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Annex I  (normative)
Mathematical modelling for propulsion analysis (MM-PA) - DRD

I.1 DRD identification

I.1.1 Requirement identification and source document

This DRD is called from ECSS-E-ST-35, requirements 4.5.2.1b, 4.11a.

I.1.2 Purpose and objective

The objective of the mathematical modelling report for propulsion analysis (MM-PA) of propulsion components, subsystems or systems is to describe the mathematical models used for the analysis of a propulsion system, subsystem or component.

The MM-PA is prepared based on the applicable specifications and requirements documentation.

I.2 Expected response

I.2.1 Scope and content

<1> Introduction

a. The MM-PA shall contain a description of the:

1. Purpose, objective, content and the reason prompting its preparation.
2. Propulsion component, subsystem or system for which the mathematical modelling applies.
3. Mathematical modelling for propulsion analysis.

<2> Applicable and reference documents

b. The MM-PA shall list the applicable and reference documents in support to the generation of the document.

<3> Terms, definitions, abbreviated terms and symbols

c. The MM-PA shall use the terms, definitions, abbreviated terms and symbols used in ECSS-E-ST-35.

d. The MM-PA shall include any additional term, definition, abbreviated term or symbol used.

<4> General description of mathematical modelling

<4.1> Overview

e. The MM-PA shall describe the mathematical modelling and introduce its terminology. 

f. Reference shall be made to the applicable design definition file, inclusive its revision status and the specific mathematical modelling requirements.

g. If the MM-PA is split into several volumes, each volume shall clearly cross-reference the other volumes, including their revision status and relation to the applicable design definition file.

<4.2> Coordinate systems

h. The MM-PA shall describe the coordinate systems used in the propulsion system, subsystem or component for which a mathematical analysis model is made.

<5> Summary and understanding of mathematical modelling for propulsion system analysis

i. The MM-PA shall describe the component, subsystem or system that is being modelled, summarize how it is modelled and summarize the objective of the modelling.

NOTE  For example: Performance, thermal, fluid dynamic, or electromagnetic fields.

j. The MM-PA shall list and summarize the parameters that are used in the mathematical modelling

k. The MM-PA shall include a discussion on the understanding and clarification of the requirements.

<6> Description of the mathematical modelling for propulsion analysis

<6.1> Assumptions, simplifications and models

l. The MM-PA shall cover:

1. The description of the used assumptions,

2. The description of simplifications, and

3. A brief summary of rationale, the modelling method and software used for the mathematical modelling for propulsion analysis and the related uncertainties.

NOTE  1
Examples of such methods are analytical and numerical modeling.

NOTE  2
Uncertainties can be due to numerical inaccuracies, measurement inaccuracies, models that are based on simplifications and the conditions under which data have been obtained.

<6.2> Modelling approach

m. The MM-PA shall include a description and a discussion of the modelling methodology; describing what is done and why, including:

1. Theoretical modelling, either analytical, numerical or mixed.
2. Empirical modelling, based on available relevant data.
3. Evaluation of test results.
4. A combination of the items from I.2.1<6.2>a.1 until I.2.1<6.2>a.3.

n. The MM-PA shall state the number of significant digits for all relevant parameters in the mathematical modelling.

o. The MM-PA shall describe the conditions under which the results of numerical calculations are independent of discretization, i.e. the significant digits as defined in I.2.1<6.2>b. do not change with further discretization.

p. The MM-PA shall describe the models.

q. An estimate of the accuracy with respect to the modelling parameters shall be included in the MM-PA.

r. The MM-PA shall include a justification and validation of the methodology.

<6.3> Verification and validation

s. The MM-PA shall include the demonstration that the applied mathematical models have been:

1. Validated by independent well-known reference cases.
NOTE  Reference cases can encompass independent or published test results, other validated calculation results, comparison with the results of other validated models, or specific tests designed to validate and verify the mathematical model.

2. Used within their range of validation.

t. The MM-PA shall include the references by which the mathematical models can be or have been verified.

u. The MM-PA shall list the range and conditions for which the mathematical models are valid.

v. In case models have been used without having been validated, the MM-PA shall include a justification why non-validated models have been used.

NOTE  For example, measurements of extremely small forces can be so inaccurate that it is very difficult to properly validate mathematical models by comparison with reliable and sufficiently accurate measurements.

w. The MM-PA shall include a comparison of the parameters that are used for validation and verification with the corresponding requirements, taking into account the inaccuracies of the parameters.

x. In case previous models are available, the MM-PA shall include a comparison of the result of the present mathematical modelling for propulsion analysis with the previous ones, and a report on the differences.

<7> Recommendations

y. The MM-PA shall include a list with the following recommendations:

1. Suggestions for future work and additional investigations or improvements.

NOTE  In mathematical modelling continuous efforts is usually done to further improve and refine the models.

2. Feedback to improve the mathematical modelling.

<8> Summary and conclusions

z. In the MM-PA a summary of the results shall be given also describing the limitations of the performed work. 

I.2.2 Special remarks

None.
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