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A B S T R A C T

_This research delves into the decomposition kinetics of propylene oxide within a novel reactor
design characterized by a corrugated inner wall for enhanced cooling. By applying Computa-
tional Fluid Dynamics (CFD), this study aims to optimize the reactor's heat transfer capabilities to
achieve precise control over the exothermic decomposition process. This approach addresses a
previously unexplored area in CFD application, proposing a model that fine-tunes the decomposi-
tion efficiency of propylene oxide by considering the interplay of key parameters such as inlet
mixture temperature, activation energy, flow rate, and the resulting thermal profile. The primary
goal is to advance the development of more efficient and environmentally friendly chemical pro-
cessing techniques in the propylene oxide industry. The study highlights the critical relationship
between activation energy (74–76 kJ/mol), process temperature (29–37 °C), and cooling effi-
ciency in optimizing the decomposition process. Significant findings indicate that higher inlet
temperatures (37 °C) and lower activation energies (74 kJ/mol) lead to superior conversion
rates. The study presents a clear correlation between temperature elevation, reduced activation
energy, and enhanced conversion rates, demonstrating that optimizing these parameters can lead
to significantly improved conversion efficiencies, potentially approaching 100 % under ideal
conditions.

1. Introduction
Computational Fluid Dynamics (CFD) has assumed a pivotal role in examining chemically reacting flows, witnessing a substantial

surge in adoption. While it is well-established for investigating single-phase reactor configurations, such as agitated vessels and void-
containing conduits, its extension to multiphase reactor systems, including fixed beds, bubble columns, trickle beds, and fluidized
beds, remains nascent and characterized by initial development and refinement [1].

In the field of a packed tubular reactor, the conservation equations are formulated by accounting for variations in axial velocity
across the radius, radial diffusion rates, and radial thermal conductivity. These parameters are crucial components of the mathemati-

Fig. 1. Reactor characteristics.

Fig. 2. Dimensions and shape of the internal corrugated jacket wall. The corrugated internal surface increases the contact area with the fluid to enhance heat transfer.
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Fig. 3. Axisymmetric geometry model of the reactor with corrugated internal jacket wall.

Fig. 4. Propylene oxide decomposition vs energy activation at (a) 37 °C and (b) 29 °C.

cal model. By applying these relationships, profiles for radial diffusivity and thermal conductivity are derived, providing valuable in-
sights into the transport phenomena within the reactor system. This analytical approach facilitates a detailed understanding of the in-
tricate dynamics governing the reactor's performance [2].

In the complex domain of tubular reactors dealing with viscous flows, a thorough investigation is conducted into the intricate or-
chestration of chemical reactions. The focus is on the subtle interplay between localized and overall conversion rates, while consider-
ing the nuances of radial diffusion and the dynamic distribution of reaction times across the radial spectrum. This effort aims not only
to elucidate the behavior of first-order reactions across a wide range of dimensionless variables but also to develop precise mathemat-
ical expressions that reveal the critical points where diffusion becomes negligible. This approach provides a clearer understanding of
its role, or lack thereof, in shaping the reactor's overall performance [3].

The urgent need to address ongoing environmental degradation and contamination caused by reliance on fossil fuels serves as a
compelling catalyst for the increased adoption of renewable energy sources. Adapting reactor technologies, particularly tubular reac-
tors, is a crucial strategy for enhancing, commercializing, and expanding the use of biodiesel. This transition aligns with the goal of
environmental sustainability and highlights the importance of technological innovation in addressing pressing global energy chal-
lenges [4].

Collision theory states that for a chemical reaction to happen, reactant molecules must collide with enough energy and the right
orientation. This helps them overcome the activation energy barrier and turn into products. The theory highlights the essential role of
molecular collisions in initiating and driving chemical reactions, offering valuable insights into reaction kinetics and mechanisms
[5–7].

In large-scale industrial applications, facilities are often located on the outskirts to accommodate the spatial requirements of these
operations. One significant compound of interest in this context is epoxy propane, commonly known as propylene oxide. This chemi-
cal compound is extensively used in chemical reactions during intermediate stages of production. Its widespread application within
the chemical industry is crucial for generating commercially viable products. Remarkably, epoxy propane is among a select group of
50 compounds regularly employed in essential manufacturing processes, highlighting its substantial industrial significance. Addition-
ally, there has been a notable surge in annual demand for this compound, reaching up to 14 billion pounds, further emphasizing its
pivotal role in contemporary industrial processes [8].

