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INTRODUCTION

The global energy landscape is evolving at an unprec-
edented rate, driven by a growing population, increasing

ABSTRACT

Chemical looping combustion (CLC) is an innovative technology designed to address the
growing concerns related to carbon dioxide (CO,) emissions from fossil fuel-based power
plants. As the world grapples with the challenges of climate change, the development of effi-
cient and cost-effective carbon capture technologies has become imperative. CLC emerges as
a promising solution, offering a unique approach to capturing CO, while maintaining energy
efficiency in power generation. The study of bubble hydrodynamics within the fuel reactor of
a CH,—fueled CLC system has been incorporated into the present research work. The reaction
kinetics have been incorporated into the reactive system of the fuel reactor by a user-defined
function (UDF) during numerical analysis. The present study uses CuO and NiO as mixed ox-
ygen carrier materials in various proportions and CH, as a fuel in combustion processes. The
various proportions of mixed metallic oxides have been considered as 30% CuO and 70% NiO,
50% CuO and 50% NiO, and 70% CuO and 30% NiO by volume. The bubble hydrodynamics
in terms of development, growth, rise, and burst are visualized and analyzed in the solid-gas
molar fraction inside the fuel reactor. In the recent work, authors have chosen different oper-
ating temperatures varying from 923 K to 1323 K. The fuel conversion rate has been observed
to increase with the increased temperature.

Cite this article as: Sheth MM, Harichandan AB, Bhoraniya R. Effect of various reactor tem-
peratures for mixed metallic oxides in chemical looping combustion system for carbon cap-
ture. ] Ther Eng 2025;11(3):716-726.

energy conversion technologies has gained paramount
importance. One promising approach is CLC, the novel

and innovative combustion system that has the potential to

energy demands, and the imperative to mitigate the adverse ~ significantly reduce the emissions of carbon dioxide (CO,)

effects of greenhouse gas emissions on the environment. ~while efficiently utilizing a variety of fuels, including gas-

In this context, the search for cleaner and more efficient eous fuels such as natural gas and hydrogen [1-3].
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Traditional combustion processes, such as coal and gas
combustion, have been the primary sources of energy pro-
duction for decades. However, their reliance on direct con-
tact between fuel and oxygen in the air results production
of CO, and other pollutants. Over the past few decades,
the issue of global climate change and its impact on soci-
ety has been a central focus of research for various scien-
tific communities. The emission of greenhouse gases such
as CO,, NO,, and SO, play a significant role in global cli-
mate change, with CO, leading the way among these con-
tributors. The burning of non-renewable energy sources
for energy production has been a cornerstone related to
human progress for centuries, but it has come at a signif-
icant cost to the environment due to the emission of CO,
and other pollutants. This has led to the exploration of new
pathways to meet energy demands without exacerbating
climate change. CLC has emerged as a promising solution
by offering the possibility of efficient energy conversion
while capturing CO, before it is released into the atmo-
sphere [4]. Many scientists have noted that a significant
portion of carbon dioxide releases results from the burning
of non-renewable energy sources, and in the present era,
over one-third of total carbon dioxide releases originate
from fuel combustion. A pressing challenge of mitigating
CO, emissions requires transformative approaches has led
to exploration related to carbon capture and storage (CCS)
technologies by means to capture and isolate CO, emis-
sions. CLC presents a unique approach to CCS by enabling
the capture of CO, during the combustion process itself,
eliminating the need for costly and energy-intensive sep-
aration steps. CLC offers an alternative approach by using
a solid oxygen carrier to facilitate the combustion process,
allowing for the separation of oxygen from air and fuel
streams. This inherent separation leads to several advan-
tages, including increased energy efficiency and a reduced
environmental footprint [5, 6].

While CLC has garnered attention for its potential to
reduce CO, emissions, its application with gaseous fuels
represents a critical area of research. Gaseous fuels, such as
natural gas and hydrogen, are abundant and possess high
energy densities. In recent decades, hydrogen (H,) has
gained recognition as an environmentally friendly fuel on
Earth and a sensible substitute for fossil fuels, as it generates
only water without any greenhouse gas emissions. There
are claims that hydrogen will be utilized as an energy trans-
porter in a variety of energy systems in the coming years
[7].

