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Ashrae H Fundamentals Chapter 35: Understanding Pressure Independent Control Valves in HVAC
Systems

ashrae h fundamentals chapter 35 dives into the critical topic of Pressure Independent Control
Valves (PICVs) within HVAC systems—an essential component for ensuring optimal system
performance, energy efficiency, and occupant comfort. For engineers, contractors, and HVAC
enthusiasts alike, this chapter serves as a detailed guide to understanding how these valves
function, why they matter, and how to properly select and implement them in hydronic heating and
cooling systems.

If you've ever wondered about the intricacies behind maintaining balanced flow rates and precise
temperature control in complex HVAC setups, Ashrae H Fundamentals Chapter 35 sheds light on the
principles and practical applications of PICVs, making it a must-read for anyone involved in
designing or maintaining modern building systems.

The Role of Pressure Independent Control Valves in
HVAC

At the heart of hydronic heating and cooling systems lies the challenge of balancing flow rates to
different zones or terminal units. Traditional control valves can struggle with fluctuating pressure
conditions, leading to uneven flow distribution, noise, and inefficiencies. This is where pressure
independent control valves come into play.

PICVs are designed to maintain a constant flow rate regardless of pressure variations in the system,
effectively combining the functions of a control valve and a balancing valve. Ashrae H Fundamentals
Chapter 35 emphasizes how this dual functionality simplifies system design and ensures stable
operation.

Why Pressure Independence Matters

In typical HVAC systems, pressure fluctuations occur due to pump speed changes, valve
adjustments, or varying demand in other parts of the system. These fluctuations can cause:

- Over- or under-flow to certain zones

- Increased energy consumption due to pump overwork
- Noise issues from turbulent flow

- Difficulty in system commissioning and balancing

By maintaining a consistent flow rate, PICVs mitigate these problems, resulting in a more
comfortable indoor environment and lower operational costs.



Key Components and Operation of PICVs

Understanding the internal workings of PICVs is vital for selecting the right valve and
troubleshooting system issues. Chapter 35 of the Ashrae H Fundamentals outlines the basic
components:

- **Control Valve Element:** Modulates flow based on control signals.
- ¥*Pressure Regulating Element:** Automatically adjusts to maintain a set differential pressure.
- **Flow Metering Device:** Ensures accurate flow measurement and control.

Together, these components enable the valve to respond dynamically to system changes, keeping
flow steady.

How PICVs Differ from Traditional Valves

Unlike conventional control valves, which require separate balancing valves and manual
adjustments, PICVs integrate both functions. This integration offers several advantages:

- *»*Simplified Installation:** Fewer valves and fittings mean less labor and reduced potential for
errors.

- *Faster Commissioning:** Automatic balancing removes the need for time-consuming manual
adjustments.

- *Improved System Stability:** Constant flow reduces pressure fluctuations and associated
problems.

Ashrae H Fundamentals Chapter 35 stresses that understanding these differences is crucial for
HVAC professionals aiming to optimize system design.

Selecting the Right PICV for Your System

Choosing the appropriate pressure independent control valve involves more than just picking a size.
Several factors come into play, which Chapter 35 thoroughly examines.

Flow Rate and Valve Sizing

Correct valve sizing is fundamental to achieve the desired flow control without causing excessive
pressure drops. Oversized valves may lead to poor control sensitivity, while undersized valves can
restrict flow and increase energy use.

The chapter provides formulas and guidelines to calculate flow rates based on system design
parameters such as:

- Required heat load
- System pressure conditions



- Pipe sizing and layout

Control Signal Compatibility

PICVs are often integrated with building automation systems, requiring compatibility with various
control signal types, including:

- 0-10 V analog
- 4-20 mA current loop
- Digital communication protocols

Ensuring the valve actuator matches the control system’s specifications is essential for seamless
operation.

Material and Construction Considerations

Depending on the application—whether chilled water, hot water, or steam—material selection
impacts valve durability and performance. Common materials include bronze, stainless steel, and
brass, each suited to different temperature ranges and fluid characteristics.

Installation Best Practices from Ashrae H
Fundamentals Chapter 35

Proper installation ensures PICVs operate as intended, preventing common issues such as leakage,
noise, and inaccurate flow control.

Positioning and Orientation

The chapter recommends installing PICVs in accessible locations with correct orientation as
specified by the manufacturer—often with the actuator positioned horizontally to avoid sediment
accumulation.

