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1. Introduction 

Integral devices employed to facilitate the transmission of 

thermal energy between a contained liquid and an external 

heat source, such as steam contained within a heating coil, 

are known as heating vessels. These are widely used 

vessels for controlled experimental heating in scientific 

settings, for regulating chemical reactions or distillation in 

industrial operations, and even for cooking in culinary arts. 

Heating vessels come in a variety of sizes and shapes to 

meet different operational requirements and they are made 

to contain and heat liquids, gasses, or solids [1-3]. Strong 

materials that can tolerate high temperatures and long-term 

corrosion resistance, such as heat-resistant glass, stainless 

steel, or specialty polymers, are frequently used in their 

construction. In order to provide accurate temperature 

control, which is essential for a variety of applications, 

heating vessels can be equipped with insulation, integrated 

heating elements, or a jacketed design that promotes safety 

and indirect heating.  

 

 

 

Heating vessels are essential to industrial processes 

like material preparation, sterilization, and chemical 

synthesis. Their primary means of facilitating heat transfer 

are convection, which involves the movement of heated 

fluids, and conduction, which involves heat transfer 

occurring directly through the vessel material [4,5]. 

Additionally, certain systems might use radiation, which 

releases heat in the form of energy waves. When designing 

heating vessels, heat transfer mechanisms have a 

significant impact on response times, energy efficiency, 

temperature uniformity inside the vessel, rate of heat 

transfer, and scalability. These qualities are critical metrics 

in the assessment of heating efficiency. Effective heating 

ensures that industrial reactions occur at ideal rates and 

targeted temperatures for consistent product quality, which 

is directly correlated with higher productivity and process 

efficiency. 

 

Abstract: The purpose of this study is to determine which configuration of coil and jacketed heating 

vessels provides the highest levels of thermal efficiency and cost-effectiveness through a 

comparative analysis. This study is limited to using Computational Fluid Dynamics (CFD) 

simulations to analyse heat distribution and material costs in industrial settings where these kinds 

of vessel are common. The research uses a methodology that starts with creating and meshing 3D 

models for every kind of vessel and then simulates the processes of heat transfer inside these models. 

The study carefully establishes material attributes and boundary conditions that are representative 

of heating systems that are in use. Contrary to first convictions, the coil design is more complex 

than anticipated and the jacketed design is marginally more cost-effective, according to the results 

of the CFD simulations. Additionally, the jacketed vessel marginally surpasses the coil design in 

terms of thermal efficiency, despite the fact that both designs efficiently transmit heat. The study 

concludes by suggesting that the jacketed design may provide a better balance between cost and 

efficiency when choosing a heating vessel for industrial purposes. Coil designs are still competitive, 

nevertheless, especially in applications where design complexity isn't a barrier. Future study on 

heating vessel configuration optimisation for improved sustainability and financial viability in 

industrial applications is made possible by these findings. 
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2. Previous Work on Pressure Vessel 

Pressure vessels are crucial parts in many industries 

because they are made to safely contain liquids or gases at 

pressures higher than that of the atmosphere. They are 

widely used in many different applications, including the 

production of food, oil and gas, and chemicals [6-9]. To 

avoid catastrophic failures, strict safety requirements must 

be followed during the design and construction of pressure 

vessels. They are typically spherical or cylindrical in shape 

and made of steel or composite materials, which have high 

tensile strength and resistance to pressure and corrosion 

[10]. 

Figure 1 shows a design for vertical pressure vessel. 

Theoretically, pressure vessels could be almost any shape, 

but in practice, sphere, cylinder, and cone sections are 

often used to create these forms. The use of cylinders with 

heads on the ends and hemispherical or tori spherical 

(dished) head shapes are both common. Historical analysis 

of more complex shapes for safe operation has been much 

more challenging, and they are typically much more 

challenging to build. The ideal shape for holding internal 

pressure is spherical, which theoretically has roughly twice 

the strength of a cylindrical pressure vessel with the same 

wall thickness [11,12].  