There would be two interconnected reactors namely
the air reactor and fuel reactor; where the reduction pro-
cess takes place in the fuel reactor and oxidation in the
air reactor solid particles as shown in Figure 1. The core
chemistry of CLC involves two main redox reactions: the
process of oxygen carrier oxidation within AR and its sub-
sequent reduction within FR. In an air reactor, an oxygen
carrier releases oxygen upon contact with air, facilitating
combustion of fuel. The O, transporter in its reduced state
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Figure 1. CLC system diagram.

then transfers within FR, in which it captures oxygen from
fuel. This process creates a loop in which the oxygen carrier
continuously cycles between oxidized and reduced states.
CLC systems commonly employ dual FBR - one for AR and
one for FR. Fluidization involves suspending solid particles
in a gas stream, creating a bed with properties resembling
that of a fluid. In AR, the O, transporter bed has been flu-
idized using air, allowing for efficient oxygen uptake. The
fuel reactor operates in a similar manner, where the bed of
reduced oxygen carrier interacts with the fuel stream. Using
dual fluidized beds ensures the separation of air and fuel
streams, preventing direct mixing and enabling efficient
oxygen transfer. CLC offers substantial CO, mitigation
potential by capturing CO, during the combustion process.
This not only reduces direct emissions but also simplifies
the subsequent capture and storage steps. The reduced
emissions of nitrogen oxides and other air pollutants make
CLC a promising technology for improving air quality and
minimizing the environmental impacts of combustion pro-
cesses. While CLC reduces CO, emissions, it is essential to
consider potential impacts on water and resource usage.
The extraction, processing, and disposal of oxygen carri-
ers and other materials must be evaluated from a life cycle
perspective.

The chemical reactions of hydrocarbon fuel and mixed
metal oxides in the fuel reactor is given below:

CH, + 2Cu0 + 2NiO - €0, + 2H,0 + 2Cu + 2Ni (1)

Ishida et al. [1] employed a graphic exergy study to eval-
uate the power production abilities of a Chemical Looping
Combustion process. The exergy analysis of power genera-
tion systems often relies on energy utilization diagrams. One
key observation is that as exergy losses decrease, the overall
efficiency of a power plant improves. Achieving this entails
generating power using gas turbines operating at higher
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temperatures and conducting burning processes at higher
temperatures, which can substantially reduce exergy losses
within the combustor. By implementing CLC, it’s possible to
enhance thermal efficiency by as much as 50.2%. Lackner et
al. [2] proposed a concept for a burning engine that employs
numerous FBRs based on principles related to CLC. A reac-
tivity of solid particles was assumed and subsequently veri-
fied. In this system, solid fuels are used as the primary source
of fuel and natural gas can be employed within the CLC tech-
nique. Lyngfelt et al. [3] introduced a combustor design that
comes from the principles of the CLC system. This design
incorporates dual linked fluidized chambers: low-momen-
tum bed & high-momentum riser. To ensure the viability of
the system, a reactive nature of the metallic oxide elements
was initially hypothesized; and subsequently confirmed
through data found from publicly accessible sources. While
CLC typically employs gasified solid fuels as the primary
energy source, it is worth noting that fossil gas can also be
readily utilized directly within the CLC system. Hossain and
de Lasa [4] investigated CLC as a leading innovation on the
side of burning fossil fuels & CO, mitigation. They proposed
a setup comprising two linked fluidized bed reactors, with
the O, transporter flowing back and forth amongst both
reactors. This setup offers a practical solution for capturing
and separating CO, through the exhaust gases generated
during the burning of fossil fuel, potentially reducing emis-
sions related to primary gases. The focus of this study was to
identify suitable oxygen carriers for power generation using
CLC. Dahl et al. [5] introduced a novel reactor concept
designed for a CLC system fueled by natural gas. This inno-
vative reactor takes the form of a rotating system with a fixed
bed containing metal oxide particles, which are rotated
between the zones where CH, (methane) and air are intro-
duced. To prevent uncontrolled mixing of CH, and air, an
inert gas is introduced into the mixture zone of CH, and air.
The study focused on the use of CuO/Al,O;-based metal
oxide particles and discussed the rationale behind selecting
this combination for analysis. Kruggle-Emden et al. [6] per-
formed trial investigations about kinematic prototypes
related to CLC. Their findings suggest the models based on
observations and data, and they recommended the adoption
of these empirical models to enhance large-scale simulations.
Additionally, they developed a dual-component experimen-
tal calculation grounded upon a rate of reaction derived from
a kinematic prototype. Cho et al. [7] conducted experiments
under steady-state conditions, resulting in the conversion of
94.15% of CH, into CO, and the production of 99.95% of H,.
These experiments were carried out using a continuous 300
W TRCL testing plant. In the continuous operation of this
plant, FeO, has been effectively abridged into FeO within FR
through the utilization of methane as gaseous reduction.
Subsequently, the abridged elements underwent oxidation
through a reaction between steam & iron occurring within
SR. Notably, the rate of production related to H, achieved in
this process reached 63% of the theoretical limit. Harichandan
and Shamim [8] conducted a detailed computational fluid

