Air-Handling Systems	





�
Components





Return-Air Fan





	A return-air fan is generally only used on larger air-handling systems having a large enough pressure drop in the return-air ductwork to require additional fan power. Carefully select return-air fan volume to allow for air exhausted by bathroom exhaust fans and to ensure proper building pressurization to prevent air leakage into a building.  Air leakage can cause uncomfortable drafts.  The return-air fan may be controlled by the same controller used for the supply-air fan.  The return-air volume should match the supply-air volume or it may be controlled by a pressure sensor in the building.  A pressure sensor uses the strategy that building pressure is best controlled by varying the amount of air removed from the controlled space.





Exhaust Air





	Part of the return air is exhausted to remove odors and stale air.  During economizer cycle operation, all return air from the building is exhausted to take advantage of free-cooling.  Locate the exhaust air damper to avoid short-circuiting the exhaust air back into the outside-air damper opening.





Return Air





	The rest of the return air is returned to the air handler for reuse by the heating, ventilating, and air-conditioning (HVAC) system.  It is preferable to maximize the amount of air that can be reused because reused air requires less heating or cooling than outside air during most of the year.





Outside Air





	Some outside air is added to the air-handling system to provide fresh air for occupants and to maintain building pressurization.  Baffles are often added to prevent rain and snow from carrying over into the air-handling ductwork.  A minimum setting is usually provided to ensure enough fresh air is always supplied to building occupants.





Mixing Box





	Return air and outside air are mixed to ensure even temperature distribution in the air meeting the heating and cooling coils and to avoid a layer of freezing air during winter months.  Winter air can cause freezing and damage to the coils.  Blending dampers may be added to the mixing box to further mix the airstreams.  Although opposed-blade dampers offer better airflow control, parallel-blade dampers offer better mixing of return-air and outside-air streams.  To ensure maximum turbulence and mixing, return-air and outside-air parallel-blade dampers are usually aimed at each other.





Filter





	The filter in air-handling systems removes dust, pollen, and other solid contaminants to prevent plugging of the cooling and heating coils.  If odor control is required, use activated carbon filters.  The filters must be readily accessible to allow for frequent replacement or cleaning.  Filters that are difficult to access will probably not be replaced or will be removed completely.  Either situation causes poor temperature control because dirty filters or coils block the airflow.





Heating Coil





	The heating coil in an air-handling system heats the supply air using steam or hot water or by acting as the refrigerant condenser in a heat pump system.  When the heating coil is installed first, the system is known as a “preheat” air system.  When the cooling coil is installed first, the system is known as a “reheat” air system.  Reheat systems are used to reheat the air to a comfortable level when the air has been supercooled for humidity control.











Cooling Coil





	The cooling coil in an air-handling system cools and/or dehumidifies the supply air using chilled water or refrigerant.  Dehumidification is provided by cooling the air below its dew point.  Adequate drainage for the cooling coil must be provided to remove the moisture condensed from the air.  Because the air is typically cooled to near or below the dew point, the supply air is near 100% relative humidity.  When humidity causes problems with ductwork or diffuser sweating, you can install face/bypass dampers to mix air going through the coil with air bypassed around the coil to some lower humidity -- typically 85%.





Supply-Air Fan





	The supply-air fan provides enough pressure to move air through the supply-air ductwork and diffusers into conditioned spaces.  When the supply-air fan is installed before the heating/cooling coils, the system is known as a “single-zone blow-through.”  When the fan is installed after the heating/cooling coils, the system is known as a “single-zone draw-through.”  In variable air volume (VAV) systems, you can control fan volume by variable-speed control of the fan or by installing dampers in the fan suction or discharge to choke off the air volume.





Humidifier





	When humidity must be controlled to no less than a certain level, a humidifier is installed (typically in the supply-air ductwork) to add moisture to the air.  Humidity control may be required in laboratories, electronic facilities, medical facilities, or in cold climates where the winter humidity level drops to an uncomfortable level.  Moisture may be added to the air by steam injection or by heating a pan of water to increase evaporation.





Control Dampers





	Control dampers are provided for exhaust air, return air, outside air, and supply air to control airflow.  Dampers are either automatic or manual.  Automatic dampers, for example, are the dampers used in economizer control to vary the amount of outdoor air brought into the air-handling system.  Manual dampers include balancing dampers used to vary the amount of airflow through the air diffusers.





Ductwork





	Ductwork transports air from the air-handling unit to diffusers in the controlled space.  Ductwork should be designed to minimize pressure drop, and, thereby, required fan power.  The increased cost of ductwork quickly outweighs the savings in fan power.  You can install turning blades in ductwork elbows to reduce pressure losses resulting from turbulence in the elbow.  Air velocity must be limited in the ductwork and through the diffusers to minimize noise created by the air-handling system.  The aspect ratio, the ratio of duct height to width, should be as close to one as possible.  “Wide” or “high” ductwork has a higher pressure loss, makes more noise, and costs more than “square” ductwork.