Flushing and Commissioning

Before installation, flushing the piping system is critical to remove debris that could damage valve
internals. During commissioning, verifying flow rates with proper instruments confirms that the
valve maintains pressure independence and meets design specifications.



Maintenance Tips

While PICVs are generally low maintenance, Ashrae H Fundamentals Chapter 35 outlines periodic
checks to ensure long-term reliability:

- Inspect for leaks or corrosion

- Verify actuator responsiveness
- Clean strainers and filters

The Impact of PICVs on Energy Efficiency and System
Performance

One of the most compelling reasons to integrate pressure independent control valves is their positive
effect on energy usage and system longevity.

Reducing Pump Energy Consumption

By stabilizing flow rates and reducing unnecessary pressure fluctuations, PICVs allow pumps to
operate closer to their optimal performance curves. This reduces energy consumption and wear on
pump components.

Enhancing Comfort through Precise Control

Stable flow translates to better temperature regulation, minimizing hot or cold spots within
conditioned spaces. This directly improves occupant comfort and satisfaction.

Streamlining System Design and Operation

With fewer balancing valves and less need for manual adjustments, system design becomes more
straightforward, and operational costs decline due to reduced maintenance demands.

Challenges and Considerations in Using PICVs

While PICVs offer many benefits, Ashrae H Fundamentals Chapter 35 also touches on potential
challenges:

- *¥nitial Cost:** PICVs can have a higher upfront price compared to traditional valves, though
lifecycle savings often offset this.
- **Compatibility with Existing Systems:** Retrofitting PICVs in older systems may require



adjustments to pump settings and control strategies.
- **Training Requirements:** Proper understanding by technicians is essential to maximize benefits
and avoid operational errors.

Recognizing these factors helps engineers and facility managers implement PICVs successfully.

Ashrae H Fundamentals Chapter 35 serves as a comprehensive resource that equips HVAC
professionals with the knowledge needed to harness the full potential of pressure independent
control valves. By understanding their operation, selection criteria, and installation nuances,
building systems can achieve enhanced efficiency, reliability, and occupant comfort. Whether you're
designing a new hydronic system or upgrading an existing one, the insights from this chapter
provide invaluable guidance for making informed decisions in today’s energy-conscious world.

Frequently Asked Questions

What is the primary focus of ASHRAE Handbook
Fundamentals Chapter 35?

Chapter 35 of the ASHRAE Handbook Fundamentals focuses on Refrigeration, covering the
principles, properties, and applications related to refrigeration systems and their components.

What key thermodynamic properties are discussed in ASHRAE
Fundamentals Chapter 35?

The chapter discusses key thermodynamic properties such as pressure, temperature, enthalpy,
entropy, and specific volume as they relate to refrigerants and refrigeration cycles.

How does ASHRAE Handbook Fundamentals Chapter 35
address refrigerant selection?

Chapter 35 provides guidance on refrigerant properties, environmental considerations, and
performance characteristics to help in selecting appropriate refrigerants for different refrigeration
applications.

What types of refrigeration cycles are explained in ASHRAE
Fundamentals Chapter 35?

The chapter explains common refrigeration cycles including vapor-compression, absorption, and gas
cycle refrigeration, detailing their operation principles and efficiency factors.

How can HVAC engineers use the information in ASHRAE
Fundamentals Chapter 35 for system design?

Engineers can use the thermodynamic data, cycle analyses, and component performance information
in Chapter 35 to design efficient and reliable refrigeration systems tailored to specific cooling



requirements.

Additional Resources
**Understanding ASHRAE H Fundamentals Chapter 35: A Detailed Review**

ashrae h fundamentals chapter 35 represents a critical segment within the ASHRAE Handbook
that addresses the intricacies of environmental quality and health-related parameters in building
design and operation. As part of the widely respected resources produced by the American Society
of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), Chapter 35 focuses on
guidelines and standards that ensure indoor environments meet safety, comfort, and sustainability
goals. This chapter is particularly relevant for HVAC professionals, building engineers, and facility
managers who seek to balance energy efficiency with occupant well-being.

The ASHRAE H Fundamentals series is a cornerstone for those in the HVAC&R industry, providing
scientific data and practical methodologies. Chapter 35 delves into specialized topics surrounding
indoor air quality (IAQ), ventilation effectiveness, contaminant control, and the health implications of
various environmental factors. Given the growing emphasis on healthy buildings post-pandemic, this
chapter has gained renewed significance in shaping standards and best practices.

