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Terms and Definitions for HVAC
H.V.A.C.:	This term stands for Heating, Ventilation and Air Conditioning.
Total Comfort:	Total Comfort is a combination of six elements.
1. Even Temperature
2. Clean Air
3. Quietness of Equipment
4. Outdoor Air (Fresh Air)
5. Humidity Control
6. Air Circulation
Forced-Air System:	This is a heating and air conditioning system which uses a blower to circulate air to the conditioned space.  It incorporates duct to transport the air.
Heat Loss / Heat Gain:	This is a calculation that is performed to insure proper sizing for heating and air conditioning equipment. This calculation takes into consideration the following construction make-up of the home: 
1. Total Square Ft. of Living Space
2. Total Square Ft. of Glass
3. Type of Glass (Single / Double / Storm)
4. Insulation Factors (Walls / Ceiling-Roof)
5. Direction The Home Faces (N/S/E/W)
6. Make-Up of Floor (Basement / Crawlspace / Slab)
7. Basement (% Above Grade / % Below Grade)
8. Number of People That Occupy the Home 
9. Number of Degree Hours Above 75* (Including DT)
Zoning:			Zoning is the independent temperature control of various areas of the home. 
MERV Rating:	The MERV rating describes a filter’s ability to capture particles.  The higher the MERV rating the smaller the particles captured. 
Bel Rating:	The sound level of condensing units is measured in bels. 
Duct Hangers:	Duct Hangers are a support mechanism that allows the ductwork to be hung from the ceiling of a basement or crawlspace. They are attached about every three to four feet to allow for equal support of the ductwork. They are usually attached to the floor joist.
Condensing Unit:	This is just another name for the outdoor air conditioner.
Negative Pressure:	This is when the pressure within the home is less than outside the home.  
Ventilation: 	This is the controlled introduction of outside air into the home.  Two common ventilators used in residential applications are the Heat Recovery Ventilator and the Energy Recovery Ventilator.
Humidity: 	Humidity is the amount of water vapor in the air.  
Relative Humidity: 	This is the percentage of water vapor the air is holding in relation to the amount it is capable of holding at a given temperature.
Condensate: 	This is the water that is released at the indoor cooling cool when the air conditioning is operating.  
Passive Solar Heat Gain:     This is the heat that is generated by the sun that enters the home environment. 
Direct Current Blower (DC) stands for “Direct Current” power. There are two types of power used today – A.C.-Alternating Current, which almost everything in a home runs off of and D.C.-Direct Current, which is typically used in “Variable Speed” furnaces to increase the efficiency and lower the cost of operation.


Motor (DC):

Total Comfort
Introduction
When most of us think about a heating and cooling system, we think just that – heating & cooling. The COMPANY philosophy goes much deeper though. Our products, when properly sized and installed, provide the customer with what we call “Total Comfort.”
So what is “Total Comfort?” Imagine being outside on a nice spring day.  The temperature is just right and the air is clean.  You are comfortable.  We want the HVAC system to achieve that same thing inside of a home.  Total Comfort means that the occupants of the home can eat, sleep, relax and work in a comfortable and healthy air quality environment. 

There are six elements that must be considered for true Total Comfort to be achieved. 
These are: 
· Even Temperature- the air temperature is consistent. 
· Clean Air- the air is clean and purified in the dwelling.
· Quietness- there are no sounds to hear.
· Outdoor Air- the air in the home is mixed with fresh air.
· Humidity Control- the air contains a constant humidity. 
· Air Circulation - the air moves/mixes at proper velocity.
The Heating Ventilation and Air Conditioning Industry produce a broad line of HVAC equipment and accessories which have been designed with these elements in mind, to provide the ultimate in total comfort. Let’s now consider each of the elements of total comfort individually. 
Even temperature.





Even temperature is perhaps the most important element of a Total Comfort system.  It refers to the temperature of a conditioned space that makes an individual the most comfortable.  It is maintained by a furnace in cold weather and an air conditioner in hot weather.
In winter a desired temperature level is maintained by adding heat to the home with a furnace.  In summer, heat is removed by the air conditioner.  The important thing is that the indoor temperature remains constant year-round regardless of outdoor conditions.
Since the human body is able to detect temperature differences as small as one and a half degrees, it is clear that this is no simple task.  To maintain a comfort level within the home, the temperature must not fluctuate more than the one and a half degrees.  There is no ‘ideal’ temperature for a home since different people are comfortable at different temperatures.
Even temperature does not “HAVE” to mean that the temperature should be exactly the same throughout the conditioned space although it could indeed mean that it’s.  For example, the temperature that makes you most comfortable in your kitchen may not be the same as the temperature you want in your living room or bedroom, but some people may want this kind of lifestyle. 
What even temperature means for certain is that the temperature in each room should remain constant and only vary when a homeowner chooses to make it vary by their control.																																		The temperature within each room should remain constant.








There are numerous thermostats and controls available that help insure this process.  And, the other comfort factors also come into synergy here – No matter what thermostat we choose, if the air duct system is poorly designed, the even temperature condition we are striving for will NOT happen!







In order to achieve even temperature, the entire heating and cooling distribution system must be soundly engineered.  This process includes calculating heat loss for a heating system and heat gain for a cooling system. These calculations insure that properly sized equipment is selected for the job. Badly over or undersized equipment affects not only total comfort, but also greatly reduces the operational efficiency of the system.
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Undersized:  
Not Enough Heat




Oversized:
Too Much Heat
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Proper air movement in forced air system is also essential for even temperature and is dependent on accurate duct sizing, register/grille locations and the right blower speed.  Properly placed supply air registers and return air grilles are also very important to comfortable air movement.











