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Controllers for variable air volume (VAV) terminal boxes are among the most critical components of HVAC systems. Their proper operation is essential for systems to be balanced to strict tolerances, so that optimum performance can be achieved.

As a result, our technicians have been concerned to find that some common controllers have inherent difficulty in maintaining the desired level of control. Specifically, problems with these. controllers at low air velocities make it exceedingly difficult, if not impossible to balance systems to within ±5 percent or even ±10 percent.

This article outlines the cause and nature of electronic VAV controller problems, and suggests questions that manufacturers should consider in controller design and. application. The performance data cited in this article is drawn from actual projects.

Our concerns are with the mathematics of velocity measurement, the technology of velocity controllers, and the problems that will arise in too many situations.

While the output of the controller is "seen" as CFM or FPM, the true input is velocity pressure. Velocity pressure is the difference between total pressure and static pressure and is usually expressed as inches of water column.

There are two ways to measure velocity pressure. One method is to measure the true differential pressure (total pressure (TP) minus static pressure (SP) equals velocity pressure - VP) using. a single device. The other method is to measure the total pressure (TP) using one device, static pressure (SP) using another device, and solve the equation VP = TP - SP.

Manufacturers should address the need for greatly improved accuracy at low velocity.

In theory, there is absolutely no difference between the two methods of measurement, if the measuring device(s) is properly scaled (number of decimal points that can be resolved) or the velocity is high enough such that second and third place decimal point resolutions are no longer relevant to the application.

This is important because velocity pressures below 400 FPM require at least three decimal places to be measured at all. Thus, the ability of the device to accurately read pressure l/l000ths of an inch is extremely important.

To convert velocity pressure to velocity, the reading is put through a square-root extractor (or some algorithm that simulates it) and the result multiplied by the constant 4005. Since velocity varies with the square root of the velocity pressure, the function is not linear. To convert velocity to CFM, the velocity is multiplied by the net tree area in square feet (K) of the duct.

All velocity controllers, (pneumatic, thermal, electric, or electronic) employ this method of flow measurement. The only differences are range, accuracy (resolution), repeatability, output signal, some possible: optional features, whether they measure true differential, and of course price. The technical differences are critical and must be suitable for the application for which they are intended Low velocity measurement requires very narrow ranges with incredible accuracy (0.0001" w.c.) and repeatability (0.001" w.c. full range).

The signal out of any controller is always of a fixed range, and is usually measured as a current (4-2OmA) voltage (0-5 volts), or pressure (0-20psi). The output value is really unimportant except as it relates to a specific application. What is important is the range of values that the output must accommodate, the resolution of the receiver (the number of decimal places it can discern), and whether the controller has what is referred to as "turn-down." These are extremely important considerations.

The wider the range the controller must accommodate (say 0 to 4000 feet per minute) the larger the span that must be "assigned" to each increment of the controller's output. For example, at 0 to 4000 FPM and assuming a 4 to 2O mA signal, the device has 16 whole numbers. To cover the entire range of the controller. At one decimal place the controller will resolve at 160 points across the full range of 4000 FPM or 25 FPM per 1/10th of a mA (4000/160). At two decimal places the controller will resolve 1600 points across the full range of 4000 FPM or 15 FPM per 1/100th of mA.

From the above information, it becomes evident that the ability of any controller to accurately measure, compute, and control air flow at low velocities is dependent on a number of very critical factors. Answers to the following questions will determine how the controllers are to be set, and whether they can provide the required control at low velocities.

1. What does the controller "see" as inputs? Does the controller resolve a 1/l0th, 1/100th, or 1/1000 of an inch of water column? 

2. Does the controller round off to the nearest 1/10th, 1/100th, or l/l000th of an inch of water column, or does it "drop" the last digit? 

3. Does the controller round off up, down, or both? 

4. Does the controller round off before, or after it takes the square root? 

5. Does the controller "see" negative inputs or does the logic assume the high port is always positive and the low port always negative? 

6. Does the controller "see" zero, or does it substitute some value when it encounters zero? 

7. Does the controller use two discrete transducers or is it true differential? If it is not true differential, does it round off before or after it subtract the two inputs? In either case does it round off before or after it takes the square root? 

8. How frequently are velocity pressures sampled? Is the frequency adjustable? 

9. What is the lag time between the time the velocity is measured and response at the damper is initiated? Is the time adjustable? 

10. Can the input/output of the controller be tuned down from a larger range (0-4000 FPM) to a smaller range (0-1000 FPM)? 

11. Is the output value of the controller in 1/10ths, 1/10ths, or 1/1000ths? Is the value rounded off up, down, both, or dropped? 

12. What is the annual drift (percentage) of the controller's inputs, outputs, and other component parts both individually and collectively? 

13. What are the input values for K; are they in 1/10ths, l/100ths, or 1/1000ths of a square foot? 

Answers to all these questions are extremely important as they have a very significant impact on setting initial values to the controllers, and on the ability of the controller to maintain set point under dynamic load conditions. Most importantly, the answers to these questions will dictate how much time and effort will be required to set the controllers, the complexity of doing so, and whether or not the system can even be balanced to the values expected and required.

What we are finding is that most manufacturers' controllers attempt to cover too wide a range, and that they are being used to modify existing pressure-dependent, double-duct VAV systems to pressure independent VAV systems by installing the velocity sensor in the low-pressure side of the VAV.

