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Abstract−Microfibrous microreactors with high reactive surface-to-volume ratio are good choices for ammonia crack-
ing, which is one of the main strategies for CO-free hydrogen production. In the current study, a numerical model
based on the lattice Boltzmann method (LBM) is presented to investigate ammonia cracking microreactors with cou-
pled physiochemical thermal processes at the pore scale. Several sets of transport phenomena such as fluid flow, spe-
cies transport, heat transfer and chemical reaction are taken into account. Moreover, to model the species transport in
the ammonia cracking microreactor an active approach is applied for the first time. The model is validated and then
employed to simulate the reactive transport in five different microreactors with dissimilar structural parameters. Com-
parison of the results shows that the fibers orientation is an effective geometric parameter that can greatly influence the
hydrogen production efficiency.

Keywords: Ammonia Cracking Microreactor, Lattice Boltzmann Method, Pore-scale Model, Microfibrous Microreac-
tor, Post Microreactor

INTRODUCTION

Hybrid electric vehicles (HEVs) and fuel cell vehicles (FCVs),
which are compatible with sustainable development, are currently
the leading solutions for the energy and pollution crisis [1]. De-
composition of ammonia as an abundant, hydrogen-containing
compound is the simplest process to achieve CO free hydrogen for
fuel cell applications [2,3]. Microreactors with characteristic lengths
in the micrometer range propose high surface-to-volume ratio, which
leads to higher heat and mass transfer rates [4-7]. They can be at-
tractive choices in fast catalytic reactions such as ammonia crack-
ing [8]. Several types of ammonia cracking microreactors such as
micro channel microreactors, packed-bed microreactors, post micro-
reactors and microfibrous microreactors have been investigated
experimentally and numerically [9].

In the current study, a novel pore-scale lattice Boltzmann model
for simulation of reactive endothermic ammonia flow through
microreactors is presented. To demonstrate the capabilities of the
presented model, the effects of some geometrical parameters of
ammonia cracking microreactors are investigated by simulating
five different microreactors with dissimilar microstructures. The
concluding remarks will be helpful to achieve more efficient struc-
tural design of microreactors. Three of the investigated microreac-
tors are microfibrous ones. To the best of the authors’ knowledge,
ammonia cracking microfibrous microreactors have not been sim-
ulated at pore scale up till now.

Considering the anisotropic and non-homogeneous microstruc-

ture of microfibrous microreactors, the use of a pore-scale simula-
tion technique will lead to more realistic results. However, since
conventional macro scale methods need less computational effort,
they are still adopted for microreactor simulations. Recently, some
interesting investigations based on these methods have been per-
formed [10-12].

Lattice Boltzmann method (LBM) is a suitable numerical tech-
nique for pore-scale simulation of complex fluid systems. It offers
interesting features, such as ease of dealing with complex boundar-
ies, parallelization of the algorithm and modeling multiphase fluid
flow in anisotropic and non-homogeneous porous media [13].

Recently, some LB simulations of microreactors with different
flow field configurations have been performed. Most of the simu-
lated microreactors are packed-bed ones [14-20], which are not a
promising type due to their low heat and mass transfer efficiency.
Moreover, the chemical reactions considered in such investigations
are temperature independent, so there is no need to model the tem-
perature field in the microreactor. However, the ammonia decom-
position reaction is strongly temperature dependent. Hence, to simu-
late an ammonia cracking microreactor, the temperature field must
be modeled while coupled with reactive ammonia flow.

