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ABSTRACT

Due to global increasing in the energy demand and the need to reduce greenhouse gases, 
hydrogen is considered as an important energy carrier. In this work, numerical modeling of 
sulfur trioxide decomposition in the sulfur-iodine cycle in micro-channel heat exchangers 
has been considered. Different baffles shapes have been investigated. Results show by using 
these baffles in the flow path, the rate of decomposition increases. The highest decomposition 
percentage of 91.84% was obtained for the alternative design for the channel with asymmetric 
rectangular baffles. Also, the effect of the operating conditions such as the direction of inlet 
fluid flow, the inlet temperature of the helium channel and the type of reaction heat supply gas 
have been investigated. Results show that in the model with counter-current flow, the molar 
decomposition of sulfur trioxide is about 7% and the thermal performance coefficient is about 
31% more than the parallel flow. Also, by increasing the inlet temperature of the helium flow, 
by about 18% compared to the base model, the molar sulfur trioxide decomposition increases 
by about 32%. But there is an about 21% reduction in the thermal performance coefficient. 
This study can provide a useful consideration of the effective parameters on the performance 
of a high temperature heat exchanger which worked as a sulfuric acid decomposer for hydro-
gen production within the sulfur-iodine thermochemical cycle.

Cite this article as: OmidbakhshAmiri E, Saadati B. Numerical investigation of sulfur trioxide 
decomposition in microchannel heat exchangers. J Ther Eng 2025;11(6):1770−1780.

Research Article

Numerical investigation of sulfur trioxide decomposition in 
microchannel heat exchangers

Elham Omidbakhsh AMIRI1,* , Behzad SAADATI1

1Department of Chemical Engineering, Faculty of Engineering and Technology University of Mazandaran, Babolsar, 
4741613534, Iran

ARTICLE INFO

Article history
Received: 28 September 2024 
Revised: 23 January 2025 
Accepted: 25 January 2025 

Keywords:
Heat Exchanger; Microchannel; 
Numerical Simulation; Sulfur 
Trioxide

Published by Yıldız Technical University Press, İstanbul, Turkey
Yıldız Technical University. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

INTRODUCTION

With the development of human societies, the need of 
human beings for transportation and vehicles has increased, 
so consequently the consumption of fuel, especially fossil 
fuels such as gasoline and diesel, is increasing exponentially 
[1]. Hydrogen is one of the most essential commercial com-
modities and is known as an economical fuel source. In recent 

years, the use of hydrogen gas as a fuel for vehicle power, 
heating, electricity generation, and some industrial affairs has 
been given priority [2]. The primary challenge for increasing 
hydrogen use is its cost of producing, storing and transporting, 
which in the following, we will focus on its production issue. 

Hydrogen can be produced by various processes, such 
as from non-renewable sources or by water splitting [3]. 
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The most common processes for producing hydrogen from 
non-renewable sources are the reforming process (espe-
cially methane reforming). However, this method pro-
duces pollution along with the production of hydrogen. 
Hydrogen production by water splitting is possible from 
two methods: water electrolysis and thermochemical cycle. 
Electrolysis requires low temperatures but is not economi-
cally justified due to its low hydrogen production and high 
cost of electricity consumption. Since 1980, more than 200 
thermochemical cycles have been studied, the best of which 
is the sulfur-iodine thermochemical cycle, abbreviated as 
the sulfur-iodine cycle. In the sulfur-iodine cycle, all reac-
tants and products are reproduced and recycled. This cycle 
requires heat and water at the inlet, and its outlet is pure 
oxygen and hydrogen. The three reactions exist in the sul-
fur-iodine cycle:

	 I2 + SO2 + 2H2O → 2HI + H2SO4	 (1)

	 2HI → I2 + H2	 (2)

	 H2SO4 → SO3 + H2O	 (3)

Equation (3) is the most important reaction of the 
sulfur-iodine cycle [4]. Sulfuric acid is one of the most 
important products of industrial units. The decomposition 
reaction of sulfuric acid includes two steps.