Propylene glycol, an essential additive in the food industry, is synthesized from propylene oxide and water. It performs various
functions, such as strengthening dough, preserving moisture, and acting as an emulsifier and texturizer. Providing adequate activa-
tion energy to reactants is crucial for achieving desired yields and properties, aligning with both research objectives and industrial
processes [9–11].

The thermal distribution in reactors heavily depends on the thermal conductivity of the chemical mixture or base fluid [12–15].
Additionally, the diffusion of chemical species within the reactor significantly affects the reaction rate. Therefore, optimizing thermal
and mass transfer parameters is essential in modern engineering industries [16–18].

Das et al. [19] investigated how a reaction following first-order kinetics, occurring in a homogeneous medium, affects an unsteady
flow while maintaining a uniform distribution of mass and heat. Their analysis employed a setup with an infinite vertical plate as the
focal point of examination. In a related study, Brown & Lai [20] numerically analyzed the transfer of heat and mass in a vertically ori-
ented cavity subjected to heating from below. To enhance understanding in this field, they established correlations between non-
dimensional parameters related to dynamics and thermal characteristics. Following these studies, Parvin et al. [21] examined double-
diffusive effects by employing Soret and Dufour coefficients within an enclosed space subjected to heating, utilizing Al₂O₃-H₂O
nanofluids. Additionally, other research explored the effects of chemical reactions and radiation on unsteady flows involving magne-
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Fig. 5. Isothermal contour of the reactor and cooling jacket near the outlet at (a) 37 °C and (b) 29 °C.

tohydrodynamics (MHD) and free convection. Specifically, these studies focused on the flow around a semi-infinite plate in motion,
influenced by either the presence of a heat source or suction. Collectively, these investigations aimed to provide significant insights
into the dynamic interplay of these phenomena [22–26].

Hayat et al. [27] examined the effects of homogeneous-heterogeneous reactions in nanofluid flow over a non-linear stretching
sheet, using OHAM for solution convergence. Ribert et al. [28] developed a numerical model for counterflow diffusion flames across
different fluid thermodynamic states. Bachok et al. [29] studied homogeneous-heterogeneous reactions in boundary layer flow near a
stretching surface. Frolov et al. [30] presented a model for catalytic monomethylaniline synthesis, proposing an optimal control
method. Masoumi et al. [31] designed a pilot plant to study furnace parameter effects on reactor yields. Logtenberg & Dixon [32] used
CFD to simulate heat transfer in a packed bed reactor. Additional studies by Kusumastuti et al. [33], Nailwal et al. [34], and Wu et al.
[35] further explored fluid dynamics and heat transfer in various applications, enriching the field's knowledge base.

This comprehensive literature review provides invaluable insights into heat transfer, mass transfer, and fluid dynamics across di-
verse reactor configurations. Such knowledge is a crucial foundation in the continuous effort to refine and optimize reactor designs
and processes, promising efficient production of a wide range of industrial products. The synthesis of this research aids in advancing
sustainable and technologically driven solutions within chemical engineering. This study specifically aims to optimize the decomposi-
tion of propylene oxide within a corrugated inner cooling jacket tubular reactor. By parametrically analyzing the influence of mixture
inlet temperature, activation energy, and inlet flow rate on decomposition percentage, the study ensures safe and efficient operation.
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Fig. 6. Surface temperature for different inlet temperatures and activation energies.
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Fig. 7. Conversion surface of produced Propylene glycol for different inlet temperatures and activation energies.

The primary objective is to maximize decomposition while maintaining the peak exothermic temperature below 75 °C, thereby evalu-
ating the effectiveness of the corrugated cooling jacket design in achieving thermal control and contributing to overall process opti-
mization.

2. Mathematical modeling
Propylene glycol (PG) is obtained through a liquid-phase hydrolytic process from propylene oxide (PO). Using excess water and a

catalytic amount of sulfuric acid, the reaction proceeds at moderate temperatures. However, significant exothermic heating necessi-
tates the use of a large water excess for optimal temperature control.

Methanol was added to address the limited miscibility between propylene oxide and water. The behavior of the resulting non-ideal
mixture was successfully modeled using the Non-Random Two-Liquid (NRTL) equation.

