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ABSTRACT

The study is to analyze the chemical and heat-flow reactions in the hydrogen generation unit(autothermal reformer), using

computational numerical tools. Autothermal reformer(ATR) is involved in complex chemical reaction, mass and heat transfer

due to exothermic and endothermic reactions. Therefore it is necessary to reveal the effects of various operation parameters and

geometries on the ATR performance by using numerical analysis. Numerical analysis needs to dominant chemical reactions that

includes Full Combustion(FC) reaction, Steam Reforming(SR) reaction, Water-Gas Shift((WGS) reaction and Direct Steam

Reforming(DSR) reaction. The objective of the study is to improve theoretically the reformer design capability for the goal of

high hydrogen production in the autothermal reformer using methane. Hydrogen production reached maximum in a certain value
of Oxygen to Carbon Ratio(OCR) or Steam to Carbon Ratio(SCR). When the longitudinal distance to dimeter ratio(L/D) is

increased, hydrogen production increases.
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Full Combustion
CH, +20,— CO, +2H,0 (8)
AH ) =—8.02¢5 (kJ/kmol)

Steam Reforming(SR) reaction
CH, + H,0— CO+3H, ©
AHyqg) = 2.06€5 (k.J/kmol)

Water—Gas shift(WGS) reaction
CO+ H,0— CO, + H, (10)
AH sy = 4.10e4 (kJ/kmol)

Direct Steam Reforming(DSR) reaction
CH, +2H,0— CO, +4H, 11
AH=1.65¢5 (k.J/kmol)
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Table 1 Parameters of intrinsic rate equations

Kinetic parameter, ki=keixexp(-Ei/RT)

Reaction ko [kmol/kg + h] | E; [k]J/kmol]
Full Combustion [1] 5.852x10'7 bar 1° 204000
Steam Reforming [2] 4.225x10"" bar® 240100
Water Gas Shift [3] 1.955x10" bar 0 67130
Direct Steam Reforming [4]| 1.020x10" bar® 243900

Equilibrium constants, Kej

Reaction Kej

Steam Reforming [2] 5.75x10"exp(-11476/T) bar’

Water Gas Shift [3] 1.26107%xp(4639/T) bar?

Direct Steam Reforming [4] 7.2410%%xp(-21646/T) bar

Adsorption constant, ki=kei=exp(- AH/RT)

Species Kail/bar] AHilk]/kmol]
CH« 4.02x10° 103500
or 5.08x10" bar® 66200
CHa 6.65x10* -38280
CO 8.23x10° =70650
H0 1.77x10° bar -88680
H 6.12x10°° -82900
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Table 2 Operating conditions

Inlet temperature 600 C
OCR 05
SCR 1.0
L/D 5
GHSV 5000/h
Adiabatic
Wall boundary No-slip condition

Table 3 Parameters of boundary condition
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