SECTION 23 09 19
HYDRONIC FLOW CONTROL SYSTEMS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Hydronic Flow Control Systems as specified to accomplish variable flow control.

B. Flow meters, pressure sensors/transmitters, and temperature sensors/transmitters as required.

1.2 RELATED WORK

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 05 23:  Valves

C. Section 23 05 13:  Motors and Drives

D. Section 23 29 23:  Variable Frequency Controllers (VFDs)

E. Section 23 05 48:  Vibration Isolation and Seismic Restraints

F. Section 23 05 16:  Hydronic Piping

G. Section 23 05 19:  Hydronic Specialties

H. Section 23 09 00:  Building Control Systems

I. Section 15970:  Building Management Systems

J. Section 23 09 93:  Control Sequences of Operation

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

1.3 JOB CONDITIONS

A. Coordinate exact sizes and locations of flow meters, pressure sensors and temperature sensors with the Contractor installing the piping.

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.

B. Submit with shop drawings a system profile analysis including pump motor horsepower and variable frequency controller efficiencies, load profile, staging points, horsepower and kilowatt/hour draw. System profile analysis shall include pump(s) performance (variable speed pump curves) and the operating characteristics in the system (system curve).

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Variable speed pump controllers: Bell and Gossett, Paco, Peerless, Systecon, Temperature Control Contractor specified under Section 23 09 00, or approved equal.

B. Pressure and temperature sensing devices: Bell and Gossett, Paco, Peerless, Rosemount, Systecon or approved equal.

C. Flow meters: Bell and Gossett, Paco, Peerless, Systecon, or approved equal.

2.2 GENERAL

A. Variable frequency controllers (VFDs) will be furnished and installed under Section 23 29 23, Variable Frequency Controllers (VFDs). Control interface shall be by Division 15.

2.3 VARIABLE SPEED PUMP CONTROLLER

A. Equal to Bell and Gossett Technologic Level 1000.

B. Furnish complete with startup a programmable solid state Variable Speed Controller complete with proportional, integral, derivative control capabilities.

C. The Controller shall control pump speed in response to one remote set point analog input. Set point shall be easily resetable through keypad entry.

D. Controller shall be capable of performing diagnostics to verify sensor input on the readout device. Readout device shall include alpha/numeric 1/2 inch LED or fluorescent display. Operator interface shall be through a sealed membrane type keypad with access protected with a key lock.

E. Provide RS 232/422 hookup to allow two way communications between controller and central computer system. Interface shall allow for remote adjustment of setpoint and remote readout of all display messages and operating registers.

F. Controller shall be mounted in a NEMA 1 enclosure.

2.4 VARIABLE SPEED PUMP CONTROLLER

A. Equal to Bell and Gossett Technologic Level 2000.

B. Furnish complete with startup a programmable solid state Variable Speed Controller complete with proportional, integral, derivative control capabilities.

C. Controller shall be capable of staging multiple pumps in response to load changes. Staging shall be smooth, without hunting and designed to optimize efficient operation. Alternation of lead/lag pump shall be programmable by the operator.

D. Controller shall be capable of input from up to four (4) remote zone set points and control to the worst deviation from setpoint. Each set point shall be individually resetable by the operator. Any or all zones may be abandoned in any order. A failed zone shall no longer be multiplexed and shall be displayed as failed. Multiple zone failure shall display first fault.

E. All digital input/output shall be isolated to prevent EMI interference.

F. Controller shall be capable of performing internal and external diagnostics to verify that basic logic, components, sensors and system operating status are functioning properly. Failure of any pump, motor or drive in the system shall cause the controller to display the fault condition and alternate to either a standby unit or transfer operation to the other operating units.

G. Readout device shall include alpha/numeric 1/2 inch LED or fluorescent display. Operator interface shall be through a sealed membrane type keypad with access protected with a key lock.

H. Provide RS 232/422 hook-up to allow two way communications between controller and central computer system. Interface shall allow for remote adjustment of setpoint and remote readout of all display messages and operating registers.

I. Controller shall be mounted in a NEMA 1 enclosure and be modular with individual Input/Output (I/O) modules securely fastened with industrial grade machine fasteners.

J. Digital or analog modules shall be individually replaceable. All digital (I/O shall have LED signals for easy diagnostics.

