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ABSTRACT

Wall pressure has a significant impact on the pressure distribution and airflow patterns
within the ducting system and along the fin surfaces. The importance of doing this study is
to see the principle of turbulent entropy generation is used to analyze the influence of wall
and reversed pressure gradient on air duct of HVAC system. On the basis of this inquiry, a
computational modelling is explored by using Hypermesh software and the simulation was
performed and run through ANSY'S. This technique consists of six stages: CAD modeling,
meshing, CFD calculation and CFD post processing, including testing and analysis.
Eventually, in the course of this study, this processes will be used to compare the simulation
result of a fin and without fin and physical validation of a benchmark with only fin.



ABSTRAK

Tekanan dinding mempunyai kesan yang ketara terhadap pengedaran tekanan dan corak
aliran udara dalam sistem penyaluran dan sepanjang permukaan sirip. Kepentingan dalam
melaksanakan kajian ini adalah untuk meneliti prinsip penjanaan entropi turbulen yang
digunakan untuk menganalisis pengaruh dinding dan kecerunan tekanan terbalik pada
saluran udara sistem HVAC. Atas dasar siasatan ini, pemodelan pengiraan diterokai dengan
penggunaan perisian Hypermesh dan simulasi telah dilakukan dan dijalankan melalui
ANSYS. Teknik ini terdiri daripada enam peringkat: pemodelan CAD, meshing, pengiraan
CFD dan pemprosesan pasca CFD, termasuk ujian dan analisis. Akhirnya, dalam perjalanan
kajian ini, proses ini akan digunakan untuk membandingkan hasil simulasi yang mempunyai
sirip dan tanpa sirip dan pengesahan fizikal penanda aras yang mempunyai sirip sahaja.
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CHAPTER 1

INTRODUCTION

1.1  Background

An efficiency fin devices plays an important role in enhancing heat transfer in a
ducting systems. The performance of these devices is controlled by a variety of parameters,
including wall pressure and ducting angle. Understanding the interaction of a wall pressure
and ducting angle on a fin device efficiency is essential for improving their design and
performance.

This backround section discusses the significance of wall pressure and ducting angle
in ducting systems and emphasises the need for a complete investigation to determine their
combined effect on the efficiency of fin devices.

A wall pressure is known as a pressure imposed by the moving air on the surface of
a duct wall. It has a considerable impact on heat transmission between the air and the duct
wall in the ducting system. By increasing the contact between the air and the fin surface,
higher wall pressure can improve convective heat transfer. Studying the relationship between
wall pressure and fin device efficiency is critical for attaining efficient heat transfer and
optimising system performance.

A ducting angle is the angle formed by the duct’s axis and the plane of the fin. It has
a significant impact on the flow and heat transfer characteristics of the ducting system. The
airflow pattern and boundary layer growth around the fin surfaces can be influenced by

selecting a suitable ducting angle. By increasing air contact with the fin surfaces and lowering



flow separation and pressure drop, optimising the ducting angle can promote increased heat
transfer performance. (Altwieb et al., 2020)

While earlier research has examined the impacts of wall pressure and ducting angle
on the performance of fin devices in ducting systems separately, there has been a paucity of
thorough studies investigating their combined effect.

Knowledge about interaction of both of these elements is critical for having a better
understanding of the complicated heat transfer mechanisms that occur within the ducting
system. A thorough investigation into the combined influence of wall pressure and ducting
angle on the effectiveness of fin devices will provide significant information for constructing
more efficient heat transfer systems.

In conclusion, understanding how wall pressure and ducting angle interact is vital for
optimising the design and function of fin devices in ducting systems. This study intends to
contribute to existing knowledge by offering useful insights into the complex heat transfer
mechanisms and airflow patterns by analysing these elements concurrently. The findings of
this study can help engineers choose the best wall pressure and ducting angle for various

applications and aid in the creation of more efficient heat transfer systems.

1.2 Problem Statement

In a ducting system, air or fluid flows through a confined space, typically with the aim
of transferring heat between the flowing medium and the surrounding walls. In these duct
systems, efficiency fin devices are frequently employed to improve heat transmission.
However, factors like as wall pressure and fin ducting can have an impact on airflow
performance.

The pressure distribution along the fin surfaces and within the ducting system is

heavily influenced by wall pressure. Higher wall pressures can cause increased pressure



gradients and fluid flow velocity. This can improve convective heat transfer and overall
efficiency of fin devices. The problem statement intends to examine and analyse the pressure
distribution along the ducting system's walls when various combinations of wall pressure and
ducting angle are used. This issue statement tries to understand how different wall pressures
and ducting angles influence the distribution of pressure along the walls. (Qiu et al., 2017)

Additionally, computational fluid dynamics (CFD) simulations can be employed to
analyze the pressure distribution within the duct and assess the impact of the fin on flow
behavior. Furthermore, the use of optimization techniques and experimental validation can
help in developing effective strategies to address and optimize the pressure distribution in
ducts with fin devices.

Another issue that always come up from researchers is the change of airflow patterns
within the ducting system are influenced by the combined effect of wall pressure and ducting
fin. Changes in wall pressure and ducting fin vary flow velocity and direction, influencing
convective heat transfer. Optimal wall pressure and fin combinations can generate ideal flow
patterns, such as increased mixing and reduced recirculation zones, hence increasing heat
transfer efficiency. (McGill AirFlow Caorporation, 2003)

Common sources of airflow pattern difficulties in ducts include impediments such as
blocked vents and registers, clogged filters, inadequate return air routes, leaky ducts, and
incorrectly planned or installed duct systems. These difficulties can result in restricted airflow,
hot and cold areas around the room, pressure imbalance, and uneven cooling. To address these
issues, inspect the ductwork for obstructions, clean the air ducts, check the air registers or
supply vents for any items or dust buildup, and perform computational fluid dynamics (CFD)
simulations to study the airflow patterns within the duct.

Besides that, having noise generation can effect every pressure point on airflows in

duct system, where it can give big impact on system performance. Pressure points can also
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contribute to the increasing of noise levels within the duct system as air is forced through
restricted areas, leading to turbulence and also vibration.

Finally, by achieving these expected results from all the problem statements enables
researchers to improve system efficiency and heat transfer by optimising the design and

performance of fin devices.

1.3  Research of Objective

As for this section, the primary objective of this study is to investigate the joint effect
of wall pressure and ducting fin in terms on efficiency of fin devices in ducting systems. The
specific research objectives are as follows :

1. To develop scale model of square ducting as validation for CFD.
2. To investigate the flow region of square ducting using CFD.

3. To evaluate the relationship between pressure and fin ducting.

1.4 Scope of Research

The scope of this research are as follows:
1. Limitation to scale down model
2. Focusing on vertical angle in square duct.

3. Study on certain angle duct based on wall pressure distribution.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

An essential part of every ducted heating and cooling system is the ductwork itself.
The ductwork is in charge of moving air to and from the HVAC system where it distributes
clean air by heating and cooling units throughout the enclosed space and eliminates stable
air via ducts.

For this section, a systematic review will be conducted to examine the existing
knowledge and study findings about the relationship of wall pressure and ducting fin. The
influence of the fin at which a duct is linked to a wall on pressure distribution and flow
characteristics is the focus of this topic. The first stage in planning a literature review is to
explicitly state the study topic or purpose. "What is the effect of ducting fin on wall pressure
distribution in fluid flow systems?" for example, could be the research question.

