Statement of Work for Conditioned Air System for test cell#3 and test cell #4 in bldg. 211

Introduction

Test cells #3 and #4 at building 211 in the R&D area of the FAA William J. Hughes Technical Center require equipment that will supply conditioned air for combustion by the test engines operated in that facility. These engines are being tested under the Unleaded Avgas Development program which is evaluating industry supplied fuel formulations including ethanol, which will lead to the development of a specification of a fuel that will provide a safe transition from current leaded aviation gasoline. The required Conditioned Air System (CAS) must supply air at the proper temperature, pressure, and humidity content to comply with stringent ASTM test requirements. The following sections of this statement of work describe the equipment required to fulfill this need.

Performance Specifications

            The required CAS must provide carefully controlled standardized air for improving the accuracy and repeatability of measurements in overall performance testing of internal combustion engines.   


A CAS consisting of the following major components or sub-assemblies must be provided: The conditioning unit, which systematically conditions the ambient air; the pressure unit, which controls the air pressure supply to the engine, the Instrumentation Control panel which monitors and controls the temperature, pressure and humidity.  Each of the sub-assemblies must be provided with separate interconnecting points to simplify system installation.


The required CAS must be located outside, adjacent to cell number 4. The ducting from the CAS will feed two cells (cell #3 and cell #4). The ducting from the CAS will enter the wall of cell #4 at a higher level, close to the ceiling. The same duct will continue through cells #4and #3. The duct will have a damper to shut off the cell, which is not in use. The duct size will be approximately 14" and will be adjusted in size to fit in the space provided.


Each cell will have it's own pressure control valve to feed the engine. Only one test cell will be in use at any given time.


The CAS will take in ambient air for conditioning. The air will first pass through the DX coil where the air will be cooled and dehumidified.  The DX coil is designed to condition the air from the summer design ambient conditions to 37(F saturated.


The electric heaters will be used to raise the air temperature to the desired set point and a steam injection system will control the dew point temperature to the desired set point. The air then will flow through ductwork to the pressure control) Device, which will control air to engine to maintain engine inlet pressure.  


Each cell will have its own control panel with PID Controllers, indicators and emergency buttons.

The CAS will be weatherized for outdoor conditions as experienced in the   southern New Jersey area. 


The CAS will be designed and manufactured to comply with the following specifications:

· National Electric Code

· Basic Electrical Standard for Industrial Machinery (NFPA 79) 

System Performance Capability

	Conditions
	Range

	Dry Bulb Temperature:
	60( F to 120( F, ( 2.0(F

	Humidity:
	Less than 20% throughout the conditioned air temperature range

	Air Flow Rate:
	100 to 1200 SCFM

	Pressure:
	No greater than 1" of H2O above ambient barometer



System performance capabilities are at steady state running conditions.

The conditioned airflow rate is based on supplying air to a four-stroke engine operating at:

Max. flow rate:

· Engine volume

=
480 cubic inches

· Engine speed


=
3400 rpm

· Manifold pressure
*
=
48" Hg absolute manifold pressure


Min. flow rate:

· Engine volume

=
320 cubic inches

· Engine speed


=
1200 rpm

· Manifold pressure
*
=
48" Hg absolute manifold pressure



Manifold pressure is operator’s responsibility.

\

Ambient Conditions

	AMBIENT CONDITIONS

	Summer:
	

	Dry Bulb Temperature:
	95oF

	Wet Bulb Temperature:
	79°F 

	Winter:
	

	Dry Bulb Temperature:
	10° F

	Dewpoint Temperature:
	- -


CONDITIONING UNIT


The Conditioning Unit is a modular type enclosure composed of a formed steel frame with integral skid.  The unit will be appropriately insulated resistant to weathering.  

Filter
Air will enter the CAS unit through a washable filter.  

A Magnehelic differential pressure gauge will be supplied to aid in maintenance of the filter.   

Blower

Air is supplied by an industrial backward curved centrifugal turbo blower.  The blower will be sized to provide 1200 CFM into the conditioning plenum.

A pressure differential switch will be supplied to ensure the blower is operating and will illuminate  the “blower on” light. 

The refrigeration, heating and humidification system will be interlocked with the blower operation.

Heaters

Tubular electric duct heaters are the source of heating the air.  Power to the final heaters is regulated by the controller through a silicon-controlled rectifier located in the power distribution enclosure mounted on the CAS.  An over-temperature switch will be provided to protect the heating elements.  

Humidification


Steam will be used as a source of moisture for raising the relative humidity of the system and supplied at approximately 15 PSIG to the duct mounted steam manifold. A temperature switch is installed on the condensate outlet from the humidifier. This will keep the valve closed during warm up and will prevent discharging condensate into the air stream. Humidity is regulated automatically through the use of a closed loop control system.  An electronic dewpoint controller modulates the steam injection valve.  Air moisture levels are controlled in response to a feedback signal from a dew point sensor. In using this method of humidity control, the system operator will select the required dew point temperature.

