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Abstract: Gaseous reactants usually have complex behadaging from unsteady flow patterns to oscillatici to the
differences in various physical and chemical proper Such behaviors hinder the complete understgrmbupled between
transport processes and chemical kinetics. Sysigths which chemical reactions are coupled witffudiion and convective
transport have chemical engineering applicatioriee @&im of the present work is to simulate the stesidte behavior of a
reaction-diffusion-convection system using theténélement method for ammonia decomposition. Theralvmodel used
consists of the flow and mass transport moduleshvare described by the continuity, Stokes equatamd the convective
dispersion equation respectively. Concentratiorilproselocity and pressure fields presented areafdirst order reaction for
ammonia decomposition inside tubular non-poroualgét reactors. Two different types of reactors eonsidered, the first one
represents a fuel cell and the second is for dytitavall reactor.

K eywor ds: Ammonia Decomposition, Catalytic Reactor, FiniterBent Modelling, Convection Transport, Penalty Suh,
Diffusion

isothermal steady state conditions. Accurate sitimraf this
process in a catalytic tubular reactor will allomdistrial
irffhemical engineers to optimise plant operation, lavhi

1. Introduction

Ammonia decomposition is an important reaction ) ) :
Biomass gasification [1], which is a very attraetisource of €nsuring a safe working environment. o
power generation that reduces reliance on fossél.fu WO types of reactors were employed in this work
Ammonia is also known as one of the main contantsan Presenting various scenarios for catalytic -ammonia
this process because it forms fuel-nitrogen bohds ¢an be decomposition; Fuel Cell reactor with centrally deed non
converted to different forms of nitrogen oxides ()@uring POrous catalysis and a wall reactor with cataljiycactive
combustion resulting in an environmental pollutiémmonia ~ Walls. N
decomposition was also investigated as a method for 1N finite element method was chosen because abilisy
producing hydrogen for fuel cell applications [2jdause the © cOPe with complex geometrical domains and bognda
conventional processes such as steam reformingthetmal  conditions. Two different generated domains repressg two
reforming and partial oxidation yield large amourds different type; of catalyt|c_reactors; a wall reacind a fuel
undesirable CQas by products. cell are used in the analysis.

Different types of catalysts are employed to supploe
high activation energy required for thermal decosigan. [3] 2. M athematical M odeli ng
stated the first order reaction as follows:

2N|—&g) _'N&g) +3—|2(g) 1)

The scope of the present work is to simulate thenania
decomposition process inside a catalytic reactodeun

2.1. Conservation of Momentum

Momentum equations (equation of motion) are presknt
by the famous Stokes equation in two dimensions:
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p%:_doﬁ(g,;%}a[r{dhd’ﬁ ) directions respectively.

& ok ok o) oy [ oy 2.3. Mass Transport Equation

p"i :_szr k) o, . 9 % +a,X 3) Mass Fransport in the pre§ent_ed case can pe egdrbgshe
a_ o o ZFQ/ ol oy Convective Diffusion Equation in the formula:

. , , - oc, dc, dc_0d_d d_ d (5)
wherepis the density and due to the complexity of preic S ety —=—-D,—+-D,—+kc

y

density changes in response to pressure difference, o Tox Toy ox Tox oy "oy
incompressibility is assumed in this modej, v, are the \hereC is the concentration of ammonia abgdandD, are
velocity components in theandy directions respectively and e dispersion coefficients in th& and y directions
7 is the viscosityp is the pressure. respectively and the last tek@ represent the decomposition
22 Conservation of Mass of ammonia in a _flrst order reaction term. The ealwf the

dispersion coefficients are assumed to be conb&n#tuse the

Conservation of mass for the flow of ammonia inrdector ~ process is occurring under constant temperature.

can be given by the continuity equation. The convective dispersion equation falls into thess of
hyperbolic partial differential equations. It is irparily
v, Ly (4) dominated by the convection terms which result ihigh

X ay

Peclet number [4,5,6] and to obtain a stable arzirate
where vy, v, are the velocity components in theandy results; upwinding techniques have to be employel]
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Fig 1. Program Algorithm
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4. Results and Discussions
4.1. Fuel Cell Reactor

The first domain that represents the fuel cell ®iaof a
rectangular reactor with a spherical catalyticateflocated ¢
the centre of the domain where the reaction talasen the
nodes forming the surface of the catalyst.

