Heterogeneous catalytic
reaction in PFTR
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Theory

>

The plug flow reactor (PFR) model is used to describe
chemical reactions in continuous, flowing systems.

Fluid going through a PFR may be modeled as flowing
through the reactor as a series of infinitely thin coherent
"plugs”, each with a uniform composition, traveling in the
axial direction of the reactor, with eachfplug having a
different composition from the ones before and after it.

Changing concentration

dx
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Fig 2. Schemetic of a fixed bed with reaction largely localized

* Mchedlov proposed a general parameter model for heterogeneous
reaction in a dispersed phase.

» The model focuses on situations where mass transfer is asymmetric.

» Some species have greater mass transfer coefficients with the
dispersed phase than others.

» Turbulence usually leads to equal mass transfer coefficients for
each species
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Theory

» Consider the reaction Uu-+v—w

» Mass transfer coefficient

The mass transfer coefficient is a diffusion rate
constant that relates the

mass transfer rate, mass transfer area, and
concentration gradient as
driving force.

» The reaction only occurs in the dispersed phase.
The lumped parameter model gives three

convection-diffusion-mass transfer equations in
the bulk

phase.




Reaction equations

ou o’y ., ~
U E: DU?— JU(U,U)
oV o’v ., ~
U P Dv?_ J, (V,V)
2 —
U éﬂz Dwg\gv— i (W, W)
A 7

RunsaaSpsiawns Lab,




" oy
ey T “Chungnam
s i Mafional University

Theory

» The fluxes j take the traditional mass transfer

coefficient form i =& (u—0),

J, =k, (V-V),
), =K, (W—W),

ju — jv :_jw
» At steady state, these fluxes GV —Kw=0 are all
equal due to stoichiometry and thus give two

constraints on the bulk variables u, v, w and on the
disperse phase concentrations u, v, w
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= Crossover of surface concentrations
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(a) Bulk concentrations decay (b) Surface concentrations exhibit crossover

Fig 3. Crossover in a tubular, heterogenous catalytic reactor.
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» The boundary conditions will be taken as fixed
concentrations of u and v at the inlet, no w,
and outlet conditions with convection much

Slvariables ____________JFixunit

diffusivities D,=D,=1

Mobile product K,=100, D,=0.001
mass transfer coefficient K,=1

Irreversible reaction K=10-°

Reactor of length L=5

Velocity u=0.5

Mass transfer asymmetry K,=0.2

The inlet conditions Up=1, V,=0.4
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Theory

» Now to set up the COMSOL multiphysics model.

» The differential variables U, V, W have Dirichlet
boundary conditions at the reactor entry (boundary
1) and Neumann condjtions at the outlet.

» For the surface variables was specified, so
entering zero Neumann conditions is a non-
constraint (0=0).

» This model turns out to be highly nonlinear. The
reason for difficulty in convergence is that this
model mixes differential equations for the bulk
variables with algebraic constraints for the surface
variables.
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%> FEMLAB - Geoml/PDE, General Form (g) : [Untitled]

File Edit Options Draw Physics Mesh Solve Postprocessing  Multiphysics  Help

Chungnam

o

D2 EHE fEEakos R4 =2 @ 22 0%(fwade?

Y e e—— — P
Walional Unnersdy

[0

4

@ [« |
(v

B\ -

1 -0.8

Adding curve with label ‘reactor’.

_0.2) [ GRID [snap

)

Specify objects — Line. Setx:0.5
Set name : reactor. OK.
spear a Flowsheet.

Pdermory:

ra o

-

-

10.4 F16.8




lm Chungnam

Walional Unnersdy

Constants

Expression
1
0.4
1
1

0.001
0.5 0.5
1e-2
0.2 0.2
1 1
100 -

il H Cancel H il ‘

1. Options Menu - Select constants
2. Input constant value




Equation

=G+ (BRI R =
Eqjuation

Boundary zelection - =G

]

Edit Options Draw Physics Mesh olve

Postprocessing  Multiphysics Help
= =1 EHE|A&\=@=@ =2|@pPLE& vadé ®

[«

NENE D

d Wieak
dary condition type

Dirichlet boundary condition

Adding curve with label ‘reactor

Wemory: (11 /165 | CH
3 =

|| Cancel || Apply

1. Physics Menu - Select boundary setting

2. Select boundary 1. Select Dirchlet type boundary condition
Setting R tab r1=u0-U r2=v0-V r3=-W r4=r5=r6=0
S boundary 2. Select Neumang bounda

ratype Igoundary
¢ OK. @‘W‘i




IHI“Chungnam
Mational Linfrersity

Subdomain Settings - PDE, General Form {g)

