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Intelligent Fluid Management System 
Design Envelope 
Typical Specifications

1. General Description
Furnish and install a complete pre- fabricated chilled water fluid management system Armstrong IFMS™-Design Envelope Model________________________________  

The iFMS™ Design Envelope shall provide the flow rate and head pressure required to meet the design day chilled water cooling load over a design envelope defined by the following ranges for:
· A design day capacity range of            tons (kWc) to            tons (kWc),
· A system design day delta T of             degrees F (C) 

· A system design head pressure of            feet (m) head at            % minimum efficiency level

The chilled water fluid management system configuration shall be with a                    (Variable Primary CHW Flow, Variable Primary CW Flow, and Constant Primary Flow or Variable Secondary CHW flow) arrangement.

The system provides the benefit of a single source of responsibility for design and performance of the components as a fully integrated system.

The structural design is capable of supporting the entire weight of the system when wet without detrimental deflection, when installed as per instructions provided in the Installation, Operations and Maintenance manual.

The package also includes:  interconnecting piping spools, elbow fittings, T-fittings, header pipe support clamps, necessary test points, air vents, drain connections and panel mounted pressure gauges.
1.1. This section shall conform to the General Provisions, Basic Materials and Methods Sections.

1.2. The equipment installed in the Packaged Mechanical System must conform to all other relevant sections of the mechanical and electrical sections of this specification.

1.3. The following specification details the minimum requirement for equipment and structure for a complete factory assembled packaged mechanical system.

1.4. Acceptable manufactures include Armstrong, or approved equal.

1.5. Equal and alternate manufacturers must submit a request to bid in writing to the owner, or owner’s consultant prior to tender closing. Alternate bids must be entered with savings over base bid. The manufacturer must provide the following information for consideration prior to entering a bid:

1.5.1. Control sequence of operation

1.5.2. List of similar installations with references

1.5.3. List of deviations to the specification

1.5.4. Equipment selection data

2. Products

2.1. Pumps, Motors and Intelligent control
2.2. Suction Guides

2.3. Flo-Trex Valves

2.4. Controls 

2.4.1. IPC9511 or IPC9521 (for Variable Primary Plant control) 
2.4.2. IPS4002 (for Variable Secondary or Variable Primary Pumping control)
2.4.3. Parallel sensorless staging (for Variable Secondary Pumping control)

2.4.4. No controller
3. Submittals and Operation Manuals

3.1. Submittals Shall Include the Following as a Minimum

3.1.1. Description of system operation, paper and electronic 3-dimensional to scale drawings, 2-dimensional plan and side view drawing in CAD format and system summary design template.
3.1.2. Package dimensions and general arrangement drawing, including a bill of materials that outline all included components.
3.1.3. Electrical power and control wiring diagram.
3.1.4. Equipment submittals for all major components including but not limited to; heat exchangers, pumps, suction guide pump trim, triple duty valves, pump ancillary equipment, Constant speed drives, pump/plant controller, steam control valves, condensate return units, air separators, control valves, butterfly isolation valves and expansion control tanks.
3.1.5. Catalog information on valves, strainers and piping components.

3.1.6. Piping schematic of system components, showing equipment model numbers, pipe sizes, connections, gauges, thermometers, piping specialties and instrumentation.
3.1.7. Structural base drawing showing; number and size of members.
3.1.8. Enclosure details including insulation, walls and roof particulars including penetrations.
3.1.9. Control layout drawing with sequence of operation.
3.1.10.  Structural calculations as required: including center of mass, deflection calculations, seismic qualifications (extra charges may apply).

4. Quality Assurance

4.1. The packaged system manufacturer must hold an ISO 9000 QA certification or approved equal.

4.2. The packaged system manufacturer must be listed by Underwriters Laboratories as an approved manufacturer of UL “Packaged Pumping Systems”.

4.3. The packaged system manufacturer takes responsibility for the independent control logic of the 
equipment and the integration of these independent control systems into the master control 
platform. The mechanical system controls must be a recognized manufacturer in the country of destination and be capable of communicating with the building automation system (BAS).

