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Abstract — Driven by both environmental and economic reasons, the development of small to medium scale GTL(gas-
to-liquid) process for offshore applications and for utilizing other stranded or associated gas has recently been studied
increasingly. Microchannel GTL reactors have been prefrered over the conventional GTL reactors for such applications,
due to its compactness, and additional advantages of small heat and mass transfer distance desired for high heat transfer
performance and reactor conversion. In this work, multi-microchannel reactor was simulated by using commercial CFD
code, ANSYS FLUENT, to study the geometric effect of the microchannels on the heat transfer phenomena. A heat gen-
eration curve was first calculated by modeling a Fischer-Tropsch reaction in a single-microchannel reactor model using
Matlab-ASPEN integration platform. The calculated heat generation curve was implemented to the CFD model. Four
design variables based on the microchannel geometry namely coolant channel width, coolant channel height, coolant
channel to process channel distance, and coolant channel to coolant channel distance, were selected for calculating three
dependent variables namely, heat flux, maximum temperature of coolant channel, and maximum temperature of process
channel. The simulation results were visualized to understand the effects of the design variables on the dependent vari-
ables. Heat flux and maximum temperature of cooling channel and process channel were found to be increasing when
coolant channel width and height were decreased. Coolant channel to process channel distance was found to have no
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effect on the heat transfer phenomena. Finally, total heat flux was found to be increasing and maximum coolant channel
temperature to be decreasing when coolant channel to coolant channel distance was decreased. Using the qualitative
trend revealed from the present study, an appropriate process channel and coolant channel geometry along with the dis-
tance between the adjacent channels can be recommended for a microchannel reactor that meet a desired reactor per-
formance on heat transfer phenomena and hence reactor conversion of a Fischer-Tropsch microchannel reactor.
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Fig. 1. Sequential methodology for understanding and suggesting the optimal design of FT microchannel reactor.
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Table 1. Compositions of natural gas feed and refrigerant
Width (Py) : 1 mm
Height (P, : 3 mm

Process channel

eome
g wy Length (P,): 17 mm
Temperature (T) : 230 °C
Feed . Pressure (P) : 20 bar
eec operating Molar composition : H,:CO:N,=0.64:0.32:0.04
conditions ]
Velocity (u;,) : 0.00281 m/s
WHSYV : 400 ml/hr-gcat
Particle thermal conductivity (k) : 0.3 W/m-K
red bed Particle mean diameter (D,,) : 250 um
Packed be Bed void fraction () : 0.3630
properties

Catalyst density (p,,,) : 1.232x10° kg/m*
Catalyst weight (m_,,) : 0.076 g
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Fig. 2. General geometry of microchannel reactor with variables identification.

Table 2. Module and governing equations for CFD modeling

Module name Governing equation Remarks
QEW-(p%):o Mass
. . 0 pv >
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Case Base 1 2 3 4 5 6 7 8 9 10
Variables Cy Cy CPp, CCp
Cjy(mm) 1.000 2.200 0.600 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Cy (mm) 1.000 1.000 1.000 2.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000
CP, (mm) 1.000 1.000 1.000 1.000 1.000 5.000 2.000 0.500 1.000 1.000 1.000
CCp (mm) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 2.600 1.571 0.636

Korean Chem. Eng. Res., Vol. 52, No. 6, December, 2014



830 &4 - %J)3k - Krishnadash S. Kshetrimayum - ®
— Hesat of reaction
— Linearfit
4000000 Equation y=a+b%
AdRSqme 0%
—~ Value
 ntevept 37578966
ﬁg et dfredion g 16029668
< 3000000
c
9
8
@
9 T o
o 2000000
o
o)
I
1000000
T T T T 1
0.000 0005 0010 0015 0020
Readtor length (m)

Fig. 3. Heat of reaction curve with linear fit approximation.

