Fans	





�
4 List





(	Will the airflow be clean (found in typical buildings) or contaminated (found at industrial sites)?





(	Contaminated airflow velocities must be kept high enough to prevent contaminant "drop out".





(	What static pressure must the fan overcome?





(	Can a capture hood with dedicated supply air be used to avoid excessive makeup air cooling or heating costs?





	Fans are available in a wide range of sizes and for many purposes.  For example, fans range from several inches in diameter used in the desktop computer’s power supply to 12 feet in diameter used in industrial applications.  Fans are generally classified by both their blade shape and their use.  Uses include removing contaminants (ventilation) and supplying air.  Ventilation includes general ventilation where large volumes of air are used to remove contaminants, such as fumes or smoke, and process ventilation where significant volumes of particulate must be removed, such as in machining operations.





	When selecting a fan, consider the fan’s environment and the volume of air to be moved.  Also consider the fan’s location.  Some fans, such as vaneaxial and tubeaxial, are designed to be installed in ductwork.  Other fans, such as propeller or backward inclined, may be installed in either ductwork or through a simple opening in a wall or roof.  Isolate or protect fan motors on exhaust fans from vapor-laden air streams.





	Specify size and performance, based on the velocity to be maintained through the fan, the blade tip speed, and the power consumed by the drive motor.








Fan Performance





	Terms used do describe the pressure a fan operates against include velocity pressure, static pressure, and total pressure.





	Velocity pressure is developed by the airstream as a result of airflow.  If you hold your hand in an air duct (away from moving fan blades), you will feel velocity pressure.  At standard air conditions (59o F and 29.921 in. Hg.), the equation for velocity pressure is





	� EMBED Equation  ���


	


where	Pv	= velocity pressure (inches wg)


		V	= air velocity (feet per minute)





	Static pressure is exerted by a fluid against the walls of the container holding the fluid.  In a fan system, this is the pressure felt by the ductwork.  The static pressure is usually negative (or suction) on the inlet side of the fan and positive (or pressure) on the outlet side of the fan.  Static pressure is frequently used because it is much easier to measure accurately than other types of pressure.  Sufficient static pressure must be maintained in a duct to push the air out of the diffusers.  Because static pressure is the difference between total pressure and velocity pressure, static pressure is increased in a duct by reducing airspeed (e.g., enlarging the duct size).





	Total pressure is the sum of velocity pressure and static pressure.  Total pressure is a true measure of airflow energy.  Velocity and static pressures can be interchanged by varying air speed in the duct.  Total pressure is a measure of the duct losses resulting from friction, turbulence, or other factors.


Fan Laws
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	total pressure = static pressure + velocity pressure





	Fan efficiency is a comparison of the shaft horsepower and air horsepower.  Static efficiency is calculated using static pressure, and total efficiency is calculated using total pressure.  Total efficiency is preferred because static efficiency may be changed significantly by simply changing the duct size, and thereby, the static pressure.  The equation for fan efficiency is





	� EMBED Equation  ���





where	P = pressure developed by the fan (inches water gauge) 





	The fan laws are used to predict fan performance when certain variables change, such as fan speed, flow rate, or power consumption.  Use caution when predicting fan performance because there may be other variables affecting operation.  Performance must be limited to the linear portion of the fan curve.  Fan power is not just the power input to the drive motor.  Fan power must include the power required to drive the fan, the power lost in the belt or drive assembly, and the power lost because of drive motor inefficiency.


	Terms regularly used with fan airflow include shutoff, free delivery, and system effect.  At shutoff, the fan is running but airflow is reduced to zero by blocking the duct.  At free delivery, the outlet resistance is zero and the fan flow is at maximum.  





	Fans are typically tested and rated in a laboratory under ideal conditions with uniform airflow.  System effect is an estimate of the effect of field-installed conditions on fan performance.  Obstructions include restrictions in the fan inlet or outlet.  Airflow changes may be caused by duct fittings or an elbow.  System effect factors are published for duct fittings, coils, dampers, and other elements.





