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Abstract: The efficient functioning of modern turbofan engines 

relies heavily on a deep understanding of airflow dynamics within 

critical components. This research paper presents a 

comprehensive investigation into airflow simulation within a 

turbofan engine, employing advanced computational techniques. 

The study focuses on flow behavior and makes use of SolidWorks 

for 3D modeling and ANSYS for simulation. The investigation 

centers on analyzing key flow parameters such as velocity, 

pressure, and temperature. The methodology involves creating an 

accurate 3D model of the turbofan engine excluding the 

compressor, combustion chamber, and turbine using SolidWorks 

to capture fine geometry and details. Subsequently, ANSYS is 

utilized to simulate the airflow within the turbofan engine, 

simulating realistic conditions and enabling the detailed analysis 

of flow behavior. The results of this study advance knowledge of 

turbofan engine technology and lay the groundwork for additional 

study and advancement in the area of aviation propulsion systems. 

In response to the evolving requirements of the aviation sector, the 

knowledge acquired from this research will serve as a priceless 

asset in the development of engines that are characterized by 

enhanced dependability, a reduced ecological footprint, and 

heightened fuel efficiency. 

 

Keywords: Airflow Simulation, Turbofan Engine, 

Computational Fluid Dynamics (CFD), SolidWorks, ANSYS.  

I. INTRODUCTION 

The aviation industry has witnessed remarkable 

advancements in propulsion systems, with turbofan engines 

being the driving force behind modern aircraft performance 

[1]. As air travel continues to grow, there is an increasing 

demand for more efficient and reliable engines that can meet 

stringent environmental regulations while ensuring enhanced 

operational capabilities [2] [3]. In this context, the study of 

airflow behavior in turbofan engine assumes utmost 
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significance as it directly impacts engine performance and 

efficiency. Computational fluid dynamics (CFD) simulations 

have emerged as indispensable tools for understanding and 

optimizing the intricate flow patterns within such engines [4]. 

 

This study delves into an in-depth exploration of airflow 

simulation within a turbofan engine, with the goal of 

examining flow patterns. The process involves employing 

SolidWorks to create a 3D model of the turbofan engine. 

Furthermore, the analysis of these simulations makes use of 

ANSYS, a widely recognized platform for computational 

fluid dynamics (CFD). This combination facilitates a 

meticulous investigation into the intricate flow dynamics 

within the engine's confines. Over the past decade, significant 

advancements on airflow simulations in turbofan engine have 

provided valuable insights into flow dynamics and their 

effects on engine performance. Numerous research papers 

have examined various aspects of engine flow behavior. Here 

are a few researchers who are involved in turbofan engine 

airflow simulations: Hassan et al. investigates the impact of 

fan efficiency on modern high bypass turbofan engines, 

focusing on the CF6-50 engine's transonic axial flow fan and 

intake under takeoff conditions. Using accurate dimensions 

and computational fluid dynamics, shock waves are observed 

forming at the suction side's trailing edge, propagating 

towards the opposite blade's pressure side [5]. Roberts et al. 

developed a new transient two-stream engine model by 

combining individual component models in MATLAB and 

Simulink. The model includes the fan, high-pressure 

compressor, combustor, high-pressure turbine, low-pressure 

turbine, plenum volumes, and exit nozzle. The focus was on 

enhancing transient capabilities, improving physics models, 

eliminating algebraic constraints, and reducing simulation 

time using advanced numerical solvers [6] [7]. Garcia Rosa et 

al. study the air flow through the fan stage of a high-bypass, 

geared turbofan during windmilling conditions, which is an 

off-design operation. The experiments were conducted in a 

turbofan test rig of ISAE, specifically designed to simulate 

windmilling operation in a ground setup. The study also 

explores the relationship between fan rotational speed and 

mass flow rate, finding that they are proportional. However, 

the fan rotor's inlet and outlet relative flow angles and the fan 

load profile remain constant for different mass flow rates. 

The impact of flow behavior on engine efficiency and 

emissions has been a prominent area of interest [8] [9]. Mark 

et al. utilized ANSYS 14.5 software to conduct numerical 

simulations, enabling them to investigate aerodynamic flow 

characteristics, air-fuel mixture, combustion turbulence, 

thermal, and cooling analysis [10].  
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Guimarães et al. examine the behavior of a complex 

distorted inflow in a full-scale engine rig using a 21-inch 

diameter StreamVane to generate prescribed secondary flow 

distributions. They employ a vortex dynamics-based model 

called StreamFlow to predict the mean secondary flow 

development based on experimental data [11]. Qian et al. 

