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Understanding the Role of HVAC Systems in Humidity Control: Managing Excess Humidity
with Simple Techniques

Humidity is an often underestimated element of indoor air quality that significantly impacts
both comfort and health. The discomfort of excessive humidity is a familiar experience for
many, manifesting as clammy skin, musty odors, and even structural damage to homes.
Fortunately, HVAC (Heating, Ventilation, and Air Conditioning) systems play a crucial role in
regulating indoor humidity levels. Drainage systems prevent moisture buildup around mobile
home HVAC units mobile home hvac repair near me knowledge. By understanding
their function in humidity control and complementing them with simple techniques, we can
effectively manage excess moisture in our living spaces.

HVAC systems are designed primarily to regulate temperature; however, they also have
significant implications for controlling humidity. Air conditioners inherently reduce humidity
by cooling warm air; as the air cools, its capacity to hold moisture decreases, causing water
vapor to condense and drain away. This process not only cools but also dehumidifies the air
inside a home or building. Modern HVAC systems often come equipped with dedicated
humidifiers or dehumidifiers that allow for precise control over indoor humidity levels.

Despite the capabilities of HVAC systems, there are times when additional measures can be

beneficial in managing excess humidity. One simple technique is proper ventilation.
Ensuring good airflow throughout a home by using exhaust fans in kitchens and bathrooms
can help remove moisture-laden air before it spreads throughout the house. Furthermore,
opening windows during cooler parts of the day can facilitate natural ventilation which helps
keep humidity at bay.

Another effective method involves using portable dehumidifiers alongside existing HVAC
systems. These devices are especially useful in basements or other areas prone to
dampness where central HVAC solutions might not reach effectively. Portable dehumidifiers
work by drawing moist air over refrigerated coils where water vapor condenses and collects
into a tank or drains away directly.

Additionally, addressing sources of moisture directly is key to preventing high humidity
levels from becoming problematic. Fixing leaks promptly-whether they stem from plumbing
issues or roof damage-can prevent unnecessary water intrusion into living spaces. Using
absorbent materials like silica gel packs or charcoal briquettes can also aid in absorbing
excess moisture from small confined spaces such as closets.
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Finally, lifestyle adjustments contribute significantly toward maintaining optimal indoor
humidity levels without heavy reliance on mechanical systems alone. Simple habits such as
drying clothes outdoors instead of indoors and covering pots while cooking can drastically
reduce accumulated indoor moisture.

In conclusion, while HVAC systems are indispensable tools for regulating temperature and

controlling humidity within homes and buildings, leveraging them effectively requires
understanding their operation alongside implementing complementary strategies tailored
towards managing excess moisture efficiently. By combining these approaches-effective
use of ventilation techniques along with portable solutions when necessary-we create
comfortable environments that promote health and preserve structures against potential
damage caused by unchecked dampness.

Excess humidity in mobile homes can present a series of challenges that not only affect the
comfort and health of the inhabitants but also compromise the structural integrity of the home
itself. Identifying signs of excess humidity early is crucial in managing and mitigating its effects
using simple, yet effective techniques.

One of the most apparent indicators of excess humidity is condensation on windows and
walls. In a mobile home, where ventilation may be limited, moisture tends to accumulate on
cooler surfaces, leading to persistent condensation. This can be particularly noticeable during
colder months when warm indoor air meets cold window panes. If left unaddressed, this
constant moisture can lead to mold growth along window sills and frames, posing health risks
such as allergies and respiratory issues.

Another telltale sign of excessive humidity is a musty odor permeating through the home. This
smell often indicates mold or mildew growing in hidden areas like underneath carpets or
behind wallpaper. It's essential to address these odors promptly, as they signify potentially
hazardous mold colonies thriving due to high moisture levels.

Peeling paint or wallpaper is another red flag that signals high humidity levels within a mobile
home. Excess moisture causes adhesives to break down over time, resulting in bubbling paint
or loosening wallpaper seams. These visual cues should prompt immediate action to
investigate and rectify the underlying moisture issue before it exacerbates further
deterioration.



Additionally, unexplained damp spots or water stains on ceilings and walls could indicate leaks
exacerbated by high humidity levels. These blemishes not only mar the aesthetic appeal but
also suggest potential structural damage if water intrusion persists unchecked. Regular
inspection for such signs ensures timely intervention before more substantial repairs become
necessary.

To manage excess humidity effectively with simple techniques, start by improving ventilation
throughout your mobile home. Ensure that exhaust fans are functional in areas prone to
moisture accumulation like kitchens and bathrooms. Opening windows periodically allows
fresh air circulation which helps reduce indoor moisture levels naturally.

Investing in a dehumidifier can also be an excellent solution for maintaining optimal humidity
levels within your mobile home. Dehumidifiers are designed to extract excess moisture from
the air efficiently, preventing condensation buildup and inhibiting mold growth.

Moreover, consider placing moisture-absorbing products such as silica gel packs or activated
charcoal in confined spaces like closets and storage areas where airflow might be restricted.

Finally, addressing any leaks promptly by repairing faulty plumbing fixtures or sealing gaps
around windows will prevent additional sources of unwanted moisture infiltration into your
living space.

In conclusion, being vigilant about identifying signs of excess humidity is key to managing its
impact on both living conditions and property value within a mobile home setting. By
implementing straightforward strategies like enhancing ventilation systems or utilizing
dehumidifiers alongside proactive maintenance measures against leaks you create healthier
environments conducive for comfortable living while safeguarding investments long-term
against potential damages caused by unchecked humid conditions.



More About Us

Mobile Home Air Conditioning Installation Services


















Posted by on

Posted by on

Posted by on

Types of Measurements
Required in Mobile Home
HVAC Checks

Managing excess humidity in your living space is crucial for maintaining a comfortable and
healthy environment. High humidity levels can lead to a host of problems, from fostering mold
growth to exacerbating allergies and respiratory issues. Fortunately, there are simple
techniques that can be employed to manage humidity effectively, ensuring that your home
remains a pleasant and safe haven.
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One of the most straightforward methods to control humidity is through proper ventilation.
Ensuring that areas prone to moisture build-up, such as bathrooms and kitchens, are well-
ventilated can make a significant difference. Installing exhaust fans or simply opening windows
while cooking or showering allows humid air to escape, reducing the overall moisture level
indoors. Additionally, using ceiling fans helps circulate air throughout the house, which can
prevent pockets of dampness from forming.

Another effective approach is utilizing dehumidifiers. These devices are designed specifically
to extract excess moisture from the air. They come in various sizes suitable for different
spaces; choosing the right size for your room ensures maximum efficiency. Dehumidifiers not
only help maintain optimal humidity levels but also create an environment less conducive to
dust mites and mold-common allergens that thrive in moist conditions.

Incorporating plants known for their dehumidifying properties can also aid in managing indoor
humidity naturally. Plants like peace lilies and Boston ferns absorb moisture through their
leaves during transpiration, subtly reducing the water content in the air around them. Besides
their practical benefits, these plants add aesthetic value and enhance indoor air quality by
filtering toxins.

Regular maintenance checks around the home can prevent humidity issues from escalating.
Inspecting windows for condensation buildup or leaks ensures that no additional moisture
seeps into your living space unknowingly. Sealing cracks or gaps around doors and windows
with weatherstripping prevents external humid air from entering while keeping cooled or
heated air inside more efficiently.

Finally, adjusting everyday habits can contribute significantly to controlling indoor humidity
levels. Simple changes like drying clothes outside instead of using an indoor dryer reduce

moisture release indoors. Also, avoiding overwatering houseplants minimizes unnecessary
evaporation into the surrounding atmosphere.

By implementing these simple yet effective techniques, one can manage excess humidity
without resorting to costly solutions or complex systems. A balanced indoor climate not only
enhances comfort but also promotes better health and longevity for both inhabitants and their
possessions alike by warding off unwanted microbial growths associated with high moisture
environments.
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Comparing Digital vs Analog
Multimeters for HVAC Use

Managing excess humidity is a crucial aspect of maintaining optimal HVAC performance.
Proper humidity control not only enhances comfort but also contributes to energy efficiency
and prolongs the lifespan of your HVAC system. Here, we explore some simple yet effective
techniques to help manage excess humidity in your home or office.



Firstly, it's essential to understand the role of proper ventilation. Ensuring that your space is
well-ventilated can significantly reduce moisture levels. This can be achieved by utilizing
exhaust fans in high-humidity areas such as bathrooms and kitchens. These fans remove
humid air and prevent it from spreading throughout the house, which can otherwise lead to
mold growth and other issues.

Another technique involves regular maintenance of your HVAC system's components,
particularly the filters and coils. Dirty filters can restrict airflow, causing the system to work
harder than necessary and leading to higher humidity levels due to inefficient operation.
Regularly cleaning or replacing filters ensures that air circulates freely, enhancing
dehumidification efforts. Similarly, keeping evaporator coils clean enables efficient heat
exchange, which is critical for reducing indoor moisture levels.

Additionally, using a standalone dehumidifier in conjunction with your HVAC system can be
highly beneficial in regions with exceptionally high humidity levels or during peak seasons like
summer. Dehumidifiers are designed specifically to extract moisture from the air, thereby
complementing your HVAC unit's dehumidification capabilities.

Monitoring indoor humidity levels is another effective practice for optimal management.
Humidity sensors or hygrometers are affordable tools that provide real-time data on indoor
moisture levels, allowing you to make informed decisions about when additional ventilation or
dehumidification might be necessary.

Sealing leaks around windows and doors is also an important step in controlling excess
humidity. Moisture-laden air often enters through gaps around these areas, which not only
increases indoor humidity but also strains the HVAC system as it works harder to maintain
desired temperature settings.

Lastly, consider setting a reasonable thermostat level that supports both temperature control
and effective humidity management. Often people set their thermostats very low thinking it will
cool their homes faster; however, this can actually increase energy consumption without
addressing underlying humidity issues effectively.

In conclusion, managing excess humidity is integral for maintaining optimal HVAC
performance and ensuring comfortable living conditions. By incorporating simple techniques
such as ensuring adequate ventilation, keeping systems well-maintained, utilizing additional
dehumidifiers when needed, monitoring indoor moisture levels carefully, sealing leaks



effectively, and setting appropriate thermostat levels-homeowners can achieve better control
over indoor environments while extending the life of their HVAC systems and reducing energy
costs simultaneously.

Safety Considerations When
Using Multimeters in Mobile
Homes

Managing excess humidity in mobile homes is a crucial aspect of maintaining a healthy and
comfortable living environment. Proper humidity management not only enhances the quality of
life but also safeguards the physical integrity of the home itself. By exploring the benefits of
maintaining optimal humidity levels, one can better appreciate why this often-overlooked
aspect of home maintenance deserves attention.

The first and foremost benefit of proper humidity management is improved indoor air quality.
Mobile homes, due to their compact nature, can easily become breeding grounds for mold and
mildew if moisture levels are not controlled. These microorganisms thrive in damp
environments and can trigger allergies, asthma attacks, and other respiratory issues. By
keeping humidity in check through simple techniques such as using dehumidifiers or
increasing ventilation, residents can significantly reduce these health risks.

