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depending on the surface condition. For thin metallic films (e.g., aluminum on Mylar) at
cryogenic temperatures, the calculation of radiation properties must incorporate both the

size effect and the anomalous skin effect. Such a calculation has been made and a parallel
experimental study has also been carried out. For the class of thin metallic films (about

400 A thick aluminum or gold) actually used in Multilayer Insulation, there exists an

appreciable effect of film thickness on the Emissivity. The thin film Emissivity increases

with the decrease of thickness, and the effect becomes more pronounced at lower

temperatures. For reflective shields with metallic layers coated only one side, such as the

widely used singly aluminized Mylar, the plastic-side Emissivity of the shield must also be

determined.

3.4. Normal Heat Transfer

Heat transfer in the direction normal to the layers often constitutes the major

criterion in the thermal design and performance evaluation of multilayer insulation. The

heat transfer mechanism involved is influenced by a large number of system parameters.

The primary system parameters consist of the layer density (including thick nesses of

insulation blankets and spacers, and the imposed pressure), radiation properties of the

reflective shields and thermal properties (conduction, absorption, and scattering) of the

spacer material.

The computation of normal heat transfer in multilayer insulation as a whole is

always built on the calculation for a basic segment consisting of two neighboring shields,

across which combined radiation and conduction (i.e., conduction through spacers or

contact conduction in case of no spacers) takes place. For the spacer materials (including

void) and thicknesses utilized in typical multilayer insulation systems, the optical thickness

is very small compared to one, and the radiation and conduction contributions can be

calculated separately. Furthermore, in the calculation of radiation contribution, the spacer

effect can be neglected. The conduction contribution depends little on the thermal

conductivity of the spacer layer but primarily on the interface contact conductance, which

is in turn strongly influenced by.the contact pressure.
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Earlier treatments of normal heat transfer across evacuated cryogenic multilayer insulation
have been a direct extension of the two-shield case to the multilayer system. This analytical
approach stays closely with the discrete physical system, but the resultant computations,
even with improved numerical techniques are cumbersome and the analysis is not flexible

in its applications to a variety of physical situations.

3.5. Lateral Heat Transfer

In actual applications, heat flows inside the multilayer insulation system are seldom

one dimensional in the normal direction. The complex geometry of the insulated system as

well as penetrations by mechanical supports and plumbing often results in

multidimensional heat paths and leaks. It would be a formidable problem to calculate the

multidimensional heat transfer in such a highlj anisotropic discrete medium as multilayer
continuous model in the case of normal heat transfer to consider the multilayer insulation

as a continuous, homogeneous but anisotropic medium with prescribed normal and lateral

effective thermal conductivities. The definition of these effective conductivities may not be

a one-dimensional normal or lateral case, must include the interaction effect between the

normal and lateral heat transfer. No analysis or calculation of this nature has yet been

reported.

Even the one-dimensional lateral heat transfer has not been easy for analysis and

understanding. Until very recently, the lateral heat transfer had been regarded as governed

solely by heat conduction in the thin metallized film on the plastic. Recent evidence,

however, reveals that multiple reflections (i.e., lateral radiation tunneling) along two

conducting films could affect the lateral heat transfer in a significant manner, especially

when spacers are not used. The use of highly scattering fibrous spacers such as Tissuglas

and Dexiglas reduces the lateral radiation contribution, but it takes a few layers of them to

eliminate effectively this contribution.

While the use of spacers reduces lateral radiation transport, there are ways to reduce

lateral heat conduction. The most effective teclmique is the selective slitting of insulation

blanket to increase resistance in the direction of heat flow. The slitting results in a two
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Figure 4.3 - Cylindrical Guarded Boil Off Calorimeter.
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