The review's scope will include identifying and reviewing relevant papers that study
the link between wall pressure and ducting angle in a variety of contexts, such as fluid
dynamics, ventilation systems, or HVAC (Heating, Ventilation, and Air Conditioning)
systems. Experimental research, computational simulations, theoretical assessments, and case
studies may all be included in the review.

The chapter flow for the literature review can be structured starting with introduction,
theoretical background, experimental studies, computational simulations, application studies,

summaries and conclusions.



2.2  PRISMA Systematic Review

PRISMA method is a widely recognized and accepted protocol for conducting and
reporting a systematic review. It provides a standardized and transparent approach to
conducting literature reviews and synthesizing evidence from multiple studies.

The PRISMA method is made up of a 27-item checklist and a flow diagram that offers
writers with a standardised way to report their review techniques and outcomes. The check
method, study selection criteria, data extraction, and risk of bias evaluation. A systematic
review of studies by Grimshaw published between 2009 and 2015 found that the overall
quality of reporting had improved after the introduction of the PRISMA guideline. (Grimshaw
etal., 2021)

Using PRISMA method ensures a rigorous and open review process, lowering the
possibility of bias and errors in evidence synthesis. It also makes it easier for others to replicate
the review, which improves the reliability and validity of the findings. Researchers, journal
editors, and policymakers all across the world have embraced the PRISMA technique. Its
application has aided in the improvement of the quality and consistency of systematic reviews
and meta-analyses, which are essential for evidence-based decision-making in healthcare and
other sectors. (Grimshaw et al., 2021)

Basically, the PRISMA statement is a guideline that provides a standardized approach
for authors to report their systematic review and meta-analysis methods and results. Its use
has contributed to the transparency and accuracy of systematic reviews and meta-analyses and

has become an essential tool in the field of evidence-based medicine.
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Figure 1 PRISMA Flowchart (Du et al., 2023)

Condcuting a systematic review according to the preferred reporting of items for
systematic reviews and meta-analyses (PRISMA) protocol is important with the aim to
develop a comprehensive overview of the online trace data approach, which can provide
guidance for future research. The example of PRISMA flowchart was shown above. The four-
phase flowchart that was presented in Figure 1 describes the actual number of records

identified, screened, and ultimately included in the reviewing process. Using the PRISMA

flowchart can improve the replicability and transparency of a study. (Du et al., 2023)




2.2.1 ldentification Method

Identification method is a process of looking for and selecting relevant studies to
include in the systematic review. It is an important step in the review process because it

dictates the extent and quality of the evidence that will be synthesized.

The identification method in PRISMA involves several key steps. First, the research
question and inclusion/exclusion criteria are defined. It means that we have to identify the
important keywords based on the project title. Then, we would searched the synonyms of the
keywords or different spelling of these words. These criteria may describe the types of
studies to be included or randomised controlled trials, observational studies as well as the

research participants' characteristics, interventions, and outcomes of interest.

The primary purpose of the identification method is to minimize bias and increase
the likelihood of capturing all relevant studies. By conducting a thorough search using
appropriate databases, search terms, and inclusion criteria, researchers aim to locate as many
eligible studies as possible. This comprehensive approach helps to reduce the risk of
publication bias, where only studies with positive or statistically significant results are
included, while ignoring those with neutral or negative findings. Basically, a systematic
review attempts to collate all the empirical evidence that fits pre-specified eligibility criteria
in order to answer a specific research question. A study from Higgins confirmed that
systematic methods that are selected with a view to minimizing bias, thus providing more
reliable findings from which conclusions can be made. (Higgins et al., 2020) Next, to
discover relevant studies, a detailed search technique is devised. Searching databases (such
as Scopus, Web of Science, Science Direct or Google Scholar), hand-searching reference

lists and citation tracking, and consulting experts in the field may all be part of this strategy.



After that, to guarantee that all relevant studies are identified, the search method should be
thoroughly documented, including the databases examined, the search words used, and the
date the search was carried out. Following the completion of the search, the identified studies
are screened for eligibility based on the inclusion/exclusion criteria. Typically, this is done
in two stages: first, titles and abstracts are screened to find possibly relevant research, and

then full-text publications are evaluated to see if they fit the inclusion or exclusion criteria.

2.2.2 Screening Method

Screening method is a process of selecting relevant studies from a pool of potentially
eligible research identified during the identification phase. The screening method in PRISMA
involves two stages: a title or an abstract screening stage and a full-text screening stage.
(Grimshaw et al., 2021)

The reviewers assess the relevance of each study during the title/abstract screening
stage based on the information supplied in the title and abstract. This is a fast and effective
approach that permits reviewers to screen a large number of papers. Another study of
systematic reviews from China in orthopedics found that the use of two or more independent
reviewers for screening and data extraction was associated with higher reporting quality
scores. (Zhi et al., 2017)

Studies that do not fit the inclusion criteria are discarded, but those that do meet the
requirements or are potentially relevant are kept for full-text screening. During the full-text
screening stage, the reviewers obtain the full-text articles of the retained studies and assess
them for eligibility based on the inclusion and exclusion criteria. This stage is more extensive
and time-consuming since it entails a full examination of the study methods, findings, and
conclusions. Studies that match the inclusion criteria are kept for data extraction and analysis,

while those that don't are excluded.



2.2.3 Eligibility Method

Eligibility method refers to the process of determining which studies meet the pre-
specified inclusion criteria and will be included in the systematic review or meta-analysis.
The eligibility method in PRISMA involves a thorough evaluation of each study that has
passed the screening stage, based on the inclusion and exclusion criteria. In most cases, the
inclusion criteria describe the types of studies to be included (e.g., randomised controlled
trials, observational studies) as well as the features of the research participants, interventions,
and outcomes of interest. Exclusion criteria, on the other hand, identify the types of studies
that are not acceptable for inclusion, such as those having a high risk of bias, incomplete or
insufficient data, or those are irrelevant to the research topic. (Page et al., 2016)

The PRISMA guideline emphasizes transparency and reproducibility in the eligibility

method. Authors are encouraged to clearly specify the inclusion and exclusion criteria used
in the review and provide a detailed rationale for their choices. This transparency allows
readers to assess the validity and appropriateness of the included studies.
The eligibility method also involves assessing the risk of bias in individual studies. This
evaluation helps to gauge the quality and reliability of the evidence. Various tools and
checklists, such as the Cochrane Risk of Bias Tool, can be utilized to assess the risk of bias in
different study designs. (Moher et al., 2009)

During the eligibility method, the reviewers assess each study against the inclusion
and exclusion criteria to determine whether it should be included or excluded from the review.
This evaluation often includes a thorough examination of the study's methodologies, findings,

and conclusions, as well as any supplementary information pertinent to the research topic.
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2.2.4 Inclusion Method

Inclusion method refers to the process of selecting studies that have passed the
eligibility criteria and will be included in the final analysis of the systematic review or meta-
analysis. Another study of systematic reviews published in high-impact medical journals
found that the PRISMA guideline was associated with higher reporting quality scores.
(Kamioka, 2019)

The inclusion method in PRISMA involves a thorough assessment of each eligible
study to determine whether it meets the criteria for inclusion in the final analysis. This
evaluation often includes a thorough examination of the study's methodologies, findings, and
conclusions, as well as any supplementary information pertinent to the research topic. The
eligible studies that match the inclusion requirements are included in the final analysis, and
their data are collected and synthesised to answer the research question using the included
method.

