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Abstract

Non-Grey Body Implementation

Under an ESA contract, Astrium has enhanced THERMICA-THERMISOL functionalities by imple-
menting multi-spectral analysis. This new functionality is presented and the interest of using non-grey
bodies will be demonstrated on a simple example.

Edges management in THERMISOL

In order to allow easy handling of edges, a new notion of EDGES has been implemented in THERMISOL
in order to have a definition of edges corresponding to their purpose and usage, not to increase the number
of thermal nodes and especially to compute automatically the conductive flux between thermal nodes.

Simplified conductive method

An extension of the RCN method leading to shape-to-shape couplings has been developed. It solves
the conductive flux crossing the frontiers by using a spatial extrapolation of a linearized temperature
profile between the edge and the shape’s center. This method is less accurate than the RCN method itself
because it assumes linear temperature and the real direction of the conductive flux is lost. However, on
many cases this approximation may be sufficient and THERMICA now proposes this possibility in order
to get an approximated conductive method using the classical shape-to-shape topology of couplings.

Other THERMICA Improvements

The other implemented features of the v4.5.0 concerns Incident Angle Dependencies, Parametric
Outputs from THERMICA and the Management of Coplanar Shapes in ray-tracing computations.
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THERMICA – THERMISOL 
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Current Status 
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THERMICA 

 THERMICA 4.4.2 
 
 Fast Multi-threaded Ray-Tracing 

 
 CAD geometry directly supported for analysis 

 
 State-of-the-art   Ray-Tracing Visualization  

 
 Accurate Conductive Method (RCN) 

 
 Plus many user’s required features 
  (flip shape orientations, undo/redo functions, 
  contact zones, contact resistances…) 

Current Status 
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THERMISOL 

 THERMISOL 4.4.2 
 
 Smart Pre-Processor with error checking and automatic correction 

 
 Powerful Mortran language extension (implicit accesses and macros) 

 
 Fast, Robust and Accurate Temperature Solver 

 
 Intuitive Pre-Processing Tool (Skeleton) 

 
 Useful Post-Processing Tools (Posther, B-Plot) 

Current Status 
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Non-Grey Bodies 

 

(under ESA contract) 
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THERMICA 

Non-Grey Body 
 

 Objective:    Implementation of wavelength dependent IR properties 
      Preservation of CPU time Performances 

 
 Development Performed: 
   Wavelength dependence setting in SYSTEMA 
   Multi-Spectral Radiative couplings computation 
   Multi-Spectral Planet IR flux computation 
   THERMISOL language extension for wavelength dependent data 
   Multi-Spectral Temperature computation 

 

Non-Grey Bodies 
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THERMICA 

Wavelength 
Dependent 
Material Properties 

 
 

Non-Grey Bodies 

Material Database 

Material Edition Window 

Dependencies Edition Window 

Wavelength Dependencies 
are available for each IR 
Thermo-optical property 
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THERMICA 

Non-Grey Body in THERMICA 
 

 Automatic filtering of multi-spectral / mono-spectral couplings  
 
 Preserved CPU performances: 
 
Industrial PDR Case of 1600 mesh 
   and 76 orbital positions 

 

Non-Grey Bodies 

Computation Time Increase 
contained to a minimum 

thanks to efficient multi-spectral Ray-Tracing 
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THERMISOL 

Non-Grey Body in THERMISOL 
 

 New Entities EPSWLB and GRWLB for wavelength dependent properties 
 Those are valued as arrays for an easy reading and a better understanding of the data 

  

 New function EPSWLBEF() to automatically update the equivalent EPS 
 at the node’s temperature 
 
 CPU Time for temperature integration contained to a minimum raise 
  

Industrial PDR Case with 1939 nodes, more than 92000 radiative couplings 
including more than 42000 wavelength dependent couplings (multi-spectral case) 

 

Non-Grey Bodies 
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THERMISOL 

Example of THERMISOL language 
 

 

Non-Grey Bodies 

Declaration of Wavelength Discretization 

Declaration of Wavelength Dependent Epsilons 

Declaration of Wavelength Dependent Couplings 
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Non-Grey Body: Example 
 

 Two Parallel Plates:     
 1x1 rectangles separated by a distance of 16 
 One rectangle held at 250 K 
 Spectral Emissivity Data for Cat-A-Lac black paint used for analysis 