Variable Air Volume Box





	The VAV box varies the amount of air supplied to the controlled space in response to the thermostat in the space.  The VAV box has an air volume damper controlled by the room thermostat.  As the temperature rises, the air volume is increased to supply more cooling to the zone.  As the temperature drops, air volume is decreased to a minimum volume.  If heating is required, it can be provided by a heating coil in the VAV box or by baseboard radiators in the room.





Diffuser





	Diffusers are designed to supply the proper amount of air from the supply-air ductwork to the controlled space.  Diffusers also ensure proper supply-air mixing with the room air to maintain comfortable conditions and avoid hot and cold spots.  Rather than allowing air to dump into a room, most diffusers are designed to inject air along the ceiling or a wall because air naturally travels along a surface before dropping into a room.  As a result, the supply air is mixed more thoroughly with the room air, minimizing hot or cold spots.


Need more information?
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Your Engineering Field Division, or





Energy & Utilities Department


Code 22


Naval Facilities Engineering Service Center


Port Hueneme, California 93043-4328





Telephone  805-982-3486


Autovon  551-3486


FAX  805-982-5388





System Types





Constant Volume, Variable-Temperature





	Constant volume,  variable-temperature


(CVVT) systems, used in single-zone, multizone, dual-duct, and fan coil systems, supply a constant volume of conditioned air to a zone and control the zone temperature by varying the supply-air temperature.  Air temperature is regulated by modulating the chilled water valve on the cooling coil or by controlling the compressor in a direct expansion (DX) system.





Variable Air Volume (also known as Variable Volume, Constant Temperature)





	In VAV systems (also known as variable volume, constant temperature, [VVCT]), the central air handler supplies air at a constant temperature and pressure to the supply-air ductwork.  The supply-air ductwork supplies air to the VAV box at each control zone.  The VAV box controls the zone temperature by varying the amount of air supplied to the zone.




















�
�
	Single-zone air systems provide conditioned air to a single area (also known as a “zone”) within a building.  Control is maintained by modulating the cooling and heating coil output.  For chilled water, high-temperature hot water, and steam systems, the coil output is controlled by modulating a control valve.  For a direct-expansion (DX) cooling system, coil control is maintained by compressor control.  A humidifier may be included to humidify the air during dry winter months, or the cooling coil may act to dehumidify the air during humid summer months.  Single-zone systems are either factory-assembled or site built-up units.  Factory-built systems may be rooftop-mounted or hung from the ceiling (usually behind the acoustical tile roofing) within the building.  In a single-zone air system:
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Single-Zone Air System





The air is returned from the building through the return-air ductwork.





Some of the air is exhausted to remove stale air and odors.





The rest of the air is returned to the supply side of the system.





Outdoor air is added to the return air to make up for the exhausted air, to freshen the air in the building, and to maintain a higher pressure inside the building than outside the building so air leaks out of the building instead of into the building, eliminating uncomfortable drafts.





The return air and outdoor air are mixed in the mixing box.





The air is filtered.





The air is heated and/or cooled.





The air pressure is increased by a fan to supply the pressure needed to move the air through the ductwork.





The air is delivered to the supply-air ductwork for distribution throughout the zone.





�
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	Baseboard Fan Coil	Ceiling Fan Coil


	Fan coil units provide conditioned air to a single area within a building -- typically a single room.  Fan coils are installed along the room’s baseboard or above the ceiling.  While baseboard units supply air directly to the room where they are installed, ceiling units can be ducted to several nearby rooms.  Control is achieved by either cycling the fan (blower) on and off or by varying the coil output by modulating a heating/cooling control valve.  In a fan coil:





The air is taken from the room through the return-air grill.





Outdoor air is added to freshen the air in the building and to maintain a higher pressure inside the building than outside the building so air leaks out of the building rather than into the building, eliminating uncomfortable drafts.





The air is filtered.





The air is heated and/or cooled.





The air is delivered to a room by the fan (sometimes referred to as the “blower”).


�
	Multizone air systems provide conditioned air to multiple areas (also known as “zones”) within a building.  Portions of air are heated or cooled by coils installed in parallel, and the resulting hot and cold air are mixed in response to zone demand sensed by the thermostat.  Total airflow to the building is constant because the control dampers only vary the proportion of hot and cold air, not total volume.  A humidifier may be included to humidify the air during dry winter months, or the cooling coil may act to dehumidify the air during humid summer months.  In a multizone air system:
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Multizone Air System





The air is returned from the building through the return-air ductwork.





Some of the air is exhausted to remove stale air and odors.





The rest of the air is returned to the supply side of the system.





Outdoor air is added to the return air to make up for the exhausted air, to freshen the air in the building, and to maintain a higher pressure inside the building than outside the building so air leaks out of the building instead of into the building, eliminating uncomfortable drafts.





The return air and outdoor air are mixed in the mixing box.





