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Legal Aspects

Use of the software and of the present software manual is submitted to a license
agreement to be accepted before the software installation on a computer.

All suggestion or error concerning the software or this software manual can be sent to:

Astrium
For the attention of Mr. C. THEROUDE, Mr. G. CHANTEPERDRIX or Mr. M. LEPILLIEZ

Z.l. du Palays
31 rue des Cosmonautes
31402 TOULOUSE CEDEX 4
FRANCE

This document and the information it contains are property of Astrium. It shall not be used
for any purpose other than those for which it was supplied. It shall not be reproduced or
disclosed (in whole or in part) to any third party without Astrium prior written consent.
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Introduction

1 About this Document

This User Manual is intended for users of the PLUME application.

It consists of the following chapters:

REF: ASTRI.UM.763751.ASTR

Introduction

Gives a general description of the manual.

General Principles

Gives an overview of the PLUME method and functionalities, the
different files and module.

Man Machine Interface (MMI)

Describes all the elements interfaced with the PLUME application.

Computation methods
Presents general computation methods used by the module:

Plume impingement

Presents the module describing the calculation of the plume impingement on
model meshes: forces and torques, thermal fluxes and mass fluxes.

Getting Started with PLUME

Provides step-by-step instructions for getting started with the PLUME
application.

O Astrium SAS 2013 — All rights reserved 5/8
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2 About PLUME

PLUME is a plug-in application of the SYSTEMA environment. This manual makes therefore reference to
the modeller, kinematics, mission and processing modules of SYSTEMA.

This document presents the PLUME software that computes the plume impingement on the spacecraft
accounting for the flow fields emitted by one or several thrusters.

This manual contains task-oriented instructions which show you how to use the PLUME program. The
different computation techniques supported by PLUME are also presented.

> Documentissue: 1.0

> Software release: PLUME Version 4.5.2

6/8 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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3 Glossary

Introduction

In this User Manual, some terms have a specific meaning:

Term

Local / inherited

Activity

Specific Items

Referenced shapes

Thrusters

Group

REF: ASTRI.UM.763751.ASTR

Meaning

‘\\\0
4

= The “local” and ‘inherited” notions are explained in the
SYSTEMA User Guide (Chapter “Geometrical model management”)

In terms of plume impingement application, the question is to
determine whether a surface receives or not particle emitted by
thrusters. An inactive surface is considered as not present in the flow
field.

The specific items (or virtual nodes) are elements defined in the
meshing model, on which results are computed (Groups) or allowing to
extend standard geometrical definition (Thrusters).

When creating a virtual node, the shapes selected for its definition are
called referenced shapes. For a group, this is the list of surfaces on
which the user wants to have mean or maximum values. For thrusters,
it is the cone by which the flow field is emitted.

A thruster is the surface which will emit the flow field.

A group is a set of surface on which the post-processing of results will
be modified.

O Astrium SAS 2013 — All rights reserved 7/8
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4 Typographic Conventions

The following typographic conventions are used in this manual:

Convention Description Example

light blue Used for the PLUME-related functions The PLUME application is interfaced

with...
Blue Used for the SYSTEMA-related functions  Within the SYSTEMA processing
tab...
q These colours are used in the diagram of Chapter Man-Machine Interface to
distinguish the SYSTEMA entities from the PLUME ones.
Italics Names of the options related to the Fit — Material Filename — Physical
current entities or filenames properties
Numbered list | Procedure containing the several actions 1. Click the Revert button.

to be performed
2. Enter a new value.

Bulleted list Items list This container will affect the following:

> Forces and torques units
» Thermal fluxes unit

» Mass fluxes unit

A warning calls attention to information that is essential to run successfully the
PLUME application.

A caution calls attention to important information which, if not understood, will
lead to a conflict or an error.

A note provides additional information to emphasize or explain important points in the
manual.

Cross-reference: prompts the user to refer to a particular section in the manual or to a
special document.

" Material Filename is the name of the material which has been loaded during the SYSTEMA session.

8/8
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1 Overview

1.1

Introduction

Man-Machine Interface (MMI)

This chapter describes the general ergonomic principles and basic procedures for using

the PLUME application into the SYSTEMA platform.

The application may be illustrated as follows:

Applications

Properties

SYSTEMA
Kinematics
Tab
Modeler
Tab Tab ’
¢ ¢ g
meshing & "I
geo"r‘r:;ter:cal numbering ,’l
8 .sysmsh !
.sysmdl ! -syski
g s B skin
¥
Mission
Tab r y
b
L
mission
8 .sysmis
Processing
interface * ﬁ -sysset
J Module L

| - Plume Impingement

PLUME

Meshing &
Numbering
library

Symbols

Used for

Hdf5 results

Outputfiles

Tabs

Post-processing

Optional input

Post-processing

.h5

Figure 1 -

PLUME within SYSTEMA

REF: ASTRI.UM.763751.ASTR
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1.2 In this Chapter

This chapter covers the following topics:

» How to perform a plume impingement analysis.
> Using the interactive Modeler module.

» Meshing and numbering.

» Using the interactive Mission module.

» Using the interactive Kinematics module.

» Using the interactive Processing module.

» Post-processing.

6/30 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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2 How to Perform a Plume Impingement Analysis

The PLUME application is interfaced with SYSTEMA. Consequently, to use the PLUME package, the
analysis must start with the generation of the geometrical model of the space system.

This first step of the analysis can be performed:
> Using the interactive 3D MODELER.

A kinematic can also be designed. This second step can be performed:
> Using the interactive KINEMATICS module.

In this case, a mission has also to be designed. This step can be performed:
> Using the interactive M/SS/ION module.

The different steps to build a plume impingement analysis are performed:
> Using the interactive PROCESSING module.

q As shown in the illustration (Figure 1 - PLUME within SYSTEMA), some SYSTEMA
modules (Modeler & Processing) are completed by PLUME specific tabs.

Within the SYSTEMA processing tab, the PLUME application is organized into one module, which is
based on 1 sub-application and used to manage the PLUME entities:

Plume Impingement: this module is used to calculate the dynamic effects (forces and
torques), thermal effects (heat flux) and contamination (incident
and deposited mass).

= > The above-listed modules are shown on (Figure 10 - PLUME modules).

REF: ASTRI.UM.763751.ASTR O Astrium SAS 2013 — All rights reserved 7/30
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3

8/30

Using the Interactive MODELER Module

The Modeler tab is used to work on models and meshing. According to the SYSTEMA configuration,
some applications can be interfaced with SYSTEMA. In this case, the elements of the geometrical model
have application-dependent properties.

These properties can be consulted or modified using the edition window, via a specific tab (called
“PLUME tab” in this document). Each application has its own tab.

For a given application, material fles may be required to define the application-dependent properties.
These files are declared at the root level of the geometrical model.

@ Refer to SYSTEMA User Guide (Chapter 4: “Geometrical Model Management”).

O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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3.1 PLUME Material Tab

The user defines material associations via the specific tab of the edition window. PLUME
is provided with a default reference material. However, the user may want to use its own
material database. In the following figure, the user can associate a material file with the
application-dependent properties.

Example

The Material tab (Figure 2 - PLUME material tab) lets the user enter a material filename
for the physical properties.

