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Abstract

Antoénio Santos Lessa was founded in 2006 and has since grown significantly in the field of build-
ing project specialities. The firm operates in engineering and consulting, offering comprehensive
services that include the design of architectural, electrical, structural, and mechanical systems.
While it has worked on various building types, it has recently focused more on healthcare facili-
ties such as hospitals, clinics, and treatment units.

This project was developed for the Mechanical Installations team to enhance the efficiency of
HVAC system implementation in hospitals. It addressed three main challenges: calculating pres-
sure losses in complex duct systems to correctly size equipment, creating a database and schedule
for future maintenance, and developing a tool to assess life cycle costs and compare equipment
options.

Different tools were applied to each task. The first, a custom tool was created using Revit’s pro-
gramming interface to automate pressure loss calculations. This reduced design time and human
error significantly. Comparing manual and automated methods shows a time and cost reduction of
more than 90% per duct system, based on calculations for the critical path only.

For the second task, Microsoft Power Apps was used to build a user-friendly platform for
HVAC maintenance management. The app centralises equipment data and enables real-time track-
ing of maintenance, supporting operational decisions. Its full impact is not yet measurable, as the
hospital is still under construction.

Finally, Microsoft Power BI was used to implement a Life Cycle Cost Analysis (LCCA) tool.
It integrates acquisition and replacement costs, providing automated and visual analysis of long-
term economic performance across HVAC assets.

In conclusion, the integration of digital tools such as Revit, Power Apps, and Power BI has
been demonstrated to be highly effective in addressing the key challenges related to HVAC design
and maintenance in healthcare facilities. The automation of pressure loss calculations has been
demonstrated to ensure enhanced accuracy, whilst concomitantly delivering substantial savings in
terms of both time and cost. The establishment of a maintenance platform utilising Power Apps
established the foundation for enhanced efficiency and traceability in equipment management dur-
ing the operational phase. Furthermore, the LCCA tool developed with Power BI yielded valuable
long-term insights, facilitating strategic decision-making. Collectively, these tools facilitate a more
streamlined, data-driven approach to hospital engineering design and lifecycle management.






Resumo

Anténio Santos Lessa foi fundada em 2006 e desde entdo tem crescido significativamente no
campo das especialidades de projectos de construcdo. A empresa opera na drea da engenharia e
consultoria, oferecendo servigos abrangentes que incluem a concecao de sistemas arquitecténicos,
eléctricos, estruturais e mecanicos. Embora tenha trabalhado em varios tipos de edificios, recen-
temente tem-se focado mais em instalacdes de satide, tais como hospitais, clinicas e unidades de
tratamento.

Este projeto foi desenvolvido para a equipa de Instalacdes Mecanicas para melhorar a eficién-
cia da implementacdo de sistemas AVAC em hospitais. Abordou trés desafios principais: calcu-
lar as perdas de pressdo em sistemas de condutas complexos para dimensionar corretamente o
equipamento, criar uma base de dados e um calendédrio para manuten¢do futura e desenvolver uma
ferramenta para avaliar os custos do ciclo de vida e comparar op¢des de equipamento.

Para cada tarefa foram aplicadas diferentes ferramentas. A primeira, uma ferramenta person-
alizada, foi criada utilizando a interface de programacgao do Revit para automatizar os célculos de
perda de pressdo. Isto reduziu significativamente o tempo de projeto e o erro humano. A com-
paracdo entre os métodos manual e automatizado mostra uma reducio de tempo e custo de mais
de 90% por sistema de condutas, com base em cédlculos apenas para o caminho critico.

Para a segunda tarefa, o Microsoft Power Apps foi utilizado para criar uma plataforma de facil
utilizacdo para a gestdo da manutengdo de AVAC. A aplicagdo centraliza os dados do equipamento
e permite o acompanhamento em tempo real da manutencio, apoiando as decisdes operacionais.
O seu impacto total ainda ndo é mensurdvel, uma vez que o hospital ainda estd em construgao.

Por ultimo, o Microsoft Power BI foi utilizado para implementar uma ferramenta de anélise
do custo do ciclo de vida (LCCA). Esta integra os custos de aquisi¢do e substitui¢do, fornecendo
uma andlise automatizada e visual do desempenho econémico a longo prazo dos activos de AVAC.

Em conclusdo, a integracdo de ferramentas digitais como o Revit, Power Apps e Power BI
demonstrou ser altamente eficaz na abordagem dos principais desafios relacionados com o projeto
e manutencdo de AVAC em instalagdes de cuidados de saide. Foi demonstrado que a autom-
atizacdo dos cdlculos de perda de pressdo garante uma maior precisdo, ao mesmo tempo que
permite poupancas substanciais em termos de tempo e de custos. A criacdo de uma plataforma
de manutencao utilizando o Power Apps estabeleceu a base para uma maior eficiéncia e capaci-
dade de registo na gestdo de equipamentos durante a fase operacional. Além disso, a ferramenta
LCCA desenvolvida com o Power BI produziu conhecimentos valiosos a longo prazo, facilitando
a tomada de decisdes estratégicas. No seu conjunto, estas ferramentas facilitam uma abordagem
mais simplificada e guiada por dados a concecdo da engenharia hospitalar e & gestdo do ciclo de
vida.

il






Acknowledgments

Esta dissertacdo assinala o fim do meu percurso académico e o encerramento de um capitulo
marcante da minha vida enquanto estudante. Foi um trajeto repleto de esforco, dedicacdo, desafios
e superagdes, cujas memorias levarei para sempre comigo.

Em primeiro lugar, gostaria de expressar o meu sincero agradecimento a ASL pela oportu-
nidade de desenvolver este trabalho num ambiente profissional tdo enriquecedor. A possibilidade
de aprender e colaborar com uma empresa com vasta experiéncia no setor representou um contri-
buto inestimdvel para o meu crescimento técnico e profissional.

A equipa de Mecanica, que tdo bem me acolheu ao longo destes meses, agradeco a disponibi-
lidade, o apoio constante e a partilha de conhecimentos, que foram essenciais para a concretiza¢ao
deste projeto.

Um agradecimento especial ao Eng.® Salvador Costa e ao Eng.° Nuno Couto, pela orientagao
dedicada, paciéncia e generosidade na transmissdo de saberes praticos, que muito enriqueceram
esta experiéncia.

Ao Professor José Machado, manifesto o meu profundo reconhecimento pela motivagéo in-
cansdvel, pelos conselhos valiosos e pela confianca depositada em mim ao longo de todo este
processo. O seu apoio foi determinante para a realizacdo deste trabalho.

Sou profundamente grata as minhas amigas por me terem acompanhado durante esta jornada,
por todos os momentos e memdrias partilhadas, por todos os sorrisos que tornaram esta experiéncia
mais leve.

Um agradecimento enorme ao meu namorado, Miguel, por todo o carinho, compaixao e moti-
vacdo durante estes dltimos anos. Obrigada pelo amor e confianga constantes.

Por fim, obrigada do fundo do coragdo a minha familia que € a verdadeira razio de ter con-
seguido completar esta etapa. Obrigada por serem um exemplo de forca, dedicagdo e por me
proporcionarem a oportunidade de alcancgar este objetivo. Ficarei eternamente grata.

Isabel Martins Mendes Monteiro de Azevedo






Acknowledgments vii

Relevant Sustainable Development Goals (SDGs)

The present dissertation aligns with several United Nations Sustainable Development Goals (SDGs),
reflecting its broader contribution to sustainable development in the context of engineering design,
digital transformation, and healthcare infrastructure.

Firstly, the project directly supports SDG 9 — Industry, Innovation and Infrastructure — by de-
veloping innovative digital tools to improve the design and operational management of HVAC
systems in hospital settings. The implementation of an automated pressure loss calculation tool
within Autodesk Revit demonstrates the efficacy of automation in streamlining complex engineer-
ing tasks, the reduction of human error, and the enhancement of productivity and precision in
the design of mechanical systems. Furthermore, the establishment of a maintenance management
platform utilising Microsoft Power Apps signifies a substantial advancement in the digitalisation
of facility management practices, thereby facilitating more dependable and data-driven decision-
making processes during the operational phase of hospital infrastructure.

In addition to technological innovation, the project also indirectly advances SDG 3 — Good
Health and Well-Being, due to its focus on the critical role that HVAC systems play in maintaining
safe and healthy indoor environments in healthcare facilities. Adequate ventilation, air quality
control, and thermal comfort must be ensured for the prevention of infection and the enhancement
of patient and healthcare staff well-being. The project’s contribution to the resilience and func-
tionality of hospital environments is evident in its focus on the maintenance and monitoring of
HVAC systems through a dedicated platform.

In conclusion, the incorporation of a Life Cycle Cost Analysis (LCCA) instrument is instru-
mental in achieving Sustainable Development Goal 12 (SDG 12) — Responsible Consumption
and Production — by facilitating more sustainable decision-making throughout the life cycle of
HVAC equipment. This tool encourages a more holistic and resource-efficient approach to infras-
tructure management by taking into account not only the initial cost but also the operational and
replacement expenses of mechanical components. In doing so, the project fosters economic and
environmental sustainability in the planning and maintenance of complex systems, particularly in
energy-intensive sectors such as healthcare.

GOOD HEALTH INIJUSTRY INNOVATION 12 RESPONSIBLE
AND WELL-BEING ANI]INFRASTRIJGTI.IRE CONSUMPTION

AND PRODUCTION

*| & |CO

Representative figure of the Sustainable Development Goals.
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Chapter 1

Introduction

This dissertation is part of the Master’s program in Mechanical Engineering at the Faculdade de
Engenharia da Universidade do Porto (FEUP). This work was developed in a business environment
at ASL & Associados. This project started on 10" February 2025 and was completed on 117
July 2025. The main objective of this dissertation was to automate Heating, Ventilation and Air

Conditioning (HVAC) implementation in hospitals.

1.1 Objectives

The development of this project is driven by three overarching objectives. Primarily, the deve-
lopment of an automatic pressure loss calculation tool within Revit. This software facilitates the
design of duct systems for HVAC installations; however, for a complex installation such as a
Hospital Unit, the pressure loss calculations throughout the ducts can be a time-consuming task.
The development of this tool is intended to accelerate the pressure loss calculations and reduce the

potential errors that could be committed during this process.

Secondly, the creation of a platform for automating the maintenance process and routines of
the HVAC equipment in the Hospital Unit through Microsoft Power App. The objective of this
platform is to function as a repository for the data pertinent to the various equipment and to serve
as a user-friendly tracking system. The platform is destined to be used during the operational

phase of the hospital to facilitate the decision-making process regarding equipment replacement.

Finally, the maintenance model includes equipment purchase prices and also replacement
costs, contributing to the creation of a Life Cycle Cost Analysis (LCCA) tool. The tool performs
automatic calculations of the costs throughout the life cycle of a given piece of equipment. The
purpose of the tool is to facilitate the analysis of the various costs associated with the utilisation

of the equipment in question.

Figure 1.1 represents an introductory project diagram, highlighting the initial key questions

addressed, the targets of this dissertation, and the metrics evaluated for comparison.



Questions
How to improve
pressure loss
calculations with
Revit?
Targets
Reduce the errors during
/‘ manual pressure loss
o calculations and increase
reliability in this process
Metrics

11

manual calculations

Comparison between the
values obtained from the
Revit programme and the

Project Outline

How to automatically
manage the maintenance
tasks for the HVAC
equipments?

Create a maintenance
plan for each HVAC
equipment type

Analysis of the ease
of use of the
maintenance tool
developed

Introduction

How to automatically
calculate the Life Cycle
Costs of the HVAC
equipments?

Analyse the Life Cycle
Costs of the HVAC
equipments as a decision-
making tool

Analysis of other
possible options for
equipment choice for a
project

Figure 1.1: Project diagram illustrating the primary questions and objectives.

1.2 Methodology

This section delineates the methodology employed during this dissertation. The first stage of

the process pertained to diagnosis, which entailed identifying the three problems that were to be

addressed and corrected. The subsequent stages of each problem are the respective stages that

were followed to present a solution to each problem.

The process began with defining the project’s purpose and objectives, contributing to ensuring

the desired outcomes. Three problem areas were defined in the implementation of HVAC systems

in Hospital Units, and for each, strategies were outlined to solve them. These steps were executed

in the implementation phase. Finally, at the end of each proposed task, the outcomes were evalu-

ated to compare against the proposed objective. Figure 1.2 provides a visual representation of the

project methodology.
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Start of the

project

|

Problems related to
pressure loss
calculations

v

!

v

Maintenance plan
problems

Life Cycle Costs
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v

l

Evaluation of the
manual pressure loss
calculation method

Determination of a

thourough maintenance
plan for each equipment

Acquisition of pricing

information via supplier

communication

y

Assessment of
improvement
opportunities in the

v

v

Data acquisition
through interaction
with suppliers

Evaluation of Life
Cycle Costs for
HVAC equipments

manual method

l v
L
. : Creation of Development o‘f a tool
evelopment of an to support equipment

automatic calculation decision-making

maintenance

planner app

method in Revit

End of the

project

Figure 1.2: General flow chart of the project.

The process began with defining the project’s purpose and objectives, contributing to ensuring
the desired outcomes. Three problem areas were defined in the implementation of HVAC systems

in Hospital Units, and for each, strategies were outlined to solve them.

As illustrated in Figure 1.3, the Gantt diagram provides a visual representation of the approx-

imate timeline for the execution of the various tasks.
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Literature Review 10/fev  03/mar
Revit familiarization 17/fev  24/mar
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Power App familiarization 24/mar  07/apr
Power App development 07/apr 12/may
Revit pressure loss automation [Tizce | 18kme

development
Pressure loss automation verification
and assessment

21/apr  5/may

Power App testing 05/may 26/may
Maintenance and acquisition costs 12/may 26/may
research

Life Cycle Costs Tool development 12/may 09/jun

Life Cycle Costs Tool assessment and
testing

19/may 16/jun

Figure 1.3: Gantt diagram of the project.

1.3 Hosting Company

The project under discussion was developed within the firm ASL. This firm is a subsidiary of the
group ASL - Anténio Santos Lessa & Associados, SGPS S.A. This group joins several firms that
act fundamentally in the engineering services, investments, and real estate promotion fields. It
currently owns six companies, including ASL, Gomes and Lessa investments, and Encke.

The firm was founded in 2006 by its current CEO, Anténio Lessa, a civil engineer licensed
by the Faculty of Engineering of Porto. Since then, the company has grown significantly and ex-
panded its portfolio of projects. The company’s core competencies lie in the areas of projects and
consultancy. The multidisciplinary team contributes to speciality projects and project fiscalisation

and management. Figure 1.4 shows the ASL logo.

aslL

ENGINEERING FOR PEOPLE

Figure 1.4: ASL Firm logo.

The firm is currently headquartered in the Porto district, specifically in Matosinhos, and em-

ploys 60 collaborators.
The firm’s team is divided into several specialities to contribute to all areas of a construction

project. These areas collaborate to produce a comprehensive and unified proposal. The following

areas of expertise are currently represented within the firm:

e Structures;
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¢ Mechanical Installation;
e Thermal and Acoustic;
¢ Electrical Installations;

* Hydraulic and Gas Installations.

As the regulatory landscape about energy requirements in the construction industry evolves
towards more stringent specifications, the firm has established a dedicated energy certification
team. This is complemented by a construction fiscalisation team, which adds to its comprehensive
array of specialisms.

The company’s project legacy includes more than 5,000 clients, 12,000 energy certificates
issued, and over 1,500 completed projects. The company acquired the "Great Place to Work"
2024 ranking in the previous year, thereby asserting its legacy as a great Portuguese company.
This ranking is based on an evaluation of the general employee happiness index concerning their
workplace, workplace organisational practices, and more. The firm possesses a yearly billing of 6
million euros.

The project has been directed towards the Mechanical Installations team, which is responsible
for the design and project of HVAC systems. The team is composed of 10 mechanical engineers,

including both junior and senior members, and a team leader.

1.4 Dissertation Structure

This dissertation is divided into six chapters.

Chapter 2 provides a project context about the Hospital Unit at work and the HVAC legisla-
tions that are in place for medical facilities.

Chapter 3 presents the literature review. This relates to the BIM methodology implemented
in the hospital unit at work, including the Revit software used and its characteristics, the pressure
losses calculation process, various maintenance procedures applicable to equipment such as HVAC
systems, and an explanation of the Life Cycle Cost Analysis.

Chapter 4 is dedicated to the pressure losses that occur in the duct system in an HVAC system,
highlighting its importance for the correct dimensioning of the project, and explaining the process
of implementation of an automatic pressure loss calculator in Revit.

Chapter 5 is devoted to the HVAC equipment maintenance tasks, explaining the process of
designing and developing the application and its functionalities.

Chapter 6 presents the Life Cycle Costs Analysis tool. It is dedicated to the explanation of
the process used to calculate the costs of a certain equipment and the comparison with another
possible model. It also presents the tool developed for this task and how it can be used for other
cases.

Chapter 7 presents the conclusions of the project, summarising the results of the process of

HVAC Implementation in Hospitals.
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Chapter 2

Project Context

This chapter is dedicated to the Hospital Unit project, briefly describing the building and the
spaces into which it is divided. In addition, a comprehensive inventory of the primary HVAC
pieces of equipment selected for the structure, along with the pertinent legislative requirements
for this construction type, has been compiled.

2.1 Hospital Unit

The project under consideration for this dissertation is a Hospital Unit within the Trofa Saiide
Group, which is currently under construction in Maia, part of the Porto district, located at Avenida
Dom Mendo and Avenida Eng.® Anténio Braganca Fernandes. The following Figure 2.1 is the
Google Earth satellite image that can be obtained for reference, with a highlighted area in red,
showing the area destined for the hospital. The project has been developed from the ground up by

the various specialities possessed by the firm.

Figure 2.1: Location of the building, from Google Earth.

The mechanical installations team was responsible for creating the Revit model for this sub-

system of the hospital. The proposed work was for a hospital building comprising several health
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units, including dental clinics, physiotherapy, inpatient units, surgical blocks, and medical exami-

nation rooms. The structure was, then, divided into six floors:

* The -1 floor contained a car parking, a laundry room, a morgue, changing rooms, and a tech-
nical space for electrical installations, medical gases, generator sets, general waste rooms,

and water pumping control stations.

* The first floor comprises a reception/waiting room, spaces for building administration (e.g.,
offices and meeting rooms), consultation rooms, diverse sanitary installations, consultation
rooms, clinical analysis spaces, a nursing area, paediatrics, and more, and a kitchen and

restaurant area.

» The second floor is characterised by spacious waiting rooms situated in the core of the buil-
ding, in addition to consultation rooms, a gynaecology speciality room, medical examination

rooms for X-rays and such, physiotherapy, and 2 gymnasiums.

* The third floor is dedicated to inpatient units, an on-site pharmacy, waiting rooms, and

auxiliary rooms.

* The fourth floor contains ample waiting rooms situated in the core of the building, consul-

tation rooms, dental speciality rooms, sanitary installations, and auxiliary rooms.

* The fifth floor is dedicated to surgical blocks and auxiliary spaces, including dressing rooms
for staff members, storage for sterilised materials, recovery rooms, and post-operative care

units. Sanitary installations are also present on this floor.

It was proposed that the hospital be equipped with a cold water (air-water) and hot water
production system, to be installed separately. Two chillers are to be installed for the production of
cold water, with a capacity of 440 kW each, and three boilers arranged in a cascade system, with a
total capacity of 720 kW. It is important to note that these pieces of equipment were dimensioned

to never work in their full potential, to safeguard their potential.

2.2 Heating, Ventilation and Air Conditioning Systems

The HVAC system in a hospital unit can be regarded as a complex installation. HVAC systems
are the single largest energy consumer in utility buildings, such as large office spaces, shops, ho-
tels, restaurants, and health-care facilities. These systems are designed to regulate environmental
factors such as temperature, humidity, and air quality within buildings and specific locations. Cen-
tral HVAC systems are comprised of three core components: a heating unit, which incorporates a
boiler; a ventilation unit, which incorporates fans; and a cooling unit, which incorporates chillers
(Figure 2.2) (Teke and Timur, 2014).
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Figure 2.2: Schematic diagram of the conventional HVAC System (Zheng and Cao, 2020).

However, the scope of this dissertation does not encompass an exhaustive examination of all
HVAC equipment, as significant variations exist in terms of their maintenance complexity and
their function within the system. The focus of this study will be on the most essential and widely

used equipment, with a detailed examination of the components present in the next sections.

2.2.1 Air Handling Units

An Air Handling Unit (AHU) represents a pivotal component in HVAC systems. These units are
indispensable for the maintenance of indoor air quality, the regulation of temperature, and ensuring
comfort. It is a mechanical device that has been designed to treat air and deliver it through duct
systems. These devices find application in a variety of settings, including residential homes, office
buildings, hospitals, and other such facilities. The process of air filtration, heating, or cooling is
integral to the functioning of these systems, and the distribution of treated air to the designated
rooms is a key aspect of their operation.

ATUs are comprised of multiple components, each with a specific role:

* Fan: designed to augment air pressure, thereby facilitating the movement of air and coun-
teracting pressure drops that occur during its transit through the components and the duct

system.

* Filters: air filters ensure healthy indoor air by removing harmful dust, bacteria, pollen, and
other organic and inorganic materials. Filters contribute to ensuring hygienic and efficient

operation.
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* Heating and cooling elements: In ATUs, the heating and cooling elements are responsible
for adjusting the air temperature as needed. Heating elements generally consist of electric

coils or hot water pipes, and cooling elements consist of refrigeration coils.

* Humidification and dehumidification systems: Humidity is a parameter that can be con-
trolled in an ATU through the use of humidifiers and dehumidifiers.

* Energy recovery systems: In circumstances where the outdoor air temperature deviates from
the required supply air conditions, it is necessary to heat the air. Heat (or energy) recovery
systems are applied to minimise energy consumption through heating by transferring the

thermal energy of the extracted air to the outdoor air.

* Silencers: noise is typically generated by the duct and the components present in the circuit,
but also by the fan. It is common practice to position silencers near the fan, as this is often

the primary source of noise.

* Controls and sensors: modern ATUs typically have control systems and sensors that monitor
temperature, humidity, air quality, and energy consumption for precise regulation of the
HVAC operations.

ATUs are generally designed with a specific purpose in mind. The design of ATUs is informed
by the specific conditions of the room and prevailing state of the outside air, with the design pa-
rameters being met according to these criteria. The components mentioned above can be combined
for the specific solution necessary for to space in question. Figure 2.3 represents an example of an
ATU from EVAC company.

Figure 2.3: Air Treatment Unit example (EVAC, 2024).

2.2.2 Boilers

Boilers represent a vital component within the broader framework of HVAC systems, assuming
primary responsibility for the generation of hot water or steam, with the purpose of heating and

supplying domestic hot water.
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In the context of a hospital environment, where factors such as comfort, hygiene, and process
reliability are of paramount importance, the role of boilers becomes particularly crucial in main-
taining the thermal balance of the building. Figure 2.4 represents an example of a boiler from
Vaillant company.

Figure 2.4: Boiler example (Vaillant, 2024).

2.2.3 Circulating Pumps

Circulating pumps are critical components in HVAC systems, responsible for ensuring the conti-
nuous flow of fluids, typically hot or chilled water, throughout the network of pipes, radiators, heat

exchangers, and terminal units.

In hospital facilities, these pumps are pivotal in maintaining consistent temperature regulation
in various zones, a necessity that is of both patient comfort and the proper functioning of me-
dical equipment. Given their central role in the hydronic distribution system, any malfunction
or degradation in performance can have a significant impact on system efficiency and occupant

comfort. Figure 2.5 represents an example of circulating pumps from Wilo company.

Figure 2.5: Circulating pumps example (Wilo, 2024).
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2.2.4 Chillers

Chillers represent a vital component in HVAC systems. The primary function of these devices is
to extract heat from a building employing circulating chilled water to air handling units or terminal
devices, where the process of heat absorption from the indoor air takes place.

In critical environments such as hospitals, chillers play a critical role in maintaining precise
temperature and humidity levels, which are essential for patient safety, infection control, and the
proper functioning of sensitive medical equipment. Figure 2.6 represents an example of a chiller

from Mitsubishi company.

Figure 2.6: Chiller example (Mitsubishi, 2024).

2.2.5 Fan Colil Units

Fan Coil Units are a type of air conditioning system that functions in individual rooms or specific
zones. These units comprise a heat exchanger, also known as a coil, and a fan that is positioned
to blow air over the coil. This mechanism enables precise and localised temperature control. In
the context of a hospital environment, these units assume a pivotal role in ensuring the comfort of
patients in their rooms, as well as in offices and smaller service areas. Figure 2.7 represents an

example of fan coil units from Systemair company.

Figure 2.7: Fan coil units example (Systemair, 2024).
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2.2.6 Ventilators

Ventilators represent a fundamental component of HVAC systems, responsible for ensuring ade-
quate air circulation, ventilation, and indoor air quality. In healthcare facilities, where the main-
tenance of air hygiene and pressure control is paramount, ventilators assume a pivotal role in
ensuring a safe and comfortable environment. The improvement of air circulation, a function of

ventilators, has been shown to reduce levels of dust and create a more pleasant environment.

A well-designed ventilation system is capable of effectively removing indoor pollutants and
allergens. It can filter out dust, pollen, pet dander, and other allergens that are known to trigger
allergies or respiratory issues. This is particularly beneficial in healthcare facilities where the
maintenance of clean air is essential, such as hospitals. Figure 2.8 represents an example of a

ventilator from Sodeca company.

Figure 2.8: Ventilator example (Sodeca, 2024).

2.2.7 Split Units

Split Units are versatile cooling systems commonly used in isolated rooms or small zones, consist-
ing of two units, an indoor and an outdoor. These systems are used to control the temperature of a
single room or area that has access to an exterior wall. The unit outside houses components such
as a compressor and a condenser, which cool the air. On the contrary, the indoor unit contains
an air filter and a cooling coil. These elements are responsible for distributing cool, filtered air
into the room while maintaining proper airflow. The two units are connected through a network
of insulated pipes that circulate refrigerant. They create a convenient solution for many office

environments.

The aforementioned types of equipment offer several benefits, making them a popular choice
for cooling systems. They are comparatively inexpensive to install, consume less energy than
central air systems, require minimal space, and provide the ability to expand the system as needed,
such as by installing and connecting additional units to the outside unit (within capacity limits).

Figure 2.9 represents an example of a split unit from Daikin company.
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Figure 2.9: Split units example (Daikin, 2024).

2.2.8 Conditions of the Hospital Unit’s Rooms

To correctly dimension the equipment for each room, the thermal balance has to be calculated.
External characteristics were taken into consideration for both the winter and summer seasons.
For the winter season, the dry bulb temperature was recorded at 0.5 °C, with the corresponding
relative humidity (RH) at 90 %. Conversely, for the summer season, the dry bulb temperature
was recorded at 34 °C, with a relative humidity of 40 %. These figures were recommended by the

National Institute of Meteorology and Geophysics for the Porto region. This data was taken into
account for the calculation of the external gains.

On the contrary, the internal gains caused by the occupants were determined based on the
American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) Hand-
book Chapter 18 (ASHRAE, 2019a), with values depending on the type of activity being con-
ducted in the space. According to the established norm, for sedentary activities, the sensible heat
per occupant is 70 W, and the latent heat is 60 W.

Furthermore, the internal gains caused by the lighting features were considered to be 10 W/m?,
as a way to simplify this parameter for the calculations.

The internal conditions for the rooms were selected based on the conventional temperature or
Relative Humidity (RH) values for thermal comfort or other specific requirements that were stip-
ulated. The subsequent Table 2.1 delineates the temperature and RH parameters for the majority

of the spaces. These conditions were determined by the Mechanical Installations team for the
different areas of the Hospital Unit.
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Table 2.1: Temperature and relative humidity conditions for most spaces of the Hospital.

Area Space Temperature and Humidity
Conditions
Endoscopic Examination | 20-25°C and 30-60% RH
Endoscopic Room
Recovery Room 20-25°C
Disinfecting Room (dirty) 18-25°C
Disinfecting Room (clean) 20-25 °C and 30-60 % RH
Ultrasound/Mammography/CT | 22-25 °C
Imaging Scan/Orthopantomography
Room
Preparation and Recovery | 20-25 °C
Room
MRI Room 20-25°C
Physical Medicine and Treatment Room 22-25°C
Rehabilitation Therapeutic Gym 20-25°C
Observation/Treatment Room 22-25°C
gi(isnd Emergency Recovery Room 20-25°C
Small Surgery Room 20-26 °C and 60 % RH
Rooms 20-25°C
Hospitalization Offices 22-25°C
Cafeteria 22-25°C

Operating Room

Operation Room

20-26 °C and 30-60 % RH

Post-Anesthesia Care  Unit

(PACU)

23-25 °C and 40-60 % RH

Intermediate Care Unit

Open Room

23-25 °C and 40-60 % RH

18-25°C
20-25 °C and 50 % RH (not controlled)

Storage Pharmacy
Remaining Spaces

2.3 Heating, Ventilation and Air Conditioning Legislation for Hospi-
tal Units

Medical advances have created a constant need for research and development of air conditioning
in hospitals and medical facilities. While the impact of air conditioning on clinical outcomes is a
subject of ongoing research, its role in protecting against harmful occupational exposures is well-
established. Consequently, there is a necessity for effective and precise design and operation of
ventilation systems, as outlined in the ASHRAE Handbook (ASHRAE, 2019b).

For hospitals to be safe environments for patients and staff, several regulations must be im-
plemented and considered during the design and construction phases. HVAC systems in these
environments must meet strict standards of air temperature and humidity, ventilation rates, strict
guidelines for air changes and pressure differentials, etc. These standards are in place to ensure

the safe operation of healthcare and similar environments. Air handling and distribution systems
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provide a means to dilute and remove contaminants but also provide a comfortable environment
(ASHRAE, 2021).

The project in question follows some guidelines set by the Portuguese government and regu-

latory bodies:

* Decree-Law N° 101-D/2020 (Portugal, 2020): Works to optimise the energy efficiency of
buildings in Portugal, establishing the technical requirements for energy certification and
emission reduction. Establishes requirements for ventilation, heating, and cooling. Em-
phasises the need for new buildings to have near-zero energy consumption and to ensure
that air quality is maintained through proper ventilation. Outlines the responsibilities of the
ADENE (Agéncia Nacional de Energia) in the management and validation of the energy

certification system.

* Regulation N° 90/2024/1 (Portugal, b): Establishes the minimum requirements for the
licensing, installation, organisation, operation, human resources, and technical equipment
of residential units managed by public bodies, military institutions, private social solidarity
institutions, and private entities in Portugal. Provides specific guidelines to improve the
management and operation of these units. Also includes some guidelines for room layout

and ventilation rates depending on the purpose of the room.

* Regulation N° 138-1/2021 (Portugal, 2021): Sets minimum energy performance require-
ments for the building envelope and the minimum requirements for technical systems. The
aim is to improve energy efficiency and sustainability. The regulation prioritises natural ven-
tilation and the use of mechanical systems where necessary, and introduces requirements for

air quality control, proper insulation, and temperature regulation in HVAC systems.

* Regulation N° 353-A/2013 (Portugal, 2013): This regulation establishes the minimum
requirements for fresh airflows in commercial and service buildings, and specifies the pro-
tection limits for indoor air pollutants. It provides calculation methods for airflows and

specific airflow requirements for sanitary installations and pollutant protection thresholds.

* Regulation N° 292/2000 (Portugal, 2000): Regulates noise, the prevention of noise pollu-

tion, distinguishing thresholds depending on the zone analysed (sensitive or mixed).

In addition, Regulation N° 88/2024/1 (Portugal, 2024a) and Regulation N° 92/2024/1 (Por-
tugal, 2024b), which overlap with Regulation n° 90/2024/1 described above, are also applied in
this hospital unit. These regulations have similar purposes and help to define guidelines for rooms
according to their use. Figure 2.10 represents a schematic summary of the regulations mentioned

above.
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Figure 2.10: Schematic summary of the regulations applied to Hospital Units in Portugal.

Finally, as mentioned in the previous section, some considerations from the ASHRAE Hand-

book for internal occupant gains were taken into account (ASHRAE, 2019b).
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Chapter 3

Literature Review

This chapter is dedicated to the literature review of: the Building Information Modelling (BIM)
methodology, the Revit software used, and its differences when compared to AutoCAD, the diffe-
rent types of maintenance that can be applied to equipment, especially HVAC systems, and a brief
review of LCCA.

3.1 Building Information Modelling Methodology

BIM is the foundation of digital transformation in the Architecture, Engineering and Construc-
tion (AEC) industry. It is the process of creating and managing information for a built asset. By
integrating diverse, multidisciplinary data, BIM facilitates the creation of detailed digital repre-
sentations managed in the cloud. Teams can connect their Revit models via the cloud, giving all
the stakeholders visibility and access to accurate information whenever they need it, always syn-
chronised. For example, engineers and architects can quickly access the same information to find
better solutions and deliver projects faster. This cloud-based model is part of the Common Data

Environment (CDE) approach that BIM software follows.

BIM supports the creation of smart data that can be used throughout the lifecycle of a building
project or infrastructure. This approach improves transparency, promotes sustainable options and
efficiency in AEC projects (Autodesk, 2024b). It can be defined as a shared digital representa-
tion of a built asset that is used to facilitate design, construction, and operation processes. The
project under discussion can be said to reach the digital twin concept, which is a complete virtual
representation of a real building, including its spatial aspects and the physical objects within it.

The CDE is a digital platform that gathers together information as part of the typical BIM
workflow. It can encompass a multitude of information, including details about the project con-
tract, delivery schedules, and other pertinent documentation. In essence, it encompasses any data
that is generated during a project. The CDE is equipped with mechanisms to regulate the dissemi-
nation of information, ensuring that construction documents are made available to the project team

only after undergoing rigorous approval and release processes (Autodesk, 2024a).

19
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The development of ISO 19650 (ISO, 2018) was initiated to establish a quality standard for
BIM building processes and regulate the information management related to the life cycle of an

asset. It defined information requirements in a BIM project, such as (Ashworth et al., 2022):

* Organisational Information Requirement (OIR): this encompasses the information neces-
sary to comply with strategic business activities, asset management, portfolio planning, and
more. It is instrumental in ensuring that the information and objectives are appropriately
delineated at the project’s inception, thereby enabling the team to prioritise the client’s in-
formation needs. It should be regularly reviewed to ensure that it remains aligned with the

organisation’s needs.

* Asset Information Requirement (AIR): It contains important information to address spe-
cific needs during the operational and management phase of the asset. All pertinent data
must be systematically collected and easily accessible, facilitating efficient transfer into the

operational systems.

* Project Information Requirement (PIR): This refers to the information to be provided by
the appointed party at specific project milestones. The appointing party is empowered to
make decisions for the following project stages with access to this information. It should be
specific to each project. The Project Information Requirement (PIR), in conjunction with
the Asset Information Requirement (AIR) and the Organisational Information Requirement
(OIR), constitutes the information basis for the preparation of the Exchange Information
Requirement (EIR).

* Exchange Information Requirement (EIR): It defines management, commercial, and tech-
nical aspects of producing project information. It specifies what information is required at
what time. It is a contractual document requiring the appointed party to create their BIM
Execution Plan (BEP). The BEP is an execution plan that outlines how the team will use

BIM tools and techniques.