Another significant advantage is the preservation of the home's structural elements. Excessive
moisture can lead to warping, rotting, or rusting of materials like wood and metal that are
commonly used in mobile homes. Over time, this deterioration can compromise the structural
integrity of the home and lead to costly repairs or replacements. Simple measures like sealing
leaks around windows and doors or ensuring proper insulation can prevent such damage by
keeping moisture at bay.



Energy efficiency is yet another area where proper humidity control makes a difference. High
humidity levels often make interiors feel warmer than they actually are, leading residents to
overuse air conditioning systems during hot weather. Conversely, low humidity in colder
months can make heating systems work harder to maintain warmth. By maintaining an optimal
level of humidity-typically between 30% and 50%-homeowners can create a more energy-
efficient environment that reduces utility bills.

Moreover, managing excess humidity contributes to preserving personal possessions within
the mobile home. Items such as electronics, clothing, furniture, and even books are
susceptible to damage from prolonged exposure to high moisture levels. Protecting these
belongings ensures they remain functional and aesthetically pleasing for longer periods.

In summary, properly managing humidity levels in mobile homes yields numerous benefits that
enhance both health and property longevity while promoting energy efficiency. Through simple
yet effective techniques such as using dehumidifiers, improving ventilation, sealing leaks, and
ensuring adequate insulation, residents can enjoy a more comfortable living space free from
the adverse effects associated with excess moisture. Ultimately, investing time and effort into
controlling indoor humidity is an investment in one's well-being and financial future-a decision
every mobile homeowner should consider seriously.

About Ventilation (architecture)

An ab anbar (water reservoir) with double domes and windcatchers (openings
near the top of the towers) in the central desert city of Naeen, Iran.
Windcatchers are a form of natural ventilation.[l]

Ventilation is the intentional introduction of outdoor air into a space. Ventilation is mainly
used to control indoor air quality by diluting and displacing indoor pollutants; it can also
be used to control indoor temperature, humidity, and air motion to benefit thermal
comfort, satisfaction with other aspects of the indoor environment, or other objectives.



The intentional introduction of outdoor air is usually categorlzed as either mechanical
ventilation, natural ventilation, or mixed-mode vent|Iat|on[ ]

o Mechanical ventilation is the intentional fan-driven flow of outdoor air into and/or out
from a building. Mechanical ventilation systems may include supply fans (which
push outdoor air into a building), exhaust[3] fans (which draw air out of a building
and thereby cause equal ventilation flow into a building), or a combination of both
(called balanced ventilation if it neither pressurizes nor depressurizes the inside air,
[ ] or only slightly depressurizes it). Mechanical ventilation is often provided by
equipment that is also used to heat and cool a space.

o Natural ventilation is the intentional passive flow of outdoor air into a building
through planned openings (such as louvers, doors, and windows). Natural
ventilation does not require mechanical systems to move outdoor air. Instead, it
relies entirely on passive physical phenomena, such as wind pressure, or the stack
effect. Natural ventilation openings may be fixed, or adjustable. Adjustable
openings may be controlled automatically (automated), owned by occupants
(operable), or a combination of both. Cross ventilation is a phenomenon of natural
ventilation.

o Mixed-mode ventilation systems use both mechanical and natural processes. The
mechanical and natural components may be used at the same time, at different
times of day, or in different seasons of the year[ ] Since natural ventilation flow
depends on environmental conditions, it may not always provide an appropriate
amount of ventilation. In this case, mechanical systems may be used to supplement
or regulate the naturally driven flow.

Ventilation is typically described as separate from infiltration.

o Infiltration is the circumstantial flow of air from outdoors to indoors through leaks
(unplanned openings) in a building envelope. When a building design relies on
infiltration to maintain |ndoor air quality, this flow has been referred to as
adventitious ventilation. [ ]

The design of buildings that promote occupant health and well-being requires a clear
understanding of the ways that ventilation airflow interacts with, dilutes, displaces, or
introduces pollutants within the occupied space. Although ventilation is an mtegral
component of maintaining good indoor air quality, it may not be satisfactory alone[ 1A
clear understanding of both indoor and outdoor air quality parameters is needed to
improve the performance of ventilation in terms of occupant health and energy[ ]In
scenarios where outdoor pollution would deterlorate indoor air quality, other treatment
devices such as filtration may also be necessary[ ] In kitchen ventilation systems, or for
laboratory fume hoods, the design of effective effluent capture can be more important
than the bulk amount of ventilation in a space. More generally, the way that an air
distribution system causes ventilation to flow into and out of a space impacts the ability
of a particular ventilation rate to remove internally generated pollutants. The ability of a



system to reduce pollution in space is described as its "ventilation effectiveness".
However, the overall impacts of ventilation on indoor air quality can depend on more
complex factors such as the sources of pollution, and the ways that activities and airflow
interact to affect occupant exposure.

An array of factors related to the design and operation of ventilation systems are
regulated by various codes and standards. Standards dealing with the design and
operation of ventilation systems to achieve acceptable indoor air quality include the
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
Standards 62.1 and 62.2, the International Residential Code, the International
Mechanical Code, and the United Kingdom Building Regulations Part F. Other standards
that focus on energy conservation also impact the design and operation of ventilation
systems, including ASHRAE Standard 90.1, and the International Energy Conservation
Code.

When indoor and outdoor conditions are favorable, increasing ventilation beyond the
minimum required for indoor air quality can significantly improve both indoor air quality
and thermal comfort through ventilative cooling, which also helps reduce the energy
demand of buﬂdmgs[ ][ ] During these times, higher ventilation rates, achieved
through passive or mechanical means (air-side economizer, ventllat|ve pre-cooling), can
be particularly beneficial for enhancing people's physical health[ ] Conversely, when
conditions are less favorable, maintaining or improving indoor air quality through
ventilation may require increased use of mechanical heating or cooling, leading to higher
energy consumption.

Ventilation should be considered for its relationship to "venting"” for appliances and
combustion equipment such as water heaters, furnaces, boilers, and wood stoves. Most
importantly, building ventilation design must be careful to avoid the backdraft of
combustion products from "naturally vented" appliances into the occupied space. This
issue is of greater importance for buildings with more air-tight envelopes. To avoid the
hazard, many modern combustion appliances utilize "direct venting" which draws
combustion air directly from outdoors, instead of from the indoor environment.

Design of air flow in rooms
[edit]

The air in a room can be supplied and removed in several ways, for example via ceiling
ventilation, cross ventilation, floor ventilation or displacement ventilation [citation needed!



Ceiling ventilation
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Ceiling ventilation
Cross ventilation
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Cross ventilation
Floor ventilation
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Floor ventilation
Displacement ventilation
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Displacement
ventilation

Furthermore, the air can be circulated in the room using vortexes which can be initiated
in various ways:



Tangential flow vortices, initiated horizontally
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Tangential flow

vortices, initiated

horizontally

Tangential flow vortices, initiated vertically
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Tangential flow

vortices, initiated

vertically

Diffused flow vortices from air nozzles
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Diffused flow

vortices from air

nozzles

Diffused flow vortices due to roof vortices
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Diffused flow
vortices due to roof
vortices

Ventilation rates for indoor air quality

[edit]
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The ventilation rate, for commercial, industrial, and institutional (Cll) buildings, is
normally expressed by the volumetric flow rate of outdoor air, introduced to the building.
The typical units used are cubic feet per minute (CFM) in the imperial system, or liters
per second (L/s) in the metric system (even though cubic meter per second is the
preferred unit for volumetric flow rate in the Sl system of units). The ventilation rate can
also be expressed on a per person or per unit floor area basis, such as CFM/p or
CFMI/ft2, or as air changes per hour (ACH).

Standards for residential buildings
[edit]

For residential buildings, which mostly rely on infiltration for meeting their ventilation
needs, a common ventilation rate measure is the air change rate (or air changes per
hour): the hourly ventilation rate divided by the volume of the space (I or ACH; units of
1/h). During the winter, ACH may range from 0.50 to 0.41 in a tightly air-sealed house to
1.11to 1.47 in a loosely air-sealed house. [ ]

ASHRAE now recommends ventilation rates dependent upon floor area, as a revision to
the 62-2001 standard, in which the minimum ACH was 0.35, but no less than 15
CFM/person (7.1 L/s/person). As of 2003, the standard has been changed to 3 CFM/100
sq. ft. (15 L/s/100 sqg. m.) plus 7.5 CFM/person (3.5 L/s/person)[ ]

Standards for commercial buildings
[edit]

Ventilation rate procedure

[edit]

Ventilation Rate Procedure is rate based on standard and prescribes the rate at WhICh
ventilation air must be delivered to space and various means to the condition that alr{ ]
Air quality is assessed (through CO, measurement) and ventilation rates are
mathematically derived using constants. Indoor Air Quality Procedure uses one or more
guidelines for the specification of acceptable concentrations of certain contamlnants in
indoor air but does not prescribe ventilation rates or air treatment methods[ ] This
addresses both quantitative and subjective evaluations and is based on the Ventilation



Rate Procedure. It also accounts for potential contaminants that may have no measured
limits, or for which no limits are not set (such as formaldehyde off-gassing from carpet
and furniture).

Natural ventilation

[edit]
Main article: Natural ventilation

Natural ventilation harnesses naturally available forces to supply and remove air in an
enclosed space. Poor ventilation in rooms is identified to significantly i mcrease the
localized moldy smell in specific places of the room including room corners[ ] There
are three types of natural ventilation occurrlnjg_) in buildings: wind-driven ventilation,
pressure-driven flows, and stack ventilation. ] The pressures generated by 'the stack
effect’ rely upon the buoyancy of heated or rising air. Wind-driven ventilation relies upon
the force of the prevailing wind to pull and push air through the enclosed space as well
as through breaches in the building's envelope.

Almost all historic buildings were ventilated naturally.[16] The technique was generally
abandoned in larger US buildings during the late 20th century as the use of air
conditioning became more widespread. However, with the advent of advanced Building
Performance Simulation (BPS) software, improved Building Automation Systems (BAS),
Leadership in Energy and Environmental Design (LEED) design requirements, and
improved window manufacturing techniques; natural vent|Iat|on has made a resurgence
in commercial buildings both globally and throughout the US[ ]

The benefits of natural ventilation include:

Improved indoor air quality (IAQ)

Energy savings

Reduction of greenhouse gas emissions

Occupant control

Reduction in occupant illness associated with sick building syndrome
Increased worker productivity

O O o o o o

Techniques and architectural features used to ventilate buildings and structures naturally
include, but are not limited to:

Operable windows

Clerestory windows and vented skylights
Lev/convection doors

Night purge ventilation

Building orientation

Wind capture facades

O O o o o o



Airborne diseases
[edit]

Natural ventilation is a key factor in reducing the spread of airborne |IInesses such as
tuberculosis, the common cold, influenza, meningitis or COVID- 19[ ] Opening doors
and windows are good ways to maximize natural ventilation, which would make the risk
of airborne contagion much lower than with costly and maintenance-requiring
mechanical systems. Old-fashioned clinical areas with high ceilings and large windows
provide the greatest protection. Natural ventilation costs little and is maintenance-free,
and is particularly suited to limited-resource settings and tropical climates, where the
burden of TB and institutional TB transmission is highest. In settings where respiratory
isolation is difficult and climate permits, windows and doors should be opened to reduce
the risk of a|rborne contagion. Natural ventilation requires little maintenance and is
inexpensive. [ ]

Natural ventilation is not practical in much of the infrastructure because of climate. This
means that the facilities need to have effective mechanical ventilation systems and or
use Ceiling Level UV or FAR UV ventilation systems.