This method may be analysed using a variety of statistical methodologies, such as
meta-analysis, qualitative synthesis, or narrative synthesis, depending on the research
question and the nature of the data. This method is crucial for ensuring the final analysis's
quality and dependability. The inclusion method ensures that the final analysis is based on
high-quality data that is relevant to the research issue by selecting studies that match the pre-

specified eligibility criteria and excluding those that do not. (Kamioka, 2019)

2.3 History of Findings

On this section, the history of findings provides a summary and review of the
important historical research and findings connected to the topic under investigation. It
intends to provide a chronological summary of major investigations, theories, and

discoveries that have led to the current understanding of the subject. It starts by identifying
11



the early studies or key research publications that lay the foundation for the field of
investigation. It emphasises the major findings, methodology used, and any significant
discoveries that resulted from those early investigations.

The section then moves forward in time, summarising future investigations and
advances in the subject. It could go into detail about how theories changed, methodology
were refined, and new approaches or technology were introduced. Important experiments,
empirical findings, or theoretical frameworks that have shaped contemporary understanding
of the issue may be highlighted in this section.

In summary, the history of findings portion of a literature review chapter provides a
chronological overview of the field's major studies and discoveries. It emphasises the
progression of knowledge and the contributions of previous researchers, laying the

groundwork for current research and establishing its relevance in light of previous findings.

2.3.1 Fishbone Diagram

Fishbone diagram is known as a cause-and-effect diagram or an Ishikawa diagram, is
a tool that used to identify and organize causes of a specific pro blem or effect. It is referred
to as a fishbone diagram because of its design, which resembles a fish's skeleton, with the
effect or problem as the "head" and potential causes branching out as the "bones.". (Coccia,

2018) Figure 2 shows a fishbone diagram along with the findings from various authors.
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Figure 2 Fishbone Diagram

The diagram refers to the outcomes or results obtained from using a fishbone diagram
to analyze a problem or investigate the root causes of an issue. The findings are the insights
and conclusions derived from the diagram. The major consequence or problem is identified
and placed at the top of the fishbone diagram when it is created. Then, as 'bones' radiating
from the main line, categories or branches are drawn. These categories are often used to
describe various features or causes that may contribute to the situation. Examples of common
categories include people, processes, equipment, materials, environment, and management.

Following the establishment of the categories, the following stage is to identify
possible causes within each category. These causes are depicted as smaller branches
branching from the appropriate category lines. Causes can be generated through
brainstorming, gathering input from stakeholders, or relying on accessible facts or evidence.

Besides that, the diagram also refer to the list of causes identified and organized within

the fishbone diagram. These findings highlight the potential factors contributing to the
13



problem or effect under investigation. The causes identified in the fishbone diagram serve as
a starting point for further analysis and problem-solving efforts.

The fishbone diagram findings, which represent potential causes and their
relationships, provide a clear and systematic summary of the various sources of the problem.
This aids in comprehending the issue's complexities and allows teams or researchers to choose
areas for further inquiry or corrective action. (Coccia, 2018)

In brief, "Fishbone diagram findings" refer to the discovered causes or prospective
components that contribute to a certain problem or impact, as represented by a fishbone
diagram. The findings give an organised approach for problem analysis and resolution, as well

as a visual representation of the likely reasons.

2.3.2 Table of Finding
For this section, it started with Table 1 where it shows how table of findings been
created and what are the findings that each author had discovered.

Table 1 Authors and Findings

YEAR AUTHORS FINDINGS
2019 e Marko Tosi'c » Investigation of fluid behaviour in
e Roland Larsson thermal elastohydrodynamic line
e Janko Jovanovic contacts, with a focus on
e Thomas Lohner understanding the shearing

mechanisms involved using CFD.

e Kai Fukami, » Machine learning-based approach for
e Yusuke Nabae, generating realistic turbulent inflow
o Ken Kawali
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e George Ilhwan Park in a bent square duct to using wall-
modelled LES.
e N. Agastya > Investigation of a characteristics of
Balantrapu wall-pressure fluctuations in an
o W. Nathan axisymmetric boundary layer under a
Alexander strong adverse pressure gradient.
e William Devenport

For the first article, (Tosi¢ et al., 2019), it shows that the findings from these authors
as about the application of computational fluid dynamics (CFD) to comprehend fluid
behaviour in thermal electrohydrodynamic (EHD). They also investigating fluid behaviour in
thermal elastohydrodynamic line contacts, with a focus on understanding the shearing
mechanisms involved. Article by (Fukami et al., 2019), they presented a machine learning-
based approach for generating realistic turbulent inflow conditions where they focusing on
the difficulty of effectively turbulent flow patterns that used a machine to overcome
challenges and producing synthetic turbulent inflow data. The article from (Cao et al., 2019)
stated that simulation turbulent flows using a gas kinetic approach that addresses the challenge
of accurately represent turbulent behavior in CFD. It tells that the integrating gas kinetic
principles with an implicit formulation where it stated that the technique has the potential to
improve the accuracy of turbulence simulations. From (Elahi et al., 2019b), the authors
investigated the impact of Reynolds number on turbulent flow and heat transfer in a junction
configuration where they mentioned the relationship between Reynolds number and essential
flow parameters by investigating fluid dynamics and heat transfer characteristics at varied
Reynolds numbers. Another one from (Mi & Zhan, 2019), (Elmore et al., 2019) and (Tong et

al., 2019) stated about the acievement of uniform exhaust airflow in a central air exhaust
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ventilation system that addresses the challenge of uneven airflow distribution and inadequate
exhaust in such systems and also mentioned about analyzing the heat transfer characteristics
of turbulence-generating ribs using a technique called dynamic mode decomposition (DMD)
to understand the heat transfer mechanisms and optimize the design of ribs for enhanced heat
transfer in various applications.

In 2020, there were 9 authors and most of them stated on how efficiency of airflow
and the development method for experiment models. But like (Szulc et al., 2020), they stated
about the study of controlling shock wave boundary layer interction through passive wall
ventilation. (Malanichev & Akhmadiev, 2020) mentioned about the improvement efficiency
of airflow in ventilation systems that focused on reducing pressure loss in ventilation ducts
through shape optimization of removable profiled components. While (Lin & Li, 2020) and
(Eggers et al., 2020) said about the investigation of sliding mesh model effectiveness along
with the study of aerodynamics and aeroelastic effects of design-based geometry variations
on a low-pressure compressor where it shows the relationship between the geometric design
variations and the aerodynamic and aeroelastic behavior of the low-pressure compressor that
contributes to the optimization of compressor design, enabling improved efficiency, stability,
and reliability. (Subrot et al., 2020) mentioned in his article about the use of CFD to analyze
the physical velocity and anisotropic resistance components in a peaked stored grain with
aeration ducting systems. For (Guo et al., 2020) and (Misra et al., 2020) are different where
they mentioned about combination of CFD and CSD to accurately predict the occurrence and
characteristics of flutter in the wind tunnel experiments and also the analyzing the thermal
and fluid flow characteristics of a triangular solar air heater duct using CFD simulations.
Lastly, for (Sevik & Abuska, 2020) and (Altwieb et al., 2020) stated that investigating the

efficiency of the heat exchanger by considering factors such as the geometry of the fins, flow
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rates, and heat transfer coefficients and the improvement of thermal efficiency of a solar air
heater through the implementation of single-pass semi-flexible foil ducts.

