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Abstract—The application of Computational Fluid Dynamics 

(CFD) is widespread in engineering and industry, including aerospace, 
automotive, and energy. CFD simulations necessitate the use of 
intricate mathematical models and a substantial amount of 
computational power to accurately describe the behavior of fluids. The 
implementation of CFD projects can be difficult, and a well-structured 
approach to project management is required to assure the timely and 
cost-effective delivery of high-quality results. This paper's objective is 
to provide an overview of project management in CFD, including its 
problems, methodologies, and best practices. The study opens with a 
discussion of the difficulties connected with CFD project management, 
such as the complexity of the mathematical models, the need for 
extensive computational resources, and the difficulties associated with 
validating and verifying the results. In addition, the study examines the 
project management methodologies typically employed in CFD, such 
as the Traditional/Waterfall model, Agile and Scrum. Comparisons are 
made between the advantages and disadvantages of each technique, 
and suggestions are made for their effective implementation in CFD 
projects. The study concludes with a discussion of the best practices 
for project management in CFD, including the utilization of a well-
defined project scope, a clear project plan, and effective teamwork. In 
addition, it highlights the significance of continuous process 
improvement and the utilization of metrics to monitor progress and 
discover improvement opportunities. This article is a resource for 
project managers, researchers, and practitioners in the field of CFD. It 
can aid in enhancing project outcomes, reducing risks, and enhancing 
the productivity of CFD projects. This paper provides a complete 
overview of project management in CFD and is a great resource for 
individuals who wish to implement efficient project management 
methods in CFD projects. 
 

Keywords—Project management, Computational Fluid Dynamics, 
Traditional/Waterfall methodology, agile methodology, scrum 
methodology.  

I. INTRODUCTION 

FD is a subfield of fluid mechanics that employs numerical 
analysis and algorithms to simulate and solve complicated 

issues involving fluid flows. It has revolutionized how 
engineers and scientists build and analyze fluid systems. Fluid 
mechanics is the study of the behavior of fluids in motion and 
at rest. Complex physical phenomena such as turbulence, 
boundary layers, and multiphase flows are prevalent in fluids. 
Many engineering and scientific applications require an 
understanding of fluid behavior, including the design of aircraft 
and vehicles, the creation of energy systems, and the study of 
weather patterns and ocean currents. In CFD simulations, the 
Navier-Stokes equations, which describe the behavior of fluids, 
are solved using numerical methods. On the basis of the 
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conservation rules of mass, momentum, and energy, these 
equations are extraordinarily complex and difficult to solve 
analytically. Numerical methods such as finite difference, finite 
element, and finite volume approaches are utilized to discretize 
and solve equations on a computer. The accuracy of the result 
depends on the size and resolution of the computational mesh 
and the accuracy of the numerical methods used. CFD is a 
rapidly expanding field, and advancements in computing power 
and numerical methods have enabled increasingly accurate and 
efficient simulations of complex fluid flows. However, CFD 
simulations are still limited by the precision of the employed 
models and assumptions, as well as the quality of the data used 
to set up the simulations. In addition, CFD simulations require 
substantial computational resources, and their findings must be 
validated using experimental data to ensure their accuracy. As 
computer power and numerical techniques continue to increase, 
it is anticipated that CFD applications will expand significantly, 
resulting in numerous scientific and engineering breakthroughs 
[10], [17]. 