To the best of the authors’ knowledge, only Chen et al. [21] per-
formed an interesting LB simulation of a post microreactor consid-
ering coupled physiochemical thermal processes of ammonia de-
composition. They assessed the effects of ammonia flow rate, oper-
ating temperature and some geometrical parameters [21]. They
modeled multi-species flow through a passive approach, i.e., they
considered ammonia as the dominant species (solvent), and the
velocity field has been solved only for ammonia. Afterward, the
concentration of hydrogen and nitrogen species was determined
by solving the concentration field. This approach may lead to a
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lack of accuracy, especially when species fractions are comparable
and no species can be considered as the solvent [22]. Such condi-
tion may happen frequently in microreactors with fast reaction
rates, such as ammonia cracking microreactors. Since the concen-
tration of ammonia (solvent) in some regions of the microreactor
can approach zero, we consider coupled physiochemical thermal
processes through an active approach for the first time. In an
active approach, the velocity fields of all species are solved.

In the present study, three microfibrous microreactors and two
post microreactors with different structural parameters, but the
same catalyst mass, are simulated by LBM to have a better under-
standing of the role of some geometrical parameters on the per-
formance of an ammonia cracking microreactor. The numerical
model applied for these 2D simulations can be applied for further
3D simulating of a microfibrous microreactor with a realistic rep-
resentation of the porous medium via SEM/TEM techniques and
computer clusters.

NUMERICAL METHOD

1. LBM Framework
Lattice Boltzmann method is a powerful numerical modeling

technique. In this method, a fluid is assumed to be composed of
virtual fluid particles that move and collide with each other in a
lattice structure. These particles are treated by a distribution func-
tion rather than by positions and velocity vectors [23]. This kinetic
nature of the lattice Boltzmann method provides some superior
features, such as the linearity of the transport equation (in com-
parison with nonlinear Navier-Stokes equations), and calculation
of pressure by an equation of state (in comparison with calculat-
ing the pressure by solving Poisson differential equation) [13].

The present numerical model is based on the lattice Boltzmann
method with a single relaxation time collision operator (the so-called
BGK model [24]) and the popular D2Q9 lattice scheme. The “2” in
D2Q9 refers to the number of lattice dimensions and the “9” denotes
the number of possible directions for a particle movement in the
lattice.

The lattice Boltzmann equation is derived from the simplifica-
tion of Boltzmann equation in a lattice [25]. It can be expressed as

(1)

where fi is the density distribution function in direction i, fi
eq

 is the
equilibrium density distribution function,  refers to space posi-
tion, t is time,  is the velocity vector in direction i, and τf is the
fluid flow relaxation time which is related to kinematic viscosity, ν,
by τf =3ν+1/2. The equilibrium density distribution function is
determined by

(2)

In this equation, wi is the weighting factor, ρ=  is the fluid den-
sity, =  is fluid velocity and cs is the speed of sound in
the lattice.

Eq. (1) is solved through collision and streaming processes, which
are shown for D2Q9 scheme in Eqs. (3) and (4), respectively.

(3)

(4)

To completely determine density distribution functions, fis must be
specified at the boundaries. A simple and powerful LBM bound-
ary condition applied to no-slip walls is called the “bounce back”
boundary condition. This boundary condition is based on the idea
that particles colliding a wall in a direction will bounce back in the
opposite direction [26]. In fact, this boundary condition enables
LBM to model fluid flow in geometries with complicated micro-
structure, such as pore space of a porous medium. Several versions
of this boundary condition have been proposed [22]; however, the
most-used version is the half-way method in which the wall is
located half-way between two neighboring grids.

The remaining part of this section will look at the important
aspects of the numerical method applied for simulation of ammo-
nia cracking microreactor. More specifically, to propose a numeri-
cal method for simulation of velocity and concentration field, the
simulation of multi-species gas flow consisting of ammonia, hydro-
gen and nitrogen is described at first. Next, the method of simulating
surface reaction is presented, and finally, the method of simulat-
ing temperature field will be explained.
2. Simulation of Multi-species Flow

Generally, two passive and active approaches are used for simu-
lating multi-species gas flow (single-phase multi-component flow
in LB terminology). In the passive approach, the chemical species
whose mass fraction is greater than the others is considered as sol-
vent while other species are considered as solutes. In this way, the
velocity field is only solved for the solvent species, followed by the
solution of advection-diffusion concentration equation for the other
species. Therefore, the velocity field is only dependent on the sol-
vent species. However, when the solvent species concentration is
not dominant, this may lead to the lack of accuracy [22].