The NRTL equation is a thermodynamic model used to describe the non-ideal behavior of liquid mixtures. It is particularly useful
for systems with significant deviations from ideal behavior, such as hydrogen bonding, solvation effects, or other strong intermolecu-
lar interactions. In this study.
⁃ Propylene oxide is a polar, aprotic solvent that can interact with the polar water and methanol molecules through dipole-dipole

interactions and hydrogen bonding.
⁃ Water and methanol are polar, protic solvents that can form strong hydrogen bonds with each other, as well as with propylene

oxide.
The NRTL equation was selected to model the propylene oxide, water, and methanol system because it is well-equipped to account

for the significant non-ideal interactions between these components.
The reaction rate exhibited a power-law dependence on propylene oxide concentration, highlighting the importance of precise

feedstock control for efficient production. A corrugated cooling jacket reactor was used to limit the peak temperature produced by the
exothermic reaction while achieving complete PO conversion (see Fig. 1).

The corrugation is a sinusoidal function applied along the length of the reactor L = 1000 mm,

y (z) = A cos (2𝜋fz + 𝜑) = A cos

(
2𝜋

1

50
z +

𝜋

2

)
(1)

Where.
A is the amplitude,
z, the independent variable, represents space in millimeters (ranging from 0 to L),
f represents the number of complete cycles or oscillations within 1 mm, and
φ represents the angular position or the specific point in the oscillation cycle at the initial space z = 0 (see Fig. 2).



Case Studies in Thermal Engineering 61 (2024) 105004

7

D. Bendaho et al.

Fig. 8. Axial temperature along the reactor in three positions (see Fig. 7(e)), where the inlet temperatures are 29 °C and 37 °C, and different activation energies are
used.

2.1. Reaction
Under different conditions, propylene oxide (C3H6O) can undergo decomposition through various mechanisms. Two representa-

tive reactions involve the breakdown of propylene oxide:
- Thermal decomposition: Propylene oxide exhibits thermal decomposition at elevated temperatures, yielding carbon dioxide CO2

and propylene C3H6.

C3H6O → C3H6 + CO2 (2)

- Acid-catalyzed decomposition: In acidic environments, propylene oxide is susceptible to acid-catalyzed decomposition, leading
to the formation of propanol C3H8O and water H2O. Typically, an acid catalyst, such as H2SO4 (sulfuric acid) or H3PO4 (phosphoric
acid), is employed to enhance the reaction rate in this process.

C3H6O + H2O → C3H8O + H2O (3)

Propylene oxide serves a crucial role in the synthesis of propylene glycol, a versatile chemical with widespread applications in in-
dustries such as cosmetics, pharmaceuticals, food, and beverage, and automotive. Propylene glycol functions as a solvent, emulsifier,
and humectant, contributing to various products including lotions, creams, medicines, antifreeze, and food additives.

C3H6O + H2O
CH3OH

→ C3H8O2
(4)

In the context of exothermic reactions, this particular process unfolds as a first-order reaction, especially notable given its execu-
tion in an environment of plentiful water. The reactor's intake is characterized by a bifurcated flow. One stream comprises an equimo-
lar blend of C3H6O and methanol, while the other carries water with 0.1 % sulfuric acid by weight added. The fusion of these streams
triggers an immediate surge in temperature, a manifestation of the mixture's inherent heat. In our computations, this thermal eleva-
tion is duly considered, with the inlet temperatures of both streams carefully set within the range of 29 °C–37 °C.

The kinetics of a first-order exothermic decomposition reaction can be described using the Arrhenius equation, which relates the
reaction rate constant k to temperature. The general form of the first-order reaction rate formula is:
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Fig. 9. Temperature profiles at different sections of the reactor (see Fig. 9(e)) vs activation energy.

k = k0e
(−E∕RT) (5)

Where.
k0 is the pre-exponential factor, and
E is the activation energy.
The k0 rate in the Arrhenius equation (5) is typically determined experimentally through kinetic studies. The experiment is re-

peated at different temperatures, and the reaction rate is measured over time using methods such as spectrophotometry, chromatog-
raphy, or titration. The reaction rate versus temperature is plotted, and the reaction rate constant k0 is determined from the data.

The activation energy E is measured in the same units as RT, falls within the range of 74,000 to 77,000 J/mol, with R representing
the universal gas constant (8.314 J/(mol·K)). This can also be expressed as:

k (T) = k0


T0


.exp


E

R


1

T0

−
1

T


(6)

Where.
k(T) is the reaction rate constant at temperature,
k0(T0) is the reaction rate constant at the reference temperature,
T is the temperature at which the reaction rate constant is being evaluated, and
T0 is the reference temperature.