Cooling and Dehumidification Coil


Cooling and dehumidification is achieved through the use of direct expansion type coil. The cooling and dehumidification coil is contained within an air-tight stainless steel plenum.  This plenum is provided with a condensate removal drain, which is piped directly to a drain connection via a water trap.  The coil will be constructed of copper tubing, aluminum fins and 16ga galvanized steel casing.  Access will be provided on both sides of the coil to allow inspection and cleaning of the finned surfaces.


A modular desiccant dehumidifier will be supplied to aid system performance to achieve low humidity ranges. The system will include a desiccant wheel, drive, reactivation heater and fan. A NEMA 12 control enclosure with control indicator and rotation alarm faults and reactivation energy modulation will be included. Desiccant dehumidifier will be capable of reducing moisture from 1,200 SCFM of air from 53 gr/lb to 5 gr/lb approximately.
Refrigeration System


The refrigeration system uses a semi-hermetic industrial type condensing unit, interconnected to the DX coil and interfaced with associated control devices.  The refrigeration system is equipped with pressure taps, observation ports, and thermocouples (Type T) which are mounted to the piping to aid in identifying malfunctions, and assist preventative maintenance procedures.


The refrigeration system uses a water-cooled condenser.

ENGINE PRESSURE CONTROL DEVICES  

The Engine Pressure Control Valve is an integrated valve system, which maintains the delivered air pressure (at the engine inlet) to pre-selected values.  The EPC is electronically controlled by a PID loop controller.  The EPC modulates the mass flow rate at which air is delivered to the engine inlet.


This modulation is controlled in accordance with engine demand, resulting in stabilization of the desired engine inlet pressure, while maintaining constant airflow rate through the psychrometric conditioning section of the CAS system.

ELECTRICAL PANELS

Power Box

A NEMA 12 power distribution enclosure will be provided with the conditioning unit. This enclosure will include a lockable electrical disconnect and will house the main power distribution, motor starters, contactors, relays, power supplies, rectifiers and interconnect termination.

Control Panels

Two control panel's will be provided. These control panels will include all indicators and switches. All operating switches will be clearly labeled.  

PID Controllers


The control panels will include the following PID controllers mounted on the face of the panels:

· Engine Inlet Air Temperature

· Engine Inlet Dew Point

· Pressure Sensors 

     
All PID controllers will be configurable for either Fahrenheit or Celsius temperature scale.


Each controller will include a digital LED display for local indicator of both set point and process variable.

Operating Switches

The following selector switches will be provided in the front face of the control panels to control each subsystem of the unit.

· Power “On/Off”

· Blower “On/Off”

· Compressor “On/Off”

· Heat “On/Off”

· Humidity “On/Off”

· Emergency Stop



The refrigeration, heating and humidification systems will be interlocked with blower operation.

Indicators

The following indicators will be provided on the front face of the control panels:

· CAS Unit “On”

· Blower “On”

· Compressor “On”

· Heat “On”

· Humidity “On”

· Emergency Stop

OUTDOOR APPLICATION

The CAS System will be weatherized for outdoor conditions as experienced in the southern New Jersey area. This will include the following:

· Insulated water lines
· Insulated panels to house unit
· Electric heaters located inside the housed unit 
· Air circulation fan (in order to maintain 40° F in the winter). This will avoid freezing of water for the refrigeration condenser and steam generator.
· On/Off  thermal control switch (when temperature is below 40° F)
EQUIPMENT CAPACITIES

Key Components
	KEY COMPONENTS




	Blower
	5 HP (approximate)

	Compressor
	25 HP (approximate)

	Heaters
	45 kW (approximate)

	Steam
	83 lbs/Hr @15 psi/min

	Desiccant Drier
	Munter's Cargocaire HCD-1125


DIMENSIONS AND WEIGHTS OF EQUIPMENT (APPROXIMATE)

	DIMENSIONS

	MAIN UNIT

	Dimensions*:
	14' L x 10' W x 7' H

	Weight:
	4,000 lbs. 

	CONTROL PANEL

	Dimensions:

Located on CAS Unit
	20” H x 20” W x 10” D 




* Dimensions are approximate and subject to change with final engineering.

UTILITIES (Provided by FAA)

Electric:  
480 V, 3(, 60 Hz (electric within 10 feel of unit)

City Water:
To be finalized at engineering (water within 10 feet of unit)

START-UP & TRAINING


ETC will provide start-up and balancing of the system at Federal Aviation Administration facility in Atlantic City, NJ. This includes operation and maintenance training and is limited to three (3) working days within one trip. Additional training available at an additional cost if required. 

OPERATIONS AND MAINTENANCE MANUALS


Supplier must provide one (1) Operations and Maintenance Manual for the system.  The manual contains operating instructions, preventative maintenance and repair procedures, parts lists, electrical schematics, refrigeration schematics, pneumatic diagrams, and manufacturer-supplied manuals for all control devices and other applicable equipment.

INSTALLATION 

Supplier will install and commission your new CAS® System at the FAA Facility in New Jersey. Installation will be for a duration of three (3) business days.

WARRANTY

Supplier will provide warranty for all parts against defects.  This warranty will be applicable for twelve (12) months from acceptance .