On the other hand, the internally coupled velocity fields of all
species are solved individually in the active approach; hence, more
accurate results can be obtained by the more realistic active approach.
To utilize this approach in lattice Boltzmann method, multi-phase
multi-component models are adopted and some of their settings
are tuned to reduce the number of phases to one.

Several multi-phase multi-component LB models have been
presented in the literature [27-29]. In the present study, the Shan
and Chen model [28] is selected for its simplicity and ease of im-
plementation. The number of phases in this method is reduced to
one by only eliminating the inter-particle forces [22]. Therefore, to
implement the Shan and Chen model for single-phase flow con-
sisting of ammonia, hydrogen and nitrogen species, the streaming
and collision processes are solved individually for each species to
find fi

k, where the superscript k denotes the kth chemical species.
However, in the collision process the composite velocity, , must
be incorporated instead of  in Eq. (2) to couple the lattice Boltz-
mann equations of different species. The composite velocity is de-
fined as
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(5)

In the above equation, τf
k and ρk=  are the relaxation time and

the density of kth species, respectively. τf
k is related to the kine-

matic viscosity of kth species, ν k, by the relation τ k=3ν k+1/2.
3. Simulation of Surface Reaction

Generally, chemical reactions are either exothermic (generating
heat) or endothermic (absorbing heat). The endothermic chemi-
cal surface reaction occurring in an ammonia cracking microreac-
tor can be expressed as:

(6)

Using Ni-Pt/Al2O3 as the catalyst, Chellappa et al. [30] performed
experimental studies and suggested that when the operating pres-
sure is around 1 atm, the reaction is first order on the NH3 con-
centration as follows:

(7)

where ammonia partial pressure (pNH3) and RT must be used in bar
and cal mol−1, respectively; the resulting rate will be in mol gCa−1

h−1. By applying catalyst surface-to-volume ratio, catalyst density,
ideal gas relation and also some unit conversions, the above equa-
tion can be converted to the following one:

(8)

where temperature (T), ammonia density (ρNH3) and surface reac-
tion rate (r'') are in K, mol m−3 and mol m−2 s−1, respectively. If the
temperature at a lattice surface node is known, the above equa-
tion can be simplified as r''=ksrρNH3 in which:

(9)

After determining ksr for the reactive surface nodes of a lattice, the
proposed method by Kamali et al. [31] for the first-order surface
reactions can be adopted to simulate the surface reaction of ammo-
nia decomposition. The main idea of the proposed method is
based on the modifying of the bounce-back boundary condition
(mentioned in Section 2.1). In this regard, when an NH3 particle
collides with a reactive surface, its mass decreases by a factor of 1−

 where  (0< <1) can be calculated as:

(10)

where ksr is the rate constant of surface reaction (calculated by Eq.
(9)), Δt and Δx are the time interval and space interval in direc-
tion normal to the surface, and D is the diffusion coefficient of
NH3. Subsequently, the mass of a hydrogen particle and a nitrogen
particle colliding with a reactive surface will be increase as a factor
of (1+(3/2)(MWH2/MWNH3)ksr

LB) and (1+(1/2)(MWN2/MWNH3)ksr
LB),

respectively; where MWNH3, MWH2 and MWN2 indicate molar mass
of ammonia, hydrogen and nitrogen, respectively. The complete
derivation of the proposed method accompanied by its validation
can be found in the previous studies [32,33]. Note that although
only NH3 decomposition is simulated in the present study, the
presented numerical model is general and can be used for other
kinds of first-order surface reactions in a porous medium with
complicated microstructure.
4. Simulation of Conjugate Heat Transfer