Comprehensive Overview of ASHRAE H Fundamentals
Chapter 35

Chapter 35 in the ASHRAE Fundamentals Handbook is often titled “Indoor Air Quality” or a similar
variation depending on the edition. It is designed to provide a robust foundation for understanding
the mechanisms behind air contamination, ventilation strategies, and the interaction between indoor
environments and human health. The chapter synthesizes research findings, industry standards, and
case studies to guide the design and operation of HVAC systems that prioritize air cleanliness and
occupant safety.

One of the chapter’s primary contributions is its detailed exploration of ventilation rates and their
impact on contaminant dilution. It revisits the principles of air exchange, offering formulae and
charts that allow engineers to calculate the minimum outdoor air requirements for different building
types. This aligns with ASHRAE Standard 62.1, which specifies ventilation for acceptable indoor air
quality.

Key Topics Addressed in Chapter 35

ASHRAE H Fundamentals Chapter 35 covers a spectrum of topics that are central to modern
building design and environmental control. Some of the most critical areas include:

¢ Contaminant Sources and Types: Identification of common indoor air pollutants such as
volatile organic compounds (VOCs), particulate matter, biological contaminants, and radon.



¢ Health Effects and Exposure Limits: Analysis of how various contaminants affect occupant
health, referencing threshold limit values (TLVs) and recommended exposure limits (RELSs).

e Ventilation Strategies: Techniques to ensure adequate air changes per hour, including
natural ventilation, mechanical ventilation, and hybrid systems.

¢ Air Cleaning Technologies: Examination of filtration, ultraviolet germicidal irradiation
(UVGI), and other methods to reduce indoor pollutant concentrations.

e Measurement and Monitoring: Guidance on sampling methods, sensor technologies, and
assessment protocols to evaluate IAQ in real time.

By integrating these topics, Chapter 35 equips designers with a holistic view of indoor
environmental quality challenges and the engineering solutions available.

Analytical Insights on Ventilation and Indoor Air
Quality

A significant portion of ASHRAE H Fundamentals Chapter 35 is devoted to ventilation effectiveness,
a concept that transcends mere airflow rates. The chapter emphasizes that while increasing outdoor
air supply can dilute contaminants, it is not always the most energy-efficient or practical solution.
Instead, the focus shifts to optimizing airflow distribution, ensuring that supply and exhaust systems
work harmoniously to prevent pollutant stagnation zones.

Studies cited within the chapter compare various ventilation approaches, such as displacement
ventilation versus mixing ventilation, highlighting the pros and cons of each in specific building
contexts. For instance, displacement ventilation may offer superior contaminant removal in spaces
with high occupant density but may require more complex system designs.

Moreover, Chapter 35 discusses the trade-offs involved in increasing ventilation to improve IAQ,
noting the potential for increased energy consumption and thermal discomfort. This underscores the
importance of integrating ventilation strategies with building envelope design and HVAC system
controls for balanced performance.

ASHRAE Standards and Chapter 35: A Synergistic Relationship

The integration of Chapter 35 content with ASHRAE'’s broader standards framework is crucial. The
chapter serves as an interpretative guide that supports compliance with standards like ASHRAE 62.1
for ventilation and ASHRAE 55 for thermal comfort. It provides the scientific basis for some of the
requirements and recommendations found in these standards.

For example, the chapter’s detailed explanation of contaminant source control aligns with the
hierarchy of controls in ventilation design: source control, ventilation, and air cleaning. This triad
approach ensures that designers do not rely solely on ventilation but consider all methods to



maintain healthy indoor air.

Technological Advances and Practical Applications

ASHRAE H Fundamentals Chapter 35 also addresses emerging technologies and methodologies that
enhance IAQ management. The chapter explores advanced filtration media, smart sensors for
continuous air quality monitoring, and the role of building automation systems in dynamically
adjusting ventilation rates based on occupancy and pollutant levels.

In practical terms, the chapter’s guidance has influenced the design of green buildings and net-zero
energy projects, where maintaining IAQ while minimizing energy use is paramount. Case studies
illustrate successful implementations of demand-controlled ventilation (DCV), where CO2 sensors

regulate outdoor air intake, thus optimizing energy consumption without compromising occupant
health.