To get access to this window, open the edit window at the root level and unselect “Use
default material database”.

A
Mode/ | —

Plumimp

Use gd&fault material database

€ 1gperial database

Specific tab

[ﬂalect afile

h
(% [other.. | >_>

Click to select a file

REF: ASTRI.UM.763751.ASTR

— INFORMATIDN

@

Cose

Fallow selection

Figure 2 - PLUME material tab

The “.sysmtr” file contains properties of the materials used in the model. A material editor
accessible from material sub-tab in the SYSTEMA modeller tab allows to create or
modify the material file. The materials are visible as a green bulleted list.

PLUME is delivered with a reference material database. By default, all newly created
models will be linked to this reference material database. Use the above procedure to
attach or create a user defined material database.

O Astrium SAS 2013 — All rights reserved 9/30
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3.2 Applicative Properties

PLUME APPLICATION

Physical Transparency Computation CONTAINER

{Local/lnherited) (Activity) (Local/Inherited) (Local/lnherited)

OO OO O OO0 OO L ) e

There are 3 property clauses called "containers". These containers (PHYSICAL,
TRANSPARENCY and COMPUTATION) include applicative properties sub-groups.

Some of these sub-groups may globally be assigned by a material.

Physical
This container refers to the material settings.

Related properties
The properties linked to this container are as follows:

o Dynamic effect (Absorptivity, Dynamic Specularity, Dynamic
Accomodation).

o State (Temperature).

o Thermal effect (Thermal Specularity, Thermal Accomodation).

10/30 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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Example
E|
New Objert
General Plumimp [«]
Physical | Transparency ] Computation ]
[ Inherited configuration =]
— Activity Reverk |
Ves L
Dynamic effect <Select material> *
— Absorptivity (alpha) Revert |
M
a J
— Dynamic specularity Revert
o
a J
— Dynamic acc d. Overload | Revert —
=
! J
State
— Temperature Owerload | RPevert —
o
300 L |
— INFORMATION —
Follow selection Cancel || Apply
Figure 3 - Object edition
Activity

Here, the question is:

Man-Machine Interface (MMI)

o Is the surface taken into account in the plume impingement calculation?

If the user wants the surface to be taken into account in the calculation, the Activity

has to be set to “yes”. Otherwise, the Activity has to be set to “no”. The activity is thus
the answer to the question.

Transparency

This container refers to the transparency material settings.

Related properties

The properties linked to this container are as follows:

o Transparency (Phase shift and seven pairs of coefficient/exponent)

Activity
No activity.

ASTR

O Astrium SAS 2013 — All rights reserved
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Computation

This container refers to ray tracing algorithm. The Emission property switch allows to
enable computation on a surface. When choosing “shadowing” the plume impingement
on the surface will not be computed, but the ray-tracing algorithm will consider the
surface when computing plume impingement for other surfaces (shadowing effect).

Related properties
The properties linked to this container are as follows:

o Ray emission (Emission, ray building method, ray number per mesh or
ray density and maximum/minimum number of rays per mesh)

Activity
No activity.

Configuration

<35 Referto SYSTEMA User Guide (Chapter 4: “Geometrical Model Management”).

(=

The tabs in PLUME have inheritance properties which are identical to those of
SYSTEMA. It is thus possible to redefine a configuration locally (inheritance removed).

Example

You can enter the value at the higher level and make the next level inherit this value
(default behaviour).

q The parameter values can be modified even when in an inheritance configuration.
In order of priority, a parameter may be affected by:
» Value overloading (local value).
> Material overloading.
> Inherited value (value inherited from the father).
> Default value.

O\ The customization option ‘Overload’ lets the user overload the material’s default value.

@ Refer to SYSTEMA User Guide (Chapter 4: “Geometrical Model Management”).

12/30 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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3.3 Importing a SYSEXP File

This function allows files (file.SYSEXP) from a previous PLUME application (version 3) to
be imported and to be compatible with a new PLUME application.

To open the existing model:
1. Open the Modeler tab in SYSTEMA.
2. To open the existing model, click the File -> Open menu.

The Select the file to open dialog box opens:

Example
I Select the file to open 2l
Loak in: | ] Ciisystemalsystema_files|testsitest hounding_bo: o) | 0 3 | O @ E]
Mame A | Size Type Date Madifisd
] E30005%_monobattery_060106,5YSERP 25KE SYS.ile  17/04).a47:12
| |
Fils name; | || a pen
Files of bvpe: | Import : SYSEXP file (*, SYSEXRS s ]| I cancel |

3. In “Files of type”, select Import: SYSEXP file (*.SYSEXP).

4. Open the “*. SYSEXP" file.
The model is displayed in the 3D view in the PLUME application.
You can work with the file.

5. Click the File -> Save menu to save the file as .sysmdl (V4 format).

REF: ASTRI.UM.763751.ASTR O Astrium SAS 2013 — All rights reserved 13/30
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4 Interacting with the Meshing

The entire geometrical model has to be meshed to perform a plume impingement analysis.

The meshing may also contains additional information. These additional information are stored in specific
items, either Group specific items or Thrusters specific items. In this case, the user has to provide
PLUME properties to the created specific items. The Trusters specific items allow to define the emission
point of the ray tracing, whereas the Group specific items may allow to modify the content of the output
files to help the user in obtaining macroscopic results.

14/30

4.1 Plume Impingement

Meshing

The meshing is associated with an inheritance property and can be accessed from the
tree structure.

> Application name:
Determines the application for which the meshing is performed (useful in
case PLUME is not the sole installed application).

\\

<@ Referto SYSTEMA User Guide (Chapter 4: “Geometrical Model Management’).

\

The meshing of shapes consists in splitting the surfaces according to a certain number of
meshes in each principal direction: this is the “a, b & ¢” meshing library.

For the PLUME application, there is two ways of setting the “a, b & ¢” parameters: either
directly, or by choosing a Length. In this case, the “a, b & ¢” parameters will be adjusted
so that the characteristic size of the meshes correspond to the chosen length. For
revolution shapes, a second parameter is available: the maximum angle which allows to
define a minimum angular sector to mesh with (“a” parameter).

O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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The three parameters: “a”, “b”, “c” define the number of desired intervals in a specific
direction.

> Parameters “a” & “b”: refer to all two-dimensional elemental surfaces.

> Parameter “c”: refers to three-dimensional surfaces.

The following shapes may be distinguished:

» Triangle, rectangle, quadrangle

Triangle Rectangle Quadrangle
P1 P4 P3
P3
a=3 b2 b=2
@ L
p2 P3 P1 a=23 P2
b=2
P1 a-= 3

» Disk, cylinder, cone, parabola, antenna, sphere

Parameter Segmentation based on:
a angular sector
Parameter Shape Segmentation based on:
b disk radius
cone, cylinder height
sphere, parabola curvilinear abscissa in iso
antenna radius

REF: ASTRI.UM.763751.ASTR O Astrium SAS 2013 — All rights reserved 15/30
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» Polygons
o The meshing corresponds to the number of desired intervals in a
specific direction. This does not apply to the polygon which is a
particular case because it is divided in triangles and, consequently, only
the “a” parameter will have an impact as regards the detail of surface
triangulatlon
> Shape macros and shapes with third dimension

o Parameters “a” & “b” refer to the basic meshing (see above described
categories)

o The “c” parameter completes the meshing in the third dimension.

