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Application & Training Handbook – Part 5








On a forced air system, the furnace (or coil blower) and duct combine to form a complete air distribution system. However, the proper unit configuration must be combined with the proper duct configuration to achieve satisfactory performance. This section examines system configurations for conventional forces air systems. It does not cover “high velocity” air distribution systems. 
Comfort within a home requires more than adding heat in winter and removing it in summer.  Comfort requires accurate design and a properly installed air distribution system. A good air distribution system delivers comfort to occupants in every room of the house. 
Not all houses are built exactly the same. Homes vary by design and materials used. They are constructed in many shapes and sizes. They may be single-story, two-story, and three-story or split level. Some homes are built in areas of the country where winters are cold and basements are used to get the footings below the frost line. Some homes are built with crawl spaces, while others are constructed directly on a slab foundation. Consequently there is no single method of air distribution that works for all homes. 
Climate is also an important consideration. Houses in cold climates can experience cold drafts coming down the windows of outside walls. In colder climates it is common practice to place heat runs along the outside walls, particularly under windows to blanket the wall with warm air and to prevent cold floors during the winter. In warm climates, cold floors in the winter are not a major concern. House construction, climate and cost all affect system selection. A home with a basement requires a different system configuration than a home on a slab foundation. Likewise, a home on the Gulf Coast requires a different system configuration than a home in the Upper Midwest. You should select a system configuration that provides acceptable comfort at an acceptable price.
Air Distribution Elements
There are five basic elements that make up a complete air distribution system.
1. Air flow patterns
· Up-Flow
· Down-Flow
· Horizontal-Flow
As explained in the last chapter, the air flow configuration of the indoor equipment (furnace or blower-coil) can be up-flow, down-flow or horizontal flow. Some equipment is manufactured specifically for the air flow application.
For example some furnaces are built specifically for up-flow, down-flow and horizontal-flow applications. Some indoor equipment is manufactured to be multi-positional, which means it can be installed to suit the application (up-flow, down-flow or horizontal-flow).










Multi-Position Furnace Shown
in Horizontal-Flow Position



Multi-Position Furnace Shown
in Down-Flow Position


Multi-Position Furnace
Shown in Up-Flow Position




2. Return Air Configurations
· Individual Room Returns
· Central Return
[image: ]The choice of return air configurations depends on performance criteria, construction limitations and cost. Sometimes the best solution is a combination of the two configurations employing a central return for large adjoining open areas and individual returns for smaller rooms such as bedrooms or dens.
Central Return Configuration
A central return consists of one large grille located in a common-use area relatively close to the equipment which draws all of the house air back to the indoor equipment. This illustration shows a central return applied to a horizontal unit located in a crawl space. Central returns are often located in the ceilings when the indoor equipment is installed in the attic.
Doors to individual rooms pose a problem for central return configurations. When the door is shut into an individual room, air cannot get back to the central return. This effects air circulation and comfort. Doors are often undercut to allow circulation back to the central return. Sometimes undercutting doors is not sufficient to attain proper air circulation. Installing door grilles, “Jump Ducts”, or “Transfer Grilles” are ways to solve this problem. As a general rule, no room should have less than a 6” diameter jump duct, and master bedrooms usually will have between a 10” 
[image: ]and 12” diameter jump duct, or equivalent transfer area. Master bedrooms are the hardest to transfer from since they have the largest air flow. If more than 250 cfm (cubic feet per minute) needs to be transferred back to the main return area, it’s advisable to run a dedicated return duct to that room.
A central return configuration has its pros and cons:
· Return duct work is minimal with relatively short runs.
· It’s easy and relatively inexpensive to install.
· It permits convenient air-filter servicing if a filter-grille is used, especially if equipment is located in an attic or crawl space.
· It’s generally noisier than individual room returns.
· Provisions must be made to return air from individual rooms by undercutting the doors, installing door registers, installing “jump ducts” or installing “transfer grilles”.
Individual Room Return Configuration
Individual room returns give the best overall performance. As with a central return, there are pros and cons:
· It’s generally quieter than a central return.
· It facilitates good air flow within individual rooms, even with doors closed.
· Provides better privacy, especially in bedrooms, since doors need not be undercut.
· Smaller grilles are less conspicuous.
· Installation is more complex, takes more materials and takes more time to install.
· Some homes have limited clearances in attics or crawl spaces making it difficult or impossible to install individual room return air.
It usually costs more to install several room return airs rather than one central return.
Not all rooms should have individual return airs for reasons of odor and safety, or comfort. These include:
· Bathrooms
· Kitchens
· Garages
· Mechanical equipment rooms. 
The individual room returns must get back to the indoor equipment. This is done either by installing individual returns back to a return air plenum or by using a return duct system. On a return duct system, the return air grille is located on an inside wall. There is no plate in the wall studs and the sub-floor is cut out at this point. Thus there is a direct opening from the return air grille to the joists. Panning materials cover the joist opening to form a return air chamber within the joist space. A rectangular return duct runs perpendicular to the joists. The top of the return air duct is cut open where it intersects the panned joists. Wood or metal air stops are used to seal the end of the joists. The return air duct goes back to the indoor equipment. When the indoor blower operates, return air travels through the return air grille, through the panned joist, through the return air duct and on back to the indoor equipment. 
[image: ]A return air duct system is commonly used with an extended plenum supply duct configuration.
Sample Return Air Duct
System