Project management is the process of managing a team to 
achieve specific goals and objectives within a specified time 
frame and budget. It demands the use of knowledge, skills, 
tools, and strategies to plan, execute, supervise, and control 
project activities. Projects are temporary endeavors designed to 
produce a unique product, service, or result. They are frequently 
complex and involve multiple parties, resources, and threats. 
Initiation, planning, execution, monitoring and control, and 
closure are among the essential project management activities. 
In the initiation phase, the project manager determines the 
project's goals and objectives, stakeholders, and resources. The 
planning phase requires the development of a thorough project 
plan that includes a schedule, budget, and scope. The execution 
phase involves the actual implementation of the project plan, 
while the monitoring and control phase involves tracking 
project progress and making any necessary adjustments. The 
project closure phase consists of the handover of any 
deliverables and a performance review. Project management is 
an indispensable instrument for enterprises. It ensures that 
projects are completed on time, within budget, and to the 
satisfaction of all stakeholders by providing a methodical 
approach for managing resources and limiting risks. Effective 
project management can aid businesses in reaching strategic 
goals, increasing productivity, and promoting customer 
happiness [4]. Furthermore, to ensure that CFD projects are 
completed on time and within budget, project management is 
essential. CFD projects frequently demand the collaboration of 
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multiple teams or departments, and project managers must 
ensure that all team members collaborate efficiently and reach 
project milestones on schedule. Effective communication, 
delegation, and priority are essential project management skills 
for achieving these objectives. CFD engineering and research 
initiatives heavily rely on project management. It enables 
researchers and engineers to plan, monitor, and control projects 
successfully, ensuring that they are completed on time, within 
budget, and to the desired standard. Effective CFD project 
management needs careful planning and resource allocation, 
data administration, effective communication, and the 
flexibility to adapt to changing project objectives and aims. 
Agile project management can be especially advantageous for 
CFD projects that are susceptible to high unpredictability and 
scope changes. In conclusion, the successful use of project 
management techniques to CFD projects can aid researchers 
and engineers in delivering more accurate and meaningful 
results and expanding our understanding of fluid flow and heat 
transfer in a variety of technical and scientific applications [5].  

II. LITERATURE REVIEW 

A. Various Project Management Models 

Traditional/Waterfall Methodology 

The traditional project management approach is a well-
established, cross-industry framework for managing 
complicated projects. It has been utilized for many years. This 
methodology, sometimes known as the Waterfall model, is a 
sequential, linear approach to project management. The strategy 
is comprised of a series of consecutive stages, each of which is 
defined by a specific set of deliverables, milestones, and project 
activities [1]. 

The traditional project management methodology typically 
consists of the following five distinct phases: 
1) Initiation: This phase defines the project's scope, 

objectives, and deliverables. It marks the beginning of the 
project. During this phase, the project's viability is assessed 
and a business case is developed. 

2) Planning: At this phase, a detailed project plan is created, 
which includes a description of tasks, timelines, and major 
milestones. The project team is identified and allocated 
responsibilities. The project plan is also utilized to establish 
the required budget and resources. 

3) Execution: This is the phase in which the project's real 
work is carried out. It requires the accomplishment of tasks 
outlined in the project plan. The project team must 
guarantee that deliverables are generated on schedule and 
meet project specifications. 

4) Monitoring and Control: This phase consists of comparing 
the project's progress against the project plan. Any 
challenges or problems that develop are resolved, and the 
project plan is modified as required. 

5) Closure: This phase concludes the project and entails the 
finalization of project deliverables and the transfer of 
project ownership to the appropriate parties [3]. 

The traditional project management methodology offers 
several advantages, including: 

1) Clear Project Plan: The Waterfall model's sequential, linear 
approach gives a clear, structured project plan that helps to 
manage resources and track project progress 

2) Well-Defined Roles and Responsibilities: The traditional 
model assigns distinct roles and duties to each member of 
the project team, ensuring that everyone is aware of their 
assignments and deadlines. 

3) Risk Management: The traditional approach identifies risks 
early in the project and permits the development of 
contingency plans to address probable problems. 

4) Predictability: The Waterfall model's linear, sequential 
design gives a predictable timeframe, which can be 
advantageous for project sponsors and stakeholders. 

5) Easy to Measure Progress: The traditional method gives 
distinct deliverables and milestones, making it simple to 
monitor progress against the project schedule [3]. 

Disadvantages of traditional project management: 
1) Lack of Flexibility: The Waterfall model's linear, 

sequential design makes it difficult to incorporate changes 
during the project, which can result in delays and increased 
expenses. 