dynamics investigation related to air pocket dynamics within
FR of H, fired CLC process. The primary focus of this study
was to examine dynamic behavior related to bubbles within
FR over time, employing a CFD approach. The CFD tool also
enabled the simulation of solid and gaseous phase mole frac-
tions of the resulting products. The research revealed that
bubble hydrodynamics were prominently observed during
the initial 1.6 seconds. After this period, a coral-like structure
emerged, representing a mixture of solid & gas elements, ulti-
mately reaching a near-equilibrium state. The study assessed
rates of fuel transformation under various conditions.
Harichandan and Shamim [9] conducted a study investigat-
ing hydrodynamics related to FR within the CLC technique.
They employed multiple phases 2D computational fluid
dynamics prototype which incorporated all interactions and
reactions chemically between gases and solids. The research
involved a comparative analysis of two CLC systems, each
utilizing a different fuel and oxygen carrier. Specifically,
hydrogen (H,) was used with CaSO,, while methane (CH,)
was employed with NiO. The study revealed distinctive fea-
tures in the behavior of gaseous bubbles, including their gen-
eration, growth, rise, and bursting, which were more
pronounced within a reactor powered by H, fuel in contrast
to a reactor powered by CH,. Furthermore, it has been noted
that the rate of conversion related to fuel increased along
with higher operating temperatures. The CH,-fueled and
H,-fueled reactors operated at temperatures of 950 K and
1150 K, respectively. To achieve a high fuel conversion rate,
the study considered relatively narrow bed widths and the
use of nano-sized metal oxide particles. Niu et al. [10] con-
ducted an investigation into the burning efficiency of waste-
water treatment residue using a continuous CLC system
having hematite as OC. The results revealed that sewage
sludge exhibited remarkable combustion efficiency, even on
a comparatively reduced temperature of 800 °C, making it a
distinctive solid fuel. Importantly, during the CLC of sewage
sludge, no elements of char had been observed bypassing to
AR. Larring et al. [11] conducted research focused on vari-
ous mineral samples that exhibited the unique property of
not requiring any activation or pre-processing, including
thermal treatment. They conducted experiments utilizing
Thermogravimetric Analysis (TGA) and obtained back-scat-
tered electron images of minerals. Nonetheless undergoing
beginning at approximately 900 to 950°C, it was observed
that Kryvbas and Sinai-A ores displayed a superior capacity
for oxygen transport compared to Ilmenite. Additionally,
manganese (Mn) and iron (Fe) based combined oxide parti-
cles exhibited minimal separation and particle swelling on
the surface during reaction cycles. As a result, they demon-
strated that there was no need for pre-processing when uti-
lized in Chemical Looping Combustion (CLC) processes.
Khan and Shamim [12] conducted a thermodynamic evalu-
ation of appropriate OCs for TRCLR. This screening was
based on various criteria, including physical/chemical prop-
erties & O, partial pressure. The authors created multiple
reaction pathways and calculated the associated Gibbs free
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energies & enthalpies of reaction. After a screening process,
the last selected paths of reactions included materials based
on Fe, Mo, V, and W. Notably, Fe and Mo based OCs were
found to effectively completely burn CH, within Fuel Reactor
on less than 800 K temperature, whereas O, transporter
based on tungsten and vanadium needed temperatures
higher than 1200 K. Yaoyao et al. [13] successfully produced
hydrogen-rich gaseous generated through methane at 673 K
using a one-stage procedure, void of a distinct O, source. The
innovative approach has been implemented in a reactor with
a packed bed assisted by plasma with nickel-related catalysts
with added dopants onto a supportive material that is reac-
tive. Amongst all various elements tested, nickel or iron
oxides exhibited remarkable promise. Its exceptional cata-
lytic performance appeared to be attributed to the presence
of Fe,O;, which effectively curtailed carbon deposition.
Sedghkerdar et al. [14] performed research to evaluate viabil-
ity related to CLC utilizing solidus fuel. They employed a
newly created O, transporter composed of nickel and rein-
forced by a zirconia-coated gamma-alumina shell within
thermogravimetric analyzer. To understand the reaction
rates of reduction and oxidation in the CLC process with sol-
idus fuel, researchers devised a model related to GSDM by
forecasting the initial distribution of grain sizes., taking into
account the “pore to sphere” factor. Pragadeesh et al. [15]
investigated the transformation of sizable fuel particle’s char
& the phenomenon related to fragmentation of char frag-
mentation within the inset gasification Chemical Looping
Combustion (CLC) environment. They conducted experi-
ments using three distinct types of coal and wood-derived
biomass particles ranging from a size of more than 8 mm to
25 mm at three distinct bed temperatures in a batch reactor
utilizing a hematite CLC system, employing steam as an
agent for fluidization or gasification. Jovanovic and Marek
[16] introduce a novel modeling approach applied to the
reduction of hematite to magnetite - a predominant reaction
in environments featuring a high CO,/CO ratio, as antici-
pated in chemical looping combustion processes. The Fe,05
particle’s structure was replicated using percolation theory,
while the reduction process was simulated using a stochastic
approach encompassing nucleation, gaseous diffusion, sol-
id-state diffusion, and chemical reactions. This model offers
valuable insights into the intricacies of the studied process.
Liu et al. [17] provide an overview of how density functional
theory (DFT) contributes to our understanding of the mech-
anisms involved in the generation of O, transporters related
to the CLC technique. They summarize the responsiveness of
oxygen-carrying materials and delve into intricate details of
reaction mechanisms. The review also sheds light on the
interactions between different components and the synergis-
tic effects within oxygen carriers. Yamamoto et al. [18] per-
formed research on methanation reactiveness using chemical
equilibrium calculations. They explored the impact of alter-
ing ambient pressure, response temperature, and the propor-
tion of carbon dioxide to H,. Major findings indicated that a
transformation of CH, reached 100% whereas the Hydrogen