3. Return Grille Locations
· Low Sidewall
· High Sidewall
· Ceiling
A grille is a covering with fixed louvers and no damper mechanism. Grilles are normally used at return air intakes to conceal the opening. Some return air grilles come with provisions for filters.










Sample Return Air
Filter Grille
Sample Return Air
Grille




Return air grilles have less effect on room air motion than supply air registers. However, their location can enhance total system performance. Low return air intakes draw cooler air from the floor to improve heating. High return and
ceiling returns draw warmer air from the ceiling to improve cooling. Here is a guide:
Operation Return Location
· Heating Only
· Cooling Only
· Heating predominate, some cooling
· Cooling predominate, some heating

Return Location
Low
High
Low
High
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On multilevel and two-story homes with both heating and cooling, good judgment is needed. Since upper levels tend to heat more readily by natural convection, cooling is more critical and the upper-level returns should be placed high. Conversely, lower levels will tend to cool by convection, and the returns should be placed low to improve heating.

4. Supply Duct Configurations
· Extended Plenum
· Radial
· Perimeter Loop

Extended Plenum
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																																																																																																								Sample Extended Plenum Supply
Configuration

[image: ]In an extended plenum duct system, rectangular supply air ducts connect to the supply air plenum. Think of the rectangular duct as extending the supply air plenum. Individual supply runs connect to the rectangular supply duct to deliver the treated air to the home.		
As supply air runs are taken off the extended plenum, less 
air is left to move through the remaining length of
extended plenum. Often reducing transitions are used to 
reduce the duct size at these points. This is called a
reducing extended plenum system. For example, a 16 x 8 
duct may be reduced to a 12 x 8 duct. This keeps the air 
velocity up and provides better air distribution particularly  for 						     air conditioning.															
An extended plenum system works well in basement applications where supply registers are placed along the exterior walls of the home. Placing supply registers along the outside walls is often referred to as “perimeter heating”.
This type of duct system also works well in finished basement applications. A bulkhead can be built around the rectangular supply and return duct. Supply runs fit in between floor joists. The ductwork can be concealed with sheetrock or ceiling tiles. A return air duct system is commonly used with an extended plenum supply duct configuration. 

Radial 
A radial duct system does not use rectangular duct to extend the plenum. Each supply run connects directly to the equipment plenum and to the outlet. It looks somewhat like an octopus with tentacles going everywhere. 
This system is the simplest and least expensive duct system to install. Supply runs follow the most direct route from the supply plenum to the outlet. A radial supply duct configuration can be located in an attic, Sample Radial Supply
Configuration

crawl space, basement, or even embedded in a concrete slab.												
Typically a central return duct is used with radial duct system. The return is usually placed near the indoor equipment. 
[image: ]There is a variation of the radial duct system called a reducing radial. Larger round duct connect directly to the supply air plenum just as with a radial system. In this case, however, the larger round duct connects to remote mixing boxes. Sometimes this is done with “Y” fittings. Supply runs connect the mixing boxes to the outlets. Thus the larger round duct acts like the rectangular supply duct in an extended plenum system. Reducing the size of the supply runs keeps the air velocity up and provides better air distribution particularly for air conditioning.																																								