 

Figure. 1 Vertical pressure design 

Heating coils are crucial parts of many heating systems and 

appliances. They are typically constructed of conductive 

materials, like metal, and are intended to produce and 

transfer heat effectively [13,14]. Electric current is used to 

operate heating coils, which create resistance and turn 

electrical energy into heat. Heat is produced by the 

resistance in the coil as the current passes through it. This 

heat can then be released into the environment or into a 

medium inside a vessel or system. Industrial heating 

systems used in processes like chemical reactions, steam 

generation, and heat treatment use heating coils, as do 

domestic heating elements found in things like electric 

stoves and water heaters. Their design, which takes into 

account elements like coil geometry, material choice, and 

power input, is extremely important in determining the 

system's heating capacity, efficiency, and temperature 

control [15]. 

3. Methodology and Numerical Setting 

As stated in the research's objective, the current work 

concentrated on determining the most efficient coil 

configuration. In this chapter, the methodology for this 

study will be described as the modelling and simulation of 

heat transfer and performance in fluid flow with various 

single coil and a helical coil were done in this study. A 

SOLIDWORK-CFD software will be used to perform the 

flow evaluation [16,17]. This software is a commercial 

product that has been used in a variety of industries. As a 

result of the software created based on the differential form 

solution of the governing equation of fluid motion, the 

flow problem should be resolved numerically. 

Computational fluid dynamics (CFD) in this study 

provides insight into flow patterns that are challenging, 

expensive, or impractical to study using experimental 

methods. CFD is a highly interdisciplinary research field 

that straddles the boundaries of computer science, applied 

mathematics, and physics [18]. Since SOLIDWORK 

FLUENT has the best pre- and post-processing features 

and is the most appropriate and combining solver, it is 

used. 

3.1 Meshing setup 

In Computational Fluid Dynamics (CFD), meshing is an 

important step that has a big impact on simulation 

performance, accuracy, and convergence. The mesh makes 

it possible to solve governing equations more precisely by 

breaking the simulation domain up into smaller, discrete 

parts, especially in regions with complex geometries or 

steep gradients as shown in Figure 2. One important 

consideration is meshing fineness; a finer mesh will yield 

more precise and detailed results, but it will require more 

time and processing power [19,20]. On the other hand, 

although a coarse mesh may speed up calculations, it may 

also affect convergence and result in less accurate results. 

Accurately representing physical events requires effective 

meshing, especially in areas with intricate flow patterns 

and close to boundary layers. Thus, striking a balance 

between computing efficiency and the accuracy of 

simulation results requires a well-designed mesh. 

 
Figure 2. Global mesh setting 
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3.2 Numerical procedure 

Ann overview of the simulation setup parameters for the 

reactor analysis shows detail in this section. It details the 

analysis type chosen for fluid dynamics, the specific fluids 

selected for their thermal properties, the solid materials 

used in vessels construction, the applied wall conditions to 

model real-world interactions, and the initial conditions set 

to establish baseline scenarios for the simulation. This 

setup forms the foundation for an accurate and reliable 

evaluation of the reactor's performance under operational 

conditions 

 

Figure 3. Simulation Setup 

4. Results and Discussion 

The performance characteristics of coil and jacketed 

reactor vessels are evaluated critically. Utilizing 

simulation data, the research investigates important 

thermal characteristics and material cost consequences that 

are specific to each design. The study employs a 

methodical methodology to evaluate many parameters, 

including heat transfer capacities and reactor building 

costs, with an emphasis on their impact on the choice of 

reactor designs for industrial purposes. 

4.1 Pressure drops  

As a crucial part of the investigation of the comparison 

between coil and jacketed reactor vessels, this analysis 

attempts to assess the pressure drops inside of coil and 

jacketed reactor vessels. One of the most important 

parameters is the pressure drop, which affects both 

efficiency and operating costs by reflecting the resistance 

to flow that the fluid experiences inside the reactor. 

Figure 4 to 7 shows the steam and fluid pressure at 

inlet and outlet for both cases simulated. For the coil 

vessels, there is a notable 1,218,513.79 Pa pressure drop 

on the coil vessel's steam side as shown in Figure 5. This 

sharp drop in pressure from the entrance to the outlet is 

consistent with what is expected for steam that is 

condensation-free or encountering significant resistance 

when coiled. The boundary condition placed at the outlet 

on the fluid side can explain the observed negative pressure 

drop, which usually indicates an increase in pressure from 

input to exit.  