Sample of a Forced – Air Distribution System
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A properly installed thermostat is also essential for even temperature.  A thermostat that does not accurately sense the indoor temperature cannot maintain a constant, even temperature.  Thermostat installation guidelines include:
· Locate on an inside wall which remains close to the indoor temperature.  The outdoor temperature affects the outside wall of a house.
· Place away from drafts.  If it is located near an outside door or near a supply register, it will swing out of temperature balance with the room air.
· Locate on a solid wall which is not affected by vibration from appliances, slamming doors or stairways.
· Locate 4 to 5 feet above the floor so it regulates temperature at the living area.
· Do not place thermostat where it can be affected by sunlight during any part of the day.
· Do not locate thermostat where the free circulation of air is blocked by a ledge or shelf.
· Do not place a lamp or any heating producing appliance beneath the thermostat.
· Do not locate on a wall that is affected by temperature from air ducts, water pipes or a chimney within the wall.
· Install the thermostat so it is level.
· Seal the wiring opening in the wall behind the thermostat so it is not affected by possible drafts within the wall.
Zoning
Zoning is the independent temperature control of various areas of the home.  With zoning the homeowner can select his/her own climate in each zoned area.  This can be accomplished with multiple heating and air conditioning systems or through the use of an integrated zoning system.
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On larger homes, a single heating and air conditioning system will not have enough capacity to heat or cool the entire house.  Consequently, these types of homes will have multiple heating and air conditioning systems.  Each system controls a segment of the home, called a zone.  Each zone has its own air distribution system and its own controlling thermostat.  



However, the size of the house is not the only consideration in the need for zoning.  Some house designs do not lend themselves towards maintaining desired temperatures throughout the home.  For example:
· On multiple story homes, heat tends to rise and stratify on the upper floors.  The upper floors become hard to cool in the summer.  
· On homes with expansive areas of windows, there are times of the day when the sun shines on the class and creates a lot of solar heat gain.  If the duct is sized to deliver the required air necessary to take care of the cooling load during that particular time of day, the room(s) will get too much cooling during the parts of the day the sun does not shine on the glass.  Yet if you put in a smaller sized duct, not enough air is delivered during the times of the day when the sun does shine on the windows and the room(s) warm up. 
· On rambling styles of homes, duct sizing for both the long and short runs can become a problem.  This can create hot and cold spots in the home. 













Trying to manage temperature throughout the entire house with one thermostat is difficult at best. Different areas (and often the people in them) have different needs.  One solution would be to put a separate heating and cooling system in each area of the home with special needs.  However this is expensive and not very consumer friendly.
A zoning control system senses each zone’s temperature need and responds to deliver targeted comfort. The actual air flow is controlled through the selective opening and closing of dampers. The system works automatically to correct air distribution problems, eliminating hot and cold spots.  Each zone is controlled by its own thermostat, also called a room sensor.  A control panel coordinates the zoning system with the home’s heating and cooling equipment. 
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Typical Zoning Control System Shown with Humidifier & Energy Recovery Ventilation




A properly designed “Total Comfort” system applies the idea that the entire home is a system that heats, cools, and provides air quality to the homeowners.  There are many components and options to achieve these results properly and so the contractor must evaluate each home and the homeowners as well individually to insure the system matches the lifestyle, the needs, wants and desires of the occupants.




















Cleaning the Air
Another way to think about filtration is in terms of “clean air.” 
We all want to live and work in a clean environment. With the constant presence of lint, dust, dirt, pollen and other organic (and non-organic – such as Volatile Organic Compounds – gases from carpet/walls/paints/cleaners) contaminants in the air though, that’s easier said than done.  There are many sources for indoor air pollution as illustrated below.

[image: sample house]
	1 - Moisture
	
	10 – Car Exhaust
	
	19 – Household Chemicals

	2 - Pressed Wood Furniture
	
	11 – Paint Supplies
	
	20 – Asbestos Floor Tiles

	3 – Humidifier 
	
	12 – Paneling
	
	21 – Presses Wood Cabinets

	4 – Moth Repellent
	
	13 – Wood Stove
	
	22 – Unvented Gas Stove

	5 – Dry Cleaned Goods
	
	14 – Tobacco Smoke
	
	23 – Asbestos Pipe Wrap

	6 – Dust Mites
	
	15 – Carpet
	
	24 – Radon

	7 – Personal Care Products
	
	16 – Pressed Wood Sub floor
	
	25 – Unvented Clothes Dryer

	8 – Air Freshener
	
	17 – Drapes
	
	26 – Pesticides

	9 – Stored Fuels
	
	18 - Fireplace
	
	27 – Stored Hobby Products




According to the US Environmental Protection Agency (EPA), indoor air pollution may be two to five times higher than outdoor levels.  In some cases indoor air pollution can be as much as 100 times higher.  As a result, the EPA has recognized indoor air pollution as one of the top five urgent environmental risks to public health.
Exposure to indoor air pollutants such as smoke, dust, pet dander, radon, mold and other pollutants can pose serious health risks and contribute to respiratory disease, asthma, and even lung cancer.  Home pollutants such as dust mites, pet dander, and mold travel through the air undetected and are known triggers for asthma.  These allergens can be inhaled and enter the respiratory system Pollen and other indoor air pollutants cause allergy and sinusitis (inflammation of the sinuses).  
There are three broad classifications for air contaminates: (a) Bio-aerosols (microbial contaminates – bacteria, molds, viruses, etc.), (b) Volatile Organic Compounds (fumes and gas contaminates (smoke, odors, air toxins, etc.), and (c) Particulate Contamination (house dust, etc.).