Ventilation is measured in terms of air changes per houréACH) As of 2023, the CDC
recommends that all spaces have a minimum of 5 ACH [ ] For hospltal rooms with
airborne contagions the CDC recommends a mlnlmum of 12 ACH [ ] Challenges in
facility ventilation are public unawareness,| 2][ ] ineffective government oversight, poor
building codes that are based on comfort Ievels poor system operations, poor
maintenance, and lack of transparency[ ]

Pressure, both political and economic, to improve energy conservation has led to
decreased ventilation rates. Heating, ventilation, and air conditioning rates have dropped
since the ener y crisis in the 1970s and the banning of cigarette smoke in the 1980s and
1990s. [ ][ ] better source needed!

Mechanical ventilation

[edit]
Main article: HVAC



An axial belt-drive exhaust fan serving an underground car park. This exhaust
fan's operation is interlocked with the concentration of contaminants emitted
by internal combustion engines.

Mechanical ventilation of buildings and structures can be achieved by the use of the
following techniques:

Whole-house ventilation
Mixing ventilation
Displacement ventilation
Dedicated subaerial air supply

O O O O

Demand-controlled ventilation (DCV)
[edit]

Demand-controlled ventilation (DCV, also known as Demand Control Ventilation) makes
it possible to maintain air quality while conserving energy.[27][28] ASHRAE has
determined that "It is consistent with the ventilation rate procedure that demand control
be permitted for use to reduce the total outdoor air supply during periods of less
occupancy."[29] In a DCV system, CO,, sensors control the amount of ventilation.[30][31]
During peak occupancy, CO, levels rise, and the system adjusts to deliver the same
amount of outdoor air as would be used by the ventilation-rate procedure.[32] However,
when spaces are less occupied, CO2 levels reduce, and the system reduces ventilation
to conserves energy. DCV is a well-established practice,[33] and is required in high
occupancy spaces by building energy standards such as ASHRAE 90.1.[34]

Personalized ventilation

[edit]



39% Phis section'needs to be updated. Please help update this article to reflect recent
events or newly available information. (September 2024)

Personalized ventilation is an air distribution strategy that allows individuals to control the
amount of ventilation received. The approach delivers fresh air more directly to the
breathing zone and aims to improve the air quality of inhaled air. Personalized ventilation
provides much higher ventilation effectiveness than conventional mixing ventilation
systems by displacing pollution from the breathing zone with far less air volume. Beyond
improved air quality benefits, the strategy can also improve occupants' thermal comfort,
perceived air quality, and overall satisfaction with the indoor environment. Individuals'
preferences for temperature and air movement are not equal, and so traditional
approaches to homogeneous environmental control have failed to achieve high occupant
satisfaction. Techniques such as personalized ventilation facilitate control of a more
diverse thermal environment that can improve thermal satisfaction for most occupants.

Local exhaust ventilation

[edit]
See also: Power tool

Local exhaust ventilation addresses the issue of avoiding the contamination of indoor air
by specific high-emission sources by capturing airborne contaminants before they are
spread into the environment. This can include water vapor control, lavatory effluent
control, solvent vapors from industrial processes, and dust from wood- and metal-
working machinery. Air can be exhausted through pressurized hoods or the use of fans
and pressurizing a specific area.[35]

A local exhaust system is composed of five basic parts:

A hood that captures the contaminant at its source

Ducts for transporting the air

An air-cleaning device that removes/minimizes the contaminant

A fan that moves the air through the system

An exhaust stack through which the contaminated air is discharged[35]

a0 PE

In the UK, the use of LEV systems has regulations set out by the Health and Safety
Executive (HSE) which are referred to as the Control of Substances Hazardous to Health
(CoSHH). Under CoSHH, legislation is set to protect users of LEV systems by ensuring
that all equipment is tested at least every fourteen months to ensure the LEV systems
are performing adequately. All parts of the system must be visually inspected and
thoroughly tested and where any parts are found to be defective, the inspector must
issue a red label to identify the defective part and the issue.

The owner of the LEV system must then have the defective parts repaired or replaced
before the system can be used.



Smart ventilation
[edit]

Smart ventilation is a process of continually adjusting the ventilation system in time, and
optionally by location, to provide the desired IAQ benefits while minimizing energy
consumption, utility bills, and other non-IAQ costs (such as thermal discomfort or noise).
A smart ventilation system adjusts ventilation rates in time or by location in a building to
be responsive to one or more of the following: occupancy, outdoor thermal and air quality
conditions, electricity grid needs, direct sensing of contaminants, operation of other air
moving and air cleaning systems. In addition, smart ventilation systems can provide
information to building owners, occupants, and managers on operational energy
consumption and indoor air quality as well as a signal when systems need maintenance
or repair. Being responsive to occupancy means that a smart ventilation system can
adjust ventilation depending on demand such as reducing ventilation if the building is
unoccupied. Smart ventilation can time-shift ventilation to periods when a) indoor-
outdoor temperature differences are smaller (and away from peak outdoor temperatures
and humidity), b) when indoor-outdoor temperatures are appropriate for ventilative
cooling, or ¢) when outdoor air quality is acceptable. Being responsive to electricity grid
needs means providing flexibility to electricity demand (including direct signals from
utilities) and integration with electric grid control strategies. Smart ventilation systems
can have sensors to detect airflow, systems pressures, or fan energy use in such a way
that systems failures can be detected and repaired, as well as when system components
need maintenance, such as filter replacement.[36]

Ventilation and combustion
[edit]

Combustion (in a fireplace, gas heater, candle, oil lamp, etc.) consumes oxygen while
producing carbon dioxide and other unhealthy gases and smoke, requiring ventilation air.
An open chimney promotes infiltration (i.e. natural ventilation) because of the negative
pressure change induced by the buoyant, warmer air leaving through the chimney. The
warm air is typically replaced by heavier, cold air.

Ventilation in a structure is also needed for removing water vapor produced by
respiration, burning, and cooking, and for removing odors. If water vapor is permitted to
accumulate, it may damage the structure, insulation, or finishes. [citation needed] When
operating, an air conditioner usually removes excess moisture from the air. A
dehumidifier may also be appropriate for removing airborne moisture.

Calculation for acceptable ventilation rate



[edit]

Ventilation guidelines are based on the minimum ventilation rate required to maintain
acceptable levels of effluents. Carbon dioxide is used as a reference point, as it is the
gas of highest emission at a relatively constant value of 0.005 L/s. The mass balance
equation is:

Q=GI(C;?C,)

Q = ventilation rate (L/s)
G = CO,, generation rate
C, = acceptable indoor CO,, concentration

Cy= ambient CO, concentration[37]

O O O O

Smoking and ventilation
[edit]

ASHRAE standard 62 states that air removed from an area with environmental tobacco
smoke shall not be recirculated into ETS-free air. A space with ETS requires more
ventilation to achieve similar perceived air quality to that of a non-smoking environment.

The amount of ventilation in an ETS area is equal to the amount of an ETS-free area
plus the amount V, where:

V = DSD x VA x A/60E

o V =recommended extra flow rate in CFM (L/s)

o DSD = design smoking density (estimated number of cigarettes smoked per hour
per unit area)

o VA = volume of ventilation air per cigarette for the room being designed (fl3/cig)

o E = contaminant removal effectiveness[38]

History

[edit]
[icotipis sectionneeds expansion. You can help by adding to it. (August 2020)



This ancient Roman house uses a variety of passive cooling and passive
ventilation techniques. Heavy masonry walls, small exterior windows, and a
narrow walled garden oriented N-S shade the house, preventing heat gain.
The house opens onto a central atrium with an impluvium (open to the sky);
the evaporative cooling of the water causes a cross-draft from atrium to
garden.

Primitive ventilation systems were found at the PloAf A& A¢a,~AYAfAESA Aenik
archeological site (belonging to the VinAf £’ A¢a,-A%Afa€SA Asa culture) in Serbia and
were built into early copper smelting furnaces. The furnace, built on the outside of the
workshop, featured earthen pipe-like air vents with hundreds of tiny holes in them and a
prototype chimney to ensure air goes into the furnace to feed the fire and smoke comes
out safely.[39]

Passive ventilation and passive cooling systems were widely written about around the
Mediterranean by Classical times. Both sources of heat and sources of cooling (such as
fountains and subterranean heat reservoirs) were used to drive air circulation, and
buildings were designed to encourage or exclude drafts, according to climate and



function. Public bathhouses were often particularly sophisticated in their heating and
cooling. Icehouses are some millennia old, and were part of a well-developed ice
industry by classical times.

The development of forced ventilation was spurred by the common belief in the late 18th
and early 19th century in the miasma theory of disease, where stagnant ‘airs' were
thought to spread illness. An early method of ventilation was the use of a ventilating fire
near an air vent which would forcibly cause the air in the building to circulate. English
engineer John Theophilus Desaguliers provided an early example of this when he
installed ventilating fires in the air tubes on the roof of the House of Commons. Starting
with the Covent Garden Theatre, gas burning chandeliers on the ceiling were often
specially designed to perform a ventilating role.

Mechanical systems
[edit]

Further information: Heating, ventilation, and air conditioning 8 Mechanical or forced
ventilation

The Central Tower of the Palace of Westminster. This octagonal spire was for
ventilation purposes, in the more complex system imposed by Reid on Barry,

in which it was to draw air out of the Palace. The design was for the aesthetic
disguise of its function.[4o][41]



A more sophisticated system involving the use of mechanical equipment to circulate the
air was developed in the mid-19th century. A basic system of bellows was put in place to
ventilate Newgate Prison and outlying buildings, by the engineer Stephen Hales in the
mid-1700s. The problem with these early devices was that they required constant human
labor to operate. David Boswell Reid was called to testify before a Parliamentary
committee on proposed architectural deS|gns for the new House of Commons, after the
old one burned down in a fire in 1834[ ] In January 1840 Reid was appointed by the
committee for the House of Lords dealing with the construction of the replacement for the
Houses of Parliament. The post was in the capacity of ventilation engineer, in effect; and
with its creation there began a long series of quarrels between Reid and Charles Barry,
the architect.| 2]

Reid advocated the installation of a very advanced ventilation system in the new House.
His design had air being drawn into an underground chamber, where it would undergo
either heating or cooling. It would then ascend into the chamber through thousands of
small holes drilled into the floor, and would be extracted through the ceiling by a special
ventilation fire within a great stack. [ ]

Reid's reputation was made by his work in Westminster. He was comm|SS|oned for an air
quality survey in 1837 by the Leeds and Selby Railway in their tunnel[ ] The steam
vessels built for the Niger expedltlon of 1841 were fitted with ventilation systems based
on Reid's Westminster model. [ ] Air was dried, filtered and passed over charcoal [ 6][

] Reid's ventilation method was also applied more fully to St. George's Hall, Liverpool,
where the arch|tect Harvey Lonsdale Elmes, requested that Reid should be involved in
ventilation design. [ ] Reid considered this the only building in which his system was
completely carried out. 9]

Fans
[edit]

With the advent of practical steam power, ceiling fans could finally be used for
ventilation. Reid installed four steam-powered fans in the ceiling of St George's Hospital
in Liverpool, so that the pressure produced by the fans would force the incoming air
upward and through vents in the ce|I|ng Reid's pioneering work provides the basis for
ventilation systems to this day. [4 ] He was remembered as "Dr. Reid the ventilator" |n
the twenty-first century in discussions of energy efficiency, by Lord Wade of Chorlton[ ]

History and development of ventilation rate standards

[edit]



Ventilating a space with fresh air aims to avoid "bad air". The study of what constitutes
bad air dates back to the 1600s when the scientist Mayow studied asphyxia of animals in
confined bottles. [ ] The poisonous component of air was later identified as carbon
dioxide (CO»), by Lavoisier in the very late 1700s, starting a debate as to the nature of
"bad air" which humans perceive to be stuffy or unpleasant. Early hypotheses included
excess concentrations of CO, and oxygen depletion. However, by the late 1800s,
scientists thought biological contamination, not oxygen or CO,, was the primary
component of unacceptable indoor air. However, it was noted as early as 1872 that CO,
concentration closely correlates to perceived air quality.

