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PROBLEM STATEMENT: to learn the
principles of PCMs and which ones are
suitable for different applications.




Rationale

«Constant temperature thermal control for
long duration

*Energy savings over other insulators
*Mass and volume savings



Background

What are PCMs?

PCM materials have high heats of
fusion so they can absorb a lot of
energy before melting or solidifying.

A PCM temperature remains
constant during the phase change,
which is useful for keeping the
subject at a uniform temperature.



PCM Definitions

*Heat of Fusion [kJ/kg]: amount of energy required to melt
one Kkg.

sDuration Index [J/(cm**°C)]: Comparison of how long a
PCM will remain at a constant temperature during the phase
change. Calculated as: D.l. = h.p /AT



Design Options

Melt | Heat of Liquid | Duration
Point | Fusion | Density Index
Material [°C1 | [kJ/kg] | [g/cm®] |[I/em®°C]

Heptanone-4 -33 209 0.822 2.96
n-Undecane -26 141 0.740 2.05
TEA-16 -16 289 1.100 7.75
Ethelene glycol -11.5 179 1.109 5.44
n-Dodecane -9.6 211 0.749 4.57
Water 0) 333 1 13.32
Thermasorb 43 6 163 0.87 7.46
Thermasorb 65 18 173 0.88 21.75
Sodium hydrogen
phosphate 36.1 280 1.45 -36.58
Thermasorb 175+| 79 200 0.93 -3.44
Thermasorb 215+ | 101 193 0.93 -2.36

D.l. based on AT from melt point to ambient (25 °C)




Why use different PCMs?

Biological Sample at -10°C

Assume ambient T=25°C

Using TEA-16 (Melts at
-16°C; 289 kg/kJ)

D.l.=7.75

Using n-Undecane (Melts at
-26°C, 141 kg/kJ)

D.l. =2.05

Plant Chamber at 25°C

Assume ambient T=30°C

Using Water (Melts at 0°C, 333
kg/kJ)

D.l.=11.10

Using Thermasorb 65 (Melts at
18°C, 173 kg/kJ)

D.l. =12.69



Comparison of Duration Indexes for Various PCMs
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Other considerations

Toxicity: n-Undecane, TEA-16, n-Dodecane
are all hazardous materials.

Compatibility: all the previously mentioned
are also highly corrosive.

Cost: n-Undecane ($250/L), TEA-16 ($8/kg),
n-Dodecane ($116/L)



Applications

Cooling
Packs

Thermasorb
Capsules

Body Cooler




Bridge Warmer

NASA Dive Suit

Building Insulation
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