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In current research, surface reaction phenomena in several packed bed reactors have been considered.
Flow field through several fractal Sierpinski carpet porous media have been simulate, using LBM. The
endothermic Isopropanol dehydrogenization reaction has been considered as basic reaction mechanism
and two major parameters: non-homogeneity and specific area in catalytic surface reaction have been
investigated. To validate our numerical method, our results have been compared to a recent benchmark
study, which adopted very well. In both cases, the porosity factor retained constant (¢=0.79). The results
show that, by three times increase in specific area, the reactant conversion rate is increased significantly
(approximately one order of magnitude) and the pressure drop is increased (nearly 5 times). Also, to
consider non-homogeneity arrangement, the particle arrangements from small to large and from large to
small have been considered. In both cases, the pressure drop is approximately the same. At low Re,
reactant conversion of both arrangement are the same, but by increasing Re, the packed bed reactor with
large to small arrangement has a little more reactant conversion.
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Fig. 6 Profile of temperature in K a- at midline and b- end line of
computational domain in compare of Li etal. [5]

5] ger 5 J @l b yol> Jo mlis sloo Jidg amsli 5l oles 6 S
Slomlme atals (g2 ghailo )3~ g Sl ghaile 0 ~All glS 42 )3 oy

1 1
@ [ — — — - Current LBM (91x81)
I —-—-—-=- Current LBM (181x181)
0998 Current LBM (2711x271) 0.998
. FVM (Liet. al.)
) O LBM(Liet al)
0.996 [ | 4 <oo%
L 4 FE
- B | £\ 1 s
B o | éf \ ﬁ;»?. 0.994
.’f [
0.992 [ & 40992
: [
099 g 10689
r [{; s
L 2] ]
0.988 B 0.988
0.986 |- -0.986
L 1 1 I 1
0.2 0.4 0.6 08
Y
1 1
b r — = = - CumentLBM (91x91) 1
I === Current LBM (181x181) 1
I Current LBM (2711x271) ]
0.995 [ . FVM (Liet. al) ##510.995
L ©  LBM(Liet.al) &
I /]
0.99 0.99
- - ]
L8
0985 [ {0085
098 0.8
0975 {0975
L. L | T B E E
0.97 0.2 0.4 06 0.8 1097
¥/

Fig. 7 Profile of isopropanol concentration a- at midline and b- end line
of computational domain in compare of Li et.al. [5]
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Fig. 5 Profile of X-component of the velocity (m/s) a- at midline and b-
end line of computational domain in compare of Li etal [5].
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Fig. 9 Flow field streamline of same porosity 0.79 with a- specific area
1.47m* and b- specific area 0.59 m™,
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Fig. 10 X-component velocity contour of two porous media in same
porosity 0.79 with a- specific area 1.47m™ and b- specific area 0.59 m™.
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Fig. 8 physical domain of same porosity 0.79 with a- specific area
1.47m* b- and specific area 0.59 m™.
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Fig. 12 Isopropanol mass fraction contour of two porous media in
same porosity 0.79 with a- specific area 1.47m™ and b- specific area
0.59 m?

cape b Jibte Lo 53 Jsilhngjl (o2 S slay gl 5l aled 12 S
0.59 m! uaya?u: C.la“) < 1.47mt uaya.?u c.!a.w -l l; 0.79 Jz.l:u

25-4 cUSS slael (o saims 2iSTy oS Cand (glauslio loges 13 IS
5 leed nl 5o oS ysb Gles ams o aled 93Ty 90 2 sl )
B oo STy s Cans p ogatie mhaw 3b 05 e canlie
S 3 AL Gl bioe I 21 S ) Gl esima STy o
350 oo b 2S5 oout 5o e s Gl & 3 L
Obyz Jlis o oladl SIS ogate mhaw GIEIL 00 o il
3logd oo Sl laze (950 by S Ll o g a8l o33l
o Spglne 3 ke ol (s ST sl o
G1s £ I 5 oz e ey Gialidl 5 a8, I8 e JUlS
abaxde BB ioldl 4 s el g0 cpl cudls walgs ol e 4 |, e
g e 03,518 4 0aimd (1iSly ey S Jood s (o

odds dumslea HLid 2l oael Caws 4 gl 0,lgd (5l azs jslaie 4
I8 e g dmnlie 3550 ((16) alul)) (G555 = (p0) (2285 ard el b
€ 5] 50 a8 ol s 4 020 bt elely alaly op! [12] ol ais 5
cre Ps is39)9 Ol Sepm U (Sols S (YR e
axgi b cwl Jodsis laswe ssims JSis olyd ol JE Dy ‘5o ,8
Syp0 4 oaboly alaf; ool L Joluo o 55T, 50 58 ol Jsb &
yin b A7) s,

_dp _ _ 180pu(1-¢)®
VP ==~ etnie (16)
_ 180uu(1—¢)?
AP = @2 D,’e3 17
1 Sphericity

12 o plads 17 0,93 1396 siausl o r30 il as igee

@)

b

H ol B

BN AN

Fig. 11 Temperature (K) contour of two porous media in same porosity
0.79 with a- specific area 1.47m™ and b- specific area 0.59 m™.
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Fig. 14 Dimensionless pressure drop across packed bed reactor in
respect to Rey, variation from 25 to 157.
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Fig. 17 X-component velocity (m/s) contour with specific area 0.56m*
in a- small to large and b- large to small arrangements
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Fig. 18 Temperature (K) contour with specific area 0.56m™ in a- small
to large and b- large to small arrangements.
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Fig. 15 Dimensionless permeability coefficient across packed bed

reactor in respect to Rey, variation from 25 to 157
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Fig. 16 physical domain of same porosity 0.79 with a- specific area
0.56m* in small to large and b- large to small arrangements.
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Fig. 20 Isopropanol conversion in respect to Pey, variation from 4 to 25. (b)
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Fig. 21 Dimensionless pressure drop across packed bed reactor in
respect to Rey, variation from 25 to 157.
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Fig. 22 Dimensionless permeability coefficient across packed bed
reactor in respect to Rey, variation from 25 to 157
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Fig. 19 Isopropanol mass fraction contour with specific area 0.56m™ in
a- small to large and b- large to small arrangements.
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