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Abstract — Storage tanks of Carbon dioxide (CO,) carriers utilized for the purpose of carbon capture and storage
(CCS) into subsea strata have to undergo a pre-cooling session before beginning to load cryogenic liquid cargos in
order to prevent physical and thermal deterioration of tanks which may result from cryogenic CO, contacting tank
walls directly. In this study we propose dynamic model to calculate the tank inflow of CO, gas injected for precool-
ing process and its dynamic simulation results under proportional-integral control algorithm. We selected two cases in
which each of them had one controlled variable (CV) as either the tank pressure or the tank temperature and dis-
cussed the results of that decision-making on the pre-cooling process. As a result we demonstrated that the con-
trolling instability arising from nonlinearity and singularity of the mathematical model could be avoided by choosing
tank pressure as CV instead of tank temperature.
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Fig. 1. Schematic diagram of CO, storage tank with inlet and outlet.
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Fig. 2. Comparison of the simulation results of the Aspen HYSYS 7.3 (m;,=20 ton/hr, valve opening percentage = 50%) and the mathematical
model using MATLAB (m,;,=20 ton/hr, m,,~=10 ton/hr); all other operational conditions are given in Table 1. (a) Tank temperature (b)
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Table 1. Physical parameters of the CO, storage tank

Variable Description Value

k  Heat conductivity of tank wall insulation 0.1080
(polyurethane spray) [kJ/m/hr/K]

A Outer surface area of tank with volume of 13,000 2.6731%10°

m’ [m?]

Thickness of tank wall insulation [m] 0.0500

C Specific heat capacity of CO, at temperature of ~ 735.0
225.15 K [kJ/ton/K]

-

T,, Mass inflow temperature [K] 225.15

T, Initial temperature inside tank [K] 293.15

T,.  Outer environmental temperature [K] 293.15

P,  Initial pressure inside tank [kPa] 1.0133*10?
R Ideal gas constant [kJ/kmole/K] 8.3145

M,  Molar weight of CO, [ton/kmole] 44.01*1073
V  Tank volume [m’] 1.300*10*
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Nomenclatures

: Area of tank wall [m?]

: Specific heat capacity of CO, at T=225.15K [kJ/ton/K]
: Mass of substance inside tank [ton]

: Molecular weight of CO, [ton/kmole]

: Amount of heat inside tank [kJ]

: Thickness of tank insulation [m]

z2z0>

: Tank pressure [kPa]

: External heat transfer rate through tank wall [kJ/hr]
: Gas constant [kJ/kmole/K]

: Tank temperature [K]

: Temperature of CO, gas inflow stream [K]

HH8 RO T Cm

K]

: Temperature of surroundings [K]

<3

: Tank volume [m?’]

: Constant of m,,,,

: Heat inflow rate into tank [kJ/hr]

: Heat outflow rate from tank [kJ/hr]

: Heat conductivity of tank insulation material [kJ/m/hr/K]
: CO, inflow rate into tank [ton/hr]

: CO, outflow rate from tank [ton/hr]

: Time [hr]

o o o
g

out

s

out

Korean Chem. Eng. Res., Vol. 52, No. 5, October, 2014

References

. Benson, S. M. and F. M. O. Jr.,, “Carbon Dioxide Capture and

Storage, MRS Bulletin, 33(4), 303-305(2008).

. Feron, P. H. M. and Hendriks, C. A., “CO, Capture Process

Principles and Costs,’ Oil & Gas Science and Technology - Rev.
IFP, 60(3), 451-459(2005).

. Jung, J., Lim, Y., Jeong, Y. S., Lee, U., Yang, S. Y. and Han, C.

H., “CO, Capture Process Using Aqueous Monoethanolamine
(MEA): Reduction of Solvent Regeneration Energy by Flue Gas
Splitting) Korean Chem. Eng. Res., 49(6), 764-768(2011).

. Lee, D. H,, Kim, M. H., Kwon, S. H., Kim, J. W. and Lee, Y. B.,

“A Parametric Sensitivity Study on LNG Tank Sloshing Loads
by Numerical Simulations, Ocean Engineering, 34(1), 3-9(2007).

. Shin, M. W., Shin, D., Choi, S. H. and Yoon, E. S., “Optimal

Operation of the Boil-off Gas Compression Process Using a
Boil-off Rate Model for LNG Storage Tanks, Korean J. Chem.
Eng., 25(1), 7-12(2008).

. Dimopoulos, G. G. and Frangopoulos, C. A., “A Dynamical

Model for Liquefied Natural Gas Evaporation during Marine
Transportation, International Jowrnal of Thermodynamics, 11(3),
123-131(2008).

. Kim, H. S., Shin, M. W. and Yoon, E. S., “Optimization of Operat-

ing Procedure of LNG Storage Facilities Using Rigorous BOR
Model?” 17" World Congress of the International Federation of
Automatic Control, July, Seoul(2008).

. Heestand, J. and Shipman, C. W., “A Predictive Model for Rollover

in Stratified LNG Tanks} AIChE J., 29(2) 199-207(1983).

. Shin, Y. and Lee, Y. P., “Design of a Boil-off Natural Gas Reli-

quefaction Control System for LNG Carriers, Applied Energy,
86(1), 37-44(2009).