In addition, ISO 19650 (ISO, 2018) yielded two information models: the Project Information
Model (PIM) and the Asset Information Model (AIM) (Salzano et al., 2023). These can be defined
as the combination of graphical and non-graphical data and documents related to a building or
construction project, that can be managed in a CDE.

The PIM is the construction information model. It is developed during the design and cons-
truction phase of a project in response to requirements set out in the EIR. It is initially formulated
as the "design intent" model and undergoes subsequent development. It encompasses the historical
development of all project information (NBS, 2024a).

Upon completion of the building, the PIM is transferred to the AIM, which is defined as the set
of information gathered from all sources that supports the ongoing management of an asset. The
AIM is defined as a unified repository of validated and approved information about a constructed

asset, utilised during the operational phase of a building. The AIM is designed to meet the needs
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of the building’s end users or clients, equipping them with the necessary data to manage their
activities effectively. The information included in the AIM must be updated regularly to account
for any changes, such as repairs, refurbishments, or maintenance (NBS, 2024b).

As illustrated in Figure 3.1, the hierarchy of the information requirements is delineated, along
with the relationships between them and the corresponding information models. When informa-
tion requirements are clearly defined, the delivery team can understand the project’s requirements.
The OIR is thus the foundational element upon which the AIR and PIR are defined. These el-
ements contribute directly to the EIR. The purpose of the EIR is to provide instructions to the
appointed delivery team about the client’s information needs and how these should be delivered.
This ensures that the team can correctly deliver the PIM, aligning with the organisation’s business

and strategic plan. The final step in this process is the creation of the AIM, with the information
from the PIM.
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Figure 3.1: Relationship of information requirements and information models.

3.2 Revit Software

Revit is a BIM software that is available for commercial use. It was created by the company
Autodesk (Figure 3.2).

R

RVT

Figure 3.2: Revit Software logo.

It is employed by a diverse range of professionals, including architects, structural engineers,
Mechanical, Electrical, and Plumbing Engineers (MEP), designers, and contractors. Revit facili-

tates the creation, editing, and review of 3D models with exceptional detail (Figure 3.3).
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Figure 3.3: Project example in Revit (Autodesk, 2024c).

Revit allows for the insertion of real-world information necessary for the project, such as:

* Architectural design: Add architectural elements such as walls, doors, and windows, and

render with high precision to accurately visualise the building;

* Structural Engineering: Computational design of structures and use of analysis tools to

assess and adapt as the model develops;

* Mechanical, Electrical, and Plumbing Engineering: Design complex duct and pipe systems

as well as perform preliminary load calculations before modelling electrical components;

* Construction: Add accurate and manufacturable building product templates into your de-

signs for immediate validation and faster design cycles.

The Portuguese government promulgated the Decree-Law N° 10/2024 (Portugal, a) on 8" Ja-
nuary 2024, which stipulates that, with effect from 1* January 2030, the submission of architecture
projects in Portugal is to be subjected to the BIM methodology. The enactment of this Decree-
Law has led to the urgent need for expeditious implementation of this methodology across the
various specialities involved in the construction industry. However, it is important to acknowledge
the inherent challenges associated with transitioning to a new software system, which is a process
that is not without a learning curve. Revit and AutoCAD possess very different working spaces
and processes, with advantages and disadvantages in each case. The subsequent Table 3.1 offers a

concise evaluation of the software’s performance in multiple categories.
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Table 3.1: Revit vs AutoCAD comparison.

Feature

AutoCAD

Revit

Primary Purpose

The software is principally
utilised for two-dimensional
drafting, yet it is also com-
patible with three-dimensional
modelling. Moreover, it is
well-suited for precise technical
drawings and schematics.

It is employed within the BIM
methodology, a comprehensive
approach to architecture, struc-
tural engineering, and design that
integrates the entire building pro-
cess, from design to construction.

files, which can be 2D or 3D, and
can be converted into various for-
mats for compatibility with other
software.

Usage Used in many industries, in- | Used mainly by engineers, ar-
cluding architecture, engineer- | chitects, MEP professionals, and
ing, and manufacturing, to create | construction teams.
blueprints and detailed drawings.

Modelling Type AutoCAD can be used for both | Revit is used specifically for 3D
2D and 3D modelling, although | BIM modelling, updating the en-
the latter requires additional tools | tire model when a parameter is
to manage complex models. changed.

Collaboration AutoCAD doesn’t allow for real- | Revit creates a centralised model
time collaboration, so multiple | that allows for all teams to col-
users have to manage separate | laborate and see changes in real
copies of the files. time.

File Type AutoCAD uses Drawing (DWG) | Revit uses RVT files, which con-

tain the building data, geometry,
and documentation for a project,
but the files are less widely ac-
cepted than those that are DWG.

Learning Curve

AutoCAD is generally easier to
learn for basic drafting tasks, but
3D modelling requires a lot of
time and effort, and sometimes
even external software.

Revit is a software program that
requires a significant time invest-
ment to become proficient in,
due to the advanced nature of its
functionality.

Interdisciplinary
Work

AutoCAD doesn’t provide tools
for managing building compo-
nents and ensuring design consis-
tency.

Revit ensures that any changes
made to a model are available
throughout the project, so that
all specialities can work together
seamlessly.

The features presented are just a few examples of the differences that can be expected when

working with the two software packages. The main difference in using Revit as a project tool is

the ability to incorporate real-world information, unlike AutoCAD software. The BIM software

can include structural and engineering information, allowing calculations to be performed on the

model.

However, Revit and AutoCAD software can be used together. In many Revit projects today,

the CAD tool is still present and working as a support for the final model (Revit vs. AutoCAD).
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3.3 Pressure Losses Calculation Method

This chapter introduces the concept of pressure losses and the respective pressure drop calculation

methods used.

Pressure drop is defined as the reduction in air pressure as it moves through the ductwork
of an HVAC system. This phenomenon is of particular significance in HVAC and air handling
systems, as it has been demonstrated to have a detrimental effect on energy efficiency, because
it results in a reduction of airflow and, by extension, system performance, potentially resulting
in inadequate heating or cooling. This, in turn, has the potential to generate inadequate heating
or cooling. These calculations are of paramount importance when selecting the most appropriate
equipment, as the model selected must be capable of overcoming the pressure drop and delivering

the requisite capacity to the system.

These losses are caused by friction between the air and the duct surfaces. It has been de-
monstrated that an increase in pipe length is directly proportional to an increase in pressure losses.
Additionally, the presence of rougher duct surfaces has been shown to generate greater levels of
friction, which in turn leads to increased pressure losses. Changes in direction and cross-sectional
area, such as elbows, bends, or sudden increases or decreases in duct size, induce local pressure

drops.

In the design of such systems, it is imperative to undertake meticulous calculations to account
for these losses. The total pressure loss in a duct can be obtained with the sum of the friction loss

of the ductwork and the dynamic loss of the component (Equation 3.1) (Behls, 2021).

Apt = Apfricton + Apdynumic (31)

The Darcy-Weisbach Equation is the most widely accepted for calculating pressure losses in
any steady and incompressible pipe flow system, with these losses being based on fluid velocity,
density, duct roughness, diameter, and length. Equation 3.2 calculates the resistance to airflow

caused by friction.

2
L) & (3.2)

Apfriction = f (D )

The friction factor f, which is dependent on the Reynolds number and the duct relative rough-
ness, is utilised. L is the total length that is travelled by the air inside the ducts, D is the duct
diameter, p is the fluid density, and V is the fluid velocity. The Darcy-Weisbach equation is ap-
plied to the lengths of the ducts; however, for the majority of existing duct systems, there are
components and curves along the path of the fluid that cause losses. The Darcy-Weisbach equa-
tion can thus be modified to account for these local losses induced by equipment, bends in the
ducts, and T-fittings (Equation 3.3).

1
Apaynamic = ) K. p V2 3.3)
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The coefficient of loss induced by a certain component is denoted by K;. This coefficient is
fundamentally dependent on the geometry of the component. Typical values for the K; coefficient

corresponding to the component in question are presented in Figure 3.4.

Component K;

a. Elbows
Regular 90°, flanged 0.3
Regular 907, threaded 1.5
Long radius 90°, flanged 0.2
Long radius 907, threaded 0.7
Long radius 45°, flanged 0.2
Regular 45°, threaded 0.4

b. 180° return bends

180° return bend, flanged 0.2
1807 return bend, threaded 1.5
c. Tees
Line flow, flanged 0.2
Line flow, threaded 0.9
Branch flow, flanged 1.0
Branch flow, threaded 2.0
d. Union, threaded 0.08
“e. Valves
Globe. fully open 10
Angle, fully open 2
Gate, fully open 0.15
Gate, | closed 0.26
Gate, % closed 2.1
Gate, % closed 17
Swing check, forward flow 2
Swing check, backward flow o0
Ball valve, fully open 0.05
Ball valve, _l;closed 5.5
Ball valve, 3 closed 210

Figure 3.4: Loss coefficients for pipe components (Gerhart et al., 2018).

The supplier can provide the specific value for the K}, coefficient of a certain component; the
aforementioned values are simply provided as a reference.
It is established that with the flow rate passing through a duct and its section area, the velocity

of the fluid can be determined (Equation 3.4)

0=VxA (3.4)

where Q is the fluid flow rate in m?® /s, V is the velocity in m/s, and A is the area in m?.

The friction factor is contingent on the Reynolds number and the duct relative roughness. The

Reynolds number, a dimensionless quantity, is employed to evaluate the flow regime of a fluid,
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distinguishing between laminar and turbulent. It is a quantitative measure of the interplay between
inertial and viscous forces within the fluid. The Reynolds number can be calculated through the
following Equation 3.5 (Gerhart et al., 2018):

__pVD
u
The dynamic viscosity of the fluid, denoted by the symbol u, is a key factor in this equation.

Re 3.5

The Reynolds number is a critical factor in determining the nature of fluid flow, categorising it as
turbulent or laminar flow. For Reynolds numbers below 2100, the flow is laminar; for Reynolds
numbers above 4000, the flow is turbulent. The calculation of the friction factor is contingent upon
the Reynolds number. For laminar flows the Equation 3.6 can be employed (Gerhart et al., 2018):
64

f= 2 (3.6)

In this flow regime, the friction factor is independent of the roughness of the pipe. However,

for flows exhibiting a higher Reynolds number, the determination of this factor becomes more
intricate. The Colebrook Equation 3.7 delineates the dependency of the friction factor on the

roughness (€) for this category of Reynolds numbers (Gerhart et al., 2018).

1 e/D 251
= 20108 (37 + W) (3.7)

The issue with this equation is that it necessitates an iterative process due to the implicit de-

pendence of f. However, modern computers and calculators can easily solve it. To enhance its

accessibility, the Haaland Equation 3.8 can be solved for f explicitly, once again invoking the
Reynolds number and the rugosity of the pipe.
1
— =—1.8log

g/D\"'" 6.9
V7 (3.7) " Re

There is, however, another formula that can be used to calculate the friction factor. The

(3.8)

Churchill Equation 3.9 was developed as an explicit formula that estimates the friction factor
across all Reynolds number ranges, laminar and turbulent. It was originally designed to describe
the Moody Chart, which plots the Darcy-Weisbach friction factor against the Reynolds number
(Benavides-Muioz, 2024)

g\ 12 1 12
f=8 <> +—F (3.9
Re (A+B)>
where A can be calculated through the following Equation 3.10:
. 16
A= |2.457In ( —09 )] (3.10)
(ze)  +027(5)

and B through Equation 3.11:
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37530\ '
B:( o > (3.11)

This equation is the one utilised for the automation process due to its explicit formulation and
the capacity to encompass the entirety of Reynolds number ranges.

The effective roughness is represented through the symbol €. It is feasible to obtain a measure
of the roughness of typical pipes, in common materials, and thus to obtain the friction factor.
The relative rugosity is obtained by dividing the value of € by the hydraulic diameter of the duct
(Equation 3.12).

£
Relative Rugosity = Dr (3.12)
h

The duct system for the Hospital Unit was galvanised iron, so the € value used for this project’s

calculations was 1.5 x 10~%, as mentioned in Figure 3.5.

|
Equivalent Roughness, ¢

Pipe Feet Millimeters
Riveted steel 0.003-0.03 0.9-9.0
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-09
Cast iron 0.00085 0.26
Galvanized iron 0.0005 0.15
Commercial steel

or wrought iron 0.00015 0.045
Drawn tubing 0.000005 0.0015
Plastic, glass 0.0 (smooth) 0.0 (smooth)

Figure 3.5: Typical roughness values for new pipes (Gerhart et al., 2018).

In the case of non-circular ducts, like rectangular and oval, the diameter used for the calcu-
lations must be adapted and is referred to by an alternative designation, namely the equivalent
diameter. This diameter is used across all calculations for non-circular ducts. It can be defined
as the equivalent diameter of a non-circular duct to a circular duct, which for rectangular ducts is

calculated through Equation 3.13

(a X b)07625

D,=13-——"—=
©= 7 (a+b)03

(3.13)

where a and b are the width and height of the duct. In the case of an oval duct, this equation is
slightly different (Equation 3.14)

40,625

D,=1,55 (3.14)

p0.25
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where A is the area and P is the perimeter. They can be calculated, respectively, by the following

Equations 3.15 and 3.16, where a is the bigger axis and b is the smaller axis.

T X b?
A=l

+bx (a—D) (3.15)

P=nxb+2(a—b) (3.16)

3.4 Industrial Maintenance

Maintenance, as defined in the standard EN 13306 (da Qualidade, 2021), is described as the com-
bination of all the technical, administrative and managerial actions carried out during a given
element’s life cycle, with the objective being the maintenance and restoration of the conditions
necessary to ensure that it fulfils the required function (Coanda et al., 2020).

Maintenance costs can account for a large proportion of a facility’s expenditure. In the past,
maintenance costs were regarded as a necessary expense with little or no possibility of reduction.
The maintenance strategy used, run-to-failure, involved running the equipment to operate until a
system component failed, causing it to stop working. This method is the most expensive type of
maintenance that can be carried out (Engineering, 2004). This approach is both ineffective and
extremely expensive, as typically breakdown maintenance will cost three to four times more than

the same repair when well planned (Mobley et al., 2008).

3.4.1 Maintenance Types

Nonetheless, maintenance procedures have, nowadays, been recognised as necessary to maintain
the operational performance and ensure production levels. Maintenance policies are diverse and
modelled based on the respective needs of the industry or equipment (da Costa and Cavalcante,
2022). Figure 3.6 represents a schematic representation of the different maintenance types that

can be executed.

Maintenance

Before a detected fault T After a detected fault
| |
Preventive Maintenance Corrective Maintenance
|
| |
Condition Based Predetermined
Maintenance Maintenance

l | |

Scheduled Deferred Immediate

Scheduled, continuous, or
on request

Figure 3.6: Types of maintenance (Coand3 et al., 2020).
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Maintenance can be categorised into two distinct types: preventive and corrective. The former
is implemented before a failure is detected, and the latter is a correction after a failure has been
detected.

As a more cost-effective and proactive option, preventive maintenance focuses on tasks that
contribute to extending the useful life of the equipment, with a good cost-benefit ratio. A compre-
hensive preventive maintenance program will utilise regular evaluation of critical plant equipment,
machinery, and systems to detect potential problems and immediately schedule maintenance tasks
that will prevent degradation in operating condition. This type of maintenance is generally per-
formed during a downtime of the machine (Ostachowicz et al., 2016).

This approach follows a time-based view of maintenance needs and can be represented by a
"Bathtub curve": a graphical model that suggests that a new machine has a higher probability of
failure (due to installation problems) and that this probability decreases over it’s normal life until

it increases again as the equipment wears out (Figure 3.7) (Engineering, 2004).

Number of failures

Break in
or Equipment
estart upste———————— Normal life ————————== worn out —

Time

Figure 3.7: Bathtub curve (Source: Engineering (2004)).

To establish the frequency or interval of a task, it is necessary to ascertain the existence of
applicable operational experience data that can suggest an effective interval for task accomplish-
ment. Information relevant to this data can be obtained from one or more of the following sources
(Mobley et al., 2008):

* Prior knowledge from other similar equipment, which shows that a scheduled maintenance
task has offered substantial evidence of being applicable, effective, and economically worth-

while.

* Manufacturer/supplier test data, which indicates that a scheduled maintenance task will be

applicable and effective for the item being evaluated.

* Reliability data and predictions.
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When establishing the maintenance intervals, it is imperative to give due consideration to
safety and cost factors. It is recommended that scheduled inspections and replacement intervals
coincide whenever possible, and that tasks are grouped to minimise operational impact (Mobley
et al., 2008).

Finally, the concept of predictive maintenance is also relevant in the context of modern main-
tenance policies. Predictive maintenance is a technique to schedule the maintenance tasks of
equipment based on distributed sensors and a knowledge of the normal behaviour of the machine.
The machine is monitored and, using Machine Learning (ML) algorithms or the Digital Twins
concept, the normal behaviour is tracked. There are several advantages to using these methods, as
the systems provide reliable information for the industry (Alvarez Garcia and Salgado, 2022).

A comprehensive predictive maintenance program can and should use a variety of techniques,

including:

* Vibration Monitoring (Chu et al., 2024): Vibration monitoring or analysis is a very com-
monly used technique applicable to either rotating or non-rotating equipment. Machines
produce oscillatory movements during their operation, and this reflects their condition. The
vibrations depend on the machine and the conditions of the operation. When there are
above-normal vibrations, the machine will suffer accelerated wear and premature failure.

These can be tracked as each possesses a different vibration pattern.

e Thermography (Venegas et al., 2022): This is a technique that is employed to measure
temperature from a distance in a variety of applications. The temperature is indicative of
the quantity of heat exchanged. The device utilises the principle of thermometry to measure
the amount of infrared energy being emitted and subsequently converts this to a temperature
reading. A significant proportion of failures result in substantial temperature changes, thus

making this technique a valuable tool for identifying problems at an early stage.

* Tribology (Moleda et al., 2023): A methodical examination of the chemistry of oil may
yield indicators of machine component wear and lubrication quality. A systematic analysis
of oil enables the determination of the state of wear of machine elements and the planning
of preventive actions, such as the replacement of oil or filters. A thorough examination of
properties such as viscosity, contamination, oxidation and solid content is the most effective
method of determining the quality of the lubricating performance. Such an examination is

also capable of detecting leaks, corrosion or abnormal wear.

* Process parameters (Mobley et al., 2008): This technique is predicated on the hypothesis
that machinery that is operating below acceptable efficiency parameters can limit produc-
tivity. Although vibration monitoring and thermography can provide information regarding
the condition of the equipment, neither of these techniques provides data on operating effi-
ciency. Consequently, process parameters monitoring should encompass all machinery and

systems within the plant process that have the potential to impact its production capacity.
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* Visual Inspection (Shukla et al., 2022): This method is one of the most used strategies to
detect faults without using any machines. It can be useful in cases where the other processes

did not detect failures. Defects can include: stains, dirt accumulation, scratches and cracks.

3.4.2 Computerised Maintenance Management Systems

Industrial Maintenance has been recognised as a function with a significant impact on the overall
results of industrial companies. The concept of industrial maintenance has undergone numerous
transformations over time. At present, maintenance can be regarded as a complex management
process that is associated with several organisational processes, including production, quality, the
environment, risk analysis, and safety (Lopes et al., 2016). Planning, scheduling of maintenance
is one of the ways of optimising the use of this resource (Mobley et al., 2008).

Maintenance management can be defined as a set of objectives, strategies, and responsibilities.
Information systems designed to support the maintenance function are referred to as Computerised
Maintenance Management Systems (CMMS) (Lopes et al., 2016).

A CMMS is a software application designed to collate and centralise data relevant to the man-
agement of maintenance operations. The primary function of a CMMS is to facilitate the optimisa-
tion of efforts and the efficient allocation of time resources in the execution of maintenance tasks.
Figure 3.8 illustrates a selection of the primary functions of a CMMS (INFRASPEAK, 2024).

Performance
Work order Stock indicators
management management and reports
Asset Preventive Audits
management maintenance
plans

Figure 3.8: Examples of CMMS functions INFRASPEAK, 2024).

The fundamental principle of a CMMS is based on the concept of a "work order", which can be
defined as a maintenance request. This request can be managed, tracked in real time, and archived
within the software. In conjunction with this function, the system can also generate a report about
the operation.

The CMMS adheres to a very straightforward workflow. The process begins with creating a
maintenance request for a required maintenance task, scheduling it for a specific date and time,
and assigning it to a technician. The task is marked as resolved when the technician has completed
the task and closed it, Figure 3.9.
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MAINTENANCE APPROVAL PLANNING AND MAINTENANCE DATA
REQUEST SCHEDULING WORK RECORDING

EQUIPMENT INDICATORS
HISTORY AND REPORTS
cosT
ACCOUNTING

Figure 3.9: CMMS workflow (INFRASPEAK, 2024).

The utilisation of the CMMS by companies has been demonstrated to engender several advan-
tageous outcomes, including (INFRASPEAK, 2024):

¢ Centralisation of information;

* Facilitation of agile communication;
* Increased productivity;

¢ Reduction of downtime;

¢ Cost control;

* Increase in asset lifespan.

An increasing number of facility managers are opting for platforms that facilitate the integra-
tion and coordination of teams, assets, maintenance, and other functions. However, the systems
available on the market are not perfectly suited to each company’s needs, and as a result, many
companies prefer to develop their software rather than purchase commercial packages (INFRAS-
PEAK, 2024).

3.5 Life Cycle Costs Analysis

LCCA is a method of assessing all the relevant costs of a project, product, or activity over time.
This is a technique of combining both capital and operating costs to determine the net economic
effect of an investment (Kubba, 2010). A LCCA is a valuable tool when comparing project al-
ternatives that fulfil the same performance requirements, but differ concerning initial costs and
operating costs (Khan et al., 2023). This analysis can assist in selecting the alternative that max-
imises net savings (Krus, 2004).

According to ISO (2017), there are only a few categories that should be included in the LCCA.
Figure 3.10 exemplifies the costs that are considered in this analysis. Wider costs and incomes
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should not be considered for this analysis, as they are part of the wider category of Whole Life
Costs (WLCO).

Whole life cost

(WLC)
. Non-construction Life cycle cost
Externalities Income
costs (LCC)
Construction Operation Maintenance End of life

| |
I ] |
I Environmental cost I
| |

- - J

Figure 3.10: The distinction between Whole Life Costs and Life Cycle Costs (ISO, 2017).

The ASHRAE has developed a cost model for the analysis of life cycle costs of HVAC sys-
tems. It is important to note that this particular method of analysis involves the comparison of the
cumulative total of costs relating to design, construction, acquisition, operation and maintenance,
and disposal (Greeff, 2004). The total costs are amortised over the life of the system or the loan
repayment period. After the analytical period, the costs and investments are subject to a discount
and displayed as the total combined life-cycle cost. Table 3.2 presents the main life cycle cost
elements, based on ASHRAE (Krus, 2004).

Table 3.2: Life-Cycle Cost Elements (Krus, 2004).

Pillars of Life Cycle Cost Elements

Operating and Maintenance Cost Utilities

Consumables

Fuel

Waste

Spares

Equipment life
Planned Maintenance
Unplanned Repairs
Labour Costs

Cost of Parts

Maintenance Management

Continued on the next page
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Table 3.2 — Life-Cycle Cost Elements (Krus, 2004) (End).
Pillars of Life Cycle Cost Elements

Design and Construction Cost Engineering

Installation

Training

Acquisition, Renewal, And Disposal Costs Procurement
Administration
Environmental

Demolition

The data required for the evaluation of life cycle cost, as outlined, may be categorised into two
distinct groups: annual costs and one-time costs. The one-time costs category encompasses both
the initial construction costs and the periodic replacement costs incurred throughout the supported
facility’s lifespan. The yearly expenses encompass maintenance and repair costs, operating costs
(i. e. the cost of the energy consumed in the production process), and other miscellaneous ex-
penses. Both of these categories must be thoroughly evaluated. The following Equation 3.17 can

be used to sum all the costs.

LCC=IC+0C (3.17)

where "IC" is the initial cost of the equipment and "OC" is the operating cost. The initial cost of
the equipment can be obtained through suppliers and includes the acquisition price of the machine
and other necessities, such as accessories for the system to be complete. The operating cost can
be calculated as the sum of the "EC" or energy cost and "MC" or maintenance cost, Equation 3.18
(Al-Ghamdi and Al-Gahtan, 2022).

OC=EC+MC (3.18)

The most commonly used LCC methods are the net present value (NPV) and the uniform
annualised cost method. The present value method, used in this dissertation, relies on determining
the present value of future expenses by taking into account the anticipated inflation of present
dollars and discounting that amount by a predicted rate over the period between the anticipated

time of future expenses and the present time, Equation 3.19 (Rahman and Vanier, 2004).

NPV =FV { (3.19)

1
where NPV is the net present value, F'V is the future value of expenses, 7 is the number of years
between the time of analysis and the time of expense, and i is the discount rate. It is also possible
to calculate the NPV, for example, in a year, through the following Equation 3.20, which can be
used to calculate this value. In this equation, i denotes the discount rate over a certain period (e.g.,
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one year), ¢ represents the total cash flow time, R, indicates the cash flow, and N is the total number
of periods being analysed (Altaf et al., 2025).

N R,
NPV = ;) [(1 +i)t] (3.20)

The discount rate is determined by a range of factors. It is usually in the 5-10% range, de-
pending on the application (Lecamwasam et al., 2012). When evaluating potential investment
projects, the discount rate can be obtained by determining the Weighted Average Cost of Capital
(WACQ). It serves as the cost of capital from the investors’ perspective. It allows the company to
understand the minimum return it needs to generate from its operations to meet the expectations
of its capital provider. This factor reflects the firm’s required return in a project (Majka, 2024).

To undertake a LCCA of a designated project, it is imperative first to ascertain the study
duration. This is required to facilitate the subsequent evaluation of the components’ cost during
the specified time interval. The longer the interval, the higher the number of replacements and

maintenance activities executed.

3.6 Analysis of Case Studies

In this section of the dissertation, a detailed examination and comparison of case studies that have
researched the pressure losses in ducts is conducted, Table 3.3. The purpose of this section is to

gather relevant studies and present a full summary of the case studies analysed.

Table 3.3: Pressure Losses Case Studies.

Authors Description and Conclusions
de Carvalho | This study focuses on the pressure losses in ducts with 90° curves, utilis-
(2010) ing simulations in Computational Fluid Mechanics (CFD) to evaluate the be-

haviour of the flow in different Reynolds number regimes. The main purpose
was to evaluate how the loss coefficients vary as a function of the Reynolds
number and the ratio between the curve radius and the duct diameter. Re-
sults showed that for laminar flows with Reynolds numbers lower than 50, the
losses are friction-based, and as this number increases, the flow transitions to

turbulent, and there is the creation of separation zones.

Guimaraes This study analyses the effects of overpressure in ducts and the efficiency of
(2010) scape valves as a solution to mitigate these impacts. The study focuses on
sudden pressure variations in supply water duct systems. Through simulations,

the study demonstrates that air release valves, when correctly dimensioned and

positioned, significantly contribute to reducing pressure losses.

Continued on the next page
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Table 3.3 — Pressure Losses Case Studies (End).

Authors Description and Conclusions
Abushakra et al. | This study consisted of evaluating the pressure drop characteristics of resi-
(2002) dential duct system components. The tests were designed to imitate cases

typically found in residential and light commercial installations. The results
showed that the published references tend to underestimate the effects of com-
pression in flexible ducts, enabling the pressure drop to be 9 times bigger than
estimated. Diffusers can also increase the pressure drop by up to twice in dis-
charge fittings. The study emphasises the importance of the project engineer

being aware of these factors.

Lin et al. (2022)

This study provides a broad view of the methods and techniques used to mea-
sure pressure losses in duct systems. It details different components that con-
tribute to the pressure losses beyond friction. It mentions the existing measur-

ing methods, discussing their respective advantages and disadvantages

Ali and Hamad
(2018)

This study analysed the pressure drops in duct systems, considering different
tube lengths, diameters, connections, elbows, and valves. It was compared the
real pressure drops versus the theoretical ones. The study concluded that the
pressure losses are significantly influenced by the length of the tube, diameter,
connection type, and flow regime. The experimental measures showed a good

concordance with the theoretical ones.




Chapter 4

Pressure Loss Automation

This chapter introduces the pressure drop calculation method and explains the implementation
of an automatic pressure drop tool in Revit. In the context of a complex HVAC system, such
as the one proposed for the hospital unit under consideration, pressure losses assume a particu-
lar significance and must be correctly calculated. This variable is of key importance during the
decision-making phase of the project development, as it is instrumental in determining the most
appropriate equipment for each particular situation.

Given the current development of the Hospital Project in Revit, a software programme that
includes an automatic pressure drop calculation tool would be of significant practical value. It was

designed to be applicable in every situation where pressure losses can be calculated.

4.1 Problem Description

Currently, the firm performs duct dimensioning by calculating pressure losses manually. To facil-
itate and expedite the process, Excel spreadsheets have been developed. Said spreadsheets have
been developed in such a way that they replicate the manual methodology, incorporating all nec-
essary formulas and input parameters. The input parameters that are typically included are the
airflow rate (in m3/h), the geometric shape of the duct (circular, rectangular, or oval), and its corre-
sponding dimensions. It is the contention of this study that, in conjunction with the selected duct
shape and the input data, the Excel sheet performs the calculation of the velocity of the airflow
and subsequently undertakes the computation of pressure loss.

Despite the utilisation of spreadsheets, the process remains challenging due to the inherent
complexity of many HVAC projects. These projects frequently entail the construction of extensive
duct networks, comprising a substantial number of components (e.g., elbows, dampers, transitions)
and substantial total duct lengths. Consequently, manual calculations are time-consuming, labour-
intensive, and susceptible to human error.

To manage this complexity, the engineering team has developed a methodology for estimating
the most critical duct path. This is defined as the segment with the highest cumulative pressure

losses and is determined based on the number and type of pressure-reducing elements present and
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their length. Once identified, the path is analysed manually using the Excel tool to estimate the
total pressure loss. It is standard practice to apply a safety margin of approximately 10% to 15%
to the final result, to account for uncertainties and ensure the reliability of the system.

While this method has proven to be functional, it is still considered rudimentary and inefficient,
especially for large-scale or intricate systems. The utilisation of manual calculations and approxi-
mations can result in the over-dimensioning of ductwork, which has the potential to increase costs
and reduce overall system efficiency.

The proposed objective of this solution is to automate the identification of the critical path
within the duct system and calculate its total pressure loss with precision. The aforementioned
action eliminates the necessity for conservative safety margins, thereby enabling precise and opti-
mised system dimensioning. This will enhance the accuracy of the design and significantly reduce
the time required for calculations. It will also mitigate the risks associated with manual data han-
dling.

As demonstrated in Appendix D, the Excel spreadsheet currently employed to facilitate the

manual calculation process is illustrated.

Analysis of the Identification of
. Study of the manual
Start — current 3| the variables > .
. calculation process
methodology included
A 4

A . Analysis of the automation Implementation

Validation with the Y p . Development
€ results versus the manual (€ trials with real (€
HVAC team . . of a protoytpe
calcualtion method project data
v
Integration of the
£ End

tool

Figure 4.1: Pressure loss automation development process.

4.2 Revit Automation

The methodology of pressure loss calculation is designed to analyse the critical path along the
circuit of the fluid. This approach is particularly relevant in determining the most critical airflow
route, which is often the longest or the one with the most local losses. This, in turn, determines
the system’s total pressure drop, a crucial factor in selecting fans and sizing ducts.

This automation was created as a plug-in, custom programmed in C#. Microsoft developed
this language as a general-purpose, high-level, and object-oriented solution, as part of the .NET

initiative. Programming a plug-in in Revit works through an API that allows other applications to
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interact with the software. This allows for different applications to communicate with each other,
essentially.

The plug-in contains the formulas for the pressure losses mentioned in Chapter 3. The formula
used to calculate the friction factor was the Churchill equation. Another equation could have been
considered, but has the team was used to utilising this equation, it was the one chosen.

When designing a project in Revit, values such as the flow rate and diameter of the duct are
inserted. The details of the project are determined by the mechanical installations team. The
software gathers the properties of the duct system and determines the value for the pressure losses
for each section.

Figure 4.2 presents the menu bar that can be seen when the Revit software is opened. On the
main menu bar, there is a tab that contains all the plug-ins created by the firm. In the mechanical

engineering section, it is possible to find the plug-in with the text "Calcular perdas de carga’.

Analyze  Massing & 5ite Collaborate  View  Manage  Add-Ins | ASL || Modify

L Calcular perdas de carga ' I L Caleular velumes
O Criar tabelas MOT ) L Verificar folhas duplicadas
Criar cabos com CC
is [ Exportar MOT para Excel O Alterar pardmetro de drea
MEC ELE EST

Figure 4.2: Interface of the "ASL" tab in Autodesk Revit, highlighting the "Calculate pressure
drops" tool.

The plug-in is initialised at a location selected by the user. This point marks the location at
which the equipment is to be inserted (the beginning of the air supply), and the total pressure losses
are to be taken into consideration to ensure the appropriate sizing of the equipment. The plug-in
simulates every possible path for the air to run in the ductwork, following the direction that was
determined during the project phase. Then it calculates the pressure loss in each duct section, and
sums the values for all the sections that are part of that respective path.

The ductwork in the Revit project should contain the respective size, such as the diameter,
length, flow rate, and direction of flow, etc. The model considers the losses of the air flowing
through the ducts, as well as the local losses, and determines the highest pressure loss path. The
maximum pressure loss is the critical path, and it is the maximum pressure loss that the chosen
equipment must overcome.

The plug-in under consideration employs a straightforward calculation method, based on the
equations that influence pressure losses in ductwork. The type of element present plays a sig-
nificant role, as an elbow or sharp turn creates more pressure loss than a straight duct of equal
length. Figure 3.4 represents some local loss coefficients for pipe components, and Appendix A is
a comprehensive list of all the ASHRAE coefficients, used as a source for this automation.

The plug-in also generates a text file containing the possible paths and the pressure losses of
each respective one. Appendix B presents an example of a .zxt file that was generated for the fourth

case study is presented.
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Moreover, it is also necessary to consider the pressure loss that a component, such as a diffuser
at the exit of the duct, inflicts on the duct system. For this value, the supplier catalogues have to
be consulted. There is, however, an issue given the large number of types of equipment available
on the market. For this dissertation, only the main types of equipment present in the Hospital Unit

were considered, like:

* Diffusers;

* Grilles;

* Fire dampers;

* Automatic Flow Control Dampers (VAV/VAC systems);

¢ Acoustic Attenuators.

Starting with the diffusers installed, all from the brand Koolair. There is more than one type

of diffuser: circular, rectangular, high-reach, etc.

4.3 Automation Testing

Proceeding onwards to the actual testing of the Revit automation. Illustrated in Figure 4.3 and
Figure 4.4 are the duct systems utilised to conduct an experimental investigation into the efficacy
of the proposed automation system in the next sections of the dissertation. Both of these systems

are from the Hospital Unit project.
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Figure 4.3: Revit project example one of a duct system in Revit.
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Figure 4.4: Revit project example two of a duct system in Revit.

