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Abstract — In this study, FT reaction in a microchannel was simulated using computational fluid dynamics(CFD), and
sensitivity analyses conducted to see effects of channel geometry variables, namely, process channel width, height, gap
between process channel and cooling channel, and gap between process channels on the channel temperature profile.
Microchannel reactor considered in the study is composed of five reaction channels with height and width ranging from
0.5 mm to 5.0 mm. Cooling surfaces is assumed to be in isothermal condition to account for the heat exchange between
the surface and process channels. A gas mixture of H, and CO(H,/CO molar ratio = 2) is used as a reactant and oper-
ating conditions are the following: GHSV(gas hourly space velocity) = 10000 h™', pressure = 20 bar, and temperature =
483 K. From the simulation study, it was confirmed that heat removal in an FT microchannel reactor is affected channel
geometry variables. Of the channel geometry variables considered, channel height and width have significant effect on
the channel temperature profile. However, gap between cooling surface and process channel, and gap between process
channels have little effect. Maximum temperature in the reaction channel was found to be proportional to channel height,
and not affected by the width over a particular channel width size. Therefore, microchannels with smaller channel
height(about less than 2 mm) and bigger channel width (about more than 4 mm), can be attractive design for better heat
removal and higher production.
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Fig. 1. Base model structure.
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Table 1. Fischer-Tropsch reaction and kinetics

Table 4. Reactor operation condition

ID Reactions Rate expressions Operation condition Steady state

1 3H, + CO - H,0 +CH, Reps =k exp(-E/RT)Cpp Operation pressure 20 bar

2 5H, +2CO — 2H,0 + C,Hq Reops = ky exp(-Eo/RT)C Syngas H,/CO molar ratio 2

3 7H, +3CO — 3H,0 + C5Hg Resps = ks exp(-E5/RT)Cp GHSV 10000 hr'! (at STP)
4 9H, +4CO — 4H,0 + C,H,, Reamno = k4 exp(-E4/RT)Cyp Syngas inlet flow temperature 483 K (210 °C)

5 H,0+CO < 2H,0+C,Hg Ry = ks exp(-Es/RT)CoCrno Coolant surface temperature 483 K (210 °C)

6 29H,+ 14CO — 14H,0 + C\,H;, Ryp=kg exp(-E¢/RT)CnCro Catalyst packing 1060 kg/m>

Table 2. Parameters in rate expressions

Reaction k; (rates in kmol/kgcat-s) E; (J/kmol)
1 2.509%10° 1.30x108
2 3.469x107 1.25%108
3 1.480x10’ 1.20x108
4 1.264x10’ 1.20x108
5 2.470x107 1.20x108
6 3.165x10* 8.0x107

Table 3. Governing equation of reactor model

Fluid phase & Solid phase

Mass conservation equation g—? +V. (p@) =0

a%(p%w V- (pVV) = —Vp+V- (%)
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2(pB)+ V- G(pE+p)
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Effective thermal conductivity (Process channel) 0.3 W/m'K [22]
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Fig. 2. Internal maximum temperature of process channel by each
variable value.
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Korean Chem. Eng. Res., Vol. 53, No. 6, December, 2015

- Krishnadash S. Kshetrimayum - $5-&

514 4 —=—H=0.5mm
512 1 —e—H=1.0mm
510 1 —A—H=1.5mm
508 —¥—H=1.6mm

506 ——H=1.7mm
504 -

502
500
498 +
496
494
492
490
488

1 YN
486 \\\\_N
%41 T T T T ‘I:\ T \$\ T T T T T \I<\ T T T T T T

1.5 2.0 2.5 3.0 35 4.0 4.5 5.0

0.5 1.0

Max Temperature(K)

W Length(mm)

Fig. 6. Maximum temperature inside the process channel with various
length of W (Feasible area: 483 K - 503 K).
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Nomenclatures

H  : Height of process channel [mm]

I : Unit tensor

j], : Diffusion flux of species j [mol/m>:s]

L : Gap between cooling surface and process channel [mm]

S : Gap between process channels [mm]

W : Width of process channel [mm]

v : Fluid velocity in the reactor [m/s]

h;  : Heat transfer coefficient of species j [W/m?-K]

k. : Effective conductivity [W/m-K]

p : Viscosity [kg/ms]
p : Fluid density in the reactor [kg/m]

T, - Viscous dissipation [m%/s’]
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