In 2021, the authors made more research regarding test approach in development of
improvement design such as (Stark et al., 2021) and (Vasudevan et al., 2021) where
numerically investigation effects of bio-inspired leading-edge tubercles on the hydrodynamic
performance of a benchmark ducted propeller. Besides numerical model estimating heat flux
in subcooled flow boiling and indicating the interaction of vapor bubbles. Meanwhile,
(Nering, 2021) and (Kadivar et al., 2021) mentioning about a comprehensive overview of the
fundamnetal aspects and theoretical frameworks related to turbulent flow over rough surfaces.
An article of (Appelbaum et al., 2021) stated that conducting Direct Numerical Simulation
(DNS) simulations of a turbulent boundary layer using inflow conditions derived from 4D-
PTV (Four-Dimensional Particle Tracking Velocimetry) data.

In 2022, there were only 2 authors that stated about the investigstion of heat transfer
characteristics and fluid flow structure in a square duct with modified wavy baffles and the
simulation and validating the performance of a fin and tube heat exchanger using CFD
analysis to understand the heat transfer characteristics and validate the accuracy of the
simulation results by (Boonloi & Jedsadaratanachai, 2022) and (Banu et al., 2022).

Lastly, for 2023, the other two authors from (Hu et al., 2023) and (Balantrapu et al.,
2023) stated that they used the wall-modelled large-eddy simulation (LES) to study the
characteristics of a three-dimensional turbulent boundary layer in a bent square duct to
understand the complex flow behavior and turbulence dynamics in such ducts and also
mentioning about the knowledge of impact of adverse pressure gradients on the pressure

fluctuations near the wall.
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2.3.3 Table of Analysis

For this section, it started with Table 2 where it shows how table of analysis been
created and what are the parameters that each author used for their studies.

Table 2 Table of Analysis
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(Vasudevan et al., /
2021)
(Kadivar et al., / /
2021)
(Banu et al., 2022) / /
(Szulcetal., 2020) / /
(Mi & Zhan, /
2019)
(Fukami et al., /
2019)
(Jain et al., 2019) / /
(Malanichev & | / / /
Akhmadiev, 2020)
(Lin & Li, 2020) / / (MESH)
(Nering, 2021) / /
(Hu et al., 2023) / /
(Balantrapu et al., /
2023)

From the table above, the most article that been studied all time is about CFD and the
relationship between wall pressure and ducting angle. Most of them used turbulence
modelling as it is more accurate when it comes to development of efficiency of a system. But
the author (Lin & Li, 2020) had mentioned about using MESH method in (Fang et al., 2020)
to investigating a slide mesh model for hydrodynamic analysis of a SUBOFF model in
turbulent flow fields. In summary, these researchers in this section helps situate the current
research within the broader context of past studies. It allows the reader to understand the
progression of knowledge, the development of key concepts, and any shifts or controversies

that have occurred over time
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2.4 Ducting Design

Ducting systems are essential compinents of HVAC systems,enabling controlled
airflow and efficient operation. This section provides a comprehensive review of essential
ducting design elements such as layout, form, material, insulation, and sizing. The pattern
and form of ducting systems affect airflow distribution and pressure losses, highlighting the
need of well-designed duct layouts with smooth bends.

Due to the choice of duct materials, it influences thermal conductivity, sound
transmission, and fire resistance, necessitating consideration of aspects such as durability,
heat transfer, and safety. Adequate insulation, such as fibre glass or foam insulation,
contributes to energy efficiency by reducing heat loss or gain. Accurate duct sizing
calculations that adhere to industry standards enable optimal airflow rates and minimise
inefficiencies. Furthermore, CFD simulations enable extensive study and optimisation of
ducting systems. Engineers may design efficient ducting systems for better HVAC
performance by taking these considerations into account. (A. Bhatia, 2012)

The effective and controlled airflow for HVAC systems is made possible by ducting
systems, which are essential in many sectors. In order to maximise energy efficiency, achieve
ideal airflow distribution, and reduce pressure losses, ducting system design is crucial. The
aim in designing ducting is to investigate the important elements impacting ducting designs,
such as duct layout, shape, material, insulation, and sizing, by looking at pertinent studies

and study results. (McGill AirFlow Corporation, 2003)

2.4.1 Duct Material and Insulation

2.4.1.1 Metallic Duct
Aluminium is the next most popular metal duct material. Although aluminium ducts

are lightweight, their basic cost per pound is higher than that of galvanised steel. Copper and
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stainless steel are also utilised in particular conditions, while nonmetallic ducts may comprise
glass fibre, compressed paper, plastic, cement-asbestos, vitrified clay, and concrete. Each
material of duct has properties that may make it suitable for use in specialised applications.
Following is a list of key characteristic of duct materials: (McGill AirFlow Corporation, 2003)

1. Galvanized Steel - Widely used as a duct material for most air handling systems; not
recommended for corrosive product handling or temperatures above 400°F.
Advantages include high strength, rigidity, durability, rust resistance, availability,
non-porosity, workability, and weldability.

2. Carbon Steel (Black Iron) - Applications include flues, stacks, hoods, other high
temperature duct systems, and ducts requiring paint or special coating. Advantages
include high strength, rigidity, durability, availability, weldability, and non-porosity.
Some limiting characteristics are corrosion resistance and weight.

3. Aluminium - Aluminium ducting is most commonly used for clean room applications.

These are also preferred systems for moisture laden air, special exhaust systems and

ornamental duct systems. Some advantages include weight and resistance to moisture

corrosion. Limiting characteristics include low strength, material cost, weldability, and
thermal expansion.

4. Stainless Steel - Used in duct systems for kitchen exhaust, moisture laden air, and fume

exhaust. Advantages include high resistance to corrosion from moisture and most

chemicals and the ability to take a high polish. Limiting characteristics include labour and
material costs, workability, and availability.

5. Copper - Copper applications include duct systems exposed to outside elements and

moisture laden air, certain chemical exhaust, and ornamental ductwork. Advantages are

durability and corrosion resistance and that it accepts solder readily and is nonmagnetic.

Limiting characteristics are cost, ductility, electrolysis, thermal expansion, and stains.
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2.4.1.2 Non-Metallic Duct

1. Fibreglass Reinforced Plastic (FRP): Applications include chemical exhaust, scrubbers,
and underground duct systems. Limiting characteristics include cost, weight, range of
chemical and physical properties, brittleness and fabrication. Fibreglass duct board is
insulated and sealed as part of its construction. It provides excellent sound attenuation, but its
longevity is highly dependent on its closure and fastening systems. Resistance to corrosion
and ease of modification are advantages of FRP. It is usually used to form rectangular supply
and return trunks, branches, and plenums, although it can be used for run outs as well.