2) Limited Collaboration: The traditional approach is typified 
by a rigid hierarchy, which can hinder team collaboration 
and communication. 

3) Limited Innovation: The rigid adherence to the project plan 
can stifle creativity, which may be required in contexts 
undergoing fast change. 

4) Heavy Documentation: The traditional approach 
necessitates extensive documentation, which can be time-
consuming and may impede productivity. 

5) Limited Customer Involvement: The traditional strategy 
may restrict customer participation, resulting in possible 
customer dissatisfaction [2]. 

For many years, the traditional project management style has 
been utilized successfully across numerous sectors. It provides 
a structured, sequential approach to project management, which 
can be advantageous for managing large projects. Yet, the 
strategy has significant limits, especially in today's fast 
changing business world, which demands adaptability and 
creativity. In general, the traditional technique may be 
appropriate for some types of projects, but it may not be the 
optimal approach for all projects [3]. 

Agile Methodology 

This is an incremental and iterative project management style 
that emphasizes adaptability, cooperation, and client 
satisfaction. It was created as a response to the limits of 
traditional project management systems, which tended to be 
inflexible, linear, and focused on accomplishing a preset set of 
criteria. Agile approach, on the other hand, is intended to 
respond to alterations in project scope and requirements and to 
adapt to changing customer and stakeholder feedback. Among 
other fundamental concepts, the manifesto highlighted the 
significance of individuals and interactions, functional 
software, customer collaboration, and adaptability [3]. The 
emphasis on iterative and incremental development is one of 
agile methodology's defining traits. Instead of working on a 
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huge, monolithic project plan aimed to provide a finished 
product at the conclusion of a lengthy development cycle, agile 
projects are divided into smaller, more manageable chunks. 
These segments, or "sprints," are intended to provide a working 
product or feature at the conclusion of each sprint. In addition, 
the agile technique emphasizes teamwork and communication. 
Agile teams often include of employees with diverse skills and 
backgrounds, including developers, testers, designers, and 
product owners. It is encouraged that team members work 
closely together, share knowledge and skills, and communicate 
regularly and honestly. This teamwork ensures that the team is 
working toward a unified aim and that all team members have 
a clear knowledge of the project's goals and objectives. A key 
characteristic of agile methodology is its emphasis on client 
happiness. Agile teams collaborate closely with customers and 
project stakeholders to ensure that their needs and requirements 
are satisfied, as well as to incorporate input and adjustments as 
the project grows. This customer-focused strategy ensures that 
the finished product fits the needs of its intended customers and 
is delivered on time and under budget. In addition, agile 
methodology is distinguished by the use of a variety of tools 
and approaches to enhance project management and 
communication. The "product backlog" is one of the most often 
used tools. It is a prioritized list of features, requirements, and 
tasks that the team will work on during the project. The product 
backlog is used to manage the team's work and guarantee that 
the most critical features and needs are handled first. It is in 
constant flux. The "burndown chart" is a regularly used tool in 
agile methodology for tracking the team's progress during the 
duration of the project. The burndown chart displays the 
remaining project work and can assist the team in identifying 
potential bottlenecks and making necessary adjustments to the 
project schedule. Agile technique has gained popularity in an 
expanding number of industries, including software 
development, product design, and project management. It has 
been lauded for its ability to provide clients with high-quality 
products and for its emphasis on collaboration and 
communication. Yet, agile technique is not devoid of 
difficulties. The requirement for regular communication and 
collaboration among team members is one of the greatest 
obstacles. When team members are located in different parts of 
the world, especially when language and cultural limitations 
exist, this can be challenging [5]. A further problem of agile 
approach is the requirement for frequent project plan 
modifications. This can be challenging for stakeholders who are 
accustomed to more conventional project management 
practices and who may be resistant to scope and objective 
changes. Agile methodology is a flexible and iterative project 
management strategy that stresses collaboration. 