Sample Reducing Radial Supply
Configuration



Perimeter Loop
A perimeter loop system uses a perimeter duct fed from a central supply plenum using several feeder ducts. This type of duct system is used on homes built on slab foundations in cold climates. The perimeter loop layout helps keep the slab floor warm during the winter.
The duct is laid before the concrete slab is poured. Consequently, special underground duct is used to prevent underground water from seeing into the ductwork. The design process is more complex, the installation is more time consuming and the ducting material is expensive.
Edge insulation is required at the slab in colder climates to avoid excessive heat [image: ]loss during winter operation.
[image: ]







Sample Perimeter Loop





5. Register/Diffuser Configurations
· Perimeter
· Ceiling
· Wall
Register boots provide a transition from the supply duct to a rectangular opening for a floor, ceiling or wall register/diffuser. This boot connects to the supply run.
[image: ][image: ]






Sample Register Boots


The register/diffuser fits into the register boot. A register is a grille with an operable damper or control valve attached. Registers are available in three main variations for floor, baseboard or wall applications. Floor registers are predominantly used with perimeter distribution systems and provide good air delivery for both heating and cooling. Wall registers can provide good air delivery patterns for heating, but are not always ideal for cooling.
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Sample Floor Register

Sample Ceiling Diffuser



Diffusers are a special type of register which delivers air parallel to adjacent surfaces. Diffusers are commonly used in ceiling applications. Ceiling diffusers provide superior air distribution patterns for cooling. The terms register and diffuser are often interchanged.
[image: ]The supply outlet causes most of the air movement within a room. The distance supply air is delivered into the room is referred to as throw.
Preferred placement of the register/diffuser depends on the climate. In colder climates it is common practice to place floor registers along the outside walls, particularly under windows to blanket the wall with warm air and to prevent cold floors. Floor register will also work for cooling when the duct system is for proper CFM (cubic feet per minute) and velocity. Velocity influences a register’s throw and its ability to mix supply air with the indoor air. A floor register’s throw is critical for proper cooling. Furniture should not be placed over floor registers.
In warmer climates it is common practice to use ceiling diffusers. Colder air is heavier than warm air. A ceiling diffuser drops the air conditioned air to mix with the indoor air.
House Construction – Type of Foundation
There are three residential foundation types: basement, crawlspace and slab. Water table depth, frost depth, soil type and construction costs determine which foundation type is used.

Basement
A basement is at least one story high, below the main floor, and at least partly below the surface of the ground. The walls are usually made of poured concrete or are made with concrete block.
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In northern regions, the foundation and footing must be protected against frost damage during the winter. Almost all types of soil hold moisture from rain and snow. This moisture freezes during colder weather. Frozen soil expands and then recedes again once the soil thaws. In order to prevent damage caused by the expansion of the frozen soil, the footings are placed below the frost line. In colder climates the frost line can be several feet below grade.
Basement construction is predominant in climates where temperatures consistently stay below freezing.
 A "walk-out" basement is where the house is situated on a slope and part of the basement is above ground. Occupants can walk outside at that point without having to use the stairs.
Basements are often heated. Heating the basement prevents freezing of plumbing pipes and also provides warm floors to the living area above. HVAC equipment is usually installed in the basement in an equipment room.
Homes are usually constructed with unfinished basements, which can later be finished by the homeowner.
Crawl Space
In many warmer climates, there is no need for deep footings and foundation walls since frost does not pose a problem. A second type of foundation uses a combination of a footing and a low foundation wall. The wall is placed high enough to allow room for a crawl space under the floor joist, hence the name crawl space. A crawlspace is similar to a basement; however, the height may be as little as a foot or can be several feet high in parts of the country prone to flooding or hurricanes.
[image: ][image: ]