developed a mathematical model for a turbofan engine and 

conducted simulation calculations. They created an engine 

component model based on the gas flow path and established 

common working equations for typical conditions. To solve 

the nonlinear equations, they employed the N+1 residual 

method. Using design point parameters, the authors 

formulated a general engine model and calculated specific 

performance parameters under standard atmospheric 

conditions [12]. Yang et al. created a platform for evaluating 

the secondary air system's (SAS) performance, focusing on 

internal flow and heat transfer analysis. The platform 

employs a multi-fidelity modeling technique for a turbofan 

engine under various flight conditions. It introduces a turbine 

blade cooling model that combines external heat transfer 

calculations with coolant side modeling. Computational 

Fluid Dynamics (CFD) is used to capture the complex flow 

field structure in the preswirl system [13]. These studies build 

upon their findings to offer a study of flow behavior under 

operating conditions for turbofan engines. In a time 

characterized by growing requests for air travel that is both 

environmentally friendly and optimized for performance, 

possessing a profound comprehension of the fluid dynamics 

inside a turbofan engine emerges as exceptionally crucial. By 

scrutinizing key flow parameters, including velocity, 

pressure, and temperature, under realistic operating 

conditions, this research contributes to the broader goal of 

optimizing engine design and performance.  

The subsequent sections of this paper will detail the 

methodology adopted for 3D modeling and simulation, 

explain the choice of SolidWorks and ANSYS as tools, and 

present a systematic approach for analyzing the obtained 

results. Ultimately, this investigation aims to provide a 

comprehensive framework for studying airflow phenomena 

within the turbofan engine, offering insights that have the 

potential to reshape the future of aviation propulsion systems. 

II.  METHODOLOGY 

The methodology entails creating a comprehensive 

three-dimensional representation of a turbofan engine 

through SolidWorks 2023 software. This model deliberately 

omits certain elements like compressors, combustion 

chambers, turbines, and stator vanes. ANSYS 2023 R1 is 

then leveraged to conduct in-depth numerical analyses, 

focusing on velocity, pressure, and temperature distributions. 

The simulation setup involves defining boundary conditions, 

meshing the model, and applying relevant physics. Advanced 

turbulence models and solver configurations are selected to 

accurately capture airflow dynamics. The simulation results 

are meticulously post-processed and analyzed, providing 

insights into the aerodynamic behavior of the engine. This 

combined methodology not only ensures a comprehensive 

investigation of the airflow within the turbofan engine but 

also demonstrates a robust framework for studying complex 

aerospace systems, facilitating future advancements in 

aviation technology. The subsequent sections will present the 

detailed outcomes of this methodology, shedding light on the 

intricate aerodynamics governing the engine's operation. 

A. Geometric Modeling of Turbofan Engine 

The initial phase involves using SolidWorks' powerful and 

intuitive design capabilities to craft a detailed 

three-dimensional geometric model of the turbofan engine. 

Compressors, combustion chambers, turbines, and stator 

vanes are not included in the model since they complicate 

modeling. The geometry accurately represents the fan, shaft, 

casing, nacelle, and other relevant features. The geometric 

model is rigorously validated against existing engine 

specifications to guarantee accuracy and reliability in 

performance. Fig. 1 shows the final Solid Works model 

turbofan engine. 

 

Fig. 1: SolidWorks Model of Turbofan Engine 

B. Simulation Setup 

After importing geometry into ANSYS, an essential 

addition to the methodology is the creation of a rotating 

region meticulously defined around the fan, capturing its 

rotational dynamics. This enables a realistic representation of 

the fan's interaction with the surrounding airflow. 

Additionally, a computational domain is established around 

the turbofan engine, encompassing the pertinent flow regions 

and facilitating a comprehensive analysis. Fig. 2 represents 

the view of the turbofan engine in ANSYS. 

 

Fig. 2: ANSYS View 
ANSYS Meshing is harnessed for the generation of an 

unstructured computational mesh enveloping the geometry. 

This unstructured meshing approach confers flexibility in 

resolving intricate flow regions while preserving 

computational efficiency. The mesh undergoes a meticulous 

series of quality assessments and refinement stages to ensure 

the production of dependable simulation outcomes. Fig. 3 

presents the mesh layout. 
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Fig. 3: Mesh Layout 
The boundary conditions for the simulation are defined 

based on the engine's operating conditions. The 

computational domain contains a velocity inlet, pressure 

outlet, wall for the intake wall, and side for the far field, and 

these are specified to replicate realistic operational scenarios. 

Also, the MRF method is used to define turbofan rotation. 

Appropriate turbulence models, such as k-omega, are 

selected to capture turbulent flow behavior. Table- I lists the 

boundary conditions. 

Table- I: Boundary Conditions 

Fan speed 0.8 Mach 

Temperature 294 K 

Velocity inlet 5 m/s 

Pressure outlet 0 Pa 

Air density 1.145 kg/m³ 

ANSYS Fluent is employed as the computational fluid 

dynamics (CFD) solver for simulating airflow within the 

turbofan engine. The governing Navier-Stokes equations are 

solved iteratively using implicit or explicit schemes, 

depending on stability and convergence considerations. 