Numbering

It consists in numbering the surfaces for assigning a number to meshes and defining an
increment value. Actually, it is an incrementation used for the global numbering of the
model or a sub-part of the model to obtain a mesh network with a meaningful numbering
system.

q SYSTEMA provides an automatic numbering sufficient for a PLUME calculation.

q Inheritance notion: for a numbering, an incrementation is defined.

Example

FY
At this level, the following |ew Meshlng X
parameters have been defined: b3 Meshlnl;l
«  Submodel Name =Sub1 |F} M Virtual nodes
«  Start Number = 10000 —>| = i New Object Shape number
+ Shape Increment = 1000 G- @ Mew & Faces box [Subl:10000] o} incremented by
« Mesh Increment = 1 - @ MNew 3 points sphere [Subl:11000] 1000
|F} M Mew Objeck (2]

[ Iew Meshing

=

-

- Meshing =]
- @ Virtual nodes
['—:I New Obiject

Mew & faces box [Subl:10000]
- Subl:10001

Mesh numbers
incremented by 1

- 5ub1:10005
- Subl:10008

Figure 4 - Inheritance principle for numbering exemple
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4.2 Thrusters specific item

Meshing

Man-Machine Interface (MMI)

The Thrusters specific item is the way to define thrusters for the plume impingement

analysis.

It is defined in the meshing model by one referenced shapes which must be a cone. The
emission point will be the center of the cone’s base having the larger radius. The
orientation of the thruster is deduced from the orientation of the geometrical cone shape.

To create a thruster from selection:

1. Open the required meshing model.

2. Select one cone representing a thruster.

3. Viathe right click menu, select Create specific meshing item -> Thruster.

4. A window opens (see Figure below). In the General Tab, in clicking on Display
Browser, the user can check which shape is referenced.

Figure 5 -

Thruster
Thruster (1)

| — REFERENCED OBIECTS

— Thruster shape
| @ Meshing
M Specific items
= ¥ ® Geometric meshing
; W Spacecraft
& v @ Thruster

1 selected shapes |add selection | Remove selection|

INFORMATION

Follow selection Cancel ||_Apply | Glose ]

[ New Meshing edition TS =l

| Plumimp | General | I

Thruster referenced shape setting

5. Set the thruster properties in the Plumimp tab: Thruster files and Firing (Activity,
droplet density, firing duration), see below.

Numbering

At the thruster creation, a default numbering is performed by SYSTEMA.

REF: ASTRI.UM.763751.ASTR

O Astrium SAS 2013 — All rights reserved

17/30



Man-Machine Interface (MMI) PLUME User Manual

Plume Properties

The properties of the Thruster specific item are the following:

e e I

Thruster

| Thruster (1)

| Plumimp | General |
|| Characteristics

— Thrusterfiles ——{Overload | Revert —

Defined in Processing -

- Firing {Overload]/ Ravert —
Thruster Activity

Yes

Firing Duration s
11 s
Droplets Density ke
| 1000 [kajm3
| INFORMATION =
<]
Follow selection Cancel || Apply |[_Close |

Figure 6 - Thruster PLUME properties setting
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4.3 Group specific item

REF: ASTRI.UM.763751.ASTR

Meshing

The group specific item is a way to define a set of shapes on which plume impingement
results will be cumulated (mean or max values of some quantities).

It is defined in the meshing model by a set of referenced shapes which must be the set
of shapes to be accounted for mean or max computation.

To create a group from selection:
1. Open the required meshing model.

2. Select one or several shapes of the geometrical model representing the set of
shapes of the group to account for.

3. Viathe right click menu, select Create specific meshing item -> group.

4. A window opens (see Figure below). In the General Tab, it can be checked that the
correct shapes are referenced.

" — =)

Group

New Meshing edition

Group (1)
_Pumimp | General |
REFERENCED OBJECTS
- Meshing group
7| @ Meshing
- M Specificitems
E ¥ 8@ Geometric meshing

¥ M Spacecraft
I @ || o8 Thruster

1 selected shapes |Add selection | Remove selection|

INFORMATION

v

Kl

Close |

Follow selection

Figure 7 -  Group referenced shapes setting

5. Set the volume property in the PLUME tab, see below.

Numbering

At the group creation, a default numbering is performed by SYSTEMA.
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Plume Properties

PLUME User Manual

The PLUME properties of a Group specific item are a set of choice depending on what

has to be computed on the set of surfaces.

Figure 8 - Group properties settings

ewvenngesnen
| Group
| Group €1)
| PostProcessing
Forces and Torques |
| Compute Forces ~{Overload Revert —|
— Compute Torques —{Overoad ) Revert —|
No =
Contamination ‘
— Compute Max Contamination {Overload || Revert |
hio 2
 Compute Mean Contamination {Overload || Revert
hio 2
Thermal Fluxes
- Compute Max Thermal Flux {Overioad | Revert |
— Compute Mean Thermal Flux - {Overload | Revert —|
Tio 2
| INFORMATION
=
|| Follow selection Cancel || Apply || Close |
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Man-Machine Interface (MMI)

5 Using the Interactive Kinematics Module

This Kinematics module allows to define new reference frames with respect to the main reference frame
define in the geometrical model. For the PLUME application, this allows to simulate rotating solar panel.

How to create a kinematic:

1. Go to the Kinematics tab

2. Select File -> New in the top menu

3. Following the general rules defined in the SYSTEMA user manual, create a new
pivot in setting successively:

4. A rotation axis (X, Y or 2)

5. Possibly a transformation to handle the shift between the new reference frame
position and the main reference frame. For instance, in the case of a rotating solar panel,
a one point translation is sufficient.

6. Choose a Linear attitude and set the corresponding parameters: repeat the rotation
axis; choose either “Absolute time Gamma50 (day)” or “Phase elapsed time (sec)”; a

rotating speed (A1) and possibly an initial angle (A0).

Example

Systema 4.5.2

Browser

kinematics.syskin edition

| kinematics, syskin

Mew Pivot (1 don_

| 2 Kinematics

Trajectory | Modeler |

i Progessing | Mission i Kinematics

REF: ASTRI.UM.763751.ASTR

.~ New Pivot (1 dof)

— PHASES

| Default phase {(default)

General |
| — KINEMATIC CONNECTION
Pivot {1 dof)
First rotation
Axis

| x

Restriction

| — ORIGIN
One point translation
Point 1
| _(_J. :
vlo
Zi0
— KINEMATIC LAW - Default phase

Linear attitude
Axis Unit

|x % || Absolute time Gamma50 (day) | 1

— INFORMATION

Follow selection

{ Remove | Revert

{ Remove || Revert

b a0
| ®furit| 0

£

=
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6 Using the Interactive MISSION Module

This Mission module is a basic association module (Geometrical model, Meshing model, possibly
Kinematics model) making up the application inputs. It is not mandatory to build a mission to perform a
plume impingement analysis if there is no kinematics to account for.