Crawl spaces can be above or below ground level. Usually concrete piers support a center beam extending the length of the house. The floor joists rest on this center beam. This method of construction is much less expensive and easier to install than digging a full basement. A crawl space foundation is often used for additions for homes with existing basements. Duct is routed to the addition through the crawlspace.
The plumbing pipes and HVAC ductwork are often routed through the crawl space. Sometimes the HVAC equipment is also installed in the crawl space.
Usually the floor joists are insulated to help minimize heat loss through the floor. However, sometimes the outer walls of the crawl space are also insulated and the crawl space itself is heated during the winter. This practice ensures a warm floor up above in the house.
Slab
The last type of foundation is called the slab on grade or slab for short. The slab can either be monolithic slab or a floating slab. The monolithic slab is formed by a single pouring of concrete. A floating slab has the perimeter footing poured first and the slab floor is poured at a later time. In either case, the slab becomes the floor of the structure. The support walls of the house are built on the footings.
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Slab foundations are generally the easiest and least expensive type of foundation to install. Slab construction is predominant in southern climates where frost lines pose few problems.
In slab foundation homes the HVAC equipment is generally installed in the attic or in a closet. The ductwork usually is installed in the attic; however, special types of ductwork can be installed directly into the slab.
House Construction – Windows
The amount of windows, the types of windows used and the direction the windows face dramatically impact the amount of heat a home loses in the winter and the amount of heat a home gains in the summer. A home with large areas of glass facing east or west will let in a lot of heat when the sun is shining. This is called solar heat gain. This may be desirable during the winter and is called passive solar heat gain. However, during the summer the solar heat gain adds to the amount of heat that must be removed from the home. This affects the need and size of the air conditioner.
For example, let’s look at Denver, Colorado. Typically air conditioning was not used in homes in this city located next to the mountains. Humidity levels are relatively low during most of the year and there is little need to de-humidify during the summer. Although it can get warm on a summer day, there are not that many hours of the day when air conditioning was needed. Because of the low humidity, there are also pretty dramatic temperature swings from day to night, sometimes as high as 40 degrees. To cool homes at night, people simply opened their windows to let in the cool breeze. Over the years, homes using large fixed-windows (windows that do not open), became very popular. These types of homes absorb solar heat gain during a summer day and since the windows do not generally open, the heat stays trapped in the home at night. Consequently, air conditioning is becoming a common feature in new homes in this market.
Windows also impact comfort during the winter. Windows generally lose a lot of heat during the winter. As the indoor air loses its heat, it becomes heavier and begins cascading down the wall and then along the floor. This draft affects comfort. Windows and other features of house construction affect the heat loss, heat gain, size of HVAC equipment needed and general comfort of the occupants. This will be discussed in further detail in a later chapter on Load Calculations in this manual.
Climate
Local climate is a major consideration in proper system configuration selection. A system providing excellent performance in one region may be unsatisfactory in another. 
It is important to maintain year-round comfort conditions, but climate extremes may emphasize the need for certain performance characteristics. To maintain total comfort in cold climate areas, it is necessary that the system provide warm floors and prevent cold drafts during the winter. This is not as important in warmer climates. Placing supply diffusers at the perimeter of outside walls provides the best comfort in colder climates. 
However, in warmer climates, the ability to cool the home effectively is the most important consideration. Cold air is denser and heavier than warm air. Placing the supply diffusers in the ceiling is common in warmer climates.
Warm floors in winter and effective summer cooling designs are both important essential in areas which have extremes in both winter and summer temperature.
The country can be divided into two major climate zones, northern and southern. These zones are defined by the number of degree days of heating. Degree Day is a term used to express relative heating requirements. It is a unit of measurement based upon temperature difference and time. It is used in estimating the fuel consumption of a furnace.
Any location with more than 3,500 degree days per season is considered to be part of the Northern Climate Zone. Areas with less than 3,500 degree days per season are considered to be part of the Southern Climate Zone. For example, Minneapolis with 8,250 degree days is in the Northern Climate Zone. In contrast, Houston with 1,410 degree days is in the Southern Climate Zone.