4.4. The manufacturer shall have a quality assurance manual available for the customer upon request.

4.5. Documented test procedures are to be available to the customer upon request.

4.6. The entire package shall be performance tested in the factory as a unit to confirm the equipment 
performance prior shipping. Documented test results shall be available upon customer request. The control system shall be factory tested with all sequences and alarms simulated. Equipment that demands complicated field start up procedures such as chillers and boilers are exempt from factory tests.

4.7. All piping systems shall be pressure tested in the factory before shipping.

4.8. Factory testing equipment shall be calibrated as outlined in the quality assurance manual and be made available for customer inspection upon request.

5. Installation and Contractors’ Responsibilities

5.1.  Removal of protective wrapping such as shrink-wrap, wood crating, and packing.

5.2.  Receiving (including interior and exterior inspection), and maintaining the cleanliness of the package (interior and exterior), including debris, while on site.

5.3.  Inspect interior and exterior and report any obvious damage, or equipment shifting that may have taken place between the time the unit arrived on site and when in its final resting position

5.4.  Roof / Room preparations: contractor is responsible for supplying, and installing all roofing materials including caulking, and sundry items needed to accept unit into place. Roofing equipment can consist of, but is not restricted to roof curb, sleepers, “I” beam, vibration rails with springs. It is the contractor’s responsibility to confirm roofing equipment to be supplied 
by Vendor

5.5.  Hoisting and rigging the section(s) into final location as per the instructions supplied 
with the unit.

5.6.  Join the sections (if shipped in sections) following the instructions enclosed with the unit, including inter-section electrical runs, pipe runs, weather proofing materials all supplied by plant manufacturer.

5.7.  Leveling, shimming as needed, and as per manufacturers instructions.

5.8.  Tighten all mechanically fastened connections that may have vibrated loose during shipping

5.9.   Re-align and level equipment including pumps

5.10. Insulate all piping and equipment that is required.

5.11.  Flushing and filling the system

5.12.  Install all life safety equipment as needed

5.13.  All field connections to the unit including piping, electrical, and drainage

5.14.  Hook up all utilities needed for the mechanical system including domestic water, drainage, gas and electricity.

5.15.  Look up all hydronic connections (leading to and away from) the Packaged System and the base building.

5.16.  Field installed equipment including pressure/temperature transmitters, flow meters and their associated wiring to the unit (a list field installed equipment will be supplied, along with installation instructions)

5.17.  Touch up and paint scratches and minor dents occurred during hoisting and rigging
5.18.  Permits and inspections needed to start system up

5.19.  Start up of system with the supervision of manufacturer personnel
6. Pumps and Motors

6.1. 4300 Design Envelope

6.1.1. Provide 4300 Design Envelope model ______.  The design envelope shall encompass an initial design point of ____ USgpm (Lps, M³/h) at ____ feet (m) head.  The design envelope shall also be capable of supplying ____USgpm (Lps, M³/h) at ____ feet (m) head at ___% minimum efficiency level at maximum operating speed.  

6.1.2. The Vertical In-Line (VIL) pump, single stage, single or double suction type, with pump characteristics which provide rising heads to shut off, shall be supplied with a ___hp, TEFC 60/3/___V, NEMA Premium® efficiency motor and an Armstrong NEMA / UL Type-12 enclosure variable speed VFD. 

6.1.3. The variable speed control shall be integrated with the motor for a self-contained pump, motor and drive combination to ensure optimum component matching and protection from motor overloading at any operating point within the design or operating envelope.

6.1.4. Pump Construction: Pump Casing - Cast Iron with ANSI-125 / PN16 flanges for working pressure to 175 psig (12 bar) at 150°F (65°C) and Ductile Iron with ANSI-250 / PN25 flanges for working pressures to 375 psig (25 bar) at 150°F (65°C). Suction and discharge connections shall be flanged and the same size and shall be drilled and tapped for seal flush and gauge connections.