2. Polyvinyl Chloride (PVC): Applications are exhaust systems for chemical fumes and
underground duct systems. Advantages include resistance to corrosion, weight, weldability,
and ease of modification. Limiting characteristics include cost, fabrication, code acceptance,
thermal shock, and weight.

3. Concrete: Concrete can be used for underground ducts and air shafts. Advantages include
compressive strength and corrosion resistance. Cost, weight, porosity, and fabrication
(requires forming processes) are some limiting characteristics.

4. Rigid Fibrous Glass: Fibrous glass ducts are fabricated from sheets of materials that have
been manufactured from resin bonded inert and inorganic glass fibbers. A factory applied
facing (typically aluminium or reinforced aluminium) is applied to one face, and serves as a
finish and a vapour barrier. Fibrous glass air ducts have been limited to 2 in- WG pressure

and below.

2.4.2 Duct Sizing and Method
Accurate duct sizing is crucial to maintain the desired airflow rate and minimize

pressure losses. Several studies emphasize the importance of following industry standards and
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guidelines, such as those provided by the Air Conditioning Contractors of America (ACCA)
Manual D, for duct sizing calculations (Edition & Manual, 2013). Proper sizing ensures that
the airflow velocity remains within acceptable limits to avoid excessive noise, pressure drops,
and inefficient HVAC operation.

The main goal of designing HVAC duct systems is to use the lowest cost (read
smallest) duct sizes that can be used without violating certain sizing constraints. First and
operating cost considerations dictate that duct systems should be designed to operate at the
lowest possible static pressure. The most widely used method to size duct is constant friction

loss method. The other methods are velocity reduction method and static regain method.

2.4.2.1 Constant Friction Lose Method

Duct systems in small buildings are generally sized using the equal friction or
modified equal friction method. The equal friction method, as its name implies, is based on
maintaining the same pressure drop per unit of duct length (or friction rate) throughout the
system (ACCA 1990). The duct size is based on the flow rate through a particular section of
duct, and design value for the friction rate. Each section is sized using the design friction rate
criterion, and the total pressure drop for each run is simply the sum of the pressure drop of
each individual section. The duct sections pressure drop includes straight duct friction loss,
pressure losses through fittings such as elbows, takeoffs, and registers or diffusers. In the
sections entering and leaving the HVAC unit, pressure losses associated with the flow
transitions entering the leaving the unit (the system effect) are also included. The unit fan
speed is selected to provide the design cfm and produce enough pressure difference to
overcome pressure losses in the supply and return branches having the greatest pressure drop.

Note that duct systems designed using the equal friction method is not self-balancing so
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balancing dampers must be installed in lower pressure loss branches to balance the system.
(NAIMA, 2003)

In duct systems with branches having widely varying pressure losses, the modified
equal friction method is used to design systems that are closer in balance (Edition & Manual,
2013). Design friction rates fro shorter duct runs are increased in an attempt to design each
branch with the same total pressure loss. This method provides a design that is better balanced,
but balance dampers must still be installed since it is not possible to provide a truly self
balanced system using this method. Also, duct velocities is shorter runs must be checked for

noise problems.

2.4.2.2 Velocity Reduction Method

The velocity criterion for sizing duct is fairly simple and straightforward. With this
method, the ducts are sized fixing the speed in the duct immediately downstream from the
delivery fan and empirically reducing this speed over subsequent duct trunks, normally close
to each branch. Velocity limits are commonly used as a surrogate for limiting duct breakout
noise. Many argue it is a poor indicator since noise is more likely to result from turbulence
than velocity; example like a high velocity system with smooth fittings may make less noise
than a low velocity system with abrupt fittings. Nevertheless, limiting velocity to limit noise
is a common practice. It is important to consult with the project’s acoustical engineer on this
issue. Many rules-of-thumb for velocity limits exist depending on the noise criteria of the

spaces served and the location of the duct.

2.4.2.3 Static Regain Method
This method refers to increase or regain of static pressure in the ductwork when the

air velocity decreases. The Static Regain method of duct sizing is based on Bernoulli's
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equation, which states that when a reduction of velocities takes place, a conversion of dynamic
pressure into static pressure occurs. With this method, the air speed in the duct is reduced near
each branch or diffuser so that the dynamic pressure conversion obtained exactly balances the
pressure drop of the air in the trunk of the next duct. This means there is the same static
pressure near all the branches and all the diffusers, thereby obtaining an intrinsically balanced
air distribution system without having to use throttling devices.

Compared to the two previous methods, this method usually involves a larger surface
area of the panels, but lower electric fan power and easier balancing of the plant. For complex
plants, it may be advisable to apply two methods simultaneously; the constant pressure loss
method for sizing the main trunk, with insertion of adjustment air locks on the branches; the
static pressure recovery method for sizing the branches fitted with terminals to obtain the same

operating pressure in the latter.

2.5  Meshing and Turbulence

Method meshing in CFD is a technique used to optimize the meshing process in order
to obtain accurate and efficient simulations of fluid flow. Meshing refers to the process of
dividing the computational domain into a collection of discrete cells or elements, which are
used to represent the fluid domain. The quality and resolution of the mesh play a crucial role
in the accuracy and computational efficiency of CFD simulations. This method involves the
application of different meshing techniques to different regions of the computational domain
based on their specific characteristics.

Method meshing optimises the computational resources necessary for accurate
simulations by using structured meshes in areas with regular flow behaviour and unstructured

meshes in places with complex flow features. It enables finer resolution in crucial areas while
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preserving a coarser representation in less important areas, lowering processing costs.
(Lintermann, 2021)

Overall, method meshing in CFD provides a powerful approach to optimize the
meshing process and improve the accuracy and efficiency of fluid flow simulations. By
selectively applying different meshing methods, such as structured and unstructured meshes,
and incorporating adaptive mesh refinement, method meshing allows for a more precise
representation of flow physics while minimizing computational resources. (Li et al., 2017)

Turbulence is a complex fluid dynamics phenomenon characterised by irregular
variations in flow characteristics such as velocity, pressure, and temperature. It is important
in CFD because it impacts simulation accuracy and dependability. Understanding and
effectively modelling turbulence is critical for many technical and scientific applications,
including aerodynamics, heat transfer, combustion, and environmental studies.

In CFD simulations, turbulence models aim to capture the statistical behavior of
turbulent flows. These models can be broadly categorized into two main types: Reynolds-
averaged Navier-Stokes (RANS) models and large eddy simulation (LES) models. (Pei &
Rim, 2021). RANS models are the most widely used turbulence models in CFD. They employ
time-averaging techniques to separate the flow variables into time-averaged and fluctuating
components. The time-averaged Navier-Stokes equations, combined with additional
turbulence closure equations, are solved to obtain the mean flow field. The turbulence closure
equations provide closure for the turbulent stresses and other relevant quantities. (Casartelli
et al., 2022) RANS models assume that the flow can be decomposed into large-scale mean
flow and small-scale turbulence, which allows for the efficient simulation of a wide range of
turbulent flows. Examples of RANS models include the popular k- model, which provides
estimates of turbulence kinetic energy and its dissipation rate, and the Reynolds stress models,

which directly solve for the Reynolds stresses. (Boonloi & Jedsadaratanachai, 2022)
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2.6 Wall Pressure

Wall pressure refers to the force per unit area exerted by a fluid (such as air or a gas)
on the surface of a solid boundary, typically a wall or a duct wall. When fluid flows through
a duct, it exerts pressure on the walls due to the momentum and energy of the flowing fluid.
In this section, a wall pressure specifically refers to the pressure exerted by the flowing air
on the walls of the duct. It is an important parameter to consider because it can influence the
performance and efficiency of fin devices installed in the ducting system.