2.2. Geometry
Leveraging the insights from Fig. 3's graphical representation of the model's geometric layout, we proceed with precision by as-

suming negligible angular variations around the central axis, thus treating the model as axisymmetric. This foundational understand-
ing guides our computational approach as we explore the system's intricacies, represented by a comprehensive set of equations on a
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Fig. 10. Reaction conversion rate (%) at different sections of the reactor (see Fig. 9(e)) vs activation energy.

2D plane. The delineated boundaries in the rz plane accurately depict the essential components of the cylindrical reactor, including
the inflow and outflow sections, reactor wall, and central axis, each contributing distinctly to the system's structural integrity.

Under the assumption of uniform diffusivity across all three species, our approach entails modeling the reactor using three distinct
differential equations: one for the mass balance of a selected species (with the understanding that mass balances for the remaining
two species are redundant, as explained in subsequent sections), another for thermal equilibrium within the reactor core, and a third
for the thermal equilibrium of the heating jacket.

2.3. Model equations
In delineating the operational dynamics of the reactor, a crucial framework is established through the governing equations that

encapsulate material and energy balance within its confines. These equations are intricately defined with respect to two distinct vari-
ables: the radial dimension r and the axial dimension z. Together, they form a system of two coupled partial differential equations, de-
scribing the behavior of the reactor across both spatial dimensions. Central to this system is the equation governing the conservation
of mass, which serves as a key element for understanding the intricate interplay of substances within the reactor.

2.3.1. Mass balance for species A

DP

1

r

𝜕CA

𝜕r
+ DP

𝜕
2CA

𝜕r
2

+ DP

𝜕
2CA

𝜕z
2

− 2U


1 −


r

Ra

2


𝜕CA

𝜕z
+ rA = 0 (7)

In the above equation, DP governs diffusion, CA represents concentration, U steers velocity, Ra defines radius, and ∂ r is the rate of
reaction.

2.3.2. Reactor internal energy balance

k
1

r

𝜕T

𝜕r
+ k

𝜕2T

𝜕r
2
+ k

𝜕2T

𝜕z
2
− 2U


1 −


r

Ra

2

𝜌CP

𝜕T

𝜕z
− rA


−ΔHRx

 (8)

Within this investigation, we operate under the presumption that species A, B, and C share identical diffusivity properties, thereby
streamlining our focus to solving a single material balance equation. Our understanding of the concentrations of other species is facili-
tated by the principles of stoichiometry.
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Fig. 11. (a) Maximum and minimum temperatures, (b) Maximum and average propylene oxide conversion at T0 = 37 °C for different activation energies.

2.4. Boundary conditions
2.4.1. Boundary conditions for mass balance
⁃ Entry (z = 0):

CA (r, 0) = CA0 (9)

⁃ On the wall (r = R):

𝜕CA

𝜕r
(R, z) = 0 (10)

The outlet boundary condition selected highlights the prevalence of convection in transporting substances out of the reactor. By
maintaining an open outlet boundary, it refrains from constraining concentration levels.

2.4.2. Boundary conditions for energy balance
⁃ Inlet (z = 0)

T (r, 0) = T0 (11)

⁃ Outlet (z = L)

−
𝜕T

𝜕r
(r,L) = 0 (12)

⁃ On the wall (r = R)

−
𝜕T

𝜕r
(R, z) =

UK

K

(
T − Ta

) (13)
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Fig. 12. Velocity profile of fluid in the cylindrical reactor at various axial positions.

Where, the variable L represents its length, UK is an overall heat transfer coefficient, while K denotes thermal conductivity. The den-
sity is symbolized by ρ, and CP stands for heating capacity. Additionally, the symbol ΔHRx represents the enthalpy of reaction within
this system.

2.5. Assumptions
Within the reactor, the axial diffusion/dispersion flux of species A is considered negligible compared to the convective flux.
When summing the enthalpy terms in the energy balance equation, the product of heat capacity and velocity (Cp×U) is treated as

a combined heat capacity flux for each species.
The analysis focuses on a system that has reached a constant state, where the concentrations, temperatures, and other properties

remain unchanged over time.

3. Results and discussion
The effect of activation energy on the rate of decomposition is inversely proportional. Higher activation energies (above 74,000 J/

mol) slow the reaction, requiring more energy for molecules to overcome the barrier. However, below this value, the behavior di-
verges. The original decomposition pathway might become unfavorable, leading to alternative reaction pathways that produce differ-
ent components. This deviation can significantly increase the reaction rate beyond predictions based on the main decomposition
pathway.