to CO, Ratio was less than 1 in the absence of oxygen. Song
et al. [19] developed a machine-learning model capable of
predicting the impact of various factors. They assembled
records containing 190 tasters for training both SVM &
BP-ANN algorithms. Based on the replica’s predictions, cop-
per-bearing minerals were anticipated to exhibit exceptional
effectiveness of reaction, with approximately 68% CH, trans-
formation & 96% transformation of CO on 950 °C. Sheth et
al. [20] indicated the performance of fuel reactor in CLC sys-
tem by considering NiO and CuO as separate metallic oxides.
The unsteady bubble hydrodynamics of fuel reactor, solidus
volume fraction and fuel conversion rate has been shown in
the literature. Due to improper mixing of fuel and metal
oxide particles, the fuel conversion rate was found lower.
They suggested that the conversion of fuel has been increased
with increase of temperature. Sheth et al. [21] performed
analysis of fuel reactor considering various sizes metal oxide
particles ranging from 100 pm to 400 um and various operat-
ing temperatures ranging from 923 K to 1223 K. It has been
suggested that the fuel conversion take place higher while
operating with high temperature. The rate of fuel conversion
has been found to increase for nano-size particles. Sheth et al.
[22] performed the numerical analysis of fuel reactor consid-
ering CuO and NiO as mixed metal oxides and CH, as fuel.
They concluded that the rate of fuel conversion if high while
CuO content is more in mixed oxides proportions because of
the better reactivity of CuO at high temperature. Mahalatkar
et al. [23] have analyzed a CLC system, which includes fuel
burning through chemical reactions involving an O, trans-
porter exchanged between two reactors, which is described
in the work using CFD. This research is related to FR. When
a simulation’s output is compared to in-depth experimental
data, it is discovered that the results are reasonably accurate.
The study advances knowledge of the CLC process and
emphasizes the usefulness of CFD simulations in this field.
Arjmand et al. [24] presented a brief exploring a potential of
modeling viable O, transporter elements through combina-
tions of various oxides. Their investigation combined both
experimental work on TGA and thermodynamic consider-
ations for assessing a feasibility related to these materials.
Reactivity data obtained from experimental studies indicated
that these systems exhibited a high rate of O, release, making
them suitable for practical applications. Furthermore, it was
observed that manganese ions offered a wide range of oxida-
tion states, allowing for the creation of numerous combined
oxides. Vega et al. [25] sought to enhance the interaction
between gases and solids within FR through introducing
internals in the shape of rings. They conducted two sets of
experiments in CLC with a thermal capacity of 50 kW, where
a type of soft coal was combusted alongside elements made
of ilmenite within temperatures ranging from 900 to 1000 °C.
The utilization of these internals resulted in a 20% reduction
in total oxygen demand, decreasing from 12.2% to 9.8%.
Adanez et al. [26] macroscopic models have proven macro-
scopic models effectiveness in accurately predicting the fluid
dynamics within large fluidized bed reactors. They presented
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a vertical solids profile that closely matched experimental
data obtained from 226 MW circulating fluidized beds. Jung
and Gamwo [27] utilized a fluidized bed that circulates in
their CLC process, which included a dual reactor system and
a compatible metal oxygen carrier. The physical modeling of
the reactors did not incorporate any groundbreaking tech-
nologies or high-risk elements. Khongprom and Gidaspow
[28] applied Multiple-phase CFD techniques to create a small
FBR sorbent system for extracting carbon dioxide from fuel
gases, employing potassium/sodium carbonate pills. Their
modifications to an absorber’s dimensions effectively elimi-
nated the presence of dilute regions responsible for system
bypassing. Additionally, they successfully eliminated the core
annular regime by implementing appropriate solid configu-
rations. Xiao and Song [29] conducted a numerical investiga-
tion using CaSO, as metallic oxide in their study. They used
computational fluid dynamics (CFD) analysis to describe
bubbllic generation & its impact on concentration in the gas
phase. Their findings indicated that the rate on which fuel is
converted; was reduced because of the rapid & extensive for-
mation of bubbles, the large size of elements & low bed tem-
peratures. Snider et al. [30] CFD was effectively employed to
simulate the entire loop, encompassing AR, cyclone, and FR,
in a scaled-down cold-flow system. Gayan et al. [31] dis-
cussed a performance related to O, carrier depends upon Al
& Cu at elevated temperatures. They conducted experiments
considering the O, transporter depends on Cu having meth-
ane as fuel, maintaining maximum operating temperatures
of 1173 K for FR & 1223 K for AR. Their findings suggest that
minimizing contact could be beneficial as the temperature
resistance of metal oxide increases. Rajak et al. [32] uses CFD
and the standard k-¢ turbulence model to investigate how
thermal radiation affects the simulation of turbulent,
non-premixed combustion for different fuel-air combina-
tions in a 2D cylindrical chamber. The results indicate that
whereas kerosene-air has superior emission properties,
hydrogen-air fuel generates the highest NO emissions.
Because hydrogen-air burns more efficiently, it also produces
less CO, emissions. There was a noticeable drop in the emis-
sions of NO, H,0, and O,,.

