
Using 
Adjustable Frequency 

Inverters 
in Variable Torque 
HVAC Applications 

Presenter
Presentation Notes
Adjustable frequency drives have been used in HVAC applications since the latter part of the 1970s. The knowledge gained over these years of experience has resulted in drives that can be effectively applied to a wider range of applications than ever before. This presentation will consider how modern HVAC drives can be effectively applied in modern HVAC applications.
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Why Flow Control? 
• HVAC systems are designed for “worst 

case” situations. Most of the time they 
have excess capacity. 

• Controlling flow 
– Saves energy 
– Improves occupant comfort 

Presenter
Presentation Notes
Because an HVAC system must be designed to operate effectively under the most extreme conditions that the building will likely encounter, it must have a significant amount of excess capacity during more moderate times. Reducing the capacity of the HVAC system when full capacity isn’t required provides significant energy savings without sacrificing system performance.
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Variable Torque Applications 
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Presenter
Presentation Notes
The variable torque applications shown here can provide significant energy savings when they are controlled by adjustable frequency drives.
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Presenter
Presentation Notes
Details of the way that drives are interfaced with the building’s HVAC system have a major impact on the amount of energy that can be saved. In some cases, the simple relocation of a sensor or the changing of a setpoint can be critical to achieving maximum energy savings. This portion of the presentation considers factors that are critical to maximizing energy savings. While this example deals specifically with a pumping system, the same concepts apply to fan systems.
The Pump Curve determines the relationship between the flow and pressure that the pump can produce. The Control Curve determines the same relationship for the controlled system. Where these two curves intersect determines the pressure and flow that will result.
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Presenter
Presentation Notes
It helps to be able to visualize the amount of power that is associated with any particular combination of pressure and flow. Since power is proportional to the product of pressure and flow, the area of the rectangle that is formed between the axes of the pressure-flow graph and the operating point represents the power that is associated with the flow.
It should be noted here that this describes the power associated with the flow from the pump. It does not take into account the inefficiency of the pump, the motor, or any other portion of the system. While consideration of these inefficiencies will be important for a precise analysis of the total power requirements of the system, these do not need to be considered for this discussion. 
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Energy Savings 
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Presenter
Presentation Notes
Since the system will seldom need to operate at its full design flow, it is important to consider how to reduce the flow to the level that will be required under less severe conditions.
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Energy Savings – Throttling 
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Presenter
Presentation Notes
The traditional method of reducing the flow from a pump is to close a throttling valve. This increases the pressure that the pump needs to produce. The operating point is said to “ride up” the Pump Curve.
An examination of this situation shows that the power associated with this flow, as shown by the area of the purple rectangle, has decreased. However, only the bottom portion of this rectangle represents the flow and pressure delivered to the load. The rest of the rectangle represents power that is lost through the pressure drop across the partially-closed valve.



