SECTION 23 09 16
AIR FLOW CONTROL SYSTEMS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Air flow measuring stations (AFMS) and static pressure sensing (SPS) devices as specified and noted on drawings.

B. Air flow control systems (AFCS) as specified to accomplish air flow measuring and desired flow control.

1.2 RELATED WORK

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 15856:  Factory Custom Air Handling Units

C. Section 23 34 16:  Fans

D. Section 23 34 13:  Axial Fans

E. Section 23 09 00:  Building Control Systems

F. Section 15965:  Laboratory Air Flow Control Systems

G. Section 15970:  Building Management Systems

H. Section 23 09 93:  Control Sequences of Operation

I. Section 23 05 93:  Testing, Adjusting and Balancing

1.3 JOB CONDITIONS

A. Coordinate exact sizes and locations of air flow measuring stations and velocity pressure sensors with the Contractor installing the duct work.

B. Coordinate interface of flow measuring systems with the Temperature Control Contractor.

1.4 SUBMITTALS

A. Furnish shop drawings on all equipment provided under this Section.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Velocity pressure measuring stations: Air Monitor Corporation, Brandt, Farr, or approved equal.

B. Static pressure sensing devices: Air Monitor Corporation, Brandt, Farr, or approved equal.

C. Air flow control system: Air Monitor Corporation, Brandt, Farr, Temperature Control Contractor specified under Section 23 09 00, or approved equal.

2.2 GENERAL

A. Furnish and install air flow control systems (AFCS) complete with static pressure sensors, air flow measuring stations, volumetric control centers, transmitters, transducers, and all cabinets, wiring and tubing as required to accomplish desired control. The air flow control systems shall be capable of constant pressure control, constant volume control, and air flow synchronization, either in single or multiple control circuitry (totalization).

2.3 AIRFLOW MEASURING STATIONS (AFMS) - DUCT MOUNTED

A. Equal to Air Monitor VOLU-probe/VS airflow transverse station.

B. Round, circular or rectangular as required for duct installation and consisting of multiple pitot tube (or equivalent) total and static pressure sensing tubes. Air flow measuring stations for round or circular duct shall consist of a minimum of 20 pitot tube reading locations taken along at least two diameters perpendicular to each other. In rectangular duct, the minimum number of reading locations shall be 16 centers of equal area over the cross section of the duct. The maximum number of reading locations need not exceed 64. For less than 64 reading locations, the number of locations shall be such that the centers are no more than 6 inches apart.

C. Casing constructed on 16 gage galvanized steel minimum. Sensing tubes collected together to a single total pressure and a single static pressure port on the outside of the velocity pressure measuring station.

D. Measuring stations shall have a self-generated sound rating of less than NC 40. The maximum air flow resistance caused by the flow measuring station shall not exceed 12% of the velocity head at any given flow rate. The measured velocity pressure converted to air flow (cfm) shall have an accuracy of (3% of the full scale throughout the velocity range of 700 to 4000 fpm.

2.4 AIRFLOW MEASURING STATIONS (AFMS) - FAN MOUNTED

A. Equal to Air Monitor VOLU-probe/FI fan inlet airflow transverse probe.

B. Multiple pitot tube (or equivalent) total and static pressure sensing tubes placed at concentric area centers along the exterior surface of the cylindrical probe and internally connected to their respective averaging manifolds. 

C. Fan inlet airflow traverse probes (two per inlet) shall have dual end support swivel brackets suitable for mounting in the fan inlet bell and symmetrical averaging signal takeoffs and fittings, and shall be of aluminum construction with hard anodized finish.

D. The measured velocity pressure converted to air flow (cfm) shall have an accuracy of (3% of actual flow over a fan operating range of 6 to 1 capacity turndown.

2.5 STATIC PRESSURE SENSORS (SPS)

A. Inserted tube type static pressure sensor which extends into the center area of the duct they are installed in. Mounting bracket shall include tube orientation markings to permit aligning the tube parallel with the air flow. Wall type sensing devices are not acceptable.

2.6 STATIC PRESSURE SENSORS (SPS)

A. Same requirements as air flow measuring stations except that total pressure sensors are optional and only multiple static pressure sensors positioned on an equal area basis and connected to a network of headers are required.

2.7 VELOCITY PRESSURE TRANSMITTER

A. Electronic device to convert velocity pressure input signal at the air flow measuring station to a linear electronic (mA or VDC) output signal proportional to the velocity pressure input signal. These devices shall include convertors with a minimum resolution of 12 bits and have the following minimum performance criteria:

Span:
Not greater than three times the maximum flow rate velocity pressure and not more than 16 times the minimum flow rate velocity pressure.

Accuracy:
( 0.5% of the output span.

Dead band:
Less than 0.3% of output span.

Hysteresis:
Within 0.3% of output span.

Linearity:
Within 0.2% of output span.

Repeatability:
Within 0.2% of output span.

Response:
Less than 0.5 second for full span input.