 
 Cases executed: 
  1st  case: constant emissivity of .92 for both surfaces 
  2nd case: constant emissivity of .92 for hot surface, 
            .50 for cold surface 
  3rd case: wavelength dependent for both surface (using 10 spectral bands) 

Non-Grey Bodies 
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THERMICA 

Non-Grey Body: Example 
 

 Results: (Hot surface maintained at 250K) 
  1st  case, .92/.92:  Cold surface at 46.492 K 
  2nd case, .92/.50:  Cold surface at 46.492 K 
  3rd case, wave/wave Cold surface at 50.874 K 
 
 Analysis of results: 
 Cold surfaces comes to equilibrium based on 
    - heat absorbed from the hot surface 
    - radiation to space 
 With classical grey materials the ratio between absorbed radiated flux 

remains constant 
 In reality, the cold surface absorbs at .92 but radiates at .5 
   Modeled correctly only using a wavelength dependent analysis 

Non-Grey Bodies 
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Edge Management 

THERMICA-THERMISOL 4.5.0 213

25th European Workshop on Thermal and ECLS Software 8–9 November 2011



25th European Workshop on Thermal and ECLS Software   -  8–9 November 2011 

THERMISOL 

Origin of Edges 
 

 Conductive Analysis: 
 An accurate conductive analysis cannot be efficient knowing only 
 the shape’s average temperature 
 Edges have been introduced to reconstitute the temperature profile 
 at the node’s frontiers 

 
 They are used by: 

 Many Finite Element implementation of the conduction 
 The powerful 2nd order RCN method implemented in THERMICA 

 
 They allow: 

 To get an accurate modelling of the conduction, consistent with radiation and 
other flux sources 
 

Edge Management 
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THERMISOL 

Edge Management: Requirements 
 

 Edges are not Classical Nodes: 
 The same heat balance equations apply to them but… 
 They have no mass, no capacitance, no internal or external fluxes… 
 They are only used to transfer the conductive flux 
 They are not directly managed by the user 

 
 Difficulties to identify the Edges: 

 The numbering of edges is not controlled by the user 
 Knowing which edges belong to which shapes is not trivial 

 
 Difficulties to get conductive fluxes between surface nodes 

 The conductive flux shall be computed by a sum of coupling contributions 
 This requires to identify the edges of the nodes 

 

Edge Management 
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THERMISOL 

New Edge Data Block: Solution 
 

 Edges are declared in a new $EDGES block: 
 It does not increase the number of thermal nodes 
 They are known by the solver as being edges 

 
 The identification of edges becomes easy 

 No global numbering of edges 
 ID related to nodes    (edge 1 of node 100, edge 2 of node 100, edge 1 of node 200…) 

 

 The connectivity between nodes and edges is given in their definition 
 To compute the conductive flux exchanged between nodes 
 So the routines FLUXL, FLUXT, FLUXGL… automatically takes into account the 

edge flux at the interfaces between the node groups 

Edge Management 

25th European Workshop on Thermal and ECLS Software   -  8–9 November 2011 

THERMISOL 

Standard FLUX routines with Edges 
 

 Example of a bar: 
 The standard FLUX functions knowing the edge connectivity 
 are able to compute correctly the flux exchanged between 
 groups of nodes 

Edge Management 
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THERMICA 

Visualization of Edges 
 

 

Edge Management 

Forced contact 
between Cylinder 

and Triangle 

 
 Status 

 Free Borders 
 Contacts 
 Contacts with Resistance 
 Forced Contacts 
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THERMICA 

Visualization of Edges 
 

 Numbering 
 

 

Edge Management 

Selected 
Node 
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THERMISOL 

New Edge Data Block: Conclusions 
 

 The new Edges block is an answers to the user’s needs 
 It allows an easy computation of conductive flux 
 It does not increase the number of thermal nodes 
 The identification of edges becomes very simple 

 
 Plus a visual check 

 The display of edge status (free, contact…) 
 The display of edge numbering within a thermal node 

 
 The EDGES block is a convenient alternative 

 The classical Edge definition using classical thermal nodes is still supported 
and can be exported from the conductive module 

 A new simplified conductive method without edges may be used if accuracy on 
conductive flux is not required 