2.5 VARIABLE SPEED PUMP CONTROLLER

A. Equal to Bell and Gossett Technologic Level 3000.

B. Furnish complete with startup a programmable solid state Variable Speed Controller complete with proportional, integral, derivative control capabilities.

C. Controller shall be capable of staging multiple pumps in response to load changes. Staging shall be smooth, without hunting and designed to optimize efficient operation. Alternation of lead/lag pump shall be programmable by the operator.

D. Controller shall be capable of input from up to sixteen (16) remote zone set points and control to the worst deviation from setpoint. Each set point shall be individually resetable by the operator. Any or all zones may be abandoned in any order.

E. A total of 66 analog and digital (I/O) input and output shall be furnished. All digital input/output shall be isolated or relay outputs to prevent EMI interference. Controller shall be capable of receiving a mixture of voltage source or current source sensor inputs.

F. Controller shall be capable of performing internal and external diagnostics to verify that basic logic, components, sensors and system operating status are functioning properly. Failure of any pump, motor or drive in the system shall cause the controller to display the fault condition and alternate to either a standby unit or transfer operation to the other operating units.

G. Readout device shall include alpha/numeric 1/2 inch LED or fluorescent display. Operator interface shall be through a sealed membrane type keypad with access protected with a key lock.

H. Provide RS 232/422 hook-up to allow two way communications between controller and central computer system. Interface shall allow for remote adjustment of setpoint and remote readout of all display messages and operating registers.

I. Controller shall be mounted in a NEMA 1 enclosure and be modular with individual Input/Output (I/O) modules securely fastened with industrial grade machine fasteners.

J. Digital or analog modules shall be individually replaceable. All digital (I/O shall have LED signals for easy diagnostics.

2.6 VARIABLE SPEED PUMP CONTROLLER

A. Equal to Bell and Gossett Technologic Level 4000.

B. Furnish complete with startup a programmable solid state Variable Speed Controller complete with proportional, integral, derivative control capabilities.

C. Controller shall be capable of staging multiple pumps in response to load changes. Staging shall be smooth, without hunting and designed to optimize efficient operation. Alternation of lead/lag pump shall be programmable by the operator.

D. Staging of multiple pumps shall be accomplished to provide the lowest total system KW draw. The controller shall evaluate flow, discharge pressure, speed in RPM and input KW to the vFD for each pumping unit. Controller inputs to multiple VFD's will independently adjust each VFD output to result in the minimum KW draw for the entire system.

E. Controller shall be capable of input from up to sixteen (16) remote zone set points and control to the worst deviation from setpoint. Each set point shall be individually resetable by the operator. Any or all zones may be abandoned in any order.

F. A total of 250 analog and digital (I/O) input and output shall be furnished. All digital input/output shall be isolated or relay outputs to prevent EMI interference. Controller shall be capable of receiving a mixture of voltage source or current source sensor inputs.

G. Controller shall be capable of performing internal and external diagnostics to verify that basic logic, components, sensors and system operating status are functioning properly. Failure of any pump, motor or drive in the system shall cause the controller to display the fault condition and alternate to either a standby unit or transfer operation to the other operating units.

H. Readout device shall include alpha/numeric 1/2 inch LED or fluorescent display. Operator interface shall be through a sealed membrane type keypad with access protected with a key lock.

I. Provide RS 232/422 hook-up to allow two way communications between controller and central computer system. Interface shall allow for remote adjustment of setpoint and remote readout of all display messages and operating registers.

J. Controller shall be mounted in a NEMA 1 enclosure and be modular with individual Input/Output (I/O) modules securely fastened with industrial grade machine fasteners.

K. Digital or analog modules shall be individually replaceable. All digital (I/O shall have LED signals for easy diagnostics.

2.7 VARIABLE SPEED PUMP CONTROLLER

A. Furnish complete with startup a programmable solid state Variable Speed Controller. The microprocessor-based, Direct Digital Control (DDC), Proportional plus Integral plus Derivative (PID) automatic controls shall initiate the control signals listed below:

1. Pump start/stop: Start and stop functions shall include adjustable timers to prevent too frequent cycling of the pumps. The control program shall start the pumps sequentially to operate the least number of pumps that will meet the flow requirement. For systems with standby pumps, the controls shall start the standby pump upon failure of the package to achieve setpoint, not necessarily upon failure of a lead pump. 

