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Numerical Study on High Temperature CO-Shift Reactor in IGFC
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hongjp147@kepco.co.kr Abstract >> In this study a numerical study was conducted to show flow, temper-
ature and gas distributions in a high temperature CO shift reactor which was de-
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signed specially for energy saving and then evaluated with the related experiment.

Accepted 31 August, 2018 Mole fractions of syngas at the end of the catalyst bed were predicted with various
assumed pre-exponential factors, were compared with the corresponding ex-
perimental results and 10% was finally selected as the value. With the selection,
a base case was examined. It was calculated that the inlet duct attached asym-
metrically to the CO shift reactor affects on the distribution of the upward mo-
mentum (+z directional). In addition, CO conversion ratio is achieved up to 90%
in the catalyst bed and especially it reached up to 70% at the initial part of cata-

lyst bed.
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Fig. 1. Overview on high temperature CO conversion reactor
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Table 1. Conservative equations (gas zone)

Table 2. Conservative equations (catalysts zone)

Items Equations Items Equations
Mass | 2t div(pu) =0 (1 Mass | 20204 gio(pu) =0 @®)
a(pu;) - a(ypu;) ) = N orP
ot + div (puu;) T+ div(ypuu,;) =—r oz,
Momentum| =~ Z;D +div (7)) + B, 2) Momentum | 70 (17) 495+ 5, )
‘ Where, 7. *(/er/z)(auiJr 3%)
ou;  ou; > Tij — I\ .
Where’T’f:(”+“’)(az]+ 61::) (E+(1—7) E)dxj -
P +(1—7)p,E, -
a(pE) | .~ SR ; R +div[u(pE+p)]
o+ divlu(pE+p)] Energy o — - (10)
Ener: . . 3) = div(k,;——— Y h St 7y 0 u)+ 8,
A P ROLE A 3 gy AR ks, 2l 7y + W)+ S,
dr; 5 J
(pk) N B(pl/k) L T
p +div(puk) . ot +div(puY,) =div(J)+
ot . Species - (11)
- div Py 0k _ T= Py
=div[(u+ ‘7».> 3,7:j] + G~ pe Where, J,= (pD,,.+ Sc,) oz,
alpe) | .~ ;
+d &5
Tlgrbul;m(:ie ot iv(pue) 2 \ R, = MW,3R,. Where,
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-©) . ‘ ! . . R= (V" — ’/”k)(ka[C/]"" ka[C/]" y
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Boussinesq : Reaction | Where, k; = A T"exp(— E/RT), k, = k;/ K,
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Gy == pu' ;= () x
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Fig. 2. Comparison of simulation with experiment
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Table 3. Boundary conditions

Items Values

165 Nm’/hr at 529 K (dried)
143 kg/hr at 529 K
Syngas Ha: 28.2%, CO: 54.0%, C0,:3.6%
composition |CHa: 1.8%, N»: 12.4% (dried, Vol%)
Turbulence intensity: 5%
Characteristic diameter: 0.0508 m

Flow |Syngas
rate | Steam

Inlet

Turbulence

Outer wall conditions Heat loss: 10 kW
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Fig. 4. Velocity distribution for high temp CO-shift reactor. (a)
Velocity contour on vertical cross-section, (b) Velocity vector
in lower header, (c) Velocity vector in upper header
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Fig. 5. Z-directional velocity distributions for three cross-section
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