	For information about fan noise, see “Noise and Vibration Control for Mechanical Equipment,” NAVFAC DM-3.10.  Follow the criteria outlined in the “Navy Occupational Safety and Health (NAVOSH) Program Manual,” OPNAVINST 5100.23.  For more information about fan noise calculations, see the Air Movement and Control Association (AMCA) “Standard 300”, Section 5, “Reverberant Room Method for Sound Testing of Fans.”








Fan Options





	Fans fall into two general categories - axial flow where the air enters and leaves the fan with no change in direction (propeller, tubeaxial, vaneaxial), and centrifugal flow where the flow changes direction twice -- once when entering and once when leaving (forward curved, backward curved or inclined, radial).





	Propeller fans usually run at low speeds (under 12,000 feet per minute tip speed) and moderate temperatures (under 100o F).  They experience a large change in airflow with small changes in static pressure.  Propeller fans are often used indoors as exhaust fans.  Outdoor applications include air-cooled condensers and cooling towers.





	Radial fans are an industrial workhorse because of their high static pressures and ability to handle heavily contaminated airstreams.  Because of their simple design, radial fans are well suited for high temperatures and medium blade tip speeds.


Need more information?





Refer to





NAVFAC DM 3.03, “Heating, Ventilating, Air Conditioning & Dehumidifying Systems”





“Industrial Ventilation, A Manual of Recommended Practice, 21st Edition”, 1992, American Conference of Governmental Industrial Hygienists, 6500 Glenway Avenue, Bldg. D-7, Cincinnati, Ohio  45211.





Publication 200, “Air Systems,” and Publication 201, “Fans and Systems,” Air Movement and Control Association, Inc., 30 West University Drive, Arlington Heights, Illinois  60004, 312-394-0150.
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Energy & Utilities Department


Code 23


Naval Facilities Engineering Service Center


Port Hueneme, California 93043-4328





Telephone  805-982-3901


Autovon  551-3901


FAX  805-982-5388








	Forward-curved fans are used in clean environments and operate at lower temperatures.  They are well suited for low tip speed and high-airflow work.





	Backward-inclined fans are more efficient than forward-curved fans.  Backward-inclined fans reach their peak power consumption and then power demand drops off well within their useable airflow range.  Backward-inclined fans are known as "nonoverloading" because changes in static pressure do not overload the motor.





	Tubeaxial fans operate in a higher pressure range and are not sensitive to small changes in static pressure.  Fan blade tip can reach speeds of 15,000 feet per minute and temperatures of 150o F.





	Vaneaxial fans are similar to tubeaxials, but have stator vanes installed downstream of the fan blades to convert the swirl of the air into useful static pressure.    As a result, they have a higher static pressure with less dependence on the duct static pressure.  Vaneaxials are typically the most energy-efficient fans available and should be used whenever possible.


�
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Radial Fan





Peak static pressure = 0.75 inches wg


Largest diameter = 144 inches


Peak mechanical efficiency = 50% to 60%
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Backward-Inclined Fan





Peak static pressure = 12 inches wg


Largest diameter = 85 inches


Peak mechanical efficiency = 65% to 75%
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Propeller Fan





Peak static pressure = 0.75 inches wg


Largest diameter = 144 inches


Peak mechanical efficiency = 50% to 60%
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Forward-Curved Fan





Peak static pressure = 4 inches wg


Largest diameter = 30 inches


Peak mechanical efficiency = 40% to 50%
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Tubeaxial Fan





Peak static pressure = 1.5 inches wg


Largest diameter = 96 inches


Peak mechanical efficiency = 55% to 60%
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Vaneaxial Fan





Peak static pressure = 4 inches wg


Largest diameter = 96 inches


Peak mechanical efficiency = 60% to 70%





Energy Technology Bulletin	Fans








Naval Facilities Engineering Service Center, Port Hueneme, California	� PAGE �3� of � NUMPAGES  \* MERGEFORMAT �5�





Energy Technology Bulletin





Naval Facilities Engineering Service Center, Port Hueneme, California	� PAGE �1� of � NUMPAGES  \* MERGEFORMAT �5�











