SPECIFICATION AND STATEMENT OF WORK

FOR

 CROSS ENTERPRISE TECHNOLOGY DEVELOPMENT PROGRAM (CETDP)

PROTOTYPE MINIATURE LOOP HEAT PIPE (mLHP)
1.0 SCOPE

One of the NASA Goddard Space Flight Center Thermal Engineering Branch’s current efforts is miniaturization of a two-phase heat transport system for Nano-satellites and related applications.  Previous work has successfully demonstrated operation of miniature Loop Heat Pipes (mLHP’s) with evaporator diameters near ¼”. The intent of this effort is to develop a reduced scale miniature Loop Heat Pipe (mLHP) with dual parallel evaporators and dual parallel condensers in separate radiators.  The goal for the evaporator diameter is approximately ¼ “.  The system should operate in typical spacecraft temperature ranges and be able to transport approximately 100 W.   A primary consideration is the ability of the system to heat load share between the two evaporators.  The transport lines must contain a flexible section to allow the evaporators to be raised 10 cm above the radiators.
This specification is for an mLHP prototype.  Proposals will be evaluated on the “Best Value Characteristics” listed below.  Total value for the prototype mLHP’s is anticipated in the $ 130 K range, as a fixed price contract.  Vendor contribution to this effort is encouraged – the potential for future applications of this technology can be substantial, especially in the area of electronics cooling.

2.0
BEST VALUE CHARACTERISTICS

This document establishes the specifications (as design goals, not hard requirements) and deliverables of the mLHP.  The design of the system is up to the vendor.  The Best Value characteristics are:

1. 
Minimize evaporator diameter (goal is ¼”), and transport line sizes.

2. 
Minimize system weight. 

3.
Minimize compensation chamber heater power for temperature control.

4.
Minimize startup heater power requirement

5. 
Minimize the power necessary to shut the system down.

6.
Minimize the time necessary to achieve loop shut down.

7. 
Maximize the power operating range (min to max) 

8. 
Maximize the pumping capability.

9. 
Maximize overall thermal conductance from the evaporators to the condensers.

10.
Minimize temperature overshoot at startup.

11.
Demonstrated experience in the design, fabrication, and test of LHP’s.

12. 
Design that meets NASA spacecraft qualification requirements.

3.0
Configuration

Eventually, the prototype design may evolve into a flight article; therefore the design must be flight qualifiable.  However, the hardware utilized for the prototype does not have to be flight-qualified.  This means that the design (including all specified parts) must be suitable for, or upgradeable to, a flight application if they were to be developed with appropriate flight documentation.  The prototype unit will be tested in a vacuum chamber, therefore, all parts and materials used must be vacuum compatible.

3.0.1
System Configuration

The mLHP shall consist of a single system with two parallel evaporators and two parallel condensers.  Each evaporator shall be connected to thermal mass to simulate instrument weight.  Each mass shall consist of a 400 gm aluminum block.  Blocks are required to be delivered with the system, but need not be used during testing at the vendor’s facility.  The condensers shall be attached to two separate radiators (one for each condenser) to reject the heat during vacuum testing.  Radiator area shall be maximized while still allowing the entire assembly to be tested in a single plane during thermal vacuum testing at GSFC.  The GSFC vacuum chamber has a usable diameter of 32”.  During thermal vacuum testing, the radiators will reject heat from both sides.  The radiators will be mounted to GSFC supplied cold plates during ambient testing at GSFC.  Radiators must include provisions (mounting holes) for connecting to ground cooling plates.  The entire system shall be contained in a single plane, however, the system must include flexible sections to permit the evaporators to be raised 10 cm above the radiators.  The system working fluid shall be anhydrous ammonia.
3.1
Mechanical Specifications (Requirements/Goals as noted)

The mechanical specifications are based on the expected flight requirements.  The purpose of these mechanical specifications is to make the mLHP prototype design flight qualifiable. 