In the present work, computational fluid dynamics
has been used to model the fuel reactor of CLC process.
Nevertheless, limited contributions have been described in
the literature on the use of the CFD as a tool in the sim-
ulation of the CLC process. It is considered the nonlinear
behavior of Cooper oxide, Nickle oxide, and methane as
reactants and carbon dioxide, water vapor, copper, and
nickel as a product. As an objective, it analyzes unsteady
bubble hydrodynamics of FR in the CLC process by con-
sidering methane as fuel and copper oxide and nickel oxide
as oxygen transporter to analyze the effect of different tem-
peratures on the behavior of the chemical looping combus-
tion process. Due to the higher oxygen transfer capacity
and better reaction kinetics, authors have selected copper
and nickel-based oxygen carriers for study.

MATHEMATICAL MODELING

The specific hydrodynamic equations resolved for
unsteady and isothermal fluid-solid interactions within
each phase are outlined below:

Continuity Equation
For phase j:

? N
5z (@ip)) + V- (e;p;5;) = Z(mu — i) + ()
a=1

where p; is density and ¥; is velocity for phase j and 1, rep-
resents the transfer of mass originating from i to j™ stage,
7 represents the transfer of mass originating from j to
phase i. §; represents a source terminology. The exchange of
mass, momentum, and energy between gas and solid phases
is taken into account to analyze the continuity equation:

Momentum Equations
For phase j:

d R N . = 5
a(“jpj”j) + V. (ajpjvjvj) =-—qVi+ V.7, +apjg +

n (3)
Z(Rij + 1y By — i) + (F))

a=1

ﬁ, is body force consisting of virtual mass, lift, and force
involved in interface amongst both stages. U;; is internal
phase velocity. If ;> 0 (i.e., Mass from phase i is being con-
veyed to phase j.), U;; = if 1i1;; < 0 (i.e., Mass from phase j is
being conveyed to phase i.), U;; = U;- Similarly, if riz; > 0 then
U;j = ¥, if ;< 0 then U;; = ;. R;; depends on the cohesion,
friction, pressure, and additional influences, and is subject
to circumstances that ﬁi ;= _)ﬁ and 1_?} ;= 9 Within multi-
phase flows, particles experience lift forces (Fy; ¢, ;) stemming
from velocity gradients in the primary phase (gas) flow.
These forces become more prominent with larger particles.
However, our current model assumes particle diameters sig-
nificantly smaller than inter-particle spacing. Consequently,
accounting for lift forces becomes inappropriate for densely
packed or extremely small particles.

Species Transport Equations

The conservation equations governing chemical spe-
cies within multiphase flows for each phase k forecast the
local mass fraction of each species, Y, via solving a con-
vection-diffusion equation corresponding to m™ species.
When adapted to the multiphase blend, the comprehensive
chemical species conservation equation can be expressed in
the subsequent manner:

o, . . o . o o
a(p]aJY,]")+V. (pPa'Y))=-v.al]) + a/R}, + als),

N (4)
+ ) (riymn — mynm )+ R
aZl J 7
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E(pfalYnﬁ)+ v.(pla/3'Y))=-V.aJJ) + a/R), + 'S},
u (5)
+ Z(Tflimjn — mjnim)-}—m
a=1