6.1.5. Impeller - Bronze, fully enclosed type. Dynamically balanced. Two-plane balancing is required where installed impeller diameter is less than 6 times the impeller width.

6.1.6. Shaft - Provide Stainless Steel pump shaft.

6.1.7. Coupling - Rigid spacer type of high tensile aluminum alloy. Coupling to be designed to be easily removed on site to reveal a space between the pump and motor shafts sufficient to remove all mechanical seal components for servicing and replacement without disturbing other components of the pump or motor.  The coupling shall be provided with a fully enclosed ANSI B15.1 Sect 8 and OSHA 1910.219 compliant guard.

6.1.8. Mechanical Seals - Shall be Stainless Steel multi-spring outside balanced type with Viton® secondary seal, carbon rotating face and silicon carbide stationary seat. Provide a 316 stainless steel gland plate. Provide factory installed flush line with manual vent to purge air prior to pump start-up. 

6.1.9. All split coupled pumps shall be provided with a lower seal chamber throttle bushing to ensure seals maintain positively cooling and lubrication. Seal flush line accessories, if required to improve seal chamber cleanliness: Supply in the flush line to the mechanical seal a 50 micron cartridge filter and sight flow indicator, to suit the working pressure encountered. Filters shall be changed, by the installing contractor, after system is flushed and on a regular basis until turned over to the owner. Alternately, a maintenance-free accessory needing pump differential pressures exceeding 70 ft./30 psig/200 kPa for effective operation: Supply in the flush line to the mechanical seal a maintenance-free sediment separator, with sight flow indicator.

6.1.10. All Pumps used for Condenser Water application shall be provided with automatic flush line cyclone separator.

6.2. Pre-program intelligent controls for each pump
Fundamental Requirements

ARMSTRONG GUIDE NOTE:  All integrated controls need a minimum of UL Type 12 (IP54/55) enclosure as water splashes may occur. For outdoor or perhaps sprinklered space service UL Type 4X (IP66) enclosure is available. UL type 4X is normally supplied with a weather shield to protect keypad from UV rays and fans from freezing rain or snow. Specify ‘less weather shield’ if appropriate for locations outdoor though installed under cover Control.

6.2.1 Integrated with UL type 12 minimum enclosure rating, [sensorless] controls complete with [fused disconnect switch] and menu-driven graphical keypad interface.  

6.2.1.1. Provide near unity displacement power factor (cos Ø) without need for external power factor correction capacitors at all loads and speeds using VVC-PWM type integrated controls 

6.2.1.2. Incorporate DC link reactors for reduction of mains borne harmonic currents and DC link ripple current to increase DC link capacitor lifetime. 

6.2.1.3. Fit RFI filters as standard to ensure integrated controls meets low emission and immunity requirements.

ARMSTRONG GUIDE NOTE: Controls with saturating (non-linear) DC link reactors shall require an additional 3% AC line reactor to provide acceptable harmonic performance at full load, where harmonic performance is most critical.

6.2.1.4. Ensure additional 3 % AC line reactor is available for controls with saturating (nonlinear) DC link reactors.
ARMSTRONG GUIDE NOTE: Minimum maintained pressure for speed control from a remote sensor placement would be the value of the sensor setting.  Sensorless control would use that same setting value for the control curve pressure at zero flow.  If minimum maintained system pressure is not known, default to 40% of design head.

6.2.1.5. Enclosure: UL Type [12] [4X]

6.2.1.6. EMI/RFI Control: Integrated filter designed to DIN EN61800-3.

ARMSTRONG GUIDE NOTE: The IVS 102 intelligent variable speed drive is a low harmonic drive via built-in DC line reactors. This does not guaranty performance to any system wide harmonic specification or the costs to meet a system wide specification. If supplied with the system electrical details, Armstrong will run a computer simulation of the system wide harmonics. If system harmonic levels are exceeded Armstrong can also recommend additional harmonic mitigation and the costs for such mitigation.

6.2.1.7. Harmonic suppression: Dual DC-link reactors (Equivalent: 5% impedance AC line reactor) to mitigate harmonics to support IEEE 519 system requirements.