The plug-in was also designed to generate a text file at the end of the calculations, which is
saved in the same environment as the file being used. This text file comprises a comprehensive
description of all potential pathways within the Revit project, with the values for each variable
quantity, including velocity, diameter, flow rate, local losses attributable to components, frictional
pressure drops, and the total losses experienced along each specified pathway. This is useful for
verifying whether the critical path is indeed the one with the highest pressure loss and also to

analyse specific sections of the path, if necessary.

When the calculations are done, the path determined as critical is highlighted, as represented

in Figure 4.5 for the first duct system example, and the text file is generated and available.
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Figure 4.5: Critical path highlighted in blue.
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The formulas utilised are mostly described in detail in Chapter 3. Any expression not yet

addressed will be mentioned in this section.

In Table 4.1, the values employed for certain constants in the pressure loss calculations are pre-
sented. These values were utilised in both the manual and the programmed calculations to ensure
the uniformity of the calculations. The air density under consideration is for an air temperature of

20°C, and the material considered is galvanised iron.

Table 4.1: Values for constants used in the pressure loss calculation.

Constants Value

Air Density (p) [kg/m’] 1.2013
Air Viscosity (1) [Pas] | 1.81 x107>
Rugosity [m] 1.50 x10~*

In the case of a duct system exhibiting distinct characteristics, such as those of the duct mate-
rial, it is necessary to adjust the rugosity to align it with the specific material characteristics. To
develop this thesis, it was considered that the duct systems were composed of galvanised iron.
This is because galvanised iron offers resistance to rust and corrosion, facilitates inspections, and

ensures a long life for the ducts. Itis a very versatile material, with applications in many industries.

To analyse the difference between the values, it is valuable to calculate the error of the Revit

number compared to the manual method, through the application of Equation 4.1.

|Value Calculated Manually - Value Calculated in Revit|
Value Calculated Manually

Error(%) = x 100% (4.1)

Some approximations will be made to simplify the code behind the calculations. This includes,
for example, dynamic loss coefficients, given the numerous variations inherent in each. The values
for these coefficients are from the ASHRAE Fitting Loss Coefficients guide, Appendix A.

To prove the accuracy of the Revit plug-in, it is interesting to compare the values obtained
through it and the values obtained when using the equations in Chapter 3. This comparison will be
obtained by choosing case studies from a system and evaluating their results from both methods.

Figure 4.6 represents a scheme containing the case studies presented in the following sections.
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Figure 4.6: Diagram presenting the case studies used.

In the next sections of the dissertation, these case studies will be evaluated. The first two are
simple sections directly after the respective equipment, and with only friction-related losses. The
third case study possesses equipment-related losses, and the final one tests the tool in a complex

gymnasium duct system.

4.3.1 Case Study 1 - Supply Air Duct Section

This section of the dissertation is dedicated to the first case study that will be analysed. This
section is from the first duct system example, presented previously (Figure 4.3). As illustrated in
Figure 4.7, the duct section highlighted can be analysed using data from Revit, which is presented

in Table 4.2. This data was also utilised to conduct manual pressure loss calculations.

2 g

Figure 4.7: Duct section for the first case study, highlighted in blue.
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The width and height of the ducts are determined when designing, and the program automati-

cally sums the length of the ducts for each section.

Table 4.2: Case Study 1 Data.

Section number 289
Width of the duct [mm] | 1000
Height of the duct [mm] | 450

Length [m] 18.94

Flow rate [m>/h] 8000

Section 289, highlighted in Figure 4.7, possesses several different transitions and elbows that
contribute to the dynamic pressure losses. It contains nine elbows and a 45° transition between
ducts. Each duct elbow was considered to produce a dynamic loss with a coefficient of 0.33 (Figure
4.8). The elbows present were considered to be 90° angles, as a simplification. The 45° transition
between ducts was determined to have a coefficient equal to 0.22 (Figure 4.9). The total dynamic

loss coefficient for this duct is 3.19.

Co=KeCo

Coefficients for 90° Elbows

WD 05 075 10 15 20 25
G 07110331022 015 013 012

Angle Correction Factors Il'q (Idelchik et al. 1986, Diagram 6-1):

0, degrees ] 20 30 45 60 75 20 110 130 150 180
Ky ] 031 0.45 0.60 0.78 0.90 L.o0 113 1.20 1.28 1.40

Figure 4.8: Dynamic loss coefficient for elbows.
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Figure 4.9: Dynamic loss coefficient for a 45° transition.

Table 4.3 presents a comparison for the duct section in Figure 4.7, between the values obtained

from the Revit plug-in and values obtained manually from the equations mentioned previously.
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Table 4.3: Comparison between the Revit values and the manual calculation values for the first
case study.

Variable Revit Value Manual Calcula- | Error (%)
tion Value

Area [m?] 0.41 0.41 0
Hydraulic Diameter [m] 0.72 0.72 0

Velocity [m/s] 5.50 5.47 0.55
Friction Pressure Loss [Pa] 7.96 7.96 0
Dynamic Pressure Loss [Pa] | 54.80 57.96 5.45

Total Pressure Loss [Pa] 62.76 65.92 4.79

As demonstrated in Table 4.3, several Revit values correspond to those derived manually. The
values for the velocity and the hydraulic diameter are equal. A minor discrepancy is observed
between the two velocity values, 5.5 m/s for the Revit value versus 5.47 m/s for the manual value,

corresponding to a 0.55 % error.

The pressure loss resulting from the existing friction is equal for both methods, but the dynamic
pressure losses vary. The Revit-generated value was found to be slightly lower than the manually
obtained value, with an error value of 5.45 %. This error is acceptable as the differences between
the values are negligible. The total pressure loss also presents a 4.79 % error, consistent with the

accumulated differences.

In general, this case study produced very satisfactory values. There are some mathematical
approximations, like the flow rate used for the manual calculations (7800 m>3/h), which can justify
the error when in comparison. Overall, when comparing the manual and the Revit values, the error
percentage produced was small. This indicates that the programme can accurately calculate the

losses like the manual procedure.

4.3.2 Case Study 2 - Supply Air Duct Section

This section of the dissertation is dedicated to the second case study to test the Revit software
model created (Figure 4.10). This section was obtained from the second duct system example
(Figure 4.4).
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Figure 4.10: Duct section for the second case study, highlighted in blue.

As in the previous case, Table 4.4 presents the base information for the calculations of the

pressure losses.

Table 4.4: Case Study 2 Data.

Section number

145

Width of the ductfmm] | 1100

Height of the ductfmm] | 450

Length [m]

27.32

Flow rate [m>/h]

9130

Like the previous section, this one presents elements that contribute to the pressure losses

along the duct. The dynamic loss coefficient for this section is again the sum of the coefficients

for all the curves and elbows present. It totals 2.53 for this section.

Table 4.5 presents the values obtained through the Revit software and the manual calculations.

Table 4.5: Comparison between the Revit values and the manual calculation values for the second

case study.
Variable Revit Value Manual Calcula- | Error (%)
tion Value

Area [m?] 0.44 0.44 0
Hydraulic Diameter [m] 0.75 0.75 0

Velocity [m/s] 5.75 5.73 0.35
Friction Pressure Loss [Pa] 11.85 11.85 0
Dynamic Pressure Loss [Pa] | 53.24 49.89 6.71

Total Pressure Loss [Pa] 65.09 61.77 5.38
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Like the previous case study, the values produced by the two methods are similar. The area
and hydraulic diameter are equal. The velocity possesses a slight difference, 5.75 m/s for the Revit
method versus 5.73 m/s for the manual process. This difference can be justified as the flow rate
used in the manual calculations (9130 m>/h) is an approximation.

The friction pressure loss is also identical, which indicates that both methods consistently used
the Darcy-Weisbach method with similar inputs. The dynamic pressure losses show a slightly
larger discrepancy «, with the manual calculation yielding a 6.71 % lower value. This can result
from differences in the estimation of loss coefficients (K values) and also the differences in the
velocity value. The total pressure loss presents a final value with only a 5.38 % difference, which

is still relatively small and acceptable.

4.3.3 Case Study 3 - Final Section of a Duct Section

This section of the dissertation is dedicated to the third case study. This section is from the first
duct section example (Figure 4.3). It presents a section with an accessory present that has to be

accounted for when calculating the pressure losses (Figure 4.11).

8 @

Figure 4.11: Duct section for the third case study, highlighted in blue.

As this section is circular, it is only important to consider the diameter of the duct for the
calculations, and the hydraulic diameter is no longer relevant. Table 4.6 presents the data used for

the calculations for the third case study.

Table 4.6: Case Study 3 Data.

Section number 86

Diameter [mm] 200
Length [m] 14.64

Flow rate [m3/h] | 230
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In this section, there are some devices present that contribute to the pressure losses. These
will be separated from the dynamic and friction pressure losses. For this section, the accessories
present are fire dampers and airflow control dampers.

However, there are still elbows and tees present in the section. The dynamic loss coefficient
is approximately 1.5 for this section. As in the previous cases, most of the elements present are
elbows, except for a cross.

Table 4.7 presents the manual values obtained versus the Revit automation.

Table 4.7: Comparison between the Revit values and the manual calculation values for the third
case study.

Variable Revit Value Manual Calcula- | Error (%)
tion Value

Area [m?] 0.031 0.031 0

Velocity [m/s] 2.25 2.03 10.84

Friction Pressure Loss [Pa] 5.68 4.62 22.90

Dynamic Pressure Loss [Pa] 4.43 3.72 19.19

Accessories Pressure Loss [Pa] 514 514 0

Total Pressure Loss [Pa] 61.52 59.74 2.98

Firstly, the area is equal for both methods. This was also verified in the previous cases, as the
formula is very direct and is not dependent on other variables. The velocity contains an error of
almost 11 %. This can be justified by the approximations that the Revit automation is doing. The
plug-in was based on the calculus sheets that the HVAC team was using, and, for simplification
purposes, the velocity was always approximated in excess to the nearest quarter (0.25). This
can justify the difference in the velocity value and the larger error obtained. It is also crucial to
emphasise that, given the relatively low velocity value, any discrepancy between the two values is
more significant than for higher values.

The friction pressure losses present an error of about 23 %. Once again, the difference present
in the velocity is exacerbated and increases the error. Furthermore, there can be some approxi-
mations in the friction factor that also contribute negatively. This error can be considered high,
especially when compared with the rest.

The dynamic pressure losses, even though smaller than the friction-related ones, possess a
higher error value as well. This is aligned with the already higher difference present in the velocity
values. Even though the error is not ideal for these calculations, the results are in agreement.

About the accessories pressure losses, it is related to the equipment present in the duct that,
when air flows through, it causes a reduction in the overall energy of the flow. This can be diffusers,
grilles, extraction valves, and more. Their respective induced pressure loss values are present in
the catalogues of the company. In the case of this duct system, the brand used for the equipment
was mostly Koolair.

Figure 4.12 represents a typical extraction valve from Koolair that is present in this duct sys-

tem, and the selection table that is present on the Koolair company’s website for this type of valve.
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Size | Flow rate (m>/h) | AP, (Pa)
45 18
80 60 28
70 43
65 36
100 75 49
90 68
110 27
125 135 38
160 55
120 25
150 145 37
160 50
125 26
160 150 37
170 52
215 31
200 250 45
290 58

Figure 4.12: Technical diagram of the extraction valve (on the left) and the selection table from
Koolair (on the right).

The diameter mentioned in the previous figure is related to their size. For a valve with a
diameter of 125 mm (size 125) and a flow rate of about 90 m>/h, the loss can be estimated at 20
Pa. As there are only values for a flow rate of 110 m3/h for this model, it is necessary to estimate
the pressure loss that it will cause. This was the value inserted in the Revit automation for this
equipment.

The value for the accessories pressure loss is directly calculated from the Koolair website and,
as such, is identical in both processes. In conclusion, the total pressure loss is 61.52 Pa by the
Revit automation and 59.74 Pa by the manual process. This corresponds to only a difference of
2.98 % between the values. The greater error values obtained in the preceding calculations have
been eliminated in the overall value of pressure loss. This indicates that the tool is capable of
calculating total pressure loss with a high degree of accuracy, despite potential discrepancies in

intermediate values.

4.3.4 Case Study 4 - Duct System of a Gymnasium

As a final stage of validation, the plug-in was applied to a complex and realistic ductwork system
from an ongoing project within the company. This is the duct system projected for a gymnasium.
This system encompasses multiple interconnected networks, each operating in coordination with
distinct HVAC subsystems. The specific network selected for analysis is highlighted in Figure
4.13.
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Figure 4.13: Revit model of the duct system for the fourth case study.

This particular configuration includes an ATU, which served as the reference point for sizing
purposes. The network was deliberately chosen due to its intricate topology, featuring numerous
branches, each containing distinct terminal equipment. This level of complexity results in in-
creased cumulative pressure losses across the system, presenting a more challenging scenario than
the previously analysed case studies. Consequently, it serves as an ideal benchmark for demon-
strating the robustness and practical applicability of the plug-in in real-world design environments.

The system under analysis comprises circular diffusers, extraction valves, and constant air
flow dampers. This network presents a particularly compelling case for evaluation due to its
configuration. Based on conventional assumptions typically employed in the determination of the
critical path, such as uniform flow distribution and pressure loss patterns, it would be reasonable,

at first glance, to anticipate a behaviour analogous to that illustrated in Figure 4.14.

Figure 4.14: Estimated critical path, highlighted in blue.

Nonetheless, a more detailed assessment reveals a deviation from this initial expectation.

Specifically, due to the considerably lower airflow velocities observed in the lower section of the
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system, the most significant pressure losses are concentrated at the intermediate level, as depicted
in Figure 4.15. This counterintuitive outcome highlights the importance of rigorous, data-informed

analysis in the design and evaluation of HVAC systems.

Figure 4.15: Actual critical path, highlighted in blue.

This programme allows the user to verify situations like this one and correctly assess the losses
in the system. This particular configuration was deliberately selected to demonstrate such nuances.
The application developed enables users to identify and correctly evaluate cases where intuitive
estimations may lead to inaccurate conclusions. It thereby reinforces the necessity of precise
simulation tools in accurately characterising pressure losses and determining the true critical path
within a distribution network.

Appendix B presents the text file report that is created when the plug-in is run for this specific

duct system.

4.4 Estimating Pressure Loss from Technical Catalogues

As previously stated, the equipment manufactured by Koolair is utilised extensively. Consequen-
tly, the company’s website is frequently consulted to obtain equipment catalogues and information
regarding pressure losses. In order to reduce the time spent with pressure losses in a duct system
even further, the automation created for Revit software also includes a methodology for calculating
the loss induced by a specific piece of equipment.

The current method commences with the identification of the pieces of equipment that are
present on the duct system. The next step involves searching the Koolair website for the specified
equipment. The flow rate of the respective equipment is then utilised to estimate the loss through
a linear interpolation to calculate the appropriate value.

When the plug-in is initialised, the following interface is opened, a sort of form (Figure 4.16).

As it is possible to see, the software gathers all the equipment in the duct system and creates a list
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with each respective flow rate, obtained from the project. This window is specific to the first duct

system (Figure 4.3).

Confirme as perdas de carda dos accessorios *

MNome Tipo Caudal E:g:age
ASL-MEC-AT-DR-KA_DFRO DF-RO-36 552 1.2
ASL-MEC-AT-DR-KA_DFRO DF-RO-36 593 1.2
ASL-MEC-AT-DR-KA_DFRO DF-RO-36 623 126
ASL-MEC-AT-GI-KA_20-DH 200100 100 32
ASL-MEC-AT-GI-KA_20-DH 200100 110 s
ASL-MEC-AT-GIHKA_20-DH 200100 130 54
ASL-MEC-AT-GI-KA_20-DH 300150 150 23
ASL-MEC-AT-GI-KA_20-DH 300150 320 65
ASL-MEC-DA-RCC-KA_RCCK KCRK-100 50 50
ASL-MEC-DA-RCC-KA_RCCK KCRK-100 60 50
ASL-MEC-DA-RCC-KA_RCCK KCRK-125 50 50
ASL-MEC-DA-RCC-KA_RCCK KCRK-125 70 50

| | ASL-MEC-DA-RCC-KA_RCCK KCRK-125 100 50

| | ASL-MEC-DA-RCC-KA_RCCK KCRK-125 110 50

| ASL-MEC-DA-RCC-KA_RCCK KCRK-125 130 50
ASL-MEC-DA-RCC-KA_RCCK KCRK-200 150 50
ASL-MEC-DA-RCC-KA_RCCK KCRK-200 320 50

Cortinuar

Figure 4.16: Confirmation window of the pressure losses induced by each equipment.

This window functions as a confirmation form for the user to verify the flow rates and pressure
losses, or to make any necessary changes to the values presented.

In instances where the flow rate falls outside the range of values specified on the brand’s
website, either at the lower or upper limit, the programme utilises extrapolation to calculate the
relation between them and determines the value. This way, even for values not represented, a
linear relation is extrapolated and used.

This automation has been demonstrated to be a highly efficient use of time, with the pro-
gramme generating the pressure loss automatically for each piece of equipment. This automatic

step saves the user time on calculations.

4.5 Automatic Pressure Loss Calculation on Revit

Within the "Analyse" bar of Revit, an option exists to calculate the pressure losses automatically.
It is hypothesised that, if the tool is functioning properly, it should produce results equal to those of
the automation created during this dissertation. As illustrated in Figure 4.17, the menu is displayed

with the aforementioned bar open, and the option to calculate the pressure losses highlighted.
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Annctate  Analyze  Massing 8 Site Collaborate View  Manage  Add-Ins ASL  Mod
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Figure 4.17: Interface of Autodesk Revit showing the built-in “Duct Pressure Loss Report” tool
under the Analyse tab.

This tool’s purpose is the same as the one proposed, so it will be tested in the same duct system
for easier comparison. The values for density, dynamic viscosity, and roughness are specified in
the properties browser of the software. Revit also uses the Darcy-Weisbach equation to compute
the pressure drop on pipe segments, fittings, and accessories. The friction factor can be calculated
by the Haaland or Colebrook method.

When the calculations are selected, an option box appears to select the systems present to
calculate the pressure losses. Choosing all the systems present and proceeding with the method,
the following window opens (Figure 4.18). This represents the fields that will be present in the
report. It can be tailored to show the necessary fields. When clicking the "Generate" button,
a report is generated and can be saved on the device. Appendix C presents the report that was

produced in the first duct system example (Figure 4.3).

Duct Pressure Loss Report Sett

Report Format: | zdefaults ~
Available Fields: Report Fields (in order):

Flow
Size

& | velocity
Velocity Pressure
Length
Loss Coefficient
Friction

Diameter
Equivalent Diameter
Height

Free Size

Overall Size
Hydraulic Diameter
Reynolds number
Width

tE

Display system informatian
Display the critical path

Display duct or pipe pressure loss by section

Display fitting and accessory pressure loss by section

Open the Pressure Loss Report directly after created

Learn how to generate a pressure loss report Generate Cancel

Figure 4.18: Duct Pressure Loss Report Settings.
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This method could be a possibility for calculating the pressure losses in a duct system. How-
ever, the method presented in Revit does not produce interesting results. The values obtained
manually and through this method are not compatible and present bigger differences than the au-
tomated ones.

The calculation method is, theoretically, the same as that employed in the manual method.
Nevertheless, the simulation does not produce usable values. Each duct in the Revit model pos-
sesses the respective diameter and flow rate attributed. The software then calculates the remaining
parameters, including the Reynolds number, relative roughness, hydraulic diameter (if applicable),
and friction factor.

As it is possible to see by Appendix C, even though the software possesses values to calculate,
the report created does not present any values or indicate the critical path. This tool was then

discarded due to its inability to fulfil its respective function.

4.6 Summary

The chapter under discussion comprehensively explicated the automation developed for Revit and
implemented through a plug-in, and some conclusions were gathered and will be presented.

Initially, the plug-in was analysed using four different case studies. A discrepancy was ob-
served between the values present across these. It was found that, in general, the error remained
within an acceptable range, with some exceptions to this rule that will be discussed in the following
section.

Secondly, the accessories and duct components, such as elbows, were all accounted for in
terms of pressure losses induced. This was achieved by utilising the ASHRAE document for fitting
loss coefficients and from the suppliers’ catalogues for the units, such as fan-coils and diffusers.
The accurate calculation of the equipment’s losses is essential for ensuring the system’s dimen-
sions align closely with actual requirements, thereby preventing unnecessary over-dimensioning
of components.

The geometrical values, including the hydraulic diameter and, consequently, the duct area,
were found to be equivalent in both methods. This confirmed that the automation was correctly
reading the duct geometry. Nevertheless, each quantity has to be evaluated.

Secondly, discrepancies between the manual value and the Revit calculations can be attributed
to certain approximations. Firstly, the velocity calculated through the Revit automation is approxi-
mated to the nearest quarter (0.25). For example, in the third case study, there is an approximation
from 2.03 m/s to 2.25 m/s. This difference creates the bigger error values that can be presented.
Although this is not ideal for those values, this method of approximating the velocity is used as it
facilitates the analysis of the noise produced. This can be determined as one of the main sources
of error in the automation.

Thirdly, the automation is highly practical in terms of its ease of use and seamless integration
into the existing calculation process. The integration of the tool in the Revit software, which is

currently the main one used for projects, is highly beneficial. The user does not need to open a
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second tool to calculate the pressure losses. In addition to enhancing precision, the automation
reduced the time spent calculating and the tool used for that purpose. The integration of pressure
loss analysis into BIM environments is a potential avenue for the automation of this process, to
enable real-time feedback during the design phase and the streamlining of review and approval
cycles.

This automation has been demonstrated to reduce the time taken for calculation and iteration
by the Mechanical Installations team. In the context of a complex duct system, as illustrated
in Case Study 4, the evaluation of the critical path can be accomplished in approximately two
minutes. This time frame encompasses solely the execution of the plug-in and the acquisition of
results. If the team were to undertake the calculation of pressure losses manually, assuming that
they would calculate it for the critical path, the time taken would be approximately one hour. This
represents a 96.7 % reduction in the time spent on the calculations. However, the reduction is even
more pronounced in cases where the critical path is not clear and multiple paths have to be tested.
Considering the hourly cost of an engineer analysing a complex path, the cost savings achieved
are proportional to the time reduction, both amounting to about 96.7 %.

The tool was presented to the Mechanical Installations team, and it is currently being utilised
by the team. The presentation utilised to illustrate the methodology for calculating pressure losses

in a duct system can be found in Appendix E.
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Chapter 5

HVAC Equipment Maintenance Tasks
Automation

This chapter is dedicated to automating the maintenance tasks required by the HVAC equipment

in the hospital unit. This automation was created using the Microsoft Power App software.

Microsoft Power Apps provides applications, services, and connectors as a rapid development
environment for building custom applications. Apps built with the software can run seamlessly in
the browser and on mobile devices. A notable advantage of this software is that it enables users to
build custom apps without extensive coding knowledge. It also allows users to share the created
app with others in the organisation, specifying which users and groups can run it and whether they

can make alterations or not.

Power App provides a blank canvas where users can design the interface that is most conve-
nient for the business model in question. Furthermore, the software facilitates the integration of

data from a diverse range of sources, encompassing Microsoft applications such as Excel.

The automation was designed in Portuguese to facilitate future maintenance team use.

5.1 Problem Definition and Goals

This section of the dissertation is meant to explain the different objectives for this automation, but
also to explain the difficulties encountered when working with preventive maintenance procedures.

Figure 5.1 outlines the phases for the development of the Power App.
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Figure 5.1: Power App development process.

As a first step, it was necessary to identify the tasks that each component required. As it was
mentioned previously, this was executed with the use of maintenance sheets from previous projects
and maintenance schedules recommended by suppliers. Appendix E presents a typical table that
can be found in the suppliers’ manuals.

The subsequent step involved thoroughly analysing and defining the desired layout for the
application. This means deciding what type of features the application requires to perform the
different objectives.

Parallel to this, it was also developed a database of the equipment’s information that was
mentioned before. This database was developed in Excel and served as a central reference point
throughout the project, ensuring consistency and facilitating the organisation, analysis, and even-
tual integration of data into the application.

The following stage was inherently iterative, to develop and program the application. It was
characterised by a trial-and-error approach, as it required continuous refinement and the integration
of new features to enhance functionality. Throughout this process, the design and structure of the
application evolved significantly, paralleling the increasing understanding and familiarity with the
program’s capabilities and potential. This ongoing development ensured that the final layout was
not only functional but also well-adapted to the users’ needs and the application’s objectives.

The interface was then configured for the best user performance.

The design of the user interface was a key aspect of the application’s development, aiming to
ensure an intuitive and user-friendly experience. Special attention was given to clarity, simplicity
so that users could navigate the application with ease and access information quickly. The layout
was structured logically and coherently, with visual elements such as buttons, icons, and labels

designed to be consistent and self-explanatory.
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As the application evolved, the interface was also refined through multiple iterations based
on usability testing and feedback, ensuring that it met both functional requirements and aesthetic
standards.

The application was tested multiple times throughout the development process, and improve-
ments were implemented whenever the initial objectives were not fully achieved or when potential
enhancements were identified. This iterative testing allowed for continuous refinement and adap-
tation, ensuring the application aligned with both functional requirements and user expectations.

Concluding these steps, the application was determined to be ready to be launched.

5.2 Work Standardization

Standardisation is one of the tools that can be applied in the continuous improvement of an organi-
sation. The standardisation strategy is predicated on the development and utilisation of consistent
designs to align project stakeholders, objectives, and scope to capture and optimise schedule,
cost, and value. Standardisation facilitates the replication of designs, procedures, and practices
(Choi et al., 2023). It has been demonstrated that processes that follow this methodology are
more readily controllable and comparable. This facilitates the documentation of best practice, for
instance (Wolfa et al., 2022).

The standards delineate optimal methodologies for the execution of the work. The objective is
to execute the task correctly on the initial attempt, without incurring errors or adverse effects on
humans and the surrounding environment (Mfkvaa et al., 2016). The following observations can

be made concerning the use of the aforementioned devices:

¢ The reduction of variation and error correction;
* Improved safety;

¢ Facilitate communication;

* Visibility problems;

* Assistance in training and education;

* Increasing labour discipline;

* Facilitating the response to challenges;

* Clarification of the working procedures.

The standards precisely describe the necessary steps for the job, i.e., each step sequence (Mik-

vaa et al., 2016). The standard is required to exhibit the following characteristics:

» The text is concise and contains only the instructions that are indispensable for the operator

to process;
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* The simplicity and visual nature of the instructions enables the worker to locate and com-

prehend them with minimal effort;
* Exists potential for rapid alterations to be made to process parameters;
* Clarity, ensuring that every worker has all the relevant activities in the process;

 The ability to supervise the execution of standards and their effect on the process parameters
(Mikvaa et al., 2016).

This standardisation was applied to the maintenance tasks mentioned previously, Chapter 3, to
create maintenance order sheets. These sheets would be available for the maintenance team to use

as a checklist and an organisational method.

5.3 Maintenance of Heating, Ventilation and Air Conditioning Sys-

tems

The operating phase of facilities typically extends longer than other phases, and can account for
up to 80% of the total life cycle cost of a building (Moradabadi et al., 2024). Because of this, the
maintenance of the systems present in a building gains a very big weight on the total cost of that.

The current project (a hospital unit) relies heavily on the HVAC systems installed to ensure
a safe environment. The maintenance of this equipment should correctly reflect its importance
and be directly related to its specific type. For example, a boiler has different maintenance re-
quirements from an ATU (Air Treatment Unit). For each equipment type, a maintenance checklist
and frequency of maintenance must be created. This process can be facilitated by obtaining the
necessary information from suppliers. The recommended maintenance procedures for each type
of HVAC equipment are presented in the following sections, along with a description of the main
characteristics and functions of that respective component.

The procedures are based on maintenance schedules from previous building projects and
from some suppliers’ catalogues, and were compiled during this dissertation’s development. The
maintenance procedures should be registered. It is beneficial to set up maintenance registries of
equipment that has a significant impact on energy and water consumption, to prevent extra costs

(Lecamwasam et al., 2012).

5.3.1 Maintenance Tasks of Air Treatment Units

Air Treatment Units are responsible for important functions within an HVAC system. They contain
several components, such as dehumidifiers, humidifiers and filters, depending on the conditions of
the room. The maintenance tasks can be tailored specifically to the ATU in question. Table 5.1
presents a general list of maintenance tasks that will be considered for ATUs for the maintenance

tool under development.
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Table 5.1: Maintenance tasks for Air Treatment Units.
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Maintenance task Frequency
Check for abnormal noises and vibrations from the pump Monthly
Check for possible water leaks and condensate drainage Monthly
Inspect and adjust transmission belts and pulleys Monthly
Clear air filters and condensate tray with disinfectant Monthly
Purge the heating/cooling oil Monthly
Measure air inlet and outlet temperatures Monthly

Check operation of the entire control system

Every six months

Perform mechanical and electrical tightening

Every six months

General cleaning, lubrication, and corrosion control

Every six months

Measure motor current draw

Every six months

Adjust and align transmission pulleys and check supports

Every six months

Check operation or airflow control dampers Annual
Replace air mats or filters (if necessary) Annual
Clean water filters Annual
Clean cooling and heating coils with water or compressed air jet | Annual

5.3.2 Maintenance Tasks of Boilers

These systems operate under conditions of high temperature and pressure, necessitating strict ad-

herence to safety and maintenance protocols. Regular maintenance is imperative to ensure op-

erational efficiency and safety. Adherence to these procedures is imperative to ensure optimal

efficiency, reduce energy consumption, and mitigate the risk of failure, which can disrupt hospital

operations. Consequently, the establishment of a systematic maintenance programme for boilers

is therefore crucial not only to maximise the longevity of the equipment but also to guarantee the

uninterrupted and secure provision of heating services throughout the facility (Vaillant, 2024).

Table 5.2 presents the maintenance tasks that will be considered for boilers for the maintenance

tool under development.

Table 5.2: Maintenance tasks for boilers.

Maintenance task Frequency
Check burner operation Monthly
Check gas supply pressure Monthly
Check pressure regulator efficiency (gas) Monthly
Check gas valve operation Monthly
Check main combustion components Monthly
Check for abnormal noises or vibrations Monthly

Continued on the next page
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Table 5.2 — Maintenance tasks for boilers (End).

Maintenance task Frequency

Check for leaks in the hydraulic circuit and automatic filling kit | Monthly

Check water flow switch operation Monthly
Check water pressure and adjust if necessary Monthly
Check water inlet and outlet temperatures Monthly

Check operation of automatic devices and control/regulation | Monthly

equipment

Analyse exhaust gases Every six months
Perform tests on control and command instruments Annual

Clean gas filters Annual

Clean the tube bundle Annual

General cleaning inside and outside Annual

Burner tuning Annual

Clean flue pipes and chimney (from the base) Annual

Measure and record data for energy balance to determine boiler | Annual

efficiency

5.3.3 Maintenance Tasks of Circulating Pumps

Consequently, the regular maintenance of circulating pumps is imperative. The implementation of
a preventative maintenance programme has been shown to result in several benefits for facilities,
including a reduction in energy usage, the avoidance of costly repairs, and the extension of the
lifespan of the pumps. This, in turn, ensures the uninterrupted operation of the HVAC system
(Wilo, 2024).

Table 5.3 presents the maintenance tasks that will be considered for circulating pumps for the

maintenance tool under development.

Table 5.3: Maintenance tasks for circulating pumps.

Maintenance task Frequency
Check pump noises and vibrations Monthly
Check mechanical seal and gasket tightness Monthly
Check alignment and fastening of pump chassis Monthly
Check bearing condition Monthly
Check for abnormal overheating Monthly
Check cooling system Monthly
Perform purging Monthly
Alternate pump operation Monthly

Continued on the next page
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Table 5.3 — Maintenance tasks for circulating pumps (End).

Maintenance task Frequency

Record water pressure (inlet/outlet) Monthly

Measure and record motor absorbed current and compare with | Monthly

nominal values

Check lubricant level (where applicable) Every six months
Check for corrosion Every six months
Perform verification tests on pressure and flow switches Every six months
Lubricate bearings Every six months
Perform general cleaning Every six months
Clean water filters Annual

Touch-up or complete paintings (if necessary) Annual

5.3.4 Maintenance Tasks of Chillers

In the event of a failure or inefficiency in chiller performance, the consequences can be signifi-
cant, including thermal discomfort, increased energy consumption, and even operational disrup-
tions. Ensuring the reliability of chillers necessitates regular maintenance. The monitoring of
temperature differentials, flow rates, and vibration levels can facilitate the identification of early
indications of wear or inefficiency. Adherence to a comprehensive preventative maintenance plan
is therefore essential for facilities, as it enhances chiller efficiency, reduces downtime, and extends
the lifespan of the equipment. This, in turn, ensures the optimal performance of the HVAC system
(Mitsubishi, 2024).

Table 5.4 presents the maintenance tasks that will be considered for chillers for the mainte-

nance tool under development.

Table 5.4: Maintenance tasks for chillers.

Maintenance task Frequency
Check for leaks Monthly
Check compressor oil level and pressure Monthly

Check the tightness of refrigeration circuits for traces of oil or | Monthly

freon

Check refrigerant charge Monthly
Check refrigerant humidity Monthly
Check temperatures and pressures Monthly
Check water flow in the evaporator Monthly
Check compressor noise and mounting Monthly
Check operation of crankcase heaters Monthly

Continued on the next page
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Table 5.4 — Maintenance tasks for chillers (End).

Maintenance task Frequency
Check the tightness of piping and joints Monthly

Check operation of condenser fan motors Monthly

Check vibration and tightening of electrical components Monthly

Record inlet/outlet water temperature Monthly

Check operation of electrical and electronic valves Every six months
Perform safety thermostat tests Every six months
Perform LP and HP thermostat tests Every six months
Clean condenser fins Every six months

Perform general cleaning and lubrication, and prevent corrosion | Every six months

Measure compressor absorbed current Every six months
Measure compressor oil acidity Annual
Perform electrical and mechanical retightening Annual
Clean water filters Annual
Test measuring instruments Annual
Touch up painting Annual

Check for equipment label stating: "Contains fluorinated green- | Annual

house gases covered by the Kyoto Protocol". Apply if missing

Check for label showing the quantities (kg and tons of CO;) and | Annual
type of refrigerant gas in the equipment (factory charge + addi-
tions = total). Apply if missing

Check bearing noise of fan motors Annual

5.3.5 Maintenance Tasks of Fan-Coils

Due to their distributed nature and direct contact with indoor air, they are more prone to accumulat-
ing dust, microbial growth, and mechanical wear. Consequently, regular maintenance is imperative
to prevent performance deterioration, reduce noise levels, and avert air quality concerns.

Table 5.5 presents the maintenance tasks that will be considered for fan-coils for the mainte-

nance tool under development.

Table 5.5: Maintenance tasks for fan-coils.

Maintenance Task Frequency

Clean air filters Every three months
Functional tests of the unit and noise verification Every three months
Check for leaks (Motorised Valves/Flow Modulating Valves) Every three months
Check for corrosion (Motorised valves) Every three months

Continued on the next page
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Table 5.5 — Maintenance tasks for fan-coils (End).