The computational domain for simulation of a microreactor
consists of void regions and solid regions. In the void regions, the
heat is transferred via the convection mechanism, while in the solid
regions the heat transfer mechanism is conduction. The tempera-
ture and the heat flux at the interfaces of these two regions are not
known, so we are faced with a conjugate heat transfer problem.
The fact that due to the endothermic surface reaction a heat sink
is located at the interface of a void region and a solid region makes
the situation more complicated. However, contrasting its compli-
cated physics, it can be simply treated by LBM as presented and
well-established in the literature [25]. To do so, adopting D2Q4 LB
scheme, the following lattice Boltzmann equation must be solved:

(11)

where gi is the thermal density distribution function in direction i,
gi

eq is the equilibrium density distribution function, τg is the heat
transfer relaxation time, which is related to thermal diffusion coef-
ficient (α) by τg=3α+(1/2) and SLB is heat sink power, which is a
function of reaction rate expression. The thermal equilibrium den-
sity distribution functions of Eq. (11) can be evaluated more sim-
ply than the fluid flow equilibrium density distribution functions
of Eq. (2) as follows:

(12)

where cs is the sound velocity (1/  for the D2Q4 Scheme) and
t=  is the gas or solid phase temperature. After calculating gi

eq

for each nodes of the lattice, the density distribution functions can
be evaluated through collision and streaming processes as pre-
sented in Eqs. (3) and (4).
5. Model Validation

As mentioned, the kinetic nature of the presented model has been
validated in the previous works [32,33]. However, the presented
model is also validated via experimental results of Chellappa et al.
[30]. They measured ammonia conversion in a microreactor with
catalyst particles of 40μm in various temperatures. To mitigate the
departure of our 2D model from the real 3D microreactor, a post
microreactor with 26.7μm diameter cylindrical posts is simu-
lated, which has the same surface to mass ratio as the Chellappa et
al. microreactor. Shown in Table 1 is a comparison of simulation
results with Chellappa et al. experimental results for four different
temperatures: 560 oC, 580 oC, 620 oC and 660 oC. The inlet ammo-
nia flow rates for these four different simulations were selected
such that the catalyst loading to ammonia flow rate of each simu-
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lation would be the same as that of Chellappa et al. [30]. The rela-
tive difference of simulation results with experimental data does
not exceed 6%. However, we believe that if more detailed informa-
tion about the microreactor microstructure were available, the rel-
ative difference would be much less than 6%.

COMPUTATIONAL DOMAIN AND BOUNDARY 
CONDITIONS

In the current investigation, five different microreactors with
different microstructures and the same amount of catalyst are sim-
ulated and analyzed. The catalyst is embedded in a channel which
is 480μm wide and 2,500μm long (Fig. 1). A 500μm length of
the entering region and also the exiting region of the channel is
considered catalyst-free. The height of the channel is considered to
be the same as its width. Two of the simulated microreactors are
post microreactors, one with square shaped posts and the other
with circle shaped posts. The posts have a 5×15 in-line arrange-
ment in which the centers of the posts are 100μm far from each
other. The length of a square post is 50μm and the diameter of a
circle post is 56μm. Three simulated microreactors are microfi-
brous ones in which the catalyst is composed of thin fibers with
8μm diameter, the same as the nickel fibers diameter reported in
the literature [3,34]. The first microfibrous microreactor has fibers
which are all aligned horizontally, just such as an ideal case (Fig.
2(a)). However, the catalytic fibers in a microreactor have dissimi-
lar orientations. Hence, in the second microfibrous microreactor,
some parts of the horizontal fibers are aligned upward right (Fig.
2(b)); and finally, in the third microfibrous microreactor, some
parts of the horizontal fibers are aligned upward right and some
parts are aligned upward left, which seems such as an isotropic sit-
uation (Fig. 2(c)). Although these three microstructures are not
realistic representations of microfibrous media, they have been
chosen to explore the impact of the fiber orientation.