Bio-aerosols
Volatile Organic Compounds (VOC)

	

Particulates



Bio-aerosols
A bio-aerosol is airborne suspension of particles of biological origin (microorganisms).  Biological contaminants include bacteria, molds, mildew, viruses, animal dander, house dust mites, cockroaches and pollen.  
Volatile Organic Compounds (VOC)
As organic materials break down, they form fumes and gasses.  These gases are referred to as Volatile Organic Compounds (VOC’s).  Gaseous pollutants include combustion gases and organic chemicals.  Hundreds of different gaseous pollutants have been detected in indoor air.  Gaseous organic components may enter the air from sources such as cigarette smoke, building materials and furnishings, and the use of products such as paints, adhesives, dyes, solvents, caulks, cleaners, deodorizers, hobby & craft materials and pesticides.
Organic chemicals are widely used as ingredients in household products.  Paints, varnishes and wax all contain organic solvents as do many cleaning, disinfecting, cosmetic, degreasing and hobby products.  All of these products can release organic compounds while being used and to some degree when they are stored.
Particle Pollutants
House dust comes with living indoors.  A scraping of house dust from a central air filter put under a microscope, would show dead skin, animal and human dander, animal and human hair, insect parts, insect & dust mite fecal pellets, paint flakes, building material particles, furniture fibers, clothing fibers, carpet fibers, etc.  The list goes on and on.  The house dust collected on the filter reflects airborne particles that were big enough to be captured in the filter.
The common measurement for particles is in microns.  It’s an extremely small unit of measurement.  One micron is 0.000001 of a meter.  Putting this in perspective, one inch equals 25,400 microns.  Here is a comparison of particle size in microns.
[image: particle size]











[image: ]Filtering the Air
Most of the dirt in the home comes from outdoors and living activity inside such as smoking, carpet lint, clothing, etc.  On a forced air type of heating and air conditioning system, a filter is installed adjacent to the blower of the indoor air handling unit.  Air can be filtered only when it is in motion.  As the air borne particles pass through the filter, they collect there.  
Basic mechanical filters for heating and air conditioning systems only deal with one type of particle, house dust.  These conventional filters prevent large particles of dust and debris from collecting on components such as motors, the heat exchanger surface and the indoor air coil surface where they could damage the equipment.  System filters can be either part of the air handling equipment or part of the duct system (central filter/grille).
[image: ][image: filter grille example]


Filter

																																																																																						Filter
Sample Air Handling Equipment (Gas Furnace Shown)
Sample Filter/Grille Located In Hallway


When talking about filters, it is important to understand how they are tested and rated.  This can be confusing to consumers who do not know the difference in the way the tests are conducted.  The MERV rating is the accepted method of comparing the performance of different types of filters.  The MERV rating describes the filter’s ability to capture particles.  The higher the MERV rating, the smaller the particles captured.




The following chart gives more information on the MERV ratings.
	Group Number
	MERV
Rating
	Average Particle Size
0.3 - 1.0
Micron
	Average Particle Size
1.0 – 3.0
Micron
	Average Particle Size 
3.0 - 10.0
Micron
	Average Arrestance
	Minimum Final Resistance (in W.G)

	1
	MERV 1
	-
	-
	Less than 20%
	Less than 65%
	0.3”

	
	MERV 2
	-
	-
	Less than 20%
	65 – 69.9%
	0.3”

	
	MERV 3
	-
	-
	Less than 20%
	70 – 74.9%
	0.3”

	
	MERV 4
	-
	-
	Less than 20%
	75% or greater
	0.3”

	2
	MERV 5
	-
	-
	20 – 34.9%
	-
	0.6”

	
	MERV 6
	-
	-
	35 – 49.9%
	-
	0.6”

	
	MERV 7
	-
	-
	50 – 69.9%
	-
	0.6”

	
	MERV 8
	-
	-
	70 – 84.9%
	-
	0.6”

	3
	MERV 9
	-
	Less than 50%
	85% or greater
	-
	1.0”

	
	MERV 10
	-
	50 to 64.9%
	85% or greater
	-
	1.0”

	
	MERV 11
	-
	65 to 79.9%
	85% or greater
	-
	1.0”

	
	MERV 12
	-
	80 to 89.9%
	90% or greater
	-
	1.0”

	4
	MERV 13
	Less than 75%
	90% or greater
	90% or greater
	-
	1.4”

	
	MERV 14
	75 to 84.9%
	90% or greater
	90% or greater
	-
	1.4”

	
	MERV 15
	85 to 94.9%
	90% or greater
	90% or greater
	-
	1.4”

	
	MERV 16
	95% or greater
	90% or greater
	90% or greater
	-
	1.4”
















There are other methods of measuring filter efficiency and include the Weight Arrestance Test   and the Atmospheric Dust Spot Test.  This can be confusing.  For example, a basic mechanical filter supplied with the furnace or air handler may get up to 35% or higher of the airborne particles by weight, yet only has a MERV rating of 1.  Here is more information on each of the filter rating systems.  Remember that the MERV rating is the only approved method of comparing filter efficiency.