Maintenance task Frequency
Check for signs of corrosion Every six months
Check fan noise Every six months
Check and functionally test the actuator (Motorised Valves/Flow | Every six months
Modulation)

Detect leaks in water circuits Every six months
Check thermostat operation Every six months
Check the condition of coils Every six months
Check and clean condensate trays Every six months
Check the condition of the condensate pump Every six months
Check connections to the condensate drainage system Every six months
Check the condition and operation of shut-off valves Every six months
Check and clean water filters Every six months
Clean coils Annual

Check fan blade condition Annual

Replace air filters Every two years
Check the condition of thermal insulation Annual
Lubricate moving parts if necessary Annual

Clean and disinfect the interior of the equipment Annual

Check and tighten electrical connections Annual

5.3.6 Maintenance Tasks of Ventilators

These units typically operate continuously, which renders them particularly susceptible to wear,
contamination, and mechanical fatigue. Accumulated dust, misaligned pulleys, and degraded fil-
ters can lead to reduced efficiency and problematic air quality. The proactive maintenance of
ventilators is of great benefit not only in extending the life of the equipment’s lifespan, but also in

protecting the health of the occupants by ensuring consistent and hygienic airflow (Sodeca, 2024).

Table 5.6: Maintenance tasks for ventilators.

Maintenance task Frequency

Check condition, measure and record pre-filter differential pres- | Monthly

sure

Check pre-filters whenever differential pressure is below clogging | Monthly
threshold

Check for impurities obstructing fresh air inlets or exhaust air | Monthly

outlets

Continued on the next page
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Table 5.6 — Maintenance tasks for ventilators (End).

Maintenance task Frequency

Check fan operation Every three months
Check pulley alignment Every three months
Check for corrosion, contamination, odours, and signs of leaks Every three months
Replace filter if defective Every three months
Clean water deposits or stains Every six months
Clean inside of equipment Every six months
Measure and record electric current Every six months
Check for contamination, deterioration, and corrosion Every six months
Clean fan parts in contact with air Every six months
Check the condition of motor supports and fan blades Every six months
Check condition and tension of belts Every six months

Check contamination of air intake elements, mosquito net or bird | Annual

guard

Check operation and clean variable frequency drive Annual
Clean and retighten the electric motor Annual
Replace belts Annual
Check motor mounting supports Annual
Lubricate dynamic components Annual
Clean unit’s exterior structure Annual
Check fan blade rotation and balance Annual
Replace all filters Annual
Replace filter seals Annual
Check bearing condition and lubricate if needed Annual

5.3.7 Maintenance Tasks of Split Units

Their performance depends heavily on regular maintenance, especially in high-demand environ-
ments like hospitals. Ensuring these units operate reliably helps maintain consistent comfort levels

and reduce the risk of unplanned failures.

Table 5.7: Maintenance tasks for split units.

Maintenance task Frequency

Clean air filters Every three months
Check for fan noises Every three months
Check controller commands Every three months
Check for corrosion Every six months

Continued on the next page
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Table 5.7 — Maintenance tasks for split units (End).

Maintenance task Frequency
Check thermostat operation Every six months
Check coil condition Every six months
Check and clean condensate trays Every six months
Check condensate pump condition Every six months
Check connections to the condensate drainage system Every six months
Clean coils Annual

Check the condition of fan blades Annual

Check thermal insulation condition Annual
Lubricate moving parts, if necessary Annual

Clean and disinfect unit interior Annual

Check and tighten electrical connections Annual

Check for abnormal noises Annual

Record compressor absorbed current Annual

Check for possible freezing points Annual

Replace air filters Every two years

5.4 Power App Automation

The maintenance application developed during this dissertation is meant to function as a CMMS,

specifically tailored to the hospital unit’s maintenance needs (Chapter 3).

The automation desired during its project phase had several objectives. Primarily, the objec-
tive was to establish a comprehensive database encompassing all components utilised within the
hospital environment. The components mentioned in the preceding chapter are the ones being
analysed. The second task was to gather the maintenance routines from suppliers and create a
calendar in the Power App that holds all scheduled tasks. This calendar is designed to serve as an
alert system, displaying tasks that need to be completed along with their due dates. As tasks are

done, employees can check them off a checklist.

The components were organised by category in the Power App, facilitating access to each
component type and its characteristics. These characteristics include supplier, price, model name,
power, fluid flow rates, and other specific parameters relevant to the respective component. The
maintenance team is expected to utilise this information to gain comprehensive knowledge of each

component when the building is operational.

The project was initiated with the identification of the maintenance tasks for each respec-
tive component and their respective frequency. This process entailed establishing communication
with the relevant suppliers and obtaining the maintenance plans for the various equipment items.

Moreover, as previously stated, the firm’s existing maintenance plans were reviewed to facilitate
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a comparison of the recommended tasks and frequencies. It was possible to obtain several im-
portant pieces of information from these contacts. These include the prices and specific technical

specifications of the equipment.

In the course of the application’s development, Excel files were created to support the app and
facilitate the organisation and storage of data. Each equipment category possessed an individual
category for the management of specifications and acquisition prices. A comprehensive directory
has been compiled, collating the maintenance procedures for all equipment in a centralised manner.
This approach has been adopted to facilitate efficiency by bringing together all necessary tasks in

one accessible location, thus eliminating the need for their dispersal across multiple calendars.

The maintenance tasks specified in Chapter 3 were consolidated into a single table within an
Excel file for importation into the Power App software, thereby establishing a database for the
routine programming. The frequency in each respective task was counted in the time unit of days

to create uniformity across the frequencies.

* Monthly - equivalent to 30 days;

* Every three months - equivalent to 90 days;

* Every six months - equivalent to 180 days;

* Annually - equivalent to 365 days;

» Every two years - equivalent to 730 days.

These time frames are respective to each task and start counting from the day that the hos-
pital starts operations. To facilitate the testing process, the maintenance tasks were scheduled to
commence on the 1st of April. The tasks are to be initiated upon the establishment of hospital
operations. The initial date for the beginning of the tasks should be adjusted once the Hospital
Unit possesses a finish date.

After the data was structured in Excel, the development of the application began. The applica-

tion consists of 11 screens, which will be described next.

* Loading screen: the introductory screen serves to welcome the user to the program (Figure
5.2). The design is minimalist and serves only as a loading screen to let the user into the
program. It possesses two input fields for the user to insert their name and email to log in.

After these are inserted, the button can then be pressed to enter the application.
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Figure 5.2: Loading screen of the maintenance management application.

* Home screen: meant to give a thorough overview and assist in quick navigation throughout
the program (Figure 5.3). It is composed of several integral components that allow access

to other important screens.

Firstly, on top of the page is the header presenting the title of the page and also greeting the
user who logged in on the previous screen. This login will then be registered, and a piece of

important information for the maintenance records.

Secondly, on the left side of the screen, there is a menu presenting the main options available
and a small container for warnings. The first item on the menu is a Calendar icon, which,
when pressed, leads to a dedicated screen that shows a calendar of the current month. This
screen enables the visualisation of the whole month and the tasks that are scheduled each
day. It enables the user to create a plan for the whole month. After that, there is an option box
that will lead the user to a screen containing the technical sheets of the respective equipment
type. When selecting the equipment type desired, the corresponding screen is prompted to
open, thereby presenting the specifications pertinent to each equipment in the designated
equipment category. Lastly, there is a button that leads the user to a screen with the pending
tasks and the necessary steps to complete each respective task. This is part of the work

standardisation mentioned earlier and will be explained later in the respective screen section.

The warning section of the screen is meant to serve as a quick visualisation of the assigned
tasks for the current day, the following week, or the following month. This helps the main-
tenance team know of the tasks and plan them without having to open the whole calendar.

By choosing the respective option, the number of pending tasks is shown.

Finally, two containers are presented. Arguably, the most beneficial section of the Home

screen is the planning of these maintenance tasks, which is highly pertinent to the tool.
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The first container presents the subsequent scheduled tasks, accompanied by the respective
equipment category of that task. There is also an option box to filter the scheduled tasks by
equipment category. The software has been configured in such a way that tasks that have
exceeded their designated resolution date are displayed in red. This serves to convey an
increased sense of urgency concerning their completion. The second container presents the
completed tasks. The programme removes the task when it is marked as completed from the
pending tasks, the first container. The completion of tasks is to be documented in the exe-
cution guides screen (Figure 5.7). This subject is addressed in greater detail subsequently.

The second container also shows the user who marked it, as well as the date.

asL  Gestdo de Rotinas de Manutencio Bem-vindo(a), Isabel Azevedo

Menu Principal Préximas Tarefas Programadas Tarefas Concluidas
ﬁ Calendério E‘j Todas as categorias ~ ® | Histérico de tarefas realizadas }
Verificar aquecimentos anormais Verificar ruidos e vibragbes da bomba

D Ficha técnica dos equipamentos

Bombas circuladoras
Data Conclusdo - 21/05/2025

| 01/04/2025 Bombas circuladoras

Verificar sistema de arrefecimento

Utilizador - Isabel Azevedo

‘== Guias de execucio

Verificar estanquidade do empanque e

01/04/2025 Bombas circuladoras juntas
Fazer purga
. Bombas circuladoras
Avisos A
Data Conclusdo - 21/05/2025
Tarefas programadas para hoje: 0 01/04/2025 Bombas circuladoras Utilizador -  Isabel Azevedo
Tarefas programadas em atraso: 174 Fazer alternancia da bomba Verificar alinhamento e aperto do chassis
da bomba
Tarefas programadas nos préximos 0 )
7 dias: 01/04/2025 Bombas circuladoras Bombas circuladoras

Data Conclus&o - 21/05/2025
Fazer registo das pressdes de agua, de entrada/saida

Utilizador - Isabel Azgwasta
v Y

Figure 5.3: Home screen of the maintenance management application.

» Calendar screen: this screen presents a monthly calendar. The programme has been config-

ured to ensure precise synchronisation between weekdays and the corresponding numerical
day of the month, thereby reflecting the actual calendar. As previously indicated, the top
left of the screen contains a return arrow to the Home screen. It is also indicated the cur-
rent month, as the calendar is set to open on the current month. Moreover, two arrows are

present, the function of which is to alternate the display of the month.

As illustrated in Figure 5.4, each table cell represents a weekday that has been correctly
identified. In the case of the current day, this is indicated by the use of a different colour
in the cell. The day of the month on which tasks are allocated is denoted by the colour red
to attract the user’s attention. This screen allows the user to visualise the whole month by

scrolling down.
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Figure 5.4: Calendar screen with May 2025.

Nevertheless, there are instances in which a given day encompasses multiple tasks. In the
presence of more intricate tasks, it becomes challenging to fully observe the comprehensive
list of tasks for that specific day. As illustrated in Figure 5.5, the expansion container is
revealed upon clicking on a day with allocated tasks. The tasks are presented sequentially,
with each task being displayed successively as the user scrolls down the page. Each task is
categorised into its respective category, thereby facilitating efficient navigation and organ-
isation. The container can then be closed when it is no longer necessary, returning to the

previous Calendar screen.

as. Calendario £ MAIO2025 > @

sex 3 sab 4 dom
quinta-feira, 01 maio 2025 X
Verificar ruidos e vibragdes da bomba
Bombas circuladoras
Verificar estanquidade do empanque e juntas
5 seg P or Bombas circuladoras wox 10 wib " dom
Verificar alinhamento e aperto do chassis da
v Bombas circuladoras
12 seg 13 ter 14 qua 15 qui 16 sex 17 séb 18 dom
19 seg | 20 ter ‘ 21 qua ‘ 22 - fui ‘ 23 sex ‘ 24 sab ‘ 25 dom

Figure 5.5: Calendar with task container expanded.
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* Section screens: Upon selection of the equipment category, the application directs the user

to the relevant screen. The configuration of these screens was designed to facilitate the
management of equipment inventory, encompassing a range of specifications, including but

not limited to price, supplier, hospital location, and other pertinent parameters.

Figure 5.6 shows, as an example, the dedicated screen for the inventory of ventilators. As
illustrated on the left side of the screen, there is a list containing all the ventilators that are
to be installed in the hospital unit. The list includes the ventilators’ respective designations,
model, and floor location. The nomenclature employed (e.g, VE -1.1) corresponds to the
designated nomenclature of the project. Upon consideration of the ventilator, the tables on
the right are immediately filled with the ventilator’s specifications as illustrated in Figure
5.6, the ventilator designated as VE-1.1 has been selected for analysis. As is demonstrated
by the tables on the side, the parameters of the equipment can be rapidly visualised, such as

supplier, model, price, location in the building, and more.

In the lower section of the screen, a gallery contains all the maintenance tasks relevant
to ventilators, along with the respective frequency of each task. This database has been
designed to serve as a comprehensive resource for the team, providing a centralised platform

for the management and organisation of tasks by equipment.

Lastly, at the top of the screen, a return arrow forwards the user to the last screen (Figure

5.3), enabling the selection of another equipment category.

ast  Ventiladores @

Seledionar equipamento Componente Fornecedor Modelo Prego (€)
1 Ventiladores Sodeca CJK/EC-500-H/S 25309
VE-11
° CIK/EC-500-H/S 2 ’
Pio- Designagdo Localizagdo Caudal de ar (m3/h) Perda de carga
VE-12 5
e NEOLINEO/EW-250 VE-1.1 Piso -1 4350 250
VE-13
e CIK/EC-400-H/S
VE-14 Tarefas de Manutencio
o CIK/EC-400-H/S
- Verificacdo do estado, medicdo e Limpeza dos pré-filtres sempre Verificar se existem impurezas
VE-15 registo da pressao diferencial dos que o valor da press3o diferencial que obstruam entradas de ar
CIK/EC-250 pré-filtros for inferior ao valor da nevo ou saidas de ar extraido
- colmatagao dos mesmos
VE-16 Mensal Mensal Mensal
e NEOLINEO/EW-200
e Verificar correto funcionamento Verificagdo do alinhamento das Verificar o estado de corrosao,
VE-17 do ventilador polis contaminacao, odores e
o NEOLINEO/EW-200 deterioragdo de 'fugas’
V111 + caixa porta-filtro ¢/M5 Trimestral Trimestral Trimestral

NEOLINEO/EW-250 + caixa porta-filtr.
Susbtituigdo de filtro, caso este se

Limpar depésitos ou manchas de
Paginal > encontre defeituoso 4

4gua

Limpeza interior do equipamento

1-25 de 62 (Selegio: 1)

Figure 5.6: Section screen example for ventilators.

Each equipment category possesses a dedicated screen like the one just presented, with
the inventory, specifications, and dedicated maintenance tasks. These screens occupy the

majority of the program.
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* Guide screen for each maintenance task: Upon selection of the execution guide, the
application refers the user to the following screen (Figure 5.7). This screen’s purpose is
to create the work standardisation mentioned previously for each maintenance task. The

workers who will use this tool later only need to follow the steps presented on this screen.

The screen is divided into three containers. The first one contains the scheduled maintenance
tasks, with the respective category and scheduled date. This can be filtered by category, like
the Home screen.

The following container depends on the selected task, as it changes to show the procedure
list for each task selected. Like Figure 5.7 shows, the chosen task is highlighted in a light
beige to ease the user’s visualisation. As the user follows the procedure, the verification
boxes can be checked, to, at the end, save the maintenance records. If necessary, there
is an input text box in case the user needs to add observations to the task that was just
concluded. By pressing the button at the end of the container, a register is added to the third
container. The pending tasks are automatically updated to exclude a task when it is marked
as done, adding that respective one to the list of concluded. This verification of the task
completed receives a push notification ("Tarefa Concluida com sucesso!") for the user to

visually confirm that the task got correctly marked as done correctly.

The third container presents the maintenance records created by the previous container’s
button, respectively specifying the task done, the category, the registry date, and the respec-
tive user. If the observation field is filled, it will also appear. Lastly, the third container also
presents a button to send a report of the monthly tasks accomplished. This report is sent to
the email that is currently logged in to the application, and presents a list of the tasks exe-
cuted with the same information as presented in the third container. Like the task completion
process, when the user clicks the button to send the email, a notification is presented on the
screen to inform the user ("Email enviado com sucesso!"). Appendix G presents the format
in which the user receives the report in the inserted email. All the tasks in this example were

marked as done to represent a typical use of the application.

As mentioned previously, the tasks present in the Home screen (Figure 5.3) are automat-
ically updated by this screen. This contributes to uniformity, ensuring there are no tasks

marked as completed without following the proper procedure.
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Figure 5.7: Guide for maintenance tasks procedure screen.

5.5 Summary

This section of the chapter presents the conclusions that can be drawn from the tool. The primary
objective of the system’s design was to serve as a management instrument for the execution of
maintenance operations within the framework of the Hospital Unit project.

As per the initial design, the tool was to encompass three core functions: a database for the
equipment installed, a planner for the necessary maintenance tasks, and a tracking system for
operations realised.

The development of this Power App application has been demonstrated to be an effective
solution for the organisation and automation of preventive maintenance tasks. As the process
unfolded, it became evident that the integration of a well-structured database with a user-friendly
interface significantly enhanced the efficiency of maintenance planning and execution.

The application’s primary accomplishment was the consolidation of equipment-related data,
thereby facilitating expedited access to maintenance requirements and mitigating the risk of errors.
The interface, conceived with simplicity and usability as guiding principles, enabled intuitive in-
teraction with the system. This was further refined through iterative enhancements derived from
user testing and feedback.

Furthermore, the adaptability of the platform enabled the integration of novel functionalities as
the project progressed, demonstrating its capacity to evolve in response to real-world requirements
and limitations. The iterative nature of the development process ensured that the final version of
the application was not only aligned with the original objectives but also capable of evolving with
future requirements.

However, despite the progress achieved throughout the development process, it is important to

highlight that the application could not be tested in a real operational context with the maintenance
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team that is expected to use it. This is a consequence of the fact that, at the time of development,
the designated maintenance team had not yet been established. Consequently, despite the thor-
ough testing of the application in a controlled environment, its performance under actual working
conditions remains to be validated once the team is in place.

In conclusion, the application successfully addressed the challenges associated with preventive
maintenance by offering a digital and automated solution that is both practical and scalable. This
development signifies a substantial basis for subsequent enhancements, including the incorpora-
tion of notifications, analytics, and potentially predictive maintenance tools through the expanded

utilisation of Power Platform functionalities.
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Chapter 6

Life Cycle Costs Analysis

This chapter of the dissertation is dedicated to the last automation tool developed: the Life Cycle
Cost Analysis. This tool was created using the Power Bl software, which is part of the same system
as Power Apps. Power BI connects data sources and helps develop reports and dashboards. It

enables users to transform data and combine it into a data model, allowing them to create visuals.

This tool’s primary objective is to enable users to easily create a life cycle cost analysis for

various types of equipment.

6.1 Life Cycle Costs Analysis Tool Development

As previously stated in Chapter 3, the life cycle cost of an asset can be defined as the total cost
in present value or annual value. This encompasses the preliminary expenses, maintenance costs,
repair costs, and renewal costs (MR&R) throughout the service life or a designated life cycle
(Rahman and Vanier, 2004).

The development of this tool consisted of several stages. The first step was to create a metho-
dology to evaluate the Life Cycle Costs of a specific piece of equipment, for example. Following
that, it was necessary to identify all the costs correlated with that equipment’s life cycle. These
costs were collected from suppliers. The tool was developed with the use of the software Power
BI and used to calculate the results, such as the Net Present Value. After the calculations are done,
it is only necessary to analyse the values and compare the results, qualitatively. Figure 6.1 is a

scheme explaining this process.

7
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Figure 6.1: LCCA tool development process.

As stated in Chapter 5, the costs of the equipment selected for the hospital unit had already
been obtained from the relevant supplier. However, further research is required to ascertain the
costs associated with item substitution and labour. This information was also obtained from the
suppliers.

The objective of the tool is to enable the user to modify the data underlying the calculations
and adapt it to their specific case. The calculations thus generated can be adapted to suit any given
piece of equipment. The model was created in Power BI, yet it is connected to an Excel file. It
should be noted that the values contained in this file are directly connected to the model and can
be updated to align with the particular case in question.

The model possesses several inputs and outputs to calculate the costs accurately. The inputs

of the tool are:

* Analysis period (in years);

* Acquisition costs;

* Energy consumption costs;

» Useful life (in years);

¢ Maintenance material costs;

* Labour costs and estimated necessary time;

¢ Discount rate.

The outputs are calculated through the respective formulas mentioned in Chapter 3 and they

are:
* Acquisition costs;
¢ Annual maintenance costs;

* Accumulated costs after a certain period.
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The acquisition costs are considered at year zero of the Hospital Unit and every time the useful
life of the equipment is exceeded.

The annual maintenance costs considered in this study encompass both labour and materials
costs, which were obtained by contacting the supplier of the equipment. It is acknowledged that
the values under consideration are subject to a certain degree of approximation. The suppliers
provided values for the material kits used when replacing a component, and also an estimation of
the time and cost for the team. These values are estimations of the real costs, as they are very
variable and depend on market fluctuations and the maintenance team.

The accumulated costs refer to the sum of the costs incurred from the beginning of the analysis

up to the year that is being analysed.

6.2 Case Study for the Life Cycle Costs Analysis Tool

In consideration of the temporal constraints imposed on the development of the present tool, it be-
came essential to select the equipment that would be the focus of our analytical examination. The
equipment selected for the evaluation process was the boilers in operation, due to several factors.
The building is equipped with three boilers, the cost of which is a significant proportion of the total
investment due to the high initial cost of the equipment. The equipment under consideration will
serve as the test for the LCCA tool developed, but the objective is for it to be possible to change
the equipment, just by changing the acquisition prices and life cycle.

The project’s chosen boiler model is from the brand Vaillant and is the ecoCRAFT exclusiv
VKK 2406/3-E HL RI. The following Table 6.1 represents some technical characteristics of the

respective model.

Table 6.1: Technical data for this model of boiler.

Model ecoCRAFT exclusiv VKK 2406/3-E HL R1
Heat output, average temp. 80°/60°C (kW) 47 -236.2
Heat output, del./ret. temp. 60°/40°C (kW) 48.2-241.2
Nominal heat power (kW) 240
Electric power absorbed (W) 320
Stand-by power absorbed (W) 8

This is the boiler that will be analysed with the tool developed and compared with an alterna-

tive option in the following section.

Acquisition Costs

The supplier was consulted, and the acquisition cost of the new equipment was obtained. As
illustrated in Figure 6.2, an extract from the budget that was received and that will be considered

is presented.
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RESUMO
I |Caldeiras Gas Natural 53 988,00 €|

Il |Acessorios 1188200 €

TOTAL 65 970,00 €

Figure 6.2: Boiler and necessary accessories price from supplier Vaillant.

Figure 6.3 represents the Excel table in the Excel file that is used to insert the initial data of the
equipment, like the acquisition prices and the useful life of a boiler. As mentioned in Khan et al.
(2023), the useful life of a boiler can be considered of about 15 years. The acquisition cost was

then programmed to be considered at 15-year intervals.

Precos de aquisicio | Vida util {anos)
Dados de entrada 655970,00 € 15

Figure 6.3: Excel table for the initial data of the equipment.

Annual Maintenance Costs

As previously mentioned, the tool is connected to an Excel file that can be updated to include
further maintenance costs. These are incorporated within the calculations of the tool for this

category of annual costs. Figure 6.4 represents the Excel table that includes these costs.

Custos de manutencdo
Periodicidade|  Vezes porano | Custo material | Custo por hora| Horas de operagédo Custo da tarefa
Bianual 2 61,00 € 50,00 € 4,00 522,00
Anual 1 62,00 € 75,00 € 2,00 212,00
734,00 €

Figure 6.4: Excel table for the material and labour costs for the maintenance tasks.

The tool developed in Power BI gathers the data from this table and calculates the task cost
with the following Equation 6.1. This method considers the material costs, the labour costs and

the number of times per year the task is performed.

Total Cost = (Material Costs + Hourly Costs x Hours of Operation) x Times per Year (6.1)

This was the calculation process to determine the annual maintenance cost of each task. In the

years without acquisition costs, the only cost that will be considered is this one.
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Operation Costs

The costs under discussion are those associated with operating the equipment. Given that the
subject of analysis is a boiler, the operation costs taken into consideration are those of electrical
power and fuel consumption (Khan et al., 2023). The boiler under scrutiny is utilising natural gas
as fuel, with a flow rate of 25.4 m?/h. The electrical power consumed is 320 W (Appendix H).
Through conversion, the associated costs of energy consumption can be determined.

Starting with the fuel consumption, the flow rate should be converted to MWh, as this is the
standard unit in which fuel consumption price is typically presented. Equation 6.2 presents the

conversion that can be applied to determine the energy consumed by the boiler.

Q(m3 /h) x LHV (MJ /m?)
3600

E is used to denote the energy consumed, in MWh, Q is the flow rate of the gas consumed, in

E(MWh) = 6.2)

m3/h, and LHV represents the Lower Heating Value for natural gas. This represents the amount
of heat that is released when a fuel is combusted, excluding the latent heat of vaporisation of any
water produced, in MJ/m? (Boyce, 2012).

In hospital units, equipment such as boilers is required to operate continuously. Notwithstand-
ing the existence of circumstances in which the boiler is not required to operate and generate heat,
the building nevertheless has a constant heat requirement (Rivera et al., 2024). The calculations
will be conducted for the scenario in which the system operates on a 24-hour basis, accounting for
the worst-case scenario.

For a flow rate of 25.4 m3/h, a LHV of 35 MJ/m?, and the boiler with a continuous consumption
as mentioned previously, the energy consumed is approximately 2164 MWh. This is the annual
energy consumption for the boiler of natural gas.

As of June 2025, the average natural gas price, according to the Spanish supplier of energy
REN, is 35.17 €/ MWh. However, the market fluctuates, and the prices undergo alterations, and,
as the energy calculated is relative to the yearly consumption, an average of the monthly prices
can be used. As such, the price used is 41 €/MWh as the yearly average (REN, 2024). The total
cost of natural gas consumption is approximately 88,724 € per year.

For the consumption of electricity, the same process is used. The boiler absorbs 320 W from
the grid to produce heat. Following the same consumption pattern as before, 24 hours of continu-

ous operation, the total energy per year can be calculated. Equation 6.3 shows this calculation.

0.32 kW x 24 hours x 365 days = 2803.2 kWh/year (6.3)

This is 2.803 MWh of energy consumed yearly. As previously mentioned, the supplier REN
possesses yearly values for the electricity prices being practised, 61.11 €/MWh. The yearly cost
is about 171.3 €.

In conclusion, every year the building has to support a cost of about 88,895.3 € to be able

to run the boiler continuously. Although this is the worst-case scenario, the analysis of the Life
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Cycle Costs will be performed with these values.

Accumulated Costs

The comparison between the equipment can be made after a determined number of years. The
total accumulated costs can be calculated by adding together the costs mentioned above, as well as
the costs of acquisition, maintenance, and operation for each year until the limit is reached. This
cost is a particularly salient one when comparing two options for the equipment, as the long-term
costs of a model can be lower than others, even with higher initial costs.

The tool allows the user to estimate the total costs for years and compare the two options
accordingly. This cost is represented in the tool as a bar graph to illustrate its evolution over time
(Figure 6.5).

Custos Acumulados Totais por Intervalo de Anos B2
4000 K

3000 K

2000K
N IIIIII|I|‘|
0k -IIIIIIIII
0

Inter\raLo de Anos

Custos Acumulados Totais

Figure 6.5: Accumulated costs graph for the ecoCRAFT exclusiv VKK 2406/3-E model.

Appendix I presents the LCCA tool developed in Power BI. The user is required to update the

acquisition, maintenance and energy costs for the equipment they are evaluating.

6.3 Summary

In summary, this instrument is designed to estimate the costs incurred throughout the life cycle of
a given piece of equipment. It incorporates acquisition, maintenance, and energy costs, offering
a comprehensive overview of the total expenses associated with the equipment. Users can adjust
input values to match the specific conditions of their case study and assess the resulting cost
distribution accordingly.

Firstly, the platform includes acquisition costs, treating them as time-dependent. Based on the
defined life cycle, the model assumes that the equipment will be replaced at the end of each cycle,

and these replacement costs are added to the annual expenditure.
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Secondly, the tool factors in energy consumption costs. Since energy prices are subject to
market fluctuations, the updating feature allows users to simulate the impact of these variations on
the total cost over time.

Thirdly, labour and equipment replacement costs are also considered. These depend on the
specific characteristics of the maintenance team and materials used, and may vary significantly
over the years.

Ultimately, the tool enables users to forecast total costs annually or across the entire opera-
tional lifespan of the equipment, supporting more informed and cost-effective decision-making. It
contributes to reducing the costs and the time spent on the decision-making process. Moreover, it
highlights the impact cost variations—such as increasing long-term maintenance expenses—can

have on overall financial planning.
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Chapter 7

Conclusion

The present work is focused on automating tools for the implementation of HVAC systems in
Hospital Units. These systems constitute an integral part of the good functioning of these health
units, and, as such, possess complex characteristics that make them challenging for engineers. The
objectives of this dissertation are to facilitate the implementation of such systems, specifically in
Hospitals. This addresses not only the technical difficulties encountered when designing a system
like the one for the Hospital Unit mentioned, but also the economic and operational challenges
present.

The development and evaluation of three integrated solutions was driven by three overarching
objectives: the creation of a Power Apps-based application for maintenance planning, the devel-
opment of a Revit plug-in to automate pressure loss calculation, and the conception of a life cycle
cost analysis tool. Each solution meticulously addressed specific challenges within the mainte-
nance, design, and cost management domains.

The Power Apps application was designed to serve as a digital management tool for preventive
maintenance activities in the context of a hospital infrastructure project. Through the integration
of a structured database, a task scheduler, and an operation tracker, the system significantly en-
hanced the organisation and automation of maintenance routines. Its usability and adaptability
allowed iterative refinements based on user feedback, and although full validation under real op-
erational conditions was not yet possible due to the absence of the designated maintenance team,
the foundation for future implementation was solidly established.

The second contribution involved the development of a Revit plug-in that automates the calcu-
lation of pressure losses in HVAC duct systems. The tool was subjected to rigorous testing using
a series of case studies, which demonstrated its remarkable precision in calculating losses, with
minor deviations primarily attributable to the rounding methods employed for velocity calcula-
tions. Most notably, the automation led to a dramatic reduction in calculation time — up to 96.7 %
in complex scenarios — while seamlessly integrating into existing BIM workflows. This serves to
illustrate the potential of incorporating analytical tools directly into design environments, thereby

facilitating faster and more informed decision-making.

The final section of the dissertation centred on the development of an LCCA instrument to
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estimate the long-term costs associated with equipment ownership. The tool evaluated acquisition,
energy, and maintenance costs over time, and enabled users to customise input parameters for case-
specific analysis. It further demonstrated the impact that cost variations, such as rising energy
prices or long-term maintenance needs, can have on overall financial planning, supporting more
sustainable and economically sound choices throughout the project’s lifecycle.

Notwithstanding the distinct nature of the tools developed, they share a common objective:
to improve accuracy, reduce manual workload, and enhance strategic decision-making through
the use of digital technologies. The collective effect of these solutions represents a progression
towards a more integrated and intelligent approach to facility management and building design,
aligning with industry trends such as Building Information Modelling, predictive maintenance,
and cost transparency.

Future research could concentrate on extending the functionality of these tools. To illustrate
this point, the Power Apps application could be integrated with real-time notifications, analytics,
and predictive maintenance features through Power BI and Al capabilities.

The Revit plug-in has the potential to evolve to support a greater number of complex sys-
tem types and dynamic simulations. Different friction factor equations could have been tested to
analyse the error that each produced in the calculations. Another development could include the
interpolation process to determine more precise dynamic pressure losses.

Concurrently, the Life Cycle Costs Analysis tool stands to benefit from more profound inte-
gration with building data sources, thereby facilitating automated input collection and supporting
scenario forecasting.

In conclusion, this dissertation successfully delivered practical and scalable digital tools that
contribute to solving real-world engineering challenges. Furthermore, it established the founda-
tions for subsequent advancements and integration of sophisticated technologies in the realm of
building lifecycle management, thereby providing a robust foundation for engineering practices

that are characterised by intelligence, efficiency, and sustainability.
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Online Supplemental Material Accompanying
Principles of Heating, Ventilating, and Air Conditioning, Ninth Edition

FITTING LOSS COEFFICIENTS

This material provides coefficients for various fittings and loss-inducing components of a duct system.
Covering both rectangular and circular ducting, this material references many sources and provides the
most commonly used items in each category. The categories of fittings in this material are linked here for
ease of navigation:

* Entries

* Exits

Elbows

Transitions

Junctions (Tees, Wyes, Crosses)
Obstructions

+ Fan-System Connections

Note that for actual projects, use of the ASHRAE Duct Fitting Database (DFDB) is recommended. The
DFDB includes more than 220 round, rectangular, and flat oval fittings. It is available in clectronic form
and has the capability to be linked to duct design programs.