The air is filtered.





The air pressure is increased by a fan to supply the pressure needed to move the air through the ductwork.





The air is split into two parallel flows -- one to be heated and one to be cooled.





The resulting hot and cold air are mixed in response to a signal from the zone thermostat.





The air is delivered to the supply-air ductwork for distribution throughout the zone.�
	Dual-duct air systems provide conditioned air to multiple areas (also known as “zones”) within a building.   The airflow at the air handler is split into two portions -- one is heated and supplied to the “hot deck” and the other is cooled and supplied to the “cold deck.”  Air from the two decks are mixed at the mixing box in response to the zone demand sensed by the thermostat.  Total airflow to the building is constant because the mixing box control dampers only vary the proportion of hot and cold air, not total volume.  A humidifier may be included to humidify the air during dry winter months, or the cooling coil may act to dehumidify the air during humid summer months.  In a dual-duct air system:





The air is returned from the building through the return-air ductwork.


Some of the air is exhausted to remove stale air and odors.


The rest of the air is returned to the supply side of the system.


Outdoor air is added to the return air to make up for the exhausted air, to freshen the air in the building, and to maintain a higher pressure inside the building than outside the building so air leaks out of the building instead of into the building, eliminating uncomfortable drafts.


The return air and outdoor air are mixed in the mixing box.


The air is filtered.


The air pressure is increased by a fan to supply the pressure needed to move the air through the ductwork


The air is split into two parallel flows -- one to be heated and supplied to the “hot deck,” and one to be cooled and supplied to the “cold deck.”


The air in each deck is distributed throughout the building.


The air from the two decks are mixed at the mixing box and supplied to the zone in response to the zone thermostat.
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Dual-Duct Air System


�
	Terminal reheat air systems provide conditioned air to multiple areas (also known as “zones”) within a building.  The air is cooled to the supply-air set point, and the resulting cold air is supplied to the reheat coils at the individual zones. The air is reheated by the local heating coil in response to the zone thermostat.  Terminal reheat systems are typically used where tight humidity control is required.  The air is cooled sufficiently to be dehumidified, then reheated at the zone level for comfort control.  In a terminal reheat air system:
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Terminal Reheat Air System





The air is returned from the building through the return-air ductwork.


Some of the air is exhausted to remove stale air and odors.


The rest of the air is returned to the supply side of the system.


Outdoor air is added to the return air to make up for the exhausted air, to freshen the air in the building, and to maintain a higher pressure inside the building than outside the building so air leaks out of the building instead of into the building, eliminating uncomfortable drafts.


The return air and outdoor air are mixed in the mixing box.


The air is filtered.


The air pressure is increased by a fan to supply the pressure needed to move the air through the ductwork.


The air is cooled to the supply-air set point and distributed throughout the building.


The supply air is reheated in response to the zone thermostat and supplied to the zone.





�
	Unit heaters provide heat to a single area within a building.  A fan takes air in through a grill then out through a heating coil.  Control is maintained by cycling the fan.  The coil is heated by steam, high-temperature hot water, or an electric heating coil.  Unit heaters are typically found in warehouses, open shops, aircraft hangars, or other industrial or storage areas.
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Unit Heater








�
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Variable Air Volume System


	Variable air volume (VAV) systems provide conditioned air to multiple areas (also known as “zones”) within a building.  The air handler supplies air to the supply-air ductwork at a constant air temperature and pressure.  The individual zone thermostats control their zone’s temperature by modulating the volume damper at their VAV box.  As the VAV boxes open in response to a higher cooling load, which causes the duct air pressure to drop, the fan volume increases either by variable fan speed or by modulating volume control dampers.  A return-air fan may be installed to ensure proper return-air volume.  VAV systems are very energy efficient because the fan load is not constant, but varies with the cooling load.  The control system is, however, more complicated than other air-handling systems and must be properly commissioned and maintained to ensure occupant comfort.  In systems employing a return-air fan, ensure the return-fan volume is tied correctly to the supply-fan volume.  If the return-air fan has a higher volume than the supply fan, the outdoor air intake may become an exhaust opening and no fresh air will be supplied to the building by the air-handling system.  In a VAV system:





The air is returned from the building through the return-air ductwork.





Some of the air is exhausted to remove stale air and odors.





The rest of the air is returned to the supply side of the system.





Outdoor air is added to the return air to make up for the exhausted air, to freshen the air in the building, and to maintain a higher pressure inside the building than outside the building so air leaks out of the building instead of into the building, eliminating uncomfortable drafts.





The return air and outdoor air are mixed in the mixing box.





The air is filtered.





The air is cooled to the supply-air set point.





The air pressure is increased by a fan to supply the pressure needed to move the air through the ductwork.  Fan volume is controlled to maintain the air pressure at the pressure set point.





The air is supplied to each zone.  Air volume is varied in response to the thermal demand measured by the zone thermostat.
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