6.2.1.8. Programmable skip Frequencies and adjustable switching frequency for noise and vibration control.

6.2.1.9. Cooling: Fan cooled through back panel.

6.2.1.10. Ambient working conditions: [14°F to +113°F], up to [3300] feet above sea level.

6.2.1.11. Analog I/O: 2 Current or voltage inputs minimum, 1 current output.

6.2.1.12. Digital I/O: 6 programmable inputs minimum with 2 minimum able to be configured as outputs.

6.2.1.13. Pulse inputs: 2 programmable minimum.

6.2.1.14. Relay outputs: 2 programmable minimum.

6.2.1.15. Communications ports: 1- RS485, 1- USB minimum.

6.2.1.16. One volt free contact.

6.2.1.17. Auto alarm reset.
6.2.2. Software: Ensure software for sensorless control includes automatic speed control in variable volume systems without need for pump mounted (internal/external) or remotely mounted differential pressure sensor.

6.2.2.1. Operating mode under sensorless control: Quadratic Pressure Control (QPC).

6.2.2.2. Ensure head reduction with reducing flow conforms to quadratic control curve.

6.2.3. Head at zero flow: [40] % minimum of design duty head.

6.2.4. Linear or Proportional Pressure Control without sensor is unacceptable.

6.2.5. Ensure control mode setting and minimum/maximum head set points are user adjustable using built-in programming interface.

6.2.6. Ensure integrated control software is capable of controlling pump performance for non-overloading power at every point of operation.

6.2.7. Ensure integrated control software is capable of flow rate display and data output of ± 5% accuracy to BAS/BMS.

6.2.8. Ensure the controls can displayed and digitally transmit real-time flow & values
ARMSTRONG GUIDE NOTE: The following paragraph may contribute towards LEED credits.  Energy metering capability could replace an energy meter  

6.2.9. Include energy monitoring log function to ASHRAE 189.1P.

6.2.10.  For multiple pump configuration ensure [duty/standby] [parallel Sensorless pump control with best efficiency staging] is applied

6.2.11.  Parallel pump staging will be provided without the use of BAS / BMS and speed / frequency based staging shall not be acceptable and a locally mounted logic controller shall be used for best efficiency staging of up to 4 parallel pumps.

6.2.12.  Parallel pump speed control shall be achieved without the need for differential pressure sensors either in the mechanical room or remotely installed in the system.

6.2.13.  The Parallel Sensorless Pump Controller will have in-built redundancy features including:

6.2.13.1.  ‘Daisy-chained’ power connection to each pump controller

6.2.13.2.  Controller ‘offline’ operational protection preventing loss of system flow

PUMP MOTOR AND CONTROLS PROTECTION
6.2.14. Include protection as follows:

6.2.14.1. Motor phase to phase fault.

6.2.14.2. Motor phase to ground fault.

6.2.14.3. Loss of supply phase.

6.2.14.4. Over voltage.

6.2.14.5. Under voltage.

6.2.14.6. Motor over temperature.

6.2.14.7. Inverter overload.

6.2.14.8. Over current

6.2.15. Ensure controls run automatic motor adaptation (AMA) for superior motor protection and control.

6.2.16. Ensure controls have automatic energy optimization (AEO) to maximize energy consumption reduction at part load operation 

7. Suction Guides
7.1. Furnish and install on the suction of each pump an Armstrong Suction Guide, with Outlet Flow 
Stabilizing Guide Vanes, removable Stainless Steel Strainer and Fine Mesh Start-up Strainer.

7.2. (For 150 psig flanged/grooved pipe)  Supply valve with Cast Iron body with 125 psig 
flanged ports.

7.3. The mechanical contractor shall inspect the strainer prior to activating the pump and, further, shall remove the Fine Mesh Start-up Strainer after a short running period. (24 hours maximum). Space shall be provided for removal of the Strainer and connection of a Blow-down Valve.