1 ENTRIES

1-1 Duct Mounted in Wall (Hood, Ni losing, Flanged, and U
(Idelchik et al. 1986, Diagram 3-1)

General. If entry has a screen, use Fitting 6-7 to calculate screen resistance.
Rectangular: D = 2HW/(H + W)
‘3 c,
LD
D 0 0002 001 005 02 05 =10
X0 050 057 068 080 092 10 10

*W‘{ L 0.02 050 051 052 055 066 072 072
20.05 0.50 050 050 050 050 050 0.50

—x—]

1-2  Smooth Converging Bellmouth Without End Wall (Idelchik et al. 1986, Diagram 34)

r
AD 0 001 002 003 004 005
C, 10 08 074 061 051 040
V. riD 0.06 0.08 0.10 0.12 0.16 20.20
o
— C, 032 020 015 010 006 003
AD
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1-3  Smooth Converging Bellmouth with End Wall (Idelchik et al. 1986, Diagram 3-4)

1-5 Conical Converging Bellmouth with End Wall, Round and Rectangular
(Idelchik et al. 1986, Diagram 3-7)

bl L, |

-
Rectangular: D = 2HW/(H + W)
S
6, degrees
LID 0 10 20 30 45 60 90 120 150 180

0.025  0.50 0.47 0.45 0.43 0.41 0.40 0.42 0.44 0.46 0.50
0.05 0.50 0.45 0.41 0.36 0.32 0.30 0.34 0.39 0.44 0.50
0.075  0.50 0.42 0.35 0.30 0.25 0.23 0.28 0.35 0.43 0.50
0.10 0.50 0.39 0.32 0.25 0.21 0.18 0.25 0.33 0.41 0.50
015 050 037 027 020 016 0I5 023 031 040 050
0.60 0.50 0.27 0.18 0.13 0.11 0.12 0.20 0.30 0.40 0.50

1-6 Intake Hood (Idelchik et al. 1986, Diagram 3-18)

hm:_p_, “
0.30 L

o,
1 degrees 0.1 02 03 04 05 06 08 1.0 40

0 263 183 153 139 131 119 1.08 106 1.0
9 o 15 132 077 060 048 041 030 028 025 025
0

©2021 ASHRAE (www.ashr:
in either print or

rg). For personal use only. Additional reproduction, distribution, or transmission
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Parabolic Velocity Distribution

Idelchik et al. (1986), Diagram 11-1.

rD 0 0.01 0.02 0.03 0.04 0.05
C, 050 044 037 031 026 022
rD 0.06 0.08 0.10 0.12 0.16 2020
C, 0.20 0.15 0.12 0.09 0.06 0.03
r
1-4 Conical Converging Bellmouth Without End Wall, Round and Rectangular
N\
‘ ¢ v,
H 0> | —>
—L & -
L [,
-
Rectangular: D = 2HW/(H + W)
S
6, degrees
LD 0 10 20 30 45 60 90 120 150 180
0.025 1.0 096 093 09 085 080 072 064 057 050
0.05 Lo 093 086 080 073 067 060 056 052 050
0.10 1o 0.80 067 055 046 041 041 043 046 050
0.25 1.0 0.68 045 030 021 017 021 028 038 050
060 1.0 046 027 018 014 013 019 027 037 050
1.0 1.0 032 020 014 0.1 0.10 016 024 035 050
©2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission
in cither print or digital form is not permitted without ASHRAE's prior written permission.
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1-7 Hood, Tapered, Flanged or Unflanged (Brandt and Steffy 1946)
Hood Shape: Round
0,
degrees 0 20 40 60 80 100 120 140 160 180
C, 10 0.11 0.06 0.09 0.14 0.18 027 032 043 0.50
Hood Shape: Square or Rectangular
A=24, 0,
degrees 0 20 40 60 80 100 120 140 160 180
0 is major angle for rectangular hoods
C, 1.0 019 013 0.16 021 027 033 043 053 0.62
1-8 Orifice, Sharp-Edged, Inlet Duct (Idelchik et al. 1986; Diagrams 3-12, 3-14, and 4-19)
4
N
0, — e
1 Ao
1
1Dy < 0.015
Re=D,V,/v
A, orifice area
G
AorlA,y
Rex 102 02 0.3 0.4 05 0.6 0.7 0.8 0.9
4 45 18 79 39 23 13 0.83 051
10 49 20 9.2 4.4 27 L5 0.96  0.59
20 50 21 93 49 29 16 L1 065
100 55 23 11.0 5.6 33 19 12 0.75
2 EXITS
General. If exit has a screen, use Fitting 6-7 to calculate screen resistance.
2-1 Exit, Abrupt, Round and Rectangular (Idelchik et al. 1986, Diagram 11-1)
Uniform Velocity Distribution
=10
Ve
—_—
2 ial, Sinusoidal ical, and

€, varies from 1.0 to 3.67. For details, consult
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2-2  Exit, Abrupt, Round and Rectangular, with End (Idelchik et al. 1986, Diagrams 5-2 and 5-4)

R C,=0.88
N o

N

N

Y

2-3  Exit, Duct Flush with Wall, Flow along Wall (Idelchik et al. 1986, Diagram 11-2)

v
N Al i
F——
8
A SECTION A-A
Round Rectangular
C c,
an Aspect
o, Ratio 6,
degrees 0 05 10 15 20 (HIW) degrees 0 05 10 15 20
“s 0 100 Ll 13 L6 02 <90 10 095 12 15 18
60 10 090 L1 14 16 120 10 L1 Ll 14 19
9 10 080 095 14 17 150 10 095 095 14 18
120 10 080 095 13 17 0520 <45 10 10 L1 13 16
150 10 082 08 10 13 60 10 09 LI 14 16
9 10 080 095 14 17
120 10 080 095 13 17
150 1.0 082 08 10 13
=5 45 10 092 093 L1 13
60 10 087 087 10 13
9 10 082 080 097 12
120 1.0 080 076 090 098
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2-6 Exit, Rectangular, Two Sides Parallel, Diverging, Symmetrical (Idelchik et al. 1986, Diagram 11-6)

Ay
o
—_— 8
= e
o
LW—‘
0.5 < HIW <2.0
Cll
0, degrees
A4, 8 10 14 20 30 45 260
2 050 051 056 063 080 096 10
4 034 038 048 06 076 091 10
6 032 034 041 05 070 084 09

2-7 Exit, Rectangular, with Wall, Two Sides Parallel, Symmetrical, Diverging
(Idelchik et al. 1986, Diagram 5-10)

[
0 = optimum angle

LIH 05 1.0 20 30 40 50 6.0 8.0 10 12 14
0, degrees 50 35 25 21 18 16 15 13 12 11 10
053 044 035 031 028 025 024 022 020 019 0.19

c
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2-4 Exit, Round, Diverging (Idelchik et al. 1986, Diagram 11-3)

A
Vo
6
Ao
o
Cll
6, degrees

A4, 8 10 14 20 30 45 260

2 03 033 037 051 090 1.0 1.0

4024 021 028 040 070 099 1.0

6 0.20 0.19 0.26 0.37 0.67 0.99 1.0
10 0.18 0.16 0.24 0.36 0.68 0.99 1.0
16 0.16 0.16 0.20 0.36 0.66 0.99 1.0

2-5 Exit, Round, with End Wall Transition (Idelchik et al. 1986, Diagram 5-8)

0_1 L

6 = optimum angle

LID 0.5 10 2.0 3.0 4.0 5.0 6.0 8.0 10 12 14
0, degrees 34 24 16 13 11 10 9 8 7 6 6
C, 041 032 024 020 017 015 014 012 011 011 0.10
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2-8 Exit, Rectangular, Pyramidal, Diverging (Idelchik et al. 1986, Diagram 11-5)

92 10 045 053 064 0.74 085 097

<,
6, degrees
Ayd, 8 10 14 20 30 45 260
ccevaTon 2 065 068 0.74 082 092 L1 LI
4053 060 069 078 090 1.0 LI
A 6 050 057 0.66 077 091 10 LI

0 is larger of 0, and 0,
ean X

2-9 Exit, Rectangular, with Wall, Pyramidal, Diverging (Idelchik et al. 1986, Diagram 5-9)

A}

-
©

SIDE VIEW k—w—R

L | FRONT VIEW

D=2HWIH+ W)
6 = optimum angle
LID 05 1.0 20 30 40 50 60 80 10 12 14
0, degrees 26 19 13 11 9 8 7 6 6 5 5
C, 049 040 030 026 023 021 019 017 0.16 0.15 0.14
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2-10 Exit, Discharge to Atmosphere from a 90° Elbow, Rectangular and Round
(Note: Elbow Loss Included) (Idelchik et al. 1986, Diagram 11-14)

— WorD
- —— -
[
+
! N DISCHARGE TO
| ATMOSPHERE
ut
\
Vo
Rectangular Round (/D = 1.0)
c, LD 09 13
Lw c, 15 14

W 0 0.5 1.0 15 20 30 40 60 80 120
0 3.0 31 32 3.0 27 24 22 21 21 2.0
075 22 22 2.1 1.8 1.7 1.6 1.6 1.5 1.5 15
L0 18 15 14 14 13 13 12 12 12 12
1.5 1.5 12 11 11 1.1 1.1 1.1 1.1 11 11
25 1.2 1.1 L1 10 1.0 1.0 1.0 1.0 1.0 10

2-11 Exhaust Hood (Idelchik et al. 1986, Diagram 11-16)
[‘72“ LD 01 02 025 03 035 04 05
0.30 c, 2.6 12 10 080 070 065 0.60
0

15°.

Vo

Poor Design—Should Not Be Used

Online Supplemental Material Accompanying Principles of HVAC, 9th Edition: Fitting Loss Coefficients 10
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3-2 Elbows; 5-, 4-, and 3-Pieces, Round (Locklin 1950, Figure 10)

0 o 0
14 T LA
Vo Vo Vo
5-PIECE 4-PIECE 3-PIECE
Coefficients for 90° Elbows (C}) Angle Correction Factors K, (Idelchik et al. 1986, Diagram 6-1)
D 0

o075 10 15 20 (demees 0 20 30 45 60 75 90 110 130 150 180
S 046 033 024 o019 Ko 0 031 045 060 0.78 090 1.00 113 120 128 140

4050 037 027 024
3 054 042 034 033

3-3 Elbow, Mitered, Round (Idelchik et al. 1986, Diagram 6-5)

Co=KpeC'y

8 o,
. degrees 20 30 45 60 75 90
(&4 0.08 016 034 055 081 1.2

Reynolds Number Correction Factors: M/hc
7 Rex10* 1 2 3 4 6 8 10 =14
Kge 140 126 119 114 109 1.06 1.04 10

3-4 Elbows, 30,° Z-Shaped, Round

Co=KreCl

Vo v LD 0 05 10 15 20 25 30
€, 0 015015 0.16 0.16 0.16 0.16
) Reynolds Number Correction Factors
QRexIOAI 2 3 4 6 8 10214
Kpe 1401261191.141.091.061.04 1.0
—o
© 2021 ASHRAE (www.ashrac.org). For personal use only. Additional reproduction, distribution, or transmission
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2-12 Stackhead (Idelchik et al. 1986, Diagram 11-23)
diD, = 1.0

@D 03 04 05 06 07 08 09 10

c

Co

130 41 17 81 44 26 16 10

‘ <
— %

=
@
5

-5

BRACKET
D-1tin UPPER STACK

w TO DISCHARGE

| bucT

3 ELBOWS

3-1 Elbow, Smooth Radius (Die Stamped), Round (Locklin 1950, Equation A-10)

Co=KyC

Coefficients for 90° Elbows
WD 05 075 10 15 20 25
Gy 071 033 022 015 013 0.2

Angle Correction Factors K, (Idelchik et al. 1986, Diagram 6-1):

0, degrees 0 20 30 45 60 75 90 110 130 150 180
Ky 0 0.31 0.45 0.60 0.78 0.90 1.00 113 1.20 1.28 1.40
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ing Loss Cocffi

3-5 Elbow, Without Vanes, Rectangular (Idelchik et al. 1986, Diagram 6-1)

Smooth Radius

C, = KoKpeC'y

o —f

—

FRONT VIEW

SIDE VIEW

90°, Sharp Throat Radius Heel (/W = 0.5)

| Co=KreCl

fe—H—>]
FRONT VIEW —
SIDE VIEW
Coefficients for 90° Elbows (C,)
H/W
w025 05 075 1.0 15 2.0 3.0 4.0 5.0 6.0 8.0
05 13 13 12 12 11 10 10 L1 Ll 12 12

075 057 052 048 044 040 039 039 040 042 043 044
1.0 027 025 023 021 019 018 018 019 020 021 021
1.5 022 020 019 017 015 014 014 015 016 0.17 017
20 020 018 016 015 014 013 013 014 014 015 015

Angle Correction Factor
O.degrees 0 20 30 45 60 75 90 110 130 150 180
Ky 0 031 045 060 078 090 100 113 120 128 140

Reynolds Number Correction Factor (Kg,)
Rex 107+
"w 1 2 3 4 6 8 10 14 220
0.5 1.40 126 1.19 1.14 1.09 1.06 1.04 1.0 1.0
2075 20 177 164 156 146 138 130 LI5S 10

© 2021 ASHRAE (www.ashrac.org). For personal usc only. Additional reproduction, distribution, or transmission
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3-6 Elbow, Mitered, Rectangular (Idelchik et al. 1986, Diagram 6-5)

Co=KpeC

F—— v —

FRONT VIEW SIDE VIEW

de:r‘ees 025 05 075 1.0 15 20 30 40 50 60 80
20 0.08 0.08 0.08 0.07 007 007 006 006 005 005 0.05
30 0.18 0.17 017 016 015 015 013 013 012 012 0.11
45 038 037 036 034 033 031 028 027 026 025 024
60 0.60 059 057 055 052 049 046 043 041 039 038
75 0.89 0.87 0.84 081 077 073 0.67 0.63 061 058 057
90 1.3 1.3 12 12 1.1 L1098 092 089 085 083

Reynolds Number Corrections Factors

Rex 1074 1 2 3 4 6 8 10 =14

K, 140 126 119 114 109 106 104 10

3-7 Elbow, Smooth Radius with Splitter Vanes, Rectangular
(Locklin 1950, Equation 10; Madison and Parker 1936)

a. One Splitter Vane

SPLITTER VANE KoC,
/ Ry =RICR

where
/ Yo R = throat radius
R, = splitter vane radius
CR = curve ratio (values from Table 3-7.)
Ky = angle factor (see Fitting 3-1 for values)
FRONT VIEW ﬂ
R
.

SIDE VIEW

e £ —
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c. Three Splitter Vanes

SPLITTER vane #¢3 C,=KqC,
/ /7—531":5:«‘3:5{‘ . Ry = RICR
177 R, = R/CR = R/CR?
1
7

Ry =R,/CR = RICR?

\ where
R = throat radius

R R, = splitter vane # 1 radius
Ry

splitter vane # 2 radius

g Ry = splitter vane # 3 radius
! CR = curve ratio (value from Table 3-7.c)
N Ko = angle factor (sce Note 3 for values)

Table 3-7.c Coefficients for Elbow with Three Splitter Vanes (C},)
HIW
RIW  rlW CR 025 05 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0
005 055 0467 011 010 012 013 014 016 018 019 021 022 023
0.10 060 0549 007 005 006 006 006 007 007 008 008 008 009

3-8 Elbow, Mitered, with Single-Thickness Vanes, Rectangular (Rozell 1974)

. Dimensions,
) T . 1 .
AR - L v
FLOW 1 2.0 15 0.75 0.12
2 45 225 0 0.15
3 45 325 1.60 018

TRAILING EDGE = When extension of trailing edge is not provided for this vane, losses are
approximately unchanged for single clbows, but inerease considerably for
elbows in seric.

3-9 Elbow, Mitered, with Double-Thickness Vanes, Rectangular (Rozell 1974)

) [
v, S
S D
- SSSpo2 Dimensions, Velocity V,,
CDCD i
. pm

Design. PR vane

VANE RUNNER No. r s 1000 2000 3000 4000 Runner

1 20 15 027 022 0.9 0.17 Embossed
2 20 15 033 029 026 023 Push-On
3 20 213 038 031 027 024 Embossed
4 45 325 026 021 0.18 0.16 Embossed

S
ﬁ\z}

PUSH-ON VANE RUNNER

©2021 ASHRAE (www.ashrac.
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Table 3-7.a Coefficients for Elbows with One Splitter Vane
<
HIW
RIW riW CR 025 05 L0 15 20 3.0 4.0 5.0 6.0 7.0 8.0
0.05 055 0218 052 040 043 049 055 066 075 084 093 1.0 1.1
0.10 060 0302 036 027 025 024 030 035 039 042 046 049 052
0.1s 065 0361 028 021 018 019 020 022 025 026 028 030 032
020 070 0408 022 016 014 014 015 016 017 018 019 020 021
025 075 0447 018 013 011 011 011 012 013 014 014 015 015
030 080 0480 0.5 0.11 009 009 009 009 010 010 011 011 012
035 085 0509 013 009 008 007 007 008 008 008 008 009 009
040 090 0535 011 008 007 006 006 006 006 007 007 007 007
045 095 0557 010 007 006 005 005 005 005 005 006 006 006
0.50 1.00 0577 0.09 006 005 005 004 004 004 005 005 005 005
b. Two Splitter Vanes
SPLITTER vANE#2 €, = KyC,
/——sPuvt(n VANE #1 R, = RICR
- R, =R,/CR=RICR
| / / ve where
‘?’ 7 R = throat radius
\ Ry = splitter vane # | radius
?—n —-——* R, = splitter vane # 2 radius
R CR = curve ratio (value from Table 3-7.b)
Ky = angle factor (see Note 3 for values)
2
.
Table 3-7.b Coefficients for Elbow with Two Splitter Vanes
<
HIW

RIW  riW CR 025 05 1.0 15 2.0 3.0 4.0 5.0 6.0 7.0 8.0
005 055 0362 026 020 022 025 028 033 037 041 045 048 051
0.10 060 0450 017 013 011 012 013 015 016 017 019 020 021
0.15 065 0507 012 009 008 008 008 009 010 010 011 011 0.11
020 070 0550 0.09 007 006 005 006 006 006 006 007 007 007
025 075 0585 008 005 004 004 004 004 005 005 005 005 005
030 080 0613 006 004 003 003 003 003 003 003 004 004 004
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3-10 Elbow, Variable Inlet/Outlet Areas, Rectangular (Idelchik et al. 1986, Diagram 6-4)

«; /f ”W./W"

W, 06 08 12 14 16 20

" 0.25 1.8 14 1.1 1.1 1.1 1.1
—3\,1 /L 10 17 14 10 095 090 084
-~ \<Wl>\ 40 15 14 081 076 072 066

3 1.5 1.0 069 063 060 055

Reynolds Number Correction Factor
Rex 10 1 2 3 4 6 8 10 214
Kge 140 126 LI9 114 109 106  1.04 10

3-11 Elbows, 90°, Z-Shaped, Rectangular (Idelchik et al. 1986, Diagram 6-11)

w C=KKpeC'y

Coefficients for W/H = 1.0

LIH 0 04 06 08 10 12 14 16 18 2.0
C, 0 06209 16 26 36 40 42 42 42
1 L/IH 24 28 32 40 50 60 70 90 100 ¥

C, 37 33 32 31 29 29 28 27 25 23

Reynolds Number Correction Factor Apply the Following Factor for Other Than H/W = 1.0

Rex 107 1 2 3 4 6 8 10 214 WHO025050 075 1.0 15 20 30 40 60 80
Kge 140 1.26 1.19 1.14 1.09 1.06 1.04 1.0 K 110 1.07 1.04 1.0 0.95 0.90 9.83 0.78 0.72 0.70

3-12 Combined 90° Elbows Lying in Different Planes, Rectangular (Idelchik et al. 1986, Diagram 6-11)
Co= K KgeCo

Coefficients for Square Ducts

LW 0 04 06 08 10 12 14 16 18 20
C, 12 24 29 33 34 34 34 33 32 31
LW 24 28 32 40 50 60 70 90 100 ¥
C, 32 32 32 30 29 28 27 25 24 23

Reynolds Number Correction Factor Apply the Following Factor for Other Than H/W = 1.0
Rex10* 1 2 3 4 6 8 10 214 HW 025050 0.75 1.0 1.5 20 30 40 60 80

Kge 140 1.26 1.19 1.14 1.09 1.06 1.04 1.0 K 1.10 1.07 1.04 1.0 0.95 090 0.83 0.78 0.72 0.70
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3-13 Offset, S-Shaped (Gooseneck), Rectangular and Round (Idelchik et al. 1986, Diagram 6-16) 3-14 Offset, S-Shaped in Two Planes 90° Apart, Rectangular and Round
(Idelchik et al. 1986, Diagram 6-16)
o=0,
w,>1.0
Co=KC,,
where D=0,
. . .- /D, >1.0
C, = offsetloss coefficient N
C;, = single elbow loss coefficient /"
(see Fittings 3-1, 3-2, and 3-5) L /'/
-
‘ Co=KC,,
where
C, = offset loss coefficient
o, ] C,, = single elbow loss coef-
g - ficient (sce Fittings
3-1,3-2, and 3-5)
‘
NP .
« (centerline) W>1.0
%a ! )
2HW
0= Hrw
N4
K
o LID
* (centerline) W>1.0 i
degrees 0 1 2 3 4 6 8 10 12 14 20 25 40
2nw
0= wew 60 20 190 150 135 130 120 125 150 163 173 185 195 20
- 90 20 180 160 155 155 165 180 190 193 198 20 20 20
s
3-15 Elbows (4), 45°, Smooth Radius, Rectangular, Arranged to Go Around an Obstruction
(SMACNA 1981, Table 6-14K)
K
o LD
degrees 0 1 2 3 4 6 8 10 12 14 16 18 20 25 >40
15 020 042 060 078 094 116 120 115 108 105 102 100 110 125 20
30 040 065 088 116 120 11§ 112 106 1.06 115 128 140 150 170 20
45060 106 120 123 120 108 1.03 108 117 130 142 155 165 180 2.0
SIDE VIEW
60 105 138 137 128 115 106 116 130 142 154 166 176 185 195 2.0 1T
75 150 158 146 130 127 130 137 147 157 168 175 180 188 197 2.0 H
i WIH=4,r/H=15,L=1.5H
90 170 167 140 137 138 147 155 163 170 176 182 188 192 198 20
I___w R— v, fom 800 1200 1600 2000 2400
c, 0.18 022 024 025 026
FRONT VIEW
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4 TRANSITIONS 4-3 Transition, Rectangular, Three Sides Straight®
|
4-1 Transition, Round (Idelchik et al. 1986, Diagrams 5-2 and 5-22) %’ I
o > >
< 9
Ao 8 A 0, degrees
Vo AJA; 10 15 20 30 45 60 90 120 150 180 c,
006 021 029 038 0.60 0.84 0.88 0.88 0.88 0.8 0.8 6, degrees
AJA <1 0.1 021 028 038 0.59 0.76 0.80 0.83 0.84 0.83 0.83 AylAy 10 15 20 30 45 60 90
025 0.16 0.2 030 046 0.61 0.68 0.64 0.63 0.62 0.62 0.06 026 027 040 056 071 0.86 1.00
05 011 013 0.19 032 033 033 032 031 030 030 01 024 026 036 053 0.69 0.82 0.93
I 0 0 0 0 0 0 0 0 0 o0 025 0.17 0.19 022 042 0.60 0.68 0.70
Vo 2020 020 020 020 0.22 0.24 048 0.72 096 1.0 0.5 0.14 0.13 0.15 0.24 0.35 0.37 0.38
Ao 8 4080 0.64 064 064 088 L1 27 43 56 66 1 o 0 0 0 0 0 4y
6 18 14 14 14 20 25 65 10 13 15 2 023 020 020 020 024 028 054
10 50 50 50 50 65 80 19 29 37 43 4 081 064 064 064 088 11 28
AJA > 1 6 18 14 14 14 20 25 6.6
" . . i . 10 5.0 5.0 5.0 5.0 65 80 19
4-2 Transition, Rectangular, Two Sides Parallel, Symmetrical (Idelchik et al. 1986, Diagram 5-5)*
“Tentative (assumed same as Fitting 4-2 data).
| . ,
4-4 Transition, Rectangular, Pyramidal (Idelchik et al. 1986, Diagram 5-4)*
L. I} _A_'.._>
T
1
C(v
0, degrees <
AA; 10 15 30 30 45 60 9 120 150 180
o 6, degrees
006 026 027 040 056 071 086 099 098 098 A4, 10 5 20 30 a5 60 % 120 150 180
01024026036 053 06 082 093092 091 006 026 030 044 054 053 065 077 088 095 098
025017 019 022 042 060 068 069067 066 01 024 030 043 050 053 064 075 084 089 091
05 014 013 015 024 035 037 038 037 036 035 025 020 025 034 036 045 052 058 062 064 064
! 0 0 0 0 0 0 0 0 0 0 05 014 015 020 021 025 030 033 033 033 032
2023 020 020 020 024 028 054 078 10 LI | 0 0 0 0 0 0 0 0 0 0
4 081064 064 064 088 L1 28 44 ST 66 2023 022 021 020 02 02 049 074 099 11
6 18 141414200 25 66 10 B3 S 4 084 068 068 064 088 LI 27 43 56 66
10 50 50 50 50 65 80 19 29 37 43 6 18 15 15 14 20 25 65 10 13 Is
4,4, > Lis tentative (adapted from Fitting 4-1 data) 10 50 so 51 50 65 80 18 29 37 s

#4,/4; >1 is tentative (adapted from Fitting 4-1 data)
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4-5 Transition, Round/Rectangular (Idelchik et al. 1986, Diagram 5-27)

82

At

[
L 0, degrees

A4, 8 10 14 20 30 45 60 90 180

2 0.14 0.15 0.20 0.25 0.30 0.33 033 0.33 0.30

4 020 0.25 034 045 0.52 0.58 0.62 0.64 0.64

6 021 030 042 0.53 0.63 0.72 0.78 0.79 0.79

=210 0.24 0.30 0.43 0.53 0.64 0.75 0.84 0.89 0.88

4-6 Transition, Rectangular to Round (Idelchik et al. 1986, Diagram 5-26)

=T 4
]

Ao
1 >
Vo
T
T

Re=DV,v
B=WIH(4,/4,)*
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4-7 Transition, Rectangular to Round, Stepped, Conical (Idelchik et al. 1986, Diagram 4-9)

P
_ﬁ e
G
0, degrees
A,lAy  LIH 0 10 20 30 45 60 90 120 150 180
0.1 0.025 046 043 0.42 0.40 038 037 038 0.40 043 0.46
0.05 0.46 042 038 033 0.30 0.28 031 0.36 041 0.46
0.075 046 039 032 0.28 0.23 021 026 032 039 0.46
0.1 0.46 0.36 030 023 0.19 0.17 023 0.30 0.38 046
0.15 0.46 034 025 0.18 0.15 0.14 021 0.29 037 0.46
03 0.46 031 022 0.16 0.13 0.13 020 028 037 0.46
0.6 0.46 0.25 0.17 0.12 0.10 0.11 0.19 0.27 036 0.46
025 0.025 040 038 036 035 033 032 0.33 035 037 0.40
0.05 0.40 0.36 0.33 0.29 0.26 024 027 0.31 0.35 0.40
0.075 040 034 0.28 024 020 019 023 0.28 034 0.40
0.1 0.40 031 026 020 0.17 0.14 020 026 033 0.40
0.15 0.40 030 022 0.16 0.13 012 018 0.25 032 0.40
03 0.40 027 019  0.14 0.11 0.11 0.18 0.25 032 0.40
0.6 0.40 0.22 0.14  0.10 0.09 0.10 016 024 032 040
05 0.025 030 028 027 0.25 0.24 024 025 0.26 027 030
0.05 0.30 027 024 021 0.19 018 020 023 0.26 030
0.075 030 025 021 0.18 0.15 014 017 0.21 0.25 030
0.1 0.30 0.23 019  0.15 0.12 0.11 0.15 0.19 0.24 0.30
0.15 0.30 022 016  0.12 0.09 0.09  0.13 0.18 0.24 0.30
03 0.30 0.20 0.14  0.10 0.08 0.08 0.13 0.18 024 030
0.6 030 0.16 0.11 0.08 0.07 007 012 0.17 023 0.30
0.8 0.025 015 0.14  0.13 0.13 0.12 012 0.12 0.13 0.14 0.15
0.05 0.15 0.13 0.12 0.11 0.10 009 0.0 0.2 0.13 0.15
0.075  0.15 0.13 0.10  0.09 0.08 0.07  0.08 0.10 0.13 0.15
0.1 0.15 0.12 0.10 007 0.06 0.05 0.07 0.10 012 015
0.15 0.15 0.11 0.08 0.06 0.05 004  0.07 0.09 0.12 0.15
03 0.15 0.10 0.07 0.05 0.04 004 007 0.09 012 0.15
0.6 0.15 0.08 0.05 0.04 0.03 0.04  0.06 0.09 0.12 0.15
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C, for A,> Ay and H<D C,for A, <Ay and H<D
Re x L Re x B
10 LD 01 05 1 2 5 10 20 50 104 LD 0.1 1 5 10 20 50
1 1 046 048 050 0.55 0.70 094 14 29 1 1027 027 028 029 031 037
1.5 046 047 049 053 064 082 12 23 3027 027 028 029 0.30 033
2 046 047 048 050 058 0.71 098 1.8 4 027 027 028 028 029 0.32
3 045 046 046 048 051 057 0.69 1.0 5 027 027 027 027 027 027
4 045 046 046 046 048 051 0.56 0.73 2 1025 025 026 027 029 035
5 045 046 046 047 049 053 0.61 084 3 025 025 025 026 0.28 0.33

2 1041 043 046 051 066 090 14 29 4 025 025 025 026 027 030
1.5 041 043 045 048 059 078 1.1 22 5 025 025 025 025 025 025
2 041 042 044 046 054 0.67 093 1.7 5 1018 0.18 0.19 020 0.22 0.28
3 041 042 042 043 047 053 0.64 099 3 0.8 0.18 0.19 020 022 027
4 041 041 041 042 044 046 052 0.69 4 018 0.18 0.19 0.19 020 0.23
5 041 041 042 043 045 049 057 0.80 5 018 0.18 0.18 0.18 0.18 0.18

5 1031 033 035 040 055 079 13 28 10 1011 011 0.12 0.13 0.15 0.21
1.5 031 032 034 038 049 067 1.0 21 301 011 012 013 0.14 0.19
2 031 032 033 036 043 057 083 1.6 4 011 0.11 0.12 0.12 0.13 0.16
3030 031 031 033 036 042 054 0.88 5 0.1 011 0.11 0.11 0.11 0.11
4 030 031 031 031 033 036 041 058 20 1 0.04 004 005 0.06 0.08 0.14
5 030 031 031 032 034 038 046 0.70 3 0.04 004 005 0.06 007 0.12

10 1019 021 023 028 043 068 12 26 4 004 004 0.05 005 0.06 0.09
1.5 019 020 022 026 037 0.55 092 2.0 5 0.04 004 0.04 0.04 0.04 0.04
2 019 020 0.21 024 031 045 071 1.5 50 1 0 0 001 0.02 004 0.10
3019 019 020 021 024 030 042 0.77 3 0 0 001 0.02 0.04 0.09
4 018 0.19 0.19 0.19 021 024 029 046 4 0 0 001 0.01 0.02 0.05
5 018 0.19 0.19 020 022 0.26 034 0.58 5 0 0 0 0 0 0

20 1007 009 012 0.17 031 056 1.1 25
1.5 0.07 0.09 0.10 0.14 025 043 080 09
2 007 0.08 0.09 0.12 020 033 059 14
3 0.07 007 0.08 0.09 0.13 0.18 030 0.65
4 007 0.07 0.07 0.08 0.10 0.12 0.18 0.34
5 007 007 008 0.08 0.11 0.15 022 046

50 1001 003 0.05 0.10 025 030 099 25
1.5 001 0.02 0.04 008 0.19 037 074 18
2 001 0.02 0.03 006 0.13 027 053 1.3
3 0 001 0.02 003 0.06 0.12 024 0.58
4 0 001 0.01 001 003 0.06 0.11 028
5 0 001 001 002 0.04 0.08 0.16 0.40
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5 JUNCTIONS (Tees, Wyes, Crosses)
5-1 Wye, 30°, Converging (Idelchik et al. 1986, Diagram 7-1)
%—6—» S SR AL
's /< A‘
Ve. Ao
Branch, C, Main, C,,¢
AylA, AylA,

0,0, 0.1 02 03 04 06 08 10 0,/0. 0.1 02 03 04 06 08 1.0
0 -0 -10 -1.0 09 09 09 -09 0 0 0 0 0 0 0 0
0.1 021 —046 —0.57 -0.51 0.53 -0.54 -0.54 0.1 002 011 013 015 0.16 0.17 0.17
02 31 037 -006 -0.16 023 -0.24 -0.28 02 -033 001 013 019 024 027 029
03 76 1.5 050 015 004 -0.06 -0.08 03 1.1 -025 -0.01 0.10 022 030 035
0.4 14 3.0 12 042 019 013 0.12 04 22 075 030 —0.05 0.17 026 036
0.5 21 4.6 1.8 053 024 019 015 05 36 -14 070 035 0 021 032
0.6 30 64 26 077 035 025 0.17 06 -54 -24 -13 -0.70 -020 0.06 0.25
0.7 41 85 34 099 042 028 022 0.7 7.6 34 20 12 -0.50 -0.15 0.10
0.8 54 12 42 12047 029 025 08 -10 46 -27 -18 090 043 —0.15
0.9 58 14 53 14 049 029 022 09 -13 62 37 26 -14 080 045
1.0 84 17 6.3 1.6 049 021 0.15 1.0 -16 -77 -48 -34 -19 -12 -0.75

5-2 Wye, 45° Converging, Round (Idelchik et al. 1986, Diagram 7-2)
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5-4 Wye, 30° Converging, Round, Conical Main (Sepsy and Pies 1973)

C. Cos
AylA, Ap/Ae
0,0, 01 02 03 04 06 08 10  QJQ 01 02 03 04 06 08 L0 heils e
0 —10 10 -1.0 090 -0.90 ~0.80 —0.90 o 0 0 0 0 0 0 0 ¥ —
0.1 024 -045 056 -0.50 0.52 ~0.53 053 01 005 012 014 016 017 017 017

02 32 054 -0.02 -0.14 021 023 023 02 -020 017 022 027 027 029 031
03 80 16 060 023 006 0 -0.02 03 -0.76 -0.13 0.08 020 028 032 040

04 14 32 13 052 025 018 0.5 04 17 -0.50 -0.12 008 026 036 041 e
05 22 50 21 065 033 025 022 05 28 -1.0 049 —0.13 0.16 030 040

06 32 70 30 091 081 061 051 0.6 43 -1.7 -0.87 -045 -0.04 020 033 Branch, Ce))

07 43 92 39 12 056 039 033 07 61 -26 14 —0.85 025 008 025 agd, s, 02 0d os 08 l.DQb/QAI,Z PR r——
08 56 12 49 15 066 039 036 08 81 36 21 -13 —055 -0.17 0.06 03 02 24 o1l 18 34 a5 60 71 S0 s 97
09 71 15 62 18 072 044 035 09 10 48 28 -19 -0.88 —0.40 —0.I8 03 28 13 014 072 14 20 24 28 32 35
L0 87 19 74 20 078 044 032 10 13 61 -37 26 -14 -077 042 04 02 14 061 23 38 52 63 73 83 9ol 98

03 ~18 054 042 12 1.8 23 27 31 34 37
0.4 -1.9 08 -0.17 036 0.76 1.1 1.3 15 1.7 1.9

Qs ' ’ Q¢ 0.5 0.2 -0.82 097 2.6 4.0 53 6.4 74 83 9.1 9.9

5-3 Tee, Converging, Round (Idelchik et al. 1986, Diagram 7-4)

As Ac 03 -1.2 015 071 14 20 25 29 33 36 39
! Ag=A, 04 -14 054 006 050 085 1.1 1.3 15 1.7 18
90° 05 ~1.4 066 -0.15 021 048 068 084 097 1.1 12
0.6 02 ~0.52 12 27 4.1 53 64 74 83 9.1 9.9
03 -093 006 085 1.5 2.1 26 3.0 34 37 4.0
0.4 -1 -037 016 055 086 1.1 1.3 1.4 1.6 18
Qp|Ap 05 -1l -049 -0.06 025 048 066 079 090 1.0 11
0.6 -12 055 015 012 031 045 056 065 071 0.77
Branch, C,,
A/ Branch, C, 5
[
0,10, 0.1 02 03 0.4 0.6 0.8 1.0
o 0 0 = 090 090 090 090 AJA. AA. 02 04 06 08 10 12 14 16 18 20
08 02 027 13 27 4.0 52 6.3 73 82 9.0 9.7
0.1 0.40 -0.37 ~0.51 ~0.46 ~0.50 -0.51 -0.52
03 -0.67 018 0.90 15 20 25 29 33 36 4.0
0.2 38 0.72 0.17 —-0.02 —0.14 —0.18 —0.24
04 -085 -027 0.6 049 075 0.97 12 13 14 1.6
03 9.2 23 1.0 0.44 0.21 0.11 ~0.08
0.5 -0.90 -040 -0.07 0.8 0.36 0.50 0.61 070 078 0.84
04 16 43 21 0.94 0.54 0.40 032
0.6 092 -046 -0.16 004 0.8 0.29 037 044 049 053
05 26 6.8 32 1.1 0.66 0.49 042
07 -093 -049 -021 -003 0.10 019 025 030 034 037
0.6 37 9.7 4.7 1.6 0.92 0.69 057
0.8 -0.93 050 -024 -0.07 005 0.13 0.19 023 0.27 029
0.7 43 13 63 21 12 0.88 0.72
1.0 02 026 12 26 39 51 6.1 71 8.0 8.8 9.5
0.8 65 17 79 27 1.5 1.1 0.86
03 -0.65 012 0.79 14 19 24 28 31 35 38
0.9 82 21 9.7 34 18 12 0.99
04 083 -034 004 033 0.58 0.78 095 1.1 12 13
1.0 101 26 12 4.0 2.1 1.4 1.1
0.5 089 -048 -020 0 0.15 0.27 037 045 0.51 0.57
Main 06 -091 -054 -031 -0.14 -0.03 006 0.12 0.18 022 025
0,0, 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.8 -091 -059 -038 -025 -0.16 -0.10 -0.06 -0.03 -0.01 001
Ces 0 016 027 038 046 053 057 059 060 059 055 1.0 093 -060 -040 -028 -020 -0.14 -011 -008 -0.07 -0.06
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Main, C,, 5-5 Wye, 45°, Converging, Round, Conical Main (Sepsy and Pies 1973)