Equation
= =F
Subdomain selection r F d, Init Element vweak
O = | Fiuox vector
B T iy
—Crnr®t
— D =y
o
- o
[ select by group (|
Active in this domain
[ e 04 ] [ Cancel ] [ Al ] =] Mesh  Solve Postproce
B [ubdornain Settings... = | 4
- Boundary Settings...
] EE— _ —
- Properties...
@ Equation System
Periodic Conditions L
Model Settings...
Selection Mode L

1. Physics Menu - Select domain setting
2. Select boundary 1.
3. T Tab - Set

D, xU ;I =-D,xV ;I,=—D,xW ;I'4=I5=16=0

agmaaae Siany Lab,




IHI Chungnam

T It ([T e
{ =
File Edit Options Draw Physics Mesh Solve Postprocessing  Multiphysics  Help NS0 LTINETRY

DSESEE @kl s ®R=22® 288 srndp|?

7] K —
‘

]

L L L L L L L L L
1 -0s 05 0.4 02 o 02 0.4 06 08 1

Adding curve with label "reactor’.

0.0291 GRID Mermory: (13 716.5

o= 3 o

Subdomain Settings - PDE, General Form {g) I I
Ecjustion
= r=F

Subdomain selection r F od, Int Element wwesk

e
] Source term

R AN

LI R ]
LI SO CNS

] . Settl N g F ta b . - L N e S b=

KLU LS+ Koo S0 S )

. [] Select by group s S-kmars|
2. Sett!ngd . tab. e
Setting Init tab.




IHI Chungnam

ey [ T —
a0 LNNErssy

Subdomain Settings - PDE, General Form {g)

Ecjustion

Subdomain selection r F 9, Int Elemert wweak
(I - Mass coefficient

W] o L

[] Select by group

LU
a
o
o
a
J [m]
Active inthis domain o E

{
(=R [=] =] I=R =]
(=R =] =T =R (=]
(=N [=] =T e =] =]

Subdomain Settings - PDE, General Form {(g) I
Eciuation
= =F
Subdomsin selection rF od, Int Flement wwesk
‘“ Initial walus=
Variable Initial value
Lt ua
Wi Wi
WL o
- LSt ]
[ Select by group WECE) o
Active in this domain WS, o

[on ) [ concer | [ amw |




ok ‘]Ehungnam
Mesh Parameters | S g3 mabonal Universsy

Global Subdomain Boundary

Zlobal mesh parameter=s

Maxirmum slement size:

Maxirmum elemenrt size scaling factor: |III.I:I1 ]

Element growwth rate: 1.3

ile  Edit ptions Physic: Solve Postpr ing  Multiphysi Help
DEH@H%h@|_|&&|-—‘?=ﬂ—”|@|®,@5ﬁ*|%mnGa|‘?

[«

DDDDDD

1. Select mesh parameters.
2. Boundary tab. Select boundaries 1 and 2.
Enter maximum element size : 0.0001

- tab Set maximum element gize scallngiiactpf 8
AR ad OK. 6 %,




Walional Unnersdy

lm Chungnam

#: FEMLAB - Geoml/PDE, General Form (g) : [Untitled]
File Edit Options Draw Physics RMesh [Ell-s Postprocessing Multiphysics

[0 = E %| o = || EAS _&_| : Solve Problem b ﬂ-)l
2 pestart -

Update hModel e

K Get Initial Walue e

= Solver Pararneters. ..
=} Solver Manager...

Wiewe Log

1. Select stationary Nonlinear solver.
2. Nonlinear tab : Check “highly nonlinear problem”

Click OK.

aglve Problem.




Mational University

PJI Chungnam

FEMLAB - Geom1/PDE, General Form (g) : [Untitled]

File Edit Options Draw Physics Mesh Sclve Postprocessing  Multiphysics Help
NEEs r2aiica2a=22(@Leid el ?

Line: 1

[« L vl

Wy
=
o
»

Inte
Extr
Praoj|

Mat
bIg
Wil

T

07

m

06

05

0.4

0.3

0.2

Humber of degrees of freedom: 23470 -
Humber of degrees of freedom: 23470
Solution time: 18.719 s

1.5,1.1 ShAP Memori: 1157168

£] Y s




Chungnam
Mational Linfrersity

Decay of bulk conceniration Crossover of surface concentrations
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Figure 4.3 Bulk concentrations decay. Figure 4.4 Surface concentrations exhibit
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*As time proceeds, the Concentration becomes lower than initial concentration
due to reactions is proceeding in the tubular reactor.
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