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An innovative concept of using paraffin phase change material with a melting point of
28°C to make Optical Communication type of payload thermally self-sufficient for operation
in the Orion Crew Module is presented. It stores the waste heat of the payload and permits it
to operate for about one hour by maintaining its temperature within the maximum
operating limit. It overcomes the problem of relying on the availability of cold plate heat
sink in the Orion Crew Module.
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I. Introduction

he Orion Multi-Purpose Crew Vehicle is a National Aeronautics and Space Administration (NASA) spacecraft
intended to carry a crew of four astronauts to destinations at or beyond low Earth orbit. Lunar or Mars orbit is
an example. Fig. 1 and Fig. 2 show the spacecraft. Fig. 3 shows the crew module.

Figure 1. Orion Spacecraft.
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Figure 3. Orion Crew Module.

The Orion Crew Module has a pressurized cabin of approximately 20 m* in volume. There are a number of cold
plates within the Crew Module for thermal management. An Optical Communication type of payload consists of
electronics boxes and modem that dissipate a significant amount of heat during science operation. Generally such
type of payload operates for a short-term (e.g., approximately one hour). If these heat dissipating components are
flown inside the Crew Module, they require heat rejection by conduction to the cold plates in the Crew Module. The
waste heat is transported from the cold plates to the thermal radiators located outside the Service Module of the
Orion spacecraft through interface heat exchangers.® This makes such a payload thermally dependent on the Crew
Module cold plates.



1. Paraffin PCM to Make Payloads Thermally Self-Sufficient

If an Orion Crew Module cold plate is unavailable for temperature control of the heat dissipating components of
an Optical Communication type of payload, a thermally self-sufficient option is to use paraffin phase change
material (PCM) to store waste heat from payload operation. Fig. 4 and Fig. 5 show the melting point and enthalpy of
fusion as a function of the n-alkane carbon number respectively.*® Generally the maximum operating temperature
limit for electronics boxes and modem is 30°C to 40°C. Octadecane (CygHsg), which has a carbon number of 18, is
selected to a) meet the component maximum operating temperature limit, b) be above the pressurized cabin ambient
temperature, and c) to maximize the enthalpy of fusion. Octadecane has a melting point of 28°C and an enthalpy of
fusion of 237 kJ/kg. The heat dissipating components can be attached to paraffin PCM panels that contain
Octadecane. It requires a thermal interface ambient environment of colder than 28°C to prevent the paraffin from
melting prior to payload operation. Typically the pressurized cabin air is maintained at 26.7°C for human comfort®
and is adequate to meet the requirement.

During science operation, waste heat from the payload melts the paraffin at a constant temperature of 28°C. Fig.
6 presents the paraffin solid-liquid phase front in the paraffin panel.

The Crew Module main cabin air is actively circulated by fans, but the air behind the various closeout panels and
under the crew stowage is stagnant. The heat convection coefficient is dependent on the location of the payload.
Nevertheless, when the payload components are powered off for an extended period of time, the paraffin PCM
freezes at a constant temperature of 28°C because the components lose heat to the pressurized cabin, mainly by
convection. Fig. 7 presents the paraffin melt and freeze cycle.

The 28°C melting point of Octadecane allows these components operate within the maximum temperature limit.
For example, to store 100 W of payload waste heat for one hour requires approximately 1.5 kg of Octadecane and
0.75 kg of aluminum shell. In calculating the volume of Octadecane required, the liquid density of Octadecane is
used because it is less than the solid density. Fig. 8 shows the liquid density as a function of temperature.’® The data
measured by Anton Paar Densimeter' is indicated as AP. If 60°C is the fill temperature, the volume of 1.5 kg
Octadecane required, plus a 30% margin, is calculated to be 2,540 cm® based on its liquid density of 0.768 g cm™ at
60°C. The thermal conductivity of paraffin is low (0.21-0.24 Wm™ K™). Therefore the thickness of paraffin panels
is limited. Assuming the thickness of Octadecane is 1 cm, the area is 2,540 cm® Multiple paraffin panels, such as
two 35.6 cm x 35.6 cm x 1 cm panels, can be used to add up to this area and to fit the footprint of the heat
dissipating components. The mass and volume can be scaled linearly for other power dissipation or science
operation time.

The aluminum shell is fine pore aluminum honeycomb core embedded with K1100 carbon fibers, aluminum
6061-T6 frame, and aluminum 1100-H19 facesheets. The carbon fibers are used to enhance thermal conduction
through the panels. A thermal interface material is required to maximize heat conduction from the heat dissipating
components to the paraffin panels. Examples are indium foil and T-pli.
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Figure 4. Melting Point of n-Alkanes (CyHan+2)-
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Figure 5. Enthalpy of Fusion of n-Alkanes (CyHans2)-
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Figure 6. Solid-Liquid Phase Front in Paraffin Panel.
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Figure 8. Density of Octadecane (with Cy5) As a Function of Temperature in Liquid Phase.’

I1l. Paraffin PCM Flight Heritage

Two small paraffin packs (Fig. 9) are flown on the NASA MESSENGER Mercury Dual Imaging System
(MDIS) instrument.” The paraffin is dodecane (Ci,H,s). Paraffin panels (Fig. 10) were built for the GSFC VCL
project.? There was no degradation after 5,000 thermal vacuum cycles. The technology readiness level (TRL) of
paraffin phase change material is at least 7.



Figure 10. Paraffin Panel (25.4 cm x 25.4 cm x 1 cm) for NASA VCL Project.’

IVV. Conclusion

This paper presents an innovative thermal design concept of using paraffin PCM with a 28°C melting point to
store waste heat from science operation of an Optical Communication type of payload while in the Orion Crew
Module. It permits such a payload to operate for up to about one hour by maintaining its temperature within the
30°C to 40°C maximum operating limit. It makes such a payload thermally self-sufficient for operation in the Orion
Crew Module. It overcomes the problem of dependence on the availability of cold plate heat sink in the Orion Crew
Module.
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