2. Staging of multiple pumps shall be accomplished to provide the lowest total system KW draw. The controller shall evaluate flow, discharge pressure, speed in RPM and input KW to the VFD for each pumping unit. controller inputs to multiple VFD's will independently adjust each VFD output to result in the minimum KW draw for the entire system.

3. Pump speed controls: Controls shall be capable of input from multiple remote set points, select the worst case and control to the worst deviation from set point. The variable speed pumping package shall include all required controls and sensors to ensure that all pumps in the package always operate within their pump curves and name plate motor ratings. 

4. Each set point shall be individually resetable by the operator. Any or all zones may be abandoned in any order.

5. All digital input/output shall be isolated or relay outputs to prevent EMI interference. Controller shall be capable of receiving a mixture of voltage source or current source sensor inputs.

6. Controller shall be capable of performing internal and external diagnostics to verify that basic logic, components, sensors and system operating status are functioning properly. Failure of any pump, motor or drive in the system shall cause the controller to display the fault condition and alternate to either a standby unit or transfer operation to the other operating units.

7. System trouble alarm to the Building Automation System (BAS): The trouble alarm shall be a binary output signal to the BAS initiated by any alarm condition sensed or indicated by the package mounted controls. The package trouble alarm shall be nonspecific in its indication to the BAS. 

8. System Hand/Off/Auto status monitoring at the BAS.

9. System Start/Stop control from the BAS.

B. The programs (data base) for the control algorithm shall be stored in the control cabinet on EEPROM or on RAM supported on a minimum 7 day, self recharging battery system. Each package mounted control system shall include at least the following:

1. NEMA 1 control cabinet(s) with locking door(s) and a UL listing.

2. Receiver/Controller equal to a Systecon No. S9673 with the following:

a. Microprocessor based, plug-in logic boards.

b. A liquid crystal, LED or fluorescent display showing values and engineering units.

c. A password or key lock protected keypad for operator input & interrogation.

d. Plug-in circuit boards for quick replacement.

3. Package mounted manual controls including at least the following:

a. Package Hand/Off/Auto switch.

b. Hand/Off/Auto switch for each pump.

c. Individual setpoint adjustment for each remote pressure sensor.

4. Package mounted indicators including at least the following:

a. Package Hand/Off/Auto status indication.

b. Hand/Off/Auto indication for each pump.

c. Individual setpoint indication for each remote sensor.

d. Failure alarm for each remote sensor.

e. Low pressure alarm for each remote pressure sensor.

f. Failure alarm for each pump.

g. Low battery alarm.

h. Control system malfunction alarm.

5. Differential pressure based failure sensing for each pump.

C. Pumping packages shall include all controls and electrical pump connections required for a complete operating system. Electrical characteristics shall comply with those indicated in the schedules on the drawings. Electrical components shall include at least the following:

1. Package disconnect switch and control transformer.

2. Variable speed drive for each pump.

3. Main power connection lugs.

4. Manual alternator switch to reassign standby pump status to any of the pumps.

2.8 SENSORS/TRANSMITTERS

A. Pressure transmitter(s): Pressure transmitter(s) for measuring gauge pressure and transmitting an isolated linear 4-20 mADC output for use in a standard 24 VDC system. Unit shall be accurate to ( 0.25% of calibrated span, including combined effects of linearity, hysteresis, and repeatability. Stability shall be ( 0.25% of upper range limit for six months. Design range as required by system. External zero and span adjustments, overpressure to 2000 psi, no humidity effects. Reverse polarity protection build in. External power supply as required. Transmitter shall have stainless steel wetted parts with 1/2 inch NPT male process connection. Unit shall be protected against radio frequency interference and have a watertight NEMA Type 4 electrical enclosure with 1/2 inch NPT conduit connection.

