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European Foreword

This document (FprCEN/TR 17603-31-17:2021) has been prepared by Technical Committee
CEN/CLC/JTC 5 “Space”, the secretariat of which is held by DIN.

It is highlighted that this technical report does not contain any requirement but only collection of data
or descriptions and guidelines about how to organize and perform the work in support of EN16603-
31.

This Technical report (FprCEN/TR 17603-31-17:2021) originates from ECSS-E-HB-31-03A.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such
patent rights.

This document has been prepared under a mandate given to CEN by the European Commission and
the European Free Trade Association.

This document has been developed to cover specifically space systems and has therefore precedence
over any TR covering the same scope buitwith:a wider domain of applicability (e.g.: aerospace).

This document is currently submitted;to the, CEN.CONSULTATION,
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1
Scope

1.1 Objectives and intended audience

This handbook is dedicated to the subject of thermal analysis for space applications. Thermal analysis
is an important method of verification during the development of space systems. The purpose of this
handbook is to provide thermal analysts with practical guidelines which support efficient and high
quality thermal modelling and analysis.

Specifically, the handbook aims to improve:

a. the general comprehension of the context, drivers and constraints for thermal analysis
campaigns;

b. the general qualityyof sthermal models) through,the) useyof; a jconsistent process for thermal
modelling;

C. the credibility of thermal modél ‘predictions’ by rigorous verification of model results and
outputs;

d. long term maintainability, of thermal models, via better model management, administration and
documentation;

e. the efficiency of inter-organisation collaboration by setting out best practice for model transfer

and conversion.

The intended users of the document are people, working in the domain of space systems, who use
thermal analysis as part of their work. These users can be in industry, in (inter)national agencies, or in
academia. Moreover, the guidelines are designed to be useful to users working on products at every
level of a space project — that is to say at system level, sub-system level, unit level etc.

In some cases a guideline could not be globally applicable (for example not relevant for very high
temperature applications). In these cases the limitations are explicitly given in the text of the
handbook.
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1.2 Context

The use of computational analysis to support the development of products is standard in modern
industry. Figure 1-1 illustrates the typical thermal modelling and analysis activities to be performed at
each phase of the development of a space system.

NOTE More information about the project lifecycle can be found in ECSS-
M-ST-10 [RD5].

o Analyse requirements — : o Adapt thermal models for mission
« Define TCS concept  Define final design of TCS o Perform migsion predictions
o Perform trade-off o Update thermal models (ground &.ﬂ|ght) .
 Assess TRL of TCS o Perform calculations covering all o Perform flight cprfelatlon
products mission cases o Perform analysis in support of
operations

Phase B Phase C Phase D

Preliminary Detailed Qualification Phase E

Utilization

Phase A
Feasibility

definition Definition production

o Adapt thermal models for test configuration
o Define preliminary design of TCS o Perform test prediction
¢ Develop thermal madels o Perform test correlation
o Perform calculation for worst hot/cold ¢ Update flight thermal models with outcomes
cases of test carfelation
o Perform and correlate development tests o Perform analysis in support of production
activities

Figure 1-1; Thermal:analysis;in the context of a space project

It can be seen that thermal models are used during all phases of the space system development to
support a large number of activities, ranging from conceptual design right through to final in-flight
predictions.

Indeed, in some cases, thermal analysis is the only way that certain thermal requirements can be
verified; as physical tests are either too expensive or unrealisable. It is therefore vital for the credibility
of the predictions made that the quality of the models is as high as possible.
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3

Terms, definitions and abbreviated terms

3.1

Terms from other documents

a. For the purpose of this document, the terms and definitions from ECSS-ST-00-01 [RD6] apply,

in particular for the following terms:

1.

2.

validation

NOTE

verification

NOTE 1

NOTE 2

NOTE 3

Validation is the process of determining the degree to which a
computational model is an accurate representation of the real
world from the perspective of the intended uses of the model.

Verification is the process of determining that a computational
model accurately represents the underlying mathematical model
and its solution

The topic of V&V is well known in the context of quality assurance
and systems engineering (including' software systems). There has
also been some, work, in other domains such as Computational
Fluid\ Dyhamies“(CFD) ¢ and "strtictural mechanics to develop
processes for V&V of simulation models. In the particular context
of computational-analysis”the formal" definitions usually apply
[RD13].