/0. /

AJA,  AplA, 0.2 0.4 0.6 0.8 1.0 12 14 1.6 18 2.0

03 02 45 28 15 056 -017 -074 -12 16 19 -2I As.0s | P Ac.Qc
03 46 31 20 12 057 008 030 062 08 Ll <

04 02 16 085 016 043 092 -13 17 19 22 24
03 17 L1 058 013 024 056 082 -1 13 14
04 18 13 080 042 011 015 037 055 072 -086

05 02 067 018 033 079 -12 -15 -18 21 23 -25
03 075 042 007 025 054 080 -0 -12 -l4 -5 Ae:Qp
04 080 055 028 003 020 040 057 073 086 -098 Branch, C
05 082 062 041 020 002 015 029 042 -0.53 -0.63 0,10,

06 02 02 011 054 095 -13 -16 -19 21 24 025 AJA, AyA, 02 04 06 08 10 12 14 16 18 20
03 034 013 014 042 067 090 011 013 -0.14 0.6 03 02 24 001 20 38 53 66 78 89 98 11
04 039 025 006 004 033 051 066 080 093 -10 03 28 <12 012 L1 19 26 32 37 42 46
05 041 032 018 003 12 026 -038 050 -0.60 -0.69 04 02 12 093 28 45 59 72 84 95 10 11
06 043 037 026 014 002 009 019 029 -037 -045 03 -16 027 081 17 24 30 36 41 45 49

08 02 001 -030 067 -LI -l4 -17 20 22 24 26 04 18 072 007 066 L1 15 18 21 23 25
03 007 007 029 058 076 097 -12 13 -5 -6 05 02 046 15 33 49 64 77 88 99 1 12
04 011 005 009 -026 -042 -0.58 -072 -085 -097 Ll 03 094 025 1.2 20 27 33 38 42 47 5.0
05 014 012 003 009 -021 -034 045 -0.55 -0.64 -0.73 04 -L1 024 042 092 13 1.6 19 2.1 23 2.5
06 015 017 011 002 007 -0.17 026 -034 042 -049 05 12 038 018 058 088 L1 1.3 1.5 1.6 1.7
07 017 021 017 011 003 005 012 019 -026 -032 06 02 055 13 31 47 61 74 86 96 n 12
0.5 017 023 022 017 011 005 002 -007 -0.13 -0.8 03 L1 0 088 16 23 28 33 37 4.1 45

10 02 005 -033 -070 -L1 14 -17 20 -22 24 -26 04 12 048 010 054 08 12 1.4 1.6 18 20
03 003 010 031 -055 -078 —098% 12 -3 -5 -16 05 13 062 0.4 021 047 068 085 099 L1 12

11 0.6 -13 069 026 0.04 0.26 0.42 0.57 0.66 0.75 0.82

0.8 0.2 0.06 1.8 35 5.1 6.5 78 8.9 10 11 12
03 -0.52 035 11 1.7 23 28 32 36 39 42
0.4 —0.67 005 043 0.80 L1 1.4 1.6 1.8 1.9 2.1
0.6 —0.75 027 005 0.28 0.45 0.58 0.68 0.76 0.83 0.88
0.7 077 -031  -0.02 0.8 032 0.43 0.50 0.56 0.61 0.65
0.8 —0.78 034 007 0.12 0.24 0.33 0.39 0.44 0.47 0.50

1.0 0.2 0.40 21 37 52 6.6 78 9.0 11 11 12
03 -0.21 0.54 1.2 18 23 27 31 37 37 4.0
0.4 033 021 0.62 0.96 1.2 1.5 1.7 2.0 2.0 2.1
0.5 ~0.38  0.05 0.37 0.60 0.79 0.93 11 12 12 13
0.6 041 002 023 0.42 0.55 0.66 0.73 0.80 0.85 0.89
0.8 —044  —0.10  0.11 0.24 0.33 0.39 0.43 0.46 0.47 0.48
1.0 046 -0.14  0.05 0.16 0.23 027 0.29 0.30 0.30 0.29

0.4 0.07 002 012 028 044 059 073 -086 098
0.5 009 009 001 011 -023 -035 -046 -056 -0.65 -0.74
0.6 0.11 014 0.09 0 -0.09 -0.18 -027 -035 -043 -0.50
0.8 0.13 020 019 0.15 0.09 003 003 008 -0.14 -0.19
1.0 0.14 024 025 0.24 020 0.16 0.12 0.08 0.04 0
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Main, C,
/05
AJA, A4, 02 04 06 08 10 12 14 16 18 20
03 0.2 53 -001 2.0 1.1 034 020 -061 093 -12 14
03 54 37 25 L6 1.0 053 016 -0.14 -038 058
04 0.2 1.9 1.1 046 007 049 -083 -l1.1 -3 15 17
03 20 14 0.81 042 0.08 020 -043 -062 -078 -092
0.4 20 1.5 10 068 039 016 -004 -021 -035 -047
0.5 0.2 077 034 -0.09 -048 -081 -1l -3 -5 17 -18
0.3 085 056 025 003 -027 -048 -0.67 -082 096 -1
0.4 088 066 043 021 0.02 0.15 030 042 054 -0.64
0.5 091 073 054 036 021 006 -0.06 -0.17 -026 -035
0.6 0.2 030 0 -034 067 09 -12 -14 -16 -18 -19
0.3 037 021 002 -024 -044 063 -079 -093 -1.1 -1.2
0.4 040 031 0.16 0.1 0.16 -030 -043 -054 -0.64 073
0.5 043 037 026 014 002 -009 -020 -029 -037 -045
0.6 044 041 033 024 014 005 -003 -0.11 -0.18 -025
08 02 006 -027 -057 -08 -11 14 -16 17 -19 -20
03 0 -0.08 -025 -043 -062 -078 -093 -1.1 -12 -13
0.4 004 002 -0.08 -021 -034 -046 -057 -067 -077 085
0.5 006 008 002 -006 -0.16 -025 -034 -042 -050 -0.57
06 007 012 009 003 -004 011 018 -025 -031 -037
0.7 008 015 014 010 005 0.01 0.07 -0.12 -0.17 -0.22
0.8 009 017 018 016 0.11 002 -0.02 -0.07 -0.11
1.0 02  -0.19 -039 -067 -096 -12 -6 -18 20 -21
03 012 019 -035 -054 -071 -087 -10 -12 13 14
04  -0.09 -0.10 -0.19 -031 -043 -055 -066 -0.77 -0.86 -0.94
05 -0.07 -0.04 -0.09 -0.17 -026 -035 -044 -052 -059 -0.66
0.6 -0.06 0 -0.02 -007 -0.14 -021 -028 -034 -040 -046
08 004 006 007 005 002 -003 007 -012 -016 -020
1.0 -03 009 013 013 011 0.08 0.06 003 -001 -003
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Branch, C,

0,/Q.
Vofpm 01 02 03 04 05 06 07 08 09 L0
<1200 -0.63 -055 013 023 078 130 193 310 488 560
>1200 049 021 023 060 127 206 275 370 493 595

For main coefficient (C,.,). see Fiting 5-3.

5-8 Tee, Converging, Rectangular Main and Tap (SMACNA 1981, Table 6-9D)

As.Qs Ac.Qc
3 .
Ay, AJA,
1o .
mf
Ab.Qp

Branch, C,;

2/Q.
Vofpm 01 02 03 04 05 06 07 08 09 L0
<1200 075 -053 -0.03 033 103 L10 215 293 418 478
>1200.  -0.69 021 023 067 117 166 267 336 393 513

For main coefficient (C, ), see Fitting 5-3.

59 Converging, Rectangular Main and Tap (45° Entry) (SMACNA 1981, Table-9F)

As,Qs Ac.Qc
—_—

e
0(

0.25 W, 3 in. min.
AA,  AJA.  AyA,

l 0. 1.0 0.5
w

y -

Ap.Qp

Branch, C,

0y/0.
Vofpm 01 02 03 04 05 06 07 08 09 10
<1200 -0.83 -068 030 028 055 103 150 193 250 303
>1200 072 052 023 034 076 114 183 201 290 363

For main coefficient (C,.,), see Fiting 5-3.
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5-6 Tee, Converging, Rectangular (ldelchik 1986, Diagram 7-11)

Qc,Ac/(

iy =1
90°
\\/—
Qs:As
Hp QA
Branch, C,,
010,
AyA, AA, 01 02 ~03 04 05 06 07 08 09
033 025 12 040 040 16 30 48 68 89 11
05 05 050 020 0 025 045 070 10 LS 20
067 05 -10 060 020 010 030 060 10 LS 20
10 05 22 -15 095 -050 0 040 080 13 19
10 10 060 030 010 -004 013 021 029 036 042
133 10 12 080 040 -020 0 016 024 032 038

2.0 1.0 2.1 -14 09 050 -0.20 0 0.20 0.25 0.30

Main, C,

04/0Qs
AA,  AA, 01 02 03 04 05 06 07 08 09
033 025 030 030 020 010 -045 092 -15 -20 -26

0.5 0.5 0.17 0.16 0.10 0 008 -0.18 -027 -037 046
0.67 0.5 0.27 0.35 0.32 0.25 0.12 0.03 0.23 0.42 0.58
1.0 0.5 12 1.1 0.90 0.65 0.35 0 —040 080 13
1.0 1.0 0.18 0.24 0.27 0.26 0.23 0.18 0.10 0 —0.12
1.33 1.0 0.75 0.36 0.38 0.35 0.27 0.18 0.05 008 -0.22
20 1.0 0.80 0.87 0.80 0.68 0.55 0.40 0.25 0.08 0.10

5-7 Tee, Converging, Round Tap to Rectangular Main (SMACNA 1981, Table 6-9C)

Ag,Q5 Ac.0c AA,  AJA, AyA,
3 Ve . 05 10 05
Ab.0p
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5-10 Tee, Diverging, Round, Conical Branch (Jones and Sepsy 1969, Figure 12)
pa BEAD

Ve A Vs As

| | Branch
.25 in. V0 02 04 06 08 10 12 14 16 18 20

Cep 1.0 085 0.74 0.62 0.52 042 036 0.32 0.32 0.37 0.52

For main loss coefficient (C,,,), see Fitting 5-23.

Vo | =10

5-11 Wye, 45°, Diverging, Round, Conical Branch (Jones and Sepsy 1969, Figure 14)

/— BEAD Aoy

Vs, As

Branch

Vp/V. 0 02 04 06 08 10 12 14 16 18 20

C(,ﬁ 1.0 0.84 0.61 0.41 0.27 0.17 0.12 0.12 0.14 0.18 0.27
\( L e ——"
N

Vo

1in.

5-12 Tee, Diverging, Round, with 90° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 17)
\7

T

J:l

Vo — —,

\
i

Branch

VylV, 0 0.2 0.4 0.6 08 1.0 12 14 1.6 1.8 2.0
Cep 1.0 1.03 1.08 118 133 156 1.86 22 2.6 3.0 34

For main loss coefficien (€., se Fitting 5-23
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5-13 Tee, Diverging, Round, with 45° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 18)

Vo
Ve —— | —_—
Branch
V!V, 0 0.2 0.4 0.6 0.8 1.0 12 14 1.6 1.8 2.0

Cep 1.0 132 1.51 1.60 1.65 1.74 1.87 2.0 22 25 27

For main loss coefficient (C,,,), see Fitting 5-23.

5-14 Tee, Diverging, Round (Conical Branch), with 45° Elbow, Branch 90° to Main
(Jones and Sepsy 1969, Figure 19)

Vo

- —»U%[] -

For tee geometry, see Fitting 5-10.

Branch
VplVy 0 0.2 0.4 0.6 0.8 1.0 12 14 1.6 1.8 2.0
Cep 1.0 094 088 084 080 082 084 087 090 095 1.02

For main loss coefficient (C,,), ee Fittng 5-23
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5-17 Wye, 48°, Diverging, Conical Main and Branch, with 45° Elbow, Branch 90° to Main
(Idelchik et al. 1986, Diagram 7-19)

Ve
Branch
ViV, 0.2 04 0.6 0.7 0.8 0.9 1.0 1.1 12
Cep 0.76 0.60 0.52 0.50 0.51 0.52 0.56 0.61 0.68
VylV, 1.4 1.6 18 2.0 22 24 2.6 28 3.0
Cep 0.86 L1 14 L8 22 2.6 31 37 42
Main
Vv, 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
C, 0.14 0.06 0.05 0.09 0.18 0.30 0.46 0.64 0.84 1.0

5-18 Tee, Diverging, Round, with 60° Elbow, Branch 45° to Main (Jones and Sepsy 1969, Figure 22)

Vb

vc g——»ﬁﬂ _>VS

Branch
Vv, 0 02 04 06 08 10 12 14 16 18 20
Cep 1.0 1.06 115 129 145 165 189 22 25 29 33

For main loss coefficient (C,.,), see Fitting 5-23,

A( :As
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5-15 Wye, 45°, Round, with 60° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 3)

Vb
e ﬁ]—f]] "

Branch
VplVe 0 0.2 0.4 0.6 0.8 1.0 12 14 1.6 18 2.0
Cep 1.0 0.88 077 0.68 0.65 0.69 0.73 0.88 114 1.54 22

For main loss coefficient (), see Fitting 5-23.

5-16 Wye, 45°, Diverging, Round (Conical Branch), with 60° Elbow, Branch 90° to Main
(Jones and Sepsy 1969, Figure 20)

Vo
v _’ﬁ -

For wye geometry, see Fitting 5-11

Branch
VplVe 0 0.2 04 0.6 0.8 1.0 12 1.4 1.6 1.8 20
Cep 1.0 0.82 0.63 0.52 0.45 0.42 0.41 0.40 0.41 0.45 0.56

For main loss coefficient (C...), see Fitting 5-23.
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5-19 Tee, Diverging, Round (Conical Branch), with 60° Elbow, Branch 45° to Main
(Jones and Sepsy 1969, Figure 23)

Vb

/ Ao =4y

Vo ——— —_——
For tee geometry, see Fitting 5-10.

Branch
VplV, 0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8 20
Cop 1.0 0.95 090 086 0.81 0.79 0.79 0.81 0.86 0.96 110

For main loss cocflicient (C,.,). sec Fiting 5-23.

5-20 Wye, 45°, Diverging, Round, with 30° Elbow, Branch 45° to Main (Jones and Sepsy 1969, Figure 2)

Vb
A(:A.&
vc ﬁ
Branch
0 02 04 06 08 10 12 14 16 18 20

Cep 1.0 084 072 062 054 050 056 071 0.92 122 1.66

For main loss coefficient (C), see Fitting 5

5-21 Wye, 45°, Diverging, Round (Conical Branch), with 30° Elbow, Branch 45° to Main
(Jones and Sepsy 1969, Figure 24)

A

Vo

— —_—
vc [ﬁ Vs

For wye geometry, sce Fitting 5-11.
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Branch
VpVe 0 02 04 06 08 10 12 14 16 18 20
Cep 1O 093 071 055 044 042 042 044 047 054 0.62

For main loss coefficient (C,,,), sce Fitting 5-23.

5-22 Tee, Diverging, Rectangular (Idelchik et al. 1986, Diagram 7-22)

6=90°
Wy =1.0
Branch, C,.,
/0
ApA,  AA, 01 0.2 03 0.4 0.5 0.6 0.7 08 0.9
025 025 055 050 060 085 12 18 3.1 44 60
033 025 035 035 050 080 13 20 238 38 5.0
0.5 0.5 0.62 0.48 0.40 0.40 0.48 0.60 0.78 1.1 1.5
067 05 052 040 032 030 034 044 062 092 14
10 05 044 038 038 041 052 068 092 12 16
L0 10 067 055 046 037 032 029 029 030 037
133 10 070 060 051 042 034 028 026 026 029
2.0 10 060 052 043 033 024 017 015 017 021
Main, C,
/0
AA,  AJA, 01 0.2 03 0.4 0.5 0.6 0.7 08 0.9
025 025 001 003 001 005 013 021 029 038 046
033 025 008 0 002 001 002 008 016 024 034
0.5 05 003 006 005 0 006 012 019 027 035
067 05 004 002 004 003 001 004 012 023 037
10 05 072 048 028 003 005 004 009 018 030
L0 10 002 -004 004 001 006 013 022 030 038
133 L0 010 0 0.01 003 001 003 010 020 030
20 10 062 038 023 023 008 005 006 010 020
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5-23 Wye, Diverging, Rectangular and Round (Idelchik et al. 1986, Diagram 7-21)
Ao
Hy = H,
where H is height of
rectangular duct
Main
Vv, 0 0.1 0.2 03 04 05 0.6 08 1.0
Cey 0.40 032 0.26 0.20 0.14 0.10 0.06 0.02 0
0=30°
Branch, C,,;
/0.
Ay, 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
0.8 0.75 0.55 0.40 0.28 0.21 0.16 0.15 0.16 0.19
0.7 0.72 0.51 0.36 0.25 0.18 0.15 0.16 0.20 0.26
0.6 0.69 0.46 0.31 021 0.17 0.16 0.20 0.28 0.39
05 0.65 0.41 0.26 0.19 0.18 0.22 032 047 0.67
04 0.59 033 021 0.20 0.27 0.40 0.62 0.92 1.3
03 0.55 0.28 0.24 038 0.76 13 2.0 3.0 4.1
0.2 0.40 0.26 0.58 1.3 25 4.1 6.1 8.6 110
0.1 0.28 1.5 43 83 15.0 - - - -
0=45°
Branch, C,.;
20
Ay, 0.1 0.2 03 0.4 0.5 06 0.7 0.8 0.9
0.8 0.78 0.62 049 0.40 034 031 032 035 0.40
0.7 0.71 0.59 0.47 038 0.34 0.32 035 041 0.50
0.6 0.74 0.56 0.44 0.37 0.35 0.36 043 0.54 0.68
05 0.71 0.52 0.41 038 0.40 0.45 059 0.78 1.0
04 0.66 047 0.40 043 0.54 0.69 095 13 1.7
03 0.66 0.48 0.52 0.73 12 18 27 37 4.9
0.2 0.56 0.56 1.0 1.8 32 4.9 7.1 9.6 13.0
0.1 0.60 21 51 93 16.0
©2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission
in cither print or digital form is not permitted without ASHRAE's prior written permission.
39 Online Supplemental Material Accompanying Principles of HVAC, 9th Edition: Fitting Loss Coeffi 40

6=60°
Branch, C,,
/0.

ApA, 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
0.8 0.83 0.71 0.62 0.56 0.52 0.50 0.53 0.60 0.68
0.7 0.82 0.69 0.61 0.56 0.54 0.54 0.60 0.70 082
0.6 0.81 0.68 0.60 0.58 0.58 0.61 0.72 0.87 1.1
0.5 0.79 0.66 0.61 0.62 0.68 0.76 0.94 12 15
0.4 0.76 0.65 0.65 0.74 0.89 1.1 14 18 23
03 0.80 0.75 0.89 12 1.8 2.6 35 4.6 6.0
0.2 0.77 0.96 1.6 25 4.0 6.0 83 11.0 —
0.1 1.0 29 6.2 10.0

6=90°
Branch, C,,
/0.

AplA, 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
08 0.95 0.92 0.92 0.93 0.94 0.95 1.1 12 14
0.7 0.95 0.94 0.95 0.98 1.0 1.1 1.2 14 1.6
0.6 0.96 0.97 10 1.1 1.1 12 14 1.7 2.0
0.5 0.97 10 11 12 14 L5 18 21 25
0.4 0.99 1.1 13 1.5 1.7 2.0 24 3.0 36
03 1.1 14 1.8 23 32 43 55 6.9 85
0.2 1.3 1.9 29 4.1 6.2 8.5 11.0 — —
0.1 21 4.8 89 14.0

5-24 Diverging Wye, Rectangular (Idelchik et al. 1986, Diagram 7-22)
6=15°1t090°
and
A, =Ag+ A,
ApVo
Branch, C,;
VylV,
6,deg. 0.1 0.2 03 0.4 05 0.6 0.8 1.0 12 14 L6 18 2.0

15 0.81 065 051 038 028 020 011 006 014 030 051 076 1.0

30 0.84 069 056 044 034 026 019 015 015 030 051 076 1.0

45 087 074 063 054 045 038 029 024 023 030 051 076 1.0

60 090 082 079 066 059 053 043 036 033 039 051 076 1.0

90 Lo 10 1.0 1.0 1.0 1.0 1.0 1.0 Lo 1.0 1.0 1.0 1.0

Main, C,

0, degrees  15-60 90
a4, AJA,

ViV, 010 004 0.5 0.6 0.7 208
0 1.0 1.0 1.0 1.0 1.0 1.0
0.1 0.81 0.81 0.81 0.81 0.81 0.81
02 064 064 064 064 064 064
03 050 050 052 052 050 050
0.4 036 036 040 038 037 036
05 025 025 030 028 027 025
0.6 016 006 023 020 018 0.16
08 004 004 007 010 007 0.04
10 0 0 020 010 005 0
12 007 007 036 021 014 007
14 039 03 079 05 039 —
1.6 0.90 0.90 14 1.2 — —
1.8 1.8 1.8 24

20 32 32 40 — - —

5-25 Tee, Diverging, Rectangular Main to Round Tap (SMACNA 1981, Table 6-10T)

v:.ccc Ly, . VAs‘.Qs Ly
} A=A
Vp:Qp
Branch, C,.;
05/0
ViV 01 02 03 04 05 06 07 08 09
02 100
0.4 1.01 1.07
06 L4 L0 108
08 L8 131 L2 L3
10 130 138 120 123 126
12 146 158 145 131 139 148
14 1.70 1.82 1.65 1.51 1.56 1.64 171
16 193 206 200 18 170 176 180 188
18 206 217 200 213 206 198 199 200 207

For main coeffi
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5-26 Tee, Diverging, Rectangular Main to Round Tap (Conical) (Inoue et al. 1980, Korst et al. 1950)
f
AcVe A Ve
= + ——
| A=A,
Ao, Vo
Branch
VylVe 0.40 0.50 0.75 Lo 13 15
Cep 0.80 0.83 0.90 1.0 L1 14
For main coefficient (C, ), see Fitting 5-23
5-27 Tee, Diverging, Rectangular Main, and Tap (45° Entry) (SMACNA 1981, Table 6-10N)
Ve, Q, Vs.Q
cA< c s:9s L
) L=025W,3 in. min.
L A
f — — w
VbQp
sRecommended®
Branch, C,.;,
24/Qy
VplV, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
02 0.91
04 0.81 0.79
0.6 0.77 0.72 0.70
0.8 0.78 0.73 0.69 0.66
1.0 078 098 085 079 074
12 0.90 111 1.16 123 1.03 0.86
14 1.19 122 126 1.29 1.54 025 0.92
1.6 135 1.42 1.55 1.59 1.63 1.50 1.31 1.09
18 144 150 175 174 172 224 163 140 117
For main coefficient (C..), see Fitting 5-23.
*For performance study. sce SMACNA (1987).
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Branch, C,;,
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5-28 Tee, Diverging, Rectangular Main, and Tap® (SMACNA 1981, Table 10Q)
Ve \0c Vs,Qs
PAELLEY S =
Ac As
A=A
;Vb-%
Branch, C,,
/0.
ViV, 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9
02 1.03
04 104 101
06 L1l 1.03 1.05
08 116 121 1.17 112
1.0 138 1.40 130 136 127
12 152 16l 168 191 147 1.66
14 1.79 2.01 1.90 231 228 220 1.95
1.6 2.07 228 213 271 2.99 2.81 2.09 220
18 232 254 2.64 3.09 372 248 221 257 232
For main coefficient (C,.,) se¢ Fitting 5-23.
“For performance study Sce SMACNA (1987).
5-29 Tee, Diverging, Rectangular Main and Tap (45° Entry), with Damper
(SMACNA 1981, Table 6-10P)
Ve .9,
ckﬁ"-_»
L=0.25W, 3 in. min
i A
fw
Vb, Qb
Poor; should not be used.”
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5-31 Tee, Diverging, Rectangular, with Extractor (SMACNA 1981, Table 6-10S)

0/Q.
ViV, 01 02 03 04 05 06 07 08 09 Ve Vs.Q
A c b g s:9s .
02 06l Ac A A=A
04 046 061
06 043 050 054
08 039 043 062 053 J
L0 034 057 077 073 068
12 037 064 085 098 107 083 Vb
14 057 071 104 L6 154 136 LIg
X a
L6 089 108 128 130 169 209 181 147 Foor; should not be used,
18 133 134 204 178 190 240 277 223 192 Main
For main coefficient (C,.,). see Fiting 5-31 Ve 0204 06 08 10 12 14 16 18
For performance study. scc SMACNA (1987) Cee 003 004 007 012 013 014 027 030 025
5-30 Tee, Diverging, Rectangular Main and Tap, with Damper (SMACNA 1981, Table 6-10R) Branch, C,,
9,/0.
VilV. 01 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
Ve Q¢ Vs.Qs b
—_ T =z - 02 060
¢
Ao =4 0.4 0.62 0.69
06 074 080 082
08 099  LI0 095 090
1.0 1.48 1.12 1.41 1.24 1.21
12 191 133 143 152 155 le4
14 247 167 170 204 18 198 247
Poor; should not be used." 16 317 240 233 253 231 251 313 325
Branch, G, 18 385 337 2.89 323 3.09 3.03 330 374 411
0,0, For performance study, scc SMACNA (1987)
VilVe 01 02 03 04 05 06 07 08 09
02 0.58 5-32 ical Wye, Dovetail, (Idelchik et al. 1986, Diagram 7-24)
04 067 064 \Q:b.A‘b HW,=15
06 078 076 075 ~ 015/Qc = 02410, = 0.5
N
08 088 098 081 L0l )
Converging
1.0 112 105 108 118 129 Wy
® Ao Ayyld,  0.50 10
12 149 148 140 151 170 191 Y CoporCuy 023 007
14 200 221 225 229 232 248 253 :lc\
Diverging
16 272 330 284 309 330 319 329 316 ch/ N Dowshe —
18 342 458 365 392 420 415 414 410 405 /’ [ ‘\\ 10/4c or Azl
o’ CoporCegy 030 025

For main coeflicient (C,,,) see Fitting 5-31
“For performance study see SMACNA (1987).
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5-33 Wye, Rectangular and Round (Idelchik et al. 1986, Diagram 7-30)

Qb AtpVip

Ve Atb = Azb
A=Ay +4
c = A +A2p
Q2b.A2b:V2b
Converging Cenpor Cezy
Q1/Q or 02/Qc
6deg. 0 01 02 03 04 05 06 07 08 09 10
15 26 19 13 077 030 010 041 067 085 097 10

30 2.1 1.5 1.0 053 010 028 069 091 1.1 14 1.6
45 -13 093 055 016 020 056 092 1.3 1.6 20 23

Diverging Cotpor Cozp
ViplV or Vay IV,
Odeg 01 02 03 04 05 06 08 10 12 14 16 18 20
15 081 065 051 038 028 020 0.1 006 0.4 030 051 076 10

30 084 069 056 044 034 026 019 015 015 030 051 076 1.0
45 087 074 063 054 045 038 029 024 023 030 051 076 1.0
60 090 082 079 066 059 053 043 036 033 039 051 076 1.0
90 10 1.0 10 1.0 1.0 1.0 10 1.0 10 10 1.0 10 1.0
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Main, C,
0,0,

05/015 0 01 02 03 04 05 06 07 08 09 10
Agyld =02

05&20 29 19 13 080 056 -023 001 016 022 015 0

10 25 19 13 080 042 012 008 020 022 0I5 0
Ayl =04

05&20 098 061 030 005 014 026 033 034 028 017 0

10 077 044 016 005 021 031 036 035 029 017 0
Ayl = 0.6

05&20 032 008 011 027 037 043 044 040 031 018 0

10 018 004 021 034 042 046 046 041 031 018 0
Ayy/A.=1.0

05&20 011 036 046 053 057 056 052 044 033 018 0

10 029 042 051 057 058 058 054 045 033 018 0

Diverging Flow: Use Fitting 5-23.

5-35 Cross, 90°, Rectangular and Round (Idelchik et al. 1986, Diagram 7-29)

A A
\
<]
s | |
|
|
1
|
|
ol !
M
&
sfi! Ajp=Azp
” A=A,
N A\
\

———  Converging
~— = — — — —  Diverging
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5-34 Wye (Double), 45° Rectangular and Round (Idelchik et al. 1986, Diagram 7-27)

i CONVErGING

~@~ — — = — Diverging

Converging Flow

Branch, C,,;

2150
04/0, 0 0.1 02 03 0.4 05 0.6
Ayl = 0.
0.5 1.0 0.36 0.59 32 49 6.8
1.0 -1.0 —0.24 0.63 1.7 26 37 —
20 -1.0 —0.19 0.21 0.04 — — —
Ayl =04
0.5 1.0 0.48 0.02 0.58 0.92 13 16
1.0 -1.0 —0.36 0.17 0.55 0.72 0.78 —
20 -1.0 —0.18 0.16 — — —
AwlA,
0.5 1.0 0.50 0.07 0.60 0.82 0.92
1.0 -1.0 037 0.12 0.55 0.60 0.52 —
20 -1.0 —0.18 0.26 0.16 — — —
Ayyld,.=1.0
0.5 1.0 0.51 0.09 0.25 0.50 0.65 0.64
1.0 -1.0 037 0.13 0.46 0.61 0.54 —
20 -1.0 —0.15 0.38 0.42 — — —
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Converging Flow

Branch, C,;,

Q1/Qc or 03/Q,
0,,/04, 0 0.1 0.2 03 0.4 0.5 0.6
Ayl =02
05 085 010 L1 27 48 73 10
10 085 005 14 3.1 5.1 74 —
20 085 031 18 34 - - -
Ayl =04
05 085 029 034 10 18 26 34
10 085 014 0.60 13 2.1 27 —
20 085 0.12 10 L7 - - -
Ayl =06
05 085 032 020 072 12 17 21
10 085 018 046 10 15 19 —
20 085 0.09 0.88 14 — — —
Ayl =08
05 085 033 0.13 0.61 10 14 17
10 085 018 041 091 13 15 —
2.0 085 0.08 083 13 — — —
AyylA,=1.0
05 085 034 0.13 056 093 13 15
10 085 019 039 0.86 12 14 —
20 085 0.07 0.81 12 — — —
Main
0,0, 0 0.1 02 03 04 05
Cos 12 12 12 L1 L1 096
0,0, 06 07 0.8 09 10
C 085 072 056 0.39 020

Diverging Flow: Use Fitting 5-23.