Pros and Cons of Approaches Highlighted in Chapter 35

e Pros:
o Comprehensive scientific foundation supporting ventilation and IAQ strategies.
o Clear guidelines on measurement and control of contaminants.
o Integration of health considerations with engineering solutions.

o Facilitation of energy-efficient ventilation through advanced controls.

e Cons:
o Complexity in applying some guidelines to unique building types.
o Potential need for specialized equipment to monitor IAQ effectively.

o Challenges in balancing ventilation with energy conservation in retrofit scenarios.

These factors highlight the necessity for professionals to interpret Chapter 35 content contextually,
adapting principles to the specific demands of each project.



Implications for HVAC Design and Building Operation

ASHRAE H Fundamentals Chapter 35 not only informs initial design choices but also plays a pivotal
role in ongoing building operation and maintenance. It advocates for routine IAQ assessments and
encourages the use of benchmarking to compare indoor environments against established standards.

The chapter’s emphasis on occupant health resonates with the increasing prevalence of sick building
syndrome and other environment-related health concerns. It underscores that HVAC systems are not
merely comfort providers but critical components for public health in built environments.

As buildings become smarter and more connected, the principles in Chapter 35 guide the integration
of IAQ data into building management systems (BMS). This allows operators to proactively manage
indoor conditions, ensuring compliance with health standards while optimizing energy use.

ASHRAE H Fundamentals Chapter 35 remains an indispensable resource in the quest to create
healthier, more sustainable indoor environments. Its comprehensive treatment of IAQ issues equips
professionals with the knowledge to navigate the complex interplay between air quality, occupant
well-being, and energy efficiency, which is essential in today’s evolving built environment landscape.
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ashrae h fundamentals chapter 35: Engineering Noise Control David A. Bies, Colin H.
Hansen, Carl Q. Howard, Kristy L. Hansen, 2023-08-08 This classic and authoritative textbook
contains material that is not over-simplified and can be used to solve real-world noise control
engineering problems. It covers the principles with practical application of current noise control
technology. Topics new or revised from the 5th edition include: beating; addition and subtraction of
noise levels; combining multi-path noise level reductions; hearing damage assessment and
protection; speech intelligibility; noise weighting curves; instrumentation, including MEMS, IEPE
and TEDS sensors; noise source types, including transportation noise and equipment noise
estimations; outdoor sound propagation, including noise barriers, meteorological effects and sloping
ground effects; sound in rooms, muffling devices, including 4-pole analysis, self noise and pressure
drop calculations; sound transmission through single, double and triple partitions; vibration
measurement and control, finite element analysis; boundary element methods; and statistical energy
analysis. Covers all aspects of industrial and environmental noise control Core advanced
undergraduate and graduate textbook; and reference text for acoustic consultants and engineers
Practical applications demonstrate the theoretical concepts A wide range of example problems and
solutions that are linked to noise control practice are available for download from
www.causalsystems.com.
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ashrae h fundamentals chapter 35: Proceedings CLIMA 2022 Laure Itard, Lada
Hensen-Centnerova, Atze Boerstra, Philomena Bluyssen, Jan Hensen, Tillmann Klein, Marcel
Loomans, Pieter Pauwels, Christian Struck, Martin Tenpierik, Bob Geldermans, 2022-10-12 The 14th
REHVA HVAC World Congress CLIMA2022 challenges advances in technologies for smart energy
transition, digitization, circularity, health and well-being in buildings. How can we create circular
buildings, fully heated, cooled and powered by renewable energy? How can we design
human-centered indoor environments while mastering life-cycle costs? How can we also include
their integration into infrastructure for energy, health, data and education?

ashrae h fundamentals chapter 35: ASHRAE Handbook & Product Directory American
Society of Heating, Refrigerating and Air-Conditioning Engineers, 1980

ashrae h fundamentals chapter 35: ASHRAE Handbook American Society of Heating,
Refrigerating and Air-Conditioning Engineers, 1992