3.1.1
Flight Environment Loads (requirement)

The loop shall be capable of withstanding the vibration loads given in the Goddard Environment Verification Specification for an expendable rocket or shuttle flight (whichever is more stringent).  Components shall be designed for a flight limit load of 12g’s applied in any axis without damage or degradation of performance.  Analysis shall be performed to show positive margins of safety against limit load using factors of safety of 1.25 for yield and 1.4 for ultimate.  Components will be tested by GSFC after delivery to 1.25 times limit load in 3 mutually perpendicular axes.  
3.1.2  Random Vibration Loads

Components shall be designed to withstand the random vibration levels shown in Table 1 without damage or degradation of performance.  Analysis shall be performed to show positive margins of safety against the qualification random levels applied separately in each component axis.  Margins shall be assessed using factors of safety of 1.0 on yield and 1.12 on ultimate applied to 3-sigma response predictions.  The system will be tested by GSFC after delivery to the levels shown in Table 1 (protoflight) in each component axis.

	Table 1 – Component Random Vibration Levels – All Axes

	Frequency (Hz)
	Acceptance
	Protoflight/Qualification

	20
	0.013 g2/Hz
	0.026 g2/Hz

	20 – 50
	+6 dB/Oct
	+6 dB/Oct

	50 – 800
	0.080 g2/Hz
	0.016 g2/Hz

	800 – 2000
	-6 dB/Oct
	-6 dB/Oct

	2000
	0.013 g2/Hz
	0.026 g2/Hz

	Overall
	10.0 grms
	14.1 grms


3.1.2
Pressure Containment (requirement)

The maximum design pressure (MDP) of the system is the system pressure at 80°C.  The design burst pressure must be greater than or equal to 4.0 times the MDP for lines and fittings, and 2.5 times the MDP for pressurized components.  The system shall be proof tested to 1.5 times the MDP.

3.1.3
Leakage (requirement)

The pressure containment envelope shall be helium leak tested to a sensitivity of <1 x 10-8 scc/sec.  Following the proof pressure test, the mLHP shall be subjected to a leak test of a sensitivity of 1 X 10-7 scc/sec for ammonia in all weld areas.

3.1.4
Temperature Extremes (requirement)

The maximum non-operating temperature with margin is 80°C.  The minimum non-operating temperature is –50°C for the evaporator and –60°C for the condenser.

3.1.5
Design Life (requirement)

 The LHP shall be designed to have an operational life of at least 5 years.  
3.1.6
Weight Limit (requirement)

The charged loop must weigh no more than 300 g, preferably less. The mass includes the weight of the condensers, however, it does not include the weight of the radiators, nor any ground cooling lines or other GSE.  The radiator weight should be minimized.

3.1.7
Materials (requirement)

Materials shall be selected from Table 1 of MSFC-SPEC-522B if possible. Use of Table 2 or Table 3 materials must receive approval from the GSFC technical officer prior to use.  

3.1.7
Fill Tube Length (requirement)

The system fill tube shall have sufficient length to allow for removing the seal (pinch-off), reprocessing the LHP system, and then re-sealing (pinching off) the LHP system.

3.2
Thermal Requirements/Goals (as noted)

3.2.1
Operating Temperature Range (requirement)

The mLHP evaporator operating range is -10 to +30°C.  The mLHP condenser operating range is -60°C to 10°C at start-up.

3.2.2
Loop Start-Up (goal)

The loop should be able to start within 1.5 hours of power application and the temperature of the compensation chamber shall increase to no more than 20 °C above the initial temperature before the system starts.  The goal is to minimize the temperature overshoot on start-up.

3.2.3
Transport Capability (goal)

The mLHP shall be capable of transporting a minimum of 5 watts and a maximum of at least 100 watts over a distance up to 60 cm.  Each evaporator will operate between 0 and 50 W, with no less than 5 W on the system when operational.  The system must be capable of operating under any combination of heat loads between the two evaporators, from 5 W/0 W up to 50 W/50W on the two evaporators. This means that when only one evaporator is operating, it will have a minimum of 5 W on it.  When both evaporators are operating, the minimum power is 10 W.  The mLHP must be capable of meeting the transport capability in 0-g and 1-g, under all operating temperatures and possible power distributions.  The system must be able to transport 100 W without failure, but since the radiator may not be sufficient to reject this heat, the system is not required to run at steady state conditions with this amount of power. 