22/30

How to create a mission:
1. Go to the Mission tab

2. File -> New, the following window opens

Select the model associated with the mission :
— MODEL Mandatory—
[testmission.sysrndl = ][ Other.., |
— MESHING Facutabive—
+'| Use a meshing
[testmission.sysmsh > ][ Other.., |
— TRAJECTORY Facutative—

Use a trajectory
<Select a files 5 || Other...
| Create default computation dates

— KINEMATICS Facutative—
Use a kinematics

<Select a files % || Other...

3. Either click OK if the suggested model, meshing and kinematics are the one defining
the desired computation or select the relevant model, meshing and kinematics if
necessary. Then click OK

4. Possibly link a kinematic to an object and define the computation points in following
the general rules defined in the SYSTEMA user manual (see also below example
figures).

5.  The mission is set and will be available in the processing tab to be attached to a
process.

O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR
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Example

Systema 45.2 |l

Systema File Edit Tools View Mission

| 5 Bromser o ission,sysnis edition 0w
| e —— |
3 | mission.sysmis * = A
= metry | General
| Mission ~ KINEMATIC LINK {Remove || Revert
= B oo & Kinematics
2 ¥| 1 New Pivot (1 def
= £ New Rectangle ew Pivot (L dof)
I | o Thrusters
5
=
<
3
£
|
-l ~ INITIAL MOVE
|
x|
~— Timeline
= Sequences
= Computation
@ Computation event rule (1)
=r Custom
— INFORMATI
Follow selection Cancel | Apoly
x[o (o [0 Dist. [0 Ang. [0 ox[o o¥(o vzo
Systema 45.2 |l
Systema File Edit Tools View Mission
lj Browser mission,sysmis ediion o =
& [ mision. sysmis = Computation event rule (1)
- e —
i | 5‘“’"“"’ General =)
~ % Mission — EVENT SET GENERATION —————————— feverl —
5 o spacecraft
g B SA — Is definition for event
= ) New Rectangle [ Whele traectory s/
L W Thrusters
a = tion method
Lé [‘Anguiar steps on kinematics linear atttude =1
5 Kinematics body with linear attitude
E| & Kinematic
s W} New Pivot 1 dof)
£
A
2
- Timeline
= Sequences Anguler step -
“ Computation 35 e
@ Computation event rule (1) e
@ Computation generated event (1) Startangle
- @ Computation generated event (2) 10 i
@ Computation generated event (3) End angle =5
- @ Computatien generated event @) £ b
@ Computation generated event (5) = F_‘
@ Computation generated event (6) V| Addalast i At
@ Computation generated event (7) SR TR SRR At e e
@ Computation generated event (3)
@ Computation generated event (9)
@ Computation generated event (10) =
@ Computation generated event (11) =
@ Custom {
E
Follow selection Cancel, || #pply [ Close |
o e 2o | Dist. [0 | ang. [0 I oxfo prlo Iz(o
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7 Using the Interactive PROCESSING Module

This module is composed of a sequence of processes, which are specific to the associated application.
A calculation is defined (mission or meshing selected) and performed (run).

The analysis that will be performed using the mission or meshing will output the results based on
Plumimp module.

@ Refer to SYSTEMA 4.5 User Guide (Chapter 8: “Process Management”).

q The modules are not detailed at this stage. In this User Manual, you will find chapters
dedicated to the different modules.

Example
1. Open the Processing tab in SYSTEMA.
2. Toopen a new processing, click File -> New menu.
Here are the menus proposed in the SYSTEMA Processing tab:
WSstemadil “imx
Systema File Edit Tools Processing View
Process.
| Heww Processing Diagram 4| Applicationt
| Run params checker T=
Duplicator
Concatenator
| Run parameters vriter
|| Planet distance
= Planet inciderce:
f:apas incidence
| B et
| =
| Dosad |
Run
SlesiesusResuk : mesen| skt i3 =
Result [ ede ) mopot || load [ Uniead. |

Modeler | Trajectory | Kinematics | Mission | Frocessing

Figure 9 - SYSTEMA Processing tab display

24/30 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR



PLUME User Manual

7.1 Basic Rule

Man-Machine Interface (MMI)

To display the PLUME available processes on the process browser:

¢ Click PLUME.

Dosrad

Mapping
BoundingBox
ComputPoint

Plumimp

Dosrad

Flumimp

Plumimp

—

Figure 10 - PLUME modules

To display a PLUME module:

¢ Double click (or Drag and Drop) the selected PLUME module (Figure 11 -

Plumimp module).

Example

o
T
§=!

| Modele

s5ing | Missian | Kinematics | Trajectary

Process

Systema File Edit Tools View Processing

| Mew Processing Diagram *

=3 ] Dosrad

Plumimp

Plumimp

Figure 11 - Plumimp module

Double click
Plumimp module to
display this process

REF: ASTRI.UM.763751.ASTR
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To display the edit or delete option for one PLUME module, as shown on the following
window, the user can perform the following actions on the selected PLUME module:

¢+ Double click.
+ Right click.

' Process

|| Mew Processing Diagram = >

A double click
or a right click

Figure 12 - How to get access to the Edit or Delete option of a PLUME module

Example

|Process

|| Mew Processing Diagram * >

CrHE
Drelebe Dl

®
Figure 13 - Edit or delete option of the PLUME Plumimp module

» Using the delete option on any PLUME module enables the user to make
this module disappear.

> As regards the edit option, the PLUME module selected has its own run

parameters.
The run parameters have two tabs:

o Computation: it allows to select option concerning shadowing and
transparency. It is where also the reference point for torques calculation
has to be set.
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Man-Machine Interface (MMI)

o Spread sheet report settings: this allows to tune the results written in
the “xlIs” output files. Note that this settings do not act on the content of
the h5 results file

Example

Run parameters available for the Plumimp Module

Plumimp Plumimp
Plumimp | Common | Plumimp | Common |
— RUN PARAMETERS Revert — ~— RUN PARAMETERS Revert [~
Spreadsheet reports settings | Computation | | Spreadsheetreports settings | Computation
Include Groups Results ? Shadowing effects ?
| ves = | ves =5
Forces Unit Transparency management
| unit: [] (normalized) | | Mo = |
Torques Unit Torques Reference Point -
|unit: [m) (normalized) %] %[0 |
Thermal Fluxes Unit a0 |
[ Unit: [wim?] = 20 |
Mass Fluxes Unit
[ unit: [kg/m2/s] B
i I[N N
[ INFORMATION = — INFORMATION
[hd] iSJ
Follow selection Apply Close Follow selection Cancel || Apply Close

REF: ASTRI.UM.763751.ASTR
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8 Post-Processing

8% Refer to SYSTEMA 4.4 User Guide (Chapter 8: “Process Management”, § “Using
- process result’).

The .h5 files can be used to display the results in the Modeler tab.
1. Open the Processing tab in SYSTEMA.

2. Click Load to load the result file (.sysres).

Example

Systemna  File Edit Tools View Processing
‘ ._?Process
3 | process.sysprc ¥ | Dosrad

&l

del

Plumimp

Plumimp

Trajectory | Ma

w|
B
=
E
o
£
=
E
=]
2
il
=

Processing |

Result Infos Resylt name : mission_process Variable defintion  Variable overload
| Edit | Directory : C:/SystemaWorkingDir/Training_Plume/soluce /mission_process | | Edit | | Edit

Faun

Result | Edit || Import || Load || Urload |

= mission_process [C:/SystemaWorkingDir/Training_Plume/soluce/mission_process/]

i mission,sysset

- process.pluftxls

- process.plutfxls

- process.plumfxls

- process.pluh5

- processinfo.h5

- process.plulog

8.1 How to Display Results in a 3D View

Example
1. Open the Modeler tab in SYSTEMA.