Measuring and comprehending wall pressure distribution along duct walls can
provide insights into airflow properties, flow patterns, and potential aerodynamic influences
that can influence fin device behaviour. The force per unit area exerted by fluid flow on the
surfaces of walls or boundaries encountered within a ducting system is referred to as wall
pressure. Ducting angle, on the other hand, represents the ducting path's orientation or
inclination with respect to the fluid flow direction. Understanding these parameters and how
they interact is critical for optimising the design, operation, and maintenance of fluid
transport systems such as ventilation ducts, pipelines, and wind tunnels. (Balantrapu et al.,
2023)

The effects of wall pressure and ducting angle are particularly significant in situations
where the flow of fluid is subject to constraints or alterations due to structural elements. For
example, in ventilation systems, the angle at which ducts turn or bend can influence the
pressure distribution along the walls, potentially leading to variations in airflow velocity,
turbulence, and energy losses. These factors have implications for system efficiency,

occupant comfort, and energy consumption. (Pasha et al., 2021)
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2.7 Summary

Based on the previous studies, information consist of a ducting shows that ducting
is a method of air management that use a series of metal or plastic pipes to transport hot or
cooled air from one location to another. Ductwork is another term for a duct system. It is
used to shield cables and pipes from earth settlement damage. A PRISMA systematic review
can be conducted to gather and analyze relevant studies that have investigated different
aspects of ducting design, including airflow characteristics, pressure losses, and thermal
performance. Besides that, studies about meshing and turbulence also showed that the review
process is rigorous, transparent, and reproducible. It involves clear documentation of search
strategies, study selection criteria, data extraction methods, and quality assessment of the
included studies.

In summary, this systematic approach helps to minimize biases, enhance the
reliability of the review findings, and provide a comprehensive summary of the historical
research in the field. By synthesizing the findings from multiple studies, researchers can

identify common trends, knowledge gaps, and areas for further research.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

The methodology explores deeper into project planning and process flow. It also
refers to the appropriate analysis of the methods used in the field of this study. It is also a
methodical approach to most tasks, and it is defined as a set of processes, techniques,
equipment, procedures, and documentation for data collection in the study. In this section,
we will look at the investigative methods used in this experiment. The general concept behind
this chapter covers in detail the procedure and tactics used to achieve the project's stated goal.
The processes below are used to confirm that the project's outputs match expectations and
that the study's goal is met. Furthermore, throughout this chapter, this research gives a

flowchart and methodology that emphasises the overall process and strategy of the project.

3.2 Research Design

The study focuses on how wall pressure and ducting angle collectively influence the
effectiveness of fin devices used in ducting systems. The essence of the approach used in this
project is centered on the concept of 3D Modelling. This research design is illustrated in a
flowchart based on figure 3, which arranges the project in a flow chart to make it more
methodical and intelligible. Below are the flowcharts of the project concept, that was divided
into two which are Computational Modelling process and Physical Validation process.

In general, the flowchart below shows how the project should be carried out in order

to achieve the purpose of the research study.

33



y 3D-Prototyping Model:
3D Modelling Selective laser sintering
(SLS)
Meshing v

Mould making

Meshing quality

Sample castin
validation P g

A

Test rig setup

Boundary condition

CFD
calculation

Result data
collection

CFD post
processing

Grid sensitivity
analysis

CFD post processing —» Result enter

Figure 3 Flow diagram of physical validation and CFD simulation
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3.3 Flowchart

Flowcharts are visual representations of a process or methodology's step-by-step
advancement just like what was shown at figure 8 They represent the sequence of activities,
decision points, and the flow of information or resources using standardised symbols and
arrows. A study by Jithin S Kuruvila mentioned about flowcharts are widely used in a variety
of industries such as software development, business process management, project
management, and quality control. (Kuruvila et al., 2017)

For this simulation project, a flow diagram of physical validation and CFD simulation
is combined into one flowchart. It shows step by step on how the project started and what will
the outcome shows after performing a test rig. The flowchart also stated a few methods on
how to design the model, how to perform meshing validation, CFD post processing, testing,

data collecting and grid sensitivity analysis.

3.4  Computational Modelling

3.4.1 3D Modelling

Based on both figures, it shows that the process of producing a three-dimensional
virtual representations of things, locations, or characters using specialised software. There is
a study mentioning on creating digital models that may be modified, animated, or displayed
for arange of applications, including video games, movies, architectural visualisation, product
design, and more. (Zhang et al., 2023) Artists, designers, and engineers can use 3D modelling
to bring their ideas to life in a realistic and engaging manner. For figure 4.1, it is a modelling

of a benchmark with fin while for figure 4.2 it has a fin inside it.
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Figure 4.2 3D-Modelling without fin

The use of 3D modeling has revolutionized many industries by providing a powerful
tool for visualizing and prototyping. The 3D modelling in figure 9 above is a ducting of 90°C
with twelve pressure points, designed in Solidworks. To sketch the duct in 2D profile, sketch

tools is important to define the shape and size of the duct. The use of the extrusion features
36



will give the 2D sketch depth and create a 3D model of the duct. After adding the features and
creating assembles finally, the 3D model of duct is created to communicate the design intent
and provide manufacturing information. One of Roi Otero’s study says, in architecture, 3D
models help visualize and communicate designs to clients, while in the entertainment industry,
they are used to create lifelike characters and stunning visual effects. Additionally, 3D
modeling finds applications in medical and scientific fields, where it aids in anatomical study,

simulations, and virtual reality experiences. (Otero et al., 2023)

3.4.2 Meshing

Meshing, in the context of computational modeling and simulation, refers to the
process of dividing a complex geometry or domain into a collection of smaller, interconnected
elements called meshes (Pei & Rim, 2021). Each mesh element is a representation of a section
of the original geometry and serves as the foundation for numerical computations and
simulations. Many fields, including finite element analysis (FEA), computational fluid
dynamics (CFD), and computer-aided design (CAD), rely on meshing.

For this study, HyperMesh software is applied due to its main function which is to
divide the computational domain into distinct cells or elements to simulate fluid flow. This
abstract presents a high-level overview of meshing techniques such as structured and
unstructured meshes, adaptive mesh refinement (AMR), and hybrid meshing approaches (Li
et al., 2017). It explains how method meshing optimises the meshing process by using
alternative meshing methods based on the flow region characteristics, resulting in accurate
and efficient simulations.

The meshing process in this study started after designing the ducting in Solidworks.
There were five benchmarks starting from 800k elements until 3 million elements. By running

HyperMesh on each benchmark, it can show the comparison of several models performance
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and optimise the design to reach the desired results. This can show the result in increasing the
efficiency, lower resource use, and better overall performance. Figure 5 below shows the

example of meshing process of a 3 million elements.