3.2.4
Adverse Elevation (goal)

The loop must be able to transport 5 to 100 watts with an adverse elevation up to 10 cm between the evaporators and the condenser.  The system must include flexible sections to permit the evaporator section to be raised 10 cm above the condensers.

3.2.5
Loop Operation/Control (goal)

The compensation chambers should be able to maintain the steady state temperature of the loop within (0.5°C of the set point.  Temperature controllers shall be supplied by the vendor for tests at the vendor’s facility, but need not be delivered with the hardware.  Temperature controllers will be provided by GSFC for tests performed at GFSC. The system shall maintain the control point even as the power distribution is varied between the two evaporators.  The loop shall be designed to utilize minimal heater power during all operating conditions including start-up.  The loop must be able to be shut down with minimal heater power.

3.2.6   Condenser Flow Balancing (requirement)

The condensers must contain provisions to guarantee flow balancing between condensers at the maximum utilization condition.  
3.2.7   Evaporator Heat Leak (goal)

The heat leak between the evaporator and the compensation chamber shall be minimized.

4.0
mLHP Testing and Test Report

The Technical monitor shall be notified three working days prior to the time all thermal and mechanical tests are to be performed.  A schedule before testing commences and weekly test updates during all tests are required.  These updates shall be conducted via e-mail.  Test results shall be electronically transferred to the GSFC technical monitor.   Documentation of the tests shall be submitted along with the mLHP prototype.

The Technical monitor reserves the unilateral right to witness any or all tests and any or all manufacturing operations.  However, the technical monitor shall not disclose any proprietary data from this activity without permission from the vendor.

4.1
Bubble and Permeability Tests

The mLHP wick shall be bubble tested to determine its pore size. The pressure that produces the first one or two pores passing vapor shall be recorded.  The pressure that produces a large amount of pores (>10) passing vapor shall also be recorded.  Data reduction submitted to the technical officer shall include a calculation of the minimum pore size based on the pressure at which the first one or two pores passed vapor.

The mLHP wick shall be permeability tested to determine the permeability of the wick.  Data reduction submitted to the technical monitor shall include a calculation of the permeability of the wicks.

4.2
Mechanical Tests

· Proof tests corresponding to 1.5 times the system pressure at 80°C for 30 minutes

· Helium leak test sensitivity (1 x 10-8 scc/sec

· Working fluid leak test sensitivity (1 x 10-7 scc/sec

4.3
Thermal Test

An abbreviated thermal performance test shall be conducted to verify that the system is working as expected.  The tests shall include at least one start-up, power cycle, control heater power, sink cycle test, and shutdown demonstration.

5.0
PROTOTYPE mLHP PROGRAM DELIVERABLES

The vendor is required to submit monthly e-mail status reports to the GSFC technical monitor.  In addition GSFC may visit the vendor and request to examine the hardware at any time.

5.1
Deliverables

Design Review package in electronic format and 5 hard copies including proposed design, preliminary drawings, preliminary parts and materials lists, cleaning procedure, charge procedure, and expected mLHP performance capabilities.

The following documentation shall be provided at hardware delivery, (2 hard copies and electronic format):

· Mechanical drawings of system and its components

· Parts and Materials Lists

· Analysis reports, including any thermal or mechanical analysis, plus volume calculations and charge criteria

· Thermal Test Report including Thermocouple Layout and heater locations

· Wick test documentation (bubble and permeability)

· Charge Certification

· Proof Test Certification

· Documentation of Leak Test

· Operating Instructions/Procedure

5.2
Hardware Deliverables List

The vendor shall deliver the mLHP, including radiators and thermal masses, with instrumentation and heaters attached.

6.0
SCHEDULE

	  Kick-off meeting
	   1 week A.R.O.

	  Design Review
	            8 weeks A.R.O.

	  Fab, Test, Deliver mLHP
	          24 weeks A.R.O.
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