The first estimate of minimum ventilation rates was developed by Tredgold in 1836 [52]
This was followed by subsequent studies on the topic by Billings [5 ]in 1886 and Flugge
in 1905. The recommendations of Billings and Flugge were incorporated into numerous
building codes from 1900—the 1920s and publlshed as an industry standard by ASHVE
(the predecessor to ASHRAE) in 1914[ ]

The study continued into the varied effects of thermal comfort, oxygen, carbon dioxide,
and biological contaminants. The research was conducted with human subjects in
controlled test chambers. Two studies, published between 1909 and 1911, showed that
carbon dioxide was not the offending component. Subjects remained sat|sf|ed in
chambers with high levels of CO,, so long as the chamber remained cool. [ ]
(Subsequently, it has been determined that CO, is, in fact, harmful at concentrations
over 50 OOOppm[ ])

ASHVE began a robust research effort in 1919. By 1935, ASHVE-funded research
conducted by Lemberg, Brandt, and Morse — again using human subjects in test
chambers — suggested the primary component of "bad air" was an odor, perceived by
the human olfactory nerves.[”“] Human response to odor was found to be logarithmic to
contaminant concentrations, and related to temperature. At lower, more comfortable
temperatures, lower ventilation rates were satisfactory. A 1936 human test chamber
study by Yaglou, Riley, and Coggins culminated much of this effort, considering odor,
room volume, occupant age, coolmg equipment effects, and recirculated air implications,
which guided ventilation rates. [ ] The Yaglou research has been validated, and
adopted into industry standards, beginning with the ASA code in 1946. From this
research base, ASHRAE (having replaced ASHVE) developed space-by-space
recommendations, and published them as ASHRAE Standard 62-1975: Ventilation for
acceptable indoor air quality.

As more architecture incorporated mechanical ventilation, the cost of outdoor air
ventilation came under some scrutiny. In 1973, in response to the 1973 oil crisis and
conservation concerns, ASHRAE Standards 62-73 and 62—81) reduced required
ventilation from 10 CFM (4.76 L/s) per person to 5 CFM (2.37 L/s) per person. In cold,
warm, humid, or dusty climates, it is preferable to m|n|m|ze ventllatlon with outdoor air to
conserve energy, cost, or filtration. This critique (e.g. Tlller[ ]) led ASHRAE to reduce



outdoor ventilation rates in 1981,
subsequent research by Fanger[

gar

ticularly in non-smoking areas. However
W. Cain, and Janssen validated the Yaglou model.

The reduced ventilation rates were found to be a contributing factor to sick building

syndrome. [

The 1989 ASHRAE standard (Standard 62—89) states that appropriate ventilation
guidelines are 20 CFM (9.2 L/s) per person in an office building, and 15 CFM (7.1 L/s)
per person for schools, while 2004 Standard 62.1-2004 has lower recommendations
again (see tables below). ANSI/ASHRAE (Standard 62—89) speculated that "comfort
(odor) criteria are I|kely to be satisfied if the ventilation rate is set so that 1, OOO ppm CO,

IS not exceeded' [

] while OSHA has set a limit of 5000 ppm over 8 hours[ ]

Historical ventilation rates

Author or Ventilation Ventilation Basis or rationale
source rate (IP) rate (Sl)

Tredgold 1836 4 CFM per 2 L/s per Basic metabolic need;, breathing
person person rate, and candle burning

Billings 1895 30 CFM per 15 L/s per Indoor air hyg|ene, preventing
person person spread of disease

Flugge 1905 30 CFM per 15 L/s per Excessive temperature or
person person unpleasant odor

ASHVE 1914 30 CFM per 15 L/s per Based on Bll!lngs, Flugge and
person person contemporaries

Early US 1925 30 CFM per 15 L/s per Same as above

Codes person person

Yaglou 1936 15 CFM per 7.5 L/s per Odor control, outdoor airas a
person person fraction of total air

ASA 1946 15 CFM per 7.5 L/s per Based on Ya_hlou and
person person contemporaries

ASHRAE 1975 2 CFMper  7.5Lsper o o a5 above
person person

ASHRAE 1981 10 CFM per 5L/s per For non-smoking areas, reduced.
person person

ASHRAE 1989 15 CFM per 7.5 L/s per Based on Fanger, W. Cain, and
person person Janssen

ASHRAE continues to publish space-by-space ventilation rate recommendations, which

are decided by a consensus committee of industry experts. The modern descendants of
ASHRAE standard 62-1975 are ASHRAE Standard 62.1, for non-residential spaces, and
ASHRAE 62.2 for residences.



In 2004, the calculation method was revised to include both an occupant-based
contamination component and an area—based contamination component.[62] These two
components are additive, to arrive at an overall ventilation rate. The change was made to
recognize that densely populated areas were sometimes overventilated (leading to
higher energy and cost) using a per-person methodology.

Occupant Based Ventilation Rates,[62] ANSI/ASHRAE Standard 62.1-2004

IP Units Sl Units Category Examples

0 0 Spaceg where yentllatl.on re.qu.lrements are Storage Rooms,
primarily associated with building elements,

cfm/person L/s/person Warehouses
not occupants.

5 2.5 Spaces occgpled by adults, engaged in low Office space

cfm/person L/s/person levels of activity

75 35 S.paces where occgp_ants are engaged in Retail spaces,
higher levels of activity, but not strenuous, or .

cfm/person L/s/person o : : lobbies
activities generating more contaminants

10 5 Spaces where occupgnts are engagec_i in Classrooms,
more strenuous activity, but not exercise, or .

cfm/person L/s/person . : . school settings
activities generating more contaminants

20 10 Spacgs where Qggupants are.engaged in dance floors,
exercise, or activities generating many :

cfm/person L/s/person exercise rooms

Area-based ventilation

contaminants

rates,[52] ANSI/ASHRAE Standard 62.1-2004

IP Units SI Units Category Examples
0.06 0.30 Spaces where space contamination is normal, Conference rooms,
cfm/ft?  L/sim?  or similar to an office environment lobbies

0.12 0.60 Spaces where space contamination is Classrooms,
cfm/ft?  L/sim? significantly higher than an office environment museums

0.18 0.90 Spaces where space contamination is even Laboratories, art
cfm/ft?  Lis/m? higher than the previous category classrooms

0.30 15 Specific spaces in sports or entertainment Sports,

cfm/ft?  L/sim? where contaminants are released entertainment
0.48 2.4 Reserved for indoor swimming areas, where Indoor swimming
cfm/ft?  L/is/m? chemical concentrations are high areas

The addition of occupant- and area-based ventilation rates found in the tables above
often results in significantly reduced rates compared to the former standard. This is
compensated in other sections of the standard which require that this minimum amount
of air is delivered to the breathing zone of the individual occupant at all times. The total



outdoor air intake of the ventilation system (in multiple-zone variable air volume (VAV)
systems) might therefore be similar to the airflow required by the 1989 standard.

From 1999 to 2010, there was considerable development of the application protocol for
ventilation rates. These advancements address occupant- and process- based ventilation
rates, room ventilation effectiveness, and system ventilation effectlveness[ ]

Problems

[edit]

e}

In hot, humid climates, unconditioned ventilation air can daily deliver approximately
260 milliliters of water for each cubic meters per hour (m3/h) of outdoor air (or one
pound of water each day for each cubic feet per minute of outdoor air per day),
annual average.[citation needed This is a great deal of moisture and can create
serious indoor moisture and mold problems. For example, given a 150 mP building
with an airflow of 180 m3/h this could result in about 47 liters of water accumulated
per day.

Ventilation efficiency is determined by design and layout, and is dependent upon
the placement and proximity of diffusers and return air outlets. If they are located
closely together, supply air may mix with stale air, decreasing the efficiency of the
HVAC system, and creating air quality problems.

System imbalances occur when components of the HVAC system are improperly
adjusted or installed and can create pressure differences (too much-circulating air
creating a draft or too little circulating air creating stagnancy).

Cross-contamination occurs when pressure differences arise, forcing potentially
contaminated air from one zone to an uncontaminated zone. This often involves
undesired odors or VOCs.

Re-entry of exhaust air occurs when exhaust outlets and fresh air intakes are either
too close, prevailing winds change exhaust patterns or infiltration between intake
and exhaust air flows.

Entrainment of contaminated outdoor air through intake flows will result in indoor air
contamination. There are a variety of contaminated air sources, ranglng from
industrial effluent to VOCs put off by nearby construction work[ ] A recent study
revealed that in urban European buildings equipped with ventilation systems
lacking outdoor air filtration, the exposure to outdoor-originating pollutants indoors
resulted in more D|sab|I|ty Adjusted Life Years (DALYSs) than exposure to indoor-
emitted pollutants. [ ]

See also

[edit]
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Architectural engineering
Biological safety

Cleanroom

Environmental tobacco smoke
Fume hood
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Head-end power

Heating, ventilation, and air conditioning
Heat recovery ventilation

Mechanical engineering

Room air distribution

Sick building syndrome

Siheyuan

Solar chimney

Tulou

Windcatcher
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About Thermal comfort

This article is about comfort zones in building construction. For other uses, see Comfort
zone (disambiguation).




A thermal image of human

Thermal comfort is the condition of mind that expresses subjective satisfaction with the
thermal environment. [ ] The human body can be viewed as a heat engine where food is
the input energy. The human body will release excess heat into the environment, so the
body can continue to operate. The heat transfer is proportional to temperature difference.
In cold environments, the body loses more heat to the environment and in hot
environments the body does not release enough heat. Both the hot and cold scenarios
lead to discomfort. [ ] Maintaining this standard of thermal comfort for occupants of
buildings or other enclosures is one of the important goals of HVAC (heating, ventilation,
and air conditioning) design engineers.