Scrum Methodology 

Scrum is a prominent agile project management system that 
stresses teamwork, adaptability, and iterative development. It 
was created in the 1990s as a method for managing software 
development projects, but has subsequently been applied to a 
wide variety of sectors and projects [5]. Scrum approach is 
founded on the Agile Manifesto, which emphasizes the 

significance of persons and interactions, working software, 
customer collaboration, and adaptability. Scrum methodology 
adds a set of roles, procedures, and artifacts designed to 
facilitate project management and collaboration to these 
concepts. Scrum technique has three primary roles: the Scrum 
Master, the Product Owner, and the Development Team [20]. 
The Scrum Master is responsible for supporting the Scrum 
process, ensuring that the team adheres to the Scrum 
framework, and removing any impediments to progress. The 
Product Owner is accountable for developing the product 
vision, prioritizing the product backlog, and ensuring that the 
team is working on the most essential features and 
requirements. The Development Team is accountable for 
designing, producing, and testing the product, as well as 
delivering a functional product at the conclusion of each sprint. 
Sprints are short, iterative development cycles that are 
characteristic of the Scrum approach. Each sprint typically lasts 
between one to four weeks and is intended to result in the 
delivery of a working product or feature. The sprint is preceded 
by a planning meeting in which the team evaluates the product 
backlog and determines the tasks for the sprint [18]. The team 
collaborates during the sprint to design, create, and test the 
specified features and requirements, and to provide a working 
product at the conclusion of the sprint. The daily stand-up 
meeting, commonly known as the "daily scrum," is one of the 
main rituals in Scrum methodology. This meeting is a brief 15-
minute gathering of the Development Team during which each 
member responds to the following three questions: What did I 
accomplish yesterday? What do I intend to achieve today? Exist 
any hurdles that impede my advancement? The purpose of the 
daily scrum is to keep the team engaged and aligned, and to 
identify any issues or roadblocks that need to be addressed. The 
sprint review, which is held at the conclusion of each sprint, is 
an additional significant Scrum ceremony. At the sprint review, 
the team presents the product or feature developed during the 
sprint and receives feedback from stakeholders and customers. 
The sprint review is an opportunity to monitor progress, 
incorporate comments, and alter the project plan as appropriate. 
Moreover, Scrum methodology employs a collection of 
artifacts to improve project management and communication. 
The product backlog, a prioritized list of features, requirements, 
and activities that the team will work on during the project, is 
one of the most significant assets. The product backlog is used 
to manage the team's work and guarantee that the most critical 
features and needs are handled first. It is in constantly evolving. 
The sprint backlog, a list of the tasks and activities the team will 
work on during the sprint, is another significant item in the 
Scrum approach. At the sprint planning meeting, the sprint 
backlog is created and utilized to guide the team's work and 
ensure that the sprint goals are accomplished.  

Scrum technique has been commended for its capacity to 
provide high-quality products that fulfill the expectations of 
consumers, as well as for its emphasis on cooperation and 
communication. It has gained popularity across a range of 
industries. Unfortunately, the Scrum technique is not devoid of 
obstacles. The requirement for regular communication and 
collaboration among team members is one of the greatest 
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obstacles. When team members are located in different parts of 
the world, especially when language and cultural limitations 
exist, this can be challenging. The need for self-organizing and 
self-motivated team members is a further difficulty of the 
Scrum technique. This can result in a more empowered and 
successful team, but it can be challenging for team members 
who are not accustomed to such a high level of responsibility. 
Notwithstanding these obstacles, Scrum methodology 
continues to be a popular approach to agile project 
management, and is utilized in a wide variety of industries, 
including software development, manufacturing, finance, and 
healthcare. Its adaptability, emphasis on collaboration, and 
iterative development make it an effective tool for managing 
complicated projects and creating customer-satisfying solutions 
[4]. 

