Improved precision

 leading to

 improved energy efficiency
Introduction
According to ASHRAE Standard 90.1-1999, buildings must have a minimum quantity of outside air, or ventilation air, brought in by means of a mechanical ventilation system. This minimum quantity may depend on building or room usage, square footage, number of occupants, or other factors. Because these factors may change for a given time, the minimum amount off ventilation air may change as well. In order to control the ventilation air intake and, thus, maximize the efficiency of the air-handling-unit, the amount of supply, return, and outside air must first be quantified. In a constant-air-volume (CAV) system, the minimum required ventilation air is supplied by setting the minimum outside air damper position so that it will deliver the required outside air.  In a variable-air-volume (VAV) system, accurate measurement and control of outside air is a much more difficult task. This is because the supply fan fluctuates with the load. This fluctuation in fan flow will cause the ventilation air flow to fluctuate as well, which could lead to the minimum rates not being met, or too much ventilation air which wastes energy during the conditioning process.
While the easiest way to ensure both proper indoor air quality and that the minimum amount of outside air is brought into a building is through the use of a dedicated outside air system in which there is 100% outside air being brought in. The problem with a system such as this is the high cost of conditioning such a large amount of air.
 Because of this cost, most systems are designed to bring in only the minimum required amount of outside air. To bring in outside air into a building that is not serviced by a dedicated outside air system, dampers are modulated to allow for certain amounts of ducted air to be directed either back to the air handler or exhausted out of the building. The amount of air that is exhausted is the theoretical amount of air that needs to be made-up in the form of outside air. In order to control the ventilation air intake and, thus, maximize the efficiency of the air-handling-unit, the amount of supply, return, and outside air must first be quantified.  

Currently, there are two main categories of techniques used for measuring airflow in HVAC systems: direct and indirect. Research has proven that direct methods of control using pitot tube arrays or electronic thermal anemometers provide the most accurate measurements. With accurate measurement techniques employed, the most accurate method of controlling airflows was through plenum pressure control. While this technique worked well, several problems arise in practical field applications which may cause errors in measurements and control. The most wide-spread and significant problems involve the development of the required flow profile. More specifically, the lack of flow profile development. These techniques require well developed airflow profiles. Spacing of 2D upstream from a measurement station, and 1D downstream is normally sufficient to achieve such a profile.2 It is often the case that there is just not enough space allotted for the system to allow for the required fully developed flow profiles, rendering measurements from direct techniques inaccurate. The reason for the required spacing is due to the instrumentation being used to collect the airflow data. Intelligent building design could be used to incorporate multiple electronic sensors along a duct path to collect airflow measurements, rather than the more conventional pitot tube arrays. Multiple electronic sensors could be used to measure the airflow rate as it changed along the duct path, and calculate the actual rate from these multiple readings. Intelligent design could also incorporate a node within the duct to ‘trip’ the flow profile, allowing for the same pitot tube array to be used accurately without the necessary 2D spacing. 

 Indirect methods depend on properties of the airflow, rather than the airflow itself, and typically involve a property balance such as enthalpy or concentration. These methods usually either do not provide consistent readings or provide readings which are inaccurate. CO2 concentration balance is able to provide adequate control with the exceptions of low occupancy, or when outside air represented a small fraction of the supply air. It was shown that the accuracy of CO2 concentration balance degraded as COra – COoa became small.
  With advances in sensor technology, and the associated decrease in sensor cost, these factors can be overcome. More accurate sensors could be able to distinguish between concentrations on levels approaching the ppm. (Although not yet possible) With these types of readings, indirect measurement techniques could be used to accurately measure the required amount of ventilation air for a given space. Intelligent design within these systems could allow for multiple sensor nodes providing precise and accurate readings, allowing for design on an individual level at all times, rather than a room designed for x number of people during the occupied period.

Discussion and Conclusion

Currently, most researchers agree that direct measurement is the preferred method of control. Schroeder et al. (2000) confirms that control strategies implementing direct measurement using either pitot-tube arrays, or electronic thermal anemometers provided the best ventilation control.
 However, advances in technology, allowing for intelligent  design are beginning to allow for indirect measurement techniques to be implemented to produce the most accurate measurements available. Cheaper, more accurate sensors can be effectively used to measure both the required and actual amount of ventilation air associated with a system. With accurate measurements, the task of controlling the outside air entering a building becomes a much less difficult task.
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