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Introduction

This manual offers a detail explanation of the operation of two systems using carbon foam, a finned heat sink and a flow injection system.  To ensure safe and efficient operation, it is imperative that users follow the suggested guidelines. 

The finned system is based off of traditional heat sink designs and manufactured from carbon foam.  It is a heat transfer device with extended surfaces designed for heat removal from electronic components. 

The flow injection model can be used for more rigorous applications, for which it is necessary to remove a greater amount of heat. This model consists of vinyl tubing inserted in the middle of a carbon foam cylinder.  It is meant to be used in conjunction with a pressurized air flow. 

Both systems have been designed to maximize heat removal from electronic devices, and must be placed in thermal contact with these devices for proper functioning.

	
[image: image4.png]



Figure 1: Finned Heat Sink
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Figure 2: Flow Injection System




Background

This application is designed primarily for use in the Boeing More Electric Aircraft, however, this is not the sole application to which it can be put. The Boeing More Electric Aircraft seeks to minimize the use of mechanical systems and increase efficiency by using electronic components. The advent of power and power conditioning equipment allows the replacement of the conventional centralized hydraulic system with a distributed electronic system. However, this replacement of the hydraulic system eliminates the means for the transportation and rejection of waste heat. Excess heat production in electronic components can cause system failure as well as damage to the components. Two systems have been developed to solve this problem. Both designs are made from a material called carbon foam.

Carbon foam is an advanced porous material. Its main advantages are its density and porosity. Its density (0.4 g/cm3) is substantially lower than conventional heat transfer materials.  This leads to decreased system mass. Heat can be lost to the air within the channels of the foam. Because of the large surface area available for heat loss within the foam, convective heat transfer is likely to be very high. In fact, convection is predicted to be the main mode of heat transfer within carbon foam. Carbon foam has a fairly low thermal conductivity (64W/mK), so that heat transfer due to conduction is lower than traditional thermal management materials like aluminum and copper. The two models effectively make use of the increased surface area within the material, to such an extent that has allowed carbon foam to perform as well as traditional metals with a significant decrease in system mass.

Principles of Operation

The first design is a finned heat sink made from carbon foam (see Figure 1). This is positioned in thermal contact with electronic components, from which it absorbs and dissipates heat. Heat transfer occurs by conduction and convection. When a typical heat sink is placed in contact with a high temperature electronic component, heat travels from the high temperature region (electronic component) by conduction to the low temperature region (heat sink) until thermal equilibrium is achieved. However, the porous nature of carbon foam allows heat to travel not only through conduction, but also by convection through the fins. The heat is then transferred by convection to the surrounding fluid (air). 

The second design is a flow injection heat removal system. This system is based on the principle of forcing air through the pores in the carbon foam to increase heat transfer. The actual carbon foam component has a cylindrical configuration (see Figure 2). Air will travel from the outside of the aircraft through a tube to the carbon foam component. This air will be at a low temperature and high velocity. This low temperature air will be introduced into the middle of the carbon foam component. The air will be forced through the pores and out through the sides, carrying with it the heat transferred to the foam from the electronic device.

Safety Guidelines

1. Do not operate at high ambient temperature (above 80˚F).  The effectiveness of both systems is significantly decreased if the cooling airflow is too warm.  This will result in system failure and damage to the electronic components.

2. There is weak evidence that suggests that prolonged exposure to carbon dust can be linked to cancer.  However, it can lead to respiratory diseases if sufficient dust is allowed to accumulate in the lungs.  Minimize carbon foam exposure and keep device situated within an enclosed environment as far as possible.

3. If a pressurized air system is to be used with the flow injection system the inlet pressure should not drop below 20psi or exceed 45psi.  Excessively low pressures detract from the effectiveness of the device while exceptionally high pressures can result in the disintegration of the apparatus.

4. Carbon foam is fragile.  Please use with care.  Excessive force when handling may result in broken fins or other harm to the device.

5. Ensure tubing fits snugly into nozzle of carbon foam cylinder and air supply (if used).  If not secured properly, tubing may cause damage and/or harm.

Installation Instructions
Carbon Foam Finned Heat Sink

1. Ensure electronic device is lying horizontally on a flat surface.

2. Apply a pea sized amount of thermal paste to the clean, dry surface of the electronic component.

3. Place heat sink on the electronic component.

4. Let dry for 24 hours.

5. Place system in normal operating position.

6. Mount fan directly on top of heat sink, so that airflow is directed towards the base of the heat sink. (if desired)

7. Secure fan properly depending on configuration of fan and surroundings.

8. Run application or heat generating process. (Example: If heat sink is to be used on a computer processor, run desired programs.)