2. Open the meshing model.
3. Inthe 3D view, via the right click menu, select Configuration window.
4. Select the result file and the property (for example: Thermal Fluxes) you wish to display.

5. Close the configuration window.

28/30 O Astrium SAS 2013 — All rights reserved REF: ASTRI.UM.763751.ASTR



PLUME User Manual

Systema File

Man-Machine Interface (MMI)

In the 3D view, the meshing model is displayed showing the results.

Edit Tools View Modeler Entities

Me

Meshing

| Processing | Mission | Kinematics | Trajectory | Mod

g | Materiel | Model | Meshing
£ Meshing
‘meshing.sysmsh = =

|-
| B M Specificitems
| @ Geometric meshing

Display

Qrientation Information

Color

Video recording

204.767417848

175,514329584,

1496.26244132.

1 117.009953056

877574647921

58.504375528

29.752488254

[meshing.sysmsh_ % Unload
| Shape Appearance | Textual informaton |
| Color
| Shape orientation
[# | Numbering identifiers
= Result
= mission_process
5 process.pluhs
= Mesh Results

I+t All Thrusters
= Thril
| Thel - Forces x ()
| Thel - Forcesy (N)
| Thrl - Forces 7 (M)
«[_| Thrl - Impact Pressure (Pa)
Thl - Inc. Mass flux (kg/m?/s)
| Thrl - Max Net Mass flux (kg/m’/s)
~ Thrl - Max Thermal flux (W/m’)
" | Thrl - Net Mass flux (kg/m?/s)
|| Thrl - Shear Stress (Pa)
¥ Thil - Thermal flux (W/m?)
" Thrl - Torques x (N.m)
| Thrl - Torques y (N.m)
Thrl - Torques z (N.m)

# Thi2
B process.info.hS

Me P M-

01/01/1950 00i00:00.000 <100 13

Iv|o

lzlo | pist. [0 | ang.[0 | ox[o

=]

oz|o )

8.2 How to Display Results in a 2D Curve View

Example
Open the Modeler tab in SYSTEMA.

Open the meshing model.

In the view menu, choose add -> Curve view.

Close the configuration window.

Via the right click menu, select Configuration window then load the meshing.

Select a node on wish you want to see the quantity evolution according to time

Select the result file and the property (for example: Thermal Fluxes) you wish to display.

REF: ASTRI.UM.763751.ASTR

O Astrium SAS 2013 — All rights reserved

29/30



Man-Machine Interface (MMI)

In the curve view, the curve is displayed showing the results.

PLUME User Manual

B systema 452 - % p - . TR . "I W o |
Systema File Edit Tools View Modeler
5 | Material | Model | Meshing = Curve View (1) oEE =
2 o e—— Thri - Thermal flux
= [ (Wjm2) 250 @
] 1000100035 e
il 1000100037
:‘: - 1000100039 Py~
= 1000100041
i 1000100042 204.76741 o~
8 - 1000100045
=) 1000100047 400 , a -
5 1000100049
S 1000100051 | -
—i 1000100053 175.514328584 b
- 1000100055
8 2 6 Negative si.. = | W
= - 1000100002 T \ :
| -+ 1000100004 0 i ®-
2| 1000100006 =
il 1000100008 H | [ R
= - 1000100010 E” \ l
£ 1000100012 E (g
== 1000100014 § \
1000100016 = 8-
- 1000100018 & 100
1000100020 £ -
1000100022 = \ e
~ 1000100024 877574647921 @~
1000100026
1000100028 =
1000100030 @
1000100032 50
1000100034 -
1000100036
- 1000100038 @ >
- 1000100040
1000100042 &
1000100034 25252485264
- 1000100046 o t
1000100048 T T T T T T 1 il
1000100050 0 Se+l6 1e+07 1.5e+07 28407 2.5e407 3e+07 3.5e+07|
+ 1000100052 Simulation time (s) =
i%iﬁzg L ST [ W mission_processThr1 - Thermal flux. 1000100034 I =
B Thrusters OOV U000 x 1800 Fe £ Qurve | Tebe count: [ Jmini [ |Max:[|Average:| |
“x(o J¥fo lzlo Dist. [0 | ang.|o | oo |ov[o Inzfo )
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General Principles

1 Overview

1.1

Introduction

In this chapter the user will find some general principles that he has to know before using
the PLUME files and modules.

The PLUME software predicts the plume effects in terms of dynamic effects, thermal flux
and contamination on any spacecraft.

The increasingly complex design of satellites imposes constraints on thruster's
implementation used for orbit and attitude control of spacecraft. The impingement of
exhaust products of thrusters may present various detrimental effects:

o Forces and torques caused by the impingement of the gas plume producing
dynamic perturbations and a loss of thrusters efficiency.

o Undesirable thermal constraints due to the convective heat flux.
o Contamination due to the deposition of vapours or droplets on the surface of
sensitive components such as optics and sensors, affecting their

performance.

o Erosion caused by the particles and the impingement of unburnt droplets.

The prevention of those effects on sensitive surfaces that might compromise mission
objectives and lifetime, interest more and more the satellite design engineers.

To optimise the positioning of thrusters with respect to the performance efficiency and the
plume effects, it is essential to have a comprehensive understanding and quantitative
characterisation of the pressure, thermal and contamination effects of the exhaust plume
of the thrusters at their typical operating conditions.

The software is intended to provide a tool for evaluating plume impingement received at
points within spacecraft geometry.

The main functions of PLUME are as follows:

» Geometry modelling and physical properties & meshing.
> Physical simulation: plume effects analysis:
- Plume impingement: calculation of the dynamic effects, heat flux and

incident mass due to the impingement of the gas ejected by one or
several spacecraft thrusters.
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2 PLUME-Specific SYSTEMA Tabs

Here the PLUME package is fed back to the SYSTEMA environment.

The MODELER and PROCESSING tabs have the same layout.

q A detailed table will be proposed in the relevant MMI related sections to describe each
tab.

Example
Here are the options proposed in the Edit menu of the SYSTEMA Modeler tab:

Mew Meshing edition Ed|

Thrusker
[ Thruster (1) ]

Flumimp General

Characteristics |

— Thruster files Remoyve
[Defined in Processing = ]
— Fiting Remave
Thruster Activity
[‘r’es ¥ ]
Firing Duration =
1 s
Droplets Density =
[1000 kafm
— INFORMATION
r
-
|| Follow selection Apply Close

Figure 1 - Options proposed in the SYSTEMA Modeler tab

For each tab, the menu consists of both general and specific options.
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The standard options are as follows:

Edit menu (contains options applicable to entity components)

Option

Remove

Rewert |

— INFORMATION

Apply |

Used to:

Enter a specific entity created for PLUME

Select the file to open

Remove an entity (property, file, etc...)

Add

Cancel the display and return to the I option

Issue a warning or provide information on the processed nodes or the
current configuration.