Northern System Configurations
Heating is the primary concern in northern climates. The system must provide warm floors and prevent cold drafts from cascading down large window surfaces. For these reasons, a perimeter heating system should be used. A perimeter heating system puts the supply registers along the floor of an outside wall. 
This section looks at system configurations that apply to construction practices in northern climates.
Summer cooling may not be needed in all northern areas. However, this is not the case for many northern locations. Heating requires less air volume than does cooling. The proper air volume (measured in CFM – Cubic Feet per
Minute) is critical for the proper operation of an air conditioning system. The size of the duct is important to air flow. When cooling is applied to a home in a northern climate, the ductwork must be designed to handle the extra air volume (CFM) needed for cooling.




Northern Basement Applications – Northern Basement/Up-Flow
[image: ]An up-flow furnace sits in the basement, usually in the center of the home. The supply air plenum sits on top of the furnace. When air conditioning is applied, an up-flow evaporator coil sits on top of the furnace inside the supply air plenum.


Sample Up-Flow
Furnace Installed
in Basement








The recommended duct configuration is the extended plenum although a perimeter radial or a reducing radial can be used.
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The extended plenum provides the best overall heating and cooling performance, particularly if a reducing extended plenum is used. Because the trunks follow a center beam, they can be concealed in a bulkhead. The supply runs can be sealed in the floor joists. Concealing the ducts in this manner makes abasement more livable. This system requires more materials, takes more labor to install and is more expensive than other duct configurations.
The perimeter radial was commonly used on gravity air distribution system for basement applications years ago. You may see it used on forced air systems in older homes. A perimeter radial limits head room and makes the basement less usable as a living area. Consequently you seldom see a perimeter radial system applied to newer homes.
The perimeter radial system has limitations. For best performance, all supply runs should be approximately the same length and should not exceed 25 feet. The longest run should not exceed the shortest run by more than 10 feet.
Northern Basement/Down-Flow
In basement application, a down-flow furnace would be installed in an upstairs closet. The supply air plenum would extend through the floor into the basement and the supply air distribution system would connect to the plenum. 
Using closet space on the upstairs floor is not practical on homes with basements. Consequently, down-flow units are not normally installed in homes with basements.
Northern Basement/Horizontal
Occasionally a horizontal unit is suspended from the floor joists in a basement installation. This is done for several reasons. In some cases, the basement height is too low to allow an up-flow furnace with a cooling coil and plenum. In other cases, horizontal blower coils are used for heat pump applications.
[image: ]The duct choices are an extended plenum, a perimeter radial or a reducing radial. The recommendations regarding duct configurations in up-flow applications apply to horizontal applications. An extended plenum is the recommended choice. Since the return air enters one end of the horizontal unit and the supply air is delivered out the other end, duct layout usually presents a problem. Although a perimeter radial or a reducing radial can be used, head clearance, again, presents a problem.





Northern Basement/Packaged
In some part of the country, local practices utilize packaged equipment in basement applications. This will work in basement applications where part of the wall is above ground. The packaged unit sits outside and the ductwork runs out to the unit. Consequently both the supply duct and the return duct run through the foundation walls.
[image: ]This application has advantages and disadvantages. With a gas package unit, all combustion gases are vented outside eliminating the need for a chimney. All motor and combustion noises are outside the home. However, one big disadvantage is the poor efficiency in a gas package unit. Sometimes as little as half the heating value in the gas is delivered to the home.
The trunk ducts run the length of the house. Because there is only one supply trunk and one return trunk, the ducts are fairly wide where they penetrate the wall. This creates two problems. First, the large holes tend to weaken block walls. If so, special provisions are often made to strengthen the walls. Second, the wide ducts take up considerable ceiling space in the basement.
[image: ]The recommended duct configuration is the extended plenum although a perimeter radial or a reducing radial can be used.

Basement Construction with a Packaged Unit and an Extended Plenum Duct









Northern Crawl Space Applications
Crawlspaces are most common in locations along the southern edges of the Northern Climate Zone. Perimeter heating is needed to keep the floors warm. Down-flow, horizontal flow, and packaged equipment are applicable to crawlspace construction. Each is discussed below.
Ductwork is often located in the crawl space. Often this ductwork can be damaged by people working in the crawl space (example – Termite control technicians, phone technicians, etc.). When conducting a technical assessment on a sales call, pay particular attention to the condition of the existing duct in crawl space applications.
Northern Crawlspace/Down-Flow
The down-flow unit installs in a closet near the center of the house. If the indoor unit is a furnace, a special down flow evaporator coil is used for air conditioning. The supply plenum extends down into the crawlspace.
[image: ]