Pure ammonia with uniform pressure and temperature (1.0 atm

and 560 oC) enters from the inlet, and after cracking into hydro-
gen and nitrogen exits with 1.1 atm total pressure from the outlet.
Each mole of ammonia cracks to 2 moles of products (1.5 mole
H2 and 0.5 mole N2), and hence the increase of pressure is inevita-
ble. In fact, a very fast reaction with no frictional pressure loss can
make the outlet pressure twice of the inlet pressure. The temperature
gradient at the outlet is considered to be zero. To implement inlet
and outlet pressure boundary conditions, the Zou and He method
[35] is utilized. Since only the total outlet pressure is known and the
outlet partial pressure of each species is unknown, these partial pres-
sures are determined by assuming that the mole fraction of each
species at the outlet is equal to that at the preceding nodes; this is a
reasonable assumption since species fraction will not change much
through a lattice unit near the outlet region (1μm). Upon determin-
ing outlet partial pressure of each species, constant pressure bound-
ary condition of Zou and He [35] is applied for each species.

The channel walls are considered as the no-slip constant tem-
perature (560 oC) surfaces. Based on the proposed model, a parallel
FORTRAN code based on Open MP is developed and imple-
mented on a core i7 home-based computer for the simulations.
The developed code has six main subroutines for considering col-

Table 1. Comparison of simulation results with Chellappa et al. [30]
measurements

Temperature Ammonia conversion
(simulation)

Ammonia conversion
(measurement)

560 oC 0.9445 0.916
580 oC 0.9212 0.876
620 oC 0.9398 0.898
660 oC 0.9523 0.906

Fig. 1. Computational domain: The microstructure of catalytic region
differs in the simulated microreactors.

Fig. 2. Microstructure of simulated microfibrous microreactors: (a)
First microfibrous microreactor, (b) second microfibrous mi-
croreactor, (c) third microfibrous microreactor.

Table 2. The value of simulation parameters
Parameter Value
Microreactor length 2500µm
Microreactor width 480 µm
Length of catalytic region 1500µm
Inlet pressure 1.0 atm
Pressure differential between inlet and outlet 0.1 atm
Initial partial pressure of ammonia 1.0 atm
Initial partial pressure of hydrogen 0.0 atm
Initial partial pressure of nitrogen 0.0 atm
Initial temperature 560 oC
Inlet flow temperature 597 oC
Outer surface temperature 560 oC
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lision, streaming and boundary conditions of the flow and heat
density distribution functions. Each unit of the generated lattice is
2μm long. Also, a time step duration is 2.380952×10−8 s. The val-
ues of simulation parameters are presented in Table 2.

RESULTS AND DISCUSSION

The ammonia partial pressure distribution for all five simulated

Fig. 3. Ammonia partial pressure distributions (atm) for the five sim-
ulated microreactors: (a) Square post microreactor, (b) circle
post microreactor, (c) first microfibrous microreactor, (d) sec-
ond microfibrous microreactor, (e) third microfibrous micro-
reactor.

Fig. 4. Hydrogen partial pressure distributions (atm) for the five sim-
ulated microreactors: (a) Square post microreactor, (b) circle
post microreactor, (c) first microfibrous microreactor, (d) sec-
ond microfibrous microreactor, (e) third microfibrous micro-
reactor.

microreactors is presented in Fig. 3. The ammonia partial pressure
decreases by crossing the microreactor length from left to right
and cracking on the surfaces of posts or fibers. Figs. 3(a) and (b)
show that when a post microreactor is applied, the partial pressure
of ammonia decreases to about 0.5 atm, which is far from an ideal
microreactor in which the partial pressure at the outlet reaches
zero. As shown in Fig. 3(c), when all parts of the fibers are aligned
horizontally (first microfibrous microreactor) the ammonia partial
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pressure at the outlet is about 0.4 atm, which indicates an insuffi-
cient ammonia conversion of this microreactor as well. However,
as shown in Figs. 3(d) and (e), in the second and third microfi-
brous microreactors, in which some parts of fibers are aligned
non-horizontally, ammonia partial pressure reaches 0.1 atm at the
outlet, which shows the superiority of these two microfibrous micro-
reactors. This superiority is not only due to the microfibrous micro-
structure, but also the fiber orientation. It demonstrates the fact
that when all parts of the fibers are aligned horizontally, the ammo-

