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Abstract — Rigorous multiscale modelling and simulation of the MTR for WGSR was carried out to accurately pre-
dict the behavior of process variables and the reactor performance. The MTR consists of 4 fixed bed tube reactors
packed with heterogeneous catalysts, as well as surrounding shell part for the cooling purpose. Considering that fluid
flow field and reaction kinetics give a great influence on the reactor performance, employing multiscale methodology
encompassing Computational Fluid Dynamics (CFD) and process modeling was natural and, in a sense, inevitable con-
clusion. Inlet and outlet temperature of the reactant fluid at the tube side was 345 °C and 390 °C, respectively and the CO
conversion at the exit of the tube side with these conditions approached to about 0.89. At the shell side, the inlet and out-
let temperature of the cooling fluid, which flows counter-currently to tube flow, was 190 °C and 240 °C. From this heat
exchange, the energy saving was achieved for the flow at shell side and temperature of the tube side was properly con-
trolled to obtain high CO conversion. The simulation results from this research were accurately comparable to the exper-
imental data from various papers.
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Fig. 1. Schematics of the MTR for WGSR: (a) Shell side (b) Tube side.

Table 1. Design parameters & their values

Design Parameters Value [m]
Tube side
Diameter 0.127
Length 2.0
Shell side
Diameter 0.45
Length 22
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Fig. 2. Configuration of the MTRS for WGSR.

Table 5. Operating conditions of the MTR for WGSR

Operating Parameters Value
Tube side
-Inlet temperature (°C) 345

-Inlet pressure (Pa) 6.5x10°
-Inlet flow rate (kg/s) 0.0777
-Mass fraction

[CO, H,0,CO,, Hy, CHy, Ny] [0.2,0.28,0.22, 012, 0.01, 0.17]

Shell side
-Inlet temperature (°C) 195 195
-Inlet pressure (Pa) 6.6x10°
-Inlet flow rate (kg/s) 0.0777

-Mass fraction

[CO, H,0,CO,, Hy, CHy, Ny] [0.2,0.28,0.22, 012, 0.01, 0.17]
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Fig. 3. Velocity profile in the MTR for WGSR (m/s).
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Fig. 5. Velocity profile at the bottom side of the MTR for WGSR (m/s).
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Fig. 6. Temperature profile in the MTR for WGSR (K).
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Fig. 7. Mass fraction of CO in the MTR for WGSR.
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Fig. 8. Mass Fraction of CO, in the MTR for WGSR.
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Fig. 9. Equilibrium Constant Profile in the MTR.
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44, BEAS BE 9 NS PE

Fig. 9= W57] Ulellx]e] F@4% ghol WS wolZeh. Fig. 5
oA MolE RERE
o] gk ol A7) Fm Table 301 bt wkgSze] Aol Qg
S Bk, ke BEAe A M o] £ RS Qe v
A sl ol ne} Ao ARG DL Q= ANHIAS U
22 Faks g wkg7e] el S Fesk k.

Fig. 101495 CO A3H8<] 2x0] tjsto] vehfleh. whg
Eolne) WS oF 080 Hw Telo] wuw gt ulg §
Abg Asele o 4= gk,

5.4 E
B Ao hdnks-g Sikeli= WGS HES7o) thslo] CFD
2 FAAAR B 7] olgste] Al R vANE S
Q A3} o] &2 Q18 ABke

s
9] Ak w7 $1ste] 4719 tube® T3 0] Sl multi-tubular
reactors AP - 7o) mE} 23 FJHSF] #S A5

Korean Chem. Eng. Res., Vol. 46, No. 5, October, 2008



936 g - HJA - 2 - 2 9

SISILE. o] 9} 22 FFoA= MTR 9 shell sideZ W 259 S;  : other model-dependent source such as porous media
HESES 527 3l REE FSACZH HES2 52 714 & S, : total rate of generation of heat [J/m3-s]
2]7] Y3t AR E dofgt 4= Q). 345°CE FY vHeE2 vt S;  :fluid enthalpy source [J/m*s]
S-o] ayste ulz} 390 °C7FA] 2k 45°C 719 &% U1 K D,; : diffusional resistances [-]
™, shell side?llA= 190 °CellA 240 °CE 50 °C 7FEe] &% & A, :aging fraction factor [-]
717} o) Fo] A& & = 3t} o9} TE F7 LoflA coL A3k P, :pressure factor [-]
22 ok 089 AR F&Ho| vERT gk Ao eSS 9l f, : H,S concentration factor [-]
L2 ATE FEte] foizl AR 9 vpHES WkeT12] FHAAA k,  : turbulent kinetic energy [m%/s?]
9 HAH 218 EEsk=d B¢ € 4 g, :turbulent dissipation rate [m%s’]

Y,, :contribution of the fluctuating dilatation in compressible

: activation energy [J/mol]

: heat of reaction [J/mol]

: universal gas constant [J/mol-K]
: equilibrium constant [-]

: matrices

: inertial resistance factor [1/m]

: reaction rate [mol/m>-s]

: total mass source [kg/m>:s]

: rate of generating of each component [kg/m>s]

skast Jl468 H5S 20084 108

Zr AL turbulence to the overall dissipation rate
C,. :model constant [-]

A A Ve Al ] AR FEHg o Cy. @ model constant [-]

olo] 7A} &=t} C,. : model constant [-]
N =
J2[o|A &K}
L : reactor length [m] € : porosity [-]
D : reactor diameter [m] p - density [kg/m’]
d : particle diameter [m] n : fluid viscosity [kg/m's]
C : molar concentration [mol/m?] 1, : turbulent viscosity [kg/m's]
u : velocity vector [m/s] o : permeability [m?]
p : pressure [Pa] Gy turbulent Prandtl number for turbulent kinetic energy [-]
T : temperature [K] G, : turbulent Prandtl number for turbulent dissipation rate [-]
t : time [s]
D;; : diffusion coefficient for component i in j [m%/s] 2K}
D,,, : diffusion coefficient for component in the mixture h : enthalpy
C,  : heat capacity [J/mol’K] T : transposed matrix
k : thermal conductivity [W/m-K]
z : axial coordinate [m] OH& X}
r : radial coordinate [m] i,j : component
X : local mole fraction [-] m : mixture component
Y : local mass fraction [-] z : axial coordinate
J : diffusion flux [kg/m>:s] p : particle
S. : Schmidt number [-] f : fluid
T : stress tensor [Pa] S : solid medium
§ : gravitational acceleration [m/s’] r : reaction
I : unit tensor [Pa] t : turbulent
E : total energy [J/kg] eff : effective
h : heat transfer coefficient [W/m?>K] a : activation
: molecular weight [kg/kmol] : bulk
: Arrhenius constant [m*/(h-g of catalyst)] : gas
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