	 H2SO4 → SO3 + H2O	 (4)

	 SO3 → SO2 + 0.5 O2	 (5)

Equation (4) decomposes completely at temperatures 
above 450 °C and occurs very rapidly. Reaction (5), the 
decomposition reaction of sulfur trioxide, is a reaction 
with favorable kinetics. Decomposition of sulfur triox-
ide requires a high temperature, which can be provided 
by clean energy sources such as solar and atomic energy. 
Sulfur trioxide decomposes slowly at high temperatures, 
and a suitable catalyst must be used accelerate the decom-
position process [5]. However, this reaction (Equation (5)) 
can lead to lower temperatures inside the catalyst particle. 
So, some researchers have considered this viewpoint [6-7]. 
Pathak and Upadhyayula [6] studied the catalysts for this 
reaction. They studied the activity of various catalysts 
(noble, non-noble, complex metal, supported and unsup-
ported metal oxide). They considered the effect of prepa-
ration methods, temperature, flow rate, inlet composition, 
and pressure. 

In other works, simulation and optimization of sul-
furic acid decomposition process had been investigated. 
Gao et al. [8] had experimentally and numerically stud-
ied this process for hydrogen production. They measured 
the kinetic factor of sulfuric acid decomposition reaction 
in experimental section. In the modelling section, the 
thermal-hydraulic characteristics and the parameters of 

chemical reaction had been predicted. Their results showed 
good agreement. In another work, done by Sujeesh et al. 
[9], modeling and optimization of packed bed reactor for 
sulfuric acid decomposition. They experimentally studied 
the effect of flow rate, wall temperature and with two cata-
lyst loadings. A two-dimensional model was considered. In 
their model, fluid flow, heat transfer, and species transport 
with reaction in the porous domain were investigated. They 
found the suitable performance of this reaction in this reac-
tor, which can be helpful for optimization study.

On the other hand, the overall efficiency of the process 
depends on the rate of decomposition of sulfur trioxide. 
One of the factors, which is affected on the efficiency of the 
reaction, is the residence time of the reactant in the reac-
tor [10]. The design of sulfur trioxide decomposer is one of 
the main challenges in the development of hydrogen pro-
duction. Microchannel heat exchangers have baffles with 
different arrangements in the fluid flow path, which affect 
the molar decomposition of sulfur trioxide by changing the 
residence time [11]. Because the sulfur trioxide decompo-
sition is a surface reaction, the contact surface between the 
stream and the channel wall is an essential parameter in the 
decomposition rate [12].

Many researches had been studied on the sulfuric acid 
decomposers based on different issues such as the struc-
tures and efficiencies of hydrogen production. One of these 
studies is Ginosar›s work [12]. They used three different 
catalysts. The influence of exposure on the reaction condi-
tions was considered. Their results showed that the catalyst 
with higher surface area leads to the higher activity of cat-
alyst, but their deactivation will be rapidly. Pt/TiO2 catalyst 
had a lower surface area catalyst. In another work studied 
by Nagarajan et al. [13] a particular type of heat exchanger 
was studied. In their study, the temperature of wall is con-
stant which one is measured experimentally. Different types 
of pellets in the packed bed region were used. The decom-
position percentage of sulfur trioxide is considered. In the 
other their work [2], four different types of fins had been 
numerically simulated under three different arrangements 
and proposed a proper design scheme. 

In the study done by Sun et al. [14], the design of the 
decomposer and its pipeline have been studied. Their 
design is based on a shell‐and‐tube heat exchanger with a 
bayonet heat exchanger as the core. They also investigated 
the heat transfer in their system. They were numerically 
simulated this system with accounting the phase change of 
sulfuric acid and the decomposition reaction. They found 
that the decomposition fraction of sulfuric acid decreases 
with the enhancement of the flow rate. Also, the sulfuric 
acid decomposition rate increases and then, with increasing 
the velocity, it will be stable [15]. Gao et al. [16] focused on 
the temperature profile, phase change, and chemical reac-
tions of sulfuric acid in this system. The evaporation-con-
densation model was used to simulate the different stages of 
the phase change process. 
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In some other works, the effect of the geometry 
with different fins or grooves have been considered on 
the fluid flow and heat transfer, different shape such as: 
rectangular and semi cylindrical [17], wavy [18] and 
some other types [19-21]. In the study by Zhu et al. 
[19], microchannel heat sinks with grooves were stud-
ied. The effect of the channel geometry on the perfor-
mance of this system was considered. Five different types 
of structures were designed. These different structures 
were compared, and the optimum structure was deter-
mined. Their results showed that the arrangement of the 
grooves on walls can be affected on performance. Wang 
et al. [20] found that the use of ribs will induce high-flow 
disturbances and a blocking-flow effect, so, heat transfer 
can be improved, although, the pressure drop increases. 
Their results show that the system with grooves can be 
more enhanced in heat transfer and smaller pressure 
drop related to the system with ribs. With consideration 
of related studies, it can be found that a comprehensive 
study in various conditions (different operational and 
geometrical conditions) is needed to better study of the 
performance of the system.