· Weight Arrestance Test – This measures the percent of weight of the debris collected by the filter.  Thus a 95% rated filter can collect 95% of the debris in terms of weight alone.  It has no bearing on the size of the particles and is only a reflection of the filter’s ability to capture large particles of lint and dust.  Considering that most of the harmful pollutants are less than 2 microns in size, this type of rating is really very meaningless when it comes to Indoor Air Quality. 
· Atmospheric Dust Spot Test – This was used to rate air cleaner efficiency (both filters and electronic air cleaners).  The removal rate is based on the filters ability to reduce soiling of a clean paper target.  The rating is expressed as percentage of 1 to 100.  Once again this test does not consider particle size.
· MERV Rating – The American Society of Heating and Air Conditioning Engineers (ASHRAE) and the air filtration industry have come up with a standardized rating system that considers particle size in testing.  This is called the Minimum Efficiency Reporting Value (MERV) and describes the filter’s ability to capture all size particles.  This rating tests the ability of the filter to capture particles ranging from 0.3 to 10 microns.  The test covers three bands of 0.3 to 1.0 microns, 1.0 to 3 microns and 3.0 to 10 microns.  The higher the MERV rating, the better the filter is at capturing small particles. 
[image: ]Basic Mechanical Filter
There are several types of air filters. One is called a basic mechanical filter (panel filter) and is usually made from spun glass or fiberglass types of materials.  They are usually 1 inch or less in thickness and fit in the standard filter slot for residential forced air equipment.  This type of filter collects larger particles of dust and dirt.  A mechanical filter’s primary purpose is to protect the indoor heating and air conditioning equipment from damage.  Dirt that collects around the blower motor can cause the motor to overheat or can damage the motor’s bearings.  
[image: Dusty Blower motor][image: evaporator]Dirt that collects on a heat exchanger can cause hot spots when the furnace starts, which can damage the heat exchanger.  A clogged dirty filter can prevent the proper amount of air from flowing for the air conditioning system.  This decreases the cooling capacity of the air conditioning system and can damage components such as the compressor.  Dirty filters also increase operating costs as the heating and air conditioning system efficiency goes down.Dust accumulation on blower motor.




A dirty evaporator coil can cause icing problems, which could damage the compressor.



A mechanical filter is made of fibrous material and is intended to be thrown away after it has been used.  It is important that homeowners change basic mechanical filters regularly for the proper operation of heating and air conditioning system. 
[image: ]Basic mechanical filters are inexpensive to buy, however, the MERV rating is only 1.  They offer human lungs almost no protection from smaller sized airborne particles.
Washable Filters
Washable filters serve the same purpose as mechanical filters.  However, where a mechanical filter can only be used once, a washable filter can be cleaned and reused.  A garden hose can be used to clean this type of filter.  The filter will show an arrow indicating the air flow direction.  When cleaning the filter, it is important to wash the filter from the opposite side of the air flow.  This prevents dirt and debris from getting trapped within the media.
Again the MERV rating for this type of filter is rated in as a group 1 and is low compared to other types of filters.

Electrostatic Filters
Electrostatic panel filters are a little more effective than a basic mechanical filter because they rely on static electricity to attract charged particles in the airstream.  Either the static electricity is created by air as it flow through the filter, or the filter is manufactured with precharged electrets.  The electrets are charged with both positive and negative charges.  As air flows past the charged filter material, oppositely charged particles in the airstream cling to the filter’s fibers.
[image: washing filter]Electrostatic filters are typically 1 to 2 inches thick and like a basic mechanical filter they have very low resistance to air flow.  They can easily be substituted for a basic mechanical filter.  Like the washable filter discussed previously, most electrostatic filters can be washed and reused.
The MERV rating on most electrostatic filters is a 4.


[image: merv 8 1 inch filter]High Efficiency Filters
Newer types of filters are available which are made up with improved filter density.  These filters are designed to have increased capacity to remove particulate matter and some even come treated with specialized coatings to enhance their ability to remove contaminants.
These filters are available in 1 inch thicknesses and can easily be substituted for a basic mechanical filter.  Some can even achieve a MERV rating of 8.  

Media Filters (Pleated)
This type of filter can be several inches thick and is installed in the return air ductwork.  The extended-surface area achieves higher efficiencies by increasing the surface area of the filter, usually through pleats.  
The filter contains a cartridge, which is replaceable when the filter gets dirty.  Depending on the condition of the house this may be every 6 months to a year.  Some models can be upgraded to an Electronic Air Cleaner. The MERV rating for this type of filter generally ranges from 8 to 10.
Because of the density of some of these filtering materials, the resistance to air flow can be higher (also called pressure drop).  Higher resistances can decrease air flow.  When applying a media type filter, care must be taken to make sure air flow is not restricted.  This will be covered in a later chapter on the air cycle. 
Electronic Air Cleaner
Electronic Air Cleaners have been around for several years.  They use high voltage to charge particles in the return airstream.  The charged particles collect on an oppositely charged metal plate.  Like the media filter, an electronic air cleaner can be several inches thick and is installed and is installed in the return air ductwork.
The electronic air cleaner will also remove odors associated with organic materials such as cigarette smoke.  However, an electronic air cleaner cannot remove vapor odors.
Electronic air cleaners are not MERV rated, but are equivalent to a 12.
There is little air resistance (pressure drop) with an electronic air cleaner so air flow is not a consideration as with some media filters.
 As dirt collects on the plates, the electronic air cleaner losses effectiveness.  Consequently, it must be cleaned regularly.  This is a process of removing the metal plates from the assembly and washing them.
In producing the high voltage necessary to charge particles, electronic air cleaners also produce small amounts of ozone.  Ozone can be an irritant to lungs, eyes, skin and respiratory membranes.  Most health experts feel that a small poses little threat to most people.  Nevertheless, extremely sensitive people may react to it.
HEPPA Filters
HEPA (high efficiency particulate air) filters can achieve maximum efficiencies.  Despite their tendency to restrict air flow, they are used for either extremely sensitive people or in commercial setting.  They are generally the most expensive filtration method to use.  
A HEPA filter can attain a MERV rating of 16.  These means a HEPA filter will collect 99.97% of all particulate as small as 0.3 microns.
Some models also contain both a bank of absorption filters.  Some will accommodate HRV or ERV ventilation.																










