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Abstract - A numerical study on the heat and fluid flow has carried out for the design of the steam reforming
reactor which consists of six reforming tubes and one burner. Reforming reaction calculation is coupled with
the heat and fluid flow one. The burner type in the reforming reactor is chosen through the fluid flow calcu-
lation according to different type of burner structure. It is shown that the significant temperature gradient exists
in the reforming reactor, affecting the component variation along the length of reforming tube. The component
ratio of reforming gas is changed by the variation of SCR and GHSV.

Key words : steam reforming, reactor, SCR(steam to carbon ratio), GHSV(gas hourly space velocity)
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Fig. 1. Schematics of steam reforming reactor.
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Model)& 2831 o A47k=e] F8 Altls
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Steam reforming reaction

CH, + H,O«— CO+3H, AH, 45, =2.06¢° kJ/kmol (1)
Water-gas shift reaction

CO+ H,0« COy+ Hy AH, ) =—4.1e" kJ/kmol  (2)
Direct steam reforming reaction

CH, +2H,0 CO, +4H, AH, o5\ = 1.65¢” k.J/kmol (3)

olH g vkl A& FE3] Y&l B AFdA=
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Steam reforming reaction rate equation

ky (2, CIJ,P H,0 P ;}P C()/ [(al)

= — - 4
" P} DEN? @

Water gas shift reaction rate equation

kz(Pc*()PHQc)*PU,PnoZ/Kuz)

= — 5
ik P, DEN® ©)
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Table 1. Constants for calculation Table 2. Boundary conditions at inlet & outlet
Kinetic parameter, k. = k,, X exp(— E,/RT) Boundary condition
Reaction Kok [kmol kg ™ Ex [KJ kmol™] Reactor furnace inlet (burner inlet) Inlet velocity
1 4225 x 10° bar™ 240100 Reactor furnace outlet Pressure outlet
2 1.955 x 10° bar” 67130 Reforming tube inlet Inlet velocity
3 1.020 x 10 bar™’ 243900 Reforming tube outlet Pressure outlet
Equilibrium constants, Kex
Reaction Kex . i
— 11650 |
(=220 1 13.076) i !
! 10 ! i i\
i j
1 O R, S
(———1.764)
2 10 7
g $
3 ( J/4()+11319) « »
10
Adsorption constants, K; = K,; X exp(— A H,/RT)
) Bcasel Bcase2
Reaction Koi AH; [kJ kmol ]
CH; 6.65 x 10" bar’ -38280
P Fig. 2. Various burner structures.
CO 8.23 x 107 bar -70650
> -
HO 177 > 107 bar 88680 Fig. 2014 =AIE A3} 2], metal fiber burner HEl
H: 6.12 x 10° bar’ -82900 2 FHYo g Aavtay) BAMEE WU T (Beasel)

Direct steam reforming reaction rate equation
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Fig. 3. Velocity distributions at steam reforming
reactor.
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Fig. 4. Pathline at steam reforming reactor.

Table 3. Conditions of calculation

Input of reforming Input of
SCR GHSV tube(CH4+H,0) burner(CHs)
(LPM) (LPM)
25 2570 5324 5.96
3.25% 2570 5324 5.96
4.0 2570 53.24 5.96
325 5141 106.50 5.96
325 1285 26.62 5.96

* Reference case
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reforming reactor.
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Fig. 7. Component mole ratio along the center of
reforming tube.
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Ex: Activation energy of reaction k [Table 1]
AH;:Enthalpy change of adsorption [Table 1]
Kek  :Equilibrium constant of reaction k [Table 1]
Ki: Absorption constant of species i [Table 1]
ki :Kinetic parameter of reaction k [Table 1]
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R :Universal gas constant [8.314 10° Jkmol-1K-1]
1 :Rate of reaction k [kmol kg-1s-1]

P :Partial pressure of species i [bar]

T :Temperature [K]
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