here, R{n denotes the overall rate at which homogeneous spe-
cies m is generated through chemical reactions within phase
j» Mym;m represents the source of mass transport between spe-
cies m and n, moving from phase j to phase i, and $}{ signifies
arate of heterogeneous reactions. Furthermore, a'j represents
the volume fraction pertaining to phase j and Sy, stands for
creation rate of additional material originating from the
dispersed phase along with any sources defined by users.
]:Jn represents the diffusive flux resulting from temperature
and concentration variances. The dilute approximation tech-
nique, following FicK’s Law, is employed to study mass diffu-
sion due to variations in concentration.

Figure 2 demonstrates the arrangement and compu-
tational grid employed in the CLC process. Initially, the
Fluidized Bed Reactor (FBR) contained solid particles up
to 40% of its stationary bed height. A total volume frac-
tion of 0.48 for solid particles was distributed within the
stationary bed height [33]. To avoid particle spacing from
reaching zero, the maximum particle packing € = 0.6.
The reactor’s computational domain was discretized into
2500 rectangular cells and therefore, no grid independence
test is required [34].

RESULTS AND DISCUSSION

The three various proportions of mixed metallic oxides
have been considered as (i) NiO 0.7 and CuO 0.3 by
weightage, (ii) NiO 0.5 and CuO 0.5 by weightage, and (iii)
NiO 0.3 and CuO 0.7 by weightage for the study. The impact
of varying reactor temperatures on different ratios of CuO
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Figure 2. Fuel reactor layout with computational grids.

and NiO mixed metal oxides has been investigated for the
fuel reactor in the Chemical Looping Combustion (CLC)
system. This study aims to optimize the reactor’s perfor-
mance by understanding how temperature influences the
reactivity and efficiency of the metal oxide mixtures [35].
An unsteady perturbance of the fraction of mole for gas
reactant (CH,) at interface and reactor outlet at different
reactor inlet temperatures of the fuel reactor are presented
in Figure 3 (a) and 3 (b) respectively. A simulation was car-
ried out for NiO 0.7 as well as CuO 0.3 by weightage for
various temperature ranges: 923 - 1223 K. The fluctuation
of gaseous mole fraction within the fuel reactor has been
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Figure 3. Molar fraction of reactant (CH,) in (a) intersection and (b) outside for 30% CuO and 70% NiO.
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Figure 4. Solid volume fraction contour for various tem-
peratures at time 10 s for 30% CuO and 70% NiO.

noticed to be more intense at higher temperature ranges.
The fraction of mole related to CH, in the intersection has
been observed to reduce gradually up to t = 2 s from unity.
However, they fluctuate in a very irregular pattern beyond
t = 2 s for all the temperature ranges under consideration.
While the average molar fraction variation of CH, at outlet
decreases progressively up to t = 4 s for a reactor inlet tem-
perature of 1223 K to t = 6 s for a reactor inlet temperature
of 923 K.