The local errors (e.g. a forbidden value) are identified in red. However,
some elements cannot be automatically returned in error.

If it is not an error to be locally corrected, a warning displays in the

lower window. The error is detailed and can be corrected in another
area.

Validate the selected component(s)

. The ~ Apply | button is disabled if any error is still present in the information area.

REF: ASTRI.UM.763751.ASTR
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3 PLUME Module and Corresponding Files

8/9

In this User Manual, the "module" or "PLUME module" terms will be used to refer to the sub-processes
managed by the PLUME application, namely plume impingement.

The module defines its input files, parameters and output files.
The parameters for the module will be detailed in the chapters dealing with it.

The following tables present the module and corresponding files:

INPUT File extension

Module File extension

Plume Impingement ".sysset"

“flow”, “.thermo”

OUTPUT File extension

Module File extension
Plume Impingement “.plu.h5”, “.info.h5”
“.plu.log”

LTS LI Y]

“.pluft.xls”, “.plutf.xls”, “plumf.xls”

q INPUT file extension
The “.sysset” file refers to a mission defined in the SYSTEMA V4 platform.

The “.flow” and “.thermo” files contain the flow field emitted by the thrusters and the
corresponding thermodynamic tables. These are files produced by the Plumflow
application.

OUTPUT file extension

The “.h5” outputs are HDF5 files used for result interpretation. They can also be
loaded into an HDF explorer.

The “.log” file provides general information.

The “.xlIs” files output by the module are results written under HTML format, readable
under an internet browser or a spread sheet report editor.
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Computation methods

1 General Method: Plume Impingement Computation

1.1 Overview

The PLUME software evaluates the impact of one or several firing thrusters on the spacecraft

geometry.

The analysis is based on an analytical ray-tracing technique. Rays are traced from the thruster of
interest to all the meshes of the geometry. Each ray provides information regarding the current
mesh and the thruster: incidence angle, distance to the thruster, etc... If another surface is
encountered, the current mesh is said to be shadowed. Otherwise, the impact parameters as well
as the derivate quantities are computed, cumulated (on meshes, on surfaces and possibly on
groups) and stored in the corresponding file: in the Impingement information file for the impact
parameters and in the Derivate quantities file for the other quantities.

The impact parameters on the non-shadowed meshes are calculated as following:

REF: ASTRI.UM.763751.ASTR

For each of the launched rays, the distance and elevation angle with
respect to the thruster axis are computed.

Thanks to these information, the local undisturbed thruster flow and
thermodynamic is interpolated in the FLOW and THERMO input files
computed by the Plumflow module. The interpolation is made by using the
meshed flow field contained in the FLOW input file.

This procedure is approximate, in that it ignores the effects that the
presence of the surface could have had on the thruster flow field.

For each of the launched rays, from the properties of the surface and the
impact parameters, the impact pressure, shear stress, thermal flux and
mass flux are computed.

Then the force, torques, thermal and mass fluxes are computed according
to the chosen Impact model (only Knudsen model implemented,
corresponding to the free molecular regime assumption). This computation
is an integration over an elementary area: for instance the force vector is
the integration of the vector formed by the impact pressure (normal
contribution) and the shear stress (tangential contribution).

The quantities are cumulated on the mesh, on the surface to which the
mesh belongs, possibly on the group to which the surface belongs. The
quantities are also cumulated on the overall model.

This accumulation is also an integration process: for instance the force
contribution on a surface is the integral of the impact pressure and shear
stress over this surface, which is decomposed on the mesh contribution
(simple sum).
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1.2 Thruster definition

The PLUME software has to be aware of which cone shapes are supposed to represent the
thrusters. This association is done in using the Thruster specific item.

Apart from this emitting shape, a thruster is also defined by a pair of input files: the FLOW file and
the THERMO file. The first one provides the flow field on some mesh. This flow field is defined by a
set of quantities: density, velocity and pressure of the gas flow. The mandatory quantity to be
present in the FLOW file are:

The density (label “Density”)
« The temperature (label “Temperature”)
* The velocity norm (label “Velocity Module” or “Velocity module”)
« The velocity local angle (label “Velocity Angle” or “Velocity vector”)
All the other quantities present in the FLOW file are loaded but not used during computation.

The second file provides the thermodynamic relationship between the temperature and the
pressure as well as other gas properties (molar mass, etc...). These two files are defined either at
thruster definition level if each thruster has a different flow field or at processing level if a set of
thruster file can be shared between thrusters.

These first two information (cone position and flow field) allows to compute the impact parameters,
as well as the forces / torques and the thermal flux on every meshes. This also sufficient to
compute the incident mass flow rate expressed in kg/m?/s.

To compute a mass flux expressed in kg/m2 (or in pg/cm?), the firing duration is necessary,
assuming that the flow field is stationary. Then, to compute a mass deposit expressed in m (or in
um), a density is necessary. These two additional parameters have to be set during the thruster
definition if the user want to compute mass flux or mass deposit on the surfaces of the spacecraft.
The incident mass flow rate (or flux, or deposit) is obtained by multiplying the local incident mass
flow rate by the local absorption coefficient.

1.3 Group definition

During the computation, the different quantities are cumulated on meshes. Then the mesh results
are cumulated on surfaces and finally the surface results are cumulated on the overall spacecraft
geometry. The integrated information at spacecraft level is generally sufficient, particularly for
forces and torques evaluation.

On the other hand, if the user wants to have integrated quantities on a reduce part of the
spacecraft, the surface level may be too fine. Conversely, the overall spacecraft level may be too
coarse: an intermediate level of detail could be interesting. That is why the concept of groups has
been naturally introduced.
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A group is thus a set of surfaces on which integrated quantities are cumulated (by cumulating the
integrated quantities on the corresponding surfaces). The user can define which quantities he
wants to store: force and torques, thermal flux and/or mass flux and for each of them, he can
decide whether to store or not the mean and the maximum of this value.

The corresponding group quantities are stored in the h5 plume impingement file and are available
during post-processing for curve display (or textual information). They are also stored in spread
sheet report file for direct text access.

One folder is created for each of the thruster present in the computation and the corresponding
spread sheet report files are stored inside this specific folder. The unit of the quantities contained in
these files are set by the module processing parameters.
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2 Plume Impingement

2.1 Theory

Introduction

Owing to the great complexity of the 3D flow due to the impingement of a plume on
spacecraft geometry, only local methods are applicable in the context of engineering
computations. The main features of those methods are:

*  Only suited to hypersonic or free molecular flows,

*  Only local flow: the impingement at a point ignores the surrounding impingement,

+  Only the surfaces in the direct field of view receive the impingement.

The local method depends on the impingement regime, although for the moment, only the
free molecular regime is implemented (Knudsen model).

Principles
The general principle of MATPLIMP computational scheme is presented hereafter.

Modellin

First, the body is described as a collection of analytical shapes. Each surface is then
discretized into simple elements, small enough for the local flow to be considered as
uniform. The area and the oriented normal of each element are computed by means of
the diagonal cross products.

Local flow computation

To locate the nozzle exhausting the gas, two points are required:

»  The exit section centre,

*  Apoint on the axis.

Because the flow-field file is defined in a reference associated with the nozzle, the
coordinates of each element centre are first transformed into the nozzle coordinate

system.