8. Flo-Trex Valves (Triple duty valve)

ARMSTRONG GUIDE Note: Armstrong recommends using FTV combination / triple duty valves for variable flow applications. There are instances where the pump may operate off-the- curve. Varying the speed does not bring the duty point back on the pump curve. In these cases, throttling is required. Use the Flo-Trex valve generally only with constant speed pump applications in accordance with ASHRAE 90.1 standards. Specify cast iron for ANSI Class 150 pipe flanges and ductile iron for ANSI Class 300 pipe flanges.

8.1. 
Furnish and install on the discharge side of each pump an Armstrong Model FTV Flo-Trex Combination Valve. Each valve is to incorporate the following three functions in one body: Tight shut-off, spring-closure type silent non-slam check and effective throttling with flow measurement capability. The body shall have (2) ¼” NPT connections on each side of the valve seat. Two connections to have brass pressure and temperature metering ports, with Nordel check valves and gasketed caps. Two other connections to be supplied with brass drain plugs. Metering ports are to be interchangeable with drain ports to allow for measurement flexibility when installed in tight locations. The valve disc shall be bronze plug & disc type with high impact engineered resin seat to ensure tight shut-off and silent check operation. 

8.2. 
The valve stem shall be stainless steel with flat surfaces provided for adjustment with 
open-end wrench.

8.3. 
For Grooved Piping: Valve body shall be ductile iron with grooved ends and Armstrong anti-rotation ArmgripTM lugs on the inlet and outlet of the body. 

8.4. 
Flange adapters, where necessary, are to be Armstrong ArmgripTM PN16 or PN25 ductile iron flanges with antirotation lugs and EPT gaskets. 

8.5. 
For Welded Flange Piping:

8.6. (For 10 bar flanges) Valve body shall be Cast Iron with PN16 flanged ports.

8.7. (For 20 bar flanges) Valve body shall be Ductile Iron with PN25 flanged ports.

8.8. The valve shall be selected and installed in accordance with the manufacturer’s instructions and be suitable for the pressure and temperature specified.

8.9. Insulation (Available 2.5” – 6” Flo-Trex Valves)

Each valve shall be furnished with a pre-formed removable PVC insulation jacket to meet ASTM D1784 Class 14253-C, MEA #7-87, ASTM-E-84 and ASTM136 with a flame spread rating of 25 or less and a smoke development rating of 50 or less. There will be provided sufficient mineral fiberglass insulation to meet ASHRAE 90.1-1989 specifications in operating conditions with maximum Fluid Design Operating Temperature Range of 141°F-200°F (60°C-93°C) and Mean Rating Temperature of 125°F (52°C).

9. Controls

9.1. IPC9511 or IPC9521 (for Variable Primary Plant control)  

9.1.1. Please refer to File 90.876 Design envelope 9511 Integrated Plant Control System for Air cooled chilled water plant automation
9.1.2. Please refer to File 90.877 9521 Design envelope 9521 Integrated Plant Control System for Water cooled chilled water plant automation
9.2. IPS4002 (for Variable Secondary or Variable Primary Pumping control)
9.2.1. Please refer to File 90.164 Design envelope 4000 Variable primary flow integrated pumping system

9.2.2. Please refer to File 90.165 Design envelope 4000 Variable secondary flow integrated pumping system

9.3. Parallel sensorless staging (for Variable Secondary Pumping control) – Please refer to File 90.615 PSPC typical specification
9.4. No controller
10. Pipework, Pumps, and Hydronic Specialties

