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The Effect of Operating Conditions on the Heat-flow Characteristics
and Reforming Efficiency of Steam Reformer with Combustor

Ji-Seok Kim, Jae-Seong Lee and Ho-Young Kim

ABSTRACT

The heat-flow characteristics and reforming efficiency of steam reformer with combustor are numerically in-
vestigated at various operating conditions. SCR(Steam to Carbon Ratio) and GHSV(Gas Hourly Space Velo-
city) are adopted as important operating conditions. User-Defined-Function(UDF) was used to simultaneously
calculate reforming and combustion reaction. Numerical results show that hot burned gas rise by a buoyant
force and heat exchange between reforming reactors and cocurrent flow occurs in the combustion region.
The results also indicate that an increase of SCR leads to decrease the mole fraction of hydrogen at the

reactor outlet. As GHSV increases, conversion rate decreases.
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Alphabets

A : preexponential factor

D,, : Diffusion coefficient

D, : Mean particle diameter

E; : Activation energy of reaction [I], [II], [1II]
J/kmol

AH: Enthalpy change of reaction or adsorp-
tion J/kmol

h  : Sensible enthalpy for ideal gas

h : Enthalpy of formation

J : Diffusion flux

K; : Equilibrium constant of reaction

K; : Adsorption constant of species

k : Rate coefficient of reaction

key : Effective thermal conductivity

M, : Molecular weight

N : Mole fraction

p : Partial pressure

R : Gas constant

R Volumetric rate of creation

R, : Arthenius molar rate of creation/destruction

r : Rate of reaction [I], [II], [1II]

Sy : Volumetric heat source

Sc; : Turbulent Schmidt number(u/pD,=0.7)

T EF

T : Temperature
v : Stoichiometric coefficient
Y . Mass fraction

Greeks

a : Permeability

¢ Dissipation rate of turbulent kinetic energy
y . Porosity of the medium

x : Turbulent kinetic energy

7 Stress tensor

o Density

u @ Turbulent viscosity

Subscripts
i : Reaction number
Jj  : Species j

k : Species k

r : Reaction

f : Fluid phase

s : Solid medium

Superscripts
! : Reactants
: Products
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Fig. 1. Schematic of steam reformer.
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Steam Reforming Reaction(SR)
CH4#+H,0 — CO+3H, AH=2.06e5(kJ/kmol)  (9)

Water-Gas Shift Reaction(WGS)
CO+H,O — CO»tH, AH=-4.10e4(kJ/kmol) (10)

Direct Steam Reforming Reaction(DSR)
CH4+2H,0 — CO,+4H, AH = 1.65¢5(kJ/kmol) (11)
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Table 1. Constants for Calculation

Constants for Arrhenius Equation

Reaction A(k:;) [kmol/kgca* h] E; [J/kmol]

SR [1] 4.225¢+15bar’’ 2.401e+8
WGS [11] 1.955¢+6bar®’ 6.713e+7
DSR [III] 1.020e+15bar”’ 2.439¢+8

Constants for Van't Hoff Equation

Species A(Kj))[/bar] A Hj[J/kmol]

CH4 6.65¢-4 -3.828e+7

H,O 1.77e+5 8.868e+7

CcO 8.23e-5 -7.065¢+7
H, 6.12¢-9 -8.290e+7
Equilibrium constants, K;
Reaction K;
SR [1] 5.75e+12exp(-11476/T)
WGS [I1] 1.26e-2exp(4639/T)
DSR [I11] 7.24e+10exp(-21646/T)
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k= A(kt.)exp(——’ (15)
K, = A(Kj)exp(— A, ]
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Fig. 2. (a) Geometry of calculation domain (b) Cross
sectional view of reformer.
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Fig. 3. (a) Temperature distribution (b) Velocity vector in the combustor.



41

(a)
Fig. 4. Top view of velocity vector (a) at Relative Length 0 (b) at Relative Length 0.25.
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Fig. 12. Wet species concentration of H,O by the GHSV
variation.
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