Higher temperatures generally accelerate the decomposition process in the designated pathway, but they also become a double-
edged sword in this context. At higher temperatures (see Fig. 4(a)), more molecules can be activated for the intended decomposition,
but they can also trigger an undesirable divergent reaction. Conversely, at low inlet temperatures (see Fig. 4(b)), the conversion of PO
is insufficient.

The undesirable divergent reaction is an uncontrolled, rapid decomposition reaction that can generate large amounts of heat and
pressure, potentially causing equipment failure and explosions, posing serious safety risks.

Fig. 5(a) presents isothermal contours within a reactor and its cooling jacket for varying activation energies. The reactor inlet tem-
perature is maintained at 37 °C, while the cooling water inlet temperature is fixed at 5 °C. Analyzing the contours across different ac-
tivation energies allows us to understand the reactor's thermal behavior and the effectiveness of the cooling jacket.

The contours reveal a non-uniform temperature distribution within the reactor, with hotter regions concentrated near the cooling
zone and the center of the reactor. This is consistent with the exothermic nature of the reaction. As the activation energy increases
(moving from left to right in the figure), the overall temperature within the reactor generally rises. The presence of the cooling jacket
helps maintain lower temperatures near the reactor walls compared to the core region. This temperature gradient is crucial for effi-
cient heat removal and preventing the reactor from overheating. It has been observed that a decrease in the inlet temperature to 29 °C
is directly correlated with a decrease in the rate of the overall decomposition reaction. It also leads to unwanted propylene glycol pro-
duction as a byproduct, as seen in Fig. 5(b).

The control of the decomposition reaction of propylene oxide within the reactor featuring a corrugated cooling wall is achieved
while ensuring that the critical temperature threshold of 75 °C, denoted as the critical temperature of the reaction, is not surpassed.

Fig. 6(a–d) illustrates the temperatures observed at the reactor outlet under varying conditions, including different inlet tempera-
tures of propylene oxide with its catalyst and diverse values of the activation energy (E). In instances where a high activation energy
value of 77,000 J/mol is employed, a moderate temperature increase is discerned, and the temperature distribution remains rela-
tively uniform along the reactor.
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Fig. 13. Velocity magnitude contour across the reactor.

Conversely, when an activation energy of 74,000 J/mol is used, the temperature rises quickly due to the exothermic nature of the
reaction. This temperature increase is especially noticeable at the reactor outlet.

These observations indicate a direct correlation between temperature levels and the extent of conversion, with lower temperatures
corresponding to minimal conversion, and conversely, higher temperatures associated with increased conversion, as seen from the
Propylene glycol conversion in Fig. 7(a–d). This dependency is due to how temperature affects the reaction rate. Specifically, the
lower temperatures near the reactor wall are caused by the cooling effect of the coolant in that area.

Fig. 8(a–d) presents detailed curves showing the temperature distribution within the non-isothermal reactor. These curves high-
light the crucial role of the cooling jacket in effectively managing the heat generated by the reaction, thereby maintaining the de-
sired temperature profile. At r = 100, the curve intersects the corrugated inner wall of the cooling jacket, indicating the direct in-
fluence of the cooling medium on temperature regulation. Notably, at the axial position r = 0, where the velocity is maximal, the
reaction does not have enough time to complete. Due to the exothermic nature of the reaction, this limited reaction time results in
insufficient energy production, leading to a noticeable decrease in temperature. In the intermediate range (r = 50), the reaction
has more time to progress, producing increased energy and more propylene glycol (see Fig. 7). Consequently, this extended reac-
tion time leads to a significant rise in temperature.

Fig. 9(a–d) shows the temperature and conversion surface profiles at three distinct locations (see Fig. 9(e)) along the length of the
reactor. As the reactants move through the reactor, a clear trend emerges: the intensity of the reaction increases, leading to a corre-
sponding rise in temperature. The influence of the coolant on these profiles is also evident, highlighting its impact on the observed
temperature variations. The temperature evolution reveals important trends in the reactor's thermal performance. Specifically, with
an initial temperature of 29 °C (302K) and a constant activation energy of 74 kJ/mol, the temperature at the reactor outlet reached
38 °C (311K). In contrast, with an initial temperature of 37 °C (312K) under the same activation energy conditions, the temperature
at the reactor's end rose substantially to 74 °C (347K). This significant temperature increase underscores the exothermic nature of
the reaction, indicating substantial heat liberation during the process. The variations in reactor temperature, under different initial
conditions and activation energy settings, affect the mean temperature within the cooling jacket, which rises to 30 °C. This tempera-
ture increase is attributed to the heat transfer between the reactor and the cooling jacket.

