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Abstract

HPS has conducted MLI performance measurements at ESA ESTEC. The results where correlated using
a custom MATLAB thermal modelling tool. With the tool it is possible to solve transient non-geometrical
thermal problems allowing extremely quick parameter analyses. The tool was extremely useful for
explaining unexpected test results.

MLI performance is measured with standardized test setups in a thermal vacuum chamber. The MLI
specimen encloses a heater plate with controlled temperature and known heat output. The heater plate
with the MLI wrapping is surrounded by a thermal shroud with controlled temperature. The thermal
performance is then deduced from the temperature measurements of the inner MLI layer and the outer
MLI layer assuming that the MLI is in thermal equilibrium (steady state).

The results obtained from the MLI performance measurement where not as expected and showed
some irregularities which could not be explained initially. In order to verify the test results, transient
simulations with a detailed model of the test setup where conducted using a custom MATLAB tool for
thermal modelling.

The tool models each MLI layer with realistic properties including surface emissivity, specific heat
capacity, density, thickness and area. Spacer material in between MLI layers is considered by introducing
conductive contributions between adjacent layers taking into account the compression of the MLI.

The mathematical model applied could in fact reproduce the unexpected test results. The model clearly
shows that the observed effects are due to the fact that the MLI has not achieved a thermal equilibrium
even after 24 hours. The simulation achieved a steady state after setting the dwell time to 10* hours. In
steady state, the thermal performance values where as expected.

The applied mathematical model could in fact explain the measurement results which where not as
expected in the beginning. The reason for the deviation could be identified to be a transient problem.
Finally, steady-state values for the MLI performance measurements could be obtained by extending the
simulated dwell time. However, it is worthwhile discussing whether steady-state performance values are
in fact helpful for modelling realistic MLI blankets or if it would be better to create a new set of thermal
performance values that also considers transient effects which MLI has in reality.
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ION OF MLI PERFORMANCE

MLI on external surfaces

eROSITA: integration of blankets in September 2012 (picture: HPS)

EDM module of ExoMars 2016 completely equipped with MLI by HPS
(picture: HPS)
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ION OF MLI PERFORMANCE

Internal MLI

Exomars 2016 EDM internal MLI
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ON OF MLI PERFORMANCE

Instrument MLI

LRI OBA MLI: cut-outs for optics and

cables
NOMAD instrument MLI: small covers for e j
instrument optics CASSIS instrument MLI: Black Kapton, non-
perforated, sewed
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Factors influencing MLI performance

* Number MLI layers No (significant) influence:

* Size of blankets * Perforation

* Edges ¢ OQutside optical properties
* Foldings

* Type of spacer

* Groundings

* Attachments

*  Sewings

» Blanket perimeter vs. area

» Blanket compression
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MLI PERFORMANCE

MLI Performance

Heat exchange with effective emissivity heat
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Effective conductivity according to ESA handbook
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OF MLI PERFORMANCE
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MLI performance measurement test setup

Calorimeter plate Test specimen

Edges covered to reduce edge effects

Guard heater
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MLI PERFORMANC
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Test results
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Theoretical curves

MLI PERFORMANCI
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MLI PERFORMANCE

* Class architecture

¢ Solver class

solves O-dimensional thermal problems

definition of arbitrary nodes: node nam

capacity, initial temperature, heat

dissipation

definition of radiative couplings and

conductive couplings between nodes

assembles matrices and solves ODE
—C-T+K-T+E-T*+Q=0

transient solution

stores results as vectors t, T

methods for heat transfer calculation

05.10.2016

MATLAB thermal modeling tool description

e’

MLI Performance test class
heater power, area (const.), optical
properties
defines MLI nodes (input: N)
perforation taken into account (area
fraction)
conduction through spacer taken into
account
spacer fraction =1: spacer is perfect
conductor, =0: no conduction
methods for result plots, post solving
analysis etc.
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Mathematical model for test correlation
test setup model architecture
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Q=% P
Heater A= 0.049087 m? (diameter: 250mm)
€=0.90 to MLI
Black Kapton 1-VDA, perforated
MLI1 €=0.85 to heater

£=0.035 to next MLI layer

Kapton or Mylar, 2-VDA
MLI2
£=0.035 to next/previous MLI layer

Black Kapton 1-VDA, perforated
MLin €=0.035 to previous MLI layer

T=T=const.
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MLI PERFORMANCE

Correlation results : o
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MLI PERFORMANCE

Conclusion

¢ Tested MLI has excellent insulation capabilities

* very low heater power are applied <50mW for low temperatures, <1W for high temperatures
¢ only small temperature changes observed in measurements after a few hours, however

¢ small heat influx has small impact on MLI layer temperatures

¢ leading to the wrong conclusion that the MLI is in equilibrium
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MLI PERFORMANCE

Fundamental problems of MLI performance measurements

Deriving performance parameters from measurements

¢ Heat influx cannot be measured directly, only temperatures

¢ Equilibrium assumption is fragile (thermal capacity, low power levels, low coupling)

* Innermost and outermost layer do not change temperature, but the inner layers still do

* Increasing dwell time has a direct cost effect

Possible test improvements

¢ add purge gas (GN2 purging, turbo pumps off) to accellerate temperature adaption, then add turbos to achieve
desired pressure

e constant heater power instead of controlled temperature

* higher power levels

MLI performance forecast for real life applications
e Test setup is idealized
* MLl geometry has a significant impact on performance

* Discrepancy between real MLI and theory is up one order of magnitude
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