The boundary conditionfor this domainare presented in

Fig. (4). No slip wall conditions weremployed on the sic
wall, whilst a gas flow rate of 0.01 m/sassumed at the inle
The concentration of ammonia in the feed streard.@5
kg/m®.

The properties of the reactants used in this stardy
presented in Table (1):

Table (1). Properties of the reactants used in the study

Inlet velocity 1 cm/sec
Viscosity 55.12x1C-6 Ns/m2
Diffusion coefficient 0.5168 cm2

Turnover Frequency 0.89molecule/site s¢

Number of nodes per element 9
v =¥ =0mfs
V=¥ =0mfs /@n/the surface of the catalyst
Inlet plug ——————m» -"\}‘-/
flowv,= ~ > K\/ P=0Pa

0.0l m/fs ————" Vo= ¥,=0 mjs

Fig 2. Boundary conditions for fuel cell reactor

0.08604540

L]

Fig 4. Pressure drop inside the fuel cell reactor.

The velocity profile achieved for the ammonis
demonstrated in Fig. Y3form the vectors it appears that
plug flow introduced at the reactor’s inlet devedojpto a
parabolic profile due to the laminar flow conditimmposed or
the system. Because of the presence of the catalytiace
located at the centre of the domain, maximum velo
develops around the catalyst since that is the mdjon for

the fluid to pass through. Material balance waswated a
both the inlet and the outlet of the reactor toueasthai
continuity is maintaing throughout the reacto

The pressure drop inside the reactor is presentEdji 4).

From the plots is was found that the materialshatgaving
as expected and that the decrease of the predeung the
reactor is in agreement with the flow profile of rmaonia
presented in Fig. (3).

The next approach was to examine the concentrptifile
for ammonia inside the reactor under the same tond

Fig. (5) shows that the concentration of ammonii
constant at the entrance of the reactor. The wradtcurs
only on the nodes forming the active surface indigereactol
Maximum conversin was found to occur on the front node
the flow and the conical shape formed after thalgat was
justified by the presence of a vortex of eddiesrafards
which is in agreement with the velocity profile aioted [8,9]

Fig 5. Concentration profile inside the fuel cell reactor
4.2. Catalytic Wall Reactor

The second domain represents catalytic wall reactor
where a specific location of the wall is coatedhwéatalys.
This iswhere the reaction occurs is presenteFig. (6).

v, =y, =0m/fs
v, 20,00~
—b
mfs — =0
v, =0m/s v, =¥, =0mfs

Fig 6. Boundary conditions for catalytic wall reactor

Fig 7. el ocity profile inside catalytic wall reactor
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Fig. (7) presents the velocity profile for ammoriiew 5. Conclusions
inside the catalytic wall reactor. It is clear thia¢ materials
develop a parabolic profile for the plug flow intiieced at the
domains’ inlet due to the low Reynolds number oé t
reactants.

The pressure profile inside the wall reactor isspred in
Fig.(8) and it also agrees with the velocity pmfiThe gradual
decrease in the pressure can clearly be demorstade
follows.

The maximum conversion occurs on the nodes ofctieea
surface and the increase of concentration aftersvaves
justified by the back diffusion of the reactantbeTminimum
conversion occurs at the centre of the domain. affext of
the parabolic velocity profile can also be notieedhe centre
of the reactor.

The hydrodynamic behavior of ammonia inside two
h different catalytic reactors was simulated. Figstlye flow
inside each reactor was modelled and was foune@veldp a
parabolic profile due to the laminar flow of theactants
which is presented by the low value of Reynolds beirrin
addition to the imposition of a non-slip boundaopnditions.

As for the pressure, a drop was observed alongetted
domains indicating that the ammonia is flowing imet
expected direction as supported by the velocityorgaots.

The concentration profile was considered as well by
adding a first order reaction rate to the convectlispersion
working equations. It was found that the conversimn
ammonia occurs around the active surface of eagiann

The concentration profile for the catalytic walaotor was
then plotted. It was found that the concentratiemains
constant at the inlet of the reactor and that theimum
conversion was achieved on the nodes forming thiveac
surface and due to the back diffusion of the urmtegh
materials the concentration increases at the ouwtlethe
reactor.
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