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Measurement of Heat Leak through Multi-Layer Insulation
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Abstract: In this paper, the thermal characteristics
of multilayer insulation (MLI) were experimentally
investigated by using boil-off calorimetry method for
seeking optimum standards of thermal insulation
conditions. It is necessary to design the thermal
insulating efficiency for applying to cryogenic
instruments such as HTS power cable system. It is
well known that the thermal characteristics and heat
transfer of MLI are greatly affected by various MLI
structures such as the number of layers and layer
density, etc. However, it is difficult to know the
thermal characteristics of MLI correctly. The heat
leak by MLI between room temperature and liquid
nitrogen temperature was measured at various
conditions using a cylindrical cryostat. The cryostat
consists of two guard vessels located at both end
sides and a test vessel between them. The guard
vessels are also filled with liquid nitrogen to prevent
radiation heat leak through the both end side of the
cylindrical test vessel to measure the heat leak only
through MLIL

Key Words: thermal insulation, radiation heat
transfer, MLI, boil-off calorimetry
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Fig. 1. Schematic illustration of the guarded
cryostat.



40 SH=EZ : g , 73, 3%, 20054 93

(a) (b

Fig. 2. Photographs of LN2 vessel. (a) Before MLI
warpping (b) After MLI wrapping.
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Fig. 3. Schematic illustration of measurement

system. 1. Guarded cryostat, 2. Vacuum gauge, 3.
Digital multimeter, 4. Gas flow meter, 5. Universal
counter, 6. Data acqusition system, Tg: Nitrogen gas
temperature, Pg: Nitrogen gas pressure, Pa:
atmospheric pressure, Tr: Room temperature.
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Fig. 4. Two different wrapping methods adopted in
the experiment. (a) Once fix by a tape, (b) Every
ten layers fix by tapes.

Table 1. Specification of MLIL

- Single aluminized polyester film

NRC-2 |- Thickness : 6 m

(MPL) |- Thickness of aluminized coating : 250 A
- Crinkled film
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Fig. 5. Heat leaks plotted against MLI layer number.
The experimental data obtained from the two
methods of (a) and (b) shown in figure 4 are
symbolized as ¢ and W, respectively. The curve is
the result calculated from the equation (1).
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