Thermal neutrality is maintained when the heat generated by human metabolism is
allowed to dissipate, thus maintaining thermal equilibrium with the surroundings. The
main factors that influence thermal neutrality are those that determine heat gain and
loss, namely metabolic rate, clothing insulation, air temperature, mean radiant
temperature, air speed and relative humidity. Psychological parameters, such as
individual expectations, and physiological parameters also affect thermal neutrallty[ ]
Neutral temperature is the temperature that can lead to thermal neutrality and it may vary
greatly between individuals and depending on factors such as activity level, clothing, and
humidity. People are highly sensitive to even small differences in environmental
temperature. At 24 °C, a difference of 0.38 °C can be detected between the temperature
of two rooms[ ]

The Predicted Mean Vote (PMV) model stands among the most recognized thermal
comfort models. It was developed using principles of heat balance and experlmental data
collected in a controlled climate chamber under steady state condltlons[ ] The adaptive
model, on the other hand, was developed based on hundreds of field studies with the
idea that occupants dynamically interact with their environment. Occupants control their
thermal enwronment by means of clothing, operable windows, fans, personal heaters,
and sun shades. [ ][ ] The PMV model can be applied to air-conditioned buildings, while
the adaptive model can be applied only to buildings where no mechanical systems have
been installed. [ ] There is no consensus about which comfort model should be applied
for buildings that are partially air-conditioned spatially or temporally.

Thermal comfort calculatlons in accordance with the ANSI/ASHRAE Standard 55 [1] the
ISO 7730 Standard[ ] and the EN 16798-1 Standard[ ] can be freely performed with
either the CBE Thermal Comfort Tool for ASHRAE 55[ ] with the Python package
pythermalcomfort[ ] or with the R package comf.

Significance

[edit]



Satisfaction with the thermal environment is important because thermal conditions are
potentially life-threatening for humans if the core body temperature reaches conditions of
hyperthermia, above 37.5-38.3 °C (99.5-100.9 °F)[ ][ ] or hypothermia, below

35.0 °C (95.0 °F). [ ] Buildings modify the conditions of the external environment and
reduce the effort that the human body needs to do in order to stay stable at a normal
human body temperature, important for the correct functioning of human physiological
processes.

The Roman writer Vitruvius actually linked this purpose to the birth of architecture.[14]
David Linden also suggests that the reason why we associate tropical beaches with
paradise is because in those environments is Where human bodies need to do less
metabolic effort to maintain their core temperature[ ] Temperature not only supports
human life; coolness and warmth have also become in different cultures a symbol of
protection, community and even the sacred. [ ]

In building science studies, thermal comfort has been related to productivity and health
Offrce workers who are satisfied with their thermal environment are more productrve[ ][

] The combination of high temgperature and high relative humidity reduces thermal
comfort and indoor air qualrty.[

Although a single static temperature can be comfortable, people are attracted by thermal
changes, such as campfires and cool pools. Thermal pleasure is caused by varying
thermal sensations from a state of unpleasantness to a state of pleasantness, and the
scientific term for it is positive thermal aIIresthesra[ ] From a state of thermal neutrality
or comfort any change will be perceived as unpleasant[ ] This challenges the
assumption that mechanically controlled buildings should dellver uniform temperatures
and comfort, if it is at the cost of excluding thermal pleasure[ ]

Influencing factors
[edit]

Since there are large variations from person to person in terms of physiological and
psychological satisfaction, it is hard to find an optimal temperature for everyone in a
given space. Laboratory and field data have been collected to def|ne conditions that will
be found comfortable for a specified percentage of occupants[ ]

There are numerous factors that directly affect thermal comfort that can be grouped in
two categories:

1. Personal factors — characteristics of the occupants such as metabolic rate and
clothing level

2. Environmental factors — which are conditions of the thermal environment,
specifically air temperature, mean radiant temperature, air speed and humidity



Even if all these factors may vary with time, standards usually refer to a steady state to
study thermal comfort, just allowing limited temperature variations.

Personal factors
[edit]
Metabolic rate

[edit]
Main article: Metabolic rate

People have different metabollc rates that can fluctuate due to activity level and
environmental conditions. [ ][ ][ ] ASHRAE 55-2017 defines metabolic rate as the
rate of transformation of chemical energy into heat and mechanlcal work by metabolic
activities of an individual, per unit of skin surface area[ ]
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Metabolic rate is expressed in units of met, equal to 58.2 W/m?2 (18.4 Btu/h-ft?). One met
is equal to the energy produced per unit surface area of an average person seated at
rest.

ASHRAE 55 provides a table of metabolic rates for a variety of activities. Some common
values are 0.7 met for sleeping, 1.0 met for a seated and quiet position, 1.2—1.4 met for
light activities standing, 2.0 met or more for activities that involve movement, walking,
lifting heavy loads or operating machinery. For intermittent activity, the standard states
that it is permissible to use a time-weighted average metabolic rate if individuals are
performing activities that vary over a period of one hour or less. For longer periods,
different metabolic rates must be considered. [ ]

According to ASHRAE Handbook of Fundamentals, estimating metabolic rates is
complex, and for levels above 2 or 3 met — especially if there are various ways of
performing such activities — the accuracy is low. Therefore, the standard is not applicable
for activities with an average level higher than 2 met. Met values can also be determined
more accurately than the tabulated ones, using an empirical equation that takes into
account the rate of respiratory oxygen consumption and carbon dioxide production.
Another physiological yet less accurate method is related to the heart rate, since there is
a relationship between the latter and oxygen consumptlon[ ]

The Compendium of Physical Activities is used by physicians to record physical
activities. It has a different definition of met that is the ratio of the metabolic rate of the
activity in question to a resting metabolic rate.[27] As the formulation of the concept is
different from the one that ASHRAE uses, these met values cannot be used directly in
PMV calculations, but it opens up a new way of quantifying physical activities.



Food and drink habits may have an influence on metabolic rates, which indirectly
influences thermal preferences. These effects may change depending on food and drink
intake.[28]

Body shape is another factor that affects metabolic rate and hence thermal comfort. Heat
dissipation depends on body surface area. The surface area of an average person is

1.8 m? (19 ft2 ). [1] A tall and skinny person has a larger surface-to-volume ratio, can
dissipate heat more easily, and can tolerate higher temperatures more than a person
with a rounded body shape.[28]

Clothing insulation

[edit]
Main article: Clothing insulation

The amount of thermal insulation worn by a person has a substantial impact on thermal
comfort, because it influences the heat loss and consequently the thermal balance.
Layers of insulating clothing prevent heat loss and can either help keep a person warm
or lead to overheating. Generally, the thicker the garment is, the greater insulating ability
it has. Depending on the type of material the clothing is made out of alr movement and
relative humidity can decrease the insulating ability of the materlal[ ][ ]

1 clo is equal to 0.155 m2.K/W (0.88 °F- ft2. -h/Btu). This corresponds to trousers, a long
sleeved shirt, and a jacket. Clothing insulation values for other common ensembles or
single garments can be found in ASHRAE 55[ ]

Skin wetness

[edit]

Skin wetness is defined as "the proportion of the total skin surface area of the body
covered with sweat".[3 ] The wetness of skin in different areas also affects perceived
thermal comfort. Humidity can increase wetness in different areas of the body, leading to
a perception of discomfort. This is usually localized in different parts of the body, and
local thermal comfort limits for skin wetness differ by locations of the body[ ] The
extremities are much more sensitive to thermal discomfort from wetness than the trunk of
the body. Although local thermal discomfort can be caused by wetness, the thermal
comfort of the whole body will not be affected by the wetness of certain parts.

Environmental factors

[edit]



Air temperature

[edit]
Main article: Dry-bulb temperature

The air temperature is the average temperature of the air surrounding the occupant, with
respect to location and time. According to ASHRAE 55 standard, the spatial average
takes into account the ankle, waist and head levels, which vary for seated or standing
occupants. The temporal average is based on three-minutes intervals with at least 18
equally spaced points in time. Air temperature is measured with a dry-bulb thermometer
and for this reason it is also known as dry-bulb temperature.

Mean radiant temperature

[edit]
Main article: Mean radiant temperature

The radiant temperature is related to the amount of radiant heat transferred from a
surface, and it depends on the material's ability to absorb or emit heat, or its emissivity.
The mean radiant temperature depends on the temperatures and emissivities of the
surrounding surfaces as well as the view factor, or the amount of the surface that is
“seen” by the object. So the mean radiant temperature experienced by a person in a
room with the sunlight streaming in varies based on how much of their body is in the sun.

Air speed

[edit]

Air speed is defined as the rate of air movement at a point, without regard to direction.
According to ANSI/ASHRAE Standard 55, it is the average speed of the air surrounding
a representative occupant, with respect to location and time. The spatial average is for
three heights as defined for average air temperature. For an occupant moving in a space
the sensors shall follow the movements of the occupant. The air speed is averaged over
an interval not less than one and not greater than three minutes. Variations that occur
over a period greater than three minutes shall be treated as multiple different air speeds]

33]

Relative humidity

[edit]



Main article: Relative humidity

Relative humidity (RH) is the ratio of the amount of water vapor in the air to the amount
of water vapor that the air could hold at the specific temperature and pressure. While the
human body has thermoreceptors in the skin that enable perception of temperature,
relative humidity is detected indirectly. Sweating is an effective heat loss mechanism that
relies on evaporation from the skin. However at high RH, the air has close to the
maximum water vapor that it can hold, so evaporation, and therefore heat loss, is
decreased. On the other hand, very dry environments (RH < 20-30%) are also
uncomfortable because of their effect on the mucous membranes. The recommended
level of indoor humidity is in the range of 30-60% in air conditioned buildings,[34][35] but
new standards such as the adaptive model allow lower and higher humidity, depending
on the other factors involved in thermal comfort.

Recently, the effects of low relative humidity and high air velocity were tested on humans
after bathing. Researchers found that low relative humidity engendered thermal
discomfort as well as the sensation of dryness and itching. It is recommended to keep
relative humldlty levels higher in a bathroom than other rooms in the house for optimal
conditions. [ ]

Various types of apparent temperature have been developed to combine air temperature
and air humidity. For higher temperatures, there are quantitative scales, such as the heat
index. For lower temperatures, a related interplay was identified only qualitatively:

o High humidity and low temperatures cause the air to feel chiIIy.[37]

o Cold air with high relative humidity "feels" colder than dry air of the same
temperature because hlgh humidity in cold weather increases the conduction of
heat from the body[ ]

There has been controversy over why damp cold air feels colder than dry cold air. Some
believe it is because when the humidity is high, our skin and clothing become moist and
are better conductors of heat, so there is more cooling by conductlon[ ]

The influence of humldlty can be exacerbated with the combined use of fans (forced
convection cooling). [ ]

Natural ventilation

[edit]
Main article: Natural ventilation

Many buildings use an HVAC unit to control their thermal environment. Other buildings
are naturally ventilated (or would have cross ventilation) and do not rely on mechanical
systems to provide thermal comfort. Depending on the climate, this can drastically



reduce energy consumption. It is sometimes seen as a risk, though, since indoor
temperatures can be too extreme if the building is poorly designed. Properly designed,
naturally ventilated buildings keep indoor conditions within the range where opening
windows and using fans in the summer, and wearing extra clothing in the winter, can
keep people thermally comfortable.[41]

Models and indices

[edit]

There are several different models or indices that can be used to assess thermal comfort
conditions indoors as described below.