The flow-field file generated by PLUMFLOW is ordered in a regular meshing formed by
quadrangular cells. For each cell vertex, the following data are supplied:

+  Xy/R* Ry/R*: coordinates normalized by the throat radius,
+  T: static temperature (K),

. p: gas density (kg/m2),

*  V:velocity modules (m/s),

* a:angle between the velocity vector and the plume axis
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The computation of the impact parameters is performed as followed

(a) The first step is to know which plume cell contains the element centre. In that view,
access tables are created, allowing to limit this searching to some cells only.

(b) The following step is to compute the flow parameters at the point M by a classical
bilinear interpolation.

(c) The last step is to compute the unit vector giving the direction of the gas velocity and
the tangential unit vector, then the angle 6 between the velocity and the vector normal to
the element.

Shading effects

In the case of complex geometries, some surfaces can occult a part of the analyzed
geometry. To take into account these shading effects, the program operates as follows:

+  Shadow effects are computed by testing the intersection of the streamline passing
through the element centre and all the analytical surfaces making the geometrical model.

+  The curvature of the streamlines is neglected (only valid if the model is not too close
to the nozzle). That is to say the streamlines are assumed to be straight lines and a ray
tracing algorithm is used to determine if there is shadowing or not.

Note: the pressure is supposed to be equal to zero (space vacuum) on the part of the
geometry occulted from the plume.

Impingement computation
The equation used to compute the impingement effects are:

«  Forces and torques:

Forces and torques are derived from the impingement pressure and the tangential stress:

F= ﬂPimp n+ T.Z)a.(] - Transp)

C= z (Pimp OM xn+T1.0M x Z)d-(] - Tmnsp)
Where:

F , C are the resulting forces and torques,

M is the element centre,
7 is the element unit normal,

Z is the tangential unit vector,

a is the element area,

Pimp, T are the pressure and tangential stress,

O is the reference point for torques computation,

Transp is the transparency (see hereafter).
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e Thermal flux:

QW=ZQ/0[
Omoy :%

Where:

Qu is the received thermal power,

Qo is the local thermal flux,

Qnmoy is the mean thermal flux,

Xi is an indicator of the element visibility.

The computation of Pimp, T and Q. is described hereafter.

Impingement regime

The impingement regime is characterised by the Knudsen number, given by:

Where:
L. is the characteristic length,

A is the mean free path, defined by:

A
OV2RT

Where:

M is the dynamic viscosity,

p is the density,

R is the gas constant,

T is the gas temperature.

L. is often difficult to define. Generally, it represents the length of the impingement body
edges for little bodies or the minimal distance between the body and the nozzle, for
objects of great size. The mean free path is stored in the Impingement Information file. It
can help the user to know whether the free molecular regime is a good approximation.
The computation method is deduced from the flow regime as follows:

If K, < 0.1, the regime is continuum: Newton approximation, not implemented

If 10 > K,, > 0.1, the regime is transitional: empirical bridging, not implemented

If K, > 10, the regime is free molecular: gas kinetic theory, see hereafter.
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Free molecular regime: Knudsen mode/l

This model is a three parameters model; it is an improvement of the well-known Maxwell
model.

The basis of the model is that the molecules impinging a surface can produce three types
of interactions:

» The specular reflection, the 7 parameter (specular reflection ratio) is the ratio
between the specularly reflected mass flux and the reflected mass flux,

» The energy accommodation, the a parameter (wall accommodation ratio) is the
ratio between the energy given to the surface by the diffuse reflected molecules
and the energy given to the surface if the molecules were diffusely reflected with

the surface temperature. It applies only for the diffuse part of the reflected
molecules and can be written as:

_0i~0u
o0

Where Q; is the energy of an incident molecule, Q, is the energy of a diffuse reflected
molecule and Q, the energy of a molecule reflected diffusely at the wall (surface)
temperature.

For a mass flux m impinging a surface, the Knudsen model assumes that:
- The fraction rm is specularly reflected,

- The fraction (1-r)m is diffusely reflected with an energetic accommodation defined
by the a parameter.

The effects that are computed are:

* The impingement pressure:

P, = PW{A{w(I +7)+a(l- r)\/;:: +§(1 ~a)1- r)} +(1+ T{HeTrf(w)j}

* The heat flux:

w

]—"w
RT, 1 T [ TMJ I+erf(w
Q:(]_TT)'aT'PoM/ P Al S? +R_TMJ‘TW Cp.dT-T +W(¢)

2

* The tangential stress:

o=P,(1-1,)AS.cos6
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Where:
V
S=—=
2RT,

o0

is the molecular Mach number

A= Lexp(— W’ ) + w(l +erf (w))

N

w=S§ .sin(@)

Transparency

A transparency Transp can be used for certain materials. It is computed with the following
expression:

NBTERM
Transp= Dz, cos™" (6-6,)
i=1
Where:
NBTERM: Number of terms of the polynomial
z;: Coefficient of the i" term
exp;: Exponent of the i term

0: Incident angle wrt the normal to the surface

0y: Phase angle
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2.2 Parameters

This section gives an overview of the windows in this module.

Computation methods

The parameters set in the different fields correspond to the default values.

Spread sheet report settings

Computation settings

Plumimp | Common_| Plumimp | Common |
RUN PARAMETERS Revert RUN PARAMETERS Rever
ts settings | C settings | Ci
Indude Groups Results ? ‘Shadowing effects ? |
Yes. 3] [Yes :)
Forces Unit
Unit: [ B [No )
Torques Unit Torques Reference Point ~
Unit: [m] B X0
Thermal Fluxes Unit (o
Unit: [Wjm3] B 2[0
Mass Fluxes Unit
Unit: (kg/m#/s] B
f . {
f I
INFORMATION INFORMATION
D j
Follow selection Apply |(_Close Follow selection Cancel | Apply |(“Gose |
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O Astrium SAS 2013 — All rights reserved

13/20



Computation methods PLUME User Manual

2.3 Input/ Output

S In this PLUME User Manual, refer to the General Principles in Chapter 2 (PLUME
v Modules) for the “INPUT” and “OUTPUT” tables of the different modules and
corresponding files.

Input
> .SYSSET file

o Mission synthesis file for the PLUME application. This file is mandatory
and is created by the SYSTEMA “Current Mission” process module.

» .FLOW and .THERMO file
o Description file of the thruster emitted flow field. These files are not

mandatory in the case that a FLOW and THERMO file has been attached
to each of the defined thruster (in the meshing part).

Output
> .PLU.LOG file
o General information file gathering messages written during the
computation. If the computation does not go to an end, an error
message or a warning may be found in this file. This file cannot be
deactivated.

> .PLU.H5 file, .INFO.HS5 file

o Used to display the impact parameters (interpolated in the flow file) and
the derivate quantities. These files cannot be deactivated.

» ftxls (forces-torques), .tf.xIs (thermal flux) files
o Files containing integrated quantities under HTML format. These files

can be opened with standard spread sheet report editor. These files
cannot be deactivated.