Carbon Foam Flow Injection System

1. Connect air source to tubing ensuring tubing is tightly secured. 

2. Air source to be used should operate between 20psi to 45psi.

3. Insert opposite end of tubing into the cylindrical cavity of the carbon foam

4. Seal connection between tubing and heat sink, preferably using a silicon sealant 

5. Ensure electronic device is lying horizontally on a flat surface

6. Apply a pea-sized amount of thermal paste to the clean, dry surface of the electronic component.

7. Place carbon foam cylinder on electronic component, making sure that the surface connections between the heat sink and electronic component is tightly secured with no air bubbles

8. Let dry for 24 hours

9. Place system in normal operating position.

10. Run application or heat generating process. (Example: If heat sink is to be used on a computer processor, run desired programs.)

System Testing

The tests described below are included as suggestions for users who wish to perform a complete assessment of the finned heat sink and flow injection system. It is recommended when the system is to be used for high intensity applications where exact performance specifications must be met.

Finned Heat Sink

Objective
This experiment may be used test the carbon foam finned heat sink, ensuring that its performance is adequate for a specific heat-removal application.

Theoretical Background

In order to properly test the performance of the system, the carbon foam finned heat sink will be used to remove the heat generated by a computer processor running the Norton Antivirus Software Version 7.0. Temperature measurements will be taken at various locations on the heat sink using thermocouples. The software generates heat at a constant rate, allowing the total heat loss, as well as the efficiency and effectiveness of the heat sink to be calculated.

Temperature readings will be taken at the base and tip of the selected thermocouples (see Figure 5). These readings will allow for the calculation of heat loss, efficiency and effectiveness. Four fins were selected for thermocouple placement, based on distance away from the site of heat generation. This is demonstrated in Figure 4. 

Equipment

· Heat Sink: The finned carbon foam will be used. 

· Thermocouples: Four type J thermocouples will be used at various locations

· Data Acquisition System: The portable USB Data acquisition system NI USB-9211A consists of several components. The system can be used to collect data from four channels of 24-bit thermocouple input. This data will be processed using LabVIEW SignalExpress data-logger software.
· Computer System: The processor with attached heat sink will be installed in a barebone computer obtained from Tiger Direct (Item Number P459-1236C). This will be set to run applications identical to those used in the preceding experiment, while temperature measurements are taken.

· Processor Chip: Two AMD Athlon 64 3500 chips will be used to generate heat at a constant rate by running the same applications on both computers. The heat sinks will be attached to the processor chips by means of a thermally conductive past if necessary

· Application Software: Norton Virus Scan Version 2007 will be used as the application software for the generation of a large, constant heat flux.
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Figure 3: Experimental Setup
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Figure 4: Fins Selected for Thermocouple Placement
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Figure 5: Location of Thermocouples along Fin

Procedure

1. Position thermocouples along the heat sink on fins 1 and 2 as shown in Figure 4 and Figure 5.

2. Secure heat sink to processor chip using the thermally conductive paste.

3. Connect Data Acquisition System to thermocouples and another computer system which will be used to take readings.

4. Turn on Data Acquisition System and start LabVIEW SignalExpress.

5. Turn on test computer and allow it to boot up.

6. Start Norton Virus Scan 7.0 and set LabVIEW to record the temperatures measured by the thermocouples.

7. Run the virus scan was run for approximately five minutes in order to ensure steady state heat generation in the processor chip.

8. Once scan is complete, exit Norton Virus Scan 7.0.

9. Stop Data Acquisition System.

10. Repeat procedure for Fin 3 and Fin 4

11. The entire procedure can be repeated with a fan placed on top of both heat sinks (if desired).

Analysis

1. Plot graphs of Temperature vs Time for each thermocouple.

2. For each fin along which thermocouples were placed:

a. Determine the base and tip temperatures of the fin

3. Calculate the following values for the carbon foam heat sink:

a. Heat lost per fin 

b. Total heat lost by heat sink

c. Fin efficiency

d. Effectiveness of heat sink

Sample calculations are provided below:
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Discussion

Steady heat generation from the processor will not occur immediately. For this reason, sufficient time must be allotted after the beginning the application to ensure that steady state is achieved. Plotting graphs of temperature with respect to time is helpful in determining when steady state has been reached. From this, an average temperature can be calculated for each thermocouple in steady state.
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Figure 6: Expected Plot of Temperature vs. Time

Constant heat generation at the processor ensures that the base temperatures of the heat sink remains constant. The tip temperature, then, can be used as an indication of heat removal. Heat removal from the finned heat sink occurs by conduction as well as convection within the pores. 