B. Previous Project in CFD 

In this section, we will look at the previous application of 
computational fluid dynamics. Various researchers in past have 
successfully used CFD to analysis result and studied the time 
constraints in executing CFD project [12], [16]. Parsi et al. 
performed CFD simulation to analyze the impact at the elbow 
wall and particle movement through an elbow in the pipeline 
[12]. Arabnejad [19] and Vieria [8] performed CFD simulation 
in gas-liquid separator and analyzes the impact of particle at 
wall. Sajith et al. performed CFD to study the particle 
transportation and erosion impact [14]. Parsi [12], Arabnejad 
[19], Vieria [8], and Sajith [16] have used both traditional and 
agile methodology in CFD projects. They have noted that agile 
development differs from traditional development in terms of 
fundamental assumptions, management style, knowledge 
management, communication, development model, desired 
organizational form/structure, and quality control [12], [19], 
[8], [16]. 

III. PROJECT MANAGEMENT PROBLEM IN CFD 

CFD is an interdisciplinary field that draws on mathematics, 
physics, and computer science, and is widely utilized in 
industries such as the aerospace, automotive, and energy 
sectors. Due to the complexity of CFD simulations, the 
requirement for specialized skills, and the interdisciplinarity of 
CFD projects, CFD project management can be hard [13]. 

Defining defined project objectives is one of the primary 
problems of CFD project management. Without distinct 
objectives, it might be challenging to define the project's scope, 
duration, and resource needs. Project managers must 
collaborate with stakeholders to develop project objectives and 
ensure that all team members have a clear understanding of 
them. This involves establishing project objectives that are 
SMART (specific, measurable, achievable, relevant, and time-
bound) and connected with the organization's goals and 
priorities. Managing uncertainty in simulation findings is a 
second problem for CFD project managers. Little changes in 
input parameters can impact the precision of CFD simulations. 
Managers of projects must collaborate with simulation experts 
to identify the sources of uncertainty and devise risk mitigation 
techniques. This may entail doing sensitivity studies, 

employing statistical tools to quantify uncertainty, and 
employing validation and verification approaches to assure the 
accuracy of results. Long simulation times provide a third 
difficulty in CFD project management. Simulations of CFD can 
be computationally intensive, requiring days or even weeks to 
complete. Managers of projects must collaborate with 
simulation experts to optimize simulation performance and 
devise methods to ensure the availability of simulation results. 
This may involve the utilization of high-performance 
computing (HPC) resources, the development of parallel 
computing algorithms, and the implementation of optimization 
approaches to reduce simulation times. Managing and 
distributing data is fourth difficulty in CFD project 
management. CFD simulations can generate voluminous 
volumes of data, which must be managed and distributed 
around the team. Managers of projects must make plans for data 
management and sharing and ensure that team members have 
access to the information they need to fulfill their tasks [16]. 
This requires utilizing data management tools, such as version 
control systems and data repositories, and defining rules for 
data exchange that assure data security and privacy. Lastly, 
teamwork and communication are essential components of 
CFD project management. Frequently, multidisciplinary teams 
consisting of engineers, scientists, and software developers 
work on CFD projects [19]. Managers of projects must foster 
communication and collaboration amongst team members and 
guarantee that everyone is working toward the same objectives. 
This requires the development of communication strategies that 
define communication channels, frequency, and protocols, as 
well as the utilization of collaborative platforms to support real-
time communication and document sharing [15]. 

To address these obstacles, project managers can employ a 
variety of tools and approaches, such as project management 
software, simulation optimization methodologies, data 
management tools, and collaboration platforms. For instance, 
project management software can assist project managers in 
tracking project progress, coordinating tasks and deadlines, and 
monitoring resource utilization. Methods for optimizing 
simulations can reduce simulation timeframes, enhance 
precision, and mitigate uncertainty. Tools for data management, 
such as version control systems and data repositories, can 
contribute to data security, privacy, and accessibility. Yet, 
effective CFD project management needs more than the 
application of tools and methodologies [11]. It needs an in-
depth understanding of CFD concepts and the ability to 
collaborate closely with simulation specialists throughout the 
duration of the project. This requires a comprehensive 
knowledge of the physics and mathematics of fluid flow and 
heat transport, as well as the numerical tools and algorithms 
utilized in CFD simulations. It also involves the capacity to 
effectively engage with simulation professionals, comprehend 
their needs and requirements, and communicate with them. Due 
to the complexity of the mathematical models, the requirement 
for vast computational resources, and the difficulties associated 
with testing and verifying the findings, CFD project 
management is frequently difficult. One of the greatest 
obstacles in CFD project management is the complexity of the 
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mathematical models. These models are frequently nonlinear 
and involve partial differential equations, the solution of which 
requires particular knowledge and skill. Because to this, the 
creation of these models can be time-consuming and resource-
intensive. In addition, it is frequently necessary to include other 
physics, such as heat transmission or chemical processes, which 
further complicates the models [9]. 