ashrae h fundamentals chapter 35: Encyclopedia Of Thermal Packaging, Set 3: Thermal
Packaging Applications (A 3-volume Set) Avram Bar-cohen, 2018-10-15 remove This Encyclopedia
comes in 3 sets. To check out Set 1 and Set 2, please visit Set 1: Thermal Packaging Techniques and
Set 2: Thermal Packaging Tools /remove Thermal and mechanical packaging — the enabling
technologies for the physical implementation of electronic systems — are responsible for much of
the progress in miniaturization, reliability, and functional density achieved by electronic,
microelectronic, and nanoelectronic products during the past 50 years. The inherent inefficiency of
electronic devices and their sensitivity to heat have placed thermal packaging on the critical path of
nearly every product development effort in traditional, as well as emerging, electronic product
categories.Successful thermal packaging is the key differentiator in electronic products, as diverse
as supercomputers and cell phones, and continues to be of pivotal importance in the refinement of
traditional products and in the development of products for new applications. The Encyclopedia of
Thermal Packaging, compiled in four multi-volume sets (Set 1: Thermal Packaging Techniques, Set
2: Thermal Packaging Tools, Set 3: Thermal Packaging Applications, and Set 4: Thermal Packaging
Configurations) provides a comprehensive, one-stop treatment of the techniques, tools, applications,
and configurations of electronic thermal packaging. Each of the author-written volumes presents the
accumulated wisdom and shared perspectives of a few luminaries in the thermal management of
electronics.The four sets in the Encyclopedia of Thermal Packaging will provide the novice and
student with a complete reference for a quick ascent on the thermal packaging 'learning curve,' the
practitioner with a validated set of techniques and tools to face every challenge, and researchers
with a clear definition of the state-of-the-art and emerging needs to guide their future efforts. This
encyclopedia will, thus, be of great interest to packaging engineers, electronic product development
engineers, and product managers, as well as to researchers in thermal management of electronic
and photonic components and systems, and most beneficial to undergraduate and graduate students
studying mechanical, electrical, and electronic engineering.Set 3: Thermal Packaging
ApplicationsThe third set in the Encyclopedia includes two volumes in the planned focus on Thermal
Packaging Applications and a single volume on the use of Phase Change Materials (PCM), a most
important Thermal Management Technique, not previously addressed in the Encyclopedia. Set 3
opens with Heat Transfer in Avionic Equipment, authored by Dr Boris Abramzon, offering a
comprehensive, in-depth treatment of compact heat exchangers and cold plates for avionics cooling,
as well as discussion on recent developments in these heat transfer units that are widely used in the
thermal control of military and civilian airborne electronics. Along with a detailed presentation of
the relevant thermofluid physics and governing equations, and the supporting mathematical design
and optimization techniques, the book offers a practical guide for thermal engineers designing
avionics cooling equipment, based on the author's 20+ years of experience as a thermal analyst and
a practical design engineer for Avionics and related systems.The Set continues with Thermal
Management of RF Systems, which addresses sequentially the history, present practice, and future
thermal management strategies for electronically-steered RF systems, in the context of the RF




operational requirements, as well as device-, module-, and system-level electronic, thermal, and
mechanical considerations. This unique text was written by 3 authors, Dr John D Albrecht, Mr David
H Altman, Dr Joseph ] Maurer, with extensive US Department of Defense and aerospace industry
experience in the design, development, and fielding of RF systems. Their combined efforts have
resulted in a text, which is well-grounded in the relevant past, present, and future RF systems and
technologies. Thus, this volume will provide the designers of advanced radars and other electronic
RF systems with the tools and the knowledge to address the thermal management challenges of
today's technologies, as well as of advanced technologies, such as wide bandgap semiconductors,
heterogeneously integrated devices, and 3D chipsets and stacks.The third volume in Set 3, Phase
Change Materials for Thermal Management of Electronic Components, co-authored by Prof Gennady
Ziskind and Dr Yoram Kozak, provides a detailed description of the numerical methods used in PCM
analysis and a detailed explanation of the processes that accompany and characterize solid-liquid
phase-change in popular basic and advanced geometries. These provide a foundation for an in-depth
exploration of specific electronics thermal management applications of Phase Change Materials.
This volume is anchored in the unique PCM knowledge and experience of the senior author and
placed in the context of the extensive solid-liquid phase-change literature in such diverse fields as
material science, mathematical modeling, experimental and numerical methods, and thermofluid
science and engineering.Related Link(s)