» .mf.xls (mass flux) file
o File containing integrated quantities under HTML format. This file can be

opened with standard spread sheet report editor. This file can be
deactivated.
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3 Content of the result files

3.1 Impingement information file

This file contains data coming from the ray tracing results and from the interpolation in the flow field
file. The data in this file can be used for finely understand the results. It can be used in 3D Views
(either in the meshing or in the mission tab) for result display as coloured or textual information on
meshes. It can also be used in Curve Views to display time dependant results on meshes.

General information data

This part contains the number of rays that have been fired as well as the area of the
meshes.

Ray tracing data

This part is sorted by Thruster. For each truster, the following information are available:

Area ratio in the plume: if only one ray has been fired has been launched, the
value is simply 0 or 1, depending if the center of the mesh is shadowed or not; if
several rays have been fired, the value will be between 0 and 1.

Angle with respect to the Thruster axis: angle between the normal to the mesh
and the thruster axis

Incidence angle with respect to the normal: angle between the local velocity
vector and the normal to the mesh

Distance to thruster.

“From flow file” data

This part is also sorted by Thruster. All the quantities available here are interpolated in
the FLOW file, or computed from the FLOW and THERMO file. For each truster, the
following information are available:

Directly interpolated: Density, Velocity norm, Velocity angle, Temperature, Bird
Number (if present in the FLOW file, otherwise, zero)

Computed: Pressure (with standard perfect gas formula involving the density, the
temperature and the gas constant), Mean Free Path.

The following figure gives an example of the content of this file as seen in the graphical user

interface.

REF: ASTRI.UM.763751.ASTR
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[=) process.info.h5
= Thr2

(=) From Flow file
Thr2 -
Thr2 -

- Velocity angle (%)

- Mean Free Path (m)

Thr2 -

Thr2 -

Thr2 -

Thr2
Thr2

= Info

Thr2 -
Thr2 -
v Thr2 -

T
= Thrl
(= From Fig

= Info

- Velocity angle (%)
- Pressure (Pa)

- Temperature (K)
- Bird Number

- Velocity norm (m/s)
- Density (kg/m3)

- Mean Free Path (m)

- Angle wrt Thruster axis
- Incidence angle wrt Normal (%)
- Distance to Thruster (m)
- Area ratio in plume

Number of rays per mesh
Area (m?)

Density (kg/m3)
Bird Number

Pressure (Pa)
Velocity norm (m/s)
Temperature (K)

Area ratio in

istance to Thruster (m)

PLUME User Manual

Sorted by thruster

From Flow file data

Ray tracing data

General information

16/20
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3.2 Derivate quantities file

This file contains

cumulated data over meshes, surfaces and possibly groups. The surfaces and

groups results parts are only available for “textual information”, curve view or table view display.

The positive and

negative side of the surfaces / groups are also split. The meshes results part is

available for every kind of display. The negative and positive side are not split because the
negative and positive side of a mesh are distinct meshes.

Results sorting

=) process.plu.h5

-1 Surfaces Results

=l Thr2

+- Negative side

+- Positive side
=1 All Thrusters

+- Negative side

+ Positive side

=l Thrl

+ Positive side
+- Negative sjd
=} Mesh Results

=l Thr2

+ Thrl

Thr2 - Impact Pressure (P3

First sorted by kind of result
(surfaces, meshes)

Then sorted by thruster, then by side
(for surfaces and groups).
An additional thruster is available, called
“All Thruster”, allowing to have
information cumulated as if all thrusters
were firing at the same time.

Thr2 - Forces z (N)
Thr2 - Torques y (N.m)
Thr2 - Torques z (N.m)
Thr2 - Max Net Mass flux (kg/m?/s)
Thr2 - Max Thermal flux (W/m?)
Thr2 - Forces x (N)

Thr2 - Shear Stress (Pa)

Thr2 - Net Mass flux (kg/m?/s)
Thr2 - Inc. Mass flux (kg/m:/s)
Thr2 - Forces y (N)

Thr2 - Torques x (N.m)
Thr2 - Thermal flux (W/m?)

Available data for post-processing

Maximum quantities

REF: ASTRL.UM.763751.ASTR

On meshes, the Max Thermal Flux and Max Net Mass flux are computed as the
maximum value obtained among the fired rays on each mesh. For instance, in
the case where the user has fired only one ray, the Thermal Flux and the Max
Thermal Flux value are the same. All thruster computation is done by taking into
account the maximum contribution of all thrusters on each mesh cell (i.e. the sum
of the most energetic ray from each thruster on a given cell).

On surfaces (or groups), the maximum quantities are obtained as the maximum
value obtained among the maximum values on the meshes composing the
surface (or group). For the all thrusters group, the value given is from the mesh
cell with the maximum computed flux, computed as explained above (i.e. the sum
of the sum of the most energetic ray from each thruster on a given cell).
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3.3 Spread sheet report files

These files contain cumulated data on the overall geometry and possibly on groups. They are
intended to give access to the user to synthetic data. One set of data is available for each thruster

and for the All Thruster:
» Forces and torques file, extension .ft.xls, always generated
» Thermal Flux file, extension .tf.xls, always generated
* Mass Flux file, extension .mf.xls, generated on demand

Created folder structure

The files are placed in a subfolder of the computation folder. The name of this subfolder
is the thruster name.

In addition, a file containing links to all specific per thruster file is created directly inside
the computation folder.

. meshing_process & Thrlprocess.pluft.xls Wﬁ“ — o|B] %

All_Thrusters s_’__‘ﬂThrlprocess.plumf.xls
. Thrl &) Thrlprocess.plutf.xis

Th Thermal Fluxes summary file
Generated time: 24 avr. 2013 11:54:46

Files used for computation

*Model : C:/Users/chanteper_d/Documents/chanteper_d/Training_Plume/model.sysmdl
*Meshing : C:/Users/chanteper_d/Documents/chanteper_d/Training_Plume/soluce /meshing.sysmsh

Result folder structure |_=> *Mission synthesis : meshing.sysset
/ * Computation made with Plumimp V.4.5.1 released on June 2012

Links to corresponding thrusters results file
® Thermal Fluxes for thruster : Thr1

% ® Thermal Fluxes for thruster : Thr2
* Thermal Fluxes for thruster : All_Thrusters

Header

Links to per thruster file
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Header

Overall
summed
results

Per group
results

File organisation

|B3 Thriprocess plutfxs - Rich Te

File Edit Help

| Thermal fluxes for thruster Thrl
Generated time: 24 avr. 2013 11:54:45

Files
*Model : C: L _d/D _d/Training_Plume fmodel.sysmdl
*Meshing : C:/\ dp " dffraining_Phume sokucejmeshing. sysmsh

*Mission synthesis : mesl'ing.sy_sset
Model Summed Results for thruster Thri
ThermalFluxes

Mean Thermal Flux [kW/m?2] Max Thermal Flux [kW/m2]
1.70556E-02 2.15432€-01

Groups Results for thruster Thri
Thermalfluxes forgroup SolarArray

Pos. Mean Thermal Flux [kW/m2] Pos. Max Thermal Flux [kW/m2] Neg. Mean Thermal Flux [kW/m2] Neg. Max Thermal Flux [kW/m2] Total Mean Thermal Flux [kW/m2] Total Max Thermal Flux [kW/m2]
0.00000E-+00 0.00000E+00 8.24002E-02 2.15432€-01 8.24002E-02 2.15432€-01
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