y] i @A, 7Y FRAAE WstAlT
v g g dEd sfol=dolE Agle] Ealjlagel] dig
AL S5t A5 2aE vl B ste] maskgch
2. TXRIFHA

Table 1 Summary of simulation conditions

Parameter Explanation Value

R, Effective radius 0.02 m
K Permeability 1.0x10" M m?
ey Heat transfer coefficient 100.0 W/m*K
ko Kinetic constant 0.0085 s 'Kt
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Table 3 System parameters of pellet size and convective heating
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