Edge Management 
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v4.5.0 

 
Simplified Conductive Method 
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THERMICA 

Need for a simplified method 
 

 The classical shape-to-shape approach was an easy-to-understand 
method leading to a simple expression of couplings directly related to the 
conductive heat transfer 
 

 This topology of GL couplings is an approximation of the conductive 
effects but which may be sufficient if the temperature solution is quite 
closed to a linear profile 
 

 The oldest geometrical approach had difficulties to handle complex 
shapes, condensation or non-conformances. The new shape-to-shape 
conductive coupling method shall handle them correctly in order to avoid 
the accumulation of approximations. 

Simplified Conductive Module 
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THERMICA 

Simplified RCN method (1/2) 
 

 Based on the 2nd order RCN method, a simplified expression of the 
couplings is derived as follow: 
 

 

Simplified Conductive Module 

TE3 

TE1 

TE2 

TE4 

TN 

Computation of RCN couplings 

Expression of Conductive Flux to each Edge 
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Assuming a linear temperature profile 
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THERMICA 

Simplified RCN method (2/2) 
 
 

 

Simplified Conductive Module 

TE1 

TN 

)(      

)(
.

*
,

,2,

EiNEiN

EiN
Ej

EjEi
i

jii
EiNEi

TTGL

TTGL
NE

EENE
GL

−=

−













+= ∑ϕ

Expression of Conductive Flux to each Edge 
Assuming a linear temperature profile 

Association of Half Couplings 
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THERMICA 

Simplified RCN method: Conclusions 
 

 Equivalent to known formulas in simple cases 
   (rectangle, equilateral triangle) 

 
 Hypothesis introduced: Linear Temperature Profile 

 
 Consequences: The Simplified RCN method has the same limitations than 

all other shape-to-shape formulation but handles complex geometries, 
condensed nodes and non-conformant mesh 
 

 The conductive flux is approximated and the temperature solution will be 
less accurate than with the complete RCN method 

 But the choice is given to use a simplified expression of couplings 

Simplified Conductive Module 
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THERMICA 
v4.5.0 

 
Other Improvements 
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THERMICA 

 Incident Angle Dependencies 
 

Improvements 

Incident Angle 
Dependent Material 

 

100% Specular for 0-50° 
100% Transparent for 50-90° Emitting surface 

Receiving surface 
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 Incident Angle Dependencies 
 

THERMICA 
Improvements 

Emitted Rays 

Reflected Rays 

Transmitted Rays 

25th European Workshop on Thermal and ECLS Software   -  8–9 November 2011 

THERMICA 

Co-Planar Shapes Management 
 

 Sometimes, it has been seen that geometrical models had overlaid shapes 
 The Ray-Tracing behavior is not predictable (which shape shall be impacted ???) 

 
 The version 4.4 already tracks superposed shapes and return warnings 

 
 Manual model corrections are often a time consuming task 

 
 Now the 4.5 is able to correct some commonly found errors 

 
 Errors that cannot be corrected are listed for further manual corrections 
 

 

Improvements 
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THERMICA 

Co-Planar Shapes Corrections 
 

 Inaccurate condensed node 
 

Corrections: 
 
- Ray density preserved 
- Re-computed node area 

 

Improvements 

Superposed 
Shapes 
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THERMICA 

Co-Planar Shapes Corrections 
 

 Distinct shape orientation 
 

Correction: 
 
- The impact is considered to be  
 on the shape being active on 
 its impacted side 

 

Improvements 
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v4.5.0 

Summary of evolutions in THERMICA-THERMISOL 
 

 Non-Grey Bodies 
 Edge Management 
 Simplified Conduction 
 Incident Angle Dependencies 
 Co-planar Shape Automatic corrections / Error Tracking 
 Material Parameterization of THERMICA outputs 
 Double layer Bulk definition 
 Transverse properties for shapes with distinct side nodes 

 
 Plus all the evolutions of the THERMICA framework - SYSTEMA  
  

Conclusion 
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Visit our Web site : 
www.systema.astrium.eads.net 

Contact : 

SYSTEMA 
THERMICA 
THERMISOL 

Maxime.Jolliet@astrium.eads.net 
Guilhem.Chanteperdrix@astrium.eads.net 
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