 

 
Figure 4. Steam inlet and outlet pressure (coil) 

 
Figure 5. Fluid inlet and outlet pressure (coil) 

 
Figure 6. Fluid inlet and outlet pressure (jacket) 

 
Figure 7. Steam inlet and outlet pressure (jacket) 
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This means that the outlet pressure measurement is in 

line with atmospheric pressure and that any rise brought on 

by expansion and heating is not recorded as this state 

equilibrates with ambient (atmospheric) pressure. For 

vessels with jacket, there is a significant pressure reduction 

of 1,082,891.83 Pa on the steam side. This number, which 

is marginally less than the coil vessel's, suggests a high 

flow resistance, most likely as a result of the jacketed 

design. 

4.2 Temperature change 

Figure 8 to 11 shows the result of the simulation of 

temperature distribution for both coil and jacket cases. For 

the coil system, the temperature of steam at inlet is 181.36 

°C while at outlet is 107.07°C. Inlet temperature of 

20.05°C from the fluid side and the outlet temperature of 

40.31°C has shown for the case of coil as in Figure 9.  

Figure 10 shows the steam inlet temperature of 180.06°C 

and the outlet temperature of 100.89°C while fluid inlet 

temperature of 20.05°C and 52.46°C at the outlet has 

shown in Figure 11 for jacket. 

 

 
Figure 8. Steam inlet and outlet temperature (coil) 

 
Figure 9. Fluid inlet and outlet temperature (coil) 

 
Figure 10. Fluid inlet and outlet temperature (jacket) 

 
Figure 11. Steam inlet and outlet temperature (jacket) 

 

Critical insights into the thermal performance of coil 

and jacketed reactor vessels can be obtained through an 

analysis of their temperature profiles as in Figure 12. 

Steam in the coil vessel showed a notable drop in 

temperature, falling by 70.53°C from the input to the 

outflow. This significant steam cooling indicates that the 

heat transmission process to the fluid inside the vessel is 

working well. As a result, the temperature of the fluid 

inside the coil vessel raised by 19.74°C, confirming the 

vessel's ability to transfer heat from the steam to the fluid. 

In contrast, the temperature reduction for the steam in the 

jacketed vessel was somewhat similar, at 70.67°C, 

indicating that the cooling effectiveness of both vessel 

types is comparable. Nevertheless, there was a discernible 

variation in the fluid's temperature rise; the jacketed vessel 

outperformed the coil vessel, with a more marked 

temperature rise of 32.77°C. This higher temperature 

increase suggests that the jacketed vessel design may have 

more effective heat transfer dynamics, maybe as a result of 

improved flow patterns or a bigger surface area for heat 

exchange. 

 



   Alim, A.A.M. and Mustaffa, N. Journal of Complex Flow, Vol. 6 No. 2 (2024) 10-16 

 
 

14 
Published by FAZ Publishing 

http://www.fazpublishing.com/jcf 

 

 

Figure 12.  Temperature changes in coil and jacketed vessels  

4.3 Heat Transfer Coefficients in Coil and Jacketed 

Vessels  

The average heat transfer coefficients for the coil vessel 

and the jacketed vessel, respectively, were determined by 

the simulations to be 409.991 W/m²·K and 752.087 

W/m²·K. Understanding the heat transport dynamics built 

into each design depends on these variables. 

 

 
Figure 13. Heat transfer coefficient of coil and jacketed 

vessels 

The jacketed vessel exhibited a substantially higher 

heat transfer coefficient than the coil vessel as shown in 

Figure 13. This suggests that, under the simulated 

conditions, the jacketed design is more effective in 

transferring heat.  

This superior performance could be attributed to 

factors such as a larger effective heat transfer surface area, 

enhanced flow dynamics around the jacket, or a more 

uniform distribution of heat throughout the reactor. 

Jacketed reactors are often preferred in applications 

requiring consistent heat distribution and the prevention of 

hot spots, and the higher coefficient value in this study 

reinforces the suitability of jacketed vessels for such 

applications. 