Solver settings, convergence criteria, and time-stepping 

methods are fine-tuned to ensure accurate and efficient 

simulations. 

III. RESULTS 

Once the simulations are completed, extensive 

post-processing is conducted to extract relevant data and 

visualize flow phenomena. Velocity, pressure distribution, 

and temperature profiles are among the key parameters 

analyzed and the results are provided in below. 

 

Fig. 4: Velocity Magnitude Contour 

The velocity contour depicted in Fig. 4 offers a 

comprehensive insight into the intricate flow behavior 

observed throughout the turbofan engine. As the air traversed 

the engine components, a complex pattern of acceleration and 

deceleration was evident. Upon passing through the fan, the 

air experienced an initial acceleration, with velocity 

increasing progressively. This accelerated flow encountered 

further acceleration in the bypass section, culminating in the 

highest velocity attained at the outlet. The analogy of a track 

race aptly characterizes this phenomenon, where air particles 

compete for swiftness. Intriguingly, the core flow within the 

engine exhibited a distinct acceleration, reaching its peak 

velocity within the confines of the combustion chamber. 

Subsequent to this combustion-driven acceleration, the flow 

decelerated upon entering the turbine. Notably, the two 

distinct flows amalgamated before exiting the engine, 

resulting in an egress velocity nearly mirroring the initial 

inlet speed. 

 

Fig. 5: Static Pressure Contour 
Complementing the velocity insights, the pressure contour 

depicted in Fig. 5 adds a layer of understanding to the 

behavior of the airflow. The areas of heightened pressure, 

notably preceding the fan and along the bypass channels, 

offer vital information about the aerodynamic dynamics. 

These pressure gradients contribute to flow redirection and 

interaction within the engine, ultimately influencing 

performance and efficiency. 

 

Fig. 6: Static Temperature Contour 

The temperature contour provided in Fig. 6 contributes to 

the multifaceted analysis of the engine's behavior. A direct 

relationship between temperature and pressure is evident, as 

the temperature rises in correspondence with the 

higher-pressure regions identified in the pressure contour.  
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The heating process, manifesting as an increase in 

temperature as the air progresses through the engine, is a 

result of the compression and combustion processes. This 

interplay of temperature and pressure provides insights into 

the thermodynamic intricacies of the engine's operation. 

IV. DISCUSSION 

When considered collectively, previous contours present a 

holistic view of airflow within the turbofan engine. The 

acceleration, deceleration, pressure variations, and 

temperature changes collectively illustrate the complex 

interplay between aerodynamics and thermodynamics, 

contributing to the engine's overall performance. This 

research, conducted through the collaborative employment of 

SolidWorks and ANSYS, unveils valuable insights into the 

behavior of air within the turbofan engine. The implications 

of these findings extend beyond the realm of theoretical 

understanding; they hold the potential to influence real-world 

engineering endeavors. Engine performance optimization, 

design enhancement, and aircraft efficiency are just a few of 

the avenues where these insights could make a tangible 

impact. 

Anticipating the road ahead, upcoming inquiries may 

plunge further into the less-explored facets of the turbofan 

engine, encompassing the compressor, combustion chamber, 

and turbine elements. Developing a thorough grasp of these 

constituents, along with the knowledge acquired from this 

current examination, holds the potential for a more 

exhaustive appreciation of the engine's operations. As the 

voyage of exploration endures, the harmonious culmination 

of discernments from both hands-on experimentation and 

computerized analyses will unquestionably foster progress in 

the domain of aviation and propulsion innovations. 

V. CONCLUSION 

This research article delved into the analysis of flow 

patterns within a turbofan engine. The investigation 

specifically honed in on parameters like velocity, pressure, 

and temperature while the engine was operating. The 

discoveries made via this inquiry will have a significant 

impact on the development of aviation propulsion systems. 

Improved efficiency in conjunction with enhanced fuel 

economy and emissions controls pave the way for the 

development of novel aircraft propulsion systems. These 

innovations enable the creation and fine-tuning of engines 

that offer heightened reliability, contributing to air travel that 

is both trustworthy and gentle on the environment. The 

SolidWorks model's simplicity and the simulation technique' 

built-in presumptions are limitations. For deeper insights, 

future study may employ more sophisticated models. 

Understanding engine flow behavior requires a critical step, 

which the focus on airflow simulation in turbofan engines 

represents. SolidWorks and ANSYS proved a powerful 

combination in unraveling engine performance complexities, 

supporting the aviation industry in achieving efficient and 

eco-friendly aircraft engines, and ensuring safer and more 

sustainable air travel for future generations. 
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