In addition to technical expertise, strong leadership and 
interpersonal skills are required for efficient CFD project 
management. This involves the capacity to inspire and 
encourage team members, manage disagreements, and establish 
excellent working relationships with stakeholders. It also 
requires the capacity to react to changing project requirements, 
manage risks, and make data-driven, well-informed decisions. 
Training and development programs that emphasize CFD 
foundations, project management best practices, and leadership 
and interpersonal skills can help project managers improve 
these competencies. This may involve visiting conferences, 
workshops, and seminars, as well as enrolling in online courses 
and seeking project management and CFD certifications. CFD 
project management can be difficult due to the complexity of 
CFD simulations and the requirement for specialized skills. By 
defining clear project objectives, managing uncertainty and 
long simulation times, implementing effective data 
management and sharing practices, facilitating communication 
and collaboration among team members, and developing strong 
technical and leadership skills, project managers can 
successfully lead CFD projects and deliver high-quality results 
that satisfy stakeholders' needs [14].  

IV. PROJECT MANAGEMENT METHODOLOGY IN CFD 

A. Waterfall/Traditional Methodology  

CFD is a field that employs computational methods to 
simulate fluid dynamics. Typically, CFD projects entail 
creation of intricate mathematical models, selection of 
appropriate numerical methods, and application of high-
performance computer resources to run simulations. Owing to 
the complexity of CFD projects, the Waterfall technique may 
be an appropriate project management strategy. The Waterfall 
methodology is comprised of several phases that are executed 
sequentially. The first phase is the requirements collecting 
phase, during which all requirements for the CFD project are 
gathered. This phase is essential for CFD projects since it 
verifies that the mathematical models and numerical methods 
employed are suitable for the task at hand. During this phase, it 
is crucial to involve domain specialists who can advise on the 
selection of relevant numerical methods and formulation of 
mathematical models. The design phase is the second phase of 
the Waterfall methodology. In this step, the CFD model is 
created in accordance with the specifications acquired in the 
preceding phase. In CFD projects, the design phase is crucial 
because it establishes the foundation for the creation of the 
numerical methods that will be utilized to solve the 
mathematical models. During this step, it is crucial to guarantee 
that the CFD model is scalable and can be executed using high-
performance computer resources. The Waterfall methodology's 

third step is the implementation phase. During this step, the 
CFD model is implemented and coded. In CFD projects, this 
step is crucial because it sets the stage for the validation and 
verification of the results. During this phase, it is essential to 
ensure that the numerical methods are suitable for the problem 
at hand and the implementation is optimized for HPC resources. 
Testing is the fourth phase of the Waterfall methodology. 
During this phase, the CFD model is tested to confirm that it 
operates as expected. In CFD projects, the testing step is crucial 
because it assures that the findings received from the CFD 
model are accurate and trustworthy. In this step, it is essential 
that the testing environment accurately reflects the actual 
working conditions of the system being modeled. Maintenance 
is the final phase of the Waterfall methodology. The CFD 
model is maintained and updated as necessary during this 
period. In CFD projects, the maintenance phase is crucial 
because it guarantees that the CFD model remains accurate and 
current. In this phase, it is essential that the CFD model is 
periodically updated to reflect changes in the operating 
circumstances of the represented system.  