Model Info: C:\Users\MO!

Figure 5 Meshing process of 3 million elements

3.5  Boundary Condition in Ansys

After performing meshing process, all of the meshing geometry of benchmarks will
be imported to another software called Ansys. Inside Ansys, it requires to find the value of
pressure point for each of them. Both fin and without fin.. But before that, in Ansys there
will be a boundary condition that is critical to follow, which is setting the parameters before
running the process. They can be categorized into three main things; inlet velocity, outlet,

types of model used (k-omega SST) and references value such as height, length and area.

Table 3 Boundary condition set up
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3.5.1 Turbulence Model

Turbulence models are used in CFD to simulate the effects of turbulence on fluid flow.
Turbulence is defined as unpredictability of fluid motion, which is characterised by whirling
eddies and changes in velocity, pressure, and other flow parameters. Directly resolving all
small-scale turbulent motions would be computationally expensive and frequently
impractical, especially for engineering applications. Turbulence models, which approximate
the effects of turbulence on mean flow parameters, give a realistic approach to simulating and
understanding turbulent flows.

The RANS equations are a collection of averaged Navier-Stokes equations that are
used to simulate turbulent flows. They are calculated by dividing the flow variables into mean
and fluctuation components using Reynolds averaging. The RANS equations are useful for
capturing mean flow behaviour because they provide a time-averaged picture of fluid flow.

Turbulence models that was used in this study is the SST k-omega model. It is also
frequently employed in tandem with RANS equations. They give closures for the flow's
unresolved turbulent fluctuations, which are critical in computing turbulent stresses and
incorporating them into RANS equations. By solving the time-averaged equations alongside
the turbulence model equations, it is possible to simulate the total flow behaviour, including
the influence of turbulence. The first of the sets encompasses the equation of continuity and

the RANS equations, which is shown in figure 6.
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Figure 6 RANS Continuity Formula

The k-omega turbulence model is a popular two-equation model used to forecast and
analyse turbulent flows in computational fluid dynamics (CFD) simulations. It is classified as
a two-equation turbulence model since it solves two additional transport equations for two
turbulence-related variables: turbulent kinetic energy (k) and particular turbulence dissipation
rate (omega). The k-omega model seeks to provide a more accurate description of turbulence
properties such as intensity, eddy viscosity, and boundary layer behaviour. Refer to figure 7

that shows the formula of SST k-omega.
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Figure 7 Specific Dissipation Rate k-omega equation
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3.6  CFD Calculation & Post Processing

After initialization process, another method called CFD calculation will be
performed. On this process, the simulation will be running around four to six hours,
depending on how long does it take for one benchmark to run simulation, For 800k elements,
it took five hours while the last meshing element which is 3 million, took twenty hours or
more. In CFD calculation method, after making sure the boundary condition is in good shape
and initialized, before the file is saved, in Ansys, there will be a parameter that set up to
1000 of interation. Finally, we managed to save the file in Ansys.

CFD post-processing is a step in CFD simulations that involves analyzing and
interpreting the results obtained from the simulation. It focuses on extracting valuable
information from the computed data, visualizing the flow behavior, and drawing meaningful
conclusions to gain insights into the studied phenomena. The outcome of CFD post-
processing plays a significant role in understanding fluid flow, optimizing designs, and
making informed engineering decisions.

According to an article (Berger & Cristie, 2015), the challenges caused by
computational time and uneven grids on the data side, as well as visual clutter and occlusion
while visualising in 3D, are highlighted. In this section, the main purpose of this method is
to find pressure point for each benchmark and perform the procedure with the duct that has
fin. Based on figure 8, it shows the data of the very first post processing progress for a

benchmark without fin.
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Figure 8 CFD post processing of benchmark without fin

The evaluation of performance measures and validation against experimental or
analytical data is another key part of CFD post-processing. In this study, it is an important
process where the aim of this method is to find the pressure point for all benchmark. After
collecting data and sketching the line graph, it stated that the 3 million elements are the most
accurate since it is the only line that is overlapping with other benchmarks. Hence, the 3
million element is choosen. From the benchmark of 3 million, a ducting with fin was
designed with the same method and parameters. The only difference is the other duct will be

added a fin inside it.

3.7  Grid Sensitivity Analysis

Grid sensitivity analysis is a technique used in computational fluid dynamics (CFD)
to examine the sensitivity of numerical simulations to changes in the computational grid. It
is also known as grid convergence study or grid refinement research. In CFD, the domain is

discretized into a grid or mesh, and the resolution of this grid determines the accuracy of the
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simulation results. (Yang et al., 2001). In this sub topic, another CFD post processing will be

shown as the complete benchmarks had gone through the Ansys simulation process.

3.7.1 CFD Post Processing

In this second CFD Post Processing, the main purpose of doing this practice was to
focus on the main keyword of the study, which is pressure. Basically, the second process is
about finding the contour of pressure by creating a plane inside the duct. Each of the plane
that was placed will create a volume. There, we can find the contour of pressure and velocity.
All the data will be placed in the table viewer to make it easier to plot the graph and show the
comparison wall pressure between benchmark fin and without fin. Below are figure 9 and

figure 10 where it shows the result of pressure and velocity contour without fin.

Ansys

2021 R2

Figure 9 Contour Pressure without fin

Above appeared figure 9 that shows the result pressure of contour without fin.

While on figure 10 is the result velocity of contour without fin.
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Ansys

2021 R2

Figure 10 Contour Velocity without fin

Same goes to benchmark with fin, the value of both contour are different since pressure
contour without fin has larger scale compare to the pressure contour with fin. Below are figure

11 and figure 12 that shows the result contour of pressure and velocity with fin.

Ansys

2021 R2

Figure 11 Contour Pressure with fin
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Ansys

2021 R2

Figure 12 Contour Velocity with fin

3.8  Test Rig setup

The arrangement of tools, instruments, and components used to recreate and evaluate
the operation of a certain system or device is referred to as a test rig setup. It is widely utilised
in a variety of industries, including engineering, manufacturing, and research and
development. Figure 13 shows the example scematic diagram of laboratory training

equipment that was used to conduct the simulation.

Computer data logger TSI mult reader . TSI velocity probe
D ? o Pressure reading tube
(ETHEET Marine grade blower - & 10T intergrated sensor

J ——

a0 I D i ) s

12V 2A power G .| ‘.-' SLS model 7:
suppl: ’ . .
BEH 1 40 mm diameter PVC pipe 25 mm diameter PVC pipe

DC speed regulator

Figure 13 Scematic Diagram of Laboratory Training Equipment
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For this section, the set up of physical validation consist of several equipment such as
physical components, mounting structures, fixtures, and support systems. A TSI Velocity
Meter was used to measure the pressure flow. Figure 14 shows the full image of the test rig

set up. While in figure 15 shows the image of TSI Velocity Meter.

'

TSI velocity probe

-

DC speed regulator ’

‘.

u Pressure readlng tube
TSI Velocitimeter
dls A\ A

Figure 14 Test Rig set up

Figure 15 TSI Velocity Meter
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Some of the connection that were used in this testing were motors, actuators, sensors,
and control systems. Setting up the apparatus and devices in accordance with the appropriate
test settings. To ensure precise and dependable data capture, a calibration process was
conducted using the TSI velocity probe. After calibrate, proceed to validate the test rig
configuration by running preliminary tests in each pressure point and comparing the results
with the data from simulation.