Absorption Filters
Filters and electronic air cleaners primarily screen out particles.  They do little to remove gases such as VOCs (volatile organic compound).  Removal of these gases requires an absorption filter.  In these filters, gases adhere to tiny pores in solid materials, usually activated charcoal (also known as charcoal filters).  
Activated charcoal is good at trapping other carbon-based impurities ("organic" chemicals), as well as things like chlorine.  Many other chemicals are not attracted to carbon at all, so they pass right through. This means that an activated charcoal filter will remove certain impurities while ignoring others. It also means that, once all of the bonding sites are filled, an activated charcoal filter stops working. At that point you must replace the filter.
Most residential absorption filters are about 1 inch thick and can remove some gaseous pollutants.

Air Purification
Even filters with good MERV ratings will not be able to collect everything out of the air.  Consider the size of viruses, bacteria and mold.

Viruses		.022 - .3 micron
Bacteria	.20 – 1.25 micron
[image: uv light]Mold Spores	1.5 – 20 micronSample UV Light



[image: uv light on indoor coil]Germicidal Lamps, also called UV Lights, kill these organisms.  These lamps generate powerful ultraviolet energy for effective air purification.  When UV light hits a microbe cell it will damage its DNA.  The smaller the organism, the less time needed for the kill.  
On an air conditioning system, the indoor cooling coil, condensate drain pan and the adjacent areas are prime locations for bacterial growth.  This bacterial growth gets the moisture it needs from coil during summer operation.  It also gets its food from dirt that may be on the coil.  Some people are very sensitive to the byproducts of this bacterial growth.  A UV light will eliminate bacterial growth at the indoor cooling coil.
While the UV light kills the living bacteria, molds and fungi particles on the air conditioning coil, it will not collect any of the particles that get airborne.  A good filter needs to be used in conjunction with the UV light.  
[image: dirty ductwork]Filters are generally not designed to remove gaseous pollutants.  Beyond killing microorganisms, some UV lights can also eliminate some odors.  Smoke, fumes and vapors are some combination of organic compounds in a gaseous state.  UV lights break these compounds down to eliminate the odor.
Duct Cleaning  
The air distribution system of a forced air system can become contaminated with pollen, dust, mold, and other debris.  These contaminants can collect inside of ductwork.  Cleaning dirty ductwork may help correct the situation.  Duct cleaning refers to the cleaning of various heating and cooling system components of forced air systems, including the supply and return air ducts, supply air registers and return air grilles.   Sample of Dirty Ductwork

Duct cleaning is a service that many Heating and Air Conditioning companies offer their customers.  However, if proper duct cleaning procedures are not followed, duct cleaning can cause more dust, debris, and molds to be released into the air. An inadequate vacuum collection system can cause this problem.


					Sample Duct Cleaning Vacuum
Sample Duct Cleaning Rotary Compressor
Sample Duct Cleaning Rotary Brush












Duct cleaning equipment should include HEPA filtration to prevent debris from entering the home in the cleaning process.  The National Air Duct Cleaning Association (NADA) has set duct-cleaning standards for the industry.
Leaky Ductwork
The big question with dirty ducts is how it got dirty in the first place.  Perhaps it was caused when the house was under construction and debris fell into the duct.  However, a more common cause is from leaks in the ductwork.  Leaks allow dirt to enter the system.  Cleaning the duct or installing good filtration may only be a temporary solution unless the duct is sealed at the same time.   
When the blower operates in a system with leaky supply ducts, air leaks cause a pressure drop inside the home due to the loss of air.  As the supply air is pushed into the basement, garage, crawlspace or attic, outside air is sucked to the lower pressure inside the home through the attic, wall and floor cracks.  Pressure problems in the home are discussed in more detail in the Outdoor Air write up that follows later in this section.
Leaky return air ducts suck in air from the outside when the blower runs.  This pulls in outside air into the ductwork.  The outside air carries pollutants into the ductwork, through the filter, through the indoor coil and on into the home.  
[image: sample duct leak]
																																							Sample of Leak at Duct Connection


Quietness
A properly operating total comfort system is rarely seen or heard by the homeowner. Excessive noise from a heating or cooling system can be very distracting, particularly when guests are in the home or when you’re trying to sleep. In fact, psychological studies have shown that constantly changing noise levels can induce anxiety. The noise produced by an HVAC system can be described in one of two ways – Air noise or mechanical noise.
[image: Velocity Design]The design of an air distribution system controls air velocity.










Air noise is directly related to air velocity. The faster the air is moving, the more “potential” it has to produce excessive noise.
Air velocity is controlled by carefully designing the air distribution (duct) system. It should be noted that the quality of the installation plays an important role as well. For example, air leaks at joints in the duct system can create a great deal of air noise. 1. Air through supply register.
2. Air through improperly sized ductwork.
3. Air through improper duct install via leaks.
4. Too much air velocity for the home.
5. Mechanical noise / vibration.

Air noise can be caused by air passing through a supply register









It is also possible for air velocity to create excessive noise as the air enters each room through the supply air registers.
Noise of this type can be minimized by balancing the system with dampers placed inside the branch runs of the duct. This method is preferable to using the dampers on the diffuser itself. Using the dampers on the diffuser may increase an air noise problem. 
Mechanical noise can be created by any system components made out of metal. These include the mechanical components that produce and distribute the treated air, the system operation control components and the ductwork. 
The most common causes of mechanical noise are the expansion and contraction of metal in the heat section, grinding or clicking of any moving mechanical or control components, blower vibration, and flexing of the ductwork. Installation procedures also play a role. 
For example, if a unit is located in an attic, it is recommended that duct hangers be used to keep the duct from touching the ceiling joists. Another obvious example involves the actual placement of the equipment. 
It may not be a good idea to install an outside air conditioning unit (condensing unit) outside a bedroom window. 
Location of equipment is an important consideration.











