1.0 Introduction


The Advanced Passive Avionics Cooling project is focused on providing potential passive thermal solutions to thermally condition critical avionics equipment within current and future launch vehicles.  Based on initial research and development, a demonstration concept has been derived from a series of potential flight concepts and shall be contracted for hardware development and demonstration. 
As part of the Advanced Passive Avionics Cooling hardware development project, the contractor shall design, analyze, develop, fabricate, functionally checkout, and deliver a demonstration level avionics cooling system.  This system shall include (1) a high conductance plate to provide a mounting surface and heat collection plane for temperature critical avionics, (2) an associated header heat pipe with appropriate interfaces on the condenser end to transport collected heat to externally provided heat sinks that simulate either ground cooling or in-space cooling, and (3) a removable fin heat exchanger mounted to the header heat pipe that makes use of purge flow duct cooling.  Additionally, the system shall include an optional phase change material (PCM) thermal storage module to allow the system to maintain the mounting surface temperature for some time without the benefit of the header heat pipe and fin heat exchanger. 
The development/fabrication effort shall include periodic statuses and an informal design review prior to fabrication; in addition, the checkout test plan shall be reviewed prior to implementation.  A final presentation, prior to shipment, shall be used to outbrief development and testing results, issues and recommendations. A final report shall be delivered with the hardware, along with any specific operating instructions and safety materials.
Once delivered by the contractor, the avionics cooling plate, header heat pipe, and purge duct heat exchanger assembly is intended for subsequent integrated system level demonstration testing in ambient and thermal vacuum conditions at MSFC.  A simplified test layout schematic simulating a prelaunch environment is shown in Figure 1.0-1.  A simulated avionics dissipated heat load of 175 watts shall be applied to the high conductance plate from avionics footprints ranging from 20in x 12in to 6in x 10in.  A nitrogen cooling flow with a flow rate of 300scfm at 18°C shall be directed through a duct with a diameter of 4in located 48in above the high conductance plate.  To simulate the environments during vehicle ascent, the system shall be tested with the same heat load without the cooling flow if the PCM module is purchased.  
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Figure 1.0-1 Simplified Demonstration Test Schematic for Prelaunch and Ascent Scenarios
2.0 Design Requirements

2.1 System Level Performance

The concept demonstration system shall be able to acquire a simulated avionics dissipated total heat load of 175W applied at a power density no greater than 3.3 Watts /in2 to a 20in x 18in, horizontally mounted surface.  The system shall transport this thermal energy upwards 48in and reject it to an air/nitrogen cooling flow of 300 scfm, 18°C travelling through a 4in diameter duct. The avionics mounting surface on the high conductivity plate shall be maintained below 26°C by the concept demonstration system.  These parameters are provided to define the performance of the demonstration concept system as a whole.  Individual components of the concept system shall be removable to allow integration with externally provided equipment.  System components are required to meet these parameters only when integrated as a whole, not when used as part of another system. The following are design requirements specific to each of the components in the demonstration system.
2.2 High Conductivity Plate

(1) The high conductivity plate shall have sufficient in-plane and thru-plane conductance to collect and transport the acquired heat to the header heat pipe to meet the overall specified heat transport requirements provided in section 2.1.

(2) The High Conductivity plate shall have a footprint of 20in x 18in, with an overall thickness of no greater than 1.5in, not including the thickness of the attached header heat pipe.  
(3) The plate shall also have a 2in x 2in bolt-hole pattern for mounting avionics components.  Shall a tighter/looser pattern be needed to accommodate high conductivity plate performance, those considerations can be determined prior to fabrication.  
(4) The plate shall provide a mounting surface and hole pattern to attach the header pipe. 

(5) The plate shall provide mounting points sufficient for horizontal installation into a test fixture.  Placement of attachment points shall be determined during design phase.  

(6) The high conductivity plate shall be removable from the system.
2.3 Header Heat Pipe

(1) The header pipe shall transport sufficient heat 48in vertically from the high conductance plate to the purge flow heat exchanger to meet the overall specified heat transport requirements provided in section 2.1. 

(2) The header heat pipe shall make a 90° turn 48 inches above the high conductance plate to allow the purge flow heat exchanger to interface axially with the purge flow. 

(3) The header heat pipe shall provide mounting surfaces at the evaporator segment to attach the high conductivity plate and at the condenser segment to attach the purge flow heat exchanger.

(4) The header heat pipe shall provide flanges along its length, except for areas near the bends in the heat pipe, for attachment of externally provided heat rejection devices. A mounting hole pattern can be determined prior to fabrication and may not be required for these flanges.
(5) The header heat pipe shall be removable from the system. 

(6) The header heat pipe shall provide sufficient mounting surfaces to support it structurally both integrated with and independent of the concept system. 
(7) The header heat pipe shall provide, as a minimum, the stated heat transport performance in vertical and horizontal orientation to simulate ground and in-space operation.

2.4 Purge Flow Heat Exchanger

(1) The purge flow heat exchanger shall provide sufficient conductance to the header pipe and heat transfer to the flow to meet the overall specified heat transport requirements. 

(2) The maximum pressure drop across the heat exchanger device shall be no greater than 0.1psid with a flow of gaseous nitrogen or air at 300scfm and 18°C. 

(3) The heat rejection device shall interface with a circular purge duct with an inner diameter of 4 inches.  

(4) The total length (along the duct) of the heat exchanger device shall be less than or equal to 12in in length.

(5) The heat exchanger device shall provide a mounting surface with which to be attached to the header pipe. 
(6) The heat exchanger device shall be removable from the system.

(7) The heat exchanger device shall provide sufficient mounting surfaces to support it structurally both integrated with and independent of the concept system.

2.5 Phase Change Material Module (Optional and not part of baseline system)
(1) A detachable module of phase change material shall be attached to the underside of the high conductivity plate.  
(2) This module shall be able to the absorb heat loads described section 2.1 for a simulated ascent duration of 500 seconds and maintain the temperature of high conductivity plate below 28°C.
(3) The phase change module shall provide a mounting surface which shall allow it to be attached to the high conductivity plate. 

(4) The phase change module shall be removable from the system.

(5) The phase change module shall provide sufficient mounting surfaces to support it structurally both integrated with and independent of the concept system.

3.0 Programmatic Requirements

3.1 Schedule

(1) The total lead time allowed from contract award to delivery of this system is 11 weeks.
3.2 Reporting

(1) A kickoff briefing shall be conducted to confirm understanding of targets, requirements and constraints

(2) Periodic brief statuses during development shall be provided via email/telecom.
(3) An informal design review shall be conducted prior to fabrication, via telecom. 
(4) A checkout test plan shall be provided for and agreed upon prior to implementation.  
(5) A final presentation, prior to shipment, shall be used to outbrief development and testing results, issues and recommendations.

(6) A final report shall be delivered with the hardware, along with any specific operating instructions and safety materials.
3.3 Testing

(1) Prior to delivery, testing shall be performed by the contractor and focused primarily toward safe operation and functional checkout. 
(2) At a minimum this testing shall include leak tests, thermal functional testing of each of the components separately and integrated as a whole system.  