In this study, sulfur trioxide decomposition in the 
microchannel heat exchangers has been considered. 
the thermal performance coefficient, which studied the 
effect of frication factor and Nusselt number together, 
was considered in different conditions in this work. 
In the base model, the rectangular baffles were used. 
The location of these baffles (only on the bottom wall, 
asymmetric baffles on the upper and lower walls) were 
compared. At the next step, the effect of some operating 
parameters such as the direction of the fluid flow in 
microchannels, the temperature of each inlet streams, 
and some geometrical parameter (different baffle 
shapes) on the molar decomposition of sulfur trioxide 
had been investigated.

CFD MODELING

The modeling method is based on Computational Fluid 
Dynamics (CFD). CFD is the analysis of systems involving 

fluid flow, heat transfer, and associated phenomena, such 
as chemical reactions, based on computer simulations. The 
structure of the CFD program is a numerical method, so 
fluid flow problems can be solved using this method [22]. 
CFD modeling and simulation is as a valuable tool for mod-
eling of some processes. There are different studies done by 
CFD modeling [23-24].

Geometry of the system
Figure 1 shows the base model of a micro-channel heat 

exchanger. There are three sections in this microchannel 
heat exchanger: a helium passage channel, a reaction chan-
nel and the middle part between these channels made of sil-
icon carbide to transfer heat from the hot helium channel to 
the reaction channel. The direction of the inlet flow in these 
channels is counter-current. The height of the helium and 
reaction channel is 0.85 mm and 0.424 mm, respectively. 
In this base model, 20 rectangular baffles were located on 
the walls. The height of the rectangular baffles is 0.2 mm 
and their width is 0.1 mm. Also, the distance between the 
baffles is 0.3 mm. The location of the baffles has been con-
sidered in this work. Figure 2 shows a schematic view of the 
baffle location.

Figure 1. Schematic view of three sections of the micro-
channel heat exchanger.

	
a)	 b)

Figure 2. Location of baffles, (a) only on the bottom wall, (b) asymmetric baffles on the upper and lower walls.
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Governing Equations 
The mathematical model of steady state flow in a micro-

channel heat exchanger is described using the Navier-
Stokes three-dimensional flow equations, which include a 
set of partial differential equations (PDE) for the equations 
of continuity, momentum, energy, and species transfer 
which are expressed in Equations (6) to (11). The governing 
equations are as follows [25]:

Continuity equation:

	 	 (6)

Momentum equation:

	 	 (7)

	 	 (8)

	 	 (9)

Energy equation:	  

	 	 (10)

Species transfer equation:

	 	 (11)

In above equations, ρ, µ, k, Cp, and DAB are mixture 
density, viscosity, thermal conductivity, specific heat at 
constant pressure, and diffusion coefficient, respectively. 
The density was calculated using the ideal gas law for an 
incompressible flow. Other parameters were calculated by 
equations (12-15) based on kinetic Theory. The diffusivity 
of the mixture (DAB) was calculated using the Chapman–
Enskog kinetic theory. Sh is the heat of the reaction and Sc 
is the net production rate by chemical reaction.

 In the helium channel, the Continuity, momentum 
and energy equations (Equations 6-10) are solved. There 
is no reaction in this channel. The term heat of reaction 
(Sh) in equation (10) is zero due to the lack of reaction in 
the helium channel. In the reaction channel, in addition to 
those equations (Equations 6-10), the species transfer equa-
tion (Equation 11) is also established. In the middle part, 
only the energy equation (Equation 10) is solved. In this 
part, due to the lack of the reaction, the heat term of reac-
tion (Sh) in Equation (10) is zero.

