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ABSTRACT.  The purpose of this paper is to introduce an iterative regularization method in the 
research of radiative and thermal properties of materials with further applications in the design of 
Thermal Control Systems (TCS) of spacecrafts. In this paper the radiative and thermal properties 
(heat capacity, emissivity and thermal conductance) of a multilayered thermal-insulating blanket 
(MLI), which is a screen-vacuum thermal insulation as a part of the (TCS) for perspective 
spacecrafts, are estimated. Properties of the materials under study are determined in the result of 
temperature and heat flux measurement data processing based on the solution of the Inverse Heat 
Transfer Problem (IHTP) technique. Given are physical and mathematical models of heat transfer 
processes in a specimen of the multilayered thermal-insulating blanket located in the experimental 
facility. A mathematical formulation of the IHTP, based on sensitivity function approach, is 
presented too. The practical testing was performed for specimen of the real MLI. This paper consists 
of recent researches, which developed the approach suggested at [1]. 
 
 

INTRODUCTION 
 

The problem of thermal control is amongst one of the most important problems arising in the 
development of space vehicles and supporting technology. As statistics show, with respect to 
failures in the operation of various systems and equipment of space vehicles, a great number of 
these malfunctions are connected with violations of admissible thermal conditions. On the other 
hand, when considering the interaction processes between space structures, instruments or 
equipment and the environment, as well as between the surfaces of these structures in contact, the 
radiative heat transfer phenomena plays an important role. One of the major problems of TCS 
design is that the spacecraft configuration is usually defined based on the physical accommodation 
of the various payload and basic subsystem (propulsion, solar arrays, etc.) elements. Only when the 
configuration is defined, the TCS designer brought in to assess whether all of the temperature 
requirements can be satisfied. Should this not be the case, a great deal of time (and money) then has 
to be spent in trying to re-accommodate equipment and find ad-hoc solutions, which are never 
resource-efficient. Concurrent engineering should be applied more often at all levels, from the 
equipment to the spacecraft design, to try to overcome these not infrequent problems [5]. For 
obtaining a more optimal design of these system, is necessary to use a more accurate heat transfer 
mathematical model, and therefore to analyze the radiative and thermal properties of MLI materials, 
because they will give a closer approximation for the real behavior of spacecraft devises and 
equipment. The sample of MLI is presented in Figure 1. The system consists from a set of very thin 
opaque layers (the thickness is about 6107 −×  m). The first is a covered fabric, than high-
temperature metallic layers, than moralized polymer layers with some spacers between them.   
 
MLI efficiency for steady state can be defined either in terms of the linear conductance through the 
blanket, or via the so-called “effective emittance”. Very often steady state cases are insufficient for 
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