10.1. Fabrication
10.1.1.  When connecting pipe to installed equipment connect pipe in accordance with manufacturer's instructions unless otherwise indicated. Use valves and flanges for isolation and ease of maintenance and assembly.
10.1.2.  Provide manufacturer’s recommended clearances around all systems, equipment and components for observation of operation, inspection, servicing and maintenance. Provide space for dissemble and removal of equipment and components as recommended by manufacturer or as indicated (whichever is greater) without interrupting operation of other system, equipment and components.
10.1.3.  Install piping to facilitate drainage and/or condensate management. Install drain valves at low points in piping systems, at equipment and at section isolating valves. Provide drain valve at each drain locator. Discharge to be visible. Drain valves shall be NPS ¾ ball valves with hose end male thread, cap and chain.
10.1.4.  Provide the pipe work with necessary connection points for expansion tanks, temperature probe and gauge connection and automatic air vents at high points in each piping systems. Install drain piping and terminate where discharge is visible.
10.1.5.  Assemble piping using fittings manufactured to ANSI standards.
10.2. Pipe welding
10.2.1. Welding to be in accordance with ANSI/ASME B31.1, ANSI/ASME Boiler and Pressure Vessel Code, Sections I and IX and ANSI/AWWA C206, using procedures conforming to AWS B3.0, AWS C1.
10.2.2. Hydrostatically test chilled glycol and steam pipework to pressures of 100 psi and maintain specified test pressure without loss for twelve (12) hours minimum. Ensure that equipment and other parts, which are not designed to withstand test pressure, are isolated prior to tests.
10.2.3. Defects causing rejection shall be as described in ANSI/ASME B31.1 and ANSI/ASME Boiler and Pressure Vessels Code. Re-inspect and re-test repaired or re-worked welds.

10.3. Pipe supports
10.3.1.  Pipework up to and including 8” : Pipe saddle mounted on top of HSS steel member using Heavy Series Pipe Clamps mounted horizontally, above cross members, 

10.3.2.  Pipework greater than 8” 

10.3.3.  U-Bolt or pipe saddle mounted on top of HSS steel member or hung from HSS steel member with double hangers. Example Anvil pipe support system. 

10.3.4.  Pipe supports will be located to ensure a maximum pipe and support deflection 
of L/360.

10.3.5.  For CHW and HW packages, oversized pipe clamps must allow for pipe insulation on site. Load-bearing insulation clamps/blocks with 2-piece clips or saddles are required for CHW services. Insulated pipes supported from below should be fitted with load-bearing insulation blocks and saddle clamps. 

10.3.6.  Pipe clips for copper pipe should be brass. 

10.3.7.  Pipe clips for small-bore steel piping, above 2 1/2” should be malleable iron 
bossed type. 

10.3.8.  Pipe supports shall be Heavy Series Pipe Clamps to support systems and pipework under all conditions of operation and prevent excessive stresses and vibration from being introduced into pipework or connected equipment.

10.3.9.  Shop fabricate equipment supports not provided by equipment manufacturer from structural grade steel.

10.3.10. Provide removable angle iron blocking and bracing to prevent movement of pipe work and equipment during shipping.
10.4. Valves 
10.4.1.  All valves shall be of a single manufacturer. Install rising stem valves in upright position with stem above horizontal. 

10.4.2.  Butterfly ISOLATION VALVES (MANUAL) (PIPE SIZE ABOVE 2”): 

10.4.3.  Butterfly valves 6” and smaller are of lever operated, type 8” and larger are of hand-wheel gear operated type.
10.4.4.  Sufficient space to be designed between the valve and other equipment to allow the valve to fully open and close. Valve lever or gear to be oriented to allow for easy access to open/close the valve by the operator. 

10.4.5.  All valves located above 6ft, shall be oriented so that valve hand-wheel or lever can be equipped with chain-wheel operator. 

11. Paint

11.1. GENERAL
11.1.1.  All piping, frame assembly and exteriors are to be factory painted.

11.1.2.  Paint shall be applied and allowed to dry for a sufficient amount of time 
before shipping. 

11.2. PRODUCT

11.2.1.  The paint shall be a non-isocyanate enamel that produces a durable, chemically resistant coating similar to urethane.

11.2.2.  The vehicle type shall be a cross linked acrylic with an oxygenated and aromatic hydrocarbon solvent.

11.2.3.  All surfaces shall be prepared with a zero induction epoxy primer before applying the paint.

11.2.4.  The primer vehicle shall be an epoxy polyamide with a titanium dioxide pigment and oxygenated and aromatic hydrocarbon.

11.2.5.  The two part paint process shall be applied to all equipment and pipe spools 
before assembly.
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