	 	
(12)

	 	

(13)

	 	 (14)

	 	 (15)

The wall surface reaction model is done on the wall of 
the reaction channel and is implemented to determine the 
mole fractions of SO3, SO2 and O2. The reaction rate was 
obtained by using the Arrhenius equation and the reaction 
is first order reaction (Equations 16 -17) [26]. 

	 	 (16)

	 	 (17)

Where Ea is the activation energy (equals to 3.267 * 107 
J/kmol) and A is pre-constant reaction (equals to 0.05).

Solution Method and Boundary Conditions
In this work, the finite volume method is used to dis-

cretize the governing equations by the SIMPLE algo-
rithm. Discretization of energy, momentum and pressure 
equations is performed by first-order upwind, first-order 
upwind and standard methods, respectively. Convergence 
is considered when the residuals of the values reach 10-6. 
A combined mesh of rectangular and triangular mesh was 
used in these simulations. Mesh dependency was consid-
ered, too. The effect of mesh number on the sulfur trioxide 
decomposition was investigated (as sample, Figure 3 shows 
for two systems, without baffles and with 20 baffles). Finally, 
the proper mesh, which had little effect on the results was 
selected for each system.

In the base model, a hot helium gas stream with a tem-
perature of 1223.15 ºK enters the helium channel. The 
reactants mixture with a temperature of 974.9 ºK enters 
the reaction channel in the opposite direction. Boundary 
conditions at the entrance are based on specific mass flow 
rate and specific inlet temperature. The no-slip condition is 
established on the walls. The right, upper, and lower walls 
of the geometry are adiabatic. The left wall is considered 
a symmetrical boundary. The reaction takes place in the 
reaction channel and on the wall surface. The reaction takes 
place under a specific pressure (1.5 MPa). In this research, 
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four parameters (Nusselt number, thermal performance 
coefficient, molar percentage of sulfur trioxide decompo-
sition, and pressure drop) have been investigated for all 
models. The thermal performance coefficient is defined as 
Equation (18):

	 	
(18)

Nu0 and f0 are the Nusselt number and the friction coef-
ficient in a channel without baffles, respectively. it is clear 
that the value of thermal performance coefficient equals to 
one for the model without baffles. Also, when the value of 
the thermal performance coefficient is greater than one, it 
means that system has better performance. Equation (19) 
is used to calculate the molar percentage of sulfur trioxide 
decomposition:

	 	 (19)

RESULTS AND DISCUSSION

Validation
To validate the model, a study by Ponyavin [27] has been 

reviewed. In this work, rectangular channels with dimen-
sions similar to Ponyavin's work has been used. A stream 
of hot helium gas enters the helium channel at 1223.15 °K 
and the reactants mixture enters the reaction channel at 
974.9 °K in the opposite direction. The comparison of the 
results of Ponyavin’s work and this simulation results show 
that the average error is 4%. The highest error equals to 7%, 
is observed at the flow rate 3.148 * 10-6 Kg/s. So, it can be 
said there is a good agreement between the results and the 
present model is acceptable. 

Effect of the baffles
In this section, 20 rectangular baffles were used in the 

reaction channel asymmetrically on the upper and lower 
walls of the channel. Figures 4 shows the variations of 
molar decomposition of sulfur trioxide and the thermal 
performance coefficient versus inlet mass flow rate for this 
model and the model without baffles. The black line cor-
responding to the model with 20 baffles asymmetrically 
and the dash line represents the model without the baffles. 
Other operating conditions are the same as the base model. 
Results show SO3 decomposition decreases with increasing 
the mass flow rate for both models. Also, the model with 20 
baffles asymmetrically has higher decomposition rates than 
the model without baffles. By using these baffles in the flow 
path, the area of ​​the reaction surface increases and, due to 
the superficial reaction of sulfur trioxide decomposition, 
its molar decomposition rate increases by about 12% com-
pared to the model without baffles at the same flow rate. 