8 

Controlling Secondary Pumps 
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Presenter
Presentation Notes
An adjustable frequency drive avoids this large pressure drop by controlling the speed of the pump. While there are a number of different ways of accomplishing this, the simplest and most common is to measure the differential pressure across the most distant significant load. A setpoint controller is used to adjust the speed of the drive to maintain the required system differential pressure. The concept here is that, if the required pressure is maintained here, sufficient pressure will be available throughout the system.
As the valves in the system are closed due to a reduced demand for flow, the pressure in the system will tend to increase. The differential pressure sensor will indicate this and the setpoint controller will slow down the drive to maintain the desired pressure.
The opposite happens when the demand increases.
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Energy Savings – 
Adjustable Speed 
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Presenter
Presentation Notes
Instead of following the Pump Curve for a fixed speed, the operation of the system follows the Control Curve. As the required flow decreases, both the pressure and the flow decrease. As a result, the reduction in power is significant.
If the setpoint pressure was zero, the pressure would be proportional to the square of the flow. As a result, since power is proportional to pressure times flow, the power would be proportional to flow cubed. This is the familiar centrifugal fan or pump affinity law. When projecting the energy savings possible by using an adjustable frequency drive, it is important to remember that this only applies when the setpoint pressure for the Control Curve is zero. It is also important to remember to consider the efficiencies of the various devices in the system.
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Effect of Pressure Setpoint 
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Presenter
Presentation Notes
Another aspect of the control system that needs to be addressed is the pressure setpoint to be used. While it might be tempting to use a high setpoint to ensure that full flow can be produced in the system, using a setpoint that is higher than required wastes power at all flows, since the valves at the individual coil units will need to produce additional pressure drops to compensate for the excessive pressure.
While the energy savings here aren’t as dramatic as were achieved by placing the pressure sensor in the proper location, achieving proper system operation is also much easier. All that is required is entering the proper differential pressure setpoint into the control system.
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Secondary Pump 
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Presenter
Presentation Notes
In a variable flow pumping system, it isn’t always clear where the most distant significant load is located. To address this requirement, the VLT 6000 allows multiple feedback signals to be supplied to the drive. In this case, the drive is programmed so that the “active” sensor is the one that is farthest below the pressure setpoint. This ensures that both locations will receive sufficient pressure to provide full flow if its zone calls for it.
If the feedback pressure at both sensors is above the setpoint, the pressure that is closest to the setpoint will be the “active” one.
While it is most common to use the same pressure setpoint for both sensors, it is possible to compare each pressure sensor to its own unique setpoint.
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VAV Supply Fan 
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Presenter
Presentation Notes
A VAV supply fan control system is quite straightforward. Like the pumping system, the idea is to measure the duct static pressure well out in the system so that enough pressure to properly operate each VAV box is ensured.
It, of course, is important to locate the pressure sensor away from areas where turbulent flow will make it difficult to provide a stable pressure feedback signal.
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VAV Supply Fan – Loss 
of Feedback 
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Presenter
Presentation Notes
One concern with such a system deals with what will happen if the feedback pressure signal is lost. A simple control system will blindly increase the speed of the supply fan in a futile attempt to restore the measured pressure feedback. The supply fan will eventually be commanded to run at full speed.
While this was sufficient in the early days of variable air volume HVAC systems, many modern VAV systems are designed in such a way that they can be damaged by having the supply fan run at full speed when the requirements of the conditioned spaced don’t call for full flow. A way to protect the system from such an occurrence if a sensor fails is important.
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VAV Supply Fan – Loss 
of Feedback 
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Presenter
Presentation Notes
A more direct solution to this concern is to ensure that a 4 to 20 mA signal is used to provide pressure feedback. Now, the VLT 6000 can sense if the pressure feedback signal is lost and take the desired action, such as running at a pre-programmed safe speed while reporting the loss of the feedback signal to the building automation system.
While the loss of a 2 to 10 V signal can also be detected by the drive, the current signal is generally preferred. This is because the lower impedance of the current loop makes it more immune to the effects of electrical noise. In addition, the current signal isn’t reduced by long feedback wire runs, while voltage drop over long cable distances can reduce the voltage feedback signal that is supplied to the drive.
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CAV Supply Fan Retrofit – 
Before  