PMV/PPD method

[edit]

Psychrometric Chart
| T —

Temperature-relative
humidity chart

Two alternative
representations of thermal
comfort for the PMV/PPD
method

The PMV/PPD model was developed by P.O. Fanger using heat-balance equations and
empirical studies about skin temperature to define comfort. Standard thermal comfort
surveys ask subjects about their thermal sensation on a seven-point scale from cold (?3)



to hot (+3). Fanger's equations are used to calculate the predicted mean vote (PMV) of a
group of subjects for a particular combination of air temperature, mean radiant
temperature, relative humidity, air speed, metabolic rate, and clothing msulatron[ ] PMV
equal to zero is representing thermal neutrality, and the comfort zone is defined by the
combinations of the srx parameters for which the PMV is within the recommended limits
(?0.5 < PMV < +0.5). [ ] Although predicting the thermal sensation of a population is an
important step in determining what conditions are comfortable, it is more useful to
consider whether or not people will be satisfied. Fanger developed another equation to
relate the PMV to the Predicted Percentage of Dissatisfied (PPD). This relation was
based on studies that surveyed subjects in a chamber where the indoor conditions could
be precisely controlled. [ ]

The PMV/PPD model is applied globally but does not dlrectl take into account the
adaptation mechanisms and outdoor thermal cond|t|ons[ 1 ][43]

ASHRAE Standard 55-2017 uses the PMV model to set the requirements for mdoor
thermal conditions. It requires that at least 80% of the occupants be satrsfred[ ]

The CBE Thermal Comfort Tool for ASHRAE 55[9] allows users to input the six comfort
parameters to determine whether a certain combination complies with ASHRAE 55. The
results are displayed on a psychrometric or a temperature-relative humidity chart and
indicate the ranges of temperature and relative humidity that will be comfortable with the
given the values input for the remaining four parameters.[44]

The PMV/PPD model has a Iowgrediction accuracy.[45] Using the world largest thermal
comfort field survey database [ ] the accuracy of PMV in predicting occupant's thermal
sensation was only 34%, meaning that the thermal sensation is correctly predicted one
out of three times. The PPD was overestimating subject's thermal unacceptability outside
the thermal neutrality ranges (-1?PMV?1). The PMV/PPD accuracy varies strongly
between ventilation strategies, building types and cllmates[ ]

Elevated air speed method

[edit]

ASHRAE 55 2013 accounts for air speeds above 0.2 metres per second (0.66 ft/s)
separately than the baseline model. Because air movement can provide direct cooling to
people, particularly if they are not wearing much clothing, higher temperatures can be
more comfortable than the PMV model predicts. Air speeds up to 0.8 m/s (2.6 ft/s) are
allowed without local control, and 1.2 m/s is possible with local control. This elevated air
movement increases the maximum temperature for an office space in the summer to

30 °C from 27.5 °C (86.0-81.5 °F). [ ]



Virtual Energy for Thermal Comfort
[edit]

"Virtual Energy for Thermal Comfort" is the amount of energy that will be required to
make a non-air-conditioned building relatively as comfortable as one with air-
conditioning. This is based on the assumption that the home will eventually install air-
conditioning or heating. [ ] Passive design improves thermal comfort in a building, thus
reducing demand for heating or cooling. In many developing countries, however, most
occupants do not currently heat or cool, due to economic constraints, as well as climate
conditions which border lines comfort conditions such as cold winter nights in
Johannesburg (South Africa) or warm summer days in San Jose, Costa Rica. At the
same time, as incomes rise, there is a strong tendency to introduce cooling and heating
systems. If we recognize and reward passive design features that improve thermal
comfort today, we diminish the risk of having to install HYAC systems in the future, or we
at least ensure that such systems will be smaller and less frequently used. Or in case the
heating or cooling system is not installed due to high cost, at least people should not
suffer from discomfort indoors. To provide an example, in San Jose, Costa Rica, if a
house were being designed with high level of glazing and small opening sizes, the
internal temperature would easily rise above 30 °C (86 °F) and natural ventilation would
not be enough to remove the internal heat gains and solar gains. This is why Virtual
Energy for Comfort is important.

World Bank's assessment tool the EDGE software (Excellence in Design for Greater
Efficiencies) illustrates the potential issues with discomfort in buildings and has created
the concept of Virtual Energy for Comfort which provides for a way to present potential
thermal discomfort. This approach is used to award for design solutions which improves
thermal comfort even in a fully free running building. Despite the inclusion of
requirements for overheating in CIBSE, overcooling has not been assessed. However,
overcooling can be an issue, mainly in the developing world, for example in cities such
as Lima (Peru), Bogota, and Delhi, where cooler indoor temperatures can occur
frequently. This may be a new area for research and design guidance for reduction of
discomfort.

Cooling Effect

[edit]

ASHRAE 55-2017 defines the Cooling Effect (CE) at elevated air speed (above 0.2
metres per second (0.66 ft/s)) as the value that, when subtracted from both the air
temperature and the mean radiant temperature, yields the same SET value under still air
(0.1 m/s) as in the first SET calculation under elevated air speed[ ]



\isplaystyle SET(L.A.t_rv.met,clo,RH)=SET(t_a-CE,t_r-CE,v=0.1,met,clo,RH)

The CE can be used to determine the PMV adjusted for an environment with elevated air
speed using the adjusted temperature, the adjusted radiant temperature and still air (0.2
metres per second (0.66 ft/s)). Where the adjusted temperatures are equal to the original
air and mean radiant temperatures minus the CE.

Local thermal discomfort
[edit]

Avoiding local thermal discomfort, whether caused by a vertical air temperature
difference between the feet and the head, by an asymmetric radiant field, by local
convective cooling (draft), or by contact with a hot or cold floor, is essential to providing
acceptable thermal comfort. People are generally more sensitive to local discomfort
when their thermal sensation is cooler than neutral, while they are less sensitive to it
when their body is warmer than neutral.[33]

Radiant temperature asymmetry
[edit]

Large differences in the thermal radiation of the surfaces surrounding a person may
cause local discomfort or reduce acceptance of the thermal conditions. ASHRAE
Standard 55 sets limits on the allowable temperature differences between various
surfaces. Because people are more sensitive to some asymmetries than others, for
example that of a warm ceiling versus that of hot and cold vertical surfaces, the limits
depend on which surfaces are involved. The ceiling is not allowed to be more than +5 °C
(9.0 °F) warmer, whereas a wall may be up to +23 °C (41 °F) warmer than the other
surfaces.[l]

Draft

[edit]

While air movement can be pleasant and provide comfort in some circumstances, it is
sometimes unwanted and causes discomfort. This unwanted air movement is called
"draft" and is most prevalent when the thermal sensation of the whole body is cool.
People are most likely to feel a draft on uncovered body parts such as their head, neck,
shoulders, ankles, feet, and legs, but the sensation also depends on the air speed, air
temperature, activity, and cIothing.[l]



Floor surface temperature

[edit]

Floors that are too warm or too cool may cause discomfort, depending on footwear.
ASHRAE 55 recommends that floor temperatures stay in the range of 19— 29 °C
(66—84 °F) in spaces where occupants will be wearing lightweight shoes[ ]

Standard effective temperature
[edit]

Standard effective temperature (SET) is a model of human response to the thermal
environment. Developed by A.P. Gagge and accepted by ASHRAE in 1986[ ] it is also
referred to as the Pierce Two-Node model [ 9] Its calculation is similar to PMV because
it is a comprehensive comfort index based on heat-balance equations that incorporates
the personal factors of clothing and metabolic rate. Its fundamental difference is it takes
a two-node method to represent human physiology in measuring skin temperature and
skin wettedness.| 8]

The SET index is defined as the equivalent dry bulb temperature of an isothermal
environment at 50% relative humidity in which a subject, while wearing clothing
standardized for activity concerned, would have the same heat stress (skin temperature)
and thermoregulatory strain (skin wettedness) as in the actual test environment][~®]

Research has tested the model against experimental data and found |t tends to
overestimate skin temperature and underestimate skin Wettedness[ ][ ] Fountain and
Huizenga (1997) developed a thermal sensation prediction tool that computes SET [51]
The SET mdex can also be calculated using either the CBE Thermal Comfort Tool for
ASHRAE 55 [ ] the Python package pythermalcomfort[ ] or the R package comf.

Adaptive comfort model

[edit]



Adaptive chart according to ASHRAE Standard 55-2010

The adaptive model is based on the idea that outdoor climate might be used as a proxy
of indoor comfort because of a statistically significant correlation between them. The
adaptive hypothesis predicts that contextual factors, such as having access to
environmental controls, and past thermal history can influence building occupants'
thermal expectations and preferences.[3] Numerous researchers have conducted field
studies worldwide in which they survey building occupants about their thermal comfort
while taking simultaneous environmental measurements. Analyzing a database of results
from 160 of these buildings revealed that occupants of naturally ventilated buildings
accept and even prefer a wider range of temperatures than their counterparts in sealed,
air- cond|t|oned buildings because their preferred temperature depends on outdoor
conditions. [ ] These results were incorporated in the ASHRAE 55-2004 standard as the
adaptive comfort model. The adaptive chart relates indoor comfort temperature to
prevailing outdoor temperature and defines zones of 80% and 90% satlsfact|on[ ]

The ASHRAE-55 2010 Standard introduced the prevailing mean outdoor temperature as
the input variable for the adaptive model. It is based on the arithmetic average of the
mean daily outdoor temperatures over no fewer than 7 and no more than 30 sequential
days prior to the day in question. [ ] It can also be calculated by weighting the
temperatures with different coefficients, assigning increasing importance to the most
recent temperatures. In case this weighting is used, there is no need to respect the
upper limit for the subsequent days. In order to apply the adaptive model, there should
be no mechanical cooling system for the space, occupants should be engaged in
sedentary activities with metabolic rates of 1 1.3 met, and a prevailing mean
temperature of 10-33.5 °C (50.0-92.3 °F)[ ]

This model applies especially to occupant-controlled, natural-conditioned spaces, where
the outdoor climate can actually affect the indoor conditions and so the comfort zone. In
fact, studies by de Dear and Brager showed that occupants in naturally ventilated
buildings were tolerant of a wider range of temperatures[ ] This is due to both
behavioral and physiological adjustments, since there are different types of adaptive
processes.| 2] ASHRAE Standard 55-2010 states that differences in recent thermal
experiences, changes in clothing, availability of control optlons and shifts in occupant
expectations can change people's thermal responses[ ]



Adaptive models of thermal comfort are implemented in other standards, such as
European EN 15251 and ISO 7730 standard. While the exact derivation methods and
results are slightly different from the ASHRAE 55 adaptive standard, they are
substantially the same. A larger difference is in applicability. The ASHRAE adaptive
standard only applies to buildings without mechanical cooling installed, while EN15251
can be applied to mixed-mode buildings, provided the system is not running.[53]

There are basically three categories of thermal adaptation, namely: behavioral,
physiological, and psychological.