																																																																														
The sound level of outdoor units is measured in bels (similar to decibels), on a scale from 0 (barely perceptible) to 13 (the loudest). Most air conditioners operate at 8 to 9 bels. The quietest units operate at 6.8 bels. This may not sound like a wide range, until you learn that a 9-bel unit is 10 times louder than an 8-bel unit. In other words, one 9-bel unit makes as much noise as 10 8-bel units put together.
Newer outdoor units are getting increasingly quiet.  Some of the new models of outdoor units can be up to 20 times quieter than a standard air conditioner.






Outdoor Air
In the days before energy conservation was considered important and insulated homes were the exception rather than the rule, outdoor air was not a consideration for total comfort.
An older home that has not been weatherized can expect one complete air change per hour through infiltration.  An air exchange refers to the length of time it takes to replace the entire air volume within the home.  A very loosely constructed house could experience as many as 2-1/2 complete air exchanges each hour.  With this amount of infiltration there is little chance of buildup of internal pollutants.  However, this amount of infiltration increases the chances of other pollutants such as pollens from being carried in from outside and higher heating and cooling costs to condition the air.  Infiltration

Over the last 40 years home construction practices have continually improved to minimize the amount of natural infiltration in order to lower heating and air conditioning costs.  Older homes have been weatherized as well.  These construction practices have tightened up homes considerable, which consequently have caused indoor air pollutants to build up.
[image: Negative pressure]Conditions like leaky ducts can cause a home to have negative indoor pressure.  Bath and kitchen exhaust fans, drier vents, appliance combustion vents and fireplaces can also contribute to negative pressure within the home.  If air is leaving the home at a greater rate and volume than air entering the home, pressure is higher outside. Negative pressure is then created inside the home. As this negative pressure increases, gas appliances such as water heaters and furnaces, which rely on air for combustion, are unable to operate at peak efficiency. Eventually the negative pressure builds to a point where the difference in pressure causes a downdraft in the furnace chimney. By-products of inefficient furnace operation can then enter the living quarters, further contaminating the air.  This can also be dangerous to the people living in the home.  Negative pressure can also draw outdoor air pollutants into the home.





Negative pressure can interfere with the operation of a gas appliance such as a furnace.



There are a number of problems associated with insufficient amounts of outdoor air entering the home. The most obvious is that without constant replenishment, air becomes stale and the home seems “stuffy.” But inadequate outdoor air can also lead to some rather serious problems. 
As mentioned previously, in virtually any home across the country, a wide variety of potentially harmful chemical contaminants can be found. Fumes from cleaning compounds, cigarette smoke, formaldehyde and radon gas, all contaminate the indoor air.  
Without fresh air or air purification, these materials could accumulate to unsafe levels and seriously affect the occupant’s health. This condition is often referred to as “sick building syndrome.”
[image: BL00119_]Ventilation is the cure for these conditions.  The act of introducing outside air into the conditioned space or of removing stale air from the space is termed ventilation.  If a home is built tightly, it must be ventilated correctly.  Unlike infiltration, which brings in an uncontrolled amount of air from outside the home that introduces pollutants and humidity, ventilation controls the introduction of fresh outside air to the heating and air conditioning equipment where it is treated before it enters the home.  A constant supply of fresh air creates a slight positive pressure in the home, which counteracts infiltration.  This reduces pollutants from infiltrating the home and also helps prevent drafts from within the home.  The positive pressure also helps avoid combustion problems on gas appliances.  

Tight, new houses do not “BREATHE.” They must be ventilated mechanically. 




For many years contractors and manufacturers have recognized the need to introduce outside air into the home to provide a total comfort environment.  Prior to the 70’s it was a simple process of running a fresh air intake directly to the return air duct or plenum.  This practice was discouraged over time because of the increased energy costs in treating this unconditioned air.   Air from Rooms 
 Supply to Rooms
Sample of a Simple Fresh Air Intake Used In Prior Times












Today whole-house ventilation can be provided by heat or energy recovery ventilators (HRVs or ERVs).  Both reduce indoor air pollution be exhausting stale, contaminated air and introducing fresh air from outside.  The ventilation system should be sized so each person in the home has a minimum of 15 cubic feet per minute (CFM).  This ventilation rate should be continuous while the home is occupied.  The higher the rate of ventilation, the more important it is to recover heat and energy from the outgoing air.  
A Heat Recovery Ventilator (HRV) is a combination of fans, controls, and heat recovery elements that exhaust stale air from the home bring fresh air in from outdoors and transfers heat energy from one airstream to the other.  HRVs are usually recommended for colder climates with longer heating seasons.  							
[image: HRV]	













1. One set of ducts collects stale air from the kitchen, laundry and bathrooms.  This stale air passes through the HRV and is exhausted outside.
2. The other ducting system draws in fresh clean air from outdoors through the HRV unit.
3. As the two air streams pass each other, heat is transferred from the outgoing stale air to the fresh incoming air.  There is no mixing of air streams.
4. The HRV unit is able to capture up to 85% of the energy from the outgoing stale air.









[image: ]An Energy Recovery Ventilator (ERV) functions similarly to an HRV.  An ERV is capable of reducing the moisture content of the fresh incoming air as well.  As a result, they can reduce the latent load on the air conditioning system during summer operation.  ERVs are preferred for warmer, humid climates with longer cooling seasons.  