Conclusion:

If the above test is carried out adhering strictly to the directions above, the expected values are as follows:

	Heat Loss (W)
	20.9

	Fin Efficiency
	95.5

	Heat Sink Effectiveness
	26.3


Table 1: Expected Values

Flow Injection System
Objective

To investigate the performance of a carbon-foam based Fluid Injection Heat Removal System

Theoretical Background

Air is run via a tube through the center of a cylindrical carbon foam heat sink. Holes in the tube allow air to be forced through the porous foam. Heat travels from the electronic component upwards through the heat sink, towards the pores by conduction. Forcing air through the pores causes this heat to be carried away by convection.

Equipment

· Heat Sink: The finned carbon foam will be used. 

· Thermocouples: Four type J thermocouples will be used at various locations

· Data Acquisition System: The portable USB Data acquisition system NI USB-9211A consists of several components. The system can be used to collect data from four channels of 24-bit thermocouple input. This data will be processed using LabVIEW SignalExpress data-logger software.
· Computer System: The processor with attached heat sink will be installed in a barebone computer obtained from Tiger Direct (Item Number P459-1236C). This will be set to run applications identical to those used in the preceding experiment, while temperature measurements are taken.

· Processor Chip: Two AMD Athlon 64 3500 chips will be used to generate heat at a constant rate by running the same applications on both computers. The heat sinks will be attached to the processor chips by means of a thermally conductive past if necessary

· Application Software: Norton Virus Scan Version 2007 will be used as the application software for the generation of a large, constant heat flux.

· Compressed Air Tank: This will be used to introduce air into the cylinder.



Figure 7: Experimental Setup
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Figure 8: Heat Sink on Processor
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Figure 9: Schematic of Thermocouple Placement within Heat Sink

Procedure

1. Position thermocouples along the heat sink as shown in Figure 9.

2. Connect air source to tubing, ensuring tubing is tightly secured. 

3. Insert opposite end of tubing into the cylindrical cavity of the carbon foam.

4. Secure heat sink to processor chip using the thermally conductive paste.

5. Connect Data Acquisition System to thermocouples and another computer system which will be used to take readings.

6. Turn on Data Acquisition System and start LabVIEW SignalExpress.

7. Turn on test computer and allow it to boot up.

8. Start Norton Virus Scan 7.0 and set LabVIEW to record the temperatures measured by the thermocouples.

9. Run the virus scan was run for approximately five minutes in order to ensure steady state heat generation in the processor chip.

Analysis

1. Plot graphs of Temperature vs. Time for each thermocouple.

2. Determine and average steady state temperature for each thermocouple.

3. Use these temperatures to determine to total heat loss from the system
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Figure 10: Graph of Heat Removal vs. Inlet Pressure
Discussion

It is expected that the heat lost by the fluid injection system will be greater than that lost by the finned heat sinks from the previous experiment. This is because the fluid injection system allows the processor chip to be cooled by two modes of heat transfer, conduction and convection. The graph above gives expected heat removal with inlet pressure.

Conclusion

It is expected that the total heat removed from the fluid injection system is 35 W.
Handling and Maintenance

1. Carbon foam is fragile.  Please use with care.  Excessive force when handling may result in broken fins or other harm to the device.

2. During transport remember to cushion well as it is extremely fragile.

3. Carbon foam leaves residue so please ensure that it is placed in/on a surface that can be easily cleaned.

Technical Specifications
Finned Heat Sink

Length: 7cm

Width:  6cm

Height: 4cm
Weight: 43g
Heat Removal Capacity: 30 W

Operating Temperature: 0˚C - 70˚C

Flow Injection System

Outer Diameter: 7cm

Inner Diameter: 1.25cm

Height: 4cm

Weight: 65g
Heat Removal Capacity: 35W
Operating Temperature: 0˚C - 70˚C

Air Flow Pressure: 20psi – 45 psi

Optional Accessories:
A fan may be used in conjunction with the finned heat sink.  It increases the rate of heat removal.  The use of a fan is advised for applications that generate more than 40W, as the heat sink alone may not be adequate.

Technical Terms:
Heat sink:  a heat exchanger designed to absorb and dissipate excess heat from a heat generating device.

Fin:  any of a number of standing ridges on an ordinarily hot object, intended to maximize heat transfer to the surrounding air by exposing a large surface area.

Conduction:  the transfer from the more energetic particles of a substance to adjacent, less energetic ones as a result of interactions between the particles.

Convection:  the mode of energy transfer between a solid surface and the adjacent liquid or gas that is in motion, involving the combined effects of conduction and fluid motion.
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