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Abstract

One of the passive components of the satellite Thermal control subsystem is multilayer insulation.
In order to prevent air from being trapped between the multilayer insulation layers, which causes
the thin layers to inflate and disintegrate during satellite launches, holes are made in the layers.
These holes in different layers may not be aligned due to heat transfer problems as well as
manufacturing constraints. For maximum thermal efficiency of thermal insulation, gas outlets must
be designed to have the least resistance to exhaust gas flow, because the air trapped between the
layers will greatly reduce the insulation efficiency by leaving a convective heat transfer path
between them. In this article, different perforation matrix that have been used in articles are
reviewed. By analyzing the computational fluid dynamics of gas outflow from these insulators, the

effect of various parameters has been studied.
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1. Introduction

Multi-layer thermal insulators prevent heat loss from
satellites. This insulation consists of several layers, each of
which has a high reflectance. To prevent the layers from
contact, thin mesh sheets with a very low conductivity are
used between them to minimize heat transfer. The absence
of gas between the layers will increase the efficiency of
multi-layer insulation. Insulation layers are designed and
constructed in such a way that the gases trapped between the
layers can be removed from the system. Also, to prevent
rupture, bursting and separation from the surface of
multilayer insulation due to the rapid pressure drop during
the launch of the spacecraft, perforation is done.

If the number of gas outlets is not enough, cracks will
continue to grow from the same holes. On the other hand, if
the number of gas outlets in the MLI is too much, its
insulating property will be lost. Therefore, the design of
these paths and holes must be done carefully.

Different methods have been used to create gas exit paths in
multilayer insulation. Chen et al. [1] used a slit matrix on

multilayer insulation. Kotros and Hashemi [2] have
proposed an experimental formula for the exit of

gas between layers of multilayer insulation using an X-
shaped slit. Wesley et al. [3] measured the amount of heat
loss from multilayer insulation. Layer drilling in the
construction of this multi-layer insulation with a diameter of
1/16 inches and at intervals of 2 inches has been done using
the punching method. Deng et al. [4] experimentally
extracted the optimal perforation rate of multilayer
insulation for cryogenic applications. The diameter of the
holes in this study is 1 mm. Efromson [5] investigated the
thermal performance of multilayer insulation during rapid
pressure drop. In this paper, a 10-layer insulation with a
diameter of 1.3 mm and perforated surface to the total
insulation surface of 2.2% has been used. Fasmir et al. [6]
have studied the thermal performance of multilayer
insulation on a large scale for the use of space launchers and
cryogenic spacecraft. The number of layers of this insulation
is 15 layers and the diameter of its holes is 2 mm. In that
study, the distance between the holes was 56 mm. Ramezani

COPYRIGHTS
& © 2023 by the authors. Published by Aerospace Research Institute. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0).

How to cite this article:

H. Ramezani Najafi, S.M. Karimian and M.R. Pakmanesh, "Analysis of the Effect of Layer Perforation Pattern on the Rate of Gas
Leakage from Multilayer Thermal Insulation During Satellite Launch,” Journal of Space Science and Technology, Vol. 16, No. 1,
pp. 11-21, 2023 (in Persian), https://doi.org/10.30699/jsst.2023.1407.



https://doi.org/10.30699/jsst.2023.1407
https://jsst.ias.ir/
https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
https://doi.org/10.30699/jsst.2023.1407
https://orcid.org/my-orcid?orcid=0009-0001-7083-1382
https://orcid.org/0000-0002-1934-7413

12 / Journal of Space Science and Technology
Vol. 16/ Issue 1 /2023 / (No. 55)

et al. [7] tested the radiant thermal efficiency of multilayer
insulation in vacuum. The number of layers of this insulation
is 20 layers and the diameter of its holes is 1.5 mm with
intervals of 15 mm.

Assuming circular holes, the effective parameters in
removing gas from multilayer insulation are diameter of
Corresponding Author

the holes, distance between them and shifting on holes in
layer-by-layer.

2. Solution Method

The perforation matrix will be repeated on the multilayer
insulation layers in length and width, therefore, the
symmetry boundary condition was used (Figure 1).
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Figure 1. using the symmetry boundary condition

3. Results and Discussion
To evaluate the optimal element length, assuming a hole
diameter of 1.5 mm, three element sizes of 5, 10 and 20 mm
were studied (Figure 2).
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Figure 2. Pressure difference between inside and outside
with element lengths of 5, 10 and 20 mm and hole
diameters of 1.5 mm

The element size of 10 mm was selected as the optimal

element size, which is studied with three hole diameters of
1, 1.5 and 2 mm (Figure 3).
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Figure 3. Pressure differences between inside and outside

with element lengths of 10 mm and hole diameters of 1, 1.5
and 2 mm
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4. Conclusions

The smaller distance between the holes and the larger
diameter of the holes, leads to better discharging trapped air
inside the launcher’s fairing. However, it should be noted
that creating more perforated surface on the layers will
reduce the insulating properties of the layers. Studies have
shown that a hole diameter of 1.5 mm at intervals of 5 mm
will create the least pressure difference between multilayer
insulation layers. But the short distance between the holes
will definitely reduce the strength of the layers. Therefore,
for the minimum suitable distance between the layers, a
distance of 10 mm will be the optimal choice.

With this assumption, a diameter of 2 mm is the best drilling
diameter for the layers in terms of air evacuation time. To
reduce the pressure difference created by accepting a time
penalty, a diameter of 1.5 mm can be used.

Sliding of the holes between the layers can increase the time
of discharging process. As a result, the pressure difference
between the middle and outer layers will increases.
Therefore, it should be noted that in order to prevent rupture,
it is better for the holes to be in line, but if there is no
alignment, it is necessary to use larger perforation diameter
of the layers.
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