Beyond that, a quasi-steady distribution of mole frac-
tion has been observed. This almost periodic variation of
CH, mole fraction at outlet might result from the lack of
particles carrying O, and less intense reactions.
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Figure 5. Conversion rates of fuel at outlet for different
temperature ranges for 30% CuO and 70% NiO.

A contour displaying solidus volume portion consider-
ing different temperature spans, ranging from 923 - 1323
K, in time 10 seconds, is presented in Figure 4. It has been
observed that at higher temperatures, the O, transporter
molecules are thoroughly blended within the gas phase fuel
particles, while in comparatively lower inlet temperatures,
a significant amount of metal oxide granules is still discern-
ible within FR. Consequently, this results in a reduced rate
of inter-mixing between gas and solid molecules at lower
temperatures, leading to low response rates.

Figure 5 illustrates the rate of conversion of fuel in out-
side for different temperature series. It’s discerned that the
effective blending of gas and solidus elements takes place in
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Figure 6. Molar fraction of reactant (CH,) in (a) intersection and (b) outside for 50% CuO and 50% NiO.
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Figure 7. Solid volume fraction contour for various tem-
peratures at time 10 s for 50% CuO and 50% NiO.

elevated temperatures, while the mixing procedure is less
efficient at low temperature series due to a bigger propor-
tion of FR being filled with solidus metallic oxide elements.
It results in an increased reaction rate within the reactor
at higher temperature ranges. Consequently, it’s noted that
the rate of fuel conversion increases as the temperature
rises. Within this current analysis, the rate of conversion is
observed to vary between 0.45 to 0.75 at temperatures 923
Kto 1323 K.

An unsteady perturbance of the fraction of mole for gas
reactant (CH,) at interface and reactor outlet at different
reactor inlet temperatures of the fuel reactor is presented in
Figure 6 (a) and 6 (b) respectively. A simulation was carried
out for NiO 0.5 as well as CuO 0.5 by weightage for various
temperature ranges: 923 - 1223 K. The fluctuation of gas-
eous mole fraction within the fuel reactor has been noticed
to be more intense at higher temperature ranges.

The proportion of CH, moles in the intersection
steadily decreases from unity to t = 2 s. However, beyond
t = 2 s, they exhibit irregular fluctuations across all consid-
ered temperature ranges. The average molar fraction vari-
ation of CH, at the outlet decreases progressively from t =
4 s for a reactor inlet temperature of 1223 Kto t = 6 s for
a reactor inlet temperature of 923 K. Beyond this point, a
quasi-steady distribution of mole fraction is observed. This
quasi-periodic variation in CH, mole fraction at the outlet
may be attributed to the absence of O,-carrying elements
and less intense reactions.

Figure 7 illustrates the contour depicting the solidus
volume fraction across various temperature ranges 923 -
1323 K at a time of 10 seconds. The observation indicates
that at elevated temperatures, O, transporter molecules
are well-mixed with gas-phase fuel particles. In contrast,
at relatively lower inlet temperatures, a noticeable pres-
ence of metal oxide granules persists within the FR. As a
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Figure 8. Conversion rates of fuel at outlet for different
temperature ranges for 50% CuO and 50% NiO.

consequence, the inter-mixing rate between gas and solid
molecules is diminished at lower temperatures, contribut-
ing to lower reaction rates.

In Figure 8, the fuel conversion rate outside the reactor
is depicted across different temperature ranges. The obser-
vation reveals that efficient blending of gas and solidus ele-
ments occurs at higher temperatures, whereas the mixing
process is less effective at lower temperature series, mainly
due to a larger proportion of FR being occupied by solidus
metallic oxide elements. This leads to an augmented reac-
tion rate within the reactor at elevated temperature ranges.
Consequently, the fuel conversion rate is noted to increase
with rising temperatures, ranging from 0.35 to 0.75 in the
current analysis at temperatures spanning from 923 K to
1323 K.