CFDE a4 #2413 e] vlolaz A whg7] el ojst 7

SRR >Q,T

pmax> cmax ]

tiafA] E23819 0 Q2 79 area weighted

averages &-allA Al tet H L7453 area weighted integrals

T3 k7] AR o] WA d R 52

—u— Area Average Q
—a— Area Integral Q

ioﬂ [e] }\ [e] [L]_E _’_}H ]_Oﬂ

3500 T T T T T T T T T 3.0
a)
a
3000 L25
& —_
§ 2500 F20 &
a (6]
- et
® 2000 4 k15 g
g 2
@ £
> |
<L 1500 - L10
©
2 - <
1000 o5
]
500 T T T T T T T T T T T 0.0
04 06 08 10 12 14 16 18 20 22 24
C, (mm)
3500 r ; ; . ; 3.0
<)
3000 25
& —
£ 2500 F20 2
§ o
- =
® 2000 - - F15 S
g 2
) <
> "
L 1500 - Lo §
©
3 <
<
1000 0.5
500 T T T T T 0.0
0 1 2 3 4 5
CPa (mm)

=2

o}, B el AR (steady state) 412 a4 A om 1
= caseollA] M= 21719 residual #49] SHAIE 2A sto] Fx]2Q1
2 A ’\@rﬁ}lx} 3H3lct.

71 WSl gisiiA A Y2ad ‘%“?ii 0] B FARE
3} HH A4S Fig. 40 VFERAQITE €, |
&3 FHAAE BT SRS & 4 9]l ©
Aol ¢, 7t WEsitehy, vkeAd el dojs 1
o WHES ]] 01—74] Qx]

o § 4 Tx]uuae o]
a1 ol Aek-gEef o3 ¥

371

, volumetric flowrates l’@ '5}9\17 | o

tt];(-lo] xl—_Qz[\i ]

A Yrs4 2] %—%?LHH% =g wu
th AA] whEt o) Sl A A vEET] el o] B
= AAZ = A F olek vitlE €] A Ao ed]e] &
W zlo] Ztokxia] & A|Ae| Fololo] QAN f5el g gt Q1
3 w2 G AATE F ole AeE Bk B Ado] 25
52 495 AZElE o= 5l o3t a9l tiEo] 2
iﬂuol Yojj o] w2 255 Y (mixing effect)s THAYAIFA l“‘% o
S AAAIZLTE CPyi= WIS base casecllA] 71 w52 T
= ]%O]' I FAQAGE olx= S 5193\.‘1‘/]', 0.5 mm
o= 23] Folts @S RolgH UE WgEel vlsiA 1
WS wl- wju]slr] wiitel] AR A 2] G mIAA] Fehs

Aoz P QIeh vkt Wb o] dw el 71 Fash
A2l fA9] F0] W= filmell &3t Al v|Fojuts

}al

3000 - -25

2500

2000

1500

Area Average Q(W’)
T
Area Integral QW)

1000 - os
L}
500 — . — : — ——+ 0.0
04 06 08 10 12 14 16 18 20 22
C, (mm)
d) 3500 . . . . . 3.0
3000 - 25
‘E 2500 205
s . 2
= (¢}
(6} . =
© 2000 - F1s &
= 3
o - ] ]
2 - °
L 1500 - -— 1o 8
© . <
4
<
1000 - os
500 . . . . : 0.0
05 1.0 15 20 25 30

CC3 (mm)

Fig. 4. Overall coolant wall heat flux trends with a) C,, b) C, ¢) CP;, d) CC),.
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Nomenclatures

C, : Inertial resistance factor [m™']

Cy : Width of coolant channel [m]

Cy : Height of coolant channel [m]

CP, :Distance between coolant channel and process channel [m]
Cp : Distance between coolant channel and coolant channel [m]
Cs, : Hydrogen concentration on the surface of catalyst [mol/m]

D, : Mean diameter of catalyst particle [m]

é) : Gravitational acceleration [m/s?]

h; : Heat transfer coefficient of species j [W/m*K]
j] : Diffusion flux of species j [mol/m?>-s]

ko : Effective conductivity [W/m-K]

k, : Thermal conductivity of catalyst particle [W/m-K]
m,, : Catalyst mass in the reactor [kg]

P, : Width of process channel [m]

Py : Height of process channel [m]

P, : Length of process channel [m]

Q : Heat flux [W/m?]

S, : Heat source term [W/m?]
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: Maximum temperature of coolant channel [K]
: Maximum temperature of process channel [K]
: Reactant inlet velocity [m/s]

: Coolant inlet velocity [m/s]

: Fluid velocity in the reactor [m/s]

: Permeability [m?]

: Void fraction

: Viscosity [kg/m-s]

: Fluid density in the reactor [kg/m’]

: Catalyst particle density [kg/m?]

: Viscous dissipation [m%/s’]
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