6 OBSTRUCTIONS

6-1 Damper, Butterfly, Round (Idelchik et al. 1986, Diagram 9-16; Zolotov 1967)

. A1
( 0+
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[
0, degrees
DD, 0 10 20 30 40 S0 60 70 75 80 85
05 019 027 037 049 061 074 086 096 099 10 L0
06 019 032 048 069 094 12 15 L7 18 19 19
07 019 037 064 10 15 21 28 35 37 39 41

0.8 0.19 045 087 1.6 26 4.1 6.1 84 9.4 10 10
0.9 0.19 054 1.2 25 5.0 9.6 17 30 38 45 50
1.0 0.19 067 1.8 44 11 32 13 — — — —

6-2 Damper, Butterfly, Rectangular (Idelchik et al. 1986, Diagram 9-17; Zolotov 1967)

C,

o

Y (]
1 f 0, degrees

Type H/W 0 10 20 30 40 50 60 65 70

1 <025 0.04 030 1.1 3.0 80 23 60 100 190
1 025-1.00.08 033 12 33 90 26 70 128 210

l 2 =10 013035 13 36 10 29 80 155 230

4 L
R

TYPE1 TYPE2
(Axis parallel (Axis paraliel
10 long side) to short side)

6-3 Damper, Gate, Round (Idelchik et al. 1986, Diagram 9-5)

WD 02 03 04 05 06 07 08 09
A/, 025 038 0.50 0.61 0.71 0.81 0.90 0.96

% C, 35 10 46 21 098 044 0.17 0.06
%) = ;% ?“‘?/
h
o

6-4 Damper, Gale, Rectangular (Idelchik et al. 1986, Diagram 8-5)

_._|!|‘r_ ) T
M 4

v
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<,
0, degrees

LIR 0 10 20 30 40 50 60 70
03 0.52 0.85 2.1 4.1 9 21 73 284
0.4 0.52 0.92 22 5.0 11 28 100 332
0.5 0.52 10 23 54 13 33 122 377
0.6 0.52 1.0 23 6.0 14 38 148 411
0.8 0.52 1.1 24 6.6 18 54 188 495
1.0 0.52 12 27 73 21 65 245 547
1.5 0.52 1.4 32 9.0 28 107 361 677

6-7 Obstruction, Screen, Round and Rectangular (Idelchik et al. 1986, Diagram 8-6)

| | n = freearearatioof
screen
Ao g A, = areaof duct
A; = cross-sectional area

of duct or fitting
where screen is
located

SCREEN L

A4, 03 04 05 06 07 08 09 1.0
02 155 75 42 24 15 80 35 0
03 69 33 19 11 64 36 16 0
0.4 39 19 10 61 36 20 088
0.6 17 83 47 27 16 089 039

0
0
08 97 47 27 15 091 050 022 0

d> 10 62 30 17 097 058 032 014 0
0

0

0

1243 21 12 067 040 022 0.10
14 32 15 087 049 030 0.16 0.07
1.6 24 12 066 038 023 012 0.05
20 1.6 075 043 024 015 008 004 0
25 099 048 027 0.16 009 005 002 0
30 069 033 019 0.1 006 004 002 0
40 039 019 011 0.06 004 002 001 0
6.0 017 0.08 005 003 002 001 0 0
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WH
HW 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.5 14 6.9 33 1.7 0.83 0.32 0.09
1.0 19 8.8 4.5 24 1.2 0.55 0.17
1.5 20 9.1 4.7 27 1.2 0.47 0.11
2.0 18 8.8 4.5 23 1.1 0.51 0.13

6-5 Damper, Rectangular, Parallel Blades (Brown and Fellows 1957)
SLIP IN FRAME (TYPICAL) NW
L/R =

2(H+W)

number of damper blades
duct dimension parallel tc

4——»‘/ blade axis, in.

w
[ H = duct height, in.
f CRIMPED “ L sum of damper blade
%/ LEAF EDGE lengths, in.
T

-+
A 4

f=—w——={ R = perimeter of duct, in.
[
0, degrees
L/IR 0 10 20 30 40 50 60 70
0.3 0.52 0.79 1.4 23 5.0 9 14 32
04 0.52 0.85 15 24 50 9 16 38
05 0.52 0.92 15 24 5.0 9 18 45
0.6 0.52 0.92 15 24 54 9 21 45
0.8 0.52 0.92 1.5 25 54 9 22 55
1.0 0.52 1.0 1.6 26 54 10 24 65
15 0.52 1.0 1.6 27 54 10 28 102

6-6 Damper, Rectangular, Opposed Blades (Brown and Fellows 1957)
SLIP IN FRAME (TYPICAL)

2

CRIMPED LEAF EDGE
(Ap‘ r= W
. 2(H+ W)

See Fitting 6-5 for
H definition of terms.
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6-8 Obstruction, Perforated Plate, Thick, Round, and Rectangular (Idelchik et al. 1986, Diagram 8-6)

d
00000 H
0°0°0%% Vo H
%2020, /
0°6°c%°| H
/ —.I L'
PERFORATED PLATE
c, 1d>0.015
-2
; Aoy = /4
PES YR
td 020 025 030 040 050 0.60 0.70 0.80 0.90 where

0015 52 30 18 83 40 20 097 042 013 A, = areaof duct
Ay = orifice area

02 48 28 1777 38 19 091 040 013 4™ Giameter of perforated hole
n = free area ratio of plate,

dimensionless

06 42 24 15 66 32 16 080 036 013 ¢ = plate thickness

0.4 46 27 17 74 36 18 088 039 0.13

69 Obstruction, Smooth Cylinder in Round and Rectangular Ducts
(Idelchik et al. 1986, Diagram 10-1)
Spldy <03

| ¢ !’_ Su=d

L Re' =dV,/v
Ao, Vo C,=KC,
<
{‘ Spld,

I SIDE VIEW 1 Re' 005 010 0.15 020
T o1 39 s4 14 19

0.5 15 32 52 71

i BN _—

(AN G T ! 066 1423 32
- - H 5 030 064 1.1 14

]_ 10 0.17 038 0.62 084
50 0.11 024 038 0.52
D L— L—-! 100 0.10 021 035 047

FRONT viEw 50010200,000 0.07 0.15 024 033

s
For obstruction offset from the centerline, 3x10 007 016 026 035

use the following factors: 4x10° 0.05 0.11 0.19 025
y/DoryH 0 005 0.10 015 020 025 030 035 040 5x10° 0.04 0.09 0.14 0.19
K 1.0 097 093 089 0.84 079 074 067 058 6x10°t010° 0.02 0.05 0.07 0.10
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6-10 Round Duct, Depressed to Avoid an Obstruction (SMACNA 1981,Table 6-141)

b

30° 309
v,
——
———

(——

6-11 Rectangular Duct, Depressed to Avoid an Obstruction (SMACNA 1981, Table 6-14J)
15° L

L/ID=033
C, .24

o

fe— O —uf

ise 9 [

LIH
WIH 0.125 0.15 0.25 030

12—

SIOE VIEW 10 02 030 033 035

T 4.0 0.10 0.14 0.22 0.30

b ey

FRONT VIEW

7 FAN-SYSTEM CONNECTIONS

7-1 Fans Discharging into a Plenum (AMCA 1973, Figure 19)

PLENUM
BLAST AREA (Ag)
cutore [ OUTLET AREA (A
2 <
)
e 0 012 05 =10
CENTRIFUGAL FAN 04 20 10 040 018 0
05 20 1.0 040 018 0
eLENUM 06 10 066 033 0.14 0
SLAST AREA 07 08 040 014 0 0
" 08 047 022 010 0 0
@@ A 09 022 014 0 0 0
/ P L 10 0 0 0o 0 0
AXIAL FAN -
Calculate effective duct length.
where

V,>2500 fom: L, = V,fd,/10,600 Vo = ductvelocity, fpm

e

L, = effective duct length, ft

V,<2500 fpom: L, = [4,/43 4, = ductarea, in?
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<,
Outlet LIL,
Elbow
A,/4,  Position 0 0.12 0.25 0.5 >1.0
08 A 0.76 0.64 044 0.20 0
B 096 0.80 052 024 0
c 14 12 0.76 0.36 0
D 14 12 0.76 0.36 0
09 A 0.60 0.48 032 0.16 0
B 0.76 0.64 044 020 0
c L1 092 0.64 0.28 0
D 11 0.92 064 0.28 0
10 A 056 0.48 032 0.16 0
B 0.68 0.56 036 0.16 0
c 10 0.84 0.56 026 0
D 10 0.84 056 0.16 0

7-3 Double Width Double Inlet (DWDI) Fan with an Outlet Duct EIbow (AMCA 1973, Figure 22)

&

PosITION C area (see Fitting 7-1)

Fitting 7-1)

PosITION O To calculate effective duct
length L, sce Fitting 7-1.

~
l\ POSITION 8

POSITION A

OWDI CENTRIFUGAL FAN

= centrifugal fan blast

4, = ductoutlet area (see
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7-2  Single Width Single Inlet (SWSI) Fan with an Outlet Duct Elbow (AMCA 1973, Figure 22)
Ap = centrifugal fan blast area
(see Fitting 7-1)
POSITION C© A, = duct/outlet area (see Fit-
ting 7-1)
To calculate effective duct length
POSITION O "
\ L,, see Fitting 7-1.
27N
<7 P POSITION B
- - \
e -
g,
POSITION A
SWSI CENTRIFUGAL FAN
[
Outlet L,
Elbow
AplA, 0 0.12 0.25 0.5 =1.0
04 A 32 27 1.8 0.84 0
B 4.0 33 22 1.0 0
C 5.8 4.8 32 15 0
D 58 4.8 32 15 0
0.5 A 23 19 13 0.60 0
B 28 24 1.6 0.72 0
C 4.0 33 22 1.0 0
D 4.0 33 22 1.0 0
0.6 A 16 13 0.8 0.40 0
B 2.0 1.7 11 0.52 0
C 29 24 1.6 0.76 0
D 29 24 1.6 0.76 0
0.7 A 11 0.88 0.60 0.28 0
B 13 11 0.72 0.36 0
C 2.0 1.6 L1 0.52 0
D 2.0 1.6 1.1 0.52 0
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25 2.1 14 065 0 085 071 048 024

0.7 1.1 0.88 0.60 028 0
1.7 14 090 045 0

20 1.6 1.1 0.52 0

c, c,
Outlet Outlet
Elbow ——————————————————— Elbow
Posi- Posi-
Ay, tion 0 012 025 05 =10 Ayd, ton 0 012 025 05 =10
04 A 32 27 18 08 0 08 A 076 064 044 020 0
B 50 42 28 13 0 B 12 10 065 030 0
C 58 48 32 15 0 C 14 12 076 036 0
D 49 41 27 13 0 D 12 09 065 03 0
05 A 23 19 13 060 0 09 A 060 048 032 016 0
B 36 30 20 09 0 B 095 080 055 025 0
C 40 33 22 10 0 C L1 092 064 028 0
D 34 28 19 08 0 D 095 078 054 024 0
06 A 16 13 08 040 0 10 A 056 048 032 016 0
B 25 21 14 065 0 B 08 070 045 020 0
C 29 24 16 076 0 C 10 084 056 028 0
D D 0
A
B
c
D

L7 14 092 044 0

7-4 Nonuniform Elbow into a Fan Inlet Induced by a 90° Round Smooth Radius Elbow
Without Vanes (AMCA 1973, Fig. 27)

- <
L LID

41 A D 0 20 250

i 0.75 14 0.80 040

— 10 12 0.66 033

e L5 L1 0.60 033

- 20 10 0.53 033

3.0 0.66 040 022
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7-5 Nonuniform Elbow into a Fan Inlet Induced by 90° Mitered and Multipiece Elbows
Without Vanes (AMCA 1973, Fig. 29)

Mitered
LID 0 2.0 25.0
c, 32 20 10

Three-Piece

S
LID
D 0 2.0 5.0
0.50 25 16 0.80
0.75 1.6 1.0 0.47
1.0 12 0.66 0.33
1.5 1.1 0.60 0.33
2.0 1.0 0.53 033
3.0 0.80 0.47 0.26
Four-Piece or more
C, L
LID ‘
D 0 2.0 =5.0
0.50 1.8 1.0 0.53
0.75 14 0.80 0.40
1.0 12 0.66 0.33
1.5 1.1 0.60 0.33
2.0 1.0 0.53 033
3.0 0.66 0.40 0.22

7-6 Nonuniform Elbow into a Fan Inlet Induced by a 90° Square Smooth Radius Elbow
(AMCA 1973, Figure 35A)

Square Elbow with an Inlet Transition,” No Vanes

<
LID
D 0 25 26.0
0.50 25 1.6 0.80
0.75 2.0 12 0.66
1.0 1.2 0.66 0.33
1.5 1.0 0.57 0.30
2.0 0.8 047 0.26
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7-9 Plane Asymmetric Diffuser at Fan Outlet Without Ductwork (Idelchik et al. 1986, Diagram 11-11)

FREE DISCHARGE C

A4,
A 0,
degrees 1.5 2.0 25 3.0 35 40
10 051 034 025 021 018 017
] Ao
IS 054 036 027 024 022 020
20 055 038 031 027 025 024
25 059 043 037 035 033 033
30 0.63 0.50 0.46 0.44 0.43 0.42

35 0.65 0.56 0.53 0.52 0.51 0.50

If diffuser has a screen, use Fitting 6-7 to calculate screen resistance.

7-10 Pyramidal Diffuser at Fan Outlet Without Ductwork (Idelchik et al. 1986, Diagram 11-11)

FREE DISCHARGE C

o

a o, AylA,
degrees 15 20 25 30 35 40

10 054 042 037 034 032 03]

Ao 1 067 058 053 051 050 05

4 20 075 067 065 064 064 065

fg,“ 1 25 080 074 072 070 070 072
“J’ H 3 085 078 076 075 075 076

If diffuser has a screen, use Fitting 6-7 to calculate screen resistance.

s

7-11 Plane Symmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-12)

-

AylA,

)
A .
VU degrees 15 20 25 30 35 40

¥4

10 0.05 0.07 0.09 0.10 0.11 0.11
15 0.06 0.09 0.11 0.13 0.13 0.14
/—Ao 20 0.07 0.10 0.13 0.15 0.16 0.16
_é 25 0.08 0.13 0.16 0.19 0.21 0.23

f“ } 30 016 029 039 032 034 035

” - 35 024 034 039 044 048 050
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Square Elbow with an Inlet Transition,* Full Radius Vanes Equally Spaced
[ e
LD
_ u
D 0 25 6.0 4
0.50 0.80 047 0.26
1.0 0.53 0.33 0.18 /
1.5 0.40 0.28 0.16
2.0 1.26 022 0.14
Square Elbow with an Inlet Transition,* Short Vanes per Fitting 3.8
[ i
) T
D ) 25 6.0 1
0.50 0.80 047 0.26
1.0 0.53 0.33 0.18
15 0.40 028 0.16
2.0 0.26 022 0.14
* The inside area of th (H  H is equal 10 the inside area circumscribed by the fan inlet collar. The maxi-
mum angle of any converging element of the transiton is 15° and. for a diverging elemen, 7.5°.
7-7 Fans Located in Plenums and Cabinet Enclosures (AMCA 1973, Figure 35A)
~ [t L
L [
0.75D 0.22
05D 0.40
04D 0.53
03D 0.80
02D 12
7-8 Fan Without an Outlet Diffuser (AMCA 1973, Figure 19)
OUTLET AREA
ouast anea—)
curore Poor; should not be used.
Apld, 04 05 06 07 08 09 10
C, 20 20 10 080 047 022 0
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7-12 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-13)

C,

Ay,

o,
degrees 1.5 2.8 25 3.0 35 4.0

10 0.08 0.09 0.10 0.10 0.11 0.11
15 0.10 0.11 0.12 0.13 0.14 0.15
‘o 20 0.12 0.14 0.15 0.16 0.17 0.18
25 0.15 0.18 0.21 0.23 0.25 0.26
30 0.18 0.25 0.30 033 035 035
35 0.21 0.31 0.38 0.41 0.43 0.44

L

CE

7-13 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-14)

AN

A\l
Cn
o Ay/A,
degrees 15 28 25 30 35 40
A
| A4 ' 10 005 008 01 013 013 014

15006 010 012 014 015 0I5
20 0.07 0.11 0.14 015 0.16  0.16
| —Ao 25 0.09 014 018 020 021 0.22
30 0.13 0.18 0.23 026 028 029

D —ﬁ ‘1— 35 0.15 023 028 033 035 0.36

7-14 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-15)

A N

G

0 A4/,
.e:/— M degrees 15 28 25 30 35 40
100 10 011 013 014 014 014 014
15 013 015 016 017 018 018
8 | —80 20 019 022 024 026 028 030
—h ] 25029 032 035 037 039 040
\ \‘ - }_ 30 036 042 046 049 051 051
\ 35 044 054 061 064 066  0.66

A L1
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7-15 Pyramidal Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-16)

A

S
o o Ay,
degrees 15 28 25 30 35 40
“ 10 0.10 018 021 023 024 025

15 023 033 038 040 042 044
Ao 20 031 043 048 053 056 058
¢] 25 036 049 055 058 062 0.64

f“ ~ [l 30 042 053 059 064 067 0.69
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Appendix B

Simulation Output from Revit

Caminho:

Perda Total: 135,5502830318646

Seccao: 52

Perda total: 31,877537439709485

Perda de carga em linha: 0,18383743970948344
Perda de carga localizada: 11,693700000000002
Perda de carga em acessdérios: 20

Comprimento de conduta: 154,79999999999316
Caudal: 124,99999657825823

Velocidade: 3

Didmetro: 125

Seccao: 44

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 42
Perda total: 0,20478857649832338
Perda de carga em linha: 0,20478857649832338

Perda de carga localizada: O

111
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Perda de carga em acessdérios: 0
Comprimento de conduta: 264,843586396148
Caudal: 624,9999178726473

Velocidade: 3,75

Didmetro: 244

Seccao: 41
Perda total: 62,736685839232535

Perda de carga em linha: 0,013609848643433413
Perda de carga localizada: 12,723075990589104

Perda de carga em acessérios: 50
Comprimento de conduta: 30,555175200013846
Caudal: 624,9999520715375

Velocidade: 3

Didmetro: 273

Seccao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 135,5502830318646

FHAHFF A AR AR A AR AR

Simulation Output from Revit
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Caminho:

Perda Total: 137,26588124655996

Secgao: 51

Perda total: 31,739476948706496

Perda de carga em linha: 0,21352694870649602
Perda de carga localizada: 11,52595

Perda de carga em acessdérios: 20

Comprimento de conduta: 179,79999999999458
Caudal: 124,99999643535232

Velocidade: 3

Didmetro: 125

Secgao: 46

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
Perda de carga em acessdrios: 0

Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Secgao: 44

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 42

Perda total: 0,20478857649832338

Perda de carga em linha: 0,20478857649832338
Perda de carga localizada: O

Perda de carga em acessérios: 0

Comprimento de conduta: 264,843586396148
Caudal: 624,9999178726473
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Velocidade: 3,75

Didmetro: 244

Seccao: 41

Perda total: 62,736685839232535

Perda de carga em linha: 0,013609848643433413
Perda de carga localizada: 12,723075990589104
Perda de carga em acessdrios: 50

Comprimento de conduta: 30,555175200013846
Caudal: 624,9999520715375

Velocidade: 3

Didmetro: 273

Secgao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessédrios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 137,26588124655996
HHHdddddHHAH A4
Caminho:

Perda Total: 133,51185748817386

Seccao: 50
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Perda total: 27,27503945318629

Perda de carga em linha: 0,2135269487065012
Perda de carga localizada: 7,061512504479792
Perda de carga em acessérios: 20

Comprimento de conduta: 179,79999999999893
Caudal: 124,99999643535281

Velocidade: 3

Didmetro: 125

Secgao: 47

Perda total: 0,7104137371341033

Perda de carga em linha: 0,2620637371341033
Perda de carga localizada: 0,44835

Perda de carga em acessdrios: 0

Comprimento de conduta: 674,9999999998704
Caudal: 249,9999925080428

Velocidade: 2,25

Didmetro: 200

Seccao: 46

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
Perda de carga em acessdérios: 0

Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Seccao: 44

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 42
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Perda
Perda
Perda

Perda

total: 0,20478857649832338
de carga em linha: 0,20478857649832338
de carga localizada: O

de carga em acessoérios: O

Comprimento de conduta: 264,843586396148
Caudal: 624,9999178726473
Velocidade: 3,75

Didmetro: 244

Secgao: 41

Perda
Perda
Perda

Perda

total: 62,736685839232535

de carga em linha: 0,013609848643433413
de carga localizada: 12,723075990589104

de carga em acessdérios: 50

Comprimento de conduta: 30,555175200013846
Caudal: 624,9999520715375
Velocidade: 3

Didmetro: 273

Seccao: 28

Perda
Perda
Perda

Perda

total: 25,32214429989281
de carga em linha: 1,2580650560659095
de carga localizada: 24,0640792438269

de carga em acessdérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682
Velocidade: 4,5

Didmetro: 299

Seccgao: 2

Perda
Perda
Perda

Perda

total: 14,950744768831152
de carga em linha: 1,6397822688311516
de carga localizada: 13,3109625

de carga em acessérios: O

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336
Velocidade: 5,75

Didmetro: 365

Perda

Total: 133,51185748817386

Simulation Output from Revit
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iddzadasdassassassassadtadaadaadad i aatsi

Caminho:

Perda Total: 131,64736625819086

Seccao: 49

Perda total: 25,410548223203293

Perda de carga em linha: 0,922473223203293
Perda de carga localizada: 4,488075

Perda de carga em acessérios: 20
Comprimento de conduta: 776,7669914111463
Caudal: 124,99999573419305

Velocidade: 3

Didmetro: 125

Seccao: 47

Perda total: 0,7104137371341033

Perda de carga em linha: 0,2620637371341033
Perda de carga localizada: 0,44835

Perda de carga em acessérios: 0

Comprimento de conduta: 674,9999999998704
Caudal: 249,9999925080428

Velocidade: 2,25

Didmetro: 200

Seccao: 46

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
Perda de carga em acessdérios: 0

Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Seccgao: 44

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625
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Perda de carga em acessdérios: 0
Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 42

Perda total: 0,20478857649832338

Perda de carga em linha: 0,20478857649832338
Perda de carga localizada: 0

Perda de carga em acessérios: 0

Comprimento de conduta: 264,843586396148
Caudal: 624,9999178726473

Velocidade: 3,75

Didmetro: 244

Seccao: 41

Perda total: 62,736685839232535

Perda de carga em linha: 0,013609848643433413
Perda de carga localizada: 12,723075990589104
Perda de carga em acessérios: 50

Comprimento de conduta: 30,555175200013846
Caudal: 624,9999520715375

Velocidade: 3

Didmetro: 273

Seccao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessdérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625
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Perda de carga em acessdérios: 0
Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 131,64736625819086

igdddsasssadsdssasdsaadsaaadtaaainadddsdi

Caminho:

Perda Total: 156,21687236073873

Secgao: 54

Perda total: 53,00250887628391

Perda de carga em linha: 0,13799628908382372
Perda de carga localizada: 32,86451258720009
Perda de carga em acessdérios: 20

Comprimento de conduta: 116,19953793924056
Caudal: 124,99999718890547

Velocidade: 3

Didmetro: 125

Seccao: 42

Perda total: 0,20478857649832338

Perda de carga em linha: 0,20478857649832338
Perda de carga localizada: 0

Perda de carga em acessérios: 0

Comprimento de conduta: 264,843586396148
Caudal: 624,9999178726473

Velocidade: 3,75

Didmetro: 244

Seccao: 41

Perda total: 62,736685839232535

Perda de carga em linha: 0,013609848643433413
Perda de carga localizada: 12,723075990589104
Perda de carga em acessérios: 50

Comprimento de conduta: 30,555175200013846
Caudal: 624,9999520715375

119



120

Velocidade: 3

Didmetro: 273

Seccao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessdérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessédrios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 156,21687236073873

igddssssdssasssaddsaaadsaadiasaaaadttsi

Caminho:

Perda Total: 168,68081608107167

Secgao: 40

Perda total: 42,73758072563451

Perda de carga em linha: 1,40176310746388
Perda de carga localizada: 21,33581761817063
Perda de carga em acessdrios: 20

Comprimento de conduta: 1180,352214316686
Caudal: 124,9999955118421

Velocidade: 3

Didmetro: 125

Simulation Output from Revit
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Seccgao: 30

Perda total: 85,6703462867132

Perda de carga em linha: 3,338821062869485
Perda de carga localizada: 32,33152522384371
Perda de carga em acessérios: 50

Comprimento de conduta: 2840,0203725967103
Caudal: 499,99994374340093

Velocidade: 4,25

Didmetro: 210

Seccao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Seccgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 168,68081608107167

Caminho Critico

igdddsassssdsssaddsaaadsaaadtaaaiaadddssi

Caminho:

Perda Total: 163,2266846281576

Seccao: 38
Perda total: 33,106902478173254
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Perda de carga em linha: 1,5809524781732514
Perda de carga localizada: 11,52595

Perda de carga em acessdérios: 20
Comprimento de conduta: 1331,2383158074617
Caudal: 124,99999546681397

Velocidade: 3

Didmetro: 125

Seccao: 32
Perda total: 4,176546794547198
Perda de carga em linha: 0,3202030445471977

Perda de carga localizada: 3,8563437499999997

Perda de carga em acessérios: 0
Comprimento de conduta: 367,14466094068814
Caudal: 374,9999890625896

Velocidade: 3,5

Didmetro: 200

Seccgao: 30

Perda total: 85,6703462867132

Perda de carga em linha: 3,338821062869485
Perda de carga localizada: 32,33152522384371
Perda de carga em acessérios: 50

Comprimento de conduta: 2840,0203725967103
Caudal: 499,99994374340093

Velocidade: 4,25

Didmetro: 210

Seccao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessdérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Simulation Output from Revit
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Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 163,2266846281576

FHEHAHHHHH AR H AR H SR F A AR RS

Caminho:

Perda Total: 155,14567021681813

Seccao: 36

Perda total: 23,774217430790955

Perda de carga em linha: 1,0978424307909531
Perda de carga localizada: 2,676375

Perda de carga em acessdérios: 20
Comprimento de conduta: 924,4363311140326
Caudal: 124,99999560439954

Velocidade: 3

Didmetro: 125

Seccao:

Perda total: 0

Perda de carga em linha: O
Perda de carga localizada: 0
Perda de carga em acessérios: 0
Comprimento de conduta: 0
Caudal: 249,99999299743405
Velocidade: 2,25

Didmetro: 200

Seccao: 33
Perda total: 1,251670636042809
Perda de carga em linha: 0,1239331360428092

Perda de carga localizada: 1,1277374999999998

Perda de carga em acessérios: 0
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Comprimento de conduta: 319,2157287525525
Caudal: 249,99999299743405
Velocidade: 2,25

Didmetro: 200

Secgao: 32

Perda total: 4,176546794547198

Perda de carga em linha: 0,3202030445471977
Perda de carga localizada: 3,8563437499999997
Perda de carga em acessdérios: 0

Comprimento de conduta: 367,14466094068814
Caudal: 374,9999890625896

Velocidade: 3,5

Didmetro: 200

Seccao: 30

Perda total: 85,6703462867132

Perda de carga em linha: 3,338821062869485
Perda de carga localizada: 32,33152522384371
Perda de carga em acessdrios: 50

Comprimento de conduta: 2840,0203725967103
Caudal: 499,99994374340093

Velocidade: 4,25

Didmetro: 210

Secgao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Seccao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0
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Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336
Velocidade: 5,75

Didmetro: 365

Perda Total: 155,14567021681813

FHARHHAAR AR A AR A

Caminho:

Perda Total: 162,3369871928372

Seccgao: 37

Perda total: 30,96553440681003

Perda de carga em linha: 2,0923219286256165
Perda de carga localizada: 8,873212478184413
Perda de carga em acessérios: 20

Comprimento de conduta: 1761,836082264166
Caudal: 124,99999561567363

Velocidade: 3

Didmetro: 125

Seccao:

Perda total: O

Perda de carga em linha: O
Perda de carga localizada: O
Perda de carga em acessérios: 0
Comprimento de conduta: O
Caudal: 249,99999299743405
Velocidade: 2,25

Didmetro: 200

Secgao: 33
Perda total: 1,251670636042809
Perda de carga em linha: 0,1239331360428092

Perda de carga localizada: 1,1277374999999998

Perda de carga em acessdérios: 0
Comprimento de conduta: 319,2157287525525
Caudal: 249,99999299743405

Velocidade: 2,25
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Didmetro: 200

Seccgao: 32

Perda total: 4,176546794547198

Perda de carga em linha: 0,3202030445471977
Perda de carga localizada: 3,8563437499999997
Perda de carga em acessérios: 0

Comprimento de conduta: 367,14466094068814
Caudal: 374,9999890625896

Velocidade: 3,5

Didmetro: 200

Seccgao: 30

Perda total: 85,6703462867132

Perda de carga em linha: 3,338821062869485
Perda de carga localizada: 32,33152522384371
Perda de carga em acessérios: 50

Comprimento de conduta: 2840,0203725967103
Caudal: 499,99994374340093

Velocidade: 4,25

Didmetro: 210

Seccgao: 28

Perda total: 25,32214429989281

Perda de carga em linha: 1,2580650560659095
Perda de carga localizada: 24,0640792438269
Perda de carga em acessérios: 0

Comprimento de conduta: 1491,4248443480114
Caudal: 1124,999805467682

Velocidade: 4,5

Didmetro: 299

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75



Simulation Output from Revit

Didmetro: 365

Perda Total: 162,3369871928372

igdddsssdssdsssaddsaaadsaaadtaadiaadddssi

Caminho:

Perda Total: 115,48058201935689

Secgao: 23

Perda total: 31,734883590096892

Perda de carga em linha: 0,20893359009689227
Perda de carga localizada: 11,52595

Perda de carga em acessdérios: 20

Comprimento de conduta: 175,93217028103035
Caudal: 124,99999643013341

Velocidade: 3

Didmetro: 125

Seccao: 18

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
Perda de carga em acessdérios: 0

Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Seccao: 16

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 14
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Perda total: 50,18131650847627

Perda de carga em linha: 0,1813165084762731
Perda de carga localizada: O

Perda de carga em acessérios: 50
Comprimento de conduta: 234,48824733676923
Caudal: 624,9999234949214

Velocidade: 3,75

Didmetro: 244

Secgao: 13

Perda total: 3,0681841973325845

Perda de carga em linha: 0,026952947332584687
Perda de carga localizada: 3,04123125

Perda de carga em acessdérios: 0

Comprimento de conduta: 50,55517541489892
Caudal: 624,999942794674

Velocidade: 3,25

Didmetro: 266

Secgao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessdérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Seccao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Seccgao: 2
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Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 115,48058201935689

FHAHHFAAR AR A AR AR RS

Caminho:

Perda Total: 109,8620670309878

Seccgao: 21

Perda total: 25,40595486459369

Perda de carga em linha: 0,9178798645936885
Perda de carga localizada: 4,488075

Perda de carga em acessérios: 20
Comprimento de conduta: 772,8991616921816
Caudal: 124,99999573419316

Velocidade: 3

Didmetro: 125

Seccao: 19

Perda total: 0,7104137371341033

Perda de carga em linha: 0,2620637371341033
Perda de carga localizada: 0,44835

Perda de carga em acessdrios: 0

Comprimento de conduta: 674,9999999998704
Caudal: 249,9999925080428

Velocidade: 2,25

Didmetro: 200

Secgao: 18

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
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Perda de carga em acessdérios: 0
Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Seccao: 16

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 14

Perda total: 50,18131650847627

Perda de carga em linha: 0,1813165084762731
Perda de carga localizada: O

Perda de carga em acessérios: 50
Comprimento de conduta: 234,48824733676923
Caudal: 624,9999234949214

Velocidade: 3,75

Didmetro: 244

Secgao: 13

Perda total: 3,0681841973325845

Perda de carga em linha: 0,026952947332584687
Perda de carga localizada: 3,04123125

Perda de carga em acessdérios: 0

Comprimento de conduta: 50,55517541489892
Caudal: 624,999942794674

Velocidade: 3,25

Didmetro: 266

Secgao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325
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Perda de carga em acessdérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Seccao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Seccao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 109,8620670309878

FHAHHF A AR F AR A AR AR

Caminho:

Perda Total: 111,72655826084181

Seccgao: 22

Perda total: 27,27044609444771

Perda de carga em linha: 0,20893359009689808
Perda de carga localizada: 7,0615125043508105
Perda de carga em acessérios: 20

Comprimento de conduta: 175,93217028103524
Caudal: 124,99999643013194
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Velocidade: 3

Didmetro: 125

Seccao: 19

Perda total: 0,7104137371341033

Perda de carga em linha: 0,2620637371341033
Perda de carga localizada: 0,44835

Perda de carga em acessdérios: 0

Comprimento de conduta: 674,9999999998704
Caudal: 249,9999925080428

Velocidade: 2,25

Didmetro: 200

Secgao: 18

Perda total: 1,8536587056983467

Perda de carga em linha: 0,536058705698347
Perda de carga localizada: 1,3175999999999997
Perda de carga em acessédrios: 0

Comprimento de conduta: 614,6446609407986
Caudal: 374,9999885532985

Velocidade: 3,5

Didmetro: 200

Seccao: 16

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccao: 14

Perda total: 50,18131650847627

Perda de carga em linha: 0,1813165084762731
Perda de carga localizada: 0

Perda de carga em acessérios: 50
Comprimento de conduta: 234,48824733676923
Caudal: 624,9999234949214
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Velocidade: 3,75

Didmetro: 244

Secgao: 13

Perda total: 3,0681841973325845

Perda de carga em linha: 0,026952947332584687
Perda de carga localizada: 3,04123125

Perda de carga em acessdrios: 0

Comprimento de conduta: 50,55517541489892
Caudal: 624,999942794674

Velocidade: 3,25

Didmetro: 266

Secgao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessdrios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Secgao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Seccao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336
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Velocidade: 5,75

Didmetro: 365

Perda Total: 111,72655826084181

FHAHFHHAARF A AR A AR F AR A

Caminho:

Perda Total: 113,76498380466154

Seccao: 24
Perda total: 31,87294408109988
Perda de carga em linha: 0,17924408109987905

Perda de carga localizada: 11,693700000000002

Perda de carga em acessérios: 20
Comprimento de conduta: 150,93217028102842
Caudal: 124,99999657026508

Velocidade: 3

Didmetro: 125

Seccao: 16

Perda total: 0,4583821077002957

Perda de carga em linha: 0,2868196077002957
Perda de carga localizada: 0,1715625

Perda de carga em acessérios: 0

Comprimento de conduta: 577,1446609405473
Caudal: 499,9999859273036

Velocidade: 3

Didmetro: 250

Seccgao: 14

Perda total: 50,18131650847627

Perda de carga em linha: 0,1813165084762731
Perda de carga localizada: O

Perda de carga em acessdrios: 50
Comprimento de conduta: 234,48824733676923
Caudal: 624,9999234949214

Velocidade: 3,75

Didmetro: 244

Simulation Output from Revit
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Seccgao: 13

Perda total: 3,0681841973325845

Perda de carga em linha: 0,026952947332584687
Perda de carga localizada: 3,04123125

Perda de carga em acessérios: 0

Comprimento de conduta: 50,55517541489892
Caudal: 624,999942794674

Velocidade: 3,25

Didmetro: 266

Seccao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Seccao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365
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Perda Total: 113,76498380466154

igdddsssdsaasdsssddsaaaiaaadiaaaiaaddddi

Caminho:

Perda Total: 134,43157312601528

Secgao: 26

Perda total: 52,99791551015392

Perda de carga em linha: 0,133402930474219
Perda de carga localizada: 32,864512579679705
Perda de carga em acessdrios: 20

Comprimento de conduta: 112,33170822027553
Caudal: 124,99999713921746

Velocidade: 3

Didmetro: 125

Secgao: 14

Perda total: 50,18131650847627

Perda de carga em linha: 0,1813165084762731
Perda de carga localizada: 0

Perda de carga em acessdérios: 50
Comprimento de conduta: 234,48824733676923
Caudal: 624,9999234949214

Velocidade: 3,75

Didmetro: 244

Secgao: 13

Perda total: 3,0681841973325845

Perda de carga em linha: 0,026952947332584687
Perda de carga localizada: 3,04123125

Perda de carga em acessérios: 0

Comprimento de conduta: 50,55517541489892
Caudal: 624,999942794674

Velocidade: 3,25

Didmetro: 266

Seccao: 4
Perda total: 10,09633486602805
Perda de carga em linha: 5,06383486602805
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Perda de carga localizada: 5,0325

Perda de carga em acessérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Secgao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessdérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 134,43157312601528

igdddssssssdsssaddsaaasaaadtaaaiaadddssi

Caminho:

Perda Total: 110,17891734523124

Secgao: 12

Perda total: 32,95626995260991

Perda de carga em linha: 1,858844744336975
Perda de carga localizada: 11,09742520827293
Perda de carga em acessdérios: 20

Comprimento de conduta: 1565,2370206965368
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Caudal: 124,99999576882671
Velocidade: 3

Didmetro: 125

Seccao: 8

Perda total: 49,038490482568825

Perda de carga em linha: 3,2135654825688236
Perda de carga localizada: 15,824925

Perda de carga em acessérios: 30
Comprimento de conduta: 3419,69543411155
Caudal: 249,99997288871415

Velocidade: 3,25

Didmetro: 169

Seccao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Seccao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
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Caudal: 2089,9996347477336
Velocidade: 5,75

Didmetro: 365

Perda Total: 110,17891734523124

igdddsssdssdsssaddsaasdsaaddtaaaiaadddssi

Caminho:

Perda Total: 101,29819448911282

Secgao: 10

Perda total: 22,981360484870816

Perda de carga em linha: 1,1696604848708163
Perda de carga localizada: 1,8117

Perda de carga em acessdérios: 20
Comprimento de conduta: 984,9106000612672
Caudal: 124,9999955802214

Velocidade: 3

Didmetro: 125

Secgao: 9

Perda total: 1,0941866116206707

Perda de carga em linha: 0,0015241116206706955
Perda de carga localizada: 1,0926624999999999
Perda de carga em acessdérios: 0

Comprimento de conduta: 4,999964195817894
Caudal: 124,99999448854102

Velocidade: 1,75

Didmetro: 169

Seccao: 8

Perda total: 49,038490482568825

Perda de carga em linha: 3,2135654825688236
Perda de carga localizada: 15,824925

Perda de carga em acessérios: 30
Comprimento de conduta: 3419,69543411155
Caudal: 249,99997288871415

Velocidade: 3,25

Didmetro: 169
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Seccao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessdrios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Secgao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessdérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 101,29819448911282

igddssssdssasdssddsaaadaaadiaaaiaaadddi

Caminho:

Perda Total: 76,27900723025869

Secgao: 6

Perda total: 48,09485032020618
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Perda de carga em linha: 6,737606570206184
Perda de carga localizada: 21,357243749999995
Perda de carga em acessérios: 20

Comprimento de conduta: 9573,089743490138
Caudal: 89,99999673887346

Velocidade: 2,25

Didmetro: 125

Seccao: 4

Perda total: 10,09633486602805

Perda de carga em linha: 5,06383486602805
Perda de carga localizada: 5,0325

Perda de carga em acessérios: 0
Comprimento de conduta: 4267,019410134665
Caudal: 964,9998081882068

Velocidade: 5

Didmetro: 266

Seccao: 3

Perda total: 3,1370772751933056

Perda de carga em linha: 0,1053772751933059
Perda de carga localizada: 3,0317

Perda de carga em acessérios: 0

Comprimento de conduta: 397,93176240001156
Caudal: 964,9999232248229

Velocidade: 2,75

Didmetro: 365

Secgao: 2

Perda total: 14,950744768831152

Perda de carga em linha: 1,6397822688311516
Perda de carga localizada: 13,3109625

Perda de carga em acessdérios: 0

Comprimento de conduta: 1570,1059565883484
Caudal: 2089,9996347477336

Velocidade: 5,75

Didmetro: 365

Perda Total: 76,27900723025869
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Appendix C

Duct Pressure Loss Report
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Duct Pressure Loss Report

Project Name
Project Issue Date
Project Status
Client Name
Project Address
Project Number
Organization Name
Organization Description
Building Name
Author

IfcSite GUID
IfcBuilding GUID
IfcProject GUID
04-COD-Esp

Run Time

CONSTRUGAO DE UNIDADE HOSPITALAR

SETEMBRO 2024
LICENCIAMENTO

REMOTO & PRESENTE S.A.