Achieving complete conversion, represented by 100 %, indicates that every molecule of propylene oxide within the system has
been fully transformed into propylene glycol at a specific point in time. This signifies the exhaustive consumption of the reactant and
the formation of the desired product.

In Fig. 10(a–d), it is evident that with an elevated activation energy of E = 77 kJ/mol, the conversion rate peaks at 70 %. In con-
trast, a lower activation energy of E = 74 kJ/mol results in a significant increase in the conversion rate, reaching 100 %. The higher
speed at the reactor center limits the residence time, preventing a substantial increase in conversion. However, closer to the corru-
gated wall, where the flow rate decreases and the conversion rate rises due to sustained high temperatures, the reaction rate is en-
hanced.

Approaching the wavy wall, the conversion remains constant compared to the smooth wall. This is due to the vortices generated
by the wavy wall, which maintain a consistent conversion level.

In Fig. 11(a), distinct temperature extremes are evident. The minimum temperature is approximately 12 °C, due to the cooling
jacket's effect. Meanwhile, the maximum temperature remains below the critical point of 75 °C, which is the permissible upper limit.
This adherence to the maximum allowable temperature indicates effective temperature control within the system, which is crucial for
maintaining safe operating conditions.

Examining various activation energy levels reveals an interesting trend in the conversion rate of propylene oxide. Notably, as the
activation energy decreases, the conversion rate consistently increases. This trend culminates in a maximum conversion rate of 100 %
and an average of 97 % when the activation energy is set at E = 74 kJ/mol. This indicates a significant sensitivity of the conversion
process to changes in activation energy, highlighting the complex interplay between reaction kinetics and energy parameters in the
propylene oxide conversion system (see Fig. 11(b)).

Fig. 12 shows the velocity profile of fluid within a cylindrical reactor at different axial positions (z = 0 to z = 1000 mm). The ve-
locity magnitude is plotted against the reactor's radial coordinate (r), with a radius of 120 mm. The shaded area represents the cool-
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ing jacket, ranging from 100 mm to 120 mm radius. The velocity profile is approximately uniform across different axial positions but
decreases near the wall of the cooling jacket.

The wavy patterns in the velocity contour lines directly illustrate how the corrugated cooling jacket affects the flow (see Fig. 13).
The fluid is forced to change direction and flow non-uniformly due to the corrugated inner wall. The closed loops visible in the con-
tour plot indicate vortex formation in the spaces between the corrugations as the fluid navigates around these obstacles. The velocity
contours show the fluid accelerating near the center of the reactor, likely due to the geometry of the reactor and the fluid being
pushed through narrower spaces between the corrugations. The tighter contours near the corrugated wall indicate that the velocity
slows down as it passes by the wall, suggesting some degree of boundary layer formation.

4. Conclusions
This study has clarified the complex dynamics of reactor performance, thermal behavior, and conversion rates in propylene oxide

conversion. The key contributions of this work include:
The data analysis has highlighted the critical impact of temperature variations and activation energy on conversion rates. Specifi-

cally, it was found that at an activation energy of E = 74 kJ/mol, the conversion rate reached a maximum of 100 %, with an average
value of 97 %. This underscores the sensitivity of the system to activation energy and its importance in optimizing the conversion
process.

The study has revealed that reactor conditions, such as initial temperature and activation energy, affect the exothermic reactions
and are crucial for managing heat transfer dynamics within the reactor.

The study highlighted the cooling jacket's role in controlling temperature, showing how it helps maintain the right temperature
and manage the heat released from reactions for better reactor performance.

The complexities of fluid flow, heat transfer, and fluid-structure interactions within the reactor were considered. Notably, the
presence of vortices generated by corrugations in the reactor design promoted better mixing and improved conversion rates. The cor-
rugated design was shown to enable nearly 100 % conversion of propylene oxide under optimal conditions by effectively managing
the exothermic heat release.

While this research provides valuable insights into the potential of corrugated cooling jackets for propylene oxide decomposition,
future investigations could explore various aspects to further enhance the process. These future directions could include examining
the impact of different corrugated geometries, such as varying heights, widths, and spacings, on heat transfer, flow patterns, and con-
version rates.
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