Psychological adaptation

[edit]

An individual's comfort level in a given environment may change and adapt over time
due to psychological factors. Subjective perception of thermal comfort may be influenced
by the memory of previous experiences. Habituation takes place when repeated
exposure moderates future expectations, and responses to sensory input. This is an
important factor in explaining the difference between field observations and PMV
predictions (based on the static model) in naturally ventilated buildings. In these
buildings, the relationship with the outdoor temperatures has been twice as strong as
predicted.[3]

Psychological adaptation is subtly different in the static and adaptive models. Laboratory
tests of the static model can identify and quantify non-heat transfer (psychological)
factors that affect reported comfort. The adaptive model is limited to reporting differences
(called psychological) between modeled and reported comfortlcitation needed!

Thermal comfort as a "condition of mind" is defined in psychological terms. Among the
factors that affect the condition of mind (in the laboratory) are a sense of control over the
temperature, knowledge of the temperature and the appearance of the (test)
environment. A thermal test chamber that apgeared residential "felt" warmer than one
which looked like the inside of a refrigerator.[°7]

Physiological adaptation

[edit]
Further information: Thermoregulation

The body has several thermal adjustment mechanisms to survive in drastic temperature
environments. In a cold environment the body utilizes vasoconstriction; which reduces
blood flow to the skin, skin temperature and heat dissipation. In a warm environment,



vasodilation will mcrease blood flow to the skin, heat transport, and skin temperature and
heat dissipation. [ ] If there is an imbalance despite the vasomotor adjustments listed
above, in a warm environment sweat production will start and provide evaporative
cooling. If this is insufficient, hyperthermia will set in, body temperature may reach 40 °C
(104 °F), and heat stroke may occur. In a cold environment, shivering will start,
involuntarily forcing the muscles to work and increasing the heat production by up to a
factor of 10. If equilibrium is not restored, hypothermia can set in, which can be fatal] 5]
Long-term adjustments to extreme temperatures, of a few days to six months, may result
in cardiovascular and endocrine adjustments. A hot climate may create increased blood
volume, improving the effectiveness of vasodilation, enhanced performance of the sweat
mechanism, and the readjustment of thermal preferences. In cold or underheated
conditions, vasoconstriction can become permanent resulting in decreased blood
volume and increased body metabolic rate. [ ]

Behavioral adaptation

[edit]

In naturally ventilated buildings, occupants take numerous actions to keep themselves
comfortable when the indoor conditions drift towards discomfort. Operating windows and
fans, adjusting blinds/shades, changing clothing, and consuming food and drinks are
some of the common adaptive strategies. Among these, adjusting windows is the most
common. [ ] Those occupants who take these sorts of actions tend to feel cooler at
warmer temperatures than those who do not[ ]

The behavioral actions significantly influence energy simulation inputs, and researchers
are developing behavior models to improve the accuracy of simulation results. For
example, there are many window-opening models that have been developed to date, but
there is no consensus over the factors that trigger window opening.[ 6]

People might adapt to seasonal heat by becoming more nocturnal, doing physical activity
and even conducting business at night.

Specificity and sensitivity

[edit]

Individual differences

[edit]
Further information: Cold sensitivity



The thermal sensitivity of an individual is quantified by the descriptor FS, which takes on
higher values for individuals with lower tolerance to non-ideal thermal cond|t|ons[ ]
This group includes pregnant women, the disabled, as well as individuals whose age is
below fourteen or above sixty, which is considered the adult range. Existing literature
provides consistent evidence that sensitivity to hot and cold surfaces usually declines
with age. There is also some evidence of a gradual reduction in the effectiveness of the
body in thermo-regulation after the age of srxty[ ] This is mainly due to a more sluggish
response of the counteraction mechanisms in lower parts of the body that are used to
maintain the core temperature of the body at ideal values[ ] Seniors prefer Warmer
temperatures than young adults (76 vs 72 degrees F or 24.4 vs 22.2 Celsrus)[ ]

Situational factors include the health, psychological, sociological, and vocational
activities of the persons.

Biological sex differences
[edit]

While thermal comfort preferences between sexes seem to be small, there are some
average differences. Studies have found males on average report discomfort due to rises
in temperature much earlier than females. Males on average also estimate higher levels
of their sensation of discomfort than females. One recent study tested males and
females in the same cotton clothing, performing mental jObS while using a dial vote to
report their thermal comfort to the changing temperature[ ] Many times, females
preferred higher temperatures than males. But while females tend to be more sensitive
to temperatures, males tend to be more sensitive to relative-humidity Ievels[ ][61]

An extensive field study was carried out in naturally ventilated residential buildings in
Kota Kinabalu, Sabah, Malaysia. This investigation explored the sexes thermal sensitivity
to the indoor environment in non-air-conditioned residential buildings. Multiple
hierarchical regression for categorical moderator was selected for data analysis; the
result showed that as a group females were slightly more sensitive than males to the
indoor air temperatures, whereas, under thermal neutrality, it was found that males and
females have similar thermal sensation. [ ]

Regional differences
[edit]

In different areas of the world, thermal comfort needs may vary based on climate. In

Chinalwhere?] the climate has hot humid summers and cold winters, causing a need for
efficient thermal comfort. Energy conservation in relation to thermal comfort has become
a large issue in China in the last several decades due to rapid economic and population



growth.[63] Researchers are now looking into ways to heat and cool buildings in China
for lower costs and also with less harm to the environment.

In tropical areas of Brazil, urbanization is creating urban heat islands (UHI). These are
urban areas that have risen over the thermal comfort limits due to a Iarge influx of people
and only drop within the comfortable range during the rainy season.[6 ] Urban heat
islands can occur over any urban city or built-up area with the correct cond|t|ons.[65][66]

In the hot, humid region of Saudi Arabia, the issue of thermal comfort has been important
in mosques, because they are very large open buildings that are used only intermittently
(very busy for the noon prayer on Fridays) it is hard to ventilate them properly. The large
size requires a large amount of ventilation, which requires a lot of energy since the
buildings are used only for short periods of time. Temperature regulation in mosques is a
challenge due to the intermittent demand, leading to many mosques being either too hot
or too cold. The stack effect also comes into play due to their large size and creates a
large layer of hot air above the people in the mosque. New designs have placed the
ventllatlon systems lower in the buildings to provide more temperature control at ground
level. [ ] New monitoring steps are also being taken to improve efficiency, [68]

Thermal stress

[edit]
Not to be confused with thermal stress on objects, which describes the change materials
experience when subject to extreme temperatures.

The concept of thermal comfort is closely related to thermal stress. This attempts to
predict the impact of solar radiation, air movement, and humidity for military personnel
undergoing training exercises or athletes during competitive events. Several thermal
stress |nd|ces have been proposed, such as the Predicted Heat Strain (PHS) or the
humidex. [ ] Generally, humans do not perform well under thermal stress. People's
performances under thermal stress is about 11% lower than their performance at normal
thermal wet conditions. Also, human performance in relation to thermal stress varies
greatly by the type of task which the individual is completing. Some of the physiological
effects of thermal heat stress include increased blood flow to the skin, sweating, and
increased ventilation. [ ][ ]

Predicted Heat Strain (PHS)

[edit]

The PHS model, developed by the International Organization for Standardization (1SO)
committee, allows the analytical evaluation of the thermal stress experienced by a
working subject in a hot environment.[ 2] It describes a method for predicting the sweat



rate and the internal core temperature that the human body will develop in response to
the working conditions. The PHS is calculated as a function of several physical
parameters, consequently it makes it possible to determine which parameter or group of
parameters should be modified, and to what extent, in order to reduce the risk of
physiological strains. The PHS model does not predict the physiological response of an
individual subject, but only considers standard subjects in good health and fit for the
work they perform. The PHS can be determined using either the Python package
pythermalcomfort[lo] or the R package comf.

American Conference on Governmental Industrial Hygienists (ACGIH) Action
Limits and Threshold Limit Values

[edit]

ACGIH has established Action Limits and Threshold Limit Values for heat stress based
upon the estimated metabolic rate of a worker and the environmental conditions the
worker is subjected to.

This methodology has been adopted by the Occupational Safety and Health
Administration (OSHA) as an effective method of assesing heat stress within workplaces.

[73]

Research
[edit]

The factors affecting thermal comfort were explored experimentally in the 1970s. Many
of these studies led to the development and refinement of ASHRAE Standard 55 and
were performed at Kansas State University by Ole Fanger and others. Perceived comfort
was found to be a complex interaction of these variables. It was found that the majority of
individuals would be satisfied by an ideal set of values. As the range of values deviated
progressively from the ideal, fewer and fewer people were satisfied. This observation
could be expressed statistically as the percent of individuals who expressed satisfaction
by comfort conditions and the predicted mean vote (PMV). This approach was
challenged by the adaptive comfort model, developed from the ASHRAE 884 project,
which revealed that occupants were comfortable in a broader range of temperatures{3]

This research is applied to create Building Energy Simulation (BES) programs for
residential buildings. Residential buildings in particular can vary much more in thermal
comfort than public and commercial buildings. This is due to their smaller size, the
variations in clothing worn, and different uses of each room. The main rooms of concern
are bathrooms and bedrooms. Bathrooms need to be at a temperature comfortable for a
human with or without clothing. Bedrooms are of importance because they need to



accommodate dlfferent levels of clothing and also different metabolic rates of people
asleep or awake. [ ] Discomfort hours is a common metric used to evaluate the thermal
performance of a space.

Thermal comfort research in clothing is currently being done by the military. New air-
ventilated garments are being researched to improve evaporative cooling in military
settings. Some models are being created and tested based on the amount of cooling
they provide. [ ]

In the last twenty years, researchers have also developed advanced thermal comfort
models that divide the human body into man}/ 7gBments and predict local thermal
discomfort by considering heat balance. [ ] This has opened up a new arena of
thermal comfort modeling that aims at heatmg/coolmg selected body parts.

Another area of study is the hue-heat hypothesis that states that an environment with
warm colors (red, orange yellow hues) will feel warmer in terms of temperature and
comfort while an environment with cold colors (blue, green hues) will feel cooler[ ][ O][

] The hue-heat hypothesis has both been |nvest|gated SC|ent|f|caIIy[82] and ingrained
in popular culture in the terms warm and cold coIors[ ]

Medical environments

[edit]
This section relies largely or entirely on a single source. Relevant discussion
%Omﬁgﬁwd on the talk page. Please help improve this article by introducing

citations to additional sources.
Find sources: "Thermal comfort" — news - newspapers - books - scholar - JISTOR
(June 2016)

Whenever the studies referenced tried to discuss the thermal conditions for different
groups of occupants in one room, the studies ended up simply presenting comparisons
of thermal comfort satisfaction based on the subjective studies. No study tried to
reconcile the different thermal comfort requirements of different types of occupants who
compulsorily must stay in one room. Therefore, it looks to be necessary to investigate
the different thermal conditions required by different groups of occupants in hospitals to
reconcile their different requirements in this concept. To reconcile the differences in the
required thermal comfort conditions it is recommended to test the possibility of using
different ranges of local radiant temperature in one room via a suitable mechanical
system.

Although different researches are undertaken on thermal comfort for patients in
hospitals, it is also necessary to study the effects of thermal comfort conditions on the
quality and the quantity of healing for patients in hospitals. There are also original
researches that show the link between thermal comfort for staff and their levels of



productivity, but no studies have been produced individually in hospitals in this field.
Therefore, research for coverage and methods individually for this subject is
recommended. Also research in terms of cooling and heating delivery systems for
patients with low levels of immune-system protection (such as HIV patients, burned
patients, etc.) are recommended. There are important areas, which still need to be
focused on including thermal comfort for staff and its relation with their productivity, using
different heating systems to prevent hypothermia in the patient and to improve the
thermal comfort for hospital staff simultaneously.