4.4 Cost analysis 

A revised cost analysis was undertaken to assess the 

economic implications of reactor design, encompassing 

both jacketed and coil configurations. The mass of 

stainless steel needed for each design and the going rate in 

the market are used to directly calculate the material costs 

used in this research. Not to be overlooked are individual 

components like flanges and fittings, as well as the nuances 

of fabrication and assembly, which can have a substantial 

impact on the final cost. These estimates, it is crucial to 

emphasize, only give a broad picture of material prices. 

Table 1: Mass and estimated cost. 

Configuration Total Mass 

(kg) 

Estimated cost 

(MYR) 

Coil vessels 533.55491 7450.29 

Jacketed vessels 516.55049 7212.85 

 

The revised research shows that the coil 

configuration's total mass roughly 533.55 kg is 

significantly greater than what was originally estimated. 

As a result, the coil configuration's projected material cost 

is currently approximately MYR 7450.29. By contrast, the 

anticipated material cost for the jacketed configuration, 

with a mass of approximately 516.55 kg, is MYR 7212.85. 

The average market price of stainless steel 302 and the 

current USD to MYR exchange rate served as the 

foundation for these computations. In addition, the cost to 

coil fabrication are much more expensive compared to 

jacketed. 

4.5 Overall comparative analysis 

Table 2 and table 3 compares critical performance metrics 

for coil and jacketed heating vessels side by side. It 

contains the temperature and pressure readings for the 

steam and fluid at the intake and outlet, together with the 

observed variations between these values and other notes 

about the significance of negative pressure differentials 

and the computed heat transfer coefficients. To give a cost-

performance perspective, material costs related to each 

configuration are also reported. Within the parameters of 

the study, this thorough comparison helps assess the two 

vessel designs' economic viability and thermal efficiency. 
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Table 2: Coil vessel 

Parameter Inlet Value Outlet 

Value 

Difference 

Steam temp. 

(°C) 

180 109.47 70.53 

Steam 

pressure (Pa)  

1,357,466.3 138,952.53 1,218,513.7 

Fluid temp. 

(°C) 

20.05 39.79 19.74 

Fluid 

pressure (Pa) 

97,006.78 109,440.65 -12,433.87 

Heat Transfer 

Coefficient 

(W/m²·K) 

- - 409.991 

Material 

Costs (MYR) 

- - - 

Table 3: Jacket vessel 

Parameter Inlet Value Outlet 

Value 

Difference 

Steam temp. 

(°C) 

180 109.47 70.53 

Steam 

pressure (Pa)  

180 109.33 70.67 

Fluid temp. 

(°C) 

1,184,590.0 101,698.18 1,082,891.8 

Fluid 

pressure (Pa) 

20.05 52.82 32.77 

Heat Transfer 

Coefficient 

(W/m²·K) 

99,381.63 109,217.06 -9,835.43 

Material 

Costs (MYR) 

- - 752.087 

5. Conclusion  

In conclusion, the study has achieved its objective as the 

present study undertook a thorough assessment of two 

different types of heating vessels coil and jacketed in order 

to determine their economic feasibility and thermal 

efficacy. With performing detailed Computational Fluid 

Dynamics (CFD) simulations, it has been evaluated of 

important factors such as heat transfer coefficients, 

pressure changes, and temperature difference. Based on the 

physical dimensions and material needs determined by the 

simulations, the economic analysis offered a cost 

comparison of the two designs. The jacketed heating vessel 

showed various benefits, such as a simpler design that 

would result in less complicated production and a higher 

heat transfer coefficient than its coil version. Nonetheless, 

the enhanced heat transfer effectiveness of the jacketed 

vessel suggests its possibility for use in high-temperature 

applications. In addition, the results highlight how crucial 

it is to use heating vessels that are both cost-effective and 

thermally efficient. The jacketed form is superior in 

operations that value energy efficiency and thermal 

effectiveness and the jacketed design could be 

advantageous in situations where initial cost and simplicity 

are crucial. The decrease in energy consumption and 

operating costs linked to more effective heating vessel 

designs is a big step towards greener industrial operations 

in an era that emphasizes sustainable practices. 
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