Humidity
[image: ]Humidity is the amount of water vapor in the air.  Relative humidity is the percentage of water the air is holding in relation to the amount it is capable of holding at a given temperature.  Psychrometrics is the study of the properties of air, especially the temperature and moisture content of the air.  
So what has this to do with Total Comfort?  
Most people tend to be most comfortable at humidity levels ranging from 35% to 55%.  Humidity presents unique problems for a total comfort HVAC system.  These problems differ depending on the time of year.
Summer
During the summer months, too much humidity in the air is what makes it feel “sticky” outdoors. Likewise, it also decreases your comfort indoors if not maintained at an acceptable level.  
Occupants within a home produce tremendous amounts of water vapor each day.  The following chart shows the volume of humidity in the air produced by various household tasks.  


	Activity
	Liters/Week

	Cooking (3 meals a day)
	6.3

	Dishwashing (3 meals a day)
	3.2

	Bathing  (0.2 liter per shower)
               (0.05 liter per bath)
	2.4

	Washing Clothes
	1.8

	Drying Clothes
	10.0

	Cleaning Floors
	1.3

	Normal Breathing and Perspiration
	38.0

	Total Volume of Humidity per Week
	63.0 Liters


																								
Microorganisms need moisture to live and reproduce.  Too much humidity increases chances of biological growth such as molds.  A humidity level above 50% is cause for concern.  For another example, dust mites need a humidity level of 50% or more to survive.  Consequently, the humidity level within a home must be controlled or conditions arise that affect indoor air quality.
An air conditioning system dehumidifies (takes moisture out of the air) as well as cools the air.  As air passes across the indoor cooling coil (evaporator coil), moisture condenses out of the air in the form water.  This water is called condensate.
[image: Humidity removal]																																																																																				The Air Conditioning System Removes Moisture as Condensate. 


[image: ]Over sizing air conditioning equipment creates conditions where the relative humidity can rise above the 50% recommendation.  An oversized air conditioner drops the sensible temperature down quickly to shorten the run time.  The shorter run time does not allow sufficient time for the air conditioning system to properly dehumidify the home.  Humidity levels will rise and this can cause a clammy ‘cave’ like feeling that’s uncomfortable and it provides the moisture for biological growth.  Correct sizing and selection of equipment is crucial to humidity control, particularly if in a humid climates.
In some cases, the air conditioning system may not be able to provide all the dehumidification that is required within a home.  For example, basements with moisture problems pose a problem.  The air conditioning system only offers a partial solution.  Portable dehumidifiers provide some moisture removal, but are not designed to serve the whole house.  A whole-home dehumidifier does a much better job.  It installs as part of the heating and cooling system.  Sample of a Whole-House Dehumidifier


Winter
In the winter months, the opposite is true. Low relative humidity adversely affects the home, furnishings and the occupants.  Dry indoor air will rob moisture from people, plants and furnishings.  This can cause chapped skin & lips, scratchy nose and throat and the discomfort of static electricity.  
Dry air can damage furnishings by stealing moisture.  For example, when the relative humidity of air is 60% a thirty-pound chunk of wood holds over three pints of water.  At 10% relative humidity, the wood will not hold one pint of water.  At the lower moisture content, the fibers of the wood shrink.  This places internal stresses on the wood and causes it to crack and break.
Warm air has greater capacity to hold moisture than cold air.  For example, air at 70 degrees can hold about 20 times as much as air at 0 degrees.  
Cold air naturally enters the home every time an outside door is opened.  Infiltration and ventilation also bring cold air into the home.  When this cold air is heated, the air expands, but the moisture content remains the same.  This has the effect of lowering the relative humidity of the indoor air.  The dry air steals moisture from everything it touches including the occupants, plants and furnishings.  
Total comfort is achieved during the winter months through the addition of a humidifier to the heating system. The humidifier adds moisture to the air, raising the relative humidity.  It is controlled by a device called a humidistat.  The humidistat monitors relative humidity the way a thermostat monitors temperature. It cycles the humidifier on and off to maintain the correct relative humidity level.	
Sample Humidifier
Sample Humidistat





The amount of humidity required in a home depends upon the way it is constructed.  A tight house with vapor walls in the ceilings & walls and with tight fitting windows may only need 3 gallons of additional moisture per day.  A loosely constructed house that’s the same size might require 5 times as much moisture in the same period.  The capacity of a humidifier is rated in terms of gallons per hour.
Bypass humidifiers and power humidifiers are used most often in residential applications.  Both install in the ductwork of a forced air system.
A bypass humidifier generally mounts on the return air plenum and a piece of round duct connects to the warm air plenum.  The humidistat controls a solenoid valve at the humidifier that lets water flow through the humidifier medium.  When the furnace operates, warm air from the warm air plenum is drawn though the humidifier medium where it picks up moisture.  

Sample By-Pass Humidifier
Sample By-Pass Humidifier Installation

																										


[image: power humidifier operation]A power humidifier mounts directly on the warm air plenum.  A power humidifier incorporates a circulating fan.  Like the by-pass type of humidifier, the humidistat controls a solenoid valve at the humidifier that lets water flow through the humidifier medium.  In this case, the circulating fan draws warm air through the medium where it picks up moisture.  A power humidifier generally has more capacity to generate moisture to the home compared to a bypass humidifier.