Although the waterfall methodology has been utilized for 
many years in other engineering domains, it has some 
limitations when applied to CFD project management. One of 
the primary obstacles is the requirement for upfront clear and 
comprehensive specifications. In CFD, the complexity of the 
mathematical models frequently makes it challenging to 
completely comprehend the problem and provide a 
comprehensive list of requirements at the outset of a project. 
This can lead to expensive modifications and delays as the 
project advances. Large computing resources are required when 
applying the waterfall method to CFD, which presents an 
additional problem. The success of a CFD project relies heavily 
on the precision of the results, which in turn is determined by 
the resolution of the computational mesh. Greater resolution 
necessitates additional computing resources; if these resources 
are lacking, the project may be delayed or jeopardized. The 
inability to modify the computational mesh as needed is a 
significant restriction for CFD projects if the waterfall 
methodology is used. In addition, CFD project management is 
often hampered by the issues connected with validating and 
confirming the results. In certain instances, the results may not 
be physically plausible, necessitating additional modeling or 
experimental data to refine the model. The waterfall paradigm 
prohibits iterative development and validation, which can result 
in considerable delays and added expenses. Lastly, the waterfall 
methodology is unsuitable for projects with dynamic 
requirements and specifications [21]. In CFD, the complexity 
of the mathematical models frequently makes it challenging to 
completely comprehend the problem and provide a 
comprehensive list of requirements at the outset of a project. As 
the project continues, new requirements or specifications may 
emerge; however, the waterfall process may lack the 
adaptability required to accommodate these changes.  

B. Agile Methodology 

Agile Methodology encourages collaboration among team 
members, which is necessary for CFD projects in which 
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numerous teams may simultaneously work on various project 
areas. Agile Methodology permits modifications throughout the 
project's lifecycle, which is essential for CFD projects that may 
encounter unforeseen obstacles and possibilities. Agile 
approach is renowned for its ability to rapidly provide working 
software, which is crucial for CFD projects where time is 
frequently of the essence. Agile Methodology promotes open 
communication and visibility, which can aid in keeping 
stakeholders informed and engaged throughout the duration of 
the project. The iterative nature of Agile approach enables 
continual improvement throughout the project's lifecycle. CFD 
projects can be extraordinarily complicated, requiring several 
teams and vast quantities of data. This can make it difficult to 
effectively use Agile methods [23]. CFD projects demand 
substantial computational resources, which can be challenging 
to manage in an Agile setting. Validation and verification of 
CFD data can be time-consuming and may affect the Agile 
timetable of the project. Open communication between team 
members is vital in an Agile setting and can aid in overcoming 
CFD's obstacles. Agile Methodology is predicated on 
adaptability and responsiveness to change. This implies being 
able to adapt to changing requirements, data, and results in CFD 
projects. CFD projects require substantial computational 
resources, and it is essential that these resources are allocated 
and managed effectively [24]. Validation and verification of 
CFD data should be incorporated into the Agile project 
management process. The iterative nature of Agile 
methodology necessitates ongoing improvement throughout the 
project's lifecycle [6]. 

C. Scrum Methodology 

Scrum is an agile project management methodology that 
stresses cooperation, collaboration, and incremental 
development. Scrum is an efficient project management 
methodology for software development, and it has been 
implemented in numerous other fields, including CFD [16]. 
Scrum technique is proven beneficial in CFD for managing 
complicated projects that demand regular feedback and 
constant modification to changing requirements [22]. 

The application of Scrum approach to CFD projects offers 
numerous advantages. Scrum's iterative methodology permits 
continuous feedback and adaption to changing requirements. 
Sprint timeboxes provide a defined project timeline, making it 
easier to manage and plan. Scrum events, such as the Daily 
Scrum, offer consistent chances for team communication and 
cooperation. The Product Backlog enables a transparent and 
explicit prioritization of features, allowing the team to prioritize 
the most critical activities first. The intricacy of CFD 
simulations is one of the primary obstacles. Simulations of CFD 
use intricate mathematical models and demand substantial 
processing resources. Hence, implementing features within 
limited time constraints can be difficult, and some features may 
require more time to implement than others. An additional 
difficulty is the need for well-defined acceptance criteria for 
each feature. Due to the complexity of CFD simulations, it 
might be difficult to set clear acceptance criteria for some 
features, which can result in confusion and implementation 

delays. 