Moreover, from Figure 4 (b), it can be found that the 
value of the thermal performance coefficient of the model 
with 20 baffles asymmetrically is greater than one. So, it 
is desirable. With increasing the mass flow rate, initially 
the thermal performance coefficient increases, but with 
more mass flow rates, its value decreases. Corresponding 
to Equation (16), the thermal performance coefficient is 
related to the ratio of Nusselt number to friction factor 
(which can be calculated from pressure drop) for both 
models. 

Figure 5 shows the variations of the ratio of Nusselt 
number and friction factor versus mass flow rates. As shown 
in Figure 5 (a), the Nusselt number in the model with 20 
baffles asymmetrically is greater than the model with-
out baffles. The Nusselt number has a direct relationship 
with the surface convection heat transfer coefficient. Due 
to the higher reaction surface of the model with 20 baffles 
asymmetrically, the surface convection heat transfer coef-
ficient increases and, so, the Nusselt number increases for 
this model respect to the model without baffles. However, 

	
a)	 b)
Figure 3. Mesh independency in system (a)without baffles, (b) with 20 baffles.
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a)	 b)

c)

Figure 5. Comparison of (a) the Nusselt number, (b) Nu/Nu0 , (c) f/f0 versus mass flow rates for the model with 20 asym-
metric rectangular baffles and the model without baffles.

	
a)	 b)

Figure 4. Comparison of (a) molar decomposition of sulfur trioxide and, (b) the thermal performance coefficient versus 
mass flow rates for the model with 20 asymmetric rectangular baffles and the model without baffles.
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the ratio of the Nusselt number of these models is changed 
with increasing the mass flow rates, so, it can be found from 
Figure 5 (b), the ratio of the Nusselt number of these mod-
els (Nu/Nu0) initially increases and then decrease. Also, 
by adding the baffles, the friction factor increases due to 
increasing the pressure drop (Figure 5 (c)). 

Effect of operating conditions
After the above consideration, it was found that the 

model with 20 asymmetric rectangular baffles had a bet-
ter performance than the model without baffles. Therefore, 
this model was examined as the base model. In this base 
model, inlet flow rate equals to 1.574*10-6 (Kg/s) and mass 
fraction of sulfur trioxide and water equal to 0.8163 and 
0.1837, respectively. The inlet temperatures of the reaction 
and helium channel are 974.9 K and 1223.15 K, respec-
tively. The operating pressure is 1.5 MPa. In this section, 
the effect of the operating conditions such as the direction 
of inlet fluid flow, the inlet temperature of the helium chan-
nel and the type of reaction heat supply gas is investigated. 
In all sections, only that parameter is changed and other 
parameters will be constant (equals to their values at the 
base model). 

Figures 6 shows the variations of the molar decompo-
sition of sulfur trioxide and thermal performance coeffi-
cient with different flow direction. When the inlet flow of 
reaction and helium channels enters from the same side of 
the microchannel heat exchanger, it was named as paral-
lel. When inlet flow of reaction and helium channels enters 
in the opposite direction, it was named as counter-current 
flow. Other parameters are the same as the base model and 
only the direction of the inlet flow was changed. The black 
bar chart shows the parallel flow and the gray bar chart 
shows the counter-current flow. From Figure 6, it can be 

found that the molar sulfur trioxide decomposition, and 
the thermal performance coefficient with counter-current 
flow are higher than the parallel flow. It is consistence with 
the previous study [4]. In the model with counter-current 
flow, the molar sulfur trioxide decomposition is about 7% 
and the thermal performance coefficient is about 31% more 
than the parallel flow. For non-aligned motion, the surface 
convection heat transfer coefficient is a higher than in the 
aligned position. In fact, in the counter-current flow, the 
average temperature difference along each part of the chan-
nel is greater than the parallel flow. It therefore has a better 
thermal performance coefficient than other flows. Due to 
the direct relationship between the Nusselt number and the 
surface heat transfer coefficient, the higher value of the sur-
face convection heat transfer coefficient leads to increasing 
the Nusselt number, which effects on the sulfur trioxide 
decomposition due to the superficiality of the decomposi-
tion reaction.

