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Numerical Study on Correlation between Operating Parameters and
Reforming Efficiency for a Methane Autothermal Reformer
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Abstract

The objective of this paper is to investigate characteristics of an autothermal reformer at various operating
conditions. Numerical method has been used, and simulation model has been developed for the analysis.
Pseudo-homogeneous model is incorporated because the reactor is filled with catalysts of a packed-bed type.
Dominant chemical reactions are Full Combustion reaction, Steam Reforming(SR) reaction, Water-Gas
Shift(WGS) reaction, and Direct Steam Reforming(DSR) reaction. Simulation results are compared with
experimental results for code validation. Operating parameters of the autothermal reformer are inlet
temperature, Oxygen to Carbon Ratio(OCR), Steam to Carbon Ratio(SCR), and Gas Hourly Space
Velocity(GHSV). Temperature at the reactor center, fuel conversion, species at the reformer outlet, and
reforming efficiency are shown as simulation results. SR reaction rate is improved by increased inlet
temperature. Reforming efficiency and fuel conversion reached the maximum at 0.7 of OCR. SR reaction and
WGS reaction are activated as SCR increases. When GHSV is increased, reforming efficiency increases but
pressure drop from the increased GHSV may decrease the system efficiency.
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Table 1 Dominant chemical reactions

Full Combustion reaction
CH; +20, < CO, +2H,0 (8)
AH 295=-8.02x10 kJ/kmol

Steam Reforming(SR) reaction
CH,; + H,0O = CO + 3H, 9)
AH 208=2.06x10° kJ/kmol

Water-Gas Shift(WGS) reaction

CO +H,0 — CO,+H, (10)

AHz9g)= -4.10x 10" kJ/kmol

Direct Steam Reforming(DSR) reaction
CH, +2H,O0 < CO,+4H, (1 1)

AH 298=1.65%10° kJ/kmol

Table 2 Reaction rate equations

. klPCH4 P(;)f
b (1+ Kgmpcm + ng Pc?f)z (12)
:L (PCH, PHZO - P:iz Pco/ Kez)
’ Pris (I+KeoPReo +Ky, By, + Koy Pen, +KioPio /By, ) (13)
[ = k3 (PCOPHZO _PH: ch / Kes)
’ PHZ (1+KeoFeo + KH2 PH2 + KCH, Pcr—g + KHZO PHzo / PHZ )2 (14)
r :ﬁ (PCH, Plizo - Pkt ch /Ke4)
) F’Hi5 (1+KeoFeo+ Ky, By, + Ko, Fon, +KioRio /Ry, ) (15)
Table 3 Parameters of intrinsic rate equations"'”
Kinetic parameter, ki=k,;><exp(-E;/RT)
Reaction  kg[kmol/kg-h] Ej[kJ/kmol]
1 5.85210"bar"” 204000
2 4.225%10"bar™ 240100
3 1.955>10%ar™? 67130
4 1.020>10"bar"® 243900
Equilibrium constants, K;
Reaction K
2 5.75>%10"exp(-11476/T) bar’
3 1.26107%exp(4639/T)  bar®
4 7.2410"exp(-21646/T) bar’
Adsorption constant, ki=k,;>}<exp(-AH;/RT)
Species  K;[/bar] AH; [kJ/kmol]
CH,¢ 4.02%<10° 103500
0,°¢ 5.08<10* bar"? 66200
CH, 6.65x10™ -38280
CcO 823107 -70650
H,0 1.77<10° bar -88680
H, 6.12<107 -82900
Table 4 Boundary conditions
Reformer . . T o
inlet x=0: T=Ti, C=C;, (16)
Reformer . = 4T / _ oC / _
outlet x=L: 8)(_0 @(_O a7
Reformer oT / _ oC / _
center =0: or 0 or 0@y
Reformer . T / _ oC / _
Walki—R)
— Catalytic bed _
Ielehc Ty — » {mileka-ls
“enter(r=0)
C— —_—
o Reloivelenglux Ly 1

Fig. 1 The computational domain of the autothermal

reformer
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Table 5 Operating conditions
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A7 = A
2 2=
700°C 670C

OCR

0.5,0.6,0.7

SCR GHSV

1.1

5000/h

Table 6 Autothermal reformer operating parameters

Inlet temp. OCR SCR GHSV
Changed 0.5 1.0 5000/h Fig.4,5
600C Changed 1.0 5000/h Fig.6,7
600C 0.5 Changed 5000/h Fig.8,9
600C 0.5 1.0 Changed Fig.10,11
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ko)
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Fig. 2 Temperature at the center line
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Fig. 3 Species at the outlet
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