V.  BEST PRACTICES FOR PROJECT MANAGEMENT IN CFD 

CFD project management involves both technical knowledge 
and excellent project management techniques [22]. The 
following are some project management best practices for CFD: 
1) Establish clear project objectives: At the beginning of the 

project, the objectives must be clearly stated and conveyed 
to all stakeholders. This comprises the project's scope, 
schedule, budget, and quality specifications.  

2) Develop a project plan: A project plan should be created 
that details the activities to be accomplished, the required 
resources, the completion schedule, and the 
interdependencies between tasks. 

3) Use project management software: Frequently, CFD 
projects entail massive volumes of data and intricate 
calculations. Software for managing projects can assist in 
organizing and managing these data, as well as tracking 
progress and identifying potential problems. 

4) Adopt an agile methodology: Due to their adaptability and 
iterative nature, agile approaches might be useful for 
managing CFD projects. 

5) Engage with stakeholders: Frequent communication with 
stakeholders, such as team members, project sponsors, and 
end users, is essential for the success of a CFD project. 

6) Use version control: Version control can be utilized to 
verify that all team members are working on the same 
version of the project files and to prevent data loss and 
errors. 

7) Ensure data security: Frequently, CFD projects involve 
sensitive data that must be protected by implementing 
appropriate security measures, such as data encryption and 
access control. 

8) Maintain documentation: Comprehensive documentation 
of the project plan, requirements, and design decisions may 
guarantee that the project continues on track and is easily 
understood by all parties involved. 

9) Perform regular testing: Frequent testing can help uncover 
problems early on in a project and guarantee that it satisfies 
the quality requirements. 

10) Continuously improve: In CFD, project management is an 
iterative procedure. Continually analyzing and enhancing 
project management methods can aid in ensuring the 
effective execution of projects and continued 
organizational growth. 

VI. CONCLUSION 

Although the waterfall methodology has been utilized 
effectively in a variety of engineering domains, it may not be 
the ideal fit for CFD project management due to the complexity 
of the models, the requirement for vast computational 
resources, and the difficulties in validating and verifying the 
findings. Different approaches, such as agile, may provide 
greater flexibility and agility while managing CFD projects. 
Agile technique can be particularly effective in CFD projects, 
offering advantages like as enhanced collaboration, higher 
flexibility, faster delivery, greater transparency, and ongoing 
improvement. However, there are obstacles that must be 
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overcome, such as the complexity of CFD, the demand for 
enormous computational resources, and the validation and 
verification requirements.  

CFD project management necessitates a particular set of 
skills and knowledge, and the selection of a project 
management methodology is essential to the project's success. 
Agile technique stresses continual improvement, client 
collaboration, and good communication and collaboration 
within the project team. It demands a change in the culture of 
the project team, and a high degree of competence and 
knowledge in both Agile methodology and CFD. Despite the 
difficulties involved with its adoption, Agile methodology has 
significant benefits in CFD project management, including 
enhanced productivity, improved quality, and greater client 
satisfaction. As CFD technology continues to improve, and the 
demand for CFD applications increases, the requirement for 
competent project management will become even more vital. 
The choice of project management methodology will continue 
to play an important influence in the success of CFD projects, 
and project managers must carefully analyze their alternatives 
to ensure they select the most appropriate strategy for their 
particular requirements. 

Organizations can increase their chances of delivering 
successful CFD projects by adopting best practices such as 
establishing clear project objectives, developing a project plan, 
utilizing project management software, engaging with 
stakeholders, utilizing version control, ensuring data security, 
maintaining documentation, performing regular testing, and 
continuously improving.  
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