Presenter
Presentation Notes
Large, open, single-zone systems often use a control strategy such as this. Since there is only one zone, VAV boxes are seldom used. The supply fan runs at full speed and the temperature of the conditioned space is used to modulate the temperature of the supplied air.
Because the fan is running continuously at full speed, significant energy savings are possible if the fan’s speed can be brought under control. However, the traditional method of controlling the fan’s speed based on static duct pressure can only be used if VAV boxes are added to the system. This would unnecessarily increase the cost and complexity of the system.
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CAV Supply Fan Retrofit – After  
Conditioned 
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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CAV Supply Fan – Clean Room 
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Presenter
Presentation Notes
Many people feel that adjustable frequency drives are only justified when variable flow is required. However, the fan drive for a clean room is one example of how adjustable speed can be useful when constant flow is required.
In order to ensure that clean air is supplied, a high performance air filter is needed. If no control system is provided, the air flow will decrease as the filter loads. By using air flow as a feedback signal, the drive can compensate for filter loading by increasing the speed of the fan to ensure a constant flow of air. As the drive approaches maximum speed, it can signal to the building management system that filter maintenance is required.
Other aspects of this system are also worth noting.
If the drive can perform a square root extraction, a pressure signal can be used as the feedback signal instead of using a more expensive flow sensor.
Because direct drive fans are often used in order to avoid adding particles from the belt to the air flow, it generally isn’t possible to adjust sheave ratios in order to achieve the required air flow. The drive provides a simple solution to this problem by allowing direct control of the fan motor’s speed.
Although it is not shown here, there is sometimes a need to ensure positive pressurization of the conditioned space even when doors to it are opened to move materials in or out. In this case, a second pressure sensor can be used to measure the pressure in the conditioned space and increase the speed of the supply fan if this pressure becomes too low.
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Presenter
Presentation Notes
Controlling air flow during or after a fire can be important. During the fire it is important to control the air pressure in various zones to attempt to contain the fire. After the fire, drives can help evacuate smoke from a zone.
This drawing shows how a drive that controls an axial fan can easily reverse the air flow produced by the fan. Because the drive controls both the speed and direction of the driven motor electronically, reversing the fan is simple. There is no need to ensue that the fan has stopped before giving the reverse command. Even if the fan is running at full speed in the forward direction, the drive will smoothly decelerate the fan to a stop and accelerate it to the desired speed in the required direction. This can all be accomplished through the use of a single control contact.
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Presenter
Presentation Notes
Stairwells generally are the only safe fire exit from a multi-story building. In order to ensure that they provide a safe exit path, it is important to maintain a positive pressure in them to keep them clear of the fire or its smoke. This will require a higher than normal fan speed, although it may not be full fan speed, since the resulting pressure may make it be difficult to push open the exit doors.
Because of the safety concerns relating to the operation of the fan, the VLT 6000 has a Firefighter’s Override Mode that will ignore normal start/stop commands, inputs from the drive’s keypad, system interlocks, and alarms to keep the drive running under these extraordinary circumstances.
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Presenter
Presentation Notes
The ventilation requirements of indoor parking garages vary widely throughout the day. In the morning, when a large number of vehicles are entering the garage, it is necessary to provide a significant amount of ventilation to maintain an acceptable level of air quality. The same is also true during the early evening, when a large number of cars are leaving the garage. During other times, the ventilation requirements of the garage are quite low, so significant energy can be saved by reducing the speed of the fan.
Such a system could be controlled using a time clock as long as a mechanism for overriding the timed operation during special events or holidays is provided. A more automatic control method would use sensors to detect the presence of some indicator pollutant, such as carbon monoxide. The drive’s setpoint controller can then automatically adjust the speed of the ventilation fan to provide the required amount of fresh air.
In the case of a fire or smoke, a single contact closure can change the drive’s operation to match the fan’s flow to the system’s design requirements.
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Fume Hood Fan 
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Presenter
Presentation Notes
Fume hoods for research laboratories, schools, pharmaceutical manufacturers and similar facilities provide another example of an application that has a wide range of flow requirements. A variety of methods can be used to control the speed of the ventilation fan. These range from simply detecting the position of the sash on each fume hood, to measuring pressure in the exhaust duct or directly measuring the face velocity of the air flow through the active hoods. Regardless of the control method chosen, if the control scheme can be converted into an electronic signal, an adjustable frequency drive can be used to control it.
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Presenter
Presentation Notes