Sample Down-Flow
Furnace Installed in
Closet








The duct choices remain an extended plenum, a perimeter radial or a reducing radial. The extended plenum is recommended. It offers the best overall heating and cooling performance.
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Since the crawlspace is not a living area, the supply runs under floor joists do not pose a problem. However since the supply duct is located in an unconditioned space, the duct must be insulated to prevent heat loss during the heating season and heat gain during the cooling season.
On a down-flow furnace, the heat exchanger is located on the outlet side of the unit where the supply plenum goes through the floor. For safety reasons, a floor base made of sheet metal is placed over the floor opening. The furnace sits on this floor base.
Northern Crawlspace/Horizontal
In colder climates where footings are deeper, the crawlspace may be deep enough to install either a horizontal furnace or a coil/blower unit. The horizontal unit can be mounted so it is suspended under the floor joists or it can be placed at grade level. When placed at grade level, the unit should not sit directly on the ground. The unit is usually placed on a pad or on blocks.












Installing the indoor unit in the crawl space frees space in the home up above. However, the unit is often neglected by the homeowner because it is out of sight and difficult to access. Filters do not get changed at the unit. For this reason, filter grilles are often used in the return air.
The duct choices are identical to the down-flow crawlspace application. The extended plenum and reducing radial are recommended. Because the duct is located in an unconditioned space, it must be insulated. Since the return air enters at one end of the horizontal unit and supply air is delivered out the other, duct layout may present a problem.













Northern Crawlspace/Packaged
Packaged equipment will work in crawlspace construction where part of the wall is above ground. The duct considerations are the same as for basement installations. The ducts must be insulated in a crawlspace.
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Northern Slab Applications
Slab construction is usually not used in northern applications except in areas where the water table is high or where a basement or crawlspace is unacceptable. Because of the prerequisite for warm floors, a down-flow unit must be matched to a perimeter radial or a perimeter loop duct. 
Northern Slab/Down-Flow 
A down-flow furnace installs near the center of the home, usually in a utility room. The supply air plenum and ductwork are laid out in trenches beneath the slab before the slab is poured. This requires coordination between the HVAC and concrete contractors. Special non-corrosive duct is required. The duct must also be sealed tightly to prevent underground water from entering the ductwork.
The perimeter loop is the recommended duct design, particularly in colder climates. This system does an excellent job of warming the slab floor in the winter and does an acceptable job cooling in the summer. A perimeter radial duct design does not do as good of job of uniformly warming the floor in the winter.
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Southern System Configurations 
In southern climates where the summers are long and hot, cooling is the primary concern. Because the winters are short and less severe, warm floors are not such an important consideration during the heating season. For this reason, high sidewall and ceiling diffusers are acceptable. Ducting is routed either through an attic or a crawl space depending on the application. Individual room returns are recommended; however, central returns are more common. Ducts located in unconditioned space must be insulated.
Configurations applying to construction practices in southern climates are examined in this section.

Southern Slab Applications
Slab construction is commonly used in southern climates. Up-flow, horizontal flow, and packaged equipment are all applicable to slab installations. Each is discussed below.
Southern Slab/Up-Flow
The up-flow unit usually installs in a closet near the center of the house. Return air is usually taken from a central return chamber located beneath the unit or through the side of the unit. Consequently, central returns are usually used in this application.
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Sample Closet Installations