By executing the tests on the test rig configuration, it also may subjecting the system
to various operating circumstances, applying loads or forces, and monitoring various
performance characteristics. After that, proceed with observation and and record pertinent
measurements and data. Lastly, analyse the information to assess the system's effectiveness

in relation to the stated goals.

3.9 Summary

In this section, there are some constraints to conduct the methodology after a research
study and a portion of the experiment have been completed. Due to the testing to determine
duct properties, the methodology's limitation is the time frame for experimentation. As a
result, more samples are required to prepare for the experiment.

Furthermore, to resolve the problem presented in the problem statement, an engineer
is required to approach the situation in a methodical manner. It is required to first identify
the issue statement in order to begin the process of creating a 3D Modelling using the ANSY'S
software. In order to investigate and analyse the efficiency of fin devices in ducting using
ANSYS, all the steps in the flowchart should be executed properly.

In order to cut down on the overall amount of time spent scoping, the parameter in
question has been modified appropriately. Following that, the data are tallied in the

paperwork, and a reference to the result analysis is also attached to the paperwork.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter will show the results and analysis based on the process step by step
advancement in methodology. The data from the simulation and physical validation will be
discussed in detail, while the results will be shown in a table and a form of a graph. Other
than that, the discussion will show on how does it connect between benchmark and fin results
that was created in the simulation. This will be a helpful guide of what to expect in the next

phase to achieve the objectives of this research study.

4.2 Result of benchmark

Table 4 Result every benchmark
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Table 4 above shows the result data of every benchmark that was collected on Ansys.
For each pressure point has different value and based on the line graph below in figure 16, the
graph that was created showed which of the benchmark is accurate. When running the
simulation, each of the benchmark showed different images. Starting from 700k element until
2 million, the line graph does not show any stability. The duration of simulation for each
element took six to seven hours. But starting at 3 million, the line graph showed positive

image where it was started to become stable.
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Figure 16 Line graph of every benchmark
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4.3  Result Physical Validation

In physical validation, the experiment was conducted in a laboratory where the
temperature and airflow was set up along other equipments. The aim for this procedure is to
differentiate each of the pressure point between the benchmark of 3 million elements and the
raw data that was collected. Based on the graph below, it shows how the benchmarks result
data overlapped with the actual physical testing. It means that the airflow inside the physical
module showed a turbulence is happening when the experiment is running.

The 3 million element was choosen to be the most accurate reading in the simulation
because from all the benchmarks, the line graph started to stabilize when it reached 3
million. Pressure point plays an important role on this simulation because every point has
different pressure value, eventhough the parameters had been set up. While doing the
physical testing, the parameters such as airflow and temperature was set up in the TSI
Velocitimeter. After calibrating and making sure the temperature stays around 24°C until
26°C, then the data can be measured. Figure 17 shows the differences between all

benchmarks and physical testing.
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Figure 17 Line graph after added physical validation
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4.4 Pressure Contour Results

The use of Ansys in the CFD post-processing is critical because the pressure
distribution in the duct can be viewed and studied using the pressure contour. These contours
can provide a pictorial representation of pressure change within the duct, allowing locations
of high or low pressure to be detected. By examining the pressure contours, insights of airflow
behaviour can be gained and can identified potential problems, such as pressure regions,
which could suggest flow separation or recirculation. This information is useful for optimizing
duct design and correcting any performance or efficiency issues associated with pressure

distribution within the duct.

Table 5 Result pressure contour (plane)
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Table 5 shows the result data between benchmark and fin. For each plane has different
value and based on the line graph below in figure 18, the graph showed the line pattern is
almost the same. The only thing that can distinguish between both is the value and the fin that
was placed inside the ducting. This is due to the presence of pressure points in duct system
that can disrupt the intended airflow patterns, leading to inefficiencies and potential issues

such as uneven air distribution or noise generation.
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Figure 18 Line graph of contour pressure
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Figure 19 Pressure contours before fin and after fin
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Figure 19 above shows the condition of pressure contours before fin and after fin.
When the fin was attached to the duct, it demonstrated how it can reduce these impacts by
optimizing airflow and reducing pressure losses. It also improved the overall efficiency of the
duct system. A fin inside a duct can guide and control airflow, lessening the influence of

pressure points and promoting more uniform air distribution, all of which can contribute to

greater system efficiency and lower energy use.

Figure 20 Velocity contours before fin and after fin

Figure 20 above shows the condition of velocity contours before fin and after fin. The
purpose of finding velocity contours is to show how does velocity contours affect the
efficiency of fin. The velocity distribution influences the convective heat transfer from the fin
surface to the surrounding fluid. Higher velocities can enhance heat transfer, potentially
improving fin efficiency. Areas of flow separation or recirculation, indicated by pressure and
velocity contours, can negatively impact fin efficiency by reducing the effectiveness of heat
transfer from the fin surface.

In summary, the flow regime contour of pressure and velocity can impact fin efficiency
by influencing the heat transfer characteristics around the fin surface. High pressure and
appropriate velocity distributions can potentially enhance heat transfer and improve fin

efficiency, while flow separation and recirculation can have a negative impact.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In methodology, a process had mentioned about designing a benchmark without fin
and with fin in 3-D modelling using Solidworks software. After performing a CFD
simulation through Ansys, a physical validation was conducted. From there, a comparison
results between the simulation of benchmark and physical testing was created. This proved
to be that the researcher managed to achieved the first objective by developing a scale model
of square ducting as validation for CFD.

Aside from that, the researcher was able to analyze the flow region of square ducting
using CFD. Previously, CFD was used to investigate the impact of grid density, turbulence
models, and interpolation approaches on pressure loss calculations in duct fittings. The
study's goal is to present knowledge on improving ducting and fin devices in order to reduce
pressure losses, increasing the energy efficiency and to improve overall HVAC system
performance.

Lastly, researcher was able to evaluate the relationship between fin ducting and wall
pressure where the study focuses on effects of fin devices on airflow distribution, noise
reduction and heat transfer efficiency in HVAC system and by using CFD simulations, it

also helped to analyze airflow behaviour and pressure distribution within duct system.
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5.2 Recommendation

There are a few recommendations which are suggested throughout this research study

for future improvements. This will help more in terms of simulation and validation. Among

the ideas that can be recommended are :

Integrating CFD simulations with the purpose of analyzing the airflow and
pressure distribution inside the duct system while accounting for impacts of
fin devices, ducting angle, and wall pressure. This will assist in understanding
the intricate interplay between these aspects and refining the design for
increased efficiency and performance.

Experimenting with CFD simulations to ensure their accuracy and
dependability. This will aid in confirming the numerical results and ensuring
that the proposed design modifications are effective in increasing the
efficiency of fin devices in ducting systems.

Use optimization techniques, such as genetic algorithms or particle swarm
optimization, to determine the best design parameters for fin devices and
ducting angles. This will assist in determining the ideal combination of
settings that reduce pressure losses and enhance the efficiency of the HVAC

system.
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