Temperature Stability:
Less than 0.01% output shift per oF temperature change.

2.8 STATIC PRESSURE TRANSMITTER

A. Electronic device to convert static pressure input signal at the static pressure probe to a linear electronic (mA or VDC) output signal proportional to the duct static pressure input signal. These devices shall have convertors with a minimum resolution of 12 bits and the following minimum performance criteria:

	Span:
	Not greater than two times the maximum flow rate static pressure.

	Accuracy:
	( 0.5% of the output span.

	Dead band:
	Less than 0.3% of output span.

	Hysteresis:
	Less than 0.3% of output span.

	Linearity:
	Within 0.4% of output span.

	Repeatability:
	Within 0.2% of output span.

	Response:
	Less than 0.5 second for full span input.

	Temperature Stability:
	Less than 0.01% output shift per oF temperature change.


2.9 VOLUMETRIC CONTROL CENTER (VCC)

A. Shall consist of cabinet installed components to perform air flow measurement and closed loop fan control. Direct digital control (DDC) panels, as specified in Section 23 09 00, Building Control Systems, are acceptable to use for volumetric control centers where they can perfrom the intended functions.

B. Controller shall be of the proportional, integral (reset) and derivative (inverse) type, otherwise referred to as PID or three-mode controllers. The controller shall compare the air flow rate to the desired value (cfm or velocity setpoint) and output the required signal to the appropriate devices to change to air flow rate as required. Controllers shall be permanently mounted in the VCC cabinet and be capable of remote setpoint adjustment. Controllers shall have the following minimum performance criteria:

Set point adjustment:
0 to 110% of span.

Repeatability:
Set point repeats within ( 0.1% of span.

Dead band:
1% of span, standard

Rate (time):
5 to 30 second adjustable

Response level:
50 milliseconds for a step change of 1% of span beyond set point.

Output:
SPDT relay contacts, 5 amps at 117 vac non-inductive.

C. Controller shall include square root extractors and multipliers to convert velocity pressure readings to cfm.

D. Controller shall be capable of three basic control methods or combinations thereof. These are:

1. Constant static pressure: duct static pressure sensed at static pressure sensor. Pressure signal is converted to electronic signal that is then amplified into a control signal and sent to the volumetric control center, which compares the signal with a preprogrammed control point. The volumetric control center then sends a control output to make the necessary adjustments to vary the duct air flow as required to maintain the duct static pressure.

2. Constant volume control: fan or duct air flow rate is sensed at air flow measuring station. Velocity pressure signal is converted to electronic signal that is then amplified into a control signal and sent to the volumetric control center, which compares the signal with a preprogrammed control point. The volumetric control center then sends a control output to make the necessary adjustments to vary the duct air flow as required to maintain a constant air volume.

3. Air flow synchronization: the air flow rates of multiple ducts or fans are sensed at air flow measuring stations. The velocity pressure signals are each converted to electronic signals that are then amplified into control signals and sent to the volumetric control center. The volumetric control center compares the signals, based upon a preprogrammed relationship, and issues required control signals to vary duct air flow rates as required to maintain a constant air flow relationship between air flow measuring stations.

4. Refer to Section 23 09 93, Control Sequences of Operation, for specific pressure and volume control requirements.

5. Cabinet door shall include light emitting diode (LED) or liquid crystal display (LCD) readout devices to provide indication of the following parameters:

a. Air volume of each air flow measuring station.

b. When the air volume of multiple air flow measuring stations are used to provide a single added control input, provide a readout device for the total air flow.

c. Air velocity of each air flow measuring station.

d. Static pressure at each static pressure sensor.

e. Readout of each electronic input and output in its measured units; i.e., mA, VDC.

f. Provide engraved nameplates, permanently secured in place with mechanical fasteners, for each indicating device.

g. In lieu of individual indicating devices, a LED or LCD readout screen which identifies the parameter and measured units in the English language will be acceptable. Parameters may be singly displayed, with other parameters readable by scrolling through the screen.

h. Controllers, transmitters and transducers shall be certified by the manufacturer to comply with the specified performance requirements. This certification shall be based on tests performed on standard production units.

PART 3 - GENERAL

3.1 INSTALLATION

A. Coordinate with the ventilation system balancing contractor to properly calibrate the flow measuring systems for the actual installed arrangements. The completed systems shall provide the following overall system performance:

1. Constant duct static control within 2% of duct static setpoint.

2. Constant air volume control within 1-1/2% of air volume setpoint.

3. Constant differential air volume control within 3% of differential air volume setpoint.

B. Install air flow control systems complete and leave in fully operating condition before turning those systems over to the Owner. 

C. Provide a minimum of 4 hours of training to the Owner's operating personnel for each system with unique operating features.

D. Coordinate installation and interface with the Temperature Control Contractor, supplier of fan equipment and supplier of variable frequency controller (VFD) systems where those systems are used for volumetric or pressure control.

E. Install all equipment in accordance with manufacturer's recommendations.
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