More informally the following questions are often used to explain
V&V in the context of computational analysis:
e Verification “did we solve the equations correctly?”

¢ Validation “did we solve the correct equations?”

b. For the purpose of this document, the terms and definitions from ECSS-E-ST-31 apply, in

particular for the following terms:

1.

geometrical mathematical model

mathematical model in which an item and its surroundings are represented by radiation
exchanging surfaces characterised by their thermo-optical properties

thermal mathematical model

numerical representation of an item and its surroundings represented by concentrated
thermal capacitance nodes or elements, coupled by a network made of thermal
conductors (radiative, conductive and convective)

NOTE

The current trend is towards integrated thermal modelling tools, in
which case the distinction between Geometrical Mathematical
Model (GMM) and Thermal Mathematical Model (TMM) becomes
ill-defined. Nonetheless the terms GMM and TMM are still used in
the everyday language of thermal engineers and so the terms are
retained in this document.

11
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3. thermal node

representation of a specific volume of an item with a representative temperature,
representative material properties and representative pressure (diffusion node) used in a
mathematical lumped parameter approach

NOTE The current document is written to be, as far as possible, tool and
method independent. It is therefore useful to generalise the
concept of thermal node to cover other numerical methods (e.g. the
finite element method). Mathematically speaking a thermal node
represents a “degree of freedom” in the equation system. More
practically, the purpose of a thermal node is to provide a
temperature evaluation (and output) at a selected location.

4. uncertainties
inaccuracies in temperature calculations due to inaccurate physical, environmental and

modelling parameters

NOTE This definition of uncertainty refers specifically to temperature
calculations. In the context of this document this is widened to
calculations of other key model outputs such as heater power or
duty cycle.

3.2 Terms specific to'the present document

3.21 accuracy
degree of conformance between an output of a thermal analysis and the true value

NOTE Theltrue walueoissusually sa medsurement from ‘a‘physical test, for
example‘d thermal'balance'test. The purpose of the verification and
validation effort is thus to improve and quantify modelling
accuracy.

3.2.2 arithmetic thermal node

thermal node with zero thermal capacitance

NOTE 1 Arithmetic nodes are normally treated specially by thermal solvers
and a quasi-steady state solution is obtained for them during
transient runs. This is useful to avoid excessively small time steps
when lightweight items need to be represented in large models.

NOTE 2 Additionally arithmetic nodes are often used to represent thermal
interfaces or the edges of region
3.2.3 computational model
numerical implementation of a mathematical model

NOTE1 This is wusually comprises numerical discretisation, solution
algorithm, and convergence criteria.

NOTE 2 This definition is taken from RD11, where a more detailed
discussion of the relationship between mathematical and
computation models can be found.

12
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3.24 CSG
ratio of capacitance to sum of connected conductances for a thermal node

NOTE No specific acronym is available for CSG, most likely the C
represents capacitance, the S represents the sum, and the G
represents the conductors.
3.2.5 error

<CONTEXT: thermal analysis> difference between an output of a thermal analysis and the true value

NOTE 1 High accuracy analyses therefore produce outputs with small
associated errors.

NOTE 2 This is a typical dictionary definition of error and generic. More
specific and formal definitions occur in a number of other sources,
for example ASME [RD13].

3.2.6 key model output(s)

output(s) from the thermal model having high level of importance

NOTE Examples of key model outputs are TRP temperatures, heater duty
cycles, and any other output form the model with special
significance for the verification of the TCS.

3.2.7 radiative cavity

collection of radiative surfaces of (the thermalzradiative(model;jhaving the property that its surfaces
cannot exchange heat through thermal radiation with the surfaces belonging to another cavity

NOTE This‘termis'synonymous with-“radiative enclosure”.

3.2.8 radiative enclosure

See “radiative cavity”.

3.3 Abbreviated terms

For the purpose of this document, the abbreviated terms from ECSS-5-ST-00-01 and the following
apply:

Abbreviation Meaning

BOL beginning-of-life

CCHP constant conductance heat pipe

CFD computational fluid dynamics

CLA coupled launcher analysis

CNES Centre National d'Etudes Spatiales
COTS commercial off-the-shelf

DGMM detailed geometrical mathematical model
DRD document requirements definition
DTMM detailed thermal mathematical model

13
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