ashrae h fundamentals chapter 35: Noise Control Colin H. Hansen, Kristy L. Hansen,
2021-08-05 The second edition of Noise Control: From Concept to Application, newly expanded and
thoroughly updated, now includes 180 graded problems with solutions, plus 100 end-of-chapter
problems with solutions available for instructors on the authors’ website. Working from basic
scientific principles, the authors show how an understanding of sound can be applied to real-world
settings, working through numerous examples in detail and covering good practice in noise control
for both new and existing facilities. It covers the essential topics for industrial noise control:
acoustics, noise criteria, hearing-damage risk, noise-assessment measures, measurement
instrumentation, sound-source types including the calculation and measurement of their output
power, sound propagation outdoors, sound in rooms, sound-absorbing materials, sound transmission
through partitions and enclosures, noise barriers, reactive and dissipative muffler-noise reduction
and muffler-design considerations such as pressure loss and self-noise generation. Detailed
explanations of important concepts make this textbook easy to understand by engineering and
science undergraduates, as well as professionals with no background in acoustics. Authors’ website:
www.causalsystems.com Colin H. Hansen is Emeritus Professor in Mechanical Engineering at the
University of Adelaide, Australia, and past President of the International Institute of Acoustics and
Vibration. Kristy L. Hansen is a Senior Lecturer in Mechanical Engineering at Flinders University,
Australia, and holder of the Australian Research Council’s Discovery Early Career Researcher
Award.

ashrae h fundamentals chapter 35: Simplified Design of HVAC Systems William
Bobenhausen, 1994-04-14 A practical overview of what to consider when designing a building's
heating, cooling, ventilating and humidifying systems along with their space, power, control and
other requirements. Includes the latest concepts, applications, basic design problems and their
solutions. Packed with examples to facilitate understanding.

ashrae h fundamentals chapter 35: 90.1 User's Manual American Society of Heating,
Refrigerating and Air-Conditioning Engineers, 2004 This User's Manual provides detailed instruction
for the design of commercial and high-rise residential buildings to ensure their compliance with
ANSI/ASHRAE/IESNA Standard 90.1-2004. In addition, this Manual: encourages the user to apply
the principles of effective energy-conserving design when designing buildings and building systems;
offers information on the intent and application of Standard 90.1; illuminates the Standard through
the use of abundant sample calculations and examples; streamlines the process of showing
compliance; provides Standard forms to demonstrate compliance; provides useful reference material
to assist designers in efficiently completing a successful and complying design. This Manual also



instructs the user in the application of several tools used for compliance with Standard 90.1: the
EnvStd computer program used in conjunction with the Building Envelope Trade-Off compliance
method; the selection and application of energy simulation programs used in conjunction with the
energy cost budget method of compliance. This Manual is intended to be useful to numerous types of
building professionals, including: architects and engineers who must apply the Standard to the
design of their buildings; plan examiners and field inspectors who must enforce the Standard in
areas where it is adopted as code; general and specialty contractors who must construct buildings in
compliance with the standard; product manufacturers, state and local energy offices, policy groups,
utilities, and others.

ashrae h fundamentals chapter 35: Thermal Performance of a Water Source Heat Pipe
System for Bridge Heating Ron C. Lee, 1986

ashrae h fundamentals chapter 35: 1990 ASHRAE Handbook American Society of Heating,
Refrigerating and Air-Conditioning Engineers, 1990

ashrae h fundamentals chapter 35: Moisture control in buildings Heinz R. Trechsel, 1994

ashrae h fundamentals chapter 35: Clay's Handbook of Environmental Health Stephen
Battersby, 2016-07-01 Clay’s Handbook of Environmental Health, since its first publication in 1933,
has provided a definitive guide for the environmental health practitioner, or reference for the
consultant or student. This 21th edition continues as a first point of reference, reviewing the core
principles, techniques and competencies, and then outlining the specialist subjects. It has been
refocused on the current curriculum of the UK’s Chartered Institute of Environmental Health but
should also readily suit the generalist or specialist working outside the UK.