AVENIDA DOM MENDO, MAIA

1585
ASL

SNC

26/05/2025 11:53:10

Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 107

System Information
System Classification
System Type

System Name
Abbreviation

Supply Air

ASL-MEC-DS-ACO.GALV-AR NOVO
Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 107

Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit VelOCItSiength Loss ) ‘Fritctiongqulvalf)lllgmet%ree Height HydraumyerallReynol%idth Pressurf%ectlorl
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
125 125 1
puct ‘%0 mmx20d> - 0.629 - 024 - mmx206%° 5% x0605317.97853 0.1 Pa
m3/h m/s Pa/m mm mm mm
mm mm mm
220 Fittings_00 - L5 3pa - 0 . - - . - - . - - 0.0pa O1P2
m m/s
Air 100
Terminah3h = : 3 : ) ) : ) : : : ) : : 0.0 Pa
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:8221 Pressure
220 8176914 100 m3h 125 mmx200 mm 1.5 m/s 1.3 Pa 0.629 0.1 Pa 0.1 Pa

Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss
Coefficient from
220 8176911 ASHRAE Table CD6-4 0 0.0 Pa 0.0 Pa
Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 15
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-AR NOVO
System Name Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 15
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit; Velomt}iength Los .Frictio: Egulvalﬁrllftlmet%‘ree Height Hydrauﬁ)fx/erall Reynoldwidth Pressurqgectlon
ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
125 125 1
puct 20 mmx20d> - 0.629 - 024 - mmx206%0 5% 11mx2605317.97853 0.1 Pa
m3/h m/s Pa/m mm mm mm
mm mm mm
179 Fittings. 00 L3y 3pa - o - - - - - - - - - 0.0pa 01 Pa
m! m/s

Air 100

Terminah3/h 3 3 B : ) B : : 3 3 . i : 0.0 Pa
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:2;21 Pressure
179 5140485 100 m3h 125 mmx200 mm 1.5 m/s 1.3 Pa 0.629 0.1 Pa 0.1 Pa

Section

179 5139468

Element ID

Loss Method

Coefficient from
ASHRAE Table

Fitting and Accessory Loss Coefficient Summary by Sections

ASHRAE Table

CD6-4

Loss Coefficient

Pressure Loss

0.0 Pa

Total Pressure
Loss

0.0 Pa




Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 27

System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-AR NOVO
System Name Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 27
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
. . ., Velocit; Loss . .. _Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velocmi’ressugiéength Coefficilt;}‘lltctwnDiamet(-:Ef'11 amet%rize Height Diamet@&ize numbegﬁ/ idth Ezzzsurf’ressure Loss
1450 1450 1450
Duct 0 m3h mmx358‘0 - 0.715 - 0.00 - mmx35850 564 mmx350 1450 0.0 Pa
m/s Pa/m mm mm mm
1 mm mm mm 0.0 Pa
Air 3
Terminaq m3/h - - - - - - - - - - - - - - 0.0 Pa
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;i;l Pressure
1 6726528 0 m¥%h Ilrﬁio mmx350 4 6 mys 0.0 Pa 0.715 0.0 Pa 0.0 Pa
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Ig;zl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 35
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-AR NOVO
System Name Mechanical ASL-MEC-DS-ACO.GALV-AR NOVO 35
Abbreviation
Total Pressure Loss Calculations by Sections
Total
. . ., Velocit; Loss . .. _Equivalent Free . Hydrauliwerall Reynolds,. Section
Section ElemenFlow Size Velocit ressm}jéength Coefﬁcilg{l CtlonDiametg} amet%rize Height Diamet&ize numbegﬁ[ idth Egzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss ;1:2221 Pressure
Mechanical ASL-MEC-DS-ACO.GALV-EXAUSTAO 4
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-EXAUSTAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-EXAUSTAO 4
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOcmtength Lo .Fritct‘1ongguNal?)lllztimet(,l;r.ree Height Hydraumverall ReynOlckﬁlidth Pressur%eCthn
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egz:l Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss EZZI Pressure
Mechanical ASL-MEC-DS-ACO.GALV-EXAUSTAO 5
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-EXAUSTAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-EXAUSTAO 5
Abbreviation
Total Pressure Loss Calculations by Sections
Velocity Loss Equivalent Free Hydrauliwerall Reynolds Total




Section Elemenflow Size VelocityPressurkength CoefficiEnictionDiametd@iamet&ize Height Diamet&ize numberWidth Pressur8ection
Loss  Pressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:2221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg:l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 1
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS
System Name Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 1
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit Vemcmiength Loss .Fritction[E)qmvalﬁrfgmetgs:{ee Height Hydraum erall Reynowﬁ/idth Pressurgecuon
ressure Coefficien! iameter ize Diamet&ize number Loss ressure Loss
... 100 1.5
220 Flttlngsmalh - m/s 1.3 Pa - 0 - - - - - - - - - 0.0 Pa 0.0 Pa
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egz':l Pressure
Coefficient from
220 8176911 ASHRAE Table CD6-4 0 0.0 Pa 0.0 Pa
Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 10
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS
System Name Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 10
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit; Vemcmiength Loss .Fritctiongquwalﬁrfgmetgrree Height Hydraum erall Reynowﬁ/idth Pressurgectlon
ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg;i;l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 13
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS
System Name Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO GERAIS 13
Abbreviation
Total Pressure Loss Calculations by Sections
Total
. . ., Velocit; Loss . .. _Equivalent Free . Hydrauliwerall Reynolds,. Section
Section Elemenflow Size Velocit ressulsjéength Coefﬁcilg{lltctwnDiamett;E%"rll amet%rize Height Diamet&ize numbegﬁ[ idth Egzzsurf’ressure Loss
... 100 1.5
179 Flttmgsmslh - m/s 1.3 Pa - 0 - - - - - - - - - 0.0 Pa 0.0 Pa
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Ig‘;;l Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Total Pressure




Coefficient from

179 5139468 ASHRAE Table

CD6-4 0

0.0 Pa

Loss

0.0 Pa

Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO SUJOS 6

System Information

System Classification Exhaust Air

System Type ASL-MEC-DS-ACO.GALV-EXTRACAO SUJOS

System Name Mechanical ASL-MEC-DS-ACO.GALV-EXTRACAO SUJOS 6
Abbreviation

Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit VelOCltSLength Loss ,Fritctionggmvalf)l}atlmet{fee Height HydrauQverall Reymﬂdﬂ?\;/idth Pressurgecnon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss

Total Pressure
Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 1

System Information

System Classification Supply Air

System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO

System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 1
Abbreviation

Total Pressure Loss Calculations by Sections

Loss

. . Total .
Section Elemenflow Size Velocit VelOCIt3Length Loss ) .Fritctiongquwalfﬂgmet%ree Height Hydraumyerall Reym)lckﬁ/idth Pressurf%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss EZZZI Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss ;1:2221 Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 109
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 109
Abbreviation
Total Pressure Loss Calculations by Sections
Total

. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velomt%’ressm)jéength CoefﬁcilfjrrlltcuOnDiametg'11 ametesrize Height Diamet&ize numbegﬁ] idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egg;l Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egz':l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 112
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 112
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total

. Elemenflow Size Velocit, Velocmiength Lo .Frictio: Egulvalf)rllftlmetggee Height Hydraumerall Reymﬂd‘ﬁ/idth PressurSection

Section ressure Coefficien: iameter ize Diamet&ize number

Pressure Loss




Critical Path : ; Total Pressure Loss : 0.0 Pa

Detail Information of Straight Segment by Sections

Section Element ID Flow Size Velocity

Total Pressure

Pressure Loss
Loss

Velocity Pressure Length

Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Critical Path : ; Total Pressure Loss : 0.0 Pa

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 117
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 117
Abbreviation
Total Pressure Loss Calculations by Sections
Total

. . ., Velocit; Loss . .. _Equivalent Free . Hydrauldwerall Reynolds,. Section

Section Elemenflow Size  Velocit ressulsjéength Coefﬁcilg{lltctlonDiamett;Brrll amet%rize Height Diamet&ize numbegﬁ[ idth Egzzsurf’ressure Loss

Detail Information of Straight Segment by Sections

Section Element ID Flow Size Velocity

Total Pressure

Pressure Loss
Loss

Velocity Pressure Length

Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 12
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 12
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelC'Cltbiength Loss .Fritctiongguwalﬁllztimet{rree Height Hydraumerall ReynOlckﬁlidth PressurgeCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 123
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 123
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
. ; .. Velocit; Loss . .. Equivalent Free : Hydrauliwerall Reynolds;. Section
Section ElemenFlow Size Velomtsi’ressugiéength Coefficiltg}?t("twnDiamet(-:Ef'11 amet%rize Height Diamet@&ize numbefﬁ] idth Ez‘;zsurﬁ'ressure Loss

Critical Path : ; Total Pressure Loss : 0.0 Pa

Detail Information of Straight Segment by Sections

Section Element ID Flow Size Velocity

Total Pressure

Pressure Loss
Loss

Velocity Pressure Length

Fitting and Accessory Loss Coefficient Summary by Sections

Section Element ID Loss Method ASHRAE Table

Total Pressure

Pressure Loss
Loss

Loss Coefficient

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 13

System Information
System Classification
System Type

System Name
Abbreviation

Supply Air
ASL-MEC-DS-ACO.GALV-INSUFLACAO
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 13




Total Pressure Loss Calculations by Sections
Total

Section Elemenflow Size Velocit VelOCltSLength Loss ,Fritctionggmvalf)l}atlmet{fee Height HydrauQverall Reymﬂdﬂ?\;/idth Pressurgecnon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egz:l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 14
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 14
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCIt3Length Loss .Fritctiongguwalfﬂgmet%ree Height Hydraumyerall Reym)lckﬁ/idth Pressurf%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 15

System Information

System Classification Supply Air

System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO

System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 15
Abbreviation

Total Pressure Loss Calculations by Sections

Total
. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section Elemenflow (Size Velomt%’ressm)jéength CoefﬁcilfjrrlltcuOnDiametg'11 ametesrize Height Diamet&ize numbegﬁ/ idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 17

System Information

System Classification Supply Air

System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO

System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 17
Abbreviation

Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit, Velocmiength Loss .Frictio Egulvalf)rllftlmet%ree Height Hydraumerall Reymﬂd‘ﬁ/idth Pressurq%ectlon
ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 18

{



System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 18
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCltSLength Loss .Fritctiongqmvalﬁ}atlmetggee Height HydrauQverall Reymﬂdﬂﬁ/idth PressurvfsjeCtlon
ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egzﬁsﬂ Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 2
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 2
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCIt3Leng1th Loss .Fritctiongquwalﬁlllzgmet{fee Height Hydraumyerall Reymﬂc‘ﬁ/idth Pressur%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 3

System Information

System Classification Supply Air

System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO

System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 3
Abbreviation

Total Pressure Loss Calculations by Sections

Total
. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velocmi’ressugiéength CoefﬁcilgrrlltcuOnDiametg'11 ametesrize Height Diamet&ize numbegﬁ] idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:8221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egzzl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 35
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 35
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

Section Elemenflow Size Velocit; Velocmiength Loss .Fritctionggmvalf)tlletlmet%.ree Height Hydraumerall Reymﬂdﬁ/idth Pressurqgectlon

ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections

X X X Total Pressure

Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Loss




Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 5

System Information

System Classification Supply Air

System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO

System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 5
Abbreviation

Total Pressure Loss Calculations by Sections

Total

. . ., Velocit; Loss . .. _Equivalent Free . Hydrauldwerall Reynolds,. Section
Section Elemenflow Size Velocit ressulsjéength Coefﬁcilg{l CtlonDiameteE%"rll amet%rize Height Diamet&ize numbe(rjﬁ] idth E;zzsur?’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg;zl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 6
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 6
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit VelOcmiength Lo ,Fritctiongguwalf)lllztimet{fee Height HydrauQverall ReynOlckﬁlidth PressurgeCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:2221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss EZZZI Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 7
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 7
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

. . ., Velocit, Loss . .. Equivalent Free . Hydrauliwerall Reynolds,. Section
Section ElemenFlow Size Velomtsi’ressuﬁéength CoefficilégtctlonDiametg'11 ametesrize Height Diamet@&ize numbes‘ﬁ/ idth Ez‘;zsurﬁ'ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss }:gzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egg;l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 98
System Information
System Classification Supply Air
System Type ASL-MEC-DS-ACO.GALV-INSUFLACAO
System Name Mechanical ASL-MEC-DS-ACO.GALV-INSUFLACAO 98
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit; Velc'Cltsiength Loss .Fritctiongquwalf)rfgmetg{ee Height H.ydraum erall Reynowﬁ/idth PressurgeCtlon
ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss




Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss }:gzzl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO E 17
System Information
System Classification Exhaust Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_E
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO E 17
Abbreviation
Total Pressure Loss Calculations by Sections
Total
. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velocmi’ressugiéength Coefﬁcilt;}‘lltctlOnDiameteE%I'11 ameteg‘ize Height Diamet&ize numbegﬁ] idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:8221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egil Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 132
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 132
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

Section Elemenflow Size Velocit; Velomt}iength Loss ,Fritction[E)gmvalf)Illetlmetgs:tree Height Hydraum‘verall Reynoldwidth Pressurqgectlon

ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg';;l Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg;zl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 134
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 134
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .

Section Elemenflow Size Velocit VelOCItSLength Loss .Fritctiongqulvalf)l}gmetg{ee Height Hydraumerall Reynowﬂﬁ/idth Pressuru%ec’tlon

ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss ;1:2221 Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 16
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 16
Abbreviation




Total Pressure Loss Calculations by Sections
Total

Section Elemenflow Size Velocit VEﬂOCltSLength Loss ,Fritctionggmvalf)l}atlmet{fee Height HydrauQverall Reymﬂdﬂ?\;/idth Pressurgecnon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egz:l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 162
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 162
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCIt3Length Loss .Fritctiongguwalfﬂgmet%ree Height Hydraumyerall Reym)lckﬁ/idth Pressurf%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 18

System Information

System Classification Return Air

System Type ASL-MEC-DS-ACO.GALV-RETORNO R

System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 18
Abbreviation

Total Pressure Loss Calculations by Sections

Total
. . .. Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section Elemenflow (Size Velomt%’ressm)jéength CoefﬁcilfjrrlltcuOnDiametg'11 ametesrize Height Diamet&ize numbegﬁ/ idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-RETORNO_R 302

System Information

System Classification Return Air

System Type ASL-MEC-DS-ACO.GALV-RETORNO_R

System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 302
Abbreviation

Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit, Velocmiength Loss .Frictio Egulvalf)rllftlmet%ree Height Hydraumerall Reymﬂd‘ﬁ/idth Pressurq%ectlon
ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 304

{



System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 304
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCltSLength Loss .Fritctiongqmvalﬁ}atlmetggee Height HydrauQverall Reymﬂdﬂﬁ/idth PressurvfsjeCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egzﬁsﬂ Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 35
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 35
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCIt319ngth Loss .Fritctiongquwalﬁlllzgmet{fee Height Hydraumyerall Reymﬂc‘ﬁ/idth Pressur%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Total Pressure

Loss

Fitting and Accessory Loss Coefficient Summary by Sections
Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-RETORNO_R 37

System Information

System Classification Return Air

System Type ASL-MEC-DS-ACO.GALV-RETORNO R

System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 37
Abbreviation

Total Pressure Loss Calculations by Sections

Total
. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velocmi’ressugiéength CoefﬁcilgrrlltcuOnDiametg'11 ametesrize Height Diamet&ize numbegﬁ] idth fzzzsurf’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:8221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egzzl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 38
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 38
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

Section Elemenflow Size Velocit; Velocmiength Loss .Fritctionggmvalf)tlletlmet%.ree Height Hydraumerall Reymﬂdﬁ/idth Pressurqgectlon

ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections

X X X Total Pressure

Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Loss




Fitting and Accessory Loss Coefficient Summary by Sections

Total Pressure

Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Loss

Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 39

System Information

System Classification Return Air

System Type ASL-MEC-DS-ACO.GALV-RETORNO_R

System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 39
Abbreviation

Total Pressure Loss Calculations by Sections

Total

. . ., Velocit; Loss . .. _Equivalent Free . Hydrauldwerall Reynolds,. Section
Section Elemenflow Size Velocit ressulsjéength Coefﬁcilg{l CtlonDiameteE%"rll amet%rize Height Diamet&ize numbe(rjﬁ] idth E;zzsur?’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg;zl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO _R 42
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 42
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit VelOcmiength Lo ,Fritctiongguwalf)lllztimet{fee Height HydrauQverall ReynOlckﬁlidth PressurgeCtlon
ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:2221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss EZZZI Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 50
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_ R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 50
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

. . ., Velocit, Loss . .. Equivalent Free . Hydrauliwerall Reynolds,. Section
Section ElemenFlow Size Velomtsi’ressuﬁéength CoefficilégtctlonDiametg'11 ametesrize Height Diamet@&ize numbes‘ﬁ/ idth Ez‘;zsurﬁ'ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss }:gzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egg;l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 53
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 53
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .
Section Elemenflow Size Velocit; Velc'Cltsiength Loss .Fritctiongquwalf)rfgmetg{ee Height H.ydraum erall Reynowﬁ/idth PressurgeCtlon
ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss




Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Egzzl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss }:gzzl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 64
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 64
Abbreviation
Total Pressure Loss Calculations by Sections
Total
. . ., Velocit; Loss . .. Equivalent Free . Hydrauldwerall Reynolds,. Section
Section ElemenFlow Size Velocmi’ressugiéength Coefﬁcilt;}‘lltctlOnDiameteE%I'11 ameteg‘ize Height Diamet&ize numbegﬁ] idth fg‘;zsur?’ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss ;1:8221 Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egil Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 69
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 69
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .

Section Elemenflow Size Velocit; Velomt}iength Loss ,Fritction[E)gmvalf)Illetlmetgs:tree Height Hydraum‘verall Reynoldwidth Pressurq%ecnon

ressure Coefficien: iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg';;l Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Eg;zl Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 76
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO_R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 76
Abbreviation
Total Pressure Loss Calculations by Sections

. . Total .

Section Elemenflow Size Velocit VelOCItSLength Loss .Fritctiongqulvalf)l}gmetg{ee Height Hydraumerall Reynowﬂﬁ/idth Pressuru%ec’tlon

ressure Coefficien iameter ize Diamet&ize number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss ;1:2221 Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 84
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 84
Abbreviation




Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VEﬂOCltSLength Loss .Fritctionggmvalﬁ}atlmetgrree Height HydrauQverall Reymﬂdﬂ?\;/idth Pressurgecnon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss Eg;zl Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss Egz:l Pressure
Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 87
System Information
System Classification Return Air
System Type ASL-MEC-DS-ACO.GALV-RETORNO R
System Name Mechanical ASL-MEC-DS-ACO.GALV-RETORNO R 87
Abbreviation
Total Pressure Loss Calculations by Sections
. . Total .
Section Elemenflow Size Velocit VelOCIt3Length Loss .Fritctiongguwalfﬂgmet%ree Height Hydraumyerall ReynOlckﬁ/idth Pressurf%eCtlon
ressure Coefficien iameter ize Diamet&ize  number Loss ressure Loss
Critical Path : ; Total Pressure Loss : 0.0 Pa
Detail Information of Straight Segment by Sections
Section Element ID Flow Size Velocity Velocity Pressure Length Pressure Loss EZZZI Pressure
Fitting and Accessory Loss Coefficient Summary by Sections
Section Element ID Loss Method ASHRAE Table Loss Coefficient Pressure Loss ;1:8221 Pressure
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Appendix D

Pressure Loss Manual Excel Sheet

Ref Equipamento se for CIRCULAR

. " 92 | Perda de Carga [Total 4P|
o
Rugosidade | Fator de atrto pnrfn:crnm da Conduta b ()| Perdasde = srios (Pa)| 1Pal

Massa | Cosficiente de

Apreencher
Aretirar
do fornecedor
iametro

220°C (kgm3) | ar (Nsm-2)

£ 37656

L x H Comercial

Diamelo hidraulico

Diametro Equivalente (mm)

Figure D.1: Manual Excel Sheet for Pressure Loss Calculations
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Appendix E

Revit Automation Tool Workshop

Ferramenta de calculo automatico

de perdas de carga em condutas
de ar no Revit

Valores de caudais e
velocidade previamente
inseridos

ENGINEERING
FOR PEOPLE
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162 Revit Automation Tool Workshop

iblioteca\ 12 BIM Plugins\ A!

ze  Massing &Site_ Collaborate  View  Manage  Add-Ins [ AsL | Modify
O Calcular perdas de carga u O Calcular volumes
O Criar tabelas MQT O Verificar folhas duplicadas

IO Exportar MQT para Excel O Alterar pardmetro de area
MEC ELE EST

Criar cabos com CC

£

glecionar o primeiro froco de
sonduta a saida do equipamento que
" estd a ser dimensionado

‘Confitme as perdas de carda dos accessérios

Home Too

| ASLMECAT-ORKA_DFRO

0FRO%

| ASLMECATORKA_DFRO

0FRO%

AL MECAT-OR KA_DFRO
s mec AT G 200H
s mec AT G 200H
s mec AT GHA_200H

0FRO%

20000
20000

%050
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Appendix F

Maintenance Tasks Manual

G Trabalhos de inspegao e manutengao - Vista geral

Indicagao

A tabela seguinte apresenta os requisitos do fabricante relativamente aos intervalos minimos de inspecéo e ma-
nutengdo. Se as disposicdes e diretivas nacionais exigirem intervalos e inspecédo e manutengédo mais curtos, nes-

ses casos cumpra os intervalos exigidos por lei.

Manutengao
N° | Trabalhos Inspegao (no min. a
(anual) cada 2
anos)
1 Desligue o produto da rede elétrica e feche a alimentagédo de gas. X
2 Desinstale a envolvente frontal. X
3 Verifique visualmente se o circuito de aquecimento esta estanque e verifique também o funcio- % X
namento do purgador automatico.
Faga uma verificagdo visual da valvula de seguranga. N&o se pode detetar qualquer tamp&o
ou ligacdo fixa do tubo na valvula de seguranga. Certifique-se de que a valvula de seguranga,
4 o funil de descarga e o tubo sdo os corretos. O funil de descarga tem de ser visivel. Ndo pode X X
existir qualquer dispositivo de corte entre a caldeira de condensagéo a gas e a vélvula de segu-
ranga.
5 Desmonte o grupo do queimador X
6 Limpe a camara de combustdo e lave também o sifao para condensados. X
7 Limpe o queimador e verifique se esta danificado. X
8 Verifique a distancia dos elétrodos entre si e entre o queimador. X
9 Verifique se existe formagéo de depdsitos nos elétrodos. Se necessario, substitua os elétrodos. X
Verifique as juntas do depdsito de condensados e a abertura de inspe¢do quanto a danos.
10 : | o X X
Substitua as juntas danificadas.
11 Limpe o acumulador de condensados. X X
12 Verifigue a mangueira para o controlador da pressao dos gases queimados quanto a sujidade e % X
estanqueidade.
0020193890_04 Manual de instalagdo e manutengdo 37

Figure F.1: Maintenance Tasks Manual (Part One).
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164 Maintenance Tasks Manual

Manutengao
N° | Trabalhos Inspegao (no min. a
(anual) cada 2
anos)
13 Verifique as mangueiras para o controlador da pressédo do ar de combustéo quanto a sujidade e X X
estanqueidade.
14 Verifique o filtro de p6 na caixa do ar de alimentagdo quanto a sujidade e danos. Se necessario, X X
substitua o filtro de p6.
15 Instale novamente o grupo do queimador. Atengdo: substitua as juntas! X
16 | Verifique o sifao para condensados no produto e, se necessario, encha o sifdao X X
17 | Abra a vélvula de corte do gas, conecte novamente o produto a rede elétrica e ligue-o. X X
18 Execute um funcionamento de teste do aparelho e do sistema de aquecimento incl. a prepara- X X
¢&do de AQS e, se necessario, purgue a instalagdo uma segunda vez.
19 | Verifique o comportamento da igni¢do e do queimador em d.44 X X
20 Verifique o teor de CO: e, se necessario, regule-o. X X
21 Verifique o aparelho quanto a fugas do lado do gas, da exaustédo, da agua quente e dos con- X
densados, elimine-os, se necessario.
22 | Verifique todos os dispositivos de seguranga. X X

Verifique o funcionamento do controlador da pressdo dos gases queimados através de um
23 | congestionamento total dos gases queimados com ventilador dos gases queimados. Efetue uma X
verificagdo visual de todas as mangueiras e niples de medig&o.

Verifique os dispositivos de regulagéo (regulador externo) e, se necessario, regule-os nova-

24 X X
mente.
25 Efetue uma medicédo da carga. X
acada5
anos,
26 | Se existente: faga a manutengdo do acumulador de dgua quente sanitaria. independen-
temente do
gerador de
calor
27 Registe em protocolo a inspe¢do/manutencgéo efetuada. X X
28 Instale a envolvente frontal. X X
29 Verifique a pressédo da instalagéo e, se necessario, corrija-a X X
30 | Verifique o estado geral do aparelho. Remova a sujidade geral existente no produto. X X

Figure F.2: Maintenance Tasks Manual (Part Two).



Appendix G

Automatic Maintenance Report

De: isabelazevedo.asl@gmail.com

Para: up2020068802up.pt

Assunto: Relatério de Tarefas Concluidas - junho/2025
Data: 13/07/2025

Relatorio das tarefas concluidas no més atual:

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢do da
tarefa: Verificar ruidos e vibragdes da bomba Observagdes:

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢dao da
tarefa: Verificar estanquidade do empanque e juntas Observagdes:

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢dao da
tarefa: Verificar alinhamento e aperto do chassis da bomba Observagdes: Verificar registos anteri-
ores

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢do da
tarefa: Verificar estado dos rolamentos Observagdes:

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢do da
tarefa: Verificar aquecimentos anormais Observagdes:

Data: 13/06/2025 Utilizador: Isabel Azevedo Categoria: Bombas circuladoras Descri¢do da

tarefa: Verificar sistema de arrefecimento Observagdes:
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Appendix H

Boiler Specifications Manual
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30

Caldeiras de condensagdo alta poténcia e Caracteristicas ecoCRAFT exclusiv

Dimensoes

VKK 806/3-

VKK 1206/3-E
VKK 1606/3-E

VKK 2006/3-E
VKK 2406/3-E
VKK 2806/3-E

A 1168 1478
B 1.240 1.550
C 150 200
D 130 130
326 369
2 13 D
o : 20, 500
T - v u
1Y a
5} (
\W4
—
Al B 300
< 500 »>|
800
——— e 1
22! A
Distancias minimas na montagem
para facilitar a manutengé&o.
I I
) .
}-K R2hl
2 [ H
3 p 11/2"—"T%
_ o AN
B T
0w
| o .
ol
3 n
(o)} : % i &
& R2 o
o
< |
a 2 Legenda
152 5 1 Ligac&o de avanco de aquecimento
' 90 2 Ligacdo de gas
3 Ligacdo de retorno do aquecimento
214.5 C Ligac&do de exaustdo de gases
695 D Ligacdo de entrada de ar




Dados técnicos

ecoCRAFT exclusiv

A Caldeiras de condensagéo alta poténcia

ecoCRAFT excl

-

VKK 806/3-E VKK 1206/3-E VKK 16!

VKK 2406/3-E KK 2806/3-E

Etiqueta Energética [ ] i [T [T [T
Dados técnicos
Poténcia util min.-max. 40/30 °C kw 14,7-84. 23]1-121,8 28,4-168,2 46,2-210,2 50,4-252,2 547-294,3
Potencia util min.-max. 60/40 °C kw 141-80,4 221-116,5 271-160,8 44,2-201,0 48,2-241,2 52,3-2814
Potencia dtil min.-max. 80/60 °C kw 13,6-779 21,3-1129 26,2-155,8 431-196,8 470-236,2 51,0-275,5
Campo de modulagdo % 17,5 - 100 19 - 100 17 - 100 22 - 100 20-100 19 - 100
Poder calorifico nom. kw 80,0 1159 160,0 2000 240,0 280,0
Rendimento Util 40/30 °C % 1051 105,1 105/ 105, 105, 1051
Rendimento util 60/40 °C % 100,5 100,5 100,5 100,5 100,5 100,5
Rendimento util 80/60 °C % 97,5 97,5 97,5 98,4 98,4 98,4
Rendimento util » 75/60 °C % 106,0 106,0 106,0 106,0 106,0 106,0
Rendimento util 40/30 °C % 110 10 110 10 110 110
Rend. standard ® 30%? % 108 108 108 108 108 108
Aquecimento
Campo de Ta ajustaveis °C 35-85 35- 85 35-85 35-85 35-85 35-85
Temperatura maxima °C 85 85 85 85 85 85
Caudal At = 20K L/h 3442 4986 6.883 8.604 10.325 12046
Perda de carga mbar 80 85 90 95 100 105
Pressdo maxima bar 6 6 6 6 6 6
Projeto
Valores minimos de
4gua em circulacdo®
Minima poténcia At = 25K 14 22 27 44 48 53
kw 0,49 0.54 0,66 108 118 128
Poténcia de arranque m3/h 20 44 52 7 85 105
kw o7 109 1,26 1,88 2] 2,58
Maxima poténcia m3/h 80 116 160 200 240 280
kw 2,75 412 55 6,87 8,25 9,62
Volume de dgua At = 20K m3/h 3442 4986 6.883 8.604 10.325 12.046
Perda de carga At = 20K L/h 80 85 90 95 100 105
Dep. equilibrio rec. ¥ mbar WH 95 WH 160 WH 160 WH 280 WH 280 WH 280
Ligacdes
Ligac®es ida/retorno R2" R2" R2" R2" R2" R2"
Ligac®es condensados @ mm 21 21 21 21 21 21
Ligacdo de gés 1i/2" 11/2" 11/2" 112" 11/2" 11/2"
Conduta de exaustdo
Ligagdo de saida de gases mm 150 150 150 200 200 200
Pressdo de tiragem Pa 100,0 100,0 150,0 150,0 150,0 150,0
Tipos de instalagao C,C,.C,CLBLB,o
Dimensdes
Vol. d4gua na caldeira L 574 8,07 10,4 1273 15,05 17,37
Altura mm 1.285 1.285 1.285 1.285 1.285 1.285
Largura mm 695 695 695 695 695 695
Profundidade mm 1.240 1.240 1.240 1.550 1.550 1.550
Peso
Com embalagem kg 260 280 295 340 360 375
Sem embalagem kg 200 220 235 275 295 310
Sem embalagem, ¢/ dgua kg 210 235 255 300 320 340
Ligagdo elétrica
Tensdo/Frequéncia V/Hz 230/ 50 230/50 230/50 230/50 230/50 230/50
Poténcia absorvida W 260 260 320 320 320 320
Grau de protegdo IP 20 IP 20 IP 20 IP 20 IP 20 IP 20
Combustao
Categoria I2H I2H I12H I12H 12 I2H
Caudal PDCs min./max. a/s 6,3 /354 10/51.2 12,2 /707 199 /88,4 217 /106 23,5/123,8
Ta PDCs min./max. 80/60 °C oC 60-65 / 65-70 | 60-65 / 65-70 | 60-65 / 65-70 | 60-65 / 65-70 | 60-65 / 65-70 [60-65 / 65-70
Perdas em repouso 70 °C % <04 <04 <04 <04 <04 <04
Emiss. CO2 min./max. G20 % 91/93 91/93 91/93 91/93 91/93 91/93
Classe NOx 5 5 5 5 5 5
Emissdes NOx mg/kwh <60 <60 <60 <60 <60 <60
Emissdes CO mg/kwh <20 <20 <20 <20 <20 <20
Agua de condensagdo 40/30 °C L/h 13 20 27 34 40 47
Valor pH condensacdo aprox. 3,5-4,0 3,5-4,0 3,5-4,0 3,5-4,0 3,5-4,0 3,5-4,0
Consumo de gds 15 °C/1013 | m3/h 8,5 12,3 169 21,2 254 296
Homologagdo CE 0063BS3740

1) DIN 4702, parte 8
2)EN 483

3) De acordo com a Diretiva Europeia 92/42/CEE
4) N&o é necessario um depdsito de inércia ou de equilibrio mas, de acordo com a temperatura de trabalho, é necessério verificar em projeto se é possivel garantir o caudal minimo.
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Appendix J

Life Cycle Costs Report

@ PeriodoDeAvaliagio
@ Custos de manutengio ... -

Ano a Avaliar @ ParametrosEnergia
Z Custo datarefa [B Valor de PeriodoDeAvaliagic Nome
% Custo material
2 Valor
¥ Custo por hora
echar ~
T Horas de operacio Fecha Fechar A
Periodicidade
T Vezes porano
Consumo Eletricidade Anual (MWh) @ Intervalo de Anos @ Dados in
2 Consumo Gas Anual (MWh) T Intervalo de A
X Dados de entrada
Custo Acumulado até ao Anc a av
g . L Precos de aguisigio
[@ Custo de Aquisigio v
% Vida itil (anos)
@ Custo de Manutengéo Anual
[ Custo Energia Anual
Custo Gas Anual Fechar ~ Fechar ~

= Custo no Ano a Avaliar
Custo Por A
[@ Custo Par

@ Custa_

[ Custos Acumulades Totais

Fechar ™

Figure J.1: LCCA tool in Power BI blocks.
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