Figure 7 shows the variations of the molar sulfur trioxide 
decomposition and thermal performance coefficient versus 
the inlet temperature of the helium flow for two different 
mass flow rates (mass flow rate 1 > mass flow rate 2). Other 
parameters are similar to the base model. Results show that 
by increasing the inlet temperature of the helium flow by 
about 18% compared to the base model, the molar sulfur 
trioxide decomposition increases by about 32%. However, 
there is an about 21% reduction in the thermal performance 
coefficient. As the inlet temperature of the helium stream in 
the helium channel increases, the rate of heat transfer to the 
surface of the reaction channel increases. As a result, fluid 
contacts with the hot wall of the reaction channel, the molar 
sulfur trioxide decomposition increases. Also, as shown in 
Figure 7(b) the thermal performance coefficient decreases 
with increasing the inlet temperature of the helium flow. 

	
a)	 b)
Figure 6. Comparison of (a) the molar decomposition of sulfur trioxide and (b) the thermal performance coefficient 
of parallel and counter-current flows in the model with 20 asymmetric rectangular baffles, P= 1.5 MPa, Tmix = 974.9 k, 
The = 1223.15 k, mass flow rate = 1.574*10-6 kg/s.
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With increasing the inlet temperature of the helium flow, 
the Nusselt number decreases. So, the thermal performance 
coefficient decreases. 

In the base model, the gas used to supply the heat 
required for the reaction is helium hot gas. In this section, 
the effect of using hot argon and air gases is investigated 
and other condition are the same as the base model. Figure 
8 shows the molar decomposition of sulfur trioxide and the 
thermal performance coefficient with these hot gases. From 
Figure 8, it can be found that the use of helium gas is much 
better than the other gases mentioned. Because the specific 
heat capacity of helium gas is more than two other gases, so, 

it can supply more heat than other mentioned gases. As a 
result, the sulfur trioxide decomposition increases. 

Effect of Baffles shape 
In this section, the effect of using different baffles shapes 

such as triangle, semi-ellipse, and trapezoid is investigated. 
These baffles have equal height and width. The geometric 
schematic view of these shapes of baffles is shown in Figure 
9 (a-c). In this section, based on above considerations, the 
counter-current flow with inlet mass flow rate of 9*10-8 
(Kg/s) and the inlet temperature of helium channel of 1350 
ºK is accounted. The reaction was done on the baffle walls. 

	
a)	 b)
Figure 8. Variations of (a) the molar decomposition of sulfur trioxide, (b) the thermal performance coefficent in the 
model with 20 asymmetric baffles with different gases supplying the reaction heat, P = 1.5 MPa, Tin,gas = 1223 15 k, 
Tmix= 974.9 k, mass flow rate = 1.574*10-6 kg/s.

	
a)	 b)
Figure 7. Variations of (a) molar dcomposition of sulfur trioxide, (b) the thermal performance coefficient in the model 
with 20 asymmetric baffles at different helium channel inlet temperatures, P = 1.5 MPa, Tmix = 974.9k, mass flow rate 1 = 
1.574*10-6 kg/s, mass flow rate 2 = 9*10-8 kg/s.
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With changing the shape of the baffles, the reaction surface 
was changed. Table 1 lists the reaction surface for different 
shapes of baffles. Due to the superficiality of the reaction 
and its effect on the rate of molar decomposition, the reac-
tion area of baffles can be affected.

Figure 10 shows the molar decomposition of sulfur tri-
oxide for the models with different baffle shapes. Due to 
the proximity of the reaction surface of the geometry of the 
baffles used in the fluid flow path, different molar decom-
positions are observed. The molar sulfur trioxide decom-
position for the model with rectangular baffles is slightly 
higher than other models. The molar of sulfur trioxide 
decomposition for the model with rectangular baffles is 
about 1.5% higher than the triangular model, about 0.3% 
higher than that of the trapezoidal model and about 8.5% 
higher than that of the semi-ellipse model. The critical 
point is the effect of the structure of these baffles on param-
eters such as pressure drop and Nusselt number. The type 
of curvature, the sharp edge of the baffles and the slope of 
the sides affect the amount of friction, pressure drop and 
Nusselt number. 