B. Differential pressure transmitter(s): Differential pressure transmitter(s) for measuring differential pressure and transmitting an isolated linear 4-20 mADC output for use in a standard 24 VDC system. Unit shall be accurate to + 0.25% of calibrated span, including combined effects of linearity, hysteresis, and repeatability. Stability shall be + 0.25% of upper range limit for six months. Design range as required by system. External zero and span adjustments, overpressure to 2000 psi, no humidity effects. Reverse polarity protection build in. External power supply as required. Transmitter shall have stainless steel wetted parts with 1/2 inch NPT male process connection. Unit shall be protected against radio frequency interference and have a watertight NEMA Type 4 electrical enclosure with 1/2 inch NPT conduit connection. 

C. Temperature or differential temperature transmitter(s): Temperature transmitter(s) with RTD sensing element directly mounted to a transmitter for measuring temperature or differential temperature with two (2) RTD's and transmitting an isolated linear 4-20 mADC output for use in standard two-wire 24 VDC system. Accurate to ( 0.1% of temperature span or ( 0.1° C., whichever is greater. Stability of ( 0.012% of span/° C. change in ambient temperature; ( 0.001% of span/V change in line voltage; 0.001% span/100 ohms of lead resistance for the transmitter and ( 0.1° C., plus 0.2% of temperature being measured in °C. for the probe. Design range as required by application. 304 or 316 SS well for sensor installation with 3/4 inch NPT process connection. Unit shall be protected against radio frequency interference and have a watertight NEMA Type 4 electrical enclosure with 1/2 inch NPT conduit connection.

D. Flow transmitter(s): Non-magnetic, turbine flow transmitter(s) consisting of insertion probe and separately mounted transmitter for measuring flow rate and transmitting an isolated linear 4-24 mADC output for use in a standard two-wire 24 VDC system. Transducer shall provide flow ranges as high as 100:1, bidirectional measurement without additional calibration and low pressure drop. Unit shall be accurate to ( 1% of flow rate when installed in accordance with factory recommendations. Provide fittings to allow insertion and removal of probe in a 1-1/2 inch NPT process connection without shutting down the water system. Unit shall be protected against radio frequency interference and have a watertight NEMA Type 4 electrical enclosure with 1/2 inch NPT conduit connection.

PART 3 - EXECUTION

3.1 PUMP START-UP

A. Before any constant speed pump is started, close balancing valve at discharge of pump and then open it gradually to the operating point of the system. This is to avoid having a pump "run away" with itself on start-up.

3.2 VARIABLE SPEED PUMP PACKAGES

A. Factory Preassembled Packages:

1. Install the pump packages at locations shown on the drawings.

2. Coordinate with the General Contractor to pour inertia bases.

3. Make final connections to piping headers.

B. Site Fabricated Packages:

1. Provide the frame for the inertia base. Furnish and install vibration insulators to support the frame. After installing the frame, coordinate with the General Contractor to pour inertia bases.

2. Install the pumps, valves, check valves, strainers, suction diffusers (when required), piping, fittings, gauges, and accessories. Under the direction of the package supplier, install variable frequency controllers and control panels as shown on the drawings. The Contractor may select an alternate, remote location for the electrical components, but any alternate locations shall be coordinated with other trades and approved by the Engineer. No additional costs will be paid by the Owner for any such alternate locations.

C. Transmitters: Install all transmitters in accordance with manufacturer's recommendations. Where sufficient straight length of pipe is not available for the installation of flow transmitters, provide flow straighteners.

D. All control connections except connections to the BAS shall be completed in the Supplier of the package. Connections to the BAS will be done under Section 15970, Building Automation Systems. If the Supplier does not have electricians qualified to perform the wiring, he shall subcontract this work to an approved Electrical Contractor.

E. Final electrical connections will be made under Division 16.

F. Start-up Tests: After each package is completely assembled, it shall be hydrostatically tested for leaks under to the requirements of Section 23 05 00, Common Work Results for HVAC. Following this leak test the system valves and controls for each package shall be adjusted to and run test the package under 100%, 75%, 50% and 25% full load. During this operation test, calculate and record the overall power consumption of the package, its water flow (as measured by the flow meters or flow fittings provided by others), total dynamic head and its wire-to-water efficiency at each load condition. Submit a written test report signed by the Balancing Contractor and by the representative of the supplier's company who actually supervised the test. The Owner or the Engineer may elect to send representatives to witness this test. Notify the Engineer at least 5 days in advance of the test to facilitate coordination of this event.
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