Across the board, commercial grade (as opposed to industrial grade) controllers are intended for small diameter ducts (notably inlets to VAV boxes) where velocities at any given flow are much higher.

For example, velocities at the inlet and outlet of a VAV with a 6" inlet (0.1963 sq. ft.) and a 12" x 12" outlet (1.0 sq. ft.) at 300 CFM will be 1,528.27 FPM and 300 FPM respectively. The corresponding velocity pressures are 0.1456" w.c, and 0.00561" w.c.

There is a tremendous difference between these two values when it comes to the mathematics involved. It is now easy to see why considerations such as rounding off up or down, dropping last digits and the number of decimal places allowed, among others, are so crucial.

With two decimal place resolution, 0.l456 is either 0.l4 or 0.15 depending on whether the third decimal place is rounded up or dropped before the square root is extracted. At higher velocities, his is not a particular concern. For example: the velocity at 0.14" w.c. is 1,498.53 FPM and at 0.15" w.c. is 1,551.13 FPM. Convening to CFM, the values are 294 CFM and 304 CFM respectively - not much difference.

Even if the manufacturer's accuracy is ±5%, one digit resolution, the output of the controller at 0.14'! w.c. will adjust the flow to between 1,408.4 FPM (276.4 CFM) and 1,590.4 FPM (312.2 CFM) from a. set point of 300 CFM; this is certainly acceptable in a commercial application. But at lower velocities, controller performance appears to be unacceptable. At 300 FPM the velocity pressure is 0.00561" w.c. In rounding to two decimal places, would the controller "see" the value as zero or as 0.0l" w.c.? If the value is zero (no flow) then what does the system reset itself to if the actual flow is already some other value?

If the system does see 0.005" w.c. then actual flow is 283.2 FPM, but if it rounds off to 0.01" w.c., then actual flow is 400.5 FPM. Such a variance is not acceptable since balanced values cannot be achieved; and adding allowances of accuracy and resolution only make matters worse. Performance certification under these conditions would be impossible.

The accuracy of velocity pressure measurements is also influenced by the location of the velocity probe (lack. of turbulence) and the number of points the probe is "averaging" in order to get a measurement. While all manufactures specify required inlet conditions (straight runs into VAV box), field conditions rarely allow such conditions, In these cases, it is necessary to "calibrate" the flow sensor to actual conditions.

This is a laborious task as "perceived" values at the controller must be checked against actual measured flows, Such work cannot be done by the controls contractor without the assistance of the testing and balancing technician. The added cost to complete such work can easily double the cost of the testing and balancing portion. of a contract.

When the velocity probe is placed in the discharge of the VAV, as may be the case when pressure-dependent systems are retrofitted, the situation is even worse. The physical construction of VAV boxes is such that turbulent flow is always present at the discharge and for some distance down the duct as well.

In the case of double-duct VAV boxes, turbulent flow is intentional, to promote mixing. While turbulence is the one condition, that should be avoided at all costs, "as-built" conditions rarely prevent it.

While turbulence will not prevent a VAV from being set by the balancing technician, the time required to do so is greatly increased, as the manufacturer's data that would normally be used to set the VAV is not valid at turbulent flow. Additionally, the "set point" that was so laboriously set will be unique to that flow and cannot be used as the starting point for calculating any other flow. 

This is particularly important in light of the increasing popularity of direct-digital controllers (DDE) that offer remote set-point control. Since turbulence prevents accurate measurements from any location. Resetting the VAV to a new value to reflect a change in load (occupancy or use) will be problematic and tedious and cannot be done remotely.

Velocity controllers that lack the ability to resolve low velocities should not be installed in any case, if the true value of VAV is to be realized.

Resetting the VAV to a new flow will require the technician to implement a set point change, measure the actual flow at each diffuser to determine the VAV-box total, and repeat the process over and over until the required total is obtained. Given these requirements, most if not all of the value of such controllers is lost. Additionally, balanced conditions are difficult, if not impossible to achieve or maintain.

Of course one possibility is to construct a table of values for each VAV box over a specified range of total air quantities. This could be used to reset the flow of an individual VAV box with some degree of accuracy at a later date. However, the time required and costs involved to complete a table for each and every box on a project would be incredible.

Controllers can easily be made that will perform at low velocities. Manufacturers should be sensitive to the wide variety of applications in which their components are likely to be used. Likewise, provisions must be made to accommodate low-velocity applications. Instrumentation and controls manufacturers would also do well to address low-velocity applications.

The new round of DDC "magic" black boxes do offer some distinct advantages, not the least of which is remote reset. However, both consultants and owners should be alert to the fact that all of them: incorporate old technology and will not perform as expected unless the manufacturer's inlet configuration requirements are met. The misapplication of controllers on retrofit projects has been particularly onerous.

Particular care should be taken to review the "fine print" and the manufacturer's statements as to accuracy, repeatability, and drift. At lower velocities, most commercially available velocity controllers stated performance criteria is wholly and totally unacceptable in that they cannot meet commonly acceptable standards of ±5 percent or even ±10 percent.

In some cases, the balancing agency will do well to obtain ±25 percent. Thus manufacturers should address the need for greatly improved accuracy at low velocities.

Velocity controllers that lack the ability to resolve low velocities should not be installed in. any case, if the true value of VAV is to be realized.

 

