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Abstract The Thermophysical properties of thermal conductivity, viscosity, and heat capacity for CO2 slurry (CO2 gas and
CO2-hydrate mixture) having a high gas phase volume fraction were predicted using the conventional mixture models and
the TRAPP model under hydrate formation conditions. Based on the calculated thermophysical properties, the heat transfer
coefficient and pressure drop of the CO:z slurry in the tube were predicted. The thermal conductivity of COz slurry ranged
from 0.02 to 0.2 W/m-K, and the mixture viscosity was larger than that of pure CO2 by 1.9~2.7 times. The heat capacity
of CO2 slurry ranged from 63 to 68% of that for pure CO2. The predicted heat transfer coefficient of CO2 slurry was 6
times higher than that of pure COz. In the separate model, the estimated pressure drop increased with an increase of COz-hydrate
mole fraction, and was 60% of that of pure COs.

Key words CO2-hydrate(©]2}F3}gH4A 3} ] ]O] E), CO2-hydrate mixture(©]4F8}EH4 SFo]|Edo] E E3HE),
Thermophysical properties(& 2 E4), Heat transfer(€ 1), Pressure drop(% = 743}

+ Corresponding author, E-mail: yunrin@hanbat.ac.kr

J|sHdH U CHAEE [m/s]

Ar . Archimede 4= w D Aol B4 [m/s]
A D PUE WA [m] x CEEE

a = AA, A% z CEAAAT

cp DAY E [kI/ke-K]

d s WA, [m] az(A Xt

di stol=do]lE A7 [um] A : #}o)

o A p A [kgm]

h DALY W AGAS [Wm'K] ] 14 [eP]

J D 2(6)0] AlEdT A P EHAEAT [WmK]
k C AAEAS [WmK] 1 P44 [eP]

L 7 Zo] [m] ) DA

M D B2 [kg/kmol] 0 7S E

Nu . Nusselt 5~ Winass Aets

P 1 ¢+ [Pa]

Pr . Prandtl SHA AL

Re : Reynolds < I 1 CO2

(© SAREK 233



o
e

: CO2-hydrate

ST O3 3 RN
\
o
X |
s
it
O
o
o

1. M

rhu

Al EE A 2
Al COxAM = 7 A< %
AN wlg T sk, 5
and Storage)9] A4 &
Ao HAstd FE7]eEo] WhEAl FHEojof it}
FHE COol §3E, daE, 2ela FAHA
Aol CO29 2%, F %L‘?—:" 4—3— FEYe] A,
7], A7) & *

amEd AAel wet Ol
W ohe A4Sl Su
CCS(Carbon-dioxide Capture
RE s S oAkl

rSE HQL' 9&5 °P>

Upugsing) 5l EUSI
9.0 &5 coel AgehE QA ol geAE Ak,
MG 5 A9eH Aol FHOR Wau BeRol
EFE o] G BeRel Fr ne 9
sb2 g4 WS} g A ole] W EgEe] A
AL RS Sl ol b vt 2ol &

4 con9l AL 27 BE BT vepdnt” 53,
TR BEeE 5 E(H0)0] €00 Fdol U] A]

e wj$- AW, CO2 o] =g o] E 9 73
Ik 2% x| A AT o=
I HYPA Tz EAE Al oA Sto]=golE
A o] ukg] 75 o] Wl =31, CO: Bl =g o E
AL ate] 379 ¢HE7] @ o] AA|, 1)
I o]E9] $AGAe] Z olgsre n At} e} of
7R 7k~ E 9] C029F CO2-hydrate SFE2] 72
AEA o] that Aeo} o] 27 A ujS- B3}
i, =5 CO0l B/E o] 8eto] Ao}t
sh= ]*5}1 ‘}l

COzQ]— COz-hydrate
s, o) 2
o2 olge] % U F Al A R &
of ol NzARE AL Bk,

m&ﬁ

o ik

Fig. 12 CO29} E0] WH-g-7]ol == 49 7 water/
COz2 —Er%OH upet A E = o}OP:i'ﬂ °o|E &9 g

[e)
< B %‘— e 7]AL e 2] COzoﬂ CO»- hydrate7]-

CO2 gas

hase CO2 hydrate

Water + CO2 & Y Hydrate slurry

Annular mist flow pattern (water/CO2 <7)

Water liquid
hase

Water + CO2 Q O s /C> Hydrate slurry
’ S>> O OO o D

Dispersed bubble flow pattern (water/CO2 > 60)

CO2 hydrate

Fig. 1 Hydration formation under different
multiphase flow patterns.
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Table 1 Thermophysical properties of CO2-hydrate
at T = 275 K and P = 3000 kPa
Properties COz2-Hydrate
Density 1103 kg/m3

0.2~0.6 W/m-K
38.0 kJ/kmol-K
sl

Thermal conductivity
Heat capacity
Hydrate type

Table 2 Critical properties of CO2-hydrate
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Critical temp. 291 K
Critical pressure 170780 kPa
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Table 3 Homogeneous and separate model for heat
transfer coefficient and pressure drop

Models Equations
Homo-  Nu=0.023Re"*Pr" (14
geneous f1
model A7 = EEPUZAL (1s)
By =h,+h,+h, (16)
U 0.3
h, = 0.0175 > Pr(/3) 5 47040 5 Ugf xd,/k, (17)
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with change of feed mole fraction of COx.
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