Sample Peer Humidifier


[image: Window condensation]Operating a humidifier in cold weather can pose a different type of problem.  Depending on the types of windows used in the home, condensation may form on the windows.  Solutions to this problem include:
· Setting the humidistat to a lower setting.
· Using a humidifier and humidistat that automatically adjust for falling outdoor temperatures.
· Operating a ventilation system to decrease the relative humidity.  Even a small bathroom fan will decrease the humidity.
[image: Circulation]Air Circulation
There are many types of heating and air conditioning systems available to heat and cool homes.  However, a forced-air system is the only one that can circulate air.  A forced-air system uses an indoor blower motor to deliver conditioned air into the home and then return it back to be treated all over again.  A forced air system with a furnace or air handler matched with ductwork is the only means of integrating all the elements of Total Comfort into one system that treats the entire living area.  
Air circulation is the key to total comfort.  Air must be circulating to deliver the right amount of heat or cooling to maintain even temperature.  Air must be circulating to filter and purify it.  Air must be circulating to add moisture when needed or to de-humidify.  Air must be circulating to ventilate the home.  
Before the advent of the forced air furnace, it was not possible to manage the elements of total comfort. The major question with respect to air circulation is whether to run the blower constantly, or to allow it to cycle on and off with the thermostat demand. There are advantages and disadvantages to both choices.
Even temperature is affected by air circulation due to the principles of stratification. Stratification refers to the fact that warm air rises while cool or cold air tends to fall. In the winter, when your furnace is on and sending warm air into your home, the overall temperature rises to the level you’ve selected. When the furnace and blower shut off, the warm air rises towards the ceiling and the room air “stratifies” into different temperature levels. Of course, the cooler temperatures are found at your level and not at the ceiling. Soon the furnace cycles back on and the temperature returns to normal. 
[image: Blower operation]
Warm
Cold
Mixing Occurs




With continuous blower operation, air strata mix.  
Without constant blower operation, air stratifies.



If the blower is allowed to run constantly during the winter, an even temperature is much easier to maintain because stratification is minimized. The warm and cool air mixes continuously, providing the most even temperature possible. This reduces the cycling of the furnace, but increases the time it is “on”.
Also, any passive solar hear gain is more fully utilized, as the warm air created by the sun circulates throughout the house. 
[image: Solar heat gain circulation]


																																Running the Blower Continuously During Winter Will Capture Solar Heat

It should be noted that use of a Direct Current (DC) Blower Motor will have a longer running life with continuous fan…as well as save you money on your electric utility bill. This is typically found on “Variable Speed” units only!
Two advantages of maintaining constant air circulation in the summer are the positive pressure created by the blower and the constant filtration of the air. Positive pressure reduces the infiltration of warm outdoor air entering the home through cracks around windows and doors. Filtration of the air can only occur when the air is in motion, and an electronic air cleaner can only operate when the blower is operating. To take full advantage of its capabilities, the air should always be in motion. This applies to winter as well as summer situations. 
The sensation of quietness can actually be enhanced by constant blower operation. While it is true that the cycling of an excessively noisy blower can cause anxiety and stress in an individual, it is equally true that constant, low volume background noise can be beneficial to a person’s emotional well-being. 
Outdoor air can only be brought in when the blower is in operation. If the positive pressure, (which results from bringing in outdoor air into the home) is to be maintained, the blower should run constantly. As mentioned previously, the positive pressure prevents excess amounts of outdoor air from entering through cracks around windows and doors. It also minimizes the effects of drafts.
Humidity control can only be maintained while air is in motion. This is particularly important during the heating season. Condensation does not form as easily while air is moving, which means that higher humidity levels can be present without causing problems. A higher humidity level allows the thermostat to be set at a lower temperature while maintaining the desired comfort level. 
It should be clear that there is no one correct answer with respect to continuous blower operation. The important point to remember is that air circulation affects each of the other elements of Total Comfort. Each of these factors should be taken into consideration when making the decision. 
Summary
“Total Comfort” refers to all the elements that combine to create a comfortable thermal environment. The six elements that must be present to achieve total comfort are:
1. Even Temperature
2. Clean Air
3. Quietness
4. Outdoor Air
5. Humidity Control
6. Circulation
Each element has a unique role to play in creating a true Total Comfort system. 
The method used to achieve each element may differ depending on the time of year, and air circulation has an effect on each of the other five elements. For example, during the heating season it may be desirable to have constant air circulation to minimize stratification and better maintain even temperature. In the summer months, allowing the air to stratify may be a better strategy for maintaining a comfortable temperature. 
Humidity control is another example of treatment depending on the season. In the winter, low relative humidity is the problem and; it is treated by adding a humidifier to the system. Excess humidity is the problem in the summer, and properly sized cooling equipment provides the solution. 
Providing Total Comfort is the primary philosophy behind all “COMPANY” Consultants. The element of total comfort re considered during all phases of the in home presentation, but most importantly during the Comfort Needs Analysis.




Review Questions – Total Comfort
Test your knowledge of Total Comfort by answering the following questions to the best of your ability.
1. What is “Total Comfort”? 
2. Briefly discuss what is meant by “Even Temperature”.
3. What is “Zoning” and how does it affect “Even Temperature”?
4. What are the 3 classifications for air contaminants?
5. Briefly discuss how filters are rated?
6. How can an Electronic Air Cleaner enhance Total Comfort? 
7. How does a UV Light enhance Total Comfort? 
8. [bookmark: _GoBack]What are the two types of noise that can be produced by an HVAC system?
9. How can ductwork affect Total Comfort?
10. Identify two reasons why you might want to provide for outdoor air in a conditioned space? 

11. What is the difference between a HRV versus an ERV?
12. What does the term “relative humidity” mean? Identify two ways that relative humidity can be affected by an HVAC system.

13. What are the effects of both high and low humidity and how does a Total Comfort control humidity levels?
14. Why is air circulation considered the “key” to Total Comfort?
15. How can Total Comfort be adversely affected by equipment installation?
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