Figure 9 presents the dynamic perturbation of the mole
fraction for the gas reactant (CH,) at both the interface
and reactor outlet, considering various reactor inlet tem-
peratures for the fuel reactor: NiO 0.3 and CuO 0.7 by
weightage. The simulation covers a range of temperatures
from 923 K to 1223 K. Notably, the fluctuation in gaseous
mole fraction within the fuel reactor is observed to be more
pronounced at elevated temperature ranges.

The CH, mole fraction at the intersection gradually
decreases from unity to t = 2.5 s. However, beyond t = 2.5
s, it exhibits a highly irregular pattern across all considered
temperature ranges. The average molar fraction variation
of CH, at the outlet decreases progressively, reaching t =
5 s for a reactor inlet temperature of 1223 K and t = 6.5
s for a reactor inlet temperature of 923 K. Subsequently, a
quasi-steady distribution of mole fraction is observed. This
quasi-periodic variation in CH, mole fraction at the outlet
may be attributed to the absence of elements carrying O,
and less intense reactions.
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Figure 9. Molar fraction of reactant (CH,) in (a) intersection and (b) outside for 70% CuO and 30% NiO.
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Figure 10. Solid volume fraction contour for various tem-
peratures at time 10 s for 70% CuO and 30% NiO.

Figure 10 illustrates a contour representing the solidus
volume fraction across various temperature ranges 923 -
1323 K at a time of 10 seconds. The observation indicates
that, at higher temperatures, O, transporter molecules are
well-integrated within the gas phase fuel particles. In con-
trast, at relatively lower inlet temperatures, a notable pres-
ence of metal oxide granules is still discernible within FR.
This disparity leads to a diminished rate of inter-mixing
between gas and solid molecules at lower temperatures,
resulting in lower response rates.

In Figure 11, the fuel conversion rate outside the reactor is
depicted across various temperature series. It is observed that
efficient blending of gas and solidus elements occurs at ele-
vated temperatures, while the mixing process is less effective at
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Figure 11. Conversion rates of fuel at outlet for different
temperature ranges for 70% CuO and 30% NiO.

lower temperature series, mainly due to a larger proportion of
FR being occupied by solidus metallic oxide elements.

This leads to an elevated reaction rate within the reactor
at higher temperature ranges. Consequently, it is observed
that the rate of fuel conversion increases with rising tem-
peratures. In this current analysis, the conversion rate is
noted to vary between 0.40 and 0.70 at temperatures rang-
ing from 923 K to 1323 K.

CONCLUSION

The ANSYS Fluent software was employed to simulate
the behavior of gaseous bubbles in the fuel reactor of a CLC
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system. In this simulation, the fuel reactor was represented
as a fluidized bed reactor initially containing metal oxide
granules in the reactor’s free - board area. A consistent sup-
ply of CH4 as gaseous fuel was introduced at the reactor’s
distributor end. The intimate mixing of solid oxygen carrier
particles and gaseous fuel facilitated the reaction, resulting
in the emergence of gaseous bubbles from the distributor
plate. The performance of CLC system has been analyzed
for different operating temperatures of fuel reactor. The rate
of fuel conversion has increased by increasing the operating
temperature for all proportions of mixtures because of the
inappropriate mixer of solid and gas particles at a lower tem-
perature. For the NiO 0.7 and CuO 0.3; the rate of conversion
is observed to vary between 0.45 to 0.75 at temperatures 923
K'to 1323 K. For the NiO 0.5 and CuO 0.5; the rate of conver-
sion is observed to vary between 0.35 to 0.75 at temperatures
923 K to 1323 K. For the NiO 0.3 and CuO 0.7; the rate of
conversion is observed to vary between 0.40 to 0.70 at tem-
peratures 923 K to 1323 K. So, the authors would like to sug-
gest using a higher operating temperature to get more fuel
conversion rate. The numerical examination of the CLC sys-
tem can be conducted for various static and freeboard height
ranges. The numerical examination of the fuel reactor within
a chemical looping combustion system can involve the uti-
lization of various gaseous fuels such as Ethyne, Ethane,
Propane, and Butane. The numerical assessment of a CLC
system can be conducted by employing solid fuels.
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