Finally, the interaction between people, systems and architectural design in hospitals is a
field in which require further work needed to improve the knowledge of how to design
buildings and systems to reconcile many conflicting factors for the people occupying
these buildings. [ ]

Personal comfort systems
[edit]

Personal comfort systems (PCS) refer to devices or systems which heat or cool a
building occupant personally.[85] This concept is best appreciated in contrast to central
HVAC systems which have uniform temperature settings for extensive areas. Personal
comfort systems include fans and air diffusers of various kinds (e.g. desk fans, nozzles
and slot diffusers, overhead fans, high-volume low-speed fans etc.) and personalized
sources of radiant or conductive heat (footwarmers, legwarmers, hot water bottles etc.).
PCS has the potential to satisfy individual comfort requirements much better than current
HVAC systems, as interpersonal differences in thermal sensation due to age, sex, body
mass, metabolic rate, clothing and thermal adaptation can amount to an equivalent
temperature variation of 2— 5 °C (3,6-9 °F), which is impossible for a central, uniform
HVAC system to cater to. [ ] Besides, research has shown that the perceived ability to
control one's thermal environment tends to widen one's range of tolerable temperatures]

] Traditionally, PCS devices have been used in isolation from one another. However, it
has been proposed by Andersen et al. (2016) that a network of PCS devices which
generate well-connected microzones of thermal comfort, and report real-time occupant
information and respond to programmatic actuation requests (e.g. a party, a conference,
a concert etc.) can combine with occupant-aware building applications to enable new
methods of comfort maximization.[86]

See also

[edit]
o ASHRAE
o ANSI/ASHRAE Standard 55
o Air conditioning
o Building insulation



o Cold and heat adaptations in humans
o Heat stress

o Mean radiant temperature

o Mahoney tables

o Povl Ole Fanger

o Psychrometrics

o Ralph G. Nevins

o Room air distribution

o Room temperature

o Ventilative cooling
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Air changes per hour
Bake-out

Building envelope
Convection

Dilution

Domestic energy consumption
Enthalpy

Fluid dynamics

Gas compressor

Heat pump and refrigeration cycle
Heat transfer

Humidity

Infiltration

Latent heat

Noise control

Outgassing

Particulates
Psychrometrics

Sensible heat

Stack effect

Thermal comfort
Thermal destratification
Thermal mass
Thermodynamics

Vapour pressure of water
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Absorption-compression heat pump
Absorption refrigerator

Air barrier

Air conditioning

Antifreeze

Automobile air conditioning
Autonomous building

Building insulation materials
Central heating

Central solar heating

Chilled beam

Chilled water

Constant air volume (CAV)
Coolant

Cross ventilation

Dedicated outdoor air system (DOAS)
Deep water source cooling
Demand controlled ventilation (DCV)
Displacement ventilation

District cooling

District heating

Electric heating

Energy recovery ventilation (ERV)
Firestop

Forced-air

Forced-air gas

Free cooling

Heat recovery ventilation (HRV)
Hybrid heat

Hydronics

Ice storage air conditioning
Kitchen ventilation

Mixed-mode ventilation
Microgeneration

Passive cooling

Passive daytime radiative cooling
Passive house

Passive ventilation

Radiant heating and cooling
Radiant cooling

Radiant heating

Radon mitigation

Refrigeration

Renewable heat

Room air distribution

Solar air heat

Solar combisystem

Solar cooling
Cnlar haatina
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o Air conditioner inverter
o Air door

o Air filter

o Air handler

o Air ionizer

o Air-mixing plenum
o Air purifier

o Air source heat pump
Attic fan
Automatic balancing valve
Back boiler

Barrier pipe

Blast damper
Boiler

Centrifugal fan
Ceramic heater
Chiller
Condensate pump
Condenser
Condensing boiler
Convection heater
Compressor
Cooling tower
Damper
Dehumidifier

Duct

Economizer
Electrostatic precipitator
Evaporative cooler
Evaporator
Exhaust hood
Expansion tank
Fan

Fan coil unit

Fan filter unit

Fan heater

Fire damper
Fireplace
Fireplace insert
Freeze stat

Flue

Freon

Fume hood
Furnace

Gas compressor
Gas heater
Gasoline heater

Grease duct
Crilla
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Air flow meter

Aguastat

BACnet

Blower door

Building automation

Carbon dioxide sensor

Clean air delivery rate (CADR)

Control valve

Gas detector

Home energy monitor

Humidistat

HVAC control system

Infrared thermometer

Intelligent buildings

LonWorks

Minimum efficiency reporting value (MERV)
Normal temperature and pressure (NTP)
OpenTherm

Programmable communicating thermostat
Programmable thermostat
Psychrometrics

Room temperature

Smart thermostat

Standard temperature and pressure (STP)
Thermographic camera

Thermostat

Thermostatic radiator valve

Architectural acoustics

Architectural engineering

Architectural technologist

Building services engineering

Building information modeling (BIM)
Deep energy retrofit

Duct cleaning

Duct leakage testing

Environmental engineering

Hydronic balancing

Kitchen exhaust cleaning

Mechanical engineering

Mechanical, electrical, and plumbing
Mold growth, assessment, and remediation
Refrigerant reclamation

Testing, adjusting, balancing



o AHRI

o AMCA

o ASHRAE

o ASTM International

BRE

BSRIA

CIBSE

Institute of Refrigeration

IR

LEED

SMACNA

uMC

Indoor air quality (IAQ)
Passive smoking

Sick building syndrome (SBS)
Volatile organic compound (VOC)
ASHRAE Handbook
Building science
Fireproofing

o Glossary of HVAC terms

o Warm Spaces

o World Refrigeration Day

o Template:Home automation
o Template:Solar energy
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Things To Do in Arapahoe County
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Cherry Creek Valley Ecological Park
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Aurora History Museum
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Molly Brown House Museum
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History Colorado Center
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Denver Museum of Nature & Science
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Driving Directions in Arapahoe County

Driving Directions From Littleton to Royal Supply South


https://www.google.com/maps/search/?api=1&query=Colorado+Freedom+Memorial&query_place_id=ChIJK7atXluIbIcR-SXTYOt5ptA
https://www.google.com/maps/search/?api=1&query=History+Colorado+Center&query_place_id=ChIJH5sxlCp_bIcR7IqinQjhWYk
https://www.google.com/maps/search/?api=1&query=Denver+Museum+of+Nature+&+Science&query_place_id=ChIJI3SnU1F5bIcREWJ08vMIP80

Driving Directions From The Home Depot to Royal Supply South

Driving Directions From Costco Vision Center to Royal Supply South

Driving Directions From U.S. Bank ATM to Royal Supply South

Driving Directions From Walmart Supercenter to Royal Supply South

Air conditioning repair service

Air conditioning store

Air conditioning system supplier

Furnace repair service

Driving Directions From Museum of Outdoor Arts to Royal Supply South

Driving Directions From Aurora History Museum to Royal Supply South

Driving Directions From Museum of Outdoor Arts to Royal Supply South

Driving Directions From Molly Brown House Museum to Royal Supply South

Driving Directions From Denver Museum of Nature & Science to Royal Supply South


https://www.google.com/maps/dir/Walgreens/Royal+Supply+South/@39.6246603,-105.0200245,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJ8zuXzzqAbIcRPsc0NxgBh7g!2m2!1d-105.0200245!2d39.6246603!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e0
https://www.google.com/maps/dir/Arapahoe+County+Assessor/Royal+Supply+South/@39.6197862,-105.013878,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJUZOgQTGAbIcR4RB81GeYMtg!2m2!1d-105.013878!2d39.6197862!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e2
https://www.google.com/maps/dir/Sheridan+High+School/Royal+Supply+South/@39.6438845,-105.0295671,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJUU_Q0AKAbIcRj5a2SrbiGeM!2m2!1d-105.0295671!2d39.6438845!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e1
https://www.google.com/maps/dir/St.+Nicks+Christmas+and+Collectibles/Royal+Supply+South/@39.6225114,-105.0155267,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJ0alPujCAbIcRjcf_zxYfiqw!2m2!1d-105.0155267!2d39.6225114!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e3

Driving Directions From Aurora History Museum to Royal Supply South

Mobile Home Furnace Installation

Mobile Home Air Conditioning Installation Services

Mobile Home Hvac Repair

Mobile Home Hvac Service

Mobile home supply store

Reviews for Royal Supply South

Managing Excess Humidity with Simple TechniquesView GBP

Frequently Asked Questions

What is the most effective way to reduce humidity levels using my mobile homes HVAC system?

The most effective way to reduce humidity levels is to ensure your HVAC system has a
properly functioning dehumidification feature. This can often be achieved by setting the
thermostat to auto mode, which allows the system to regulate temperature and dehumidify
efficiently. Additionally, consider installing a dedicated whole-home dehumidifier that works
alongside your HVAC system for optimal moisture control.


https://www.google.com/maps/dir/Wings+Over+the+Rockies+Air+&+Space+Museum/Royal+Supply+South/@39.7208907,-104.8955075,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-104.8955075!2d39.7208907!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e0
https://www.google.com/maps/dir/Cherry+Creek+Dam/Royal+Supply+South/@39.6513192,-104.8547796,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-104.8547796!2d39.6513192!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e2
https://www.google.com/maps/dir/Museum+of+Outdoor+Arts/Royal+Supply+South/@39.6020522,-104.8932659,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-104.8932659!2d39.6020522!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e1
https://www.google.com/maps/dir/Denver+Museum+of+Nature+&+Science/Royal+Supply+South/@39.7475261,-104.9428078,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-104.9428078!2d39.7475261!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e3
https://www.google.com/maps/dir/Wings+Over+the+Rockies+Air+&+Space+Museum/Royal+Supply+South/@39.7208907,-104.8955075,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-104.8955075!2d39.7208907!1m5!1m1!1sChIJ06br1RqAbIcRAjyWXdlXZaw!2m2!1d-105.0233105!2d39.6435918!3e0
https://www.google.com/maps/search/?api=1&query=39.6435918,-105.0233105&query_place_id=ChIJ06br1RqAbIcRAjyWXdlXZaw

How can | prevent my mobile homes HVAC from circulating humid air?

To prevent your HVAC from circulating humid air, regularly check and replace air filters as
clogged filters can restrict airflow and promote moisture retention. Ensure that all vents are
open and unblocked for proper circulation. Its also beneficial to inspect ductwork for leaks or
damage that could allow humid outside air into the system, sealing any gaps with appropriate
materials.

Are there simple maintenance tasks | can perform on my mobile homes HVAC to help manage humidity?

Yes, there are several simple maintenance tasks you can perform. Regularly clean the coils
of your AC unit as dirty coils can impede efficiency and lead to higher humidity levels indoors.
Check the condensate drain lines for clogs or blockages, ensuring they are clear so excess
moisture is effectively drained away. Additionally, maintain proper ventilation in areas prone
to high humidity like bathrooms and kitchens by using exhaust fans during activities that
generate steam or heat.
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