Fig. 5. Nitrogen partial pressure distributions (atm) for the five sim-
ulated microreactors: (a) Square post microreactor, (b) circle
post microreactor, (c) first microfibrous microreactor, (d) sec-
ond microfibrous microreactor, (e) third microfibrous micro-
reactor.

Fig. 6. Temperature distributions (oC) for the five simulated micro-
reactors: (a) Square post microreactor, (b) circle post micro-
reactor, (c) first microfibrous microreactor, (d) second micro-
fibrous microreactor, (e) third microfibrous microreactor.

nia cracking will not be efficient. This inefficiency stems from ther-
mal reasons which will be discussed later.

The partial pressure of hydrogen and nitrogen for all five micro-
reactors is presented in Figs. 4 and 5, respectively. Comparison of
Figs 4(a)-(e) shows that the outlet partial pressure of the hydrogen in
the second and third microfibrous microreactors is much higher
than the first microfibrous microreactor, and the partial pressure
of the outlet hydrogen in the first microfibrous microreactor is
higher than the post microreactors, which illustrates the dissimilar
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ammonia cracking efficiencies of the simulated microreactors.
Figs 4(a)-(e) also show that hydrogen partial pressure is higher

near microreactor walls rather than near its centerline; this is a
result of higher temperature of the walls relative to the interior zone.
In fact, the temperature of microreactor walls equals 560 oC, while
the interior temperature is less due to endothermic nature of ammo-
nia cracking reaction occurring in the interior zone. A similar man-
ner can be seen for the partial pressure of nitrogen in Figs. 5(a)-(e).

A rough comparison of Figs. 4 and 5 shows that the hydrogen
partial pressure is about three times of the nitrogen partial pres-
sure (each mole of ammonia cracks into 1.5 mole of hydrogen and
0.5 mole of nitrogen). However, the ratio does not exactly equal
three at all locations; this is because hydrogen and nitrogen have
different viscosities. The effect of dissimilar viscosities of species on
their concentration distribution can only be captured by an active
approach.

Shown in Fig. 6 is the temperature distribution for all five simu-
lated microreactors. The temperature field has a cold core sur-
rounded by a warm region. The cold core is approximately adjusted
the catalytic region in which the chemical reaction occurs. Com-
parison of Figs. 6(a)-(e) shows that the cold core has a lower tem-
perature in the second and third microfibrous microreactors relative
to the first microfibrous microreactor, and the cold core has a lower
temperature in the first microfibrous microreactor relative to the
post microreactors. This fact indicates that more ammonia con-
version, and subsequently more heat consumption, occurs in the
second and third microfibrous microreactors; thus, they are more
efficient microreactors.

Fig. 7 illustrates the time evolution of ammonia conversion for
all five simulated microreactors. Ammonia conversion, which is
the ratio of converted quantity of ammonia to its inlet quantity, is
a scale to evaluate the hydrogen production efficiency of a micro-
reactor. In all cases, the ammonia conversion has an oscillating
manner versus time duration; however, the steady state condition
is attained after about 600,000 time steps which equals 14.286 ms.
The steady state ammonia conversion in the third microfibrous
microreactor is a bit greater that the second one, which may be

due to the fact that in the third microfibrous microreactor further
parts of fibers are aligned non-horizontally. The ammonia conver-
sion of the first microfibrous microreactor is less than the other
two microfibrous microreactors; however, it is greater than the
ammonia conversion of the post microreactors; this is by the rea-
son of its larger reactive surface. Fig. 7 also indicates that the post
shape (circle or square) does not have a significant effect on the
ammonia conversion.