ashrae h fundamentals chapter 35: Novel Dairy Processing Technologies Megh R. Goyal, Anit
Kumar, Anil K. Gupta, 2018-03-14 Milk is nature’s perfect food (lacking only iron, copper, and
vitamin C) and is highly recommended by nutritionists for building healthy bodies. New technologies
have emerged in the processing of milk. This new volume focuses on the processing of milk by novel
techniques, emphasizing the conservation of energy and effective methods. This book is divided four
parts that cover: applications of novel processing technologies in the dairy industry novel drying
techniques in the dairy industry management systems and hurdles in the dairy industry energy
conservation and opportunities in the dairy industry This book presents new information on the
technology of ohmic heating for milk pasteurization. It goes on to provide an overview of the
commercial thermal, non-thermal technologies, and hybrid technologies for milk pasteurization.
There are non-thermal technologies such as pulse light, irradiation, ultra violet treatment, etc., that
can be used in combination with other technologies for the processing of milk and milk products.
This hybrid technology can provide multiple benefits, such extended shelf life, reduced energy costs,
reduced heat treatment, and better organoleptic and sensory properties. The book also describes the
different aspects of food safety management used in dairy processing. The book also looks at recent
advances in microwave-assisted thermal processing of milk and the effects of microwaves on
microbiological, physicochemical, and organoleptic properties of processed milk and milk products.
Technological advances in value addition and standardization of the products have been reported,
but well-established processes for mechanized production are recommended in the book for a
uniform quality nutritious product produced under hygienic conditions. This new volume will be of
interest to faculty, researchers, postgraduate students, researchers, as well as engineers in the dairy
industry.

ashrae h fundamentals chapter 35: Fuels and Lubricants Handbook ,

ashrae h fundamentals chapter 35: Principles of Solar Engineering D. Yogi Goswami,
2022-09-06 Principles of Solar Engineering, Fourth Edition addresses the need for solar resource
assessment and highlights improvements and advancements involving photovoltaics and solar
thermal technologies, grid power, and energy storage. With updates made to every chapter, this
edition discusses new technologies in photovoltaics, such as organic, dye-sensitized, and perovskite
solar cells, and the design of solar systems and power plants. It also features battery energy storage
for distributed and bulk storage and electrical integration with the main solar systems. In addition,



the book includes the latest advancements in concentrating solar power plants, such as supercritical
CO2 cycle. Readers will benefit from discussions of the economics of the solar energy systems,
which apply to all the systems covered in the subsequent chapters. Nine Appendices are available
for download by all readers. Features: Discusses new forecasting models in solar radiation that are
important to the economics and bankability of large solar energy systems, such as power plants.
Includes expanded coverage of high temperature thermal storage for Concentrating Solar Thermal
Power (CSP), including thermal energy transport using heat exchangers. Features a new chapter on
solar seawater desalination. Includes new and additional end-of-chapter example problems and
exercises. A Solutions Manual will be available for instructors. The book is intended for senior
undergraduate and graduate engineering students taking Energy Engineering and Solar Energy
courses.

ashrae h fundamentals chapter 35: Ventilation of Buildings H.B. Awbi, 2004-06-02 Hazim
Awbi's Ventilation of Buildings has become established as the definitive text on the subject. This
new, thoroughly revised, edition builds on the basic principles of the original text drawing in the
results of considerable new research in the field. A new chapter on natural ventilation is also added
and recent developments in ventilation concepts and room air distribution are also considered. The
text is intended for the practitioner in the building services industry, the architect, the postgraduate
student undertaking courses or research in HVAC, building services engineering, or building
environmental engineering, and the undergraduate studying building services as a major subject.
Readers are assumed to be familiar with the basic principles of fluid flow and heat transfer and some
of the material requires more advanced knowledge of partial differential equations which describe
the turbulent flow and heat transfer processes of fluids. The book is both a presentation of the
practical issues that are needed for modern ventilation system design and a survey of recent
developments in the subject

ashrae h fundamentals chapter 35: An Introduction to Aircraft Thermal Management Mark
Ahlers, 2019-04-14 Aircraft Thermal Management (ATM)focuses on how to manage heat in an
aircraft to meet the temperature requirements for passengers and vehicle. This primarily involves
removing heat and protecting equipment, systems, and structure from heat sources that could raise
their temperature beyond design limits. Crew and passengers must be neither too hot nor too cold
during airplane operations. Thus, maintaining thermal comport is critically important, and not a
trivial operation. Written by Mark F. Ahlers, a retired Boeing Technical Fellow and its first Thermal
Marshal, An Introduction to Aircraft Thermal Management is the ultimate source of knowledge
concerning: Temperature and thermal related requirements Airplane-generated heat sources
External heat sources Aircraft heat sinks Fire and Failures Environmental control systems Thermal
design Analytical modeling Analytical software Testing Military aircraft thermal management Fully
illustrated and amply referenced, An Introduction to Aircraft Thermal Management provides a very
balanced approach between theory and practice, best practices and technical insights. It is a
must-have reference for both young engineers starting in the filed and for seasoned professionals
willing to re-sharpen their skills.
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