Cooling tower fans have traditionally been a neglected portion of a large building’s HVAC system. However, properly controlling the forced draft that they produce can have a significant impact on the operating costs of the building.
Most commonly, the speed of the cooling tower's fans is adjusted to maintain a constant return water temperature to the chiller. While more complex control algorithms can take into account the combined power draw of the chiller and the cooling tower, these aren’t as common as direct temperature control.
In addition to reducing the amount of energy needed to drive the cooling tower fans, reducing the amount of forced air draft controls the amount of water blown out of the tower. This reduces the need for make-up water and all of the chemical treatment that is required for it.
Because the fan of a cooling tower generally has a significant amount of inertia, line starting the fan can put a lot of mechanical stress on the system. The smooth, controlled speed changes that an adjustable frequency provides can significantly reduce maintenance costs.
For a multi-cell cooling tower, it is generally more efficient to run all cells at the same speed whenever possible. Therefore, this is one application where it can make sense to run multiple motors from a single drive. Another solution is to use individual drives and program them to control their individual cells at the same speed. There are other factors to consider when deciding between using individual drives or a single large drive for a multiple cell cooling tower, such as system redundancy, the need (or lack of need) for bypass, and minimum speed requirements. However, these are beyond the scope of this presentation.
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Presenter
Presentation Notes
In order to maintain proper operation of the chiller and cooling tower, it is important to maintain a constant flow of condenser water. However, it can still make sense on occasion to use an adjustable frequency drive to control the speed of the condenser water pump.
One possible reason to use an adjustable frequency drive is to eliminate the need to control flow using a throttling valve. Without a drive, too often the flow from the condenser water pump is controlled by simply closing this valve. If the pressure drop across this valve is significant, it can be more economical to use a manually controlled drive to establish the required flow.
The addition of a flow sensor can make the drive even more useful. As the strainer begins to load due to debris that has entered the tower, the flow in the system will decrease. Using the flow as its feedback, the drive can control the speed of the pump to maintain the desired flow as the strainer loads. The dive can also signal the building management system when the strainer needs to be cleaned.
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Presenter
Presentation Notes
Pressure booster pumps for domestic water systems have an extremely wide operating range. Of course, the demand for water by the building’s occupants changes widely throughout the day. In addition, the water pressure supplied to the building may also vary over a wide range. As a result, it is often impractical to meet the requirements of such an application using a single pump, even one that is controlled by an adjustable frequency drive. It is often necessary to use number of smaller pumps and stage them on as the system requires them. In this slide, the Cascade Controller in the drive on the left receives the pressure feedback signal from the system, stages on additional pump drives as required, and provides a master speed reference signal to all pumps, ensuring that they are all providing matched pressure and flow.
As with all other pumping systems, it is essential to measure the pressure feedback signal near the far end of the system. In this case, that means the top of the building. Measurements made near the outlet of the pump provide little information about the pressure that is being supplied to the users.
It may also be necessary to increase the minimum speed of the drives to ensure that each pump will always produce enough pressure to overcome the lift head and produce flow.
When estimating the energy savings potential in a pressure boost system, it is important to consider the lift that the pump must provide. While lift is of no concern for closed pumping systems, like secondary chilled water pumps, it has a major impact on the energy savings possible trough the use of adjustable frequency drives.
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Exemplos: 
 

Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presentation Notes
The use of adjustable frequency drives to control the flow of air and water in HVAC applications provides improved system performance while reducing the operating costs of the system. As more importance is placed on reducing the energy consumption of buildings, adjustable frequency drives will continue be an essential part of all conservation efforts.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.



49 

Presenter
Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
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Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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Presentation Notes
Since there is only a single zone, there is no need to provide VAV boxes to meet the unique needs of individual zones.
A VAV box is often controlled by the temperature of an individual zone. Since there is only one zone in this case, the air flow to this zone can be directly controlled by controlling the speed of the supply fan. This temperature can be measured in the conditioned space or in the return air from the room.
In this case, the heating and cooling coils are adjusted to maintain a controlled supply air temperature. As the supply air flow is reduced, less energy is needed to condition it. As a result, energy savings are achieved in both the air and water sides of this system.
Since slowing the fan reduces the air flow, it will be important to ensure that sufficient fresh air is still supplied. A carbon dioxide sensor may be helpful here.
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