Figs. 8(a) and (b) show the time evolution of average heat flux
on the upper and lower walls of all simulated microreactors, respec-
tively. The third and the second microfibrous microreactors expe-
rience a larger heat flux, which is because ammonia conversion in
these two microreactors is greater than the others, and as a result
more thermal energy is needed, which leads to a larger heat flux
through microreactor walls. Figs. 8(a) and (b) also show that the
average heat fluxes in the first microfibrous microreactor and the
two post microreactors are almost the same.

Presented in Fig. 9 is the time evolution of ammonia flow rate
through the inlet of simulated microreactors. Similar to the heat
flux, the steady state ammonia flow rate in the first microfibrous

Fig. 7. The time evolution of ammonia conversion for the five sim-
ulated microreactors.

Fig. 8. The time evolution of average heat flux (W m−2) for the five
simulated microreactors: (a) On the upper wall of microreac-
tors, (b) on the lower wall of microreactors.
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microreactor is almost the same as in the two post microreactors.
The ammonia flow rate in the second and third microfibrous
microreactors is lower than the other microreactors for a constant
pressure differential between the inlet and the outlet; i.e. for a con-
stant flow rate, the second and third microfibrous microreactors
experience a larger pressure drop which reveals that more friction
appears in these two microreactors.

Figs. 7-9 demonstrate the fact that ammonia conversion for a
microfibrous microreactor with more not-horizontally aligned fiber
parts is superior; however, the heat flux and the flow rate are infe-
rior. The role of fiber orientation on the performance of microfi-
brous microreactors can be further investigated by 3D simulations
performed based on the LB model presented in this study.

CONCLUSIONS

A numerical model based on the lattice-Boltzmann method
(LBM) is presented to investigate ammonia cracking microreactors
with coupled physiochemical thermal processes at the pore-scale.
Several sets of transport phenomena such as fluid flow, species
transport, heat transfer and chemical reaction are taken into account
in this model. Moreover, to model the species transport an active
approach is applied which has a higher accuracy relative to com-
mon passive approaches. Three microfibrous microreactors and
two post microreactors are simulated by the presented numerical
model. Post microreactors display the worst performance. Among
the microfibrous microreactors, the one which has more fiber parts
aligned non-horizontally has the best ammonia conversion effi-
ciency. However, its flow rate and heat consumption are the worst.
The results of this study confirm the important role of fibers ori-
entation on the performance of a microfibrous microreactor.

NOMENCLATURE

: particle velocity in direction i of lattice [lu ts−1*]

cs : speed of sound in lattice [lu ts−1]
D : ammonia diffusivity [m2 s−1]
DLB : ammonia Lattice Boltzmann diffusivity [lu2 s−1]
f : density distribution function for fluid flow
g : density distribution function for heat transfer
ksr : rate constant of surface reaction [m s−1]
ksr

LB : Lattice-Boltzmann rate constant of surface reaction
MW : nolar mass [kg kmol−1]
p : partial pressure [Pa]
Ru : universal gas constant [J mol−1 K−1]

: particle position vector [lu]
r : rate of reaction based on per unit mass of catalyst [mol gCa−1

h−1]
r'' : rate of reaction based on per unit surface of catalyst [mol

m−2 s−1]
SLB : Lattice-Boltzmann sink of heat transfer
T : temperature [K]
t : time [ts]

: velocity vector [lu ts−1]
: composite velocity vector in Eq. (5) [lu ts−1]

w : weighting factor

Greek Symbols
α : thermal diffusivity [m2 s−1]
ν : kinematic viscosity [lu2 ts−1]
ρ : density [lm lu−3 or kg m−3]
τf : relaxation time for fluid flow [ts]
τg : relaxation time for heat transfer [ts]

Subscripts and Superscripts
eq : equilbrium
i : direction i of lattice
k : kth Species
LB : Lattice-Boltzmann
ref : refrence
sr : surface reaction
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