The supply plenum usually passes through the ceiling and goes into the attic. The supply duct choices include an overhead radial, a reducing radial, and the extended plenum. Overhead radial or reducing radial configurations are used most often.
The installation guidelines for an overhead radial are the same as for a perimeter radial. All branch runs should be approximately the same length but not longer than 25 feet. The longest run should not exceed the shortest run by more than 10 feet. These precautions assure adequate air flow to the furthest outlets and a quieter overall system. If outlets are more than 25 feet away from the unit or the longest run exceeds the shortest run by more than 10 feet, a reducing radial or an extended plenum should be used.
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In southern climates, an overhead reducing radial does an acceptable job of heating and an excellent job of cooling. Using one branch run to supply two or more outlets saves material and labor. Round feeder duct installs easier than a rectangular trunk. The feeder and branch runs must be sized correctly, ensuring correct air flow to each room.
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An extended plenum can be used in up-flow overhead applications. The supply plenum extends into the attic and the supply trunk extends out above the ceiling. The heating and cooling performance equals the reducing radial. This system requires more material and labor than a reducing radial. An extended plenum is difficult to install in homes with cathedral ceilings.
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Extended plenums are also used in fur-down installations. The extended plenum sits beneath the ceiling joists and the ducts are enclosed in a fur-down. Because this installation lowers the ceiling height, the extended plenum is usually located in a hallway. The supply runs fit into the ceiling joist space.
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[bookmark: _GoBack]
Although closet installations are common with slab foundation applications, sometimes up-flow units are installed in dedicated mechanical rooms, often located on a second floor.
Southern Slab/Horizontal
Installing a horizontal indoor unit in the attic is a common practice in warmer climates. The indoor unit can be suspended from the rafters or can be set on a platform that rests on the ceiling rafters.
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Horizontal furnaces require the addition of a horizontal evaporator coil for cooling. A transition connects the furnace to the evaporator coil cabinet. The supply air plenum connects to the evaporator coil outlet. 
Installing an indoor cooling coil above a living area creates special concerns. Remember that in addition to removing heat from the air, the cooling process also removes humidity in the form of water which is routed away from the indoor coil in the condensate line. Should this condensate line ever plug up, water could pour out of the indoor coil and fall to the finished ceiling below. Consequently, when the indoor coil is located over a living area, provisions must be made for an auxiliary condensate line. This is discussed in more detail in the air conditioning section of this training manual.
The return air for this application is usually drawn through ceiling or high sidewall grilles. Central returns are commonly used; however, individual room returns can be used.
The supply duct choices are identical to the preceding up-flow application and include an overhead radial, a reducing radial, or an extended plenum. In some cases, a horizontal coil/blower installs in a fur-down space located in a hallway or bathroom. Ceiling diffusers are commonly used in overhead applications.
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Southern Slab/Packaged
In some areas of the country, it is acceptable to place a packaged unit on the roof of the house. The supply and return trunks drop down into the attic. The roof openings must be sealed properly to prevent roof leaks. Return air is delivered through ceiling or sidewall grilles.
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Southern Crawl Space Application
Crawl spaces are usually found in older or custom built homes. A southern crawl space application is almost identical to northern application. Much of the material covered in the northern climate section will be referred to frequently.
Southern Crawlspace/Up-flow
In this application, the indoor unit is usually located in a closet. A whole is cut in the flooring and a return air plenum extends down into the crawl space. The return air system works well with either a central return or individual room returns. The supply duct configuration choices are exactly the same as with southern slab/up-flow and include overhead radial, reducing radial and extended plenum.
Southern Crawlspace/Down-flow
This is identical to a northern crawlspace/down-flow system. 
Southern Crawlspace/Horizontal
This is identical to a northern crawlspace/horizontal application.
Southern Crawl Space/Packaged
This is identical to a northern crawlspace/packaged application.
Southern Basements
This is identical to a northern basement application.
Review Questions
Forced Air System Configurations
Test your knowledge of Forced Air System Configurations by answering the following questions to the best of your ability.

1. What are the basic elements that play into the selection of an air distribution system? 
2. What is the difference between Individual Room Return versus Central Return?
3. What is the purpose of a Jumper Duct and a Transfer Grille?
4. What rooms should not have Individual Room Returns?
5. What impact does climate have on the placement of return air grilles?
6. What are the three basic types of foundations?
7. How is an Extended Plenum supply air configuration different than a Radial?

8. Where is a Perimeter Loop supply air configuration applied?
9. What is a perimeter heating system?
10. What are the differences between a grille, register and a diffuser?
11. What impact does climate have on register and diffuser placement?
12. Explain the difference between a northern and southern climate. 
13. Why does ductwork need to be insulated when placed in an unconditioned space?
14. What is the difference between a Radial and a Reducing Radial duct distribution configuration?
15. Why are Overhead Radial supply duct configurations more commonly used in southern climates as compared to an Extended Plenum?
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