Figure 11. Comparison of thermal performance coefficents 
in the model with 20 asymmetric baffles with different baf-
fles shapes, mass flow rate= 9*10-8 Kg/s, P = 1.5MPa, Tmix = 
974.9 k, The= 1350 k.

Figure 10. Comparison of the molar decomposition of 
sulfur trioxide in the model with 20 asymmetric baffles 
with different baffles shapes, mass flow rate = 9*10-8 Kg/s, 
P = 1.5MPa, Tmix = 974.9 k, The= 1350 k.

Table 1. Reaction surface 

Area (mm2)Baffle shape
24.8686Rectangular baffles
23.44102Triangular baffles
24.1548Trapezoidal baffles
19.7546Semi-ellipsoid baffles

Figure 9. Geometric schematic view of (a) triangular, (b) semi-ellipse, (c) trapezoidal baffles.
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Figure 11 shows the thermal performance coefficient 
of the models with different baffles. The lowest thermal 
efficiency is related to the semi-ellipse model. Due to the 
curvature of the semi-ellipse baffle heads, after each baf-
fle, the low number of vortices formed reduces the rate of 
heat transfer from the surface of the channel to the fluid 
compared to other models. Also, the thermal performance 
coefficient of the trapezoidal model is higher than other 
models due to its better Nusselt number and lower pressure 
drop. The thermal performance coefficient of the model 
with triangular baffles is about 29% higher than the model 
with rectangular baffles, while, the model with trapezoidal 
baffles is about 41% higher than the model with rectangular 
baffles. In the model with semi-ellipse baffles, the thermal 
performance coefficient is about 25% lower than the model 
with rectangular baffles.

CONCLUSION

In this work, three-dimensional computational fluid 
dynamics analysis was performed on fluid flow, heat 
transfer and chemical reaction in a high temperature heat 
exchanger. Due to the superficiality of the decomposition 
reaction of sulfur trioxide, the surface area of ​​the reaction 
was increased to improve its decomposition rate. This was 
done by adding rectangular baffles to the reaction channel. 
From this consideration, it can be found:
•	 With the addition of asymmetric rectangular baffles, 

about 30% was added to the reaction surface area com-
pared to the no-baffle model.

•	 The molar decomposition of sulfur trioxide increases by 
about 12% compared to the no-baffle model. 

•	 The conversion rate of sulfur trioxide in the system with 
counter-current flow was about 7% and the coefficient 
of thermal performance was about 31% higher than the 
parallel flow. 

•	 By increasing the helium flow inlet temperature by about 
18% compared to the base model, the sulfur trioxide con-
version rate increases by about 32% but the coefficient of 
thermal performance decreases by about 21%. 

•	 The use of argon and air gases instead of helium sig-
nificantly reduces the conversion rate and thermal 
efficiency. 

•	 In the model with 20 asymmetric triangular baffles, com-
pared to the base model, the sulfur trioxide molar decom-
position decreases by about 1.5%, but the coefficient of 
thermal performance increases by about 40%. While, in 
the system with 20 asymmetric semi-ellipse baffles, the 
molar decomposition of the system with semi-ellipse baf-
fles reduces by about 7.5%. Also, its thermal performance 
coefficient is lower than the base model. 

NOMENCLATURE

A	 pre-exponential factor, s−1

C	 molar concentration, mol/m3

Cp	 specific heat at constant pressure, J.kg−1.K−1

DAB	 diffusion coefficient for species A in the B, m2.S-1

Ea	 activation energy, J/kmol
f	 friction factor
K	 reaction rate, s−1

k	 thermal conductivity, W.m−1.K−1

m	 mass flow rate, kg.s−1

Mw	 Molecular weight, kg/kgmol
Nu	 Nusselt number
Rrxn	 net rate of production of species i by chemical 

reaction, kg.m−3 s−1

Sc	 net rate of production of species A by chemical 
reaction, kg.m−3.s−1

Sh	 heat of chemical reaction, J.mol−1

T	 static temperature, K
xi	 mole fraction of species i
Yi	 mass fraction of species i

 Greek symbol
η	 thermal performance coefficient
μ	 Viscosity, kgm-1s-1

⍴	 density, kg m−3

Φij	 constant of ideal gas law
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